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PREFACE

PREFACE

Under contract to the Transport Canada Programs Group Innovation Centre, APS Aviation
Inc. has undertaken a research program to advance aircraft ground de/anti-icing technology.
The primary objectives of the research program are the following:

To develop holdover time data for all new de/anti-icing fluids;

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

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

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

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

To conduct wind tunnel testing with a vertical stabilizer common research model to
evaluate contaminated fluid flow-off before and after a simulated takeoff;

To conduct comparative endurance time testing and evaluate endurance times in mixed
snow and freezing fog conditions;

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

To conduct analysis to support harmonization of the Transport Canada and the Federal
Aviation Administration visibility table guidance;

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

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

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

The research activities of the program conducted on behalf of Transport Canada during the
winter of 2021-22 are documented in seven reports. The titles of the reports are as follows:

TP 15534E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program
for the 2021-22 Winter;

TP 15535E Regression Coefficients and Equations Used to Develop the Winter
2022-23 Aircraft Ground Deicing Holdover Time Tables;

TP 15536E Aircraft Ground Icing General Research Activities During the 2021-22
Winter;

TP 15537E Wind Tunnel Trials to Support Further Development of Ice Pellet
Allowance Times: Winter 2021-22;

TP 15538E Wind Tunnel Testing to Evaluate Contaminated Fluid Flow-Off from a
Common Research Model Vertical Stabilizer;
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PREFACE

e TP 15539E Artificial Snow Research Activities for the 2020-21 and 2021-22
Winters; and

e TP 15540E Evaluation of Fluid Endurance Times in Mixed Snow and Freezing Fog
Conditions.

This report, TP 15537E, has the following objective:

e To conduct research in the National Research Council Canada Icing Wind Tunnel with a
thin high-performance wing section to further support and develop the anti-icing fluid Ice
Pellet Allowance Times.

This objective was met by conducting a series of full-scale tests using a thin
high-performance wing model in the National Research Council Canada Icing Wind Tunnel
with the cooperation of Transport Canada and the Federal Aviation Administration.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Under contract to the Transport Canada (TC) Programs Group Innovation Centre,
with support from the Federal Aviation Administration (FAA) William J. Hughes
Technical Center, TC Civil Aviation, and FAA Flight Standards - Air Carrier
Operations, APS Aviation Inc. (APS) carried out research in the winter of 2021-22 in
support of the aircraft ground icing research program.

As part of a larger research program, APS conducted a series of full-scale wing tests
in the National Research Council Canada 3 m x 6 m Icing Wind Tunnel to determine
the flow-off characteristics of anti-icing fluid with and without mixed precipitation
conditions with ice pellets.

Background and Objective

A wind tunnel testing program was developed for the winter of 2021-22 with the
primary objectives of conducting aerodynamic testing to accomplish the following:

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

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

e General expansion of the current allowance times to include new temperature
bands, new conditions, and mixed conditions for propylene glycol (PG) and EG
Type IV fluids; and

e Re-validation of the lift loss scaling analysis which provides the basis for the
aerodynamic evaluation criteria used for allowance time testing with the RJ
wing.

Conclusions and Recommendations

The wind tunnel testing conducted during the winter of 2021-22 validated the
current Type IV allowance times for use with the new-to-market fluids: CHEMCO Inc.
ChemR Nordik IV, Cryotech Deicing Technology Polar Guard® Xtend, JSC RCP Nordix
Defrost NORTH 4, and Newave Aerochemical Co. Ltd. FCY-EGIV. Validation testing
for AllClear ClearWing ECO is considered incomplete and more testing is
recommended.
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EXECUTIVE SUMMARY

As a result of the recent data, and supported by historical data, a guidance change
was recommended to reduce the PG fluid 30-minute allowance time to 20-minutes
for light ice pellets, below -16°C to -22°C. Based on the data collected, TC and the
FAA updated the separate Type IV EG fluid allowance time table to incorporate longer
times in the below -10°C to -16°C range.

Data was collected in the mixed conditions moderate ice pellets and moderate snow
as well as light ice pellets, light snow, and light freezing rain, and although limited,
indicated a potential for future development. The lift loss scaling analysis was verified
with 18 new data points.

The proposed changes were updated in the respective allowance time tables and the
notes in the respective tables were updated to reflect the content changes. Through
consultations with TC, the FAA, and National Aeronautics and Space Administration
(NASA) and based on industry discussions, higher priority areas of possible future
wind tunnel testing and research have been identified, including substantiation of ice
pellet allowance times with new fluids, allowance time expansion, and development
of Type lll mid-speed allowance times.
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SOMMAIRE

En vertu d’un contrat avec le Centre d’innovation de Transports Canada (TC) et avec
le soutien du William J. Hughes Technical Center de la Federal Aviation
Administration (FAA), du département de |'aviation civile de TC, et de la FAA Flight
Standards — Air Carrier Operations, APS Aviation inc. (APS) a mené des essais au
cours de I"hiver 2021-2022 dans le cadre d’'un programme de recherche sur le givrage
d’aéronefs au sol.

Dans le cadre d’un plus vaste programme de recherche, APS a mené une série
d’essais sur des ailes pleine grandeur dans la soufflerie de givrage de 3 m sur 6 m
du Conseil national de recherches Canada afin de déterminer les caractéristiques de
ruissellement du liquide d’antigivrage avec et sans conditions de précipitations mixtes
comprenant des granules de glace.

Contexte et objectifs

Un programme d’essais en soufflerie a été mis au point pour I’"hiver 2021-2022 avec
comme principaux objectifs de mener des tests d’aérodynamisme visant a :

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

e élargir les marges de tolérance actuelles dans des conditions de granules de
glace pour les liquides de type IV a base d’éthyléne glycol (EG) au moyen d'une
surface portante haute performance a profil mince d’'un avion de transport
régional a réaction;

e ¢élargir de maniére générale les marges de tolérance actuelles pour y inclure de
nouvelles plages de température, de nouvelles conditions météorologiques
ainsi que des contextes de conditions mixtes encadrant I'utilisation de liquides
de type IV a base de propyléne glycol (PG) et d'EG ; et

e revalider I'analyse relative a I'échelle des pertes de portance qui sert de base
aux critéres d’évaluation de |'aérodynamisme utilisés lors d’essais sur les
marges de tolérance sur aile de jet régional.
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Conclusions et recommandations

Les essais menés en soufflerie au cours de I'hiver 2021-2022 ont confirmé
I"applicabilité des marges de tolérance actuelles des liquides de type IV aux produits
nouvellement commercialisés : CHEMCO Inc. ChemR Nordik IV, Cryotech Deicing
Technology Polar Guard® Xtend, JSC RCP Nordix Defrost NORTH 4, et Newave
Aerochemical Co. Ltd. FCY-EGIV. Les essais de validation pour AllClear ClearWing
ECO ont été jugés incomplets; il est donc recommandé de procéder a des évaluations
supplémentaires.

En réponse aux données récentes et en prenant appui sur les données historiques,
on recommande de modifier les lignes directrices sur les marges de tolérance
applicables aux liquides a base de propyléne glycol pour les faire passer de
30 minutes a 20 minutes, lors de conditions de précipitations faibles de granules de
glace a des températures au-dessous de -16 °C & -22 °C. A la lumiére des données
recueillies, TC et la FAA ont mis a jour les différents tableaux de marges de tolérance
applicables aux liquides a base d’éthyléne glycol de type IV pour y incorporer des
durées prolongées lors de températures au-dessous de -10 °C a -16 °C.

Les données ont été recueillies dans des conditions mixtes de précipitations modérées
de granules de glace et de neige, de méme que des précipitations faibles de granules
de glace, de neige et de pluie verglacante, et malgré leur caractere limité, elles
laissent entrevoir la possibilité de développement futur. L’analyse de |'échelle des
pertes de portance a été vérifiée en fonction de 18 nouveaux points de données.

Les modifications proposées ont été incorporées aux tableaux respectifs des marges
de tolérance, et les notes associées a ces derniers ont été mises a jour pour refléter
ces changements. Par I’entremise de consultations auprés de TC, de la FAA et de la
National Aeronautics and Space Administration (NASA) et a partir de discussions
avec les parties prenantes du secteur, des domaines de priorité supérieure ont été
définis pour encadrer les potentiels essais et travaux de recherche en soufflerie,
notamment en ce qui a trait a la corroboration des marges de tolérance applicables
aux nouveaux liquides dans des conditions de granules de glace, a I'élargissement
des marges de tolérance et a la mise au point de marges de tolérance pour les liquides
de type lll sur des aéronefs a vitesse moyenne.
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1. INTRODUCTION

1. INTRODUCTION

Under winter precipitation conditions, aircraft are cleaned prior to takeoff. This is
typically done with aircraft ground deicing fluids, which are freezing point depressant
fluids developed specifically for aircraft use. If required, aircraft are then protected
against further accumulation of precipitation by the application of aircraft ground
anti-icing fluids, which are also freezing point depressant fluids. Most anti-icing fluids
contain thickeners to extend protection time.

Prior to the 1990s, aircraft ground de/anti-icing had not been extensively researched.
However, following several ground icing related incidents in the late 1980s, an
aircraft ground icing research program was initiated by Transport Canada (TC). The
objective of the program is to improve knowledge, enhance safety, and advance
operational capabilities of aircraft operating in winter precipitation conditions.

Since its inception in the early 1990s, the aircraft ground icing research program has
been managed by TC, with the co-operation of the United States Federal Aviation
Administration (FAA), the National Research Council Canada (NRC), several major
airlines, and de/anti-icing fluid manufacturers.

There is still an incomplete understanding of some of the hazards related to aircraft
ground icing. As a result, the aircraft ground icing research program continues, with
the objective of further reducing the risks posed by the operation of aircraft in winter
precipitation conditions.

Under contract to the TC Programs Group Innovation Centre, with support from the
FAA William J. Hughes Technical Center, TC Civil Aviation, and FAA Flight
Standards — Air Carrier Operations, APS Aviation Inc. (APS) carried out research in
the winter of 2021-22 in support of the aircraft ground icing research program. Each
major project completed as part of the 2021-22 research is documented in a separate
individual report. This report documents the wind tunnel Ice Pellet Allowance Time
development project.

1.1 Background

In 2005-06, the inability for operators to release aircraft in ice pellet conditions led
TC and the FAA to begin a research campaign to develop allowance times.

Developing holdover times (HOTs) was not feasible due to the properties of the ice
pellets; they remain embedded in the fluid and take long to dissolve compared to
snow, which is immediately absorbed and dissolved. Research was initiated through
live aircraft testing with the NRC Falcon 20 in Ottawa, Canada, and later progressed
to a more controlled environment with the NRC 3 m x 6 m Icing Wind Tunnel (IWT),
also in Ottawa.
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1. INTRODUCTION

The early testing in 2005-06 with the Falcon 20 primarily used visual observations
to evaluate fluid flow-off. During the Falcon 20 work, the wing was anti-iced and
exposed to contamination, and aborted takeoff runs allowed researchers onboard to
observe and evaluate the fluid flow-off. Testing in 2006-07 began in the IWT,
allowing aerodynamic data to be used for evaluating fluid flow-off performance. The
IWT also allowed for a more controlled environment less susceptible to the elements.

The work continued each year, and the test methods and equipment improved,
allowing for real-time data analysis, better repeatability, and overall greater
confidence in the results. The work conducted by TC/FAA has been presented by
APS to the SAE International (SAE) G-12 Aerodynamics Working Group (AWG) and
the HOT Committee yearly since 2006. Additional presentations were also given at
the AWG in May 2012 and May 2013 by National Aeronautics and Space
Administration (NASA) and the NRC that focused on the extensive calibration and
characterization work performed with a generic thin high-performance airfoil. This
work helped increase confidence in how the data was used to support the
development of TC/FAA guidance material. A detailed account of the more recent
work conducted is included in the TC report, TP 15232E, Wind Tunnel Trials to
Examine Anti-Icing Fluid Flow-Off Characteristics and to Support the Development
of Ice Pellet Allowance Times, Winters 2009-10 to 20712-13 (1).

The Ice Pellet Allowance Time research has helped further develop and improve the
IWT facility. As a result, a new medium is now available for aerodynamic testing of
aircraft ground de/anti-icing fluids with or without contamination in a full-scale
format. Several other ground deicing projects have been ongoing as a result of
industry requests and are expected to continue. The IWT has evolved into a
multidisciplinary facility; however, it continues to be the primary source for the
development and refinement of the ground deicing Ice Pellet Allowance Time
guidance material.

For the winter of 2013-14, testing was once again focused on the development of
Ice Pellet Allowance Times with intentions of conducting yearly or bi-yearly testing
campaigns. During the winter of 2014-15, the Ice Pellet Allowance Time testing was
suspended to allow for a European Aviation Safety Agency-led project examining
thickened fluid effects on unpowered elevators; TC and APS were also involved in
this research. Ice Pellet Allowance Time testing resumed for the winter of 2015-16;
however, funding was limited for the following winter, and no testing was therefore
conducted during the winter of 2016-17. Yearly testing resumed as of the winter of
2017-18, focusing on substantiating the allowance times for new-to-market fluids
and expanding the existing allowance times. During the winter of 2021-22, the
research continued, and this report contains the findings from these tests.
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1. INTRODUCTION

1.2 Program Objectives

A wind tunnel testing program was developed for the winter of 2021-22 with the
primary objectives of conducting aerodynamic testing to accomplish the following:

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

e Extending the current Type IV fluid Ice Pellet Allowance Times for ethylene
glycol (EG) fluids using the thin high-performance RJ airfoil;

e Expanding the current allowance times to include new temperature bands, new
conditions, and mixed conditions for propylene glycol (PG) and EG Type IV
fluids; and

e Re-validating the lift loss scaling analysis, which provides the basis for the
aerodynamic evaluation criteria used for allowance time testing with the RJ
wing.

In addition, baseline dry wing tests were conducted daily as well as following system
changes to validate the repeatability of the wind tunnel.

The statement of work for these tests is provided in Appendix A.

Table 1.1 demonstrates the groupings for the global set of tests conducted at the
wind tunnel during the winter of 2021-22 on the RJ wing. It should be noted that as
part of the TC/FAA wind tunnel research plan for 2021-22, a new preliminary test
program attempted to document fluid flow-off on a common research model vertical
stabilizer, the results of which are documented in a separate report.

Table 1.1: Summary of 2021-22 RJ Wing Tests by Objective

Objective # Objective # of Runs
1 Baseline Tests (Dry Wing) 36
2 Ice Pellet Allowance Time Validation (New Fluids) 53
3 EG Fluids — Expansion of Allowance Times 28*
4 General Expansion (New Mixed Conditions) 12
Total 729

*23 of 28 tests also served as validation tests.
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1. INTRODUCTION

1.3 Previous Ice Pellet Allowance Time Tables

The Type IV allowance time tables have been available since the winter of 2007-08.
For the winter of 2021-22, the Type |V table was separated into two tables for EG
and PG Type IV fluids. Each year the Type IV testing has built upon the latest version
of the allowance time tables published in the TC and FAA HOT Guidelines.

In the case of Type lll fluid, a preliminary table was developed during the winter of
2008-09; however, high rotation speed allowance time tables have been available
and published only since the winter of 2014-15, following some more extensive
testing. Future testing will build upon the latest version of the allowance time table
published in the TC and FAA HOT Guidelines and look to expand the table to include
low-speed rotations.

1.4 Report Format

The wind tunnel work has been conducted since the winter of 2006-07 and has been
documented in yearly reports. TP 15232E (1) contains more thorough details
regarding the testing methodologies as well as links to previous historical reports.
The current report has been prepared in a more abbreviated format. The following
list provides short descriptions of subsequent sections of this report:

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

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

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

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

e) Section 6 describes the results from the research aimed at general allowance
time expansion for mixed conditions;

f) Section 7 describes the process and results from the re-validation of the lift
loss scaling analysis;

g) Section 8 describes the general changes to the Ice Pellet Allowance Time
Tables that resulted from the research conducted this year;

h) Section 9 provides a summary of the conclusions; and

i) Section 10 provides a summary of the recommendations.
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2. METHODOLOGY

This section provides a brief description of the test methodology and equipment
specific to the full-scale aerodynamic tests conducted at the NRC IWT.

NOTE: TP 15232E (1) contains more thorough details regarding the testing
methodologies.

2.1 Test Schedule

Fifteen overnight days of testing were organized starting January 9, 2022. Setup
and teardown times were kept to a minimum and completed during the first two
hours on the first day of testing and during the last two hours on the last day of
testing. Table 2.1 presents the calendar of wind tunnel allowance time tests
performed with the RJ wing. At the beginning of each test day, a plan was developed
that included the list of tests (taken from the global test plan) to be completed based
on the weather conditions and testing priorities. This daily plan was discussed,
approved, and modified (if necessary) by TC, the FAA, and APS.

Table 2.1: 2021-22 Calendar of Tests

(Start dat(i,)z:‘eovernight) # of Tests Run
January 9, 2022 8
January 10, 2022 12
January 11, 2022 9
January 12, 2022 6
January 13, 2022 9
January 16, 2022 7
January 17, 2022 8
January 18, 2022 10
January 19, 2022 8
January 20, 2022 8
January 23, 2022 9
January 24, 2022 10
January 25, 2022 9
January 26, 2022 10
January 27, 2022 6

Total 129
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2. METHODOLOGY

2.1.1 Wind Tunnel Procedure

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

The typical procedure for each fluid test is described below.

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

e When applicable, contamination, in the form of simulated ice pellets, freezing
rain, and/or snow, was applied to the wing section. Test parameters were
measured at the beginning and end of the exposure to contamination.

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

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

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

The procedures for the wind tunnel trials are included in Appendix B. The procedures
include details regarding the test objectives, test plan, procedure and methodology,
and pertinent information and documentation.

2.1.2 Test Sequence

The length of each test (from start of setup to end of last measurement) varied largely
due to the length of exposure to precipitation (if applicable). Time required for setup
and teardown as well as preparing and configuring the wing section was relatively
consistent from test to test. Figure 2.1 demonstrates a sample timeline for a typical
wind tunnel trial. It should be noted that a precipitation exposure time of 30 minutes
was used for illustration purposes; this time varied for each test depending on the
objective.
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2. METHODOLOGY

After Precip. Tunnel After Run
Fluid Application Application of Measurements Run and Measurements
and Measurements Precipitation and Teardown Cool down and Inspection

=

Figure 2.1: Typical Wind Tunnel Test Timeline

| 15 min

2.2 Methodology for Developing or Expanding New Allowance Times

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

2.3 Methodology for Validating New Fluids for Use with Allowance
Times

Over the years, all new commercially available fluids have been tested. This is
typically done when fluids become available commercially and are being mass
produced. At a minimum, testing is conducted in a subset of conditions; the
allowance times are generic, so this process is satisfactory and provides a “first alert”
in the event that a fluid may be underperforming, in which case further action would
be required.

2.4 Wind Tunnel and Airfoil Model Technical Overview

The following subsections describe the wind tunnel and major components.
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2. METHODOLOGY

2.4.1 Wind Tunnel Test Site

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

Figure 2.2: Schematic of NRC Montreal Road Campus
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2. METHODOLOGY

2.4.2 Generic Thin High-Performance “RJ” Type Commuter Airfoil

The wing section used for testing was a generic high-performance commuter airfoil,
also referred to as a “thin high-performance” or “RJ” type. This wing section was
constructed by the NRC in 2009 specifically to conduct these tests following
extensive consultations with an airframe manufacturer to ensure a representative
thin high-performance design. The original wing design was representative of an
outboard section and did not include a flap; the flap was later added at the request
of TC, the FAA, and APS. A computational fluid dynamics analysis of the modified
wing section was conducted by the airframe manufacturer, and it was confirmed
that the wing section provided a good representation of a flapped section of an
operational thin high-performance wing. Photo 2.3 shows the wing section used for
testing.

A cross sectional view of the thin high-performance wing section used for testing is
represented in Figure 2.3. Some of the pertinent dimensions of the wing section are
as follows:

e Chord length not including flap: 1.4 m (4.6 ft.); and
e Width: 2.4 m (8 ft.).

- 1.4m -

o8m - 0.5m -

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

An analysis of the wing section model was conducted by the airframe manufacturer
to determine the typical rest position of this type of wing section. It was determined
that, on a typical commuter aircraft, this section of wing would be pitched forward
by 2° when sitting on the ground. As a result, the NRC ensured the rest position of
the wing model was set to -2° for each test.

The wing section was fitted with a hinged flap. The flap position was fixed at 20°
and was not intended to be changed during testing. The top surface of the flap wing
section had a steeper angle; consequently, a flap setting of 20° created close to a
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2. METHODOLOGY

26° slope on the top surface of the flap (with the wing pitched forward by 2°). As
testing progressed, the ability to change the flap setting from 0° to 20° was
necessary; contrary to a nested flap, which is typically protected during precipitation,
a hinged flap is always exposed, and results indicated earlier failures were due to the
shallower angle of the hinged flap. Modifications were made by the NRC to allow the
flap setting to alternate between 0° and 20° for the fluid application and
contamination periods; however, all takeoff simulations were conducted with the flap
set to 20°. No moveable devices were available on the wing section. Detailed
coordinates for this airfoil are available upon request.

End plates were installed on the wing section to eliminate the “wall effects” from
the wind tunnel walls and to provide a better aerodynamic flow-off above the test
area. Figure 2.4 demonstrates the end plates installed on the thin high-performance
wing section. (Note: The wing section is depicted without the top wing skin.)

Figure 2.4: End Plates Installed on Thin High-Performance Wing Section

2.4.3 Test Area Grid

APS personnel used markers to draw a grid on the wing upper surface (excluding the
flap). Each grid cell measured 5.1 cm x 5.1 cm (2 in. x 2 in.) with the cell axis
positioned perpendicular and parallel to the leading edge (see Photo 2.4). The grid
section was 2.4 m (8 ft.), which covered the entire wing section. The grid markings
began aft of the leading edge stagnation point and continued along the length of the
main chord; grid markings were not drawn on the flap section. The grid was used to
facilitate observations of the fluid shearing off the wing and the movement of ice
pellets during takeoff.
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2.4.4 Wind Tunnel Measurement Capabilities

The wing section was supported on either side by 2-axis weigh scales capable of
measuring drag and lift forces generated on the wing section. The wing section was
attached to servo-systems capable of pitching the wing section to a static angle or
generating dynamic movements. The servo-system was programmed to simulate
pitch angles during takeoff and climb-out based on operational aircraft flight profiles.
The wing section was also equipped with eight resistance temperature detectors
(RTDs); these were installed by NRC personnel to record the skin temperature on the
leading edge (LE), mid-chord (MID), trailing edge (TE), and under-wing (UND). RTDs
were placed in pairs along a chord 0.5 m (1.5 ft.) to the left and to the right of the
wing centreline. The following are the locations of the RTDs for the RJ wing:

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

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

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

e RTD UND located approximately 45 cm from the leading edge.

Figure 2.5 demonstrates the general location of the RTDs. These RTDs were primarily
used to monitor the skin temperature in real-time through the NRC data display
system and were recorded by APS personnel.

The wind tunnel was also equipped with sensors recording the following parameters:

Ambient temperature inside the tunnel;
Outside air temperature (OAT);
Air pressure;

Wind speed; and

o & wbh =

Relative humidity.
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RTD MID

RTD UND

Figure 2.5: Location of RTDs Installed Inside Thin High-Performance Wing

2.5 Simulated Precipitation

The following types of precipitation have been simulated for aerodynamic research
in the IWT:

Ice Pellets;

Snow;

Freezing Rain/Rain; and

L nh

Other conditions related to HOTSs.

2.5.1 lce Pellets

Simulated ice pellets were produced with diameters ranging from 1.4 mm to 4.0 mm
to represent the most common ice pellet sizes observed during natural events. The
ice pellets were manufactured inside a refrigerated truck (see Photo 2.5). Cubes of
ice were crushed and passed through calibrated sieves (see Photo 2.6) to obtain the
required ice pellet size range. Hand-held motorized dispensers (see Photo 2.7) were
used to dispense the ice pellets. The ice pellets were applied to the leading and
trailing edges of the wing at the same time.

2.5.2 Snow

Snow was produced using the same method for producing ice pellets. The snow
used consisted of small ice crystals measuring less than 1.4 mm in diameter.
Previous testing conducted by APS investigated the dissolving properties of the
artificial snow versus natural snow. The artificial snow was selected as an
appropriate substitute for natural snow.
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The snow was manufactured inside a refrigerated truck. Cubes of ice were crushed
and passed through calibrated sieves to obtain the required snow size range.
Hand-held motorized dispensers were used to dispense the snow. The snow was
applied to the leading and trailing edges of the wing at the same time.

2.5.3 Freezing Rain/Rain

The same sprayer head and scanner used for HOT testing at the NRC Climatic
Engineering Facility was employed for testing. The sprayer system (see Photo 2.8)
uses compressed air and distilled water to produce freezing rain. The temperature of
the water is controlled and is kept just above freezing temperature to produce
freezing rain. To produce rain, the temperature of the water is raised until the
precipitation no longer freezes on the test surfaces.

2.5.4 Definition of Precipitation Rates

When simulating precipitation rates for full-scale and plate testing, the rate limits
defined for standard HOT testing were referenced. Figure 2.6 demonstrates the HOT
testing precipitation rate breakdown.

HOT testing protocol for ice pellets does not currently exist. As a result, ice pellet
precipitation rate limits were based upon the freezing rain rate breakdown. The
following precipitation rates were used for the testing conducted during the winter
of 2021-22:

1. Light Ice Pellets: 13-25 g/dm?/h;

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

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

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

5. Light Rain: 13-25 g/dm?/h;

6. Moderate Rain: 25-75 g/dm?/h;

7. Light Snow: 4-10 g/dm?/h; and
8. Moderate Snow: 10-25 g/dm?/h.
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Rain on Cold Soaked Wing

Light Freezing Rain

Freezing Drizzle

Freezing Fog
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Figure 2.6: Precipitation Rate Breakdown

2.6 Test Equipment

A considerable amount of test equipment was used to perform these tests. Key items
are described in the following subsections; a full list of equipment is provided in the
test procedure, which is included in Appendix B.

2.6.1 Video and Photo Equipment

APS used the observation windows on the sides of the test section to install Canon®
EOS XTi DSLR cameras and Godox SL150W Il LED video lights to capture
second-by-second photography with an intervalometer. An Osmo® camera was used
for wide-angle filming of fluid flow-off during the test runs.

Due to facility occupancy and travel restrictions, a closed-circuit television system
(CCTV) was installed by APS and allowed remote viewing of the tests by
stakeholders using iPad®-based software. The CCTV cameras were positioned to
provide different angle views of the wing model.

Photo 2.9 and Photo 2.10 demonstrate the camera setup used for the testing period.
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2. METHODOLOGY

2.6.2 Refractometer/Brixometer

Fluid freezing points were measured using a hand-held Misco 10431VP refractometer
with a Brix scale (shown in Figure 2.7). The freezing points of the various fluid
samples were determined using the conversion curve or table provided to APS by the
fluid manufacturer.

Figure 2.7: Hand-Held Refractometer/Brixometer

2.6.3 Wet Film Thickness Gauges

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

TAGO!
WET FILM THICKMNESS GAGE
O.4 MiL TG 400 MIL

Figure 2.8: Wet Film Thickness Gauges
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2.6.4 Hand-Held Immersion and Surface Temperature Probes

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

Figure 2.9: Hand-Held Immersion and Surface Temperature Probes

2.7 Personnel

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

2.8 Data Forms

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

1. General Form;
Wing Temperature, Fluid Thickness and Fluid Brix Form;

Ice Pellet and Snow Dispensing Forms;

e N

Sprayer Calibration Form;
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Visual Evaluation Rating Form;
Condition of Wing and Plate Form;

Fluid Receipt Form; and

©® N O O

Log of Fluid Sample Bottles.

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

2.9 Data Collection

Fluid thickness, fluid Brix, and skin temperature measurements were collected by
APS personnel. The measurements were collected before and after fluid application,
after the application of contamination, and at the end of the test. The completed
data forms have been scanned and included in Appendix C for referencing purposes.

High-speed digital photographs of each test were taken. In addition, videos were also
recorded during a majority of the tests. Due to the large amount of data available,
photos of the individual tests have not been included in this report, but the
high-resolution photos have been provided to TC in electronic format and can be
made available upon request.

2.10 De/Anti-Icing Fluids

For the winter of 2021-22, five new fluids were received: ClearWing ECO, ChemR
Nordik IV, Polar Guard® Xtend, Defrost NORTH 4, and FCY-EGIV. An additional three
fluids were received for EG expansion and general testing: ClearWing EG, EG106,
and Polar Guard Advance. Several other fluids remained in inventory from previous
years’ testing, and, of those, the EG-based fluids were used for allowance time
expansion testing. The viscosity of all fluids in inventory was measured using the
Brookfield Digital Viscometer Model DV-1 + to ensure the fluid was within the fluid
manufacturer production specifications and comparable to previous samples
received. The pertinent characteristics of these fluids are given in Table 2.2.
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Table 2.2: Wind Tunnel Fluid Viscosity Information for 2021-22 Testing

2017-18 2018-19 2019-20 2020-21 2021-22
£ g 3 =5| =39 3 =5| =38 5 =5| =3 0 =5| =38 5 |=5|=%
£ c - T S g8 SO0l 32| g8 SO0 | F2| B8 Fo| 32| 38 30| 52| 38 | 50| F¢
2 s = 2 o _ £ m o g £ o o g £ [ o g £ o o g £s o o g
o 5 S 38 £3| a3 24| 2E 23 2g| 2E 22 2g| 2E 23 2a| 2E| 23 2g | 2E
g = s > 8 5 38 ZE| 2o 33 ZE| Eo 38 =ZE| 2o 33 ZE| £ 38 =ZE | 2o
2 « 8 =2 ER|E£E| 22 | £E| =g fR| EE| 22 FR| £E| 22 | E2| £E
] & S g s F s g S £ S £

AliClear AeroClear MAX 100/0 TAB17-1023 17-18 | 400 | 16,500 | 19.0 | 0:02 15,500 13,700

Clariant MaxFlight AVIA 100/0 41 17-18 | 400 | 1,838 | 19.6 | 0:08 | 1,980 | 19.2 | 0:09 | 1,926 1,794 1,810 | 20.8 | 0:08
Clariant MaxFlight SNEG 100/0 8 17-18 | 400 | 18,700 | 19.6 | 0:39 | 19,100 | 19.5 | 0:41 | 19,700 19,900 26,200 | 20.9 | 0:40
Clariant Safewing EG IV NORTH 100/0 01819 18-19 | 400 1,028 | 19.2 | 0:05 956 195 | 0:06 | 1,042 974 | 20.9 | 0:05
JSC RCP N°”2éé°:sayd’ Defrost | 450/0 #4 (Lot #48) 18-19 | 300 13,300 | 19.9 | 0:34 | 12,300 10,400 9,100 | 20.7 | 0:22
Cryotech Polar Guard Advance 100/0 PGA181205PA 18-19 300 14,820 14,760 15,200 | 21.0 0:20
DOW EG106 100/0 D268KAGO00 20-21 | 300 42,980 | 20.0 | 1:21 | 40,300 | 21.0 | 1:16
AliClear Clearwing EG 100/0 | TAB20-CW1207 20-21 | 400 41,620 | 20.1 | 0:09 | 44,400 | 20.9 | 0:08
AllClear ClearWing ECO 100/0 | ClearW.WT.21.22 | 21-22 | 400 44,680 | 20.8 | 2:18
CHEMCO ChemR Nordik IV 100/0 271021-1 21-22 | 500 63,600 | 20.9 | 0:48
JSC RCP Nordix Defrost North 4 100/0 2 21-22 | 500 3,920 | 21.0 | 0:06
Newave FCY-EGIV 100/0 211110001 21-22 | 300 49,800 | 20.2 | 0:06
Cryotech Polar Guard Xtend 100/0 PGX211202PA 21-22 | 415 14,120 | 20.7 | 0:18
AliClear ClearWing EG 100/0 | ClearEG.WT.21.22 | 21-22 | 400 46,580 | 20.6 | 0:08
Dow EG106 100/0 EG.WT.21.22 21-22 | 500 43,000 | 20.8 | 0:51
Cryotech Polar Guard Advance 100/0 PGA211202PA 21-22 | 415 13,860 | 20.9 | 0:18

Note: Viscosity was measured using manufacturer methods.
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2. METHODOLOGY

2.10.1 Viscometer

Historically, viscosity measurements have been carried out using a Brookfield
viscometer (Model DV-1 +, shown in Photo 2.13) fitted with a recirculating fluid bath
and small sample adapter. In recent years, on-site measurements are also possible
with the Stony Brook PDVdi-120 Falling Ball Viscometer (Photo 2.14) to obtain a
quick verification of the fluid integrity. The falling ball tests are much faster and more
convenient to perform compared to tests with the Brookfield viscometer. The falling
ball, however, does not provide the absolute value of viscosity but rather a time
interval that is compared to historical samples to identify changes in viscosity.

2.10.2 Type II/II/IV Fluid Application Equipment

The Type II/III/IV fluids were stored outside the wind tunnel and were kept at ambient
temperature. The fluids were poured rather than sprayed so that application would
not change the fluid viscosity. This methodology was appropriate given the relatively
small test area of the wing section and the goal of minimizing the amount of fluid
flowing off the wing.

Type llI/III/IV fluids are generally received in 20 L containers; however, some fluids
are received in large 200 L barrels and larger 1000 L totes. The fluid is applied to the
wing section by using smaller 2 L containers (see Photo 2.11). Approximately 16 L
to 20 L of fluid were applied to the wing section for each test; less fluid was required
for the less viscous Type lll fluid. Due to the flat top surface of the thin
high-performance wing, the thickened fluid did not easily settle and flow on the top
surface. Therefore, the wing was tilted forward (by approximately 10°) for 1 minute
following the end of fluid application to allow for the fluid to spread out evenly over
the top surface of the wing.

2.10.3 Waste Fluid Collection

Using a relatively small test area and applying the fluids by pouring minimized the
amount of fluid falling off the wing. The NRC also fitted the wind tunnel with
appropriate drainage tubes to collect spent fluid during the takeoff test runs, which
allowed APS personnel to squeegee residual fluid on the tunnel floor directly into the
drains. At the end of the testing period, the services of a waste removal company
were employed to safely dispose of the waste glycol fluid.
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2.11 Analysis Methodology

The following provides a brief description of the analysis methodology. More details
on the analysis methodology can be found in TP 15232E (1).

Each ice pellet test was analysed in detail with the following objectives:

1. Test parameters;
Visual ratings at the start of the test;
Visual ratings at rotation;

8° lift loss; and

o &~ w N

Overall test status.

The evaluation grades for each criterion were “Good,” “Review,” or “Bad.” These
grades were determined based on whether the criterion satisfied each test objective
requirement. Figure 2.10 shows a summary of each test objective and criterion.

Several test parameters were evaluated, such as tunnel temperature before the start
of the test, rate of precipitation, and exposure time of precipitation. These
parameters were compared to the target parameters described in the test plan. The
actual recorded ramp-up time was also evaluated and compared to the target ramp-up
time to ensure representative flow-off results; this became less of an issue after
2011-12 with the use of the automated ramp-up system instead of the previous
manual system.

2.11.1 Visual Ratings at the Start of the Test

During each of the tests conducted, visual contamination ratings were determined
by three observers: one observer from the FAA and two observers from APS. The
level of contamination present on the leading edge and trailing edge of the wing, as
well as on the flap, was quantified using a scale of one-to-five with five being the
worst-case scenario; partial numbers were sometimes assigned when cases were
marginally above or below a specific rating.

The visual contamination rating criteria at the start of the test on both the leading
and trailing edges must be equal to 3 or less to pass. The flap must have a rating of
4 or less. For a review grade to be given, the leading and trailing edges must have a
rating between 3 and 3.5, and the flap must have a rating between 4 and 4.5. Any
rating greater than 3.5 on the leading and trailing edges is considered a fail, while
anything greater than 4.5 on the flap is considered a fail.
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1. TEST PARAMETERS

2. VISUAL RATINGS AT START OF TEST

CRITERIA: LE/TE <
Flap <4
<3,3,4 GOOD
>3,3,4103.5,3.5,4.5 REVIEW
3. VISUAL RATINGS AT ROTATION
CRITERIA: LE =1

1 GOOD
1t01.5 REVIEW

4. LIFT LOSS AT 8°

CRITERIA:
<-20 <54% GOOD
-20to 20 5.4% 10 9.2% REVIEW
OVERALL STATUS

IF ANY OF THE ABOVE CRITERIA ARE RED, TEST IS NOT ACCEPTABLE
THEREFORE WORST OF ABOVE 3 CRITERIA, ORDER IS:

GREEN
YELLOW

Figure 2.10: Ice Pellet Test Analysis Criteria
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2.11.2 Visual Ratings at Rotation

The visual contamination rating criteria at the time of rotation on the leading edge
must be equal to 1 or less to pass. For a review grade to be given, the leading edge
must have a rating between 1 and 1.5. Any rating on the leading edge greater than
1.5 is considered a fail.

2.11.3 Eight-Degree Rotation Lift Loss

To pass, the 8° rotation lift loss must be less than 5.4 percent. For a review grade
to be given, the lift loss must be between 5.4 percent and 9.2 percent. Any lift loss
greater than 9.2 percent is considered a fail.

2.11.4 Overall Test Status

After all objectives were analysed, the overall status was given a “Good,” “Review,”
or “Bad” evaluation. This provided an overall summary for each test. The overall
status was determined by the worst-case scenario of any of the test objectives; if
any of the criteria were given a “Bad” grade, the overall status would be “Bad” and
the test considered a fail.

2.11.5 Dry Wing Calibration

To ensure the accuracy of the testing results, a dry wing calibration test was
conducted at the start of each day. The dry wing test allowed the research team to
ensure that the model aerodynamics did not change due to mechanical,
communicative, or analytical errors. Dry wing tests were also conducted following
any mechanical modification to the airfoil (i.e., after applying the ice phobic wing
skins). The dry wing results demonstrated that the changes in dry wing performance
were within the range of experimental error and did not indicate any repeatability
issues with the model.
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Photo 2.1: Outside View of the NRC Wind Tunnel Facility

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

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

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

Photo 2.6: Calibrated Sieves Used to Obtain Desired Size Distribution
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Photo 2.7: Ice Pellet Dispensers Operated by APS Personnel
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Photo 2.9: Wind Tunnel Setup for Flashes
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Photo 2.11: Fluid Pour Containers
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Photo 2.14: Stony Brook PDVdi-120 Falling Ball Viscometer
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3. FULL-SCALE DATA COLLECTED

3. FULL-SCALE DATA COLLECTED

3.1 Test Log

A calendar of the tests conducted during the winter of 2021-22 can be found in
Table 2.1. A detailed log of the tests conducted in the NRC IWT during the winter
of 2021-22 is included in Appendix D. The log provides relevant information for each
of the tests, as well as final values used for the data analysis. Each row contains
data specific to one test. The following is a brief description of the column headings

for the logs included in Appendix D.

Test #:
Date:
Test Plan #:

Objective:

Test Condition:

Fluid Name:
Rotation Angle:

Speed (kts):

Flap Angle (0°, 20°):

Corrected for 3D Effects %

Lift Loss at 8° C.vs. Dry Ci:

Exclusive number identifying each test run.
Date when the test was conducted.

The unique number identifying the test in the
overall plan specific to the test year.

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; began testing with a
max 8° rotation angle and increased to 20° as
testing progressed.

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

Positioning of the flap during the precipitation
period; either O° (retracted) or 20° (extended).

Note: Flap was always extended at 20° during
the takeoff run.

Percent lift loss calculated based on the
comparison of the 8° lift coefficient during the
test run versus the 8° dry wing average lift
coefficient.
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Tunnel Temp. Before Test (°C):

OAT Before Test (°C):

Avg. Wing Temp. Before Fluid
Appl. (°C):

Avg. Wing Temp. Before Test (°C):

XX Rate (g/dm?/h):

Exposure Time (min.):

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

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

OAT recorded just before the start of the
simulated takeoff test, measured in degrees
Celsius.

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

The average of the wing temperatures just
before the fluid was applied.

The average of the wing temperatures just
before the test.

Simulated freezing precipitation rate (or
combination of different precipitation rates)
for Ice Pellets (IP), Snow (SN), Freezing Rain
(ZR), and Rain (R).

Simulated precipitation period, recorded in
minutes.

The visual contamination ratings are described below. Visual contamination ratings
were typically reported as the average of the three observer ratings and rounded to
the nearest decimal. The visual contamination ratings system is further described in

Subsection 2.11.

Visual Contamination Rating
Before Takeoff (LE, TE, Flap):

Visual contamination rating determined
before the start of the simulated takeoff:

1 - Contamination not very visible, fluid still
clean;

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

3 - Contamination visible, spots of bridging
contamination;

4 - Contamination visible, lots of dry bridging
present; and

5 - Contamination visible, adherence of
contamination.
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Visual Contamination Rating
at Rotation (LE, TE, Flap):

Visual Contamination Rating
After Takeoff (LE, TE, Flap):

Visual contamination rating determined at the
time of rotation:

1 -

2 -

Contamination not very visible, fluid still
clean;

Contamination is visible, but lots of fluid
still present;

Contamination visible, spots of bridging
contamination;

Contamination visible, lots of dry bridging
present; and

Contamination visible, adherence of
contamination.

Visual contamination rating determined at the
end of the test:

1-

2 -

Contamination not very visible, fluid still
clean;

Contamination is visible, but lots of fluid
still present;

Contamination visible, spots of bridging
contamination;

Contamination visible, lots of dry bridging
present; and

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

4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV
FLUIDS

The Type IV fluid Ice Pellet Allowance Times are based on data collected using
commercially available Type IV fluids. The Type IV fluid Ice Pellet Allowance Times
guidance is generic; therefore, the allowance times must be conservative enough to
be applicable to all Type IV fluids on the market.

As new fluids are developed and become commercially available, it is important to
evaluate these fluids against the current allowance times to ensure the continued
validity of the generic guidance. Due to the open-circuit nature of the wind tunnel
test facility, it is not generally feasible to test in all of the conditions listed in the
allowance time table in a given year. Therefore, systematic “spot checking” is used
to identify any potential issues. Additionally, efforts are made to obtain data with all
available fluids close to their fluid LOUT; this further allows the aerodynamic effects
of ice pellet contamination at colder temperatures to be determined.

To meet these requirements, testing was conducted during the winter of 2021-22
with the following Type IV EG and PG fluids:

1. AlIClear Systems LLC ClearWing ECO;

CHEMCO Inc. ChemR Nordik 1V;

Cryotech Deicing Technology Polar Guard® Xtend;
JSC RCP Nordix Defrost NORTH 4; and

Newave Aerochemical Co. Ltd. FCY-EGIV.

o &~ w N

The following subsections will provide an overview of the analysis format and a
summary of the results obtained for each of the fluids tested.

4.1 Allowance Time Table Analysis Format

For each fluid tested, a table has been included that provides a summary of the tests
conducted. The results from the individual tests are included in a mock-up allowance
time table indicating the current Ice Pellet Allowance Times as well as the individual
test information in the respective cell. The individual test information has been
included in the following format:
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

e FFAA(BB)CCI[DDIGGE
o FF is the fluid name designation based on the following:
o ClearWing ECO - WE;
o ChemR Nordik IV — RN;
o Polar Guard® Xtend — XT;
o Defrost NORTH 4 - DN; and
o FCY-EGIV - FC.

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

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

o CC is the exposure time of the test in minutes.
o DD is the test number for referencing the data in the test logs.
o GG is the last two digits of the year of testing (i.e., 2020-21 is “21").

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

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

The purpose of these tables is to provide a quick reference of the test results vis-a-vis
the current allowance times to better understand in which cells the times have been
validated or where potential issues may be identified.

4.2 ClearWing ECO Testing Results

Nine allowance time tests were conducted in 2021-22 with ClearWing ECO.
Table 4.1 provides a summary of the tests conducted. The data collected with
ClearWing ECO demonstrated higher-than-usual lift losses, which were not typical of
the aerodynamic performance expected for a PG Type IV fluid. The points highlighted
in red (failed tests) are of particular concern. Of the five failed tests, all of them also
had some residual fluid and contamination at the time of rotation that was visually
observed.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Due to the five failed wind tunnel test results, an additional exercise was conducted
by TC/FAA to evaluate the boundary layer displacement thickness (BLDT)
performance of the fluid sample to get a better understanding of the source of the
issue. The ClearWing ECO fluid, along with other fluids tested this year, was tested
in a “fluid-only” configuration at the IWT, and then the same batch of fluid was
submitted for BLDT testing at the same temperature. In the case of the ClearWing
ECO fluid, four fluid-only tests were conducted at the IWT; therefore, four BLDT
tests were also conducted. The BLDT tests were conducted at -20°C, -14°C, -11°C
and -4°C, and all four of the tests exceeded the BLDT limit, indicating an issue with
the fluid batch submitted.

TC and the FAA have since reached out to the manufacturer to investigate this issue
further and to determine the actions moving forward; this is ongoing at the time of
writing this report. Based on the results obtained, the validation testing for ClearWing
ECO is considered incomplete. Further discussions with the fluid manufacturer
related to the batch submitted, and likely additional testing with a new batch, will be
required before any changes to the guidelines are considered.

Table 4.1: ClearWing ECO Allowance Time Tests

Outside Air Temperature
Precipitation Types or

Combinations -5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
50 minutes 30 minutes 30 minutes 30 minutes

Light Ice Pellets WE-5(7.2)50[4]22R

Light Ice Pellets Mixed with Light 40 minutes 15 minutes 15 minutes
Snow WE-5(9)40[43]122R

Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 25 minutes 10 minutes
Freezing Drizzle

Light Ice Pellets Mixed with Light 25 minutes 10 minutes Caution: )
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 25 minutes
Rain
. 15 minutes . 10 minutes
Moderate Ice Pellets (or Small Hail) WE-5(8.9)15[3]122R 10 minutes
Moderate Ice Pellets (or Small Hail)
Mixed with Moderate Freezing 10 minutes 7 minutes
Drizzle Caution:

No allowance times currently exist.

Moderate Ice Pellets (or Small Hail)

Mixed with Moderate Rain 10 minutes
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

4.3 Cryotech Polar Guard Xtend Testing Results

An initial batch of Cryotech Polar Guard Xtend was submitted for testing in 2020-21.
However, based on some data that was collected at or outside the temperature limits
with higher recorded lift losses, it was recommended to retest a new batch of fluid
to ensure it could be validated for use with the allowance times.

A total of 15 allowance time tests were conducted with Cryotech Polar Guard Xtend
in the winter of 2021-22 with a new batch of fluid. Table 4.2 provides a summary
of the tests conducted. Of the tests, two were acceptable from visual and
aerodynamic perspectives; however, nine tests (#8, #12, #19, #28, #51, #68, #73,
#74, and #104) had “Review” status, and four tests (#13, #58, #107, and #126)
had “Bad” status.

Upon further investigation of the “Review” tests, Tests #8, #12, #28, #74, and
#104 demonstrated lift losses that were above the 5.4 percent lower limit but still
well below the 9.2 percent upper limit, and they were acceptable according to the
visual rating. It is common for fluids to demonstrate higher lift losses at colder
temperatures; therefore, these results were not of concern. Tests #19, #51, #68,
and #73 had visual contamination on the leading edge at the time of rotation, which
was slightly higher than the acceptable limit; however, the low lift losses recorded
indicated that these tests could be considered acceptable.

Upon further investigation of the “Bad” tests, Tests #58 and #126 failed due to the
visual rating, which identified adherence on the flap at the start of the test run after
the fluid and contamination had been applied with the flap extended (in the takeoff
position). Note that Test #58 was attempting to simulate an above -5 °C test where
the allowance time is 25-minutes, however the actual temperature during the test
was colder and hence the associated allowance time for that temperature was
10-minutes. The tests were not re-run as it is known that the visual rating would
improve with the flap retracted during the contamination period and because the lift
loss was acceptable despite the contamination on the flap.

Test #107 also failed; however, the temperature at the start of the test cooled
to -12°C, two degrees colder than the target -10°C for a 100-knot test. This had a
negative impact on the resulting lift loss. Had the test been repeated with the
appropriate 115-knot speed, it is expected that the lift losses would have been within
an acceptable range.

Test #13 failed in Light Ice Pellets below -16°C to -22°C with a 30-minute exposure
time, a cell that has historically shown higher lift losses for PG fluids. As a corrective
action, the test was re-run with a shorter exposure time of 20 minutes (Test #19)
and the results were acceptable. As a result of this test and with support from
historical data (see Figure 4.1), a guidance change was recommended to reduce the
PG fluid 30-minute allowance time to 20 minutes for Light Ice Pellets below -16°C
to -22°C.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Based on these results, the allowance times were validated for Cryotech Polar Guard
Xtend.

Table 4.2: Cryotech Polar Guard Xtend Allowance Time Tests

Outside Air Temperature

Precipitation Types or

Combinations -5°C and Below -5 Below -10 Below -16

above to -10°C to -16°C to -22°C
Light Ice Pellets 50 minutes 30 minutes 30 minutes 30 minutes

XT-3(3.8)50[32]122G XT-9(7.1)30[104]22R | XT-14(6.5)30[28]22R XT-20(8.3)20[19]22R
Light Ice Pellets Mixed with Light 40 minutes XT_;(57 ’g;q‘;t[‘;zzﬁ 15 minutes
Snow XT-5(5.9)40[73]22R XT-9(7.9)15[51]22R XT-12(6.3)15[68]122R
Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 25 minutes 10 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 25 minutes 10 minutes Caution: _
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 25 minutes
Rain
10 minutes
. 15 minutes 10 minutes XT-16(8.9)10[12]22R
Moderate Ice Pellets (or Small Hail) XT-3(4.2)15[38]22G
Moderate Ice Pellets (or Small Hail) 7 minutes
Ml_xed with Moderate Freezing 10 minutes XT-10(5.9)7[74122R
Drizzle Caution:
No allowance times currently exist.

Moderate Ice Pellets (or Small Hail) 10 minutes
Mixed with Moderate Rain inu
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

PG Fluid Data
Light Ice Pellets, Below -16°C to -22°C, 115 Knots

12%

1%

10% 9.75%
0.18% 9.35@,
i [ ]
9% S.1 W
®o50%  827%
[e] [ ]

8%
7.14%20% 7 g70,

[ ) .
[m] i
7% 6.7% . - 15-Min Tests
9 6.35% ° © 20-Min Tests
u [ ]
2 6y ® 30-Min Tests
- —9.2% Lift Loss Limit
5 4.95%
5% o
4%
3%
2%
1%
0%
-30 28 26 24 22 -20 -18 -16 -14 12 -10 -8 6 4 2 0

Temperature (°C)

Figure 4.1: Historical PG Data for Light Pellets Below -16°C to -22°C

4.4 Defrost North 4 Testing Results

A total of 13 allowance time tests were conducted with Defrost North 4 fluid. As
this was an EG fluid and it was expected that the fluid would perform well in specific
conditions, some tests were conducted for longer than published allowance times so
the test could serve a dual purpose: validating the existing allowance times and
potentially supporting the expansion of the table for EG fluids.

Table 4.3 provides a summary of the tests conducted that served strictly as
validation tests (i.e., the exposure time of the test was equivalent to the current
allowance times). All tests conducted were acceptable from visual and aerodynamic
perspectives with the exception of Test #127, run in Light Ice Pellets Mixed with
Freezing Rain. The test failed due to the visual rating, which identified adherence on
the flap at the start of the test after the EG fluid and contamination had been applied
with the flap extended (in the takeoff position). Test #127 was not re-run as it is
known that the visual would improve with the flap retracted during the contamination
period and because the lift loss was low.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.4 provides a summary of the tests conducted that served as expansion tests
(i.e., the exposure time of the test exceeded the current allowance time). Test #23
had “Review” status due to visual ratings on the leading edge prior to the start of
the test; however, the fluid and contamination were removed at the time of rotation.
The low lift losses recorded indicated that these tests could be considered
acceptable. Test #55, run in Light Ice Pellets Mixed with Freezing Rain, had “Bad”
status due to the visual rating, which identified adherence on the flap at the start of
the test after the EG fluid and contamination had been applied with the flap extended
(in the takeoff position). Test #55 was not re-run as it is known that the visual would
improve with the flap retracted during the contamination period and because the lift
loss was low.

Table 4.5 provides a consolidated summary of all the tests conducted. In general,
the fluid met and exceeded the current allowance times. In the cases where the
results had “Bad” status, the deployed flap position during fluid application and
exposure to contamination was the contributing factor, and previous research has
shown that a significant improvement is expected if the test is conducted with the
flap in the retracted position. In the cases where the results had “Review” status,
the visual contamination was borderline; however, the low lift losses recorded
indicated that these tests could be considered acceptable.

Based on these results, the allowance times were validated for Defrost North 4, and
the results indicate a good potential to increase the allowance times for EG fluids.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.3: Defrost North 4 Allowance Time Validation Tests

Precipitation Types or

Outside Air Temperature

Combinations -5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C

Light Ice Pellets 70 minutes 50 minutes 30 minutes 30 minutes

Light Ice Pellets Mixed with Light 50 minutes 30 minutes 15 minutes

Snow DN-3(1.0)50[41122G DN-11(3.8)30[65]22G

Light Ice Pellets Mixed with Light

Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 40 minutes 30 minutes C:c\ution: )
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain

35 minutes 25 minutes 10 minutes

Moderate Ice Pellets (or Small Hail)

DN-4(1.2)35[40]22G

DN-8(1.9)25[6]122G

10 minutes

Moderate Ice Pellets (or Small Hail)

Mixed with Moderate Freezing 20 minutes 10 minutes
Drizzle Caution:
No allowance times currently exist.
Moderate Ice Pellets (or Small Hail) .
15 minutes

Mixed with Moderate Rain

DN-17(5.3)10[121]122G
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.4: Defrost North 4 Allowance Time Expansion Tests

Outside Air Temperature

Precipitation Types or
Combinations -5°C and Below -5 Below -10 Below -16

above to -10°C to -16°C to -22°C
Light Ice Pellets 70 minutes 50 minutes 30 minutes 30 minutes

9 DN-3(0.9)90[34]22G DN-9(2.1)70[102]22G | DN-14(2.9)70[48]22G
Light Ice Pellets Mixed with Light . . 15 minutes
Snow 50 minutes 30 minutes DN-12(4.4)30[88]22G
Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 40 minutes 30 minutes Caution: .
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain
" . . 10 minutes .
Moderate Ice Pellets (or Small Hail) 35 minutes 25 minutes DN-16(4.9)25[23]22R 10 minutes
Moderate Ice Pellets (or Small Hail) 10 minutes
Ml.xed with Moderate Freezing 20 minutes DN-10(3.7)20176]22G
Drizzle Caution:
No allowance times currently exist.

Moderate Ice Pellets (or Small Hail) 15 minutes
Mixed with Moderate Rain
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.5: All Defrost North 4 Allowance Time Tests

Precipitation Types or
Combinations

Outside Air Temperature

-5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
Light Ice Pellets 70 minutes 50 minutes 30 minutes 30 minutes

DN-3(0.9)90[34122G

DN-9(2.1)70[102]22G

DN-14(2.9)70[48]22G

Light Ice Pellets Mixed with Light
Snow

50 minutes
DN-3(1.0)50[41]122G

30 minutes
DN-11(3.8)30[65122G

15 minutes
DN-12(4.4)30[88122G

Light Ice Pellets Mixed with Light

Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 40 minutes 30 minutes Caution: .
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain

35 minutes 25 minutes 10 minutes 10 minutes

Moderate Ice Pellets (or Small Hail)

DN-4(1.2)35[40]22G

DN-8(1.9)25[6]122G

DN-16(4.9)25[23]122R

DN-17(5.3)10[121]122G

Moderate Ice Pellets (or Small Hail)

10 minutes

Ml.xed with Moderate Freezing 20 minutes DN-10(3.7)20176]22G
Drizzle Caution:
No allowance times currently exist.
Moderate Ice Pellets (or Small Hail) .
15 minutes

Mixed with Moderate Rain

4.5 ChemR Nordik IV Testing Results

A total of 14 allowance time tests were conducted with ChemR Nordik IV fluid. As
this was an EG fluid and it was expected that the fluid would perform well in specific
conditions, some tests were conducted for longer than published allowance times so
the test could serve a dual purpose: validating the existing allowance times and
potentially supporting the expansion of the table for EG fluids.

Table 4.6 provides a summary of the tests conducted that served strictly as
validation tests (i.e., the exposure time of the test was equivalent to the current
allowance times). All tests conducted were acceptable from visual and aerodynamic
perspectives.

Table 4.7 provides a summary of the tests conducted that served as expansion tests
(i.e., the exposure time of the test exceeded the current allowance time). Tests #11,
#85, #118, and #119 had “Review” status due to visual ratings on the leading edge
prior to the start of the test; however, the fluid and contamination were removed at
the time of rotation. The low lift losses recorded indicated that these tests could be
considered acceptable. Test #54, run in Light Ice Pellets Mixed with Light Freezing
Rain, had “Bad” status due to the visual rating, which identified adherence on the
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

flap at the start of the test after the EG fluid and contamination had been applied
with the flap extended (in the takeoff position). Test #54 was not re-run as it is
known that the visual would improve with the flap retracted during the contamination
period and because the lift loss was low.

Table 4.8 provides a consolidated summary of all the tests conducted. In general,
the fluid met and exceeded the current allowance times. In the cases where the
results had “Bad” status, the deployed flap position during fluid application and
exposure to contamination was the contributing factor, and previous research has
shown that a significant improvement is expected if the test is conducted with the
flap in the retracted position. In the cases where the results had “Review” status,
the visual contamination was borderline; however, the low lift losses recorded
indicated that these tests could be considered acceptable.

Based on these results, the allowance times were validated for ChemR Nordik 1V,
and the results indicate a good potential to increase the allowance times for EG fluids.

Table 4.6: ChemR Nordik IV Allowance Time Validation Tests

Outside Air Temperature

Precipitation Types or

Combinations -5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
Light Ice Pellets 70 minutes 50 minutes 30 minutes 30 minutes
9 RN-4(1.2)70[33]22G
Light Ice Pellets Mixed with Light 50 minutes 30 minutes 15 minutes
Snow RN-4(0.6)50(72]122G RN-10(2.1)30[64122G
Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
f : f : Caution:
Light Ice Pellets Mixed with Light . .
Fr?eezing Rain 9 40 minutes 30 minutes No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain
. . . . 10 minutes
Moderate Ice Pellets (or Small Hail) 35 minutes 25 minutes 10 minutes RN-18(3.3)10[120]22G
Moderate Ice Pellets (or Small Hail) 10 minutes
Ml.xed with Moderate Freezing 20 minutes RN-11(1.4)10[75]22G
Drizzle Caution:
No allowance times currently exist.
Moderate Ice Pellets (or Small Hail) 15 minutes
Mixed with Moderate Rain
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.7: ChemR Nordik IV Allowance Time Expansion Tests

Outside Air Temperature
Precipitation Types or
Combinations -5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
. . 50 minutes 30 minutes .
Light Ice Pellets 70 minutes RN-11(1.6)70[101]22G RN-15(1.6)50[47]22G 30 minutes
Light Ice Pellets Mixed with Light . . 15 minutes
Snow 50 minutes 30 minutes RN-13(2.5)30[80]22G
Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 40 minutes 30 minutes i :
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain
10 minutes
25 minutes ROSte Sl 2o [TIZ20 10 minutes
Moderate Ice Pellets (or Small Hail) 35 minutes RN-16(2.5)20[118]22R
RN-8(1.2)35[5122G RN-16(2.8)15[119]22R RN-17(2.9)20[85]22R
Moderate Ice Pellets (or Small Hail)
Mixed with Moderate Freezing 20 minutes 10 minutes
Drizzle Caution:
No allowance times currently exist.
Moderate Ice Pellets (or Small Hail) 15 minutes
Mixed with Moderate Rain
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.8: All ChemR Nordik IV Allowance Time Tests

Outside Air Temperature

Precipitation Types or

Combinations -5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
. 70 minutes 50 minutes 30 minutes .
Light lce Pellets RN-4(1.2)70[33122G | RN-11(1.6)70[101122G | RN-15(1.6)50147122G 30 minutes
Light Ice Pellets Mixed with Light 50 minutes 30 minutes 15 minutes
Snow RN-4(0.6)50[72]22G RN-10(2.1)30[64122G RN-13(2.5)30[80]22G
Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 40 minutes 30 minutes Caution: .
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain
10 minutes
25 minutes RN-16(3.1)25[11]122R 10 minutes
Moderate Ice Pellets (or Small Hail) 35 minutes RN-8(1.2)35[5122G RN-16(2.5)20[118]22R | RN-17(2.9)20[85]22R
. RN-16(2.8)15[119]22R | RN-18(3.3)10[120]22G
Moderate Ice Pellets (or Small Hail) 10 minutes
Ml_xed with Moderate Freezing 20 minutes RN-11(1.4)10[75]22G
Drizzle Caution:
No allowance times currently exist.
Moderate Ice Pellets (or Small Hail) 15 minutes
Mixed with Moderate Rain

4.6 FCY-EGIV Testing Results

A total of 11 allowance time tests were conducted with FCY-EGIV fluid. As this was
an EG fluid and it was expected that the fluid would perform well in specific
conditions, some tests were conducted for longer than published allowance times so
the test could serve a dual purpose: validating the existing allowance times and
potentially supporting the expansion of the table for EG fluids.

Table 4.9 provides a summary of the tests conducted that served strictly as
validation tests (i.e., the exposure time of the test was equivalent to the current
allowance times). All tests conducted were acceptable from visual and aerodynamic
perspectives with the exception of Test #66, run in Light Ice Pellets Mixed with Light
Snow. Tests #66 had “Review” status due to visual ratings on the leading edge prior
to the start of the test; however, the fluid and contamination was removed at the
time of rotation. The low lift losses recorded indicated that these tests could be
considered acceptable.

Table 4.10 provides a summary of the tests conducted that served as expansion
tests (i.e., the exposure time of the test exceeded the current allowance time). Tests
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

#24, #39, and #90 had “Review” status due to visual ratings on the leading edge
prior to the start of the test; however, the fluid and contamination were removed at
the time of rotation. The low lift losses recorded indicated that these tests could be
considered acceptable. Test #57, run in Light Ice Pellets Mixed with Light Freezing
Rain, had “Bad” status due to the visual rating, which identified adherence on the
flap at the start of the test run after the EG fluid and contamination had been applied
with the flap extended (in the takeoff position). Test #57 was not re-run as it is
known that the visual would improve with the flap retracted during the contamination
period and because the lift loss was low.

Table 4.11 provides a consolidated summary of all the tests conducted. In general,
the fluid met and exceeded the current allowance times. In the cases where the
results had “Bad” status, the deployed flap position during fluid application and
exposure to contamination was the contributing factor, and previous research has
shown that a significant improvement is expected if the test is conducted with the
flap in the retracted position. In the cases where the results had “Review” status,
the visual contamination was borderline; however, the low lift losses recorded
indicated that these tests could be considered acceptable.

Based on these results, the allowance times were validated for FCY-EGIV, and the
results indicate a good potential to increase the allowance times for EG fluids.

Table 4.9: FCY-EGIV Allowance Time Validation Tests

Outside Air Temperature

Precipitation Types or

Combinations -5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
Light Ice Pellets 70 minutes 50 minutes 30 minutes 30 minutes

FC-15(3.1)30[123]22G

Light Ice Pellets Mixed with Light 50 minutes 30 minutes 15 minutes
Snow FC-11(3.1)30[66]122R

Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle

Light Ice Pellets Mixed with Light 40 minutes 30 minutes C'aution: )
Freezing Rain No allowance times currently exist.

Light Ice Pellets Mixed with Light

Rain 40 minutes
. . 25 minutes . 10 minutes
Moderate Ice Pellets (or Small Hail) 35 minutes FC-9(1.8)25[7122G 10 minutes FC-16(2.5)10[122]22G
Moderate Ice Pellets (or Small Hail)
Mixed with Moderate Freezing 20 minutes 10 minutes
Drizzle Caution:
No allowance times currently exist.

Moderate Ice Pellets (or Small Hail) .

15 minutes

Mixed with Moderate Rain
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.10: FCY-EGIV Allowance Time Expansion Tests

Precipitation Types or
Combinations

Outside Air Temperature

FC-4(1.5)90[35]122G

FC-9(0.8)70[103122G

FC-13(2.5)60[49]22G

-5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
Light Ice Pellets 70 minutes 50 minutes 30 minutes 30 minutes

Mixed with Moderate Rain

Light Ice Pellets Mixed with Light . . 15 minutes
Snow 50 minutes 30 minutes FC-13(4.5)30[90]22R
Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 40 minutes 30 minutes Caution: .
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain
. 35 minutes . 10 minutes .
Moderate Ice Pellets (or Small Hail) FC-3(1.2)45[39]22R 25 minutes FC-15(4.7)25[24]22R 10 minutes
Moderate Ice Pellets (or Small Hail)
Mixed with Moderate Freezing 20 minutes 10 minutes
Drizzle Caution:
No allowance times currently exist.

Moderate Ice Pellets (or Small Hail) .

15 minutes
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.11: All FCY-EGIV Allowance Time Tests

Precipitation Types or
Combinations

Outside Air Temperature

Light Ice Pellets

FC-4(1.5)90[35]122G

FC-9(0.8)70[103122G

FC-13(2.5)60[49]22G

-5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C
70 minutes 50 minutes 30 minutes 30 minutes

FC-15(3.1)30[123]22G

Moderate Ice Pellets (or Small Hail)

FC-3(1.2)45[39]22R

FC-9(1.8)25[7]22G

FC-15(4.7)25[24]22R

Light Ice Pellets Mixed with Light 50 minutes 30 minutes 15 minutes
Snow FC-11(3.1)30[66122R FC-13(4.5)30[90122R
Light Ice Pellets Mixed with Light
Freezing Drizzle or Moderate 40 minutes 30 minutes
Freezing Drizzle
Light Ice Pellets Mixed with Light 40 minutes 30 minutes Caution: .
Freezing Rain No allowance times currently exist.
ng.ht Ice Pellets Mixed with Light 40 minutes
Rain
35 minutes 25 minutes 10 minutes 10 minutes

FC-16(2.5)10[122]22G

Moderate Ice Pellets (or Small Hail)

Mixed with Moderate Rain

Mixed with Moderate Freezing 20 minutes 10 minutes
Drizzle
Moderate Ice Pellets (or Small Hail) .

15 minutes

Caution:
No allowance times currently exist.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Type IV Ice Pellet Allowance Times are intended to be conservative, and, therefore,
generic guidance is developed based on data collected using commercially available
Type IV fluids. Historically, Type IV PG and EG fluids have been grouped together;
however, data has indicated that EG fluids may have the operational advantage of
longer Ice Pellet Allowance Times in specific conditions. The industry requested that
EG fluid-specific Ice Pellet Allowance Time Tables be investigated to determine
potentially longer allowance times specific to these fluids. As such, an analysis of
historical EG data was conducted, and some expansion testing with EG fluids was
performed.

Initial data collected led to the development of a separate EG allowance time table
that was published for the winter of 2021-22. However, the expanded times
primarily focused on temperatures above -10°C, which is where the bulk of the data
was collected. Additional testing was recommended focusing on temperatures below
-10°C.

5.1 Analysis of EG Fluid Allowance Times

An analysis was conducted based on the EG fluids tested during the winter of
2021-22, as well as on historical testing that occurred between 2009 and 2021.
The data includes 181 tests, which comprised allowance time development,
validation, and expansion tests. Of the 181 data points, 46 were collected in
2021-22. The analysis included 10 EG fluids:

—

. AllClear Systems LLC ClearWing EG;

CHEMCO Inc. ChemR EG 1V;

CHEMCO Inc. ChemR Nordik 1V;

Clariant Produkte (Deutschland) GmbH Max Flight AVIA;

Clariant Produkte (Deutschland) GmbH Safewing EG IV NORTH;

Dow Chemical Company UCAR™ Endurance EG106 De/Anti-lcing Fluid;
JSC RCP Nordix (Formerly Oksayd Co. Ltd.) Defrost EG 4;

JSC RCP Nordix Defrost NORTH 4;

LNT Solutions LNT E450; and

10. Newave Aerochemical Co. Ltd. FCY-EGIV.

© ©® N o gk w N

The detailed data for all EG tests conducted since 2009 with the RJ wing has been
reviewed and a copy has been included in Appendix E for reference (refer to
Subsection 3.1 for heading descriptions). Table 5.1 provides a summary of all data
points, including those tested to the allowance time and those tested to exposure
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

times longer than the current allowance time. Table 5.2 includes only the validation
tests (i.e., tests that were run to the current allowance time). Note that the tests in
Table 5.3 include only those that were run longer than the current allowance time or
in conditions where there are no allowance times.

For Table 5.1, Table 5.2, and Table 5.3, the individual test information has been
included in the following format.

e FFAA(BB)CCIDDIGGE

O

O O O O

FF is the fluid name designation based on the following:
o AllClear ClearWing EG - CW;
Chemco ChemR EG IV - CC;
Chemco ChemR Nordik IV — RN;
Clariant Avia — CA;

Clariant North — CN;

Dow EG106 - DE;

LNT E450 - LE;

Defrost EG IV - FR;

Defrost North 4 — DN; and
Newave FCY-EGIV - FC.

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

0O O O O O O o o o

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

CC is the exposure time of the test in minutes.
DD is the test number for referencing the data in the test logs.
GG is the last two digits of the year of testing (i.e., 2020-21 is “21").

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

The test information is included in the cell for which the temperature band
best corresponds to the temperature recorded during the test.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.1: All EG Fluid Data Collected Since 2009 with RJ Wing

Precipitation Type

Outside Air Temperature

Light Ice Pellets

-5°C and above tB(:eI_c‘)lv;og Btzlt_)1w6;’lé) Below -16°C
30 minutes
70 minutes
50 minutes
30 minutes

LE-15(5.8)30[10]116R

CW-16(3.6)50[83]22R

CA-21(5.7)30[15]19R
FR-22(6.7)30[17]119R

Light Ice Pellets Mixed with
Snow

50 minutes

CW-3(3.3)50[98]121R

CC-5(3.7)50[33]118R

30 minutes

FC-11(3.1)30[66122R

15 minutes

CA-14(4.3)15[41]19R

FC-13(4.5)30[90122R

CW-16(7.2)30[81]122R

0 minutes

DE-18(4.1)15[311114R

Light Ice Pellets Mixed with
Freezing Drizzle

40 minutes
CN-2(6.9)40[90121R
FR-2(3.9)40[91]121R

30 minutes
CC-6(5.4)30[32]118R

Light Ice Pellets Mixed with
Freezing Rain

40 minutes

CC-3(2.3)40[76]121R-

30 minutes

O minutes

Caution: No allowance
times currently exist.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.1: All EG Fluid Data Collected Since 2009 with RJ Wing (cont’d)

Precipitation Type

Outside Air Temperature

Moderate Ice Pellets (or
Small Hail)

CC-4(2.7)35[96]21R

CN-5(1.3)35[21]20R

CW-8(2.2)35[42]21R
FC-3(1.2)45[39]22R

Below -5 Below -10
-ho - o
5°C and above t0 -10°C to -16°C Below -16°C
40 minutes
Light Ice Pellets Mixed with Caution:
Rain No allowance times currently exist.
35 minutes 10 minutes
LE-15(6.4)10[13]116R 10 minutes
25 minutes LE-17(6.0)10[11]116R

RN-16(2.8)15[119]122R
CA-16(4.1)20[91122R
RN-16(2.5)20[118]22R
CC-14(2.1)25[11]20R
DE-15(1.1)25[13]20R
FC-15(4.7)25[24]22R
CN-16(2.2)25[6]20R

RN-16(3.1)25[11]122R
DN-16(4.9)25[23]22R

CA-21(5.5)10[16]19R
FR-21(6.6)10[18]19R
RN-17(2.9)20[85]22R

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

20 minutes
CC-3(7.3)20[100]121R

FR-7(3.6)20[105]121R

10 minutes

Moderate Ice Pellets (or
Small Hail) Mixed with Rain

15 minutes

DE-1(2.1)12[21]121R*-

*I*

FR1(2.3)15[35]121R

Caution:
No allowance times currently exist.

*Rate issue with sprayer scanner.

- Flap up test.

Rain rate was about 20 percent higher than expected.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.2: EG Validation Tests (Meeting Current ATs) Since 2009 with RJ Wing

Precipitation Type

Outside Air Temperature

Light Ice Pellets

-5°C and above tB(:eI_c.)Ivgog Btzlt_)1w6;‘lé) Below -16°C
70 minutes
. 30 minutes
50 minutes 30 minutes

LE-15(5.8)30[10]16R

CA-21(5.7)30[15]19R
FR-22(6.7)30[17119R

Light Ice Pellets Mixed with

50 minutes

CW-3(3.3)50[98]121R

30 minutes

15 minutes

Snow O minutes
CA-14(4.3)15[41]19R
CC-5(3.7)50[33]18R FC-11(3.1)30[66]122R
CN-5(1.5)50[20]20G
40 minutes 30 minutes
Light Ice Pellets Mixed with CN-2(6.9)40[90]121R CC-6(5.4)30[32]18R
Freezing Drizzle FR-2(3.9)40[91121R _
40 minutes
30 minutes
Light Ice Pellets Mixed with ) . Caution: No allowance
0 minutes

Freezing Rain

CC-3(2.3)40[76121R-

Light Ice Pellets Mixed with
Rain

40 minutes

*

times currently exist.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.2: EG Validation Tests (Meeting Current ATs) Since 2009 with RJ Wing

(cont’d)
Outside Air Temperature
Precipitation Type Bel 5 Bel 10
Eo elow - elow - 180
5°C and above t0 -10°C t0 -16°C Below -16°C

35 minutes

10 minutes

25 minutes LE-17(6.0)10[11]116R

10 minutes

Moderate Ice Pellets (or LE-15(6.4)10[13]116R

Small Hail)

CA-21(5.5)10[16119R

CC-4(2.7)35[96]121R
FR-21(6.6)10[18]19R

CN-5(1.3)35[21]20R

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

20 minutes
CC-3(7.3)20[100]21R

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

FR-7(3.6)20[105121R

15 minutes

Caution:
DE-1(2.1)12[21]121R*- No allowance times currently exist.

*

Moderate Ice Pellets (or

Small Hail) Mixed with Rain il el 5[35]21R*

*

® ko

*Rate issue with sprayer scanner. Rain rate was about 20 percent higher than expected.
- Flap up test.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.3: EG Expansion Tests (Exceeding Current ATs) Since 2009 with RJ Wing

Outside Air Temperature
Precipitation Type Bol 5 Bel 10
Eo elow - elow - a@o
5°C and above t0 -10°C 0 -16°C Below -16°C
30 minutes
50 minutes
70 minutes 30 minutes
Light Ice Pellets CW-16(3.6)50[83]22R
15 minutes
FC-13(4.5)30[90122R
Light Ice Pellets Mixed with 50 minutes 30 minutes O minutes
Snow
CW-16(7.2)30[81]122R
Light .Ice Pe‘IIets Mixed with 40 minutes 30 minutes
Freezing Drizzle
30 minutes
Light Ice Pellets Mixed with . . Caution: No allowance
. X 40 minutes 0 minutes X .
Freezing Rain times currently exist.
quht Ice Pellets Mixed with 40 minutes
Rain
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.3: EG Expansion Tests (Exceeding Current ATs) Since 2009 with RJ Wing

(cont’'d)

Precipitation Type

Outside Air Temperature

-5°C and above

Below -5
to -10°C

Below -10
to -16°C

Below -16°C

Moderate Ice Pellets (or
Small Hail)

35 minutes
FC-3(1.2)45[39]22R

25 minutes

10 minutes
RN-16(2.8)15[119]22R
CA-16(4.1)20[91]22R
RN-16(2.5)20[118]22R
CC-14(2.1)25[11]20R
DE-15(1.1)25[13]20R
FC-15(4.7)25[24]22R
CN-16(2.2)25[6]20R

RN-16(3.1)25[11]122R
DN-16(4.9)25[23]22R

10 minutes
RN-17(2.9)20[85]22R

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

20 minutes

10 minutes

Moderate Ice Pellets (or
Small Hail) Mixed with Rain

15 minutes

Caution:
No allowance times currently exist.

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

- Flap up test.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

5.2 Proposed Changes for an EG Specific Allowance Time Table

Based on the results, each cell of the EG allowance time table was analysed for tests
showing room for expansion. The basis for expansion could include the following:

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

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

e Test ran to the current allowance time (or historical allowance time) that had
“Good” status indicating margin for longer time; and

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

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

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

Outside Air Temperature

Precipitation T
recipiiation Type 59C and above|  BEOW 5 Below -10 Below -16
to -10°C to -16°C to -22°C
Light Ice Pellets 70 minutes 50 minutes : 30 minutes
50 minutes Limited Data
Light Ice Pellets Mixed with Snow 50 minutes 30 minutes —1—5—mmufees
25 minutes
Light Ice Pellets Mixed with Freezing Drizzle 40 minutes 30 minutes
Caution:
Light Ice Pellets Mixed with Freezing Rain 40 minutes 30 minutes No allowance
times currently exist.
Light Ice Pellets Mixed with Rain 40 minutes
Moderate Ice Pellets (or Small Hail) 35 minutes 25 minutes : 10 minutes
15 minutes Limited Data
Mc_)derate Ice Pellets (or Small Hail) Mixed with Freezing 20 minutes 10 minutes Caution:
Drizzle
No allowance
Moderate Ice Pellets (or Small Hail) Mixed with Rain 15 minutes times currently exist.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.5: Analysis of Potential Percentage Increase in Allowance Times

Outside Air Temperature

Precipitation Type 59C and above|  B€OW 5 Below -10 Below -16
to -10°C to -16°C to -22°C
Light Ice Pellets - - 67 % -
Light Ice Pellets Mixed with Snow - - 67 %
Light Ice Pellets Mixed with Freezing Drizzle - -
Caution:
Light Ice Pellets Mixed with Freezing Rain - - No allowance

times currently exist.
Light Ice Pellets Mixed with Rain -

Moderate Ice Pellets (or Small Hail) - - 50%
Moderate Ice Pellets (or Small Hail) Mixed with Freezing .
. - - Caution:
Drizzle
No allowance
Moderate Ice Pellets (or Small Hail) Mixed with Rain - times currently exist.

The data collected to date indicates the potential for longer allowance times specific
to EG fluids. The cells recommended are in the below -10°C to -16°C range, as much
of the supporting testing conducted in 2021-22 was targeting this temperature
range. Although some cells below -16°C contain historical data supporting a potential
expansion, there is not enough data to support a thorough analysis at this time.

The following are some general guidelines followed when expanding times for EG
fluids:

e Each of the cells contains at least three different EG fluid expansion tests;

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

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

e Tests mixed with freezing precipitation may have “Bad” status tests due to
the flap down configuration during the test. Had the test been conducted with
the flap up in a properly nested configuration, the results would have improved
significantly.
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5. EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

5.2.1 Proposed Changes to the HOT Guidelines

For the Winter 2022-23 HOT Guidelines, TC and the FAA agreed to update the
separate Type IV EG fluid allowance time table to incorporate the longer times (as
shown in Table 5.4) in the below -10°C to -16°C range.

There is a potential to develop longer allowance times for Type IV EG fluids
below -16°C; however, additional data is required to support the preliminary data
collected to date.
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6. EVALUATION OF NEW MIXED CONDITIONS

6. EVALUATION OF NEW MIXED CONDITIONS

Over the years, the ice pellet allowance times have been expanded to include
additional conditions, temperature ranges, and fluid types. The current tables are a
reflection of the conditions whereby sufficient data was collected to substantiate the
guidance provided to operators. There are still conditions where data is either limited
or not available that could be suitable areas for development of new guidance
material to expand the operational envelope. In addition, new-generation fluids may
have better performance capabilities and may justify an extension to existing times.

More recently, a METAR working group consisting of TC, the FAA, APS, and NCAR
has been formed with the objective of improving the guidance available for operations
in mixed conditions. Of the conditions being analysed, some are combinations
including ice pellets and can sometimes contain two, three, or more precipitation
types at a time. Aerodynamic data could support the development of guidance
material for these specific conditions, and, as such, some limited exploratory testing
was conducted.

The preliminary testing targeted two conditions based on industry requests. The first
was a dual condition: Moderate Ice Pellets and Moderate Snow. Initial exploratory
testing had been conducted in this condition in 2015-16, and this testing would build
upon that. The second was a triple condition: Mixed Light Ice Pellets, Light Freezing
Rain, and Light Snow.

6.1 Analysis of Mixed Condition Tests

An analysis was conducted based on the fluids tested during the winter of 2021-22.
The data includes 12 tests from 2021-22 and 8 tests from 2015-16, including both
EG and PG fluids in two mixed conditions. For Moderate Ice Pellets and Moderate
Snow, the precipitation rates of 75+ 25 g/dm?/h, respectively, were used. For Mixed
Light Ice Pellets, Light Freezing Rain, and Light Snow, the precipitation rates of
25+ 25+ 10 g/dm?/h, respectively, were used.

The detailed data has been reviewed and a copy has been included in Appendix F for
reference (refer to Subsection 3.1 for heading descriptions). For Table 6.1, the
individual test information has been included in the following format.
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6. EVALUATION OF NEW MIXED CONDITIONS

FFAA(BB)CCI[DD]GGE

O

FF is the fluid name designation based on the following:
o AllClear ClearWing EG — CW;

o Chemco ChemR Nordik IV — RN;
o Clariant North — CN;

o Dow AD-49 - AD;

o Dow EG106 - DE;

o Defrost North 4 — DN;

o Kilfrost ABC-S+ - AB;

o Maxflight Sneg — MS;

o Defrost Eco 4 — DC; and

o Polar Guard Advance — PGA.

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

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

CC is the exposure time of the test in minutes.
DD is the test number for referencing the data in the test logs.
GG is the last two digits of the year of testing (i.e., 2020-21 is “21").

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

The test information is included in the cell for which the temperature band
best corresponds to the temperature recorded during the test.
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6. EVALUATION OF NEW MIXED CONDITIONS

Table 6.1: Mixed Condition Test Summary

Outside Air Temperature

Precipitation Type
P s Below -5 Below -10

GO
5°C and above to -10°C to -16°C

Below -16°C

EG Fluid Tests

CN-14(4.2)10[111]122G
DE-14(3.6)10[116]122G
RN-15(4.0)10[113]22R

PG Fluid Tests ) CW-15(8.3)10[93]22R
PG Fluid Tests DN-13(5.2)15[110]22R
AB-4(6.7)7[40116R DE-14(4.4)15[92]122R

Moderate Ice Pellets and
Moderate Snow

AB-8(7.4)7[23]116R

AB-4(7.5)10[41]16R AB-8(7.4)10[24]16R

AD-4(7.3)10[45]16R
PG Fluid Tests

MS-14(8.0)5[109]22R
DC-15(8.5)5[112]22R
PGA-15(7.6)5[117]122R

EG Fluid Tests

Light Ice Pellets, Light
Freezing Rain, and Light
Snow PG Fluid Tests

6.2 Summary of Mixed Conditions Data

The data collected was limited but indicated a potential for future development. In
the mixed condition of Moderate Ice Pellets and Moderate Snow, the data indicated
a potential allowance time target of 5 minutes for PG fluids and 10 to 15 minutes
for EG fluids below -10°C to -16°C. In the -10°C and above range, only PG fluids
were tested, and the data indicated that less than 7 minutes could be possible. In
the mixed condition of Light Ice Pellets, Light Freezing Rain, and Light Snow, the
data indicated a potential allowance time target of 20 minutes for EG and PG fluids.

It should be noted that the data contained several “Review” and “Bad” data points,
as the process of developing new allowance times requires testing to the limits to
determine where the tests fail and then selecting an appropriate target to
substantiate with several surrogate fluids. In this case, additional testing with
multiple fluids and at different temperatures would be required to develop
comprehensive allowance times for these two mixed conditions.
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7. RE-VALIDATION OF LIFT LOSS SCALING ANALYSIS

7. RE-VALIDATION OF LIFT LOSS SCALING ANALYSIS

The lift loss scaling analysis provides the basis for the aerodynamic evaluation criteria
used for allowance time testing. The methodology was developed between 2009
and 2011 and is based on the principle of corelating the lift losses recorded at the
NRC IWT with the RJ wing to the BLDT data acquired at the Anti-lcing Materials
International Laboratory (AMIL), thus linking the lift losses back to the historical
aerodynamic acceptance test criteria. Figure 7.1 provides a schematic demonstrating
the correlation between the different test and evaluation criteria.

5.24% Lift Loss
Basis for AAT

Live Aircraft tests 3D half model of 2D section of
with B737-200ADV B737-200ADV B737-200ADV

{1 10mm BLDT
Pass Criteria

APS/INRC PIWT 2D Tests Small-Scale Flat Plate (AAT)

Figure 7.1: Correlation of IWT Test List Data to the Aerodynamic Acceptance Test

During the yearly or bi-yearly allowance time testing, fluid-only tests are conducted
with new fluids to determine their performance according to the IWT lift loss limits
determined to ensure fluids are behaving as expected. BLDT testing is not typically
conducted as part of the allowance time testing. However, this year a re-validation
of the lift loss scaling analysis was performed with a new generation of fluids to
determine whether the evaluation criteria being used are still acceptable. This
required fluid-only tests be conducted at the IWT followed by BLDT testing at the
same temperature and with the same batch of fluid. It should be noted that this
activity was primarily done for due diligence based on the higher lift losses recorded
by the ClearWing ECO to ensure that the issue was isolated to the fluid and not the
methodology. Going forward, it would be good practice to conduct a periodical
verification every five years.
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7. RE-VALIDATION OF LIFT LOSS SCALING ANALYSIS

The 2021-22 re-validation was performed with 18 new data points. Fluid-only tests
were conducted at the IWT, and the same sample of fluid was submitted for BLDT
testing. Table 7.1 provides an abbreviated summary of the different data sets used
for the lift loss correlation. Table 7.2 provides a summary of the updated lift loss
correlation with a sensitivity analysis conducted to determine how different data sets
would affect the output evaluation criteria.

The ClearWing ECO data points (four fluid-only tests) had high IWT lift losses and
high BLDT results that exceeded the acceptable limits for both tests. With this data
being outside the “known performance range,” the data scatter affected the standard
error of estimate. When combining all data points, the scatter increases the criteria
range to 5.0-10.1 percent from the currently used 5.4-9.2 percent range. With the
ClearWing ECO data removed, the criteria range of 5.1-9.7 percent was more in line
with the historical data. The latter analysis was suggested to be most appropriate
since the ClearWing ECO fluid performance falls outside the “known performance
range.”

A separate analysis of EG versus PG fluids also showed some differences in the
general behaviour of the different fluid types, but not enough to merit a change in
procedures. In the future, a more in-depth review of EG versus PG fluids could be
conducted.

As such, the lift loss criteria developed as part of the original correlation analysis (see
Table 7.3) remain unchanged and are considered re-validated. A periodic five-year
revisit of this analysis is suggested as new-generation fluids come onto the market.
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RE-VALIDATION OF LIFT LOSS SCALING ANALYSIS

Table 7.1: Abbreviated Log of Lift Loss Correlation Data
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76 Winter 2009-10 Original 44 pts 8 16 103 PG 4.88 -17.9 6.8
64 Winter 2009-10 Original 44 pts 8 16 102.5 PG 4.21 -13.4 7.0
96 Winter 2009-10 Original 44 pts 18 20.5 103 PG 5.34 -11.2 71
1 Winter 2009-10 Original 44 pts 8 26 100 PG 4.59 -5.7 7.05
17 Winter 2009-10 Original 44 pts 8 17 102 PG 4.96 -3.9 7.0
53 Winter 2009-10 Original 44 pts 8 17 103 PG 3.38 -1.9 7.00
75 Winter 2009-10 Original 44 pts 8 15 104 EG 3.25 -18.1 6.35
94 Winter 2009-10 Original 44 pts 18 21 103 EG 1.90 -7.8 5.2
100 Winter 2009-10 Original 44 pts 8 16 102 EG 2.04 -6.3 5
25 Winter 2009-10 Original 44 pts 8 21 102 EG 2.01 -4 4.7
55 Winter 2009-10 Original 44 pts 8 18 103 EG 1.73 -2.6 4.5
70 Winter 2009-10 Original 44 pts 8 17.2 103 PG 4.11 -17.9 9.4
29 Winter 2009-10 Original 44 pts 8 17.7 102 PG 4.71 -4.8 8.4
60 Winter 2009-10 Original 44 pts 8 20.6 102 PG 4.35 -2.8 8.2
54 Winter 2009-10 Original 44 pts 8 22.7 102 PG 3.30 -2.2 8.25
30 Winter 2010-11 Original 44 pts 8 17 104 PG 8.13 -23.5 8.80
21 Winter 2010-11 Original 44 pts 8 18 104 PG 6.56 -18.2 8.45
80 Winter 2010-11 Original 44 pts 18 19 103 PG 6.96 -15.1 8.35
81 Winter 2010-11 Original 44 pts 8 20 103 PG 7.10 -14.7 8.35
54 Winter 2010-11 Original 44 pts 8 19.5 103 PG 5.78 -12.1 8.20
97 Winter 2010-11 Original 44 pts 18 20 103 PG 5.91 -11.9 8.20
32 Winter 2010-11 Original 44 pts 8 19 104 PG 3.92 -22.5 7.7
42 Winter 2010-11 Original 44 pts 8 18 103 PG 3.57 -15.7 6.2
55 Winter 2010-11 Original 44 pts 8 18 103 PG 2.57 -11.4 5.4
68 Winter 2010-11 Original 44 pts 17 22 103 PG 3.66 -1.8 6.7
34 Winter 2010-11 Original 44 pts 8 17 104 EG 4.28 -23.3 7.0
43 Winter 2010-11 Original 44 pts 8 19 103 EG 3.07 -15 5.9
52 Winter 2010-11 Original 44 pts 8 18 103 EG 2.78 -13.4 5.7
77 Winter 2010-11 Original 44 pts 18 21 103 EG 2.60 -11.8 5.55
95A Winter 2010-11 Original 44 pts 18 21 103 EG 2.53 -10.4 5.4
29 Winter 2010-11 Original 44 pts 8 17 104 PG 6.56 -23.9 9.65
48 Winter 2010-11 Original 44 pts 14 19 103 PG 4.07 -13.1 8.95
101 Winter 2009-10 Original 44 pts 8 156.7 103 PG 4.79 -7.6 8.5
62 Winter 2010-11 Original 44 pts 8 20 103 PG 5.06 -4.9 8.4
63 Winter 2010-11 Original 44 pts 8 22 103 PG 5.34 -4.5 8.4
60 Winter 2010-11 Original 44 pts 8 20 103 PG 4.71 -4.2 8.4
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RE-VALIDATION OF LIFT LOSS SCALING ANALYSIS

Table 7.1: Abbreviated Log of Lift Loss Correlation Data (cont’d)
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61 Winter 2010-11 Original 44 pts 8 20 103 PG 4.49 -3.5 8.35
33 Winter 2010-11 Original 44 pts 8 17 104 PG 8.27 -24.1 9
39 Winter 2010-11 Original 44 pts 8 18 103 PG 7.20 -16 8.3
12 Winter 2010-11 Original 44 pts 8 21 104 PG 6.05 -14.2 8.25
57 Winter 2010-11 Original 44 pts 8 18 103 PG 6.85 -9.9 8.25
75 Winter 2010-11 Original 44 pts 8 21 103 PG 7.45 -5.8 8.2
76 Winter 2010-11 Original 44 pts 18 N/A 103 PG 6.61 -6.5 8.2
71 Winter 2010-11 Original 44 pts 18 20 103 PG 6.33 -3.7 8.1
139 Winter 2012-13 Re-Validation 12-13 8 19.2 99.2 PG 5.46 -22.7 7.02
135 Winter 2012-13 Re-Validation 12-13 8 19.2 99.7 PG 3.99 -22.6 7.12
136 Winter 2012-13 Re-Validation 12-13 8 19.1 100.7 PG 8.3 -22.8 6.77
158 Winter 2012-13 Re-Validation 12-13 8 19.2 101.7 EG 3.43 -17.8 6.45
155 Winter 2012-13 Re-Validation 12-13 8 19.1 101.2 PG 6.40 -17.8 9.31
124 Winter 2012-13 Re-Validation 12-13 8 19.2 100.2 PG 4.71 -21.4 6.73
143 Winter 2012-13 Re-Validation 12-13 8 19.1 99.7 PG 6.21 -23.1 8.35
144 Winter 2012-13 Re-Validation 12-13 8 20.5 98.9 PG 5.96 -23.1 8.15
146 Winter 2012-13 Re-Validation 12-13 8 19.1 100.3 PG 7.99 -23.3 9.49
14 Winter 2021-22 Re-Validation 21-22 8 20.35 98.16 EG 4.77 -18.99 7.78
42 Winter 2021-22 Re-Validation 21-22 8 20.04 100.48 PG 8.30 -4.1 11.21
59 Winter 2021-22 Re-Validation 21-22 8 19.55 100.26 PG 9.40 -10.3 10.68
27 Winter 2021-22 Re-Validation 21-22 8 19.52 98.98 PG 10.50 -14.02 10.59
16 Winter 2021-22 Re-Validation 21-22 8 20.51 98 PG 10.85 -19.64 10.01
3 Winter 2020-21 Re-Validation 21-22 8 19.55 99.51 EG 3.71 -4.81 5.81
117 Winter 2020-21 Re-Validation 21-22 8 19.21 97.58 EG 5.23 -16.8 7.24
24 Winter 2018-19 Re-Validation 21-22 8 18.84 100.47 PG 7.53 -13.65 9.07
5 Winter 2018-19 Re-Validation 21-22 8 18.54 98.87 PG 9.38 -22.58 9.04
15 Winter 2021-22 Re-Validation 21-22 8 20.41 98.32 EG 5.32 -19.09 8.23
17 Winter 2021-22 Re-Validation 21-22 8 20.4 98.62 EG 3.55 -19.81 7.02
3 Winter 2018-19 Re-Validation 21-22 8 18.65 99.4 EG 4.89 -22.8 8.41
7 Winter 2018-19 Re-Validation 21-22 8 18.93 99.23 PG 6.94 -22.38 7.73
44 Winter 2021-22 Re-Validation 21-22 8 19.52 99.83 PG 5.70 -5.1 8.24
29 Winter 2021-22 Re-Validation 21-22 8 19.42 99.69 PG 6.28 -11.47 8.19
18 Winter 2021-22 Re-Validation 21-22 8 20.26 98.51 PG 6.41 -19.91 7.64
24 Winter 2019-20 Re-Validation 21-22 8 19.84 103.46 EG 2.84 -5.04 5.13
8 Winter 2019-20 Re-Validation 21-22 8 19.45 103.16 EG 3.30 -17.03 6.17
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7. RE-VALIDATION OF LIFT LOSS SCALING ANALYSIS

Table 7.2: Lift Loss Correlation Re-Validation Analysis

Lower %LL | Middle %LL | Higher %LL Comments

Original Correlation Analysis (2009-12) 44 pts 5.4 7.3 9.2 -
Re-Validation data from 2012-13 13 pts 4.8 6.7 8.6 Only 2012-13 pts
Re-Validation data from 2012-13 (no slush data) 9 pts 5.9 7.2 8.6 Only 2012-13 pts

(slush pts removed)
Combined 2009-12 + 2012-13 data sets 57 pts 5.3 7.1 9.0 All Data

_ All Data

Combined 2009-12 + 2012-13 data sets (no slush data) 53 pts 5.5 7.3 9.0

(slush pts removed)
Re-Validation data from 2021-22 18 pts 6.6 8.1 9.6 Only 2021-22 pts
All combined data sets (no slush data) 71 pts 5.0 7.6 10.1 44+9+18pts

(slush pts removed)
All combined data sets (no ClearWing ECO, no slush data) | 67 pts 5.1 7.4 9.7 ClearWing ECO and

slush pts removed
Combined 2009-12 and 2021-22 63 pts 5.1 7.6 10.1 Original 4'148";353”" New
All PG Fluid data 52 pts 5.3 7.7 10.1 -
All EG Fluid data 19 pts 6.0 6.5 7.0 -

Table 7.3: Lift Loss Criteria for High-Speed Tests Conducted with the RJ Wing

<5.4% Lift Loss

5.4% to 9.2%

>9.2% Lift Loss

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/TP 15537E Final Version 1.0.docx

71

Final Version 1.0, April 23



This page intentionally left blank.

72



8. GENERAL CHANGES TO THE ALLOWANCE TIME TABLE

8. GENERAL CHANGES TO THE ALLOWANCE TIME TABLE

This section describes general changes made to the allowance time table format and
contents as a result of wind tunnel testing conducted during the winter of 2021-22.

8.1 Note Related to Small Hail

Currently, all allowance time tables include guidance for Moderate Ice Pellets (or
Small Hail). A note related to the determination of small hail is also included in the
tables. For the winter of 2022-23, the note will be updated and clarified to better
reflect how small hail is being reported by METAR.

8.2 Notes Related to Rotation Speeds

Currently, allowance times are developed for use with high-speed rotation aircraft
with a minimum of 100 knots; however, certain conditions with PG fluids require a
minimum rotation speed of 115 knots in order to use the allowance time. For the
winter of 2022-23, a new note will be added clearly specifying which allowance
times must be used with a minimum rotation speed of 100 knots in addition to the
existing note for allowance times requiring a minimum rotation speed of 115 knots.

8.3 Change to PG Type IV Adjusted Allowance Time Table

During the yearly updates, an incorrect allowance time value was discovered in the
Type IV PG adjusted allowance time table. The allowance time for Moderate
Ice Pellets -5°C and above has been published since 2017-18 as 14 minutes;
however, the correct value should have been 11 minutes. The revised 2022-23 HOT
Guidelines now include the corrected value.
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9. CONCLUSIONS

9. CONCLUSIONS

These conclusions were derived from the testing conducted during the winter of
2021-22.

9.1 Validation Testing for New-to-Market Type IV Fluids
Five new-to-market fluids were tested during the winter of 2021-22.

The results obtained validated the current Type IV allowance times for use with the
following new-to-market fluids:

e CHEMCO Inc. ChemR Nordik 1V;

e Cryotech Deicing Technology Polar Guard® Xtend;
e JSC RCP Nordix Defrost NORTH 4; and

e Newave Aerochemical Co. Ltd. FCY-EGIV.

Based on the results obtained, the validation testing for ClearWing ECO is considered
incomplete. Further discussions with the fluid manufacturer related to the batch
submitted, and likely additional testing with a new batch, will be required before any
changes to the guidelines are considered.

9.2 Reduction for PG Fluid Allowance Times

Recent data indicated that the current 30-minute allowance time for PG fluids in the
condition of Light Ice Pellets below -16°C to -22°C can generate higher lift losses
nearing or slightly exceeding the acceptable limit. These results are in line with
historical data showing higher lift losses in this cell for PG fluids. Therefore, testing
was conducted simulating a 20-minute allowance time and the results were more
appropriate and acceptable. As a result of the recent data and with support from
historical data, a guidance change was recommended to reduce the PG fluid
30-minute allowance time to 20 minutes for Light Ice Pellets below -16°C to -22°C.

9.3 Longer Times for Type IV EG Specific Allowance Time Table

Based on the data collected, TC and the FAA agreed to update the separate Type IV
EG fluid allowance time table to incorporate the longer times (as shown in Table 5.4)
in the below -10°C to -16°C range. The changes are expected to be included in the
Winter 2022-23 HOT Guidelines.
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9. CONCLUSIONS

There is also a potential to develop longer allowance times for Type IV EG fluids
below -16°C; however, additional data is required to support the preliminary data
collected to date.

9.4 Evaluation of New Mixed Conditions

Data was collected in the mixed conditions Moderate Ice Pellets and Moderate Snow
as well as Light Ice Pellets, Light Freezing Rain, and Light Snow. In both mixed
conditions, the data collected was limited but indicated a potential for future
development. Additional testing with multiple fluids and at different temperatures
would be required to develop comprehensive allowance times for these two mixed
conditions.

9.5 Re-Validation of Lift Loss Scaling Analysis

The lift loss scaling analysis was verified with 18 new data points. The analysis
indicated that the current lift loss criteria remain unchanged and are considered
re-validated. In the future, a more in-depth review of EG and PG fluids could be
merited. A periodic (i.e., every five years) revisit of this analysis is suggested as
new-generation fluids come onto the market.

9.6 Changes to Ice Pellet Allowance Time Guidance

The validation resulted in a reduction to the PG table for Light Ice Pellets below -16°C
to -22°C. The EG expansion testing resulted in longer times below -10°C to -16°C.
The notes in the respective tables were updated to reflect the content changes. The
Type IV PG adjusted table had an allowance time value corrected for Moderate Ice
Pellets -5°C and above.
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70. RECOMMENDATIONS

10. RECOMMENDATIONS

The following recommendations were compiled based on the work conducted during
the winter of 2021-22 and based on consultations with TC and the FAA.

10.1 Changes to Ice Pellet Allowance Time Guidance

The following changes were made to the Ice Pellet Allowance Time guidance material
based on the 2021-22 wind tunnel test results:

e The PG allowance time table includes a reduction from 30 minutes to
20 minutes for Light Ice Pellets below -16°C to -22°C;

e The EG allowance time table includes longer times for Light Ice Pellets, Light
Ice Pellets Mixed with Snow, and Moderate Ice Pellets below -10°C to -16°C;
and

e The notes in the respective tables have been updated to reflect the content
changes.

The updated Winter 2022-23 Type lll allowance time table is shown in Table 10.1
for TC and Table 10.2 for the FAA. The EG and PG Type IV tables for the winter of
2022-23 are shown in Table 10.3 and Table 10.4 for TC and Table 10.5 and
Table 10.6 for the FAA. It should be noted that the 76 percent adjusted tables were
also published by TC and the FAA for those operations where flaps and slats are
deployed prior to de/anti-icing; however, these tables have not been included in this
report for brevity.
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70. RECOMMENDATIONS

Table 10.1: 2022-23 TC Type lll Ice Pellet Allowance Time Table

Transport Canada Holdover Time Guidelines

Winter 2022-2023

TABLE 50: ALLOWANCE TIMES FOR SAE TYPE Ill FLUIDS"2

Applicable Outside Air Temperature
Precipitation Types or Combinations ME'?KR Codes
-5 °C and above | Below -5to -10 °C | Below -10 °C?
Light Ice Pellets -PL 10 minutes 10 minutes
Light Ice Pellets Mixed with Light Snow | -PLSN, -SNPL 10 minutes 10 minutes
Light Ice Pellets Mixed with Light -PLFZDZ,
Freezing Drizzle or Moderate Freezing -FZDZPL, 7 minutes 5 minutes Caution:
Drizzle FZDZPL No allowance
Light Ice Pellets Mixed with Light PLFZRA {imes cumently
ight Ice Pellets Mixed with Lig - , . . exist
Freezing Rain -FZRAPL 7 minutes 5 minutes
Light Ice Pellets Mixed with Light Rain | -PLRA, -RAPL 7 minutes*
Moderate Ice Pellets (or Small Hail%) PL, GS 5 minutes 5 minutes

1

2

NOTES

These allowance times are for use with undiluted (100/0) fluids applied unheated on aircraft with rotation speeds of 100
knots or greater.

Takeoff is allowed up to 90 minutes after start of fluid application if the precipitation stops at or before the allowance time
expires and does not restart. The OAT must not decrease during the 90 minutes to use this guidance in conditions of light
ice pellets mixed with either: light freezing drizzle, moderate freezing drizzle, light freezing rain, or light rain.

Ensure that the lowest operational use temperature (LOUT) is respected.

No allowance times exist in this condition for temperatures of 0 °C and below; consider use of light ice pellets mixed with
light freezing rain.

In the US, small hail is reported by METAR as GR and the remarks section is used to indicate “GR LESS THAN ..
Outside of the US the METAR code GS is used to indicate small hail when it is less than 5 mm and GR to indicate hail
when it is 5mm or greater. If METAR does not report an intensity for small hail, use the “moderate ice pellets or small
hail” allowance times. If METAR reports an intensity with small hail, the ice pellet condition with the equivalent intensity
can be used, e.g. if light small hail is reported, the “light ice pellets” allowance times can be used. This also applies in
mixed conditions, e.g. if light small hail mixed with light snow is reported, use the “light ice pellets mixed with light snow”
allowance times.

CAUTIONS

The cautions that apply to the allowance times in the table above can be found on page 63.

Original Issue

Page 64 of 82 August 3, 2022
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70. RECOMMENDATIONS

Table 10.2: 2022-23 FAA Type lll Ice Pellet Allowance Time Table

FAA Holdover Time Guidelines Winter 2022-2023

TABLE 50: ALLOWANCE TIMES FOR SAE TYPE lll FLUIDS"?

Applicable Outside Air Temperature

METAR Codes

Precipitation Types or Combinations
-5 °C and above | Below -5 to -10 °C | Below -10 °C?

Light Ice Pellets -PL 10 minutes 10 minutes

Light Ice Pellets Mixed with Light Snow | -PLSN, -SNPL 10 minutes 10 minutes

Light Ice Pellets Mixed with Light -PLFZDZ,

Freezing Drizzle or Moderate Freezing -FZDZPL, 7 minutes 5 minutes Caution:

Drizzle FZDZPL No allowance

Light Ice Pellets Mixed with Light PLFZRA times currently
ight Ice Pellets Mixed with Lig - , . . exist

Freezing Rain -FZRAPL 7 minutes 5 minutes

Light Ice Pellets Mixed with Light Rain | -PLRA, -RAPL 7 minutes*

Moderate Ice Pellets (or Small Hail%) PL, GS 5 minutes 5 minutes

NOTES

1 These allowance times are for use with undiluted (100/0) fluids applied unheated on aircraft with rotation speeds of 100
knots or greater.

2 Takeoff is allowed up to 90 minutes after start of fluid application if the precipitation stops at or before the allowance time
expires and does not restart. The OAT must not decrease during the 90 minutes to use this guidance in conditions of light
ice pellets mixed with either: light freezing drizzle, moderate freezing drizzle, light freezing rain, or light rain.

3 Ensure that the lowest operational use temperature (LOUT) is respected.

4 No allowance times exist in this condition for temperatures of 0 °C and below; consider use of light ice pellets mixed with
light freezing rain.

5 Inthe US, small hail is reported by METAR as GR and the remarks section is used to indicate “GR LESS THAN %”".
Outside of the US the METAR code GS is used to indicate small hail when it is less than 5 mm and GR to indicate hail
when it is 5mm or greater. If METAR does not report an intensity for small hail, use the “moderate ice pellets or small
hail” allowance times. If METAR reports an intensity with small hail, the ice pellet condition with the equivalent intensity
can be used, e.g. if light small hail is reported, the “light ice pellets” allowance times can be used. This also applies in
mixed conditions, e.g. if light small hail mixed with light snow is reported, use the “light ice pellets mixed with light snow”
allowance times.

CAUTIONS
e The cautions that apply to the allowance times in the table above can be found on page 63.

Original Issue Page 64 of 82 July 29, 2022
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70. RECOMMENDATIONS

Table 10.3: 2022-23 TC Type IV EG Ice Pellet Allowance Time Table

Transport Canada Holdover Time Guidelines

Winter 2022-2023

TABLE 51: ALLOWANCE TIMES FOR SAE TYPE IV
ETHYLENE GLYCOL (EG) FLUIDS"2

Outside Air Temperature
N L Applicable
Precipitation Types or Combinations | \EraAR Codes | -5°Cand | Below-5 | Below-10 | Below -16
Above® to -10 °C® | to-16 °C® | to -22 °C3+
Light Ice Pellets -PL 70 minutes | 50 minutes | 50 minutes | 30 minutes
;E(:’tvlce Pellets Mixed with Light -PLSN, -SNPL 50 minutes | 30 minutes | 25 minutes
Light Ice Pellets Mixed with Light _PLFZDZ
Fr(_eezmg Drizzle or Moderate Freezing -FZDZPL, FZDZPL 40 minutes | 30 minutes
Drizzle
- - . Caution:
Light Ice Pellets Mixed with Light -PLFZRA, 40 minutes | 30 minutes No allowance times
Freezing Rain -FZRAPL currently exist
Light Ice Pellets Mixed with Light Rain -PLRA, -RAPL 40 minutes®
Moderate Ice Pellets (or Small Hail®) PL, GS 35 minutes | 25 minutes | 15 minutes [ 10 minutes
Moderate Ice Pellets (or Small Hail®) . .
Mixed with Moderate Freezing Drizzle PLFZDZ, GSFZDZ, | 20 minutes | 10 minutes Caution:
No allowance times
Moderate Ice Pellets (or Small Hail®) PLRA, GSRA, 15 minutes’ currently exist
Mixed with Moderate Rain RAPL, RAGS

NOTES

1

abhw

7

These allowance times are for use with undiluted (100/0) ethylene glycol based fluids. The following fluids are ethylene
glycol based; AllClear ClearWing EG, ASGlobal 4Flite EG, AVIAFLUID AVIAFlight EG, CHEMCO ChemR EG IV,
CHEMCO ChemR Nordik IV, Clariant Max Flight AVIA, Clariant Safewing EG IV NORTH, Dow EG106, JSC RCP Nordix
Defrost EG 4, JSC RCP Nordix Defrost NORTH 4, and Newave Aerochemical FCY-EGIV. If the glycol type is unknown,
the allowance times for SAE Type IV PG fluids should be used.

Takeoff is allowed up to 90 minutes after start of fluid application if the precipitation stops at or before the allowance time
expires and does not restart. The OAT must not decrease during the 90 minutes to use this guidance in conditions of light
ice pellets mixed with either: light freezing drizzle, moderate freezing drizzle, light freezing rain, or light rain.

No allowance times exist for ethylene glycol (EG) fluids when used on aircraft with rotation speeds less than 100 knots.
Ensure that the lowest operational use temperature (LOUT) is respected.

No allowance times exist in this condition for temperatures of 0 °C and below; consider use of light ice pellets mixed with
light freezing rain.

In the US, small hail is reported by METAR as GR and the remarks section is used to indicate “GR LESS THAN %.”.
Outside of the US the METAR code GS is used to indicate small hail when it is less than 5 mm and GR to indicate hail
when it is 5mm or greater. If METAR does not report an intensity for small hail, use the “moderate ice pellets or small
hail” allowance times. If METAR reports an intensity with small hail, the ice pellet condition with the equivalent intensity
can be used, e.g. if light small hail is reported, the “light ice pellets” allowance times can be used. This also applies in
mixed conditions, e.g. if light small hail mixed with light snow is reported, use the “light ice pellets mixed with light snow”
allowance times.

No allowance times exist in this condition for temperatures of 0 °C and below.

CAUTIONS

The cautions that apply to the allowance times in the table above can be found on page 63.
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70. RECOMMENDATIONS

Table 10.4: 2022-23 TC Type IV PG Ice Pellet Allowance Time Table

Transport Canada Holdover Time Guidelines

Winter 2022-2023

TABLE 52: ALLOWANCE TIMES FOR SAE TYPE IV
PROPYLENE GLYCOL (PG) FLUIDS"?

Outside Air Temperature
N L Applicable
Precipitation Types or Combinations | \ETaAR Codes | -5°Cand | Below-5 | Below-10 | Below -16
Above? to-10°C3® | to-16 °C* | to -22 °C*®
Light Ice Pellets -PL 50 minutes | 30 minutes | 30 minutes | 20 minutes
;E(:’tvlce Pellets Mixed with Light -PLSN, -SNPL 40 minutes | 15 minutes | 15 minutes
Light Ice Pellets Mixed with Light _PLFZDZ
Fr(_eezmg Drizzle or Moderate Freezing FZDZPL, FZDZPL 25 minutes | 10 minutes
Drizzle
- - - - Caution:
Light _Ice Pel_lets Mixed with Light -PLFZRA, 25 minutes | 10 minutes No allowance times
Freezing Rain -FZRAPL currently exist
Light Ice Pellets Mixed with Light Rain -PLRA, -RAPL 25 minutes®
Moderate Ice Pellets (or Small Hail”) PL, GS 15 minutes | 10 minutes | 10 minutes
Moderate Ice Pellets (or Small Hail”) . .
Mixed with Moderate Freezing Drizzle PLFZDZ, GSFZDZ | 10 minutes | 7 minutes Caution:
No allowance times
Moderate Ice Pellets (or Small Hail") PLRA, GSRA, 10 minutes? currently exist
Mixed with Moderate Rain RAPL, RAGS

1

o oW

8

NOTES

These allowance times are for use with undiluted (100/0) propylene glycol (PG) based fluids. All Type IV fluids are PG
based with the exception of AllClear ClearWing EG, ASGlobal 4Flite EG, AVIAFLUID AVIAFlight EG, CHEMCO ChemR
EG IV, CHEMCO ChemR Nordik IV, Clariant Max Flight AVIA, Clariant Safewing EG IV NORTH, Dow EG106, JSC RCP
Nordix Defrost EG 4, JSC RCP Nordix Defrost NORTH 4, and Newave Aerochemical FCY-EGIV, which are ethylene
glycol (EG) based. If the glycol type is unknown, the allowance times for SAE Type IV PG fluids should be used.

Takeoff is allowed up to 90 minutes after start of fluid application if the precipitation stops at or before the allowance time
expires and does not restart. The OAT must not decrease during the 90 minutes to use this guidance in conditions of light
ice pellets mixed with either: light freezing drizzle, moderate freezing drizzle, light freezing rain, or light rain.

No allowance times exist for propylene glycol (PG) fluids when used on aircraft with rotation speeds less than 100 knots.
No allowance times exist for propylene glycol (PG) fluids when used on aircraft with rotation speeds less than 115 knots.
Ensure that the lowest operational use temperature (LOUT) is respected.

No allowance times exist in this condition for temperatures of 0 °C and below; consider use of light ice pellets mixed with
light freezing rain.

In the US, small hail is reported by METAR as GR and the remarks section is used to indicate “GR LESS THAN 74”".
Outside of the US the METAR code GS is used to indicate small hail when it is less than 5 mm and GR to indicate hail
when it is 5mm or greater. If METAR does not report an intensity for small hail, use the “moderate ice pellets or small
hail” allowance times. If METAR reports an intensity with small hail, the ice pellet condition with the equivalent intensity
can be used, e.g. if light small hail is reported, the “light ice pellets” allowance times can be used. This also applies in
mixed conditions, e.g. if light small hail mixed with light snow is reported, use the “light ice pellets mixed with light snow”
allowance times.

No allowance times exist in this condition for temperatures of 0 °C and below.

CAUTIONS

The cautions that apply to the allowance times in the table above can be found on page 63.
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70. RECOMMENDATIONS

Table 10.5: 2022-23 FAA Type IV EG Ice Pellet Allowance Time Table

FAA Holdover Time Guidelines

Winter 2022-2023

TABLE 51: ALLOWANCE TIMES FOR SAE TYPE IV
ETHYLENE GLYCOL (EG) FLUIDS"2

Outside Air Temperature
N . Applicable
Precipitation Types or Combinations | yeTAR Codes | -5°Cand | Below-5 | Below-10 | Below -16
above?® to -10 °C?® | to-16 °C® | to -22 °C3*
Light Ice Pellets -PL 70 minutes | 50 minutes | 50 minutes | 30 minutes
gantice Pollats Mixed with Light -PLSN, -SNPL | 50 minutes | 30 minutes | 25 minutes
Light Ice Pellets Mixed with Light PLFZDZ
Freezing Drizzle or Moderate Freezing -FZDZPL FZI,)ZPL 40 minutes | 30 minutes
Drizzle ’
- - . Caution:
'Lzlght Ice Pellets Mixed with Light -PLFZRA, 40 minutes | 30 minutes No allowance times
reezing Rain -FZRAPL currently exist
Light Ice Pellets Mixed with Light Rain -PLRA, -RAPL 40 minutes®
Moderate Ice Pellets (or Small Hail) PL, GS 35 minutes | 25 minutes | 15 minutes | 10 minutes
Moderate Ice Pellets (or Small Hail®) ) ’
Mixed with Moderate Freezing Drizzle PLFZDZ, GSFZDZ, | 20 minutes | 10 minutes Caution:
No allowance times
Moderate Ice Pellets (or Small Hail®) PLRA,GSRA, | . . currently exist
Mixed with Moderate Rain RAPL, RAGS

1

o b w

7

NOTES

These allowance times are for use with undiluted (100/0) EG based fluids. The following fluids are EG based; AllClear
ClearWing EG, ASGlobal 4Flite EG, AVIAFLUID AVIAFlight EG, CHEMCO ChemR EG IV, CHEMCO ChemR Nordik IV,
Clariant Max Flight AVIA, Clariant Safewing EG IV NORTH, Dow EG106, JSC RCP Nordix Defrost EG 4, JSC RCP
Nordix Defrost NORTH 4, and Newave Aerochemical FCY-EGIV. If the glycol type is unknown, the allowance times for
SAE Type IV PG fluids should be used.

Takeoff is allowed up to 90 minutes after start of fluid application if the precipitation stops at or before the allowance time
expires and does not restart. The OAT must not decrease during the 90 minutes to use this guidance in conditions of light
ice pellets mixed with either: light freezing drizzle, moderate freezing drizzle, light freezing rain, or light rain.

No allowance times exist for EG based fluids when used on aircraft with rotation speeds less than 100 knots.

Ensure that the lowest operational use temperature (LOUT) is respected.

No allowance times exist in this condition for temperatures of 0 °C and below; consider use of light ice pellets mixed with
light freezing rain.

In the US, small hail is reported by METAR as GR and the remarks section is used to indicate “GR LESS THAN %"
Outside of the US the METAR code GS is used to indicate small hail when it is less than 5 mm and GR to indicate hail
when it is 5mm or greater. If METAR does not report an intensity for small hail, use the “moderate ice pellets or small
hail” allowance times. If METAR reports an intensity with small hail, the ice pellet condition with the equivalent intensity
can be used, e.g. if light small hail is reported, the “light ice pellets” allowance times can be used. This also applies in
mixed conditions, e.qg. if light small hail mixed with light snow is reported, use the “light ice pellets mixed with light snow”
allowance times.

No allowance times exist in this condition for temperatures of 0 °C and below.

CAUTIONS

The cautions that apply to the allowance times in the table above can be found on page 63.
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70. RECOMMENDATIONS

Table 10.6: 2022-23 FAA Type IV PG Ice Pellet Allowance Time Table

FAA Holdover Time Guidelines

Winter 2022-2023

TABLE 52: ALLOWANCE TIMES FOR SAE TYPE IV
PROPYLENE GLYCOL (PG) FLUIDS"?

Outside Air Temperature
N . Applicable

Precipitation Types or Combinations | yeTaAR Codes | -5°Cand | Below-5 | Below-10 | Below -16

above?® to -10°C3 | to-16 °C* | to -22 °C*®
Light Ice Pellets -PL 50 minutes | 30 minutes | 30 minutes | 20 minutes
gaht Ice Pellets Mixed with Light -PLSN,-SNPL | 40 minutes | 15 minutes | 15 minutes
Light Ice Pellets Mixed with Light PLFZDZ
Freezing Drizzle or Moderate Freezing _FZDZPL FZI,)ZPL 25 minutes | 10 minutes
Drizzle ?

- - — . Caution:
'Lzlght Ice Pellets Mixed with Light -PLFZRA, 25 minutes | 10 minutes No allowance times
reezing Rain -FZRAPL currently exist
Light Ice Pellets Mixed with Light Rain -PLRA, -RAPL 25 minutes®
Moderate Ice Pellets (or Small Hail”) PL, GS 15 minutes | 10 minutes | 10 minutes
Moderate Ice Pellets (or Small Hail”) . .
Mixed with Moderate Freezing Drizzle PLFZDZ, GSFZDZ | 10 minutes | 7 minutes Caution:
No allowance times
" currently exist

Moderate Ice Pellets (or Small Hail”) PLRA, GSRA, 10 minutes®
Mixed with Moderate Rain RAPL, RAGS

1

oo W

8

NOTES

These allowance times are for use with undiluted (100/0) PG based fluids applied on aircraft with rotation speeds of 100
knots or greater. All Type IV fluids are PG based with the exception of AllClear ClearWing EG, ASGlobal 4Flite EG,
AVIAFLUID AVIAFlight EG, CHEMCO ChemR EG IV, CHEMCO ChemR Nordik IV, Clariant Max Flight AVIA, Clariant
Safewing EG IV NORTH, Dow EG106, JSC RCP Nordix Defrost EG 4,JSC RCP Nordix Defrost NORTH 4, and Newave
Aerochemical FCY-EGIV, which are EG based. If the glycol type is unknown, the allowance times for SAE Type IV PG

fluids should be used.

Takeoff is allowed up to 90 minutes after start of fluid application if the precipitation stops at or before the allowance time
expires and does not restart. The OAT must not decrease during the 90 minutes to use this guidance in conditions of light
ice pellets mixed with either: light freezing drizzle, moderate freezing drizzle, light freezing rain, or light rain.

No allowance times exist for PG based fluids when used on aircraft with rotation speeds less than 100 knots.

No allowance times exist for PG based fluids when used on aircraft with rotation speeds less than 115 knots.

Ensure that the lowest operational use temperature (LOUT) is respected.

No allowance times exist in this condition for temperatures of 0 °C and below; consider use of light ice pellets mixed with
light freezing rain.

In the US, small hail is reported by METAR as GR and the remarks section is used to indicate “GR LESS THAN ..
Outside of the US the METAR code GS is used to indicate small hail when it is less than 5 mm and GR to indicate hail
when it is 5mm or greater. If METAR does not report an intensity for small hail, use the “moderate ice pellets or small
hail” allowance times. If METAR reports an intensity with small hail, the ice pellet condition with the equivalent intensity
can be used, e.g. if light small hail is reported, the “light ice pellets” allowance times can be used. This also applies in
mixed conditions, e.g. if light small hail mixed with light snow is reported, use the “light ice pellets mixed with light snow”
allowance times.

No allowance times exist in this condition for temperatures of 0 °C and below.

CAUTIONS

The cautions that apply to the allowance times in the table above can be found on page 63.
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70. RECOMMENDATIONS

10.2 Future Research

This subsection describes higher-priority areas of possible future wind tunnel testing
and research. These areas have been determined based on consultations with TC,
the FAA, and NASA and on industry discussions, and as such they may not be
directly linked to the research described in this report. These areas have been listed
below for ease of reference and to maintain continuity in the year-to-year reporting.

10.2.1 Substantiation of Ice Pellet Allowance Times with New Fluids

Testing should continue to investigate different Type lll and Type IV fluids to further
substantiate the Ice Pellet Allowance Times. Testing should consider new fluids or
fluids previously tested but with limited data.

As a priority, testing should continue with AllClear Systems LLC ClearWing ECO to
address the incomplete data collected during the winter of 2021-22.

10.2.2 Allowance Time Expansion

The recent EG expansion work has indicated that there is still potential to expand the
allowance times for EG fluids below -16°C; however, additional data is required to
support the preliminary data collected to date. Additional testing is recommended
before implementing these changes to the guidelines.

In addition, historical testing has shown that the allowance times for Type IV and
especially Type lll fluids are conservative and have room for expansion. Testing
should be conducted to obtain longer times and to include additional conditions, as
well as mixed conditions, for both Type Ill and Type IV fluids. The conditions to be
targeted should be coordinated with the efforts of the METAR Working Group that
has identified mixed conditions of interest based on frequency of occurrence and
operational impact.

10.2.3 Testing with the NASA LS-0417 Wing Section to Support
Development of Type Ill Mid-Speed Allowance Times

The extensive work conducted with the thin high-performance wing section has led
to the development of a methodology for evaluating aerodynamic performance based
on a lift loss scaling between the model results and the AS5900 aerodynamic
acceptance test. It is recommended that the same methodology be used to develop
a lift loss correlation for the LS-0417 wing section, which is better suited for the
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70. RECOMMENDATIONS

development of mid-speed Type Ill allowance times. This methodology is now
feasible as the AS5900 standard has been updated to include a new mid-speed ramp,
which is better suited for these types of tests. Once a correlation has been
developed, the Type Ill high-speed allowance times should be validated using the
LS-0417 wing section and mid-speed ramp. Heated fluid tests should also be
considered.
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APPENDIX A

TRANSPORT CANADA
STATEMENT OF WORK EXCERPT -
AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2020-21

10. Wind Tunnel Testing — Planning and Setup Activities Only

Note: The NRC facility costs associated with manufacturing the test model and
testing at M-46 are not included in this task and are dealt directly with TC through a
M.O.U. agreement with NRC.

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

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

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

11. Wind Tunnel Testing — Week 1 Activities (5 Days)

Note: The NRC facility costs associated with manufacturing the test model and
testing at M-46 are not included in this task and are dealt directly with TC through a
M.O.U. agreement with NRC.

This budget associated with this program element includes pre-testing activities and
post-testing activities (including reporting and analysis) related to all wind tunnel
testing activities. It also includes 5 days of testing.

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

b) Perform wind tunnel tests with the RJ, LS-0417, or the vertical stabilizer
common research model. Testing objectives can include:

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

ii. Further development of the EG-specific allowance time table to be able to
benefit from potentially longer times;

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

iv. Evaluation of contaminated fluid flow-off from a vertical stabilizer.
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c)
d)

The typical procedure is described as follows, but may be modified to address
specific testing objectives. Prior to starting each test event, correlation testing
is required to calibrate the TC model and to demonstrate repeatability. Wind
tunnel tests will be performed with ethylene glycol and propylene glycol
anti-icing fluids at below freezing temperatures; Type | deicing fluids may also
be considered. Tests will simulate low speed or high speed takeoff runs. During
contaminated test runs, a baseline fluid only case may be run immediately
before, or after the contaminated test run to provide a direct correlation of the
results. High resolution photos will be taken of the fluid motion. Observers will
document the appearance of fluid on the vertical stabilizer during the simulated
takeoff run and climb of the aircraft by analyzing the photographic records.
The testing team will collect, among other things, the following data during
the tests: type and amount of fluid applied, type and rate of contamination
applied, and extent of fluid contamination prior to the test run.

Analyse data.

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

12. Wind Tunnel Testing — Week 2 Activities (Additional 5 Days)

Note:

The NRC facility costs associated with manufacturing the test model and

testing at M-46 are not included in this task and are dealt directly with TC through a
M.O.U. agreement with NRC.

This budget associated with this program element includes 5 days of testing. The
related pre-testing and post-testing activities (including reporting and analysis) are
associated with program element #11.

a)

Perform wind tunnel tests with the RJ, LS-0417, or the vertical stabilizer
common research model. Testing objectives can include:

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

ii. Further development of the EG-specific allowance time table to be able to
benefit from potentially longer times;

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

iv. Evaluation of contaminated fluid flow-off from a vertical stabilizer.

The typical procedure is described as follows, but may be modified to address
specific testing objectives. Prior to starting each test event, correlation testing
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is required to calibrate the TC model and to demonstrate repeatability. Wind
tunnel tests will be performed with ethylene glycol and propylene glycol
anti-icing fluids at below freezing temperatures; Type | deicing fluids may also
be considered. Tests will simulate low speed or high speed takeoff runs. During
contaminated test runs, a baseline fluid only case may be run immediately
before, or after the contaminated test run to provide a direct correlation of the
results. High resolution photos will be taken of the fluid motion. Observers will
document the appearance of fluid on the vertical stabilizer during the simulated
takeoff run and climb of the aircraft by analyzing the photographic records.
The testing team will collect, among other things, the following data during
the tests: type and amount of fluid applied, type and rate of contamination
applied, and extent of fluid contamination prior to the test run.

13. Wind Tunnel Testing — Week 3 Activities (Additional 5 Days)

Note: The NRC facility costs associated with manufacturing the test model and
testing at M-46 are not included in this task and are dealt directly with TC through a
M.O.U. agreement with NRC.

This budget associated with this program element includes 5 days of testing. The
related pre-testing and post-testing activities (including reporting and analysis) are
associated with program element #11.

a) Perform wind tunnel tests with the RJ, LS-0417, or the vertical stabilizer
common research model. Testing objectives can include:

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

ii. Further development of the EG-specific allowance time table to be able to
benefit from potentially longer times;

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

iv. Evaluation of contaminated fluid flow-off from a vertical stabilizer.

The typical procedure is described as follows, but may be modified to address
specific testing objectives. Prior to starting each test event, correlation testing
is required to calibrate the TC model and to demonstrate repeatability. Wind
tunnel tests will be performed with ethylene glycol and propylene glycol
anti-icing fluids at below freezing temperatures; Type | deicing fluids may also
be considered. Tests will simulate low speed or high speed takeoff runs. During
contaminated test runs, a baseline fluid only case may be run immediately
before, or after the contaminated test run to provide a direct correlation of the
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results. High resolution photos will be taken of the fluid motion. Observers will
document the appearance of fluid on the vertical stabilizer during the simulated
takeoff run and climb of the aircraft by analyzing the photographic records.
The testing team will collect, among other things, the following data during
the tests: type and amount of fluid applied, type and rate of contamination
applied, and extent of fluid contamination prior to the test run.

14. Wind Tunnel Testing — Week 4 Activities (Additional 5 Days)

Note: The NRC facility costs associated with manufacturing the test model and
testing at M-46 are not included in this task and are dealt directly with TC through a
M.O.U. agreement with NRC.

This budget associated with this program element includes 5 days of testing. The
related pre-testing and post-testing activities (including reporting and analysis) are
associated with program element #11.

a) Perform wind tunnel tests with the RJ, LS-0417, or the vertical stabilizer
common research model. Testing objectives can include:

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

ii. Further development of the EG-specific allowance time table to be able to
benefit from potentially longer times;

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

iv. Evaluation of contaminated fluid flow-off from a vertical stabilizer.

The typical procedure is described as follows, but may be modified to address
specific testing objectives. Prior to starting each test event, correlation testing
is required to calibrate the TC model and to demonstrate repeatability. Wind
tunnel tests will be performed with ethylene glycol and propylene glycol
anti-icing fluids at below freezing temperatures; Type | deicing fluids may also
be considered. Tests will simulate low speed or high speed takeoff runs. During
contaminated test runs, a baseline fluid only case may be run immediately
before, or after the contaminated test run to provide a direct correlation of the
results. High resolution photos will be taken of the fluid motion. Observers will
document the appearance of fluid on the vertical stabilizer during the simulated
takeoff run and climb of the aircraft by analyzing the photographic records.
The testing team will collect, among other things, the following data during
the tests: type and amount of fluid applied, type and rate of contamination
applied, and extent of fluid contamination prior to the test run.
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15. Wind Tunnel Testing — Week 5 Activities (Additional 5 Days)

Note: The NRC facility costs associated with manufacturing the test model and
testing at M-46 are not included in this task and are dealt directly with TC through a
M.O.U. agreement with NRC.

This budget associated with this program element includes 5 days of testing. The
related pre-testing and post-testing activities (including reporting and analysis) are
associated with program element #11.

a) Perform wind tunnel tests with the RJ, LS-0417, or the vertical stabilizer
common research model. Testing objectives can include:

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

ii. Further development of the EG-specific allowance time table to be able to
benefit from potentially longer times;

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

iv. Evaluation of contaminated fluid flow-off from a vertical stabilizer.

The typical procedure is described as follows, but may be modified to address
specific testing objectives. Prior to starting each test event, correlation testing
is required to calibrate the TC model and to demonstrate repeatability. Wind
tunnel tests will be performed with ethylene glycol and propylene glycol
anti-icing fluids at below freezing temperatures; Type | deicing fluids may also
be considered. Tests will simulate low speed or high speed takeoff runs. During
contaminated test runs, a baseline fluid only case may be run immediately
before, or after the contaminated test run to provide a direct correlation of the
results. High resolution photos will be taken of the fluid motion. Observers will
document the appearance of fluid on the vertical stabilizer during the simulated
takeoff run and climb of the aircraft by analyzing the photographic records.
The testing team will collect, among other things, the following data during
the tests: type and amount of fluid applied, type and rate of contamination
applied, and extent of fluid contamination prior to the test run.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

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

Winter 2021-22

1. BACKGROUND

In 2005-06, the inability of operators to release aircraft in ice pellet conditions led
Transport Canada (TC) and the Federal Aviation Administration (FAA) to begin a
research campaign to develop allowance times for these conditions. Developing
holdover times (HOTs) was not feasible due to the properties of the ice pellets; they
remain embedded in the fluid and take long to dissolve as compared to snow which
is immediately absorbed and dissolved. Research was initiated by live aircraft testing
with the National Research Council Canada (NRC) Falcon 20 in Ottawa, Ontario, and
later evolved to testing in a more controlled environment with the NRC Icing Wind
Tunnel (IWT) also in Ottawa, Ontario.

Early testing in 2005-06 with the Falcon 20 primarily used visual observations to
evaluate fluid flow-off. During the Falcon 20 work the wing was anti-iced, exposed
to contamination, and aborted takeoff runs were performed allowing researchers
on-board to observe and evaluate the fluid flow-off. Testing in 2006-07 began in the
IWT allowing aerodynamic data to be used for evaluating fluid flow-off performance.
The IWT also allowed for a more controlled environment less susceptible to the
elements.

The work continued each year, and the test methods and equipment improved
allowing for real-time data analysis, better repeatability, and overall greater
confidence in the results. The work conducted by TC/FAA was presented by APS
Aviation Inc. (APS) to the SAE International (SAE) G-12 Aerodynamic Working Group
(AWG) and HOT Committee yearly since 2006. Additional presentations were also
given at the AWG in May 2012 and May 2013 by the National Aeronautics and
Space Administration (NASA) and the NRC, which focused on the extensive
calibration and characterization work performed with a generic thin high performance
airfoil. This work also helped increase confidence in how the data were used to help
support TC/FAA rule-making. A detailed account of the more recent work conducted
is included in the TC report, TP 15232E, Wind Tunnel Trials to Examine Anti-Icing
Fluid Flow-Off Characteristics and to Support the Development of Ice Pellet
Allowance Times, Winters 2009-10 to 2012-13.

The ice pellet allowance time research has helped further develop and improve the
IWT facility. As a result, a new medium is now available for aerodynamic testing of
aircraft ground icing fluids with or without contamination in a full-scale format.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Several other ground deicing projects have been ongoing as a result of industry
requests and are expected to continue. The IWT has evolved into a multidisciplinary
facility; however, it continues to be the primary source for the development and
further refinement of the ground deicing ice pellet allowance time guidance material.
Research at the IWT with and without ice pellets has continued on a yearly or
bi-yearly basis and is performed by APS, with support from the NRC, on behalf of
TC/FAA.

For the Winter 2021-22, testing will continue the development of ice pellet allowance
times.

2. OBJECTIVES AND TIMING

The following describes the objectives and timing of the research. Twenty-four days
of testing are being planned based on TC/FAA funding resources, fifteen days of
which are reserved for testing with the thin high-performance regional jet (RJ) wing
section. The sequence of testing is fixed due to availability of the wind tunnel and
NRC personnel required to swap out the aerodynamic models (vertical stabilizer vs.
wing).

2.1 Type IV Allowance Time Validation Testing

The objective of this testing is to conduct aerodynamic testing with a thin high
performance RJ wing section to:

e Substantiate the current Type |V ice pellet allowance times with new fluids
and at temperatures close to the lowest operational use temperature (LOUT).

To satisfy this objective, a thin high performance wing section (Figure 2.1) will be
subjected to a series of tests in the NRC IWT. The dimensions indicated are in inches.
This wing section was constructed by the NRC in 2009 specifically for the conduct
of these tests following extensive consultations with an airframe manufacturer to
ensure a representative thin high performance design.
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APPENDIX B

WIND TUNIVEL TESTS TO EXAMIINE FLUID REMIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIAITATION CONDITIONS

Figure 2.1: Thin High Performance Wing Section

Approximately eight days of testing are required for the conduct of these tests.

2.2 Type IV Allowance Time Expansion for Ethylene Glycol Fluids

The objective of this testing is to conduct aerodynamic testing with a thin high
performance airfoil to:

e Expand the current Type IV ice pellet allowance times for ethylene glycol (EG)
fluids.

To satisfy this objective, a thin high performance wing section (described in
Subsection 2.1 and shown in Figure 2.1) will be subjected to a series of tests in the

NRC IWT.

Approximately four days of testing are required for the conduct of these tests.

2.3 General Allowance Time Expansion

The objective of this testing is to conduct aerodynamic testing with a thin high
performance airfoil to:

e Expand the current allowance times to include new temperature bands and
new conditions.

To satisfy this objective, a thin high performance wing section (described in
Subsection 2.1 and shown in Figure 2.1) will be subjected to a series of tests in the
NRC IWT.
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WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

It should be noted that for the purposes of the test plan, these general expansion
tests have been separated into propylene glycol (PG) and EG Expansion Type |V tests
and labeled as such. These tests currently include:

e Mixed Moderate Ice Pellets and Moderate Snow for PG and EG fluids;

e Mixed Light Ice Pellets Mixed with Light Snow, below -16 to -22°C, for PG
and EG fluids; and

e Longer allowance times for PG fluids.

Approximately three days of testing are required for the conduct of these tests.

2.4 Documentation of Contaminated Fluid Flow-Off on a Vertical Stabilizer

As part of a separate project, aerodynamic testing with a thin common research
model vertical stabilizer will be conducted to document contaminated fluid flow-off
on a vertical stabilizer. Nine days of testing at the start of the testing campaign are
required for the conduct of these tests, the details of which are provided in a separate
procedure.

2.5 Timing

Fifteen days are required for the “Ice Pellet Allowance Time Testing”
(Subsections 2.1, 2.2, and 2.3), and nine days are required for the “Documentation
of Contaminated Fluid Flow-Off on a Vertical Stabilizer” (Subsection 2.4). This totals
to 24 days of testing, based on the available TC/FAA funding resources.

At the time of writing this procedure, it is expected that testing with the RJ model
will start on January 9", 2022. Changing over of the aerodynamic models will require
some down-time which will occur during the week of January 30™. Testing will
resume with the CRM model (details described in a separate procedure) for an
additional nine days of testing starting February 3. See Table 2.1 for details.

Testing will be conducted during overnight periods (9:30 pm to 5:30 am), with the
exception of the weeks of December 19", January 30", and February 13", which
will be from 8:00 am to 4:00 pm. The weekends will be considered only if deemed
necessary. The first two hours or more of the first day will be dedicated to setup and
calibration of the rain sprayer and ice pellet and snow dispensers; time permitting
testing will begin as per the test plan.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMIIVE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPAITATION CONDITIONS

Table 2.1: Test Calendar

Legend

Week of Sun Mon Tue Wed Thurs Fri Sat
APS Setup, APS Setup, \\
19-Dec-21 Training, and Training, and Backup-day
Precip. Calibration | Precip. Calibration
26-Dec-21] ) ) i
02-Jan-22|
APSRJ APSRJ APSRJ APS RJ APSRJ
09-Jan-22 ) N N a q
Fluid Tests Fluid Tests Fluid Tests Fluid Tests Fluid Tests
APSRJ APSRJ APSRJ APS RJ APSRJ
16-Jan-22 N N N N N
Fluid Tests Fluid Tests Fluid Tests Fluid Tests Fluid Tests
APSRJ APSRJ APSRJ APSRJ APSRJ
23-Jan-22| - . . . .
Fluid Tests Fluid Tests Fluid Tests Fluid Tests Fluid Tests
30-Jan-22|
06-Feb-22 APS CRM Fluid APS CRM Fluid APS CRM Fluid APS CRM Fluid APS CRM Fluid
Tests Tests Tests Tests Tests
13-Feb-22

Note: Planned for 25 days. Revised to 24 based on scheduling availibilty.

APS Setup,
Training, and
Precip. Calibration

APS to setup i setup remote vi

ing cameras, conduct training for new staff, and (if
possible) conduct calibration of precipitation dispensing.

NRC lead activity to deliver a working and repeatable CRM model. APS to support.
1day Shakedown and Dry Run Repeatability. 2 days Boundary Layer Rake Tests. 1 day Tuft tests.

Backup NRC week Optional days for NRC Shakedown and Calibration in case of delays
S ﬁ_:':::lmd Fluid only, and fluid with contamination tests (SN, FZRA, PL). Up to 5 days

NRC needs time to changover the CRM to the RJ wing.

APSRJ
Fluid Tests

Ice pellet allowance time and related testing. 15 days.

3. TEST PLAN

The NRC wind tunnel is an open circuit tunnel. The temperature inside the wind
tunnel is dependent on the outside air temperature. Prior to testing, the weather
should be monitored to ensure proper temperatures for testing.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Representative Type I/ll/IIl/IV propylene and ethylene fluids in Neat form (standard
mix or 10-degree buffer for Type |) shall be evaluated against their uncontaminated
performance.

A preliminary list of test objectives is shown in Table 3.1 (only Priority 1 objectives
will be attempted unless indicated otherwise by TC/FAA directive). It should be noted
that the order in which the tests will be carried out will depend on weather conditions
and TC/FAA directive. A detailed test matrix (subject to change) related to Items #1,
#2, and #3 are shown in Table 3.2. As some of this testing is exploratory, changes
to the test plan may be made at the time of testing and will be confirmed by TC/FAA.

NOTE: The numbering of the test runs will be done in a sequential order starting with
number 1.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.1: Preliminary List of Testing Objectives for Winter 2021-22

Wind Tunnel Testing

Item # Objective Priority Description # of Days
Setup of equipment and calibration of the
L " . rain sprayer and the ice pellet and snow
0 Setup and Precipitation Calibration 1 dispensers (to be done on the first day of 1
testing).
Baseline test at beginning of each day to
1 Dry Wing Baseline Repeatability 1 ensure repeatability (part of NRC N/A
shakedown tests so no days allotted).
P CRM V-Stab - Calibration and 1 Shakedown and dry run repeatability, 4
Characterization Testing boundary layer rake tests, and tuft tests.
. . Fluid only, and fluid with contamination
3 CRM V-Stab - Fluid Testing 1 tests (SN, FZRA, PL). 5
4 Type IV IP AT Yalldatlon (New 1 Substantiate current times with new fluids. 8
Fluids)
Development of EG Specific IP SUP.prrt. the development of .an EG fluid
5 . 1 specific ice pellet allowance time table to 4
Allowance Times N } .
benefit of potential longer times.
. New temperatures, conditions, etc. for
General Allowance Time . X N
6 . allowance times i.e., Moderate snow mixed 3
Expansion e
with ice pellets.
7 Other R&D Activities 2 Could be selected from item # 7.1 to 7.7. 0
Triplicate conditions and testing to support
7 METAR MWG activities. )
Expand the current Type Il allowance
7.2 Type Il Allowance Time Expansion - times to have increased times, or more -
cells.
73 Type Il Low Speed Allowance . Validate the current Type Il allowance .
: Times times for use with low speed aircraft.
Continue Heavy Snow Research comparing
7.4 Heavy Snow - lift losses with Light/Moderate Snow vs. -
Heavy Snow.
L Continue work looking at aerodynamic
7.5 Heavy Cor)tamlna?lon (Aero vs. - failure vs. HOT defined failure, and effect -
Visual Failure) ) .
of surface roughness on lift degradation.
Effect of contamination on fluid
7.6 Fluid + Contamination @ LOUT - performance at LOUT with IP, SN, ZF, -
Frost etc.
7.7 Other - Any potential suggestions from industry. -
Total # of Days for Priority 1 Tests 24

APS/Library/Projects/300293 (TC Deicing 2021-22)/Procedures/Wind Tunnel/RJ Procedure/Final Version 1.0/Wind Tunnel 2021-22 Final Version 1.0.docx
Final Version 1.0, December 21

7

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

B-8

Final Version 1.0, April 23




APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing

Test
. Objective Test Rotation | Ramp Target ) 1P Rate SNRate | 2R Rate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
POO1 Baseline 1 Dry Wing 8 100 any none - - - - - 1 @start of day
P0O02 Baseline 1 Dry Wing 22 80 any none - - - - - 1 @start of day
poog | TyeelV Validation 1 IP- 8 100 >5 4Fite EG 25 - - - 70 1
and New Fluids
pooa | TypelV validation 1 1P~/ SN- 8 100 >5 4Fiite EG 25 10 - - 50 1
and New Fluids
poos | TypelV validation 1 IP-/ 2D 8 100 >5 4Fite EG 25 - 13 - 40 2
and New Fluids
poop | TYPelV validation 1 IP-/ ZR- 8 100 >5 4Fite EG 25 - 25 - 40 1
and New Fluids
poo7 | TypelV validation 1 1P~/ R- 8 100 >0 4Fite EG 25 - - 25 40 2
and New Fluids
poog | TypelV validation 1 1P Mod 8 100 >5 4Fite EG 75 - - - 35 1
and New Fluids
poog | TypelV validation 1 IP Mod/zD 8 100 >-5 4Fiite EG 75 - 13 . 20 1
and New Fluids
po1o | TypelV Validation 1 IP Mod / R 8 100 >0 4Fite EG 75 - - 75 15 2
and New Fluids
po11 | TypelV Validation 1 IP- 8 100 | 5t0-10 4Fite EG 25 - - - 50 2
and New Fluids
po12 | TypelV Validation 1 1P~/ SN- 8 100 | -5t0-10 4Fiite EG 25 10 - - 30 2
and New Fluids
po13 | TypelV validation 1 IP- /2D 8 100 51t0-10 4Fiite EG 25 - 13 . 30 2
and New Fluids
po1g | TYPelV Validation 1 IP-/ ZR- 8 100 | 5t0-10 4Fiite EG 25 - 25 - 30 1
and New Fluids
po1g | TypelV Validation 1 P Mod 8 100 | 5t0-10 4Fite EG 75 - - - 25 2
and New Fluids
po1 | TYPelV Validation 1 IP Mod/zD 8 100 510-10 4Fiite EG 75 - 13 . 10 1
and New Fluids
po17 | TYpelV Validation 1 P- 8 100 | -10t0-16 4Flite EG 25 E E . 30 1
and New Fluids
potg | TYPelV Validation 1 IP- / SN- 8 100 | -10t0-16 4Flite EG 25 10 - . 15 1
and New Fluids
potg | TYPelV Validation 1 IP Mod 8 100 | -10t0-16 4Flite EG 75 - - - 10 1
and New Fluids
po2o | TypelV Validation 1 P- 8 100 | -16t0-22 4Flite EG 25 E E . 30 2
and New Fluids
PO21 Type IV Validation 1 1P Mod 8 100 | -16t0-22 4Fiite EG 75 - - - 10 2
and New Fluids
pogz | TYPelV Validation 1 P- 8 100 <-22 4Flite EG 25 E - - 30 2 No AT exists
and New Fluids currently
po23 | TypelV validation 1 IP Mod 8 100 <22 4Flite EG 75 - - - 10 2 No AT exists
and New Fluids currentl:
PO24 Type IV Validation 1 Fluid Only 8 100 >-5 4Flite EG - - - - - 2 Baseline Test
and New Fluids
po25 | TYPelV Validation 1 Fluid Only 8 100 | 5t0-10 4Fiite EG - - - - - 1 Baseline Test
and New Fluids
po2e | TYPelV Validation 1 Fluid Only 8 100 | -10t0-16 4Fiite EG - - - - - 2 Baseline Test
and New Fluids
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
PO27 Type IV Validation 1 Fluid Only 8 100 16 t0 -22 4Flite EG - - - - - 1 Baseline Test
and New Fluids
pozg | TYPelV Validation 1 Fluid Only 8 100 <22 4Fite EG - - - - - 1 Baseline Test
and New Fluids
Fapg || e Y Vellkkiien 1 1P- 8 100 >-5 AVIAFlight EG 25 : : : 70 1
and New Fluids
pege || VPR WY VEIGE 1 1P~/ SN- 8 100 >.5 AVIAFlight EG 25 10 - - 50 1
and New Fluids
Fogn || VDI VElGEien 1 IP-/ ZD 8 100 >5 AVIAFlight EG 25 - 13 - 40 2
and New Fluids
Fogn || TR Y VEIGEiiGn 1 IP-/ ZR- 8 100 >5 AVIAFlight EG 25 - 25 . 40 1
and New Fluids
Fegg || VPRI VAR 1 1P/ R- 8 100 >0 AVIAFlight EG 25 - : 25 40 2
and New Fluids
Type IV Validation i
PO34 oL 1 1P Mod 8 100 >5 AVIAFlight EG 75 - - - 35 1
Fogp || VRN VEIGEiEn 1 1P Mod/zD 8 100 >5 AVIAFlight EG 75 - 13 - 20 1
and New Fluids
Fogp || TR I VElkkiin 1 IP Mod /R 8 100 >0 AVIAFlight EG 75 - - 75 15 2
and New Fluids
oy || TVER IV VEIGEen 1 P- 8 100 | -5t0-10 AVIAFlight EG 25 - . . 50 2
and New Fluids
Type IV Validation .
PO38 TP New Fins 1 IP- / SN- 8 100 | 5t0-10 AVIAFlight EG 25 10 - - 30 2
Type IV Validation )
PO39 U 1 IP- /2D 8 100 | 5to-10 AVIAFlight EG 25 - 13 - 30 2
Fomg || D Y Vellkkiiton 1 IP-/ ZR- 8 100 | -5t0-10 AVIAFlight EG 25 - 25 . 30 1
and New Fluids
o || TVER IV VEIGkiden 1 1P Mod 8 100 | -5t0-10 AVIAFlight EG 75 . . . 25 2
and New Fluids
Type IV Validation "
PO42 oo S 1 IP Mod/ZD 8 100 | 5t0-10 AVIAFlight EG 75 - 13 - 10 1
Type IV Validation )
P043 [OW e 1 IP- 8 100 | -10t0-16 AVIAFlight EG 25 - - - 30 1
o || VDY Vellkkidton 1 IP- / SN- 8 100 | -10t0-16 AVIAFlight EG 25 10 . . 15 1
and New Fluids
poas | Tyee IV Validstion 1 IP Mod 8 100 | -10t0-16 AVIAFlight EG 75 . o 5 10 1
and New Fluids
Type IV Validation .
PO46 O W 1 IP- 8 100 | -16t0-22 AVIAFlight EG 25 - - - 30 2
Type IV Validation .
PO47 [EOWVEILL 1 1P Mod 8 100 | -16t0-22 AVIAFlight EG 75 - - - 10 2
Type IV Validation . No AT exists
P048 (O Ve 1 P 8 100 <22 AVIAFlight EG 25 - - - 30 2 > AT ox
Posg | TypelV Validation 1 IP Mod 8 100 <22 AVIAFlight EG 75 - - - 10 2 No AT exists
and New Fluids currently
poso | TYeelV Validation 1 Fluid Only 8 100 >5 AVIAFlight EG - - - - - 2 Baseline Test
and New Fluids
Type IV Validation . . .
PO51 and New Fluids 1 Fluid Only 8 100 -56t0-10 AVIAFlight EG - - - B 8 1 Baseline Test
Type IV Validation . . .
PO52 and New Fluids 1 Fluid Only 8 100 -10to-16 AVIAFlight EG - - B 2 S 2 Baseline Test
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
pog3 | TYPe IV Validation 1 Fluid Only 8 100 | -16t0-22 AVIAFlight EG . - . . - 1 Baseline Test
and New Fluids
Foma || VPO Velkkiien 1 Fluid Only 8 100 <-22 AVIAFlight EG . B : : B 1 Baseline Test
and New Fluids
poss | TYPelV Validation 1 P- 8 100 >5 ChemR Nordik IV 25 - - - 70 1
and New Fluids
pose | TypelV Validation 1 1P~/ SN- 8 100 >5 ChemR Nordik IV 25 10 - - 50 1
and New Fluids
pos7 | TYPelV Validation 1 IP- /2D 8 100 >-5 ChemR Nordik IV 25 - 13 - 40 2
and New Fluids
posg | TypelV validation 1 IP-/ ZR- 8 100 >5 ChemR Nordik IV 25 - 25 - 40 1
and New Fluids
posg | TYPelV Validation 1 IP-/R- 8 100 >0 ChemR Nordik 1V 25 - - 25 40 2
and New Fluids
pogo | TYPelV Validation 1 P Mod 8 100 >5 ChemR Nordik IV 75 - - - 35 1
and New Fluids
PO61 Type IV Validation 1 IP Mod/zD 8 100 >-5 ChemR Nordik IV 75 - 13 - 20 1
and New Fluids
pogz | TypelV validation 1 IP Mod / R 8 100 >0 ChemR Nordik IV 75 - - 75 15 2
and New Fluids
pog3 | TyPelV validation 1 IP- 8 100 | 5t0-10 ChemR Nordik 1V 25 - - - 50 2
and New Fluids
poga | TYPelV Validation 1 IP- / SN- 8 100 | 5t0-10 ChemR Nordik 1V 25 10 - - 30 2
and New Fluids
pogs | TYpelV validation 1 IP-/ 2D 8 100 | -5t0-10 ChemR Nordik IV 25 - 13 - 30 2
and New Fluids
poge | 1YPe!lV validation 1 IP-/ ZR- 8 100 | -5t0-10 ChemR Nordik IV 25 - 25 - 30 1
and New Fluids
pog7 | TypelV validation 1 1P Mod 8 100 | 5t0-10 ChemR Nordik 1V 75 - - - 25 2
and New Fluids
pogg | TYpelV validation 1 1P Mod/zD 8 100 | -5t0-10 ChemR Nordik IV 75 - 13 - 10 1
and New Fluids
pogg | TYypelV validation 1 IP- 8 100 | -10t0-16 ChemR Nordik 1V 25 - - - 30 1
and New Fluids
po70 | TypelV Validation 1 IP- / SN- 8 100 | -10t0-16 ChemR Nordik 1V 25 10 - - 15 1
and New Fluids
PO71 Type IV Validation 1 IP Mod 8 100 | -10t0-16 ChemR Nordik IV 75 - - - 10 1
and New Fluids
po72 | TypelV validation 1 IP- 8 100 | -1610-22 ChemR Nordik IV 25 - - - 30 2
and New Fluids
po73 | TypelV validation 1 P Mod 8 100 | -1610-22 ChemR Nordik IV 75 - - - 10 2
and New Fluids
po7a | TypelV Validation 1 P- 8 100 <-22 ChemR Nordik IV 25 E E . 30 2 No AT exists
and New Fluids currently
po75 | TyPelV Validation 1 P Mod 8 100 <-22 ChemR Nordik IV 75 - - - 10 2 No AT exists
and New Fluids currently
po7e | TYPelV validation 1 Fluid Only 8 100 >5 ChemR Nordik IV - - - - - 2 Baseline Test
and New Fluids
PO77 Type IV Validation 1 Fluid Only 8 100 510-10 ChemR Nordik IV - - - - - 1 Baseline Test
and New Fluids
PO78 Type IV Validation 1 Fluid Only 8 100 10t0-16 ChemR Nordik IV - - - - - 2 Baseline Test
and New Fluids
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
PO79 Type IV Validation 1 Fluid Only 8 100 | -16t0-22 ChemR Nordik IV - - - - - 1 Baseline Test
and New Fluids
pogo | TYPelV Validation 1 Fluid Only 8 100 <22 ChemR Nordik IV - - - - - 1 Baseline Test
and New Fluids
PO81 rEclipadatics 1 P- 8 100 >5 Defrost NORTH 4 25 - - - 70 1
and New Fluids
Fogm || R Vellski 1 IP- / SN- 8 100 >5 Defrost NORTH 4 25 10 - - 50 1
and New Fluids
pogg | TyeelV validation 1 IP- /2D 8 100 >5 Defrost NORTH 4 25 . 13 . 40 2
and New Fluids
poga | TypelV Validation 1 IP-/ ZR- 8 100 >5 Defrost NORTH 4 25 - 25 - 40 1
and New Fluids
Fogp || R VAllskiE 1 IP- / R- 8 100 >0 Defrost NORTH 4 25 - - 25 40 2
and New Fluids
Type IV Validation
PO86 TP New Fins 1 1P Mod 8 100 >5 Defrost NORTH 4 75 - - - 35 1
pogy | TyeelV validation 1 IP Mod/zD 8 100 >5 Defrost NORTH 4 75 - 13 - 20 1
and New Fluids
Eosafl IESLR g 1 IP Mod / R 8 100 >0 Defrost NORTH 4 75 - - 75 15 2
and New Fluids
Fogp || VRS VElGEn 1 IP- 8 100 | 5t0-10 Defrost NORTH 4 25 - - - 50 2
and New Fluids
Type IV Validation
) TP New Fins 1 IP- / SN- 8 100 | 5t0-10 Defrost NORTH 4 25 10 - - 30 2
Type IV Validation
P01 U 1 IP-/ 2D 8 100 | -5t0-10 Defrost NORTH 4 25 - 13 . 30 2
Fog || VWS VElGEn 1 IP- / ZR- 8 100 | -5t0-10 Defrost NORTH 4 25 - 25 - 30 1
and New Fluids
Fogp || VR VElGE 1 1P Mod 8 100 | 5t0-10 Defrost NORTH 4 75 - - - 25 2
and New Fluids
Type IV Validation
PO94 TP New s 1 IP Mod/ZD 8 100 | -5t0-10 Defrost NORTH 4 75 - 13 - 10 1
Type IV Validation
POS5 L 1 IP- 8 100 | -10t0-16 |  Defrost NORTH 4 25 - - - 30 1
Fogp || UUEEY VelGEn 1 IP- / SN- 8 100 | -10t0-16 Defrost NORTH 4 25 10 - - 15 1
and New Fluids
pog7 | TYPe !V Validation 1 IP Mod 8 100 | -10t0-16 |  Defrost NORTH 4 75 : . . 10 1
and New Fluids
Type IV Validation
PO98 A 1 IP- 8 100 | -16t0-22 |  Defrost NORTH 4 25 - - - 30 2
Type IV Validation
P09 s 1 1P Mod 8 100 | -16t0-22 |  Defrost NORTH 4 75 - - - 10 2
Type IV Validation No AT exists
P100 (O Ve 1 P 8 100 <22 Defrost NORTH 4 25 - - - 30 2 PG
PiED || VRS VElGE 1 IP Mod 8 100 <22 Defrost NORTH 4 75 - - - 10 2 o A5 o
and New Fluids currently
p1o2 | TYyeelV Validation 1 Fluid Only 8 100 >5 Defrost NORTH 4 . - . . . 2 Baseline Test
and New Fluids
Type IV Validation . .
P103 and New Fluids 1 Fluid Only 8 100 -6 to -10 Defrost NORTH 4 - - - - - 1 Baseline Test
Type IV Validation . .
P104 and New Fluids 1 Fluid Only 8 100 -10to -16 Defrost NORTH 4 - - - - - 2 Baseline Test
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
i Objective Test Rotation | Ramp Target ) 1P Rate SNRate | 2R Rate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
p1os | TyeelV Validation 1 Fluid Only 8 100 | -16t0-22 |  Defrost NORTH 4 . . . . B 1 Baseline Test
and New Fluids
Pias || TR VAlGkE 1 Fluid Only 8 100 <22 Defrost NORTH 4 - - - - - 1 Baseline Test
and New Fluids
pio7 | TyeelV Validation 1 IP- 8 100 >5 ClearWing ECO 25 - - - 50 1
and New Fluids
P108 Type IV Validation 1 IP- / SN- 8 100 >.5 ClearWing ECO 25 10 - - 40 1
and New Fluids
P109 Type IV Validation 1 IP- / ZD 8 100 >5 ClearWing ECO 25 - 13 - 25 2
and New Fluids
pi1o | TyeelV validation 1 IP-/ ZR- 8 100 >5 ClearWing ECO 25 - 25 - 25 1
and New Fluids
pr1q | TypelV Validation 1 IP-/R- 8 100 >0 ClearWing ECO 25 - - 25 25 2
and New Fluids
pr12 | TYypelV Validation 1 1P Mod 8 100 >-5 ClearWing ECO 75 - - - 15 1
and New Fluids
p113 | TYypelV Validation 1 P Mod/ZD 8 100 >5 ClearWing ECO 75 . 13 . 10 1
and New Fluids
pi14 | TypelV validation 1 IP Mod / R 8 100 >0 ClearWing ECO 75 - - 75 10 2
and New Fluids
p115 | TYPelV Validation 1 P 8 100 | 5t0-10 ClearWing ECO 25 . E . 30 2
and New Fluids
p116 | TYPe !V Validation 1 1P-/ SN- 8 100 | -5t0-10 ClearWing ECO 25 10 . . 15 2
and New Fluids
pr17 | TypelV Validation 1 IP-/ 2D 8 100 | -5to-10 ClearWing ECO 25 . 13 . 10 2
and New Fluids
pi1g | TypelV validation 1 IP-/ ZR- 8 100 | -5t0-10 ClearWing ECO 25 - 25 - 10 1
and New Fluids
p119 | TYypelV Validation 1 IP Mod 8 100 | -5t0-10 ClearWing ECO 75 . . . 10 2
and New Fluids
p12o | TYypelV Validation 1 1P Mod/ZD 8 100 | -5t0-10 ClearWing ECO 75 . 13 . 7 1
and New Fluids
Type IV Validation 115knts for
P121 I New Fluds 1 IP- 8 116 | -10t0-16 ClearWing ECO 25 E - - 30 1 A
Type IV Validation . i i i i 115knts for
P122 T New Fluds 1 IP- / SN 8 115 10t0-16 ClearWing ECO 25 10 15 1 A
Type IV Validation 115knts for
P123 and New Fluids 1 IP Mod 8 115 -10to-16 ClearWing ECO 75 - - - 10 1 PG
Type IV Validation 115knts for
P124 and New Fluids 1 IP- 8 115 -16 to -22 ClearWing ECO 25 - - - 30 2 PG
e 115knts for
P125 Type IV Validation 1 IP- 8 115 <-22 ClearWing ECO 25 - - - 30 2 PG. No AT
and New Fluids
exist.
P126 Type IV Validation 1 Fluid Only 8 100 >5 ClearWing ECO - - - - - 2 Baseline Test
and New Fluids
P127 Type IV Validation 1 Fluid Only 8 100 51t0-10 ClearWing ECO - - - - - 1 Baseline Test
and New Fluids
P128 Type IV Validation 1 Fluid Only 8 100 “10t0-16 ClearWing ECO - - - - - 2 Baseline Test
and New Fluids
P129 Type IV Validation 1 Fluid Only 8 100 | -16t0-22 ClearWing ECO - - - - - 1 Baseline Test
and New Fluids
P130 Type IV Validation 1 Fluid Only 8 100 <-22 ClearWing ECO - - - - - 1 Baseline Test
and New Fluids
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
i Objective Test Rotation | Ramp Target ) 1P Rate SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P131 RresiLatidatic 1 1P- 8 100 >-5 4Flite PG 25 - - - 50 1
and New Fluids
pigz | TyeelV Validation 1 IP- / SN- 8 100 >5 4Fiite PG 25 10 - - 40 1
and New Fluids
pigm || TR VellskiE 1 IP-/ 2D 8 100 >5 4Fiite PG 25 - 13 - 25 2
and New Fluids
p134 | TypelV Validation 1 IP- / ZR- 8 100 >-5 4Flite PG 25 . 25 5 25 1
and New Fluids
p1gs | TyeelV validation 1 IP- / R- 8 100 >0 4Fiite PG 25 - - 25 25 2
and New Fluids
pig | TYPelV Validation 1 1P Mod 8 100 >5 4Fiite PG 75 - - - 15 1
and New Fluids
Pigy || TR VellskiE 1 IP Mod/zD 8 100 >-5 4Fiite PG 75 - 13 - 10 1
and New Fluids
piag | TyeelV Validation 1 IP Mod / R 8 100 >0 4Fiite PG 75 - - 75 10 2
and New Fluids
pigg | TyeelV Validation 1 IP- 8 100 | -5t0-10 4Fiite PG 25 - - - 30 2
and New Fluids
Piap || VWS VelGEk 1 IP- / SN- 8 100 | -5t0-10 4Fiite PG 25 10 - - 15 2
and New Fluids
Paag || VRS WY VElGEn 1 IP-/ 2D 8 100 | -5t0-10 4Fiite PG 25 - 13 - 10 2
and New Fluids
p1ag | TyeelV Validation 1 IP- / ZR- 8 100 | -5t0-10 4Fiite PG 25 - 25 - 10 1
and New Fluids
piag | TypelV validation 1 IP Mod 8 100 | -5t0-10 4Fiite PG 75 - - - 10 2
and New Fluids
Piag || VRS VElGEED 1 IP Mod/zD 8 100 5 10-10 4Fiite PG 75 - 13 - 7 1
and New Fluids
Type IV Validation . . . ) _ . 115knts for
P145 v 1 IP. 8 115 10t0-16 4Flite PG 25 30 1 o
piag | TyeelV Validation 1 IP- / SN- 8 115 | -10t0-16 4Fiite PG 25 10 - - 15 1 Tt
and New Fluids PG
p1a7 | TypelV Validation 1 1P Mod 8 116 | -10t0-16 4Fiite PG 75 - - - 10 1 Tilelas o
and New Fluids PG
Type IV Validation ) _ ~ 115knts for
P148 e R 1 IP- 8 115 | -16t0-22 4Flite PG 25 30 2 -
115knts for
Plag || TR VAlGkE 1 IP- 8 115 <-22 4Fiite PG 25 - - - 30 2 PG. No AT
and New Fluids
exist.
P150 e N Welleleifien 1 Fluid Only 8 100 >5 4Flite PG 5 5 5 8 5 2 Baseline Test
and New Fluids
P151 e N Wellekiten 1 Fluid Only 8 100 510-10 4Flite PG . - - - - 1 Baseline Test
and New Fluids
pre || TSI Velkkiien 1 Fluid Only 8 100 | -10to0-16 4Flite PG . 5 5 g 5 2 Baseline Test
and New Fluids
P153 QYECHMACdation 1 Fluid Only 8 100 | -16to-22 4Flite PG - - - - - 1 Baseline Test
and New Fluids
P154 e 1 Wellekiien 1 Fluid Only 8 100 <-22 4Flite PG o = s s = 1 Baseline Test
and New Fluids
P155 Type IV Validation 1 IP- 8 100 >5 AVIAFlight PG 25 - - - 50 1
and New Fluids
P156 Type IV Validation 1 IP- / SN- 8 100 >5 AVIAFlight PG 25 10 - - 40 1
and New Fluids

APS/Library/Projects/300293 (TC Deicing 2021-22)/Procedures/Wind Tunnel/RJ Procedure/Final Version 1.0/Wind Tunnel 2021-22 Final Version 1.0.docx
Final Version 1.0, December 21

13

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

B-14

Final Version 1.0, April 23



APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
. Objective Test Rotation | Ramp Target ] 1P Rate SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P157 Type IV Validation 1 IP- / ZD 8 100 >5 AVIAFlight PG 25 - 13 - 25 2
and New Fluids
pisg | TYPelV Validation 1 IP-/ ZR- 8 100 >5 AVIAFlight PG 25 - 25 - 25 1
and New Fluids
pigg | TYpelV Validation 1 IP-/R- 8 100 >0 AVIAFlight PG 25 - - 25 25 2
and New Fluids
P160 Type IV Validation 1 IP Mod 8 100 >5 AVIAFlight PG 75 - - - 15 1
and New Fluids
P161 Type IV Validation 1 IP Mod/ZD 8 100 >5 AVIAFlight PG 75 - 13 - 10 1
and New Fluids
pigz | TypelV validation 1 IP Mod / R 8 100 >0 AVIAFlight PG 75 - - 75 10 2
and New Fluids
pigg | TYpelV Validation 1 IP- 8 100 | 5t0-10 AVIAFlight PG 25 - - - 30 2
and New Fluids
p1e4 | TYPelV Validation 1 1P-/ SN- 8 100 | -5t0-10 AVIAFlight PG 25 10 . . 15 2
and New Fluids
p1es | TYPe !V validation 1 IP- /2D 8 100 510-10 AVIAFlight PG 25 - 13 - 10 2
and New Fluids
pige | 1YPelV validation 1 IP-/ ZR- 8 100 | -5t0-10 AVIAFlight PG 25 - 25 - 10 1
and New Fluids
P167 Type IV Validation 1 IP Mod 8 100 510-10 AVIAFlight PG 75 - - - 10 2
and New Fluids
preg | TYype !V Validation 1 IP Mod/zD 8 100 5 t0-10 AVIAFlight PG 75 - 13 - 7 1
and New Fluids
Type IV Validation 115knts for
P169 I New Fluds 1 IP- 8 116 | -10t0-16 AVIAFlight PG 25 E - - 30 1 A
Type IV Validation . i i i i 115knts for
P170 T New Fluds 1 IP- / SN 8 115 10t0-16 AVIAFlight PG 25 10 15 1 A
Type IV Validation 115knts for
P171 T New Fluds 1 IP Mod 8 115 | -10t0-16 AVIAFlight PG 75 - - - 10 1 A
Type IV Validation 115knts for
P172 T New Fluds 1 P- 8 115 | -16t0-22 AVIAFlight PG 25 - - - 30 2 N
115knts for
P173 Type IV Validation 1 IP- 8 115 <-22 AVIAFlight PG 25 - - - 30 2 PG. No AT
and New Fluids
exist.
P174 Type IV Validation 1 Fluid Only 8 100 >5 AVIAFlight PG - - - - - 2 Baseline Test
and New Fluids
P175 Type IV Validation 1 Fluid Only 8 100 510-10 AVIAFlight PG - - - - - 1 Baseline Test
and New Fluids
P176 Type IV Validation 1 Fluid Only 8 100 “10t0-16 AVIAFlight PG - - - - - 2 Baseline Test
and New Fluids
P177 Type IV Validation 1 Fluid Only 8 100 | -16t0-22 AVIAFlight PG - - - - - 1 Baseline Test
and New Fluids
P178 Type IV Validation 1 Fluid Only 8 100 <-22 AVIAFlight PG - - - - - 1 Baseline Test
and New Fluids
Pige || VPR WY VElGkn 1 IP- 8 100 >5 FCY-EGIV 25 5 . . 50 1
and New Fluids
pigp || TR I VAlskE 1 IP- / SN- 8 100 >5 FCY-EGIV 25 10 - - 40 1
and New Fluids
pig1 | TyeelV Validation 1 P- /2D 8 100 >5 FCY-EGIV 25 - 13 - 25 2
and New Fluids
Pigg || TR W VAlGETE 1 IP- / ZR- 8 100 >5 FCY-EGIV 25 B 25 - 25 1
and New Fluids
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
_— Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
p1gg | TyeelV validation 1 IP- / R- 8 100 >0 FCY-EGIV 25 . . 25 25 2
and New Fluids
P || TR VAlGEdE 1 1P Mod 8 100 >5 FCY-EGIV 75 - - 15 1
and New Fluids
Pigs || R I VallskE 1 IP Mod/zD 8 100 >-5 FCY-EGIV 75 13 - 10 1
and New Fluids
Pigs || TR Vallskie 1 IP Mod /R 8 100 >0 FCY-EGIV 75 - - 75 10 2
and New Fluids
p1gy | TyeelV validation 1 IP- 8 100 | 5t0-10 FCY-EGIV 25 . . . 30 2
and New Fluids
pigg | TYyeelV validation 1 IP- / SN- 8 100 | -5t0-10 FCY-EGIV 25 10 - - 15 2
and New Fluids
pigg || TER I VAllskiE 1 IP-/2ZD 8 100 5 10-10 FCY-EGIV 25 13 - 10 2
and New Fluids
Type IV Validation
P190 TP New Fins 1 IP- / ZR- 8 100 | -5t0-10 FCY-EGIV 25 25 - 10 1
p1g1 | TyeelV Validation 1 1P Mod 8 100 | 5t0-10 FCY-EGIV 75 - - 10 2
and New Fluids
pigg || UVEE WY VElGEE 1 IP Mod/ZD 8 100 | -5t0-10 FCY-EGIV 75 13 - 7 1
and New Fluids
Type IV Validation 115knts for
P193 e 1 IP- 8 115 | -10t0-16 FCY-EGIV 25 - - 30 1 S
Type IV Validation 115knts for
P194 TP New Fins 1 IP- / SN- 8 115 | -10t0-16 FCY-EGIV 25 10 - - 15 1 -
Type IV Validation 115knts for
P195 U 1 IP Mod 8 115 | -10t0-16 FCY-EGIV 75 - - 10 1 o
Type IV Validation N ~ N g _ ~ 115knts for
P196 s 1 IP. 8 115 | -16t0-22 FCY-EGIV 25 30 2 s
S 118knts for
Pigy || TR VAlskE 1 P- 8 115 <22 FCY-EGIV 25 - - 30 2 PG. No AT
and New Fluids i
exist.
Eiccl IR ESREIce 1 Fluid Only 8 100 >5 FCY-EGIV - - - - 2 Baseline Test
and New Fluids
pigg | TYPelV Validation 1 Fluid Only 8 100 | 5t0-10 FCY-EGIV - - - - - 1 Baseline Test
and New Fluids
p2oo | T¥PelV Validation 1 Fluid Only 8 100 | -10t0-16 FCY-EGIV . . . . 2 Baseline Test
and New Fluids
pay || VR Y VElkkiien 1 Fluid Only 8 100 | 161t0-22 FCY-EGIV . . . . 1 Baseline Test
and New Fluids
poop | TYPe !V Validation 1 Fluid Only 8 100 <22 FCY-EGIV - - - - 1 Baseline Test
and New Fluids
pao3 | TypelV Validation 1 P- 8 100 >5 Polar Guard® Xtend 25 - - 50 1
and New Fluids
paoa | TYPelV Validation 1 1P~/ SN- 8 100 >5 Polar Guard® Xtend 25 10 - - 40 1
and New Fluids
P205 Type IV Validation 1 IP- /2D 8 100 >-5 Polar Guard® Xtend 25 13 25 2
and New Fluids
p20g | TYPe IV Validation 1 IP-/ ZR- 8 100 >5 Polar Guard® Xtend 25 25 25 1
and New Fluids
paoy | TypelV validation 1 1P~/ R- 8 100 >0 Polar Guard® Xtend 25 - 25 25 2
and New Fluids
paog | TYypelV validation 1 1P Mod 8 100 >-5 Polar Guard® Xtend 75 - - 15 1
and New Fluids
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P09 | TYPe W Valdation 1 1P Mod/zD 8 100 >5 Polar Guard® Xtend 75 13 - 10 1
P10 | TYPe W Valdation 1 IP Mod / R 8 100 >0 Polar Guard® Xtend 75 75 10 2
pa1q | TypelV Validation 1 IP- 8 100 | 5t0-10 | Polar Guard® Xtend 25 30 2
and New Fluids
P212 T‘a’zz ',:"e\v’v""F""u"’I;';’” 1 IP-/ SN- 8 100 | -5t0-10 Polar Guard® Xtend 25 10 - - 15 2
P213 T‘;EZ ',:"e\v’va::i“’uals:” 1 IP-/ 2D 8 100 | -5t0-10 Polar Guard® Xtend 25 13 - 10 2
P14 | TYPe W Valdation 1 IP-/ ZR- 8 100 | -5t0-10 | Polar Guard® Xtend 25 25 10 1
pa15 | TYPelV Validation 1 1P Mod 8 100 | 5t0-10 | Polar Guard® Xtend 75 10 2
and New Fluids
pa1g | TYPelV Validation 1 IP Mod/zD 8 100 -5 10-10 Polar Guard® Xtend 75 13 7 1
and New Fluids
p217 | TypelV Validation 1 P 8 115 | -10t0-16 | Polar Guard® Xtend 25 30 1 118knts for
and New Fluids e
pa1g | TypelV validation 1 IP- / SN- 8 115 | -10t0-16 | Polar Guard® Xtend 25 10 15 1 115knts for
and New Fluids oG
pa1g | TypelV Validation 1 IP Mod 8 116 | -10t0-16 | Polar Guard® Xtend 75 10 1 115knts for
and New Fluids PG
pago | TyeelV Validation 1 IP- 8 115 | -1610-22 | Polar Guard® Xtend 25 30 2 T18knts for
and New Fluids e
115knts for
P221 T‘;i‘; ',:‘/eyva::'“’ual;';’” 1 IP- 8 15 <-22 Polar Guard® Xtend 25 - - 30 2 PG. No AT
exist.
P2z | TYPe W Veldation 1 Fluid Only 8 100 >5 Polar Guard® Xtend - 2 Baseline Test
P223 T‘;‘r’z ',:‘/e}l/va::'?uai;';’” 1 Fluid Only 8 100 510-10 Polar Guard® Xtend - 1 Baseline Test
P224 T‘;‘;Z ',:‘/e\vf/a::'?uai;'g” 1 Fluid Only 8 100 10t0-16 Polar Guard® Xtend - 2 Baseline Test
pazs | TYPe W Valdation 1 Fluid Only 8 100 | -16t0-22 | Polar Guard® Xtend - - E - 1 Baseline Test
paze | TYPO W Veldation 1 Fluid Only 8 100 <-22 Polar Guard® Xtend - 1 Baseline Test
P227 9 i (1 1 IP- 8 100 >5 DOW EG106 25 - - % 1 Chrreniialls
Expansion 70 min
P28 ES T I 1 P/ SN- 8 100 >5 DOW EG106 25 10 - : 60 1 Garier L3 i
Expansion 50 min
P229 EE R 1 P- /2D 8 100 >5 DOW EG106 25 - 13 - 45 2 (G
Expansion 40 min
P230 S IREORY 1 1P/ ZR- 8 100 >5 DOW EG106 25 - 25 - 45 1 Chroniis
Expansion 40 min
P231 Rl 1 IP- / R- 8 100 >0 DOW EG106 25 - 25 45 2 SR A (5
Xpansion 40 min
P232 ESWEDRY 1 P Mod 8 100 >5 DOW EG106 75 - - 45 1 Crrenaie
Expansion 35 min
P233 SR 1 IP Mod/ZD 8 100 >5 DOW EG106 75 - 13 - 30 1 ST/
xpansion 20 min
P234 ESIREORY 1 IP Mod / R 8 100 >0 DOW EG106 75 B a 75 20 2 SRS
Expansion 15 min
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P235 ES ol 1 1P/ SN 8 100 >5 DOW EG106 75 25 . a 10 1 PIICHES
Expansion currently
P236 ESREDRY 1 P- 8 100 510-10 DOW EG106 25 - - 70 2 Crienifaiie
Expansion 50 min
P237 ESREORY 1 IP- / SN- 8 100 -5 10-10 DOW EG106 25 10 - - 45 2 SHEIE A (5
Expansion 30 min
P238 ECIVEELY 1 IP- / ZD 8 100 | 5t0-10 DOW EG106 25 . 13 - 40 2 CEIE £ (5
Expansion 30 min
P239 ES WD RY 1 IP- / ZR- 8 100 | -5t0-10 DOW EG106 25 5 25 . 40 1 G £ (5
Expansion 30 min
P240 ES PRy 1 1P Mod 8 100 | 5t0-10 DOW EG106 75 - - 40 2 S A 3
Expansion 25 min
P241 ES RO RY 1 IP Mod/zD 8 100 5 10-10 DOW EG106 75 13 - 20 1 CEIR A3 (5
Expansion 10 min
EG Type IV No AT exists
P242 e 1 1P/ SN 8 100 | -5t0-10 DOW EG106 75 25 . . 10 1 e
P243 ESREe Ry 1 IP- 8 100 | -10t0-16 DOW EG106 25 - - 50 1 G £ (B
Expansion 30 min
P244. S e Y 1 IP- / SN- 8 100 | -10t0-16 DOW EG106 25 10 - - 30 1 Sl A (3
Expansion 15 min
P245 28 e 1 1P Mod 8 100 | -10t0-16 DOW EG106 75 - - 25 1 Sl A 5
Expansion 10 min
EG Type IV Current AT is
P246 i 1 IP- 8 100 | -16t0-22 DOW EG106 25 . . 50 2 i
EG Type IV No AT exists
P247 bk 1 IP- / SN- 8 100 | -16t0-22 DOW EG106 25 10 . . 15 1 e
P248 8 e [ 1 1P Mod 8 100 | -1610-22 DOW EG106 75 - - 25 2 Gl £ 3
Expansion 30 min
P249 28 e [ 1 IP- 8 100 <-22 DOW EG106 25 - - 50 2 o A5 G
Expansion currently.
EG Type IV No AT exists
P250 e 1 IP Mod 8 100 <22 DOW EG106 75 - - 25 2 e
EG Type IV . .
P251 Sohchy 1 Fluid Only 8 100 >5 DOW EG106 - . . . 2 Baseline Test
P252 8 e [ 1 Fluid Only 8 100 | 5t0-10 DOW EG106 - - - - 1 Baseline Test
Expansion
P253 Ly 1 Fluid Only 8 100 | -10t0-16 DOW EG106 . . . . 2 Baseline Test
annsIOn
EG Type IV . _ N _ _ ~ _ ’
P254. Sobchy 1 Fluid Only 8 100 | -16t0-22 DOW EG106 1 Baseline Test
EG Type IV . .
P255 Erhihehy 1 Fluid Only 8 100 <22 DOW EG106 - - . . 1 Baseline Test
P256 EG Type IV 1 IP- 8 100 >5 ClearWing EG 25 90 1 Current AT is
Expansion 70 min
p257 EG Type IV 1 1P-/ SN- 8 100 >5 ClearWing EG 25 10 60 1 Current AT is
Expansion 50 min
p258 EG Type IV 1 IP-/ 2D 8 100 >.5 ClearWing EG 25 13 45 2 Current AT is
Expansion 40 min
P259 EG Type IV 1 IP- / ZR- 8 100 >5 ClearWing EG 25 25 45 1 Current AT is
Expansion 40 min
P260 EG Type IV 1 IP- / R- 8 100 >0 ClearWing EG 25 25 45 2 Current AT is
Expansion 40 min
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P261 EG Type IV 1 IP Mod 8 100 >5 ClearWing EG 75 - - - 45 1 Current AT is
Expansion 35 min
P262 EG Type IV 1 1P Mod/zD 8 100 >5 ClearWing EG 75 - 13 - 30 1 Current AT is
Expansion 20 min
P263 EG Type IV 1 IP Mod / R 8 100 >0 ClearWing EG 75 - - 75 20 2 Current AT is
Expansion 15 min
P264 EG Type IV 1 IP/SN 8 100 >5 ClearWing EG 75 25 - - 10 1 No AT exists
Expansion currentl
P265 EG Type IV 1 P 8 100 | -5t0-10 ClearWing EG 25 - - - 70 2 Current AT is
Expansion 50 min
P266 EG Type IV 1 IP- / SN- 8 100 | -5t0-10 ClearWing EG 25 10 - - 45 2 Current AT is
Expansion 30 min
P267 EG Type IV 1 IP-/ 2D 8 100 | -5t0-10 ClearWing EG 25 - 13 - 40 2 Current AT is
Expansion 30 min
P268 EG Type IV 1 IP-/ ZR- 8 100 | -5t0-10 ClearWing EG 25 . 25 . 40 1 Current AT is
Expansion 30 min
P269 EG Type IV 1 IP Mod 8 100 | 5t0-10 ClearWing EG 75 - - . 40 2 Current AT is
Expansion 25 min
P270 EG Type IV 1 IP Mod/zD 8 100 | -5t0-10 ClearWing EG 75 - 13 - 20 1 Current AT is
Expansion 10 min
p271 EG Type IV 1 P/ SN 8 100 | 5t0-10 ClearWing EG 75 25 E . 10 1 No AT exists
Expansion current|
p272 EG Type IV 1 P 8 100 | -10t0-16 ClearWing EG 25 . . . 50 1 Current AT is
Expansion 30 min
p273 EG Type IV 1 IP-/ SN- 8 100 | -10t0-16 ClearWing EG 25 10 . . 30 1 Current AT is
Expansion 15 min
P274 EG Type IV 1 1P Mod 8 100 | -10t0-16 ClearWing EG 75 - - - 25 1 Current AT is
Expansion 10 min
p275 EG Type IV 1 P- 8 100 | -1610-22 ClearWing EG 25 . . . 50 2 Current AT is
Expansion 30 min
P276 EG Type IV 1 1P~/ SN- 8 100 | -1610-22 ClearWing EG 25 10 . . 15 1 No AT exists
Expansion currentl
p277 EG Type IV 1 IP Mod 8 100 | -1610-22 ClearWing EG 75 . . . 25 2 Current AT is
Expansion 30 min
P278 EG Type IV 1 IP- 8 100 <22 ClearWing EG 25 - - - 50 2 No AT exists
Expansion currently
p279 EG Type IV 1 IP Mod 8 100 <22 ClearWing EG 75 . . . 25 2 No AT exists
Expansion currently
280 EG Type IV 1 Fluid Only 8 100 >.5 ClearWing EG . . . . . 2 Baseline Test
Expansion
p281 EG Type IV 1 Fluid Only 8 100 | -5t0-10 ClearWing EG . . . . . 1 Baseline Test
Expansion
P282 EG Type IV 1 Fluid Only 8 100 | -10t0-16 ClearWing EG - E E . - 2 Baseline Test
Expansion
P283 EG Type IV 1 Fluid Only 8 100 -16 to -22 ClearWing EG - - - - - 1 Baseline Test
Expansion
p284 EG Type IV 1 Fluid Only 8 100 <22 ClearWing EG . . . . . 1 Baseline Test
Expansion
EG Type IV Y ¥ . . _ _ Current AT is
P285 DUEDk 1 P 8 100 >5 Max Flight AVIA 25 % 1 ront Al
EG Type IV . Current AT is
P286 DUk 1 IP-/ SN- 8 100 >5 Max Flight AVIA 25 10 - - 60 1 o A

APS/Library/Projects/300293 (TC Deicing 2021-22)/Procedures/Wind Tunnel/RJ Procedure/Final Version 1.0/Wind Tunnel 2021-22 Final Version 1.0.docx

18

Final Version 1.0, December 21

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

B-19

Final Version 1.0, April 23



APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
_— Objective Test Rotation | Ramp Target ) IP Rate SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P287 SIS 1 IP- / ZD 8 100 >-5 Max Flight AVIA 25 - 13 - 45 2 GBS
Expansion 40 min
pP288 6 T (17 1 IP-/ ZR- 8 100 >5 Max Flight AVIA 25 - 25 . 45 1 Giieii: AT i
Expansion 40 min
P289 e s [V 1 IP-/R- 8 100 >0 Max Flight AVIA 25 - - 25 45 2 (Girdieiis AT i
Expansion 40 min
P290 i e 1Y 1 1P Mod 8 100 >5 Max Flight AVIA 75 = - = 45 1 (Giiiaiis (AT i
Expansion 35 min
P291 HYIRED 1 1 IP Mod/zD 8 100 >-5 Max Flight AVIA 75 . 13 5 30 1 CIEB LA S
Expansion 20 min
P292 ESED 1 1 IP Mod /R 8 100 >0 Max Flight AVIA 75 - - 75 20 2 (Gl AT 5
Expansion 15 min
P293 e s [V 1 1P/ SN 8 100 >5 Max Flight AVIA 75 25 . . 10 1 Mo A extsis
Expansion currently
P294 e T2 [V 1 P- 8 100 | -5t0-10 Max Flight AVIA 25 - - . 70 2 (Gl AT 15
Expansion 50 min
P295 HYIRED 1 1 1P~/ SN- 8 100 | 5t0-10 Max Flight AVIA 25 10 - - 45 2 G
Expansion 30 min
P296 S IED Y 1 IP-/ 2D 8 100 | -5t0-10 Max Flight AVIA 25 - 13 . 40 2 (Gl AT 5
Expansion 30 min
P297 e TED 1Y 1 IP- / ZR- 8 100 5 t0-10 Max Flight AVIA 25 - 25 : 40 1 (Gl AT 5
Expansion 30 min
EG Type IV Current AT is
P298 Read 1 1P Mod 8 100 | -5t0-10 Max Flight AVIA 75 . s 2 40 2 el
EG Type IV Current AT is
P299 Read 1 IP Mod/ZD 8 100 | -5t0-10 Max Flight AVIA 75 . 13 o 20 1 faal
P300 e TED Y 1 1P/ SN 8 100 | -5t0-10 Max Flight AVIA 75 25 . . 10 1 Mo AT &5
Expansion currently
P301 S T [V 1 P- 8 100 | -10t0-16 Max Flight AVIA 25 . . . 50 1 (Gl AT 5
Expansion 30 min
P302 S D Y 1 IP- / SN- 8 100 | -10t0-16 Max Flight AVIA 25 10 . . 30 1 GBS
Expansion 15 min
EG Type IV Current AT is
P303 Read 1 1P Mod 8 100 | -10t0-16 Max Flight AVIA 75 . 5 o 25 1 e
P304 S T [V 1 P- 8 100 | -161t0-22 Max Flight AVIA 25 - . . 50 2 (Gl AT 5
Expansion 30 min
P305 e D Y 1 IP-/ SN- 8 100 | -161t0-22 Max Flight AVIA 25 10 . . 15 1 Mo AT @55
Expansion currently
EG Type IV Current AT is
P306 S 1 1P Mod 8 100 | -16t0-22 Max Flight AVIA 75 . 5 o 25 2 (L
P307 S TED Y 1 P- 8 100 <22 Max Flight AVIA 25 - . . 50 2 i A3 58
Expansion currently
P308 e TED 1Y 1 IP Mod 8 100 <-22 Max Flight AVIA 75 . s 5 25 2 i A 55
Expansion currently
P309 e D Y 1 Fluid Only 8 100 >5 Max Flight AVIA - - - . - 2 Baseline Test
Expansion
P310 e D N 1 Fluid Only 8 100 -5 t0-10 Max Flight AVIA - - - s - 1 Baseline Test
Expansion
EG Type IV . _ ~ . _ _ _ _ _ .
P311 o 1 Fluid Only 8 100 | -10t0-16 Max Flight AVIA 2 Baseline Test
P312 9 W0 1 1 Fluid Only 8 100 | -161t0-22 Max Flight AVIA 5 . 5 5 5 1 Baseline Test
Expansion
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

I’E:s': Objective Cororty. | Condition | Angle. | (sken | OATC) Fluid @ammi | alamem | Giamom | @amtm | Tme | pronty | COMMENT
P313 SO0y 1 Fluid Only 8 100 <22 Max Flight AVIA - - - - - 1 Baseline Test
P314 R e 1 IP- 8 100 >5 Safewing £G IV 25 - - - 90 1 Current AT is
P315 Eﬁ;f\" 1 IP- / SN- 8 100 >5 Safewing £G IV 25 10 - - 60 1 Current AT is
P316 Esﬂ;yﬁo'r\‘/ 1 IP-/2D 8 100 >5 Safe&g’;{gTEG v 25 - 13 - 45 2 C”""Z":nf '
P317 E&;"ﬁ(}': 1 IP-/ ZR- 8 100 >-5 S"’fe;"(i)"‘quEG v 25 . 25 . 45 1 C”'L"z";f s
P318 i 1 P- / R- 8 100 >0 Safewing Fa IV 25 - - 25 45 2 Corent AT is
P319 E&L"ﬁ;r\‘/ 1 IP Mod 8 100 > Safe&"g;?TEG v 75 - - - 45 1 C”';":n/i? '
P320 E&Tayﬁo'r\" 1 IP Mod/zD 8 100 >5 Safewing G IV 75 - 13 - 30 1 Curent AT I
Pa21 EEGX_pTayﬁo'r:’ 1 1P Mod / R 8 100 >0 St 75 - - 75 20 2 Curret AT s
P322 o 1 P/ SN 8 100 >5 Sofowe eV 75 25 - - 10 1 N e
P323 E&Qﬁo‘r\" 1 P- 8 100 | 5to-10 Sofene e 25 - - - 70 2 Curtem AT s
Pa24 Eij?ﬁo'r\" 1 IP- / SN- 8 100 | -5t-10 Safewing G IV 25 10 - - 45 2 Curent AT I
P325 Es(_;ﬁ"ﬁo': 1 P-/ 2D 8 100 | -5t0-10 St 25 - 13 - 40 2 Curtemt AT s
P326 Eéiﬁo': 1 IP-/ ZR- 8 100 | 5to-10 Sofono e 25 - 25 - 40 1 Curtemt AT s
P327 Eg;ﬁ"ﬁ()‘: 1 P Mod 8 100 | -5t-10 Safewino re 1V 75 - - - 40 2 Curtemt AT s
P328 EEGXJTEVEO'[Y 1 1P Mod/ZD 8 100 | -5t0-10 St 75 - 13 - 20 1 Current AT s
P329 EEGXEO';’ 1 P/ SN 8 100 | -5t0-10 St 75 25 - - 10 1 No AT oxists
P330 oy 1 P- 8 100 | -10t0-16 Sefewio re 1V 25 - - - 50 1 Curremt AT s
P331 oy 1 IP- / SN- 8 100 | -10t0-16 Safewing FO IV 25 10 - - 30 1 Current AT s
P332 E&:’a‘ﬁo';’ 1 P Mod 8 100 | -10t0-16 Sofewe eV 75 - - - 25 1 Curremt AT s
P33 E&ﬁo': 1 IP- 8 100 | -16t0-22 Sotone e 25 - - - 50 2 Curtem AT s
P334 EE?( ‘;‘2’;0': 1 IP- / SN- 8 100 | -161t0-22 Safe&"g"f.r? v 25 10 - - 15 1 N"cf:eifli\f‘s
P335 iy 1 P Mod 8 100 | -16t0-22 Safewing FG IV 75 - - - 25 2 Curremt AT s
Pa36 e 1 Ip- 8 100 <22 Safewing FG IV 25 - - - 50 2 No AT exists
P337 EE(i ‘;ra"np:io'r\]/ 1 IP Mod 8 100 <22 S""e,:‘g;?TEG v 75 - - - 25 2 N°c l’jr:-e:z'\f“
P338 EE();( ‘;‘2’;0":/ 1 Fluid Only 8 100 >5 Safe&‘g"‘f.r? v - - - - - 2 Baseline Test
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
EG Type IV N R B Safewing EG IV ~ R ~ B ~ "
P339 o 1 Fluid Only 8 100 51t0-10 o 1 Baseline Test
EG Type IV . Safewing EG IV .
P340 o 1 Fluid Only 8 100 | -10t0-16 AR - - - - - 2 Baseline Test
EG Type IV Safewing EG IV
P341 Expansion 1 Fluid Only 8 100 -16 to -22 NORTH - - - - - 1 Baseline Test
EG Type IV . Safewing EG IV ’
P342 oo 1 Fluid Only 8 100 <22 o - - - - - 1 Baseline Test
P343 I8 e (N 1 P- 8 100 >5 ClearWing ECO 25 - . . 60 1 EB-7/0), it
Expansion AT is 50 min
pP344 O TR (17 1 IP- / SN- 8 100 >5 ClearWing ECO 25 10 - . 50 1 (Gl AT 115
Expansion 40 min
P345 el e W 1 IP-/ 2D 8 100 >5 ClearWing ECO 25 - 13 . 30 2 SIDH0 (Cliiiaiis
Expansion AT is 25 min
PG Type IV 30-40. Current
P346 e 1 IP-/ ZR- 8 100 >5 ClearWing ECO 25 - 25 - 30 1 0 sumen
P347 S e (N 1 IP-/R- 8 100 >0 ClearWing ECO 25 - . 25 30 2 B4, Bt
Expansion AT is 25 min
P348 e Tz [V 1 1P Mod 8 100 >5 ClearWing ECO 75 - . . 25 1 AT, e
Expansion AT is 15 min
P349 S Tyt (17 1 1P Mod/ZD 8 100 >5 ClearWing ECO 75 - 13 - 15 1 520, Gt
Expansion AT is 10 min
PG Type IV Current AT is
P350 e 1 IP Mod / R 8 100 >0 ClearWing ECO 75 - - 75 15 2 el
7-10. No AT
P351 FIE T [ 1 1P/ SN 8 100 >5 ClearWing ECO 75 25 . . 7 1 exists
Expansion
currently
P352 8 Tz (17 1 P- 8 100 | -5to-10 ClearWing ECO 25 - . . 40 2 D0, Clins
Expansion AT is 30 min
PG Type IV . Current AT is
P353 AU, 1 1P~/ SN- 8 100 | -5t0-10 ClearWing ECO 25 10 - - 20 2 rent A
P354. S Tyt (17 1 IP- /2D 8 100 510-10 ClearWing ECO 25 . 13 5 20 2 20s20gC e
Expansion AT is 10 min
P355 8 T 1 IP-/ ZR- 8 100 | -5t0-10 ClearWing ECO 25 - 25 - 20 1 EAOL), ClMi
Expansion AT is 10 min
P356 P8 Tz (17 1 1P Mod 8 100 | -5to-10 ClearWing ECO 75 - . . 15 2 prazbgCeart
Expansion AT is 10 min
P357 P8 Tz (V7 1 IP Mod/ZD 8 100 5 t0-10 ClearWing ECO 75 - 13 - 10 1 Chuen e
Expansion 7_min
510, No AT
P358 Pg( 1;‘:\";0';’ 1 1P/ SN 8 100 | -5t0-10 ClearWing ECO 75 25 - - 5 1 exists
P currently
P359 8 T (7 1 P- 8 116 | 10t0-16 ClearWing ECO 25 - . . 40 1 @i AT i
Expansion 30 min
P360 178 T Y 1 IP- / SN- 8 115 | -10t0-16 ClearWing ECO 25 10 - - 20 1 (GlTEE AT 15
Expansion 15 min
P361 FlE T 1 1 1P Mod 8 116 | -10t0-16 ClearWing ECO 75 - . . 20 1 (Giiieiis (AT i
Expansion 10 min
P362 O W (7 1 1P- 8 115 | -16 to-22 ClearWing ECO 25 - - - 40 2 G B
Expansion 30 min
P363 el o 1 IP- / SN- 8 115 | -1610-22 ClearWing ECO 25 10 . . 15 1 M A et
Expansion currently
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
_— Objective Test Rotation | Ramp Target ) IPRate | SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P364 F;G el 1 P- 8 115 <22 ClearWing ECO 25 - . . 40 2 Mo AT ertis
XEanSIOn CU"E““Y
PG Type IV . " .
P365 3 1 Fluid Only 8 100 >-5 ClearWing ECO - - - - - 2 Baseline Test
Expansion
P366 178 T Y 1 Fluid Only 8 100 510-10 ClearWing ECO - - - - - 1 Baseline Test
Expansion
P367 FlE T 1 1 Fluid Only 8 100 | -10t0-16 ClearWing ECO - . . - . 2 Baseline Test
Expansion
P368 FIE T 1V 1 Fluid Only 8 100 | -161t0-22 ClearWing ECO . - . . - 1 Baseline Test
Expansion
P369 PG T [ 1 Fluid Only 8 100 <22 ClearWing ECO . - . . - 1 Baseline Test
Expansion
P370 PG Type IV 1 IP- 8 100 >5 4Fiite PG 25 60 1 60-70. Current
Expansion AT is 50 min
P371 PG Type IV 1 IP- / SN- 8 100 >5 4Fiite PG 25 10 50 1 Current AT is
Expansion 40 min
P372 PG Type IV 1 1P~/ 2D 8 100 > 4Fiite PG 25 13 30 2 30-40. Current
Expansion AT is 25 min
P373 PG Type IV 1 IP-/ ZR- 8 100 >5 4Fiite PG 25 25 30 1 80-40. Current
Expansion AT is 25 min
P374 PG Type IV 1 1P/ R 8 100 >0 4Fiite PG 25 25 30 2 30-40. Current
Expansion AT is 25 min
P375 PG Type IV 1 IP Mod 8 100 >5 4Fiite PG 75 25 1 25-35. Current
Expansion AT is 15 min
P376 PG Type IV 1 1P Mod/zD 8 100 >-5 4Fiite PG 75 13 15 1 16-20. Current
Expansion AT is 10 min
P377 PG Type IV 1 IP Mod / R 8 100 >0 4Fiite PG 75 75 15 2 Current AT is
Expansion 10 min
7-10. No AT
P378 PG Type IV 1 IP/ SN 8 100 >5 4Fiite PG 75 25 7 1 exists
Expansion
currently
P379 PG Type IV 1 P- 8 100 6 10-10 4Fiite PG 25 40 2 40-50. Current
Expansion AT is 30 min
P380 PG Type IV 1 IP- / SN- 8 100 | 5t0-10 4Fiite PG 25 10 - E 20 2 Current AT is
Expansion 15 min
P38t PG Type IV 1 IP-/ 2D 8 100 | -5t0-10 4Fiite PG 25 13 20 2 20-30. Current
Expansion AT is 10 min
P382 PG Type IV 1 IP-/ ZR- 8 100 510-10 4Flite PG 25 25 20 1 20-30. Current
Expansion AT is 10 min
P383 PG Type IV 1 IP Mod 8 100 | -5t0-10 4Fiite PG 75 15 2 15-25. Current
Expansion AT is 10 min
P384 PG Type IV 1 1P Mod/zD 8 100 5 10-10 4Flite PG 75 13 - 10 1 Current AT is
Expansion 7_min
510, No AT
P3gs5 PG Type IV 1 IP /SN 8 100 | 5t0-10 4Fiite PG 75 25 5 1 exists
Expansion
currentl:
P386 PG Type IV 1 P- 8 115 | -10t0-16 4Fiite PG 25 - - 40 1 Current AT is
Expansion 30 min
P387 PG Type IV 1 IP- / SN- 8 115 | -10t0-16 4Flite PG 25 10 - - 20 1 Current AT is
Expansion 15 min
P388 PG Type IV 1 IP Mod 8 115 | -10t0-16 4Fiite PG 75 20 1 Current AT is
Expansion 10 min
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P389 PG Type IV 1 P- 8 15 | -16t0-22 4Flite PG 25 - - 40 2 Current AT is
Expansion 30 min
P390 PG Type IV 1 IP- / SN- 8 115 | -16t0-22 4Fiite PG 25 10 15 1 No AT exists
Expansion currently
P391 PG Type IV 1 IP- 8 15 <22 4Fiite PG 25 40 2 No AT exists
Expansion currentl:
P392 PG Type IV 1 Fluid Only 8 100 >5 4Flite PG - - - - 2 Baseline Test
Expansion
P393 PG Type IV 1 Fluid Only 8 100 | -5t0-10 4Fiite PG - - - - 1 Baseline Test
Expansion
P394 PG Type IV 1 Fluid Only 8 100 | -10t0-16 4Fiite PG - 2 Baseline Test
Expansion
P395 PG Type IV 1 Fluid Only 8 100 | -1610-22 4Fiite PG - 1 Baseline Test
Expansion
P396 PG Type IV 1 Fluid Only 8 100 <-22 4Fiite PG - 1 Baseline Test
Expansion
P397 I8 T 1 1 P- 8 100 >5 AVIAFiight PG 25 . . 60 1 GIO-7/el. Cliiaiic
Expansion AT is 50 min
P398 IHE e 1Y 1 IP- / SN- 8 100 >5 AVIAFlight PG 25 10 - . 50 1 (Gluiciic AT i
Expansion 40 min
P399 I#E e 1Y 1 IP-/ 2D 8 100 >5 AVIAFlight PG 25 13 . 30 2 SO0 (Gliiaiis
Expansion AT is 25 min
PG Type IV " 30-40. Current
P400 e 1 IP- / ZR- 8 100 >5 AVIAFlight PG 25 25 - 30 1 o o o e
PG Type IV " 30-40. Current
P401 DuEpK 1 IP- / R- 8 100 >0 AVIAFlight PG 25 - 25 30 2 o o o e
Pa02 FIE T 1 1 1P Mod 8 100 >5 AVIAFiight PG 75 . . 25 1 2o, (Cliiciis
Expansion AT is 15 min
P403 eI e 1Y 1 1P Mod/ZD 8 100 >5 AVIAFlight PG 75 13 . 15 1 o240 Guitars
Expansion AT is 10 min
PG Type IV . Current AT is
PA04 e 1 IP Mod / R 8 100 >0 AVIAFlight PG 75 - 75 15 2 el
PG Type IV 7-10. No AT
P405 i 1 IP/ SN 8 100 >5 AVIAFlight PG 75 25 B - 7 1 exists
Expansion
currently.
P406 H 0 1 1 IP- 8 100 | -5t0-10 AVIAFlight PG 25 - - 0 2 GBS, it
Expansion AT is 30 min
P407 el o 1 1P~/ SN- 8 100 | -5t0-10 AVIAFlight PG 25 10 - - 20 2 SR A7 5
Expansion 15 min
P08 A0 1 P/ ZD 8 100 | -5t0-10 AVIAFiight PG 25 13 : 20 2 ELOE, CInrC
xpansion AT is 10 min
P409 (el 1 1P/ ZR- 8 100 | -5t0-10 AVIAFiight PG 25 - 25 - 20 1 20:30JCene
xpansion AT is 10 min
P410 PEG IR0 07 1 IP Mod 8 100 510-10 AVIAFlight PG 75 - - - 15 2 5223, @i
Xpansion AT is 10 min
P411 8 s 7 1 IP Mod/ZD 8 100 510-10 AVIAFlight PG 75 13 5 10 1 et A7 5
Expansion 7_min
6 Tvoe IV 5-10. No AT
Pa12 vpe 1 1P/ SN 8 100 | -5t0-10 AVIAFlight PG 75 25 . . 5 1 exists
Expansion
currently.
P413 e T (V7 1 1P- 8 115 | -10t0-16 AVIAFlight PG 25 : : 40 1 Giiei: AT i
Expansion 30 min
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
_— Objective Test Rotation | Ramp Target ) IP Rate SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
Pa14 el e 1 IP- / SN- 8 116 | -10t0-16 AVIAFlight PG 25 10 . . 20 1 (Gifiahis AT i
Expansion 15 min
P415 8 T (7 1 1P Mod 8 115 | -10t0-16 AVIAFlight PG 75 B : : 20 1 @i AT i
Expansion 10 min
P416 P& T 1 1 1P- 8 115 | -16t0-22 AVIAFlight PG 25 B : : 40 2 (Giriieiis AT i
Expansion 30 min
P417 el e 1 IP- / SN- 8 115 | -16 to-22 AVIAFlight PG 25 10 5 g 15 1 o AT s
Expansion currently
Pa18 FIE T 1V 1 P- 8 118 <22 AVIAFlight PG 25 - . . 40 2 o AT e
Expansion currently
Pa19 PG T [ 1 Fluid Only 8 100 >5 AVIAFiight PG . - . . - 2 Baseline Test
Expansion
P420 R8T Y 1 Fluid Only 8 100 510-10 AVIAFlight PG - - - - - 1 Baseline Test
Expansion
PG Type IV . . ’
Pa21 s 1 Fluid Only 8 100 | -10t0-16 AVIAFlight PG o a s - - 2 Baseline Test
Pa22 I8 T 1 1 Fluid Only 8 100 | -161t0-22 AVIAFiight PG . - . . - 1 Baseline Test
Expansion
Pa23 P& T 1 1 Fluid Only 8 100 <22 AVIAFlight PG . - . . - 1 Baseline Test
Expansion
Pa2a PG Type IV 1 IP- 8 100 >5 Polar Guard® Xtend 25 60 1 60-70. Current
Expansion AT is 50 min
Pa25 PG Type IV 1 IP- / SN- 8 100 >5 Polar Guard® Xtend 25 10 50 1 Current AT is
Expansion 40 min
Pa26 PG Type IV 1 IP-/ 2D 8 100 >5 Polar Guard® Xtend 25 13 30 2 80-40. Current
Expansion AT is 25 min
Pa27 PG Type IV 1 IP-/ ZR- 8 100 >5 Polar Guard® Xtend 25 25 30 1 30-40. Current
Expansion AT is 25 min
Pa2g PG Type IV 1 1P/ R- 8 100 >0 Polar Guard® Xtend 25 25 30 2 30-40. Current
Expansion AT is 25 min
P429 PG Type IV 1 IP Mod 8 100 >5 Polar Guard® Xtend 75 25 1 25-35. Current
Expansion AT is 15 min
P430 PG Type IV 1 1P Mod/zD 8 100 >-5 Polar Guard® Xtend 75 13 15 1 16-20. Current
Expansion AT is 10 min
P431 PG Type IV 1 IP Mod / R 8 100 >0 Polar Guard® Xtend 75 75 15 2 Current AT is
Expansion 10 min
7-10. No AT
Pa32 PG Type IV 1 IP/ SN 8 100 >5 Polar Guard® Xtend 75 25 7 1 exists
Expansion
currentl:
P433 PG Type IV 1 IP- 8 100 | 5t-10 | Polar Guard® Xtend 25 40 2 40-50. Current
Expansion AT is 30 min
Pa34 PG Type IV 1 1P~/ SN- 8 100 | -5t0-10 | Polar Guard® Xtend 25 10 - - 20 2 Current AT is
Expansion 15 min
P435 PG Type IV 1 IP-/ 2D 8 100 | -5t0-10 | Polar Guard® Xtend 25 13 - 20 2 20-30. Current
Expansion AT is 10 min
P436 PG Type IV 1 IP-/ ZR- 8 100 51t0-10 Polar Guard® Xtend 25 25 20 1 20-30. Current
Expansion AT is 10 min
P437 PG Type IV 1 IP Mod 8 100 | -5t0-10 | Polar Guard® Xtend 75 15 2 15-25. Current
Expansion AT is 10 min
P438 PG Type IV 1 IP Mod/zD 8 100 5 10-10 Polar Guard® Xtend 75 13 - 10 1 Current AT is
Expansion 7_min
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
i Objective Test Rotation | Ramp Target ) 1P Rate SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
5-10. No AT
Pa39 PG Type IV 1 IP/ SN 8 100 | -5t0-10 | Polar Guard® Xtend 75 25 5 1 exists
Expansion
currentl
P440 PG Type IV 1 P- 8 115 | -10t0o-16 | Polar Guard® Xtend 25 40 1 Current AT is
Expansion 30 min
Past PG Type IV 1 IP-/ SN 8 115 | -10t0-16 | Polar Guard® Xtend 25 10 20 1 Current AT is
Expansion 15 min
P442 PG Type IV 1 IP Mod 8 115 | -10t0-16 Polar Guard® Xtend 75 20 1 Current AT is
Expansion 10 min
Paa3 PG Type IV 1 IP- 8 115 | -16t0-22 |  Polar Guard® Xtend 25 40 2 Current AT is
Expansion 30 min
P44 PG Type IV 1 IP- / SN 8 116 | -16t0-22 | Polar Guard® Xtend 25 10 15 1 No AT exists
Expansion current!
paas PG Type IV 1 IP- 8 115 <-22 Polar Guard® Xtend 25 40 2 No AT exists
Expansion current!
P446 PG Type IV 1 Fluid Only 8 100 >-5 Polar Guard® Xtend - 2 Baseline Test
Expansion
P447 PG Type IV 1 Fluid Only 8 100 -5t0-10 Polar Guard® Xtend - 1 Baseline Test
Expansion
pasg PG Type IV 1 Fluid Only 8 100 | -10t0-16 |  Polar Guard® Xtend - 2 Baseline Test
Expansion
P449 PG Type_ v 1 Fluid Only 8 100 -16 to -22 Polar Guard® Xtend - 1 Baseline Test
Expansion
P450 PG Type IV 1 Fluid Only 8 100 <-22 Polar Guard® Xtend - 1 Baseline Test
Expansion
P45 S o 1Y 1 iP- 8 100 >5 | Polar Guard® Advance 25 - - 60 1 Lo, CInre
Expansion AT is 50 min
Pa52 78 W 1 IP- / SN- 8 100 >5 Polar Guard® Advance 25 10 . . 50 1 Corerniigis
Expansion 40 min
PG Type IV L ¥ © _ 30-40. Current
P453 B 1 IP- /ZD 8 100 >-5 Polar Guard® Advance 25 13 30 2 AT is 25 min
Pas4. 78 I 1 1 1P~/ ZR- 8 100 >5 Polar Guard® Advance 25 25 . 30 1 €00, Clirn
Expansion AT is 25 min
PS5 vl 1 P- / R- 8 100 >0 Polar Guard® Advance 25 - - 25 30 2 SO20JC LI
xpansion AT is 25 min
Pa56 28 e 1 IP Mod 8 100 >5 Polar Guard® Advance 75 . . 25 1 2832 JC Lot
Expansion AT is 15 min
Pa57 el o 1 IP Mod/ZD 8 100 >5 Polar Guard® Advance 75 13 . 15 1 [2:200C Lo
Expansion AT is 10 min
P458 PEG Type IV 1 IP Mod / R 8 100 >0 Polar Guard® Advance 75 - 75 15 2 G L3 i
xpansion 10 min
— 7-10. No AT
P459 Ex a\:'\psion 1 IP / SN 8 100 >-5 Polar Guard® Advance 75 25 - - 7 1 exists
P currently
P460 178 T Y 1 iP- 8 100 | -5t0-10 | Polar Guard® Advance 25 - - - 40 2 UL, CiEng
Expansion AT is 30 min
Pa61 R8I T 1Y 1 IP- / SN- 8 100 | -5t0-10 | Polar Guard® Advance 25 10 - - 20 2 SR £ (5
Expansion 15 min
P462 RO WEe 1Y 1 IP- /2D 8 100 | -5t0-10 | Polar Guard® Advance 25 5 13 . 20 2 EDELS, GG
Xpansion AT is 10 min
P463 BeyveelY 1 IP- / ZR- 8 100 65t0-10 | Polar Guard® Advance 25 25 - 20 1 EADELS, (NI
Expansion AT is 10 min
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
. Objective Test Rotation | Ramp Target ] IP Rate SN Rate ZR Rate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
Pa6a 78 D Y 1 1P Mod 8 100 | 5t0-10 | Polar Guard® Advance 75 . . . 15 2 [jes2odCuie
Expansion AT is 10 min
P465 R R 0 1 IP Mod/zD 8 100 6t0-10 | Polar Guard® Advance 75 13 - 10 1 Coreniae
Expansion 7_min
PG Type IV 5-10. No AT
P466 R e 1 1P/ SN 8 100 | -5t0-10 | Polar Guard® Advance 75 25 - - 5 1 exists
o currently
P467 IHE I 1Y 1 IP- 8 115 | -10t0-16 | Polar Guard® Advance 25 - - 40 1 Sl A 3
Expansion 30 min
PG Type IV N L . . o _ . Current AT is
P468 et 1 IP-/ SN 8 115 10to-16 Polar Guard® Advance 25 10 20 1 15 min
PG Type IV _ ~ ® _ ~ Current AT is
P469 BT 1 IP Mod 8 115 10to-16 Polar Guard® Advance 75 20 1 10 min
PG Type IV . ~ . ® _ ~ Current AT is
P470 L= 1 IP: 8 115 16to 22 | Polar Guard® Advance 25 40 2 =l
Pa71 8 I 1 1 IP- / SN- 8 115 | -16t0-22 | Polar Guard® Advance 25 10 - - 15 1 N Ay GRS
Expansion currently
Pa72 78 I 1 1 IP- 8 115 < Polar Guard® Advance 25 . . 40 2 IO
Expansion currently
PG Type IV . I ® _ _ ~ _ ’
P473 B 1 Fluid Only 8 100 >-5 Polar Guard® Advance 2 Baseline Test
PG Type IV . j _ ® _ _ _ _ .
P474 [, 1 Fluid Only 8 100 51t0-10 Polar Guard® Advance 1 Baseline Test
PG Type IV . _ ~ © _ _ _ _ .
P475 G 1 Fluid Only 8 100 10to-16 Polar Guard® Advance 2 Baseline Test
P476 PEG Typg by 1 Fluid Only 8 100 -16 to -22 Polar Guard® Advance - - - - 1 Baseline Test
XEET\SIOH
P477 8 Tz (17 1 Fluid Only 8 100 <22 Polar Guard® Advance . . . . 1 Baseline Test
Expansion
P478 PG Type IV 1 P- 8 100 >-5 Defrost ECO 4 25 60 1 60-70. Current
Expansion AT is 50 min
P479 PG Type IV 1 IP- / SN- 8 100 >-5 Defrost ECO 4 25 10 50 1 Current AT is
Expansion 40 min
P4g0 PG Type IV 1 IP- /2D 8 100 >5 Defrost ECO 4 25 13 - 30 2 30-40. Current
Expansion AT is 25 min
pagt PG Type IV 1 IP-/ ZR- 8 100 >5 Defrost ECO 4 25 25 30 1 30-40. Current
Expansion AT is 25 min
P482 PG Type IV 1 IP- / R- 8 100 >0 Defrost ECO 4 25 25 30 2 30-40. Current
Expansion AT is 25 min
P483 PG Type IV 1 1P Mod 8 100 >-5 Defrost ECO 4 75 25 1 25-35. Current
Expansion AT is 15 min
P4ga PG Type IV 1 IP Mod/ZD 8 100 >-5 Defrost ECO 4 75 13 - 15 1 15-20. Current
Expansion AT is 10 min
Pags PG Type IV 1 IP Mod /R 8 100 >0 Defrost ECO 4 75 - 75 15 2 Current AT is
Expansion 10 min
7-10. No AT
Page PG Type IV 1 IP/ SN 8 100 >5 Defrost ECO 4 75 25 7 1 exists
Expansion
current!
pag7 PG Type IV 1 P- 8 100 | 5t0-10 Defrost ECO 4 25 - - 40 2 40-50. Current
Expansion AT is 30 min
pags PG Type IV 1 IP- / SN- 8 100 | -5t0-10 Defrost ECO 4 25 10 20 2 Current AT is
Expansion 15 min

APS/Library/Projects/300293 (TC Deicing 2021-22)/Procedures/Wind Tunnel/RJ Procedure/Final Version 1.0/Wind Tunnel 2021-22 Final Version 1.0.docx
Final Version 1.0, December 21

26

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

B-27

Final Version 1.0, April 23



APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
_— Objective Test Rotation | Ramp Target ) IP Rate SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
Pag9 PG Type IV 1 IP-/ 2D 8 100 | -5t0-10 Defrost ECO 4 25 13 - 20 2 20-30. Current
Expansion AT is 10 min
P490 PG Type IV 1 IP-/ ZR- 8 100 | -5t0-10 Defrost ECO 4 25 25 20 1 20-30. Current
Expansion AT is 10 min
Pag1 PG Type IV 1 1P Mod 8 100 | 5t0-10 Defrost ECO 4 75 15 2 15:25. Current
Expansion AT is 10 min
P492 PG Type IV 1 1P Mod/ZD 8 100 | 5t0-10 Defrost ECO 4 75 13 - 10 1 Current AT is
Expansion 7 min
5-10. No AT
P493 PG Type IV 1 IP /SN 8 100 -5 10-10 Defrost ECO 4 75 25 - - 5 1 exists
Expansion
current:
Paga PG Type IV 1 IP- 8 115 | -10t0-16 Defrost ECO 4 25 40 1 Current AT is
Expansion 30 min
P45 PG Type IV 1 1P~/ SN- 8 115 | -10t0-16 Defrost ECO 4 25 10 20 1 Current AT is
Expansion 15 min
P496 PG Type IV 1 1P Mod 8 115 | -10t0-16 Defrost ECO 4 75 20 1 Current AT is
Expansion 10 min
Pag7 PG Type IV 1 IP- 8 115 | -1610-22 Defrost ECO 4 25 40 2 Current AT is
Expansion 30 min
Pa9g PG Type IV 1 1P~/ SN- 8 115 | -16t0-22 Defrost ECO 4 25 10 15 1 No AT exists
Expansion currentl
P499 PG Type IV 1 IP- 8 115 <22 Defrost ECO 4 25 40 2 No AT exists
Expansion currently
P500 PG Type IV 1 Fluid Only 8 100 >-5 Defrost ECO 4 - 2 Baseline Test
Expansion
P501 PG Type IV 1 Fluid Only 8 100 | 5t0-10 Defrost ECO 4 - 1 Baseline Test
Expansion
P502 PG Type IV 1 Fluid Only 8 100 | -10t0-16 Defrost ECO 4 - 2 Baseline Test
Expansion
P503 PG Type IV 1 Fluid Only 8 100 | -16t0-22 Defrost ECO 4 - 1 Baseline Test
Expansion
P504 PG Type IV 1 Fluid Only 8 100 <-22 Defrost ECO 4 - 1 Baseline Test
Expansion
P505 8 T 1 iP- 8 100 >5 Max Flight SNEG 25 - - - 60 1 CoI0JC el
Expansion AT is 50 min
P506 28 e 1 IP- / SN- 8 100 >5 Max Flight SNEG 25 10 . . 50 1 Corornibigis
Expansion 40 min
P507 el o 1 IP-/ 2D 8 100 >5 Max Flight SNEG 25 13 . 30 2 Sl (T
Expansion AT is 25 min
P508 A0 1 P- / ZR- 8 100 >5 Max Flight SNEG 25 25 : 30 1 S0, G
xpansion AT is 25 min
P509 (el 1 P- / R- 8 100 >0 Max Flight SNEG 25 - - 25 30 2 SO0JC LI
xpansion AT is 25 min
P510 F;G IR0 07 1 IP Mod 8 100 >-5 Max Flight SNEG 75 - - - 25 1 AL, Gl
Xpansion AT is 15 min
P511 8 s 7 1 IP Mod/ZD 8 100 >5 Max Flight SNEG 75 13 5 15 1 520, @i
Expansion AT is 10 min
P512 R 0 1 IP Mod / R 8 100 >0 Max Flight SNEG 75 - 75 15 2 Corenaie
Expansion 10 min
7-10. No AT
P513 e e 1Y 1 1P/ SN 8 100 >5 Max Flight SNEG 75 25 - . 7 1 exists
Expansion
currently
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
- Objective Test Rotation | Ramp | Target ) PRate | SNRate | ZRRate RRate | Exposure | Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P514 F;G el 1 P- 8 100 | -5t0-10 Max Flight SNEG 25 - . . 40 2 41500 Gl
Xpansion AT is 30 min
P515 el o 1 IP- / SN- 8 100 5 t0-10 Max Flight SNEG 25 10 : : 20 2 i AT i
Expansion 15 min
P516 el yjme 1 IP- /2D 8 100 5 t0-10 Max Flight SNEG 25 13 : 20 2 Al (Cliiiaiie
Expansion AT is 10 min
P517 el e 1 IP-/ ZR- 8 100 | 5t0-10 Max Flight SNEG 25 - 25 - 20 1 R
Expansion AT is 10 min
P518 FIE T 1V 1 1P Mod 8 100 | -5t0-10 Max Flight SNEG 75 - . . 15 2 o2, Guiris
Expansion AT is 10 min
P519 el e 1Y 1 1P Mod/ZD 8 100 | -5t0-10 Max Flight SNEG 75 13 . 10 1 (Gliiziis AT i
Expansion 7 _min
PG Type IV 5-10. No AT
P520 e 1 1P/ SN 8 100 510-10 Max Flight SNEG 75 25 - - 5 1 exists
P currently
P521 P& T 1 1 P- 8 116 | 10t0-16 Max Flight SNEG 25 . . 40 1 (Gliciis AT i
Expansion 30 min
P522 78 I 1 1 IP- / SN- 8 115 | -10t0-16 Max Flight SNEG 25 10 - - 20 1 Sl A 5
Expansion 15 min
PG Type IV _ ~ . _ ~ Current AT is
P523 ek 1 IP Mod 8 115 | -10t0-16 Max Flight SNEG 75 20 1 et A
PG Type IV . Current AT is
P524 DRk 1 P 8 115 | 161022 Max Flight SNEG 25 - - 40 2 o A
PG Type IV . No AT exists
P525 DMk 1 IP-/ SN- 8 115 | 161022 Max Flight SNEG 25 10 - - 15 1 > AT ox
P526 eI e 1Y 1 P- 8 118 <22 Max Flight SNEG 25 - . 40 2 i 487 55
Expansion currently
P527 8 Tz (17 1 Fluid Only 8 100 >5 Max Flight SNEG . . . . 2 Baseline Test
Expansion
PG Type IV . g _ . _ _ _ _ .
P528 R, 1 Fluid Only 8 100 51t0-10 Max Flight SNEG 1 Baseline Test
P529 78 I 1 1 Fluid Only 8 100 | -10t0-16 Max Flight SNEG - - - - 2 Baseline Test
Expansion
P530 vl 1 Fluid Only 8 100 | -1610-22 Max Flight SNEG - - - - - 1 Baseline Test
annlen
P531 P8 Tz (17 1 Fluid Only 8 100 <22 Max Flight SNEG . . . . 1 Baseline Test
Expansion
Type lll LS
P32 |, TvpelllS 2 P- 8 80 > Type Il Fluid 25 10 1
Type LS
P533 | aveellls 2 IP- / SN- 8 80 >5 Type Il Fluid 25 10 10 1
Type LS
P34 |, TvpelllS 2 1P- /2D 8 100 >5 Type Il Fluid 25 13 E 7 1
Type LS
P535 | aveellls 2 IP-/ ZR- 8 80 >5 Type Il Fluid 25 25 - 7 1
Type LS
P536 |, vpelllS 2 IP-/R- 8 80 >0 Type Il Fluid 25 25 7 2
Type lll LS
P537 | a¥eellils 2 IP Mod 8 80 >5 Type Il Fluid 75 5 1
Type TS
P53g |, aveellls 2 P- 8 80 51010 Type Il Fluid 25 - E 10 1
P539 Type lILS 2 IP- / SN- 8 80 -5 10-10 Type Il Fluid 25 10 - - 10 1
Allowance Times
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
. Objective Test Rotation | Ramp Target ] IP Rate SNRate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P540 TypelllLS 2 IP- /2D 8 100 510-10 Type Ill Fluid 25 13 - 5 1
Allowance Times
Type lll LS
P541 Al e Thnes 2 IP-/ ZR- 8 80 510-10 Type Ill Fluid 25 25 5 1
P542 Type Ill LS 2 1P Mod 8 80 510-10 Type Ill Fluid 75 5 1
Allowance Times
P543 Type Il LS 2 IP- 8 80 -10t0-16 Type Il Fluid 25 - - 10 2
Allowance Times
P544 Type lIILS 2 IP Mod 8 80 -10t0-16 Type Il Fluid 75 - - 5 2
Allowance Times
P545 Type LS 2 IP- 8 80 | -16t0-22 Type Il Fluid 25 10 2
Allowance Times
P546 Type lILS 2 1P Mod 8 80 | -16t0-22 Type Il Fluid 75 5 2
Allowance Times
Type lll LS
P547 Alowance Tanes 2 P- 8 80 <22 Type Ill Fluid 25 10 2
P548 Type Il LS 2 IP Mod 8 80 <-22 Type Il Fluid 75 5 2
Allowance Times
P549 Type LS 2 Fluid Only 8 80 51010 Type Il Fluid - 1 Baseline Test
Allowance Times
P550 Type LS 2 Fluid Only 8 80 | -161t0-22 Type Il Fluid - 1 Baseline Test
Allowance Times
Type lll LS To be done
P551 Alowance Tanes 2 P- 8 100 >5 Type IIl Fluid 25 10 1 with ) wing
Type Il LS To be done
P552 Alownnse Tanes 2 IP- 8 100 510-10 Type Ill Fluid 25 10 1 with B wing
Type Il LS i i i To be done
P553 Al Tanes 2 P 8 100 10t0-16 Type Ill Fluid 25 10 2 with B wing
Type Il LS To be done
P554 Allowance Times 2 Fluid Only 8 100 -5t0-10 Type lll Fluid - 1 with RJ wing
Type lll LS To be done
P555 Alowance Tanes 2 Fluid Only 8 100 | -16t0-22 Type Ill Fluid - 1 with ) wing
Type lll HS % I . . _ ~ Current AT x2.
P556 H e 3 IP- 8 100 >5 Type Ill Fluid 25 20 1 sl
P557 D IS 3 IP- / SN- 8 100 >5 Type Ill Fluid 25 10 - - 20 1 Gt A7 22
Expansion To Revisit
P558 WD IS 3 IP- /2D 8 100 >.5 Type il Fluid 25 5 13 . 14 1 GBI 2%
Expansion To Revisit
Type Il HS Y L o . . ~ Current AT x2.
P559 B 3 IP- / ZR 8 100 >5 Type Ill Fluid 25 25 14 1 sy
Type Il HS LR 5 . _ Current AT x2.
P560 B 3 IP-/ R 8 100 >0 Type Ill Fluid 25 25 14 2 sy
Type Il HS. F 5 ~ _ _ Current AT x2.
P561 i 3 1P Mod 8 100 >5 Type Ill Fluid 75 10 1 ey
P562 WD IS 3 IP- 8 100 | -5t0-10 Type il Fluid 25 5 . . 20 1 GBI 2%
Xpansion To Revisit
P563 WL 3 IP- / SN- 8 100 | -5to-10 Type il Fluid 25 10 . . 20 1 CTLCH/AT £
xpansion To Revisit
Type Il HS Y ¥ _ . . _ Current AT x2.
P564 BT 8] IP-/ZD 8 100 5 to -10 Type Ill Fluid 25 13 10 1 To Revisit
Type Il HS N N 4 _ 5 ~ _ Current AT x2.
P565 i 3 1P-/ ZR 8 100 510 -10 Type Ill Fluid 25 25 10 1 sy
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Test
. Objective Test Rotation | Ramp Target ] IP Rate SN Rate | ZRRate R Rate Exposure Test
Flan Objective Priority | Condition | Angle | (skts) | OAT (°C) Fluid (g/dm#/h) | (g/dmeh) | (g/dm2h) | (g/dm/h) Time Priority | COMMENT
P566 Type lll HS 3 P Mod 8 100 | -5t0-10 Type Il Fluid 75 - - - 10 1 Current AT x2.
Expansion To Revisit
Type Il HS Expected AT
P567 P . ] IP- 8 100 -10to-16 Type Ill Fluid 25 - - 20 2 x2. No AT
Expansion 3
exists
Expected AT
P568 T 1S 3 IP Mod 8 100 | -10t0-16 Type Iil Fluid 75 - - - 10 2 x2. No AT
Expansion ;
exists
Expected AT
P569 RS 73 3 P- 8 100 | -161t0-22 Type Iil Fluid 25 - B - 20 2 x2. No AT
Expansion .
exists
Expected AT
P570 WD IS 3 IP Mod 8 100 | -161t0-22 Type Iil Fluid 75 - - 10 2 x2. No AT
Expansion .
exists
Expected AT
P571 WD IS 3 IP- 8 100 <22 Type Il Fluid 25 - - 20 2 x2. No AT
Xpansion N
exists
Expected AT
P572 Type Il HS 3 P Mod 8 100 <22 Type Il Fluid 75 - - 10 2 x2. No AT
Expansion ;
exists
Type lll HS . j . . _ _ . _ Baseline Test,
P573 Expansion 3 Fluid Only 8 100 51t0-10 Type IIl Fluid 1 needed for LS
Type lll HS. . . y . _ _ . _ Baseline Test,
P574 R 3 Fluid Only 8 100 16 to -22 Type Iil Fluid 1 T
Snow
P575 R&D 2 METAR TBD TBD TBD T8D TBD TBD TBD TBD TBD 3 Allowance
Times
P576 R&D 3 S+ 4+ TBD TBD TBD T8D TBD TBD TBD TBD TBD 3 Heavy snow
P577 R&D 3 Heavy TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Heavy
Cont contamination
LOUT w/ Test w/
P578 R&D 3 TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 contamination
Cont. @ LOUT
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

4. PRE-TESTING SETUP ACTIVITIES

The activities to be performed for planning and preparation, on the first day of
testing, and prior to each testing day thereafter, have been detailed in a list included
in Attachment 1.

5. DATA FORMS
The following data forms are required for the 2021-22 wind tunnel tests:

e Attachment 2: General Form;

e Attachment 3: Wing Temperature, Fluid Thickness and Fluid Brix Form;
e Attachment 4: Example Ice Pellet Dispensing Form;

e Attachment 5: Example Snow Dispensing Form;

e Attachment 6: Example Snow Dispensing Form (Manual Method);

e Attachment 7: Visual Evaluation Rating Form;

e Attachment 8: Fluid Receipt Form (Electronic Form); and

e Attachment 9: Log of Fluid Sample Bottles.

When and how the data forms will be used is described throughout Section 6.

6. PROCEDURE

The following sections describe the tasks to be performed during each test
conducted. It should be noted that some sections (i.e., fluid application and
contamination application) will be omitted depending on the objective of the test.

A rating system based on aerodynamic and visual observation data has been
developed for fluid and contamination tests, and will be filled out by the on-site
experts when applicable. The overall rating will provide insight into the severity of
the conditions observed. A test failure (failure to adequately shed the fluid at time of
rotation) shall be determined by the on-site experts based on residual contamination.

6.1 Initial Test Conditions Survey

e Record ambient conditions of the test (Attachment 2); and
e Record wing temperature (Attachment 3).
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6.2 Fluid Application (Pour)

e Hand pour 20L of anti-icing fluid over the test area (fluid can be poured directly
out of pails or transferred into smaller 3L jugs);

e Record fluid application times and quantities (Attachment 2);

e Let fluid settle for 5-minutes (as the wing section is relatively flat, last winter
it required tilting the wing for 1-minute to enable fluid to be uniform);

e Measure fluid thickness at pre-determined locations on the wing
(Attachment 3);

e Record wing temperature (Attachment 3);

e Measure fluid Brix value (Attachment 3);

e Photograph and videotape the appearance of the fluid on the wing; and

e Begin the time-lapse camera to gather photos of the precipitation application

phase.

Note: At the request of TC/FAA, a standard aluminum test plate can be positioned
on the wing to run a simultaneous endurance time test.

6.3 Application of Precipitation
The precipitation that can be generated include the following:

e ZR - 25g/dm?/h;

e R - 25g/dm?/h;

e R - 75g/dm?/h;

e 7D - b5g/dm?/h;

e 7D - 13g/dm?/h;

e SN - 10g/dm?/h;

e SN - 25g/dm?/h;

e |P - 25g/dm?/h; and
e |P - 75g/dm?/h.
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6.3.1 Rain, Freezing Rain, Drizzle, and Freezing Drizzle

Freezing precipitation such as rain, freezing rain, drizzle, and freezing drizzle are
simulated using an NRC developed sprayer assembly providing a large scan area and
appropriate spray uniformity over the test area. The scanner consists of a horizontal
main shaft supported by two bearings. The actual spray head assembly is
shaft-mounted on a rotating scanner, so that one scan covers a lateral running strip
of the test area. A stepper motor is synchronized to index the relative angle of the
spray head between scans along an axis perpendicular to the scan axis. This provides
two axes of rotation, essentially an x-y plane; one along each axis. Each scan is
consecutively indexed to complete the precipitation coverage of the test bed area.
This defines one cycle of the spray unit. The scan rate, index angle, and the number
of scans per cycle are adjusted, along with the fluid delivery pressures (water and
air) to obtain appropriate droplet sizes and precipitation rates. The sprayer system
uses compressed air and distilled water to produce freezing rain. The temperature of
the water is controlled and is kept just above freezing temperature to produce
freezing rain. To produce rain, the temperature of the water is raised until the
precipitation no longer freezes on the test surfaces. The sprayer assembly is shown
in Photo 6.1.

Photo 6.1: Sprayer Assembly
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6.3.2 Ice Pellet/Snow Dispenser Calibration and Set-Up

Calibration work was performed during the winter of 2007-08 on the modified ice
pellet/snow dispensers prior to testing with the Falcon 20. The purpose of this
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calibration work was to attain the dispenser’s distribution footprint for both ice
pellets and snow. A series of tests were performed in various conditions:

e Ice Pellets, Low Winds (O to 5 km/h);
e Ice Pellets, Moderate Winds (10 km/h);
e Snow, Low Wind (O to 5 km/h); and

e Snow, Moderate Wind (10 km/h).

These tests were conducted using 121 collection pans, each measuring 6 x 6 inches,
over an area 11 x 11 feet. Pre-measured amounts of ice pellets/snow were dispersed
over this area and the amount collected by each pan was recorded. A distribution
footprint of the dispenser was attained and efficiency for the dispenser was
computed.

6.3.3 Dispensing Ice Pellets/Snow for Wind Tunnel Tests

Using the results from these calibration tests, a decision was made to use two
dispensers on each of the leading and trailing edges of wing; each of the four
dispensers are moved to four different positions along each edge during the
dispensing process. Figure 6.1, Figure 6.2, and Figure 6.3 demonstrate the setup of
the dispensers in relation to the wing. Attachment 4 and Attachment 5 display the
data sheets that will be used during testing in the wind tunnel. These data sheets
will provide all the necessary information related to the amount of ice pellets/snow
needed, effective rates, and dispenser positions. During the winter of 2009-10, snow
was also dispensed manually using sieves. This technique was used when higher
rates of precipitation were required (for heavy snow) or when winds in the tunnel
made dispensing difficult. The efficiency of this technique was estimated at
90 percent based on how much of the precipitation made it onto the wing and a form
to be used for this dispensing process along with dispensing instructions is included
in Attachment 6.

Note: Dispensing forms should be filled out and saved for each run and pertinent
information shall be included in the general form (Attachment 2). Any comments
regarding dispensing activities should be documented directly on the form.
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Side View for Ice Pellets

3ft
12” 3ft
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Center pole of the dispensers tripod will be positioned 12-inches away from the leading and
10-inches trailing edge; the center pole of the tripods can be used to align with visual aids
i.e. center of walkway. The dispenser spinner will be positioned 3-feet above the average

height off the wing to allow for proper distribution.

Pellets

Side View for Show

“\

Center pole of the dispensers will be positioned as close to the leading and trailing edge as
possible (without touching the wing); the center pole of the tripods can be used to align
with visual aids i.e. center of walkway. The tripod extensions will be used for dispensing

snow due to the lower range of dispensing. The dispenser spinner will be positioned 3-feet

above the average height off the wing to allow for proper distribution.

Figure 6.1: Side View of Positioning of Dispensers Relative to the Wing - Ice

Figure 6.2: Side View of Positioning of Dispenser Relative to the Wing — Snow
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Top View
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During each 5-minute cycle, the dispensers will be positioned in front of each of the 4 positions
for at least 1-minute to dispense the required 1-minute quantity of ice pellets and/or snow
(total of 4-minutes). The extra minute is a buffer in case of delays.

Figure 6.3: Top View of Positioning of Dispenser Relative to the Wing

6.3.4 New Ice Pellets/Snow Dispensing Systems for 2014 Onwards

Simulated ice pellets are distributed over a test surface using an ice pellet pitcher.
The original ice pellet pitcher (Yardworks) was a modified handheld fertilizer
dispenser. The rate of precipitation was controlled with the speed of rotation of the
motor, as well as the size of the opening of the dispenser reservoir drop feeder.

In the winter of 2012-13, seed spreaders historically modified and used for applying
ice pellets during wind tunnel and flat plate testing, were no longer available as the
manufacturer stopped production of the model. A new replacement seed spreader
system (Wolf Garten) was found which is similar (but not identical). Some calibration
work was required to demonstrate an equivalency in the two systems; testing was
conducted at the NRC Climatic Engineering Facility (CEF) prior to the wind tunnel
testing to verify the distribution of the historical system versus the new replacement
system the details of which are included in the TC report, TP 15230E, Aircraft
Ground Icing General Research Activities During the 2012-13 Winter.

The data collected demonstrated that the new system is very similar to old system;
some small variation was present in distribution within the footprint, but equivalent
efficiency on the overall footprint. Based on this, it was concluded that for ice pellets,
the new system can be used as a direct replacement. For snow, the new system
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was more efficient, therefore a reduction of 10 percent should be used for the snow
mass requested.

Comparative wind tunnel testing was conducted in the winter of 2013-14 to further
validate the equivalency of the systems, the details of which are included in the
TC report, TP 15274E, Exploratory Wind Tunnel Aerodynamic Research Examination
of Contaminated Anti-Icing Fluid Flow-Off Characteristics Winter 2013-14. The
results indicated that the differences in recorded lift losses were generally very small
(less than 1.3 percent) when comparing back-to-back tests with no bias towards one
system or the other. The differences were even smaller when looking at the average
of the four comparative sequential tests (Test #330 to #337) which was 0.1 percent.
In addition, the tests were visually evaluated to verify that the distribution of the ice
pellets was similar, further supporting the similarity in aerodynamic results between
the two dispenser systems.

In general, the wind tunnel results further supported the original distribution
equivalency work conducted during the winter of 2012-13 and demonstrated that
the new generation dispensers are suitable replacements for the older model
dispensers.

6.4 Prior to Engines-On Wind Tunnel Test

e Measure fluid thickness at the pre-determined locations on the wing
(Attachment 3);

e Measure fluid Brix value (Attachment 3);

e Record wing temperatures (Attachment 3);

e Record start time of test (Attachment 2); and

e Fill out visual evaluation rating form (Attachment 7).
Note: In order to minimize the measurement time post precipitation, temperature
should be measured 5 minutes before the end of precipitation, thickness measured
3 minutes before the end of precipitation, and Brix measured when the precipitation

ends. Also, consideration has been given to reducing the number of measurements
that are taken for this phase (i.e., locations 2 and 5 only).

6.5 During Wind Tunnel Test

e Take still pictures and video the behaviour of the fluid on the wing during the
takeoff run, capturing any movement of fluid/contamination;
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e Fill out visual evaluation rating form at the time of rotation (Attachment 7);
and

e Record wind tunnel operation start and stop times.

6.6 After the Wind Tunnel Test

e Measure fluid thickness at the pre-determined locations on the wing
(Attachment 3);

e Measure fluid Brix value (Attachment 3);

e Record wing temperatures (Attachment 3);

e Observe and record the status of the fluid/contamination (Attachment 3);
e Fill out visual evaluation rating form (Attachment 7);

e Obtain lift data (excel file) from NRC; and

e Update APS test log with pertinent information.

6.7 Fluid Sample Collection for Viscosity Testing

Two litres of each fluid to be tested are to be collected. The fluid receipt form
(Attachment 8) should be completed indicating quantity of fluid and date received.
Any samples extracted for viscosity purposes should be documented in the fluid
receipt form (Attachment 8), however an additional form (Attachment 9) is available
if required. A falling ball viscosity test should be performed to have a reference
available if on site testing is required to confirm fluid viscosity before testing.

6.8 At the End of Each Test Session

If required, APS personnel will collect the waste solution. At the end of the testing
period, NRC will organize for a glycol recovery service provider to safely dispose of
the waste glycol fluid.

6.9 Camera Setup

It is anticipated that the camera setup will be similar to the setup used during the
winter of 2013-14. Modifications may be necessary and will be dealt with on-site.
The flashes will be positioned on the control-room side of the tunnel, and the cameras
will be positioned on the opposite side. The final positioning of the cameras and
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flashes should be documented to identify any deviation from the previous year’s

setup.

6.10 Demonstration of a Typical Wind Tunnel Test Sequence

Table 6.1 demonstrates a typical Wind Tunnel test sequence of activities, assuming
the test starts at 08:00:00. Figure 6.4 demonstrates a typical wind tunnel run

timeline.

Table 6.1: Typical Wind Tunnel Test

TIME TASK
8:30:00 START OF TEST. ALL EQUIPMENT READY.
8:30:00 - Record test conditions.

8:35:00 - Prepare wing for fluid application (clean wing, etc.).
- Measure wing temperature.
8:45:00
- Ensure clean wing for fluid application.
8:50:00 - Pour fluid over test area.
- Measure Brix, thickness, wing temperature.
9:00:00
- Photograph test area.
9:05:00 - Apply contamination over test area. (i.e. 30 min)
- Measure Brix, thickness, wing temperature.
9:35:00
- Photograph test area.
9:40:00 - Clear area and start wind tunnel.
9:55:00 - Wind tunnel stopped.
- Measure Brix, thickness, wing temperature.
10:05:00 - Photograph test area.
- Record test observations.
10:35:00 END OF TEST
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After Precip. Tunnel After Run
Fluid Application Application of Measurements Run and Measurements
and Measurements Precipitation and Teardown Cool down and Inspection

Figure 6.4: Typical Wind Tunnel Run Timeline

6.11 Procedures for Testing Objectives
Details for the testing objectives have been included in the following attachments:

e Attachment 10: Procedure — Dry Wing Performance;

e Attachment 11: Procedure — Type |V Ice Pellet Allowance Time Validation
with New Fluids;

e Attachment 12: Procedure — Development of EG Specific Ice Pellet
Allowance Time Table;

e Attachment 13: Procedure — General Allowance Time Expansion;
e Attachment 14: Procedure — METAR Working Group Identified Conditions;

e Attachment 15: Procedure — Type lll Ice Pellet Allowance Time Table
Expansion and Development of a Low Speed Table;

e Attachment 16: Procedure — Heavy Snow;
e Attachment 17: Procedure — Heavy Contamination; and

e Attachment 18: Procedure — Fluid and Contamination at LOUT.

7. EQUIPMENT

Equipment to be employed is shown in Table 7.1. Note that crossed off items will
not be required for the 2021-22 testing season but have been left in the list for
continuity.
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Table 7.1: Equipment List
EQUIPMENT STATUS EQUIPMENT STATUS
e Fouppartand-TostingEevip Camera Equipment
20L-¢clean i {Hexpectngtotest DSLR cameras x3 + lenses etc. (2 suitcases)
Backpack-sprayerforFluidsx3 Godox flashes x2
Barrel-Opener{it expecting barrels) Manfroto arms and mounts suitcase
Black-Shelving-Unitforrate-pans—{orpl ) Osmo/GoPro Cameras + accessories
Blow-Heornsx2 Remote camera system (See SM for details)
Bhae P ek Mask 300+ Camera laptop with mouse and chargers
Brixermeterx3
Heetriealtapex2 Ice Pellets Fabrication Equipment
ExactoKnives2 Adherence Probes Kit
Extension-cords—{powerbars x6—+reels x4} Blenders x 12 in good condition
Eyeprotestion 10 Folding tables (2 large, 1 small)
Fabsag3atb\iscometer Ice bags
Fluid-pouringpitchers x100-{eonfirm-amt?} Ice bags storage freezer x 3
Fuids ORBERand-SHIP-to-Ottawal Ice pellet box supports for railing x4
Fridge-forpersonnelxt Ice Pellet control wires and boxes
E s H-big——1 H Ice pellets dispersers x 12
Gloves—black-and-yellow Sieves (solid base, 1.4 mm, 4 mm) x 2 each
Gloves—cotton{alot) Stands for ice pellets dispensing devices x 6
Gloves—tatextatoth Ice pellets Styrofoam containers x40
Gric-Section—+1 Hord Measuring cups (1L + 1cup/smaller)
Hard-watereh 4 3p Sartorius 35KG scale
Hand-Sanitizer{x3-fargerjugs/dispensers) Refrigerated Truck
H dtap-ferfluid-barrebcall Rubber Mats x 4
Hot Plat 3-and-Large-Potsfor Type Wooden Spoons
1 1 (Y 11 ) I) 2
Isopropylx12 Freezing Rain Equipment
Lavg < H-tap APS PC equipped with rate station software
Large-Sharpies—{or-Grid-Seet NRC Freezing rain sprayer (NRC provided)
Long Rulerformarking-wing x2 Rubber suction feet for wooden boards x8
Markerforwastex2 White plastic rate pans (4 sets)
Papei—toweliblueshop-towel 48 Wooden boards for rate pans (x2)
B " ¥ 11, hhy lothi & ( II}
P Glothing-for APS YUl team Office Equipment
Red-Th for Type T P APS Laptops x 4 with mouse and chargers
Samplo-botilesforw Hoy—eB APS tugues x 10
Sart Weigh-Seal 3 Calculators x 3
Serapersx5 Clip boards x 8
Shop-Vae Data Forms
Specdtope—tsal Dry eraser markers
Squeeg & 434 Heor} Envelopes (9x12) x box
Stop-Watches x4 File box x 2
Femp tre—preb 3 Hard drive with all WT Photos
Femperat prob £ 3 New blank SSD Hard Drives x 2
FestPlatext Pencils + sharpies/markers
Th for-Reefer Truck Projector for laptop
Thick Gaua {l: m II' 5 Inig_)_ SCiSSOrS
Vise-grip——+ubberop: for Small 90° aluminum ruler for wing
WalkieTalkies»x32 Test Procedures x 4, printer paper
Water {2 18} forhard-wat YOW employee contracts
Wh D:\p r—and + harts
V-Stab Gear
Motorized backpack sprayer for Fluids/ZR x3
Calibration pans and stand (if needed)
Step ladders (use NRC’s and buy if needed)
Notes:  Strikethrough items are not required for 2020-21.
Some items may be stored in Ottawa in the NRC IWT Shed.
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8. FLUIDS

Mid-viscosity samples of EG and PG IV fluid will be used in the wind tunnel tests.
Although the number of tests conducted will be determined based on the results
obtained, the fluid quantities available are shown in Table 8.1 (no new fluids were
ordered for this year’s testing). Approximately 4540 L of fluid will be available for
the 2021-22 testing session. Fluid application will be performed by pouring the fluid
(rather than spraying) to reduce any shearing to the fluid.

Table 8.1: Fluid Available for Wind Tunnel Tests

In Ordered
Fluid Type | EG PG | Dilution Batch # St(t;:k )
Existing Fluid Inventory
ClearWing EG v EG 100/0 TAB20-CW1207 80
Defrost ECO 4 v PG 100/0 4 (LOT #48) 120
EG106 (new batch) v EG 100/0 D268KAGO00 60
Max Flight AVIA \% EG 100/0 41 60
Max Flight SNEG \% PG 100/0 8 200
Polar Guard Advance v PG 100/0 PGA181205PA 60
Safewing EG IV NORTH v EG 100/0 01819 100
AeroClear MAX 1 EG 100/0 TAB17-1023 160
Fluid Ordered
ClearWing ECO \% PG 100/0 tbd: - 400
ClearWing EG v EG 100/0 tbd: - 400
4Flite EG v EG 100/0 thd: - n/a
4Flite PG v PG 100/0 tbd: - n/a
AVIAFlight EG v EG 100/0 tbd: - n/a
AVIAFlight PG v PG 100/0 thd: - n/a
ChemR Nordik IV v EG 100/0 tbd: - 500
Polar Guard® Xtend v PG 100/0 thd: - 400
Polar Guard® Advance \% PG 100/0 thd: - 400
UCAR™ Endurance EG106 De/Anti-Icing Fluid v EG 100/0 thd: - 600
UCAR™ PG ADF Concentrate \% PG 100/0 tbd: - 200
Defrost NORTH 4 \% EG 100/0 tbd: - 500
FCY-EGIV v EG 100/0 tbd: - 300

3600 L ordered for 2009-10 testing (18 days)
3200 L ordered for 2010-11 testing (15 days)

1800 L ordered for 2011-12 testing (7 of 15 days will be fluid testing)

4200 L ordered for 2012-13 testing (15 days)

1300L ordered for 2013-14 testing (15 days), 1900L previously in stock

1700L available for 2015-16 Testing (10 days)
3364 L available for 2017-18 Testing (10 days)

3245 L available for 2018-19 Testing (8 days including A4A)
2000 L available for 2019-20 Testing (8 days of testing)
2480L available for 2020-21 Testing (15 days of testing)
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9. PERSONNEL

Four APS staff members are required for the tests at the NRC wind tunnel. Five
additional persons will be required from Ottawa for making and dispensing the ice
pellets and snow. One additional person from Ottawa will be required to photograph
the testing. Table 9.1 demonstrates the personnel required and their associated
tasks.

Fluid and ice pellets applications will be performed by APS/YOW personnel at the

NRC wind tunnel. NRC personnel will operate the NRC wind tunnel and operate the
freezing rain/drizzle sprayer (if requested).

Table 9.1: Personnel List

Tentative List

Person Responsibility
John D’Avirro (JD) Director (participating remotely)
Marco Ruggi (MR) Lead Engineer and Project Coordinator

Data documentation (forms, logs, camera setup, etc.) /

Chloé Bernier (CB) Ice Manufacturing Manager

Data Collection / Fluid Manager (inventory and application) /
YOW Pers. Manager

YOW Personnel

Benjamin Bernier (BB)

Photo 1 Photography / Camera Documentation
Steve Baker (STB) Fluids / Ice Manufacturing / Dispensing / General Support
YOW 1 Fluids / Ice Manufacturing / Dispensing
YOW 2 Fluids / Ice Manufacturing / Dispensing
YOW 3 Fluids / Ice Manufacturing / Dispensing
YOW 4 Ice Manufacturing

As a result of COVID-19 mitigation measures, attendance will be limited to essential
workers only. Consequently, visitors and the director will likely not be allowed on
site or will be limited and will be encouraged to participate via teleworking measures.

NRC Aerospace Research Centre Contacts

e Catherine Clark: (613) 990-6796; and
e Cory Bates: (613) 913-9720.
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10. SAFETY

e A safety briefing will be done on the first day of testing;
e COVID-19 mitigation procedures will be in place;

e Personnel should be familiar with NRC emergency procedures i.e., DO NOT
CALL 9-1-1, instead call the NRC Emergency Center as they will contact and
direct the necessary services;

e All personnel must be familiar with the Material Safety Data Sheets (MSDS)
for fluids;

e Prior to operating the wind tunnel, loose objects should be removed from the
vicinity;

e When wind tunnel is operating, ensure that ear plugs are worn if necessary
and personnel keep safe distances;

e When working on ladders, ensure equipment is stable;

e CSA approved footwear and appropriate clothing for frigid temperatures are
to be worn by all personnel;

e Caution should be taken when walking in the test section due to slippery
floors, and dripping fluid from the wing section;

e If fluid comes into contact with skin, rinse hands under running water;

e |f fluid comes into contact with eyes, flush with the portable eye wash station;
and

e Personnel must ensure they follow the protocols for working extended hours.

Separate guidelines related to COVID-19 mitigation strategies will be communicated
to staff prior to the start of any activities.

Personnel must follow the protocols for “Extended Work Hours Protocol for APS
Personnel.” These documents are included in the “APS Office Policies & Procedures”
which is made available to all APS staff.
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APPENDIX B

WIND TUNIVEL TESTS TO EXAMIINE FLUID REMIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIAITATION CONDITIONS

Attachment 1: Task List for Setup and Actual Tests

No. Task Person Status
Planning and Preparati

1 Co-ordinate with NRC wind tunnel personnel and check status of tunnel MR

2 Ensure fluid is received by NRC and is stored outdoors MR

3 Arrange for hotel accommodations for APS personnel JS

4 Arrange truck rental JS

5 Arrange for ice and freezer delivery JS

6 Order walkie talkies Js

7 Organize personnel travel to Ottawa; MR

8 Hire YOW personnel CB/AK
9 Complete contract for YOW personnel FDL
10 Co-ordinate with APS photographer MR

11 Ensure availability of freezing rain sprayer equipment; MR

12 Prepare and Arrange Office Materials for YOW CB/AK
13 Prepare Data forms and procedure CB/AK
14 Prepare historical photo hard drives and new ones PK

15 Prepare Test Log and Merge Historical Logs for Reference CB/AK
16 Update (as necessary) fluid viscosity log, and have available CB

17 Finalize and complete list of equipment/materials required MR/ALL
18 Prepare and Arrange Site Equipment for YOW CB/SM
19 Ensure proper functioning of ice pellet dispenser equipment; MR
20 Purchase, and label fluid pouring pitchers SM/AK
21 Review IP/ZR/SN dispersal techniques and location CB/MR
22 Update IP/SN Order Form (if necessary) CB/MR
23 Check weather prior to finalizing test dates and Day vs. Night Shift, Start Time MR/JD
24 Arrange for pallets to lift up 1000L totes (if applicable) MR

25 Purchase new 20 L containers (as necessary) SM

26 Complete purchase list and shopping SM

27 Conduct pre-trip to collect fluid samples SM/PK
28 Verify viscosity with Brookfield and Falling Ball at APS office SM/PK
29 Pack and leave YUL for YOW APS

Setup Day

30 General safety briefing and update on testing APS/NRC/YOW
31 Unload Truck and organize equipment in lower, middle, or office area APS
32 Verify and Organize Fluid Received (labels and fluid receipt forms) SM
33 Transfer Fluids from 1000 L Totes to 20 L containers (if applicable) SM
34 Confirm ice and freezer delivery SM

35 Setup general office and testing equipment, confirm printer and projector avail CB

36 Setup rate station (if necessary) CB

37 Setup IP/SN manufacturing material in reefer truck STB
38 Test and prepare |IP dispensing equipment STB
39 Train IP_ making personnel (ongoing) STB/YOW
40 Co-ordinate fabrication of ice pellets/snow CB/STB
Al Start IP_ manufacturing STB
42 Mark wing (only if requested); CcB

43 Setup Still and Video Cameras BG/YOW
44 Verify photo and video angles, resolution, etc., and document new locations BG/MR/CB

Testing Day 1
45 Safety Briefing & Training (APS/YOW) MR
46 IP/SN/ZR Calibration (if necessary) BB/CB/MR
47 Train IP_making personnel (ongoing)and continue IP manufacturing STB/YOW
48 Dry Run of tests with APS and NRC (if necessary) APS/NRC
49 Start Testing (Dry wing tests may be possible while setup occurs) APS/NRC
Each Testing Day

50 Check with NRC the status of the testing site, tunnel, weather etc MR

51 Deicide personnel requirements for following day for 24hr notice MR

52 Prepare equipment and fluid to be used for test BB

53 Manufacture ice pellets STB/YOW
54 Prepare photography equipment BG

55 Prepare data forms for test CB

56 Conduct tests based on test plan APS
57 Modify test plan based on results obtained TC/FAA/JD/MR
58 Update ice pellet, snow, raw ice, and fluid Inventory (end of day) CB/YOW
59 Update fluid Inventory (5 container left warning) BB/STB
60 Update Test Log and Test Plan (ongoing and end of day) CB/MR
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 2: General Form

GENERAL FORM (EVERY TEST)

DATE: FLUID APPLIED RUN # (Plan #):
AR TEMPERATURE (°C) BEFORE TEST: AR TEMPERATURE (°C) AFTER TEST:
TUNNEL TEMPERATURE (°C) BEFORE TEST: TUNNEL TEMPERATURE (°C) AFTER TEST:
WIND TUNNEL START TIME: PROJECTED SPEED (S/KTS):
ROTATION ANGLE EXTRARUN INFO:
FLAP SETTING (207, 0°)
M Check if additional notes provided on a separate sheet
FLUID APPLICATION

Actual starttime: Actual End Time:
Fluid Brix Amount of Fluid (L):
Fluid Te (°C). Fluid Application Method: POUR

ICE PELLETS APPLICATION (if applicable
Actual starttime: Actual End Time:
Rate of Ice Pellets Applied (g/dm“h): Ice Pellets Size (mm): 14-40mm
Exposure Time:
Total IP Required per Dispenser:

FREEZING RAIN/DRIZZLE APPLICATION (if applicable;
Actual starttime: Actual End Time:
Rate of itation Applied (g/dm?h): Droplet Size (mm):
Exposure Time: Needle
Flow:
Pressure
SNOW APPLICATION (if applicable)

Actual starttime: Actual End Time:
Rate of Snow Applied (g/dmh): Snow Size (mm); <14 mm
Exposure Time: Method (] Dispenser [ Sieve
Total SN Required per Dispenser:

COMMENTS

MEASUREMENTS BY:

HANDWRITTEN BY:
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 3: Wing Temperature, Fluid Thickness and Fluid Brix Form

CYCLE TRACKING

time

5 mins
10 mins
15 mins
20 mins
25 mins
30 mins

35 mins
40 mins
45 mins
50 mins
55 mins
60 mins

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

000000 000000 oooooo ooooog-=
000000 000000 OooOooooo ooooogs
000000 000000 0Oo0o0oo0o 00D0000w
000000 000000 Ooooooo ooooogs
000000 O0000O0 OOO0OO0OO0OO0 OO0O0000hod

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Before ) After ] ] After After
R IO Pl Pt IR B BT e b d el B Y ot IS0
osition | 1 lication | APPlication| Application Run Run osition | Application| Application Run
T2 2 1
TS 8 2
TU Flap 3
Time: Time: 4
5
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time. Time:
TRAILING EDGE TRAILING EDGE 8
Fi
Flap lap Flap
8 8
7 7 Time:
6 6
2 4 5 6 7
5 5 1 3 >
N, NN N a4 Flap
4 4 S/
3 3 ez . Z e A
2 2 /
1 1 u
LEADING EDGE LEADING EDGE
(Comments: Comments: Wing Pasition 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Pasition 2, 3, 4, 5: At equal distances (approximately 15 cm) along the wing chord;
Wing Position 6: Approximately 30 cm from trailing edige;
Wing Position 7: Approximately 15 cm from trailing edge;
Wing Pasition 8: Approximately 2.5 cm from trailing edge; and
Wing Position 9: Midway up the flap
Note: In an attempt to optimize timing of tests, shaded box measurements Underside: Approximately 40 cm up from the leading edge stagnation point.
Gan be ommitted with approval of the project coordinator General Ci
OBSERVER:
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 4: Example Ice Pellet Dispensing Form

WING TRAILING EDGE

1P needed per 5min

In each Dispenser

IP needed for entire test
Total amount of IP in
Each Dispenser

NOTE:

323 |g

Total Amount IP
Needed for Entire Test

1291 |g

Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.

(e.g: Position #1 -> Pos #2 -> Pos #3 -> Pos #4 -> Pos #4 -> Pos #3 -> Pos #2 -> Pos #1 ->Pos #1...)

Dictate amount of IP needed "In each Position" in grams. (Each Position must be emptied at approximately 1-minute intervals.)

8ft=24.4dm
DISPENSER #3
11— 1 — %2 «— 1t ——»3 ] 1 —|—>4 1t 1t 1t
14.9 16.5 18.2 17.4 18.5 17.6 18.5 17.6 18.5 17.6 18.5 17.6 17.2 17.2 16.3 13.3
203 24.1 26.2 26.4 27.3 26.9 275 26.9 275 26.9 275 26.9 26.9 25.8 24.2 18.6
20.3 25.4 27.4 28.7 29.0 29.4 29.0 29.4 29.0 29.4 29.0 29.3 28.3 2.7 244 19.3
19.1 23.8 25.6 25.6 29.2 29.6 29.3 29.6 29.3 29.6 29.3 29.5 28.6 27.4 24.3 19.2
18.8 23.5 27.2 21.9 29.4 28.8 29.5 28.8 29.5 28.8 29.5 28.8 28.7 26.8 24.1 18.5
61 =183 dm 18.4 24.0 26.9 28.7 29.0 29.6 29.1 29.6 29.1 29.6 29.1 29.4 28.4 27.2 23.5 18.5
18.5 235 27.2 28.4 29.4 29.1 29.6 29.1 29.6 29.1 29.6 29.0 28.7 26.9 24.0 18.4
18.5 24.1 26.8 28.7 28.8 29.5 28.8 29.5 28.8 295 28.8 29.4 21.9 27.2 235 18.8
19.2 24.3 27.4 28.6 29.5 29.3 29.6 29.3 29.6 29.3 29.6 29.2 25.6 25.6 23.8 19.1
19.3 24.4 27.7 28.3 29.3 29.0 29.4 29.0 29.4 29.0 29.4 29.0 28.7 27.4 25.4 20.3
18.6 24.2 25.8 26.9 26.9 275 26.9 21.5 26.9 27.5 26.9 27.3 26.4 26.2 24.1 20.3
13.3 16.3 17.2 17.2 17.6 18.5 17.6 18.5 17.6 18.5 17.6 18.5 17.4 18.2 16.5 14.9
4 1 1t 31— 1ft 2 < — 1ft 1 4 1 it —]—»3 +1— 1t —|—»2 — 1t —]—>1
DISPENSER #2 DISPENSER #1
Precipitation Type P [ Date | [ Run# | |
* o
Field to be
|Target Rate | 25 Igldmzlh 1. Enter "Date" and "Run #".
Duration 5 | mi 2. Manipulate desired "Target Rate" for test event.
3. Manipulate desired "Duration” for test event.
|Footpn'nt Rate | 25 Ig/dmzlh 4. Prepare "Total Amount of IP Needed for Entire Test" in grams.
Stdev of Rate (+£) 5 gldm?h 5. Prepare 4 boxes for "Total Amount of IP in Each Dispenser” in grams. (Each Di: must be at5 te intervals.)
6.
7.
8.

Once a Dispenser has complested its cycle at Position #4, start next cycle at Position #4 and move 1-Foot to the right at (1-minute intervals).

- Dispenser Spinner must be 3-feet above the average height of the wing.

- Leading Edge (LE): Centre Pole of the Dispenser Stands must be 1-foot (12 inches) from the Leading Edge (LE)

-Trailing Edge (TE): Centre Pole of the Dispenser Stands must be 10-inches from the Trailing Edge (TE) Flap.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 5: Example Snow Dispensing Form

WING TRAILING EDGE
8%t=244dm
DISPENSER #3
1+ W %2 «1— 1 —]—»3 «]— 1 —|—»a [ [0 11t
23.1 24.8 27.2 2.5 274 255 274 2.5 274 2.5 274 255 2.4 2.4 26,6 19.7
27.1 35.5 34.9 36.7 35.1 36.7 36.1 36.7 35.1 36.7 35.1 36.7 35.0 36.3 33.9 29.8
246 39.4 364 4.4 3.8 45 3.8 4.5 368 4.5 3.8 415 3.7 4.1 355 35.2
14 %3 253 ne 257 27 257 27 257 =7 257 27 256 24 247 243
zs 152 164 174 17.0 178 17.2 178 172 176 172 176 1.0 172 159 142
s1=1830m &1 94 106 1n2 1.4 114 1.2 14 112 14 12 13 1.0 103 3 78
7s o3 103 1.0 13 12 1.4 12 114 1.2 14 114 1.2 1086 04 &1
142 159 172 12.0 176 172 176 172 178 17.2 176 170 17.4 164 152 28
3 2.7 24 =6 27 257 27 257 227 257 27 257 26 253 263 144
352 5 411 %7 915 368 1.5 %8 15 %8 05 3&8 1.4 %4 384 246
23 £ 3®3 %0 %7 351 %7 %1 387 %1 %7 351 %7 s 355 271
19.7 %6 254 Z74 %55 274 %55 Z7A 255 74 255 274 255 72 243 71
42— —— —— w1 4 - ~—— = ——»1
DISPENSER #2 DISPENSER #1
| WING LEADING EDGE
Precipitation Type Snow Date Run #
* Fieid to be manipulsted
|“,',m,b | 25 |wﬂn2m 1. Enter Date™and Run 7.
: 5 : i 2 Manipulate desired "Target Rate” for test event
3. Manpulate deswred "Duration™ for test event
[FooprintRate [ 25 |gam?m 4 Prepare “Total Amount of Snow Needed for Enfire Test"in grams.
|Stdev of Rate | 10 |gamen 5 Prepare 4baxes for “Total Amount of Snow in Each Dispensor™ in grams. s e &
6 Dictate amount of Snow needed n each Position™ n grams. Each a N al 1-muure »
Snow needed per5 minutes 7. Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.
. 8 Once a Dispenser has complested its cycle at Position #4, start next cycle a Posilion #4 and move 1-Foot to the right at {1-minute ntervals).
Ineachposition 84
9
i} (e.g Posttion #1 > Pos #2 > Pos #3 > Pos #4 > Pos #4 > Pos #3 > Pos#2 > Pos#1 > Pos #1._)
Ineach Disperser 336
Snow needed for entire test NOTE:
Ineach Dispenser 336 - Leaing Edge LE): i Stands must be toot (127 fhe Leadi E)
Total Amourt Snow 1344 -Traiting Edge (TE): Centre Pole of fie INsparser Stands musst be 104nches from the Traiting Edge (TE) Flap.
Needed for Erfire Test The use of Dispensor Stand Extension is needed.
Disperser Spi ; the wing.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 6: Example Snow Dispensing Form (Manual Method)

Stdev of Rate gldm?h

In each position m

265

Snow needed for entire test

In each Dispenser 265

Total Amount Snow
Needed for Entire Test 1062

|Precigitati0n Type I Sifted Snow Date | | [[Run# | |
* Field to be
ITarget Rate | 25 |gldmzln 1. Enter "Run #".
IDuration 5 |minutes 2. Manipulate desired "Target Rate" for test event.
3. Manipulate desired "Duration” for test event.
Footprint Rate 25 g/dm2m 4. Prepare "Total Amount of Snow Needed for Entire Test" in grams.

5. Prepare 4 boxes for "Total Amount of Snow in Each Dispenser” in grams. (Each Dispenser must be emptied at 5-minute intervals.)

6. Dictate amount of Snow needed "In each Position" in grams. (Each Position must be emptied at approximately 1-minute intervals.)
7. Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.

8. Once a Dispensor has completed its cycle at Position #4, start next cycle at Position #4 and move 1-Foot to the right at (1-minute intervals).
.g: Position #1 -> Pos #2 -> Pos #3 -> Pos #4 -> Pos #4 -> Pos #3 -> Pos #2 -> Pos #1 -> Pos #1...)

- Since dispensing is done using a sieve, the percentage of snow loss is reduced. This efficiency is estimated at 90%, as per visual analysis in 2009-10.

APS/Library/Projects/300293 (TC Deicing 2021-22)/Procedures/Wind Tunnel/RJ Procedure/Final Version 1.0/Wind Tunnel 2021-22 Final Version 1.0.docx
Final Version 1.0, December 21

50

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

B-51

Final Version 1.0, April 23



APPENDIX B

WIND TUNIVEL TESTS TO EXAMIINE FLUID REMIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIAITATION CONDITIONS

Attachment 7: Visual Evaluation Rating Form

Date:

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 - Contamination visible, adherence of contamination

Note: Ratings can include decimals i.e. 1.4 or 3.5

VISUAL EVALUATION RATING OF CONDITION OF WING
Run Number:

Before Take-off Run

Area

Visual Severity
Rating (1-5)

Leading Edge

Trailing Edge

Flap

>3 = Review, >3.5=Bad
>3 = Review, >3.5=Bad

>4 = Review, >4.5=Bad

At Rotation

Rating (1-5)

Leading Edge

Trailing Edge

Flap

Area Visual Severity Expected
Rating (1-5) Lift Loss (%)
>5.4 = Review,|
Leading Edge >1= Review >1.5 = Bad >9.2 = Bad
Trailing Edge
Flap
After Take-off Run
Area Visual Severity

Additional Observations:

OBSERVER:
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 8: Fluid Receipt Form (Electronic Form)

FORM 1

GENERAL FORM FOR RECEIVING FLUID

Receiving Location: D APS Site |:| Other: Date of Receipt:
Fluid Characteristics:  Type: Colour: Date of Production:
Manufacturer: Batch #:

Fluid Name: Project Task:

Fluid Quantities / Fluid Brix / Falling Ball Info:

Fluid Dilution: Fluid Dilution: Fluid Dilution:

Fluid Code: Fluid Code: Fluid Code:

Fluid Quantity: ___X____L=___L1L Fluid Quantity: o x___L=__ L Fluid Quantity: o x___L=__ L
Fluid Brix: . Fluid Brix: . Fluid Brix: -

Falling Ball Time: ___: :  (mm:ssics) FallingBallTime: __:: (mm:ssics) FallingBall Time: __: :  (mm:ss:cs)
Falling Ball Temp: _____ °C Falling Ball Temp: _____ °C Falling Ball Temp: _____ °C

Sample from Container#: ___of __ Sample from Container #: ____ of Sample from Container#: __ of

Sample Collection: Sample Distribution:

Viscosity: 1L 100/75/50 to third party or in-house for testing
WSET: 1L100/75/50/Type | to AMIL for WSET (HOT samples only)
Office: 1L100/75/50/ Type | to be retained in office

HOT Fluids: Extract3L 100/75/50 and 2 L Type |
Other Fluids: Extract2 L 100/75/50/ Type |

Photo Documentation: (take photos of all that apply)

| []Palette (as received) [_] 100/0 MFR Fiuid Label [ | 75/25 MFR Fluid Label [ _| 50/50 MFR Fluid Label [_] Type | MFR Fluid Label

Additional Info/Notes: (additional information included on fluid containers, paperwork received, etc.)

Received by: Date: Verified by:

Fluid Receipt Form (Dec 2019)
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APPENDIX B

WIND TUNINEL TESTS TO EXAMIINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPATATION CONDITIONS

Attachment 9: 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 B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 10: Procedure — Dry Wing Performance

Background

A significant amount of work has been done in conjunction with NASA and NRC in
order to calibrate and characterize the wind tunnel and airfoil model during the last
two winter seasons. This work has further increased the confidence in the data
produced, however ongoing verification is necessary in order to identify potential
changes in the system performance.

Objective

Verify that clean model aerodynamic data agree with the data acquired in previous
years with the same model. Given the various issues with repeatability and angle of
attack offsets in the past, this is an important step prior to fluids testing.
Methodology

e Ensure the wing is clean and dry;

e Conduct a dry wing test using the regular takeoff profile;

e Conduct a dry wing test using a takeoff profile with rotation to stall;
e Compare lift performance to historical data; and

e Address potential discrepancies accordingly.

Test Plan

This testing should be conducted at the start of each testing day.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 11: Procedure — Type IV Ice Pellet Allowance Time Validation with
New Fluids

Background

The Type IV ice pellet allowance times are conservative, generic guidance developed
based on data collected using commercially available Type IV fluids. As new fluids
are developed and become commercially available, it is important to evaluate these
fluids against the current allowance times to ensure the validity of the generic
guidance. Systematic “spot-checking” is used in order to identify any potential
issues. In addition, testing is recommended with all fluids available to obtain data
close to the fluid LOUT to determine the aerodynamic effects of ice pellet
contamination at these colder temperatures.

Objective
To evaluate newly commercialized Type IV fluids against the existing allowance
times, and to collect data close to the fluid LOUT.

Methodology

e Conduct testing with any new commercially available Type IV fluids in each
of the cells of the ice pellet allowance times table;

e Record lift data, visual observations, and manually collected data;
e Adjust testing plan accordingly based on aerodynamic data collected; and

e Weather permitting, conduct testing close to the fluid LOUT (-25 to -30°C)
with appropriate conditions to address data gaps.

Test Plan

Eight days of testing are planned.
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APPENDIX B

WIND TUNINEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 12: Procedure — Development of EG Specific Ice Pellet Allowance Time
Table

Background

Type IV ice pellet allowance times are also intended to be conservative, and therefore
generic guidance is developed based on data collected using commercially available
Type IV fluids. Historically both Type IV PG and EG fluids have been grouped
together, however data has indicated that EG may have an operational advantage of
longer ice pellet allowance times in specific conditions. The industry requested that
EG specific fluid ice pellet allowance time tables be generated to be able to benefit
from any potential linger allowance times specific to Type EG fluids. A new separate
allowance time table for EG fluids was issued for the winter of 2021-22 based on
the best available data collected to date which included the expansion data, however
the expansion data was limited to temperatures above -10°C. In addition, some of
the targeted newly expanded times still showed potential for further expansion.

Objective

To conduct testing to investigate the feasibility of developing an EG specific ice pellet
allowance time table.

Methodology

e Determine what EG data exists and any potential data gaps which need to be
filled. Focus should be on conditions below -10°C and any recently expanded
conditions that still have potential for further expansion;

e Conduct testing with commercially available EG Type |V fluids in each of the
cells of the ice pellet allowance times table, as required;

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

e Adjust testing plan accordingly based on aerodynamic data collected.

Test Plan

4 days of testing are planned.
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Attachment 13: Procedure — General Allowance Time Expansion

Background

Over the years, the ice pellet allowance times have been expanded to include
additional conditions, temperature ranges, and fluid types. The current tables are a
reflection of the conditions whereby sufficient data was collected to substantiate the
guidance provided to operators. There are still conditions where data is either limited
or not available that could be suitable areas for development of new guidance
material to expand the operational envelope. In addition, new generation fluids may
have better performance capabilities and may justify an extension to existing times.

Objective

To conduct testing to support the general expansion of the ice pellet allowance time
guidance material to include additional conditions, temperature ranges, and fluid

types

Methodology

e Review historical data to determine which conditions, temperature ranges,
and fluid types to target as potential candidates for expansion;

e Conduct testing with commercially available Type IV fluids in each of the
cells of the ice pellet allowance times table, as required;

e Consider testing with Type Il fluids to target the development of a
standalone table;

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

e Adjust testing plan accordingly based on aerodynamic data collected.

Test Plan

Three days of testing are planned.
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Attachment 14: Procedure — METAR Working Group Identified Conditions

Background

A METAR working group consisting of TC, FAA, APS, NCAR has been formed with
the objective of improving the guidance available for operations in mixed conditions.
Of the conditions being analyzed, some of these conditions are combinations
including ice pellets and can sometimes contain three or more precipitation types at
a time. Aerodynamic data could support the development of guidance material for
these specific conditions.

Objective
To conduct testing to support the METAR working group activities related to mixed
conditions and with ice pellets.

Methodology

e |dentify mixed conditions for testing i.e. -SN/-IP/-ZR;

e Conduct testing with commercially available Type IV fluids in the
representative temperatures;

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

e Adjust testing plan accordingly based on aerodynamic data collected.

Test Plan

Ten or more tests would provide a suitable dataset for analysis.
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Attachment 15: Procedure — Type lll Ice Pellet Allowance Time Table Expansion
and Development of a Low Speed Table

Background

Allowance times for Type |l fluids have just recently been developed. Similar to the
Type IV ice pellet allowance times, the Type lll allowance times are also intended to
be conservative, generic guidance developed based on data collected using
commercially available Type Il fluids. In cases where the allowance times are too
restrictive, additional data may be used to support an increase to the existing times,
or new cells at different temperatures. This testing can be done at both 80 knots
and 100 knots.

Objective
To conduct testing to support the expansion of the Type Ill ice pellet allowance times
and development of a low speed table.

Methodology

e Conduct testing with commercially available Type Il fluids in each of the cells
of the ice pellet allowance times table at 80 knots or 100 knots rotation speed;

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

e Adjust testing plan accordingly based on aerodynamic data collected.

Test Plan

Ten to twenty tests would provide a suitable dataset for analysis.
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Attachment 16: 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 deicing 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;

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 reduced exposure
time, if the results are better, repeat the heavy snow test with an increased
exposure time;
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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 would provide a suitable dataset for analysis. See
previous reports for suggested test plan.
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Attachment 17: 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 would provide a suitable dataset for analysis. Previous work should
be referenced to identify starting levels of heavy contamination.
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Attachment 18: 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 would provide a suitable dataset for analysis. 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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APPENDIX C

No Data Available

Figure C1: Run # 1

No Data Available

Figure C2: Run # 2
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Figure C9: Run # 9

No Data Available

Figure C10: Run # 10
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Before the Takeoff Run After the Takeoff Run S 00000 somns
Time: Time:
8 s 0000 O esmins
TRAILING EDGE TRAILING EDGE 4 00000 7omns
Fiep o 0OO0OO0 75mns
v = s 00000 somns
e 0O000O0 ssmins
Time DOD00O0 somns
00000 ssmns
OO0 O 0 100mins
0000 O 105mins
0000 O 110omins
OO0 00 O 115mins
00000 120mins
LEADING EDGE
Comments: Comments: Wi Poston 1 Appseey 10 p o te g e gt po
Wing Postion, 3,4, : At cqualdisances (appraximately 15 cm) aloag e wing hor
Wing Postion 7 Apprasimatly 15 cm fom ralig edges
Wi Postion & Apresimately 2.5 cm fom raling edge and
ing Pstion s Hidvay p the fap
‘can be ommitted with approval ofthe project coorcinator General C
OBSERVER: Be /2
hess,
.
Figure C11: Run # 11
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: ic Run: _12 (P
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing [8efore Fluig | After fluid | After Precip [ Ater wing | atter g | Atterprecip | AT Wing | Afterfluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application 'R:: Position | Application | Application | Takeoff Run 12343 tme
4 2
16 FHA T smins
T2 |-it.p |-z | -7.e |- 2 86.5 1 FH & T 0mns
00000 1smis
T e |-z N . 2
5 [os2 [-ma 3 .3 8 e 2 104 na 00000 20mis
N PR e e e [ s i
Time: | 22: 02 = - ime: | 2.2 222
ime: | 22142 25.05 |23 Time: 2752 2270 4 00000 smis
— - 00000 somns
° 150 | 200 = OCO0D0O 4smns
A 00000 somis
Wing and Plate Condition Wing and Plate Condition 00000 ssmis
Before the Takeoff Run After the Takeoff Run 7 00000 somns
me:
o 00000 esmins
TRAILING EDGE TRAILING EDGE 8 1 el 2 000030 7omis
Fiap 0OO00O0Q 75mns
00000 somins
000 OO0 esmns
OO0 OO0 O somins
OO0 OO0 esmis
00 0O O O 100mins
00000 0smns
0000 O 110omins
OO0 OO O 115mins
0000 O 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: WingPositon 1: Anpremasy 10 m up fom he leadingadge sagnaton pol
Wing Posiion 23,4, At equal disances(spreximatly 15 ) long he winchorcs
Wing Postion & Apeeximatly 30 cmfom il e
Ving Poston 7 Aprosmatey 15 fom i e
Wing Postion & Appreximatly 2.5 fom taling edge and
Wing Postion s Misway up e fap
Not: Inanaemp o otz ting of s, shacd b massuamerts
can be ommitted with approval of the project coordinator General
OBSERVER:
hickess,

Figure C12: Run # 12
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip T‘:"'“ Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application | 2" Position | Application | Application | Takeoff Run 12343 time
T 5 mins
T2 -16.2 |- 2 37.0 | 30.5 3.5 ! & A 10 mins
Ecgcg gtz
™ -5.2 |[-8-2 8 | =0 2 % 12 8 g’/z/ = 20mins
@00 25mins
v -6.0 |-12 Plap %0 3 00000 somns
Time: | 2224|2242 | 00018 oo zo Time: R 4 0O00O0D ssmins
5 - . 00000 somns
L) 200 2 00000 4ms
s 00000 somns
Wing and Plate Condition Wing and Plate Condition OO0 00 O ssmins
Before the Takeoff Run After the Takeoff Run 7 0000 O eomins
: Time:
N 3 . = 00000 esmns
TRAILING EDGE TRAILING EDGE. 12% 2T o OO00OO0O0 7omns
Fap . " " 00000 75mns
Pl 2° £ id 0OO0C0O somns
S P = 00000 ssmis
Time: f23.45 | 20.20 [oo3t OO000O somis
00000 ssmns
0000 0 100mins
C 000 Q0 105mins
O 000 Q0 1omins
00 00D 115mins
OO0 00 0O 120mins
LE;DING;BGE LEADING EDGE
Comments: Comments: Wing Pstion 1: Appreximately 10 6m p o th leading edge segnaton i
Wi Pston 23,4, 5 At eque itances spproximately 15 ) alon the wing chore
Wi Postion T: Approximately 15 mfom alin edge:
Wi Posiion : Apreximately 2. e fom vating sdge: and
WingPostion s My up e zp
‘can be ommitted with approval o the project coordinator General Comments:
OBSERVER: g2
Thikness, Verson 80515
.
Figure C13: Run # 13
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: oc 20! Run: (Pora)
WING TEMPERATURE (Token From NAC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| Atter fiuid | Atter Precip | After Wing | Atter Fluid | Atter Precip T‘_‘k";.'" Wing | Atterfluid | After Precip | After
Positi licati icati icati Positi i cati o et " =
osition | Application | Application | Application | Takeoff Run osition | Application | Application on Position | Application | Application | Takeoff Run| 12343 tme
ODOoCO smins
ke B - 252 5
2 S5 12.2 2 25.25 36.5 ! 00000 1omns
- = 00000 15mins
T s |-50 a2 ® / 2 150 /l e 00000 wmn
.. 2 e = 000D 0 25mins
™ i) i o / 3 / 00000 wms
Time: 108 120 Time: | 103 |/ \ 4 / 00000 ssmns
5 —n / . 00000 4omins
150 00000 4sms
B 7 00000 somns
Wing and Plate Condition Wing and Plate Condition / O0000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 eomins
ime: Time:
A - 00000 esmns
TRAILING EDGE TRAILING EDGE N ' O00Q0Qgd 7omns
Fiap Fiap i ; 00000 75mns
—= P ! OO0 OO somis
i e . 00000 emns
Time: | 1-o: 124 08000 somns
00000 esmins
000 0 O 100mins
0000 CQ 105mins
00 00 0 1omns
0000 O 115mins
00 00 O 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: 1 Approximately 10 up o th lesding edge sagnaton poi
2,3,4,5 At cqual istances (apprximatly 15 ) along e wing hort
Wing Postion 8 Apsoximately 30 cm fom taling edges
ing Postion 7 Aprosimetly 15 e fom i edges
ing Postion & Aprosimatly 2. e fom g edge and
Wing Postion: Miay up the isp
can e ot wih aprove of the project soodnaor General Comments:
OBSERVER: B3l cm
hekoess, soxsx

Figure C14: Run # 14
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Aun:_15 (21635
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fiuid | After Precip After Wing | After Fluid | After Precip T:k";'ﬂ Wing Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application on Position | Application | Application | Takeoff Run 1234 § fime
00000 smins
T2 |-1ga |-15.3 / -20.2 2 33.5 3475 ! OoO0OQ omns
e R g pd 00000 1smns
L P 2 8 e / 2 H 0O0O0O0CQ 20mns
- o 7 00000 25mis
TV |- |-17.7 ¢ Flap 3 / OOD0O0O0 somis
Time: | )z 1HE 155 Time: | ;x5 |/ 1.7 4 / 00000 ssmns
5 f 2 OO0 O 0 4omins
/ 00000 mns
5 7 00000 somins
Wing and Plate Condition Wing and Plate Condition f 00000 ssmis
Before the Takeoff Run After the Takeoff Run S 7 00000 eomns
Time: Time: |
s ] - 00000 esmis
TRAILING EDGE. TRAILING EDGE | et OO0 000 70mins
Fiap o 7 000 OO0 75mns
P Ho ! 00000 somins
N - 00000 ssmns
Time: 158 00000 somns
00000 ssmis
00 00 O 100mins
0000 0 105mins
| 00000 110mins
| 0000 O 11smins
| 00000 120mins
LEADING EDGE LEADING Ei)GE
Comments: Comments: Wing Posiion 1: Aspeximatly 10 m p 1 th leaing ecgesagnaton i
Wing Posion 2, 3,4, 5 At cqual distances(apreximatly 15 ) fon the wing ehors
Wing Postion s Aspoximately 30 mfom sl edoes
WingPoston 7 Aopresimtety 15 fom rain s
WingPosion 8 Aoty 2.5 e fom o ecge ans
Wing Postion 8 Micwy up e flap
Note: 1 atempt o optimize tiing o tests,shaded ox messurements
can e ommites it approvalof th projct cordintor General C
OBSERVER: gelcm
ke,
.
Figure C15: Run # 15
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: angnc Run: 16 ( Plza
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fiuid | After Precip After Wing | After Fluid | After Precip 7:::.'" Wing Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application n Position | Application | Application | Takeoff Run 1234 E fime
S 00000 smns
T2 |-y |-15.20 -20. % 2 |eres 37.75 ! 0C0CO0O0D0 omns
- o 7 = 00000 t5ms
T |-eo |-mo -2 e yd 2 V3 / H 00000 20mns
g = 00000 25mins
A 253 Rep / 3 / DODO0 somns
Time: | 2. 03 2216 2.29 Time: 2:32 4 / 00000 3smns
5 7 , 00000 <omns
s 00000 4mns
6 ] 00000 somns
Wing and Plate Condition Wing and Plate Condition 0000 QO ssmins
Before the Takeoff Run After the Takeoff Run 7 00 0O O somins
Time: Time:
8 & i < OO0 000 esmins
TRAILING EDGE TRAILING EDGE 1 { 33 00000 7omns
[ Flap Fa i / - OO0O0O0Qgd 7smns
i ‘o 'z 0O0O0O0DO somns
222 000aQgQ ssmins
2:%2 00000 somns
00000 ssmns
000 OO0 100mis
00000 10smins
00000 1omins
00000 15mins
00000 120mis
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Poison 1 Aprosimtely 10 cmupfom h lescingadge sagnatin o
Wing Posion 2,3, 4,5: A acua sances (spproimatly 1 o) song e win chors
Vi Pation s Apsroximatey 30 e o traling g
Wing Postion 7: Appesimately 15 e fom g ecge;
Wing Pasiton 8 Agrosmtty 2.5 e rom vslin acge
Wiog Postion: iy up the isp
canbe it i pproval of o projct coornatr General
OBSERVER: 28
hkmess,

Figure C16: Run # 16
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:
"WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | Atter Wing | After Fluid | After Precip TA:'“« Wing | Afterfluid | After Precip |  After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’Rj: Position | Application | Application | Takeoff Run 12343 tme
2
[ OooO00 smins
T2 | -17e | -i6.0 -20.5 2 Js.s 31.5 1 00000 fomns
S L 00000 15mins
T s |isS -205 ® / / 2 80O [ 0OQ0 OO 20ms
-~ - 7 00000 25mis
A ki 2 203 Fap / N / 00000 somns
e [ 22 e |2y |/ 3:05 Tme: {255 |/ 307 4 / 00000 smns
5 — 7 - 0C00O0Q 40mns
z / = OO0 000 4mis
6 / OQ0Q0QO0O somins
Wing and Plate Condition Wing and Plate Condifion / COO0O0D0 ssms
Before the Tekeoff Run After the Takeoff Run 7 00000 soms
Time: Time: ’ /
N - T 00000 ssmns
TRAILING EDGE TRAILING EDGE 19 [ ‘0 OO0 OQO 70mns
Flap Flap fi B / N OO0 O0O0 75mins
P S 4 COO0O0D0 somis
ime: P OO0 000 ssmis
Time: | 2=¢ 00000 somns
OO0 00O ssmins
OO0 OO O 100mins
00 00 O 105mins
0O 0 O O O 11omins
0000 O 15mins
0000 O 120mins
LEADING EDGE
Comments: Comments: WingPostion 1: Apprasimatly 10 cm up fom the eaing e stagnatin poin
Wing Postion 2,5, 4,5: At cquldisances (apraxmaely 15 c) iong he wing chor
Wing Pstion7: Apprximately 15 & fom taing edges
Wing Posion & Apprximatly 2.5 e fom ting edge: and
Wing Pstion s Midway up e fap
‘can be ommitted with approval of the project coordinator General C
OBSERVER: BRI o2
hicness,
.
Figure C17: Run # 17
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_|g ( 2225
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After wing | AfterFuia | Afterprecip | A% Wing | After fluid | Atter Precip |  After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ;j: Position | Application | Application |Takeoff Run 123453 tme
2
- -z 00000 smins
T2 f-20.0 | -16-3 -21.0 2 |38 ®.5 1 00000 omns
B . K 00000 15mns
R P ) s2%é s / Z 2 ‘o4 / £l 00000 20mins
4 00000 25mins
TV |- |-82 Flap | N 00000 somis
Time: = Time: | 227 4 00000 smis
5 =0 2 00000 somns
158 00000 45mins
s 00000 so0mins
Wing and Plate Condition Wing and Plate Condition 00000 ssmis
Before the Takeoff Run ‘After the Takeoff Run 5 00 00O somis
ime: 3
8 100 - 00 0D O esmins
TRAILING EDGE TRAILING EDGE 104 12 00O OO0 7omns
Flap Flap - 00 00O 75mns
T a Fep | 22 | 4 00000 somns
i Tme =00 | 00000 ssmis
S 00000 somns
00000 esmins
0 0O O 0O O 100 mins
0000 O 105mins
00000 10mins
OO0 00 D 115mins
0000 O 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: WingPostion 1 Appasimatly 10 cm up from the ealng e stagnatin point
Wing Posiion 2,3, 4,5: At oquldisances (sppraxmatly 15 cm) ion he wing chor:
Wing Postion s Appraximatly 30 c from raling odges
Wing Postion 7: Apraximatly 15 cm from ralig edges
Wing Postion & Apresimatly 2.5 e fom g e
Wing Postion: My up e ap
‘can be ommitted with approval of the project coordinator General C
OBSERVER: gBlce
homess, Version 805

Figure C18: Run # 18
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
oate: _Joruccy 272 Run: 19 (2212
a2
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip | After Wing | Atter Fiuid | Atter Precip TA:‘”’" Wing | After fluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application “Hf: Position | Application | Application |Takeoff Run é/z 3 time
pn "B s mi
) T |-ms 2 [=2s [ 3275 [svs 1 g/gjg/ Tomins
'E @ 15 mins
s i) |81 |-zo0 8 2 12 117 E EF®0 00 20mns
00000 25mins
™ -28 |-215 Flep 3 DOO0D0O0 somns
Time: | 3.5 Hizz H.35 Time: | Yoo |42z u:26 4 00000 3smns
. — e 00000 4omns
152 “ OO0 00O 4smins
6 00000 somins
Wing and Piate Condition Wing and Plate Condition 0O0O0O00 ssmns
Before the Takeoff Run After the Takeoff Run B 00000 somns
Time: Time:
A P N 00000 esmns
‘ TRAILING EDGE. TRAILING EDGE o4 e d o000 O 7omis
Fiep 0O000Qg smns
L S 2 00000 amns
me: . 00000 ssmis
‘ Time: | v oo |42y = 00000 somns
| 00000 ssmes
0O 00 O 100mins
‘ 00000 105mins
| 00000 tomns
00000 15mins
00000 120mins
LEADING EDGE LEADlNGEDGE
Comments: Comments: Wing poston 1: Aty 10 6m up fom e g e stanaton i
Wing Posion 2,3, 4,5: At ua diances (pproxmatly 15l thewing chore
Wing Postions; Aprosimatey 30 fom el s
Wing Postion 7 Aprosimstely 15 o o sdpe;
WingPoston 8 Aoty 2.5 mfom o ecges s
Wing Poston s Wiy up e fap
‘can be ommitted with approval of the project coordinator General C:
OBSERVER:
ke,
.
Figure C19: Run # 19
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing | Before Fluid| After fluid | Atter Precip | After Wing | Atter Fiuid | Atter Precip T":"'ﬁ Wing | Afterfluid | After Precip |  After
Position | Application | Application | Application | Takeoff Run Position | Application | Application "R:: Position | Application | Application |Takeoff Run 123,435 tme
4 2
L 2 |15 | 205 |a T FTH 0D smins
-20.2 - -20.0 1.5 ghee 3.0 OO0 000 10mns
4 00000 15mns
™ |- |-s3 -0 8 218 |as.s 2 150 2% ] 00000 20mins
000C0O00 25mns
v -203 |-205 |-BO Flap 33.0 |25.0 3 00000 somns
Time: 500 | 222 |s.e2 Time: 522 4 0OOOO sme
P 0O O0O0O0 O 4omins
° S8 200 10 00000 4mns
6 00000 somins
Wing and Plate Condition Wing and Plate Condiion 00000 ssmns
Before the Takeoff Run After the Takeoff Run 00000 somns
Time: Time: 7
5 - » v 00000 esmns
TRAILING EDGE TRAILING EDGE 134 123 - 00000 7omns
Fiop - 00000 75mns
i & i DO0O00D somns
i - P 00000 ssmins
Time: zz 52y DOO0O0 somns
00000 esmins
0 0 0 O Q0 100mins
0000 0 105mins
0000 0 110mns
00000 1smins
0000 0 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wiy Pt 1 Aproximtly 10 cm uprom h e edge sagnation o
Wing Paston 2,3, 4,5: A auual disances (apprximately 15 om) slong hewig cort:
Wing Paton  Approximtely 30 c rom g g
Wing Paton 7 Approximtely 15 cm o g g
Wing Paton : Approxmtely 2.5 e fom slin adge and
Wi Poion: iy 0 th
‘can be ommitted with approval of the project coordinator General Cq
OBSERVER: R7 0T
e, Version 8005

Figure C20: Run # 20
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APPENDIX C

No Data Available

Figure C21: Run # 21

No Data Available

Figure C22: Run # 22
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: _ 2%
WING TEMPERATURE (Taken From NRC Logger} FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip T:‘:';'ﬂ Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run é/z 3
T2 132 |- |-1e.5 2 23.0 1 B/@/
T5 3 28.% | 27.0 2 1Sg 158 “ le(g(
B > B TH & T 25mine
T |-z -3 20.0 |29.25 3 00000 s0mins
Time: |2, ;52 |2:52 | 2:20 4 00000 ssmns
5 o IS 00000 “mns
20 S s 00000 4mis
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00 0 00O somins
Time: Time:
s - 00000 esmns
TRAILING EDGE. TRAILING EDGE o OO 000 70mins
Fiep Fiap 0O0C0 OO0 75mns
Fep | 80 = 6 00000 somns
e [ [no (=] 388585
00000 ssmns
00O OO 100mins
00000 tsmins
00 OO0 1omns
00000 1smins
00000 120mins
LEADIHGEDGE LEADING EDGE
(Comments:, Comments: Wing Pation 1 Aproximately 10 up s th esing s sagration o
Wing Pation 23, 4,5 A eyl disances approximaely 15 om) lon hewing chor
Wing Postion s Aproximatly 30 cm fom g edge
Wing Pt 7 Approcmately 15 cm o g e
Wi Pt : pproxmtaly 2.5 e o rsin s
Vi Postion : iy u the fap
can b it i approval of o projct conrinatr General Comments:
OBSERVER: er e
ke,
.
Figure C23: Run # 23
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | Atter Precip | After Wing | After Fiuid | After Precip T::‘;'ﬂ ing | After fluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position [ Application | Application | 5% Position | Application | Application [Tokeoff Run| ¢ 5 5 4 B o
& B smins
T2 -5z |-de |-z |-G 2 24.75 ! B B EE 10mns
- o & T 15 mins
s I R S ) 8 .25 2 80 158 2 F A & 20mins
U . R ~ F | 3 F T E O 25mins
s fee |- -0 P 2o 00000 somns
Time: 2254 | 2%.722 |22 32 Time: 22 | 2zad 4 00000 35mins
5 s Sao u 00000 4omins
J 20 00000 mns
s 0C0O0O00 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run ‘After the Takeoff Run 5 00000 eomis
ime: ime:
8 P - 00000 esmins
TRAILING EDGE TRAILING EDGE 80 123 8 00000 7omns
Fip Fiap - 0C0O00O0 75mns
Pep 20 4 0OO0O0O somns
i 00000 s5mins
Time:
00 00O somns
00000 ssmns
2z o« s s 7 00000 100mins
NI S S S 0000 O osmins
= e = 0000 0 11omns
00000 1smins
00000 120mins
LEADING EDGE LéA’DlN‘GEDGE
Comments: Comments: Wig Pastion 1 Approsmately 10 up o th e g sagnation o
Wi Postion 2,5, 4,5: At cquldisances (sppraximately 15 c) ion he wing hor:
g Pt T Approsmatly 15 rom g odo:
Wing Pation 8 Approimatly 2.5 & o trsing adg: and

Wing Posilon 0 Midway up the fip

an be ommitied with approvalof e proect coondinator

OBSERVER:

General C

Thckmess,

Version 8.0xisx

Figure C24: Run # 24

C-12
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:  _boruo 2022 Rumi_ 25 (21220
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip | After wing | fterFiia | Atterprecip | AT Wing | Afterfluid | After Precip
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’Rj: Position | Application | Application |Takeoff Run 1234% 4
2 time
T2 5 = T BT ZE smns
2 e s ! Eg=dogrgratis
LT R - = - 00000 15mins
R i e B 2 2% 00000 2mns
T |-is.c e - = 00000 2smns
5.6 Flap | - 29 3 0DO00O0Q somns
Time: 3y ime: 22:89 2
2346 Time: | 22054 fooui2 4 00000 smns
o 0C0OO0O0 4mns
° 200 COOO0D 4smns
6 OO0 00O s0mins
Wing and Plate Condition ‘Wing and Plate Condition 00000 ssmins
BjeforetheTakenﬂRun After the Takeoff Run 7 00 00 O somins
ime: Time:
s 00000 ssmins
“TRAILING EDGE. TRAILING EDGE 127 134 OO0O0O0Q 7omns
i oo 00000 75mns
Fep | w0 18 DO0D0O00 somns
= o OO0OO00 ssmis
Tme: [o3 =0 00000 soms
OOOOO ssmins
OO0 OO0 O 100mns
OO0 OO 10smins
00O OO0 tomns
00O OO0 usmns
00000 120mins
LEADING £
Comments: Comments: Wi Postion 1 Approxinately 0 m up o the e edgesagoaton pol
Wing Pston 23,4, 5: A cqul dtances (appecimatey 1 ) slong the wingchors
Wi Postion ¢ Aproimatly 0 o talingacge
Wi Postion 7 Aproximately 18 romtalingacge;
wing Paion 8 pprosmatety 2.5 e rom sing acge
g Poston: ivay up e fap
[T T —— General G See cornss
OBSERVER: 2 oo
s,
.
Figure C25: Run # 25
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip T::‘:D’ﬂ Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Position | Application | Application | Takeoff Run 3
Run é/é/ 3432 time
.5 OO0 smns
T2 |2 % “16.0 -15.5 2 36.5 28.0 32.0 1 0000 Q 1omins
- - - - . - N N N 00000 1smins
T -3 |z 15, 8 353 |a3.s 2 150 150 = OCOO00 20mis
~ ; < OO0 00O 2smins
W2z |-imu 5155 Fiep 3 00000 3mis
Time: 2034 2.5 Time: | 2 4 00000 ssmns
- 00000 40mins
s 20 2 00000 4smins
6 00000 somins
‘Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
s = 00000 ssmins
TRAILING EDGE. TRAILING EDGE - 00000 7omns
Fiap Fiap - 00000 75mis
l - Flep ¢ 10 00000 soms
| ime: 5w s 00000 ssmins
| Time: i i OCOD0O somns
00000 ssmis
| a2 e s 7 0000 D0 100mns
| NN NN v 0000 O 0smins
| o s OO0 O DO 110mins
| 0000 O 1smins
| 00000 r20mins
|
LEADING EDGE LEADING EDGE
Comments: Comments: Wi Poston 1 Approximstly 0 cmuprom the e e sagoaton p
Wi Posion 2,3, 4,5: A cual isances (approximatly 15 om) o he wing chor
Wing Poston s Aproxmately 30 o talngacge;
Wing Posion 7 Aprodimatly 15 e rom i 0o
WingPoston 8 Approsimtely 2.5 e fom vslin adge s
Wi Postion s Mivay up e 15
Gan b ot it approval of e profec coornatr General C
OBSERVER: es o=
icines,

Figure C26

: Run # 26
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Runi o / 2128
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip | After Wing | After Fisia [ After precip [ AT Wing | After fuid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ‘Run Position | Application | Application | Takeoff Run 123 4§ time
00000 smins
Ry -13.% -4, 2
2 e /]-42 2 : /|=0 ! 00000 tomns
00000 smns
T -%.2 5C
° z & / / 2 150 \ 00000 2mns
N o XS Sl Flap / 3 BEEED amm
Time: | 2212 | 3.22 337 3.87% 4 00000 s5mins
5 = > 00000 “mns
2 00000 4mns
3 00000 somns
Wing and Plate Condition Wing and Plate Condition 0O0COQ smis
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
8 e 00000 esmis
TRAILING EDGE TRAILING EDGE 4 8 00000 7omns
Flap Fizp - 2 OO0D0OO0 75mns
fee | 5° ) 0000 O eomns
2o | - 00000 ssmins
Time: | 3:24 357 00000 somns
00000 ssmns
00000 100mins
00000 10smins
00000 11oms
00000 115mins
00000 120mins
LE;DlNééDGE LEADING EDGE
IComments:_ Ce Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Positon 2,3, 4,5: At sy sance (sgproximatly 15 om) sl e wing s
Wing Pasiton & pproxmtely 30 e o i g
Wing Paston 7 Aprodmtely 15 fom raing s
Wiy Poton 8 pproxmtey 2.5 e o ralin ecge and
Wing Potion : My up h T
BT e P p—— General C
OBSERVER: p= ez
micness.
.
Figure C27: Run # 27
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Aun:
1%
ING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip [  After Wing | After Fluid | After Precip T::‘”ﬁ Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application | " Position | Application | Application [TakeoffRun| 4 5 5 4 E time
T E B smins
B N 2 3.0 ! %’z’g%’gmm
- 2 L - gl 15 mins
™ | 0= |- 8 . 2 80 124 9 & &8, &2 mins
T Efet=gegtin
U | Flap 20.75 3 FE B T E 50mns
Time: uiox Time: | ot Ho3H ¢ —E”D 0O O O 3mins
5 un o OO OO0 4omins
~ ! OO0 0Q0Q 4mins
s 00000 somns
Wing and Plate Condition Wing and Plate Condifion 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 eomins
Time: Time:
8 oy 12 n 0 00000 esmis
TRAILING EDGE TRAILING EDGE o 3 00000 7omns
Fiap 00000 75mns
7 fep | zo il © 00000 somns
o = o 00000 ssmis
Time: )4 00 | =58 450 0O0O0C0D somins
OO0 000 ssmins
00 00 O 10mins
000 OO0 10smis
00000 11oms
00000 1smis
00000 120mins
LEADING EDGE
Comments: Comments: VingPosion 1 Aprasimatsy 10 6 up fom e fadig e tagnton poin:
Wing Posiion 2, 3,4, At cqual isances (spreximatly 15 ) longthe winp ehor
Wing Poston 7 Asrosimatey 15 from aing s
Wing Posion & Aproimatey 2.5 e fom g edges ané
Wing Poston 5 Wiy up
oo i spprva of e e cosrnator General
ol 88/
icines,

Figure C28: Run # 28
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: lovunru 122022 Run:_28 ( P22 u)
v ' —_—
WING TEMPERATURE {Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip T/::::L;ﬂ Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run|
T2 s -2 -4 L !
TS |o9g -11.8 -5 8 p 2 AL 8
=
oo [-2 -12.8 Flap |/ 3
Time: | u- 52 = o s/ Time: | 5:09 520 4 ‘,J
5 1344 i E
5 ,
Wing and Plate Condition 'Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7 7
Time: Time: !
TRAILING EDGE TRAILING EDGE s 96 / 16
Fap Fiap Flap = | B
Time: | =02

Wing Postion 1: Approximately 10 cm up from the leading edge stagnaton paint;

(Comments:, mments:

Wing Posiion 2,3, 4, 5: At equal distances (spproximately 15 cm) along the wing chor;

Wing Posion & Approximately 30 om from tailing ecge;

Wing Posiion 7: Approximately 15 o from tai ecge;

Wing Postion & Approximatey 2. o from taing ecge; and

Wing Posiion 5 Micway up the flap

‘can be ommitted with approval of the project coordinator General C

CYCLE TRACKING

000000 000000 000000 oogooo=

2
o
[m)
o
o
o
o
o
o
o
=]
o
[m}
o
)
o
[}
m}
[m)
[m)
[m)
[m)
[m)
[m)
[

000000 000000 000000 000000e
000000 000000 Oo0o0od oooooos
000000 000000 000000 OO00000Ohld

time
Smins
10 mins
15 mins
20 mins.
25 mins
30 mins.

35 mins.
40 mins
45 mins
50 mins.
55 mins
60 mins

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins
105 mins.
110 mins
115 mins
120 mins

OBSERVER: rBICE

Thekmess,

Version 8.0xsx

Figure C29: Run # 29

No Data Available

Figure C30: Run # 30
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APPENDIX C

No Data Available

Figure C31: Run # 31

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Runi_22 [ 2
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip |  After Wing | After Flsia | Afterpreip AT Wing | After fluig | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’R:: Position | Application | Application | Takeoff Run. 1234 2 time.
N . 2 E T smis
T |-y.9 9.8 |-eu 2 21.0 5 1 %E‘/gﬁ’wmns
M & & 15 mins
o L =L _ jEg
i i ez 5.4 8 21.5 2 119 158 4 g/%/%gjzomms
u . . . g 25 mins
L R N 6.4 Flap 4.0 3 FE @B 30mins
Time: 1n21 Y ime: B 224 ]
i 2112 2245 Time: |z 222 4 @8 2@ 8 mins
s N - U & & T & 40mins
y 200 10 Erjzrg/z’a/asmms
A g 2 50 mins
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
s - - 00000 ssmns
TRAILING EDGE TRAILING EDGE L2 1© 000 OQ0 7omns
Foo Fiap - 00000 7smis
T L OO0O00 somis
S IPT " e 00000 ssmis
Time: |2l =% 22| 0DOO0O0O somns
OO00O0O0 esmins
OO0 O O 100mins
OO0 O O 105mins
0000 O 110mins
OO0 000 115mins
O 000 0 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: g Pstion 1 Approimately 0. up o th e ecgestagnaton o
Ving Pesion2,5,4,5: A eus diances Gapproximatly 1 o) sl e wing chore
Ving positon 6 gprosmtely 30 fom taio e
Ving Posion 7 pgrosmtey 15 from traing oo
Wing Positon & Aoty 2.5 e from vsing scge
Wiy Postions: Mivay up e
‘can be ommitted with approval of the project coordinator General Comments:
OBSERVER: o
i s, e

Figure C32: Run # 32
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: RS Run:_ =22
U
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip |  After wing | after g | Atterprecip | AT Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Ru: Position | Application | Application |Takeoff Run 12343 time
AT & smins
T2 -10.8 -7.1 2 sz | 2025 | o 1 %{%’ZZ 10 mins
5 - - - Pl = 15 mins
T o= -5 9 8 / 8.2 2 e 30 < gjﬁ?g/)z;mms
= — 25 mins
U 6% Flap 8o |55 3 E{ggﬁ/ﬁ/lomms
Time: | 22 5y [oz. 0025 |oo 22 Time: | 2312 | oo 26 |27 4 e g?ﬂﬁmms
- = 40mins
5 E <1 jag Z/g/zr E}/Er 45 mins
s =g & 50 mins
Wing and Plate Condition Wing and Plate Condition EEE DT H s5mns
Before the Takeoff Run After the Takeoff Run B @I @ E somins
ime:
s " BB @ & 5 68 mins
TRAILING EDGE TRAILING EDGE 2 n2 ! FEHO 00 7omns
Fap Fisp o 00000 r5mns
id CO0O0C0D0 eomns
- 00000 ssmis
Time: 00000 somns
00000 esmins
- 00000 100mins
AN 00030 O tosmns
N 00000 110ms
00000 1smins
00000 120mins
LEADING EDGE LEADING EDGE
(Comments:, Comments: Wing Posiion 1: Approximately 10 cm up from the leading edge stagnation point;
Wi Petion 2,5, 4,5: A acua disances (spproximately 5 ) slon h v chort
Wing Peton s Approsimtely 20 e o rting g
WingPaion 7 Appromately 15 o traing g
WingPaion s Approximtely 2.5 e rom ralin acge

canbe ommited wih

approval o the project conrcinator

General Cc

Wing Posiion : Micway up the ip

OBSERVER:
Figure C33: Run # 33
FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: ! , 12 Runi_24 (PLO)

%
WING TEMPERATURE (Taken From NRC Logger)

an b ommitted with approvalof o project coorinator

OBSERVER:

General Cq

Wing Postion : Midway up the fiap

FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip |  After Wing | After Fluid | After Precip TZ;‘”H Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Applcation | " Position | Application | Application | Takeoff Run 12343 tme
= PR PO R - WA e
-5.6 | =71 -0 [-1.2 3 .25 | ery B E & & 10mins
T5 . s = - "y 2 P A ; T F & & 15mins
4.2 e -9.2 -5.% 1333 | 18.7% 127 "y < gg///m & 20 mins
29 o= 7 @ & 25 mins
™ |-s -0.2 6% Flap 1.0 o 3 28 8 T wmns
Time: | s 52 ou 252 Time: | .05 |2 4 ggr/m/%g)s mine
20 fcigrig 40 mins
5o Jese [ < H Y E T 4s5mins
N =g S/E’ & & 50 mins
Wing and Plate Condition Wing and Plate Condition & & @ & F ssmins
Before the Takeoff Run After the Takeoff Run = & & 60 mins
: Time: 7
s A e @ s mins
TRAILING EDGE TRAILING EDGE 1 2 = g{'m/m mins
Fieg $ @775 mins
- Flep k3 ! g o tomins
- E— - W 7 B es mins
e e | BEEggen
o 0 O ssmins
ju) 0O O 100 mins
o 0O O 105 mins
a O O 110mins
o 0 O 115 mins
o 0O O 120 mins
|
LEADING EDGE LEADING EDGE
Comments:, Comments: Wing Posiion 1: Approximately 10 cm up from the leading edge stagnation poin;
Wing Poston 2,3, 4,5 AL equl distancos (spproximatly 15 om) long e wing chor:
Wing Positon 7: Approximately 15 from vaing adge;
Wing Poston & Approximately 2 o fro alng edge:and

ickness,

Version 8.0xi5x

Figure

C34: Run # 34
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: 2
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mi) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip .r::‘:;« Wing After fluid | After Precip
Position | Application | Application | Application | Takeoff Run Position | Application | Application Bon Position | Application | Application | Takeoff Run| 1234 E time
O & BB 5 mins
T -ue |-e3 -7.2 2 fms | nS [ery ! m’ggr(ggr(wmins
. g 15 mins
T |- -z T 8 /N eo [ne 2 80 13 < BB F T 20mns
s 2 EfEgcgcy % 25 mins
L 5 Fap o [205 N HTEET 8 somns
Time: | 2 oz s:00 Time: | 2z 5.5 502 4 T a5 mins
S . , o & & 40 mins
d 300 < Egegcgegzgti
5 Egegegrgeghtis
Wing and Plate Condition Wing and Plate Condition &= & 2,55 mins
Before the Takeoff Run After the Takeoff Run 7 T T somins
Time: me:
s ~ A 7 = & 2 2 65 mins
TRAILING EDGE TRAILING EDGE o4 150 2 P & 0 70 mins
Fip Fiap o - - T E T rsmins
i = 2 :'fr % @'E 8 smis
— — — O O O 85 mins
Time: = |45z T8 B o swomns
00000 ssmis
P 00O O O 100mins
NN 00000 t0smins
e 00000 tomns
= 00000 1smns
/ 0000 O 120mins
3 v
LEADING EDGE LEADING EDGE
Comments: Comments: g Pation 1 Approximately 10 cm o th ein e sapraon o
Wi Potion 2,3, 4,5: At vl istancs (sgpreximately 15 om)slon hwing chor
Wing Potion 7 Aprocmately 15 o trling o0
Wi Pt 8 Approximately 2.5 o raling edge anc
WingPoston s My up e
[ S — General G
OBSERVER: 2=ire
s, ostex

Figure C35: Run # 35

No Data Available

Figure C36: Run # 36

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
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APPENDIX C

No Data Available

Figure C37: Run # 37

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: 2 Run:_32 (B2
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing |Before Fluia| After fluid | After Precip | After wing | After Fuid | After Precip | AT Wing | Atter fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run position | Application | Appiication | T Position | Application | Application |Takeoff Run
™ |-z7 |-5¢ | -u.6 2 3.5 25.5 | 2z4.2% 1
i -e.2 -4 8 E N ) 2 1ok 150 3
|- Flap 2.0 3
Time: |21 o2 21, %) Time: |21 22 2(. 5 4
5 us 260 o
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
TRAILING EDGE TRAILING EDGE 8 12 150 2
i
Flap nd Flap Ho 3 El
=% d
7 Time: 2 2z oo
v
LEADING EDGE LEADING EDGE
Comments: Comments: i Pation 1 Approximtely 10 cm up o th e s sgraton o
Wig Poston 2,3, 4,5 At equl itancs (ol 15 o) long e g chort
Wing Pastion : Appro<mately 30 o o g g
Wing Pt 7 Approxmately 15 o raling e
Wing Potion 8 Appro<mtely 2.5 rom rain edg; an

can be omitied wth approvalofthe projct oordinator

OBSERVER:

0
»

General Ci

Wing Pasilion : Midway up the iap

CYCLE TRACKING

N
EES

0oooood 000000 000000 0000§Ehed

30 mins

35 mins
40 mins
45 mins.
50 mins.
55 mins.
60 mins.

65 mins.
70 mins.
75 mins.
80 mins.
85 mins.
90 mins.

95 mins.
100 mins
105 mins
110 mins
115 mins
120 mins

000000 oooooo oooooo DDD&QE{—\
00onoo 0o0000o oooood EIEIDEKQN\N

000000 oooooo oooooo oog
000000 0oooooo oooooo ooga

Trickness, Te

e and Brix Form Version 8.0xi5x.

Figure C38: Run # 38
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lnniiar Run:_3a
J
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After Wing | After Fiuid | After Precip T“:"’ﬁ in After fluid | After Precip
Position | Application | Appiication | Appiicaton | TakeoftRun| | Pastion. | Appicaton | Appication | T4 rosiion | appitation | Appiicaton [Takeottmun| ¢ 5 3 4 % gme
- : [EJa=gt gt
i ey 15 |-10 2 3275 | .28 | orv 1 Er(zr g/'mmins
= T2 & 15 mins
T5 S, o2 8 / 2.5 21.0 2 80 250 < S’/g%%ﬁzumins
- = - = ) E)Q//Zsmins
R S R -6.5 Pep dry 2123 2 B F T 50mns
Time: | 2215 |22 24 23 28 Time: |22:25 2232 [z3:20 4 _ B/,B:E(B’%_zs_mirg .
\ua 2 . JZB/E! somins ~ 57
° 42 °° ¢! Z @0 O 4smins
6 00 00 0 somins
Wing and Plate Condition Wing and Plate Condition 0DOD0O00 ssmis
Before the Takeoff Run After the Takeoff Run 7 00000 s0mins
B o N 00000 esmns
TRAILING EDGE TRAILING EDGE vz 58 e OCO0O0Q0 7omns
Fia - - ! OC0D0OO0 75mns
P 20 < ! 00000 somns
. 00000 s5mins
Time: 0000 O somins
0000 O ssmins
00000 100mins
0000 O 10smins
00000 10mns
00000 15mins
00000 120mins
LEADING EDGE LEADING EDGE
Comments:, Comments:, Wing Pesiton 1: Appreximately 10 &m up from the leaing ecige stagnation poit;
Wing Postion 2, 3,4, 5 At cquel isances (spprovimately 15 ) along e ving hors
Wing Posiion 7 Appcximatly 15 fomrsin eces
Wing Postion s Appaximatly 2.5 fom raling ecges and
Wing Postion : Midway up th iap
Note: 11 atemp 0 opimizetning o tests, snaded sox measuremerts
can e ommited i approvl o h projct coornator General Comments:
OBSERVER: ze
hicaess,
.
Figure C39: Run # 39
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: OB
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip After ‘Wing After Fluid | After Precip Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Position | Application | Application | Takeoff Run 1234 2 time
= 1. 0 - - > PR - T Z A smins
[ 5.3 13.2 -7 s | 2323 E(’wmins
~ K & 15mins
i -to ® 21.0 2 i <! zfg/ga%;znms
e . [ 5 3 EgagagrgegirN
Z Z FEEEE somns
Time: 00 =9 Time: | o020 |00 23 4 FEHETE O 5mns
5 . 00000 smns
M2 < 00000 4smns
s 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 5 00000 somns
ime: :
A 5 . 0O0O0O0O esmns
TRAILING EDGE TRAILING EDGE S 156 00000 7omns
Flap Flap - 00000 75mns
Fiap 2 00000 somns
— . 00000 ssmns
Time: oo = 00000 somns
00000 ssmins
B 0000 O 100mins
\ 00000 10smins
00000 1omns
0000 0 115mins
00000 120mins
LEADING EDGE LEADING EDGE
(Comments: Comments:, Wing Position 1: Approximately 10 em up from the leading edge stagnation point;
Wing Postion 2, 3,4, At cqua dsances (sppaximately 15 ) along e g chort
Wing Postio s Aproximately 30 cm fom talig eages
Wing Postion 7 Approximatly 15 cmfom talig edges
Wing Posiion & Apresimaely 25 c fom aling edge; and

an bs omimited wih approvalof th prject coorinator

OBSERVER:

Wing Postion : Miduay up the iap

General Ce

Thickness,

Version 8.0xisx

Figure C40: Run # 40
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Aun:_b) (Pn3 )
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mill CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip T:l::lrﬂ Wing After fluid | After Precip After
it cati fcati i i cati icati it fcati fcati z .
Position | Application | Application | Application |Takeoff Run Position | Application | Appiication | 5% Position | Application | Application | Takeoff Run 1234 ‘é{ time
o= g e 5 mins.
T |.5.% , < . . s
55 |6 6 ? 6o | ar ! @ F T 0mns
- - A s A — - FEEE B 15mis
s> |-wz |-53 “.75 S8 < g?&rgg 20 mins
N - . R 25 mins
T |-H.B -1.5  |-5.9 Flap srew 235 3 ZFZZH T s0mis
Time: |1 o¢ ol 2:12 2:25 Time: | 1.2 AREY 2:26 4 gjm/afrzhzfas mins
- o 0000 4omins
° J 250 00000 4mne
00000 50mins
Wing and Plate Condition Wing and Plate Condition ° D000 0 smns
Before the Takeoff Run ‘After the Takeoff Run S 00000 eomns
Time: Time:
N . 00000 esmns
TRAILING EDGE TRAILING EDGE 0 00000 7omins
Flap Flap 00000 75mins
Flao | 50 snzw 2 00000 somns
00000 ssmins
Time: | 119 !
00000 somins
00000 ssmns
L2 o2 e s 7 0000 O 100mns
NN N N YV 0000 O osmins
00000 10mins
0000 O 115mins
00000 120mins
LéADINGEDGE LEADING EDGE
Comments: Comments: WingPostion 1 Apprasimately 0 6 p fom e i e stagnatonpin:
WingPoson 2.3,4,5: At exua iances approimatly 15 om) s e wingchr:
Wing Postion s Approsnately 30 fom vaing sdpe:
Wing Postion7: Aty 15 mfom vaing ecpe:
WingPostion 8 Apprasimatey 2.5 e fom o ecges ant
WingPoston 5 Wiy up e fp
‘can be ommitted with approval of the project coordinator General C
OBSERVER:
e,
.
Figure C41: Run # 41
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: o Runi_ 42 (21260
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After Wing | Atter Fiuid | After Precip T::‘:n’" Wing | After fluid | After Precip | After
b i o e s A o e e s
Positon | Application | Application | Application |Takeoft Run Position | Application | Appication [ T4 Position | Application | Application |Takeoff Run 12343 tme
00000 smins
T2 - /|- 26.25 '
7.0 53 R ! 00000 1omns
= P VA B ¢ 2 =~ | BEEEE 5w
- - 5.0 : 95EEE 2
Time: 2047 256 Time: =3 4 / 00000 ssmins
5 = / - 00000 40mins
- = 00000 4smis
5 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run B 00000 somns
TRALLING EDGE TRALLING EDGE 8 i / 8 85008 s
/ 0O0Q0O0O0 romns
Fap Fiap o 7 - 00000 7smns
5 T P | = 00000 somns
: : Tme o= | == | 98538 %m
6 6
00000 ss5mns
5 0 00 0 0 100mins
5 = 00000 tosmins
= = 00000 110mns
3 3 00 00 O 115mins
> 2 00000 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Positon 1 Aproimtey 10 up fom h e edge sagnation o
Wing Positon 2,3,4,5: AL s fsances spproximatly 1 o)l e win chrs
ing Posion s gprosmtey 20 o i e
Wing Poston 7 Aproimtey 15 o aing e
Wing posiion 8 Aprosmatey 2.5 e fom alng e

Note Inan atempt to opimize iming of tests, shaded box measurements

can be ommited with approvalof the project coorainator

OBSERVER:

BR o

General Comments:

Wing Postion 5 Midway up the lap

Thickness,

Figure C42: Run # 42
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: . 2522 Run: P‘D?\
i e
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After wing | after Fuia | After recip | AEr Wing | Afterfluid [ After Precip | Atter
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run 1234 E time
. ~ a3 @ @ E 5mins
2 |z |5 |-pn -6.8 2 255 | 2225 |wo ! %/g’ErErm 10 mins
B =3 &8 15mns
7| s 5= |-se 8 2.8 [27.% 2 23 150 s g/gg/zzﬂmms
3 - o = 2/, 25 mins
T [=n ot |-za Flsp 0.0 3 7 @0 =W somns
Time: 4t fuwne Time. H2 ¢ T EEEE wsmns
5 — - BB B0 T 40mns
150 8 00000 4smins
6 00 000 s0mins
Wing and Plate Condition Wing and Plate Condition 00000 ss5mns
Before the Takeoff Run After the Takeoff Run S 00000 eomns
Time: Time:
s e P " 00000 ssmins
TRAILING EDGE TRAILING EDGE i 158 8 00000 7omns
Fiap Fiap " - 00000 75mins
% o7 Flap | w= 20fzieh | ) 00000 somns
: o= - - 00000 ssmins
Tme: fzem (4 [92 | 00000 somes
00000 ssmins
00000 100mns
00000 10smins
00000 tomns
00000 115mins
0000 0 120mins
o e
LEADING EDGE LEADING EDGE
Comments: Comments: WingPoson 1: Aprcsimatey 0.6 up fom e ladig o tanaton st
WingPositon2.3,4,5: At eual iances Gpproimately 15 e s e ving chre
Wing Posion s Aprosimatey 30 fom ang e
Wing Posion 7 Aprosimately 15 fom taing s
Win posion 8 Aproimatey 2.5 o aing acge
Wi Posiion s Wiay up e fap
Not: nanstmpt 0 otz i of s, shaded box measuroments
can b ot i spprova of n et corinaor General C
OBSERVER: BRjCR
e,
.
Figure C43: Run # 43
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Yy (P22
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After Wing | After Fluid | After Precip T‘::‘“’" Wing | After fluid | After Precip |  After
Position | Application | Application | Application | Takeoff Run Position | Application | Application R:: Position | Application | Application |Takeoff Run! 123 4§ time
<2 00000 smns
i ° /-2 2 / ! 00000 tomns
P > 0OO0O0O0 1smns
Tt [-sa /e 8 / 2 e 3 OO0O0O00 zomns
6.1 - - OO0 00O 25mins
ol fee2 “lb 3 Piap / 3 00000 somns
Time: | 52 us |4, 50 459 Time: | =1 s 0l 4 00000 3smns
S . - 0O0O0O0O0 4omns
S 00000 4smins
s 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run B 00000 somns
Time: Time:
A s » 00000 ssmins
TRAILING EDGE TRAILING EDGE e i hd 00000 70mins
Fiap Fiap o - 7 > 00000 75mns
3 T P 7= / <) 00000 somis
e ime: 00000 ssmins
- . Time: ] 00000 somes
00000 ssmns
= L2 2 o4 s s 7 00000 100mns
2 = NN NN s /S 00000 0smns
4 4z = 000 0 0 1omins
3 3 00000 tsmins
2 2 00000 120mns
1 1
LEADING EDGE LEADING EDGE
Comments c Wing Posiion 1 Aprosmtely 10 upfom h leadingedge sagnain it
Wing Posion 2, 5,4,5: AL cus ances Gapproximately 1 cm)slon e wing chor
Wing Posiion & Aproxmatly 30 ol edge:
Wi Postion 7 Aproxmatly 18 o il edge
Wing Posion 8 Aproimtey 2.5 e o vl adge
Wing Positon s iy up e fep
can b o i spprova of n e cooringtor General C
OBSERVER: B 0
cknes,

Figure C44: Run # 44
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No Data Available

Figure C45: Run # 45

No Data Available

Figure C46: Run # 46
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Dater _{ A Run:_ 4% (P95
0
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| Atter fluid | Atter Precip | After wing | After Fia | Atter Precip T‘:‘E'ﬁ Wing | Atter fluid | After Precip |  Atter
Position | Application | Application | Application | Takeoff Run Position | Application | Applcation | 15 Position [ Application | Application | Takeoff Run
T2 TS 2 35.0 s |z26.0 1
T5 126 A 8 WS 2827 2 158 i
w . s oniy Flap 0.0 |20 3
Time: | 2, 1) 46 |23 00 Time: |21:52 [22°47 4 A e E T sms
5 = N E 8 82 F 4mns
250 S B2 B E 45 mins
. | &8 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run = 000O0Q0 somns
ime: N
s = ; 00000 esmns
TRAILING EDGE TRAILING EDGE 155 14 .
Fop h Fap - " - OO00O0 rsmns
Flap ©0 A > OO0 00 O smis
- - N OO0 00O ssmins
Time: |2 2218 00000 somns
OO0 000 95mins
H 000 0 O 100mins
00000 105mins
00 00 O 110mins
00 0 0O O 115mins
0000 O 120mins
LEADING EDGE LEADING EDGE
(Comments:, Comments:. ‘Wing Pasition 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posiion 2,3, 4,: At causl disances(appraximatly 15 cm) aion the wing hor
ing Postion s Appreximately 30 rom vaing e
Wing Postion : Appreximatly 15 o fom vaing ecge;
WingPostion & Apreximatly 2.5 e fom ralig odge and
WingPostion o My up e ap
‘can be ommitied with approval of the project coordinator General Comments:
OBSERVER: BE i0F
hikness,
.
Figure C47: Run # 47
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_48 (P
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| Atter fiuid | After Precip | After wing | AfterFuia | After precip | A% Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ‘R:: Position | Application | Application |Takeoff Run 12343 time
2 |- o o i 2 — 7 F & @7 smins
MR SO ) 2155 20.75 |27.7% 1 g’/gz’@ & 10 mins
s oS P & & B 15mins
T |2y |- S14.3 8 25.25 2 B B & 2,3 & 20mins
0 A - ~ o = B oI & @ O 25mins
S P SO » 7.9 B I EE s0mns
Time: [22 52 | 1332 [co.vy [oois= Time: |23 22 oo« |1:00 4 oo o w5
5 - - Efng @ 40 mins
250 Edcy 45 mins
s | g @ 0 _somins__
Wing and Plate Condition Wing and Plate Condition EAE) @ ssmins
Before the Takeoff Run After the Takeoff Run S A & 60 mins
ime:
8 oo O ssmins
[ TRAILING EDGE TRAILING EDGE 10 0o O 70mins_ ..
Flap Fiap - . B oo O 75 mins
7 T fee | &0 H & oo O somins
e . oo O ssmins
’ ! Time: oo dtree oo O s0mins
6 6
oo O 95 mins.
o oo O 100 mins
| 9 2 oo O 105 mins
5 4 oo O 110mins
3 3 oo O 115 mins
| 2 -2 oo O 120 mins
| 1 ]
LEADING EDGE LEADING EDGE
Comments: Comments Wing Posiion 1; Approximately 10 cm up rom the leacing edge stagnation point;
Wing Postion 2, 3,4, At cqual distances(sppraximatly 15 ) along e irg hors
Wing Postion 8 Appesimatly 30 e fom i ecge;
Wiog Postion 7 Apsoximatly 15 e fom taling ecges
g Postion 8 Apreximatly 25 e fom tafing cdge and
WingPosiion s Mitway up e ap
‘can be ommitted with approval of the project coordinator General Comments:
OBSERVER: RE I
hckness, Verson 80318

Figure C48: Run # 48
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Runi_49 [ 2a=2
[
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip | After wing | atterFiia | Atterprecip | AT Wing | After fluic | After Precip
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run 1234 2 time
2
2 @ s mins
T2 |inn -4 2 |zs= 225 | ary 1 Egr gl grz/mmms
- " 2@ 2 15 mins
© foes e i 275 2 £ 1k} <! B EE T 20mis
@A & 32 25mins
| e -13 Flap 18O 3 B0 3 FE 30mns
Time: | 1.2 122 2:2 2:26 Time: | 1.2 4 T BB O D5 mins
s P - o7 @ & 4omns
250 FEEE & 4smis
A @000 somis
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 eomins
s DO0O00 esmis
TRAILING EDGE TRAILING EDGE 80 1 00QO0 O 7omns
Fiap Fiep o - T 00000 7smns
5 ad o fr/e] 3 00000 smins
= : .24 00000 ssmins
Time: | ! 2:% 0O00D0O somns
00000 esmins
OO0 O O 100mins
0 0 0 O O 105mins
O OO0 O O 110mins
0000 0 15mins
0000 0 120mins
—
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1 Appoximatly 10 up o th eading 9o siagnaion it
Wing Posiion 2,3, 4,: At squal disances(approvimatly 15 c) lon e wirg chor
Wing Postion s Approximately 30 e fom g ecge;
WingPostion 7: Appreximatly 15 fom g ecge;
Ving Postion & Appreximately 2. e fom g sdge; and
Wiog Postion : My up the iap
an e omited i approvl o th pojec coorinator General
OBSERVER: PRI C=
hckoess,
.
Figure C49: Run # 49
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lovuory 12 2 Run:_S5O
7]
4
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing [Before Fluid | After fiuid | Atter Precip | After wing | Afer Fuia | After precip | A% Wing | After fluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application aa:: Position | Application | Application |Takeoff Run 12343 time
T f-ne |-ea |zl -0 2 .75 | ss 1 gg{g 2 Smne
. N - Fard BT 15 mins
~2.8 ¢ 2s-0 2 i 0o 0 20mins
TU 08 Flap 4.0 S 3 g g E ii:lli
Time: = 02 Time: | = g:so | w03 4 oo O 35 mins
- oo O 40 mins
o
S I o h oo O 45 mins
5 oo O 50 mins
Wing and Plate Condition Wing and Plate Condition oo O 55 mins
Before the Takeoff Run After the Takeoff Run oo O eomins
Time: Time: 7
N - ~ N oo O ssmins
TRAILING EDGE TRAILING EDGE 4 134 '® oo O 70mins
Flap Flap 5 < o oo O 75 mins
g T fep | 5O sS oo O 60 mins
oo O ssmins
7 7 U I P
Time: ) e oo O somins
5 6
= oo O 95 mins
e oo 0 100 mins
5 oo O 105 mins
4, A oo O 110 mins
3 3 [s] O 115 mins
2 2 oo O 120 mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Ving Postion 1 Apreximatly 10 cm up from th eadng edg stagration pot
Wing Posiion 2,3, 4,: At cqul dstances(spresmatly 15 c) lon he wing chos
Wing Positon 6 Approximately 30 cmfrom g adge;
Wing Posiion 7 Apoximatly 15 fom rlig edge;
ing Postion : Apresimatly 2. c fom raling odge and
Wing Postion : idway up e ap
‘can be ommitted with approval of the project coordinator General C
Sriows an ) in oy "
OBSERVER: R
ickness

Figure C50: Run # 50
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run:

P22)

an be omited with approvalof the project coordinator

OBSERVER: g2 e

Wing Posiion 3 Midway up the iap

General Comments:

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX. FLUID THICKNESS (mil]
Wing |8efore Fluid| After fluid | After Precip | Atte wing | after Fia | Atterprecip | AT Wing | Atter fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Posiion | Appiication [ Appication | T4 Position | Application | Application | Takeoff Run
|, . -n ~m 2 17.25 1
|32 |-n20o |02 [-ap 8 2675 2 A ey 2
LURN [SRRIPS [ - S6.0 Flap 2.5 3
Time: | by | wios | s o0 Time: s.e 4
s 126 158 3
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time: Time
TRAILING EDG! TRAILING EDGE 8 104 e Il
Flap Flap Flap 26 £ 10
T
Time: Y.z 5
Fiso
Esim
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1: Apresimately 10 cm up from the eadng e stagnaton point
Wing Psiion 2.3, 4,5 At equa isances spproximately 15 ) alonthe wing horé:
Wing Postion 7: Agprximately 15 amfom tlin edge:
Wing Posiion 8 Appcximatly 2.5 o from taing e and

CYCLE TRACKING

w
IS
ol

~time

5 mins
10 mins
15 mins
20 mins
25 mins.
30 mins.

3

eyl

!3\

35 mins
40 mins
45 mins.
50 mins
55 mins
60 mins

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

000000 000000 00oooo DDDE(E{E{*

O00ooo Ooooooo oooooo DDD&

=
o
o
=]
o
o
[u]
o
o
o
u}
o
s}
[u}
[u}
8}
s}
8}
u}
8}
=}
=}

000000 0oooood ooooog DDDQ
000000 000000 oooooo goo

Thicknes,

Figure C51: Run # 51

No Data Available

Figure C52: Run # 52
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APPENDIX C

No Data Available

Figure C53: Run # 53

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_ 54
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil]
Wing |Before Fluid| After fluid | After Precip | Aftor wing | After Fuia | After precip | AT Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoft Run positon [ Applicaion | Appication [ T Position | Application | Application | Takeoft Run!
T2 |-57 |-e.2 | -2.2 A 2 dru 1
T |-5.2 - 6,2 -6.C -7 8 29.5 2 19 22 <
W |-5.5 [-c0 |-ea - Flap ce dey 3
Time: | 22 08 223 |22.22 Time: 2213 |2z 22 4
5 =2 250 <
6
Wing and Plate Condition Wing and Plate Condifion
Before the Takeoff Run ) After the Takeoff Run S
Time: J ime:
TRAILING EDGE” TRAILING EDGE 8 e 2
Fiap Fiap
Fia ce
T T > ! <l
o ~ ot ofirree] 7 Time: | 2227 | 2202 | 22.0¢
6 6
5 5
4 4
3 3
2 . . 2
1 - 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion1: Aprasimatey 10 cm up fom heleacing ecge stagnaton pos
Wing Poston2.3,4,5: At vl siances (pproximatly 15 o) s e ving chr
Wing Postion : Aspresmately 30 omfom v ege:
Wing Postion 7 Aprosimatey 15 fom o e
Win Posion 8 Apprasimatey 2.5 fom o scge s

Note: In an atempt o opimize timing of tests, shaded box measurements

can be ommited with approvalof the project coordinator

OBSERVER: RB Ir®

Wing Posiion 9 Midway up he fiap

General

CYCLE TRACKING

QEEE~
'ﬂ\qlfkm\hnm
3

30 mins.

35 mins.
40 mins.
45 mins.
50 mins.
55 mins.
60 mins

65 mins
70 mins.
75 mins.
80 mins
85 mins
90 mins

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

000000 000000 O000RE N QqﬁkN
000000 000000 000008 El\qlqli § »
000000 O0O0OO0o0O0 O00008 Qﬂq&\&\ -

000000 000000 O000RN ©
000000 0O00DO0 00000 §&

Thickness,

Figure

Cbh4: Run # 54
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
oste:  _lgnioey 12 Run: (Pozy)
9
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| Ater fluid | After Precip | After wing | AtterFiua | Atterprecp | AT Wing | After fluid | Atter Precip | After
Position | Application | Application tion | Takeoff Run Position [ Application | Application | "% Position | Application | Application [Takeoff Run| ¢ 5 5 4 B o
2 N eCgty Sﬁ’ s mins
T2 |72 -B.6 2 2.0 |20 dry ! gf/g/’g & 10 mins
- = P e - N =gy 15 mins
T |-%.0 -1.5 -7.9 8 2.5 28 .25 2 S8 200 < Z/Efg EET/ZMIHS
1 B N & & & & 25mins
w71 -5 -8.% Flap ice 1ce 3 ZFE B8 0 somns
Time: | 23: 43 o0 7 oo ug Time: 0 75 ¢ g .0 O 35mins
- - 0 O 40mins
° 200 | 200 2 o OO 4smis
o O O s0mins
Wing and Plate Condition Wing and Plate Condition N [m} O O ssmins
Before the Takeoff Run After the Takeoff Run 7 a 0O O e0mins
Time: Time:
- o OO ssmins
TRAILING EDGE TRAILING EDGE 8 23 158 o4 [} 0O 70mins
Fiap Fiap - 1 o 00 75mins
—5 Flap 30 e e/ > u] 0 O somins
. - _ o O O esmins
Time: s 05 5} 00 somins
ju) 0O O ssmins
1 a O O 100 mins
Flap o 0 O 108 mins
o 0O O 110 mins
ju) 0O O 115 mins
o 0O O 120 mins
LEADING EDGE LEADING EI)GE
Comments: Comments Wing Posiion 1 Approximatey 10 cm upfrom th leaing edge sagnation i
Wing Posion 2,5,4,5: AL cua disances approimatly 15 cm) sl e wing chor
Wing Posion s Approsimtely 20 rom i e
g Postion 7 Aproimatly 15 e rom g scges
Wing Positon 8 Aproximtey 2.5 e fom alng adge an
Wing posion s sy up
PP —— General
OBSERVER: Penz
icknes, Version8.0x5x
.
Figure C55: Run # 55
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Runi_S6 (P10
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing [Before Fluid| After fiuid | Atter Precip [ After wing | tterFiia | Atterprecip | AT Wing | After fiuid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run position | Application | Application | e Position [ Application | Application |TakeoffRunf ¢ 5 5 4 B o
T EHEE E smis
T2 -o.n ] 5
-8 1 2 275 |3 ! ETEES/Z/mmms
O @ & & 15 mins
TR 15 24 g
4 8 2475 2 34 e & O @ F & & 20mns
T Flap (e 3 FE @8 @ 25mins
00000 somins
Time: | 11075 i 5% Time: | |20 1y 158 4 00000 smns
. 00000 somns
° 155 Al 00000 smns
5 0O0O0O0O0 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run S 00000 eomns
me:
B - - 00000 esmis
TRAILING EDGE TRAILING EDGE 123 158 00000 7omns
e iep R 0OO0D0O 75mns
== T fep | 6O ice 00000 somns
i 000D 0 ssmins
7 . - -
z L Tme: | 120 00000 somns
00000 ssmins
S 1 00 O O O 100mins
2 NN 00000 1smins
S 2 00000 tomns
3 3 000 D0 O 115mins
2 2 0000 0O 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Paton 1 Approximtely 10 cm o h lesing acge ssgraton o
Wing Potion 2,3, 4,5 A aqua distances (sgprximaely 15 om)slon hewig chort
Wing Pt : Approxmately 30 c rom g edge:
Wi Poston T Aproximatey 15 e ol s
Wing Poion 8 Approxmately 2.5 o ain adges nd

Wing Poshion : Midway up the fiap

can b ommitted wh approvalof o prject coordinator

OBSERVER: BB /(R

General Comments:

hickness.

Figure C56: Run # 56
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APPENDIX C

Date:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

U
WING TEMPERATURE (Tak:

n From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip T:l::earﬁ i Adter fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application o Position | Application | Application | Takeoff Run| 123
i -3% |-s. -2.0 I ER dry 1 gfrgfg
|72 |-8.% 6.4 -3.% 8 25.25 2 80/ < gg@(
w |.gg |80 |-79 |sn Fiap ice e 3 S,E}/S
Time: SR EREE Tme: [2:23 [za |20 4 [ g
N = - 00
5 300 < ooo
B ooo
Wing and Plate Condition Wing and Plate Condition ooo
Before the Takeoff Run After the Takeoff Run 7 ooo 60 mins.
Time: . Time:
8 L . ogoo 65 mins.
TRAILING EDGE _ TRAILING EDGE o4 o ooao 70 mins.
Fiap 5 Fiap = - ooo 75 mins
— Fap | 28 ¢ ce ooo 80 mins
: PNV P ooag 85 mins
= Time: : 3z ooo 50 mins
ooo 95 mins.
0oo 100 mins
ooag 105 mins
ooo 110 mins
ooo 115 mins
srders? ooo 120 mins
EEr i
LEADING EDGE LEADING EDGE
Comments: Comments: ‘Wing Position 1: Approximately 10 Gm up from the leading edge stagnation point;
Wing Poston 2,3, 4,5: At sual iances (pproimatly 15 o) sor e wingchr
Wing Posion 7 Aprosimately 18 mfom raingedge
Wi Pation: ppromtely 2.5 rom i o s
Wi Postion 5 Hivay p the a5
can b it Wi sgpovalf e prect coontor General Comments:
OBSERVER: BB e
e, Versions.005x
.
Figure C57: Run # 57
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lapuary 18,7077 Run:__58
)
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip 7::(;'# Wing After fluid | After Precip | After
iti icati i icatic it icati icati it icati icatic 3 .
Position | Application | Application | Application | Takeoff Run Position | Application | Application B Position | Application | Application |Takeoff Run é/zzérd 3 time
- FE 5mins
T2 )-8.6 |-a.5 | -7 |-l00 2 |se.7s | 255 [23.5 ! z/g’m/zrz’mmms
P i e " FE B E 15 mins
LN o |53 8 210 |au.zs 2 oH 134 & & @E 20mins
2 - @000 25mins
Wl-ss [-72 -84 |-2.6 Flap e 3 00000 3mns
Time: | 2 vy 3:58 4 2 g4 Time: ) 4 00000 ssmns
; - - 00000 4mns
s 124 259 =) 00000 4smns
5 0000 O somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 eomins
ime: ime:
s ‘ - : 00000 esmns
TRAILING EDGE TRAILING EDGE 04 158 il 00000 7omns
[ Fiap 000QQg rsmns
2 P e 5 Flap L5 ice i 00000 somns
e P 00000 ssmins
: s Time: 426 0O0O00D somns
00000 ssmns
: L2 2 s 7 0000 O 100mins
: NN e 0000 D tosmns
4 4 - 00000 tomns
3 3 00000 115mins
2 2 00000 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Poson 1 Apasimatoy 10 m up fom e lading e tagnaton pon:
Ving Poston2,3,4,5: AL eual iances Gapproimatly 15 o) slon e wing chore
Wi Posion : Aproximately 30 o fom g e
Wing Posion: Aprosmatly 1 omfom s oge:
Wing Postion 8 Aprasimatey 2.5 fom o scges ang
Wi Postion s Miway p e ap
can b ommited w33l proectcoorstr General Comments:
OBSERVER: 23 jcx
s, Version s 0xisx

Figure C58: Run # 58
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: i Run: _ 57
/i
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip T‘;‘E"u'" Wing | After fluid | After Precip fter
Position | Application | Application | Application | Takeoff Run Position | Application | Application | "% Position | Application | Application’|TakeoffRun| 4 5 5 4 B oo
: 2
- - 00000 smns
2 |.a.3 |-0.5 2 |s1.0 37.0 1 0C0O0O0C0 1omns
N -5 > 00000 tsmins
™ |0z -0 -9 8 / 2 50 1 00000 20mns
- - 00000 25mns
™ Clo3 Flap 3 / 00000 s0mns
Time: | 4 50 PR 5.7 Time: | 500 510 4 H 0DOO0O0 ssmns
s 152 . 00000 “mis
> ' 00000 4mins
B 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run N 7 00000 eomns
i Time: /
A 7 - 00000 ssmins
TRAILING EDGE TRAILING EDGE { 24 000 00O 70mins
Fiap Fiap ) 00000 75mns
Flop 0 e 00000 somns
- < 00000 ssmins
Tme: | 50! : 00000 somns
00000 ssmis
0 0 0 0 O 100mins
o 00000 10smins
00000 110mis
00000 1smins
00000 120mins
——
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Pt 1 Approxmately 10 cm up o h e e ssgnatien o
Wi Potion 2,3, 4,5 At v cistances (sgprximately 5 o) slong h ving chor
Wing Pation 7 Aprocimately 15 o romtring odg:
Wing Pt : Approximately 2.5 cm o sing edg;
Wing Potion : My s th fiap
canbe it win pproval of e projec conrcinator General C
OBSERVER: BB (R
ickness Version 800

Figure C59: Run # 59

No Data Available

Figure C60: Run # 60
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APPENDIX C

No Data Available

Figure C61: Run # 61

No Data Available

Figure C62: Run # 62
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APPENDIX C

No Data Available

Figure C63: Run # 63

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip T:::’" Wing Afterfluid | After Precip [ After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run
T2 |- -1 -15.8 -15.6 2 35.0 22.0 dry 1
TS |- 8 2M.75 | 23.0 2 1na 153 <1
T f-z.0 Flap 5.5 28.25 3
Time: | 22+ 16 22y Time: |29, 25 4
5 55 ¢
6
Wing and Plate Condition Wing and Plate Condition
Before the Tekeoff Run After the Takeoff Run 5
Time: Time:
TRAILING EDGE TRAILING EDGE 10
Flap 3

Flse

LEADING EDGE LEADING EDGE

Comments:. Comments:,

Wing Postion 1: Approximately 10 cm upfrom th leading edge stagnato poit;

Wing Posion 2,3, 4, 5: At equa disances (spproximatey 15 om) along the wing chod

Wing Posion 8 Approximately 30 om from tralng ece

Wing Posiion 7: Approximately 16 cm from tralng ecge

Wing Posiion 8 Approximately 2.6 o from ailng eoge; and

Wing Posidon 9 Midway up the lap

Note: In a1 atemps {0 ptimizetiming of test, shaded box measurements

can be ommited wih approvalof te prject coordinator

General

CYCLE TRACKING

time
~5 mins.
10 mins
15 mins
20 mins
25 mins
30 mins

o

QEEEE

35 mins
40 mins
45 mins
50 mins
55 mins
60 mins.

65 mins

90 mins

95 mins
100 mins.
105 mins
110 mins.
115 mins
120 mins.

gogooo oooooo ooooog E]EI\EE\ [5RS
000000 000000 000000 ORNEEE
000000 000000 000000 OREEEES

oooooo oooooo oooooa Ek@
000000 oooooo oooooo g
o
2

OBSERVER: B2/ 18

Tickaess,

Version 8.0xisx

Figure C64: Run # 64
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_c.<
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fiuid | After Precip | After Wing | After Fuia | After Precip TA:“’" Wing | Afterfluia | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Appiication [ Appication [ T Position | Application | Application |Takeoff Run é/ 23 é/ E( time
P A 5 mins
T2 -6, 2 223 |85 ! B/g/gfa/zf_mmms
T5 ~ s P 2 T T 2R 15 mins
Sle.2 o= ! I @2 E @20 mins
. - O EEEE 25mns
i .o i 25725 3 FZE 00 woms
Time: Time: 23 w3 Jooid ¢ 0DOOO0D0 ssms
- 0O0O0CO «mins
5 ] e20® ° CO0O0 4smns
6 OO0 000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 000300 eomns
Time:
8 00000 esmins
TRAILING EDGE TRAILING EDGE 000300 7omns
Flap Fia OO0O0O0Qd 75mns
° 00000 womns
OO 0QQ ssmins
Time 00000 somes
00000 ssmins
L2z 4w s 7 00000 t00ms
PSRN T L7 7 33000
N 00000 115mins
0000 0 120mins
LEADING EDGE LEADING EDGE
Comments: c Wi Posion 1 Agroximtety 10 cm up o h leading acge sagratn o
Wi Posiin 23,4, Al cqul dstances (spprosimtely 1 ) slog the wing chors
Wing Pasion : Approximtely 30 o rom i s
Wing Posion 7 Aproimately 15 c o aling g
Wing Posion 8 Aproimtely 2.5 e o rain g
Wing Postion : iy u he fap
‘can be ommitted with approval of the project coordinator General Cq
OBSERVER: R/ C3
ja s,
.
Figure C65: Run # 65
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_66 (2
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fiuid | After Precip | After Wing | Atter Fiuia | After Precip Y:l:::fl Wing | Afterfluid | After Precip | After
Position [ Application | Application | Application | Takeoft Run Postion | Applicaton | Appication [ T3 Position | Application | Application [TskeoffRun| 4 5 o 4 T g
2
& & E & smins
hd 53 2 o [2e0 fos3s ! gﬁggg/aum;ns
s 15 mi
™ 5.8 s 2475 [=0 2 e = |2 EZaey e
- - - FE I8 & 25mins
i T58 Fiep 5.0 |2 3 @@ 00 somns
Time: [ Time: J1iom | M2 | 1S3 ¢ 00000 ssms
5 - — - 00000 4omns
) 158 - 00000 4smins
6 00000 somns
Wing and Plate Condifion Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run B 00000 eomns
me: me:
00000 esmins
3L \
TRAILING EDGE TRAILING EDGE 8 8o 124 © 00000 7omns
so oo O RS - 08000 rsms
L : ? 00000 somns
ime: - ez — 00000 ssmins
Time: | 103 ] 155 00000 somis
00000 ssmins
0 O 0 O O 100 mins
0 O O 0O O 105mins
0000 O 11omins
0000 O 115mins
0000 O 120 mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Positon1: Aprosimatety 10 upfom h leacingedge stagnation po
Wing Posion 2, 3,4,: At ey itances (garoxmatly 1 o) sl o wingchre
Wi Posion & Aproimatly 0 e fom g ecge:
Wing Posion 7 Aprosmately 15 o i e
W Postion : Aproxmatey 2. & fom alin oge;ans

Note: In an atempt to opimize timing of tests, shadd box measurements

can be ommited wih approvalofthe project coordinator

OBSERVER:

Wing Posiion o Midway up the lap

General Comments:

Thicknss,

Figure C66: Run # 66
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Rum:_63 (21220
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip Wing Adfter fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Position | Application | Application | Takeoff Run 123453 time
o o B s mins
T |- iz fove |-is 2 Jacs 1 B E 3 F 0mns
8 - 00000 tsms
S |oo2 |- |- -] 8 2 2% 4 OO0 OD0 20mns
- - o OoQ0Q0QO 2smins
W |-z |-183 |22 [-15.3 Flap 29.2% 3 00000 s0mns
Time: | 2 .15 2 2:46 2:.55 Time: 2:52 4 00000 ssmns
S 00000 <mns
® 282 2 00000 4smns
A 00000 somns
'Wing and Plate Condition ‘Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 0000 O somins
Time: Time:
8 - 00000 ssmis
TRAILING EDGE TRAILING EDGE 8 00000 70mins
Fiap Fiap o > 00000 75mns
] P 00000 somins
— PN 00000 ssmis
7 Time: 3:00 00000 somns
00000 ssmins
000 OO0 t0omns
00 0 O DO 105mins
000D O 11omins
000 OO 1smins
00000 120mins
LEANNGEDGE LEADING EDGE
Comments: Comments: WingPoston 1 Approximately 10 cm upfom h e e ssgration o
Wiog Posiion 2,5, 4,5: At cqul ditances (appaximatly 15 ) along e wing chorc:
Wing Postion & Apposimatly 30 cm fom raling edge
Wing Postion : Approximately 15 cm fom g edges
Wing Paston & Approxmtely 25 rom vslin adge
Wing Pt : iy u h fap
g p— General C
OBSERVER: Bz icm
Thckness, ot
.
Figure C67: Run # 67
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lanu 2022
7
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip T::‘:urﬂ Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application B Position | Application | Application |Takeoff Run 123 4§ time
i B e T z w3 |5 2375 ! SEODD
15 mi
™ |2 |-z 22 s 8 26.0 2.0 2 104 N 1° S g g E} B 20mine
w [oee |32 [-na [osn Flap 225 225 3 BE888
Time: | 2. 1g 3.2 ER Time: | 2 2y |z 4 00000 s5mins
5 =5 00000 smns
S BEC) 158 o SOO0O0 4smns
5 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 smins
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
8 ne Py 00000 esmns
TRAILING EDGE. TRAILING EDGE i le™ 18 OO0 0O0Q0 70mns
rap Fisp ] " 00000 75mns
— Flap 28 8 00000 soms
| e | = o ; 00000 ssmis
Time: | = 27 ) 0O000 somns
00000 esmins
.2 24 00 00 O 100mins
NN N 00000 105mins
00000 tomns
00000 1smins
00000 120mins
e B
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1 Appoximately 10 cm up froth eadig edgestagnaion polt
Wing Polion 2,3, 4,5 A ey distances (sgpreximstely 5 o) slong i wig cors
Wing Postion 7 Approsimately 15 o ing adge:
Wing Pation 8 Approximtely 2.5 e o rslin ecge
Wig Potion s My up h fap
b ommised it approva of v s cosnator General C
OBSERVER: BB /0=
ke, Version 8. 0xsx

Figure C68: Run # 68
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_ga ( igs
"WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fluid| After fluid | After Precip | After Wing | After Fluid [ Ater precip [ 1% Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Positon | Appiication [ Appication | T3 Position | Application | Application | Takeoff Run
2 |, 20 |- |-sm 2 29.0 | 255 1
Tl |22 8 2%.5 2 Bslosh | S
LU ) - I} Flap Al 28.2 3
Time: | 4.2 | Lozl s 0 Time: | 4:3% 5.02 4
5 1o+ 58 ]
m 6
Wing and Plate Candition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
: ime:
TRAILING EDGE. TRAILING EDGE 8 &0 K
Fiag
Flap P Flap 22 10
Time: | w22 [w.5z | 5.0
|
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Poston 1: Approximately 10 up fom the eading edge stagraton poit
Wing Poston 2, 3,4, 5 A equal distances (pproximately 15 om) along e g chor
Wing Postn s Approximately 30 from g ecge:
Wing Positon 7 Appreximatey 15 em from tafng ecoe:
Wing Postion & Approximately 2.8 &m from raiig ecge; and

can be ammited with approvalof the proect coordintor

OBSERVER:

Wing Posion 5 Micway up he lap

General Comments:

CYCLE TRACKING

time

5 mins
10 mins
15 mins
20 mins.
25 mins
30 mins

R

oooooo 0ooooo oooooo DDDDEL\IS\'WN

35 mins
40 mins.
45 mins.
50 mins
55 mins
60 mins

65 mins
70 mins.
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

000000 0oooooo oooood DDDQELEJ\-‘
nooooo oooooo ggooooo DDDE\E\EKN
Oooooo oooooo gooooo DDDE}\EJ
000000 000000 gooooo DDDCHQ\

Thickness,

Figure C69: Run # 69

No Data Available

Figure C70: Run # 70
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APPENDIX C

No Data Available

Figure C71: Run # 71

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: o) Run:
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing |Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip T‘:";ﬂ Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application anj,, Position | Application | Application | Takeoff Run
T T 2 |43 [ 180 | ey 1
TS -2 > - 8 4,25 24.5 2 127% 30 <1
TU . 0. F jee 3
Time: [21:38 |zi:42 22: 22:49% 4
5 127 200 <1
Wing and Plate Condition Wing and Plate Condition °
Before the Takeoff Run After the Takeoff Run 5
Time: ime:
TRAILING EDGE TRAILING EDGE
Fiap Fiap
T
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Posiion 1: Appeximatly 10 up o th eaing de stagnaton it
Wing Postion 2,3, 4,: At caual disances(spraximatly 15 c) ion e wing chors
Wing ostion 8 Appeximately 30 o g ecg;
Wing Postion T Apreximatly 15 fom g ecge;
Wing Poston & Approximtely 25 & from alig ecge: and

Note: Inan atemptto optimize g of est, snaded box measurements

can be ommited wih spprovalofte prjectcoordinator

OBSERVER:

Wing Posiion 9 Micway up the lap

General

CYCLE TRACKING

time
5 mins
10 mins
715 mins
ET 20 mins
25 mins
30 mins

1 hold

QA
aEe

§ NREEEES

o]
=}

§ NREREE

35 mins
40 mins.
45 mins
50 mins
55 mins
60 mins.

3 3

000000 000000 OO0

000000 000000 O00RG

oooooo oooooo

ooo

=8

=

|}

=)

a

o

o

O esmins
O 70 mins
o
m}
o
[m)
[m)
[m}
a
[m)
=)
[m

90 mins.

95 mins.
100 mins
108 mins
110 mins
115 mins
120 mins

oooooo oooooo ooRg

Thickness,

Version 8.0xisx

Figure C72: Run # 72
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: locuney 20, 2 Run:_12.( 22
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing |Before Fluid| After fluid | After Precip |  After wing | After Fuia | After precip | A Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run
T2 |-359 -6.4 -1n.3 |-s.¢ 2 2.0 21.25 1
T -7.8 8 19.75 2 10 e
T |-5.6 |-L.2 -7k -3.6 8.0 N
Time: 00.32 oo i 4
5 230 a
6
Wing and Piate Condifion Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
Time: Time:
TRAILING EDGE. TRAILING EDGE 8 12 158 1%
Fie Fizp
" Flap uo apsien | 2
Time: 0012 ootz
LEADING EDGE LEADING EDGE
Comments: Comments; Wing Postion 1 Appeximatey 10 cm up fromth eading edge sagration poit
Wing Positon 2, 3,4, At equs dstances(appoximately 15 ) lon he wingchers
ing Postion s Appeximately 30 e fom g edges
Wing Positon 7 Appreximatly 15 e fom g edges
Wiog Postion & Apreximately 2.5 e fom i

an bo ommitted with approvalofth prect coordinator

Wing Pasiion %: Miduay up the fip

General Ce

CYCLE TRACKING

45 mins.
50 mins.
55 mins.
60 mins.

65 mins.
70 mins.
75 mins.
80 mins.
85 mins.
90 mins

95 mins.
100 mins
105 mins
110 mins
115 mins
120 mins

000oooo oooooo ooool
000000 000000 00008
000000 oooooo ooooo

OBSERVER:
s, Verson .05
.
Figure C73: Run # 73
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Aun:
Y
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mill CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip | After Wing | After Fiuia | Atter Precip T“;‘Zﬂ Wing | After fluid | After Precip |  After
Position | Application | Application | Application | Takeoff Run posiion | Application | Appiication | T Position | Application [ Application |TakeoffRun| 4, o+ 0 B o
oo e
T2 |-3,2 -9.5 -2 -10.2 2 2175 | 30.0 |[2075 1 ooooo o mine
q = OO00Q0O0 15mins
i S3 |-ad & 2% |aio z Uk & 00000 20mns
B - = -5 - - 00000 25mns
i .z e Flep 8.15 3 00000 somns
Time: | oo v 113 1126 Time: | ooisy | i 23 4 00000 ssmis
5 - - 00000 somns
290 00000 mns
5 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: me:
0O0o00aQg ssmins
TRAILING EDGE TRAILING EDGE 00000 7omns
Fiap Fisp 00000 7smis
0 00000 somns
00000 ssmns
00000 somins
00 00O ss5mins
000 OO0 100mis
OO0 OO0 O 105mins
OO0 000 1omins
OO0 000 115mins
0O 0 0 0 0O 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wing poston 1 Aprsimatay 0 e up fom el cge tgnaton i
Wing Positon2,3,4,5: A sy sances (spproimately 15 o) sl thewing chr
Wing Postion 7: Appcximatly 15 e fomtling ecges
Wing Postion s Appcximatly 2.5 e fom i ecges and

Nt Inan atompt 0 opimize iing of test, shaded box measurements

can be omited with approvalof the project coordinator

OBSERVER:

Wing Postion s Midway up the iap.

General Comments:

Thickness,

Figure C74: Run # 74
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND

Run:

BRIX FORM

15 eo

v
WING TEMPERATURE (Taken From NRC Logger)

FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After Wing | Adter Fluid | After Precip T":‘“’H Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Pasition | Application | Application | "% Position | Application | Application [TekeoffRun| ¢ 5 5 4 B oo
18 mi
BN s2.c |05 s a5 2 | e [ s | < 28585
U | |-ies |-t -2 Flap 20,0 |25 3 EE%SS iZ:JZZ
Time: | 1y 1352|200 220 Time: | 1:s3 2:0% |20 4 00000 ssmns
= pe 00000 4omins
° = %o £ 00000 4smns
6 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 smis
Before the Takeoff Run After the Takeoff Run 7 00000 somns
Time: Time:
s = =a 00000 esmns
TRAILING EDGE TRAILING EDGE 'SE d 8 00000 70mins
Fiap Fiap ~ OO0O0O00 75mns
Rep oS “4i7o | & OO0 OO0 somis
S - - |- - 000 OO0 ssms
Tme: |15+ |20z |22%° | 5E00C0 somm
00000 ssmins
00 0 O O 100mins
0000 O 105mins
00 0O O 110mins
OO0 00O 15mins
000 0 O 120mins
LEADINGEDGE LEADING EDGE
Comments: Comments: Wing Postion 1: Approximatly 10 6 up fom th leading edge sagnaton PO
Wing Postion 2,3, 4, 5: AL cqua istancs (apprximatey 15 o) long th wing chors:
Wing Postion s Appraximatly 30 cm fom talig edge;
Wing Pasion 7: Approximately 15 e from taing edge;
Wing Posiion : Apresimatly 2. e fom taiing edge: and
Wing Postion: Miduay up e zp
‘can be ommitted with approval of the project coordinator General C
OBSERVER: BICR
Tickess,
.
Figure C75: Run # 75
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: c(eez
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip YTZ« Wing Afterfluid | After Precip | After
Application | Application | Application | Takeoff Run Position | Application | Application | "5 Position | Application [ Application [TekeoffRun| ¢ 5 3 4 B oo
= o = @& 5 mins
T2 J-no |- fesei oz 2 |zzo 2273 |dry 1 Ecgzg-g-griin
- o Z'7 15 mins
LR -3, -12.5 8 2 134 2o <! E T
= - P 00000 25mins
o f-no 3 |- 7R fep 3 COO0O0O swomns
Time: | 2:22 |2.42 |3112 3.2¢ Time: 242 | 2.2 3.2, 4 00000 3smins
5 P OO0 00 <omns
i & 00000 ssmns
5 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssms
Before the Takeoff Run ‘After the Takeoff Run B 00000 somis
Time: “Time:
00000 esmins
TRAILING EDGE 8 OQ0oOoaQg 7omins
Flap ; 00000 75mns
OO0 000 smins
OO0 00O ssmins
00000 somins
00000 esmins
00 0O O O 100 mins
Flap 0 0 O 0 O 105 mins
00O O O 110mins
00000 1smns
0000 O 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion : Appreximatly 13 cm up o the eacin edge stagnatn pit;
Wing Poslen 2,3, 4, 5 A equldstances (spproximatly 16 om) long e wig chor:
Wing Postion 7 Aproximately 15 fom traling edges
Wing Posiion & Apraximatly 2 cm fom aling odge: and

an be ommitied wh approvalofthe prject cordinator

OBSERVER: BRILR

Wing Postion : Miduay up the i

General

Thickness,

Figure C76: Run # 76
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APPENDIX C

Date: an 20 2072

FLUID THICKNESS, TEMPERATURE AND

BRIX FORM

st

can be ommitted wh approvalof e prject cordinator

OBSERVER: BB

Wing Posion s Midway up the iap

General C

WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing |Before Fluid| After fluid | After Precip | After Wing | After Fuia | Atter Precip T::‘:;ﬂ ing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoft fun Position | Appication | Apptication | T%e° Position | Application | Application |Takeoff Run
T2 |-z f-i2s -6 2 2.0 !
L 8 2 N2 20 <
o |azg Fiap 225 | 230 3
Tme: |3 07 [255 |sus |40s2 Time: IR PSS 4
5 S8 200 B
- — 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run =
ime: Time:
TRAILING EDGE TRAILING EDGE 8 12 d
e Fisp
il 5 Fiap Ho siznlce | 5
Time: 450 o2
Loz o2 ot s 7
SN NN A
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Poston 1: Aoty 0 m up fom e fading cge sagnaton pin:
Wing Poston.3,4,5: At exual iances (approimatty 15 o) son thewing e
WingPostion7: Aprositey 18 fom i adge:
Wing Posion 8 Aprasimstey 2.5 mfom o scges and

CYCLE TRACKING

hold
\

time
5 mins
10 mins
15 mins

o

&l

Ek

25 mins
30 mins

QEAEAR
BRESEE >

S

3]

=35 mins
= 40 mins
45 mins
50 mins
55 mins
60 mins

=l

000000 000000 0ooooge
(e}

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

65 mins
100 mins
105 mins
110 mins
115 mins
120 mins

0Oooonoo oooooo oooo
goooono Oooood oooogo
000000 0oooooo oooog
000000 oooooo oooo

Thickness,

Figure

C77: Run # 77

No Data Available

Figure C78: Run # 78
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APPENDIX C

No Data Available

Figure C79: Run # 79

Date:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

WING TEMPERATURE (Taken From NRC L FLUID BRIX FLUID THICKNESS (mil]
Wing  |Before Fluid| After fiuid | After Precip | After Wing | After Fluid | After Precip ing | Atterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Position | Application | Application | Takeoff Run
T2 |52 | 2 |= 1
T |47 3 8 2j.0 2 2% <\
T |-52 |26 |52 z Flap 3
Time: | 21 22 210 H1 22: 27 Time: 4
5 155 z
Wing and Plate Condition Wing and Piate Conditon °
Before the Takeoff Run After the Takeoff Run B
ime: R
TRAILING EDGE. TRAILING EDGE 8 5%
Fi
Fiap . Frap o
F=a—]
| Time: 2

LEADING EDGE
(Comments:,

LEADING EDGE

can be ommited wih approvalof the prject coordinator

OBSERVER: geicn

General C

Wing Posiion 3 Micway up the flap

Wing Postion 6 Approximately 30 e from taiing ecge;
Wing Positon 7 Approximatey 15 cm from talg ecge

Wing Posiion 8 Approximately 2.5 o from trallng ecge; and

Wing Posiion 1: Approximately 10 cm up from the leasing edge stagnaton piet

Flap

Wing Posiion 2,3, 4, 5: At ecual distancs (spproximatey 15 cm) along the wing chod

CYCLE TRACKING

QERE
E\&

;)

&l

oagBRE~

DOREEEN

oo,
ao

0000oo oooooo oooooo
000000 oooooo oooooo
000000 gooooo oooooo
000000 0O00ooo ooooog
gooooo oooooo oooooa

35 mins
40 mins.
45 mins.
50 mins
55 mins
80 mins.

65 mins.
70 mins.
75 mins.
80 mins
85 mins.
90 mins.

95 mins.
100 mins.
105 mins
110 mins
115 mins
120 mins

Thckoass,

Version 8.0xisx

Figure C80: Run # 80
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing |8efore Fiuia Afterfluia | After precip | After wing | atterFiia | Atterprecip | AT Wing | Afterfluid | Atter recip | Ater
Position | Application | Application | Application | Takeoff Run Positon | Appiication | Appication [ T Position | Application | Application | Takeoff Run
T2 |-154 -18.5  |-18.6 2 zz.0 |23 1
T |-i54 R B 8 2.0 2 =0 154 3
AL R -7z |-z Flap 5 3
Time: | 22 4o 2345 Time: 7534|220 4
5 1a 158 y
- 6
Wing and Plate Condifion Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
Time: Time:
TRAILING EDGE 8 1o !
Flep. Flap 2y Y
Time: |22:29 uF

LEADING EDGE
IComments:

Comments:,

can be ommited with sperovalofthe proect coordinator

OBSERVER: ezicz

Fisn

Wing Posiion 1: pproximately 10 cm up from thefeading odge sagnaton pint

Wing Positon 2, 3,4, 5: At equl distances (appraximately 15 om) slonp the wing chor;
Wing Postion s Approximately 30 mfrom g ecge:

Wing Posiion T: Appreximatey 15 m rom traing ecge;

Wing Posiion 8 Approximately 2.5 om fom aling edoes and

Wing Posiion 3 Micway up the flap

General Comments:

CYCLE TRACKING

time
5 mins
10 mins
15 mins
20 mins.
25 mins.
30 mins.

R

000000 000000 000000 00000®e
00noooo oooooo oooooa DDDDDE}\&

000000 000000 oogooo DDDDEIELM"‘

g

35 mins.
40 mins.

60 mins

65 mins.
70 mins
75 mins
80 mins
85 mins.
0 mins

95 mins.
100 mins
105 mins
110 mins
115 mins
120 mins

o
=)
u}
=)
=)
o
o
o
o
o
o
u]
o
=]
a
o
o
a
o
o
o
o
o

000000 O00O0ooo oooooo oooone

Thickness,

Figure C81: Run # 81

Date:

/]

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

lonypry 21 2

/
WING TEMPERATURE (Taken From NRC Logger)

FLUID BRIX

FLUID THICKNESS (mil)

Wing
Position

Before Fluid
Application

After fluid
Application

Adter Precip
Application

After Wing
Takeoff Run Position

Adter Fluid
Application

After Precip
Application

After Wing | After fluid

Application

After Precip

After
Application | Takeoff Run

T2

20 % 2

33.0 18

»

TS5

8

2u

N
It

T |-1.3

Flap

z
)

Time:

Time:

Wing and Plate Condition
Before the Takeoff Run
ime:

TRAILING EDGE

Wing and Plate Condition

After the Takeoff Run

TRAILING EDGE

Flap

Flap.

B
7
6

Nowala

1

T
7.
®

N al e

1

LEADING EDGE
IComments:

LEADING EDGE
Comments:,

Not: Inan atemptto optimize tming of test, shaded box measurements

can be ommited wih approvalofthe projectcoordinator

OBSERVER:

Wing Positon 1: Aproximatey 10 & up from the leading edge stagnation plnt;
Wing Positon 2, 3,4, 5: At equal distances approximately 15 o) lon the wing chord
Wing Posiion : Approximatey 30 cmfrom taling ecge:

Wing Posion 7: Approximatey 15 from taing ecge:

Wing Postion & Appreximatey 2.5 o from traling edge; and

Wing Posiion 9 Midway up the flap

General Comments:

CYCLE TRACKING

time
5 mins
10 mins
15 mins
20 mins.
25 mins.
30 mins.

35 mins.
40 mins.
45 mins.
50 mins.
55 mins.
60 mins.

65 mins.

90 mins.

95 mins.
100 mins
105 mins
110 mins
115 mins
120 mins

0ooooo 0ooooo oooooo ooooom-~
000000 000000 OoO0oooo gooooaos
000000 000000 000000 000000«
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o

000000 000000 000000 Oo000Qhed

Thikess,

Version 8.0xsx

Figure

C82: Run # 82
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: sounc Runi_2% (92727
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip | After wing | At Fuia | Atterprecip | AT Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application "R:: Position | Application | Application |Takeoff Run 4 343 time
= > El/éf & & & smins
-1e |-ise -209 s 24.0 ! age gzrgr/mm
= _ - ~ = 15 mins
T [0z -5 -20.2 8 2.0 |53 2 e 124 o g M}é{zum‘ms
- - & E ) 25mins
U N -17.3 -2.0 Flap 1525 |25.0 3 EECECET™S
Time: | - ou I 2.05 Time: | .2 | 2i0c |25 4 HEC L ssmins
Ef-4cdcicd
5 19 200 H Elciea=a=g
Wing and Piate Condiion Wing and Plate Condifion s ooooo
Before the Takeoff Run After the Takeoff Run B 00000 somis
Time: Time:
8 u 00000 ssmins
TRAILING EDGE TRAILING EDGE o4 e OO0 000 7omins
Fiap Fizp 00000 75mns
- ., Flap | 26 S 00000 somns
i e - o 00000 esmins
N 2.09
! Time: [z |07 |2 00000 somns
2 0000 O ssmins
00 OO O 100mins
Flap 00 0 O O 105mins
00 000 110mins
0000 O 115mins
0000 O 120mins
——
LEADING EDGE
Comments: Comments: Wing Posion 1 Apresimatly 10 cmup ot eating dge stagnaton poit:
Wing Posion 23,4, At caual disances(apreximatly 15 c) longthe wingchoc
Wing Postion s Approimately 30 e from g ecge
Wing Postion 7 Apecximatety 15 fom g ecg;
Wing Postion 5 Apresimately 2.5 e fom valing edge;and
Wing Pstion: Misway up the ap
Note: 1 attempt 0 apimize timing o tsts,shaed ox measurements
‘can be ommitted with approval of the project coordinator General Comments:
OBSERVER: Baicr
hickness,
.
Figure C83: Run # 83
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fiutd| After fluid | After Precip | After Wing | After Fluig [ Atterprecip [ AT ing | Ater fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application aR:: Position | Application | Application | Takeoff Run 1
2 fsn |-ee [-20.0 |- I EE 2.5 1 g
T |- -6 8.0 <202 8 27.© 2.0 2 134 158 1 g/
U -85 -20.% Flap 1.0 27,0 3 g
Time: | 2.5 |z == 2.49 Time: |2:48 |z o a __Ef— T 35 mine N
’, - 3.0 40 mins
R L 2 g 145 mins
expanded 1
Wing and Plate Condition Wing and Plate Condition ° 5] O s5mins
Before the Takeoff Run After the Takeoff Run o O 60mins
Time: Time: 7
o O 65 mins.
TRAILING EDGE TRAILING EDGE 8 156 =3 o O 70 mins
Flop Fiap [u| O 75 mins
7 7 Flep | @O S 5} 0 somins
- o O 85 mins
7 7 Time: 2iup 2.HO 2.5
6 [ u] O g0 mins
u} O 95 mins
5 5] O 100 mins
2 ju) O 105 mins
* ‘ o O 110mins
3 o T a 0 115 mins
2 2 o 0O 120 mins
1 1
LEADING EDGE LEADING EDGE
|IComments: Comments:, ‘Wing Positin 1: Approximately 10 em up from the leading edge stagnation point;
Wing Postion 2, 3,4, At cqual ditances (approximatly 15 ) long the g chors
Wing Postion s Apreximatly 30 cm from g ecge;
Wing Postion 7: Apreximatly 15 from il ecg;
Wing Postion & Apreximatly 2.5 c fom taling edge; and

Wing Posiion : Midway up the flap

Note Inan atempt 1o optimiz tiing of tests, shaded box measurements

General

can be ommited wih approval ofthe project coordinator

OBSERVER:

Thickness,

Figure C84: Run # 84
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: lanuocy 21 1 Run: 65 [ PLoc
"WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing  |Before Fiuid| After fluid | After Precip | After wing | tterFiia | Atter precip | AT Wing | After fluid | Atter Precip [ After
Position | Application | Application | Application | Takeoff Run Posiion | Application [ Appication [ "5 Position | Application | Application | Takeoff Run
T |-gs [-7.0 |-2.6 |-210 2 33.22 2998 1
T |-8.3 -20.0 N 27 315 2 134 3
T -2 |- |-a e |z Flap 2.0 3
Time: | & gi2e | 4Hiam |wse Time: |26 | 5 42 |5 20 4
5 300 1}
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time: Time:
TRAILING EDGE TRAILING EDGE 8 158 158 10
Fiap Flap = N Py
Flay slushice
T n P &S slushice
T Time: |u - Y4ue |50
6
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Poston 1: Apprxinately 10 cm p rom the eadng odge stagnaion pin;
Wing Poston 2,3, 4, 5: A squal disances (spproximatly 15 o) along e wig chrs
Wing Postion s Apreximatly 30 cm fom taling edge;
Wing Positon 7: Approximately 15 from g adge:
Wing Posiion & Apresimatly 25 a fom valing edge; and

Wing Posiion 9 Midway up the flap

Not: In an atempt to optimizs iing of test, shaded box measurements

can be ommitted with approval of the project coordinator General

CYCLE TRACKING

000000 000000 0ooooo oooooo-=
000000 000000 000000 oooogos

3
a
a
o
o
[}
a
a
o
o
[m
o
[m)
a
[m)
a
[m]
a
a
a
a
[m)
o
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4
a
o
o
o
m
m
=)
m
o
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o
o
o
u)
ju)
u)
o
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ju)
o
ju)
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m
a

000000 000000 000000 000000hed

time
5 mins
10 mins
15 mins
20 mins
25 mins
30 mins

35 mins
40 mins
45 mins
50 mins
55 mins
60 mins

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

OBSERVER:

Thickess,

Figure C85: Run # 85

No Data Available

Figure C86: Run # 86
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APPENDIX C

No Data Available

Figure C87: Run # 87

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date Run:
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing  |Before Fiuid| After fluid | After Precip | After wing | Atter Fuia | Atterprecip | AT Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Appiication [ T3 Position | Application | Application | Takeoff Run
T2 e -7y -16.% 6.1 2 33.2% 12.0 1
Ts 2o |-mn |oss 8 L 2es foss 2 23 127 1
=
T |22 = g |-15.7 Flap | ~ el 3
Time: 2149 Time: |zi:5n 22 .2+ 4
5 20 S
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: ime:
TRAILING EDGE TRAILING EDGE 8 56 155 "
Fiap Flap 65
g T
7 7 Time: |20 =
6 5
5 5
4 i
3 3=
2 2
1 1
LEADING EDGE LEADING EDGE

[Comments:

‘Comments:

Wing Pastion 1 Approximately 10 cm up from th leading edge stagnation point;

Wing Posiion 2, 3,4, 5; At equal disances (sppraximately 15 cm) along the wing chord;

an bs ommited wh approvalof e project coorinator

OBSERVER:

General C

Wing Pasiion 7: Appreximately 15 om from traling odoe:

Wing Pasiion & Approximately 2.6 o from taing edge; and

Wing Pasion : Midway up the iap

CYCLE TRACKING

time

5 mins
10 mins
15 mins
20 mins
25 mins
30 mins

35 mins
40 mins
45 mins
50 mins
55 mins
60 mins.

65 mins
70 mins.
75 mins
80 mins.
85 mins
90 mins

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins
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000000 oooooo oooooo DUDE\ELE'W"’

Thickness,

Figure C88: Run # 88
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
pate:  _aouoe 2 Run:_g%
v
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fluid | After Precip After Wing | After Fluid | After Precip TA:'E’“ Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’R:: Position | Application | Application | Takeoff Run 1.2.3 4% time
T2 . 2 |a - P L= gt - P
-lus | -ns 16-2 2 dry grrgf/g g/?mmm,
. ) _ ) N ~ j 15 mins
R PR ORI PP BT 8 22.5 |25.0 2 12 d <L g;,gjagjznmms
< = " il & [ 25mins
w I R Fiap 1.0 el 3 Z0000 somns
Time: |2 == 22 2851 Time: 4 CUOOO ssmme
5 - 00000 4omns
- 00000 4smins
6 00000 somins
Wing and Plate Condition Wing and Plate Condition OO0 000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
n 00000 esmins
TRAILING EDGE TRAILING EDGE 8 H 158 = OOCODO 70mins
Flap Flap Fla P Oooo0oQg0 75smns
5 P 00000 soms
. ime: | a2z 22 u= 00000 emis
z Time: |2 2Tz 00000 soms
= = 00000 esmins
0 00O O 100mins
0 O 0O O O 105mins
000 O O 11omins
00000 115mins
0000 0O 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1: Agproximately 10 & upfom the eacing ecge stagnaton port:
Wing Postion 23,4, 5: At equal distances (pproximately 5 cm) along thewing chor
Wing Pesifon T: Aspreximatly 16 mfom i eces
Wing Postion s Approximately 2.5 e from g edge; and
Wing Postion : Widway up e isp
Note: Inan atempt o cptiiz i of et shaded box essuremerts
can b ommited i aprovalof th projct cordinator General Comments:
OBSERVER: B2
icknes,
.
Figure C89: Run # 89
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: or o
7]
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fiuid | After Precip | After wing | Atter Fiuid | After Precip TA:”“ Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’R:: Position | Application | Application |Takeoff Run 1 34 E time
& & @, 5mins
L BN B B . 2 |5 |2225 |26.0 1 g( F & & 10mins
) 23,5 = A O & & 3 15mins
LI e R R -16.8 T 8 23.5 25 2 80 112 3 [EdegE] :Errzamms
2 @& 3 25mins
TU | -r,0 “.H o |-w.e Flap 15.25 |15 3 FE 0B D somn
Time: | 00:09 | 3045 oo = o2 Time: oo g |oois2 |10z 4 00000 ssmns
00000 4omins
s 200 L DOO00D 4smns
00000 somns
Wing and Plate Condition Wing and Plate Condition s 0O0000d ssmins
Before the Takeoff Run After the Takeoff Run S 00000 somns
Time: Time:
o P o 00000 ssmns
TRAILING EDGE. TRAILING EDGE 30 na 00000 70mns
Flap Flap 00000 7smns
- 5 Flap | 20 S 00000 somns
— 00 000d ssmis
7 X P
L - Time: d oy 00000 soms
00000 esmins
5 12 £ g 00 00 0 100mins
: NN NN 0000 O wsmins
4 4 T 0000 O 110mins
3 3 = 0000 O 115mins
2 2 00000 120mis
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wig Postion 1: Agproxmately 10 e upfom th eacing ecge stagnaton pont:
Wing Postion 23,4, 5: At equal distances (sppreximatey 15 cm) along e wing chre
Wing Postion 7 Appcximately 15 fom trling eges
Wing Postin 8 Approximately 2.6 e from ailng edge: and

Note In an atempt 10 opimize tiing of test, shaded box measurements

can be ommitied wih approvalof e project coordinator

OBSERVER:

Wing Posiion s Micway up he iap

General Comments:

i Thickness,

Figure C90: Run # 90
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Aun: 73037
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Win}g Before F!u\'d Aﬂe.r ﬂ\{id Aﬁer»Pre»cxp After Wing After Fluid | After Precip Taf:;ﬂ Wil After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application fun Position | Application | Application | Takeoff Run
T2 |- -5 |-20.2 2 |zz2= 1
-5 e 125 -5 .0 8 2625 |27.5 2 158 H
LU -7 -18.2 Flap 2.0 3
Time: | .12 126 1150 2 0l Time: | .22 4
5 200 200 L
Wing and Plate Condition Wing and Plate Condition °
Before the Takeoff Run After the Takeoff Run
i Time: 7
TRAILING EDGE TRAILING EDGE 8 =2 158 i
e ad L R 3
Time: 1225 2.93

LEADING EDGE
IComments:

LEADING EDGE

Wing Postion 1 Approximatey 10 cm up from th leading edge sagnation pint

Comments:,

Wing Posiion 2,3, 4,5 At equal isances (spproximately 15 cm) along the wing chord;

Wing Postion 5 Approximately 30 om from traling edge:

Wing Posion 7: Approximately 16 e from traiing edge:

Wing Posion 8: Approximately 2.5 e from traiing ecge; and

Wing Postion 3 Micway up he fiap.
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Thickaess,

Figure C91: Run # 91

Date:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Ru

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuid| After fluid | After Precip | After wing | Ater Fuia | Atter precip | A After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Appication | T3 Application | Application | Takeoff Run
T2 | -20.7 -1a.5 2 33.25 12,75 1
TS5 3 -17.2 -12.7% 8 2.3 2 L 152 1
U |ois g 5.7 7.0 |-mo0 Flap 12.2% 2775 3
Time: | 2 2= |2 2% 2 3.0m Time: 257 |z.08 4
5 250 3
6
Wing and Plate Condition Wing and Plate Condition
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ime: ime:
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Fop Flap Flaj
i . P HO 2
7 7 Time: [ 2- 2:52 2.0%
6 6
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1 1
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Wing Postion s Micway up the fiap
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Figure C92: Run # 92
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date:

WING TEMPERATURE (Taken From NRC Logger)

FLUID BRIX FLUID THICKNESS (mil]
Wing | Before Fluid After fluid | After Precip | After wing | After Fuia | After precip | AT Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run
T2 |- -15.) -20.4 2 22.5 12.25 1
L PRI BTN PP e s 8 20.75 2 ! 124 3
U -16.8 -2 Flap 5.5 3
Time: |3 2¢ 2:50 |40z Time: |z 26 |2:3) w0z 4
5 e #
- " 6
Wing and Piate Condifion Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run -
Time: me:
TRAILING EDGE TRAILING EDGE 8 104 na 0
A
Flap lap Flap g
Time: 4. 04

LEADING EDGE LEADING EDGE

Wing Posiion 1: Approximately 10 cm up from the feading ecge stagnaton pant:

[Comments: Comments:

Wing Posiion 2.3, 4, 5: At equa istancs (approximately 15 c) along the wing chord;

Wing Postion 7: Approximately 15 cmfrom traiing edge:

Wing Posiion 8: Approximately 2.5 e from traiing edge; anc

Wing Posiion 5 Miaway up he lap
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m Version 8.0.5x.

Figure C93: Run # 93

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Aum 94 ¢
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing |Before Flutd| After fluid | After Precip | After wing | tter g | Atterprecip | A" Wing | After fluig | Atter Precip | After
Position | Application | Application | Application [ Takeoff Run Posiion | Appiication [ Appication | T4 Position | Application | Application | Takeoff Run
T2 -20.] -20.3 2 S 2925 1
™ -18.0  [-20.9 8 20 2 80 4
Y -17.9 s2o© Flap 2.0 3
Time: TR Time 4us |s 4
& 80 123 26
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run ‘After the Takeoff Run B
ime: Time:
TRAILING EDGE TRAILING EDGE 8 58 e 23
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a e s lush 6
T 5 P slush 65
7 7 Time: | 46 | 500
6 5
5 5
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3 =
2 2
1 1
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Wing Pasiion : Midway up the i
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Figure C94: Run # 94
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APPENDIX C

No Data Available

Figure C95: Run # 95

No Data Available

Figure C96: Run # 96
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No Data Available

Figure C97: Run # 97

No Data Available

Figure C98: Run # 98
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No Data Available

Figure C99: Run # 99

No Data Available

Figure C100: Run # 100
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: 101 (
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip - wing | atter g | Atter recip | AT Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run position | Application | Appication | T4 Position | Application | Application [TekeoffRun| 4, o 4/!; fime
o O X I ' g e
= B & EEE tsmns
™ -1-8 8 20.25 2 ‘2% =0 < B E @ B3 20mns
) B0 & E e 25 mins
e ; g gal
i - s 3 FEE T D 30mns
Time: t Time: |22:27 | 2350 |73 50 4 08 EE ssmns
s . - 2’8000 40mns
- = 00000 4mins
" | _DO00D0sms ., ...
Wing and Plate Condition Wing and Plate Condition 00000 sms " °
Before the Takeoff Run After the Takeoff Run 7 00000 eomins
Time: Time
s - N 00000 esmns
TRAILING FDGE TRAILING EDGE [t i 00000 7omns
Fiap Fizp . > ; 00 C OO0 7smns
fap | e = i 00000 eomns
— P 00000 esmins
Time: 2z 0DO0O0O0 somns
00000 esmins
Loz 3 4 s 7 00000 t00mns
NN N NN vV Fisp 00000 10smins
AR rT—— 000 0C O 110mins
k 00000 15mins
0000 O 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1: Apeasimatly 10 up o th eslng e stagnation pot
Wing Poion 23, 4,5: A vl Gistancs (sgpraxmsely 15 o) son th wing chrt
Wing Polion : Aprosimately 30 c romtaling g
Wing Potion 7 Aprosimtely 15 romtraing g
Ving Postion : Apreximaely 2. e fom afig sdge: and
Wing Posiion : iy up h fap
an be ommitied with approval of the project coordinator General C
OBSERVER: g8 jcx
ckness.
.
Figure C101: Run # 101
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
pere: Rom_107 et
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid | After fiuid | After Precip | After wing | tterFiia | Atter recip | AT Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run 12 3.4 2 time
o @ smns
= Clza Sz 2 > 2.0 dry 1 B & 33 & 10mins
[Efi=gicgg= gt
s 2y |-izee 8 21.0 2 EE e < et 5 20mne
25
TU 2.2 -i22 Flap 3.0 20.25 3 grEr = 20 ::::
Time: o1 28 | i:u0 Time: CH AN I 4 jefcdcd 35 mins
TEE 40 mins
s 302 1 % S/El " 45 mins
A [ 50 mins i BT
. | _F EEECE somins ...
Wing and Plate Condition Wing and Plate Condition cg=gca &5 mins
Before the Takeoff Run After the Takeoff Run S zE g 50 mins
ime:
s = 200 B8 @ @ g ssmns
TRAILING EDGE TRAILING EDGE 155 200 3 I ED O omins e
Fiep Fiap o - ” 2 00000 75mns
‘ S L 32 00000 somins
£ e - 0O0O0O0 O ssmins
‘ Time: Joo:13 1342 00000 somns
OO0 00O ssmins
I 0000 O 100mins
i o 00000 1w0smns
I 00000 Homns
I 00000 15mins
i 0000 O 120mins
e L
LEADING EDGE LEADING EDGE
Comments:, Comments: Wing Pt 1 Approximately 10 up o th escing e sagration o
Wi Poslion 2.3, 4, A eaual distances (approximately 16 o) lon thewing hort:
Wing Postion 7: Apprasimatly 15 rom tralig edoe;
Wing Paton 8 pproximtly 25 rom rsin e s

an be ommited wih approvalof the proect cooeinator

OBSERVER:

Wing Pasiion : Midway up the iap

General C

Thickness,

Figure C102: Run # 102
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing [Before Fluid| Atterfiuid | Atter Precip | After Wing | Atter Fluid | After Precip TA;‘Q’" Wing | Afterfluid | Atter Precip | After
Position | Application | Application | Application |Takeoff Run Position | Application | Application “R:: Position | Application | Application |Takeoff Run 12
T2 -12.% -1z, 3 2 26.25 ey 1 g{(%
9=
™ -2s5 |- 8 2 80 <t %1/ :
TU |- ~11.8 s -
-6 \ Flap 3 cgcgcace
N 2 ime: | 2.0 11 ze .
Time: 2102 Time: | 200 | 3206 |37 4 TEEE
= e
5 142 250 z &
a28,8 50 mins.
Wing and Plate Condition Wing and Plate Condition N o, g B/E(E/ 55 mins.
Before the Takeoff Run After the Takeoff Run S & @ & O 60mins
: Time:
s 5 2 e O ssmns
TRAILING EDGE TRAILING EDGE o 0O00Qdd 7mns
Fiep — ~ 00000 7smns
M h 3 DOOO0D0 comns
— 1 — — 00000 ssmins
Tme: Jeos |2t =2 00000 somns
00000 ssmins
| 000 Q00 100mis
000 O O 105mins
OO0 OO 0 110mins
OO0 OO0 O 115mins
0000 0 120mins
LEADING EDGE LEADING EDGE
(Comments:, Comments:, Wing Posiion 1: Approximately 10 cm up from the leading edge stagnation point
Wing Posien 2,3, 4,5 AL equal distances (spproximatly 15 om) along e wig chor;
Wing Postion s Apreximatly 30 cm fom walig edge;
Ving Postion : Apresimatly 15 cm fom vaiing edge:
Wing Posion & Approximately 2. e from aiig ecge:and
Wing Postion: Mty up e ap
can o ommited it spproval o the e cordnator General C
OBSERVER: BR 123
Thiiness,
.
Figure C103: Run # 103
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: 22 Run:_104 (9211
'WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| Atter fluid | After Precip | After wing | At Fuia | Atterprecip | AT Wing | Atterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application [ Appiication | e Position | Application | Application [TakeoftRun| 4 5 o 4 ¥ gime
O o & E,E, smns
T2 |-, R B e 2 s |30 1 ?{Erg/%/z(mmms
- & 15 mins
TS |-g.- |-uw o fenle 8 2 80 124 9 E(é‘(zmgz"""“
0.2 2 E & E 25mins
U |-i0.0 |-12-2 SR Flap 3 0000 somns
Time: | 2 408 H:y2 | H:53 Time: |~ 07 | 444 4 00 00D ssmins
- P 000 OO0 4omns
° S i 00000 4mns
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 smis
Before the Takeoff Run ‘After the Takeoff Run OO0 0O somis
Time: Time: ’
A N = 00000 esmns
TRAILING EDGE TRAILING EDGE e 2+ el 00000 7omns
Fiap Flap = 0000 Od 75mis
- Fap | 3% &= a 00000 eomns
OO 000 ssmins
00000 somns
OO0 O0D0O0 s5mins
00 00 0 10omins
00000 10smins
0000 D 11omins
00000 115mins
0000 0 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Pason 1: Approximately 10 up from the oading odge tagnaion gt
Wing Posion 2.3, 4, 5 A oqualdistances (spproximately 18 o) ion the wing chord:
Wing Postion 7: Approsimatly 15 fom raling odge;
aing Postion : Appraimately 2. e fom ating sdge: and
Wing Postion: My up e zp
can b ommited wih aprova of h projctcoodnator General Comments:
OBSERVER: B2
hckness, Verson 8.0tk

Figure C104: Run # 104
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No Data Available

Figure C105: Run # 105

No Data Available

Figure C106: Run # 106
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: 107 (
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fluid| After fluid | After Precip |  Adter Wing | AfterFiuid [ Afterpreip AT Wing | After fluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application " Position | Application | Application | Takeoff Run
T2 |-12.2 P 2 3¢.1s 23.0 30,75 1
RET STTOY 8 31.0 2 a6 1273 2
W e ez 4.3 Flap 2.5 3
Time: f 2123, | 21040 22.0% Time: 21,54 4
5 2 123
— — 6
Wing and Plate Condifion Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: :
TRAILING EDGE TRAILING EDGE 8 104 2% 0
Flap Fiap Fop s
o
Time: |z w2 | 2 .10
s 7 .
Ay ?a
LEADING EDGE
Comments: Comments: WingPoston't:Agpasimately 0 6m p fom e i edge stagaton it
Wing Potion 2,3, 4,5 A sl distencs (sppramaely 15 o) o h ving cort
WingPoston 7 Aposimatey 15 mfom afin acges
Wing Potion : Approximtely 2.5 e o i e

Wing Posiion 0: Midway up the iap

‘can be ommitted with approval of the project caordinator General C

CYCLE TRACKING

time
5 mins
10 mins
15 mins
20 mins.
25 mins.
30 mins.

35 mins.

60 mins.

65 mins.
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95 mins.
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OBSERVER: ez
hiciness, Verson 80xisx
Fi C107: Run # 107
igure : Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_io £ 2115
WING TEMPERATURE (Teken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip | After wing | After Fuid | After Precip | AT Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application [ % Position | Application | Application [TakeoffRun| ¢ 5 5 4 B oo
2 c2.d |-z 2 |sys |22.0 |a0 1 %’E’%ggﬂ,ﬁ
T |-z -12.7 8 2225 |2.3 2 12 150 " gg %gg Zomine
! E vl E e R seaEaim
Time: 22.43 23115 23:2¢ Time: |22.u4 |2z 15 22.27 4 00000 35mns
5 00000 4omins
© 0O00D00 4smns
6 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 somis
me: Time:
s - . 0D OO0 esmns
TRAILING EDGE TRAILING EDGE 27 so 0000D0 70mins
Fio Fiep ” - m 00000 75mns
—5 L " 00000 somis
ime: - - 000 OO esmins
Time: 22 % |22 | OOOOO somns
goooo
ooooo
ooooo
oooog
ooooo
ooooao

LEADING EDGE LEADING EDGE

Comments:

Wing Posiion 1 Approximately 10 om g from the leaing edge stagnation pl

(Comments:

Wing Posiion 2,3, 4,5 At equal istances (spproximtely 15 cm) along the wing chod;

Wing Posion 6: Approximately 30 cmfrom traling ocge:

Wing Poston 7: Approximately 15 cmfrom traiing ece:

Wing Posion 8: Approsimately 2. o ffom traling edge; and

Wing Posion 9: Midway up the fap

‘can be ommited with approval of the project coordinator General Cc

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

OBSERVER: BRI 0A

Thickness,

Figure C108: Run # 108
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_jo2 7 230
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fluid| After fuid | After Precip After Wing | After Fluid | After Precip T‘:&”ﬂ’" Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application o Position | Application | Application | Takeoff Run.
2 -1t |-w%.o 2 |33 | 2275 1
s . 8 8.0 |270 2 na !
U A B Flap 23.% 24,3 3
Time: 00 o4 0012 Time: o0 ok ©0.20 4
5 80 1277 2
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run J
me: me:
TRAILING EDGE TRAILING EDGE 8 58 2% [E]
i
Flap =) [
= T
Time:
T s 7
SN NN AV
LEADING EDGE
Comments: Comments: Wing Posiion 1: Aspaximately 10.m p 1o th leadig edge sagnaton pin:
Wing Posiion 2. 3,4, 5 At equa isances (spproximatly 16 ) aon the ing hor
Wing osiion T: Aspoximatly 15 o fom tlin edge:
Wing Posiion & Appoximatly 2.6 o fom tralin edge; and

an be ommitted wh approvalof e prject coodinator

Wing Pasilion : Midway up the fip

General Cc

CYCLE TRACKING

time

Smins
10 mins
15 mins
20 mins
25 mins
30 mins.

35 mins
40 mins.
45 mins

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins.
105 mins
110 mins.
115 mins
120 mins,

oooooo oopooo gooooo DDDDDQ\—\
oooooo oobooo oooooo ooooogs
00o0o0o oooooo oooooo EIDDDEIEK(A
000000 oooooo oooooo ooooogs
000000 000000 000000 000000held

OBSERVER: B2 /2%
o Thikness,
.
Figure C109: Run # 109
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: 26 . 7022 Run:_110
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fluid | Atter Precip |  After Wing | Atter Fiuid | Atter Precip TA‘?E;’ Wing | After fluid | After Precip |  After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’R:: Position | Application | Application |Takeoff Run 12343 time
. o
T2 |-5.0 |-z3.8 |-@.4 -2 2 22.0 |29.0 1 %?g@fgwm
T |ow0 |azia [-ma 6.5 8 %5 |3 2 58 158 © ggm gm ;:::::
|50 |- -15.2 |- Flap 515|207 3 SEEEE Somins
Time: | vn | oniue |eioa 1722 Time: Joo:56 | : 10 1:23 4 00000 3smins
~ 00000 4omins
° 200 il 00000 mns
6 OO0 O0 O somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 0 D000 somins
me: Time:
o 00000 ssmns
TRAILING EDGE TRAILING EDGE 8 15 158 il 00000 7omns
Fiap Fiap - 00000 75mns
. Flap 30 e 7 0O0C0OO0 somns
— - - - 00000 ssmns
Tme: Joo ol | 11 12y 00000 somns
0000 O 95mins
00 0 O O 100mins
00 00 0 10smins
00 00 O 1omins
0000 O 115mins
0 00 0 0O 120mins.
LEADING EDGE LEADING EDGE
lComments: Comments: Wing Posion 1 Appcsimatly 10 p o th eacig edge sagnaton i
Wing Posiion 2, 3,4, 5 At equel isances (aparoximately 15 ) along e ing hor
Wing Pstion s Appeximatey 30 e fom traing ecges
Wing Postion T Apeeximately 15 fom g ecg;
Wing Postion 5 Appreximatly 2.5 e fom tafing ecge;and

can be omited wih approvalof the project coordinator

OBSERVER:

o
5

LR

Wing Posiion o Micway up the lap

General

Thickness,

Verion 8.0xisx

Figure C110: Run # 110
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Aun:_
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing | Before Fluid| Atter fluid | Atter Precip | After Wing | Ater Fiuid | Atter Precip T":‘e’” Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ‘R:: Position | Application | Application |Takeoff Run 12343 tme
. 2
T2 a2 2 - = T FE T smins
RGN Y] s |53 00000 10mis
7 o -5 00000 15mins
™ -84 ° * 2 1A 150 2 00000 2omins
= 00000 2smi
v -i5.5 50 i 210 3 00000 somme
Time: 2:23 Time: 2w 4 00000 smns
S . P 0OOO0OO somns
e - . 00000 4smins
s OO 00O somns
Wing and Plate Condifion Wing and Piate Condifion 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 OO0 000 somins
Time: Time:
s > 00000 esmns
TRAILING EDGE. TRAILING EDGE 24 2 OO0 0OQO 7omins
Flap e B 00000 75mins
Flap us “o E) 00000 somns
ime: - = O0000 ssmins
Time: | 2.00 | 2:16 | 2:2% 00000 somins
| 00000 ssmins
| 0000 O 100mins
| 00 OO O 105mins
000 0O 0O 110mins
0000 0 15mins
D000 O 120mins
LEAW? EDGE LEADING EDGE
Comments: Comments: WingPosion 1 Aproimtely 10 cm o h e adge sagnaton
Wing Postion 2, 3,4,5: At sque disances(appaximetly 15 cm) along e wing hort
Wing Postion : Appreximatly 30 c rom vaiig o0ge;
Wing Postion7: Aprosimately 15 o fom vaiig edge;
Ving Postion : Aprosimatly 2. e fom g edge and
Vg Postion : My up h fap
can be ommitied with approval of the project coordinator General Cq
OBSERVER:
FormsiFid Thisknoss,
.
Figure C111: Run # 111
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:  lopusey 2022 Runi_1y ( E6
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip T :m’" Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ER:: Position | Application | Application | Takeoff Run 12343 tme
I sm
T2 BENC R 2 2.0 2126 | 310 1 00000 tomme
0oo0Qg sm
s -5.0 A 8 0.5 Joas 2 & a 6 00000 zmne
- 25 OO0 0D00 2s5mins
v -2 Rap 229 3 00000 30mns
Time: 2006 Time: |2:53 | a:0% 4 00000 stmins
; . 00000 smns
5 119 150 0 0O0C OO0 4smns
s 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run S 00000 eomis
Time: Time:
B N "y 00000 esmins
TRAILING EDGE TRAILING EDGE it e 00000 7omns
Flap Flap o -~ OO0 Q0O0Qg 7smins
L i Y 00000 somns
e | 5. == - s 00000 ssmins
Time: = 1z |3 0O0D0O00 somns
goooo
ooooo
ocoooog
gcoooco
goooco
ooooo

LEADING EDGE LEADING EDGE

Wing Posiion 1: Approimately 10 6m up from th leacing edge sagnation poin:

Comments:, Comments:

‘Wing Posion 2,3, 4, 5: At equa distances (spproximately 16 G along the wing chord:

Wing Pesiion 7: Appreximaely 15 om from tralfng edge:

‘Wing Posiion 8: Approximately 2.5 < ffom trallng edge; and

‘Wing Positon 3: Mdway up the fiap

‘can be ommitied with approval of the project coordinator General Cc

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

‘OBSERVER: RB

4 Thickness,

Figure C112: Run # 112
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APPENDIX C

Date: lanyory 26,2

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run: (3 ( £

WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing  |Before Fluid| Atter fiuid | Atter Precip | After Wing | Atter Fiuid | After Precip TA:‘E’" Wing | After fiuid | Atter Precip fter
Position | Application | Application | Application | Takeoff Run Position | Application | Application “R:: Position | Application | Application | Takeoff Run|
2 -6z |-m3 f-igz -2 2 35.0 2.5 |5 1
T5 2.3 |-17.8 8 2973 |23 2 19 153 5
v -5.6 |-le.2 Flap 20.5 |zo.s 3
Time: "o 3 Time: | u oo FENTAR PIYS 4
5 58 2
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
ime: ime:
TRAILING EDGE TRAILING EDGE 8 158 L
Fiap
Flap 50 8
Time: | 40 PR
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Poston 1 Approxinately 10 cm up fom te eaing sdge stagnatin it

can be ommited wih approvalof the prject coordinator

OBSERVER: TR

General

Wing Positon 2, 3,4, 5: At equal istances (spproximtely 15 cm) along the wing chore

Wing Positon & Approximately 30 e fom g ecge
Wing Positon 7: Approximately 15 e fom g ecge
Wing Poston & Approxinately 2 e from vailg cage: and
Wing Positon &: Miday o he sp

CYCLE TRACKING

time

5 mins
10 mins
15 mins
20 mins.
25 mins.
30 mins.

e

000doo oooooo Oooog)

35 mins.
40 mins.
45 mins.
50 mins.
55 mins.
60 mins.

65 mins
70 mins.
75 mins
80 mins.
85 mins.
90 mins

95 mins.
100 mins
105 mins
110 mins
115 mins

4
jug
=g
a
o
a
o
o
a
o
[m]
o
a
a
a
[m)
o
o
[m)
=)
ju)
ju)
ju)
=)
O O 120 mins

000000 000000 000000 O000RE
000000 0oooood oooooo DEIDDEKIE\M“

0ooo0oo oooooo oooooo oooo

oooooo

Thickress,

Version 8.0xisx

Figure C113: Run # 113

No Data Available

Figure C114: Run # 114
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APPENDIX C

No Data Available

Figure C115: Run # 115

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_(1¢, (1N
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip T‘:&“;H Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Appiication [ 5 Position | Application | Application | Takeoff Run|
2 |-z |- |- -8 2 |z:;.s 2125|275 !
T5 . -0 8 875 2574 2 2 2% 2
v -15.9 ~19.3 Flap 24.0 3
Time: 22068 22.16 Time: |21.50 2216 4
5 198 200 &
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
TRAILING EDGE TRAILING EDGE 8 53 I
i
Fap i Flap oS 50 6
Time: 2 16
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1 Appeximatly 10 e frmth eading edg sagnaton poit;
Wing Postion 2, 3,4, At equel sances (appraximetly 15 cm) along e wing hort
Wing Postion 8 Appeximately 30 e fom il e
Wiog Postion7: Apreximatly 15 e fom tallng g
Wing Posten & Approximately 2 e from g ecge; and
Wing Postion : iy up th isp
Note: 1 1 atempt 0 opimizetrig oftess shaded box measuremants Undersa

‘can be ommitted with approval of the project coordinator General

CYCLE TRACKING

time
5 mins
10 mins
15 mins
20 mins
25 mins
30 mins

35 mins.
40 mins.
48 mins.
50 mins.
55 mins.
60 mins

65 mins.
70 mins
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins
105 mins
110 mins
115 mins
120 mins

000000 oooouoo oooooo oooomE& -~
000000 oooooo oooooo EIEIDDE\QN

000000 000000 000000 0000QRe

4
o
=g
o
o
o
o
o
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u)
ju)
ju)
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ju)
a
ju)
ju)
ju)

0ooooo oboooo oooooo EI[:IDDE“E{MM

OBSERVER: BR1cr

Tickress,

Figure C116: Run # 116
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APPENDIX C

Date:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Rumi_yjm (2

/
WING TEMPERATURE (Taken From NRC Logger]

FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuid| After fluid | After Precip | After wing | tterFiia | Atterprecip | AT Wing | After fluid | After Precip |~ After
Position | Application | Application | Application | Takeoff Run Position | Appiication [ Application | 7" Position | Application | Application | Takeoff Run
T2 |-16.2 |-15.% -8 2 3725 [20.75 | 2.0 1
T |aus |eive |-z |- 8 245 280 2 5o 2o B
LIV A RN P R Flap 5.5 3
Time: P 22 2304 Time: | 22.42 22104 4
5 2¢ 1na q
Wing and Plate Condition Wing and Plate Condition °
Before the Takeoff Run After the Takeoff Run R B
: Time: .
wot
TRAILING EDGE TRAILING EDGE” e Se 30 e
A DAMNCERSE
Fiap
Time:

LEADING EDGE
Comments:.

LEADING EDGE

‘Wing Posiion 1: Appeoximately 10 cm up from the feading ecge stagnaton poirt;

Comments:

Wing Posiion 2,3, 4, 5: At equal cstances (approximately 15 cm) along the wing chor:

Wing Postion 7: Approximately 16 cm from traiing ede:

Wing Postion 8: Approximately 2.5 rom trailing odge; and

Wing Posiion s Midway up he fiap

an be amimited wit approvalof the project oorainator

OBSERVER: 2!

&

ot

General C

CYCLE TRACKING

~

time
5 mins
10 mins
15 mins
20 mins.
25 mins
30 mins.

ooooo

35 mins
40 mins
45 mins
50 mins
55 mins
60 mins

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

95 mins
100 mins.
105 mins.
110 mins
115 mins.
120 mins.

gooooo oooooo OoDoodoo ooooos=s
0ooooo oooooo oooooo

000000 000000 000000 DO0000e
000000 oooooo gooood DDDDDQ}
O000o0o0 000000 000000 OO0O0OdOhed

mikaess, Fom Verson 805
.
Figure C117: Run # 117
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: _|
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |8efore Fluid| After fluig | After Precip | Atter wing | after g | Atter recip | AT Wing | After fluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application | g - Position | Application | Application | Takeoff Run 12343 tme
T2 2 RS P o & B B & 5 mins
s fles | -206 = 25.25 ! B &8 E E oms
o ~ - - B 2050 smns
-igz |-e.2 8 2225 |soos 2 104 15 v 00008 2mne
N o = 00000 25mins
- 08 Fiep 25 3 00000 somns
23 000t Time: 2:07 ¢ 00000 ssms
P > 00000 omns
00000 4smins
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run O0000D0 somins
ime: me: 7
5 - 00000 ssms
TRAILING EDGE TRAILING EDGE i = 2z 00000 7omns
Fisp Flap = . 00000 75mins
— Flap | ¢S 23 2 00000 somins
i - 00000 ssmins
2008 00000 somins
OO0 D00 O ssmins
0O 0 O O O 100 mins
cup 00000 105mins
00 00 O tomins
00000 15mins
00 O 0O O 120mins
1]
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Psion 1 Aspraximatly 10 6 p o th leadig edge sagnation i
Wing Postion 2,3, 4,5 At equa ditances (spprximately 15 ) aong e ing chor
Wing Postion 7 Approximately 15 e from raling edge:
Wig Postion s Asproximately 2.5 e from g edge; and
Wing Postion s Midway up th fap
‘can be ommitted with approval of the project coordinator General Cc
OBSERVER: 2% 0o
hckness,

Figure C118: Run # 118
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

95 mins.
100 mins.
105 mins
110 mins.
115 mins.

Date: |
¢
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After Wing | After Fiuid | After Precip T“:‘e’" Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application | T Position | Application [ Application [TakeoffRun| ¢ 5 3 4 B o
2
s
T2 -1..3 -202 |-w.5 2 250 2.0 1 g/gﬁmlﬁ $mine
) 2 @B BT 16 mins
RCT T -8, -85 8 2172 |zo0.2 2 119 152 3 000D O0 20mns
L T R R -20.3 Flap 135 3 SBEEBE #m
Time: | 0. 24 00:56¢ | 1112 Time: |oo:ul | co:s% 4 00000 smns
5 P - 00000 40mns
z=e - OO0 000 4smins
5 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
5 - - N 00000 ssmns
TRAILING EDGE TRAILING EDGE 23 20C i 00000 7omns
Flap - N P 0000Q 75mns
i i * DOO00O eomns
U = 00000 esmins
Time: Joo ol o052 DOO0O00 somns
OO0 000 smins
0O O O O O 100mins
OO0 00 O 105mins
0O 00O O 1omins
00000 15mins
00000 120mins
LEADING EDGE LE’AD'!NG EDGE
Comments: Comments: Wing Posion1: Appasimatsy 10 6m up fom e fadig e stagnaton point:
Wing Postion 2.3,4,5: AL sy disances (approimatly 1 o) the win chor
Wing Posion7: Aoty 15 o fom i s
Wing Poston 8 Apasimetey 2.5 e fom ang e
Wing Pstion 8 Midway up th fap
can e ommites wi aproval of h projctcoorinaor General C:
OBSERVER: o1
Tickness,
.
Figure C119: Run # 119
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: by 2
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing | After Fluid | After Precip T‘E‘E’R Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Posiion | Appiication [ Appiication | e Position | Application | Application [TekeoffRun| 4 5 o 4 2 oo
ﬁd?a 5 mins.
2 |-w.e |07 [-20.4 [-203 2 Ja41s 225 a0 ! %{xzﬁz(m’u 10mins
3 = - OO00O0O0 15mns
L B RreA -26.0 8 215 2 M2 158 2 OOO0O0O0 20mis
e e =] [ 5g858Ew
Time: | 1: 41 1.He 2:02 2,15 Time: | 1:50 2.02 4 00000 35mns
s - - - 0OO0O0O «mns
20 2= i 00000 4smis
6 00000 so0mins
Wing and Plate Condition Wing and Plate Condition 0O0Q0QQ ssmis
Before the Takeoff Run After the Takeoff Run - 00000 eomns
Time: Time:
. OO0 0O 0 esmins
TRAILING EDGE TRAILING EDGE & is8 158 ki 00000 7omns
Flap Flap - 00000 7smins
Flap 43 i 00000 somns
- P 00000 ssmins
Tme: st fzow |27 ODD0O000 somns
ooooo
ooooog
oocooo
ocoooo
ogoooo
ooooo

LEADING EDGE

IComments: Comme

LEADING EDGE

Wing Postir

nts: : Approximately 10 o up from theleacing eoge stagnaton pint;

Wing Postion 2,3, 4, 5: At equal distancs (spproximatoly 15 o) along the wing chard;

Wing Posiion 7: Approximately 15 om from taing edge:

Wing Posiion 8: Aproximately 2.6 from traing ece; and

Note Inan atempt to opimiza Uming of test, snaded box measurerments

can be ommited wih approvalof the proectcoordinator

OBSERVER:

Wing Posiion 3 Micway up he lap.

General C:

120 mins.

Thickness,

Figure C120: Run # 120
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APPENDIX C

Date:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run: 121 (20

WING TEMPERATURE (Taken From NRC Logger)

FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| Atter fluid | Atter Precip | After Wing | After Fiuid | After Precip TA:‘"" Wing | After fluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application | 2" Position | Application | Application |Takeoff Run 2 L
T s
s
T2 -1z |-17-1 |-20c -2 2 2.0 |27.0 30.0 ! zrgrm/e/g’m"l?;
" - - OoQO0O0 smns
L PR g2 |-mn 8 225 |30.0 2 150 158 3 00000 wmme
7.5 a8 s 00000 25mins
R fak) TR Rl Rep 2475 |20 2 00000 somns
Time: | 2 33 2:50 ERY 302 Time: | z:ua | 2:02 313 4 00000 35mins
o o 00000 4mins
5 |00 | =e ki D000 D mns
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run B OO0O0D0 O somins
me: Time:
- 00000 ssmins
TRAILING EDGE TRAILING EDGE 8 |=s 158 ! 0O0O00 7omns
Pl Fiag b
3 : N I i
ime: P az . 00000 ssmins
Time: | 2: 4 302 |2y 00000 somne
00000 esmins
.2 e s 0000 O 100mins
NN N NN 00000 1wsmns
T e e OO0 00 D0 1omins
: 0000 O 11smins
000 0 0 120mins
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Potion : Appecximately 10 up rom e eading ecge stagnain pint
Wing Posion 2. 3,4, At equal istances (sppeximatly 15 ) alon the wing chors
Wing Pstion 7 Aspoximately 16 e fom tlin ades
Wing Psiion & Appcximatly 2.5 e fom traling ecges and
Wing Pstion s Misway up the fap
Note: 1 attempt 0 apimize o o i, shad Dox measurements
‘can be ommitted with approval of the project coordinator General
OBSERVER: ERirE
hickess,
.
Figure C121: Run # 121
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: 2022 Run:
v
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fiuid| Atter fiuid | After Precip | After wing | fte Fuia | After recip | AT Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application [ Application | 7" Position | Application | Application [TokeoffRun| 4 5 5 4 B g
@ s mi
LET e |-z |-mu 2 £ 26.5 29.0 1 g%gg& wm‘z
s = ‘8.1 = = Oo00O0Q0 15mins
T |- 5 8.7 8 2125 |[28.3 2 80 124 S 00000 20mins
25
Time: [ z: 27 3:59 Time: BETE S 4 00000 ssmns
B B - P 00000 mns
e i 00000 4smis
6 OO0 000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 5 00000 somis
Time: Time:
s o = n 00000 esmins
TRAILING EDGE TRAILING EDGE ¢ 134 °© 00000 7oms
Flap Fiap Flap ® 00000 75mins
—= 00000 eomns
ime: 25 = CO0QgQ ssmins
Tme: fs 22 |2 5o COD0O0D0 soms
00000 e5mins
000 0 0 100mins
000 OO 105mins
00 OO0 O 11omins
000 OO0 115mins
00 O 0 O 120mins

LEADING EDGE
(Comments:

LEADING EDGE

Wing Postion 1: Approximately 10 cm up from the leaing edge sagnaton paint,

Comments:

Wing Postion 2,3, 4, 5: At equal distances (spproximately 15 o) along the wing chord;

Wing Positon 7: Approximately 15 o from taling edpe:

Wing Postion & Approxmately 2.6 e from traing ece; anc

Wing Postion 9 Midway up the lap

can be omited with approvalof the project coordinator

OBSERVER: REILE

General C

Thickness,

Figure C122: Run # 122
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date:

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING

Wing |Before Fluid| After fluid | After Precip | After Wing | After Fiuid | After Precip Wing | After fluid | After Precip |  After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Position | Application | Application | Takeoff Run

N

time
5 mins
10 mins
15 mins
20 mins
25 mins.
30 mins

1

-19.5 -19.6 2 3¢.0 2%

©

EG] %

8 713 2 a6 119 H

Flap 2.5

Tme: 420 [ursq [sos 4

35 mins
40 mins
45 mins
50 mins
55 mins
60 mins

Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: Time:

65 mins
70 mins
75 mins
80 mins
85 mins
90 mins

TRAILING EOGE TRAILING EDGE
Fiap Flap

T

95 mins
100 mins
105 mins
110 mins

3

gooooo oooooo oooooo EJEL&EUQQ"‘
0o0ooo0o 000000 000000 HEEEEES

0oooooo 000000 oooooo EIEEIE\ELEI{\DN

000000 000000 000000 EENER
Ooooooo 0ooooo oooooo L\\\El\

120 mins

LEADING EDGE LEADING EDGE
Comments: Comments: Wing Paion 1 Aproimtely 10 cm o h escing adge sagnain

Wing Posiion 2, 3, 4,5 At equal isances (spproximately 15 o) along the wing chor;

Wing Posiion 5 Approximatay 30 om from traiing edge

Wing Posiion 7: Approximately 15 em from traing edge

Wing Postion 8 Appraximatey 2.5 o from tafing edge; and

Wing Posiion : Midway up the iap

an be ommitied with approval of the project coordinator General Comments:

OBSERVER: 22 e

Thckness,

Figure C123: Run # 123

No Data Available

Figure C124: Run # 124
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No Data

Available

Figure C125: Run # 125

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing | Before Fiuid| After fluid | After Precip | After wing | fter Fuia | Atterprecip | A" Wing | Atter fiuid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’R:: Position | Application | Application |Takeoff Run
T2 |-z % -5.] -¢.2 |-3.2 2 27.0 20.5 1
5 -3.2 ~2.% 8 20.5 2 104 127% 2
U |-2.2 I 3.3 Flap .25 |25.3 3
Time: | 2; 22 09 225 Time: |22 0% 4
5 150 10
Wing and Plate Condition Wing and Plate Condiion °
Before the Takeoff Run After the Takeoff Run =
Time: Time:
TRALING EDGE_© TRAILING EDGE 8 12 =
. 2
Flap d Flap ES ) [
L L] .
e J Time: | 22 o7 253

LEADING EDGE
Comments:

Comments:

LEADING EDGE

Wing Posilon 1: Approximately 10 cm up from the Jeadin ecge stagnaton pant:

Wing Posiion 2,3, 4, 5: At equa istances (spproximately 15 c) along the wing choré;

an be ommited with approval of e project coordinator

‘OBSERVER:

Wing Postion 7: Approximately 16 e from traing edge:
Wing Postion 8: Approximately 2.5 e from traiing edge; and

Wing Postion s Midway up he fap.

General Comments:

CYCLE TRACKING

w

time
5mins
10 mins
15 mins
20 mins
25 mins
30 mins

£
[potd

&
&
L

35 mins
40 mins

65 mins
70 mins
75 mins.
80 mins.
85 mins.
50 mins

oo oooooo DDE{Q\

95 mins
100 mins
105 mins
110 mins
115 mins.
120 mins

000000 0OO0oo0ooo ooooog DQN\EKQ&\-‘

0oooooo 0ooooo 000o0oo ORE|
000000 oooooo oooooo [:IIQ
000000 oooooo oooooo [:IE(\

oopooo oooog

Trickness,

Figure

C126: Run # 126
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Runi_127 (2084
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLOID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip | After Wing | Atter Fiuid | After Precip T:a‘g’" Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run 123 4 % time
- G E smins
™ |-33 ) -4 2 any ! BE T 10mns
. = =~ R 00000 15mins
™ N 4 R =2 <! 0DO0D0O0O zomns
2 - - 0O00D0 2smns
R 3.7 Flsp e dry 2 0O0DO0O0 somns
Time: | 22.55 | 09: 1 90, 5% 110 Time: |25: /2 |o0:38 o 4 OO0 D00 35mns
— ; OOOO0O0 40mns
R 200 A DO0O0D 4smns
OO0 000 somins
s 6 !
Wing and Pate Condition Wing and Plate Condifion 00000 ssmns
Before the Takeoff Run After the Takeoff Run B OOOO0 somns
Time: | Time:
s - 0D OO0 esmns
TRAILING EDGE = 00000 romns
Fiap 00000 75mns
Flep e <! OO0D0CO eomns
. o 00000 ssmis
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ing poston 7 Aoty 15 e from ain e
Wing Poston s Apprasimstey 2.5 e fom g sdges
Wi Pstion s Wiy p e
can b ommite sz of ot coordntr General C
OBSERVER: B8 12
s,
.
Figure C127: Run # 127
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
{
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fiuid | After Precip | After wing | Afer Fiuid | After Precip [ :"’" Wing | Afterfluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ”:: Position | Application | Application | Takeoff Run| 12 43 time
s AT e
T fozz |- o= R 36.2 s
3.5 S.¢ 6.7 -5.9 2 |ses | o |23 ! %57’55?;2{ 10 mins
= [ 15 mins.
i - -y 5.2 2= |z 2 - 2
6.0 4.8 5.2 8 16.2 30.0 2 5 1273 2 FEE & 5 20 mins
00 00O 25mins
T 2 |-z \ 2522
v =52 o |-¢.t Rep 528 3 DO0D00O somms
Time: 22 . 2 z ime: 209 24
ime: | 132 | w202 |z Time: 2.0 2:2 4 00000 ssmins
= OOOO0O 4omns
s 20 3 OOO0C0D 4smns
OO OO0 somins
Wing and Plate Condifion Wing and Plate Condition ¢ 00000 ssmns
Before the Takeoff Run After the Takeoff Run B 00000 somns
me: ;
° 8 . T 00000 ssmis
TRAILING EDGE TRAILING EDGE e 142 o 000004 7omns
) Fap Fiap N » ; 00000 7smns
4 L 2 ' 00000 soms
ime: = 00000 ssmins
Time: 43 ikad OOO0O0O0 somns
00000 esmins
O0O0O0O0O0 100mns
0000 O 105mins
0000 O 10mins
00 00 0 15mins
0000 0O 120mins
LEADlN}; EDGE LEADlNgE DGE
(Comments: C Wing Positon 1; Approximately 10 cm up from the leading edge stagnation point;
g Posion 2,3, 4,5 At equl dtances (sproximatly 5 ) slong the win chors
Wing Pastion & psrosimtely 20 o traing o
Wing Poston 7 Approximatety 18 e rm g scge;
Wi Poston 8 Approximately 2.5 e o raling s snd

can be ommited wih approval of the projectcoordinator

OBSERVER:

0y
®

Wing Posiion 0 Midway up the ip

General Comments:

Thickaess,

Figure C128: Run # 128
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Vznun Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID THICKNESS (mil)
Wing |Before Fluid| After fluid | After Precip After 7:::'" Wing After fluid After
Position | Application | Application | Application | Takeoff Run Ru Position | Application | Takeoff Run
T2 |-es |7 -10.0 -3, dry 1
LR 1.2 -7.3 ~q, 2175 2 1ne <)
U .. |-77 _eo 30.0 3
Time: |2 <2 248 |28 32 226 4
5 200 4
- 6
Wing and Plate Condition
Before the Takeoff Run 7
Time:
TRAILING EDGE 8 o
L) Flap Lo i
cthon | Time: 3:28
Fiap

LEADING EDGE
Comments:

Comments:,

Note: Inan atempt to opimize tiing of test, shaded box messurements

can be omited with approvalof the project coordinator

Wing Posiion 1: Approximately 10 om up from th ieading edge stagnaton paint

Wing Posiion , 3, 4, 5: At equa distances approximatey 15 o) along the wing chor;

Wing Postion 6 Approximately 30 cmfrom talng odge:
Wing Postion 7: Approximately 15 cmfrom taing edge:
Wing Postion 8 Approximately 2.5 from talng edge; and

Wing Postion 3 Midway up the iap

CYCLE TRACKING

old

.
'S

time
5mins
10 mins
15 mins
20 mins.
25 mins.
30 mins.

by
&

35 mins.
40 mins.
45 mins.
50 mins.
55 mins.
60 mins

65 mins
70 mins.
75 mins
80 mins
85 mins
90 mins

95 mins.
100 mins
105 mins
110 mins
115 mins
120 mins

oooooo oooooo oooooo oooNyE -~
000000 000000 000000 oooomos
000000 000000 0oO0oooo 0000y
000ooo 0oooooo oooooo EI[:IDDIX(
Ooo00oo 0ooooo oooooo O0o0D0oN

Trickness,

Figure C129: Run # 129
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APPENDIX D

2021-22 LOG OF TESTS CONDUCTED WITH THIN HIGH PERFORMANCE
WING SECTION - RJ WING






APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing

o Tz o
= 2 o
— il ) b 5 =
g 2 0 e © 9 — = = _ =
. 5 o 2 R | 2 2 E B I S =
) - G P
« | .1 | & | 8 | & |£|= | 5| 85 e 2|2 | E§|=|=| 5| ¢
B 5 [ ° 5 z c 22 ° = © © S S5 5 > E) 3 E
5] < 2 ) = £ = Es = &
o a = 2 o o L2 (g- =) - c 5] s o T = © ) ) © o
= 2 3 ot = 5 < - O T -2 = = © © = 5
= 3 [ 5 < 22 @ © ° 2 o & 5 2
(= o g $ o = = £ o z o - a
T == < H 2 = (7] N =
S E ° o o =
©S > >
ES < <
o Dr
1 Jan- POO1 Baseline Wir\{g none 8 100 20 -0.27% -4.6 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
o Dr
2 Jan- P002 Baseline Wir\{g none 22 80 20 0.41% -4.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
9. Type IV
3 | Jdan | prag | Validation gy | ClearWing g | 40 | 20 | 8.9a% 54 | 49 | 87 |75 | - | - | - |15 2 2 2.9 1 175 | 2 1 1 1.15
22 and New ECO
Fluids
9. Type IV
4 | Jan | proy | Validation ip- | CleaWing | g | yo0 | 20 | 7.23% 7 65 | 86 |25 | - | - | - |s0| 2 19 | 275 | 105 | 135 | 175 | 1 1 1.25
22 and New ECO
Fluids
10- Type IV
5 Jan- | pogo | Vaidation ) pyoy | ChemR 8 | 100 | 20 | 1.16% 9.1 7.7 | 124 | 75 | - - - | s | 21 2 4 1 1.1 1.2 1 1 1.05
22 and New Nordik IV
Fluids
10- Type IV
6 | Jan- | Pogg | Validation gy | Defrost 8 | 100 | 20 | 1.91% 0 | 96 | 132 [ 75 | - | - | - | 25 | 235 | 225 | 4 1 11 | 125 | 1 1 1.05
22 and New NORTH 4
Fluids
10- Type IV
7 Jan- P191 \;:";d:‘e“x‘ IPMod | FCY-EGIV 8 100 | 20 1.77% -1 98 | -142 | 75 - - - 25 | 27 2 4 1 1.1 1.5 1 1 1.05
22 Fluids
10- TRe Y Polar
8 Jan- | p21p | Validation i Guard® 8 100 | 20 | 7.57% 1.3 | 96 [ 111 | 25 | 10 | - - | 15 2 1.9 3.1 1 2.25 2 1 1.15 | 1.65
22 and New SN- Xtend
Fluids
10- Dr
9 Jan- POO1 Baseline Wir?g none 8 115 20 0.41% -16.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
10- Dr
10 Jan- P002 Baseline Wir\{g none 22 80 20 1.23% -16.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
10- EG Type ChemR
1 Jan- P597 v IP Mod - 8 100 20 3.14% -18.3 -14.7 =172 75 = = = 25 3.05 2.9 4 1 1.2 1.35 1 1 1.1
22 Expansion berclli 0%
Type IV
10- Validation Relay
12 Jan- P219 1) ey IP Mod Guard® 8 115 20 8.94% -19.2 =1E.2 -16.6 75 = = = 10 2.25 2 3.65 1 1.9 2.3 1 1.1 1.35
22 Fluids Xtend
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o Tz o
1 s [ |5
g L e o 2 - = = _ =
s ° ] 5> ol S S|z 5| 5| E
*® 2 ) =) N o ? o _ o E E B =
s | | 5| & | 8| & |2|3.|¢2]| 8¢ < O I (- - - -
% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
el e | g | =2 | ¢ | = |[2|8%| 2| =6 Sl eg| e || el e|e|cze
3 o % 2 g ] 3 g -2 = 5 ] g 5 ]
[ L3 o o L8 @ o o «© 4 4 = @
ki s s 5 & = £ £ o =z o« = 2
T == < H 2 = [ N 2
S & © o o
o35 > >
ES < <
- DU Polar
13 Jan- | P217 Scatio! 1P- Guard® 8 115 | 20 | 9.35% 208 | 175 | -15.9 | 25 | - - - | 30 | 2.08 2 3.55 | 1.05 2 2.4 1 1.1 1.65
and New
22 H Xtend
Fluids
11- Type IV
14 Jan- P0O79 Nalcaticl A Chng 8 100 20 4.77% -21.4 -18.2 -16.1 - - = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
and New Only Nordik IV
22 H
Fluids
11- Type IV
Validation Fluid Defrost @
15 Jza;- P105 and New Only NORTH 4 8 100 20 5.32% -22 -18.7 -15.7 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Fluids
11- Type IV
16 | Jan- | p1gg | Validation Fluid | ClearWing | = g 100 | 20 | 10.85% 227 | <176 | -15.8 | - - - - - n/a n/a nla nla nla n/a n/a n/a n/a
and New Only ECO
22 .
Fluids
Type IV
- Validation |  Fluid
17 Jan- P201 FCY-EGIV 8 100 20 3.55% -22.8 -19.3 -16.9 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
and New Only
22 .
Fluids
- vanation | Fiud Polar
18 Jan- | P225 e o Guard® 8 100 [ 20 | 6.41% 232 | 197 | -17.2 | - - - - - nfa nfa n/a n/a n/a n/a n/a n/a n/a
and New Only
22 . Xtend
Fluids
- Valition pole
19 Jan- P217 IP- Guard® 8 115 20 8.25% -23.9 =187 -19.4 25 = = = 20 2.25 2.05 3.3 1.05 2 2.2 1 1.1 1.3
and New
22 . Xtend
Fluids
Type IV
11- Validation ClearWin
20 Jan- P124 IP- 9 8 115 20 11.87% -24.3 -19.9 -19.8 25 = = = 20 2 2 2.85 1.1 2 2.45 1 1.2 1.6
and New ECO
22 .
Fluids
11- D
21 Jan- POO1 Baseline Wirr:/g none 8 100 20 0.34% -19.1 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
11- Dr
22 Jan- P002 Baseline Wir:/g none 22 80 20 0.48% -19.1 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
- ECKYES Defrost
23 Jan- P626 v IP Mod 8 100 20 4.91% -18.6 -14.7 =175 75 = = = 25 3.25 2.9 4 1 1.15 1.35 1 1.1 1.15
. NORTH 4
22 Expansion
11- EG Type
24 Jan- P655 v IP Mod FCY-EGIV 8 100 20 4.71% -18.6 -14.5 -17.9 75 e e e 25 3.25 3 4 1 1.15 1.85 1 1 1
22 Expansion
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o T 3
1 s [ |5
s 3y S ® 2 e
s ° ] 5> ol S S|z 5| 5| E
*® 2 ) =) N o ? o _ o E E B =
s | | 5| & | 8| & |2|3.|¢2]| 8¢ < O I (- - - -
% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
3 8 o z S - k] ax =3 2e s 53 5 < o 2 e o 3
3 o % 2 g ] 3 g -2 = 5 ] g 5 ]
[ L3 o o L8 @ o o «© 4 4 = @
ki s s 5 & = £ £ o =z o« = 2
T == < H 2 = [ N 2
Q& o o o
o35 > >
ES < <
10 Type IV
25 Jan- | P123 Validation | 5 vy | ClearWing | g 115 | 20 n/a nla 149 | 167 | 75 | - - - 10 | na nla n/a n/a n/a n/a n/a n/a n/a
and New ECO
22 a
Fluids
10 Type IV
26 | Jan | pigg | Validation o,y | ClearWing | g | 445 | 20 | 9.41% 73 | 122 | cs0 [ 75 | - | - | - | 10| 2 |18 | 3 |15 | 2 | 218 | 1 135 | 1.75
and New ECO
22 H
Fluids
12- Type IV ~
27 | Jan | pigg | Validation | Flud f ClearWing | g | 4100 | 20 | 10.50% 170 | 128 | s | - [ - | - | - | - | va | na | wa | na | wa| na | wa| va | wa
and New Only ECO
22 . 7
Fluids
2 Valtion Poler
28 Jan- P217 IP- Guard® 8 115 20 6.48% -16.9 -11.6 -14.0 25 = = = 30 2.1 2 3 1 1.835 1.85 1 1.056 1.25
and New
22 H Xtend
Fluids
12 vanation | Fiud Polar
29 Jan- P224 Guard® 8 100 20 6.28% -16.7 -10.7 -11.7 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
and New Only
22 H Xtend
Fluids
12- Dr
30 Jan- POO1 Baseline Wi:g none 8 100 20 -0.27% -8.1 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
12- Dr
31 Jan- P002 Baseline Wir?g none 22 80 20 0.75% -8.1 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
2 Vatation pole
32 Jan- P203 IP- Guard® 8 100 20 3.75% -7.6 -4.4 -8.1 25 = = = 50 2 1.8 3 1 1.2 1.4 1 1 1.05
and New
22 . Xtend
Fluids
Type IV
13- Validation ChemR
33 Jan- PO55 IP- - 8 100 20 1.23% -7.8 -4.4 £.3 25 = = = 70 2.25 1.9 4 1 1.1 1.25 1 1 1.05
and New Nordik IV
22 0
Fluids
13- HE 1y Defrost
34 Jan- P608 v IP- 8 100 20 0.89% -7.7 [0 -8.8 25 = = = 90 2.6 2.15 4 1 1 1 1 1 1
" NORTH 4
22 Expansion
13- EG Type
35 Jan- P637 v IP- FCY-EGIV 8 100 20 1.50% -7.5 -4.2 -8.1 25 = = = 90 2.7 2.2 4 1 1 1.05 1 1 1
22 Expansion
13- Dr
36 Jan- POO1 Baseline Wir\{g none 8 100 20 -0.34% -6.8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o Tz o
1 s [ |5
g L e o 2 - = = _ =
: o ] E2 < 3 s E| S| E| | €
> = ] = N o B © _ o o E £ ~ =
s | | 5| & | 8| & |2|3.|¢2]| 8¢ < O I (- - - -
% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
el e | g | = | ¢ | =2 |2|&8%| 2| 55 g | 32| e || gl e|l |z
3 o % 2 g ] 3 g -2 = 5 ] g 5 ]
[ L3 o o L8 @ o o «© 4 o = 2
[~ o« e $ o = = £ o z o 4 =3
T == < H 2 = (7] N =
S E ° o o =
o35 > >
ES < <
13- Dr
37 Jan- P002 Baseline Wi:g none 22 80 20 -0.07% -6.8 n/a n/a - - - - = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
13- st Polar
38 Jan- | P208 SCEHON | b pog Guard® 8 100 | 20 | 4.23% 6.7 3.4 9.1 75 | - - - | 15 | 2.08 2 3 1 1.35 | 1.35 1 1 1.05
and New
22 q Xtend
Fluids
13- EG Type
39 Jan- P642 v IP Mod FCY-EGIV 8 100 20 1.16% -6.2 -4.3 -10.7 75 = = = 45 3.5 3.1 4 1 1 1.056 1 1 1
22 Expansion
14- Type IV
40 | Jan- | Poge | Validation | pygy | Defrost 8 | 100 | 20 | 1.23% 61 | 36 | 114 | 75 | - - - |85 | 3 24 4 1 1 1.15 1 1 1
and New NORTH 4
22 .
Fluids
14- Type IV
Validation IP-/ Defrost o
41 Jan- P082 and New SN- NORTH 4 8 100 20 0.95% -5.62 -4.9 -9.8 25 10 = = 50 3 2.35 4 1 1.15 1.05 1 1 1
22 .
Fluids
14- Type IV
42 | Jan- | p1ge | Validation Fluid | ClearWing | ¢ 100 | 20 | 8.32% 58 | -4.9 6.4 - - - - - n/a n/a n/a nla n/a n/a n/a n/a n/a
and New Only ECO
22 .
Fluids
14 Type IV
43 | Jan- | piog | Validation I/ | ClearWing | g 100 | 20 | 9.00% 67 | 36 84 | 25 | 10 | - - | a0 | 24 2 375 | 11 2 2.75 1 1.15 2
and New SN- ECO
22 .
Fluids
14 V-IE;\I/iz:tliZn Fluid Relay
a4 Jan- P222 Guard® 8 100 20 5.66% -7.6 -5.8 -6.0 = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
and New Only
22 . Xtend
Fluids
16- Dr
45 Jan- POO1 Baseline Wir\{g none 8 100 20 -0.75% -16.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
16- Dr
46 Jan- P002 Baseline Wir:/g none 22 80 20 0.82% -16.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
16- EG Type ChemR
a7 Jan- P595 v IP- - 8 100 20 1.64% -16.7 =188 —15:3 25 = = = 50 2.25 1.95 3.2 1 1.2 1.2 1 1 1
. Nordik IV
22 Expansion
17- 25 Tvfe Defrost
48 Jan- P624 v IP- 8 100 20 2.93% -15.6 -13.4 -15.0 25 e e e 70 2.75 2.35 3.8 1 1.1 1.35 1 1 1.05
. NORTH 4
22 Expansion
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o = i
2z T 2
s Ee o © e S I P I
: o ] E2 < 3 s E| S| E| | €
** ] o =l N 51 @ o _ © o £ £ b =
s | | 5| & | 8| & |2|3.|¢2]| 8¢ < O I (- - - -
% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
ot o “ = o T = == ) e c S 5o 5 = o @ o % [
3 3 7 2 s g 39 2 e s | 8| 2| 8| 3
[ L3 o o L8 @ o o «© 4 o = 2
[~ o« e $ o = = £ o z o 4 =3
T == < H 2 = (7] N b3
S & © o o “
o35 > >
ES < <
17- EG Type
49 Jan- P653 v IP- FCY-EGIV 8 100 20 2.52% -14.4 -11.5 -14.2 25 e e e 60 2.55 2.25 3.565 1 1.1 1.2 1 1 1
22 Expansion
17 Type IV
50 | Jan- | p1g7 | Validation IP- ClearWing | g | 115 | 20 | 9.28% 31 | 14 | 27 [2s | - | - | - |30 | 2 19 | 275 | 125 | 2 21 | 12 | 13 | 18
and New ECO
22 H
Fluids
17 vTJiZZt'i\Jn 1P-/ Polar
51 Jan- P218 Guard® 8 115 20 7.91% -11.9 -10.6 -10.4 25 10 = = 15 2.4 2.1 3 1.1 1.85 2.1 1 1.1 1.25
and New SN-
22 p Xtend
Fluids
17- Dr
52 Jan- POO1 Baseline Wi:g none 8 100 20 -0.34% -6.3 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
17- Dr
53 Jan- P0O02 Baseline Wi:g none 22 80 20 -0.07% -6.3 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
17 Type IV
54 | Jan- | posg | Validation 14 ChemR 8 100 | 20 | 4.02% 74 | 55 72 |25 | - | 25 | - | 40 3 2.8 5 1 1.05 5 1 1 5
and New ZR- Nordik IV
22 .
Fluids
18 Type IV
Validation IP-/ Defrost
55 Jzag- P0O84 e ey ZR- NORTH 4 8 100 20 4.50% -8.56 =771 -8.3 25 = 25 = 40 2.85 2.55 5 1 1 5 1 1 5
Fluids
18 Type IV
56 | Jan- | P110 | Validation IP-/ | ClearWing | g | 400 | 20 | 8.12% 86 | 80 | 69 |25 | - | 25| - | 25| 28 | 255 | s 1 15 5 1 115 | 5
and New ZR- ECO
22 .
Fluids
Type IV
18- Validation IP- /
57 Jan- P182 FCY-EGIV 8 100 20 4.71% -9.1 =743 =79 25 = 25 = 40 3 2.65 5 1 1 5 1 1 5
and New ZR-
22 0
Fluids
18- vTangztliZn 1P- / Relay
58 Jan- P206 Guard® 8 100 20 6.75% -9.9 -8.6 -7.4 25 = 25 = 25 3 2.85 5 1 1.35 5 1 1.1 5
and New ZR-
22 N Xtend
Fluids
18- Type IV
59 | Jan | p1g7 | Validation | Fluid | ClearWing | g | 400 | 20 | 9.41% 09 | 97 |04 [ - | - | - | - | - | na | wa| na | wal| wva | na| val| na | na
22 and New Only ECO
Fluids
18- Dr
60 Jan- POO1 Baseline Wir\{g none 8 100 20 -0.20% -16 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o g i
2z [ P
g £9 3] 2 e S P O
< @ < g2 < S g S|l s 5| = E
* ) ° ) - G I o _ o £ £ & =
s | | 5| & | 8| & |2|3.|¢2]| 8¢ < O I (- - - -
% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
el e | g | =2 | ¢ | = |[2|8%| 2| =6 Sl eg| e || el e|e|cze
3 o % 2 g ] 3 g -2 = 5 ] g 5 ]
[ L3 o o L8 @ o o «© 4 4 = @
ki s s 5 & = £ £ o =z o« = 2
T == < H 2 = (7] N =
S E ° o o =
o35 > >
ES < <
18- Dr
61 Jan- P002 Baseline Wi:g none 22 80 20 0.82% -16 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
18- Dr
62 Jan- POO1 Baseline Wi:g none 8 100 20 -0.41% -16.2 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
18- Dr
63 Jan- P0O02 Baseline Wi:g none 22 80 20 0.27% -16.2 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
18- Type IV
64 | Jan- | Ppops | Validation ok ChemR 8 100 | 20 | 2.05% 7.3 | 123 | 139 | 25 | 10 | - - | 30 | 285 | 245 | 37 1 115 | 1.5 1 1.05 | 1.15
22 and New SN- Nordik IV
Fluids
19- Type IV
Validation IP-/ Defrost @
65 Jzag- P090 and New SN- NORTH 4 8 100 20 3.82% -17.5 -11.7 -14.2 25 10 = = 30 2.9 2.5 3.85 1 1.15 1.45 1 1 1.15
Fluids
Type IV
19 Validation IP-/
66 Jan- P188 FCY-EGIV 8 100 20 3.14% -17.5 -11.9 -14.5 25 10 = = 30 2.95 2.5 3.95 1.05 1.15 1.4 1.05 1.05 1.15
29 and New SN-
Fluids
19 Type IV
67 | Jan- | p1ap | Velidation I/ | ClearWing | g 115 | 20 | 9.21% 7.2 | 130 | 131 | 25 | 10 | - - | 15| 26 | 23 3 11 16 | 1.95 6 115 | 1.5
and New SN- ECO
22 .
Fluids
19- V-IE;\I/iz:tliZn 1P-/ Polar
68 Jan- P218 Guard® 8 115 20 6.28% -16.7 -12.9 1285 25 10 = = 15 2.55 2.25 3 1.1 1.2 1.6 1.1 1.15 1.45
and New SN-
22 . Xtend
Fluids
19- PG Type Polar
69 Jan- P469 v IP Mod Guard® 8 115 20 6.68% -16.2 =187 =155 75 = = = 15 3 2.6 4 1.05 1.5 2.5 1.05 1.1 1.15
22 Expansion Advance
19- Dr
70 Jan- POO1 Baseline Wir\{g none 8 100 20 -1.09% -4.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
19- Dr
7 Jan- P002 Baseline Wir\{g none 22 80 20 0.95% -4.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
19 Type IV
72 | Jan- | pose | Validation ot Chlernit 8 | 100 | 20 | 0.61% 581 | 26 | 89 [25 | 10| - | - |50 | 3 2.5 4 1 15 | 115 | 1 1 1
22 and New SN- Nordik IV
Fluids
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)
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% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
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3 o % 2 g ] 3 g -2 = 5 ] g 5 ]
[ L3 o o L8 @ o o «© 4 4 = @
ki s s 5 & = £ £ o =z o« = 2
T == < H 2 = (7] N =
S E ° o o =
o35 > >
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20- VTTizetlivn 1P-/ Polar
73 Jan- | P204 Scatio! Guard® 8 100 | 20 | 5.87% 8.3 5.5 95 | 25 [ 10 | - - | 40 | 275 | 2.5 4 1.05 | 1.4 2.5 1 1.1 1.3
and New SN-
22 H Xtend
Fluids
20- DU P Polar
74 Jan- P216 Mod/Z Guard® 8 100 20 5.93% -10.9 -7.9 -10.2 75 e 13 e 7 2.4 2.05 3 1 1.15 1.65 1 1.05 1.2
and New
22 q D Xtend
Fluids
20- vTJiZZt'i\Jn P ChemR
75 Jan- P068 Mod/Z 1 8 100 20 1.43% -12 -9.9 -12.9 75 = 13 = 10 2.6 2.3 2.65 1 1.1 1.2 1 1.05 1.05
and New Nordik IV
22 . D
Fluids
20- EG Type P Defrost
76 Jan- P622 v Mod/Z 8 100 20 3.68% -13.4 -10.7 -13.56 75 = 13 = 20 3 2.9 4 1 1.1 4 1 1 4
. NORTH 4
22 Expansion D
20- EG Type DOW
77 Jan- P243 v IP- 8 100 20 0.82% -16 -13.6 -16.0 25 = = = 50 2.55 2.05 3.8 1 1.1 1.25 1 1.056 1.05
0 EG106
22 Expansion
20- Dr
78 Jan- POO1 Baseline Wi:g none 8 100 20 -0.48% -18.8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
20- Dr
79 Jan- P002 Baseline Wir?g none 22 80 20 0.00% -18.8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
20- EG Type
80 | Jan- | P596 v ! et 8 | 100 | 20 | 252% 185 | 150 | <161 [ 25 | 10 [ - | - |30 | 3 27 | 37 1 12 | 145 | 1 |
. SN- Nordik IV
22 Expansion
20- EG Type .
81 Jan- | P273 v ISPN/ C'efgév'"g 8 100 | 20 | 7.23% -19.6 | 160 | -17.7 | 25 | 10 | - - | 30 3 2.55 4 115 | 1.85 [ 26 | 1.05 [ 1.35 | 22
22 Expansion
21- 126 10722 ClearWin
82 Jan- P274 v IP Mod EG 9 8 100 20 3.82% -20.6 -17.6 =1le.2 75 = = = 25 3.7 3 4 1 1.4 2.5 1 1.1 2.15
22 Expansion
21- 25 Tvfe ClearWin
83 Jan- P272 v IP- EG 9 8 100 20 3.55% -21.5 =17.7 =177 25 = = = 50 2.65 2.5 4 1.1 1.45 2.05 1.1 1.15 1.45
22 Expansion
21- EG Type Max
84 Jan- P301 v IP- Flight 8 100 20 3.07% -22.2 -18.1 -19.5 25 e e e 50 2.65 2.45 3.6 1 1.3 1.7 1 1 1.05
22 Expansion AVIA
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)
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21- EG Type ChemR -
85 Jan- P600 v IP Mod Nordik IV 8 100 20 2.93% 22.7 -19.0 -20.4 75 e e e 20 3.3 3 3.8 1 1.15 1.65 1 1.05 1.15
22 Expansion ! 8
23- D
86 Jan- POO1 Baseline Wirrrg none 8 100 20 -0.48% -16.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
23 Dr
87 Jan- P0O02 Baseline Wi:g none 22 80 20 -0.07% -16.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
23 12 UIPFED IP-/ Defrost
88 Jan- P625 v SN- NORTH 4 8 100 20 4.37% -17.4 -13.5 -15.6 25 10 = = 30 3 2.65 3.8 1 1.15 1.45 1 1 1.05
22 Expansion
23- EG Type 1P- Safewing
89 Jan- P331 v SN- EG IV 8 100 20 3.96% -17.6 -14.0 -16.4 25 10 = = 30 2.75 2.5 4 1 1.15 1.5 1 1 1.15
22 Expansion NORTH
24- EG Type 1P-
20 Jan- P654 v SN- FCY-EGIV 8 100 20 4.50% -18 -14.9 =172 25 10 = = 30 3.05 2.6 4 1 1.2 1.75 1 1 1.25
22 Expansion
24- EG Type Max -
91 Jan- P303 v IP Mod Flight 8 100 20 4.09% 19.0 =152 -18.8 75 = = = 20 3.15 3 4 1 1.1 1.25 1 1 1.05
22 Expansion AVIA 7
24- Moderate DOW
92 Jan- E1 Ice Pellets IP/ SN EG106 8 100 20 4.43% -19.6 -15.6 -18.2 75 25 = = 15 3.5 2.9 4 1.1 1.35 1.65 1 1.2 1.25
22 and Snow
24- Moderate ClearWin.
93 Jan- E2 Ice Pellets IP/ SN EG 9 8 100 20 8.32% -21.4 =1%.7 -18.4 75 25 = = 10 3.2 2.75 3.9 1.1 1.45 2.1 1 1.35 2
22 and Snow
24- Moderate Max
94 Jan- E3 Ice Pellets IP/ SN Flight 8 115 20 9.48% -21.9 =165 =17 75 25 = = 7 3.4 3 4 1.2 2 4 1.1 1.4 4
22 and Snow SNEG
24- Dr
95 Jan- POO1 Baseline Wir\{g none 8 100 20 0.00% -14.8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
24- Dr
96 Jan- P002 Baseline Wir\{g none 22 80 20 1.43% -14.8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)
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24- Dr
97 Jan- POO1 Baseline Wi:g none 8 100 20 0.14% -14.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
24- Dr
98 Jan- P002 Baseline Wi:g none 22 80 20 0.14% -14.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
24- Dr
29 Jan- POO1 Baseline Wi:g none 8 100 20 -0.48% -14.8 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
24- Dr
100 Jan- P002 Baseline Wi:g none 22 80 20 0.41% -14.8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
24- EG Type ChemR
101 Jan- P588 v IP- q 8 100 20 1.64% -14.7 -12.0 -12.9 25 = = = 70 2.75 2.4 3.6 1 1.15 1.2 1 1.056 1.05
a Nordik IV
22 Expansion
25 8 I Defrost
102 Jan- P617 v IP- 8 100 20 2.05% -14.5 -10.9 -12.8 25 = = = 70 2.65 2.35 3.65 1 1 1.15 1 1 1
a NORTH 4
22 Expansion
25- EG Type
103 Jan- P646 v IP- FCY-EGIV 8 100 20 0.82% -14.4 =151 =122 25 = = = 70 2.55 2.3 3.9 1 1.05 1.2 1 1 1
22 Expansion
2 Vatation Foter
104 Jan- P211 IP- Guard® 8 100 20 7.09% -14.4 £.5 -12.0 25 = = = 30 21 2 3 1 1.65 1.75 1 1.05 1.2
and New
22 . Xtend
Fluids
25- Dr
105 Jan- POO1 Baseline Wir\{g none 8 100 20 -0.75% -14.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
25- Dr
106 Jan- P002 Baseline Wir:/g none 22 80 20 0.27% -14.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
2 Vardaton Pola
107 Jan- P215 IP Mod Guard® 8 100 20 9.28% -16.2 -12.0 =11Es 75 = = = 10 2.25 2 3.1 1 2 2 1 1.1 1.45
and New
22 0 Xtend
Fluids
25. Type IV
108 | Jan- | p115 | Validation ip- | CleaWing | g | 400 | 20 | 11.39% 67 | 126 | 129 [ 25 | - | - | - | 30 | 235 | 215 | 295 | 115 | 2 21 | 115 | 19 | 195
22 and New ECO
Fluids
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)
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26- Moderate Max
109 Jan- E3 Ice Pellets IP/ SN Flight 8 115 20 7.98% -17.8 -13.3 -15.4 75 25 e e 5 3 2.45 3.75 1.05 1.3 3.6 1 1.1 2.2
22 and Snow SNEG
26- Moderate Defrost
110 Jan- E4 Ice Pellets IP/ SN 8 100 20 5.18% -18.5 -14.7 -16.9 75 25 e e 15 3.5 3.05 4 1 1.2 1.65 1 1 1.15
NORTH 4
22 and Snow
26- Moderate Safewing
111 Jan- E5 Ice Pellets IP /SN EG IV 8 100 20 4.23% -19.56 -16.2 -17.4 75 25 = = 10 3 2.55 3.75 1 1.2 1.4 1 1 1.1
22 and Snow NORTH
26- Moderate Defrost
112 Jan- E6 Ice Pellets IP /SN 8 115 20 8.46% -20.2 -15.2 -16.3 75 25 = = 5 2.95 2.55 3.5 1.05 1.4 2 1 1.15 1.5
ECO 4
22 and Snow
26- Moderate ChemR
113 Jan- E7 Ice Pellets IP /SN q 8 100 20 3.96% -21 -15.7 =77 75 25 = = 10 3.2 2.85 3.6 1.05 1.25 1.6 1 1.15 1.25
Nordik IV
22 and Snow
26- Dr
114 Jan- POO1 Baseline Wi:g none 8 100 20 0.20% -19.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
26 Dr
115 Jan- P0O02 Baseline Wir?g none 22 80 20 0.68% -19.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
26- Moderate
116 Jan- E1 Ice Pellets IP/ SN EG106 8 100 20 3.65% -21.1 -15.5 -17.4 75 25 = = 10 2.9 2.35 3.5 1 1.2 1.45 1 1.1 1.1
22 and Snow
26- Moderate Polar
117 Jan- E8 Ice Pellets IP/ SN Guard 8 115 20 7.64% -22.2 -15.6 -17.4 75 25 = = 5 3.05 2.35 4 1.15 1.45 3.9 1.1 1.4 3.85
22 and Snow Advance
27- EG Type ChemR
118 Jan- P597 v IP Mod N 8 100 20 2.46% -22.8 -16.8 =il 75 = = = 20 3.1 3 3.7 1 1.15 1.3 1 1.1 1.2
. Nordik IV
22 Expansion
27- EG Type ChemR
119 Jan- P597 v IP Mod - 8 100 20 2.80% -23.8 =175 =1le.2 75 = = = 15 3.1 3 3.4 1 1.15 1.3 1 1.05 1.1
. Nordik IV
22 Expansion
27- EG Type ChemR
120 Jan- P597 v IP Mod - 8 100 20 3.27% -23.6 -17.7 -18.9 75 e e e 10 3 2.75 3 1 1.2 1.5 1 1.1 1.15
. Nordik IV
22 Expansion
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APPENDIX D

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)
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Type IV
27- Validation Defrost
121 Jan- P099 IP Mod 8 100 20 5.25% -22.9 -17.5 -19.1 75 e e e 10 3 25 3.4 1 1.2 1.65 1 1 1.15
22 and New NORTH 4
Fluids
27. Type IV
122 | Jan- | F196 | Validation i p oy ) eeveav | 8 | 115 | 20 | 2.46% 225 | 168 | 193 [ 75 | - | - | - | 10| 28 | 285 | 31 1 12 | 138 | 1 1 1
A and New
22 H
Fluids
27- Type IV
123 Jan- P196 \;il:jd:‘t;on IP- FCY-EGIV 8 115 20 3.14% -21.8 -17.8 -18.3 25 = = = 30 2.6 2.2 3.45 1 1.1 1.25 1 1 1.1
22 Ak
Fluids
27- Dr
124 Jan- POO1 Baseline Wir\llg none 8 100 20 -0.14% -4.3 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
27- Dr
125 Jan- P0O02 Baseline Wir‘l’g none 22 80 20 0.20% -4.1 n/a n/a - - - = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
22
27- Valktaion IP-/ Polar
126 Jan- P206 Guard® 8 100 20 3.07% -3.79 -3.0 -4.9 25 = 25 = 25 2.4 2.3 5 1 1 2.25 1 1 1
and New ZR-
22 . Xtend
Fluids
28 Type IV
Validation IP-/ Defrost
127 Jan- P0O84 e ey ZR- NORTH 4 8 100 20 7.57% -3.8 -3.2 -6.0 25 = 25 = 40 2.45 2 5 1 1 5 1 1 5
22 .
Fluids
28- PG Type \P/ZR/ Polar
128 Jan- E9 v SN Guard 8 100 20 3.34% -6.2 -3.2 =512 25 10 25 = 20 2.65 2.2 5 1 1.05 5 1 1 5
22 Expansion Xtend
28- EG Type
120 | Jan- | Ef0 v [y || G 8 | 100 | 20 | 3.00% 85 | 62 | 83 | 25 [ 10| 25 | - | 20| 285 | 255 | 5 1 1 1 1 1 1
. SN Nordik IV
22 Expansion
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APPENDIX E

LOG OF ALL EG FLUID TESTS






APPENDIX E

Log of All EG Fluid Tests
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20- P
21 Jan- P0O04 L IP Mod EG106 8 100 20 0.82% -5.9 N/A -10.1 75 = = = 25 2.0 2.2 4.0 1.0 1.0 1.2 1.0 1.0 1.0
10 Validation
20- P
22 Jan- POO1 L IP- EG106 8 100 20 0.86% -6.8 -4.3 -8.56 25 - - - 50 1.8 2.0 4.0 1.0 1.0 1.0 1.0 1.0 1.0
10 Validation
20- P IP-/
23 Jan- P0O34 . EG106 8 100 20 1.15% -6 -3.4 -9.0 25 10 - - 40 2.3 2.2 4.0 1.0 1.2 1.5 1.0 1.0 1.0
10 Expansion SN-
21 IP IP-/
24 Jan- P0O37 . EG106 8 100 20 1.25% -6.1 -3.7 N/A 25 25 - - 20 25 1.8 4.0 1.0 1.2 1.0 1.0 1.0 1.0
10 Expansion SN
21 IP IP-/
26 Jan- P0O07 B EG106 8 100 20 4.14% -56.8 -3.1 -6.2 25 = 25 = 25 2.2 1.7 4.7 1.0 1.0 4.0 1.0 1.0 3.5
10 Validation ZR-
23 IP IP-/ R
44 Jan- P040 " EG106 8 100 20 28.25% -8 -4.8 =12 25 = = 75 40 5.0 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0
10 Expansion Mod
2 IP-/ R
45 Jan- P127 Roughness Mod EG106 13 100 20 25.54% -8 N/A N/A 25 = = 75 = 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
10
27- 1 poao P IP-/ R
56 Jan- B EG106 8 100 20 2.63% -6.7 =13 -4.3 25 = = 75 25 1.8 2.0 4.7 1.0 1.0 5.0 1.0 1.0 5.0
10 A Validation Mod
29 P
67 Jan- PO16 S IP- EG106 8 100 20 1.06% -19.3 -14.7 -156.0 25 = = = 30 2.2 2.2 3.2 1.0 1.5 1.8 1.0 1.0 1.2
10 Validation
29- | potgs P
7 Jan- S IP Mod EG106 8 100 20 1.81% -21.4 -16.6 =172 75 = = = 10 2.3 2.3 2.8 1.0 1.3 1.8 1.0 1.0 1.2
10 PO31 Validation
30- 1P IP- /
79 Jan- P049 . EG106 8 100 20 3.16% -22.7 =1E.2 =157/ 25 10 = = 10 2.2 2.0 2.5 1.0 1.5 2.0 1.0 1.0 1.0
10 Expansion SN-
30- 1P
80 Jan- P028 A IP- EG106 8 100 20 2.31% -22.9 =1E.7 =il 25 = = = 30 2.5 2.2 3.0 1.0 1.3 1.7 1.0 1.0 1.0
10 Validation
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APPENDIX E

Log of All EG Fluid Tests

(cont’d)
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30- P IP-/
81 Jan- PO52 : EG106 8 100 20 3.19% -22.9 | -16.5 | -17.1 25 | 25 - - 5 1.8 2.0 2.3 1.0 1.5 2.0 1.0 1.0 1.0
10 Expansion SN
2 1P IP- /
98 Feb- P022 o EG106 8 100 20 1.20% -14.1 -9.5 -8.4 25 - 25 - 10 2.0 2.0 2.5 1.0 1.0 1.3 1.0 1.0 1.0
10 Validation ZR-
21- P IP- /
26A Jan- PO07 S EG106 8 100 0 1.29% -5.9 -2.8 6.2 25 - 25 - 25 1.8 2.0 1.9 1.0 1.0 1.0 1.0 1.0 1.0
10 Validation ZR-
23 IP- /R
45A Jan- P127 Roughness Al EG106 15 100 20 25.57% -8.3 N/A N/A 25 - - 75 - - - - - - - - - -
10
23 IP- /R
458 Jan- P127 Roughness Ao EG106 15 100 20 20.33% -8.5 N/A N/A 25 - - 75 - - - - - - - - - -
10
27| poso P IP-/ R
56A Jan- ’ EG106 8 100 0 2.61% -6.2 3.2 2.4 25 - - 75 | 25 1.8 2.2 3.0 1.0 1.0 4.3 1.0 1.0 4.3
10 A Expansion Mod
30- P IP-/
78 Jan- P105 ; EG106 8 100 20 2.67% -16.3 | 107 | 142 [ 25 | 10 - - 25 2.7 2.2 4.0 1.0 1.6 1.8 1.0 1.0 1.2
11 Expansion SN-
31 1P IP-/
79 Jan- P108 ; EG106 8 100 20 3.02% -17.3 | 126 | 129 [ 25 | 25 - - 15 2.8 2.6 4.0 1.1 1.4 1.8 1.0 1.0 1.2
1 Expansion SN
7 IP Dat; IP- /R
115 Feb- P117 ata EG106 8 100 20 0.42% 0.7 3.4 1.5 25 - - 75 | 25 2.3 1.3 1.6 1.0 1.0 1.0 1.0 1.0 1.0
1 Gap Mod
7 IP/R/S
118 Feb- ET1 IP/R/SN N EG106 8 100 20 1.34% 0.3 3.6 0.5 25 | 25 - 25 | 25 2.0 1.3 3.5 1.0 1.0 1.2 1.0 1.0 1.0
1
& P IP- /
126 Feb- E16 Expansion P EG106 18 100 20 7.24% 155 | -11.6 9.4 25 - 25 - 40 3.7 3.0 4.3 1.2 1.5 5.0 1.0 1.2 5.0
11 / CL Max
10- IP/ZR/
135 Feb- E19 IP/ZR/SN S EG106 8 100 20 5.27% -10 -8.9 -8.2 25 | 25 | 25 - 20 2.2 2.3 4.3 1.0 1.0 5.0 1.0 1.0 5.0
1
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APPENDIX E

Log of All EG Fluid Tests

(cont’d)
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5 | = & g s 2 s | gz =2 | 5® e | £ e |22 2] 2|k
el el 5| = | ¢ | 2T |[£|8%| 2| 58 S|l e | e~ || efe|z=]ze
3 o % 2 g ] 3 g -2 = 5 ] g 5 ]
[ L3 o o L8 @ o o «© 4 o = 2
[~ o« e $ o = = £ o z o 4 =3
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S E ° o o =
o35 > >
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30- Fluid Tests
124 Jan- E17 o IP Mod EG106 8 100 1.83% -9.8 75 = = = 25 2.4 2.2 3.8 1.0 1.1 1.2 1.0 1.0 1.0
12 Repeatibilit
y
30- Fluid Tests
125 Jan- E17 - IP Mod EG106 18 100 1.69% -10.4 75 e e e 25 2.3 2.2 3.8 1.0 1.1 1.1 1.1 1.0 1.0
12 Repeatibilit
y
21- P IP- /
310 Jan- P0O65 a EG106 8 115 20 2.00% -23.1 -16.4 -18.7 25 10 = = 15 1.7 1.7 2.3 1.0 1.3 1.5 1.0 1.1 1.3
14 Expansion SN-
21- P IP-/
311 Jan- P0O65 q EG106 8 100 20 4.06% -23.9 -21.0 -19.6 25 10 = = 15 1.9 1.9 2.3 1.1 1.5 1.7 1.0 1.1 1.2
14 Expansion SN-
28- Type llI
364 Jan- E4 Allowance IP Mod EG106 8 100 20 1.56% -10.2 -10.2 -11.3 75 = = = 10 2.3 2.3 2.8 3.0 5.0 5.0 3.0 5.0 5.0
14 Times
19 Type IV
Validation
10 Jan- P082 and New IP- LNT E450 8 100 20 5.82% -16.8 -14.5 S1ER] 25 = = = 30 2.2 2.2 2.6 1.0 1.3 1.7 1.0 1.0 1.2
16 Fuids
19 Type IV
Validation
1 Jan- P083 e ey IP Mod LNT E450 8 100 20 5.97% -17.1 -14.7 11515 75 = = = 10 2.0 2.2 2.6 1.1 1.3 1.8 1.0 1.0 1.2
16 Fuids
19 Type IV
13 Jan- P083 \;:I:jd;tel:’" IP Mod LNT E450 8 100 20 6.43% -17 -14.6 =162 75 = = = 10 2.2 2.2 2.6 1.1 1.4 2.2 1.0 1.0 1.3
16 Fuids
20- Type IV
Validation IP-/
20 Jan- P0O79 LNT E450 8 100 20 4.90% -8.9 =72 =753 25 = 25 = 10 1.8 2.0 2.0 1.0 1.1 1.5 1.0 1.0 1.0
16 and New ZR-
Fuids
20- Type IV
Validation IP-/
21 Jan- P0O80 LNT E450 8 100 20 5.35% -9.2 -7.0 L2852 25 10 = = 15 1.7 2.0 2.4 1.0 1.4 1.7 1.0 1.0 1.2
16 and New SN-
Fuids
25. Type IV
Validation IP-/
68 Jan- P0O73 LNT E450 8 100 20 3.11% -6.7 =3:3 -6.4 25 = 25 = 25 2.0 2.0 2.3 1.0 1.0 1.1 1.0 1.0 1.0
16 and New ZR-
Fuids
25. Type IV
Validation
69 Jan- P0O72 ) ey IP Mod LNT E450 8 100 20 3.30% -6.6 -2.6 -9.8 75 = = = 25 2.3 2.5 4.0 1.0 1.4 1.9 1.0 1.0 1.0
16 5
Fuids
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APPENDIX E

Log of All EG Fluid Tests (cont’d)

o g i
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% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
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T £2 g 2 = = 2 N X
S & © o o
o35 > >
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Type IV
26- Validation
76 Jan- | PO74 S Now | 1P-/R- | LNTE450 | 8 100 | 20 | 4.28% -4 1.0 4.1 25 | - - | 25 | 25 | 1.3 1.3 3.2 1.0 1.1 1.1 1.0 1.0 1.0
6 Fuids
30- Type IV
8 Jan- | pota | Validation Ll chembl g | 100 | 20 | 3.21% 96 | 79 | 85 |25 | - | 25| - | 10| 13 15 | 22 10 | 1.0 | 15 | 10 | 10 | 12
gl and New ZR- EG IV
Fuids
30- vTJiZZt'i\Jn 17 ChemR
9 Jan- | PO16 Mod/z 8 100 | 20 | 2.36% 9.4 84 | 113 [ 75 | - | 13| - 7 15 1.7 2.3 1.0 1.2 15 1.0 1.0 1.2
and New EG IV
18 ! D
Fuids
30- Type IV
12 Jan- | PO12 Raldation bl chembl 8 100 | 20 | 2.48% 104 | 78 | 116 | 25 | 10 | - a 15 | 1.8 1.7 3.3 1.0 1.2 1.5 1.0 1.0 1.0
18 and New SN- EG IV
Fuids
30- Type IV
13 Jan- | PO15 Validation | 5 Gzl 8 100 | 20 1.86% 11 90 | <131 | 75 | - a a 10 | 1.8 2.0 2.3 1.0 1.3 1.5 1.0 1.0 1.2
18 and New EG IV
Fuids
30- Type IV
16 Jan- | PO17 Nalidation 1P- Gzl 8 100 | 20 | 2.60% 142 | 120 | 150 | 25 | - - - | 30 | 20 2.0 2.8 1.0 1.2 1.4 1.0 1.0 1.2
18 and New EG IV
Fuids
30- Type IV
17 Jan- | PO18 Neldatiol o) Chemil 8 100 | 20 | 3.36% 5.2 | 134 | 152 | 25 | 10 | - - 15 | 20 2.0 2.8 1.0 1.3 1.5 1.0 1.0 1.2
18 and New SN- EG IV
Fuids
31 Type IV
18 | Jan- | potg | Validation 5y | ChemR g | 100 | 20 | 2.71% 5.7 | 138 | -166 | 75 | - . - | 10| 20 | 18 | 28 10 | 1.2 | 16 | 10 | 10 | 12
18 and New EG IV
Fuids
31- EG Type ChemR
31 Jan- | P177 v P- = 8 100 | 20 | 1.80% 108 | 87 | <123 | 25 | - . - | 50 | 23 2.7 3.9 1.0 1.2 1.6 1.0 1.0 1.0
18 Expansion
1 ECKYES 1P/ ChemR
32 Feb- | P179 v 8 100 | 20 | 5.43% 102 | 82 | 100 | 25 | - [ 13| - | 30 | 25 2.5 4.0 1.0 1.0 5.0 1.0 1.0 1.5
' zD EG IV
18 Expansion
1 ECKYES 1P-/ ChemR
33 Feb- | P178 v 8 100 | 20 | 3.68% 9.7 7. 103 | 25 | 10 | - - | 50 | 29 2.5 4.3 1.0 1.6 4.0 1.0 1.0 3.8
' SN- EG IV
18 Expansion
1. Type IV
39 | Feb- | poto | \Validation IR Mod [} ChemR g | 100 | 20 | 7.21% 42 | 33 | 70 |75 | - |75 | 10| 22 | 22 | a7 10 | 1.0 | 50 | 10 | 10 | 50
18 and New /R EG IV
Fuids
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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1. Type IV
40 | Feb- | popg | Validation IP- ChemiZ 8 | 100 | 20 | 1.28% 74 | 47 | 05 |25 [ - | - | - |50 | 25 | 25 | 35 [ 10 | 11 | 13 | 10 | 10 | 12
18 and New EG IV
Fuids
2- EG Type ChemR
42 Feb- P181 v IP Mod EG IV 8 100 20 2.29% -1 -8.8 -14.2 75 - - - 25 2.6 2.8 4.0 1.0 1.1 1.7 1.0 1.0 1.1
18 Expansion
2 EG Type 1P-/ ChemR
43 Feb. P180 v 8 100 20 5.76% -13.3 -10.9 -10.7 25 - 25 - 30 3.3 2.8 5.0 1.8 1.1 5.0 1.0 1.0 5.0
. ZR- EG IV
18 Expansion
22- VT\I,'Ze tl.v Max
15 Jan- | PO20 atdation P- Flight 8 100 | 20 | 5.66% 212 | -21.3 | 226 | 25 | - - - | 30 | 20 2.0 3.0 1.0 1.7 2.0 1.0 1.0 1.1
and New
19 . AVIA
Fluids
22 Valdation i
16 Jan- P021 \datl IP Mod Flight 8 100 20 5.53% -21.1 -22.3 -23.1 75 = = = 10 2.0 2.0 2.7 1.0 1.5 2.0 1.0 1.0 1.1
and New
19 . AVIA
Fluids
Type IV
22- Validation Defrost
17 Jan- P124 taati IP- 8 100 20 6.72% -22.1 -21.6 -23.4 25 = = = 30 2.0 2.0 2.5 1.0 1.5 2.0 1.0 1.0 1.2
19 and New EG 4
Fluids
Type IV
22 Validation Defrost
18 Jan- P125 IP Mod 8 100 20 6.62% -21.7 -22.8 -22.7 75 = = = 10 2.0 2.0 2.7 1.0 1.4 2.1 1.0 1.0 1.2
19 and New EG 4
Fluids
2 Vangaton Max
31 Jan- P008 IP Mod Flight 8 100 20 1.92% -4.9 458 -13.7 75 = = = 25 2.3 2.5 3.5 1.0 1.0 1.1 1.0 1.0 1.0
and New
19 N AVIA
Fluids
Type IV
23 Validation Defrost
32 Jan- P112 IP Mod 8 100 20 2.49% -4.5 -5.8 1327 75 = = = 25 2.3 2.3 3.5 1.0 1.0 1.2 1.0 1.0 1.0
19 and New EG 4
Fluids
Type IV
24- Validation Defrost
36 Jan- P111 IP- / R- 8 100 20 1.44% 0.0 =19 -6.6 25 = = 25 25 1.5 1.5 2.0 1.0 1.0 1.0 1.0 1.0 1.0
19 and New EG 4
Fluids
29- VT;\I’ig:tliZn 1P-/ Max
a1 Jan- P0O18 Flight 8 100 20 4.33% -14.9 =1E.2 =177 25 10 = = 15 2.0 2.0 2.5 1.1 1.2 1.3 1.0 1.0 1.1
and New SN-
19 A AVIA
Fluids
29. Type IV
42 | Jan | pizp | Validation ot Defrost 8 | 100 | 20 | 5.15% 437 | 153 | <170 [ 25 | 10| - | - | 15| 25 | 25 | 28 | 10 | 11 | 13 | 10 | 10 | 11
19 and New SN- EG 4
Fluids
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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29. Type IV
43 | Jan- | p11g | Validation il Defrost 8 | 100 | 20 | 436% 2 | 135 | 137 [ 25 | - |25 | - | 10| 20 | 20 | 25 | 10 | 10 | 12 | 10 | 10 | 10
19 and New ZR- EG 4
Fluids
30- vTJiZZt'an 1P-/ Max
46 | Jan | PO14 Flight 8 | 100 | 20 | 2.95% 107 | 143 | 139 [ 25 | - [ 25| - | 10| 23 | 20 | 25 | 10 | 10 | 11 10 | 10 | 10
and New ZR-
19 ) AVIA
Fluids
20- EG Type ChemR
1 | Jan | Pr27 v IP Mod e 8 | 100 | 20 | 2.11% 25 | 119 | 73 | 75 | - - | 25| 33 | 27 | 40 | 10 | 14 | 17 | 10 | 11 1.1
20 Expansion
20- 12 UIPFED IP-/ ChemR
12 | Jan- | P126 v 8 | 100 | 20 | 3.19% 134 | 142 | 165 [ 25 [ 10 | - - | 30 | 24 | 24 | 40 | 10 | 1.7 | 21 10 | 11 1.3
; SN- EG IV
20 Expansion
20- EG Type
13 | Jan- | Pi54 v IPMod | EG106 8 | 100 | 20 | 1.09% 441 | 146 | 183 | 75 | - - - |25 | 31 | 27 | 40 | 10 | 1.1 15 | 10 | 10 | 14
20 Expansion
21- EG Type 1P-
14 | Jan- | Pis3 v o EG106 8 | 100 | 20 | 1.95% 44 | 148 | 471 [ 25 [ 10 | - - |30 | 25 | 23 | 40 | 10 | 14 | 17 | 10 | 11 1.2
20 Expansion
21- ECH e Defrost
15 | Jan- | P100 v IP Mod el 8 | 100 | 20 | 2.83% 145 | 149 | 85 | 75 | - - - | 25| 30 | 30 | 40 | 10 | 12 | 1.7 | 10 | 10 | 10
20 Expansion
21- EG Type
16 | Jan- | PO99 v Fal Pefiost 8 | 100 | 20 | 3.42% 53 | 154 | 176 [ 25 [ 10 | - - |30 | 25 | 23 | 38 | 10 | 1.1 14 | 10 | 10 | 14
' SN- EG 4
20 Expansion
11- Type IV
10 | Jan- | Ppoos | Validation ip- | CleaWing g | qo0 | 20 | 1.44% o4 | 07 | 53 | 25| - | - | - |50 | 20 | 16 | 38 | 10| 10| 11| 10| 10 | 10
21 and New EG
Fluids
12- EG Type .
13 | Jan- | P198 v 'P/“f:d C'efgév'“g g | 100 | 20 | 13.04% 0 05 | -19 | 92 | - - | 75 | 20| 35 | 34 | 50 | 23 | 10 | a5 | 11 10 | 4s
21 Expansion
12- EG Type -
14 | Jan- | P198 v 'P/“;':d C'eaE'éV'“g g | 100 | 20 | 7.14% 02 | 05 | 35 | 92| - - |75 | 15| 30 | 29 | 50 | 10 | 10 | 40 | 10 | 10 | 40
21 Expansion
12- EG Type 1P Mod Max
17 | Jan- | Pos3 v Flight 8 | 100 | 20 | 3.16% 0.4 1.2 42 | 92 | - | 75| 15| 27 | 20 | 40 | 10 | 10 | 38 | 10 | 10 | 32
' /R
21 Expansion AVIA
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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12- EG Type
18 | Jan | P117 v PIUeE] || i g | 100 | 20 | 5.42% 02 | 03 | 51 | 92| - - | 75 | 15| 20 | 14 | 50 | 10 | 10 | a0 | 10 | 10 | 309
' /R EG 4
21 Expansion
12- EG Type 1P Mod
19 | Jan | P171 v /R EG106 g | 100 | 20 | 11.74% 0 03 | 43 | 92 | - - |75 | 15| 27 | 29 | 50 | 10 | 10 | a5 | 10 | 10 | 45
21 Expansion
13- EG Type 1P Mod
20 | Jan- | P171 v /R EG106 8 | 100 | o 5.90% 02 | 02 | 43 | 92| - | 75 | 15| 25 | 24 | 50 | 10 | 10 | 10 | 10 | 10 | 10
21 Expansion
13- EG Type 1P Mod
21 | Jan- | PI71 v e EG106 g | 100 | o | 213% 04 | 02 45 |92 | - |75 | 12| 18 | 20 | 43 | 10 | 10 | 11 10 | 10 | 10
21 Expansion
13- ECRES ClearWini
23 | Jan- | P195 v IP-/R- g | g | 100 | 20 | 3.09% 07 | 00 a4 | 32| - - | 25 | 25| 1.8 | 1.3 | 50 | 10 | 10 | 38 | 10 | 10 | 35
21 Expansion
13- EG Type
26 | Jan- | P1aa v Lgnicdigchenh 8 | 100 | 20 | 2.33% 0.5 1.8 24 | 92 | - - | 75 | 15| 29 | 25 | 40 | 10 | 10 | 30 | 10 | 10 | 15
' /R EG IV
21 Expansion
13- EG Type 1P Mod
27 | Jan- | P171 v o EG106 8 | 100 | 20 | 1.85% 0.7 14 36 | 92 | - - | 75| 15| 23 | 20 | 40 | 10 | 10 | 20 | 10 | 10 | 13
21 Expansion
14- EG Type IP Mod
30 | Jan- | P171 v o EG106 8 | 100 | 20 | 1.85% 0.7 25 36 | 75 | - - | 75| 20| 27 | 24 | 40 | 10 | 10 | 16 | 10 | 10 | 10
21 Expansion
15- EG Type 1P Mod
31 | Jan- | P17 v o EG106 8 | 100 | 20 | 1.85% 0.7 0.9 43 | 75 | - - | 75| 15| 14 | 20 | 35 | 10 | 10 | 13 | 10 | 10 | 10
21 Expansion
15- EG Type .
32 | Jan- | Plo8 v 'P/“f:d C'efgév'“g g | 100 | 20 | 1.03% 0.7 1.2 18 |78 | - - |75 | 20| 30 | 29 | 40 | 10 | 10 | 12 | 10 | 10 | 11
21 Expansion
15- EG Type
33 | Jan- | P17 v 'P/“;':d Defrost g | 100 | 20 | 2.33% 0.6 1.3 45 | 75 | - - |75 | 20| 20 | 1.7 | 50 | 10 | 10 | 23 | 10 | 10 | 1.1
21 Expansion
15- EG Type
3a | Jan- | P17 v POUeE] || i g | 100 | o 1.58% 0.5 0.5 45 |75 | - |75 [ 20| 20 | 1.7 | 50 | 10 | 10 | 12 | 10 | 10 | 10
' /R EG 4
21 Expansion
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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15- EG Type
35 | Jan- | P17 v PIUeE] || i g | 100 | 20 | 2.33% 0.4 0.4 54 | 75 | - |75 | 15| 16 | 13| 43 | 10 | 10 | 13 | 10 | 10 | 11
) /R EG 4
21 Expansion
17 Type IV
38 | Jan | poog | Validation |y | ClearWing | g | 400 | 20 | 1.99% 45 | 36 | 101 | 75 | - - - | 25| 23 | 22 | 38 | 1.0 | 10 | 10 | 10 | 10 | 10
and New EG
21 ’
Fluids
17- Type IV
39 Jan- | POO5 Nelidation ) Gy || g 100 | 20 | 2.81% 5 5.4 98 | 25 | 10| - - | 40 | 30 2.3 3.8 1.0 15 2.3 1.0 1.0 1.0
21 and New SN- EG
Fluids
18- Type IV
40 Jan- | POO7 Nalidation 174 Gy || g 100 | 20 | 7.28% 5.8 5.9 75 |25 [ - | 25| - | 25 | 25 2.1 5.0 1.0 1.0 5.0 1.0 1.0 5.0
21 and New ZR- EG
Fluids
18- Type IV
a1 Jan- | POO7 Nalidation I~4 Geiling || g 100 0 1.65% 6.7 5.7 79 |25 | - | 25 | - | 25 | 25 2.0 3.3 1.0 1.0 1.6 1.0 1.0 1.1
21 and New ZR- EG
Fluids
18- ECR S ClearWini
42 Jan- | P196 I\ 1P Mod Ee - 100 | 20 | 2.20% 7.3 6.1 15 | 75 | - - - | 35 | 35 2.9 4.0 1.0 8.1 1.8 1.0 1.0 1.1
21 Expansion
19- EG Type Max
a8 Jan- | POB4 I\ 1P- Flight 8 100 | 20 | 2.54% 953 | 7.9 | 122 | 25 | - - - | 50 | 20 2.0 3.5 1.0 1.0 1.3 1.0 1.0 1.0
21 Expansion AVIA
19- ECH e ClearWin,
49 Jan- | P199 I\ 1P- e |8 100 | 20 | 2.68% 9.8 86 | -116 | 25 | - - - | s0 | 21 2.0 3.7 1.0 1.1 1.4 1.0 1.0 1.0
21 Expansion
19- EG Type
50 Jan- | P176 v 1P Mod EG106 8 100 | 20 | 2.20% 102 | 7.7 | 136 | 75 | - . - | 25 | 25 2.3 3.8 1.0 1.0 1.2 1.0 1.0 1.0
21 Expansion
19- EG Type Max
51 Jan- | PO68 v 1P Mod Flight 8 100 | 20 | 3.29% 105 | -89 | 139 | 75 | - . - | 25 | 25 2.3 3.8 1.0 1.2 1.3 1.0 1.0 1.0
21 Expansion AVIA
19- EG Type Max
55 Jan- | POB1 v 1P Mod Flight 8 100 | 20 | 2.06% 8.3 56 | -123 | 75 | - . - | 35 | 29 2.5 4.0 1.0 1.1 1.2 1.0 1.0 1.0
21 Expansion AVIA
19- EG Type
56 Jan- | P169 v IP Mod EG106 8 100 | 20 1.92% -8.5 68 | -121 | 75 | - s - | 85 | 30 2.5 4.0 1.0 1.0 1.1 1.0 1.0 1.0
21 Expansion
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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20- EG Type ChemR
57 Jan- P137 v IP- EGelv 8 100 20 2.20% -8.56 -6.5 -9.7 25 e e e 70 3.0 25 4.0 1.0 1.1 1.1 1.0 1.0 1.0
21 Expansion
20- EG Type Defrost
58 Jan- | P110 v 1P- A 8 100 | 20 | 3.29% 8.2 €7 | -104 [ 25 [ - - - | 70 | 25 2.3 3.7 1.0 1.0 1.1 1.0 1.0 1.0
21 Expansion
20- EG Type 1P-/ Max
59 Jan- PO59 v Flight 8 100 20 5.77% -8.2 -7.2 -8.3 25 = 25 = 40 3.0 2.5 5.0 1.2 1.2 5.0 1.0 1.0 2.0
. ZR-
21 Expansion AVIA
20- EG Type 1P-/ Max
62 Jan- PO65 v Flight 8 100 20 3.36% -12.1 -10.2 -13.4 25 10 = = 30 2.4 2.3 3.8 1.0 1.2 1.6 1.0 1.0 1.0
. SN-
21 Expansion AVIA
20- EG Type "
63 | Jan- | P200 v 'SPN/ c'e‘:év'“g 8 100 | 20 | 4.87% 123 | 100 | 133 | 25 | 10 | - - |3 | 30 | 26 | 39 1.0 17 2.3 1.0 1.1 1.3
21 Expansion
20- EG Type 1P-
64 Jan- P173 v SN- EG106 8 100 20 3.64% -13 -10.1 -13.3 25 10 = = 30 2.6 2.3 3.9 1.0 1.2 1.8 1.0 1.1 1.1
21 Expansion
21- EG Type P/ Max
66 Jan- P067 v Flight 8 100 20 7.00% -13 £.9 -10.1 25 = 25 = 30 2.8 2.4 5.0 1.0 1.1 5.0 1.0 1.0 5.0
a ZR-
21 Expansion AVIA
21 B9 1P- / ChemR
67 Jan- P148 v 8 100 20 7.48% -12.9 £.5 £).7 25 = 25 = 30 3.0 2.5 5.0 1.1 1.8 5.0 1.0 1.5 5.0
q ZR- EG IV
21 Expansion
21- EG Type P/
7 Jan- P165 v SN- EG106 8 100 20 3.16% <71 4.3 .9 25 10 = = 50 2.8 2.0 4.0 1.0 1.1 2.3 1.0 1.0 1.1
21 Expansion
21- EG Type P/ Max
72 Jan- P0O57 v Flight 8 100 20 2.33% -5.7 -3.8 -9.4 25 10 = = 50 3.0 2.5 4.0 1.0 1.2 1.5 1.0 1.0 1.0
" SN-
21 Expansion AVIA
22- EG Type -
73 | Jan- | Pio4 v P Ceaing | g | 100 | 20 | 6.52% 45 | 28 | 59 | 25| - | 25| - (40| 30 | 25 | 50 | 10 | 10 | 50 | 10 | 10 | 50
21 Expansion
22 ECHYES 1P- / ChemR
74 Jan- P140 v 8 100 20 9.88% -2.1 -2.2 -4.7 25 - 25 - 40 3.0 2.6 5.0 1.0 1.0 5.0 1.0 1.0 5.0
. ZR- EG IV
21 Expansion
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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22- ECHvES IP- / ChemR
75 Jan- | P140 v 8 100 | 20 | 12.83% 2 1.6 47 |25 | - | 25 | - | 35 | 28 2.2 5.0 1.0 1.0 5.0 1.0 1.0 5.0
' ZR- EG IV
21 Expansion
22 SRS 1P- / ChemR
76 Jan- | P140 v 8 100 0 2.26% -3.08 | -2.5 52 |25 | - | 25 | - | 40| 30 2.7 4.5 1.0 1.1 2.3 1.0 1.0 1.3
' ZR- EG IV
21 Expansion
25- EG Type 1P-/ Max
79 Jan- | PO66 I\ Flight 8 100 | 20 | 5.56% <124 | 104 | 113 | 25 | - [ 13| - | 30 | 30 2.9 5.0 1.0 1.0 5.0 1.0 1.0 5.0
' zD
21 Expansion AVIA
25- EG Type L "
80 Jan- | P201 I\ ';D/ C'eegév'"g 8 100 | 20 | 6.73% 125 | 107 | 112 [ 25 | - | 13| - | 30 | 25 25 5.0 1.0 1.2 5.0 1.0 1.1 5.0
21 Expansion
25- EG Type IP
81 Jan- | P177 I\ Mod/z EG106 8 100 | 20 | 2.61% 124 | 95 | 129 [ 75 [ - | 18 [ - 10 | 26 25 3.5 1.0 1.1 1.3 1.0 1.1 1.1
21 Expansion D
25- EG Type IP Max
83 Jan- | PO69 v Mod/Z Flight 8 100 | 20 | 3.36% 1.8 | 100 | 133 | 75 | - | 13 | - 15 | 28 2.7 4.0 1.0 1.1 1.5 1.0 1.0 1.1
21 Expansion D AVIA
25- EG Type IP Max
86 Jan- | PO62 v Mod/Z Flight 8 100 | 20 | 3.57% 7.2 57 | 108 [ 75 | - | 13| - | 20| 27 2.5 4.0 1.0 1.0 2.5 1.0 1.0 1.0
21 Expansion D AVIA
25- EG Type IP
87 Jan- | P170 v Mod/Z EG106 8 100 | 20 | 7.41% -6.8 55 | 103 [ 75 | - | 13| - | 25 | 25 2.5 5.0 1.0 1.1 5.0 1.0 1.0 2.1
21 Expansion D
25- EG Type 1? ClearWin:
88 Jan- | P197 v Mod/Z | 8 100 | 20 | 7.14% 6.7 46 | 100 [ 75 | - | 13| - [ 20| 30 2.6 5.0 1.0 1.1 45 1.0 1.0 2.0
21 Expansion D
26- EG Type L
91 | Jan- | P112 v Pl Pefiost g | 100 | 20 | 3.91% 62 | 44 | 78 | 25| - | 13| - |40 | 27 | 25 | a5 | 10 | 10 | 33 | 1.0 | 10 | 25
' zD EG 4
21 Expansion
26- EG Type -
92 | Jan- | P193 v e C'eaE'éV'“g g | 100 | 20 | 7.76% 61 | 49 | 75 | 25 | - | 13| - |40 | 27 | 25 | 50 | 10 | 10 | 50 | 1.0 | 1.0 | 50
21 Expansion
26- 25 Tvfe Defrost
95 Jan- | P115 v IP Mod N4 8 100 | 20 | 3.16% 4.5 A7 99 |75 | - s - | 85 | 28 2.6 4.0 1.0 1.0 1.1 1.0 1.0 1.0
21 Expansion
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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26- EG Type ChemR
96 Jan- P142 v IP Mod EG IV 8 100 20 2.75% -4.5 -3.8 -9.3 75 - - - 35 3.3 2.8 4.0 1.0 1.0 1.2 1.0 1.0 1.0
21 Expansion
27- EG Type
97 | Jan- | P111 v ol Defrost 8 | 100 | 20 | 3.36% 44 | 36 | 94 |25 [10]| - | - |50]| 28 | 25 | 40 | 10 | 11 | 14 | 10 | 10 | 10
. SN- EG 4
21 Expansion
27- EG Type L "
98 | Jan- | P192 v ol Ceaing | g | 100 | 20 | 3.29% 42 | 37 | 86 | 25 [ 10| - - | 50| 34 | 25 | 40 | 1.2 12 | 1.8 | 10 | 10 | 18
21 Expansion
27- 8 I ClearWin
99 Jan- P191 v IP- EG 9 8 100 20 2.61% -4.3 -3.6 -7.9 25 = = = 70 2.8 2.5 4.0 1.0 1.0 1.1 1.0 1.0 1.0
21 Expansion
27- EG Type IP ChemR
100 Jan- P143 v Mod/Z EG IV 8 100 20 7.34% -4.6 -3.9 -9.5 75 = 13 = 20 3.1 2.6 4.5 1.1 1.1 4.0 1.0 1.0 25
21 Expansion D
27- EG Type Max
103 Jan- P0O56 v IP- Flight 8 100 20 1.30% -6.1 -3.8 -8.9 25 = = = 70 3.0 2.5 4.0 1.0 1.0 1.0 1.0 1.0 1.0
21 Expansion AVIA
27- EG Type
104 Jan- P164 v IP- EG106 8 100 20 3.09% -6.1 =512 -9.4 25 = = = 70 2.6 2.4 4.0 1.0 1.1 1.3 1.0 1.0 1.0
21 Expansion
28- EG Type IP Defrost
105 Jan- P116 v Mod/Z EeGr(:‘S 8 100 20 3.64% -7.1 -6.2 -10.9 75 = 13 = 20 2.7 2.5 4.5 1.0 1.0 2.0 1.0 1.0 1.0
21 Expansion D
28 ECAYES 1P- / Defrost
106 Jan- P113 v 8 100 20 5.83% -7.5 7.3 -8.0 25 = 25 = 40 2.8 2.5 5.0 1.0 1.0 5.0 1.0 1.0 1.0
q ZR- EG 4
21 Expansion
28 ECHYES 1P- / ChemR
107 Jan- P140 v 8 100 20 7.07% -8.2 =771 =79 25 = 25 = 40 3.4 2.8 5.0 1.4 1.3 5.0 1.1 1.1 1.6
" ZR- EG IV
21 Expansion
28 ECHYES 1P- / ChemR
108 Jan- P140 v 8 100 20 8.03% -8.7 -7.4 =79 25 = 25 = 40 3.0 3.0 5.0 1.4 1.8 5.0 1.1 1.3 5.0
. ZR- EG IV
21 Expansion
10- Type IV
5 | Jan | pogo | Velidaton oy | ChemR 8 | 100 | 20 | 1.16% 91 | 77 | 24 |75 | - | - | - |8 | 21 | 20 | 40 | 10 | 11 | 12 | 10 | 10 | 11
22 and New Nordik IV
Fluids
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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Type IV
10- Validation Defrost
6 Jan- | PO93 Scatio! IP Mod oros 8 100 [ 20 | 1.91% -10 96 | 132 [ 75 | - - - | 25 | 24 2.3 4.0 1.0 1.1 1.3 1.0 1.0 1.1
59 and New NORTH 4
Fluids
Type IV
10- Validati
7 Jan- | P191 i Now | IPMod | FCY-EGIV | 8 100 | 20 | 1.77% 11 98 | 142 [ 75 | - - - | 25 | 27 2.0 4.0 1.0 1.1 1.5 1.0 1.0 1.1
22 Sew
Fluids
10- EG Type ChemR
1 Jan- P597 v IP Mod ; 8 100 20 3.14% 183 | 147 | 172 | 75 - - - 25 3.1 2.9 4.0 1.0 1.2 1.4 1.0 1.0 1.1
. Nordik IV
22 Expansion
11- 12 UIPFED Defrost
23 Jan- P626 v IP Mod 8 100 20 4.91% -18.6 | 147 | 176 | 75 - - - 25 3.3 2.9 4.0 1.0 1.2 1.4 1.0 1.1 1.2
) NORTH 4
22 Expansion
11- EG Type
24 Jan- P655 v IPMod | FCY-EGIV 8 100 20 4.71% -18.6 | 145 | -17.9 | 75 - - - 25 3.3 3.0 4.0 1.0 1.2 1.9 1.0 1.0 1.0
22 Expansion
13 Type IV
33 | Jan- | poss | Validation IP- Chemft 8 | 100 | 20 | 1.23% 78 | 44 | 93 | 25 [ - - - | 70 | 23 19 | 40 | 10 | 1 13 | 10 | 10 | 1
and New Nordik IV
22 |
Fluids
13- ECRES Defrost
34 Jan- P608 v 1P- 8 100 20 0.89% 7.7 5.0 -8.8 25 - - - 9 | 26 2.2 4.0 1.0 1.0 1.0 1.0 1.0 1.0
. NORTH 4
22 Expansion
13- EG Type
35 Jan- P637 v 1P- FCY-EGIV 8 100 20 1.50% 7.5 -4.2 -8.1 25 - - - 9 | 27 2.2 4.0 1.0 1.0 1.1 1.0 1.0 1.0
22 Expansion
13- EG Type
39 Jan- P642 v IPMod | FCY-EGIV 8 100 20 1.16% 6.2 -4.3 -10.7 | 75 - - - 45 3.5 3.1 4.0 1.0 1.0 1.1 1.0 1.0 1.0
22 Expansion
Type IV
14- Validation Defrost
40 Jan- PO86 IP Mod 8 100 20 1.23% 6.1 3.6 “11.4 | 75 - - - 35 3.0 2.4 4.0 1.0 1.0 1.2 1.0 1.0 1.0
22 and New NORTH 4
Fluids
14 Type IV
Validation IP-/ Defrost
41 Jza; PO82 S o o 8 100 20 0.95% 5.62 | -4.9 9.8 25 | 10 - - 50 | 3.0 2.4 4.0 1.0 1.2 1.1 1.0 1.0 1.0
Fluids
Type IV
10- Validation Defrost
6 Jan- P093 IP Mod 8 100 20 1.91% -10 9.6 132 | 75 - - - 25 2.4 2.3 4.0 1.0 1.1 1.3 1.0 1.0 1.1
22 and New NORTH 4
Fluids

APS/Library/Projects/300293 (TC Deicing 2021-22)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix E/Appendix E.docx
Final Version 1.0, April 23
E-12



APPENDIX E

Log of All EG Fluid Tests (cont’d)
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16- EG Type ChemR
a7 Jan- | P595 v 1P- © 8 100 | 20 1.64% 167 | 139 | 153 | 25 | - s s 50 | 2.3 2.0 3.2 1.0 1.2 1.2 1.0 1.0 1.0
. Nordik IV
22 Expansion
17- EG Type Defrost
a8 Jan- P624 v 1P- etros 8 100 | 20 2.93% -15.6 | -13.4 | -15.0 | 25 - - - 70 | 28 2.4 3.8 1.0 1.1 1.4 1.0 1.0 1.1
) NORTH 4
22 Expansion
17- EG Type
49 Jan- | P653 I\ P- FCY-EGIV | 8 100 | 20 | 2.52% 144 | 115 | 142 | 25 | - a - | 60 | 26 2.3 3.6 1.0 1.1 1.2 1.0 1.0 1.0
22 Expansion
17- Type IV
54 Jan- | PO58 Nalidation 174 Sl 8 100 | 20 | 4.02% 7.4 5.5 72 |25 | - | 25| - | 40 | 30 2.8 5.0 1.0 1.1 5.0 1.0 1.0 5.0
22 and New ZR- Nordik IV
Fluids
18- Type IV
Validation IP-/ Defrost o
55 Jza; PO84 e oy BREm A 8 100 | 20 | 4.50% -8.5 7.1 83 |25 | - | 25 | - | 40 | 29 2.6 5.0 1.0 1.0 5.0 1.0 1.0 5.0
Fluids
Type IV
18- Validation 1P~/
57 Jan- | P182 iaatt FCY-EGIV | 8 100 | 20 | 4.71% 9.1 7.6 75 |25 | - | 25 | - | 40 | 30 2.7 5.0 1.0 1.0 5.0 1.0 1.0 5.0
and New ZR-
22 °
Fluids
18 Type IV
64 Jan- | POB4 Neldatiol o) Gl 8 100 | 20 | 2.05% 4173 | 123 | 139 | 25 | 10 | - - | 30 | 29 2.5 3.7 1.0 1.2 1.5 1.0 1.1 1.2
22 and New SN- Nordik IV
Fluids
19 Type IV
Validation IP-/ Defrost
65 Jza; PO90 T . Bha 8 100 | 20 | 3.82% 4175 | <117 | 142 | 25 | 10 | - - | 30 | 29 2.5 3.9 1.0 1.2 1.5 1.0 1.0 1.2
Fluids
Type IV
19- Validation IP-/
66 Jan- | P188 FCY-EGIV | 8 100 | 20 | 3.14% 4176 | -11.9 | 145 | 25 | 10 | - - | 30 | 30 2.5 4.0 1.1 1.2 1.4 1.1 1.1 1.2
and New SN-
22 :
Fluids
19 Type IV
72 | Jan- | pose | Validation Fa Comi g | 100 | 20 | 0.61% 581 | 26 | 89 | 25 | 10 | - - | 50| 30 | 25 | 40 | 10 | 12 | 12 | 10 | 10 | 10
22 and New SN- Nordik IV
Fluids
Type IV
20- Validation 17 ChemR
75 Jan- | PO68 Mod/Z ! 8 100 | 20 1.43% 12 9.9 | -129 | 75 | - 13 | - 10 | 26 2.3 2.7 1.0 1.1 1.2 1.0 1.1 1.1
and New Nordik IV
22 ’ D
Fluids
20- EG Type IP Defrost
76 Jan- | P622 v Mod/Z 8 100 | 20 | 3.68% -13.4 | 107 | 135 | 75 | - 13| - | 20| 30 2.9 4.0 1.0 1.1 4.0 1.0 1.0 4.0
) NORTH 4
22 Expansion D
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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20- EG Type DOW
77 Jan- P243 v IP- 8 100 20 0.82% -16 -13.5 -16.0 25 e e e 50 2.6 21 3.8 1.0 1.1 1.3 1.0 1.1 1.1
. EG106
22 Expansion
20- SRS 1P- / ChemR
80 Jan- P596 v . 8 100 20 2.52% -18.5 -15.0 -16.1 25 10 - - 30 3.0 2.7 3.7 1.0 1.2 1.5 1.0 1.1 1.1
. SN- Nordik IV
22 Expansion
20- EG Type "
81 Jan- | P273 Y% ':N/ CIeaEréVmg 8 100 | 20 | 7.23% 196 | 160 | 177 | 25 | 10 | - - |3 | 30 | 26 | 40 1.2 1.9 2.6 1.1 14 | 2.2
22 Expansion
21- EG Type ClearWi
82 Jan- | P274 v IP Mod R | g 100 | 20 | 3.82% 206 | -17.6 | -19.2 | 75 | - - - | 25 | 37 3.0 4.0 1.0 1.4 2.5 1.0 1.1 2.2
22 Expansion
21- ECRES ClearWini
83 Jan- P272 v IP- EG ng 8 100 20 3.565% -21.56 -17.7 -17.7 25 = = = 50 2.7 2.5 4.0 1.1 1.5 2.1 1.1 1.2 1.5
22 Expansion
21- EG Type Max
84 Jan- P301 v IP- Flight 8 100 20 3.07% -22.2 -18.1 =185 25 = = = 50 2.7 2.5 3.6 1.0 1.3 1.7 1.0 1.0 1.1
22 Expansion AVIA
21- EG Type ChemR
85 Jan- P600 v IP Mod - 8 100 20 2.93% -22.7 -19.0 -20.4 75 = = = 20 3.3 3.0 3.8 1.0 1.2 1.6 1.0 1.1 1.2
0 Nordik IV
22 Expansion
23 B9 1P- / Defrost
88 Jan- P625 v 8 100 20 4.37% -17.4 -13.5 1516 25 10 = = 30 3.0 2.7 3.8 1.0 1.2 1.5 1.0 1.0 1.1
q SN- NORTH 4
22 Expansion
24- EG Type P/
20 Jan- P654 v SN- FCY-EGIV 8 100 20 4.50% -18 -14.9 =172 25 10 = = 30 3.1 2.6 4.0 1.0 1.2 1.8 1.0 1.0 1.3
22 Expansion
24- EG Type Max
91 Jan- P303 v IP Mod Flight 8 100 20 4.09% -19.0 =152 -18.8 75 = = = 20 3.2 3.0 4.0 1.0 1.1 1.3 1.0 1.0 1.1
22 Expansion AVIA
24- Moderate Dow
92 Jan- E1 Ice Pellets IP/ SN 8 100 20 4.43% -19.6 -15.6 =il 75 25 = = 15 3.5 2.9 4.0 1.1 1.4 1.6 1.0 1.2 1.3
EG106
22 and Snow
24- Moderate ClearWin:
93 Jan- E2 Ice Pellets IP/ SN EG 9 8 100 20 8.32% -21.4 -15.7 -18.4 75 25 e e 10 3.2 2.8 3.9 1.1 1.5 2.1 1.0 1.4 2.0
22 and Snow
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APPENDIX E

Log of All EG Fluid Tests (cont’d)
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24- EG Type ChemR
101 Jan- P588 v IP- " 8 100 20 1.64% -14.7 -12.0 -12.9 25 - - - 70 2.8 2.4 3.6 1.0 1.2 1.2 1.0 1.1 1.1
. Nordik IV
22 Expansion
25 ECHVES Defrost
102 Jan- P617 v IP- 8 100 20 2.05% -14.5 -10.9 -12.8 25 - - - 70 2.7 2.4 3.7 1.0 1.0 1.2 1.0 1.0 1.0
. NORTH 4
22 Expansion
25- EG Type
103 Jan- P646 v IP- FCY-EGIV 8 100 20 0.82% -14.4 -11.1 -12.2 25 = = = 70 2.6 2.3 3.9 1.0 1.1 1.2 1.0 1.0 1.0
22 Expansion
26- Moderate Defrost
110 Jan- E4 Ice Pellets IP /SN 8 100 20 5.18% -18.5 -14.7 -16.9 75 25 = = 15 3.5 3.1 4.0 1.0 1.2 1.7 1.0 1.0 1.2
NORTH 4
22 and Snow
26- Moderate ChemR
113 Jan- E7 Ice Pellets IP/ SN a 8 100 20 3.96% -21 -16.7 -17.7 75 25 = = 10 3.2 2.9 3.6 1.1 1.3 1.6 1.0 1.2 1.3
Nordik IV
22 and Snow
26- Moderate
116 Jan- E1 Ice Pellets IP/ SN EG106 8 100 20 3.65% -21.1 -15.5 -17.4 75 25 = = 10 2.9 2.4 3.5 1.0 1.2 1.5 1.0 1.1 1.1
22 and Snow
27- EG Type ChemR
118 Jan- P597 v IP Mod - 8 100 20 2.46% -22.8 -16.8 -18.9 75 = = = 20 3.1 3.0 3.7 1.0 1.2 1.3 1.0 1.1 1.2
0 Nordik IV
22 Expansion
27- EG Type ChemR
119 Jan- P597 v IP Mod em 8 100 20 2.80% -23.8 -17.5 =1le.2 75 = = = 15 3.1 3.0 3.4 1.0 1.2 1.3 1.0 1.1 1.1
A Nordik IV
22 Expansion
27- EG Type ChemR
120 Jan- P597 v IP Mod em 8 100 20 3.27% -23.6 =17.7 =il 75 = = = 10 3.0 2.8 3.0 1.0 1.2 1.5 1.0 1.1 1.2
A Nordik IV
22 Expansion
Type IV
27- Validation Defrost
121 Jan- P099 IP Mod 8 100 20 5.25% -22.9 =175 =111l 75 = = = 10 3.0 2.5 3.4 1.0 1.2 1.7 1.0 1.0 1.2
22 and New NORTH 4
Fluids
27 Type IV
122 | Jgan- | P16 | Velldaton | o nioq | Rcveclv [ 8 | 115 | 20 | 2.46% 225 | 168 | 183 [ 75 | - | - | - | 10| 28 | 26 | 31 | 10 | 12 | 14 | 10 | 10 | 10
22 a
Fluids
Type IV
27 Validation
123 Jan- P196 ) ey IP- FCY-EGIV 8 115 20 3.14% -21.8 -17.8 -18.3 25 - - - 30 2.6 2.2 3.5 1.0 1.1 1.3 1.0 1.0 1.1
22
Fluids
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APPENDIX E

Log of All EG Fluid Tests

(cont’d)
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28- Type IV
Validation IP-/ Defrost
127 J;a; PO84 & o o 8 100 20 7.57% 3.8 3.2 6.0 25 - 25 - 40 | 2.5 2.0 5.0 1.0 1.0 5.0 1.0 1.0 5.0
Fluids
28- EG Type
129 | Jan- | ET0 v Iy Chenh g | 100 | 20 | 3.00% 85 | 62 | 83 | 25 [ 10| 25| - | 20| 29 | 26 | 50 | 10 | 10 | 10 | 10 | 10 | 10
) SN Nordik IV
22 Expansion
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APPENDIX F

LOG OF MIXED CONDITION TESTS: IP/SN AND IP/ZR/SN






APPENDIX F

Log of Mixed Condition Tests: IP/SN and IP/ZR/SN
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20- P ABC-S
23 Jan- P189 Expansion IP/ SN 8 100 20 7.38% -10.2 =77 15 75 25 = = 7 2.3 2.7 3.5 1.1 1.7 2.4 1.0 1.0 1.2
Plus
16 - METAR
20- P ABC-S
24 Jan- P189 Expansion IP /SN 8 100 20 8.16% -10.4 -8.7 -10:9 75 25 = = 10 3.0 3.0 4.0 1.2 1.8 2.5 1.0 1.1 1.2
Plus
16 - METAR
21- P Polar
36 Jan- P206 Expansion IP /SN Guard 8 100 20 11.06% -12 -8.6 =116 75 25 = = 10 3.0 3.0 4.0 1.2 1.7 2.6 1.0 1.0 1.4
16 - METAR Advance
21- P Polar
37 Jan- P206 Expansion IP/ SN Guard 8 100 20 9.42% -12.6 -9.3 -11.2 75 25 - - 7 2.8 25 3.7 1.1 1.4 2.5 1.0 1.1 1.4
16 - METAR Advance
21- P ABC-S
40 Jan- P189 Expansion IP /SN 8 100 20 6.70% -6.9 -5.5 -8.7 75 25 = = 7 2.9 2.7 3.4 1.1 1.9 2.1 1.0 1.0 1.1
Plus
16 - METAR
21- P ABC-S
41 Jan- P188 Expansion IP /SN 8 100 20 7.48% -7 -5.4 -9.3 75 25 = = 10 2.8 2.8 3.7 1.2 2.0 2.3 1.0 1.0 1.1
Plus
16 - METAR
22- P
45 Jan- P171 Expansion IP /SN AD-49 8 100 20 7.34% -7.7 -5.3 -9.2 75 25 = = 10 2.9 2.8 4.0 1.1 1.7 2.1 1.0 1.1 1.2
16 - METAR
23- P Polar
52 Jan- P205 Expansion IP/ SN Guard 8 100 20 9.27% -10.1 =771 -10.4 75 25 = = 10 2.7 2.8 4.0 1.1 1.4 2.5 1.0 1.0 1.2
16 - METAR Advance
24- Moderate DOW
92 Jan- E1 Ice Pellets IP/ SN 8 100 20 4.43% -19.6 -15.6 -18.2 75 25 = = 15 3.5 2.9 4 1.1 1.35 1.65 1 1.2 1.25
EG106
22 and Snow
24- Moderate ClearWin
93 Jan- E2 Ice Pellets IP/ SN EG 9 8 100 20 8.32% -21.4 —1557 -18.4 75 25 = = 10 3.2 2.75 3.9 1.1 1.45 2.1 1 1.35 2
22 and Snow
24- Moderate Max
94 Jan- E3 Ice Pellets IP/ SN Flight 8 115 20 9.48% -21.9 =165 =17 75 25 = = 7 3.4 3 4 1.2 2 4 1.1 1.4 4
22 and Snow SNEG
26- Moderate Max
109 Jan- E3 Ice Pellets IP/ SN Flight 8 115 20 7.98% -17.8 =18:3] -15.4 75 25 = = 5 3 2.45 3.75 1.05 1.3 3.6 1 1.1 2.2
22 and Snow SNEG
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APPENDIX F

Log of Mixed Condition Tests: IP/SN

and IP/ZR/SN (cont’'d)
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26- Moderate Defrost
110 Jan- E4 Ice Pellets IP/ SN 8 100 20 5.18% -18.5 -14.7 -16.9 75 25 e e 15 3.5 3.05 4 1 1.2 1.65 1 1 1.15
NORTH 4
22 and Snow
26- Moderate Safewing
11 Jan- E5 Ice Pellets IP/ SN EG IV 8 100 20 4.23% -19.5 -16.2 -17.4 75 25 e e 10 3 2.55 3.75 1 1.2 1.4 1 1 1.1
22 and Snow NORTH
26- Moderate Defrost
112 Jan- E6 Ice Pellets IP/ SN 8 115 20 8.46% -20.2 -16.2 -16.3 75 25 = = 5 2.95 2.55 3.5 1.05 1.4 2 1 1.15 1.5
ECO 4
22 and Snow
26- Moderate ChemR
113 Jan- E7 Ice Pellets IP/ SN - 8 100 20 3.96% -21 -16.7 -17.7 75 25 = = 10 3.2 2.85 3.6 1.05 1.25 1.6 1 1.15 1.25
Nordik IV
22 and Snow
26- Moderate
116 Jan- E1 Ice Pellets IP/ SN EG106 8 100 20 3.565% -21.1 -156.56 -17.4 75 25 = = 10 2.9 2.35 3.5 1 1.2 1.45 1 1.1 1.1
22 and Snow
26- Moderate Polar
117 Jan- E8 Ice Pellets IP/ SN Guard 8 115 20 7.64% -22.2 -15.6 -17.4 75 25 = = ) 3.05 2.35 4 1.15 1.45 3.9 1.1 1.4 3.85
22 and Snow Advance
28- PG Type \PIZR/ Polar
128 Jan- E9 v SN Guard 8 100 20 3.34% -6.2 -3.2 =512 25 10 25 = 20 2.65 2.2 5 1 1.05 5 1 1 5
22 Expansion Xtend
28- EG Type
129 | Jan- | ET0 v [y || G 8 | 100 | 20 | 3.00% 85 | 62 | 83 | 25 [ 10| 25 | - | 20 | 285 | 255 | 5 1 1 1 1 1 1
. SN Nordik IV
22 Expansion
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