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PREFACE 
 
Under contract to the Transport Canada Innovation Centre, APS Aviation Inc. has undertaken 
a research program to advance aircraft ground de/anti-icing technology. The primary 
objectives of the research program are the following: 
 
• To develop holdover time data for all new de/anti-icing fluids; 

• To conduct testing to determine holdover times for Type II, III, and IV fluids in snow at 
temperatures below -14°C; 

• To conduct additional testing and analysis to evaluate and/or determine appropriate 
holdover times for Type I fluids in snow at temperatures below -14°C; 

• To evaluate and develop the use of artificial snow machines for holdover time 
development; 

• To conduct wind tunnel testing with a thin high performance wing model to support the 
development of guidance material for operating in ice pellet conditions; 

• To finalize the research for the development of degree-specific snow holdover time data; 

• To study and support the interpretation of METAR reported weather for determining 
holdover time table guidance; 

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

• To finalize the publication and delivery of current and historical reports; 

• To update the regression information report to reflect changes made to the holdover time 
guidelines; and 

• To update the holdover time guidance materials for annual publication by Transport 
Canada and the Federal Aviation Administration. 

 
Some project timelines were impacted due to the COVID-19 pandemic. The details of these 
impacts are described in the individual reports, if applicable. The research activities of the 
program conducted on behalf of Transport Canada during the winter of 2020-21 are 
documented in four reports. The titles of the reports are as follows: 
 
• TP 15494E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 

for the 2020-21 Winter; 

• TP 15495E Regression Coefficients and Equations Used to Develop the Winter 
2021-22 Aircraft Ground Deicing Holdover Time Tables; 

• TP 15496E Aircraft Ground Icing General Research Activities During the 2020-21 
Winter; and 

• TP 15497E Wind Tunnel Trials to Support Further Development of Ice Pellet 
Allowance Times: Winter 2020-21. 

 
In addition, the following interim report is being prepared: 
 
• Artificial Snow Research Activities for the 2020-21 Winter. 
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This report, TP 15497E, has the following objective: 
 
• To conduct research in the National Research Council Canada Icing Wind Tunnel with a 

thin high-performance wing section to further support and develop the anti-icing fluid Ice 
Pellet Allowance Times. 

 
This objective was met by conducting a series of full-scale tests using a thin 
high-performance wing model in the National Research Council Canada Icing Wind Tunnel 
with the cooperation of Transport Canada and the Federal Aviation Administration. 
 
 
PROGRAM ACKNOWLEDGEMENTS 
 
This multi-year research program has been funded by the Transport Canada Innovation 
Centre, with support from the Federal Aviation Administration William J. Hughes Technical 
Center, Transport Canada Civil Aviation, and Federal Aviation Administration Flight 
Standards – Air Carrier Operations. This program could not have been accomplished without 
the participation of many organizations. APS Aviation Inc. would therefore like to thank 
Transport Canada, the Federal Aviation Administration, National Research Council Canada, 
and supporting members of the SAE International G-12 Aircraft Ground Deicing Committees. 
 
APS Aviation Inc. would also like to acknowledge the dedication of the research team, whose 
performance was crucial to the acquisition of hard data, completion of data analysis, and 
preparation of reports. This includes the following people: Brandon Auclair, David Beals, 
Steven Baker, Stephanie Bendickson, Benjamin Bernier, Chloë Bernier, Christopher D'Avirro, 
John D’Avirro, Peter Dawson, Jaycee Ewald, Noemie Gokhool, Benjamin Guthrie, Peter 
Kitchener, Diana Lalla, Shahdad Movaffagh, Dany Posteraro, Annaelle Reuveni, Marco Ruggi, 
Javad Safari, Alexa-Kiran Sareen-Diacoumacos, Niroshaan Sivarajah, James Smyth, Saba 
Tariq, Charles Wilson, Ian Wittmeyer, and David Youssef. 
 
Special thanks are extended to Antoine Lacroix, Yvan Chabot, Warren Underwood, and 
Charles J. Enders, who on behalf of Transport Canada and the Federal Aviation 
Administration, have participated, contributed, and provided guidance in the preparation of 
these documents. 
 
 
PROJECT ACKNOWLEDGEMENTS 
 
APS Aviation Inc. would like to acknowledge the team at National Research Council Canada 
who operate the icing wind tunnel, especially Catherine Clark for engineering support and 
aerodynamic expertise. APS Aviation Inc. would like to acknowledge Andy Broeren of 
National Aeronautics and Space Administration whose engineering support and aerodynamic 
expertise have been crucial to the development of wind tunnel testing protocols used today. 
APS Aviation Inc. would also like to acknowledge the fluid manufacturers who have provided 
samples over the years to support the wind tunnel testing. 
 



 

v 

 
Transport 
Canada 

Transports 
Canada PUBLICATION DATA FORM 

1. Transport Canada Publication No. 

TP 15497E 
2. Project No. 

B14W 
3. Recipient’s Catalogue No. 

 

4. Title and Subtitle 

Wind Tunnel Trials to Support Further Development of Ice Pellet Allowance 
Times: Winter 2020-21 

5. Publication Date 

October 2021 

6. Performing Organization Document No. 

300293 

7. Author(s) 

Marco Ruggi 
8. Transport Canada File No. 

2450-BP-14 

9. Performing Organization Name and Address 

APS Aviation Inc. 
6700 Côte-de-Liesse Rd., Suite 102 
Montreal, Quebec, H4T 2B5 

10. PWGSC File No. 

TOR-7-40103 

11. PWGSC or Transport Canada Contract No. 

T8156-170044/001/TOR 

12. Sponsoring Agency Name and Address 

Transport Canada 
Innovation Centre 
330 Sparks St., 18th Floor 
Ottawa, Ontario, K1A 0N5 

13. Type of Publication and Period Covered 

Final 

14. Project Officer 

Antoine Lacroix 

15. Supplementary Notes (Funding programs, titles of related publications, etc.) 

Several research reports for testing of de/anti-icing technologies were produced for previous winters on behalf of Transport Canada (TC). These 
are available from the TC Innovation Centre. Several reports were produced as part of this winter’s research program. Their subject matter is 
outlined in the preface. This project was co-sponsored by the Federal Aviation Administration. 

16. Abstract 

As part of a larger research program examining de/anti-icing fluid flow-off during simulated aircraft takeoff, APS 
Aviation Inc. conducted a series of full-scale wing tests in the National Research Council Canada Icing Wind Tunnel 
to determine the flow-off characteristics of anti-icing fluid with and without mixed precipitation conditions with ice 
pellets. 
 
A wind tunnel testing program was developed for the winter of 2020-21 with the primary objectives of conducting 
aerodynamic testing to substantiate the current Type IV fluid Ice Pellet Allowance Times with new fluids, and to 
extend the current Type IV fluid Ice Pellet Allowance Times for ethylene glycol (EG) based fluids. 
 
The wind tunnel testing conducted during the winter of 2020-21 validated the current Type IV allowance times for 
use with the new-to-market fluid: AllClear ClearWing EG. Validation testing for Cryotech Polar Guard Xtend is 
considered incomplete and more testing is recommended. 
 
Type IV EG fluid testing and an analysis of historical data supported longer allowance times specific to Type IV EG 
fluids, and a new separate EG Ice Pellet Allowance Time Table will be published for the winter 2021-22 Holdover 
Time Guidelines. 
 
The proposed changes resulted in three separate allowance tables for Type III, and the newly separated Type IV 
EG, and Type IV propylene glycol fluids. The notes in the respective tables were updated to reflect the latest format 
and content changes. In addition, a column specifying the applicable METAR codes for each condition was included 
in the three tables. 

17. Key Words 

Ice Pellet, Allowance Time, High Speed Rotation, Low Speed 
Rotation, Type II, Type III, Type IV, Fluid Adherence, Fluid Flow-Off, 
Wind Tunnel, Icing Wind Tunnel, Wing Aerodynamics 

18. Distribution Statement 

Available from the Transport Canada Innovation 
Centre 

19. Security Classification (of this publication) 
 

Unclassified 

20. Security Classification (of this page) 
 

Unclassified 

21. Declassification 
 (date)  

22. No. of  
 Pages 

xvi, 82 
apps 

23. Price 
 

 

CDT/TDC 79-005 
Rev. 96 

 
 
 
 
 
 
  

 
 

 
 
 
 
 

 



 

vi 

 
Transports 
Canada 

Transport 
Canada FORMULE DE DONNÉES POUR PUBLICATION  

1. No de la publication de Transports Canada 

TP 15497E 
2. No de l’étude 

B14W 
3. No de catalogue du destinataire 

 

4. Titre et sous-titre 

Wind Tunnel Trials to Support Further Development of Ice Pellet Allowance 
Times: Winter 2020-21 

5. Date de la publication 

Octobre 2021 

6. No de document de l’organisme exécutant 

300293 

7. Auteur(s) 

Marco Ruggi 
8. No de dossier - Transports Canada 

2450-BP-14 

9. Nom et adresse de l’organisme exécutant 

APS Aviation Inc. 
6700, Chemin de la Côte-de-Liesse, Bureau 102 
Montréal (Québec)  H4T 2B5 

10. No de dossier - TPSGC  

TOR-7-40103 

11. No de contrat - TPSGC ou Transports Canada 

T8156-170044/001/TOR 

12. Nom et adresse de l’organisme parrain 

Transports Canada 
Centre d’innovation 
330, rue Sparks, 18ième étage 
Ottawa (Ontario)  K1A 0N5 

13. Genre de publication et période visée 

Final 

14. Agent de projet 

Antoine Lacroix 

15. Remarques additionnelles (programmes de financement, titres de publications connexes, etc.) 

Plusieurs rapports de recherche sur des essais de technologies de dégivrage et d’antigivrage ont été produits au cours des hivers précédents pour le 
compte de Transports Canada (TC). Ils sont disponibles auprès du Centre d’innovation de TC. De nombreux rapports ont été rédigés dans le cadre du 
programme de recherche de cet hiver. Leur objet apparaît à l’avant-propos. Ce projet était coparrainé par la Federal Aviation Administration. 

16. Résumé 

Dans le cadre d’un plus vaste programme de recherche étudiant le ruissellement du liquide de dégivrage et d’antigivrage durant le 
décollage simulé d’un aéronef, APS Aviation Inc. a mené une série d’essais sur des ailes pleine grandeur dans la soufflerie de givrage 
du Conseil national de recherches Canada afin de déterminer les caractéristiques de ruissellement du liquide d’antigivrage avec et sans 
conditions de précipitations mixtes comprenant des granules de glace. 
 
Un programme d’essais en soufflerie a été élaboré pour l’hiver 2020-2021 avec comme principaux objectifs de réaliser des tests 
aérodynamiques visant à corroborer les marges de tolérance actuelles pour les granules de glace avec de nouveaux liquides de type IV, 
et d’élargir les marges de tolérance actuelles dans des conditions de granules de glace pour les liquides de type IV à base d’éthylène 
glycol. 
 
Les essais menés en soufflerie au cours de l’hiver 2020-2021 ont confirmé l’applicabilité des marges de tolérance actuelles des liquides 
de type IV à un produit nouvellement commercialisé : AllClear ClearWing EG. Les essais de validation pour Cryotech Polar Guard Xtend 
ont été jugés incomplets; il est donc recommandé de procéder à des évaluations supplémentaires. 
 
Des essais réalisés sur les liquides de type IV à base d’EG (éthylène glycol) et une analyse des données historiques ont étayé 
l’augmentation des marges de tolérance spécifiques à ces produits. De ce fait, un nouveau tableau des marges de tolérance relatives 
aux liquides à base d’EG dans des conditions de granules de glace sera publié dans le cadre des lignes directrices sur les durées 
d’efficacité pour l’hiver 2021-2022. 
 
Les changements proposés ont donné lieu à trois tableaux de marges de tolérance distincts pour les liquides de type III, ainsi que les 
liquides de type IV à base d’EG et ceux de type IV à base de PG (propylène glycol), dont le traitement a récemment été scindé. Les 
notes des tableaux respectifs ont été mises à jour pour refléter les dernières modifications apportées au format et au contenu. De plus, 
une colonne indiquant les codes METAR applicables à chaque condition météorologique a été incluse dans les trois tableaux. 

17. Mots clés 

Granule de glace, marge de tolérance, rotation à haute vitesse, 
rotation à basse vitesse, type II, type III, type IV, adhérence de liquide, 
écoulement de liquide, soufflerie, soufflerie de givrage, 
aérodynamisme des ailes 

18. Diffusion 

Disponible auprès du Centre d'innovation de 
Transports Canada 

19. Classification de sécurité (de cette publication) 
 

Non classifiée 

20. Classification de sécurité (de cette page) 
 

Non classifiée 

21. Déclassification 
 (date)  

22. Nombre 
  de pages 

xvi, 82 
ann. 

23. Prix 
 

 

CDT/TDC 79-005 
Rev. 96 
 
  

  
 



EXECUTIVE SUMMARY 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/TP 15497E Final Version 1.0.docx 
Final Version 1.0, July 22 

vii 

EXECUTIVE SUMMARY 
 
Under contract to the Transport Canada (TC) Innovation Centre, with support from 
the Federal Aviation Administration (FAA) William J. Hughes Technical Center, TC 
Civil Aviation, and FAA Flight Standards – Air Carrier Operations, APS Aviation Inc. 
(APS) carried out research in the winter of 2020-21 in support of the aircraft ground 
icing research program. 
 
As part of a larger research program, APS conducted a series of full-scale wing tests 
in the National Research Council Canada 3 m x 6 m Icing Wind Tunnel to determine 
the flow-off characteristics of anti-icing fluid with and without mixed precipitation 
conditions with ice pellets. 
 
 
Background and Objective 
 
A wind tunnel testing program was developed for the winter of 2020-21 with the 
primary objectives of conducting aerodynamic testing to: 
 

• Substantiate the current Type IV fluid Ice Pellet Allowance Times with new 
fluids using the thin high-performance regional jet (RJ) airfoil and, weather 
permitting, at temperatures close to the fluid lowest operational use 
temperature; and 

• Extend the current Type IV fluid Ice Pellet Allowance Times for ethylene glycol 
(EG) fluids using the thin high-performance RJ airfoil. 

 
 
Conclusions and Recommendations 
 
The wind tunnel testing conducted during the winter of 2020-21 validated the 
current Type IV allowance times for use with the new-to-market fluid: AllClear 
ClearWing EG. Validation testing for Cryotech Polar Guard Xtend is considered 
incomplete and more testing is recommended. 
 
Type IV EG fluid testing and an analysis of historical data supported longer allowance 
times specific to Type IV EG fluids, and a new separate EG Ice Pellet Allowance Time 
Table will be published for the winter 2021-22 Holdover Time Guidelines. 
 
The proposed changes resulted in three separate allowance tables for Type III, and 
the newly separated Type IV EG, and Type IV PG fluids. The notes in the respective 
tables were updated to reflect the latest format and content changes. In addition, a 
column specifying the applicable METAR codes for each condition was included in 
the three tables. 
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SOMMAIRE 
 
En vertu d’un contrat avec le Centre d’innovation de Transports Canada (TC) et avec 
le soutien du William J. Hughes Technical Center de la Federal Aviation 
Administration (FAA), du département de l’aviation civile de TC, et de la FAA Flight 
Standards – Air Carrier Operations, APS Aviation Inc. (APS) a mené des essais au 
cours de l’hiver 2020-2021 dans le cadre d’un programme de recherche sur le 
givrage d’aéronefs au sol. 
 
Dans le cadre d’un plus vaste programme de recherche, APS Aviation Inc. a mené 
une série d’essais sur des ailes pleine grandeur dans la soufflerie de givrage de 3 m 
sur 6 m du Conseil national de recherches Canada afin de déterminer les 
caractéristiques de ruissellement du liquide d’antigivrage avec et sans conditions de 
précipitations mixtes comprenant des granules de glace. 
 
 
Contexte et objectif 
 
Un programme d’essais en soufflerie a été élaboré pour l’hiver 2020-2021 avec 
comme principaux objectifs de réaliser des tests aérodynamiques visant à : 
 

• Corroborer les marges de tolérance actuelles pour les granules de glace avec 
de nouveaux liquides de type IV au moyen d’une surface portante haute 
performance à profil mince d’un avion de transport régional à réaction et, selon 
les conditions météorologiques, à des températures se rapprochant de la 
température minimale d’utilisation opérationnelle ; et 

• Élargir les marges de tolérance actuelles dans des conditions de granules de 
glace pour les liquides de type IV à base d’éthylène glycol au moyen d’une 
surface portante haute performance à profil mince d’un avion de transport 
régional à réaction. 

 
 
Conclusions and recommandations 
 
Les essais menés en soufflerie au cours de l’hiver 2020-2021 ont confirmé 
l’applicabilité des marges de tolérance actuelles des liquides de type IV à un produit 
nouvellement commercialisé : AllClear ClearWing EG. Les essais de validation pour 
Cryotech Polar Guard Xtend ont été jugés incomplets; il est donc recommandé de 
procéder à des évaluations supplémentaires. 
 
Des essais réalisés sur les liquides de type IV à base d’EG (éthylène glycol) et une 
analyse des données historiques ont étayé l’augmentation des marges de tolérance 
spécifiques à ces produits. De ce fait, un nouveau tableau des marges de tolérance 
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relatives aux liquides à base d’EG dans des conditions de granules de glace sera 
publié dans le cadre des lignes directrices sur les durées d’efficacité pour 
l’hiver 2021-2022. 
 
Les changements proposés ont donné lieu à trois tableaux de marges de tolérance 
distincts pour les liquides de type III, ainsi que les liquides de type IV à base d’EG et 
ceux de type IV à base de PG (propylène glycol), dont le traitement a récemment été 
scindé. Les notes des tableaux respectifs ont été mises à jour pour refléter les 
dernières modifications apportées au format et au contenu. De plus, une colonne 
indiquant les codes METAR applicables à chaque condition météorologique a été 
incluse dans les trois tableaux. 
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1. INTRODUCTION 
 
Under winter precipitation conditions, aircraft are cleaned prior to takeoff. This is 
typically done with aircraft ground deicing fluids, which are freezing point depressant 
(FPD) fluids developed specifically for aircraft use. If required, aircraft are then 
protected against further accumulation of precipitation by the application of aircraft 
ground anti-icing fluids, which are also FPD fluids. Most anti-icing fluids contain 
thickeners to extend protection time. 
 
Prior to the 1990s, aircraft ground de/anti-icing had not been extensively researched. 
However, following several ground icing related incidents in the late 1980s, an 
aircraft ground icing research program was initiated by Transport Canada (TC). The 
objective of the program is to improve knowledge, improve safety, and enhance 
operational capabilities of aircraft operating in winter precipitation conditions. 
 
Since its inception in the early 1990s, the aircraft ground icing research program has 
been managed by TC, with the co-operation of the United States Federal Aviation 
Administration (FAA), the National Research Council Canada (NRC), several major 
airlines, and de/anti-icing fluid manufacturers. 
 
There is still an incomplete understanding of some of the hazards related to aircraft 
ground icing. As a result, the aircraft ground icing research program continues, with 
the objective of further reducing the risks posed by the operation of aircraft in winter 
precipitation conditions. 
 
Under contract to the TC Innovation Centre, with support from the FAA William J. 
Hughes Technical Center, TC Civil Aviation, and FAA Flight Standards – Air Carrier 
Operations, APS Aviation Inc. (APS) carried out research in the winter of 2020-21 in 
support of the aircraft ground icing research program. Each major project completed 
as part of the 2020-21 research is documented in a separate individual report. This 
report documents the wind tunnel Ice Pellet Allowance Time development project. 
 
 
1.1 Background 
 
In 2005-06, the inability for operators to release aircraft in ice pellet conditions led 
TC and the FAA to begin a research campaign to develop allowance times. 
Developing holdover times (HOTs) was not feasible due to the properties of the ice 
pellets; they remain embedded in the fluid and take long to dissolve compared to 
snow, which is immediately absorbed and dissolved. Research was initiated through 
live aircraft testing with the NRC Falcon 20 in Ottawa, Canada, and later progressed 
to a more controlled environment with the NRC 3 m x 6 m Icing Wind Tunnel (IWT), 
also in Ottawa. 
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The early testing in 2005-06 with the Falcon 20 primarily used visual observations 
to evaluate fluid flow-off. During the Falcon 20 work, the wing was anti-iced and 
exposed to contamination, and aborted takeoff runs allowed researchers onboard to 
observe and evaluate the fluid flow-off. Testing in 2006-07 began in the IWT, 
allowing aerodynamic data to be used for evaluating fluid flow-off performance. The 
IWT also allowed for a more controlled environment less susceptible to the elements. 
 
The work continued each year, and the test methods and equipment improved, 
allowing for real-time data analysis, better repeatability, and overall greater 
confidence in the results. The work conducted by TC/FAA has been presented by 
APS to the SAE International (SAE) G-12 Aerodynamics Working Group (AWG) and 
the HOT Committee yearly since 2006. Additional presentations were also given at 
the AWG in May 2012 and May 2013 by National Aeronautics and Space 
Administration and the NRC that focused on the extensive calibration and 
characterization work performed with a generic thin high-performance airfoil. This 
work also helped increase confidence in how the data was used to help support the 
development of TC/FAA guidance material. A detailed account of the more recent 
work conducted is included 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 (1). 
 
The Ice Pellet Allowance Time research has helped further develop and improve the 
IWT facility. As a result, a new medium is now available for aerodynamic testing of 
aircraft ground de/anti-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 IWT 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. 
 
For the winter of 2013-14, testing was once again focused on the development of 
Ice Pellet Allowance Times with intentions of conducting yearly or bi-yearly testing 
campaigns. During the winter of 2014-15, the Ice Pellet Allowance Time testing was 
suspended to allow for a European Aviation Safety Agency–led project looking at 
thickened fluid effects on unpowered elevators; TC and APS were also involved in 
this research. Ice Pellet Allowance Time testing resumed for the winter of 2015-16; 
however, funding was limited for the following winter and, therefore, no testing was 
conducted during the winter of 2016-17. Yearly testing resumed as of the winter of 
2017-18, focusing on substantiating the allowance times for new-to-market fluids 
and expanding the existing allowance times. During the winter of 2020-21, the 
research continued, and this report contains the findings from these tests. 
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1.2 Program Objectives 
 
A wind tunnel testing program was developed for the winter of 2020-21 with the 
primary objectives of conducting aerodynamic testing to accomplish the following: 
 

• Substantiate the current Type IV fluid Ice Pellet Allowance Times with new 
fluids using the thin high-performance regional jet (RJ) airfoil and, weather 
permitting, at temperatures close to the fluid lowest operational use 
temperature (LOUT); and 

• Extend the current Type IV fluid Ice Pellet Allowance Times for ethylene glycol 
(EG) fluids using the thin high-performance RJ airfoil. 

 
In addition, baseline dry wing tests were conducted daily as well as following system 
changes to validate the repeatability of the wind tunnel. 
 
The statement of work for these tests is provided in Appendix A. 
 
Table 1.1 demonstrates the groupings for the global set of tests conducted at the 
wind tunnel during the winter of 2020-21 on the RJ wing. 
 

Table 1.1: Summary of 2020-21 RJ Wing Tests by Objective 

Objective # Objective # of Runs 

1 Baseline Tests (Dry Wing) 30 

2 Ice Pellet Allowance Time Validation (New Fluids) 25 

3 EG Fluids – Expansion of Allowance Times 62* 

  Total 117 

*13 of 62 tests also served as validation tests. 

 
 
1.3 Previous Ice Pellet Allowance Time Tables 
 
The Type IV allowance time tables have been available since the winter of 2007-08. 
Each year the Type IV testing has built upon the latest version of the allowance 
time table published in the TC and FAA HOT Guidelines. 
 
In the case of Type III fluid, a preliminary table was developed during the winter of 
2008-09; however, high rotation speed allowance time tables have only been 
available and published since the winter of 2014-15 following some more extensive 
testing. Future testing will build upon the latest version of the allowance time table 
published in the TC and FAA HOT Guidelines and look to expand the table to include 
low-speed rotations. 
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1.4 Report Format 
 
The wind tunnel work has been conducted since the winter of 2006-07 and has been 
documented in yearly reports. TP 15232E (1) contains more thorough details 
regarding the testing methodologies as well as links to previous historical reports. 
The current report has been prepared in a more abbreviated format. The following 
list provides short descriptions of subsequent sections of this report: 
 

a) Section 2 describes the methodology used in testing, as well as equipment 
and personnel requirements necessary to carry out testing; 

b) Section 3 describes data collected during the full-scale testing conducted; 

c) Section 4 describes the results from the validation testing for new-to-market 
Type IV fluids; 

d) Section 5 describes the results from the research aimed at extending the 
allowance times for EG fluids; 

e) Section 6 describes the general changes to the Ice Pellet Allowance Time 
Tables that resulted from the research conducted this year; 

f) Section 7 provides a summary of the conclusions; and 

g) Section 8 provides a summary of the recommendations. 
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2. METHODOLOGY 
 
This section provides a brief description of the test methodology and equipment 
specific to the full-scale aerodynamic tests conducted at the NRC IWT. 
 
NOTE: TP 15232E (1) contains more thorough details regarding the testing 
methodologies. 
 
 
2.1 Test Schedule 
 
Fifteen overnight days of testing were organized starting January 10, 2021. Setup 
and teardown times were kept to a minimum and completed during the first two 
hours on the first day of testing and during the last two hours on the last day of 
testing. Table 2.1 presents the calendar of wind tunnel allowance time tests 
performed with the RJ wing. At the beginning of each test day, a plan was developed 
that included the list of tests (taken from the global test plan) to be completed based 
on the weather conditions and testing priorities. This daily plan was discussed, 
approved, and modified (if necessary) by TC, the FAA, and APS. 
 

Table 2.1: 2020-21 Calendar of Tests 

Date 
(Start date of overnight) # of Tests Run 

January 10, 2021 6 

January 11, 2021 8 

January 12, 2021 9 

January 13, 2021 4 

January 14, 2021 8 

January 17, 2021 7 

January 18, 2021 9 

January 19, 2021 8 

January 20, 2021 9 

January 21, 2021 8 

January 24, 2021 7 

January 25, 2021 9 

January 26, 2021 8 

January 27, 2021 8 

January 28, 2021 9 

Total 117 
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2.1.1 Wind Tunnel Procedure 
 
To satisfy the fluid testing objective, simulated takeoff and climb-out tests were 
performed with the thin high-performance wing section. Different parameters 
including fluid thickness, wing temperature, and fluid freezing point were recorded 
at designated times during the tests. The thin high-performance wing section was 
constructed by the NRC in 2009 specifically to conduct these tests following 
extensive consultations with an airframe manufacturer to ensure a representative 
thin high-performance design. 
 
The typical procedure for each fluid test is described below. 
 

• The wing section was treated with anti-icing fluid, poured in a one-step 
operation (no Type I fluid was used during the tests). 

• When applicable, 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. 

• At the end of the contamination period, the tunnel was cleared of all equipment 
and scaffolding. 

• The wind tunnel was subsequently operated through a simulated takeoff and 
climb-out test. 

• 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 procedures for the wind tunnel trials are included in Appendix B. The procedures 
include details regarding the test objectives, test plan, procedure and methodology, 
and pertinent information and documentation. 
 
 
2.1.2 Test Sequence 
 
The length of each test (from start of setup to end of last measurement) varied largely 
due to the length of exposure to precipitation (if applicable). Time required for setup 
and teardown as well as preparing and configuring the wing section was relatively 
consistent from test to test. Figure 2.1 demonstrates a sample timeline for a typical 
wind tunnel trial. It should be noted that a precipitation exposure time of 30 minutes 
was used for illustration purposes; this time varied for each test depending on the 
objective. 
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Figure 2.1: Typical Wind Tunnel Test Timeline 

 
 
2.2 Methodology for Developing or Expanding New Allowance Times 
 
Initial testing to first develop the allowance times is done with representative 
“grandfather” fluids (fluids with a long history of data). Testing is conducted at 
different temperatures and rates, and the allowance times are based on the limits 
where tests fail the acceptance criteria (based on visual ratings and aerodynamic 
performance). Much trial and error is needed to determine the limits of the allowance 
times (i.e., running tests with a grandfather fluid at 15, 20, and 25 minutes to 
determine that the allowance time should be limited to 20 minutes). Once the target 
allowance times are determined, they are validated using limited spot checks with 
multiple fluids. This methodology also applies to expanding allowance times for 
specific fluid types, like EG fluids. 
 
 
2.3 Methodology for Validating New Fluids for Use with Allowance 

Times 
 
Over the years, all new commercially available fluids have been tested. This is 
typically done when fluids become available commercially and are being mass 
produced. At a minimum, testing is conducted in a subset of conditions; the 
allowance times are generic, so this process is satisfactory and provides a “first alert” 
in the event that a fluid may be underperforming, in which case further action would 
be required. 
 
 
2.4 Wind Tunnel and Airfoil Model Technical Overview 
 
The following subsections describe the wind tunnel and major components. 
 
 
 

 

Fluid Application 
and Measurements 
 

Application of  
Precipitation 

 

After Precip. 
Measurements 
and Teardown  

 

Tunnel 
Run and  

Cool down 

20 min 30 min 10 min 20 min 15 min 

After Run 
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2.4.1 Wind Tunnel Test Site 
 
IWT tests are performed at the NRC Aerospace Facilities, Building M-46, at the NRC 
Montreal Road campus, located in Ottawa, Canada. Figure 2.2 provides a schematic 
of the NRC Montreal Road campus showing the location of the NRC IWT. Photo 2.1 
shows an outside view of the wind tunnel trial facility. Photo 2.2 shows an inside 
view of the wind tunnel test section. The open-circuit layout, with a fan at entry, 
permits contaminants associated with the test articles (such as heat or de/anti-icing 
fluid) to discharge directly, without recirculating or contacting the fan. The test 
section is 3 m (10 ft.) wide by 6 m (20 ft.) high by 12 m (40 ft.) long, with a 
maximum wind speed of 78 knots when using the electrical turbine drive and with a 
maximum wind speed of just over 115 knots when using the gas turbine drive. The 
fan is normally driven electrically, but high-speed operation can be accommodated 
by a gas turbine drive system. Due to the requirements of both high-speed and 
low-speed operations during the testing, the gas turbine was selected to allow for 
greater flexibility; the gas turbine drive can perform both low- and high-speed 
operations, whereas the electric drive is limited to low-speed operations. Scaffolding 
was constructed to allow access to the wing section, which facilitated the application 
of fluids and the subsequent inspection and cleaning of the airfoil. 
 
 

 
Figure 2.2: Schematic of NRC Montreal Road Campus 

 
 
2.4.2 Generic Thin High-Performance “RJ” Type Commuter Airfoil 
 
The wing section used for testing was a generic high-performance commuter airfoil, 
also referred to as a “thin high-performance” or “RJ” type. This wing section was 
constructed by the NRC in 2009 specifically to conduct these tests following 
extensive consultations with an airframe manufacturer to ensure a representative 
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thin high-performance design. The original wing design was representative of an 
outboard section and did not include a flap; the flap was later added at the request 
of TC, the FAA, and APS. A computational fluid dynamics analysis of the modified 
wing section was conducted by the airframe manufacturer, and it was confirmed 
that the wing section provided a good representation of a flapped section of an 
operational thin high-performance wing. Photo 2.3 shows the wing section used for 
testing. 
 
A cross sectional view of the thin high-performance wing section used for testing is 
represented in Figure 2.3; the dimensions indicated are in meters. Some of the 
pertinent dimensions of the wing section are as follows: 
 

• Chord length not including flap: 1.4 m (4.6 ft.); and 

• Width: 2.4 m (8 ft.). 
 
 

 
Figure 2.3: Generic “Thin High-Performance” Wing Section  

 
An analysis of the wing section model was conducted by the airframe manufacturer 
to determine the typical rest position of this type of wing section. It was determined 
that, on a typical commuter aircraft, this section of wing would be pitched forward 
by 2º when sitting on the ground. As a result, the NRC ensured the rest position of 
the wing model was set to -2º for each test. 
 
The wing section was fitted with a hinged flap. The flap position was fixed at 20º 
and was not intended to be changed during testing. The top surface of the flap wing 
section had a steeper angle; consequently, a flap setting of 20º created close to a 
26º slope on the top surface of the flap (with the wing pitched forward by 2º). As 
testing progressed, the ability to change the flap setting from 0º to 20º was 
necessary; contrary to a nested flap, which is typically protected during precipitation, 
a hinged flap is always exposed, and results indicated earlier failures were due to the 
shallower angle of the hinged flap. Modifications were made by the NRC to allow the 
flap setting to alternate between 0º and 20º for the fluid application and 

0.2m 

0.5m 

1.9m 

1.4m 

0.8m 
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contamination periods; however, all takeoff simulations were conducted with the flap 
set to 20º. No moveable devices were available on the wing section. Detailed 
coordinates for this airfoil are available upon request. 
 
End plates were installed on the wing section to eliminate the “wall effects” from 
the wind tunnel walls and to provide a better aerodynamic flow-off above the test 
area. Figure 2.4 demonstrates the end plates installed on the thin high-performance 
wing section. (Note: The wing section is depicted without the top wing skin.) 
 
 

 

Figure 2.4: End Plates Installed on Thin High-Performance Wing Section 
 
 
2.4.3 Test Area Grid 
 
APS personnel used markers to draw a grid on the wing upper surface (excluding the 
flap). Each grid cell measured 5.1 cm x 5.1 cm (2 in. x 2 in.) with the cell axis 
positioned perpendicular and parallel to the leading edge (see Photo 2.4). The grid 
section was 2.4 m (8 ft.), which covered the entire wing section. The grid markings 
began aft of the leading edge stagnation point and continued along the length of the 
main chord; grid markings were not drawn on the flap section. The grid was used to 
facilitate observations of the fluid shearing off the wing and the movement of ice 
pellets during takeoff. 
 
 
2.4.4 Wind Tunnel Measurement Capabilities 
 
The wing section was supported on either side by 2-axis weigh scales capable of 
measuring drag and lift forces generated on the wing section. The wing section was 
attached to servo-systems capable of pitching the wing section to a static angle or 
generating dynamic movements. The servo-system was programmed to simulate 
pitch angles during takeoff and climb-out based on operational aircraft flight profiles. 
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The wing section was also equipped with eight resistance temperature detectors 
(RTDs); these were installed by NRC personnel to record the skin temperature on the 
leading edge (LE), mid-chord (MID), trailing edge (TE), and under-wing (UND). RTDs 
were placed in pairs along a chord 0.5 m (1.5 ft.) to the left and to the right of the 
wing centreline. The following are the locations of the RTDs for the RJ wing: 
 

• RTD LE located approximately 25 cm from the leading edge (as measured 
along wing skin curvature); 

• RTD MID located approximately 70 cm from the leading edge (as measured 
along wing skin curvature); 

• RTD TE located approximately 30 cm from the trailing edge (as measured 
along wing skin curvature); and 

• RTD UND located approximately 45 cm from the leading edge. 
 
Figure 2.5 demonstrates the general location of the RTDs. These RTDs were primarily 
used to monitor the skin temperature in real-time through the NRC data display 
system and were recorded by APS personnel. 
 
The wind tunnel was also equipped with sensors recording the following parameters: 
 

1. Ambient temperature inside the tunnel; 

2. Outside air temperature (OAT); 

3. Air pressure; 

4. Wind speed; and 

5. Relative humidity. 
 
 

 
Figure 2.5: Location of RTDs Installed Inside Thin High-Performance Wing 
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2.5 Simulated Precipitation 
 
The following types of precipitation have been simulated for aerodynamic research 
in the IWT: 
 

1. Ice Pellets; 

2. Snow; 

3. Freezing Rain/Rain; and 

4. Other conditions related to HOTs. 
 
 
2.5.1 Ice Pellets 
 
Simulated ice pellets were produced with diameters ranging from 1.4 mm to 4.0 mm 
to represent the most common ice pellet sizes observed during natural events. The 
ice pellets were manufactured inside a refrigerated truck (see Photo 2.5). Cubes of 
ice were crushed and passed through calibrated sieves (see Photo 2.6) to obtain the 
required ice pellet size range. Hand-held motorized dispensers (see Photo 2.7) were 
used to dispense the ice pellets. The ice pellets were applied to the leading and 
trailing edges of the wing at the same time. 
 
 
2.5.2 Snow 
 
Snow was produced using the same method for producing ice pellets. The snow 
used consisted of small ice crystals measuring less than 1.4 mm in diameter. 
Previous testing conducted by APS investigated the dissolving properties of the 
artificial snow versus natural snow. The artificial snow was selected as an 
appropriate substitute for natural snow. 
 
The snow was manufactured inside a refrigerated truck. Cubes of ice were crushed 
and passed through calibrated sieves to obtain the required snow size range. 
Hand-held motorized dispensers were used to dispense the snow. The snow was 
applied to the leading and trailing edges of the wing at the same time. 
 
 
2.5.3 Freezing Rain/Rain 
 
The same sprayer head and scanner used for HOT testing at the NRC Climatic 
Engineering Facility was employed for testing. The sprayer system (see Photo 2.8) 
uses compressed air and distilled water to produce freezing rain. The temperature of 
the water is controlled and is kept just above freezing temperature to produce 
freezing rain. To produce rain, the temperature of the water is raised until the 
precipitation no longer freezes on the test surfaces. 
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2.5.4 Definition of Precipitation Rates 
 
When simulating precipitation rates for full-scale and plate testing, the rate limits 
defined for standard HOT testing were referenced. Figure 2.6 demonstrates the HOT 
testing precipitation rate breakdown. 
 
HOT testing protocol for ice pellets does not currently exist. As a result, ice pellet 
precipitation rate limits were based upon the freezing rain rate breakdown. The 
following precipitation rates were used for the full-scale and flat plate testing 
conducted during the winter of 2020-21: 
 

1. Light Ice Pellets: 13-25 g/dm²/h; 

2. Moderate Ice Pellets: 25-75 g/dm²/h; 

3. Light Freezing Rain: 13-25 g/dm²/h; 

4. Freezing Drizzle (Heavy): 5-13 g/dm²/h; 

5. Light Rain: 13-25 g/dm²/h; 

6. Moderate Rain: 25-75 g/dm²/h; 

7. Light Snow: 4-10 g/dm²/h; and 

8. Moderate Snow: 10-25 g/dm²/h. 
 
 

 

Figure 2.6: Precipitation Rate Breakdown 
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2.6 Test Equipment 
 
A considerable amount of test equipment was used to perform these tests. Key items 
are described in the following subsections; a full list of equipment is provided in the 
test procedure, which is included in Appendix B. 
 
 
2.6.1 Video and Photo Equipment 
 
APS used the observation windows on the sides of the test section to install Canon® 
EOS XTi DSLR cameras and Profoto® Compact 600 flashes capable of 
second-by-second photography with an intervalometer. In addition, GoPro® and 
Osmo® cameras were used for wide-angle filming of fluid flow-off during the test 
runs. 
 
During the winter of 2020-21, a closed-circuit television system (CCTV) was installed 
by APS and allowed remote viewing of the tests by stakeholders using iPad®-based 
software. The CCTV cameras were positioned to provide different angle views of the 
wing model. Due to interference issues from the flashes, the DSLR camera lighting 
was replaced with Godox SL150W II LED video lights, which improved video quality 
for the CCTV. 
 
Photo 2.9 and Photo 2.10 demonstrate the camera setup used for the testing period. 
 
 
2.6.2 Refractometer/Brixometer 
 
Fluid freezing points were measured using a hand-held Misco 10431VP refractometer 
with a Brix scale (shown in Figure 2.7). The freezing points of the various fluid 
samples were determined using the conversion curve or table provided to APS by the 
fluid manufacturer. 
 
 

 
Figure 2.7: Hand-Held Refractometer/Brixometer 
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2.6.3 Wet Film Thickness Gauges 
 
Wet film thickness gauges, shown in Figure 2.8, were used to measure fluid film 
thickness. These gauges were selected because they provide an adequate range of 
thicknesses (0.1 mm to 10.2 mm) for Type I/II/III/IV fluids. The rectangular gauge 
has a finer scale and was used in some cases when the fluid film was thinner (i.e., 
toward the end of a test). The observer recorded a thickness value (in mils), as read 
directly from the thickness gauge. The recorded value was the last wetted tooth of 
the thickness gauge; however, the true thickness lies between the last wetted tooth 
and the next un-wetted tooth. The measured thickness was corrected accordingly. 
 
 

 
Figure 2.8: Wet Film Thickness Gauges 

 
 
2.6.4 Hand-Held Immersion and Surface Temperature Probes 
 
Hand-held immersion and surface temperature probes were used to provide 
instantaneous fluid temperature and wing skin temperature measurements during 
testing. These devices have an accuracy of ±0.4°C with a 2-3 second read time. 
Figure 2.9 shows a schematic of the probes. 
 
 

 

Figure 2.9: Hand-Held Immersion and Surface Temperature Probes 
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2.7 Personnel 
 
During the fluid testing and exploratory research testing, three APS staff members 
were required to conduct the tests, and five additional persons from Ottawa were 
tasked to manufacture and dispense ice pellets as well as to help with general setup 
tasks. A professional photographer was retained to record digital images of the test 
setup and test runs. Representatives from TC and the FAA provided direction in 
testing and participated as observers. Photo 2.12 shows a portion of the research 
team (due to scheduling, not all participants were available for the photo). 
 
 

2.8 Data Forms 
 
Several different forms were used to facilitate the documentation of the various data 
collected in the wind tunnel trials. These forms include the following: 
 

1. General Form; 

2. Wing Temperature, Fluid Thickness and Fluid Brix Form; 

3. Ice Pellet and Snow Dispensing Forms; 

4. Sprayer Calibration Form; 

5. Visual Evaluation Rating Form; 

6. Condition of Wing and Plate Form;  

7. Fluid Receipt Form; and 

8. Log of Fluid Sample Bottles. 
 
Copies of these forms are provided in the test procedure, which is included in 
Appendix B. Completed wing temperature, fluid thickness, and fluid Brix data forms 
have been included in Appendix C. 
 
 

2.9 Data Collection 
 
Fluid thickness, fluid Brix, and skin temperature measurements were collected by 
APS personnel. The measurements were collected before and after fluid application, 
after the application of contamination, and at the end of the test. The completed 
data forms have been scanned and included in Appendix C for referencing purposes. 
 
High-speed digital photographs of each test were taken. In addition, videos were also 
recorded during a majority of the tests. Due to the large amount of data available, 
photos of the individual tests have not been included in this report, but the 
high-resolution photos have been provided to TC in electronic format and can be 
made available upon request. 
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2.10 De/Anti-Icing Fluids 
 
For the winter of 2020-21, the new AllClear ClearWing EG and Cryotech Polar Guard 
Xtend fluids were received, and additional quantities of Dow EG106 were also 
received. Several other fluids remained in inventory from previous years’ testing, and, 
of those, the EG-based fluids were used for allowance time expansion testing. The 
viscosity of all fluids in inventory was measured using the Brookfield Digital 
Viscometer Model DV-1+ to ensure the fluid was within the fluid manufacturer 
production specifications and comparable to previous samples received. The 
pertinent characteristics of these fluids are given in Table 2.2. 
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Table 2.2: Wind Tunnel Fluid Viscosity Information for 2020-21 Testing  
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AllClear AeroClear 
MAX 100/0 TAB17-1023 2017-18 400 16,500 19.0 0:02    15,500   13,700   

CHEMCO ChemR 
EG IV 100/0 IV 35317-1 2017-18 400 46,000 19.6 0:13    48,400   49,700   

Clariant MaxFlight 
AVIA 100/0 41 2017-18 400 1,838 19.6 0:08 1,980 19.2 0:09 1,926   1,794   

Clariant MaxFlight 
SNEG 100/0 8 2017-18 400 18,700 19.6 0:39 19,100 19.5 0:41 19,700   19,900   

Clariant Safewing 
EG IV NORTH 100/0 01819 2018-19 400    1,028 19.2 0:05 956 19.5 0:06 1,042   

JSC RCP Nordix 
(Oksayd) Defrost 

EG 4 
100/0 #1 (Lot #47) 2018-19 400    19,200 19.5 0:8 18,700   24,800   

JSC RCP Nordix 
(Oksayd) Defrost 

ECO 4 
100/0 #4 (Lot #48) 2018-19 300    13,300 19.9 0:34 12,300   10,400   

DOW EG106 100/0 D268IB7001 2018-19 300       39,500   n/a   

Cryotech Polar 
Guard Advance 100/0 PGA181205PA 2018-19 300       14,820   14,760   

DOW EG106 100/0 D268KAG000 2020-21 300          42,980 20.0 1:21 

Cryotech Polar 
Guard Xtend 100/0 PGX201104PA 2020-21 320          14,500 19.9 0:20 

AllClear ClearWing 
EG 100/0 TAB20-

CW1207 2020-21 400          41,620 n/a n/a 

CHEMCO ChemR 
EG IV 100/0 IV-201210-2 2020-21 120          50,200 20.1 0:16 

Note: Viscosity was measured using manufacturer methods. 
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2.10.1 Viscometer 
 
Historically, viscosity measurements have been carried out using a Brookfield 
viscometer (Model DV-1+, shown in Photo 2.13) fitted with a recirculating fluid bath 
and small sample adapter. In recent years, on-site measurements are also done with 
the Stony Brook PDVdi-120 Falling Ball Viscometer whenever possible (Photo 2.14) 
to obtain a quick verification of the fluid integrity. The falling ball tests are much 
faster and more convenient to perform compared to tests with the Brookfield 
viscometer. The falling ball, however, does not provide the absolute value of 
viscosity, but rather a time interval that is compared to historical samples to identify 
changes in viscosity. 
 
 
2.10.2 Type II/III/IV Fluid Application Equipment 
 
The Type II/III/IV fluids were stored outside the wind tunnel and were kept at ambient 
temperature. The fluids were poured rather than sprayed so that application would 
not change the fluid viscosity. This methodology was appropriate given the relatively 
small test area of the wing section and the goal of minimizing the amount of fluid 
flowing off the wing. 
 
Type II/III/IV fluids are generally received in 20 L containers; however, some fluids 
are received in large 200 L barrels and larger 1000 L totes. The fluid is applied to the 
wing section by using smaller 2 L containers (see Photo 2.11). Approximately 16 L 
to 20 L of fluid were applied to the wing section for each test; less fluid was required 
for the less viscous Type III fluid. Due to the flat top surface of the thin 
high-performance wing, the thickened fluid did not easily settle and flow on the top 
surface. Therefore, the wing was tilted forward (by approximately 10°) for 1 minute 
following the end of fluid application to allow for the fluid to spread out evenly over 
the top surface of the wing. 
 
 
2.10.3 Waste Fluid Collection 
 
Using a relatively small test area and applying the fluids by pouring minimized the 
amount of fluid falling off the wing. The NRC also fitted the wind tunnel with 
appropriate drainage tubes to collect spent fluid during the takeoff test runs, which 
allowed APS personnel to squeegee residual fluid on the tunnel floor directly into the 
drains. At the end of the testing period, the services of a waste removal company 
were employed to safely dispose of the waste glycol fluid. 
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2.11 Analysis Methodology 
 
The following provides a brief description of the analysis methodology. More details 
on the analysis methodology can be found in TP 15232E (1). 
 
Each ice pellet test was analysed in detail using the following objectives: 
 

1. Test parameters; 

2. Visual ratings at the start of the test; 

3. Visual ratings at rotation; 

4. 8° lift loss; and 

5. Overall test status. 

 
The evaluation grades for each criterion were “Good,” “Review,” or “Bad.” These 
grades were determined based on whether the criterion satisfied each test objective 
requirement. Figure 2.10 shows a summary of each test objective and criterion. 
 
Several test parameters were evaluated, such as tunnel temperature before the start 
of the test, rate of precipitation, and exposure time of precipitation. These 
parameters were compared to the target parameters described in the test plan. The 
actual recorded ramp-up time was also evaluated and compared to the target ramp-up 
time to ensure representative flow-off results; this became less of an issue after 
2011-12 with the use of the automated ramp-up system instead of the previous 
manual system. 
 
 
2.11.1 Visual Ratings at the Start of the Test 
 
During each of the tests conducted, visual contamination ratings were determined 
by three observers: one observer from the FAA and two observers from APS. The 
level of contamination present on the leading edge and trailing edge of the wing, as 
well as on the flap, was quantified using a scale of one-to-five with five being the 
worst case scenario; partial numbers were sometimes assigned when cases were 
marginally above or below a specific rating. 
 
The visual contamination rating criteria at the start of the test on both the leading 
and trailing edges must be equal to 3 or less to pass. The flap must have a rating of 
4 or less. For a review grade to be given, the leading and trailing edges must have a 
rating between 3 and 3.5, and the flap must have a rating between 4 and 4.5. Any 
rating greater than 3.5 on the leading and trailing edges is considered a fail, while 
anything greater than 4.5 on the flap is considered a fail. 
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Figure 2.10: Ice Pellet 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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2.11.2 Visual Ratings at Rotation 
 
The visual contamination rating criteria at the time of rotation on the leading edge 
must be equal to 1 or less to pass. For a review grade to be given, the leading edge 
must have a rating between 1 and 1.5. Any rating on the leading edge greater than 
1.5 is considered a fail. 
 
 
2.11.3 Eight-Degree Lift Loss 
 
To pass, the 8º lift loss must be less than 5.4 percent. For a review grade to be 
given, the lift loss must be between 5.4 percent and 9.2 percent. Any lift loss greater 
than 9.2 percent is considered a fail. 
 
 
2.11.4 Overall Test Status 
 
After all objectives were analysed, the overall status was given a “Good,” “Review,” 
or “Bad” evaluation. This provided an overall summary for each test. The overall 
status was determined by the worst case scenario of any of the test objectives; if 
any of the criteria were given a “Bad” grade, the overall status would be “Bad” and 
the test considered a fail. 
 
 
2.11.5 Dry Wing Calibration 
 
To ensure the accuracy of the testing results, a dry wing calibration test was 
conducted at the start of each day. The dry wing test allowed the research team to 
ensure that the model aerodynamics did not change due to mechanical, 
communication, or analytical errors. Dry wing tests were also conducted following 
any mechanical modification to the airfoil (i.e., after applying the ice phobic wing 
skins). The dry wing results demonstrated that the changes in dry wing performance 
were within the range of experimental error and did not indicate any repeatability 
issues with the model. 
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Photo 2.1: Outside View of the NRC Wind Tunnel Facility 

 
 
 

Photo 2.2: Inside View of the NRC Wind Tunnel Test Section 

 
  



2.  METHODOLOGY 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/TP 15497E Final Version 1.0.docx 
Final Version 1.0, July 22 

24 

Photo 2.3: Thin High-Performance Wing Section Used for Testing 

 
 
 

Photo 2.4: Grid Markings on Thin High-Performance Wing Section 
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Photo 2.5: Refrigerated Truck Used for Manufacturing Ice Pellets 

 
 
 

Photo 2.6: Calibrated Sieves Used to Obtain Desired Size Distribution 
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Photo 2.7: Ice Pellet Dispensers Operated by APS Personnel 

 
 
 

Photo 2.8: Ceiling-Mounted Freezing Rain Sprayer 
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Photo 2.9: Wind Tunnel Setup for Flashes 

 
 
 

Photo 2.10: Wind Tunnel Setup for Digital Cameras 
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Photo 2.11: Fluid Pour Containers 

 
 
 

Photo 2.12: 2020-21 Research Team 
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Photo 2.13: Brookfield Digital Viscometer Model DV-1+ 

 
 
 

Photo 2.14: Stony Brook PDVdi-120 Falling Ball Viscometer 
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3. FULL-SCALE DATA COLLECTED 
 
 
3.1 Test Log 
 
A calendar of the tests conducted during the winter of 2020-21 can be found in 
Table 2.1. A detailed log of the tests conducted in the NRC IWT during the winter 
of 2020-21 is included in Appendix D. The log provides relevant information for each 
of the tests, as well as final values used for the data analysis. Each row contains 
data specific to one test. The following is a brief description of the column headings 
for the logs included in Appendix D. 
 
Test #: Exclusive number identifying each test run. 

Date: Date when the test was conducted. 

Test Plan #: The unique number identifying the test in the 
overall plan specific to the test year. 

Objective: Main objective of the test. 

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

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

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

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

Flap Angle (0º, 20º): 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. 

Corrected for 3D Effects % Percent lift loss calculated based on the 
Lift Loss at 8° CL vs. Dry CL: comparison of the 8º lift coefficient during the 

test run versus the 8º dry wing average lift 
coefficient.  
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Tunnel Temp. Before Test (ºC): Static tunnel air 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. 

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

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

Avg. Wing Temp. Before Fluid  The average of the wing temperatures just 
Appl. (ºC): before the fluid was applied. 

Avg. Wing Temp. Before Test (ºC): The average of the wing temperatures just 
before the test. 

XX Rate (g/dm²/h): Simulated freezing precipitation rate (or 
combination of different precipitation rates) 
for Ice Pellets (IP), Snow (SN), Freezing Rain 
(ZR), and Rain (R). 

Exposure Time (min.): 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 2.11. 
 

Visual Contamination Rating   Visual contamination rating determined 
Before Takeoff (LE, TE, Flap): 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; and 

5 - Contamination visible, adherence of 
contamination. 
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Visual Contamination Rating  Visual contamination rating determined at the 
at Rotation (LE, TE, Flap): 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; and 

5 - Contamination visible, adherence of 
contamination. 

 
Visual Contamination Rating  Visual contamination rating determined at the 
After Takeoff (LE, TE, Flap): 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; and 

5 - Contamination visible, adherence of 
contamination. 
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV 
FLUIDS 

 
The Type IV fluid Ice Pellet Allowance Times are developed based on data collected 
using commercially available Type IV fluids. The Type IV fluid Ice Pellet Allowance 
Times are generic and, therefore, conservative. As new fluids are developed and 
become commercially available, it is important to evaluate these fluids against the 
current allowance times to ensure the validity of the generic guidance. Systematic 
“spot-checking” is used to identify any potential issues. In addition, testing is 
recommended with all available fluids to obtain data close to the fluid LOUT; this 
further allows the aerodynamic effects of ice pellet contamination at colder 
temperatures to be determined. To meet these requirements, testing was conducted 
during the winter of 2020-21 with the following Type IV EG and propylene glycol 
(PG) fluids: 
 

1. AllClear ClearWing EG; and 

2. Cryotech Polar Guard Xtend. 

 
The following subsections will provide an overview of the analysis format and a 
summary of the results obtained for each of the fluids tested. 
 
 
4.1 Allowance Time Table Analysis Format 
 
For each fluid tested, a table has been included that provides a summary of the tests 
conducted. The results from the individual tests are included in a mock-up allowance 
time table indicating the current Ice Pellet Allowance Times as well as the individual 
test information in the respective cell. The individual test information has been 
included in the following format: 
 

• FFAA(BB)CC[DD]GGE 

o FF is the fluid name designation based on the following: 

o AllClear ClearWing – CW; and 

o Cryotech Polar Guard Xtend – XT. 

o AA is the static tunnel ambient temperature recorded just before the start 
of the simulated takeoff test, measured in degrees Celsius and rounded to 
the closest degree. 

o BB is the percent Lift Loss calculated based on the comparison of the 8º lift 
coefficient during the test run versus the dry wing average lift coefficient. 

o CC is the exposure time of the test in minutes. 
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o DD is the test number for referencing the data in the test logs. 

o GG is the last two digits of the year of testing (i.e., 2020-21 is “21”). 

o E is the status of the testing, either “G” for good, “R” for review, or “B” 
for bad, as per the guidelines. The highlighting is in a corresponding green, 
yellow, or red colour. An additional colour, pink was added for tests that 
failed due to the visual rating, which identified adherence on the flap at the 
start of the test with the flap configured down (in the takeoff position). 

o The test information is included in the cell for which the temperature band 
best corresponds to the temperature recorded during the test. 

 
The purpose of these tables is to provide a quick reference of the test results vis-a-vis 
the current allowance times to better understand in which cells the times have been 
validated or where potential issues may be identified. 
 
 
4.2 ClearWing EG Testing Results 
 
A total of 18 allowance time tests were conducted with AllClear ClearWing EG fluid. 
As this was an EG fluid and it was expected that the fluid would perform well in 
specific conditions, some tests were conducted for longer than published allowance 
times so the test could serve a dual purpose: validating the existing allowance times 
and potentially supporting the expansion of the table for EG fluids. 
 
Table 4.1 provides a summary of the tests conducted that served strictly as 
validation tests (i.e., the exposure time of the test was equivalent to the current 
allowance times). All tests conducted were acceptable from a visual and aerodynamic 
perspective with the exception of Test #40 run in Light Ice Pellets Mixed with 
Freezing Rain and Test #23 run in Light Ice Pellets Mixed with Rain. In both cases, 
the tests failed due to the visual rating, which identified adherence on the flap at the 
start of the test run after the EG fluid and contamination had been applied with the 
flap extended (in the takeoff position). Test #40 was re-run as Test #41 with EG 
fluid and contamination applied with the flap retracted for the contamination period, 
and the results improved as expected (aligned with historical observations). Test #23 
was not re-run as it is known that the visual would improve with the flap retracted 
during the contamination period and because the lift loss was low. 
 
Table 4.2 provides a summary of the tests conducted that served as expansion tests 
(i.e., the exposure time of the test exceeded the current allowance time). Tests #42 
and #98 had “Review” status due to visual ratings on the leading edge at the start 
of rotation and, in the case of Test #98, the visuals on the leading edge at the time 
of rotation as well. The low lift losses recorded indicated that these tests could be 
considered acceptable. Tests #13, #14, #73, #80, #88, and #92 all had “Bad” 
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ratings. In all but Test #13, the tests failed due to the visual rating, which identified 
adherence on the flap at the start of the test with the flap extended (in the takeoff 
position) during fluid application and exposure to contamination; the tests were not 
re-run as it is known that the visual would improve with the flap retracted during 
contamination and because the lift loss was acceptable. In the case of Test #13, the 
temperature was near freezing and caused more severe adherence, which may not 
have been representative test. The re-run of the test as Test #14 provided more 
representative results. 
 
Table 4.3 provides a consolidated summary of all the tests conducted. In general, 
the fluid met and exceeded the current allowance times. In the cases where the 
results had “Bad” status, the flap deployed position during fluid application and 
exposure to contamination was the contributing factor, and previous research has 
shown that a significant improvement is expected if the test is conducted with the 
flap in the retracted position. In the cases where the results had “Review” status, 
the visual contamination was borderline; however, the low lift losses recorded 
indicated that these tests could be considered acceptable. 
 
Based on these results, the allowance times were validated for AllClear ClearWing 
EG, and the results indicate a good potential to increase the allowance times for EG 
fluids.  
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Table 4.1: ClearWing EG Allowance Time Validation Tests 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C 

Below -16 
to -22°C 

Light Ice Pellets 50 minutes 
CW0(1.4)50[10]21G 30 minutes 30 minutes 30 minutes 

Light Ice Pellets Mixed with Snow 40 minutes 
CW-5(2.8)40[39]21G 15 minutes 15 minutes  

Light Ice Pellets Mixed with 
Freezing Drizzle 25 minutes 10 minutes 

Caution: 
 No allowance 

times currently exist 

Light Ice Pellets Mixed with 
Freezing Rain 

25 minutes 
CW-6(7.3)25[40]21B 

CW-6(1.6)25[41]21G*- 
10 minutes 

Light Ice Pellets Mixed with Rain 25 minutes 

CW0(3.1)25[23]21B  

Moderate Ice Pellets (or Small 
Hail) 

25 minutes 

CW-5(2.0)25[38]21G 10 minutes 10 minutes 10 minutes 

Moderate Ice Pellets (or Small 
Hail) Mixed with Freezing Drizzle 10 minutes 7 minutes Caution:  

No allowance 
times currently exist Moderate Ice Pellets (or Small 

Hail) Mixed with Rain 10 minutes  

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected. 
- Flap up test. 
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Table 4.2: ClearWing EG Allowance Time Expansion Tests 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C 

Below -16 
to -22°C 

Light Ice Pellets 50 minutes 
CW-4(2.6)70[99]21G 

30 minutes 
CW-8(2.7)50[49]21G 30 minutes 30 minutes 

Light Ice Pellets Mixed with Snow 40 minutes 
CW-3(3.3)50[98]21R 

15 minutes 
CW-9(4.9)30[63]21G 15 minutes  

Light Ice Pellets Mixed with 
Freezing Drizzle 

25 minutes 
CW-2(7.8)40[92]21B 

10 minutes 
CW-9(6.7)30[80]21B  

Caution: No 
allowance 

times currently exist 

Light Ice Pellets Mixed with 
Freezing Rain 

25 minutes 
CW-2(6.5)40[73]21B 10 minutes  

Light Ice Pellets Mixed with Rain 25 minutes   

Moderate Ice Pellets (or Small 
Hail) 

25 minutes 

CW-8(2.2)35[42]21R 10 minutes 10 minutes 10 minutes 

Moderate Ice Pellets (or Small 
Hail) Mixed with Freezing Drizzle 

10 minutes 
CW-3(7.1)20[88]21B 7 minutes 

Caution:  
No allowance 

times currently exist Moderate Ice Pellets (or Small 
Hail) Mixed with Rain 

10 minutes 

CW0(13.0)20[13]21B* 
CW-1(7.1)15[14]21B* 
CW2(1.0)20[32]21G 

 

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected. 
- Flap up test. 
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Table 4.3: All ClearWing EG Allowance Time Tests 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C 

Below -16 
to -22°C 

Light Ice Pellets 
50 minutes 

CW0(1.4)50[10]21G 
CW-4(2.6)70[99]21G 

30 minutes 
CW-8(2.7)50[49]21G 30 minutes 30 minutes 

Light Ice Pellets Mixed with Snow 
40 minutes 

CW-5(2.8)40[39]21G 
CW-3(3.3)50[98]21R 

15 minutes 
CW-9(4.9)30[63]21G 15 minutes  

Light Ice Pellets Mixed with 
Freezing Drizzle 

25 minutes 
CW-2(7.8)40[92]21B 

10 minutes 
CW-9(6.7)30[80]21B  

Caution: No 
allowance 

times currently exist 

Light Ice Pellets Mixed with 
Freezing Rain 

25 minutes 
CW-6(7.3)25[40]21B 

CW-6(1.6)25[41]21G*- 
CW-2(6.5)40[73]21B 

10 minutes  

Light Ice Pellets Mixed with Rain 25 minutes 

CW0(3.1)25[23]21B   

Moderate Ice Pellets (or Small 
Hail) 

25 minutes 

CW-5(2.0)25[38]21G 
CW-8(2.2)35[42]21R 

10 minutes 10 minutes 10 minutes 

Moderate Ice Pellets (or Small 
Hail) Mixed with Freezing Drizzle 

10 minutes 
CW-3(7.1)20[88]21B 7 minutes 

Caution:  
No allowance 

times currently exist Moderate Ice Pellets (or Small 
Hail) Mixed with Rain 

10 minutes 

CW0(13.0)20[13]21B* 
CW-1(7.1)15[14]21B* 
CW2(1.0)20[32]21G 

   

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected. 
- Flap up test. 

 
 
4.3 Polar Guard Xtend Testing Results 
 
A total of 14 allowance time tests were conducted with Cryotech Polar Guard Xtend. 
Table 4.4 provides a summary of the tests conducted. Of the tests, three were 
acceptable from a visual and aerodynamic perspective; however, eight tests (#5, #6, 
#45, #46, #54, #89, #111, and #112) had “Review” status, and three tests (#68, 
#113, and #115) had “Bad” status. Upon further investigation of the “Review” tests, 
Tests #45, #46, #54, #89, #111, and #112 demonstrated lift losses that were above 
the 5.4 percent lower limit but still well below the 9.2 percent upper limit, and they 
were acceptable according to the visual rating. It is common for fluids to demonstrate 
higher lift losses at colder temperatures; therefore, these results were not of concern. 
Tests #5 and #6 had visual contamination on the leading edge at the time of rotation, 
which were slightly higher the acceptable limit; however, the low lift losses recorded 
indicated that these tests could be considered acceptable. 
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Upon further investigation of the “Bad” tests, Tests #113 and #115 failed both due 
to the lift losses recorded of 9.8, which were above the 9.2 precent upper limit. 
These tests were conducted at 115 knots and were at the bottom end of the 
temperature band, making them the most restrictive test conditions. A third test 
(#68) failed due to the lift loss recorded of 9.4, which was above the 9.2 precent 
upper limit, as well as the visual rating on the leading edge at rotation, which was 
higher than the acceptable limit. In all three tests, the results were marginally outside 
of the acceptable limits. It should be noted that the -16ºC fluid only test recorded a 
lift loss of 7.0 percent. 
 
These test conditions have been problematic for other PG fluids tested in the past; 
this is why the allowance times were changed to 115 knots at below -10ºC and why 
allowance times do not apply for PG fluids below -16ºC. The Polar Guard Xtend data 
were compared to historical PG fluid data to understand how the results compare in 
the three cells of interest as well as in fluid only tests. The results are presented in 
Table 4.5, Table 4.6, Table 4.7, and Table 4.8, and graphically in Figure 4.1, 
Figure 4.2, Figure 4.3, and Figure 4.4. The results indicated that the fluid 
performance was consistently in the higher range of lift loss as compared to other 
PG fluids tested in similar conditions. In addition, the fluid viscosity information 
summarized in Figure 4.5 indicates that the fluid viscosity was in the middle of the 
manufacturers stated production range and thus was appropriate for testing 
purposes. 
 
Based on the results obtained, the validation testing for Cryotech Polar Guard Xtend 
is considered incomplete. The three problematic data points were at or outside the 
temperature limits, which could nullify those data points. More testing is 
recommended before any changes to the guidelines are considered. 
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Table 4.4: All Polar Guard Xtend Allowance Time Tests 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C 

Below -16 
to -22°C 

Light Ice Pellets 50 minutes 
XT-2(4.0)50[5]21R 

30 minutes 
XT-9(7.5)30[46]21R 

30 minutes 
XT-16(9.8)30[113]21B 30 minutes 

Light Ice Pellets Mixed with Snow 40 minutes 
XT-4(7.1)40[6]21R 

15 minutes 
XT-10(9.4)15[68]21B 

15 minutes 

XT-15(7.7)15[111]21R 
XT-15(8.4)15[112]21R 

 

Light Ice Pellets Mixed with 
Freezing Drizzle 25 minutes 10 minutes  

Caution: No 
allowance 

times currently 
exist 

Light Ice Pellets Mixed with 
Freezing Rain 

25 minutes 
XT0(3.5)25[11]21* 

10 minutes 
XT-8(7.1)10[45]21R  

Light Ice Pellets Mixed with Rain 25 minutes   

Moderate Ice Pellets (or Small 
Hail) 

25 minutes 

XT1 (3.7)15[9]21G 
10 minutes 

XT-5(7.5)10[54]21R 
10 minutes 

XT-17(9.8)10[115]21B 10 minutes 

Moderate Ice Pellets (or Small 
Hail) Mixed with Freezing Drizzle 

10 minutes 
XT-3(6.6)10[89]21R 7 minutes 

Caution:  
No allowance 

times currently exist Moderate Ice Pellets (or Small 
Hail) Mixed with Rain 

10 minutes 

XT0(2.8)10[12]21*    

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected.   
- Flap up test. 
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Table 4.5: Historical PG Data for IP-/SN- Below -5ºC to -10ºC 

Test Year 
Test 

# 
Test 

Condition Fluid Name 
Rotation 
Angle 

Speed 
(Kts) 

Flap Angle 
(0º, 20º) Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss On 8° 
CL vs Dry CL  

Tunnel Temp. Before 
Test (ºC) 

OAT Before 
Test (ºC) 

Winter 
2017-18 

11 IP- / SN- Other PG 
Fluid 

8 100 20 - 4.96% -5.5 -10.1 

Winter 
2009-10 

94 IP- / SN- Other PG 
Fluid 

8 100 20 - 4.60% -6.3 -12.9 

Winter 
2015-16 

22 IP- / SN- Other PG 
Fluid 

8 100 20 - 6.95% -6.5 -9.6 

Winter 
2018-19 27 IP- / SN- 

Other PG 
Fluid 8 100 20 

Snow sucked in from outside 
and stuck to LE 9.91% -8.35 -13.4 

Winter 
2018-19 26 IP- / SN- 

Other PG 
Fluid 8 100 20 - 7.75% -8.51 -13.9 

Winter 
2020-21 47 IP- / SN- 

Other PG 
Fluid 8 100 20 - 8.10% -8.68 -9 

Winter 
2010-11 

56 IP- / SN- Other PG 
Fluid 8 100 20 LE TRIP INSTALLED  6.78% -9.6 -14.6 

Winter 
2020-21 

68 IP- / SN- Polar Guard 
Xtend 

8 100 20 - 9.40% -9.68 -13 

Winter 
2010-11 

58 IP- / SN- Other PG 
Fluid 8 100 20 LE TRIP INSTALLED  7.63% -11.2 -13.7 
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Figure 4.1: Correlation of PG Data for IP-/SN- Below -5ºC to -10ºC 

  

Temperature (ºC) 

Lift Loss (%
) 

Polar Guard Xtend Data Point 
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Table 4.6: Historical PG Data for IP- Below -10ºC to -16ºC 

Test Year Test 
# 

Test 
Condition 

Fluid Name Rotation 
Angle 

Speed 
(Kts) 

Flap Angle 
(0º, 20º) 

Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss On 
8° CL vs Dry CL  

Tunnel Temp. 
Before Test (ºC) 

OAT Before 
Test (ºC) 

Winter 
2010-11 8 IP- 

Other PG 
Fluid 8 115 20  2.88% -8.5 -11.4 

Winter 
2012-13 91 IP- 

Polar Guard 
Advance 8 115 20 Didn’t reach 115 kts 6.58% -11.9 -19 

Winter 
2012-13 97 IP- 

Other PG 
Fluid 8 115 20 Didn’t reach 115 kts 7.58% -14 -19.5 

Winter 
2017-18 

20 IP- Other PG 
Fluid 

8 115 20 115 kts for PG 6.54% -15.8 -16.8 

Winter 
2020-21 

113 IP- Polar Guard 
Xtend 

8 115 20 115 kts for PG 9.75% -16.19 -16.3 

Winter 
2012-13 

159 IP- Other PG 
Fluid 

8 115 20   6.53% -16.2 -21.5 

Winter 
2010-11 20 IP- Other PG 

Fluid 8 115 20 LE TRIP INSTALLED  8.27% -17.5 -20 

Winter 
2018-19 13 IP- 

Other PG 
Fluid 8 115 20 115 kts for PG 7.07% -19.8 -19.5 

Winter 
2012-13 127 IP- 

Polar Guard 
Advance 8 115 20   9.18% -20.5 -27.1 

Winter 
2018-19 

14 IP- Other PG 
Fluid 

8 115 20 115 kts for PG 8.77% -20.7 -20.2 

Winter 
2010-11 

23 IP- Other PG 
Fluid 8 115 20 LE TRIP INSTALLED  7.20% -21.5 -23.6 

Winter 
2012-13 

129 IP- Other PG 
Fluid 

8 115 20   7.14% -22.5 -27.8 

Winter 
2012-13 137 IP- 

Other PG 
Fluid 8 115 20 

15 min. delay to run tunnel after 
contamination; valve frozen 6.71% -22.7 -24.7 

Winter 
2010-11 35 IP- Other PG 

Fluid 8 115 20 LE TRIP INSTALLED - Last Minute 
Change to 115 Kts Due to Cont. 6.35% -23.2 -27.6 
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Figure 4.2: Correlation of PG Data for IP- Below -10ºC to -16ºC 
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Table 4.7: Historical PG Data for IP Moderate Below -10ºC to -16ºC 

Test Year Test # Test 
Condition Fluid Name Rotation 

Angle 
Speed 
(Kts) 

Flap Angle 
(0º, 20º) Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss On 8° 
CL vs Dry CL  

Tunnel Temp. 
Before Test (ºC) 

OAT Before 
Test (ºC) 

Winter 
2010-11 15A IP Mod Other PG Fluid 8 115 20 Repeat of Previous Test Due to 

Ramp-up Issue 3.09% -10.4 -12.8 

Winter 
2010-11 15 IP Mod Other PG Fluid 8 115 20 Same As P30 But With different 

fluid  4.71% -10.8 -13.3 

Winter 
2010-11 15B IP Mod Other PG Fluid 8 115 20 Repeat of Test 15 Due to Ramp-up 

Issue 5.27% -10.8 -12.7 

Winter 
2013-14 359 IP Mod Other PG Fluid 8 115 20 Repeat of 358 7.31% -10.9 -14.1 

Winter 
2013-14 361 IP Mod Other PG Fluid 8 115 20 run @ LOUT 5.08% -10.9 -11 

Winter 
2013-14 362 IP Mod Polar Guard 

Advance 8 115 20 run @ LOUT 6.01% -11 -10.9 

Winter 
2013-14 360 IP Mod Other PG Fluid 8 115 20 run @ LOUT 6.95% -12.1 -12.3 

Winter 
2013-14 358 IP Mod Other PG Fluid 8 115 20 Data lost due to APM unit N/A -12.2 -16.9 

Winter 
2018-19 23 IP Mod Other PG Fluid 8 115 20 115 kts for PG 6.30% -13.35 -15.1 

Winter 
2012-13 113A IP Mod Other PG Fluid 8 115 20 Repeat of 113 8.83% -13.4 -18.7 

Winter 
2018-19 22 IP Mod Other PG Fluid 8 115 20 115 kts for PG 7.18% -13.5 -14.9 

Winter 
2012-13 113 IP Mod Other PG Fluid 8 115 20 Ramp-up too slow close to 40 

secs 7.31% -13.7 -19.2 

Winter 
2012-13 95 IP Mod Other PG Fluid 8 115 20 Didn’t reach 115 kts 7.44% -13.8 -18.5 

Winter 
2013-14 357 IP Mod Other PG Fluid 8 115 20 run @ LOUT 7.16% -14 -17.9 

Winter 
2012-13 92 IP Mod Polar Guard 

Advance 8 115 20 Didn’t reach 115 kts 8.05% -14.4 -19.1 

Winter 
2010-11 41A IP Mod Other PG Fluid 8 115 20 LE TRIP INSTALLED - Same As 

Test 25 but at 115 Kts 5.63% -15.4 -20.6 

Winter 
2015-16 14 IP Mod Other PG Fluid 8 115 20 - 8.45% -15.8 -17.2 

Winter 
2013-14 331 IP Mod Other PG Fluid 8 115 20 new dispenser 8.95% -16.3 -20.2 

Winter 
2013-14 333 IP Mod Other PG Fluid 8 115 20 new dispenser 9.42% -16.4 -20.6 

Winter 
2010-11 41 IP Mod Other PG Fluid 8 115 20 LE TRIP INSTALLED - Same As 

Test 25 but at 115 Kts - -16.5 -20.6 

Winter 
2020-21 115 IP Mod Polar Guard 

Xtend 8 115 20 115 kts for PG 9.79% -16.72 -16.9 

Winter 
2012-13 156 IP Mod Other PG Fluid 8 115 20   9.06% -16.8 -21.1 

Winter 
2013-14 332 IP Mod Other PG Fluid 8 115 20 old dispenser 9.25% -17 -20.6 

Winter 
2017-18 22 IP Mod Other PG Fluid 8 115 20 115 kts for PG 8.79% -17.0 -17.7 
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Table 4.7: Historical PG Data for IP Moderate Below -10ºC to -16ºC (cont’d)  

Test Year Test 
# 

Test 
Condition Fluid Name Rotation 

Angle 
Speed 
(Kts) 

Flap Angle 
(0º, 20º) Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss On 8° 
CL vs Dry CL  

Tunnel Temp. 
Before Test (ºC) 

OAT Before 
Test (ºC) 

Winter 
2012-13 

150 IP Mod 
Polar Guard 

Advance 
8 115 20 LOWV sample 6.65% -17.1 -20 

Winter 
2012-13 

149 IP Mod 
Polar Guard 

Advance 
8 115 20   9.24% -17.2 -19.7 

Winter 
2013-14 

330 IP Mod Other PG Fluid 8 115 20 old dispenser 7.67% -18.1 -20 

Winter 
2013-14 

334 IP Mod Other PG Fluid 8 115 20 old dispenser 10.82% -18.8 -20.9 

Winter 
2013-14 

336 IP Mod Other PG Fluid 8 115 20 old dispenser 9.35% -19.6 -21.4 

Winter 
2012-13 

121 IP Mod Other PG Fluid 8 115 20   6.56% -19.9 -24 

Winter 
2013-14 

335 IP Mod Other PG Fluid 8 115 20 new dispenser 9.55% -20 -21 

Winter 
2013-14 

340 IP Mod 
Polar Guard 

Advance 
8 115 20 run @ LOUT 6.37% -21.4 -22.8 

Winter 
2012-13 

134 IP Mod Other PG Fluid 8 115 20   5.38% -22.1 -25 

Winter 
2012-13 

128 IP Mod 
Polar Guard 

Advance 
8 115 20   8.78% -22.4 -27.5 

Winter 
2012-13 

130 IP Mod Other PG Fluid 8 115 20   8.08% -22.6 -28 

Winter 
2012-13 

141 IP Mod Other PG Fluid 8 115 20   6.82% -22.6 -25.6 

Winter 
2010-11 

31 IP Mod Other PG Fluid 8 115 20 LE TRIP INSTALLED  10.41% -22.8 -27.2 

Winter 
2012-13 

142 IP Mod Other PG Fluid 8 115 20   6.66% -22.8 -25.5 

Winter 
2010-11 

38 IP Mod Other PG Fluid 8 115 20 
LE TRIP INSTALLED - Repeat 

Due to Run 31 Fast Ramp. Need 
Slower 

10.20% -24.2 -28.3 

Winter 
2010-11 

28 IP Mod Other PG Fluid 8 115 20 LE TRIP INSTALLED  7.56% -24.5 -27.3 

Winter 
2010-11 

37 IP Mod Other PG Fluid 8 115 20 
LE TRIP INSTALLED - Change to 
115 to Match Current Guidance 

9.70% -24.5 -28.5 
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Figure 4.3: Correlation of PG Data for IP Moderate Below -10ºC to -16ºC 
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Table 4.8: Historical PG Fluid Only Data at All Temperatures 

Test Year Test 
# 

Test 
Condition Fluid Name Rotation 

Angle 
Speed 
(Kts) 

Flap Angle 
(0º, 20º) Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss On 8° 
CL vs Dry CL  

Tunnel Temp. 
Before Test (ºC) 

OAT Before 
Test (ºC) 

Winter 
2011-12 116 Fluid Only Other PG Fluid 8 100     5.80% -1.4 -5.1 

Winter 
2011-12 115 Fluid Only Other PG Fluid 8 100     5.38% -1.6 -5.1 

Winter 
2011-12 159 Fluid Only Other PG Fluid 8 100     4.68% -1.7 -6.9 

Winter 
2011-12 160 Fluid Only Other PG Fluid 8 100     4.73% -1.7 -6.8 

Winter 
2011-12 156 Fluid Only Other PG Fluid 8 100     4.96% -2.1 -7.2 

Winter 
2011-12 158 Fluid Only Other PG Fluid 8 100     4.77% -2.2 -7 

Winter 
2011-12 155 Fluid Only Other PG Fluid 8 100     4.59% -2.3 -7.3 

Winter 
2011-12 157 Fluid Only Other PG Fluid 8 100     4.62% -2.4 -7.0 

Winter 
2020-21 4 Fluid Only  Polar Guard 

Xtend 8 100 20 Baseline Test 6.38% -3.26 -6.3 

Winter 
2010-11 61 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED - Target OAT 

-5 Instead of 0 4.49% -3.5 -7.3 

Winter 
2011-12 147 Fluid Only Other PG Fluid 8 100     4.14% -3.6 -7.6 

Winter 
2010-11 60 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED - Target OAT 

-5 Instead of 0 4.71% -4.2 -7.4 

Winter 
2010-11 63 Fluid Only Other PG Fluid 8 100 20 Target OAT -5 Instead of 0 5.34% -4.5 -7.3 

Winter 
2009-10 29 Fluid Only Other PG Fluid 8 100 20 Baseline Test for Run 28 (P3) 4.71% -4.8 -8.5 

Winter 
2010-11 62 Fluid Only Other PG Fluid 8 100 20 Target OAT -5 Instead of 0. LE 

Trip Removed 5.06% -4.9 -7.4 

Winter 
2011-12 180 Fluid Only Other PG Fluid 8 100     5.23% -5.4 -10.8 

Winter 
2011-12 179 Fluid Only Other PG Fluid 8 100     4.88% -5.6 -10.1 

Winter 
2009-10 1 Fluid Only Other PG Fluid 8 100 20 Baseline Test for Run 0 (P8) 4.59% -5.7 -6.6 

Winter 
2010-11 75 Fluid Only Other PG Fluid 8 100 20 Temp. Changed to -5 7.45% -5.8 -8.9 

Winter 
2011-12 182 Fluid Only Other PG Fluid 8 100     5.53% -6.8 -11.4 

Winter 
2011-12 181 Fluid Only Other PG Fluid 8 100     5.21% -7.7 -11.2 

Winter 
2012-13 169 Fluid Only Other PG Fluid 8 100 20 FLUSH MOUNTED SENSOR 

INSTALLED  5.64% -8.6 -11.9 

Winter 
2017-18 29 Fluid Only  Other PG Fluid 8 100 20 Baseline Test 5.81% -9.6 -11.8 

Winter 
2010-11 57 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  6.85% -9.9 -14.5 
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Table 4.8: Historical PG Fluid Only Data at All Temperatures (cont’d) 

Test Year Test 
# 

Test 
Condition Fluid Name Rotation 

Angle 
Speed 
(Kts) 

Flap Angle 
(0º, 20º) Extra Run Information 

Corrected for 3D 
Effects 

% Lift Loss On 8° 
CL vs Dry CL  

Tunnel Temp. 
Before Test (ºC) 

OAT Before 
Test (ºC) 

Winter 
2010-11 5A Fluid Only Other PG Fluid 8 100 20 Repeat of Previous Test 3.87% -10.4 -12.4 

Winter 
2010-11 55 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  2.57% -11.4 -15 

Winter 
2010-11 54 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  5.78% -12.1 -15.4 

Winter 
2011-12 56 Fluid Only Other PG Fluid 8 100     5.43% -12.4 -15.7 

Winter 
2011-12 54 Fluid Only Other PG Fluid 8 100     6.02% -12.9 -16.4 

Winter 
2018-19 24 Fluid Only  Other PG Fluid 8 100 20 Baseline Test 7.53% -13.65 -15.0 

Winter 
2010-11 12 Fluid Only Other PG Fluid 8 100 20 Comparative Run for E2 6.05% -14.2 -16 

Winter 
2010-11 81 Fluid Only Other PG Fluid 8 100 20 Repeat of Test 80 with 8 Degree 

Rotation 7.10% -14.7 -18 

Winter 
2010-11 42 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  3.57% -15.7 -20.5 

Winter 
2010-11 39 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  7.20% -16 -21.1 

Winter 
2020-21 114 Fluid Only  Polar Guard 

Xtend 8 100 20 Baseline Test 7.00% -16.23 -16.8 

Winter 
2017-18 23 Fluid Only  Other PG Fluid 8 100 20 Baseline Test 6.05% -16.7 -17.7 

Winter 
2012-13 155 Fluid Only Other PG Fluid 8 100 20   6.40% -17.8 -21 

Winter 
2010-11 21 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  6.56% -18.2 -20.4 

Winter 
2018-19 9 Fluid Only  Other PG Fluid 8 100 20 Baseline Test 8.90% -22.3 -22.6 

Winter 
2018-19 7 Fluid Only  Polar Guard 

Advance 8 100 20 Baseline Test 6.94% -22.4 -22.3 

Winter 
2010-11 32 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  3.92% -22.5 -27.1 

Winter 
2018-19 4 Fluid Only  Other PG Fluid 8 100 20 Baseline Test 6.99% -22.6 -22.3 

Winter 
2018-19 5 Fluid Only  Other PG Fluid 8 100 20 Baseline Test 9.38% -22.6 -22.2 

Winter 
2012-13 135 Fluid Only Other PG Fluid 8 100 20   3.99% -22.6 -5 

Winter 
2012-13 143 Fluid Only Other PG Fluid 8 100 20   6.21% -23.1 -25.4 

Winter 
2012-13 146 Fluid Only Polar Guard 

Advance 8 100 20   7.99% -23.3 -25.5 

Winter 
2010-11 30 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  8.13% -23.5 -27.1 

Winter 
2010-11 29 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  6.56% -23.9 -27.4 

Winter 
2010-11 33 Fluid Only Other PG Fluid 8 100 20 LE TRIP INSTALLED  8.27% -24.1 -27.4 
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Figure 4.4: Correlation of PG Data Fluid Only Data at All Temperatures 

Temperature (ºC) 

Lift Loss (%
) 

Polar Guard Xtend Data Point 
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Figure 4.5: Polar Guard Xtend Viscosity (Cp) Information 

 
 

   
 
     APS Measured Viscosity: 14500 - Method A 
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5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG 
FLUIDS 

 
Type IV Ice Pellet Allowance Times are intended to be conservative, and, therefore, 
generic guidance is developed based on data collected using commercially available 
Type IV fluids. Historically, Type IV PG and EG fluids have been grouped together; 
however, data has indicated that EG fluids may have the operational advantage of 
longer Ice Pellet Allowance Times in specific conditions. The industry requested that 
EG fluid-specific Ice Pellet Allowance Time Tables be investigated to determine 
potentially longer allowance times specific to these fluids. As such, an analysis of 
historical EG data was conducted, and some additional testing with EG fluids was 
performed. 
 
 
5.1 Analysis of EG Fluid Allowance Times 
 
An analysis was conducted based on the EG fluids tested during the winter of 
2020-21, as well as on historical testing that occurred between 2009 and 2020. 
The data includes 135 tests, which comprised allowance time development, 
validation, and expansion tests. The analysis included seven EG fluids: 
 

1. AllClear Systems LLC ClearWing EG; 

2. CHEMCO Inc. ChemR EG IV; 

3. Clariant Produkte (Deutschland) GmbH Max Flight AVIA; 

4. Clariant Produkte (Deutschland) GmbH Safewing EG IV NORTH; 

5. Dow Chemical Company UCAR™ Endurance EG106 De/Anti-Icing Fluid; 

6. JSC RCP Nordix (Formerly Oksayd Co. Ltd.) Defrost EG 4; and 

7. LNT Solutions LNT E450. 
 
The detailed data for all EG tests conducted since 2009 with the RJ wing has been 
reviewed and a copy has been included in Appendix E for reference (refer to 
Subsection 3.1 for heading descriptions). Table 5.1 provides a summary of all data 
points, including those tested to the allowance time and those tested to exposure 
times longer than the current allowance time. Table 5.2 includes only the validation 
tests (i.e., tests that were run to the current allowance time). Table 5.3 includes only 
the tests that were run longer than the current allowance time or in conditions where 
there are no allowance times. 
 
For tests highlighted in yellow or red (review or bad), comments were included 
describing the reason for the rating. A new colour, pink, was added this year for 
tests that demonstrated adherence on the flap while configured with the flap 
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extended. The tests highlighted in pink are expected to have achieved the status of 
“Review” or “Good” had the test been re-run with the flap configured in the retracted 
position. 
 
For Table 5.1, Table 5.2, and Table 5.3, the individual test information has been 
included in the following format. 
 

• FFAA(BB)CC[DD]GGE 

o FF is the fluid name designation based on the following: 

o AllClear ClearWing EG – CW; 

o Chemco ChemR EG IV – CC; 

o Clariant Avia – CA; 

o Clariant North – CN; 

o Dow EG106 – DE; 

o LNT E450 – LE; and 

o Defrost EG IV – FR. 

o AA is the static tunnel ambient temperature recorded just before the start 
of the simulated takeoff test, measured in degrees Celsius and rounded to 
the closest degree. 

o BB is the percent Lift Loss calculated based on the comparison of the 8º 
lift coefficient during the test run versus the dry wing average lift 
coefficient. 

o CC is the exposure time of the test in minutes. 

o DD is the test number for referencing the data in the test logs. 

o GG is the last two digits of the year of testing (i.e., 2020-21 is “21”). 
o E is the status of the testing, either “G” for good, “R” for review, or “B” 

for bad, as per the guidelines. The highlighting is in a corresponding green, 
yellow, or red colour. A new colour, pink, was added this year for tests 
that demonstrated adherence on the flap  after contamination had been 
applied with the flap extended. The tests highlighted in pink are expected 
to have achieved the status of “Review” or “Good” had the test been re-
run with the flap configured in the retracted position during exposure to 
contamination. 

o The test information is included in the cell for which the temperature band 
best corresponds to the temperature recorded during the test. 
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Table 5.1: All EG Fluid Data Collected since 2009 with RJ Wing 

Precipitation Type 

Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C 

Below -16°C 

Light Ice Pellets 

50 minutes 
CW0(1.4)50[10]21G 
DE-4(0.9)50[22]10G 
CW-4(2.6)70[99]21G 
CN-5(0.8)70[19]20G 
CA-5(1.3)70[103]21G 
FR-6(3.3)70[58]21G 

DE-6(3.1)70[104]21G 
CC-7(2.2)70[57]21G 

30 minutes 
CC-7(1.3)50[40]18G 
CC-9(1.8)50[31]18G 
CW-8(2.7)50[49]21G 
CA-10(2.5)50[48]21G 

30 minutes 

DE-11(1.6)30[51]11G 
DE-13(1.1)30[67]10G 
CC-13(2.6)30[16]18G 
CN-14(2.5)30[4]20G 
LE-15(5.8)30[10]16R 
CN-16(2.8)50[7]20G 

30 minutes 

DE-17(2.3)30[80]10G 
CA-21(5.7)30[15]19R 
FR-22(6.7)30[17]19R 
DE-23(3.2)30[27]11G 

Light Ice Pellets Mixed 
with Snow 

40 minutes 
DE-3(1.2)40[23]10G 
CW-5(2.8)40[39]21G 
CA-3(2.3)50[72]21G 
FR-3(3.4)50[97]21G 
CW-3(3.3)50[98]21R 
DE-4(3.2)50[71]21G 
CC-5(3.7)50[33]18R 
CN-5(1.5)50[20]20G 

15 minutes 
LE-7(5.4)15[21]16G 
CC-8(2.5)15[12]18G 
CA-9(3.4)30[62]21G 
CW-9(4.9)30[63]21G 
DE-10(3.6)30[64]21G 

15 minutes 

CC-12(3.4)15[17]18G 
FR-13(5.2)15[42]19G 
DE-13(2.4)15[45]11G 
CA-14(4.3)15[41]19R 
CN-15(2.8)15[5]20G 
CC-14(3.2)30[12]20G 
DE-14(1.9)30[14]20G 
DE-14(2.7)25[78]11G 
FR-15(3.4)30[16]20G 

0 minutes 
DE-17(2.0)15[310]14G 
DE-18(4.1)15[311]14R 

Light Ice Pellets Mixed 
with Freezing Drizzle 

25 minutes 
CN-2(6.9)40[90]21R 
FR-2(3.9)40[91]21R 
CW-2(7.8)40[92]21B 

10 minutes 
CC-6(5.4)30[32]18R 
CW-9(6.7)30[80]21B 
CA-10(5.6)30[79]21B 

 

Caution: No allowance 
times currently exist 

Light Ice Pellets Mixed 
with Freezing Rain 

25 minutes 
LE-1(3.1)25[68]16G 
DE-2(4.1)25[26]10B 

DE-3(1.3)25[26A]10G 
CW-6(7.3)25[40]21B 

CW-6(1.6)25[41]21G*- 
CW-2(6.5)40[73]21B 
CC-2(9.9)40[74]21B 
CC-2(12.8)35[75]21B 
CC-3(2.3)40[76]21R- 
CN-5(4.7)40[22]20B 
FR-7(5.8)40[106]21B 
CA-8(5.8)40[59]21B 

CC-8(7.1)40[107]21B(old 
batch) 

CC-9(8.0)40[108]21B 

10 minutes 
DE-7(1.2)10[98]10G 
LE-8(4.9)10[20]16G 
CC-8(3.2)10[8]18G 

FR-10(4.4)10[43]19G 
CA-10(2.9)10[46]19G 
DE-10(7.2)40[126]11B 
CN-10(5.1)30[65]21B 
CC-11(7.5)30[67]21B 

 

0 minutes 
CA-11(7.0)30[66]21B 
CC-12(5.8)30[43]18B 

Light Ice Pellets Mixed 
with Rain 

25 minutes 

FR1(1.4)25[36]19G 
LE0(4.3)25[76]16G 

CW0(3.1)25[23]21B* 

  

Moderate Ice Pellets (or 
Small Hail) 

25 minutes 

LE-2(3.3)25[69]16G 
DE-4(0.8)25[21]10G 
DE-4(1.8)25[124]12G 
DE-4(1.7)25[125]12G 
CA-4(1.9)25[31]19G 
FR-4(2.5)25[32]19G 
CW-5(2.0)25[38]21G 
FR-4(3.2)35[95]21G 
CC-4(2.7)35[96]21R 
CN-5(1.3)35[21]20R 
CA-6(2.1)35[55]21G 
DE-7(1.9)35[56]21G 
CW-8(2.2)35[42]21R 

10 minutes 
CC-10(1.9)10[13]18G 
DE-8(2.2)25[50]21G 
CA-9(3.3)25[51]21G 
CC-10(2.3)25[42]18G 

10 minutes 

CN-13(2.4)10[3]20G 
LE-15(6.4)10[13]16R 
CC-15(2.7)10[18]18G 
CC-14(2.1)25[11]20R 
DE-15(1.1)25[13]20R 
CN-16(2.2)25[6]20R 
FR-16(2.8)25[15]20G 

10 minutes 

LE-17(6.0)10[11]16R 
DE-18(1.8)10[71]10G 
DE-21(3.1)10[26]11G 
CA-21(5.5)10[16]19R 
FR-21(6.6)10[18]19R 
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Table 5.1: All EG Fluid Data Collected since 2009 with RJ Wing (cont’d) 

Precipitation Type 

Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C Below -16°C 

Moderate Ice Pellets (or 
Small Hail) Mixed with 
Freezing Drizzle 

10 minutes 
CN-5(0.8)20[23]20G 
CA-4(3.6)20[86]21G 
DE-4(7.4)25[87]21B 
CW-3(7.1)20[88]21B 
CC-3(7.3)20[100]21R 
FR-7(3.6)20[105]21R 

7 minutes 
CC-8(2.4)7[9]18G 

DE-10(2.6)10[81]21G 
CN-9(4.0)15[82]21G 
CA-9(3.4)15[83]21G 

Caution:  
No allowance 

times currently exist 

Moderate Ice Pellets (or 
Small Hail) Mixed with 
Rain 

10 minutes 

CC-3(7.2)10[39]18B 
CW2(1.0)20[32]21G 
CC2(2.3)15[26]21G* 
DE2(1.9)20[30]21G 
DE2(1.9)15[31]21G 
DE1(1.9)15[27]21G* 
FR1(2.3)20[33]21B 
FR1(1.6)20[34]21B- 
FR1(2.3)15[35]21R 

CW0(13.0)20[13]21B* 
CA0(3.2)15[17]21G* 
FR0(5.4)15[18]21B* 

DE-1(11.7)15[19]21B* 
DE-1(5.9)15[20]21B*- 
DE-1(2.1)12[21]21R*- 
CN-1(6.7)15[22]21B* 
CW-1(7.1)15[14]21B* 

   

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected.  
- Flap up test. 
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Table 5.2: EG Validation Tests (Meet Current ATs) since 2009 with RJ Wing 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C Below -16°C 

Light Ice Pellets 
50 minutes 

CW0(1.4)50[10]21G 
DE-4(0.9)50[22]10G 

30 minutes 
CW-8(2.7)50[49]21G 

30 minutes 

DE-11(1.6)30[51]11G 
DE-13(1.1)30[67]10G 
CC-13(2.6)30[16]18G 
CN-14(2.5)30[4]20G 
LE-15(5.8)30[10]16R 

30 minutes 

DE-17(2.3)30[80]10G 
CA-21(5.7)30[15]19R 
FR-22(6.7)30[17]19R 
DE-23(3.2)30[27]11G 

Light Ice Pellets Mixed 
with Snow 

40 minutes 
DE-3(1.2)40[23]10G 
CW-5(2.8)40[39]21G 

15 minutes 
LE-7(5.4)15[21]16G 
CC-8(2.5)15[12]18G 
CW-9(4.9)30[63]21G 

15 minutes 

CC-12(3.4)15[17]18G 
FR-13(5.2)15[42]19G 
DE-13(2.4)15[45]11G 
CA-14(4.3)15[41]19R 
CN-15(2.8)15[5]20G 

0 minutes 

Light Ice Pellets Mixed 
with Freezing Drizzle 25 minutes 10 minutes  

Caution: No allowance 
times currently exist 

Light Ice Pellets Mixed 
with Freezing Rain 

25 minutes 
CW0(3.1)25[23]21B* 
LE-1(3.1)25[68]16G 
DE-2(4.1)25[26]10B 
CW-2(6.5)40[73]21B 
DE-3(1.3)25[26A]10G 
CW-6(7.3)25[40]21B 

CW-6(1.6)25[41]21G*- 

10 minutes 
DE-7(1.2)10[98]10G 
LE-8(4.9)10[20]16G 
CC-8(3.2)10[8]18G 

FR-10(4.4)10[43]19G 
CA-10(2.9)10[46]19G 

0 minutes 

Light Ice Pellets Mixed 
with Rain 

25 minutes 

FR1(1.4)25[36]19G 
CW0(3.1)25[23]21B 
LE0(4.3)25[76]16G 

  

Moderate Ice Pellets (or 
Small Hail) 

25 minutes 

LE-2(3.3)25[69]16G 
DE-4(0.8)25[21]10G 
DE-4(1.8)25[124]12G 
DE-4(1.7)25[125]12G 
CA-4(1.9)25[31]19G 
FR-4(2.5)25[32]19G 
CW-5(2.0)25[38]21G 
CW-8(2.2)35[42]21R 

10 minutes 
DE-7(1.6)10[364]14B 
CC-10(1.9)10[13]18G 

10 minutes 

CN-13(2.4)10[3]20G 
LE-15(6.4)10[13]16R 
CC-15(2.7)10[18]18G 

10 minutes 

LE-17(6.0)10[11]16R 
DE-18(1.8)10[71]10G 
DE-21(3.1)10[26]11G 
CA-21(5.5)10[16]19R 
FR-21(6.6)10[18]19R 
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Table 5.2: EG Validation Tests (Meet Current ATs) since 2009 with RJ Wing (cont’d) 
 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C Below -16°C 

Moderate Ice Pellets (or 
Small Hail) Mixed with 
Freezing Drizzle 

10 minutes 7 minutes 
CC-8(2.4)7[9]18G 

Caution:  
No allowance 

times currently exist Moderate Ice Pellets (or 
Small Hail) Mixed with 
Rain 

10 minutes 

CW2(1.0)20[32]21G 
CW0(13.0)20[13]21B* 
CW-1(7.1)15[14]21B* 
CC-3(7.2)10[39]18B 

   

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected. 
- Flap up test. 
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Table 5.3: EG Expansion Tests (Exceed Current ATs) since 2009 with RJ Wing 

Precipitation 
Type 

Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C Below -16°C 

Light Ice 
Pellets 

50 minutes 
CW-4(2.6)70[99]21G 
CN-5(0.8)70[19]20G 
CA-5(1.3)70[103]21G 
FR-6(3.3)70[58]21G 

DE-6(3.1)70[104]21G 
CC-7(2.2)70[57]21G 

30 minutes 
CC-7(1.3)50[40]18G 
CW-8(2.7)50[49]21G 
CC-9(1.8)50[31]18G 
CA-10(2.5)50[48]21G 

30 minutes 

CN-16(2.8)50[7]20G 30 minutes 

Light Ice 
Pellets 
Mixed with 
Snow 

40 minutes 
CA-3(2.3)50[72]21G 
FR-3(3.4)50[97]21G 
CW-3(3.3)50[98]21R 
DE-4(3.2)50[71]21G 
CC-5(3.7)50[33]18R 
CN-5(1.5)50[20]20G 

15 minutes 
CA-9(3.4)30[62]21G 
CW-9(4.9)30[63]21G 
DE-10(3.6)30[64]21G 

15 minutes 

CC-14(3.2)30[12]20G 
DE-14(1.9)30[14]20G 
DE-14(2.7)25[78]11G 
FR-15(3.4)30[16]20G 

0 minutes 
DE-17(2.0)15[310]14G 
DE-18(4.1)15[311]14R 

Light Ice 
Pellets 
Mixed with 
Freezing 
Drizzle 

25 minutes 
CN-2(6.9)40[90]21R 
FR-2(3.9)40[91]21R 
CW-2(7.8)40[92]21B 

10 minutes 
CC-6(5.4)30[32]18R 
CW-9(6.7)30[80]21B 
CA-10(5.6)30[79]21B 

 

Caution: No allowance 
times currently exist 

Light Ice 
Pellets 
Mixed with 
Freezing 
Rain 

25 minutes 
CW-2(6.5)40[73]21B 
CC-2(9.9)40[74]21B 
CC-2(12.8)35[75]21B 
CC-3(2.3)40[76]21R- 
CN-5(4.7)40[22]20B 
FR-7(5.8)40[106]21B 
CA-8(5.8)40[59]21B 

CC-8(7.1)40[107]21B(old 
batch) 

CC-9(8.0)40[108]21B 

10 minutes 
DE-10(7.2)40[126]11B 
CN-10(5.1)30[65]21B 
CC-11(7.5)30[67]21B 

0 minutes 
CA-11(7.0)30[66]21B 
CC-12(5.8)30[43]18B 

Light Ice 
Pellets 
Mixed with 
Rain 

25 minutes 
See data from “Light Ice 

Pellets Mixed with Freezing 
Rain” cell above as it serves 
as a conservative surrogate  

  

Moderate 
Ice Pellets 
(or Small 
Hail) 

25 minutes 

FR-4(3.2)35[95]21G 
CC-4(2.7)35[96]21R 
CN-5(1.3)35[21]20R 
CA-6(2.1)35[55]21G 
DE-7(1.9)35[56]21G 
CW-8(2.2)35[42]21R 

10 minutes 
DE-8(2.2)25[50]21G 
CA-9(3.3)25[51]21G 
CC-10(2.3)25[42]18G 

10 minutes 

CC-14(2.1)25[11]20R 
DE-15(1.1)25[13]20R 
CN-16(2.2)25[6]20R 
FR-16(2.8)25[15]20G 

10 minutes 
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Table 5.3: EG Expansion Tests (Exceed Current ATs) since 2009 with RJ Wing (cont'd) 

 
Precipitation 
Type 

Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C Below -16°C 

Moderate 
Ice Pellets 
(or Small 
Hail) Mixed 
with 
Freezing 
Drizzle 

10 minutes 
CW-3(7.1)20[88]21B 
CC-3(7.3)20[100]21R 
CA-4(3.6)20[86]21G 
DE-4(7.4)25[87]21B 
CN-5(0.8)20[23]20G 
FR-7(3.6)20[105]21R 

7 minutes 
CN-9(4.0)15[82]21G 
CA-9(3.4)15[83]21G 
DE-10(2.6)10[81]21G 

Caution:  
No allowance 

times currently exist 
Moderate 
Ice Pellets 
(or Small 
Hail) Mixed 
with Rain 

10 minutes 

DE2(1.9)20[30]21G 
CC2(2.3)15[26]21G* 
DE2(1.9)15[31]21G 
CW2(1.0)20[32]21G 
FR1(2.3)20[33]21B 
FR1(1.6)20[34]21B- 
FR1(2.3)15[35]21R 

DE1(1.9)15[27]21G* 
CA0(3.2)15[17]21G* 
FR0(5.4)15[18]21B* 

CW0(13.0)20[13]21B* 
CW-1(7.1)15[14]21B* 
DE-1(11.7)15[19]21B* 
DE-1(5.9)15[20]21B*- 
DE-1(2.1)12[21]21R*- 
CN-1(6.7)15[22]21B* 

 

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected. 
- Flap up test. 
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5.3 Proposed Changes for an EG Specific Allowance Time Table 
 
Based on the results, each cell of the allowance time table was analysed for EG tests 
showing room for expansion. The basis for expansion could include the following: 
 

• Test ran longer than current allowance time that had “Good” status; 

• Test ran longer than current allowance time that had “Review” or “Bad” status 
that could be justified (i.e., flap down during exposure leading to bad visuals); 

• Test ran to the current allowance time that had “Good” status indicating 
margin for longer time; and 

• Test ran to the current allowance time that had “Review” or “Bad” status that 
could be justified (i.e., flap down during exposure leading to bad visuals), 
therefore indicating margin for longer time. 

 
The longest times supported by the data available were considered new potential 
allowance times. Table 5.4 presents a summary of the potential longer allowance 
times for EG fluids based on the data collected to date. Table 5.5 shows the data 
summarized as potential percentage increases for longer allowance times. 
 

Table 5.4: Analysis of Potential Longer Allowance Times Based on Current EG Fluid 
Tests Data 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C 

Below -16 
to -22°C 

Light Ice Pellets 50 minutes 
70 minutes 

30 minutes 
50 minutes 

30 minutes 

limited data 30 minutes 

Light Ice Pellets Mixed with Snow 40 minutes 
50 minutes 

15 minutes 
30 minutes 

15 minutes 

limited data  

Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 
40 minutes 

10 minutes 
30 minutes 

Caution:  
No allowance 

times currently exist 
Light Ice Pellets Mixed with Freezing Rain 25 minutes 

40 minutes 
10 minutes 
30 minutes 

Light Ice Pellets Mixed with Rain 25 minutes 

40 minutes  

Moderate Ice Pellets (or Small Hail) 25 minutes 

35 minutes 
10 minutes 
25 minutes 

10 minutes 

limited data 10 minutes 

Moderate Ice Pellets (or Small Hail) Mixed with Freezing 
Drizzle 

10 minutes 
20 minutes 

7 minutes 
10 minutes Caution:  

No allowance 
times currently exist Moderate Ice Pellets (or Small Hail) Mixed with Rain 10 minutes 

15 minutes    
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Table 5.5: Analysis of Potential Percentage Increase in Allowance Times 

Precipitation Type 
Outside Air Temperature 

-5°C and above Below -5 
to -10°C 

Below -10 
to -16°C 

Below -16 
to -22°C 

Light Ice Pellets 40% 67% - - 

Light Ice Pellets Mixed with Snow 25% 100% -  

Light Ice Pellets Mixed with Freezing Drizzle 60% 200% 
Caution:  

No allowance 
times currently exist 

Light Ice Pellets Mixed with Freezing Rain 60% 200% 

Light Ice Pellets Mixed with Rain 60%  

Moderate Ice Pellets (or Small Hail) 40% 150% - - 

Moderate Ice Pellets (or Small Hail) Mixed with Freezing 
Drizzle 100% 43% Caution:  

No allowance 
times currently exist Moderate Ice Pellets (or Small Hail) Mixed with Rain 50%    

 
 
The data collected to date indicates the potential for longer allowance times specific 
to EG fluids. The cells recommended are in the above -10ºC range, as much of the 
supporting testing conducted in 2020-21 was in this temperature range. Although 
some cells below -10ºC contain historical data supporting a potential expansion, 
there is not enough data to support a thorough analysis at this time. 
 
The following are some notable observations on the cells to be expanded: 
 

• Each of the cells contains at least three different EG fluid expansion tests. The 
only exception is Light Ice Pellets Mixed with Rain cell which references the 
Light Ice Pellets Mixed with Freezing Rain data as a conservative surrogate; 

• There does not appear to be any worse-performing EG fluid that could be used 
as the “worst case fluid”; 

• Percentage increases in allowance times range from 25 percent to 200 
percent; 

• Cells contain data that may have “Review” status. These are borderline cases 
and, considering they are limited, should be acceptable; and 

• Tests mixed with freezing precipitation may have “Bad” status tests due to 
the flap down configuration during the test. Had the test been conducted with 
the flap up in a properly nested configuration, the results would have improved 
significantly. 
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5.3.1 Proposed Changes to the HOT Guidelines 
 
For the Winter 2021-22 HOT Guidelines, TC and the FAA agreed to include a 
separate Type IV EG fluid allowance time table that incorporates the longer times (as 
shown in Table 5.4) limited to the -10ºC and above temperature range. The 
allowance times for the Type IV PG fluids remained unchanged. 
 
There is a potential to develop longer allowance times for Type IV EG fluids 
below -10ºC; however, additional data is required to support the preliminary data 
collected to date. 
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6. GENERAL CHANGES TO THE ALLOWANCE TIME TABLE 
 
This section describes general changes made to the allowance time table format and 
contents as a result of wind tunnel testing conducted during the winter of 2020-21. 
 
 

6.1 Ice Pellets Mixed with Rain Conditions 
 
As part of the testing, results demonstrated that contamination adherence could 
progress quickly if the testing temperature was 0ºC or below during conditions of 
Light Ice Pellets Mixed with Rain and Moderate Ice Pellets (or Small Hail) Mixed with 
Rain. For temperatures above 0ºC, the progression of adherence was as expected. 
Some of the EG expansion data (see Table 5.1) collected in this condition during the 
winter of 2020-21 demonstrated sensitivity of adherence to temperature at this 
threshold. 
 
As such, it is recommended that Note 4 and Note 8 of the Type IV allowance 
time table and Note 5 of the Type III allowance time table be reworded to exclude 
0ºC. This change will also be consistent with the “Rain on a Cold-Soaked Wing 
Condition” guidance that currently exists. Table 6.1 presents the current and 
proposed allowance time table notes. 
 

Table 6.1: Proposed Changes to Allowance Time Table Note 

Current Note 

(Notes 4 and 8 for Type IV Table and  
Note 5 for Type III Table) 

Proposed Note 

“No allowance times exist in this condition for 
temperatures below 0ºC.” 

“No allowance times exist in this condition for 
temperatures of 0ºC and below.” 

 
 

6.2 METAR Codes for Ice Pellet and Mixed Conditions 
 
Over the years, the ice pellet allowance time tables have developed beyond guidance 
specific to ice pellets, including mixed conditions as well. Based on industry 
feedback, it was recommended that the allowance time tables be amended to include 
the specific METAR codes or combinations for which the allowance times apply. The 
purpose is to remove ambiguity around which allowance times can or cannot be used 
in specific conditions. 
 
For the Winter 2021-22 HOT Guidelines, TC and the FAA agreed to include a new 
column in the Type III and the newly separated Type IV EG and PG allowance time 
tables, which includes the applicable METAR codes related to each individual ice 
pellet or mixed condition.
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7. CONCLUSIONS 
 
These conclusions were derived from the testing conducted during the winter of 
2020-21. 
 
 
7.1 Validation Testing for New-to-Market Type IV Fluids 
 
Two new-to-market fluids were testing during the winter of 2020-21. 
 
Results obtained validated the current Type IV allowance times for use with the 
new-to-market fluid AllClear ClearWing EG. 
 
The validation testing for Cryotech Polar Guard Xtend is considered incomplete. The 
three problematic data points were at or outside the temperature limits. More testing 
is recommended before any changes to the guidelines are considered. 
 
 
7.2 New Type IV EG Specific Allowance Time Table 
 
Type IV EG fluid testing and an analysis of historical data indicated the potential for 
longer allowance times specific to Type IV EG fluids. For the Winter 2021-22 HOT 
Guidelines, TC and the FAA agreed to include a separate Type IV EG fluid allowance 
time table that incorporates the longer times (as shown in Table 5.4) limited to 
the -10ºC and above temperature range. The allowance times for the Type IV PG 
fluids remained unchanged. 
 
There is a potential to develop longer allowance times for Type IV EG fluids 
below -10ºC; however, additional data is required to support the preliminary data 
collected to date. 
 
 
7.3 Ice Pellets Mixed with Rain Conditions 
 
As part of the testing, results demonstrated that fluid adherence could progress 
quickly if the testing temperature was 0ºC or below during conditions of Light Ice 
Pellets Mixed with Rain and Moderate Ice Pellets (or Small Hail) Mixed with Rain. As 
such, it is recommended that Note 4 and Note 8 of the Type IV allowance time tables 
and Note 5 of the Type III allowance time table be reworded to exclude 0ºC. 
 
 
 



7.  CONCLUSIONS 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/TP 15497E Final Version 1.0.docx 
Final Version 1.0, July 22 

70 

7.4 METAR Codes for Ice Pellet and Mixed Conditions 
 
For the Winter 2021-22 HOT Guidelines, TC and the FAA agreed to include a new 
column in the Type III and the newly separated Type IV EG and PG allowance time 
tables, which includes the applicable METAR codes related to each individual ice 
pellet or mixed condition. The purpose is to remove ambiguity around which 
allowance times can or cannot be used in specific conditions. 
 
 
7.5 Changes to Ice Pellet Allowance Time Guidance 
 
The results of the validation and EG expansion testing required changes to the format 
and contents of the allowance time tables. The proposed changes will result in three 
separate allowance tables for Type III fluids and the newly separated Type IV EG and 
Type IV PG fluids. The notes in the respective tables were updated to reflect the 
latest format and content changes. In addition, a column specifying the applicable 
METAR codes for each condition was included in the three tables. 
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8. RECOMMENDATIONS 
 
The following recommendations were compiled based on the work conducted during 
the winter of 2020-21 and based on consultations with TC and the FAA. 
 
 
8.1 Changes to Ice Pellet Allowance Time Guidance 
 
The following changes were made to the Ice Pellet Allowance Time guidance material 
based on the 2020-21 wind tunnel test results. 
 

• The Type IV allowance time table was separated into two tables: EG and PG. 
The Type IV EG table includes newly developed longer allowance times for 
conditions above -10ºC. The Type IV PG table includes allowance times that 
remain unchanged compared to the previous year. 

• The respective notes and guidance related to the Type IV allowance time 
tables were updated to reflect the newly separated Type IV EG and PG format. 

• A new column was included in the Type III and the newly separated Type IV 
EG and PG allowance time tables indicating the applicable METAR codes 
related to each individual ice pellet or mixed condition. 

• The notes for Light Ice Pellets Mixed with Rain and Moderate Ice Pellets (or 
Small Hail) Mixed with Rain were updated to exclude conditions of 0ºC. The 
new note now reads: “No allowance times exist in this condition for 
temperatures of 0ºC and below.” 

 
The updated Winter 2021-22 Type III allowance time table is shown in Table 8.1 for 
TC and Table 8.2 for the FAA. The newly separated Type IV tables for the winter of 
2021-22 are shown in Table 8.3 and Table 8.4 for TC and Table 8.5 and Table 8.6 
for the FAA. It should be noted that the 90 percent adjusted tables were also 
published by TC and the FAA for those operations when flaps and slats are deployed 
prior to de/anti-icing; however, these tables have not been included in this report for 
brevity. 
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Table 8.1: 2021-22 TC Type III Ice Pellet Allowance Time Table 
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Table 8.2: 2021-22 FAA Type III Ice Pellet Allowance Time Table 
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Table 8.3: 2021-22 TC Type IV EG Ice Pellet Allowance Time Table 
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Table 8.4: 2021-22 TC Type IV PG Ice Pellet Allowance Time Table 
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Table 8.5: 2021-22 FAA Type IV EG Ice Pellet Allowance Time Table 
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Table 8.6: 2021-22 FAA Type IV PG Ice Pellet Allowance Time Table 
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8.2 Future Research 
 
This section describes higher priority areas of possible future wind tunnel testing and 
research. These areas have been determined based on consultations with TC, the 
FAA, and NASA and on industry discussions, and as such they may not be directly 
linked to the research described in this report. These areas have been listed below 
for ease of reference and to maintain continuity in the year-to-year reporting. 
 
 
8.2.1 Substantiation of Ice Pellet Allowance Times with New Fluids 
 
Testing should continue to investigate different Type III and Type IV fluids to further 
substantiate the Ice Pellet Allowance Times. Testing should consider new fluids or 
fluids previously tested but with limited data. 
 
As a priority, testing should continue with Cryotech Polar Guard Xtend to address 
the limited data collected during the winter of 2020-21. 
 
 
8.2.2 Allowance Time Expansion  
 
The recent EG expansion work has indicated that there is still potential to expand the 
allowance times for EG fluids below -10ºC; however, additional data is required to 
support the preliminary data collected to date. Additional testing is recommended 
before implementing these changes to the guidelines. 
 
In addition, historical testing has shown that the allowance times for Type IV and 
especially Type III fluids are conservative and have room for expansion. Testing 
should be conducted to obtain longer times and to include additional conditions for 
both Type III and Type IV fluids. 
 
 
8.2.3 Research with a Common Research Model Vertical Stabilizer 
 
Previous de/anti-icing fluid research with a Piper Seneca II vertical stabilizer model 
provided useful data and observations to the industry. A new common research 
model is being developed to be a generic, more appropriate, and representative model 
for testing. Once fabricated, testing should be conducted to study de/anti-icing fluid 
flow-off properties with and without contamination.  
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8.2.4 Testing with the NASA LS-0417 Wing Section to Support 
Development of Type III Mid-Speed Allowance Times 

 
The extensive work conducted with the thin high-performance wing section has led 
to the development of a methodology for evaluating aerodynamic performance based 
on a lift loss scaling between the model results and the AS5900 aerodynamic 
acceptance test. It is recommended that the same methodology be used to develop 
a lift loss correlation for the LS-0417 wing section, which is better suited for the 
development of mid-speed Type III allowance times. This methodology is now 
feasible as the AS5900 standard has been updated to include a new mid-speed ramp 
which is better suited for these types of tests. Once a correlation has been 
developed, the Type III high-speed allowance times should be validated using the 
LS-0417 wing section and mid-speed ramp. Heated fluid tests should also be 
considered. 
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TRANSPORT CANADA 
STATEMENT OF WORK EXCERPT –  

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2020-21 
 
 
10. Wind Tunnel Testing – Planning and Setup Activities Only 
 
Note: The NRC facility costs associated with manufacturing the test model and 
testing at M-46 are not included in this task and are dealt directly with TC through a 
M.O.U. agreement with NRC. 

This budget associated with this project is only associated to tasks a) and b). 
Tasks c), d), e), and f) are budgeted as part of a separate project. 
 

a) Coordinate with staff of NRC M-46 for scheduling and to organize any 
modifications to the wind tunnel, model, or related equipment. Review fluid 
requirements and request fluid samples from fluid manufacturers. 

b) Develop a procedure and test plan and coordinate with the NRC staff that 
operates the PIWT. 

c) Perform pre-testing activities including the preparation of equipment, 
purchasing of equipment, training of personnel, and transportation and setup 
of equipment. 

d) Perform wind tunnel tests (5 days) with the RJ or LS-0417 wing to support 
the development of ice pellet allowance times. Testing objectives can include: 

i. Validation of the existing Type IV fluid allowance times for use with the 
newly certified anti-icing fluids, or with fluids for which data is lacking; 

ii. Development of an EG-specific allowance time table to be able to benefit 
from potentially longer times; and 

iii. Expansion of the allowance for Type III fluids at low speeds to get longer 
times and guidance in more conditions. 

It is anticipated that testing will be conducted during overnight hours over a 
period of two weeks. The typical procedure is described as follows, but may 
be modified to address specific testing objectives. Prior to starting each test 
event, correlation testing is required to calibrate the TC model and to 
demonstrate repeatability. Wind tunnel tests will be performed with ethylene 
glycol and propylene glycol anti-icing fluids at below freezing temperatures; 
Type I deicing fluids may also be considered. Tests will simulate low speed or 
high speed takeoffs and will look at simulating different cross wind conditions, 
rudder angles, and asymmetric contamination. During contaminated test runs, 
a baseline fluid only case may be run immediately before, or after the 
contaminated test run to provide a direct correlation of the results. High 
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resolution photos will be taken of the fluid motion at the leading and trailing 
edges of the vertical stabilizer at a rate of about 3 frames per second, with 
lighting adequate to see the fluid waves and ripples of about 1mm in height. 
Observers will document the appearance of fluid on the vertical stabilizer 
during the simulated takeoff run and climb of the aircraft by analyzing the 
photographic records. The testing team will collect, among other things, the 
following data during the tests: type and amount of fluid applied, type and rate 
of contamination applied, and extent of fluid contamination prior to the test 
run. 

e) Analyze data. 

Report the findings and prepare presentation material for the SAE G-12 
meeting.  

 
 
11. Wind Tunnel Testing – Week 1 Activities TBD (5 Days) 
 
Note: The NRC facility costs associated with manufacturing the test model and 
testing at M-46 are not included in this task and are dealt directly with TC through a 
M.O.U. agreement with NRC. 

This budget associated with this project is only associated to tasks c), d), e), and f) 
and includes 5 days of testing. Tasks a) and b) are budgeted as part of a separate 
project. 
 

a) Coordinate with staff of NRC M-46 for scheduling and to organize any 
modifications to the wind tunnel, model, or related equipment. Review fluid 
requirements and request fluid samples from fluid manufacturers. 

b) Develop a procedure and test plan and coordinate with the NRC staff that 
operates the PIWT. 

c) Perform pre-testing activities including the preparation of equipment, 
purchasing of equipment, training of personnel, and transportation and setup 
of equipment. 

d) Perform wind tunnel tests (5 days) with the RJ or LS-0417 wing to support 
the development of ice pellet allowance times. Testing objectives can include: 

i. Validation of the existing Type IV fluid allowance times for use with the 
newly certified anti-icing fluids, or with fluids for which data is lacking; 

ii. Development of an EG-specific allowance time table to be able to benefit 
from potentially longer times; and 

iii. Expansion of the allowance for Type III fluids at low speeds to get longer 
times and guidance in more conditions.  
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It is anticipated that testing will be conducted during overnight hours over a 
period of one week. The typical procedure is described as follows, but may be 
modified to address specific testing objectives. Prior to starting each test 
event, correlation testing is required to calibrate the TC model and to 
demonstrate repeatability. Wind tunnel tests will be performed with ethylene 
glycol and propylene glycol anti-icing fluids at below freezing temperatures; 
Type I deicing fluids may also be considered. Tests will simulate low speed or 
high-speed takeoffs and will look at simulating different cross wind conditions, 
rudder angles, and asymmetric contamination. During contaminated test runs, 
a baseline fluid only case may be run immediately before, or after the 
contaminated test run to provide a direct correlation of the results. High 
resolution photos will be taken of the fluid motion at the leading and trailing 
edges of the vertical stabilizer at a rate of about 3 frames per second, with 
lighting adequate to see the fluid waves and ripples of about 1mm in height. 
Observers will document the appearance of fluid on the vertical stabilizer 
during the simulated takeoff run and climb of the aircraft by analyzing the 
photographic records. The testing team will collect, among other things, the 
following data during the tests: type and amount of fluid applied, type and 
rate of contamination applied, and extent of fluid contamination prior to the 
test run. 

e) Analyze data. 

f) Report the findings and prepare presentation material for the SAE G-12 
meeting.  

 
 
12. Wind Tunnel Testing – Week 2 Activities TBD (Additional 5 Days) 
 
Note: The NRC facility costs associated with manufacturing the test model and 
testing at M-46 are not included in this task and are dealt directly with TC through a 
M.O.U. agreement with NRC. 

This budget associated with this project is only associated to tasks d) and includes 
an additional 5 days of testing. Tasks a), b), c), e), f) are budgeted as part of separate 
projects. 
 

a) Coordinate with staff of NRC M-46 for scheduling and to organize any 
modifications to the wind tunnel, model, or related equipment. Review fluid 
requirements and request fluid samples from fluid manufacturers. 

b) Develop a procedure and test plan and coordinate with the NRC staff that 
operates the PIWT. 

c) Perform pre-testing activities including the preparation of equipment, 
purchasing of equipment, training of personnel, and transportation and setup 
of equipment. 
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d) Perform wind tunnel tests (5 days) with the RJ or LS-0417 wing to support 
the development of ice pellet allowance times. Testing objectives can include: 

i. Validation of the existing Type IV fluid allowance times for use with the 
newly certified anti-icing fluids, or with fluids for which data is lacking; 

ii. Development of an EG-specific allowance time table to be able to benefit 
from potentially longer times; and 

iii. Expansion of the allowance for Type III fluids at low speeds to get longer 
times and guidance in more conditions. 

It is anticipated that testing will be conducted during overnight hours over a 
period of one week. The typical procedure is described as follows, but may be 
modified to address specific testing objectives. Prior to starting each test 
event, correlation testing is required to calibrate the TC model and to 
demonstrate repeatability. Wind tunnel tests will be performed with ethylene 
glycol and propylene glycol anti-icing fluids at below freezing temperatures; 
Type I deicing fluids may also be considered. Tests will simulate low speed or 
high-speed takeoffs and will look at simulating different cross wind conditions, 
rudder angles, and asymmetric contamination. During contaminated test runs, 
a baseline fluid only case may be run immediately before, or after the 
contaminated test run to provide a direct correlation of the results. High 
resolution photos will be taken of the fluid motion at the leading and trailing 
edges of the vertical stabilizer at a rate of about 3 frames per second, with 
lighting adequate to see the fluid waves and ripples of about 1mm in height. 
Observers will document the appearance of fluid on the vertical stabilizer 
during the simulated takeoff run and climb of the aircraft by analyzing the 
photographic records. The testing team will collect, among other things, the 
following data during the tests: type and amount of fluid applied, type and 
rate of contamination applied, and extent of fluid contamination prior to the 
test run. 

e) Analyze data. 

f) Report the findings and prepare presentation material for the SAE G-12 
meeting.  

 
 
13. Wind Tunnel Testing – Week 3 Activities TBD (Additional 5 Days) 
 
Note: The NRC facility costs associated with manufacturing the test model and 
testing at M-46 are not included in this task and are dealt directly with TC through a 
M.O.U. agreement with NRC. 

This budget associated with this project is only associated to tasks d) and includes 
an additional 5 days of testing. Tasks a), b), c), e), f) are budgeted as part of separate 
projects. 
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a) Coordinate with staff of NRC M-46 for scheduling and to organize any 
modifications to the wind tunnel, model, or related equipment. Review fluid 
requirements and request fluid samples from fluid manufacturers. 

b) Develop a procedure and test plan and coordinate with the NRC staff that 
operates the PIWT. 

c) Perform pre-testing activities including the preparation of equipment, 
purchasing of equipment, training of personnel, and transportation and setup 
of equipment. 

d) Perform wind tunnel tests (5 days) with the RJ or LS-0417 wing to support 
the development of ice pellet allowance times. Testing objectives can include: 

i. Validation of the existing Type IV fluid allowance times for use with the 
newly certified anti-icing fluids, or with fluids for which data is lacking; 

ii. Development of an EG-specific allowance time table to be able to benefit 
from potentially longer times; and 

iii. Expansion of the allowance for Type III fluids at low speeds to get longer 
times and guidance in more conditions. 

It is anticipated that testing will be conducted during overnight hours over a 
period of one week. The typical procedure is described as follows, but may be 
modified to address specific testing objectives. Prior to starting each test 
event, correlation testing is required to calibrate the TC model and to 
demonstrate repeatability. Wind tunnel tests will be performed with ethylene 
glycol and propylene glycol anti-icing fluids at below freezing temperatures; 
Type I deicing fluids may also be considered. Tests will simulate low speed or 
high speed takeoffs and will look at simulating different cross wind conditions, 
rudder angles, and asymmetric contamination. During contaminated test runs, 
a baseline fluid only case may be run immediately before, or after the 
contaminated test run to provide a direct correlation of the results. High 
resolution photos will be taken of the fluid motion at the leading and trailing 
edges of the vertical stabilizer at a rate of about 3 frames per second, with 
lighting adequate to see the fluid waves and ripples of about 1mm in height. 
Observers will document the appearance of fluid on the vertical stabilizer 
during the simulated takeoff run and climb of the aircraft by analyzing the 
photographic records. The testing team will collect, among other things, the 
following data during the tests: type and amount of fluid applied, type and 
rate of contamination applied, and extent of fluid contamination prior to the 
test run. 

e) Analyze data. 

f) Report the findings and prepare presentation material for the SAE G-12 
meeting. 
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APPENDIX B 
 

PROCEDURE: 
WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT 

DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS 
WINTER 2020-21 



 

 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-1 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-2 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-3 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-4 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-5 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-6 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-7 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-8 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-9 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-10 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-11 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-12 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-13 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-14 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-15 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-16 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-17 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-18 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-19 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-20 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-21 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-22 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-23 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-24 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-25 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-26 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-27 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-28 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-29 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-30 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-31 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-32 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-33 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-34 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-35 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-36 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-37 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-38 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-39 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-40 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-41 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-42 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-43 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-44 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-45 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-46 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-47 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-48 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-49 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-50 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-51 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-52 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-53 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-54 



APPENDIX B 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx 
Final Version 1.0, July 22 

B-55 



 

B-56 

This page intentionally left blank. 



APPENDIX C 
 

HIGH SPEED TESTING 2020-21 FLUID THICKNESS, TEMPERATURE, AND 
BRIX DATA FORMS 
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Figure C1: Run # 1 

 

 
Figure C2: Run # 2 
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Figure C3: Run # 3 

 

 
Figure C4: Run # 4 
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Figure C5: Run # 5 

 

 
Figure C6: Run # 6  
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Figure C7: Run # 7 

 

 
Figure C8: Run # 8 
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Figure C9: Run # 9 

 

 
Figure C10: Run # 10 
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Figure C11: Run # 11 

 

 
Figure C12: Run # 12 
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Figure C13: Run # 13 

 

 
Figure C14: Run # 14 
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Figure C15: Run # 15 

 

 
Figure C16: Run # 16 
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Figure C17: Run # 17 

 

 
Figure C18: Run # 18 
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Figure C19: Run # 19 

 

 
Figure C20: Run # 20 
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Figure C21: Run # 21 

 

 
Figure C22: Run # 22 
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Figure C23: Run # 23 

 

 
Figure C24: Run # 24 
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Figure C25: Run # 25 

 

 
Figure C26: Run # 26 
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Figure C27: Run # 27 

 

 
Figure C28: Run # 28 
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Figure C29: Run # 29 

 

 
Figure C30: Run # 30 
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Figure C31: Run # 31 

 

 
Figure C32: Run # 32 
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Figure C33: Run # 33 

 

 
Figure C34: Run # 34 
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Figure C35: Run # 35 

 

 
Figure C36: Run # 36 
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Figure C37: Run # 37 

 

 
Figure C38: Run # 38 
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Figure C39: Run # 39 

 

 
Figure C40: Run # 40 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, July 22 

C-21 

 
Figure C41: Run # 41 

 

 
Figure C42: Run # 42 
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Figure C43: Run # 43 

 

 
Figure C44: Run # 44 
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Figure C45: Run # 45 

 

 
Figure C46: Run # 46 
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Figure C47: Run # 47 

 

 
Figure C48: Run # 48 
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Figure C49: Run # 49 

 

 
Figure C50: Run # 50 
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Figure C51: Run # 51 

 

 
Figure C52: Run # 52 
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Figure C53: Run # 53 

 

 

Figure C54: Run # 54 
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Figure C55: Run # 55 

 

 
Figure C56: Run # 56 
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Figure C57: Run # 57 

 

 
Figure C58: Run # 58 
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Figure C59: Run # 59 

 

 
Figure C60: Run # 60 
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Figure C61: Run # 61 

 

 

Figure C62: Run # 62 
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Figure C63: Run # 63 

 

 
Figure C64: Run # 64 
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Figure C65: Run # 65 

 

 
Figure C66: Run # 66 
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Figure C67: Run # 67 

 

 
Figure C68: Run # 68 
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Figure C69: Run # 69 

 

 
Figure C70: Run # 70 
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Figure C71: Run # 71 

 

 
Figure C72: Run # 72 
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Figure C73: Run # 73 

 

 
Figure C74: Run # 74 
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Figure C75: Run # 75 

 

 
Figure C76: Run # 76 
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Figure C77: Run # 77 

 

 
Figure C78: Run # 78 
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Figure C79: Run # 79 

 

 
Figure C80: Run # 80 
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Figure C81: Run # 81 

 

 
Figure C82: Run # 82 
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Figure C83: Run # 83 

 

 
Figure C84: Run # 84 
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Figure C85: Run # 85 

 

 

Figure C86: Run # 86 
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Figure C87: Run # 87 

 

 
Figure C88: Run # 88 
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Figure C89: Run # 89 

 

 
Figure C90: Run # 90 
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Figure C91: Run # 91 

 

 
Figure C92: Run # 92 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, July 22 

C-47 

 
Figure C93: Run # 93 

 

 
Figure C94: Run # 94 
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Figure C95: Run # 95 

 

 
Figure C96: Run # 96 
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Figure C97: Run # 97 

 

 

Figure C98: Run # 98 
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Figure C99: Run # 99 

 

 
Figure C100: Run # 100 
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Figure C101: Run # 101 

 

 
Figure C102: Run # 102 
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Figure C103: Run # 103 

 

 
Figure C104: Run # 104 
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Figure C105: Run # 105 

 

 
Figure C106: Run # 106 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, July 22 

C-54 

 
Figure C107: Run # 107 

 

 
Figure C108: Run # 108 
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Figure C109: Run # 109 

 

 
Figure C110: Run # 110 
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Figure C111: Run # 111 

 

 
Figure C112: Run # 112 
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Figure C113: Run # 113 

 

 
Figure C114: Run # 114 
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Figure C115: Run # 115 

 

 
Figure C116: Run # 116 
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Figure C117: Run # 117
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Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing 
T
es

t 
#
 

D
at

e 

T
es

t 
Pl

an
 #

 

O
bj

ec
tiv

e 

T
es

t 
C

on
di

tio
n 

Fl
ui

d 
N

am
e 

R
ot

at
io

n 
A

ng
le

 

S
pe

ed
 

K
ts

 

Fl
ap

 A
ng

le
 (

0
º,

 2
0
º)

 

C
or

re
ct

ed
 f

or
 3

D
 E

ff
ec

ts
 

%
 L

ift
 L

os
s 

O
n 

8
°
 C

l v
s 

D
ry

 C
l  

T
un

ne
l T

em
p.

 B
ef

or
e 

T
es

t 
(º

C
) 

O
A

T
 B

ef
or

e 
T
es

t 
(º

C
) 

A
V

G
 W

in
g 

T
em

p.
 B

ef
or

e 
Fl

ui
d 

A
pp

l. 
(º

C
) 

A
V

G
 W

in
g 

T
em

p.
 B

ef
or

e 
T
es

t 
(º

C
) 

IP
 R

at
e 

(g
/d

m
²/

h)
 

S
N

 R
at

e 
(g

/d
m

²/
h)

 

ZR
 R

at
e 

(g
/d

m
²/

h)
 

R
 R

at
e 

(g
/d

m
²/

h)
 

Ex
po

su
re

 T
im

e 
(m

in
) 

R
at

in
g 

B
ef

or
e 

T
ak

e-
O

ff
 R

un
 L

E 

R
at

in
g 

B
ef

or
e 

T
ak

e-
O

ff
 R

un
 T

E 

R
at

in
g 

B
ef

or
e 

T
ak

e-
O

ff
 R

un
 F

la
p 

R
at

in
g 

A
t 

R
ot

at
io

n 
LE

 

R
at

in
g 

A
t 

R
ot

at
io

n 
T
E 

R
at

in
g 

A
t 

R
ot

at
io

n 
Fl

ap
 

R
at

in
g 

A
ft

er
 T

ak
e-

O
ff

 R
un

 L
E 

R
at

in
g 

A
ft

er
 T

ak
e-

O
ff

 R
un

 T
E 

R
at

in
g 

A
ft

er
 T

ak
e-

O
ff

 R
un

 F
la

p 

1 
11-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 -0.27% -3.07 -6.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

2 
11-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 0.75% -3.07 -6.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

3 
11-
Jan-
21 

P025 

Type IV 
Validation 
and New 

Fluids 

Fluid 
Only  

ClearWing 
EG 8 100 20 3.71% -4.81 -6.6 -5.1 -4.6 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

4 
11-
Jan-
21 

P051 

Type IV 
Validation 
and New 

Fluids 

Fluid 
Only  

Polar 
Guard 
Xtend 

8 100 20 6.38% -3.26 -6.3 -3.8 -3.6 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

5 
11-
Jan-
21 

P030 

Type IV 
Validation 
and New 

Fluids 

IP- 
Polar 
Guard 
Xtend 

8 100 20 3.98% -2.3 -6 -3.3 -7.7 29 - - - 50 2.65 2.65 4 1.05 2.25 2.1 1 1.05 1.25 

6 
11-
Jan-
21 

P031 

Type IV 
Validation 
and New 

Fluids 

IP- / 
SN- 

Polar 
Guard 
Xtend 

8 100 20 7.14% -3.66 -5.8 -3.7 -8.6 29 12 - - 40 3.5 2.95 4 1.05 1.95 3.15 1 1.05 1.85 

7 
11-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 -0.41% 4.08 0.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

8 
11-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 0.96% 4.08 0.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

9 
11-
Jan-
21 

P035 

Type IV 
Validation 
and New 

Fluids 

IP Mod 
Polar 
Guard 
Xtend 

8 100 20 3.71% 1.11 0.8 3.4 -5.5 75 - - - 15 2.25 2.05 2.75 1 1.5 1.25 1 1 1 

10 
11-
Jan-
21 

P004 

Type IV 
Validation 
and New 

Fluids 

IP- ClearWing 
EG 8 100 20 1.44% -0.08 0.4 0.7 -5.3 25 - - - 50 2 1.55 3.75 1 1 1.1 1 1 1 

11 
12-
Jan-
21 

P033 

Type IV 
Validation 
and New 

Fluids 

IP- / 
ZR- 

Polar 
Guard 
Xtend 

8 100 20 3.50% -0.13 0.23 0.4 -3.0 25 - 25 - 25 2.1 1.4 1.7 1 1 1 1 1 1 

12 
12-
Jan-
21 

P037 

Type IV 
Validation 
and New 

Fluids 

IP Mod 
/ R 

Polar 
Guard 
Xtend 

8 100 20 2.81% -0.35 0.1 -0.4 -4.0 92 - - 75 10 2.25 1.75 3.4 1 1.1 1.35 1 1.05 1.05 
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D-2 

Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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13 
12-
Jan-
21 

P198 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

ClearWing 
EG 8 100 20 13.04% -0.05 0 -0.5 -1.9 92 - - 75 20 3.5 3.4 5 2.25 1 4.5 1.1 1 4.5 

14 
12-
Jan-
21 

P198 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

ClearWing 
EG 8 100 20 7.14% -0.61 -0.2 -0.5 -3.5 92 - - 75 15 3 2.9 5 1 1 4 1 1 4 

15 
12-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.48% 1.45 0.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

16 
12-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 0.62% 1.45 0.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

17 
12-
Jan-
21 

P063 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

Max 
Flight 
AVIA 

8 100 20 3.16% 0.13 0.4 1.2 -4.2 92 - - 75 15 2.65 2 4 1 1 3.75 1 1 3.15 

18 
12-
Jan-
21 

P117 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 20 5.42% -0.26 0.2 -0.3 -5.1 92 - - 75 15 2 1.35 5 1 1 4 1 1 3.9 

19 
12-
Jan-
21 

P171 
EG Type 

IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 11.74% -0.67 0 -0.3 -4.3 92 - - 75 15 2.65 2.9 5 1 1 4.5 1 1 4.5 

20 
13-
Jan-
21 

P171 
EG Type 

IV 
Expansion 

IP Mod 
/ R EG106 8 100 0 5.90% -0.61 -0.2 -0.2 -4.3 92 - - 75 15 2.5 2.4 5 1 1 1 1 1 1 

21 
13-
Jan-
21 

P171 
EG Type 

IV 
Expansion 

IP Mod 
/ R EG106 8 100 0 2.13% -0.66 -0.4 0.2 -4.5 92 - - 75 12 1.75 2 4.25 1 1 1.05 1 1 1 

22 
13-
Jan-
21 

P090 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

Safewing 
EG IV 

NORTH 
8 100 20 6.66% -0.57 -0.5 0.7 -3.6 92 - - 75 15 3.15 3 5 1 1.05 4 1 1 4 

23 
13-
Jan-
21 

P195 
EG Type 

IV 
Expansion 

IP- / R- ClearWing 
EG 8 100 20 3.09% -0.31 -0.7 0.0 -4.4 32 - - 25 25 1.75 1.3 5 1 1 3.75 1 1 3.5 

24 
13-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.82% 3.2 0.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 
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D-3 

Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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25 
13-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 2.06% 3.2 0.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

26 
13-
Jan-
21 

P144 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

ChemR 
EG IV 8 100 20 2.33% 1.57 0.5 1.8 -2.4 92 - - 75 15 2.9 2.5 4 1 1 3 1 1 1.5 

27 
13-
Jan-
21 

P171 
EG Type 

IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 1.85% 1.13 0.7 1.4 -3.6 92 - - 75 15 2.25 2 4 1 1 2 1 1 1.25 

28 
14-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.96% 4.9 0.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

29 
14-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 1.92% 4.9 0.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

30 
14-
Jan-
21 

P171 
EG Type 

IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 1.85% 1.7 0.7 2.5 -3.6 75 - - 75 20 2.65 2.35 4 1 1 1.55 1 1 1 

31 
15-
Jan-
21 

P171 
EG Type 

IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 1.85% 1.95 0.7 0.9 -4.3 75 - - 75 15 1.35 2 3.5 1 1 1.3 1 1 1 

32 
15-
Jan-
21 

P198 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

ClearWing 
EG 8 100 20 1.03% 2.13 0.7 1.2 -1.8 75 - - 75 20 3 2.9 4 1 1 1.15 1 1 1.05 

33 
15-
Jan-
21 

P117 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 20 2.33% 1.21 0.6 1.3 -4.5 75 - - 75 20 2 1.65 5 1 1 2.25 1 1 1.05 

34 
15-
Jan-
21 

P117 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 0 1.58% 1.01 0.5 0.5 -4.5 75 - - 75 20 2 1.65 5 1 1 1.15 1 1 1 

35 
15-
Jan-
21 

P117 
EG Type 

IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 20 2.33% 1.08 0.4 0.4 -5.4 75 - - 75 15 1.6 1.3 4.25 1 1 1.3 1 1 1.05 

36 
17-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.96% -4.48 -4.2 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 
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Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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37 
17-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 1.44% -4.48 -4.2 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

38 
17-
Jan-
21 

P009 

Type IV 
Validation 
and New 

Fluids 

IP Mod ClearWing 
EG 8 100 20 1.99% -5.07 -4.5 -3.6 -10.1 75 - - - 25 2.25 2.15 3.75 1 1 1 1 1 1 

39 
17-
Jan-
21 

P005 

Type IV 
Validation 
and New 

Fluids 

IP- / 
SN- 

ClearWing 
EG 8 100 20 2.81% -4.98 -5 -5.4 -9.8 25 10 - - 40 3 2.25 3.75 1 1.5 2.25 1 1 1 

40 
18-
Jan-
21 

P007 

Type IV 
Validation 
and New 

Fluids 

IP- / 
ZR- 

ClearWing 
EG 8 100 20 7.28% -6.14 -5.8 -5.9 -7.5 25 - 25 - 25 2.5 2.05 5 1 1 5 1 1 5 

41 
18-
Jan-
21 

P007 

Type IV 
Validation 
and New 

Fluids 

IP- / 
ZR- 

ClearWing 
EG 8 100 0 1.65% -6.49 -6.7 -5.7 -7.9 25 - 25 - 25 2.5 2 3.25 1 1 1.55 1 1 1.05 

42 
18-
Jan-
21 

P196 
EG Type 

IV 
Expansion 

IP Mod ClearWing 
EG 8 100 20 2.20% -7.51 -7.3 -6.1 -11.5 75 - - - 35 3.5 2.9 4 1 8.1 1.75 1 1 1.05 

43 
18-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.69% -7.33 -8.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

44 
18-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 1.78% -7.33 -8.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

45 
18-
Jan-
21 

P041 

Type IV 
Validation 
and New 

Fluids 

IP- / 
ZR- 

Polar 
Guard 
Xtend 

8 100 20 7.07% -8.32 -8.9 -7.0 -6.9 25 - 25 - 10 2 1.9 2.5 1 1.75 2 1 1.05 1.25 

46 
18-
Jan-
21 

P038 

Type IV 
Validation 
and New 

Fluids 

IP- 
Polar 
Guard 
Xtend 

8 100 20 7.55% -8.77 -9 -7.5 -10.3 25 - - - 30 2.15 2 3 1 2 2.25 1 1 1.1 

47 
18-
Jan-
21 

P003 

Type IV 
Validation 
and New 

Fluids 

IP- / 
SN- 

Max 
Flight 
SNEG 

8 100 20 8.10% -8.68 -9 -7.1 -9.9 25 10 - - 15 2.15 2.05 3.25 1.1 1.5 1.85 1 1.05 1.05 

48 
19-
Jan-
21 

P064 
EG Type 

IV 
Expansion 

IP- 
Max 
Flight 
AVIA 

8 100 20 2.54% -9.51 -9.53 -7.9 -12.2 25 - - - 50 2 2 3.5 1 1 1.3 1 1 1 
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D-5 

Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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49 
19-
Jan-
21 

P199 
EG Type 

IV 
Expansion 

IP- ClearWing 
EG 8 100 20 2.68% -7.73 -9.8 -8.6 -11.6 25 - - - 50 2.1 2 3.65 1 1.05 1.35 1 1 1 

50 
19-
Jan-
21 

P176 
EG Type 

IV 
Expansion 

IP Mod EG106 8 100 20 2.20% -7.8 -10.2 -7.7 -13.6 75 - - - 25 2.5 2.25 3.75 1 1 1.2 1 1 1 

51 
19-
Jan-
21 

P068 
EG Type 

IV 
Expansion 

IP Mod 
Max 
Flight 
AVIA 

8 100 20 3.29% -8.71 -10.5 -8.9 -13.9 75 - - - 25 2.5 2.25 3.75 1 1.15 1.25 1 1 1 

52 
19-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 1.03% -2.41 -8.1 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

53 
19-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 2.20% -2.41 -8.1 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

54 
19-
Jan-
21 

P042 

Type IV 
Validation 
and New 

Fluids 

IP Mod 
Polar 
Guard 
Xtend 

8 100 20 7.48% -5.45 -8 -6.1 -8.6 75 - - - 10 2 1.75 2.25 1 1.3 1.65 1 1 1 

55 
19-
Jan-
21 

P061 
EG Type 

IV 
Expansion 

IP Mod 
Max 
Flight 
AVIA 

8 100 20 2.06% -6.21 -8.3 -5.6 -12.3 75 - - - 35 2.9 2.5 4 1 1.1 1.15 1 1 1 

56 
19-
Jan-
21 

P169 
EG Type 

IV 
Expansion 

IP Mod EG106 8 100 20 1.92% -6.87 -8.5 -6.8 -12.1 75 - - - 35 3 2.5 4 1 1 1.05 1 1 1 

57 
20-
Jan-
21 

P137 
EG Type 

IV 
Expansion 

IP- ChemR 
EG IV 8 100 20 2.20% -6.61 -8.5 -6.5 -9.7 25 - - - 70 3 2.5 4 1 1.05 1.05 1 1 1 

58 
20-
Jan-
21 

P110 
EG Type 

IV 
Expansion 

IP- Defrost 
EG 4 8 100 20 3.29% -6.01 -8.2 -6.7 -10.4 25 - - - 70 2.5 2.25 3.7 1 1 1.1 1 1 1 

59 
20-
Jan-
21 

P059 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

Max 
Flight 
AVIA 

8 100 20 5.77% -8.14 -8.2 -7.2 -8.3 25 - 25 - 40 3 2.5 5 1.15 1.15 5 1 1 2 

60 
20-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.62% -8.12 -12.2 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 
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D-6 

Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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61 
20-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 1.65% -8.12 -12.2 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

62 
20-
Jan-
21 

P065 
EG Type 

IV 
Expansion 

IP- / 
SN- 

Max 
Flight 
AVIA 

8 100 20 3.36% -9.37 -12.1 -10.2 -13.4 25 10 - - 30 2.35 2.25 3.75 1 1.15 1.6 1 1 1 

63 
20-
Jan-
21 

P200 
EG Type 

IV 
Expansion 

IP- / 
SN- 

ClearWing 
EG 8 100 20 4.87% -9.27 -12.3 -10.1 -13.3 25 10 - - 30 2.95 2.55 3.85 1 1.65 2.25 1 1.1 1.3 

64 
20-
Jan-
21 

P173 
EG Type 

IV 
Expansion 

IP- / 
SN- EG106 8 100 20 3.64% -9.59 -13 -10.1 -13.3 25 10 - - 30 2.6 2.25 3.9 1 1.2 1.75 1 1.05 1.1 

65 
21-
Jan-
21 

P094 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

Safewing 
EG IV 

NORTH 
8 100 20 5.15% -9.9 -13.1 -11.1 -10.3 25 - 25 - 30 3 2.27

5 5 1 1 5 1 1 5 

66 
21-
Jan-
21 

P067 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

Max 
Flight 
AVIA 

8 100 20 7.00% -10.59 -13 -9.9 -10.1 25 - 25 - 30 2.75 2.4 5 1 1.1 5 1 1 5 

67 
21-
Jan-
21 

P148 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

ChemR 
EG IV 8 100 20 7.48% -10.58 -12.9 -9.5 -9.7 25 - 25 - 30 3 2.5 5 1.1 1.75 5 1 1.5 5 

68 
21-
Jan-
21 

P039 

Type IV 
Validation 
and New 

Fluids 

IP- / 
SN- 

Polar 
Guard 
Xtend 

8 100 20 9.40% -9.68 -13 -10.5 -11.7 25 10 - - 15 2.25 2 3.25 1.15 1.9 2.1 1.1 1.15 1.5 

69 
21-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.21% -2.33 -8 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

70 
21-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 0.62% -2.33 -8 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

71 
21-
Jan-
21 

P165 
EG Type 

IV 
Expansion 

IP- / 
SN- EG106 8 100 20 3.16% -3.68 -7.1 -5.3 -9.9 25 10 - - 50 2.75 2 4 1 1.05 2.25 1 1 1.1 

72 
21-
Jan-
21 

P057 
EG Type 

IV 
Expansion 

IP- / 
SN- 

Max 
Flight 
AVIA 

8 100 20 2.33% -3.24 -5.7 -3.8 -9.4 25 10 - - 50 3 2.5 4 1 1.15 1.5 1 1 1 
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D-7 

Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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73 
22-
Jan-
21 

P194 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

ClearWing 
EG 8 100 20 6.52% -2.31 -4.5 -2.8 -5.9 25 - 25 - 40 3 2.5 5 1 1 5 1 1 5 

74 
22-
Jan-
21 

P140 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

ChemR 
EG IV 8 100 20 9.88% -1.88 -2.1 -2.2 -4.7 25 - 25 - 40 3 2.6 5 1 1 5 1 1 5 

75 
22-
Jan-
21 

P140 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

ChemR 
EG IV 8 100 20 12.83% -2.41 -2 -1.6 -4.7 25 - 25 - 35 2.75 2.15 5 1 1 5 1 1 5 

76 
22-
Jan-
21 

P140 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

ChemR 
EG IV 8 100 0 2.26% -3.42 -3.08 -2.5 -5.2 25 - 25 - 40 3 2.65 4.5 1 1.05 2.25 1 1 1.25 

77 
24-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 -0.96% -9.63 -10.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

78 
24-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 0.21% -9.63 -10.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

79 
25-
Jan-
21 

P066 
EG Type 

IV 
Expansion 

IP- / 
ZD 

Max 
Flight 
AVIA 

8 100 20 5.56% -10.12 -12.1 -10.4 -11.3 25 - 13 - 30 3 2.85 5 1 1 5 1 1 5 

80 
25-
Jan-
21 

P201 
EG Type 

IV 
Expansion 

IP- / 
ZD 

ClearWing 
EG 8 100 20 6.73% -8.96 -12.5 -10.7 -11.2 25 - 13 - 30 2.5 2.5 5 1 1.15 5 1 1.05 5 

81 
25-
Jan-
21 

P177 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 
EG106 8 100 20 2.61% -10.22 -12.4 -9.5 -12.9 75 - 13 - 10 2.6 2.5 3.45 1 1.1 1.3 1 1.05 1.05 

82 
25-
Jan-
21 

P096 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 

Safewing 
EG IV 

NORTH 
8 100 20 3.98% -9.35 -11.9 -10.5 -13.4 75 - 13 - 15 3 3 4 1 1.05 2.5 1 1 1.35 

83 
25-
Jan-
21 

P069 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 

Max 
Flight 
AVIA 

8 100 20 3.36% -9.48 -11.8 -10.1 -13.3 75 - 13 - 15 2.75 2.65 4 1 1.1 1.5 1 1 1.1 

84 
25-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 2.06% -3.65 -7.4 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 
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Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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85 
25-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 2.95% -3.65 -7.4 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

86 
25-
Jan-
21 

P062 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 

Max 
Flight 
AVIA 

8 100 20 3.57% -3.91 -7.2 -5.7 -10.8 75 - 13 - 20 2.65 2.5 4 1 1 2.5 1 1 1 

87 
25-
Jan-
21 

P170 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 
EG106 8 100 20 7.41% -4.3 -6.8 -5.5 -10.3 75 - 13 - 25 2.5 2.5 5 1 1.05 5 1 1 2.1 

88 
25-
Jan-
21 

P197 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 

ClearWing 
EG 8 100 20 7.14% -3.3 -6.7 -4.6 -10.1 75 - 13 - 20 2.95 2.6 5 1 1.05 4.5 1 1 2 

89 
26-
Jan-
21 

P036 

Type IV 
Validation 
and New 

Fluids 

IP 
Mod/Z

D 

Polar 
Guard 
Xtend 

8 100 20 6.59% -3.36 -6.4 -4.7 -8.0 75 - 13 - 10 2.5 2.25 3 1 1.75 2 1 1 1.4 

90 
26-
Jan-
21 

P085 
EG Type 

IV 
Expansion 

IP- / 
ZD 

Safewing 
EG IV 

NORTH 
8 100 20 6.93% -1.66 -6.3 -4.5 -7.8 25 - 13 - 40 2.65 2.25 4.5 1 1 4.75 1 1 2.5 

91 
26-
Jan-
21 

P112 
EG Type 

IV 
Expansion 

IP- / 
ZD 

Defrost 
EG 4 8 100 20 3.91% -1.55 -6.2 -4.4 -7.8 25 - 13 - 40 2.7 2.5 4.5 1 1 3.25 1 1 2.5 

92 
26-
Jan-
21 

P193 
EG Type 

IV 
Expansion 

IP- / 
ZD 

ClearWing 
EG 8 100 20 7.76% -1.74 -6.1 -4.9 -7.5 25 - 13 - 40 2.65 2.5 5 1 1 5 1 1 5 

93 
26-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 1.30% -1.52 -4.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

94 
26-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 2.13% -1.52 -4.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

95 
26-
Jan-
21 

P115 
EG Type 

IV 
Expansion 

IP Mod Defrost 
EG 4 8 100 20 3.16% -4.05 -4.5 -2.7 -9.9 75 - - - 35 2.75 2.55 4 1 1 1.05 1 1 1 

96 
26-
Jan-
21 

P142 
EG Type 

IV 
Expansion 

IP Mod ChemR 
EG IV 8 100 20 2.75% -3.75 -4.5 -3.8 -9.3 75 - - - 35 3.25 2.75 4 1 1 1.15 1 1 1 
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D-9 

Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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97 
27-
Jan-
21 

P111 
EG Type 

IV 
Expansion 

IP- / 
SN- 

Defrost 
EG 4 8 100 20 3.36% -2.79 -4.4 -3.6 -9.4 25 10 - - 50 2.75 2.5 4 1 1.05 1.35 1 1 1 

98 
27-
Jan-
21 

P192 
EG Type 

IV 
Expansion 

IP- / 
SN- 

ClearWing 
EG 8 100 20 3.29% -3.01 -4.2 -3.7 -8.6 25 10 - - 50 3.4 2.5 4 1.15 1.15 1.75 1 1 1.75 

99 
27-
Jan-
21 

P191 
EG Type 

IV 
Expansion 

IP- ClearWing 
EG 8 100 20 2.61% -4.16 -4.3 -3.6 -7.9 25 - - - 70 2.8 2.5 4 1 1 1.05 1 1 1 

100 
27-
Jan-
21 

P143 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 

ChemR 
EG IV 8 100 20 7.34% -2.69 -4.6 -3.9 -9.5 75 - 13 - 20 3.05 2.55 4.5 1.1 1.05 4 1 1 2.5 

101 
27-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 1.24% -3.97 -4.4 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

102 
27-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 0.96% -3.97 -4.4 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

103 
27-
Jan-
21 

P056 
EG Type 

IV 
Expansion 

IP- 
Max 
Flight 
AVIA 

8 100 20 1.30% -5.39 -5.1 -3.8 -8.9 25 - - - 70 3 2.5 4 1 1 1 1 1 1 

104 
27-
Jan-
21 

P164 
EG Type 

IV 
Expansion 

IP- EG106 8 100 20 3.09% -6.02 -6.1 -5.2 -9.4 25 - - - 70 2.6 2.4 4 1 1.05 1.3 1 1 1 

105 
28-
Jan-
21 

P116 
EG Type 

IV 
Expansion 

IP 
Mod/Z

D 

Defrost 
EG 4 8 100 20 3.64% -6.74 -7.1 -6.2 -10.9 75 - 13 - 20 2.7 2.5 4.5 1 1 2 1 1 1 

106 
28-
Jan-
21 

P113 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

Defrost 
EG 4 8 100 20 5.83% -6.68 -7.5 -7.3 -8.0 25 - 25 - 40 2.75 2.5 5 1 1 5 1 1 1 

107 
28-
Jan-
21 

P140 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

ChemR 
EG IV 8 100 20 7.07% -7.51 -8.2 -7.1 -7.5 25 - 25 - 40 3.37

5 2.8 5 1.35 1.25 5 1.05 1.05 1.55 

108 
28-
Jan-
21 

P140 
EG Type 

IV 
Expansion 

IP- / 
ZR- 

ChemR 
EG IV 8 100 20 8.03% -9.02 -8.7 -7.4 -7.5 25 - 25 - 40 3 3 5 1.35 1.75 5 1.1 1.25 5 
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D-10 

Log Of Tests Conducted with Thin High Performance Wing Section – RJ Wing (cont’d) 
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109 
28-
Jan-
21 

P001 Baseline Dry 
Wing none 8 100 20 0.00% -14.4 -14.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

110 
28-
Jan-
21 

P002 Baseline Dry 
Wing none 22 80 20 1.72% -14.4 -14.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

111 
28-
Jan-
21 

P045 

Type IV 
Validation 
and New 

Fluids 

IP- / 
SN- 

Polar 
Guard 
Xtend 

8 115 20 7.69% -15.06 -15.2 -14.2 -14.5 25 10 - - 15 2.5 2.3 3 1.05 1.75 2.25 1 1.2 1.6 

112 
28-
Jan-
21 

P045 

Type IV 
Validation 
and New 

Fluids 

IP- / 
SN- 

Polar 
Guard 
Xtend 

8 115 20 8.37% -15.25 -15.7 -14.2 -14.5 25 10 - - 15 2.5 2.35 3.1 1.05 1.6 2.1 1 1.15 1.35 

113 
29-
Jan-
21 

P044 

Type IV 
Validation 
and New 

Fluids 

IP- 
Polar 
Guard 
Xtend 

8 115 20 9.75% -16.19 -16.3 -14.6 -15.8 25 - - - 30 2.5 2.3 3.25 1 2 2.1 1 1.15 1.3 

114 
29-
Jan-
21 

P054 

Type IV 
Validation 
and New 

Fluids 

Fluid 
Only  

Polar 
Guard 
Xtend 

8 100 20 7.00% -16.23 -16.8 -15.3 -13.0 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 

115 
29-
Jan-
21 

P046 

Type IV 
Validation 
and New 

Fluids 

IP Mod 
Polar 
Guard 
Xtend 

8 115 20 9.79% -16.72 -16.9 -5.2 -15.8 75 - - - 10 2.5 2.35 3.05 1 1.75 2.15 1 1.15 1.5 

116 
29-
Jan-
21 

P046 

Type IV 
Validation 
and New 

Fluids 

IP Mod 
Polar 
Guard 
Xtend 

8 115 20 n/a n/a n/a -15.2 n/a 75 - - - 5 2.4 2.2 3 n/a n/a n/a n/a n/a n/a 

117 
29-
Jan-
21 

P027 

Type IV 
Validation 
and New 

Fluids 

Fluid 
Only  

ClearWing 
EG 8 100 20 5.23% -16.8 -17.1 -15.7 -13.1 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a 
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E-1 

Log of Tests for EG Analysis 
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21 
20-
Jan-
10 

P004 IP Validation IP Mod EG106 8 100 20 0.82% -3.6 -5.9 N/A -10.10 75 - - - 25 2.0 2.2 4.0 1.0 1.0 1.2 1.0 1.0 1.0 

22 
20-
Jan-
10 

P001 IP Validation IP- EG106 8 100 20 0.86% -4.1 -6.8 -4.30 -8.50 25 - - - 50 1.8 2.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0 

23 
20-
Jan-
10 

P034 IP Expansion IP- / 
SN- EG106 8 100 20 1.15% -3.2 -6 -3.40 -9.00 25 10 - - 40 2.3 2.2 4.0 1.0 1.2 1.5 1.0 1.0 1.0 

26 
21-
Jan-
10 

P007 IP Validation IP- / 
ZR- EG106 8 100 20 4.14% -1.9 -5.8 -3.10 -6.20 25 - 25 - 25 2.2 1.7 4.7 1.0 1.0 4.0 1.0 1.0 3.5 

26A 
21-
Jan-
10 

P007 IP Validation IP- / 
ZR- EG106 8 100 0 1.29% -3.3 -5.9 -2.80 -6.20 25 - 25 - 25 1.8 2.0 1.9 1.0 1.0 1.0 1.0 1.0 1.0 

67 
29-
Jan-
10 

P016 IP Validation IP- EG106 8 100 20 1.06% -12.6 -19.3 -
14.70 -15.00 25 - - - 30 2.2 2.2 3.2 1.0 1.5 1.8 1.0 1.0 1.2 

71 
29-
Jan-
10 

P019/P031 IP Validation IP Mod EG106 8 100 20 1.81% -17.7 -21.4 -
16.60 -17.20 75 - - - 10 2.3 2.3 2.8 1.0 1.3 1.8 1.0 1.0 1.2 

80 
30-
Jan-
10 

P028 IP Validation IP- EG106 8 100 20 2.31% -17 -22.9 -
16.70 -18.50 25 - - - 30 2.5 2.2 3.0 1.0 1.3 1.7 1.0 1.0 1.0 

98 
02-
Feb-
10 

P022 IP Validation IP- / 
ZR- EG106 8 100 20 1.20% -6.7 -14.1 -9.50 -8.40 25 - 25 - 10 2.0 2.0 2.5 1.0 1.0 1.3 1.0 1.0 1.0 

26 
23-
Jan-
11 

P123 IP Data Gap IP Mod EG106 8 100 20 3.07% -21 -25.4 -
21.00 -21.00 75 - - - 10 2.4 2.4 3.0 1.0 1.2 1.5 1.0 1.0 1.1 

27 
23-
Jan-
11 

P121 IP Data Gap IP- EG106 8 100 20 3.21% -22.6 -26.4 -
20.50 -21.30 25 - - - 30 2.4 2.4 3.0 1.0 1.2 1.5 1.0 1.0 1.1 

45 
25-
Jan-
11 

P111 IP Expansion IP- / 
SN- EG106 8 100 20 2.35% -12.9 -19.4 -

13.40 -15.70 25 10 - - 15 2.3 2.0 3.0 1.0 1.1 1.3 1.0 1.0 1.0 
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Log of Tests for EG Analysis (cont’d) 
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51 
25-
Jan-
11 

P023A Type IV Fluid 
Val. IP- EG106 8 100 20 1.64% -11.1 -16.2 -8.00 -12.90 25 - - - 30 2.2 2.0 2.8 1.0 1.2 1.3 1.0 1.0 1.1 

78 
30-
Jan-
11 

P105 IP Expansion IP- / 
SN- EG106 8 100 20 2.67% -13.8 -16.3 -10.70 -14.20 25 10 - - 25 2.7 2.2 4.0 1.0 1.6 1.8 1.0 1.0 1.2 

126 
8-

Feb-
11 

E16 IP Expansion / 
CL Max 

IP- / 
ZR- EG106 18 100 20 7.24% -10.1 -15.5 -11.60 -9.40 25 - 25 - 40 3.7 3.0 4.3 1.2 1.5 5.0 1.0 1.2 5.0 

124 
30-
Jan-
12 

E17 Fluid Tests - 
Repeatibility IP Mod EG106  8 100 20  1.83% -3.5 -9.8 -  -  75 - - - 25 2.4 2.2 3.8 1.0 1.1 1.2 1.0 1.0 1.0 

125 
30-
Jan-
12 

E17 Fluid Tests - 
Repeatibility IP Mod EG106  18 100 20  1.69% -4.1 -10.4  - -  75 - - - 25 2.3 2.2 3.8 1.0 1.1 1.1 1.1 1.0 1.0 

310 
21-
Jan-
14 

P065 IP Expansion  IP- / 
SN- EG106  8 115 20 2.00% -17.4 -23.1 -16.40 -18.66 25 10 - - 15 1.7 1.7 2.3 1.0 1.3 1.5 1.0 1.1 1.3 

311 
21-
Jan-
14 

P065 IP Expansion  IP- / 
SN- EG106  8 100 20 4.06% -18.1 -23.9 -21.00 -19.56 25 10 - - 15 1.9 1.9 2.3 1.1 1.5 1.7 1.0 1.1 1.2 

10 
19-
Jan-
16 

P082 
Type IV 

Validation and 
New Fuids 

IP- LNT E450 8 100 20 5.82% -15.2 -16.8 -14.52 -15.08 25 - - - 30 2.2 2.2 2.6 1.0 1.3 1.7 1.0 1.0 1.2 

11 
19-
Jan-
16 

P083 
Type IV 

Validation and 
New Fuids 

IP Mod LNT E450 8 100 20 5.97% -16.8 -17.1 -14.72 -15.50 75 - - - 10 2.0 2.2 2.6 1.1 1.3 1.8 1.0 1.0 1.2 

13 
19-
Jan-
16 

P083 
Type IV 

Validation and 
New Fuids 

IP Mod LNT E450 8 100 20 6.43% -15.4 -17 -14.57 -15.18 75 - - - 10 2.2 2.2 2.6 1.1 1.4 2.2 1.0 1.0 1.3 

20 
20-
Jan-
16 

P079 
Type IV 

Validation and 
New Fuids 

IP- / 
ZR- LNT E450 8 100 20 4.90% -7.6 -8.9 -7.18 -7.77 25 - 25 - 10 1.8 2.0 2.0 1.0 1.1 1.5 1.0 1.0 1.0 

21 
20-
Jan-
16 

P080 
Type IV 

Validation and 
New Fuids 

IP- / 
SN- LNT E450 8 100 20 5.35% -6.6 -9.2 -7.00 -2.22 25 10 - - 15 1.7 2.0 2.4 1.0 1.4 1.7 1.0 1.0 1.2 
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Log of Tests for EG Analysis (cont’d) 
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68 
25-
Jan-
16 

P073 
Type IV 

Validation and 
New Fuids 

IP- / 
ZR- LNT E450 8 100 20 3.11% -1.3 -6.7 -3.25 -6.38 25 - 25 - 25 2.0 2.0 2.3 1.0 1.0 1.1 1.0 1.0 1.0 

69 
25-
Jan-
16 

P072 
Type IV 

Validation and 
New Fuids 

IP Mod LNT E450 8 100 20 3.30% -2.0 -6.6 -2.57 -9.80 75 - - - 25 2.3 2.5 4.0 1.0 1.4 1.9 1.0 1.0 1.0 

76 
26-
Jan-
16 

P074 
Type IV 

Validation and 
New Fuids 

IP- / R- LNT E450 8 100 20 4.28% 0.0 -4 -0.98 -4.13 25 - - 25 25 1.3 1.3 3.2 1.0 1.1 1.1 1.0 1.0 1.0 

8 
30-
Jan-
18 

P014 
Type IV 

Validation and 
New Fuids 

IP- / 
ZR- 

ChemR EG 
IV 8 100 20 3.21% -8.2 -9.6 -7.87 -8.47 25 - 25 - 10 1.3 1.5 2.2 1.0 1.0 1.5 1.0 1.0 1.2 

9 
30-
Jan-
18 

P016 
Type IV 

Validation and 
New Fuids 

IP 
Mod/ZD 

ChemR EG 
IV 8 100 20 2.36% -7.9 -9.4 -8.40 -11.33 75 - 13 - 7 1.5 1.7 2.3 1.0 1.2 1.5 1.0 1.0 1.2 

12 
30-
Jan-
18 

P012 
Type IV 

Validation and 
New Fuids 

IP- / 
SN- 

ChemR EG 
IV 8 100 20 2.48% -7.8 -10.4 -7.83 -11.60 25 10 - - 15 1.8 1.7 3.3 1.0 1.2 1.5 1.0 1.0 1.0 

13 
30-
Jan-
18 

P015 
Type IV 

Validation and 
New Fuids 

IP Mod ChemR EG 
IV 8 100 20 1.86% -10.0 -11 -9.00 -13.07 75 - - - 10 1.8 2.0 2.3 1.0 1.3 1.5 1.0 1.0 1.2 

16 
30-
Jan-
18 

P017 
Type IV 

Validation and 
New Fuids 

IP- ChemR EG 
IV 8 100 20 2.60% -13.3 -14.2 -11.97 -15.13 25 - - - 30 2.0 2.0 2.8 1.0 1.2 1.4 1.0 1.0 1.2 

17 
30-
Jan-
18 

P018 
Type IV 

Validation and 
New Fuids 

IP- / 
SN- 

ChemR EG 
IV 8 100 20 3.36% -12.5 -15.2 -13.37 -15.23 25 10 - - 15 2.0 2.0 2.8 1.0 1.3 1.5 1.0 1.0 1.2 

18 
31-
Jan-
18 

P019 
Type IV 

Validation and 
New Fuids 

IP Mod ChemR EG 
IV 8 100 20 2.71% -14.8 -15.7 -13.77 -16.63 75 - - - 10 2.0 1.8 2.8 1.0 1.2 1.6 1.0 1.0 1.2 

31 
31-
Jan-
18 

P177 EG Type IV 
Expansion IP- ChemR EG 

IV 8 100 20 1.80% -8.7 -10.8 -8.70 -12.27 25 - - - 50 2.3 2.7 3.9 1.0 1.2 1.6 1.0 1.0 1.0 

32 
1-

Feb-
18 

P179 EG Type IV 
Expansion IP- / ZD ChemR EG 

IV 8 100 20 5.43% -6.4 -10.2 -8.17 -9.97 25 - 13 - 30 2.5 2.5 4.0 1.0 1.0 5.0 1.0 1.0 1.5 
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Log of Tests for EG Analysis (cont’d) 
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33 
1-

Feb-
18 

P178 EG Type IV 
Expansion 

IP- / 
SN- 

ChemR EG 
IV 8 100 20 3.68% -5.2 -9.7 -7.10 -10.33 25 10 - - 50 2.9 2.5 4.3 1.0 1.6 4.0 1.0 1.0 3.8 

39 
1-

Feb-
18 

P010 
Type IV 

Validation and 
New Fuids 

IP Mod 
/ R 

ChemR EG 
IV 8 100 20 7.21% -3.5 -4.2 -3.27 -7.00 75 - - 75 10 2.2 2.2 4.7 1.0 1.0 5.0 1.0 1.0 5.0 

40 
1-

Feb-
18 

P003 
Type IV 

Validation and 
New Fuids 

IP- ChemR EG 
IV 8 100 20 1.28% -6.8 -7.4 -4.70 -10.50 25 - - - 50 2.5 2.5 3.5 1.0 1.1 1.3 1.0 1.0 1.2 

42 
2-

Feb-
18 

P181 EG Type IV 
Expansion IP Mod ChemR EG 

IV 8 100 20 2.29% -10.5 -11 -8.80 -14.23 75 - - - 25 2.6 2.8 4.0 1.0 1.1 1.7 1.0 1.0 1.1 

43 
2-

Feb-
18 

P180 EG Type IV 
Expansion 

IP- / 
ZR- 

ChemR EG 
IV 8 100 20 5.76% -12.2 -13.3 -10.87 -10.70 25 - 25 - 30 3.3 2.8 5.0 1.8 1.1 5.0 1.0 1.0 5.0 

15 
22-
Jan-
19 

P020 
Type IV 

Validation and 
New Fluids 

IP- Max Flight 
AVIA 8 100 20 5.66% -21.4 -21.2 -21.30 -22.60 25 - - - 30 2.0 2.0 3.0 1.0 1.7 2.0 1.0 1.0 1.1 

16 
22-
Jan-
19 

P021 
Type IV 

Validation and 
New Fluids 

IP Mod Max Flight 
AVIA 8 100 20 5.53% -21.0 -21.1 -22.27 -23.10 75 - - - 10 2.0 2.0 2.7 1.0 1.5 2.0 1.0 1.0 1.1 

17 
22-
Jan-
19 

P124 
Type IV 

Validation and 
New Fluids 

IP- Defrost 
EG 4 8 100 20 6.72% -22.0 -22.1 -21.63 -23.43 25 - - - 30 2.0 2.0 2.5 1.0 1.5 2.0 1.0 1.0 1.2 

18 
22-
Jan-
19 

P125 
Type IV 

Validation and 
New Fluids 

IP Mod Defrost 
EG 4 8 100 20 6.62% -21.1 -21.7 -22.80 -22.70 75 - - - 10 2.0 2.0 2.7 1.0 1.4 2.1 1.0 1.0 1.2 

31 
23-
Jan-
19 

P008 
Type IV 

Validation and 
New Fluids 

IP Mod Max Flight 
AVIA 8 100 20 1.92% -4.12 -4.9 -5.93 -13.67 75 - - - 25 2.3 2.5 3.5 1.0 1.0 1.1 1.0 1.0 1.0 

32 
23-
Jan-
19 

P112 
Type IV 

Validation and 
New Fluids 

IP Mod Defrost 
EG 4 8 100 20 2.49% -3.86 -4.5 -5.83 -13.73 75 - - - 25 2.3 2.3 3.5 1.0 1.0 1.2 1.0 1.0 1.0 

36 
24-
Jan-
19 

P111 
Type IV 

Validation and 
New Fluids 

IP- / R- Defrost 
EG 4 8 100 20 1.44% 0.65 0.0 -1.90 -6.60 25 - - 25 25 1.5 1.5 2.0 1.0 1.0 1.0 1.0 1.0 1.0 
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Log of Tests for EG Analysis (cont’d) 
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41 
29-
Jan-
19 

P018 
Type IV 

Validation and 
New Fluids 

IP- / 
SN- 

Max Flight 
AVIA 8 100 20 4.33% -13.95 -14.9 -16.17 -17.73 25 10 - - 15 2.0 2.0 2.5 1.1 1.2 1.3 1.0 1.0 1.1 

42 
29-
Jan-
19 

P122 
Type IV 

Validation and 
New Fluids 

IP- / 
SN- 

Defrost 
EG 4 8 100 20 5.15% -13.13 -13.7 -15.27 -16.97 25 10 - - 15 2.5 2.5 2.8 1.0 1.1 1.3 1.0 1.0 1.1 

43 
29-
Jan-
19 

P118 
Type IV 

Validation and 
New Fluids 

IP- / 
ZR- 

Defrost 
EG 4 8 100 20 4.36% -10.07 -12 -13.50 -13.70 25 - 25 - 10 2.0 2.0 2.5 1.0 1.0 1.2 1.0 1.0 1.0 

46 
30-
Jan-
19 

P014 
Type IV 

Validation and 
New Fluids 

IP- / 
ZR- 

Max Flight 
AVIA 8 100 20 2.95% -10.31 -10.7 -14.30 -13.90 25 - 25 - 10 2.3 2.0 2.5 1.0 1.0 1.1 1.0 1.0 1.0 

3 
19-
Jan-
20 

P020 
Type IV 

Validation and 
New Fluids 

IP Mod 
Safewing 

EG IV 
NORTH 

8 100 20 2.41% -12.91 -12.3 -12.30 -17.28 75 - - - 10 2.2 1.9 3.3 1.0 1.0 1.5 1.0 1.0 1.0 

4 
19-
Jan-
20 

P018 
Type IV 

Validation and 
New Fluids 

IP- 
Safewing 

EG IV 
NORTH 

8 100 20 2.48% -13.84 -13.4 -13.30 -16.68 25 - - - 30 2.0 1.9 3.0 1.0 1.0 1.5 1.0 1.0 1.0 

5 
20-
Jan-
20 

P019 
Type IV 

Validation and 
New Fluids 

IP- / 
SN- 

Safewing 
EG IV 

NORTH 
8 100 20 2.84% -14.9 -14 -14.12 -16.52 25 10 - - 15 2.0 1.9 2.9 1.0 1.1 1.5 1.0 1.0 1.0 

6 
20-
Jan-
20 

P073 EG Type IV 
Expansion IP Mod 

Safewing 
EG IV 

NORTH 
8 100 20 2.25% -15.68 -14.7 -14.63 -18.53 75 - - - 25 3.1 3.0 4.0 1.0 1.1 2.4 1.0 1.0 1.0 

7 
20-
Jan-
20 

P071 EG Type IV 
Expansion IP- 

Safewing 
EG IV 

NORTH 
8 100 20 2.79% -16.35 -15.7 -15.47 -18.09 25 - - - 50 2.3 2.1 4.0 1.0 1.1 1.7 1.0 1.0 1.1 

11 
20-
Jan-
20 

P127 EG Type IV 
Expansion IP Mod ChemR EG 

IV 8 100 20 2.11% -13.8 -12.5 -11.93 -17.25 75 - - - 25 3.3 2.7 4.0 1.0 1.4 1.7 1.0 1.1 1.1 

12 
20-
Jan-
20 

P126 EG Type IV 
Expansion 

IP- / 
SN- 

ChemR EG 
IV 8 100 20 3.19% -13.56 -13.4 -14.21 -16.53 25 10 - - 30 2.4 2.4 4.0 1.0 1.7 2.1 1.0 1.1 1.3 

13 
20-
Jan-
20 

P154 EG Type IV 
Expansion IP Mod EG106 8 100 20 1.09% -15.47 -14.1 -14.56 -18.28 75 - - - 25 3.1 2.7 4.0 1.0 1.1 1.5 1.0 1.0 1.1 
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Log of Tests for EG Analysis (cont’d) 
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14 
21-
Jan-
20 

P153 EG Type IV 
Expansion 

IP- / 
SN- EG106 8 100 20 1.95% -14.39 -14.4 -14.77 -17.07 25 10 - - 30 2.5 2.3 4.0 1.0 1.4 1.7 1.0 1.1 1.2 

15 
21-
Jan-
20 

P100 EG Type IV 
Expansion IP Mod Defrost 

EG 4 8 100 20 2.83% -15.65 -14.5 -14.90 -18.53 75 - - - 25 3.0 3.0 4.0 1.0 1.2 1.7 1.0 1.0 1.0 

16 
21-
Jan-
20 

P099 EG Type IV 
Expansion 

IP- / 
SN- 

Defrost 
EG 4 8 100 20 3.42% -15.11 -15.3 -15.40 -17.59 25 10 - - 30 2.5 2.3 3.8 1.0 1.1 1.4 1.0 1.0 1.1 

19 
21-
Jan-
20 

P057 EG Type IV 
Expansion IP- 

Safewing 
EG IV 

NORTH 
8 100 20 0.83% -5.34 -3.8 -5.76 -10.49 25 - - - 70 2.8 2.2 4.0 1.0 1.0 1.0 1.0 1.0 1.0 

20 
21-
Jan-
20 

P058 EG Type IV 
Expansion 

IP- / 
SN- 

Safewing 
EG IV 

NORTH 
8 100 20 1.53% -4.67 -3.6 -5.77 -10.74 25 10 - - 50 3.0 2.5 4.0 1.0 1.1 1.3 1.0 1.0 1.0 

21 
22-
Jan-
20 

P062 EG Type IV 
Expansion IP Mod 

Safewing 
EG IV 

NORTH 
8 100 20 1.27% -5.44 -3.7 -6.06 -13.07 75 - - - 35 3.3 2.8 4.0 1.0 1.0 1.1 1.0 1.0 1.0 

22 
22-
Jan-
20 

P060 EG Type IV 
Expansion 

IP- / 
ZR- 

Safewing 
EG IV 

NORTH 
8 100 20 4.67% -5.24 -3.8 -6.23 -8.01 25 - 25 - 40 3.0 2.2 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

23 
22-
Jan-
20 

P063 EG Type IV 
Expansion 

IP 
Mod/ZD 

Safewing 
EG IV 

NORTH 
8 100 20 0.85% -5.32 -3.6 -5.84 -11.55 75 - 13 - 20 3.0 2.6 4.0 1.0 1.0 1.4 1.0 1.0 1.0 

10 
11-
Jan-
21 

P004 
Type IV 

Validation and 
New Fluids 

IP- ClearWing 
EG 8 100 20 1.44% -0.08 0.4 0.67 -5.27 25 - - - 50 2.0 1.6 3.8 1.0 1.0 1.1 1.0 1.0 1.0 

13 
12-
Jan-
21 

P198 EG Type IV 
Expansion 

IP Mod 
/ R 

ClearWing 
EG 8 100 20 13.04% -0.05 0 -0.47 -1.90 92 - - 75 20 3.5 3.4 5.0 2.3 1.0 4.5 1.1 1.0 4.5 

14 
12-
Jan-
21 

P198 EG Type IV 
Expansion 

IP Mod 
/ R 

ClearWing 
EG 8 100 20 7.14% -0.61 -0.2 -0.50 -3.53 92 - - 75 15 3.0 2.9 5.0 1.0 1.0 4.0 1.0 1.0 4.0 

17 
12-
Jan-
21 

P063 EG Type IV 
Expansion 

IP Mod 
/ R 

Max Flight 
AVIA 8 100 20 3.16% 0.13 0.4 1.23 -4.20 92 - - 75 15 2.7 2.0 4.0 1.0 1.0 3.8 1.0 1.0 3.2 
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Log of Tests for EG Analysis (cont’d) 
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18 
12-
Jan-
21 

P117 EG Type IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 20 5.42% -0.26 0.2 -0.27 -5.10 92 - - 75 15 2.0 1.4 5.0 1.0 1.0 4.0 1.0 1.0 3.9 

19 
12-
Jan-
21 

P171 EG Type IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 11.74% -0.67 0 -0.30 -4.27 92 - - 75 15 2.7 2.9 5.0 1.0 1.0 4.5 1.0 1.0 4.5 

20 
13-
Jan-
21 

P171 EG Type IV 
Expansion 

IP Mod 
/ R EG106 8 100 0 5.90% -0.61 -0.2 -0.20 -4.33 92 - - 75 15 2.5 2.4 5.0 1.0 1.0 1.0 1.0 1.0 1.0 

21 
13-
Jan-
21 

P171 EG Type IV 
Expansion 

IP Mod 
/ R EG106 8 100 0 2.13% -0.66 -0.4 0.23 -4.50 92 - - 75 12 1.8 2.0 4.3 1.0 1.0 1.1 1.0 1.0 1.0 

22 
13-
Jan-
21 

P090 EG Type IV 
Expansion 

IP Mod 
/ R 

Safewing 
EG IV 

NORTH 
8 100 20 6.66% -0.57 -0.5 0.70 -3.57 92 - - 75 15 3.2 3.0 5.0 1.0 1.1 4.0 1.0 1.0 4.0 

23 
13-
Jan-
21 

P195 EG Type IV 
Expansion IP- / R- ClearWing 

EG 8 100 20 3.09% -0.31 -0.7 0.00 -4.37 32 - - 25 25 1.8 1.3 5.0 1.0 1.0 3.8 1.0 1.0 3.5 

26 
13-
Jan-
21 

P144 EG Type IV 
Expansion 

IP Mod 
/ R 

ChemR EG 
IV 8 100 20 2.33% 1.57 0.5 1.77 -2.43 92 - - 75 15 2.9 2.5 4.0 1.0 1.0 3.0 1.0 1.0 1.5 

27 
13-
Jan-
21 

P171 EG Type IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 1.85% 1.13 0.7 1.40 -3.60 92 - - 75 15 2.3 2.0 4.0 1.0 1.0 2.0 1.0 1.0 1.3 

30 
14-
Jan-
21 

P171 EG Type IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 1.85% 1.7 0.7 2.47 -3.60 75 - - 75 20 2.7 2.4 4.0 1.0 1.0 1.6 1.0 1.0 1.0 

31 
15-
Jan-
21 

P171 EG Type IV 
Expansion 

IP Mod 
/ R EG106 8 100 20 1.85% 1.95 0.7 0.87 -4.27 75 - - 75 15 1.4 2.0 3.5 1.0 1.0 1.3 1.0 1.0 1.0 

32 
15-
Jan-
21 

P198 EG Type IV 
Expansion 

IP Mod 
/ R 

ClearWing 
EG 8 100 20 1.03% 2.13 0.7 1.23 -1.80 75 - - 75 20 3.0 2.9 4.0 1.0 1.0 1.2 1.0 1.0 1.1 

33 
15-
Jan-
21 

P117 EG Type IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 20 2.33% 1.21 0.6 1.33 -4.53 75 - - 75 20 2.0 1.7 5.0 1.0 1.0 2.3 1.0 1.0 1.1 
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Log of Tests for EG Analysis (cont’d) 
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34 
15-
Jan-
21 

P117 EG Type IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 0 1.58% 1.01 0.5 0.50 -4.47 75 - - 75 20 2.0 1.7 5.0 1.0 1.0 1.2 1.0 1.0 1.0 

35 
15-
Jan-
21 

P117 EG Type IV 
Expansion 

IP Mod 
/ R 

Defrost 
EG 4 8 100 20 2.33% 1.08 0.4 0.37 -5.40 75 - - 75 15 1.6 1.3 4.3 1.0 1.0 1.3 1.0 1.0 1.1 

38 
17-
Jan-
21 

P009 
Type IV 

Validation and 
New Fluids 

IP Mod ClearWing 
EG 8 100 20 1.99% -5.07 -4.5 -3.60 -10.13 75 - - - 25 2.3 2.2 3.8 1.0 1.0 1.0 1.0 1.0 1.0 

39 
17-
Jan-
21 

P005 
Type IV 

Validation and 
New Fluids 

IP- / 
SN- 

ClearWing 
EG 8 100 20 2.81% -4.98 -5 -5.37 -9.77 25 10 - - 40 3.0 2.3 3.8 1.0 1.5 2.3 1.0 1.0 1.0 

40 
18-
Jan-
21 

P007 
Type IV 

Validation and 
New Fluids 

IP- / 
ZR- 

ClearWing 
EG 8 100 20 7.28% -6.14 -5.8 -5.87 -7.50 25 - 25 - 25 2.5 2.1 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

41 
18-
Jan-
21 

P007 
Type IV 

Validation and 
New Fluids 

IP- / 
ZR- 

ClearWing 
EG 8 100 0 1.65% -6.49 -6.7 -5.70 -7.87 25 - 25 - 25 2.5 2.0 3.3 1.0 1.0 1.6 1.0 1.0 1.1 

42 
18-
Jan-
21 

P196 EG Type IV 
Expansion IP Mod ClearWing 

EG 8 100 20 2.20% -7.51 -7.3 -6.10 -11.50 75 - - - 35 3.5 2.9 4.0 1.0 8.1 1.8 1.0 1.0 1.1 

48 
19-
Jan-
21 

P064 EG Type IV 
Expansion IP- Max Flight 

AVIA 8 100 20 2.54% -9.51 -9.53 -7.90 -12.23 25 - - - 50 2.0 2.0 3.5 1.0 1.0 1.3 1.0 1.0 1.0 

49 
19-
Jan-
21 

P199 EG Type IV 
Expansion IP- ClearWing 

EG 8 100 20 2.68% -7.73 -9.8 -8.60 -11.57 25 - - - 50 2.1 2.0 3.7 1.0 1.1 1.4 1.0 1.0 1.0 

50 
19-
Jan-
21 

P176 EG Type IV 
Expansion IP Mod EG106 8 100 20 2.20% -7.8 -10.2 -7.70 -13.57 75 - - - 25 2.5 2.3 3.8 1.0 1.0 1.2 1.0 1.0 1.0 

51 
19-
Jan-
21 

P068 EG Type IV 
Expansion IP Mod Max Flight 

AVIA 8 100 20 3.29% -8.71 -10.5 -8.90 -13.90 75 - - - 25 2.5 2.3 3.8 1.0 1.2 1.3 1.0 1.0 1.0 

55 
19-
Jan-
21 

P061 EG Type IV 
Expansion IP Mod Max Flight 

AVIA 8 100 20 2.06% -6.21 -8.3 -5.57 -12.33 75 - - - 35 2.9 2.5 4.0 1.0 1.1 1.2 1.0 1.0 1.0 
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Log of Tests for EG Analysis (cont’d) 
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56 
19-
Jan-
21 

P169 EG Type IV 
Expansion IP Mod EG106 8 100 20 1.92% -6.87 -8.5 -6.77 -12.10 75 - - - 35 3.0 2.5 4.0 1.0 1.0 1.1 1.0 1.0 1.0 

57 
20-
Jan-
21 

P137 EG Type IV 
Expansion IP- ChemR EG 

IV 8 100 20 2.20% -6.61 -8.5 -6.47 -9.70 25 - - - 70 3.0 2.5 4.0 1.0 1.1 1.1 1.0 1.0 1.0 

58 
20-
Jan-
21 

P110 EG Type IV 
Expansion IP- Defrost 

EG 4 8 100 20 3.29% -6.01 -8.2 -6.70 -10.43 25 - - - 70 2.5 2.3 3.7 1.0 1.0 1.1 1.0 1.0 1.0 

59 
20-
Jan-
21 

P059 EG Type IV 
Expansion 

IP- / 
ZR- 

Max Flight 
AVIA 8 100 20 5.77% -8.14 -8.2 -7.23 -8.30 25 - 25 - 40 3.0 2.5 5.0 1.2 1.2 5.0 1.0 1.0 2.0 

62 
20-
Jan-
21 

P065 EG Type IV 
Expansion 

IP- / 
SN- 

Max Flight 
AVIA 8 100 20 3.36% -9.37 -12.1 -10.20 -13.43 25 10 - - 30 2.4 2.3 3.8 1.0 1.2 1.6 1.0 1.0 1.0 

63 
20-
Jan-
21 

P200 EG Type IV 
Expansion 

IP- / 
SN- 

ClearWing 
EG 8 100 20 4.87% -9.27 -12.3 -10.13 -13.30 25 10 - - 30 3.0 2.6 3.9 1.0 1.7 2.3 1.0 1.1 1.3 

64 
20-
Jan-
21 

P173 EG Type IV 
Expansion 

IP- / 
SN- EG106 8 100 20 3.64% -9.59 -13 -10.10 -13.33 25 10 - - 30 2.6 2.3 3.9 1.0 1.2 1.8 1.0 1.1 1.1 

65 
21-
Jan-
21 

P094 EG Type IV 
Expansion 

IP- / 
ZR- 

Safewing 
EG IV 

NORTH 
8 100 20 5.15% -9.9 -13.1 -11.07 -10.33 25 - 25 - 30 3.0 2.3 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

66 
21-
Jan-
21 

P067 EG Type IV 
Expansion 

IP- / 
ZR- 

Max Flight 
AVIA 8 100 20 7.00% -10.59 -13 -9.87 -10.10 25 - 25 - 30 2.8 2.4 5.0 1.0 1.1 5.0 1.0 1.0 5.0 

67 
21-
Jan-
21 

P148 EG Type IV 
Expansion 

IP- / 
ZR- 

ChemR EG 
IV 8 100 20 7.48% -10.58 -12.9 -9.53 -9.73 25 - 25 - 30 3.0 2.5 5.0 1.1 1.8 5.0 1.0 1.5 5.0 

71 
21-
Jan-
21 

P165 EG Type IV 
Expansion 

IP- / 
SN- EG106 8 100 20 3.16% -3.68 -7.1 -5.33 -9.90 25 10 - - 50 2.8 2.0 4.0 1.0 1.1 2.3 1.0 1.0 1.1 

72 
21-
Jan-
21 

P057 EG Type IV 
Expansion 

IP- / 
SN- 

Max Flight 
AVIA 8 100 20 2.33% -3.24 -5.7 -3.83 -9.40 25 10 - - 50 3.0 2.5 4.0 1.0 1.2 1.5 1.0 1.0 1.0 
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Log of Tests for EG Analysis (cont’d) 
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73 
22-
Jan-
21 

P194 EG Type IV 
Expansion 

IP- / 
ZR- 

ClearWing 
EG 8 100 20 6.52% -2.31 -4.5 -2.83 -5.87 25 - 25 - 40 3.0 2.5 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

74 
22-
Jan-
21 

P140 EG Type IV 
Expansion 

IP- / 
ZR- 

ChemR EG 
IV 8 100 20 9.88% -1.88 -2.1 -2.20 -4.70 25 - 25 - 40 3.0 2.6 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

75 
22-
Jan-
21 

P140 EG Type IV 
Expansion 

IP- / 
ZR- 

ChemR EG 
IV 8 100 20 12.83% -2.41 -2 -1.60 -4.73 25 - 25 - 35 2.8 2.2 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

76 
22-
Jan-
21 

P140 EG Type IV 
Expansion 

IP- / 
ZR- 

ChemR EG 
IV 8 100 0 2.26% -3.42 -3.08 -2.47 -5.20 25 - 25 - 40 3.0 2.7 4.5 1.0 1.1 2.3 1.0 1.0 1.3 

79 
25-
Jan-
21 

P066 EG Type IV 
Expansion IP- / ZD Max Flight 

AVIA 8 100 20 5.56% -10.12 -12.1 -10.37 -11.30 25 - 13 - 30 3.0 2.9 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

80 
25-
Jan-
21 

P201 EG Type IV 
Expansion IP- / ZD ClearWing 

EG 8 100 20 6.73% -8.96 -12.5 -10.70 -11.17 25 - 13 - 30 2.5 2.5 5.0 1.0 1.2 5.0 1.0 1.1 5.0 

81 
25-
Jan-
21 

P177 EG Type IV 
Expansion 

IP 
Mod/ZD EG106 8 100 20 2.61% -10.22 -12.4 -9.53 -12.87 75 - 13 - 10 2.6 2.5 3.5 1.0 1.1 1.3 1.0 1.1 1.1 

82 
25-
Jan-
21 

P096 EG Type IV 
Expansion 

IP 
Mod/ZD 

Safewing 
EG IV 

NORTH 
8 100 20 3.98% -9.35 -

11.94 -10.53 -13.43 75 - 13 - 15 3.0 3.0 4.0 1.0 1.1 2.5 1.0 1.0 1.4 

83 
25-
Jan-
21 

P069 EG Type IV 
Expansion 

IP 
Mod/ZD 

Max Flight 
AVIA 8 100 20 3.36% -9.48 -11.8 -10.07 -13.30 75 - 13 - 15 2.8 2.7 4.0 1.0 1.1 1.5 1.0 1.0 1.1 

86 
25-
Jan-
21 

P062 EG Type IV 
Expansion 

IP 
Mod/ZD 

Max Flight 
AVIA 8 100 20 3.57% -3.91 -7.2 -5.67 -10.83 75 - 13 - 20 2.7 2.5 4.0 1.0 1.0 2.5 1.0 1.0 1.0 

87 
25-
Jan-
21 

P170 EG Type IV 
Expansion 

IP 
Mod/ZD EG106 8 100 20 7.41% -4.3 -6.8 -5.47 -10.27 75 - 13 - 25 2.5 2.5 5.0 1.0 1.1 5.0 1.0 1.0 2.1 

88 
25-
Jan-
21 

P197 EG Type IV 
Expansion 

IP 
Mod/ZD 

ClearWing 
EG 8 100 20 7.14% -3.3 -6.7 -4.63 -10.13 75 - 13 - 20 3.0 2.6 5.0 1.0 1.1 4.5 1.0 1.0 2.0 
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Log of Tests for EG Analysis (cont’d) 
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90 
26-
Jan-
21 

P085 EG Type IV 
Expansion IP- / ZD 

Safewing 
EG IV 

NORTH 
8 100 20 6.93% -1.66 -6.3 -4.53 -7.83 25 - 13 - 40 2.7 2.3 4.5 1.0 1.0 4.8 1.0 1.0 2.5 

91 
26-
Jan-
21 

P112 EG Type IV 
Expansion IP- / ZD Defrost 

EG 4 8 100 20 3.91% -1.55 -6.2 -4.43 -7.83 25 - 13 - 40 2.7 2.5 4.5 1.0 1.0 3.3 1.0 1.0 2.5 

92 
26-
Jan-
21 

P193 EG Type IV 
Expansion IP- / ZD ClearWing 

EG 8 100 20 7.76% -1.74 -6.1 -4.87 -7.47 25 - 13 - 40 2.7 2.5 5.0 1.0 1.0 5.0 1.0 1.0 5.0 

95 
26-
Jan-
21 

P115 EG Type IV 
Expansion IP Mod Defrost 

EG 4 8 100 20 3.16% -4.05 -4.5 -2.73 -9.93 75 - - - 35 2.8 2.6 4.0 1.0 1.0 1.1 1.0 1.0 1.0 

96 
26-
Jan-
21 

P142 EG Type IV 
Expansion IP Mod ChemR EG 

IV 8 100 20 2.75% -3.75 -4.5 -3.80 -9.33 75 - - - 35 3.3 2.8 4.0 1.0 1.0 1.2 1.0 1.0 1.0 

97 
27-
Jan-
21 

P111 EG Type IV 
Expansion 

IP- / 
SN- 

Defrost 
EG 4 8 100 20 3.36% -2.79 -4.4 -3.60 -9.37 25 10 - - 50 2.8 2.5 4.0 1.0 1.1 1.4 1.0 1.0 1.0 

98 
27-
Jan-
21 

P192 EG Type IV 
Expansion 

IP- / 
SN- 

ClearWing 
EG 8 100 20 3.29% -3.01 -4.2 -3.67 -8.60 25 10 - - 50 3.4 2.5 4.0 1.2 1.2 1.8 1.0 1.0 1.8 

99 
27-
Jan-
21 

P191 EG Type IV 
Expansion IP- ClearWing 

EG 8 100 20 2.61% -4.16 -4.3 -3.63 -7.93 25 - - - 70 2.8 2.5 4.0 1.0 1.0 1.1 1.0 1.0 1.0 

100 
27-
Jan-
21 

P143 EG Type IV 
Expansion 

IP 
Mod/ZD 

ChemR EG 
IV 8 100 20 7.34% -2.69 -4.6 -3.87 -9.54 75 - 13 - 20 3.1 2.6 4.5 1.1 1.1 4.0 1.0 1.0 2.5 

103 
27-
Jan-
21 

P056 EG Type IV 
Expansion IP- Max Flight 

AVIA 8 100 20 1.30% -5.39 -5.1 -3.83 -8.93 25 - - - 70 3.0 2.5 4.0 1.0 1.0 1.0 1.0 1.0 1.0 

104 
27-
Jan-
21 

P164 EG Type IV 
Expansion IP- EG106 8 100 20 3.09% -6.02 -6.1 -5.17 -9.37 25 - - - 70 2.6 2.4 4.0 1.0 1.1 1.3 1.0 1.0 1.0 

105 
28-
Jan-
21 

P116 EG Type IV 
Expansion 

IP 
Mod/ZD 

Defrost 
EG 4 8 100 20 3.64% -6.74 -7.1 -6.20 -10.87 75 - 13 - 20 2.7 2.5 4.5 1.0 1.0 2.0 1.0 1.0 1.0 
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Log of Tests for EG Analysis (cont’d) 
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106 
28-
Jan-
21 

P113 EG Type IV 
Expansion 

IP- / 
ZR- 

Defrost 
EG 4 8 100 20 5.83% -6.68 -7.5 -7.27 -8.03 25 - 25 - 40 2.8 2.5 5.0 1.0 1.0 5.0 1.0 1.0 1.0 

107 
28-
Jan-
21 

P140 EG Type IV 
Expansion 

IP- / 
ZR- 

ChemR EG 
IV 8 100 20 7.07% -7.51 -8.2 -7.10 -7.53 25 - 25 - 40 3.4 2.8 5.0 1.4 1.3 5.0 1.1 1.1 1.6 

108 
28-
Jan-
21 

P140 EG Type IV 
Expansion 

IP- / 
ZR- 

ChemR EG 
IV 8 100 20 8.03% -9.02 -8.7 -7.43 -7.47 25 - 25 - 40 3.0 3.0 5.0 1.4 1.8 5.0 1.1 1.3 5.0 
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