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PREFACE 
 
Under contract to the Transportation Development Centre of Transport Canada with support 
from the Federal Aviation Administration, APS Aviation Inc. has undertaken a research 
program to advance aircraft ground de/anti-icing technology. The specific objectives of the 
APS Aviation Inc. 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 deployed flaps and slats prior to anti-icing; 

• To conduct tests and research on surfaces treated with ice phobic products; 

• To conduct tests with the snow machine to support ARP5485 changes; 

• To conduct tests to evaluate holdover times in heavy snow conditions; 

• To develop an SAE International Aerospace Information Report for the evaluation of 
aircraft coatings;  

• To support the evaluation of the National Research Council Canada propulsion icing wind 
tunnel to determine its flow characteristics; 

• To develop holdover time guidance for operation in ice crystal conditions; 

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

• To develop a performance specification for electronic holdover time applications; 

• To investigate pre-takeoff contamination check 5-minute allowance; 

• To conduct full-scale general aviation aircraft windshield washer fluid deicing testing to 
substantiate and support flat plate testing results; 

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

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

• To develop guidelines on radiation cooling during taxi. 
 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2013-14 are documented in eight reports. The titles of the reports are as follows: 
 
• TP 15268E Winter Weather Impact on Holdover Time Table Format (1995-2014); 

• TP 15269E Aircraft Ground Icing General Research Activities During the 2013-14 
Winter;  
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• TP 15270E Regression Coefficients and Equations Used to Develop the Winter 
2014-15 Aircraft Ground Deicing Holdover Time Tables; 

• TP 15271E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 
for the 2013-14 Winter; 

• TP 15272E Cold Climate Technologies – Investigation of Sensor Technologies as an 
Alternative Means of Detecting Aircraft Icing (Year 3 of 3); 

• TP 15273E Wind Tunnel Trials to Support Further Development of Ice Pellet 
Allowance Times: Winter 2013-14;  

• TP 15274E Exploratory Wind Tunnel Aerodynamic Research Examination of 
Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 2013-14; 
and 

• TP 15275E Investigation of Ice Phobic Technologies to Reduce Aircraft Icing in 
Northern and Cold Climates. 

 
In addition, the following interim report is being prepared: 
 
• Evaluation of Endurance Times on Extended Flaps and Slats. 
 
This report, TP 15274E, has the following objective: 
 
• To support the evaluation of the National Research Council Canada Propulsion Icing Wind 

Tunnel to determine its flow characteristics. 
 
This objective was met by conducting a series of full-scale tests using a supercritical wing 
section mounted in the National Research Council Canada open circuit wind tunnel to 
examine the flow-off properties of anti-icing fluids contaminated with various forms of 
simulated freezing precipitation to investigate several recent industry operational concerns. 
This work was completed in conjunction with the ice pellet research being conducted at the 
National Research Council Canada Propulsion Icing Wind Tunnel. 
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EXECUTIVE SUMMARY 
 
 
BACKGROUND 
 
Under contract to the Transportation Development Centre (TDC), with financial 
support from the Federal Aviation Administration (FAA), APS Aviation Inc. (APS) has 
undertaken research activities to further advance aircraft ground de/anti-icing 
technology. APS conducted a series of full-scale tests in the National Research 
Council Canada (NRC) 3 m x 6 m Open-Circuit Propulsion Icing Wind Tunnel (PIWT) 
to determine the flow-off characteristics of anti-icing fluid with and without simulated 
frozen precipitation contamination.  
 
To benefit from economies of scale associated with the large fixed cost component, 
Transport Canada (TC) and the FAA opted to conduct a series of tests to investigate 
areas of research that are of interest to industry to address operational concerns. 
This work was completed in conjunction with the ice pellet research being conducted 
at the NRC PIWT. Details of the 2013-14 ice pellet allowance time related research 
as well as the wind tunnel and wing calibration and characterization can be found in 
the TC report, TP 15273E, Wind Tunnel Trials to Support Further Development of 
Ice Pellet Allowance Times: Winter 2013-14 (1). 
 
 
Evaluation of an Airfoil Performance Monitor (APM) 
 
The testing conducted provided Marinvent with a platform for evaluating the APM 
unit, the details of which remain internal to Marinvent. Similar to the 2012-13 
testing, initial observations saw fluid enter the pressure probes of the APM unit; the 
effects of fluid intrusion should be further investigated by the manufacturer. This 
collaborative effort between TC/FAA and Marinvent has provided laboratory data 
generated in a controlled environment that can be used to further the development 
of this sensor and increase the likeliness of this technology being used in the field.   
 
 
Aerodynamic Testing of Ice Phobic Coatings 
 
A test plan was developed and conducted during the winter of 2013-14 to gain new 
insight into the potential applications of these coatings for aircraft operations, and to 
continue the research to include newly developed coatings. As part of this test plan, 
it was recommended that testing continue to investigate the effects of these coatings 
on de/anti-icing fluids from both a holdover time (HOT) and aerodynamic perspective. 
The work conducted in the wind tunnel during the winter of 2013-14 was done as 
part of a larger multi-year project, the details of which are included in the TC report, 
TP 15275E, Investigation of Ice Phobic Technologies to Reduce Aircraft Icing in 
Northern and Cold Climates (Vol. 1) (2). 



EXECUTIVE SUMMARY 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.003 (TC Deicing 13-14)/Reports/WT R&D/Final Version 1.0/TP 15274E Final Version 1.0.docx 
Final Version 1.0, August 21 

x 

Type I Fluid for Very Low Speed Aircraft 
 
The results from the PIWT and boundary layer displacement thickness (BLDT) testing 
indicated that lift loss and BLDT increase as temperature or speed decreases. Raising 
the fluid lowest operational use temperature (LOUT) (to warmer temperatures) could 
compensate for lower rotation speeds and provide some flexibility for aircraft with 
very low rotation speeds. Alternatively, using a fluid with a much lower LOUT could 
also provide additional flexibility at the lower temperatures with the lower speeds. It 
should be noted that these results are based on 2-dimensional modelling and some 
full-scale testing would likely be required in order for operational guidance changes 
to be issued. 
 
 
Evaluation of New Generation Ice Pellet Dispensers 
 
The results indicate that the differences in recorded lift losses were generally very 
small when comparing back-to-back tests with no bias towards one system or the 
other. In addition, the tests were visually evaluated to verify that the distribution of 
the ice pellets was similar, further supporting the similarity in aerodynamic results 
between the two dispenser systems. In general, the results further support the 
original distribution equivalency work conducted during the winter of 2012-13 and 
demonstrates that the new generation dispensers are suitable replacements for the 
older model dispensers. 
 
 
Effect of Cooling System on Testing Procedures 
 
In general, the concept has shown promise and with some effort to isolate the 
problematic areas of the system, the cooling system can become a critical tool for 
testing and will allow greater flexibility. 
 
 
Heavy Contamination 
 
In general, the results indicated that although a significant amount of frozen 
contamination was present prior to takeoff, the anti-icing fluid provided the 
protection required by allowing the shear forces to remove most of the ice prior to 
rotation. Although difficult to extrapolate such an extreme case in a two-dimensional 
model to a full-scale aircraft, it does provide information into the safety buffers 
inherently built into these fluids. 
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SOMMAIRE 
 
 

CONTEXTE 
 

Dans le cadre d’un contrat avec le Centre de développement des transports (CDT) et 
avec l’appui financier de la Federal Aviation Administration (FAA), APS Aviation Inc. 
(APS) a entrepris des activités de recherche visant à faire progresser les technologies 
associées au dégivrage et à l’antigivrage d’aéronefs au sol. APS a mené une série 
d’essais pleine grandeur dans la soufflerie de givrage à propulsion et à circuit ouvert 
de 3 m sur 6 m du Conseil national de recherches Canada (CNRC) afin de déterminer 
les caractéristiques de ruissellement du liquide d’antigivrage avec et sans 
contamination par des précipitations gelées simulées. 
 

Afin de profiter des économies d’échelle associées au composant à coûts fixes 
élevés, Transports Canada (TC) et la FAA ont décidé de mener une série d’essais 
dans le but d’étudier des domaines de recherche revêtant un intérêt pour le secteur 
afin de répondre à des préoccupations opérationnelles. Ces essais ont été réalisés en 
même temps que la recherche sur les granules de glace menée dans la soufflerie de 
givrage à propulsion du CNRC. Les résultats des essais menés en 2013-2014 sur les 
marges de tolérance dans des conditions de granules de glace, de même que les 
résultats des essais menés en soufflerie et sur l’étalonnage et la caractérisation des 
ailes, se trouvent dans le rapport de TC, TP 15273E, Wind Tunnel Trials to Support 
Further Development of Ice Pellet Allowance Times: Winter 2013-14 (1). 
 
 

Évaluation d’un moniteur de performance du profil d’aile (APM) 
 

Les essais réalisés ont fourni à Marinvent une plateforme lui permettant d’évaluer 
l’APM, dont les détails ont été conservés à l’interne. Comme lors des essais menés 
en 2012-2013, les premières observations ont révélé que du liquide s’introduisait 
dans les sondes de pression de l’APM ; la portée des effets devrait toutefois être 
étudiée davantage par le fabricant. Cette collaboration entre TC, la FAA et Marinvent 
a permis de générer des données de laboratoire dans un environnement contrôlé 
pouvant être utilisées pour poursuivre le développement de ce capteur et accroître la 
possibilité que cette technologie soit utilisée sur le terrain.   
 
 

Essais aérodynamiques sur les revêtements glaciophobes 
 

Un plan d’essais a été conçu et mis en œuvre au cours de l’hiver 2013-2014 dans le 
but d’étudier d’autres facteurs et d’obtenir de nouveaux renseignements sur les 
possibles applications de ces revêtements pour la navigation aérienne, ainsi que pour 
continuer les recherches de façon à inclure les formulations de revêtement 
nouvellement développées. Dans le cadre de ce plan, il a été recommandé de 
poursuivre les essais afin d’étudier les effets de tels revêtements sur les liquides de 
dégivrage et d’antigivrage du point de vue des durées d’efficacité et de 
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l’aérodynamisme. Les travaux réalisés dans la soufflerie au cours de 
l’hiver 2013-2014 s’inscrivaient dans un projet plus vaste de plusieurs années, dont 
les détails sont inclus dans le rapport de TC, TP 15275E, Investigation of Ice Phobic 
Technologies to Reduce Aircraft Icing in Northern and Cold Climates (Vol. 1) (2). 
 
 

Liquide de type I pour les aéronefs à très basse vitesse 
 

Selon les résultats des essais en soufflerie et sur l’épaisseur de déplacement de la 
couche limite (EDCL), la perte de portance et l’EDCL augmentent à mesure que la 
température ou la vitesse diminuent. L’élévation de la température minimale 
d’utilisation opérationnelle (LOUT) du liquide pourrait compenser les vitesses de 
rotation plus basses et fournir une certaine flexibilité pour les aéronefs dont la vitesse 
de rotation est très basse. L’utilisation d’un liquide associé à une LOUT beaucoup 
plus basse pourrait aussi augmenter la flexibilité à des températures et à des vitesses 
plus basses. Il convient de noter que ces résultats ont été obtenus à partir d’un 
modèle bidimensionnel ; des essais en grandeur réelle seraient probablement requis 
pour apporter des changements aux directives opérationnelles. 
 
 

Évaluation des distributeurs de granules de glace de nouvelle génération 
 

Les résultats indiquent que les différences dans les pertes de portance enregistrées 
étaient généralement très faibles lorsque l’on compare les essais successifs sans parti 
pris pour un système ou un autre. En outre, les essais ont été évalués de façon 
visuelle afin de veiller à ce que la distribution des granules de glace soit semblable, 
ce qui vient confirmer la similarité des résultats aérodynamiques entre les deux 
distributeurs. En général, les résultats sont venus étayer les travaux d’équivalence 
de la distribution d’origine menés au cours de l’hiver 2012-2013 et démontrent que 
les distributeurs de nouvelle génération constituent des remplacements adéquats 
pour les anciens modèles. 
 
 

Effet du système de refroidissement sur les procédures d’essai 
 

En général, le concept s’est révélé prometteur et, en déployant quelques efforts pour 
isoler les zones problématiques, le système de refroidissement peut devenir un outil 
essentiel pour les essais, offrant une plus grande flexibilité. 
 

Forte contamination 
 

En général, les résultats ont indiqué que, même si une quantité importante de 
contaminants gelés était présente avant le décollage, le liquide d’antigivrage 
fournissait la protection requise en permettant à la force de cisaillement d’éliminer 
presque totalement la glace avant la rotation. Bien qu’il soit difficile d’extrapoler une 
situation si extrême d’un modèle bidimensionnel à un aéronef pleine grandeur, ces 
résultats fournissent de l’information sur les marges de sécurité inhérentes à ces 
liquides. 
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1. INTRODUCTION 
 
Under winter precipitation conditions, aircraft are cleaned with a freezing point 
depressant fluid and protected against further accumulation by an additional 
application of such a fluid, possibly thickened to extend the protection time. Aircraft 
ground deicing had, until recently, never been researched and there is still an 
incomplete understanding of the hazard and of what can be done to reduce the risks 
posed by the operation of aircraft in winter precipitation conditions. This "winter 
operations contaminated aircraft – ground" program of research is aimed at 
overcoming this lack of knowledge. 
 
Since the early 1990s, the Transportation Development Centre (TDC) of Transport 
Canada (TC) has managed and conducted de/anti-icing related tests at various sites 
in Canada; it has also coordinated worldwide 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 Canada 
(NRC), the 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 research activities to further advance aircraft ground 
de/anti-icing technology. 
 
As part of a larger research program examining de/anti-icing fluid flow-off during 
simulated aircraft takeoff, APS conducted a series of full-scale tests in the NRC 
3 m x 6 m Open-Circuit Propulsion Icing Wind Tunnel (PIWT) using a super-critical 
wing model to determine the flow-off characteristics of anti-icing fluid with and 
without mixed precipitation conditions with ice pellets. 
 
 
1.1 Background 
 
The Ice Pellet Allowance Time research has helped further develop and improve the 
PIWT facility. As a result, a new medium is now available for aerodynamic testing of 
aircraft ground icing fluids with or without contamination in a full-scale format. 
Several other ground deicing projects have been ongoing as a result of industry 
requests and are expected to continue. The PIWT has evolved into a multidisciplinary 
facility; however, it continues to be the primary source for the development and 
further refinement of the ground deicing ice pellet allowance time guidance material. 
 
To benefit from economies of scale associated with the large fixed cost component 
of running the PIWT, TC and the FAA opted to conduct a series of tests to investigate 
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areas of research that are of interest to industry to address operational concerns. 
This work was completed in conjunction with the ice pellet research being conducted 
at the NRC PIWT. Details of the 2013-14 ice pellet allowance time related research, 
as well as the wind tunnel and wing calibration and characterization research, can 
be found in the TC report, TP 15273E, Wind Tunnel Trials to Support Further 
Development of Ice Pellet Allowance Times: Winter 2013-14 (1). 
 
 

1.2 Previous Reports 
 
Reports describing the research and development objectives conducted in previous 
years in the NRC wind tunnel have been compiled and are available. In 2008-09, 
2009-10, 2010-11, and 2012-13, comprehensive reports describing the R&D 
objectives were compiled and can be referenced as: 
 

• TC report, TP 14939E, Exploratory Wind Tunnel Aerodynamic Research 
Examination of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 
2008-09 (3); 

• TC report, TP 15057E, Exploratory Wind Tunnel Aerodynamic Research 
Examination of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 
2009-10 (4); 

• TC report, TP 15160E, Exploratory Wind Tunnel Aerodynamic Research: 
Examination of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 
2010-11 (5); and 

• TC report, TP 15233E, Exploratory Wind Tunnel Aerodynamic Research 
Examination of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 
2012-13 (6). 

 
In 2006-07, a feasibility report describing the potential for using the wind tunnel and 
Falcon 20 aircraft for R&D testing initiatives was compiled and can be referenced as 
TC report, TP 14778E, Flow of Contaminated Fluid from Aircraft Wings: Feasibility 
Report (7). 
 
 

1.3 Program Objectives 
 
Full-scale testing during the winter of 2013-14 was conducted using the NRC PIWT. 
The primary testing conducted aimed at validating the current allowance times for 
use with newer generation aircraft with thin high-performance wing designs, as well 
as completing the wind tunnel and wing calibration and characterization research.  
 
As part of this larger research program, APS conducted some additional testing 
during the winter of 2013-14 to investigate several areas of research. Aerodynamic 
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testing was conducted in conjunction with the ice pellet allowance time research 
program. Research was conducted to satisfy the following objectives: 
 

• Evaluation of an airfoil performance monitor (APM);  

• Evaluation of ice phobic coatings with and without fluid; 

• Type I fluid use for very low-speed aircraft; 

• Equivalency evaluation of a new ice pellet dispenser system; 

• Evaluation of a cooling system for the wind tunnel test section; and 

• Heavy contamination and aerodynamic effects. 
 
The results from this work are reported in Sections 3 to 7 of this report. The work 
statement for these tests is provided in Appendix A. 
 
 

1.4 Overview of 2013-14 Testing 
 
Table 1.1 demonstrates the groupings for the global set of tests conducted at the 
wind tunnel during the winter of 2013-14. Only tests pertaining to Objectives #5, 
#6, #7, and #8 are described in this report. 
 

Table 1.1: Summary of 2013-14 Wind Tunnel Tests by Objective 

Objective # Objective # of Runs 

1 Baseline 26 

2 Type III Allowance Times 28 

3 Ice Pellet Expansion  11 

4 Ice Pellet Validation with New Temperatures & Fluids 10 

5 Ice Phobic Coatings 257 

6 Type I Very Low Speed 31 

7 New Ice Pellet Dispenser System Validation 11 

8 R&D (APM, Heavy Contamination, Cooling System) 9 

  Total 383 

 
 
1.5 General Methodology  
 
To satisfy the program objective, simulated takeoff and climb-out tests were 
performed with the thin high-performance wing section, and different parameters, 
including fluid thickness, wing temperature, and fluid freezing point, were recorded 
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at designated times during the tests. The thin high-performance wing section was 
constructed by the NRC specifically to conduct these tests following extensive 
consultations with an airframe manufacturer to ensure a representative thin 
high-performance design was used. 
 
The typical procedure for each test was as follows:  
 

a) The wing section was treated with anti-icing fluid, poured as a one-step 
operation; 

b) In some tests, contamination, in the form of simulated ice pellets, freezing 
rain, and/or snow, was applied to the wing section. Test parameters were 
measured at the beginning and end of the exposure to contamination;  

c) At the end of the contamination period (if applicable), the tunnel was cleared 
of all equipment and scaffolding; 

d) The wind tunnel was subsequently operated through a simulated takeoff and 
climb-out test; and 

e) The behaviour of the fluid during takeoff and climb-out was recorded with 
digital high-speed still cameras. In addition, windows overlooking the wing 
section allowed observers to document the fluid elimination performance in 
real-time.  

 
The procedure for the wind tunnel tests is included in Appendix B. The procedure 
includes details regarding the test objectives, test plan, procedure and methodology, 
and pertinent information and documentation. 
 
This general methodology was modified as necessary in order to satisfy the individual 
test objectives. Deviation from this methodology will be described in the individual 
test results sections. 
 
 
1.6 General Analysis Methodology  
 
A thorough and extensive analysis methodology has been developed and applied for 
the ice pellet allowance time testing. This is described in the TC report, TP 15232E, 
Wind Tunnel Trials to Examine Anti-Icing Fluid Flow-Off Characteristics and to 
Support the Development of Ice Pellet Allowance Times, Winters 2009-10 to 
2012-13 (8). This analysis methodology has been applied when applicable for 
analysing the tests described in this report. 
 
Typically, each test is analysed in detail using the following objectives: 
 

a) Test parameters; 
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b) Visual ratings at the start of the test; 

c) Visual ratings at rotation; 

d) 8° rotation lift loss; and 

e) Overall test status. 

 
The evaluation grades for each criterion were “good,” “review,” or “bad.” These 
grades were determined based on whether the criteria satisfied each test objective 
requirement. Figure 1.1 shows a summary of each test objective and criteria. These 
evaluation criteria were applied as necessary to the analysis of the tests described in 
this report.  
 
 

 
Figure 1.1: Wind Tunnel Test Analysis Criteria 

CRITERIA: LE / TE <  3

Flap <  4

< 3, 3, 4 GOOD
> 3, 3, 4 to 3.5, 3.5, 4.5 REVIEW

> 3.5, 3.5, 4.5 BAD

CRITERIA: LE = 1

1 GOOD
1 to 1.5 REVIEW

> 1.5 BAD

CRITERIA:

< 5.4% GOOD
5.4% to 9.2% REVIEW

> 9.2% BAD

GREEN

YELLOW

RED

THEREFORE WORST OF ABOVE 3 CRITERIA, ORDER IS:

< -2 σ
-2 σ to 2σ

1. TEST PARAMETERS

> +2 σ

4. LIFT LOSS AT 8°

3. VISUAL RATINGS AT ROTATION

2. VISUAL RATINGS AT START OF TEST

OVERALL STATUS

IF ANY OF THE ABOVE CRITERIA ARE RED, TEST IS NOT ACCEPTABLE
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1.7 General Data 
 
For documentation purposes, data that was collected during the wind tunnel tests 
has been included in this report regardless of whether or not the information was 
used for analysis. Completed wing temperature, fluid thickness, and fluid Brix data 
forms have been included in Appendix C. High-speed digital photography of each 
test, as well as video in some cases, was taken. However, due to the large amount 
of data available, photos of the individual tests have not been included in this report. 
Rather, the high-resolution photos are in electronic format and have been made 
available to the TDC and can be seen upon request. 
 
 
1.8 Report Format 
 
The following list provides short descriptions of subsequent sections of this report: 
 

a) Section 2 contains the global test log for the 2013-14 wind tunnel testing 
campaign; 

b) Section 3 describes the data, results, and observations for the evaluation of 
the APM; 

c) Section 4 describes the data, results, and observations for the evaluation of 
ice phobic coatings with and without fluid; 

d) Section 5 describes the data, results, and observations for the Type I fluid use 
for very low-speed aircraft;  

e) Section 6 describes the data, results, and observations for the equivalency 
evaluation of a new ice pellet dispenser system; 

f) Section 7 describes the data, results, and observations for the evaluation of a 
cooling system for the wind tunnel test section; and 

g) Section 8 describes the data, results, and observations for the heavy 
contamination tests. 
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2. DATA LOG 
 
 
2.1 Test Log 
 
A detailed log of the tests conducted in the NRC PIWT is shown in Table 2.1. Data 
pertaining to all test objectives (ice pellet allowance time research objectives as well) 
is included in the log. Table 2.1 provides relevant information for each of the tests, 
as well as final values used for the data analysis. Each column contains data specific 
to one test. The following is a brief description of the column headings for Table 2.1. 
 
Test #: Exclusive number identifying each test. 

Test Year: The year in which the test was conducted. 

Objective: Main objective of the test. 

Test Condition: Description of the simulated conditions for 
the test. 

Fluid Name: Name of the aircraft anti-icing fluid used 
during the test.  

Rotation Angle (º): Maximum angle of rotation obtained during 
simulated takeoff run; began testing with a 
max 8º rotation angle and increased to 20º as 
testing progressed. 

Flap Angle: Positioning of the flap during the precipitation 
period; either 0º (retracted) or 20º (extended). 
Note: Flap was always extended at 20º during 
the takeoff run.  

Date: Date when the test was conducted. 

OAT Before Test (ºC): Outside air temperature recorded just before 
the start of the simulated takeoff test, 
measured in degrees Celsius. 

 Note: Not an important parameter as “Tunnel 
Temp. Before Test” was used as actual test 
temperature for analysis.  

Tunnel Temp. Before Test (ºC): Static tunnel ambient temperature recorded 
just before the start of the simulated takeoff 
test, measured in degrees Celsius.  

 Note: This parameter was used as the actual 
test temperature for analysis.  
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Precipitation Rate (g/dm²/h): Simulated freezing or frozen precipitation rate 
(or combination of different precipitation 
rates). “N/A” indicates that no precipitation 
was applied.  

Exposure Time: Simulated precipitation period, recorded in 
minutes. 

 
The visual contamination ratings are described below. Visual contamination ratings 
were typically reported as the average of the three observer ratings and rounded to 
the nearest decimal. The visual contamination ratings system is further described in 
Subsection 4.1. 
 
Visual Contamination Rating  
Before Takeoff (LE, TE, Flap): Visual contamination rating determined 

before the start of the simulated takeoff: 

1 - Contamination not very visible, fluid still 
clean. 

2 - Contamination is visible, but lots of fluid 
still present. 

3 - Contamination visible, spots of bridging 
contamination. 

4 - Contamination visible, lots of dry bridging 
present. 

5 - Contamination visible, adherence of 
contamination. 

Visual Contamination Rating at  
Rotation (LE, TE, Flap): Visual contamination rating determined at the 

time of rotation: 

1 - Contamination not very visible, fluid still 
clean. 

2 - Contamination is visible, but lots of fluid 
still present. 

3 - Contamination visible, spots of bridging 
contamination. 

4 - Contamination visible, lots of dry bridging 
present. 

5 - Contamination visible, adherence of 
contamination. 
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Visual Contamination Rating  
After Takeoff (LE, TE, Flap): Visual contamination rating determined at 

the end of the test: 

1 - Contamination not very visible, fluid still 
clean. 

2 - Contamination is visible, but lots of fluid 
still present. 

3 - Contamination visible, spots of bridging 
contamination. 

4 - Contamination visible, lots of dry bridging 
present. 

5 - Contamination visible, adherence of 
contamination. 

Corrected for 3D Effects CL at 8º: Calculated lift coefficient at the 8º wing 
rotation angle position; data provided by the 
NRC. 

Corrected for 3D Effects 
% Lift Loss on CL vs. Dry CL: Percentage lift loss calculated based on the 

comparison of the 8º lift coefficient during the 
test run versus the dry wing average lift 
coefficient. 

Speed (kts): Maximum speed obtained during simulated 
takeoff run, recorded in knots.  

 



2. DATA LOG 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.003 (TC Deicing 13-14)/Reports/WT R&D/Final Version 1.0/TP 15274E Final Version 1.0.docx 
Final Version 1.0, August 21 

10 

Table 2.1: Wind Tunnel Test Log 2013-14 

Test 
# 

Test 
Year Objective Test Condition 

Fluid 
Name 

Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

1 2013-14 Baseline Dry Wing none 22 20 8-Jan-14 -9.9 -9.3 - - - - - 1.460 0.38% 80 

2 2013-14 Baseline Dry Wing none 8 20 8-Jan-14 -9.9 -9.3 - - - - - 1.473 -0.56% 100 

3 2013-14 Baseline Dry Wing none 22 20 8-Jan-14 -10.1 -10.1 - - - - - 1.460 0.34% 80 

4 2013-14 Baseline Dry Wing none 8 20 8-Jan-14 -10.1 -10.1 - - - - - 1.474 -0.60% 100 

5 2013-14 R&D 
EFFECT OF 
COOLING 
SYSTEM 

EG106 8 20 8-Jan-14 -9.2 -5.2 - - - - - 1.439 1.78% 100 

6 2013-14 R&D 
EFFECT OF 
COOLING 
SYSTEM 

EG106 8 20 8-Jan-14 n/a n/a - - - - - n/a  - 100 

7 2013-14 Baseline Dry Wing none 22 20 9-Jan-14 -11.5 -9.9 - - - - - 1.462 0.24% 80 

8 2013-14 Baseline Dry Wing none 8 20 9-Jan-14 -10.1 -7.3 - - - - - 1.471 -0.41% 100 

9 2013-14 IP 
Expansion  

IP- / SN- ABC-S 
Plus  

8 20 9-Jan-14 -10.1 -7.3 IP=25 
SN=10 

10 2,  2,  2.5 1,  1.5,  1.75 1,  1,  1.1 1.370 6.47% 100 

10 2013-14 
IP 

Expansion  IP- / SN 
ABC-S 
Plus  8 20 9-Jan-14 -9.6 -6.7 

IP=25 
SN=25 10 2,  2,  3 1,  1.5,  2.25 1,  1,  1.2 1.372 6.38% 100 

11 2013-14 
IP 

Expansion  IP- / SN Launch 8 20 9-Jan-14 -9 -5.2 
IP=25 
SN=25 10 2,  1.75,  3.25 

1,  1.35,  
2.25 1,  1,  1.2 1.367 6.70% 100 

12 2013-14 IP 
Expansion  IP- / SN AD-49 8 20 9-Jan-14 -7.4 -3.3 IP=25 

SN=25 10 2,  2,  3.5 1,  1.6,  2.25 1,  1.2,  1.4 1.381 5.75% 100 

13 2013-14 
Type III 

Allowance 
Times 

IP- / SN 2031 - 
Cold 8 20 9-Jan-14 -7.4 -3.1 IP=25 

SN=25 10 2.25,  1.9,  3.5 1,  1.5,  1.95 1,  1.15,  1.2 1.431 2.32% 100 

14 2013-14 
Type III 

Allowance 
Times 

IP- / SN- 2031 - 
Cold 

8 20 9-Jan-14 -7.2 -4.2 IP=25 
SN=10 

10 2,  2,  2.1 1,  1.05,  
1.25 

1,  1,  1 1.441 1.64% 100 

15 2013-14 
Type III 

Allowance 
Times 

IP- 2031 - 
Cold 

8 20 9-Jan-14 -7.1 -4.7 IP=25  10 2,  2,  2 1,  1,  1.15 1,  1,  1 1.434 2.14% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

16 2013-14 
Type III 

Allowance 
Times 

IP Mod 2031 - 
Cold 

8 20 9-Jan-14 -7.3 -4.8 IP=75 5 2,  2,  2.15 1,  1.1,  1.4 1,  1,  1 1.441 1.63% 100 

17 2013-14 Baseline Dry Wing none 22 20 10-Jan-14 -11.2 -4.8 - - - - - 1.465 0.00% 80 

18 2013-14 Baseline Dry Wing none 8 20 10-Jan-14 -11.2 -4.8 - - - - - 1.462 0.22% 100 

19 2013-14 
Type III 

Allowance 
Times 

IP- / ZR- 
2031 - 
Cold 8 20 10-Jan-14 -9.2 -3.8 

IP=25 
ZR=25 7 2,  2,  2.15 1,  1,  1.5 1,  1,  1.35 1.442 1.57% 100 

20 2013-14 
Type III 

Allowance 
Times 

IP- / ZR- 2031 - 
Hot 8 20 10-Jan-14 -8.5 -3.3 IP=25 

ZR=25 7 1.25,  1.5,  
1.45 1,  1,  1 1,  1,  1 1.439 1.77% 100 

21 2013-14 
Type III 

Allowance 
Times 

IP- 2031 - 
Hot 8 20 10-Jan-14 -7.7 -5.2 IP=25  10 2,  2,  2.1 1,  5,  1 1,  5,  1 1.437 1.90% 100 

22 2013-14 
Type III 

Allowance 
Times 

IP- 2031 - 
Hot 

8 20 10-Jan-14 -7.2 -2.8 IP=25  7 1.9,  1.75,  
1.25 

1,  3,  1 1,  3,  1 1.441 1.64% 100 

23 2013-14 
Type III 

Allowance 
Times 

IP- 2031 - 
Hot 

8 20 10-Jan-14 -6.9 -2.9 IP=25  5 1.5,  1.25,  
1.15 

1,  1,  1 1,  1,  1 1.436 2.00% 100 

24 2013-14 
Type III 

Allowance 
Times 

IP Mod 
2031 - 

Hot 8 20 10-Jan-14 -6.7 -3 IP=75 5 2.25,  2,  2.25 1,  5,  1 1,  5,  1 1.444 1.46% 100 

25 2013-14 
Type III 

Allowance 
Times 

IP- / SN 
2031 - 

Hot 8 20 10-Jan-14 -6.1 -2.3 
IP=25 
SN=25 10 2.5,  2,  3.75 

1,  3.25,  
3.75 1,  5,  3.75 1.439 1.76% 100 

26 2013-14 Baseline Dry Wing none 22 20 13-Jan-14 4.8 8.1 - - - - - 1.460 0.35% 80 

27 2013-14 Baseline Dry Wing none 8 20 13-Jan-14 4.8 8.1 - - - - - 1.477 -0.81% 100 

28 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 13-Jan-14 5.5 5.7 - - - - - 1.470 -0.29% 100 

29 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 13-Jan-14 5.5 5.7 - - - - - 1.471 -0.37% 100 

30 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 13-Jan-14 5.5 5.7 - - - - - 1.473 -0.56% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

31 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 13-Jan-14 5.5 5.7 - - - - - 1.481 -1.10% 100 

32 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 13-Jan-14 5.5 5.7 - - - - - 1.482 -1.14% 100 

33 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 13-Jan-14 5.5 5.7 - - - - - 1.482 -1.11% 100 

34 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 80 

35 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 80 

36 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 80 

37 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 100 

38 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 100 

39 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 100 

40 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 115 

41 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 115 

42 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 5.5 5.7 - - - - - n/a  - 115 

43 2013-14 Ice Phobic 
R&D 

Dry Wing none 22 20 13-Jan-14 5.5 5.7 - - - - - 1.461 0.26% 80 

44 2013-14 Ice Phobic 
R&D 

Dry Wing none 22 20 13-Jan-14 5.5 5.7 - - - - - 1.466 -0.03% 80 

45 2013-14 
Ice Phobic 

R&D Dry Wing none 22 20 13-Jan-14 5.5 5.7 - - - - - 1.466 -0.03% 80 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

46 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 13-Jan-14 5.5 5.7 - - - - - 1.474 -0.63% 100 

47 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 13-Jan-14 5.5 5.7 - - - - - 1.469 -0.27% 100 

48 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 13-Jan-14 5.5 5.7 - - - - - 1.469 -0.26% 100 

49 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 40 

50 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 40 

51 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 40 

52 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 60 

53 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 60 

54 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 60 

55 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 80 

56 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 80 

57 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 80 

58 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 100 

59 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 100 

60 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

61 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - max 
(120) 

62 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - max 
(120) 

63 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 13-Jan-14 6.1 6.4 - - - - - n/a  - 
max 
(120) 

64 2013-14 
Ice Phobic 

R&D Dry Wing none 23 20 13-Jan-14 6.1 6.4 - - - - - 1.448 1.21% 80 

65 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 13-Jan-14 6.1 6.4 - - - - - 1.464 0.09% 80 

66 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 13-Jan-14 6.1 6.4 - - - - - 1.464 0.09% 80 

67 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.466 -0.08% 100 

68 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.459 0.44% 100 

69 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.460 0.33% 100 

70 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 14-Jan-14 4.4 4.3 - - - - - 1.471 -0.38% 100 

71 2013-14 Ice Phobic 
R&D Dry Wing none 8 pitch 

pause 20 14-Jan-14 4.4 4.3 - - - - - 1.470 -0.32% 100 

72 2013-14 Ice Phobic 
R&D Dry Wing none 8 pitch 

pause 20 14-Jan-14 4.4 4.3 - - - - - 1.470 -0.32% 100 

73 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 80 

74 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 80 

75 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 80 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

76 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 100 

77 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 100 

78 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 100 

79 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 115 

80 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 115 

81 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 115 

82 2013-14 Ice Phobic 
R&D 

Dry Wing none 20 20 14-Jan-14 4.4 4.3 - - - - - 1.449 1.11% 80 

83 2013-14 Ice Phobic 
R&D 

Dry Wing none 20 20 14-Jan-14 4.4 4.3 - - - - - 1.449 1.14% 80 

84 2013-14 
Ice Phobic 

R&D Dry Wing none 20 20 14-Jan-14 4.4 4.3 - - - - - 1.447 1.24% 80 

85 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.458 0.46% 100 

86 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.461 0.27% 100 

87 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.462 0.20% 100 

88 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.464 0.11% 100 

89 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.465 0.04% 100 

90 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.461 0.30% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

91 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 14-Jan-14 4.4 4.3 - - - - - 1.470 -0.31% 100 

92 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 14-Jan-14 4.4 4.3 - - - - - 1.472 -0.44% 100 

93 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 14-Jan-14 4.4 4.3 - - - - - 1.470 -0.33% 100 

94 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 80 

95 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 80 

96 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 80 

97 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 100 

98 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 100 

99 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 100 

100 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 115 

101 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 115 

102 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.4 4.3 - - - - - n/a  - 115 

103 2013-14 Ice Phobic 
R&D 

Dry Wing none 20 20 14-Jan-14 4.4 4.3 - - - - - 1.445 1.37% 80 

104 2013-14 Ice Phobic 
R&D 

Dry Wing none 20 20 14-Jan-14 4.4 4.3 - - - - - 1.444 1.44% 80 

105 2013-14 
Ice Phobic 

R&D Dry Wing none 20 20 14-Jan-14 4.4 4.3 - - - - - 1.451 0.97% 80 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

106 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.463 0.17% 100 

107 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.460 0.36% 100 

108 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 14-Jan-14 4.4 4.3 - - - - - 1.461 0.31% 100 

109 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 14-Jan-14 4.3 4.4 - - - - - 1.460 0.33% 100 

110 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 14-Jan-14 4.3 4.4 - - - - - 1.458 0.50% 100 

111 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 14-Jan-14 4.3 4.4 - - - - - 1.462 0.25% 100 

112 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 14-Jan-14 4.3 4.4 - - - - - 1.466 -0.02% 100 

113 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 14-Jan-14 4.3 4.4 - - - - - 1.464 0.06% 100 

114 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 14-Jan-14 4.3 4.4 - - - - - 1.466 -0.07% 100 

115 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 80 

116 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 80 

117 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 80 

118 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 100 

119 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 100 

120 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 100 



2. DATA LOG 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.003 (TC Deicing 13-14)/Reports/WT R&D/Final Version 1.0/TP 15274E Final Version 1.0.docx 
Final Version 1.0, August 21 

18 

Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

121 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 115 

122 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 115 

123 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 14-Jan-14 4.3 4.4 - - - - - n/a  - 115 

124 2013-14 
Ice Phobic 

R&D Dry Wing none 23 20 14-Jan-14 4.3 4.4 - - - - - 1.444 1.43% 80 

125 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 14-Jan-14 4.3 4.4 - - - - - 1.443 1.53% 80 

126 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 14-Jan-14 4.3 4.4 - - - - - 1.446 1.30% 80 

127 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.3 4.4 - - - - - 1.458 0.50% 100 

128 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 4.3 4.4 - - - - - 1.454 0.76% 100 

129 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 14-Jan-14 4.3 4.4 - - - - - 1.453 0.85% 100 

130 2013-14 
Ice Phobic 

R&D Fluid Only EG106 8 20 14-Jan-14 -0.4 1.2 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.426 2.65% 100 

131 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 14-Jan-14 -0.5 1.2 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.427 2.62% 100 

132 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 14-Jan-14 -1.3 1.1 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.424 2.83% 100 

133 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 -1.2 -0.3 - - - - - 1.444 1.45% 100 

134 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 14-Jan-14 -1.2 -0.3 - - - - - 1.445 1.36% 100 

135 2013-14 
Ice Phobic 

R&D Fluid Only EG106 8 20 15-Jan-14 -1.1 1.4 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.426 2.71% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

136 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 15-Jan-14 -1.5 -0.5 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.425 2.74% 100 

137 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 15-Jan-14 -1.7 0.9 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.430 2.42% 100 

138 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 15-Jan-14 -1.5 0.4 - - - - - 1.456 0.65% 100 

139 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 15-Jan-14 -1.5 0.4 - - - - - 1.457 0.55% 100 

140 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 15-Jan-14 -2.3 -1.5 - - - - - 1.454 0.76% 100 

141 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 15-Jan-14 -2.3 -1.5 - - - - - 1.452 0.93% 100 

142 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 15-Jan-14 -2.3 -1.5 - - - - - 1.462 0.20% 100 

143 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 15-Jan-14 -2.3 -1.5 - - - - - 1.462 0.25% 100 

144 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 15-Jan-14 -2.3 -1.5 - - - - - 1.461 0.29% 100 

145 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 100 

146 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 80 

147 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 80 

148 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 80 

149 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 100 

150 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

151 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 100 

152 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 115 

153 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 115 

154 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -2.3 -1.5 - - - - - n/a  - 115 

155 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 15-Jan-14 -2.3 -1.5 - - - - - 1.442 1.59% 80 

156 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 15-Jan-14 -2.3 -1.5 - - - - - 1.443 1.49% 80 

157 2013-14 Ice Phobic 
R&D 

Dry Wing none 23 20 15-Jan-14 -2.3 -1.5 - - - - - 1.435 2.05% 80 

158 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 15-Jan-14 -2.3 -1.5 - - - - - 1.453 0.82% 100 

159 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 15-Jan-14 -2.3 -1.5 - - - - - 1.455 0.69% 100 

160 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 15-Jan-14 -2.3 -1.5 - - - - - 1.454 0.80% 100 

161 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 15-Jan-14 -2.9 -1.2 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.426 2.70% 100 

162 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 15-Jan-14 -3 -1.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.426 2.68% 100 

163 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 15-Jan-14 -3.3 -1.8 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.426 2.66% 100 

164 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 15-Jan-14 -4.3 0.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.436 1.99% 100 

165 2013-14 
Ice Phobic 

R&D Fluid Only EG106 8 20 15-Jan-14 -4.1 -2.9 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.437 1.95% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

166 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 15-Jan-14 -4.3 0.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.436 2.00% 100 

167 2013-14 Baseline Dry Wing none 8 20 15-Jan-14 -0.3 0.3 - - - - - 1.479 -0.96% 100 

168 2013-14 Baseline Dry Wing none 22 20 15-Jan-14 -0.3 0.3 - - - - - 1.456 0.64% 80 

169 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 15-Jan-14 -1.1 -1 - - - - - 1.459 0.45% 100 

170 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 15-Jan-14 -1.1 -1 - - - - - 1.459 0.44% 100 

171 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 15-Jan-14 -1.1 -1 - - - - - 1.457 0.56% 100 

172 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 15-Jan-14 -1.1 -1 - - - - - 1.468 -0.20% 100 

173 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 15-Jan-14 -1.1 -1 - - - - - 1.466 -0.07% 100 

174 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 15-Jan-14 -1.1 -1 - - - - - 1.468 -0.20% 100 

175 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 80 

176 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 80 

177 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 80 

178 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 100 

179 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 100 

180 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

181 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 115 

182 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 115 

183 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 15-Jan-14 -1.1 -1 - - - - - n/a  - 115 

184 2013-14 
Ice Phobic 

R&D Dry Wing none 23 20 15-Jan-14 -1.1 -1 - - - - - 1.435 2.04% 80 

185 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 15-Jan-14 -1.1 -1 - - - - - 1.445 1.35% 80 

186 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 15-Jan-14 -1.1 -1 - - - - - 1.435 2.09% 80 

187 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 15-Jan-14 -1.1 -1 - - - - - 1.453 0.81% 100 

188 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 15-Jan-14 -1.1 -1 - - - - - 1.455 0.68% 100 

189 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 15-Jan-14 -1.1 -1 - - - - - 1.457 0.54% 100 

190 2013-14 
Ice Phobic 

R&D Fluid Only EG106 8 20 15-Jan-14 -0.9 -0.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.429 2.46% 100 

191 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 15-Jan-14 -0.8 -0.5 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.424 2.80% 100 

192 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 15-Jan-14 -0.9 -0.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.430 2.40% 100 

193 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -1.1 -0.3 - - - - - 1.462 0.25% 100 

194 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -1.1 -0.3 - - - - - 1.456 0.62% 100 

195 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 16-Jan-14 -1.9 -2.3 - - - - - 1.460 0.39% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

196 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -1.9 -2.3 - - - - - 1.456 0.66% 100 

197 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -1.9 -2.3 - - - - - 1.453 0.86% 100 

198 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 16-Jan-14 -1.9 -2.3 - - - - - 1.461 0.32% 100 

199 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 16-Jan-14 -1.9 -2.3 - - - - - 1.462 0.25% 100 

200 2013-14 Ice Phobic 
R&D Dry Wing none 8 pitch 

pause 20 16-Jan-14 -1.9 -2.3 - - - - - 1.463 0.13% 100 

201 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 100 

202 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 100 

203 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 100 

204 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 80 

205 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 80 

206 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 80 

207 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 115 

208 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 115 

209 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 16-Jan-14 -1.9 -2.3 - - - - - n/a  - 115 

210 2013-14 
Ice Phobic 

R&D Dry Wing none 23 20 16-Jan-14 -1.9 -2.3 - - - - - 1.439 1.78% 80 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

211 2013-14 Ice Phobic 
R&D 

Dry Wing none 23 20 16-Jan-14 -1.9 -2.3 - - - - - 1.439 1.81% 80 

212 2013-14 Ice Phobic 
R&D 

Dry Wing none 23 20 16-Jan-14 -1.9 -2.3 - - - - - 1.442 1.60% 80 

213 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 16-Jan-14 -1.9 -2.3 - - - - - 1.458 0.49% 100 

214 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 16-Jan-14 -1.9 -2.3 - - - - - 1.455 0.70% 100 

215 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 16-Jan-14 -1.9 -2.3 - - - - - 1.456 0.66% 100 

216 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 16-Jan-14 -2 -0.8 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.426 2.68% 100 

217 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 16-Jan-14 -2.2 -1.1 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.424 2.84% 100 

218 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 16-Jan-14 -2.5 -2.2 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.426 2.65% 100 

219 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 16-Jan-14 -2.6 -1.8 - - - - - 1.448 1.21% 100 

220 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 16-Jan-14 -2.6 -1.8 - - - - - 1.450 1.01% 100 

221 2013-14 Ice Phobic 
R&D ZR none 8 20 16-Jan-14 -2.8 -1.8 ZR=100 2 - - - 1.427 2.59% 100 

222 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 16-Jan-14 -3 -3.4 - - - - - 1.458 0.50% 100 

223 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -3 -3.4 - - - - - 1.455 0.71% 100 

224 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -3 -3.4 - - - - - 1.449 1.14% 100 

225 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 16-Jan-14 -3 -3.4 - - - - - 1.461 0.29% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

226 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 16-Jan-14 -3 -3.4 - - - - - 1.458 0.50% 100 

227 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 16-Jan-14 -3 -3.4 - - - - - n/a  - 100 

228 2013-14 
Ice Phobic 

R&D Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

229 2013-14 
Ice Phobic 

R&D Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

230 2013-14 Ice Phobic 
R&D Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

231 2013-14 Ice Phobic 
R&D Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

232 2013-14 Ice Phobic 
R&D 

Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

233 2013-14 Ice Phobic 
R&D 

Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

234 2013-14 
Ice Phobic 

R&D Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

235 2013-14 
Ice Phobic 

R&D Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

236 2013-14 Ice Phobic 
R&D Dry Wing none n/a* 20 16-Jan-14 -3 -3.4 - - - - - n/a  - n/a* 

237 2013-14 Ice Phobic 
R&D Dry Wing none 8 pitch 

pause 20 16-Jan-14 -3 -3.4 - - - - - 1.435 2.09% 100 

238 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 16-Jan-14 -3 -3.4 - - - - - 1.439 1.80% 100 

239 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 16-Jan-14 -3 -3.4 - - - - - 1.434 2.10% 100 

240 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 16-Jan-14 -3 -3.4 - - - - - 1.450 1.03% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

241 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -3 -3.4 - - - - - 1.443 1.50% 100 

242 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 16-Jan-14 -3 -3.4 - - - - - 1.449 1.12% 100 

243 2013-14 
Ice Phobic 

R&D Fluid Only EG106 8 20 16-Jan-14 -3.5 -1.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.422 2.96% 100 

244 2013-14 
Ice Phobic 

R&D Fluid Only EG106 8 20 16-Jan-14 -3.7 -3.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.422 2.94% 100 

245 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 17-Jan-14 -3.8 -1.8 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.414 3.47% 100 

246 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 17-Jan-14 -4.1 -1.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.420 3.07% 100 

247 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 17-Jan-14 -4.2 -2.6 - - - - - 1.449 1.13% 100 

248 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 17-Jan-14 -4.2 -2.6 - - - - - n/a  - 100 

249 2013-14 
Ice Phobic 

R&D ZR none 8 20 17-Jan-14 -4.1 -1.5 - 5 - - - 1.446 1.34% 100 

250 2013-14 Baseline Dry Wing none 22 20 17-Jan-14 -4.3 0 - - - - - 1.447 1.26% 80 

251 2013-14 Baseline Dry Wing none 8 20 17-Jan-14 -4.3 0 - - - - - 1.463 0.17% 100 

252 2013-14 Type I Low 
Speed Fluid Only Polar Plus 8 20 17-Jan-14 -4.3 -0.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.463 0.16% 100 

253 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 17-Jan-14 -4.4 -1.4 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.434 2.11% 60 

254 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 17-Jan-14 -4.5 -1.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.437 1.91% 55 

255 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 17-Jan-14 -4.5 -0.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.440 1.71% 45 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

256 2013-14 Type I Low 
Speed 

Baseline none 8 20 17-Jan-14 -4.4 -0.2 - - - - - 1.466 -0.04% 45 

257 2013-14 Type I Low 
Speed 

Baseline none 8 20 17-Jan-14 -4.4 -0.2 - - - - - 1.459 0.41% 55 

258 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 17-Jan-14 -4.4 -0.7 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.422 2.95% 45 

259 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 17-Jan-14 -4.5 -1 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.430 2.44% 55 

260 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 20-Jan-14 -8.1 -8.3 - - - - - 1.463 0.18% 100 

261 2013-14 Ice Phobic 
R&D Dry Wing none 8 20 20-Jan-14 -8.1 -8.3 - - - - - 1.455 0.68% 100 

262 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 20-Jan-14 -8.1 -8.3 - - - - - 1.461 0.27% 100 

263 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 20-Jan-14 -8.1 -8.3 - - - - - 1.468 -0.16% 100 

264 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 20-Jan-14 -8.1 -8.3 - - - - - 1.468 -0.17% 100 

265 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 20-Jan-14 -8.1 -8.3 - - - - - 1.469 -0.27% 100 

266 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 80 

267 2013-14 Ice Phobic 
R&D Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 80 

268 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 80 

269 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 100 

270 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

271 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 100 

272 2013-14 Ice Phobic 
R&D 

Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 115 

273 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 115 

274 2013-14 
Ice Phobic 

R&D Dry Wing none  -2,0,+2 20 20-Jan-14 -8.1 -8.3 - - - - - n/a  - 115 

275 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 20-Jan-14 -8.1 -8.3 - - - - - 1.438 1.83% 80 

276 2013-14 Ice Phobic 
R&D Dry Wing none 23 20 20-Jan-14 -8.1 -8.3 - - - - - 1.442 1.59% 80 

277 2013-14 Ice Phobic 
R&D 

Dry Wing none 23 20 20-Jan-14 -8.1 -8.3 - - - - - 1.439 1.77% 80 

278 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 20-Jan-14 -8.1 -8.3 - - - - - 1.456 0.63% 100 

279 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 20-Jan-14 -8.1 -8.3 - - - - - 1.456 0.62% 100 

280 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 20-Jan-14 -8.1 -8.3 - - - - - 1.456 0.66% 100 

281 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 20-Jan-14 -9 -8.7 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.425 2.75% 100 

282 2013-14 Ice Phobic 
R&D Fluid Only EG106 8 20 20-Jan-14 -9.4 -8.7 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.423 2.91% 100 

283 2013-14 Ice Phobic 
R&D 

Fluid Only EG106 8 20 20-Jan-14 -10 -9.8 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.423 2.88% 100 

284 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 20 20-Jan-14 -10.4 -10.1 - - - - - 1.461 0.26% 100 

285 2013-14 
Ice Phobic 

R&D Dry Wing none 8 20 20-Jan-14 -10.4 -10.1 - - - - - 1.458 0.52% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

286 2013-14 Ice Phobic 
R&D 

ZR none 8 20 20-Jan-14 -10.7 -10.3 - 6 - - - 1.429 2.47% 100 

287 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 20-Jan-14 -11.8 -11.6 - - - - - 1.466 -0.08% 100 

288 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 20-Jan-14 -11.8 -11.6 - - - - - 1.463 0.13% 100 

289 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 20-Jan-14 -11.8 -11.6 - - - - - 1.464 0.10% 100 

290 2013-14 Ice Phobic 
R&D Dry Wing none 8 pitch 

pause 20 20-Jan-14 -13 -13 - - - - - 1.467 -0.10% 100 

291 2013-14 Ice Phobic 
R&D Dry Wing none 8 pitch 

pause 20 20-Jan-14 -13 -13 - - - - - 1.465 0.03% 100 

292 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 20-Jan-14 -13 -13 - - - - - 1.465 -0.01% 100 

293 2013-14 Baseline Dry Wing none 22 20 20-Jan-14 -20 -17.9 - - - - - 1.458 0.52% 80 

294 2013-14 Baseline Dry Wing none 8 20 20-Jan-14 -20 -17.9 - - - - - 1.465 0.03% 100 

295 2013-14 
Type III 

Allowance 
Times 

IP- 
2031 - 
Cold 8 20 20-Jan-14 -20.4 -18.7 IP=25 10 2.2,  2.2,  2.7 1,  1.8,  2.1 1,  1,  1.2 1.384 5.55% 100 

296 2013-14 
Type III 

Allowance 
Times 

IP Mod 2031 - 
Cold 8 20 21-Jan-14 -20.6 -17.7 IP=75 5 2.3,  2.3,  2.8 1,  1.8,  2.1 1,  1.1,  1.3 1.393 4.90% 100 

297 2013-14 
Type III 

Allowance 
Times 

IP- 2031 - 
Hot 8 20 21-Jan-14 -21.1 -18.1 IP=25 10 2.2,  2.1,  2.7 2.3,  3.8,  1.6 2.3,  5,  1.2 1.395 4.79% 100 

298 2013-14 
Type III 

Allowance 
Times 

IP Mod 2031 - 
Hot 

8 20 21-Jan-14 -21.3 -19 IP=75 5 2.2,  2.5,  3.2 2.4,  5,  2 2.3,  5,  1.2 1.396 4.73% 100 

299 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 21-Jan-14 -21.7 -18.5 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.436 2.01% 100 

300 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 21-Jan-14 -22 -20.5 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.398 4.57% 60 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

301 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 21-Jan-14 -22.4 -20.2 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.401 4.41% 60 

302 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 21-Jan-14 -22.4 -20.2 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.409 3.83% 55 

303 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 21-Jan-14 -22.5 -17.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.404 4.21% 45 

304 2013-14 
IP 

Expansion  IP- / SN- 
Polar 
Guard 

Advance 
8 20 21-Jan-14 -23.5 -14.6 

IP=25 
SN=10 15 2.5,  2.7,  3.83 1.2,  1.9,  3.2 1.1,  1.1,  2.8 1.348 8.01% 115 

305 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP- / SN- 
Polar 
Guard 

Advance 
8 20 21-Jan-14 -23.8 -11.4 IP=25 

SN=10 
15 2.5,  2.6,  3.8 1.2,  2,  3 1,  1.4,  2.9 1.351 7.80% 115 

306 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP- / SN- 
Polar 
Guard 

Advance 
8 20 21-Jan-14 -24 -14.4 IP=25 

SN=10 15 2.3,  2.3,  3.6 1.2,  1.8,  3 1,  1.5,  2.7 1.348 7.97% 115 

307 2013-14 Baseline Dry Wing none 22 20 21-Jan-14 -22.6 -14 - - - - - 1.456 0.62% 80 

308 2013-14 Baseline Dry Wing none 8 20 21-Jan-14 -22.6 -14 - - - - - 1.465 0.00% 100 

309 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP- / SN- 
Polar 
Guard 

Advance 
8 20 21-Jan-14 -22.6 -9.6 IP=25 

SN=10 
15 2.8,  2.8,  4 1.1,  2,  3.3 1.1,  1.5,  3.2 1.349 7.94% 115 

310 2013-14 IP 
Expansion  IP- / SN- EG106  8 20 21-Jan-14 -23.1 -17.4 IP=25 

SN=10 15 1.7,  1.7,  2.3 1,  1.3,  1.5 1,  1.1,  1.3 1.436 2.00% 115 

311 2013-14 IP 
Expansion  IP- / SN- EG106  8 20 21-Jan-14 -23.9 -18.1 IP=25 

SN=10 15 1.9,  1.9,  2.3 1.1,  1.5,  1.7 1,  1.1,  1.2 1.406 4.06% 100 

312 2013-14 IP 
Expansion  

IP- / SN- Launch  8 20 21-Jan-14 -24.3 -17.4 IP=25 
SN=10 

15 2.8,  2.7,  3.7 1.1,  1.9,  2.4 1,  1.6,  2.1 1.332 9.11% 115 

313 2013-14 IP 
Expansion  

IP- / SN- Max-
Flight 

8 20 21-Jan-14 -24.5 -15.3 IP=25 
SN=10 

15 2.6,  2.5,  3.5 1.1,  1.8,  2.4 1,  1.1,  1.4 1.340 8.54% 115 

314 2013-14 
IP 

Expansion  IP- / SN- AD-49 8 20 22-Jan-14 -24.8 -19.8 
IP=25 
SN=10 15 3,  2.4,  4 1.3,  2,  3.7 1.1,  1.8,  3.7 1.342 8.39% 115 

315 2013-14 
IP 

Expansion  IP- / SN- AD-49 8 20 22-Jan-14 -25.1 -19.4 
IP=25 
SN=10 10 2.9,  2.8,  3.8 1.2, 1.9, 3 1.1,  1.9,  3 1.361 7.14% 115 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

316 2013-14 Type I Low 
Speed 

Fluid Only Dow ADF 8 20 22-Jan-14 -25.5 -23.4 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.449 1.11% 100 

317 2013-14 Type I Low 
Speed 

Fluid Only Dow ADF 8 20 22-Jan-14 -25.6 -23.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.438 1.83% 60 

318 2013-14 
Type I Low 

Speed Fluid Only Dow ADF 8 20 22-Jan-14 -25.6 -24.1 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.434 2.11% 55 

319 2013-14 
Type I Low 

Speed Fluid Only Dow ADF 8 20 22-Jan-14 -25.7 -24.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.421 3.05% 45 

320 2013-14 Type I Low 
Speed Fluid Only Polar Plus 8 20 22-Jan-14 -25.8 -24.3 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.409 3.84% 100 

321 2013-14 Type I Low 
Speed Fluid Only Polar Plus 8 20 22-Jan-14 -25.9 -25 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.375 6.15% 60 

322 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 22-Jan-14 -26 -25.4 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.353 7.65% 55 

323 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 22-Jan-14 -26 -25.1 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.342 8.40% 45 

324 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 22-Jan-14 -26.2 -24.8 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.406 4.06% 100 

325 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 22-Jan-14 -26.3 -25.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.370 6.50% 60 

326 2013-14 Type I Low 
Speed Fluid Only Polar Plus 8 20 22-Jan-14 -26.4 -25.1 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.346 8.14% 55 

327 2013-14 Type I Low 
Speed Fluid Only Polar Plus 8 20 22-Jan-14 -26.5 -25.5 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.340 8.55% 45 

328 2013-14 Baseline Dry Wing none 22 20 22-Jan-14 -19.8 -16.1 - - - - - 1.465 0.00% 80 

329 2013-14 Baseline Dry Wing none 8 20 22-Jan-14 -19.8 -16.1 - - - - - 1.472 -0.43% 100 

330 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 22-Jan-14 -20 -18.1 IP=75 10 2.5,  3,  3.6 1,  1.9,  2.4 1,  1,  1.6 1.353 7.67% 115 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

331 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 22-Jan-14 -20.2 -16.3 IP=75 10 2.7,  2.8,  3.6 1.1,  2.1,  2.5 1,  1.4,  2 1.334 8.95% 115 

332 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 22-Jan-14 -20.6 -17 IP=75 10 2.9,  2.8,  3.8 1.1,  1.7,  2.5 1,  1.2,  1.5 1.330 9.25% 115 

333 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 22-Jan-14 -20.6 -16.4 IP=75 10 3,  2.8,  3.8 1.1,  1.9,  2.4 1,  1.2,  1.5 1.327 9.42% 115 

334 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 23-Jan-14 -20.9 -18.8 IP=75 10 2.9,  2.8,  3.8 1.1,  1.9,  2.3 1,  1.1,  1.4 1.307 10.82% 115 

335 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 22-Jan-14 -21 -20 IP=75 10 2.8,  2.8,  3.8 1.1,  1.9,  2.2 1,  1.3,  1.5 1.325 9.55% 115 

336 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 23-Jan-14 -21.4 -19.6 IP=75 10 3,  2.8,  3.8 1.1,  1.6,  2.2 1,  1.3,  1.5 1.328 9.35% 115 

337 2013-14 

New Ice 
Pellet 

Dispenser 
Validation 

IP Mod Launch 8 20 23-Jan-14 -21.9 -20.6 IP=75 5 2.6,  2.5,  3.7 1.1,  1.8,  2.2 1,  1.1,  1.4 1.338 8.66% 115 

338 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod ABC-S 
Plus  8 20 23-Jan-14 -22.3 -20.6 IP=75 7 2.8,  2.7,  3.8 1,  1.7,  2.1 1,  1.1,  1.3 1.368 6.61% 115 

339 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod 
Max-
Flight 8 20 23-Jan-14 -22.6 -21.5 IP=75 7 2.6,  2.6,  3.9 1,  1.7,  2.2 1,  1,  1.2 1.358 7.35% 115 

340 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod 
Polar 
Guard 

Advance 
8 20 23-Jan-14 -22.8 -21.4 IP=75 10 2.7,  2.4,  3.8 1,  1.6,  2.2 1,  1,  1.2 1.372 6.37% 115 

341 2013-14 Baseline Dry Wing none 22 20 27-Jan-14 -13.3 -9.3 - - - - - 1.468 -0.16% 80 

342 2013-14 Baseline Dry Wing none 8 20 27-Jan-14 -13.3 -9.3 - - - - - 1.459 0.45% 100 

343 2013-14 
Type III 

Allowance 
Times 

IP- 2031 - 
Cold 

8 20 27-Jan-14 -11.6 -11.4 IP=25 10 2.5,  2.7,  2.8 1,  1,  1.3 1,  1,  1.1 1.439 1.76% 100 

344 2013-14 
Type III 

Allowance 
Times 

IP- 
2031 - 

Hot 8 20 27-Jan-14 -9.2 -9.1 IP=25 10 2.3,  2.4,  2.2 3,  5,  5 3,  5,  5 1.432 2.30% 100 

345 2013-14 
Type III 

Allowance 
Times 

IP Mod 
2031 - 
Cold 8 20 27-Jan-14 -7.8 -6.9 IP=75 5 2.5,  2.7,  2.8 1,  1.1,  1.2 1,  1,  1 1.435 2.04% 100 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

346 2013-14 
Type III 

Allowance 
Times 

IP Mod 2031 - 
Hot 

8 20 27-Jan-14 -7.9 -6.4 IP=75 5 2.8,  2.4,  2.2 2.3,  4.7,  2.5 2.3,  4.8,  4.5 1.439 1.77% 100 

347 2013-14 
Type III 

Allowance 
Times 

IP Mod ABC-S 
Plus - Hot 

8 20 27-Jan-14 -11.3 -9.4 IP=75 10 2.1,  2.4,  2.8 3,  5,  5 3,  5,  5 1.390 5.13% 100 

348 2013-14 
Type III 

Allowance 
Times 

IP Mod 
EG106 - 

Hot 8 20 27-Jan-14 -11.7 -10.6 IP=75 10 2.5,  2.3,  3 3,  5,  5 3,  5,  5 1.445 1.40% 100 

349 2013-14 
Type III 

Allowance 
Times 

IP Mod 
2031 - 

Hot 8 20 27-Jan-14 -12.4 -9.5 IP=75 5 2.7,  2.7,  2.5 3,  5,  5 3,  5,  5 1.412 3.61% 100 

350 2013-14 
Type III 

Allowance 
Times 

IP- / ZR- 2031 - 
Cold 8 20 27-Jan-14 -12.2 -11.1 IP=25 

ZR=25 5 2.5,  2.7,  2.9 1,  1.1,  1.5 1,  1,  1.1 1.426 2.68% 100 

351 2013-14 
Type III 

Allowance 
Times 

IP- / ZR- 2031 - 
Hot 8 20 27-Jan-14 -12.9 -9.6 IP=25 

ZR=25 5 2,  2,  2.3 5,  5,  5 5,  5,  5 1.434 2.15% 100 

352 2013-14 
Type III 

Allowance 
Times 

IP- / SN- 2031 - 
Cold 

8 20 27-Jan-14 -12.8 -11 IP=25 
SN=10 

10 2.5,  2.8,  3.3 1.1,  1.4,  1.8 1,  1.1,  1.3 1.410 3.75% 100 

353 2013-14 
Type III 

Allowance 
Times 

IP- / SN 2031 - 
Cold 

8 20 27-Jan-14 -13 -10.2 IP=25 
SN=25 

5 2.5,  2.7,  3.5 1.1,  1.4,  2 1,  1.1,  1.3 1.409 3.83% 100 

354 2013-14 Baseline Dry Wing none 22 20 28-Jan-14 -19 -11.4 - - - - - 1.459 0.46% 80 

355 2013-14 Baseline Dry Wing none 8 20 28-Jan-14 -19 -11.4 - - - - - 1.469 -0.26% 100 

356 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod AD-49 8 20 28-Jan-14 -18.7 -11.6 IP=75 7 2.7,  2.4,  3.5 1.2,  1.6,  2 1,  1.3,  1.5 1.368 6.66% 115 

357 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod AD-49 8 20 28-Jan-14 -17.9 -14 IP=75 10 3,  2.8,  3.8 1.2,  1.6,  2.2 1,  1.2,  1.6 1.360 7.16% 115 

358 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod 
ABC-S 
Plus  8 20 28-Jan-14 -16.9 -12.2 IP=75 10 2.5,  2.3,  3.8 1,  1.5,  - -,  -,  - n/a  - 115 

359 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod ABC-S 
Plus  

8 20 28-Jan-14 -14.1 -10.9 IP=75 10 2.4,  2.4,  3.8 1.1,  1.5,  1.9 1,  1.1,  1.2 1.358 7.31% 115 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

360 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod Launch 8 20 28-Jan-14 -12.3 -12.1 IP=75 10 2.3,  2.3,  3.7 1.1,  1.3,  1.9 1,  1,  1.2 1.363 6.95% 115 

361 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod Max-
Flight 

8 20 28-Jan-14 -11 -10.9 IP=75 10 2.2,  2.3,  3.3 1,  1.2,  1.7 1,  1,  1.2 1.391 5.08% 115 

362 2013-14 

IP 
Validation 
with New  
Temps & 

Fluids 

IP Mod 
Polar 
Guard 

Advance 
8 20 28-Jan-14 -10.9 -11 IP=75 10 2.3,  2.3,  3.3 1,  1.3,  1.7 1,  1,  1.2 1.377 6.01% 115 

363 2013-14 
Type III 

Allowance 
Times 

IP Mod ABC-S 
Plus 8 20 28-Jan-14 -10.6 -7.4 IP=75 10 2,  2,  2.8 1,  1.3,  1.7 1,  1,  1.2 1.337 8.72% 100 

364 2013-14 
Type III 

Allowance 
Times 

IP Mod EG106 8 20 28-Jan-14 -10.2 -7.1 IP=75 10 2.3,  2.3,  2.8 3,  5,  5 3,  5,  5 1.442 1.56% 100 

365 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 28-Jan-14 -10.7 -10.4 - - - - - 1.463 0.13% 100 

366 2013-14 Ice Phobic 
R&D 

Dry Wing none 8 pitch 
pause 

20 28-Jan-14 -10.7 -10.4 - - - - - 1.455 0.67% 100 

367 2013-14 
Ice Phobic 

R&D Dry Wing none 
8 pitch 
pause 20 28-Jan-14 -10.7 -10.4 - - - - - 1.458 0.52% 100 

368 2013-14 Baseline Dry Wing none 22 20 29-Jan-14 -14.1 -8.2 - - - - - 1.471 -0.41% 80 

369 2013-14 Baseline Dry Wing none 8 20 29-Jan-14 -14.1 -8.2 - - - - - 1.465 -0.01% 100 

370 2013-14 Type I Low 
Speed Fluid Only Polar Plus 8 20 29-Jan-14 -13.6 -13.8 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.442 1.57% 100 

371 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 29-Jan-14 -13.3 -13.4 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.414 3.52% 60 

372 2013-14 Type I Low 
Speed 

Fluid Only Polar Plus 8 20 29-Jan-14 -12.6 -13.1 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.400 4.47% 55 

373 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 29-Jan-14 -12.5 -13 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.386 5.41% 45 

374 2013-14 
Type I Low 

Speed Fluid Only Polar Plus 8 20 29-Jan-14 -12.3 -12.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.366 6.79% 30 
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Table 2.1: Wind Tunnel Test Log 2013-14 (cont’d) 

Test 
# 

Test 
Year Objective Test Condition Fluid 

Name 
Rotation 
Angle 

Flap 
Angle                                         
(0º, 
20º) 

Date 

OAT 
Before 
Test 
(ºC) 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Precipitation 
Rate 

(g/dm²/h) 

Exposure 
Time 
(min) 

Visual 
Contamination 
Rating Before 

Takeoff 
(LE,TE,Flap) 

Visual 
Contamination 

Rating at 
Rotation 

(LE,TE,Flap) 

Visual 
Contamination 
Rating After 

Takeoff 
(LE,TE,Flap) 

Corrected 
for 3D 
Effects  

CL At 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss On 
8° Cl vs 
Dry Cl  

Speed 
Kts 

375 2013-14 Type I Low 
Speed 

Fluid Only w/ 
Squeegee Lines 

Polar Plus 8 20 29-Jan-14 -12.2 -12.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 1.420 3.06% 45 

376 2013-14 Ice Phobic 
R&D 

Fluid Only 2031 
fixed 
angle 
4deg 

20 29-Jan-14 -12.3 -12.6 - - 1,  1,  1 1,  1,  1 1,  1,  1 n/a  - 100 

377 2013-14 R&D 
HEAVY 

CONTAMINATION ABC-S+ 22 20 29-Jan-14 -11.2 -4.1 
IP=375 
ZR=50 26 - - - 1.279 12.73% 80 

378 2013-14 R&D APM Unit None  23 20 29-Jan-14 -11.2 -1.8 - - - - - 1.442 1.57% 80 

379 2013-14 R&D APM Unit None  
23 

PITCH 
PAUSE 

20 29-Jan-14 -11.2 -11.3 - - - - - 1.459 0.41% 80 

380 2013-14 R&D APM Unit ABC-S 
Plus 23 20 29-Jan-14 -11.1 -11.3 - - - - - 1.355 7.56% 80 

381 2013-14 R&D APM Unit ABC-S 
Plus 

23 
PITCH 
PAUSE 

20 29-Jan-14 -11.1 -11.6 - - - - - 1.431 2.33% 80 

382 2013-14 R&D APM Unit 
ABC-S 

Plus (unit 
covered) 

23 20 29-Jan-14 -11 -11.3 - - - - - 1.422 2.96% 80 

383 2013-14 R&D APM Unit 
ABC-S 

Plus (unit 
covered) 

23 
PITCH 
PAUSE 

20 29-Jan-14 -11 -11.3 - - - - - 1.436 2.02% 80 
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3. EVALUATION OF AN AIRFOIL PERFORMANCE MONITOR 
 
 
3.1 Background 
 
APMs are being developed and can be installed on any airfoil on an aircraft, including 
the tail. An APM is designed to measure the airflow over the wing, which reveals 
how well the wing is performing. As a wing becomes contaminated, the APM should 
measure the changing or turbulent airflow and resulting lift generated by the wing. 
The APM is designed to alert the crew if the airflow degrades below a configurable 
threshold, giving the crew time to correct a potential stall before it happens. It was 
recommended that testing be conducted with a Canadian-developed APM to support 
the development of the technology. This research would aid in evaluating the 
potential for its use in ground icing operations and to investigate whether or not the 
use of fluids with the APM system would potentially obstruct the pressure ports that 
are critical to the systems’ operation. The APM unit was provided by Marinvent and 
was the latest generation wireless system available. Previous testing with an earlier 
hard-wired version of the system was conducted in the winter of 2012-13.  
 
 
3.2 Objective 
 
To provide a testing platform to the manufacturer allowing them to evaluate the 
ability of the APM to properly identify stall with and without icing conditions during 
aircraft ground operations with de/anti-icing fluid applications. 
 
 
3.3 General Methodology 
 
The APM unit was mounted onto the trailing edge of the wing section using a screw 
and pre-existing threaded holes, along with aircraft speed-tape (Photo 3.1). The unit 
was connected wirelessly into the NRC data acquisition systems, and data was 
collected in real-time during each test. 
 
The following is a brief summary of the methodology used for this testing; the general 
testing procedures were in-line with the typical wind tunnel testing procedures used 
at the NRC PIWT: 
 

• Conduct dry wing baseline testing with and without the installation to 
understand any potential aerodynamic influences the sensor may have; 

• With the sensor installed, conduct dry wing tests to stall;  

• Repeat tests with fluid only to stall (with the sensor installed); 
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• Evaluate ability of the APM to measure stall, and compare to the stall observed 
through the aerodynamic data collected; and 

• Evaluate the performance of the APM unit with fluids, and note any potential 
adverse effects. 

 
 
3.4 Data Collected 
 
Six tests were conducted, dry and with fluid. A summary of the test data is included 
in Table 3.1. 
 

Table 3.1: Log of APM Unit Tests 

Test # Date Test 
Condition 

Fluid Name Rotation 
Angle (º) 

Speed 
Kts 

Extra Run 
Information 

Corrected 
for 3D 
Effects 
% Lift 

Loss on 
8° CL vs. 

Dry CL  

Tunnel 
Temp. 
Before 
Test 
(ºC) 

Fluid 
Amount 

(L) 

OAT 
Before 
Test 
(ºC) 

378 29-Jan-14 APM Unit None  23 80   1.57% -1.8 n/a -11.2 

379 29-Jan-14 APM Unit None  
23 

PITCH 
PAUSE 

80   0.41% -11.3 n/a -11.2 

380 29-Jan-14 APM Unit ABC-S Plus 23 80   7.56% -11.3 16 -11.1 

381 29-Jan-14 APM Unit ABC-S Plus 
23 

PITCH 
PAUSE 

80 
re-run with the 
same fluid from 

#380 
2.33% -11.6 

fluid 
from 
test 
380 

-11.1 

382 29-Jan-14 APM Unit ABC-S Plus 
(unit covered) 

23 80 

fluid remaining 
from Test 
380/381, 

 6 inch strip of 
fluid added along 
the chord where 
sensor is located 

2.96% -11.3 

fluid 
from 
test 
381 

-11 

383 29-Jan-14 APM Unit 
ABC-S Plus 

(unit covered) 

23 
PITCH 
PAUSE 

80 

fluid remaining 
from Test 
380/381, 

 6 inch strip of 
fluid added along 
the chord where 
sensor is located 
and on sensor 

itself 

2.02% -11.3 

fluid 
from 
test 
382 

-11 
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3.5 Summary of Test Results 
 
The testing conducted provided Marinvent with a platform for evaluating the APM 
unit, the details of which remain internal to Marinvent. Similar to the 2012-13 
testing, initial observations saw fluid enter the pressure probes of the APM unit; 
however, the effects of fluid intrusion should be further investigated by the 
manufacturer. Test #383 had fluid applied directly onto the APM unit (Photo 3.2). 
 
This collaborative effort between TC/FAA and Marinvent has provided laboratory 
data generated in a controlled environment that can be used to further develop this 
sensor and increase the potential of this technology to be used in the field. 
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Photo 3.1: Installation of APM Unit with Speed-Tape to Wing 

 
 
 

Photo 3.2: Test #383 With Fluid Applied Directly over APM Unit 
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4. AERODYNAMIC TESTING OF ICE PHOBIC COATINGS 
 
 
4.1 Background 
 
Ice build-up on aircraft is a major safety concern for both on-ground and in-flight 
aircraft operations. In recent years, there has been significant industry interest in the 
use of coatings to protect aircraft critical surfaces. Early research conducted by APS 
on behalf of TC and the FAA tested ice phobic coatings and raised industry 
awareness about potential adverse effects of coatings on de/anti-icing fluid 
performance. These concerns applied to aircraft coatings in general, not only to ice 
phobic coatings (i.e., coatings for fuel savings, appearance enhancement). In 
November 2011, the SAE International (SAE) G-12 committee agreed to develop an 
SAE Aerospace Information Report (AIR) document with the purpose of evaluating 
the potential impact these coatings may have on aircraft de/anti-icing fluid 
performance. 
 
From 2011 to 2014, a three-year project led by TC and the FAA with the support of 
APS was launched to assess the safety and effectiveness of ice phobic 
materials/coating and investigate the feasibility of employing ice phobic materials in 
the design of aircraft or specific aircraft sections that are more prone to icing. During 
this period, the work has been presented bi-annually to the SAE G-12 committee. As 
a result of this research and with industry participation, SAE AIR 6232 has now been 
developed and is available as a reference for the industry. 
 
 
4.2 Summary of Results 
 
A test plan was developed and conducted during the winter of 2013-14 to gain new 
insight into the potential applications of these coatings for aircraft operations and to 
continue the research to include newly developed coatings. As part of this test plan, 
it was recommended that testing continue to investigate the effects of these coatings 
on de/anti-icing fluids from both a holdover time (HOT) and aerodynamic perspective. 
The work conducted in the wind tunnel during the winter of 2013-14 was done as 
part of a larger multi-year project, the details of which are included in the TC report, 
TP 15275E, Investigation of Ice Phobic Technologies to Reduce Aircraft Icing in 
Northern and Cold Climates (Vol. 1) (2). 
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5. TYPE I FLUID FLOW-OFF FOR VERY LOW-SPEED 
AIRCRAFT 

 
 
5.1 Background 
 
The lowest operational use temperature (LOUT) for a fluid is determined based on 
the higher value of either the fluid freezing point plus a buffer, or the lowest 
temperature that passes the aerodynamic test (AS5900) for either the low-speed or 
high-speed ramp. Currently, the high-speed ramp is representative of aircraft rotating 
at 100 knots or higher, whereas the low-speed ramp is representative of aircraft 
rotating between 67 knots and 100 knots.  
 
There currently does not exist any fluid qualification for aircraft rotating below 
67 knots; however, several operators do have aircraft that rotate below 67 knots 
and that encounter ground icing conditions during winter months. Aerodynamic 
testing in the NRC wind tunnel, and possibly according to the AS5900 testing, can 
provide insight into alternatives for operating in such conditions (i.e., limit LOUT for 
lower rotation speeds, use diluted fluid, delay rotation beyond rotation speed, 
increase the rotation speed). These operators have requested that TC provide 
operational guidance when using Type I fluids on these aircraft. The aircraft in 
question is a Cessna 172 aircraft that typically rotates around 55 knots.  
 
 
5.2 Objective 
 
To evaluate the aerodynamic impact of using Type I fluid on aircraft with rotation 
speeds below 67 knots and the resulting effect on the LOUT. 
 
 
5.3 General Methodology 
 
The general methodology used for these tests was in accordance with the 
methodologies used for typical fluid with and without contamination tests conducted 
in the wind tunnel. The evaluation methodology was modified to allow a comparison 
of the rotation speed: 
 

• Conduct a high-speed (100 knots) test with a propylene glycol (PG) Type I 
fluid to identify acceptable lift losses;  

• Conduct comparative test runs with the same fluid at 60 knots, 55 knots, and 
45 knots to determine likely increases in lift losses; 
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• When testing close to the PG Type I LOUT, conduct an additional set of tests 
with an ethylene glycol (EG) Type I fluid with a lower LOUT; and 

• Compare results. 
 
The fluids used were diluted to the standard mix as determined by the manufacturer, 
which can range in glycol concentration from about 50 percent to 75 percent of the 
mix (the balance being hard water).  
 
 
5.4 Data Collected 
 
In total, 31 tests were conducted for a total of six comparative test runs, as well as 
two additional tests (one at 30 knots and one with fluid streaks simulating fluid 
squeegeed off the wing following deicing). For each comparative set of tests, the 
ramp profile and rotation speed were varied to be able to evaluate the resulting 
effects on lift loss. A log is included in Table 5.1. 
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Table 5.1: Log of Type I Very Low Speed Tests  

Test Year Test # Date 
Test 

Condition Fluid Name 
Rotation 
Angle (º) 

Speed 
Kts Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss on 8° 
CL vs. Dry CL  

Tunnel 
Temp. 
Before 

Test (ºC) 

Fluid 
Amount 

(L) 

OAT 
Before 

Test (ºC) 

Winter 2013-14 252 17-Jan-14 Fluid Only PG Type I 8 100 no wing tilt on Type I 
tests 

0.16% -0.3 7 -4.3 

Winter 2013-14 253 17-Jan-14 Fluid Only PG Type I 8 60 

no wing tilt on Type I 
tests. Target 80 kts, 

rotated at 60, @ 70 by 
8 deg 

2.11% -1.4 6 -4.4 

Winter 2013-14 254 17-Jan-14 Fluid Only PG Type I 8 55 

no wing tilt on Type I 
tests. Target 75 kts, 

rotated at 55, @ 63 by 
8 deg 

1.91% -1.6 6 -4.5 

Winter 2013-14 255 17-Jan-14 Fluid Only PG Type I 8 45 
no wing tilt on Type I 

tests 1.71% -0.6 6 -4.5 

Winter 2013-14 256 17-Jan-14 Baseline none 8 45   -0.04% -0.2 n/a -4.4 

Winter 2013-14 257 17-Jan-14 Baseline none 8 55   0.41% -0.2 n/a -4.4 

Winter 2013-14 258 17-Jan-14 Fluid Only PG Type I 8 45   2.95% -0.7 6 -4.4 

Winter 2013-14 259 17-Jan-14 Fluid Only PG Type I 8 55   2.44% -1 6 -4.5 

Winter 2013-14 299 21-Jan-14 Fluid Only PG Type I 8 100   2.01% -18.5 8 -21.7 

Winter 2013-14 300 21-Jan-14 Fluid Only PG Type I 8 60 
test not valid, ramp too 

slow 4.57% -20.5 8 -22 

Winter 2013-14 301 21-Jan-14 Fluid Only PG Type I 8 60   4.41% -20.2 8 -22.4 

Winter 2013-14 302 21-Jan-14 Fluid Only PG Type I 8 55   3.83% -20.2 8 -22.4 

Winter 2013-14 303 21-Jan-14 Fluid Only PG Type I 8 45   4.21% -17.6 11 -22.5 

Winter 2013-14 316 22-Jan-14 Fluid Only EG Type I 8 100   1.11% -23.4 8 -25.5 

Winter 2013-14 317 22-Jan-14 Fluid Only EG Type I 8 60   1.83% -23.6 8 -25.6 
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Table 5.1: Log of Type I Very Low Speed Tests (cont'd) 

Test Year Test # Date Test 
Condition 

Fluid Name Rotation 
Angle (º) 

Speed 
Kts 

Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss on 8° 
CL vs. Dry CL  

Tunnel 
Temp. 
Before 

Test (ºC) 

Fluid 
Amount 

(L) 

OAT 
Before 

Test (ºC) 

Winter 2013-14 318 22-Jan-14 Fluid Only EG Type I 8 55   2.11% -24.1 8 -25.6 

Winter 2013-14 319 22-Jan-14 Fluid Only EG Type I 8 45   3.05% -24.3 8 -25.7 

Winter 2013-14 320 22-Jan-14 Fluid Only PG Type I 8 100   3.84% -24.3 8 -25.8 

Winter 2013-14 321 22-Jan-14 Fluid Only PG Type I 8 60   6.15% -25 8.5 -25.9 

Winter 2013-14 322 22-Jan-14 Fluid Only PG Type I 8 55   7.65% -25.4 8 -26 

Winter 2013-14 323 22-Jan-14 Fluid Only PG Type I 8 45   8.40% -25.1 8 -26 

Winter 2013-14 324 22-Jan-14 Fluid Only PG Type I 8 100   4.06% -24.8 8 -26.2 

Winter 2013-14 325 22-Jan-14 Fluid Only PG Type I 8 60   6.50% -25.6 8 -26.3 

Winter 2013-14 326 22-Jan-14 Fluid Only PG Type I 8 55   8.14% -25.1 8 -26.4 

Winter 2013-14 327 22-Jan-14 Fluid Only PG Type I 8 45   8.55% -25.5 8 -26.5 

Winter 2013-14 370 29-Jan-14 Fluid Only PG Type I 8 100   1.57% -13.8 9 -13.6 

Winter 2013-14 371 29-Jan-14 Fluid Only PG Type I 8 60   3.52% -13.4 9 -13.3 

Winter 2013-14 372 29-Jan-14 Fluid Only PG Type I 8 55   4.47% -13.1 9 -12.6 

Winter 2013-14 373 29-Jan-14 Fluid Only PG Type I 8 45   5.41% -13 9 -12.5 

Winter 2013-14 374 29-Jan-14 Fluid Only PG Type I 8 30   6.79% -12.6 9 -12.3 

Winter 2013-14 375 29-Jan-14 

Fluid Only 
w/ 

Squeegee 
Lines 

PG Type I 8 45   3.06% -12.6 10 -12.2 
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5.5 Summary of Test Results 
 
A summary of a selection of results from the wind tunnel tests is also included in 
Table 5.2. In this table, the start and end rotation speeds as well as the acceleration 
time are included. Due to the low speeds and due to the capability of the tunnel, the 
operator had to cut the throttle prior to the target speed and let the engine 
acceleration momentum increase the speed to the desired rotation speed; this was 
done to avoid overshooting the target speed. 
 

Table 5.2: Summary of Test Results 

Run # Fluid OAT Start Rotation 
Speed (kts) 

End Rotation 
Speed (kts) 

Time 20 kts to 
Start Rotation 

% Lift Loss @ 8 
deg 

252 PG Type I 0 100 100 21.5 (40 kts to rot) 0.2 
253 PG Type I -1 60 70 8.6 2.1 
259 PG Type I -1 55 68 7.2 2.5 
258 PG Type I -1 45 62 5.1 3.0 
370 PG Type I -14 100 100 20 (40 kts to rot) 1.6 
371 PG Type I -13 60 65 16 3.5 
372 PG Type I -13 55 65 13 4.5 
373 PG Type I -13 45 65 9 5.4 
374 PG Type I -13 30 65 4 6.8 
299 PG Type I -19 100 100 20 (40 kts to rot) 2.0 
301 PG Type I -20 60 65 17 4.4 
302 PG Type I -20 55 65 15 3.8 
303 PG Type I -18 45 65 8.01 4.2 
316 EG Type I -23 100 100 20 (40 kts to rot) 1.1 
317 EG Type I -24 60 65 21 1.8 
318 EG Type I -24 55 65 16 2.1 
319 EG Type I -24 45 65 8 3.1 
320 PG Type I -24 100 100 20 (40 kts to rot) 3.9 
321 PG Type I -25 60 65 18 6.2 
322 PG Type I -25 55 65 15 7.7 
323 PG Type I -25 45 65 8 8.4 
324 PG Type I -25 100 100 20 (40 kts to rot) 4.1 
325 PG Type I -26 60 65 18 6.5 
326 PG Type I -25 55 65 14 8.2 
327 PG Type I -26 45 65 8 8.6 

 
 
The results obtained have been demonstrated in Figure 5.1 to Figure 5.4. The 
recorded lift loss measured at 8 degrees rotation was plotted against the test 
temperature at the start of the test. As expected, the lift losses increased as the test 
temperature decreased. Based on the PG Type I high-speed LOUT of -32ºC, and by 
extrapolating the 100 knots data set, the data indicates that the highest acceptable 
lift loss for this fluid would be about 6.8 percent (see Figure 5.1). Using the 
6.8 percent lift loss as the cut-off, the 60 knots, 55 knots, and 45 knots speed 
profiles would have to be limited to temperatures of -27.5 ºC, -21.5 ºC, and -19 ºC 
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to stay below the acceptable lift loss limit (see Figure 5.2). This indicates that 
increasing the fluid LOUT for lower speeds could potentially provide equivalent 
scenarios and allow for operations at these lower speeds. Alternatively, using a fluid 
with a much lower LOUT, such as the EG Type I fluid, could provide additional 
flexibility at the lower temperatures with the lower speeds; this is shown in 
Figure 5.3, where the data collected at colder temperatures has lower lift losses 
compared to the PG Type I fluid. Figure 5.4 shows all the data plotted together. 
 
 

 
Figure 5.1: PG Type I Data at 100 Knots at Different Temperatures 
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Figure 5.2: Type I PG Data at Different Temperatures and Rotation Speeds 

 
 

 
Figure 5.3: EG Type I Data at Different Rotation Speeds at Similar Temperatures 
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Figure 5.4: All PIWT EG and PG Type I Data Collected 
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the air and fluid boundary layer displacement thickness (BLDT) on a flat plate 
measured after experiencing the free stream velocity time history of a representative 
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diluted, is to be used in airline service. This methodology is part of the fluid 
certification process and is described in detail in the SAE AS5900 document.  
 
In addition to the wind tunnel testing conducted, fluid samples were retained and 
sent for BLDT testing using a methodology based on the AS5900 procedure; a testing 
methodology similar to that used in the NRC wind tunnel was used. The flat plate 
BLDT test compared the results of different wind speeds on the fluid BLDT; different 
ramp profiles were developed in order to perform this comparison. A separate report 
has been included in Appendix D that includes the details and parameters related to 
the BLDT testing. 
 
Figure 5.5 shows a summary table of the results obtained, plotted, and analysed in 
a fashion similar to Figure 5.1 to Figure 5.4. The results support the data collected 
in the PIWT and indicate that reducing the LOUT for the lower speed tests could 
provide a solution for operating with Type I fluid at lower speeds. Based on these 
results, the 35 m/s, 32 m/s, and 26 m/s speed profiles, which correspond to the 60, 
55, and 45 knot tests, respectively, would have to be limited to -25ºC, -21.5ºC, and 
-17.5ºC to stay below the acceptable lift loss limit; these results are very similar to 
those obtained in the wind tunnel. In addition, these results also showed that using 
a fluid with a lower LOUT (EG Type I) could provide more flexibility in this situation.  
 
 
5.7 Summary of Test Results 
 
The results from the PIWT and BLDT testing indicated that lift loss and BLDT increase 
as temperature or speed decreases. Increasing the fluid LOUT (to warmer 
temperatures) could compensate for lower rotation speeds and provide some 
flexibility for aircraft with very low rotation speeds. Alternatively, using a fluid with 
a much lower LOUT could also provide additional flexibility at the lower temperatures 
with the lower speeds. It should be noted that these results are based on 2D 
modelling, and some full-scale testing would likely be required in order for operational 
guidance changes to be issued. 
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Figure 5.5: BLDT Data for Type I Very Low-Speed Rotation 
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Photo 5.1: Test #370 at Time of Rotation – 100 Knots, PG Type I 

 
 
 

Photo 5.2: Test #371 at Time of Rotation – 60 Knots, PG Type I 
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Photo 5.3: Test #372 at Time of Rotation – 55 Knots, PG Type I 

 
 
 

Photo 5.4: Test #373 at Time of Rotation – 45 Knots, PG Type I 
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Photo 5.5: Test #374 at Time of Rotation – 30 Knots, PG Type I 

 
 
 

Photo 5.6: Test #375 at Time of Rotation – 45 Knots, PG Type I, with Squeegee 
Lines 
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6. EVALUATION OF NEW GENERATION REPLACEMENT ICE 
PELLET DISPENSERS  

 
 
6.1 Background 
 
Simulated ice pellets are distributed over a test surface using an ice pellet pitcher. 
The original ice pellet pitcher was a modified hand-held fertilizer dispenser. The rate 
of precipitation was controlled with the speed of rotation of the motor, as well as 
the size of the opening of the dispenser reservoir drop feeder. 
 
In the winter of 2012-13, seed spreaders historically modified and used for applying 
ice pellets during wind tunnel and flat plate testing were no longer available, as the 
manufacturer stopped production of the model. A new replacement seed spreader 
system was found that is similar (but not identical). Some calibration work was 
required to demonstrate an equivalency in the two systems; testing was conducted 
at the NRC Climatic Engineering Facility (CEF) prior to the wind tunnel testing to 
verify the distribution of the historical system versus the new replacement system, 
the details of which are included in the TC report, TP 15230E, Aircraft Ground Icing 
General Research Activities During the 2012-13 Winter (9). The data collected 
demonstrated that the new system is very similar to the old system. Some small 
variation was present in distribution within the footprint, but there was equivalent 
efficiency on the overall footprint. Based on this, it was concluded that, for ice 
pellets, the new system can be used as a direct replacement. For snow, the new 
system was more efficient; therefore, a reduction of 10 percent should be used for 
the snow mass requested. It was recommended that comparative wind tunnel testing 
be conducted to further validate the equivalency of the systems. 
 
 
6.2 Objective 
 
To evaluate the equivalency of the new and old generation dispenser systems 
through comparative wind tunnel testing. 
 
 
6.3 General Methodology 
 
The general methodology used for these tests was in accordance with the 
methodologies used for typical fluid with and without contamination tests conducted 
in the wind tunnel. The evaluation methodology was modified to allow a comparison 
of back-to-back tests done with the different sets of ice pellet dispensers: the old 
(Photo 6.1) and the new (Photo 6.2) systems. For each comparative test set, a test 



6.  EVALUATION OF NEW GENERATION REPLACEMENT ICE PELLET DISPENSERS 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.003 (TC Deicing 13-14)/Reports/WT R&D/Final Version 1.0/TP 15274E Final Version 1.0.docx 
Final Version 1.0, August 21 

60 

was conducted with the old dispenser system and immediately followed by a test 
with the same conditions but using the newer generation system, and the differences 
in lift loss during these tests were compared.  
 
 
6.4 Data Collected 
 
In total, 11 comparative tests were conducted. A summary of the test data is 
included in Table 6.1. 
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Table 6.1: Log of New vs. Old Dispenser Tests 

Test # Date Objective 
Test 

Condition Fluid Name 
Rotation 
Angle (º) 

Speed 
Kts 

Extra Run 
Information 

Corrected for 3D 
Effects 

% Lift Loss on 8° CL 
vs. Dry CL  

Tunnel 
Temp. 

Before Test 
(ºC) 

Fluid 
Amount 

(L) 

OAT 
Before 
Test 
(ºC) 

305 21-Jan-14 New Ice Pellet Dispenser 
Validation 

IP-/SN- Polar Guard 
Advance 

8 115 old dispenser 7.80% -11.4 11 -23.8 

306 21-Jan-14 
New Ice Pellet Dispenser 

Validation IP-/SN- 
Polar Guard 

Advance 8 115 new dispenser 7.97% -14.4 11 -24 

309 21-Jan-14 
New Ice Pellet Dispenser 

Validation IP-/SN- 
Polar Guard 

Advance 8 115 new dispenser 7.94% -9.6 11 -22.6 

330 22-Jan-14 
New Ice Pellet Dispenser 

Validation IP Mod Launch 8 115 old dispenser 7.67% -18.1 16 -20 

331 22-Jan-14 New Ice Pellet Dispenser 
Validation 

IP Mod Launch 8 115 new dispenser 8.95% -16.3 16 -20.2 

332 22-Jan-14 New Ice Pellet Dispenser 
Validation 

IP Mod Launch 8 115 old dispenser 9.25% -17 15.5 -20.6 

333 22-Jan-14 New Ice Pellet Dispenser 
Validation 

IP Mod Launch 8 115 new dispenser 9.42% -16.4 15 -20.6 

334 23-Jan-14 
New Ice Pellet Dispenser 

Validation IP Mod Launch 8 115 old dispenser 10.82% -18.8 15.5 -20.9 

335 22-Jan-14 
New Ice Pellet Dispenser 

Validation IP Mod Launch 8 115 new dispenser 9.55% -20 15.5 -21 

336 23-Jan-14 
New Ice Pellet Dispenser 

Validation IP Mod Launch 8 115 old dispenser 9.35% -19.6 13 -21.4 

337 23-Jan-14 New Ice Pellet Dispenser 
Validation 

IP Mod Launch 8 115 new dispenser 8.66% -20.6 14 -21.9 
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6.5 Summary of Test Results 
 
The comparative test results have been presented in an abbreviated table format in 
Table 6.2. The results indicate that the differences in recorded lift losses were 
generally very small (less than 1.3 percent) when comparing back-to-back tests with 
no bias towards one system or the other. The differences were even smaller when 
looking at the average of the four comparative sequential tests (Tests #330 to #337), 
which was 0.1 percent.  
 
In addition, the tests were visually evaluated to verify that the distribution of the ice 
pellets was similar, further supporting the similarity in aerodynamic results between 
the two dispenser systems.  
 
In general, the results further support the original distribution equivalency work 
conducted during the winter of 2012-13 and demonstrate that the new generation 
dispensers are suitable replacements for the older model dispensers. 
 

Table 6.2: Comparison of New vs. Old Dispenser Test Results 

OLD DISPENSER SYSTEM  NEW DISPENSER SYSTEM     

Test # 

Corrected for 3D 
Effects 

% Lift Loss on 8° CL 
vs. Dry CL  

 Test # 

Corrected for 3D 
Effects 

% Lift Loss on 8° CL 
vs. Dry CL  

 

Absolute 
Difference in % 

(per row) 

 

Absolute 
Difference in %  

(avg 330,332,334,336 vs. avg 
331,333,335,337) 

305 7.8%  306 8.0%  0.2%  n/a 

305 7.8%  309 7.9%  0.1%  n/a 

330 7.7%  331 9.0%  1.3%  

0.1% 
332 9.2%  333 9.4%  0.2%  
334 10.8%  335 9.5%  1.3%  
336 9.4%  337 8.7%  0.7%  
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Photo 6.1: Old Ice Pellet Dispenser System 

 
 
 

Photo 6.2: New Ice Pellet Dispenser System 
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7. EFFECT OF COOLING SYSTEM ON TESTING PROCEDURES 
 
 
7.1 Background 
 
Recent wind tunnel research has been limited by the ambient temperature in the wind 
tunnel test section; in sunny conditions, the radiation will raise the temperature in 
the test section, making testing difficult. To mitigate this effect, testing is often 
conducted overnight. However, in some cases, even body heat from workers in the 
test area (specifically during long precipitation exposure tests) can affect the 
temperature. A new cooling system has been installed by the NRC to mitigate the 
effects of the solar radiation warming as well as from the heat generated by workers 
in the test section. It was recommended that testing be conducted to evaluate the 
effects of the new cooling system on the test results. 
 
 
7.2 Objective 
 
To evaluate the effect of the cooling system on the aerodynamic test results 
produced. 
 
 
7.3 General Methodology 
 
The general methodology used for these tests was in accordance with the 
methodologies used for typical fluid with and without contamination and 
fluid/contamination tests conducted in the wind tunnel. The evaluation methodology 
was modified to allow a comparison of tests with and without the aid of the cooling 
system.  
 
 
7.4 Data Collected 
 
In total, 2 tests were conducted: the baseline fluid test without the help of the cooling 
system (Photo 7.1 and Photo 7.2), followed by a test with the cooling system active. 
Details are included in Table 7.1. Due to the poor results, no further testing as part 
of the TC/FAA campaign was conducted. 
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Table 7.1: Log of Cooling System Tests 

Test Year Test # Date Objective 
Test 

Condition 
Fluid 
Name 

Rotation 
Angle (º) 

Speed 
Kts Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss on 8° 
CL vs. Dry CL  

Tunnel 
Temp. 

Before Test 
(ºC) 

Fluid 
Amount 

(L) 

OAT 
Before 
Test 
(ºC) 

Winter 2013-14 5 8-Jan-14 R&D 
EFFECT OF 
COOLING 
SYSTEM 

EG106 8 100 

front door of tunnel 
closed right after 
wing tilt cooling 
system was off 

during test 
front door closed due 

to windy day 

1.78% -5.2 18 -9.2 

Winter 2013-14 6 8-Jan-14 R&D 
EFFECT OF 
COOLING 
SYSTEM 

EG106 8 100 

Wind tunnel not run. 
When fan turned on 
it actually heated 
section. Testing 

stopped until issue 
could be resolved.  

n/a n/a 16 n/a 
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7.5 Summary of Test Results 
 
It was determined immediately during the first test (#6) that the system was not 
functioning efficiently. During the start-up of the system, hot rather than cold air 
would be pumped into the test section and would have adverse effects on the tests. 
Throughout the test campaign, the NRC continued to attempt to rectify the issues 
with the system. Several independent tests were conducted by the NRC to evaluate 
the system; however, no additional tests as part of the TC/FAA campaign were 
conducted. At the end of the test campaign, the system was still not functioning 
correctly. However, a list of recommendations for improvement was compiled, and 
the NRC would attempt to rectify these issues during the down-season in preparation 
for the next year of testing.  
 
In general, the concept has shown promise, and with some effort to isolate the 
problematic areas of the system, the cooling system can become a critical tool for 
testing and will allow greater flexibility. 
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Photo 7.1: Cooling System (View from Outside Test Section) 

 
 
 

Photo 7.2: Cooling System Vents (View from Inside Test Section) 
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8. HEAVY CONTAMINATION  
 
 
8.1 Background 
 
Previous testing in the wind tunnel demonstrated that even when very heavy ice 
pellet and/or snow contamination was applied to a fluid-covered wing section, the 
majority of the fluid and contamination was still eliminated by the time of rotation. 
The initial testing indicated that above a certain level of contamination, the dry, loose 
ice pellets or snow are no longer absorbed into the fluid to be easily shed off during 
the acceleration. The protection is due to a thin layer of fluid present underneath the 
contamination that prevents adherence. Questions concerning the point at which the 
lift losses become a safety issue have been raised. 
 
 
8.2 Objective 
 
To continue previous research investigating de/anti-icing fluids exposed to heavy 
contamination and the resulting aerodynamic effects. 
 
 
8.3 General Methodology 
 
The general methodology to be used during these tests is in accordance with the 
methodologies used for typical ice pellet tests conducted in the wind tunnel. For a 
chosen fluid, conduct a test simulating ice pellets, snow, or freezing rain for an 
exposure time far exceeding the recommended HOT or allowance time. Record the 
lift data, visual observations, and manually collected data. Compare aerodynamic 
performance results to fluid with and without contamination tests at the same 
temperature. 
 
 
8.4 Data Collected 
 
Only 1 test was conducted at the end of the test campaign; the entire remaining 
inventory of ice pellets and snow was used to conduct this test (details are found in 
Table 8.1). An equivalent rate of 375 g/dm2/h of ice pellets and 50 g/dm2/h of 
freezing rain were applied for a period of 26 minutes. 
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Table 8.1: Log of Heavy Contamination Tests 

Test Year Test 
# 

Date Objective Test Condition Fluid 
Name 

Rotation 
Angle 

(º) 

Speed 
Kts 

Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss on 
8° CL vs. Dry CL  

Tunnel 
Temp. 
Before 

Test (ºC) 

Fluid 
Amount 

(L) 

OAT 
Before 
Test 
(ºC) 

Winter 
2013-14 377 

29-Jan-
14 R&D 

HEAVY 
CONTAMINATION 

ABC-
S+ 22 100 

Used entire remaining inventory 
of ice pellets with added freezing rain 12.73% -4.1 16 -11.2 
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8.5 Summary of Test Results 
 
The test conducted demonstrated interesting results. Prior to the start of the test, 
the thickness of the contamination layer measured close to 40mm on top of the wing 
(Photo 8.1 and Photo 8.2). At the start of rotation (Photo 8.3), only a portion of the 
contamination was removed; most came off in large adhered sheets of ice and snow 
during the first few seconds of the rotation cycle (Photo 8.4). The wing section still 
had a good amount of fluid present on the wing at the end of rotation; the thick 
slushy fluid was not completely sheared off. The results showed a higher than usual 
lift loss of 12.73 percent. The wing entered a stall at 16 degrees angle of attack (the 
dry wing typically stalled at around 21-22 degrees). 
 
In general, the results indicated that although a significant amount of frozen 
contamination was present prior to takeoff, the anti-icing fluid provided the 
protection required to allow the shear forces to remove most of the ice prior to 
rotation. Although difficult to extrapolate such an extreme case in a 2D model to a 
full-scale aircraft, it does provide information into the safety buffers inherently built 
into these fluids.
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Photo 8.1: Test #375 – Start of Test 

 
 
 
Photo 8.2: Measuring Thickness (about 40 mm) of Accumulated Ice on Top Middle 

Point of Wing 
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Photo 8.3: Test #375 – Start of Rotation 

 
 
 

Photo 8.4: Test #375 – 3 Seconds After Start of Rotation (Approximately 8º AoA) 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT — 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2013-14 
 
 
5.39.2 Testing to Support the Development of Aircraft Ground Deicing 

Related Procedures and Technologies (1 Week) 
 
Testing will be done according to the procedures and methodologies used for 
“Testing to Further Refine Ice Pellet Allowance Times”.  
 

a) Meet and discuss with NRC personnel as necessary for specific project 
related tasks (i.e. preparation of ice phobic wing skins);  

NOTE: The NRC facility costs associated with testing at M46 are not included in this task and 
are dealt with directly with TC through a M.O.U. agreement with NRC; 

b) Develop procedure for conducting wind tunnel testing in accordance with the 
existing ice pellet allowance time testing methodology; 

c) Perform wind tunnel tests over a period of five (5) days to support the 
development of aircraft ground deicing related procedures and technologies; 
and 

i. Aircraft coating testing to evaluate lift, drag, and other dry wing 
properties for take-off, climb-out, and cruise flight portions; 

ii. Aircraft coating testing to evaluate fluid and fluid/contamination testing; 

iii. Aircraft coating testing to evaluate repeatability, and proof of 
methodology; and 

iv. Testing to address industry concerns and interests.  

d) Analyze the data collected, Report the findings, and prepare presentation 
material for the SAE G-12 meetings. 

 
5.39.3 Type I LOUT for Very Low Speed Aircraft (2 Days) 
 
Testing will be done according to the procedures and methodologies used for 
“Testing to Further Refine Ice Pellet Allowance Times”.  
 

a) Conduct a review of existing material from operators, regulators, and 
airframe manufacturers to develop a test plan; 

b) Develop procedure for conducting full-scale wind tunnel testing simulating 
Type I anti-icing and deicing scenarios during active frost and post active 
frost conditions. Testing will be conducted according to the existing 
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methodology using a thin high performance wing section, or alternatively, 
with a thicker low speed airfoil (LS-0417); 

c) Conduct testing with the thin high performance wing section for 1-2 days in 
the NRC wind tunnel (a longer more detailed test plan is required if the 
LS-0417 section is selected). Testing should focus on identifying the limiting 
factors and possibly developing alternatives for operators; 

d) Determine best practice alternatives; 

e) Report the findings, and prepare presentation material for the SAE G-12 
annual meeting; and 

f) If appropriate publish guidance in the Transport Canada 2014-2015 HOT 
Guidelines and/or TP 14052. 
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PROCEDURE: 
WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM 

AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET 
PRECIPITATION CONDITIONS 
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Figure C1: Test # 5 

 

 
Figure C2: Test # 6 
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Figure C3: Test # 130 

 

 
Figure C4: Test # 131 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.003 (TC Deicing 13-14)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-3 

 
Figure C5: Test # 132 

 

 
Figure C6: Test #135 
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Figure C7: Test # 136 

 

 
Figure C8: Test # 137 
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Figure C9: Test # 161 

 

 
Figure C10: Test # 162 
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Figure C11: Test # 163 

 

 
Figure C12: Test # 164 
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Figure C13: Test # 165 

 

 
Figure C14: Test # 166 
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Figure C15: Test # 190 

 

 
Figure C16: Test # 191 
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Figure C17: Test # 192 

 

 
Figure C18: Test # 216 
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Figure C19: Test # 217 

 

 
Figure C20: Test # 218 
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Figure C21: Test # 243 

 

 
Figure C22: Test # 244 
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Figure C23: Test # 245 

 

 
Figure C24: Test # 246 
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Figure C25: Test # 252 

 

 
Figure C26: Test # 253 
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Figure C27: Test # 254 

 

 
Figure C28: Test # 255 
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Figure C29: Test # 258 

 

 
Figure C30: Test # 259 
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Figure C31: Test # 281 

 

 
Figure C32: Test # 282 
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Figure C33: Test # 283 

 

 
Figure C34: Test # 299 
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Figure C35: Test # 300 

 

 
Figure C36: Test # 301 
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Figure C37: Test # 302 

 

 
Figure C38: Test # 303 
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Figure C39: Test # 305 

 

 
Figure C40: Test # 306 
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Figure C41: Test # 309 

 

 
Figure C42: Test # 327 
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Figure C43: Test # 330 

 

 
Figure C44: Test # 331 
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Figure C45: Test # 332 

 

 
Figure C46: Test # 333 
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Figure C47: Test # 334 

 

 
Figure C48: Test # 335 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.003 (TC Deicing 13-14)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-25 

 
Figure C49: Test # 336 

 

 
Figure C50: Test # 337 
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Figure C51: Test # 370 

 

 
Figure C52: Test # 380 
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Figure C53: Test # 381 
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