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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 endurance time tests simulating vertical stabilizer anti-icing; 

• To conduct endurance time tests simulating deployed flaps; 

• To conduct endurance time tests with a snow machine in an attempt to refine the current 
test protocol; 

• To conduct full-scale tests on aircraft in order to validate the composite holdover times; 

• To conduct endurance time tests in heavy snow conditions; 

• To support Federal Aviation Administration and Transport Canada in the development of 
an advisory circular for the implementation of a holdover time determination system; 

• To evaluate the use of sensors in determining active frost conditions; 

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

• To evaluate frost holdover times for use during cold-soaked wing frost conditions; 

• To evaluate degraded fluid performance following contamination with runway deicer 
fluid; 

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

• To conduct endurance time tests on surfaces treated with ice phobic products; 

• To evaluate holdover times for anti-icing in a hangar; 

• To conduct research at the National Research Council Canada wind tunnel to further 
develop and expand ice pellet allowance times; 

• To compile a list of lowest operational use temperatures for all de/anti-icing fluids in the 
holdover guidelines; and 

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

 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2010-11 are documented in five reports. The titles of the reports are as follows: 
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• TP 15156E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 
for the 2010-11 Winter; 

• TP 15157E Winter Weather Impact on Holdover Time Table Format (1995-2011); 

• TP 15158E Aircraft Ground Icing General Research Activities During the 2010-11 
Winter;  

• TP 15159E Regression Coefficients and Equations Used to Develop the Winter 
2011-12 Aircraft Ground Deicing Holdover Time Tables; and 

• TP 15160E Exploratory Wind Tunnel Aerodynamic Research Examination of 
Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 2010-11. 

 
In addition, the following two interim reports are being prepared: 
 
• Further Development of Ice Pellet Allowance Times: Wind Tunnel Trials to Examine 

Anti-Icing Fluid Flow-Off Characteristics Winter 2010-11; and 

• Evaluation of De/Anti-Icing Fluid Endurance Times on Extended Flaps and Slats. 
 
This report, TP 15160E, 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 preliminary tests to investigate several recent 
industry operational concerns. This work was completed in conjunction with the ice 
pellet research being conducted at the NRC PIWT, details of which are described 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. 
 
 
Effects of Surface Roughness and Heavy Contamination 
 
For dry wing cases, the smooth light freezing rain adhered contamination did not 
have a significant impact on aerodynamic performance, however, the addition of ice 
pellets generated a much rougher surface, which translated into larger lift losses. In 
the case of testing done with fluid, the results indicated that when severe levels of 
contamination are present, this can result in significant aerodynamic penalties.  
 
 
Effects of a Clean Leading Edge Simulating Leading Edge Dry-Out 
 
The test results demonstrated that the lift loss improved slightly as a result of the 
fluid being removed from the leading edge. However, it should be noted that in an 
operational scenario, the leading edge heater may result in “cooking” the fluid on the 
leading edge, and may cause residues to form. This potential residue may have a 
measurable thickness and roughness, and a resulting effect on lift loss.  
 
 
Effects of Applying Inadequate Amounts of Anti-Icing Fluid 
 
The visual observations supported the lift loss data, which did not indicate significant 
differences in aerodynamic performance whether 2 L or 16-20 L were used. The 
results indicate that the improvement in aerodynamic performance when applying 



EXECUTIVE SUMMARY 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2169.003 (TC Deicing 10-11)/Reports/WT R&D/Final Version 1.0/TP 15160E Final Version 1.0.docx 
Final Version 1.0, August 21 

x 

less fluid is not significant enough to offset the potential lift losses incurred from 
contamination due to early fluid failure.  
 
 
Effects of Ramp-Up Time on Fluid Flow-Off 
 
For fluid only cases, propylene glycol (PG) fluids demonstrated approximately 
0.08 percent decrease in lift loss per extra second in ramp-up time. For ethylene 
glycol (EG) fluid, this was approximately half (0.03 percent). For the contamination 
cases, the PG fluids demonstrated a 0.22 percent and 0.64 percent decrease in lift 
loss per extra second in ramp-up time. This result indicated that in the case of 
contamination runs, the extra ramp-up time could have a more significant impact on 
resulting lift loss.  
 
 
Effects Mixed Precipitation Conditions 
 
The tests indicated a potential for allowance times for Mixed Light Ice Pellets, Light 
Rain, and Snow, for Mixed Light Ice Pellets, Light Freezing Rain, and Snow, and for 
Mixed Light Freezing Rain, and Snow; however, further testing would be required. 
The flap positioning during the test may play an important role on the development 
of the guidance, as a requirement to maintain flaps in a stowed position for as long 
as practical may be necessary.  
 
 
Effects of Snow or Rain on an Unprotected Wing 
 
The dry snow test demonstrated that even with the cold wing skin temperature, 
snow would not easily be blown off the wing during the ramp up. The majority of 
the snow was removed; however, a thin layer was still present at the time of rotation. 
During the test, it seemed difficult to ascertain the level of adhesion of the snow and 
difficult to predict whether it would be removed at rotation.  
 
The rain test however demonstrated an excellent flow-off of the rain present on the 
wing during the ramp-up.  
 
 
Heavy Snow 
 
In general, the heavy snow testing results demonstrated similar visual and 
aerodynamic results (when compared to the moderate snow tests) for equivalent 
amounts of contamination, regardless of exposure time. These results indicate a 
potential to develop guidance material for heavy snow conditions. However, a more 
extensive analysis of this and previous year’s data, along with flat plate testing data, 
is required. 
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Comparison of Multiple Fluid Flow-Off Properties 
 
It should be noted that although similar amounts of residual fluids were present in all 
the thickened fluid cases, the fluid dye provided a different visual indication as to 
how much fluid was present. For example, EG106 and AD-49 both use a very bright 
dye. If comparing these fluids to ABC-S+ or Launch, one might misinterpret the 
bright fluid remaining on the wing as an indication of poor fluid flow-off, whereas all 
fluids generate similar residual thicknesses on the wing. 
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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, dont 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. 
 
 
Effets de la rugosité des surfaces et des fortes contaminations 
 
Sur les ailes sèches, la contamination par la pluie verglaçante légère lisse ayant 
adhéré à la surface n’a pas eu d’incidence considérable sur la performance 
aérodynamique ; toutefois, l’ajout de granules de glace a généré une surface 
beaucoup plus rugueuse, ce qui s’est traduit par des pertes de portance plus 
importantes. Les résultats des essais menés avec du liquide ont démontré que la 
présence d’une forte contamination peut entraîner des pertes d’aérodynamisme 
importantes.  
 
 
Effets d’un bord d’attaque propre simulant l’accumulation de résidus 
 
Les résultats des essais ont démontré que la perte de portance était légèrement 
réduite lorsque le liquide était enlevé du bord d’attaque. Il convient toutefois de noter 
que dans un scénario opérationnel, le réchauffeur de bord d’attaque peut entraîner la 
« cuisson » du liquide et, par le fait même, la formation de résidus. Ces résidus 
potentiels peuvent présenter une épaisseur et une rugosité mesurables et donner lieu 
à une perte de portance.  
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Effets de l’application de quantités inadéquates de liquide d’antigivrage 
 
Les observations visuelles ont confirmé les données sur la perte de portance, 
lesquelles n’ont pas démontré de différences considérables sur le plan de la 
performance aérodynamique selon l’application de 2 L ou de 16 à 20 L de liquide. 
Les résultats démontrent que l’amélioration de la performance aérodynamique 
lorsqu’une quantité moindre de liquide est appliquée n’est pas suffisamment 
importante pour compenser les pertes de portance potentielles engendrées par la 
contamination attribuable à la perte d’efficacité précoce du liquide.  
 
 
Effets du temps d’accélération sur le ruissellement du liquide 
 
Lors des essais menés avec du liquide non contaminé, les liquides à base de propylène 
glycol ont démontré que la perte de portance était réduite d’environ 0,08 pour cent 
par seconde d’accélération supplémentaire. Pour les liquides à base de propylène 
glycol, ce pourcentage était d’environ la moitié (0,03 pour cent). Lors des essais 
avec contamination, les liquides à base de propylène glycol ont démontré que la perte 
de portance était réduite de 0,22 pour cent et de 0,64 pour cent par seconde 
d’accélération supplémentaire. Ces résultats indiquent qu’un temps d’accélération 
plus long pourrait avoir une incidence plus importante sur la perte de portance qui en 
découle en présence de contamination.  
 
 
Effets des conditions de precipitations mixtes 
 
Les essais ont indiqué la possibilité de déterminer des marges de tolérance dans des 
conditions mixtes de granules de glace légers, de pluie légère et de neige, de granules 
de glace légers, de pluie verglaçante légère et de neige et de pluie verglaçante légère 
et de neige ; il serait toutefois nécessaire de réaliser des essais supplémentaires. Le 
positionnement du volet durant l’essai pourrait jouer un rôle important dans 
l’élaboration des lignes directrices, lesquelles pourraient exiger de garder les volets 
rentrés pendant aussi longtemps que nécessaire.  
 
 
Effets de la neige ou de la pluie sur une aile non protégée 
 
Les essais menés avec de la neige sèche ont démontré que celle-ci ne serait pas 
facilement balayée des ailes durant l’accélération, même lorsque la température du 
revêtement de la voilure est basse. La neige a presque totalement été éliminée, mais 
une mince couche était toujours présente au moment de la rotation. Durant l’essai, 
il a semblé difficile de déterminer le niveau d’adhérence de la neige et de prédire si 
celle-ci serait balayée au moment de la rotation.  
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L’essai mené avec de la pluie a quant à lui démontré un excellent ruissellement de la 
pluie se trouvant sur l’aile durant l’accélération.  
 
 
Neige lourde 
 
En général, les essais menés avec de la neige lourde ont généré des résultats 
semblables sur le plan visuel et aérodynamique (par rapport aux essais menés avec 
de la neige modérée) pour des quantités équivalentes de contaminants, peu importe 
le temps d’exposition. Ces résultats indiquent la possibilité de développer des lignes 
directrices pour les conditions de neige lourde ; une analyse plus approfondie des 
données de cette année et des années précédentes, de même que des essais menés 
sur plaque plane, est toutefois requise. 
 
 
Comparaison des propriétés de ruissellement de plusieurs liquides 
 
Il convient de noter que même si tous les essais menés avec du liquide épaissi ont 
donné lieu à des quantités semblables de liquide résiduel, le colorant a fourni une 
indication visuelle différente quant à la quantité de liquide présente. Par exemple, les 
liquides EG106 et AD-49 utilisent tous deux un colorant très vif. Une personne qui 
compare ces liquides aux liquides ABC-S+ ou Launch pourrait croire à tort que le 
liquide vif qui reste sur l’aile est un signe d’un mauvais ruissellement, alors que tous 
les liquides génèrent des épaisseurs résiduelles semblables sur l’aile. 
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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 2010-11 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 preliminary tests to investigate several recent industry operational 
concerns. This work was completed in conjunction with the ice pellet research being 
conducted at the NRC PIWT. Details of the 2010-11 ice pellet allowance time related 
research can be found in an interim report documenting wind tunnel research to 
support the development of ice pellet allowance time tables, 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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1.2 Previous Reports 
 

Previous 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 and 2009-10, 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 (1) and TC report, TP 15057E, Exploratory Wind 
Tunnel Aerodynamic Research Examination of Contaminated Anti-Icing Fluid 
Flow-Off Characteristics Winter 2009-10 (2). In 2006-07, a feasibility report 
describing the potential for using the wind tunnel and Falcon 20 aircraft for R&D 
testing initiatives was compiled and can be referenced as TC report, TP 14778E, 
Flow of Contaminated Fluid from Aircraft Wings: Feasibility Report (3).  
 
 

1.3 Program Objectives 
 

APS conducted a series of preliminary tests during the winter of 2010-11 to 
investigate several recent industry concerns. Aerodynamic research was focused 
towards the fluid flow-off properties of contaminated and uncontaminated fluid 
simulating different operational scenarios. Aerodynamic testing was conducted in 
conjunction with the ice pellet allowance time research program.  
 

A preliminary test plan was developed for the winter of 2010-11. Testing was 
conducted with and without contamination. Research was conducted to satisfy the 
following objectives: 
 

• Examination of the effects of surface roughness and heavy contamination on 
aerodynamic performance; 

• Examination of the aerodynamic effects of a clean leading edge simulating 
leading edge heater dry-out; 

• Examination of the aerodynamic effects of applying inadequate amounts of 
anti-icing fluid; 

• Examination of the aerodynamic effects of ramp-up time on fluid flow-off; 

• Examination of mixed precipitation conditions; 

• Examination of the aerodynamic effects of snow or rain on an unprotected 
wing; 

• Effects of wing geometry on fluid settling properties and resulting flow-off; 

• Examination of the aerodynamic effects of heavy snow; and 

• Comparison of multiple fluid flow-off properties. 
 

The results from this work are reported in Sections 2 to 10 of this report. The work 
statement for these tests is provided in Appendix A.  
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An additional test with Type III fluid was attempted, but due to technical issues with 
the wind tunnel, no data was collected and therefore the results are not described in 
this report. 
 
 

1.4 Overview of 2010-11 Testing 
 

Full-scale testing during the winter of 2010-11 was conducted using the NRC PIWT. 
The primary testing conducted aimed at validating the current allowance times for 
use with newer generation aircraft with supercritical wing designs and to develop a 
correlation between the lift losses observed in the wind tunnel and the boundary 
layer displacement thickness (BLDT) results used as the basis of the aerodynamic 
acceptance for fluid certification. 
 

In addition, some preliminary work was conducted as a lower priority to address 
current industry concerns. These secondary research objectives have been outlined 
in Subsection 1.2, and the details of this work are described in this report.  
 

Table 1.1 demonstrates the groupings for the global set of tests conducted at the 
wind tunnel during the winter of 2010-11. Tests listed in group #4 are described in 
this report (some baseline tests from groups #2 and #3 are also referenced). 
Table 1.2 demonstrates in greater detail the groupings for the secondary R&D 
objective tests.  
 

Table 1.1: Summary of 2010-11 Wind Tunnel Tests by Objective 
                  

  1. ICE PELLET ALLOWANCE TIMES  3. BASELINE (BLDT)   

    TOTAL RUNS: 61      TOTAL RUNS: 42     

  
6, 7, 8, 10, 14, 15, 15A, 15B, 20, 22, 23, 24, 
25, 26, 27, 28, 31, 35, 37, 38, 40, 41, 41A, 
44, 45, 46, 47, 51, 53, 56, 58, 59, 59A, 69, 
70, 72, 73, 74, 78, 79, 82, 83, 84, 85, 92, 

92A, 93, 102, 103, 104, 105, 106, 115, 116, 
117, 121, 126, 128, 129, 131, 132 

 5, 5A, 9, 12, 21, 29, 30, 32, 33, 34, 36, 39, 
42, 43, 48, 49, 50, 52, 54, 55, 57, 60, 61, 62, 

63, 66, 67, 68, 71, 75, 76, 77, 80, 81, 86, 
86A, 94, 95, 95A, 96, 97, 107 

  

     

     
           

  2. DRY WING  4. RESEARCH & DEVELOPMENT   

    TOTAL RUNS: 8      TOTAL RUNS: 37     

  

1, 2, 3, 65, 100, 112, 119, 120 

 4, 11, 13, 16, 17, 18, 19, 64, 64A, 87, 88, 89, 
90, 91, 98, 99. 101, 108, 108A, 109, 110, 

111, 113, 114, 118, 122, 123, 124, 125, 127, 
127A, 130, 133, 134, 135, 136, 137  

  

     

     
           

    TOTAL NUMBER OF RUNS     

    148     
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Table 1.2: Summary of 2010-11 Secondary R&D Objectives 

OBJECTIVE RUN # TOTAL RUNS 

Surface Roughness and Heavy 
Contamination 64, 64A, 111, 125, 127, 127A, 137 7 

LE Heater (Clean LE) 99 1 

Inadequate Fluid Application 98 1 

Effect of Ramp-up Time 11, 13, 122, 123, 124 5 

Mixed Precipitation 114, 118, 133, 134, 135, 136 6 

Snow or Rain with No Fluid 101, 113 2 

Wing Geometry 130 1 

Heavy Snow 16, 17, 18, 19, 87, 88, 89, 108, 108A, 
109, 110 11 

Multiple Fluids 90, 91 2 

Type III 4 1 

 TOTAL 37 

 
 
1.5 General Methodology  
 
To satisfy the program objective, simulated takeoff and climb-out tests were 
performed with the supercritical wing section, and different parameters, including 
fluid thickness, wing temperature, and fluid freezing point, were recorded at 
designated times during the tests. The supercritical wing section was constructed by 
the NRC specifically to conduct these tests following extensive consultations with 
an airframe manufacturer to ensure a representative supercritical 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 (no Type I fluid was used during the tests); 

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; and 

c) At the end of the contamination period, the tunnel was cleared of all equipment 
and scaffolding. 
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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. 
Aerodynamic data was collected by the NRC and used to further analyse the tests.  
 
The procedure for the wind tunnel tests is included in Appendix B. The procedure 
includes details regarding the test objectives, test plan, procedure and methodology, 
and pertinent information and documentation. 
 
This general methodology was modified as necessary in order to satisfy the individual 
test objectives. Deviation from this methodology will be described in the individual 
test results section.  
 
 
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 an interim report 
documenting wind tunnel research to support the development of ice pellet allowance 
time tables, 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. 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° 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. Appendix C contains the general test log that includes all tests 
conducted during the winter of 2010-11. Appendix D contains the photo summaries 
for each of the R&D tests. Additional data provided by the NRC (aerodynamic data), 
as well as the data forms filled out by APS that include fluid thickness, Brix, and skin 
temperature information, is available in electronic format, and a copy has been 
included in a DVD along with this report.  

CRITERIA: LE / TE <  3

Flap <  4

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

> 3.5, 3.5, 4.5 BAD

CRITERIA: LE = 1

1 GOOD
1 to 1.5 REVIEW

> 1.5 BAD

CRITERIA:

< 5.4% GOOD
5.4% to 9.2% REVIEW

> 9.2% BAD

GREEN

YELLOW

RED

THEREFORE WORST OF ABOVE 3 CRITERIA, ORDER IS:

< -2 σ
-2 σ to 2σ

1. TEST PARAMETERS

> +2 σ

4. LIFT LOSS AT 8°

3. VISUAL RATINGS AT ROTATION

2. VISUAL RATINGS AT START OF TEST

OVERALL STATUS

IF ANY OF THE ABOVE CRITERIA ARE RED, TEST IS NOT ACCEPTABLE
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1.8 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 surface 
roughness and heavy contamination tests; 

b) Section 3 describes the data, results, and observations for the clean leading 
edge due to the simulated leading edge heater dry-out tests; 

c) Section 4 describes the data, results, and observations for the inadequate fluid 
application tests; 

d) Section 5 describes the data, results, and observations for the effects of ramp-
up time tests; 

e) Section 6 describes the data, results, and observations for the mixed 
precipitation conditions tests; 

f) Section 7 describes the data, results, and observations for the snow or rain 
on an unprotected wing tests; 

g) Section 8 describes the data, results, and observations for the effects of wing 
geometry on fluid tests; 

h) Section 9 describes the data, results, and observations for the heavy snow 
tests; and 

i) Section 10 describes the data, results, and observations for the comparison 
of multiple fluid flow-off properties tests. 

 
It should be noted that the format of this year’s report is more abbreviated compared 
to previous years as a result of budgetary restrictions. The report has been 
abbreviated to include a summary of the results obtained. Data for each respective 
test is available if additional analysis is required.  
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2. EFFECTS OF SURFACE ROUGHNESS AND HEAVY 
CONTAMINATION  

 
 

2.1 Background 
 
The current generation of “regional jet” aircraft were developed with thin, flat, 
high-performance wing designs. Some of these aircraft require strict maintenance 
procedures to ensure a polished leading edge, as minimal amounts of contamination 
(in the form of bugs, etc.) can result in serious aerodynamic penalties. The same 
requirement applies for the removal of contamination in the form of frozen 
precipitation.  
 
Previous testing in the wind tunnel with NACA 23012 and LS-0417 airfoils 
demonstrated that although contamination was present on the wing section, 
significant lift losses were not apparent. Lift losses were incurred upon application 
of anti-icing fluid (when compared to a bare wing). The presence of contamination, 
whether adhered or not, did not generate significant list losses when compared to 
the uncontaminated fluid. Although the presence of adhered contamination may be 
hazardous with regards to control surfaces, the impact of the surface roughness on 
the overall aerodynamic performance of the wing needs to be investigated. 
 
It was recommended that some preliminary work be conducted with a new 
generation of thin high-performance wings to investigate the effects of various types 
of adhered frozen contamination on the aerodynamic performance of the airfoil.  
 
 

2.2 Objective 
 
The objective is to investigate wing surface roughness, with and without fluid, and 
how it affects lift loss. 
 
 

2.3 General Methodology 
 
The following is a brief summary of the methodology used for this testing: 
 

• Ensure outside air temperature (OAT) is below -5ºC to ensure cold-adhered 
contamination; 

• Apply fluid to wing section (if part of test objective) and begin the application 
of precipitation for a pre-determined amount of time; 

• Run wind tunnel tests and collect lift loss data; and 

• Compare results to typical dry wing results. 
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2.4 Data Collected 
 
Seven tests were conducted: four tests with contamination applied to a bare dry 
wing, and three tests with fluid exposed to heavy contamination. A summary of the 
test data is included in Table 2.1. 
 
 
2.5 Summary of Test Results 
 
 
2.5.1 Bare Dry Wing Results 
 
Four tests were conducted: Tests #127 and #127A with light freezing rain only 
applied to a dry wing, and Tests #64 and #64A with freezing rain and ice pellets 
applied to a dry wing. Photos 2.1 to 2.4 show the condition of the wing before the 
start of the takeoff run for these four tests.  
 
Test #127, conducted with light freezing rain only, demonstrated that although a 
significant amount of frozen contamination was present on the wing, the 
contamination was relatively smooth and completely adhered to the wing throughout 
the whole takeoff test. The test results indicated a lift loss of 2.88 percent.  
 
Test #127A was a continuation of the previous test (#127), where additional light 
freezing rain was applied to the wing section. The overall result was that the 
additional freezing rain further smoothed out the roughness. The test results from 
test #127A demonstrated that the aerodynamic performance improved with a lift 
loss of only 1.13 percent (compared to 2.88 percent in Test #127). 
 
Test #64 was conducted with light freezing rain and ice pellets. This combination 
generated a rougher type of adhered contamination compared to light freezing rain 
alone; the ice pellets would adhere to the surface and protrude due to their size. The 
test results demonstrated that a higher lift loss of 5.2 percent was incurred as a 
result of the frozen contamination, indicating that the frozen ice pellets in addition to 
the light freezing rain had an impact on the aerodynamic performance.  
 
Test #64A was a continuation of the previous test (#64), where additional ice pellets 
and light freezing rain were applied to the wing leading edge stagnation point. As 
expected, the test results from test #64A demonstrated that the aerodynamic 
performance worsened with a lift loss of 8.72 percent (compared to 5.2 percent in 
Test #64). 
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Table 2.1: Summary of 2010-11 Surface Roughness and Heavy Contamination Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition Precip. Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. 
at Start 
of Test  

(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual Cont. 
Rating at  
Rotation  

(LE, TE, Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

64 27-Jan-11 Dry N/A ZR/IP IP 10, ZR 25 10 -5.1 0.3 5, 5, 5 5, 5, 5 1.348 5.20   

64A 27-Jan-11 Dry N/A ZR/IP IP 10, ZR 25 10 -5.6 -0.9 5, 5, 5 5, 5, 5 1.298 8.72 

Cont. From #64 
plus added extra 

cont to LE Stag by 
Hand  

111 3-Feb-11 2031 - Cold N/A 
S mixed 
and also 
applied 

Extra  
S 10 

Extra 
5 

-6.3 -15.3 2.5, 2.5, 3 1.25, 2, 2.25 1.325 6.82 

10L fluid mixed 
with 10kg snow, 
then added more 

snow 

125 8-Feb-11 2031 N/A S 
Mixed Two Buckets: 5L of 
2031 with 15L NATURAL 

Snow 
-11.8 -17.2 4, 4, 4 1.4, 2.4, 2.5 1.156 18.71 

Snow/Fluid 
Mixture spread on 

wing  

127 8-Feb-11 None N/A ZR ZR 25 Approx 5 -10.7 -6.2 5, 5, 5 5, 5, 5 1.381 2.88   

127A 8-Feb-11 None N/A ZR ZR 35 Approx 12 -8.8 -3.7 5, 5, 5 5, 5, 5 1.406 1.13 
Cont. Added to 

left over from 127 
as little came off 

137 10-Feb-11 ABC-S+ N/A IP+/SN+ IP 200,  
SN 100 

30 -3.5 -10.1 4.3, 4.3, 4.3 1.8, 2.3, 4.3 1.113 21.73   
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In general, the results were as expected. Similar to previous wind tunnel test results, 
the smooth light freezing rain adhered contamination did not have a significant impact 
on aerodynamic performance. However, the addition of ice pellets generated a much 
rougher surface, which translated to larger lift losses.  
 
Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further substantiate these observations.  
 
 
2.5.2 Fluid Results 
 
Three tests were conducted: Tests #111 and #125 with Type III fluid and snow, and 
Test #137 with PG Type IV fluid exposed to heavy snow and ice pellets. Photos 2.5 
to 2.10 show the condition of the wing before the start of the takeoff run and just 
before rotation for these three tests. 
 
Test #111 aimed at saturating a fluid with snow. A total of 10 L of fluid were mixed 
with approximately 10 kg of natural snow. Once the mixture was homogenous, the 
thick slush was applied to the wing surface by pouring, and additional snow was 
applied over top. The test results demonstrated that a lift loss of 6.82 percent was 
incurred as a result of the frozen contamination, indicating that the condition was 
not severe. The test was repeated as #125.  
 
Test #125 aimed at generating a more severe level of contamination than #111. A 
total of 5 L of fluid were mixed with 15 L of natural snow (approximately 8 kg to 
9 kg of natural snow). Once the mixture was homogenous, the thick slush was 
applied to the wing surface; however, it needed to be spread due to the thick density 
of the slush. The test results indicated a lift loss of 18.71 percent. This result was 
as expected due to the density of the slush applied to the wing.  
 
Test #137 aimed at generating a severely contaminated fluid on a wing. The fluid 
was exposed to a combined precipitation rate of 300 g/dm²/h, which resulted in 
severely failed fluid and a blanket of white bridging precipitation on the top of the 
fluid. During acceleration, the loose bridging contamination was removed first, and 
then the fluid began to shear. The test results indicated a lift loss of 21.73 percent. 
The visual observations indicated that the snow may have been a factor in the poor 
flow-off; however, this needs to be further investigated.  
 
In general, the results indicated that when severe levels of contamination are present, 
this can result in significant aerodynamic penalties.  
 
Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further substantiate these observations. 
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Photo 2.1: Test #64 – Before Start of Takeoff Run 

 
 

Photo 2.2: Test #64A – Before Start of Takeoff Run 

 



2.  EFFECTS OF SURFACE ROUGHNESS AND HEAVY CONTAMINATION 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2169.003 (TC Deicing 10-11)/Reports/WT R&D/Final Version 1.0/TP 15160E Final Version 1.0.docx 
Final Version 1.0, August 21 

14 

Photo 2.3: Test #127 – Before Start of Takeoff Run 

 
 

Photo 2.4: Test #127A – Before Start of Takeoff Run 
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Photo 2.5: Test #111– Before Start of Takeoff Run 

 
 

Photo 2.6: Test #111 – Before Rotation 
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Photo 2.7: Test #125 – Before Start of Takeoff Run 

 
 

Photo 2.8: Test #125 – Before Rotation 
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Photo 2.9: Test #137 – Before Start of Takeoff Run 

 
 

Photo 2.10: Test #137 – Before Rotation 
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3. EFFECTS OF A CLEAN LEADING EDGE SIMULATING 
LEADING EDGE HEATER DRY-OUT 

 
 
3.1 Background 
 
Prior to takeoff, some operators require pilots to perform a test to ensure that the 
wing anti-ice heating system is working. A major aircraft manufacturer indicated that 
on their aircraft, hot bleed air from the engine is passed through the piccolo tubes at 
the leading edge of the wing for 30 seconds while on the ground. The bleed air 
leaving the engine is approximately 200°C; however, the air reaching the leading 
edge may be significantly cooler (approximately 100°C). Currently, there is a lack of 
understanding of the effect of this test on de/anti-icing fluid protection times, and as 
a result, some airframe manufacturers recommend not performing the test due to 
potential adverse effects on de/anti-icing fluid. 
 
 
3.2 Objective 
 
The objective of this test was to investigate the aerodynamic effects of having the 
anti-icing fluid dry out on the leading edge as a result of the wing anti-ice system. 
 
Flat plate testing was also conducted during the winter of 2010-11 and is described 
in the general and exploratory TC report, TP 15158E, Aircraft Ground Icing General 
Research Activities During the 2010-11 Winter (4). 
 
 
3.3 General Methodology 
 
The following is a brief summary of the methodology used for this testing: 
 

• Type IV fluid was applied using the typical application procedures and allowed 
to settle for 5 minutes; 

• Just prior to tear down, the fluid from the first 30.5 cm (12 in.) was squeegeed 
clean. In addition, work towels were used to fully clean the dry leading edge 
area of the wing;  

• Wind tunnel was run and lift loss data collected; and 

• Results were compared to a typical fluid only test conducted with the same 
fluid in similar conditions. 

 
 



3.  EFFECTS OF A CLEAN LEADING EDGE SIMULATING LEADING EDGE HEATER DRY-OUT 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2169.003 (TC Deicing 10-11)/Reports/WT R&D/Final Version 1.0/TP 15160E Final Version 1.0.docx 
Final Version 1.0, August 21 

20 

3.4 Data Collected 
 
One test run was conducted. In addition, data from a fluid only test was used as a 
baseline comparison. A summary of the test data is included in Table 3.1. 
 
 
3.5 Summary of Test Results 
 
The test results demonstrated that the lift loss improved slightly (less than 1 percent 
lift loss difference) as a result of the fluid being removed from the leading edge. 
These results were as expected, as contamination present on the leading edge, even 
in the form of sheared residual fluid, would lead to lift losses. Photo 3.1 shows the 
condition of the wing during Test #99 prior to the start of the wind tunnel, and 
Photo 3.2 shows the condition of the wing just before rotation.  
 
It should be noted that in an operational scenario, the leading edge heater may result 
in “cooking” the fluid on the leading edge, which may cause residues to form. This 
potential residue may have a measurable thickness and roughness, resulting in an 
effect on lift loss. This scenario has not been investigated; therefore, future tests 
should simulate a similar condition, however with some representative sandpaper on 
the leading edge to simulate the residue that may be formed.  
 
Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further substantiate these observations.  
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Table 3.1: Summary of 2010-11 Leading Edge Heater Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition 

Precip. 
Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. 
at Start 
of Test  

(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual 
Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual 
Cont. 

Rating at  
Rotation  
(LE, TE, 

Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

99 2-Feb-11 ABC-S+ 97 Fluid Only N/A N/A -9.1 -9.5 1, 1, 1 1, 1, 1 1.349 5.13 
12" of LE were 

squeegeed prior to 
run 

97 2-Feb-11 ABC-S+ N/A Fluid Only N/A N/A -11.9 -10.4 1, 1, 1 1, 1, 1 1.338 5.91 N/A 
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Photo 3.1: Test #99 – Before Start of Takeoff Run 

 
 

Photo 3.2: Test #99 – Before Rotation 

 



 

24 

This page intentionally left blank. 



4.  EFFECTS OF APPLYING INADEQUATE AMOUNTS OF ANTI-ICING FLUID 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2169.003 (TC Deicing 10-11)/Reports/WT R&D/Final Version 1.0/TP 15160E Final Version 1.0.docx 
Final Version 1.0, August 21 

25 

4. EFFECTS OF APPLYING INADEQUATE AMOUNTS OF 
ANTI-ICING FLUID 

 
 
4.1 Background 
 
There has been recent industry concern as to the consistency of anti-icing fluid 
applications in actual aircraft ground deicing operations. Although current industry 
standards recommend a 1 mm to 3 mm layer of fluid for a typical ethylene glycol 
(EG) Type IV anti-icing fluid, human error or inadequate training can lead to 
insufficient application of fluid. In addition, improperly stored anti-icing fluids can 
result in a degradation of the fluid viscosity, resulting in large reductions in fluid 
thickness. Fluid thickness is a main contributor to the fluid’s endurance. 
 
As it is very difficult to simulate the numerous potential human errors that can occur 
during an anti-icing application or the various types of fluid degradation, it was 
recommended that testing be done to simulate varying anti-icing fluid thicknesses 
and their effects on fluid holdover times (HOTs). Previous work conducted during the 
winter of 2008-09 indicated a potential for reductions in HOT protection time. During 
the wind tunnel tests conducted, a significant amount of contamination was found 
on the wing by the time of rotation when inadequate amounts of fluid were applied.  
 
The question was asked whether a smaller amount of fluid applied would result in 
less lift loss compared to a typical fluid application. If so, improvement in lift loss 
could help compensate for lift losses incurred by contamination present due to earlier 
fluid failure.  
 
 
4.2 Objective 
 
The objective of this test was to investigate the aerodynamic effects of applying 
inadequate amounts of anti-icing fluid and to see if any lift loss improvement could 
potentially offset the lift losses incurred from contamination.  
 
 
4.3 General Methodology 
 
The following is a brief summary of the methodology used for this testing: 
 

• Apply an inadequate amount of anti-icing fluid to the wing section using a 
wetted brush; 

• Run wind tunnel and collect visual and lift coefficient data; and 

• Compare results to a proper fluid application test. 
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Typically, the wing was treated with 16 L to 20 L of anti-icing fluid to achieve 
appropriate coverage and to obtain an acceptable fluid thickness; this translates to 
approximately 4.5 L/m2on the wing. To simulate the inadequate anti-icing application, 
one-tenth of the typical fluid used (or 2 L over the whole wing) was applied; this 
resulted in approximately 0.45 L/m2. During a typical HOT plate test, approximately 
6.5 L/m2is applied. The quantity applied to a test plate is higher than the amount of 
fluid applied during a typical wing test. This is a result of the fluid run-off from the 
sides of the plate; much more fluid is dripped in excess during a plate test compared 
to a wing test. 
 
 
4.4 Data Collected 
 
One test run was conducted. In addition, data from a fluid only test was used as a 
baseline comparison. A summary of the test data is included in Table 4.1. 
 
 
4.5 Summary of Test Results 
 
Test #98 demonstrated that the lift loss improved slightly (less than 1 percent lift 
loss difference) as a result of applying less fluid to the wing section when compared 
to Test #97 (baseline fluid only). Due to the thin fluid layer during Test #98, shearing 
began only at higher speeds (greater than 40 knots); however, at approximately 
80 knots to 90 knots, the flow-off properties were very similar to those of the 
baseline Test #97. The visual observations supported the lift loss data, which did 
not indicate significant differences in aerodynamic performance whether 2 L or 16 L 
to 20 L were used. The results indicate that the improvement in aerodynamic 
performance when applying less fluid is not significant enough to offset the potential 
lift losses incurred from contamination due to early fluid failure.  
 
These results were as expected, as contamination present on the leading edge, even 
in the form of sheared residual fluid, should result in lift losses. Photo 4.1 shows the 
condition of the wing during Test #98 prior to the start of the wind tunnel, and 
Photo 4.2 shows the condition of the wing just before rotation. Photo 4.3 shows the 
condition of the baseline wing Test #97 prior to the start of the wind tunnel, and 
Photo 4.4 shows the condition of the wing just before rotation. 
 
Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further substantiate these observations.  
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Table 4.1: Summary of 2010-11 Inadequate Anti-Icing Fluid Application Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition 

Precip. 
Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. 
at Start 
of Test  

(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual 
Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual 
Cont. 

Rating at  
Rotation  
(LE, TE, 

Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

98 2-Feb-11 ABC-S+ 97 Fluid Only N/A N/A -10.6 -7.6 1, 1, 1 1, 1, 1 1.351 4.99 
2 L of fluid applied 
using brushes to 
evenly distribute 

97 2-Feb-11 ABC-S+ N/A Fluid Only N/A N/A -11.9 -10.4 1, 1, 1 1, 1, 1 1.338 5.91 16 L of fluid applied.  
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Photo 4.1: Test #98 – Before Start of Takeoff Run 

 
 

Photo 4.2: Test #98 – Before Rotation 
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Photo 4.3: Test #97 – Before Start of Takeoff Run 

 
 

Photo 4.4: Test #97 – Before Rotation 
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5. EFFECTS OF RAMP-UP TIME ON FLUID FLOW-OFF 
 
 

5.1 Background 
 
The PIWT has a jet engine-driven turbine that accelerates based on a human operator 
input. The acceleration rate is dependent on factors such as temperature and 
humidity; however, a human error element also exists, as the operator has direct 
control of the engine throttle. The end result is a variance in the time it takes for the 
wind tunnel to reach the desired speed. 
 

Based on the average of previous tests, it was determined that the wind tunnel would 
typically require 19 seconds to accelerate from 40 knots to 100 knots. Due to the 
variance in these acceleration rates, it was recommended that testing be done to 
verify the impact of the time to accelerate on the fluid flow-off and lift loss.  
 

It should be noted that modifications to the throttle system will be made for the 
winter of 2011-12 to eliminate the human error aspect and to move towards a fully 
automated system, thus minimizing some of the variance.  
 
 

5.2 Objective 
 

The objective of this test was to investigate the aerodynamic effects of the time 
required to ramp-up to rotation speed.   
 
 

5.3 General Methodology 
 

The following is a brief summary of the methodology used for this testing: 
 

• Apply fluid to the wing section; 

• Apply contamination; 

• Run wind tunnel using typical acceleration profile (target 40 knots to 
100 knots in 19 seconds); 

• Repeat test; however, once maximum speed of 100 knots is reached, hold for 
10-20 seconds, then rotate; and 

• Evaluate increase in lift coefficient as a result of the extra 10-20 seconds of 
holding at 100 knots by comparing the two runs. 

 
 

5.4 Data Collected 
 

Ten comparative test runs were completed. A summary of the test data is included 
in Table 5.1. 
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Table 5.1: Summary of 2010-11 Effect of Ramp-Up Time Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition 

Precip. 
Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. at 
Start of 

Test  
(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual Cont. 
Rating at  
Rotation  
(LE, TE, 

Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

11 20-Jan-11 Max-Flight 12 Fluid Only N/A N/A -13.6 -12.2 1, 1, 1 1, 1, 1 1.37 3.66 
Ramp-up to 100 Kts, 

Hold for 20 sec. 
Then Rotate 

13 20-Jan-11 Max-Flight 14 IP Mod IP 75 10 -12.4 -13.9 2.3, 2.5, 3.3 1, 1.3, 1.7 1.369 3.73 
Ramp-up to 100 Kts, 

Hold for 20 sec. 
Then Rotate 

122 8-Feb-11 ABC-S+ 54 Fluid Only N/A N/A -12.8 -10.8 1, 1, 1 1, 1, 1 1.347 5.27 
Ramp-up to 100 Kts, 

Hold for 10 sec. 
Then Rotate 

123 8-Feb-11 EG 106 77 Fluid Only N/A N/A -12.5 -10 1, 1, 1 1, 1, 1 1.388 2.39 
Ramp-up to 100 Kts, 

Hold for 10 sec. 
Then Rotate 

124 8-Feb-11 ABC-S+ 92 IP Mod IP 75 10 -11.3 -12.9 2.5, 2.5, 3.3 1, 1.7, 2.2 1.318 7.31 
Ramp-up to 100 Kts, 

Hold for 10 sec. 
Then Rotate 

12 20-Jan-11 Max-Flight N/A Fluid Only N/A N/A -14.2 -12.3 1, 1, 1 1, 1, 1 1.336 6.05 N/A 

14 20-Jan-11 Max-Flight N/A IP Mod IP 75 10 -12.3 -13.8 2.3, 2.5, 3.3 1.4, 2.5, 3 1.308 8.02 N/A 

54 26-Jan-11 ABC-S+ N/A Fluid Only N/A N/A -12.1 -13.3 1, 1, 1 1, 1, 1 1.321 5.78 N/A 

77 30-Jan-11 EG 106 N/A Fluid Only N/A N/A -11.8 -9.6 1, 1, 1 1, 1, 1 1.385 2.60 N/A 

92 1-Feb-11 ABC-S+ N/A IP Mod IP 75 10 -13.6 -13.1 2.5, 2.6, 3.4 1.2, 1.8, 2.6 1.24 12.80 N/A 
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In addition, Figures 5.1 to 5.5 demonstrate the lift coefficient data for each of the 
comparative runs (these figures have been included as provided by the NRC and have 
not been modified).  
 
 

 
Figure 5.1: Test #11 vs. #12 – Fluid Only Lift Data Comparison 

 
 

 
Figure 5.2: Test #13 vs. #14 – Moderate Ice Pellets Lift Data Comparison 
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Figure 5.3: Test #122 vs. #54 – Fluid Only Lift Data Comparison 

 
 

 
Figure 5.4: Test #123 vs. #77 – Fluid Only Lift Data Comparison 
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Figure 5.5: Test #124 vs. #92 – Moderate Ice Pellets Lift Data Comparison 

 
 
5.5 Summary of Test Results 
 
For each of the comparative test runs, the improvement in percentage lift loss for 
Tests #11, #13, #122, #123, and #124 was analysed against the respective baseline 
Tests #12, #14, #54, #77, and #92. The improvement in lift loss was calculated as 
a function of the extra time (10-20 seconds) held at 100 knots prior to rotation. A 
summary of these analysis results is included in Table 5.2.  
 

Table 5.2: Summary of Lift Loss Decrease as a Function of Extra Ramp-Up Time 

Test # Fluid Condition 

Extra 
Ramp-Up 

Time 
(sec.) 

8º Lift Loss Decrease per  
Extra Second Held at 100 knots 

11/12 Max-Flight Fluid Only 19.8 0.12% 

13/14 Max-Flight IP Mod 19.3 0.22% 

122/54 ABC-S+ Fluid Only 10.8 0.05% 

123/77 EG 106 Fluid Only 8.3 0.03% 

124/92 ABC-S+ IP Mod 8.6 0.64% 
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For fluid only cases, propylene glycol (PG) fluids demonstrated an approximately 
0.08 percent decrease in lift loss as a function of the extra ramp-up time. For the EG 
fluid, this was approximately half (0.03 percent). This difference is likely due to the 
differences in EG versus PG fluids and can also be explained by the generally higher 
lift losses observed with PG fluids. It would follow that the impact of extra ramp-up 
time would be more significant for PG fluids.  
 
For the contamination cases, the PG fluids demonstrated 0.22 percent and 
0.64 percent decreases in lift loss as a function of the extra ramp-up time. These 
results indicated that in the case of contamination runs, the extra ramp-up time could 
have a more significant impact by reducing lift loss.  
 
Based on the results in Table 5.2, the results were grouped and generalized (see 
Table 5.3) in order to serve as a preliminary tool when analysing future test runs. If 
additional work is conducted, this table should be updated and further refined.  
 

Table 5.3: Approximated Lift Loss Increase As a Function of Extra Ramp-Up Time 

Condition Approximate 8º Lift Loss Decrease per  
Extra Second in Ramp-Up Time 

EG Fluid Only 0.03% 

PG Fluid Only 0.10% 

PG Fluid and Contamination 0.22 to 0.64% 

 
Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further substantiate these observations.  
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6. EFFECTS OF MIXED PRECIPITATION CONDITIONS 
 
 
6.1 Background 
 
As the accuracy of meteorological reporting continues to improve and the HOT 
guidance is applied more rigorously, there has been a need to provide better guidance 
material during transitional periods of mixed precipitation. The objective of these 
tests is to collect preliminary data to determine the feasibility of expanding the 
current HOT Guidelines to include mixed conditions that may be of particular interest 
to industry based on reported history of occurrence. 
 
 
6.2 Objective 
 
To investigate the aerodynamic effects of fluid contaminated with various forms of 
mixed precipitation for which no explicit HOT Guidelines exist.  
 
 
6.3 General Methodology 
 
The general methodology used during these tests was in accordance with the 
methodologies used for typical snow, ice pellet, or light freezing rain tests conducted 
in the wind tunnel. Aerodynamic performance was evaluated against the dry wing 
condition. Lift data and visual observations were recorded for each test.  
 
 
6.4 Data Collected 
 
Six tests runs were conducted: Tests #114 and #118 with mixed light ice pellets, 
light rain, and snow; Tests #133, #134, and #135 with mixed light ice pellets, light 
freezing rain, and snow; and Test #136 with mixed light freezing rain and snow. A 
summary of the test data is included in Table 6.1. 
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Table 6.1: Summary of 2010-11 Mixed Precipitation Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition 

Precip. 
Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. at 
Start of 

Test  
(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual Cont. 
Rating at  
Rotation  
(LE, TE, 

Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

114 7-Feb-11 Launch N/A IP/R/SN 
IP 25,  
R, 25,  
SN 25 

25 1.8 -2.2 2.5, 2.5, 4 1, 1, 1.4 1.391 2.18 N/A 

118 7-Feb-11 EG 106 N/A IP/R/SN 
IP 25,  
R, 25,  
SN 25 

25 1 -0.5 2, 1.3, 3.5 1, 1, 1.2 1.403 1.34 N/A 

133 9-Feb-11 ABC-S+ N/A IP/ZR/SN 
IP 25,  
ZR 25,  
SN 25 

20 -3.3 -4.4 2.7, 2.8, 4 1, 1.4, 4.3 1.324 6.89 Flap heavily 
contaminated 

134 9-Feb-11 ABC-S+ N/A IP/ZR/SN 
IP 25,  
ZR 25,  
SN 25 

20 -2.5 -4.6 2.3, 2.5, 2.7 1, 1.6, 1.9 1.343 5.56 
Flap at 0º for 
contamination 

135 10-Feb-11 EG 106 N/A IP/ZR/SN 
IP 25,  
ZR 25,  
SN 25 

20 -3.9 -8.2 2.2, 2.3, 4.3 1, 1, 5 1.347 5.27 Flap heavily 
contaminated 

136 10-Feb-11 ABC-S+ N/A ZR/SN 
ZR 25,  
SN 25 20 -3.5 -4.7 2, 2, 3.6 1, 1.6, 3.8 1.33 6.47 

Flap heavily 
contaminated 

 
 



6.  EFFECTS OF MIXED PRECIPITATION CONDITIONS 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2169.003 (TC Deicing 10-11)/Reports/WT R&D/Final Version 1.0/TP 15160E Final Version 1.0.docx 
Final Version 1.0, August 21 

39 

6.5 Summary of Test Results 
 
 
6.5.1 Mixed Light Ice Pellets, Light Rain, and Snow  
 
Two tests were conducted: one with PG and one with EG fluid. In both cases, the 
visual observations were satisfactory, and the aerodynamic performance supported 
the visual observations indicating lift losses of 2.18 percent and 1.34 percent, 
respectively. A combination of the ambient temperature and the temperature of the 
rain likely prevented the cooling and ultimately the freezing of contamination. 
Photos 6.1 to 6.4 show the condition of the wing before the start of the takeoff run 
and before rotation for these two tests. 
 
These two tests indicated a potential for an allowance time; however, further testing 
would be required. 
 
 
6.5.2 Mixed Light Ice Pellets, Light Freezing Rain, and Snow  
 
Three tests were conducted with both PG and EG fluids. In Tests #133 and #135 
conducted with PG and EG fluids respectively, the condition of the main wing section 
was acceptable at the end of the contamination period; however, the flap 
demonstrated significant signs of frozen contamination, which was not completely 
eliminated by the time of rotation. In both cases, however, the aerodynamic 
performance demonstrated lift losses of 6.89 percent and 5.27 percent respectively, 
indicating that the frozen contamination on the flap was likely smooth and did not 
cause a significant degradation in performance.  
 
Test #134 with Type I PG fluid was a repeat of #133; however, the flap was 
positioned at 0º during the contamination and returned to 20º for the takeoff run. 
The results from this test indicated an improvement in lift loss (5.56 percent versus 
6.89 percent in Test #133); however, the most obvious improvement was the 
condition of the flap at the end of the precipitation, which showed far fewer signs 
of frozen contamination and which cleaned off much more easily during the takeoff 
ramp.  
 
Photos 6.5 to 6.10 show the condition of the wing before the start of the takeoff 
run and before rotation for these three tests. 
 
These three tests indicated a potential for an allowance time; however, the flap 
positioning during the test may play an important role in the development of the 
guidance material. A requirement to maintain flaps in a stowed position for as long 
as practical may be necessary.  
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6.5.3 Mixed Light Freezing Rain, and Snow  
 
Test #136 was conducted with PG fluid. The condition of the main wing section was 
acceptable at the end of the contamination period; however, the flap demonstrated 
significant signs of frozen contamination, most of which was not completely 
eliminated by the time of rotation. The aerodynamic performance demonstrated a lift 
loss of 6.47 percent, indicating that the frozen contamination on the flap was likely 
smooth and did not cause a significant degradation in performance. Photos 6.11 to 
6.12 show the condition of the wing before the start of the takeoff run and before 
rotation for this test. 
 
Similar to the light ice pellets, light freezing rain, and snow condition, there is a 
potential for an allowance time; however, the flap positioning during the test may 
play an important role in the development of the guidance material. A requirement to 
maintain flaps in a stowed position for as long as practical may be necessary.  
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Photo 6.1: Test #114 – Before Start of Takeoff Run 

 
 

Photo 6.2: Test #114 – Before Rotation 
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Photo 6.3: Test #118 – Before Start of Takeoff Run 

 
 

Photo 6.4: Test #118 – Before Rotation 
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Photo 6.5: Test #133 – Before Start of Takeoff Run 

 
 

Photo 6.6: Test #133 – Before Rotation 
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Photo 6.7: Test #134 – Before Start of Takeoff Run 

 
 

Photo 6.8: Test #134 – Before Rotation 
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Photo 6.9: Test #135 – Before Start of Takeoff Run 

 
 

Photo 6.10: Test #135 – Before Rotation 
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Photo 6.11: Test #136 – Before Start of Takeoff Run 

 
 

Photo 6.12: Test #136 – Before Rotation 
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7. EFFECTS OF SNOW OR RAIN ON AN UNPROTECTED WING 
 
 

7.1 Background 
 
In colder northern operations, it is believed to be common for aircraft to depart with 
loose, dry, un-adhered snow resent on their wing sections. Although it is assumed 
that most or all of this contamination will be removed at the time of rotation, it is 
unknown whether a certain level of residual contamination will reduce aerodynamic 
performance. Two preliminary tests were conducted in 2009-10: one at warmer 
temperatures and one at colder temperatures. The results from this testing indicated 
that a takeoff with dry, loose snow on the wings may be feasible at colder 
temperatures; however, it is not recommended at warmer temperatures where the 
risk of melting and refreezing is high. It was recommended that additional testing be 
conducted with colder wing temperatures to ensure a completely frozen state of 
contamination. The cold wing test conducted in 2009-10 still had some 
contamination adhere to the wing, possibly due to hot spots, high moisture, or 
residual fluid. 
 

In order to determine an acceptable level of lift loss, it was recommended that 
aerodynamic testing be conducted under known conditions that are safe for flying. 
The condition of rain (non-freezing) on an unprotected wing could provide insight into 
an acceptable level of lift loss (if any) present during a typical takeoff scenario. 
Full-scale testing was conducted to investigate the aerodynamic performance of a 
wing section during rain conditions. 
 
 

7.2 Objectives 
 

a) To investigate the aerodynamic performance of a wing section contaminated 
with loose, dry, un-adhered snow.  

b) To investigate the aerodynamic performance of a wing section during rain 
conditions.  

 
 

7.3 General Methodology 
 

The general methodology for the snow test is as follows:  
 

• Ensure the wing section and tunnel temperature are well below freezing (-5ºC 
and below); 

• Ensure the wing section is clean, dry, and free of any forms of contamination;  

• Apply loose, dry snow contamination to the wing section; 

• Record lift data, visual observations, and manually collected data; and 
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• Compare the results to baseline fluid only or dry wing test results. 
 

The general methodology for the rain test is as follows: 
 

• Ensure the wing section, tunnel temperature, and OAT are above freezing 
(+1ºC and above); 

• Ensure the wing section is clean, dry, and free of any forms of contamination;  

• Apply rain using the freezing rain sprayer. Keep the rain sprayer working during 
the ramp-up to ensure the wing remains as wetted as possible; 

• Record lift data, visual observations, and manually collected data; and 

• Compare the results to baseline fluid only and dry wing test results. 
 
 

7.4 Data Collected 
 

One test run was conducted for each condition. The results were compared to the 
dry wing case; therefore, no specific baseline test runs were identified. A summary 
of the test data is included in Table 7.1. 
 
 

7.5 Summary of Test Results 
 

Test #101 demonstrated that even with the cold wing skin temperature, the snow 
would not easily be blown off the wing during the ramp-up. The majority of the snow 
was removed; however, a thin layer was still present at the time of rotation and 
resulted in significant lift losses (almost 16 percent lift loss compared to the dry 
wing). Additional work may be required at even colder temperatures, similar to those 
in which operators are taking off with cold, loose snow on the wings, in order to 
obtain data to substantiate this practice. During the test, it seemed difficult to 
ascertain the level of adherence of the snow and difficult to predict whether it would 
be removed at rotation.  
 

Photo 7.1 shows the condition of the wing during Test #101 prior to the start of the 
wind tunnel, and Photo 7.2 shows the condition of the wing just before rotation. 
 
Test #113 demonstrated an excellent flow-off of the rain present on the wing during 
the ramp-up. The lift losses were less than 1 percent compared to the dry wing 
cases. This preliminary result indicates that rain has very little effect on aerodynamic 
performance. 
 

Photo 7.3 shows the condition of the baseline wing Test #113 prior to the start of 
the wind tunnel, and Photo 7.4 shows the condition of the wing just before rotation. 
 

Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further examine the dry, loose snow issue.  
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Table 7.1: Summary of 2010-11 Snow or Rain on an Unprotected Wing Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition 

Precip. 
Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. 
at Start 
of Test  

(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual 
Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual 
Cont. 

Rating at  
Rotation  
(LE, TE, 

Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

101 2-Feb-11 N/A N/A SN w/ 
No Fluid 200 5 -6.8 -6.4 4, 4, 4 4, 3.7, 4 1.197 15.82 Snow on a cold, 

dry wing 

113 7-Feb-11 N/A N/A R w/ No 
Fluid 75 5+ 

(ongoing) 1.3 N/A N/A N/A 1.416 0.42 Rain with no fluid 
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Photo 7.1: Test #101 – Before Start of Takeoff Run 

 
 

Photo 7.2: Test #101 – Before Rotation 
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Photo 7.3: Test #113 – Before Start of Takeoff Run 

 
 

Photo 7.4: Test #113 – Before Rotation 
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8. EFFECTS OF WING GEOMETRY ON FLUID FLOW-OFF 
PROPERTIES  

 
 
8.1 Background 
 
A limitation of conducting testing with a two-dimensional wing section is the inability 
to recreate fluid flow-off due to the varying geometry found on a real wing section. 
An operational aircraft wing will have twist (dependent on chord location), dihedral 
effect (dependent on distance from fuselage), and varying chord thickness and upper 
skin slope (based on chord location). Testing during the winter of 2009-10 with the 
thin high-performance wing section demonstrated that fluid flow-off was reduced 
due to the relatively flat top surface of that type of wing. It was recommended that 
preliminary testing be conducted with different wing rest angles during contamination 
to simulate different geometries typically found on an aircraft wing. 
 
 
8.2 General Methodology 
 
The following is a brief summary of the methodology used for this testing: 
 

• Conduct a typical wind tunnel test with contamination using the typical rest 
angle (-2 degrees for the wing); 

• Repeat the test with a steeper rest angle of +3 degrees, simulating a different 
section of the wing;  

o Note: The wing position was returned to -2 degrees just before the start of 
the wind tunnel ramp-up; and 

• Compare results and document. 
 
 
8.3 Objective 
 
To investigate the impact on fluid failure and aerodynamic performance with different 
wing rest angles during contamination. 
 
 
8.4 Data Collected 
 
One test run (#130) was conducted. In addition, data from a fluid and contamination 
test (#129) was used as a baseline comparison. A summary of the test data is 
included in Table 8.1. 
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Table 8.1: Summary of 2010-11 Wing Geometry Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition Precip. Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. 

at 
Start 
of 

Test  
(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual Cont. 
Rating at  
Rotation  
(LE, TE, 

Flap) 

CL at 8º 
Rotation 

% 
Lift 
Loss 

Comments 

130 9-Feb-11 AD-49 129 IP- / ZR- IP 25, ZR 25 25 -2.4 -3.3 2.3, 2.3, 2.8 1, 1.2, 1.6 1.357 4.57 
Wing Rest 

Position to +3 
Degree 

128 9-Feb-11 AD-49 N/A IP- / ZR- IP 25, ZR 25 25 -3.2 -3.8 2.5, 2.5, 2.7 1.1, 1.3, 1.5 1.363 4.15 N/A 
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8.5 Summary of Test Results 
 
Test #130 demonstrated slightly better visual ratings before the start of the test and 
at the time of rotation compared to the baseline Test #128. This result may be an 
indication that the increased angle promoted fluid flow-off and that the fluid was able 
to absorb more precipitation, resulting in less visually bridging contamination. This 
observation is supported by the Brix measurements taken after the precipitation 
period, which indicate lower Brix values for Test #130 compared to Test #128. The 
more contamination is absorbed, the lower the Brix values become.  
 
The aerodynamic data collected indicated slightly higher lift losses (less than 
0.5 percent) for Test #130 compared to Test #128. Although the differences may 
be minimal, it may be an indication that an improvement in fluid flow-off and 
absorption of contamination could result in slightly higher lift losses as the fluid 
dilutes.  
 
Photo 8.1 shows the condition of the wing during Test #130 prior to the start of the 
wind tunnel, and Photo 8.2 shows the condition of the wing just before rotation. 
Photo 8.3 shows the condition of the baseline wing Test #128 prior to the start of 
the wind tunnel, and Photo 8.4 shows the condition of the wing just before rotation. 
 
Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further substantiate these observations.  
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Photo 8.1: Test #130 – Before Start of Takeoff Run 

 
 

Photo 8.2: Test #130 – Before Rotation 
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Photo 8.3: Test #128 – Before Start of Takeoff Run 

 
 

Photo 8.4: Test #128 – Before Rotation 
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9. HEAVY SNOW 
 
 
9.1 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 and full-scale tests with the NRC open-circuit wind tunnel and the Falcon 20 
aircraft during the winters of 2004-05 to 2010-11. Aerodynamic testing was 
required due to the melting properties of ice pellets, as the embedded ice pellets 
required a significantly longer time in comparison to snow to dissolve in anti-icing 
fluid. Consequently, HOTs were not applicable for ice pellet conditions because 
contamination was present at the start of the HOT. The criterion for fluid failure (or 
the end of the HOT) is determined by contamination present on 30 percent of the 
test plate.  
 
As a direct result of the ice pellet research conducted, the use of fluid endurance 
times for determining the protection time provided by anti-icing fluids was 
questioned. The focus was turned towards “aerodynamic failure,” defined as a 
significant lift loss resulting from contaminated anti-icing fluid. Heavy snow 
conditions were selected for this study for two reasons. First, snow conditions 
account for the most significant portion of deicing operations globally. Second, there 
has been a recent industry interest in HOTs for heavy snow conditions. Preliminary 
aerodynamic testing was conducted during the winter of 2006-07, and results are 
described in an interim report documenting aircraft deicing research in heavy snow 
conditions, 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. This research was also 
continued during the winters of 2008-09 and 2009-10. The previous results obtained 
using three different types of fluid (Type III, Type IV EG, and Type IV PG) indicated 
that using half the moderate snow HOT for heavy snow conditions (rate of 
50 g/dm²/h) could be a viable approach for providing guidance in heavy snow 
conditions. In all cases, the visual and aerodynamic performance for the heavy snow 
test (50 g/dm²/h) with half the HOT was comparable to the moderate snow test 
(25 g/dm²/h) with the full HOT. Limited data collected with the Type III and Type IV 
EG fluids also indicated that the HOT could potentially be increased to three-quarters 
of the moderate snow HOT. It was recommended that the work continue in order to 
obtain more data to support the conclusions made.  
 
 
9.2 General Methodology 
 
The general methodology to be used during these tests is in accordance with the 
methodologies used for typical snow condition tests conducted in the wind tunnel.  
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• For a chosen fluid, conduct a test simulating moderate snow conditions (rate 
of 25 g/dm²/h) for an exposure time derived from the HOT table based on the 
tunnel temperature at the time of the test. 

• Record lift data, visual observations, and manually collected data. 

• Conduct two comparative tests simulating heavy snow conditions (rate of 
50 g/dm²/h or higher) for a relative fraction of the exposure time used during 
the moderate snow test.  

• Record lift data, visual observations, and manually collected data. 

• Compare the heavy snow results to the moderate snow results. 

• Identify when similar lift data and visual observations are achieved for both 
heavy snow and moderate snow conditions. 

 
 
9.3 Objective 
 
To investigate the aerodynamic flow-off characteristics of anti-icing fluid 
contaminated with simulated heavy snow versus moderate snow. 
 
 
9.4 Data Collected 
 
Three comparative test sets were conducted, for a total of ten tests (an additional 
test was conducted but was not valid and was dismissed). Fluid only conditions were 
not referenced, as the baseline level of acceptable contamination was determined 
instead by the moderate snow case simulating the HOT for each test set. A summary 
of the test data is included in Table 9.1. 
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Table 9.1: Summary of 2010-11 Heavy Snow Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition 

Precip. 
Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. 
at Start 
of Test  

(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual Cont. 
Rating  
Before  
Takeoff  

(LE, TE, Flap) 

Visual Cont. 
Rating at  
Rotation  

(LE, TE, Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

16 21-Jan-11 Max-Flight N/A S S 25 35 -11.5 -11.7 3.3, 2.7, 3.8 1.2, 1.6, 1.8 1.31 7.88 
115 Knots 

Simulate HOT 

17 22-Jan-11 Max-Flight 16 S++ S 50 17.5 -15 -14.9 2.7, 3.1, 3.3 1.2, 1.7, 1.9 1.313 6.35 115 Knots 
2x Rate, 1/2 HOT 

18 22-Jan-11 Max-Flight 16 S++ S 100 8.75 -14.7 -16 3, 2.8, 4 1.5, 1.9, 2.5 1.296 7.56 115 Knots 
4x Rate, 1/4 HOT 

19 22-Jan-11 Max-Flight 16 S++ S 50 17.5 -16.7 -16.7 3.2, 3.2, 3.8 1.5, 1.8, 2.5 1.273 9.20 100 Knots 
2x Rate, 1/2 HOT 

87 31-Jan-11 ABC-S+ N/A S S 25 60 -11.1 -11 3.8, 3.3, 4 1.9, 2.2, 3.2 1.252 11.95 
115 Knots 

Simulate HOT 

88 1-Feb-11 ABC-S+ 87 S++ S 50 30 -11.8 -14.3 3.8, 3.2, 4 1.9, 2.2, 2.9 1.23 13.50 
115 Knots 

2x Rate, 1/2 HOT 

89 1-Feb-11 ABC-S+ 87 S++ S 100 15 -13.4 -13.4 3.8, 3.4, 4 1.9, 2.6, 3.3 1.2 15.61 
115 Knots 

4x Rate, 1/4 HOT 

108 3-Feb-11 2031 - Cold  -  -  -  -  -  -  -  -  -  - Test Not Valid. 
Redone as 108A 

108A 3-Feb-11 2031 - Cold N/A S S 25 15 -11.5 -12.2 3.5, 1.8, 4 1.25, 1.5, 2.25 1.331 6.40 100 Knots 
Simulate HOT 

109 3-Feb-11 2031 - Cold 108A S++ S 50 7.5 -11 -13.1 3.25, 2.75, 3.75 1.1, 1.75, 2.35 1.33 6.47 100 Knots 
2x Rate, 1/2 HOT 

110 3-Feb-11 2031 - Cold 108A S++ S 100 7.5 -10.3 -13.4 3.5, 3, 4 1.1, 2.25, 2.5 1.307 8.09 
100 Knots 

4x Rate, 1/2 HOT 
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9.5 Summary of Test Results 
 

A total of three comparative test sets were completed. Two sets of comparative test 
runs were conducted with Type IV PG fluid, and one set was conducted with Type III 
PG fluid. The first two sets of tests (Tests #16, #17, and #18, and Tests #87, #88, 
and #89) were conducted at 115 knots due to the large lift losses observed. An 
additional Test #19 was conducted for the first test set to obtain a comparative 
100 knots data point. Due to the Type III fluid being predominantly designed for 
low-speed aircraft, Tests #108A, #109, and #110 were conducted at 100 knots. 
 

Photo summaries of each of these tests can be found in Appendix D of this report.  
 
 

9.5.1 MaxFlight Type IV PG Tests 
 

Test #16, the baseline test for this first set of tests, exposed the fluid to 35 minutes 
of moderate snow; this exposure time was based on the current HOTs for MaxFlight. 
The results demonstrated a generally acceptable level of visual contamination at the 
end of the precipitation period, as well as at the time of rotation. The aerodynamic 
performance indicated a lift loss of 7.88 percent compared to the dry wing, which 
confirmed visual observations.  
 

Test #17 was conducted in heavy snow conditions (twice the rate) for half the 
exposure time; this resulted in an equivalent amount of contamination being 
dispensed in both Tests #16 and #17. The results were similar and slightly better 
than Test #16 in that the test demonstrated an acceptable level of visual 
contamination at the end of the precipitation period, as well as at the time of rotation. 
The aerodynamic performance also showed a comparable lift loss of 6.35 percent.  
 

Test #18 was conducted in very heavy snow conditions (four times the rate) for 
one-quarter the exposure time; this again resulted in an equivalent amount of 
contamination being dispensed in both Tests #16 and #18. The visual contamination 
ratings were similar to Test #16 at the end of the precipitation period; however, they 
were slightly worse at the time of rotation. The aerodynamic performance also 
showed a comparable lift loss of 7.56 percent. 
 

Test #19 was conducted as a repeat of Test #17; however, it was conducted at 
100 knots instead of 115 knots. The visual contamination results were similar to 
Test #16 at the end of the precipitation period; however, the results were slightly 
worse at the time of rotation (likely due to the lower rotation speed). The 
aerodynamic performance also showed a higher lift loss of 9.20 percent. 
 

In general, the MaxFlight results demonstrated similar visual and aerodynamic results 
for equivalent amounts of contamination, regardless of exposure time. These results 
indicate that an inverse linear relationship between HOT and rate of precipitation can 
be possible for MaxFlight. The results also indicate that performance worsens as the 
rotation speed is decreased.  
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9.5.2 ABC-S+ Type IV PG Tests 
 

Test #87, the baseline 115 knots test for this second set of test runs, exposed the 
fluid to 60 minutes of moderate snow; this exposure time was based on the current 
HOTs for ABC-S+. The results demonstrated unacceptable levels of visual 
contamination at the end of the precipitation period, as well as at the time of rotation. 
The aerodynamic performance indicated a lift loss of 11.95 percent, which confirmed 
the poor visual observations.  
 

Test #88 was conducted in heavy snow conditions (twice the rate) for half the 
exposure time; this resulted in an equivalent amount of contamination being 
dispensed in both Tests #87 and #88. The visual contamination results were similar 
to Test #87 at the end of the precipitation period, as well as at the time of rotation. 
The aerodynamic performance, however, indicated a higher lift loss of 13.5 percent. 
 

Test #89 was conducted in very heavy snow conditions (four times the rate) for 
one-quarter the exposure time. This resulted in an equivalent amount of 
contamination being dispensed in both Tests #87 and #89. Again, the visual 
contamination ratings were similar to Test #87 at the end of the precipitation period 
and at the time of rotation. The aerodynamic performance, however, indicated a 
higher lift loss of 15.61 percent.  
 

In general, the ABC-S+ results demonstrated similar visuals results for equivalent 
amounts of contamination, regardless of exposure time; however, the aerodynamic 
performance indicated an increase in lift loss as the exposure time was decreased.  
 
 

9.5.3 2031 Type III PG Tests 
 

Test #108 was dismissed due to technical complications and was repeated as 
#108A.  
 

Test #108A, the baseline test for this third set of tests, exposed the fluid to 
15 minutes of moderate snow; this exposure time was based on the current HOTs 
for 2031 Type III fluid. The results demonstrated marginally unacceptable levels of 
visual contamination at the end of the precipitation period; however, they were 
acceptable at the time of rotation. The aerodynamic performance indicated a lift loss 
of 6.4 percent, which confirmed the visual observations at the time of rotation.  
 

Test #109 was conducted in heavy snow conditions (twice the rate) for half the 
exposure time; this resulted in an equivalent amount of contamination being 
dispensed in both Tests #108A and #109. The visual contamination results were 
similar to Test #108A at the end of the precipitation period, as well as at the time 
of rotation. The aerodynamic performance also showed a comparable lift loss of 
6.47 percent, confirming the visual observations. 
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Test #110 was conducted in very heavy snow conditions (four times the rate) for 
half the exposure time; this resulted in twice the amount of contamination being 
dispensed compared to Test #108A. The intent was to explore how much worse the 
end condition would get if significantly greater amounts of contamination were 
applied. In this case, the visual contamination ratings were slightly worse at the end 
of the precipitation period and at the time of rotation. The aerodynamic performance 
also indicated a higher lift loss of 8.09 percent.  
 
In general, the 2031 results demonstrated similar visual and aerodynamic results for 
equivalent amounts of contamination, regardless of exposure time. Even twice the 
amount of contamination in half the time generated only marginally worse conditions.  
 
 
9.5.4 General Observations 
 
When analysing current HOT values for any given condition, a fluid will be able to 
absorb higher amounts of contamination when exposed to higher precipitation rates. 
This is likely a factor of fluid drainage and thinning. Using the same logic, it would 
be expected that in heavy snow conditions with double the rate of precipitation of a 
moderate snow condition, the fluid HOT should be half or more of the moderate snow 
HOT.  
 
In general, the heavy snow testing results demonstrated similar visual and 
aerodynamic results (compared to the moderate snow tests) for equivalent amounts 
of contamination, regardless of exposure time. These results indicate a potential to 
develop guidance material for heavy snow conditions; however, a more extensive 
analysis of this and the previous year’s data, along with flat plate testing, is required.  
 
Note: These results are preliminary and based on limited data; therefore, additional 
testing and more extensive analysis of previous work conducted would be required 
to further substantiate these observations.  
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10. COMPARISON OF MULTIPLE FLUID FLOW-OFF 
PROPERTIES 

 
 
10.1 Background 
 
Each fluid has specific flow-off properties, with the most obvious differences existing 
between EG and PG fluids; however, even amongst PG fluids, differences can be 
observed. It was recommended that tests be conducted with side-by-side fluids to 
obtain visual insight into the differences of the fluids tested. Aerodynamic data was 
collected but was of little value to these tests due to the multiple fluids tested per 
run.  
 
 
10.2 Objective 
 
The objective of this test was to obtain visual data regarding flow-off properties of 
the different fluids tested.  
 
 
10.3 General Methodology 
 
The following is a brief summary of the methodology used for this testing: 
 

• Pour four separate strips of fluid using 4 L of fluid per strip; 

• Run wind tunnel and collect visual data (lift coefficient data will be collected 
but is of no value); and 

• Visually compare results of different fluids tested. 
 
 
10.4 Data Collected 
 
Two test runs were conducted, each with four different fluids applied to the wing 
section. A summary of the test data is included in Table 10.1. In addition, 
Figures 10.1 and 10.2 demonstrate the order in which the fluids were applied to the 
wing section.  
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Table 10.1: Summary of 2010-11 Multiple Fluids Testing 

Test 
No. Date Fluid 

Associated  
Baseline 

Run 
Condition 

Precip. 
Rate 

(g/dm²/h) 

Precip. 
Time  
(min.) 

Tunnel 
Temp. at 
Start of 

Test  
(ºC) 

AVG 
Wing 
Temp. 
Before 
Test  
(ºC) 

Visual Cont. 
Rating  
Before  
Takeoff  
(LE, TE, 

Flap) 

Visual Cont. 
Rating at  
Rotation  
(LE, TE, 

Flap) 

CL at 8º 
Rotation 

% Lift 
Loss Comments 

90 1-Feb-11 

EG106 
ABC-S+ 09 
ABC-S+ 10 
Max-Flight 

N/A N/A N/A N/A -11.9 -12.3 N/A N/A 1.33 6.47 N/A 

91 1-Feb-11 

Octaflo 
Launch 
2031 
AD-49 

N/A N/A N/A N/A -14.8 -11.6 N/A N/A 1.346 5.34 N/A 
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  Trailing Edge    
          

Flap 
  

            
             
             
  Type IV PG Type IV PG Type IV PG Type IV EG    
  MaxFlight ABC-S+ ABC-S+ EG106    
    2010-11 2009-10      
             
             
  Leading  Edge    
              

Figure 10.1: Run #90 – Map of Fluid Application Order 
 
 

              
  Trailing Edge    
          

Flap 
  

            
             
             
  Type I PG Type IV PG Type III PG Type IV PG    
  Octaflo Launch 2031 AD-49    
             
             
             
  Leading  Edge    
              

Figure 10.2: Run #91 – Map of Fluid Application Order 
 
 
10.5 Summary of Test Results 
 
Test #90 demonstrated that there were no significant differences in the appearance 
and flow-off of the three PG fluids tested (MaxFlight, ABC-S+ 2010-11 batch, and 
ABC-S+ 2009-10 batch). However, differences were observed with the EG fluid, 
particularly on how waves form in the fluid. After most of the fluid had been sheared 
off, the remaining PG fluid generated waves perpendicular to the chord length, 
whereas the EG fluid generated waves parallel to the chord line. This phenomenon is 
likely due to the different chemical compositions of the fluids and how they react to 
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shear forces. Photo 10.1 shows the condition of the wing during Test #90 prior to 
the start of the wind tunnel, and Photo 10.2 shows the condition of the wing just 
before rotation.  
 
Test #91 demonstrated similarities in the appearance and flow-off of the two PG 
fluids tested (Launch and AD-49), which also were comparable to the behaviour of 
the PG fluids tested in Run #90. However, the Type I fluid behaved differently and 
was completely clean much earlier compared to the thickened fluids; this is to be 
expected due to the low viscosity of the fluid. Also, the Type III fluid sheared off at 
a faster rate compared to the two Type IV fluids, again likely a function of the fluid 
viscosity. Photo 10.3 shows the condition of the baseline wing Test #91 prior to the 
start of the wind tunnel, and Photo 10.4 shows the condition of the wing just before 
rotation. 
 
It should be noted that although similar amounts of residual fluids were present in all 
thickened fluid cases, the fluid dye provided a different visual indication as to how 
much fluid was present. For example, EG106 and AD-49 both contain a very bright 
dye. If comparing these fluids to ABC-S+ or Launch which had more sedate dyes, 
one might misinterpret the bright fluid remaining on the wing as an indication of poor 
fluid flow-off, whereas all fluids generate similar residual thicknesses on the wing.  
 
Note: These results are preliminary and based on limited data; therefore, additional 
testing would be required to further substantiate these observations.  
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Photo 10.1: Test #90 – Before Start of Takeoff Run 

 
 

Photo 10.2: Test #90– Before Rotation 

 

EG106 

ABC-S+ 09-10 
 

ABC-S+ 10-11 

Maxflight 
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Photo 10.3: Test #91 – Before Start of Takeoff Run 

 
 

Photo 10.4: Test #91 – Before Rotation 

 

AD-49 

2031 
 

Launch 

Octaflo 
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APPENDIX A 
 

TRANSPORTATION DEVELOPMENT  
CENTRE WORK STATEMENT EXCERPT – 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2010-11
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TRANSPORTATION DEVLOPMENT  
CENTRE WORK STATEMENT EXCERPT – 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2010-11 
 
 
6.3 AIRCRAFT PERFORMANCE RESEARCH 
 
 
6.3.4  Additional Wind Tunnel Research 
 
It is anticipated that wind tunnel testing during the winter of 2010-11 will be 
conducted in accordance with the objectives described in 1.3.1. This item (1.3.2) 
has been included in the event that additional testing is required and is budgeted to 
account for one additional week of testing. 
 

a) Develop a procedure and test plan with the NRC staff who operates the 
PWT; 

b) Perform wind tunnel tests to determine aerodynamic failure; 

c) Conduct testing to investigate surface roughness of a wing surface as it 
pertains to lift loss; 

d) Investigate aerodynamic effects of mixed light freezing rain and snow 
conditions, simulated snow pellet conditions, low speed ramp fluid flow off, 
bare wing and snow contamination take-off (both cold and warm 
temperatures), ice phobic products, fluid contaminated with runway deicer 
fluid, rehydrated residues (Flybe issue), and reduced Type I endurance times 
on composite surfaces; 

e) Conduct testing to investigate fluid flow off properties of heavily 
contaminated fluid during simulated heavy snow conditions; and 

f) 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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=

1
.7

2
1
3
) 

1 2010-
11 Dry Wing None None 8 20 

18-
Jan-
11 

N/A N/A -8.6 -6.9 N/A - - -, -, - -, -, - -, -, - - 1.274 1.442 - -1.41 

2 2010-
11 Dry Wing None None 8 20 

18-
Jan-
11 

N/A N/A -8.6 -5.9 N/A - - -, -, - -, -, - -, -, - - 1.252 1.43 - -0.56 

3 2010-
11 Dry Wing None None 16 20 

18-
Jan-
11 

N/A N/A -8.6 -4.6 N/A - - -, -, - -, -, - -, -, - - 1.262 1.438 - -1.13 

4 2010-
11 

Type III 
HS 

(COLD) 
IP- 2031 

- Cold 8 20 
18-
Jan-
11 

16:23 16:31 -7.7 -4.9 -5.1 IP:25  10 
2.3 , 
2.3 , 
3.5 

1 , 1 
, 1.5 

1 , 1 
, 1 - N/A N/A - - 

5 2010-
11 

Baseline 
(BLDT) None AD-

49 8 20 
19-
Jan-
11 

N/A 8:53 -12.3 -10.3 -8.5 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - N/A N/A - - 

5A 2010-
11 

Baseline 
(BLDT) None AD-

49 8 20 
19-
Jan-
11 

N/A 9:39 -12.4 -10.4 -8.2 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.167 1.367 - 3.87 

6 2010-
11 

Type IV 
Fluid Val. IP- AD-

49 8 20 
19-
Jan-
11 

10:40 10:47 -12.6 -10.9 -8.4 IP:25  30 
2.4 , 
2.5 , 
3.3 

1.1 , 
2 , 
2.3 

1 , 
1.2 , 
1.25 

- 1.163 1.321 - 7.10 

7 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

AD-
49 8 20 

19-
Jan-
11 

11:30 11:37 -12.2 -10.4 -11.3 IP:75  10 
2.7 , 
2.7 , 
3.4 

1.3 , 
2.2 , 
2.4 

1 , 
1.3 , 
1.4 

- 1.171 1.321 - 7.10 

8 2010-
11 

115 
Knots 
Val. 

IP- AD-
49 8 20 

19-
Jan-
11 

12:52 12:59 -11.4 -8.5 -10.5 IP:25  30 
2.5 , 
2.3 , 
3.25 

1 , 
1.7 , 
1.9 

1 , 
1.25 , 
1.6 

- 1.221 1.381 - 2.88 

9 2010-
11 

Baseline 
(BLDT) None AD-

49 8 20 
19-
Jan-
11 

N/A 14:00 -10 -6.7 -6.1 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.226 1.387 - 2.46 

10 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

Max-
Flight 8 20 

19-
Jan-
11 

15:14 15:22 -9.7 -6.8 -10.3 IP:75 25 
3.5 , 
3.5 , 
3.9 

1 , 
1.6 , 
1.7 

1 , 1 
, 1 - 1.222 1.393 - 2.04 

11 2010-
11 

Effect of 
Ramp-up 

Time 
None Max-

Flight 8 20 
20-
Jan-
11 

N/A 8:44 -16.5 -13.6 -12.2 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.203 1.37 - 3.66 

12 2010-
11 

Baseline 
(BLDT) None Max-

Flight 8 20 
20-
Jan-
11 

N/A 9:19 -16 -14.2 -12.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.181 1.336 - 6.05 
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=

1
.7

2
1
3
) 

13 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

Max-
Flight 8 20 

20-
Jan-
11 

10:04 10:09 -15 -12.4 -13.9 IP:75 10 
2.3 , 
2.5 , 
3.3 

1 , 
1.3 , 
1.7 

1 , 1 
, 1.5 - 1.221 1.369 - 3.73 

14 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

Max-
Flight 8 20 

20-
Jan-
11 

10:46 10:51 -14.2 -12.3 -13.8 IP:75  10 
2.3 , 
2.5 , 
3.3 

1.4 , 
2.5 , 

3 

1 , 1 
, 1.2 - 1.139 1.308 - 8.02 

15 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

Max-
Flight 8 20 

20-
Jan-
11 

11:32 11:38 -13.3 -10.8 -13.3 IP:75 10 
2.3 , 
2.3 , 
3.2 

1 , 
1.3 , 
1.4 

1 , 1 
, 1.1 - 1.188 1.355 - 4.71 

15A 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

Max-
Flight 8 20 

20-
Jan-
11 

12:18 12:23 -12.8 -10.4 -12.5 IP:75  10 
2.3 , 
2.3 , 
2.9 

1 , 1 
, 1.3 

1 , 1 
, 1 - 1.216 1.378 - 3.09 

15B 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

Max-
Flight 8 20 

20-
Jan-
11 

13:06 13:10 -12.7 -10.8 -12.1 IP:75  10 
2.4 , 
2.3 , 
2.9 

1 , 
1.4 , 
1.5 

1 , 1 
, 1.1 - 1.167 1.347 - 5.27 

16 2010-
11 

Heavy 
Snow 
(HHS) 

S Max-
Flight 8 20 

21-
Jan-
11 

23:17 23:21 -14.5 -11.5 -11.7 SN:2
5  35 

3.3 , 
2.7 , 
3.8 

1.2 , 
1.6 , 
1.8 

1.1 , 
1.2 , 
1.3 

- 1.15 1.31 - 7.88 

NRC 
1 

2010-
11 - - - - - 

22-
Jan-
11 

- - - - - - - -, -, - -, -, - -, -, - - - - - - 

NRC 
2 

2010-
11 - - ABC-

S+ - - 
22-
Jan-
11 

- - - - - - - -, -, - -, -, - -, -, - - - - - - 

17 2010-
11 

Heavy 
Snow 
(HHS) 

S++ Max-
Flight 8 20 

22-
Jan-
11 

4:42 4:47 -17.7 -15 -14.9 
 

SN:5
0 

17.5 
2.7 , 
3.1 , 
3.3 

1.2 , 
1.7 , 
1.9 

1.1 , 
1.3 , 
1.6 

- 1.156 1.313 - 6.35 

18 2010-
11 

Heavy 
Snow 
(HHS) 

S++ Max-
Flight 8 20 

22-
Jan-
11 

5:22 5:30 -18.4 -14.7 -16 SN:1
00  8.75 

3 , 
2.8 , 

4 

1.5 , 
1.9 , 
2.5 

1.2 , 
1.6 , 
1.9 

- 1.145 1.296 - 7.56 

19 2010-
11 

Heavy 
Snow S++ Max-

Flight 8 20 
22-
Jan-
11 

6:17 6:23 -19.7 -16.7 -16.7 
 

SN:5
0  

17.5 
3.2 , 
3.2 , 
3.8 

1.5 , 
1.8 , 
2.5 

1.2 , 
1.6 , 

2 
- 1.121 1.273 - 9.20 

20 2010-
11 

115 
Knots 
Val. 

IP- ABC-
S+ 8 20 

23-
Jan-
11 

1:24 1:28 -20 -17.5 -15.9 IP:25  30 
2.5 , 
2.75 , 
3.5 

1.15 , 
1.5 , 

2 

1 , 1 
, 1.25 - 1.134 1.286 - 8.27 

21 2010-
11 

Baseline 
(BLDT) None ABC-

S+ 8 20 
23-
Jan-
11 

N/A 2:07 -20.4 -18.2 -16.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.154 1.31 - 6.56 
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22 2010-
11 

IP Data 
Gap IP- ABC-

S+ 8 20 
23-
Jan-
11 

3:07 3:14 -21.3 -19.3 -17.7 IP:25 30 
2.75 , 
2.75 , 
3.5 

1.4 , 
2 , 

2.75 

1 , 
1.15 , 
1.5 

- 1.101 1.251 - 10.7
7 

23 2010-
11 

115 
Knots 
Val. 

IP- Launc
h 8 20 

23-
Jan-
11 

5:28 5:32 -23.6 -21.5 -20 IP:25  30 
3 , 

2.75 , 
4 

1.4 , 
2 , 

2.75 

1 , 
1.1 , 
1.35 

- 1.148 1.301 - 7.20 

24 2010-
11 

IP Data 
Gap IP- Launc

h 8 20 
23-
Jan-
11 

6:34 6:38 -24.7 -22.5 -21.2 IP:25 30 
3 , 

2.75 , 
4 

1.2 , 
2 , 
2.5 

1.05 , 
1.15 , 
1.5 

- 1.137 1.299 - 7.35 

25 2010-
11 

IP Data 
Gap 

IP 
Mod 

ABC-
S+ 8 20 

23-
Jan-
11 

22:34 22:37 -25.1 -22.3 -21.2 IP:75  10 
2.75 , 
2.75 , 

4 

1.6 , 
2 , 

2.75 

1.1 , 
1.2 , 
2.35 

- 1.085 1.251 - 10.7
7 

26 2010-
11 

IP Data 
Gap 

IP 
Mod 

EG 
106 8 20 

23-
Jan-
11 

23:19 23:24 -25.4 -21 -21 IP:75  10 
2.35 , 
2.35 , 

3 

1 , 
1.2 , 
1.5 

1 , 1 
, 1.1 - 1.197 1.359 - 3.07 

27 2010-
11 

IP Data 
Gap IP- EG 

106 8 20 
23-
Jan-
11 

0:22 0:24 -26.4 -22.6 -21.3 IP:25 30 
2.35 , 
2.35 , 

3 

1 , 
1.2 , 
1.5 

1 , 1 
, 1.1 - 1.208 1.357 - 3.21 

28 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

Launc
h 8 20 

24-
Jan-
11 

0:59 1:01 -27.3 -24.5 -22.5 IP:75  10 3 , 3 
, 4 

1.25 , 
1.75 , 
2.25 

1 , 
1.1 , 
1.35 

- 1.151 1.296 - 7.56 

29 2010-
11 

Baseline 
(BLDT) None Launc

h 8 20 
24-
Jan-
11 

N/A 1:26 -27.4 -23.9 -21.1 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.157 1.31 - 6.56 

30 2010-
11 

Baseline 
(BLDT) None ABC-

S+ 8 20 
24-
Jan-
11 

N/A 1:54 -27.1 -23.5 -22.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.125 1.288 - 8.13 

31 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

ABC-
S+ 8 20 

24-
Jan-
11 

2:30 2:33 -27.2 -22.8 -21.8 IP:75 10 
3 , 

2.75 , 
3.75 

1.35 , 
2 , 

2.75 

1 , 
1.15 , 
1.45 

- 1.101 1.256 - 10.4
1 

32 2010-
11 

Baseline 
(BLDT) None AD-

49 8 20 
24-
Jan-
11 

N/A 3:44 -27.1 -22.5 -22.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.208 1.347 - 3.92 

33 2010-
11 

Baseline 
(BLDT) None Max-

Flight 8 20 
24-
Jan-
11 

N/A 4:23 -27.4 -24.1 -22.6 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.138 1.286 - 8.27 

34 2010-
11 

Baseline 
(BLDT) None EG 

106 8 20 
24-
Jan-
11 

N/A 4:57 -27.4 -23.3 -22.7 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.185 1.342 - 4.28 
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35 2010-
11 

Type IV 
Fluid Val. IP- AD-

49 8 20 
24-
Jan-
11 

5:55 5:59 -27.6 -23.2 -21.5 IP:25 30 3 , 3 
, 4 

1.35 , 
2 , 
2.5 

1.1 , 
1.25 , 
1.6 

- 1.154 1.313 - 6.35 

36 2010-
11 

Baseline 
(BLDT) None 2031 8 20 

24-
Jan-
11 

N/A 6:31 -27.7 -24.5 -22 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.184 1.323 - 5.63 

37 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

Max-
Flight 8 20 

24-
Jan-
11 

7:09 7:12 -28.5 -24.5 -23.2 IP:75 10 3 , 3 
, 4 

1.35 , 
1.75 , 
2.25 

1 , 
1.1 , 
1.35 

- 1.124 1.266 - 9.70 

38 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

ABC-
S+ 8 20 

24-
Jan-
11 

7:48 7:54 -28.3 -24.2 -23.2 IP:75 10 3 , 3 
, 4 

1.2 , 
1.5 , 

2 

1 , 
1.15 , 
1.5 

- 1.1 1.259 - 10.2
0 

39 2010-
11 

Baseline 
(BLDT) None Max-

Flight 8 20 
24-
Jan-
11 

N/A 22:41 -21.1 -16 -17.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.142 1.301 - 7.20 

40 2010-
11 

Type IV 
Fluid Val. IP- Max-

Flight 8 20 
24-
Jan-
11 

23:39 23:42 -21 -15.2 -15 IP:25  30 3 , 3 
, 3.5 

1.2 , 
2 , 
2.5 

1 , 
1.1 , 
1.35 

- 1.01 1.264 - 9.84 

41 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

AD-
49 8 20 

25-
Jan-
11 

0:19 0:57 -20.6 -16.5 -16.1 IP:75 10 3.1 , 
3 , 4 

1.1 , 
1.5 , 

2 

1 , 
1.1 , 
1.25 

- N/A N/A - - 

41A 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

AD-
49 8 20 

25-
Jan-
11 

0:54 0:57 -20.6 -15.4 -16.2 IP:75  10 
3 , 

3.1 , 
4 

1.1 , 
2 , 

2.75 

1 , 
1.2 , 
1.35 

- 1.159 1.323 - 5.63 

42 2010-
11 

Baseline 
(BLDT) None AD-

49 8 20 
25-
Jan-
11 

N/A 1:25 -20.5 -15.7 -16.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.186 1.352 - 3.57 

43 2010-
11 

Baseline 
(BLDT) None EG 

106 8 20 
25-
Jan-
11 

N/A 2:07 -20.2 -15 -16 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.204 1.359 - 3.07 

44 2010-
11 

IP 
Expansio

n 

IP- / 
SN 

EG 
106 8 20 

25-
Jan-
11 

2:50 3:00 -19.8 -13.2 -15.4 

IP:25 
, 

SN:2
5  

10 
2.25 , 

2 , 
3.5 

1.15 , 
1.35 , 
1.1 

1 , 
1.1 , 

1 
- 1.214 1.362 - 2.85 

45 2010-
11 

IP 
Expansio

n 

IP- / 
SN- 

EG 
106 8 20 

25-
Jan-
11 

3:47 3:54 -19.4 -12.9 -15.7 

IP:25 
, 

SN:1
0  

15 2.25 , 
2 , 3 

1 , 
1.1 , 
1.25 

1 , 1 
, 1 - 1.228 1.369 - 2.35 

46 2010-
11 

IP 
Expansio

n 

IP- / 
SN- 

Launc
h 8 20 

25-
Jan-
11 

4:26 4:32 -19.1 -13.5 -13.8 

IP:25 
, 

SN:1
0  

5 
1.75 , 
1.75 , 

3 

1.25 , 
1.6 , 
2.25 

1 , 1 
, 1.15 - 1.144 1.303 - 7.06 
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47 2010-
11 

IP 
Expansio
n / CL 
Max 

IP- / 
SN 

Launc
h 16 20 

25-
Jan-
11 

5:02 5:10 -19 -13.3 -14.9 

IP:25 
, 

SN:2
5  

5 
2.25 , 

2 , 
3.5 

1.3 , 
1.75 , 
2.25 

1 , 
1.1 , 
1.15 

- 1.139 1.287 - 8.20 

48 2010-
11 

Baseline 
(BLDT) / 
CL MAX 

None Launc
h 14 20 

25-
Jan-
11 

N/A 5:52 -18.7 -13.1 -14.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.206 1.345 - 4.07 

49 2010-
11 

Baseline 
(BLDT) None 2031 8 20 

25-
Jan-
11 

N/A 6:20 -18.7 -14.1 -16 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.186 1.352 - 3.57 

50 2010-
11 

Baseline 
(BLDT) None 2031 8 20 

25-
Jan-
11 

N/A 6:41 -18.5 -13.3 18.9 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.199 1.363 - 2.78 

51 2010-
11 

Type IV 
Fluid Val. IP- EG 

106 8 20 
25-
Jan-
11 

23:28 23:31 -16.2 -11.1 -12.9 IP:25 30 
2.2 , 
2 , 
2.8 

1 , 
1.2 , 
1.3 

1 , 1 
, 1.1 - 1.219 1.379 - 1.64 

52 2010-
11 

Baseline 
(BLDT) None EG 

106 8 20 
25-
Jan-
11 

N/A 0:01 -15.8 -13.4 -12.6 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.216 1.363 - 2.78 

53 2010-
11 

Type IV 
Fluid Val. IP- ABC-

S+ 8 20 
26-
Jan-
11 

1:01 1:04 -15.6 -12.4 -12.8 IP:25 30 
2.5 , 
2.5 , 
3.2 

1.1 , 
2 , 
2.5 

1 , 
1.1 , 
1.2 

- 1.137 1.277 - 8.92 

54 2010-
11 

Baseline 
(BLDT) None ABC-

S+ 8 20 
26-
Jan-
11 

N/A 1:33 -15.4 -12.1 -13.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.153 1.321 - 5.78 

55 2010-
11 

Baseline 
(BLDT) None AD-

49 8 20 
26-
Jan-
11 

N/A 2:04 -15 -11.4 -10.8 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.207 1.366 - 2.57 

56 2010-
11 

Type IV 
Fluid Val. 

IP- / 
SN- 

AD-
49 8 20 

26-
Jan-
11 

2:46 2:51 -14.6 -9.6 N/A 

IP:25 
, 

SN:1
0 

15 
3 , 

2.8 , 
4 

1.5 , 
2 , 
2.5 

1.1 , 
1.7 , 
1.9 

- 1.149 1.307 - 6.78 

57 2010-
11 

Baseline 
(BLDT) None Max-

Flight 8 20 
26-
Jan-
11 

N/A 3:25 -14.5 -9.9 -11 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.152 1.306 - 6.85 

58 2010-
11 

Type IV 
Fluid Val. 

IP- / 
SN- 

Max-
Flight 8 20 

26-
Jan-
11 

4:10 4:14 -13.7 -11.2 -10.9 

IP:25 
, 

SN:1
0 

15 
2.3 , 
2.3 , 
3.2 

1.3 , 
1.7 , 
2.2 

1 , 1 
, 1.2 - 1.148 1.295 - 7.63 

59 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

Max-
Flight 8 20 

26-
Jan-
11 

5:00 5:05 -13.7 -10.9 -12.5 IP:75 10 
2.5 , 
2.5 , 
2.9 

1.6 , 
1.7 , 
2.25 

1 , 1 
, 1 - 1.15 1.302 - 7.13 
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59A 2010-
11 

115 
Knots 
Val. 

IP 
Mod 

Max-
Flight 8 20 

26-
Jan-
11 

5:47 5:52 -13.9 -9.4 -12.4 IP:75 10 
2.5 , 
2.5 , 

3 

1.2 , 
1.3 , 
1.6 

1 , 1 
, 1.1 - 1.181 1.345 - 4.07 

60 2010-
11 

Baseline 
(BLDT) None Launc

h 8 20 
26-
Jan-
11 

N/A 22:46 -7.4 -4.2 -4.2 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.168 1.336 - 4.71 

61 2010-
11 

Baseline 
(BLDT) None Launc

h 8 20 
26-
Jan-
11 

N/A 23:24 -7.3 -3.5 -4.6 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.181 1.339 - 4.49 

62 2010-
11 

Baseline 
(BLDT) None Launc

h 8 20 
27-
Jan-
11 

N/A 1:03 -7.4 -4.9 -4.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.191 1.35 - 5.06 

63 2010-
11 

Baseline 
(BLDT) None Launc

h 8 20 
27-
Jan-
11 

N/A 1:32 -7.3 -4.5 -4.2 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.193 1.346 - 5.34 

64 2010-
11 

Roughne
ss ZR/IP Dry 20 20 

27-
Jan-
11 

2:34 2:49 -7 -5.1 0.3 
IP:10 

, 
ZR:25  

10 5 , 5 
, 5 

5 , 5 
, 5 

4.8 , 
4.8 , 
4.8 

- 1.302 1.348 - 5.20 

64A 2010-
11 

Roughne
ss ZR/IP Dry 20 20 

27-
Jan-
11 

3:36 3:49 
3:58 -6.6 -5.6 -0.9 

IP:10 
,ZR:2

5  
10 5 , 5 

, 5 
5 , 5 
, 5 

5 , 5 
, 5 - 1.155 1.298 - 8.72 

65 2010-
11 

Dry CL 
MAX None Dry 23 20 

27-
Jan-
11 

N/A 4:39 -6.1 -3.1 -2.8 - - -, -, - -, -, - -, -, - - 1.27 1.418 - 0.28 

66 2010-
11 

Baseline 
(BLDT) None Launc

h 23 23 
27-
Jan-
11 

N/A 5:10 -6.7 -4.3 -4.7 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.19 1.336 - 6.05 

67 2010-
11 

Baseline 
(BLDT) None Launc

h 20 20 
27-
Jan-
11 

N/A 5:48 -6.9 -3.7 -5.1 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.182 1.346 - 5.34 

68 2010-
11 

Baseline 
(BLDT) None AD-

49 17 20 
27-
Jan-
11 

N/A 23:12 -5.7 -1.8 -1 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.219 1.37 - 3.66 

69 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

AD-
49 18 20 

27-
Jan-
11 

0:20 0:25 -5.6 -3.6 -8.2 IP:75 25 
3.3 , 
2.8 , 
3.7 

1.2 , 
1.6 , 
1.6 

1 , 
1.4 , 
1.2 

- 1.195 1.362 - 4.22 

70 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

AD-
49 18 20 

28-
Jan-
11 

1:13 1:17 -5.8 -4.2 -7.8 IP:75  15 
2.3 , 
2.5 , 

3 

1.2 , 
1.6 , 
1.6 

1 , 
1.1 , 

1 
- 1.208 1.366 - 3.94 
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71 2010-
11 

Baseline 
(BLDT) None Max-

Flight 18 20 
28-
Jan-
11 

N/A 1:57 -6 -3.7 -2.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.172 1.332 - 6.33 

72 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

Max-
Flight 18 20 

28-
Jan-
11 

2:46 2:50 -6.9 -3.2 -6.5 IP:75 15 
2.4 , 
2.4 , 
2.8 

1 , 
1.5 , 
1.6 

1 , 1 
, 1 - 1.178 1.33 - 6.47 

73 2010-
11 

Type IV 
Fluid Val. 

IP- / 
SN 

Max-
Flight 18 20 

28-
Jan-
11 

3:38 3:44 -7.7 -4.2 N/A 

IP:25 
, 

SN:2
5 

10 
2.7 , 
2.3 , 
3.1 

1 , 
1.6 , 
1.7 

1 , 1 
, 1 - 1.177 1.33 - 6.47 

74 2010-
11 

Type IV 
Fluid Val. 

IP- / 
SN- 

Max-
Flight 18 20 

28-
Jan-
11 

4:55 5:04 -8.4 -4.8 -6.8 

IP:25 
, 

SN:1
0  

25 
2.5 , 
2.3 , 

3 

1 , 
1.5 , 
1.6 

1 , 1 
, 1 - 1.181 1.326 - 6.75 

75 2010-
11 

Baseline 
(BLDT) None Max-

Flight 8 20 
28-
Jan-
11 

N/A 5:42 -8.9 -5.8 -4.2 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.163 1.316 - 7.45 

76 2010-
11 

Baseline 
(BLDT) None Max-

Flight 18 20 
28-
Jan-
11 

N/A 6:12 -8.8 -5.5 -3.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.171 1.328 - 6.61 

77 2010-
11 

Baseline 
(BLDT) None EG 

106 16.5 20 
30-
Jan-
11 

N/A 22:48 -15.1 -11.8 -9.6 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.228 1.385 - 2.60 

78 2010-
11 

IP 
Expansio

n 

IP- / 
SN- 

EG 
106 8 20 

30-
Jan-
11 

23:35 23:45 -16.3 -13.8 -14.2 

IP:25 
, 

SN:1
0  

25 
2.7 , 
2.2 , 

4 

1 , 
1.6 , 
1.8 

1 , 1 
, 1.2 - 1.247 1.384 - 2.67 

79 2010-
11 

IP 
Expansio

n 

IP- / 
SN 

EG 
106 8 20 

31-
Jan-
11 

0:32 0:40 -17.3 -15.1 -12.9 

IP:25 
, 

SN:2
5  

15 
2.8 , 
2.6 , 

4 

1.1 , 
1.4 , 
1.8 

1 , 1 
, 1.2 - 1.223 1.379 - 3.02 

80 2010-
11 

Baseline 
(BLDT) None ABC-

S+ 14.5 20 
31-
Jan-
11 

N/A 1:18 -18 -15.1 -12.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.167 1.323 - 6.96 

81 2010-
11 

Baseline 
(BLDT) None ABC-

S+ 8 20 
31-
Jan-
11 

N/A 1:48 -18 -14.7 -12.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.171 1.321 - 7.10 

82 2010-
11 

IP 
Expansio

n 

IP- / 
SN- 

ABC-
S+ 8 20 

31-
Jan-
11 

2:35 2:46 -18.7 -16 -13.8 

IP:25 
, 

SN:1
0 

15 
2.8 , 
2.5 , 
3.7 

1.3 , 
1.8 , 
2.7 

1 , 
1.1 , 
1.5 

- 1.128 1.303 - 8.37 

83 2010-
11 

IP 
Expansio

n 

IP- / 
SN 

ABC-
S+ 8 20 

31-
Jan-
11 

3:32 3:35 -19.6 -15.2 -13.3 

IP:25 
, 

SN:2
5  

10 
3 , 

2.5 , 
4 

1.4 , 
1.8 , 
2.6 

1.1 , 
1.2 , 
1.9 

- 1.12 1.283 - 9.77 
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84 2010-
11 

IP 
Expansio

n 

IP- / 
SN- 

Launc
h 8 20 

31-
Jan-
11 

4:20 4:26 -20.3 -17.4 -15.1 

IP:25 
, 

SN:1
0  

10 
3 , 

2.8 , 
3.9 

1.2 , 
1.8 , 
2.5 

1 , 
1.2 , 
1.7 

- 1.141 1.303 - 8.37 

85 2010-
11 

IP 
Expansio

n 

IP- / 
SN 

Launc
h 8 20 

31-
Jan-
11 

5:07 5:15 -20.7 -17.4 -15.3 

IP:25 
, 

SN:2
5  

5 
2.6 , 
2.5 , 
3.5 

1.1 , 
1.7 , 
2.3 

1 , 
1.1 , 
1.6 

- 1.145 1.307 - 8.09 

86 2010-
11 

Baseline 
(BLDT) None 2031 8 20 

31-
Jan-
11 

N/A 5:39 -20.7 -18 -14.7 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.169 1.335 - 6.12 

86A 2010-
11 

Baseline 
(BLDT) None 2031 8 20 

31-
Jan-
11 

N/A 6:03 -21.1 -17.9 -14.8 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.169 1.333 - 6.26 

87 2010-
11 

Heavy 
Snow 
(HHS) 

S ABC-
S+ 8 20 

31-
Jan-
11 

0:00 0:03 -16.9 -11.1 -11 
 

SN:2
5 

60 
3.8 , 
3.3 , 

4 

1.9 , 
2.2 , 
3.2 

1.3 , 
2.2 , 
2.7 

- 1.099 1.252 - 11.9
5 

88 2010-
11 

Heavy 
Snow 
(HHS) 

S++ ABC-
S+ 8 20 

1-
Feb-
11 

1:05 1:07 -17.2 -11.8 -14.3 SN:5
0  30 

3.8 , 
3.2 , 

4 

1.9 , 
2.2 , 
2.9 

1.3 , 
2 , 
2.4 

- 1.065 1.23 - 13.5
0 

89 2010-
11 

Heavy 
Snow 
(HHS) 

S++ ABC-
S+ 8 20 

1-
Feb-
11 

1:55 1:59 -17.4 -13.4 -13.4 
 

SN:1
00 

15 
3.8 , 
3.4 , 

4 

1.9 , 
2.6 , 
3.3 

1.3 , 
1.8 , 
2.7 

- 1.038 1.2 - 15.6
1 

90 2010-
11 

Multiple 
Fluids None 

EG10
6 

ABC-
S+ 
09 

ABC-
S+ 
10 

Max-
Flight 

8 20 
1-

Feb-
11 

N/A 2:56 -17.2 -11.9 -12.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.177 1.33 - 6.47 

91 2010-
11 

Multiple 
Fluids None 

Octafl
o 

Launc
h 

2031 
AD-
49 

8 20 
1-

Feb-
11 

N/A 3:29 -17.5 -14.8   - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.187 1.346 - 5.34 

92 2010-
11 

CL MAX/   
IP VAL 

IP 
Mod 

ABC-
S+   20 

1-
Feb-
11 

4:18 4:22 -17.3 -13.6 -13.1 IP:75  10 
2.5 , 
2.6 , 
3.4 

1.2 , 
1.8 , 
2.6 

1 , 1 
, 1 - 1.083 1.24 - 12.8

0 

92A 2010-
11 IP Val IP 

Mod 
ABC-
S+ 8 20 

1-
Feb-
11 

5:04 5:08 -17.1 -14.2 -14 IP:75  10 
2.8 , 
2.5 , 
3.3 

1.2 , 
2 , 
2.7 

1 , 
1.2 , 
1.5 

- 1.081 1.232 - 13.3
6 
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93 2010-
11 

CL MAX/   
IP VAL IP- ABC-

S+ 18 20 
1-

Feb-
11 

6:10 6:13 -16.6 -12 -12.8 IP:25  30 
2.6 , 
1.8 , 

3 

1.2 , 
1.8 , 

1 

1 , 1 
, 1.1 - 1.11 1.282 - 9.85 

94 2010-
11 

Baseline 
(BLDT) None 

EG10
6 

Old 
09-10 

18 20 
1-

Feb-
11 

N/A 22:50 -14.4 -7.8 -7.2 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.227 1.395 - 1.90 

95 2010-
11 

Baseline 
(BLDT) None EG 

106 18 20 
1-

Feb-
11 

N/A 23:38 -14.4 -10.2 -7.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.22 1.37 - 3.66 

95A 2010-
11 

Baseline 
(BLDT) None EG 

106 18 20 
2-

Feb-
11 

N/A 0:24 -15.2 -10.4 -7.6 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.215 1.386 - 2.53 

96 2010-
11 

Baseline 
(BLDT) None 

ABC-
S+ 
Old 

09-10 

18 20 
2-

Feb-
11 

N/A 0:59 -14.6 -11.2 -9.1 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.198 1.346 - 5.34 

97 2010-
11 

Baseline 
(BLDT) None ABC-

S+ 18 20 
2-

Feb-
11 

N/A 1:31 -14.7 -11.9 -10.4 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.184 1.338 - 5.91 

98 2010-
11 

Inadequa
te 

Applicati
on/ 

CL MAX 

None ABC-
S+ 18 20 

2-
Feb-
11 

N/A 2:03 -14.8 -10.6 -7.6 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.191 1.351 - 4.99 

99 2010-
11 

LE Heater 
(Clean 

LE) 
None ABC-

S+ 18 20 
2-

Feb-
11 

N/A 2:47 -14.4 -9.1 -9.5 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.198 1.349 - 5.13 

100 2010-
11 Dry Wing None Dry 23 20 

2-
Feb-
11 

N/A 3:14 -13.9 -10.1 N/A - - -, -, - -, -, - -, -, - - 1.284 1.416 - 0.42 

101 2010-
11 

SN w/ 
No Fluid None 

Dry - 
Cold 
Wing 

18 20 
2-

Feb-
11 

3:51 4:00 -13.5 -6.8 -6.4 SN:2
00  5 4 , 4 

, 4 

4 , 
3.7 , 

4 

4 , 
3.7 , 

4 
- 1.043 1.197 - 15.8

2 

102 2010-
11 

Type IV 
Fluid Val. 

IP- / 
ZR- 

AD-
49 8 20 

2-
Feb-
11 

4:56 5:01 -13.4 -6.2 -7.1 
IP:25 

, 
ZR:25 

10 
3.2 , 
2.1 , 
2.8 

1.1 , 
1.6 , 
1.6 

1 , 1 
, 1.1 - 1.163 1.326 - 6.75 

103 2010-
11 

Type IV 
Fluid Val. 

IP- / 
ZR- 

Max-
Flight 8 20 

2-
Feb-
11 

5:56 6:03 -14 -6.5 -8.6 
IP:25  
,ZR:2

5  
10 

2.5 , 
2.4 , 
3.1 

1.1 , 
1.5 , 
1.8 

1 , 1 
, 1 - 1.172 1.314 - 7.59 

104 2010-
11 

IP 
Expansio

n 

IP- / 
SN 

Launc
h 8 20 

2-
Feb-
11 

22:52 22:59 -12 -7.5 -8.7 

IP:25 
, 

SN:2
5 

7 
2.8 , 
2.5 , 
3.1 

1.1 , 
1.6 , 
1.9 

1 , 1 
, 1 - 1.181 1.33 - 6.47 
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105 2010-
11 

IP 
Expansio

n 

IP- / 
SN 

ABC-
S+ 18 20 

3-
Feb-
11 

0:50 0:57 -13.3 -9.3 -9.6 

IP:25 
, 

SN:2
5  

7 
2.3 , 
2.2 , 
2.8 

1.1 , 
1.6 , 

2 

1 , 1 
, 1 - 1.146 1.301 - 8.51 

106 2010-
11 

IP 
Expansio

n 

IP- / 
SN 

AD-
49 8 20 

3-
Feb-
11 

1:43 1:48 -13.8 -9.4 -9.2 

IP:25 
, 

SN:2
5 

7 
1.4 , 
2.2 , 
3.1 

1.2 , 
1.8 , 
2.3 

1 , 
1.1 , 
1.2 

- 1.16 1.319 - 7.24 

107 2010-
11 

Baseline 
(BLDT) None 2031 18 20 

3-
Feb-
11 

N/A 2:19 -14.1 -11.1 -8.3 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.201 1.368 - 3.80 

108 2010-
11 

Heavy 
Snow S 2031 

- Cold 18 20 
3-

Feb-
11 

2:58 3:02 -14.4 -11.5 -10.5 
 

SN:1
2.5  

10 
1.7 , 
1.6 , 
2.3 

1 , 
1.2 , 
1.6 

1 , 1 
, 1 - 1.204 1.357 - 4.57 

108A 2010-
11 

Heavy 
Snow S 2031 

- Cold 18 20 
3-

Feb-
11 

3:43 3:53 -14.8 -11.5 -12.2 SN:2
5  15 

3.5 , 
1.8 , 

4 

1.25 , 
1.5 , 
2.25 

1.1 , 
1.1 , 
1.1 

- 1.176 1.331 - 6.40 

109 2010-
11 

Heavy 
Snow S++ 2031 

- Cold 18 20 
3-

Feb-
11 

4:31 4:37 -15.4 -11 -13.1 
 

SN:5
0  

7.5 
3.25 , 
2.75 , 
3.75 

1.1 , 
1.75 , 
2.35 

1 , 
1.2 , 
1.1 

- 1.156 1.33 - 6.47 

110 2010-
11 

Heavy 
Snow S++ 2031 

- Cold 18 20 
3-

Feb-
11 

5:20 5:27 -15.6 -10.3 -13.4 
 

SN:1
00  

7.5 3.5 , 
3 , 4 

1.1 , 
2.25 , 
2.5 

1 , 
1.75 , 
2.6 

- 1.146 1.307 - 8.09 

111 2010-
11 

Heavy 
Cont. S 2031 

- Cold 18 20 
3-

Feb-
11 

6:19 6:24 -16.4 -6.3 -15.3 
 

SN:1
0 

5 
2.5 , 
2.5 , 

3 

1.25 , 
2 , 

2.25 

1.1 , 
1.3 , 
1.1 

- 1.162 1.325 - 6.82 

112 2010-
11 Dry Wing None None 23 20 

7-
Feb-
11 

N/A 12:55 0.9 2.3 N/A - - -, -, - -, -, - -, -, - - 1.262 1.44 - -1.27 

113 2010-
11 

Rain No 
Fluid R None 18 20 

7-
Feb-
11 

At 
Ramp 13:28 0.5 1.3 N/A  R:75 - -, -, - -, -, - -, -, - - 1.261 1.416 - 0.42 

114 2010-
11 IP/R/SN IP/R/S

N 
Launc

h 8 20 
7-

Feb-
11 

14:28 14:39 0.1 1.8 -2.2 

IP:25 
, 

SN:2
5 , 

R:25 

25 
2.3 , 
2.5 , 

4 

1 , 1 
, 1.4 

1 , 1 
, 1 - 1.24 1.391 - 2.18 

115 2010-
11 

IP Data 
Gap 

IP- / R 
Mod 

EG 
106 8 20 

7-
Feb-
11 

15:42 15:48 0.7 1.4 1.5 IP:25 
, R:75 25 

2.3 , 
1.3 , 
1.6 

1 , 1 
, 1 

1 , 1 
, 1 - 1.252 1.416 - 0.42 

116 2010-
11 

IP Data 
Gap 

IP- / R 
Mod 

ABC-
S+ 8 20 

7-
Feb-
11 

16:52 16:59 -0.1 3 2.9 
IP:25 

,  
R:75 

25 
1.2 , 
1.3 , 
1.3 

1 , 1 
, 1.1 

1 , 1 
, 1 - 1.234 1.388 - 2.39 
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117 2010-
11 

IP Data 
Gap 

IP- / 
R- 

Launc
h 8 20 

7-
Feb-
11 

18:05 18:12 -0.6 2.3 0.2 
IP:25 

,  
R:25 

25 
1.3 , 
1.3 , 
1.3 

1 , 1 
, 1 

1 , 1 
, 1 - 1.227 1.381 - 2.88 

118 2010-
11 IP/R/SN IP/R/S

N 
EG 
106 8 20 

7-
Feb-
11 

19:21 19:28 -0.3 1 -0.5 

IP:25 
, 

SN:2
5 , 

R:25 

25 
2 , 

1.3 , 
3.5 

1 , 1 
, 1.2 

1 , 1 
, 1 - 1.25 1.403 - 1.34 

119 2010-
11 Dry Wing None None 23 20 

7-
Feb-
11 

N/A 19:52 -1.9 -0.1 N/A - - -, -, - -, -, - -, -, - - 1.278 1.44 - -1.27 

120 2010-
11 Dry Wing None None 23 20 

8-
Feb-
11 

N/A 12:08 -15 -13.2 N/A - - -, -, - -, -, - -, -, - - 1.285 1.433 - -0.77 

121 2010-
11 

Type IV 
Fluid Val. IP- Max-

Flight 18 20 
8-

Feb-
11 

13:14 13:19 -14.8 -12.9 -14.1 IP:25  30 
2.5 , 
2.5 , 

3 

1.2 , 
1.8 , 
2.3 

1 , 1 
, 1 - 1.135 1.301 - 8.51 

122 2010-
11 

Effect of 
Ramp-up 

Time 
None ABC-

S+ 8 20 
8-

Feb-
11 

N/A 14:00 -14.5 -12.8 -10.8 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.196 1.347 - 5.27 

123 2010-
11 

Effect of 
Ramp-up 

Time 
None EG 

106 8 20 
8-

Feb-
11 

N/A 14:45 -14.4 -12.5 -10 - - 1 , 1 
, 1 

1 , 1 
, 1 

1 , 1 
, 1 - 1.223 1.388 - 2.39 

124 2010-
11 

Effect of 
Ramp-up 

Time 

IP 
Mod 

ABC-
S+ 18 20 

8-
Feb-
11 

15:32 15:37 -13.9 -11.3 -12.9 IP:75  10 
2.5 , 
2.5 , 
3.3 

1 , 
1.7 , 
2.2 

1 , 1 
, 1.1 - 1.158 1.318 - 7.31 

125 2010-
11 

Heavy 
Cont. 

S 
(Mixe
d In) 

2031 18 20 
8-

Feb-
11 

N/A 16:22 -14.7 -11.8 -17.2 - - 4 , 4 
, 4 

1.4 , 
2.4 , 
2.5 

1 , 
1.5 , 
1.5 

- 1.031 1.156 - 18.7
1 

126 2010-
11 

Heavy 
Cont. 

IP-/ 
ZR- 

EG 
106 18 20 

8-
Feb-
11 

17:52 17:56 -15.5 -10.1 -9.4 
IP:25 

, 
ZR:25  

40 
3.7 , 
3 , 
4.3 

1.2 , 
1.5 , 

5 

1 , 
1.2 , 

5 
- 1.163 1.319 - 7.24 

127 2010-
11 

Heavy 
Cont. ZR- None 23 20 

8-
Feb-
11 

18:44
:30 18:46 -15.7 -10.7 -6.2 ZR:25  Appro

x 5 
5 , 5 
, 5 

5 , 5 
, 5 

5 , 5 
, 5 - 1.221 1.381 - 2.88 

127A 2010-
11 

Heavy 
Cont. ZR- None 23 20 

8-
Feb-
11 

19:13 19:15 -16 -8.8 -3.7 
ZR:75  
(Then 
35)  

Appro
x 12 

5 , 5 
, 5 

5 , 5 
, 5 

5 , 5 
, 5 - 1.227 1.406 - 1.13 

128 2010-
11 

Type IV 
Fluid Val. 

IP- / 
ZR- 

AD-
49 8 20 

9-
Feb-
11 

11:58 12:04 -6.2 -3.2 -3.8 
IP:25 
,ZR:2

5 
25 

2.5 , 
2.5 , 
2.7 

1.1 , 
1.3 , 
1.5 

1 , 1 
, 1 - 1.201 1.363 - 4.15 
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129 2010-
11 

Type IV 
Fluid Val. IP- AD-

49 8 20 
9-

Feb-
11 

13:32 13:37 -5.7 -3.6 -5.2 IP:25  50 
2.8 , 
2.3 , 

3 

1 , 
1.5 , 
1.7 

1 , 1 
, 1 - 1.215 1.354 - 4.78 

130 2010-
11 

Wing 
Geometr

y 
None AD-

49 8 20 
9-

Feb-
11 

14:44 14:48 -6.1 -2.4 -3.3 
IP:25 

, 
ZR:25  

25 
2.3 , 
2.3 , 
2.8 

1 , 
1.2 , 
1.6 

1 , 1 
, 1 - 1.213 1.357 - 4.57 

131 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

Launc
h 8 20 

9-
Feb-
11 

12:51 15:55 -7.5 -4.5 -8.5 IP:75  25 
2.8 , 
3.3 , 
3.9 

1 , 
1.5 , 
2.2 

1 , 1 
, 1 - 1.199 1.35 - 5.06 

132 2010-
11 

Type IV 
Fluid Val. 

IP 
Mod 

Max-
Flight 8 20 

9-
Feb-
11 

17:09 17:13 -7.4 -5.9 -8.5 IP:75  25 
2.8 , 
3 , 
3.9 

1 , 
1.6 , 

2 

1 , 1 
, 1.1 - 1.157 1.324 - 6.89 

133 2010-
11 IP/ZR/SN IP/ZR/

SN 
ABC-
S+ 8 20 

9-
Feb-
11 

18:53
:30 19:01 -8.5 -3.3 -4.4 

IP:25 
, 

SN:2
5 

,ZR:2
5  

20 
2.7 , 
2.8 , 

4 

1 , 
1.4 , 
4.3 

1 , 1 
, 4.3 - 1.176 1.324 - 6.89 

134 2010-
11 IP/ZR/SN IP/ZR/

SN 
ABC-
S+ 8 0 

9-
Feb-
11 

20:15 20:23 -8.8 -2.5 -4.6 

IP:25 
, 

SN:2
5 

,ZR:2
5  

20 
2.3 , 
2.5 , 
2.7 

1 , 
1.6 , 
1.9 

1 , 1 
, 1 - 1.184 1.343 - 5.56 

135 2010-
11 IP/ZR/SN IP/ZR/

SN 
EG 
106 8 20 

10-
Feb-
11 

12:07
:30 12:12 -10 -3.9 -8.2 

IP:25 
, 

SN:2
5 

,ZR:2
5  

20 
2.2 , 
2.3 , 
4.3 

1 , 1 
, 5 

1 , 1 
, 5 - 1.179 1.347 - 5.27 

136 2010-
11 ZR/S ZR/S ABC-

S+ 8 20 
10-
Feb-
11 

13:12
:30 13:16 -10 -3.5 -4.7 

 
SN:2

5 
,ZR:2

5 

20 2 , 2 
, 3.6 

1 , 
1.6 , 
3.8 

1 , 1 
, 5 - 1.174 1.33 - 6.47 

137 2010-
11 

Heavy 
Cont. 

IP+/S
N+ 

ABC-
S+ 18 20 

10-
Feb-
11 

14:37 14:47 -8.6 -3.5 -10.1 

IP:20
0 , 

SN:1
00  

30 
4.3 , 
4.3 , 
4.3 

1.8 , 
2.3 , 
4.3 

1 , 
1.7 , 
4.7 

- 0.958 1.113 - 21.7
3 
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Photo D1: Run #64 – Start of Test 

Test #64
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.1°C, 20° Rotation, 100 kts 
Visual Contamination Rating (5, 5, 5)

Start of Test

5
5

5

5

 
 
 

Photo D2: Run #64 – Before Rotation 

Test #64
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.1°C, 20° Rotation, 100 kts 
Visual Contamination Rating (5, 5, 5), 8 Lift Loss = 5.2%

Before Rotation

5

5
5

5
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Photo D3: End of Rotation 

Test #64
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.1°C, 20° Rotation, 100 kts 
Visual Contamination Rating (5, 5, 5), 8 Lift Loss = 5.2%

End of Rotation

5

5

5
5

 
 
 

Photo D4: Run #64 – End of Test 

Test #64
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.1°C, 20° Rotation, 100 kts 
Visual Contamination Rating (4.8, 4.8, 4.8)

End of Test

4.8

4.8

4.8

4.8
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Photo D5: Run #64A – Start of Test 

Test #64A
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.6°C, 20° Rotation, 100 kts 
Visual Contamination Rating (5, 5, 5)

Start of Test

5

5

5

5

 
 
 

Photo D6: Run #64A – Before Rotation 

Test #64A
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.6°C, 20° Rotation, 100 kts 
Visual Contamination Rating (5, 5, 5)

Before Rotation

5

5

5

5
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Photo D7: Run #64A – End of Rotation 

Test #64A
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.6°C, 20° Rotation, 100 kts 
Visual Contamination Rating (5, 5, 5), 8 Lift Loss = 8.72%

End of Rotation

5

5

5
5

 
 
 

Photo D8: Run #64A – End of Test 

Test #64A
No Fluid, IP + ZR 10 + 25 g/dm²/h, 10 min

-5.6°C, 20° Rotation, 100 kts 
Visual Contamination Rating (5, 5, 5)

End of Test

 
 
 



APPENDIX D 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2169.003 (TC Deicing 10-11)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx 
Final Version 1.0, August 21 

D-11 

Photo D9: Run #111 – Start of Test 

Test #111
2031 Cold, SN- 10 g/dm²/h, 5 min

-6.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (2.5, 2.5, 3)

Start of Test

3

2.5
2.5

2.5

 
 
 

Photo D10: Run #111 – Before Rotation 

Test #111
2031 Cold, SN- 10 g/dm²/h, 5 min

-6.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.25, 2, 2.25), 8 Lift Loss = 6.82%

Before Rotation

2.25
2

2

1.25
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Photo D11: Run #111 – End of Rotaton 

Test #111
2031 Cold, SN- 10 g/dm²/h, 5 min

-6.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.25, 2, 2.25), 8 Lift Loss = 6.82%

End of Rotation

2.25
2

2
1.25

 
 
 

Photo D12: Run #111 – End of Test 

Test #111
2031 Cold, SN- 10 g/dm²/h, 5 min

-6.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.1, 1.3, 1.1)

End of Test

1.1

1.3

1.3

1.1
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Photo D13: Run #125 – Start of Test 

Test #125
2031, Snow Mixed In Fluid

-11.8°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (4, 4, 4)

Start of Test

4

4

4

4

 
 
 

Photo D14: Run #125 – Before Rotation 

Test #125
2031, Snow Mixed In Fluid

-11.8°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.4, 2.4, 2.5), 8 Lift Loss = 18.71%

Before Rotation

2.5

2.4

2.4

1.4
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Photo D15: Run #125 – End of Rotation 

Test #125
2031, Snow Mixed In Fluid

-11.8°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.4, 2.4, 2.5), 8 Lift Loss = 18.71%

End of Rotation

2.5

2.4

2.4
1.4

 
 
 

Photo D16: Run #125 – End of Test 

Test #125
2031, Snow Mixed In Fluid

-11.8°C, CL Max 18° Rotation, 100 kts Visual Contamination 
Rating (1, 1.5, 1.5)

End of Test

1.5

1.5

1.5

1
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Photo D17: Run #127 – Start of Test 

Test #127
No Fluid, ZR- 25 g/dm²/h, 5 min

-10.7°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5)

Start of Test

5

5

5

5

 
 
 

Photo D18: Run #127 – Before Rotation 

Test #127
No Fluid, ZR- 25 g/dm²/h, 5 min

-10.7°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5)

Before Rotation

5

5

5

5
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Photo D19: Run #127 – End of Rotation 

Test #127
No Fluid, ZR- 25 g/dm²/h, 5 min

-10.7°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5), 8 Lift Loss = 2.88%

End of Rotation

5

5

5
5

 
 
 

Photo D20: Run #127 – End of Test 

Test #127
No Fluid, ZR- 25 g/dm²/h, 5 min

-10.7°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5)

End of Test

5
5

5

5
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Photo D21: Run #127A – Start of Test 

Test #127A
No Fluid, ZR 75 g/dm²/h, 12 min

-8.8°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5)

Start of Test

5

5

5

5

 
 
 

Photo D22: Run #127A – Before Rotation 

Test #127A
No Fluid, ZR 75 g/dm²/h, 12 min

-8.8°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5), 8 Lift Loss = 1.13%

Before Rotation

5
5

5

5
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Photo D23: Run #127A – End of Rotation 

Test #127A
No Fluid, ZR 75 g/dm²/h, 12 min

-8.8°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5), 8 Lift Loss = 1.13%

End of Rotation

5

5

5 5

 
 
 

Photo D24: Run #127A – End of Test 

Test #127A
No Fluid, ZR 75 g/dm²/h, 12 min

-8.8°C, CL Max 23° Rotation, 80 kts 
Visual Contamination Rating (5, 5, 5)

End of Test

5

5

5

5
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Photo D25: Run #137 – Start of Test 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (4.3, 4.3, 4.3)

Start of Test

4.3

4.3

4.3

4.3

 
 
 

Photo D26: Run #137 – Before Rotation 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.8, 2.3, 4.3), 8 Lift Loss = 21.73%

Before Rotation

4.3
2.3

2.3

1.8
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Photo D27: Run #137 – End of Rotation 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.8, 2.3, 4.3), 8 Lift Loss = 21.73%

End of Rotation

4.3

2.3

2.3
1.8

 
 
 

Photo D28: Run #137 – End of Test 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts
Visual Contamination Rating (1, 1.7, 4.7)

End of Test

4.7

1.7

1.7

1



 

 

EFFECT OF A CLEAN LEADING EDGE SIMULATING LEADING EDGE HEATER 
DRY OUT
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Photo D29: Run #99 – Start of Test 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (4.3, 4.3, 4.3)

Start of Test

4.3

4.3

4.3

4.3

 
 
 

Photo D30: Run #99 – Before Rotation 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.8, 2.3, 4.3), 8 Lift Loss = 21.73%

Before Rotation

4.3
2.3

2.3

1.8
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Photo D31: Run #99 – End of Rotation 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.8, 2.3, 4.3), 8 Lift Loss = 21.73%

End of Rotation

4.3

2.3

2.3
1.8

 
 
 

Photo D32: Run #99 – End of Test 

Test #137
ABC-S Plus, IP+ + SN+ 200 + 100 g/dm²/h, 30 min

-3.5°C, CL Max 18° Rotation, 100 kts
Visual Contamination Rating (1, 1.7, 4.7)

End of Test

4.7

1.7

1.7

1



 

 

EFFECTS OF APPLYING INADEQUATE AMOUNTS OF ANTI-ICING FLUID 
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Photo D33: Run #98 – Start of Test 

Test #98
ABC-S Plus, Fluid Only

-10.6°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

Start of Test

1

1
1

1

 
 
 

Photo D34: Run #98 – Before Rotation 

Test #98
ABC-S Plus, Fluid Only

-10.6°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 4.99%

Before Rotation

1

1

1

1
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Photo D35: Run #98 – End of Rotation 

Test #98
ABC-S Plus, Fluid Only

-10.6°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 4.99%

End of Rotation

1

1

1
1

 
 
 

Photo D36: Run #98 – End of Test 

Test #98
ABC-S Plus, Fluid Only

-10.6°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

End of Test

1
1

1

1



 

 

EFFECT OF RAMP-UP TIME ON FLUID FLOW OFF
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Photo D37: Run #11 – Start of Test 

Test #11
Max-Flight, Fluid Only

-13.6°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1)

Start of Test

1

1 1

1

 
 
 

Photo D38: Run #11 – Before Rotation 

Test #11
Max-Flight, Fluid Only

-13.6°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 3.66%

Before Rotation

1

1 1

1
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Photo D39: Run #11 – End of Rotation 

Test #11
Max-Flight, Fluid Only

-13.6°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 3.66%

End of Rotation

1

1 1

1

 
 
 

Photo D40: Run #11 – End of Test 

Test #11
Max-Flight, Fluid Only

-13.6°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1)

End of Test

1

1 1

1
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Photo D41: Run #13 – Start of Test 

 
 
 

Photo D42: Run #13 – Before Rotation 
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Photo D43: Run #13 – End of Rotation 

 
 
 

Photo D44: Run #13 – End of Test 
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Photo D45: Run #122 – Start of Test 

Test #122
ABC-S Plus, Fluid Only

-12.8°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1)

Start of Test

1

1

1

1

 
 
 

Photo D46: Run #122 – Before Rotation 

Test #122
ABC-S Plus, Fluid Only

-12.8°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 5.27%

Before Rotation

1

1
1

1
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Photo D47: Run # 122 – End of Rotation 

Test #122
ABC-S Plus, Fluid Only

-12.8°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 5.27%

End of Rotation

1

1

1

1

 
 
 

Photo D48: Run #122 – End of Test 

Test #122
ABC-S Plus, Fluid Only

-12.8°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1)

End of Test

1

1

1

1
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D-37 

Photo D49: Run #123 – Start of Test 

Test #123
EG106, Fluid Only

-12.5°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1)

Start of Test

1

1

1

1

 
 
 

Photo D50: Run #123 – Before Rotation 

Test #123
EG106, Fluid Only

-12.5°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1)

Before Rotation

1
1

1

1
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D-38 

Photo D51: Run #123 – End of Rotation 

Test #123
EG106, Fluid Only

-12.5°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 2.39%

End of Rotation

1

1

1

1

 
 
 

Photo D52: Run #123 – End of Test 

Test #123
EG106, Fluid Only

-12.5°C, 8° Rotation, 100 kts
Visual Contamination Rating (1, 1, 1)

End of Test

1

1

1

1
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D-39 

Photo D53: Run #124 – Start of Test 

Test #124
ABC-S Plus, IP Mod 75 g/dm²/h, 10 min

-11.3°C, CL Max 18° Rotation, 100 kts
Visual Contamination Rating (2.5, 2.5, 3.3)

Start of Test

3.3
2.5

2.5

2.5

 
 
 

Photo D54: Run #124 – Before Rotation 

Test #124
ABC-S Plus, IP Mod 75 g/dm²/h, 10 min

-11.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1.7, 2.2), 8 Lift Loss = 7.31%

Before Rotation

2.2

1.7

1.7

1
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D-40 

Photo D55: Run #124 – End of Rotation 

Test #124
ABC-S Plus, IP Mod 75 g/dm²/h, 10 min

-11.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1.7, 2.2), 8 Lift Loss = 7.31%

End of Rotation

2.2

1.7

1.7
1

 
 
 

Photo D56: Run #124 – End of Test 

Test #124
ABC-S Plus, IP Mod 75 g/dm²/h, 10 min

-11.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1.1)

End of Test

1.1

1

1

1

 
 



 

 

EFFECT OF MIXED PRECIPITATION CONDITIONS
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D-43 

Photo D57: Run #114 – Start of Test 

Test #114
Launch, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (2.3, 2.5, 4)

Start of Test

4

2.5

2.5

2.3

 
 
 

Photo D58: Run #114 – Before Rotation 

Test #114
Launch, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1.4), 8 Lift Loss = 2.18%

Before Rotation

1.4

1

1

1
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D-44 

Photo D59: Run #114 – End of Rotation 

Test #114
Launch, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1.4), 8 Lift Loss = 2.18%

End of Rotation

1.4

1

1

1

 
 
 

Photo D60: Run #114 – End of Test 

Test #114
Launch, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

End of Test

1

1
1

1
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D-45 

Photo D61: Run #118 – Start of Test 

Test #118
EG106, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1°C, 8° Rotation, 100 kts 
Visual Contamination Rating (2, 1.3, 3.5)

Start of Test

3.5

1.3
1.3

2

 
 
 

Photo D62: Run #118 – Before Rotation 

Test #118
EG106, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1.2), 8 Lift Loss = 1.34%

Before Rotation

1.2

1
1

1
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D-46 

Photo D63: Run #118 – End of Rotation 

Test #118
EG106, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1.2), 8 Lift Loss = 1.34%

End of Rotation

1.2

1

1

1

 
 
 

Photo D64: Run #118 – End of Test 

Test #118
EG106, IP + R + SN 25 + 25 + 25 g/dm²/h, 25 min

1°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

End of Test

1

1

1

1
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D-47 

Photo D65: Run #133 – Start of Test 

Test #133
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.3°C, 8° Rotation, 100 kts 
Visual Contamination Rating (2.7, 2.8, 4)

Start of Test

4

2.8

2.8

2.7

 
 
 

Photo D66: Run #133 – Before Rotation 

Test #133
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.3°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1.4, 4.3), 8 Lift Loss = 6.89%

Before Rotation

4.3

1.4 1.4

1
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D-48 

Photo D67: Run #133 – End of Rotation 

Test #133
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.3°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1.4, 4.3), 8 Lift Loss = 6.89%

End of Rotation

4.3

1.4

1.4

1

 
 
 

Photo D68: Run #133 – End of Test 

Test #133
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.3°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 4.3)

End of Test

4.3

1

1

1
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D-49 

Photo D69: Run #134 – Start of Test 

Test #134
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-2.5°C, 8° Rotation, 100 kts, Flap 0°
Visual Contamination Rating (2.3, 2.5, 2.7)

Start of Test

2.7

2.5
2.5

2.3

 
 
 

Photo D70: Run #134 – Before Rotation 

Test #134
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-2.5°C, 8° Rotation, 100 kts, Flap 0°
Visual Contamination Rating (1, 1.6, 1.9), 8 Lift Loss = 5.56%

Before Rotation

1.9

1.6
1.6

1
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D-50 

Photo D71: Run #134 – End of Rotation 

Test #134
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-2.5°C, 8° Rotation, 100 kts, Flap 0°
Visual Contamination Rating (1, 1.6, 1.9), 8 Lift Loss = 5.56%

End of Rotation

1.9

1.6

1.6

1

 
 
 

Photo D72: Run #134 – End of Test 

Test #134
ABC-S Plus, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-2.5°C, 8° Rotation, 100 kts, Flap 0°
Visual Contamination Rating (1, 1, 1)

End of Test

1

1
1

1
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D-51 

Photo D73: Run #135 – Start of Test 

Test #135
EG106, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.9°C, 8° Rotation, 100 kts
Visual Contamination Rating (2.2, 2.3, 4.3)

Start of Test

4.3

2.3

2.3

2.2

 
 
 

Photo D74: Run #135 – Before Rotation 

Test #135
EG106, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.9°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 5), 8 Lift Loss = 5.27%

Before Rotation

5

1
1

1
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D-52 

Photo D75: Run #135 – End of Rotation 

Test #135
EG106, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.9°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 5), 8 Lift Loss = 5.27%

End of Rotation

5

1

1

1

 
 
 

Photo D76: Run #135 – End of Test 

Test #135
EG106, IP + ZR + SN 25 + 25 + 25 g/dm²/h, 20 min

-3.9°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 5)

End of Test

5

1

1

1
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D-53 

Photo D77: Run #136 – Start of Test 

Test #136
ABC-S Plus, ZR + SN 25 + 25 g/dm²/h, 20 min

-3.5°C, 8° Rotation, 100 kts 
Visual Contamination Rating (2, 2, 3.6)

Start of Test

3.6

2

2

2

 
 
 

Photo D78: Run #136 – Before Rotation 

Test #136
ABC-S Plus, ZR + SN 25 + 25 g/dm²/h, 20 min

-3.5°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1.6, 3.8), 8 Lift Loss = 6.47%

Before Rotation

3.8

1.6

1.6

1
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D-54 

Photo D79: Run #136 – End of Rotation 

Test #136
ABC-S Plus, ZR + SN 25 + 25 g/dm²/h, 20 min

-3.5°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1.6, 3.8), 8 Lift Loss = 6.47%

End of Rotation

3.8

1.6

1.6

1

 
 
 

Photo D80: Run #136 – End of Test 

Test #136
ABC-S Plus, ZR + SN 25 + 25 g/dm²/h, 20 min

-3.5°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 5)

End of Test

5

1

1

1

 
 



 

 

EFFECTS OF SNOW OR RAIN ON AN UNPROTECTED WING
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D-57 

Photo D81: Run #101 – Start of Test 

Test #101
No Fluid, SN 200 g/dm²/h, 5 min

-6.8°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (4, 4, 4)

Start of Test

4
4

4

4

 
 
 

Photo D82: Run #101 – Before Rotation 

Test #101
No Fluid, SN 200 g/dm²/h, 5 min

-6.8°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (4, 3.7, 4), 8 Lift Loss = 15.82%

Before Rotation

4

3.7

3.7

4
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D-58 

Photo D83: Run #101 – End of Rotation 

Test #101
No Fluid, SN 200 g/dm²/h, 5 min

-6.8°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (4, 3.7, 4), 8 Lift Loss = 15.82%

End of Rotation

4
3.7

3.7
4

 
 
 

Photo D84: Run #101 – End of Test 

Test #101
No Fluid, SN 200 g/dm²/h, 5 min

-6.8°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (4, 3.7, 4)

End of Test

4

3.7

3.7

4
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D-59 

Photo D85: Run #113 – Start of Test 

Test #113
No Fluid, R 75 g/dm²/h

1.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating N/A

Start of Test

 
 
 

Photo D86: Run #113 – Before Rotation 

Test #113
No Fluid, R 75 g/dm²/h

1.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating N/A, 8 Lift Loss = 0.42%

Before Rotation
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D-60 

Photo D87: Run #113 – End of Rotation 

Test #113
No Fluid, R 75 g/dm²/h

1.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating N/A, 8 Lift Loss = 0.42%

End of Rotation

 
 
 

Photo D88: Run #113 – End of Test 

Test #113
No Fluid, R 75 g/dm²/h

1.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating N/A

End of Test

 
 



 

 

EFFECTS OF WING GEOMETRY ON FLUID SETTLING PROPERTIES



 

 



APPENDIX D 

APS/Library/Projects/300293 (TC Deicing 1990 - 2016)/PM2169.003 (TC Deicing 10-11)/Reports/WT R&D/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx 
Final Version 1.0, August 21 

D-63 

Photo D89: Run #130 – Start of Test 

Test #130
AD-49, IP + ZR 25 + 25 g/dm²/h, 25 min 

-2.4°C, 8° Rotation, 100 kts 
Visual Contamination Rating (2.3, 2.3, 2.8)

Start of Test

1.6
1.2

1.2

1

 
 
 

Photo D90: Run #130 – Before Rotation 

Test #130
AD-49, IP + ZR 25 + 25 g/dm²/h, 25 min 

-2.4°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1.2, 1.6), 8 Lift Loss = 4.57%

Before Rotation

1.6

1.2

1.2

1
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D-64 

Photo D91: Run #130 – End of Rotation 

Test #130
AD-49, IP + ZR 25 + 25 g/dm²/h, 25 min 

-2.4°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1.2, 1.6), 8 Lift Loss = 4.57%

End of Rotation

1.6

1.2

1.2

1

 
 
 

Photo D92: Run #130 – End of Test 

Test #130
AD-49, IP + ZR 25 + 25 g/dm²/h, 25 min 

-2.4°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

End of Test

1

1

1

1

 
 



 

 

HEAVY SNOW
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D-67 

Photo D93: Run #16 – Start of Test 

Test #16
Max-Flight, SN+ 25 g/dm²/h, 35 min

-11.5°C, 8° Rotation, 115 kts 
Visual Contamination Rating (3.3, 2.7, 3.8)

Start of Test

3.8

2.7
2.7

3.3

 
 
 

Photo D94: Run #16 – Before Rotation 

Test #16
Max-Flight, SN+ 25 g/dm²/h, 35 min

-11.5°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.2, 1.6, 1.8), 8 Lift Loss = 7.88%

Before Rotation

1.8

1.6
1.6

1.2
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D-68 

Photo D95: Run #16 – End of Rotation 

Test #16
Max-Flight, SN+ 25 g/dm²/h, 35 min

-11.5°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.2, 1.6, 1.8), 8 Lift Loss = 7.88%

End of Rotation

1.8

1.6

1.6

1.2

 
 
 

Photo D96: Run #16 – End of Test 

Test #16
Max-Flight, SN+ 25 g/dm²/h, 35 min

-11.5°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.1, 1.2, 1.3)

End of Test

1.3

1.2

1.2

1.1
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D-69 

Photo D97: Run #17 – Start of Test 

Test #17
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-15°C, 8° Rotation, 115 kts 
Visual Contamination Rating (2.7, 3.1, 3.3)

Start of Test

3.3

3.1
3.1

2.7

 
 
 

Photo D98: Run #17 – Before Rotation 

Test #17
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-15°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.2, 1.7, 1.9)

Before Rotation

1.9

1.7
1.7

1.2
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D-70 

Photo D99: Run #17 – End of Rotation 

Test #17
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-15°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.2, 1.7, 1.9), 8 Lift Loss = 6.35%

End of Rotation

1.9

1.7

1.7

1.2

 
 
 

Photo D100: Run #17 – End of Test 

Test #17
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-15°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.1, 1.3, 1.6)

End of Test

1.6

1.3
1.3

1.1
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D-71 

Photo D101: Run #18 – Start of Test 

Test #18
Max-Flight, SN++ 100 g/dm²/h, 8.75 min

-14.7°C, 8° Rotation, 115 kts 
Visual Contamination Rating (3, 2.8, 4)

Start of Test

4

2.8

2.8

3

 
 
 

Photo D102: Run #18 – Before Rotation 

Test #18
Max-Flight, SN++ 100 g/dm²/h, 8.75 min

-14.7°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.5, 1.9, 2.5), 8 Lift Loss = 7.56%

Before Rotation

2.5

1.9

1.9

1.5
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D-72 

Photo D103: Run #18 – End of Rotation 

Test #18
Max-Flight, SN++ 100 g/dm²/h, 8.75 min

-14.7°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.5, 1.9, 2.5), 8 Lift Loss = 7.56%

End of Rotation

2.5

1.9

1.9

1.5

 
 
 

Photo D104: Run #18 – End of Test 

Test #18
Max-Flight, SN++ 100 g/dm²/h, 8.75 min

-14.7°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.2, 1.6, 1.9)

End of Test

1.9

1.6

1.6

1.2
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D-73 

Photo D105: Run #19 – Start of Test 

Test #19
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-16.7°C, 8° Rotation, 100 kts 
Visual Contamination Rating (3.2, 3.2, 3.8)

Start of Test

3.8

3.2

3.2

3.2

 
 
 

Photo D106: Run #19 – Before Rotation 

Test #19
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-16.7°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1.5, 1.8, 2.5), 8 Lift Loss = 9.2%

Before Rotation

2.5

1.8

1.8

1.5
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D-74 

Photo D107: Run #19 – End of Rotation 

Test #19
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-16.7°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1.5, 1.8, 2.5), 8 Lift Loss = 9.2%

End of Rotation

2.5
1.8

1.8

1.5

 
 
 

Photo D108: Run #19 – End of Test 

Test #19
Max-Flight, SN++ 50 g/dm²/h, 17.5 min

-16.7°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1.2, 1.6, 2)

End of Test

2

1.6

1.6

1.2
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D-75 

Photo D109: Run #87 – Start of Test 

Test #87
ABC-S Plus, SN 25 g/dm²/h, 60 min

-11.1°C, 8° Rotation, 115 kts 
Visual Contamination Rating (3.8, 3.3, 4)

Start of Test

4

3.3

3.3

3.8

 
 
 

Photo D110: Run #87 – Before Rotation 

Test #87
ABC-S Plus, SN 25 g/dm²/h, 60 min

-11.1°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.9, 2.2, 3.2), 8 Lift Loss = 11.95%

Before Rotation

3.2

2.2

2.2

1.9
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D-76 

Photo D111: Run #87 – End of Rotation 

Test #87
ABC-S Plus, SN 25 g/dm²/h, 60 min

-11.1°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.9, 2.2, 3.2), 8 Lift Loss = 11.95%

End of Rotation

3.2

2.2

2.2

1.9

 
 
 

Photo D112: Run #87 – End of Test 

Test #87
ABC-S Plus, SN 25 g/dm²/h, 60 min

-11.1°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.3, 2.2, 2.7)

End of Test

2.7

2.2

2.2

1.3
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D-77 

Photo D113: Run #88 – Start of Test 

Test #88
ABC-S Plus, SN++ 50 g/dm²/h, 30 min

-11.8°C, 8° Rotation, 115 kts 
Visual Contamination Rating (3.8, 3.2, 4)

Start of Test

4

3.2

3.2

3.8

 
 
 

Photo D114: Run #88 – Before Rotation 

Test #88
ABC-S Plus, SN++ 50 g/dm²/h, 30 min

-11.8°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.9, 2.2, 2.9), 8 Lift Loss = 13.5%

Before Rotation

2.9

2.2
2.2

1.9
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D-78 

Photo D115: Run #88 – End of Rotation 

Test #88
ABC-S Plus, SN++ 50 g/dm²/h, 30 min

-11.8°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.9, 2.2, 2.9), 8 Lift Loss = 13.5%

End of Rotation

2.9

2.2

2.2

1.9

 
 
 

Photo D116: Run #88 – End of Test 

Test #88
ABC-S Plus, SN++ 50 g/dm²/h, 30 min

-11.8°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.3, 2, 2.4)

End of Test

2.4

2

2

1.3
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D-79 

Photo D117: Run #89 – Start of Test 

Test #89
ABC-S Plus, SN++ 100 g/dm²/h, 15 min

-13.4°C, 8° Rotation, 115 kts 
Visual Contamination Rating (3.8, 3.4, 4)

Start of Test

4

3.4
3.4

3.8

 
 
 

Photo D118: Run #89 – Before Rotation 

Test #89
ABC-S Plus, SN++ 100 g/dm²/h, 15 min

-13.4°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.9, 2.6, 3.3)

Before Rotation

3.3

2.6

2.6

1.9
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D-80 

Photo D119: Run #89 – End of Rotation 

Test #89
ABC-S Plus, SN++ 100 g/dm²/h, 15 min

-13.4°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.9, 2.6, 3.3), 8 Lift Loss = 15.61%

End of Rotation

3.3

2.6

2.6

1.9

 
 
 

Photo D120: Run #89 – End of Test 

Test #89
ABC-S Plus, SN++ 100 g/dm²/h, 15 min

-13.4°C, 8° Rotation, 115 kts 
Visual Contamination Rating (1.3, 1.8, 2.7)

End of Test

2.7

1.8

1.8

1.3
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D-81 

Photo D121: Run 108 – Start of Test 

Test #108
2031 Cold, SN 12.5 g/dm²/h, 10 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.7, 1.6, 2.3)

Start of Test

2.3

1.6
1.6

1.7

 
 
 

Photo D122: Run #108 – Before Rotation 

Test #108
2031 Cold, SN 12.5 g/dm²/h, 10 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1.2, 1.6), 8 Lift Loss = 4.57%

Before Rotation

1.6

1.2

1.2

1
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D-82 

Photo D123: Run #108 – End of Rotation 

Test #108
2031 Cold, SN 12.5 g/dm²/h, 10 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1.2, 1.6), 8 Lift Loss = 4.57%

End of Rotation

1.6

1.2

1.2 1

 
 
 

Photo D124: Run #108 – End of Test 

Test #108
2031 Cold, SN 12.5 g/dm²/h, 10 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

End of Test

1

1

1

1
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D-83 

Photo D125: Run #108A – Start of Test 

Test #108A
2031 Cold, SN 25 g/dm²/h, 15 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (3.5, 1.8, 4)

Start of Test

4

1.8
1.8

3.5

 
 
 

Photo D126: Run #108A – Before Rotation 

Test #108A
2031 Cold, SN 25 g/dm²/h, 15 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.25, 1.5, 2.25), 8 Lift Loss = 6.4%

Before Rotation

2.25

1.5

1.5

1.25
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D-84 

Photo D127: Run #108A – End of Rotation 

Test #108A
2031 Cold, SN 25 g/dm²/h, 15 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.25, 1.5, 2.25), 8 Lift Loss = 6.4%

End of Rotation

2.25

1.5

1.5
1.25

 
 
 

Photo D128: Run #108A – End of Test 

Test #108A
2031 Cold, SN 25 g/dm²/h, 15 min

-11.5°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (1.1, 1.1, 1.1)

End of Test

1.1

1.1

1.1

1.1
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D-85 

Photo D129: Run #109 – Start of Test 

Test #109
2031 Cold, SN++ 50 g/dm²/h, 7.5 min
-11°C, CL Max 18° Rotation, 100 kts 

Visual Contamination Rating (3.25, 2.75, 3.75)

Start of Test

3.75

2.75

2.75

3.25

 
 
 

Photo D130: Run #109 – Before Rotation 

Test #109
2031 Cold, SN++ 50 g/dm²/h, 7.5 min
-11°C, CL Max 18° Rotation, 100 kts 

Visual Contamination Rating (1.1, 1.75, 2.35), 8 Lift Loss = 6.47%

Before Rotation

2.35

1.75
1.75

1.1
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D-86 

Photo D131: Run #109 – End of Rotation 

Test #109
2031 Cold, SN++ 50 g/dm²/h, 7.5 min
-11°C, CL Max 18° Rotation, 100 kts 

Visual Contamination Rating (1.1, 1.75, 2.35), 8 Lift Loss = 6.47%

End of Rotation

2.35

1.75

1.75
1.1

 
 
 

Photo D132: Run #109 – End of Test 

Test #109
2031 Cold, SN++ 50 g/dm²/h, 7.5 min
-11°C, CL Max 18° Rotation, 100 kts 

Visual Contamination Rating (1, 1.2, 1.1)

End of Test

1.1

1.2

1.2

1
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D-87 

Photo D133: Run #110 – Start of Test 

Test #110
2031 Cold, SN++ 100 g/dm²/h, 7.5 min
-10.3°C, CL Max 18° Rotation, 100 kts 
Visual Contamination Rating (3.5, 3, 4)

Start of Test

4

3
3

3.5

 
 
 

Photo D134: Run #110 – Before Rotation 

Test #110
2031 Cold, SN++ 100 g/dm²/h, 7.5 min
-10.3°C, CL Max 18° Rotation, 100 kts 

Visual Contamination Rating (1.1, 2.25, 2.5), 8 Lift Loss = 8.09%

Before Rotation

2.5

2.25
2.25

1.1
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D-88 

Photo D135: Run #110 – End of Rotation 

Test #110
2031 Cold, SN++ 100 g/dm²/h, 7.5 min
-10.3°C, CL Max 18° Rotation, 100 kts 

Visual Contamination Rating (1.1, 2.25, 2.5), 8 Lift Loss = 8.09%

End of Rotation

2.5

2.25

2.25
1.1

 
 
 

Photo D136: Run #110 – End of Test 

Test #110
2031 Cold, SN++ 100 g/dm²/h, 7.5 min
-10.3°C, CL Max 18° Rotation, 100 kts 

Visual Contamination Rating (1, 1.75, 2.6)

End of Test

2.6

1.75
1.75

1
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D-91 

Photo D137: Run #90 – Start of Test 

Test #90
EG106 + ABC-S Plus 09 + ABC-S Plus 10 + Max-Flight , Fluid Only

-11.9°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

Start of Test

1

1
1

1

 
 
 

Photo D138: Run #90 – Before Rotation 

Test #90
EG106 + ABC-S Plus 09 + ABC-S Plus 10 + Max-Flight , Fluid Only

-11.9°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 6.47%

Before Rotation

1

1 1

1
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D-92 

Photo D139: Run #90 – End of Rotation 

Test #90
EG106 + ABC-S Plus 09 + ABC-S Plus 10 + Max-Flight , Fluid Only

-11.9°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 6.47%

End of Rotation

1

1

1

1

 
 
 

Photo D140: Run #90 – End of Test 

Test #90
EG106 + ABC-S Plus 09 + ABC-S Plus 10 + Max-Flight , Fluid Only

-11.9°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

End of Test

1

1

1

1
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D-93 

Photo D141: Run #91 – Start of Test 

Test #91
Octaflo + Launch + 2031 + AD-49 , Fluid Only

-14.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

Start of Test

1

1

1

1

 
 
 

Photo D142: Run #91 – Before Rotation 

Test #91
Octaflo + Launch + 2031 + AD-49 , Fluid Only

-14.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 5.34%

Before Rotation

1

1
1

1
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D-94 

Photo D143: Run #91 – End of Rotation 

Test #91
Octaflo + Launch + 2031 + AD-49 , Fluid Only

-14.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1), 8 Lift Loss = 5.34%

End of Rotation

1

1

1

1

 
 
 

Photo D144: Run #91 – End of Test 

Test #91
Octaflo + Launch + 2031 + AD-49 , Fluid Only

-14.8°C, 8° Rotation, 100 kts 
Visual Contamination Rating (1, 1, 1)

End of Test

1

1

1

1
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