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PREFACE 

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

• To develop holdover time data for all newly-qualified de/anti-icing fluids; 

• To evaluate whether holdover times should be developed for ice pellet conditions; 

• To examine the effect of heated fluids on Type II/III/IV fluid endurance times; 

• To evaluate weather data from previous winters to establish a range of conditions 
suitable for the evaluation of holdover time limits; 

• To assist in the testing of flow of contaminated fluid from aircraft wings during takeoff; 

• To assist in the testing of flow of contaminated fluid from simulated aircraft wings 
during takeoff; 

• To validate the laboratory snow test protocol with Type II and IV fluids; 

• To develop performance specifications for an integrated weather system that measures 
holdover time; 

• To provide support for the development of a standard that evaluates remote on-ground 
ice detection systems; 

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

• To conduct endurance time tests on non-aluminum plates; 

• To conduct endurance time tests in frost on various test surfaces; 

• To conduct preliminary wind tunnel endurance time tests in heavy snow; 

• To compile historical data for calculation of holdover times based on a small number of 
inputs; 

• To examine the use of non-glycol tempered steam technology to deice aircraft; and 

• To assist DND Canada in evaluating the effects of slipstream on anti-icing fluid. 

The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2006-07 are documented in eight reports. The titles of the reports are as follows: 

• TP 14452E Feasibility of ROGIDS Test Conditions Stipulated in SAE Draft Standard 
AS5681; 

• TP 14776E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 
for the 2006-07 Winter; 

• TP 14777E Winter Weather Impact on Holdover Time Table Format (1995-2007); 

• TP 14778E Flow of Contaminated Fluid from Aircraft Wings: Feasibility Report; 

• TP 14779E Development of Allowance Times for Aircraft Deicing Operations During 
Conditions with Ice Pellets; 
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• TP 14780E Evaluation of Tempered Steam Technology (TST) for Aircraft Deicing 
Applications; 

• TP 14781E Aircraft Ground Icing Research General Activities During the 
2006-07 Winter; and 

• TP 14782E Regression Coefficients Used to Develop the Winter 2007-08 Type I 
Generic and Dow UCAR Endurance EG106 Holdover Time Tables. 

In addition, the following six interim reports are being prepared: 

• Preliminary Aircraft Deicing Research in Heavy Snow Conditions; 

• Endurance Time Testing in Snow: Comparison of Indoor and Outdoor Data for 2006-07; 

• Effect of Heat on Fluid Endurance Times Using Composite Surfaces; 

• Effect of Heat on Endurance Times of Anti-Icing Fluids (Volume 1);  

• Substantiation of Aircraft Ground Deicing Holdover Times in Frost Conditions; and 

• Regression Coefficients Used to Develop Aircraft Ground Deicing on Holdover Time 
Tables: Winter 2007-08. 

In addition, the following report was written for DND as part of this contract; this report 
does not have a TP number: 

• Support for Testing to Ascertain the Effects of SAE Type IV De/Anti-Icing Fluids on 
CC-130 Hercules and CP-140 Aurora Aircraft Takeoff Handling. 

This report, TP 14452E, has the following objective: 

• To provide support for the development of a standard that evaluates remote on-ground 
ice detection systems; 

This objective was met by holding a demonstration of the conditions required to conduct 
laboratory trials for evaluating the minimum operational performance 
requirements (proposed SAE AS5681) of Remote On-Ground Ice Detection 
Systems (ROGIDS). 
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EXECUTIVE SUMMARY 
 
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.  
 
Human factor testing performed by Transport Canada (TC), the FAA and APS in 
recent years has indicated that an ice detection system performed better than 
trained human observers in the determination of ice under de/anti-icing fluid in tests 
aimed to simulate post-deicing tactile examinations. As a result of these tests, the 
SAE G-12 Ice Detection Subcommittee is writing a new minimum performance 
standard document, Aerospace Standard (AS) 5681, for testing and approval of a 
Ground-based Ice Detection Sensor (GIDS) to supplant human observers for tactile 
inspections.  
 
To ensure that the tests included in proposed AS5681 are feasible, APS held a 
demonstration of the conditions required to conduct laboratory tests. This report 
details the work conducted. 
 
The general specification parameters and logistics that were investigated included: 
 

• Ice disk stability verification; 

• Daytime, night-time and shadow lighting conditions; 

• Ice detection test simulation; and 

• Laboratory foam test. 
 
In addition, APS attempted to simulate the following conditions: 
 

• Freezing rain between the plates and the sensor(s), and encompassing the 
sensor field of view; 

• Freezing drizzle between the plates and the sensor(s), and encompassing the 
sensor field of view; and 

• Rain between the plates and the sensor(s), and encompassing the sensor 
field of view. 

 
The results of testing were analysed, and changes were made to the proposed 
SAE AS5681 where appropriate. 
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SOMMAIRE 
 
En vertu d’un contrat avec le Centre de développement des transports (CDT) et 
avec le soutien financier de la Federal Aviation Administration (FAA), APS Aviation 
Inc. (APS) a entrepris des activités de recherche pour faire progresser la 
technologie en matière de dégivrage et d’antigivrage d’aéronefs au sol.  
 
Les essais menés par Transports Canada (TC), la FAA et APS en matière de 
facteurs humains au cours des dernières années ont démontré, lors d’essais visant 
à simuler les examens tactiles d’après dégivrage, qu’un système de détection de la 
glace donne des meilleurs résultats que des observateurs humains qualifiés dans 
l’identification de la glace sous les liquides antigivre ou de dégivrage. Par suite de 
ces essais, le sous-comité du G-12 de la SAE sur la détection de la glace prépare 
un nouveau document sur la norme minimale de rendement, l’Aerospace 
Standard (AS) 5681, qui concerne les essais et l’approbation d’un SDGS pour 
remplacer les observateurs humains pour les inspections tactiles.  
 
Afin d’assurer que les essais proposés dans l’AS5681 soient réalisables, APS a 
tenu une démonstration des conditions requises pour mener des essais en 
laboratoire. Le présent compte rendu donne les détails du travail effectué. 
 
Les paramètres en matière de spécifications et les questions de logistique examinés 
comprennent : 
 

• La vérification de la stabilité des disques de glace ; 

• La luminosité de jour, de nuit et de zones d’ombre ; 

• La simulation d’essais de détection de la glace ; et 

• Un test de mousse en laboratoire. 
 
De plus, APS a tenté de simuler les conditions suivantes : 
 

• La pluie verglaçante entre les plaques et le(s) capteur(s), englobant le champ 
de vision du capteur ; 

• La bruine verglaçante entre les plaques et le(s) capteur(s), englobant le 
champ de vision du capteur ; et 

• La pluie entre les plaques et le(s) capteur(s), englobant le champ de vision du 
capteur. 

 
Les résultats des essais ont été analysés et des changements ont été apportés à 
l’AS5681 de la SAE, le cas échéant. 
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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 
little 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. 
 
Over the past several years, the Transportation Development Centre (TDC), 
Transport Canada (TC) has managed and conducted de/anti-icing related tests at 
various sites in Canada; it has also coordinated worldwide testing and evaluation of 
evolving technologies related to de/anti-icing operations with the co-operation of 
the US Federal Aviation Administration (FAA), the National Research 
Council (Canada) (NRC), Meteorological Service of Canada (MSC), several major 
airlines, and deicing fluid manufacturers. The TDC is continuing its research, 
development, testing and evaluation program. 
 
Under contract to the TDC, with financial support from the FAA, APS Aviation 
Inc. (APS) has undertaken research activities to further advance aircraft ground 
de/anti-icing technology. The work statement for this project is included in 
Appendix A. APS was requested to participate in the activities of the Society of 
Automotive Engineers (SAE International) G-12 Subcommittee for Ice Detection, 
the SAE Regulatory Approval Process Working Group, and the Transport 
Canada “Ground-based Ice Detection System (GIDS) Implementation Team”. 
 
 
1.1 Background 
 
Exposure to weather conditions on the ground that are conducive to clear ice 
formation can cause aircraft surfaces and components to adversely affect aircraft 
performance, stability, and control. Therefore, regulatory bodies provide regulations 
governing aircraft operations in icing conditions that must be followed. Specific 
rules for aircraft are set forth in Federal Aviation Regulations (United 
States) (FARs), Joint Aviation Regulations (European) (JARs), Canadian Air 
Regulations (CARs), and others. The intent of these regulations is to ensure that no 
one attempts to dispatch or operate an aircraft with frozen deposits adhering to 
any aircraft component critical to safe flight. 
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1.2 Current Status of Performance Standards 
 
A Ground-based Ice Detection System (GIDS) is a system that performs remote 
measurements of a monitored aircraft surface to determine whether frozen 
contamination is present. Numerous GIDS have been developed and tested by the 
industry over the past decade.  
 
The development of GIDS has remained stagnant in recent years, primarily due to 
issues of technology performance and lack of industry approvals for use of the 
systems. Perhaps the biggest obstacle to the regulatory approval of GIDS was the 
determination of a detection threshold, which defines the minimum amount of ice 
present on aircraft surfaces that the GIDS must be able to detect. A minimum 
detection threshold was eventually established and included within SAE Aerospace 
Standard (AS) 5116, which established the minimum performance standard for 
GIDS. While it was thought GIDS would be brought to market soon after the 
approval of AS 5116, no systems were produced that could meet the minimum 
performance criteria set out in the document. As a result, no GIDS have ever been 
commercially produced.  
 
However, human factor testing performed by TC (see TC report, TP 14449E, 
Development of Ice Samples for Visual and Tactile Ice Detection Capability 
Tests (1) and TC report, TP 14450E, Comparison of Human Ice Detection 
Capabilities and Ground Ice Detection Performance Tests on Wing at PMG (2)), the 
FAA (see FAA report, DOT/FAA/TC-06/21, Human Visual and Tactile Ice Detection 
Capabilities under Aircraft Post Deicing Conditions, (3) and FAA report, 
DOT/FAA/TC-06/20, Comparison of Human Ice Detection Capabilities and Ground 
Ice Detection System Performance Under Post Deicing Conditions, (4)) and APS in 
recent years has indicated that an ice detection system performed better than 
trained human observers in the determination of ice under de/anti-icing fluid in tests 
aimed to simulate post-deicing tactile examinations. As a result of these tests, the 
SAE G-12 Ice Detection Subcommittee is writing a new minimum performance 
standard document, AS5681, for testing and approval of GIDS to supplant human 
observers for tactile inspections. The minimum performance criteria in this 
document will be less exacting than the criteria set in AS5116; in fact, it is 
expected some GIDS in development may already meet the AS5681 requirements. 
 
As a result of the human factors studies, the SAE G-12 Ice Detection 
Subcommittee formed the Remote On-Ground Ice Detection 
Systems (ROGIDS) Working Group to develop AS5681. 
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1.3 Objective 
 
In general, three sets of tests are described in the proposed AS5681 (see 
Appendix B): pre-deicing, post-deicing, and post-deicing with precipitation. The 
work conducted for this project focused predominantly on the post-deicing with 
precipitation tests.  
 
The specific objective of the project was to hold a demonstration of the conditions 
required to conduct laboratory tests for evaluating the minimum operational 
performance requirements (given in proposed SAE AS5681) of ice detection 
sensors. The testing took place at the NRC from March 26-28, 2007, and 
encompassed two activities: 
 

1. General specification parameters and logistics, including: 

• Ice disk stability verification; 

• Daytime, night-time and shadow lighting conditions; 

• Ice detection test simulation; and 

• Laboratory foam test. 
 

2. Clear ice detection during precipitation (the “curtain solution”). The “curtain 
solution” was used to test and evaluate the following test conditions:  

• Freezing rain between the plates and the sensor(s), and encompassing 
the sensor field of view; 

• Freezing drizzle between the plates and the sensor(s), and 
encompassing the sensor field of view; and 

• Rain between the plates and the sensor(s), and encompassing the 
sensor field of view. 

 
Two procedures on how to conduct these tests were written, and are included in 
Appendices C and D. 
 
APS was asked to prepare and co-ordinate testing to demonstrate to the ROGIDS 
Working Group members whether the conditions and tests described in proposed 
standard SAE AS5681 were in fact feasible and realistic. The ROGIDS Working 
Group felt strongly that there was no point in producing a standard that was not 
usable. 
 
The majority of Working Group members were present for the testing and had 
direct input in the testing and subsequent recommendations. All the results were 
later presented at the April 2007 ROGIDS Working Group meeting in 
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Toronto, Canada, and the recommended changes to the standard were agreed upon 
by the group. 
 
It should be noted that in an attempt to keep costs to a minimum, freezing fog 
tests were not attempted, as the freezing fog condition has successfully been 
achieved at the NRC in the past. In addition, it was decided at the October 2006 
ROGIDS Working Group meeting in Atlantic City that snow tests should be 
conducted outdoors; therefore, snow tests were not attempted.  
 
 
1.4 Report Format 
 
Each of the subsequent sections of this report presents a brief report on work 
conducted related to a specific test parameter: 
 

• Section 2 discusses ice disk stability; 

• Section 3 discusses lighting conditions; 

• Section 4 discusses ice detection test simulation; 

• Section 5 discusses the laboratory fluid foam test; and 

• Section 6 discusses clear ice detection during precipitation. 
 
 
1.5 Daily Test Reports 
 
Daily test reports were produced at the end of each day of testing. These reports 
were used to document the test results and identify the problems that needed to be 
resolved.  
 
The tests reports, written in memo format, documented the test logistics, 
investigation of ambient lighting conditions, ice detection test simulation and the 
foam tests. The reports are included in Appendix E. 
 
 
1.6 Investigation of Aircraft Wing Surfaces 
 
During the March 2007 NRC test session, Transport Canada and FAA 
representatives visited the Ottawa International Airport to observe the 
characteristics of aircraft wing surfaces and amend the proposed standard 
accordingly. In the original version of the standard, three surfaces were selected to 
simulate the aircraft wings in the ROGIDS tests: 
 

• Highly polished and (other half) polished aluminum; 
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• White and red painted aluminum; and 

• White and red painted composite. 
 
Following the airport visit, the standard was amended and the selected test 
surfaces are: 
 

• Polished aluminum and grey painted; 

• White and red painted aluminum;  

• White and red painted composite; and 

• Rubber surface replicating aircraft deicing boot. 
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2. ICE DISK STABILITY 
 
 
2.1 Introduction 
 
This section focuses on the feasibility of creating ice disks for use during the 
pre/post-deicing tests described in the proposed AS5681. Previous testing 
conducted by APS (in 2004-05) demonstrated the feasibility of manufacturing ice 
coupons (disks). A final procedure for creating ice disks was issued following these 
tests. A copy of this procedure is included in Appendix C.  
 
The testing described in this section was required to demonstrate the feasibility of 
using ice disks prepared using the Appendix C procedure for use in the 
pre/post-deicing tests described in the proposed AS5681. 
 
 
2.2 Objectives 
 
The objective of this project was to evaluate the decay of ice disk samples 
following the application of de/anti-icing fluid. The following particulars were 
investigated:  
 

• Test parameters less likely to cause ice to dissolve; 

• Maximum allowable time following fluid application until ice disk thickness 
begins to decrease; and 

• Feasibility of carrying out the test plan requiring ice disk samples as 
described in the proposed AS5681. 

 
To minimize expenditures, preliminary testing was conducted in the APS 
refrigerated truck research chamber (APS Reefer Chamber). Procedural 
modifications and feasibility were demonstrated at the NRC chamber in 
March 2007. 
 
 
2.3 Test Methodology  
 
 
2.3.1 Preliminary Test Parameter Investigation (APS Reefer Chamber) 
 
Testing was conducted to investigate which parameters were less likely to cause 
the ice disk to reduce in thickness following fluid application. It was recommended 
that fluid temperature and plate temperature be investigated. Testing was 
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conducted with 0.5 mm thick ice disks with a maximum area of 315 cm². 
Variations of fluid and plate temperatures were investigated. The total time required 
to completely dissolve each ice sample was recorded. A detailed procedure is 
included in Appendix C. 
 
 
2.3.2 Ice Thickness Reduction Tests (APS Reefer Chamber) 
 
Testing was conducted to investigate the maximum allowable time following fluid 
application until ice disk thickness began to decrease. Following fluid application, 
the ice disk was carefully cleaned using a squeegee and the thickness of the ice 
was measured and recorded using a wet film thickness gauge. One-step application 
tests (with Type I and Type IV fluid), as well as two-step applications (Type I fluid 
followed by Type IV fluid) were conducted. Testing was conducted with 0.5 mm 
thick ice disks with a maximum area of 315 cm². The de/anti-icing fluid was cooled 
to the lowest attainable temperature (approximately -35°C was obtained with the 
APS freezer) to extend the time required to cause significant reduction in the ice 
disks. A pre-measured amount of fluid was poured around the ice disk and gently 
brushed over the ice disk using a paintbrush. For each dataset, the time it took to 
remove all of the de/anti-icing fluid varied between 15 seconds and 7 minutes; the 
data collected was plotted to generate an ice decay profile specific to the test 
conditions. A detailed procedure is included in Appendix C. 
 
 
2.3.3 Test Logistics Validation (NRC Chamber) 
 
Testing was conducted at the NRC in March 2007 to validate the procedural 
guidelines set forth as a result of the preliminary research conducted by APS in the 
reefer chamber. Testing was conducted to confirm the validity of the procedure for 
creating ice disks, specifically, to ensure that the thickness of the ice disks would 
not degrade within two minutes of application. Testing was conducted with 
0.5 mm thick ice disks with a maximum area of 315 cm². Type I fluid was diluted 
to a standard mix and was cooled to the lowest attainable 
temperature (approximately -40°C); ice disks were developed on standard 
aluminum test plates inside the cold chamber, which was cooled to approximately 
-5°C. A detailed procedure is included in Appendix D. 
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2.4 Results 
 
 
2.4.1 Preliminary Test Parameter Investigation (APS Reefer Chamber) 
 
Results from the testing conducted demonstrated that the fluid temperature most 
significantly affected the melting time for the ice disks. Results showed that by 
cooling the de/anti-icing fluid to the lowest attainable temperature (approximately 
-35°C was obtained with the APS freezer), the time required to cause significant 
reduction in the ice disks was extended. This methodology was adopted by the 
proposed AS5681 for use with all pre/post-deicing tests to be conducted with ice 
disks. 
 
 
2.4.2 Ice Thickness Reduction Tests (APS Reefer Chamber) 
 
Results from the testing conducted demonstrated that the ice disk would begin to 
reduce in thickness approximately 2 minutes following fluid application for a 
one-step application test, and approximately 1 minute following fluid application for 
a two-step application test. It was also demonstrated that fluid application could be 
performed in a short period of time; approximately 17 seconds for a one-step 
application, and approximately 36 seconds for a two-step application. It was 
concluded that the ice disk samples would allow for sufficient time following fluid 
application to conduct the required series of ice detection tests described in 
AS5681. Details of the test results are included in Appendix F.  
 
 
2.4.3 Test Logistics Validation (NRC Chamber) 
 
Testing was conducted using a one-step Type I fluid application. Results from the 
testing conducted confirmed the results previously documented during the tests 
conducted in the APS reefer trailer; the ice disk would begin to reduce in thickness 
approximately 2 minutes following fluid application for a one-step application test. 
It was also confirmed that the ice disk samples would allow for sufficient time 
following fluid application to conduct the required series of ice detection tests 
described in AS5681. Details of the test results are included in the daily test 
reports found in Appendix E.  
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2.5 Conclusions and Recommendations 
 
 
2.5.1 De/Anti-Icing Fluid Application to Ice Disks 
 
Results demonstrated that de/anti-icing fluid should be applied to the ice disk at the 
lowest attainable temperature (-35°C to -40°C) to extend the time required to 
cause significant reduction in the ice disk thickness. Plate temperature and ice disk 
temperature were maintained at approximately -5°C; these parameters did not have 
a significant effect on the ice disk thickness reduction following fluid application. 
 
 
2.5.2 Ice Disk Reduction Following Fluid Application 
 
Results from the testing conducted demonstrated that the 0.5 mm thick ice disk 
with a maximum area of 315cm² would begin to reduce in thickness approximately 
2 minutes following fluid application for a one-step application test, and 
approximately 1 minute following fluid application for a two-step application test. 
These results were documented during the testing conducted in the APS reefer 
trailer and were confirmed during the testing conducted at the NRC. 
 
 
2.5.3 Feasibility of Using Ice Disk Samples for the Proposed AS5681 Test 

Plan 
 
Results from the testing conducted at the APS reefer trailer and at the NRC 
demonstrated that the ice disk samples would allow for sufficient time following 
fluid application to conduct the required series of ice detection tests described in 
AS5681. Test results showed that multiple ice detection tests (as described in 
AS5681) could be conducted consecutively using the same ice disk sample. 
 
These results were presented to the ROGIDS Working Group at the 
November 2006 meeting in Atlantic City. The presentation is included in 
Appendix G. 
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3. LIGHTING CONDITIONS 
 
 
3.1 Introduction 
 
The proposed Aerospace Standard AS5681 gives three lighting conditions under 
which tests must be conducted: daylight, daylight with shadows, and night-time. 
The daylight and night-time lighting conditions are specified based on 
illumination (in LUX) and colour temperature (in Kelvin). 
 
Prior to testing, the illumination and colour specifications shown in Table 3.1 were 
included in AS5681. 
 
 

Table 3.1: Initial AS5681 Lighting Requirements 

 Illumination Colour Temperature 

Daylight >25,000 lux 5,000 to 6,500 K 

Night-time 100 to 500 lux 2,100 to 3,200 K 
 
 
3.2 Objective 
 
The objective of this testing was to ensure the lighting specifications given in the 
standard for each lighting condition could be produced in the NRC chamber. 
 
 
3.3 Methodology 
 
A test procedure was developed for this research (included in Appendix D) and 
testing was completed in April 2007 at the NRC chamber. Of note: 
 

• Light illumination and colour temperature were measured using a Sper 
Scientific 840020 light meter and a Konica-Minolta Colormeter III; 

• Various lighting conditions currently available in the chamber were tested; 

• Different types of lighting available were investigated;  

• Lighting was added as necessary to achieve the lighting specifications; and 

• Plastic boards were positioned above plates to replicate shadows. 
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3.4 Data 
 
The investigation of lighting requirements is detailed in the test reports included in 
Appendix E. Table 3.2 shows the lighting measurements obtained during the NRC 
test session. 
 
 

Table 3.2: Lighting Characteristics Measurements 

 Illumination Colour Temperature 

Daylight (halogen) 28,000 lux 2,700 K 

Daylight (car light) N/A 4,000 K 

Daylight (metal halide) 28,000 lux 5,870 K 

Night-time (chamber light) 140 lux 3,500 K 
 
 
3.5 Conclusions and Recommendations 
 
At the suggestion of the Working Group members present during the NRC test 
session, APS visited the AéroMag central deicing facility in Montreal to measure 
the lighting characteristics. 
 
At the deicing pad, the intensity of light was measured to be around 20-30 lux in 
the lighted areas. While this is slightly below specifications, spotlights from the 
deicing vehicle would likely place the intensity within specifications. 
 
The color temperature was measured to be 2,600 K, within specifications. 
 
A presentation summarizing the test procedures and results was given at the 
ROGIDS Working Group meeting in Toronto in April 2007; this presentation is 
included in Appendix H. 
 
 
3.5.1 Daylight 
 
The daylight condition was successfully replicated using a metal halide bulb (see 
Photo 3.1) with the following characteristics: 
 

• Sylvania Metalarc BT56; 

• Metal Halide; and 
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• ANSI luminance code “S”. 
 
Only one bulb, placed approximately 2 feet above the plates, was needed to 
provide the required illumination for the test area. Because the heat emitted by 
metal halide bulbs is moderate, it is recommended an additional bulb is used and 
the distance between the light source and the plates is increased. Alternatively, the 
plates can be placed on the test stand immediately prior to testing to minimize the 
time under the heat; another solution would be to place a shield between the light 
and the plates. 
 
 
3.5.2 Night-time 
 
The standard lighting conditions in the chamber fell within the illumination 
specification and just outside the colour temperature specification for the night-time 
lighting condition.  
 
It was recommended to change the night-time colour temperature upper limit 
requirement from 3,200 K to 3,600 K. 
 
 
3.5.3 Daylight with Shadows 
 
To achieve the shadow condition, a wood board was positioned above the plates to 
cast a shadow on one half of each of the plates (see Photo 3.2). This proved that 
the shadow condition is easily achievable. 
 
 
3.5.4 Lighting Requirements After Feasibility Tests 
 
Table 3.3 shows the lighting requirements that were adopted by the Working 
Group based on these tests. 
 
 

Table 3.3: Proposed Lighting Requirements 

 Illumination Colour Temperature 

Daylight >25,000 lux 5,000 to 6,500 K 

Night-time 100 to 500 lux 2,100 to 3,600 K 
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Photo 3.1: Setup for Lighting Condition - Daylight 

 
 
 

Photo 3.2: Setup for Lighting Condition – Daylight with Shadow 
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4. ICE DETECTION TESTS SIMULATION 
 
 

4.1 Introduction 
 

Tests were conducted to investigate the feasibility of conducting the laboratory 
pre-deicing and post-deicing residual clear ice detection tests as described in 
AS5681 (see Appendix B).  
 
 

4.2 Objective 
 

The objective of the ice detection tests simulation was to illustrate that tests in the 
test plan can be conducted within a reasonable time frame. Two test sets, 
pre-deicing and post-deicing, were conducted. Table 4.1 (pre-deicing) and 
Table 4.2 (post-deicing) show the tests that were simulated during this 
demonstration. Note that these were the tests in the proposed standard at the time 
when the NRC testing was being carried out; the current proposal standard in 
Appendix B has been slightly modified to incorporate the new “deicing boot” test 
surface. 
 
 

Table 4.1: Test Set 1 – Detection of Clear Ice Pre-Deicing 

 
1.  Sensor at Minimum Sight Angle and Maximum Distance (Far) and Maximum Sight Angle and Minimum Distance (Near). 

2.  Precipitation Type: None 

3.  Recommended Temperature: ≤-5°C 

4.  Fluid Type Required: None 

5.  See Appendices B and C for definitions of parameters. 
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Table 4.2: Test Set 2 – Detection of Residual Clear Ice Post Deicing 

 
1.  Sensor at Minimum Sight Angle and Maximum Distance (Far) and Maximum Sight Angle and Minimum Distance (Near). 

2.  Precipitation Type: None 

3.  Recommended Temperature: ≤-5°C 

4.  Illumination: Night-time 

5.  See Appendices B and C for definitions of parameters. 
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The purpose of the pre-deicing tests was to illustrate that all 18 tests given in the 
pre-deicing test set (Table 4.1) could be conducted within a reasonable time frame. 
Tests were required to be conducted at both far and near camera distances, on all 
test surfaces and in each lighting condition (daylight, night-time and shadow). No 
fluid was required for these tests. 
 
The purpose of the post-deicing tests was to prove that 6 tests (Test Set 2, # 2-4 
to 2-6 and # 2-25 to 2-27 in Table 4.2) could be conducted within the two-minute 
window that exists for ice disk thickness stability. The tests were meant to 
simulate testing on all surfaces (painted aluminum plate, painted composite plate 
and a polished/unpolished aluminum plate), in the night-time lighting condition from 
both near and far camera distances. 
 
 
4.3 Methodology 
 
A test procedure was developed for this research. It is included in Appendix D. 
Testing was carried out at the NRC chamber in March 2007. 
 
 
4.3.1 Methodology for Pre-Deicing Tests 
 
All 18 tests from Test Set 1 (Table A1 in AS5681) were carried out, including: 
 

• Three test surfaces (concurrently); 

• Daylight: far camera, near camera; 

• Night-time: far camera, near camera; and 

• Shadow: far camera, near camera. 
 
 
4.3.2 Methodology for Post-Deicing Tests 
 
The demonstrations of post-deicing tests were conducted for the night-time 
condition only. Six tests were simulated at this condition: 
 

• Ice disks were developed on three test plates and initial thickness was 
measured; 

• Type I fluid was applied to test plates; 

• Simulated ROGIDS picture taken from far angle;  

• Simulated ROGIDS picture taken from near angle; and 

• Ice disk thickness measurements were taken at the end of the test. 
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4.4 Results 
 
 
4.4.1 Pre-Deicing Tests 
 
It took less than 30 seconds to conduct all 18 tests. This was done by setting up 
the three test surfaces on one test stand, setting up two simulated cameras (far 
and near) and then turning the lights off for the night-time condition, on for the 
daylight condition, and inserting a shield for the shadow condition. 
 
 
4.4.2 Post-Deicing Tests 
 
It took approximately 30 seconds to conduct all 6 tests. For each test, the 
thickness of the ice patch on each test was measured, fluid was applied to the test 
plate and a simulated ROGIDS photo was taken. At the end of the test set, the 
thickness of the ice on each test plate was measured. This was all done within 
30 seconds, proving that it is feasible to conduct the 6 tests within the two-minute 
window that was previously established as the time that the ice disk thickness will 
not degrade following application of Type I fluid. 
 
 
4.5 Conclusions and Recommendations 
 
All pre-deicing tests were completed in approximately 30 seconds, confirming the 
validity of the test protocol. 
 
All post-deicing tests were completed in approximately 30 seconds, confirming the 
validity of the test protocol. Tests can be conducted within the 2-minute window 
for ice disk stability. 
 
A presentation summarizing the test procedures and results was given at the 
ROGIDS Working Group meeting in Toronto in April 2007; this presentation is 
included in Appendix H. 
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5. LABORATORY FLUID FOAM TEST 
 
 
5.1 Introduction 
 
Certain deicing fluids show foaming characteristics when applied to aircraft wings. 
A foam test has been included in AS5681 to ensure that ROGIDS performance is 
not affected by fluids that become foamy when applied. 
 
Prior to this testing, the following formulation was given for the fluid to be used for 
the foaming test (proportion by percent weight).  
 

• Sodium di (2-ethylhexyl) sulfosuccinate (0.5 percent) (surfactant); 

• Water (11.5 percent); and 

• Propylene glycol (PG) (88 percent). 
 
The formulation was based on the historical fluid used for aerodynamic acceptance 
tests, MIL-A-8243. A majority of the fluid manufacturers were consulted and they 
agreed that this was a reasonable approach in an attempt to get a fluid that would 
provide foaming. 
 
 
5.2 Objective 
 
The objective of these tests was to investigate the suitability of the laboratory 
foam test being developed for inclusion in AS5681. 
 
 
5.3 Methodology 
 
The foaming fluid formulation described in Section 5.1 was the starting point. The 
formulation of the fluid was adjusted subsequently to provide the appropriate 
foaming effects and freeze point.  
 
Photo 5.1 shows the laboratory blender in which the fluid was foamed, and 
Photo 5.2 shows the application of the foamed fluid.  
 
The procedure used to conduct this work is included Appendix D. 
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5.4 Results 
 
It was noted that the proposed foam formulation had two issues: 
 

• It did not produce enough foam/bubbles; and 

• PG fluid should have a fluid freeze point (FFP) of approximately -40°C. 
 
Following further analysis, it was decided that a reasonable glycol dilution would be 
one mixed to a fluid freezing point of approximately -40°C. Different formulations 
were made, including one with 0.5 percent surfactant, one with 0.25 percent 
surfactant, heated applications and cold applications.  
 
In the end, it was concluded by the test observers (including members of the 
Working Group) that the fluid formulation and application method that was most 
suitable for inclusion in AS5681 was as follows: 
 

• Fluid formulation (to be blended); 

o sodium di (2-ethylhexyl) sulfosuccinate (0.5 percent); 

o water (38.5 percent); and 

o propylene glycol (61 percent); 

• Fluid heated to 60°C; 

• Test be conducted on a 1.0 m by 1.5 m aluminum long plate inclined at 10° 
to the horizontal; and 

• 2 L of fluid applied by pouring to a wing surface with an ice patch of 
approximately 1 mm thickness. 

 
Because this series of tests was conducted in the early phase of development, 
additional tests were carried out in July 2007 at the NRC chamber. The objective 
was to determine if the 1.0 mm thick ice patch used in the foam test consistently 
reduces to a 0.5 mm thickness after heated fluid is applied. The results of 
three tests confirmed that the heated fluid reduces the thickness of the ice patch 
from 1.0 mm to 0.5 mm. 
 
 
5.5 Conclusions and Recommendations 
 
The fluid formulation and application method that was most suitable for inclusion in 
AS5681 was as follows: 
 

• Fluid formulation; 
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o sodium di (2-ethylhexyl) sulfosuccinate (0.5 percent); 

o water (38.5 percent); and 

o propylene glycol (61 percent); 

• Fluid heated to 60°C; and 

• 2 L applied by pouring to a wing surface with an ice patch of approximately 
1 mm thickness. 

 
The final formulation was compared with a commercial Type I fluid and was found 
to have more foam and bubbles present. The test observers felt this formulation 
and application method produced a worst-case scenario for a foamy Type I fluid 
application. The final procedure that was developed together with the Working 
Group observers is included in SAE AS5681 (see Appendix B). 
 
A presentation summarizing the test procedures and results was given at the 
ROGIDS Working Group meeting in Toronto in April 2007; this presentation is 
included in Appendix H. 
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Photo 5.1: 1 L Waring Blender Used to Foam Fluid 

 
 
 

Photo 5.2: Application of Foamed Fluid at NRC in March 2007 

 
 



 

26 

This page intentionally left blank.



6.  CLEAR ICE DETECTION DURING PRECIPITATION 

M:\Projects\PM2020 (TC Deicing 06-07)\Reports\ROGIDS\Final Version 1.0\TP 14452E Final Version 1.0.doc 
Final Version 1.0, February 18 

27 

6. CLEAR ICE DETECTION DURING PRECIPITATION 
 
 
6.1 Introduction 
 
SAE AS5681 is being developed to test the minimum operational performance 
requirements of ice detection sensors. Three sets of tests were described in the 
proposed AS5681:  
 

• Pre-deicing;  

• Post-deicing; and 

• Post-deicing with precipitation. 
 
This section focuses on the third set of tests: post-deicing with precipitation. 
Preliminary characterization and calibration research and tests were conducted in 
the past (in 2002). Those attempts were successful in creating some of the 
parameters required for three of the five test conditions that were described at the 
time. Additional testing was required to demonstrate the feasibility of generating 
the current conditions described in the proposed AS5681. 
 
 
6.2 Objective 
 
The objective of this project was to demonstrate the feasibility of generating the 
precipitation conditions required to conduct laboratory tests for evaluating the 
minimum operational performance requirements (proposed SAE AS5681) of ice 
detection sensors.  
 
The “curtain solution” was used to test and evaluate the following simulated 
precipitation conditions: 
 

• Freezing rain between the plates and the sensor(s), and encompassing the 
sensor field of view; 

• Freezing drizzle between the plates and the sensor(s), and encompassing the 
sensor field of view; and 

• Rain between the plates and the sensor(s), and encompassing the sensor 
field of view. 

 
It was decided at the October 2006 ROGIDS Working Group meeting in Atlantic 
City that snow tests should be conducted outdoors. Also, the freezing fog 
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condition was successfully achieved at the NRC in 2002. Therefore, in an attempt 
to keep the costs at a minimum, these two conditions were not attempted. 
 
 
6.3 Curtain Methodology 
 
 
6.3.1 Procedure 
 
The “curtain solution” was developed to simulate precipitation conditions by 
generating a “curtain” of high intensity precipitation, using one nozzle spraying 
along the short axis of the chamber (see Photo 6.1). The droplet diameters were 
verified using a “dye stain” technique. Rate pans, weighed before and after 
exposure to precipitation, were placed beneath the spray footprint. Photo 6.2 
shows the chamber setup. The data collected using the rate pans was analysed to 
calculate the effective rate of precipitation over a defined distance along the long 
axis of chamber. The ROGIDS and the target were placed 12 m apart, as this was 
considered to be representative of the maximum distance. The number of nozzles 
required to generate the condition effectively was determined mathematically based 
on the results from the one spray nozzle. A detailed description of the procedure 
used is found in Appendix D. 
The following three precipitation conditions were attempted in the NRC chamber: 
 

a) Freezing Drizzle 
Precipitation rate: 5-10 g/dm2/h 
Droplet size: 300µm±100 
Temperature: <= -5 °C 

b) Light Freezing Rain  
Precipitation rate: 19-25 g/dm2/h 
Droplet size: 1000µm±100 
Temperature: <= -5 °C 

c) Rain  
Precipitation rate: 65-75 g/dm2/h 
Droplet size: 1000µm±100 
Temperature: <= +1 °C 

 
The chamber was cooled to the target temperature, and then the cooling system 
was shut to get still air (turbulence caused by the cooling system caused variances 
in the precipitation rates produced). The calibration was conducted until the 
chamber temperature rose above freezing (or reached approximately 6ºC in the 
case of rain), at which point the calibration was stopped, and the cooling system 
was restarted until the target temperature was attained once again. 
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6.3.2 Setup 
 
To conduct the calibration tests, three nozzles were positioned along the walls of 
the long axis of the NRC chamber; these nozzles were installed and available from 
previous testing conducted in 2002. A plan view of the setup inside the NRC 
chamber is shown in Figure 6.1. Calibration was only conducted on one nozzle at a 
time. Figure 6.2 shows the rate pan layout used for conducting the calibration for 
each nozzle. During each of the calibration tests, two rate trays (which held 12 rate 
pans each) provided a large enough collection area to completely capture the nozzle 
footprint along the long axis of the chamber. This was necessary in order to 
accurately calculate the weighted average of the footprint along the long axis of 
the chamber (as described in detail in Section 6.3.3). 
 
 

31 m

Control Room

Far Sensor 1

Test Stand 1

RatesRatesRates

Nozzle

13 2

 
Figure 6.1: Plan View of NRC Chamber “Curtain” Setup 
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Figure 6.2: Rate Pan Layout for 1 Nozzle 

 
 
6.3.3 Calculation of Effective Rate 
 
 
6.3.3.1  Effective Rate Using One Nozzle 
 
The effective rate of precipitation was calculated as the weighted average of the 
rate of precipitation between the ROGIDS sensor and the target. Calibration was 
conducted for one nozzle at a time. The following formula was used to calculate 
the effective rate of precipitation: 
 
 

DC
LPAvgRER ×=  
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Where: 
 

ER = Effective Rate per Axis; 

AvgR = Average rate of 4 pans; 

LP = Length of 4 Pans; and 

DC     = Distance from Camera to Objective; 12 m was selected to 
represent maximum distance between ROGIDS system and 
target. 

 
Figure 6.3 shows which rate pans were used in calculating the effective rate of 
precipitation along one axis of the chamber. The average rate of precipitation of the 
four rate pans along the selected axis was used to calculate the weighted average 
over the long axis of the chamber. Figure 6.4 demonstrates the effective 
precipitation rates measured using one nozzle during Run #3. 
 
 

 
Figure 6.3: Rate Calculation Per Axis Using 1 Nozzle 
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Effective Rate (g/dm²/h) Using One Nozzle

1 Nozzle 

Long Axis 6&12 9.2

Long Axis 5&11 10.3

Long Axis 4&10 11.2

Long Axis 3&9 11.6

Long Axis 2&8 10.1

Long Axis 1&7 8.1

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle SideNozzle Side

Effective Rate (g/dm²/h) Using One Nozzle

1 Nozzle 

Long Axis 6&12 9.2

Long Axis 5&11 10.3

Long Axis 4&10 11.2

Long Axis 3&9 11.6

Long Axis 2&8 10.1

Long Axis 1&7 8.1

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle SideNozzle Side
 

Figure 6.4: Effective Rate Measured Per Axis Using 1 Nozzle  
 
 
6.3.3.2  Effective Rate Using Multiple Nozzles 
 
To estimate the effective rate using multiple spray nozzles, the following formula 
was used: 
 
 

ZERMR ×=  
 
 
Where: 
 

MR = Effective Rate of Precipitation using multiple nozzles (g/dm²/h); 
ER     = Effective Rate of Precipitation (see above) using one 

nozzle (g/dm²/h); and 
Z = Number of nozzles (#). 

 
Figure 6.5 demonstrates the effective precipitation rates for multiple nozzles 
calculated based on the one nozzle calibration data during Run #3. Results for each 
of the test runs conducted are found in Section 6.3.2. The feasibility of using 
multiple nozzles to generate higher intensities of precipitation was verified as a 
separate objective and is described in Section 6.3.4. 
 



6.  CLEAR ICE DETECTION DURING PRECIPITATION 

M:\Projects\PM2020 (TC Deicing 06-07)\Reports\ROGIDS\Final Version 1.0\TP 14452E Final Version 1.0.doc 
Final Version 1.0, February 18 

33 

1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 9.2 18.3 27.5 36.7 45.8 55.0

Long Axis 5&11 10.3 20.5 30.8 41.0 51.3 61.6

Long Axis 4&10 11.2 22.5 33.7 44.9 56.2 67.4

Long Axis 3&9 11.6 23.2 34.7 46.3 57.9 69.5

Long Axis 2&8 10.1 20.2 30.4 40.5 50.6 60.7

Long Axis 1&7 8.1 16.3 24.4 32.5 40.7 48.8

Effective Rate (g/dm²/h) Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.5: Effective Rate Per Axis Calculated for Multiple Nozzles 

 
 
6.3.4 Verification of Repeatability 
 
Once the desired rate of precipitation was obtained, the feasibility of producing the 
same rate of precipitation was verified by undergoing the following procedure: 
 

• Shut off the water supply; 

• Wait 10 minutes (for the lines to drain); 

• Turn on water supply and water flow using the flow meter to obtain desired 
rate of precipitation; and 

• Repeat rate calibration. 
 
The precipitation rate repeatability was also verified using the different nozzles 
located in the NRC chamber. Once a desired rate of precipitation was obtained with 
the first nozzle, the same flow rate settings were applied to a different nozzle and a 
precipitation rate verification was conducted. The feasibility of using multiple 
nozzles at the same time was also verified; a spot check was conducted with two 
pans (one per curtain) instead of the full twenty-four pans. 
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6.4 Test Log and Results 
 
 
6.4.1 Test Log 
 
To facilitate the accessibility of the data collected, a log was created for the series 
of tests conducted by APS at the NRC research facility. The log presented 
in Table 6.1 provides relevant information for each of the calibration test runs, as 
well as final values recorded. Each row contains data specific to one test. The 
following is a brief description of the column headings: 
 
 
Run: Exclusive number identifying each calibration test. 

Sprayer Settings: Sprayer system parameters modified during the 
tests. 

Position of Wall Nozzle Used:  Location of the nozzle used for the specific test. 

Nozzle # Used: Teejet nozzle identification number (larger number 
relates to increased flow and droplet diameter). 

Water Flow Rate: Water flow rate setting used with the Alicat 
Scientific Flow Meter/Regulator. 

Precip. Type: Simulated precipitation type required to satisfy 
SAE AS5681 test plan. 

Target Precip. Rate: Target precipitation rate required to satisfy 
SAE AS5681 test plan. 

# of Nozzles Required for  
Effective Rate: 

Number of nozzles required to produce desired rate 
of precipitation calculated mathematically based on 
data collected from one nozzle. 

# of Axis with Acceptable  
Rates: 

Number of axis (measuring 27.5 cm wide) in which 
the measured rate of precipitation was within an 
acceptable tolerance of the target precipitation 
rate. 

Effective Precip Rate:  Rate of precipitation calculated as the average of 
the axis with acceptable rates. 

Approx Drop Size: Droplet mean volume diameter estimated based on 
the Whatmans paper dye stain technique. 

Comments: Comments recorded by APS personnel during the 
test. 
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Table 6.1: Test Log 

1 2 2.0 2.00 ZR  19-25 1 4 23 0.5 Droplet Size to small, had to reduce flow rate.(distance from 
wall is 5'3")

2 2 2.0 0.70 ZR  19-25 2 2 23 1 Used flow meter to regulate 

3 2 2.0 0.47 ZR  19-25 2 4 22 1 Reduced flow and had to bring boards 2' closer to wall 
(distance from wall is 3'3")

4 2 2.0 0.47 ZR  19-25 2 4 22 1 Good Duplicate of Run #3

5 2 2.0 0.47 ZR  19-25 2 4 21 1 Good Duplicate of Run #3

6 2 0.4 0.17 ZD  5-10 2  1-3 8 0.3 Large Variance in rates, axis rates slightly outside of target 
Rate

7 2 0.4 0.17 ZD  5-10 2  1-3 7 0.3 Large Variance in rates, axis rates slightly outside of target 
Rate

8 1 2.0 0.47 ZR  19-25 2 4 19 1 Rate slightly lower. Showed repeatability of Run #3 with 
different wall position on different day.

9 2 5.0 1.00 R  65-75 4  3-4 74  0.6-1.4 High Var in rates and droplet Size. Moved boards 1' further 
from wall (distance from wall is 4'3")

10 2 5.0 1.00 R  65-75 4 4 71  0.8-1.0 Good Rates, variablity in droplet size considred acceptable 
due to high rate.

11 2 5.0 1.00 R  65-75 4 4 73  0.8-1.0 Good Duplicate of Run #10

12 1 and 2 5.0, 6.5 1.00 R  65-75 4 N/A Spot 
Check N/A Verify Feasability of multiple Nozzles. Spot Checked with 2 

rate pans to verify that rate was similar to Run #10

Approx. 
Drop Size

(mm)

Water Flow 
Rate 

(L/min)

Effective
Precip. Rate 
(g/dm^2/h)

Run #
Target

Precip. Rate 
(g/dm^2/h)

# of Nozzles 
Required for 

Effective Rate

Precip. 
Type

# of Axis 
With 

Acceptable 
Rates

Position of 
Wall Nozzle 

Used
(1,2, or 3)

Sprayer Settings

CommentsNozzle # 
Used
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6.4.2 Results 
 

During each test run (with the exception of Run #12), the effective rate of 
precipitation per axis was measured using one nozzle and was calculated for 
multiple nozzles. The methodology used to calculate the effective rates of 
precipitation is described in Section 6.3.3. Figure 6.6 to Figure 6.16 demonstrate 
the results produced. 
 
 

1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 18.0 36.1 54.1 72.2 90.2 108.3

Long Axis 5&11 21.0 42.0 63.0 84.1 105.1 126.1

Long Axis 4&10 24.5 49.0 73.5 97.9 122.4 146.9

Long Axis 3&9 28.5 57.0 85.5 114.0 142.5 171.0

Long Axis 2&8 33.1 66.2 99.3 132.4 165.5 198.6

Long Axis 1&7 37.4 74.8 112.2 149.6 187.1 224.5

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.6: Effective Rate Per Axis – Run #1 

 
 

1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 7.3 14.7 22.0 29.4 36.7 44.1

Long Axis 5&11 9.9 19.8 29.8 39.7 49.6 59.5

Long Axis 4&10 12.6 25.3 37.9 50.5 63.2 75.8

Long Axis 3&9 15.1 30.3 45.4 60.5 75.6 90.8

Long Axis 2&8 16.5 33.0 49.5 66.0 82.5 99.0

Long Axis 1&7 16.9 33.8 50.8 67.7 84.6 101.5

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.7: Effective Rate Per Axis – Run #2 
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1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 9.2 18.3 27.5 36.7 45.8 55.0

Long Axis 5&11 10.3 20.5 30.8 41.0 51.3 61.6

Long Axis 4&10 11.2 22.5 33.7 44.9 56.2 67.4

Long Axis 3&9 11.6 23.2 34.7 46.3 57.9 69.5

Long Axis 2&8 10.1 20.2 30.4 40.5 50.6 60.7

Long Axis 1&7 8.1 16.3 24.4 32.5 40.7 48.8

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.8: Effective Rate Per Axis – Run #3 

 
 

1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 9.3 18.7 28.0 37.3 46.7 56.0

Long Axis 5&11 10.4 20.9 31.3 41.8 52.2 62.7

Long Axis 4&10 11.6 23.1 34.7 46.2 57.8 69.3

Long Axis 3&9 12.0 23.9 35.9 47.9 59.9 71.8

Long Axis 2&8 10.6 21.2 31.8 42.3 52.9 63.5

Long Axis 1&7 6.7 13.4 20.2 26.9 33.6 40.3

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.9: Effective Rate Per Axis – Run #4 
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1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 9.1 18.2 27.3 36.4 45.5 54.7

Long Axis 5&11 10.3 20.6 30.9 41.2 51.5 61.8

Long Axis 4&10 11.0 22.0 33.0 43.9 54.9 65.9

Long Axis 3&9 11.0 22.0 33.0 43.9 54.9 65.9

Long Axis 2&8 9.3 18.6 27.9 37.1 46.4 55.7

Long Axis 1&7 5.1 10.2 15.4 20.5 25.6 30.7

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.10: Effective Rate Per Axis – Run #5 

 
 

1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 0.2 0.3 0.5 0.6 0.8 1.0

Long Axis 5&11 0.3 0.6 0.9 1.2 1.6 1.9

Long Axis 4&10 0.7 1.4 2.1 2.8 3.5 4.2

Long Axis 3&9 1.9 3.7 5.6 7.5 9.4 11.2

Long Axis 2&8 3.6 7.2 10.7 14.3 17.9 21.5

Long Axis 1&7 5.7 11.5 17.2 22.9 28.7 34.4

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.11: Effective Rate Per Axis – Run #6 
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1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 0.2 0.4 0.7 0.9 1.1 1.3

Long Axis 5&11 0.4 0.8 1.2 1.6 2.0 2.4

Long Axis 4&10 0.9 1.7 2.6 3.4 4.3 5.1

Long Axis 3&9 2.1 4.1 6.2 8.2 10.3 12.3

Long Axis 2&8 3.6 7.3 10.9 14.5 18.2 21.8

Long Axis 1&7 5.4 10.9 16.3 21.8 27.2 32.6

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.12: Effective Rate Per Axis – Run #7 

 
 

1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 7.3 14.6 22.0 29.3 36.6 43.9

Long Axis 5&11 9.5 19.0 28.5 38.0 47.5 57.0

Long Axis 4&10 10.2 20.3 30.5 40.7 50.9 61.0

Long Axis 3&9 9.8 19.7 29.5 39.3 49.2 59.0

Long Axis 2&8 8.8 17.6 26.4 35.2 44.0 52.8

Long Axis 1&7 6.1 12.2 18.2 24.3 30.4 36.5

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.13: Effective Rate Per Axis – Run #8 
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1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 17.4 34.7 52.1 69.4 86.8 104.2

Long Axis 5&11 18.3 36.6 54.9 73.2 91.5 109.8

Long Axis 4&10 20.3 40.6 60.9 81.2 101.6 121.9

Long Axis 3&9 17.8 35.6 53.4 71.2 89.0 106.8

Long Axis 2&8 11.8 23.7 35.5 47.3 59.2 71.0

Long Axis 1&7 6.6 13.1 19.7 26.2 32.8 39.4

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.14: Effective Rate Per Axis – Run #9 

 
 

1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 18.3 36.6 54.9 73.2 91.5 109.8

Long Axis 5&11 16.9 33.7 50.6 67.5 84.3 101.2

Long Axis 4&10 17.0 34.1 51.1 68.2 85.2 102.2

Long Axis 3&9 19.6 39.1 58.7 78.3 97.8 117.4

Long Axis 2&8 17.8 35.6 53.4 71.2 89.0 106.8

Long Axis 1&7 12.7 25.5 38.2 51.0 63.7 76.5

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.15: Effective Rate Per Axis – Run #10 
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1 Nozzle 2 Nozzles 3 Nozzles 4 Nozzles 5 Nozzles 6 Nozzles

Long Axis 6&12 19.6 39.2 58.9 78.5 98.1 117.7

Long Axis 5&11 17.9 35.9 53.8 71.7 89.7 107.6

Long Axis 4&10 17.5 35.1 52.6 70.2 87.7 105.3

Long Axis 3&9 19.7 39.4 59.2 78.9 98.6 118.3

Long Axis 2&8 18.0 36.1 54.1 72.1 90.2 108.2

Long Axis 1&7 13.6 27.3 40.9 54.5 68.2 81.8

Effective Rate Using Multiple Nozzles

Long Axis of Chamber

Short Axis 
of Chamber

Nozzle Side

 
Figure 6.16: Effective Rate Per Axis – Run #11 

 
 
6.5 Test Results 
 
 
6.5.1 Light Freezing Rain  
 
Six tests were conducted to generate and calibrate the required light freezing rain 
conditions with rates of precipitation ranging from 19-25 g/dm²/h. Results showed 
that it was possible to achieve the required rate of precipitation using two nozzles 
and maintain droplet size diameters within 1000µm±100. Test Runs #3, #4, #5, 
and #8 demonstrated good repeatability of the results produced, even when using 
different nozzle locations.  
 
It should be noted that using four nozzles at half the intensity was not possible. 
The nozzles on the market are typically designed for different applications such as 
agriculture where high flows are needed. The flow rates and quantities needed for 
these tests are much lower. 
 
 
6.5.2 Freezing Drizzle 
 
Two tests were conducted to generate and calibrate the required freezing drizzle 
conditions with rates of precipitation ranging from 5-10 g/dm²/h. Results showed 
that it was possible to maintain droplet size diameters within 300µm±100; 
however, it was difficult to produce consistent rates. The fine droplets produced 
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for freezing drizzle were more susceptible to air turbulence, even with the cooling 
system turned off. The curtain produced for freezing drizzle was also smaller than 
the light freezing rain curtain; the smaller droplets were not projected as far as the 
larger light freezing rain droplets. Test Runs #6 and #7 demonstrated good 
repeatability of the results produced, but the variance in the rates collected 
minimized the number of acceptable axes for testing. 
 
 
6.5.3 Rain  
 
4 tests were conducted to generate and calibrate the required rain conditions with 
rates of precipitation ranging from 65-75 g/dm²/h. Results showed that it was 
possible to achieve the required rate of precipitation using four nozzles and 
maintain droplet size diameters within 1000µm±200. Test Runs #10, #11, and #12 
demonstrated good repeatability of the results produced, even when using different 
nozzle locations. The rain condition generated was considered the worst-case 
scenario, with respect to visibility, in comparison to light freezing rain and freezing 
drizzle.  
 
 
6.5.4 Chamber Temperature  
 
The refrigeration system used at the NRC chamber generated air turbulence causing 
variability in the rate distribution produced by the wall-mounted nozzles. To 
minimize the air turbulence, the refrigeration was stopped once the target 
temperature was reached, and the rate calibration was conducted. Conducting the 
calibration without active refrigeration caused large fluctuations in temperature; the 
temperature in the chamber often rose above freezing. 
 
 
6.6 Recommendations 
 
The majority of ROGIDS Working Group members were present for the testing and 
had direct input into the subsequent recommendations. 
 
 
6.6.1 Light Freezing Rain and Freezing Drizzle 
 
It is recommended that light freezing rain and freezing drizzle conditions be 
removed from the Proposed SAE AS5681. The conditions generated by the rain 
curtain were deemed as the worst-case scenario with respect to visibility. In 
addition, the requirement of four nozzles to achieve the appropriate rain rates 
provided a more even distribution, which was more representative of nature. 
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Therefore, to avoid redundancy in the test requirements, it was suggested that only 
rain be tested resulting in the most conservative results. 
 
 
6.6.2 Rain 
 
It is recommended that precipitation requirements for rain be expanded from 
65-75 g/dm²/h to 65-80 g/dm²/h. Increasing the upper precipitation rate limit would 
allow for greater ease of testing while remaining conservative. It was also 
recommended that the droplet diameter requirements be expanded from 
1000µm±100 to 1000µm±200; due to the high rate of precipitation it was difficult 
to control size distribution.  
 
 
6.6.3 Chamber Temperature  
 
It is recommended that the chamber temperature requirements be changed to 
greater than or equal to -5ºC. Chamber temperature did not have a significant 
effect on the visibility of the precipitation curtain generated, therefore, removing 
the upper limit would facilitate future testing. 
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Photo 6.1: Nozzle Used for ‘Curtain Solution” 

 
 
 

Photo 6.2: Chamber Setup for “Curtain Solution” 
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7. CONCLUSIONS AND RECOMMENDATIONS 
 
APS successfully demonstrated to the ROGIDS Working Group members and test 
participants that with the changes identified during conduct of the tests it is 
possible to create the conditions required by SAE AS5681 for evaluating the 
minimum operational performance requirements. The testing also showed that the 
test parameters were mostly satisfactory. 
 
Based on the results of the tests, changes were incorporated into AS5681 where 
necessary. These conclusions and recommendations are described in detail in 
Sections 2 to 6 of this report. 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT 

AIRCRAFT & ANTI-ICING FLUID 
WINTER TESTING 2006-07 

 
 
6.5.1 Support for Development of Performance Specifications for ROGIDS  
 

a) Participate in the activities of the SAE G-12 Subcommittee for Ice 
Detection, the SAE Regulatory Approval Process Working Group, and the 
Transport Canada “Ground Ice Detection System (GIDS) Implementation 
Team” (Ref: RDIMS 554519v5) including: 

i) Address the issue of the visual threshold for detection of frozen 
contamination on aircraft surfaces; 

ii) Review Remote GIDS reliability issues including implications of 
Transport Canada Hardware and Software Issue papers; 

iii) Chair the SAE Ice Detection Subcommittee Working Group to develop a 
Standard for Remote On-Ground Ground Ice Detection Sensors (RGIDS); 

iv) Prepare and coordinate an updated draft Standard for On-Board Aircraft 
Point and Remote Ground Ice Detection Systems (OGIDS). Coordinate 
with EUROCAE activities; 

v) Evaluate the feasibility of preparing ice disk samples for testing in 
conjunction with Aerospace Standard AS5681. Examine the decay of 
ice disk samples following the application of de/anti-icing fluid. The 
following particulars will be investigated:  

i. Test parameters less likely to cause the ice disk to dissolve; and 

ii. Maximum allowable time following fluid application until ice disk 
thickness begins to decrease. 

vi) Perform an internal review of previous work conducted for full-scale 
ROGIDS testing and prepare an internal document summarizing previous 
results, conclusions, and recommendations; and 

vii) Provide support for preparation and development of AS 5681 document. 
 
 
6.5.2 Demonstration of Laboratory Trial Conditions for ROGIDS 
 

a) Plan a demonstration of the conditions required to conduct laboratory trials 
for evaluating the minimum operational performance requirements (Proposed 
AS5681) of ice detection sensors; 
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i) Freezing rain between the plates and the sensor(s), and encompassing 
the sensor field of view; 

ii) Freezing drizzle between the plates and the sensor(s), and 
encompassing the sensor field of view; and 

iii) Rain between the plates and the sensor(s), and encompassing the 
sensor field of view. 

b) Prepare a test plan and procedure for testing; 

c) Coordinate, with NRC, the piping and installations of the spray nozzles; 

d) Coordinate other activities (obtain ROGIDS system, photometer, nozzles, 
etc.); and 

e) Conduct tests at NRC (1 day setup, 4 days testing). 

i) Characterization and feasibility of creating conditions; and 

i. Measure the intensities produced for each condition using rate 
pans to determine if the intensities in the proposed specifications 
are appropriate; and 

ii. Obtain ZR, ZD, and R droplet size distributions. 

ii) Procedural feasibility. 

i. Measure and control light intensity inside the chamber; 

ii. Produce appropriate light intensity shadows on test plates; 

iii. Survey the chamber for positioning of ROGIDS (far and near); 

iv. Evaluate logistics for testing; and 

v. Dry run using actual ROGIDS system. 
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PROPOSED AEROSPACE STANDARD 5681 
MINIMUM OPERATIONAL PERFORMANCE SPECIFICATION FOR REMOTE 

ON-GROUND ICE DETECTION SYSTEMS 
 

JULY 2007
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EXPERIMENTAL PROGRAM: 
EVALUATION OF ROGIDS SPECIFICATIONS AND 

FEASIBILITY OF ROGIDS TESTING AT NRC FACILITY 
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Memo 
 
To: John D’Avirro 

From: Stephanie Bendickson 

Date: March 27, 2007 

Re:  Summary of ROGIDS R&D Testing, Day 1 
 
 
Objective 1: Test Logistics  
 
The first objective for the ROGIDS R&D testing was to confirm the validity of the 
procedure for creating ice disks. Specifically, to ensure that the thickness of the ice 
disks would not degrade within two minutes of application. 
 
Ice disks were developed on standard aluminum test plates inside the cold 
chamber, which was cooled to approximately -5°C. Hand-held spray bottles were 
used in place of an air compressor spray gun required in the proposed aerospace 
standard. This was done to simplify the procedure, and was possible as the quality 
of the ice was not critical to the outcome of the tests. However, the thickness of 
the ice was important, and it was carefully measured. The ice disks were made to 
a thickness of 0.5 mm. 
 
Once ice disks had been created on the test plates, the plates were placed on a 
test stand levelled to the horizontal. Type I fluid was diluted to a freezing point of 
-48°C (Brix = 38.5°, approximately 60% fluid/40% water) and supercooled to 
-40°C. 15 mL of the Type I fluid was measured and poured around the 
circumference of the ice disk. A paintbrush was used to evenly distribute the fluid 
over the ice disk and the test plate.  
 
After two minutes, the fluid was removed from the test plate using a clean rag. 
The thickness of the ice was measured. The thickness was 0.5 mm, and therefore 
had not changed during the two minutes. 
 
This test confirmed that the ice samples are valid for at least two minutes following 
application of Type I fluid. 
 
 
Objective 2: Investigation of Ambient Lighting Conditions 
 
The proposed aerospace standard gives three lighting conditions under which tests 
must be conducted: daylight, daylight with shadows, and night time. The second 
objective of the ROGIDS R&D testing was to investigate whether the ambient 
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lighting conditions given in the proposed aerospace standard could be reproduced 
in the climate chamber. The proposed aerospace standard gives the following 
illumination and colour specifications: 
 
 

 Illumination Colour 

Daylight 25,000 lux 5,000 to 6,500 K 

Night time 100 to 500 lux 2,100 to 3,200 K 
 
 
The daytime condition was replicated by using a setup of eight 500 watt halogen 
lights positioned approximately 1 metre above the test stand. This provided lighting 
on the test plates of 28,000 lux, which was relatively close to the specification 
value. However, the colour temperature provided by the setup was only 2,700 K, 
which fell significantly below the specification. Different types of lighting, notably 
xenon lighting, are believed to be able to provide the appropriate colour 
temperature. Over the remaining test days, an attempt will be made to obtain 
xenon lighting and produce the day time conditions using a combination of xenon 
and halogen lights. 
 
To achieve the shadow condition, a wooden board was positioned above the plates 
to cast a shadow on one half of each of the plates. This proved that the shadow 
condition is easily achievable.  
 
The night time condition was easily achieved. The standard lighting in the chamber 
provided illumination of 140 lux at a colour temperature of 3,500 K. 
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Memo  
 
To: John D’Avirro 

From: Stephanie Bendickson 

Date: April 2, 2007 

Re:  Summary of ROGIDS R&D Testing, Day 2 
 
 
Objective 1: Ice Detection Test Simulation  
 
Tests were conducted on Day 2 to investigate the feasibility of conducting 
pre-deicing and post-deicing residual clear ice detection tests as described in 
Appendix A of AS5681.  
 
The purpose of the pre-deicing tests was to illustrate that all 18 tests given in the 
pre-deicing test set (see AS5681, Table A1) could be conducted within a 
reasonable time frame. Tests were required to be conducted at both far and near 
camera distances, on all test surfaces and in each lighting condition (daylight, 
night-time and shadow). No fluid was required for these tests. It took less than 
30 seconds to conduct all 18 tests. This was done by setting up the three test 
surfaces on one test stand, setting up two simulated cameras (far and near) and 
then turning the lights off for the night-time condition, on for the daylight 
condition, and inserting the shadow shield for the shadow condition. 
 
The purpose of the post-deicing tests was to prove that 6 tests could be conducted 
within the two-minute window that exists for ice disk thickness stability. The tests 
were meant to simulate testing on all surfaces (painted aluminum plate, painted 
composite plate and a polished/unpolished aluminum plate), in the night time 
lighting condition from both near and far camera distances. It took approximately 
30 seconds to conduct all 6 tests. For each test, the thickness of the ice patch on 
each test was measured, fluid was applied to the test plate and a simulated 
ROGIDS photo was taken. At the end of the test set the thickness of the ice on 
each test plate was measured. This was all done within 30 seconds, proving that it 
is feasible to conduct the 6 tests within the two-minute window that was 
previously established as the time that the ice disk thickness will not degrade 
following application of Type I fluid. 
 
 
Objective 2: Investigation of Ambient Lighting Conditions 
 
The investigation into ambient lighting conditions continued on Day 2. Two xenon 
lighting options were investigated. The first was a kitchen light, which did not 
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produce appropriate light. The second was a xenon car headlight. It produced light 
at 4000 K, which again, did not meet the specifications. 
 

Finally, a suitable solution for daylight lighting conditions was found. Purchased 
from a hydroponics store, the metal halide bulb produced the following lighting 
conditions: 
 

• Light intensity: 28,000 lux (2 feet below bulb); 

• Light intensity (with shadow): 1,000 – 2,000 lux; and 

• Light colour: 5,870 K. 
 

The specifications of the light are as follows: 
 

• Sylvania Metalarc BT56; 

• Metal Halide; and 

• ANSI luminance code “S.” 
 
 

Objective 3: Foam Tests 
 

Investigation was made into the suitability of the fluid foaming test included in the 
proposed ROGIDS standard. The purpose of this test in the standard is to verify 
that ROGIDS performance is not affected by foaming in applied deicing fluids. 
 

The standard provides the following formulation for the fluid to be used for the 
foaming test (proportion by percent weight): 
 

• sodium di (2-ethylhexyl) sulfosuccinate (0.5%); 

• water (11.5%); and 

• propylene glycol (88%). 
 

The formulation is based upon the historical fluid used for aerodynamic acceptance 
tests, MIL-A-8243. 
 

Two formulations of the surfactant (sodium di-sulfosuccinate) were obtained: 
 

1. Dioctyle Sulfosuccinate Sodium: wax-like consistency; and 

2. Diotyl Sulfosuccinate Docusate Sodium: powder consistency. 
 

It was possible to dissolve the first surfactant formulation in water only after being 
microwaved for three minutes. The second formulation was substantially easier to 
dissolve; however, significant mixing was required and it was only possible at room 
temperature (not cooler). 
 

On Day 2 the components were mixed as per the ratio given above and the 
resulting mixture was placed overnight in a freezer to cool. 



APPENDIX E 

M:\Projects\PM2020 (TC Deicing 06-07)\Reports\ROGIDS\Report Components\Appendices\Appendix E.doc 
Final Version 1.0, February 18 

E-5 

Memo  
 

To: John D’Avirro 

From: Stephanie Bendickson 

Date: April 2, 2007 

Re:  Summary of ROGIDS R&D Testing, Day 3 
 
 
Objective 1: Foam Test 
 
The objective of Day 3 was to finalize the procedure for conducting the AS5681 
foam test.  
 
The initial foam fluid formulation, which was mixed the previous day and cooled to 
approximately -35°C, was mixed in a blender using the procedure given in the 
proposed ROGIDS standard (1 L fluid, mixed for 15 seconds in a Waring blender at 
a speed of 3400 rpm). No foam or bubbles were produced using this formulation at 
this temperature. 
 
500 mL of F1 was then mixed with 500 mL of water to produce a second 
formulation, F2. When F2 was mixed in the blender it became foamy. As per the 
ROGIDS procedure, F2 was applied to a clean, dry wing surface (in this case an 
airfoil). Some bubbles and foam were visible in the fluid following application. 
 
Following further discussion, it was decided that a reasonable glycol dilution would 
be one mixed to a fluid freezing point of approximately -40°C. Different 
formulations were made, including one with 0.5% surfactant, one with 0.25% 
surfactant, heated applications and cold applications. In the end, it was concluded 
by the test observers that the fluid formulation and application method that was 
most suitable for inclusion in AS 5681 was as follows: 
 

• Fluid formulation; 

o sodium di-sulfosuccinate (0.5%); and 

o propylene glycol/distilled water (95%, mixed to a Brix of 36°). 

• Fluid heated to 60°C; and 

• 2 Litres applied by pouring to a wing surface with an ice patch of 
approximately 1 mm thickness. 

 
This application was compared with a Type I fluid application and was found to 
have more foam and bubbles present. The test observers felt this formulation and 
application method produced a worst-case scenario for a foamy Type I fluid 
application. These conclusions will be incorporated into AS5681. 
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EVALUATION OF ICE DISK SAMPLE DECAY FOLLOWING APPLICATION OF 
DE/ANTI-ICING FLUID 

TEST RESULTS 
September 8, 2006 

 
 

Table 1: Procedural Time Requirements 

Average Time to Create Ice Disk (w/ spray bottle) 7 min.

Average Time To Apply Type I Fluid 17 sec.

Average Time To Apply Type IV Fluid 17 sec.

Average Time To Apply Two Step - Type I and Type IV 36 sec.
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Figure 1: Ice Disk Decay Results Following Type I PG Standard Mix Application 
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Final Ice Disk Thickness
Type I EG Standard Mix Fluid Application
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Figure 2: Ice Disk Decay Results Following Type I EG Standard Mix Application 
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Figure 3: Ice Disk Decay Results Following Type I EG Concentrate Application 
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Final Ice Disk Thickness
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Figure 4: Ice Disk Decay Results Following Type IV PG Neat Application 
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Figure 5: Ice Disk Decay Results Following Two Step Application – Type I PG Std. 

Mix and Type IV PG Neat Application 
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Final Ice Disk Thickness
Two Step Application - Type I EG Conc. Followed by Type IV PG Neat 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

Time (min)

Th
ic

kn
es

s 
(m

m
)

Final Ice Thickness

# of Tests: 8
Average Plate Temp. : -10.9ºC
Average Type I Fluid Temp. : -20ºC
Average Type IV Fluid Temp. : -30ºC
Average OAT: -10.9ºC

 
Figure 6: Ice Disk Decay Results Following Two Step Application – Type I EG Con. 

and Type IV PG Neat Application 
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