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EXECUTIVE SUMMARY 
 
At the request of the Dryden Commission Implementation Project (DCIP) of Transport Canada, APS 
Aviation Inc. undertook a study to manage, conduct and analyze holdover time tests used to assess 
the time effectiveness of the commercially produced de/anti-icing fluids. 
 
The need for field-testing of the fluids was identified over five years ago and has been addressed 
through various programs with varying levels of success. Following a series of meetings on holdover 
time, Air Canada and Transport Canada’s Transportation Development Centre (TDC) developed a 
small field test program for the 1989-90 winter season to determine fluid effectiveness under real 
precipitation conditions. The results were unsatisfactory for a number of reasons, which were 
subsequently addressed at a TDC-sponsored meeting of the SAE Ad Hoc Committee Working 
Group (Aircraft Ground Deicing Tests) in Montreal. Agreement was reached on standardized test 
equipment, procedures and the scope of the data to be collected during the 1990-91 winter. The 
results of the 1990-91 worldwide testing program, which concentrated on Type II fluids, were 
published in Transport Canada report TP 11206E, Aircraft Ground De/Anti-Icing Fluid Holdover 
Time Field Testing Program for the 1990-1991 Winter. 
 
Testing during the 1991-92 winter was on a smaller scale. Type III fluids were the only fluids tested, 
with particular attention to a locally manufactured fluid. The intention was not to carry out extensive 
tests of all Type III fluids, but rather to gain a better understanding of the variances between fluids 
and, most importantly, to improve test methods, to gain better insight into the real-world modes of 
fluid failure, and to gain some understanding of the precipitation conditions that rapidly compromise 
the fluids. The results of the 1991-92 test program, which concentrated on Type III fluids, were 
published in Transport Canada report TP 11454E, Aircraft Ground De/Anti-Icing Fluid Holdover 
Time Field Testing Program for the 1991-1992 Winter. 
 
Testing during the 1992-93 winter included natural snow tests at Dorval International Airport in 
Montreal, as well as freezing drizzle tests at the National Research Council Canada (NRC) indoor 
Climatic Engineering Facility (CEF) in Ottawa, and freezing fog tests at NRC’s outdoor Helicopter 
Icing Facility. Three fluid types were tested, with an emphasis on Type I. 
 
Testing during the 1993-94 winter included natural snow tests at Dorval International Airport, 
freezing drizzle and rain tests at NRC’s CEF, freezing fog tests at NRC’s Helicopter Icing Facility, 
full-scale aircraft tests at Somiper Aviation at Dorval International Airport, and instrumentation tests 
with Instrumar’s Clean Wing Detection System (CWDS) and RVSI’s ID-1. The fluids tested for the 
1993-94 winter season were primarily diluted Type II fluids. 
 
Generally, the testing consisted of pouring de/anti-icing fluids onto clean test sections (which were 
exposed to various winter precipitation conditions) and recording the elapsed times before the test 
sections reached the end condition. Test sections included flat aluminum plates inclined at 10º, a 
sealed box/plate section used for simulation of cold-soaking, and an airfoil section. Full-scale tests 
were conducted at Somiper Aviation with a Cessna Citation II and a Fairchild Metroliner. 
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The ice sensors included a modified IM 101, three FM 202’s, and three CWDS sensors from 
Instrumar Ltd. of St. John’s, Newfoundland. One external optical area sensor was provided by RVSI 
of New York. 
 
Type I and II fluids, provided by Union Carbide, Kilfrost, Octagon and Hoechst, were tested. The 
majority of tests were with 75/25 and 50/50 diluted Type II fluids. Type I fluids were requested at 
standard dilutions. 
 
Before all the collected data was analyzed, the raw data underwent some manipulation and 
verification, specifically to correct or remove any obvious errors from the meteorological data. It 
should be noted that, as a result of budgetary constraints, only a reduced analysis could be 
conducted, and that the final report was replaced by this test results summary. 
 
The conclusions from this year’s testing and analysis are as follows: 
• Plate pan rates of precipitation correlate well with the Fisher and Porter rates. 
• Test panels within the Wyoming Shield, where there are lower winds, tend to fail faster. 
• Higher rates of precipitation and colder temperatures tend to reduce failure times. 
• Fluids from different fluid manufacturers, but within the same type category, generally have 

different failure times. 
• During full scale tests at Somiper Aviation, the end condition resulted first on the leading edge 

of the aircraft, second on the 10o flat plate, and last on the airfoil. Based on the few Type II 75/25 
and 50/50 cold soaked tests at Dorval, it appears that the SAE lower limit requires a reduction. 

• The two (RVSI and Instrumar) ice detectors used seem to correlate well with the observed 
failure time. 
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SOMMAIRE 
 
À la demande du Groupe de travail chargé de la mise en oeuvre de la Commission Dryden de 
Transports Canada, APS Aviation Inc. a entrepris une étude qui a consisté à organiser et mener des 
essais de durée d’efficacité et à en analyser les résultats afin de déterminer pendant combien de 
temps les liquides de dégivrage/antigivre offerts sur le marché demeurent efficaces. 
 
Il y a plus de cinq ans, la nécessité se faisait sentir d’étudier sur le terrain la performance des liquides 
de dégivrage/antigivre. Les divers programmes mis sur pied à cette fin ont connu divers degrés de 
succès. Au terme de plusieurs rencontres sur la durée d’efficacité des liquides, Air Canada et le 
Centre de développement des transports (CDT) de Transports Canada ont mis au point un 
programme limité d’essais sur le terrain qui avait pour but de déterminer l’efficacité des liquides 
sous des précipitations naturelles. Les résultats de ces essais, menés au cours de l’hiver 1989-1990, 
ont été décevants, pour plusieurs raisons. Ces raisons ont été examinées par le groupe de travail 
spécial de la SAE (essais de dégivrage au sol), au cours d’une réunion tenue à Montréal sous l’égide 
du CDT. Cette réunion a aussi permis d’établir un consensus sur un matériel et un protocole d’essai 
standard, et sur les données à recueillir au cours de l’hiver 1990-1991. Les résultats de la campagne 
d’essais 1990-1991, de portée mondiale et axée principalement sur les liquides de type II, sont 
l’objet du rapport TP 11206E de Transports Canada, intitulé Aircraft Ground De/Anti-Icing Fluid 
Holdover Time Field Testing Program for the 1990-1991 Winter. 
 
Les essais de l’hiver 1991-1992 ont été plus limités. Les liquides de type III ont été les seuls testés, 
et une attention particulière a été portée à un liquide fabriqué localement. Le but n’était pas tant de 
faire des essais complets de tous les liquides de type III, que de mieux cerner les différences entre les 
liquides et, encore plus important, d’améliorer les méthodes d’essai, d’avoir une meilleure idée de la 
progression vers la perte d’efficacité en situation réelle, et de mieux comprendre les conditions de 
précipitations qui rendent les liquides rapidement inefficaces. Les résultats du programme d’essais 
de 1991-1992, qui a porté exclusivement sur les liquides de type III, figurent dans le rapport 
TP 11454E de Transports Canada, intitulé Aircraft Ground De/Anti-Icing Fluid Holdover Time 
Field Testing Program for the 1991-1992 Winter. 
 
Les essais de l’hiver 1992-1993 comportaient des essais sous neige naturelle à l’Aéroport 
international de Dorval à Montréal, de même que des essais sous bruine verglaçante à l’Installation 
de génie climatique (IGC) du Conseil national de recherches du Canada (CNRC) à Ottawa et des 
essais sous brouillard verglaçant au Laboratoire des essais de givrage sur hélicoptères du CNRC. 
Trois types de liquides ont été essayés, mais l’accent était surtout mis sur les liquides de type I. 
 
La campagne de l’hiver 1993-1994 a comporté des essais sous neige naturelle à l’Aéroport 
international de Dorval, des essais sous bruine et sous pluie verglaçante à l’IGC du CNRC, des 
essais sous brouillard verglaçant au Laboratoire des essais de givrage sur hélicoptères du CNRC, des 
essais en vraie grandeur chez Somiper Aviation à l’Aéroport international de Dorval et des essais 
d’instruments de détection du givre, soit le CWDS (pour Clean Wing Detection System) d’Instrumar 
et le ID-1 de RVSI. Ces essais ont surtout porté sur des liquides de type II dilués. 
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Les essais consistaient généralement à verser les liquides de dégivrage/antigivre sur des surfaces 
d’essai propres (exposées à diverses conditions de précipitations hivernales) et à mesurer le temps 
écoulé jusqu’à ce que les surfaces atteignent un état final prédéfini. Les surfaces d’essai étaient 
constituées de plaques planes en aluminium inclinées à 10º, d’une boîte métallique fermée 
recouverte d’une plaque, simulant une aile sur-refroidie, et d’une section de voilure. Les essais en 
vraie grandeur ont été menés chez Somiper Aviation, avec un avion Cessna Citation II et un 
Fairchild Metroliner. 
 
Les détecteurs de givre étudiés comprenaient un IM 101 modifié, trois FM 202, et trois détecteurs 
CWDS d’Instrumar Ltd. de St. John’s, Terre-Neuve. De plus, un détecteur optique à distance a été 
fourni par RVSI de New York. 
 
Les liquides de type I et de type II mis à l’essai étaient des liquides de Union Carbide, de Kilfrost, 
d’Octagon et d’Hoechst. La plupart des liquides de type II étaient dilués dans des proportions 75/25 
et 50/50. Les liquides de type I étaient livrés dilués dans des proportions standard. 
 
Avant d’être analysées, les données brutes ont été l’objet de certaines manipulations et vérifications, 
qui visaient à corriger ou supprimer les données météorologiques manifestement erronées. Il 
convient de noter que, en raison de restrictions financières, la portée de l’analyse a dû être réduite et 
le rapport final a été remplacé par le présent sommaire des résultats. 
 
Voici les conclusions des essais et des analyses de cette année : 
• les taux de précipitation mesurés à l’aide des bacs coïncident généralement avec ceux mesurés à 

l’aide du pluviomètre Fisher et Porter; 
• sur les plaques d’essai protégées du vent par l’écran Wyoming, les liquides ont tendance à perdre 

plus rapidement leur efficacité; 
• des taux de précipitation élevés et de faibles températures ont tendance à accélérer la perte 

d’efficacité des liquides; 
• dans l’ensemble, les liquides d’un même type mais de fabricants différents n’ont pas la même 

durée d’efficacité; 
• au cours des essais en vraie grandeur menés chez Somiper Aviation, l’état dit final apparaissait 

d’abord sur le bord d’attaque de l’aile d’avion, ensuite sur la plaque plane inclinée à 10o, et 
finalement sur la section de voilure. Selon les résultats des quelques essais de liquides de type II 
(mélanges 75/25 et 50/50) menés sur une aile sur-refroidie à Dorval, il semble que la limite 
inférieure des tableaux de la SAE doive être abaissée. 

• Les deux détecteurs de givre étudiés (RVSI et Instrumar) semblent appuyer les observations 
visuelles de la perte d’efficacité. 

 
 



TABLE OF CONTENTS 
 

ix 

TABLE OF CONTENTS 
 
 
1. INTRODUCTION.......................................................................................................................1 
 
2. METHODOLOGY......................................................................................................................3 
 2.1 Test Sites .........................................................................................................................3 
 2.2 Test Procedures and Data Forms....................................................................................5 
 2.3 Equipment .......................................................................................................................6 
 2.4 Fluids ...............................................................................................................................8 
 2.5 Personnel and Participants..............................................................................................8 
 2.6 Analysis Methodology....................................................................................................8 
 
3. DESCRIPTION OF DATA ......................................................................................................10 
 3.1 Dorval Natural Snow Tests...........................................................................................10 
  3.1.1 Usable Data ......................................................................................................10 
  3.1.2  Fluids Tested and Test Location......................................................................15 
  3.1.3 Frequency of Average Precipitation Rates......................................................15 
  3.1.4 Frequency of Other Meteorological Conditions .............................................15 
 3.2 Simulated Freezing Drizzle and Light Freezing Rain .................................................21 
  3.2.1 Usable Data ......................................................................................................21 
  3.2.2 Fluids Tested and Test Location......................................................................21 
  3.2.3 Frequency of Average Precipitation Rates......................................................21 
  3.2.4 Frequency of Other Meteorological Conditions .............................................24 
 3.3 Simulated Freezing Fog Tests ......................................................................................26 
  3.3.1 Usable Data ......................................................................................................26 
  3.3.2 Fluids Tested and Test Location......................................................................26 
  3.3.3 Frequency of Average Precipitation Rates......................................................26 
  3.3.4 Frequency of Other Meteorological Conditions .............................................29 
 
4. METEOROLOGICAL ANALYSIS ........................................................................................31 
 4.1 Comparison of Precipitation Collection Devices at Dorval ........................................31 
 4.2 Visibility vs. Rate of Precipitation ...............................................................................33 
 4.3 Comparison of Meteorological Measurements............................................................33 



TABLE OF CONTENTS 
 

 x

5. ANALYSIS................................................................................................................................36 
 5.1 Flat Plate Tests ..............................................................................................................36 
  5.1.1 Natural Snow Conditions.................................................................................36 
  5.1.2 Simulated Freezing Drizzle and Light Freezing Rain Conditions .................51 
  5.1.3 Simulated Freezing Fog Conditions ................................................................58 
  5.1.4 Combined Tests................................................................................................58 
  5.1.5 No Precipitation Conditions.............................................................................63 
  5.1.6 Rain on a Cold-Soaked Surface.......................................................................63 
 5.2 Aircraft Surface Tests ...................................................................................................67 
 5.3 Ice Sensor Tests.............................................................................................................72 
  5.3.1 ID-1 Ice Intensity Level Analysis....................................................................75 
  5.3.2 Ice Sensor Comparisons...................................................................................77 
  5.3.3 Operational Considerations - RVSI’s ID-1.....................................................79 
 
6. CONCLUSIONS AND RECOMMENDATIONS ON FUTURE TESTING........................83 
 
 
APPENDIX A TEST PROCEDURES AND EQUIPMENT LIST 
 



LIST OF FIGURES 
 

xi 

LIST OF FIGURES 
 
2.1 Test Site at Dorval Airport ..........................................................................................................4 
2.2 Schematics of Plate Pan and Sealed Box....................................................................................7 
3.1 Number of Natural Snow Tests 1993-1994 Test Season at Dorval.........................................14 
3.2 Distribution of Precipitation Rate .............................................................................................16 
3.3 Distribution of Air Temperature ...............................................................................................17 
3.4 Distribution of AES Relative Humidity....................................................................................18 
3.5 Distribution of Wind Speed.......................................................................................................19 
3.6 Distribution of Wind Direction .................................................................................................20 
3.7 Number of Simulated Freezing Drizzle/Rain Tests .................................................................22 
3.8 Distribution of Precipitation Rate .............................................................................................23 
3.9 Distribution of Air Temperature ...............................................................................................25 
3.10 Number of Simulated Freezing Fog Tests ................................................................................27 
3.11 Distribution of Precipitation Rate .............................................................................................28 
3.12 Distribution of Air Temperature ...............................................................................................30 
4.1 Comparison of Rate of Precipitation of European Ombrometer vs. Plate Pan .......................32 
4.2 Comparison of Rate of Precipitation of Fisher and Porter vs. Plate Pan.................................32 
4.3 Visibility vs. Precipitation .........................................................................................................34 
4.4 Comparison of Wind Speed Environment Canada vs. APS ....................................................35 
5.1 Effect of Fluid Type and Rate of Precipitation on Type II 75/25 Fluid Failure Time in 

Natural Snow Conditions ..........................................................................................................39 
5.2 Effect of Temperature and Rate of Precipitation on Type II 75/25 A-501 Fluid Failure 

Time in Natural Snow Conditions ............................................................................................40 
5.3 Effect of Wind Speed and Rate of Precipitation on Type II 75/25 Fluid Failure Time in 

Natural Snow Conditions ..........................................................................................................42 
5.4 Results of Type II 75/25 Natural Snow Tests as a Function of Temperature and Rate of 

Precipitation ...............................................................................................................................43 
5.5 Effect of Temperature and Rate of Precipitation on Type II 50/50 Fluid Failure Time in 

Natural Snow Conditions ..........................................................................................................45 
5.6 Effect of Temperature and Rate of Precipitation on Type II 50/50 A-210 Fluid Failure 

Time in Natural Snow Conditions ............................................................................................46 
5.7 Effect of Wind Speed and Rate of Precipitation on Type II 50/50 Fluid Failure Time in 

Natural Snow Condition............................................................................................................47 
5.8 Results of Type II 50/50 Natural Snow Tests as a Function of Temperature and Rate of 

Precipitation ...............................................................................................................................49 
5.9 Effect of Temperature and Rate of Precipitation on Type II Fluid Failure Time in Natural 

Snow Conditions........................................................................................................................50 
5.10 Comparison of Fluid Failure Times for Plates in Wyoming Shield vs. Plates on Standard 

Test Stand...................................................................................................................................52 
5.11 Effect of Fluid Type and Rate of Precipitation on Type I Fluid Failure Time in Simulated 

Freezing Rain Conditions..........................................................................................................54 
5.12 Effect of Fluid Type and Rate of Precipitation on Type II Neat Fluid Failure Time in 

Simulated Freezing Drizzle/Rain Conditions ...........................................................................55 



LIST OF FIGURES 
 

 xii

5.13 Effect of Fluid Type and Rate of Precipitation on Type II 75/25 Fluid Failure Time in 
Simulated Freezing Drizzle/Rain Conditions ...........................................................................56 

5.14 Effect of Fluid Type and Rate of Precipitation on Type II 50/50 Fluid Failure Time in 
Simulated Freezing Drizzle/Rain Conditions ...........................................................................57 

5.15 Results of Type II Neat Simulated Freezing Fog Tests for Temperatures 
Between 0º  and -12ºC ...............................................................................................................59 

5.16 Results of type II 75/25 Simulated Freezing Fog Tests for Temperatures 
Between 0º  and -11ºC ...............................................................................................................60 

5.17 Results of Type II 50/50 Simulated Freezing Fog Tests for Temperatures 
between 0º  and -11ºC................................................................................................................61 

5.18 Effect of Type of Precipitation and Rate of Precipitation on Type II 75/25 Fluid Failure Time62 
5.19 Effect of Skin Temperature and Rain Rate of Precipitation on Type II 75/25 Fluid Failure 

Time in Cold Soak Conditions..................................................................................................65 
5.20 Effect of Rain Rate of Precipitation and Skin Temperature on Type II 50/50 Fluid Failure 

Time in Cold Soak Conditions..................................................................................................66 
5.21 Results of 4 Aircraft and Airfoil Tests......................................................................................68 
5.22 Thickness Decay at Various Locations on Aircraft and 10º Flat Plate....................................70 
5.23 Comparison of Failure Times on a Standard Plate vs. Airfoil at the Sensor Location ...........71 
5.24 RVSI ID-1 Sensor Mounting ....................................................................................................74 
5.25 Frequency of Ice Intensity Level with RVSI ID-1Sensor........................................................76 
5.26 Comparison of the Visually Observed End Condition with Instrumar's CWDS Response and 

RVSI’s ID-1 Ice Intensity Level ...............................................................................................78 
5.27 Comparison of Ice Detection Sensor Traces (Natural Snow)..................................................80 
5.28 Comparison of Ice Detection Sensor Traces (Simulated Freezing Drizzle)............................81 
6.1 Suggested 1994/95 Test Season Activities ...............................................................................84 
 



LIST OF TABLES 
 

xiii 

LIST OF TABLES 
 
3.1 Number of Type II Fluid Tests Conducted from 1990 to 1994 ...............................................11 
3.2 Number of Type I Fluid Tests Conducted from 1990 to 1994.................................................12 
3.3 Number of Type III Fluid Tests Conducted from 1990 to 1994..............................................13 
5.1 Multi-variable Regression Analysis Results for Type II Diluted Fluids in Natural Snow 

Conditions ..................................................................................................................................38 



 



 



 







 





 



 



 



 







 





 



 





 



 





 





 











 





 



 



 





 



 









 



 







 



 





 





 





 



 



 











 



 



 





 



 





 





 







 





 



 















 



 







 



 





 



 



 









 



 



 



 



 



 



 



 



 



 



 



 




