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PREFACE 

Under contract to the Transportation Development Centre of Transport Canada with 
support from the Federal Aviation Administration (FAA), APS Aviation Inc. (APS) has 
undertaken a research program to advance aircraft ground de/anti-icing technology. The 
primary objectives of the APS test program are the following: 

• To develop holdover time data for all newly-qualified de/anti-icing fluids and update 
and maintain the website for the holdover time guidelines; 

• To evaluate weather data from previous winters that can have an impact on the 
format of the holdover time guidelines; 

• To conduct general and exploratory de/anti-icing research; 

• To conduct tests to evaluate the effect of coloured vs. uncoloured fluids on endurance 
times; 

• To obtain full-scale operational documentation of anti-icing fluid flow-off, fluid 
freezing-in-flight, and residual fluid thickness; 

• To conduct tests to evaluate the effect of deployed flaps/slats prior to anti-icing; 

• To analyse historical data and/or conduct tests with the snowmaker to support 
ARP5485 changes; 

• To analyse historical data and/or conduct tests to evaluate holdover times for heavy 
snow conditions; 

• To continue research for development of ice detection capabilities for pre-deicing, 
engine deicing and departing aircraft at the runway threshold; 

• To develop training and fluid failure photos/videos for global archive; and 

• To update the regression coefficient report with the newly-qualified de/anti-icing 
fluids. 

The research activities of the program conducted on behalf of Transport Canada during 
the winter of 2014-15 are documented in four reports. The titles of the reports are as 
follows: 

• TP 15320E Winter Weather Impact on Holdover Time Table Format (1995-2015); 

• TP 15321E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development 
Program for the 2014-15 Winter; 

• TP 15322E Regression Coefficients and Equations Used to Develop the 
Winter 2015-16 Aircraft Ground Deicing Holdover Time Tables; and 

• TP 15323E Aircraft Ground Icing Research General Activities During the 2014-15 
Winter. 

In addition, an interim report entitled Evaluation of Endurance Times on Extended Flaps 
and Slats will be written. 
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This report, TP 15323E has the following objective: 

• To document the exploratory research and general activities carried out during the 
winter of 2014-15. 
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EXECUTIVE SUMMARY 
 
This report documents the exploratory research and general activities completed 
in the winter of 2014-15 by APS Aviation Inc. (APS) on behalf of the 
Transportation Development Centre (TDC) of Transport Canada (TC) and the 
Federal Aviation Administration (FAA). This work was done as part of the TC/FAA 
aircraft ground deicing research project. The major activities of the research 
project are documented in separate reports; this report documents the  
thirty-one smaller activities carried out in addition to the main research projects 
in the winter of 2014-15.  
 
 
Effect of Fluid Colour on Endurance Times (Section 2) 
 
Testing was conducted to compare the endurance times of a fluid in coloured and 
uncoloured formulations. Results showed little to no difference in endurance times 
of coloured and uncoloured formulations. As testing was conducted with only one 
fluid, results cannot be generalized to all fluids. 
 
 
Ability to Visually Evaluate Fluid on Surfaces Treated with Coloured vs. 
Uncoloured Fluids (Section 3) 
 
APS conducted testing to investigate if colour in fluids helps in the visual 
evaluation of fluid application (fluid coverage) and fluid contamination (fluid 
failure). Different parameters, including observer distance, test surface colour and 
time, were evaluated. It was concluded that colour helps in the visual evaluation 
of fluid coverage but not in the visual evaluation of fluid contamination. Testing 
was conducted with only one fluid; therefore, the conclusions could not be 
generalized to all fluids. However, it can be concluded that distance, exposure 
time to precipitation, and surface colour are important variables in evaluating fluid 
coverage and contamination. 
 
 
Snow Machine Multiplier (Section 4) 
 
APS conducted an analysis of historical snow machine data to determine if a 
multiplier can be applied to snow machine test data to make it closer replicate 
natural snow test data. Results show that a multiplier could be applied to get 
more accurate holdover times; however, the improved accuracy does not support 
the replacement of natural snow testing with snow machine testing.  
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Analytical Review of Expected Fluid Holdover Time (HOT) Associated with Split 
Scimitar Winglets (Section 5) 
 
Previous research conducted on 20°, 35°, and 80° vertical surfaces was used 
to understand the fluid protection time associated with the split scimitar. It was 
concluded that with adequate fluid application, the condition of the inner winglet 
surfaces could be a conservative visual indicator of the condition of the outer 
ventral strake surfaces. 
 
 
Determining HOTs for Fluids with Non-Typical HOT-Temperature Relationships 
(Section 6) 
 
A potential issue with the current methodology used to determine HOTs from 
endurance time data were examined. It was determined the methodology is not 
appropriate for data sets that have non-standard HOT-temperature relationships; 
these data sets either have no temperature dependency or a reverse 
HOT-temperature relationship. The data sets were found to be somewhat 
common (15 percent of the data sets examined). Alternate methodologies for 
determining HOTs from this type of endurance time data are proposed; further 
work is recommended to examine these methodologies in detail. 
 
 
HOTS for Heavy Snow: Phase I Defining Precipitation Rate Limits and 
Corresponding Visibilities (Section 7) 
 
Five requirements were identified for developing HOTs for heavy snow. Work was 
completed on two of these in the winter of 2014-15. The main conclusions from 
the 2014-15 work were that 50 g/dm²/h is a reasonable upper limit for heavy 
snow; sufficient data exists to determine corresponding visibilities for the rate 
limit of 50 g/dm²/h for the visibility tables; and these changes could result in HOTs 
being provided for a number of conditions for which they currently are not 
provided. It is recommended that work be done to achieve the two outstanding 
requirements in the winter of 2015-16. 
 
 
Evaluation of -3°C Buffer for First-Step Deicing (Section 8) 
 
APS analysed research previously conducted on the effectiveness and safety of 
the -3°C buffer used with Type I fluids and reviewed the direction the industry is 
taking with respect to this buffer. The work done previously with diluted Type I 
fluid and hot water, at the buffer limit of -3°C relative to ambient temperature, 
has indicated that there is generally no safety risk related to freezing on critical 
surfaces provided that the proper application guidelines are adhered to. Given that 
there are operational challenges operating with a negative buffer, the SAE G-12 
Methods committee has recommended the buffer be increased to 0°C. 
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Investigation of Residual Fluid Freezing In-Flight (Section 9) 
 
APS collected photo and video documentation of anti-icing fluid flow-off and 
potentially frozen residual fluid in flight. For all flights traveled, the observer 
indicated that the majority of fluid applied to the aircraft during anti-icing was 
removed at the time of rotation. However, a layer of residual fluid remained on 
the wing surface during and after climb out. Certain aspects of each flight such 
as lighting and flaps retraction/deployment were investigated to better visualize 
the potential freezing of this residual fluid. Further research is recommended. 
 
 
Feasibility of Using the Nose Cone as a Representative Surface for Contamination 
on Wings (Section 10) 
 
APS conducted preliminary testing to identify the feasibility of using the nose 
cone as a representative surface for evaluating the progression of fluid failure on 
the wing. In order to use the nose cone as a representative surface for determining 
wing icing condition, it is necessary to understand the heating effects on the nose 
cone surface caused by instrumentation configuration on the specific aircraft in 
question. Plate tests and full-scale aircraft tests were carried out to get a 
preliminary understanding of the heating effects. Further testing was 
recommended as the limited tests conducted may not apply to all aircraft types. 
 
 
Snow Hot Upper and Lower Values and Use of Visibility Table (Section 11) 
 
A preliminary analysis was completed to evaluate the possibility of further refining 
the precipitation intensities (very light, light, moderate, and heavy) associated 
with the TC and FAA visibility tables. This was found to be possible, i.e. light 
4-10 g/dm²/h can be refined to light 4-7 g/dm²/h and light 7-10 g/dm²/h. If a new 
refined visibility table were adopted, it would be feasible to expand the existing 
snow HOT tables to include additional corresponding intensity ranges with new 
more refined HOTs. This would allow for added operational flexibility. Contrary to 
initial thoughts, the HOTs may not be proportionally split based on the number of 
cells for a given intensity in the visibility table and the respective upper and lower 
HOTs. It is recommended that TC and FAA consider further refining the visibility 
tables and corresponding HOT tables accordingly.  
 
 
Effect of Thickened Fluid Freezing and Thawing on Fluid Integrity and Holdover 
Time (Section 12) 
 

APS conducted testing to analyse the integrity of fluids that were frozen and 
subsequently thawed. The objective was to compare the resulting endurance 
times of these fluids to those of samples, which had not been subject to freezing. 
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Results showed that there was generally no significant change in endurance time 
performance when comparing a normal sample to one that was frozen and 
subsequently thawed. However, the presence of outliers in the data suggests that 
fluid freezing can have an unpredictable effect on endurance time performance. 
 
 
Photographic Documentation of Failure (Section 13) 
 
APS undertook a research project in the winter of 2013-14 to create a data base 
of fluid failure photos, including all fluid types and all weather conditions 
encompassed by the HOT tables. Fluids were photographed on standard flat plate 
test surfaces at the time of fluid application and at fluid failure. Not all of the 
required photos were obtained in 2013-14; therefore, additional photos were 
taken in 2014-15. Over the two winters, a total of 228 failures have been 
photographed. Further work is required to capture a few missing photos and to 
improve upon the quality of some existing photos. When this work is complete, 
a proper method for disseminating the photo data base will need to be determined. 
 
 
Frost at Lowest Operational Use Temperature (LOUT): Flat Plate Testing and 
Radiation Cooling During Taxi (Section 14) 
 
APS conducted testing over three winters to investigate how radiation cooling of 
aircraft surfaces during active frost conditions is influenced by airflow over the 
wing during taxi. Results have indicated that the increased airflow during taxi 
negates a large portion of the radiation, and consequently increases the surface 
temperature which can in turn minimize the risk that the fluid temperature might 
be below its LOUT value at time of takeoff. Additional testing is planned to 
support changes to TC/FAA guidance materials. Specifically, testing will be 
conducted to support the addition of guidance on the effects of radiation cooling 
during active frost near LOUT, and the impact of taxi on this radiation cooling.  
 
 
Compatibility of Different Fluid Types from Different Manufacturers (Section 15) 
 
APS conducted testing to evaluate the impact of using different Type I fluids in 
the first-step of a two-step de/anti-icing operation on the endurance times of the 
second-step Type II/III/IV fluids. The results indicate that a second-step fluid can 
generally be paired with different first-step Type I deicing fluids with little 
expected change in performance of the Type II/III/IV fluid. However, the presence 
of outliers suggests that the practice cannot be considered totally safe. 
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Evaluation of Endurance Times on High Angle Surfaces: Winglet Research 
(Section 16) 
 
A winglet was acquired and restored to serve as an appropriate model for 
observing fluid coverage on a larger scale and for comparative endurance time 
testing with 10º plates. Preliminary results indicate some differences in the fluid 
coverage and endurance time performance of Type I and Type IV fluids on the 
winglet model as compared to the 10º plate. It is recommended that testing 
continue using this model to better understand the fluid failure patterns.  
 
 
Forced Air Literature and Guidance Review (Section 17) 
 
A review of APS reports on forced air systems research and of guidance materials 
published by TC, FAA and SAE on forced air was completed. It concluded that 
current guidance materials provide varying details as to the expected procedures 
to follow when verifying if a forced air system is affecting Type II/IV fluid 
viscosity / holdover times. It was recommended that the pertinent details, which 
are provided in a test procedure, be added to these materials and that the 
materials be harmonized. Future activities should focus on disseminating these 
recommendations to regulators and stakeholders and, through consultation, 
getting the recommended changes to the guidance materials made. As well, 
consistent guidance is lacking and is needed with respect to Type I use as a 
deicer/anti-icer in conjunction with forced air. 
 
 
Frost Regression Equations (Section 18) 
 
APS analysed the feasibility of using regression analysis methodology with the 
existing active frost data set to generate regression curves. Although a promising 
Type I active frost regression curve was generated, the curve could only be used if 
the frost accretion rate is known. Initial attempts to model the relationship 
between frost accretion rate and measurable environmental factors did not 
produce a reliable model. Future analysis could be performed on a more robust 
data set in order to improve this model. 
 
 
Frost Holdover Times: Current and Obsolete Data Analysis (Section 19) 
 
APS evaluated the validity of the existing active frost holdover times once data 
points collected with obsolete fluids were removed. The result was an updated, 
current valid data set. This was found to be lacking in several areas relative to 
the historical data set used for initial substantiation. Additional testing with more 
recently commercialized fluids was recommended. 
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HOT Range Explanatory Document (Section 20) 
 
APS compiled preliminary document content to better explain the parameters on 
which HOTs are based, and to aid in the interpretation of the current HOT 
Guidelines for operators based on available meteorological information. It is 
recommended this guidance be included in TP 14052 and N8900, or alternately, 
that a stand-alone informational document be distributed to industry. 
 
 
Fluid Application Guidance (Section 21) 
 
APS reviewed existing industry guidance and previous work done by APS related 
to fluid application thicknesses and quantities to determine if universal, specific 
guidance can be provided. As different anti-icing fluids produce varying 
thicknesses on different surfaces, it is unlikely that all fluids can attain the 
minimum thickness limits outlined in the available guidance. The industry 
recommended minimum of one litre per square metre can still be used as a soft 
target, with an overspray factor applied to account for imperfect application or 
losses due to other factors (high winds, etc). This volume target would be 
sufficient for most fluids to attain their stable thicknesses on the critical surfaces; 
however, it is recommended the volume target be modified to account for 
differences resulting from fluid types and dilutions. 
 
 
Support Harmonization of TC and FAA Holdover Time Guidelines (Section 22) 
 
The objective of this project was to harmonize the TC and FAA HOT guidelines. 
APS identified differences in the guidelines, organized and lead meetings with TC 
and FAA to discuss the differences, and helped find and implement solutions to 
harmonize the TC and FAA documents. Short term items were harmonized in the 
2015-16 HOT guidelines. Longer term items will be discussed and possibly dealt 
with in future issues of the HOT guidelines.  
 
 
Tablet Application for End Condition Data Form and Upgrade to Indoor Rate 
Software (Section 23) 
 
In 2012-13, a tablet-based application was developed to replace the two end 
condition data forms (natural snow and simulated freezing precipitation) that have 
been used since the early 1990s. The development of the application has 
increased data collection efficiency and accuracy. In the same year, upgrades 
were made to the Excel based indoor rate station management software. In 
2014-15, additional improvements were made to both software applications.  
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Investigation of the Worldwide Use of De/Anti-icing Fluids (Section 24) 
 
At the request of TC and the FAA, APS undertook a research project to better 
understand the worldwide use of de/anti-icing fluid. This included determining the 
specific information of interest, determining how to obtain it, and doing a 
literature review to collect the required information. In 2014-15, four topics were 
selected and a literature review was conducted. Further work, including surveys, 
will be carried out in 2015-16 in order to gather missing information.  
 
 
Support to Flow Characterization of EASA/NRC Horizontal Stabilizer 
Research (Section 25) 
 
As a follow up to fluid testing research conducted in the NRC wind tunnel in 
December 2014, 1-week of flow characterization testing in dry conditions was 
recommended. As APS has been at the forefront of anti-icing research conducted 
in the wind tunnel, it was recommended APS participate in this research to 
maintain continuity in the research initiative. APS participated in this calibration 
work in March 2015. 
 
 
SAE AMS G8 Aerospace Organic Coatings and AMS G9 Aerospace Sealing 
Committee Meeting (Section 26) 
 
APS participated in G8/G9 committee meetings held in Pasadena, California in 
May 2015. APS gave a presentation with the purpose of disseminating the results 
and information pertaining to TC/FAA funded research on ice phobic coatings and 
the development of SAE Aerospace Information Report (AIR) 6232.  
 
 
Support for the Use of Ice Detection Cameras (Section 27) 
 
APS has been involved in the development and evaluation of ice detection 
technology for a number of years. Activity on this project has been limited in 
recent years due to a lack of manufacturer advancement of the technology. In the 
winter of 2014-15 APS attended several meetings and assisted in advancing the 
latest version of the related SAE standard. A motion was passed to disband the 
Ice Detection Committee once the latest version of the standard is passed and, 
at that time, have the Ice Detection working group report to the HOT Committee. 
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Holdover Time Guidance Materials (Section 28) 
 
APS developed and implemented a website for the official TC holdover time 
guidelines in 2003 to eliminate the safety risks associated with discrepancies 
occurring as a result of holdover time information being published in multiple 
locations. Since then, APS has updated the website annually to reflect changes 
made to the guidelines. The website was updated with the 2015-16 holdover 
time guidelines and regression information in July 2015. A revision was issued in 
December 2015, which removed a specific Type I fluid from the guidelines. 
 
 
Review of How Outside Air Temperature (OAT) is Used to Determine Frost 
Holdover Times (Section 29) 
 
A review of existing guidance published by TC and FAA determined explicit 
guidance on what to do if air temperature fluctuates during longer frost HOTs is 
lacking. General guidance on changing conditions during HOTs does exist in 
sections of TP 14052E and N8900.275; however, it is not directly applicable to 
frost conditions. This, in conjunction with an informal survey of air operators and 
a review of overnight temperature data experienced during several frost events in 
Montreal, led to the recommendation that more specific guidance on selecting an 
OAT in frost conditions be added to TC TP 14052E and FAA N8900.275. 
 
 
Keyword Search for Historical Reports (Section 30) 
 
APS has developed over 180 technical reports on aircraft ground deicing for TC 
and FAA since the early 1990s. There are often questions from industry asking 
for information on specific research topics. It can be challenging to find the reports 
in which this information is located. A master table of contents was created in 
2012-13 to enable keyword search of topics in historical APS reports. It was 
updated in the winter of 2014-15 to include the latest reports. 
 
 
Presentations, Fluid Manufacturer Reports and Test Procedures for 2014-15 
(Section 31) 
 
A number of presentations, fluid manufacturer reports and test procedures were 
produced by APS for the winter 2014-15 test program. An account of these 
materials is included in this report. 
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SOMMAIRE 
 
Le présent rapport documente la recherche exploratoire et les activités d’ordre 
général effectuées au cours de l’hiver 2014-15 par APS Aviation Inc. (APS), pour 
le compte du Centre de développement des transports (CDT) de Transports 
Canada (TC) et de la Federal Aviation Administration (FAA). Ce travail a été 
effectué dans le cadre du projet de recherche de TC et de la FAA sur le dégivrage 
d’aéronefs au sol. Les principales activités du projet de recherche sont 
documentées dans des rapports distincts; le présent rapport documente les trente 
et une activités de moindre envergure effectuées en plus des principaux projets 
de recherche de l’hiver 2014-15.  
 
 
Effet de la couleur du liquide sur les endurances (Section 1) 
 
Des essais ont été effectués pour comparer l’endurance d’un liquide en formules 
colorées et incolores. Les résultats indiquent peu ou pas de différence 
d’endurance entre les formules colorées et incolores. Comme les essais n’ont été 
effectués qu’avec un seul liquide, les résultats ne peuvent s’appliquer à tous les 
liquides. 
 
 
Capacité d’évaluer visuellement un liquide sur des surfaces traitées avec des 
liquides colorés plutôt que incolores (Section 2) 
 
APS a effectué des tests pour évaluer si la couleur des liquides aide à l’évaluation 
visuelle de l’application du liquide (couverture du liquide) et de la contamination 
du liquide (défaillance du liquide). Différent paramètres ont été évalués, y compris 
la distance de l’observateur, la couleur de la surface mise à l’essai et le temps. Il 
a été établi que la couleur aide à l’évaluation visuelle de la couverture du liquide, 
mais pas à l’évaluation visuelle de la contamination du liquide. Les essais n’ont 
été effectués qu’avec un seul liquide; en conséquence, les conclusions ne peuvent 
s’appliquer à tous les liquides. Cependant, on peut conclure que la distance, la 
période d’exposition à la précipitation et la couleur de la surface constituent des 
paramètres importants pour l’évaluation de la couverture et de la contamination 
des liquides. 
 
 
Multiplicateur de machine à fabriquer de la neige (Section 3) 
 
APS a mené une analyse des données historiques des machines à fabriquer de la 
neige, pour établir si un multiplicateur devrait y être appliqué pour qu’elles 
reproduisent plus fidèlement les données des essais avec la neige naturelle. Les 
résultats indiquent qu’un multiplicateur pourrait être appliqué pour produire des 
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durées d’efficacité plus précises; cependant, une précision améliorée ne justifie 
pas le remplacement des essais avec la neige naturelle par des essais avec des 
machines à fabriquer de la neige.  
 
 
Examen analytique des durées d’efficacité (HOT) prévues associées aux ailettes 
de type split scimitar (Section 4) 
 
Une recherche antérieure a été effectuée sur des surfaces verticales de 20°, 35° 
et 80° afin de comprendre la durée de protection du liquide dans le cas de split 
scimitar. Il a été établi qu’avec une application adéquate de liquide, la condition 
des surfaces intérieures de l’ailette pourrait servir d’indication visuelle prudente 
de la condition des surfaces de la poutre ventrale. 
 
 
Détermination des HOT pour les liquides possédant des rapports atypiques entre 
les HOT et la température (Section 5) 
 
Un problème possible lié à la méthode actuelle utilisée pour déterminer les durées 
d’efficacité à partir de données d’endurance a été examiné. Il a été déterminé que 
la méthode n’est pas appropriée pour les ensembles de données dont le rapport 
entre les durées d’efficacité et la température est atypique; soit ces ensembles de 
données ne dépendent pas de la température, soit le rapport est inversé entre les 
durées d’efficacité et la température. Les ensembles de données se sont avérés 
relativement communs (15 pourcent des ensembles de données ont été 
examinés). Des méthodes alternatives de détermination des durées d’efficacité 
sont proposées pour ce type de données sur les endurances; des examens plus 
détaillés de ces méthodes sont recommandés. 
 
 
HOT pour la neige abondante phase I : Détermination des limites du taux de 
précipitation et des visibilités correspondantes (Section 6) 
 
Cinq exigences ont été identifiées pour le développement de durées d’efficacité 
dans la neige abondante. Les travaux sur deux d’entre elles ont été effectués au 
cours de l’hiver 2014-15. Les travaux de 2014-15 ont principalement conclu que 
50 g/dm²/h est la limite supérieure raisonnable dans la neige abondante; 
suffisamment de données existent pour déterminer les visibilités correspondantes 
à un taux limite de 50 g/dm²/h pour le tableau des visibilités; ces changements 
pourraient également permettre l’établissement de durées d’efficacité pour 
certaines conditions, pour lesquelles il n’en existe pas actuellement. Il est 
recommandé que la réalisation de ces deux exigences soit faite au cours de 
l’hiver 2015-16. 
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Évaluation d’une zone tampon de -3°C pour la première étape de 
dégivrage (Section 7) 
 
APS a analysé les recherches antérieures menées sur l’efficacité et la sécurité de 
la zone tampon de -3°C appliquée aux liquides de type I et a examiné l’orientation 
adoptée par l’industrie en ce qui concerne cette zone tampon. Les travaux 
antérieurs sur du liquide de type I dilué à l’eau chaude, à la limite tampon de -3°C 
par rapport à la température ambiante, ont indiqué qu’il n’y a généralement pas 
de risque à la sécurité lié à la givre sur les surfaces critiques, pourvu que les 
directives d’application appropriées soient respectées. Compte tenu des défis 
opérationnels posés par une zone tampon négative, le comité G-12 sur les 
méthodes de la SAE a recommandé d’augmenter la zone tampon à 0°C. 
 
 
Examen du gel de liquide résiduel en vol (Section 8) 
 
APS a recueilli des documents photographiques et vidéo d’écoulement de liquide 
antigivrage et de liquide résiduel possiblement gelé en vol. Sur tous les vols, 
l’observateur a indiqué que la majeure partie du liquide appliqué à l’aéronef à 
l’antigivrage était disparue au moment de la rotation. Cependant, une couche de 
liquide résiduel demeurait à la surface de l’aile durant et après la montée. Certains 
aspects de chaque vol, tels que l’éclairage et la rentrée ou le déploiement des 
volets ont été examinés pour mieux visualiser la possibilité de gel de ce liquide 
résiduel. Des recherches supplémentaires sont recommandées. 
 
 
Possibilité d’utiliser le cône de nez comme surface représentative de 
contamination sur les ailes (Section 9) 
 
APS a mené des essais préliminaires pour identifier la possibilité d’utiliser le cône 
de nez comme surface représentative pour évaluer l’évolution de la défaillance du 
liquide sur l’aile. Afin d’utiliser le cône de nez comme surface représentative pour 
identifier la condition de givre sur l’aile, il faut comprendre les effets de 
réchauffement sur la surface du cône de nez causés par la configuration des 
instruments de l’aéronef en question. Des tests sur plaque et des tests complets 
sur aéronefs ont été effectués, afin d’obtenir une compréhension préliminaire des 
effets de réchauffement. De plus amples essais sont recommandés, car les essais 
limités effectués pourraient ne pas s’appliquer à tous les types d’aéronefs. 
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Valeurs HOT supérieures et inférieures dans la neige et utilisation du tableau de 
visibilités (Section 10) 
 
Une analyse préliminaire a été effectuée pour évaluer la possibilité de préciser 
davantage les intensités de précipitation (très légère, légère, modérée et 
abondante) associées aux tableaux de visibilité de TC et de la FAA. Cela s’est 
avéré possible, c’est-à-dire que légère 4 10 g/dm²/h peut être rendue plus précise 
à légère 4 7 g/dm²/h et légère 7-10 g/dm²/h. Si un nouveau tableau de visibilités 
plus précis était adopté, il serait alors plausible d’élargir les tableaux HOT pour la 
neige par l’inclusion d’une gamme d’intensités additionnelles correspondantes, 
avec de nouvelles durées d’efficacités plus précises. Cela ajouterait une plus 
grande flexibilité opérationnelle. Contrairement aux réflexions initiales, les durées 
d’efficacité ne peuvent pas être divisées proportionnellement au nombre de 
cellules d’une intensité donnée du tableau de visibilité et à leurs durées d’efficacité 
respectives minimales et maximales. Il donc est recommandé que TC et la FAA 
prennent en considération une plus grande précision des tableaux de visibilité et 
les tableaux HOT connexes.  
 
 
Effet du gel et du dégel sur l’intégrité et les durées d’efficacité du 
liquide  (Section 11) 
 
APS a mené des essais pour analyser l’intégrité des liquides qui ont gelé, puis 
dégelé. Les tests avaient pour but de comparer les durées d’efficacité de ces 
liquides à celles des liquides qui n’avaient pas subi de gel. Les résultats ont 
démontré qu’il n’y avait généralement pas de changement significatif à 
l’endurance, lorsqu’on comparait un échantillon normal à un autre qui avait gelé, 
puis dégelé. Cependant, la présence de valeurs aberrantes dans les données 
suggère que le gel du liquide pourrait avoir un effet imprévisible sur l’endurance. 
 
 
Documentation photographique des défaillances (Section 12) 
 
Au cours de l’hiver 2013-14, APS a entrepris un projet de recherche pour la 
création d’une base de données de photographies des défaillances de liquides, 
pour tous les types de liquide et dans toutes les conditions météorologiques inclus 
dans les tableaux HOT. Les liquides ont été photographiés sur des plaques planes 
d’essai lors de l’application des liquides, puis lors de leur défaillance. Les photos 
nécessaires n’ont pas toutes été obtenues en 2013-14; en conséquence, d’autres 
photos ont été prises en 2014-15. Plus de 228 défaillances ont été 
photographiées au cours des deux hivers. Il sera nécessaire de poursuivre le travail 
pour obtenir quelques photos manquantes et pour améliorer la qualité de certaines 
photos existantes. Une fois le travail complété, une méthode appropriée de 
diffusion de la base de données photographique devra être établie. 
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Gel à la température minimale d’utilisation opérationnelle (LOUT) : Essais sur une 
plaque plane et refroidissement par rayonnement durant la circulation au 
sol (Section 13) 
 
Au cours de trois hivers, APS a mené des essais pour examiner l’influence de 
l’écoulement d’air sur l’aile sur le refroidissement des surfaces aérodynamiques 
par rayonnement, durant la circulation au sol dans des conditions de formation 
active de givre. Les résultats ont indiqué que l’augmentation de l’écoulement d’air 
durant la circulation au sol annule une grande portion du rayonnement et en 
conséquence,  augmente la température de la surface, ce qui pourrait minimiser 
le risque d’abaisser la température du liquide sous sa LOUT lors du décollage. De 
plus amples essais sont prévus en fonction des changements aux lignes 
directrices de TC et de la FAA. Plus précisément, des essais seront menés en 
fonction de l’ajout de directives sur les effets du refroidissement par rayonnement 
durant la formation active de givre près de la LOUT et sur l’incidence de la 
circulation au sol sur ce refroidissement par rayonnement.  
 
 
Compatibilité des différents types de liquides de différents fabricants (Section 14) 
 
APS a mené des essais pour évaluer l’incidence de l’utilisation de différents 
liquides de type I pour la première de deux étapes de dégivrage ou d’antigivrage, 
sur l’endurance des liquides de types I, III et IV de la deuxième étape. Les résultats 
indiquent qu’en général, un liquide de deuxième étape peut être jumelé à différents 
liquides de dégivrage de type I de première étape, avec peu de changement de 
performance du liquide de types II, III et IV. Cependant, la présence de valeurs 
aberrantes suggère que cette façon de faire ne peut être considérée entièrement 
sécuritaire. 
 
 
Évaluation des endurances sur les surfaces à angle élevé: Recherche sur les 
ailettes (Section 15) 
 
Une ailette a été obtenue et restaurée pour servir de modèle approprié pour 
observer la couverture de liquide à grande échelle et pour des essais comparatifs 
d’endurance sur des plaques de 10º. Les résultats préliminaires indiquent 
certaines différences de couverture de liquide et d’endurance des liquides de 
types I et IV sur le modèle d’ailette, par rapport à la plaque de 10º. Il est 
recommandé de poursuivre les essais sur ce modèle, afin de mieux comprendre 
les caractéristiques des défaillances de liquides.  
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Examen de la documentation et des directives sur l’air forcé (Section 16) 
 
Les rapports d’APS sur la recherche sur les systèmes d’air forcé et les directives 
publiées par TC, la FAA et SAE sur l’air forcé ont été examinés. L’étude a conclu 
que les lignes directrices actuelles donnent divers détails sur les procédures à 
suivre, pour vérifier si un système d’air forcé affecte la viscosité et les durées 
d’efficacité des liquides de type II et IV. Il a été recommandé que les détails 
pertinents fournis avec une procédure d’essai soient ajoutés à ces directives et 
que ces dernières soient harmonisées. Les activités à venir devraient mettre 
l’accent sur la diffusion de ces recommandations aux organismes de 
réglementation et aux parties intéressées et, par le biais de consultations, sur la 
mise en place des changements recommandés aux directives. De même, il 
manque d’orientation logique et nécessaire sur l’utilisation de liquide de type I 
comme agent de dégivrage et d’antigivrage, conjointement avec l’air forcé. 
 
 
Équation de régression du givre (Section 17) 
 
APS a analysé la possibilité d’utiliser une méthode d’analyse de régression avec 
les données actuelles de givre actif pour générer des courbes de régression. Bien 
qu’une courbe de régression prometteuse de givre actif  avec du liquide de type I 
ait été générée, elle ne peut être utilisée que si le taux d’accrétion du givre est 
connu. Les tentatives initiales de modéliser la relation entre le taux d’accrétion du 
givre et les facteurs environnementaux mesurables n’ont pas produit de modèle 
fiable. Une analyse pourrait être menée à l’avenir sur un ensemble de données 
plus solides pour améliorer le modèle. 
 
 
Durées d’efficacité dans le givre: Analyse des données actuelles et 
désuètes (Section 18) 
 
APS a évalué la validité des durées d’efficacité actuelles dans le givre actif, une 
fois enlevés les points de données provenant de liquides périmés. Il en a résulté 
un ensemble de données actualisé et valide, ce qui manquait dans plusieurs parties 
de l’ensemble historique de données, utilisé pour la justification initiale. Des essais 
additionnels ont été recommandés, avec de nouveaux liquides sur le marché. 
 
 
Documentation explicative sur l’éventail des HOT (Section 19) 
 
APS a compilé le contenu de la documentation préliminaire, pour mieux expliquer 
les paramètres à la base des durées d’efficacités, ainsi que pour aider à 
l’interprétation des directives aux exploitants, relativement aux durées 
d’efficacité, en fonction de l’information météorologique disponible. Il est 
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recommandé que ces directives soient intégrées à la TP 14052 et à la N8900, ou 
qu’un document international indépendant soit diffusé à l’industrie. 
 
 
Lignes directrices sur l’application de liquides (Section 20) 
 
APS a examiné les directives de l’industrie en place de même que les travaux 
antérieurs d’APS sur l’épaisseur et les quantités de liquide appliqué, afin de 
déterminer si des directives spécifiques et universelles peuvent être émises. 
Puisque les différents liquides de dégivrage produisent des épaisseurs variées sur 
les diverses surfaces, il est peu probable que tous les liquides puissent atteindre 
les limites minimales d’épaisseur précisées dans les directives disponibles. Le 
minimum d’un litre par mètre carré recommandé par l’industrie peut toujours être 
appliqué comme objectif souple, accompagné de l’application d’un facteur 
additionnel pour tenir compte d’une application imparfaite ou de pertes dues à 
d’autres facteurs (grands vents, etc.). Cette cible devrait suffire pour que la 
plupart des liquides atteignent leur épaisseur stable sur les surfaces critiques; 
cependant, il est recommandé que le volume visé soit modifié pour tenir compte 
des différences entre les types de liquide et les dilutions. 
 
 
Appui à l’harmonisation des lignes directrices de TC et de la FAA sur les durées 
d’efficacité (Section 21) 
 
Ce projet avait pour but d’harmoniser les lignes directrices de TC et de la FAA 
relatives aux durées d’efficacité. APS a identifié des différences dans les lignes 
directrices, a organisé et animé des réunions avec TC et la FAA pour en discuter 
et a aidé à identifier et à mettre en place des solutions pour harmoniser la 
documentation de TC et de la FAA. Les points pressants on été harmonisés dans 
les lignes directrices HOT de 2015-16. Les autres points feront l’objet de 
discussions et seront possiblement réglés lors de prochaines émissions de lignes 
directrices HOT.  
 
 
Application pour tablettes du formulaire de données finales et mise à niveau du 
logiciel pour calculer le taux de précipitation à l’intérieur (Section 22) 
 
En 2012-13, une application pour tablette a été développée, en remplacement 
des deux formulaires de données finales (neige naturelle et précipitation 
verglaçante simulée), utilisés depuis le début des années 1990. Le développement 
de l’application a augmenté l’efficacité et la précision de la collecte des données. 
La même année, des mises à niveau ont été apportées au logiciel Excel de gestion 
des taux de la station intérieure. En 2014 15, d’autres améliorations ont été 
apportées aux deux applications logicielles.  
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Examen de l’utilisation de liquides de dégivrage et d’antigivrage dans le monde 
(Section 23) 
 
À la demande de TC et de la FAA, APS a entrepris un projet de recherche visant 
à mieux comprendre l’utilisation de liquide de dégivrage et d’antigivrage dans le 
monde. Le projet comprenait l’identification d’information d’intérêt particulier, 
l’établissement d’une façon de l’obtenir et la révision de documentation pour 
recueillir l’information requise. En 2014-15, quatre sujets ont été choisis et un 
examen de la documentation a été fait. Des travaux additionnels, y compris des 
sondages, seront faits en 2015-16 pour recueillir l’information manquante.  
 
 
Appui à la recherche de l’AESA et du CNRC sur la caractérisation aérodynamique 
du stabilisateur horizontal (Section 24) 
 
Pour faire suite à la recherche sur les essais de liquide menée dans le tunnel 
aérodynamique du CNRC en décembre 2014, des essais de caractérisation 
aérodynamique d’une semaine dans des conditions de temps sec ont été 
recommandés. Puisque APS se situe à l’avant-garde de la recherche sur 
l’antigivrage en tunnel aérodynamique, la participation d’APS a été recommandée, 
pour assurer une continuité dans les projets de recherche. APS a participé à ce 
travail de calibration en mars 2015. 
 
 
Réunion du comité AMS G8 sur les revêtements organiques aérospatiaux et AMS 
G9 sur les agents de scellement aérospatiaux de la société SAE (Section 25) 
 
APS a participé aux réunions du comité G8/G9 à Pasadena, Californie en 
mai 2015. APS y a donné une présentation pour transmettre les résultats et 
l’information sur la recherche cofinancée par TC et la FAA sur les revêtements 
glaciophobes et le développement du Aerospace Information Report (AIR) 6232 
de la SAE.  
 
 
Appui à l’utilisation de caméras de détection de glace (Section 26) 
 
APS a été impliquée dans le développement et l’évaluation de la technologie de 
détection de glace depuis des années. Au cours des dernières années, les travaux 
sur ce projet ont été limités, en raison du manque de promotion de cette 
technologie de la part des fabricants. Au cours de l’hiver 2014-15, APS a participé 
à plusieurs réunions et aidé à promouvoir la dernière version de la norme SAE 
connexe. Une motion a été votée pour la dissolution du comité de détection de la 
glace, une fois approuvée la dernière version de la norme et, à ce moment-là, 
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placer le groupe de travail sur la détection de la glace sous la responsabilité du 
comité HOT. 
 
 
Directives sur les durées d’efficacité (Section 27) 
 
En 2003, APS a développé et mis en place un site Web sur les directives de TC 
sur les durées d’efficacité, pour éliminer les risques à la sécurité liés aux 
divergences occasionnées par la publication, à de nombreux endroits, 
d’information sur les durées d’efficacité. Depuis, APS a actualisé le site Web 
annuellement pour tenir compte des changements aux directives. Le site Web a 
été mis à jour en juillet 2015 avec les directives sur les durées d’efficacité et 
l’information sur la régression de 2015-16. En décembre 2015, une révision qui 
enlève un liquide spécifique de type I des directives a été émise. 
 
 
Examen de la façon d’utiliser la température ambiante pour établir les durées 
d’efficacité dans le givre (Section 28) 
 
Un examen des lignes directrices actuelles publiées par TC et la FAA a établi qu’il 
n’existe pas de directives spécifiques sur les mesures à prendre en matière de 
durées d’efficacité, si la température de l’air fluctue durant de plus longues 
périodes de givre. Des directives de nature générale sur les conditions 
changeantes durant les durées d’efficacité existent dans certaines sections de la 
TP 14052F et dans la N8900.275; cependant, elles ne s’appliquent pas 
directement aux conditions de givre. Cette situation, combinée à un sondage non 
officiel d’exploitants aériens et à un examen de données sur les températures 
nocturnes au cours de plusieurs épisodes de givre à Montréal, a mené à la 
recommandation d’ajouter à la TP 14052F de TC et à la N8900.275 de la FAA 
des directives plus spécifiques sur la sélection d’une température ambiante dans 
des conditions de givre. 
 
 
Recherche de rapports historiques par mots-clés (Section 29) 
 
Depuis les années 1990, APS a produit plus de 180 rapports techniques sur le 
givre d’aéronefs au sol pour le compte de TC et de la FAA. L’industrie soumet 
souvent des demandes d’information sur des domaines de recherche particuliers. 
La localisation des rapports contenant cette information peut s’avérer compliquée. 
Une table des matières permanente a été crée en 2012-13 pour permettre une 
recherche par mots-clés de sujets dans les rapports historiques d’APS. Elle a été 
actualisée au cours de l’hiver 2014-15 pour inclure les derniers rapports. 
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Présentations, rapports de fabricants de liquides et méthodes d’essai pour 
2014-15 (Section 30) 
 
Un certain nombre de présentations, de rapports de fabricants de liquides et de 
procédures d’essai ont été produits par APS dans le cadre du programme d’essais 
de 2014-15. Le présent rapport comprend un comte rendu de cette 
documentation. 
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1. INTRODUCTION 
 
Since the early 1990s, the Transportation Development Centre (TDC), Transport 
Canada (TC) has managed and conducted de/anti-icing related tests at various 
sites in Canada; it has also coordinated world-wide testing and evaluation of 
evolving technologies related to de/anti-icing operations with the co-operation of 
the United States Federal Aviation Administration (FAA), the National Research 
Council (NRC), Meteorological Service of Canada (MSC), several major airlines, 
and deicing fluid manufacturers. The TDC is continuing its research, development, 
testing and evaluation program. 
 
Under contract to the TDC, with financial support from the FAA, APS 
Aviation Inc. (APS) has undertaken a number of research projects and general 
activities as part of the 2014-15 program. Each major research project completed 
in 2014-15 is documented in a separate individual report. This report documents 
the general activities and smaller research projects. 
 
 
1.1 Activities Completed in 2014-15 
 
The general activities and smaller research projects completed in 2014-15 are 
documented in this report. Each activity is detailed in a separate section as follows 
(section number in brackets): 
 

a) Effect of Fluid Colour on Endurance Times (Section 2); 

b) Ability to Visually Evaluate Fluid on Surfaces Treated with Coloured vs. 
Uncoloured Fluids (Section 3); 

c) Snow Machine Multiplier (Section 4); 

d) Analytical Review of Expected Fluid HOT Associated with Split Scimitar 
Winglets (Section 5); 

e) Determining HOTs for Fluids with Non-Typical HOT-Temperature 
Relationships (Section 6); 

f) HOTs for Heavy Snow: Phase I Defining Precipitation Rate Limits and 
Corresponding Visibilities (Section 7); 

g) Evaluation of -3°C Buffer for First-Step Deicing (Section 8); 

h) Investigation of Residual Fluid Freezing In-flight (Section 9); 

i) Feasibility of Using the Nose Cone as a Representative Surface for 
Contamination on Wings (Section 10); 
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j) Snow HOT Upper and Lower Values and Use of Visibility Table 
(Section 11); 

k) Effect of Thickened Fluid Freezing and Thawing on Fluid Integrity and 
Holdover Time (Section 12);  

l) Photographic Documentation of Failure (Section 13); 

m) Frost at LOUT: Flat Plate Testing and Radiation Cooling During Taxi 
(Section 14); 

n) Compatibility of Different Fluid Types from Different Manufacturers 
(Section 15); 

o) Evaluation of Endurance Times on High Angle Surfaces: Winglet Research 
(Section 16); 

p) Forced Air Literature and Guidance Review (Section 17); 

q) Frost Regression Equations (Section 18); 

r) Frost Holdover Times: Current and Obsolete Data Analysis (Section 19); 

s) HOT Range Explanatory Document (Section 20); 

t) Fluid Application Guidance (Section 21); 

u) Support Harmonization of TC and FAA Holdover Time Guidelines 
(Section 22); 

v) Tablet Application for End Condition Data Form and Upgrade to Indoor 
Rate Software (Section 23); 

w) Investigation of the Worldwide Use of De/Anti-icing Fluids (Section 24); 

x) Support to Flow Characterization of EASA/NRC Horizontal Stabilizer 
Research (Section 25); 

y) SAE AMS G8 Aerospace Organic Coatings and AMS G9 Aerospace 
Sealing Committee Meeting (Section 26); 

z) Support for the Use of Ice Detection Cameras (Section 27); 

aa) Holdover Time Guidance Materials (Section 28); 

bb) Review of How OAT is Used to Determine Frost Holdover Times 
(Section 29); 

cc) Keyword Search for Historical Reports (Section 30); and 

dd) Presentations, Fluid Manufacturer Reports and Test Procedures for 
2014-15 (Section 31). 
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The sections of the TC work statement relevant to these projects can be found 
in Appendix A. 
 
 
1.2 Activities Not Completed in Full in 2014-15 
 
The detailed tasks that were included in the winter 2014-15 project plan for 
two activities – fluid requalification working group and validation of holdover time 
(HOT) regression information for heavy snow – were not completed as planned 
in the winter of 2014-15. The statement of work (see Appendix A) details the 
individual tasks that were planned for these activities. The subsections below 
describe why the work was not completed as planned. 
 
 
1.2.1 Fluid Requalification Working Group 
 
APS had a mandate to support the SAE G-12 Fluid Requalification Working Group 
in the winter of 2014-15. It was expected significant work would be required to 
support this new working group. APS did support the working group in 2014-15; 
however, the level of effort was much less than expected. APS attended several 
informal meetings the work group held (at the mid-term and annual SAE G-12 
conferences) and responded by email to several questions and information 
requests from the working group. It is expected the working group will meet again 
in future. Further work may be required as a result of these meetings. 
 
 
1.2.2 Validation of HOT Regression Information for Heavy Snow 
 
Initial project planning identified the need to validate HOT regression information 
for heavy snow precipitation rates. Specifically, it was foreseen that this work 
would result in a table of “highest usable precipitation rates” (HUPRs) that would 
be published in the regression information document and mandated to be used by 
holdover time determination systems (HOTDS).  
 
This work was started in 2015; however, as it was identified to be lower priority, 
and as it was determined additional work was required to complete the objective, 
the activity was not completed in 2014-15. The work is expected to be completed 
in the winter of 2015-16 and reported on in fall 2016. 
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2. EFFECT OF FLUID COLOUR ON ENDURANCE TIMES 
 
 
2.1 Background 
 
The majority of commercially available de/anti-icing fluids are dyed with colour 
before they are sold to operators. However, some manufacturers also provide 
uncoloured variants of some of their fluids. This is the response to some 
passengers’ belief that brightly coloured chemicals will have a significant negative 
impact on the environment. Operators are mitigating this negative perception by 
using fluids that are uncoloured.  
 
From an industry safety perspective, two questions need to be addressed to fully 
understand the potential negative consequences of using uncoloured fluids: 
 

• Question 1: Are there differences in holdover times when fluids are 
offered in both coloured and uncoloured formulations?  

• Question 2: Is the evaluation of fluid coverage and fluid contamination 
more difficult when using uncoloured fluids? 

 
Question #1 is addressed in this section and Question #2 is addressed in 
Section 3 of this report. 
 
 
2.1.1 Current SAE Requirements  
 
SAE publishes Aerospace Material Specification (AMS) standards for the 
four different types of aviation deicing fluids. AMS 1428 outlines the colour 
requirements for all Type II, III, IV and fluids. It indicates that Type II fluid can be 
water white or pale straw in colour. Type III and IV fluids have other colour 
requirements but do not allow any uncoloured variants.  
 
At the time of writing this report, revision H of AMS 1428 was under ballot. It 
proposes the removal of uncoloured Type II fluids.  
 
 
2.2 Objective 
 
The objective of this research was to compare the endurance time performance 
of a particular fluid in its coloured vs. uncoloured formulations. 
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2.3 Test Methodology 
 
Approximately 20 comparative tests were planned in various conditions 
(temperatures, precipitation rates and precipitation types) to provide a cross 
section of standard holdover time table conditions (typically 150 tests are 
conducted to evaluate the holdover time performance of a new fluid). Each 
comparative test consisted of one test with a coloured fluid and a second test 
with an uncoloured fluid. 
 
Tests were conducted under both natural snow conditions at the APS test site, 
and under freezing precipitation conditions at the NRC Climatic Engineering 
Facility (CEF). 
 
Standard endurance time test and rate collection protocol were followed during 
the execution of these tests.  
 
The procedure for this testing is located in Appendix B. 
 
 
2.4 Data Collected  
 
Data were collected in natural snow and simulated freezing precipitation. 
 
Thirteen comparative tests were conducted in natural snow. Table 2.1 provides 
details of these tests. 
 
Freezing precipitation testing was conducted in conjunction with the visual 
inspection research described in Section 3 of this report. Ten comparative tests 
were conducted in simulated freezing drizzle, freezing rain and freezing fog 
conditions. Table 2.2 provides details of these tests.  
 
 
2.5 Data Analysis 
 
Table 2.3 and Figure 2.1 show the results of the natural snow testing. When 
isolating only natural snow, it can be seen that there is a one percent difference 
in endurance times between the coloured and uncoloured samples. 
 
Table 2.4 and Figure 2.2 show the results of the freezing precipitation testing. 
When isolating only freezing precipitation, it can be seen that there is a 
four percent difference in endurance times between the coloured and uncoloured 
samples.  
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Table 2.1: Log of Natural Snow Tests 

Run 
# 

Coloured or  
Uncoloured Fluid 

Fluid 
Dilution  

(%) 

Precip. 
Rate 

(g/dm²/h) 

OAT  
(°C) 

Endurance 
Time 
(mins) 

1 
Coloured 75 9.7 -6.7 40.3 

Uncoloured 75 9.7 -6.7 39.4 

2 
Coloured 50 4.9 -2.8 30.3 

Uncoloured 50 4.9 -2.8 29.5 

3 
Coloured 100 4.4 -2.7 87.2 

Uncoloured 100 4.3 -2.7 95.9 

4 
Coloured 100 3.4 -1.6 127.5 

Uncoloured 100 3.4 -1.6 129.1 

5 
Coloured 100 4.8 -4.6 66.5 

Uncoloured 100 4.8 -4.6 65.2 

6 
Coloured 50 7.7 -1.2 22.9 

Uncoloured 50 7.7 -1.2 23.0 

7 
Coloured 100 8.0 -21.0 23.0 

Uncoloured 100 8.0 -21.0 23.0 

8 
Coloured 75 2.8 -5.1 82.7 

Uncoloured 75 2.8 -5.1 82.3 

9 
Coloured 100 9.8 -16.7 26.7 

Uncoloured 100 9.8 -16.7 26.4 

10 
Coloured 75 9.0 -9.2 28.1 

Uncoloured 75 8.9 -9.2 27.2 

11 
Coloured 75 6.1 -9.2 27.4 

Uncoloured 75 6.0 -9.2 26.9 

12 
Coloured 100 5.6 -9.2 60.5 

Uncoloured 100 5.5 -9.2 60.2 

13 
Coloured 50 15.2 -5.1 6.7 

Uncoloured 50 15.2 -5.1 6.3 
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Table 2.2: Log of Freezing Precipitation Tests 

Run 
# 

Coloured or 
Uncoloured Fluid 

Fluid 
Dilution  

(%) 
Precipitation Type 

Precip. 
Rate 

(g/dm²/h) 

OAT  
(°C) 

Endurance 
Time 
(mins) 

1 
Coloured 100 Freezing Drizzle 13.9 -10 26.0 

Uncoloured 100 Freezing Drizzle 13.9 -10 25.9 

2 
Coloured 75 Freezing Drizzle 12.6 -10 17.7 

Uncoloured 75 Freezing Drizzle 12.6 -10 17.0 

3 
Coloured 100 Freezing Drizzle 12.7 -3 31.4 

Uncoloured 100 Freezing Drizzle 12.7 -3 33.5 

4 
Coloured 75 Freezing Drizzle 13.6 -3 24.5 

Uncoloured 75 Freezing Drizzle 13.6 -3 24.3 

5 
Coloured 50 Freezing Fog 4.9 -3 17.2 

Uncoloured 50 Freezing Fog 5.1 -3 16.2 

6 
Coloured 100 Light Freezing Rain 24.8 -10 18.7 

Uncoloured 100 Light Freezing Rain 24.8 -10 18.2 

7 
Coloured 75 Light Freezing Rain 25.1 -10 15.3 

Uncoloured 75 Light Freezing Rain 25.1 -10 14.3 

8 
Coloured 100 Light Freezing Rain 24.2 -3 25.6 

Uncoloured 100 Light Freezing Rain 24.2 -3 25.9 

9 
Coloured 75 Light Freezing Rain 26.6 -3 16.6 

Uncoloured 75 Light Freezing Rain 26.6 -3 14.2 

10 
Coloured 50 Light Freezing Rain 26.6 -3 7.9 

Uncoloured 50 Light Freezing Rain 26.6 -3 7.5 
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Table 2.3: Natural Snow Tests Analysis 

NATURAL SNOW 

Run 
# 

Dilution 
(%) 

Coloured ET 
(mins) 

Uncoloured ET 
(mins) 

ET Difference  
(mins) 

ET Difference  
(%) 

3 100  87.2 95.9 -8.7  10% 

4 100  127.5 129.1 -1.6  1% 

5 100  66.5 65.2 1.3  -2% 

9 100  26.6 26.4 0.2  -0.8% 

12 100  60.5 60.2 0.3  -0.5% 

7 100  23.0 23.0 0.0 0% 

1 75  40.3 39.4 0.9  -2% 

8 75  82.7 82.3 0.4  -0.5% 

10 75  28.1 27.2 0.9  -3% 

11 75  27.4 26.9 0.5  -2% 

2 50  30.3 29.5 0.8  -3% 

6 50  22.9 23.0 -0.1  0.4% 

13 50  6.7 6.3 0.4  -6% 

Average All Tests  -1% 

 
 

 

Figure 2.1: Natural Snow Test Endurance Times  
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Table 2.4: Freezing Precipitation Analysis 

FREEZING PRECIPITATION 

Run 
# 

Dilution 
(%) 

Coloured ET 
(mins) 

Uncoloured ET 
(mins) 

ET Difference  
(mins) 

ET Difference  
(%) 

3 100 31.4  33.5 -2.1 6% 

6 100 18.7  18.2 0.5 -3% 

8 100 25.6 25.9 -0.4 1% 

1 100 26.0 25.9 0.1 0% 

2 75 17.7  17.0 0.7 -4% 

7 75 15.3  14.3 1.0 -7% 

4 75 24.5 24.3 0.2 -1% 

9 75 16.6  14.2 2.4 -17% 

5 50 17.2  16.2 1.0 -6% 

10 50 7.9  7.5 0.4 -5% 

Average All Tests  -4% 

 
 

 

Figure 2.2: Freezing Precipitation Test Endurance Times  
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2.6 Conclusions 
 
It can be concluded that there is no significant difference in the endurance times 
of the coloured and uncoloured variants of the fluid tested. Since testing was 
conducted with only one fluid, this conclusion can not be generalized to all fluids. 
Further testing would need to be conducted to make generalized conclusions. 
 
 

2.7 Recommendations 
 
It is recommended that fluids that are commercialized in coloured and uncoloured 
variants undergo additional endurance time testing. Specifically: 
 

a) Variant 1: Conduct the complete set of endurance time tests required in 
Aerospace Recommended Practice (ARP) 5485. 
 

b) Variant 2: Conduct 10 to 15 percent of the endurance time tests required 
in ARP 5485 to verify there is no significant difference in its endurance 
times relative to variant 1. A sample test matrix is provided in Table 2.5. 

 
This recommendation should be incorporated into ARP 5485.  
 
 

Table 2.5: Sample Text Matrix for Coloured/Uncoloured Second Variant Fluid 

Test # Precipitation Type Dilution (%) Temperature (°C) Rate (g/dm2/h) 

1 Natural Snow* 100 Any Any 
2 Natural Snow* 100 Any Any 
3 Natural Snow* 100 Any Any 
4 Natural Snow* 100 Any Any 
5 Natural Snow* 75 Above -14 Any 
6 Natural Snow* 75 Above -14 Any 
7 Natural Snow* 75 Above -14 Any 
8 Natural Snow* 50 Above -3 Any  
9 Natural Snow* 50 Above -3 Any  
10 Natural Snow* 50 Above -3 Any 
11 Freezing Fog 50 -3 5 
12 Freezing Rain 100 -3 25 
13 Freezing Rain 75 -3 25 
14 Freezing Rain 50 -3 25 
15 Freezing Rain 100 -10 25 
16 Freezing Rain 75 -10 25 
17 Freezing Drizzle 100 -3 13 
18 Freezing Drizzle 75 -3 13 
19 Freezing Drizzle 100 -10 13 
20 Freezing Drizzle 75/25 -10 13 
* Run test simultaneously with variant 1 fluid test 
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3. ABILITY TO VISUALLY EVALUATE FLUID ON 
SURFACES TREATED WITH COLOURED VS. 
UNCOLOURED FLUIDS 

 
 
3.1 Background 
 
The majority of commercially available de/anti-icing fluids are dyed with colour 
before they are sold to operators. However, some manufacturers also provide 
uncoloured variants of some of their fluids. This is the result of some passengers 
believing brightly coloured chemicals will have a significant negative impact on 
the environment. Operators are mitigating this negative perception by using fluids 
that are uncoloured.  
 
From an industry safety perspective, two questions need to be addressed to fully 
understand the potential negative consequences of using uncoloured fluids: 
 

• Question 1: Are there differences in holdover times when fluids are offered 
in both coloured and uncoloured formulations?  

• Question 2: Is the evaluation of fluid coverage and fluid contamination 
more difficult when using uncoloured fluids? 

 
Question #1 was addressed in Section 2 of this report and Question #2 is 
addressed in this section. 
 
 
3.1.1 Current SAE Requirements  
 
SAE publishes Aerospace Material Specification (AMS) standards for the 
four different types of aviation deicing fluids. AMS 1428 outlines the colour 
requirements for all Type II, III, IV and fluids. It indicates that Type II fluid can be 
water white or pale straw in colour. Type III and IV fluids have other colour 
requirements but do not allow any uncoloured variants.  
 
At the time of writing this report, revision H of AMS 1428 was under ballot. It 
proposes the removal of uncoloured Type II fluids.  
 
 
3.2 Objective 
 
The objective of this task was to investigate if coloured fluids help in the visual 
evaluation of fluid application (coverage) and/or fluid contamination (failure). 
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3.3 Test Methodology 
 
 
3.3.1 Test Setup 
 
Testing was conducted on standard aluminum plates and white painted aluminum 
plates with uncoloured, coloured and dyed fluid. Dyed fluid was used as the 
coloured variant of the fluid provided for testing was somewhat pale in 
comparison to other coloured Type II/IV fluids. For this reason, a green dye 
(6 drops per litre of off-the-shelf green food colouring) was added to some of the 
uncoloured sample to simulate a (typical) vibrant green fluid.  
 
The test setup is shown in Figure 3.1. Half plates were used as fluid was limited. 
Tests were run on all plates simultaneously.  
 
 

 
Figure 3.1: Test Setup 

 
 
3.3.2 Test Procedure – Initial  
 
A procedure was developed for this testing and included in the general test 
procedure for the annual National Research Centre (NRC) Climatic Engineering 
Facility (CEF) test session. A copy of this procedure is provided in Appendix C.  
 
It was decided early on in the testing that the methodology documented in the 
NRC CEF procedure would not achieve the objectives of the research. The initial 
methodology was therefore modified during testing.  
 
The modified procedure is described in Subsection 3.3.3. 
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3.3.3 Test Procedure – Modified 
 
The modified test procedure consisted of a series of questions designed to have 
an observer demonstrate the ability to detect both contamination and fluid 
coverage on the test plates. The following seven questions were used: 

1. When looking specifically at the grouping of aluminum plates 1 to 3, can 
you tell which have coloured and which have uncoloured fluid? 

2. When looking specifically at the grouping of white painted plates 4 and 5, 
can you tell which have coloured and which have uncoloured fluid? 

3. Does the white paint help you identify coloured vs. uncoloured fluid? 

4. When looking specifically at the grouping of aluminum plates 1 to 3, can 
you identify contamination? 

5. When looking specifically at the grouping of white painted plates 4 and 5, 
can you identify contamination? 

6. Does an aluminum surface help identify contamination? 

7. Does a white painted surface help identify contamination? 
 
The observer recorded a “yes” or “no” answer to each question for each test at 
three prescribed times:  

1. Shortly after fluid was poured; 

2. Approximately halfway through the expected holdover time; and 

3. When the first plate failed (all plates were expected to fail at approximately 
the same time). 

 
The visual inspection was to be completed from three vantage points: 

1. Walk Around Perspective: Approximately 0.3 m (1 ft.) from test stand; 

2. Small Regional Jet Perspective: Approximately 6 m (20 ft.) from test stand, 
1.5 m (5 ft.) elevated; and 

3. Large Jet Perspective: Approximately 12 m (40 ft.) from test stand, 
1.5 m (5 ft.) elevated. 

 
These vantage points are shown in Figure 3.2 and in Photo 3.1, Photo 3.2 and 
Photo 3.3 at the end of this chapter.  
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Figure 3.2: Vantage Points 

 
 
3.4 Data Collected  
 
All testing was conducted indoors at the NRC CEF. Testing was conducted in 
freezing drizzle and light freezing rain at various temperatures under various 
precipitation rates. Table 3.1 provides details of the tests performed.  
 
A total of four runs were conducted. Three variants of the same fluid were used 
in this testing: coloured, uncoloured and uncoloured variant manually dyed with 
standard food colouring (dye). 
 
As described in Subsection 3.3.3, a survey approach was used to collect 
information about visual observations of these tests. The responses recorded by 
the observer to the seven survey questions are summarized in Table 3.2.  
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Table 3.1: Log of Tests Performed 

Run 
# 

Test* 
# 

Plate  
# 

Precipitation  
Type 

Temp  
(°C) 

Precip. 
Rate 

(g/dm2/h) 

Type II Fluid 
Variant 

Fluid 
Dilution  

(%) 
Test Surface 

1 

CU1 Plate 1 Freezing Drizzle -10 13 Coloured 100 Aluminum Plate 

CU2 Plate 2 Freezing Drizzle -10 13 Uncoloured 100 Aluminum Plate 

VI1 Plate 3 Freezing Drizzle -10 13 Dye 100 Aluminum Plate 

VI2 Plate 4 Freezing Drizzle -10 13 Uncoloured 100 White Plate 

VI3 Plate 5 Freezing Drizzle -10 13 Dye 100 White Plate 

2 

CU7 Plate 1 Freezing Drizzle -3 13 Coloured 75 Aluminum Plate 

CU8 Plate 2 Freezing Drizzle -3 13 Uncoloured 75 Aluminum Plate 

VI4 Plate 3 Freezing Drizzle -3 13 Dye 75 Aluminum Plate 

VI5 Plate 4 Freezing Drizzle -3 13 Uncoloured 75 White Plate 

VI6 Plate 5 Freezing Drizzle -3 13 Dye 75 White Plate 

3 

CU17 Plate 1 Light Freezing Rain -3 25 Coloured 75 Aluminum Plate 

CU18 Plate 2 Light Freezing Rain -3 25 Uncoloured 75 Aluminum Plate 

VI7 Plate 3 Light Freezing Rain -3 25 Dye 75 Aluminum Plate 

VI8 Plate 4 Light Freezing Rain -3 25 Uncoloured 75 White Plate 

VI9 Plate 5 Light Freezing Rain -3 25 Dye 75 White Plate 

4 

CU19 Plate 1 Light Freezing Rain -3 25 Coloured 50 Aluminum Plate 

CU20 Plate 2 Light Freezing Rain -3 25 Uncoloured 50 Aluminum Plate 

VI10 Plate 3 Light Freezing Rain -3 25 Dye 50 Aluminum Plate 

VI11 Plate 4 Light Freezing Rain -3 25 Uncoloured 50 White Plate 

VI12 Plate 5 Light Freezing Rain -3 25 Dye 50 White Plate 

*CU indicates Coloured/Uncoloured, V indicates Vantage Point 
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Table 3.2: Summary of Survey Responses  

QUESTIONS 

POSITION A 
(Close in Perspective) 

POSITION B 
(6 Metre Perspective) 

POSITION C 
(12 Metre Perspective) 

 POUR HALF OF 
HOT  FAILURE POUR HALF OF 

HOT FAILURE POUR HALF OF 
HOT FAILURE 

 
Detection of Fluid Colour and Coverage Percentage of “Yes” Observations (out of 4 runs) 

1 
When looking specifically at the grouping of 
aluminum plates 1 to 3, can you tell coloured vs. 
uncoloured? 

75% 25% 25% 75% 25% 25% 75% 25% 0% 

2 
When looking specifically at the grouping of 
white painted plates 4 and 5, can you tell 
coloured vs. uncoloured? 

100% 50% 25% 100% 50% 25% 100% 50% 0% 

3 Does the white paint help you identify colour vs. 
uncoloured? 

75% 50% 25% 75% 50% 25% 75% 50% 0% 

 Detection of Fluid Contamination Percentage of “Yes” Observations (out of 4 runs) 

4 
When looking specifically at the grouping of 
aluminum plates 1 to 3, can you identify 
contamination? 

N/A 100% 100% N/A 100% 100% N/A 0% 50% 

5 
When looking specifically at the grouping of 
white painted plates 4 and 5, can you identify 
contamination? 

N/A 100% 100% N/A 100% 100% N/A 100% 100% 

6 Does the aluminum help identify contamination? N/A 0% 0% N/A 0% 0% N/A 0% 0% 

7 Does the white paint help identify contamination? N/A 0% 0% N/A 25% 0% N/A 100% 100% 
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3.5 Analysis 
 
Table 3.2 demonstrates the percentage of time, out of a possible four runs, that 
each question was answered with “yes”. 
 
Example: when the observer was asked the question:  
 

“When looking specifically at the grouping of aluminum plates 1 to 3, can you tell 
coloured vs. uncoloured at approximately half way through the holdover time for 
position B?” 

 
The results indicate that the observer noted “yes” 1 run out of the four runs 
tested (25 percent). 
 
Alternatively, when the observer was asked the question: 
 

“Does the white paint help you identify colour vs. uncoloured at pour time for 
position A?” 

 
The results of the testing indicate that the observer noted “yes” three runs out of 
the four runs tested (75 percent). 
 
 
3.6 General Observations 
 
Analysing the survey responses led to a number of observations on the impact of 
exposure time, distance and surface colour on fluid coverage and fluid failure. 
 
 
3.6.1 Ability to Detect Fluid Coverage  
 
Observations were made on the impact of exposure time, distance and surface 
colour on ability to detect coloured vs. uncoloured fluid: 
 

a) Exposure Time: The ability to detect coloured vs. uncoloured fluid 
decreased as the test progressed (as the fluid thinned out the colour was 
less visible);  

b) Distance: The ability to detect coloured vs. uncoloured fluid decreased as 
the distance between the observer and the test stand increased; and  

c) Test Surface Colour: In all but one case, detecting coloured vs. uncoloured 
fluids on white painted surfaces was easier than on aluminum surfaces.  
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3.6.2 Ability to Detect Contaminated Fluid 
 
The following observations were made on the impact of distance and surface 
colour on ability to detect contamination: 
 

a) Distance / White Painted Surface: It was easier to detect fluid 
contamination on white painted surfaces than on aluminum surfaces, 
especially at further distances; and 

b) Distance / Aluminum Surface: The ability to detect contamination on 
aluminum surfaces decreased as the distance between the observer and 
the test plates increased. 

 
 
3.7 Conclusions 
 
Several conclusions were inferred from the observations on the survey data. 
These are related to the impact of fluid colour on the ability to visually evaluate 
fluid coverage and fluid contamination.  
 

1. Because the observer could almost always distinguish between coloured 
and uncoloured fluids at the time of pour, it can be inferred that fluid colour 
does help in the visual evaluation of fluid coverage. 
 

2. Because the observer could rarely distinguish between coloured and 
uncoloured fluids at the time of fluid failure, it can be inferred that fluid 
colour does not help in the visual evaluation of fluid contamination. This is 
especially true at further distances and on unpainted surfaces. 
 

3. Distance, surface colour, and exposure time to precipitation are important 
variables in the ability to visually evaluate fluid coverage and 
contamination. 

• Ability to visually evaluate fluid coverage and contamination - decreases 
as distance to the test surface increases. 

• Ability to visually evaluate fluid coverage and contamination – is better 
on white painted surfaces compared to unpainted aluminum surfaces. 

• Ability to visually evaluate fluid coverage – decreases as exposure time 
to precipitation increases.  

 
It should be noted that these conclusions can not necessarily be generalized to all 
fluids as the coloured variant of the fluid tested was not vibrant, and the manually 
dyed variant may not accurately represent all coloured fluids. Further testing with 
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more fluids would be required to make general conclusions about the ability to 
evaluate fluid coverage and fluid contamination with coloured vs. uncoloured 
fluids. 
 
 
3.8 Recommendations 
 
The following recommendations are provided: 
 

a) Conduct a more objective-based test program in which important variables 
are isolated and researched independently;  

b) Conduct a far vs. near research on full scale aircraft or an airfoil model to 
a get more accurate representation of a real situation; and 

c) Conduct testing with several surface colours and with a more 
representative selection of coloured / uncoloured fluids from various 
manufacturers.
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Photo 3.1 Vantage Point – Close up Perspective 

 
 
 

Photo 3.2: Vantage Point – 6 Metre Perspective  
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Photo 3.3: Vantage Point – 12 Metre Perspective 
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4. SNOW MACHINE MULTIPLIER 
 
This section describes work conducted to assess the feasibility of applying a 
multiplier to artificial snow data to make it better replicate natural snow data. 
 
 

4.1 Background  
 
There is significant variance between endurance times measured in natural snow 
and those measured in artificial snow using the National Center for Atmospheric 
Research (NCAR) snow machine.  
 
It was previously theorized that the snow machine may give better results if tests 
are carried out at various temperatures/rates and the data subject to regression 
analysis rather than tests being carried out only at the HOT table “corner” 
temperatures/rates and using the data as is. This theory was disproven by limited 
testing carried out in the winter of 2013-14. The limited testing showed that the 
snow machine generally gives lower HOTs than those obtained in natural snow 
testing, regardless of the test temperature/rate and data analysis methodology.  
 
In the process of doing the 2013-14 work, an alternate solution was conceived. 
It was theorized that a multiplier or set of multipliers could be applied to the raw 
snow machine data to make the results more consistent with natural data. 
Preliminary work done with a small data set was promising. 
 
 

4.2 Objectives 
 
The objectives of this project for the winter of 2014-15 were to: 
 

a) Put together a large data base of points which have both an artificial snow 
endurance time and a corresponding natural snow endurance time for the 
same condition. Data would be gathered from historical testing;  

b) Analyse this data base to determine if a multiplier or multipliers can be 
applied to the snow machine data to make it provide results more 
consistent with natural snow results; and 

c) Determine if additional testing / data would be necessary / desirable to 
make this approach successful. 

 
 

4.3 Related Work Statement Excerpts 
 
The work described in this chapter pertains to two tasks described in the 2014-15 
APS work statement for the Aircraft Ground Icing Research project:  
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• Heavy Snow Endurance Time Testing with Snowmaker to Develop 
Correlation Multiplier; and 

• Endurance Time Testing with Snowmaker to Support ARP 5485 Changes. 
 
Excerpts describing the detailed subtasks for each of these projects are provided 
in Appendix A. 
 
 

4.4 Data base 
 
APS snow machine data collected since winter 2003-04 was considered for this 
project. Data collected before this was not examined as the snow machine test 
protocol (settings, temperatures, heating pad, etc.) had not been finalized before 
that time. In total, 334 points were collected. The number of data points collected 
by winter/project is listed in Table 4.1. 
 
As indicated in Table 4.1, in some cases the natural snow data point that was 
used for the comparison was an actual data point collected in natural snow. In 
other cases, the regression coefficients for the fluid/dilution data set were used 
to calculate the natural snow data point.  
 
In cases where both actual snow data points and regression snow data points 
were available, the regression snow data point was used as the natural snow data 
point. It was felt that there would be less variance in this data point than in the 
actual snow data point. 
 
 

Table 4.1: Data Points by Winter / Project 

Winter Project Data Points Snow Point Type 

2003-04 NCAR Misc 76 Actual Data 

2005-06 HOT / -25 66 Regression Generated 

2006-07 HOT 58 Regression Generated 

2007-08 HOT 22 Regression Generated 

2007-08 S++ 17 Both 

2009-10 HOT / ARP 5485 21 Regression Generated 

2012-13 S++ 5 Both 

2012-13 VLS / -25 19 Regression 

2013-14 ARP 5485 50 Regression 

2013-14 LUPR 1 Regression 

ALL ALL 335 
Actual = 76 

Regression = 237 
Both = 22 
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It should be noted that the natural snow data points at temperatures below -14°C 
are all based on regression analysis. However, the regression curves used to 
generate the natural snow data points may not be valid at the colder temperatures 
(notably there are quite a few data points at -25°C), as the regression curves are 
based on data sets that don’t include data at these temperatures. 
 
As temperature and precipitation rate are known to impact the accuracy of the 
artificial snow machine, the data were categorized accordingly. Table 4.2 shows 
the number of data points in each temperature / rate category. 
 
 

Table 4.2: Data Points by Temperature and Precipitation Rate 

# of Data Points 
Temp (°C)  

LEGEND 
≥ -11 -11 to -16 -25  

R
at

e 

<15 108 39 26  Sufficient data 

15-30 92 34 3  Limited data 

30-60 12 3 0  Very low data 

>60 18 0 0  No data 

 
 
4.5 Data Plots 
 
The artificial-natural snow endurance time ratio was calculated for each data point 
by dividing the artificial snow endurance time (ET) by the natural snow ET. The 
ratios can be interpreted as follows: 
 

• Ratios >100% indicate artificial snow ET is longer than natural snow ET 

• Ratios <100% indicate artificial snow ET is shorter than natural snow ET 
 
The artificial-natural ratios are plotted against the precipitation rate in Figure 4.1. 
A clear relationship is seen: as precipitation rate increases, the artificial-natural 
ratio decreases. In other words, the higher the precipitation rate, the shorter the 
artificial snow ET relative to the natural snow ET. 
 
The data in the plot was then categorized by temperature. This is shown in 
Figure 4.2 (different coloured shapes represent data in different temperature 
categories). A clear relationship is also seen here: the lower the temperature, the 
lower the artificial-natural ratio. In other words, the lower the temperature, the 
shorter the artificial snow ET will be relative to the natural snow ET. 
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Figure 4.1: Raw Data Plot – Data Not Categorized 

 
 

 
Figure 4.2: Raw Data Plot – Data Categorized by Temperature 
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4.6 Calculating and Analysing the Multipliers 
 
Multipliers were calculated for specific precipitation rate/temperature categories. 
The precipitation rate/temperature categories were determined through 
examination of variance in the data. Specifically, two statistics were used to 
evaluate and adjust the multipliers: 
 

i) Average Ratio: The average of all artificial-natural snow ET ratios in the 
data set. The goal is to be as close to 100 percent as possible. This 
indicates the average ratio is 1:1 (as opposed to either the natural snow or 
artificial snow data having a longer ET).  
 

ii) Data Within 25%: This stat counts the percentage of data points in each 
data set with a ratio between 75 percent and 125 percent (i.e. the artificial 
snow ET is within 25 percent of the natural snow ET). Ideally the majority 
of data would fall in this range. The 25 percent value was selected as that 
magnitude of variance would not be unexpected in natural snow data  
(i.e. if two data points were collected in natural snow at the same 
temperature and rate on different days, it would not be unusual to see the 
ETs vary by 25 percent). 

 
Table 4.3 shows the multipliers that were found to provide the best results, based 
on the two statistics described above. 
 
 

Table 4.3: Multipliers by Temperature / Rate Category 

Multipliers 
Temp (°C)  

LEGEND 
≥ -11 -11 to -16 -25  

R
at

e 

<15 1.0 1.2 2.0  Sufficient data 

15-30 1.15 1.65 1.7  Limited data 

30-60 1.5 1.75 unknown  Very low data 

>60 2.3 unknown unknown  No data 

 
 
Figure 4.3 and Figure 4.4 show the data, adjusted using the multipliers, plotted 
against precipitation rate. Figure 4.3 shows the data without temperature 
categorization. Figure 4.4 shows the data categorized by temperature.  
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Figure 4.3: Adjusted Data Plot – Data Not Categorized 

 
 

 
Figure 4.4: Adjusted Data Plot – Data Categorized by Temperature 
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4.7 Observations  
 
Two key observations can be made. 
 
First, good improvements to the average ratios were obtained by applying the 
multipliers. Table 4.4 shows the average ratios for both the raw data and the 
adjusted data (i.e. raw data with corresponding multiplier applied). 
 
Second, applying the multipliers also yielded good improvements in the data 
within 25 percent statistics. However, about half the data has less than half its 
points falling into this range (see Table 4.5). 
 
 

Table 4.4: Raw and Adjusted Data Average Ratios 

Raw Data 
Average Ratio 

Temp (°C)  
Adjusted Data 
Average Ratio 

Temp (°C) 

≥ -11 -11 to -16 -25  ≥ -11 -11 to -16 -25 

R
at

e 

<15 102% 82% 37%  

R
at

e 

<15 102% 98% 74% 

15-30 88% 61% 59%  15-30 101% 99% 100% 

30-60 71% 57% n/a  30-60 107% 100% n/a 

>60 43% n/a n/a  >60 100% n/a n/a 

 
 

Table 4.5: Raw and Adjusted Data Within 25% 

Raw Data 
Within 25% 

Temp (°C)  
Adjusted Data 
Within 25% 

Temp (°C) 

≥ -11 -11 to -16 -25  ≥ -11 -11 to -16 -25 

R
at

e 

<15 82% 46% 4%  

R
at

e 

<15 82% 51% 31% 

15-30 62% 29% 33%  15-30 66% 56% 33% 

30-60 33% 0% n/a  30-60 50% 100% n/a 

>60 6% n/a n/a  >60 50% n/a n/a 

 
 

4.8 Analysis of Results 
 
It appears we can use multipliers to manipulate the snow machine data to bring 
the average ratios close to 100 percent and we can reduce some of the variance 
in the data. However, the improvements in the variance are not enough to create 
full confidence that applying it to artificial snow ETs, the results will accurately 
correspond to natural snow ETs. Comparing Figure 4.3 and Figure 4.4 (adjusted 
data) to Figure 4.1 and Figure 4.2 (raw data) confirms the conclusion that 
significant variance still exists.   
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4.9 Supplemental Analysis 
 
Further supplemental analysis was completed to analyse the impact of ET length 
and fluid brand, type and dilution on the artificial-natural snow relationship. 
 
 
4.9.1 Analysis by ET Length 
 
The data were analysed by length of ET. Figure 4.5 and Figure 4.6 show the ratio 
data plotted by ET length. Figure 4.5 shows the raw data; Figure 4.6 shows the 
adjusted data. These figures show the longer the ET, the higher the ratio, i.e. the 
longer a test lasts, the longer the artificial snow ET is relative to the natural snow 
ET. 
 
This is clearly related to temperature and precipitation rate (which have strong 
relationships with ET length). However, it appears ET length still does have its 
own impact. This was confirmed by regression analysis which showed ET length 
to be a significant variable (low p-value). 
 
 
4.9.2 Analysis by Fluid Brand, Fluid Type and Fluid Dilution 
 
The data were also analysed by fluid brand, fluid type and fluid dilution to 
determine if any of these factors have an impact on the results/can explain 
variance in the ratio data.  
 
The results to vary by individual fluid brand, as shown in the data provided in 
Table 4.6. This could be a result of the characteristics of the fluids and/or the 
conditions under which they were tested.  
 
The data shown in Table 4.7 indicates fluid dilution does not seem to have a 
significant impact on the ability of the snow machine to produce data similar to 
data collected in natural snow. 
 
The data shown in Table 4.8 indicates fluid type (Type II vs. Type IV) also does 
not seem to have a significant impact on the ability of the snow machine to 
produce data similar to data collected in natural snow. 
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Figure 4.5: Raw Data Ratio vs. ET Length 
 
 

 

Figure 4.6: Adjusted Data Ratio vs. ET Length 

R² = 0.14

0%

20%

40%

60%

80%

100%

120%

140%

160%

180%

0 20 40 60 80 100 120 140 160 180

A
rt

if
ic

al
-N

at
ur

al
  E

T 
R
at

io

Endurance Time (mins)

R² = 0.01

0%

20%

40%

60%

80%

100%

120%

140%

160%

180%

0 20 40 60 80 100 120 140 160 180

A
rt

if
ic

al
-N

at
ur

al
  E

T 
R
at

io

Endurance Time (mins)



4.  SNOW MACHINE MULTIPLIER 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

34 

Table 4.6: Raw and Adjusted Data Within 25% - by Fluid Brand 

Fluid Brand Data 
Points 

Average Ratio Data Within 25% 
Raw Data Multiplier Data Raw Data Multiplier Data 

Fluid AA 5 24% 48% 0% 0% 
Fluid F 2 28% 57% 0% 0% 
Fluid V 5 50% 60% 20% 20% 
Fluid U 10 65% 75% 30% 40% 
Fluid X 17 56% 80% 18% 71% 
Fluid I 32 62% 83% 38% 53% 
Fluid R 19 64% 90% 32% 63% 
Fluid W 9 69% 79% 22% 67% 
Fluid Y 12 70% 97% 42% 42% 
Fluid J 11 76% 100% 55% 82% 
Fluid A 12 76% 101% 50% 83% 
Fluid P 11 76% 87% 36% 45% 
Fluid D 27 79% 90% 59% 81% 
Fluid N 5 80% 85% 60% 60% 
Fluid Z 7 82% 93% 57% 57% 
Fluid B 13 85% 97% 62% 85% 
Fluid M 8 89% 102% 63% 88% 
Fluid K 37 95% 107% 84% 86% 
Fluid T 13 95% 126% 77% 38% 
Fluid G 5 95% 102% 100% 80% 
Fluid H 19 98% 110% 63% 74% 
Fluid CC 7 101% 120% 57% 57% 
Fluid L 17 102% 135% 65% 41% 
Fluid BB 9 108% 115% 78% 78% 
Fluid E 1 108% 108% 100% 100% 
Fluid C 10 112% 119% 70% 60% 
Fluid Q 4 117% 129% 75% 50% 
Fluid S 5 120% 123% 80% 80% 
Fluid O 3 126% 135% 67% 67% 

 
 

Table 4.7: Raw and Adjusted Data Within 25% - by Fluid Dilution 

Fluid Dilution Data 
Points 

Average Ratio Data Within 25% 
Raw Data Multiplier Data Raw Data Multiplier Data 

100% 166 71% 93% 47% 65% 
75% 100 89% 104% 62% 66% 
50% 68 97% 105% 60% 62% 

 
 

Table 4.8: Raw and Adjusted Data Within 25% - by Fluid Type 

Fluid Type Data 
Points 

Average Ratio Data Within 25% 
Raw Data Multiplier Data Raw Data Multiplier Data 

Type II 79 89% 105% 54% 62% 
Type IV 215 82% 98% 57% 72% 
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4.10 Conclusions  
 
A number of conclusions can be drawn from this analysis. 
 
a) Based on the data analysed, it seems using a multiplier approach would 

improve the ETs the snow machine provides relative to natural snow ETs.  

• However, it appears the accuracy will not be sufficient to have the artificial 
snow ETs replace natural snow ETs. In other words, applying the multiplier 
to the snow machine ETs will not yield results that are accurate 
enough / consistent enough with current outdoor methods to provide 
fluid-specific HOTs and/or replace outdoor testing.  

• While the multiplier approach may not be accurate enough to provide 
fluid-specific HOTs for new fluids, it would be useful in snow machine 
testing that is conducted for other purposes, such as establishing HOTs for 
-25°C and establishing HOTs at high precipitation rates. 

b) The analysis could be expanded by collecting additional 
temperature / precipitation rate categories where currently there is limited or 
no data (categories listed below). However, this may not be a good use of 
resources if it is not believed the multiplier approach can ever provide results 
to replace natural snow testing. 

• Temperature = -25°C; Rates ≥ 15 g/dm²/h  
• Temperature = -11 to -16°C; Rates ≥ 30 g/dm²/h 
• Temperature = ≥ -11°C; Rates ≥ 60 g/dm²/h 

c) The analysis/multipliers established for -25°C may not be valid due to the 
questionable validity of the regression coefficients at this temperature. 

d) There is a relationship between ET length and the artificial-natural snow ratio 
that is independent of temperature and rate: the longer the test the longer the 
artificial snow ET is relative to the natural snow endurance time. 

e) Different fluids yield different artificial-natural snow ratios. This may be 
explained by the conditions tests were conducted under, or there may be a 
fluid-specific bias to the artificial data. Further analysis would be required to 
attribute causation to the data. 

f) There is a lot of variance in the data that cannot be explained by the 
three variables (temperature, rate, ET length) that have been examined in the 
analysis described in this report. An effort is required to examine other 
variables that could be causing some of this variance. This would require 
further data categorization, examination of outliers, etc. and would likely 
require a large effort. At this time, it is felt that this work may produce results 
that would have a small reduction on the variance, but likely the improvements 
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will not be sufficient to change the conclusion that the multiplier approach 
won’t allow the snow machine to replace natural snow testing for the purpose 
of establishing fluid-specific HOTs. For that reason, this work is not being 
recommended. 

 
 
4.11 Considerations and Recommendations 
 
A number of recommendations are provided in Subsection 4.11.2. Several things 
were taken in consideration in making these recommendations, as described in 
Subsection 4.11.1. 
 
 
4.11.1 Considerations 
 
In addition to the data, analysis and conclusions provided in this report, the 
following things were also considered in making the recommendations provided 
in Subsection 4.11.2: 
 

a) APS’s ability to storm chase to collect natural snow data has improved 
significantly in recent years. This has made the need for artificial snow data 
for HOT development less critical/urgent as storm chasing provides a viable 
option to collect natural snow data during most of the year. 

b) No significant changes have been made to the NCAR snow machine in 
quite some time. The current generation has been in place for roughly 
10 years; minor changes have been made in this time, but none of these 
has substantially altered the data it provides. The recommendations made 
apply to this generation of the snow machine, and are also made assuming 
that a new generation will not soon be available. 

 
 
4.11.2 Recommendations 
 
The recommendations are listed below. 
 
1. Do not conduct further analysis to advance the multipliers approach at this 

time. For the time being, do not use the multiplier approach to develop 
fluid-specific HOTs. 

 
2. Continue to use the snow machine in the capacity that it’s been used for the 

last few years: 
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• Use the snow machine to support the use of generic HOTs: run tests at 
“corner” temperatures / rates. If the results are above generic HOTs, 
provide the fluid with generic HOTs for one winter (collect natural snow 
data / provide fluid-specific HOTs the following winter). 

• Use the snow machine for comparative work: run two tests under the 
same conditions and compare their relative performance. For example: 
compare HOTs of a coloured/uncoloured fluid, compare fluid A to fluid 
B, etc. 

 
3. Update Aerospace Recommended Practice (ARP) 5485 to reflect the capacity 

in which the snow machine has been used in recent years (see item #2 above) 
and to remove the ability to use the snow machine to determine fluid-specific 
HOTs. 

 
4. Run tests with the snow machine in support of two other projects: the 

development of HOTs for heavy snow and the development/verification of 
HOTs at very cold (-25°C) temperatures. This work will have a secondary 
result of advancing the multiplier approach. This is because the existing 
multiplier analysis a) has very limited heavy snow data and b) may not have 
any valid data at -25°C. The tests to be conducted are as follows: 

• Heavy Snow Tests: Run a selection of tests with a variety of fluids and 
temperatures at rates of 25 and 50 g/dm²/h. 

• Very Cold Temperature Tests: Select tests from the natural snow -25°C 
project outdoor snow log. Replicate the precipitation rate, temperature 
and fluid for these tests in a corresponding snow machine test. In 
addition, collect data at the -25°C corner points (rates of 3, 4, 10, 
25 g/dm²/h) with as many fluids as possible. 

 
5. Support the development of the next generation of the NCAR snow machine 

in the hopes that a new generation can better replicate natural snow data. It 
is the author’s understanding, that NCAR is currently working on finding and 
understanding the reasons for the differences and finding solutions to address 
them for the next generation of snow machine. 
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5. ANALYTICAL REVIEW OF EXPECTED FLUID HOT 
ASSOCIATED WITH SPLIT SCIMITAR WINGLETS 

 
 
5.1 Background  
 
To increase fuel efficiency, airframe manufacturers have started using a new 
winglet design that incorporates a ventral strake design feature.  
 
The split scimitar winglet design takes the standard winglet design and adds an 
outer ventral strake which extends outward and downward from the wing. 
Figure 5.1 depicts a representation of a split scimitar design. 
 
Both the inboard and outboard surfaces of the split scimitar are considered critical 
surfaces. However, only the inboard winglet surface is visible to the flight crew. 
As a result, industry has questioned whether that surface could be used as a 
representative surface to gauge the contaminated state of the outer ventral 
strake. 
 
 

 
Figure 5.1: Split Scimitar Winglet 

 
 
5.2 Objective 
 
The objective of this task was to provide an analytical review of the expected 
fluid holdover time performance on the wing ventral strake surfaces. 

INNER WINGLET

OUTER VENTRAL 
STRAKE
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This analysis uses previous research on 20°, 35°, and 80° vertical surfaces to 
understand the fluid protection time associated with the split scimitar. 
 
 
5.3 FAA Request for Analysis 
 
The Federal Aviation Administration (FAA) requested that APS complete a 
preliminary analysis using existing data. APS completed an analysis and 
subsequent presentation to provide recommendations to the FAA. The 
presentation is provided in Appendix D.  
 
 
5.4 Conclusions and Recommendations  
 
The conclusions and recommendations given in the presentation are as follows: 
 

a) Provided adequate fluid application, the condition of the inner winglet 
surfaces should be a conservative visual indicator of the outer ventral 
strake surfaces due to the following: 

• Steeper angle; and 
• Lack of fluid “feeding”. 

Both of these factors should result in a generally shorter fluid protection 
time on the upper inner winglet compared to lower outer ventral strake. 
 

b) Consideration should be given to conducting some full scale fluid thickness 
profiling to validate the fluid thickness reduction and fluid feeding on the 
winglets and ventral strake. 

 
 
5.5 Changes to FAA and Transport Canada Guidance 
 
Based on this analysis, both the FAA and Transport Canada published related 
guidance material in their holdover time guidance documents: 

• N8900 Series- Revised FAA-Approved Deicing Program Updates; and 
• TP 14052E - Guidelines for Aircraft Ground - Icing Operations. 

 
Future guidance should consider emphasizing the importance of protecting the 
outer surface of the inner winglet thereby supporting fluid feeding on the ventral 
strake. Spray operators might view this surface as being a “lower” surface, not 
needing protection. 
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6. DETERMINING HOTS FOR FLUIDS WITH NON-TYPICAL 
HOT-TEMPERATURE RELATIONSHIPS 

 
This section describes the work completed by APS in the winter of 2014-15 to 
examine the appropriateness of the current analysis methodology for determining 
holdover times (HOTs) from endurance time data for fluids with non-typical 
HOT-temperature relationships. 
 
 
6.1 Background 
 
The methodology for deriving HOTs from endurance time data for Type II, III and 
IV de/anti-icing fluids is provided in SAE Aerospace Recommended Practice (ARP) 
5485. The methodology was developed based on the assumption that 
de/anti-icing fluids have longer HOTs at warmer temperatures and shorter HOTs 
at colder temperatures. This is the typical relationship seen between HOT and 
temperature. 
 
Based on this assumption, the analysis methodology for deriving HOTs from 
endurance time data determines HOTs for a specific HOT table cell using data 
applicable to the lowest temperature encompassed by the cell (e.g. HOTs for the 
“below -3 to -14°C” temperature band are derived from endurance times 
measured for -14°C).  
 
If a fluid’s HOT-temperature relationship is typical, this analysis methodology 
provides the shortest (most conservative) HOT for all temperatures encompassed 
by the cell. 
 
 
6.2 Problem Definition 
 
Fluid data which does not reflect the typical HOT-temperature relationship has 
seemingly become more common in recent years. This phenomenon is specific to 
precipitation type and temperature; it is typically not seen in all of a fluid’s 
endurance time data sets. 
 
These data sets pose a problem as the methodology given in ARP 5485 to 
determine HOT table values from endurance time data will not provide the most 
conservative HOT for the HOT table cells associated with these data sets. In these 
cases, the current methodology to determine HOTs from endurance time data is 
probably not appropriate.  
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6.3 Objective 
 
APS was tasked by Transport Canada (TC) and the Federal Aviation 
Administration (FAA) to carry out following tasks for this project: 
 

a) Examine historical data to better understand the perceived issue; 

b) Examine historical data to determine the prevalence of the issue; and 

c) Propose preliminary alternative methodologies for providing HOTs for fluids 
with non-standard HOT-temperature relationships. 

 
Preliminary work has been completed on all of these tasks, and is documented in 
this report, and additionally in a presentation given at the SAE G-12 HOT 
Committee meeting in Montreal in November 2015. It is expected further work 
will be completed in the winter of 2015-16. 
 
 
6.4 Review of Historical Data 
 
The endurance time data sets of fluids tested and commercialized over the past 
five years were examined to better understand the non-standard HOT-temperature 
relationship issue and its prevalence.  
 
Eighty-five percent of the data sets examined had standard HOT-temperature 
relationships (longer HOTs at warmer temperatures and shorter HOTs at colder 
temperatures). The remaining fifteen percent of the data sets had non-standard 
HOT-temperature relationships. These non-standard relationships fell into 
two categories: 
 

a) Reverse temperature relationship; and 

b) No temperature dependency. 
 
The following subsections examine these non-standard relationships in more 
detail. 
 
 
6.4.1 Situation #1: Reverse Temperature Relationship 
 
Some fluids, in some conditions, have shorter HOTs at warmer temperatures and 
longer HOTs at colder temperatures. This is the reverse of the standard 
HOT-temperature relationship. Eleven percent of the historical data sets examined 
had this non-standard HOT-temperature relationship. 
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The issue with this relationship is that the data collected at the coldest 
temperature in a HOT table cell does not provide the shortest (most conservative) 
HOT for that cell. As a result, the actual HOT for higher temperatures in the cell 
could be shorter than the HOT provided in the HOT table. 
 
Two subtypes of the reverse temperature relationship were identified: 
 

a) Full Switch: HOTs switched at all rates (5 percent of historical data sets); 
and 

b) Partial Switch: HOTs switched at low or high rate (6 percent of historical 
data sets). 

 
 
6.4.2 Situation #2: No Temperature Dependency 
 
Some fluids, in some conditions, perform similarly at various temperatures, 
i.e. they have no temperature dependency. This applies to natural snow data 
which is collected at various temperatures and analysed together (using 
regression analysis) in a group. Four percent of the historical data sets examined 
had this type of relationship. 
 
The issue with this relationship is that HOTs calculated from regression analysis 
of the data represent the average HOT performance of a fluid across 
temperatures. In the standard HOT-temperature relationship data sets, HOTs are 
taken from the regression curve applicable to the coldest temperature in a HOT 
table cell which represents the most conservative HOT performance for the 
temperatures in the cell. 
 
In addition to the 4 percent of data described above, an additional 9 percent of 
the data sets showed a standard but not statistically significant (high p-value) 
HOT-temperature relationship. These data sets are primarily 50/50 fluids, for 
which data is collected only at a small range of temperatures (-3°C and above). 
 
 
6.5 Preliminary Alternative Analysis Methodologies 
 
Preliminary alternative analysis methodologies for determining more appropriate 
HOTs for data sets with non-standard HOT-temperature relationships were 
identified. Different solutions are proposed for each non-standard 
HOT-temperature relationship type.  
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6.5.1 Possible Solution: Reverse Temperature Relationship 
 
If a fluid has shorter HOTs at a warmer tested temperature, a possible solution is 
to populate HOT table cells with the shorter HOTs from the warmer data. 
 
 
6.5.2 Possible Solution: No Temperature Dependency 
 
If a fluid has no temperature dependency, a possible solution is to use the lower 
one sigma regression curve to determine HOTs, rather than the standard 
regression curve. 
 
 
6.6 Conclusions and Recommendations 
 
A potential issue with the methodology used to determine HOTs from endurance 
time data has been identified. Specifically, the current methodology provided in 
ARP 5485 is not appropriate for data sets that have non-standard 
HOT-temperature relationships. This data may represent 15 percent of data sets 
in the HOT guidelines. 
 
Further work on this topic is recommended. Specifically, it is recommended that 
the proposed alternative analysis methodologies be applied to all data sets in the 
current HOT guidelines with non-standard HOT-temperature relationships. If the 
solutions prove to be appropriate in all cases, it is recommended that changes be 
made to the HOT guidelines, ARP 5485 and ARP 5718 to make these 
methodologies standard for data sets with non-standard HOT-temperature 
relationships. If they prove not to be appropriate, other alternatives should be 
examined. 
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7. HOTS FOR HEAVY SNOW: PHASE I DEFINING 
PRECIPITATION RATE LIMITS AND CORRESPONDING 
VISIBILITIES 

 
This section describes the work completed by APS in the winter of 2014-15 to 
investigate the possibility of providing holdover times (HOTs) for heavy snow. 
 
 
7.1 Background 
 
The majority of all aircraft ground de/anti-icing operations are conducted in snow. 
The HOTs published for snow are specific to snowfall intensity. Currently HOTs 
are published for very light, light and moderate snow; HOTs are not published for 
heavy snow, which is defined as snow falling at an intensity greater than 
25 g/dm²/h. Pilots assess snowfall intensity and determine the appropriate 
corresponding HOTs using the visibility vs. snowfall intensity tables published in 
the HOT guidelines.  
 
Without HOTs, operations in heavy snow are very difficult as takeoff can only be 
achieved by completing a pre-takeoff contamination check and taking off within 
5 minutes (in Canada there are additional restrictions, i.e. this procedure cannot 
be used with Type I fluid or when related HOTs are less than 20 minutes). 
Anecdotal reports indicate that many operators do not operate in heavy snow as 
this procedure is difficult and often impractical to carry out. As a result, heavy 
snow has a significant impact on operations. This had led to operators requesting 
regulators investigate the possibility of providing HOTs for heavy snow. 
 
 
7.2 Objective 
 
APS was tasked by Transport Canada (TC) and the Federal Aviation 
Administration (FAA) to complete a number of tasks related to heavy snow HOTs. 
It was expected that these tasks would be completed over the winters of 2014-15 
and 2015-16. The tasks were as follows: 
 

a) Determine a list of requirements (data, information, analysis) for developing 
heavy snow HOTs;  

b) Set a timeline for meeting each requirement; and 

c) Collect and analyse the data needed to meet the requirements. 
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In the winter of 2014-15, items a) and b) were completed, and item c) was 
partially completed. The work completed in 2014-15 is documented in this report 
and was also presented at the SAE G-12 HOT Committee meeting in Vancouver 
in May 2015 (for details on the presentation, entitled Development of HOTs for 
Heavy Snow, see Section 31.1.5). It is expected further work will be completed 
on this project in the winter of 2015-16. A more detailed report will be written 
upon completion of the project. 
 
It should be noted that this project does not consider operational issues related 
to heavy snow, i.e. engine operation limitations, airport operational capacity 
issues, weather reporting limitations (frequency/accuracy). The scope of the 
project was limited to the development of HOTs. 
 
 
7.3 Requirements to Develop HOTs for Heavy Snow 
 
It was determined there are five requirements for developing HOTs for heavy 
snow. Subsections 7.3.1 to 7.3.5 describe the five requirements, their current 
states, and a timeline for completing the work necessary to achieve them. 
 
 
7.3.1 Requirement #1: Determine an Upper Rate Limit for Heavy Snow 
 

• Currently the lower rate limit for heavy snow is 25 g/dm²/h (this is also the 
upper rate limit for moderate snow) and the upper rate limit is infinity 
g/dm²/h. 

• As the upper rate limit of a snowfall intensity category is used to determine 
the lower HOT in the related HOT table cell, a new upper rate limit for 
heavy snow needs to be defined to provide a HOT range.  

• Work was completed in the winter of 2014-15 in support of this 
requirement and the requirement was achieved. The work is documented 
in Subsection 7.4 of this report. 

 
 
7.3.2 Requirement #2: Visibilities Corresponding to the Upper Rate Limit 

for Heavy Snow 
 

• In order for pilots to use HOTs provided at the new heavy snow rate limits, 
the visibility table has to be updated to provide visibilities that correspond 
with the new upper rate limit for heavy snow. 

• To achieve this, first it must be determined if sufficient data exists to 
complete the necessary analysis; next, if sufficient data exists, an analysis 
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must be completed with the data to determine the appropriate changes to 
the visibility tables. 

• Work was completed in the winter of 2014-15 in support of this 
requirement. The work is documented in Subsection 7.5 of this report. 

 
 
7.3.3 Requirement #3: Fluid-Specific Endurance Time Data  
 

• Fluid-specific endurance time data is required for any HOT table for which 
fluid-specific heavy snow HOTs are to be provided. 

• This data already exists for all Type II, III, IV fluids with fluid-specific HOT 
tables; this data were collected during initial endurance time testing. 

• This requirement has been met and no further work is required, unless the 
work conducted for requirement #4 determines the available data in the 
new heavy snow is not sufficient. 

 
 
7.3.4 Requirement #4: Verification of Validity of Regression Curves at 

Rates above 25 g/dm²/h 
 

• Although fluid specific endurance time data exists, an analysis is required 
to determine if the associated regression curves are valid at the newly 
defined heavy snow intensity range (25-? g/dm²/h). This is because the 
existing data at the upper end of the range may not exist/may not be 
sufficient. 

• Preliminary work was done on this task in the past. A detailed analysis is 
required to develop a proper analysis methodology and analyse all fluid data 
sets. This work is expected to be completed in the winter of 2015-16. 

• It should be noted that this work will also produce highest usable 
precipitation rates (HUPRs) for all data sets in snow. This will affect the 
snowfall intensity rates at which liquid water equivalent (LWE) based 
systems can provide HOTs. 

 
 
7.3.5 Requirement #5: Snowmaker Data at Very Cold Temperatures 
 

• HOTs for snow at very cold temperatures are currently based on data 
collected with an artificial snowmaker. Additional snowmaker testing is 
required to provide HOTs for the new upper rate limit for heavy snow at 
very cold temperatures. 

• This work is expected to be completed in the winter of 2015-16.  
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7.3.6 Summary of Requirements for Heavy Snow HOTs 
 
The five requirements for the development of HOTs for heavy snow are 
summarized in Table 7.1. 
 
 

Table 7.1: Requirements for Heavy Snow HOTs 

Requirement Status Timeframe 

1. Determine Upper Rate Limit for Heavy Snow Complete 2014-15 

2. Visibilities Corresponding to Upper Rate 
Limit for Heavy Snow 

Initial work complete; 
refinement required 

2014-15 

3. Fluid-Specific Endurance Time Data Complete Previous 

4. Verification of Validity of Regression Curves 
at Rates above 25 g/dm²/h 

Not complete 2015-16 

5. Snowmaker Data at Very Cold 
Temperatures 

Not complete 2015-16 

 
 
7.4 Determine an Upper Rate Limit for Heavy Snow 
 
Two data sets were examined to help choose an appropriate upper rate limit for 
heavy snow: 
 

a) Frequency of occurrence of snow at intensity rates above 25 g/dm²/h; and 

b) Data available to determine visibilities above 25 g/dm²/h. 
 
 
7.4.1 Frequency of Occurrence of Snow at Intensity Rates Above 

25 g/dm²/h 
 
Environment Canada weather data were reviewed to evaluate the frequency of 
occurrence of various snowfall intensities. This data had previously been collected 
and is documented in TC report, TP 14777E, Winter Weather Impact on Holdover 
Time Table Format (1995-2007) (1). Following are details on the Environment 
Canada data: 
 

• Includes snow storm data collected from six Canadian weather stations 
over 12 winters; 

• Includes over 500,000 data points representing approximately 8,500 hours 
of data; and 
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• Heavy snow (>25 g/dm²/h) accounts for 3.4 percent of data in the data 
set (Note: Of this data, 97.1 percent occurs at temperatures above -14°C). 

 
The frequency of occurrence of non-heavy snow (very light, light, moderate) and 
various rates of heavy snow were collected from the data set and are summarized 
in Table 7.2. 
 
As the majority of heavy snow data (88 percent) is encompassed by an upper 
rate limit of 50 g/dm²/h, this seems to be a reasonable rate limit for heavy snow. 
If HOTs were published for this rate limit, HOTs would then be published for 
99.6 percent of all snowfall occurrences, at least according to this data set. 
 
 

Table 7.2: Environment Canada Snowfall Intensity Occurrence Data 

Snowfall Intensity Rate Snowfall Intensity Categories % of Data 

0 – 25 g/dm²/h Very Light, Light, Moderate 96.6% 

25 – 50 g/dm²/h Heavy 3.0% 

50 – 75 g/dm²/h Heavy 0.3% 

> 75 g/dm²/h Heavy 0.1% 

 
 
7.4.2 Data Available to Determine Visibilities above 25 g/dm²/h 
 
In the winter of 2002-03, APS put together a data base of visibility vs. snowfall 
intensity data which was used to refine the TC and FAA visibility tables. The data 
base and related analysis are documented in TC Report, TP 14151E, Relationship 
Between Visibility and Snowfall Intensity (2). The values in the tables today are 
based primarily on this data set. As this data could be used to update the visibility 
tables to account for a new upper limit for heavy snow, it was examined 
accordingly.  
 
Following are details on the APS data set: 
 

• Snowfall intensity measured using HOT testing snowfall rates and 
visibilities provided by weather station adjacent to the APS test site; 

• Data were collected over 7 winters and the resulting data base includes 
7,000 data points representing over 700 hours of data; and 
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• The data base is split into below and above 1°C data, corresponding with 
the current visibility table format. 

 
The frequency of occurrence of non-heavy snow (very light, light, moderate) and 
various rates of heavy snow were collected from the data set and are summarized 
in Table 7.3. 
 
Significant amounts of data exist at the lower snowfall intensities. Heavy snow 
was split into two ranges: the “heavy –“range has sufficient data to determine 
visibilities for the associated rates of 25 to 50 g/dm²/h. However, above 
50 g/dm²/h very limited data exists. Based on this data set, 50 g/dm²/h seems to 
be the upper boundary for which visibilities could be provided for heavy snow. 
 
 

Table 7.3: APS Snowfall Intensity vs. Visibility Data Points 

Snowfall Intensity 
Category 

Snowfall Intensity 
Rate 

Data Points  
(<-1°C) 

Data Points  
(>-1°C) 

Very Light < 4 g/dm²/h 1497 226 

Light 4 – 10 g/dm²/h 2466 304 

Moderate 10 – 25 g/dm²/h 1781 248 

Heavy – 25 – 50 g/dm²/h 372 94 

Heavy + > 50 g/dm²/h 35 7 

ALL ALL 6158 880 

 
 
7.4.3 Conclusion: Upper Rate Limit for Heavy Snow 
 
Examination of Environment Canada occurrence data and APS visibility vs. 
snowfall intensity data both support the selection of 50 g/dm²/h as the upper rate 
limit for heavy snow.  
 
 
7.5 Visibilities Corresponding to the Upper Rate Limit for Heavy 

Snow 
 
The first objective of this requirement was to determine if sufficient visibility vs. 
snowfall intensity data exists to determine visibilities corresponding to the new 
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upper rate limit for heavy snow. As this data were included in the determination 
of the new upper rate limit (see Subsection 7.4.2), the answer is yes. 
 
In addition, a preliminary analysis was completed to develop values for snowfall 
intensity vs. visibility table which includes the new heavy snow category (rates 
of 25–50 g/dm²/h).  
 
As heavy snow now has an upper limit, an additional snowfall intensity category 
is required for rates above 50 g/dm²/h. In the preliminary table, this category is 
called “very heavy” snow. 
 
They analysis was completed in a similar way to the analysis completed for the 
current visibility table. For each data set (i.e. ½ mile, <-1°C, night): 
 

a) The number of data points in each snowfall intensity was determined; and 

b) The related visibility table cell was populated with the lightest snowfall 
intensity which had no more than 25 percent of data points at a higher 
intensity (data points at higher intensity indicate a safety concern as 
snowfall intensity is underestimated and HOTs are overestimated). 

 
The preliminary analysis resulted in the visibility table values shown in Table 7.4. 
The cells populated with “heavy snow” are of the most interest. These cells 
indicate conditions in which currently no HOTs are provided; if the new upper rate 
limit for heavy snow were implemented, HOTs would now be provided for the 
conditions encompassed by these cells. 
 
It should also be mentioned that if changes are made to the visibility tables, it 
would be a good opportunity to harmonize the contents and structures of the TC 
and FAA tables. Currently the structures are very different and there are some 
differences in the contents as well. 
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Table 7.4: Preliminary Visibility Table vs. Snowfall Intensity Table for Heavy Snow HOTs 

VISIBILITY 
(STAT MILES)  < 1/4 1/4 3/8 1/2 5/8 3/4 1 1 ¼ 1 ½ 1 ¾ 2 2 ¼ 2 ½ 3 4 >4 

Day Cold  Very 
Heavy Heavy Mod Mod Mod Mod Light Light Light Light VLS VLS VLS VLS VLS VLS 

Day Warm  Very 
Heavy Heavy Heavy Heavy Mod Mod Mod Light Light Light Light VLS VLS VLS VLS VLS 

Night Cold  Very 
Heavy 

Very 
Heavy Heavy Heavy Heavy Mod Mod Mod Mod Light Light Light Light Light VLS VLS 

Night Warm  Very 
Heavy 

Very 
Heavy 

Very 
Heavy 

Very 
Heavy Heavy Heavy Heavy Mod Mod Mod Mod Light Light Light Light VLS 

 
Note: VLS = very light snow; Mod = moderate snow 
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7.6 Conclusions 
 
Five requirements were identified for developing HOTs for heavy snow. Of these, 
one requirement was already satisfied, work was completed on two requirements 
during the winter of 2014-15, and two will be worked on during the winter of 
2015-16. 
 
The main conclusions from the work completed in the winter of 2014-15 are as 
follows: 
 

a) 50 g/dm²/h is a reasonable upper limit for heavy snow;  

b) Sufficient data exists to determine corresponding visibilities for the rate 
limit of 50 g/dm²/h for the visibility tables; and 

c) Updates made to the visibility tables as a result of the new upper rate limit 
for heavy snow could result in HOTs being provided for a number of 
conditions for which they currently are not provided. 

 
 
7.7 Recommendations 
 
It is recommended that this project be continued in the winter of 2015-16. 
Specifically, work should be done to achieve the two outstanding requirements 
for developing HOTs for heavy snow: 
 

a) Verification of validity of regression curves at rates above 25 g/dm²/h; and  

b) Snowmaker data at very cold temperatures. 
 
This work will result in the development of heavy snow HOTs for all fluid-specific 
HOT tables and HUPRs for all related data sets. The HUPRs can be published once 
they are available (this will likely be for the Winter 2016-17 regression information 
publications); the heavy snow HOTs can be considered for publication only when 
all non-HOT related issues for heavy snow have been resolved.  
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8. EVALUATION OF -3°C BUFFER FOR FIRST-STEP 
DEICING 

 
This section documents the work completed by APS in the winter of 2014-15 to 
review and summarize research related to the use of -3°C buffer fluid for the first 
step in a two step operation. 
 
 
8.1 Background 
 
According to SAE Aerospace Recommended Practice (ARP) 4737, heated fluids 
diluted to a freeze point 3°C above ambient temperature (-3°C buffer) may be 
safely used for first-step deicing as long as a second-step anti-icing fluid is applied 
before the first-step fluid freezes on the surface (generally no more than 
three minutes after first-step application). The Transport Canada (TC) and Federal 
Aviation Administration (FAA) holdover time guidelines state that the first-step 
fluid can freeze in less than three minutes in some cases, typically during heavy 
precipitation, at very low temperatures or when the critical surfaces being sprayed 
are constructed of composite materials. 
 
A -3°C buffer allows for the use of hot water as a first-step deicing fluid in 
conditions where the outside air temperature (OAT) is -3°C or greater. This 
practice is commonly employed at airports where the weather permits it due to 
the beneficial environmental impact as well as the cost savings afforded by using 
hot water in lieu of heated Type I aircraft deicing fluid (ADF).  
 
In 2004, Braathens (a member of the SAS Group) reported an incident in which 
ice was observed after takeoff on an aircraft that had undergone a two-step 
ground deicing procedure in accordance with ARP 4737. The ice was present on 
both wing leading edges and forward upper surfaces. The ambient temperature 
at the time of the incident was -16°C while the Type I ADF fluid used to de-ice 
the aircraft had a fluid freeze point of -13.5°C (i.e. within the -3°C buffer limit). 
Questions were subsequently raised as to whether the use of a first-step fluid 
with a fluid freezing point above ambient temperature (particularly at such a low 
ambient temperature) may have contributed to the formation of ice on the critical 
surfaces.  
 
APS had previously conducted research to evaluate if the -3°C buffer limit posed 
any safety risks with regards to the freezing of first-step fluids on critical aircraft 
surfaces. The practice was found to be generally safe provided that proper fluid 
application guidelines are adhered to. 
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There has recently been renewed industry interest in potentially changing the 
guidance associated with first-step Type I fluid buffer limits. The upcoming SAE 
standard Aerospace Standard (AS) 6285, in its current draft form, has revised the 
allowable first-step buffer limit from -3°C to 0°C. 
 
 
8.2 Objective 
 
The objective of this task was to document the research done previously on the 
effectiveness and safety of the -3°C buffer and to review the direction the 
industry is heading with respect to guidance on this topic. 
 
 
8.3 Relevant Past Work Conducted by APS 
 
There are three APS reports which contain information on this topic. The 
three documents are summarized below. 
 
 
8.3.1 TP 13315E – Aircraft Deicing Fluid Freeze Point Buffer 

Requirements Deicing Only and First Step of Two-Step Deicing 
(1997-98)  

 
TC report, TP 133315E, Aircraft Deicing Fluid Freeze Point Buffer Requirements: 
Deicing Only and First Step of Two-Step Deicing (3), investigated the application 
of first-step fluids at varying buffer levels onto standard test surfaces in order to 
determine how buffer level affected ice formation on surfaces post-application.  
 
It was found that fluids mixed to zero degree or positive buffers (freeze point 
lower than ambient temperature) always yielded unfrozen fluid on the test 
surfaces. Fluids mixed to a buffer level between 0°C and -3°C yielded test 
surfaces that were unfrozen, with ice sometimes forming on the drip line at the 
lower edge of the test plate. The -3°C buffer level did not lead to frozen test 
surfaces during this testing, suggesting that from a technical standpoint there are 
no safety issues. Application of fluids mixed to a negative buffer level 
beyond -3°C were found to generally result in freezing, with the type of freezing 
condition increasing in severity with the magnitude of the negative buffer. 
 
It was noted that heated ADF undergoes enrichment after application; heated fluid 
evaporates water leaving a greater proportion of fluid components with lower 
freeze points, thus depressing the freezing point of the total mixture on the 
surface to which it is applied. 
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Wind speed was also shown to have a major influence on the icing severity noted. 
A small amount of wind had a beneficial effect on icing severity (relative to no 
wind), while higher winds contributed to increased ice formation. 
 
 
8.3.2 TP 13483E – Hot Water Deicing of Aircraft (1998-99) 
 
TC report, TP 13483E, Hot Water Deicing of Aircraft (4), examined the use of 
hot water as a first-step deicing fluid in a variety of ambient temperatures and 
wind speeds. Freezing rain was used as the precipitation type. The primary 
variable being measured was onset to freezing after application of water heated 
to 60°C. 
 
It was found that at an ambient temperature of -3°C (effectively setting the buffer 
level of hot water at -3°C), with winds of 20 and 30 kph, hot water provided the 
recommended three minute window of protection before the onset of freezing on 
the test surface. 
 
Amount of fluid applied was also noted to have a significant effect on time to 
onset of freezing. Although all hot water trials done at -3°C, ambient temperature 
reached the recommended three minute time before freezing, increasing the 
quantity applied further increased the delay time. 
 
 
8.3.3 TP 14451E - Review of Negative 3°C Buffer on First Step 

Application of Deicing Fluid on Aircraft (July 2005) 
 
This document was prepared in partial response to the aircraft icing event reported 
by Braathens. It is a section in the TC report, TP 14451E, Aircraft Ground Icing 
Research General Activities During the 2004-05 Winter (5). The purpose was to 
determine whether the use of -3°C buffered first-step fluid may have been a 
factor in the aircraft icing observed on the Braathens aircraft. 
 
After reviewing both the conditions leading to the incident as well as the existing 
related work done by APS (including the publications referenced in this report) 
the author concluded that the icing event was likely not related to the 
recommended practices outlined in ARP 4737. One possible cited reason was 
poor or inadequate Type I ADF fluid application which serves to underscore the 
importance of proper fluid application.  
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8.4 Conclusions and Recommendation 
 
The work done previously with both dilute ADF Type I fluid and hot water at the 
buffer limit of -3°C relative to ambient temperature has indicated that there is 
generally no safety risk related to freezing on critical surfaces provided that the 
proper application guidelines are adhered to. 
 
There are, however, certain operational challenges created by the use of 
negatively buffered fluid (particularly hot water). After application, discarded fluid 
can freeze on the tarmac as it cools and presents a safety hazard. Additionally, 
fluid stored in deicing vehicles can cool and freeze inside the vehicle when 
out-of-use, potentially damaging equipment. 
 
Given that a move to a 0°C buffer limit would alleviate these operational 
difficulties and further reduce the likelihood of an anomalous icing incident, the 
SAE G-12 Methods committee has recommended that a change in the buffer limit 
from -3°C (as stated in ARP 4737) to 0°C be supported. This change has been 
proposed for the upcoming new standard AS 6285. Consideration should be given 
to continue to allow the use of hot water to remove large amounts of 
contamination (such as ice) from an aircraft, provided that the OAT is -3°C and 
above as per the Transport Canada HOT Guidelines document. 
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9. INVESTIGATION OF RESIDUAL FLUID FREEZING 
IN-FLIGHT  

 
This section outlines research that was conducted to investigate the potential of 
residual fluid freezing in-flight.  
 
 
9.1 Background 
 
There have been several recently reported incidents of aircraft being de/anti-iced, 
and following take-off, the fluid not completely shedding and beginning to pool 
and possibly freeze on the trailing edge of the wing sections. Although it is 
common for fluid to accumulate in quiet areas following take-off, these reports 
indicate a larger than usual accumulation starting mid-chord with streaks of fluid 
that appear frozen or slushy. Both Air Canada and WestJet have provided photos 
of these documented occurrences to Transport Canada (TC) and industry 
stakeholders to support research into this issue. A selection of this research can 
be found in the presentation provided in Appendix E. 
 
The documented occurrences provided by the airlines vary in terms of aircraft 
type, take-off profile times, fluid quantities and OATs at the time of application. 
However, the documented occurrences have some consistency in that all the 
flights originate from a Canadian airport and are anti-iced with Type IV Dow 
EG106 fluid in light snow conditions.  
 
 
9.2 Regulator Response to Industry Concerns  
 
TC, with the support of the Federal Aviation Administration (FAA), has initiated a 
research program to investigate whether residual fluid freezing in flight may be a 
safety concern. 
 
In conjunction with TC, FAA and the airlines involved, APS identified a series of 
research tasks to be completed. These were divided into: 
 

a) High Priority Research Tasks: to be completed in the winter of 2014-15; 

b) Medium Priority Research Tasks: could be started in 2014-15, but more 
likely to be completed in 2015-16; and 

c) Low Priority Research Tasks: no set completion time frame. 
 
Figure 9.1 provides a comprehensive list of the research tasks identified. 
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Figure 9.1: Research Activities 
 
 
As part of this research program, it was recommended that a full-scale 
documentation of fluid flow-off, residual fluid freezing in-flight, and residual fluid 
thickness upon arrival, be conducted. This data would provide a better 
understanding of the severity of the documented incidents. Air Canada and West 
Jet volunteered to provide logistical support for full-scale testing in Montreal, 
Ottawa, and Toronto.  

a) High Priority Research Tasks (could be started this winter) 

• Propose cooperative work with Air Canada or WestJet and meet an incoming 
flight that was anti-iced and measure thickness, or alternatively fly emergency 
seat and video tape the flow-off. 

• Conduct laboratory flat plate testing to investigate relationship of fluid dilution 
and fluid thickness with susceptibility to freezing following a quick drop in 
temperature. 

• Review film thickness from full-scale aircraft tests with NRC Falcon 20 and DND 
Hercules and Aurora tests. 

• Review historical wind tunnel tests (500+) to evaluate fluid film thickness to 
identify possible fluid brand tendency (tests often show high thickness on flap in 
highly contaminated cases). 

• Look at data from 5 events and do some more data mining to try and identify 
reasons i.e. first flight, close to LOUT, application, viscosity? 

b) Medium Priority Research Tasks (could be started this winter or more likely 2015-16) 

• What does a fluid that remains and is not shed off look like when going through 
atmospheric temperature changes (i.e. from 0°C to -60°C). Consider M-2. 

• Investigate whether the pressure altitude chamber at CRIQ can be used to help 
(maybe use of cameras to visualize fluid). 

• Conduct controlled flight tests with the Falcon aircraft (or ADGA aircraft) to 
measure fluid thickness that remains on the aircraft after landing; this could be 
done with different fluids.  

• Study whether the effects of Type I fluid at different dilutions has an effect on 
Type IV fluid film thickness. 

c) Low Priority Research Tasks  

• Evaluate whether ice detection cameras could be installed on aircraft for research 
purposes. 

• Determine if A380 tail camera could be used historically or in the future to see 
fluid on wings. 

• Investigate use of coatings on the trailing edge and quiet areas to see if they could 
help shed fluid in comparison to regular aircraft surface finish. 
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9.3 Objective 
 
The primary objective of this project in the winter of 2014-15 was to obtain 
full-scale operational documentation of anti-icing fluid flow-off, residual fluid 
freezing in-flight, and residual fluid thickness upon arrival on commercial aircraft 
in natural snow conditions. 
 
In addition to collecting full-scale documentation of residual fluid freezing in flight, 
a secondary analysis of the characteristics of residual fluid freezing was also 
completed. 
 
 

9.4 Video and Photo Documentation of Residual Fluid Freezing 
In-Flight 

 
Both the criteria for testing and methodology were developed before any flights 
were attempted. The comprehensive procedure that was subsequently finalized 
can be found in Appendix F. The procedure includes instructions on testing 
including the following parameters:  
 

• Criteria for testing (conditions, Type IV application etc); 

• Methodology (arrangement for over-wing seating, video segments, etc); 
and 

• Post flight residual thickness measurements. 
 
Extensive photos and videos were documented for this testing; a selection can 
be found in Appendix E. 
 
 

9.5 Flight Research – Data Collected 
 
All data recorded for each fight is presented on a test-by-test basis in this section. 
A total of three flights were completed to document the residual fluid found on 
the wing surface during flight. Table 9.1 outlines the three flights. 
 
 

Table 9.1: Documented Flights 

# Date Airline Flight # Aircraft 
Type Wing 

1 March 14th 2015 West Jet WS 593 737-700 Port 

2 March 17th 2015 West Jet WS 583 737-700 Port 

3 March 30th 2015 Air Canada AC 405 A321-200 Starboard 
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9.5.1 West Jet Flight #WS593 
 
Flight Information 
 

• Date:        March 14th, 2015 
• Aircraft Type:     737-700 
• Origin       YUL 
• Destination:      YYZ  
• Start Time of Type I Application (GMT):  21:05  
• Start of Type IV Application (GMT):  21:06 
• End of Type IV Application (GMT):  21:08 
• Quantity of Type I Sprayed on Aircraft: 342 Litres 
• Quantity of Type IV Sprayed on Aircraft: 238 Litres 
• Start Time of Take-off (GMT):   21:15 
• Time to Rotation:     32 seconds 
• Flight Time:      57 Minutes 

 
Meteorological Information (Montreal-YUL) 
 

• Time:        21:00 Zulu 
• Condition      Light Snow 
• Temperature:      0° C 
• Wind Direction / Speed:     040°, 33 km/h 

 
Video Setup Positioning 
 

• Documented Wing:     Port 
• Seat Position:     14A 
• Documented Video:    1 Window-mounted camera 
• Documented Photos:    Hand-held Photos 

 
 
9.5.2 West Jet Flight #WS583 
 
Flight Information 
 

• Date:        March 17th, 2015 
• Aircraft Type:     737-700 
• Origin       YUL 
• Destination:      YYZ 
• Start Time of Type I Application (GMT):  13:06  
• Start of Type IV Application (GMT):  13:09 
• End of Type IV Application (GMT):  13:10 
• Quantity of Type I Sprayed on Aircraft: 237 Litres 
• Quantity of Type IV Sprayed on Aircraft: 226 Litres 
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• Start Time of Take-off (GMT):   13:22 
• Time to Rotation:     36 seconds 
• Flight Time:      66 Minutes 

 

Meteorological Information (Montreal-YUL) 
 

• Time:        13:00 Zulu 
• Condition      Light Snow, Mist 
• Temperature:      0° C 
• Wind Direction / Speed:     220°, 9 km/h 

 
Video Setup Positioning 
 

• Documented Wing:     Port 
• Seat Position:     14A, 15A 
• Documented Video:    2 Window-mounted camera 
• Documented Photos:    Hand-held Photos 

 
 

9.5.3 Air Canada Flight #AC405 
 
Flight Information 
 

• Date:        March 30th, 2015 
• Aircraft Type:     A321-200 
• Origin       YUL 
• Destination:      YYZ 
• Start Time of Type I Application (GMT):  13:24  
• Start of Type IV Application (GMT):  13:26 
• End of Type IV Application (GMT):  13:28 
• Quantity of Type I Sprayed on Aircraft: 436 Litres 
• Quantity of Type IV Sprayed on Aircraft: 270 Litres 
• Start Time of Take-off (GMT):   13:53 
• Time to Rotation:     35 seconds 
• Flight Time:      56 Minutes 

 
Meteorological Information (Montreal-YUL) 
 

• Time:        13:00 Zulu 
• Condition      Light Snow, Mist 
• Temperature:      -1° C 
• Wind Direction / Speed:     150°, 28 km/h 

 
Video Setup Positioning 
 

• Documented Wing:     Starboard 
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• Seat Position:     22F 
• Documented Video:    2 Window-mounted camera 
• Documented Photos:    Hand-held Photos 

 
 
9.5.4 Residual Fluid Thickness Documentation  
 

The collection of post flight thickness of residual fluid can provide some insight 
into the quantity of fluid present. However, it was decided not to collect thickness 
data in 2014-15, as it requires significant logistics arrangements to have airside 
access.  

Attempts will be made to collect residual thickness data as part of the 2015-16 
research.  
 
 

9.6 Summary of Observations – All Flights 
 
On all three flights, the observer indicated that the majority of fluid applied to 
aircraft during anti-icing was removed at the time of rotation. However, a layer 
of residual fluid remained on the wing surface during and after climb out. 
 
The appearance of the residual fluid was very similar to the documented events 
provided by the airlines, as described in the background of this section. 
 
 

9.7 Supplemental Analysis 
 
 
9.7.1 Characteristics of Freezing 
 
To further support the research, it was recommended that preliminary tests be 
conducted to observe fluid freezing and the characteristics of the fluid at 
temperatures close to those experienced at cruise altitude. A procedure was 
written for these tests and is included in Appendix F. 
 
Testing was conducted in a laboratory chest freezer at the APS Montréal–Pierre 
Elliott Trudeau International Airport test site with the intention of simulating 
cruising altitude temperatures of -45°C to -55°C.  
 
Since the freezer had a lowest set temperature of approximately -25°C, a diluted 
sample was used to best replicate the freeze point buffers between neat fluid and 
OAT. For example, to replicate EG106 with a fluid freeze point (FFP) of -36°C 
subject to OAT of -48°C, testing was performed with a fluid with a FFP of -11°C, 
subject to OAT of -23°C. 
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A 10 x 10 cm aluminum tray was filled with enough fluid to achieve a fluid depth 
of approximately 1 mm. The samples were subject to freezing for between 7 and 
14 hours. 
 
After experimenting with both the fluid concentration, it was determined that the 
Type IV fluid would freeze with a slush composition. The fluid was not adhered 
to the surface of the tray. 
 
The resulting sample best depicts what was visually seen on the aircraft surface 
during flight. 
 
 
9.7.2 Historical Falcon 20 Testing: EG106 vs. Ultra+ 
 
At this point, the only fluid that was investigated for the potential of in-flight 
freezing was Dow EG106. In 2008, full scale testing with the Falcon 20 aircraft 
was conducted to analyse the relative post takeoff thickness of EG106 vs. its 
predecessor at the time Dow Ultra+. There was some industry concern that 
EG106 was not shedding off the wing at takeoff compared to Ultra+. 
 
This testing concluded that the dye in EG106 can gave the perception that the 
fluid film layer is thicker than it actually is. In other words, the thickness of the 
fluid can look more pronounced due to the dye used in EG106. 
 
Visually, residual EG106 fluid on the trailing edge of the wing post run was more 
apparent. However, thickness measurements indicated the opposite; residual fluid 
was greater for Ultra+. Visual observations seemed to be influenced by the bright 
dye in the new EG106.  
 
Details of this testing can be found in TC report, TP 14871E, Aircraft Trials to 
Examine Anti-Icing Fluid Flow-Off Characteristics: Ice Pellet Allowance Time 
Expansion Research (6). 
 
 
9.7.3 Effect of Flap Retraction/ Deployment on Fluid Flow 
 
Upon close inspection of the flaps during both accent and decent, it was observed 
that fluid that maintained stagnate would begin to flow when the flaps were either 
deployed or retracted. The airflow over the surface of the wing re-engages the 
residual fluid when the shape of the wing is altered by flap retraction or 
deployment.  
 
The significance of this is that the fluid does not appear to be frozen to the aircraft 
surface but alternatively is in liquid state and trapped below the airflow during 
cruise.  
 



9.  INVESTIGATION OF RESIDUAL FLUID FREEZING IN-FLIGHT 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

66 

9.7.4 Effect of Lighting on Appearance of Residual Fluid 
 
During video analysis, it was observed that alternate lighting angles and lack of 
lighting can have an effect one’s perception of fluid quantity on the wing surface. 
 
An absence of lighting or a high angle of light can decrease the appearance of 
residual fluid on the wing. Photo 9.1 demonstrates this. 
 
Shallow lighting angles can actually enhance the appearance of residual fluid on 
the wing. Photo 9.2 demonstrates this.  
 
It was concluded that lighting effects how often residual fluid freezing in flight is 
reported. The presence of a high level of light can often over embellish the 
perceived thickness of residual fluid, making it look thicker than it actually is.  
 
 

9.8 Conclusion 
 
As mentioned in Section 9.6, on all three flights traveled, the observer indicated 
that the majority of fluid applied to aircraft during anti-icing was removed at the 
time of rotation. However, a layer of residual fluid remained on the wing surface 
during and after climb out. 
 
Photo 9.3 and Photo 9.4 demonstrate residual fluid that remains on the wing at 
different segments of the flight. 
 
 

9.9 Recommendations  
 
It was concluded that additional testing will be completed in 2015-16 looking at 
additional parameters as follows: 

• Flights anti-iced with propylene glycol (PG) fluids; 

• Flights anti-iced at colder temperatures; 

• Flight anti-iced with a longer flight time; and 

• Flights anti-iced with different aircraft types and shorter take-off profiles. 

Logistics to support thickness measurements should be coordinated with airline 
representatives well in advance of testing. 
 
There should be consideration by both TC and FAA to incorporate guidance 
pending the results of the recommended tests for 2015-16. 
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Photo 9.1: Appearance of Wing Subject to an Absence of Lighting or High Angle 
of Light  

 
 
 

Photo 9.2: Appearance of Wing Subject to a Shallow Angle of Light 
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Photo 9.3: West Jet Flight #WS593 – Port Wing t = Rotation + 15 Minutes 

  
 
 

Photo 9.4: West Jet Flight #WS583: Port Wing T= Rotation+5 Minutes 
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10. FEASIBILITY OF USING THE NOSE CONE AS A 
REPRESENTATIVE SURFACE FOR CONTAMINATION 
ON WINGS 

 
This section describes research conducted to assess the feasibility of using the 
nose cone as a representative surface for evaluating contamination on wings. 
 
 
10.1 Background 
 
Various contamination checks (i.e. pre-takeoff check, pre-takeoff contamination 
check) are used by operators in the United States to determine whether frost, ice 
or snow is adhering to any of the aircraft’s critical surfaces. For cargo operators 
lacking access to windows overlooking a wing, performing a proper check of the 
wing surface can be difficult. 
 
Some operators are currently using the nose cone (alongside other surfaces such 
as the wind screen or wiper blades) as an indicator of icing condition on the wing. 
At the request of the Federal Aviation Administration (FAA), APS undertook 
research to investigate if there is a clear relationship between icing condition on 
the nose cone and on the wing surface. 
 
 
10.2 Objective 
 
The objective of this project was to identify the feasibility of using the nose cone 
as a representative surface for evaluating fluid failure progression on the wing. 
The objective was accomplished by conducting a series of plate tests as well as 
several full-scale aircraft tests. In addition to the full-scale aircraft tests conducted 
by APS, full-scale tests were also conducted with commercial aircraft in Chicago, 
which were planned independently by the FAA in cooperation with United Airlines 
(Chicago tests are not documented in this report). 
 
 
10.3 Report Format 
 
Subsection 10.4 describes the plate tests performed; Subsection 10.5 describes 
the full-scale tests performed. Conclusions and recommendations resulting from 
both sets of testing are provided in Subsections 10.6 and 10.7, respectively. 
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10.4 Plate Tests 
 
This section describes the plate tests conducted, including the test methodology, 
data collected, analysis and observations. 
 
 
10.4.1 Methodology 
 
The procedure for the flat plate testing can be found in Appendix G. The flat plate 
test procedure is summarized below. 
 
Testing was performed in accordance with the standard test protocols used for 
conducting natural snow and simulated freezing precipitation endurance time 
testing. These protocols are provided in SAE Aerospace Recommended 
Practice (ARP) 5485 and ARP 5945. 
 
Tests were grouped into paired sets with a Type II/III/IV fluid poured on a 
10° slope aluminum test plate (baseline endurance time test methodology) and a 
heated Type I fluid poured simultaneously on a 20° slope aluminum box. This 
was chosen because: 

• The 20° aluminum box was determined to be the best representative 
surface model for the nose cone: the increased angle of the surface closely 
replicates the angle of the nose cone and the use of a box replicates the 
insulating properties of the nose cone and also allows for the installation of 
a light bulb inside; and 

• Only Type I fluid (not Type II/III/IV) is poured onto the 20° aluminum box, 
as in a standard deicing operation the nose cone is typically deiced with 
Type I fluid and not anti-iced with Type II/III/IV fluid. 

 
A light bulb was used to replicate the heating effects of active instrumentation 
within an aircraft nose cone. In order to determine what type of light bulb to use 
in the boxes, trials were performed with bulbs of differing wattage to determine 
the heating effects of each bulb on the plate surface. Table 10.1 shows the results 
of these trials. The trials were conducted at an OAT of -17°C to -18°C. Ultimately 
it was determined that the 25 watt bulb was to be used for tests requiring heat. 
 
Not all comparative sets were performed with an active light bulb installed within 
the 20° aluminum box. 
 
Figure 10.1 shows the three test surfaces used in the flat plate trials. An accurate 
representation of the testing setup and methodology can be found in Photo 10.1 
and Photo 10.2. 



10.  FEASIBILITY OF USING THE NOSE CONE AS A REPRESENTATIVE SURFACE FOR CONTAMINATION ON WINGS 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

71 

Table 10.1: Temperature Profile of Light Box with 25W and 40W Bulb Installed 

 
Light Source 

25W Small Bulb 40W Small Bulb 

Time  
(min) 

Plate Temp 
@  

15 cm Line 
 (°C) 

Plate Temp 
@  

30 cm Line 
 (°C) 

Plate Temp 
@  

Bottom 
(°C) 

Plate Temp 
@  

15 cm Line 
 (°C) 

Plate Temp 
@  

30 cm Line 
 (°C) 

Plate Temp 
@  

Bottom 
(°C) 

0 -14.3 n/a n/a -14 n/a n/a 

5 -11.2 n/a n/a -9.8 n/a n/a 

10 -9.9 n/a n/a -8.2 n/a n/a 

15 -8.3 -11.1 -12.9 -7.7 -10.5 -12.6 

20 -9 -11.1 -12.8 -6.8 -9.6 -11.7 

Delta T° 
(0min vs. 
20min) 

5.3 n/a n/a 7.2 n/a n/a 

 
 

 
Figure 10.1: Test Surfaces Used For Flat Plate Nose Cone Testing  
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10.4.2 Data Collected 
 
In total, 35 tests were conducted during 15 comparative test runs. Tests were 
performed in both natural snow conditions at the APS test site at the 
Montreal-Trudeau airport as well as in simulated freezing precipitation conditions 
at the Climatic Engineering Facility at the National Research Centre in Ottawa. A 
variety of Type I and Type II/III/IV fluids were used (specific fluids are listed in the 
log). A brief explanation of the column headings in the test log is provided in 
Table 10.2. The test log is provided in Table 10.3. 
 
 

Table 10.2: Description of Test Log Column Headings 

Column Heading Description 

Run #: Unique number identifying each comparative set 

Test #: Unique number identifying each individual test 

Date The date the test was performed 

Fluid Name The name of the fluid used in the test 

Fluid Dilution The dilution of the fluid used in the test 

Adjusted ET (min): The endurance time (ET) from the application of fluid to 
fluid failure, adjusted for differences in precipitation rates 
within the comparative set. Endurance times were 
standardized to the rate of the baseline test (10° plate 
test) in the comparative run. Adjusted endurance time of 
a given test = (Precipitation rate for specific test / 
Precipitation rate for the baseline test in comparative run) 
* Endurance time for specific test 

Ratio (Box to The ratio of 
the adjusted ET of a test 
poured on baseline): 

The ratio of the adjusted ET of a test poured on an 
Baseline): aluminum box to the adjusted ET of the 
corresponding baseline test poured on a 10° aluminum 
plate 

Actual Rate The measured rate of precipitation during the 
test (g/dm²/hr) 

Ambient Temp (°C) The ambient temperature during the test 

Surface The test surface used for the test 

Precipitation type The type of precipitation under which the test was 
performed 

Plate Surface Temp at 
Failure 

The measured surface temperature of the test surface at 
failure. 
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Table 10.3: Log of Nose Cone Flat Plate Test Results 

Run # 
Analysis 

Test  
# 

Date Fluid Name Fluid 
Dilution 

Adjusted 
Endurance 
Time (min) 

Ratio  
(Box to 

Baseline) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Surface Precipitation 
Type 

Plate 
Surface 
Temp at 
Failure 
(°C) 

1 
NC1 04-Feb-15 Kilfrost P2586 75 65.2 n/a 3.6 -4.5 10° Al. 

Plate Natural Snow n/a 

NC2 04-Feb-15 Octaflo EF 10°B 
(B=22.5) 19.2 29% 4.6 -4.5 20° Al. 

Box Natural Snow n/a 

2 

NC3 14-Feb-15 Newave FCY-2 
Bio+ 100 251.9 n/a 0.9 -16.2 10° Al. 

Plate Natural Snow -11.0 

NC4 14-Feb-15 Octaflo EF 10°B 
(B=31.0) 36.5 14% 1.2 -16.9 20° Al. 

Box Natural Snow -10.5 

NC5 14-Feb-15 Octaflo EF 10°B 
(B=31.0) 115.3 46% 1.1 -16.8 

20° Al. 
Box with 

 

Natural Snow -2.0 

3 

NC6 19-Feb-15 Newave FCY-2 
Bio+ 75 105.0 n/a 1.7 -9.3 10° Al. 

Plate Natural Snow -5.5 

NC7 19-Feb-15 Octaflo EF 10°B 
(B=27.0) 53.1 51% 1.7 -8.6 20° Al. 

Box Natural Snow -2.5 

NC8 19-Feb-15 Octaflo EF 10°B 
(B=27.0) 96.6 92% 1.6 -9.2 

20° Al. 
Box with 

 

Natural Snow -2.0 to 
1.0 

4 

NC9 03-Mar-15 Kilfrost ABC-
IceClear II 75 35.6 100% 12.1 -5.5 10° Al. 

Plate Natural Snow n/a 

NC10 03-Mar-15 Dow EG 10°B 
(B=19.3) 6.8 19% 12.9 -5.3 20° Al. 

Box Natural Snow n/a 

NC11 03-Mar-15 Dow EG 10°B 
(B=19.3) 8.8 25% 12.9 -5.3 

20° Al. 
Box with 

 

Natural Snow n/a 

5 
NC12 04-Feb-15 Clariant Safewing 

MP III 2031 Eco 100 66.2 n/a 1.8 -5.8 10° Al. 
Plate Natural Snow n/a 

NC13 04-Feb-15 Octaflo EF 10°B 
(B=23.0) 34.8 53% 1.6 -5.8 20° Al. 

Box Natural Snow n/a 

6 
NC14 04-Feb-15 Clariant Safewing 

MP III 2031 Eco 100 60.3 n/a 2.7 -5.5 10° Al. 
Plate Natural Snow n/a 

NC15 04-Feb-15 Octaflo EF 10°B 
(B=23.0) 33.8 56% 2.7 -5.5 20° Al. 

Box Natural Snow n/a 

7 
NC16 04-Feb-15 Clariant Safewing 

MP III 2031 Eco 100 81.3 n/a 1.5 -4.9 10° Al. 
Plate Natural Snow n/a 

NC17 04-Feb-15 Octaflo EF 10°B 
(B=22.5) 42.9 53% 1.3 -4.9 20° Al. 

Box Natural Snow n/a 

EG  ethylene glycol, NG  non-glycol  
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Table 10.3: Log of Nose Cone Flat Plate Test Results (cont’d) 

Run # 
Analysis 

Test  
# 

Date Fluid Name Fluid 
Dilution 

Adjusted 
Endurance 
Time (min) 

Ratio  
(Box to 

Baseline) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Surface Precipitation 
Type 

Plate 
Surface 
Temp at 
Failure 
(°C) 

8 
NC18 11-Feb-15 Clariant Safewing 

MP III 2031 Eco 75 15.3 n/a 2.3 -12.3 10° Al. 
Plate Natural Snow n/a 

NC19 11-Feb-15 Octaflo EF 10°B 
(B=28.5) 13.8 91% 2.3 -12.3 20° Al. 

Box Natural Snow n/a 

9 
NC20 02-Feb-15 EG106 100 73.8 n/a 8.4 -22.2 10° Al. 

Plate Natural Snow n/a 

NC21 02-Feb-15 Unspecified Type I 
EG 

10°B 
(B=29.5) 5.0 7% 10.0 -22.2 20° Al. 

Box Natural Snow n/a 

10 
NC22 02-Feb-15 Clariant MaxFlight 

04 100 69.6 n/a 8.4 -21.9 10° Al. 
Plate Natural Snow n/a 

NC23 02-Feb-15 Unspecified Type I 
EG 

10°B 
(B=29.5) 4.4 6% 7.3 -21.8 20° Al. 

Box Natural Snow n/a 

11 

NC24 21-Feb-15 ABAX AD-49 100 95.3 n/a 6.0 -8.5 10° Al. 
Plate Natural Snow n/a 

NC25 21-Feb-15 Octaflo EF 10°B 
(B=26.5) 9.6 10% 5.8 -8.7 20° Al. 

Box Natural Snow -2.3 

NC26 21-Feb-15 Octaflo EF 10°B 
(B=26.5) 13.0 14% 5.8 -8.7 

20° Al. 
Box with 

 

Natural Snow -1.7 to 
1.3 

12 

NC27 21-Feb-15 Polar Guard 
Advance 100 177.7 n/a 3.7 -8.2 10° Al. 

Plate Natural Snow n/a 

NC28 21-Feb-15 Octaflo EF 10°B 
(B=27.0) 16.8 9% 5.6 -7.8 20° Al. 

Box Natural Snow n/a 

NC29 21-Feb-15 Octaflo EF 10°B 
(B=27.0) 15.3 9% 5.6 -7.8 

20° Comp. 
Box with 

 

Natural Snow n/a 

13 
NC30 26-Mar-15 Newave FCY-2 

Bio+ 100 29.0 n/a 13.2 -10.0 10° Al. 
Plate 

Light Freezing 
Rain n/a 

NC31 26-Mar-15 Defrost ECO I 
Batch #10 

10°B 
(B=24) 16.9 58% 12.9 -10.0 20° Al. 

Box 
Light Freezing 

Rain n/a 

14 
NC32 26-Mar-15 Kilfrost ABC-

IceClear II 100 26.0 n/a 12.9 -10.0 10° Al. 
Plate 

Freezing 
Drizzle n/a 

NC33 26-Mar-15 Unspecified Type I 
NG 

10°B 
(B=24) 21.2 81% 12.9 -10.0 20° Al. 

Box 
Freezing 
Drizzle n/a 

EG  ethylene glycol, NG  non-glycol 
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10.4.3 Analysis and Observations 
 
Figure 10.2 shows the endurance times of all 20° box tests performed in natural 
snow expressed as a ratio of the corresponding 10° plate test endurance time. 
For runs which included an additional test performed using a box with a 
25W lightbulb installed, the result of the lightbulb test is also shown (shaded 
columns). 
 
 

 

Figure 10.2: Nose Cone Representative Surface Natural Snow Test Results 
 
 
The relative performance of the Type I fluid used to de-ice the nose cone 
representative surface depends greatly upon the type of anti-icing fluid poured on 
the wing representative surface (10° plate) to which it is being compared. 
 
When reviewing the runs performed in natural snow, the endurance time of the 
Type I 20° box tests conducted alongside Type II fluids was generally around one 
third of the endurance time of the corresponding baseline plate, with a fairly large 
degree of fluctuation in the results across the three runs comprising this set. For 
tests conducted alongside Type III fluids the endurance time was generally around 
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60 percent of the endurance time of the corresponding baseline plate, with these 
results being generally more consistent (with the exception of Run #8). The tests 
conducted alongside Type IV fluids yielded endurance times that were 
approximately 10 percent of their baseline counterparts with very consistent 
results across the four runs. The relatively low endurance time ratio seen when 
comparing the Type I results to a Type IV result can be explained by the generally 
longer holdover times offered by a Type IV fluid relative to a Type II or Type III 
fluid. 
 
The presence of a light bulb generally extended the protection times offered by 
the nose cone representative surface. The increase relative to the baseline plate 
was considerably greater when Type II fluid was poured on the baseline, however 
a smaller increase was also noted when Type IV was poured on the baseline. No 
tests with the light box were performed in which Type III was poured on the 
baseline. 
 
For Run #11, the box in which the light bulb was installed had a composite surface 
(as opposed to the aluminum surface used for all other box tests performed). The 
composite surface acts as a heat insulator, preventing heat transfer from the light 
bulb housed within. The lack of heat transfer likely contributed to the negligible 
difference in performance between the two boxes during Run #12. 
 
Run #15 demonstrates the most significant results. The endurance time of the 
fluid poured on the heated box actually exceeded the endurance time of the fluid 
on the baseline plate. This suggests that if an aircraft nose cone has a similar 
heating profile to the test set-up used for this flat plate testing, the nose cone 
could not be used as a representative surface for wing condition as there are 
cases where the fluid wing surface could fail before the fluid on the nose cone 
surface. 
 
For the several runs where a heated box was used, the surface temperatures of 
the different surfaces were measured at the 15 cm (6’’) line at the time of failure 
using a thermistor probe. These measurements are summarized in Table 10.4. 
The temperature delta between the heated box and standard box is given as a 
range for two of the runs, as different temperatures were recorded in different 
spots along the 15 cm (6’’) line. The uneven heating is a product of the 
experimental set-up; the light bulb tends to heat the areas nearest to it more than 
the areas further away. If the experimental set-up was modified so the heat source 
provided consistent heat across the entire surface of the box, it is likely that 
endurance times would have been extended for all tests using this heat source. 
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Table 10.4: Summary of Surface Temperature Measurements at Failure 

Run # 
Temperature Delta at Failure 

Heated Box vs. Standard 
Box 

2 +8.5°C 

3 +0.5°C to +3.5°C 

10 +0.6°C to +3.6°C 
 
 
Three runs were performed under simulated freezing precipitation conditions using 
boxes with light bulbs equipped. The two runs performed using Type II fluids on 
the baseline plates yielded Type I endurance time ratio results consistent with the 
natural snow trials where the nose cone representative box was fitted with a light 
bulb. The run performed using a Type IV fluid on the baseline plate yielded a 
Type I fluid endurance time that was greater than its baseline plate. This is in 
contrast to the trials done using Type IV baselines in natural snow, where the 
average corresponding Type I fluid poured on the nose cone representative 
surface had much lower endurance times. 
 
 
10.5 Full-Scale Testing 
 
The Transport Canada maintenance department arranged for APS to have access 
to a Beechcraft King Air C90A aircraft at the Pierre Elliott Trudeau airport (the 
aircraft was located at the Aircraft Services Directorate / Transport Canada 
Hangar T123 at 590 Albert-de-Niverville, Suite D). This aircraft was used for 
preliminary full-scale tests on March 12, 2015. The objective of these tests was 
to characterize the heating effects of various aircraft systems on different aircraft 
surfaces following cold-soaking of the aircraft.  
 
 
10.5.1 Methodology 
 
The procedure for documenting the surface temperature of the aircraft nose cone 
as compared to the wings, fuselage and the ambient temperature is found in 
Appendix G. The key elements of the procedure are described below. 
 
SmartButton thermistors were installed in various locations to log the 
temperatures of several aircraft surfaces. Photo 10.3, Photo 10.4, Photo 10.5 
and Photo 10.6 depict the installation of the SmartButtons on the aircraft. 
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All trials performed were “dry” trials; no de/anti-icing fluids were used during this 
testing. The weather conditions during the testing were clear skies, low winds 
(6 to 12 km/h), no precipitation and an outdoor ambient temperature ranging 
from -4°C to -6°C. 
 
The thermistors were installed within an aircraft hangar and the aircraft was 
subsequently brought outdoors to cold-soak for over three hours. Photo 10.7 
depicts the aircraft during this period. After the cold-soaking period was complete, 
two tests were performed. First, the avionics were activated and allowed to run 
for approximately one hour. Surface temperature readings were performed in 
multiple locations throughout the testing. For the second test, the cockpit heat, 
cabin heat and windshield defroster (henceforth referred to collectively as 
“instruments”) were all activated in addition to the avionics and another hour 
elapsed. Once again, surface temperature readings were measured in multiple 
locations. Photo 10.8 and Photo 10.9 depict surface temperature readings being 
taken at various points during the testing. 
 
Figure 10.3 shows the locations on the nose cone where surface temperature 
readings were taken and the location of the pressure bulkhead within the nose 
cone. The three locations were selected based on their visibility from the cockpit. 
Locations A and C represent the limits of what can be seen by the pilot in the 
cockpit. Photo 10.10 shows the locations where the three SmartButtons were 
installed on the nose cone. Photo 10.11 shows the viewable areas of the nose 
cone from the pilot’s perspective, with the hand roughly showing location A. 
 
 

 
Figure 10.3: Full-Scale Nose Cone Surface Temperature Reading Locations 
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10.5.2 Data Collected 
 
Table 10.5 shows the surface temperatures recorded on the nose cone and wing 
skin during the various testing phases. 
 
The temperature readings for location C are given as a range for the readings 
taken with all systems active as the surface temperature fluctuated greatly when 
the probe was moved laterally. 
 
The nose cone surface temperature measurements were compared to the wing 
skin surface temperature measurements taken at the same time in order to 
determine the heating effect of the various test phases on the different nose cone 
sections. These results are summarized in Table 10.6. 
 
 

Table 10.5: Full Scale Nose Cone Temperature Profile Testing Results 

Test Phase Time 

Temperature Readings (°C) 

OAT 
(°C) 

90 cm  
from tip of 
nose cone  

(A) 

60 cm 
below wind 

screen  
(B) 

15 cm 
below wind 

screen  
(C) 

Wing  
Skin 

End of Cold-Soaking 20:00 -4.2 -5.1 -3.0 -6.0 -5.7 

Post-Avionics Test 21:25 -6.3 -3.9 -2.0 -6.6 -5.2 

Post-Instruments Test 22:35 -0.4 3.3 11.5 to 24.0 -9.5 -4.9 

All Systems Deactivated 23:00 -0.8 2.2 6.8 to 15.5 -8.5 -4.6 

 
 

Table 10.6: Comparison of Nose Cone and Wing Skin Surface Temperature 
Readings 

Test Phase 

Temperature Delta Relative to Wing Skin (°C) 

90 cm from tip of 
nose cone  

(A) 

60 cm below 
wind screen  

(B) 

15 cm below 
wind screen  

(C) 

End of Cold-Soaking +1.8 +0.9 +3.0 

Post-Avionics Test +0.3 +2.7 +4.6 

Post-Instruments Test +9.1 +12.8 +20.0 to +32.5 
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10.5.3 Analysis and Observations 
 
The temperature change recorded on the nose cone surface varied greatly 
depending on which location was being observed. In general, the magnitude of 
the temperature increase observed when instrumentation is active was greater at 
positions nearer to the windscreen. The greatest increases were noted at position 
C, which is on the cabin side of the pressure bulkhead. Additionally, activating 
the full instrumentation yielded greater temperature increases than activating the 
avionics alone. 
 
The primary observation is that the heating experienced by the nose cone as a 
result of active instrumentation is not uniform; different sections will heat 
differently (sometimes with large fluctuations over small distances).  
 
The temperature increase seen in locations B and C post-avionics test are 
comparable to those measured on the 20° heated box relative to the standard 
20° box from the plate tests discussed in Section 10.4.1 (refer to Table 10.1). 
This suggests that the use of the 25 watt bulb is a fairly accurate representation 
of the heating effect caused by active avionics for this type of aircraft. 
 
It is likely that measuring the surface temperatures on the nose cone of a different 
model of aircraft with a different instrument configuration would yield different 
results to those obtained during these trials. 
 
 
10.5.4 Other Surfaces Measured on the Aircraft 
 
In addition to outfitting the nose cone with SmartButton thermistors, additional 
units were installed on other aircraft surfaces. These include on the right 
windshield wiper blade, on the exterior fuselage in-line with the trailing edge of 
the wing and on the leading edge of the port wing. Figure 10.4 shows the surface 
temperatures recorded by the thermistors as a function of the time. 
 
When the avionics were active there was little to no increase in the surface 
temperatures of most of the surfaces monitored with the exception of some 
sections of the nose cone (as discussed in the previous section). Activating the 
full instruments lead to increases in the surface temperatures of all surfaces 
monitored with the exception of the wing skin. Given that the wing skin surface 
temperature was generally unaffected by instrumentation it serves as a good basis 
for comparison in determining the heating effects of various systems. 
 
Table 10.7 shows a comparison of the wiper blade and fuselage surface 
temperatures relative to the wing skin surface temperature after each test phase. 
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Figure 10.4: Plot of Recorded SmartButton Surface Temperatures over Time 
 
 
Table 10.7: Comparison of Other Recorded SmartButton Surface Temperatures 

Relative to Wing Skin Temperature 

Test Phase 

Temperature Delta Relative to 
Wing Skin (°C) 

Fuselage 
Right 

Windshield 
Wiper 

End of Cold-Soaking -0.5 +3.5 

Post-Avionics Test -1.0 +4.0 

Post-Instruments Test +6.5 +10.5 
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The surface temperature of both the fuselage and the wiper blade changed very 
little relative to the surface temperature of the wing skin when only the avionics 
were active. Activating the full instruments caused both surfaces to undergo an 
increase in surface temperature of approximately 7°C relative to the wing skin 
surface temperature. The temperature increase noted would result in increased 
endurance time performance of fluids applied to these surfaces; however, it is not 
significant enough of an increase to prevent icing in all conditions if fluids are not 
applied. 
 
 
10.6 Conclusions 
 
In order to use the nose cone as a representative surface for determining wing 
icing condition, it is necessary to understand the heating effects on the nose cone 
surface caused by instrumentation configuration on the specific aircraft in 
question.  
 
Given that the aircraft that was evaluated in the full-scale trials showed similar 
nose cone surface temperature increases to the heated box in the flat plate trials, 
it would not be advisable to use the nose cone as a representative surface for this 
aircraft. This is due to the presence of a run (Run #15) in which the heated box 
had a longer endurance time than its corresponding baseline plate. 
 
Because the endurance time of a Type I fluid applied to a nose cone surface is 
highly variable depending on the specific heating effects of the instrumentation, 
and this instrumentation varies widely between aircraft, it is not possible to issue 
general guidance that would be applicable in all circumstances based on the 
limited testing conducted. 
 
 
10.7 Recommendations 
 
It is recommended that additional plate work be done using heated Type I on both 
the nose cone representative box and the 10° baseline plate (to simulate 
operations in which only deicing takes place). 
 
It is also recommended that some additional plate trials be performed using a 
heating blanket as opposed to a light bulb as the heat source within the 20°box. 
Use of a heating blanket will allow for more controlled, uniform heating. 
 
Additional full-scale work performed on commercial aircraft is also recommended 
as it would give more insight into the variability of heating effects caused by 
instrumentation in different aircraft.
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Photo 10.1: Nose Cone Representative Surface with Light Bulb Active 

 
 
 

Photo 10.2: Nose Cone Representative Surface with Light Bulb Active – Post 
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Photo 10.3: Installation of SmartButton on Wiper Blade 

 
 
 

Photo 10.4: SmartButtons Installed on Nose Cone and Wiper Blade 
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Photo 10.5: Installation of SmartButton on Nose Cone 
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Photo 10.6: Installation of SmartButton on Fuselage 
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Photo 10.7: Aircraft during Cold-Soaking Period 

 
 
 

Photo 10.8: Recording Surface Temperature during Full-Scale Trials 
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Photo 10.9: Recording Surface Temperature during Full-Scale Trials 
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Photo 10.10: SmartButtons Installed On Nose Cone 
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Photo 10.11: View of Nose Cone Surface from the Cockpit 
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11. SNOW HOT UPPER AND LOWER VALUES AND USE OF 
VISIBILITY TABLE  

 
This section provides a preliminary investigation into the use of the visibility table 
for better determining the snow holdover (HOT) upper and lower values.  
 
 
11.1 Background 
 
Visibility tables direct users to the appropriate column of the fluid holdover time 
table during snow precipitation conditions. Depending on the visibility, 
temperature, and daytime or night-time condition, users will determine if the 
condition will be very light snow, light snow, moderate snow or heavy snow. As 
holdover times for different snowfall intensities vary considerably, using visibility 
table values can result in very different holdover times. A detailed account of how 
the visibility table has been developed and modified is included in the Transport 
Canada (TC) report, TP 14151E, Relationship Between Visibility and Snowfall 
Intensity (2). 
 
Prior to the winter of 2013-14, only the Type I and III fluids were able to benefit 
from longer holdover times by using the visibility table to distinguish between 
very light, light, moderate, and heavy snow conditions. In 2013-14, very light 
snow and light snow HOTs for Type II, III, and IV fluids were also published to 
allow for operations in these conditions; historically the snow HOTs for 
Type II/III/IV fluids were based on the moderate snow range.  
 
The feedback from the industry with respect to the very light and light snow HOT 
inclusion for the Type II, III, and IV fluids was positive. A request was made by a 
major US airline to investigate if the HOT range could be proportionally split in 
equal parts according to the associated range of visibility for the snowfall 
intensity. For example, if the moderate snow HOT for EG106 at 0ºC is 
40-80 minutes, and the daytime visibility for moderate snow warmer than -1ºC 
(as taken from the FAA visibility table) is in two cells (1 and ¾ statute miles), can 
the 40-80 minutes HOT be proportionally split into 40-60 minutes and 
60-80 minutes for the 1 and ¾ statute miles conditions, respectively? If this were 
possible, a pilot could benefit from a longer HOT range if operating in the “Lower 
Moderate Snow” range. This is especially important for operators using the lower 
value in the HOT range for flight planning purposes. 
 
In order to achieve this, it is first required to investigate if there is a possibility of 
further increasing the resolution of the visibility table by providing more ranges of 
snowfall intensity, thus providing additional HOT ranges and resulting in more 
operational flexibility. 
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11.2 Objective 
 
The objective of this project was to evaluate the feasibility of further expanding 
the resolution of the visibility table to be able to benefit from additional HOT 
ranges and potentially more operational flexibility.  
 
 

11.3 Analysis Tasks 
 
The analysis consisted of two tasks: 
 

1. Further refining the precipitation intensities associated with the visibility 
table; and 

2. Expanding the existing snow HOT table to include more refined snowfall 
intensity. 

 
The first task of the analysis was based on the historical data set used for TC 
report TP 14151E (2). The second task of the analysis used the most recent 
regression information for developing HOT tables (EG106 was selected for this 
example) and used this to develop new HOT ranges.  
 
 

11.4 Further Refining the Precipitation Intensities Associated with 
the Visibility Table 

 
 
11.4.1 Background 
 
In the winter of 2002-03, APS put together a data base of visibility vs. snowfall 
intensity data intensity measured using HOT testing rates. The visibility table was 
developed by correlating the Meteorological Service of Canada (MSC) reported 
visibility to manually measured precipitation rates performed by APS. The MSC 
weather station in Montreal is located adjacent to the APS test site at 
Montreal-Trudeau airport and uses a Belfort Forward Scatter Meter to measure 
visibility. The data base includes more than 7,000 data points collected over 
7 winters representing more than 700 hours of data. Using probability analysis, 
the data base was used to refine TC and Federal Administration (FAA) visibility 
tables. 
 
The complete visibility/rate data set is plotted in Figure 11.1. As is evidenced in 
this chart, the relationship between visibility and snowfall intensity is logarithmic. 
The boundaries of the snowfall intensities are defined below and are illustrated in 
Figure 11.1 as vertical lines: 

a) Heavy Snow: greater than 25 g/dm²/h; 
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b) Moderate Snow: 10 to 25 g/dm²/h; 
c) Light Snow: 4 to 10 g/dm²/h; and 
d) Very Light Snow: less than 4 g/dm²/h. (Range of 3-4g/dm²/h for FAA) 

 
To develop the visibility table, the data set was divided into four categories: day 
warm, day cold, night warm, and night cold. For each category, the data set was 
further separated by range of visibility i.e. 1 mile visibility includes data from .875 
to 1.125 mile visibility. For each range of visibility, a frequency analysis of the 
manual rates was performed based on the snowfall intensity range. The related 
visibility table cell was populated with the most conservative snowfall intensity 
for which no more than approximately 25 percent of data points existed at a 
higher intensity. 
 
 

 

Figure 11.1: Visibility vs. Rate (1995-96 to 2001-02) 
 
 
11.4.2 Additional Analysis 
 
Based on the data set and analysis methodology developed in 2002-03, a similar 
analysis was conducted, however by further separating the existing data set to 
correspond to smaller, more refined range of precipitation intensity. The 
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boundaries of the snowfall intensities were re-defined below and are illustrated in 
Figure 11.2 with the addition of the red vertical lines: 
 

a) Heavy Snow: greater than 50 g/dm²/h; 
b) Heavy Snow: 25 to 50 g/dm²/h; 
c) Moderate Snow: 20 to 25 g/dm²/h; 
d) Moderate Snow: 15 to 20 g/dm²/h; 
e) Moderate Snow: 10 to 15 g/dm²/h; 
f) Light Snow: 7 to 10 g/dm²/h; 
g) Light Snow: 4 to 7 g/dm²/h; 
h) Very Light Snow: 3 to 4 g/dm²/h; and 
i) Very Light Snow: less than 3 g/dm²/h. 

 
 

 

Figure 11.2: Visibility vs. Rate (1995-96 to 2001-02) Updated with Additional 
Snowfall Intensity Boundaries 

 
 
A preliminary statistical analysis was performed on the data set in order to 
determine the correlation of visibility with the new snowfall intensity boundaries. 
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Although a much more extensive and labour intensive analysis approach was used 
in the 2002-03 project, for the purpose of this report, a less-detailed approach 
was used in order to get a first look at the results. If official changes to guidance 
are being considered, it is recommended that the more extensive analysis be 
conducted for thoroughness, however results are not expected to differ greatly, 
if at all.  
 
 

11.4.3 Development of New FAA Visibility Tables for Consideration  
 
In the FAA version of the visibility table (see Figure 11.3), the visibility in statute 
miles is plotted against the time of day and temperature, and the resulting 
snowfall intensity is displayed (according to the snowfall boundary intensities 
listed in Section 11.4.1). The same format was maintained, however the resulting 
snowfall intensities (according to the snowfall boundary intensities listed in 
Section 11.4.2) were recalculated based on the statistical analysis results (see 
Figure 11.4).  
 
The results demonstrated it is possible to further refine the resolution of snowfall 
precipitation intensity based on the existing data set. It was observed however 
that based on the visibility ranges, some inconsistencies in the gradation of the 
snowfall intensity occurred. For example in night, warmer than -1ºC, the snowfall 
intensity jumps from very light 3-4 g/dm²/h to light 7-10 g/dm²/h between >2 ½ 
to 2 statute miles of visibility. This could be rectified by adding an additional 
visibility gradation (i.e. 2 ¼ statute miles), or through more detailed statistical 
analysis.  
 
 

11.4.4 Development of New TC Visibility Tables for Consideration  
 
In the TC version of the visibility table (see Figure 11.5), the layout is different 
compared to the FAA version, in that the snowfall intensity (according to the 
snowfall boundary intensities listed in Section 11.4.1) is plotted against the time 
of day and temperature, and the resulting visibility range is displayed. As a result, 
the same format could not be maintained, and additional snowfall boundary 
intensities (according to those listed in Section 11.4.2) needed to be added. The 
new range of visibilities was then recalculated based on the statistical analysis 
results (see Figure 11.6).  
 

The results demonstrated that similar to the FAA table, it is possible to further 
refine the resolution of snowfall precipitation intensity based on the existing data 
set. Unlike the FAA table which was bound to set visibilities, the TC table did not 
have inconsistencies in the gradation of the visibility as they were listed as ranges. 
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Figure 11.3: Current (2014-15) FAA Visibility Table Format 
 
 

 

Figure 11.4: New Potential FAA Visibility Table Format 
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Figure 11.5: Current (2014-15) TC Visibility Table Format 
 
 

 
Figure 11.6: New Potential TC Visibility Table Format 
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11.5 Expanding the Existing Snow HOT Table to Include Additional 
Intensity Ranges 

 
 
11.5.1 Background 
 
Holdover time tables are published by TC and FAA annually. The HOT ranges are 
listed for each condition as a function of temperature. In the case of snow 
conditions, different HOT ranges are issued according to the snowfall boundary 
intensities (listed in Section 11.4.1). In the case of snow, the HOTs are calculated 
based on regression equations developed using outdoor natural snow endurance 
time data. The HOTs are provided as a range of times of which the HOTs are 
associated with the higher and lower rate in each cell. The range of HOTs is also 
dependant on the OAT, and the range of HOTs is based upon the most 
conservative (coldest) temperature in the respective band. 
 
 
11.5.2 Additional Analysis 
 
The HOTs for snow conditions were expanded to include additional ranges 
corresponding to the re-defined snowfall intensities (listed in Section 11.4.2). 
Based on the upper and lower snow rate limits, new HOTs were produced using 
the same regression model used to develop the originally published HOT table. 
For simplicity, EG106 was used as the example case as it does not have HOTs 
for 75/25 and 50/50 fluid.  
 
 
11.5.3 Development of New FAA HOT Tables for Consideration  
 
In the FAA version of the HOT table (see Figure 11.7), the snow condition was 
divided into three categories: very light, light, and moderate (no heavy snow). 
The same format was maintained, however the snow condition was further 
divided into seven categories with the HOTs calculated based on the regression 
equations for EG106 (see Figure 11.8). 
 
As expected, the addition of the extra snow intensity categories allowed for the 
HOT ranges to be further subdivided. This would allow for added operational 
flexibility to some operators who use the lowest number in the HOT range for 
flight planning.  
 
A future consideration could be re-ordering the snow intensities from moderate 
to very light as this would provide a more logical flow of holdover times to the 
reader. This re-ordering could be instated on the existing table format as well. 
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Figure 11.7: Current (2014-15) FAA HOT Table Format 
 
 

 

Figure 11.8: New Potential FAA HOT Table Format 
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11.5.4 Development of New TC HOT Tables for Consideration  
 
In the TC version of the HOT table (see Figure 11.9), the snow condition was 
divided into three categories: very light, light, and moderate (no heavy snow). 
The same format was maintained, however, again, the snow condition was 
further divided into seven categories with the HOTs calculated based on the 
regression equations for EG106 (see Figure 11.10). 
 
Similar to the FAA, the addition of the extra snow intensity categories allowed 
for the HOT ranges to be further subdivided. This would allow for added 
operational flexibility to some operators who use the lowest number in the HOT 
range for flight planning. It was observed however that in the very light snow 
condition, the capping rule of 2-hours limited the benefits of this further 
subdivision; this may not be the case for all fluids.  
 
 

 
Figure 11.9: Current (2014-15) TC HOT Table Format 
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Figure 11.10: New Potential TC HOT Table Format 

 
 
11.5.5 Consideration for Further Refining HOTs Based on Temperature 
 
Based on the results from this analysis, it was shown that further refining the 
snowfall intensity boundaries can allow for more precise HOT ranges. It is 
expected that a similar approach could be used for OAT. It is expected that further 
refining the HOTs based on temperature (adding extra temperature bands) would 
be feasible for snow conditions as data is collected at a variety of natural 
conditions. There would be limitations for the other freezing precipitation 
conditions where data is collected at specific temperatures in simulated 
conditions.  
 
 
11.6 Conclusions and Recommendations 
 
The analysis demonstrated that it is possible to further refine the precipitation 
intensities associated with the visibility table for both TC and FAA versions. A 
more thorough statistical analysis would be required to do so as the examples 
shown in this report were done as preliminary examples for demonstration 
purposes.  
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With the availability of a new further refined visibility table, it would then be 
feasible to expand the existing snow HOT table to include additional intensity 
ranges. This would allow for added operational flexibility to some operators who 
use the lowest number in the HOT range for flight planning. 
 
Contrary to initial thoughts, the HOTs may not be proportionally split according 
to visibility ranges in all conditions; the analysis showed that the relationship is 
non-linear in certain cases and therefore HOTs may not easily be split. However, 
in certain conditions, benefits may exist. With further analysis, it may be possible 
to develop a conservative methodology for doing this so that it can be 
operationally feasible to use. 
 
Although not an objective of this report, it is expected that further refining the 
HOTs based on temperature (adding extra temperature bands) would be feasible 
for snow conditions as data is collected at a variety of temperatures in natural 
conditions. A consideration for the future should be re-ordering the snow 
intensities from moderate to very light as this would provide a more logical flow 
of holdover times to the reader. This re-ordering could be instated on the existing 
table format as well. 
 
It is recommended that TC and FAA consider the further refined visibility table 
and corresponding HOT tables for use in the HOT guidelines. Consideration should 
focus on risk/benefit analysis and whether industry input should be solicited. 
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12. EFFECT OF THICKENED FLUID FREEZING AND 
THAWING ON FLUID INTEGRITY AND HOLDOVER TIME 

 
 
12.1 Background 
 
Stored anti-icing fluids may freeze and thaw in storage depending on factors such 
as storage location and fluid dilution. This includes both fluids being stored by 
APS for subsequent testing use as well as fluids being stored on airport premises 
for use in deicing operations. Questions have been raised as to whether 
undergoing a freeze and subsequent thaw may have a detrimental effect on a 
thickened anti-icing fluid’s integrity and holdover time performance. 
 
 
12.2 Objective 
 
The objective of this project was to analyse the integrity of fluids taken beyond 
the fluid freeze point and frozen, and then returned to ambient temperature and 
thawed. The main characteristic evaluated was endurance time performance. This 
was done by running comparative endurance time tests of fluids subjected to 
freezing and thawing to those not subject to this treatment. 
 
 
12.3 Methodology 
 
Endurance time tests were conducted in accordance with the standard 
methodologies used for natural snow and simulated freezing precipitation 
endurance time testing. These test protocols are provided in Aerospace 
Recommended Practice (ARP) 5485. The fluid preparation methodology was 
modified for the “frozen” fluid samples, which underwent a freeze and subsequent 
thaw to 0°C prior to testing. 
 
 
The majority of the fluids underwent a 48 hour freeze; however, one Type IV fluid 
(Fluid F) was frozen for 68 hours as it was found to not have completely frozen 
at the 48 hour mark. Additionally, two frozen samples of Type IV Fluid E were 
prepared. One was frozen for 48 hours and thawed while the other was frozen 
for 48 hours, thawed and subsequently frozen for an additional 48 hours.  
 
For each comparative set of tests a matched pair of frozen and unfrozen fluid 
samples were poured under the same temperature and precipitation conditions 
and allowed to run until fluid failure. 
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Testing was performed in both simulated freezing precipitation conditions as well 
as natural snow conditions. Additional details of this testing can be found in 
Appendix H. 
 
 
12.3.1 Fluids 
 
Eight commercial fluids and their frozen variants were used in this testing 
(17 samples total). 

 
• Type II Fluid A:  Unfrozen, 48 hour freeze 
• Type III Fluid A: Unfrozen, 48 hour freeze 
• Type IV Fluid A: Unfrozen, 48 hour freeze 
• Type IV Fluid B: Unfrozen, 48 hour freeze 
• Type IV Fluid C: Unfrozen, 48 hour freeze 
• Type IV Fluid D: Unfrozen, 48 hour freeze 
• Type IV Fluid E: Unfrozen, 48 hour freeze, 48 hour repeated freeze 
• Type IV Fluid F: Unfrozen, 68 hour freeze 

 
 
12.4 Data Collected 
 
In total, 22 tests were conducted in 11 comparative test runs. A brief explanation 
of the column headings in the test log is presented in Table 12.1. The test log is 
included in its entirety in Table 12.2. 
 

Table 12.1: Description of Test Log Column Headings 

Column Heading Description 

Run # Unique number identifying each comparative set 

Test # Unique number identifying each individual test 

Date The date the test was performed 

Fluid Name The name of the fluid used in the test 

Fluid Dilution The dilution of the fluid used in the test 

Adjusted ET (min) The duration of time from the application of the fluid to fluid failure, 
adjusted for differences in precipitation rates within the comparative set. 
Endurance times were standardized to the rate of the unfrozen fluid 
sample. Adjusted endurance time of frozen sample = (Precipitation rate 
for unfrozen sample / Precipitation rate for frozen sample) * Endurance 
time for frozen sample 

Precipitation Rate  
(g/dm²/h) 

The measured rate of precipitation during the test 

Ambient Temp (°C) The ambient temperature during the test 

Precipitation type The type of precipitation under which the test was performed 
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Table 12.2: Log of Unfrozen vs. Frozen Fluid Tests 

Run 
# 

Test  
# Date Fluid Name 

Fluid 
Dilution 

(%) 

Adjusted 
ET 

(min) 

Precip. 
Rate 

(g/dm²/h) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

1 
FT01 27-Mar-15 Type IV Fluid A 75 88.6 4.9 -10 Freezing 

Drizzle 

FT02 27-Mar-15 Type IV Fluid A  
(48 h) 75 92.8 4.9 -10 Freezing 

Drizzle 

2 
FT03 26-Mar-15 Type II Fluid A 75 15.3 13.6 -10 Freezing 

Drizzle 

FT04 26-Mar-15 Type II Fluid A  
(48 h) 75 17.6 13.6 -10 Freezing 

Drizzle 

3 
FT05 25-Mar-15 Type IV Fluid B 75 127.4 13.2 -3 Freezing 

Drizzle 

FT06 25-Mar-15 Type IV Fluid B  
(48 h) 75 127.5 13.2 -3 Freezing 

Drizzle 

4 
FT07 31-Mar-15 Type IV Fluid C 75 38.9 5.4 -14 Freezing Fog 

FT08 31-Mar-15 Type IV Fluid C  
(48 h) 75 38.2 5.1 -14 Freezing Fog 

5 
FT09 31-Mar-15 Type IV Fluid D 75 69.6 5.4 -10 Freezing Fog 

FT10 31-Mar-15 Type IV Fluid D  
(48 h) 75 69.1 5.4 -10 Freezing Fog 

6 
FT11 26-Mar-15 Type IV Fluid E 75 35.1 13.4 -10 Light 

Freezing Rain 

FT12 26-Mar-15 Type IV Fluid E 
(repeat 48 h) 75 26.3 13.4 -10 Light 

Freezing Rain 

7 
FT13 26-Mar-15 Type IV Fluid E 75 25.5 23.9 -10 Light 

Freezing Rain 

FT14 26-Mar-15 Type IV Fluid E  
(48 h) 75 31.8 23.9 -10 Light 

Freezing Rain 

8 
FT15 27-Mar-15 Type II Fluid A 100 39.0 12.4 -3 Light 

Freezing Rain 

FT16 27-Mar-15 Type II Fluid A  
(48 h) 100 38.7 12.4 -3 Light 

Freezing Rain 

9 
FT17 27-Mar-15 Type III Fluid A 75 8.3 24.8 -3 Light 

Freezing Rain 

FT18 27-Mar-15 Type III Fluid A  
(48 h) 75 8.1 24.8 -3 Light 

Freezing Rain 

10 
FT19 27-Mar-15 Type IV Fluid F 100 42.5 23.9 -3 Light 

Freezing Rain 

FT20 27-Mar-15 Type IV Fluid F  
(68 h) 100 42.5 23.9 -3 Light 

Freezing Rain 

11 
FTS1 21-Feb-15 Type II Fluid A 75 47.0 3.4 -21 Natural 

Snow 

FTS2 21-Feb-15 Type II Fluid A  
(48 h) 75 47.0 3.4 -21 Natural 

Snow 
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12.5 Analysis and Observations 
 
Table 12.3 shows the relative performance of the unfrozen vs. frozen (and 
subsequently thawed) samples. 
 
Figure 12.1 shows the endurance times of the frozen and unfrozen fluids for each 
comparative run. Tests have been grouped by fluid dilution and similar conditions 
for easy visual comparison. 
 
Photo 12.1 at the end of this chapter provides an accurate depiction of one of 
the tests conducted. 
 
The overall difference in endurance times between the frozen and unfrozen fluid 
samples was exceptionally small. On average, the frozen samples had endurance 
times that were 0.7 percent greater than their unfrozen counterparts. The 
standard deviation for this data set was 12.5 percent, however, which indicates 
that there were some major fluctuations in the results across the comparative 
sets. 
 
There was generally very little difference in performance between the frozen and 
unfrozen samples. Of the remaining nine comparative sets, eight of them showed 
a difference in performance of less than 10 percent between their respective 
frozen and unfrozen samples.  
 
Although the majority of the fluids tested offered essentially the same protection 
time whether frozen or unfrozen there were several comparative runs that showed 
significant differences in the endurance time results across the two comprising 
samples. Of the 11 comparative sets of tests performed, four showed variations 
in endurance time performance exceeding 5 percent when comparing the frozen 
sample to the unfrozen sample. 
 
The greatest variations were seen with Fluid E. Two comparative runs were 
performed with this fluid, one in which the fluid was frozen and thawed once and 
one in which the fluid was frozen and thawed twice. Observed changes in 
endurance times when comparing the frozen sample to the never frozen sample 
were 24.7 percent and -25.0 percent respectively for the two comparative runs.  
 
Fluid dilution had little effect on the average result obtained. Frozen neat fluid 
samples yielded endurance times that were on average 0.4 percent shorter than 
the corresponding unfrozen sample, while frozen 75 percent dilution fluids yielded 
endurance times that were on average 0.9 percent longer than their respective 
unfrozen samples. 
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Table 12.3: Comparative Endurance Time Results – Frozen vs. Unfrozen Fluids 

Fluid  Condition 
Adjusted ET 

Unfrozen Fluid 
(min) 

Adjusted ET 
Frozen Fluid 

(min) 

% ET Change 
Frozen vs. Unfrozen 

Type IV Fluid A (75) ZD, -10, 5 88.6 92.8 4.7% 

Type II Fluid A (75) ZD, -10, 13 15.3 17.6 15.3% 

Type IV Fluid B (75) ZD, -3, 13 127.4 127.5 0.1% 

Type IV Fluid C (75) ZF, -14, 5 38.9 36.1 -7.1% 

Type IV Fluid D (75) ZF, -10, 5 69.6 69.1 -0.8% 

Type IV Fluid E (75) - 
Single Freeze ZR, -10, 25 25.5 31.8 24.7% 

Type IV Fluid E (75) - 
Repeat Freeze ZR, -10, 13 35.1 26.3 -25.0% 

Type III Fluid A (75) ZR, -3, 25 8.3 8.1 -3.4% 

Type II Fluid A(100) ZR, -3, 13 39.0 38.7 -0.8% 

Type IV Fluid F (100) ZR, -3, 25 42.5 42.5 0.0% 

Type II Fluid A (75) Snow, -21, 3 47.0 47.0 0.0% 

Averages 

Neat Fluids: -0.4% σ =0.6% 

75% Dilution Fluids: 0.9% σ =13.9% 

All Fluids: 0.7% σ =12.5% 

 
 

 
Figure 12.1: Comparison of Endurance Times – Frozen vs. Unfrozen Fluids 
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12.6 Conclusions 
 
On average, there was no significant change in fluid endurance time performance 
when comparing a normal sample to one that was frozen and subsequently 
thawed. 
 
However, there were outliers showing both greatly increased and greatly reduced 
endurance time performance. This indicates that fluid freezing can have an 
unpredictable effect on fluid endurance time performance. 
 
 
12.7 Recommendations 
 
It is recommended that greater care be taken with fluids stored at the APS test 
site to ensure that they are not kept at temperatures at which they will freeze 
and subsequently thaw prior to use in testing.  
 
Additionally, it is recommended that consideration be given to conducting 
additional testing with frozen and subsequently thawed fluids with the ultimate 
goal of issuing industry guidance for the storage of fluids by operational users. 
 
  



12.  EFFECT OF THICKENED FLUID FREEZING AND THAWING ON FLUID INTEGRITY AND HOLDOVER TIME 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

109 

Photo 12.1: Comparative Run #11 Post-Failure 
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13. PHOTOGRAPHIC DOCUMENTATION OF FAILURE 
 
This chapter documents the additional work completed on the photographic 
documentation of fluid failure project in the winter of 2014-15.  
 
 
13.1 Background 
 
Discussions within the aviation industry on wing contamination and related 
testing of anti-icing fluids invariably lead to questions on fluid failures. Some 
examples of commonly asked questions include: 
 

• What does a fluid failure look like? 
• How does a fluid failure progress? 
• How visible is fluid failure? 

 
An initiative was undertaken many years ago, in the winter of 1998-99, to answer 
some of these questions. Its main objective was to document the appearance and 
properties of fluid failure. The work is documented in the Transport Canada (TC) 
report, TP 13484E, Characteristics of Failure of Aircraft Anti-Icing Fluids 
Subjected to Precipitation (7). 
 
At the request of TC and the Federal Aviation Administration (FAA), APS 
undertook a research project in the winter of 2013-14 to supplement the previous 
work with the creation of a fluid failure photo data base. The primary objective 
was to collect photos of fluid failure with each fluid type in each weather 
condition represented by a cell in the associated holdover time tables. 
 
A significant number of photos were taken in 2013-14. Fluid application, initial 
failure, and standard plate failure were photographed with a digital still camera. 
Photos were compiled and indexed to match conditions in the holdover time 
tables. Details of this research can be found in TC report, TP 15269E, Aircraft 
Ground Icing Research General Activities During the 2013-14 Winter (8). 
 
As not all of the required photos were obtained during the 2013-14 winter, further 
work was required on this project in the winter of 2014-15. 
 
 
13.2 Objective 
 
The objective of this project in the winter of 2014-15 was to obtain photos to 
complete the fluid failure photo data base. This includes photos with all fluid types 
in various conditions encompassed by the holdover time tables. 
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13.3 Procedure 
 
Photo sessions were completed in the 2014-15 winter in both natural snow and 
natural frost at the APS test site and in simulated freezing precipitation conditions 
at the National Research Centre (NRC) climatic chamber. These photo sessions 
were done in conjunction with other research projects. 
 
Fluids were photographed on standard flat plate test surfaces at the time of fluid 
failure. A procedure, entitled “Documentation of Fluid Failure – Frost and Snow,” 
was written to provide the methodology for the outdoor condition tests. A copy 
is included in Appendix I. The test procedure for indoor tests was provided in the 
larger procedure “Overall Program of Tests at NRC March 2015” (see 
Appendix C). 
 
 
13.4 Description and Processing of Data 
 
Over the 2013-14 and 2014-15 winter seasons, 228 individual tests were 
photographed. Photos were taken in all precipitation types: 153 tests were 
photographed in freezing precipitation; 67 in natural snow conditions; and 8 tests 
were photographed in natural frost conditions. Photos were taken of all fluid 
types: 41 tests were photographed with Type I fluid, 67 tests were photographed 
with Type II fluid, 51 tests were photographed with Type III fluid, and 69 tests 
were photographed with Type IV fluid.  
 
The majority of the tests in 2013-14 were photographed in the following 
sequence: 
 

• Photo taken at initial pour of the fluid onto the plate; 
• Photo taken at sign of first failure; and 
• Photo taken at actual failure.  

 
In 2014-15, a photo session was carried out at the APS test site to capture only 
photos taken at initial pour of the fluid onto the plate. Photos were taken of 
Type I, II, III and IV fluids poured onto both aluminum and composite plates. 
Actual failure photos were taken at test sessions throughout the winter in an 
attempt to capture the remaining missing conditions encompassed by the 
holdover time guidelines. In 2014-15 photos were taken at actual failure but not 
at sign of first failure. 
 
 
  



13.  PHOTOGRAPHIC DOCUMENTATION OF FAILURE 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

113 

13.5 Photo Data base 
 
The entire photo data base is provided in Appendix J. Included at the beginning 
of this appendix is a log of photos. The log includes all 228 tests. It is sorted by 
winter, then by precipitation type, then by fluid type, and finally by fluid dilution.  
 
Following the log, there are 228 pages of photos. There is one page for each fluid 
failure photographed. The photos are grouped by winter season. This was done 
for simplicity because it has not yet been determined how the photos will be 
disseminated. A typical page from 2013-14 includes three photos taken at the 
time of pour (taken from different perspectives), three photos at time of first 
failure, and three photos at time of failure. A typical page from 2014-15 includes 
three photos taken at the time of pour and three photos at time of failure. It should 
be noted that in most cases the 2014-15 pour photos were taken at a different 
test session than the failure photos (see Subsection 13.4). In some cases the 
pour photos are of a different fluid brand, but they are always of the same fluid 
type. 
 
 
13.5.1 Photos of Airfoil at Initial Pour 
 
In the winter of 2014-15, a separate photo session was conducted at the APS 
test site to capture fluid poured onto an airfoil. Ten sets of photos were taken 
after the initial pour of fluid onto the airfoil encompassing Type I, and Type II, III 
and IV fluids at Neat, 75/25 and 50/50 dilutions (Photo 13.1). Photos of the airfoil 
were taken at a 10° to 30° incident from three different perspectives; one from 
the leading edge of the airfoil, one from a 30° angle to the leading edge of the 
airfoil, and one from the trailing edge of the airfoil. Consideration could be given 
to including these airfoil photos as the pour photos when disseminating to 
industry.  
 
 
13.6 Analysis and Discussion 
 
Figure 13.1 to Figure 13.8 depict the conditions in which photos have been taken. 
Using the structure of the standard holdover time guidelines, these tables indicate 
in which cells photos have been completed. Each cell includes the test number 
and the fluid brand used (coded). Tests in black were conducted during the 
2013-14 winter season and tests in blue were conducted during the 2014-15 
winter season. In addition to this, each cell includes a notation indicating the 
quality of the photos (B=bad, G= Good, and OK=Okay). 
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It has been concluded that some failures look very similar regardless of the rate 
of precipitation. Therefore, some tests can be used for multiple cells. Arrows 
between cells indicate that a test can be used to complete one or more other 
cells. 
 
 
13.7 Missing Photos and Quality 
 
The majority of the freezing precipitation cells in the holdover time tables have 
been captured. However, there are multiple natural snow and natural frost photos 
that have yet to be taken. Approximately half of the natural snow cells and almost 
all of the natural frost cells do not have pictures associated with them.  
 
Due to sub-optimal conditions for photography in testing conditions it is often 
difficult to take ideal quality photos. It has been determined that some of the 
existing photos may require retakes in order to get the most accurate 
representation of fluid failure on a plate. 
 
 
13.8 Recommendations and Future Considerations 
 
It is recommended that this work be continued to capture the few remaining cells 
for which photos do not exist. Existing photos should also be examined to 
determine if the quality requires improvement. 
 
Consideration should be given to using a full scale (JetStar Wing) or simulated 
wing model (i.e., a curved leading edge) in the climate chamber to characterize 
fluid failure on a surface that better represents a wing surface. This could 
potentially be piggy backed onto other full scale work. In addition, capturing 
failure photos with both Type IV ethylene glycol and Type IV propylene glycol 
fluids should be considered.  
 
Finally, it is recommended that consultations with industry stakeholders be held 
in order to determine a proper platform for dissemination of the photo data base. 
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Figure 13.1: Index of Photos by Precipitation Type – Freezing Fog  

FREEZING FOG FREEZING FOG FREEZING FOG FREEZING FOG FREEZING FOG FREEZING FOG FREEZING FOG FREEZING FOG
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Figure 13.2: Index of Photos by Precipitation Type - Freezing Rain 

FREEZING RAIN FREEZING RAIN FREEZING RAIN FREEZING RAIN
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#DF7 EUD (OK) #PH22 FOC (OK) #PP11 FOC (OK)

#179 0PL (OK) #149 0PL (OK)

#185 0PL (OK) #143 0PL (G)

#174 0PL (OK) #192 0PL (B) Not HOT's exist Not HOT's exist

#P9 OSC (OK) #217 XAA (B) #DF25 OSC (OK) #PP13 OSC (OK)

#P33 OSC (G)

#P36 OSC (B) #P39 OSC (G) Not HOT's exist Not HOT's exist

#157 GMC (G) #133 GMC (OK)

#139/FM8 GMC (G)
#PP10/109 0EL (OK) #181 GMC (OK) #141/FM9 1FN (G) #152 GMC (OK)
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Figure 13.3: Index of Photos by Precipitation Type - Freezing Drizzle  
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Figure 13.4: Index of Photos by Precipitation Type - Rain on Cold-Soak Wing  
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Figure 13.5: Index of Photos by Precipitation Type – Natural Snow Type I  
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Figure 13.6: Index of Photos by Precipitation Type – Natural Snow Type III
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Figure 13.7: Index of Photos by Precipitation Type – Natural Snow Type II and Type IV
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Figure 13.8: Index of Photos by Precipitation Type – Natural Frost (Type I only)
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Photo 13.1: Pour Photo Set on Airfoil
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14. FROST AT LOUT: FLAT PLATE TESTING AND 
RADIATION COOLING DURING TAXI 

 
This section documents research conducted to understand the effect of radiation 
cooling during taxi in frost conditions. Research from three winters of testing 
(2012-13 to 2014-15) is documented in full in this report. The research conducted 
in the first two winters of testing was previously documented in the Transport 
Canada report, TP 15269E, Aircraft Ground Icing Research General Activities 
During the 2013-14 Winter (8). 
 
 

14.1 Background 
 
Frost is an important consideration in aircraft deicing. The irregular and rough 
frost accretion patterns can result in a significant loss of lift on critical aircraft 
surfaces. This potential hazard is amplified by the frequent occurrence of frost 
accretion in winter operations. 
 
Radiation cooling will generally occur during clear sky, low wind, and low light 
(i.e. shade, at night or in low angle / obscured sun) conditions. The ideal 
conditions for frost accretion are the following: 
 

• Outside Ambient Temperature: Below 3ºC; 
• Relative Humidity: Above 60 percent; 
• Wind Speed: Less than 5 km/h; and 
• Sky Condition: Clear or mostly unobstructed. 

 
These conditions will cause the exposed surface temperature to cool below the 
outside air temperature (OAT). Once the exposed surface temperature cools to 
the frost point or below, active frost occurs.  
 
Radiation cooling can cause an exposed surface to cool several degrees below 
the OAT. This means that frost can form on an exposed surface at an OAT several 
degrees above 0°C. 
 
Type I de/anti-icing fluids can currently be used in frost conditions down to the 
fluid’s lowest operational use temperature (LOUT). The LOUT is the lowest 
temperature at which a Type I/II/III/IV fluid can be used on an aircraft, generally 
recognized as the higher of:  

a) the lowest temperature at which it meets the aerodynamics acceptance 
test (AS 5900) for a given type of aircraft; or 

b) the freezing point of the fluid plus the freezing point buffer of 7 °C for 
Type II/III/IV fluids, or 10 °C for Type I fluids. 
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This investigation addresses the risks associated with fluids where the LOUT is 
limited by aerodynamic acceptance. The current operational assumption is that 
any radiation cooling will be negated once the aircraft begins to taxi, hence 
eliminating risks that the fluid may be below the LOUT at the time of takeoff.  
 
It was recommended that research be conducted to investigate the radiation 
cooling of aircraft surfaces during taxi up to the take-off.  
 
 

14.2 Objective 
 
The objective of this project was to investigate how radiation cooling of aircraft 
surfaces during active frost conditions is influenced by the increased airflow over 
the wing during the taxi to the runway for takeoff. 
 
The objective was met primarily by conducting research with a flat plate rig; 
however, limited full-scale testing was also conducted. 
 
 

14.3 Methodology 
 
Test procedures were developed separately for the flat plate and full-scale testing. 
 
 
14.3.1 Testing with Flat Plate Rig 
 
A detailed procedure was written for the flat plate rig testing and is included in 
Appendix K. The procedure is summarized below. 
 
Initial testing was done by simulating an aircraft taxi by having a frosticator plate 
affixed to the roof of a car (Photo 14.1). The plate was allowed to cool below 
ambient temperature from the radiation cooling and initial surface temperature 
readings were taken. Measurements were taken with a hand held surface probe, 
however SmartButtons were also installed on the plate and car roof to log 
temperature data (Photo 14.2).  
 
During some tests, standard mix Type I fluid was applied as a strip on one side 
of the plate (Photo 14.3). The car was then driven at approximately 30 km/h 
simulating a taxi with turns and stops for 6 minutes, at which point the surface 
temperature was recorded again.  
 
During some tests, an additional simulated take-off was done where the car was 
accelerated to just over 100 km/hr in 45 seconds, and surface temperature was 
recorded once again.  
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A global positioning system (GPS) tracker was used to accurately document the 
distance and time travelled. The delta difference in temperature before and after 
the simulated taxi and take-off would indicate the influence of the increased 
airflow during the taxi to the runway on the radiation cooling effects of the 
surfaces.  
 

The flat plate rig testing represents the majority of testing conducted for this 
project. Testing was conducted during six frost events over three winter seasons 
at the APS test site.  
 
 

14.3.2 Full-Scale Testing with a Cessna 172 at Rockcliffe Flying Club 
 

A full-scale testing event with a Cessna 172 was conducted in 2012-13 at the 
Rockcliffe Flying Club in Ottawa. The test was conducted in conjunction with a 
larger full-scale test program evaluating windshield washer fluids for use as 
aircraft deicers for small private aircraft. The detailed procedure written for these 
tests is included in Appendix L. 
 

One test was conducted on the overnight period from March 8th to 9th 2013 to 
monitor aircraft wing skin temperature during a typical taxi. To do this, a 
Cessna 172 was fitted with skin temperature sensors on the aircraft wing and 
data were collected during a simulated taxi; the aircraft was taxied for a period 
simulating a typical taxi to the runway. The details of this work are included in 
Section 14.4.3.  
 
 

14.3.3 Full-Scale Testing with a Piper Seneca 
 

Additional full-scale testing on an operational aircraft (Piper Seneca) was planned 
for 2014-15. A procedure was developed to conduct this testing; however, due 
to higher priorities given to other projects, this testing was not completed. The 
procedure is included in Appendix L for reference. 
 
 

14.4 Data Collected in 2012-13  
 

Table 14.1 demonstrates the data collected with the flat plate rig in 2012-13 
using a hand held surface temperature probe; additional smart button data is 
available. The meteorological data for each test event has been included, along 
with the various hand held surface temperature measurements taken.  
 

In the winter of 2012-13, all test events were conducted on nights when frost 
accretion was minimal or intermittent, as was reflected in the radiation cooling of 
the plate, which never exceeded 2 to 3ºC below ambient temperature. During 
heavy frost events, the radiation cooling can reduce the surface temperature by 
6ºC, or more.
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Table 14.1: Frost at LOUT - Flat Plate Rig Data 2012-13 

Plate 
Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

Plate 
Surface

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

Plate 
Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

1 14-Feb-13 0 79 6 Yes 0:23 0:29 6 3.13 -2.1  - -1.1 -1.7  - -1 0.4  - 0.1

2 14-Feb-13 -1 87 8 No 1:35 1:40 5 3.15 -2.1 -2.3 -1.3 -1.7 -1.9 -1.1 0.4 0.4 0.2

3 14-Feb-13 -2 88 4 Yes 2:55 3:01 6 3.31 -2.7 -3 -2.1  -  -  -  -  -  -

4 19-Feb-13 -10.7 67 calm Yes 23:56 0:02 6 3.19 -12.5  - -11.7 -10.6  - -10 1.9  - 1.7

5 19-Feb-13 -10.7 67 calm No 0:56 1:02 6 3.15 -12.7 -13.4 -11.5 -11.2 -11.6 -10.5 1.5 1.8 1

6 19-Feb-13 -10.2 66 calm No 1:55 2:01 6 2.99 -11.6 -11.8 -9.8 -9 -9.6 -6.7 2.6 2.2 3.1

Plate 
Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

Plate 
Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

Plate 
Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

1  -  -  -  -  -  -  -  -  -  -  -  -  -

2  -  -  -  -  -  -  -  -  -  -  -  -  -

3 3:01 3:01:45 0.7 0.8  -  -  - -1.3 -1.7 -1.3 1.4 1.3 0.8

4 12:04 12:04:42 0.7 0.85 -10.6  - -10 -10  - -9.6 0.6  - 0.4

5 1:03 1:03:42 0.7 0.88 -11.2 -11.6 -10.5 -11 -11.3 -10.3 0.2 0.3 0.2

6 2:02 2:02:43 0.7 0.88 -9 -9.6 -6.7 -8.7 -9.2 -7 0.3 0.4 -0.3

Total Taxi 
Time 
(min)

Taxi 
Distance 

(km)
Test # Date

Temperature  Before Taxi (°C)
EC Temp. 

(ºC) EC RH (%)
EC Wind 
Speed 
(km/h)

Visual 
Verification 
of Frost at 

Start of Test

Taxi Start 
Time

Taxi Stop 
Time

Temperature  Delta (°C)

Temperature  Before T/O (°C) Temperature  After T/O (°C) Temperature  Delta (°C)

Temperature  After Taxi (°C)

T/O 
Distance 

(km)

Total T/O 
Time

T/O Stop 
Time

T/O Start 
TimeTest #
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14.4.1 First Test Event (Test #1, #2, #3)  
 
During the first event, the radiation cooling effect caused a change in surface 
temperature of up to 2ºC below ambient; the radiation cooling was greater on the 
area covered in fluid. The simulated taxi during the first two tests generated less 
than 0.5ºC increase in surface temperature. During the third test, the taxi and 
take-off combined (measurements were not taken in between the taxi and take-off 
simulation) generated up to 1.5ºC increase in surface temperature, negating a 
good portion of the radiation cooling effects. The results indicated that the taxi 
and take-off did affect the radiation cooling; however data with greater 
temperature deltas due to radiation (closer to 6ºC delta differences) would be 
required to substantiate the results.  
 
 
14.4.2 Second Test Event (Test #4, #5, #6)  
 
During the second event, the radiation cooling effect caused a change in surface 
temperature of up to 3ºC below ambient; a slight increase radiation cooling from 
the first event. Similar to the previous night, the radiation cooling was greater on 
the area covered in fluid.  The simulated taxi during these tests generated up to 
a 3ºC increase in surface temperature, almost completely negating the radiation 
effects in some cases. The takeoff did also increase the surface temperature 
further in some cases; typically on the surfaces that had not seen the larger 
increases following the taxi. Similar to the previous test, the results indicated that 
the taxi and take-off did affect the radiation cooling, however data with greater 
temperature differences due to radiation (closer to 6ºC difference) would be 
required to substantiate the results. 
 
 
14.4.3 Extra Test with Cessna 172 at Rockcliffe Flying Club 
 
One test was conducted at Rockcliffe in the winter of 2012-13. Testing was 
conducted at -3º OAT and the wing skin temperatures were recorded before and 
after taxi. Measurements were taken using both SmartButtons and a temperature 
probe (Photo 14.4). Figure 14.1 shows the surface temperature profile of the 
aircraft wing surface during an active frost event simulating a taxi to the runway 
measured using SmartButtons. The data indicates that increased airflow as a 
result of the taxi increased the surface temperature. The 7 to 8ºC temperature 
differential at the start of the test was reduced to 2 to 3.5ºC. These results may 
be more conservative as compared to the flat plate work conducted but generally 
indicate that the taxi to the runway will negate the radiation cooling occurring 
during static situations.  
 
After these results were analysed, it was recommended the testing be repeated 
with an aircraft better representative of a commercial jet.  
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Figure 14.1: Surface Temperature Profile during Cessna 172 Test 

 
 
14.5 Data Collected in 2013-14  
 
Table 14.2 demonstrates the data collected with the flat plate rig in 2013-14 
using a hand held surface temperature probe; additional SmartButton data is 
available. The meteorological data for each test event has been included, along 
with the various hand held surface temperature measurements taken.  
 
The radiation cooling observed in the winter of 2013-14 was greater than what 
was observed in the winter of 2012-13. 
 
 
14.5.1 First Test Event (Test #7 and #8)  
 
During the first event, the radiation cooling effect caused a change in surface 
temperature of up to 7ºC below ambient; the radiation cooling was greater on the 
area covered in fluid.  
 
The simulated taxi during both test #7 and #8 generated a 6.2ºC and 3.2ºC 
increase in surface temperature of the plate with fluid, respectively. This indicates 
that a large delta temperature between the OAT and surface temperature will 
result in a rapid increase in surface temperature during taxi. 
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Table 14.2: Frost at LOUT - Flat Plate Rig Data 2013-14 

 

Plate 
Surface 

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

7 11-Feb-14 -18 66 4 Yes 23:10 23:19 9 4.9 -21.8 -25.2  - -19.4 -19  - 2.4 6.2  -

8 11-Feb-14 -20 69 3 Yes 0:06 12:13 727 4.9 -23.1 -23.2  - -18.1 -20  - 5 3.2  -

9 5-Mar-14 -16 82 7 Yes 0:00 0:07 7 3.14 -20.6 -22  - -17.9 -18.3  - 2.7 3.7  -

10 5-Mar-14 -17.4 78 7 Yes 1:09 1:15 6 3.16 -18.7 -19.5  - -17.6 -18.6  - 1.1 0.9  -

11 17-Apr-14 -1.8 59 8 Yes 1:57 2:06 9 3.98 -6.5  -  - -2.6  -  - 3.9  -  -

12 17-Apr-14 -2.5 68 3 Yes 2:59 3:07 8 4.02 -7.2  -  - -2.4  -  - 4.8  -  -

13 17-Apr-14 -2.5 68 3 Yes 3:57 4:06 9 3.98 -6.5  -  - -3.2  -  - 3.3  -  -

14 17-Apr-14 -2.7 72 9 Yes 5:00 5:09 9 4 -6.7  -  - -3.5  -  - 3.2  -  -

Total Taxi 
Time 
(min)

Taxi 
Distance 

(km)
Test # Date

Temperature  Before Taxi (°C)
EC Temp. 

(ºC) EC RH (%)
EC Wind 
Speed 
(km/h)

Visual 
Verification 
of Frost at 

Start of Test

Taxi Start 
Time

Taxi Stop 
Time

Temperature  Delta (°C)Temperature  After Taxi (°C)

Plate 
Surface 

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface 

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

7 23:19 23:20 0.7 0.9 -19.4 -19  - -19.1 -19.4  - 0.3 -0.4  -

8 12:14 12:15 1.0 0.9 -18.1 -20  - -19.3 -19.7  - -1.2 0.3  -

9 12:07 12:08 1.0 0.9 -17.9 -18.3  - -16.9 -17.9  - 1 0.4  -

10 1:16 1:17 1.0 0.8 -17.6 -18.6  - -17.6 -18  - 0 0.6  -

11  -  -  -  - -2.6  -  -  -  -  -  -  -  -

12  -  -  -  - -2.4  -  -  -  -  -  -  -  -

13  -  -  -  - -3.2  -  -  -  -  -  -  -  -

14  -  -  -  - -3.5  -  -  -  -  -  -  -  -

Temperature  Before T/O (°C) Temperature  After T/O (°C) Temperature  Delta (°C)
T/O 

Distance 
(km)

Total T/O 
Time

T/O Stop 
Time

T/O Start 
TimeTest #
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14.5.2 Second Test Event (Test #9 and #10)  
 
Test #9 had similar results to the first test event in that the radiation cooling 
effect caused a 6ºC average change in surface temperature of the plate with fluid, 
below ambient. The simulated taxi during Test #9 generated a 4.1ºC increase in 
surface temperature. Once again, this indicates that a large delta temperature 
between the OAT and surface temperature will result in a rapid increase in surface 
temperature during taxi. 
 
Test #10 had a minimal difference in temperature of OAT to surface temperature. 
Therefore, the rise in surface temperature due to taxi was nominal. 
 
 
14.5.3 Third Test Event (Test #11, #12, #13, #14) 
 
Despite limited data collected, the four tests conducted on the third event were 
similar to the first two events. Results indicate an average of 3.8ºC increase in 
surface temperature (plates without fluid) due to taxi. 
 
 
14.6 Data Collected in 2014-15  
 
Table 14.3 demonstrates the data collected with the flat plate rig in 2014-15 
using a hand held surface temperature probe; additional SmartButton data is 
available. The meteorological data for each test event has been included, along 
with the various hand held surface temperature measurements taken.  
 
 
14.6.1 Single Test Event (Test #15 and #16)  
 
During this event, the radiation cooling effect caused a change in surface 
temperature of up to 3.5ºC below ambient. 
 
The simulated taxi during both test #15 and #16 generated a 4.4ºC and 1.7ºC 
increase in surface temperature, respectively. 
 
Table 14.3 demonstrates the data collected with the flat plate rig for 2014-15.The 
meteorological data for each test event has been included, along with the various 
hand held surface temperature measurements taken. 
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Table 14.3: Frost at LOUT - Flat Plate Rig Data 2014-15 

 
 

 

Plate 
Surface 

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

15 14-Jan-15 -21 78 4 Yes 2:05 2:10 5 3 -24.6  -  - -20.2 4.4  -  -

16 14-Jan-15 -21 78 4 Yes 3:02 3:10 8 3 -22.7  -  - -21 1.7  -  -

Temperature  Delta (°C)Temperature  After Taxi (°C)
Total Taxi 

Time 
(min)

Taxi 
Distance 

(km)
Test # Date

Temperature  Before Taxi (°C)
EC Temp. 

(ºC) EC RH (%)
EC Wind 
Speed 
(km/h)

Visual 
Verification 
of Frost at 

Start of Test

Taxi Start 
Time

Taxi Stop 
Time

Plate 
Surface 

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface 

Plate w/ 
Fluid 

Surface 
Car Roof Surface Plate 

Surface 

Plate w/ 
Fluid 

Surface 

Car Roof 
Surface 

15  -  -  -  - -20.2  -  -  -  -  -  -  -  -

16  -  -  -  - -21  -  -  -  -  -  -  -  -

T/O 
Distance 

(km)

Total T/O 
Time

T/O Stop 
Time

T/O Start 
TimeTest #

Temperature  Before T/O (°C) Temperature  After T/O (°C) Temperature  Delta (°C)
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14.7 Summary of Temperature Differences  
 
As mentioned in the previous sections, the test results indicate that the drop in 
temperature from radiation before taxi will result in a rapid increase in surface 
temperature during taxi. 
 
Table 14.4 depicts a summary of the change in temperature offset by taxi for 
each test (the data is based on hand held surface temperature probe 
measurements). The results have demonstrated that, on average, the surface 
temperature will be 0.6 ºC cooler than the OAT, with a standard deviation of 
0.8ºC. These results indicate that in general the radiation cooling on the aircraft 
wing will be offset by the increased airflow experienced during the taxi to the 
runway. 
 
 

Table 14.4: Summary of Temperature Differences  

Test 
# 

OAT 
(°C) 

Surface 
Temperature  
Before Taxi  

(°C) 

Temp. Differential 
Due to Radiation 

Cooling  
(°C) 

Surface 
Temperature 
After Taxi 

(°C) 

Temperature 
Rise Due to 
Taxi Heating 

(°C) 

Temp. Differential 
Due to Radiation 
Cooling after Taxi  

(°C) 

 (A) (B) (A – B) (C) (C – B) (A - C) 

1 0.0 -2.1* 2.1   -1.7* 0.4 1.7 

2 -1.0 -2.3 1.3 -1.9 0.4 0.9 

3 -2.0 -3.0 1.0 - - - 

4 -10.7 -12.5* 1.8 -10.6* 1.9 -0.1 

5 -10.7 -13.4 2.7 -11.6 1.8 0.9 

6 -10.2 -11.8 1.6 -9.6 2.2 -0.6 

7 -18.0 -25.2 7.2 -19.5 6.2 1.5 

8 -20.0 -23.2 3.2 -20 3.2 0.0 

9 -16.0 -22 6.0 -18.3 3.7 2.3 

10 -17.4 -19.5 2.1 -18.6 0.9 1.2 

11 -1.8 -6.5* 4.7 -2.6* 3.9 0.8 

12 -2.5 -7.2* 4.7 -2.4* 4.8 -0.1 

13 -2.5 -6.5* 4.0 -3.2* 3.3 0.7 

14 -2.7 -6.7* 4.0 -3.5* 3.2 0.8 

15 -21.0 -24.6* 3.6 -20.2 4.4 -0.8 

16 -21.0 -22.7* 1.7 -21* 1.7 0.0 

AVERAGE DIFFERENCE 3.2  2.8 0.6 

 Standard Deviation 0.8 

*Indicates surface temperature “plates without fluid”. All remaining are surface temps with fluid. 
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An example of this rapid increase has been included as Figure 14.2. This figure 
depicts that the largest heating effect due to taxi occurs within the first 
two minutes. It should be noted that a small variation in recorded temperature 
exists as compared to Table 14.4 as the SmartButton time-lapse data were used 
to develop this plot instead of the instantaneous surface temperature probe 
measurements.  
 
 

 
Figure 14.2: Example of Taxi Run 

 
 
14.8 Conclusions  
 
Results have indicated that the increased airflow during taxi to the runway prior 
to take-off will negate a large portion of the radiation, and consequently increase 
the surface temperature. The simulated flat plate results have demonstrated that, 
on average, the final surface temperature will be 0.6ºC cooler than the OAT, with 
a standard deviation of 0.8ºC. The test conducted with the Cessna 172 showed 
slightly more conservative results with a final surface temperature differential of 
2 to 3.5ºC from the OAT. These results indicate that in general the radiation 
cooling on the aircraft wing will be offset by the increased airflow experienced 
during the taxi to the runway, minimizing the risk that the fluid temperature might 
be below its LOUT value at time of takeoff.  
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14.9 Recommendations 
 
Limited testing should be conducted with flat plates to investigate surface 
temperature rise during taxi with a surface covered with Type I vs. Type IV fluid. 
 
Recent industry discussions have also indicated that lower air pressure at higher 
elevations could affect how much the increased airflow during taxi will increase 
the surface temperature. If research capacity is available, additional testing with 
flat plates or ideally full-scale aircraft should be conducted at airports with higher 
elevations. 
 
If research capacity is available, it is recommended that full-scale testing be 
conducted with a better representative aircraft to further substantiate this data.   
 
In the event that this research is not conducted, then interim operational guidance 
should be incorporated into TP 14052E and N8900.335 as to the effects of 
radiation cooling during active frost near LOUT, and how taxi will effect this 
radiation cooling.  
 
Pending, and with support of additional data, consideration should be given to 
restricting operations to temperatures of approximately 1 to 4ºC above the stated 
fluid LOUT for all fluid types in the Active Frost Table; following discussion with 
TC/FAA, it was determined that 2 ºC above the LOUT would be a reasonable 
restriction to be included in the frost holdover time table.   
 
The preceding two guidance changes describe a multi-phase process in which 
operational guidance can be issued in the first year and upon further data 
collection, specific guidance with respect to actual temperature differentials 
expected can be issued in the subsequent year.   
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Photo 14.1: Location of Plate and Temperature Logging Probes 

 
 

 
Photo 14.2: Plate and Temperature Logging Probes 

Roof Temperature Probes 

Plate Temperature Probes 

Plate Temperature Probes 
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Photo 14.3: Type I Fluid Applied over One Side of Plate with Temperature 

Logging Probes 
 
 

 
Photo 14.4: Extra Test with Cessna 172 at Rockcliffe Flying Club

Strip of Type I applied on 
Plate 
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15. COMPATIBILITY OF DIFFERENT FLUID TYPES FROM 
DIFFERENT MANUFACTURERS  

 
 
15.1 Background 
 
It is a common operational practice to use a two-step de/anti-icing fluid application 
in which Type I fluid is first applied to the aircraft (to de-ice) followed by the 
application of Type II or IV fluid (to anti-ice). Operators may use different 
combinations of Type I and Type II/III/IV fluids. 
 
Questions have been raised as to whether the use of different brands of first-step 
Type I fluids, especially those with different chemical bases, have an effect on 
the protection time given by the second-step Type II//III/IV fluid. Type I fluids are 
typically categorized as having one of three chemical bases: ethylene glycol (EG), 
propylene glycol (PG), or non-glycol (NG). 
 
 
15.2 Objective 
 
The objective of this project was to evaluate the impact of using different 
first-step Type I fluids on the endurance times of second-step Type II/III/IV fluids 
when combined as part of a two-step deicing process.  
 
 
15.3 Methodology 
 
Testing was performed in accordance with the standard methodologies for 
conducting natural snow and simulated freezing precipitation endurance time 
testing. This protocol is provided in Aerospace Recommended 
Practice (ARP) 5485. Several additional steps were added to the standard test 
procedure to simulate a two-step application procedure: 
 

a) First, one litre of Type I fluid was applied to the test surface. In simulated 
freezing precipitation fluid was hand-poured at 20°C and in natural snow 
fluid was heated to 60°C and poured using a spreader; 

b) Three minutes later one litre of a Type II/III/IV was applied to the same 
surface; and 

c) Once the second-step fluid was applied, the plate was allowed to run until 
failure. 



15.  COMPATIBILITY OF DIFFERENT FLUID TYPES FROM DIFFERENT MANUFACTURERS 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

140 

Each comparative test run consisted of several tests conducted in the same 
temperature and precipitation conditions. Each test in the comparative test run 
used the same second-step fluid; however, each test in the comparative test run 
used a different brand of first-step Type I fluid. 
 
The full procedure for this testing is can be found in Appendix M. 
 
 
15.3.1 Fluids 
 
A total of ten commercial fluids were used in this testing. The fluids have been 
coded as follows: 

 
• Fluid EUD (EG-based Type I); 
• Fluid GUD (PG-based Type I); 
• Fluid EDI (EG-based Type I); 
• Fluid OSC (PG-based Type I);  
• Fluid IDO (NG-based Type I); 
• Fluid PFN (Type II);  
• Fluid RAK (Type II); 
• Fluid DED (Type IV); and 
• Fluid 0EL (Type IV). 

 
 
15.4 Data Collected 
 
In total, 43 tests were conducted during 15 comparative test runs. For each 
comparative test run, at least one EG first-step fluid and one PG first-step fluid 
were used. Additionally, five of the comparative test runs included a non-glycol 
first-step fluid. Table 15.1 provides a brief description of the data included in each 
column in the test log, which is included as Table 15.2.  
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Table 15.1: Description of Test Log Column Headings 

Column Heading Description 

Run # Unique number identifying each comparative set 

Test # Unique number identifying each individual test 

Date The date the test was performed 

First-step Fluid Type I fluid used in first-step 

Second-step Fluid Type II/IV fluid used in second-step (including dilution) 

Adjusted ET (min) 

The duration of time from the application of the Second-step fluid to 
fluid failure, adjusted for differences in precipitation rates within the 
comparative set; Endurance times were standardized to the average 
rate of all tests in the comparative run. Adjusted endurance time of a 
given test = (Precipitation rate for specific test / Average 
precipitation rate for all tests in comparative run) * Endurance time 
for specific test 

Grouping Average ET 
(min) The average adjusted ET across the entire comparative run 

Difference Relative to 
Grouping Average ET 

The percent difference between the adjusted ET of the test and the 
grouping average ET of the comparative run 

Actual Rate of Precip. 
(g/dm²/h) The measured rate of precipitation during the test 

Ambient Temp (°C) The ambient temperature during the test 

Precipitation Type The type of precipitation under which the test was performed 
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Table 15.2: Log of Compatibility of Different Fluids Test Results 

Run 
# 

Test 
# Date First-step Fluid Second-step Fluid 

(dilution) 

Adjusted  
ET 

(min) 

Grouping 
Average 

ET 
(min) 

Difference 
Relative to 
Grouping 

Average ET  
(%) 

Actual 
Rate of  
Precip 

(g/dm²/h) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

1 

CP01 27-Mar-15 Fluid EDI Fluid PFN (75) 29.8 

29.8 

0.2% 4.6 -10 Freezing Drizzle 

CP02 27-Mar-15 Fluid OSC Fluid PFN (75) 29.4 -1.4% 4.6 -10 Freezing Drizzle 

CP03 27-Mar-15 Fluid IDO Fluid PFN (75) 30.2 1.2% 4.8 -10 Freezing Drizzle 

2 

CP04 26-Mar-15 Fluid EUD Fluid DED (100) 47.3 

44.4 

6.5% 12.5 -10 Freezing Drizzle 

CP05 26-Mar-15 Fluid GUD Fluid DED (100) 46.6 5.1% 12.5 -10 Freezing Drizzle 

CP06 26-Mar-15 Fluid IDO Fluid DED (100) 39.2 -11.6% 12.6 -10 Freezing Drizzle 

3 
CP07 25-Mar-15 Fluid EDI Fluid PFN (75) 27.3 

26.6 
2.6% 12.0 -3 Freezing Drizzle 

CP08 25-Mar-15 Fluid OSC Fluid PFN (75) 25.9 -2.6% 12.0 -3 Freezing Drizzle 

4 
CP09 31-Mar-15 Fluid EUD Fluid PFN (100) 55.8 

54.0 
3.3% 5.0 -14 Freezing Fog 

CP10 31-Mar-15 Fluid GUD Fluid PFN (100) 52.2 -3.3% 5.0 -14 Freezing Fog 

5 
CP11 31-Mar-15 Fluid EUD Fluid RAK (100) 55.3 

51.4 
7.6% 5.4 -14 Freezing Fog 

CP12 31-Mar-15 Fluid GUD Fluid RAK (100) 47.5 -7.6% 5.1 -14 Freezing Fog 

6 
CP13 31-Mar-15 Fluid EDI Fluid DED (100) 90.2 

89.1 
1.2% 5.1 -3 Freezing Fog 

CP14 31-Mar-15 Fluid OSC Fluid DED (100) 88.0 -1.2% 5.0 -3 Freezing Fog 

7 
CP15 26-Mar-15 Fluid EDI Fluid RAK (100) 26.3 

25.3 
4.1% 13.0 -10 Light Freezing Rain 

CP16 26-Mar-15 Fluid OSC Fluid RAK (100) 24.2 -4.1% 12.9 -10 Light Freezing Rain 

8 

CP17 26-Mar-15 Fluid EDI Fluid RAK (75) 18.1 

17.6 

3.1% 25.1 -10 Light Freezing Rain 

CP18 26-Mar-15 Fluid EUD Fluid RAK (75) 18.2 3.4% 24.3 -10 Light Freezing Rain 

CP19 26-Mar-15 Fluid OSC Fluid RAK (75) 18.7 6.0% 24.4 -10 Light Freezing Rain 

CP20 26-Mar-15 Fluid GUD Fluid RAK (75) 16.4 -6.8% 23.9 -10 Light Freezing Rain 

CP21 26-Mar-15 Fluid IDO Fluid RAK (75) 16.6 -5.6% 24.0 -10 Light Freezing Rain 
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Table 15.2: Log of Compatibility of Different Fluids Test Result (cont’d) 

Run 
# 

Test 
# Date First-step Fluid Second-step Fluid 

(dilution) 
Adjusted ET  

(min) 

Grouping 
Average 

ET 
 (min) 

Difference 
Relative to 
Grouping 

Average ET  
(%) 

Actual 
Rate of  
Precip 

(g/dm²/h) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

9 
CP22 27-Mar-15 Fluid EUD Fluid DED (100) 37.8 

37.6 
0.4% 13.1 -3 Light Freezing Rain 

CP23 27-Mar-15 Fluid GUD Fluid DED (100) 37.5 -0.4% 13.1 -3 Light Freezing Rain 

10 

CP24 27-Mar-15 Fluid EUD Fluid PFN (50) 8.7 

8.8 

-1.2% 24.5 -3 Light Freezing Rain 

CP25 27-Mar-15 Fluid GUD Fluid PFN (50) 8.6 -2.1% 25.0 -3 Light Freezing Rain 

CP26 27-Mar-15 Fluid IDO Fluid PFN (50) 8.6 -2.5% 24.6 -3 Light Freezing Rain 

CP27 27-Mar-15 Fluid EDI Fluid PFN (50) 9.1 2.9% 24.4 -3 Light Freezing Rain 

CP28 27-Mar-15 Fluid OSC Fluid PFN (50) 9.1 2.9% 24.4 -3 Light Freezing Rain 

11 

CP29 27-Mar-15 Fluid EUD Fluid RAK (50) 9.7 

10.0 

-3.2% 24.5 -3 Light Freezing Rain 

CP30 27-Mar-15 Fluid GUD Fluid RAK (50) 9.8 -2.5% 25.0 -3 Light Freezing Rain 

CP31 27-Mar-15 Fluid IDO Fluid RAK (50) 10.5 5.1% 24.6 -3 Light Freezing Rain 

CP32 27-Mar-15 Fluid EDI Fluid RAK (50) 10.0 0.1% 24.4 -3 Light Freezing Rain 

CP33 27-Mar-15 Fluid OSC Fluid RAK (50) 10.1 0.6% 24.4 -3 Light Freezing Rain 

12 
CPS1 21-Feb-15 Fluid EUD Fluid PFN (75) 32.5 

31.8 
2.3% 5.3 -9 Natural Snow 

CPS2 21-Feb-15 Fluid GUD Fluid PFN (75) 31.0 -2.3% 5.3 -9 Natural Snow 

13 
CPS3 03-Mar-15 Fluid EUD Fluid RAK (75) 18.6 

18.9 
-1.5% 15.4 -6 Natural Snow 

CPS4 03-Mar-15 Fluid GUD Fluid RAK (75) 19.2 1.5% 15.6 -6 Natural Snow 

14 
CPS5 03-Mar-15 Fluid EUD Fluid PFN (75) 11.5 

11.5 
0.0% 21.3 -5 Natural Snow 

CPS6 03-Mar-15 Fluid GUD Fluid PFN (75) 11.5 0.0% 21.3 -5 Natural Snow 

15 
CPS7 03-Mar-15 Fluid EUD Fluid 0EL (50) 16.3 

15.7 
3.5% 6.9 -5 Natural Snow 

CPS8 03-Mar-15 Fluid GUD Fluid 0EL (50) 15.1 -3.5% 7.1 -5 Natural Snow 



15.  COMPATIBILITY OF DIFFERENT FLUID TYPES FROM DIFFERENT MANUFACTURERS 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

144 

15.5 Analysis and Observations 
 
The test results are shown in Figure 15.1 (simulated freezing precipitation) and 
Figure 15.2 (natural snow). The charts show the endurance times of the 
second-step fluids, which have been adjusted to account for slight variations in 
precipitation rates. Comparative sets of tests have been grouped for easy visual 
comparison and first-step fluid used is indicated by colour. 
 
Specific attention was paid to the effect of using an EG-based first-step fluid vs. 
a PG or NG-based first-step fluid: 
 

• Table 15.3 shows the second-step fluid endurance time results of each 
comparative run separated by first-step fluid base; and 

• Table 15.4 summarizes the relative performance of EG vs. PG vs. NG based 
fluids. 

 
Use of EG-based first-step fluids generally yielded the strongest second-step fluid 
endurance times. The actual change in performance was negligible, however. 
 

• On average, endurance times for second-step fluids paired with EG-based 
first-step fluids exceeded the average endurance time of the comparative 
set by 2.2 percent. The standard deviation for this data set was 
2.7 percent, indicating that there was generally little fluctuation in the 
results. 

• The endurance times of the second-step fluids paired with the PG and 
NG-based first-step fluids underperformed the grouping averages by an 
average of 1.4 percent and 2.7 percent respectively. The standard 
deviations were 2.9 percent and 6.4 percent respectively. 

 
Variance in second-step fluid endurance time performance was consistent across 
natural snow and simulated freezing precipitation; EG-based first-step fluids 
exceeded the average endurance time of the comparative set by an average of 
2.6 percent for tests run in simulated freezing precipitation conditions and 
1.1 percent for tests run in natural snow conditions. 
 
Although the data set as a whole showed relatively little fluctuation there were 
two notable outliers which represent a significant difference in second-step fluid 
endurance time performance: 
 

• Run #2 – When paired with NG Type I fluid IDO, the Type IV fluid’s 
endurance time was 11.6 percent shorter than the grouping average; and 

• Run #5 – When paired with Type I fluid GUD, the Type II fluid’s endurance 
time was 7.6 percent shorter than the grouping average.  
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Figure 15.1: Compatibility of Fluids Results – Freezing Precipitation 

 

 
Figure 15.2: Compatibility of Fluids Results – Natural Snow 
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Table 15.3: Second-Step Fluid Endurance Time Results by First-Step Fluid 
Category 

 
 
 

Table 15.4: Comparison of EG vs. PG vs. Non-Glycol Test Results 

Test 
 Condition 

Number of 
Comparative 
Test Runs 

Difference in Second-Step Fluid Endurance Time Relative to 
Average Endurance Time of Grouping 

EG-Based  
First-Step Fluids 

PG-Based  
First-Step Fluids 

NG-Based  
First-Step Fluids 

% σ % σ % σ 

Freezing 
Precipitation 11* 2.6% 2.8% -1.5% 3.1% -2.7% 6.4% 

Natural Snow   4** 1.1% 2.3% -1.1% 2.3% n/a n/a 

Overall 15 2.2% 2.7% -1.4% 2.9% -2.7% 6.4% 

* NG based first-step fluids were used in only 5 of 11 comparative runs performed in freezing precipitation conditions. 
** NG based first-step fluids were not used for the comparative runs performed in natural snow conditions. 

Run #
Average Adjusted ET For 

EG First-Step Fluids
(min)

Average Adjusted ET For 
PG First-Step Fluids 

(min)

Average Adjusted ET For 
NG First-Step Fluids 

(min)

1 29.8 29.4 30.2

2 47.3 46.6 39.2

3 27.3 25.9 n/a

4 55.8 52.2 n/a

5 55.3 47.5 n/a

6 90.2 88.0 n/a

7 26.3 24.2 n/a

8 18.2 17.5 16.6

9 37.8 37.5 n/a

10 8.9 8.8 8.6

11 9.9 9.9 10.5

12 32.5 31.0 n/a

13 18.6 19.2 n/a

14 11.5 11.5 n/a

15 16.3 15.1 n/a

Net Average 2.2%  σ = 2.7% -1.4%  σ = 2.9% -2.7%  σ = 6.4%

7.6%

% Difference 
From Grouping 

Average ET

0.2%

6.5%

2.6%

3.3%

2.3%

-1.5%

0.0%

3.5%

% Difference 
From Grouping 

Average ET

-1.4%

5.1%

-2.6%

-3.3%

-7.6%

1.2%

4.1%

3.2%

0.4%

0.8%

-1.5%

-2.3%

1.5%

0.0%

-3.5%

% Difference 
From Grouping 

Average ET

1.2%

-11.6%

n/a

n/a

n/a

-1.2%

-4.1%

-0.4%

-0.4%

0.4%

-1.0%

n/a

n/a

n/a

n/a

n/a

n/a

-5.6%

n/a

-2.5%

5.1%
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15.6 Conclusions 
 
No one brand of first-step fluid led to second-step fluids outperforming others to 
a degree that can be considered statistically significant.  
 
The results obtained generally indicate that a given anti-icing fluid can generally 
be paired with different first-step deicing fluids with little expected change in 
performance. However, the presence of outliers suggests that the practice cannot 
be considered totally safe. 
 
 
15.7 Recommendations 
 
It is recommended that fluid manufacturers or anti-icing fluid users (airlines, 
service providers) verify when purchasing new fluids that there is no degradation 
in performance when they are used as part of a two-step procedure. The 
verification can be done on a small subset of the standard set of endurance time 
tests run with new anti-icing fluids. Although not as thorough as actual endurance 
time testing, fluid thickness testing could be an alternate method of evaluating 
performance. 
 
Additionally, it is recommended this guidance be considered for inclusion within 
the current Transport Canada and Federal Aviation Administration holdover time 
guidance materials. 
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16. EVALUATION OF ENDURANCE TIMES ON HIGH ANGLE 
SURFACES: WINGLET RESEARCH 

 
 
16.1 Background 
 
During the winter of 2014-15, the Federal Aviation Administration (FAA) acquired 
a portion of a full-scale Boeing 767 winglet taken from a UPS aircraft that was 
damaged while in service. This winglet was refurbished in March 2015 (not to 
airworthy standards) by M-1 Composites in Montreal and mounted to serve as a 
testing model for some preliminary tests in the winter of 2014-15. Photo 16.1 to 
Photo 16.3 show the before, during, and after of the restoration process.  
 
Due to the late timing of the acquisition and required restoration process, only 
limited testing was possible during the winter of 2014-15. This work, described 
in this chapter, was completed to serve as a starting point for future work 
expected to be done in the winter of 2015-16.  
 
 
16.2 Pre-Testing Considerations 
 
Prior to the start of testing, several aspects of the testing model were taken into 
consideration. The size of the model was approximately 1.0 x 1.8 metres. The 
winglet was cut from an operational aircraft; the section corresponds to the top 
half of the aircraft winglet. The winglet was mounted on a test stand to best 
represent the angles the winglet would typically have on an aircraft (Figure 16.1). 
 
Testing was conducted indoors in light freezing rain with no wind conditions, 
therefore the catch factor on the wing section was dependant on the angle of 
incidence of the droplets; one side of the winglet was exposed while the opposite 
side was not.  
 
 
16.3 Comparative Fluid Thickness Tests (Winglet Thickness) 
 
The objective of this activity was to conduct tests to compare fluid thickness 
decay profiles following de/anti-icing on a winglet versus a 10º plate and 
80º plate. Tests were conducted with Type I and Type IV fluid (one run each) and 
measurements were taken over a 30 minute period. After fluid application, fluid 
thickness was measured at 5, 10, 15 and 30 minutes, and fluid thickness was 
measured at the 15 cm line of the plates and at 15, 45, and 80 cm from the top 
of the winglet (see Figure 16.2).  
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Figure 16.1: Manufacturer Specified Winglet Mounting Angles and Dimensions  

 
 

 
Figure 16.2: Diagram of Winglet with Measurement Locations 

15 cm

45 cm

80 cm
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Testing was conducted in the small end of the chamber outside of the spray area 
at -3°C. The details of the procedure are included in Appendix C (NRC Procedure).  
 
Table 16.1 and Table 16.2 demonstrate the data collected. 
 
The results indicated that the fluid thickness 15 cm from the top of the winglet 
was comparable to the thicknesses measured on the 80º plate. The thickness on 
the winglet tends to increase as you move down the surface. Some ad-hoc 
surveying of the fluid thickness also indicated that the fluid thickness was 
comparable along the top edge of the winglet at a constant distance from the top 
(as demonstrated in Figure 16.3 using 15 cm as an example).  
 
 

Table 16.1: Type I Fluid Thickness Test on Winglet 

Type I Fluid (Brix 19.25) 

Time 
10º Plate 
15 cm line 

(mm) 

80º Plate 
15 cm line 

(mm) 

Winglet  
15 cm from Top 

(mm) 

Winglet  
45 cm from Top 

(mm) 

Winglet  
80 cm from Top 

(mm) 

5-min 0.09 0.04 0.09 0.09 0.06 

10-min 0.04 0.04 0.06 0.09 0.04 

15-min 0.04 0.04 0.04 0.06 0.04 

30-min <0.04 <0.04 0.04 0.06 <0.04 

 
 

Table 16.2: Type IV Fluid Thickness Test on Winglet 

Eco-Shield 100/0 

Time 
10º Plate 
15 cm line 

(mm) 

80º Plate 
15 cm line 

(mm) 

Winglet  
15 cm from Top 

(mm) 

Winglet  
45 cm from Top 

(mm) 

Winglet  
80 cm from Top 

(mm) 

5-min 0.83 0.33 0.33 0.53 0.48 

10-min 0.69 0.29 0.29 0.44 0.38 

15-min 0.64 0.24 0.22 0.33 0.33 

30-min 0.58 0.19 0.22 0.29 0.27 
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Figure 16.3: Example Perimeter of Top Winglet Surface with Similar Thicknesses 
 
 
16.4 Comparative Endurance Time Tests (Winglet ETs) 
 
The objective of this activity was to conduct tests to compare endurance times 
of de/anti-icing fluids on a winglet to those on 10º and 80º plates. Standard 
endurance time testing procedures were followed; the only difference was the 
test surfaces. The 33 percent standard failure on the plate was compared to the 
10 percent failure of the winglet surface. Tests were run in light freezing 
rain, -10°C, 13 g/dm²/h. The experimental set-up included the winglet and a 
stand with 10°, 20°, and 80º aluminum plates. Tests were conducted with Type I 
and Type IV fluid. The details of the procedure are included in Appendix C 
(NRC Procedure). Table 16.3 demonstrates the data collected. 
 
During the first set of tests (Type IV), the winglet failed much earlier than the 
10º plate, as expected. The 80º lasted almost as long as the 10º plate; likely due 
to the lack of wind and resulting catch factor on the plate. In fact, the 20º plate 
best correlated to the winglet; the increase in angle reduced the protection time.  
 
During the second set of tests (Type I), the fluid performance on the winglet was 
comparable to the 10º and 20º plate, indicating that heat, and not fluid thickness, 
may be the primary factor for protection time. The 80º had a slightly longer 
protection time than all surfaces, likely due to the reduced catch factor.   

15 cm 15 cm

15 cm

15 cm

15 cm
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Table 16.3: Winglet Comparative Endurance Time Data 

Test # Fluid Name Surface 
Fail 

Time 
(min) 

AF1 Dow EG106 100/0 10° Al. Plate 81 

AF2 Dow EG106 100/0 20° Al. Plate 50 

W1 Dow EG106 100/0 80° Al. Plate 77 

W2 Dow EG106 100/0 Winglet 31 

W3 Clariant MP I 1938 ECO B:27.5 10° Al. Plate 7 

AF6 Clariant MP I 1938 ECO B:27.5 20° Al. Plate 5 

W4 Clariant MP I 1938 ECO B:27.5 80° Al. Plate 10 

W5 Clariant MP I 1938 ECO B:27.5 Winglet 7 

 
 
The endurance time tests indicated that the results will likely be variable based 
on wind conditions (catch factor) and the type of fluid used. In addition, wind 
orientation will likely have an impact as well. These effects should be investigated 
in future testing.  
 
In both cases, the failure progression followed the same pattern demonstrated in 
Figure 16.4. The failure began on the aluminum leading edge, covered the top 
edge of the winglet, and then progressed downwards. This failure progression 
was in line with the fluid thickness trends and observations.  
 

 
Figure 16.4: Failure Progression on Winglet in Light Freezing Rain 

First Failure 10% Failure Full Failure 
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16.5 General Observations and Future Work 
 
The winglet provided a good platform for investigating fluid coverage and for 
comparative endurance time testing. Results indicated some differences in the 
fluid coverage and endurance time performance of Type I and Type IV fluids on 
the winglet.  
 
It is recommended that testing continue using this model. It is also recommended 
to develop a test plan with input from the FAA, Transport Canada, and possible 
industry. Future testing can use a similar methodology, with consideration also 
given to the following: 
 

• Outdoor snow testing; 

• Testing with both Type I and Type IV fluid or other heated and non-heated 
formulations; 

• Tests simulating different aircraft orientation sequences experienced during 
taxi; and  

• Testing with other vertical surface models.  
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Photo 16.1: Winglet as Received from UPS 

 
 
 

Photo 16.2: Winglet with Putty Fill at M-1 Composites 
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Photo 16.3: Restored Winglet Mounted and Ready for Testing with Dimensions 

1.0
m 

1.8
m 
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17. FORCED AIR LITERATURE AND GUIDANCE REVIEW 
 
In the winter of 2014-15 APS conducted a review of existing literature and 
guidance materials related to the use of forced air fluid application systems and 
resulting holdover time performance. The work is documented in this section. 
 
 
17.1 Objective 
 
The objectives of this project were to: 
 

a) Review and summarize reports documenting historical research conducted 
by APS with respect to forced air application procedures and resulting 
Type II/IV fluid viscosity degradation; 

b) Review existing forced air guidance material available to industry; and  

c) Recommend changes to guidance materials if necessary. 
 
 
17.2 Background 
 
Forced air systems have been in development for more than twenty years. In 
1999-2000, APS authored the Transport Canada (TC) report, TP 13664E, Safety 
Issues and Concerns of Forced Air Systems (9), which first documented possible 
safety issues that could arise from their use. It also identified seven potential 
ways that forced air could be used in de/anti-icing operations: 
 

1) Forced air alone to remove most snow from aircraft surfaces before 
conventional heated fluid deicing; 

2) Forced air with Type II/IV fluid either sprayed over or injected into the air 
stream in a way that allows the use of holdover time (HOT) guidelines; 

3) Forced air with Type I fluid either sprayed over or injected into the air stream 
in a way that allows it to be used as the first step followed by an approved 
application of Type II or Type IV fluid as the second step; 

4) Forced air with Type I fluid either sprayed over or injected into the air stream 
in a way that allows it to be used as the first step followed by Type I fluid 
application in the second step; 

5) Forced air with Type I fluid either sprayed over or injected into the air stream 
in a one-step de/anti-icing process that allows the use of the HOT guidelines; 
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6) Forced air with Type I fluid either sprayed over or injected into the air stream 
to remove frost in a non-active condition; and 

7) Forced air alone to deice an aircraft during non-active precipitation. 
 
The SAE G-12 Aircraft Ground Deicing Equipment Committee subsequently 
proposed a Forced Air Working Group to focus on some of the identified issues. 
Over the next several winters, APS assisted the workgroup to develop test 
procedures to evaluate two possible uses for forced air systems:  
 

a) A procedure to evaluate the use of forced air with Type I fluid used as the 
first step in a two-step de/anti-icing operation (item #3 above); and  

b) A procedure to evaluate the effect of forced air applications on holdover 
times of Type II/IV fluids (item #2 above). 

 
Subsections 17.2.1 and 17.2.2 provide further details on the development of 
these procedures. 
 
 
17.2.1 Type I Procedure 
 
The procedure Type I Fluid Applied Over or Injected into the Forced Air Stream, 
dated November 2001, provides guidance to operators wanting to use forced air 
with Type I fluid as the first step in a two-step de/anti-icing operation. It does not 
evaluate the impact of forced air on Type I holdover times, as it is the second 
step fluid, not the first step fluid, which provides holdover time in a two-step 
operation.  
 
The development of this procedure is documented in the chapter “Development 
of Test Specifications for Forced Air Deicing Systems” in TC report, TP 13999E, 
Three Aircraft Ground Icing Research Activities During the 2001-02 Winter (10).  
 
It should be noted that no procedure has been developed to evaluate and/or 
determine holdover times for Type I fluids applied with forced air. As heat is a 
primary contributor to holdover time for Type I fluids, and the addition of forced 
air leads to the diminishment of heat transfer, it is expected that the use of forced 
air equipment with Type I fluids will not result in applied fluids that achieve the 
holdover times currently published for Type I fluids.  
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17.2.2 Type II/IV Procedure 
 
The procedure Type II/Type IV Fluid Applied Over or Injected Into The Forced Air 
Stream provides a methodology to determine whether holdover times can be used 
when Type II/IV fluid is applied with forced air either sprayed over or injected into 
the air stream. 
 
This procedure went through various versions over a number of years. The first 
version of the procedure, dated June 2002, was developed over the years 2001 
and 2002. Its development is documented in the chapter “Development of Test 
Specifications for Forced Air Deicing Systems” in TC report, TP 13999E, Three 
Aircraft Ground Icing Research Activities During the 2001-02 Winter (10).  
 
Further consultation with regulators and operators led to several modifications 
being made to the Type II/IV procedure and a second version being published in 
December 2003. A detailed account of this history is given in the TC report, 
TP 14380E, A Protocol for Testing Fluids Applied with Forced Air Systems (11). 
At this point, measuring fluid viscosity was accepted as an appropriate method 
of evaluating holdover times of fluids applied with forced air. Version 2.0 of the 
procedure required the viscosity of fluids applied with forced air deicing systems 
to be directly compared to the viscosity of fluids applied with conventional deicing 
systems. Each forced air system/fluid combination would be approved by the 
regulators individually if the viscosities were similar.  
 
As a result of unsuccessful testing in the winter of 2003-04 using the previous 
version of the procedure, further modifications were made during the winter of 
2004-05. These modifications are documented in the TC report, TP 14445E, 
Evaluation of Type IV Fluids Using Forced Air Assist Equipment (12). The key 
changes made were:  
 

1) The approval criterion was changed to evaluate the on-wing viscosity 
degradation relative to the lowest on-wing viscosity (LOWV) in order to 
determine an increase in minimum delivered viscosity to compensate for the 
degradation (rather than a direct comparison to the viscosity of a 
conventionally applied fluid); and 

2) The addition of a requirement to have forced air equipment settings “fixed” 
throughout the testing, and only settings tested would be accepted by the 
regulatory authorities. 

 
These changes resulted in the publication of Version 4.0 in January 2005, which 
is the latest and most current version. A copy of this procedure is included in 
Appendix N.  
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17.3 APS Literature Review 
 
Research and development into the use of forced air for de/anti-icing has been 
ongoing for over twenty years. Several related projects have been conducted by 
APS on behalf of TC and the Federal Aviation Administration (FAA) and have been 
documented in TP reports. The following subsections list these reports and 
provide a brief overview of their contents. Some of this work has already been 
discussed in greater detail in Subsection 17.2. 
 
 
17.3.1 TP 12655E – Forced Air Deicing Trials for the 1994-95 Winter 
 
This study was composed of two separate projects, with the first (Part I) 
addressing the application of hot blown air to remove frost from wing surfaces in 
very cold temperatures, and the second (Part II) evaluating the effectiveness of 
developed equipment using blown air at high velocity to remove snow and ice. 
Details on this study can be found in TC report, TP 12655E, Forced Air Deicing 
Trials for the 1994-1995 Winter (13). 
 
 
17.3.2 TP 13664E – Safety Issues and Concerns of Forced Air Deicing 

Systems (1999-2000) 
 
A research program was conducted to examine safety implications of forced air 
deicing systems. These included the potential for injury to personnel, the potential 
for damage to aircraft and the ability to provide a clean aircraft for takeoff. Trials 
were conducted at the National Research Council Canada Climatic Engineering 
Facility with a commercial forced air deicing system. Details on this study can be 
found in TC report, TP 13664E, Safety Issues and Concerns of Forced Air Deicing 
Systems (9). 
 
 
17.3.3 TP 13999E – Three Aircraft Ground Icing Research Activities 

during the 2001-02 Winter 
 
The SAE G-12 Aircraft Ground Deicing Equipment Committee identified the need 
for an official process for operators to test the use of forced air to assist in certain 
deicing applications and, based on successful outcomes, request approval from 
authorities to use the forced air systems in their deicing operations. Test 
procedures and approval processes were developed for specific forced air deicing 
applications. Details on this work can be found in TC report, TP 13999E, Support 
Activities Related to Deicing Research for the 2001-02 Winter (10). 
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17.3.4 TP 14153E – Endurance Times of Fluids Applied with Forced Air 
Systems (2002-03) 

 
This report examined the need to include the measurement of endurance times 
when examining whether holdover times can be employed for forced air-assist 
applications of SAE Type II/IV fluid. Samples of fluids sprayed with air-assist and 
with the conventional method of application were collected. The samples were 
measured for viscosity, density and endurance time. Details on this study can be 
found in TC report, TP 14153E, Endurance Times of Fluids Applied with Forced 
Air Systems (14). 
 
 
17.3.5 TP 14380E – A Protocol for Testing Fluids Applied with Forced Air 

Systems (2003-04) 
 
In January 2004, APS assisted in forced air testing that was conducted with 
six Type IV fluids and two models of deicing trucks in Rochester, New York. APS 
measured in-situ viscosities of fluids applied with forced air assist and compared 
them to in-situ viscosities of fluids applied conventionally. The viscosities of fluids 
applied with forced air assist were found to be lower than the viscosities of fluids 
applied conventionally. This may have been the result of the forced air equipment 
setup, as these results were not seen in previous test sessions.  Details on this 
study can be found in TC report, TP 14380E, A Protocol for Testing Fluids Applied 
with Forced Air Systems (11). 
 
 
17.3.6 TP 14445E – Evaluation of Type IV Fluids Applied Using Forced 

Air Assist Equipment (2004-05) 
 
Two changes were made to the Type II/IV procedure following the unsuccessful 
2003-04 test session. Using the new test procedure, FedEx conducted tests in 
January 2005 in Pittsburgh with four Type IV fluids and two forced air deicing 
trucks. Following the test session, it was concluded that the new procedure (see 
Appendix N) was an improvement over the previous version of the procedure, and 
that the changes should remain in the procedure for future testing and reference. 
Details on this study can be found in TC report, TP 14445E, Evaluation of Type IV 
Fluids Using Forced Air Assist Equipment (12).  
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17.4 Review of Current Guidance Materials 
 
This section provides a review of the four relevant sources of guidance 
information on the subject of Type II/IV fluids applied using forced air. 
 
 
17.4.1 FAA N8900.275 
 
The FAA document N 8900.275 “Revised FAA-Approved Deicing Program 
Updates, Winter 2014-2015” includes some guidance for the use of Forced Air 
Deicing Systems. Section 11 of the document titled “Alternative Deicing Systems 
(Forced Air Deicing Systems (FADS))” provides general information and 
precautionary guidance for operating with these systems.  
 
More specifically, Section 11.3 provides guidance with respect to fluid viscosity 
degradation and how to verify if a system is adequately applying fluid without 
degradation: 
 

“Before using Type II or Type IV fluid-specific or generic HOTs each operator must 
demonstrate, by spraying and viscosity testing, that its equipment, or equipment 
operated by other parties to deice/anti-ice the operator’s aircraft is capable of 
applying these fluids without excessive shearing, such that they would no longer 
meet lowest on-wing viscosity (LOWV) requirements. The lowest acceptable 
delivered viscosity can be determined by multiplying the LOWV by the ratio of the 
fluid viscosity in the storage device divided by the fluid viscosity from the forced 
air spray sample recovered from the wing, and for Types II and IV fluids, rounded 
up to the nearest 500 mPas. 
 
Note: Use the manufacturer’s viscosity test method from Table 6 in the HOT 
tables while conducting these or similar tests.” 

 
This guidance is based on the latest version of the Type II/IV test procedure (see 
Subsection 17.2.2, copy of procedure included in Appendix N). It is recommended 
that the details of the testing procedure be included as well, or at a minimum, the 
procedure itself should be referred to for future reference. It is recommended that 
the FAA guidance be harmonized with TC guidance.  
 
 
17.4.2 TC TP 14052E  
 
The TC document TP 14052E “Guidelines for Aircraft Ground Icing Operations” 
includes some guidance for the use of Forced Air Deicing Systems. 
Section 10.13.4 of the document – “Forced Air Systems” – provides general 
information and precautionary guidance for operating with these systems.  
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More specifically, Section 10.13.4.3 c) provides general guidance with respect to 
fluid viscosity degradation. However, no specific protocol is provided to verify if 
a system is adequately applying fluid without degradation: 
 

“Forced air with Type II and/or Type IV fluids injected in the air stream, or applied 
over the air stream. 
 
The combination of anti-icing fluid and high speed forced air introduces some new 
concerns as well as some benefits. 
 
The anti-icing fluids must be handled correctly in order to retain their viscosity 
characteristics. One of the effects of injecting Type II & IV fluids into a high speed 
air stream is that of shear. If these fluids are sheared significantly they lose some 
of their viscosity. 
 
The significance of this shear concern is that if the fluids are sheared excessively, 
the HOT values will not be valid for the fluid. 
 
Excessive foaming is also a significant issue. 
 
It is anticipated that the concern about loss of viscosity will be addressed as 
forced air system design and operation are advanced.” 

 
This guidance is currently deficient in that it does not provide a protocol for 
verifying if a system is adequately applying fluid without degradation; the 
guidance is mostly based on the 1999-2000 research conducted by APS. It is 
recommended that the TC guidance be updated to include the system verification 
protocol for fluid viscosity evaluation in accordance with Appendix N or, at a 
minimum, include an overview and refer to the source of the full procedure. It is 
also recommended that the guidance be harmonized with FAA guidance.  
 
 
17.4.3 SAE AIR 6284 
 
The SAE document Aerospace Information Report (AIR) 6284 “Forced Air or 
Forced Air/Fluid Equipment for Removal of Frozen Contaminants” includes some 
guidance for the use of Forced Air Deicing Systems. Section 4.3 of the document 
titled “Fluid Performance” provides general information with respect to fluid use. 
 
More specifically, Section 4.3.2 provides guidance with respect to fluid viscosity 
degradation and how to verify if a system is adequately applying fluid without 
degradation: 
 

“Testing of the Type II and IV fluid (AMS 1428 Fluids) viscosities shall be 
performed to ensure the forced air mechanism does not degredate (shear) the fluid 
lower than the lowest on wing viscosity if the application is to be used for 
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anti-icing. This degradation appears to be influenced by the velocity and pressure 
of the forced air stream and the distance.” 

 
This guidance is currently deficient in that it does not provide a clear protocol for 
verifying if a system is adequately applying fluid without degradation; the 
guidance is mostly based on the 1999-2000 research conducted by APS. It is 
recommended that AIR 6284 be updated to include the system verification 
protocol for fluid viscosity evaluation in accordance with Appendix N or, at a 
minimum, to include an overview and refer to the procedure.  
 
 
17.4.4 SAE Global Deicing Methods with Fluids (Rewrite of ARP 4737) 
 
The SAE document “Global Deicing Methods with Fluids,” which is a rewrite of 
Aerospace Recommended Practice (ARP) 4737, includes very limited guidance for 
the use of Forced Air Deicing Systems. Section 6.1 of the document titled 
“Deicing” provides only information with respect to pre-deicing:  
 

“Ice, slush, snow, or frost may be removed from aircraft surfaces by fluids or 
mechanical methods, alternate technologies or combinations thereof. 
 
NOTE: Alternate technology may be used to accomplish the deicing process, 
provided that the requirements in Section 7 are accomplished. 
 
NOTE: Pre-step process to be done prior to deicing/anti-icing. 
 
A pre-step process prior to the deicing process, in order to remove large amounts 
of frozen contamination (e.g. snow, slush or ice), may be considered to reduce 
the quantity of glycol-based deicing fluid that is needed. 
 
This pre-step process may be performed with various means (e.g., brooms, forced 
air, heat, heated water, heated fluids with negative buffer freezing point). If the 
pre-step procedure is used, make sure that the subsequent deicing process 
removes all frozen contamination including the contamination that may have 
formed on surfaces and or in cavities due to the pre-step process.” 

 
This guidance in ARP 4737 is currently deficient and provides only limited 
information with respect to forced air deicing systems. It is recommended that 
the Global Deicing Methods with Fluids document be updated to include additional 
information, or at a minimum refer to the relevant SAE, TC, and FAA documents.   
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17.5 Type I Fluid Application with Forced Air 
 
Although not the primary objective of this project, in the process of reviewing the 
forced air guidance material for Type II/IV fluids, the guidance for Type I fluids 
was briefly reviewed as well. It was observed that a similar situation to the 
Type II/IV fluids exists with respect to the use of Type I fluids with forced air 
deicing systems for pre-deicing and deicing: the four relevant sources of 
information do not provide the same guidance. The different sources provide 
conflicting information with respect to the use of Type I fluids with forced air as 
a deicer/anti-icer, as well as to the amount of heat being provided by these 
systems. Holdover times cannot be provided for Type I fluids applied with forced 
air due to the diminishment of heat transfer from the heated Type I fluid to the 
aircraft critical surface. As the heat transfer is a primary contributor to holdover 
times for Type I fluids, it is expected that the use of forced air equipment with 
Type I fluids will not result in applied fluids that achieve the currently published 
Type I holdover times. 
 
It is recommended that, similar to the Type II/IV related guidance, guidance for 
Type I use with forced air be harmonized amongst the four sources of guidance. 
 
 
17.6 Approval Criteria from Current Type II/IV Procedure 
 
Appendix N includes the current version of the procedure for evaluating Type II/IV 
fluid applied over a forced air stream. This procedure includes details for 
conducting the evaluation. The approval criteria have been included in this section 
for ease of reference.  
 
As described in the test procedure, a formula must be applied to determine if a 
forced air system will be accepted for use with a specific fluid. This formula 
calculates the lowest acceptable delivered viscosity (LADV) of the fluid. A fluid 
must have a viscosity at or above the LADV when it is delivered to ensure its 
viscosity will not go below the LOWV when it is applied with the forced air 
system. Holdover times may be shorter than indicated in the holdover time tables 
if fluids have a viscosity below the LOWV. 
 
The LADV formula is based on the ratio of fluid viscosity reduction applied to the 
LOWV. The LADV is calculated as follows: 
 

a) LADV = LOWV  x        Fluid Viscosity in Tote      . 
  Air Assisted On-Wing Viscosity 

 
b) The calculated value is rounded up to the nearest even 500 mPa.s. 
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c) The acceptable range of delivered fluid viscosity for use of holdover time 
guidelines with forced air will be from the lowest viscosity derived from the 
formula in a) and b) to the high end of the manufacturer’s delivery range. 

 
 
17.7 Conclusions and Recommendations 
 
A literature review of APS reports and the four relevant sources of guidance for 
forced air times has concluded the guidance materials include varying details as 
to the expected procedures to follow when verifying if a forced air system is 
affecting Type II/IV fluid viscosity.  
 
Although not the primary objective of this project, it was observed that a similar 
situation exists with respect to the use of Type I fluids with forced air deicing 
systems for pre-deicing and deicing; the four relevant sources of information do 
not provide the same guidance.  
 
It is recommended that guidance for evaluating forced air systems being used 
with Type II/IV fluids and with Type I fluids be prepared, common to all 
authorities, and referenced in the related SAE documents. This guidance should 
do the following: 
 

a) Include the details from the latest procedure for evaluating Type II/IV fluid 
viscosity degradation with forced air systems (see Appendix N); 

b) Provide consistent guidance with respect to Type I use as a deicer or 
pre-deicer in conjunction with forced air; and 

c) Harmonize the guidance to facilitate referencing by operators. 
 
Future activities should focus on disseminating the current findings to regulators 
and stakeholders and, through consultation, make the required changes to the 
current guidance materials.  
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18. FROST REGRESSION EQUATIONS 
 
 
18.1 Background 
 
Regression analysis is a statistical tool used to determine and quantify the 
relationship between different variables within a given data set. Once a regression 
model has been established for a data set, a dependent variable can be predicted 
based on the value of one or more independent variables. 
 
Regression analysis is the standard analysis methodology used to generate 
regression curves for fluid endurance time performance in natural snow and 
simulated freezing precipitation conditions. The curves are used to determine the 
values provided in the holdover time tables and by holdover time determination 
systems (HOTDS) to calculate holdover times (dependent variable) when the 
values of certain independent variables are known (generally rate and/or 
temperature). 
 
Questions were raised by the industry as to whether a regression-like model could 
be used to accurately predict active frost holdover times using real-time weather 
data that is available to pilots and other operators. HOTDS can easily calculate 
real-time precipitation rate for natural snow and freezing precipitation conditions 
for use with a regression curve; however, there is currently no method for active 
frost conditions.  
 
Frost accretion rate is dependent on a variety of weather factors; wind speed, 
temperature, cloud cover, and relative humidity are all thought to have an effect 
on the formation of frost. 
 
 
18.2 Objective 
 
The objective of this project was to analyse the feasibility of using regression 
methodology with the existing frost test data set to establish regression curves 
for active frost holdover times. For this it is necessary to create a regression 
model that can accurately predict frost accretion rates using measurable 
environmental factors as independent variables. 
 
 
18.3 Analysis – Standard Regression Model 
 
For the first part of the analysis, standard holdover time regression methodology 
was applied to frost data and the results were analysed to determine the impact 
of temperature and frost accretion rate on endurance time. 
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A data base of historic frost endurance time test results was compiled for this 
analysis (see in Appendix O). The data base consisted of all tests conducted with 
current test protocols using fluids listed in the winter 2014-15 holdover time 
guidelines. For the standard regression methodology analysis, a subset of the data 
base was used: Type I fluids tested on aluminum surfaces where fluid failure 
occurred. This data set was chosen specifically due to the large amount of failed 
tests for Type I fluids relative to Type II/III/IV fluids. 
 
The data set was initially subjected to regression analysis with test endurance 
time as the dependent variable and frost accretion rate as well as ambient 
temperature as the independent variables. The statistical indicators for this 
analysis revealed that ambient temperature of a test was not significantly related 
to its endurance time; the calculated p-value for ambient temperature was very 
high (value of 0.81) and typically 0.05 or lower is taken to indicate there is a 
statistically significant relationship. This was expected as Type I fluids are tested 
diluted to a freezing point 10°C below the ambient temperature. The analysis was 
then performed again using frost accretion rate as the only independent variable, 
resulting in strong statistical indicators. 
 
Figure 18.1 shows the endurance times of the Type I active frost tests run to 
failure plotted against their corresponding rate of frost accretion (precipitation).  
 

 
Figure 18.1: Active Frost Type I Regression Curve 
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The curve shows that Type I active frost endurance time has a strong correlation 
with rate, as expected. Although there is a fairly recognizable grouping of data 
points at the different temperature bands (indicated by the colour of the individual 
points on the graph), the results of the previous regression analysis indicated that 
temperature was not strongly correlated with endurance time. This therefore 
would suggest that temperature has some correlation with the rate of frost 
accretion. 
 
It should be noted that in order to generate similar curves for Type II/III/IV fluids, 
additional failed test data would be required. This is because all Type I fluids 
generally perform the same and can be analysed as one data set; Type II/III/IV 
fluids do not all perform the same and need to be analysed as individual data sets. 
Tests with Type II, III, and IV fluid brands are also typically limited to a few points 
per brand and failures often do not occur. Additionally, it is unlikely that the 
relationships between rate, temperature and endurance time would be as 
straightforward for these fluid types due to the existence of freeze point failures. 
These failures are not observed in Type I tests as the fluid is buffered to a set 
freezing point (10°C below the ambient temperature) for testing. 
 
 

18.4 Analysis – Regression Model to Predict Frost Accretion Rate 
 
In order to be able to use a regression curve to generate an endurance time for a 
given scenario, the independent variables in the scenario must be known. For the 
example of a standard natural snow or freezing precipitation curve, this means 
that the rate of precipitation and ambient temperature must be known in order for 
the holdover time to be calculated. Although the curve shown in Figure 18.1 
appears at first glance to be usable with slight modifications, current HOTDS do 
not have the capability to calculate frost accretion rate in real-time (some may 
only be able to indicate if active frost is present). Therefore, in order to use the 
above curve, a relationship between the frost accretion rate and measurable 
environmental factors must be established. 
 
The second part of the analysis was therefore to attempt to find a regression 
model that could accurately predict frost accretion rate (dependent variable) using 
several easily measurable environmental factors as independent variables. The 
following environmental factors are thought to affect the formation of frost: 
 

• Ambient temperature 
• Wind speed 
• Relative humidity 
• Cloud cover 

 
Given that there is no numerical value to cloud cover (and also that all APS frost 
tests are assumed to have been performed in clear conditions) this factor was 
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discarded and the remaining factors served as the focal points for attempting to 
find a suitable model to predict frost accretion rate.  In some of the attempted 
models frost point delta (difference in temperature between the ambient 
temperature and the frost point) was used in lieu of relative humidity. 
 
Regression analysis was then performed on different subsets of the available 
active frost data using different combinations of the environmental factors 
selected. The goal was to achieve a model which would yield strong statistical 
indicators (high R-squared value, low p-values for independent variables and a low 
F-value). The benchmark targets for the indicators were an R-squared value of 
greater than 0.50, individual variable p-values of less than 0.05 and an overall 
F-test value of less than 0.05. 
 
Table 18.1 lists a summary of the attempted regression models and their 
corresponding statistical indicators. Each indicator has been graded based on their 
results as either poor (falling well below the target benchmarks described above), 
weak (approaching but not exceeding the target benchmarks), or fair (exceeding 
the target benchmarks).  
 

Table 18.1: Frost Accretion Rate Regression Models 

Model 
# Data Set Used 

Variables Used Regression Model Performance Indicators 

Dependent 
Variable 

Independent 
Variable(s) 

R-squared 
(adj) P-values F-test 

1  Type I fluids Rate Wind Speed 
Frost point delta Poor Poor 

Poor Poor 

2  Type I fluids log(Rate) log(Wind speed) 
log (Frost point delta) Poor Weak 

Poor Poor 

3  All fluid types Rate Wind Speed 
Frost point delta Poor Fair 

Weak Fair 

4  All fluid types log(Rate) log(Wind speed) 
log(Frost point delta) Poor Fair 

Fair Fair 

5  Type I fluids Rate 
OAT 

Wind speed 
Relative humidity 

Weak 
Fair 
Poor 
Poor 

Fair 

6  Type I fluids log(Rate) 
log(OAT) 

log(Wind speed) 
log(Relative humidity) 

Weak 
Weak 
Poor 
Fair 

Fair 

7  Type I fluids log(Rate) log(OAT) 
log(Relative humidity) Weak Poor 

Fair Fair 

8  All fluid types Rate 
OAT 

Wind speed 
Relative humidity 

Weak 
Fair 
Poor 
Poor 

Fair 

9  All fluid types log(Rate) 
log(OAT) 

log(Wind speed) 
log(Relative humidity) 

Weak 
Poor 
Poor 
Fair 

Fair 

10  All fluid types log(Rate) log(OAT) 
log(Relative humidity) Weak Poor 

Fair Fair 



18.  FROST REGRESSION EQUATIONS 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

171 

Although several models showed acceptable results for some of the statistical 
indicators being used, no one model achieved consistently strong results across 
all indicators. A visual representation of one of the models is provided for 
reference in Figure 18.2. 
 
 

 
Figure 18.2: Frost Accretion Rate Regression Model #4 
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variables at the “rate-cycle” level (i.e. one data point for each variable at each 
time the active frost rate was measured). This would represent a much more 
involved analysis as each existing data point would be subdivided into as many 
as 20 data points. It was deemed that for the purposes of this initial investigation 
into frost regression models that the “full-duration” data analysis was suitable; 
however, the “rate-cycle” analysis could be considered for the future. 
 
 
18.5 Conclusions 
 
Type I frost endurance times are dependent on precipitation rate. Although the 
regression analysis performed on the Type I active frost failed test data generated 
a promising regression curve, it can only be used when the rate of frost accretion 
is known. Additional failed data for fluid types II/III/IV would be necessary in order 
to generate similar curves for these fluid types. 
 
Current attempts to model the relationship between the frost accretion rate and 
measurable environmental factors have produced inconsistent results. It is 
possible that a more in-depth analysis may yield a stronger model. 
 
 
18.6 Recommendations 
 
It is recommended that future attempts to model the relationship between the 
frost precipitation rate and environmental factors using individual rate-cycle 
measurements as opposed to average value over test duration measurements for 
the variables in question. There would be value to exploring this topic further if 
resources permit as active frost situations comprise approximately one third of 
deicing operations worldwide. 
 
It is also recommended that increased emphasis be placed on obtaining failed 
active frost test data for fluid types II/III/IV. This would improve the usable data 
set for potential future frost regression equation analysis. 
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19. FROST HOLDOVER TIMES: CURRENT AND OBSOLETE 
DATA ANALYSIS 

 
This section describes the analysis completed to update the data base of frost 
holdover time data and determine if it contains sufficient data to substantiate and 
potentially modify the generic frost holdover times. 
 
 
19.1 Background 
 
The active frost holdover time (HOT) table was initially developed based on an 
extrapolation of the results of high humidity endurance time tests conducted as 
part of the fluid certification process. During the SAE G-12 Holdover Time 
Committee meeting in Toulouse, France, in May 2000, APS was asked to conduct 
a comprehensive series of tests for all the frost conditions in the SAE HOT 
Guidelines using several fluids.  
 
APS conducted endurance time testing in simulated frost conditions at the Institut 
de Recherche d’Hydro-Quebec (IREQ) during the 2000-01 testing season. The 
tests were conducted in accordance with the proposed Aerospace Recommended 
Practice (ARP) 5485 procedure for measuring fluid endurance times in frost 
conditions. It was noted during this testing however that the environmental 
conditions specified in ARP 5485 did not produce the desired frost rates and that 
further research was necessary. 
 
During the 2001-02 testing season additional work was done at IREQ to attempt 
to determine test conditions that would produce the desired frost intensities at 
the various test temperatures in a laboratory setting. Ultimately, the desired 
parameters proved to be non-reproducible and it was determined that outdoor 
field work in natural conditions would be necessary. 
 
Following some preliminary outdoor testing in the winter of 2002-03 using Type I 
fluids it was recommended that Type II/III/IV fluids also have their active frost 
holdover time values substantiated through outdoor testing in natural frost 
conditions. This recommendation was accepted by the SAE G-12 HOT working 
group in September 2003 and a natural frost outdoor testing project began in the 
winter of 2003-04. Over the next six winter testing seasons natural frost tests 
were conducted and a new, more conservative frost holdover time table was 
developed based on the data collected. 
 
The fluids used in this initial substantiation of the active frost holdover times were 
fluids that were commercially available at the time; however, many of these fluids 
have since become obsolete. The question was raised as to whether removing 
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the obsolete fluid data from the data set would leave sufficient data to 
re-substantiate the frost holdover times. It has also been asked whether this could 
result in changes to the existing holdover times (as several poor performing fluids 
used in the initial substantiation have now become obsolete). 
 
 
19.2 Objective 
 
The objectives of this project were to: 
 

a) Create an updated “current” frost data base by identifying and removing 
obsolete data and adding new data to the frost data base used in the 
original substantiation of the frost HOT table values; 

b) Evaluate the validity of the updated frost data base (i.e. determine if it has 
sufficient data to substantiate the frost HOT table values); and 

c) Compare the currently valid frost data to the existing frost holdover times 
and determine the potential for updates. 

 
 
19.3 Methodology 
 
This section describes the methodology used to complete the analyses. 
 
 
19.3.1 Validating HOTs with Current Data Set 
 
The first part of the work consisted of reviewing all natural frost data collected 
to determine how many valid points exist for each cell in the active frost HOT 
table. A valid point is defined as any test that meets one of the following criteria: 
 

1) Test was run until fluid failure; or 

2) Test was terminated prior to fluid failure but the duration of the test 
exceeded the applicable generic frost holdover time. 

 
All tests were additionally categorized as either “current” or “obsolete”. Current 
fluids are those included in the winter 2014-15 Transport Canada (TC) and Federal 
Aviation Administration (FAA) HOT guidelines. Obsolete fluids are no longer 
commercialized, four years has passed since their qualifications have expired, and 
subsequently they have been removed from the HOT guidelines. 
 
Tests were also flagged as either “historic” or “new”. Historic tests were those 
performed during the initial substantiation project from 2003-04 until 2008-09. 
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New tests are those performed after this period. It is important to note that both 
the “historic” and “new” data sets contain some tests that are “obsolete”.  
 
The data set consisting of all currently valid tests was then evaluated to determine 
if there are sufficient current data points to support holdover time table 
substantiation or if specific cells have data deficiencies. Particular attention was 
paid to whether there is good coverage across all temperature bands, fluid types 
and fluid concentrations. 
 
 
19.3.2 Expansion of HOTs with Current Data Set 
 
The second part of the work was to examine the currently valid data points to 
determine if there are particular cells where the generic holdover times are too 
conservative and could potentially be extended. This analysis was primarily 
completed with tests satisfying criteria #1 (allowed to run to failure). These tests 
are a better indicator of fluid performance, as opposed to tests that did not fail, 
as they give more accurate detail on how long a given fluid will last in active frost 
conditions. However, only 28 of the 118 valid current data points actually reached 
failure. Due to the relative lack of failed data points, consideration was also given 
to valid tests where failure was not reached but where the test duration exceeded 
the associated generic holdover time. 
 
The results of all of the natural frost tests that have been conducted have been 
combined into one master log. The log can be found attached in Appendix O. 
 
 
19.4 Analysis 
 
This section describes the analysis completed with the data. 
 
 
19.4.1 Current vs. Historic Active Frost Holdover Time Substantiation 
 
Table 19.1 shows the total number of historic data points. These were collected 
during the initial active frost holdover time substantiation project (2003-04 to 
2008-09). Each data point consists of a frost test that was either run to failure 
or that did not fail but exceeded the associated generic holdover time. The table 
is subdivided by temperature band, fluid concentration and fluid type in order to 
indicate the amount of valid data points were available for each cell of the active 
frost holdover time table. 
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Table 19.1: Active Frost Data Points – Historic Data Set 

OAT (°C) Fluid 
Concentration 

Historic Data Points 

Type I Type II Type III Type IV 

-1 and Above 

100/0 

4 

4 1 6 

75/25 3 1 2 

50/50 2 2 7 

Below -1 to -3 

100/0 

6 

0 0 0 

75/25 2 0 2 

50/50 2 0 2 

Below -3 to -10 
100/0 

14 
13 6 20 

75/25 15 2 12 

Below -10 to -14 
100/0 

15 
5 2 10 

75/25 17 2 12 

Below -14 to -21 100/0 13 13 7 25 

Below -21 to -25 100/0 1 0 0 0 

Totals 53 76 23 98 

 
 
Since the completion of the initial substantiation project, several of the fluids used 
for frost testing have become obsolete. The following fluids are now no longer on 
the TC/FAA list of fluids, were flagged as “obsolete,” and removed from the 
“current” data set: 
 

• Clariant Safewing MP II 2025 ECO (Type II); 
• Kilfrost ABC 2000 (Type II); 
• Kilfrost ABC II+ (Type II); 
• Xi’An KHF-II (Type II); 
• Clariant Safewing MP IV 2001 (Type IV); 
• Clariant Safewing MP IV 2012 (Type IV); 
• Clariant Safewing MP IV 2030 ECO (Type IV); 
• Dow UCAR Ultra+ (Type IV); 
• Kilfrost ABC-S (Type IV); and 
• Octagon Maxflo (Type IV). 

 
In addition, since the initial substantiation was completed, additional “new” frost 
data points have been collected. These were added to the “current” data set. 
 
Table 19.2 shows the breakdown of frost data points collected to date, including 
the historic data and new data (both current and obsolete data points). Table 19.3 
shows the breakdown of the data points in the “current” data set, which is 
comprised of all frost tests run with fluids that are still “current”.  
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Table 19.2: All Active Frost Data Points – Current and Obsolete Fluids 

OAT (°C) Fluid 
Concentration 

All Data Points 

Type I Type II Type III Type IV 

-1 and Above 

100/0 

8 

4 6 6 

75/25 5 1 3 

50/50 7 5 8 

Below -1 to -3 

100/0 

6 

4 0 0 

75/25 6 0 7 

50/50 7 0 9 

Below -3 to -10 
100/0 

14 
19 7 23 

75/25 24 5 18 

Below -10 to -14 
100/0 

18 
13 5 15 

75/25 29 4 16 

Below -14 to -21 100/0 23 14 12 29 

Below -21 to -25 100/0 2 1 0 1 

Totals 71 133 45 135 

 
 

Table 19.3: Active Frost Data Points – Current Fluids Only 

OAT (°C) Fluid 
Concentration 

Current Data Points 

Type I Type II Type III Type IV 

-1 and Above 

100/0 

8 

0 6 0 

75/25 2 1 1 

50/50 5 5 1 

Below -1 to -3 

100/0 

6 

4 0 0 

75/25 4 0 5 

50/50 6 0 7 

Below -3 to -10 
100/0 

14 
9 7 7 

75/25 11 5 6 

Below -10 to -14 
100/0 

16 
8 5 1 

75/25 10 4 1 

Below -14 to -21 100/0 17 7 12 10 

Below -21 to -25 100/0 2 1 0 1 

Totals 63 67 45 40 
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The current data set overall has fewer data points than the historic data set used 
for initial substantiation. Although there is more Type I and Type III data, there 
are fewer Type II (9 fewer) and Type IV (58 fewer) fluid data points. The large 
decrease in Type IV data can be attributed to the large number of Type IV fluids 
that have become obsolete since the initial substantiation project was completed. 
While it is not necessarily critical to have an equivalent number of valid data points 
in the current set relative to the historic set, it is important to have a good 
distribution of valid data points across the various temperature bands and 
concentrations. 
 
A good benchmark to target is two valid tests per holdover time table cell. Several 
cells are lacking in current data and additional testing to cover these gaps should 
be considered for the upcoming testing season. It should be noted that similar 
gaps in data existed in the historic data set and the gaps in the current data are 
not considered a cause for concern over the validity of the existing holdover times  
 
Table 19.4 shows a breakdown of the cells which should be targeted for 
additional data acquisition during the 2015-16 testing season. 
 
 
Table 19.4: Active Frost Data Acquisition Targets for 2015-16 Testing Season 

OAT (°C) Fluid 
Concentration 

Cells to Target for Data Acquisition 

Type I Type II Type III Type IV 

-1 and Above 

100/0 

 

   

75/25    

50/50    

Below -1 to -3 

100/0 

 

   

75/25    

50/50    

Below -3 to -10 
100/0 

 
   

75/25    

Below -10 to -14 
100/0 

 
   

75/25    

Below -14 to -21 100/0     

Below -21 to -25 100/0     

Cells with diagonal shading should be targeted for additional data acquisition. 
Cells with no shading have an adequate current data set. 
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19.4.2 Review of Current Data and Existing Active Frost Generic HOTs 
 
The second objective of the analysis was to determine if any changes to the 
generic active frost HOTs could be supported. The goal was to identify cells of 
the active frost HOT table for which multiple valid tests that were run to failure 
exist (e.g. Type II Fluids – Below -1°C to -3°C - Neat). The endurance time of 
each of these applicable tests was then compared to the existing generic active 
frost holdover time. If for a given cell there are multiple failed tests where all of 
the measured endurance times far exceed the existing generic holdover time, then 
it is possible that a change to the existing generic times could be supported. 
Table 19.2 contains the number of tests reviewed for this analysis.  
 
 
19.4.2.1 Type I Fluids 
 
Type I fluids were omitted from this analysis as the Type I active frost generic 
holdover time is not a candidate for extension. Extensive work on Type I fluid 
endurance time in active frost was done previously; for details refer to TC Report, 
TP 14938E, Substantiation of Aircraft Ground Deicing Holdover Times in Frost 
Conditions (15). 
 
 
19.4.2.2 Type II Fluids 
 
Table 19.5 lists the endurance times of all current Type II active frost tests run 
to failure as well as notable long did not fail (DNF) tests for all fluid dilutions and 
temperature bands. Also given are the corresponding generic HOTs for 
comparison purposes.  
 
There is one failed Type II data point in the “-1°C and Above” temperature band 
that had an endurance time of only 103 minutes, well below the corresponding 
generic holdover time of 180 minutes. This would suggest that this test is in 
violation of the holdover time guidelines. However, during the later portion of the 
test, the ambient temperature dropped below -1°C. The endurance time of 
103 minutes does surpass the lower temperature band’s (-1°C to -3°C) generic 
holdover time of 90 minutes. This would suggest that the early failure was due 
to a change in temperature and was not a result of an overly aggressive generic 
holdover time. Moreover, there exist several long “did not fail” tests for this 
temperature and dilution of Type II fluids (endurance times of 273 and 
338 minutes respectively) which would further serve to show that there is no 
immediate cause for concern. 
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There is generally much more failed active frost test data available for Type II 
fluids in comparison with Type IV fluids (likely due to the reduced protection time 
generally offered by Type II fluids). 
 
 

Table 19.5: Type II Failed Active Frost Data Point Analysis Table 

Temp Band: -1°C and Above 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None None 480  No 

75/25 None 348, 343 300  No 

50/50 103  338, 273, 183, 180 180  Yes 

      

Temp Band: Below -1°C to -3°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None 694, 659, 522, 520 480  Yes 

75/25 None 521, 520, 381, 366 300  Yes 

50/50 191, 125, 114, 113 456, 380 90  No 

      

Temp Band: Below -3°C to -10°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat 628  749, 724, 620, 618, 
618, 609, 601, 599 480  Yes 

75/25 557, 523, 401 619, 617, 615, 600, 
598, 563, 384, 382 300  Yes 

      

Temp Band: Below -10°C to -14°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat 716, 551 644, 530, 491, 491, 
464, 462 360  Yes 

75/25 592, 439, 395, 268, 152 491, 491, 463, 461, 254 60  Yes 

      

Temp Band: Below -14°C to -21°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat 637, 622, 481, 479 678, 361 360  Yes 

      

Temp Band: Below -21°C to -25°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None 217  120  No 
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19.4.2.3 Type III Fluids 
 
Table 19.6 lists the endurance times of all current Type III active frost tests run 
to failure as well as notable long DNF tests for all fluid dilutions and temperature 
bands. Also given are the corresponding generic HOTs for comparison purposes. 
The existing data set for Type III fluids is limited; however, all of the failures 
observed did greatly exceed their corresponding generic HOT. If more data could 
be gathered in the future, it is possible that there would be a strong case for 
extending the Type III generic HOTs across the board. 
 
It is important however to also consider that the majority of the existing Type III 
data (41 of 45 data points) was collected using Clariant Safewing MP III 2031 
ECO. This fluid tends to have shorter endurance times than the other Type III fluid 
currently on the market (AllClear AeroClear Max). Additionally, the Clariant fluid 
is expected to become obsolete within the next few years which will leave very 
little valid Type III data. Obtaining more data using AllClear AeroClear Max would 
serve to both maintain the current data set for Type III and to aid in supporting 
potential generic holdover time extensions. 
 
 
19.4.2.4 Type IV Fluids 
 
Table 19.7 lists the endurance times of all current Type IV active frost tests run 
to failure as well as notable long DNF tests for all fluid dilutions and temperature 
bands. Also given are the corresponding generic HOTs for comparison purposes. 
 
There are only four total valid tests that reached failure for the Type IV fluids 
across all fluid dilutions/temperature bands. The longer protection time offered by 
Type IV fluids is like the primary reason why failed tests are less prevalent. It is 
again fairly likely that several of the listed generic active frost HOTs for Type IVs 
are conservative given the presence of many long DNF tests. 
 

It is difficult to firmly recommend extensions to times in the existing generic active 
frost holdover time table due to the overall lack of failed test data. The majority 
of valid current tests were stopped after surpassing the existing generic holdover 
time and the tests were logged as DNFs. This is often due to time constraints and 
the relative difficulty of finding viable conditions for a frost event that last long 
enough to bring fluids to failure. 
 

Additional consideration must also be given to the influence of worst-performing 
fluids on the generic holdover times. For any situation where an extension to an 
existing generic holdover is being considered, it is necessary to have data 
supporting the change from tests using the suspected worst-performing 
commercial fluids respective to the fluid type. As the worst performing fluids 
determine the generic holdover times, they must consequently also be the primary 
indicator of a generic time’s suitability for extension.  
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Table 19.6: Type III Failed Active Frost Data Point Analysis Table 

Temp Band: -1°C and Above 

Fluid 
Dilution 

Endurance Times of 
Failed Points (minutes) 

DNFs 
(minutes) 

Generic HOT 
(minutes) 

Evidence 
for 

Expansion? 

Neat 280 335, 334, 152, 151, 
145 120 Yes 

75/25 310 None 60 Yes 
50/50 179, 114, 102, 84 335 30 Yes 

  
    

Temp Band: Below -1°C to -3°C 

Fluid 
Dilution 

Endurance Times of 
Failed Points (minutes) 

DNFs 
(minutes) 

Generic HOT 
(minutes) 

Evidence 
for 

Expansion? 
Neat None None 120 No 

75/25 None None 60 No 
50/50 None None 30 No 

  
    

Temp Band: Below -3°C to -10°C 

Fluid 
Dilution 

Endurance Times of 
Failed Points (minutes) 

DNFs 
(minutes) 

Generic HOT 
(minutes) 

Evidence 
for 

Expansion? 

Neat 592, 556, 541, 489, 
350, 273  726 120 Yes 

75/25 458, 442, 352, 127 230 60 Yes 

  
    

Temp Band: Below -10°C to -14°C 

Fluid 
Dilution 

Endurance Times of 
Failed Points (minutes) 

DNFs 
(minutes) 

Generic HOT 
(minutes) 

Evidence 
for 

Expansion? 
Neat 629, 579, 518, 446 459 120 Yes 

75/25 415, 300, 212, 116 None 60 Yes 

  
    

Temp Band: Below -14°C to -21°C 

Fluid 
Dilution 

Endurance Times of 
Failed Points (minutes) 

DNFs 
(minutes) 

Generic HOT 
(minutes) 

Evidence 
for 

Expansion? 

Neat 599, 556, 321, 321  756, 681, 680, 467, 
438, 324, 307, 306 120 Yes 

  
    

Temp Band: Below -21°C to -25°C 

Fluid 
Dilution 

Endurance Times of 
Failed Points (minutes) 

DNFs 
(minutes) 

Generic HOT 
(minutes) 

Evidence 
for 

Expansion? 
Neat None None 120 No 
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Table 19.7: Type IV Failed Active Frost Data Point Analysis Table 

Temp Band: -1°C and Above 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None None 720 No 

75/25 None 361 300 No 

50/50 None 363 180 Yes 
      

Temp Band: Below -1°C to -3°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None None 720 No 

75/25 None 523, 384, 378, 376, 
365 300 Yes 

50/50 227, 204 457, 455, 454, 377, 
375 180 No 

      

Temp Band: Below -3°C to -10°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None 813, 748, 725, 662, 
648, 643, 603 600 Yes 

75/25 None 625, 602, 564, 562, 
561, 387 300 Yes 

      

Temp Band: Below -10°C to -14°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None 460 360 Yes 

75/25 None 286 60 No 
      

Temp Band: Below -14°C to -21°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat 618, 598 772, 680, 679, 633, 
469, 468, 379, 369 360 Yes 

      

Temp Band: Below -21°C to -25°C 
Fluid 

Dilution 
Endurance Times of Failed 

Points (minutes) 
DNFs 

(minutes) 
Generic HOT 

(minutes) 
Evidence for 
Expansion? 

Neat None 247 240 No 
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19.5 Conclusions 
 
The currently valid frost data set is lacking data in several cells relative to the 
historical data set that was used in the initial substantiation of the frost holdover 
times. When using two valid current data points as a benchmark to target, several 
cells of the active frost holdover time table are lacking data in the current data 
set (refer to Table 19.4 for a breakdown of cells where additional data acquisition 
should be considered). 
 
Although there are some cells lacking data in the current data set, it is not an 
immediate cause for concern. The majority of the current frost tests that reached 
failure demonstrate endurance times that exceed their respective generic holdover 
time (in many cases greatly exceed). 
 
Upon comparing the existing active frost generic holdover times to the current 
valid frost data failed test endurance times it appears that there several cells 
where the existing generic time is overly conservative. If a more robust data set 
were to be collected with a strong emphasis on both obtaining data using the 
suspected worst-performing fluids (respective to fluid type) and running active 
frost tests to failure (or for a duration that greatly exceeds generic holdover times) 
it is likely that many of these generic holdover times could be extended.  
 
 
19.6 Recommendations 
 
Based on this analysis it is recommended that future active frost testing be 
focussed on the conditions/cells in which data is lacking, as outlined in 
Table 19.4. 
 
It is also recommended that when new fluids are received for HOT testing that 
they undergo active frost testing targeting two data points per available fluid 
dilution and across multiple temperature bands. New fluid testing is currently done 
to ensure they meet the minimum standards outlined by the generic tables; 
however, a more rigorous protocol would ensure that the current active frost data 
set remains robust as older fluids become obsolete. 
 
Future testing should also place additional emphasis in attempting to get fluid 
failure data. Obtaining additional failed test data would aid in supporting future 
revisions to existing generic active frost holdover times in the future. For Type IV 
fluids where failure can be difficult to achieve, test durations should exceed the 
generic holdover times by as long as possible. Additionally, emphasis should be 
placed on obtaining data with the suspected worst-performing fluids respective 
to each fluid type as this would be critical for supporting potential generic 
holdover time extensions. 
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20. HOT RANGE EXPLANATORY DOCUMENT 
 
This section describes guidance information that was written to provide users a 
better understanding of the lower and upper values provided in the holdover time 
(HOT) tables. 
 
 
20.1 Background 
 
HOT guidelines are developed based on testing parameters that are specific to 
aircraft ground icing operations. These parameters have, in some cases, been 
modified over the years. In some cases, they have differed from routine weather 
report provided at fixed intervals (METAR) defined conditions in order to better 
represent ground icing scenarios.  
 
Industry has requested an informational document to allow better interpretation 
of the HOTs and to better understand how these values are generated. At the 
request of Transport Canada (TC) and the Federal Aviation Administration (FAA), 
APS has compiled preliminary document content to better explain the parameters 
on which HOTs are based, and to aid in the interpretation of the current HOT 
Guidelines for operators based on available meteorological information.  
 
 
20.2 Possible Repository for Guidance 
 
The following section (Subsection 20.3) includes the details of the holdover time 
range explanatory document. The following are possible repositories for the 
guidance: 
 

• For TC: Include in TP 14052E between Section 11.1.3 and 11.1.4. Could 
consider replacing Section 11.1.4 altogether with some additional work. 

• For FAA: Suitable location to be determined but could be in N8900.275. 
 
Other locations, including a stand-alone informational document, could also be 
considered.  
 
 
20.3 Precipitation Rate Limits Associated with Fluid HOTs 
 
Upper and lower precipitation rate limits are an important part of the test 
methodology for measuring fluid endurance times, which are in turn used to 
develop HOTs. Precipitation rate is the intensity at which precipitation is falling 



20.  HOT RANGE EXPLANATORY DOCUMENT 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

186 

and is measured in g/dm²/h. HOTs depend on precipitation rate; the higher the 
precipitation rate, the shorter the HOT. The METAR reported weather and 
intensity can be referenced when selecting appropriate fluid HOTs; however, 
caution is required as the reported weather may not be directly linked to the 
precipitation intensities used to develop the fluid HOTs. It is important for pilots 
to consult their operations manuals on the approved procedure for using HOTs 
when operating using METAR reported weather.  
 
The purpose of this guidance is to provide users and operators with information 
on how HOTs are developed and on what weather information the HOT 
parameters were based. For example, often this question comes up: “The HOT 
tables show two times for light freezing rain conditions. What is the difference 
between the two HOT values?”. This documentation will aid in determining the 
source and relevance of the information provided in the HOT tables. 
 
Table 20.1 provides the meteorologically accepted definitions of weather 
phenomenon / precipitation types. It also includes the criteria used to determine 
precipitation intensity. This table was compiled by the National Center for 
Atmospheric Research (NCAR) from the World Meteorological Organization Guide 
to Meteorological Instruments and Methods of Observation (1983) and from the 
American Meteorological Society, Glossary of Meteorology WSOH # 7 Manual of 
Surface Weather Observations (MANOBS) (3/94). The precipitation rate limits 
established for fluid endurance time testing are provided in Aerospace 
Recommended Practice (ARP) 5485 and ARP 5945 and represented graphically 
in Figure 20.1. 
 
Subsections 20.3.1 to 20.3.7 provide detailed definitions and explanations of the 
precipitation types and rate boundaries used in endurance time testing; however, 
it should be noted that in many cases these limits do not directly correlate to the 
meteorologically accepted definitions. It is the ultimately the responsibility of the 
pilot to ensure that the operator’s approved procedures are used when operating 
in HOT conditions with METAR reported weather. 
 
 
20.3.1 Frost 
 
Frost (also referred to as hoar frost), forms when air with a dew point temperature 
below freezing is brought to saturation by cooling. Frost is a deposit of 
interlocking ice crystals formed by direct sublimation on objects. 
 
FROIN is used to report frost on the ice accretion indicator and can be included 
in the METAR as part of general aviation remarks. METAR reported weather does 
not assign intensity to frost. 
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Table 20.1: Definition of Weather Phenomenon 

 
 
 

 
Figure 20.1: Precipitation Rate Limits Used in Endurance Time Testing 
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Research has been conducted to evaluate natural frost accretion rates. The results 
have indicated that rates vary greatly during an overnight frosting session, and 
intensity may vary based on temperature, relative humidity, wind speed, and other 
meteorological parameters. This research has indicated that frost rates can reach 
0.3 g/dm²/h at warmer temperatures and typically the intensity decreases at 
colder temperatures.  
 
The current frost HOTs are generic for each fluid type and serve as a conservative 
estimate of fluid protection time. Testing is done in natural conditions to 
substantiate the generic values; therefore, data will encompass a random 
collection of accretion rates of 0.3 g/dm²/h or below. As a result, there are no 
target rate limits for endurance time testing in natural frost. The HOTs are 
generally conservative; therefore, limited testing is required with new fluids to 
validate and substantiate the frost HOTs. The frost test protocol will be included 
in future versions of ARP 5485 and ARP 5945.  
 
Frost HOTs are provided as single values dependant on the outside air temperature 
(OAT): the HOTs are based upon the most conservative (coldest) temperature in 
each OAT range. 
 
 
20.3.2 Freezing Fog 
 
Freezing fog consists mainly of super-cooled droplets that usually deposit rime or 
glaze on objects or surfaces with below freezing temperatures. 
 
METAR reported weather identifies freezing fog (FZFG) as an obscuration to vision 
of ½ SM or less; however, it does not assign intensity to freezing fog. 
 
The precipitation rate limits for freezing fog were determined with input from 
meteorologists from the National Research Centre Canada (NRC), who helped 
define an important parameter in the study of fog referred to as the Liquid Water 
Content (LWC). The LWC, expressed in density terms as the mass of water in 
grams contained in one cubic metre of air, can generally assume values in the 
range of 0.2 to 0.6 g/m3. The precipitation rate for fog, referred to as fog 
deposition or simply as deposition, is given by the empirical expression: 
 

Deposition = LWC x Wind Velocity x Sin 10° x Collection Efficiency 
 
Where the sin 10° term accounts for the 10° inclination of the test plates into 
the direction of the wind. 
 
For a plate in conditions of fog with a 0.6 g/m3 LWC, a wind velocity of 6 km/h, 
and a collection efficiency of 80 percent, a deposition of 5 g/dm2/h is obtained. 
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For an aircraft taxiing at 12 km/h relative to the same wind in a 0.6 g/m3 LWC 
fog, a collection efficiency of 40 percent might be expected in this situation, and 
again a deposition rate equal to 5 g/dm2/h is achieved. 
 
The meteorological circumstances (LWC value and wind speed) and the speed 
and orientation of the airfoil relative to the wind (stationary or taxiing) contribute 
to uncertainties in the values that the variables in the equation can assume.  
 
The upper and lower HOTs for freezing fog were determined subjectively from 
test data in previous years. It was agreed (at the 1997 Chicago SAE G-12 
Holdover Time Committee meeting) that the lower and upper HOTs for fog be 
evaluated at rates of 5 g/dm2/h and 2 g/dm2/h, respectively.  
 
A subsequent study to quantify freezing fog deposition rates was conducted by 
APS Aviation. The tests indicated that there is a relationship between visibility 
and deposition rates. As visibility dropped, a significant increase in deposition rate 
was observed. The rates measured ranged from 0.1 g/dm2/h for 457 m (1500 ft.) 
of visibility to 2.5 g/dm2/h for 46 m (150 ft.) of visibility. These results indicate 
are that the selected rates for the laboratory tests of 2 g/dm2/h (lower rate used 
to measure endurance time) and 5 g/dm2/h (higher rate used to measure 
endurance time) appears to be conservative. The Canadian Air Regulations 
(CARS 624.14 and 725.34) indicate that the lowest actual visibility limit for 
departures under instrument meteorological conditions is 183 m (600 ft.). This 
visibility correlates to a rate of 0.7 g/dm²/h. One other issue related to freezing 
fog endurance times is that the HOTs for Type II and IV fluids are typically greater 
than one hour. It is rare for aircraft to taxi for periods longer than one hour. The 
data from the two static tests conducted showed that the rates are much lower 
in a static condition suggesting that the rates of 2 and 5 g/dm²/h are conservative. 
 
Freezing fog HOTs are provided as a range of times: the shorter HOT is associated 
with the higher rate of 5 g/dm2/h and the longer HOT is associated with the lower 
rate of 2 g/dm2/h. These parameters are considered conservative. The range of 
HOTs is also dependant on the OAT, and based upon the most conservative 
(coldest) temperature in the respective temperature band. The HOTs are based on 
fluid endurance time testing data conducted indoors in controlled simulated 
conditions therefore data is collected at the target limits. 
 
 
20.3.3 Freezing Drizzle 
 
Freezing drizzle is defined as fairly uniform precipitation composed exclusively of 
fine drops of water (diameter less than 0.5 mm). Freezing drizzle drops are too 
small to cause appreciable ripples on the surface of still water. The drops appear 
almost to float in the air making visible even slight movements of the air. The 
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drops freeze on impact with the ground or with other objects at or near the earth's 
surface. 
 
METAR reported weather will indicate light drizzle (-DZ), moderate drizzle (DZ), 
or heavy drizzle (+DZ). The light freezing drizzle (-FZDZ) and moderate freezing 
drizzle (FZDZ) METAR report best correspond to the longer HOT value in the cell, 
whereas the heavy freezing drizzle (+FZDZ) METAR report best corresponds to 
the shorter HOT value in the cell.  
 
The precipitation rate limits for endurance time testing in freezing drizzle are 
5 and 13 g/dm2/h. The 5 g/dm²/h lower precipitation limit for endurance time 
testing was based on the lower limit precipitation rate associated with METAR 
reported heavy drizzle. The 13 g/dm²/h upper precipitation limit for endurance 
time testing was adopted based on discussions with meteorological experts and 
aircraft operators in the SAE G-12 HOT Committee. Heavy freezing drizzle is 
defined by METAR as greater than 5 g/dm²/h, and light freezing rain is defined as 
less than 25 g/dm²/h. MANOBS indicates that when the rate-of-fall for liquid or 
freezing precipitation exceeds 10g/dm²/h, the precipitation should be classified as 
rain or freezing rain rather than drizzle or freezing drizzle. It was suggested by the 
G-12 meteorological experts and aircraft operators that at a rate of 13 g/dm²/h or 
greater (the mid-point of light freezing rain), the droplet size would likely no longer 
be representative of drizzle but more representative of rain, therefore it was 
selected as the top end of drizzle; this was in line with MANOBS. This range 
corresponds to the meteorologically defined heavy drizzle and has been chosen 
to provide aircraft operators with a greater margin of safety.  
 
Freezing drizzle HOTs are provided as a range of times of which the shorter HOT 
is associated with the higher rate of 13 g/dm2/h and the longer HOT is associated 
with the lower rate of 5 g/dm2/h. The range of HOTs is also dependant on the 
OAT, and based upon the most conservative (coldest) temperature in the 
respective temperature band. The HOTs are based on fluid endurance time testing 
data conducted indoors in controlled simulated conditions therefore data is 
collected at the target limits. HOTs do not exist below -10ºC as the occurrence 
of freezing drizzle below this temperature is very rare. These results have been 
demonstrated as part of a Winter Weather study of Canadian Airports, see TC 
report, TP 15268E, Winter Weather Impact on Holdover Time Table 
Format (1995-2014) (16). 
 
 
20.3.4 Light Freezing Rain 
 
Freezing rain is defined as precipitation of liquid water particles, either in the form 
of drops of larger diameter than 0.5 mm, or of smaller widely scattered drops, 
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the drops of which freeze on impact with the ground or with other objects at or 
near the earth's surface.  
 
METAR reported weather will indicate light freezing rain (-FZRA), moderate 
freezing rain (FZRA), or heavy freezing rain (+FZRA). Only the light freezing rain 
METAR report has corresponding HOT values.  
 
The precipitation rate limits for endurance time testing in light freezing rain are 
13 and 25 g/dm2/h. This range corresponds to the METAR defined category of 
light freezing rain and is the only freezing rain category considered, as operations 
in periods of moderate or heavy freezing rain are deemed unsafe. This was 
considered operationally acceptable as most freezing rain occurrences are in light 
conditions, as was demonstrated as part of a Winter Weather study of Canadian 
Airports, see TC report, TP 15268E (16). The 25 g/dm2/h upper precipitation limit 
for endurance time testing was selected based on the upper precipitation rate 
associated with METAR reported light freezing rain. The 13 g/dm2/h lower 
precipitation limit for endurance time testing was selected as based on the 
midpoint of METAR reported light freezing rain and deemed appropriate through 
discussions with meteorological experts and aircraft operators in the SAE G-12 
HOT Committee.  
 

Light freezing rain HOTs are provided as a range of times of which the shorter 
HOT is associated with the higher rate of 25 g/dm2/h and the longer HOT is 
associated with the lower rate of 13 g/dm2/h. The range of HOTs is also 
dependant on the OAT, and based upon the most conservative (coldest) 
temperature in the respective temperature band. The HOTs are based on fluid 
endurance time testing data conducted indoors in controlled simulated conditions 
therefore data is collected at the target limits. HOTs do not exist below -10ºC as 
the occurrence of light freezing rain below this temperature is very rare. These 
results have been demonstrated as part of a Winter Weather study of Canadian 
Airports included in TC report, TP 15268E (16). 

 
 
20.3.5 Rain on a Cold-Soaked Surface 
 
Rain on a cold-soaked surface is defined as precipitation of liquid water particles, 
either in the form of drops of larger diameter than 0.5 mm, or of smaller widely 
scattered drops, the drops of which freeze on a surface which is cooled and 
cold-soaked to a temperature below freezing. 
 
Cold-soaked wings may be experienced by aircraft that land with very cold fuel 
in wing tanks. During rain, drizzle of fog, or in conditions of high humidity, clear 
ice may form on the wing. This hazard may occur unexpectedly while outside air 
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temperatures are above freezing and typically produces clear ice that is very 
difficult to see. There is a risk that a thick layer of ice may form, be dislodged 
during take-off and be ingested by rear-mounted engines. 
 
METAR reported weather will indicate light rain (-RA), moderate rain (RA), or 
heavy rain (+RA). The light rain METAR report best corresponds to the longer 
HOT value in the cell, whereas the moderate rain METAR report best correspond 
to the shorter HOT value in the cell. 
 
The precipitation rate limits for rain on cold-soaked surface are 5 and 75 g/dm2/h. 
This range encompasses the light and moderate ends of freezing drizzle and 
freezing rain conditions: drizzle (5 to 13 g/dm2/h), light rain (13 to 25 g/dm2/h), 
and moderate rain (25 to 75 g/dm2/h).  
 
Based on research conducted on full-scale aircraft as well as laboratory tests it 
was concluded that the tested cold-soaked boxes filled with -10ºC fluid do provide 
a satisfactory representation of aircraft wings, and can be used to establish fluid 
holdover times for cold-soaked wings. The principal influences on time to fluid 
failure were found to be the precipitation rate and the temperature of the test 
surface. The influence of box size (for the sizes tested) was not significant. 
Further details on this research can be found in TC report, TP 12899E, Validation 
of Methodology for Simulating a Cold-Soaked Wing (17). 
 
The HOTs are provided as a range of times of which the shorter HOT is associated 
with the higher rate of 75 g/dm2/h and the longer HOT is associated with the 
lower rate of 5 g/dm2/h. The range of HOTs is also dependant on the OAT, and 
based upon the most conservative (coldest) temperature in the respective 
temperature band. The HOTs are based on fluid endurance time testing data 
conducted indoors in controlled simulated conditions therefore data is collected 
at the target limits. 
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20.3.6 Snow 
 
Snow is defined as precipitation of mainly hexagonal ice crystals, most of which 
are branched (star-shaped). The branched crystals are sometimes mixed with 
unbranched crystals. At temperatures higher than about -5°C, the crystals are 
generally clustered to form snowflakes. 
 
METAR reported weather will indicate light snow (-SN), moderate snow (SN), or 
heavy snow, (+SN) however the intensity of precipitation is better defined by the 
METAR reported visibility in statute miles (SM) during snow conditions. The 
reported visibility should be used in conjunction with the “Visibility in Snow vs. 
Snowfall Intensity” table included in the HOT Guidelines to determine the snowfall 
intensity corrected for daylight or darkness visibility and temperature. The 
corrected snow intensity will include an additional intensity of very light, as well 
as the light, moderate, or heavy snow. Runway Visual Range (RVR) cannot be 
used for determining visibility in snow conditions, however visual aids (such as 
poles) can be used to determine visibility; refer to Sub-Paragraph 11.1.4.1 a) 
“Estimating the Precipitation Rate” of TP 14052E for more information on this 
subject. 
 
The precipitation rate limits used for endurance time testing in snow are 3, 4, 
10 and 25 g/dm²/h. These rate limits encompass very light (3-4 g/dm²/h), 
light (4-10 g/dm²/h) and moderate (10-25 g/dm²/h) snow intensities.  
 
The rate limits of 10 g/dm²/h and 25 g/dm²/h were proposed by meteorological 
experts and aircraft operators in the SAE G-12 HOT Committee. As the 
development of HOTs progressed, further resolution of the light snow range was 
requested by industry; initially to benefit from longer Type I HOTs, but later 
incorporated for Type II/III/IV as well. Based on snow precipitation rate frequency 
of occurrence data from a Winter Weather study of Canadian Airports (see TC 
report, TP 14777E (1)) the rate of 4 g/dm²/h was selected as a good cut-off for 
very light snow. It should be noted that prior to the selection and agreement by 
the SAE Committee and the Regulatory Authorities of the 4 g/dm²/h precipitation 
rate described above, the FAA used a rate of 5 g/dm²/h to determine the upper 
value in the light snow column, and TC used a rate of 3 g/dm²/h. The common 
rate of 4 g/dm²/h was selected primarily in an attempt to harmonize the holdover 
time guidelines as much as possible. The range of 3-4 g/dm²/h was later selected 
in order to provide a range of HOTs rather than a single value. The rate limits used 
to develop holdover times do not correspond to the snowfall intensities reported 
by METAR, therefore it is important to use the visibility in snowfall to correct for 
intensity and to be able to select the correct HOT.  
 
The HOTs are provided as a range of times of which the HOTs are associated 
with the higher and lower rate in each cell. The higher and lower HOTs are 
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associated with the rate of 3 g/dm2/h and 4 g/dm2/h for very light snow, 4 g/dm2/h 
and 10 g/dm2/h for light snow, and 10 g/dm2/h and 25 g/dm2/h for moderate 
snow. Rates greater than 25 g/dm²/h are considered heavy snow and HOTs do 
not exist for this condition. The range of holdover times is also dependant on the 
OAT, and the range of HOTs is based upon the most conservative (coldest) 
temperature in the respective band. Testing is done in natural conditions, 
therefore data will encompass a random collection of precipitation rates. As a 
result, there are no target rate limits for endurance time testing in natural snow 
conditions; the data collected is analysed (regression) to develop HOTs.  
 
 
20.3.7 Ice Pellets, Small Hail, and Ice Pellets or Small Hail Mixed with 

Other Precipitation Types 
 
Ice pellets are defined as precipitation of transparent or translucent pellets of ice 
that are spherical or irregular, rarely conical, having a diameter of 5 mm or less. 
The pellets of ice usually bounce when hitting hard ground and make a sound on 
impact. Unlike snow pellets, ice pellets are not opaque or easily crushable and 
may fall continuously as well as in showers. 
 
METAR reported weather will indicate light ice pellets (-PL), moderate ice 
pellets (PL), or heavy ice pellets (+PL). Only the light and moderate ice pellet 
METAR report corresponds to the ice pellets allowance times; no guidance exists 
for heavy ice pellets.  
 
Ice pellets are frozen pieces that once embedded in the fluid take significantly 
longer to dissolve as compared other precipitation types such as snow which is 
immediately absorbed and dissolved. The standard HOT protocol did not apply for 
operating with ice pellets, therefore specific allowance times were developed.  
 
The allowance times were developed as single value conservative estimates of 
fluid protection time. Light ice pellet allowance times are associated with the rate 
of 25 g/dm2/h, and moderate ice pellet allowance times are associated with the 
rate of 75 g/dm2/h; these rate limits were based on the METAR reported 
intensities for this precipitation type. The allowance times are dependent on the 
OAT, and the time is based upon the most conservative (coldest) temperature in 
the respective temperature band. The allowance times are based on aerodynamic 
and static flat plate testing data conducted indoors in controlled simulated 
conditions therefore data can be collected at the target limits.  
 
Through analytical research, it was determined that the light ice pellet allowance 
times could also be applicable to small hail. Several years after the initial 
development of the ice pellet allowance time table, the guidance was changed to 
include small hail; small hail was treated similar to light ice pellets.  
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Allowance times also exist for ice pellets mixed with other precipitation types and 
are representative of the upper rates for each of the precipitation types mixed 
with ice pellets (light freezing drizzle, moderate freezing drizzle, light freezing rain, 
light rain, moderate rain, light snow, and moderate snow) and based upon the 
most conservative (coldest) temperature in the respective temperature band. 
 
 
20.4 HOT Regression Equations Used by HOTDS 
 
Holdover Time Determination Systems (HOTDS) have the ability to determine the 
real-time rate of precipitation. Temperature is also recorded in real-time. These 
parameters are used by the HOTDS to determine HOTs. Using real-time data can 
provide more operational flexibility; the HOT will be derived using the regression 
equations and actual precipitation and temperature data. This is in comparison to 
the HOT ranges published in the guidelines, which are based on upper and lower 
rate limits and the most conservative temperature in the band. These regression 
equations are available for most fluids, dilutions, and conditions, and are available 
to all HOTDS manufacturers. 
 
 
20.5 Differences in Regulatory Guidance 
 
Every year, modifications are made to the HOT guidelines based on winter testing 
and discussions at the annual SAE G-12 meetings. Following these meetings, TC 
and FAA worked together to publish updated HOT guidance material in the 
summer/fall for the following winter season. Association of European 
Airlines (AEA) uses the TC/FAA documents as the basis of their publication; EASA 
does not publish separate guidance. Other areas of the world are governed by 
their local authority and typically will reference or use either the TC or FAA 
guidance.  
 
Each governing authority may have differences when developing HOTs and 
supporting guidance. These differences exist mainly due to the interpretation of 
the guidance with respect to local rules and regulations.  
 
In recent years, a significant effort has been made to harmonize the HOT guidance 
amongst TC and FAA, and this work is still continuing to progress. For these 
reasons, it is important for pilots to consult their operations manuals on the 
approved procedure for using HOTs as differences do exist based on the 
governing authority.  
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20.6 Conclusions and Recommendations  
 
At the request of TC and FAA, APS has compiled a preliminary document to better 
explain the parameters on which HOTs are based, and to aid in the interpretation 
of the current HOT Guidelines for operators based on available meteorological 
information. It is recommended this guidance be included in TP 14052E and 
N8900, or alternatively that a stand-alone informational document be issued for 
distribution to industry.   
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21. FLUID APPLICATION GUIDANCE 
 
 
21.1 Background 
 
In order for anti-icing fluid to achieve optimal holdover time performance, a 
minimum level of fluid thickness must be applied to the critical surfaces. 
Insufficient coverage can lead to reduced protection time of uncertain duration.  
 
APS had previously conducted research to evaluate fluid thickness profiles with 
different fluid brands and dilutions. The work found that different brands and 
dilutions of anti-icing fluids produce different on-surface thicknesses. At a certain 
point, adding additional fluid does not produce additional thickness on a surface, 
because the fluid runs off due to gravity. 
 
The exact level of fluid surface thickness needed is not universally agreed upon; 
various sources of information provide different guidance. Different sources quote 
different numbers, with some guidance materials not providing any specific 
targets at all. 
 
There has recently been renewed industry interest in potentially developing 
universal guidance associated with fluid application quantities, particularly due to 
inconsistencies in the guidance currently available. 
 
 
21.2 Objective 
 
The objective of this project was to review existing industry guidance related to 
fluid application quantities and the previous work done by APS on fluid application 
thicknesses to determine if universal, specific guidance can be provided. This 
report covers primarily Type II, III and IV fluids. 
 
 
21.3 Existing Fluid Application Guidance 
 
This section will review guidance on fluid application quantities that has been 
issued by the following entities: 
 

• Transport Canada: TP 14052E and the Holdover Time Guidelines; 
• Federal Aviation Administration (FAA): N8900.326; 
• SAE International: SAE ARP 4737H; 
• Fluid Manufacturers: (Manufacturer Product Literature); and 
• Association of European Airlines (AEA): AEA Training Material. 
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21.3.1 Transport Canada TP 14052E – Guidelines for Aircraft Ground 
Icing Operations 

 
TP 14052E (published by Transport Canada) stipulates that a thickness layer 
between 1-3 mm is required for a typical ethylene based Type IV fluid. It also 
advises that a minimum of two litres of fluid are required to attain a fluid thickness 
of 2 mm on one square metre of surface. More fluid can be required to attain the 
target thickness if the fluid is improperly applied. No specific amount or thickness 
level is quoted for deicing; it instead states the critical surface that is being de-iced 
must be fully free of contaminants before deicing can be considered complete. 
 
The document also warns against the dangers of excessive anti-icing fluid 
application. Excess application can lead to tarmac surfaces becoming slippery, 
creating a safety hazard. Additionally, all accumulated fluid on the ground must 
be cleaned up and disposed of in a safe and environmentally friendly manner 
which can increase operating costs. 
 
 
21.3.2 Transport Canada Holdover Time Guidelines 
 
The Transport Canada Holdover Time Guidelines indicate that to achieve Type I 
holdover times, a minimum of 1 litre per square metre of heated fluid must be 
applied to surfaces that have been deiced. 
 
No specific target thickness or minimum application quantities are given for 
anti-icing fluids. It is stated that using an insufficient amount of anti-icing fluid 
can result in a substantial loss of holdover time, particularly during two-step 
applications. 
 
 
21.3.3 N8900.326 – Revised FAA-Approved Deicing Program Updates, 

Winter 2015-2016 
 
N8900.326 makes mention of the fact that surfaces that are anti-iced must be 
covered with an adequate coating of fluid to maintain their published holdover 
times. No specific target thickness is indicated; however, it is noted that several 
passes of the fluid spray may be required to achieve proper coverage.  
 
The document prescribes use of a visual check to confirm sufficient anti-icing 
fluid application quantity. It states that after application, fluid should be running 
off of any sloped surfaces in considerable quantity and running off of any flat 
surfaces as well. Additionally, any Type I deicing fluid previously should be 
completely displaced. 
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21.3.4 SAE Aerospace Recommended Practice (ARP) 4737H 
 
ARP 4737H states that for deicing a minimum of 1 litre of heated fluid per square 
metre is necessary. 
 
There is no specific mention of quantities for fluid application for anti-icing fluids 
within this document. The language stresses that an even layer of sufficient 
thickness should be applied on all critical surfaces; however, no specific volumes 
of fluid or thickness level targets are given. A visual check is mentioned as a 
method of confirming sufficient fluid quantity (fluid should begin to run off the 
leading and trailing edges after application). 
 
 
21.3.5 Fluid Manufacturer Product Literature 
 
The fluid application guidance provided in the product literature of an ethylene 
glycol based Type IV fluid (currently on the market) was also examined. The 
literature recommends a target surface thickness of 1 to 3 mm post application. 
Application of at least 1 litre of fluid per square metre is recommended in order 
to reach the minimum thickness of 1 mm. 
 
The literature also warns against excessive application, due to both the safety 
hazard caused by accumulation on the tarmac as well as the unnecessary waste 
generated. 
 
General product literature from a second manufacturer was also examined. It does 
not recommend a specific target thickness for their anti-icing products, instead 
advising that a sufficient application level has been reached when the fluid is seen 
dripping from the leading and trailing edges of the wing. 
 
 
21.3.6 Association of European Airlines Training Document 
 
The AEA publishes a training document including reference tables providing 
suggested anti-icing fluid spray amounts for various aircraft and their critical 
surfaces. The document does not specify fluid type or dilution; general quantities 
are given to be used for all types and dilutions. An extract of these reference 
tables is shown below in Table 21.1.  
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Table 21.1: AEA Recommended Fluid Application Volumes Table Extract 

 
 
 
The general guideline provided is to target a minimum of 1 mm thickness on the 
surface being sprayed. One litre per square metre is the volume stated as 
necessary to achieve this thickness, plus an overspray factor to offset imperfect 
application. The overspray factor applied varies depending on the size of the 
aircraft being sprayed (the larger the aircraft, the smaller the overspray factor) 
and is shown in the “Category” column. As an example, a category “D” aircraft 
has an overspray factor of 35 percent. This indicates that the minimum amount 
of fluid to apply to the critical surfaces of this aircraft is 
(1 L/m² + 35 percent) = 1.35 L/m². 
 
 
21.4 Past Work Conducted by APS – Operational Guidelines for 

On-wing Thickness of SAE Type II/IV Fluids – 2001-02 
 
APS conducted flat plate tests to measure the characteristics of fluid layers 
resulting from anti-icing fluid application. It was found that different fluid brands 
and dilutions produce different stable thicknesses on the surfaces to which they 
are applied. Thirty minutes after application, many of the neat Type II/IV fluids 
tested yielded stable thicknesses of less than 1 mm. All of the 50/50 dilution 
Type II/IV fluids tested yielded stable thicknesses below the 1 mm threshold. Only 
one of the trials performed yielded a stable thickness of greater than 1.5 mm. 
Table 21.2 shows a summary of the plate thickness test results. 



21.  FLUID APPLICATION GUIDANCE 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Final Version 1.0\TP15323E Final Version 1.0.docx 
Final Version 1.0, March 17 

201 

Table 21.2: Fluid Thickness on Flat Plates Results Summary 

Thickness 
Range (mm) 

Minimum 
Quantity to 

Produce 
Thickness (L/m2) 

Frequency Distribution 
Type II Type IV 

50% 75% 100% 50% 75% 100% 

<0.25 0.25 2   1 1     
0.25 - 0.50 0.5 1   2 6     
0.50 - 0.75 0.75 1 1       5 
0.75 - 1.00 1.0 1 3 1   4 2 
1.00 - 1.50 1.5   1 1   3 1 

>1.50 >1.50           1 
 
 
Type II fluids tended to produce thinner stable thicknesses relative to Type IV 
fluids and 50/50 fluids tended to produce thinner stable thicknesses relative to 
neat and 75/25 dilution fluids. Fluids that have thinner stables thicknesses also 
require less fluid volume to attain their stable thickness. 
 

Trials conducted on aircraft wings indicated that fluid thickness is not consistent 
across the chord of the entire wing surface. Due to the shape of the airfoil, the 
fluid will stabilize into varying thicknesses. Figure 21.1 shows the stable thickness 
profile relative to an airfoil shape. 
 
 

 
Figure 21.1: Stable Fluid Thickness as a Function of Position on Airfoil 
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This indicates that thickness is a function of wing shape, fluid brand and dilution, 
and not simply application quantity. This would suggest that the existing guidance 
in its current form cannot be used as a hard guide; certain fluids could form layers 
that do not conform to the guidance, despite proper application and volumes being 
used. 
 
 
21.5 Conclusions 
 
As different anti-icing fluids produce varying thicknesses on different sections of 
the surfaces being sprayed, it is unlikely that all fluids can attain the minimum 
thickness limits outlined in the available guidance. A minimum of one litre per 
square metre can still be used as a soft target, with an overspray factor applied 
to account for imperfect application or losses due to other factors (i.e. high winds, 
etc.). This volume target would be sufficient for most fluids to attain their stable 
thicknesses on the critical surfaces. 
 
The AEA reference material is a strong source of guidance as it prescribes a target 
thickness that is not overly optimistic and includes an overspray factor tailored to 
the aircraft in question. The specific application volume targets listed serve to 
standardize and bring consistency to anti-icing operations. With proper application 
technique, the targets would allow most fluids to attain their stable thickness on 
the surface and offer their full protection time. However, as fluids with thinner 
stable thicknesses require less fluid volume to attain this thickness it is likely that 
in some cases the current AEA table targets represent slight over application 
depending on fluid type/dilution being used. 
 
A more general guideline is to simply ensure that anti-icing fluid is sprayed evenly 
across all sections that require anti-icing. The visual check for fluid beginning to 
run off of the leading and trailing edge serves as a good indicator of proper 
coverage. 
 
 
21.6 Recommendations 
 
It is recommended that Transport Canada and the FAA consider a review of the 
AEA reference material. The principles outlined within could be considered for 
inclusion in the existing TC/FAA guidance as well as in the new proposed 
Aerospace Standard (AS) 6285. As Type II fluids and 50/50 dilution fluids 
generally produce thinner stable thicknesses on surface, multiple tables could be 
derived from the existing AEA table in order to minimize fluid over application. A 
suggested set of tables could be as follows: 

• Volume Targets, Type II Fluids, Neat and 75/25 Dilution 
• Volume Targets, Type II Fluids, 50/50 Dilution 
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• Volume Targets, Type IV Fluids, Neat and 75/25 Dilution 
• Volume Targets, Type IV Fluids, 50/50 Dilution 

 
It is recommended that additional analysis, similar to the thickness profiling 
analysis performed in 2001-02, be done with current fluids to better understand 
the fluid layer characteristics of currently available fluids. The existing guidance 
could be further modified based on this additional work. 
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22. SUPPORT HARMONIZATION OF TC AND FAA 
HOLDOVER TIME GUIDELINES 

 
 
22.1 Background 
 
In the winter of 2014-15, a project was undertaken by APS to harmonize the 
Transport Canada (TC) and Federal Aviation Administration (FAA) Holdover 
Time (HOT) guidelines. Differences exist in the documents primarily because 
regulators did not work together as closely in the preparation of their documents 
as they do now. This led to differences in terminology and formatting. Other 
differences exist due to differences in regulatory policies. 
 
 
22.2 Objectives 
 
The objectives of this project were: to identify differences in the TC and FAA 
HOT guidelines, to organize and lead meetings with TC and FAA to discuss the 
differences, and to find solutions to harmonize the TC and FAA documents.  
 
 
22.3 Harmonization Effort 
 
APS reviewed both the TC and FAA HOT guidelines in detail and created a list of 
differences between the documents. The list was then broken down into short 
term and long term items. The level of effort required to harmonize was the main 
factor in categorizing the items. Short term items were expected to be harmonized 
for the winter 2015-16 HOT guidelines; long term items would be discussed and 
possibly harmonized for a future winter’s guidelines (2016-17 or beyond).  
 
APS organized three teleconferences to discuss the list of differences with TC 
and FAA. These took place on January 20, February 17, and March 18, 2015. 
At the first meeting the categorization of items was finalized. In addition, some 
of the long term items were identified as requiring industry input. At the remaining 
meetings, all of the short term items were discussed and harmonization solutions 
were found for most of the items. 
 
A list of the short term items, including the actions taken to harmonize them for 
the winter 2015-16 guidelines, is provided in Table 22.1. A list of the long term 
items, which will be discussed and possibly harmonized in future issues of the 
guidelines, is provided in Table 22.2.  
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Table 22.1: Differences in TC/FAA HOT Guidelines – Short Term Items 
Harmonized in Winter 2015-16 

# Difference Goal 
Publication Action Taken 

Industry 
Input 

Required 

1 Format and Content of 
List of Fluids Table 15-16 

• FAA to include fluid expiry dates 
• Add fluid type (EG/PG/Other) 
• TC to include °F 
• Merge info from LOUT and LOWV tables 

into List of Fluids table.  

No 

2 Fonts and Formatting 15-16 • Consider using same fonts, formatting, etc. 
 Some changes made for 15-16. 

No 

3 Use of Colours 15-16 • TC to add colour in visibility table and HOT 
tables as per FAA format. No 

4 Document Name 15-16 • FAA change to match TC (change “Tables” 
to “Guidelines” and remove “Official”). No 

5 Table Names 15-16 

• Harmonize table names. 
FAA:  
 Remove “FAA” from table names, add 

“FAA” to header  
 Add “Generic” to Table numbers. 
 Remove date from IP tables.  
TC: 
 Add “Fluid” to IP tables. 
 Adopt FAA Frost table title  
 Add “Time” to all titles 
 Adopt FAA language for Type I (“critical 

surfaces composed predominantly…” 
rather than “wing surfaces”) 

No 

6 Summary of Changes 
Content 15-16 • FAA to move “key guidance” to new 

section.  
No 

7 Notes and Cautions 15-16 • Changes made to some notes and cautions 
to harmonize text. No meaning changes. No 

8 Differences Summary 15-16 
• Internal document stating differences 

between FAA and TC document content 
(not published). 

No 

9 Order of Tables / 
Content 15-16 • New TOC Accepted by TC/FAA. Document 

content order harmonized. No 
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Table 22.2: Differences in TC/FAA HOT Guidelines – Long Term Items to 
Possibly Be Harmonized in Future 

# Difference Goal 
Publication Details 

Industry 
Input 

Required 

1 Very Light Snow Range vs. 
Single Value 16-17 TC = single value, FAA = range No 

2 Cap on Snow HOTs 16-17 TC = 2 hours, FAA =3 hours No 

3 Type I Freezing Rain HOTs for 
-3°C and -6°C rows 16-17 

TC HOTs based on -6°C testing; FAA 
HOTs based on -10°C testing (consider 
in conjunction with next item) 

Yes 

4 5 Minute Take-off with 
PTOCC 17-18 FAA allows, TC does not in some 

situations Yes 

5 Operational Rules related to 
HOT Ranges 17-18 

TC doesn’t allow take-off after upper 
value reached; FAA does. Different 
checks required at different times. 

Yes 

6 Flaps/Slats Tables/Guidance 16-17 FAA = 90%, TC = TBD Yes 

7 Visibility Table 17-18 

Based on same data. TC more 
restrictive. Consider day/night scatter 
meter programming + vs. visual 
observations. Formats different. 

Yes 

8 FAA Archive of HOT Tables 
Documents TBD Does industry want it? Yes 

9 Make Document Data 
Available as Download (XML) TBD Application to eHOTs as well Yes 

10 Add HOWV TBD As per discussion at HOT Committee 
meeting May 2015 Yes 

 
 
22.4 Conclusions and Recommendations 
 
Differences in the TC and FAA HOT guidelines were identified and then 
categorized as either short term or long term priority. Changes were made to the 
2015-16 HOT guidelines to harmonize the short term items. The long term items 
will be discussed and possibly harmonized in future.  
 
It is recommended that the harmonization effort be continued in the winter of 
2015-16. It is also recommended that consideration be given to initiating 
harmonization efforts with the Association of European Airlines (AEA). 
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23. TABLET APPLICATION FOR END CONDITION DATA 
FORM AND UPGRADE TO INDOOR RATE SOFTWARE 

 
This section describes improvements made to two programming tools which are 
used for endurance time testing: the end condition data form tablet application 
(used for both natural and simulated testing) and the indoor rate station software. 
 
 
23.1 Tablet Application for End Condition Data Form 
 
In the winter of 2012-13, a tablet-based application was developed to replace the 
two end condition data forms used since the early 1990s in natural snow and 
simulated freezing precipitation. The development of the application has increased 
data collection efficiency and accuracy.  
 
The application replicates the current data forms and also adds features to 
improve data collection, such as a live display of endurance times and active 
plates. Details of the initiation of this tablet-based application are described in the 
in Transport Canada (TC) report, TP 15230E, Aircraft Ground Icing Research 
General Activities during the 2012-13 Winter (18). 
 
In the winter of 2013-14, the application was used in conjunction with the hand 
written forms to validate the complete functionality of the application. Minor 
changes were made to the application. These are documented in TC report, 
TP 15269E, Aircraft Ground Icing Research General Activities during the 2013-14 
Winter (3). It was determined that the application could be used as a substitute 
to paper data forms; minor improvements were recommended. 
 
In the winter of 2014-15, further improvements were made to the application 
including the ability to export the data collected in the app into a log, the addition 
of a split plate function as well as some minor improvements and bug fixes. 
Moving forward, minor changes will be made to the application annually as 
required.  
 
 
23.2 Upgrade to Existing Indoor Rate Station Software 
 
The software used to manage the rate station at the NRC Cold Chamber was 
developed more than 10 years ago. The basic software used for that function 
was Excel. Approximately 10 years ago, add-ons to Excel were developed that 
customized the program for rate station use. The add-ons vastly improved the 
functionality of the rate station.  
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In the years since it was developed, significant improvements have been made in 
software design and in the capabilities of Excel and other related programs. In 
addition, 10 years of experience using the rate station program have identified 
areas where improvements could make a significant impact. 
 
Discussions were held with developers to determine an optimum approach to 
upgrade the Rate Station Software. Initial thoughts were to rewrite the software 
using the iOS programming language and develop the software for use with iPads; 
however, further research and consultations with programmers determined the 
best approach was to upgrade the current Windows platform-based program. In 
the winter of 2012-13, the Rate Station Software Upgrade project was initiated. 
Details of the development of this software are described in TC report, 
TP 15230E, Aircraft Ground Icing Research General Activities during the 2012-13 
Winter (18). 
 
The software update was finalized in the winter of 2013-14. A new data entry 
interface was the primary improvement. Users enter information directly to the 
user-friendly data entry screen, which in turn writes the information to the Excel 
spreadsheet. This new software enhancement was tested on two occasions; 
further refinements were recommended and made as a result. 
 
In the winter of 2014-15, further improvements were made to the software to 
increase efficiency and ease of use by making the program more user friendly. 
This included minor improvements and bug fixes as well as the introduction of 
new features, including the ability to enter test numbers directly into the entries 
editing window as well as the addition of a TTT button. This function (TTT) allows 
the user to see the average rate of a plate for the last two runs as well as the 
average rate of any given plate for the entire session. The software was tested 
on two occasions at the NRC Cold Chamber. 
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24. INVESTIGATION OF THE WORLDWIDE USE OF 
DE/ANTI-ICING FLUIDS  

 
 
24.1 Background and Objectives 
 
At the request of Transport Canada (TC) and the Federal Aviation Administration 
(FAA), APS undertook research to better understand the worldwide use of 
de/anti-icing fluid. This included determining the specific information of interest, 
determining methods to obtain it, and doing a literature review to collect the 
required information. 
 
This project was split over two years. In year 1, questions were identified and a 
literature review was conducted. This report documents the year 1 work. In year 
2, surveys will be created, administered and analysed to obtain the outstanding 
information that could not be gained from the literature review, and this report 
will be finalized.  
 
The detailed information that is obtained in this project will be provided to TC and 
FAA in a separate restricted document when the project is complete. This report 
provides a top level, interim overview of the work completed to date.  
 
 
24.2 Literature Review 
 
Based on discussion with FAA and TC, APS designed a preliminary list of 
questions potentially of interest. A meeting was then held with TC and FAA and 
four questions were agreed upon (described in Section 24.3). APS then 
conducted a literature review to determine which information was already 
available to answer these questions. 
 
The following sources were used for this review:  

• Technical Development Document for the Final Effluent Limitations 
Guidelines and New Source Performance Standards for the Airport Deicing 
Category, U.S. Environmental Protection Agency, Engineering and Analysis 
Division, Washington, April 2012, EPA-821-R-12-005; 

• Research on Aircraft Deicing Operations for the 1997/98 Winter, Chaput, 
M., Dawson, P., D’Avirro, J., Hanna, M., Adam, S., Ruggi, M., APS 
Aviation Inc., Montreal, December 1998, TP 13314E; 

• Glycol Usage by Canadian Airport by Year (2011-12, 2012-13, 2013-14), 
Transport Canada, RDIMS-#10779441; 
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• Price List, EFM Aircraft Deicing and Towing Services Munich Airport Winter 
2014-15, Munich, December 2014; 

• Spray Irrigation System – Deicing Sewage Treatment, Ruf, C., Zürich 
Airport, Environmental Protection/Services, Zürich, 2012; 

• Training Recommendations and Background Information for Deicing/ 
Anti-Icing of Aeroplane on the Ground, 11th Edition, Association of 
European Airlines, August 2014; 

• Type IV Fluid Application Quantity Targets Card, Swissport, August 2015; 

• Aircraft Deicing Market – Global Forecasts & Analysis to 2020, Markets 
and Markets, 2015, Report Code AS 3304; and 

• APS internal documents. 
 
 
24.3 Data 
 
The four questions are listed below. For each question the following is provided: 
related information identified through the literature review, any limitations of this 
information, and the recommended tasks to collect the missing information.  
 
1. How much de/anti-icing fluid is used annually on a worldwide basis? 

• Information Available: Existing data can be used to answer this question 
for Type I and Type IV fluids in Canada and the United States.  

• Information Limitations: Because fluid type usage varies by world region, 
this data cannot be used to draw conclusions for the rest of the world. 

• 2015-16 Task 1-1: Send survey to top 10 European and Asian airports 
asking: “Over the last 5 years, how much fluid (by fluid type) was on 
average used annually at your airport?” 

 
2. What are the average prices of Type I, Type II, Type III, Type IV fluid? 

• Information Available: Information currently exists for some airports.  

• Information Limitations: Current up-to-date information is difficult to 
acquire because companies are not as willing to share their information due 
to the competitive nature of the market. Although there is some information 
available, it cannot be used to draw conclusions for the entire world. This 
is because deicing operations are carried out differently at different airports 
/ with different business models in place (some charge flat fee, others have 
a base price with additional various charges). Prices also vary by region and 
country due market competition and transportation costs. 
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• 2015-16 Task 2-1: Send survey to 5 key sales managers at deicing fluid 
companies asking: “What is the average price, charged by fluid 
manufacturers of Type I, Type II, Type III, Type IV fluid in North America, 
Europe, and Asia?”  

• 2015-16 Task 2-2: Send survey to central deicing facility (CDF) operators 
in North America, Europe and Asia, asking for additional qualitative data on 
add-on fees and charges related to aircraft deicing. 

 
3. What happens to used deicing fluid? How much: 

• Goes directly into the environment (no collection, no time release) 
• Goes into the environment, i.e. time release 
• Goes directly to a waste water treatment plant or held and metered 

(slow release) to plant 
• Is collected and sent for disposal or re-use or elsewhere 
• Is recycled off-site 
• Is recycled on-site 
• Other 

• Information Available: Existing information states which collection, 
containment and recycling methods are being used worldwide. More 
specific information, including which practices are being used at which 
airports, the percentage of fluid being collected annually, etc. is only 
available for the United States as well as Zurich airport in Switzerland. 
Existing data can therefore be used to thoroughly answer this question for 
the U.S. 

• Information Limitations: The information available can be used to 
thoroughly answer this question for the U.S., however the specific data 
cannot be used to draw conclusions for the rest of the world. 

• 2015-16 Task 3-1: Send survey to top 10 European and Asian Airports 
asking: “What happens to spent fluid at your airport, i.e. how much is 
collected, how and where is it disposed, etc.?” 

• 2015-16 Task 3-2: Send survey to TC Environmental Affairs asking: “How 
much fluid is collected in Canada and how and where is it disposed?” 
 

4. What fluid quantities are being sprayed on various aircraft types in frost and 
in snow? 

• Information Available: Good historical information is available; the 
Association of European Airlines (AEA) provides the recommended 
anti-icing fluid quantities to be sprayed on the wings and tail for over 
100 different aircrafts. Older information reviewed also gives deicing fluid 
quantities needed in different precipitation types, by aircraft size. 
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• Information Available: Historical information also provides detailed reasons 
for variance in fluid quantities being sprayed.  

• 2015-16 Task 4-1: Send charts of fluid quantities to select experienced 
CDF operators to confirm numbers are reasonable 

 
 
24.4 Conclusions and Recommendations 
 
Although a lot of information was gained from the literature review, it is 
recommended that further work be carried out in 2015-16 to gather the missing 
information needed to answer the four questions. This work would include a 
number of surveys as described in Table 24.1. 
 
 

Table 24.1: Surveys for 2015-16 

Task # Description of Survey 

Task 1-1 
Send survey to top 10 European and Asian Airports asking: “Over the 
last 5 years, how much fluid (by fluid type) was on average used 
annually at your airport?” 

Task 2-1 
Send survey to 5 key sales managers at deicing fluid companies asking: 
“What is the average price, charged by fluid manufacturers of Type I, 
Type II, Type III, Type IV fluid in North America, Europe, and Asia?” 

Task 2-2 
Send survey to central deicing facility (CDF) operators in North America, 
Europe and Asia, asking for additional qualitative data on add-on fees 
and charges related to aircraft deicing. 

Task 3-1 
Send survey to top 10 European and Asian Airports asking: “What 
happens to spent fluid at your airport, i.e. how much is collected, how 
and where is it disposed, etc.?” 

Task 3-2 Send survey to TC Environmental Affairs asking: “How much fluid is 
collected in Canada and how and where is it disposed?” 

Task 4-1 Send charts of fluid quantities to select experienced CDF operators to 
confirm numbers are reasonable. 
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25. SUPPORT TO FLOW CHARACTERIZATION OF 
EASA/NRC HORIZONTAL STABILIZER RESEARCH 

 
 
25.1 Previous Research  
 
APS, under contract to the National Research Council (NRC), supported the wind 
tunnel research program carried out by NRC for the European Aviation Safety 
Agency (EASA) in 2014. This research was conducted in December 2014.  
 
The main objective of this research was to understand the effects of anti-icing 
fluids on the horizontal stabilizer during take-off and rotation in icing conditions. 
This objective was achieved by conducting a series of tests with a specially built 
representative horizontal stabilizer model. The model was anti-iced with Type II 
or Type IV fluid, and the fluid flow-off effects were investigated by evaluating 
elevator hinge moment and horizontal stabilizer downward force at the time of 
rotation.  
 
 
25.2 Background  
 
As a follow up to the research conducted in December 2014, 1-week of flow 
characterization testing was recommended and scheduled to be completed in dry 
conditions (no fluid). As APS has been at the forefront of anti-icing research 
conducted in the wind tunnel, APS participation in this calibration was 
recommended to maintain continuity in the research initiative. Under contract to 
Transport Canada (TC) and the Federal Aviation Administration (FAA), APS 
participated in this calibration work in March 2015. 
 
 
25.3 Objective 
 
The objective of this testing was to better understand the aerodynamic 
performance of the horizontal stabilizer model in dry conditions. 
 
 
25.4  Flow Characterization Activities  
 
Testing focused on four main tasks: 
 

1) Dry, clean wing testing to provide a baseline comparison to the 
December 2014 work; 
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2) Tuft flow visualization to evaluate the flow over the model; 

3) Simulating blockage in the gap between the main body and the elevator; 
and 

4) Simulate contamination using varying levels of sandpaper grit. 
 
APS supported the test program through technical planning and feedback and 
with photography and videography of the flow visualization tufts and the 
simulated fluid applications.  
 
Calibration notes were made by APS with support by NRC and can be found in 
Appendix P. An official report, entitled “TDC Horizontal Stabilizer Flow 
Characterization at the NRC Propulsion Icing Wind Tunnel (PIWT),” was written 
by NRC. 
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26. SAE AMS G8 AEROSPACE ORGANIC COATINGS AND 
AMS G9 AEROSPACE SEALING COMMITTEE MEETING  

 
This section documents APS participation at the SAE G8 and G9 meetings in 
Pasadena, California in May 2015. 
 
 
26.1 Background  
 
SAE AMS G8 Aerospace Organic Coatings Committee provides a forum to 
address common concerns such as application, corrosion, environmental 
compliance, material compatibility, OSHA requirements, performance 
requirements, specifications, surface preparation, and test methods for coatings.   
 
SAE AMS G9 Aerospace Sealing Committee is primarily concerned with the 
sealing of aerospace vehicles for fluid containment and environmental protection 
by the use of sealants which are applied and cured to solid materials or are 
permanently mastic. 
 
It was proposed that APS participate in industry meetings related to aircraft 
coatings that may or may not be part of the ground icing group to disseminate 
research findings. The intent is to develop synergy between the G-12 and G8/G9 
groups for coatings research.  
 
 
26.2 Objectives 
 
At the request of Transport Canada (TC) and the Federal Aviation 
Administration (FAA), APS attended the most recent G8/G9 committee meetings 
which were held in Pasadena, California in May 2015. APS prepared a 
presentation with the intent of disseminating the following information to the 
G8/G9 committee members: 
 

a) Provide a summary of TC/FAA funded research and provide direction to 
corresponding written reports (such as endurance time testing, wind tunnel 
testing, residues testing, etc.); and 

b) Provide information on participation with G-12; and  

c) Provide information on the development of Aerospace Information Report 
(AIR) 6232. 
 

A copy of the presentation given at the meeting can be found in Appendix Q.  
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26.3 Conclusions and Recommendations 
 
Participation in the G8/G9 meetings led to some positive outcomes as follows: 
 

a) Successful in disseminating research findings and AIR 6232 to industry 
participants;  

b) Strong interest from industry participants; and 

c) New coatings were discussed. 
 

It is recommended that APS continues its participation as more coatings are 
constantly being developed.  
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27. SUPPORT FOR THE USE OF ICE DETECTION CAMERAS  
 
 
27.1 Previous Work  
 
APS has supported the development of ice detection cameras for many years as 
part of the Transport Canada (TC) / Federal Aviation Administration (FAA) Aircraft 
Ground Icing Research Project. The related work completed by APS since winter 
2004-05 is documented in the TC report, TP 15269E, Aircraft Ground Icing 
Research General Activities During the 2013-14 Winter (8). The key achievements 
in ice detection in the last decade have been:  

• The completion of human factors research which demonstrated that remote 
on-ground ice detection sensors (ROGIDS) can be more reliable than human 
visual and/or tactile detection of clear ice on an aircraft critical surface; 

• The development of a related SAE Aerospace Standard, AS 5681, 
Minimum Operational Performance Specification for Remote On-Ground Ice 
Detection Systems; and  

• The development of related TC and FAA Advisory Circulars. 
 
 
27.2 Developments in Winter 2014-15 
 
No major developments took place in winter 2014-15 in the area of ice detection. 
However, several meetings took place and minor developments occurred with 
AS 5681 and the movement to disband the SAE G-12 Ice Detection Committee. 
 
 
27.2.1 Meetings 
 
APS participates in both the SAE G-12 Ice Detection Committee and the SAE 
G-12 Ice Detection Working Group. In Winter 2014-15 these groups met several 
times: 

a) Montreal, Canada, October 2014 (Working Group Meeting) 

b) Vancouver, Canada, May 2015 (Committee and Working Group Meetings) 
 
APS participation in these meetings included meeting organization, preparation of 
support materials, and preparation of meeting minutes. 
 
In addition to these meetings, a telecon was scheduled for the working group for 
February 2015. However, the telecon did not take place due to a lack of 
availability of working group members. 
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27.2.2 AS 5681 
 
APS has supported AS 5681 since its inception. Changes to the document were 
balloted, as version AS 5681B, in April 2014. Changes for this version included: 
 

• Minor editorial changes and reference updates; 
• Addition of equipment required for thickness measurements;  
• Relocation of radio frequency emission content; 
• Terminology change: “Recommended Tests” changed to “Optional Tests”; 

and 
• Removal of select optional tests.  

 
The role of APS was to organize, collate and lead the changes to the document. 
The document was balloted in the spring of 2014 and technical comments were 
discussed at the 2014 SAE G-12 Ice Detection Committee annual meeting in 
Madrid. At the meeting, the committee decided to move the document to 
Aerospace Council ballot despite having an outstanding negative vote. The 
Committee members unanimously disagreed with the dissenting voter’s technical 
objection. However, one member of Aerospace Council (from the same company 
as the committee dissenting vote) voted against the ballot. Since then, APS has 
been working with the Committee Co-chairs, SAE, Aerospace Council, and the 
dissenting voting company to resolve the dispute. At the time of publication of 
this report, the issue has not been resolved and AS 5681B has not been published.  
 
 
27.3 Disbanding of Committee 
 
There were discussions at the 2014 SAE G-12 Ice Detection Committee annual 
meeting about finding ways to expose more people to the development of ice 
detection equipment and its uses for aircraft ground icing. The committee felt that 
one way to gain a larger audience would be to disband the Ice Detection 
Committee and have the Ice Detection Working Group report to a larger G-12 
Committee. To this end, a motion was brought to the G-12 Steering Committee 
to dissolve the Ice Detection Committee and have its working group report to the 
G-12 Holdover Time Committee. The motion passed with the caveat that the 
committee only be disbanded once AS 5681B is published. Since that has not yet 
happened, the Committee has not yet disbanded. 
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28. HOLDOVER TIME GUIDANCE MATERIALS 
 
This section describes the work APS completed in the winter of 2014-15 in 
support of the Transport Canada (TC) and Federal Aviation Administration (FAA) 
holdover time guidance materials. 
 
 

28.1 Background 
 
The development and use of holdover time (HOT) guidelines has represented an 
important contribution to the enhancement of flight safety in winter aircraft 
operations. In the years since their introduction, the HOT guidelines and related 
guidance materials have become a standard and essential part of winter 
operations. APS plays a significant role in the preparation and management of 
these documents. 
 
 

28.2 APS Contribution to HOT Guidance Materials 
 
Over the years, APS has supported TC and the FAA in the development and 
management of the HOT guidelines documents. APS completes the following 
tasks in support of the HOT guidance materials on an annual basis: 
 

a) Develops fluid-specific HOT and regression tables for new Type II, III and 
IV anti-icing fluids which undergo endurance time testing; 

b) Requests, collects and reviews information provided by fluid manufacturers 
related to fluid qualification dates and lowest operational use temperatures 
(LOUTs) – this results in updates being made to the list of fluids in the HOT 
guidelines; 

c) Recommends changes to the HOT guidance materials as a result of new 
research findings; 

d) Maintains an ongoing list of potential future changes to the HOT guidance 
materials, schedules and runs meetings to review and discuss these 
changes with TC/FAA, and implements changes as required; 

e) Drafts HOT guidelines and HOT regression information documents on an 
annual basis including TC English, TC French and FAA versions; 

f) Provides support for the update of the FAA N8900 series document; 

g) Updates the TC HOT guidelines website on an annual basis (or more 
frequently if updates to the HOT guidelines are more frequent); and 

h) Hosts the TC HOT guidelines website and monitors / maintains it on an 
annual basis. 
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28.3 Winter 2015-16 Guidance Materials 
 
In July 2015, the 2015-16 HOT Guidelines and Regression Information 
documents were finalized. The changes made to the documents are summarized 
in the documents themselves and are described in detail in two TC reports: 
 

• Holdover Time Guidelines: TP 15321E, Aircraft Ground De/Anti-Icing Fluid 
Holdover Time Development Program for the 2014-15 Winter  (19); and 
 

• Holdover Time Regression Information: TP 15322E, Regression 
Coefficients and Equations Used to Develop the Winter 2015-16 Aircraft 
Ground Deicing Holdover Time Tables (20). 

 
The titles of the 2015-16 documents are listed in Table 28.1. Final drafts of the 
FAA documents were provided to the FAA publications department. The TC 
documents were published on the TC HOT guidelines website (see 
Subsection 28.4) on July 31, 2015. 
 
In September 2016, the FAA finalized and published its N8900 series notice. The 
FAA has indicated its intent to publish this document at the same time as the 
other HOT guidance materials in future. 
 

Table 28.1: 2015-16 HOT Guidance Documents 

HOT 
Guidelines 

1. Transport Canada Holdover Time (HOT) Guidelines Winter 2015-2016 

2. Guide de Transports Canada sur les durées d’efficacité Hiver 
2015-2016 

3. FAA Holdover Time Guidelines Winter 2015-2016 

Regression 
Information 

4. Transport Canada HOT Guidelines Regression Information Winter 
2015-2016 

5. Transports Canada Guide des durées d’efficacité Information de 
régression Hiver 2015-2016 

6. FAA Holdover Time Regression Information Winter 2015-2016 

 
 
28.3.1 Document Revisions 
 
A revision to the TC HOT Guidelines was issued on December 23, 2015. The 
revision was issued to remove a Type I fluid from the guidelines. 
 
APS assisted the FAA to make the FAA HOT Guidelines document accessible in 
the fall of 2015. As no content changed in the document, the accessible 
document replaced the previous document, but it was not issued as a revision. 
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28.4 TC HOT Guidelines Website 
 
In the summer of 2003, TC asked APS to develop and maintain a website for the 
TC HOT guidelines to serve as the single source location for HOT information. 
This was done to eliminate the safety risks associated with publishing information 
in multiple locations, which can result in information discrepancies.  
 
The website was first made available when the 2003-04 HOT guidelines were 
published in July 2003, and has been updated regularly since that time (typically 
once per year). The website is published in English and French, primarily for 
Canadian operators, although the information is made public for others to use.  
 
The website is now used extensively by industry to access the HOT guidelines 
documents. Table 28.2 provides information on usage of the website from 
October 8, 2008 to July 27, 2015. 
 

Table 28.2: Summary of Traffic on TC HOT Website (10/8/2008 - 7/28/2015) 

Hits Page Views Visitors 

Total Hits  618,179 Total Page 
Views  

113,553 Total Visitors  90,793 

Visitor Hits 536,723 Average Page 
Views per Day 

45 Average 
Visitors per 

 

36 

Spider Hits 81,456 Average Page 
Views per 

  

1.25 Total Unique 
IPs  

38,006 

Average Hits 
per Day 

248     

Average Hits 
per Visitor  

5.91     

 
 
28.5 Future Responsibilities 
 
APS will continue contributing to the development of the TC and FAA HOT 
guidance materials in the winter of 2015-16. Specifically, APS will continue 
carrying out the tasks listed in Subsection 28.2. 
 
In regards to the TC HOT Guidelines website, APS will ensure the website is 
operational, in terms of Internet availability, for a one year period. In the summer 
of 2016, APS intends to update the website with the new HOT guidelines and 
regression information documents. 
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29. REVIEW OF HOW OAT IS USED TO DETERMINE FROST 
HOLDOVER TIMES 

 
The following section provides a review of the existing guidance related to 
selecting appropriate outside air temperature (OAT) for use with frost holdover 
times (HOTs).  
 
 
29.1 Background 
 
Frost is an important consideration in aircraft deicing. The irregular and rough 
frost accretion patterns can result in a significant loss of lift on critical aircraft 
surfaces. This potential hazard is amplified by the frequent occurrence of frost 
accretion in winter operations. 
 
The current frost HOTs are generic for each fluid type and serve as a conservative 
estimate of fluid protection time. The HOTs are provided as single values 
dependant on the OAT; the HOTs are based upon the most conservative (coldest) 
temperature in the range. Frost HOTs can range from 35 minutes to 12-hours 
depending on the fluid type and OAT.  
 
OAT is therefore important in selecting the appropriate HOT in frost conditions. 
This is especially true during longer HOTs where OAT may fluctuate throughout 
the HOT. For example, an aircraft in active frost conditions is sprayed at 7PM 
with Type IV fluid. The temperature at the time of application is -1ºC, therefore 
the associated HOT is 10-hours (HOT expires at 9AM). If by 4AM the temperature 
has dropped to -11ºC, this will result in a condition that has an associated HOT 
of only 6-hours (HOT expires at 5AM). If the aircraft is scheduled to depart at 
7AM, then the OAT used by the pilot to determine the associated HOT is of 
critical importance. 
 
 
29.2 Objective 
 
The objectives of this project were: 

a) To review existing guidance and documentation on how OAT is used to 
determine frost HOTs, specifically in longer HOT conditions; 

b) To conduct consultations with operators on operational practices;  

c) To do an analysis of typical OAT fluctuations during active frost conditions; 
and 
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d) To propose changes to the Transport Canada (TC) and the Federal Aviation 
Administration (FAA) guidance materials, if necessary.  

 
 
29.3 Review of Current Guidance Material 
 
The FAA document N8900.275 and TC document TP 14052E are the most 
relevant TC and FAA sources of guidance on the subject of OAT for frost HOTs. 
They are reviewed in the following subsections. 
 
 
29.3.1 N8900.275 Review 
 
The FAA document N8900.275 “Revised FAA-Approved Deicing Program 
Updates, Winter 2014-2015” does not provide explicit guidance with respect to 
OAT for determining frost HOTs. However, Section 14a) does provide some 
general guidance with respect to flight crew awareness of conditions affecting 
the aircraft anti-icing treatment following deicing and anti-icing operations. 
 

“14. Concerns/Conditions. 
 
a. Flight crew Awareness of Conditions Affecting the Aircraft Anti-Icing Treatment 
Following Deicing and Anti-Icing Operations. The operator’s deicing plan must provide 
a process that informs the captain of the time of the deicing/anti-icing treatment and 
conditions that have affected the aircraft anti-icing treatment since that time. If the 
flight crew is not present at the time of the deicing/anti-icing application, the crew 
will review this information before calculating the HOT.” 

 
This guidance in inherently addresses the issue of having to consider changes in 
meteorological conditions during a frost HOT; however, guidance on what to do 
if the temperature fluctuates during longer frost HOTs is lacking. 
 
 
29.3.2 TP 14052E Review 
 
TC’s TP 14052E “Guidelines for Aircraft Ground Icing Operations” does not 
provide explicit guidance with respect to OAT for determining frost HOTs. 
However, Section 11.1.4.1 a) “Estimating the Precipitation Rate” does provide 
some guidance with respect to varying weather conditions after completion of 
anti-icing procedure in snow conditions (not frost). 
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“Varying Weather Conditions After Completion of Anti-Icing Procedure 
 

During periods when the weather conditions are varying after completion of the 
anti-icing procedure, crews should reassess the previously selected holdover time. 
When doing so crews need to consider the following: 
 

1) Improving weather conditions – if the snowfall intensity decreases, the original 
HOT should be retained; 

2) Worsening weather conditions – if the snowfall intensity increases, a new lower 
HOT should be established and used.” 

 
This guidance in 11.1.4.1 a) addresses snow conditions and precipitation rate, 
therefore it is not directly applicable to frost conditions. However, if this guidance 
was more generic (similar to N8900.175 §14a) it would be more applicable, but 
would still lack guidance on what to do if the temperature fluctuates during longer 
frost HOTs. 
 
Section 12.1.7.7 of TP 14052E also provides general information on frost 
holdover times for active frost conditions, but again guidance on what to do if 
the temperature fluctuates during longer frost HOTs is not provided.  
  

“12.1.7.7 Fluid Holdover Times for Active Frost Conditions 
 

Fluid holdover times in active frost conditions differ from holdover times in other 
conditions as they incorporate an allowance for the temperature differential (typically 
6 to 8°C) between the OAT and the exposed surface temperature due to radiation 
cooling. As a result of this allowance, the OAT should be used to determine the 
appropriate active frost holdover time. 

 

Active frost holdover times may be reduced in the presence of combined cooling 
effects or extreme surface cooling. In extreme cases, the surface temperature may 
be below the fluid LOUT and cause aerodynamic performance degradation due to fluid 
freezing or the inability of the fluid to adequately flow off the treated surface.” 

 
 
29.4 Air Operator Consultations of Operational Practices in Frost 

Conditions 
 
To better understand the need for additional guidance on this subject matter, an 
informal survey of current operational practices in frost conditions was done. 
One cargo operator and two commercial airlines were asked the following 
question: “What OAT is used by the pilot to determine the HOT in frost 
conditions?”.  
 
Note: These responses were provided through informal phone calls and emails. 
They serve for discussion purposes only and do not represent official procedures 
or documentation by the operators.  
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29.4.1 Cargo Operator Response  
 
The cargo operator indicated that pre-treating aircraft is a common practice and 
necessary to their operations. Their procedures ensure that the captain is informed 
of the HOT start time, fluid type(s), concentrations, and other information; this 
information will typically be communicated to the pilot by a “Post Deicing or Post 
Anti-Icing Communications Form.”  
 
The procedures also ensure that the pilot considers all winter precipitation that 
has occurred since the application of the de/anti-icing treatment; this may 
necessitate a review of previous METARs. The pilot may then elect to shorten the 
HOT based on his findings.  
 
Based on these procedures, it is expected that the pilot would use the lowest, 
most critical temperature reported in the METARs during the time period 
corresponding to the elapsed HOT. 
 
 
29.4.2 Canadian Commercial Airline Response 
 
The Canadian commercial airline surveyed indicated that pre-treatment for frost 
was only done in smaller operations, and that this pre-treatment would typically 
only be done 40 minutes prior to a flight. If the 40 minutes was exceeded, an 
inspection would be required.  
 
In all other conditions, the frost HOTs used were typically short (less than 1-hour), 
therefore temperature fluctuations would not be of concern. If longer HOTs would 
ever be required, the pilot would likely consider the coldest temperature 
experienced during the HOT based on the meteorological conditions experienced 
since de/anti-icing.  
 
Based on these procedures, it is expected that the pilot would use the METAR 
temperature at the start of the HOT. In the rare case that longer HOTs were 
required and multiple METAR reports were available, the lowest, most critical 
temperature experienced during the HOT would be considered. 
 
 
29.4.3 U.S. Commercial Airline Response 
 
The U.S. commercial airliner surveyed indicated that pre-treatment for frost was 
not part of their operating procedures. 
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In all other conditions, the frost HOTs used were typically short (less than 1-hour), 
therefore temperature fluctuations would not be of concern. Only in the case of 
extreme taxi delays would longer HOTs be required.  
 
The pilot would use the OAT reported on the last METAR (reported on automatic 
terminal information system (ATIS)). The pilot would not actively monitor ATIS; 
it is retrieved before taxi or deicing. After this point, ground control would report 
any changes in ATIS and pilots could then retrieve the new information and use 
that to re-evaluate their HOT. Due to the generally short HOTs required, only small 
changes in temperature would be expected from one ATIS report to the next. 
 
Based on these procedures, it is expected that the pilot would use the METAR 
temperature at the start of the HOT.  
 
 

29.5 Analysis of Typical OAT Fluctuations during Active Frost 
Conditions 

 
An analysis of the OAT fluctuations over the course of a night was done using 
data collected during six frost testing events in the winter of 2014-15. The OAT 
information was obtained for the Environment Canada Montreal-Trudeau airport 
weather station, which is adjacent to the APS test site. Data between 19:00 and 
07:00 the next morning was analysed.  
 
The results provided in Table 29.1 indicate that the maximum temperature delta 
was on average 6°C; however, during the event on March 15-16, 2015, the 
maximum temperature delta reached 9°C. Considering the limited data set, it is 
expected that the max temperature differential could reach 10°C or more.  
 

Table 29.1: Frost Testing OAT Data  

  OAT Between 19:00 and 07:00 

  Jan 2-3 Jan 13-14 Feb 16-17 Feb 17-18 Mar 15-16 Mar 23-24 

Max Temp. (ºC) -11.4 -17.9 -17.6 -13.7 -1.3 -7.7 

Min Temp. (ºC) -17.0 -23.4 -22.9 -18.8 -10.4 -12.0 

Max Temp Delta (ºC) 5.6 5.5 5.3 5.1 9.1 4.3 

 
 
Figure 29.1 demonstrates the impact of the OAT fluctuation on HOT 
determination. A Type IV fluid applied at 19:00 with an initial HOT determination 
of 12-hours would have had the HOT reduced to 6-hours by 4:00; at this point 
the HOT is exceeded. In this case, the Type IV fluid HOT would lie over three 
temperature bands. 
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Figure 29.1: OAT Profile vs. Type IV HOT 

 
 
29.6 General Observation 
 
The conservative approach for dealing with temperature fluctuations during active 
frost conditions would be to determine the HOT using the lowest OAT 
experienced during the time period following anti-icing. This is in line with current 
procedures which require the pilot to consider all changes in weather following 
anti-icing and adjust HOTs accordingly.  
 
An alternative, but less conservative practice would be to use the OAT just prior 
to departure. OAT will typically decrease during frost events with coldest 
temperatures just before dawn. In addition, the aircraft skin surface temperature 
and fluid temperature should follow the relative cooling or warming cycle of the 
OAT; this is especially true with higher wind conditions, or during taxi. Using this 
approach could provide more operational flexibility and longer HOTs, especially 
when pre-treating; however, additional investigation would be required to 
substantiate this practice.  
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29.7 Use of OAT for Determining HOTs in Other Conditions 
 
Although frost conditions have the longest HOTs, other conditions listed in the 
HOT tables can have times as long as 2-hours, 3-hours, and 4-hours in the case 
of freezing drizzle, very light snow, and freezing fog, respectively. The difference 
in these cases is that they are not isolated to the overnight time period and do 
not have a decreasing temperature trend, as is usually the case in active frost. 
The recommended practice for frost could also apply to the other HOT conditions.  
 
 
29.8 Recommended Guidance Change 
 
It is recommended that changes be made to the TC and FAA guidance sections 
specific to frost conditions. Consideration should also be given to modifying 
guidance for other conditions with long HOTs.  
 
 
29.8.1 TC Recommended Guidance Change 
 
It is recommended that TC modify the recently added Section 12.1.7.7 of the 
TP 14052E to the following (changes underlined): 

“Fluid Holdover Times for Active Frost Conditions: Fluid holdover times in active frost 
conditions differ from holdover times in other conditions as they incorporate an 
allowance for the temperature differential (typically 6 to 8°C) between the OAT and 
the exposed surface temperature due to radiation cooling. As a result of this 
allowance, the OAT should be used to determine the appropriate active frost holdover 
time. Changes in OAT over the course of longer frost HOT can be up to 10ºC or more, 
therefore the pilot should shorten the HOT based on decreases in OAT that may have 
occurred following the anti-icing treatment. Active frost holdover times may be 
reduced in the presence of combined cooling effects or extreme surface cooling. In 
extreme cases, the surface temperature may be below the fluid LOUT and cause 
aerodynamic performance degradation due to fluid freezing or the inability of the fluid 
to adequately flow off the treated surface.” 

 
 
29.8.2 FAA Recommended Guidance Change 
 
It is recommended that FAA modify Section 8.b.6 of N8900.275 to the following 
(changes underlined): 
 

“Only one HOT value is entered under the Frost column for a given temperature band. 
Frost intensities or accumulations are low in comparison to other precipitation 
conditions and decrease at colder temperatures. This usually results in HOTs for frost 
being considerably longer in comparison to HOTs for other precipitation conditions. 
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The longer HOTs should accommodate most aircraft ground operational requirements. 
Changes in OAT over the course of longer frost HOT can be up to 10ºC or more, 
therefore the pilot should shorten the HOT based on decreases in OAT that may have 
occurred following the de/anti-icing treatment. HOTs are for active frost conditions in 
which frost is forming. This phenomenon occurs when aircraft surfaces are at or 
below 0° C (32° F) and at or below the frost point. Frost typically forms on cold 
nights with clear skies and calm or low wind.” 

 
 
29.8.3 Harmonization of TC and FAA Guidance 
 
It is recommended that TC and FAA harmonize the guidance provided in active 
frost conditions. In addition, TC should consider modifying Section 11.1.4.1 a) of 
TP 14052E “Estimating the Precipitation Rate” to be more generic to be applicable 
to all weather conditions and possible changes in weather; this would be more in 
line with the Section 14a) of N8900.275.  
 
 
29.9 Conclusions and Recommendations 
 
A review of the existing documentation in the TC and FAA guidance has indicated 
that explicit guidance on what to do if the temperature fluctuates during longer 
frost HOTs is lacking. General guidance on changing conditions during HOTs does 
exist in other sections of TP 14052E and N8900.275; however, it is not directly 
applicable to frost conditions.  
 
It is recommended that changes to Section 12.1.7.7 of TP 14052E and 
Section 8.b.6 of N8900.275 be modified to indicate that “Changes in OAT over 
the course of longer frost HOT can be up to 10ºC or more, therefore the pilot 
should shorten the HOT based on decreases in OAT that may have occurred 
following the de/anti-icing treatment.” 
 
In addition, TC and FAA should harmonize the guidance provided in active frost 
conditions. TC should also consider modifying Section 11.1.4.1 a) of TP 14052E 
“Estimating the Precipitation Rate” to be more generic to be applicable to all 
weather conditions and possible changes in weather; this would be more in line 
with the FAA Section 14a) of N8900.275. 
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30. KEYWORD SEARCH FOR HISTORICAL REPORTS 
 
This section documents work completed to update the master table of contents 
for the historical reports APS has authored as part of the Transport 
Canada (TC) / Federal Aviation Administration (FAA) aircraft ground icing 
research program. 
 
 

30.1 Background 
 
Since the early 1990s, APS has authored over 180 technical reports on aircraft 
ground deicing as part of the TC/FAA aircraft ground icing research program. 
There are often questions related to the specific research documented in these 
reports that arise as a result of inquiries from industry. It can be challenging to 
find the report(s) in which specific topics are documented.  
 
To make the process of locating historical research easier, a master table of 
contents was created in the winter of 2012-13. It included the tables of contents 
for all reports available at that time. It was created as a Word file to enable easy 
keyword searches. Due to budget limitations, the file was not organized in a 
specific order. This work is documented in the TC report, TP 15230E, Aircraft 
Ground Icing Research General Activities During the Winter 2012-13 (18). 
 
 

30.2 Objective 
 
The objective of this task for the winter of 2014-15 was to update the master 
table of contents to include new reports that have been written since the master 
table of contents was initially created.  
 
 

30.3 Achievements 
 
The master table of contents file was updated to include the tables of contents 
for all APS reports written up to and including the winter of 2013-14.  
 
The updated master table of contents was provided to TC and FAA in the summer 
of 2015. In addition, TC and FAA were provided with several electronic files for 
each report included in the master table of contents. These files included: 
 

• Entire report (Word file); 
• Entire report (PDF file); 
• Publication data form; and  
• Executive summary. 
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30.4 Recommendation 
 
It is recommended that all future reports be added to the master table of contents 
file so it can be kept up-to-date. 
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31. PRESENTATIONS, FLUID MANUFACTURER REPORTS 
AND TEST PROCEDURES FOR 2014-15 

 
 
This section contains an account of the test procedures, presentations and fluid 
manufacturer reports prepared by APS in the winter of 2014-15. 
 
 
31.1 Presentations  
 
SAE G-12 Committees hold several meetings each year. During these and other 
meetings, APS presents the findings of work that has been completed during the 
year. Most of the research presented at these meetings is also eventually 
documented in various reports.  
 
In 2014-15, APS gave presentations at the following meetings: 

a) Standing Committee for Operations Under Icing Conditions Meeting, 
Ottawa, Canada, October 2014;  

b) SAE G-12 Holdover Time Committee, Montreal, Canada, October 2014; 

c) SAE G-12 Ice Detection Working Group Meeting, Montreal, Canada, 
October 2014; 

d) SAE AMS G8 Aerospace Organic Coating Committee and SAE AMS G9 
Aerospace Sealing Committee Meeting, Pasadena, USA, April 2015; 

e) SAE G-12 Holdover Time Committee Meeting, Vancouver, Canada, 
May 2015; 

f) SAE G-12 Aero Working Group Meeting, Vancouver, Canada, May 2015;  

g) SAE 2015 International Conference on Icing of Aircraft, Engines, and 
Structures Meeting, Prague, Czech Republic, June 2015; and 

h) Airlines for America (A4A) Ground Deicing Forum, Washington, USA, 
June 2015. 

 
The presentations given by APS at each of these meetings are listed in the 
following subsections. A copy of each presentation listed is contained in 
Appendix R. 
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31.1.1 Standing Committee for Operations under Icing Conditions 
Meeting, Ottawa, Canada, October 2014 

 
One presentation was prepared for the Standing Committee for Operations under 
Icing Conditions Meeting in Vancouver in October 2014: 
 

1)  Aircraft Ground Deicing Program Review. 
 
 
31.1.2 SAE G-12 Holdover Time Committee Meeting, Montreal, Canada, 

October 2014 
 
Four presentations were prepared for the SAE G-12 HOT Committee in October 
and November 2014: 

1) Development of Holdover Time Guidance for Heavy Snow Conditions; 

2) Holdover Time (HOT) Guidelines Fall 2014 Update; 

3) Operations During Ice Crystal Precipitation; and 

4) Winter 2014-15 Testing Update: Upcoming High Priority R&D Activities. 
 
 
31.1.3 SAE G-12 Ice Detection Working Group Meeting, Montreal, 

Canada, October 2014 
 
One presentation was prepared for the SAE G-12 Ice Detection Working Group 
Meeting, Montreal, Canada, October 2014: 

1) Ice Detection Working Group: Past, Present, Future. 
 
 
31.1.4 SAE AMS G8 Aerospace Organic Coating Committee and SAE 

AMS G9 Aerospace Sealing Committee Meeting, Pasadena, USA, 
April 2015 

 
One presentation was prepared for the SAE AMS G8 Aerospace Organic 
Coating / SAE AMS G9 Aerospace Sealing Committee Meeting, Pasadena, USA, 
April 2015:  
 

1) Aircraft Surface Coating Interaction with Aircraft Ground De/Anti-icing 
Fluids, and Development of SAE AIR 6232. 
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31.1.5 SAE G-12 Holdover Time Committee Meeting, Vancouver, Canada, 
May 2015 

 
Six presentations were prepared for the SAE G-12 Holdover Time Committee 
Meeting in Vancouver, Canada, May 2015: 
 

1) Evaluation of the 5-Minute Rule: Pre-Takeoff Contamination 
Inspection/Check; 

2) Issues Related To Colour of De/Anti-Icing Fluids; 

3) Winter 2014-15 Aircraft De/Anti-Icing Fluid Endurance Time Testing 
Results; 

4) Aircraft Configuration for De/Anti-Icing: Flaps and Slats Research; 

5) Development of HOTS for Heavy Snow Phase I: Defining Precipitation 
Rates and Corresponding Visibilities for Heavy Snow; and 

6) Changes to HOT Guidelines for Winter 2015-16.  
 
 
31.1.6 SAE G-12 Aero Working Group Meeting, Vancouver, Canada, 

May 2015  
 
One presentation was prepared for the SAE G-12 Aero Working Group Meeting in 
Vancouver, Canada, May 2015: 
 

1) Review of Aero Acceptance Test Ice Pellet Data and Correlation To Current 
Allowance Times. 

 
 
31.1.7 SAE 2015 International Conference on Icing of Aircraft, Engines, 

and Structures Meeting, Prague, Czech Republic, June 2015 
 
One presentation was prepared for the SAE 2015 International Conference on 
Icing of Aircraft, engines, and Structures in Prague, Czech Republic, June 2015: 
 

1) TC/FAA Propulsion Icing Wind Tunnel (PIWT) Research Simulating Ice Pellet 
Conditions. 
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31.1.8 A4A Ground Deicing Forum, Washington, USA, June 2015 
 
One presentation was prepared for the A4A Ground Deicing Forum, Washington, 
USA, June 2015: 
 

1) Summary Changes to HOT Guidelines for Winter 2015-16.  
 
 
31.2 Fluid Manufacturer Reports 
 
As part of the holdover time research program, several fluids are tested for 
holdover performance each year. The data from fluids that are expected to be 
commercialized is published for HOT use in the industry, while the remaining data 
is maintained by the fluid manufacturers for research purposes.  
 
APS prepares reports on the endurance time test results of all fluids tested. These 
reports are provided directly to the fluid manufacturers; in the case of 
commercialized fluids, they are also included as Appendices to the annual TC 
report on the holdover time testing program. 
 
Ten reports were prepared to document holdover time testing conducted in the 
winter of 2014-15. Seven of these are for commercialized fluids. They can be 
found in the appendices of the TC report, TP 15321E, Aircraft Ground 
De/Anti-Icing Fluid Holdover Time Development Program for the 2014-15 Winter 
(19). The remaining three reports were for experimental fluids. Copies of these 
reports were provided to the fluid manufacturers and the TC and FAA project 
managers. The reports are: 
 

a) Type I: Oksayd Defrost ECO I (Batch 10); 

b) Type II: Kilfrost ABC-Ice Clear II; 

c) Type II: Newave FCY-2 Bio+; 

d) Type II: LNT Solutions P250 (previous report revised to include 
additional natural snow data); 

e) Type III: AllClear AeroClear MAX (Batch # CB1-PB8000A); 

f) Type IV: Deicing Solutions ECO-SHIELD®; 

g) Type IV: LNT Solutions E450 (previous report revised to include 
natural snow data); and 

h) Three non-commercialized experimental fluids.  
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31.3 Test Procedures 
 
Several procedures were developed to guide and support the research team in 
conducting tests in the winter of 2014-15. Table 31.1 provides a list of the 
procedures developed for each project. Each procedure has been included as an 
appendix to at least one of the winter 2014-15 reports; the specific report or 
reports are listed in the last column of Table 31.1. 
 
It should be noted that some procedures used in the winter of 2014-15 were 
developed in previous years. It should also be noted that, as indicated in 
Table 31.1, the procedures for freezing precipitation testing for many of the 
projects are included in the Overall Program of Tests procedure created for the 
annual freezing precipitation test session.  
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Table 31.1: List of Procedures 2014-15 

Program  
Element # ID# Contract  

Program Element 
Name of  

Procedure DATE VERSION # REPORT 

3 3.1 HOLDOVER TIME TESTING FOR NEW FLUIDS  
TEST REQUIREMENTS FOR SIMULATED 
FREEZING PRECIPITATION FLAT PLATE 
TESTING  

Jan 15, 04 1.0 HOT 

3 3.2 HOLDOVER TIME TESTING FOR NEW FLUIDS  TEST REQUIREMENTS FOR NATURAL 
PRECIPITATION FLAT PLATE TESTING  Dec 23, 04 1.0 HOT 

3 3.3 HOLDOVER TIME TESTING FOR NEW FLUIDS  

EXPERIMENTAL PROGRAM DETERMINATION 
OF ENDURANCE TIMES OF TYPE I FLUIDS 
UNDER NATURAL SNOW PRECIPITATION AT 
DORVAL 

Dec 14, 07 1.0 HOT 

3 3.4 HOLDOVER TIME TESTING FOR NEW FLUIDS  
EXPERIMENTAL PROGRAM ENDURANCE TIME 
TESTING IN FROST WITH TYPE I, II, III AND IV 
FLUIDS 

Nov 13, 03 1.0 HOT 

3 3.5 HOLDOVER TIME TESTING FOR NEW FLUIDS  
ENDURANCE TIME TESTING IN FROST WITH 
TYPE I, II, III AND IV FLUIDS -VALIDATION OF 
FROST HOTS WITH NEW FLUIDS 

Jan 4, 13 1.0 HOT 

3 3.6 HOLDOVER TIME TESTING FOR NEW FLUIDS  ENDURANCE TIME TEST REQUIREMENTS FOR 
SIMULATED SNOW FLAT PLATE TESTING Jan 23, 08 1.2 HOT 

3 3.7 HOLDOVER TIME TESTING FOR NEW FLUIDS  OVERALL PROGRAM OF TESTS AT NRC, 
MARCH/APRIL 2015 Mar 20, 15 1.0 

HOT 
FLAPS 
G&E 

4 4.1 EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS AND SLATS 

EXPERIMENTAL PROGRAM FOR FULL-SCALE 
AIRCRAFT TESTING – FLUID FAILURE ON 
DEPLOYED FLAPS AND SLATS 

Nov 2013 3.0 FLAPS 

4 4.2 EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS AND SLATS 

EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS/SLATS NATURAL SNOW Jan 25, 12 1.0 FLAPS 

4 4.3 EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS AND SLATS 

ADDENDUM TO PROCEDURE: EVALUATION OF 
ENDURANCE TIMES ON DEPLOYED 
FLAPS/SLATS NATURAL SNOW 

Nov 19, 14 1.0 FLAPS 

4 4.4 EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS AND SLATS 

EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS/SLATS NATURAL SNOW 
REVISED ADDENDUM INCLUDING AIRFOIL 

Nov 21, 14 1.0 FLAPS 

4 4.5 EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS AND SLATS ENDURANCE TIMES ON DEPLOYED FLAPS Included in: Overall Program of Tests 

at NRC, March/April 2015 
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Table 31.1: List of Procedures 2014-15 (cont’d) 

Program  
Element # ID# Contract  

Program Element 
Name of  

Procedure DATE VERSION # REPORT 

4 4.6 EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS AND SLATS 

ENDURANCE TIMES ON FLAPS/SLATS WITH 
AIRFOIL 

Included in: Overall Program of Tests 
at NRC, March/April 2015 

4 4.7 EVALUATION OF ENDURANCE TIMES ON 
DEPLOYED FLAPS AND SLATS 

EVALUATION OF ENDURANCE TIMES ON HIGH 
ANGLE SURFACES: COMPARATIVE 
ENDURANCE TIME TESTS AND COMPARATIVE 
FLUID THICKNESS TESTS (WINGLET) 

Included in: Overall Program of Tests 
at NRC, March/April 2015 

10 10.1 

INVESTIGATION OF NOSE CONE AS A 
SUITABLE REPRESENTATIVE SURFACE FOR 
DETERMINING FLUID CONDITIONS DURING 
HOT 

FEASIBILITY OF USING THE NOSE CONE AS A 
REPRESENTATIVE SURFACE FOR 
DETERMINING IF CONTAMINATION IS 
PRESENT ON WINGS 

Feb 5, 15 1.0 G&E 

10 10.2 

INVESTIGATION OF NOSE CONE AS A 
SUITABLE REPRESENTATIVE SURFACE FOR 
DETERMINING FLUID CONDITIONS DURING 
HOT 

FEASIBILITY OF USING THE NOSE CONE AS A 
REPRESENTATIVE SURFACE FOR 
DETERMINING IF CONTAMINATION IS 
PRESENT ON WINGS - FULL-SCALE TESTING 

Feb 19, 15 1.0 G&E 

10 10.3 

INVESTIGATION OF NOSE CONE AS A 
SUITABLE REPRESENTATIVE SURFACE FOR 
DETERMINING FLUID CONDITIONS DURING 
HOT 

USE OF AICRAFT NOSE CONE AS A 
REPRESENTATIVE SURFACE FOR EVALUATING 
HOLDOVER TIME 

Included in: Overall Program of Tests 
at NRC, March/April 2015 

15 15.1 FROST AT LOUT: FLAT PLATE TESTING AND 
RADIATION COOLING DURING TAXI 

EFFECTS OF RADIATION COOLING DURING 
FROST CONDITIONS WHILE TAXIING  Feb 10, 15 1.0 G&E 

17 17.1 
EFFECT OF THICKENED FLUID FREEZING AND 
THAWING OUT ON FLUID INTEGRITY AND 
RESULTING HOLDOVER TIMES  

EFFECT OF THICKENED FLUID FREEZING AND 
THAWING ON FLUID INTEGRITY AND 
RESULTING HOLDOVER TIME 

Mar 5, 15 1.0 G&E 

20 20.1 

CONDUCT HOT TESTING IN NORTHERN 
LOCATIONS TO VALIDATE HOT DATA AT -25 
AND CLOSE TO LOUT TO SUPPORT GENERIC 
HOTS 

TEST REQUIREMENTS FOR NATURAL 
PRECIPITATION FLAT PLATE TESTING - 
CONDUCT HOT TESTING IN NORTHERN 
LOCATIONS TO VALIDATE HOT DATA AT -
25°C AND CLOSE TO LOUT TO SUPPORT 
GENERIC HOTS  

Jan 28, 15 1.0 HOT 

25 25.1 EFFECT OF COLOURED VS UN-COLOURED 
FLUID ON ENDURANCE TIMES 

EFFECT OF FLUID COLOUR ON ENDURANCE 
TIMES Jan 26, 16 1.0 G&E 

26 26.1 
PILOT CAPABILITY TO CONDUCT VISUAL 
INSPECTION OF CONTAMINATION OF 
COLOURED VS UN-COLOURED FLUIDS 

ABILITY TO IDENTIFY CONTAMINATION ON 
SURFACES TREATED WITH COLOURED OR UN-
COLOURED FLUIDS  

Included in: Overall Program of Tests 
at NRC, March/April 2015 
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Table 31.1: List of Procedures 2014-15 (cont’d) 

Program  
Element # ID# Contract  

Program Element 
Name of  

Procedure DATE VERSION # REPORT 

34 34.1 COMPATIBILITY OF DIFFERENT FLUID TYPES 
FROM DIFFERENT MANUFACTURURES  COMPATIBILITY OF DIFFERENT FLUIDS March 2015 1.1 G&E 

34 34.2 COMPATIBILITY OF DIFFERENT FLUID TYPES 
FROM DIFFERENT MANUFACTURURES  

COMPATIBILITY OF DIFFERENT FLUID BRANDS 
IN TWO-STEP DE/ANTI-ICING PROCEDURES 

Included in: Overall Program of Tests 
at NRC, March/April 2015 

36 36.1 INVESTIGATION OF FREEZING OF ANTI ICING 
FLUID ON WING DURING FLIGHT 

OPERATIONAL DOCUMENTATION OF ANTI-
ICING FLUID FREEZING IN-FLIGHT Feb 20, 15 1.2 G&E 

36 36.2 INVESTIGATION OF FREEZING OF ANTI ICING 
FLUID ON WING DURING FLIGHT 

OPERATIONAL DOCUMENTATION OF ANTI-
ICING FLUID FREEZING IN-FLIGHT: ADDENDUM 
LABORATORY TESTING OF FLUID FREEZING 

June 2015 1.0 G&E 

52 52.1 

DEVELOP TRAINING AND FLUID FAILURE 
PHOTO/VIDEOS FOR DISSEMINATION 
THROUGH PAMPHLET GUIDE OR INTERATIVE 
MEDIUM 

DOCUMENTATION OF FLUID FAILURE – FROST 
AND SNOW Nov 2014 1.0 G&E 

52 52.2 

DEVELOP TRAINING AND FLUID FAILURE 
PHOTO/VIDEOS FOR DISSEMINATION 
THROUGH PAMPHLET GUIDE OR INTERATIVE 
MEDIUM 

DOCUMENTATION OF FLUID FAILURE Included in: Overall Program of Tests 
at NRC, March/April 2015 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT 

AIRCRAFT & ANTI-ICING FLUID 
WINTER TESTING 2014-15 

 
 
2.5 Endurance Time Testing with Snowmaker to Support ARP5485 

Changes 

a) Review and revise procedure (if necessary) for testing newly submitted 
fluid to investigate the use of multipliers when correlating with outdoor 
tests; 

b) Conduct a series of 16 representative test conditions with neat fluid with 
a previous or new fluid and a series of 16 representative test conditions 
with a 75/25 diluted fluid. Previous or new fluids will be tested over a 
period of 16 days. It is anticipated that testing be conducted over long 
days; 

c) Using the multiplier methodology, analyze the data collected, revise the 
multiplier as required and determine the multiplier used for each condition; 
and 

d) Report the findings, and prepare presentation material for the SAE G-12 
annual meeting. 

 
Note: Type I fluid endurance time testing with NCAR snowmaker is not included 
in this activity. 
 
 
2.6 Exploratory Research and Standards 

NOTE: This program element includes research activities that will be pursued on 
an exploratory and ad-hoc basis and including the preparation of standards that 
may be developed based on the results of research accomplished. The purpose of 
this activity is to allow for ad-hoc participation at meetings and preliminary testing 
from current industry issues.  These activities may include, but not limited to: 
 

a) Provide support to modifying and updating ARP 5485; 

b) Further develop, advance and ballot, as required, SAE Aerospace 
Recommended Practice ARP 5945 for Type I fluids. For simulated snow, a 
procedure should be developed for endurance time testing with Type I fluid 
and included in ARP 5945; 

c) Assist in the development of a standard equivalent to ARP 5718 for Type I 
fluids; 
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d) Support activities of SAE G-12 Aerodynamics Workgroup; 

e) Advance use of tablets for electronic flight bags; 

f) Investigate the possibility of including other precipitation types in the 
visibility table;  

g) Evaluate runway deicer fluid performance; 

h) Determination of runway conditions based on advanced technologies such 
as HOTDS systems or ice detectors; 

i) Review the usage of infrared heat with Type I and Type II/IV fluids; 

j) Investigate the dispersion of fluids on airport surfaces; 

k) Evaluate the limitations of hot water deicing; 

l) Investigate the feasibility of infrared system development for northern 
climates; 

m) Participate in HOTDS workgroup meetings and provide support to FAA in 
development of regulatory materials for use of HOTDS; 

n) Participate in discussion or meetings related to the visibility table 
harmonization; 

o) Support research into use of LWE systems with existing HOT tables; 

p) Evaluate ET's for indoor warm soaked anti-icing applications (hangar); 

q) Feasibility of wing deicing management (telemetry) for deicing fluid 
mitigation; 

r) Evaluate the effects of manual snow removal method and effects on 
aerodynamics; 

s) Develop recommendation for modification of AIR 9968 with appropriate 
viscosity measurement method for fluids with viscosities less than 
2,000 mPa.s; 

t) Investigate impact of ready-to-mix Type I research on AMS 1424; and 

u) Conduct a survey on usage of fluids, quantities applied and fluid prices. 
 
 
2.8 Support the Further Development of AIR 6232 (Ice Phobic Coatings) 

a) Support the further development of AIR 6232 document for testing aircraft 
after-market coatings with respect to de/anti-icing fluid performance; 

b) Organize and participate in G-12 coatings working group meetings, as 
necessary, consisting of regulators, manufacturers, airlines, and industry 
members; 
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c) Address industry comments and feedback with respect to AIR guidance, 
develop required revisions to the document, and submit revisions for 
balloting; and 

d) Report the findings, and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.9 Update and Maintenance of New Automated iPad Based HOT 

Testing Data Form and NRC Rate Calculation Program 

a) Conduct thorough testing to ensure integrity of data collected, stored, and 
output; 

b) Make necessary changes and update software with applicable bug fixes 
and patches; and 

c) Report on implementation. 
 
 
2.10 Investigation of Nose Cone as Suitable Representative Surface for 

Determining Fluid Condition During HOT 

a) Consult with industry to determine representative surfaces appropriate for 
estimating fluid condition during the holdover time period (i.e. nose cone); 

b) Develop a methodology for evaluating the representative surface compared 
to actual wing surface. A model may be required;  

c) Conduct testing, potentially with industry participation; 

d) Analyze data and results; and 

e) Report the findings and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.12 Evaluate HOT Regression Methodology when ETs are Longer at 

Colder Temperatures  

a) Review ET results of previously tested fluids; 

b) Quantify how common is occurrence of longer ETs at colder temperatures; 

c) Evaluate the impact on HOTDS and existing HOT Tables; 

d) Consult with FAA, TC and possibly industry; 

e) Provide guidance to Modify ARP 5485, ARP 5718, and HOT Guidance 
material, if necessary; and 

f) Report the findings.  
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2.14 Vertical Stabilizer, Winglets, and Other Higher Angle Wing Surface 
Anti-Icing and Use of Ice Phobics (i.e. Boeing 777X) 

a) Review (and modify if necessary) methodology and procedure for 
simulating high angle anti icing with and without ice phobic treated 
surfaces. Investigation into high risk vertical surfaces such as such as 
winglets, vertical stabilizers, Scimitar Blended Winglets  and the folding 
wing tips of the Boeing 777X; 

b) Conduct comparative endurance time testing with select fluids in natural 
snow conditions at the P.E.T test site. Testing should be conducted in 
various wind speed conditions. Testing should include Type I testing (as 
well as Type IV) as previous results have shown potential benefits to using 
coated surfaces on vertical surfaces; 

i) Consideration should also be given to: 

ii) Simulating a taxi by rotating the test plate orientations; 

iii) Evaluating the adhesive properties of the failed fluid and effects on 
aerodynamics; and 

iv) Testing at the NRC CEF in simulated freezing precipitation conditions 
to evaluate the different failure mechanisms on high angle surfaces. 

c) Analyze data and results; 

d) Possibly develop alternatives for potential guidance material for anti-icing 
vertical stabilizer surfaces; 

e) Consult with the SAE G-12 Aerodynamics working group regarding best 
practice solutions; and 

f) Report the findings and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.15 Frost at LOUT: Flat Plate Testing and Radiation Cooling During Taxi 

a) Review previous work; 

b) Consider use of full-scale operational aircraft testing to support findings; 

c) Prepare guidance material and changes to the guidance; and 

d) Report the findings, and prepare presentation material for the SAE G-12 
annual meeting. 
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2.16 Heavy Snow Endurance Time Testing with Snowmaker to Develop 
Correlation Multiplier 

a) Review and revise procedure (if necessary) for testing newly submitted 
fluid to investigate the use of multipliers when correlating with outdoor 
tests; 

b) Using a multiplier methodology, analyze historical data collected and 
generate a multiplier that can be used to correlate with outdoor heavy 
snow; 

c) Conduct outdoor testing to compliment historical data; 

d) Re-analyze the data collected and revise the multiplier as required; and 

e) Report the findings, and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.17 Effect of Thickened Fluid Freezing and Thawing Out on Fluid Integrity 

and Resulting Holdover Times 

a) Design experiment for both Type I and Type II/III/IV fluids; 

b) Prepare test procedure and prepare experiment; 

c) Conduct tests on 2-3 events outdoors or at the NRC Cold Chamber; 

d) Analyze data; and 

e) Report the findings, and prepare presentation material for the SAE G-12 
annual meeting. 

 
 
2.18 Dissemination of Ice Phobic Research and Development through 

related Conferences/Meetings to Develop Industry Synergies 

a) Participate in related industry meetings that may not be part of the ground 
icing group to disseminate research findings. Attempts should be made to 
minimize travel costs by piggybacking on existing travel plans; 

b) Conduct site visit of manufacturer laboratories to build closer relationships 
with these manufacturers due to the direct impact of guidance being 
developed for coating interaction with deicing fluids to ensure developed 
guidance does not “kill” future technologies, ensure manufacturer interest 
is protected, to gain manufacturer insight onto technology, and to identify 
synergies to further advance technology. Attempts should be made to 
minimize travel costs by piggybacking on existing travel plans; and 

c) Report findings.  
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2.19 Investigate Feasibility of Developing Frost Regression Equations 
based on existing data available 

a) Review previous frost results to determine if regression equations can be 
developed that would provide longer holdover times, particularly for Type I 
fluid; 

b) Provide options that could use current or new technology that flight crews 
can use; and 

c) Report the findings, and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.22 Evaluation of the Use of Snow HOT Upper and Lower Numbers by 

Pilots (Visibility Table) 

a) Review how the Holdover Time range is being used in Canada and US;  

b) Provide options that could sub-divide the range further; and 

c) Report the findings, and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.23 Review of Frost HOT's Resulting from Removal of Obsolete Fluids 

a) Review historical data which was used for substantiating frost HOT’s and 
determine what percentage of data is made up of obsolete fluids; 

b) Re-analyze frost HOT’s with updated data set; 

c) Consult with regulators to determine  if changes to guidance are required 
and if additional testing with new fluids is required to update data set; and 

d) Prepare a test report of the findings. 
 
 
2.25 Effect of Coloured vs Un-Coloured Fluid on Endurance Times) 

a) Design experiment for Type II/III/IV fluids and acquire fluids; 

b) Prepare test procedure; 

c) Conduct tests at the NRC Cold Chamber; 

d) Analyze data;  

e) Develop proposed protocol for addition in SAE standards; and 

f) Report the findings, and prepare presentation material for the SAE G-12 
annual meeting.  
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2.26 Pilot Capability to Conduct Visual Inspection of Contamination of 
Coloured vs. Un-Coloured Fluids (Clear on White and Location of 
Representative Surfaces) 

a) Design experiment for simulating a full-scale visual inspection of failed fluid 
on a wing Type II/III/IV coloured and uncoloured fluids; 

b) Prepare test procedure; 

c) Conduct tests at the NRC Cold Chamber or outdoors at APS P.E.T. test 
site; 

d) Analyze data; and 

e) Report the findings, and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.30 Validate HOT Regression Information for Heavy Snow Conditions to 

Support HOTDS  

a) Review historical heavy snow data sets from holdover testing;  

b) Have stakeholder consultations to evaluate impact on operations;  

c) Develop an analytical approach to determine the Highest Usable 
Precipitation Rate (HUPR) based on existing data sets; and  

d) Report the findings, and prepare presentation material for the SAE G-12 
meetings. In future years it may be possible that manufacturers can test 
their fluids to extend their HUPR.  

 
 
2.31 How OAT is Used for Determining Frost HOT’s 

a) Consult with industry to identify what OAT is used for determining the 
appropriate HOT temperature band during frost conditions. Particular focus 
should be on operations with longer HOT’s (up to 12 hours) when OAT is 
more likely to fluctuate over the duration of the fluid HOT;  

b) Conduct an analysis of typical temperature variations during active frost 
conditions to evaluate the risk associated with these practices; 

c) Recommend changes to guidance material, if necessary; and 

d) Report the findings and prepare presentation material for the SAE G-12 
meetings. 
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2.32 Evaluation of -3° C Buffer Requested by SAE G-12 Methods 

a) Review of all pertinent research on the use of a -3°C buffer; and 

b) Report on industry consideration to discontinue -3°C buffer. 
 
 
2.33 Development of Visibility Limits for Heavy and Very Heavy Snow 

a) Review previously developed visibility limits for very light, light, moderate 
and heavy snow that are in use by FAA and TC;  

b) Determine if sufficient data exists to divide the heavy snow category into 
two new categories (heavy and very heavy) – this shall be done for both 
the FAA and TC;  

c) If existing data is not sufficient, collect additional data from the last several 
years in heavy snow and process the data so it can be added to the 
database that was used to create the visibility tables;  

d) Analyze the data;  

e) Consult with FAA, TC and possibly industry; and  

f) Report the findings, and prepare presentation material for the SAE G-12 
meetings. 

 
 
2.34 Compatibility of Different Fluid Types from Different Manufacturers  

a) Design experiment for both Type I and Type II/III/IV fluids; 

b) Prepare test procedure and prepare experiment; 

c) Conduct tests at the NRC Cold Chamber with 3-4 representative fluids; 

d) Analyze data; 

e) Report the findings, and prepare presentation material for the SAE G-12 
meetings; and 

f) Develop industry guidance.  
 
 
2.36 Investigation of Freezing of Anti-Icing Fluid on Wing During Flight 

a) With industry consultations, review incidence of in-flight freezing of 
Type IV fluids to determine conditions conducive to the issue;  

b) Develop a research plan (below are some possible topics for research) 
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i) Evaluate film thickness of the more than 500 wind tunnel tests to 
see if there is a fluid brand tendency; 

ii) Review film thickness from Falcon and DND tests; 

iii) Determine if A380 tail camera could be used historically or in the 
future to see fluid on wings; 

iv) Evaluate whether ice detection cameras could be installed on aircraft 
for research purposes; 

v) Study whether the effects of Type I (at different dilutions) has an 
effect on the Type IV film thickness; 

vi) Conduct laboratory flat plate testing to identify level of fluid dilution 
and fluid thickness susceptible to freezing following a quick drop in 
temperature; 

vii) What does a fluid that remains and is not shed of look like when 
going thru atmospheric temperature changes (i.e. from say 0°C 
to -60°C); 

viii) Investigate whether the pressure altitude chamber at CRIQ can be 
used to help (maybe use of cameras to visualize fluid); 

ix) Use of coatings on the trailing edge and quiet areas to see if they 
could help shed fluid in comparison to regular aircraft surface finish; 

x) Conduct controlled flight tests with maybe the Falcon aircraft (or 
ADGA aircraft) to measure fluid thickness that remains on the 
aircraft after landing; this could be done with different fluids; and 

xi) Wind tunnel often shows high thickness on flap in highly 
contaminated cases; 

c) Develop procedure for each of the activities that merit consideration based 
on industry consultations; 

d) Conduct testing as necessary at a suitable facility; 

e) Analyze data; and 

f) Report the findings, and prepare presentation material for the SAE G-12 
meeting. 

 
 
2.40 Participate in Fluid Re-Qualification Working Groups RE: WSET, 

Aerodynamic, and HOT Testing 

a) Participate in the fluid re-qualification working group. 
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2.42 Development of Forced Air Guidance/Procedure Regarding Fluid 
HOT's for Inclusion in ARP 4737 and AIR 5633 

a) Review industry request for guidance to determine specific testing 
parameters; 

b) If necessary, develop a test procedure and prepare/conduct experiments; 

c) Analyze the data collected and review historical research; 

d) Report the preliminary findings; and 

e) Present the results, if needed, at the SAE G-12 annual meeting. 
 
 
2.45 Support: Pre-Deicing, Engine and Runway Threshold Ice Detection 

a) Review previous work completed on detection of ice on aircraft surfaces 
at a location close to the runway threshold. In addition, investigate 
feasibility of using this technology for pre-deicing applications and engine 
applications (fan blades and cowlings); 

b) Identify the limitations of current technologies for the specific applications. 
Evaluate option of using low-tech alternative to sensor (i.e. binoculars) to 
allow for initial procedural implementation in operations while technology 
is being further developed;  

c) Participate with industry members to discuss the need to further investigate 
this area of study; It is anticipated that four meetings of two days will be 
needed with the work group to develop a test implementation plan;  

d) If necessary (not budgeted), determine testing requirements for preliminary 
full-scale or flat plate testing based on the recommendations from industry 
meetings. These tests will be defined during the meetings. While it would 
be desirable to do testing outdoors in natural snow, testing in simulated 
indoor conditions may be less costly and more realistic due to time 
constraints on the equipment; 

e) Develop methodology and procedure for indoor NRC testing; 

f) Conduct testing if necessary at the NRC CEF; 

g) Analyze data and results; and 

h) Report the findings and prepare presentation material for the SAE G-12 
meetings.  
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2.47 Support Harmonization of TC, FAA, and AEA HOT Guidelines.  

a) Participate in working groups for the harmonization of Guidelines;  

b) Propose potential alternatives for harmonization; 

c) Prepare pilot project deliverable; and 

d) Report findings.  
 
 
2.48 Provision for Support Services and Other Activities 

a) Provide support services to assist with: program coordination; reviewing 
and refining data; and editing reports (also includes the technical review of 
outstanding unpublished reports from previous years). 

 
 
2.49 Update Source Documents for Maintenance and Publication of HOT 

Guidance Material 

a) Maintain a log of proposed changes to the HOT guidelines; 

b) In consultation with the regulators, review longer-lead issues with 
guidelines during the winter months; recommend changes that should be 
made for the following season; 

c) Update the HOT guidelines source documents with data from new testing 
and research, and from new information collected;  

d) Post the new HOT guidelines source document online and post and any 
other updates (not budgeted) that may be needed in special circumstances; 
and 

e) Monitor that the source documents database is operational, in terms of 
Internet availability, for a one year period. 

 
 
2.51 Update Master Table of Contents File 

a) Update previously created master table of contents(TOC) which includes 
TOC of each of the historical reports to enable and facilitate keyword 
searches; and 

b) Provide master TOC file along with set of reports to TC and FAA. 
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2.52 Develop Training and Fluid Failure Photos/Videos for Dissemination 
Through Pamphlet/Guide, or Interactive Medium 

a) Identify possible sources of documentation from historical APS lead 
TC/FAA research; 

b) Determine approach for archiving and indexing select training and fluid 
failure photos. An approach would be to get photo documentation that 
could be viewed for each HOT table cell. Photos could be placed, for 
example, in the new eHOT applications for pilots to view; 

c) Prepare archive of photos with necessary descriptions for publication or 
inclusion into a global archive; and  

d) Prepare demonstration package for G-12.  
 
 
2.54 Preliminary Explanatory Document to Support Interpretation of 

Holdover Time Ranges 

a) Review industry guidance material; 

b) Draft guidance material that would provide an explanation on how the 
HOTs are developed and on how to use the HOTs;  

c) Consult with TC/FAA and industry; and  

d) Publish the guidance material. 
 
 
2.56.2 Infrastructure for FAA/TC Research and Development 

This program element does not include the actual research and development 
testing; the description of these program elements has been included in other 
sections of this document and has been budgeted separately.  
 
Preparation and Setup for Natural Snow Testing at Trudeau International Airport 

a) Prepare the P.E.T. test site at Trudeau International Airport (YUL) for 
conducting tests; 

b) Upgrade test site infrastructure (i.e.: trailer, shed) to ensure personnel 
safety and adhere to environmental guidelines; 

c) Prepare an updated procedure for testing fluids outdoors during snow 
events; 

d) Evaluate current methods for measuring snowfall intensity or holdover 
times; and 
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e) Develop improved, more efficient methods to measure snowfall intensity 
or holdover times, if appropriate. 

 
Preparation and Setup for Simulated Precipitation Testing at NRC 

a) Prepare a test plan to coordinate all simulated precipitation required by the 
research program. Testing will be conducted at the NRC Climatic 
Environment Facility (CEF) in U89 at Uplands, Ottawa;  

Note: The NRC facility costs associated with testing at U89 are not 
included in this task and are dealt with directly with TC through a M.O.U. 
agreement with NRC. 

b) Coordinate scheduling and test plans with NRC CEF personnel; 

c) Prepare a test procedure for the conduct of endurance time tests in 
simulated precipitation at the NRC CEF;  

d) Conduct calibration to attain appropriate test conditions for each weather 
condition represented in the holdover time tables; and 

e) As the cost for this activity is highly weighted on calibration of precipitation 
rates, evaluate and, if possible, develop an improved, more efficient 
method to measure intensity of precipitation. 

 
 
2.58 Fluid Application Quality Guidance for Flight Crew and Deicers 

a) Review current industry fluid application and guidance material; 

b) Develop new guidance material;  

c) Consult with TC/FAA and industry; and  

d) Publish the guidance material. 
 
 
2.59 Survey of Deicing Operations to Investigate Deicing Fluid Metrics 

a) Conduct a thorough historical literature review and data analysis; 

b) Consult with TC/FAA; 

c) Determine if survey is required;  

d) Conduct a survey of deicing operations; and 

e) Report the findings.  
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PROCEDURE: 
EFFECT OF FLUID COLOUR ON ENDURANCE TIMES 

 
Winter 2014-15 

 
 
1. BACKGROUND 
 
Aerospace Materials Report (AMS 1428) outlines the colour requirements for 
Type II, III, and IV fluids. Figure 1.1 is an excerpt from this report indicating that 
Type II fluids shall be water white/pale straw in color. Currently, the standard is 
being balloted to change the colour to straw yellow.  
 

 
Figure 1.1: Excerpt from AMS 1428 

 
 
There have been questions related to the ET performance of fluid when a dye is 
added as compared to the same fluid without a dye. 
 
ABAX Industries currently have a commercial Type II clear-formulation fluid 
available on the market and have volunteered to provide fluid for this research.  
 
 
2. OBJECTIVE 
 
The objective of this research is to compare the holdover time of particular 
fluids in their coloured vs. un-coloured formulations. 
 
 
3. PROCEDURE 
 
A subset of the standard full set of holdover time tests will be used for this 
testing. It is anticipated that approximately 20 out of the full set of 
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150 comparative tests will be conducted to provide a definitive cross section of 
the standard test plan for Holdover time table conditions.  
 
Tests will be conducted under both natural snow conditions at the APS test 
site, and under freezing precipitation conditions at the NRC Climatic Engineering 
Facility.  
 
Standard endurance time test and rate collection protocol will be followed 
during the execution of these tests.  
 
Additional information shall be collected for approximately 50% of the tests  
and documented on the end condition data form, as follows: 
 

• Photo at failure; 
• Brix at failure; 
• Thickness at failure; and 
• Smart buttons for plate temperatures.  

 
 

4. TEST PLAN 
 
 
4.1 Natural Snow Test Plan 
 
Table 4.1 outlines the test plan that will be used for natural snow testing. An 
attempt should be made to get a good cross section of temperatures and rates. 
 

Table 4.1: Natural Snow Test Plan 

Run 
# 

Precipitation 
Type Dilution 

Target 
Temperature 

°C  

Target 
Rate 

g/dm2/h 

1 Natural Snow 100 Any Any 

2 Natural Snow 100 Any Any 

3 Natural Snow 100 Any Any 

4 Natural Snow 100 Any Any 

5 Natural Snow 75 Above -14 Any 

6 Natural Snow 75 Above -14 Any 

7 Natural Snow 75 Above -14 Any 

8 Natural Snow 50 Above -3 Any  

9 Natural Snow 50 Above -3 Any  

10 Natural Snow 50 Above -3 Any 
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4.2 Freezing Precipitation Test Plan 
 
Table 4.2 outlines the test plan that will be used for freezing precipitation 
testing. The test plan will be incorporated into the overall general procedure for 
testing at the NRC, anticipated March 2015. 
 

Table 4.2: Freezing Precipitation Test Plan 

Run # Precipitation Type Dilution 
Target 

Temperature 
°C 

Target 
Rate 

g/dm2/h 

11 Freezing Fog 50/50 -3 5 

12 Freezing Rain 100/0 -3 25 

13 Freezing Rain 75/25 -3 25 

14 Freezing Rain 50/50 -3 25 

15 Freezing Rain 100/0 -10 25 

16 Freezing Rain 75/25 -10 25 

17 Freezing Drizzle 100/0 -3 13 

18 Freezing Drizzle 75/25 -3 13 

19 Freezing Drizzle 100/0 -10 13 

20 Freezing Drizzle 75/25 -10 13 

 
 
5. DATA FORMS  
 
The following data form will be used to document fluid endurance time, Brix, 
and thickness data: 

• Attachment I: End Condition Data form 

 
Rate measurements will be recorded using the electronic rate form typically 
used for endurance time testing.  
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ATTACHMENT I: END CONDITION FORM FOR ENDURANCE TIME TESTING 
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OVERALL PROGRAM OF TESTS AT NRC, MARCH/APRIL 2015 
Winter 2014-15 

 
 
1. INTRODUCTION 
 
This document was prepared to bring together several projects that require 
testing at the National Research Council Climactic Engineering Facility (NRC) in 
Ottawa. Tests will be carried out from March 25 to April 2, 2015. 
 
The primary objective of the test session is to measure the endurance times of 
new de/anti-icing fluids. Testing for several other related research projects will 
be scheduled around the endurance time tests as time and space permit. This 
document provides the schedule, personnel, fluid, and equipment requirements 
for each of the projects involved.  
 
A tentative test schedule is included in Figure 1. 
 
 
2. PROJECTS, PROCEDURES AND OBJECTIVES 
 
The projects that will be carried out at the March/April 2015 NRC test session 
are listed in this section. Each project has been given a shortened name (shown 
in brackets following full title) which is used in subsequent sections of this 
document. A description of each project, its objective and its test procedure are 
provided. The test procedures for several projects are provided in separate 
detailed documents, which are referenced in the appropriate subsection and 
listed in Section 9. 
 
General comments on procedures and setup: 

• Endurance time tests will be carried out according to the protocol 
provided in Aerospace Recommended Practice (ARP) 5485, Endurance 
Time Tests for Aircraft Deicing/Anti-Icing Fluids SAE Type II, III, and IV 
(1) and ARP 5945, Endurance Time Tests for Aircraft Deicing/Anti-Icing 
Fluids SAE Type I (2), except as noted. 

• There will be two test stands positioned under the sprayer (main stand 
with two 6-position stands and side stand with one 3-position stand) and 
a third stand that will be positioned outside the spray area in the small 
area of the climate chamber. The test stands should be situated in the 
cold chamber as per the measurements provided in Figure 2. 

• A complex rate management program was developed in the early 2000s 
to assist in managing the measurement of precipitation rates. An update 
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to the interface of this program was finalized in 2014. This program will 
be used. A guide to the rate management program is available to help 
with training of new rate station managers. 

 
 
2.1 Endurance Times of New Fluids (New Fluid ETs) 
 
The objective of this project is to measure endurance times of new fluids. This 
will include Type I, Type II and Type IV tests, as listed below. Each fluid will be 
tested over the entire range of freezing precipitation conditions encompassed by 
the relevant HOT table format, with the exception of the Type I fluid which may 
not be tested in the -6°C conditions. This decision will be made after the fourth 
day of testing. Schedules are provided for either outcome (see Figure 1). 
 

• Oksayd Defrost ECO I Batch #10 (Type I) 
• Newave Aerochemical FCY-2 Bio+ (Type II) 
• Kilfrost P2595 (Type II) 
• Deicing Solutions ECO-SHIELD® (Type IV, Neat only) 

 
The procedure for conducting endurance time tests is given in the document 
Test Requirements for Simulated Freezing Precipitation Flat Plate Testing (3). 
Cold soak boxes should be prepared using the procedure provided in 
Attachment 1.  
 
The test plan for new fluid endurance time tests is given in Table 1. All tests 
will be conducted on the main test stand. 
 
 
2.2 Special Type III Endurance Time Tests (Type III CB1) 
 
A full set of testing with the Type III fluid AllClear CB1 has been conducted over 
the last 4 months. Issues with the viscosity of the fluid have created a need for 
additional testing. Tests will be conducted with a new batch of CB1 with a 
lower viscosity. Due to the previously identified viscosity issues, a viscometer 
and a blender for additional shearing will be made available for potential use 
during the test session. A full set of Type III tests is planned for the new 
sample.  
 
The Type III CB1 tests are included in the New Fluid ETs test plan in Table 1. All 
tests will be conducted on the main test stand. 
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2.3 Thickness of New Fluids (ET Thickness) 
 
The objective of these tests is to measure the thickness new fluids on flat 
plates. The procedure for these tests is entitled Experimental Program to 
Establish Film Thickness Profiles for De-Icing and Anti-Icing Fluids on Flat 
Plates (4) and can be found in Transport Canada Report TP 13991E, Appendix I.  
 
The test plan for Fluid Thickness tests is given in Table 2. The tests will be 
conducted at the small end of the chamber outside of the spray area. 
 
 
2.4 Evaluation of Endurance Times on High Angle Surfaces: 

Comparative Fluid Thickness Tests (Winglet Thickness) 
 
The FAA has acquired a portion of a full-scale winglet taken from a UPS aircraft 
that was damaged while in service. This winglet (currently under repair) has 
been made available for to support the aircraft ground deicing research program 
and will be used for this activity and the one described in Subsection 2.5.  
 
The objective of this activity is to conduct tests to compare fluid thickness 
decay profiles following de/anti-icing on a winglet versus a 10º plate and 
80º plate. Tests will be conducted with Type I and Type IV fluid (one run each) 
and measurements will be taken over a 30 minute period. The standard 
thickness procedure will be followed (see Subsection 2.3). In addition: 
 

• The angle of the winglet shall be measured; 

• After fluid application, fluid thickness will be measured at 5, 10, 15 and 
30 minutes; and 

• Fluid thickness will be measured at the 15 cm line of the plates and at 15 
and 45 cm from the top of the winglet. 

 
The test plan for the Winglet Thickness tests is given in Table 3. The tests will 
be conducted at the small end of the chamber outside of the spray area. It 
should be noted that tests are planned for -3°C but could also be done at 
-10°C. 
 
 
2.5 Evaluation of Endurance Times on High Angle Surfaces: 

Comparative Endurance Time Tests (Winglet ETs) 
 
The objective of this activity is to conduct tests to compare endurance times of 
de/anti-icing fluids on a winglet to those on 10º and 80º plates. Standard 
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endurance time testing procedures will be followed; the only difference will be 
the test surfaces. 
 
For tests being run in Freezing Rain, -10°C, 13 g/dm²/h the experimental set-up 
will include the winglet, simple airfoil, slatted airfoil and a test stand. The stand 
will include 10° and 20° aluminum plates related to the airfoil testing as well as 
an 80° aluminum plate related to the winglet testing. The experimental set-up is 
shown in Figure 3. 
 
These tests will be conducted in conjunction with the Airfoil tests 
(Subsection 2.6) and will be conducted in the main stand area with the main 
stand removed. The combined test plan for Winglet ETs and Airfoil tests is given 
in Table 4. 
 
 
2.6 Endurance Times on Flaps/Slats with Airfoil (Airfoil) 
 
Preliminary testing with simulated deployed flaps has indicated a reduction in 
fluid protection time. However, recent industry discussions have indicated that 
the protection time could be increased during taxi as the changing aircraft 
direction relative to the wind direction could result in an increase to the 
protection time of deployed flaps, as they can be shielded from the wind during 
a segment of the taxi. Initial research conducted in 2013-14 demonstrated that 
there can be increased protection times as a result of taxi. It was recommended 
that further research be conducted using a simulated airfoil model during the 
winter of 2014-15. Initial testing was conducted outdoors in natural snow 
conditions, and it was recommended that limited testing indoors in simulated 
freezing precipitation conditions also be conducted to have a broader spectrum 
of conditions.  
 
The fluid volumes being poured on the larger experimental surfaces are based 
upon the relative surface areas of these surfaces in relation to an aluminum test 
plate. 
 
The objective of these tests is to compare the fluid protection time on the 
slatted and simple airfoil to the protection time on 10º and 20º test plates. This 
objective will be achieved by testing indoors simulating zero-wind conditions; 
therefore, rotating the model will not be necessary. The testing will utilize both 
airfoil models available (the simple airfoil and the airfoil with flaps and slats) and 
expose the anti-iced surfaces to freezing precipitation conditions. A 10º and 
20º plate will also be required to provide the correlation to the historical plate 
data collected. Tests will be conducted in high and low rates of light freezing 
rain and freezing drizzle with various fluids at different dilutions. The 
experimental set-ups are shown in Figure 3. 
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These tests will be conducted in conjunction with the Winglet ETs tests 
(Subsection 2.5) and will be conducted in the main stand area with the main 
stand removed. The combined test plan for Airfoil and Winglet tests is given in 
Table 4. 
 
 
2.7 Use of Aircraft Nose Cone as a Representative Surface for 

Evaluating Holdover Time (Nose Cone) 
 
Preliminary testing with simulated deployed flaps has indicated a reduction in 
fluid protection time. Regulators and operators have been working together to 
develop mitigation tactics, one of which is the use of a pre-takeoff 
contamination check. Unfortunately for cargo operators (without access to 
windows overlooking a wing), using a standard pre-take-off contamination 
check is not possible.  
 
Nose cones have been proposed as an alternative location to use as a 
representative surface of fluid failure progression and overall condition of the 
wing while operating with the flaps and slats in extended configuration. 
Preliminary tests have been conducted in natural snow. Additional tests in 
indoor simulated conditions were recommended.  
 
The objective of the indoor tests is to evaluate how endurance times of 
Type I fluid applied to 20º surfaces (both with and without simulated nose cone 
heat) compare to endurance times of thickened fluids on 10º and 20º surfaces. 
 
Testing will be conducted on four test surfaces:  
 

1. Baseline plate with thickened fluid (10º plate); 

2. Extended flaps/slats model with thickened fluid (20º plate); 

3. Nose cone representative surface model with Type I fluid and no heat 
(20º  plate); and 

4. Nose cone representative surface model with Type I fluid and no heat 
(20º box). 

 
Test surface #4 will be a box with a light bulb inside; this will simulate heat 
from instrumentation inside the nose cone. The temperature of the box will be 
3°C warmer than ambient temperature.  
 
The test plan for Nose Cone tests is given in Table 5. These tests will be 
conducted on the main stand.  
 



APPENDIX C 

MM:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix C.docx 
Final Version 1.0, March 17 

C-6 

2.8 Endurance Times on Deployed Flaps (Deployed Flaps) 
 
The objective of this project is to continue the evaluation of endurance time 
performance of anti-icing fluids on wing surfaces with deployed flaps. Testing 
with Type I, Type II and Type III fluids will being carried out to supplement 
previously collected data.  
 
The procedure for the conduct of these tests is provided in the document 
Evaluation of Endurance Times on Deployed Flaps (5). The procedure was 
written for testing in outdoor conditions; changes to the procedure required for 
indoor testing and the indoor test plan are provided herein.  
 
Tests will be conducted using standard holdover time testing procedures. Each 
comparative test will include a baseline test (conducted on plate inclined to a 
10° slope) and one non-nested flap test (conducted on a plate inclined to a 
20° slope).  
 
The test plan for Deployed Flaps tests is given in Table 6. The tests will be 
conducted on the main and/or side stand. Tests requiring plates oriented to 20º 
are better positioned on the lower main stand or on the side stand. 
 
 
2.9 Effect of Thickened Fluid Freezing and Thawing on Fluid Integrity 

and Resulting Holdover Time (Freezing & Thawing) 
 
The objective of this project is to evaluate the performance of anti-icing fluid 
that has frozen (gone below the fluid freeze point) and subsequently been 
thawed and returned to ambient temperature. There is reason to believe this 
change in state could have a negative impact on holdover time.  
 
The procedure for the conduct of these tests is provided in the document Effect 
of Thickened Fluid Freezing and Thawing on Fluid Integrity and Resulting 
Holdover Time (6). The procedure requires that a fluid be subjected to freezing, 
returned to ambient, and then tested against an identical fluid sample that has 
not been subject to freezing. 
 
The test plan for the Freezing & Thawing tests is given in Table 7. All tests will 
be conducted on the main and/or side test stands. 
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2.10 Effect of Fluid Colour on Endurance Times (Coloured vs. 
Uncoloured) 

 
Aerospace Materials Specification (AMS 1428) provides the colour requirements 
for Type II, III, and IV fluids. The current version of the specification requires 
Type II fluids be water white/pale straw in color. However, consideration is 
being given to changing the colour requirement to straw yellow only, i.e. no 
longer allowing water white/uncoloured fluids. 
 
The question has been asked if adding/removing a dye to a fluid impacts the 
endurance time performance of fluid. The objective of this project is to compare 
the holdover time performance of fluids in their coloured and un-coloured 
formulations. 
 
ABAX Industries have a commercial Type II fluid that is available both with and 
without dye. They have provided samples of this fluid for this research. 
 
A subset of the standard full set of holdover time tests will be conducted. Tests 
will be carried out using standard endurance time test protocol.  
 
Additional information shall be collected for a few of the tests and documented 
on the end condition data form, as follows: 
 

• Photo at failure; 
• Brix at failure; 
• Thickness after 5 minutes; and 
• Smart buttons for plate temperatures.  

 
The test plan for the Coloured vs. Uncoloured tests is combined with the Visual 
Inspection project and is given in Table 8. All tests will be conducted on the 
main and/or side stands. 
 
 
2.11 Ability to Identify Contamination on Surfaces Treated with Coloured 

or Uncoloured Fluids (Visual Inspection) 
 
The objective of this project is to evaluate the difficulty in determining fluid 
failure with coloured fluids relative to uncoloured fluids. Different perspectives 
of a wing treated with coloured and uncoloured fluid will be simulated. This 
testing will be completed in conjunction with the Effect of Fluid Colour on 
Endurance Times project (see Subsection 2.10).  
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Testing will be conducted on standard aluminum plates and white painted 
aluminum plates and with uncoloured, coloured and dyed fluid. The dyed fluid is 
required as the coloured version of the only available coloured/ uncoloured fluid 
is somewhat pale in comparison to other coloured Type II/IV fluids. For this 
reason, a green dye (6 drops per litre of off-the-shelf green food colouring) will 
be added to some of the uncoloured sample to simulate a (typical) vibrant green 
fluid.  
 
The test setup is shown below. Half plates will be used as fluid is limited. Tests 
will be run on all plates simultaneously.  
 
 

 
 
 
One researcher will inspect the plates and, using the scale shown in the diagram 
below; rate his/her ability to identify the contamination on each test plate.  
 
 

 
 
 
The visual inspection will be performed on each plate at two prescribed times:  
 

1. Approximately halfway through the expected holdover time; and 

2. When the first plate fails (all plates are expected to fail at approximately 
the same time).  

 

4 5 61 2 3

VERY EASY VERY DIFFICULT

DIFFICULTY IN DECTECTING
CONTAMINATION
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The visual inspection and rating will be completed from three vantage points 
(see diagram below):  
 

1. Walk Around Perspective: Approximately 0.3 m (1 foot) from test stand 

2. Small Regional Jet Perspective: Approximately 6 m (20 feet) from test 
stand, 1.5 m (5 feet) elevated 

3. Large Jet Perspective: Approximately 12 m (40 feet) from test stand, 
1.5 m (5 feet) elevated 

 
 

 
 
 

Lighting conditions may be altered to investigate differences between day and 
night time conditions. 
 
The test plan for the Visual Inspection tests is combined with the test plan for 
the Coloured vs. Uncoloured ETs and is given in Table 8. All tests will be 
conducted on the main and/or side test stands. 
 
 

2.12 Compatibility of Different Fluid Brands in Two-Step De/Anti-icing 
Procedures (Compatibility) 

 
It is common practice to use a two-step de/anti-icing application where Type I 
fluid is applied (to deice) followed by a Type II or IV fluid (to anti-ice). This 
method provides longer holdover times than applying Type I fluid only.  
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Operators may choose to use a specific Type II or IV second step fluid in 
conjunction with various Type I first step fluids in order to minimize costs. 
Questions have been raised as to whether the use of different Type I fluids in a 
two-step application can have an adverse effect on the holdover time of the 
second step fluid.  
 
The objective of this research is to compare the endurance times of various 
Type II/IV fluids when applied as part of a two-step procedure with different 
first step Type I fluids. 
 
The test procedure is similar to the procedure used for standard endurance time 
testing except that fluids will be applied in two steps. First, one liter of Type I 
fluid will be applied at 20°C to the test surface. Three minutes later, one liter of 
Type II/IV fluid at ambient temperature will be applied. Plates will be allowed to 
run until failure occurs. 
 
The test plan for the Compatibility tests is given in Table 9. All tests will be 
conducted on the main and/or side stands. 
 
 
2.13 Documentation of Fluid Failure (Failure Photos) 
 
A project was undertaken in winter 2013-14 to obtain photos of de/anti-icing 
fluid failure in all conditions encompassed by the holdover time guidelines. 
Review of existing materials indicated some of the needed photos do not exist. 
The objective of this project is to obtain the missing photos. 
 
Photos will be taken at a 10° to 30° incident angle from three different 
perspectives: from the top end of the plate, from the bottom of the plate and 
from a 30° angle to the top of the plate. All photos should be taken within 
1 minute of failure (failure of a plate is determined based on standard HOT 
procedure). Most of the photos will be taken of tests being conducted for other 
projects. Table 10 lists the tests to be photographed in each condition. The 
photographer will use the condition sheets as a data form, adding comments for 
individual tests to the sheets as needed.  
 
The following is a summary of the steps to be completed for this project: 

• Sync camera with clock at NRC; 

• Take a picture of the condition sheet at the beginning (suggest writing 
beginning at the top of the sheet) and end (suggest writing end at the top 
of the sheet) of each condition; 

• Put a nut on lower left bolt of plate once it has been poured to indicate 
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photos are needed; 

• Take photos at failure only (other photos not required); 

• Circle test number on condition sheet as soon as plate fails and take a 
picture of the condition sheet after photos have been taken; and 

• Download and sort photos by condition at the end of each day. 
 
 
2.14 Separate Project: Preliminary Evaluation of Commercial Type IV 

Fluid vs. Generic Holdover Times (CC) 
 
Tests for a non-TC/FAA funded project will be conducted concurrently with the 
other tests described in this procedure. The tests, conducted on behalf of a 
commercial fluid manufacturer, are being conducted at the test session to take 
advantage of cost sharing opportunities. The purpose is to conduct a series of 
preliminary endurance time tests to evaluate the HOT performance of the 
current formulation of their fluid. The plan for these tests is prepared in a 
separate document; the schedule and fluid requirements have been included in 
this procedure for planning purposes only. 
 
 
3. PERSONNEL REQUIREMENTS/RESPONSIBILITIES 
 
The personnel requirements and responsibilities are provided in Table 11. 
 
 
4. FLUIDS 
 
The required fluids and fluid quantities are shown in Table 12. Type I fluids will 
be diluted prior to testing using the dilution tables provided in Table 13. Fluids 
that will be used the first day of testing should be packed into coolers at the 
APS test site and plugged into power overnight. 
 
 
5. EQUIPMENT  
 
Table 14 provides a list of required equipment. 
 
 
6. DATA FORMS 
 
The data forms required for each project are listed below. 
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1. New Fluid ETs: 
• Freezing Precipitation Endurance Time Electronic Data Form 
• Rate Management Form (Figure 4) 
• NRC Continuous Rate Form (Figure 5) 

2. Type III CB1: 
• Freezing Precipitation Endurance Time Electronic Data Form 

3. ET Thickness: 
• Fluid Thickness Data Form (Figure 6) 

4. Winglet Thickness: 
• Fluid Thickness Data Form (Figure 6). Additional notes shall be added 

to this data form to reflect the measurement procedure.  

5. Winglet ETs: 
• Freezing Precipitation Endurance Time Data Form (Figure 7) 
• Winglet End Condition Data Form (Figure 8) 

6. Airfoil: 
• Freezing Precipitation Endurance Time Data Form (Figure 7) 
• Airfoil End Condition Data Form (Figure 9) 

7. Nose Cone: 
• Freezing Precipitation Endurance Time Electronic Data Form  

8. Deployed Flaps: 
• Freezing Precipitation Endurance Time Electronic Data Form 

9. Freezing & Thawing 
• Freezing Precipitation Endurance Time Electronic Data Form 

10. Coloured vs. Un-coloured ETs: 
• Freezing Precipitation Endurance Time Electronic Data Form  
• Fluid Brix/Thickness Data Form (Figure 10) 

11. Visual Inspection: 
• Freezing Precipitation Endurance Time Electronic Data Form 
• Visual Inspection Data Form (Figure 11) 

12. Compatibility: 
• Type II/IV: Freezing Precipitation Endurance Time Electronic Data Form  
• Type I: Freezing Precipitation Endurance Time Data Form (Figure7)  
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13. Failure Photos: 
• Condition Sheets 

 
 
7. PRE–TEST SET–UP ACTIVITIES 
 
The following activities need to be completed prior to arrival at the NRC:  
 

1. Mark plates with plate numbers on back and front. Also mark a set of half 
plates for positions 2 to 12 on back and front (if 11 sets not available, 
mark additional full plates that can be cut at NRC). Marking should be at 
bottom and half plates should be marked for example “4L and 
4R”. (MR/DP)  

2. Mark plates with plate numbers (MR/DP)  

3. Check rate pans: check quantity, check for holes, and check all pans are 
properly labelled (MR/DP)  

4. Ensure plates and boxes are equipped with operational and verified 
thermistors or smart buttons (MR/DP)  

5. Prepare labels for pour containers as per fluids list (CB)  

6. Ensure fluids are prepared in advance according to Table 12 (DP)  

7. Clean and label 1 litre pour containers (DP)  

8. Check laptops (2) work for rate station (MR)  

9. Rent cube van (EA)  

10. Book hotel (EA)  

11. Print data forms and procedures (SB/CB)  

12. Print chamber condition sheets (SB/CB)  

13. Contact Medhat (DY)  

• confirm availability of NRC camera system + black shelving unit  

• waste tote + floor mats in chamber for setup day  

• cold soak fluid + wooden stand + pump in chamber for setup day  

• coffee machine + cups + sugar  

• rate monitoring system  
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• update chamber settings file with the latest data available  

• make sure that the freezer works and is on the day before testing 
(fluids will be intentionally frozen over the weekend)  

• set up test area temperature sensors for morning of test  

• have the desks in the test area and in Medhat’s office cleaned-up 
and available to avoid mixing up NRC/APS equipment  

• ensure hallways and chamber free of clutter  

• make sure dryer is operational and hooked up  

14. Cut white plate on Friday March 20th (NRC)  

15. Put 100/0 freezing/thawing fluids into CSW freezer at -40°C (MR)  

16. Put CSW fluid into freezer at -40°C (MR)  

17. Make all necessary purchases prior to NRC (MR/CB) 

18. Ensure freezing/thawing project fluids are prepared in advance (DY)  

19. Ensure fluids for research projects are available (DY)  

20. Prepare fluids with dye requirements; and check thickness (DY)  

21. Ensure photo equipment is ready for testing for photo project (CB)  

22. Remove sensitive equipment, 50/50 fluids, 75/25 fluids if doing -25°C 
first day (MR)  

23. Determine team travel plans (MR/JD)  

24. Confirm lowest operational use temperature (LOUT) of all Type II, III and 
IV fluids (JD). If any LOUTs are -30°C or lower, schedule testing in 
freezing fog at the LOUT (CB/SB). 

25. Provide final test plan to data form programmer (CB). 

26. Make an easy prop to give plates a 20° incline (MR) 

27. Determine new nose cone light bulb i.e. 10 watts or less to get 3°C 
warming (MR) 

 
 

8. SAFETY ISSUES 
 

Managers of each subproject must ensure that personnel involved in the set-up 
and conduct of their respective projects are aware of the following: 
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1. Fluid MSDS sheets are available for review. 

2. Waterproof clothing and gloves are available. 

3. Rubber mats must be properly placed in and around the test area and 
cleaned as necessary. 

4. Care should be taken when circulating near the test stand due to 
slipperiness. 

5. First aid kit, water and fire extinguisher are available. 

6. All NRC safety guidelines must be followed. 
 
 
9. REFERENCES 
 

1. SAE Aerospace Recommended Practice 5485, Endurance Time Tests for 
Aircraft Deicing/Anti-icing Fluids SAE Type II, III, and IV, July 2007. 

2. SAE Aerospace Recommended Practice 5945, Endurance Time Tests for 
Aircraft Deicing/Anti-icing Fluids SAE Type I, July 2007. 

3. Test Requirements For Simulated Freezing Precipitation Flat Plate Testing, 
Version 1.0, January 15, 2004. 

4. Experimental Program to Establish Film Thickness Profiles for De-Icing and 
Anti-Icing Fluids on Flat Plates, Version 1.0, April 3, 2002. 

5. Evaluation of Endurance Times on Deployed Flaps, Final Version 1.0, 
January 25, 2012. 

6. Effect of Thickened Fluid Freezing and Thawing on Fluid Integrity and 
Resulting Holdover Time, Final Version 1.0, March 5, 2015. 
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FIGURE 1: TEST SCHEDULE 

 
 
 

Project Abbreviations 

HOT = HOT of New Fluids CC = Commercial Type IV vs. Generic HOTs 
DF = Deployed Flaps AF= Airfoil ET Testing 
W = Winglet ET Testing NC = Nose Cone 
FT= Freezing & Thawing CU = Coloured Vs. Uncoloured 
VI = Visual Inspection CP = Compatibility of Different Fluids 
P = Photo Documentation of Failure  
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CU/VI=12
CP=10

P=1

ZR,-3,13
HOT=18
CC=2
DF=2
FT=2
CP=2
P=1

ZD,-10,13
HOT=18
CC=2
DF=4
FT=2

CU/VI=7
CP=3
NC=4

ZR,-10,13
HOT=18
CC=1
DF=2
FT=2
CP=2
P=1

NC=4

ZR,-10,25
AF/W

Take down ZF

20:30

18:30

19:00

19:30

17:00

17:30

18:00

Decide if 
doing -6°C

ZD,-3,13
AF/W

20:00

14:30

15:00

15:30

16:00

16:30

OPTION 1: WITH -6°C TESTS

ZF,-3,2
HOT=22
CC=2
P=3

TH-W=6

ZF,-
30.5,2
HOT=4

Warm to 
-10°C

Warm to -3°C

ZF,-25,2
HOT=14

ZF,-25,5
HOT=14

Packup

ZF,-6,2
HOT=4

ZF,-6,5
HOT=4

ZF,-3,5
HOT=22
CC=2
DF=2
FT=2
CU=2
CP=2
P=2

ZD,-6,13
HOT=4

Warm to 
+1°C

CSW,1,75
HOT=18

P=2

CSW,1,5
HOT=18
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FIGURE 1: TEST SCHEDULE (CONT’D) 

 
 
 

Project Abbreviations 

HOT = HOT of New Fluids CC = Commercial Type IV vs. Generic HOTs 
DF = Deployed Flaps AF= Airfoil ET Testing 
W = Winglet ET Testing NC = Nose Cone 
FT= Freezing & Thawing CU = Coloured Vs. Uncoloured 
VI = Visual Inspection CP = Compatibility of Different Fluids 
P = Photo Documentation of Failure  

 

Mon Tues Wed Thurs Fri Mon Tues Wed Thurs
Mar-23 Mar-24 Mar-25 Mar-26 Mar-27 Mar-30 Mar-31 Apr-01 Apr-02

Warm to -25°C

Warm to 
-10°C

Warm to -3°C

OPTION 2: WITHOUT -6°C TESTS

Packup

ZR,-10,25
AF/W

YOWs 
Pickup 

Truck in 
YOW

Packup 
Equip in 

YUL

YOWs 
Drive 
Truck 

to YOW

ZF,-3,5
HOT=22
CC=2
DF=2
FT=2
CU=2
CP=2
P=2

Warm to 
+1°C

CSW,1,5
HOT=18

CSW,1,75
HOT=18

P=2

ZF,-
30.5,2
HOT=4

ZF,-
30.5,5
HOT=4

ZF,-25,5
HOT=14

ZF,-3,2
HOT=22
CC=2
P=3

TH-W=6

ZD,-3,13
AF/W

Setup 
at NRC

ZF,-10,5
HOT=6

P=1

11:00

ZF,-14,2
HOT=10

ZD,-10,5
HOT=18
CC=1
DF=2
FT=2
CP=3

11:30

12:00

ZD,-3,5
AF/W

ZF,-14,5
HOT=10
CC=1
FT=2
CP=4

9:00

9:30

10:00

ZR,-10,25
HOT=18
CC=1
DF=2
FT=2
CU=4
CP=5

ZD,-3,5
HOT=22
CC=2
P=1

TH-ET=18

13:30

ZF,-10,2
HOT=6

P=1
DF=2

ZR,-10,13
HOT=18
CC=1
DF=2
FT=2
CP=2
P=1

NC=4

ZF,-25,2
HOT=14

10:30

17:00

17:30

Warm to -3°C

14:30

ZR,-3,25
HOT=18
CC=2
DF=2
FT=4

CU/VI=12
CP=10

P=1

ZR,-10,13
AF/W

12:30

15:00

13:00

APS 
Drive to 
YOW

ZD,-10,13
HOT=18
CC=2
DF=4
FT=2

CU/VI=7
CP=3
NC=4

14:00

Spare 
Testing 

Day

20:30

ZR,-3,13
HOT=18
CC=2
DF=2
FT=2
CP=2
P=1

Decide if 
doing -6°C

18:00

18:30

19:00

19:30

20:00

15:30

16:00

ZD,-3,13
HOT=22
CC=2
DF=2
FT=2

CU/VI=7
CP=2
P=1

16:30

8:30



APPENDIX C 

MM:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix C.docx 
Final Version 1.0, March 17 

C-18 

FIGURE 2: TEST STAND LOCATION MEASUREMENTS 

 

LOCATION: CEF (Ottawa) DATE: 

XT YT XRH YRH x y x1   y1

1 ZR3H 24' 2" 7' 22' 7" 9' 10" Very Good Top Stand 19' from snow fence
2 ZR3L 24' 2" 7' 22' 7" 9' 10" Very Good Top Stand 19' from snow fence
3 ZR10H 24' 6' 9" 24' 5" 9' 6" Very Good Top stand is 20 ft. from snow fence
4 ZR10L 24' 6' 9" 24' 5" 9' 6" Very Good Top stand is 20 ft. from snow fence
5 ZD3H 24' 5" 6'6" 22' 10'4" Very Good
6 ZD3L 25' 3" 7'3" 25' 3" 9' 6" Good
7 ZD10H 24' 7'11" 25' 3" 9' 6" Very Good
8 ZD10L 24' 7' 7" 24' 7" 9' 11" Good 20 ft. from Snow Fence
9 ZFog3H 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
10 ZFog3L 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
11 ZFog10H 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
12 ZFog10L 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
13 ZFog14H 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
14 ZFog14L 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
15 ZFog25H 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
16 ZFog25L 24' 6'6" 21'11" 8'10" 34' 2"from x 40'2" from x Good 144"
17 CSWH 25'3" 25'3" 9' 6"
18 CSWL 23'11" 7'3" 25'3" 9' 6"

Outdoors
S Notes:

Skywitch Sheild

E Skywitch W

WEIGH SCALE TECHNICIAN:

LEADER:

N

XT YT XRH YRH x y x1   y1

24' 7' 24' 9'

top of plate 11
top of plate 11
top of plate 11
top of plate 11
top of plate 11

top of plate 11
top of plate 11
top of plate 11

9-Apr-01
6-Apr-01
6-Apr-01

29-Mar-01
29-Mar-01

2-Apr-01
10-Apr-01
10-Apr-01
10-Apr-01
10-Apr-01
9-Apr-01

4-Apr-01
4/2/2001
2-Apr-01

27-Mar-01
28-Mar-01
2-Apr-01

4-Apr-01

Sensor Position Skywitch
Position

Skywitch
Sheild

Position (*)

Nozzle
Position (**) RateTest Date of Final

Position Condition
Stand Position Height of 

nozzle
over plate

Comments

CONDITION: ZR3H   ZR3L   ZR10H   ZR10L   ZD3H   ZD3L  ZD10H   ZD10L ZF3H
                    ZF3L  ZF10H   ZF10L   ZF14H   ZF14L   ZF25H   ZF25L   CSWH   CSWL

* - "From X" refers to the distance from the East wall.
** - The nozzle should be between positions 5 and 11

Test Date of Final
Position Condition

Sensor Position Stand Position
Skywitch
Position

Skywitch
Sheild

Position (*)

NEW VALUES (IF DIFFERENT)

RH - Relative Humidity Sensor
T - Temperature Sensor

Nozzle
Position (**) Rate

Height of 
nozzle

over plate
Comments

Y

X0

1 2 3 4 5 61 2 3 4 5 6

7 8 9 10 11 12

x

x1

y

y1

xT

xRH

yRH

xT
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ATTACHMENT 1: COLD SOAK BOX PREPARATION PROCEDURE 

 
1. Put containers (20 L) of CSW box fluid (propylene 65/35) in cold 

(-30±5°C) freezer overnight. Freezers to be kept in large end of the 
chamber. 

 
2. Put all filled CSW boxes in warmer (-11±1°C) freezer overnight. 
 
3. Next morning, if freezer in step (2) does not provide fluid and box 

temperature of -11±1°C, then empty boxes in pail and achieve fluid at 
-12±1°C in pail. 

 
4. Prepare step (3) in corner of large chamber that is at +1°C; ensure boxes 

are cooled to about -11°C.  Go to step (6). 
 
5. After first series of tests, empty fluid from boxes into separate pail.  Put 

empty boxes in freezer to keep cool at -11±2°C. 
 
6. Prepare fluid to -12±1°C by mixing (use small amounts of hot water 

and/or cold fluid).  Agitate fluid mixture frequently. 
 
7. Fill boxes, ensure -11±1°C on surface of box.  This process shall be done 

while rates are being measured. 
 
8. Position on stand with cover, but no insulation on top surface.  Connect 

thermocouples. 
 
9. Allow warming to -10±0.5°C.  This process needs monitoring with rates 

measurement to not overshoot temperature (place insulation on top surface 
if required). 

 
10. Start test. 
 
11. At end of test, remove box from stand, measure rates, and go to step (5). 
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TABLE 1: NEW FLUID ENDURANCE TIMES TEST PLAN 

Test  
# 

Precipitation  
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test  
Surface Comments 

1 Freezing Fog -3 2 Kilfrost P2595 100 Al. Plate  
2 Freezing Fog -3 2 Kilfrost P2595 100 Al. Plate  
3 Freezing Fog -3 2 Deicing Solutions ECO-SHIELD 100 Al. Plate  
4 Freezing Fog -3 2 Deicing Solutions ECO-SHIELD 100 Al. Plate  
5 Freezing Fog -3 2 AllClear CB1-PB8000A 100 Al. Plate  
6 Freezing Fog -3 2 AllClear CB1-PB8000A 100 Al. Plate  
7 Freezing Fog -3 2 Kilfrost P2595 75 Al. Plate  
8 Freezing Fog -3 2 Kilfrost P2595 75 Al. Plate  
9 Freezing Fog -3 2 Newave FCY-2 Bio+ 100 Al. Plate  
10 Freezing Fog -3 2 Newave FCY-2 Bio+ 100 Al. Plate  
11 Freezing Fog -3 2 Newave FCY-2 Bio+ 75 Al. Plate  
12 Freezing Fog -3 2 Newave FCY-2 Bio+ 75 Al. Plate  
13 Freezing Fog -3 2 Kilfrost P2595 50 Al. Plate  
14 Freezing Fog -3 2 Kilfrost P2595 50 Al. Plate  
15 Freezing Fog -3 2 Newave FCY-2 Bio+ 50 Al. Plate  
16 Freezing Fog -3 2 Newave FCY-2 Bio+ 50 Al. Plate  
17 Freezing Fog -3 2 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
18 Freezing Fog -3 2 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
19 Freezing Fog -3 2 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
20 Freezing Fog -3 2 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
21 Freezing Fog -3 5 Kilfrost P2595 100 Al. Plate  
22 Freezing Fog -3 5 Kilfrost P2595 100 Al. Plate  
23 Freezing Fog -3 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
24 Freezing Fog -3 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
25 Freezing Fog -3 5 Kilfrost P2595 75 Al. Plate  
26 Freezing Fog -3 5 Kilfrost P2595 75 Al. Plate  
27 Freezing Fog -3 5 Newave FCY-2 Bio+ 100 Al. Plate  
28 Freezing Fog -3 5 Newave FCY-2 Bio+ 100 Al. Plate  
29 Freezing Fog -3 5 AllClear CB1-PB8000A 100 Al. Plate  
30 Freezing Fog -3 5 AllClear CB1-PB8000A 100 Al. Plate  
31 Freezing Fog -3 5 Newave FCY-2 Bio+ 75 Al. Plate  
32 Freezing Fog -3 5 Newave FCY-2 Bio+ 75 Al. Plate  
33 Freezing Fog -3 5 Kilfrost P2595 50 Al. Plate  
34 Freezing Fog -3 5 Kilfrost P2595 50 Al. Plate  
35 Freezing Fog -3 5 Newave FCY-2 Bio+ 50 Al. Plate  
36 Freezing Fog -3 5 Newave FCY-2 Bio+ 50 Al. Plate  
37 Freezing Fog -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
38 Freezing Fog -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
39 Freezing Fog -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
40 Freezing Fog -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
41 Freezing Fog -6 2 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
42 Freezing Fog -6 2 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
43 Freezing Fog -6 2 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
44 Freezing Fog -6 2 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
45 Freezing Fog -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
46 Freezing Fog -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
47 Freezing Fog -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
48 Freezing Fog -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
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TABLE 1: NEW FLUID ENDURANCE TIMES TEST PLAN (CONT’D) 

Test  
# 

Precipitation  
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test  
Surface Comments 

49 Freezing Fog -10 2 AllClear CB1-PB8000A 100 Al. Plate  
50 Freezing Fog -10 2 AllClear CB1-PB8000A 100 Al. Plate  
51 Freezing Fog -10 2 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
52 Freezing Fog -10 2 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
53 Freezing Fog -10 2 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
54 Freezing Fog -10 2 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
55 Freezing Fog -10 5 AllClear CB1-PB8000A 100 Al. Plate  
56 Freezing Fog -10 5 AllClear CB1-PB8000A 100 Al. Plate  
57 Freezing Fog -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
58 Freezing Fog -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
59 Freezing Fog -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
60 Freezing Fog -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
61 Freezing Fog -14 2 Deicing Solutions ECO-SHIELD 100 Al. Plate  
62 Freezing Fog -14 2 Deicing Solutions ECO-SHIELD 100 Al. Plate  
63 Freezing Fog -14 2 Newave FCY-2 Bio+ 100 Al. Plate  
64 Freezing Fog -14 2 Newave FCY-2 Bio+ 100 Al. Plate  
65 Freezing Fog -14 2 Kilfrost P2595 75 Al. Plate  
66 Freezing Fog -14 2 Kilfrost P2595 75 Al. Plate  
67 Freezing Fog -14 2 Kilfrost P2595 100 Al. Plate  
68 Freezing Fog -14 2 Kilfrost P2595 100 Al. Plate  
69 Freezing Fog -14 2 Newave FCY-2 Bio+ 75 Al. Plate  
70 Freezing Fog -14 2 Newave FCY-2 Bio+ 75 Al. Plate  
71 Freezing Fog -14 5 Newave FCY-2 Bio+ 100 Al. Plate  
72 Freezing Fog -14 5 Newave FCY-2 Bio+ 100 Al. Plate  
73 Freezing Fog -14 5 Kilfrost P2595 100 Al. Plate  
74 Freezing Fog -14 5 Kilfrost P2595 100 Al. Plate  
75 Freezing Fog -14 5 Newave FCY-2 Bio+ 75 Al. Plate  
76 Freezing Fog -14 5 Newave FCY-2 Bio+ 75 Al. Plate  
77 Freezing Fog -14 5 Kilfrost P2595 75 Al. Plate  
78 Freezing Fog -14 5 Kilfrost P2595 75 Al. Plate  
79 Freezing Fog -14 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
80 Freezing Fog -14 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
81 Freezing Fog -25 2 AllClear CB1-PB8000A 100 Al. Plate  
82 Freezing Fog -25 2 AllClear CB1-PB8000A 100 Al. Plate  
83 Freezing Fog -25 2 Kilfrost P2595 100 Al. Plate  
84 Freezing Fog -25 2 Kilfrost P2595 100 Al. Plate  
85 Freezing Fog -25 2 Deicing Solutions ECO-SHIELD 100 Al. Plate  
86 Freezing Fog -25 2 Deicing Solutions ECO-SHIELD 100 Al. Plate  
87 Freezing Fog -25 2 Newave FCY-2 Bio+ 100 Al. Plate  
88 Freezing Fog -25 2 Newave FCY-2 Bio+ 100 Al. Plate  
89 Freezing Fog -25 2 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Al. Plate  
90 Freezing Fog -25 2 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Al. Plate  
91 Freezing Fog -25 2 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Comp. Plate  
92 Freezing Fog -25 2 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Comp. Plate  
93 Freezing Fog -25 5 Kilfrost P2595 100 Al. Plate  
94 Freezing Fog -25 5 Kilfrost P2595 100 Al. Plate  
95 Freezing Fog -25 5 Newave FCY-2 Bio+ 100 Al. Plate  
96 Freezing Fog -25 5 Newave FCY-2 Bio+ 100 Al. Plate  
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TABLE 1: NEW FLUID ENDURANCE TIMES TEST PLAN (CONT’D) 

Test  
# 

Precipitation  
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test  
Surface Comments 

97 Freezing Fog -25 5 AllClear CB1-PB8000A 100 Al. Plate  
98 Freezing Fog -25 5 AllClear CB1-PB8000A 100 Al. Plate  
99 Freezing Fog -25 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
100 Freezing Fog -25 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
101 Freezing Fog -25 5 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Al. Plate  
102 Freezing Fog -25 5 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Al. Plate  
103 Freezing Fog -25 5 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Comp. Plate  
104 Freezing Fog -25 5 Oksayd Defrost ECO I Batch #10 10°B (B=29.5) Comp. Plate  
105 Freezing Fog -35 2 LNT E450 100 Al. Plate  
106 Freezing Fog -35 2 LNT E450 100 Al. Plate  
107 Freezing Fog -35 2 AllClear CB1-PB8000A 100 Al. Plate  
108 Freezing Fog -35 2 AllClear CB1-PB8000A 100 Al. Plate  
109 Freezing Fog -35 5 LNT E450 100 Al. Plate  
110 Freezing Fog -35 5 LNT E450 100 Al. Plate  
111 Freezing Fog -35 5 AllClear CB1-PB8000A 100 Al. Plate  
112 Freezing Fog -35 5 AllClear CB1-PB8000A 100 Al. Plate  
113 Freezing Drizzle -3 5 Kilfrost P2595 100 Al. Plate  
114 Freezing Drizzle -3 5 Kilfrost P2595 100 Al. Plate  
115 Freezing Drizzle -3 5 Kilfrost P2595 75 Al. Plate  
116 Freezing Drizzle -3 5 Kilfrost P2595 75 Al. Plate  
117 Freezing Drizzle -3 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
118 Freezing Drizzle -3 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
119 Freezing Drizzle -3 5 Newave FCY-2 Bio+ 100 Al. Plate  
120 Freezing Drizzle -3 5 Newave FCY-2 Bio+ 100 Al. Plate  
121 Freezing Drizzle -3 5 AllClear CB1-PB8000A 100 Al. Plate  
122 Freezing Drizzle -3 5 AllClear CB1-PB8000A 100 Al. Plate  
123 Freezing Drizzle -3 5 Newave FCY-2 Bio+ 75 Al. Plate  
124 Freezing Drizzle -3 5 Newave FCY-2 Bio+ 75 Al. Plate  
125 Freezing Drizzle -3 5 Kilfrost P2595 50 Al. Plate  
126 Freezing Drizzle -3 5 Kilfrost P2595 50 Al. Plate  
127 Freezing Drizzle -3 5 Newave FCY-2 Bio+ 50 Al. Plate  
128 Freezing Drizzle -3 5 Newave FCY-2 Bio+ 50 Al. Plate  
129 Freezing Drizzle -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
130 Freezing Drizzle -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
131 Freezing Drizzle -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
132 Freezing Drizzle -3 5 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
133 Freezing Drizzle -3 13 Kilfrost P2595 100 Al. Plate  
134 Freezing Drizzle -3 13 Kilfrost P2595 100 Al. Plate  
135 Freezing Drizzle -3 13 Kilfrost P2595 75 Al. Plate  
136 Freezing Drizzle -3 13 Kilfrost P2595 75 Al. Plate  
137 Freezing Drizzle -3 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
138 Freezing Drizzle -3 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
139 Freezing Drizzle -3 13 Newave FCY-2 Bio+ 100 Al. Plate  
140 Freezing Drizzle -3 13 Newave FCY-2 Bio+ 100 Al. Plate  
141 Freezing Drizzle -3 13 AllClear CB1-PB8000A 100 Al. Plate  
142 Freezing Drizzle -3 13 AllClear CB1-PB8000A 100 Al. Plate  
143 Freezing Drizzle -3 13 Newave FCY-2 Bio+ 75 Al. Plate  
144 Freezing Drizzle -3 13 Newave FCY-2 Bio+ 75 Al. Plate  
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TABLE 1: NEW FLUID ENDURANCE TIMES TEST PLAN (CONT’D) 

Test  
# 

Precipitation  
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test  
Surface Comments 

145 Freezing Drizzle -3 13 Kilfrost P2595 50 Al. Plate  
146 Freezing Drizzle -3 13 Kilfrost P2595 50 Al. Plate  
147 Freezing Drizzle -3 13 Newave FCY-2 Bio+ 50 Al. Plate  
148 Freezing Drizzle -3 13 Newave FCY-2 Bio+ 50 Al. Plate  
149 Freezing Drizzle -3 13 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
150 Freezing Drizzle -3 13 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Al. Plate  
151 Freezing Drizzle -3 13 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
152 Freezing Drizzle -3 13 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) Comp. Plate  
153 Freezing Drizzle -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
154 Freezing Drizzle -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
155 Freezing Drizzle -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
156 Freezing Drizzle -6 5 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
157 Freezing Drizzle -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
158 Freezing Drizzle -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
159 Freezing Drizzle -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
160 Freezing Drizzle -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
161 Freezing Drizzle -10 5 AllClear CB1-PB8000A 100 Al. Plate  
162 Freezing Drizzle -10 5 AllClear CB1-PB8000A 100 Al. Plate  
163 Freezing Drizzle -10 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
164 Freezing Drizzle -10 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
165 Freezing Drizzle -10 5 Kilfrost P2595 100 Al. Plate  
166 Freezing Drizzle -10 5 Kilfrost P2595 100 Al. Plate  
167 Freezing Drizzle -10 5 Kilfrost P2595 75 Al. Plate  
168 Freezing Drizzle -10 5 Kilfrost P2595 75 Al. Plate  
169 Freezing Drizzle -10 5 Newave FCY-2 Bio+ 100 Al. Plate  
170 Freezing Drizzle -10 5 Newave FCY-2 Bio+ 100 Al. Plate  
171 Freezing Drizzle -10 5 Newave FCY-2 Bio+ 75 Al. Plate  
172 Freezing Drizzle -10 5 Newave FCY-2 Bio+ 75 Al. Plate  
173 Freezing Drizzle -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
174 Freezing Drizzle -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
175 Freezing Drizzle -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
176 Freezing Drizzle -10 5 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
177 Freezing Drizzle -10 13 AllClear CB1-PB8000A 100 Al. Plate  
178 Freezing Drizzle -10 13 AllClear CB1-PB8000A 100 Al. Plate  
179 Freezing Drizzle -10 13 Kilfrost P2595 100 Al. Plate  
180 Freezing Drizzle -10 13 Kilfrost P2595 100 Al. Plate  
181 Freezing Drizzle -10 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
182 Freezing Drizzle -10 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
183 Freezing Drizzle -10 13 Kilfrost P2595 75 Al. Plate  
184 Freezing Drizzle -10 13 Kilfrost P2595 75 Al. Plate  
185 Freezing Drizzle -10 13 Newave FCY-2 Bio+ 100 Al. Plate  
186 Freezing Drizzle -10 13 Newave FCY-2 Bio+ 100 Al. Plate  
187 Freezing Drizzle -10 13 Newave FCY-2 Bio+ 75 Al. Plate  
188 Freezing Drizzle -10 13 Newave FCY-2 Bio+ 75 Al. Plate  
189 Freezing Drizzle -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
190 Freezing Drizzle -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
191 Freezing Drizzle -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
192 Freezing Drizzle -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
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TABLE 1: NEW FLUID ENDURANCE TIMES TEST PLAN (CONT’D) 

Test  
# 

Precipitation  
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test  
Surface Comments 

193 Light Freezing Rain -3 13 Kilfrost P2595 100 Al. Plate  
194 Light Freezing Rain -3 13 Kilfrost P2595 100 Al. Plate  
195 Light Freezing Rain -3 13 Kilfrost P2595 75 Al. Plate  
196 Light Freezing Rain -3 13 Kilfrost P2595 75 Al. Plate  
197 Light Freezing Rain -3 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
198 Light Freezing Rain -3 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
199 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 100 Al. Plate  
200 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 100 Al. Plate  
201 Light Freezing Rain -3 13 AllClear CB1-PB8000A 100 Al. Plate  
202 Light Freezing Rain -3 13 AllClear CB1-PB8000A 100 Al. Plate  
203 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 75 Al. Plate  
204 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 75 Al. Plate  
205 Light Freezing Rain -3 13 Kilfrost P2595 50 Al. Plate  
206 Light Freezing Rain -3 13 Kilfrost P2595 50 Al. Plate  
207 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 50 Al. Plate  
208 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 50 Al. Plate  
209 Light Freezing Rain -3 25 Kilfrost P2595 100 Al. Plate  
210 Light Freezing Rain -3 25 Kilfrost P2595 100 Al. Plate  
211 Light Freezing Rain -3 25 Kilfrost P2595 75 Al. Plate  
212 Light Freezing Rain -3 25 Kilfrost P2595 75 Al. Plate  
213 Light Freezing Rain -3 25 Deicing Solutions ECO-SHIELD 100 Al. Plate  
214 Light Freezing Rain -3 25 Deicing Solutions ECO-SHIELD 100 Al. Plate  
215 Light Freezing Rain -3 25 Newave FCY-2 Bio+ 100 Al. Plate  
216 Light Freezing Rain -3 25 Newave FCY-2 Bio+ 100 Al. Plate  
217 Light Freezing Rain -3 25 AllClear CB1-PB8000A 100 Al. Plate  
218 Light Freezing Rain -3 25 AllClear CB1-PB8000A 100 Al. Plate  
219 Light Freezing Rain -3 25 Newave FCY-2 Bio+ 75 Al. Plate  
220 Light Freezing Rain -3 25 Newave FCY-2 Bio+ 75 Al. Plate  
221 Light Freezing Rain -3 25 Kilfrost P2595 50 Al. Plate  
222 Light Freezing Rain -3 25 Kilfrost P2595 50 Al. Plate  
223 Light Freezing Rain -3 25 Newave FCY-2 Bio+ 50 Al. Plate  
224 Light Freezing Rain -3 25 Newave FCY-2 Bio+ 50 Al. Plate  
225 Light Freezing Rain -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
226 Light Freezing Rain -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
227 Light Freezing Rain -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
228 Light Freezing Rain -6 13 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
229 Light Freezing Rain -6 25 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
230 Light Freezing Rain -6 25 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Al. Plate  
231 Light Freezing Rain -6 25 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
232 Light Freezing Rain -6 25 Oksayd Defrost ECO I Batch #10 10°B (B=21.5) Comp. Plate  
233 Light Freezing Rain -10 13 Kilfrost P2595 100 Al. Plate  
234 Light Freezing Rain -10 13 Kilfrost P2595 100 Al. Plate  
235 Light Freezing Rain -10 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
236 Light Freezing Rain -10 13 Deicing Solutions ECO-SHIELD 100 Al. Plate  
237 Light Freezing Rain -10 13 Kilfrost P2595 75 Al. Plate  
238 Light Freezing Rain -10 13 Kilfrost P2595 75 Al. Plate  
239 Light Freezing Rain -10 13 AllClear CB1-PB8000A 100 Al. Plate  
240 Light Freezing Rain -10 13 AllClear CB1-PB8000A 100 Al. Plate  
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TABLE 1: NEW FLUID ENDURANCE TIMES TEST PLAN (CONT’D) 

Test  
# 

Precipitation  
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test  
Surface Comments 

241 Light Freezing Rain -10 13 Newave FCY-2 Bio+ 100 Al. Plate  
242 Light Freezing Rain -10 13 Newave FCY-2 Bio+ 100 Al. Plate  
243 Light Freezing Rain -10 13 Newave FCY-2 Bio+ 75 Al. Plate  
244 Light Freezing Rain -10 13 Newave FCY-2 Bio+ 75 Al. Plate  
245 Light Freezing Rain -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
246 Light Freezing Rain -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
247 Light Freezing Rain -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
248 Light Freezing Rain -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
249 Light Freezing Rain -10 25 Kilfrost P2595 100 Al. Plate  
250 Light Freezing Rain -10 25 Kilfrost P2595 100 Al. Plate  
251 Light Freezing Rain -10 25 Newave FCY-2 Bio+ 100 Al. Plate  
252 Light Freezing Rain -10 25 Newave FCY-2 Bio+ 100 Al. Plate  
253 Light Freezing Rain -10 25 AllClear CB1-PB8000A 100 Al. Plate  
254 Light Freezing Rain -10 25 AllClear CB1-PB8000A 100 Al. Plate  
255 Light Freezing Rain -10 25 Deicing Solutions ECO-SHIELD 100 Al. Plate  
256 Light Freezing Rain -10 25 Deicing Solutions ECO-SHIELD 100 Al. Plate  
257 Light Freezing Rain -10 25 Kilfrost P2595 75 Al. Plate  
258 Light Freezing Rain -10 25 Kilfrost P2595 75 Al. Plate  
259 Light Freezing Rain -10 25 Newave FCY-2 Bio+ 75 Al. Plate  
260 Light Freezing Rain -10 25 Newave FCY-2 Bio+ 75 Al. Plate  
261 Light Freezing Rain -10 25 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
262 Light Freezing Rain -10 25 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Al. Plate  
263 Light Freezing Rain -10 25 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
264 Light Freezing Rain -10 25 Oksayd Defrost ECO I Batch #10 10°B (B=24.0) Comp. Plate  
265 Cold Soak Box 1 5 Kilfrost P2595 100 Al. Plate  
266 Cold Soak Box 1 5 Kilfrost P2595 100 Al. Plate  
267 Cold Soak Box 1 5 Kilfrost P2595 75 Al. Plate  
268 Cold Soak Box 1 5 Kilfrost P2595 75 Al. Plate  
269 Cold Soak Box 1 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
270 Cold Soak Box 1 5 Deicing Solutions ECO-SHIELD 100 Al. Plate  
271 Cold Soak Box 1 5 AllClear CB1-PB8000A 100 Al. Box  
272 Cold Soak Box 1 5 AllClear CB1-PB8000A 100 Al. Box  
273 Cold Soak Box 1 5 Newave FCY-2 Bio+ 100 Al. Plate  
274 Cold Soak Box 1 5 Newave FCY-2 Bio+ 100 Al. Plate  
275 Cold Soak Box 1 5 Newave FCY-2 Bio+ 75 Al. Plate  
276 Cold Soak Box 1 5 Newave FCY-2 Bio+ 75 Al. Plate  
277 Cold Soak Box 1 5 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Al. Plate  
278 Cold Soak Box 1 5 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Al. Plate  
279 Cold Soak Box 1 5 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Comp. Plate  
280 Cold Soak Box 1 5 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Comp. Plate  
281 Cold Soak Box 1 75 Kilfrost P2595 100 Al. Plate  
282 Cold Soak Box 1 75 Kilfrost P2595 100 Al. Plate  
283 Cold Soak Box 1 75 Kilfrost P2595 75 Al. Plate  
284 Cold Soak Box 1 75 Kilfrost P2595 75 Al. Plate  
285 Cold Soak Box 1 75 Deicing Solutions ECO-SHIELD 100 Al. Plate  
286 Cold Soak Box 1 75 Deicing Solutions ECO-SHIELD 100 Al. Plate  
287 Cold Soak Box 1 75 Newave FCY-2 Bio+ 100 Al. Plate  
288 Cold Soak Box 1 75 Newave FCY-2 Bio+ 100 Al. Plate  
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TABLE 1: NEW FLUID ENDURANCE TIMES TEST PLAN (CONT’D) 

Test  
# 

Precipitation  
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test  
Surface Comments 

289 Cold Soak Box 1 75 AllClear CB1-PB8000A 100 Al. Box  
290 Cold Soak Box 1 75 AllClear CB1-PB8000A 100 Al. Box  
291 Cold Soak Box 1 75 Newave FCY-2 Bio+ 75 Al. Plate  
292 Cold Soak Box 1 75 Newave FCY-2 Bio+ 75 Al. Plate  
293 Cold Soak Box 1 75 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Al. Plate  
294 Cold Soak Box 1 75 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Al. Plate  
295 Cold Soak Box 1 75 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Comp. Plate  
296 Cold Soak Box 1 75 Oksayd Defrost ECO I Batch #10 10°B (B=16.0) Comp. Plate  
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TABLE 2: ET THICKNESS TEST PLAN 

Test # Fluid Fluid 
Dilution Fluid Temp Test Surface Ambient Air 

Temp 

TH1 Oksayd Defrost ECO I Batch 10 10°B=(19.25) 20°C Al. Plate -3°C 

TH2 Oksayd Defrost ECO I Batch 10 10°B=(19.25) 20°C Al. Plate -3°C 

TH3 Newave FCY-2 Bio+ 100/0 -3°C Al. Plate -3°C 

TH4 Newave FCY-2 Bio+ 100/0 -3°C Al. Plate -3°C 

TH5 Newave FCY-2 Bio+ 75/25 -3°C Al. Plate -3°C 

TH6 Newave FCY-2 Bio+ 75/25 -3°C Al. Plate -3°C 

TH7 Newave FCY-2 Bio+ 50/50 -3°C Al. Plate -3°C 

TH8 Newave FCY-2 Bio+ 50/50 -3°C Al. Plate -3°C 

TH9 Kilfrost P2595 100/0 -3°C Al. Plate -3°C 

TH10 Kilfrost P2595 100/0 -3°C Al. Plate -3°C 

TH11 Kilfrost P2595 75/25 -3°C Al. Plate -3°C 

TH12 Kilfrost P2595 75/25 -3°C Al. Plate -3°C 

TH13 Kilfrost P2595 50/50 -3°C Al. Plate -3°C 

TH14 Kilfrost P2595 50/50 -3°C Al. Plate -3°C 

TH15 Deicing Solutions ECO-SHIELD 100/0 -3°C Al. Plate -3°C 

TH16 Deicing Solutions ECO-SHIELD 100/0 -3°C Al. Plate -3°C 

TH17 AllClear CB1-PB8000A 100/0 -3°C Al. Plate -3°C 

TH18 AllClear CB1-PB8000A 100/0 -3°C Al. Plate -3°C 

 
Notes: 

• The quantity of fluid that will be poured for each test is 1.0 L 

• Measurements should be made at the 15-cm line at the time of fluid application, and after 2 
minutes, 5 minutes, 15 minutes, and 30 minutes. 

• If the results for one fluid vary by more than 10% repeat the two tests and disregard the 
highest and lowest values 

 



APPENDIX C 

MM:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix C.docx 
Final Version 1.0, March 17 

C-28 

TABLE 3: WINGLET THICKNESS TEST PLAN  

Test # Fluid Fluid 
Dilution 

Fluid 
Temp 

Test  
Surface 

Ambient  
Air Temp 

Fluid  
Quantity 

W1 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) 20°C 10° Al. Plate -3°C 1 L 

W2 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) 20°C 80° Al. Plate -3°C 1 L 

W3 Oksayd Defrost ECO I Batch #10 10°B (B=19.25) 20°C Winglet -3°C 9 L / side (18 L total) 

W4 Deicing Solutions Eco-Shield  100/0 -3°C 10° Al. Plate -3°C 1 L 

W5 Deicing Solutions Eco-Shield  100/0 -3°C 80° Al. Plate -3°C 1 L 

W6 Deicing Solutions Eco-Shield  100/0 -3°C Winglet -3°C 9 L on front side (9 L total) 

 
Notes: 

• Fluid thickness to be measured at 15 cm line of plate 

• Fluid thickness to be measured at 15 cm and 45 cm from the top of the winglet 

• Fluid thickness to be measured at 5, 10, 15 and 30 minutes after pouring 

• Winglet angle to be measured 
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FIGURE 3: COMBINED AIRFOIL AND WINGLET EXPERIMENTAL SET-UP 

 

Light Freezing Rain -10, 13 g/dm2/hLight Freezing Rain -10, 13 g/dm2/h

Freezing Drizzle -10, 5 g/dm2/h Freezing Drizzle -10, 13 g/dm2/h
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TABLE 4: COMBINED AIRFOIL AND WINGLET ENDURANCE TIMES TEST PLAN  

Test # Precipitation Type Temp  
(°C) 

Precip. Rate 
(g/dm²/h) Fluid Fluid Dilution  

(%) Test Surface Comments 

AF1 Light Freezing Rain -10 13 Dow EG106 100 10° Al. Plate   

AF2 Light Freezing Rain -10 13 Dow EG106 100 20° Al. Plate.   

W1 Light Freezing Rain -10 13 Dow EG106 100 80° Al. Plate. Only to be run if winglet fits in spray pattern 

AF3 Light Freezing Rain -10 13 Dow EG106 100 Slatted Airfoil Pour 14.5L of fluid at OAT 

AF4 Light Freezing Rain -10 13 Dow EG106 100 Simple Airfoil Pour 10.5L of fluid at OAT 

W2 Light Freezing Rain -10 13 Dow EG106 100 Winglet 
Pour 18L Fluid @ OAT (9 L per side) 
Draw a sketch of failure once observed and note the time 
Only to be run if winglet fits in spray pattern 

AF5 Light Freezing Rain -10 13 Clariant MP I 1938 ECO 10°B (B=27.5) 10° Al. Plate Pour 1L Fluid @ 20°C 

AF6 Light Freezing Rain -10 13 Clariant MP I 1938 ECO 10°B (B=27.5) 20° Al. Plate. Pour 1L Fluid @ 20°C 

AF7 Light Freezing Rain -10 13 Clariant MP I 1938 ECO 10°B (B=27.5) Slatted Airfoil Pour 14.5L Fluid @ 20°C 

AF8 Light Freezing Rain -10 13 Clariant MP I 1938 ECO 10°B (B=27.5) Simple Airfoil Pour 10.5L Fluid @ 20°C 

W3 Light Freezing Rain -10 13 Cryotech Polar Plus Premix 10° Al. Plate Pour 1L Fluid @ 20°C 

W4 Light Freezing Rain -10 13 Cryotech Polar Plus Premix 80° Al. Plate. Pour 1L Fluid @ 20°C 
If winglet does not fit in spray, run as subsequent test 

W5 Light Freezing Rain -10 13 Cryotech Polar Plus Premix Winglet 
Pour 18L Fluid @ 20°C (9L per side) 
Draw a sketch of failure once observed and note the time 
If winglet does not fit in spray, run as subsequent test 

AF9 Light Freezing Rain -10 25 ABAX AD-49 100 10° Al. Plate   

AF10 Light Freezing Rain -10 25 ABAX AD-49 100 20° Al. Plate.   

AF11 Light Freezing Rain -10 25 ABAX AD-49 100 Slatted Airfoil Pour 14.5L of fluid at OAT 

AF12 Light Freezing Rain -10 25 ABAX AD-49 100 Simple Airfoil Pour 10.5L of fluid at OAT 

AF13 Freezing Drizzle -3 5 Newave FCY 9311 50 10° Al. Plate   

AF14 Freezing Drizzle -3 5 Newave FCY 9311 50 20° Al. Plate.   

AF15 Freezing Drizzle -3 5 Newave FCY 9311 50 Slatted Airfoil Pour 14.5L of fluid at OAT 

AF16 Freezing Drizzle -3 5 Newave FCY 9311 50 Simple Airfoil Pour 10.5L of fluid at OAT 

AF17 Freezing Drizzle -3 13 Kilfrost ABC-S Plus 75 10° Al. Plate   

AF18 Freezing Drizzle -3 13 Kilfrost ABC-S Plus 75 20° Al. Plate.   

AF19 Freezing Drizzle -3 13 Kilfrost ABC-S Plus 75 Slatted Airfoil Pour 14.5L of fluid at OAT 

AF20 Freezing Drizzle -3 13 Kilfrost ABC-S Plus 75 Simple Airfoil Pour 10.5L of fluid at OAT 
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TABLE 5: NOSE CONE TEST PLAN  

Test 
# 

Precipitation 
Type 

Temp 
(°C) 

Precip. Rate 
(g/dm²/h) Fluid 

Fluid 
Dilution 

(%) 

Test 
Surface Comments 

NC1 Light Freezing Rain -10 13 Newave FCY-2 BIO+ 100 10° Al. Plate  
NC2 Light Freezing Rain -10 13 Newave FCY-2 BIO+ 100 20° Al. Plate  
NC3 Light Freezing Rain -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24) 20° Al. Plate Pour 1L Fluid @ 20°C 

NC4 Light Freezing Rain -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24) 20° Light Box Pour 1L Fluid @ 20°C 

NC5 Light Freezing Rain -10 25 Deicing Solutions ECO-SHIELD 100 10° Al. Plate  
NC6 Light Freezing Rain -10 25 Deicing Solutions ECO-SHIELD 100 20° Al. Plate  
NC7 Light Freezing Rain -10 25 Oksayd Defrost ECO I Batch #10 10°B (B=24) 20° Al. Plate Pour 1L Fluid @ 20°C 

NC8 Light Freezing Rain -10 25 Oksayd Defrost ECO I Batch #10 10°B (B=24) 20° Light Box Pour 1L Fluid @ 20°C 

NC9 Freezing Drizzle -10 13 Kilfrost P2595 100 10° Al. Plate  
NC10 Freezing Drizzle -10 13 Kilfrost P2595 100 20° Al. Plate  
NC11 Freezing Drizzle -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24) 20° Al. Plate Pour 1L Fluid @ 20°C 

NC12 Freezing Drizzle -10 13 Oksayd Defrost ECO I Batch #10 10°B (B=24) 20° Light Box Pour 1L Fluid @ 20°C 

Notes: 

• Comparative sets outlined by thickened borders 
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TABLE 6: DEPLOYED FLAPS ENDURANCE TIMES TEST PLAN 

Test 
# 

Precipitation 
Type 

Temp 
(°C) 

Precip. Rate 
(g/dm²/h) Fluid 

Fluid 
Dilution 

(%) 

Test 
Surface Comments 

DF1 Light Freezing Rain -3 13 Clariant MP III 2031 100 10° Al. Plate Unheated fluid - poured at ambient temperature 

DF2 Light Freezing Rain -3 13 Clariant MP III 2031 100 20° Al. Plate Unheated fluid - poured at ambient temperature 

DF3 Light Freezing Rain -3 25 AllClear CB1-PB8000A 100 10° Al. Plate Unheated fluid - poured at ambient temperature 

DF4 Light Freezing Rain -3 25 AllClear CB1-PB8000A 100 20° Al. Plate Unheated fluid - poured at ambient temperature 

DF5 Light Freezing Rain -10 13 Newave FCY-2 BIO+ 100 10° Al. Plate  
DF6 Light Freezing Rain -10 13 Newave FCY-2 BIO+ 100 20° Al. Plate  
DF7 Light Freezing Rain -10 25 Deicing Solutions ECO-SHIELD 100 10° Al. Plate  
DF8 Light Freezing Rain -10 25 Deicing Solutions ECO-SHIELD 100 20° Al. Plate  
DF9 Freezing Drizzle -3 13 Clariant MP III 2031 75 10° Al. Plate Unheated fluid - poured at ambient temperature 

DF10 Freezing Drizzle -3 13 Clariant MP III 2031 75 20° Al. Plate Unheated fluid - poured at ambient temperature 

DF11 Freezing Drizzle -10 5 Clariant MP III 2031 75 10° Al. Plate Unheated fluid - poured at ambient temperature 

DF12 Freezing Drizzle -10 5 Clariant MP III 2031 75 20° Al. Plate Unheated fluid - poured at ambient temperature 

DF13 Freezing Drizzle -10 13 Kilfrost P2595 100 10° Al. Plate  
DF14 Freezing Drizzle -10 13 Kilfrost P2595 100 20° Al. Plate  
DF15 Freezing Drizzle -10 13 Clariant MP III 2031 75 10° Al. Plate Unheated fluid - poured at ambient temperature 

DF16 Freezing Drizzle -10 13 Clariant MP III 2031 75 20° Al. Plate Unheated fluid - poured at ambient temperature 

DF17 Freezing Fog -3 5 Clariant MP III 2031 100 10° Al. Plate Pour 1L Fluid @ 20°C 

DF18 Freezing Fog -3 5 Clariant MP III 2031 100 20° Al. Plate Pour 1L Fluid @ 20°C 

DF19 Freezing Fog -10 5 AllClear CB1-PB8000A 100 10° Al. Plate Unheated fluid - poured at ambient temperature 

DF20 Freezing Fog -10 5 AllClear CB1-PB8000A 100 20° Al. Plate Unheated fluid - poured at ambient temperature 

Notes: 

• Comparative sets outlined by thickened borders 
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TABLE 7: FREEZING & THAWING TEST PLAN 

Test 
# 

Precipitation 
Type 

Temp 
(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid 

Fluid 
Dilution 

(%) 

Test 
Surface Comments 

FT1 Freezing Drizzle -10 5 Clariant MaxFlight 04 75 Al. Plate Baseline -No Freeze 

FT2 Freezing Drizzle -10 5 Clariant MaxFlight 04 75 Al. Plate 48 Hour Freeze 

FT3 Freezing Drizzle -10 13 Newave FCY-2 Bio+ 75 Al. Plate Baseline -No Freeze 

FT4 Freezing Drizzle -10 13 Newave FCY-2 Bio+ 75 Al. Plate 48 Hour Freeze 

FT5 Freezing Drizzle -3 13 Clariant Launch  75 Al. Plate Baseline -No Freeze 

FT6 Freezing Drizzle -3 13 Clariant Launch  75 Al. Plate 48 Hour Freeze 

FT7 Freezing Fog -14 5 Kilfrost ABC-S Plus 75 Al. Plate Baseline -No Freeze 

FT8 Freezing Fog -14 5 Kilfrost ABC-S Plus 75 Al. Plate 48 Hour Freeze 

FT9 Freezing Fog -3 5 Cryotech Polar Guard Advance 75 Al. Plate Baseline -No Freeze 

FT10 Freezing Fog -3 5 Cryotech Polar Guard Advance 75 Al. Plate 48 Hour Freeze 

FT11 Light Freezing Rain -10 13 ABAX AD-49 75 Al. Plate Baseline -No Freeze 

FT12 Light Freezing Rain -10 13 ABAX AD-49 75 Al. Plate Repeated 48 Hour Freeze 

FT13 Light Freezing Rain -10 25 ABAX AD-49 75 Al. Plate Baseline -No Freeze 

FT14 Light Freezing Rain -10 25 ABAX AD-49 75 Al. Plate 48 Hour Freeze 

FT15 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 100 Al. Plate Baseline -No Freeze 

FT16 Light Freezing Rain -3 13 Newave FCY-2 Bio+ 100 Al. Plate 48 Hour Freeze 

FT17 Light Freezing Rain -3 25 Clariant MP III 2031 75 Al. Plate Baseline -No Freeze 

FT18 Light Freezing Rain -3 25 Clariant MP III 2031 75 Al. Plate 48 Hour Freeze 

FT19 Light Freezing Rain -3 25 Deicing Solutions ECO-SHIELD® 100 Al. Plate Baseline -No Freeze 

FT20 Light Freezing Rain -3 25 Deicing Solutions ECO-SHIELD® 100 Al. Plate 48 Hour Freeze 
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TABLE 8: COMBINED COLOURED VS. UNCOLOURED AND VISUAL INSPECTION TEST PLAN 

Test # Precipitation Type Temp  
(°C) 

Precip. Rate 
(g/dm²/h) ABAX Ecowing 26 Fluid Dilution  

(%) Test Surface Comments 

CU1 Freezing Drizzle -10 13 Coloured 100 Al. Plate Half Plate (side stand) 
CU2 Freezing Drizzle -10 13 Un-Coloured 100 Al. Plate Half Plate (side stand) 
VI1 Freezing Drizzle -10 13 Dye 100 Al. Plate Half Plate (side stand) 
VI2 Freezing Drizzle -10 13 Un-Coloured 100 White Plate Half Plate (side stand) 
VI3 Freezing Drizzle -10 13 Dye 100 White Plate Half Plate (side stand) 

CU3 Freezing Drizzle -10 13 Coloured 75 Al. Plate Half Plate Suggested  
CU4 Freezing Drizzle -10 13 Un-Coloured 75 Al. Plate Half Plate Suggested  

CU5 Freezing Drizzle -3 13 Coloured 100 Al. Plate 1/2 Plate, Thick @ 5 mins, Brix at fail 
CU6 Freezing Drizzle -3 13 Un-Coloured 100 Al. Plate 1/2 Plate, Thick @ 5 mins, Brix at fail 

CU7 Freezing Drizzle -3 13 Coloured 75 Al. Plate Half Plate (side stand) 
CU8 Freezing Drizzle -3 13 Un-Coloured 75 Al. Plate Half Plate (side stand) 
VI4 Freezing Drizzle -3 13 Dye 75 Al. Plate Half Plate (side stand) 
VI5 Freezing Drizzle -3 13 Un-Coloured 75 White Plate Half Plate (side stand) 
VI6 Freezing Drizzle -3 13 Dye 75 White Plate Half Plate (side stand) 

CU9 Freezing Fog -3 5 Coloured 50 Al. Plate Half Plate Suggested  
CU10 Freezing Fog -3 5 Un-Coloured 50 Al. Plate Half Plate Suggested  

CU11 Light Freezing Rain -10 25 Coloured 100 Al. Plate Half Plate Suggested  
CU12 Light Freezing Rain -10 25 Un-Coloured 100 Al. Plate Half Plate Suggested  
CU13 Light Freezing Rain -10 25 Coloured 75 Al. Plate Half Plate Suggested  
CU14 Light Freezing Rain -10 25 Un-Coloured 75 Al. Plate Half Plate Suggested  

CU15 Light Freezing Rain -3 25 Coloured 100 Al. Plate Half Plate Suggested  
CU16 Light Freezing Rain -3 25 Un-Coloured 100 Al. Plate Half Plate Suggested  

CU17 Light Freezing Rain -3 25 Coloured 75 Al. Plate Half Plate (side stand) 
CU18 Light Freezing Rain -3 25 Un-Coloured 75 Al. Plate Half Plate (side stand) 
VI7 Light Freezing Rain -3 25 Dye 75 Al. Plate Half Plate (side stand) 
VI8 Light Freezing Rain -3 25 Un-Coloured 75 White Plate Half Plate (side stand) 
VI9 Light Freezing Rain -3 25 Dye 75 White Plate Half Plate (side stand) 

CU19 Light Freezing Rain -3 25 Coloured 50 Al. Plate Half Plate (side stand) 
CU20 Light Freezing Rain -3 25 Un-Coloured 50 Al. Plate Half Plate (side stand) 
VI10 Light Freezing Rain -3 25 Dye 50 Al. Plate Half Plate (side stand) 
VI11 Light Freezing Rain -3 25 Un-Coloured 50 White Plate Half Plate (side stand) 
VI12 Light Freezing Rain -3 25 Dye 50 White Plate Half Plate (side stand) 
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TABLE 9: COMPATIBILITY TEST PLAN 

Test # Precipitation Type Temp  
(°C) 

Precip. Rate 
(g/dm²/h) 1st Step Fluid 2nd Step Fluid Fluid Dilution  

(%) Test Surface Comments 

CP1 Freezing Drizzle -10 5 Fluid EUD (B=22.9) Fluid PFN 75 Al. Plate 3 min. wait 
CP2 Freezing Drizzle -10 5 Fluid OSC (B=27.5) Fluid PFN 75 Al. Plate 3 min. wait 

CP3 Freezing Drizzle -10 5 Fluid IDO (B=24.0) Fluid PFN 75 Al. Plate 3 min. wait 

CP4 Freezing Drizzle -10 13 Fluid EUD (B=22.9) Fluid DED 100 Al. Plate 3 min. wait 

CP5 Freezing Drizzle -10 13 Fluid GUD (B=27.0) Fluid DED 100 Al. Plate 3 min. wait 

CP6 Freezing Drizzle -10 13 Fluid IDO (B=24.0) Fluid DED 100 Al. Plate 3 min. wait 

CP7 Freezing Drizzle -3 13 Fluid EDI (B=17.6) Fluid PFN 75 Al. Plate 3 min. wait 

CP8 Freezing Drizzle -3 13 Fluid OSC (B=21.7) Fluid PFN 75 Al. Plate 3 min. wait 

CP9 Freezing Fog -14 5 Fluid EUD (B=25.2) Fluid PFN 100 Al. Plate 3 min. wait 

CP10 Freezing Fog -14 5 Fluid GUD (B=29.3) Fluid PFN 100 Al. Plate 3 min. wait 

CP11 Freezing Fog -14 5 Fluid EUD (B=25.2) Fluid RAK 100 Al. Plate 3 min. wait 

CP12 Freezing Fog -14 5 Fluid GUD (B=29.3) Fluid RAK 100 Al. Plate 3 min. wait 

CP13 Freezing Fog -3 5 Fluid EDI (B=17.6) Fluid DED 100 Al. Plate 3 min. wait 

CP14 Freezing Fog -3 5 Fluid OSC (B=21.7) Fluid DED  100 Al. Plate 3 min. wait 

CP15 Light Freezing Rain -10 13 Fluid EDI (B=22.9) Fluid RAK 100 Al. Plate 3 min. wait 

CP16 Light Freezing Rain -10 13 Fluid OSC (B=27.5) Fluid RAK 100 Al. Plate 3 min. wait 

CP17 Light Freezing Rain -10 25 Fluid EDI (B=22.9) Fluid RAK 75 Al. Plate 3 min. wait 

CP18 Light Freezing Rain -10 25 Fluid EUD (B=22.9) Fluid RAK 75 Al. Plate 3 min. wait 

CP19 Light Freezing Rain -10 25 Fluid OSC (B=27.5) Fluid RAK 75 Al. Plate 3 min. wait 

CP20 Light Freezing Rain -10 25 Fluid GUD (B=27.0) Fluid RAK 75 Al. Plate 3 min. wait 

CP21 Light Freezing Rain -10 25 Fluid IDO (B=24.0) Fluid RAK 75 Al. Plate 3 min. wait 

CP22 Light Freezing Rain -3 13 Fluid EUD (B=17.6) Fluid DED 100 Al. Plate 3 min. wait 

CP23 Light Freezing Rain -3 13 Fluid GUD (B=21.8) Fluid DED 100 Al. Plate 3 min. wait 

CP24 Light Freezing Rain -3 25 Fluid EUD (B=17.6) Fluid PFN 50 Al. Plate 3 min. wait 

CP25 Light Freezing Rain -3 25 Fluid GUD (B=21.8) Fluid PFN 50 Al. Plate 3 min. wait 

CP26 Light Freezing Rain -3 25 Fluid IDO (B=19.25) Fluid PFN 50 Al. Plate 3 min. wait 

CP27 Light Freezing Rain -3 25 Fluid EDI (B=17.6) Fluid PFN 50 Al. Plate 3 min. wait 

CP28 Light Freezing Rain -3 25 Fluid OSC (B=21.7) Fluid PFN 50 Al. Plate 3 min. wait 

CP29 Light Freezing Rain -3 25 Fluid EUD (B=17.6) Fluid RAK 50 Al. Plate 3 min. wait 

CP30 Light Freezing Rain -3 25 Fluid GUD (B=21.8) Fluid RAK 50 Al. Plate 3 min. wait 

CP31 Light Freezing Rain -3 25 Fluid IDO (B=19.25) Fluid RAK 50 Al. Plate 3 min. wait 

CP32 Light Freezing Rain -3 25 Fluid EDI (B=17.6) Fluid RAK 50 Al. Plate 3 min. wait 

CP33 Light Freezing Rain -3 25 Fluid OSC (B=21.7) Fluid RAK 50 Al. Plate 3 min. wait 
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TABLE 10: FLUID FAILURE PHOTOS TEST PLAN  

Test 
# Precipitation Type Temp  

(°C) 

Precip. 
Rate 

(g/dm²/h) 
Fluid Fluid Dilution  

(%) 
Test 

Surface Comments 

P1 Freezing Drizzle -10 5 AllClear CB1-PB 100 Al. Plate Priority 1 

P2 Freezing Drizzle -10 5 Clariant MP III 2031 75 Al. Plate Priority 1 

P3 Freezing Drizzle -10 5 Deicing Solutions ECO-SHIELD 100 Al. Plate Priority 1 

P4 Freezing Drizzle -3 5 Oksayd Defrost ECO I  10°B (B=19.25) Al. Plate Priority 1 

P5 Freezing Drizzle -3 5 Kilfrost P2595 100 Al. Plate Priority 1 

P6 Freezing Drizzle -3 5 Kilfrost P2595 50 Al. Plate Priority 1 

P7 Freezing Drizzle -3 5 Clariant MP III 2031 75 Al. Plate Priority 2 

P8 Freezing Drizzle -3 13 Kilfrost P2595 75 Al. Plate Priority 1 

P9 Freezing Drizzle -3 13 Kilfrost P2595 50 Al. Plate Priority 1 

P10 Freezing Drizzle -3 13 AllClear CB1-PB 100 Al. Plate Priority 1 

P11 Freezing Drizzle -3 13 Clariant MP III 2031 50 Al. Plate Priority 2 

P12 Freezing Fog -25 2 Oksayd Defrost ECO I  10°B (B=29.5) Al. Plate Priority 1 

P13 Freezing Fog -25 2 AllClear CB1-PB 100 Al. Plate Priority 1 

P14 Freezing Fog -14 5 Kilfrost P2595 100 Al. Plate Priority 1 

P15 Freezing Fog -14 5 Deicing Solutions ECO-SHIELD 100 Al. Plate Priority 1 

P16 Freezing Fog -14 5 Kilfrost ABC-S Plus 75 Al. Plate Priority 1 

P17 Freezing Fog -10 2 Oksayd Defrost ECO I  10°B (B=24.0) Al. Plate Priority 1 

P18 Freezing Fog -10 2 AllClear CB1-PB 100 Al. Plate Priority 1 

P19 Freezing Fog -10 2 Clariant MP III 2031 75 Al. Plate Priority 2 

P20 Freezing Fog -10 5 Oksayd Defrost ECO I  10°B (B=24.0) Al. Plate Priority 1 

P21 Freezing Fog -10 5 AllClear CB1-PB 100 Al. Plate Priority 1 

P22 Freezing Fog -10 5 Clariant MP III 2031 75 Al. Plate Priority 2 

P23 Freezing Fog -3 2 Clariant MP III 2031 50 Al. Plate Priority 1 

P24 Freezing Fog -3 2 Deicing Solutions ECO-SHIELD 100 Al. Plate Priority 1 

P25 Freezing Fog -3 2 Polar Guard Advance 75 Al. Plate Priority 2 

P26 Freezing Fog -3 2 Polar Guard Advance 50 Al. Plate Priority 1 

P27 Freezing Fog -3 5 Oksayd Defrost ECO I  10°B (B=19.25) Al. Plate Priority 1 

P28 Freezing Fog -3 5 Kilfrost P2595 50 Al. Plate Priority 1 

P29 Freezing Fog -3 5 Clariant MP III 2031 75 Al. Plate Priority 2 

P30 Freezing Fog -3 5 Clariant MP III 2031 50 Al. Plate Priority 2 

P31 Freezing Fog -3 5 Deicing Solutions ECO-SHIELD 100 Al. Plate Priority 1 

P32 Freezing Fog -3 5 Polar Guard Advance 75 Al. Plate Priority 1 

P33 Light Freezing Rain -10 13 Clariant MP III 2031 75 Al. Plate Priority 2 

P34 Light Freezing Rain -10 25 Clariant MP III 2031 75 Al. Plate Priority 1 

P35 Light Freezing Rain -3 13 Kilfrost P2595 75 Al. Plate Priority 1 

P36 Light Freezing Rain -3 13 Clariant MP III 2031 50 Al. Plate Priority 2 

P37 Light Freezing Rain -3 25 AllClear CB1-PB 100 Al. Plate Priority 1 

P38 Light Freezing Rain -3 25 Clariant MP III 2031 75 Al. Plate Priority 1 

P39 Light Freezing Rain -3 25 Clariant MP III 2031 50 Al. Plate Priority 2 

P40 Light Freezing Rain -3 25 Deicing Solutions ECO-SHIELD 100 Al. Plate Priority 1 

P41 Cold Soak Box 1 5 AllClear CB1-PB 100 Al. Plate Priority 1 

P42 Cold Soak Box 1 75 Oksayd Defrost ECO I  10°B (B=16.0) Al. Plate Priority 1 

P43 Cold Soak Box 1 75 Clariant MP III 2031 75 Al. Plate Priority 2 

P44 Cold Soak Box 1 75 Polar Guard Advance 75 Al. Plate Priority 1 
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TABLE 11: PERSONNEL REQUIREMENTS / RESPONSIBILITIES 

   

HOT+
Type III

CC Photos Flaps/Slats Freeze/Thaw
Coloured/ 

Uncoloured
Visual 

Inspection
Compatibility Nosecone

Manager JD JD BB DY DY DY BB DY BB

Assistant YOW2 YOW2 CB/JD/YOW2 MR/BB MR/BB MR/BB MR/DY MR/BB MR/DY

Data Forms CB CB CB CB CB CB CB CB CB

Rate Station Manager SB SB SB SB SB SB SB SB SB

Rate Station Asst YOW1 YOW1 YOW1 YOW1 YOW1 YOW1 YOW1 YOW1 YOW1

Dedicated Photographer - - BB - - - - - -

R&D Manager* - - MR MR MR MR MR MR MR

STANDS 
REMOVED

ET 
Thickness

Winglet 
Thickness

Airfoil + 
Winglet ETs

Manager BB MR MR JD/DP

Assistant MR BB DY/BB/YOW2 MR/DY

Data Forms BB/MR MR/BB CB MR/DY

Rate Station Manager - - SB CB

Rate Station Asst - - YOW1 MR/DY/YOW2

Dedicated Photographer - - - YOW1/YOW2

R&D Manager* - - - DP

* manages timing of projects and assignment of test positions to R&D projects in each condition DY

MAIN/SIDE STANDS - R&D

Viscosity/Shearing

Relief Rate Station Mgr

Fluid Collection + Filling

PERSONNEL 
ASSIGNMENTS

Data Form Filing

Equipment Manager

MAIN STAND - HOT

PERSONNEL 
ASSIGNMENTS

SMALL END CHAMBER
PERSONNEL 

ASSIGNMENTS
OTHER
TASKS

Pre-Test Setup

Fluid Management

Box Prep (in CSW)
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TABLE 12: LIST OF FLUIDS 

   

ET/ 
CB1

TH-
ET

TH-
W

AF/
W

NC DF FT
CU/ 
VI

CP P CC

Oksayd Defrost ECO I (B=16.0)** n/a 10 20°C 16.0 (-9°C) 8 - - - - - - - - - - 8 4 1 jug @ 5L

Oksayd Defrost ECO I (B=19.3)** n/a 10 20°C 19.3 (-13°C) 16 2 20 - - - - - - - - 40 4 2 jugs @ 20L each

Oksayd Defrost ECO I (B=21.5)** n/a 10 20°C 21.5 (-16°C) 24 - - - - - - - - - - 24 4 1 jug @ 20L

Oksayd Defrost ECO I (B=24.0)** n/a 10 20°C 24.0 (-20°C) 24 - - - 6 - - - 3 - - 33 4 2 jugs @ 20L each

Oksayd Defrost ECO I (B=29.5)** n/a 10 20°C 29.5 (-35°C) 8 - - - - - - - - - - 8 4 1 jug @ 5L

Dow EG (B=17.6) n/a Inland Dow Type I 20°C 17.6 (-13°C) - - - - - - - - 3 - - 3 3 no jug

Dow EG (B=22.9) n/a Inland Dow Type I 20°C 22.9 (-20°C) - - - - - - - - 2 - - 2 2 no jug

Dow EG (B=25.2) n/a Inland Dow Type I 20°C 25.2 (-24°C) - - - - - - - - 2 - - 2 2 no jug

Dow PG (B=21.8) n/a XL0519G8G 20°C 21.8 (-13°C) - - - - - - - - 3 - - 3 3 no jug

Dow PG (B=27.0) n/a XL0519G8G 20°C 27.0 (-20°C) - - - - - - - - 2 - - 2 2 no jug

Dow PG (B=29.3) n/a XL0519G8G 20°C 29.3 (-24°C) - - - - - - - - 2 - - 2 2 no jug

Inland Duragly-E (B=17.6) n/a ? 20°C 17.6 (-13°C) - - - - - - - - 4 - - 4 4 no jug

Inland Duragly-E (B=22.9) n/a ? 20°C 22.9 (-20°C) - - - - - - - - 3 - - 3 3 no jug

Cryotech Polar Plus Premix** n/a ? 20°C Premix - - - 20 - - - - - - - 20 4 1 jug @ 20L

Clariant MP I 1938 ECO (B=21.7) n/a ? 20°C 21.7 (-13°C) - - - - - - - - 7 - - 7 4 1 jug @ 3L

Clariant MP I 1938 ECO (B=27.5)** n/a ? 20°C 27.5 (-20°C) - - - 27 - - - - 7 - - 34 4 2 jugs @ 20L each

AllClear CB1 PB-8000A LOWV TBD OAT 100 36 2 - - - 4 - - - - - 42  8*+2~ 2 jugs

Deicing Solutions ECO SHIELD LOWV 141223D-CC OAT 100 32 2 11 - 2 2 1 - 7 - - 57  8*+2~ 3 jugs

Kilfrost P2595 LOWV X/1/2/15 OAT 100 32 2 - - 2 2 - - 4 - - 42  8*+2~ 2 jugs

Kilfrost P2595 LOWV X/1/2/15 OAT 75 28 2 - - - - - - 5 - - 35  8*+2~ 2 jugs

Kilfrost P2595 LOWV X/1/2/15 OAT 50 12 2 - - - - - - 5 - - 19  8*+2~ 1 jug

Newave FCY-2 Bio+ LOWV 201412012  OAT 100 32 2 - - 2 2 1 - 2 - - 41  8*+2~ 2 jugs

Newave FCY-2 Bio+ LOWV 201412012  OAT 75 28 2 - - - - 1 - 5 - - 36  8*+2~ 2 jugs

Newave FCY-2 Bio+ LOWV 201412012  OAT 50 12 2 - - - - - - 5 - - 19  8*+2~ 1 jug

LNT Solutions E450 LOWV 003/14 OAT 100 4 - - - - - - - - - - 4 4 no jug

Commercial Fluid (CC) LOWV TBD OAT 100 - - - - - - - - - - 6 6 2 1 jug @ 5L

Commercial Fluid (CC) LOWV TBD OAT 75 - - - - - - - - - - 6 6 2 1 jug @ 5L

Commercial Fluid (CC) LOWV TBD OAT 50 - - - - - - - - - - 6 6 2 1 jug @ 5L

Type I

Total  
Litres

Notes

Type II, III, IV (HOT)

Fluid Batch #
Fluid 
Temp

Fluid Dil 
or Brix (FFP)

Litres Required per Project
Pour 

Bottles

Commercial Fluid (CC)

Viscosity 
Type
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TABLE 12: LIST OF FLUIDS (CONT’D) 

 

ET/ 
CB1

TH-
ET

TH-
W

AF/W NC DF FT
CU/ 
VI

CP P CC

AllClear CB1 (G or H) LOWV CB1 OAT 100 5 - - - - - - - - - - 5 5 no jug

Clariant Safewing MP III (WARM) Mid 6V40159 20°C 100 - - - - - 2 - - - - - 2 2 no jug

Clariant Safewing MP III (COLD) Mid 6V40159 OAT 100 - - - - - 2 - - - - - 2 2 no jug

Clariant Safewing MP III (COLD) Mid 6V40159 OAT 75 - - - - - 2 - - - 7 - 9 2 1 jug @ 7L

Clariant Safewing MP III (COLD) LOWV USHA03583 OAT 75 - - - - - 4 1 - - - - 5 5 no jug

Clariant Safewing MP III (COLD) LOWV USHA03583 OAT 50 - - - - - - - - - 5 - 5 5 no jug

ABAX AD-49 Mid L12-328 OAT 100 - - - 27 - - - - - - - 27 0 2 (bring current jugs)

ABAX AD-49 LOWV L12-319 OAT 75 - - - - - - 2 - - - - 2 2 no jug

Newave FCY 9311 LOWV 201311002 OAT 50 - - - 27 - - - - - - - 27 0 2 (bring current jugs)

Clariant Launch Mid WT-11-12 OAT 75 - - - - - - 1 - - - - 1 1 no jug

Clariant Max Flight 04 LOWV U49E001966 OAT 75 - - - - - - 1 - - - - 1 1 no jug

Cryotech PG Advance LOWV 13102 OAT 75 - - - - - - 1 - - 2 - 3 3 no jug

Cryotech PG Advance LOWV 13102 OAT 50 - - - - - - - - - 1 - 1 1 no jug

Dow EG106 Mid 13021GK0R+WT1112 OAT 100 - - - 46 - - - - - - - 46 0 2 (bring current jugs)

Kilfrost ABC-S Plus Mid B/13/12/11 OAT 75 - - - 27 - - 1 - - - - 28 1 2 (bring current jugs)

ABAX AD-49 (48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

ABAX AD-49 (repeat 48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

Clariant Launch (48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

Clariant Max Flight 04 (48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

Clariant MP III 2031 (48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

Cryotech PG Advance (48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

DS ECO-SHIELD (48 hr freeze) n/a APS OAT 100 - - - - - - 1 - - - - 1 1 no jug

Kilfrost ABC-S Plus (48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

Newave FCY-2 Bio+ (48 hr freeze) n/a APS OAT 100 - - - - - - 1 - - - - 1 1 no jug

Newave FCY-2 Bio+ (48 hr freeze) n/a APS OAT 75 - - - - - - 1 - - - - 1 1 no jug

ABAX E-26 (Coloured) High L14324/2 OAT 100 - - - - - - - 2 - - - 2 1 bring current jug

ABAX E-26 (Coloured) High L14324/2 OAT 75 - - - - - - - 2 - - - 2 1 bring current jug

ABAX E-26 (Coloured) High L14324/2 OAT 50 - - - - - - - 1 - - - 1 1 bring current jug

ABAX E-26 (Un-Coloured) High L14324/1 OAT 100 - - - - - - - 2.5 - - - 2.5 1 bring current jug

ABAX E-26 (Un-Coloured) High L14324/1 OAT 75 - - - - - - - 3 - - - 3 1 bring current jug

ABAX E-26 (Un-Coloured) High L14324/1 OAT 50 - - - - - - - 1.5 - - - 1.5 1 bring current jug

ABAX E-26 (Dye) High APS OAT 100 - - - - - - - 1 - - - 1 1 no jug

ABAX E-26 (Dye) High APS OAT 75 - - - - - - - 2 - - - 2 2 no jug

ABAX E-26 (Dye) High APS OAT 50 - - - - - - - 1 - - - 1 1 no jug

317 18 31 174 12 20 20 16 73 15 18 714 117

* pour bottles already exist at site, pack them (leave ~ 2 bottles at the site for natural snow testing ) ** bring concentrate jug Cold Storage Fluid Warm Storage Fluid

All Fluids

Total  
Litres

NotesFluid Batch #

Type II, III, IV (R&D)

Fluid 
Temp

Fluid Dil 
or Brix (FFP)

Litres Required per Project
Pour 

Bottles
Viscosity 

Type
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TABLE 13: TYPE I DILUTION TABLES 

FFP 
(°C) 

Test 
Temp 
(°C) 

Clariant Safewing MP I 1938 ECO 
(PG) 

Dow UCAR™ Aircraft Deicing Fluid 
Concentrate (EG) 

% Fluid Brix Fluid (L) 
for 4 L 

Water (L) 
for 4 L % Fluid Brix Fluid (L) 

for 4 L 
Water (L) 
for 4 L 

-9 1 26.0 16.8 1.0 3.0 20.8 13.6 0.8 3.2 

-13 -3 33.9 21.7 1.4 2.6 27.4 17.6 1.1 2.9 

-16 -6 38.7 24.6 1.5 2.5 31.5 20.1 1.3 2.7 

-20 -10 44.0 27.6 1.8 2.2 36.3 22.9 1.5 2.5 

-24 -14 48.3 30.0 1.9 2.1 40.5 25.2 1.6 2.4 

-35 -25 58.9 35.8 2.4 1.6 50.3 30.5 2.0 2.0 
 
 

FFP 
(°C) 

Test 
Temp 
(°C) 

Dow UCAR™ PG Aircraft Deicing Fluid 
Concentrate (PG) 

Inland Technologies Duragly-E  
(EG) 

% Fluid ° Brix Fluid (L) 
for 4 L 

Water (L) 
for 4 L % Fluid ° Brix Fluid (L) 

for 4 L 
Water (L) 
for 4 L 

-9 1 27 18.1 1.1 2.9 20.8 13.60 0.8 3.2 

-13 -3 33 21.8 1.3 2.7 27.4 17.60 1.1 2.9 

-16 -6 37 24.2 1.5 2.5 31.5 20.10 1.3 2.7 

-20 -10 42 27.0 1.7 2.3 36.3 22.90 1.5 2.5 

-24 -14 46 29.3 1.8 2.2 40.5 25.20 1.6 2.4 

-35 -25 n/a n/a n/a n/a 50.3 30.50 2.0 2.0 
 
 

FFP 
(°C) 

Test 
Temp 
(°C) 

Oksayd Defrost ECO I 
(NG) 

% Fluid Brix Fluid (L) 
for 4 L 

Water (L) 
for 4 L 

-9 1 29.2 16.00 1.2 2.8 

-13 -3 37.2 19.25 1.5 2.5 

-16 -6 42.0 21.50 1.7 2.3 

-20 -10 47.4 24.00 1.9 2.1 

-24 -14 51.6 25.75 2.1 1.9 

-35 -25 60.3 29.50 2.4 1.6 
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TABLE 14: GENERAL EQUIPMENT LIST 

 

HOT AND GENERAL EQUIPMENT HOT AND GENERAL EQUIPMENT
LOCATION: TEST SITE LOCATION: TEST SITE

Barrel Opener Test Plates (Composite) x 4 w/smart buttons
Bins for mixing CSW fluid x 5 ( 60L rubbermaids) Test Stand Collection Pans (one per stand)
Brixometer x 3 Test Stand Shims (poker chips) x 1 box
Calculators x 2 Test Stands: 1 x 6 position (small end)
Camera x3 (small Canon) with accessories Test Stands: 2 x 6-position (main stand)
Cart (IKEA) x2 Test Stands: 3 position (side stand) (2+1)
Clipboards x 10 Test Stands: 3 position (spare) (2+1)
Clock (Large digital) x 2 Thickness Gauges (4 x small 4 x large)
Cold-soak boxes (aluminum) x 10 Tuques x10
Cold-soak boxes (composite) x 3 Type I PG Concentrate (CSW) x 10L 
Extension Cords x 4 USB Extension cables x3
Flashlights x 2 Vise grip (large) + rubber opener
Fluids (separate table) Washers x 1 box
Folding table x 1 (small) Water (1 x 18L) for hard water
Freezers (portable) x2 Weigh Scale x 2 (sartorius) + wiring
Funnels x 4 (big and small) White poster board panels for water run-off 
Gloves - black and yellow x4 Yellow Carrying Cases x4
Gloves - cotton  (1 large box)
Gloves - latex  (2 boxes)
Hard water chemicals x 3 premixes
Ice Pic LOCATION: OFFICE
Inclinometer (yellow level) x 2 Accordian Folder
Isopropyl x 15 Blank Waterproof labels (1 page)
Jigaloo x1 and Scotchguard x1 Camera Gear (2 suitcases+gopro) 
Lock for truck Coffee x 140 (K-Cups)
Marker for Waste x 2 Data Forms (on water phobic paper)
Measuring Cups x 3 Envelopes (9x12) x box
Nuts to separate plates x 100 (full box) Falling Ball Viscometer + Syringes
Pails x 4 (Empty 18L  cont. for -30C CSW fluid) Hard Drive (if necessary)
Paper Towels (4 packs) iPads x 3
Personnel clothing  + SB box Laptop for smart button (MR)
Pour containers (1-litre) - 6 empty Laptop x5 (CB,DY,SB,MR,BB)
Pour containers (1-litre) - see separate list Mouse for Rate Station and keypad
Power bars x 4 Paper for printer (1 pack)
Printer & Ink Cartridge Pencils (sharpened) + pens + markers
Rain Suits (all) Test Procedures x 2 (1 sided)
Rate Pan (aluminum HOT) x1 Walkie Talkies x 4
Rate Pans(white plastic) x all Waterproof paper (40sheets)
Sample bottles x 6
Scrapers x 14 
Shop Vac + 2x18L open top pails
Smart button kits x 2 + extension wire LOCATION: NRC
Speed tape x 1 and electrical tape x 5 Cold-soak box filling stand
Squeegees x 4 (small) Cold-soak fluid pump
Tape measure (large yellow + small) Copper tubing insulation (for passing wires)
Temperature probes: immersion x 3 Fluid for cold-soak boxes (barrel)
Temperature probes: surface x 3 Rubber Mats
Temperature readers (blue box)x 2 Shelving unit x 1 (black one) 
Test plate covers (white plastic) x 15 Tie wraps
Test plate covers (wooden boards ) x 12 Tools
Test Plates - Half plates x 11 (22 halves) Tote for Waste Fluid
Test Plates (Aluminum): 12 w/buttons + 6 w/out NRC Auto Rate Form with Historical #'s



APPENDIX C 

MM:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix C.docx 
Final Version 1.0, March 17 

C-42 

TABLE 14: GENERAL EQUIPMENT LIST (CONT’D) 

 
 
Note: Pack coolers with first day fluids and plug into power overnight 
  

OTHER RESEARCH PROJECTS
LOCATION: VARIOUS

Flaps/Slats (Plates)
Empty 1L pour containers to prop plates to 20º x 4
Electrical tape 

Flaps/Slats (Airfoil)
Slatted airfoil on stand
Simple airfoil 
Table to support simple airfoil
Fluid collection pans (use wtv available @NRC)
3L pour container

Winglets
Winglet on stand
Fluid collection pans (use wtv available @NRC)
80º test stand x1 with plate

Nose Cone
Empty CSW box (use wtv available @NRC)
light bulb, socket, and extension chord
Empty 1L pour containers to prop plates to 20º x 4
Electrical tape 

Freezing Thawing
NRC freezer

Effect of Color/Visual Inspection
Food colouring
Camera (already accounted for in HOT)

Fluid Compatability
n/a

Documentation of Fluid Failure
Camera (already accounted for in HOT)

HOT 
Viscometer/Blender Kit
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FIGURE 4: NRC RATE MANAGEMENT FORM 

 

DATE:

CONDITION: TECHNICIAN:

PAN # TAB TIME OUT 1st or 2nd Rate PAN # TAB TIME OUT 1st or 2nd Rate

Retired:    1             2             3             4             5             6             7             8             9             10             11             12
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FIGURE 5: NRC CONTINUOUS RATE FORM 

Condition Date  
Historical 
Average 

Calculated Rate 
- Position 1 

Historical 
Standard 
Deviation 

Previous 
Session 
Standard 
Deviation 

Average Visual 
Rate 

Was Stand 
Moved? 

(Where?) 

Condition 
Difficulty 

(Easy, OK, 
Hard) 

Comments 

ZF, -3, 2   1.6 0.2 0.5         

ZF, -3, 5   4.5 0.3 0.8         

ZF, -10, 2   1.6 n/a 0.5         

ZF, -10, 5   5.2 1.8 0.6         

ZF, -14, 2   1.9 n/a n/a         

ZF, -14, 5   4.5 n/a n/a         

ZF, -25, 2   2.4 0.1 1.6         

ZF, -25, 5   4.7 0.8 1.3         

ZD, -3, 5   5.5 0.2 0.8         

ZD, -3, 13   14.6 0.4 0.9         

ZD, -6, 5   n/a n/a n/a         

ZD, -6, 13   n/a n/a n/a         

ZD, -10, 5   5.5 n/a 1.0         

ZD, -10, 13   14.4 0.4 1.3         

ZR, -3, 13   13.2 0.2 1.1         

ZR, -3, 25   25.1 0.4 1.1         

ZR, -6, 13   n/a n/a n/a         

ZR, -6, 25   n/a n/a n/a         

ZR, -10, 13   13.5 0.6 0.9         

ZR, -10, 25   26.3 0.8 1.3         

CS, 1, 5   4.9 0.2 0.9         

CS, 1, 75   80.5 n/a n/a         
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FIGURE 6: FLUID THICKNESS DATA FORM 

Notes: 
• The quantity of fluid that will be poured for each test is 1.0 L 
• Measurements should be made at the 15-cm line at the time of fluid application, and after 2, 5, 15 and 30 minutes 
• If the results for one fluid vary by more than 10% repeat the two tests and disregard the highest and lowest values 

DATE:                                TEMPERATURE °C  (beg.):                                PERFORMED BY:                                
TEST #:                to             WIND SPEED, kph (beg.):                                WRITTEN BY:                                
STAND:                                LOCATION:       CEF (NRC)        

THICKNESS (mil)

Plate:   U Run #: Plate:   V Run #: Plate:   W Run #: Plate:   X Run #: Plate:   Y Run #: Plate:   Z Run #:

Fluid: Fluid: Fluid: Fluid: Fluid: Fluid:

Application Time: Application Time: Application Time: Application Time: Application Time: Application Time:

TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE TIME 6" LINE

I:\Groups\Cm1680 (01-02)\Procedures\Thickness\Thickness Form
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FIGURE 7: FREEZING PRECIPITATION ENDURANCE TIME DATA FORM 

  

REMEMBER TO SYNCHRONIZE TIME

LOCATION:  CEF (Ottawa) DATE: RUN NUMBER: STAND # :

TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)

Time of Fluid Application:

Plate 1 Plate 2 Plate 3 Plate 4 Plate 5 Plate 6

FLUID NAME/BATCH

  B1 B2 B3

  C1 C2 C3

  D1 D2 D3

  E1 E2 E3

  F1 F2 F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy

Time of Fluid Application:

Plate 7 Plate 8 Plate 9 Plate 10 Plate 11 Plate 12

FLUID NAME/BATCH

  B1 B2 B3

  C1 C2 C3

  D1 D2 D3

  E1 E2 E3

  F1 F2 F3

TIME TO FIRST PLATE
FAILURE WITHIN WORK AREA

FAILURE CALL (circle) V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy V. Difficult       Difficult.       Easy

PRECIP (circle): ZF ,     ZD ,     ZR-,    MOD AMBIENT TEMPERATURE: °C

COMMENTS:

LEADER / MANAGER:

NOTE:
*   A: HORIZONTAL AIR VELOCITY ≤ 0.4 m/s
    B: 0.4 m/s < HORIZONTAL AIR VELOCITY ≤ 1.0 m/s
    C: HORIZONTAL AIR VELOCITY > 1.0 m/s

HRZ. AIR VELOCITY * (circle)

HRZ. AIR VELOCITY * (circle)

Initial Plate Temperature (°C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)

Initial Plate Temperature (°C)
(NEEDS TO BE WITHIN 0.5°C OF AIR TEMP)

Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

Initial Fluid Temperature (°C)
(NEEDS TO BE WITHIN 3°C OF AIR TEMP)

A B C A B C A B C A B C A B C A B C

A B C A B C A B C A B C A B C A B C
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FIGURE 8: WINGLET END CONDITION DATA FORM  

 
 

WINGLET END CONDITION DATA FORM

NRC CONDITION SET INFO
PRECIPITATION TYPE __________
TEMP °C      
RATE  g/dm²/h      

FLUID INFORMATION
Fluid Name: __________________

Fluid Type / DILUTION: _______ /________

Liters used: __________________

Initial Brix: __________________

Initial Temp: __________________

DATE 

TEST MGR

First Failure Time = 10% Failure Time = End of Test Time =

FORM ____________ OF ___________

TIME OF FLUID APPLICATION __________

EXPECTED 
HOLDOVER TIME ___________
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FIGURE 9: AIRFOIL END CONDITION DATA FORM  
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FIGURE 10: FLUID BRIX/THICKNESS DATA FORM 

 

DATE: _______________ PERFORMED BY: __________________
RUN #: _______________ WRITTEN BY: __________________
STAND: _______________ LOCATION: __________________

Plate/BOX: Plate/BOX: Plate/BOX: Plate/BOX:

Fluid: Fluid: Fluid: Fluid:

TIME Brix at 
15 cm Line

Thick. at 
15 cm Line TIME Brix at 

15 cm Line
Thick. at 

15 cm Line TIME Brix at 
15 cm Line

Thick. at 
15 cm Line TIME Brix at 

15 cm Line
Thick. at 

15 cm Line

FLUID BRIX/THICKNESS DATA FORM
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FIGURE 11: VISUAL INSPECTION DATA FORM  

 

VISUAL INSPECTION OF CONTAMINATION  
COLOURED VS UNCOLOURED

4 5 61 2 3

VERY EASY VERY DIFFICULT

DIFFICULTY IN DETECTING
CONTAMINATION

SIDE STAND

Observer:

Date:

ALUM. ALUM. ALUM. WHITE
PAINTED

CO
LO

U
RE

D

U
N

CO
LO

U
RE

D

CO
LO

U
RE

D
 

(D
YE

)

U
N

CO
LO

U
RE

D

HALF PLATES

CO
LO

U
RE

D
 

(D
YE

)

WHITE
PAINTED

POSITION
ALUMINUM
COLOURED

ALUMINUM
UNCOLOURED

ALUMINUM
COLOURED (DYE)

WHITE PAINTED
UNCOLOURED

WHITE PAINTED
COLOURED (DYE)

A

B

C

RATING #1 INDICATE RATING HALFWAY THROUGH EXPECTED HOT

POSITION
ALUMINUM
COLOURED

ALUMINUM
UNCOLOURED

ALUMINUM
COLOURED (DYE)

WHITE PAINTED
UNCOLOURED

WHITE PAINTED
COLOURED (DYE)

A

B

C

RATING #2 INDICATE RATING AT FAILURE

COMMENTS:

TIME:

TIME:

A320 Perspective
~ 40 feet Away (12 meters)
~ 5 feet above (1.5 meters)

Falcon 20 Perspective
~20 feet Away  (6 meters)

~ 5 feet above (1.5 meters)

Walk Around 
Perspective

1 foot Away (0.3 meters)
Eye Level

VANTAGE POINTS

A

B

C

Condition:
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PRESENTATION: 

ANALYTICAL REVIEW OF EXPECTED FLUID HOT 

PERFORMANCE ON WING VENTRAL STRAKE 
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PRESENTATION: 
INVESTIGATION OF TYPE IV RESIDUAL FLUID FREEZING IN-FLIGHT 
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PROCEDURE: 
OPERATIONAL DOCUMENTATION OF  

ANTI-ICING FLUID FREEZING IN-FLIGHT  
 
 
1. BACKGROUND 
 
There have been several recently reported incidents of aircraft being deiced and 
anti-iced, and following take-off, the fluid is not completely shed and begins to 
pool and possibly freeze on the trailing edge of the wing sections. Although it is 
common for fluid to accumulate in quiet areas following take-off, these reports 
indicate a larger than usual accumulation starting mid-chord with streaks of fluid 
that appear frozen or slushy. Both Air Canada and WestJet have provided 
photos of these reported incidents to Transport Canada and industry 
stakeholders to support research into this issue. 
 
TC with the support of FAA has initiated a research program to investigate the 
cause of these incidents and to help verify whether these incidents may be 
reason for possible safety concerns. As part of this research program, it was 
recommended that a full-scale documentation of fluid flow-off, freezing in-flight, 
and residual fluid thickness upon arrival be conducted. This data will provide a 
better understanding of the severity of the documented incidents. Air Canada 
and WestJet have volunteered to provide logistical support for full-scale testing 
in Montreal, Ottawa, and Toronto. 
 
 
2. OBJECTIVE 
 
To obtain a full-scale operational documentation of anti-icing fluid flow-off, fluid 
freezing in-flight, and residual fluid thickness upon arrival on commercial aircraft 
in natural snow conditions. 
 
 
3. TEST PROCEDURES 
 
The following test procedures provide information for the conduct of the tests. 
Current plans are to coordinate with Air Canada and WestJet with short haul 
two test events should be attempted; each test event will include one video 
documented flight flying into Montreal or Ottawa, and two or more fluid 
thickness documentations of other incoming eligible flights. Notice will be 
provided to the parties involved 12-24 hours prior to an expected testing event. 
A list of all attendees along with a valid license or passport will be provided to 
Air Canada or WestJet for security purposes. 
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3.1 Video and Photo Documentation of Fluid Freezing In-Flight 
 
Note: Video and photo documentation should be performed by Air Canada or 
WestJet personnel; appropriate equipment can be provided by APS.  
 

1. Criteria for testing: 

• Flight landing in Montreal or Ottawa; 

• Light snow conditions in departing city (likely Ottawa or Toronto); 

• Type IV anti-icing; 

• Light load desirable; and  

• Narrow-body or wide-body aircraft (B737, B777, E190). Regional 
jets not recommended as not reported in incidents.  

2. Arrange for window seat for Air Canada, or WestJet personnel on a 
commercial aircraft expected to be anti-iced and flying into Ottawa or 
Montreal. Ideal seating should be just over the wing with a bias towards 
the trailing edge of the wing (see photo guidelines in Figure 3.1). If at all 
possible, the window being used for video and photography should be 
squeegeed or cleaned (if sprayed) prior to departure from the deicing bay; 

3. Coordinate with ground personnel and APS in destination city to ensure 
fluid thickness will be documented once the flight lands; 

4. Document weather data from METAR in Attachment I; 

5. Use a GoPro or equivalent HD video camera (with proper timestamp) to 
document the fluid flow-off during the following stages of the flight and 
document in Attachment I: 

• 5 to 10-minute video of take-off and climb-out; 

• Beyond 10-minutes, take short 30-second videos every 15-minutes 
to document changes in fluid behavior (intervals could be longer if 
flight time exceeds 1-hour);  

• Video of last 5-minutes of approach and taxi to gate; and 

• Video while fluid thickness measurements are taken. 
 
Note: If possible, a camera mounting bracket should be used and 
attached to seat to allow constant video view points.  

6. Use a digital camera (or GoPro camera in picture mode) to take 
complimentary photos of setup and other photos relative to the research; 
and 

7. It is anticipated that two tests will be conducted.  
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Example of GOOD Vantage Point

Example of BAD Vantage Point

 
Figure 3.1: Examples of Good and Bad Vantage Points for Video and Photo 

Documentation 
 
 
3.2 Residual Fluid Thickness Documentation  
 
Note: Fluid thickness measurements should be performed by Air Canada or 
WestJet personnel with APS direction and supervision. If required, APS can 
perform thickness measurements; however this will require Air Canada or 
WestJet escort and ground support.  
 

1. Coordinate with Air Canada, WestJet, or possibly Aeromag 2000 to have 
access to open bucket truck to allow personnel to access the wing for 
thickness measurments;  

2. Coordinate with Air Canada or WestJet to obtain proper clearance for 
APS to enter airside; 

3. Track candidate landing flights that have been anti-iced, precedence will 
be given to flights that are having video/photo documentation as per 
Section 3.1; 

4. Measure fluid thickness on the wing at various points using thickness 
gauges (Figure 3.2). Document data in the form (Attachment II); 

5. Optional: measure fluid brix using a brixometer (Figure 3.3); 
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6. Take photos of the residual fluid and measurement locations; 
7. It is anticipated that 6-8 tests will be conducted: 2 in conjunction with 

the video and photo documentation project, and an additional 4-6 tests 
will be conducted with other incoming eligible flights that meet the 
criteria for testing; 

8. Take photos of the residual fluid and measurement locations; and 
9. It is anticipated that 6-8 tests will be conducted: 2 in conjunction with 

the video and photo documentation project, and an additional 4-6 tests 
will be conducted with other incoming eligible flights that meet the 
criteria for testing.  
 
 

 

Figure 3.2: Wet Film Thickness Gauges 

 
 

 

Figure 3.3: Hand Held Refractometer/Brixometer 
 
 
4. EQUIPMENT 
 
Standard equipment used for endurance tests outdoors will be used in this 
testing. The following essential items will be used: 
 

• GoPro camera and mounting equipment; 
• Digital camera; 
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• Test procedures, data forms; 
• Refractometer; 
• Thickness gauge; and  
• High visibility vests. 

 
 
5. PERSONNEL 
 
One person from Air Canada, WestJet, or if needed APS, will be required to 
conduct the video and photo documentation of the fluid freezing in-flight.  
 
One person from Air Canada, WestJet, or if needed APS, will be required for the 
residual fluid thickness measurements. An additional person from APS will be 
required for direction and documentation. The individuals will be briefed on the 
safety procedures associated with conducting these in proximity of the aircraft. 
The individuals will wear safety vest to ensure greater visibility while airside. 
 
 
6. DATA FORM 
 
Attachment I will be used to document the relevant video and photo 
documentation information.  
 
Attachment II will be used to document the fluid thickness measurements and 
locations. Note: if the aircraft types are known prior to testing, Attachment II 
can be revised to have a specific wing schematic rather than a generic one.  
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Attachment I 

Video Documentation Data Form 
 

 
 
Date: _______________ Run#: _______   Start Time: ___________ End Time: ___________ 
 
 
Flight and Fin #: _____________   Aircraft Type: ______________________ Seat #:______ 
 
 
Test Condition (Clear, Snow, etc): __________   Temperature: _______ Fluid Sprayed:___________        
 
 
Video Documentation Checklist 
 

 Time 1:__________    5 to 10-minute video at start of take-off roll and through climb-out 
 

 Time 2a:__________    30-second video during flight   
 

 Time 2b:__________    30-second video during flight 
 

 Time 2c:__________    30-second video during flight 
 

 Time 2d:__________    30-second video during flight 
 

 Time 2e:__________    30-second video during flight 
 

 Time 2f:__________    30-second video during flight 
 

 Time 3:__________    Last 5-minutes of final approach and landing 
 

 Time 4:__________    Video of fluid thickness measurements being taken 
 
Note: Video at Time 2a – 2f should be done at 15-minute intervals or longer is flight exceed 1-hour.  
 
 
 
Comments: _____________________________________________________________________________________ 
 
 
 
 
 
 
Video recorded by: ________________________ 
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Attachment II 

Fluid Thickness Data Form 
 

 
 
Date: _______________ Run#: _______   Start Time: ___________ End Time: ___________ 
 
 
Flight and Fin #: _____________   Aircraft Type: ______________________ 
 
 
Video Documented on board: ____Yes    ____ No 
 
 
Test Condition (Clear, Snow, etc): __________   Temperature: _______ Fluid Sprayed:___________        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Indicate approximate location and measured thickness directly on wing diagram i.e. 1mm 
 
 
 
 
 
 
Comments: _____________________________________________________________________________________ 
 
 
 
 
 
 
Video recorded by: ________________________
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PROCEDURE: 
OPERATIONAL DOCUMENTATION OF  

ANTI-ICING FLUID FREEZING IN-FLIGHT  
ADDENDUM (LABORATORY TESTING OF FLUID FREEZING) 

 
 
1. BACKGROUND 
 
A full-scale investigation of fluid flow-off, freezing in-flight, and residual fluid 
thickness upon arrival is ongoing by APS in conjunction with Air Canada and 
WestJet. To further support that research, it was recommended that flat plate 
tests be conducted to observe fluid freezing and the characteristics of the fluid 
at temperatures close to those experienced at cruise altitude. 
 
 
2. OBJECTIVE 
 
To observe fluid freezing and the characteristics of the fluid at temperatures 
close to those experienced at cruise altitude.   
 
 
3. TEST METHODOLOGIES  
 
The following test methodologies provide information for the conduct of the 
tests. Testing for Phase 1 can be conducted immediately, and Phase 2 will only 
be considered upon successful completion of Phase 1. 
 
 
3.1 Phase 1 – Testing at Test Site 
 
Testing will be conducted in a laboratory chest freezer at the P.E.T. test site. 
Testing will aim at simulating cruising altitude temperatures of -45ºC to -55ºC. 
Testing will be simulated in a laboratory chest freezer; if the temperature does 
not reach the -45ºC to -55ºC, the fluid selection may be modified to simulate 
the freezing point buffer (or lack of) at altitude. The following is a general 
description of the procedure to be followed. It should be noted that some 
preliminary setup and scoping tests will be conducted to establish the 
procedure; therefore some changes to the procedure may be made as testing 
progresses.  
 
 

1. Equip laboratory chest freezer with thermistor and document lowest 
temperature reached; 
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2. Equip test plates with thermistor probes with real-time monitoring 
capability; 

3. Select Type IV EG and PG fluids and dilute to +10º to +20º buffer with 
respect to lowest temperature recorded in freezer; 

4. Apply about 1L of fluid to test plate at 10º, then incline to nearly vertical 
(80º-90º) and place in chest freezer. The inclined plate will simulate fluid 
sheering off during take-off and climb. Consider the use of a compressed 
air can to simulate sheared fluid if the angle is insufficient; 

5. Monitor plate temperature, and once the test plate reaches the lowest 
freezer temperature, wait 1-hour from that point and inspect the fluid; 

a. Use adhesion probe to verify if adhered; 
b. Document characteristics; and 
c. Take photos; 

6. Based on the condition of the fluid and whether it is frozen solid or not, 
allow to freeze further, or stop the test; and  

7. The following tests should be considered, however test plan may be 
modified based on results: 

1) Type IV EG +20º Buffer 
2) Type IV EG +10º Buffer 
3) Type IV EG Neat 
4) Type IV PG +20º Buffer 
5) Type IV PG +10º Buffer 
6) Type IV PG Neat 
7) Type I (-10ºC FFP) and Type IV EG +20º 

 
 
3.2 Phase 2 – Testing in Deep Freeze Cryogenic Unit 
 
Based on the results from Phase 1, testing may be attempted in a deep freeze 
cryogenic unit. Facilities with this capability include NRC CEF, CRIQ, and 
possibly others. Arrangements will need to be made to attempt this testing.  
 
 
4. EQUIPMENT 
 
Standard equipment used for endurance tests outdoors will be used in this 
testing. The following essential items will be used: 

• Laboratory chest freezer; 
• Test plate; 
• Fluids; 
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• Adhesion probe; 
• Thermistors with real-time and logging capability; 
• Digital camera; and 
• Test procedures, data forms. 

 
 
5. PERSONNEL 
 
One person will be required for the conduct of the tests. An assistant may be 
required for the initial setup and preliminary tests. 
 
 
6. DATA FORM 
 
Attachment I will be used to document the relevant information.  
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Attachment III 

Fluid Freezing Documentation Data Form 
 

 
 
Date: _______________ Run#: _______   Freezer Minimum Temperature: _______   
 
 
Fluid Type and Dilution: __________________________________________________  
 
 
Fluid Application Start Time: _______ Plate in Freezer Time: _______ End Time: ___________   
 
 
Plate Inspection Checklist 
 

 Time 1:__________    Plate reached freezer minimum temperature (± 5ºC) 
 
 
 
 

 

 Time 2a:__________    1- hour after Time 1   
 
 

 
 

 

 Time 2b:__________    3-hours after Time 1 (optional) 
 
 

 
 

 

 Time 2c:__________    24-hours after Time 1 (optional) 
 

 
 

 

 
 
Comments: _________________________________________________________________________________________ 
 
 
 
 
 
 
Performed by: ________________________ 
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FEASIBILITY OF USING THE NOSE CONE AS A REPRESENTATIVE 
SURFACE FOR DETERMINING IF CONTAMINATION IS PRESENT  

ON WINGS 
 
 
1. BACKGROUND 
 
Preliminary testing with simulated deployed flaps has indicated a reduction in 
fluid protection time. The regulators and operators have been working together 
to develop mitigation tactics, one of which is the use of a pre-take-off 
contamination check. Unfortunately, for cargo operators without access to 
windows overlooking a wing, this poses a problem; therefore it was 
recommended that the nose cone be investigated to identify any possible 
correlation to the wing surfaces. The nose cone, along with other surfaces such 
as wiper blades, wind screens etc., have in the past been used as anecdotal 
indicators of icing, therefore these results could also be useful for other areas of 
research. 
 
 
2. OBJECTIVE 
 
To identify the feasibility of using the nose cone as a representative surface of 
the fluid failure progression and overall condition of a wing while operating with 
the flaps and slats in extended configuration. 
 
 
3. PROCEDURE 
 
Based on a review of aircraft photos and deicing procedures, the following 
assumptions for testing purposes were made: 
 

• The representative surface angle was based on what the pilot would see 
just outside of window, not further down close towards the nose tip; 

• Nose curvature is less pronounced below windshield and well represented 
by a plate; 

• The nose is deiced with Type I, but not anti-iced, therefore Type IV not is 
not typically used; 

• Windshield does not “feed fluid” as it is not sprayed, therefore simple 
plate is a good representation and nested plates are not necessary; and 

• Nose cone may have instrumentation which may generate heat. 
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3.1 Test Stand Setup 
 
In order to evaluate if the nose cone was representative, it was suggested that 
an additional box (Box C) be added to the existing flaps/slats testing setup 
(plates A and B). The comparative Type IV endurance time testing in natural 
snow will be conducted using the following surfaces: 
 

1. Baseline Plate (10º); 
2. Extended Flaps/Slats Model (20º simple); 
3. Nose Cone Representative Surface Model (20º  Aluminum Box); and 
4. Optional box (TBD). 

 
Five test runs will be attempted at a minimum: Type II (1), Type III (1), Type IV 
(3). The Type I fluid used can be any grandfathered EG or PG Type I (don’t use 
non-glycol).  
 
Consideration should be given to conducting 1-2 additional tests with a warm 
box or a box with a lightbulb inside to simulate heat from instrumentation inside 
the nose cone, as well as with a composite box to identify any differences 
(Box D). Figure 3.1: Basic Setupdepicts this setup. 

 

 
Figure 3.1: Basic Setup 

 
 
4. EQUIPMENT 
 
Standard equipment used for endurance tests outdoors will be used in this 
testing. Additional equipment for simulating the heating from instrumentation 
housed inside the nose cone may be necessary. 
 
 
5. PERSONNEL 
 
Two persons from APS will be required for the conduct of these tests.  
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6. DATA FORMS  
 
Attachment I will be used to document fluid endurance times. 
 
 
7. FLUIDS 
 
As this testing is comparative, LOWV fluid is not necessary. Fluids selected 
should be commercial fluids or representative research fluids.
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Attachment I: End Condition Data Form 
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FEASIBILITY OF USING THE NOSE CONE AS A REPRESENTATIVE 
SURFACE FOR DETERMINING IF CONTAMINATION IS PRESENT  

ON WINGS – FULL-SCALE TESTING 
 
 
1. BACKGROUND 
 
Preliminary testing with simulated deployed flaps has indicated a reduction in 
fluid protection time. The regulators and operators have been working together 
to develop mitigation tactics, one of which is the use of a pre-take-off 
contamination check. Unfortunately, for cargo operators without access to 
windows overlooking a wing, this poses a problem; therefore it was 
recommended that the nose cone be investigated to identify any possible 
correlation to the wing surfaces. The nose cone, along with other surfaces such 
as wiper blades, wind screens etc., have in the past been used as anecdotal 
indicators of icing, therefore these results could also be useful for other areas of 
research. 
 
Preliminary flat plate testing simulating a nose cone has been conducted during 
the winter of 2014-15. Results have indicated that if there is heat being emitted 
from the nose cone, possibly from instrumentation housed within, this could 
result in longer protection times of the fluid on the nose cone, and effect the 
overall correlation with the wing surfaces or other deiced or anti-iced aircraft 
surfaces. 
 
 
2. OBJECTIVE 
 
To document the surface temperature of the aircraft nose cone as compared to 
the wings, fuselage and the ambient temperature.  
 
 
3. PROCEDURE 
 
Current plans are to conduct testing at the Ottawa Airport using a Transport 
Canada operated Bombardier Challenger or King Air aircraft. Other aircraft may 
be considered if they become available through alternate sources. This testing 
should be conducted on overcast days (to minimize radiation) or during early 
evenings after sunset. Notice will be provided to the parties involved 
12-24 hours prior to an expected testing event. A list of all attendees along 
with a copy of a valid license or passport will be available for security purposes. 
It should be noted that the aircraft should be cold soaked and left outdoors at 
least 3 hours prior to testing. 
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The following is the procedure to be followed for testing:  

a) Equip the aircraft test surfaces with thermistors with logging capabilities set 
to the smallest interval. SmartButton thermistors (Photo 6.1 and Photo 6.2) 
can be easily attached using the provided 3M adhesive backing, or with 
aircraft grade speed tape, both of which remove cleanly without residue. 
Ideally installation of the SmartButtons is done while the aircraft is warm in a 
hangar to facilitate adhesion. The location of the thermistors should be on 
the nose cone just below the wind screen, mid-way down the nose cone, on 
the wiper blade arm, on the wing, and on the fuselage. Handheld thermistor 
probes can be used to validate the smart buttons or for additional 
measurements (Photo 6.3); 

b) Log the temperature profile of the test surfaces while the aircraft is cold and 
not-operational; 

c) Start up the aircraft including avionics to generate any possible heat in the 
nose cone and in the cabin; 

d) Log the temperature profile of the test surfaces for a period of at least 
60 minutes with the aircraft semi or fully operational; and 

e) Consider repeat tests as necessary. 
 
 
4. EQUIPMENT 
 
Standard equipment used for endurance tests will be used in this testing. The 
following essential items will be used: 
 

• SmartButtons and readers; 
• Laptop with Trendreader; 
• Hand-held thermistor probe; 
• Digital camera; 
• Test procedures, data forms; and  
• High visibility vests. 

 
 
5. PERSONNEL 
 
Two persons from APS will be required for the conduct of these tests.  
 
 
6. DATA FORMS  
 
Attachment I will be used to document the nose cone and aircraft surface 
measurement locations; this form is based on a Challenger aircraft. 
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Attachment II and Attachment III are additional forms for a King Air and B737 
aircraft. Note: if the aircraft types are known prior to testing, additional 
attachments can be prepared to have a specific aircraft schematic for ease of 
documentation. Attachment IV provides a general form to identify and manage 
the SmartButton locations. 

 
 

 
Photo 6.1: SmartButton Thermistor 

 
 

 
Photo 6.2: SmartButton Thermistor Installed on Aircraft Wing Using Speed Tape 

Strip 
 
 

 
Photo 6.3: Hand Held Thermistor Probe Measurement on Aircraft Wing  
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Attachment II 

Bombardier Surface Temperature Data Form 
 

 
 
 
Date: _______________ Run#: _______   Start Time: ___________ End Time: ___________ 
 
 
Flight and Fin #: _____________   Aircraft Type: ______________________ 
 
 
Test Condition (Clear, Snow, etc): __________   Temperature: _______ Fluid Sprayed:___________        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Indicate approximate location, measured temperature, and time directly on wing diagram i.e. -6.0ºC, 15:45 
 
 
 
 
Comments: _____________________________________________________________________________________ 
 
 
 
 
 
 
Documented by: _______________________ 
 

Form # ____ of ____ 



APPENDIX G  

 
M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix G.docx 

Final Version 1.0, March 17 

G-11 

Attachment III 

King Air Surface Temperature Data Form 
 

 
 
 
Date: _______________ Run#: _______   Start Time: ___________ End Time: ___________ 
 
 
Flight and Fin #: _____________   Aircraft Type: ______________________ 
 
 
Test Condition (Clear, Snow, etc): __________   Temperature: _______ Fluid Sprayed:___________        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Indicate approximate location, measured temperature, and time directly on wing diagram i.e. -6.0ºC, 15:45 
 
 
 
 
Comments: _____________________________________________________________________________________ 
 
 
 
 
 
 
Documented by: _______________________ 
 

Form # ____ of ____ 
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Attachment IV 

Boeing Surface Temperature Data Form 
 

 
 
 
Date: _______________ Run#: _______   Start Time: ___________ End Time: ___________ 
 
 
Flight and Fin #: _____________   Aircraft Type: ______________________ 
 
 
Test Condition (Clear, Snow, etc): __________   Temperature: _______ Fluid Sprayed:___________        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Indicate approximate location, measured temperature, and time directly on wing diagram i.e. -6.0ºC, 15:45 
 
 
 
 
Comments: _____________________________________________________________________________________ 
 
 
 
 
 
 
Documented by: _______________________

Form # ____ of ____ 
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Attachment IV 
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PROCEDURE: 
EFFECT OF THICKENED FLUID FREEZING AND THAWING ON FLUID 

INTEGRITY AND RESULTING HOLDOVER TIME 
 

Winter 2014-15 
 
 
1. BACKGROUND 
 
There is a need to evaluate the performance of anti-icing fluid that was once frozen 
and subsequently thawed to ambient. There is question as to whether this change 
in state could have negative effects on the resulting holdover time. A more 
comprehensive procedure has been developed for this testing. 
 
 
2. OBJECTIVE 
 
To analyze the integrity of a fluid that was once frozen beyond the fluid freeze 
point and then returned to ambient. The main objective is to test and analyze the 
resulting holdover times of these fluids as compared to an identical fluid that was 
not subject to freezing. 
 
 
3. PROCEDURE 
 
This testing will be conducted in both natural snow and simulated freezing 
precipitation conditions. Fluids will be put through a freeze period that will last up 
to 48 hours before testing. The suggested temperature that the fluids will be 
thawed to is 0°C, however this can be altered. It is imperative that all containers 
that are set to freeze are properly labeled “Subject to Freezing” on the container.  
 
Table 3.1 provides the instructions for conducting this freeze/thaw. 
 
 

Table 3.1 Freeze/Thaw Instructions 

FREEZE/THAW INSTRUCTIONS 
FLUID TYPE FREEZE 

PERIOD THAWING  IN ADVANCE OF 
TESTING 

100/0 Freeze to -40°C 
for 48 hours Thaw to 0°C  

Placed at OAT consistent 
with  comparable baseline 

Test 
75/25 Freeze to -30°C 

for 48 hours Thaw to 0°C  

50/50 Freeze to -20°C 
for 48 hours Thaw to 0°C  
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3.1.1 Variations in Freeze/Thaw Instructions  
 
The freeze/thaw instructions will be altered to best represent actual operational test 
conditions. In addition to the standard 48-hour freeze the following variations will 
be used: 
 

• Repeated Freeze Period – the fluid will be allowed to freeze for 48 hours, 
thawed out, and then re-frozen for another 48 hours; and 

• Reduced Freeze Period – a 24 hour freeze Period will be used, followed by 
thawing. 

 
 
4. TEST PLAN 
 
 
4.1 Natural Snow Test Plan 
 
An attempt should be made to get a good cross section of temperatures and rates. 
This project is being introduced late in the winter season. Therefore only a select 
few tests in natural snow may be completed.  It is not necessary to substitute any 
unfinished snow tests in freezing precipitation conditions. Table 3.2 outlines the 
test plan to be used. The following notation will be used to indicate which freeze 
thaw instructions will be used: 
 

• Baseline - No Freeze – Baseline Fluid, not Frozen; 
• 48-Hour – 48 hour freeze; 
• Repeated 48-Hour – 48 hour freeze, thawed and repeated; and 
• 24-Hour – 24 hour freeze. 

 
 

Table 3.2 Test Plan-Snow 

# Precip. 
Type FLUID Dilution 

Target 
Temperature 

0C 

Target 
Rate 

g/dm2/hr 
Freeze/Thaw Cycle 

1 Natural 
Snow 

FCY BIO 75 Above -14  Any Baseline - No Freeze  

2 Natural 
Snow 

FCY BIO 75 Above -14 Any Repeated 48-Hour 

3 Natural 
Snow 

ABC S + 75 Above -14  Any Baseline - No Freeze  

4 Natural 
Snow ABC S + 75 Above -14  Any 24-Hour  
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Table 3.2 Test Plan-Snow (Cont’d) 

# Precip. 
Type FLUID Dilution 

Target 
Temperature 

0C 

Target 
Rate 

g/dm2/hr 
Freeze/Thaw Cycle 

5 Natural 
Snow FLIGHT 75 Above -14 Any Baseline - No Freeze  

6 Natural 
Snow FLIGHT 75 Above -14 Any 48-Hour 

7 Natural 
Snow 

2031 75 Above -14 Any Baseline - No Freeze 

8 Natural 
Snow 

2031 75 Above -14 Any 48-Hour 

9 Natural 
Snow 

LAUNCH 75 Above -14 Any Baseline - No Freeze 

10 Natural 
Snow 

LAUNCH 75 Above -14 Any  48-Hour 

11 Natural 
Snow 

MAXFLIGHT 
O4 75 Above -14 Any Baseline - No Freeze 

12 Natural 
Snow 

MAXFLIGHT 
O4 75 Above -14 Any Repeated 48-Hour 

13 Natural 
Snow 

FCY BIO 75 Above -14 Any Baseline - No Freeze 

14 Natural 
Snow 

FCY BIO 75 Above -14 Any 48-Hour 

15 Natural 
Snow 

2031 75 Above -14 Any Baseline - No Freeze 

16 Natural 
Snow 

2031 75 Above -14 Any 48-Hour 

17 Natural 
Snow 

ABC S + 50 Above -3 Any Baseline - No Freeze 

18 Natural 
Snow 

ABC S + 50 Above -3 Any 48-Hour 

19 Natural 
Snow 

POLAR 
GUARD ADV  50 Above -3 Any Baseline - No Freeze 

20 Natural 
Snow 

POLAR 
GUARD ADV  50 Above -3 Any  48-Hour 

 
 
4.2 Freezing Precipitation Test Plan 
 
The following test plan will be incorporated into the overall general procedure for 
testing at the NRC, anticipated March 2015. Table 3.3 outlines this test plan. 
 



APPENDIX H 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix H.doc 
Final Version 1.0, March 17 

H-4 

Table 3.3 Test Plan-Freezing Precipitation 

# Condition FLUID Dilution 
Target 

Temperature 
0C 

Target 
Rate 

g/dm2/hr 

Freeze/Thaw 
Cycle 

21 ZR -3, 25 ECO SHIELD 100 -3 25 Baseline - No 
Freeze 

22 ZR -3, 25 ECO SHIELD 100 -3 25 48-Hour 

23 ZR -3, 13 FCY BIO 100 -3 13 Baseline - No 
Freeze 

24 ZR -3, 13 FCY BIO 100 -3 13 24-Hour 

25 ZR -10, 13 AD 49 75 -10 13 Baseline - No 
Freeze 

26 ZR -10, 13 AD 49 75 -10 13 Repeated 48-
Hour 

27 ZR -10, 25 AD 49 75 -10 25 Baseline - No 
Freeze 

28 ZR -10, 25 AD 49 75 -10 25 24-Hour 

29 ZD -3, 13 LAUNCH 75 -3 13 Baseline - No 
Freeze 

30 ZD -3, 13 LAUNCH 75 -3 13 48-Hour 

31 ZD -10, 5 MAXFLIGHT 
O4 75 -10 5 Baseline - No 

Freeze 

32 ZD -10, 5 MAXFLIGHT 
O4 75 -10 5 48-Hour 

33 ZD -10, 13 FCY BIO 75 -10 13 Baseline - No 
Freeze 

34 ZD -10, 13 FCY BIO 75 -10 13 48-Hour 

35 ZR -3, 25 2031 75 -3 25 Baseline - No 
Freeze 

36 ZR -3, 25 2031 75 -3 25 48-Hour 

37 ZF -14, 5 ABC S + 75 -14 5 Baseline - No 
Freeze 

38 ZF -14, 5 ABC S + 75 -14 5 48-Hour 

39 ZF -3, 5 POLAR GUARD 
ADV  75 -3 5 Baseline - No 

Freeze 

40 ZF -3, 5 POLAR GUARD 
ADV  75 -3 5 48-Hour 

 
 

5. DATA FORMS  
 
The standard end condition data form will be used to document fluid endurance. 
Rate measurements will be recorded using the electronic rate form typically used 
for endurance time testing. 
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DOCUMENTATION OF FLUID FAILURE – FROST AND SNOW 
 
 
1. BACKGROUND 
 
Discussions within the aviation industry on the subject of wing contamination 
and related testing of anti-icing fluids invariably question the very nature of fluid 
failures. 

Some examples of commonly asked questions include: 

• What does a fluid failure look like? 
• How visible is the failure? 
 
At the request of TC and FAA, APS Aviation undertook a research project to 
photographically document the appearances and properties of deicing and anti-
icing fluids when exposed to precipitation conditions. The appearance of fluids 
were photographed on standard flat plate test surfaces from the instant of fluid 
application to the point at which visual fluid failure completely covered 
approximately 33% of the test surface. 
 
A shared common image of the nature of the various types of fluid failures will 
contribute to better communication within the community involved in deicing 
research, and will promote better recognition of fluid failures in field operations. 
 
Previous work in the area was completed in 1998-99 and 2013-14. Reference 
to these works can be found in the TC Report Characteristics of Aircraft 
Anti-icing Fluids Subjected to Precipitation: 1998-99 TP 13484E, and TC Report 
Aircraft Ground Icing Research General Activities During the 2013-14 Winter, 
TP 15269E. 
 
 
2. OBJECTIVES 
 
A project was started in Winter 2013-14 to obtain photos of de/anti-icing fluids 
failing in conditions encompassed by the holdover time guidelines. Review of 
existing materials indicated some of the needed photos do not exist. The 
objective of this procedure is to obtain photos of fluid application and standard 
plate failure with a digital still camera. Photos will then be compiled and indexed 
to match frost and snow conditions in the holdover time tables. 
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3. TEST PLAN 
 
Testing for pour photos will be completed on one occasion as outlined in 
Attachment III. Testing for frost and snow failures will be completed throughout 
the 2014-15 Winter as outlined in Attachments I and II. 
 
 
4. SETUP 
 
The test setup will consist of three test surfaces; an aluminium test plate, a 
white test plate and a wing section.  
 
 
5. PROCEDURE 
 
 
5.1 Pour Photos  
 
Pour photos will be taken in one overcast day with possible light snow. Each 
pour, on the three test surfaces, will be photographed at a 10˚to 30˚ incident 
from three different perspectives; one from the top end of the plate, one from 
the bottom of the plate and one from a 30˚ angle to the top of the plate. Blank 
cells in the photo test plan (Attachment III) indicate which photos need to be 
taken.  
 
 
5.2 Failure Photos (Frost and Snow) 
 
Failure photos will be taken during the 2014-15 Winter in conjunction with tests 
being conducted for other projects, in an attempt to fill in the blanks. Additional 
effort will be made in the second half of the winter in order to produce 
photographs for the cells that that are still empty. Photos will be obtained in 
different frost and snow conditions, at various temperatures according to the 
test plans in Attachments I and II. These will be taken at a 10˚to 30˚ incident 
from three different perspectives; one from the top end of the plate, one from 
the bottom of the plate and one from a 30˚ angle to the top of the plate. All 
photos should be captured within 1 minute of failure (failure of a plate is 
determined based on standard HOT procedure). “**” must be written on the 
data form if photos are taken five minutes after failure. Blank cells in the photo 
test plans (Attachment I and II) indicate that photos in that condition are 
required. Record the date the photo was taken and the project that was being 
run, on the photos test plan. Write a note saying “photos” on the data form of 
the project that was being conducted. 
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6. PERSONNEL 
 

• Manager (pour fluids/call failures) 
• Photographer (take photos) 

 
 
7. EQUIPMENT 
 

• Dedicated Frost and Snow camera 
• Backup battery 

 
 
8. DATA FORMS 
 
Photos test plans will be used to record the date photos are taken and which 
photos still need to be taken (see Attachments I, II and III). 
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ATTACHMENT I  
Fluid Failure Photos Test Plan - FROST 
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ATTACHMENT II  
Fluid Failure Photos Test Plan – SNOW 
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ATTACHMENT III 
Fluid Pour Photos Test Plan 



APPENDIX J 

FLUID FAILURE PHOTOS DOCUMENTATION 
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Fluid Failure Photos Log Winter 2013-14 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

P13 26-Mar-14 EUD 10° buffer I 13:40:10 13:45:40 5.5 5.7 1 Cold Soak Box 

197 26-Mar-14 0PL 100 II 12:38:20 14:30:00 111.7 5.3 1 Cold Soak Box 

209 26-Mar-14 0PL 100 II 16:58:24 17:14:20 15.9 75.6 1 Cold Soak Box 

203 26-Mar-14 0PL 75 II 12:42:00 14:34:00 112.0 5.4 1 Cold Soak Box 

215 26-Mar-14 0PL 75 II 17:13:21 17:26:00 12.6 75.2 1 Cold Soak Box 

P15 26-Mar-14 OSC 100 III 16:48:47 16:53:40 4.9 75.6 1 Cold Soak Box 

P14 26-Mar-14 OSC 75 III 13:11:17 13:27:00 15.7 5.7 1 Cold Soak Box 

193 26-Mar-14 GMC 100 IV 12:23:00 13:49:30 86.5 4.9 1 Cold Soak Box 

205 26-Mar-14 GMC 100 IV 16:45:15 17:03:30 18.3 76.5 1 Cold Soak Box 

199 26-Mar-14 GMC 75 IV 12:35:00 14:24:00 109.0 4.8 1 Cold Soak Box 

211 26-Mar-14 GMC 75 IV 17:07:59 17:22:30 14.5 76.5 1 Cold Soak Box 

PH10/ 
FM2 19-Mar-14 EUD 10° buffer I 16:40:30 16:52:00 11.5 15.0 -3 Freezing Drizzle 

PP6 24-Apr-14 FOC 10° buffer I 15:33:30 15:41:30 8.0 4.9 -10 Freezing Drizzle 

DF1 20-Mar-14 FOC 10° buffer I 10:34:21 10:42:45 8.4 5.7 -10 Freezing Drizzle 

FSE10 20-Mar-14 FOC 10° buffer I 13:46:46 13:50:57 4.2 N/A -10 Freezing Drizzle 

101 21-Mar-14 0PL 100 II 13:31:05 15:48:04 137.0 5.2 -3 Freezing Drizzle 

119 19-Mar-14 0PL 100 II 15:34:12 17:05:42 91.5 13.7 -3 Freezing Drizzle 

77 20-Mar-14 0PL 100 II 9:29:35 10:57:03 87.5 4.7 -10 Freezing Drizzle 

89 20-Mar-14 0PL 100 II 13:04:44 13:29:31 24.8 13.3 -10 Freezing Drizzle 

107 21-Mar-14 0PL 75 II 13:28:55 14:58:40 89.8 4.7 -3 Freezing Drizzle 

125 19-Mar-14 0PL 75 II 17:20:50 18:49:15 88.4 13.2 -3 Freezing Drizzle 
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Fluid Failure Photos Log Winter 2013-14 (cont’d) 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

83 20-Mar-14 0PL 75 II 10:27:12 11:42:17 75.1 4.9 -10 Freezing Drizzle 

95 20-Mar-14 0PL 75 II 13:05:29 13:22:15 16.8 13.6 -10 Freezing Drizzle 

113 21-Mar-14 0PL 50 II 14:57:52 15:32:20 34.5 4.7 -3 Freezing Drizzle 

131 19-Mar-14 0PL 50 II 17:52:50 18:11:44 18.9 13.0 -3 Freezing Drizzle 

P4 21-Mar-14 OSC 100 III 13:26:38 15:31:22 124.7 5.9 -3 Freezing Drizzle 

P7 20-Mar-14 OSC 100 III 13:54:26 14:07:45 13.3 13.6 -10 Freezing Drizzle 

P6 19-Mar-14 OSC 75 III 17:08:00 17:18:41 10.7 12.1 -3 Freezing Drizzle 

P8 20-Mar-14 OSC 75 III 13:55:04 14:03:08 8.1 13.5 -10 Freezing Drizzle 

P5 21-Mar-14 OSC 50 III 13:26:40 15:31:38 125.0 6.0 -3 Freezing Drizzle 

PP2/65 25-Apr-14 0EL 100 IV 9:00:44 11:06:41 126.0 4.8 -3 Freezing Drizzle 

115 19-Mar-14 GMC 100 IV 15:24:48 17:28:33 123.8 12.7 -3 Freezing Drizzle 

PP5/77 23-Apr-14 0EL 100 IV 9:00:50 10:38:00 97.2 13.2 -3 Freezing Drizzle 

73 20-Mar-14 GMC 100 IV 9:21:53 10:46:08 84.3 5.0 -10 Freezing Drizzle 

86 20-Mar-14 GMC 100 IV 12:53:59 13:26:21 32.4 12.8 -10 Freezing Drizzle 

PP3/69 25-Apr-14 0EL 75 IV 9:06:02 9:57:46 51.7 5.2 -3 Freezing Drizzle 

79 20-Mar-14 GMC 75 IV 9:24:31 10:26:21 61.8 5.3 -10 Freezing Drizzle 

91 20-Mar-14 GMC 75 IV 13:30:54 13:52:31 21.6 13.6 -10 Freezing Drizzle 

PP4/73 25-Apr-14 0EL 50 IV 9:12:11 9:35:28 23.3 4.8 -3 Freezing Drizzle 

FM16/ 
111 21-Mar-14 1FN 50 IV 14:03:31 14:21:37 18.1 4.8 -3 Freezing Drizzle 

128 19-Mar-14 GMC 50 IV 16:11:18 16:34:40 23.4 13.6 -3 Freezing Drizzle 

WWF1 25-Mar-14 FOC 10° buffer I 16:29:10 16:49:30 20.3 1.4 -3 Freezing Fog 

DF19 25-Mar-14 EUD 10° buffer I 12:33:15 12:44:20 11.1 4.9 -3 Freezing Fog 
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Fluid Failure Photos Log Winter 2013-14 (cont’d) 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

WWF4 26-Mar-14 EUD 10° buffer I 9:40:12 9:53:42 13.5 4.7 -10 Freezing Fog 

WWF10 24-Mar-14 EUD 10° buffer I 11:30:51 11:42:00 11.2 2.2 -25 Freezing Fog 

41 25-Mar-14 0PL 100 II 15:37:37 20:06:00 268.4 2.0 -3 Freezing Fog 

59 25-Mar-14 0PL 100 II 9:07:20 11:08:14 120.9 4.9 -3 Freezing Fog 

17 24-Mar-14 0PL 100 II 16:44:09 19:20:40 156.5 1.8 -14 Freezing Fog 

29 24-Mar-14 0PL 100 II 14:09:36 14:54:04 44.5 5.2 -14 Freezing Fog 

5 24-Mar-14 0PL 100 II 11:24:25 12:08:22 43.9 2.2 -25 Freezing Fog 

11 24-Mar-14 0PL 100 II 9:24:07 9:44:04 20.0 5.0 -25 Freezing Fog 

47 25-Mar-14 0PL 75 II 15:36:53 18:32:17 175.4 1.9 -3 Freezing Fog 

65 25-Mar-14 0PL 75 II 9:36:09 11:27:11 111.0 5.0 -3 Freezing Fog 

23 24-Mar-14 0PL 75 II 16:47:21 18:39:10 111.8 1.9 -14 Freezing Fog 

36 24-Mar-14 0PL 75 II 14:17:10 14:52:33 35.4 4.9 -14 Freezing Fog 

53 25-Mar-14 0PL 50 II 16:02:38 16:56:01 53.4 2.1 -3 Freezing Fog 

71/FM5 25-Mar-14 0PL 50 II 10:57:35 11:29:06 31.5 5.2 -3 Freezing Fog 

T10 25-Mar-14 OSC 100 III 18:10:05 18:55:35 45.5 2.0 -3 Freezing Fog 

T8/DF22 25-Mar-14 OSC 100 III 12:02:54 12:28:30 25.6 4.9 -3 Freezing Fog 

T5 26-Mar-14 OSC 100 III 8:59:17 9:38:27 39.2 5.0 -10 Freezing Fog 

P1 24-Mar-14 OSC 100 III 9:37:34 10:01:46 24.2 5.7 -25 Freezing Fog 

P2 25-Mar-14 OSC 75 III 16:57:06 17:32:21 35.2 1.4 -3 Freezing Fog 

P3 25-Mar-14 OSC 50 III 17:07:38 17:27:34 19.9 1.4 -3 Freezing Fog 

56 25-Mar-14 GMC 100 IV 9:03:05 11:20:56 137.9 5.1 -3 Freezing Fog 

13 24-Mar-14 GMC 100 IV 16:43:38 19:12:49 149.2 1.9 -14 Freezing Fog 
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Fluid Failure Photos Log Winter 2013-14 (cont’d) 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

25 24-Mar-14 GMC 100 IV 14:09:00 14:51:09 42.1 5.1 -14 Freezing Fog 

1 24-Mar-14 GMC 100 IV 11:22:12 12:05:14 43.0 2.3 -25 Freezing Fog 

7 24-Mar-14 GMC 100 IV 9:26:12 9:48:29 22.3 5.2 -25 Freezing Fog 

63 25-Mar-14 1FN 75 IV 9:51:57 10:49:46 57.8 5.2 -3 Freezing Fog 

19 24-Mar-14 GMC 75 IV 16:46:41 18:19:05 92.4 1.9 -14 Freezing Fog 

31 24-Mar-14 GMC 75 IV 14:20:18 14:49:10 28.9 4.8 -14 Freezing Fog 

49 25-Mar-14 GMC 50 IV 16:01:48 19:24:40 202.9 2.2 -3 Freezing Fog 

67 25-Mar-14 GMC 50 IV 9:41:52 10:57:49 76.0 5.4 -3 Freezing Fog 

PP7 23-Apr-14 FOC 10° buffer I 16:57:00 17:06:00 9.0 12.5 -3 Light Freezing Rain 

P12 19-Mar-14 EUD 10° buffer I 13:06:33 13:14:23 7.8 12.6 -3 Light Freezing Rain 

DF7 21-Mar-14 EUD 10° buffer I 10:21:31 10:32:30 11.0 24.1 -3 Light Freezing Rain 

PH22 20-Mar-14 FOC 10° buffer I 17:03:24 17:09:30 6.1 13.1 -10 Light Freezing Rain 

PP11 24-Apr-14 FOC 10° buffer I 9:00:30 9:04:50 4.3 24.2 -10 Light Freezing Rain 

161 19-Mar-14 0PL 100 II 11:28:08 12:58:56 90.8 12.8 -3 Light Freezing Rain 

PP8/107 23-Apr-14 6PK 100 II 17:11:40 18:02:04 50.4 12.9 -3 Light Freezing Rain 

179 21-Mar-14 0PL 100 II 8:57:17 9:45:17 48.0 25.0 -3 Light Freezing Rain 

137/ 
FM10 20-Mar-14 0PL 100 II 16:35:58 17:11:31 35.6 13.3 -10 Light Freezing Rain 

138 20-Mar-14 0PL 100 II 16:48:49 17:25:11 36.4 13.5 -10 Light Freezing Rain 

149 20-Mar-14 0PL 100 II 20:00:46 20:23:02 22.3 24.8 -10 Light Freezing Rain 

167 19-Mar-14 0PL 75 II 12:12:34 13:09:17 56.7 12.8 -3 Light Freezing Rain 

185 21-Mar-14 0PL 75 II 9:02:33 9:40:18 37.8 24.4 -3 Light Freezing Rain 

143 20-Mar-14 0PL 75 II 16:49:57 17:19:29 29.5 12.6 -10 Light Freezing Rain 
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Fluid Failure Photos Log Winter 2013-14 (cont’d) 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

PP12/103 24-Apr-14 6PK 75 II 8:52:30 9:02:00 9.5 24.6 -10 Light Freezing Rain 

155 20-Mar-14 0PL 75 II 19:16:00 19:32:21 16.4 24.8 -10 Light Freezing Rain 

174 19-Mar-14 0PL 50 II 13:09:50 13:28:29 18.6 12.8 -3 Light Freezing Rain 

192 21-Mar-14 0PL 50 II 10:01:02 10:13:52 12.8 25.3 -3 Light Freezing Rain 

P9 19-Mar-14 OSC 100 III 11:08:53 11:24:57 16.1 12.5 -3 Light Freezing Rain 

DF25 20-Mar-14 OSC 100 III 17:36:00 17:48:50 12.8 13.1 -10 Light Freezing Rain 

PP13 24-Apr-14 OSC 100 III 9:06:20 9:14:15 7.9 24.5 -10.0 Light Freezing Rain 

PP9 23-Apr-14 OSC 75 III 17:02:00 17:16:00 14.0 12.5 -3 Light Freezing Rain 

P10 19-Mar-14 OSC 75 III 11:09:18 11:20:30 11.2 12.9 -3 Light Freezing Rain 

DF16 20-Mar-14 OSC 75 III 19:17:40 19:24:10 6.5 26.2 -10 Light Freezing Rain 

157 19-Mar-14 GMC 100 IV 10:40:00 12:25:14 105.2 12.9 -3 Light Freezing Rain 

175 21-Mar-14 GMC 100 IV 8:54:51 9:52:50 58.0 24.8 -3 Light Freezing Rain 

133 20-Mar-14 GMC 100 IV 16:21:15 17:04:08 42.9 13.1 -10 Light Freezing Rain 

146 20-Mar-14 GMC 100 IV 19:09:20 19:33:43 24.4 25.1 -10 Light Freezing Rain 

145/FM12 20-Mar-14 GMC 100 IV 19:15:10 19:35:41 20.5 25.5 -10 Light Freezing Rain 

PP10/109 23-Apr-14 0EL 75 IV 17:25:30 17:55:22 29.9 12.9 -3 Light Freezing Rain 

181 21-Mar-14 GMC 75 IV 8:59:57 10:38:41 98.7 24.7 -3 Light Freezing Rain 

139/FM8 20-Mar-14 GMC 75 IV 16:36:59 17:15:00 38.0 12.6 -10 Light Freezing Rain 

141/FM9 20-Mar-14 1FN 75 IV 16:37:25 17:00:11 22.8 12.6 -10 Light Freezing Rain 

140 20-Mar-14 GMC 75 IV 16:23:32 17:06:22 42.8 12.8 -10 Light Freezing Rain 

152 20-Mar-14 GMC 75 IV 19:16:41 19:37:08 20.5 25.8 -10 Light Freezing Rain 

169 19-Mar-14 GMC 50 IV 12:53:40 13:24:21 30.7 12.8 -3 Light Freezing Rain 
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Fluid Failure Photos Log Winter 2013-14 (cont’d) 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

187 21-Mar-14 GMC 50 IV 9:49:22 10:02:23 13.0 25.3 -3 Light Freezing Rain 

17 5-Mar-14 FDB 10° buffer I 21:42:00 22:49:00 67.0 0.06 -13.4 Natural Frost 

16 5-Mar-14 FDB 10° buffer I 21:41:30 23:28:00 98.0 0.06 -13.7 Natural Frost 

9 11-Feb-14 FDB 10° buffer I 20:06:50 21:45:00 98.2 0.06 -16.3 Natural Frost 

8 11-Feb-14 FDB 10° buffer I 20:06:00 23:01:00 175.0 0.06 -16.4 Natural Frost 

S134 13-Feb-14 FOC 10° buffer I 22:22:10 22:43:10 21.0 3.6 -6 Natural Snow 

S136 13-Feb-14 FDB 10° buffer I 22:23:07 22:42:00 18.9 3.6 -6 Natural Snow 

S135 13-Feb-14 FDB 10° buffer I 22:22:45 22:37:00 14.3 3.9 -6 Natural Snow 

S133 13-Feb-14 FOC 10° buffer I 22:21:40 22:36:00 14.3 4.0 -6 Natural Snow 

S141 14-Feb-14 FOC 10° buffer I 0:29:27 0:38:00 8.6 6.9 -6 Natural Snow 

S143 14-Feb-14 FDB 10° buffer I 0:30:10 0:38:50 8.7 6.9 -6 Natural Snow 

S142 14-Feb-14 FOC 10° buffer I 0:29:49 0:40:05 10.3 6.9 -6 Natural Snow 

S144 14-Feb-14 FDB 10° buffer I 0:30:38 0:40:39 10.0 6.9 -6 Natural Snow 

S315 28-Mar-14 0PL 100 II 6:24:00 7:04:00 40.0 26.9 -0.1 Natural Snow 

S239 22-Mar-14 0PL 100 II 11:31:26 13:19:18 107.9 18.8 -3.2 Natural Snow 

S310 28-Mar-14 0PL 75 II 6:50:40 7:35:00 44.3 24.6 0.3 Natural Snow 

S313 28-Mar-14 0PL 75 II 6:13:40 6:55:30 41.8 28.4 -0.1 Natural Snow 

S280 28-Mar-14 0PL 75 II 6:02:53 6:47:39 44.8 15.9 -4.6 Natural Snow 

S312 28-Mar-14 0PL 50 II 6:16:05 6:29:00 12.9 28.1 -0.3 Natural Snow 

S230 22-Mar-14 0PL 50 II 10:24:16 10:39:23 15.1 34.2 -3.4 Natural Snow 

S236 22-Mar-14 OSC 100 III 11:40:42 11:52:02 11.3 28.5 -3 Natural Snow 

S240 22-Mar-14 OSC 75 III 12:23:50 12:42:36 18.8 13.3 -3.2 Natural Snow 
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Fluid Failure Photos Log Winter 2013-14 (cont’d) 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

S91 1-Feb-14 OSC 50 III 18:58:20 19:07:00 8.7 15.6 -1 Natural Snow 

S90 1-Feb-14 OSC 50 III 18:58:21 19:10:10 11.8 16.7 -1 Natural Snow 

S81 1-Feb-14 OSC 50 III 16:56:32 17:20:00 23.5 2.9 -3 Natural Snow 

S306 28-Mar-14 GMC 100 IV 6:36:00 7:44:00 68.0 29.3 0.3 Natural Snow 

S296 28-Mar-14 GMC 100 IV 5:46:20 6:33:30 47.2 32.9 -0.1 Natural Snow 

S74 1-Feb-14 GMC 100 IV 15:49:10 18:49:35 180.4 5.8 -3 Natural Snow 

S84 1-Feb-14 GMC 100 IV 19:03:31 20:30:00 86.5 20.4 -2.7 Natural Snow 

S250 22-Mar-14 GMC 100 IV 9:21:13 10:25:58 64.8 23.2 -3.3 Natural Snow 

S153 14-Feb-14 GMC 100 IV 1:15:14 2:11:30 56.3 15.8 -5.8 Natural Snow 

S155 14-Feb-14 1FN 100 IV 1:16:29 1:52:30 36.0 15.8 -5.8 Natural Snow 

S110 5-Feb-14 GMC 100 IV 8:41:30 11:39:00 177.5 3.0 -9.3 Natural Snow 

S114 5-Feb-14 GMC 100 IV 10:13:57 12:47:00 153.1 4.9 -9.4 Natural Snow 

S68 27-Jan-14 GMC 100 IV 2:31:25 4:15:00 103.6 3.1 -14.0 Natural Snow 

S297 28-Mar-14 GMC 75 IV 5:46:30 6:30:30 44.0 33.1 -0.1 Natural Snow 

S85 1-Feb-14 GMC 75 IV 18:24:32 20:02:00 97.5 16.1 -2.2 Natural Snow 

S75 1-Feb-14 GMC 75 IV 15:49:40 18:22:00 152.3 5.4 -3 Natural Snow 

S261 22-Mar-14 GMC 75 IV 10:21:11 10:58:31 37.3 40.1 -3.4 Natural Snow 

S156 14-Feb-14 1FN 75 IV 1:17:16 1:40:00 22.7 15.0 -5.8 Natural Snow 

S154 14-Feb-14 GMC 75 IV 1:17:33 2:08:00 50.5 15.7 -5.8 Natural Snow 

S148 14-Feb-14 1FN 75 IV 23:49:03 0:17:00 28.0 9.7 -6.5 Natural Snow 

S111 5-Feb-14 GMC 75 IV 8:42:21 11:04:00 141.7 3.0 -9.3 Natural Snow 

S115 5-Feb-14 GMC 75 IV 10:16:28 12:47:00 150.5 4.9 -9.4 Natural Snow 
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Fluid Failure Photos Log Winter 2013-14 (cont’d) 

Test # Date Fluid Name Fluid 
Dilution Fluid Type 

Start 
Time 

(hh:mm:ss) 

End 
Time 

(hh:mm:ss) 

Fail 
Time 
(min) 

Actual 
Rate of  
Precip 

(g/dm²/hr) 

Ambient 
Temp 
(°C) 

Precipitation 
Type 

S69 27-Jan-14 GMC 75 IV 2:32:02 3:12:00 40.0 3.8 -14.6 Natural Snow 

S299 28-Mar-14 1FN 50 IV 5:54:00 6:00:00 6.0 30.9 -0.3 Natural Snow 

S86 1-Feb-14 GMC 50 IV 17:08:28 18:41:00 92.5 4.5 -2.3 Natural Snow 

S76 1-Feb-14 GMC 50 IV 15:50:18 16:29:00 38.7 7.5 -3 Natural Snow 
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Fluid Failure Photos Log Winter 2014-15 

TEST # DATE FLUID 
NAME 

FLUID 
DILUTION 

FLUID 
TYPE 

START 
TIME 

(HH:MM:SS) 

END 
TIME 

(HH:MM:SS) 

FAIL 
TIME 
(MIN) 

ACTUAL 
RATE OF  
PRECIP 

(g/dm²/hr) 

AMBIENT 
TEMP 
(°C) 

PRECIPITATION 
TYPE 

294 1-Apr-15 IDO B=16.0 I 20:59:20 21:01:37 2.3 75.1 1.0 Cold Soak Box 

293 1-Apr-15 IDO B=16.0 I 20:41:09 20:42:43 1.6 75.7 1.0 Cold Soak Box 

271 1-Apr-15 XAA 100% III 13:53:40 14:53:05 59.4 5.3 1.0 Cold Soak Box 

P43 1-Apr-15 OSC 75% III 21:05:19 21:07:32 2.2 74.6 1.0 Cold Soak Box 

P44 1-Apr-15 EPC 75% IV 21:05:41 21:13:39 8.0 75.1 1.0 Cold Soak Box 

129 25-Mar-15 IDO B=19.25 I 10:32:25 10:46:15 13.8 5.3 -3.0 Freezing Drizzle 

113 25-Mar-15 RAK 100% II 8:52:39 9:54:39 62.0 5.0 -3.0 Freezing Drizzle 

135 25-Mar-15 RAK 75% II 16:30:37 17:01:03 30.4 12.5 -3.0 Freezing Drizzle 

125 25-Mar-15 RAK 50% II 9:27:00 9:46:49 19.8 4.8 -3.0 Freezing Drizzle 

126 25-Mar-15 RAK 50% II 9:45:52 10:04:00 18.1 4.9 -3.0 Freezing Drizzle 

145 25-Mar-15 RAK 50% II 17:03:58 17:14:29 10.5 12.8 -3.0 Freezing Drizzle 

141 25-Mar-15 XAA 100% III 15:37:10 16:16:50 39.7 12.8 -3.0 Freezing Drizzle 

161 27-Mar-15 XAA 100% III 9:23:49 10:34:18 70.5 5.2 -10.0 Freezing Drizzle 

P07 25-Mar-15 OSC 75% III 9:18:25 9:34:43 16.3 5.4 -3.0 Freezing Drizzle 

P11 25-Mar-15 OSC 50% III 16:41:06 16:48:06 7.0 12.0 -3.0 Freezing Drizzle 

164 27-Mar-15 DED 100% IV 9:06:11 11:07:53 121.7 5.0 -10.0 Freezing Drizzle 

89 30-Mar-15 IDO B=29.5 I 17:41:13 17:50:34 9.3 2.0 -25.0 Freezing Fog 

51 30-Mar-15 IDO B=24.0 I 21:18:52 21:30:39 11.8 2.1 -10.0 Freezing Fog 

53 30-Mar-15 IDO B=24.0 I 21:02:16 21:11:12 8.9 2.2 -10.0 Freezing Fog 

57 31-Mar-15 IDO B=24.0 I 15:41:58 15:48:58 7.0 4.8 -10.0 Freezing Fog 

37 31-Mar-15 IDO B=19.25 I 19:53:58 20:06:39 12.7 5.3 -3.0 Freezing Fog 

73 31-Mar-15 RAK 100% II 12:26:46 13:10:03 43.3 5.0 -14.0 Freezing Fog 
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Fluid Failure Photos Log Winter 2014-15 (cont’d) 

TEST # DATE FLUID 
NAME 

FLUID 
DILUTION 

FLUID 
TYPE 

START 
TIME 

(HH:MM:SS) 

END 
TIME 

(HH:MM:SS) 

FAIL 
TIME 
(MIN) 

ACTUAL 
RATE OF  
PRECIP 

(g/dm²/hr) 

AMBIENT 
TEMP 
(°C) 

PRECIPITATION 
TYPE 

33 31-Mar-15 RAK 50% II 19:03:15 19:21:38 18.4 4.8 -3.0 Freezing Fog 

49 30-Mar-15 XAA 100% III 20:46:53 22:30:35 103.7 2.0 -10.0 Freezing Fog 

55 31-Mar-15 XAA 100% III 15:36:58 16:38:19 61.4 5.1 -10.0 Freezing Fog 

81 30-Mar-15 XAA 100% III 17:25:43 18:33:08 67.4 1.9 -25.0 Freezing Fog 

P29 31-Mar-15 OSC 75% III 19:20:14 19:39:36 19.4 4.6 -3.0 Freezing Fog 

P19 30-Mar-15 OSC 75% III 20:56:34 21:16:55 20.4 2.3 -10.0 Freezing Fog 

P22 31-Mar-15 OSC 75% III 15:39:09 15:49:28 10.3 4.9 -10.0 Freezing Fog 

P23 1-Apr-15 OSC 50% III 11:36:49 11:56:50 20.0 2.1 -3.0 Freezing Fog 

P30 31-Mar-15 OSC 50% III 19:41:30 19:56:38 15.1 4.6 -3.0 Freezing Fog 

3 1-Apr-15 DED 100% IV 9:16:57 11:40:59 144.0 2.1 -3.0 Freezing Fog 

23 31-Mar-15 DED 100% IV 18:01:39 19:31:25 89.8 5.2 -3.0 Freezing Fog 

79 31-Mar-15 DED 100% IV 12:19:48 13:28:15 68.5 5.1 -14.0 Freezing Fog 

FT07 31-Mar-15 PAK 75% IV 12:17:53 12:56:45 38.9 5.4 -14.0 Freezing Fog 

P26 1-Apr-15 EPC 50% IV 9:23:20 10:09:27 46.1 1.9 -3.0 Freezing Fog 

195 27-Mar-15 RAK 75% II 15:42:18 16:12:00 29.7 12.5 -3.0 Light Freezing Rain 

217 27-Mar-15 XAA 100% III 12:22:59 12:49:26 26.5 24.5 -3.0 Light Freezing Rain 

P33 26-Mar-15 OSC 75% III 15:10:34 15:19:32 9.0 13.4 -10.0 Light Freezing Rain 

P34 26-Mar-15 OSC 75% III 10:04:40 10:11:14 6.6 25.1 -10.0 Light Freezing Rain 

P36 27-Mar-15 OSC 50% III 15:39:41 15:45:04 5.4 12.9 -3.0 Light Freezing Rain 

P39 27-Mar-15 OSC 50% III 13:41:55 13:46:14 4.3 24.4 -3.0 Light Freezing Rain 

213R 27-Mar-15 DED 100% IV 13:29:22 14:10:46 41.4 24.5 -3.0 Light Freezing Rain 

14 14-Jan-15 Oks ECO I 10 deg buff I 0:27:45 1:50:00 82.3 0.065 -20.8 Natural Frost 
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Fluid Failure Photos Log Winter 2014-15 (cont’d) 

TEST # DATE FLUID 
NAME 

FLUID 
DILUTION 

FLUID 
TYPE 

START 
TIME 

(HH:MM:SS) 

END 
TIME 

(HH:MM:SS) 

FAIL 
TIME 
(MIN) 

ACTUAL 
RATE OF  
PRECIP 

(g/dm²/hr) 

AMBIENT 
TEMP 
(°C) 

PRECIPITATION 
TYPE 

15 14-Jan-15 Oks ECO I 10 deg buff I 0:28:30 1:23:00 54.5 0.070 -20.8 Natural Frost 

20 14-Jan-15 Oks ECO I 10 deg buff I 2:20:15 3:50:00 89.8 0.080 -21.3 Natural Frost 

21 14-Jan-15 Oks ECO I 10 deg buff I 2:20:40 3:10:00 49.3 0.055 -21.0 Natural Frost 

S163 29-Jan-15 FOC 10 deg buff I 19:36:03 19:39:12 3.2 21.4 -5.7 Natural Snow 

S22 2-Dec-14 IDO 10 deg buff I 23:11:37 23:15:54 4.3 14.1 -8.2 Natural Snow 

S27 2-Dec-14 FOC 10 deg buff I 22:29:50 22:36:18 6.5 12.5 -8.6 Natural Snow 

S345 14-Mar-15 RAK 100% II 22:45:27 23:27:27 42.0 18.2 -2.1 Natural Snow 

10CU 16-Jan-15 6EA 100% II 0:51:33 1:56:45 65.2 4.8 -4.6 Natural Snow 

S199 4-Feb-15 PFN 100% II 10:02:48 12:47:51 165.1 2.3 -5.9 Natural Snow 

S152 29-Jan-15 PFN 100% II 19:03:14 19:20:05 16.8 19.2 -6.9 Natural Snow 

S258 21-Feb-15 RAK 100% II 18:10:49 19:09:06 58.3 7.6 -8.2 Natural Snow 

S256 21-Feb-15 RAK 100% II 17:03:31 18:09:06 65.6 5.4 -8.8 Natural Snow 

S254 21-Feb-15 RAK 100% II 16:10:14 17:01:18 51.1 7.9 -9.2 Natural Snow 

S176 29-Jan-15 PFN 75% II 22:44:31 23:30:44 46.2 6.3 -2.4 Natural Snow 

S348 14-Mar-15 RAK 75% II 23:00:44 23:35:05 34.4 15.0 -2.4 Natural Snow 

S202 4-Feb-15 PFN 75% II 12:13:06 14:05:15 112.2 2.5 -5.3 Natural Snow 

S151 29-Jan-15 PFN 75% II 19:03:39 19:17:27 13.8 17.4 -6.9 Natural Snow 

S255 21-Feb-15 RAK 75% II 17:03:30 17:50:48 47.3 5.3 -8.8 Natural Snow 

S253 21-Feb-15 RAK 75% II 16:09:21 16:40:48 31.5 8.8 -9.2 Natural Snow 

S236 11-Feb-15 PFN 75% II 21:50:57 22:27:37 36.7 5.4 -12.3 Natural Snow 

11CU 18-Jan-15 6EA 50% II 22:24:59 22:47:51 22.9 7.7 -1.2 Natural Snow 

S175 29-Jan-15 PFN 50% II 22:32:07 22:51:07 19.0 5.3 -1.6 Natural Snow 



APPENDIX J 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix J.docx 
Final Version 1.0, March 17 

J-12 

Fluid Failure Photos Log Winter 2014-15 (cont’d) 

TEST # DATE FLUID 
NAME 

FLUID 
DILUTION 

FLUID 
TYPE 

START 
TIME 

(HH:MM:SS) 

END 
TIME 

(HH:MM:SS) 

FAILTIME 
(MIN) 

ACTUAL 
RATE OF  
PRECIP 

(g/dm²/hr) 

AMBIENT 
TEMP 
(°C) 

PRECIPITATION 
TYPE 

S142 18-Jan-15 XAA 100% III 22:04:29 22:49:57 45.5 7.7 -1.2 Natural Snow 

S140 16-Jan-15 XAA 100% III 1:17:54 2:11:29 53.6 4.8 -4.6 Natural Snow 

S204 4-Feb-15 XAA 100% III 12:42:21 14:27:08 104.8 2.1 -5.1 Natural Snow 

S154 29-Jan-15 XAA 100% III 19:13:38 19:29:07 15.5 26.9 -6.2 Natural Snow 

S19 2-Dec-14 2CB 100% III 23:09:15 23:52:29 43.2 7.2 -6.8 Natural Snow 

S37 2-Dec-14 2CB 100% III 20:40:56 21:19:30 38.6 12.7 -9.4 Natural Snow 

S184 2-Feb-15 XAA 100% III 6:56:00 7:48:30 52.5 8.1 -22.2 Natural Snow 

109FS 16-Jan-15 OSC 75% III 1:12:02 1:34:53 22.9 4.1 -4.8 Natural Snow 

S168 29-Jan-15 DED 100% IV 19:46:30 22:58:24 191.9 3.6 -2.2 Natural Snow 

S222 4-Feb-15 DED 100% IV 17:17:21 19:46:11 148.8 4.5 -5.6 Natural Snow 

S200 4-Feb-15 DED 100% IV 10:03:24 12:50:44 167.3 2.3 -5.9 Natural Snow 

S185 2-Feb-15 DED 100% IV 6:56:45 7:37:45 41.0 8.4 -22.2 Natural Snow 
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PROCEDURE: FROST AT LOUT  
FLAT PLATE TESTING AND RADIATION COOLING DURING TAXI  

 
WINTER 2012-13 

 
 
1. BACKGROUND 
 
Frost is an important consideration in aircraft deicing. The irregular and rough 
frost accretion patterns can result in a significant loss of lift on critical aircraft 
surfaces. This potential hazard is amplified by the frequent occurrence of frost 
accretion in winter operations. 
 
Radiation cooling will generally occur during clear sky (i.e. SKC, high FEW or 
high SCT), low wind (i.e. less than 10 knots), and low light (i.e. shade, at night 
or in low angle / obscured sun) conditions. These conditions will cause the 
exposed surface temperature to cool below the OAT. Once the exposed surface 
temperature cools to 
the frost point or below, active frost occurs. Radiation cooling can cause an 
exposed surface to cool several degrees below the OAT, therefore frost can 
form on an exposed surface at an OAT several degrees above 0°C. 
 
The ideal conditions for frost accretion are the following: 

i) Outside Ambient Temperature: Below 3ºC  
ii) Relative Humidity: Above 60% 
iii) Wind Speed: Less than 5 km/h 
iv) Sky Condition: Clear, or mostly unobstructed 
v) Dew Point Relative to OAT 

 

Currently, de/anti-icing fluids can be used in frost conditions down to the fluid 
LOUT. The current operational assumption is that any radiation cooling will be 
negated once the aircraft begins to taxi, hence eliminating risks with the fluid 
being used below the LOUT due to radiation cooling. It was recommended that 
testing be conducted to investigate how the radiation cooling of aircraft 
surfaces behaves during taxi 

If very cold frost temperatures present themselves, it is recommended to 
conduct limited flat plate testing at the fluid LOUT. This is an area of research 
with limited data, and additional data points would help to substantiate the 
current HOT guidance information at the low temperature ranges. 
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2. OBJECTIVES 
 
The primary objective of this project is: 
 

• To investigate how radiation cooling of aircraft surfaces during active 
frost conditions is influenced by the increased airflow during the taxi to 
the runway; 

 
As a secondary objective, flat plate testing may be conducted to evaluate the 
current frost HOT’s at the fluid LOUT, however this highly dependent on the 
weather; frost conditions below OAT of -25ºC are necessary to attempt these 
tests. 
 
 
3. TEST PLAN 
 
Testing will be conducted on 2-3 frost events and should including tests at cold 
temperatures and near the LOUT if possible. Testing will focus on simulated 
aircraft taxi tests, and will only attempt the flat plate HOT testing if conditions 
of below -25ºC are available.  
 
 
4. PROCEDURE  
 
 
4.1 Simulated Aircraft Taxi Tests 
 
Testing will likely be conducted in 3 phases: 
 

1. Initial scoping test (use the roof of a car as surrogate aircraft); 

2. Testing with flat plate rig (using frosticator plates rigged on a car roof); 
and 

3. Testing with actual aircraft (optional, and currently not budgeted).  
 
A preliminary analysis and discussion of the data collected should be done prior 
to proceeding to the next phase of testing. Necessary changes or improvements 
to the testing procedure should also be made prior to moving the next testing 
phases.  
 
The following is the procedure to be followed for testing:  
 
a) Ensure active frost conditions (either visually or using frost rate 

measurement method) and record meteorological conditions; 
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b) Equip the test surface (either the roof of car, frosticator flat plate, or aircraft) 
with a thermistor with logging capabilities set to the smallest interval. (This 
may be feasible with a handheld thermistor probe, however will likely be 
challenging). If using a car, ensure the heating is off and the car is not left 
running when not in use to help achieve cold soaking. When using test 
plates a 10º angle is preferable; 

c) Allow the test surface to cool below OAT (surface temperature of 4ºC or 
more below the OAT is ideal). This should be done without fluid initially 
unless testing results indicate otherwise; 

d) Once the surface has cooled sufficiently, drive the car (or tow the aircraft) to 
simulate a typical aircraft taxi, i.e.:  

i. At YUL test site, travel distance of approximately 2km at 20-40 
km/h with appropriate hold periods to simulate a typical taxi (drive 
from trailer to stop light, turn around, and back to 90º turn before 
straightaway); 

ii. Optional simulated take-off may also be attempted by accelerating 
to safe speeds, likely less than 100km/h, on appropriate roads 
(straightaway on path to trailer from cote-vertu); 

e) Log the temperature profile of the test surface as a function of time during 
the simulated taxi, and document the trajectory and speed of the test vehicle 
(iPad or iPhone GPS tracking apps can be useful for this); and 

f) Repeat 2-3 times or as deemed necessary per test event.  
 
 
4.2 Secondary Objective: Flat Plate Testing at LOUT  
 
NOTE: THIS TESTING ONLY TO BE CONDUCTED AT OAT BELOW -25ºC. 
 
If frost conditions are expected at temperatures below -25ºC, flat plate testing 
should be conducted to evaluate the current frost HOT’s at the fluid LOUT. 
Testing should follow the procedure described in “Experimental 
Program - Endurance Time Testing in Frost with Type I, II, III, and IV 
Fluids - 2003-04”. 
 
Testing should attempt at a minimum the following: 

• 2 x Type I tests (PG and EG) 
• 2 x Type IV tests (PG , EG optional) 
• 1 x Type II Test (PG) 
• 1 x Type III Test (PG) 

 
Note: Fluids used should be lowest on-wing viscosity. 
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5. EQUIPMENT 
 
The following is the equipment required to conduct the simulated aircraft taxi 
tests:  

• Car; 
• White-painted Aluminum Test Plate with Insulated Backing; 
• Thermistor Probe with logging capability; 
• Laptop with Trendreader; 
• Bungee cords or tie-downs; 
• Speed tape; 
• Data Forms; 
• Camera and video camera; 
• iPad or iPhone equipped with GPS tracking app; and 
• Isopropyl Alcohol. 

 
 
6. PERSONNEL 
 
Two people will be required to conduct the simulated aircraft taxi tests. 
 
 
7. DATA FORMS 
 
Simulated taxi tests will require the use of a Data Form, which can be found in 
Attachment I. Each test run will require the completion of this form.  
 
If flat plate testing at LOUT is attempted, data forms in the procedure 
“Experimental Program – Endurance Time Testing in Frost with Type I, II, III, 
and IV Fluids – 2003-04” should be used. 
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ATTACHMENT I 
DATA FORM FOR SIMULATED AIRCRAFT TAXI TESTS 

 DATE:             RUN #:     

 RECORDED BY: SIGNATURE: 

Visual Verification of Frost at Start            Yes          No

Surface Temperature Before Taxi (ºC):  Taxi Start (hr:min): 

Surface Temperature After Taxi (ºC):  Taxi Stop (hr:min) :   

Logger Back-up File Name: Taxi Distance (km) :   

Observations:

Temperature (ºC): Time (Hr:min):

Relative Humudity (%): Wind Speed (km/h)

ENVIRONMENT CANADA DATA

APS DATA

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

COMMENTS: _____________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________
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ADDENDUM TO PROCEDURE: 
FULL-SCALE EVALUATION OF WINDHIELD WASHER USED FOR 

AIRCRAFT DE/ANTI-ICING 
 
 
1. UPDATE ON 2012-13 TESTING 
 
Testing was conducted on one event on March 8-9, 2013 at the Rockcliffe 
Flying Club (RFC) in Ottawa. Three frost deicing with windshield washer fluid 
tests were conducted with a Cessna 172 of which the first and third were static 
(stationary) tests, and the second of which simulated an actual taxi of the 
aircraft following deicing. 
 
The results of this research confirmed the flat plate results from 2011-12, 
indicating that windshield washer fluid does not provide adequate protection 
time and causes ice to form shortly after spraying. In addition to this, windshield 
washer fluid may be hazardous in operations because as it freezes, the wing 
surface still appears wet. The taxi test indicated that the fluid would likely 
freeze before the takeoff. These results have been documented in the report 
TP 15230E. 
 
It was recommended that additional tests (not previously planned for in the 
originally published procedure) be completed in non-active frost conditions with 
and without radiation heating from sun as previous flat plate work showed ice 
can form, even in dry cold conditions. This data would complement the existing 
data and provide a more comprehensive conclusion on the subject matter.  
 
 
2. TEST PROCEDURE 
 
This work will be completed according to the originally published procedure with 
the exception of the timing of the tests. These tests will be conducted during 
the early morning following a frost night; ideally the timing will be just before 
sunrise such as to capture an active frost test and a second non-active post 
frost test. The testing team will likely have to arrive at the airport 2-3 hours 
before the target testing period in order to setup equipment and prepare the 
aircraft. As this testing will be done during operating hours, initial thoughts are 
to park the cube truck along the fence to not impede aircraft movement, while 
still allowing access to the clubhouse for measuring equipment, preparation, and 
shelter.  
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3. AIRCRAFT CONSIDERATIONS 
 
The following are some considerations for the use of the testing aircraft. All 
other inquiries and requests for permission should be directed to RFC personnel 
directly at 613-746-4425; the point of contact will be Simon Garrett (before 
December 4th, 2013) or Jean René de Cotret (after December 4th, 2013). 
 

• Testing is planned overnight into the early morning, therefore the aircraft 
used for testing will be out of service during the testing period; ensure 
RFC is made aware of this.  

• The aircraft wing covers should be removed the evening prior to the 
testing to allow for frost to accrete on the wing surfaces. 

• The aircraft tail should be positioned towards the sun to have ideal 
radiation on the wing surfaces; this is common practice for removing 
frost with or without the use of WWF.  

• When deicing outdoors with isopropyl alcohol, extra care should be taken 
to ensure the flammable liquid is contained within a local area. A VOC 
mask should also be used when applying the liquid.  

 
 
4. TEST PLAN 
 
Testing is planned on one event using a Cessna 172 at the Rockcliffe Flying 
Club in Ottawa. The following tests will be attempted; however wing 
designations may change at the discretion of the project team when on-site: 
 

• Port Wing - De/anti-icing icing just before sunrise during active frost;  
o To observe what happens to the residual WWF on the wing when 

the sun begins to rise; when deicing and anti-icing protection is 
required. 

o Consideration can be given to using half the wing for deicing using 
isopropyl alcohol (instead of using the horizontal stabilizers).  

 
• STBD Wing - Deicing just after sunrise in non-active frost; 

o To observe what happens to the residual frost and WWF on the 
wing when exposed to direct sunlight; when only deicing is 
required. 

o Consideration can be given to using half the wing for natural 
deicing by radiation heating from sun (instead of using the 
horizontal stabilizers).  

 
• Port H-Stab – Natural deicing by radiation heating from sun; 
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o To observe how effective the sunshine alone is at removing the 
accreted frost.  

• STBD H-Stab – Deicing using isopropyl alcohol; 
o To observe the use of 99% isopropyl alcohol as an alternative to 

both WWF and deicing fluid; the isopropyl alcohol should be 
sprayed and immediately removed with a rubber squeegee.  

 
The active and non-active frost accretion will be monitored using the rate 
plates. Timing will likely be 30-minutes prior to and following sunrise, however 
may change following discussions, or while on-site.  
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PROCEDURE: EFFECTS OF RADIATION COOLING DURING FROST 
CONDITIONS WHILE TAXIING 

WINTER 2014-15 
 
 
1. BACKGROUND 
 
Frost is an important consideration in aircraft deicing. The irregular and rough 
frost accretion patterns can result in a significant loss of lift on critical aircraft 
surfaces. This potential hazard is amplified by the frequent occurrence of frost 
accretion in winter operations. 
 
Radiation cooling will generally occur during clear sky (i.e. SKC, high FEW or 
high SCT), low wind (i.e. less than 10 knots), and low light (i.e. shade, at night 
or in low angle / obscured sun) conditions. These conditions will cause the 
exposed surface temperature to cool below the OAT. Once the exposed surface 
temperature cools to the frost point or below, active frost occurs. Radiation 
cooling can cause an exposed surface to cool several degrees below the OAT, 
therefore frost can form on an exposed surface at an OAT several degrees 
above 0°C. 
 
The ideal conditions for frost accretion are the following: 

i) Outside Ambient Temperature: Below 3ºC  
ii) Relative Humidity: Above 60% 
iii) Wind Speed: Calm 
iv) Sky Condition: Clear, or mostly unobstructed  

 
Currently, de/anti-icing fluids can be used in frost conditions down to the fluid 
Lowest Operational Use Temperature (LOUT). The current operational 
assumption is that any radiation cooling will be negated once the aircraft begins 
to taxi, hence eliminating risks with the fluid being used below the LOUT due to 
radiation cooling. It was recommended that testing be conducted to investigate 
how the radiation cooling of aircraft surfaces behaves during taxi. 
 
Data collected during the winters of 2012-13 and 2013-14 have indicated that 
the taxi and take-off will effect and possibly negate a large portion of the 
effects of radiation cooling due to the increased airflow (while taxiing) over the 
wing. The operational impact of these results could indicate that the holdover 
times can be used when the outside air temperature is slightly above the LOUT, 
even though the radiation cooling may have depressed the surface temperature 
below the LOUT. Additional testing was recommended to further substantiate 
this data on full-scale aircraft.  
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2. OBJECTIVES 
 
To investigate how radiation cooling of aircraft surfaces during active frost 
conditions is influenced by the increased airflow during the taxi to the runway. 
Data has been collected on flat plates but there is a need to validate these 
results on an aircraft.  
 
 
3. TEST PLAN 
 
Testing will be planned for 1 or 2 frost events. Depending on the data collected, 
one test event may be sufficient.  
 
 
4. PROCEDURE FOR AIRCRAFT TAXI TESTS 
 
Current plans are to conduct testing at the Executive Gatineau in Gatineau, 
Quebec using the ADGA owned Piper Seneca aircraft. Other aircraft may be 
considered if they become available through alternate sources. This testing 
should be conducted on clear (non-precipitation) nights when active frost 
conditions are expected. Notice will be provided to the parties involved 12-24 
hours prior to an expected testing event. A list of all attendees along with a 
copy of a valid license or passport will be available for security purposes. It 
should be noted that the aircraft should be cold soaked and left outdoors at 
least 3 hours prior to testing. 
 
The following is the procedure to be followed for testing:  
 
a) Ensure active frost conditions (either visually or using frost rate 

measurement method) and record meteorological conditions; 

b) Equip the aircraft test surface with thermistors with logging capabilities set 
to the smallest interval. SmartButton thermistors (Photo 4.1 and Photo 4.2) 
can be easily attached using the provided 3M adhesive backing, or with 
aircraft grade speed tape, both of which remove cleanly without residue. 
Ideally installation of the SmartButtons is done while the aircraft is warm in a 
hangar to facilitate adhesion. The location of the thermistors should be on 
the leading edge, mid wing, and on the trailing edge of each test strip (a 1/2 
meter width along the chord of the wing). Two test strips will be required for 
testing (one strip dry, the other fluid covered).  Handheld thermistor probes 
can be used to validate the smart buttons (Photo 4.3); 

c) Apply Type I fluid to a test strip (a 1/2 meter width along the chord of the 
wing) and leave the other test strip dry and bare (test strips can be on 2 
separate wings also). Considerations should be given to conducting a test 
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with Type IV fluid; 

d) Monitor the surface temperature using a handheld thermistor probe 
(Photo 4.3) and allow the test surface to cool below OAT (surface 
temperature of 6ºC or more below the OAT is ideal).  

e) Once the surface has cooled sufficiently, move the aircraft through a typical 
taxi sequence (the aircraft can be towed if necessary).  

f) Log the temperature profile of the test surface as a function of time during 
the simulated taxi (and with supplementary hand held thermistor probe 
measurements), and document the trajectory and speed of the aircraft (iPad 
or iPhone GPS tracking apps can be useful for this);  

g) Repeat 2-3 times or as deemed necessary per test event.  

 

 
Photo 4.1: SmartButton Thermistor 

 

 
Photo 4.2: SmartButton Thermistor Installed on Aircraft Wing Using Speed Tape 

Strip 
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Photo 4.3: Hand Held Thermistor Probe Measurement on Aircraft Wing  

 
 
5. EQUIPMENT 
 
Standard equipment used for endurance tests outdoors will be used in this 
testing. The following essential items will be used:  

• Aircraft; 
• SmartButtons with logging capability;  
• Hand-held thermistor probe; 
• Speed tape and 3M button tape; 
• Step ladder; 
• 18L Standard mix Type I fluid; 
• 18L Neat Type IV fluid (optional); 
• Squeegees; 
• Shop towels; 
• Camera and video camera; 
• Laptop with Trendreader; 
• White-painted Aluminum Test Plate with Insulated Backing (optional);  
• Rates weigh scale and forms (optional); 
• Data Forms; 
• iPad or iPhone equipped with GPS tracking app; and 
• Isopropyl Alcohol. 

 
 
6. PERSONNEL 
 
Two people will be required to conduct the aircraft taxi tests. Support from the 
airport and from the aircraft operator will also be required.  
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For the aircraft, a pilot will be needed to taxi the aircraft at specific times during 
the test.  
 
 
7. DATA FORMS 
 
Aircraft taxi tests will require the use of a data form, which can be found in 
Attachment I. Each test run will require the completion of this form.  
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Attachment I: Data Form for Aircraft Taxi Tests 
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1. INTRODUCTION 
 
It is common practice to use a two-step de-icing application where Type I fluid 
is applied first (to deice) followed by a Type II or IV fluid (to anti-ice). This 
method provides overall longer holdover times.  
 
Operators may choose to use a specific Type II or IV second step fluid in 
conjunction with various Type I first step fluids in order to minimize costs. 
Questions have been raised as to whether the use of different Type I fluids in 
this two-step application could have an adverse effect on the holdover time of 
the second step fluid.  
 
 
2. OBJECTIVE 
 
The objective of this research is to compare the endurance times of various 
Type II/IV fluids when applied as part of a two-step procedure with various first 
step Type I fluids. A limited set of tests have be planned in order to gain an 
initial understanding of whether there is a difference in endurance times. 
 
 
3. SUMMARY OF PROCEDURE – SIMULATED FREEZING 

PRECIPITATION TESTING 
 
A test matrix is attached specifying the tests that will be conducted. Table 3.1 
is delineated by grouped sets of comparative tests. Each set will compare the 
endurance time of a Type II or IV fluid when used in conjunction with at least 
two different Type I fluids under a given set of precipitation conditions. Tests 
will be conducted at several predetermined temperatures and under various 
types of precipitation. Tests will be conducted using aluminum plates with the 
exception of one comparative set (FC30 and FC31) for which composite plates 
will be used. Testing will be conducted during the period of March 22nd to 
April 2nd, 2015. 
 
The test procedure is similar to the procedure used for standard endurance time 
testing except that fluids will be applied in two steps. First, one liter of Type I 
fluid at 20°C will be applied to the test surface followed by one liter of 
Type II/IV fluid at OAT three minutes later. Once the second step fluid is poured 
plates will be allowed to run until failure. – See above paragraph.  
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Table 3.1: Test Matrix – Compatibility of Different Fluids  

Test # Precipitation 
Type 

Temp  
(°C) 

Precip. 
Rate 

(g/dm²/h) 
First Step Fluid Second Step Fluid 

Fluid 
Dilution  

(%) 

FC1 Light freezing rain -3 13 Fluid EUD (I) 
Brix = 17.6 

Fluid DED (IV) 100 

FC2 Light freezing rain -3 13 
Fluid GUD (I) 
Brix = 21.8 Fluid DED (IV) 100 

FC3 Light freezing rain -3 25 Fluid EUD (I) 
Brix = 17.6 

Fluid PFN (II) 50 

FC4 Light freezing rain -3 25 
Fluid GUD (I) 
Brix = 21.8 Fluid PFN (II) 50 

FC5 Light freezing rain -3 25 
Fluid IDO (I) 

Brix = 19.25 Fluid PFN (II) 50 

FC6 Light freezing rain -3 25 Fluid EDI (I) 
Brix = 17.6 

Fluid PFN (II) 50 

FC7 Light freezing rain -3 25 
Fluid FOC (I)  
Brix = 21.25 Fluid PFN (II) 50 

FC8 Light freezing rain -3 25 
Fluid EUD (I) 
Brix = 17.6 Fluid RAK (II) 50 

FC9 Light freezing rain -3 25 Fluid GUD (I) 
Brix = 21.8 Fluid RAK (II) 50 

FC10 Light freezing rain -3 25 
Fluid IDO (I) 

Brix = 19.25 Fluid RAK (II) 50 

FC11 Light freezing rain -3 25 Fluid EDI (I) 
Brix = 17.6 

Fluid RAK (II) 50 

FC12 Light freezing rain -3 25 Fluid FOC (I) 
Brix = 21.25 Fluid RAK (II) 50 

FC13 Light freezing rain -10 13 Fluid EDI (I) 
Brix = 22.9 

Fluid RAK (II) 100 

FC14 Light freezing rain -10 13 Fluid FOC (I) 
Brix = 27.0 

Fluid RAK (II) 100 

FC15 Light freezing rain -10 25 
Fluid EDI (I) 
Brix = 22.9 Fluid RAK (II) 75 

FC16 Light freezing rain -10 25 Fluid EUD (I) 
Brix = 22.9 

Fluid RAK (II) 75 

FC17 Light freezing rain -10 25 Fluid FOC (I) 
Brix = 27.0 Fluid RAK (II) 75 

FC18 Light freezing rain -10 25 
Fluid GUD (I) 
Brix = 27.0 Fluid RAK (II) 75 

FC19 Light freezing rain -10 25 Fluid IDO (I) 
Brix = 24.0 

Fluid RAK (II) 75 

FC20 Freezing Drizzle -3 13 
Fluid EDI (I) 
Brix = 17.6 Fluid PFN (II) 75 

FC21 Freezing Drizzle -3 13 Fluid FOC (I)  
Brix = 21.25 

Fluid PFN (II) 75 
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Table 3.1: Test Matrix – Compatibility of Different Fluids (cont’d) 

Test # Precipitation 
Type 

Temp  
(°C) 

Precip. 
Rate 

(g/dm²/h) 
First Step Fluid Second Step Fluid 

Fluid 
Dilution  

(%) 

FC22 Freezing Drizzle -10 5 Fluid EDI (I) 
Brix = 22.9 

Fluid PFN (II) 75 

FC23 Freezing Drizzle -10 5 
Fluid FOC (I) 
Brix = 27.0 Fluid PFN (II) 75 

FC24 Freezing Drizzle -10 5 Fluid IDO (I) 
Brix = 24.0 

Fluid PFN (II) 75 

FC25 Freezing Drizzle -10 13 
Fluid EUD (I) 
Brix = 22.9 Fluid DED (IV) 100 

FC26 Freezing Drizzle -10 13 
Fluid GUD (I) 
Brix = 27.0 Fluid DED (IV) 100 

FC27 Freezing Drizzle -10 13 Fluid IDO (I) 
Brix = 24.0 

Fluid DED (IV) 100 

FC28 Freezing Fog -14 5 
Fluid EUD (I) 
Brix = 25.2 Fluid PFN (II) 100 

FC29 Freezing Fog -14 5 Fluid GUD (I) 
Brix = 29.3 

Fluid PFN (II) 100 

FC30 Freezing Fog -14 5 
Fluid EUD (I) 
Brix = 25.2 Fluid RAK (II) 100 

FC31 Freezing Fog -14 5 
Fluid GUD (I) 
Brix = 29.3 Fluid RAK (II) 100 

FC32 Freezing Fog -3 5 Fluid EDI (I) 
Brix = 17.6 

Fluid DED (IV) 100 

FC33 Freezing Fog -3 5 
Fluid FOC (I)  
Brix = 21.25 Fluid DED (IV) 100 

 
 
4. SUPPLEMENTAL ADVANCE NATURAL SNOW TESTING 
 
Some initial outdoor comparative testing will be conducted in natural snow 
conditions at the APS test site in Montreal. Several comparative sets of tests 
(as outlined in Table 3.1) will be conducted. The standard test protocol for 
generating holdover times will be employed for this testing, except as described 
in the previous section. 
 
 
5. EQUIPMENT 
 
Standard equipment used for endurance time testing will be used. 
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6. PERSONNEL 
 
One person is required to pour the fluids and call the failures on the plates. 
 
 
7. FLUIDS 
 
Fluid requirements for this testing are as follows. 
 
First step fluids: 
 

• Fluid EUD (EG-based Type I) 
• Fluid GUD (PG-based Type I) 
• Fluid EDI (EG-based Type I) 
• Fluid FOC (PG-based Type I) 
• Fluid IDO (NG-based Type I) 

 
Second step fluids: 
 

• Fluid DED (Type IV) 
• Fluid PFN (Type II) 
• Fluid RAK (Type II) 

 
 
8. DATA FORM 
 
The end condition data form will be used to document fluid endurance time. 
 
Rate measurements will be recorded using the electronic rate form typically 
used for endurance time testing.  
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TEST PROGRAM – FORCED AIR SYSTEMS 
TYPE II/III/IV FLUID APPLIED OVER THE FORCED AIR STREAM 

 
 
1. OBJECTIVE 
 
These tests are designed to examine whether published holdover time guidelines 
(HOT) can be approved for use when Type II/III/IV fluid is applied to aircraft 
surfaces with the assistance of forced air systems.  
 
In the forced air systems currently in operation, the nature of the assistance 
typically can take either of two modes: 
 
• The fluid nozzle can be positioned above the forced air nozzle, with the 

goal of carrying the fluid stream on top of the air stream. This method is 
normally referred to as the air-assist mode. 

 
• The fluid nozzle can be positioned to inject fluid within the air stream, 

where the fluid is mixed with, and carried as part of the air stream. This 
method is normally referred to as the fluid injection mode.  

 
Tests to date have indicated that the fluid injection mode seriously degrades 
fluid viscosity and does not produce results that support use of HOT guidelines, 
thus this test procedure applies only to the fluid-over-air mode of application. 
 
In this test, the viscosity of the air-assisted fluid application is to be measured 
and submitted to the regulatory authorities for a decision on whether published 
holdover time guidelines can be used for the air-assisted fluid application. The 
decision is based on a comparison of the viscosity of the air-assisted fluid with 
the fluid manufacturer’s value for lowest-on-wing-viscosity (LOWV). 
Conventional spray applications are not examined in this procedure, since in 
prior investigation, it has been shown that conventional application of anti-icing 
fluids using proper equipments and techniques provide fluids on the aircrafts 
surfaces whose viscosities exceed the LOWVs. 
 
This test may follow joint research efforts by the equipment operator and the 
equipment manufacturer to determine the specific equipment configuration that 
produces the best air-assisted fluid application. The resulting configuration will 
be documented and the fluid viscosity test will be conducted with equipment 
configured to that specification. 
 
This test procedure supersedes previous versions of the test procedures 
provided to the SAE G-12 Ground Equipment subcommittee. The principal 
changes are: 
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• The decision criteria are now based on comparison of the air-assisted 
fluid viscosity to the test fluid’s lowest on-wing viscosity, rather than to 
results from conventional application. Conventional applications are not 
measured in this test. A formula is used to derive the lowest delivered 
fluid viscosity acceptable for use with HOT guidelines from the test data. 

 

• The previous version of the test procedure included an activity wherein 
the quality of fluid distribution over the sprayed wing was examined. 
Because that activity was voluntary on the part of the operator and not 
included in the approval process, it has been removed. The fluid film 
thickness when applied to the wing will be measured. 

 
 

2. GENERAL 
 

Each combination of forced air deicing truck configuration and SAE Type II/III/IV 
fluid requires individual approval for use of HOT guidelines. The following steps 
are involved in the approval process: 
 

1. The operator coordinates a test session, inviting representatives from the 
FAA Technical Center, Transport Canada (TDC), forced air equipment 
manufacturer and APS Aviation.  

 

2. Fluid manufacturers may be invited to observe with the stipulation that 
their access to test results will be limited to their own fluid. 

 

3. Test data will be restricted until the FAA Technical Center and Transport 
Canada (TDC) conduct a peer review to ensure its validity. 

 

4. APS Aviation will conduct the fluid viscosity measurement at the test 
site, in accordance with established test procedures.  Viscosity test of 
fluids will include: viscosity of the fluid as delivered in the tote and/or the 
truck tank, and viscosity of the fluid recovered from the aircraft wing, 
following centrifuging. Advice on the number of fluids and forced air 
trucks to be tested will be needed in order to estimate the overall duration 
of testing. 

 

5. APS Aviation will be responsible for assembling and reporting on the 
data, and presenting results at subsequent SAE G-12 meetings. 

 

6. The manufacturer or operator’s maintenance staff will verify that the 
forced air systems planned for use in testing are operating within 
manufacturer specifications. 

 

7. The ambient temperature for the test must be below freezing. Dry 
conditions are needed. 
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8. Tests are to be conducted on aircraft wing surfaces, not substitute 
surfaces.  

 

9. The test involves applying fluid onto the wing, lifting a fluid sample, and 
measuring its aeration and viscosity.  

 

10. Viscosities of fluid samples from the truck tank and storage tank or tote 
are measured.  

 

11. APS Aviation will assemble and submit the results to the following 
FAA/TC addressees to be considered for approval to use Type II/III/IV 
published HOT guidelines, for that specific truck/fluid combination. 

 

Warren M. Underwood 
Aerospace Engineer, Flight Safety Research 
FAA Technical Center 
Building 210 AAR 470 
Atlantic City International Airport 
Atlantic City, NJ  08405   USA 
Warren.Underwood@faa.gov 

Barry Myers 
Senior Development Officer 
Transport Canada 
Transportation Development Centre 
800 René-Lévesque Blvd. West, 6th Floor 
Montréal, Québec  H3B 1X9   Canada 
myersbb@tc.gc.ca 

 
 

3. TEST CONDITIONS 
 
 

3.1 Weather Conditions 
 

These tests are performed in dry conditions preferably at below freezing 
temperatures. 
 
 

3.2 Test Surface 
 

Tests are to be conducted on a dry wing surface.  
 
 

3.3 Test Fluid 
 

Fluid for testing is to be delivered with a viscosity at the mid-point of the 
manufacturer’s standard production range, ± 10%. The equipment operator will 
request fluid for test from the fluid manufacturer, specifying absolute values for 
the highest and lowest viscosity acceptable for the test.  
 

The viscosities of the fluids delivered for testing will be measured at the 
beginning of the test session. If a fluid has a viscosity beyond the range 
requested, the regulatory authorities will be advised so they can rule on its 
acceptability for test, with consideration of potential inter-laboratory 
measurement errors. Because sprayed fluid viscosity degradation has been seen 
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to be reduced at lower initial viscosities, variations in delivered fluid viscosity in 
that direction are more serious as they may produce optimistic results. 
 

The viscosity of the fluid, when it passes through the nozzle and is sheared, can 
be influenced by the fluid temperature. The fluid shall be maintained at a 
temperature of -5ºC, in advance of the testing. 
 

Care must be taken to ensure that there is no residue of Type I fluid on the test 
wing, as this will result in mixing of Type I within the Type II/III/IV fluid, 
producing inaccurate viscosity measurements.  
 

The following procedure will avoid this risk: 
 

1. Flush the tested Type II/III/IV fluid from the wing surface with a spray of 
Type I fluid. Forced air can be used to assist in this process. 

 

2. Apply a coating of the next fluid scheduled for test. 
 

3. Remove that fluid with squeegees. 
 

4. Conduct the air-assist test with the next fluid. 
 

If an out-of-service aircraft is used for testing, the final cleaning of test fluid 
from the wing following the last test is to be performed with heated Type I 
fluid, prior to returning the aircraft to service. 
 

Similarly, care must be taken to avoid contamination in the truck tank when 
changing over from one test fluid to another. The following procedure has been 
used successfully to avoid this risk: 
 

1. Empty the tank entirely. 
 

2. Partially fill the tank with water. Drive the truck in a pattern that will 
cause the water to splash about within the tank. Drain the water. 

 

3. Partially fill the tank with the new test fluid. Drain the fluid. 
 

4. Fill the tank with the quantity needed of the new test fluid, and conduct 
the test. 

 
 

3.4 Configuration of Forced Air System 
 

The configuration of the forced air systems used for testing must be in 
accordance with manufacturer’s specifications and pre-programmed for the 
requisite airflow velocity and pressure. If the airflow can be manually controlled 
by the operator, the test is to be conducted at maximum airflow.  
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The operating performance of forced air systems planned for use in these tests 
is to be checked prior to tests. This may be done by the manufacturer or by the 
operator’s technical staff in accordance with manufacturer’s guidelines.  
 
Certification that systems are operating within manufacturers specifications is 
required for each truck used in testing. A Declaration of Equipment Conformity 
(Attachment 1) is to be submitted for each combination of forced air deicing 
vehicle and fluid tested.  
 
An operator signature verifies that deicing trucks used for tests have been 
checked to confirm that they operate in accordance with manufacturer’s 
specifications. The specifications for the forced air system may be provided by 
completing the form, or by attaching a copy of the manufacturer’s equipment 
description. 
 
 

3.5 Test Matrix 
 
A test matrix with estimated time lines will be developed by APS Aviation based 
on the number of fluids and trucks planned for test. 
 
 

3.6 Test Equipment 
 
A list of equipment needed to conduct the tests is provided in Attachment 2. 
 
 

3.7 Data Form 
 
One data form (Attachment 3 – Fluid Viscosity Data Form) is used for these 
tests. 
 
 

4. TEST PROCEDURE 
 
 

4.1 Fluid Temperature in Truck 
 
The temperature of the fluid in the tank of the truck and out from the nozzle 
shall be measured. 
 
 

4.2 Fluid Application 
 
Fluid is to be applied with the nozzle positioned a nominal 3.0 m (10 ft) distant 
from the wing test area where the fluid sample is to be taken. The air-stream is 
to be at a 30º angle to the wing test surface. The wing surface will be marked 
to indicate where fluid is to be collected for test. As well, a line 2.7 m (8.7 ft) 
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distant from the collection area will be marked directly underneath where the 
nozzle should be positioned, so only the nozzle height over wing (1.5 m or 
5.0 ft) will need to be checked to ensure the correct geometry (see Figure 1). 
Fluid is to be applied with four sweeps (in one direction, then the other) across 
the test surface area. Do not sweep up and down to avoid increasing the angle 
of incidence above the specified 30º. At the end of the fourth sweep, direct the 
air/fluid stream off the edge of the wing away from the test area while shutting 
down. 
 
 
4.3 Measuring Fluid Thickness 
 
The fluid should be allowed to settle for at least 3 minutes, and the fluid 
thickness should be measured on the wing at the area where it is to be 
collected. Record the thickness on the fluid viscosity data form (Attachment 3). 
 
Refer to Attachment 4 for equipment and procedures. 
 
 
4.4 Collecting Fluid Samples  
 
In preparation for collecting samples, the sample bottles will be labelled. Initial 
samples are required from the fluid tote and truck tanks, to serve as a reference 
base. The truck samples may be taken directly from the tank by dipping from 
the top, or from the bottom drain valve. If taken from the drain valve, fluid 
should be allowed to drain to completely flush the line before taking the sample.  
 
To gather samples from the wing surface, fluid will be pulled together on the 
wing surface using flexible plastic sheets as scrapers. The accumulated fluid will 
be gathered onto one plastic sheet, and, by bending the plastic sheet, the lifted 
fluid will be poured into the sample bottle. Plastic dustpans are also suitable for 
fluid collection. Two people are needed for this activity. Alternatively, if the 
wing structure allows it, the fluid can be directed to the edge of the wing using 
the plastic dustpans, and then captured as it falls off.  
 
 
4.4.1 Measuring Aeration 
 
The volume of a container will be measured prior to testing. This container will 
become the designated aeration measurement container. To measure fluid 
aeration, the empty capped container will be weighed with a scale of suitable 
accuracy. The container will then be filled to overflowing with the sample fluid 
and capped. The weight of the container will be measured and recorded and the 
fluid density calculated based on the recorded weight of the capped empty 
bottle and its volume capacity.  
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a.  
 
 
 
b.  
 
 
 
c.  
 

Lowest acceptable shipment viscosity for use of HOT = LOWV X Fluid viscosity in tote 
 Air-assist test result 

4.4.2 Measuring Viscosity 
 
All viscosity tests will be conducted using the small sample adapter. In cases 
where this differs from the fluid manufacturer method reported in HOT 
guidelines, the fluid manufacturer will be contacted to provide an alternative 
method using the small sample adapter.  
 
Before measuring viscosity, fluid samples will be centrifuged until they are 
substantially free of trapped air bubbles. Centrifugation of 5 to 10 minutes at 
3400 rpm is usually sufficient for this purpose. Consult the APS Aviation 
procedure Instructions for Measuring Anti-Icing Fluid Viscosity Using the 
Brookfield DV-1 Viscometer for detailed directions on viscometer usage.  
 
 

5. APPROVAL CRITERIA  
 
The decision on approving the truck/air Type II/III/IV fluid application for use of 
HOT Guidelines will be based on a comparison of the measured viscosity of the 
applied fluid with the LOWV for that fluid.  
 
A formula will be applied to calculate the lowest delivered-fluid-viscosity 
acceptable for use with HOT guidelines. This formula will be based on the ratio 
of fluid viscosity reduction, applied to the LOWV. 
 
 
 

  
 

 
 
 

 

 
 
 
In general, three types of cases will occur, described as follows. 
 

The calculated value in a will be rounded up to the nearest even 500 cP. 

The acceptable range of delivered fluid viscosity for use of HOT guidelines with air-
assist will be from the high end of the manufacturers delivery range to the lowest 
viscosity derived from the formula in a and b.  
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Case 1: Viscosity of tested fluid is greater than that delivered. In this case, all 
fluid within the manufacturer’s fluid delivery range will be deemed 
acceptable for air-assist application with the tested truck. This is 
shown graphically in the following schematic. 
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Case 2: Viscosity of tested fluid is less than that delivered, but greater than 
LOWV. In this case, fluids delivered with a viscosity above the test 
fluid’s delivered viscosity will be deemed acceptable for air-assist 
application with the tested truck. The formula will be applied to 
calculate the lowest delivered-fluid-viscosity acceptable. An example 
follows. 

 

Manufacturer range  Hi end  20 000 cP 
    Lo end 10 000 cP 
Fluid in tote     15 000 cP 
Test result        9 000 cP 
Fluid LOWV       7 600 cP 
 

Lowest delivered fluid viscosity acceptable for use of HOT: 
 

= LOWV X (Fluid in tote/air-assist test result)  
= 7 600 X (15 000/9 000) 
= 12 667 cP 
 

Rounding up to the next 500 cP increment gives 13 000 cP. The acceptable 
fluid viscosity range for use of HOT Guidelines is from 20 000 to 13 000 cP. 
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Case 3: Viscosity of tested fluid is less than LOWV. In this case, the formula 
will be applied to calculate the lowest delivered-fluid-viscosity 
acceptable. An example follows. 

 

Manufacturer range  Hi end  20 000 cP 
    Lo end 10 000 cP 
Fluid in tote     15 000 cP 
Test result        6 500 cP 
Fluid LOWV       7 600 cP 
 

Lowest delivered fluid viscosity acceptable for use of HOT:  
 

= LOWV X (Fluid in tote/air-assist test result)  
= 7 600 X (15 000 / 6 500) 
= 17 538 cP 
 

Rounding up to the next 500 cP increment gives 18 000 cP. The acceptable 
fluid viscosity range for use of HOT Guidelines is from 20 000 to 18 000 cP. 
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ATTACHMENT 1: SAE G-12 EQUIPMENT SUBCOMMITTEE TYPE II/III/IV FLUID WITH AIR ASSIST 
DECLARATION OF EQUIPMENT CONFORMITY 

(Complete One per Test Session For Each Truck/Fluid Combination) 
 

OPERATOR ___________________ LOCATION ______________________ DATE _______________________ 

FLUID MANUFACTURER AND TYPE  _______________________________________________________________________ 

TRUCK MANUFACTURER AND TYPE  _______________________________________________________________________ 

TRUCK SERIAL NUMBER (S) _______________________________________________________________________ 

VERTICAL DISTANCE BETWEEN FLUID AND AIR NOZZLES __________________________________________________ 

FLUID NOZZLE TYPE ___________________________  

FLUID PRESSURE  _____________________________ AIR PRESSURE   _______________________________________ 

FLUID FLOW RATE  ____________________________ AIR FLOW RATE  ______________________________________ 

 

(Operator verifies that deicing trucks used for these tests have been checked to confirm operation in accordance 
with manufacturer’s specifications. System specifications can be provided by completion of the following or by 
submission of the manufacturer’s system description.) 
 

OPERATOR REPRESENTATIVE NAME (BLOCK LETTERS), SIGNATURE AND TELEPHONE  
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ATTACHMENT 2: TEST EQUIPMENT CHECKLIST 
 

Test Equipment Status 

Test procedures  

Data Forms  

Clipboards  

Pencils  

Wiper rags  

Fluid sample containers with labels   

Plastic or apparatus to lift fluid samples from wing  

Viscometer equipment, including centrifuge and syringe  

Weigh Scale   

Temperature probe  

Duct Tape  

Funnels  

Marker for wing surface  

Thickness gauges  

Test Site Requirements  

Level Table(s) (minimum 1.8 by 0.75 m (6 feet by 2.5 feet)) 
  

Chair   

Electricity  

Hot Water  

Heated Room (20ºC), if possible  

Nighttime Facility Access  
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ATTACHMENT 3: SAE G-12 EQUIPMENT SUBCOMMITTEE 
FLUID VISCOSITY – DATA FORM 

 

TEST DETAILS: Sample #

Operator: Location:

Truck Type: Truck Serial #:

Fluid Brand: Fluid Name:

Fluid Type:  I         II           III          IV Fluid Dilution:                100%          75%          50%  

Sample:  Tote    Truck    On-Wing Time of Application:

AIR ASSIST SETUP:

Fluid Flow  Air Flow
(gpm)  (psi)

Other (airsleeve, etc):

FLUID CHARACTERISTICS:

Temp. (in Truck): Temp. (Nozzle):

Thickness: Density:

VISCOSITY MEASUREMENT:

Time of Measurement: Viscosity:

Measurement Method:

COMMENTS:

OAT: Date:

 Nozzle
 Position

Technician:
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ATTACHMENT 4: MEASURING FLUID FILM THICKNESS 
 
 
Fluid thickness can be measured with use of a wet film thickness gauge. Two 
types are recommended as follows.  
 
The Octagon wet film thickness gage ranges from 0.4 to 400 mils. It is 
available with a micron scale on the reverse side. This gauge is suitable for 
normal on-wing thickness for Type II / Type IV fluid.  Part number WF-OCT.  
 
The second gauge is a standard stock gage ranging from 1 to 80 mil. This 
gauge gives better accuracy for thinner films, such as seen with Type I fluid on 
wings, or thinner applications of Type II / Type IV fluid. Part number WF-CCA.  
 
Both gauges are available from: 
 

Paul N. Gardner Company, Inc. 
316 NE 1st St. POMPANO BEACH, Fl 33060 

1-800-762-2478  (954) 946-9454   FAX (954) 946-9309 
 
 
Instructions for Use 
 

1. Place the gauge in the fluid at 90º to the underlying surface, selecting the 
gauge side that allows a tooth to touch the fluid surface. 

 
2. Note the last tooth that is wetted. This can be done by withdrawing the 

gauge and observing which is the last tooth wetted, or by peering under 
the gauge while inserted in the fluid, noting which is the last tooth 
touching the fluid surface. With clear fluid, the latter method usually 
works better.  

 
3. Record the value of the last tooth wetted.  

 
4. Dry the gauge before next use. 

 
5. If repeat measurements are taken, ensure that the gauge is slightly offset 

from the previously measured location as the fluid surface may still be 
indented from the earlier measure.  
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FIGURE 1: POSITIONING OF NOZZLE AND WING 
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Nozzle 



 

N-16 

This page intentionally left blank. 



APPENDIX O 
 

MASTER LOG OF FROST TESTS 





APPENDIX O 

M:\Projects\PM2265.004 (TC Deicing 2014-15)\Reports\General & Exploratory\Report Components\Appendices\Appendix O.docx 
Final Version 1.0, March 17 

O-1 

M
as

te
r 

T
es

t 
N

o.
 

H
is

to
ric

 o
r 

N
ew

 D
at

a 

D
at

a 
S
T
A

T
U

S
 a

s 
of

 J
un

e 
2
0
1
5
 

D
at

e 

Fl
ui

d 
D

il.
 

Fl
ui

d 
T
yp

e 

Fl
ui

d 
N

am
e 

T
es

t 
S
ur

fa
ce

 

En
du

ra
nc

e 
T
im

e 
(m

in
) 

Fa
ile

d 
or

 
D

N
F 

A
ve

ra
ge

 
R
at

e 
(g

/d
m

²/
h)

 

T
em

p 
R
an

ge
 

A
ve

ra
ge

 
O

A
T
 (
ºC

) 

A
ve

ra
ge

 R
H

 
(%

) 

W
in

d 
S
pe

ed
 

(k
m

/h
) 

A
ve

ra
ge

 
Pl

at
e 

T
em

p 
(º

C
) 

Δ
T
 (
ºC

) 

1 Historic Current Feb-27-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 107 Failed 0.07 Below -10 to -14 -13.4 72 6 -15.7 2.4 

2 Historic Current Feb-27-03 10º Buffer 1  Safetemp HOC-PG aluminum 106 Failed 0.08 Below -10 to -14 -13.7 72 6 -16.0 2.4 

3 Historic Current Feb-27-03 10º Buffer 1  UCAR ADF EG aluminum 110 Failed 0.07 Below -10 to -14 -13.4 72 6 -15.9 2.5 

4 Historic Current Feb-28-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 134 Failed 0.05 Below -14 to -21 -15.1 76 6 -17.1 1.9 

5 Historic Current Feb-28-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 94 Failed 0.15 Below -10 to -14 -12.5 77 2 -16.5 4.0 

6 Historic Current Feb-28-03 10º Buffer 1  Safetemp HOC-PG aluminum 130 Failed 0.06 Below -14 to -21 -15.1 76 6 -17.4 2.3 

7 Historic Current Feb-28-03 10º Buffer 1  Safetemp HOC-PG aluminum 95 Failed 0.15 Below -10 to -14 -12.5 77 2 -16.9 4.4 

8 Historic Current Feb-28-03 10º Buffer 1  UCAR ADF EG aluminum 110 Failed 0.04 Below -14 to -21 -15.1 76 6 -17.4 2.3 

9 Historic Current Feb-28-03 10º Buffer 1  UCAR ADF EG aluminum 64 Failed 0.15 Below -10 to -14 -12.5 77 2 -16.2 3.7 

10 Historic Current Mar-01-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 104 Failed 0.11 Below -10 to -14 -12.2 79 4 -15.4 3.2 

11 Historic Current Mar-01-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 94 Failed 0.09 Below -10 to -14 -12.8 83 6 -16.2 3.4 

12 Historic Current Mar-01-03 10º Buffer 1  Safetemp HOC-PG aluminum 102 Failed 0.11 Below -10 to -14 -12.2 79 4 -14.9 2.6 

13 Historic Current Mar-01-03 10º Buffer 1  Safetemp HOC-PG aluminum 91 Failed 0.10 Below -10 to -14 -12.8 83 6 -16.5 3.7 

14 Historic Current Mar-01-03 10º Buffer 1  UCAR ADF EG aluminum 103 Failed 0.09 Below -10 to -14 -12.2 79 4 -13.8 1.6 

15 Historic Current Mar-01-03 10º Buffer 1  UCAR ADF EG aluminum 72 Failed 0.09 Below -10 to -14 -12.8 83 6 -16.0 3.3 

16 Historic Current Mar-06-03 10º Buffer 1  UCAR ADF EG aluminum 87 Failed 0.09 Below -14 to -21 -19.4 68 5 -24.1 4.7 

17 Historic Current Mar-06-03 10º Buffer 1  UCAR ADF PG aluminum 122 Failed 0.10 Below -14 to -21 -19.4 69 5 -25.1 5.7 

18 Historic Current Mar-07-03 10º Buffer 1  UCAR ADF EG aluminum 72 Failed 0.11 Below -14 to -21 -20.3 67 5 -25.1 4.8 

19 Historic Current Mar-07-03 10º Buffer 1  UCAR ADF EG aluminum 108 Failed 0.09 Below -14 to -21 -21.0 67 6 -25.8 4.8 

20 Historic Current Mar-07-03 10º Buffer 1  UCAR ADF PG aluminum 111 Failed 0.12 Below -14 to -21 -20.3 66 6 -24.8 4.4 

21 Historic Current Mar-07-03 10º Buffer 1  UCAR ADF PG aluminum 146 Failed 0.08 Below -14 to -21 -21.0 66 6 -25.3 4.3 

22 Historic Current Mar-15-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 91 Failed 0.15 Below -3 to -10 -8.0 78 2 -11.3 3.4 

23 Historic Current Mar-15-03 10º Buffer 1  UCAR ADF EG aluminum 74 Failed 0.15 Below -3 to -10 -8.0 78 0 -11.6 3.7 

24 Historic Current Mar-15-03 10º Buffer 1  UCAR ADF EG aluminum 77 Failed 0.14 Below -3 to -10 -8.6 81 2 -12.4 3.8 

25 Historic Current Mar-16-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 86 Failed 0.13 Below -3 to -10 -8.6 81 2 -12.2 3.7 

26 Historic Current Mar-16-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 102 Failed 0.17 Below -3 to -10 -6.9 80 7 -9.1 2.2 

27 Historic Current Mar-16-03 10º Buffer 1  UCAR ADF EG aluminum 82 Failed 0.14 Below -3 to -10 -6.9 80 7 -9.6 2.6 

28 Historic Current Mar-24-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 86 Failed 0.25 -1 and Above 0.2 83 6 -2.8 2.9 
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29 Historic Current Mar-24-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 72 Failed 0.34 -1 and Above -0.9 83 3 -4.1 3.2 

30 Historic Current Mar-24-03 10º Buffer 1  UCAR ADF EG aluminum 77 Failed 0.28 -1 and Above 0.2 83 6 -2.8 2.9 

31 Historic Current Mar-24-03 10º Buffer 1  UCAR ADF EG aluminum 60 Failed 0.30 -1 and Above -0.9 83 3 -3.7 2.7 

32 Historic Current Apr-09-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 82 Failed 0.20 Below -1 to -3 -1.7 77 6 -6.1 4.4 

33 Historic Current Apr-09-03 10º Buffer 1  UCAR ADF EG aluminum 65 Failed 0.13 Below -1 to -3 -1.7 77 6 -5.8 4.1 

34 Historic Current Apr-10-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 76 Failed 0.26 Below -1 to -3 -2.8 80 7 -6.3 3.6 

35 Historic Current Apr-10-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 95 Failed 0.19 Below -1 to -3 -2.9 80 6 -6.5 3.6 

36 Historic Current Apr-10-03 10º Buffer 1  UCAR ADF EG aluminum 70 Failed 0.23 Below -1 to -3 -2.8 80 7 -6.6 3.9 

37 Historic Current Apr-10-03 10º Buffer 1  UCAR ADF EG aluminum 95 Failed 0.19 Below -1 to -3 -2.9 80 5 -6.1 3.1 

38 Historic Current Dec-08-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 51 Failed 0.08 Below -3 to -10 -7.5 82 7 -14.6 7.1 

39 Historic Current Dec-08-03 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 65 Failed 0.15 Below -3 to -10 -8.7 92 7 -14.0 5.3 

40 Historic Obsolete 8-Dec-03 75% 2b Clariant Safewing MP II 2025 ECO   492 Failed 0.15 Below -3 to -10 -9.4 88 5 -14.65  5.25  

41 Historic Obsolete 8-Dec-03 100% 4 Clariant Safewing MP IV 2001   578 DNF 0.16 Below -3 to -10 -9.7 88 5 -15.5  5.8  

42 Historic Obsolete 8-Dec-03 100% 4 Clariant Safewing MP IV 2030 ECO   570 DNF 0.16 Below -3 to -10 -9.7 88 5 -15.6  5.9  

43 Historic Obsolete 8-Dec-03 75% 4b Clariant Safewing MP IV 2030 ECO   569 DNF 0.16 Below -3 to -10 -9.7 88 5 -15.5  5.8  

44 Historic Obsolete 8-Dec-03 100% 2 Clariant Safewing MP II 2025 ECO   568 DNF 0.16 Below -3 to -10 -9.7 88 5 -15.7  6  

45 Historic Obsolete 8-Dec-03 75% 4b Clariant Safewing MP IV 2001   430 DNF 0.18 Below -10 to -14 -10.7 92 5 -15.8  5.1  

46 Historic Obsolete 8-Dec-03 75% 4b Clariant Safewing MP IV 2012   289 Failed 0.18 Below -3 to -10 -9.9 92 6 -14.15  4.25  

47 Historic Obsolete 8-Dec-03 100% 4 Clariant Safewing MP IV 2012   475 Failed 0.15 Below -10 to -14 -10.1 87 6 -16.3  6.2  

48 Historic Current Dec-08-03 10º Buffer 1  UCAR ADF EG aluminum 71 Failed 0.11 Below -3 to -10 -7.5 82 7 -13.9 6.4 

49 Historic Current Dec-08-03 10º Buffer 1  UCAR ADF EG aluminum 46 Failed 0.13 Below -3 to -10 -8.7 92 7 -13.6 4.9 

50 Historic Current Dec-09-03 10º Buffer 1  UCAR ADF EG aluminum 80 Failed 0.13 Below -10 to -14 -11.0 93 4 -16.0 5.0 

51 Historic Obsolete 16-Feb-04 100% 2 Clariant Safewing MP II 2025 ECO   472 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.2  4.2  

52 Historic Obsolete 16-Feb-04 100% 4 Clariant Safewing MP IV 2030 ECO   471 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.2  4.2  

53 Historic Obsolete 16-Feb-04 100% 4 Clariant Safewing MP IV 2012   471 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.4  4.4  

54 Historic Obsolete 16-Feb-04 100% 4 Clariant Safewing MP IV 2001   470 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.4  4.4  

55 Historic Current 16-Feb-04 100% 4 Octagon Maxflight   469 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.5  4.5  

56 Historic Current 16-Feb-04 100% 2 ABAX Ecowing 26   469 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.6  4.6  
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57 Historic Current 16-Feb-04 100% 4 ABAX AD-480   468 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.3  4.3  

58 Historic Obsolete 16-Feb-04 100% 4 Dow UCAR Ultra+   468 DNF 0.06 Below -14 to -21 -15.0 45 14 -19.4  4.4  

59 Historic Obsolete 16-Feb-04 100% 3 Clariant Safewing MP III 2031 ECO   467 DNF 0.06 Below -14 to -21 -15.0 45 14 -20  5  

60 Historic Current 9-Mar-04 75% 2b ABAX Ecowing 26   401 Failed 0.10 Below -3 to -10 -3.1 63 6 -6.5  3.4  

61 Historic Current 9-Mar-04 100% 2 ABAX Ecowing 26   628 Failed 0.11 Below -3 to -10 -4.3 65 5 -7.5  3.2  

62 Historic Obsolete 9-Mar-04 100% 3 Clariant Safewing MP III 2031 ECO   350 Failed 0.09 Below -3 to -10 -3.1 63 6 -6.75  3.65  

63 Historic Obsolete 9-Mar-04 100% 4 Dow UCAR Ultra+   653 DNF 0.11 Below -3 to -10 -4.3 65 5 -10  5.7  

64 Historic Obsolete 9-Mar-04 100% 4 Clariant Safewing MP IV 2012   652 DNF 0.11 Below -3 to -10 -4.3 65 5 -10.6  6.3  

65 Historic Obsolete 9-Mar-04 75% 4b Clariant Safewing MP IV 2001   649 DNF 0.11 Below -3 to -10 -4.3 65 5 -10.9  6.6  

66 Historic Current 9-Mar-04 100% 4 Octagon Maxflight   648 DNF 0.11 Below -3 to -10 -4.3 65 5 -10.3  6  

67 Historic Obsolete 9-Mar-04 75% 2b Clariant Safewing MP II 2025 ECO   640 DNF 0.11 Below -3 to -10 -4.3 65 5 -11  6.7  

68 Historic Obsolete 9-Mar-04 100% 4 Clariant Safewing MP IV 2001   650 Failed 0.11 Below -3 to -10 -4.3 65 5 -7.65  3.35  

69 Historic Obsolete 9-Mar-04 75% 4b Clariant Safewing MP IV 2012   276 Failed 0.07 Below -1 to -3 -3.0 64 6 -6.75  3.75  

70 Historic Current Mar-09-04 10º Buffer 1  UCAR ADF PG aluminum 72 Failed 0.10 Below -3 to -10 -3.7 65 4 -16.1 12.4 

71 Historic Obsolete 10-Mar-04 100% 3 Clariant Safewing MP III 2031 ECO   273 Failed 0.13 Below -3 to -10 -5.0 69 5 -10.55  5.55  

72 Historic Obsolete 10-Mar-04 75% 4b Clariant Safewing MP IV 2012   351 Failed 0.13 Below -3 to -10 -4.8 68 5 -9.1  4.3  

73 Historic Current Mar-10-04 10º Buffer 1  UCAR ADF EG aluminum 67 Failed 0.11 Below -3 to -10 -4.0 66 5 -10.9 6.9 

74 Historic Current Mar-10-04 10º Buffer 1  UCAR ADF EG aluminum 70 Failed 0.13 Below -3 to -10 -4.0 66 5 -10.8 6.8 

75 Historic Current Mar-10-04 10º Buffer 1  UCAR ADF PG aluminum 73 Failed 0.13 Below -3 to -10 -3.7 66 6 -10.3 6.6 

76 Historic Current Dec-09-04 10º Buffer 1  Clariant Safewing MP I 1938 ECO aluminum 85 Failed 0.13 Below -10 to -14 -11.0 93 6 -9.8 -1.3 

77 Historic Obsolete 29-Dec-04 100% 2 Kilfrost ABC 2000   813 DNF 0.10 Below -3 to -10 -9.3 80 6 -14.2  4.9  

78 Historic Current 29-Dec-04 100% 4 Octagon Maxflight   813 DNF 0.10 Below -3 to -10 -9.3 80 6 -14  4.7  

79 Historic Obsolete 29-Dec-04 100% 4 Kilfrost ABC-S   812 DNF 0.10 Below -3 to -10 -9.3 80 6 -14.2  4.9  

80 Historic Obsolete 29-Dec-04 100% 4 Dow UCAR Ultra+   812 DNF 0.10 Below -3 to -10 -9.3 80 6 -13.5  4.2  

81 Historic Obsolete 29-Dec-04 100% 4 Clariant Safewing MP IV 2030 ECO   811 DNF 0.10 Below -3 to -10 -9.3 80 6 -14.8  5.5  

82 Historic Obsolete 29-Dec-04 100% 2 Kilfrost ABC II+   810 DNF 0.10 Below -3 to -10 -9.3 80 6 -14.3  5  

83 Historic Obsolete 29-Dec-04 100% 2 Clariant Safewing MP II 2025 ECO   796 DNF 0.10 Below -3 to -10 -9.3 80 6 -15.2  5.9  

84 Historic Obsolete 29-Dec-04 75% 2b Clariant Safewing MP II 2025 ECO   796 DNF 0.10 Below -3 to -10 -9.3 80 6 -15.2  5.9  
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85 Historic Obsolete 29-Dec-04 75% 4b Clariant Safewing MP IV 2030 ECO   795 DNF 0.10 Below -3 to -10 -9.3 80 6 -14.9  5.6  

86 Historic Obsolete 29-Dec-04 75% 2b Kilfrost ABC II+   795 DNF 0.10 Below -3 to -10 -9.3 80 6 -14.9  5.6  

87 Historic Obsolete 29-Dec-04 75% 4b Clariant Safewing MP IV 2001   795 DNF 0.10 Below -3 to -10 -9.3 80 6 -15  5.7  

88 Historic Obsolete 29-Dec-04 100% 4 Clariant Safewing MP IV 2012   781 Failed 0.10 Below -3 to -10 -9.3 80 6 -14.5  5.2  

89 Historic Current Jan-27-05 10°B 1  Clariant MP I 1938 composite 131 Failed 0.05 Below -21 to -25 -21.7 63 8 -25.6 3.9 

90 New Current Jan-27-05 10°B 1  Clariant MP I 1938 aluminum 146 Failed 0.05 Below -21 to -25 -21.7 63 8 -26.3  4.6  

91 Historic Obsolete 27-Jan-05 100% 2 Clariant Safewing MP II 2025 ECO   756 DNF 0.05 Below -14 to -21 -20.5 60 11 -22.7  2.2  

92 Historic Obsolete 27-Jan-05 100% 2 Kilfrost ABC 2000   755 DNF 0.05 Below -14 to -21 -20.5 60 10 -22.9  2.4  

93 Historic Obsolete 27-Jan-05 100% 2 Kilfrost ABC II+   755 DNF 0.05 Below -14 to -21 -20.5 60 11 -23.5  3  

94 Historic Obsolete 27-Jan-05 100% 4 Kilfrost ABC-S   750 DNF 0.05 Below -14 to -21 -20.5 60 11 -23.5  3  

95 Historic Obsolete 27-Jan-05 100% 4 Dow UCAR Ultra+   749 DNF 0.05 Below -14 to -21 -20.5 60 11 -23.3  2.8  

96 Historic Obsolete 27-Jan-05 100% 4 Clariant Safewing MP IV 2001   749 DNF 0.05 Below -14 to -21 -20.5 60 11 -23.8  3.3  

97 Historic Obsolete 27-Jan-05 100% 4 Clariant Safewing MP IV 2012   356 Failed 0.03 Below -14 to -21 -19.2 55 13 -23.6  4.4  

98 Historic Current Jan-27-05 10°B 1  Dow UCAR ADF composite 95 Failed 0.04 Below -14 to -21 -20.4 60 7 -24.1 3.7 

99 New Current Jan-27-05 10°B 1  Dow UCAR ADF aluminum 131 Failed 0.04 Below -14 to -21 -20.8 61 7 -25.4  4.6  

100 Historic Current 27-Jan-05 100% 4 Octagon Maxflight   618 Failed 0.04 Below -14 to -21 -20.2 58 11 -24.8  4.6  

101 Historic Current Jan-28-05 10°B 1  Clariant MP I 1938 composite 178 Failed 0.04 Below -14 to -21 -14.6 65 8 -18.0 3.4 

102 New Current Jan-28-05 10°B 1  Clariant MP I 1938 aluminum 208 Failed 0.04 Below -14 to -21 -14.6 65 8 -18.6  4  

103 Historic Obsolete 28-Jan-05 100% 3 Clariant Safewing MP III 2031 ECO   756 DNF 0.04 Below -14 to -21 -14.5 63 10 -19.4  4.9  

104 Historic Obsolete 28-Jan-05 100% 2 Kilfrost ABC II+   761 DNF 0.04 Below -14 to -21 -14.5 63 10 -19.1  4.6  

105 Historic Obsolete 28-Jan-05 100% 2 Clariant Safewing MP II 2025 ECO   762 DNF 0.04 Below -14 to -21 -14.5 63 10 -19.6  5.1  

106 Historic Obsolete 28-Jan-05 100% 4 Clariant Safewing MP IV 2030 ECO   765 DNF 0.04 Below -14 to -21 -14.5 63 10 -19.6  5.1  

107 Historic Obsolete 28-Jan-05 100% 4 Dow UCAR Ultra+   784 DNF 0.04 Below -14 to -21 -14.5 63 10 -20.8  6.3  

108 Historic Obsolete 28-Jan-05 100% 4 Kilfrost ABC-S   774 DNF 0.04 Below -14 to -21 -14.5 63 10 -19.3  4.8  

109 Historic Current 28-Jan-05 100% 4 Octagon Maxflight   772 DNF 0.04 Below -14 to -21 -14.5 63 10 -18.8  4.3  

110 Historic Obsolete 28-Jan-05 100% 4 Clariant Safewing MP IV 2012   660 Failed 0.03 Below -14 to -21 -14.2 62 10 -19.3  5.1  

111 Historic Current Jan-28-05 10°B 1  Dow UCAR ADF composite 131 Failed 0.05 Below -14 to -21 -14.9 68 9 -18.8 3.9 

112 New Current Jan-28-05 10°B 1  Dow UCAR ADF aluminum 151 Failed 0.05 Below -14 to -21 -14.9 68 9 -19.4  4.5  
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113 Historic Current Jan-31-05 10°B 1  Clariant MP I 1938 composite 79 Failed 0.11 Below -14 to -21 -14.2 87 6 -17.9 3.7 

114 New Current Jan-31-05 10°B 1  Clariant MP I 1938 aluminum 102 Failed 0.11 Below -14 to -21 -14.3 87 6 -18.6  4.3  

115 Historic Obsolete 31-Jan-05 75% 2b Clariant Safewing MP II 2025 ECO   189 Failed 0.19 Below -10 to -14 -10.1 73 5 -17.7  7.6  

116 Historic Obsolete 31-Jan-05 75% 2b Clariant Safewing MP II 2025 ECO   130 Failed 0.12 Below -10 to -14 -12.5 80 3 -21.3  8.8  

117 Historic Obsolete 31-Jan-05 100% 4 Dow UCAR Ultra+   767 DNF 0.12 Below -10 to -14 -12.7 81 4 -17.7  5  

118 Historic Obsolete 31-Jan-05 100% 2 Clariant Safewing MP II 2025 ECO   765 DNF 0.12 Below -10 to -14 -12.7 81 4 -17.8  5.1  

119 Historic Obsolete 31-Jan-05 100% 4 Kilfrost ABC-S   763 DNF 0.12 Below -10 to -14 -12.7 81 4 -19  6.3  

120 Historic Obsolete 31-Jan-05 100% 3 Clariant Safewing MP III 2031 ECO   438 DNF 0.09 Below -14 to -21 -14.2 86 5 -19.2  5  

121 Historic Obsolete 31-Jan-05 75% 4b Clariant Safewing MP IV 2012   196 Failed 0.19 Below -10 to -14 -10.1 73 5 -18  7.9  

122 Historic Current 31-Jan-05 75% 4b Octagon Maxflight   286 DNF 0.10 Below -10 to -14 -14.6 87 6 -20.4  5.8  

123 Historic Obsolete 31-Jan-05 100% 4 Clariant Safewing MP IV 2012   368 Failed 0.15 Below -10 to -14 -10.8 75 3 -18.5  7.7  

124 Historic Obsolete 31-Jan-05 75% 4b Clariant Safewing MP IV 2012   95 Failed 0.13 Below -10 to -14 -11.9 78 3 -20.6  8.7  

125 Historic Obsolete 31-Jan-05 75% 4b Clariant Safewing MP IV 2030 ECO   151 Failed 0.11 Below -10 to -14 -14.7 88 4 -20.2  5.5  

126 Historic Current Jan-31-05 10°B 1  Dow UCAR ADF composite 59 Failed 0.16 Below -10 to -14 -12.0 79 3 -18.7 6.7 

127 New Current Jan-31-05 10°B 1  Dow UCAR ADF aluminum 77 Failed 0.13 Below -10 to -14 -11.9 78 3 -18.9  7  

128 Historic Obsolete 31-Jan-05 75% 2b Kilfrost ABC 2000   187 Failed 0.19 Below -10 to -14 -10.1 73 5 -17.6  7.5  

129 Historic Obsolete 31-Jan-05 75% 2b Kilfrost ABC 2000   149 Failed 0.12 Below -10 to -14 -12.5 80 3 -20.7  8.2  

130 Historic Obsolete 31-Jan-05 75% 2b Kilfrost ABC II+   199 Failed 0.19 Below -10 to -14 -10.1 73 5 -17.7  7.6  

131 Historic Obsolete 31-Jan-05 75% 2b Kilfrost ABC II+   150 Failed 0.09 Below -10 to -14 -13.6 84 6 -20.3  6.7  

132 Historic Obsolete 31-Jan-05 75% 4b Kilfrost ABC-S   188 Failed 0.19 Below -10 to -14 -10.1 73 5 -18  7.9  

133 Historic Obsolete 31-Jan-05 75% 4b Kilfrost ABC-S   79 Failed 0.13 Below -10 to -14 -11.9 78 3 -20.5  8.6  

134 Historic Obsolete 31-Jan-05 75% 4b Kilfrost ABC-S   93 Failed 0.08 Below -10 to -14 -14.4 84 6 -20.4  6  

135 Historic Obsolete 2-Feb-05 100% 3 Clariant Safewing MP III 2031 ECO   541 Failed 0.09 Below -3 to -10 -6.1 77 8 -8.7  2.6  

136 Historic Obsolete 2-Feb-05 75% 4b Clariant Safewing MP IV 2001   590 Failed 0.09 Below -3 to -10 -6.4 78 8 -10.3  3.9  

137 Historic Obsolete 2-Feb-05 75% 4b Clariant Safewing MP IV 2012   428 Failed 0.08 Below -3 to -10 -5.3 75 8 -9.9  4.6  

138 Historic Obsolete 2-Feb-05 100% 2 Kilfrost ABC II+   772 DNF 0.10 Below -3 to -10 -7.1 80 8 -9.3  2.2  

139 Historic Obsolete 2-Feb-05 75% 2b Kilfrost ABC II+   767 DNF 0.10 Below -3 to -10 -7.1 80 8 -9.4  2.3  

140 Historic Obsolete 2-Feb-05 100% 2 Clariant Safewing MP II 2025 ECO   766 DNF 0.10 Below -3 to -10 -7.1 80 8 -9  1.9  
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141 Historic Obsolete 2-Feb-05 75% 2b Clariant Safewing MP II 2025 ECO   765 DNF 0.10 Below -3 to -10 -7.1 80 8 -8.7  1.6  

142 Historic Obsolete 2-Feb-05 100% 4 Kilfrost ABC-S   756 DNF 0.10 Below -3 to -10 -7.1 80 8 -8.7  1.6  

143 Historic Obsolete 2-Feb-05 75% 4b Kilfrost ABC-S   758 DNF 0.10 Below -3 to -10 -7.1 80 8 -9.3  2.2  

144 Historic Obsolete 2-Feb-05 100% 4 Dow UCAR Ultra+   761 DNF 0.10 Below -3 to -10 -7.1 80 8 -8.7  1.6  

145 Historic Obsolete 2-Feb-05 75% 2b Kilfrost ABC 2000   327 DNF 0.12 Below -3 to -10 -9.3 86 8 -11.8  2.5  

146 Historic Obsolete 4-Feb-05 100% 3 Clariant Safewing MP III 2031 ECO   489 Failed 0.06 Below -3 to -10 -3.8 68 6 -8.6  4.8  

147 Historic Obsolete 4-Feb-05 100% 2 Kilfrost ABC II+   774 DNF 0.08 Below -3 to -10 -4.8 74 6 -7.3  2.5  

148 Historic Obsolete 4-Feb-05 75% 2b Kilfrost ABC II+   773 DNF 0.08 Below -3 to -10 -4.8 74 6 -7.4  2.6  

149 Historic Obsolete 4-Feb-05 100% 4 Kilfrost ABC-S   773 DNF 0.08 Below -3 to -10 -4.8 74 6 -8.3  3.5  

150 Historic Obsolete 4-Feb-05 75% 4b Kilfrost ABC-S   772 DNF 0.08 Below -3 to -10 -4.8 74 6 -8  3.2  

151 Historic Obsolete 4-Feb-05 100% 4 Clariant Safewing MP IV 2030 ECO   772 DNF 0.08 Below -3 to -10 -4.8 74 6 -8.7  3.9  

152 Historic Obsolete 4-Feb-05 75% 4b Clariant Safewing MP IV 2030 ECO   772 DNF 0.08 Below -3 to -10 -4.8 74 6 -8.5  3.7  

153 Historic Obsolete 4-Feb-05 100% 4 Dow UCAR Ultra+   771 DNF 0.08 Below -3 to -10 -4.8 74 6 -7.9  3.1  

154 Historic Obsolete 4-Feb-05 100% 2 Clariant Safewing MP II 2025 ECO   770 DNF 0.08 Below -3 to -10 -4.8 74 6 -8.4  3.6  

155 Historic Obsolete 4-Feb-05 75% 2b Clariant Safewing MP II 2025 ECO   770 DNF 0.08 Below -3 to -10 -4.8 74 6 -8.3  3.5  

156 Historic Obsolete 25-Feb-05 75% 2b Clariant Safewing MP II 2025 ECO   246 Failed 0.04 Below -10 to -14 -10.5 65 6 -18.3  7.8  

157 Historic Obsolete 25-Feb-05 75% 2b Clariant Safewing MP II 2025 ECO   94 Failed 0.08 Below -10 to -14 -13.3 76 7 -22  8.7  

158 Historic Obsolete 25-Feb-05 100% 3 Clariant Safewing MP III 2031 ECO   446 Failed 0.06 Below -10 to -14 -12.0 70 6 -19  7  

159 Historic Obsolete 25-Feb-05 100% 4 Clariant Safewing MP IV 2001   637 Failed 0.06 Below -10 to -14 -13.4 72 6 -19.7  6.3  

160 Historic Obsolete 25-Feb-05 75% 4b Clariant Safewing MP IV 2030 ECO   232 Failed 0.04 Below -10 to -14 -10.5 65 6 -17  6.5  

161 Historic Obsolete 25-Feb-05 75% 4b Clariant Safewing MP IV 2030 ECO   75 Failed 0.08 Below -10 to -14 -13.3 76 8 -21.5  8.2  

162 Historic Obsolete 25-Feb-05 100% 2 Clariant Safewing MP II 2025 ECO   698 DNF 0.07 Below -10 to -14 -13.6 73 5 -19.6  6  

163 Historic Obsolete 25-Feb-05 100% 4 Clariant Safewing MP IV 2030 ECO   696 DNF 0.07 Below -10 to -14 -13.6 73 5 -19  5.4  

164 Historic Obsolete 25-Feb-05 100% 4 Kilfrost ABC-S   697 DNF 0.07 Below -10 to -14 -13.6 73 5 -19.2  5.6  

165 Historic Obsolete 25-Feb-05 75% 2b Kilfrost ABC 2000   205 Failed 0.05 Below -10 to -14 -11.0 67 5 -18.2  7.2  

166 Historic Obsolete 25-Feb-05 100% 2 Kilfrost ABC 2000   624 Failed 0.06 Below -10 to -14 -13.0 71 5 -19.1  6.1  

167 Historic Obsolete 25-Feb-05 75% 2b Kilfrost ABC 2000   67 Failed 0.08 Below -10 to -14 -14.1 78 8 -22.1  8  

168 Historic Obsolete 25-Feb-05 75% 2b Kilfrost ABC II+   189 Failed 0.05 Below -10 to -14 -11.0 67 5 -18.2  7.2  
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169 Historic Obsolete 25-Feb-05 75% 2b Kilfrost ABC II+   93 Failed 0.09 Below -10 to -14 -13.3 76 8 -21.3  8  

170 Historic Current 13-Dec-05 100% 2 ABAX Ecowing 26   481 Failed 0.09 Below -14 to -21 -16.8 81 2 -23  6.2  

171 Historic Current 13-Dec-05 100% 2 ABAX Ecowing 26   479 Failed 0.09 Below -14 to -21 -16.8 81 2 -23  6.2  

172 Historic Obsolete 13-Dec-05 100% 3 Clariant Safewing MP III 2031 ECO   321 Failed 0.09 Below -14 to -21 -15.7 79 2 -21.8  6.1  

173 Historic Obsolete 13-Dec-05 100% 3 Clariant Safewing MP III 2031 ECO   321 Failed 0.09 Below -14 to -21 -15.7 79 2 -22.3  6.6  

174 Historic Obsolete 13-Dec-05 100% 4 Clariant Safewing MP IV 2012   379 Failed 0.09 Below -14 to -21 -16.2 79 2 -22.3  6.1  

175 Historic Obsolete 13-Dec-05 100% 4 Clariant Safewing MP IV 2012   379 Failed 0.09 Below -14 to -21 -16.2 79 2 -22.1  5.9  

176 Historic Obsolete 13-Dec-05 100% 4 Clariant Safewing MP IV 2030 ECO   725 DNF 0.10 Below -14 to -21 -17.1 83 3 -22.4  5.3  

177 Historic Obsolete 13-Dec-05 100% 4 Octagon Maxflo   724 DNF 0.10 Below -14 to -21 -17.1 83 3 -23  5.9  

178 Historic Obsolete 13-Dec-05 100% 4 Kilfrost ABC-S   724 DNF 0.10 Below -14 to -21 -17.1 83 3 -23.2  6.1  

179 Historic Obsolete 13-Dec-05 100% 4 Octagon Maxflo   723 DNF 0.10 Below -14 to -21 -17.1 83 3 -22.5  5.4  

180 Historic Current 10-Feb-06 75% 2b ABAX Ecowing 26   268 Failed 0.11 Below -10 to -14 -12.3 56 4 -17.3  5  

181 Historic Current 10-Feb-06 100% 2 ABAX Ecowing 26   716 Failed 0.09 Below -10 to -14 -13.7 65 4 -19.8  6.1  

182 Historic Obsolete 10-Feb-06 75% 2b Clariant Safewing MP II 2025 ECO   221 Failed 0.13 Below -10 to -14 -12.1 53 4 -18.1  6  

183 Historic Current 10-Feb-06 75% 3b Clariant Safewing MP III 2031 ECO   212 Failed 0.13 Below -10 to -14 -12.1 53 4 -18.3  6.2  

184 Historic Obsolete 10-Feb-06 100% 3 Clariant Safewing MP III 2031 ECO   518 Failed 0.09 Below -10 to -14 -13.0 62 4 -20  7  

185 Historic Obsolete 10-Feb-06 75% 4b Clariant Safewing MP IV 2012   201 Failed 0.13 Below -10 to -14 -12.1 53 4 -16.8  4.7  

186 Historic Obsolete 10-Feb-06 100% 4 Clariant Safewing MP IV 2012   640 Failed 0.09 Below -10 to -14 -13.5 64 4 -19.3  5.8  

187 Historic Obsolete 10-Feb-06 100% 4 Octagon Maxflo   766 DNF 0.10 Below -10 to -14 -13.9 66 5 -19.8  5.9  

188 Historic Obsolete 10-Feb-06 100% 4 Kilfrost ABC-S   766 DNF 0.10 Below -10 to -14 -13.9 66 5 -20.3  6.4  

189 New Current Feb-13-13 100% 2 Clariant Safewing MP II Flight Plus - 522 DNF 0.03 Below -1 to -3 -1.3 86 4     

190 Historic Obsolete 27-Mar-06 100% 3 Clariant Safewing MP III 2031 ECO   280 Failed 0.07 -1 and Above 2.0 58 6 -5.1  7.1  

191 Historic Current 27-Mar-06 75% 3b Clariant Safewing MP III 2031 ECO   310 Failed 0.08 -1 and Above 1.5 61 6 -5.2  6.7  

192 Historic Current 27-Mar-06 50% 3c Clariant Safewing MP III 2031 ECO   179 Failed 0.14 -1 and Above 1.0 65 5 -5.3  6.3  

193 Historic Current 27-Mar-06 50% 3c Clariant Safewing MP III 2031 ECO   84 Failed 0.15 -1 and Above -0.9 73 2 -6.7  5.8  

194 Historic Obsolete 27-Mar-06 50% 4c Clariant Safewing MP IV 2012   194 Failed 0.14 -1 and Above 1.0 65 4 -4.9  5.9  

195 Historic Obsolete 27-Mar-06 50% 2c Kilfrost ABC 2000   367 Failed 0.15 -1 and Above 0.3 66 3 -6.6  6.9  

196 Historic Obsolete 27-Mar-06 100% 2 Kilfrost ABC 2000   696 DNF 0.12 -1 and Above 0.1 67 5 -7.3  7.4  
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197 Historic Obsolete 27-Mar-06 75% 2b Kilfrost ABC 2000   695 DNF 0.12 -1 and Above 0.1 67 5 N/A N/A 

198 Historic Obsolete 27-Mar-06 100% 4 Clariant Safewing MP IV 2012   694 DNF 0.12 -1 and Above 0.1 67 5 -3.1  3.2  

199 Historic Obsolete 27-Mar-06 100% 4 Octagon Maxflo   694 DNF 0.12 -1 and Above 0.1 67 5 -6.6  6.7  

200 Historic Obsolete 27-Mar-06 50% 4c Clariant Safewing MP IV 2030 ECO   344 DNF 0.16 Below -1 to -3 -1.5 74 3 -8.3  6.8  

201 Historic Obsolete 27-Mar-06 50% 4c Kilfrost ABC-S   318 Failed 0.15 Below -1 to -3 -1.3 73 3 -7.5  6.2  

202 Historic Obsolete 27-Mar-06 50% 4c Octagon Maxflo   273 Failed 0.14 -1 and Above 0.4 68 2 -5.6  6  

203 Historic Obsolete 30-Oct-06 100% 4 Kilfrost ABC-S   649 DNF 0.04 -1 and Above 1.5 73 8 -3  4.5  

204 Historic Obsolete 30-Oct-06 100% 4 Clariant Safewing MP IV 2012   648 DNF 0.04 -1 and Above 1.5 73 8 -2.7  4.2  

205 Historic Obsolete 30-Oct-06 100% 2 Kilfrost ABC 2000   648 DNF 0.04 -1 and Above 1.5 73 8 -2.8  4.3  

206 Historic Obsolete 30-Oct-06 75% 4b Kilfrost ABC-S   604 DNF 0.04 -1 and Above 1.3 74 8 -4.4  5.7  

207 Historic Obsolete 30-Oct-06 50% 4c Kilfrost ABC-S   604 DNF 0.04 -1 and Above 1.3 74 8 -3.3  4.6  

208 Historic Obsolete 30-Oct-06 75% 4b Clariant Safewing MP IV 2012   603 DNF 0.04 -1 and Above 1.3 74 8 -2.6  3.9  

209 Historic Obsolete 30-Oct-06 50% 4c Clariant Safewing MP IV 2012   603 DNF 0.04 -1 and Above 1.3 74 8 -2.8  4.1  

210 Historic Obsolete 30-Oct-06 75% 2b Kilfrost ABC 2000   602 DNF 0.04 -1 and Above 1.3 74 8 -3.2  4.5  

211 Historic Obsolete 30-Oct-06 50% 2c Kilfrost ABC 2000   602 DNF 0.04 -1 and Above 1.3 74 8 -2.9  4.2  

212 Historic Obsolete 30-Oct-06 50% 4c Clariant Safewing MP IV 2012   393 DNF 0.02 -1 and Above 1.3 76 10 -5  6.3  

213 Historic Obsolete 30-Oct-06 50% 4c Octagon Maxflo   192 Failed 0.07 -1 and Above 1.1 73 3 -1  2.1  

214 Historic Obsolete 24-Nov-06 75% 2b Kilfrost ABC 2000   443 Failed 0.10 -1 and Above -0.5 74 4 -6.2  5.7  

215 Historic Obsolete 24-Nov-06 100% 2 Kilfrost ABC 2000   741 DNF 0.11 -1 and Above -1.0 77 5 -6.1  5.1  

216 Historic Obsolete 24-Nov-06 100% 2 Clariant Safewing MP II 2025 ECO   741 DNF 0.11 -1 and Above -1.0 77 5 -6.2  5.2  

217 Historic Obsolete 24-Nov-06 100% 4 Kilfrost ABC-S   740 DNF 0.11 -1 and Above -1.0 77 5 N/A N/A 

218 Historic Obsolete 24-Nov-06 100% 4 Dow UCAR Ultra+   740 DNF 0.11 -1 and Above -1.0 77 5 -4.6  3.6  

219 Historic Obsolete 24-Nov-06 75% 2b Kilfrost ABC 2000   697 DNF 0.11 Below -1 to -3 -1.3 78 5 N/A N/A 

220 Historic Obsolete 24-Nov-06 75% 2b Clariant Safewing MP II 2025 ECO   696 DNF 0.11 Below -1 to -3 -1.3 78 5 -5.7  4.4  

221 Historic Obsolete 24-Nov-06 50% 2c Clariant Safewing MP II 2025 ECO   695 DNF 0.11 Below -1 to -3 -1.3 78 5 -8.6  7.3  

222 Historic Obsolete 24-Nov-06 75% 4b Kilfrost ABC-S   695 DNF 0.11 Below -1 to -3 -1.3 78 5 -5.1  3.8  

223 Historic Obsolete 24-Nov-06 50% 4c Kilfrost ABC-S   449 Failed 0.10 -1 and Above -0.5 74 4 -6.2  5.7  

224 Historic Current 12-Jan-08 75% 2b ABAX Ecowing 26   557 Failed 0.09 Below -3 to -10 -4.1 72 7 -3.6  NA 
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225 Historic Current 12-Jan-08 75% 3b Clariant Safewing MP III 2031 ECO   352 Failed 0.07 Below -3 to -10 -3.2 70 8 -9.3  6.1  

226 Historic Obsolete 12-Jan-08 100% 3 Clariant Safewing MP III 2031 ECO   592 Failed 0.09 Below -3 to -10 -3.4 71 7 -4.4  1  

227 Historic Current 12-Jan-08 100% 2 ABAX Ecowing 26   749 DNF 0.09 Below -3 to -10 -4.1 71 8 -4.1  NA 

228 Historic Current 12-Jan-08 100% 4 UCAR EG 106   748 DNF 0.09 Below -3 to -10 -4.1 71 8 -8.4  4.3  

229 Historic Obsolete 12-Jan-08 75% 2b X'IAN KF-II   748 DNF 0.09 Below -3 to -10 -4.1 71 8 -8.2  4.1  

230 Historic Obsolete 12-Jan-08 100% 4 Octagon Maxflo   747 DNF 0.09 Below -3 to -10 -4.1 71 8 -8.3  4.2  

231 Historic Obsolete 12-Jan-08 100% 2 X'IAN KF-II   747 DNF 0.09 Below -3 to -10 -4.1 71 8 -7.1  3  

232 Historic Obsolete 12-Jan-08 75% 2b X'IAN KF-II   746 DNF 0.09 Below -3 to -10 -4.1 71 8 -8  3.9  

233 Historic Obsolete 12-Jan-08 75% 4b Octagon Maxflo   661 DNF 0.09 Below -3 to -10 -4.5 72 8 -8.4  3.9  

234 Historic Obsolete 12-Jan-08 75% 2b X'IAN KF-II   300 DNF 0.12 Below -3 to -10 -6.2 75 9 -10.8  4.6  

235 Historic Current 16-Jan-08 100% 2 ABAX Ecowing 26   551 Failed 0.08 Below -10 to -14 -10.3 74 3 -8.2  NA 

236 Historic Current 16-Jan-08 75% 2b ABAX Ecowing 26   394.5 Failed 0.09 Below -10 to -14 -11.0 78 2 -13.2  2.2  

237 Historic Current 16-Jan-08 75% 3b Clariant Safewing MP III 2031 ECO   300 Failed 0.09 Below -10 to -14 -10.8 76 2 -20.4  9.6  

238 Historic Obsolete 16-Jan-08 100% 3 Clariant Safewing MP III 2031 ECO   726 DNF 0.07 Below -3 to -10 -10.0 74 4 -14.8  4.8  

239 Historic Current 16-Jan-08 100% 4 UCAR EG 106   725 DNF 0.07 Below -3 to -10 -10.0 74 4 -14.6  4.6  

240 Historic Obsolete 16-Jan-08 100% 4 Octagon Maxflo   724 DNF 0.07 Below -3 to -10 -10.0 74 4 -16  6  

241 Historic Current 16-Jan-08 100% 2 Newave FCY-2   724 DNF 0.07 Below -3 to -10 -10.0 74 4 -8  NA 

242 Historic Current 16-Jan-08 75% 3b Clariant Safewing MP III 2031 ECO   230 DNF 0.06 Below -3 to -10 -10.0 75 4 -13.4  3.4  

243 Historic Obsolete 16-Jan-08 75% 4b Octagon Maxflo   592 DNF 0.08 Below -10 to -14 -10.4 76 3 -14.6  4.2  

244 Historic Current 16-Jan-08 75% 2b Newave FCY-2   592 Failed 0.08 Below -10 to -14 -10.4 76 3 -13.2  2.8  

245 Historic Obsolete 16-Jan-08 75% 2b X'IAN KF-II   393 Failed 0.09 Below -10 to -14 -11.0 78 2 -17.5  6.5  

246 Historic Current 28-Feb-08 100% 2 ABAX Ecowing 26   622 Failed 0.03 Below -14 to -21 -18.5 52 7 -20  1.5  

247 Historic Current 28-Feb-08 100% 2 ABAX Ecowing 26   637 Failed 0.03 Below -14 to -21 -18.5 52 7 -12.5  NA 

248 Historic Obsolete 28-Feb-08 100% 3 Clariant Safewing MP III 2031 ECO   681 DNF 0.03 Below -14 to -21 -18.7 54 7 -3.6  NA 

249 Historic Obsolete 28-Feb-08 100% 3 Clariant Safewing MP III 2031 ECO   680 DNF 0.03 Below -14 to -21 -18.7 54 7 -24.9  6.2  

250 Historic Current 28-Feb-08 100% 4 UCAR EG 106   680 DNF 0.03 Below -14 to -21 -18.7 54 7 -24.6  5.9  

251 Historic Current 28-Feb-08 100% 4 UCAR EG 106   679 DNF 0.03 Below -14 to -21 -18.7 54 7 -24.5  5.8  

252 Historic Obsolete 28-Feb-08 100% 4 Octagon Maxflo   679 DNF 0.03 Below -14 to -21 -18.7 54 7 -19.3  0.6  
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253 Historic Obsolete 28-Feb-08 100% 2 X'IAN KF-II   679 DNF 0.03 Below -14 to -21 -18.7 54 7 -23.7  5  

254 Historic Current 28-Feb-08 100% 2 Newave FCY-2   678 DNF 0.03 Below -14 to -21 -18.7 54 7 -20.4  1.7  

255 New Current Feb-28-09 75% 2b ABAX Ecowing 26 - 439 Failed - Below -10 to -14 -13.3 59 9     

256 New Obsolete Feb-28-09 100% 3 Clariant Safewing MP III 2031 ECO - 629 Failed - Below -10 to -14 -12.9 57 9     

257 New Current Feb-28-09 75% 3b Clariant Safewing MP III 2031 ECO - 415 Failed - Below -10 to -14 -13.3 59 9     

258 New Obsolete Feb-28-09 75% 2b Kilfrost ABC 2000 - 406 Failed - Below -10 to -14 -13.3 59 9     

259 New Obsolete Feb-28-09 75% 4b Kilfrost ABC-S - 252 Failed - Below -10 to -14 -12.2 54 7     

260 New Current Feb-28-09 100% 2 ABAX Ecowing 26 - 644 DNF - Below -10 to -14 -12.9 57 9     

261 New Obsolete Feb-28-09 100% 2 Kilfrost ABC 2000 - 642 DNF - Below -10 to -14 -12.9 57 9     

262 New Obsolete Feb-28-09 100% 4 Kilfrost ABC-S composite 416 DNF - Below -10 to -14 -13.3 59 9     

263 New Obsolete Feb-28-09 100% 4 Kilfrost ABC-S - 415 DNF - Below -10 to -14 -13.3 59 9     

264 New Current Mar-03-09 75% 2b ABAX Ecowing 26 - 152 Failed - Below -10 to -14 -12.4 59 8     

265 New Current Mar-03-09 75% 3b Clariant Safewing MP III 2031 ECO - 116 Failed - Below -10 to -14 -12.4 59 8     

266 New Obsolete Mar-03-09 75% 2b Kilfrost ABC 2000 composite 114 Failed - Below -10 to -14 -12.4 59 8     

267 New Obsolete Mar-03-09 75% 2b Kilfrost ABC 2000 - 114 Failed - Below -10 to -14 -12.4 59 8     

268 New Obsolete Mar-03-09 75% 4b Kilfrost ABC-S - 111 Failed - Below -10 to -14 -12.4 59 8     

269 New Obsolete Mar-03-09 75% 4b Kilfrost ABC-S composite 35 Failed - Below -14 to -21 -14.4 63 9     

270 New Obsolete Mar-03-09 75% 4b Kilfrost ABC-S - 46 Failed - Below -14 to -21 -14.4 63 9     

271 New Obsolete Mar-03-09 100% 4 Clariant Safewing MP IV 2012 - 388 DNF - Below -10 to -14 -13.3 61 7     

272 New Current Mar-04-09 75% 3b Clariant Safewing MP III 2031 ECO - 127 Failed - Below -3 to -10 -9.7 50 2     

273 New Obsolete Mar-04-09 100% 3 Clariant Safewing MP III 2031 ECO - 579 Failed - Below -10 to -14 -10.4 61 3     

274 New Obsolete Mar-04-09 75% 2b Kilfrost ABC 2000 - 245 Failed - Below -10 to -14 -11.3 62 2     

275 New Obsolete Mar-04-09 75% 2b Kilfrost ABC 2000 - 241 Failed - Below -10 to -14 -11.3 62 2     

276 New Obsolete Mar-04-09 75% 4b Kilfrost ABC-S composite 250 Failed - Below -10 to -14 -11.3 62 2     

277 New Current Mar-04-09 100% 2 ABAX Ecowing 26 - 530 DNF - Below -10 to -14 -10.4 60 3     

278 New Obsolete Mar-04-09 100% 2 Kilfrost ABC 2000 - 563 DNF - Below -10 to -14 -10.4 61 3     

279 New Obsolete Mar-04-09 100% 4 Kilfrost ABC-S - 561 DNF - Below -10 to -14 -10.4 61 3     

280 New Current Mar-04-09 75% 2b ABAX Ecowing 26   254 DNF - Below -10 to -14 -11.3 62 2     
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281 New Obsolete Mar-04-09 75% 4b Kilfrost ABC-S - 291 DNF - Below -10 to -14 -11.3 62 2     

282 New Current Dec-25-12 75% 2b Clariant Safewing MP II Flight Plus - 491 DNF 0.06 Below -10 to -14 -12.0 87 5     

283 New Current Dec-25-12 75% 2b LNT P250 - 491 DNF 0.06 Below -10 to -14 -12.0 87 5     

284 New Current Dec-25-12 100% 2 Clariant Safewing MP II Flight Plus - 491 DNF 0.06 Below -10 to -14 -12.1 87 5     

285 New Current Dec-25-12 100% 2 LNT P250 - 491 DNF 0.06 Below -10 to -14 -12.1 87 5     

286 New Current Feb-13-13 100% 2 LNT P250 - 520 DNF 0.03 Below -1 to -3 -1.3 86 4     

287 New Current Apr-16-14 100% 2 LNT P250 aluminum 694 DNF 0.03 Below -1 to -3 -2.9 75 4     

288 New Current Apr-17-14 100% 2 LNT P250 aluminum 659 DNF 0.09 Below -1 to -3 -2.1 64 8     

289 New Current Feb-13-13 75% 4b Clariant Safewing MP IV Launch Plus - 523 DNF 0.03 Below -1 to -3 -1.3 86 4     

290 New Current Feb-13-13 75% 2b Clariant Safewing MP II Flight Plus - 521 DNF 0.03 Below -1 to -3 -1.3 86 4     

291 New Current Feb-18-13 100% 4 Clariant Safewing MP IV Launch Plus - 603 DNF 0.05 Below -3 to -10 -9.3 60 6     

292 New Current Feb-18-13 100% 2 Clariant Safewing MP II Flight Plus - 601 DNF 0.05 Below -3 to -10 -9.3 60 6     

293 New Current Feb-18-13 100% 2 LNT P250 - 599 DNF 0.05 Below -3 to -10 -9.3 60 6     

294 New Current Feb-18-13 75% 4b Clariant Safewing MP IV Launch Plus - 602 DNF 0.05 Below -3 to -10 -9.3 60 6     

295 New Current Feb-18-13 75% 2b Clariant Safewing MP II Flight Plus - 600 DNF 0.05 Below -3 to -10 -9.3 60 6     

296 New Current Feb-18-13 75% 2b LNT P250 - 598 DNF 0.05 Below -3 to -10 -9.3 60 6     

297 New Current Feb-21-13 75% 4b Clariant Safewing MP IV Launch Plus - 387 DNF 0.00 Below -3 to -10 -5.9 78 9     

298 New Current Feb-21-13 75% 2b Clariant Safewing MP II Flight Plus - 384 DNF 0.00 Below -3 to -10 -5.9 78 9     

299 New Current Feb-21-13 75% 2b LNT P250 - 382 DNF 0.00 Below -3 to -10 -5.9 78 9     

300 New Current Feb-13-13 75% 2b LNT P250 - 520 DNF 0.03 Below -1 to -3 -1.3 86 4     

301 New Current Mar-08-13 50% 3c Clariant Safewing MP III 2031 ECO - 102 Failed 0.10 -1 and Above -0.8 3 69     

302 New Current Mar-09-13 100% 3 Clariant Safewing MP III 2031 ECO - 335 DNF 0.05 -1 and Above -0.3 72 4     

303 New Current Mar-08-13 100% 3 Clariant Safewing MP III 2031 ECO - 556 Failed 0.14 Below -3 to -10 -3.1 4 77     

304 New Current Mar-08-13 75% 3b Clariant Safewing MP III 2031 ECO - 442 Failed 0.16 Below -3 to -10 -4.0 4 81     

305 New Current Mar-08-13 75% 3b Clariant Safewing MP III 2031 ECO - 458 Failed 0.16 Below -3 to -10 -4.0 4 81     

306 New Current Mar-09-13 75% 2b Clariant Safewing MP II Flight Plus - 366 DNF 0.05 Below -1 to -3 -1.1 84 4     

307 New Current May-06-15 100% 3 AllClear CB1 PB8000A aluminum 152 DNF 0.16 -1 and Above 2.3 85 0     

308 New Current Mar-08-13 75% 2b LNT P250 - 523 Failed 0.14 Below -3 to -10 -3.1 4 77     
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309 New Current Mar-08-13 75% 4b Clariant Safewing MP IV Launch Plus - 625 DNF 0.15 Below -3 to -10 -3.5 79 4     

310 New Current Mar-08-13 75% 2b Clariant Safewing MP II Flight Plus - 615 DNF 0.15 Below -3 to -10 -3.5 79 4     

311 New Current Mar-08-13 100% 4 Clariant Safewing MP IV Launch Plus - 643 DNF 0.15 Below -3 to -10 -3.5 79 4     

312 New Current Mar-08-13 100% 2 Clariant Safewing MP II Flight Plus - 618 DNF 0.15 Below -3 to -10 -3.5 79 4     

313 New Current Mar-08-13 100% 2 LNT P250 - 609 DNF 0.15 Below -3 to -10 -3.5 79 4     

314 New Current May-06-15 100% 3 AllClear CB1 PB8000A aluminum 151 DNF 0.16 -1 and Above 2.3 85 0     

315 New Current May-06-15 100% 3 AllClear CB1 PB8000A aluminum 145 DNF 0.16 -1 and Above 2.3 85 0     

316 New Obsolete Mar-09-13 100% 3 Clariant Safewing MP III 2031 ECO - 334 DNF 0.05 -1 and Above -0.3 84 4     

317 New Current Mar-09-13 75% 2b LNT P250 - 343 DNF 0.05 -1 and Above -0.2 72 4     

318 New Current Mar-09-13 75% 2b Clariant Safewing MP II Flight Plus - 348 DNF 0.05 -1 and Above -0.3 72 4     

319 New Current Mar-09-13 75% 4b Clariant Safewing MP IV Launch Plus - 361 DNF 0.05 -1 and Above -0.4 72 4     

320 New Current Mar-08-13 50% 3c Clariant Safewing MP III 2031 ECO - 114 Failed 0.10 -1 and Above -0.8 3 69     

321 New Current Mar-08-13 50% 2c LNT P250 - 103 Failed 0.10 -1 and Above -0.8 3 69     

322 New Current Mar-09-13 50% 2c Clariant Safewing MP II Flight Plus - 338 DNF 0.05 -1 and Above -0.2 72 4     

323 New Current Mar-09-13 75% 4b Clariant Safewing MP IV Launch Plus - 365 DNF 0.05 Below -1 to -3 -1.3 84 4     

324 New Current Apr-17-14 75% 4b LNT E450 aluminum 384 DNF 0.11 Below -1 to -3 -2.7 69 8     

325 New Current Feb-11-14 100% 4 Clariant Max Flight Sneg aluminum 598 Failed 0.05 Below -14 to -21 -18.5 67 3     

326 New Obsolete Feb-11-14 100% 3 Clariant Safewing MP III 2031 ECO aluminum 556 Failed 0.05 Below -14 to -21 -18.3 66 4     

327 New Current Feb-11-14 100% 3 Clariant Safewing MP III 2031 ECO aluminum 599 Failed 0.05 Below -14 to -21 -18.5 67 3     

328 New Obsolete Feb-11-14 10°B 1  Defrosol aluminum 175 Failed 0.06 Below -14 to -21 -16.4 60 7     

329 New Obsolete Feb-11-14 10°B 1  Defrosol composite 98 Failed 0.06 Below -14 to -21 -16.3 59 9     

330 New Obsolete Feb-11-14 10°B 1  Defrosol aluminum 182 Failed 0.05 Below -14 to -21 -15.2 71 1     

331 New Obsolete Feb-11-14 10°B 1  Defrosol composite 121 Failed 0.06 Below -14 to -21 -14.8 70 2     

332 New Current Feb-11-14 100% 3 Clariant Safewing MP III 2031 ECO aluminum 324 DNF 0.06 Below -14 to -21 -15.8 71 12     

333 New Current Feb-11-14 100% 4 Newave FCY 9311 aluminum 633 DNF 0.05 Below -14 to -21 -18.5 67 3     

334 New Obsolete Mar-05-14 10°B 1  Defrosol aluminum 107 Failed 0.06 Below -10 to -14 -13.7 73 4     

335 New Obsolete Mar-05-14 10°B 1  Defrosol composite 67 Failed 0.06 Below -10 to -14 -13.4 73 4     

336 New Obsolete Mar-05-14 100% 3 Clariant Safewing MP III 2031 ECO aluminum 307 DNF 0.06 Below -14 to -21 -15.2 65 7     
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337 New Current Mar-05-14 100% 3 Clariant Safewing MP III 2031 ECO aluminum 306 DNF 0.06 Below -14 to -21 -15.2 65 7     

338 New Obsolete Mar-05-14 10°B 1  Defrosol aluminum 167 DNF 0.04 Below -14 to -21 -16.0 61 9     

339 New Obsolete Mar-05-14 10°B 1  Defrosol composite 167 DNF 0.04 Below -14 to -21 -16.0 61 9     

340 New Current Apr-17-14 75% 2b LNT P250 aluminum 381 DNF 0.11 Below -1 to -3 -2.7 69 8     

341 New Current Apr-16-14 75% 4b LNT E450 aluminum 564 DNF 0.03 Below -3 to -10 -3.2 78 3     

342 New Current Apr-16-14 75% 2b LNT P250 aluminum 563 DNF 0.03 Below -3 to -10 -3.2 78 3     

343 New Current Apr-16-14 75% 4b Clariant Max Flight Sneg aluminum 562 DNF 0.03 Below -3 to -10 -3.2 78 3     

344 New Current Apr-16-14 75% 4b Newave FCY 9311 aluminum 561 DNF 0.03 Below -3 to -10 -3.2 78 3     

345 New Current Apr-17-14 75% 4b Clariant Max Flight Sneg aluminum 378 DNF 0.11 Below -1 to -3 -2.7 69 8     

346 New Current Apr-17-14 75% 4b Newave FCY 9311 aluminum 376 DNF 0.11 Below -1 to -3 -2.7 69 8     

347 Historic Current 27-Mar-06 50% 2c ABAX Ecowing 26   114 Failed 0.15 Below -1 to -3 -1.1 73 2 -7.5  6.4  

348 New Current Mar-08-13 50% 2c Clariant Safewing MP II Flight Plus - 191 Failed 0.14 Below -1 to -3 -3.2 5 78     

349 New Current Mar-08-13 50% 4c Clariant Safewing MP IV Launch Plus - 227 Failed 0.14 Below -1 to -3 -3.2 78 5     

350 New Current Apr-16-14 50% 4c LNT E450 aluminum 457 DNF 0.03 Below -1 to -3 -3.5 81 3     

351 New Current Apr-16-14 50% 2c LNT P250 aluminum 456 DNF 0.03 Below -1 to -3 -3.5 81 3     

352 New Current Apr-16-14 50% 4c Clariant Max Flight Sneg aluminum 455 DNF 0.03 Below -1 to -3 -3.5 81 3     

353 New Current Apr-16-14 50% 4c Newave FCY 9311 aluminum 454 DNF 0.03 Below -1 to -3 -3.5 81 3     

354 New Current Apr-17-14 50% 4c LNT E450 aluminum 204 Failed 0.08 Below -1 to -3 -2.7 69 8     

355 New Current Apr-17-14 50% 2c LNT P250 aluminum 380 DNF 0.11 Below -1 to -3 -2.7 69 8     

356 New Current Apr-17-14 50% 4c Clariant Max Flight Sneg aluminum 377 DNF 0.11 Below -1 to -3 -2.7 69 8     

357 New Current Apr-17-14 50% 4c Newave FCY 9311 aluminum 375 DNF 0.11 Below -1 to -3 -2.7 69 8     

358 New Current Jan-14-15 100% 4 LNT E450 aluminum 247 DNF 0.08 Below -21 to -25 -21.3 77 6     

359 New Current Feb-17-15 100% 2 FCY-2 Bio+ aluminum 217 DNF 0.01 Below -21 to -25 -22.3 59 3     

360 New Current Feb-18-15 100% 2 FCY-2 Bio+ aluminum 361 DNF 0.06 Below -14 to -21 -17.7 69 6     

361 New Current Feb-18-15 100% 4 LNT E450 aluminum 379 DNF 0.06 Below -14 to -21 -17.7 69 6     

362 New Current Feb-18-15 100% 4 ECO-SHIELD aluminum 369 DNF 0.06 Below -14 to -21 -17.7 69 6     

363 New Current Mar-15-15 50% 2c FCY-2 Bio+ aluminum 125 Failed 0.09 Below -1 to -3 -5.6 87 4     

364 New Current Mar-15-15 50% 2c Kilfrost ABC-Ice Clear II aluminum 113 Failed 0.08 Below -1 to -3 -5.6 87 4     
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365 New Current Mar-15-15 100% 2 Kilfrost ABC-Ice Clear II aluminum 620 DNF 0.08 Below -3 to -10 -8.0 89 3     

366 New Current Mar-15-15 100% 2 FCY-2 Bio+ aluminum 618 DNF 0.08 Below -3 to -10 -8.0 89 3     

367 New Current Mar-15-15 100% 4 ECO-SHIELD aluminum 662 DNF 0.08 Below -3 to -10 -8.0 89 3     

368 New Current Mar-15-15 75% 2b Kilfrost ABC-Ice Clear II aluminum 619 DNF 0.08 Below -3 to -10 -8.0 89 3     

369 New Current Mar-15-15 75% 2b FCY-2 Bio+ aluminum 617 DNF 0.08 Below -3 to -10 -8.0 89 3     

370 New Current Mar-23-15 100% 2 Kilfrost ABC-Ice Clear II aluminum 464 DNF 0.01 Below -10 to -14 -11.3 67 8     

371 New Current Mar-23-15 75% 2b Kilfrost ABC-Ice Clear II aluminum 463 DNF 0.01 Below -10 to -14 -11.3 67 8     

372 New Current Mar-23-15 100% 2 FCY-2 Bio+ aluminum 462 DNF 0.01 Below -10 to -14 -11.3 67 8     

373 New Current Mar-23-15 75% 2b FCY-2 Bio+ aluminum 461 DNF 0.01 Below -10 to -14 -11.3 67 8     

374 New Current Mar-23-15 100% 4 ECO-SHIELD aluminum 460 DNF 0.01 Below -10 to -14 -11.3 67 8     

375 New Current Mar-23-15 100% 3 AllClear CB1 PB8000A aluminum 459 DNF 0.01 Below -10 to -14 -11.3 67 8     

376 New Current May-06-15 10 deg buff 1  Oks Eco I - Batch #10 aluminum 95 Failed 0.14 -1 and Above 2.6 84 0     

377 New Current May-06-15 10 deg buff 1  Oks Eco I - Batch #10 aluminum 96 Failed 0.13 -1 and Above 2.6 84 0     

378 New Current May-06-15 10 deg buff 1  Oks Eco I - Batch #10 composite 114 Failed 0.14 -1 and Above 2.6 84 0     

379 New Current May-06-15 10 deg buff 1  Oks Eco I - Batch #10 composite 113 Failed 0.15 -1 and Above 2.6 84 0     

380 New Current Mar-09-13 50% 3c Clariant Safewing MP III 2031 ECO - 335 DNF 0.05 -1 and Above -0.3 72 4     

381 New Current Mar-09-13 50% 4c Clariant Safewing MP IV Launch Plus - 363 DNF 0.05 -1 and Above -0.3 72 4     

382 New Current Mar-09-13 50% 2c LNT P250 - 273 DNF 0.05 -1 and Above -0.6 72 4     

383 New Current May-06-15 50% 2c Kilfrost ABC-Ice Clear II aluminum 180 DNF 0.16 -1 and Above 2.3 85 0     

384 New Current May-06-15 50% 2c FCY-2 Bio+ aluminum 183 DNF 0.16 -1 and Above 2.3 85 0     
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Wind Tunnel H-Stab Calibration Notes 
March 2-5, 2015 

 
 
Monday March 2, 2015 

• 4mm dry wing runs seem repeatable compared to December tests. 

• Pitch-pause runs show some differences compared to sweep runs due to 
difference in speeds during ramp up and hold position. This effect was 
confirmed by doing pitch-pause at 60 knots which showed effect of 
speed on pitch pause. Conclusion was that pitch-pause still valuable, and 
considers doing smaller angle spectrums to save time and due to 
differences from sweep runs, not as important anymore. The bulk of the 
work should be done with the sweep profiles.  

• Tufts flow without blockage showed flow reversal of flow on elevator 
that corresponds with fluid pooling and stagnation points during icing 
tests. Flow was even across the span.  

• 4mm with gap blockage showed increase in hinge moment at higher 
angles of deflection but no significant effects at lower angles. Maybe air 
not getting through increases pressure on elevator and doesn’t energize 
boundary layer on lower surface of elevator increasing drag and lowering 
lift. This indicates that fluid in the gap may not be the primary culprit 
during early rotation, but maybe the residual fluid roughness on the 
elevator surface? Will see with larger gap sizes and sandpaper tests later 
on.  

 
Tuesday March 3, 2015 

• 2mm and 8mm dry wing runs compare well with the December data.  

• Gap blockage tests indicate higher hinge moments at elevator deflections 
less than 0 deg. This effect is amplified as a function of blockage; the 
4mm test had foam that did not completely block gap and increase in 
hinge moment was less compared to 2mm and 8mm gap tests where the 
blockage was more complete.  

• The gap blockage tests indicate that fluid blocking the gap will effect 
hinge moment, however increases prior to the start of the neutral hold 
still need to be accounted for as the gap blockage effect on the hinge 
moment is minimal at lower speeds. Expect sandpaper tests will provide 
insight. 

• Testing discovered discrepancies in the dry-wing/air-off tare hinge 
moment profiles. It seems the tare compensation factor may vary over 
time or following gap size changes (possibly due to the wing sitting over 
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time). This should not affect the data collected to date; the early data 
lined up well with historical data, and after having modified the wing 
configuration, the new tare compensations also line up well. For future 
testing, the wing adjustments should be loosened and reconfigured prior 
to the start of the test to ensure everything is siting properly and to avoid 
the issue with tareing.  

• Applied 80-grit sandpaper to lower leading edge half of elevator. This did 
not significantly change the hinge moment, however impacted the stall 
(more severe stall). Will continue with more coverage of elevator before 
moving to coarser grit paper.  

 
Wednesday March 4, 2015 

• Sandpaper (80-grit) was applied to the lower leading edge half of elevator 
plus the whole top of the elevator. This configuration produced higher 
hinge moments compared to the lower leading edge half of elevator only, 
however this was still predominantly after the start of the neutral hold, 
therefore not representative of the whole shift observed during the fluid 
runs.  

• More 80-grit sandpaper was applied to the whole top of the main element 
and wrapping around the nose by about 3 inches. This configuration 
produced the shift in hinge moment most in line with what was observed 
during the fluid runs (however the lift losses at rotation were still not as 
significant; possibly due to sandpaper on bottom back half of elevator still 
missing). It seems the main element surface roughness has a significant 
effect on the hinge moment, more so than on the elevator alone. This will 
be further verified with the next few configuration and sandpaper grits.  

• The gap was blocked for subsequent tests and the effects were additive 
after the start of the neutral hold as would be expected, and prior to the 
start of neutral hold seemed very similar to the sandpaper configuration 
without the blockage. Roughness and blockage may be affecting different 
portions of the rotation profile and resulting hinge moment.  

• A similar additive effect was seen with the gap blockage and sandpaper 
only on elevator full top and lower leading edge half, as well as with the 
whole bottom of the elevator only with the blockage. 

• When the full bottom of the elevator was covered with sandpaper and the 
gap was blocked, this shifted the hinge moment, but we cannot comment 
until we re-run without the blockage tomorrow.  

• Plan will be to move onto 40-grit (coarser sandpaper) work tomorrow, 
and the balance outstanding work will be completed Monday to due 
scheduling conflicts. 
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Thursday March 5, 2015 

• Tests with the sandpaper applied to the full lower elevator as well as 
tests with the sandpaper applied to the lower trailing edge half of elevator 
both behaved similarly. The caused a downwards shift in the hinge 
moment curve (increase prior to hold, and decrease after hold). This 
indicates that the roughness on the lower elevator during the ramp to 
rotation may be a strong contributor to the increase in hinge moment 
observed with the fluid run. 

• The effect of the gap blockage for those tests seemed to increase the 
hinge moment primarily after the hold positon.  

• Tests with the 40-grit (coarser sandpaper) on the lower trailing edge half 
of elevator showed similar results in hinge moment to the 80-grit, 
however started showing lift losses. 

• The 40-grit tests demonstrated similar trends to the 80-grit with respect 
to hinge moment effects so far. 

• The hinge moment effects to date have been summarized (and 
generalized) in the chart below.  

• Monday will be used to complete the remaining 40-grit work (about 
½ day of testing left). 

 
Friday March 9, 2015 

• The balance of the 40-grit tests confirmed initial observations that results 
had similar trend but worse than the 80-grit respective tests, however 
also showed lift loss effects.  

• An additional test with a lower elevator boundary layer trip was 
conducted (based on EASA reference to flight test). A boundary layer trip 
(4 mm gap blockage tape) was installed on lower elevator just at the 
point where the lower elevator cleared the main wing element when 
positioned at +16 degrees (2ft forward aft of the elevator trailing edge).  

• The results with the 4mm trip did not show any significant effect. The 
test was re-run with the 8mm trip which stalled the elevator earlier, 
however did not significantly affect the torque. These results were not in 
line with what was stated by EASA.  
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General Conclusions 

• Effects of sandpaper and blockage gaps showed cumulative effects as 
described in the figure in this document. 

• The observed results were in line with expectations. The exception was 
the lower elevator trip which did not show significant effects on torque.  

 
Lessons Learned for Future Testing 

• Elevator horizontal adjustments should be loosened and moved back and 
forth prior to the start of a research program just to ensure everything is 
siting properly. 

• Sandpaper installed overtop of 3M or Scotch masking tape made removal 
and changeover very easy (as compared to directly on aluminum wing as 
has been previously done).  

• Sandpaper with or without self-adhesive gave best results when laid on 
masking tape surface primed with 3M spray adhesive.  

• Whenever possible, strips of sandpaper should be laid chordwise, rather 
than spanwise, also helps with adhesion (chordwise strips tend to not 
peel off). 

• Sandpaper and related materials should be ordered 1.5 times expected 
usage as it is common for areas to rip during tests and need replacing. 
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