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PREFACE 
 
Under contract to the Transportation Development Centre of Transport Canada with support 
from the Federal Aviation Administration, APS Aviation Inc. has undertaken a research 
program to advance aircraft ground de/anti-icing technology. The specific objectives of the 
APS Aviation Inc. test program are the following: 
 
• To develop holdover time data for all newly-qualified de/anti-icing fluids and update and 

maintain the website for the holdover time guidelines; 

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

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

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

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

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

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

• To support the evaluation of the National Research Council Canada Propulsion Icing Wind 
Tunnel to determine its flow characteristics; 

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

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

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

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

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

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

• To develop Type II/IV holdover times in light and very light snow conditions. 
 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2012-13 are documented in seven reports. The titles of the reports are as follows: 
 
• TP 15227E Winter Weather Impact on Holdover Time Table Format (1995-2013); 

• TP 15228E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 
for the 2012-13 Winter; 

• TP 15229E Regression Coefficients and Equations Used to Develop the Winter 
2013-14 Aircraft Ground Deicing Holdover Time Tables; 

• TP 15230E Aircraft Ground Icing General Research Activities During the 2012-13 
Winter;  
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• TP 15231E Cold Climate Technologies – Investigation of Sensor Technologies as an 
Alternative Means of Detecting Aircraft Icing (Year 2 of 3); 

• 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; and  

• TP 15233E Exploratory Wind Tunnel Aerodynamic Research Examination of 
Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 2012-13. 

 
In addition, the following two interim reports are being prepared: 
 
• Investigation of Ice Phobic Technologies to Reduce Aircraft Icing in Northern and Cold 

Climates (Year 2 of 3); and 

• Evaluation of Endurance Times on Extended Flaps and Slats. 
 
This report, TP 15233E, has the following objective: 

• To conduct various aerodynamic research activities at the National Research Council 
Canada wind tunnel. 

 
This objective was met by conducting a series of full-scale tests using a supercritical wing 
section mounted in the National Research Council Canada open circuit wind tunnel to 
examine the flow-off properties of anti-icing fluids contaminated with various forms of 
simulated freezing precipitation to investigate several recent industry operational concerns; 
this work was completed in conjunction with the ice pellet research being conducted at the 
National Research Council Canada Propulsion Icing Wind Tunnel. 
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EXECUTIVE SUMMARY 
 
 
Background 
 
Under contract to the Transportation Development Centre (TDC), with financial 
support from the Federal Aviation Administration (FAA), APS Aviation Inc. (APS) has 
undertaken research activities to further advance aircraft ground de/anti-icing 
technology. APS conducted a series of full-scale tests in the National Research 
Council Canada (NRC) 3 m x 6 m Open-Circuit Propulsion Icing Wind Tunnel (PIWT) 
to determine the flow-off characteristics of anti-icing fluid with and without simulated 
frozen precipitation contamination. 
 
As a result of the large fixed costs associated with the aerodynamic portion of the 
research, and to benefit from economies of scale, Transport Canada (TC) and the 
FAA opted to conduct a series of tests to investigate other areas of research of 
interest to industry which may address operational concerns. This work was 
completed in conjunction with the ice pellet research being conducted at the NRC 
PIWT. Details of the 2012-13 ice pellet allowance time related research as well as 
the wind tunnel and wing calibration and characterization can be found in the 
TC report, TP 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 (Vol. 5) (1)  
 
 
Evaluation of an Airfoil Performance Monitor (APM) 
 
The testing conducted provided Marinvent with a platform for evaluating the APM 
unit, the details of which remain internal to Marinvent. Initial observations saw fluid 
enter the pressure probes of the APM unit; the effects of fluid intrusion should be 
further investigated by the manufacturer. Future testing should be done with a 
wireless unit to minimize aerodynamic effects of wires passed over the wing.  
 
 
Aerodynamic Testing of Ice Phobic Coatings 
 
A broader test plan was developed and conducted during the winter of 2012-13 to 
investigate some additional areas to gain some new insight into the potential 
applications of these coatings for aircraft operations, and to continue the research to 
include newly developed coating formulations. As part of this test plan, it was 
recommended that testing continue to investigate the effects of these coatings on 
de/anti-icing fluids from a holdover time and aerodynamic perspective. For ease of 
reference and due to relevance to the other subject matters, the results specific to 
this Propulsion Icing Wind Tunnel (PIWT) work have been included in a separate 
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related report specific to coatings. Details are provided in an interim report, which 
was provided to TC and the FAA. A final report is expected to be published once the 
research is completed in a future winter. 
 
 
Effect of Fluid Viscosity on Aerodynamic Fluid Flow-Off Performance 
 
In general, the lift losses with mid-production fluid were slightly higher compared to 
the lowest on-wing viscosity (LOWV) fluid results; these results seem more 
prominent in the case of fluid and contamination compared to fluid-only. In the case 
of ABC-S Plus, the opposite trend was observed which was counter-intuitive.  
 
Based on these results, the trends observed with mid-production fluid will be the 
same as those with LOWV. For ice pellet allowance time testing where comparative 
lift loss scaling is used for evaluation, the effects of fluid viscosity will be negated 
so long as the same level of fluid viscosity (mid or LOWV) is used. However, these 
results also indicate that difference in year-to-year fluid viscosities may cause some 
variation in the repeatability of the results, and consequently leading to some scatter 
in the lift-loss scaling correlation.  
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SOMMAIRE 
 
 
Contexte 
 
Dans le cadre d’un contrat avec le Centre de développement des transports (CDT) et 
avec l’appui financier de la Federal Aviation Administration (FAA), APS Aviation Inc. 
(APS) a entrepris des activités de recherche visant à faire progresser les technologies 
associées au dégivrage et à l’antigivrage d’aéronefs au sol. APS a mené une série 
d’essais pleine grandeur dans la soufflerie de givrage à propulsion et à circuit ouvert 
de 3 m sur 6 m du Conseil national de recherches Canada (CNRC) afin de déterminer 
les caractéristiques de ruissellement du liquide d’antigivrage avec et sans 
contamination par des précipitations gelées simulées. 
 
En raison des importants coûts fixes associés à la partie aérodynamique de la 
recherche et pour profiter des économies d’échelle, Transports Canada (TC) et la 
FAA ont décidé de mener une série d’essais préliminaires afin d’étudier plusieurs 
préoccupations opérationnelles récentes du secteur. Ces travaux ont été réalisés en 
même temps que la recherche sur les granules de glace menée dans la soufflerie de 
givrage à propulsion du CNRC. Les résultats des essais menés en 2012-2013 sur les 
marges de tolérance dans des conditions de granules de glace, de même que les 
résultats des essais menés en soufflerie et sur l’étalonnage et la caractérisation des 
ailes, se trouvent dans le rapport de TC, TP 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 (Vol. 5) (1). 
 
 
Évaluation d’un moniteur de performance du profil d’aile (APM) 
 
Les essais réalisés ont fourni à Marinvent une plateforme lui permettant d’évaluer 
l’APM, dont les détails ont été conservés à l’interne. Les premières observations ont 
révélé que du liquide s’introduisait dans les sondes de pression de l’APM ; la portée 
des effets devrait toutefois être étudiée davantage par le fabricant. D’autres essais 
devraient être réalisés avec un dispositif sans fil afin de réduire au minimum les effets 
aérodynamiques causés par les fils qui passent par-dessus les ailes. 
 
 
Essais aérodynamiques sur les revêtements glaciophobes 
 
Un plan d’essais plus vaste a été conçu et mis en œuvre au cours de l’hiver 
2012-2013 dans le but d’étudier d’autres facteurs et d’obtenir de nouveaux 
renseignements sur les possibles applications de ces revêtements pour la navigation 
aérienne, ainsi que pour continuer les recherches de façon à inclure les formulations 
de revêtement nouvellement développées. Dans le cadre de ce plan, il a été 
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recommandé de poursuivre les essais afin d’étudier les effets de tels revêtements sur 
les liquides de dégivrage et d’antigivrage du point de vue des durées d’efficacité et 
de l’aérodynamisme. Par souci de commodité et étant donné leur pertinence pour les 
autres sujets, les résultats se rapportant précisément aux travaux menés dans la 
soufflerie de givrage à propulsion ont été inclus dans un rapport distinct portant sur 
les revêtements. Les détails figurent dans un rapport provisoire, lequel a été transmis 
à TC et à la FAA. Une version définitive devrait être publiée une fois la recherche 
terminée, dans un hiver à venir. 
 
 
Effet de la viscosité du liquide sur la performance aérodynamique de ruissellement 
 
En général, les pertes de portance constatées avec le liquide de production 
intermédiaire étaient légèrement plus élevées que celles constatées avec le liquide à 
faible viscosité ; ces résultats sont plus évidents avec le liquide contaminé 
comparativement au liquide seul. En ce qui concerne le liquide ABC-S Plus, la 
tendance contraire a été observée, ce qui va à l’encontre du sens commun.  
 
À la lumière de ces résultats, les tendances observées avec le liquide de production 
intermédiaire seront les mêmes que celles associées au liquide à faible viscosité. Pour 
les essais sur les marges de tolérance dans des conditions de granules de glace où 
une échelle comparative des pertes de portance est utilisée à des fins d’évaluation, 
les effets de la viscosité des liquides seront annulés tant que le même niveau de 
viscosité (modéré ou faible) est utilisé. Cependant, ces résultats laissent aussi 
entendre qu’une différence de viscosité d’une année à l’autre peut entraîner certaines 
variations dans la répétabilité des résultats et, par conséquent, causer une certaine 
dispersion des données concernant la corrélation avec l’échelle des pertes de 
portance.  
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1. INTRODUCTION 
 
Under winter precipitation conditions, aircraft are cleaned with a freezing point 
depressant fluid and protected against further accumulation by an additional 
application of such a fluid, possibly thickened to extend the protection time. Aircraft 
ground deicing had, until recently, never been researched and there is still an 
incomplete understanding of the hazard and of what can be done to reduce the risks 
posed by the operation of aircraft in winter precipitation conditions. This "winter 
operations contaminated aircraft – ground" program of research is aimed at 
overcoming this lack of knowledge. 
 
Since the early 1990s, the Transportation Development Centre (TDC) of Transport 
Canada (TC) has managed and conducted de/anti-icing related tests at various sites 
in Canada; it has also coordinated worldwide testing and evaluation of evolving 
technologies related to de/anti-icing operations with the co-operation of the United 
States Federal Aviation Administration (FAA), the National Research Council Canada 
(NRC), the Meteorological Service of Canada (MSC), several major airlines, and 
deicing fluid manufacturers. The TDC is continuing its research, development, testing 
and evaluation program. 
 
Under contract to the TDC, with financial support from the FAA, APS Aviation Inc. 
(APS) has undertaken research activities to further advance aircraft ground 
de/anti-icing technology. 
 
 
1.1 Background 
 
Due to the recent industry requirement for guidance material for aircraft operations 
in mixed precipitation conditions with ice pellets, APS conducted a series of plate 
tests in the NRC Climatic Engineering Facility (CEF) and full-scale aerodynamic testing 
in the NRC 3 m x 6 m Open-Circuit Propulsion Icing Wind Tunnel (PIWT) and with 
the NRC Falcon 20 aircraft. This ongoing research was conducted during the winters 
of 2005-06 to 2012-13 to characterize fluid failure mechanisms, to determine the 
flow-off properties of anti-icing fluid contaminated with mixed conditions including 
ice pellets, and to substantiate and possibly expand the newly developed ice pellet 
allowance times.  
 
As a result of the large fixed costs associated with the aerodynamic portion of the 
research, and to benefit from economies of scale, TC and the FAA opted to conduct 
a series of tests to investigate other research areas of interest to industry that may 
address operational concerns. This work was completed in conjunction with the ice 
pellet research being conducted at the NRC PIWT. Details of the 2012-13 ice pellet 
allowance time related research, as well as the wind tunnel and wing calibration and 
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characterization, can be found 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 (Vol. 5) (1). 
 
 
1.2 Previous Reports 
 
Reports describing the research and development objectives conducted in previous 
years in the NRC wind tunnel have been compiled and are available. In 2008-09, 
2009-10, and 2010-11, comprehensive reports describing the R&D objectives were 
compiled and can be referenced as: 
 

• TC report, TP 14939E, Exploratory Wind Tunnel Aerodynamic Research 
Examination of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 
2008-09 (2); 

• TC report, TP 15057E, Exploratory Wind Tunnel Aerodynamic Research 
Examination of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 
2009-10 (3); and 

• TC report, TP 15160E, Exploratory Wind Tunnel Aerodynamic Research: 
Examination of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 
2010-11 (4). 

 
In 2006-07, a feasibility report describing the potential for using the wind tunnel and 
the Falcon 20 aircraft for R&D testing initiatives was compiled and can be referenced 
as TC report, TP 14778E, Flow of Contaminated Fluid from Aircraft Wings: Feasibility 
Report (5).  
 
 
1.3 Program Objectives 
 
Full-scale testing during the winter of 2012-13 was conducted using the NRC PIWT. 
The primary testing conducted aimed at validating the current allowance times for 
use with newer generation aircraft with thin, high-performance wing designs, as well 
as to complete the wind tunnel and wing calibration and characterization.  
 
As part of this larger research program, APS conducted some additional testing 
during the winter of 2012-13 to investigate several areas of research. Aerodynamic 
testing was conducted in conjunction with the ice pellet allowance time research 
program. Research was conducted to satisfy the following objectives: 
 

• Evaluation of an airfoil performance monitor (APM); 

• Evaluation of ice phobic coatings with and without fluid; and 
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• Evaluation of the effect of fluid viscosity on aerodynamic fluid flow-off 
performance. 

 
The results from this work are reported in Sections 2 to 4 of this report. The work 
statement for these tests is provided in Appendix A.  
 
 
1.4 Overview of 2012-13 Testing 
 
Table 1.1 demonstrates the groupings for the set of tests conducted at the wind 
tunnel during the winter of 2012-13. Only the tests related to the effect of viscosity 
on fluid flow-off, ice phobic coatings, and the APM are described in this report.  
 

Table 1.1: Summary of 2012-13 Wind Tunnel Testing 

Objective # of Runs 

Wing and tunnel characterization* 125 

Ice pellet allowance times 40 

Ice phobic coatings 40 

Airfoil performance monitor 8 

Total 213 

* Includes 9 tests related to the effect of viscosity on fluid flow-off 
 
 
1.5 General Methodology  
 
To satisfy the program objective, simulated takeoff and climb-out tests were 
performed with the thin, high-performance wing section, and different parameters, 
including fluid thickness, wing temperature, and fluid freezing point, were recorded 
at designated times during the tests. The thin, high-performance wing section was 
constructed by the NRC specifically to conduct these tests following extensive 
consultations with an airframe manufacturer to ensure a representative thin, 
high-performance design was used. 
 
The typical procedure for each test was as follows:  
 

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

b) Contamination, in the form of simulated ice pellets, freezing rain, and snow, 
was applied to the wing section. Test parameters were measured at the 
beginning and end of the exposure to contamination;  
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c) At the end of the contamination period, the tunnel was cleared of all equipment 
and scaffolding; 

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

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

 
The procedure for the wind tunnel tests is included in Appendix B. The procedure 
includes details regarding the test objectives, test plan, procedure and methodology, 
and pertinent information and documentation. 
 
This general methodology was modified as necessary to satisfy the individual test 
objectives. Deviation from this methodology will be described in the individual test 
results sections.  
 
 
1.6 General Analysis Methodology  
 
A thorough and extensive analysis methodology has been developed and applied for 
the ice pellet allowance time testing. This is described in TP 15232E (Vol. 5) (1). 
This analysis methodology has been applied when applicable for analysing the tests 
described in this report.  
 
Typically, each test is analysed in detail using the following objectives: 
 

a) Test parameters; 

b) Visual ratings at the start of the test; 

c) Visual ratings at rotation; 

d) 8° rotation lift loss; and 

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

 
 

1.7 General Data 
 

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

a) Section 2 describes the data, results, and observations for the evaluation of 
the APM; 

b) Section 3 describes the data, results, and observations for the ice phobic 
coatings testing with and without fluid; and 

c) Section 4 describes the data, results, and observations for the effect of fluid 
viscosity on aerodynamic fluid flow-off performance tests. 
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2. EVALUATION OF AN AIRFOIL PERFORMANCE MONITOR 
 
 
2.1 Background 
 
APMs are being developed and can be installed on any airfoil on an aircraft, including 
the tail. An APM is designed to measure the airflow over the wing, which reveals 
how well the wing is working. As a wing becomes contaminated, the APM should 
measure the changing or turbulent airflow and resulting lift generated by the wing. 
The APM is designed to alert the crew if the airflow degrades below a configurable 
threshold, giving the crew time to correct a potential stall before it happens. It was 
recommended that testing be conducted with a Canadian-developed APM to support 
the development of the technology, to aid in evaluating the potential for use in ground 
icing operations, and to investigate whether or not the use of fluids with the systems 
would potentially obstruct the pressure ports critical to the systems’ operation. The 
APM unit was provided by Marinvent.  
 
 
2.2 Objective 
 
To provide a testing platform to the manufacturer and allow them to evaluate the 
ability of the APM to properly identify stall with and without icing conditions during 
aircraft ground operations with de/anti-icing fluid applications. 
 
 
2.3 General Methodology 
 
The APM unit was mounted onto the trailing edge of the wing section using a screw 
and pre-existing threaded holes, along with speed tape. The unit was wired into the 
NRC data acquisition systems, and data was collected in real-time during each test.  
 
The following is a brief summary of the methodology used for this testing; the general 
testing procedures were in line with the typical wind tunnel testing procedures used 
at the NRC PIWT: 
 

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

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

• Repeat tests with fluid only to stall; 

• Evaluate ability of the APM to measure stall and compare to the stall observed 
through the aerodynamic data collected; and 

• Evaluate the use of the APM unit with fluids. 
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2.4 Data Collected 
 
Eight tests were conducted, dry and with fluid. During Tests #53-56, the APM unit 
was installed with a shim. It was believed that this shim raised the sensor slightly 
above the boundary layer, so the shim was removed for Tests #57-59. A summary 
of the test data is included in Table 2.1. 
 
 
2.5 Summary of Test Results 
 
The aerodynamic impact of the installation of the APM sensor alone caused an 
increase in lift loss, primarily attributed to the cabling required to hard-wire the APM 
unit to the NRC acquisition systems. This cabling was speed-taped to the top of the 
wing surface (see Photo 2.1), causing some significant aerodynamic effects: close 
to 3 percent lift loss compared to the dry wing in some cases. Future testing should 
consider using a wireless system to avoid this adverse effect.  
 
The data collected was interpreted by the APM manufacturer using their own 
specially developed algorithms for interpreting the stall data. As such, the detailed 
analysis was performed by Marinvent. The main purpose of TC involvement was to 
provide a testing platform to encourage the development of the technology.  
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Table 2.1: Summary of 2012-13 Airfoil Performance Monitor Wind Tunnel Tests 

Test Year Test 
# Date Objective Test 

Condition 
Fluid 
Name 

Rotation 
Angle 

Speed 
(Kts) 

Extra Run 
Information 

Corrected for 
3D Effects 

% Lift Loss On 
8° Cl vs Dry Cl  

Tunnel 
Temp. 

Before Test 
(ºC) 

Fluid 
Amount 

(L) 

OAT 
Before 

Test (ºC) 

Winter 2012-13 52 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
None None Stall 80 

Dry wing baseline 
prior to installing 

sensor 
0.15% - - - 

SENSOR 
INSTALLED WITH 

SHIM 
                        

Winter 2012-13 53 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
None None Stall 80 Dynamic stall 1.94% 11.6 - 0.7 

Winter 2012-13 54 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
None  None Stall 80 Pitch pause run  1.28% 10 - 1 

Winter 2012-13 55 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
Fluid Only Type I 

EG Stall 80 Type I fluid test 2.48% 3 10 2.8 

Winter 2012-13 56 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
Fluid Only EG106 Stall 80 Type IV fluid test 5.20% 2.9 16 3.1 

FLUSH MOUNTED 
SENSOR 

INSTALLED 
                        

Winter 2012-13 57 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
None None Stall 80 Dynamic stall 2.93% 3 - 2.1 

Winter 2012-13 58 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
None None Stall 80 Pitch pause run  1.85% 3 - 2.1 

Winter 2012-13 59 8-Jan-13 
Evaluation of 
Stallwarning 

Sensor 
Fluid Only EG106 Stall 80 Type IV fluid test 4.38% 2.8 16 1.9 
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Although the detailed analysis was conducted by Marinvent and will not be 
presented, the raw data collected for the APM’s upper and lower pressure probes for 
each of the eight tests conducted was obtained by the NRC. The NRC then used this 
data to calculate the ratio of the turbulence subtracted from the mean value of the 
signal and divided by the mean value of the signal. Essentially, a higher value 
represents more turbulence measured by the sensor probes. This data (shown in 
Figures 2.1 and 2.2) has been provided in this report for reference purposes; 
however, no conclusions regarding the proficiency in detecting stall have been 
drawn, as this information is still preliminary.  
 
As a general observation, fluid was observed in the pressure ports of the sensor unit 
following fluid tests (see Photo 2.2). Although this was not expected to significantly 
affect the performance of the APM unit (according to Marinvent), this should be 
further investigated in light of potential residue problems or clogging issues.  
 
 
2.6 General Observations 
 
The testing conducted provided Marinvent with a platform for evaluating the APM 
unit, the details of which remain privileged to Marinvent. Initial observations saw 
fluid enter the pressure probes of the APM unit; the effects of fluid intrusion should 
be further investigated by the manufacturer. Future testing should be done with a 
wireless unit to minimize aerodynamic effects of wires installed on the wing surface.  
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Figure 2.1: Sensor Data with Shim Installed
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Figure 2.2: Flush-Mounted Sensor Data 
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Photo 2.1: Installation of APM Unit with Cable Speed-Taped to Wing 

 
 
 

Photo 2.2: Fluid in Pressure Ports of APM Unit Following Fluid Test 
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3. AERODYNAMIC TESTING OF ICE PHOBIC COATINGS 
 
 
3.1 Background 
 
Ice build-up on aircraft is a major safety concern for both on-ground and in-flight 
aircraft operations. In recent years, there has been significant industry interest in the 
use of coatings to protect aircraft critical surfaces. Some recent work has studied 
these coatings (sometimes designed and marketed as ice phobic coatings) during 
in-flight operations, but the behaviour and performance of these coatings during 
ground icing operations has yet to be fully investigated.  
 
A broader test plan was developed and conducted during the winter of 2012-13 to 
investigate some additional areas to gain some new insight into the potential 
applications of these coatings for aircraft operations and to continue the research to 
include newly developed coating formulations. As part of this test plan, it was 
recommended that testing continue to investigate the effects of these coatings on 
de/anti-icing fluids from a holdover time (HOT) and aerodynamic perspective. For 
ease of reference and due to relevance to the other subject matters, the results 
specific to this Propulsion Icing Wind Tunnel (PIWT) work have been included in a 
separate, related report specific to coatings. The research on ice phobic technologies 
was documented in an interim report, which was provided to TC and the FAA. A 
final report is expected to be published once the research is completed in a future 
winter. 
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4. EFFECT OF FLUID VISCOSITY ON AERODYNAMIC FLUID 
FLOW-OFF PERFORMANCE 

 
 
4.1 Background 
 
Testing was conducted to evaluate the aerodynamic effects of fluid viscosity on 
flow-off. To do so, comparative testing was conducted with both mid-production 
fluid (used for ice pellet allowance time testing) and with lowest on-wing viscosity 
(LOWV) fluid (used for HOT testing). Testing was conducted with the thin, 
high-performance airfoil in both fluid only and contaminated fluid conditions.  
 
 
4.2 Objective 
 
The objective of this test was to investigate the aerodynamic effects of fluid viscosity 
on flow-off.  
 
 
4.3 General Methodology 
 
The general methodology used for these tests was in accordance with the 
methodologies used for typical fluid and fluid/contamination tests conducted in the 
wind tunnel. The evaluation methodology was modified to allow a comparison of the 
fluid viscosity effects. For each comparative test set, a baseline mid-production test 
was conducted and immediately followed by a LOWV test of the same fluid type.  
 
 
4.4 Data Collected 
 
In total, 16 tests were conducted for a total of 8 comparative test runs. A summary 
of the test data is included in Table 4.1. The viscosity results of the fluids tested are 
included in Table 4.2. 
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Table 4.1: Log of 2012-13 Effect of Fluid Viscosity Testing 

Test Year Test 
# Date Objective Test Condition Fluid Name Rotation 

Angle 
Speed 
(Kts) 

Flap 
Angle                                         
(0º, 
20º) 

Corrected 
for 3D 
Effects  

CL at 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss on 
8° CL vs. 

Dry CL 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

OAT 
Before 
Test 
(ºC) 

IP Rate 
(g/dm²/h) 

SN Rate 
(g/dm²/h) 

Exposure 
Time 
(min.) 

Winter 
2012-13 135 23-Jan-13 Baseline 

(BLDT) Fluid Only AD-49 8 100 20 1.408 3.99% -22.6 -5 - - - 

Winter 
2012-13 136 23-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

Fluid Only AD-49 8 100 20 1.417 3.37% -22.8 -24.9 - - - 

Winter 
2012-13 138 24-Jan-13 Baseline 

(BLDT) Fluid Only ABC-S Plus 8 100 20 1.395 4.83% -22.4 -25.2 - - - 

Winter 
2012-13 139 24-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

Fluid Only ABC-S Plus 8 100 20 1.386 5.46% -22.7 -25.4 - - - 

Winter 
2012-13 143 24-Jan-13 Baseline 

(BLDT) Fluid Only Max-Flight 8 100 20 1.375 6.21% -23.1 -25.4 -25.4 - - 

Winter 
2012-13 144 24-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

Fluid Only Max-Flight 8 100 20 1.379 5.96% -23.1 -25.2 - - - 

Winter 
2012-13 149 24-Jan-13 IP Flow-Off 

Issues IP mod Polar Guard Advance 8 115 20 1.331 9.24% -17.2 -19.7 75 - 10 

Winter 
2012-13 150 24-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

Fluid Only Polar Guard Advance 8 115 20 1.3  69 6.65% -17.1 -20 75 - 10 

Winter 
2012-13 152 25-Jan-13 Baseline 

(BLDT) Fluid Only Polar Guard Advance 8 115 20 1.389 5.25% -17.4 -20.3 - - - 

Winter 
2012-13 153 25-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

Fluid Only Polar Guard Advance 8 115 20 1.399 4.54% -17.3 -20.4 - - - 

Winter 
2012-13 156 25-Jan-13 IP Flow-Off 

Issues IP mod Launch 8 115 20 1.333 9.06% -16.8 -21.1 75 - 10 
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Table 4.1: Log of 2012-13 Effect of Fluid Viscosity Testing (cont’d) 

Test Year Test 
# Date Objective Test Condition Fluid Name Rotation 

Angle 
Speed 
(Kts) 

Flap 
Angle                                         
(0º, 
20º) 

Corrected 
for 3D 
Effects  

CL at 8° 

Corrected 
for 3D 
Effects 
% Lift 

Loss on 
8° CL vs. 

Dry CL 

Tunnel 
Temp. 
Before 
Test 
(ºC) 

OAT 
Before 
Test 
(ºC) 

IP Rate 
(g/dm²/h) 

SN Rate 
(g/dm²/h) 

Exposure 
Time 
(min.) 

Winter 
2012-13 157 25-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

Fluid Only Launch  8 100 20 1.370 6.53% -17.4 -21.2 - - - 

Winter 
2012-13 163 27-Jan-13 

IP Validation 
with New 

Fluids 
IP mod ABC-S Plus 8 100 20 1.374 6.27% -3.8 -11.8 75 - 15 

Winter 
2012-13 164 27-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

IP mod ABC-S Plus 8 100 20 1.366 6.79% -4.9 -11.2 75 - 15 

Winter 
2012-13 171 28-Jan-13 

IP Validation 
with New 

Fluids 
IP- / SN- AD-49 8 100 20 1.355 7.54% -5.4 -11.8 25 10 25 

Winter 
2012-13 172 28-Jan-13 

Effect of 
Viscosity on 

Fluid 
Aerodynamics 

Fluid Only AD-49 8 100 20 1.376 6.15% -5.6 -12 25 10 25 
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4.5 Summary of Test Results 
 
The comparative test results have been presented in an abbreviated table format in 
Table 4.3. The results indicate that the lift losses recorded with mid-production fluid 
were on average 0.9 percent higher compared to the LOWV fluid tests with a 
maximum of 2.69 percent. The results were separated by fluid only and 
fluid/contamination in Tables 4.4 and 4.5. These results indicate that the effect of 
fluid viscosity may be more prominent for contaminated fluid cases than for the fluid 
only tests, with an average difference of 0.29 percent for fluid only versus 
1.59 percent for contaminated fluid. In the case of ABC-S Plus, both fluid only and 
contaminated fluid showed better aerodynamic performance with the mid-production 
fluid, which is counterintuitive to the expected results, particularly for the fluid only 
case. 
 
 
4.6 General Observations 
 
In general, the lift losses with mid-production fluid were slightly higher compared to 
the LOWV fluid results; these results seem more prominent in the case of 
contaminated fluid compared to fluid only. In the case of ABC-S Plus, the opposite 
trend was observed, which was counterintuitive.  
 
Based on these results, the trends observed with mid-production fluid will be the 
same as those with LOWV. For ice pellet allowance time testing where comparative 
lift loss scaling is used for evaluation, the effects of fluid viscosity will be negated 
so long as the same level of fluid viscosity (mid or LOWV) is used. However, these 
results also indicate that differences in year-to-year fluid viscosities may cause some 
variation in the repeatability of the results, consequently leading to some scatter in 
the lift-loss scaling correlation.  
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Table 4.2: Brookfield Fluid Viscosity Measured using Manufacturer Method 

Fluid Name Fluid Type Batch # Fluid Viscosity 
(cP) 

AD-49 Mid-Production L12-328  14,397 

AD-49 LOWV L12-331  8,898 

ABC-S Plus Mid-Production WT.12.13.ABC-S+ 19,996 

ABC-S Plus  LOWV WT.12.13.ABC-S+-LOWV 10,498 

Launch Mid-Production USHA039555  13,997 

Launch LOWV DEG 4 146139  6,839 

Max-Flight Mid-Production U49E001966  11,658 

Max-Flight LOWV U49E001966 (LOWV)  5,019 

Polar Guard Advance Mid-Production 13342  15,200 

Polar Guard Advance LOWV 13102  3,800 

 
 

Table 4.3: Difference in Lift Loss Results for All Tests 

Test # Test 
Condition Fluid Type Fluid Name 

% Lift Loss Compared 
to Dry Wing 

Calculated at 8º  

Difference in  
 Lift Loss 

(Mid - LOWV) 

135 Fluid Only Mid-Production AD-49 3.99% 
0.6% 

136 Fluid Only LOWV AD-49 3.37% 

138 Fluid Only Mid-Production  ABC-S Plus  4.83% 
-0.6% 

139 Fluid Only LOWV ABC-S Plus  5.46% 

143 Fluid Only Mid-Production Max-Flight 6.21% 
0.2% 

144 Fluid Only LOWV Max-Flight 5.96% 

149 IP mod Mid-Production Polar Guard Advance 9.24% 
2.6% 

150 IP mod LOWV Polar Guard Advance 6.65% 

152 Fluid Only Mid-Production Polar Guard Advance 5.25% 
0.7% 

153 Fluid Only LOWV Polar Guard Advance 4.54% 

156 IP mod Mid-Production Launch  9.06% 
2.5% 

157 IP mod LOWV Launch  6.53% 

163 IP mod Mid-Production ABC-S Plus  6.27% 
-0.5% 

164 IP mod LOWV ABC-S Plus  6.79% 

171 IP- / SN- Mid-Production AD-49 7.54% 
1.4% 

172 IP- / SN- LOWV AD-49 6.15% 

      

    Average 0.9% 

    Standard Deviation 1.2% 

    Minimum -0.6% 

    Maximum 2.6% 
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Table 4.4: Difference in Lift Loss Results for Fluid Only Tests 

Test # Test Condition Fluid Type Fluid Name 
% Lift Loss Compared 

to Dry Wing 
Calculated at 8º 

Difference in Lift 
Loss 

(Mid - LOWV) 

135 Fluid Only Mid-Production AD-49 3.99% 
0.6% 

136 Fluid Only LOWV AD-49 3.37% 

138 Fluid Only Mid-Production  ABC-S Plus  4.83% 
-0.6% 

139 Fluid Only LOWV ABC-S Plus  5.46% 

143 Fluid Only Mid-Production Max-Flight 6.21% 
0.2% 

144 Fluid Only LOWV Max-Flight 5.96% 

152 Fluid Only Mid-Production Polar Guard Advance 5.25% 
0.7% 

153 Fluid Only LOWV Polar Guard Advance 4.54% 

      

    Average 0.2% 

    Standard Deviation 0.6% 

    Minimum -0.6% 

    Maximum 0.7% 

 
 

Table 4.5: Difference in Lift Loss Results for Fluid and Contamination Tests 

Test # Test 
Condition Fluid Type Fluid Name 

% Lift Loss Compared 
to Dry Wing 

Calculated at 8º  

Difference in Lift 
Loss 

(Mid - LOWV) 

149 IP mod Mid-Production Polar Guard Advance 9.24% 
2.6% 

150 IP mod LOWV Polar Guard Advance 6.65% 

156 IP mod Mid-Production Launch  9.06% 
2.5% 

157 IP mod LOWV Launch  6.53% 

163 IP mod Mid-Production ABC-S Plus  6.27% 
-0.5% 

164 IP mod LOWV ABC-S Plus  6.79% 

171 IP- / SN- Mid-Production AD-49 7.54% 
1.4% 

172 IP- / SN- LOWV AD-49 6.15% 

      

    Average 1.5% 

    Standard Deviation 1.5% 

    Minimum -0.5% 

    Maximum 2.6% 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT — 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2012-13 
 
 
4.1 Wind Tunnel Testing  
 

e) Perform wind tunnel tests to support the development of aircraft ground 
deicing related procedures and technologies; 

a. Testing to evaluate a stall sensor apparatus; 

b. Testing with a ROGIDS camera; 

c. Testing to address industry concerns and interests; and 

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

PROCEDURE: 
WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT 

DURING TAKEOFF WITH MIXED ICE PELLET 
PRECIPITATION CONDITIONS 
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Figure C1: Test # 55  

 

 
Figure C2: Test #56 
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Figure C3: Test #59 

 

 
Figure C4: Test #63  
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Figure C5: Test #65A  

 

 
Figure C6: Test #65B  
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Figure C7: Test #66  

 

 
Figure C8: Test #67A  
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Figure C9: Test #67B  

 

 
Figure C10: Test #70A 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.002 (TC Deicing 12-13)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-6 

 
Figure C11: Test #70B 

 

 
Figure C12: Test #71A 
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Figure C13: Test #71B 

 

 
Figure C14: Test #72A  
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Figure C15: Test #72B  

 

 
Figure C16: Test #73  
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Figure C17: Test #74  

 

 
Figure C18: Test #75  
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Figure C19: Test #76  

 

 
Figure C20: Test #79A  
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Figure C21: Test #79B  

 

 
Figure C22: Test #80  
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Figure C23: Test #81  

 

 
Figure C24: Test #82  
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Figure C25: Test #83  

 

 
Figure C26: Test #84A  
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Figure C27: Test #84B  

 

 
Figure C28: Test #85  
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Figure C29: Test #86 

 

 
Figure C30: Test #87  
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Figure C31: Test #90  

 

 
Figure C32: Test #91 
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Figure C33: Test #92  

 

 
Figure C34: Test #93  
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Figure C35: Test #94  

 

 
Figure C36: Test #95  
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Figure C37: Test #96  

 

 
Figure C38: Test #96A  
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Figure C39: Test #97  

 

 
Figure C40: Test #100  
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Figure C41: Test #101  

 

 
Figure C42: Test #104  
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Figure C43: Test #105  

 

 
Figure C44: Test #106  
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Figure C45: Test #113  

 

 
Figure C46: Test #113A 
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Figure C47: Test #114  

 

 
Figure C48: Test #115  
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Figure C49: Test #116  

 

 
Figure C50: Test #117  
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Figure C51: Test #118  

 

 
Figure C52: Test #121 
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Figure C53: Test #122  

 

 
Figure C54: Test #123 
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Figure C55: Test #124 

 

 
Figure C56: Test #125  
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Figure C57: Test #126 

 

 
Figure C58: Test #127  



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.002 (TC Deicing 12-13)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-30 

 
Figure C59: Test #128 

 

 
Figure C60: Test #129  
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Figure C61: Test #130 

 

 
Figure C62: Test #131 
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Figure C63: Test #134 

 

 
Figure C64: Test #135 
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Figure C65: Test #136 

 

 
Figure C66: Test #137 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.002 (TC Deicing 12-13)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-34 

 
Figure C67: Test #138 

 

 
Figure C68: Test #139 
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Figure C69: Test #140 

 

 
Figure C70: Test #141 
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Figure C71: Test #142 

 

 
Figure C72: Test #143 
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Figure C73: Test #144 

 

 
Figure C74: Test #145 
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Figure C75: Test #146 

 

 
Figure C76: Test #149 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.002 (TC Deicing 12-13)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-39 

 
Figure C77: Test #150 

 

 
Figure C78: Test #151 
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Figure C79: Test #152 

 

 
Figure C80: Test #153 
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Figure C81: Test #154 

 

 
Figure C82: Test #155 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.002 (TC Deicing 12-13)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-42 

 
Figure C83: Test #156 

 

 
Figure C84: Test #157 
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Figure C85: Test #158 

 

 
Figure C86: Test #159 
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Figure C87: Test #160 

 

 
Figure C88: Test #163 
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Figure C89: Test #164 

 

 
Figure C90: Test #165 
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Figure C91: Test #169 

 

 
Figure C92: Test #170 
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Figure C93: Test #171 

 

 
Figure C94: Test #172 
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Figure C95: Test #177 

 

 
Figure C96: Test #173 
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Figure C97: Test #179 

 

 
Figure C98: Test #180 
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Figure C99: Test #181 

 

 
Figure C100: Test #183 
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Figure C101: Test #187 

 

 
Figure C102: Test #188 
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Figure C103: Test #189 

 

 
Figure C104: Test #194 



APPENDIX C 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2265.002 (TC Deicing 12-13)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx 
Final Version 1.0, August 21 

C-53 

 
Figure C105: Test #195 

 

 
Figure C106: Test #196 
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Figure C107: Test #200 

 

 
Figure C108: Test #201 
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Figure C109: Test #202 
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