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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Under contract to TDC, APS Aviation Inc. (APS) undertook a test program to
investigate the performance of de/anti-icing fluids on aluminum surfaces treated
with ice phobic products and the possibility to reduce aircraft icing in northern
and cold climates.

Ice build-up on aircraft is a major safety concern for both on-ground and in-flight
aircraft operations. In recent years, there has been significant industry interest in
the use of coatings to protect aircraft critical surfaces. Some recent work has
studied these coatings (sometimes designed and marketed as ice phobic coatings)
during in-flight operations, but the behaviour and performance of these coatings
during ground icing operations has yet to be fully investigated.

Preliminary work has been conducted during the winters of 2009-10 and 2010-11
and the results are described in the TC report, TP 15055E, Emerging De/Anti-Icing
Technology: Evaluation of Ice Phobic Products for Potential Use in Aircraft
Operation (1) and in the TC report TP 15158E, Aircraft Ground Icing Research
General Activities During the 2010-11 Winter (2).

In 2011-2012, a three-year project was launched to assess the safety and
effectiveness of ice phobic materials/coating and investigate the feasibility of
employing ice phobic materials in the design of aircraft or specific aircraft sections
that are more prone to icing.

Testing in 2011-12 (year 1 of 3) included natural snow testing, indoor simulated
freezing precipitation testing, and wind tunnel testing. The main purpose of this
testing was to investigate some additional areas of research not previously
studied to gain some new insight into the potential applications of these coatings
for aircraft operations, and to continue the research to include newly developed
coating formulations. TC report, TP 715275E, Investigation of [ce Phobic
Technologies to Reduce Aircraft Icing in Northern and Cold Climates, Volume 2
of 4 (Year 1 of 3: 20117-2012 Testing Report) contains the research from Year 1
of the three year program.

This report contains the ice phobic research from Year 2 (2012-13) of the
three year program.

General Comments and Recommendations

Testing conducted was limited and served as a scoping study. Only a limited

number of products and conditions were tested. The main purpose of this testing
was to investigate some additional areas of research not previously studied, to
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gain some new insight into the potential applications of these coatings for aircraft
operations, and to continue the research including newly developed coating
formulations. More extensive material-specific data would be needed to
demonstrate usability of products on aircraft critical surfaces.

The results obtained have demonstrated a potential for future applications of ice
phobic coatings in aircraft operations. More specifically, significant benefits are
possible on vertical surfaces which are subject to early contamination due to fluid
runoff. The use of coatings on the vertical surfaces (i.e. vertical stabilizer,
winglets, fuselage, etc.) could provide added protection from adherence of
contamination.

Preliminary work done simulating aerodynamically quiet areas in aircraft also
indicated potential benefits to using ice phobic coatings. These results indicate a
potential solution to minimize residues formation, which could be applicable in
such areas.

The application of coatings to the main wing sections has demonstrated mixed
results and is highly dependent on the coatings used; some coatings have proven
to be better than others in terms of compatibility with fluids. Nonetheless, one
manufacturer has demonstrated continual improvement in the coatings submitted
for testing, indicating that these coatings can potentially evolve to be
complementary to de/anti-icing fluids.

In general, testing has indicated that with proper knowledge of the effects these
coatings have on de/anti-icing fluid, the benefits of using these coatings can be
had through adapted deicing procedures without compromising aircraft safety.

The following are potential areas for future research:

e Conduct evaluation of newly developed coatings;

e Conduct wind tunnel testing with a thin high performance wing model to
refine the test methodology, and to investigate coating performance during
ground icing conditions with and without fluid, and with contamination;

e Investigate potential use of coatings in areas prone to icing but where
de/anti-icing protection is limited, or not available (e.g. cowlings, landing
gear);

e Investigation of different types of adhered contamination on vertical
surfaces, and their effects on aerodynamics;

e Investigate dynamic taxi situations, simulating aircraft vibration; and

e Conduct research to support development of the new SAE AIR document.
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En vertu d'un contrat avec le CDT, APS Aviation Inc. (APS) a entrepris un
programme d’essais pour évaluer la performance de liquides de dégivrage et
d’antigivrage sur des surfaces d’aluminium traitées avec des produits
glaciophobes et sur la possibilité de réduire le givrage d’aéronefs dans les climats
nordiques et froids.

La formation de glace sur les aéronefs est une préoccupation importante en terme
de sécurité, autant pour I'exploitation d’aéronefs au sol qu’en vol. Au cours des
derniéres années, l'industrie a démontré un grand intérét dans |'utilisation de
recouvrements pour protéger les surfaces critiques des aéronefs. Des travaux
récents ont étudié ces recouvrements (parfois concus et mis en marché sous le
nom de recouvrements glaciophobes) en vol, mais leur comportement et leur
performance lors de dégivrages au sol n‘ont pas encore été complétement
examinés.

Les résultats des travaux préliminaires menés durant les hivers 2009-2010 et
2010-2011 sont précisés dans le rapport TP 15055E de TC : Emerging
De/Anti-Icing Technology: Evaluation of Ice Phobic Products for Potential Use in
Aircraft Operation (1) et dans le rapport TP 15158E de TC : Aircraft Ground Icing
Research General Activities During the 2010-11 Winter (2).

En 2011-2012, un projet d’'une durée de trois ans a été entrepris pour évaluer la
sécurité et l'efficacité de matériaux et recouvrements glaciophobes et pour
examiner la faisabilité d’utiliser des matériaux glaciophobes dans la conception
d’aéronefs ou de sections particulieres d’aéronef qui sont plus sujettes au givrage.

Les essais de 2011-2012 (1°° de 3 années) comprenaient des essais a |’extérieur
dans la neige, des essais a l'intérieur dans la précipitation verglacante simulée et
des essais en soufflerie. Ces essais avaient pour objectif principal d’examiner des
domaines de recherche additionnels non étudiés auparavant, afin de mieux
comprendre les applications possibles de ces revétements pour |'exploitation
d’aéronefs, ainsi que de poursuivre la recherche en y incluant des formules de
revétement nouvellement élaborées. Le rapport 7P 15275E de TC : Investigation
of Ice Phobic Technologies to Reduce Aircraft Icing in Northern and Cold Climates,
Volume 2 of 4 (1°° de 3 années : Rapport d’essais de 20117-2012) couvre la
recherche de la 1°® année du programme de 3 ans.

Le présent rapport couvre la recherche sur les matériaux glaciophobes de la
deuxiéme (2012-2013) des 3 années du programme.
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Observations générales et recommandations

Les essais étaient limités et ont servi d’'étude exploratoire. Un nombre limité
seulement de produits et de conditions a été mis a I’essai. Ces essais avaient pour
objectif principal d’examiner des domaines de recherche additionnels non étudiés
auparavant, afin de mieux comprendre les applications possibles de ces
revétements pour |I'exploitation d’aéronefs, ainsi que de poursuivre la recherche
en y incluant des formules de revétement nouvellement élaborées. Des données
plus complétes, spécifigues aux matériaux utilisés, seraient nécessaires pour
prouver l'utilité des produits sur les surfaces critiques des aéronefs.

Les résultats obtenus ont démontré un potentiel pour |I'application de revétements
glaciophobes aux aéronefs a |I'avenir. Plus précisément, des bénéfices importants
sont possibles sur les surfaces verticales, qui sont susceptibles de contamination
précoce en raison de I'écoulement du liquide. L'utilisation de revétements sur les
surfaces verticales (par exemple le stabilisateur vertical, les ailettes de bout d’aile,
le fuselage, etc.) pourrait ajouter une protection contre I'adhésion de
contamination.

Des travaux préliminaires qui simulaient les zones a [|‘abri d’écoulement
aérodynamique indiquaient également des bénéfices potentiels a utiliser des
revétements glaciophobes. Ces résultats indiquent une facon possible de
minimiser la formation de résidus, qui pourrait convenir aux zones d’aéronefs a

I"abri d’écoulement aérodynamique.

L"application de revétements sur les principales sections des ailes a donné des
résultats mitigés et dépend grandement des revétements utilisés. Certains
revétements se sont avérés meilleurs que d’autres en termes de compatibilité avec
les liquides. Néanmoins, un fabricant a démontré une amélioration constante des
revétements soumis aux essais, ce qui indique que ces revétements pourraient
évoluer et compléter les liquides de dégivrage et d'antigivrage.

De maniére générale, les essais ont démontré que, si I'on connait bien les effets
de ces recouvrements sur le liquide de dégivrage et d'antigivrage, leur utilisation
peut apporter des bénéfices en adaptant les procédures de dégivrage, sans
compromettre la sécurité des aéronefs.

Les domaines suivant pourraient faire I'objet de recherches futures :

e Evaluer les revétements nouvellement élaborés:

e Mener des essais en soufflerie avec un modéle d’aile mince de haute
performance afin de raffiner la méthodologie des essais, ainsi que pour
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examiner le rendement du revétement dans des conditions de givrage au
sol, avec ou sans liquide et avec contamination;

e Examiner la possibilité d’utiliser des revétements sur les zones sujettes au
givrage lorsque la protection contre le dégivrage ou I'antigivrage est limitée
ou non disponible (par exemple le capot ou le train d’atterrissage);

e Examiner les différents types de contamination adhérés aux surfaces
verticales et leurs effets sur I'aérodynamisme;

e Examiner des situations dynamiques de circulation au sol qui simulent la
vibration de I'aéronef; et

e Mener des recherches en appui au développement du nouveau document
SAE AIR.
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1. INTRODUCTION

1. INTRODUCTION

Over the past several years, the Transportation Development Centre (TDC),
Transport Canada (TC) has managed and conducted de/anti-icing related tests at
various sites in Canada; it has also coordinated worldwide testing and evaluation
of evolving technologies related to de/anti-icing operations with the co-operation
of the US Federal Aviation Administration (FAA), the National Research
Council (NRC), Meteorological Service of Canada (MSC), several major airlines,
and deicing fluid manufacturers. The TDC is continuing its research, development,
testing and evaluation program.

Under contract to TDC, APS Aviation Inc. (APS) undertook a test program to
investigate the performance of de/anti-icing fluids on aluminum surfaces treated
with ice phobic coatings and the potential to reduce aircraft icing in northern and
cold climates.

NOTE: The documentation of this project has been divided into four separate
volumes: one summary report, and three detailed reports on each of the respective
testing years’ activities. The volumes are as follows:

Volume 1: Summary Report

Volume 2: Year 1 of 3: 2011-12 Testing Report
Volume 3: Year 2 of 3: 2012-13 Testing Report
Volume 4: Year 3 of 3: 2013-14 Testing Report

This report is Volume 3 of 4.

1.1 Background

Ice build-up on aircraft is a major safety concern for both on-ground and in-flight
aircraft operations. In recent years, there has been significant industry interest in
the use of coatings to protect aircraft critical surfaces. Some recent work has
studied these coatings (sometimes designed and marketed as ice phobic coatings)
during in-flight operations, but the behaviour and performance of these coatings
during ground icing operations has yet to be fully investigated.

The results of testing in 2009-10 indicated that ice phobic products investigated
were not an appropriate stand-alone substitute for de/anti-icing, as they did not
necessarily prevent freezing and adhesion of contamination, but could delay the
onset of freezing. With respect to fluid thickness and endurance time testing,
some ice phobic products demonstrated minimal differences compared to the
baseline, whereas others demonstrated significant wetting issues and resulting
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1. INTRODUCTION

endurance time reductions; these differences were coating and fluid specific.
These results are described in detail in the TC report, TP 15055E, Emerging
De/Anti-Icing Technology: Evaluation of Ice Phobic Products for Potential Use in
Aircraft Operation (1).

In addition to the 2009-10 testing, work was conducted during the winter of
2010-11. This testing was limited and preliminary due to limited available funding
and the timing of the tests. The main purpose of this testing was to obtain some
initial insight into the potential new applications of these coatings for aircraft
operations, and to continue the research to include newly developed coating
formulations. These results are described in detail in the TC report, TP 15158E,
Aircraft Ground Icing Research General Activities During the 2010-11 Winter (2).

In 2011-2012, a three-year project was launched to assess the safety and
effectiveness of ice phobic materials/coating and investigate the feasibility of
employing ice phobic materials in the design of aircraft or specific aircraft sections
that are more prone to icing.

Testing in 2011-12 (Year 1 of 3) included natural snow testing, indoor simulated
freezing precipitation testing, and wind tunnel testing. The main purpose of this
testing was to investigate some additional areas of research not previously
studied to gain some new insight into the potential applications of these coatings
for aircraft operations, and to continue the research to include newly developed
coating formulations. TC report, TP 15275E, /nvestigation of Ice Phobic
Technologies to Reduce Aircraft Icing in Northern and Cold Climates, Volume 2
of 4 (Year 1 of 3: 20117-2012 Testing Report) contains the research from Year 1
of the three year program.

This report contains the ice phobic research from Year 2 (2012-13) of the
three year program.

1.2 Objective

The objective of this year’s research was to investigate the holdover time
performance of fluids applied to surfaces treated with ice phobic products, as well
as the performance of bare surfaces treated with ice phobic products.

Eight types of tests, described below, were conducted to meet the objective.

1. Endurance Time Tests: Evaluate fluid endurance times of Type | and IV
fluids when applied to surfaces treated with ice phobic products;
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. Adherence Tests: Evaluate potential to delay the onset of adherence on

bare surfaces treated with ice phobic products during freezing precipitation
conditions;

. Fluid Wetting and Thickness Tests: Evaluate de/anti-icing fluid ability to

properly wet and provide appropriate fluid thickness when applied to ice
phobic surfaces;

. Hot Water Deicing Tests: Evaluate the anti-icing performance of coated

surfaces when treated with standard hot water;

. Fluid Viscosity Tests: Evaluate whether lowest on-wing viscosity fluid or

mid-viscosity fluid should be used for evaluation of holdover times on
coated surfaces;

. Vertical Stabilizer Tests: Evaluate the endurance time performance on

vertical surfaces treated with an ice phobic coating;

. Reduction of Residues in Quiet Areas: Investigate potential application of

ice phobic products in quiet areas to reduce residues by evaluating ability
to facilitate fluid drainage; and

. Wind Tunnel Tests: To investigate the aerodynamic performance of an

airfoil treated with a coating, with and without de/anti-icing fluids.

In addition, a significant amount of work was done in developing a new Society
of Automotive Engineers (SAE) Aerospace Information Report (AIR) for evaluating
the interaction of de/anti-icing fluids with aircraft after-market coatings.

The sections of the TDC work statement pertaining to the work described in this
report are provided in Appendix A.

1.3 Report Format

The following list provides short descriptions of the main sections of this report:

a)

b)

Section 2 provides a description of the methodology used to carry out the
tests during the winter of 2012-13;

Section 3 summarizes the results from endurance time testing conducted
during the winter of 2012-13;

Section 4 summarizes the results from the adherence testing conducted
during the winter of 2012-13;

Section 5 summarizes the results from the fluid wetting and fluid thickness
testing conducted during the winter of 2012-13;
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Section 6 summarizes the results from the hot water deicing testing
conducted during the winter of 2012-13;

Section 7 summarizes the results from the fluid viscosity testing conducted
during the winter of 2012-13;

Section 8 summarizes the results from the vertical stabilizer testing
conducted during the winter of 2012-13;

Section 9 summarizes the results from the investigation of the application
of ice phobic products in quiet areas during the winter of 2012-13;

Section 10 summarizes the results from the wind tunnel testing conducted
during the winter of 2012-13;

Section 11 summarizes the activities regarding the development of the SAE
Aerospace Information Report (AIR) being developed for evaluating the
interaction of de/anti-icing fluids with aircraft after-market coating;

Section 12 presents the observations conclusions; and

Section 13 presents the recommendations.
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2. METHODOLOGY

This section describes the overall approach, test parameters and experimental
procedures followed during the 2012-13 project.

APS measurement instruments and test equipment are calibrated and verified on
an annual basis. This calibration is carried out according to a calibration plan
derived from approved ISO 9001:2008 standards, and developed internally by
APS.

2.1 Test Facilities

The following sections describe the different testing facilities used to conduct the
various ice phobic tests.

2.1.1 APS Pierre Elliott Trudeau (P.E.T.) Airport Outdoor Test Site

Fluid endurance time testing during natural snow conditions was conducted at
the APS test site (Photo 2.1 and Photo 2.2) located at the P.E.T. International
Airport (Montreal-Trudeau) in Montreal. Testing was conducted by APS
personnel. The location of the test site is shown on the plan view of the airport
in Figure 2.1.

Figure 2.1: Plan View of APS Montreal-Trudeau Airport Test Site
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2. METHODOLOGY

2.1.2 NRC Climatic Engineering Facility (CEF)

To obtain the necessary fluid endurance time data for the freezing precipitation
conditions, testing was carried out at the NRC CEF (Photo 2.3) using a sprayer
assembly (Photo 2.4) to simulate the required freezing precipitation conditions.
Testing was conducted by APS personnel. Figure 2.2 provides a schematic of the
NRC Uplands campus showing the location of the U-88/U-89 facility.

I‘I Mational Resaarch  Consell national
Councd Canada  de recherches Canada

Uplands Institutes BUILDING BUILDING
Canadian Aviation Safety Board 100 Institute for Asrospace Ressarch
and Facilities ty P
Ottawa Genire for Surface - Flight Impact Simulatar &
Transporlation Technology - Flight Research Hangar 61
- Climate Engineering Facility 88 - Heating Plant (CFB) 63
- Fuel Storage B4 - 1.5 m Trisonic Wind Tunnel 66
- Impact Strength Testing 90,01 -8 m Low Speed Wind Tunnel 70
- Vehicle Dynamics 87,89 - AR Stores (ASPM) 62
- Thrust Augmentation B1A
- Helicopter Icing Facility 80,81

Macdonald-Cartier
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For River Rd laboratories, take

Ihe HIJH( Club Hﬁﬂoﬂ rside.
south on Ri Hsdewﬁd)
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Canadian Forces
Basa Ottawa
{South)

Canadi

Figure 2.2: Schematic of NRC Uplands Campus

2.1.3 NRC Open Circuit Wind Tunnel Test Site

The Propulsion and Icing Wind Tunnel (PIWT) tests were performed at the NRC
Aerospace Facilities, Building M-46, at the NRC Montreal Road campus, located
in Ottawa, Canada. Figure 2.3 provides a schematic of the NRC Montreal Road
campus showing the location of the NRC PIWT. Photo 2.5 shows an outside view
of the wind tunnel test facility. Photo 2.6 shows an inside view of the wind tunnel
test section. The open-circuit layout, with fan at entry, permits contaminants
associated with the test articles (such as heat, or de/anti-icing fluid) to discharge
directly, without re-circulating or contacting the fan. The fan is normally driven
electrically but high-speed operation can be accommodated by a gas turbine drive
system. Due to the requirements of both high speed and low speed operation
during the testing, the gas turbine was selected to allow for greater flexibility.
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The gas turbine drive can perform both low and high speed operations whereas
the electric drive is limited to low speed operations.

£

e R HWY Autarouta 174 -}
—

—_—

Fromengde Balhgale Drive

Figure 2.3: Schematic of NRC Montreal Road Campus

2.2 Materials Tested

2.2.1 Ice Phobic Products

To investigate the effects of ice phobic treated aluminum surfaces on de/anti-icing
fluid performance, five products were evaluated during the winter of 2012-13.
The choices in materials were made based on availability and potential for use in
current aircraft operations. Table 2.1 lists the products tested to date along with
the reference codes used in this report. Only the 2012-13 testing year results are
described in this report.

2.2.2 Flat Pate Testing Baseline Surfaces

During each flat plate test, the performance of the ice phobic treated standard
aluminum test plate was compared to a baseline untreated standard 2024-T3
aluminum test plate. In previous years, during some limited flat plate tests, a
polished and a painted plate were also used for comparison (the objective was to
compare the ice phobic performance to industry available surface finishes).
Table 2.2 lists the baseline surface used for comparison.
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Table 2.1: List of Ice Phobic Product Tested and Reference Codes

Testin APS
Y 9 Reference Manufacturer Product Applied
ear

Code
2012-13 I-PH B12 Manufacturer B Product 1
2012-13 I-PH B13 Manufacturer B Product 2
2012-13 I-PH C3 Manufacturer C Product 1
2012-13 I-PH D1 Manufacturer D Product 1
2012-13 I-PH D2 Manufacturer D Product 2

Table 2.2: List of Flat Plate Baseline Surfaces Tested

APS .
Reference Code Material Treatment Used
Baseline 2024-T3 Aluminum Not Treated

2.3 Test Methodology

The test methodologies used to conduct the various ice phobic tests are described
in the following sections.

2.3.1 Description of Fluid Endurance Time Testing Procedures

2.3.1.1 Description of Indoor Fluid Endurance Time Testing Procedure

Testing was conducted in simulated precipitation conditions at the NRC climatic
engineering facility. Tests were carried out using standard endurance time testing
protocol. When possible, Brix and thickness measurements were taken 5 minutes
after fluid application and at the time of failure. Testing was conducted with ice
phobic products as well as the baseline aluminum plate. Details of this procedure
are included in Appendix B. (Note: this procedure was developed several years
ago; the same procedure applies).

2.3.1.2 Description of Outdoor Fluid Endurance Time Testing Procedure

Testing was conducted in natural snow conditions at the APS P.E.T Airport test
site. Tests were carried out using standard endurance time testing protocol. When
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possible, Brix and thickness measurements were taken 5 minutes after fluid
application and at the time of failure. Testing was conducted with ice phobic
products as well as the baseline aluminum plate. Testing was limited and ad-hoc,
therefore no official procedure was published, however the procedure in
Appendix C was used as reference.

2.3.2 Description of Fluid Wetting and Thickness Testing Procedure

The testing methodology was based on the protocol used to measure fluid
thickness of new endurance time fluids. The procedure is entitled Experimental
Program to Establish Film Thickness Profiles for De-Icing and Anti-Icing Fluids on
Flat Plates and can be found in Appendix | of TC report, TP 13991E, Aircraft
Ground De/Anti-icing Fluid Holdover Time and Endurance Time Testing Program
for the 2007-2002 Winter (3). Comparative flat plate tests were conducted with
all ice phobic products as well as the baseline aluminum plate. These tests were
conducted in dry conditions (no precipitation). The thickened fluid tests consisted
of recording the fluid thickness decay over a 30-minute period. The Type | tests,
however, consisted of recording the percentage of the plate that remained wetted
over a period of 15-minutes. Due to the thinness of the fluid layer, fluid thickness
was not an appropriate evaluation method. Details of this procedure are included
in Appendix B.

2.3.3 Description of Adherence Testing Procedure

Testing was conducted without fluid to evaluate the potential to delay the onset
of adherence on surfaces treated with ice phobic products relative to the baseline
aluminum surface. Comparative flat plate tests were conducted with all ice phobic
products as well as the baseline plate. Testing was conducted in light freezing
rain. The dry, clean plates were simultaneously exposed to the simulated freezing
contamination. Data regarding the time for ice to form, and the time for the ice
to adhere were recorded. The adhesion was verified using the “APS Adherence
Tester” which has been historically used, and has been calibrated to represent
the shear forces typically experienced during takeoff. Observational data during
the tests was also recorded. Details of this procedure are included in Appendix B.

2.3.4 Description of Hot Water Testing Procedure

Testing was conducted without fluid to evaluate the anti-icing performance of
coated surfaces when treated with hot water. Comparative flat plate tests were
conducted with all ice phobic products as well as the baseline plate. Testing was
conducted in light freezing rain.
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2.3.5 Description of Fluid Viscosity Testing Procedure

In the development of AIR6232, the question was raised as to whether lowest
on-wing viscosity fluid or mid-viscosity fluid should be used for evaluation of
holdover times on coated surfaces. Moreover, would differences in endurance
time be affected by fluid viscosity? Limited testing in both natural snow and
simulated freezing conditions were completed to investigate this. Comparative
flat plate tests were conducted with all ice phobic products as well as the baseline
plate. Details of this procedure are included in Appendix D.

2.3.6 Description of Vertical Stabilizer Testing Procedure

Due to the early fluid failures observed on vertical surfaces, it was suggested that
tests be conducted with ice phobic treated surfaces to investigate any potential
benefits. Tests were conducted under natural snow conditions at the APS test
site facility located at Montreal-Trudeau Airport in Montreal. Standard endurance
time test and rate collection protocol were followed during the execution of these
tests. Type IV tests were conducted with a vertical plate (positioned at
80° instead of the typical 10°) which was coated with an ice phobic coating, and
the performance was compared to a vertical baseline plate which was not coated.
Details of this procedure are included in Appendix C and in Appendix E.

2.3.7 Description of Wind Tunnel Testing Procedure

Testing was conducted using wing skins specifically manufactured to fit onto the
existing thin, high performance wing section and be secured by flush-mounted
screws. To cover the entire test wing, two individual wing skin halves were
required. The wing skins were treated with the various coatings prior to testing
to allow the proper curing times.

The general methodology used for these tests was in accordance with the
methodologies used for typical fluid and contamination tests conducted in the
wind tunnel. The evaluation methodology was modified to allow a comparison
among the different wing skin coatings. Details of this procedure are included in
Appendix F.

2.3.8 Description of Residues Testing Procedure
A comparative testing methodology was developed by APS with TC/FAA based

on the “Successive Dry-out and Rehydration Test” from Appendix A of
AMS1428G. The residues formed on coated plates were compared to the baseline
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aluminum plate. Coated aluminum test plates and selected fluids were provided
to AMIL for testing.

2.4 Data Forms

The data forms used for the various test objectives are provided in the respective
procedures given in Appendix B, C and D.

2.5 Equipment

The test equipment for standard HOT testing and typical wind tunnel testing was
used to conduct the ice phobic product evaluation. Subsections 2.5.1 to 2.5.4
briefly describe some of the equipment used.

2.5.1 Wind Tunnel Super-Critical Wing Section

A new generation thin and flat wing section (Figure 2.4) was used for testing in
the NRC PIWT. The dimensions indicated are in inches. This wing section was
constructed by the NRC specifically for conducting these tests followed by
extensive consultations with an airframe manufacturer to ensure a representative
super-critical design.

Testing was conducted using wing skins specifically manufactured to fit onto the
existing thin high performance wing section and be secured by 68 flush-mounted
screws. To cover the entire test wing, two individual wing skin halves were
required.

The general methodology that was used during these tests is in accordance with
the methodologies used for typical fluid and contamination tests conducted in the
wind tunnel.

2.5.2 Test Surfaces

Flat plate endurance time testing was conducted using standard aluminum test
plates that were treated with ice phobic products (paint, or polish) or left
un-treated (baseline). A schematic of a test plate is shown in Figure 2.5.
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For the residues testing, smaller test plates were used (Photo 2.7). For all wind
tunnel testing, custom made wing skin were manufactured and coated with ice
phobic products (Photo 2.8).

3230

7348

Figure 2.4: Wing Section

2.5.3 Wet Film Thickness Gauge

Wet film fluid thickness measurements were recorded during endurance time
tests. Figure 2.6 shows the schematic of the wet film thickness gauges.

2.5.4 Brixometer

The Brixometer provides data relevant to the fluid concentration (Brix

measurements) and monitors fluid dilution. Figure 2.7 shows a hand-held
Brixometer.

2.6 Fluids

Commercially available Type I, II, lll and IV fluids were used in this testing. For
certain objectives, lowest-on-wing viscosity fluid samples were used.
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Figure 2.5: Schematic of Standard Holdover Time Test Plate
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Figure 2.6: Wet Film Thickness Gauges
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Figure 2.7: Hand-Held Brixometer
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Photo 2.1: APS Test Site - View from Test Pad
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Photo 2.3: Inside View of NRC Climate Engineering Facility

M:\Projects\PM2265.003 (TC Deicing 2013-14)\Reports\lce Phobic\Volume 3\Final Version 1.0\TP 15275E Vol. 3 2012-13 Final Version 1.0.docx
Final Version 1.0, July 17
16



2. METHODOLOGY

Photo 2.5: Outside View of NRC Wind Tunnel Facility
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Photo 2.7: Smaller Test Plates for Residue Testing

-
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3. ENDURANCE TIME TESTING DATA AND RESULTS

In this section, the endurance time testing data collected during the winter of
2012-13 is analysed and discussed. The treated surfaces were evaluated against
the baseline plate to investigate potential adverse effects on fluid holdover
times (HOT) when applied to surfaces treated with ice phobic products. Testing
was conducted with the five new coatings:

e B12 e C3 e D2
e B13 e D1

Photo 3.1 and Photo 3.2 at the end of this chapter depict the setup for this
testing.

3.1 Log of Endurance Time Tests Conducted

To facilitate the accessibility of the data collected, a log was created for the series
of tests conducted by APS at the NRC CEF and at the P.E.T. airport site during
the winter of 2012-13. The log presented in Table 3.1 and Table 3.2 provides
relevant information for each of the tests, as well as final values used for the data
analysis. Each row contains data specific to one test.
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Table 3.1: Log of Simulated Precipitation Endurance Time Tests

Run | Test | Goion pate Fiid iuton | Surfece |  Time Time | Enduence | Adusted | gu | precpfute | Thckness @ | Bix@
(hh:mm:ss) (hh:mm:ss) (°C)
PHO1 Light Freezing Rain 9-Apr-13 Octagon Octaflo EF 10°B (B=27.0) Baseline 11:49:53 11:56:08 6.3 6.3 -10 12.6 n/a n/a
PHO2 Light Freezing Rain 9-Apr-13 Octagon Octaflo EF 10°B (B=27.0) B12 11:50:18 11:56:30 6.2 6.2 -10 12.6 n/a n/a
PHO3 Light Freezing Rain 9-Apr-13 Octagon Octaflo EF 10°B (B=27.0) B13 11:50:41 11:57:00 6.3 6.2 -10 12.4 n/a n/a
k PHO4 Light Freezing Rain 9-Apr-13 Octagon Octaflo EF 10°B (B=27.0) C3 11:51:01 11:57:30 6.5 6.4 -10 12.4 n/a n/a
PHO5 Light Freezing Rain 9-Apr-13 Octagon Octaflo EF 10°B (B=27.0) D1 11:51:24 11:58:00 6.6 6.4 -10 12.3 n/a n/a
PHO6 Light Freezing Rain 9-Apr-13 Octagon Octaflo EF 10°B (B=27.0) D2 11:52:46 11:57:40 4.9 4.8 -10 12.4 n/a n/a
PHO7 Light Freezing Rain 9-Apr-13 AD-49 75/25 Baseline 11:06:59 11:40:00 33.0 33.0 -10 13.6 80.0 20.50
PHO8 Light Freezing Rain 9-Apr-13 AD-49 (WT) 75/25 B12 11:07:17 11:37:30 30.2 30.0 -10 13.5 80.0 22.00
PHO9 Light Freezing Rain 9-Apr-13 AD-49 (WT) 75/25 B13 11:07:38 11:37:30 29.9 28.3 -10 12.9 80.0 21.00
2 PH10 Light Freezing Rain 9-Apr-13 AD-49 (WT) 75/25 C3 11:08:02 11:38:43 30.7 28.9 -10 12.8 80.0 21.50
PH11 Light Freezing Rain 9-Apr-13 AD-49 (WT) 75/25 D1 11:08:25 11:37:30 29.1 27.6 -10 12.9 80.0 21.50
PH12 Light Freezing Rain 9-Apr-13 AD-49 (WT) 75/25 D2 11:08:45 11:38:30 29.8 28.0 -10 12.8 70.0 21.00
PH13 Freezing Drizzle 8-Apr-13 Cryotech PGA 100/0 Baseline 13:35:10 14:00:10 25.0 25.0 -10 13.6 70.0 28.50
PH14 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT) 100/0 B12 13:35:33 14:00:10 24.6 23.7 -10 13.1 70.0 25.50
PH15 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT) 100/0 B13 13:35:56 14:00:10 24.2 22.5 -10 12.6 70.0 26.50
$ PH16 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT) 100/0 C3 13:36:18 14:00:10 23.9 21.8 -10 12.4 70.0 26.50
PH17 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT) 100/0 D1 13:36:47 14:00:10 23.4 21.8 -10 12.7 70.0 27.00
PH18 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT) 100/0 D2 13:37:16 14:00:10 22.9 221 -10 13.1 70.0 26.50
PH19 Light Freezing Rain 8-Apr-13 Dow UCAR EG106 100/0 Baseline 16:47:55 17:38:00 50.1 50.1 -10 26.1 80.0 11.00
PH20 Light Freezing Rain 8-Apr-13 Dow UCAR EG106 100/0 B12 16:48:23 17:37:00 48.6 48.4 -10 26.0 80.0 10.00
PH21 Light Freezing Rain 8-Apr-13 Dow UCAR EG106 100/0 B13 16:49:03 17:37:30 48.5 47.3 -10 25.5 80.0 10.00
¢ PH22 Light Freezing Rain 8-Apr-13 Dow UCAR EG106 100/0 C3 16:49:34 17:42:00 52.4 50.4 -10 25.1 80.0 10.00
PH23 Light Freezing Rain 8-Apr-13 Dow UCAR EG106 100/0 D1 16:50:11 17:42:00 51.8 50.0 -10 25.2 80.0 9.50
PH24 Light Freezing Rain 8-Apr-13 Dow UCAR EG106 100/0 D2 16:50:48 17:44:00 53.2 50.8 -10 24.9 80.0 9.50
PH25 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) Baseline 8:52:58 9:05:54 12.9 12.9 -3 6.0 n/a n/a
PH26 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) B12 8:53:24 9:23:00 29.6 28.6 -3 5.8 n/a n/a
PH27 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) B13 8:53:50 9:23:00 29.2 26.7 -3 5.5 n/a n/a
5 PH28 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) C3 8:54:10 9:08:10 14.0 11.9 -3 5.1 n/a n/a
PH29 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) D1 8:54:31 9:09:30 15.0 12.2 -3 4.9 n/a n/a
PH30 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) D2 8:54:55 9:07:00 12.1 101 -3 5.0 n/a n/a
PH31 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) D2 9:30:28 9:45:00 14.5 14.5 -3 6.0 n/a 11.00
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3. ENDURANCE TIME TESTING DATA AND RESULTS

Table 3.1: Log of Simulated Precipitation Endurance Time Tests (cont’d)

R;n Test # Condition Date Fluid Dilution Surface ?lt::; 'I'Eir:e 'Einn(::r(ar:i(:) 2_7,’7:::3 OEI‘\:T P(':;;F:‘:ﬁt)e T(gi(;kr:::‘s Br;);“@
(hh:mm:ss) | (hh:mm:ss) (°C)
FMO08 Freezing Drizzle 10-Apr-13 Octagon Octaflo EF 10°B (B=21.25) Baseline 10:14:59 10:30:40 15.7 15.7 -3 5.5 n/a n/a
PH32 Freezing Drizzle 10-Apr-13 Octagon Octaflo EF 10°B (B=21.25) B12 9:30:50 10:08:00 37.2 39.2 -3 5.8 n/a 9.50
PH33 Freezing Drizzle 10-Apr-13 Octagon Octaflo EF 10°B (B=21.25) B13 9:31:12 10:08:00 36.8 36.8 -3 5.5 n/a 13.00
® PH34 Freezing Drizzle 10-Apr-13 Octagon Octaflo EF 10°B (B=21.25) C3 9:31:30 9:47:45 16.2 15.1 -3 5.1 n/a 15.00
PH35 Freezing Drizzle 10-Apr-13 Octagon Octaflo EF 10°B (B=21.25) D1 9:31:63 9:48:00 16.1 14.4 -3 4.9 n/a 13.50
PH36 Freezing Drizzle 10-Apr-13 Octagon Octaflo EF 10°B (B=21.25) D2 9:32:19 9:45:156 12.9 11.8 -3 5.0 n/a 14.00
PH37 Freezing Drizzle 10-Apr-13 AD-49 50/50 Baseline 12:50:31 13:17:15 26.7 26.7 -3 13.9 45.0 4.50
PH38 Freezing Drizzle 10-Apr-13 AD-49 (WT) 50/50 B12 12:50:49 13:17:25 26.6 25.5 -3 13.3 45.0 4.00
PH39 Freezing Drizzle 10-Apr-13 AD-49 (WT) 50/50 B13 12:51:05 13:17:30 26.4 24.5 -3 12.9 45.0 3.00
! PH40 Freezing Drizzle 10-Apr-13 AD-49 (WT) 50/50 C3 12:51:22 13:16:00 24.6 22.7 -3 12.8 45.0 5.00
PH41 Freezing Drizzle 10-Apr-13 AD-49 (WT) 50/50 D1 12:51:41 13:16:55 25.2 23.6 -3 13.0 45.0 5.00
PH42 Freezing Drizzle 10-Apr-13 AD-49 (WT) 50/50 D2 12:51:57 13:16:55 25.0 23.9 -3 13.3 35.0 6.00
PH43 Light Freezing Rain 11-Apr-13 ABC-S Plus 75/25 Baseline 8:35:07 9:55:50 80.7 80.7 -3 25.0 134.0 3.00
PH44 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT) 75/25 B12 8:35:27 9:44:30 69.0 68.2 -3 24.7 119.0 2.00
PH45 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT) 75/25 B13 8:35:46 9:33:00 57.2 54.9 -3 24.0 119.0 5.50
8 PH46 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT) 75/25 C3 8:36:06 9:55:25 79.3 76.1 -3 24.0 127.0 4.00
PH47 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT) 75/25 D1 8:36:25 9:54:35 78.2 75.7 -3 24.2 127.0 4.00
PH48 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT) 75/25 D2 8:36:46 9:50:40 73.9 721 -3 24.4 96.0 4.50
PH49 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) Baseline 13:27:27 13:42:05 14.6 14.6 -3 13.9 n/a n/a
PH50 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) B12 13:27:47 13:50:35 22.8 21.8 -3 13.3 n/a n/a
PH51 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) B13 13:28:11 13:54:25 26.2 24.3 -3 12.9 n/a n/a
° PH52 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) C3 13:28:28 13:42:00 13.5 12.5 -3 12.8 n/a n/a
PH53 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) D1 13:28:47 13:39:20 10.5 9.9 -3 13.0 n/a n/a
PH54 Freezing Drizzle 10-Apr-13 Dow UCAR ADF (EG) 10°B (B=17.6) D2 13:29:11 13:40:15 11.1 10.5 -3 13.2 n/a n/a
PH-VO1 Light Freezing Rain 9-Apr-13 AD-49 75/25 Baseline 11:09:20 11:36:30 27.2 27.2 -10 12.6 45.0 17.5
PH-V02 Light Freezing Rain 9-Apr-13 AD-49 (WT LOWYV) 75/25 B12 11:09:40 11:36:00 26.3 26.3 -10 12.6 40.0 17
PH-VO3 Light Freezing Rain 9-Apr-13 AD-49 (WT LOWYV) 75/25 B13 11:10:02 11:36:30 26.5 26.0 -10 12.4 40.0 17
10 PH-V04 Light Freezing Rain 9-Apr-13 AD-49 (WT LOWYV) 75/25 C3 11:10:20 11:38:00 27.7 27.2 -10 12.4 45.0 17
PH-VO5 Light Freezing Rain 9-Apr-13 AD-49 (WT LOWYV) 75/25 D1 11:10:40 11:38:20 27.7 27.0 -10 12.3 40.0 17
PH-V06 Light Freezing Rain 9-Apr-13 AD-49 (WT LOWYV) 75/25 D2 11:11:03 11:38:20 27.3 26.9 -10 12.4 40.0 17.5
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3. ENDURANCE TIME TESTING DATA AND RESULTS

Table 3.1: Log of Simulated Precipitation Endurance Time Tests (cont’d)

R;n Test # Condition Date Fluid Dilution Surface ?lt::; 'I'Eir:e 'Einn(::r(ar:i(:) Adj'::::‘? ET OE:T P(':;;F:‘:ﬁt)e Thi(;kr:::‘s @ BrFi);“@
(hh:mm:ss) | (hh:mm:ss) (°C)
PH-VO7 Freezing Drizzle 8-Apr-13 Cryotech PGA 100/0 Baseline 13:37:59 14:04:30 26.5 26.5 -10 13.8 65.0 26
PH-V08 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT LOWV) 100/0 B12 13:38:25 14:04:30 26.1 25.7 -10 13.6 60.0 25
PH-V09 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT LOWV) 100/0 B13 13:38:54 14:04:30 25.6 24.9 -10 13.4 60.0 25
" PH-V10 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT LOWV) 100/0 C3 13:39:19 14:04:30 25.2 24.5 -10 13.4 55.0 25.5
PH-V11 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT LOWV) 100/0 D1 13:39:46 14:04:30 24.7 24.4 -10 13.6 60.0 25
PH-V12 Freezing Drizzle 8-Apr-13 Cryotech PGA (WT LOWV) 100/0 D2 13:40:13 14:04:30 24.3 24.3 -10 13.8 55.0 25
PH-V13 Freezing Drizzle 10-Apr-13 AD-49 50/50 Baseline 12:52:28 13:04:20 11.9 11.9 -3 13.2 12.0 3.5
PH-V14 Freezing Drizzle 10-Apr-13 AD-49 (WT LOWYV) 50/50 B12 12:52:49 13:05:45 12.9 12.8 -3 13.1 12.0 4
PH-V15 Freezing Drizzle 10-Apr-13 AD-49 (WT LOWYV) 50/50 B13 12:53:08 13:05:45 12.6 12.6 -3 13.2 14.0 3
2 PH-V16 Freezing Drizzle 10-Apr-13 AD-49 (WT LOWYV) 50/50 C3 12:53:26 13:05:30 12.1 11.7 -3 12.8 14.0 3.5
PH-V17 Freezing Drizzle 10-Apr-13 AD-49 (WT LOWYV) 50/50 D1 12:53:44 13:05:00 11.3 11.4 -3 13.4 12.0 3.5
PH-V18 Freezing Drizzle 10-Apr-13 AD-49 (WT LOWYV) 50/50 D2 12:54:02 13:05:30 11.5 11.4 -3 13.1 12.0 3
PH-V19 Light Freezing Rain 11-Apr-13 ABC-S Plus 75/25 Baseline 8:37:59 9:02:05 241 241 -3 24.7 55.0 4.5
PH-V20 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT LOWV) 75/25 B12 8:38:19 9:02:45 24.4 24.2 -3 24.5 55.0 5.25
PH-V21 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT LOWV) 75/25 B13 8:38:37 9:03:35 25.0 24.4 -3 241 55.0 2.5
" PH-V22 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT LOWV) 75/25 C3 8:38:53 9:07:00 28.1 27.7 -3 24.3 60.0 5.5
PH-V23 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT LOWV) 75/25 D1 8:39:12 9:04:00 24.8 24.4 -3 24.3 60.0 5.5
PH-V24 Light Freezing Rain 11-Apr-13 ABC-S Plus (WT LOWV) 75/25 D2 8:39:32 9:07:00 27.5 26.5 -3 23.8 55.0 5.5
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3. ENDURANCE TIME TESTING DATA AND RESULTS

Table 3.2: Log of Natural Snow Endurance Time Tests

. . . . EC . E.C . Brix
U ome | ruiataion | e | sutce | ST | ot | S | Adied | gur | neiae | Wné | Thoes | o

(km/h)

STANDARD ENDURANCE TIME TESTS

27-Dec-12 | Launch, 100/0 Mid Baseline 7:29:28 8:20:00 50.5 50.5 -6.2 60.4 32 104 15.0
1 27-Dec-12 | Launch, 100/0 Mid I-PH C3 7:29:50 8:20:00 50.2 50.3 -6.2 60.6 32 96 15.5
27-Dec-12 | Launch, 100/0 Mid I-PH D1 7:30:10 8:20:00 49.8 50.0 -6.2 60.7 32 104 14.3
27-Dec-12 EG106-100/0 Mid Baseline 8:44:42 9:13:00 28.3 28.3 -5.5 66.7 28 104 11.5
2 27-Dec-12 EG106-100/0 Mid I-PH C3 8:45:23 9:06:00 20.6 20.7 -5.5 67.1 28 80 N/A
27-Dec-12 EG106-100/0 Mid I-PH D1 8:45:51 9:10:00 24.2 24.3 -5.5 67.1 28 96 N/A
19-Feb-13 | ABC-S+, 100/0 Mid Baseline 19:17:10 | 21:11:00 113.8 113.8 -3.2 10.12 7 70 10.0
19-Feb-13 | ABC-S+, 100/0 Mid I-PHB12 | 19:20:10 | 21:01:00 100.8 93.0 -3.3 9.33 7 80 12.0
3 19-Feb-13 | ABC-S+, 100/0 Mid I-PHB13 | 19:20:30 | 21:00:00 99.5 91.5 -3.2 9.31 7 80 12.0
19-Feb-13 | ABC-S+, 100/0 Mid I-PH C3 19:20:47 | 21:12:13 111.4 112.3 -3.2 10.2 7 80 11.5
19-Feb-13 | ABC-S+, 100/0 Mid I-PH D1 19:21:11 | 21:06:00 104.8 98.9 -3.2 9.55 7 80 11.0
19-Feb-13 Launch, 100/0 Mid Baseline | 21:36:36 | 23:16:00 99.4 99.4 -1.1 20.66 16 70 7.0
19-Feb-13 Launch, 100/0 Mid I-PHB12 | 21:36:56 | 22:25:00 48.1 47.8 -1.4 20.55 13 70 7.5
4 19-Feb-13 Launch, 100/0 Mid I-PH B13 | 21:37:20 | 22:24:00 46.7 46.0 -1.4 20.36 16 70 7.5
19-Feb-13 Launch, 100/0 Mid I-PH C3 21:37:46 | 22:56:00 78.2 83.2 -1.1 21.96 16 70 7.0
19-Feb-13 Launch, 100/0 Mid I-PH D1 21:38:08 | 22:50:00 71.9 76.1 -1.1 21.87 16 80 5.0
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3. ENDURANCE TIME TESTING DATA AND RESULTS

Table 3.2: Log of Natural Snow Endurance Time Tests (cont’d)

Run Date Fluid/Dilution Mid/Low Surface Start Time End Time Endurance Adjusted OE/::T Precip. Rate V\Ilsl(rfd Thickness Brix @
# Viscosity (min) (min) Time (min) ET °C) (g/dm?/h) (Skpn?/er::i) @ 5 min Fail
MID AND LOW VISCOSITY (INCLUDED AS ENDURANCE TIME TESTS)

27-Dec-12 Launch, 100/0 Low Baseline 10:17:27 11:02:17 44.8 44.8 -3.9 60.6 13 80 14.00
° 27-Dec-12 | Launch, 100/0 Low I-PH C3 10:18:01 | 10:56:00 38.0 38.6 -3.9 61.5 13 80 14.00
27-Dec-12 | Launch, 100/0 Mid Baseline 10:156:39 | 11:08:25 52.8 52.2 -3.9 59.9 13 96 15.00
6 27-Dec-12 | Launch, 100/0 Mid I-PH C3 10:16:10 | 11:06:14 50.1 48.8 -3.9 60.0 13 96 14.00
27-Dec-12 | Launch, 100/0 Mid I-PH D1 10:16:43 | 11:00:00 43.3 43.6 -3.9 61.0 13 96 12.00
19-Jan-13 Launch, 100/0 Low Baseline 2:46:40 4:54:00 127.3 127.3 -6.7 7.7 22 50 17.00
19-Jan-13 Launch, 100/0 Low I-PH B12 2:46:58 3:55:00 68.0 71.5 -6.9 8.0 23 45 15.50
7 19-Jan-13 Launch, 100/0 Low I-PH B13 2:47:21 3:57:00 69.7 73.0 -6.9 8.0 23 50 15.25
19-Jan-13 Launch, 100/0 Low I-PH C3 2:47:46 4:43:00 115.2 113.1 -6.7 7.5 22 55 16.00
19-Jan-13 Launch, 100/0 Low I-PH D1 2:48:10 4:44:00 115.8 113.7 -6.7 7.5 22 55 15.50
19-Jan-13 Launch, 100/0 Mid Baseline 2:45:01 4:57:00 132.0 132.0 -6.7 7.7 22 70 17.25
19-Jan-13 Launch, 100/0 Mid I-PH B12 2:45:20 4:12:00 86.7 86.8 -6.9 7.7 23 70 15.25
8 19-Jan-13 Launch, 100/0 Mid I-PH B13 2:45:38 4:20:00 94.4 91.8 -6.9 7.5 23 70 15.25
19-Jan-13 Launch, 100/0 Mid I-PH C3 2:45:58 4:57:00 131.0 130.9 -6.7 7.7 22 70 18.00
19-Jan-13 Launch, 100/0 Mid I-PH D1 2:46:12 4:47:00 120.8 118.6 -6.7 7.6 22 70 15.50
19-Jan-13 | ABC-S+, 100/0 Low Baseline 5:28:38 7:07:00 98.4 98.4 -5.8 8.6 20 65 14.00
19-Jan-13 | ABC-S+, 100/0 Low I-PH B12 5:29:08 6:38:00 68.9 66.9 -5.8 8.3 20 55 15.00
9 19-Jan-13 | ABC-S+, 100/0 Low I-PH B13 5:29:39 6:39:00 69.4 67.3 -5.8 8.3 20 60 14.00
19-Jan-13 | ABC-S+, 100/0 Low I-PH C3 5:30:22 7:02:00 91.6 91.5 -5.8 8.5 20 65 15.00
19-Jan-13 | ABC-S+, 100/0 Low I-PH D1 5:30:45 6:46:45 76.0 74.3 -5.8 8.4 20 65 15.00
19-Jan-13 | ABC-S+, 100/0 Mid Baseline 5:25:50 7:35:00 129.2 129.2 -5.5 8.6 20 65 13.00
19-Jan-13 | ABC-S+, 100/0 Mid I-PH B12 5:26:18 6:46:00 79.7 77.9 -5.8 8.4 20 55 15.00
10 19-Jan-13 | ABC-S+, 100/0 Mid I-PH B13 5:26:50 6:43:00 76.2 74.0 -5.8 8.4 20 55 15.25
19-Jan-13 | ABC-S+, 100/0 Mid I-PH C3 5:27:17 7:21:00 113.7 113.2 -5.8 8.6 20 60 13.50
19-Jan-13 | ABC-S+, 100/0 Mid I-PH D1 5:27:47 7:08:00 100.2 99.2 -5.8 8.6 20 70 14.00
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3. ENDURANCE TIME TESTING DATA AND RESULTS

3.2 Data Analysis

The endurance time testing results were separated into three groups to provide a
general summary of the results. The three test groupings are as follows:

e Natural Snow Testing with Type IV Fluids
e Freezing Precipitation Testing with Type IV Fluids
e Freezing Precipitation Testing with Type | Fluids

Figure 3.1 to Figure 3.3 indicate the endurance time results of ice phobic coated
surfaces as compared to the baseline standard aluminum surface. The baseline
surface is represented in the graph as 100 percent.

Fluid endurance time performance varied depending on individual coatings.
Natural snow endurance times on coated surface with Type IV fluids were on
average 75 percent of the baseline, ranging from 63 percent to 90 percent.
Coating B12 and B13 sometimes demonstrated a different failure mechanism in
which fluid was shed early allowing snow to bridge on the surface. However, the
snow did not adhere to the surface.

Freezing precipitation endurance times on coated surface with Type |V fluids were
on average 94 percent of the baseline, ranging from 92 to 96 percent.

110%

Percentage of Baseline

Fluid Endurance Time Comparison for Type IV Fluids

Natural Snow

mBaseline 0|-PH B12

HI-PH B13 I-PH C3

I-PH D1

100% -

90%
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60% -
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40% 1

30% 7

20% 1

10%
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Launch, 100/0

EG106-100/0

ABC-S+, 10000 Launch, 100/0 Launch, 100/0 Launch, 100/0

Fluid/Dilution/Condition

Launch, 100/0

Launch, 100/0

ABC-S+, 10000 ABC-S+, 10000

Figure 3.1: Fluid Endurance Time Comparison for Type IV Fluids — Natural Snow
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3. ENDURANCE TIME TESTING DATA AND RESULTS
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3.3: Fluid Endurance Time Comparison for Type | Fluids — Freezing
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3. ENDURANCE TIME TESTING DATA AND RESULTS

Freezing precipitation endurance times on coated surface with Type | fluids
demonstrated results similar to Type IV, with the exception of coating B12
and B13, which demonstrated different failure mechanisms. At -3°C, these
coatings delayed ice from adhering to the surface, resulting in extended
endurance times of 180 percent and 177 percent for B12 and B13, respectively.

3.3 General Observations
In general, endurance time performance depends on individual coatings. The fluid

protection time when applied to coated surfaces was reduced. This reduction,
however, was not significant. Table 3.3 depicts a summary of the results.

Table 3.3: Summary of Results

Average ET as Percentage of Baseline Aluminum Plate
Coating
Type IV Snow Type IV ZP Type | ZP

B12 63%* 96 % 180%*
B13 63%* 92% 177%*
C3 90% 96% 94%
D1 86% 94% 89%
D2 n/a 94% 83%

*In some cases, fluid was shed from plate and had bare spots, however contamination did not adhere,
or in the case of snow, was blown off the surface. The “fail time” was considered the time when ice
present on those bare areas or in the fluid covered more than 33 percent of the plate.
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3. ENDURANCE TIME TESTING DATA AND RESULTS

Photo 3.1: Test Stand Setup (Freezing Precipitation)

- v
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4. ADHERENCE TESTING DATA AND RESULTS

4. ADHERENCE TESTING DATA AND RESULTS

In this section, the adherence testing data collected during the winter of 2012-13
is analysed and discussed. The coated surfaces were evaluated against the
baseline plate based on the potential to delay the onset of adherence when
exposed to simulated freezing contamination. Testing was conducted in light
freezing rain as this is considered a worst case scenario with regard to adhesion
to surfaces.

4.1 Log of Adherence Tests Conducted

To facilitate the accessibility of the data collected, a log was created for the tests
conducted by APS at the NRC CEF during the winter of 2012-13. The log
presented in Table 4.1 provides relevant information for each of the tests, as well
as the final values used for the data analysis. Each row contains data specific to
one test.

Table 4.1: Log of Adherence Tests Conducted

Tem Precip. Test Time: 30%
Test # Precip. Type p Rate Ice Comments on Characteristics

(°C) Surface

(g/dm?/h) Coverage

PH-AD1 Light Freezing Rain -10 12.7 Baseline | 20 seconds Instantly Froze, Flat Ice
PH-AD2 | Light Freezing Rain -10 12.6 B12 17 seconds Slight Delay in freezing, beads of ice
PH-AD3 | Light Freezing Rain -10 12.7 B13 22 seconds Slight Delay in freezing, beads of ice
PH-AD4 | Light Freezing Rain -10 12.6 C3 18 seconds Slight Delay in freezing, beads of ice
PH-AD5 | Light Freezing Rain -10 12.7 D1 50 seconds Not much difference to baseline
PH-AD6 | Light Freezing Rain -10 12.6 D2 50 seconds Not much difference to baseline

4.2 Test Summary

Testing was completed with a baseline aluminum plate and five coated plates.
Frozen ice was present on all plates seconds after exposure. There was a minimal
delay observed with some of the coated plates.
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4. ADHERENCE TESTING DATA AND RESULTS

Some differences in adhered contamination exist between the baseline and the
coated plates with respect to the surface roughness of the plate after freezing.
Photo 4.1 demonstrates the setup used in this testing and also indicates the
findings of this testing.

4.3 General Observations

When left undisturbed, the coated surfaces were able to delay the onset of
adherence and ice formation, as compared to the baseline test plate. In addition,
the removal of the contamination was easier on the coated surface.

Some concern remains with the ice formation on the coated surface. The coated
surface typically results in bumpier, higher contact angle ice formations.

Aerodynamic research to investigate the effects is recommended.

Similar trends were seen with other coatings from the same manufacturer.
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4. ADHERENCE TESTING DATA AND RESULTS

Photo 4.1: Setup and Findings

M:\Projects\PM2265.003 (TC Deicing 2013-14)\Reports\lce Phobic\Volume 3\Final Version 1.0\TP 15275E Vol. 3 2012-13 Final Version 1.0.docx
Final Version 1.0, July 17



This page intentionally left blank.

34



5. FLUID WETTING AND FLUID THICKNESS TESTING DATA AND RESULTS

5. FLUID WETTING AND FLUID THICKNESS TESTING
DATA AND RESULTS

In this section, the fluid thickness testing data collected during the winter of
2012-13 is analysed and discussed. The coated surface was evaluated against
the baseline plate based on de/anti-icing fluid’s ability to properly wet and provide
appropriate fluid thickness when applied to the test surface. Testing was
conducted at -3°C in non precipitation conditions at the NRC CEF. Fluid thickness
was measured for the Type IV fluid test (fluid wetting was not necessary, as plate
typically remains fully wetted). Fluid wetting was measured for Type | fluids
because fluid thickness is not representative (thickness is usually in the range
from O to 1 mm for all Typel fluids) and because wetting issues are more
apparent due to the lack of fluid thickeners.

5.1 Log of Tests Conducted

To facilitate the accessibility of the data collected, a log was created for the tests
conducted by APS at NRC CEF during the winter of 2012-13. The log presented
in Table 5.1 and Table 5.2 provides relevant information for each of the tests, as
well as final values used for the data analysis. Each row contains data specific to
one test.

5.2 Test Summary

The Type | wetting tests indicated potential wetting problems with the coated
test surfaces. Wetting issues were observed 5 minutes following fluid application;
this wetting issue was worse with 10° buffer fluid as compared to standard mix
fluid, which is more concentrated. It should be noted that during the endurance
time tests with Type | fluids, in some cases the lack of wetting was offset by the
ability of the coating to delay adherence, thereby generating longer protection
times (see Photo 5.1).

With the exception of coating D1, the Type IV fluid thickness test (Photo 5.2)
demonstrated minor degradation in fluid thickness 5-minutes after application.
Coating D1 appeared to react chemically with the fluid and caused a reduction in
thickness right from the start.
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5. FLUID WETTING AND FLUID THICKNESS TESTING DATA AND RESULTS

Table 5.1: Log of Type | Fluid Wetting Tests Conducted

Fluid % of Plate | % of Plate | % of Plate | % of Plate
Run # | Fluid Name Fluid Type Dilution Test Surface Wetted Wetted Wetted Wetted
@2Min | @5Min | @15 Min | @30 Min
1 Type | EG- D Type | EG 10°C Buffer Baseline 100 100 100 100
1 Type | EG- D Type | EG 10°C Buffer B-12 95 90 85 25
1 Type | EG- D Type | EG 10°C Buffer B-13 95 80 15 <5
1 Type | EG- D Type | EG 10°C Buffer Cc-3 100 100 100 100
1 Type | EG- D Type | EG 10°C Buffer D-1 95 90 80 70
1 Type | EG- D Type | EG 10°C Buffer D-2 100 100 95 95
2 Type | EG- D Type | EG STD. MIX Baseline 100 100 100 100
2 Type | EG- D Type | EG STD. MIX B-12 95 90 80 50
2 Type |EG-D Type | EG STD. MIX B-13 90 70 20 5
2 Type |EG- D Type | EG STD. MIX c-3 100 100 100 100
2 Type | EG-D Type | EG STD. MIX D-1 100 95 90 85
2 Type |EG- D Type | EG STD. MIX D-2 100 100 100 100
Note: Testing was conducted at -3°C
Table 5.2: Log of Type | Fluid Wetting Tests Conducted
Run# Fluid i |.=IU|.|:I Test Surface Thll::lkness@ Thll::.kness@ Thlclfness@ Thlclfness@
Name Dilution 2 min (mm) | 5 min (mm) | 20 min (mm) | 30 min (mm)
1 PG-C Type W PG 100/0 Baseline 12 1.0 0.6 0.6
1 PG-C Type W PG 100/0 B12 11 0.8 0.5 0.5
1 PG-C Type IV PG 100/0 B-13 12 1.0 0.6 0.5
1 PG-C Type WV PG 100/0 c3 1.2 1.0 0.6 0.5
1 PG-C Type IV PG 100/0 D1 0.4 0.3 0.1 0.1
1 PG-C Type WV PG 100/0 D-2 12 1.0 0.6 0.6

Note: Testing was conducted at -3°C

"A reaction seemed to occur when fluid was applied to Coating D-1

. Was the first time the coated plate was exposed to fluid.
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5. FLUID WETTING AND FLUID THICKNESS TESTING DATA AND RESULTS

Photo 5.1: Type | Fluid Wetting Test

Photo 5.2: Type IV Fluid Thickness Test
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6. HOT WATER DEICING FOR COATINGS

6. HOT WATER DEICING FOR COATINGS

Some coating manufacturers have indicated that, for the first-step of a two-step
de/anti-icing process, it may be possible to use hot water as a substitute to glycol.
This is due to the slope of the treated surface allowing water to slide off the wing
before nucleating into ice. The same effect would happen if glycol was applied,
leaving to question whether glycol would even be needed when deicing ice phobic
surfaces. If effective, this could have significant environmental benefits.

In this section, the hot water testing data collected during the winter of 2012-13
is analysed and discussed. The coated surface (treated with hot water) was
evaluated against the baseline plate (treated with Type | deicing fluid at a 10°C
buffer).

6.1 Log of Hot Water Tests Conducted

To facilitate the accessibility of the data collected, a log was created for the tests
conducted (two preliminary test runs were conducted) by APS at NRC CEF during
the winter of 2012-13. The log presented in Table 6.1 provides relevant
information for each of the tests, as well as final values used for the data analysis.
Each row contains data specific to one test. Tests were conducted on April 5 and
April 9, 2013.

Table 6.1: Log of Hot Water Tests Conducted

. Endurance Adjusted Actual Ambient
Run # Test # | Condition Fluid Surface !:Im_d Time Endt_:rance Rate'of Temp
Dilution (min) Time Precip (<C)
(min) (g/dm?/hr)

PH-HW?7 | Freezing Drizzle| Octagon Octaflo EF Baseline | 10°B (B =27.0) 6.5 6.5 6.1 -10
PH-HWS8 | Freezing Drizzle| HotWater (1L @20°C) B12 n/a 5.2 5.1 6.0 -10

1 PH-HW9 | Freezing Drizzle| HotWater (1L @20°C) B13 n/a 6.9 6.9 6.1 -10
PH-HW10| Freezing Drizzle| HotWater (1L @20°C) C3 n/a 6.2 6.1 6.0 -10
PH-HW11| Freezing Drizzle| HotWater (1L @20°C) D1 n/a 5.8 5.8 6.1 -10
PH-HW12| Freezing Drizzle| HotWater (1L @20°C) D2 n/a 5.2 5.1 6.0 -10
PH-HW1 | Freezing Fog Octagon Octaflo EF Baseline [10°B (B =27.0) 3.1 3.1 1.9 -10
PH-HW2 | Freezing Fog HotWater (1L @20°C) B12 n/a 3.1 3.0 1.8 -10

2 PH-HW3 | Freezing Fog HotWater (1L @20°C) B13 n/a 3.2 3.2 1.9 -10
PH-HW4 | Freezing Fog HotWater (1L @20°C) C3 n/a 3.6 34 1.8 -10
PH-HW5 | Freezing Fog HotWater (1L @20°C) D1 n/a 3.7 3.7 1.9 -10
PH-HW®6 | Freezing Fog HotWater (1L @20°C) D2 n/a 3.5 3.3 1.8 -10
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6. HOT WATER DEICING FOR COATINGS

6.2 Test Summary

Testing was conducted at -10°C in both freezing drizzle and freezing fog. Both
Type | and hot water were applied according to the standard of 1 litre with a fluid
temperature of 20°C. Figure 6.1 demonstrates the two tests conducted.
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Figure 6.1: Hot Water Deicing Results

6.3 General Observations

The hot water endurance times on the coated surfaces were generally comparable
to the Type | endurance times on the baseline plate. In some cases, the coated
surfaces delayed the onset of adhered contamination and provided longer
protection times.

Additional testing in all test conditions is suggested to further investigate coatings
with hot water deicing.

Photo 6.1 depicts the plates under freezing drizzle conditions. All plates formed
ice by the end of the test. Coated plates tended to have beads of ice, whereas
the baseline plate had a smooth layer of ice.
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6. HOT WATER DEICING FOR COATINGS

Photo 6.1: Run 1: Freezing Drizzle Test
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7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED MATERIALS

7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED
MATERIALS

In the development of AIR6232, the question was raised as to whether lowest
on-wing viscosity fluid or mid-viscosity fluid should be used for evaluation of
endurance times on coated surfaces. Moreover, would differences in endurance
time be affected by fluid viscosity? Limited testing in both natural snow and
simulated freezing conditions were completed to investigate this.

7.1 Log of Fluid Viscosity Tests Conducted

To facilitate the accessibility of the data collected, a log was created for the tests
conducted by APS during the winter of 2012-13. The log presented in Table 7.1
provides relevant information for each of the tests, as well as final values used
for the data analysis. The log shows all the tests grouped into sets which are
separated by a solid line.

This log and the subsequent analysis in Section 7.2 contains/uses the adjusted
endurance time for each test to compensate for rated differences. The
precipitation rate of the low viscosity aluminum test was used as the basis for
ET adjustment.
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7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED MATERIALS

Table 7.1: Log of Fluid Viscosity Tests Conducted

T;St Date P'Itjg:‘ Fluid/Dilution Dilution \I;?::‘I)“s’:;: Surface 'Einn‘::r(ar:;f) Eﬁg{lurzt::e OE:T P{:;;?;‘zr};t)e
General Time (min) (°C)
SN1 | 27-Dec-12 SN Launch, 100/0 100% Mid Baseline 52.8 52.2 -3.9 59.9
SN2 | 27-Dec-12 SN Launch, 100/0 100% Mid I-PH C3 50.1 49.5 -3.9 60.0
SN3 | 27-Dec-12 SN Launch, 100/0 100% Mid I-PH D1 43.3 43.5 3.9 61.0
SN 4 27-Dec-12 SN Launch, 100/0 100% Low Baseline 44.8 44.8 -3.9 60.6
SN5 | 27-Dec-12 SN Launch, 100/0 100% Low I-PH C3 38.0 38.5 3.9 61.5
SN6 | 19-Jan-13 SN Launch, 100/0 100% Mid Baseline 132.0 133.0 6.7 7.7
SN7 | 19-Jan-13 SN Launch, 100/0 100% Low Baseline 127.3 127.3 6.7 7.7
SN8 | 19-Jan-13 SN Launch, 100/0 100% Mid I-PH B12 86.7 87.5 6.9 7.7
SN9 | 19-Jan-13 SN Launch, 100/0 100% Low I-PH B12 68.0 715 6.9 8.0
SN 10 | 19-Jan-13 SN Launch, 100/0 100% Mid I-PH B13 94.4 92,5 6.9 7.5
SN 11 | 19-Jan-13 SN Launch, 100/0 100% Low I-PH B13 69.7 73.0 6.9 8.0
SN12 | 19-Jan-13 SN Launch, 100/0 100% Mid I-PH C3 131.0 131.9 6.7 7.7
SN 13 | 19-Jan-13 SN Launch, 100/0 100% Low I-PH C3 115.2 113.1 6.7 7.5
SN 14 | 19-Jan-13 SN Launch, 100/0 100% Mid I-PH D1 120.8 119.5 6.7 7.6
SN 15 | 19-Jan-13 SN Launch, 100/0 100% Low I-PH D1 115.8 113.7 6.7 7.5
SN 16 | 19-Jan-13 SN ABC-S+, 100/0 100% Mid Baseline 129.2 130.5 5.5 8.6
SN 17 | 19-Jan-13 SN ABC-S+, 100/0 100% Low Baseline 98.4 98.4 5.8 8.6
SN 18 | 19-Jan-13 SN ABC-S+, 100/0 100% Mid I-PH B12 79.7 78.7 5.8 8.4
SN 19 | 19-Jan-13 SN ABC-S+, 100/0 100% Low I-PH B12 68.9 66.9 5.8 8.3
SN 20 | 19-Jan-13 SN ABC-S+, 100/0 100% Mid I-PH B13 76.2 74.7 5.8 8.4
SN 21 | 19-Jan-13 SN ABC-S+, 100/0 100% Low I-PH B13 69.4 67.3 5.8 8.3
SN 22 | 19-Jan-13 SN ABC-S+, 100/0 100% Mid I-PH C3 113.7 114.4 5.8 8.6
SN 23 | 19-Jan-13 SN ABC-S+, 100/0 100% Low I-PH C3 91.6 91.5 5.8 8.5
SN 24 | 19-Jan-13 SN ABC-S+, 100/0 100% Mid I-PH D1 100.2 100.2 5.8 8.6
SN 25 | 19-Jan-13 SN ABC-S+, 100/0 100% Low I-PH D1 76.0 74.3 5.8 8.4
PHO7 9-Apr-13 ZR AD-49 (WT) 75/25 Mid Baseline 33.0 35.6 -10 13.6
PHO8 9-Apr-13 ZR AD-49 (WT) 75/25 Mid B12 30.2 32.4 -10 13.5
PHO9 9-Apr-13 ZR AD-49 (WT) 75/25 Mid B13 29.9 30.6 -10 12.9
PH10 9-Apr-13 ZR AD-49 (WT) 75/25 Mid c3 30.7 31.2 -10 12.8
PH11 9-Apr-13 ZR AD-49 (WT) 75/25 Mid D1 29.1 29.8 -10 12.9
PH12 9-Apr-13 ZR AD-49 (WT) 75/25 Mid D2 29.8 30.2 -10 12.8
PH13 8-Apr-13 ZD Cryotech PGA (WT) 100/0 Mid Baseline 25.0 24.6 -10 13.6
PH14 8-Apr-13 ZD Cryotech PGA (WT) 100/0 Mid B12 24.6 23.4 -10 13.1
PH15 8-Apr-13 ZD Cryotech PGA (WT) 100/0 Mid B13 24.2 22.1 -10 12.6
PH16 8-Apr-13 ZD Cryotech PGA (WT) 100/0 Mid c3 23.9 21.4 -10 12.4
PH17 8-Apr-13 ZD Cryotech PGA (WT) | 100/0 Mid D1 23.4 21.5 -10 12.7
PH18 8-Apr-13 ZD Cryotech PGA (WT) | 100/0 Mid D2 22.9 21.7 -10 13.1
PH37 | 10-Apr-13 ZD AD-49 (WT) 50/50 Mid Baseline 26.7 28.2 -3 13.9
PH38 | 10-Apr-13 ZD AD-49 (WT) 50/50 Mid B12 26.6 26.8 -3 13.3
PH39 | 10-Apr-13 ZD AD-49 (WT) 50/50 Mid B13 26.4 25.8 -3 12.9
PH40 | 10-Apr-13 ZD AD-49 (WT) 50/50 Mid c3 24.6 23.9 -3 12.8
PH41 10-Apr-13 ZD AD-49 (WT) 50/50 Mid D1 25.2 24.9 -3 13.0
PH42 | 10-Apr-13 ZD AD-49 (WT) 50/50 Mid D2 25.0 25.2 -3 13.3
PH43 | 11-Apr-13 ZR ABC-S Plus (WT) 75/25 Mid Baseline 80.7 81.7 -3 25.0
PH44 | 11-Apr-13 ZR ABC-S Plus (WT) 75/25 Mid B12 69.0 69.0 -3 24.7
PH45 | 11-Apr-13 ZR ABC-S Plus (WT) 75/25 Mid B13 57.2 55.6 -3 24.0
PH46 | 11-Apr-13 ZR ABC-S Plus (WT) 75/25 Mid c3 79.3 77.1 -3 24.0
PH47 | 11-Apr-13 ZR ABC-S Plus (WT) 75/25 Mid D1 78.2 76.6 -3 24.2
PH48 | 11-Apr-13 ZR ABC-S Plus (WT) 75/25 Mid D2 73.9 73.0 -3 24.4
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7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED MATERIALS

Table 7.1: Log of Fluid Viscosity Tests Conducted (cont’'d)

Precip Low/Mid B . Adjusted EC Precip.
Test # Date Type Fluid/Dilution Dilution Viscosity Surface Time (min) E_nduranf:e OAT Rate

General Time (min) (°C) (g/dm?/h)
PH-VO1 9-Apr-13 ZR AD-49 (WT LOWV) 75/25 Low Baseline 27.2 27.2 -10 12.6
PH-V02 9-Apr-13 ZR AD-49 (WT LOWV) 75/25 Low B12 26.3 26.3 -10 12.6
PH-VO3 9-Apr-13 ZR AD-49 (WT LOWV) 75/25 Low B13 26.5 26.0 -10 12.4
PH-V04 9-Apr-13 ZR AD-49 (WT LOWV) 75/25 Low C3 27.7 27.2 -10 12.4
PH-VO5 9-Apr-13 ZR AD-49 (WT LOWV) 75/25 Low D1 27.7 27.0 -10 12.3
PH-VO6 9-Apr-13 ZR AD-49 (WT LOWV) 75/25 Low D2 27.3 26.9 -10 12.4
PH-VO7 8-Apr-13 ZD Cryotech PGA (WT LOWYV) 100/0 Low Baseline 26.5 26.5 -10 13.8
PH-V08 8-Apr-13 ZD Cryotech PGA (WT LOWYV) 100/0 Low B12 26.1 25.7 -10 13.6
PH-VO09 8-Apr-13 ZD Cryotech PGA (WT LOWYV) 100/0 Low B13 25.6 24.9 -10 13.4
PH-V10 8-Apr-13 ZD Cryotech PGA (WT LOWV) 100/0 Low C3 25.2 245 -10 13.4
PH-V11 8-Apr-13 ZD Cryotech PGA (WT LOWV) 100/0 Low D1 24.7 24.4 -10 13.6
PH-V12 8-Apr-13 ZD Cryotech PGA (WT LOWV) 100/0 Low D2 24.3 24.3 -10 13.8
PH-V13 10-Apr-13 ZD AD-49 (WT LOWV) 50/50 Low Baseline 11.9 11.9 -3 13.2
PH-V14 10-Apr-13 ZD AD-49 (WT LOWV) 50/50 Low B12 12.9 12.8 -3 13.1
PH-V15 10-Apr-13 ZD AD-49 (WT LOWV) 50/50 Low B13 12.6 12.6 -3 13.2
PH-V16 10-Apr-13 ZD AD-49 (WT LOWV) 50/50 Low C3 12.1 11.7 -3 12.8
PH-V17 10-Apr-13 ZD AD-49 (WT LOWV) 50/50 Low D1 11.3 11.4 -3 13.4
PH-V18 10-Apr-13 ZD AD-49 (WT LOWV) 50/50 Low D2 11.5 11.4 -3 13.1
PH-V19 11-Apr-13 ZR ABC-S Plus (WT LOWV) 75/25 Low Baseline 241 241 -3 24.7
PH-V20 11-Apr-13 ZR ABC-S Plus (WT LOWV) 75/25 Low B12 24.4 24.2 -3 245
PH-V21 11-Apr-13 ZR ABC-S Plus (WT LOWV) 75/25 Low B13 25.0 24.4 -3 241
PH-V22 11-Apr-13 ZR ABC-S Plus (WT LOWV) 75/25 Low C3 28.1 27.7 -3 24.3
PH-V23 11-Apr-13 ZR ABC-S Plus (WT LOWV) 75/25 Low D1 24.8 24.4 -3 24.3
PH-V24 11-Apr-13 ZR ABC-S Plus (WT LOWV) 75/25 Low D2 27.5 26.5 -3 23.8
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7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED MATERIALS

7.2 Test Methodology and Summary

The methodology in this testing was to compare the endurance time ratio between
low and mid-viscosity on coated plates to the endurance time ratio between low
and mid-viscosity on baseline aluminum plates. Figure 7.1 depicts this
methodology. Photo 7.1 depicts the test plate setup for this testing.

Baseline Coated
Aluminum Surface
Lowv Lowv
Endurance Endurance
Time Time
%ratio Y Vs. [ %Rratio
Baseline Coated
Aluminum Surface
Mid Mid
Viscosity Viscosity
Endurance Endurance
Time Time

Figure 7.1: Testing Methodology

Figure 7.2 graphically demonstrates that there is minimal difference between the
baseline ratio and the coatings ratio. Figure 7.3 separates the analysis by coating.
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7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED MATERIALS
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Figure 7.3: Testing Methodology

Table 7.2 demonstrates the ratios for each coating. The results indicate a less
than 5 percent difference in the LOWV vs. mid-viscosity when compared to the
baseline.
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7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED MATERIALS

Table 7.2: Log of Fluid Viscosity Tests Conducted

Test Plate ‘2"7\;?5?,2;:;3 I?rul;((i)\é\':'\'i Difference from Baseline
Baseline 73% -

B12 74% +1%

B13 77% +4%

c3 76% +3%

D1 75% +2%

D2 71% -2%

7.3 Recommendations

The results of this testing indicate that either lowest on-wing viscosity fluid or
mid viscosity fluid are adequate for evaluation of coatings with respect to

endurance times.

It is recommended that no changes be made to Section 3.1 of Aerospace
Information Report, AIR6232.
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7. EFFECT OF FLUID VISCOSITY ON ICE PHOBIC TREATED MATERIALS

Photo 7.1: Test Setup
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8. VERTICAL STABILIZER TESTING DATA AND RESULTS

8. VERTICAL STABILIZER TESTING DATA AND RESULTS

In this section, the vertical stabilizer testing data collected during the winter of
2012-13 is analysed and discussed. Due to the early fluid failures observed on
vertical surfaces, it was suggested that tests be conducted with ice phobic
treated surfaces to investigate any potential benefits. Type IV tests were
conducted with a vertical plate (see Photo 8.1) which was coated with an
ice phobic coating, and the performance was compared to a baseline vertical plate
which was not coated (see Photo 8.2).

Previous limited testing was conducted in Winter 2010-11 [TC report,
TP 15158E, Aircraft Ground Icing Research General Activities During the
20710-11 Winter (2)] and 2011-12 [TC interim report, /nvestigation of Ice Phobic
Technologies to Reduce Aircraft Icing in Northern and Cold Climates (4)]; this
work is not described in this report.

8.1 Log of Endurance Time Tests Conducted

To facilitate the accessibility of the data collected, a log was created for the series
of tests conducted by APS at the P.E.T. Airport test site during the winter of
2012-13. The log presented in Table 8.1 provides relevant information for each
of the tests, as well as final values used for the data analysis. Each row contains
data specific to one test.

Table 8.1: Log of Vertical Stabilizer Endurance Time Tests

BASELINE 80 Degree Plate ICE PHOBIC 80 Degree Plate RATIO
B C
Endurance Endurance
Time Time
ADJUSTED " ADJUSTED
Fluid/Dilution Coating EC OAT EndTLil::: ce To P;Z:S. Endurance TO Precip. Rate ICER:PT‘%BIC
(°C) . BASELINE Time (min) BASELINE (g/dm?2/h) .
(min) (g/dm?/h) (C+B)
80 80
DEGREE DEGREE
(min) (min)

Launch, 100/0 C3 -6.2 6.3 6.3 47.16 6.0 6.2 49.12 98%
Launch, 100/0 D1 -6.2 6.3 6.3 47.16 5.8 6.3 51.29 100%
EG 106-100/-0 C3 -5.5 5.0 5 63.17 2.2 2.2 61.33 44%
EG 106-100/-0 D1 -5.5 5.0 5 63.17 4.6 4.6 64.42 92%
ABC-S+, 100/0 B12 -3.3 43.5 43.5 7.29 47.9 48.5 7.39 111%
ABC-S+, 100/0 B13 -3.3 43.5 43.5 7.29 45.7 45.5 7.26 105%
ABC-S+, 100/0 C3 -3.3 43.5 43.5 7.29 44.2 433 7.15 100%
ABC-S+, 100/0 D1 -3.3 43.5 43.5 7.29 45.6 44.9 7.18 103%
Launch, 100/0 B12 -1.4 31.56 31.56 17.07 23.9 21.4 15.32 68%
Launch, 100/0 B13 -1.4 31.56 31.56 17.07 23.8 21.5 15.42 68%
Launch, 100/0 C3 -1.4 31.5 31.5 17.07 26.4 243 15.75 77%
Launch, 100/0 D1 -1.4 31.56 31.56 17.07 24.5 22.5 15.64 71%
Launch, 100/0 B12 0.1 8.0 8.0 46.8 7.4 6.9 44.3 87%
Launch, 100/0 B13 0.1 8.0 8.0 46.8 8.0 7.4 43.3 92%
Launch, 100/0 C3 0.1 8.0 8.0 46.8 8.1 7.3 42.3 91%
Launch, 100/0 D1 0.1 8.0 8.0 46.8 8.3 7.3 41.3 91%

Condition: Natural snow, 100 percent dilution, 80 degree surface angle
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8. VERTICAL STABILIZER TESTING DATA AND RESULTS

8.2 Data Analysis

The ratio of coated vertical surfaces to a baseline aluminum vertical surface was
the primary focus of analysis. Figure 8.1 and Table 8.2 demonstrates the ET ratio
of each coated vertical surface to that of the baseline coated surface.

VERTICALSTABILIZER - ICE PHOBIC TESTING g gASELINE 80 DEGREE

130%

B12

120% W B13

C3

110%

100% -

90% -

80% -

70% -

60% -

50% -

% of Baseline Endurance Time

Launch, 100/0 EG 106-100/-0 ABC-S+,100/0 Launch, 100/0 Launch, 100/0

Figure 8.1: Vertical Stabilizer Ice Phobic Testing

Table 8.2: Ratio of Coated Vertical Surfaces to Baseline Coated Surface

TS ET RATI(BJA(;?EI:III'I;/I-E\RED TO
I-PH B12 89%
I-PH B13 88%
I-PH C3 82%
I-PH D1 92%
Grand Total 88%

The average ratio of coated vertical surfaces to the baseline coated surface is
88 percent.

In general, in this small number of tests, the fluid endurance times on the vertical
coated surfaces were shorter when compared to the vertical baseline aluminum
plate. However as this approach potentially offers a significant advancement,
further research is warranted.
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8. VERTICAL STABILIZER TESTING DATA AND RESULTS

Photo 8.1: Vertical Test Surfaces
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9. REDUCTION OF RESIDUES IN AERODYNAMICALLY QUIET AREAS IN AIRCRAFT

9. REDUCTION OF RESIDUES IN AERODYNAMICALLY
QUIET AREAS IN AIRCRAFT

In many cases, surface coatings can have hydrophobic properties which can repel
fluids. From a ground deicing perspective, this may have a negative effect on
wings. However, in the aerodynamically quiet areas in aircraft where deicing fluid
residues can form, this may have its advantages. It was recommended that
testing be conducted to investigate if aircraft surface coatings could potentially
reduce the formation of residues.

A comparative testing methodology was developed by APS with TC/FAA based
on the “Successive Dry-out and Rehydration Test” from Appendix A of
AMS1428G. The residues formed on coated plates were compared to the baseline
aluminum plate. Coated aluminum test plates and selected fluids were provided
to AMIL for testing.

In this section, the data from the “Successive Dry-out and Rehydration” testing,
also referred to as the “Residues” testing, is discussed. A detailed report was
provided by AMIL following the conduct of the tests. This report provides the
necessary summary of the results.

9.1 Test Plan

A limited test plan was submitted to AMIL which included two sets of tests with
two different thickened anti-icing fluids. Fluids selection was biased towards
fluids likely to cause most residues. A baseline plate and coated plates were
tested for both fluids. The test plan presented in Table 9.1 provides a reference
for the tests.

Table 9.1: Test Plan

TEST # SET # COATING FLUID (DILUTION)
1 Baseline Aluminum
2 B12
3 1 B13 Clariant SAfewing MP Il 2031 ECO
4 c3 (100/0)
5 D1
6 D2
7 Baseline Aluminum
8 B12
9 . B13 Dow UCAR Endurance EG106
10 c3 (100/0)
11 D1
12 D2
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9. REDUCTION OF RESIDUES IN AERODYNAMICALLY QUIET AREAS IN AIRCRAFT

9.2 Test Summary

For each of the tests, the individual test plate was repeatedly dipped in
fluid (Photo 9.1) and left to drip (Photo 9.2). The weight of the wet fluid on the
plate was then plotted on the graph (5 min and 30 min weights). The plates were
then left to dry-out completely in an oven (Photo 9.3) and this weight was
recorded (Dry Residue weight). Once the plates were completely dry, they were
immersed in water for 10 minutes, and the increase in weight of the gel residues
formed were recorded (water immersion number 1 to 10). The results of the two
tests have been included in Figure 9.1 and Figure 9.2.

9.3 General Observations

In both test sets, the coated plates generated less residue as compared to the
baseline aluminum plate. It should be noted that this testing is based on single
tests and additional testing would be required to further substantiate these
results. Typically, repeats of each test are conducted to ensure accuracy in the
results obtained. In both cases coatings B12 and B13 generated the least amount
of residues, whereas the rest of the coatings did not demonstrate any clear
comparative trend.

These results indicate a potential solution to minimize residues formation which
could be applied to the aerodynamically quiet areas in aircraft. Consideration
should be given to including this test methodology in a future revision of AIR6232.

Weight of Rehydrated Residue (gel)
10
9
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Figure 9.1: Test Set #1 — Clariant Safewing MP Ill 2031 ECO
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9. REDUCTION OF RESIDUES IN AERODYNAMICALLY QUIET AREAS IN AIRCRAFT
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Figure 9.2: Test Set #2 — Dow UCAR Endurance EG106
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9. REDUCTION OF RESIDUES IN AERODYNAMICALLY QUIET AREAS IN AIRCRAFT

Photo 9.1: Plate Being Dipped in Fluid
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9. REDUCTION OF RESIDUES IN AERODYNAMICALLY QUIET AREAS IN AIRCRAFT

Photo 9.3: Plates in Oven to Allow Complete Drying
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

10. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

10.1 Background

Ice build-up on aircraft is a major safety concern for both on-ground and in-flight
aircraft operations. In recent years, there has been significant industry interest in
the use of coatings to protect aircraft critical surfaces. Some recent work has
studied these coatings (sometimes designed and marketed as ice phobic coatings)
during in-flight operations, but the behaviour and performance of these coatings
during ground icing operations has yet to be fully investigated.

A broader test plan was developed and conducted during the winter of 2012-13
to investigate some additional areas to gain new insight into the potential
applications of these coatings for aircraft operations, and to continue the research
to include newly developed coating formulations. As part of this test plan, it was
recommended that testing continue to investigate the effects of these coatings
on de/anti-icing fluids from a HOT and aerodynamic perspective.

10.2 Objective

To investigate the aerodynamic performance of an airfoil treated with a coating,
with and without de/anti-icing fluids.

10.3 General Methodology

Testing was conducted using wing skins specifically manufactured to fit onto the
existing thin high performance wing section and be secured by flush-mounted
screws. To cover the entire test wing, two individual wing skin halves were
required. The wing skins were treated with the various coatings prior to testing
to allow the proper curing times.

The general methodology used for these tests was in accordance with the
methodologies used for typical fluid and contamination tests conducted in the
wind tunnel. The evaluation methodology was modified to allow a comparison
among the different wing skin performances:

e The lift aerodynamic performance of the dry wing with the uncoated wing
skin installed was verified and compared to the typical dry wing baseline
to determine the effect of the wing skin alone (recorded lift loss was
recorded was used as the baseline for all wing skin tests);
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

e The lift aerodynamic performance of the dry wing with the coated wing
skin installed was verified and compared to the uncoated wing skin
performance to determine the effect of the coating; and

e For each specific coating, fluid, and fluid and contamination tests were
conducted and compared to the un-coated skin performance, or in some
cases to the original wing with no wing skin.

It should be noted that the original

test plan called for an extensive set of

comparative tests contingent on the fact that the skins would be easily
interchanged for each test. After the first test it was determined that to change
the wing skin was extremely time consuming, therefore a new plan of approach
was consequently developed and the tests conducted were not as originally

planned.

10.4 Data Collected

Forty tests were conducted with the various wing skins, dry and with fluid. A
summary of the test data is in included in Table 10.1.

The following is a brief description of the column headings for Table 10.1:

Test Year
Test #:

Date:
Objective:

Test Condition:

Fluid Name:

Rotation Angle:

Speed (kts):

Extra Run Information:

% Lift Loss:

The year in which the test was conducted.

Exclusive number identifying each test
run.

Date when the test was conducted.
Main objective of the test.

Description of the simulated conditions for
the test.

Aircraft anti-icing fluid used during the
test.

Maximum angle of rotation obtained
during simulated takeoff run.

Maximum speed obtained during
simulated takeoff run, recorded in knots.

Description of the any additional important
run information.

% Lift Loss calculated based on the
comparison of the 8° lift coefficient during
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Tunnel Temp Before Test (°C):

Fluid Amount (L):

OAT Before Test (°C):

Precipitation Rate (Type: [g/dm?/h]):

Exposure Time:

the test run versus the dry wing average
lift coefficient.

Static tunnel ambient temperature
recorded just before the start of the
simulated takeoff test, measured in
degrees Celsius.

Note: This parameter was used as the
actual test temperature for analysis.

Amount of fluid in litres applied to the
wing surface.

Outside ambient temperature recorded
just before the start of the simulated
takeoff test, measured in degrees Celsius.
Note: not an important parameter as
“Tunnel Temp Before Test” was used as
actual test temperature for analysis.

Simulated freezing precipitation rate (or
combination of different precipitation
rates). N/A indicates that no precipitation
was applied.

Simulated precipitation period, recorded in
minutes.
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Table 10.1: Summary of 2012-13 Wind Tunnel Ice Phobic Testing

Corrected
for 3D Tunnel OAT
. . Effects Temp. Fluid Exposure
Test Year Test Date Objective Te;t_ Fluid Rotation Speed Extra Run Information % Lift Before Amount Before IP Rate SN Rate ZR Rate R Rate Time
# Condition Name Angle Kts Test (g/dm#/h) (g/dm#/h) (g/dm#h) (g/dm#h) .
Loss On Test L) ) (min)
8°Clvs (°C)
Dry Cl
Effect of ramp of 16 sec determined
Ice based upon discussion with
Winter 21-Jan- . Fluid MP Il NRC and extrapolation of other 5
2012-13 101 13 CF:;%?I'CS Only 2031 8 67 ramps and previous testing on 6.08% -15 12 7.2 ) ) ) ) )
o BL[?T January 31, 2011
C5 (no skin)
Ice
Winter 21-Jan- Phobic CO0 (skin no coating) o R R R R R R R
2012-13 102 13 Coating None none 8 100 Objective: Baseline 0.64% na
R&D
Ice
Winter 21-Jan- Phobic CO0 (skin no coating) o R R R R R R R
2012-13 103 13 Coating None none 22 80 Objective: Baseline 0.67% na
R&D
Effect of
Winter 21-Jan- lce Fluid MP I
) 104 Phobic 8 67 CO0 (skin no coating) 6.54% -12.8 12 -18.4 - - - - -
2012-13 13 Coatings Only 2031
on BLDT
Ice
ZV(;’l'”ztelra 105 21'13;”' g:;’t?r'l‘; None "!l'%ﬁ't 8 100 €0 (skin no coating) 7.12% -13.7 18 -18.9 - . . B N
R&D
lce pitch was one minute longer
winter | o | 21-Jan- | Phobic None | EG106 8 100 than usual to be -14.9 20 -19.6 - - - - -
2012-13 13 Coating N . calculated
R&D CO0 (skin no coating)
Ice
. o, . repeat of 102
ZV(;Iinzteir:i 107 leJaan g:;t?rllc None none 8 100 CO0 (skin no coating) 1.09% n/a - - - - - - -
R&Dg Objective: Baseline
Ice
. o, . repeat of 103
ZV(;Iinzteir:i 108 leJaan g:;t?rllc None none 22 80 CO0 (skin no coating) 1.55% n/a - - - - - - -
R&Dg Objective: Baseline
Ice
2\’(;’1'”;?3 173 28'13;”' g:;’t?r'l‘; None none 8 100 coating C3 0.63% -0.9 - 7.2 - - - - -
R&D
Ice
ZV(;Iinztira 174 28_13;”_ (?:;t?:; None none stall 80 coating C3 1.49% -6 - -7.2 - - - - -
R&D
Ice
2V(;I]|_n2teir’3. 175 28_13,;”_ (?:;t?:; None none stall 80 coating C3 0.41% -6 - -7.2 - - - - -
R&D
Ice
2\3’1'”;?3 176 28'13;”' g:;’t?r'l‘; ';';‘l')‘/j EG106 8 100 coating C3 3.25% -4.7 18 7.5 - - - - -
R&D
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Table 10.1: Summary of 2012-13 Wind Tunnel Ice Phobic Testing (cont’d)

Corrected
for 3D Tunnel OAT
Test Test N Test Fluid Rotation Speed . Effe:_:fs Temp. Fluid Before IP Rate SN Rate ZR Rate R Rate Exp_osure
Date Objective o Extra Run Information % Lift Before Amount Time
Year # Condition Name Angle Kts Test (g/dm?/h) (g/dm#/h) (g/dm#h) (g/dm#h) .
Loss On Test L) ) (min)
8° Clvs )
Dry Cl
Ice
Winter 28-Jan- Phobic Fluid sprayer system not working 0, R _ B B - -
soios | 177 s Coating only EG106 | stal 80 coating C3 4.02% 0.8 18 7.8
R&D
Ice
oot | a7s | 2 g:;’t?r'l‘; ZR EG106 8 100 coating C3 3.28% 0.1 18 7.2 - - 25 - 50
R&D
Ice
oot | 179 | 29 g:;’t?r'l‘; IP-/ZR | AD-49 8 100 coating C3 3.95% 05 16 8.3 25 - 25 - 25
R&D
Ice
ool | 180 | 2 g:;’t?r'l‘; IP mod ,’!l'%ﬁ't 8 100 coating C3 5.67% 1.9 16 95 75 - - - 15
R&D
Ice
2\’(;’1'”;?3 181 29'13;”' g:;’t?r'l‘; IP mod "!l'%ﬁ't 8 100 coating C3 5.04% 2.9 13 -9.6 75 - - - 15
R&D
Ice
2\’(;’1'”;?3 182 29'13;”' g:;’t?r'l‘; SN none 8 100 coating C3 3.56% 16 - -9.6 - 10 - - 15
R&D
Ice
2\’(;’1'”;?3 183 29'13;”' g:;’t?r'l‘; ZR none 8 100 coating C3 3.30% -0.4 - 9.4 - - 25 - 15
R&D
Ice Tunnel rerun right after
Winter 20-Jan- Phobic previous test with remaining
2012-13 184 13 Coatin ZR none stall 80 contamination from previous 3.28% -6.1 - - - - - - -
R&D 9 test
coating C3
Ice
2\’(;’1'”;?3 185 31'13;”' g:;’t?r'l‘; None none 8 100 coating B13 0.52% 1.4 - 2.8 - - - - -
R&D
Ice
2\’(;’1'”;?3 186 31'13;”' g:;’t?r'l‘; None none stall 80 coating B13 1.40% 2.9 - 3.2 - - - - -
R&D
Ice
2\’(;’1'”;?3 187 31'13;”' g:;’t?r'l‘; ';';‘l')‘/j EG106 8 100 coating B13 3.39% 2.8 18 3.6 - - - - -
R&D
Ice
2\’(;’1'”;?3 188 31'13;”' g:;’t?r'l‘; IP mod "!l'%ﬁ't 8 100 coating B13 6.57% -3.9 18 5.2 75 - - - 15
R&D
Ice
ter | asg | 3 g:;’t?r'l‘; IP-/ZR | AD-49 8 100 coating B13 4.89% 5.7 16 71 25 - 25 - 25
R&D
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Table 10.1: Summary of 2012-13 Wind Tunnel Ice Phobic Testing (cont’d)

Corrected
for 3D Tunnel OAT
Test Test N Test Fluid Rotation Speed . Effe:_:fs Temp. Fluid Before IP Rate SN Rate ZR Rate R Rate Exp_osure
Date Objective o Extra Run Information % Lift Before Amount Time
Year # Condition Name Angle Kts Test (g/dm?/h) (g/dm#h) (g/dm#h) (g/dm#h) .
Loss On Test L) °0) (min)
8°Clvs (°C)
Dry Cl
Winter 31 Phobic
2012- 190 X ZR none 8 100 coating B13 4.66% -7.1 - -8.6 - - 25 - 15
13 Jan-13 Coating
R&D
Ice rerun of tunnel right after
Winter 31- Phobic run 190 with remaining
2012- 191 - ZR none stall 80 contamination from 5.20% -7.1 - -8.6 - - 25 - 15
Jan-13 Coating .
13 R&D previous test
coating B13
Winter 31 Phobic
2012- 192 X None none 8 100 coating B12 1.02% -0.5 - -10.1 - - - - -
13 Jan-13 Coating
R&D
Winter 31 Phobic
2012- 193 N None none stall 80 coating B12 1.31% -7.1 - -8.6 - - - - -
13 Jan-13 Coating
R&D
. Ice
Winter . .
2012- | 194 s Phobic Fluid EG106 8 100 coating B12 3.53% -8.7 18 -10.6 - - - - -
13 Jan-13 Coating only
R&D
. Ice
Winter .
2012- | 195 31 Phobic IP mod Max- 8 100 coating B12 8.30% 9.2 16 -10.9 75 - - - 15
Jan-13 Coating Flight
13
R&D
Winter 31 Phobic
2012- 196 X IP-/ZR AD-49 8 100 coating B12 7.10% -8.6 16 -11.4 25 - 25 - 25
13 Jan-13 Coating
R&D
. Ice
Winter 31- Phobic .
2012- 197 X SN none 8 100 coating B12 5.04% -6.5 - -11.6 - 10 - - 15
13 Jan-13 Coating
R&D
. Ice
Winter .
2012- | 108 | LFeb- | Phobic None none 8 100 Coating D1 1.30% -8 - -155 - - - - -
13 13 Coating
R&D
. Ice
Winter .
2012- | 199 | LFeb- | Phobic None none stall 80 Coating D1 1.73% -13.9 - -15.5 - - - - -
13 13 Coating
R&D
. Ice
Winter . .
2012- | 200 | LFe0- Phobic Fluid EG106 8 100 Coating D1 3.58% -12.4 18 -15.3 - - - - -
13 13 Coating only
R&D
. Ice
Winter .
2012- | 201 | LFeb- Phobic IP mod Max- 8 100 Coating D1 9.08% -11.9 16 -14.4 75 - - - 10
13 13 Coating Flight
R&D
Winter 1-Feb- | Phobic
2012- 202 - IP-/ZR AD-49 8 100 Coating D1 7.08% -7.8 16 -13.8 25 - 25 - 10
13 Coating
13 R&D
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Table 10.1: Summary of 2012-13 Wind Tunnel Ice Phobic Testing (cont’d)

Corrected
for 3D Tunnel OAT
. . Effects Temp. Fluid Exposure
Test Year Test Date Objective Te;t_ Fluid Rotation Speed Extra Run Information % Lift Before Amount Before IP Rate SN Rate ZR Rate R Rate Time
# Condition Name Angle Kts Test (g/dm?/h) (g/dm#h) (g/dm#h) (g/dm#h) .
Loss On Test L) °0) (min)
8°Clvs (°C)
Dry Cl
Ice
Winter Phobic .
2012-13 203 1-Feb-13 Coating ZR none 8 100 Coating D1 3.30% -3.3 - -13.1 - - 25 - 15
R&D
Ice rerun of tunnel with
winter | 04 | 1.Feb13 | Fhobic ZR none stall 80 contamination from previous 3.88% 1238 - 132 - - - - -
2012-13 Coating run
R&D Coating D1
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

10.4.1 Effect of Coating on Dry Wing Aerodynamics

Testing was conducted in dry conditions without fluids to evaluate the
aerodynamic effects of the various coated wing skins alone. Table 10.2
demonstrates the lift losses measured with a coated dry wing skins as compared
to the uncoated dry wing skin; the baseline used for calculating lift losses is the
original wing without a skin or coating.

Figure 10.1 graphically shows the data collected with rotation to
8 degrees (instead of stall). The results show that the aerodynamic performance
of the coatings vary and can be equal to, worse, or better when compared to the
uncoated surface. The scatter in the data collected, especially with the baseline
test, indicates that future testing should focus on the repeatability of the data
produced.

Table 10.2: Coated Dry Wing Tests

TEST # OBJECTIVE CONDITION FLUID ROTATION SE(ESD T(E('\:,I)P Lo COMMENT
174 Ice Phobic Coating R&D None none stall 80 -6 1.5% coating C3
175 Ice Phobic Coating R&D None none stall 80 -6 0.4% coating C3
186 Ice Phobic Coating R&D None none stall 80 -2.9 1.4% coating B13
193 Ice Phobic Coating R&D None none stall 80 -7.1 1.3% coating B12
199 Ice Phobic Coating R&D None none stall 80 -13.9 1.7% Coating D1
103 Ice Phobic Coating R&D None none 22 80 n/a 0.7% co (Sk.m no

coating)
repeat of 103
108 Ice Phobic Coating R&D None none 22 80 n/a 1.5% CO (skin no
coating)
102 Ice Phobic Coating R&D None none 8 100 n/a 0.6% co (Sk.m no
coating)
repeat of 102
107 Ice Phobic Coating R&D None none 8 100 n/a 1.1% co (sl_<|n no
coating).
173 Ice Phobic Coating R&D None none 8 100 -0.9 0.6% coating C3
185 Ice Phobic Coating R&D None none 8 100 -1.4 0.5% coating B13
192 Ice Phobic Coating R&D None none 8 100 -0.5 1.0% coating B12
198 Ice Phobic Coating R&D None none 8 100 -8 1.3% Coating D1
Conclusion: there seems to be a slight difference between coatings, but more repetitions would be needed to conclude as there is some scatter in baseline.

* Some fluid seeped from wing skin and may have caused larger lift losses.
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Dry Wing Skin Aerodynamic Performance
(compared to dry wing without skin)
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Figure 10.1: Coated Dry Wing Performance

10.4.2 Adhesion Prevention

Testing was conducted with contamination alone, without the use of de/anti-icing
fluids, to evaluate the ability of the coating to protect against freezing or frozen
contamination. Table 10.3 to Table 10.9 demonstrate the lift losses measured
with precipitation on a coated dry wing as compared to the coated wing alone
without precipitation. In all cases the exposure to frozen contamination generated
higher lift losses, indicating that none of the coatings were able to completely
protect from the freezing rain or snow contamination. This was also confirmed by
the visual observations which indicated that much of the contamination was still
present after rotation.

An interesting observation from the plot in Figure 10.2 is that the lift loss in tests
conducted with coating B13 were higher than the rest. This may have been
directly linked to the coating, which has hydrophobic properties. This caused the
freezing rain to bead on the surface. Those beads later froze and may have been
aerodynamically worse as compared to other surfaces that were less hydrophobic
and caused flatter ice.
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Table 10.3: Coating C3 With and Without ZR

ROTATIO SPEE ZR Rate Exposure
TEST # OBJECTIVE CONDITION FLUID N D TEMP (g/dm?/h) Time (min) LL COMMENT
183 c'ﬁit.i ZOFEED ZR none 8 100 0.4 25 15 3.3% coating C3
173 c'ﬁit.i ZOFEED None none 8 100 0.9 - - 0.6% coating C3
Conclusion: Coating does not prevent adhesion because the L. with ZR > dry test
Table 10.4: Coating C3 With and Without SN
Exposure
TE#ST OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP (Z;\é r'?,]?/tﬁ) Time Lo COMMENT
(min)
182 c'git.z ZOFEED SN none 8 100 16 10 15 3.6% coating C3
173 c'git.z ZOFEED None none 8 100 0.9 - - 0.6% coating C3
Conclusion: Adhesion present therefore the L. with SN > dry test
Table 10.5: Coating B13 With and Without ZR
Exposure
TE#ST OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP éz S’]?/tﬁ) Time Lo COMMENT
(min)
186 lce PhosgDCoatlng None none stall 80 -2.9 - - 1.4% coating B13
190 lce PhosgDcoa“”g ZrR none 8 100 71 25 15 4.7% coating B13
191* lce PhOF?EDC"a“”g ZR none stall 80 71 25 15 5.2% coating B13
Conclusion: Coating does not prevent adhesion because the L. with ZR > dry test
* rerun of tunnel right after run 190 with remaining contamination from previous test
Table 10.6: Coating B12 With and Without SN
Exposure
TE#ST OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP (Z;:‘j r;qua/tﬁ) Time Lo COMMENT
(min)
197 lce PhOF?EDC"a“”g SN none 8 100 65 10 15 5.0% | coating B12
192 lce PhOF?EDC"a“”g None none 8 100 05 - - 1.0% | coating B12
Conclusion: Coating does not prevent adhesion because the LL with SN > dry test
Table 10.7: Coating D1 With and Without ZR
Exposure
TE#ST OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP (EZ':S}E) Time LL COMMENT
(min)
108 | '°® PhORbgDcoa“”g None none 8 100 -8 - - 1.3% | Coating D1
203 Ice PhosgDcoa“”g ZrR none 8 100 33 25 15 3.3% | Coating D1
204+ | IcePhobic Coating ZrR none stall 80 -12.8 - - 3.9% | Coating D1
Conclusion: Coating does not prevent adhesion because the L. with ZR > dry test

* rerun of tunnel with contamination from previous run
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Table 10.8: Coating B13 With and Without ZR

Exposure
TE#ST OBJECTIVE CONDITION FLUID ROTATION | SPEED | TEMP (SZ ﬁ?}ﬁ) Time LL COMMENT
(min)
185 lce PhoggDcoa“”g None none 8 100 1.4 - - 05% | coating B13
190 lce PhoggDcoa“”g ZR none 8 100 71 25 15 47% | coating B13

Conclusion: Coating does not prevent adhesion because the L. with ZR > dry test

Table 10.9: All Coatings With ZR

ZR Rate Exposure
TEST # OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP (g/dm?/h) Time (min) LL COMMENT
Ice Phobic .
- 0/
183 Coating R&D ZR none 8 100 0.4 25 15 3.3% coating C3
Ice Phobic .
* - - - 0/
184 Coating R&D ZR none stall 80 6.1 3.3% coating C3
Ice Phobic .
- 0
190 Coating R&D ZR none 8 100 7.1 25 15 4.7% coating B13
Ice Phobic .
* - 0
191 Coating R&D ZR none stall 80 7.1 25 15 5.2% coating B13
Ice Phobic o .
203 Coating R&D ZR none 8 100 -3.3 25 15 3.3% Coating D1
. Ice Phobic R : : 5 .
204 Coating R&D ZR none stall 80 12.8 3.9% Coating D1
127
(2010- Heavy Cont. ZR none 23 80 -10.7 25 5 2.9% alum
11)
127A 75
(2010- Heavy Cont. ZR none 23 80 -8.8 12 1.1% alum
11) (Then 35)
Conclusion: There seems to be an increase in LL due to beading on the ice phobic products. To be confirmed on photographs. After comparing the coatings amongst
themselves, its noted that coating B13 performs a little worse than the others. . Note than when comparing to historical regular wing test the lift losses should be
increased by about 1 percent to account for the lift losses associated with the wing skin alone.

* tunnel rerun right after previous test with remaining contamination from previous test

ZR on Dry Wing Aerodynamic Performance
(compared to dry wing without skin)
6.0% ‘ ‘

B13 #190, 191
¢ C3#183,184
A D1#203, 204
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Figure 10.2: Coatings B13, C3, and D1 with ZR

M:\Projects\PM2265.003 (TC Deicing 2013-14)\Reports\lce Phobic\Volume 3\Final Version 1.0\TP 15275E Vol. 3 2012-13 Final Version 1.0.docx
Final Version 1.0, July 17
71



70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

10.4.3 Fluid Flow-Off with Coatings

Testing was conducted to evaluate the aerodynamic effects of the various coated
wing skins on fluid flow-off, with and without contamination. Table 10.10 to
Table 10.12 demonstrate the lift losses measured with coated wing skins with
fluid and contamination compared to the original wing in the same condition. The
uncoated wing skin was not tested in this case. Table 10.13 demonstrates the
same type of data but for a fluid-only case with EG106.

Figure 10.3 graphically shows the data collected for the fluid-only testing with
EG106. The results indicated that in general there were no significant effects on
the fluid flow-off performance as a result of the coatings. The results were more
ambiguous in the case of the fluid and contamination tests due to the additional
variables. Future testing should focus on fluid-only flow-off in order to minimize
the amount of variable to control and to obtain a better comparison data set.

Table 10.10: Fluid Flow-Off on Coated Surfaces with AD-49

Exposure
TEST# OBJECTIVE CONDITION | FLUID | ROTATION | sPeep | Temp | [P Rate | ZRRate Time L. | COMMENT
(g/dm2/h) | (g/dmZh) (min)
Ice Phobic Coating coating
189 R&D IP-/ZR AD-49 8 100 -5.7 25 25 25 4.9% B13
128
(2010- Type IV Fluid Val IP-/ZR AD-49 8 100 -3.2 25 25 25 4.2% no skin
11)
Ice Phobic Coating coating
196 R&D IP-/ZR AD-49 8 100 -8.6 25 25 25 7.1% B12
202 lce PhoggDcoa“”g IP-/ZR AD-49 8 100 78 25 25 10 7.1% | Coating D1
Conclusion: Coating B13 is possibly better than B12 & D1. When comparing coating B13 to historical point there is not much of a different with regular wing. . Note
that when comparing to historical regular wing test the lift losses should be increased by about 1 percent to account for the lift losses associated with the wing skin
alone.

Table 10.11: Fluid Flow-Off on Coated Surfaces with Maxflight

|P Rate Exposure
TEST # OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP (g/dm?/h) Time Lo COMMENT
(min)
Ice Phobic Max- .
- 0
180 Coating R&D IP mod Flight 8 100 1.9 75 15 5.7% coating C3
Ice Phobic Max- 5 .
188 Coating R&D IP mod Flight 8 100 -3.9 75 15 6.6% coating B13
Ice Phobic Max- o .
201 Coating R&D IP mod Flight 8 100 -11.9 75 10 9.1% Coating D1
14 N Max- _ 0
(2010-11) IP Validation IP mod Flight 8 100 12 75 10 8.0% alum
Conclusion: Test 180 & 188 are comparable and the results are not significantly different. Tests 201 & 14 (2010-11) are similar and so therefore no effect of the coating
can be determined. Note that when comparing to historical regular wing test the lift losses should be increased by about 1 percent to account for the lift losses
associated with the wing skin alone.
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Table 10.12: Fluid Flow-Off on Coated Surfaces with EG106

SN ZR
TES | OBJECTI | CONDITI | FLUI | ROTATIO | SPEE | TEM '(P o | Rae Rate (R pae | Bxposu || comme
T# VE ON D N D P 9 (g/dm2/ | (g/dm?/ 9 ! NT
h) h) (min)
h) h)
Ice
Phobic EG10 3.3 coating
178 Coating ZR 6 8 100 0.1 25 50 % c3
R&D
Ice
Phobic . EG10 3.3 coating
176 Coating Fluid only 6 8 100 4.7 % c3
R&D
Conclusion: No conclusion, possibly consider running a ZR R=25 for 50 mins on a skin no coating as baseline to better understand the effect of the
coating.

Table 10.13: Fluid Only Flow-Off on Coated Surfaces with EG106

TEST # OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP Lo COMMENT
176 lce PhoggDcoa“”g Fluid only EG106 8 100 47 3.3% coating C3
. } 5 average of alum tests 25 &100 ( 2009-
see comment BLDT Fluid only EG106 8 100 5.7 2.8% 10) and tests 121 & 122 (2011-12)
Ice Phobic Coating . : 5 pitch was one minute longer than usual
106 R&D Fluid Only EG106 8 100 14.9 4.5% €O (skin no coating)
187 lce PhoggDcoa“”g Fluid only EG106 8 100 2.8 3.4% coating B13
55 (2009-10) BLDT Fluid only EG106 8 100 -2.6 1.7% alum
194 lce PhOF?EDC"a“”g Fluid only EG106 8 100 8.7 3.5% coating B12
. . o average of alum tests 100 (2009-10) and
see comment BLDT Fluid only EG106 8 100 8.9 3.0% tests 51,52,121 & 122 (2011-12)
200 lce PhOF?EDC"a“”g Fluid only EG106 8 100 -12.4 3.6% Coating D1
52 (2011-12) BLDT Fluid only EG106 8 100 -12.4 3.4% alum

Conclusion: no conclusion can be made due to the temp variation from test to test amongst the coating tests. For Test 187 & 55 it appears that the LL are worse with
coating B13. There is no difference when comparing historical alum tests to Test 176 for coating C3. Due to lack of data at -9C, a comparison to Test 194 cannot be
made; Therefore if using same analysis as coating C3, the LL for coating B12 and alum are not much different. Test 200 & 52 have similar LL, therefore no effect on
coating D1. Note that when comparing to historical regular wing test the lift losses should be increased by about 1 percent to account for the lift losses associated with

the wing skin alone.
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

EG106 Fluid Only Aerodynamic Performance on Wing Skins

(compared to dry wing without skin)
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Figure 10.3: Fluid only Testing — LL with Different Coatings

10.4.4 Effect of Fluid Viscosity

Testing was conducted to evaluate the aerodynamic effects of fluid viscosity on
flow-off. Limited data were collected and is demonstrated in Table 10.14. As
expected, the lift losses with the LOWYV fluid were less as compared to the
mid-viscosity fluid.

Table 10.14: Effect of Fluid Viscosity

|P Rate Exposure
TEST # OBJECTIVE CONDITION FLUID ROTATION SPEED TEMP (g/dm?/h) Time LL COMMENT
(min)
180 Ice Phobic IP mod Max-Flight 8 100 1.9 75 15 5.7% coating C3
Coating R&D 9 : : 9
Ice Phobic Max-Flight- ~ o .
181 Coating R&D IP mod LOWV 8 100 2.9 75 15 5.0% coating C3
33
(2010- BLDT Fluid Only Max-Fllight 8 100 -24 8.3% no skin
11)
Effect of Viscosity .
144 on Fluid Fluid only Max-Flight- 8 100 231 6.0% no skin
. LOWV
Aerodynamics
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

10.4.5 Effect on BLDT

Boundary Layer Displacement Thickness (BLDT) is the measured displacement of
the air flow over a surface. The increase in BLDT over the flat plate surface caused
by the fluid flow-off during the AS5900 aerodynamic acceptance is directly
related to loss of lift during takeoff.

Testing was planned to investigate potential benefits to using coatings to improve
the BLDT results and possibly allow for lower fluid LOUT. This testing was not
completed, as the ideal ambient temperatures required were never obtained.

10.4.6 Visual Effect on Coatings Flow-off

In general, the coatings seemed to affect the flow-off of fluid, especially on the
leading edge once the fluid layer became very thin from shearing. The coatings
seemed to help the thin fluid layer remove itself easier. This did not seem to
demonstrate itself in the fluid flow-off data; however, with some additional
repeatability studies trends may become more apparent.

10.5 Summary of Test Results
Testing is still preliminary and exploratory, however early testing indicates that:

e (Coatings alone may have effects on aerodynamic performance (either for
better or for worse);

e Frozen contamination on coated surfaces can be aerodynamically rougher;
and

e (Coatings do not seem to have significant effects on fluid flow-off
performance.

The testing methodology is still premature, and future work should focus on
repeatability in order to better develop the testing procedures; however, the wind
tunnel can be a good platform for a full-scale evaluation of the coating
performance. If the methodology does mature, consideration should be given to
including the details in a future revision of AIR6232.
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70. WIND TUNNEL TESTING - ICE PHOBIC COATINGS

Photo 10.1: Comparison of Frozen ZR on Uncoated and Coated Wing

Test #127
Original Wing with No Coating
Flat Ice

Test #190
Coated Wing
Beads of Ice
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11. DEVELOPMENT OF SAE AIR DOCUMENT

11. DEVELOPMENT OF SAE AIR DOCUMENT

In this section, the activities related to the development of a new Society of
Automotive Engineers (SAE) Aerospace Information Report (AIR) for evaluating
the interaction of de/anti-icing fluids with aircraft after-market coatings are
discussed.

11.1 Background Leading to the Development of the SAE AIR

There is currently is no standardized approach for evaluating aircraft after-market
coatings with respect to fluid HOT's. Although limited research has been
conducted by TC and FAA over the last four years, a minimum set of evaluation
criteria has yet to be developed. At the November 2011 SAE G-12 Fluids
Committee meeting in YUL, a workgroup was formed with the objective of
developing an SAE specification for evaluating coating technologies with respect
to fluid HOT’s. This working group consisted of close to 30 industry members
including operators, airframe manufacturers, fluid manufacturers, coating
manufacturers, and research laboratories, which provided a good cross section of
the SAE G-12 demographic.

11.2 Overview of the Working Group Activities to Date

General email discussions were held between November, 2011 and March, 2012.
In March 2012, APS Aviation Inc. developed a draft version of an SAE AIR which
would serve as the starting point for discussion. A start-up teleconference was
held with a sub-group (which consisted of approximately 10 selected members)
on March 30™, 2012. The objective was to review document and agree on the
general direction of the documents before going to the group at large. Following
this discussion, an initial teleconference with the whole work group was held on
April 13™, 2012 with the purpose of reviewing the document and receiving
feedback. Changes were made to the document, and an in-person working group
meeting was scheduled on May 9™, 2012 in Prague during the SAE G-12. At this
meeting, there was a general discussion regarding the overall direction of the
document. It was agreed that APS would make additional changes to the
document based on the feedback received.

Since the May 9™, 2012 meeting, the document had been updated and working
group members have been solicited to provide missing or lacking sections of the
AIR. From November 2012 to February 2013, changes were made to the
document and a Final Version Draft 1.0 was issued, to begin the balloting
process. The final ballot was passed in June 2013 and published in August 2013.
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11. DEVELOPMENT OF SAE AIR DOCUMENT

11.3 Principle Focus of Draft AIR
The latest draft of the SAE AIR has been included in Appendix G.

The principle focus of the AIR document is the impact coatings have on aircraft
ground de/anti-icing fluid. This is addressed in two main section of the AIR:

e Section 3: Fluid Endurance Time Testing

0 To evaluate how coatings impact fluid HOT's

0 Flat plate testing protocol modelled after AA Tests
0 Methodology based on ARP 5945 and ARP 5485
o]

Provides good indication of potential effects of coating

e Section 4: Fluid Aerodynamic Testing
0 To evaluate how coatings influence fluid flow-off

0 Methodology currently being developing based on AS5900

An additional Section 5 has also been included in the AIR to reference other test
methods which may provide informational insight into the performance of the
coatings which may or may not be directly related to the impact on de/anti-icing
fluid HOT's.

The AIR format was selected because it was felt by the workgroup that the
development of an SAE AIR would be faster than the development of an ARP;
also the AIR could eventually be changed to an ARP once performance criteria
were developed.

11.4 General Comments and Observations

The working group approach has been proving to be an effective medium for
developing and refining the SAE AIR. It is anticipated that communication with
the working group shall continue to include email and teleconference discussions
along with in person meeting in conjunction with the SAE G-12 meetings.

11.5 Future Initiatives

Future working group discussion/meetings will be organized on an as-needed
basis.
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11. DEVELOPMENT OF SAE AIR DOCUMENT

Future focuses of the group should include:

e Changes based on operational feedback;
e Potential evolution of the AIR to an ARP;
¢ Information dissemination to non-G12 members; and

e Surface coatings being used or considered for aircraft use should be
tested according to the test methods described in AIR6232.
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72. OBSERVATIONS AND CONCLUSIONS

12. OBSERVATIONS AND CONCLUSIONS

The observations and conclusions drawn from the tests performed during the
winter of 2012-13 are described in this section.

12.1 General Comments Regarding 2012-13 Testing

Testing conducted was limited and served as a scoping study; only a limited
number of products and conditions were tested. The main purpose of this testing
was to investigate some additional areas of research not previously studied, to
gain some new insight into the potential applications of these coatings for aircraft
operations, and to continue the research to include newly developed coating
formulations. More extensive material-specific data would be needed to
demonstrate usability of products on aircraft critical surfaces.

12.2 Fluid Endurance Time Testing

Fluid endurance time performance varied depending on individual coatings.
Natural snow endurance times on coated surface with Type IV fluids were on
average 75 percent of the baseline, ranging from 63 percent to 90 percent.
Coating B12 and B13 sometimes demonstrated a different failure mechanism in
which fluid was shed early allowing snow to bridge on the surface.

Freezing precipitation endurance times on coated surface with Type |V fluids were
on average 94 percent of the baseline, ranging from 92 percent to 96 percent.

Freezing precipitation endurance times on coated surface with Type | fluids
demonstrated similar results with the exception of coating B12 and B13, which
demonstrated different failure mechanisms. At -3°C, these coatings delayed ice
from forming on the surface, resulting in endurance times of 180 percent and
177 percent for B12 and B13, respectively.

12.3 Adherence Testing

When left undisturbed, some of the coated surfaces were able to slightly delay
the onset of adherence and ice formation when compared to the baseline test
plate. All plates eventually formed ice. However, the removal of the contamination
was easier on the coated surface.
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72. OBSERVATIONS AND CONCLUSIONS

Some concern remains with the ice formation on the coated surface. The coated
surface typically results in bumpier, higher contact angle ice formations.
Aerodynamic research to investigate its effects is recommended.

12.4 Fluid Wetting and Fluid Thickness Testing

The Type | wetting tests indicated potential wetting problems with the coated
test surfaces. Wetting issues were observed 5-minutes after fluid application; this
wetting issue was worsened with the 10° buffer fluid when compared to standard
mix fluid, which is more concentrated.

With the exception of coating D1, the Type IV fluid thickness test demonstrated
minor degradation in fluid thickness 5-mintues after application. Coating D1
appeared to react chemically with the fluid and caused a reduction in thickness
right from the start.

12.5 Hot Water Testing

The hot water endurance times on the coated surfaces were generally comparable
to the Type | endurance times on the baseline plate. In some cases, the coated
surfaces delayed the onset of adhered contamination and provided slightly longer
protection times.

12.6 Fluid Viscosity Testing

In the development of AIR6232, the question was raised as to whether lowest
on-wing viscosity fluid or mid viscosity fluid should be used for evaluation of
endurance times on coated surfaces. The results of this testing indicate that either
lowest on-wing viscosity fluid or mid-viscosity fluid are adequate for evaluation
of coatings with respect to endurance times.

12.7 Vertical Stabilizer Testing

The endurance times of the vertical coated surfaces were less than the vertical
baseline surface.

In all cases, the endurance times of the vertical surfaces were significantly shorter
than the 10° baseline plate.
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12.8 Residues Testing for Aerodynamically Quiet Areas in Aircraft

Results indicate a potential solution to reduce residues formation in the
aerodynamically quiet areas in aircraft. Consideration should be given to including
this test methodology in a future revision of AIR6232.

12.9 Wind Tunnel Testing - Ice Phobic Coatings
Testing is still preliminary and exploratory, however early testing indicates that:

e (Coatings alone may have effects on aerodynamic performance (either for
better or for worse);

e Frozen contamination on coated surfaces can be aerodynamically rougher;
and

e (Coatings do not seem to have significant effects on fluid flow-off
performance.

The testing methodology is still premature, and future work should focus on
repeatability in order to better develop the testing procedures. However, the wind
tunnel can be a good platform for a full-scale evaluation of the coating
performance. If the methodology does mature, consideration should be given to
including the details in a future revision of AIR6232.

12.10 Development of SAE AIR6232

The principle focus of this AIR document is the impact coatings have on aircraft
ground de/anti-icing fluid. This is addressed in two main section of the AIR:

e Section 3: Fluid Endurance Time Testing

e Section 4: Fluid Aerodynamic Testing

An additional Section 5 has also been included in the AIR to reference other test
methods which may provide informational insight into the performance of the
coatings which may or may not be directly related to the impact on de/anti-icing
fluid HOT's.

The AIR format was selected because it was felt by the workgroup that the
development of an SAE AIR would be faster than the development of an ARP.
Additionally, the AIR could eventually be changed to an ARP once performance
criteria were developed.

A draft document was prepared and finalized. The final ballot was passed in
June 2013, and published in August 2013.
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13. RECOMMENDATIONS

13. RECOMMENDATIONS

The following recommendations were compiled following the testing conducted
during the winter of 2012-13 as well as industry feedback regarding the results
obtained.

13.1 Potential Future Applications

The results obtained have demonstrated a potential for future applications of ice
phobic coatings in aircraft operations. More specifically, benefits may be available
for vertical surfaces which are subject to early fluid failure due to the steeper
surface slopes. The use of coatings on the vertical surfaces (i.e. vertical stabilizer,
winglets, fuselage, etc.) could provide added protection from adherence of
contamination.

Preliminary work done simulating the aerodynamically quiet areas in aircraft also
indicated potential benefits to using ice phobic coatings. These results indicate a
potential solution to minimize residues formation which could be applicable to
such areas.

The application of coatings to the main wing sections has demonstrated mixed
results and is highly dependent on the coatings used; some coatings have proven
to be better than others in terms of compatibility with fluids. Nonetheless, one
manufacturer has demonstrated continual improvement in the coatings submitted
for testing, indicating that these coatings can potentially evolve to be
complementary to de/anti-icing fluids.

In general, testing has indicated that with proper knowledge of the effects these
coatings have on de/anti-icing fluid, the benefits of using these coatings can be
had through adapted deicing procedures without compromising aircraft safety.

13.2 Future Research and Activities

The following are potential areas for future research:

e Conduct evaluation of newly developed coatings;

e Conduct wind tunnel testing with a thin, high performance wing model to
refine the test methodology, and to investigate coating performance during
ground icing conditions with and without fluid, and with contamination;
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13. RECOMMENDATIONS

e Investigation of different types of adhered contamination on vertical
surfaces, and their effects on aerodynamics;

e Investigate potential use of coatings in areas prone to icing but where
de/anti-icing protection is limited, or not available (e.g. cowlings, landing
gear);

e Investigate dynamic taxi situation, simulating aircraft vibration; and

e Conduct research to support development of the new SAE AIR document.

13.3 Operational Considerations

Testing is still preliminary, therefore more extensive material specific data would
be needed to demonstrate usability of products on aircraft critical surfaces. If
there is a strong industry request to evaluate these products for use in aircraft
operations, an SAE AIR has been developed and should be referenced to evaluate
these technologies with respect to fluid HOTs.
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APPENDIX F

ATTACHMENT X - Cryotech Polar Guard Advance Type IV Holdover Time Table
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APPENDIX F

ATTACHMENT XI - ABAX ECOWING AD-49 Type IV Holdover Time Table

Transport Canada Holdover Time Guidelines Winter 2012-2013

TABLE 4-A-Ecowing AD-49

ABAX TYPE IV FLUID HOLDOVER GUIDELINES FOR WINTER 2012-2013'
ECOWING AD-49

THE RESPONSIBILITY FOR THE APPLICATION OF THESE DATA REMAINS WITH THE USER

Outside Air R Approximate Holdover Times Under Various Weather Conditions
Temperature? Type IV Fluid (hours:minutes)
Concentration
Neat
Degrees | Degrees EluidWater Freezing 5"3‘:‘:;;1?0‘:‘" Freezin Light Rainon Cold | oo ¢
Celsius Fahrenheit | (volume “wvolume %) Fog Show Pellets? Drizzle Freezing Rain | Soaked \|'\.'in{_:|5
100/0 3:20-4:00 110-1:50 1:256-=2:00 1.00-1:25 010-155
-3 and 27 and " : : " 3 : » 5 - :
above abve 75125 2:25-4.00 1:20-1:40 1:55-2:00 0:50 -1:30 010 -1:40
50150 0:25-0:50 015-0:25 0:15-0:30 010-0:15
below 3 | ‘belowd? 100/0 020-135 | 110-150 | 0:25—125" | 0:20—0:25" h%’“#;é?\':‘ér
to-14 to7 75/25 030-110 | 120-140 | 015-1.05" | 0:15-0:25 time guidelines
exist
below -14 below 7 . . 3 E
t0 .26 t0-14.8 100/0 0:25-0:40 0:15-0:30

NOTES

1 These holdover times are derived from tests of this fluid having a viscosity as listed in Table 8.

2 Ensure that the lowest operational use temperature (LOUT) is respected. Consider use of Type | when Type IV fluid cannot be used.
3 Use light freezing rain holdover times in conditions of light snow mixed with light rain.

4 Use light freezing rain holdover times if positive identification of freezing drizzle is not possible.

5 Mo holdover guidelines exist for this condition for 0°C (32°F) and below.

6 Heavy snow, ice pellets, moderate and heavy freezing rain, and hail.

7  These holdover times only apply to outside air temperatures to -10°C (14°F) under freezing drizzle and light freezing rain.

CAUTIONS

The only acceptable decision-making criterion, for takeoff without a pre-takeoff contamination inspection, is the shorter time within the applicable holdover
time table cell.

The time of protection will be shortened in heavy weather conditions, heavy precipitation rates, or high moisture content.

High wind velocity or jet blast may reduce holdover time.

Holdover time may be reduced when aircraft skin temperature is lower than outside air temperature.

Fluids used during ground defanti-icing do not provide in-flight icing protection.

Page 27 of 57 July 2012
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APPENDIX F

ATTACHMENT XlI- Ice Pellet Allowance Time Table

Transport Canada Holdover Time Guidelines

Winter 2012-2013

TABLE 11

ICE PELLET ALLOWANCE TIMES FOR WINTER 2012-2013

This table is for use with SAE Type IV undiluted (100/0) fluids only.
All Type IV fluids are propylena glycol based with the exception of Dow Chemical EG106 which is ethylene glycol based.

OAT -5°C and OAT less than OAT less than
above -5°C to -10°C -10°C
Light Ice Pellets 50 minutes 30 minutes 30 minutes’
Moderate Ice Pellets 25 minutes® 10 minutes 10 minutes'
Light Ice Pellets Mixed with Light or g .
Moderate Freezing Drizzle =3 miien IRInARLCS
Lig_ht Ice Pellets Mixed with Light Freezing 95 minutes 10 minutes
Rain
Light Ice Pellets Mixed with Light Rain 25 minutes® Caution: No
allowance times
currently exist
Light Ice Pellets Mixed with Moderate Rain 25 minutes®
Light Ice Pellets Mixed with Light Snow 25 minutes 15 minutes
Light Ice Pellets Mixed with Moderate Snow 10 minutes
NOTES

1 No allowance times exist for propylene glycol (PG) fluids, when used on aircraft with rotation speeds less than
115 knots. (For these aircraft, if the fluid type is not known, assume zero allowance time).

2 Allowance time is 15 minutes for propylene glycol (PG) fluids or when the fluid type is unknown.

3 No allowance times exist in this condition for temperatures below 0°C; consider use of light ice pellets mixed

with light freezing rain.

4 Mo allowance times exist in this condition for temperatures below 0°C.
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ATTACHMENT XIIl — Task List for Setup and Actual Tests

No. Task Person Status
Planning and Preparation
1 Co-ordinate with NRC wind tunnel personnel MR/JD
2 Ensure fluid is received by NRC and is stored outdoors MR/JD
3 Check with NRC the status of the testing site, tunnel etc MR
4 Arrange for hotel accommodations for APS personnel \74
5 Arrange truck rental \74
6 Arrange for ice and freezer delivery DY
7 Organize personnel travel to Ottawa; \74
8 Hire YOW personnel vz
9 Complete contract for YOW personnel VZIPG
10 Co-ordinate with APS photographer MR
11 Ensure availability of freezing rain sprayer equipment; MR
12 Prepare and Arrange Office Materials for YOW vz
13 Prepare Data forms and procedure vz
14 Prepare Test Log and Merge Historical Logs for Reference (See JD with it) 74
15 Prepare weather forecast spreadsheet VZ
16 Prepare historical falling ball records spreadsheet \74
17 Finalize and complete list of equipment/materials required MR
18 Prepare and Arrange Site Equipment for YOW DY
19 Ensure proper functioning of ice pellet dispenser equipment; MR
20 Review IP/ZR/SN dispersal technigues and location VZ/MR
21 Update IP Rate File (if necessary) VZIMR
22 Check weather prior to finalizing test dates and Day vs. Night Shift, Start Time MR/JD
23 Arrange for pallets to lift up 1000L totes (if applicable) MR
24 Purchase new 20 L containers (as necessary) DY
25 Complete purchase list and shopping vz
26 Pack and leave YUL for YOW on Monday Jan 7th for AM start on Jan 8th APS
Tuesday Jan 8
27 Safety Briefing & Training (APS/YOW) MR
28 Unload Truck and organize equipment in lower, middle, or office area APS
29 Verify and Organize Fluid Received (labels and fluid receipt forms) DY/S
30 Transfer Fluids from 1000 L Totes to 20 L containers DY/JS
31 Collect fluid samples for viscosity at APS office and for Falling Ball DY/VZ
32 Conduct falling ball verification DY/NVZ
33 Confirm ice and freezer delivery DY
34 Setup general office and testing equipment \74
35 Setup Projector \74
36 Setup Printer vz
37 Setup rate station (if necessary) DY
38 Setup IP/SN manufacturing material in reefer truck JS
39 Test and prepare IP dispensing equipment JS
40 Train IP making personnel (ongoing) JS/YOW
41 Co-ordinate fabrication of ice pellets/snow VZ/JS
42 IP/SN/ZR Calibration (if necessary) DY/VZIMR
43 Start IP manufacturing JS
44 Mark wing (only if requested); \74
45 Setup Still and Video Cameras same as 2010-11 BG/JsD
46 Verify photo and video angles, resolution, etc, against 2010-11/11-12 BG/JsD/MR
47 Document new final camera and flash locations VZ/BG/JsD
48 General safety briefing and update on testing APS/NRC/YOW
49 Dry Run of tests with APS and NRC (if necessary) APS/NRC
50 Start Testing (Dry wing tests may be possible while setup occurs) APS/NRC
Each Testing Day
51 Check with NRC the status of the testing site, tunnel, weather etc MR
52 Deicide personnel requirements for following day for 24hr notice MR/WU
53 Prepare equipment and fluid to be used for test DY
54 Manufacture ice pellets JS/YOW
55 Prepare photography equipment BG
56 Prepare data forms for test vz
57 Conduct tests based on test plan APS
58 Modify test plan based on results obtained WUI/ID/MR
59 Update ice pellet, snow, raw ice, and fluid Inventory (end of day) VZ/JS
60 Update Test Log and Test Plan (ongoing and end of day) 74
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ATTACHMENT XIV - General Form/ Calibration

GENERAL FORM (EVERY CALIBRATION TEST)

DATE:

OJECTIVE: D Angle of Attack Sweeps

AR TEMPERATURE (°C) BEFORE TEST
TUNNEL TEMPERATURE (°C) BEFORE TEST
WIND TUNMEL START TIME

WIND TUNMEL END TIME

FLAP SETTIMG (20°, 0%)

|:| Flow Visualization

RUN # [Plan #):

El Surface Roughness Tests

AR TEMPERATURE (°C) AFTER TEST
TUNMEL TEMPERATURE (°C) AFTER TEST

ROTATION ANGLE

PROJECTED SPEED (S/KTS)

D Full Wing D Partial Wing (describe)

OIL APPLIED: ¥ f M QIL DETAILS
|:| Full Wing D Partial Wing (describe)
GRIT APPLIED: Y ( N GRIL DETAILS

OTHER APPLIED: ¥ [ N
|:| Full Wing D Partial Wing (describe)

OTHER DETAILS:

VANAN

u Wying Position 6 Approsimately 30 om - from trailing ecoe;
Wing Posttion 7 Approcdmately 15 cm from trailing edge;
Wing Posttion 8 Approvimately 2.5 om tom traling scie;
Wing Posttion 9: Midway up the flag; end

Before the Takeoff Run
TRAILING EDGE

KW & o

1
LEADING EDGE

COMMENTS :

/ Wing Posttion 1: Approximately 10 cm up from the leading edge tagnation point;
Wing Posttion 2,3, 4, 5 At ecual distances (approsimately 15 o) along the wing chord;

Underside: Agproximately 40 o up from the leading edge stagnaticn paint.

7 g Flap

D Large Endplates

After the Takeoff Run
TRAILING EDGE

KW s

1
LEADING EDGE

D Small Endplates

HANDWRITTEN BY:

DCheck if further details are available behind this sheet
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ATTACHMENT XV - General Form

Faorm1

GENERAL FORM (EVERY TEST)

DATE: FLUID APPLIED: RUN # (Plan #):
AR TEMPERATURE (*C) BEFORE TEST: AIR TEMPERATURE (*C) AFTER TEST:

TUNNEL TEMPERATURE (*C) BEFORE TEST: TUNNEL TEMPERATURE (*C}) AFTER TEST:

VWIND TUNNEL START TIME: PROJECTED SPEED (S/KTS):

ROTATION ANGLE: EXTRA RUN INFO:

FLAP SETTING (207, 0%}

[ Check if additional nates provided on a separate sheet

FLUID APPLICATION

Actual =tart time: Actual End Time:
Fluid Briz: Amount of Fluid (L):
Fluid Temperaturs (*C}: Fluid Application Methed: POUR

ICE PELLETS APPLICATION (if applicable)

Actual start time: Actual End Time:

Rate of loe Pellsts Applied (g/dm®h): lze Pelletz Size (mm): 1.4 - 4.0 mm

Exposure Time:

Total IP Required per Dispenser:

FREEZING RAIN/DRIZZLE APPLICATION (if applicable)

Actual start time: Actual End Time:
Rate of Precipitation Applied (g/dm®h}: Droplet Size (mm):
Exposure Time: leedle:

Flow

Pressurs

SNOVW APPLICATION (if applicable)

Actual =tart time: Actual End Time:
Rate of Snow Snow Size (mm): <1.4 mm

| |
Exposure Time: WMethod: Dizpenzer Sieve
Total SN Required per Dizpenser:
COMMENTS
IMEASUREMENTS BY: HANDVVRITTEN BY:
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APPENDIX F

ATTACHMENT XX - Visual Evaluation Rating Form

VISUAL EVALUATION RATING OF CONDITION OF WING

Date: Run Number:

Ratings:

1 - Contamination not very visible, fluid still clean.

2 - Contamination is visible, but lots of fluid still present

3 - Contamination visible, spots of bridging contamination
4 - Contamination visible, lots of dry bridging present

5 - Contamiantion visible, adherence of contamination

Before Take-off Run

Area Visual Severity
Rating (1-5)
Leading Edge
Trailing Edge
Flap
At Rotation
Area Vlsua.ll Severity Expected
Rating (1-5) Lift Loss
Leading Edge (%)
Trailing Edge
Flap

After Take-off Run

Visual Severity
Rating (1-5)

Area

Leading Edge

Trailing Edge

Flap

Additional Observations:

OBSERVER:
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ATTACHMENT XXI - Fluid Receipt Form

(Consider using electronic auto-fill format)

SECTION A - SITE

O HoTt sampLE

[0 RESEARCH/OTHER SAMPLE

Receiving Location:

Date of Receiving:

Manufacturer: Fluid Name: Fluid Type:
Date of Production: Batch #:
Fluid Dilution:
Fluid Quantity: X ___L=__ L X ____L=___ L X ____ L= L
APS Measured BRIX:
Note any additional information included on fluid containers:
Received by:
(PRINT NAME)
on:
(DATE)
SECTION B - OFFICE
Fluid Code Assigned: 100/0 75125 50/50 Type |

Viscosity Information Received:*

WSET Sample Sent to AMIL:

I

FFP Curves Received:?

Viscosity Measured:*

[ 1
[ 1

WSET Result Received:

 Type I/NIAV fluids only
2 Type | fluids only
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ATTACHMENT XXIl - Log of Fluid Sample Bottles

Date of
Extraction

Fluid and Dilution

Batch #

Sample
Source
(i.e.
drum)

Falling Ball
Fluid Temp
(°C)

Falling Ball
Time
(sec)

Comments
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APPENDIX F

ATTACHMENT XXIIl — Procedure: Fluid and Contamination at LOUT

Background

Recent changes to the frost HOT guidance material allowing fluids to be used to
the LOUT have raised concerns about whether or not this is an appropriate
practice. In frost the major concern was the effect of radiation cooling and how
it could affect the LOUT, however the concern also includes contamination at
LOUT. This issue was also raised from the AWG for the ice pellet testing which
allows fluids to be used to LOUT: will the added ice pellet contamination at the
LOUT not bust BLDT? It was recommended that some testing be conducted at
the fluid LOUT to investigate how contamination can affect the aerodynamic
performance of the fluid.

Objective

To investigate the fluid aerodynamic flow-off characteristics of anti-icing fluid
with contamination at the LOUT.

Methodology

The general methodology to be used during these tests is in accordance with
the methodologies used for typical ice pellet tests conducted in the wind tunnel.

e For a chosen fluid, conduct a test simulating ice pellets, snow, freezing
fog, or frost, for an exposure time derived from the HOT table at the fluid
LOUT;

e Record lift data, visual observations, and manually collected data;
e Conduct a fluid only baseline test at the same temperature (at LOUT); and

e Compare the aerodynamic performance.

Test Plan

Four or more tests are anticipated at a minimum. If LOUT temperatures for neat
fluids are not likely to occur, investigate the possibility of using diluted fluids to
obtain a higher LOUT.
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ATTACHMENT XXIV - Procedure: Heavy Snow

Background

As a direct result of the ice pellet research conducted, the use of HOTs for
determining the protection time provided by anti-icing fluids was questioned.
The focus has turned towards “aerodynamic failure” which can be defined as a
significant lift loss resulting from contaminated anti-icing fluid. Heavy snow
conditions have been selected for this study for two reasons. First, snow
conditions account for the most significant portion of de-icing operations
globally. Secondly, there has been a recent industry interest for holdover time
for heavy snow conditions. Preliminary aerodynamic testing was conducted
during the winters of 2006-07 and 2008-2011.

Objective

To investigate the fluid aerodynamic flow-off characteristics of anti-icing fluid
contaminated with simulated heavy snow versus moderate snow.

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.

e For a chosen fluid, conduct a test simulating moderate snow
conditions (rate of 25 g/dm?/h) for an exposure time derived from the
HOT table based on the tunnel temperature at the time of the test;

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

e Conduct two comparative tests simulating heavy snow conditions (rate of
50 g/dm?/h or higher) for the same exposure time used during the
moderate snow test;

0 NOTE: previous testing has indicated that using half, to % of the
moderate snow HOT generates similar end conditions, whereas
using the full moderate HOT for heavy snow conditions generates a
more sever fluid failure which behaves worse aerodynamically;

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

e Compare the heavy snow results to the moderate snow results. If the
heavy snow results are worse, repeat the heavy snow test with a
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reduced exposure time, if the results are better, repeat the heavy snow
test with an increased exposure time;

e Repeat until similar lift data, and visual observations are achieved for both
heavy snow and moderate snow; and

e Document the percentage of the moderate snow HOT that is acceptable
for heavy snow conditions.

Test Plan
Two to four comparative tests are anticipated. See previous reports for
suggested test plan.
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ATTACHMENT XXV - Procedure: Heavy Contamination

Background

Previous testing in the wind tunnel demonstrated that although very heavy ice
pellet and/or snow contamination was applied to a fluid covered wing section,
significant lift losses were not apparent. The initial testing indicated that after a
certain level of contamination, the dry loose ice pellets or snow no longer
absorb into the fluid and easily fly off during the acceleration. The protection is
due to a thin layer of fluid present underneath the contamination that prevents
adherence. Questions of which point the lift losses become detrimental have
been raised.

Objective

To continue previous research investigating heavy contamination effects on fluid
flow off.

Methodology

The general methodology to be used during these tests is in accordance with
the methodologies used for typical ice pellet tests conducted in the wind tunnel.

e For a chosen fluid, conduct a test simulating ice pellets, snow, or freezing
rain, for an exposure time far exceeding the recommended HOT or
allowance time;

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

e Compare aerodynamic performance results to fluid only or fluid and
contamination tests at the same temperature.

Test Plan

One to four tests are anticipated. Previous work should be referenced to identify
starting levels of heavy contamination.
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ATTACHMENT XXVI - Procedure: Small Hail

Background

Reports from primarily Asian operators have indicated that small hail can occur
frequently during winter operations. The small hail will generally occur above
freezing conditions; however no guidance for operating in the conditions is
currently available. Questions have been raised as to whether the ice pellet
allowance times can be used due to similarity in precipitation type. Although
this concern has only been raised by Asian operators, it can be assumed that
similar conditions can be expected by North American operators. WMO defines
small hail as snow pellets encapsulated by ice, a precipitation halfway between
graupel and hail.

Objective

To investigate the fluid aerodynamic flow-off characteristics of anti-icing fluid
with contamination with small hail and to compare the results to ice pellets.

Methodology

The general methodology to be used during these tests is in accordance with
the methodologies used for typical ice pellet tests conducted in the wind tunnel.

e For a chosen fluid, conduct a test simulating small hail for an exposure
time derived from the current ice pellet allowance time table as a starting
point;

e Record lift data, visual observations, and manually collected data;
e Conduct a fluid only baseline test at the same temperature; and

e Compare the aerodynamic performance.

Test Plan

One to four tests are anticipated. A meteorologist should be consulted prior to
the conduct to narrow down the exact conditions and temperatures at which
small hail will occur, as well as to obtain the desired small hail diameter.
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ATTACHMENT XXVII — Procedure: Frost Simulation in the Wind Tunnel

Background

Frost is an important consideration in aircraft deicing. The irregular and rough
frost accretion patterns can result in a significant loss of lift on critical aircraft
surfaces. This potential hazard is amplified by the frequent occurrence of frost
accretion in winter operations. Frost is an area of research that has yet to be
fully explored. Discussions regarding the aerodynamic effects of frost have been
raised, and the possibility of doing wind tunnel testing has been considered. It
was recommended that initial testing be performed to investigate whether it
would be feasible to simulate frost conditions in the PIWT.

Objective

To investigate the feasibility of simulating frost conditions in the PIWT.

Methodology

This work is exploratory, so no exact procedure exists. It is recommended that
the frost generating parameters be explored to try and stimulate frost accretion.
This can be done by causing a negative temperature differential between the
wing and the ambient air i.e. air is warmer than skin. A more specific
methodology may be determined on site following a brain-storm with onsite
technicians.

Test Plan

One or two tests is anticipated.
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ATTACHMENT XXVIII - Procedure: Wind Tunnel Test Section Cooling

Background

Recent wind tunnel research has been limited by the ambient temperature in
wind tunnel test section; in sunny conditions, the radiation will raise the
temperature in the test section making testing difficult. To mitigate this effect,
testing is often conducted overnight, however in some cases, even body heat
from people working in the test area (specifically during long precipitation
exposure tests) can effect the temperature. It was recommended that initial
testing be performed to investigate whether it would be feasible to install a
cooling system in the wind tunnel, or to possibly use mitigation tactics such as
blower fans to increase airflow and stabilize temperature.

Objective

To investigate the feasibility of stabilizing the temperature in the PIWT test
section by using mitigation tactics or technologies.

Methodology

This work is exploratory, so no exact procedure exists. A more specific

methodology may be determined on site following a brain-storm with onsite
technicians.

Test Plan

One or two tests is anticipated, or could be ongoing during the testing if
non-intrusive.
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ATTACHMENT XXIX - Procedure: Flaps/Slats Testing to Support YMX Tests

Background

Flaps/slats testing has been conducted with the support of UPS during the
winter of 2011-12, and is scheduled to continue during the winter of 2012-13.
The initial results have indicated that extended configurations can result in
earlier fluid failure on the flap and slats as compared to the main section of the
wing. It was recommended that testing in the wind tunnel be conducted to
evaluate how significant the aerodynamic penalties would be from having failed
fluid in these isolated areas.

Objective

To investigate the aerodynamic performance degradation associated with failed
fluid on flaps and slats.

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.

e For a chosen fluid, conduct a test simulating moderate snow
conditions (rate of 25 g/dm?/h) for an exposure time derived from the
HOT table based on the tunnel temperature at the time of the test;

e Simulate early fluid failure on the fixed leading edge by applying higher
rates of contamination on this area (record additional amounts);

e The flap is a hinged flap, so will be subject to early failure by design;
e Record lift data, visual observations, and manually collected data;

e Conduct a fluid only baseline test at the same temperature;

e Compare the aerodynamic performance; and

e Consideration should be given to conducting Type | tests.

Test Plan

Two to four comparative tests are anticipated.
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ATTACHMENT XXX - Procedure: Mixed HOT Conditions

Background

As the accuracy of meteorological reporting continues to improve, there has
been a need to provide improved guidance material during these transitional
periods of mixed precipitation. During the winter of 2008-09, guidance material
was developed for operations during light snow mixed with light rain conditions.
As a result of this work, there was industry interest in guidance material for
operations during light freezing rain and moderate snow conditions as well as
other mixed conditions. The objective of these tests is to collect data to
determine if the current HOT guidelines can be expanded to include other
operational mixed conditions which may be of current interest to industry.

Objective

To investigate if the current HOT guidelines can be expanded to include mixed
conditions i.e. light freezing rain and moderate snow conditions.

Methodology

The general methodology to be used during these tests is in accordance with
the methodologies used for precipitation tests conducted in the wind tunnel.

e For a chosen fluid, conduct a test simulating mixed conditions for an
exposure time derived from the HOT table based on relative condition;

e Record lift data, visual observations, and manually collected data;
e Conduct a fluid only baseline test at the same temperature; or

e Conduct a test with an existing relative HOT condition to evaluate the
severity of the condition;

e Compare the aerodynamic performance; and

e |f the mixed condition results are severe, repeat the test with a reduced
exposure time, if the results are good, repeat the test with a increased
exposure time.

Test Plan

Two to four comparative tests are anticipated.
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ATTACHMENT XXXI — Procedure: Spot Deicing During CSW Frost Conditions

Background

The fundamental difference between both types of frost is how the wing skin
temperature is cooled below ambient: radiation cooling versus conduction
cooling. During natural active frost, the wing skin temperature will be cooled
below ambient temperature as a result of radiation cooling from the cold clear
sky. During cold soak wing conditions, however, the wing skin temperature is
cooled and maintained at a temperature below ambient as a result of conduction
cooling from the cold fluid stored inside the wing; either the aircraft was
refueled with cold fuel, or following a flight, the wing and fluid will be cold
soaked. One test was conducted in 2011-12 to investigate the aerodynamic
effects of CSW frost on a deiced airfoil protected with Type | fluid. It was
recommended that testing be repeated with thickened Type IV fluid.

Objective

To investigate the aerodynamic effects of CSW frost on a deiced airfoil
protected with Type IV fluid.

Methodology

e Apply fluid to wing section (2 areas of approximately 315cm?);
e Run the wind tunnel and collect data; and

e Compare results to baseline uncontaminated tests.

Test Plan

One to two tests are anticipated.
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ATTACHMENT XXXII — Procedure: Snow on an Un-Protected Wing

Background

In colder northern operations, it is common for aircraft to depart with “loose,
dry, un-adhered snow” on present on their wing sections. Although it is
assumed most or all of this contamination will be removed at the time of
rotation, it is unknown whether a certain level of contamination will reduce
aerodynamic performance. Preliminary testing has demonstrated fluid seepage
from the airfoil can lead to snow diluting and adhering to the airfoil during
rotation; this effect has yet to be substantiated will operational data. During the
winter of 2011-12, a video was leaked on the internet of an eastern European
aircraft taking off with significant amounts of snow on the wing. As a result,
additional wind tunnel testing was conducted during the winter of 2011-12. It
was recommended that additional testing investigate the aerodynamic
performance of a wing section contaminated with dry, un-adhered snow versus
wet or humid snow.

Objective

To investigate the aerodynamic performance of a wing section contaminated
with dry, un-adhered snow versus wet or humid snow.

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.

e Ensure the wing section and tunnel temperature are well below
freezing (-5°C and below);

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

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

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

e Compare the results to baseline fluid only and dry wing test results;

Test Plan

One to four comparative tests are anticipated.
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ATTACHMENT XXXIIl — Procedure: Feasibility of Ice Pellet Testing at Higher
Speeds

Background

Historically, the ice pellet allowance time testing conducted in the wind tunnel
simulated typical aircraft rotation of 100 knots, and more recently some limited
work at 115 knots. As a result of some of the higher lift losses observed at
colder temperatures with PG fluids applied to a thin high performance airfoil, it
was recommended that higher speed testing be conducted to verify if the
limitations in the allowance times would need to be applied to commercial
aircraft with rotation speeds well above 115 knots. It was recommended that
130-150 knots be targeted, however modifications to the wind tunnel may be
required as those higher speeds may increase stress on the wind tunnel engine
and other structural systems.

Objective

To investigate the feasibility of conducting ice pellet testing at higher speeds of
130-150 knots.

Methodology

This work is exploratory, so no exact procedure exists. A more specific
methodology may be determined on site following a brain-storm with onsite
technicians. It is expected that a series of tests may be conducted to try and
achieve speeds above 115 knots without rotating the wing model.

Test Plan

One or two tests are anticipated, however more tests may be required based on
the results.
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ATTACHMENT XXXIV - Procedure: Light and Very Light Snow HOT's

Background

Holdover time determination systems have been developed to provide greater
accuracy for determining rate of precipitation and allowing for a better use of
the holdover time tables. Some recent discussion has been raised about HOT's
for light and very light snow with respect to the fluid condition at the end of the
several hour holdover time and potential concerns with fluid dripping off and
thinning out. It was recommended that some preliminary testing be conducted
in the wind tunnel to see how the fluid fails on an airfoil and to investigate the
resulting aerodynamic effects. Limited testing was conducted during the winter
of 2011-12 and it was recommended that testing continue for 2012-13.

Objective

To investigate the potential light and very light snow HOT's failure patterns and
the respective effects on aerodynamic performance.

Methodology

The general methodology to be used during these tests is in accordance with
the methodologies used for typical snow tests conducted in the wind tunnel.

e For a chosen fluid (ABC-S Plus suggested), conduct a test simulating very
light snow conditions for an exposure time (72 minutes for rate of
3 g/dm?/h) derived from the fluid specific HOT regression equations;

e Evaluate the condition of fluid and any potential dry-out or thinning of
fluid at end of exposure period; and

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

Test Plan

One to four comparative tests are anticipated for comparison to a baseline
condition. Previous 2011-12 work should be referenced when developing test
plan.
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ATTACHMENT XXXV - Procedure: Windshield Washer Used as Type | Deicer

Background

Based on recent industry reports, it has become apparent that in more remote
airports or with general aviation aircraft with smaller operations, aircraft deicing
is not being conducted with SAE aircraft ground deicing Type | fluid, but rather
with off-the-shelf windshield washer fluid. Although the basic chemistry of the
windshield washer fluid may be similar, questions regarding the fluid freeze
point, holdover time, aerodynamics, and material compatibility have been raised.
It was recommended that some preliminary testing be conducted to investigate
fluid flow off in the wind tunnel with and without contamination. Limited test
was conducted during the winter of 2011-12. It was recommended that testing
should continue if necessary based on operational needs.

Objective

To evaluate the holdover time and aerodynamic effects windshield washer fluid
when used a substitute for an aircraft ground deicing Type | fluid.

Methodology

e Purchase various formulations of windshield washer fluid with varying
freeze points;

e Apply fluid heated to 20°C using a garden sprayer;

e Expose to simulated freezing contamination (snow, freezing rain, or ice
pellets). The exposure time is to be determined based on Type | fluid
HOT's (45 minutes at a rate of 0.3 g/dm?/h);

e Document condition of the wing;
e Run the wind tunnel and collect data; and

e Compare results to baseline uncontaminated windshield washer tests and
potentially with standard Type | tests.

Test Plan

No testing is planned unless indicated otherwise by TC.
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ATTACHMENT XXXVI - Procedure: Effect of Fluid Seepage on Dry Wing
Performance

Background

Preliminary observations have indicated that fluid seepage from the airfoil can
lead to lift losses and other aerodynamic impacts. This is especially of concern
after a long series of fluid tests followed by a baseline dry wing test. It was
recommended that testing investigate the aerodynamic impacts of residual fluid
seepage on the airfoil performance.

Objective

To investigate the aerodynamic impacts of residual fluid seepage on the airfoil
performance.

Methodology

The general methodology to be used during these tests is in accordance with
the methodologies used for typical tests conducted in the wind tunnel.

e To be conducted following a long series of fluid and/or contamination
tests;

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

e Record lift data, visual observations, and manually collected data;
e Compare results to the first dry wing test of the season;

e Re-clean the wing using a wet-vac or other alternative method to try and
remove any residual fluid;

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

e Compare the results.

Test Plan

One to three comparative tests are anticipated
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ATTACHMENT XXXVII - Procedure: 2nd Wave of Fluid during Rotation

Background

Previous wind tunnel testing has shown that during a simulated take-off roll
following de/anti-icing, fluid will shear off the wing section, however a small
amount of fluid can remain trapped along the leading edge at the stagnation
point. This “trapped” fluid begins to flow over the wing only once the wing is
rotated; the stagnation point shifts below the leading edge, and the “trapped”
fluid begins to shear off as a second wave. There is limited information as to the
aerodynamic effects of this second wave of fluid, therefore it was
recommended that preliminary testing be conducted to collect aerodynamic and
observational data.

Objective

To investigate the aerodynamic effects of the second wave of fluid flow during
rotation.

Methodology

This work is exploratory, so no exact procedure exists. A more specific
methodology may be determined on site following a brain-storm with onsite
technicians and NASA experts. It is expected that the general methodology to
be used during these tests will be in accordance with the methodologies used
for typical fluid only testing.

One test methodology may be to install a HD video camera to the end plates of
the wing section during specific fluid tests to obtain high quality video
documentation of the fluid flow-off. The video camera should be focused on the
leading edge stagnation point.

Another possible test methodology may include:
e Apply fluid to wing section;
e Run the wind tunnel up to rotation speed and stop;
e Squeegee all fluid aft of the leading edge;
¢ Re-run the wind tunnel and do a full rotation; and

e Compare results to fluid only and dry uncontaminated tests.
Test Plan

One to four tests are anticipated.
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APPENDIX F

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT
DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION
CONDITIONS

PRESENTATION: WIND TUNNEL TESTING
WINTER 2012-13
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WIND TUNNEL TESTING WIND TUNNEL TESTING
WINTER 2012-13 WINTER 2012-13

Objective: PRE TESTING Objective: DRY WING BASELINES REPEATABILITY

Priority: 1 Priority: 1

Number of days: 2 (December 19-20, 2012) Number of days: 1 (allocated based on 20 days)

Number of tests: TBD Number of tests: 2 per day

Description of tests:  See Andy Broeren test plan Description of tests:  Dry wing run @ 8° (1 x every start of day)

Dry wing run @ stall (1 x every start of day)

WIND TUNNEL TESTING WIND TUNNEL TESTING
WINTER 2012-13 WINTER 2012-13
Objective: IP FLOW OFF ISSUES (IP- & IP MOD <-10°C) Objective: ROGIDS PIGGYBACK TESTING IN WT
Priority: 1 Priority: 1
Number of days: 3 Number of days: 0
Number of tests: 30 Number of tests: TBD
Description of tests: IP- @ <-10°C - 100 knots / fluid (30 min exposure) Description of tests: Non-intrusive testing with PV Labs, so no extra days needed. Observe

icing tests with different conditions i.e. Ice Pellets.

IP- @ <-10°C - 115 knots / fluid (30 min exposure)

IP Mod @ <-10°C - 100 knots / fluid (10 min exposure)
IP Mod @ <-10°C - 115 knots / fluid (10 min exposure)
IP Mod @ <-10°C - 100 knots / fluid (5 min exposure)

IP Mod @ <-10°C - 115 knots / fluid (5 min exposure)

Fluids: ABC-S Plus, Launch, AD-49, Max-Flight, Polar Guard
Advance
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Objective: ICE PHOBIC COATING R&D (1 of 3)

Priority:
Number of days:
Number of tests:

Description of tests:

Fluids:

Coatings:

WIND TUNNEL TESTING
WINTER 2012-13

1

B}

53 (total for flow-off, adhesion and visual comparison objectives)
Flow-off (13 tests)

Dry wing @ <-10°C - 100 knots (baseline)

IP Mod @ <-10°C - 100 knots / coating (10 min exposure)

IP Mod @ <-10°C - 100 knots with one coating using
Max-Flight LOWV fluid (20 min exposure)

Max-Flight, none

CO: Skin with no coating

C1: Skin treated with coating #1
C2: Skin treated with coating #2
C3: Skin treated with coating #3
C4: Skin treated with coating #4
C5: baseline test

Objective: ICE PHOBIC COATING R&D (2 of 3)

Description of tests:

Fluids:

Coatings:

WIND TUNNEL TESTING
WINTER 2012-13

Adhesion (30 tests)

ZR @ -10°C - 100 knots / coating (20 min exposure with fluid)
ZR @ -10°C - 100 knots / coating (20 min exposure without fluid)
IP/ZR @ -10°C - 100 knots / coating (20 min exposure)
BASELINE @ -10°C - 100 knots / coating (fluid only test)
IP-/ZR @ -5 to -10°C - 80 knots x any 2 different coatings
IP-/ZR @ -5 to -10°C - 115 knots x any 2 different coatings
SN @ -5 to -10°C - 100 knots x one coating (no fluid)

SN @ -5 to -10°C - 115 knots x one coating (no fluid)

EG106

CO: Skin with no coating

C1: Skin treated with coating #1
C2: Skin treated with coating #2
C3: Skin treated with coating #3
C4: Skin treated with coating #4
C5: baseline test

Objective: ICE PHOBIC COATING R&D (3 of 3)

Description of tests:

Fluids:

Coatings*:

*C0: Skin with no coating
(C1: Skin treated with coating #1
C2: Skin treated with coating #2
C3: Skin treated with coating #3
C4: Skin treated with coating #4
C5: baseline test

WIND TUNNEL TESTING
WINTER 2012-13

Visual Comparison (10 tests)
using 2 coatings per run, visually compare the results

ZR @ <-5°C - 100 knots / coating (exposure TBD)
BASELINE @ <-5°C - 100 knots / coating (fluid only test)
EG106

C0&C5

Cl1&C5

Cl&C2

c3&C4
CO & one of C1 or C2 or C3 or C4

WIND TUNNEL TESTING
WINTER 2012-13

Objective: EFFECT OF ICE PHOBIC COATING BLDT (1 of 3)

Priority:
Number of days:
Number of tests:

Description of tests:

Fluids:

Coatings:

1

1

15 (Total for Type 111 100/0, Type Il 75/25 and Type IV 100/0)
Type Il 100/0 LOUT expansion (6 tests)
BASELINE@ -16.5°C - 67 knots / coating

MP 111 2031 ECO (100/0)

CO: Skin with no coating

C1: Skin treated with coating #1
C2: Skin treated with coating #2
C3: Skin treated with coating #3
C4: Skin treated with coating #4
C5: baseline test
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Objective: EFFECT OF ICE PHOBIC COATING BLDT (2 of 3)

Description of tests:

Fluids:

Coatings:

WIND TUNNEL TESTING
WINTER 2012-13

Type Il 75/25 LOUT expansion (3 tests)
BASELINE@ -9°C - 67 knots / coating
MP 111 2031 ECO (75/25)

CO: Skin with no coating; and

C5: baseline test;

With the choice of one of the following:
C1 : Skin treated with coating #1; or
C2: Skin treated with coating #2; or
C3: Skin treated with coating #3; or
C4: Skin treated with coating #4.

WIND TUNNEL TESTING
WINTER 2012-13

Objective: EFFECT OF ICE PHOBIC COATING BLDT (3 of 3)

Description of tests:

Fluids:

Coatings:

Type IV LOUT expansion (6 tests)
BASELINE @ -26°C - 100 knots / coating
AD-49 (100/0)

CO: Skin with no coating

C1: Skin treated with coating #1
C2: Skin treated with coating #2
C3: Skin treated with coating #3
C4: Skin treated with coating #4
CS: baseline test

Objective: EVALUATION OF STALLWING SENSOR

Priority:
Number of days:

Number of tests:

Description of tests:

Fluids:

Description of tests:

Fluids:

WIND TUNNEL TESTING
WINTER 2012-13

1
1
10

Ensure that the sensor is non intrusive.
BASELINE @ ANY°C at stall x 2 (with sensor)
BASELINE @ ANY°C at stall x 2 (without sensor)

EG106, none

Ensure that the sensor is working
IP MOD @ ANY°C at stall (15-35 min exposure £6106 only)
BASELINE @ ANY°C at stall (rype 1 fluid only)

EG106 (for IP Mod) and Type | Fluid (78D, for baseline)

WIND TUNNEL TESTING
WINTER 2012-13

Objective: EFFECT OF VISCOSITY ON FLUID AERODYNAMICS

Priority:
Number of days:
Number of tests:

Description of tests:

Fluids:

2.1
2
16

BASELINE @ below -20°C - 100 knots/ fluid (low viscosity)
BASELINE @ below -20°C - 100 knots/ fluid (mid viscosity)
BASELINE @ -20°C and above - 100 knots / fluid (iow viscosity)
BASELINE @ -20°C and above - 100 knots / fluid (mid viscosity)

ABC-S Plus, Launch, AD-49, Polar Guard Advance
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Priority:
Number of days:
Number of tests:

Description of tests:

Fluids:

WIND TUNNEL TESTING
WINTER 2012-13

Objective: BLDT CORRELATION

1
3
28

BASELINE @ -15 to -22.5°C - 100 knots x 2 / fluid (75/25 only)
BASELINE @ -22.5 to -35°C - 100 knots x 3 / fluid (100/0 only)
EG106 (tested 100/0 only), ABC-S Plus, Launch, AD-49,
Max-Flight, Polar Guard Advance

Objective: IP EXPANSION (IP-/SN and IP-/SN-)

WIND TUNNEL TESTING
WINTER 2012-13

Priority: 1

Number of days: 2

Number of tests: 36

Description of tests: IP-/SN @ -5 to -10°C - 100 knots / fluid

Fluids:

IP-/SN @ -10 to -15°C - 100 knots / fluid
IP-/SN @ -15 to -25°C - 100 knots / fluid
IP-/SN- @ -5 to -10°C - 100 knots / fluid

IP-/SN- @ -10 to -15°C - 100 knots / fluid
IP-/SN- @ -15 to -25°C - 100 knots / fluid

EG106, ABC-S Plus, Launch, AD-49, Max-Flight,
Polar Guard Advance

Priority:
Number of days:
Number of tests:

Description of tests:

Fluids:

WIND TUNNEL TESTING
WINTER 2012-13

Objective: IP VALIDATION WITH NEW FLUIDS

1
3
27

IP- @ -5°C and above - 100 knots / fluid (50 min exposure)

IP Mod @ -5°C and above - 100 knots / fluid (25 min exposure)

IP- @ -5 to -10°C - 100 knots / fluid (30 min exposure)

IP Mod @ -5 to -10°C - 100 knots / fluid (10 min exposure)

IP- /ZR- @ -5°C and above - 100 knots / fluid (25 min exposure)

IP- /ZR- @ -5 to -10°C - 100 knots / fluid (10 min exposure)

IP- /R Mod @ -5°C and above - 100 knots / fluid (25 min exposure)
IP- /SN- @ -5°C and above - 100 knots / fluid (25 min exposure)
IP- /SN- @ -5 to -10°C - 100 knots / fluid (15 min exposure)

AD-49, Max-Flight, Polar Guard Advance
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AIR 6232

o‘.!/AG,ZDSF)ace AEROSPACE Final Version
An SAE International Group I N FO R MATI O N .

REPORT Issued: July 8, 2013

Revised: N/A

AIRCRAFT SURFACE COATING INTERACTION WITH
AIRCRAFT DEICING/ANTI-ICING FLUIDS

RATIONALE

This SAE Aerospace Information Report (AIR) provides a description of screening methods for
verifying whether aircraft surface coatings have adverse effects on aircraft deicing/anti-icing fluid
performance as published in the holdover time guidelines. The surface coatings include thin film
coatings, typically less than 1 mil (0.0254 millimeters) thick and sometimes called paint sealants or
protectants, as well as bulk coatings that are typically greater than 2 mils (0.0508 millimeters) thick.
Although recommended performance criteria have been outlined, ultimately, the interpretation of the
test results outlined in this document will be left to the discretion of the aircraft operator.

FOREWORD

Aircraft operators rely on the use of SAE AMS 1424 and/or SAE AMS 1428 deicing/anti-icing fluids
during winter operations to provide a limited period of protection against frozen or freezing
precipitation while the aircraft is on the ground. Methods of protection of aircraft surfaces with these
fluids are described in ARP 4737. The protection time can be estimated using fluid-specific holdover
time guidelines that are published by the Federal Aviation Administration (FAA) and Transport
Canada (TC). Holdover time values for deicing/anti-icing fluids are derived from standard endurance
time testing procedures that are described in SAE ARP 5945 and SAE ARP 5485. The aerodynamic
performance of deicing/anti-icing fluids is evaluated according to the procedure described in
SAE AS 5900.

Recently, aircraft operators have expressed interest in the use of after-market coatings on aircraft
surfaces for various purposes, including appearance enhancement, fuel savings, and ice shedding.
The coatings may be designed to have hydrophilic or hydrophobic properties, and therefore, the
interaction of these coatings with SAE AMS 1424 and/or SAE AMS 1428 deicing/anti-icing fluids and
their associated holdover times is unclear. Since aircraft coatings may affect fluid wetting capability
and resulting fluid thickness, they could affect a fluid's holdover time protection. Therefore, the
interaction of aircraft surface coatings and aircraft deicing/anti-icing fluids should be -evaluated with
respect to holdover time performance and aerodynamic performance. In addition, test methods are
available to help characterize the various aircraft surface coating properties, including durability,
hardness, weathering, effect on aerodynamic drag, ice adhesion, ice accumulation, contact angle,
and thermal conductivity. This AIR 6232 provides test methods which can serve as screening
indicators for compatibility and additional test methods which can be used to characterize the different
coatings.

1. SCOPE

This SAE Aerospace Information Report (AIR) provides descriptions of test methods for determining if
an aircraft surface coating of any thickness has adverse effects on aircraft deicing/anti-icing fluids
with respect to fluid holdover time performance and aerodynamic performance.
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Although not the primary mandate of the G-12 Aircraft Ground Deicing Committee, this document
also provides descriptions of suggested test methods for evaluating aircraft surface coatings with
respect to durability, hardness, weathering, aerodynamic drag, ice adhesion, ice accumulation,
contact angle, and thermal conductivity. These additional tests can provide informational data for
characterizing the coatings and may be useful to operators when evaluating the coatings.

1.1 Purpose

To provide a reference method for evaluating the interaction of aircraft surface coatings with respect
to aircraft deicing/anti-icing fluid holdover time performance and aerodynamic performance.

To provide additional informational test methods that can be used for characterizing the aircraft
surface coatings.

1.2 Definitions and Abbreviations

e ADVANCING CONTACT ANGLE: The advancing angle is the largest possible contact angle
attained by the drop during volume addition before the motion of the contact line. Similarly, it
is the maximum angle attained by the advancing front on an inclined surface before the
motion of the contact line.

e AERODYNAMIC ACCEPTANCE TEST: A performance test required under 83.2.5 of
AMS 1428 and defined in AS 5900.

o AIRCRAFT SURFACE COATING: A coating applied to an aircraft surface with properties that
may be icephobic, hydrophobic, super-hydrophobic, or hydrophilic. This term as used in the
document is not intended to refer to surface finishes that have been qualified by the original
equipment manufacturer

¢ BOUNDARY LAYER DISPLACEMENT THICKNESS (BLDT): The measured displacement of
the air flow over a surface. The increase in BLDT over the flat plate surface caused by the
fluid flow-off during the AS 5900 aerodynamic acceptance is directly related to loss of lift
during takeoff.

o BUFFER: The difference between OAT and the freezing point of the fluids used.

e CASSIE STATE: When the liquid of a drop does not fill the voids in the solid on which it sits
and the voids remain filled with air, resulting in a hydrophobic condition, the opposite of
Wenzel State.

e CONTACT ANGLE: The angle, conventionally measured relative to the liquid-air and
liquid-sold interfaces, quantifying the wettability of a solid surface by a liquid.

e CONTACT ANGLE HYSTERESIS: The difference between the advancing and receding
contact angles.

e ENDURANCE TIME: Time that a fluid can endure defined and controlled temperature and
precipitation conditions before visual failure. Endurance time tests are defined in ARP 5485
and ARP 5945.

¢ FAA: United States Department of Transportation, Federal Aviation Administration.

¢ HOLDOVER TIME (HOT): Starting from the time of initial application of an anti-icing fluid, the
time that the fluid is expected to provide protection of an aircraft against freezing or frozen
precipitation.

¢ HOLDOVER TIME GUIDELINE: A table giving the holdover time for various precipitation
conditions and temperatures, with cautions and notes, giving guidance to ground
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2.

deicing/anti-icing crews and pilots. The “holdover time guideline” is also often referred to as
the “holdover time table”.

HYDROPHILIC SURFACE: A surface producing a contact angle of 8 < 90°.
HYDROPHOBIC SURFACE: A surface producing a contact angle of 8 > 90°.
ICEPHOBIC SURFACE: A surface producing a reduction in ice adhesion.

LOWEST ON-WING VISCOSITY (LOWYV): Lowest viscosity of a fluid for which the applicable
holdover time table can be used.

LOWEST OPERATIONAL USE TEMPERATURE (LOUT): The lowest temperature at which a
Type I/II/NN/IV fluid can be used on an aircraft, generally recognized as the higher of:

a. the lowest temperature at which it meets the aerodynamics acceptance
test (AS 5900) for a given type of aircraft; or

b. the freezing point of the fluid plus the freezing point buffer of 7 °C for Type II/III/IV
fluids, or 10 °C for Type I fluids.

MAXIMUM ON-WING VISCOSITY (MOWYV): Maximum viscosity of a fluid which is still
aerodynamically acceptable.

OAT: Outside Air Temperature.

RECEDING CONTACT ANGLE: The receding angle is smallest possible angle which can be
measured when liquid is removed from the drop. Similarly, it is the minimum angle attained
by the receding front on an inclined surface before the motion of the contact line.

ROLL-OFF ANGLE; The tilt angle of a surface relative to horizontal at which the water drop
starts to slide on the surface and varies between 0 and 90 degrees. Also called sliding angle.

SLIDING ANGLE: The tilt angle at which the water drop starts to slide on the surface and
varies between 0 and 90 degrees. Also called roll-off angle.

STANDARD ALUMINUM TEST PLATE: Aluminum test plate surface used for endurance time
testing of Type | and Type II/III/IV fluids in accordance with ARP 5945 and ARP 5485.

SUPER-HYDROPHOBIC SURFACE: A surface producing a static contact angle of 6 > 150°
and a roll-off angle of less than 10°.

TREATED SURFACE: A surface that has been treated with an aircraft surface coating of any
thickness.

UNTREATED SURFACE: A surface in its original condition from the airplane manufacturer,
or a surface that has been painted with a coating qualified by the manufacturer for use on
that surface, that has not been treated with an aircraft surface coating.

WENZEL STATE: When the liquid of a drop fills the voids in the solid on which it sits, the
opposite of Cassie State.

APPLICABLE DOCUMENTS

The following publications form a part of this document to the extent specified herein. The latest issue
of SAE publications shall apply. The applicable issue of other publications shall be the issue in effect
on the date of the purchase order. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.
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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001,
Tel: 877-606-7323 (inside USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

AIR 6130-2011 Cadmium Plate Cyclic Corrosion Test
AMS 1424 Deicing/Anti-icing Fluid, Aircraft, SAE Type |

AMS 1428 Fluid, Aircraft Deicing/Anti-icing, Non-Newtonian (Pseudoplastic),
SAE Types II, lll, and IV

AMS 1650 Polish, Aircraft Metal
AMS 3095 Paint, Gloss, Airline Exterior System

AMS-C-83231A Coatings, Polyurethane, Rain Erosion Resistant for Exterior Aircraft and Missile
Plastic Parts

ARP 4737 Aircraft Deicing/Anti-Icing Methods
ARP 5485 Endurance Time Tests for Aircraft Deicing/Anti-icing Fluids SAE Type II, Ill, and IV
ARP 5945 Endurance Time Tests for Aircraft Deicing/Anti-icing Fluids SAE Type |
AS 5900 Standard Test Method for Aerodynamic Acceptance for SAE AMS 1424 and
SAE AMS 1428 Aircraft Deicing/Anti-icing Fluids
2.2 FAA Publications

Available from the Federal Aviation Administration at http://www.faa.qgov/.

e Official FAA Holdover Time Tables Winter 20XX-20XX. (New document published for each
winter. Always use the latest issue; search for “FAA Holdover Time”.)

e FAA-Approved Deicing Program Updates, Winter 20XX-20XX. (New document published for
each winter. Always use the latest issue; search for “FAA-Approved Deicing Program”.)

2.3 Transport Canada Publications
Available from Transport Canada, Civil Aviation Directorate, Standards Branch, 330 Sparks Street,

Ottawa, Ontario, K1A ON5, Canada and at http://www.tc.gc.ca/eng/civilaviation/standards/commerce-
holdovertime-menu-1877.htm.

e Transport Canada Holdover Time Guidelines Winter 20XX-20XX. (New document published
for each winter. Always use the latest issue).

e Guidelines for Aircraft Ground Icing Operations. TP14052E, April 2005.

e Aircraft Ground De/Anti-Icing Fluid Holdover Time and Endurance Time Testing Program for
the 2001-02 Winter. TP13991E, December 2002.

2.4 Other Publications

Goldhammer, Mark I., and Plendl, Bruce R., “Surface Coatings and Drag Reduction,” AERO
magazine, The Boeing Company, edition Q1, 2013.
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AIMS 09-00-002
AIP 94, 133109-1
AIP 97, 234102

APS 106, 036102

ASTM C518 - 10

ASTM D5930-01

ASTM E1225-04

ASTM F483

ASTM F484

ASTM F502

ASTM F519-93

ASTM F1110

D6-17487

ISO 8301

ISO 11507

ISO 22007-2:2008

ISO 22007-3:2008

ISO 22007-4:2008

Evaluation of Maintenance Materials, Airbus
Nonwetting of Impinging Droplets on Textured Surfaces
Frost Formation and Ice Adhesion on Superhydrophobic Surfaces

Rapid Deceleration-Driven Wetting Transition during Pendant Drop
Deposition on Superhydrophobic Surfaces

Standard Test Method for Steady-State Thermal Transmission Properties by
Means of the Heat Flow Meter Apparatus

Standard Test Method for Thermal Conductivity of Plastics by Means of a
Transient Line-Source Technique

Standard Test Method for Thermal Conductivity of Solids by Means of the
Guarded-Comparative-Longitudinal Heat Flow Technique

Standard Practice for Total Immersion Corrosion Test for Aircraft
Maintenance Chemicals

Standard Test Method for Stress Crazing of Acrylic Plastics in Contact with
Liquid or Semi-Liquid Compounds

Standard Test Method for Effects of Cleaning and Chemical Maintenance
Materials on Painted Aircraft Surfaces

Standard Test Method for Mechanical Hydrogen Embrittlement Evaluation of
Plating/Coating Processes and Service Environments

Standard Test Method for Sandwich Corrosion Test

Evaluation of Airplane Maintenance Materials, Boeing

Thermal insulation -- Determination of steady-state thermal resistance and
related properties -- Heat flow meter apparatus”

Paints and varnishes -- Exposure of coatings to artificial
weathering -- Exposure to fluorescent UV lamps and water

Plastics -- Determination of thermal conductivity and thermal

diffusivity -- Part 2: Transient plane heat source (hot disc) method"

Plastics -- Determination of thermal conductivity and thermal

diffusivity -- Part 3: Temperature wave analysis method"

Plastics -- Determination of thermal conductivity and thermal

diffusivity -- Part 4: Laser flash method

3. COMPARATIVE FLUID ENDURANCE TIME TESTS

Tests should be conducted with SAE AMS 1424 Type | fluids and SAE AMS 1428 Type II/III/1V fluids
to compare the endurance times of fluids applied to aluminum test plate surfaces treated with the
aircraft surface coating to the endurance times of the same fluids applied to an untreated standard
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aluminum test plate (and as an optional test, a freshly painted aluminum test plate which serves as
reference tool). If the coating being tested will typically be applied to painted surfaces, consideration
should be given to conducting testing using painted, untreated and treated test plates.

Comparative endurance time testing should be conducted according to the procedures described in
ARP 5945 and ARP 5485.

3.1 Fluid Selection

The aircraft operator or coating manufacturer should determine the fluid brands to be tested. The
following are recommended criteria for selecting the fluids for the comparative endurance time
testing:

e  Minimum of two SAE AMS 1424 Type | fluids. Consideration should be given to testing both
an ethylene-glycol and a propylene-glycol fluid diluted to a 10°C freezing point buffer, and
possibly also the standard mix. A non-glycol formulation may also be considered depending
on the expected operations.

e Minimum of two SAE AMS 1428 Type Il/III/IV fluids. Consideration should be given to testing
both an ethylene-glycol and a propylene-glycol fluid at 100/0 fluid/water dilution (also referred
to as undiluted or “neat”), and possibly also at 75/25 and 50/50 dilutions. A non-glycol
formulation may also be considered depending on the expected operations. Fluid viscosity
should be within the production range specified by the fluid manufacturer that meets on-wing
viscosity limits.

3.2 Test Surfaces

The following is a description of the test surfaces that should used for the comparative endurance
time testing:

e Standard Aluminum Test Plate (Baseline Surface)
o Material Aluminum alloy AMS 4037 or 4041
0 Test plate dimensions 500 mm long x 300 mm wide x 3.2 mm thick
o Angle 10.0° £ 0.2°
0 Average surface roughness: Ra < 0.5 ym

e Treated Test Plate
0 Same material and construction as the “Standard Aluminum Test Plate” described
above, however, treated using aircraft surface coating according to coating
manufacturer specifications.

e Painted Test Plate (Optional)
0 Same material and construction as the “Standard Aluminum Test Plate” described
above, however, painted using representative aircraft grade primer and paint
according to AMS 3095 specifications.

Note: In the case of outdoor natural snow testing with Type | fluid, the test surface is considered as
the upper plate surface of the empty aluminum box described in ARP 5945.
3.3 Precipitation Conditions for Holdover Time Evaluation

Comparative endurance time testing will evaluate the fluid performance on a treated test plate versus
a standard aluminum test plate, and in some cases versus a painted test plate. Testing in each of the
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holdover time precipitation conditions described in ARP 5945 and ARP 5485 with each of the
selected fluids is not practical in most cases. For that reason, Table 1 provides a suggested minimum
set of precipitation conditions for comparative testing. All possible testing conditions have been
included in Table 1 for planning purposes, with a minimum suggested set of precipitation conditions
for comparative testing indicated by “X". When selecting conditions, the objective is to try to obtain a
broad range of temperatures and precipitation rates.

Natural snow tests have been specified with ranges of air temperature and icing intensity; as testing
is conducted outdoors, conditions may vary depending on weather. In the event that natural snow
testing is not possible, consideration can be given to conducting artificial snow testing.

A recommended set of frost tests has been included in Table 1 which may be modified in future
revisions of this document to reflect new frost testing procedures being developed for inclusion in
ARP 5945 and ARP 5485.
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TABLE 1 — Matrix of Suggested HOT Testing Conditions for Comparative Testing

o C Air Icin Type Type
Precipitation | Precipitation temperature, intensigty, Type I Type : II/I);IBIV II/I);IBIV
Type ID. °C g/dm2/h FludA | FluldB | figc | FluidD
FROST - A >-3 <0.3 X* X*
Frost FROST - B -3to-14 <0.3 X X X X
FROST-C -14to0 -25 <0.3 X X
FOG-A -3+05 2.0+0.2
FOG-B -3+05 5.0+0.2 X* X*
FOG-S -6+05 2.0+0.2
Freezing Fog FOG-T -6+05 5.0+0.2
FOG-C -14+0.5 2.0+0.2
FOG-D -14+0.5 5.0+0.2
FOG-E -25+1 2.0+0.2 X X
FOG-F -25+1 5.0+0.2
ZL-A -3+05 5+0.2
ZL-B -3+05 13+0.5 X X* X
Freezing ZL-S -6+0.5 5+0.2
Drizzle ZL-T -6+0.5 13+0.5
ZL-C -10+£0.5 5+0.2 X* X*
ZL-D -10+£0.5 13+0.5 X X
LZR-A -3+05 13+0.5 X* X X*
) LZR-B -3+05 25+1.0 X X
Frlélegzri];g LZR-S 6+05 13+05
Rain LZR-T -6+05 25+1.0
LZR-C -10+£0.5 13+0.5
LZR-D -10+£0.5 25+1.0 X X X*
Rain on Cold RCSW-A 1+05 5.0+£0.4
S\(,’v?rfgd RCSW-B 1405 75.0+3.0
SNW-K >-3 2t0 10
SNW-L >-3 10to 25 X X X X
SNW-M -3to -6 2to 10 X* X X* X
SNW-N -3t0 -6 10 to 25
Natural SNW-0O -6to -10 2to10 X X
Snow SNW-P -6t0 -10 10to 25 X X X X
SNW-Q -10to -14 21to 10
SNW-R -10to -14 10to 25
SNW-S -14to -25 2to 10
SNW-T -14to -25 10to 25

X = Comparative Fluid Endurance Time Test on: 1. Standard Aluminum Test Plate and 2. Treated Test Plate

X* = Comparative Fluid Endurance Time Test on: 1. Standard Aluminum Test Plate, 2. Treated Test Plate, and 3.
Painted Test Plate

3.4 Fluid Thickness and Fluid Wetting Tests

Comparative testing should be conducted using the same protocol used to characterize the fluid
thickness decay profile of fluids submitted for endurance time testing. The procedure is entitled,
“Experimental Program to Establish Film Thickness Profiles for De-Icing and Anti-Icing Fluids on Flat
Plates”, and can be found in Transport Canada Report TP 13991E, Appendix |I. The procedure
specifies that fluid thickness measurements be made at the 15 cm line of a 10° inclined test plate at
2, 5, 15, and 30 minutes following fluid application. In the case of Type I fluids, fluid wetting should be
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evaluated rather than fluid thickness. These tests should not be conducted under precipitation. Table
2 suggests a minimum set of tests for comparative fluid thickness and wetting. Consideration should
be given to expanding this matrix to include other dilutions if used by the aircraft operator.

TABLE 2 — Selected Fluid Thickness and Wetting Testing Conditions for Comparative Testing

Test ID Fluid Fluid Dilution Alr Temo%erature, Test Plates
TH1 Type | B 10° Buffer -3°C Standard and Treated
o o Standard, Treated, and
TH2 Type |l A 10° Buffer -3°C Painted
Standard Mix o
TH3 Type |l A (50/50) -3°C Standard and Treated
TH4 Type WV C 100/0 -3°C Standard and Treated
TH5 Type WV D 100/0 -3°C Standard and Treated
3.5 Interpretation of Test Results

The comparative endurance time tests will provide a good indication of fluid endurance time
performance when applied to aircraft surfaces treated with coatings. The interpretation of the test
results, and ultimately the decision to use the coating on aircraft, is the responsibility of the aircraft
operator.

3.6 Testing Organization

As of the date of publication of the AIR, the following organization is known to provide testing for
anti-icing fluids. This is not an endorsement by SAE for this organization but simply to facilitate the
location of laboratories for those seeking testing. Please enquire directly with the organization for a
full list of testing available.

APS Aviation Inc., 6700, chemin de la Céte-de-Liesse, Suite 105, Saint-Laurent, Quebec, HAT 2B5,
Canada; 514-878-4388, www.adga.ca/aps.

4. COMPARATIVE FLUID AERODYNAMIC TESTS

Aircraft surface coatings may influence the fluid flow-off behavior. These coatings may result in
flow-off improvement, or they may cause adverse effects on aerodynamic performance. For this
reason, it is suggested that testing be conducted to evaluate the impact of aircraft surface coatings on
fluid flow-off characteristics. Tests should be conducted with SAE AMS 1424 Type | fluids and SAE
AMS 1428 Type I/III/IV fluids. The purpose is to compare the aerodynamic test results of a fluid
applied on top of an aircraft surface coating to those of the same fluid without the coating. The basis
of the comparative test methodology should be the fluid aerodynamic acceptance test AS 5900.

4.1 Fluid Selection

The fluid selection should be in accordance with Section 3.1.
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4.2 Test Surfaces

The following is a description of the test surfaces that should be used for the comparative
aerodynamic testing:

e Standard Test Duct Floor (Baseline Surface)
o0 Plexiglas
0 Test duct floor dimensions 1600 mm long x 302 mm wide
0 Horizontal
o Surface shall be hydraulically smooth, resulting in a dry boundary layer displacement
thickness (BLDT) < 3.0 mm at duct end at 65 m/s £ 5 m/s, or a dry BLDT < 3.3 mm at
duct end at 35 m/s £ 3m/s.

e Aluminum Test Plate
o0 Material Aluminum alloy 2024-T3
Test plate dimensions 1600 mm long x 302 mm wide x 1.6 mm thick
Horizontal
Surface finish Average surface roughness: Ra < 30 um
Plate fixed over the standard test duct floor with double-sided tape 0.17mm thick

O O0O0Oo

e Treated Test Plate
0 Same material and construction as the “Aluminum Test Plate” described above,
however,
o Treated using aircraft surface coating according to manufacturer specifications.

Note: If the coating being tested will typically be applied to painted surfaces, consideration should be
given to conducting testing using painted untreated and treated test plates.

4.3 Test Conditions

Full testing of the fluids according to AS 5900 with both treated and untreated test duct floor/plates is
not practical in most cases. At a minimum, it is recommended that comparative testing be conducted
with each selected fluid in accordance with AS 5900, at one data point, run three times, using the
neat fluid. The one data point shall represent the lowest temperature +1 °C (2 °F) at which the fluids
met the aerodynamic performance requirements with the standard test duct floor.

4.4 Interpretation of Test Results

The comparative fluid aerodynamic tests will provide a good indication of fluid aerodynamic
performance when applied to aircraft surfaces treated with coatings. The interpretation of the test
results, and ultimately the decision to use the coating or paint on aircraft, is the responsibility of the
aircraft operator.

4.5 Testing Organization

As of the date of publication of the AIR, the following organization is known to provide testing for
anti-icing fluids. This is not an endorsement by SAE for this organization but simply to facilitate the
location of laboratories for those seeking testing. Please enquire directly with the organization for a
full list of testing available.

Anti-icing Materials International Laboratory (AMIL), 555, boulevard de I'Université, Chicoutimi,
Québec,
G7H 2B1, Canada; 418-545-2918. www.ugac.ca/amil.
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5. ADDITIONAL INFORMATIONAL TEST METHODS

The following describe test methodologies that may be used to conduct testing to help characterize
aircraft surface coatings. These tests are outside of the scope of the SAE G-12 Aircraft Ground
Deicing Committee but are provided here for reference purposes. The interpretation of these tests
results, and ultimately the decision to use the coating on aircraft, is the responsibility of the aircraft
operator.

51 Aircraft Surface Coating Compatibility and Integrity Tests

Aircraft surface coatings should be tested for: compatibility with airplane surfaces; durability,
hardness and weathering; exposure to deicing/anti-icing fluids; and compatibility with other fluids.
Tests should be run on both treated and untreated surfaces. Treated surfaces should preferably show
no additional degradation. Consideration should be given to conducting additional comparative
endurance time testing and fluid aerodynamic acceptance testing with weathered treated surfaces if
dramatic changes in coating properties are experienced following the compatibility and integrity tests.

5.1.1 Compatibility with Airplane Surfaces

Tests should include those conducted for evaluation of airplane maintenance waxes and polishes, as
well as exterior cleaners (if a pre-clean step is required), per industrial standards, such as SAE AMS
1526, SAE AMS 1650, or per requirements of commercial aircraft manufacturers, such as Boeing
D6-17487 and Airbus AIMS 09-00-002.

These tests can include, but might not be limited to: sandwich corrosion in accordance with ASTM
F1110, acrylic and polycarbonate crazing in accordance with ASTM F484, paint softening in
accordance with ASTM F502, hydrogen embrittlement in accordance with ASTM F519, and total
immersion tests in accordance with ASTM F483.

These tests are intended to ensure that the surface coatings are not detrimental to airplane surfaces.
They are not intended to judge performance.

5.1.2 Durability, Hardness, and Weathering

Tests should be conducted on treated and untreated, unpainted and painted panels, as applicable, in
accordance with AMS 3095 for the following properties: gloss, initial color, adhesion, impact-reverse,
flexibility, water, and fluid resistance. Note that the requirement for AMS 3095 properties, such as 60°
gloss greater than 90 units and color, might not be applicable, but failures of other property
requirements should be further investigated with careful interpretation.

Tests should be conducted on treated and untreated, unpainted and painted panels, as applicable, in
accordance with AMS 3095 for artificial weathering, except that the exposure time should be adjusted
to the anticipated treatment lifetime. The 1000-hour exposure specified in AMS 3095 is assumed to
be a 5-year lifetime. Example: if the treatment is expected to last one year, then the exposure time
should be 200 hours.

Tests should be conducted on treated and untreated, unpainted and painted, ice centrifuge adhesion
test sample beams, as applicable, in accordance with Section 5.3.1 after artificial weathering (UV
exposure) in accordance with AMS 3095, except that the exposure time should be adjusted to the
anticipated treatment lifetime. The 1000-hour exposure specified in AMS 3095 is assumed to be a
5-year lifetime. Example: If the treatment is expected to last one year, then the exposure time should
be 200 hours. Compare ice adhesion for the exposed beams to that for the unexposed beams.
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For treatments applied to the leading edge of aircraft surfaces, the rain erosion test from
SAE AMS-C-83231A “Coatings, Polyurethane, Rain Erosion Resistant for Exterior Aircraft and Missile
Plastic Parts”, section 4.9.15.2, should be considered as a relative evaluation of coating longevity.

5.1.3 Exposure to Deicing/Anti-Icing Fluids

The following tests should be conducted with AMS 1424 Type | fluid and AMS 1428 Type II/lII/1V fluid
on treated and untreated, unpainted and painted panels (see Section 3.1 for guidelines on fluid
selection). The fluid, when heated to 149 °F + 4 (65 °C £ 2) and applied to a surface having an initial
surface temperature of 72 °F + 2 (22 °C £ 1), shall not produce any streaking, discoloration, or
blistering of the treated panel. For treated, painted panels, the fluid should not decrease paint film
hardness by more than two pencil hardness numbers from either the untreated, unexposed panel
value or the treated, unexposed panel value when determined in accordance with ASTM F 502.

5.1.4 Immersion Tests for Compatibility Screening

Airline operators and manufacturers need to understand any possible deleterious effects and
interactions that might arise from the use of coatings on aircraft surfaces. Any such interactions can
be caused by direct contact with the aircraft surface or possibly through complex interactions in
combination with fluids commonly encountered during the service life of an aircraft.

Immersion tests can help as a screening tool in order to highlight potential incompatibilities on pristine
surfaces. Such tests, however, are by no means a guarantee of in-service performance as they fail to
account for in-service wear and tear from abrasion, variances in operator application technigques, and
other such variables.

As a guide in evaluating product suitability, consideration should be given to:

e Surfaces affected (treated or untreated, aluminum or composite, etc.)

e Exposure to various fluids that may be encountered by the treated surface:
0 Hydraulic fluid (an applicable test is in AMS 3095)
o Aircraft deicing/anti-icing fluids and runway deicing/anti-icing fluids (or solids if
applicable); a relevant test is discussed in section 5.1.3
o0 Detergents
o Fuel

e Suitable exposure scenarios including potential photo, ultraviolet, ozonization, acid rain, or
oxidation effects (some applicable tests can be found in ISO 11507)

e Pre- and post-immersion performance tests
A number of aircraft manufacturer and SAE materials specifications reference ASTM F483, which can
be used as a basis for developing a total-immersion test for the above fluids. A cyclical immersion

protocol is detailed in SAE AIR 6130-2011, which can be used as a basis for testing when a cyclical
exposure scenario is required.

5.2 Aerodynamic Drag Evaluation Test

5.2.1  Background Information about Aircraft Drag

The total drag of an aircraft is often broken down into several components such as induced drag and
profile drag. The manufacturers of some coatings have claimed that their products reduce aircraft
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drag. To verify or evaluate this claimed benefit, it is important to understand how aircraft drag
reduction could be achieved by application of a surface coating. In most cases, it is anticipated that
the mechanism by which a drag reduction would be achieved is by reducing the profile drag via a
reduction of the skin friction drag.

5.2.2  Drag Evaluation Considerations

o Well-established fluid dynamics theory says that if a surface is rough, then the skin friction,
and therefore the drag, will be higher than for a smooth surface. By making a rough surface
smoother, the skin friction drag will be reduced. However, if a surface is already
"hydrodynamically smooth”, as aircraft surfaces should be, further smoothing will not yield
any drag-reduction benefits for a turbulent boundary layer.

e Some coatings could cause a drag increase. For example, coatings intended to have
hydrophobic properties via micro-textured surfaces have some inherent surface roughness
that, if not hydrodynamically smooth, could adversely affect skin friction drag.

e The drag effects of a coating could be evaluated using 2D or 3D aircraft model wind tunnel
testing. This approach could utilize a generic model to provide a general indication of the
effect of a coating, or the effect on a specific aircraft model could be evaluated.

e Comparative testing could also be conducted using a flat-plate wind tunnel test, with the plate
both treated and untreated under the same conditions. For this approach, comparative
changes to fluid flow-off properties, such as ABLDT, could give an indication of the drag
effects.

e Wind tunnel testing for drag evaluation introduces issues that should be considered, such as:

o There will be Reynolds number differences between the real aircraft and the
sub-scale model or flat-test plates, which affects the skin friction drag that the
sub-scale model will experience. This affects the total drag and could affect the
incremental effect of a coating.

0 Some of the claimed drag benefits due to coatings could potentially be realized due
to restoring the integrity of a worn painted finish to that of a freshly painted surface.
Overall, the combination of Reynolds number effects and this surface texture scaling
will lead to difficulties in interpreting any measured drag benefits.

0 Wind tunnel flow and measurement devices may mask the ability to determine the
effects of a coating.

0 Sub-scale wind tunnel testing results may not be representative of the full-scale
effect, however if significant drag effects are indicated from wind tunnel testing,
consideration should be given to evaluation on a real aircraft and/or consultation with
the aircraft manufacturer.

e Testing a coating on a real aircraft will avoid many of the difficulties described above.
However, accurate drag measurements via flight testing are challenging, and therefore small
differences will likely not be measureable.

Additional information on surface coatings and drag reduction has also been published in The Boeing
Company’s AERO magazine referenced in Section 2.4.
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5.3 Ice Adhesion Test

The following are two different test procedures for evaluating ice adhesion.

5.3.1 Centrifuge Ice Adhesion Test

The Centrifuge Adhesion Test consists of a two-step procedure. In the first step, the extremity of
small aluminum sample beams, treated and untreated, accrete ice in either a cold room or an icing
wind tunnel (testing may also be considered with painted treated and untreated sample beams). In
the second step, the ice adhesion is measured by rotating the iced beams in a centrifuge at an
accelerating rate until the ice detaches; the adhesion stress from the centrifugal force is calculated
using detachment speed, the mass of the ice accreted on the extremity of the beam prior to the test,
and the beam length. The Adhesion Reduction Factor can then be calculated using the adhesion
stress measured on the treated beam compared to the untreated beam. Figure 1 demonstrates an
example of the centrifuge ice adhesion test apparatus.

Counter
Weight

FIGURE 1

5.3.2 Zero-Degree Cone Test

The zero-degree cone test is used to measure the adhesive strength of ice to a substrate treated with
a layer of icephobic material or other coating. The test apparatus consists of two concentric
cones (referred to as a pile and mold) bonded together with ice. The cones are typically
metallic (aluminum or stainless steel); however, cones can also be made from composites or other
non-metallic materials. Figure 2 demonstrates an example of the zero-degree cone test apparatus.

Three piles are treated with a representative layer of an icephobic material or other coating. Each pile
is then placed in a concentric mold and the mold is filled with ASTM Type Il water. The mold is then
placed in a -10 £ 2°C freezer for 48 + 2 hours. The load required to push the pile through the ice is
subsequently measured using a tensile tester equipped with an environmental chamber that
maintains a -10 = 2°C environment throughout the test. The nominal shear stress can be calculated
by dividing the measured load by the surface area of the ice/pile interface. Consideration may be
given to conducting this test at other freezing temperatures, i.e., -20°C or colder.
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—— Zero-Degree Cone Test —

Load Cell

FIGURE 2

54 Ice Accumulation

The following are two different test procedures for evaluating ice accumulation.

5.4.1 Static lce Accumulation

This test determines the reduction in the mass accumulation of ice when icephobic treated samples,
positioned horizontally and at 45° and 80° from the horizontal, are exposed to freezing precipitation.
The mass of ice accumulated on the icephobic samples are compared to that of bare samples at the
same angles. This test can be run at different temperatures and under different precipitation types.

5.4.2 In-Flight Ice Accretion

Comparative testing should be performed in an icing wind tunnel with a treated and untreated model
under the same conditions. The location, shape, thickness, surface quality, and any other noted
characteristics of the accreted ice should be well documented (good-quality photographs are
recommended) for comparing the treated and untreated results. Consideration may also be given to
testing models with a heated leading edge, as well as a painted treated and untreated model.

Tests with generic models may provide a general indication of a coating’s potential to provide
icephobic results (reduced ice accretion). However, generic-model test results should not be
assumed to be directly applicable to specific aircraft (e.g., model geometry, configuration details,
etc.). Note that this type of testing provides comparative results between treated and untreated ice
accretion. Flight test results may vary from icing tunnel test results due to several variables, such as
differences in the actual icing conditions, flight conditions, scale and modeling effects, etc..

The ice accretions generated could then be evaluated for aerodynamic effects in an aerodynamic
wind tunnel or in flight.
5.5 Contact Angle (CA), Contact Angle Hysteresis (CAH), and Roll-Off Angle (ROA)

Measure the contact angle (CA) of water on the surface using small drop volumes, smaller than
~10uL (to avoid distortion due to gravity). If the CA > 90°, the surface can be considered hydrophobic;
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and when CA < 90, the surface can be considered hydrophilic. Note that hydrophobicity or
super-hydrophobicity does not imply icephobicity as described below.

Measure the advancing contact angle (ACA) and receding contact angle (RCA) on the treated
substrate. The ACA and RCA can be measured by the volume addition and removal methods,
respectively. Another method involved uses a tilt stage. Tilting the surface and measuring the contact
angles at the advancing and receding fronts before the drop slides, yields ACA and RCA. The
difference between ACA and RCA is Contact Angle Hysteresis (CAH). A low RCA of water could
indicate high adhesion strength of ice to the surface.

Measure roll-off angle (ROA) of a 10uL water droplet on the surface by using a tilt stage which varies
between 0 and 90 degrees. An ROA~ 0 degrees indicates superior slippery properties and low CAH.
Such surfaces could result in low ice adhesion provided the droplet does not impale into surface
textures (Wenzel state) while freezing (which is possible due to various reasons such as dynamic
impact or frost). An ROA close to 90 degrees indicates high drop adhesion, and consequently large
ice adhesion.

5.6 Droplet Impact Resistance

Dynamic pressures generated under droplet impact are significantly higher than the static pressures
and can cause droplets to transition from the non-wetting (Cassie) state to the wetting (Wenzel)
state (see Deng, et.al.,, Appl. Phys. Lett.,, AIP 94, 133109-1, 2009; Kwon, et.al., Phys. Rev. Lett,
APS 106, 036102, 2011). These dynamic wetting pressures are referred to as water hammer
pressure and Bernoulli pressure. Textured hydrophobic surfaces (e.g., super-hydrophobic surfaces)
resist wetting by generating anti-wetting capillary pressures. When the wetting pressures exceed the
anti-wetting pressures, droplet transition into the wetting state (Wenzel) occurs. Once the transition
occurs, ice accretion will dramatically increase. These are illustrated in the Figures 3 and 4 below.

(€)

(b) PEWH (d)

FIGURE 3

(a)

Figure 3 (adapted from Figure 1 of Deng, et.al., Appl. Phys. Lett., AIP 94, 133109-1, 2009): Relative
magnitude of the wetting and anti-wetting pressures decides the wetting states of impinging droplets:
a) Pewn the effective water hammer pressure is generated during the contact stage as the
droplet impinges on the textured surface. Pp is the dynamic Bernoulli pressure and Pc is the
anti-wetting capillary pressure.
b) Total wetting state (Pewn > Pp > Pc) as water penetrates in both contact and spreading
stage.
c) Partial wetting state (Pewn > Pc > Pp) as water penetrates only during contact stage.
d) Total non-wetting state (Pc > Pewn > Pp) as the structure resist wetting in both stages.
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FIGURE 4

Figure 4 (adapted from Deng, et.al., Appl. Phys. Lett., AIP 94, 133109-1, 2009): Dynamic interactions
of 1 mm diameter droplets with a variety of surfaces captured using a high-speed camera:
(a) Micro-textured surface consisting of 15 pum posts spaced apart by 150 um — droplet does
not recoil and impales into texture. Such structures will increase ice accretion.
(b) Partial drop recoil on micro-textured surface consisting of 15 um posts spaced apart
by 5 um; such small impaled regions will over time lead to enhanced ice accretion.
(c) Complete drop recoil on 100nm dendritic structures.
(d) Complete drop recoil on metal-oxide nanoporous surface with ~38 nm pores.

Conduct droplet impact experiments on the treated substrate to characterize the dynamic wetting
resistance of the substrate. Ideally, the impact experiments should be conducted with typical drop
sizes and impact speeds experienced under field conditions, i.e., at large Weber numbers.

5.7 Frost Endurance Test

Frost is formed either via deposition of water vapor directly into ice or via condensation of water
droplets followed by freezing. These occur as a result of either convective or radiation cooling of the
surface. When meteorological conditions cause either to occur, surface textures and coatings can
become covered with a layer of frost, which then makes the surface hydrophilic and results in
increased ice adhesion and ice accretion (e.g., Varanasi, etal., Appl. Phys. Lett,
AIP 97, 234102, 2010). This phenomenon poses a significant limitation to the use of
super-hydrophobic coatings in icephobic applications, and hence, hydrophobic does not necessarily
imply icephobic properties (see Varanasi, et.al., Appl. Phys. Lett., AIP 97, 234102, 2010). Figure 5
and Figure 6 below illustrate these effects.
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FIGURE 5

Figure 5 (adapted from Varanasi, et.al., Appl. Phys. Lett., AIP 97, 234102, 2010): environmental
scanning electron microscope (ESEM) images of frost formation on a super-hydrophobic surface
comprising of an array of hydrophobic square posts.

(a) Dry surface.

[(b)-(d)] Snapshot images of frost formation on the surface. The intrinsic water contact angle of
the hydrophobic coating on the posts is ~110°. The surface is maintained at a temperature -13°C by
means of a cold stage accessory of the ESEM. At the beginning of the experiment the chamber
pressure is maintained ~ 100 Pa, well below the saturation pressure to ensure a dry surface. The
vapor pressure in the chamber is then slowly increased until frost nucleation is observed. Frost
nucleation and growth occurs without any particular spatial preference on all of the available area
including post tops, sidewalls and valleys due to the uniform intrinsic wettability of the surface.

Oms 2ms 4ms 8ms 12ms 18ms

FIGURE 6

Figure 6 (adapted from Varanasi, et.al.,, Appl. Phys. Lett.,, AIP 97, 234102, 2010): Droplet impact
measurements on dry and frosted super-hydrophobic surface conducted using droplets of 1mm
radius impacting the surface at velocity ~ 0.7 m/s

(a) Top view ESEM image of the representative Si silicone post array surface.

(b) Photograph of the dry surface along with sequential high-speed video images of droplet
impact. As expected, droplet recoils from the surface, as the anti-wetting capillary pressure is greater
than the dynamic wetting pressures.

(c) Photograph of the frosted surface along with sequential high-speed video images of
droplet impact. Frost alters the wetting properties of the surface, making the surface hydrophilic, and
causing Cassie-to-Wenzel wetting transition of the impacting drop and subsequent pinning to the
surface.
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The following battery of tests, ranging from simple to complex, is recommended to fully quantify the
performance of the coating under frost. For the following testing, consider a saturated water vapor
environment with substrate sub-cooling that promote direct deposition or condensation followed by
freezing. For example, if the environment is not pure water vapor, consider high relative humidity
(>90%) and substrate temperature below the freezing point. The pressure can be altered to promote
condensation or deposition. Under these conditions, the following should be performed:

a) Visual inspections of frost build up.

b) Measure contact angle to ascertain the hydrophobicity of the surface. Because of the
presence of nucleated water or ice in the textures, the surface could display hydrophilic
behavior. Such a surface could be compromised.

c¢) Conduct ROA angle measurements. If the SLA increases from the dry surface, then
frost-induced impalement is occurring and the surface is compromised.

d) Droplet impact experiments to ascertain the hydrophobic drop shedding properties. If
shedding is arrested, then surface could be compromised.

e) Ice adhesion testing under frosting conditions. Due to interlocking, the adhesion testing under
frost conditions should be higher than for the smooth surface of identical surface chemistry.
Increase in adhesion strength could indicate frost-induced adhesion and potential loss of
coating functionality.

5.8 Thermal Conductivity

Consider testing a sample, representative of the aircraft surface, treated with the surface coating to
assess its overall thermal conductivity or heat transfer properties. The thermal conductivity of a
material, k (W/m -K) is the property of a material's ability to conduct heat. The normal conductivities
of typical aluminum or composite aircraft surfaces may be modified due to the addition of a coating
between the skin and the heated fluid or contamination.

Additionally, thermal conductivity of materials are temperature dependent. Surface coatings and
heated fluids, in combination with various forms of precipitation and temperatures, may lead to
modified anti-icing fluid performance and holdover times.

Various methods exist for determining thermal conductivity of substrates. The following are some
standards that may be useful to assess:

i. ASTM Standard C518 - 10, "Standard Test Method for Steady-State Thermal Transmission
Properties by Means of the Heat Flow Meter Apparatus"”

ii. ASTM Standard E1225-04, "Standard Test Method for Thermal Conductivity of Solids by
Means of the Guarded-Comparative-Longitudinal Heat Flow Technique"

iii. ASTM Standard D5930-01, "Standard Test Method for Thermal Conductivity of Plastics by
Means of a Transient Line-Source Technique"

iv. ISO 8301, "Thermal insulation -- Determination of steady-state thermal resistance and related
properties -- Heat flow meter apparatus”

v. I1SO 22007-2:2008 "Plastics -- Determination of thermal conductivity and thermal
diffusivity -- Part 2: Transient plane heat source (hot disc) method"

vi. 1ISO 22007-3:2008 "Plastics -- Determination of thermal conductivity and thermal
diffusivity -- Part 3: Temperature wave analysis method"
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vii. 1ISO 22007-4:2008 "Plastics -- Determination of thermal conductivity and thermal
diffusivity -- Part 4: Laser flash method"

5.9 Testing Organizations

As of the date of publication of the AIR the following organizations are known to provide testing for
aircraft coatings. This is not an endorsement by SAE for these laboratories but simply a list to
facilitate the location of organizations for those seeking testing. Please enquire directly with the
laboratories for a full list of testing available.

Anti-icing Materials International Laboratory (AMIL), 555, boulevard de I'Université, Chicoutimi,
Québec, G7H 2B1, Canada; 418-545-2918. www.ugac.ca/amil .

APS Aviation Inc., 6700, chemin de la Céte-de-Liesse, Suite 105, Saint-Laurent, Quebec, H4T 2B5,
Canada; 514-878-4388, www.adga.ca/aps.

Scientific Material International, 12219 SW 1315t Avenue, Miami, Florida, USA 33186-6401; 305-971-
7047; www.smiinc.com .

6. NOTES

6.1 Keywords

Aircraft Coating, Icephobic, Hydrophobic, Hydrophilic, Endurance Time, Holdover, Aircraft, Surface,
Frost, Ice, Freezing, Rain, Drizzle, Fog, Cold Soaked Wing, Snow.

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE G-12, AIRCRAFT GROUND DEICING

M:\Projects\PM2265.003 (TC Deicing 2013-14)\Reports\lce Phobic\Volume 3\Report Components\Appendices Vol. 3\Appendix G.docx
Final Version 1.0, July 17
G-20


http://www.adga.ca/aps
http://www.smiinc.com/

	1. INTRODUCTION
	1.1 Background
	1.2 Objective
	1.3 Report Format

	2. METHODOLOGY
	2.1 Test Facilities
	2.1.1 APS Pierre Elliott Trudeau (P.E.T.) Airport Outdoor Test Site
	2.1.2 NRC Climatic Engineering Facility (CEF)
	2.1.3 NRC Open Circuit Wind Tunnel Test Site

	2.2 Materials Tested
	2.2.1 Ice Phobic Products
	2.2.2 Flat Pate Testing Baseline Surfaces

	2.3 Test Methodology
	2.3.1 Description of Fluid Endurance Time Testing Procedures
	2.3.1.1 Description of Indoor Fluid Endurance Time Testing Procedure
	2.3.1.2 Description of Outdoor Fluid Endurance Time Testing Procedure

	2.3.2 Description of Fluid Wetting and Thickness Testing Procedure
	2.3.3 Description of Adherence Testing Procedure
	2.3.4 Description of Hot Water Testing Procedure
	2.3.5 Description of Fluid Viscosity Testing Procedure
	2.3.6 Description of Vertical Stabilizer Testing Procedure
	2.3.7 Description of Wind Tunnel Testing Procedure
	2.3.8 Description of Residues Testing Procedure

	2.4 Data Forms
	2.5 Equipment
	2.5.1 Wind Tunnel Super-Critical Wing Section
	2.5.2 Test Surfaces
	2.5.3 Wet Film Thickness Gauge
	2.5.4 Brixometer

	2.6 Fluids

	3. Endurance time TESTING DATA AND RESULTS
	3.1 Log of Endurance Time Tests Conducted
	3.2 Data Analysis
	3.3 General Observations

	4. ADHERENCE TESTING DATA AND RESULTS
	4.1 Log of Adherence Tests Conducted
	4.2 Test Summary
	4.3 General Observations

	5. Fluid wetting and fluid Thickness TESTING DATA AND RESULTS
	5.1 Log of Tests Conducted
	5.2 Test Summary

	6. HOT WATER DEICING FOR COATINGS
	6.1 Log of Hot Water Tests Conducted
	6.2 Test Summary
	6.3 General Observations

	7. effect of fluid viscosity on ice phobic treated materials
	7.1 Log of Fluid Viscosity Tests Conducted
	7.2 Test Methodology and Summary
	7.3 Recommendations

	8. vertical stabilizer TESTING DATA AND RESULTS
	8.1 Log of Endurance Time Tests Conducted
	8.2 Data Analysis

	9. Reduction of residues in AERODYNAMICALLY quiet areas IN AIRCRAFT
	9.1 Test Plan
	9.2 Test Summary
	9.3 General Observations

	10. Wind tunnel testing – ice phobic coatings
	10.1 Background
	10.2 Objective
	10.3 General Methodology
	10.4 Data Collected
	10.4.1 Effect of Coating on Dry Wing Aerodynamics
	10.4.2 Adhesion Prevention
	10.4.3 Fluid Flow-Off with Coatings
	10.4.4 Effect of Fluid Viscosity
	10.4.5 Effect on BLDT
	10.4.6 Visual Effect on Coatings Flow-off

	10.5 Summary of Test Results

	11. development of sae air document
	11.1 Background Leading to the Development of the SAE AIR
	11.2 Overview of the Working Group Activities to Date
	11.3 Principle Focus of Draft AIR
	11.4 General Comments and Observations
	11.5 Future Initiatives

	12. OBSERVATIONS AND CONCLUSIONS
	12.1 General Comments Regarding 2012-13 Testing
	12.2 Fluid Endurance Time Testing
	12.3 Adherence Testing
	12.4 Fluid Wetting and Fluid Thickness Testing
	12.5 Hot Water Testing
	12.6 Fluid Viscosity Testing
	12.7 Vertical Stabilizer Testing
	12.8 Residues Testing for Aerodynamically Quiet Areas in Aircraft
	12.9 Wind Tunnel Testing - Ice Phobic Coatings
	12.10 Development of SAE AIR6232

	13. RECOMMENDATIONS
	13.1 Potential Future Applications
	13.2 Future Research and Activities
	13.3 Operational Considerations

	REFERENCES
	Front Cover for Vol 3.pdf
	TP 15275E
	Prepared for
	In cooperation with
	Civil Aviation
	The Federal Aviation Administration
	Final Version 1.0
	TP 15275E
	Final Version 1.0

	Appendix A.pdf
	4.7 Investigation of the Effects of De/Anti-Icing Fluids Ice Phobic Technologies to Reduce Aircraft Icing in Northern and Cold Climates
	4.8  Use of Ice Phobic Products on Aircraft Surfaces Prone to Icing Issues
	4.8.1 Development of SAE AIR for Evaluation of Aircraft Coatings (Ice Phobic)
	4.8.2 Vertical Stabilizer, Winglets, and Other High Angle Surface Anti-Icing and Use of Ice Phobics
	4.8.3 Evaluate Performance of High and Low Fluid Viscosities When Applied to Ice Phobic Coated Surfaces


	Appendix B.pdf
	1. INTRODUCTION
	2. PROJECTS, PROCEDURES AND OBJECTIVES
	2.1 Endurance Times of New Fluids (New Fluid ETs)
	2.2 Supplemental Testing of Commercial Type IV Fluid (Commercial)
	2.3 Thickness of New Fluids (Fluid Thickness)
	2.4 Inspection Immediately Prior to Takeoff (5 Minute Rule)
	2.5 NCAR Snowmaker Testing (Snowmaker)
	2.6 Evaluation of Ice Phobic Products (Ice Phobic)
	2.7 Endurance Times on Flaps/Slats (Flaps)
	2.7.1 Supplemental Flap/Slat Extension Tests

	2.8 ROGIDS

	3. PERSONNEL REQUIREMENTS/RESPONSIBILITIES
	4. FLUIDS
	5. EQUIPMENT
	6. DATA FORMS
	7. PRE–TEST SET–UP ACTIVITIES
	8. SAFETY ISSUES
	9. REFERENCES

	Appendix C.pdf
	1. background
	2. Objective
	3. Procedure
	3.1 Behaviour of De/Anti-Icing Fluids on Ice Phobic Surfaces
	3.2 Adhesion Tests During Precipitation
	3.3 Thickness and Wetting Tests

	4. FluidS
	5. Test plates
	6. Test plan
	7. Equipment
	8. personnel
	9. Data Forms

	Appendix E.pdf
	1. BACKGROUND
	2. OBJECTIVE
	3. PROCEDURE

	Appendix F.pdf
	1. BACKGROUND
	2. OBJECTIVES
	3. TEST PLAN
	4. PRE-TESTING SETUP ACTIVITIES
	5. DATA FORMS
	6. PROCEDURE
	6.1 Initial Test Conditions Survey
	6.2 Fluid Application (Pour)
	6.3 Application of Contamination
	6.3.1 Ice Pellet/Snow Dispenser Calibration and Set-Up
	6.3.2 Dispensing Ice Pellets/Snow for Wind Tunnel Tests

	6.4 Prior to Engines-On Wind Tunnel Test
	6.5 During Wind Tunnel Test:
	6.6 After the Wind Tunnel Test:
	6.7 Fluid Sample Collection for Viscosity Testing
	6.8 At the End of Each Test Session
	6.9 Camera Setup
	6.10 Demonstration of a Typical Wind Tunnel Test Sequence
	6.11 Procedures for R&D Activities

	7. EQUIPMENT
	8. FLUIDS
	9. PERSONNEL
	10. SAFETY

	Appendix G.pdf
	TABLE 1 – Matrix of Suggested HOT Testing Conditions for Comparative Testing
	TABLE 2 – Selected Fluid Thickness and Wetting Testing Conditions for Comparative Testing
	The fluid selection should be in accordance with Section 3.1.
	5.2.1      Background Information about Aircraft Drag
	5.2.2      Drag Evaluation Considerations




