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PREFACE

PREFACE

Under contract to the Transport Canada 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:

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

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

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

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

e 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;

e To finalize the research for the development of degree-specific snow holdover time data;

e To study and support the interpretation of METAR reported weather for determining
holdover time table guidance;

e To conduct general and exploratory de/anti-icing research;
e To finalize the publication and delivery of current and historical reports;

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

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

Some project timelines were impacted due to the COVID-19 pandemic. The details of these
impacts are described in the individual reports, if applicable. The research activities of the
program conducted on behalf of Transport Canada during the winter of 2020-21 are
documented in four reports. The titles of the reports are as follows:

o TP 15494E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program
for the 2020-21 Winter;

e TP 15495E Regression Coefficients and Equations Used to Develop the Winter
2021-22 Aircraft Ground Deicing Holdover Time Tables;

e TP 15496E Aircraft Ground Icing General Research Activities During the 2020-21
Winter; and

e TP 15497E Wind Tunnel Trials to Support Further Development of Ice Pellet
Allowance Times: Winter 2020-21.

In addition, the following interim report is being prepared:

e Artificial Snow Research Activities for the 2020-21 Winter.
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PREFACE

This report, TP 15497E, 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) 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 2020-21 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 2020-21 with the
primary objectives of conducting aerodynamic testing to:

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; and

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

Conclusions and Recommendations

The wind tunnel testing conducted during the winter of 2020-21 validated the
current Type IV allowance times for use with the new-to-market fluid: AllClear
ClearWing EG. Validation testing for Cryotech Polar Guard Xtend is considered
incomplete and more testing is recommended.

Type IV EG fluid testing and an analysis of historical data supported longer allowance
times specific to Type IV EG fluids, and a new separate EG Ice Pellet Allowance Time
Table will be published for the winter 2021-22 Holdover Time Guidelines.

The proposed changes resulted in three separate allowance tables for Type lll, and
the newly separated Type IV EG, and Type IV PG fluids. The notes in the respective
tables were updated to reflect the latest format and content changes. In addition, a
column specifying the applicable METAR codes for each condition was included in
the three tables.
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SOMMAIRE

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 l'hiver 2020-2021 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 Aviation Inc. 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 objectif

Un programme d’essais en soufflerie a été élaboré pour I'hiver 2020-2021 avec
comme principaux objectifs de réaliser des tests aérodynamiques 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 ; et

e Flargir les marges de tolérance actuelles dans des conditions de granules de
glace pour les liquides de type IV a base d’éthyléne glycol au moyen d’une

surface portante haute performance a profil mince d’'un avion de transport
régional a réaction.

Conclusions and recommandations

Les essais menés en soufflerie au cours de I|'hiver 2020-2021 ont confirmé
I’applicabilité des marges de tolérance actuelles des liquides de type IV a un produit
nouvellement commercialisé : AllClear ClearWing EG. Les essais de validation pour
Cryotech Polar Guard Xtend ont été jugés incomplets; il est donc recommandé de
procéder a des évaluations supplémentaires.

Des essais réalisés sur les liquides de type IV a base d'EG (éthyléne glycol) et une
analyse des données historiques ont étayé |'augmentation des marges de tolérance
spécifiques a ces produits. De ce fait, un nouveau tableau des marges de tolérance

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/TP 15497E Final Version 1.0.docx
Final Version 1.0, July 22

ix



SOMMAIRE

relatives aux liquides a base d'EG dans des conditions de granules de glace sera
publié dans le cadre des lignes directrices sur les durées d’efficacité pour
I"hiver 2021-2022.

Les changements proposés ont donné lieu a trois tableaux de marges de tolérance
distincts pour les liquides de type lll, ainsi que les liquides de type IV a base d’EG et
ceux de type IV a base de PG (propyléne glycol), dont le traitement a récemment été
scindé. Les notes des tableaux respectifs ont été mises a jour pour refléter les
derniéres modifications apportées au format et au contenu. De plus, une colonne

indiquant les codes METAR applicables a chaque condition météorologique a été
incluse dans les trois tableaux.
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7. 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
(FPD) 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 FPD 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, improve safety, and enhance
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 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 2020-21 in
support of the aircraft ground icing research program. Each major project completed
as part of the 2020-21 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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7. 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 and the NRC that 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 was used to help 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 2072-13 (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 further 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 looking at
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, therefore, no testing was
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 2020-21, 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 2020-21 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); and

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

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 2020-21 on the RJ wing.

Table 1.1: Summary of 2020-21 RJ Wing Tests by Objective

Objective # Objective # of Runs
1 Baseline Tests (Dry Wing) 30
2 Ice Pellet Allowance Time Validation (New Fluids) 25
3 EG Fluids — Expansion of Allowance Times 62*
Total 117

*13 of 62 tests also served as validation tests.

1.3 Previous Ice Pellet Allowance Time Tables

The Type IV allowance time tables have been available since the winter of 2007-08.
Each year the Type IV testing has built upon the latest version of the allowance
time table published in the TC and FAA HOT Guidelines.

In the case of Type Il fluid, a preliminary table was developed during the winter of
2008-09; however, high rotation speed allowance time tables have only been
available and published 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.
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1. INTRODUCTION

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 conducted;

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 general changes to the Ice Pellet Allowance Time
Tables that resulted from the research conducted this year;

f) Section 7 provides a summary of the conclusions; and

g) Section 8 provides a summary of the recommendations.
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2. METHODOLOGY

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 10, 2021. 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: 2020-21 Calendar of Tests

Date
(Start date of overnight)

January 10, 2021
January 11, 2021
January 12, 2021
January 13, 2021
January 14, 2021
January 17, 2021
January 18, 2021
January 19, 2021
January 20, 2021
January 21, 2021
January 24, 2021
January 25, 2021
January 26, 2021
January 27, 2021
January 28, 2021
Total

# of Tests Run

= O (00|00 O N O OW|0(l©O|N|O|p|lO|OW|OD

—
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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.

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

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
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2. METHODOLOGY

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; the dimensions indicated are in meters. 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 — 00 - 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
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
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2. METHODOLOGY

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.

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.
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2. METHODOLOGY

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 kR W bd -

Relative humidity.

RTD MID

j

RTD UND

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

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

b=

Other conditions related to HOTs.

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.

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.
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2. METHODOLOGY

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 full-scale and flat plate testing
conducted during the winter of 2020-21:

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?2/h; and
8. Moderate Snow: 10-25 g/dm?/h.

Rain on Cold Soaked Wing

Light Freezing Rain

_ Freezing Drizzle

Freezing Fog
——)

Frost

ol
Very
Light
Light S
Sﬁ\:v ght Snow Moderate Snow
0323 45 10 13 25 s

Precipitation Rate (g/dm?/h)

Figure 2.6: Precipitation Rate Breakdown
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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 Profoto® Compact 600 flashes capable of
second-by-second photography with an intervalometer. In addition, GoPro® and
Osmo® cameras were used for wide-angle filming of fluid flow-off during the test
runs.

During the winter of 2020-21, 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. Due to interference issues from the flashes, the DSLR camera lighting
was replaced with Godox SL150W II LED video lights, which improved video quality
for the CCTV.

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

2.6.2 Refractometer/Brixometer

Fluid freezing points were measured using a hand-held Misco 1043 1VP 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
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2. METHODOLOGY

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.

= s O = &
- r
' OCTAGON
WET FiLM THICKNESS GAGE
0.4 MIL TO 400 MIL
RANGE

FeEsl
- N oN

Figure 2.8: Wet Film Thickness Gauges

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
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2. METHODOLOGY

2.7 Personnel

During the fluid testing and exploratory research testing, three APS staff members
were required to conduct the tests, and five 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;
Sprayer Calibration Form;
Visual Evaluation Rating Form;
Condition of Wing and Plate Form;

Fluid Receipt Form; and

® N o o & 0N

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.
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2. METHODOLOGY

2.10 De/Anti-Icing Fluids

For the winter of 2020-21, the new AllClear ClearWing EG and Cryotech Polar Guard
Xtend fluids were received, and additional quantities of Dow EG106 were also
received. 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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2. METHODOLOGY

Table 2.2: Wind Tunnel Fluid Viscosity Information for 2020-21 Testing

2017-18 2018-19 2019-20 2020-21
) o o o o
g © :. 'c% =0 = 'c% =0 = 'c% =0 = 'c% =0 =
S = &= ® ¢ = = & ¢ = - = m ¢ = - ° g ¢ = —
2 s e 3 S | £ (22| 38| 5z |25 (58| 52 |25 58] 52 | 2% 58
o 5 2 < ° 2 G 2a| mE| 25 2ol mE| 25 da|lmag| 25 2a| @ E
g 3 3 5 2| 28 |5E5| 2E| 28 |55| 2E| 28 |S5| pE| 28 | 55| 2E
© N 2 =29 W | = = WL | = = L | = = W | =
(77} @ > © > © > © > ©
o e (s e (s
A”C'eal:ﬂﬁf(“’c'ear 100/0 | TAB17-1023 | 2017-18 | 400 | 16,500 | 19.0 | 0:02 15,500 13,700
CHEMECGOIShemR 100/0 | 1V 35317-1 | 2017-18 | 400 | 46,000 | 19.6 | 0:13 48,400 49,700
C'a”a”/ib’l'i’(ﬂ'ght 100/0 41 2017-18 | 400 | 1,838 | 19.6 | 0:08 | 1,980 | 19.2 | 0:09 | 1,926 1,794
C'a”a”StN'\ggXF“ght 100/0 8 2017-18 | 400 | 18,700 | 19.6 | 0:39 | 19,100 | 19.5 | 0:41 | 19,700 19,900
Clariant Safewing . .
£ IV NORTH 100/0 01819 2018-19 | 400 1,028 | 19.2 | 0:05 | 956 | 19.5 | 0:06 | 1,042
JSC RCP Nordix
(Oksayd) Defrost | 100/0 | #1 (Lot #47) | 2018-19 | 400 19,200 | 19.5 | 0:8 | 18,700 24,800
EG 4
JSC RCP Nordix
(Oksayd) Defrost | 100/0 | #4 (Lot #48) | 2018-19 | 300 13,300 | 19.9 | 0:34 | 12,300 10,400
ECO 4
DOW EG106 100/0 | D268IB7001 | 2018-19 | 300 39,500 n/a
Cryotech Polar 100/0 | PGA181205PA | 2018-19 | 300 14,820 14,760
Guard Advance
DOW EG106 100/0 | D268KAGO00 | 2020-21 | 300 42,980 | 20.0 | 1:21
Cryotech Polar 100/0 | PGX201104PA | 2020-21 | 320 14,500 | 19.9 | 0:20
Guard Xtend
AllClear ClearWing TAB20-
EG 100/0 CW1207 2020-21 | 400 41,620 | n/a | n/a
CHEMECGOIShemR 100/0 | 1V-201210-2 | 2020-21 | 120 50,200 | 20.1 | 0:16

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 done with
the Stony Brook PDVdi-120 Falling Ball Viscometer whenever possible (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 I/HII/IV Fluid Application Equipment

The Type lI/1II/1V 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 HI/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. METHODOLOGY

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 using the following objectives:

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

8° lift loss; and

o R bd -

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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2. METHODOLOGY

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 Lift Loss

To pass, the 8° 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,
communication, 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
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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

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/TP 15497E Final Version 1.0.docx
Final Version 1.0, July 22
27



2. METHODOLOGY

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 2020-21 can be found in
Table 2.1. A detailed log of the tests conducted in the NRC IWT during the winter
of 2020-21 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 #: Exclusive number identifying each test run.

Date: Date when the test was conducted.

Test Plan #: The unique number identifying the test in the
overall plan specific to the test year.

Objective: Main objective of the test.

Test Condition: Description of the simulated conditions for
the test.

Fluid Name: Aircraft anti-icing fluid used during the test.

Rotation Angle: Maximum angle of rotation obtained during

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

Speed (kts): Maximum speed obtained during simulated
takeoff run, recorded in knots.

Flap Angle (0°, 20°): 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.

Corrected for 3D Effects % Percent lift loss calculated based on the

Lift Loss at 8° C.vs. Dry Cu: comparison of the 8° lift coefficient during the
test run versus the 8° dry wing average lift
coefficient.
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3. FULL-SCALE DATA COLLECTED

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:

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-

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 developed based on data collected
using commercially available Type IV fluids. The Type IV fluid Ice Pellet Allowance
Times are generic and, therefore, conservative. 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 to identify any potential issues. In addition, testing is
recommended with all available fluids to obtain data close to the 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 2020-21 with the following Type IV EG and propylene glycol
(PG) fluids:

1. AlIClear ClearWing EG; and
2. Cryotech Polar Guard Xtend.

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:

e FFAA(BB)CC[DDIGGE
o FF is the fluid name designation based on the following:
o AllClear ClearWing — CW; and
o Cryotech Polar Guard Xtend — XT.

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 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.

o CC is the exposure time of the test in minutes.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

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 EG Testing Results

A total of 18 allowance time tests were conducted with AllClear ClearWing EG 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 4.1 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 a visual and aerodynamic
perspective with the exception of Test #40 run in Light Ice Pellets Mixed with
Freezing Rain and Test #23 run in Light Ice Pellets Mixed with Rain. In both cases,
the tests failed 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 #40 was re-run as Test #41 with EG
fluid and contamination applied with the flap retracted for the contamination period,
and the results improved as expected (aligned with historical observations). Test #23
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 4.2 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 #42
and #98 had “Review” status due to visual ratings on the leading edge at the start
of rotation and, in the case of Test #98, the visuals on the leading edge at the time
of rotation as well. The low lift losses recorded indicated that these tests could be
considered acceptable. Tests #13, #14, #73, #80, #88, and #92 all had “Bad”
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ratings. In all but Test #13, the tests failed due to the visual rating, which identified
adherence on the flap at the start of the test with the flap extended (in the takeoff
position) during fluid application and exposure to contamination; the tests were not
re-run as it is known that the visual would improve with the flap retracted during
contamination and because the lift loss was acceptable. In the case of Test #13, the
temperature was near freezing and caused more severe adherence, which may not
have been representative test. The re-run of the test as Test #14 provided more
representative results.

Table 4.3 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 flap deployed 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 AllClear ClearWing
EG, and the results indicate a good potential to increase the allowance times for EG
fluids.
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Table 4.1: ClearWing EG Allowance Time Validation Tests

Precipitation Type

Outside Air Temperature

Hail) Mixed with Rain

Below -5 Below -10 Below -16
_[{o
5°C and above to -10°C to -16°C to -22°C
Light Ice Pellets 50 minutes 30 minutes 30 minutes 30 minutes
9 CWO(1.4)50[10121G
Light Ice Pellets Mixed with Snow 40 minutes 15 minutes 15 minutes
9 CW-5(2.8)40[39]21G
Light .Ice Pelllets Mixed with 25 minutes 10 minutes
Freezing Drizzle
Light Ice Pellets Mixed with 25 minutes . Caution:
Freezing Rain 10 minutes No allowance
9 CW-6(1.6)25[41121G *- times currently exist
Light Ice Pellets Mixed with Rain 25 minutes
Moderate Ice Pellets (or Small 25 minutes . . .
Hail) CW-5(2.0)25[38]121G 10 minutes 10 minutes 10 minutes
Moderate Ice Pellets (or Small 10 minutes 7 minutes
Hail) Mixed with Freezing Drizzle Caution:
No allowance
Moderate Ice Pellets (or Small . times currently exist
10 minutes

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

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

Table 4.2: ClearWing EG Allowance Time Expansion Tests

Precipitation Type

Outside Air Temperature

Below -5 Below -10 Below -16
.o
5°C and above to -10°C to -16°C to -22°C
Light Ice Pellets 50 minutes 30 minutes 30 minutes 30 minutes
. . . 40 minutes 15 minutes .
Light Ice Pellets Mixed with Snow CW-3(3.3)50[98]21R 15 minutes
Light Ice Pellets Mixed with 25 minutes 10 minutes
Freezing Drizzle
Light Ice Pellets Mixed with 25 minutes . CONTEELID
. . 10 minutes allowance
Freezing Rain . .
times currently exist
Light Ice Pellets Mixed with Rain 25 minutes
Moderate Ice Pellets (or Small 25 minutes . . .
Hail) CW-8(2.2)35[42]21R 10 minutes 10 minutes 10 minutes
Moderate Ice Pellets (or Small 10 minutes 7 minutes
Hail) Mixed with Freezing Drizzle
Caution:
10 minutes No allowance

Moderate Ice Pellets (or Small * times currently exist
Hail) Mixed with Rain *

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

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

Table 4.3: All ClearWing EG Allowance Time Tests

Outside Air Temperature

Precipitation Type

Below -5 Below -10 Below -16
_[{o
5°C and above to -10°C to -16°C to -22°C
50 minutes 30 minutes
Light Ice Pellets CWO0(1.4)50[10]121G 30 minutes 30 minutes

CW-4(2.6)70[99121G | CWV-8(2:7150149121G

40 minutes 15 minutes

Light Ice Pellets Mixed with Snow| CW-5(2.8)40[39]21G 15 minutes
CW-3(3.3)50[98]121R CW-9(4.9)30[63]121G

Light Ice Pellets Mixed with 25 minutes 10 minutes
Freezing Drizzle CW-2(7.8)40[92]21B
25 minutes S
Light Ice Pellets Mixed with CW-6(7.325[401218 | | Caution: No
Freezing Rain CW-6(1.6)25[41]121G*- Y . .
_ times currently exist
Light Ice Pellets Mixed with Rain %
25 minutes
m:’"‘:e'a‘e Ice Pellets (or Small CW-5(2.0)25[38121G 10 minutes 10 minutes 10 minutes
CW-8(2.2)35[42]21R
Moderate Ice Pellets (or Small 10 minutes 7 minutes
Hail) Mixed with Freezing Drizzle _
Caution:
10 minutes No allowance
Moderate Ice Pellets (or Small * times currently exist

*

Hail) Mixed with Rain
CW2(1.0)20[32]121G

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

4.3 Polar Guard Xtend Testing Results

A total of 14 allowance time tests were conducted with Cryotech Polar Guard Xtend.
Table 4.4 provides a summary of the tests conducted. Of the tests, three were
acceptable from a visual and aerodynamic perspective; however, eight tests (#5, #6,
#45, #46, #54, #89, #111, and #112) had “Review” status, and three tests (#68,
#113, and #115) had “Bad” status. Upon further investigation of the “Review” tests,
Tests #45, #46, #54, #89, #111, and #112 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 #5 and #6 had visual contamination on the leading edge at the time of rotation,
which were slightly higher the acceptable limit; however, the low lift losses recorded
indicated that these tests could be considered acceptable.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Upon further investigation of the “Bad” tests, Tests #113 and #115 failed both due
to the lift losses recorded of 9.8, which were above the 9.2 precent upper limit.
These tests were conducted at 115 knots and were at the bottom end of the
temperature band, making them the most restrictive test conditions. A third test
(#68) failed due to the lift loss recorded of 9.4, which was above the 9.2 precent
upper limit, as well as the visual rating on the leading edge at rotation, which was
higher than the acceptable limit. In all three tests, the results were marginally outside
of the acceptable limits. It should be noted that the -16°C fluid only test recorded a
lift loss of 7.0 percent.

These test conditions have been problematic for other PG fluids tested in the past;
this is why the allowance times were changed to 115 knots at below -10°C and why
allowance times do not apply for PG fluids below -16°C. The Polar Guard Xtend data
were compared to historical PG fluid data to understand how the results compare in
the three cells of interest as well as in fluid only tests. The results are presented in
Table 4.5, Table 4.6, Table 4.7, and Table 4.8, and graphically in Figure 4.1,
Figure 4.2, Figure 4.3, and Figure 4.4. The results indicated that the fluid
performance was consistently in the higher range of lift loss as compared to other
PG fluids tested in similar conditions. In addition, the fluid viscosity information
summarized in Figure 4.5 indicates that the fluid viscosity was in the middle of the
manufacturers stated production range and thus was appropriate for testing
purposes.

Based on the results obtained, the validation testing for Cryotech Polar Guard Xtend
is considered incomplete. The three problematic data points were at or outside the
temperature limits, which could nullify those data points. More testing is
recommended before any changes to the guidelines are considered.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.4: All Polar Guard Xtend Allowance Time Tests

Outside Air Temperature
Precipitation Type 5°C and above Below -5 Below -10 Below -16
to -10°C to -16°C to -22°C
. 50 minutes 30 minutes 30 minutes .
Light lce Pellets XT-2(4.0)50[5121R | XT-9(7.5)30[46121R 30 minutes
. . 15 minutes
Light Ice Pellets Mixed with Snow XT_;‘(‘; T)'thlgjm = 18 minutes |y T 15(7.7)15[111121R
’ XT-15(8.4)15[112]21R

Light .Ice Pelllets Mixed with 25 minutes 10 minutes
Freezing Drizzle

Caution: No
Light Ice Pellets Mixed with 25 minutes 10 minutes allowance
Freezing Rain XTO(3.5)25[11]21* | XT-8(7.1)10[45]121R times currently

exist
Light Ice Pellets Mixed with Rain 25 minutes
Moderate Ice Pellets (or Small 25 minutes 10 minutes 10 minutes 10 minutes
Hail) XT1 (3.7)15[9]21G | XT-5(7.5)10[54]21R
Moderate Ice Pellets (or Small 10 minutes 7 minutes
Hail) Mixed with Freezing Drizzle |XT-3(6.6)10[89]121R
Caution:
No allowance

Moderate Ice Pellets (or Small 10 minutes times currently exist
Hail) Mixed with Rain XTO(2.8)10[12]21*

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

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

Table 4.5: Historical PG Data for IP-/SN- Below -5°C to -10°C

Corrected for 3D

Test Year T;St Colzisttion Fluid Name RZt:]gt:Zn S&::)d F('g‘j,g’(‘)%')e Extra Run Information % LiﬁE{f::st‘Bn 8o O_?(;I’StB(eagre
C. vs Dry C.

z‘g’jr;t_‘;'s 1 IP- / SN- O‘:':‘Ii'i dPG 8 100 20 - 4.96%
oooaet | ea | IP-/sN- Other °G 8 100 20 - 4.60%
z‘g’jgt_‘;'e 22 IP- / SN- O‘:':‘Ii'i dPG 8 100 20 - 6.95%
e | [ e [ e e | | e | o
oorae | 26 | 1P-ssN- Other °G 8 100 20 - 7.75%
s | a7 IP- / SN- Other °G 8 100 20 8.10%
z\évj'(’)t_% 56 IP- / SN- Otglzri dPG 8 100 20 LE TRIP INSTALLED
zgvzi%t-ezr1 68 IP- / SN- P°';’t§]‘f’d 8 100 20
z\évj'(’)t_% 58 IP- / SN- Otglzri dPG 8 100 20 LE TRIP INSTALLED
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Correlation PG Data IP- / SN-
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Figure 4.1: Correlation of PG Data for IP-/SN- Below -5°C to -10°C
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.6: Historical PG Data for IP- Below -10°C to -16°C

Corrected for 3D

Test Year T;St Co:zisttion Fluid Name RZ?;:S“ s;ﬁ?:)d F(Ig;:, Azr(;%I)e Extra Run Information % Lﬁ‘:ftztsss On oﬁ;tB(e"fé))re
8° C. vs Dry Cu

01001 | @ IP- i 8 18 20 2.88%

Joamer | 91 IP- P;'Z;Sn“:gd 8 115 20 Didn’t reach 115 kts 6.58%

2‘(’)";';61'3 97 P O“F‘E’i dPG 8 115 20 Didn’t reach 115 kts 7.58%

pornter | 20 Ip- Other °G 8 115 20 115 kts for PG 6.54%

z\é\qgtjrs 189 IP- Otpliridpe 8 18 20 0-09%

LE TRIP INSTALLED

LE TRIP INSTALLED

LE TRIP INSTALLED - Last Minute
Change to 115 Kts Due to Cont.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Correlation PG Data IP-
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Figure 4.2: Correlation of PG Data for IP- Below -10°C to -16°C
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.7: Historical PG Data for IP Moderate Below -10°C to -16°C

Corrected for 3D
Test . Rotation Speed | Flap Angle . Effects
Test Year Test # Condition Fluid Name Angle (Kts) (0°, 20°) Extra Run Information % Lift Loss On 8°
CL vs Dry C.
Winter 154 1P Mod Other PG Fluid 8 115 20 Repeat of Previous Test Due to 3.09%
2010-11 Ramp-up Issue
Winter 15 IP Mod Other PG Fluid 8 115 20 Same As P30 But With different 4.71%
2010-11 fluid
Winter 158 1P Mod Other PG Fluid 8 115 20 Repeat of Test 15 Due to Ramp-up 5.27%
2010-11 Issue
Winter .
359 IP Mod Other PG Fluid 8 115 20 Repeat of 358 7.31%
2013-14
Winter .
361 IP Mod Other PG Fluid 8 115 20 run @ LOUT 5.08%
2013-14
Winter Polar Guard @
2013-14 362 IP Mod Advance 8 115 20 run @ LOUT 6.01%
Winter .
360 IP Mod Other PG Fluid 8 115 20 run @ LOUT 6.95%
2013-14
Winter . .
2013-14 358 IP Mod Other PG Fluid 8 115 20 Data lost due to APM unit N/A
Winter 23 IP Mod Other PG Fluid 8 115 20 115 kts for PG 6.30%
2018-19
Winter .
2012-13 113A IP Mod Other PG Fluid 8 115 20 Repeat of 113 8.83%
Winter 22 IP Mod Other PG Fluid 8 115 20 115 kts for PG 7.18%
2018-19
Winter 113 IP Mod Other PG Fluid 8 115 20 Ramp-up too slow close to 40 7.31%
2012-13 secs
Winter . P o
2012-13 95 IP Mod Other PG Fluid 8 115 20 Didn’t reach 115 kts 7.44%
Winter .
357 IP Mod Other PG Fluid 8 115 20 run @ LOUT 7.16%
2013-14
Winter Polar Guard L o
2012-13 92 IP Mod Advance 8 115 20 Didn’t reach 115 kts 8.05%
Winter . LE TRIP INSTALLED - Same As
2010-11 41A IP Mod Other PG Fluid 8 115 20 Test 25 but at 115 Kis 5.63%
Winter ) o
2015-16 14 IP Mod Other PG Fluid 8 115 20 - 8.45%
Winter . . o
2013-14 331 IP Mod Other PG Fluid 8 115 20 new dispenser 8.95%
Winter . . o
2013-14 333 IP Mod Other PG Fluid 8 115 20 new dispenser 9.42%
Winter . LE TRIP INSTALLED - Same As
iter |47 | pmod | Other PG Fiuid 5 115 | 20 mrmsranen - semeas |
Winter Polar Guard o
2020-21 115 IP Mod Xtend 8 115 20 115 kts for PG 9.79%
Winter ) o
2012-13 156 IP Mod Other PG Fluid 8 115 20 9.06%

OAT Before
Test (°C)

-12.8

-13.3

-12.7

-14.1

-1

-10.9

-12.3

-16.9

-156.1

-18.7

-14.9

-19.2

-18.5

-17.9

-19.1

-20.6

-17.2

-20.2

-20.6

-20.6

-16.9

-21.1
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.7: Historical PG Data for IP Moderate Below -10°C to -16°C (cont’'d)

Corrected for 3D
Test . Rotation Flap Angle . Effects OAT Before
Test Year Condition Fluid Name Angle (0°, 20°) Extra Run Information 9% Lift Loss On 8° Test (°C)

CL vs Dry Cu

LE TRIP INSTALLED

LE TRIP INSTALLED - Repeat
Due to Run 31 Fast Ramp. Need
Slower

LE TRIP INSTALLED

LE TRIP INSTALLED - Change to
115 to Match Current Guidance
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Correlation PG Data IP Moderate
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Figure 4.3: Correlation of PG Data for IP Moderate Below -10°C to -16°C
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.8: Historical PG Fluid Only Data at All Temperatures

Corrected for 3D
Test Year T;St Co-:ueiisttion Fluid Name RXE::S" S(pK?;d F:?)E‘ ’;’(‘)9)'9 Extra Run Information % LiﬂEEf :scstson 8°
CLvsDry CL

2\(’)"1'2"?’2 116 | FluidOnly | Other PG Fluid 8 100 5.80%

2\(’)"1'2"?’2 115 | Fluid Only | Other PG Fluid 8 100 5.38%

2\(’)"1'2"?’2 159 | Fluid Only | Other PG Fluid 8 100 4.68%

2\8’1'2'?’2 160 | Fluid Only | Other PG Fluid 8 100 4.73%

2‘6"1”;“?2 156 Fluid Only | Other PG Fluid 8 100 4.96%

2‘6"1”;“?2 158 Fluid Only | Other PG Fluid 8 100 4.77%

2‘6"1”;“?2 155 Fluid Only | Other PG Fluid 8 100 4.59%

2‘(’)"1”;% 157 | Fluid Only | Other PG Fluid 8 100 4.62%

o 4 Fluid only | Pelar Suard 8 100 20 Baseline Test 6.38%

orer 61 | FluidOnly | Other PG Fluid 8 100 20 LETRIPINSTALLED - Target OAT
2\(’)"1'2"?’2 147 Fluid Only | Other PG Fluid 8 100
oyer 60 | FluidOnly | Other PG Fluid 8 100 20 LETRIPINSTALLED - Target OAT
2‘6";’5‘_‘:2 63 Fluid Only | Other PG Fluid 8 100 20 Target OAT -5 Instead of 0 5.34%

2\6\/(;2{612) 29 Fluid Only Other PG Fluid 8 100 20 Baseline Test for Run 28 (P3) 4.71%

oyer 62 | FluidOnly | Other PG Fluid 8 100 20 Target oﬁ;g Instead of 0. LE 5.06%

2‘(’)"1”;% 180 | Fluid Only | Other PG Fluid 8 100 5.23%

2\(’)"1'2"?’2 179 | Fluid Only | Other PG Fluid 8 100 4.88%

z\é‘ggﬁro 1 Fluid Only | Other PG Fluid 8 100 20 Baseline Test for Run 0 (P8) 4.59%

2‘3’}3’_‘?’1 75 Fluid Only | Other PG Fluid 8 100 20 Temp. Changed to -5 7.45%

2\8’1'2'?’2 182 | FluidOnly | Other PG Fluid 8 100 5.53%

2‘6"1”;“?2 181 Fluid Only | Other PG Fluid 8 100 5.21%

oyer, 169 | FluidOnly | Other PG Fluid 8 100 20 S o e 2Ok
2‘6";’;{% 29 Fluid Only | Other PG Fluid 8 100 20
2‘(’)";’(‘)‘_?1 57 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED

OAT Before
Test (°C)

-11.4
-11.2
-11.9
-11.8

-14.5
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.8: Historical PG Fluid Only Data at All Temperatures (cont’d)

Corrected for 3D
Test Test . Rotation Speed Flap Angle . Effects
Test Year # Condition Fluid Name Angle (Kts) (0°, 20°) Extra Run Information 9% Lift Loss On 8°
CLvsDry CL
2\3’1"(‘;_?1 5A Fluid Only | Other PG Fluid 8 100 20 Repeat of Previous Test 3.87%
2\3’1"(‘;_?1 55 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED 2.57%
2\3’1"(‘;_?1 54 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED 5.78%
Winter . .
2011-12 56 Fluid Only Other PG Fluid 8 100 5.43%
Winter . .
201112 54 Fluid Only | Other PG Fluid 8 100 6.02%
Winter . . .

2018-19 24 Fluid Only Other PG Fluid 8 100 20 Baseline Test 7.53%
2‘6\’1"(‘){‘?1 12 Fluid Only | Other PG Fluid 8 100 20 Comparative Run for E2 6.05%
Winter . . Repeat of Test 80 with 8 Degree o
2010-11 81 Fluid Only Other PG Fluid 8 100 20 Rotation 7.10%
2\3’1"(‘;_?1 42 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED 3.57%
2\3’1"(‘;_?1 39 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED 7.20%
Winter g Polar Guard f o
2020-21 114 Fluid Only Xtend 8 100 20 Baseline Test 7.00%
Winter . . . o
2017-18 23 Fluid Only Other PG Fluid 8 100 20 Baseline Test 6.05%

Winter . .

201243 155 Fluid Only | Other PG Fluid 8 100 20 6.40%
s, 21 | Fuwidonly | Other PG Fluid 8 100 20 LE TRIP INSTALLED 6.56%
Winter . . . 5
2018-19 9 Fluid Only Other PG Fluid 8 100 20 Baseline Test 8.90%
Winter . Polar Guard . 0
2018-19 7 Fluid Only Advance 8 100 20 Baseline Test 6.94%
2\3’1"(‘;_?1 32 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED 3.92%

Winter . . i

2018-19 4 Fluid Only Other PG Fluid 8 100 20 Baseline Test 6.99%
Winter . . i

2018-19 5 Fluid Only Other PG Fluid 8 100 20 Baseline Test 9.38%
Winter . .

2012-13 135 Fluid Only | Other PG Fluid 8 100 20 3.99%
Winter . .

201243 143 Fluid Only | Other PG Fluid 8 100 20 6.21%
Winter . Polar Guard

2012.13 146 Fluid Only Avanas 8 100 20 7.99%
s, 30 | Fuwidonly | Other PG Fluid 8 100 20 LE TRIP INSTALLED 8.13%
2‘6\';3{‘?'1 29 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED 6.56%
2\3’;’(‘){?1 33 Fluid Only | Other PG Fluid 8 100 20 LE TRIP INSTALLED 8.27%

OAT Before
Test (°C)

-12.4
-15
-15.4
-15.7
-16.4
-15.0
-16
-18
-20.5
-21.1
-16.8

-17.7

-20.4
226
22.3
-27.1
22.3
222
5
254
255
-27.1
-27.4

-27.4
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Correlation PG Data Fluid Only
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Figure 4.4: Correlation of PG Data Fluid Only Data at All Temperatures
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Manufacturer Stated Production Viscosity Range for this Fluid:

10000
20000

Minimum Production Viscosity: Measurement Method*:

Maximum Production Viscosity: Measurement Method*:

Manufacturer Measured Fluid Characteristics:

14800
14800
35.8

Viscosity (Manufacturer Method): Measurement Method*; @

I

Viscosity (AS9968 Methaod): Measurement Method*; @

Fluid Brix:

APS Measured Viscosity: 14500 - Method A

Method | Brookfield Spindle* Container Fluid Volume | Temp.** Speed Duration

a LV1 (with guard leg) 600 mL low form (Griffin) beaker 575 mL™* 20°C 0.3 rpm 10.0 minutes

Figure 4.5: Polar Guard Xtend Viscosity (Cp) Information
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5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

5. POSSIBLE 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 additional testing with EG fluids was
performed.

5.1 Analysis of EG Fluid Allowance Times

An analysis was conducted based on the EG fluids tested during the winter of
2020-21, as well as on historical testing that occurred between 2009 and 2020.
The data includes 135 tests, which comprised allowance time development,
validation, and expansion tests. The analysis included seven EG fluids:

AllClear Systems LLC ClearWing EG;

CHEMCO Inc. ChemR EG 1V;

Clariant Produkte (Deutschland) GmbH Max Flight AVIA;

Clariant Produkte (Deutschland) GmbH Safewing EG IV NORTH;

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

LNT Solutions LNT E450.

N o o kb=

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
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). Table 5.3 includes only
the tests that were run longer than the current allowance time or in conditions where
there are no allowance times.

For tests highlighted in yellow or red (review or bad), comments were included
describing the reason for the rating. A new colour, pink, was added this year for
tests that demonstrated adherence on the flap while configured with the flap
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5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

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.

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

FFAA(BB)CCIDD]GGE

O

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

o Chemco ChemR EG IV - CC;

o Clariant Avia — CA;

o Clariant North — CN;

o Dow EG106 - DE;

o LNT E450 - LE; and

o Defrost EG IV - FR.

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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5. POSSIBLE 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

Below -5 Below -10
-5o - o
5°C and above to0 -10°C t0 -16°C Below -16°C
50 minutes
30 minutes
30 minutes 30 minutes

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

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

Light Ice Pellets Mixed
with Snow

40 minutes

CW-3(3.3)50[98]21R

CC-5(3.7)50[33]18R

15 minutes

15 minutes

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

0 minutes

DE-18(4.1)15[311114R

Light Ice Pellets Mixed
with Freezing Drizzle

25 minutes
CN-2(6.9)40[90]21R
FR-2(3.9)40[91]21R

10 minutes
CC-6(5.4)30[32]18R

Light Ice Pellets Mixed
with Freezing Rain

25 minutes

.
'

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

Light Ice Pellets Mixed
with Rain

10 minutes

0 minutes

25 minutes

Caution: No allowance
times currently exist

Moderate Ice Pellets (or
Small Hail)

25 minutes

CC-4(2.7)35[96]121R
CN-5(1.3)35[21]20R

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

10 minutes

10 minutes

LE-15(6.4)10[13]16R

CC-14(2.1)25[11]20R
DE-15(1.1)25[13]20R
CN-16(2.2)25[6]20R

10 minutes
LE-17(6.0)10[11]16R

CA-21(5.5)10[16]19R
FR-21(6.6)10[18]19R
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5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

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

Outside Air Temperature

Precipitation Type

Below -5 Below -10
-Bo - o
5°C and above t0 -10°C t0 -16°C Below -16°C

10 minutes

7 minutes

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

CC-3(7.3)20[100]121R
FR-7(3.6)20[105]121R

10 minutes

Caution:
No allowance
times currently exist

Moderate Ice Pellets (or
2:;:" Hail) Mixed with OETTETE

-

*

*

*

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

*

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

Table 5.2: EG Validation Tests (Meet Current ATs) since 2009 with RJ Wing

Precipitation Type

Outside Air Temperature

Below -5 Below -10
_5° -
5°C and above t0 -10°C t0 -16°C Below -16°C
30 minutes 30 minutes
50 minutes 30 minutes
Light Ice Pellets CA-21(5.7)30[15]119R
FR-22(6.7)30[17]119R
LE-15(5.8)30[10]16R
15 minutes
15 minutes

Light Ice Pellets Mixed
with Snow

40 minutes

CA-14(4.3)15[41]119R

0 minutes

Light Ice Pellets Mixed
with Freezing Drizzle

25 minutes

10 minutes

Light Ice Pellets Mixed
with Freezing Rain

25 minutes

10 minutes

0 minutes

Light Ice Pellets Mixed
with Rain

25 minutes

Caution: No allowance
times currently exist

Moderate Ice Pellets (or
Small Hail)

25 minutes

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

10 minutes

10 minutes

LE-15(6.4)10[13]16R

10 minutes
LE-17(6.0)10[11]16R

CA-21(5.5)10[16]19R
FR-21(6.6)10[18]19R

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/TP 15497E Final Version 1.0.docx

59

Final Version 1.0, July 22



5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.2: EG Validation Tests (Meet Current ATs) since 2009 with RJ Wing (cont’d)

Outside Air Temperature

Moderate Ice Pellets (or
Small Hail) Mixed with
Rain

CW2(1.0)20[32]121G

*

Precipitation Type
Below -5 Below -10

_RO - o

5°C and above t0 -10°C t0 -16°C Below -16°C
Moderate Ice Pellets (or 7 minutes
SmaII.Ha|I) !\nlxed with 10 minutes CC-8(2.4)7[9118G
Freezing Drizzle

Caution:
10 minutes

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. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.3: EG Expansion Tests (Exceed Current ATs) since 2009 with RJ Wing

Precipitation

Outside Air Temperature

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

Type ° Below -5 Below -10 o
-5°C and above t0 -10°C t0 -16°C Below -16°C
50 minutes
30 minutes
Light Ice 30 minutes .
Pellets 30 minutes
40 minutes
Light Ice _ 15 minutes 18 minutos S
et it CW-3(3.3)50[98]21R
Snow DE-4(3.2)50[71121G DE-18(4.1)15[311]14R
CC-5(3.7)50[33]118R
tg::t;ce 25 minutes 10 minutes
Mixed with CN-2(6.9)40[90]21R CC-6(5.4)30[32]18R
. FR-2(3.9)40[91]121R
Fraezing CW-2(7.8)40[92]218
Drizzle
25 minutes
Light Ice - :
Pellets CC-3(2.3)40[76]21R- 10 minutes 0 minutes
Mixed with Caution: No allowance
Freezing times currently exist
Rain
Light Ice 25 minutes
Pellets
Mixed with
Rain
25 minutes
Moderate _ 10 minutes 10 minutes
Ice Pellets CC-4(2.7)35[96121R CC-14(2.1)25[11120R
{or Small CN-5(1.3)35[21]20R DE-15(1.1)25[13]20R 10 minutes
Hail) CN-16(2.2)25[6]20R
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5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.3: EG Expansion Tests (Exceed Current ATs) since 2009 with RJ Wing (cont'd)

Outside Air Temperature
Precipitation

Type Below -5 Below -10 o
-5°C and above t0 -10°C t0 -16°C Below -16°C

Moderate 10 minutes
Ice Pellets CW-3(7.1)20[88]21B 7 minutes
(or Small CC-3(7.3)20[100]21R
Hail) Mixed
with
Freezing
Drizzle FR-7(3.6)20[105]21R

10 minutes

Caution:
No allowance
times currently exist

Moderate
Ice Pellets FR1(2.3)15[35]21R
(or Small *
Hail) Mixed
with Rain

*

*

*

*

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

*

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

5.3 Proposed Changes for an EG Specific Allowance Time Table

Based on the results, each cell of the allowance time table was analysed for EG 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 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 Type
pitation Typ 59C and above|  BEIOW -5 Below -10 Below -16
to -10°C to -16°C to -22°C
. 50-minutes 30-minutes 30 minutes .
Light Ice Pellets 70 minutes 50 minutes limited data 30 minutes
Light Ice Pellets Mixed with Snow O-minutes S-mindtes | 15 minutes
50 minutes 30 minutes imited data
Light Ice Pellets Mixed with Freezing Drizzle . .
40 minutes 30 minutes Cauti
25 i o i aution:
Light Ice Pellets Mixed with Freezing Rain . . No allowance
40 minutes 30 minutes . .
- times currently exist
Light Ice Pellets Mixed with Rain .
40 minutes
Moderate Ice Pellets (or Small Hail) . . 1? Tﬂu}es 10 minutes
35 minutes 25 minutes imited data
Moderate Ice Pellets (or Small Hail) Mixed with Freezing| 10-minutes F-minutes .
. . . Caution:
Drizzle 20 minutes 10 minutes No allowance
Moderate Ice Pellets (or Small Hail) Mixed with Rain 15 minutes times currently exist
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5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

Table 5.5: Analysis of Potential Percentage Increase in Allowance Times

Outside Air Temperature

Precipitation Type

-5°C and above Below -5 Below -10 Below -16
to -10°C to -16°C to -22°C
Light Ice Pellets 40% 67% - -
Light Ice Pellets Mixed with Snow 25% 100% -
Light Ice Pellets Mixed with Freezing Drizzle 60% 200%
Caution:
Light Ice Pellets Mixed with Freezing Rain 60% 200% No allowance
times currently exist
Light Ice Pellets Mixed with Rain 60%
Moderate Ice Pellets (or Small Hail) 40% 150% - -
M?derate Ice Pellets (or Small Hail) Mixed with Freezing 100% 43% Caution:
Drizzle
No allowance
Moderate Ice Pellets (or Small Hail) Mixed with Rain 50% 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 above -10°C range, as much of the
supporting testing conducted in 2020-21 was in this temperature range. Although
some cells below -10°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 notable observations on the cells to be expanded:

e Each of the cells contains at least three different EG fluid expansion tests. The
only exception is Light Ice Pellets Mixed with Rain cell which references the
Light Ice Pellets Mixed with Freezing Rain data as a conservative surrogate;

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

e Percentage increases in allowance times range from 25 percent to 200
percent;

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. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

5.3.1 Proposed Changes to the HOT Guidelines

For the Winter 2021-22 HOT Guidelines, TC and the FAA agreed to include a
separate Type |V EG fluid allowance time table that incorporates the longer times (as
shown in Table 5.4) limited to the -10°C and above temperature range. The
allowance times for the Type IV PG fluids remained unchanged.

There is a potential to develop longer allowance times for Type IV EG fluids
below -10°C; however, additional data is required to support the preliminary data
collected to date.
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6. GENERAL CHANGES TO THE ALLOWANCE TIME TABLE

6. 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 2020-21.

6.1 Ice Pellets Mixed with Rain Conditions

As part of the testing, results demonstrated that contamination adherence could
progress quickly if the testing temperature was 0°C or below during conditions of
Light Ice Pellets Mixed with Rain and Moderate Ice Pellets (or Small Hail) Mixed with
Rain. For temperatures above 0°C, the progression of adherence was as expected.
Some of the EG expansion data (see Table 5.1) collected in this condition during the
winter of 2020-21 demonstrated sensitivity of adherence to temperature at this
threshold.

As such, it is recommended that Note 4 and Note 8 of the Type IV allowance
time table and Note 5 of the Type lll allowance time table be reworded to exclude
0°C. This change will also be consistent with the “Rain on a Cold-Soaked Wing
Condition” guidance that currently exists. Table 6.1 presents the current and
proposed allowance time table notes.

Table 6.1: Proposed Changes to Allowance Time Table Note

Current Note Proposed Note

(Notes 4 and 8 for Type IV Table and
Note 5 for Type Ill Table)

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

6.2 METAR Codes for Ice Pellet and Mixed Conditions

Over the years, the ice pellet allowance time tables have developed beyond guidance
specific to ice pellets, including mixed conditions as well. Based on industry
feedback, it was recommended that the allowance time tables be amended to include
the specific METAR codes or combinations for which the allowance times apply. The
purpose is to remove ambiguity around which allowance times can or cannot be used
in specific conditions.

For the Winter 2021-22 HOT Guidelines, TC and the FAA agreed to include a new
column in the Type Ill and the newly separated Type IV EG and PG allowance time
tables, which includes the applicable METAR codes related to each individual ice
pellet or mixed condition.
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7. CONCLUSIONS

7. CONCLUSIONS

These conclusions were derived from the testing conducted during the winter of
2020-21.

7.1 Validation Testing for New-to-Market Type IV Fluids
Two new-to-market fluids were testing during the winter of 2020-21.

Results obtained validated the current Type IV allowance times for use with the
new-to-market fluid AllClear ClearWing EG.

The validation testing for Cryotech Polar Guard Xtend is considered incomplete. The
three problematic data points were at or outside the temperature limits. More testing
is recommended before any changes to the guidelines are considered.

7.2 New Type IV EG Specific Allowance Time Table

Type IV EG fluid testing and an analysis of historical data indicated the potential for
longer allowance times specific to Type IV EG fluids. For the Winter 2021-22 HOT
Guidelines, TC and the FAA agreed to include a separate Type IV EG fluid allowance
time table that incorporates the longer times (as shown in Table 5.4) limited to
the -10°C and above temperature range. The allowance times for the Type IV PG
fluids remained unchanged.

There is a potential to develop longer allowance times for Type IV EG fluids
below -10°C; however, additional data is required to support the preliminary data
collected to date.

7.3 Ice Pellets Mixed with Rain Conditions

As part of the testing, results demonstrated that fluid adherence could progress
quickly if the testing temperature was 0°C or below during conditions of Light Ice
Pellets Mixed with Rain and Moderate Ice Pellets (or Small Hail) Mixed with Rain. As
such, it is recommended that Note 4 and Note 8 of the Type IV allowance time tables
and Note 5 of the Type Ill allowance time table be reworded to exclude 0°C.

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/TP 15497E Final Version 1.0.docx
Final Version 1.0, July 22



7. CONCLUSIONS

7.4 WMETAR Codes for Ice Pellet and Mixed Conditions

For the Winter 2021-22 HOT Guidelines, TC and the FAA agreed to include a new
column in the Type Ill and the newly separated Type IV EG and PG allowance time
tables, which includes the applicable METAR codes related to each individual ice
pellet or mixed condition. The purpose is to remove ambiguity around which
allowance times can or cannot be used in specific conditions.

7.5 Changes to Ice Pellet Allowance Time Guidance

The results of the validation and EG expansion testing required changes to the format
and contents of the allowance time tables. The proposed changes will result in three
separate allowance tables for Type Ill fluids and the newly separated Type IV EG and
Type IV PG fluids. The notes in the respective tables were updated to reflect the
latest format and content changes. In addition, a column specifying the applicable
METAR codes for each condition was included in the three tables.
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8. RECOMMENDATIONS

8. RECOMMENDATIONS

The following recommendations were compiled based on the work conducted during
the winter of 2020-21 and based on consultations with TC and the FAA.

8.1 Changes to Ice Pellet Allowance Time Guidance

The following changes were made to the Ice Pellet Allowance Time guidance material
based on the 2020-21 wind tunnel test results.

e The Type IV allowance time table was separated into two tables: EG and PG.
The Type IV EG table includes newly developed longer allowance times for
conditions above -10°C. The Type IV PG table includes allowance times that
remain unchanged compared to the previous year.

e The respective notes and guidance related to the Type IV allowance time
tables were updated to reflect the newly separated Type IV EG and PG format.

e A new column was included in the Type Ill and the newly separated Type IV
EG and PG allowance time tables indicating the applicable METAR codes
related to each individual ice pellet or mixed condition.

e The notes for Light Ice Pellets Mixed with Rain and Moderate Ice Pellets (or
Small Hail) Mixed with Rain were updated to exclude conditions of 0°C. The
new note now reads: “No allowance times exist in this condition for
temperatures of 0°C and below.”

The updated Winter 2021-22 Type lll allowance time table is shown in Table 8.1 for
TC and Table 8.2 for the FAA. The newly separated Type |V tables for the winter of
2021-22 are shown in Table 8.3 and Table 8.4 for TC and Table 8.5 and Table 8.6
for the FAA. It should be noted that the 90 percent adjusted tables were also
published by TC and the FAA for those operations when 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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8. RECOMMENDATIONS

Table 8.1: 2021-22 TC Type lll Ice Pellet Allowance Time Table

Transport Canada Holdover Time Guidelines Winter 2021-2022

TABLE 47: ALLOWANCE TIMES FOR SAE TYPE Ill FLUIDS'

Applicable Outside Air Temperature

Precipitation Types or Combinations ME‘IF')XR Codes

-5 °C and above | Below -5to -10 °C [ Below -10 °C2
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 curvently

ight Ice Pellets Mixed wi ig - , ; i 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 Ensure that the lowest operational use temperature (LOUT) is respected.

3 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.

4 In Canada (and outside the US) the code GS is used when hail is less than 5 mm and GR when it is 5mm or greater. In
the US, small hail is included with regular hail and the remarks section is used saying “GR LESS THAN %4”. If no intensity
is reported with small hail, use the “moderate ice pellets or small hail” allowance times. If an intensity is reported 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 responsibility for the application of these data remains with the user.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

Allowance time cannot be extended by an inspection of the aircraft critical surfaces.

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.

Original Issue Page 56 of 74 August 4, 2021
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8. RECOMMENDATIONS

Table 8.2: 2021-22 FAA Type lll Ice Pellet Allowance Time Table

FAA Holdover Time Guidelines Winter 2021-2022

TABLE 47: ALLOWANCE TIMES FOR SAE TYPE Il FLUIDS'

Aoplicabl Outside Air Temperature
Precipitation Types or Combinations ME'I?API;cgo:es
-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 times curently
ight Ice Pellets Mixed with Lig - s . . 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 Ensure that the lowest operational use temperature (LOUT) is respected.

3 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.

4 In the US, small hail is included with regular hail and the remarks section is used saying “GR LESS THAN %4”. Outside of
the US the code GS is used when the hail is less than 5 mm and GR when it is 5mm or greater. If no intensity is reported
with small hail, use the “moderate ice pellets or small hail” allowance times. If an intensity is reported 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 responsibility for the application of these data remains with the user.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

This table is for departure planning only and should be used in conjunction with pretakeoff check procedures.

Allowance time cannot be extended by an inspection of the aircraft critical surfaces.

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.

Original Issue Page 56 of 74 August 4, 2021
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8. RECOMMENDATIONS

Table 8.3: 2021-22 TC Type IV EG Ice Pellet Allowance Time Table

Transport Canada Holdover Time Guidelines

Winter 2021-2022

TABLE 48: ALLOWANCE TIMES FOR SAE TYPE IV
ETHYLENE GLYCOL (EG) FLUIDS'

Outside Air Temperature
Lo R Applicable
Precipitation Types or Combinations |  \ETAR Codes | -5°Cand | Below-5 | Below -10 | Below -16
above to -10 °C to -16 °C to -22 °C?
Light Ice Pellets -PL 70 minutes | 50 minutes | 30 minutes | 30 minutes
;E’x[lce Pellets Mixed with Light -PLSN, -SNPL 50 minutes | 30 minutes | 15 minutes
Light Ice Pellets Mixed with Light PLFZDZ
Freezing Drizzle or Moderate Freezing _FZDZPL FZI52PL 40 minutes | 30 minutes
Drizzle ’
Light Ice Pellets Mixed with Light PLFZRA Saution:
ight Ice Pellets Mixed wi ig - y f ; No allowance times
Freezing Rain -FZRAPL 40 minutes | 30 minutes ST e
Light Ice Pellets Mixed with Light Rain -PLRA, -RAPL 40 minutes®
Moderate Ice Pellets (or Small Hail?) PL, GS 35 minutes | 25 minutes | 10 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

NOTES

1 These allowance times are for use with undiluted (100/0) ethylene glycol based fluids applied on aircraft with rotation
speeds of 100 knots or greater. The following fluids are ethylene glycol based; AllClear ClearWing EG, ASGlobal 4Flite
EG, AVIAFLUID AVIAFlight EG, CHEMCO ChemR EG IV, CHEMCO ChemR Nordik 1V, 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.

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

3 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.

4 In Canada (and outside the US) the code GS is used when hail is less than 5 mm and GR when it is 5mm or greater. In
the US, small hail is included with regular hail and the remarks section is used saying “GR LESS THAN %4”". If no intensity
is reported with small hail, use the “moderate ice pellets or small hail” allowance times. If an intensity is reported with
small hail, the ice pellet condition with the equivalent intensity can be used, e.qg. 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.

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

CAUTIONS

The responsibility for the application of these data remains with the user.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

Allowance time cannot be extended by an inspection of the aircraft critical surfaces.

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.
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8. RECOMMENDATIONS

Table 8.4: 2021-22 TC Type IV PG Ice Pellet Allowance Time Table

Transport Canada Holdover Time Guidelines

Winter 2021-2022

TABLE 49: ALLOWANCE TIMES FOR SAE TYPE IV
PROPYLENE GLYCOL (PG) FLUIDS'

Outside Air Temperature
Lo R Applicable
Precipitation Types or Combinations | yEraAR Codes | -5°Cand | Below-5 | Below -10 | Below -16
above to -10 °C to -16 °C to -22 °C?
Light Ice Pellets -PL 50 minutes | 30 minutes | 30 minutes® | 30 minutes®
gontice Pellcts 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 ’
Light Ice Pellets Mixed with Light PLFZRA Saution:
ight Ice Pellets Mixed wi ig - s ; f No allowance times
Freezing Rain "FZRAPL 25 minutes | 10 minutes ST e
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

AWN

6

NOTES

These allowance times are for use with undiluted (100/0) propylene glycol based fluids applied on aircraft with rotation
speeds of 100 knots or greater. All Type IV fluids are propylene glycol 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 based. If the glycol type is unknown,
the allowance times for SAE Type IV PG fluids should be used.

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

No allowance times exist for propylene glycol (PG) fluids when used on aircraft with rotation speeds less than 115 knots.
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 Canada (and outside the US) the code GS is used when hail is less than 5 mm and GR when it is 5mm or greater. In
the US, small hail is included with regular hail and the remarks section is used saying “GR LESS THAN %4”. If no intensity
is reported with small hail, use the “moderate ice pellets or small hail” allowance times. If an intensity is reported 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 responsibility for the application of these data remains with the user.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

Allowance time cannot be extended by an inspection of the aircraft critical surfaces.

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.
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8. RECOMMENDATIONS

Table 8.5: 2021-22 FAA Type IV EG Ice Pellet Allowance Time Table

FAA Holdover Time Guidelines

Winter 2021-2022

TABLE 48: ALLOWANCE TIMES FOR SAE TYPE IV
ETHYLENE GLYCOL (EG) FLUIDS'

Outside Air Temperature
s . Applicable
Precipitation Types or Combinations | yeTAR Codes | -5°Cand | Below -5 | Below-10 | Below -16
above to -10 °C to -16 °C to -22 °C?
Light Ice Pellets -PL 70 minutes | 50 minutes | 30 minutes | 30 minutes
;E’:‘}vlce Pellets Mixed with Light -PLSN, -SNPL 50 minutes | 30 minutes | 15 minutes
Light Ice Pellets Mixed with Light _PLFZDZ
Freezing Drizzle or Moderate Freezing -FZDZPL FZI’)ZPL 40 minutes | 30 minutes
Drizzle ’
Light Ice Pellets Mixed with Light PLFZRA Saution:
ight Ice Pellets Mixed wi g i ) ; f No allowance times
Freezing Rain -FZRAPL 40 minutes | 30 minutes 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 | 10 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 Hail4) PLRA, GSRA, |, . currently exist
Mixed with Moderate Rain RAPL, RAGS

1

NOTES

These allowance times are for use with undiluted (100/0) ethylene glycol based fluids applied on aircraft with rotation
speeds of 100 knots or greater. The following fluids are ethylene glycol based; AllClear ClearWing EG, ASGlobal 4Flite
EG, AVIAFLUID AVIAFlight EG, CHEMCO ChemR EG IV, CHEMCO ChemR Nordik 1V, 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.

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 included with regular hail and the remarks section is used saying “GR LESS THAN %4”. Outside of
the US the code GS is used when the hail is less than 5 mm and GR when it is 5mm or greater. If no intensity is reported
with small hail, use the “moderate ice pellets or small hail” allowance times. If an intensity is reported 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.

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

The responsibility for the application of these data remains with the user.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

This table is for departure planning only and should be used in conjunction with pretakeoff check procedures.

Allowance time cannot be extended by an inspection of the aircraft critical surfaces.

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
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8. RECOMMENDATIONS

Table 8.6: 2021-22 FAA Type IV PG Ice Pellet Allowance Time Table

FAA Holdover Time Guidelines

Winter 2021-2022

TABLE 49: ALLOWANCE TIMES FOR SAE TYPE IV
PROPYLENE GLYCOL (PG) FLUIDS'

Outside Air Temperature
s . Applicable
Precipitation Types or Combinations | yeTAR Codes | -5°Cand | Below-5 | Below-10 | Below -16
above to -10 °C to -16 °C to -22 °C?
Light Ice Pellets -PL 50 minutes | 30 minutes | 30 minutes® | 30 minutes®
3ht lce 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 ’
Light Ice Pellets Mixed with Light PLFZRA Caution:
ight Ice Pellets Mixed wi g - ) f ; No allowance times
Freezing Rain -FZRAPL 25 minutes | 10 minutes 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

BN

6

NOTES

These allowance times are for use with undiluted (100/0) propylene glycol based fluids applied on aircraft with rotation
speeds of 100 knots or greater. All Type IV fluids are propylene glycol based with the exception of AllClear ClearWing
EG, ASGlobal 4Flite EG, AVIAFLUID AVIAFlight EG, CHEMCO ChemR EG IV, CHEMCO ChemR Nordik 1V, 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 based. If the glycol type is unknown, the
allowance times for SAE Type IV PG fluids should be used.

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

No allowance times exist for propylene glycol (PG) fluids when used on aircraft with rotation speeds less than 115 knots.
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 included with regular hail and the remarks section is used saying “GR LESS THAN %4”. Outside of
the US the code GS is used when the hail is less than 5 mm and GR when it is 5mm or greater. If no intensity is reported
with small hail, use the “moderate ice pellets or small hail” allowance times. If an intensity is reported 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 responsibility for the application of these data remains with the user.

Fluids used during ground de/anti-icing do not provide in-flight icing protection.

This table is for departure planning only and should be used in conjunction with pretakeoff check procedures.

Allowance time cannot be extended by an inspection of the aircraft critical surfaces.

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.
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8. RECOMMENDATIONS

8.2 Future Research

This section 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.

8.2.1 Substantiation of Ice Pellet Allowance Times with New Fluids

Testing should continue to investigate different Type Ill 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 Cryotech Polar Guard Xtend to address
the limited data collected during the winter of 2020-21.

8.2.2 Allowance Time Expansion

The recent EG expansion work has indicated that there is still potential to expand the
allowance times for EG fluids below -10°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 Illl fluids are conservative and have room for expansion. Testing
should be conducted to obtain longer times and to include additional conditions for
both Type Ill and Type IV fluids.

8.2.3 Research with a Common Research Model Vertical Stabilizer

Previous de/anti-icing fluid research with a Piper Seneca Il vertical stabilizer model
provided useful data and observations to the industry. A new common research
model is being developed to be a generic, more appropriate, and representative model
for testing. Once fabricated, testing should be conducted to study de/anti-icing fluid
flow-off properties with and without contamination.
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8. RECOMMENDATIONS

8.2.4 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
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 lll 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.
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APPENDIX A

11. Wind Tunnel Testing — Week 1 Activities TBD (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 project is only associated to tasks c), d), e), and f)
and includes 5 days of testing. Tasks a) and b) are budgeted as part of a separate
project.

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

d) Perform wind tunnel tests (5 days) with the RJ or LS-0417 wing to support
the development of ice pellet allowance times. 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. Development of an EG-specific allowance time table to be able to benefit
from potentially longer times; and

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

e)
f)

It is anticipated that testing will be conducted during overnight hours over a
period of one week. 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 takeoffs and will look at simulating different cross wind conditions,
rudder angles, and asymmetric contamination. 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 at the leading and trailing
edges of the vertical stabilizer at a rate of about 3 frames per second, with
lighting adequate to see the fluid waves and ripples of about Tmm in height.
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.

Analyze data.

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

12. Wind Tunnel Testing — Week 2 Activities TBD (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 project is only associated to tasks d) and includes
an additional 5 days of testing. Tasks a), b), c), e), f) are budgeted as part of separate
projects.
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APPENDIX A

d) Perform wind tunnel tests (5 days) with the RJ or LS-0417 wing to support
the development of ice pellet allowance times. 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. Development of an EG-specific allowance time table to be able to benefit
from potentially longer times; and

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

It is anticipated that testing will be conducted during overnight hours over a
period of one week. 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 takeoffs and will look at simulating different cross wind conditions,
rudder angles, and asymmetric contamination. 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 at the leading and trailing
edges of the vertical stabilizer at a rate of about 3 frames per second, with
lighting adequate to see the fluid waves and ripples of about 1Tmm in height.
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 TBD (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 project is only associated to tasks d) and includes
an additional 5 days of testing. Tasks a), b), c), e), f) are budgeted as part of separate
projects.
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APPENDIX A

d)

Perform wind tunnel tests (5 days) with the RJ or LS-0417 wing to support
the development of ice pellet allowance times. 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. Development of an EG-specific allowance time table to be able to benefit
from potentially longer times; and

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

It is anticipated that testing will be conducted during overnight hours over a
period of one week. 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 takeoffs and will look at simulating different cross wind conditions,
rudder angles, and asymmetric contamination. 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 at the leading and trailing
edges of the vertical stabilizer at a rate of about 3 frames per second, with
lighting adequate to see the fluid waves and ripples of about 1Tmm in height.
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 TUNIVEL 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 2020-21

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 Propulsion
Icing Wind Tunnel (PIWT) 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
PIWT allowing aerodynamic data to be used for evaluating fluid flow-off performance.
The PIWT 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 2072-13.

The Ice Pellet Allowance Time research has helped further develop and improve the
PIWT 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.
Several other ground deicing projects have been ongoing as a result of industry
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requests and are expected to continue. The PIWT 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 PIWT with and without ice pellets has continued on a yearly or
bi-yearly basis and is performed by APS, with support of the NRC, on behalf of
TC/FAA.

For the Winter 2020-21, testing will continue the development of ice pellet allowance
times.

2. OBJECTIVES AND TIMING

The following describes the objectives and timing of the research. Fifteen days of
testing are being planned based on TC/FAA funding resources, all of which are
reserved for testing with the RJ wing model.

2.1 Type IV Allowance Time Validation Testing

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

e Substantiate the current Type IV 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 PIWT. The dimensions indicated are in
inches. This wing section was constructed by 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.

Figure 2.1: Thin High Performance Wing Section

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

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

2.3 Timing

Approximately four days are required for the “Type IV Allowance Time Validation
Testing” (Subsection 2.1), and approximately ten days are required for the “Type IV
Allowance Time Expansion for EG Fluids” (Subsection 2.2). An additional day will be
required for setup, teardown, and calibration related activities. This totals the fifteen
days of testing based on the available TC/FAA funding resources.

Fluid viscosity sampling and testing will be conducted as soon as all fluids are
received at the NRC IWT. The equipment will be prepped and packed the latest by
January 6". On January 7™, the team will travel to the NRC IWT to drop off and
setup most of the equipment. January 8™ will be slated for ice pellet and snow
manufacturing in advance of the testing (YOWSs alone). The first two hours or more
of the first day of testing will be dedicated to completing the setup, and as required,
the calibration of the rain sprayer and ice pellet and snow dispensers.

At the time of writing this procedure, it is expected that testing with the RJ wing
model will start on January 10", 2021. Testing will likely be conducted during
overnight periods (i.e., 9 pm - 5 am), unless temperatures are suitable for
day/evening testing. The weekends will be considered only if deemed necessary.
Details of the schedule are included in Table 2.1.
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Table 2.1: Test Calendar

JANUARY 2021
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
Jan 3 4 5| 6| 7 8| 9
Leave YUL for YOW Ice Pellet and Snow
Pack up truck in YUL at
ack up truck in YUL &t |\ o~ \WT for Preliminary | Manufacturing at NRC
APS Site
Setup IWT
Jan 10 1 12 13 14| 15| 16
TEST DAY 1 TEST DAY 2 TEST DAY 3 TEST DAY 4 TEST DAY §
Setup, Calibration, and RJWING RJWING RJWING RJWING
Teardown IP Validation New Fluids | IP Validation New Fluids | IP Validation New Fluids | IP Validation New Fluids
Jan 17 18 19 20 21 22| 23]
TEST DAY 6 TESTDAY7 TEST DAY 8 TEST DAY 9 TEST DAY 10
RJWING RJWING RJWING RJWING RJWING
IP EG Expansion PEG IPEG IPEG IPEG
Jan 24 25 2| 27 28] 29) 30|
TEST DAY 11 TEST DAY 12 TEST DAY 13 TEST DAY 14 TEST DAY 15
RJWING RJWING RJWING RJWING RJWING
IP EG Expansion PEG IPEG IPEG IPEG
Jan 31 Feb 1 2| 3| 4 5 6|
EXTRA DAY 16 EXTRA DAY 17 EXTRA DAY 18 EXTRA DAY 19 EXTRA DAY 20
If required If required If required If required f required
Feb 7| 8| 9| 10 1" 12 13
EXTRA DAY 21 EXTRA DAY 22 EXTRA DAY 23 EXTRA DAY 24 EXTRA DAY 25
If required If required If required If required If required

NOTES

Testing will be conducted during overight periods (9:00 pm - 5:00 am) i.e. Sunday Test Day 1 has a 9:00pm start.
Anticipate 5 days per week testing, however, weekend may be considered due to temperature.
Testing team will be JD, MR, BB, CB, BG & YOW x &

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.

Representative Type I/II/III/IV propylene and ethylene fluids in Neat form (standard
mix or 10-degree buffer for Type I) 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
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Table 3.1: Preliminary List of Testing Objectives for Winter 2020-21
Wind Tunnel Testing

and TC/FAA directive. A detailed test matrix (subject to change) related to ltem #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.

A rating system 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 shed the fluid

at time of rotation) shall be determined by the on-site experts based on residual
contamination.

Item . L s # of
# Objective Priority Description Days
0 Setup, Teardown, and Precipitation 1 Setup of equipment and calibration of the rain sprayer and the ice 1

Calibration pellet and snow dispensers (to be done on the first day of testing)

. " - Baseline test at beginning of each day to ensure repeatability (part
1 Dry Wing Baseline Repeatability 1 of NRC shakedown tests so no days allotted) N/A
2 Type IV IP AT \/al:danon 1 Substantiate current times with new fluids 4

(New Fluids)

3 Development of EG Specific IP 5 Support the development of an EG fluid specific ice pellet allowance 10

Allowance Times time table to benefit of potential longer times
4 Other R&D Activities 2 Could be selected from item # 5.1 to 5.11 0

41 Type Il Allowance Time Expansion Expand the current Type 11l allowance times to have increased
times, or more cells

4.2 Snow Allowance Times Using Investigate feasibility of developing snow allowance times using the

) Aerodynamic Data same aerodynamic based methodology used for ice pellets
Continue Heavy Snow Research comparing lift losses with

4.3 Heavy Snow Light/Moderate Snow vs. Heavy Snow

44 Heavy Contamination Continue work looking at aerodynamic failure vs. HOT defined ~
) (Aero vs. Visual Failure) failure, and effect of surface roughness on lift degradation

45 Fluid + Contamination @ LOUT Effect of contamination on fluid performance at LOUT with IP, SN,

ZF, Frost etc.
4.6 Simulate Frost in Wind Tunnel Attempt to simulate frost conditions in wind tunnel.
. Conduct IP testing at 130-150 knots or validate feasibility
47 130-150 Knots IP Testing MAY NEED TO MODIFY TUNNEL .
. N . Investigate the aero effects of the 2nd wave of fluid created from
4.8 2nd Wave of Fluid During Rotation fluid at the stagnation point which flows over the LE during rotation
4.9 V-Stab Testing Document cont‘amlqated fluid flow-off on a vertical stabilizer.
Includes calibration work and procedural development.
4.10 Other Any potential suggestions from industry
Total # of Days for Priority 1 Tests | 15 |
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Table 3.2: Proposed Test Plan for Testing with the RJ Wing

Test . Target
L Test Rotation Ramp . IP Rate SN Rate ZR Rate R Rate Exposure Test
Plan Objective Condition | Angle | (sikts) | S Fluid (g/dm?h) | (g/dme/h) | (g/dmeh) | (g/dme/h) Time Priority COMMENT
POO1 Baseline Dry Wing 8 100 any none - - - - - 1 @start of day
P002 Baseline Dry Wing 22 80 any none - - - - - 1 @start of day
poog | Type !V Validation and New IP- / SN- 8 100 | B | Max Fiight SNEG 25 10 - - 15 2
Fluids 10
Poog | TYpe !V Validaton and New IP- 8 100 >5 ClearWing EG 25 - - - 50 1
poos | TYPe !V Velidation and New IP- / SN- 8 100 >5 ClearWing EG 25 10 - - 40 1
poos | TvPe IV Veldation and New IP-/ 2D 8 100 >5 ClearWing EG 25 - 13 - 25 2
poo7 | TYPe vV Va::ildu"’ig:" and New IP- / ZR- 8 100 >-5 ClearWing EG 25 - 25 - 25 1
Poog | TYPe IV Velidation and New IP-/ R 8 100 >0 ClearWing EG 25 - - 25 25 2
poog | TYPe !V Velidation and New P Mod 8 100 >5 ClearWing EG 75 - - - 25 1
poto | TvPelV Va'F'Idu"’ig:” and New 1P Mod/zD 8 100 >-5 ClearWing EG 75 . 13 E 10 1
po11 | TvPelV Va::ildu"’ig:" and New IP Mod / R 8 100 >0 ClearWing EG 75 - - 75 10 2
po12 | Type !V Validation and New IP- 8 100 | 5 | clearwing EG 25 - - - 30 2
Fluids 10
po1g | Type !V Validation and New IP-/ SN- 8 100 | 5| crearwing EG 25 10 - E 15 2
Fluids 10
po14 | Type !V Validation and New IP-/2D 8 100 | 5P | clearwing EG 25 . 13 . 10 2
Fluids 10
po1s | TypelV Validation and New IP-/ ZR- 8 100 | 5| crearwing EG 25 . 25 . 10 1
Fluids 10
po1g | Type !V Validation and New P Mod 8 100 | 5 | clearwing EG 75 - - - 10 2
Fluids 10
po17 | Type !V Validation and New 1P Mod/zD 8 100 | - ClearWing EG 75 . 13 E 7 1
Fluids 10
potg | Type !V Validation and New P- 8 100 | 0% | Clearwing EG 25 - - - 30 1
Fluids 16
potg | TypelV Validation and New IP-/ SN- 8 100 | 9% | Ciearwing EG 25 10 . . 15 1
Fluids 16
pozo | Type !V Validation and New 1P Mod 8 100 | 10t ClearWing EG 75 . . E 10 1
Fluids 16
poz1 | Type !V Validation and New P 8 100 | 181 | Ciearwing EG 25 . . . 30 2
Fluids 22
poz2 | Type !V Validation and New 1P Mod 8 100 | 18 | Ciearwing EG 75 . . . 10 2
Fluids -22
poza | TYPelV V"’::'fu"’ig;’” and New P 8 100 <22 ClearWing EG 25 . . . 30 2
poza | TYPEIV Va::'fuals:” and New IP Mod 8 100 <22 ClearWing EG 75 - - - 10 2
pozs | TYPelV Va'F'fualsg” and New Fluid Only 8 100 >5 ClearWing EG - - - - - 2 Baseline Test
po2e | TYPe IV Va:;:juals;)n and New Fluid Only 8 100 751[(;) - ClearWing EG - - - - - 1 Baseline Test
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Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

ovpeive | et | T | o | | SR | e | e | s | e | e | Pgme | ] come
poz27 | TYPelV Va::'fual;':" and New 1 Fluid Only 8 100 '1_?6“’ ClearWing EG - - - - - 2 Baseline Test
pozg | TYPe !V Valdation and New 1 Fluid Only 8 100 '1722“’ ClearWing EG - - - - - 1 Baseline Test
Po2g | TYPCV Va::'?ualggn and New 1 Fluid Only 8 100 <22 ClearWing EG - - - - - 1 Baseline Test
PO30 Type IV Va::i::iualai;)n and New 1 IP- 8 100 5 Pol;rte(f‘udard 25 . _ _ 50 1
PO31 Type IV Validation and New 1 IP- / SN- 8 100 -5 Polar Guard 25 10 _ _ 40 1

Fluids Xtend
poz2 | TYPe IV Vagfuai;'g" and New 1 IP-/ ZD 8 100 >5 P°';’[§]‘:f’d 25 - 13 - 25 2
pogg | TYpe IV Velidation and New 1 IP- / ZR- 8 100 >5 Polar Guard 25 . 25 . 25 1
poga | TYPe IV Valdation and New 1 P- / R- 8 100 >0 Folar Suard 25 - - 25 25 2
pogs | vPe IV Veldaton and New 1 P Mod 8 100 >5 Folar Suard 75 - - - 15 1 15 min for PG
poge | vPe IV Veldation and New 1 IP Mod/ZD 8 100 >5 Folar Suard 75 . 13 . 10 1
pog7 | TYPe IV Veldation and New 1 IP Mod / R 8 100 >0 Folar Suard 75 . . 75 10 2
PO38 Type IV Va::i:jua"(jison and New 1 IP- 8 100 -51%) ° Pol)a(rte(;t:jard 25 ~ _ _ 30 2
pogg | TYPe IV Veldaton and New 1 IP- / SN- 8 100 | Bloc | Polr Suard 25 10 - - 15 2
poso | TvPe IV Veldaton and New 1 IP-/ ZD 8 100 | Bloc | Polar Guard 25 - 13 - 10 2
poat | TvPelV Vagfuaig:" LIl 1 IP- / ZR- 8 100 '51‘3 ) P°')a("§]‘;a’d 25 5 25 - 10 1
PO42 Type IV Va::i:juaigson and New 1 1P Mod 8 100 -51%) = Pol)a(r‘::;ard 75 ~ _ _ 10 2
posg | Tvpe IV Veldation and New 1 IP Mod/ZD 8 100 | Bl Folar Suord 75 - 13 - 7 1
Posq | TvPe IV Veldation and New 1 IP- 8 115 | 71980 | Polar Suard 25 - - - 30 1 115knts for PG
poss | TYPelV Vagfuaig:" and New 1 IP- / SN- 8 115 '1_?6‘° P°';’(§]‘;a'd 25 10 - - 15 1 115knts for PG
posg | TYPe IV Va::i:’uaig:" and New 1 IP Mod 8 115 '1_(1)6‘° P°')a("e(;‘;a’d 75 - - - 10 1 115knts for PG
poa7 | TYPe IV Veldation and New 1 IP- 8 s | 15k Foler Suard 25 . . . 30 2 115knts for PG
posg | TYPeIV Vagfuaig:’" EICILL 1 IP Mod 8 s | 15k P°';’[§]‘:f’° 75 - - - o 2 No Allowance Time
poag | TvPe IV Veldation and New 1 IP- 8 15 | <22 Polar Suard 25 - - - 30 2 115knts for PG
poso | TvPe IV Veldation and New 1 P Mod 8 15 | <22 Foler Suard 75 - - - o 2 No Allowance Time
posy | TYPe IV Veldation and New 1 Fiuid Only 8 100 | >5 Foler Suard . . . . . 2 Baseline Test
pos2 | TYPelV Va::ifuaig;)n sy 1 Fluid Only. 8 100 -51tg - Pol)a(rteGnudard - - - = = 1 Baseline Test
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Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

ovpeive | et | T | o | | SR | e | e | s | e | e | Pgme | ] come
posg | TypelV Vagfjg;’" erdiNew 1 Fluid Only 8 100 '1_(1)(,}0 P°';’t;‘f’d - - - - - 2 Baseline Test
posa | TypelV Vagfjgg" and New 1 Fluid Only 8 100 '1_22‘° P°';'tef"f’d - - - - - 1 Baseline Test
poss | TvPe IV Veldation and New 1 Fluid Only 8 100 | <22 RolariGuerd 5 : - - - 1 Baseline Test
uids Xtend
PO56 EG Type IV Expansion 1 IP- 8 100 >-5 | Max Flight AVIA 25 - - - 70 1 C“”e”:“’lf is 50
PO57 EG Type IV Expansion 1 IP- / SN- 8 100 >-5 | Max Flight AVIA 25 10 - - 50 1 C“”e”:nﬁ‘T is 40
PO58 EG Type IV Expansion 1 IP- / ZD 8 100 >-5 | Max Flight AVIA 25 - 13 - 40 2 C“”e”:nﬁ‘T is 25
PO59 EG Type IV Expansion 1 IP- / ZR- 8 100 >-5 | Max Flight AVIA 25 - 25 - 40 1 C“”e”:“ﬁr is 25
POGO EG Type IV Expansion 1 P-/R 8 100 >0 | Max Fiight AVIA 25 . . 25 40 2 C“”e”:“’lf is 25
PO61 EG Type IV Expansion 1 IP Mod 8 100 >-5 | Max Flight AVIA 75 - - - 35 1 C“”e”:nﬁ‘T s 25
PO62 EG Type IV Expansion 1 IP Mod/ZD 8 100 >-5 | Max Flight AVIA 75 - 13 - 20 1 C“”e”:nﬁ‘T is 10
PO63 EG Type IV Expansion 1 IP Mod / R 8 100 >0 Max Flight AVIA 75 - - 75 20 2 C“”e”:nﬁ‘T is 10
PO64 EG Type IV Expansion 1 IP- 8 100 '51‘5’ * | Max Flight AVIA 25 - - - 50 2 C“”e”:“ﬁr is 30
POGS EG Type IV Expansion 1 IP- / SN- 8 100 | P | Max Fiight AVIA 25 10 - - 30 2 Current AT is 15
POGE EG Type IV Expansion 1 IP- / ZD 8 100 | P07 | Max Fiight AVIA 25 - 13 - 30 2 Current AT is 10
PO67 EG Type IV Expansion 1 IP- / ZR- 8 100 '51‘(;’ * | Max Flight AVIA 25 - 25 - 30 1 C“”e";’i? is 10
PO6S EG Type IV Expansion 1 IP Mod 8 100 '51‘(;’ “ | Max Flight AVIA 75 - - - 25 2 C“”e”;jﬁr is 10
P0O69 EG Type IV Expansion 1 IP Mod/ZD 8 100 751%3 B Max Flight AVIA 75 - 13 - 10 1 Current AT is 7 min
PO70 EG Type IV Expansion 1 IP- 8 100 '17‘1)6“) Max Flight AVIA 25 - - - 50 1 C“”e”:n/i? 1s 30
PO71 EG Type IV Expansion 1 IP- / SN- 8 100 '17?6“’ Max Flight AVIA 25 10 . E 30 1 C“”e":n‘i? is 15
PO72 EG Type IV Expansion 1 IP Mod 8 100 'T?é" Max Flight AVIA 75 - - - 25 1 C“”e”;jﬁr is 10
PO73 EG Type IV Expansion 1 Ip- 8 100 | 510 | wax Fiight AviA 25 - - - 50 2 Current AT s 30
PO74 |  EG Type IV Expansion 1 IP- / SN- 8 100 | 510 | wax Fiight AviA 25 10 - - 30 1 N v
PO75 EG Type IV Expansion 1 IP Mod 8 100 '1722“’ Max Flight AVIA 75 - - B 25 2 C“”e”;ﬁr 1s 30
PO76 EG Type IV Expansion 1 P 8 100 | <-22 | Max Fiight AVIA 25 . . . 50 2 Current AT s 10
PO77 EG Type IV Expansion 1 IP Mod 8 100 <-22 Max Flight AVIA 75 - - - 25 2 Current AT is - min
PO78 EG Type IV Expansion 1 Fluid Only 8 100 >-5 Max Flight AVIA - - - - - 2 Baseline Test
PO79 EG Type IV Expansion 1 Fluid Only 8 100 751‘00 B Max Flight AVIA - - - - - 1 Baseline Test
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Table 3.2: Proposed Test Plan for Testing with the RJ Wing (cont’d)

Bl | v | o | S | OR | mwa | e | s | i | nhee | S | Tl | comenr
PO80 EG Type IV Expansion 1 Fluid Only 8 100 71-(1)6‘0 Max Flight AVIA - 2 Baseline Test
PO81 EG Type IV Expansion 1 Fluid Only 8 100 '1722“’ Max Flight AVIA - 1 Baseline Test
P082 EG Type IV Expansion 1 Fluid Only 8 100 <-22 Max Flight AVIA - - - - - 1 Baseline Test
PO83 EG Type IV Expansion 1 IP- 8 100 >p | Sefewmg EGIV 25 - - - 70 1 Current AT'is 50
PO84 EG Type IV. Expansion 1 IP- / SN- 8 100 >.5 safe&”é’;?TﬁG R 25 10 - . 50 1 Current AT is 40
PO8S5 EG Type IV Expansion 1 IP-/ ZD 8 100 >5 safe"j’gg’TEG K7 25 . 13 . 40 2 c“"e"‘m‘T is 25
P086 EG Type IV Expansion 1 IP-/ ZR- 8 100 >5 Safe,‘;v(')'l‘fTﬁG R 25 . 25 . 40 1 c”"e";’if 525
POS7 |  EG Type IV Expansion 1 P/ R- 8 100 | >0 | SefewimgEGIV 25 - - 25 40 2 Current ATis 25
P088 EG Type IV Expansion 1 1P Mod 8 100 >5 safeh‘f(')’,‘fTﬁG Y 75 . . . 35 1 C“"e”:“’i? 2t
P0O8Y EG Type IV Expansion 1 1P Mod/zD 8 100 >5 safe,‘fé’?TEG R 75 . 13 . 20 1 C“"e”mr 510
P0O90 EG Type IV Expansion 1 IP Mod / R 8 100 >0 Safe,‘;v(')'l‘fTﬁG By 75 - - 75 20 2 c“"e";ﬁT 510
PO91 EG Type IV Expansion 1 IP- 8 100 '513’ - Safe'\q/vérg_ﬁe vV o5 ) ) ) - 7 CU,,en:“ ?nT 30
P092 EG Type IV Expansion 1 IP- / SN- 8 || - || e e o - - p . B AT TS
P093 EG Type IV Expansion 1 IP-/ ZD 8 || - || e - - . - - . Gt AT 70
P094 EG Type IV Expansion 1 IP- / ZR- 8 100 -51?)3 - Safe':vti)v?TE'G \% 25 ~ 25 _ 30 1 Curren:n ﬁ‘T is 10
PO95 EG Type IV Expansion 1 IP Mod 8 100 '51%3 - Safe'\q/vérETEG V2 -5 ) i i " 2 CU"en:“ ?,,T =10
PO96 EG Type IV Expansion 1 IP Mod/ZD 8 100 '51%3 - Safe'\\/‘v(i)r;?TEG Y = ) P ) ® r P ——
POg7 EG Type IV Expansion 1 IP- 8 100 | 190 | Sefewing EG IV 25 . . . 50 1 Current ATis 30
P098 EG Type IV Expansion 1 IP- / SN- 8 100 -1_? go Safe:‘vg;gTE‘G \% 25 10 _ _ 30 1 Curren:“ ﬁ‘T is 15
P099 EG Type IV Expansion 1 IP Mod 8 100 | 719 | Sefewing EG IV 75 . . . 25 1 Current AT s 10
P100 |  EG Type IV Expansion 1 IP- 8 100 | 18t | Sefewing EG IV 2 ] ] ) = > Garent ATs 30
P101 EG Type IV Expansion 1 IP- / SN- 8 100 | 180 | Sefewing EG IV 25 10 i i = T No AT oxits
P102 EG Type IV Expansion 1 P Mod 8 100 ‘1_(;2“’ Safe"jg’;?Tf‘G 87 75 - - - 25 2 c“"e”:n’i‘}r is 30
P103 EG Type IV Expansion 1 P- 8 100 | <2 | Sefewing EGIV 25 - - . 50 2 At
P104 EG Type IV Expansion 1 IP Mod 8 100 | <22 | Sefewing EGIV 75 - - - 25 2 Current AT is - min
P105 EG Type IV Expansion 1 Fluid Only 8 100 5.5 | Sefewing EG IV - - . . . 2 Baseline Test
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WIND TUNINEL TESTS TO EXAMIINE 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)

ovpeive | et | T | o | | SR | e | e | s | e | e | Pgme | ] come
P106 EG Type IV Expansion 1 Fluid Only 8 100 ‘51‘8 - sa'e"s"c')‘l‘%ff K7 - . . . . 1 Baseline Test
P107 EG Type IV Expansion 1 Fluid Only 8 100 '1_(1);) Safe"\"v(';?.rﬁG W - - - - - 2 Baseline Test
P108 EG Type IV Expansion 1 Fluid Only 8 100 | 1910 | Sefewing EG IV - - - - - 1 Baseline Test
P109 EG Type IV Expansion 1 Fluid Only 8 100 | <22 | SHewmeEGIV - - - - - 1 Baseline Test
P110 EG Type IV Expansion 1 IP- 8 100 >5 Defrost EG 4 25 - - - 70 1 C“”e”:nﬁ‘T is 50
P111 EG Type IV Expansion 1 IP-/ SN- 8 100 >5 Defrost EG 4 25 10 . E 50 1 C“”e”:nﬁ‘T is 40
P112 EG Type IV Expansion 1 IP-/ ZD 8 100 >-5 Defrost EG 4 25 - 13 - 40 2 C“”e”:“ﬁr is 25
P113 EG Type IV Expansion 1 1P- / ZR- 8 100 >5 Defrost EG 4 25 - 25 - 40 1 C“”e”:“f is 25
P14 EG Type IV Expansion 1 P /R 8 100 >0 Defrost EG 4 25 . . 25 40 2 C“”e”:nf s 25
P115 EG Type IV Expansion 1 1P Mod 8 100 >5 Defrost EG 4 75 . . . 35 1 C“”e”:nﬁ‘T is 25
P116 EG Type IV Expansion 1 IP Mod/ZD 8 100 >5 Defrost EG 4 75 - 13 - 20 1 C“”e”:n/i? is 10
P117 EG Type IV Expansion 1 IP Mod / R 8 100 >0 Defrost EG 4 75 - - 75 20 2 C“”e”:“ﬁr is 10
P118 EG Type IV Expansion 1 P 8 100 | °®° | DpefrosteG 4 25 - - - 50 2 Current AT is 30
P119 EG Type IV Expansion 1 IP- / SN- 8 100 | °0° | DpefrosteGa 25 10 - - 30 2 Current AT is 15
P120 EG Type IV Expansion 1 IP-/ 2D 8 100 '51‘(;’ : Defrost EG 4 25 . 13 . 30 2 C“”e":n‘i? is 10
P121 EG Type IV Expansion 1 1P~/ ZR- 8 100 '51‘(;’ : Defrost EG 4 25 . 25 . 30 1 Current AT s 10
P122 EG Type IV Expansion 1 IP Mod 8 100 | P07 | DpefrosteG 4 75 - - - 25 2 Current AT s 10
P123 EG Type IV Expansion 1 IP Mod/ZD 8 100 -5118 B Defrost EG 4 75 - 13 - 10 1 Current AT is 7 min
P124 |  EG Type IV Expansion 1 IP- 8 100 | "9 | pefrost e 4 25 - - - 50 1 Current AT is 30
P125 EG Type IV Expansion 1 IP- / SN- 8 100 '17‘1’6“’ Defrost EG 4 25 10 . E 30 1 Current AT s 15
P126 EG Type IV Expansion 1 P Mod 8 100 | 98 | DefrostEG 4 75 - - - 25 1 Current AT s 10
P127 EG Type IV Expansion 1 IP- 8 100 | 51 | pefrosteG 4 25 - - - 50 2 Current AT s 30
P128 EG Type IV Expansion 1 IP- / SN- 8 100 | 181 | Dpefrost EG 4 25 10 - - 30 1 N e
P129 EG Type IV Expansion 1 1P Mod 8 100 | 51 | pefrost G 4 75 - - - 25 2 Current AT s 30
P130 EG Type IV Expansion 1 P 8 100 | <22 Defrost £G 4 25 - - - 50 2 Current AT s 10
P131 EG Type IV Expansion 1 IP Mod 8 100 <-22 Defrost EG 4 75 - - - 25 2 Current AT is - min
P132 EG Type IV Expansion 1 Fluid Only 8 100 >-5 Defrost EG 4 - - - - - 2 Baseline Test
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APPENDIX B

WIND TUNINEL TESTS TO EXAMIINE 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)

Bl | v | o | S | OR | mwa | e | s | i | nhee | S | Tl | comenr
P133 EG Type IV Expansion 1 Fluid Only 8 100 751‘00 B Defrost EG 4 - - - - - 1 Baseline Test
P134 EG Type IV Expansion 1 Fluid Only 8 100 -17(1)6[0 Defrost EG 4 - - - - - 2 Baseline Test
P135 EG Type IV Expansion 1 Fluid Only 8 100 | '90° | DefrostEG 4 - - - - - 1 Baseline Test
P136 EG Type IV Expansion 1 Fluid Only 8 100 | <22 Defrost EG 4 - - - - - 1 Baseline Test
P137 EG Type IV Expansion 1 IP- 8 100 >-5 ChemR EG IV 25 = 5 5 70 1 Cu"e”:“ﬁT is 80
P138 EG Type IV Expansion 1 IP- / SN- 8 100 >-5 ChemR EG IV 25 10 = - 50 1 C“"e";‘l*nT is 40
P139 EG Type IV Expansion 1 IP-/ 2D 8 100 >5 ChemR EG IV 25 - 13 - 40 2 C“"e":nﬁ‘T 52
P140 EG Type IV Expansion 1 IP-/ ZR- 8 100 >5 ChemR EG IV 25 - 25 - 40 1 C“"e"m‘T 54
P141 EG Type IV Expansion 1 IP-/ R- 8 100 >0 ChemR EG IV 25 - - 25 40 2 C“"e”:nﬁr 54
P142 EG Type IV Expansion 1 IP Mod 8 100 >5 ChemR EG IV 75 s o - 35 1 Cu"e”:nﬁ‘T is 25
P143 EG Type IV Expansion 1 IP Mod/zD 8 100 >5 ChemR EG IV 75 - 13 - 20 1 C“"e";q’i? &0
P144 EG Type IV Expansion 1 IP Mod / R 8 100 >0 ChemR EG IV 75 - - 75 20 2 Current AT s 10
P145 EG Type IV Expansion 1 IP- 8 100 '51‘3 . ChemR EG IV 25 = 5 5 50 2 Cu"e”;:’:' is 30
P146 EG Type IV Expansion 1 IP- / SN- 8 100 '51‘(‘; " | chemrEG IV 25 10 - - 30 2 Current AT s 15
P147 EG Type IV Expansion 1 IP-/ 2D 8 100 | 20| chemREG IV 25 - 13 - 30 2 Current ATis 10
148 EG Type IV Expansion 1 P~/ ZR- 8 100 | 07| chemREG IV 25 - 25 - 30 1 Current AT s 10
P149 EG Type IV Expansion 1 1P Mod 8 100 '51‘3 " | chemrEG IV 75 s o . 25 2 Current AT 10
P150 EG Type IV Expansion 1 IP Mod/ZD 8 100 -51%) . ChemR EG IV 75 - 18] - 10 1 Current AT is 7 min
P151 EG Type IV Expansion 1 P 8 100 | 9% | chemrEeG IV 25 - - - 50 1 Current AT is 30
P152 EG Type IV Expansion 1 IP- / SN- 8 100 | 198 | chemrEG IV 25 10 - - 30 1 Current AT is 15
P153 EG Type IV Expansion 1 1P Mod 8 100 '1_(1)6‘° ChemR EG IV 75 - - - 25 1 C“"e”;‘ﬁr 510
P154 EG Type IV Expansion 1 IP- 8 100 | 51| chemReG IV 25 - - - 50 2 Current AT is 30
P155 EG Type IV Expansion 1 IP- / SN- 8 100 | 9% | chemrEG IV 25 10 - - 30 1 N"cﬂe:"‘:\j‘s
P156 EG Type IV Expansion 1 IP Mod 8 100 | 9% | chemREG IV 75 - - - 25 2 Current ATis 30
P157 EG Type IV Expansion 1 IP- 8 100 | <-22 ChemR EG IV 25 o o 5 50 2 Current ATis 10
P158 EG Type IV Expansion 1 IP Mod 8 100 <-22 ChemR EG IV 75 - - - 25 2 Current AT is - min
P159 EG Type IV Expansion 1 Fluid Only 8 100 >-5 ChemR EG IV - - = = o 2 Baseline Test
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APPENDIX B

WIND TUNINEL TESTS TO EXAMIINE 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)

ovpeive | et | T | o | | SR | e | e | s | e | e | Pgme | ] come
P160 EG Type IV Expansion 1 Fluid Only 8 100 '51‘8 - ChemR EG IV - - - - - 1 Baseline Test
P161 EG Type IV Expansion 1 Fluid Only 8 100 '1_(1);) ChemR EG IV - - - - - 2 Baseline Test
P162 EG Type IV Expansion 1 Fluid Only 8 100 -1_2210 ChemR EG IV - - - - - 1 Baseline Test
P163 EG Type IV Expansion 1 Fluid Only 8 100 <-22 ChemR EG IV - - - - - 1 Baseline Test
P164 EG Type IV Expansion 1 1P- 8 100 >-5 EG106 25 - - - 70 1 c“”e”:“ﬁr is 50
P165 EG Type IV Expansion 1 1P~/ SN- 8 100 >5 EG106 25 10 . . 50 1 C“”e”:nf is 40
P166 EG Type IV Expansion 1 IP- / ZD 8 100 >5 EG106 25 13 40 2 Current AT is 25
P167 EG Type IV Expansion 1 IP- / ZR- 8 100 >-5 EG106 25 - 25 - 40 1 C“”e”:n/i? is 25
P168 EG Type IV Expansion 1 P-/R 8 100 >0 EG106 25 . . 25 40 2 C“”e”;‘i*nT is 25
P169 EG Type IV Expansion 1 1P Mod 8 100 >5 EG106 75 - 35 1 Current AT s 25
P170 EG Type IV Expansion 1 1P Mod/ZD 8 100 >5 EG106 75 13 20 1 Current AT s 10
P171 EG Type IV Expansion 1 1P Mod / R 8 100 >0 £G106 75 - 75 20 2 Current AT is 10
P172 EG Type IV Expansion 1 P 8 100 '51‘(;’ : EG106 25 . . . 50 2 C“”e":n’i? is 30
P173 EG Type IV Expansion 1 IP- / SN- 8 100 | Bl EG106 25 10 - 30 2 Current AT s 15
P174 EG Type IV Expansion 1 IP-/ ZD 8 100 | Bl EG106 25 13 30 2 Current AT s 10
P175 EG Type IV Expansion 1 1P/ ZR- 8 100 | Bl EG106 25 25 30 1 Current AT is 10
P176 EG Type IV Expansion 1 IP Mod 8 100 | Bl EG106 75 - 25 2 Current AT s 10
P177 EG Type IV Expansion 1 IP Mod/zZD 8 100 75:8 B EG106 75 13 10 1 Current AT is 7 min
P178 EG Type IV Expansion 1 IP- 8 100 | 9% EG106 25 - 50 1 Current AT s 30
P179 EG Type IV Expansion 1 IP- / SN- 8 100 | 198 EG106 25 10 - 30 1 Current AT s 15
P180 |  EG Type IV Expansion 1 1P Mod 8 100 | 198 EG106 75 - 25 1 Current AT s 10
P81 EG Type IV Expansion 1 IP- 8 100 | 51 EG106 25 - 50 2 Current AT s 30
P182 EG Type IV Expansion 1 IP- / SN- 8 100 | 19k EG106 25 10 - 30 1 N e
P183 EG Type IV Expansion 1 1P Mod 8 100 | 19k EG106 75 - 25 2 Current AT is 30
Piga EG Type IV Expansion 1 P 8 100 | <-22 £G106 25 - 50 2 Current AT s 10
P185 EG Type IV Expansion 1 IP Mod 8 100 <-22 EG106 75 - 25 2 Current AT is - min
P186 EG Type IV Expansion 1 Fluid Only 8 100 >-5 EG106 - 2 Baseline Test
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APPENDIX B

WIND TUNINEL TESTS TO EXAMIINE 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)

Bl | v | o | S | OR | mwa | e | s | i | nhee | S | Tl | comenr
P187 EG Type IV Expansion 1 Fluid Only 8 100 751‘00 B EG106 - - - - - 1 Baseline Test
Pisg EG Type IV Expansion 1 Fluid Only 8 100 | 9% EG106 - - - - - 2 Baseline Test
Pig9 EG Type IV Expansion 1 Fluid Only 8 100 | 19k EG106 - - - - - 1 Baseline Test
P190 EG Type IV Expansion 1 Fluid Only 8 100 | <22 EG106 - - - - - 1 Baseline Test
P191 EG Type IV Expansion 1 IP- 8 100 >-5 ClearWing EG 25 = 5 5 70 1 Cu"e”:“ﬁT is 80
P192 EG Type IV Expansion 1 IP- / SN- 8 100 >-5 ClearWing EG 25 10 5 - 50 1 C“"e":nﬁ‘T is 40
P193 EG Type IV Expansion 1 IP-/ 2D 8 100 >5 ClearWing EG 25 - 13 - 40 2 C“"e":nﬁ‘T 52
P194 EG Type IV Expansion 1 IP-/ ZR- 8 100 >5 ClearWing EG 25 - 25 - 40 1 C“"e"m‘T 54
P195 EG Type IV Expansion 1 IP-/ R- 8 100 >0 ClearWing EG 25 - - 25 40 2 C“"e”:nﬁr 54
P196 EG Type IV Expansion 1 IP Mod 8 100 >5 ClearWing EG 75 s o - 35 1 Cu"e”:nﬁ‘T is 25
P197 EG Type IV Expansion 1 1P Mod/zD 8 100 >5 ClearWing EG 75 - 13 5 20 1 C“"e";q’i? &0
P198 EG Type IV Expansion 1 IP Mod / R 8 100 >0 ClearWing EG 75 - - 75 20 2 Current AT s 10
P199 EG Type IV Expansion 1 IP- 8 100 '51‘3 . ClearWing EG 25 = 5 5 50 2 Cu"e”;:’:' is 30
P200 EG Type IV Expansion 1 IP- / SN- 8 100 '51‘(‘; “ | clearwing EG 25 10 - - 30 2 Current AT s 15
P201 EG Type IV Expansion 1 IP-/ ZD 8 100 '51%’ . ClearWing EG 25 - 13 _ 30 5 Curren:nﬁ‘T is 10
202 EG Type IV Expansion 1 P~/ ZR- 8 100 | 07 | clearwing EG 25 - 25 - 30 1 Current AT s 10
P203 EG Type IV Expansion 1 1P Mod 8 100 '51‘3 " | clearwing EG 75 s o . 25 2 Current AT 10
P204 EG Type IV Expansion 1 IP Mod/ZD 8 100 -51%) . ClearWing EG 75 - 18] - 10 1 Current AT is 7 min
P205 EG Type IV Expansion 1 IP- 8 100 -1-(1)6‘0 ClearWing EG 25 - - - 50 1 Curren:nﬁ]T 5 €0
P206 EG Type IV Expansion 1 IP- / SN- 8 100 | 198 | clearwing EG 25 10 - - 30 1 Current AT is 15
207 EG Type IV Expansion 1 IP Mod 8 100 | 198 | clearwing EG 75 - - - 25 1 Current AT s 10
P208 EG Type IV Expansion 1 IP- 8 100 | 51 | Clearwing £G 25 - - - 50 2 Current AT s 30
P209 EG Type IV Expansion 1 IP- / SN- 8 100 | 191 | clearwing G 25 10 - - 30 1 N"cﬂe:"‘:\j‘s
P210 EG Type IV Expansion 1 IP Mod 8 100 | 190 | clearwing EG 75 - - - 25 2 Current AT s S0
P211 EG Type IV Expansion 1 IP- 8 100 | <-22 | Clearwing EG 25 o o 5 50 2 Current ATis 10
P212 EG Type IV Expansion 1 IP Mod 8 100 <-22 ClearWing EG 75 - - - 25 2 Current AT is - min
P213 EG Type IV Expansion 1 Fluid Only 8 100 >-5 ClearWing EG - - = - o 2 Baseline Test
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APPENDIX B

WIND TUNINEL TESTS TO EXAMIINE 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 L N Target
. Objective Test Rotation Ramp N IP Rate SN Rate ZR Rate R Rate Exposure Test
Plan Objective Priority | Condition | Angle | (sikts) | ) Fluid (g/dm?h) | (g/dme/h) | (g/dmeh) | (g/dme/h) Time Priority COMMENT
P214 EG Type IV Expansion 1 Fluid Only 8 100 '51‘8 - ClearWing EG - - - - - 1 Baseline Test
P215 EG Type IV Expansion 1 Fluid Only 8 100 '1_(1);) ClearWing EG - - - - - 2 Baseline Test
P216 EG Type IV Expansion 1 Fluid Only 8 100 -1_2210 ClearWing EG - - - - - 1 Baseline Test
P217 EG Type IV Expansion 1 Fluid Only 8 100 <-22 ClearWing EG - - - - - 1 Baseline Test
P218 R&D 2 i TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Expand Tlll Times
Expansion
P219 R&D 2 Snow TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Snow Allowance
Aero Times
P220 R&D 3 S+ ++ TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Heavy snow
P221 R&D 3 Heavy TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Heavy
Cont cor )
LOUT w/ Test w/
P222 R&D 3 TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 contamination @
Cont.
ouT
P223 R&D 3 Frost TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Simulated Frost
P224 R&D 4 P @ TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 IP testing a higher
> 130kts speeds
P225 R&D P 2nd Wave TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 2nd "‘f;vri["i fluid
P226 R&D 4 V-Stab TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 V-stab fluir +cont
P227 R&D 4 Other TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Other
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APPENDIX B

WIND TUNIVEL 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 January 2020 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.

6.1 Initial Test Conditions Survey

e Record ambient conditions of the test (Attachment 2); and

e Record wing temperature (Attachment 3).

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);
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APPENDIX B

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

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 - bg/dm?/h;

e ZD - 13g/dm?/h;

e SN - 10g/dm?/h;

e SN - 25g/dm?/h;

e |P - 25g/dm?/h; and

e |P - 75g/dm?/h.

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

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

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
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 (0O 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 anarea 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.
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WIND TUNIVEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

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.

Side View for Ice Pellets

3ft 3ft

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.

Figure 6.1: Side View of Positioning of Dispensers Relative to the Wing — Ice Pellets
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WIND TUNIVEL TESTS TO EXAMINE FLUID REVIOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Side View for Show

Center pole of the dispensers 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 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.

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

Figure 6.2: Side View of Positioning of Dispenser Relative to the Wing - Snow
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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
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.
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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;

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

[om] [

20 min |

Figure 6.4: Typical Wind Tunnel Run Timeline
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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 IV 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 — Type lll Ice Pellet Allowance Time Expansion;

e Attachment 14: Procedure — Snow Allowance Times Using Aerodynamic
Data;

e Attachment 15: Procedure - Heavy Snow;

e Attachment 16: Procedure - Heavy Contamination;

e Attachment 17: Procedure - Fluid and Contamination at LOUT;

e Attachment 18: Procedure - Frost Simulation in the Wind Tunnel;

e Attachment 19: Procedure - Feasibility of Ice Pellet Testing at Higher Speeds;
and

e Attachment 20: Procedure - 2nd Wave of Fluid during Rotation.

e Attachment 21: Procedure — V-Stab Testing;

7. EQUIPMENT

Equipment to be employed is shown in Table 7.1. Note that crossed off items wiill
not be required for the 2020-21 testing season but have been left in the list for
continuity.
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Table 7.1: Equipment List

EQUIPMENT

‘ STATUS ‘ | EQUIPMENT

STATUS

General Support and Testing Equipment

Camera Equipment

AA and C2032 Batteries x 12

Backpack-sprayerforFluidsx3 DSLR cameras x3 + lenses etc. (2 suitcases)
Barrel-Opener{i-expectingbarrels) Flash x2 black bag + Flash x1 single box
Black Shelving Unit £ tep {or plastic} Manfroto arms and mounts suitcase

Blow Horns x 2

Manfroto camera tripod

Blue Protective Face Masks x 300 +

Osmo/GoPro Cameras x 2 + accessories

Brixometer x 3

Electrical tape x 2

Envelopes and labels

Ice Pellets Fabrication Equip

Exacto Knives x 2

Adherence Probes Kit

Extension cords (power bars x 6 + reels x 4)

Blenders x 12 in good condition

Eye protection x 10

Folding tables (2 large, 1 small)

Falling Ball Viscometer

Ice bags

Fluid pouring pitchers x100 (confirm amount)

Ice bags storage freezer x 3

Fluids (ORDER and SHIP to Ottawa)

Ice pellet box supports for railing x4

Fridge for personnel x1

Ice Pellet control wires and boxes

Funnels (1 big + 1 small)

Ice pellets dispersers x 12

Gloves - black and yellow

Sieves (solid base, 1.4 mm, 4 mm) x 2 each

Gloves - cotton (a lot)

Stands for ice pellets dispensing devices x 6

Gloves - latex (a lot)

Ice pellets Styrofoam containers x40

Grid Section + Location docs

Measuring cups (1L + 1cup/smaller)

Hard-waterchemical 3
B

NCAR Scale x 1 (DND large one)

Refrigerated Truck

Hand Sanitizer (x3 larger jugs/dispensers)
H d-t, P £ fluid-b | I

Rubber Mats x 4

HotPlat 3 and-Large-PotsforTvoel
i) Y

Wooden Spoons

Inclinometer (yellow level) x 2

Isopropyl x 12

Large and small tape measure

Freezing Rain Equipment

Large Sharpies for Grid Section

APS PC equipped with rate station software

Long Ruler for marking wing x 2

NRC Freezing rain sprayer (NRC will provide)

Marker for waste x 2

Rubber suction feet for wooden boards x8

Paper towel (blue shop towel) x 48

White plastic rate pans (4 sets)

Protective yellow rubber clothing (all)

Wooden boards for rate pans (x2)

Personal Clothing for APS YUL team

Red-Th for Tyoe T
YP P

Sample bottles for viscosity (x6)

Office Equi

Sartorius Weigh Scale x 1

APS Laptops x 6 with mouse and chargers

Scrapers x 5

APS tuques x 10

Calculators x 3

Speed tape x 1 small

Clip boards x 8

Squeegees (5 small + 3 large floor)

Data Forms

Stop Watches x 4

Dry eraser markers

Temperature probes: immersion x 3

Envelopes (9x12) x box

Temperature probes: surface x 3 Extra-laptop-for-disp instrueti PPT
Test Plate x 1 File box x 2

Thermometer for Reefer Truck Hard drive with all WT Photos

Thickness Gauges (5 small, 5 big) Hard Drivex2

Vise grip + rubber opener for containers

Pencils + sharpies/markers

Walkie Talkies x 12

Projector for laptop

Water{2 x18L} for hard £

Scissors

Whatmans Paper and conversion charts

Small 90° aluminum ruler for wing

Test Procedures x 4, printer paper

YOW employee contracts

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 ethylene glycol (EG) and propylene glycol (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). Up to 2480L of 100/0
Type lI/III/IV fluid are expected to be available. 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

Fluid Type EG PG Dilution Batch # In Stock (L) Ordered (L)
ChemR EG IV (old batch) v EG 100/0 35317-1 40
ChemR EG IV \% EG 100/0 TBD 120
ClearWing EG v EG 100/0 TBD 400
Defrost ECO 4 \% PG 100/0 4 (LOT #48) 130
Defrost EG 4 \% EG 100/0 1 (LOT #47) 230
EG106 (old batch to toss) \% EG 100/0 D2681B7001 25
EG106 (new batch) v EG 100/0 TBD 300
Max Flight AVIA I\ EG 100/0 41 280
Max Flight SNEG v PG 100/0 8 300
Polar Guard® Xtend v PG 100/0 TBD 300
Polar Guard Advance \% PG 100/0 PGA181205PA 80
Polar Guard Advance v PG 100/0 13403/WT.13.14.PGA 140
Safewing EG IV NORTH \% EG 100/0 01819 195
AeroClear MAX n EG 100/0 TAB17-1023 220
Safewing MP Il FLIGHT 1l PG 100/0 DEG 4145408 100

3600 L ordered for 2009-10 testing (18 days)

3200 L ordered for 2010-11 testing (15 days)

71800 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)

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.

APS/Library/Projects/300293 (TC Deicing 2020-21)/Procedures/Wind Tunnel/Final Version 1.0/Wind Tunnel 2020-21 Final Version 1.0.docx
Final Version 1.0, December 20
26

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx
Final Version 1.0, July 22
B-27



APPENDIX B

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

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
Marco Ruggi (MR) Lead Engineer and Project Coordinator

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

Chlo& Bernier (CB) Ice Manufacturing Manager

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

YOW Personnel

Benjamin Bernier (BB)

Ben Guthrie (BG) 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 and will be required to participate via teleworking measures.

NRC Aerospace Research Centre Contacts

e Catherine Clark: (613) 990-6796; and
e Luc Levasseur: (613) 229-2180

10. SAFETY

e A safety briefing will be done on the first day of testing;

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;
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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 |f fluid comes into contact with skin, rinse hands under running water; and

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

Separate guidelines related to COVID-19 mitigation strategies will be communicated
to staff prior to the start of any activities.
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Attachment 1: Task List for Setup and Actual Tests

No. Task Person Status
Planning and Preparation

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
41 Start IP manufacturing STB
42 Mark wing (only if requested); CB

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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Attachment 2: General Form

DATE:

AR TEMPERATURE (°C) BEFORE TEST:

TUNNEL TEMPERATURE (°C) BEFORE TEST:

WIND TUNNEL START TIME:

ROTATION ANGLE:

FLAP SETTING (20°, 0°):

GENERAL FORM (EVERY TEST)

FLUID APPLIED: RUN # (Plan #).

AR TEMPERATURE (°C) AFTER TEST:

TUNNEL TEMPERATURE (°C) AFTER TEST:

PROJECTED SPEED (S/KTS);

EXTRARUN INFO:

Il Check if additional notes provided on a separate sheet

FLUID APPLICATION

Actual starttime:

Actual End Time:

Fluid Brix:

Amount of Fluid (L):

Fluid ey

Fluid Application Method: POUR

ICE PELLETS APPLICATION (if applicable)

Actual starttime:

Actual End Time:

Rate of Ice Pellets Applied (g/dm?h):

Exposure Time:

Total IP Required per Dispenser:

Ice Pellets Size (mm): 14-40mm

FREEZING RAIN/DRIZZLE APPLICATION (if applicable)

Actual starttime:

Actual End Time:

Rate of 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/dm?h):

Exposure Time:

Snow Size (mm) <t4mm

Method: [} Dispenser [

Total SN Required per Dispenser:

COMMENTS

MEASUREMENTS BY:

HANDWRITTEN BY:
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Attachment 3: Wing Temperature, Fluid Thickness and Fluid Brix Form

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wi Before { fter fluia | After P After i ip | Afer wi After fluid | After Pr After
g | Ty | s ol o) i || v | s | | L || v ot ) s
osition Application pplication] Application Run ppl ppl Run osition pplication| Application Run 12342 time
T2 2 1 ooooag 5m||t15
0000 O 10mins
00000 15mins
T 2
° ° 0000 O 20mins
00000 25mins
T Fl
v ® ® 00000 30mns
. . 4
Time: Time: 00000 ssmns
5 00000 4omns
0000 0O 45mins
6 0000 0O 5 mns
Wing and Plate Condition Wing and Plate Condition O0D00O 0O smns
Before the Takeoff Run Afterthe Takeoff Run B 0000 O 60mins
Time: Time:
8 0000 O é5mins
TRAILING EDGE TRAILING EDGE 0000 O 70mns
Flap Flap Flap 00000 75mins
8 8 0000 O 8 mins
0000 O 85mins
7 .
g Time: 0O0OD00O0 %mns
6 6
0000 O 9mins
5 . 2 %3 4 s 0O O O O O 100 mins
P \\\\\ 0000 O 105mns
4 4 7 0000 O 110mins
g 8 00000 15mns
2 2 J/ 0000 D0 120mns
1 1 u
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Position 2, 3, 4, 5: At equal distances (approximately 15 cm) along the wing chord;
Wing Position 6: Approximately 30 cm from trailing edge;
Wing Position 7: Approximately 15 cm from trailing edge;
Wing Position 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.
can be ommitted with approval of the project coordinator General C
OBSERVER:
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APPENDIX B

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

Attachment 4: Example Ice Pellet Dispensing Form

WING TRAILING EDGE
8 ft = 24.4 dm
DISPENSER #3

1 < 1t ——»2 <] it 3 <1 1t 4 1t 1ft 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 27.3 269 21.5 26.9 21.5 26.9 21.5 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 27.7 24.4 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 27.9 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 =18.3 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 23.5 27.2 28.4 29.4 29.1 29.6 29.1 29.6 291 29.6 29.0 28.7 26.9 24.0 18.4
18.5 241 26.8 28.7 28.8 29.5 28.8 29.5 28.8 29.5 28.8 29.4 27.9 27.2 23.5 18.8
19.2 24.3 27.4 28.6 29.5 29.3 29.6 29.3 29.6 29.3 29.6 29.2 256 25.6 23.8 19.1
19.3 24.4 21.7 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 27.5 26.9 215 26.9 21.5 26.9 21.3 26.4 26.2 241 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 & it ——»3 — 1t —]—»2 |— 1t —]—»1 4 <1— 1ft ——»3 +— it 2 1 it 1
DISPENSER #2 DISPENSER #1
| WING LEADING EDGE
Precipitation Type P | Date | | _Run# | |

*  Field to be manipulated
ITarget Rate I 25 |gldmzlh

Enter "Date" and "Run #".
. Manipulate desired "Target Rate" for test event.
. Manipulate desired "Duration" for test event.

1.
2
3
Footprint Rate 25 g/dm?h 4. Prepare "Total Amount of IP Needed for Entire Test" in grams.
|Stdev of Rate (+5) 5 g/dm?h 5. Prepare 4 boxes for "Total Amount of IP in Each Dispenser” in grams. (Each Disp must be emptied at 5-minute intervals.)
6
7
8

Duration 5

. Dictate amount of IP needed "In each Position" in grams. (Each Position must be emptied at approximately 1-minute intervals.)

IP needed per 5min . Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.

In each position 81 9 . 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).
In each Dispenser 323 |g (e.g: Position#1 -> Pos #2 -> Pos #3 -> Pos #4 -> Pos #4 -> Pos #3 -> Pos #2 -> Pos #1 ->Pos #1...)

IP needed for entire test NOTE:

E:SI] TDT: uenr: : efrIP n 323 |g - Leading Edge (LE): Centre Pole of the Dispenser Stands must be 1-foot (12 inches) from the Leading Edge (LE)

Total Amount IP » . ’ ) .

Needed for Entire Test 1201 |g -Trailing Edge (TE): Centre Pole of the Dispenser Stands must be 10-inches from the Trailing Edge (TE) Flap.

- Dispenser Spinner must be 3-feet above the average height of the wing.
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APPENDIX B

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

Attachment 5: Example Snow Dispensing Form

WING TRAILING EDGE
84=244dm
DISPENSER #3
1< m %2 « n >3 < u >4 n n
2341 438 212 255 2.4 255 2.4 214 214 255 274 254 2.6 19.7
271 355 34.9 36.7 35.1 367 354 35.1 35 36.7 350 363 339 298
2456 394 36.4 414 415 36.8 36.8 36.8 415 367 414 35.5 352
uA %3 253 286 287 P-4 257 2507 256 284 2.7 243
88 152 164 174 176 172 172 172 170 172 159 "2
68=183dm 61 94 10.6 112 114 12 12 12 110 109 98 79
79 98 10.9 110 112 14 114 114 112 106 94 6.1
u2 159 17.2 170 172 175 176 175 174 164 152 88
M43 U7 256 257 287 3.7 87 287 286 23 %3 A
352 355 a1 367 368 Mns 3638 ns 415 414 364 394 45
23 339 363 350 351 36.7 351 367 367 36.7 39 355 271
197 %5 254 274 274 25 WA 255 255 255 72 U8 21
7« m %3 <1 m —F»2 < m —F—»1 4«1 m %3 < ™ —|—»2 < 1 —f—»1
DISPENSER #2 DISPENSER #1
| WING LEADING EDGE
[P Twe | Snow | [ Date ] ] [Run# ]
Field to be manipufated
TargetRate 1 Enfer Date” and Run #.

g’
|suevorRate [ 10 |oum'm

Snow needed per5 minutes
Ineach position 84
Ineach Dispenser 336
Snow needed for entire test
Ineach Dispenser 336
Total Amount Snow

Needed for Entire Test 1344

2 Manipulate desired "Target Rate” for test event.
3. Manipulate desired "Duration” for test event.

4 Prepare “Total Amount of Snow Needed for Entire Test™ in grams.
5. Prepare 4 boxes for "Total Amount of Snow in Each Dispensor™in grams. (Each Dispensor st be emptied at 5-minste istervalb.)
6. Dictate amount of Snow needed In each Posilion™in grams. (Each Position mest be emptied at approximately 1-minete istervals )
7. Once a Postion is empbied of its contents (1-minute ntervals), move the Dispenser 1-foat to the left.
8 Once a Dispenser has complestedits cycle at Position #4, start next cycle at Position #4 and move 1-Fodt to the right at {1-minute intervals).

{(e.g Position #1 > Pos #2 > Pos #3 > Pos #4 -> Pos #4 > Pos #3 > Pos #2 > Pos #1 -> Pos#..)

NOTE:

-Leading Fdge (LE): Centre Pole of the Dispenser Stands murst be 1-foat (12 inches} from the [ eading Edge {1 £}

-Trailing Edge (TE}: Cenire Pole of the Dispenser Stands nurst be 18-inches from the Trailing Edge (TE} Flap.

The use of Dispensor Stand Exiendion is needed.

- Dispenser Spinner nust be 3-feet above the average height of the wing.
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APPENDIX B

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

Attachment 6: Example Snow Dispensing Form (Manual Method)

Precipitation Type Sifted Snow
* Field to be manipulated
[TargetRate [ 25 |giam2n
Duration 5 i

Date | | | Run # [ |

Footprint Rate 25 |g/dm?h
Stdev of Rate | 10 Joram?n
Snow needed per 5§ minutes
[neachposion | 65 |
265

Snow needed for entire test

In each Dispenser 265
Total Amount Snow

Needed for Entire Test 1062

1. Enter "Run#".

2. Manipulate desired "Target Rate" for test event.

3. Manipulate desired "Duration” for test event.

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 Di must be ied at 5-

te 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 2020-21)/Procedures/Wind Tunnel/Final Version 1.0/Wind Tunnel 2020-21 Final Version 1.0.docx
Final Version 1.0, December 20

34

B-35

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx

Final Version 1.0, July 22



APPENDIX B

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

VISUAL EVALUATION RATING OF CONDITION OF WING

Run Number:

Note: Ratings can include decimals i.e. 1.4 or 3.5

Before Take-off Run

Visual Severity
Area Rating (1-5)
Leading Edge >3 = Review, >3.5=Bad
Trailing Edge >3 = Review, >3.5=Bad
Flap >4 = Review, >4.5=Bad
At Rotation

Area

Visual Severity
Rating (1-5)

Leading Edge

Expected
Lift Loss (%),
>5.4 = Review

>1= Review >1.5 = Bad >9.2 =Bad

Trailing Edge
Flap
After Take-off Run
Visual Severity
Area Rating (1-5)
Leading Edge
Trailing Edge
Flap

Additional Observations:

OBSERVER:
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APPENDIX B

WIND TUNINEL TESTS TO EXAMIINE 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: |:| APS Site D 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=___L Fluid Quantity: _x___L=__ L Fluid Quantity: _ox___L=__ L
Fluid Brix: . ° Fluid Brix: . Fluid Brix: .
Falling Ball Time: ___::  (mm:ss:ics) FallingBallTime: __: : (mm:ssics) FallingBallTime: __: :  (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:
HOT Fluids: Extract3L 100/75/50 and 2 L Type | Viscosity: 1L 100/75/50 to third party or in-house for testing
Other Fluids: Extract2 L 100 /75 /50 / Type | WSET: 1L100/75/50/Type | to AMIL f?r WsET (.HOT samples only)
Office: 1L100/75/50/Type | to be retained in office

Photo Documentation: (take photos of all that apply)

| [ Palette (as received) [ ] 100/0 MFR Fluid 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 PRECIPITATION CONDITIONS

Attachment 9: Log of Fluid Sample Bottles

Date of Extraction

Fluid and Dilution

Batch #

Sample
Source fi.e.
drum)

Falling Ball
Fluid Temp
(°c)

Falling Ball Time
(sec)

Comments
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APPENDIX B

WIND TUNIVEL 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 TUNIVEL 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;
¢ 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

Four days of testing are planned.
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APPENDIX B

WIND TUNIVEL 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.

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;

e Conduct testing with commercially available EG Type IV 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

10 days of testing are planned.
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APPENDIX B

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

Previous EG Expansion Data for Planning and Reference Purposes

The detailed data for all EG tests conducted since 2009 with the RJ wing has been
reviewed. Table B provides a summary of all data points including those tested to
the allowance time, as well as those tested to exposure times longer than the current
allowance time. Table C includes only the validation tests, hence tests that were run
to the current allowance time. Table D includes only the tests that were run longer
than the current allowance times, or in conditions where there are no allowance
times.

For yellow and red (review or bad) tests, comments were included describing the
reason for the rating.

For Table B, Table C, and Table D, the individual test information has been included
in the format provided below.

o AABB(CC)DDIEE]F
o AA is the fluid name designation as listed Table A.

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

o CC 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.

o DD is the exposure time of the test in minutes.
o EE is the test number for reference the data in the test logs.

o Fis the status of the testing, either “G” for Good, “R” for Review, and “B”
for Bad, as per the guidelines for evaluating the tests. The highlighting is
in a corresponding green, yellow, and red colour.

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

Table A: Fluid Name Abbreviated Designation for EG Expansion Analysis

Fluid Name Abbreviation
Chemco ChemR EG IV CC
Clariant AVIA CA
Clariant North CN
EG106 DE
LNT E450 LE
Defrost EG IV FR
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APPENDIX B

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

Table B: All EG Fluid Allowance Time Data Collected Since 2009

Precipitation Type

Outside Air Temperature

with Freezing Drizzle

CC-6(5.4)30[32]R

10 minutes

Moderate Ice Pellets (or
Small Hail)®

Below -5 Below -10
5o -
5°C and above to0 -10°C to0 -16°C Below -16
30 minutes®
30 minutes®
50 minutes 30 minutes
Light Ice Pellets CA-21(5.7)30[15]R
FR-22(6.7)30[17]R
LE-15(5.8)30[10IR
CN-16(2.8)50171G
15 minutes®
40 minutes . .
Light Ice Pellets Mixed 16 minutes Olminutes
with Snow CC-5(3.7)50[33]R
DE-18(4.1)1 111R
CN-5(1.5)501201G CA-14(4.315(411R s s
Light Ice Pellets Mixed 25 minutes 10 minutes

CC-14(2.1)25[111R
DE-15(1.1)25[13IR
LE-15(6.4)10[13IR

CN-16(2.2)25[6]R

25 minutes
Light Ice Pellets Mixed 0 minutes Caution: No allowance
with Freezing Rain times currently exist
f 4
Light Ice Pellets Mixed 25 minutes
with Rain
25 minutes® 10 minutes®

10 minutes’
LE-17(6.0)10[11IR

CA-21(5.5)10[16]R
FR-21(6.6)10[18IR

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

Moderate Ice Pellets (or
Small Hail)® Mixed with
Rain

10 minutes
CN-5(1.3)35[21]R
10 minutes 7 minutes
CN-5(0.8)201231G CC-8(2.4)7191G
10 minutes®

Caution:
No allowance
times currently exist
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APPENDIX B

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

Table C: EG Validation Tests Meeting Current Allowance Times Since 2009

Precipitation Type

Outside Air Temperature

Light Ice Pellets Mixed
with Freezing Rain

0 minutes

Light Ice Pellets Mixed
with Rain

25 minutes*

Below -5 Below -10
5O -
5°C and above t0 -10°C t0 -16°C Below -16
i 3
30 minutes 30 minutes®
Light Ice Pellets 50 minutes 30 minutes CA-21(5.7)30[15]R
FR-22(6.7)30[17IR
LE-15(5.8)30[10IR
15 minutes®
. . . 15 minutes
Light Ice Pellets Mixed 40 minutes .
g 0 minutes
with Snow
CA-14(4.3)15[41]1R
nght loe P'ellets !Vllxed 25 minutes 10 minutes
with Freezing Drizzle
10 minutes
25 minutes

Caution: No allowance
times currently exist

25 minutes®

10 minutes®

10 minutes’
LE-17(6.0)10[111R

Small Hail)® Mixed with
Freezing Drizzle

10 minutes

Moderate Ice Pellets (or
Small Hail)® Mixed with
Rain

10 minutes®

Moderate Ice Pellets (or 10 minutes
Small Hail)® LE-15(6.4)10[13]R
CA-21(5.5)10[16]R
FR-21(6.6)10[18]R
Moderate Ice Pellets (or 7 mi
minutes

Caution:
No allowance
times currently exist
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APPENDIX B

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

Table D: EG Expansion Tests Exceeding Current Allowance Times Since 2009

Precipitation Type

Outside Air Temperature

Rain

Below -5 Below -10
.50 R
5°C and above to -10°C to -16°C Below -16
. 30 minutes . 3
Light Ice Pellets 50 minutes 30 minutes 30 minutes®
15 minutes®
. . 40 minutes . 0 minutes
‘I;:gi]t:tsltl:‘i:ellets Mixed CC-5(3.7)50(331R 15 minutes
CN-5(1.5)50[201G DE-18(4.1)15[311]R
Light Ice Pellets Mixed 25 minutes 10 minutes
with Freezing Drizzle CC-6(5.4)30[32]R
Light Ice Pellets Mixed 25 minutes 10 minutes 0 minutes Caution: No allowance
with Freezing Rain times currently exist
nght Ict.e Pellets Mixed 25 minutes®
with Rain
10 minutes®
Moderate Ice Pellets (or 25 minutes® 10 minutes eI T Y 10 minutes’
Small Hail)® CN-5(1.3)35[211R eSO
: CN-16(2.2)25[6]R
Moderate Ice Pellets (or 10 minutes
Small Hail)® Mixed with 7 minutes i
Freezing Drizzle Caution:
Moderate Ice Pellets (or tim:‘:::::::r c:xist
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Attachment 13: Procedure — Type lll Ice Pellet Allowance Time Expansion

Background

Allowance times for Type Ill fluids have just recently been developed. Similar to the
Type IV ice pellet allowance times, the Type Ill allowance times are also intended to
be conservative, generic guidance developed based on data collected using
commercially available Type lll 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 lll ice pellet allowance times.

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 and 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 14: Procedure — Snow Allowance Times Using Aerodynamic Data

Background

Holdover times are developed based on a visual evaluation of fluid failure on test
plate surfaces measuring 30x50cm (12x20in.). The industry requested an
investigation into the feasibility of using the same aerodynamic testing methodology
used to develop ice pellet allowance times, to develop snow allowance times. It is
believed that using this methodology would provide longer “snow allowance times”
as compared to the current existing snow holdover times.

Objective

To conduct testing to investigate the feasibility of developing snow allowance times.

Methodology

e Conduct testing with commercially available Type IV fluids using the current
methodology used to develop ice pellet allowance times;

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

e Adjust testing plan accordingly based on aerodynamic data collected.

Test Plan

No tests are anticipated.
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Attachment 15: 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;

o 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 16: 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;
¢ 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 17: 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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Attachment 18: Procedure - Frost Simulation in the Wind Tunnel

Background

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

Objective

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

Methodology

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

Test Plan

One or two tests would provide a suitable dataset for analysis.
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Attachment 19: Procedure - Feasibility of Ice Pellet Testing at Higher Speeds

Background

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

Objective

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

Methodology

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

Test Plan

One or two tests would provide a suitable dataset for analysis, however more tests
may be required based on the results.
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Attachment 20: Procedure - 2nd Wave of Fluid during Rotation

Background

Previous wind tunnel testing has shown that during a simulated takeoff roll following
de/anti-icing, fluid will shear off the wing section; however, a small amount of fluid
can remain trapped along the leading edge at the stagnation point. This “trapped”
fluid begins to flow over the wing only once the wing is rotated; the stagnation point
shifts below the leading edge, and the “trapped” fluid begins to shear off as a second
wave. Previous testing was simulated in a static model using strips of speed tape
and cork tape strategically located on the leading edge of the wing section (along the
span where the separation bubble will typically occur). A separate set of dynamic
tests simulated the second wave with actual anti-icing fluid; sheared fluid prior to
rotation was left only in select areas either below or above the stagnation point and
then the flow was observed during a typical rotation. The results showed the stalling
characteristics of the wing with fluid (or fluid with contamination) appear to be driven
by secondary wave effects near the leading edge; these effects are difficult to
interpret on the two-dimensional model relative to a fully three-dimensional wing and
should not be used in developing allowance times. Additional testing may be useful
to better understand this effect.

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

Methodology

e Simulate the 2" wave of fluid using strips of tape applied at specific areas at
different thicknesses on the wing, or with fluid; and

e Compare the different results.

Test Plan

One to four tests would provide a suitable dataset for analysis.
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Attachment 21: Procedure — V-Stab Testing

Background

The IWT provided an effective means to carry out vertical stabilizer research
accommodating the installation of an appropriate size model and allowing the
application of fluids. The objective is to have agreement on a common research model
(with the support of the AWG) by end of 2020 and so that APS and NRC, under
contract to TC and FAA, can begin the construction in 2021 and allow for testing in
the winter of 2021-22.

Objective

To study the clean and contaminated fluid flow off from a vertical stabilizer model.

Methodology

e TBD

Test Plan

TBD
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APPENDIX C

HIGH SPEED TESTING 2020-21 FLUID THICKNESS, TEMPERATURE, AND
BRIX DATA FORMS






APPENDIX C

No Data Available

Figure C1: Run # 1

No Data Available

Figure C2: Run # 2
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C4: Run # 4
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Figure C6: Run # 6
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No Data Available

Figure C7: Run # 7

No Data Available

Figure C8: Run # 8
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Wing Postion: My up e ap
Nt o
can be omited with approval of the project coordinator General Comments:
OBSERVER: 851CE
TP Tcknnss
.
.
Figure C9: Run # 9
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Loruoey 1}, 207
7
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fiuid| After fluid | Atter Precip | After Wing | Atter Fluid | After Precip T:‘L:'« Wing | After fluid | After Precip | After .
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application |Takeoff Run 123 4 E time
TS, 5mins
2 | os |-o0 - 2 .15 1 gé{/{éﬁ%ﬁg{wms
15 mins
T | o -0 6.4 -0.2 8 nis .0 2 cs 0 dry g(’gr/gnj%fm/zam
25 mins.
| oy 5.3 -2.% -0.3 Flap 2.25 3 g 471 m/g’/aomms
Time: | 23204 | 2822 | 0:0n | 0024 Time: o 25 4 Edcgrdrgugitns
A = . & & & & Ao mins
® R) 2% el ggg%mﬂsmins
& O 50 mins
6
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run ‘After the Takeoff Run P 00000 eomis
Time: ime: toooo
2 ” 65 mins
TRAILING EDGE TRAILING EDGE 8 &o 8o <1 0OO0O0O00d 7omns
Flap . N OO0 000 75mns
i h G ) <z DO0O0C0D comns
4 Time: - 0O0O0QOg ssmns
1 ! ‘me: °° 00000 somins
6 6
OO0 00O esmins
= PP 000 OO 100mns
5 2 00000 tosmins
s s NN N D 00 OO0Q0 tomns
3 3 - 00000 15mins
2 2 Ve o 00000 120mins
1 1 u
LEADING EDGE LEADING EDGE
Comments Comments Wing Posion 1Aty 10 up o h i edge sognaion o
Wing Pastion .3 4,5 Al sl distances sproximatey 15 m) ko th wing chor:
Wing Posion 7 Approsmatly 15 rom g e
Wing Paston : Aproxmtely 25 e o sing adg: 3
Wing Posifon s Miay up e a5
‘can be ommitted with approval of the project coordinator General C
OBSERVER: 8>/t
TesaFuia ke,

Figure C10: Run # 10
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run: 1) (D022 M@ 45

oo 2on
[4
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 T::‘:" Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Bun Position | Application | Application |Takeoff Run 1234 2 time
& @ A smins
2 | oz |-nu -5.1 | -1.0 2 3.5 | 1ezs | 280 ! Er%r/g(z’grmmms
B = E &0 &, 15 mins
s oz |-02 |-22 9.0 8 niz | 1325 | 2.5 2 a6 20 <1 Er/mz’ @ 20 mins
=00 2
oz |-0.3 o |-0.% Flap | miz | 5.3 |28.75 3 ngmmsa:::z
Time: | 05:u7 | 103 £ 147 Time: | 105 | 135 | 1ue 4 00000 35mns
s S - 0O O0O0Q0 smns
20 < 00000 4smns
6 000 O 0 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00 000 somins
Time: Time:
00000 esmins
TRAILING EDGE TRAILING EDGE & 127 150 n 00000 70mns
Fip Flap - 00000 75mns
. T i e & 5 00000 somns
. o Time: o5 1.33 =8 S B S S g :‘57:::
6 6
0000 0O esmins
0000 0 00mns
: 2 00000 wsmns
4 4 00O 00 tomns
3 3 00000 115mins
2 2 0000 0O 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: WingPoston 1: Approimataty 10 cm up rom the lesig odg stagration it
Wing Posiion2,,4,5: At cqual distances approxmtesy 15 ) along e wing chors
Wing Postn : Approimtely 30 om o aling ace:
WingPostion 7: Approsimatey 16 om o taliog ace:
Wing Posktion : Approimately 25 o rom g ecge:and
WingPostion : My up e
. Undrsice: Agsrosimately 40 up ot eding ecge tagntion o
can b ommited it approvl o e o coordntor General C
OBSERVER: 28 C8
TestsPis Tricknes, Temporsure and ix Fom Version 805«
.
Figure C11: Run # 11
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: ; 12 Run:_(2 (P03 Yl
[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::“Q’" Wing After fluid | After Precip | After
Position | Application | Application | Application |Takeoff Run Position | Application | Application R:n Position | Application | Application |Takeoff Run 1.2 4 % time
2
o = — > — .- T Y
05 |-I% ) ez 3 0 0000 tomns
- ou 15
TS| -0 -1.2 4.2 | -0z 8 5.0 2 104 158 | Sgggg 2omine
w02 |-0z | -1 |-10 Flap | 425 225 3 Eggggigm
Time: | 2-01 2014 2.32 | 2.44 Time: | 216 | 2 4 00000 Od ssmns
- 00000 4omns
° [ S 00000 4sms
5 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run B 00000 somns
Time:
8 1o 00000 es5mins
TRAILING EDGE TRAILING EDGE 2 150 8 OO0 O00O0 7omns
Fiap 00000 75mns
5 T Flap 4o z = 00000 somns
i - - 0000 O esmns
L L Tme: 2117 4| DOO0O0D wmms
0000 O ssmins
& 7 g 000 O O 100mins
2 d Vv avd Fiap 0000 0 105mins
4 4 - M 0000 0 1omies
3 3 mHETINE 00000 smns
# 2 . 00000 omns
1 1
LEADING EDGE LEADING EDGE
Comments: Wing Poston 1 Apsrximately 10 cm up fom e i odge sagnaton pob
Wi Poston 2,3, 4,5 Al cqual distances pproxmtaly 15 o) along e wingcharc
\ing Poson 6 Apsrximataly 30 fom g cge;
WingPoston7: Approimately 16 fom g odg
WingPoston : Approximately 2.5 mfom taiing edg; anc
Wing Poston : iway up th ap
Not:
can b e with apeova o e et coornatr General C:
OBSERVER: €8/ ce
TossF Tioknas, soisx

Figure

C12:

Run # 12
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

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.
108 mins.
110 mins.
115 mins,
120 mins,

Date: \ornuory Run: |3/
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing Before Fluid| After fluid | After Precip After After Fluid | After Precip TA:t:rﬁ Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application “Hu: Position | Application | Application |Takeoff Run 123 z
o
2 (-5, |-12 |-Le -0 2 2.0 | z28 |res 1 % g
- Z N K [ =
T —1.0 2.0 0.9 8 nlz 2.0 2 20 N <l [Cardedcdcd
- goooo
T o e —s s - s watt
U 0. o 2. 1.0 Fiap water 3 ooooo
Time: | 2:52 2 o7 3.36 347 Time: | 210 3 3:50 4 ooooo
4o \ coooo
5 20 siusk Juo | L ooooo
coooo
Wing and Plate Condition Wing and Plate Condition 5 ooooo
Before the Takeoff Run After the Takeoff Run 5 ooooo
Time: Time:
N - 0 ooooo
TRAILING EDGE TRAILING EDGE 80 s ooooo
Fiap Fiap - , ooooo
5 0 i 3 < ooooo
n gcoooog
¥ 7 X
; ! Time: ooooo
ooooo
C coogog
St 5 ooooo
4 & ogooo
3 3 ooooog
2 2 ooooo
A [t
LEADING EDGE LEADING EDGE
IComments:. C ‘Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Postion 2.3, 4,5 At equal ditances (approxmaely 15 cm) lon the wing hore
Wing Positon 7: Appaximately 15 mfrom raiing edge;
Wig Postion 3: Aproximately 2.5 e from traling edge;and

Note:

Wing Positon 9: Midway up the fap

can be ommited with 3pprova o the project coorinator

General C: cot oriner

crl on lecalin s arlmg pe o

“opve plniresis ar ine o

Plos helpe” cim’

OBSERVER: Belcg
TestsFe Thickness, Verson 80.xisx
.
Figure C13: Run # 13
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: onuory (2.2 Run: |4 (P98 NRC HE

Rt

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:S:;“ Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Position | Application | Application | Takeoff Run' 123 4 % time
5 = Efigigcy 5 mins.
7 | -0p |07 -3.5 -1.3 2 22.0 | 735 |nobrx 1 & & T 10mns
T N L = - , K P’ I EE F0 1smns
5 |-02 -0z |-47 -0.6 8 nia no 2 %0 4 <! 00000 20mns
: 00000 2smns
T |-0.3 |-03 2y “ia Flap | o« sder eobnn 3 00000 somn
Time: | o | Hiie | v o3 452 Time: | uoje | 4037 453 4 00000 ssmns
P 00000 smns
° 2o d < 00000 mis
s 00000 somis
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
s ” m 00000 ssmins
TRAILING EDGE TRAILING EDGE. hd 1 <1 00000 70mins
Fiap Fiap ’ o 00000 75mins
. T Flap 20 QO 0000 O somns
ime: 5 Loma . 00000 8smins
: I Tme: | <t f9es | = 00000 somns
OO0 00D ssmins
. 2 % 4 8 [ OO0 00 O 100mins
2 2 U N NN S S e 0000 D0 wsmns
4 4 - B - 000 O O 1omins
3 3 = = '?»-\~\ 00000 1smins
2 2 / = 0000 O 120mins
1 1 u
LEADING EDGE LEADING EDGE
Comments: Comments: Wi Postion 1: Appresmely 106 up o e ladng e stagnaton pont:
Wiog Posion2.3,4,
Wi Postion e Apprinately 30 o o i s
Wing Posion 7 Apeaximately 5 o ot odg:
Wi Posiion & Aty 2.5 o o o e and
Wig Pstion 5 Miday p th 23
can b ommitodwi apsrovaa the prjct prinator General C: o

OBSERVER:

TestyFhid Thickness

Version 8.0.xisx

Figure C14:

Run # 14
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APPENDIX C

No Data Available

Figure C15: Run # 15

No Data Available

Figure C16: Run # 16
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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 TA:‘:’ﬂ Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application | o Position | Application | Application | Takeoff Run z
Run 12é/érgmrne
5 = [cgic 5 mins
A 035 |-4.0 -1.0 2 3235 | 8o |roenx 1 T f0mns
TS P R ‘ T F T @0 15mns
) ©6 |-¢co |-o06 s e 2 k) 19 <! 0O0C00 20mns
12 | OO 000 25mins
w2 .0 20 -2 Flap 2 3 00000 smm
Time: 21:45 | 22:0% 22:173 Time: |z ue | 22.00 [22018 4 00000 35mns
5 o 00000 4omns
104 8o AN 0000 D 45mins
6 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 s5mins
Before the Takeoff Run After the Takeoff Run = 00000 somins
Time: Time:
000D 0O ssmins
8 e 20 <
TRAILING EDGE TRAILING EDGE 4 00000 7omns
Flap Fiap Fla N . 00000 75mins
8 T P 2 00000 somns
me: | 20 -un - & 00000 ssmins
: : Time: | 247 | 2208 00000 somns
000 0D esmins
5 .z 2 4 3 e 7 o OO0 OO O 100mins
> NN S S 00000 osmine
4 4 - B g 00O D0 D0 10mns
3 3 = . o Sl S Y 00000 1smis
TS=. 00000 1omn
2 2
1 1 o
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Position 1: Approximately 10 m up from the leading edge stagnation polnt:
Wing Posiion 2,3, 4,
Wing Postion 7: Appreximatey 15 e fom g edge
Wing Poston 8 Approximately 2.5 o fom tling edge; and
Wing Posion 9 Midway up the flap
Nete: ]
‘can be ommitted with approval of the project coordinator General Comments: o~ rers v e
OBSERVER: 28 /08
e TestwFiig Mickness Version 0.
i C17:
Figure C17: Run # 17
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lonuecy 2 292
4 f
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mill CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip |  After wing | atter Fuig | Afterprecip | AT Wing | After fiuid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Ru: Position | Application | Application | Takeoff Run 12,3 4 2 time
- A smine
2 |02 0.2 | -6.6 -5 2 198 |noorx 1 Efm(&fﬁfg/mmins
- . , - X o & & &0 1smins
5 0.3 o o= e 8 ala v2s | Bas 2 e 20 <1 OO0 000 20mins
25
o2 = 129 -2 S ISR ey P > BEBE8 o
Time: | 22.28 | 2z 40 | 22 0} 27114 Time: 2201 2214 4 00000 ssmns
- HOC 00000 Qg 4omns
5 50 200 OO 00O 4smins
6 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run S 00000 soms
Time: Time:
8 2 o \ 0000 O e5mins
TRAILING EDGE TRAILING EDGE = 16 . 0O0Q0Q O 7omns
Flap Flap - 00000 75mins
5 7 Flap S0 2 < 00000 somns
i 00000 ssmins
7- 7 Time: 22 L0 s} 2214 O0O00O0 somins
6o 6
00000 ssmins
= 000 OO 100mins
— P 0000 J 105mins
4 i 00 OO0C0 tomns
3 3 00Q 00 1smins
2 2 0000 0 120mins
i =4
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Peston 1 Approximately 10 upfom th eadingedge tagnaton ot
Wing Peston 2. 3,4, 5 AL equal distances (aporoximatey 15 cm) along the wing chor:
Wing Peston s Approxmtely 30 from g edge:
Wing Pestion 7 Agarosimtely 15 from vaiing ecge
Wing Postion 8 Approximately 2.5 e rom ailng edge; and
Wing Pestion 9 Migway up e ap
,shaces . Undersi
can be ommited vith approval of th project coardinator A General C ndhece o ar dee 22 Hao nokor prein bolors mum
OBSERVER:
TestsFui Thickness, Version 8.0:x5

Figure C18: Run # 18
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: (P171) NRC
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil]
Wing |Before Fluid| After fluid | After Precip | After wing | Atter Fuia | Atterprecip | Afer Wing | Aterfluid | Ater Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application | T Position | Application | Application | Takeoff Run
T2 | -0 -0 2 -9 -1.3 2 3.0 | 1275 reis 1
T 0.2 ~0.% -5.% -0.3 8 iz 2.5 18,715 2 nz 1A <)
U - Flap ala | nowenx |rownx 3
Time: oot Time: | 22:40 | 22.35% foous 4
5 12% 80 <l
- - 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
TRAILING EDGE TRAILING EDGE & 1na 30 2
Fizp Fiap -
N P Fla 25 I
S5E 7 p <1 <
7 7 Time: | 2= oo oo
6 6
5 5
3 5 Fisp
3 3 &
2 2
1 1
LEADING EDGE LEADING EDGE
Comments:. C Wing Position 1: Approximately 10 em up from the leading edge stagnation point;
Wing Posiion 2.3, 4,5 At equal itances (spproximatly 15 cm) long the wing chrc:
Wing Posiion 5: Approximately 0 om from tling edge
Wing Posiion 7: Approximalely 15 om from taling edge:
Wing Posiion : Approximately 2.5 om fom tallng edge: and

Note n an attempt 1o optimize timing o tess, shaded box messiremens.

can be ommited with approval of the project coordinator

General C

Wing Positon : Mioway up the fisp

odhecerice

CYCLE TRACKING

oooooo ooooood oooood DDDIQ\EUSK—-
ooo0oo ooooon oooooo DDDW\IEKE{N
000000 oooooo oooooa DDD&\EL@\&I

go0o0ooo oooooo oooooo oog

s

000000 000000 0ooooo cod

Rhold

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,

pdheronce

on 4

OBSERVER: 2z
ressr Thikness,
.
Figure C19: Run # 19
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_20 ( @131 NEC 54
'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::!:L:H Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application o Position | Application | Application | Takeoff Run 12343 time
2
\ & @ 2 s min
2 |-05 |62 -1 2 | =as no brix 1 MZ/BfB/ Tomins
- - - - @@ ZE 15mins
TS5 0.3 0.5 -0.6 8 nia 1273 | 2.0 2 1A 45 < OO0O0O00 20mins
: - - | P 00000 2smis
U 5.4 -0.2 -3 Flap iz 1.0 |nobrx 3 OOOOO somm
Time: | 20024 | oo 38 (7} Time: | co 24 | 0o sy | 1210 4 00000 ssmins
0000 O 4omins
s P ;
° 130 2 <1 000D ssmins
6 0000 O somins
Wing and Plate Condition Wing and Plate Condition 00000 ss5mins
Before the Takeoff Run After the Takeoff Run 7 00000 eomins
Time: Time:
8 -7 P 3 0000 0 esmins
TRAILING EDGE TRAILING EDGE “ 29 00000 7omins
™ Fip - ") 00000 75mns
& 5 Flap 2% ! < 00000 somns
i+ ime: P 00000 ssmins
: L Time: i B D000 O somis
00000 esmins
s 7 . 00 0 O O 100 mins
2 : S S s Fup 00000 10smins
4 4 st Vg 00000 tomns
3 3 e 1 00000 1smns
2 2 TR 00 00 O 120mins
1 1
LEADING EDGE LEADING EDGE
Comments:. Ct Wing Position 1: Appraximately 10 cm up from the leading edge stagnation poirt;
g Postion 23,4, 5 At cqal ditances (sproxmatty 5 ) long e g chor
g Postons: Approxmatel 30 6 o aliog edges
Wi Postion7; Aproimately 15 oo g e
Wi Poston & Approximately 2.5 fom allgedge and
g oston s My up e 1
ot : "
can b ommitod it aprovalofh et coraor General Comments: _syyrie nxperepoo oo e Yo o 3 >
bebore pyn.
somr adherarcs o ton af finn s oar iy o
OBSERVER: 83 ) c® 28 - .
R —

Figure

C20: Run # 20
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_21 (.
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |gefore Fluid| After fluid | After Precip | After wing | Atter o | Afterprecip | A" Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application ’R:: Position | Application | Application | Takeoff Run 1234 2 time
2 | 50 -o.1 -1.2 2 2215 | .0 | meens 1 g//ggrjg o
T . T BT T tomins 2o
5 | 0 0.y 9.1 8 nio .5 2225 2 w2 26 < 00000 20mns
1 nia - 00000 25mins
U 0 -0t -0y -0 Flap nia 7.25 |reerix 3 BODE G amm
Time: 20 1:55 2 Time: | 1:yy | 157 2:1% 4 00000 ssmns
00000 40mins
° 1 < ODO0O0D0 4smns
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
8 . at, 00000 ssmins
TRAILING EDGE. TRAILING EDGE. 125 <= | 00000 70mins
Fi Flap - O0O0O0o0 7smins
e T Fap | 2% | 2e < 00000 somns
ime: . 5. 0000 O ssmins
z . Time: | vz | 2= 00000 somns
00000 esmins
5 .2 2 4 8 s 7 g 0 0 O O O 100mins
2 CAXNAN S 7S e 0000 D tosmns
4 - - 5
4 - P4 00000 110mins
3 3 = . TN 00000 usmns
2 2 / T 00000 120mins
1 1 u
LEADING EDGE LEADING EDGE
Comments: c . g Postion 1: Approximately 10 cm p rom e eading edg stagnaton it
Wing Postion 2,3, 4,: At equal istances (spproxmately 15 c) along the wing ehort
Wi Psion : Approximately 30 o fom rilng oo
ing Psiion 7: Apraximatey 15 cm fromling edg;
Wing Postion : Appraximately 2.5 om fromlling edge; and
Wing Poiion : Micway up th fap
Nt y
can b cmmittad i sppoval o th pojctconrctor General Y AL s ere, fn
Han = cisoe e o
OBSERVER: 821 CR
TestsFiui Thickness, orm Verson 8 0xisx
.
Figure C21: Run # 21
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: \oruncy 2 Run:_z2 r 20700 NRC S6
WING TEMPERATURE (Taken From NAC Logger) FLUID BAIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After wing | After Fluid | After Precip TA:‘e'ﬁ Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application "’R:: Position | Application | Application {Takeoff Run 1234 3 time
2
& 7, 5 mi
N . T @ @ 15mins
| og 02 _u.9 8 nia 2 55 10 < 00000 20mins
- — 00000 25mis
T | oz 0.3 -2 Flap | ¢z 0.5 ro 3 00000 somns
Time: | 2-u? 2:53 2 1S z.23 Time: ALY 318 3 .22 4 00000 35mis
— 00000 4omns
° 8o e < 00000 4mns
5 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ss5mins
Before the Takeoff Run After the Takeoff Run S 00000 somis
Time: Time:
N N - 00000 esmins
TRAIUNG EDGE TRAILING EDGE 20 L 00000 70omis
Fap B o P - 00000 75ms
S S Flap 2 1 <1 00000 somis
: ime: P A - 00000 &mins
; ; Time: | = 305 z 00000 somins
000 00 ssmins
.z 4 00 00 O 100mis
s 5. AN N AN 00 00 O 105mins
a 4 e 00000 tomins
3 3 _ 00000 15mins
s 2 J/ 000 00 rzomins
A 1 u
LEADING EDGE LEADING EDGE
Comments: C : Wing Position 1: Approximately 10 G up from the leading edge stagnation point;
i Posien 2,3, 4,5 At caual disances (spproximaely 15 om) s e wing chor:
g Postion & Approximaely 0 cmfom taling edg;
WingPostion: Approxmataly 15 mfom g s
Wing Posiion8: pproximately 25 mfrom aling edg and
Wing Postion s Micway up the fan
an be omimitted with approval of he project coarinator General Comments: _Sorre o e -
e aum.
Vers 11 o
o BRlc®
e eI FomsiRy Tt Ticknes, Tempersture and ik Fom Versin 8.0.¢6x

Figure C22: Run # 22
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_23 (2
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fiuid| After fluid | After Precip | After Wing | After Fluid | After Precip T:::f& Wing | Afterfiuid | After Precip
Position | Application | Application | Application | Takeoff Run Position | Application | Appiication | T Position | Application | Application | Takeoff Run.
T2 0.0 0.4 -1.3 2 ne bex 1
TS 0.5 0.6 -2 8 6.0 2 S 28 <\
TU -0.5 -0.3 -1.5 Flap nia .5 noorx 3
Time: | = 402 Houl Time: | 4 o2 413 JTERTIEY 4
5 20 nz ral
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
Time: Time:
TRAILING EDGE TRAILING EDGE 8 26 10 i
Flap. Flap
—— Flaj 24 2 |
s 5 P 2 < |
e 7 Time: | w0 oz 430 4.4y
6 . |
5 5
a 4
3 3
-2 =
X o 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Posiion 1 Approximaely 10 up rom hefecing edge stagnaton pon
Wing Posiion 2,3, 4, 5: At equldisances (spproximately 15 cm) aion te wing chord
Wing Postion & Approsimately 30 fom traling edge;
Wing Posion 7: Approximately 15 e fom trling e
Wing osiion &: pproximately 2.5 mfromtaling ede: and

st

can b ommited with approvalof the projct coordinator

OBSERVER:

n
o
o
w

Wing Positon 9: Midway up the 1ap

General Comments:

CYCLE TRACKING

2w

G\

000000 gooood oogoood DB{G{LZ{E\EK‘J
0ooooo oooooo cooood DELR\E\E\EL&

0oooooD 000000 000000 ORE&EQEhed

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 ooooog o
0000oo 0oooog oooooo DQ\

hefors tolken X pin

No odhecente

TestsFlia Thickness, T

rature and Brix Form Version 8.0

Figure

C23: Run # 23

No Data Available

Figure C24: Run # 24

APS/Library/Projects/300293 (TC Deicing 2020-21)/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 C25: Run # 25

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: 13 Run:_26 (Pi4 ) NRC 60
'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:::’" After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Run Application | Application | Takeoff Run 1234 z time
o & s mins
R 1.8 o o 2 no & 1 T F & 10mins
A L. B N Egeg E/B/El/ﬁmms
T5 2.0 A -4.0 o3 8 nin 5.0 6 Bix 2 0 10 <) OOO0O0O 20mns
= - X 25
U 3 iy ) o.u Flap | 0.5 |eoor 3 ggggg 2o mins
Time: 219 22.38 22.5 Time: | 22:20 |22.22 225\ 4 00000 8smns
. ; 00000 mns
° 2 °° < 00000 4smis
s 0O0O0C 0 soms
Wing and Plate Condition Wing and Plate Condition 000000 s5mins
Before the Takeoff Run After the Takeoff Run 5 00000 eomins
Time: Time:
s [ < 00000 ssmins
TRAILING EDGE TRAILING EDGE i 10 ! 00000 7omns
Flap Flap P 00000 75mins
= T Flap | <! 00000 somns
i 000 O O ssmins
20 a2 =
s i Time: il K DO0DD0O somns
00000 esmins
= . Loz 2 4% s 7 4 00000 omns
NN NN /S S s fep 0000 D tsmns
4 4 M 00 OO0 Q0 1omins
3 3 = o E T 00000 1smns
2 2 S 000 O O 120mins
1 1 v
LEADING EDGE LEADING EDGE
Comments: c . Wing Psiion 1; Approximately 10 m up rom te leaing edge stagnaton pont
Wing Posiion 2,3, 4,5: At squal disancs (pproxmatly 15 ) aong the wing chor
Wing Posion e Appresimately 30 e from caling edges
Wing Posiion 7: Approsimately 15 & rom valig edge;
Wing Pesion : Approximatly 2.5 o from vaiing edge; and
ing Posiion 5:Midvay up e iap
can b ommited wihapprovat fhe projctcoodator General C: No adine mecee
OBSERVER: B8z
FomsRy TesPud Tickness, Version 8.0iex

Figure C26: Run # 26

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
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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 After Wing Adter fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Appiication [Takeoft Run Position | Application | Application |TakeoftRun 1, o 4 Z o
s = T smis
T2 2 0.8 “H.4 0.2 2 32.75 10.2.5 nobax 1 B EE P
. X Edcd-f=g=4
TS [ 1.2 e 8 nla 2,25 2 20 <l ooooo
Time: | 7z 5u | 222 | 23 =22 Time: |2214 | 23134 4 OOQ0OO smns
; 0o0o0oo oms
® 2 45 < 0OO0OQ 4mns
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 sms
Before the Takeoff Run After the Takeoff Run 7 00000 emns
Time: Time:
8 o N 00000 esmins
TRAILING EDGE TRAILING EDGE A 20 0O0O0OQ oms
Flap Flap Ooo0O0O0 smns
B -8 Oo0Oo0QgQg soms
7 7 s 00000 ssmins
6 "]l 00000 sms
3 B
Oo0o0o0Q ssmins
000 0 O 100mins
3 s 00000 10smns
4 a4 000030 tomns
3 3 00000 115mins
2 2 00000 120mns
1 Az
LEADING EDGE LEADING EDGE
Comments: C : Wing Posiion 1: Approsimately 10 cm up from the leading edge stagnation point;
Wing Pesiten2,3, 4,
Wing Posion s Approxmately 30 o fom taling edge;
Wing Posion 7 Approximatay 1 cm o trailng edge:
Wing Posion 8 Approimately 2. cm fom tafing edse; and
Wing Poifon : Widwayup e 39
om it
anbe cmited wih 9prova ofthe projeet cordinator General No 5rhersnza
OBSERVER: jc2
TestsPuig Tigkness, Fom Verson 80

Figure C27: Run # 27

No Data Available

Figure C28: Run # 28

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
Final Version 1.0, July 22
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APPENDIX C

No Data Available

Figure C29: Run # 29

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Vaposen 202 Run:_30 ( 2131 NRC &5
'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 After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run Position | Application | Application | Takeoff Run 1234 2 time
. o8 T, s
T2 2.3 2.1 -0.2 2 225 |roorix 1 g(g(g{g{(mjwmm
- GG I D 15
N N e O R T I : = o | g9 geim.
2 P - 0OO0OO 25mns
W22 |23 |08 |-oF Flap 3 0DO0D0O0O0 wmns
Time: | 2.0 | 25,2 | 234w |23.s0 Time: | 22 M oogaono smnes
s - P - OODO0 <mns
42 o= < 00000 4mns
s COOO0 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 somins
Time: Time:
8 o = 0O0O0C Q0 esmns
TRAILING EDGE  TRAILINGEDGE i 4o s 0oOO0 7omns
Fip Fap o - - 00000 75mis
T 5 P ! <t OO0COO0 somns
— 1. ] OOO0O00 ssmns
z f: Time: |27 & Jez.ue 0O0D0C0O somns
6 6
00000 s5mns
= .3 4 s 0O OO O 10ems
o 5 NN NN OC OO0 D osmns
4 4 - - - OO0 00 O 10omins
3 3 St i 00000 15mns
2 2 / 0000 0 120mns
1 1 u
LEADING EDGE LEADING EDGE
c Comments:, Wing Positon 1: Agproximately 10 cm up fom the eacing edge stagnaton poin;
i Poston 2.5, 4.: At sl dances sroxmatly 15.m) o th g chré:
Wing Poston: Asprosimately 306 o g e
Vg Poston T Approsimily 1 fom i e
Wi osion : Apsesmatly 2.5 m aing e a0
[P——
[T AE———— General Comments: Mo o.dl hecsac
OBSERVER: 2z/c®
TessPuid T, Fom Verdon 8

Figure C30: Run # 30

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Tatela Run:_3| (2170 1
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 After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run 123 4 —‘é time
5 22z TS sms
™ | 0. 1.0 -6 -05 2 3.5 3.0 |eobnx 1 T T .0 10mins
A N . - X0 15mns
TS5 .8 -5.6 0.6 8 nla 2.5 50 2 24 < ooo0O00 2omms
= gooooo s
w .= > -0.8 -0z Flap | nin Lo fo o 3 ocoooao Somie
Time: | 0005 fo5: 15 0.4z Time: o ug 4 OOOoOoO sme
) . 00000 %ms
® na o < 0D0OCO 4mns
s 0O0O0O0Q soms
Wing and Plate Condition Wing and Plate Condition 00000 smins
Before the Takeoff Run After the Takeoff Run 7 00000 ems
8 e B - 00 O00Q esmns
TRAILING EDGE TRAILING EDGE. N 30 <~ OO0 00O 70mins
Flap Fiap - 00000 7mns
T 5 fep | 70 i < 0DOO0OO smns
me: - N 0ODDOD0 ssmns
! ! Time: oo '% o2 | DoO0DO s
00000 ssmins
00000 10omns
g D 0000 3 10smins
4 4 0000 O 1omns
3 3 0000 0O tsmns
2 2 000 O 0 120mns
1 1
LEADING EDGE LEADING EDGE
Comments:, Comments:, Wing Position 1: Approximately 10 em up from the leading edge stagnation point:
Wing Polion 2,3, 4,5: At el distances @pprasimately 1 cm) ong the wing cherd
Wing Potion 7 Approxmatly 15 o g e
Wing Postion 8 Aprosimaely 2.5 o romtalingadge;and
Wing Positon 5 Miduay e fap
cano ommited wih pprolof the project coordnator General C No odhace
o 58
TestPuid Thekness Fom Verdon 80
.
Figure C31: Run # 31
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_32 (P193") NRC 06
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing | AfterFluid | After Precip |  After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run| 2 "
1,2 3 43 time
T2 ' : 27 M’B’Z(El/ﬂ/ 5 mins
0 Ly 0.0 2 320 | 525 |reers 1 ¥ O 5 10mns
P - - - " - — ” - e & & 15mine
2 1.8 -3.1 0.6 nia oo o <! B'REE 0 0ms
o s N 00000 25mins
| o 1.0 -o.4 0z Flap nia ! N 00000 smns
Time: | iio2 | 1o (BT 1152 Time: | 1212 4 OOQoo ssmns
5 N = . 00000 %mns
8° == < 0o0O0Q0o smns
6 0000 O somins
Wing and Plate Condition Wing and Plate Condition O0o0Qo0Qd ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 emns
Time: Time:
8 - | . 00000 esmns
TRAILING EDGE TRAILING EDGE 30 S <1 0OOoOO0O 7omns
Flap Flap Flay o 5 1 Oo000O0 75mns
G 7 A d 00000 somns
6 6
Ooo00o0o0 ssmns
= 00000 100mns
: > 00000 0smns
4 4 = 000 O O 110mins
3 3 =it 000Oaosms
2 2 00000 120mns
1 1
LEADING EDGE LEADING EDGE
Comments: c : Wing Psifon : Approximately 10 up fm th lading dge stagnatn poin;
Wing Positen?, 5, 4,5 At equal disances (spproximately 15 cm) g the wing cherd
Wing Positon 7: Aproximatey 1 cm fom il edge;
Wing Pesiton : Aproximataly 25 om from tailng edge: nd
Wag Positon : Widway up the fap
cane ommitad wih sproval of th projec coordnator General Comments: _No o2
OBSERVER: 28/ (B

Figure C32: Run # 32
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: nuory 1S (PUZEN nee 6™
N
'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 After Wing Adter fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run Position | Application | Application | Takeoff Run 1234 2 i
2 time
2 P B o T T W smins
v5 20 Jrez “°% =2 4.0 Egcg=grge At
T 5 - =@ H 15mns
5 24 oS o 3 ain 2.5 2 %L < FERE T wms
= s OO0OQ Q00 25mns
U 2.5 -02 -0.5 Flap | n 2.0 |eoer 2 00000 30mns
Time: | 2 oy | 2017 Time: | 2207 | 211 4 ooooo
- ooooo
° 158 ) goooog
5 ooooo
Wing and Plate Condition Wing and Plate Condition ooooo
Before the Takeoff Run After the Takeoff Run 7 00000 eomins
Time: Time:
s - - , 00000 esms
TRAILING EDGE TRAILING EDGE 27 i ! OOOOO 7omns
i - - - 00000 75mns
T 5 Flap Hs 2 < 00000 somns
ime: 2 OO000QQ0 smns
I ! Time: |2 2.4 00000 somns
00000 s5mns
0O 00O O 100mins
o > 0O0O O 1wsmns
4 + OO0 OO 1oms
3 3 OO0 000 15mins
2 2 00000 2mns
1- 1
LEADING EDGE LEADING EDGE
IComments:, Comments:. ‘Wing Position 1; Appraximately 10 em up from the leading edge stagnation point;
Wing Posiion 2.3, 4.5: At equa ditances spprximately 15 <) lng the wing st
Ving Psifon 7: Apprasimatay 15 o tralng edge:
Wing Posiion & Approtmataly 2.5 e romtling adge;and

Wing Positon 9: Midway up the fap.

General Comments: Adnacioc

canbe ommitedwith approva of th profct cordtor 4 huk padon mnin don zads -
OBSERVER: BB [CP
i C33 33
Figure : Run #
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_34 (P11 NRC 68
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil} CYCLE TRACKING
Wing | Before Fluid| Afterfluid | After Precip After Wing Fluid | After Precip |  After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application f Position | Application | Application | Takeoff Run 1 2 4 % time
T w s
N G mins
| o -c.0 —o.e 2 =5 | 2.0 |eserx 1 & & &, 0mns
- - - 522 15mns
L IS -e.5 0z 8 nia | 0.75 2 - &0 <1 TEFFE 0 20mms
2 0O0OOO 2mn
u |- o Flap nz 2.0 fno orix 3 ooooo 30:\;:
Time: | 206 | 2:17 3:43 Time: | 3:20 | 325|359 4 OO0OD0OO 3smns
5 15 500 OO0 OO0 4mns
122 200 < DOO0O00 &ms
s 0O0O0CQO somns
Wing and Plate Condition Wing and Plate Condition 0000 Q0 s5mins
Before the Takeoff Run After the Takeoff Run 7 O 0000 emins
ime: me:
A 00000 esms
TRAILING EDGE TRAILING EDGE 34 30 ! 0OQO0OgO 7omns
Fisp Fiap " - 0OO0QQ msmms
= T T Feo | 152 ‘ 00000 sms
i F me: . |- 00000 ssmins
: . Time: a6 |3 00000 somns
0OooOO smms
5 5 . 2 2 4 s s 7 g 0O 0 O 0 O 100mins
- 1 \\\\\777 Yavav 0003000 105mns
4 = § OOO0OO Momns
3 3 S s > O 0O 0 O 115mins
2 2 / OO0 OO0 0 120mins
1 1 u
LEADING EDGE LEADING EDGE
[Comments: Ci Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posion 2.5, 45 At equldistances(pproximatly 16 ) 3on thewig chré:
Wing Posion : Asproimatly 30 cm romtiig sdges
Wing osion7: Appromatly 15 from g edg;
Wing Posion : Asproxmatly 2.5 cm o i e ni
Wing Posion :Midway s th fap
can be ommitied with approval of th project coordinator General C Some adper 5% om Do ol :

OBSERVER:

£8 /

Sl

Testo/Puid Thickness, Fom Version 80

Figure C34: Run # 34
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_2S (213 NRC 62
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‘:“Q'" Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application [ T4 Position | Application | Application |Takeoff Run 123 4% tme
; A H smins
7 |0 1o | -18 |-0a 2 |30 | wmo [roerx 1 g/g((g/g(/m 10mins
= | m-2 - O 15mins
|0 s 7. o 8 nia WS |23 2 e 80 <\ 0O0O0O0C0 20mns
2 - 00000 2smins
T |-0.% 0.0 a2 -0 Flap ln 3 O00D0O0 30mins
Time: | 4.2 | doug | wse Time: 4 COO0DOO smes
o OO0 000 4omins
1) 2
s °° > < OO0O0C0O 4smins
5 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 somns
Time: Time:
B ™ > 0O0O0O0D ssmns
TRAILING EDGE TRAILING EDGE 7 9% 2 00000 7omns
Fiap Fisp - - 00000 7smns
7 T L Z <! 00000 somns
i . 00000 ssmins
: z Time: |4 2% 00000 somns
OO0 00O ss5mins
s 5 . 2 s\:\\ /s/v 0 OO0 0 O 100mins
0000 O 105mins
4 ‘ NN i d M 0000 D tomns
3 3 = I = AETINE 00000 15mins
2 2 / 00 0 0O O 120mins
1 1 v
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1 Apeeximately 10 cm up fomthe eacioacge tagntion pn
Wing Postion 2, 5.4, At equal dstance (spronmatly 15 o) alog thewing chre
Wi Posion : psrosmtely 20 rom g odg:
Ving Posion 7 Apsrosimtely 15 o vating adg:
Wing Postton 8 Appcximatly 2.8 e fom aling edge; and
Wing Postion : Migway up e ap
o,
can e ommites i spprovl o the e cordinator General Comments: No% ad perer
OBSERVER:
TesuPd Thckness, oxsx

Figure C35: Run # 35

No Data Available

Figure C36: Run # 36
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APPENDIX C

No Data Available

Figure C37: Run # 37

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Runi_28
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing |Before Fiuid| After fluid | After Precip | After Wing | After Fiuid | Atter Precip T:&:’" Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Appiication | Appication | T Position | Application | Application | Takeoff Run
T2 -2.8 S) -s.2 2 5.0 | rowrix 1
LI B YRR R 8 nl= 7.5 |30 2 o a5 <
U |-3.0 -1.5 -5, Flap | n /= msenx | 20.0 3
Time: | 2i:u3 | 21055 22.28 Time: | =153 | 22022 | 22:%79 4
5 6 200 <!
m 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 i34 2
Fiap Flap o 4
P 1
s T 1
7 7 Time: 22:40
3 6
= 5 L2 3 4 g s 7
x 4 NN NN Va4 Fisp
5 5 = 3 Tk
- - N
2 2 / T
1 1 u
LEADING EDGE LEADING EDGE
Comments:, Comments: Wing Postin 1: Approimtely 10 up rom the eading edge tagnain i
Wing Postion 2,3, 4, 5 At equl ditances (pprosimatly 15 cm) lonythe wing chod:
Wing Poslon 7: Appeximatey 15 cmfom g edges
Wing Posiion : Appximately 2. e fromtrailog eoge; and

Wing Positon : Midway up the fiap

an b ommited wth approvalof the project coordinator

General Comments:

CYCLE TRACKING

N
@
IS

time
5mins
10 mins
15 mins
20 mins.
25 mins.
30 mins.

sk
R

EL
St

0ooOoooo o0o0oooo ooooao DEUSLELELE\"U'“

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

00oooo Ooooooo gooooad D@\EUE{E{EK—‘
000000 000000 000000 OREE]

0oooooo 00oooo oooooo DEK

TestsFid Thickness,

Version 8.0xisx

Figure C38: Run # 38
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_ 34 (POO
'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 After Wing Adfter fluid | After Precip After
Position | Application | Application § Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run 123 4 % time
. EH=gugs g g
™ f-sc |-ae oo -L.5 2 a0 | zo |eeeex 1 THEE T ommen
4 - P o &35 & 15 mis
i -10-6 8 2 o 29 <t ggg%@f 20 mins
. - [, 25 mins
TU -6 g Flap 3 LT
Time: 25 Time: 4 ¥ o o smis
5 . O EFFE @ wms
a6 il ! 00000 4ms
s 00000 soms
Wing and Plate Condition Wing and Plate Condition 00000 s5mins
Before the Takeoff Run After the Takeoff Run 7 00000 smns
Time: Time:
N N - 00000 esmns
TRAILING EDGE TRAILING EDGE IS0 i 00000 7omns
Flap Flap - . 0O0O0O0 75mns
. T i & L 00000 eomns
E — — 00000 ssmins
: : Time: 2] 00000 somns
- 00000 smms
g 00000 100mns
£ 5 000 OOd 105mns
4 o 00000 vomns
3 3 00000 15ms
2 2 00000 120mins
1 1
LEADING EDGE LEADING EDGE
(Comments: c Wing Poson 1 Approxmately 10 p fsm e leading dge stanaton ot
Wog Peston2,3,4, !
Wi Positon : Appromately 30 o ralin sdges
Wing Pstion . Approimatey 15 mfom raiing odges
Wing Posiion : Approsmtay 25 om fom triing edge and
Wi Posion & Midvay up the tap
B P —— General C: No ogiseosnn
OBSERVER:
i C39 39
Figure : Run #
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: pnuney 18, 20 Run:_40 [ PpOEN
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil} CYCLE TRACKING
Wing | Before Fluid| After fiuid | After Precip After Wing | After Fluid | AfterPrecip | After Wing After fluid | After Precip
Position | Application | Application | Application | Takeoff Run Position | Application | Appliication [Takeoff Run| Position | Application | Application | Takeoff Run 12343 tme
TEE s
T |-co |.zc 8.5 |-c.3 2 |23 o X 1 @/Efgﬂ %/WTW‘::\SS
B/, 15 mi
T e | oc |-7s |- A 12 75 2 w0 45 < EECAA .
P . T I T S 25mins e
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Figure C40: Run # 40

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx

C-20

Final Version 1.0, July 22



APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: 3 Run:_4 1 (POOEY
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Position | Application | Application | Application | Takeoff Run Position | Application | Application JTakeoff Run| Position | Application | Application | Takeoff Run 123 4 E time
&2 & smins
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Figure C41: Run # 41
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C42: Run # 42
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APPENDIX C

No Data Available

Figure C43: Run # 43

No Data Available

Figure C44: Run # 44

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
Final Version 1.0, July 22
C-22



APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Dats: %'— Run:__45 [
Y
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.
Figure C45: Run # 45
b
3
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C46: Run # 46
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: oronyy VB 202y Runi__ 4% (200
[
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mil)
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Figure C47: Run # 47

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: _42 (
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mill
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip After ling After fluid | After Precip After
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Figure C48: Run # 48
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: 49 (P92
"WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
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Figure C49: Run # 49
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
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Figure C50: Run # 50
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: veuoe 202 Run,
WING TEMPERATURE (Taken From NRC Logge] FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
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OBSERVER:
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Figure C51: Run # 51

No Data Available

Figure C52: Run # 52
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No Data Available

Figure C53: Run # 53

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_54 [
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 After Wing After fluid | After Precip After
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oooodas
R - - L 200 3 000030 o
Time: | zii2¢ |20 23 | 2148 fazieo Time: |2y:3¢ | 2149 | 2001 4 0OooOoOo0 smes
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Figure C54: Run # 54

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
Final Version 1.0, July 22
C-27



APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: 1% 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 After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run Position | Application | Appl | Takeoff Run
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can be ammited wih approva of the project coordinator
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Figure C55: Run # 55
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: S0 (21630
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fiuid| After fluid | After Precip After Wing | After Fluia | After Precip |  After Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Apalication |Takeoft Run Position | Appiication | Application [Takeoftun| 4, 4 4 F g
; =LY smie
2 |72 |-co 133 | can 2 =5 | 215 |reenx 1 %E{E{B’E{‘vmﬂm
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T -6 -13.2 | -1a 8 0.5 2 nz il < o & o 20mns
N , Tod o e
U -6.2 |3 |-a.4 Flap 22.0 ? 00000 ®mns
Time: | 25 23 | 2343 | 0o 20 Time: 0034 4 0OO0O0O0 3smns
5 so , 00000 «mns
5% 209 < OCOOO0O 4mns
6 OO0 D0 O0D somins
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Time: Time:
s > 00000 emns
TRAILING EDGE TRAILING EDGE 12 z ooDOo0 7omns
Fiap Flap o ; 00000 75mns
s G » < 2 EEEEEELES
00000 ssmns
1 - Time: 22 w5 Joo.2d oo =S OOOCO somns
OO0 D00 ssmis
e 5 . 2 %3 4 8 0O O O O O 100mins
i UN N AN 0000 O osmns
4 4 - 0 O 0O O O 11omins
3 3 T SRR OO0 00 1smns
2 2 / 00000 120mins
1 1 v
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Figure C56: Run # 56
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: ! Run:_573 (213730
U
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 After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run 123 4 !; time
B EE T sme
T2 l-6cs |-S2 -2.0 =83 2 fs415 | 1.5 Jeovwrix ! g:{m’ @ & 10mins
¥ @ & & 15mns
T Sy e 8 niz .5 2 2] % < 7o gg/é'(mmm
[e:gicg 25 mins
U -8 -g. Flap nia 50 3 Y FE omme
Time: 2:13 2:2¢ Time: oz |z |22 4 o @ o e wsms
efccgr =g L N
® 80 158 < &2 BE O 4mis
A BE T E & somns
Wing and Plate Gondition Wing and Plate Gondition 00000 ssmns
Bofore the Takeoff Run After the Takeoff Run S 00000 smns
ime: ime:
N 00000 esms
TRAILING EDGE TRAILING EDGE 20 i 00000 7oms
Flap Flap Flay , <1 00000 75mns
T 7 P z A 00000 emns
me: - 00000 8mins
i z Time: o 228 0DO0O0D0D somns
00000 ssms
5 00000 100mns
7 > 00000 10smins
4 4 00000 1omns
3 3 00000 1smns
2 2 000 O 0O 120mins
1 1
LEADING EDGE LEADING EDGE
(Comments; Comments: WingPositon 1 Apprasimtly 10 u rom th eacing adge sagnaton o
Wing Posien 2.3,4,5: A acual iances approximatly 1 cm)ionghe wing chr
WingPoston 7 Apprasimatly 15 rom g ge;
WingPositon 8 Approsimtly 25 o taling edg; and
WingPostonS:iay up e tap
can b et spprova of th et ccrdinator General C
OBSERVER:
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.
Figure C57: Run # 57
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: \acusry Run:_53 (2100
WING TEMPERATURE (Takon From NRC Logger) FLUID BRIX FLUID THICKNESS (mil CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application [Takeoff Run Position | Application | Application | Takeoff Run| 12343 tme
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i 0000 O smins
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1 1
LEADING EDGE LEADING EDGE
Comments: Comments; Wing Poston 1 Aoty 10.mupfom h eadi edge hagnaton point
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Figure C58: Run # 58
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: o ) Run:_S3 (P05 )
- D —
{
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 After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run Position | Application | Application | Takeoff Run| 123 4 % time
AT T smns
™ |72 |- |-8a | -aa 2 sz oo ! 2w F ) 0ms
O E 0 5ms
™ |20 | -s0 | -7 1.6 8 niz 20.5 2 a0 <\ g/g/g{g‘g/m:,:s
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s o - 00000 esmns
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Vi Potton 7: Aprsimatly 15 rom g e
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Wing Potion o Midwayup e ap
can e ommited weh ppravalof th et oordnator General C Elao s onrpmiciely sohered.
OBSERVER: 26 /¢h
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Figure C59: Run # 59

No Data Available

Figure C60: Run # 60
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APPENDIX C

No Data Available

Figure C61: Run # 61

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_(;2 (PG
WING TEMPERATORE (Taken From NAC Logger] FLOID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoft Run Position | Application | Application [Takeoff Run| Position | Application | Application | Takeoff Run 12343 time
T < 2 |22 2= 1 EEE sms
-0.= -84 S -1 32.2% | 20.2%5 gz{g{(dgmm
o, &, 15 mins
s -an | |-=e |00 g | niz 2008 2 12 < 5 o
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23 |-120 | niz o EECEGER™
Time: 2129 | 22:01 |22.13 Time: 2122 | 22202 [22:0% 4 Ooooo sme
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8 U . o 00000 smis
TRAILING EDGE TRAILING EDGE 24 e 0OO0OO0 romns
Fiap Fap ; P 0DOC0OO 7sms
7 5 Flep &0 © H OOO0D0O0 somns
ime: - a2 OO0 D00 esmins
7 7 Time: | 2y29 |22703 [223 00000 some
6 6
0O OO0 esmins
5 5 . 2 % 4 8 & 7 o O OO O O 100mins
i CN N NN S 0O000 10smne
# G N . L L V4 OOOO0O 1omns
3 3 T ~ . RNAIERESAE - et 3 00000 Msmns
2 2 / == 0000 D 120mins
1 1 u
LEADING EDGE LEADING EDGE
Comments; Comments: Wi Psiton1: Approimaay 10 p o h eadn adg stagnton pont
Wing oo 2,3, 4.5 A cqul ditances pprxmtly 5 ) o the ing ners
Wig Posion 8 Approsimaely 30 fom el e
Wig Positon 7 Approsimaely 15 o fom i e
Wing Posion & Approsimasy 2.5 o ede; and
Wing Posion 5 Mdvayup e tap
TR — T ———— General Comments:
OBSERVER: B%
estufua Tekness, Vesieneo

Figure C62: Run # 62
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Lecge Run: 500
WING TEMPERATURE (Taken From NRC Loggor) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip After Wing After Precip | After Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run 1,2 3{4 % time
5 mins
T2 -10.2. -a.2 -4 -12.0 2 a5 frebnx 1 ga',g/wmms
15 mins.
I E ErE T B ED I ES <l ,E,/Q(gg({mmns
25 mins.
W |- |02 |-i20 |-20 Fap | nimn | ns |2ss 3 gg{dn 2o mine
Time: | 22:25 2733 |237 02 |2z m Time: | 2223 | 2307 4 00000 ®mns
ac | 00000 «mms
° e 158 < 0DO0D000 #ms
A 00000 somns
Wing and Plate Gondition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 emns
Time: Time:
8 Ha w 10 0o0QgQgao esmns
TRAILING EDGE TRAILING EDGE T =2 ol te 00000 70mns
Flap. Flap - 00000 75mins
- 5 Flap | 3© 3 2 00000 sms
N . Pt ma 0000 Q0 ssmins
; ; Time: [22.23 | 2% 00000 somns
00000 ssmns
5 00000 100mns
- 2 00000 osmns
4 4 0 C OO O 1omins
3 3 00000 1smns
2 2 00000 120mins
1 1
LEADING EDGE LEADING EDGE
[Comments:. Comments:, Wing Positon 1: Approximately 10 ¢m up from the leading edge stagnation point;
Wing Positon 2,3, 4,5 At scuadisancs (approximatly 15 o) song the ving chrt
Wing Posison 8 Aprosmataly 30 o o trling dge;
Wing Potion 7 Appeximatly 15 cm rom s de:
Wi Positon 8 Approsimately 2.5 o taiing edg;and
Ving Poston 5 Miduayup o tap
canbe it e spprova of th et cordinator General C
OBSERVER: -
TestFsd Thkness, Fom Version 80
.
Figure C63: Run # 63
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (il CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application [Takeoff Run Position | Application | Application | Takeoff Run 1,2 3 43, time
) =2 - nz &( o, Z § mins
T2 f-0.2 |-s2 |-i153 |-iz2 2 |23 | s |eeoey ! ggdm/z(mmm
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Lo - ” | 2 0 )
™ ¢ |12 G 8 niz | 22.5 2 2 30 <\ E/éﬂ(gg(/gmmm
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Time: | 222 2348 oo 2 0By Time: | 22:49 | oo 22 4 00000 3%sms
00000 «mes
° 150 00000 4mns
6 00000 somins
Wing and Plate Condition Wing and Plate Gondition 00000 ssmns
Before the Takeoff Run After the Takeoff Run ; 00000 smns
3 ime:
N - — . 00000 ssmns
TRAILING EDGE TRAILING EDGE EA 2 2/ 6 00000 70mins
Fiap Fiap - = 00000 7sms
7 7 M 3 3 0DD0D0O0O0 wmms
— — 00000 esmns
5 - Time: 3| 0ODOO somne
00000 sms
. 5 s 7 0000 D0 100mns
5 Vv a4 e 00000 osmns
4 4 -t M 00000 10omns
3 3 it ‘T—V\~\ 000D O M5mis
2 2 T"S==.. 0O0O0O0Om2mns
1 1
LEADING EDGE LEADING EDGE
(Comments: Comments: WingPoston 1 Aprasimtly 10 up o th eaing edge sagnation ot
Wing Positon 2.3, 4,5: A ecual disances (approximately 16 ) o hewh choré:
Wing Poston7: Appramatly 15 rom g sg;
WingPoston 8 Aprosimatly 2.5 fom g adg;
Wi Poston 8-y up o tap
can b cmmiteg it approua o e rjct contnator General Comments:
OBSERVER:
TestRi Thkness, Varson 8

Figure C64: Run # 64
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APPENDIX C

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 | After Precip Adfter Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run 2 -
1.2 % z g/ time
=z 5
2 -6 |-z |-122 2 |z=o | 25 s 1 é{( 1 g{w’l;
15 mins
TS -85 -os -1 8 ala 23.35 2 1o 20 <1 ?E{ gg{{wmms
&3 25 mins
U - - -4 nla
1 .8 2.4 Flap 2 N Z/ E/E/B/ ﬁ 30 mins.
Time: © S5 130 ) Time: 20 144 4 OOO0OD O %mns
5 - . 00000 «mms
\s8 250 <1 0O0D0D0D0 smns
3 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 5mins
Before the Takeoff Run After the Takeoff Run 7 00000 smins
Time: ime:
OO0 00O esmins
TRAILING EDGE TRAILING EDGE 000000 7omins
Flap Fiap 00000 75mns
T T 00000 smns
00000 emins
; : OO0 DO O mins
DO0O0OO ssms
0 O O O O 100mins
1 s 000 OO osmins
4 i 0000 O omns
3 3 O 00 O O 15mins
2 2 000 0O 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Posin 1 Approsimalely 10 up from thefeading edge stagnaion ot
Wing Postfon2,3,4,5: At equldisances (apeoximately 15 c) long he wing eher
Wing Potion  Approimatly 30 cm rom sl dge;
Wing Potion 7: Aprovimaely 15 cm ot edge:
Wi Posiion & Approvimately 2. em fromtraling edg; and
Wing Pstion 5 Miduayup o fap
can e omited th pprovlof the et coordnator General C Adhervel o 4
/N
OBSERVER: /
TestPid Thckness, Verson 80
.
Figure C65: Run # 65
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: ior 2) Runi_CG (PO
[
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing |Before Fluid| After fluid | After Precip Wing | AfterFluid | After Precip | After Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run Position | Application | Application | Takeoff Run 12343 time
ey g g=
7 | -o2 | -8% |- -12.2 2 2025 |robrix ! g TEE ome
O & ENE 15
T | _q -5 s nla 2.0 |280 2 ne 119 <\ T EE T 0
ETH - I I e o N @ e o @ 2smis
i s °3 o000 somns
Time: § 5. oy 253 30 Time: | 2:1% 2 304 4 DOODO DO 3sms
00000 ©mns
5 250
- 00000 4mns
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 s5mins
Before the Takeoff Run After the Takeoff Run . 00000 emns
me: me:
\ | 00000 esmins
TRAILING EDGE TRAILING EDGE i 155 " 00000 7omns
Fiap Flap Flap o ce ! 000 OO 75mns
T T o 00000 smns
7 7 Time: | 2:19 2:53 |3.0% B B B B g :g::z
6 6
00000 sms
E 00000 00mns
: d 00000 wsmns
4 4 00003 tomns
3. 3 00000 smns
2 2 000 0 0 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: [t Wing Posion 1 Aprasmaely 10 up from the e edge stagnatn pon:
Wing Polion ,3,4,5: At ezl distances (apraximatly 15 cm) alng hewing chor
Wing Posion 5 Aprcxmately 30 e rom g edge;
Wi Posiion7: Appresimtely 1 em ot edge;
Wing Postion 8 Apresmately 2. e o talingedge; and

can be omited wih approval o he rojec coordinator

OBSERVER: 85 (B

Wing Posion 0 Midway up the fap

General Comments: £~ . whott flon

Tests/Pd Thikness

Verson 80

Figure C66: Run # 66
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date \anuony 212 Runi_6F (P18
WING TEMPERATURE (Taken From NRC Loggor) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing ui After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run| 1234 % time
ZEEEE sm
2 |-28 | -3 -a2 -i2.0 2 faso |52 freenx 1 gﬂ,zm/gmmm?;
- ~ Egcgcgc it
-8 |iey |-o -2 8 | nin EN N 2 "0 20 < FHEE 2mie
Z @ EE 25mns
W e frion fros |-i2e Flap | ia e 12 3 FE T O wmns
Time: [ 3 22 410 w20 Time: | g.2¢ | un u.2p 4 SR
s 0O0O0O0Q «mns
200 <1 00000 4mns
3 00O0D0O0 somns
Wing and Plate Gondition Wing and Plate Gondition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 60mins
Time: Time:
B . Py - 00000 esms
TRAILING EDGE TRAILING EDGE 80 89 = 00000 7omns
Fisp Fiap o = 0DDDOO0 7ms
3 [ P - OO0 000 somins
i P ) e OO0 0OQ 0 8mins
z A Tme: f= o3 |42 s 0000 DO somns
00000 ssmns
5 5 . 2 % 4 8 s 7 8 0000 0 100mins
NN NN A eV up 0000 O 105mins
4 4 - M 00000 10mns
3 3 Tt i s WY OOO0DOO 15mins
- 5 Va T==.. 0COOOmm
1 1 u
LEADING EDGE LEADING EDGE
Comments: Comments: Ving PosiSon 1 Aproimately 10 up romth eacing adge sagnaton ot
Wing Posifon 2.3, 4,5: Al caualdisances (a3proximately 16 ) on he wig chort
Ving Positon 8 Approimately 30 o o raling edge;
Ving Positon 7 Appromatly 15 o rling dge;
WingPositon 8 Aproimtly 2.5 o taiing de; and
Wing Posifon 5 Midwayup e tap
cane ommited it spprolof the project oordntor General A
Adheoorr o pnost
OBSERVER: £5) 0
L — Version 80
.
Figure C67: Run # 67
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: i Run:_(8 (P
WING TEVIPERATURE (Taken From NRC Loggor] FLUID BRIX FLUID THICKNESS (mil CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip After Wing Adter fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run| 1234 2 time
5 & Z i smi
T |-w03 33 |-129 2 275 | 215 ! ?E/E/\Z/E'wmms
'@ & O 15mins
|-z 1.2 -2 8 nlz 2.0 30.5 2 na 27 0 00000 2mns
i N " g N - - o = 00000 25mns
A KR clos |28 Flap | niz fezs |2 2 00000 wmns
Time: | 55 o, uy 5 Time: | 4y |5 07 |52 4 00000 35mns
5 =5 . 00000 mns
158 200 10 00000 %mns
5 OO0 000 somins
Wing and Plate Condition Wing and Plate Condition OO0 00 s5mins
Before the Takeoff Run After the Takeoff Run 7 OO0 D00 somins
: me:
A o ” 00000 ssmns
TRAILING EDGE TRAILING EDGE [ il ° 00000 7omns
Flap Fap ; = 00000 7smns
" T Flap 63 OO0O000 somms
. PR P 00000 ssmns
! : Time: e 00000 soms
00000 emins
5 7 . 00000 100mns
i : Y avs Fiop 00000 osmns
4 4 - vz 00Qogoomns
3 3 o TR 00000 15mns
2 2 T"=.. 000O0O 2mns
1 1
LEADING EDGE LEADING EDGE
Comments: Comments; Wing Poson 1 Aparosmaley 10.mup o th e edge hgnaton pont:
Wing Poston 2,3, 4,5: A eaual distances approinately 1 om) o he i choré:
Wing Poston 7:Aprosmtely 15 rom g edg;
Wing Pstfon 8 Asproximately 2.5 rom taing edg; and
Wing Poston :Miduayup e tap
can b cmmitad it sgprovs o the rfct cortntor General
OBSERVER:
Testumi Thkness, Fom Varson 80

Figure C68: Run # 68
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No Data Available

Figure C69: Run # 69

No Data Available

Figure C70: Run # 70
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: 3L ( PlL
WING TEVIPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing | Before Fluid| After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application Position | Application | Application | Takeoff Run| 123 4% tme
ET . P " ] @ E Y, smis
-5 -5. 33.0 186.5 |rorcx H%g%gwmms
15 mins.
i e S 203 ? 104 ) <) A Z B E R 0ms
T |- S Flap | nlz o EIRE 3 ﬂgg%gg pogiig
Time: |21 2 2:40 Time: 4 FEEE E %ms
¢ BT BB ©mns
° 209 < B E B sms
B CHEE T some
Wing and Plate Condiion Wing and Plate Gondition OD0D0D0 O smns
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Figure C71: Run # 71
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C72: Run # 72
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APPENDIX C

Date: anuory

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

WING TEMPERATURE (Taken From NRC Logger)
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Figure C73: Run # 73
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C74: Run # 74
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C75: Run # 75
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C76

:Run # 76
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No Data Available

Figure C77: Run # 77

No Data Available

Figure C78: Run # 78
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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
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Figure C79: Run # 79
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C80: Run # 80
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run:_&]
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Figure C81: Run # 81
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C82

: Run # 82
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C83: Run # 83

No Data Available

Figure C84: Run # 84
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No Data Available

Figure C85: Run # 85

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure C86: Run # 86
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run:_53 (21300

WING TEMPERATURE (Taken From NRC Logger)

FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid | After After Precip After Wing. After Precip After After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position ‘Application | Takeoff Run| Position | Application | Application |Takeoff Run 123 4 ‘% time
2
= N FE BT smns
T2 |.5p -¢.2 |-0.3 |-74 2 3.0 |65 [ebex ! g/ «szr{Er””‘"s
2 ) ¢ 1 g0 15 mins
-0 65 s 1= 2 e 1o+ < B8 8,E & 20mns
¢ 2z Flay 2 o er 3 U'H T BB 2smns
8e |-7% L / 0o000a smns
28 06 |22 % Time: 2303 4 0O0O0O0O ssms
00000 4mis
s > | 2% < 00000 4ms
6 000 00O somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 somns
Time: Time:
8 - - 00 00D e5mins
TRAILING EDGE TRAILING EDGE 2 58 H 000000 7mns
Fiap L Fisp Fiop - | 00000 7smns
g 5 e < 00000 somns
' ime: |2 PO 00000 esmins
& 1 Time: |22 = 00000 wmns
00000 %mins
0 0 0O O O 100mins
= 5 00000 fosmns
- L 0OC00D0 tomns
2 : 00000 smns
2 2 0O 0 0 O O 120mins
1 1.
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1 Approsimatly 10 o up fomthe lecing adgo tagntion o
Wing Postion, 3,4,: At oquldistances (pproxmaely 15 c) kg the wing chrd
Wing Postion 7: Appresimatly 15 e fom raiing odg;
Wing Postion &: Apreximaely 2. e fom g odg; and
Wing Postion o My up th zp
can bt it spproval of th et crnsor General Comments: _Adieyorl o oo b
OBSERVER: z
hckness
.
Figure C87: Run # 87
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:  _lnuary 25 202 Run:
7 T
— _
'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 |  After Wing After fluid | After Precip | After
Position i Application | Application | Takeoff Run Position | Application | Application [Takeoff Run| Position | Application | Application | Takeoff Run| 1234 2 time
2
TS smns
T2 -1 32 "o b A "
o |-me 2 32.5 16.0 © brix 1 E}(ﬁﬁgg’mmms
=gy 15 mins
T -4 -o.4 I 2= 12,25 0 6 ¢
-3 ¢ e n® 1625 el 2 R a¢ < FEE @ @ 20mns
- 00000 25mns
v - -8.1 -/,vg Flap niz ne bax naen 3 00000 30mns
Time: | 22 o 0014 00 26 Time: | 22:51 | 0015 00 27 4 00000 3mns
o OO0D0OC O smns
s ’ 209 <! 00000 4sms
o 00000 somns
Wing and Plate Condition Wing and Plate Condiion 00000 ssmins
Before the Takeoff Run After the Takeoff Run 5 00000 somns
Time: Time:
8 . - 00000 esmins
TRAILING EDGE TRAILING EDGE ° " 2 00000 7omins
Fiap Fiap oo = » = 0O00O0Og rsmns
3 - 5 i e - 0000 Q0 somins
: e p 00000 ssmins
L L Time: 16 oo 00000 soms
00000 ssmis
5 1 00000 100mns
- 000 OO0 10smins
s + OOD0O0O tomns
3 3 00000 15mins
2 2 00 00 D 120mins
1 AL
LEADING EDGE LEADING EDGE
(Comments: Comments: Wing Postin 1: Apprcsimatly 10 cm up fomth ecing adge tagnation o
Wing Polion 2,5 4,5 A s disancs approsimatey 16 ) g th ving chord:
Wing Postion . Apeosimately 1 o rom g o3
Wing Poton 8 Aproimatly 2.5 rom atng odg; s

Wing Posiion : Midway up the lap

Nota In an atompt to optimize timing of est, haded box moasurements

PP p— General Comments: Aghorinc: -

OBSERVER:

Thickness

Figure C88: Run # 88
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date:  _loruocs 20 . Run: 2
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mi)
Wing | Before Fluid | Atter fluid | After Precip | After Wing | Atter Fuid | Atter Precip | After Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Appiication | Applcation |Takeoft Run Position | Application | Application [Takeoff Run
T2 |-y 9.3 -5.7 2 2%.0 28.0 1
TS5 | -y2 A -5 = -4.8 8 nla 29.5 2 n2 19 E
T |52 -55 -5.9 6.2 Flap e .5 2075 3
Time: | o0 4z |00 == 1 o2 125 Time: | o5 20 |1 1o 20 4
5 =0 200 9
- — 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
ime: :
TRAILING EDGE TRAILING EDGE 8 2 ki 12
Fop. Fisp P N
Flap 4o 55714
e - 12
g 7 Time: L 1:23
6 ©
5 5 1
4 4
3 3
2 2
e se=s
LEADING EDGE LEADING EDGE
|Comments: Comments: Wing Posion 1 Appreximatly 10 cmup fom th g odg stagnation pont:
Wing Posion 2, 3,4, 5: At oqual datances(speoxmaely 15 c) long the i chrd
Ving Posion 6 Approimately 30 c o g odg:
Wing Postfon 7 Appoximatly 15 e fom ralig odge
Wing Posiion & Apresimatly 2. e fom rafing odge and
Wing Posion: iy up th fap
N

an bo ommited wth approvalof the project coordinaor

General

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

0ooooo 000000 000000 oooonE-=
000000 0oooooo oooooad DDDDQ@N
000000 oooooo oooooo DDDDEUS]“

4
ug
g
a
a
u}
a
u)
u)
=)
[u)
o
o
o
o
o
o
o
a
a
a
o
o
u)
o

000000 000000 000000 OO000QEheld

OBSERVER: 8% /B
s
i : #
Figure C89: Run # 89
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lenyor 26 20 Run:_90
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 After After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Application | Application |Takeoff Run 1234 2 time
2
S & 5mins
2 |y |-co |-88 |-cy 2 |eas | m5 |menx 1 & & E 10mins
Ts 5 5 T & 1smins
-3.9 -¢o |-8.0 -5.4 8 nia 1.0 |z21.75 2 2o 30 < g/g/g/g/g/zwns
W |50 |50 |-c% |-wo i T B o
Time: | o | iwg |2 |2y Time: | 5o | 222 [zus 4 JEZK'UB/B/H 35 mins
s = |2 < Ecdedr @™
°© 00000 4smins
6 00000 somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
g
Before the Takeoff Run After the Takeoff Run 7 OO0 000 eomins
Time: Time:
: : N 00000 ssmns
TRAILING EDGE TRAILING EDGE. 8 142 1o 2 0000 O 70mins
Flap Flap Flap e ice K 00000 75mins
T 7 H5 N <L 00000 8mins
T ime: o =0 00000 ssmins
. . Time: A Rkl 00000 somns
00 0 OD0 95mins
00O OO 100mins
e 5 e 00000 105mins
s 4 OO0 OO0 O 110mins
3 3 00000 1smns
2 2 0000 D0 120mins
1 A
LEADING EUGE LEADING EDGE
(Comments: Comments: Wing Postion 1 Approximatly 0 mup romtho s adgestogntn
Wing Poson, 3, 4,5 At ol ditancs sproximately 15 ) o e vigchrs
Wi Poston & Aproimaely 30 e o i adg:
WingPoslon 7 Aproimatly 15 c romrsting odg:
Wing oston 8 Aproximately 2.5 e rom o adg; and
Wing oston s Mcvay up o fap
Not: 4 tompt 0 ptimze o fot,hadod bk masromnts
can b ot it spprove of th prjoct sordintor General C Mosili, nak ndhersef
OBSERVER: ¢B B8
ke

Figure C90: Run # 90
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: 2024 Run: 91 (21120
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | Atter fluid | After Precip |  Atter Wing | Atter Fuid | AterPrecip | After Wing | After fluid | After Precip | After
Position | Application | Appiication | Application | Takeoft Run Position | Application | Applcation |Takeoft Run| Position | Application | Application |Takeoff Run
T2 |-y -$3 |-93 -6 2 33.0 |20.25 |nobnx 1
T | -z2.9 -5.2 - YA -5.6 8 nla .5 24.5 2 no 80 <t
W |-y= -5 |-ve —6. Fap | niz |roknx 3
Time: | 2.0= 36 4: 00 H4:2 Time: |2 16 4.01 4
5 50 200 2
- - — 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 2
ime: :
TRAILING EDGE TRAILING EDGE 8 s Mz )
oo i Fap | 6o e !
s T
7 = Time: | z.16 Hioz PHES
8 £
5 5 1
i 4
3 3
2 2
1 1
LEADING EDGE LEADING EDGE
Comments: Comments:, Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Postion 2. 3,4, 5: At equal ditancs (spproximately 16 cm) slong th wing chrd:
Wing Potion T Aspreximatly 15 e fom g odg;
Wig Postion & Agproimaely 2.5 & from raiig acge: and

Not: In an atompt to optimiza ting of ests, shaded box mossuroments

can be ommited with approval of th project coordintor

Wing Postion 9 Midway up tho flsp

General Comments: er., | %le

CYCLE TRACKING

time

Qf\hold

10 mins
15 mins
20 mins
25 mins
30 mins

Qe
QEEEER>

s
AR

aEEgE=

kR

00oo0ooo oooooo ooooog Q

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 00000®
000000 Ooo0ooo0 ooooog [y
000000 000000 00000
000000 000000 000008

OBSERVER: BB /15
ks
.
Figure C91: Run # 91
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: spuari 26 2021 Run:_92 [ £193)
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid | After After Precip After Wing. After Fluid | After Precip After After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Application | Application | Takeoff Run| 1234 2 time
2
T2 {-u3 |4 [-80 [-e3 2 4.5 |eobrx 1 ggg%g 5 mins
S |-quo |-us |78 59 8 [nia | im0 [uos 2 o P < ggg%
T |-4.9 -5 -6 -6.0 Flap nia bRy |00 bry 3 g:g:gg
Time: |28 f4.29 | 520 |22 Time: |4 2% |59 4 TET T
Ce=gcg=g
& e 158 < 00000 4mins
o 0O00O0Q0 somns
Wing and Pate Condition Wing and Plate Condition 00000 ssmis
Before the Takeoff Run After the Takeoff Run 7 00000 emis
: Time:
8 - o N OO0 000 esmins
TRAILING EDGE TRAILING EDGE 1o+ 0 2 00000 7oms
Fiap Flap . . A gooogaQg 7smins
. 7 Flep 2 ree iee 00000 somns
- . & . 0000 0 emins
= 2 Time: | 4 2% 52 DB000 somns
0000 D0 9mins
5 O O 0 O O 100 mins
s 00 00 O 105mins
4 4 00 O 0 O 110mins
3 3 0000 O 115mins
= 2 00 00 O 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1 Aproximately 10 cm up fomth e e tagnatan pot
Wing Posiion, 3, 4,5: At saual disances(spproxmately 15 ) iong tho g chrd
Wing Pstion & Aprosimatly 30 c fom ralig odg;
Wing ostion 7: Aprasimatly 15 fom g odg;
Wing Postion & Aprasimatly 2. c fom g odg;

Nota I an atampt to optimizo g of tosts, shaded box moasurements

an bo ommited wih approval ofth prjoct coordinator

OBSERVER: Be/ce

Wing Positon 0: Midway up the fiap

General Comments: - rocon s ¢ ey mioee on oin Lo

Thicknoss

Figure

C92: Run # 92
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APPENDIX C

No Data Available

Figure C93: Run # 93

No Data Available

Figure C94: Run # 94
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APPENDIX C

Date:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

PROLY. 202 Run: 95 (o =
|
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid | After fluid | After Precip After Wing | After Fluid o | After After fluid | After Precip | After
Po: Application | Application | Application | Takeoff Run Position | Application [ Takeoff Run) Application | Application |Takeoff Run 123 4 2 time
s & B smins
T2 .5 RTINS 2 325 |50 [eeerx 1 A ST E 10mns
T |- A > - - A @& @ 15mins
< “l.o nia = = <1 Ecgc 20 mins
v = . o 3 EEECEATS
° "8 P = A E o @ somns
Time: 204) | oz 227 Time: |24l fzzii2 |22 28 4 FE @ &0 35mins
122 00000 40mns
° ~ 00000 4mins
6 0000 O so0mins
Wing and Plate Condition Wing and Plate Condition 00000 ssmis
Before the Takeoff Run After the Takeoff Run 7 00000 somis
Time: me:
8 122 " OO0 00O esmins
TRAILING EDGE TRAILING EDGE 2% 00000 7omns
Fiap Fiap = 00000 75mns
] T Rep 4o 8 2 00000 somins
- - O0O0O0O0O0 ssmns
g L Time: J21 41 |22 3 00000 woms
00000 esmns
0O O O O O 100 mins
5 5 oo 000 OO0 105mis
4 4 00 0 O O 110mins
3 3 000 0 0 115mins
0000 O 120mins
2 2
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1 Appreximotly 10 cmup o th ol o tagnaton pont
Wing Posiion 2,3, 4,5: At saun diances(sproxmately 15 ) kg the i chord
Wing Postion & Appraximatly 30 cm fom ralig odge;
Wing Posiion 7: Apresimatly 15 cm fom g odg:
Wing Postion : Aprosimatly 2. e fom railng odg: and
Wing Poslon : My  he iy
can bocmmied withapproval o th project coortinstor General 71s o9
OBSERVER: BB (%
Thcknens
i : Run # 95
Figure C95: Run # 9
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lovuord 26
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 After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run, Position | Application | Application [Takeoff Runf Position | Application | Application | Takeoff Run 1234 2 time
2
T H & EE smins
T2 |-y |-z |- 4.7 2 10,75 |robex 1 HETE  omm
T5 s 9 P 8 " 2 ~ B EE U & 5mns
- - . i) 250 < /3T O @ 20mns
TU 5 "= F - s I E 8 &G 25mns
- R -4.7 lap A ro v DE B30 0ms
2 |2z |2z 26 |2z.u0 Time: 23,27 4 gd f 00 wsmins
20¢ 00000 40mins
5 20 200 < 00000 4smns
6 00000 50mins
Wing and Plate Condition Wing and Plate Condition 00000 ssmns
Before the Takeoff Run After the Takeoff Run 7 00000 somins
ime: Time:
8 " - 00000 e5mins
TRAILING EDGE. TRAILING EDGE o 5% 00000 70mns
Fiap Fiop o o . ; 00000 75mis
G 5 P e 00000 somns
7 e 1o 1o os 00000 ssmns
L . Time: Jox* Jer=e f28°4 ] QOO DOO somns
00000 e5mins
0 0 0 O O 100mins
2 5 0000 O 10smins
2 t 00000 tomns
3 3 0000 Q0 15mins
2 2 0000 0 120mins
1 1
LEADING EDGE LEADING EDGE
(Comments: Comments: WingPosin 1: Aprosimaely 10 up fom o ecing adgo tagnaton
Wing Posen 2,3, 4,5 A ol disances spproximatly 15 &m) song the wing chord
Wing Paiion : Appoximtay 30 e fomtrsing odge
Wing Postion 7: Apcasimaely 1 o rom g age;
Wing Positon : Appcximately 2.5 cmfomtaing odges and

Noto: In an atompt to optimize ting of osts,shaded box measurements

an bo ommited with approval of th projoct coordintor

OBSERVER: BE /¢

Wing Postion : Midway up the flap

General Comments:

Thickness

Figure C96: Run # 96
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
7_%?3— Run: & (211
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Bofore Fluid | After fluid | Atter Precip | After Wing | After Fuid ecip | After Wing | After fluid | Atter Precip | After
Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Posiion | Application [ Application [Takeoft Runf ¢, 4, time
oA o 5 mi
T2 |-28 |-40 |-nz -5y 2 s |nos ! HEEE omms
T 50 8, 5mns
5 |- 20 -3.3 -3.9 -4y 8 nia 210 2 & 80 [ [alry g/zomms
v e e o] [l o : zEEgdam
Time: 0.0l |ooiss |ios Time: foo02 [eoise |1 o 4 2 @8 0 ssmns
5 N N | 2 & & EE wmns
= 250 | <! g/zfz & & 45 mins
6 & O & & 50mins
Wing and Plate Condition Wing and Plate Condition 00000 ssmis
Before the Takeoff Run After the Takeoff Run B 00000 somis
8 o = 00000 esmins
TRAILING EDGE TRAILING EDGE 142, na 00000 7omns
Fiap Flap . - OO00O0O0 75mins
Flap 5 slus S
=) ] ki) - = 00000 somins
" . - 00 0O0Q0 ssmins
L L Time: o0 5% | 1o 00000 somns
00000 esmins
2 3 0 0 0 0 O 100mins
: 2 AN 0000 D0 10smis
4 4 S 000 0 O 110mins
3 3 00 0 O O 115mins
2 3 00 0 0 O 120mins
1 T
LEADING EDGE LEADING EDGE
Comments: Comments: Wig Postion 1: Approxmatsly 10 u from th eading odgo tagnation ol
Wing Postion2, 3,4, 5: At equal distanco (spprosimataly 15 cm) lon thowing chrd:
Wing Postion 6 Approximatly 30 mfrom g edge:
Wing Posion7: Appoximatly 15 fom g adges
Wing Postion 8 Approximately 2.5 m from g adge;and
Wing Postion : Midway up o ap
‘can be ommittod with approvai of the project coordinator General Comments:
OBSERVER: [er
hicknass
.
Figure C97: Run # 97
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: _lanuocy 2%
—ewercl 2R el
[
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fiuid | After fluid | After Precip [ After Wing | Atter Fuid | Atter precip |  Atter Wing | After flid | Atter Precip |  After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application |Takeoff Run| 1234 2 time
4 2
ZFE @ E D smns
L= o6 -5.0 2 8.5 Mo bnx ! 00000 fomns
A 00000 15mns
Lo P a6 -u.y 8 | nia 125 2 158 < 00000 2me
Time: | o 1,28 223 2,35 Time: | 1 29 2:24 2:36 4 00000 3smns
5 » . 000 OO0 4mins
a6 58 <1 00 0OQd 4smins
o 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 0O0O0O0O0 somis
Time: 3
8 - 0000 O emins
TRAILING EDGE TRAILING EDGE 8 2 00000 70mins
Fiap Flap Flap 22 A 00000 75mins
£l (] z < 00000 somis
ime: - 2= 00000 esmins
; ; Time: | .20 227 00000 %mins
! 00000 e5mins
5 0 0 0 O O 100mins
2 0O O OO O 105mins
4 4 DOO00D tomns
3 3 0000 0 115mis
2 2 00 00 O 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postion 1: Approximately 10 up from th lasding adge stagnation ot
Wing Postin 2,3, 4, 5: At equl ditancos (spproximatly 16 om) kg he wing chord
Wing Posiion 6 Apresimatly 30 cm fom g odg;
Wing Posion 7 Appresimatly 15 e fom il odge:
Wing Positon & Approximately 2 e fromtaing odge;and
Wing Positon : Midway up e o
‘can ba ommited with approval of the project coordinator General
OBSERVER: BB/ (A
Thicknoss

Figure C98: Run # 98
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_99 (1210
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mill CYCLE TRACKING
Wing | Before Fluid | Aft id | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run 1.2 3 4 % time
2
d000D smns
T2 [-40 |-23 [-B3 -s 2 |75 [ 2o [mobnx ! 00000 1omns
B ) = 0000 Q 15mns
[0 |2y -4y 8 nla 3.5 2 ae <1 00000 20mns
2. 00000 25mns
L N RN -4.9 Flap | = x 3 00000 3mns
Time: | 2,20 fzio2 | woy 426 Time: |z o5 Hs Hi2e 4 00000 3smns
5 - = 00000 somns
> = < 00000 4smis
s 00000 somns
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 5 00000 somns
s oo - 00000 esmns
TRAILING EDGE_ TRAILING EDGE el ¢ ! 00000 70mins
Flap Flap E <1 00000 7smins
= 3 R slue < 00000 somns
me: 00000 ssmis
¥ z Time: Jz.0o |4 ic |Hi2c 00000 somns
s 6
00000 esmins
00 OO0 O 100mins
5 5 1 up 00000 tosmins
4 4 0000 O 10mns
3 o8 0000 D0 11smins
2 2 0000 0 120mins
1 1
LEADING EDGE LEADING EDGE
Comments: Comments:, WingPosison 1 Aproxmatay 10 cm up o th axding adgo stagraton ot
Wing Posifon 2, 3,4,: At oqusl distances(apeosimaely 15 ) kng the i chrd
Wing Postion 6 Appresimatly 30 cm fom tralig odge
Wing Posion 7 Aproximtaly 15 cm o traling adg:
Wing Postion 8 Approximatly 2. e fom raling odgs; snd
Wing Postion 5 My up th s
30 boommited with aproval of th profct coordintor General Comments:
OBSERVER: BS Jem
hckoess
.
Figure C99: Run # 99
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: )00 (
'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 Pre After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application [Takeoff Run| Position | Application | Application |Takeoff Run 1234 2 time
FE Y E smins
Le -4 -10.2 -5.8 2 35.0 1.5 [rewcx 1 T8 F TS 10mins
. ; japugag g 15 mins
5 -u.o |- -52 8 ni=z 25 [® 2 60 26 <1 FA @00 20mns
B Fap | oz |nowr o s 3 BSS gg jg::::
Time: | 4 24 quye |50 5.9 Time: |4 urg 5. 11 s.20 4 00000 smns
5 B = | 00000 40mins
8o 158 A 00000 4mns
6 0000 O s0mins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 5 00000 eomns
ime: Time:
8 N 00000 esmins
TRAILING EDGE TRAILING EDGE 70 e ! 0O0C0OQ0 7omns
Fiap Fiap - 0O0C0OQ0 75mns
T T Flap | 24 sleen |4 00000 somns
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can bo ommited vith approval o the projoct coordinator

OBSERVER: BB/ R

General Comments:

Wing Postion 9 Micway up the lap

Thickness

Figure C100: Run # 100
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APPENDIX C

No Data Available

Figure C101: Run # 101

No Data Available

Figure C102: Run # 102
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APPENDIX C

FLUID THICKNESS, TEMPERATURE ANP BRIX FORM
Date: Lonuac
(
"WING TEMPERATURE (Taken From NAC Loggor) FLUID BRIX FLUID THICKNESS (i) CYCLE TRACKING
Wing | Before Fiuid | After flid | After Procip |  After Wing | Ater Fuid | Atter Precin | After Atter fuid | ater Precip | After
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Application | Application |Takeoff Run’ 1234 % time
2
OEEEE smi
T2 |-io |-H -9 [-e2 2 [ zo [maes [eeonr 1 GO TE T oms
[EgEgcgsgagit]
s |27 |-uo |-ac -5.n 8 |2 [imz |wos 2 ksl 80 <! OO0 e
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p Z B ZE E ssmins
TRAILING EDGE TRAILING EDGE 8 o nEF 2 Y I 70mins 2
Fap 3 - > 00000 75mins
= T P -© 00000 somns
= ime: | -. - 00000 ssms
; - z Time: | - 2 00000 somns
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= 00 00 0 10smins
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A 1
LEADING EUGE LEADING EDGE
(Comments; Comments: Wing Posion 1 Approximtaly 10 cm u o th asing adge sagnatonpoin
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WingPolon 7 Approimatly 15 e rom g odg:
WingPoton 3 Approimatly 2.5 e rom traling o and
Wing Postion: My 5 th fiap
Not: I anstmpt o otz ting f e, shded box masrsmonts
PRSp—————— General Comments:
OBSERVER:
hckness
.
Figure C103: Run # 103
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: ey )
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid | After After Precip After Wing. After Fluid | After Precip After After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Application | Application |Takeoff Run| 1234 2 time
2
TEE T O smins
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8 124 10 00000 esmins
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Fap Fiop = - — - 00000 7smns
. = Ho §la \ 00000 smns
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5 .2 %2 4 38 0 0O 0 O O 100 mins
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3 3 Lo 00000 115mins
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Wing Pskon & Approimstely 30 e o ling adg:
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canbe ot it spprova of th et srdinator General Comments:
OBSERVER: ce
cknoss

Figure C104: Run # 104
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APPENDIX C

Date: onuncy 28 2

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run: )OS £ 21160

—
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application |Takeoff Run Application | Application |Takeoff Run| Position Application | Application | Takeoff Run|
T2 l-es |-53 -2.0 |-7.4a 2 33.5 1
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Wing Poston & Approximately 2. m from g odge:and

Wing Posiion 9 Midway up the

an bo ommittd with approvalof tho projct coordinator

OBSERVER: BB/c2

General Comments:

CYCLE TRACKING
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Thicknoss

Figure C105: Run # 105

Date:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application |Takeoff Run Application | Application Position Application | Application |Takeoff Run’
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TRAILING EDGE TRAILING EDGE ® iso 158 s
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Wing Posiion 9 Midway up the lsp

can bo ommited with approval of o projectcooréinator

General Comments: /s rocir s -

CYCLE TRACKING
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Thickness

Figure C106: Run # 106
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

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 After ‘Wing After fluid | After Precip After
Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Position Application | Application |Takeoff Run| 123 4 % time
2
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-7.2 |-e2 =13 o [Egcgegegegnivg
[Egcgegcgu gl i
T |2 |.s.8 -6 8 niz 2.5 2 20 4s < BE GG T 20mns
I 25
w2 |72 | so Fao | 0 |roerx s gEEE g
Tme:| 2 3 | zes |y |42z Time: |si20 |y a OO O smes
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e 250 ' 00000 4mns
6 00000 somins
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Wing Polon 8 Aproximatly 2.5 e rom st odg; ard
WingPolion & Mty s th fap
Not: I an stompt o optiniz i ofests,shadd box massramars
[T ————— General Comments:
OBSERVER: 8] 0x
ke
.
Figure C107: Run # 107
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: | on 21 Run: OB (©
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid | After fluid | After Precip Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Position Application | Application |Takeoff Run| 1234 % time
2
I FETEE Smins
T2 |7 -2 .2 -85 2 249z | 925 [reecx 1 00000 1omns
00000 5mns
T |0 |-en |-8o |-8.3 8 nla 20 |15 2 6o <l 00000 20mns
W |4 -7s _a2 _az Fap | ~ - o bR 3 g S S g S :2;::::
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Wing Posion 9:Midway up the lap

can bo ommited with approval o the projectcoordator

OBSERVER: %z ice

General Comments: -1 :encs o o, woged ol Bl

Thicknese

Figure C108: Run # 108
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No Data Available

Figure C109: Run # 109

No Data Available

Figure C110: Run # 110
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APPENDIX C

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: 1) (POHSD
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid | After id | After Pre After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application |Takeoff Run| 123 4 % time
2 A& smins
T2 -5 |-no f-isa -15.3 2 2425 |z2.0 1 FEEE D o
5 Z'E'00 0 15mins
5 -0 3.5 -5y 8 nla 22.5 22.0 2 he 3 OOO000 20mns
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v -3.8 |-13.8 |-15.4 Flap | nia 23.0 |2278 3 ES ng Somine
Time: 20,42 >0z 223 Time: | ziiyn |22 04 24 a 00000 smns
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3 3 00000 15mins
2 2 0000 0 120mins
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Wing Postion . Apeimatoly 15 o rom g o
Wing Postion : Appcximataly 2. e fomtaing edge:and
Wing Postion : icway up e fap
can o ommited i approvl o ho et coorintor General Comments:
OBSERVER: BBICB
Tickness
.
Figure C111: Run # 111
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 Fluid | After Precip After fing After fluid | After Precip After
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Position Application | Application | Takeoff Run| 12234 % time
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T2 |42 |06 SICR-N ST 2 2325 |27.0 £ 1 TTZED 10mins
5 = g 200 0 15mins
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) ] ke - o ! OO0 00O smins
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2 4 D000 O1m0ms
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1 1
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Wing Posiion .3, 4.5: At eqal disances (approximatay 5 m) song th vig chord:
Wing Positon 7: Appaximatey 1 o fomtraing edg;
Wing Poston : Appeximtely 2. e fom g odges; and

Wing Position : Midway up the flap

Noto: In an atompt 1o optimiz tming of ests, shaded box mossuremerts

‘can be ommittad with approval of the projoct coordinator General Comments:

OBSERVER: BB/

o
o8

Thicknoss

Figure C112: Run # 112
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: |13 ( poud
7
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Win, Before Fluid After Precip After Wing After Fluid | After Precip After After fluid | After Precip After
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Application | Application |Takeoff Run’ 2 -
é/z é/4 2, time
. =g 5 mi
2 |yt |-zo —1.o 2 |a1s faies |ae 1 FEE T, omm
B & & 15 mins
T5 " -1l " “ia o 1.8 \
-4 i -15.9 8 320 |315 2 i3 \4 8 ggggg’mmm
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TRAILING EDGE TRAILING EDGE 2% o 00000 romns
Fiap Fiap Flay 1 s 0D00O0Qd 7smns
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2 2 00000 120mns
Ty SETiass v
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Wing Poston2. 3, 4,5 At cqusl ditance sproximatly 15 ) o havigahrs
[T ———————
Wing Poston & Aproximaely 2.5 e rom e adp; and
g Pesiion : vy up h o
[ ———— General Comments:
‘OBSERVER:
Tickness
.
Figure C113: Run # 113
A
=5
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lonusry 29 21 Run: |14 ( POS
'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 After After fluid | After Precip
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Application | Application |Takeoff Run’ 2 .
12343 tme
= 7 o DOO0O0D smns
T2 [sd e /w3 R ! / OO0 1omns
5 |oss | 7 N - 7 00000 tsmns
52 |nF e 8 |niz 2 o4 /] ® 00000 20mns
T - LA ya 220 ] 00000 2smns
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5 S ’\ 0000 O 105mins
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1 1
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Wing oston & Aprximaely 2.5 rom i adg; snd

Wing Position : Uidway up the flp

Nt In an atompt 1o optmizo tming of tests, shaded box mossurements

‘can b ommitted with approval of the project coordinator General Comments:

OBSERVER:

Trickness

Figure C114: Run # 114
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FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: _lonuory 29 2 Run: Poue)
WING TEMPERATURE (Takon From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip |  After Wing | Ater Flid | After Precip |  Atter After fluid | After Precip |  After
Position | Application | Application | Application |Takeoff Run Position | Application | Application [Takeoff Run| Application | Application |Takeoff Run
T2 |52 |-13.0 [-17To -11.0 2 2.5 22,25 1
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TRAILING EDGE TRAILING EDGE 8 2% °
A
Flep % Flap 22 7
] 7
7 7 Time: | 1 )g 133 .
6 6
5 5
4 4
3 3
2 2
a 1
LEADING EDGE LEADING EDGE
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Wing Poston 6 Approximtaly 30 mfrom g adgo;
Wing Positon 7: Approximatoly 15 e fomtraing adge
Wing Poston & Approximtel 2 fr g odge;and

an b ommitted wth approvalof theprject coordinator

OBSERVER:

BBlew
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General Comments:

CYCLE TRACKING
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Figure C115: Run # 115
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: (16 ( POHCN
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil) CYCLE TRACKING
Wing | Before Fluid | After fluid | After Precip |  After Wing | Atter Fuid | Atter Precip |  Atter Wing | After fluid | After Precip | After
Position | Application | Application | Application |Takeoff Run Position | Appiication | Application |Takeofs Run| positon | Applicaton | Application [TakeoftRun| 1 5 o 0 2
== > 1o = T W aD s
oo 2 DS 00000 10mns
A - 00000 15mns
TS |4 & 2 2 DO0O00D0 20mns
000000 25mins
) Fiap 3 0DO0O00O0 wmns
Time: | 1: 59 Time: | 2% /< 4 00000 smns
5 = P 00000 omns
1S¢ 0 00000 4mis
6 00000 smins
Wing and Plate Condition Wing and Plate Condition 00000 ss5mins
Before the Takeoff Run After the Takeoff Run B 00000 somis
Time: Time:
00000 esmins
TRAILING EDGE TRAILING EDGE 00000 7omns
Flap Flap Oo00O0Qd 7smins
8 [l 000Qd somins
7 7 00000 ssmins
00000 somins
6 6
00000 ssmins
= 0 0 0 O O 100mins
s 0000 O 105mins
4 4 00000 1omis
3 3 0000 0 115mins
2 2 0000 O 120 mins
1 =
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Postin 1: Asproximately 10 up fom th aading edge tagnatin i
Wing Postion 2, 3,4, 5: At equal dietance (approsimatly 15 om) lon tho wing chord:
Wing Postion 6 Approximately 30 m from g ager
Wing Postion 7 Approximtely 15 from g acge:
Wing Postion 8 Approximtely 2 e from g adge:and

can bo omiitted wih approvalof theproectcoordinaor

OBSERVER:

BB/ B

Wing Posiion 9 Micway up the lap

General

Thicknoss

Figure C116: Run # 116
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APPENDIX C

XA 79 752

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

runi_ (| (P\Z* )

Date:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil] CYCLE TRACKING
Wing | Before Fluid | After fluid | After Precip Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run} Position | Application | Application |Takeoff Run 123453 time
= —— - 00000 Smins
b = 2 12s3 /132% ! 0OO0D0O0DO 10ms
- I 00000 15mins
B s -
s s i Al ESS 2 o o 00000 ms
00000 25mins
- ~ Fl <
v S i 29 3 00000 wmns
47 ime: ) a
Time: [ 247 _— Time: 257 0O0D00O0 smns
5 2 < 00000 4omns
194 i 00000 4mns
6 00 00D somins
Wing and Plate Condition Wing and Plate Condition 00000 ssmins
Before the Takeoff Run After the Takeoff Run 7 00000 6o mins
ime: Time:
8 < | 00000 esmins
TRAILING EDGE TRAILING EDGE s 1= 00000 70mins
Flap Flap Flap T i 00000 75mins
8 (] = L 00000 smins
=y " D000 Q0 ssmins
Z 1 Time: | 7 3| 0OOODO somns
00000 95mins
: 5 1 0 0 0O O O 100mins
5 00000 10smins
4 4 00000 10mns
3 3 = 00000 15mis
2 2 / = 00000 120mins
1 1 I
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Posion 1: Appreximatly 10 e up o th esing dge stagnaton ot
Wing Posion 2, 3,4, At saua iances (approximatoly 15 em) alon e ving chor
Wing Postion 6 Appresimatly 30 fom g g
Wing Potion 7 Appoximately 16 e fom g adges
Wing Posiion 8 Appreximatly 2.5 e fom i adge; and
Wing Positon s Wiy up th zp
can b ommite with aprovs o th pojoct coorinstor General Comments:
OBSERVER: IA/ARN
T
hekness

Figure C117: Run # 117
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APPENDIX D

2020-21 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 g i
2z T 2
s | &9 ° | ¢ 2 ~lz|lz|=-1c°¢
: o ] E2 < 3 s E| S| E|=|E
** ] o =l N 51 @ o _ © o £ £ b =
s | | 5| & | 8| & |2|3.|¢2]| 8¢ < R S (- - - -
% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
el e | g | 5 | © | = | 2|8 2| =5 S | 52| 3| | e e ]| @
3 o % 2 g ] 3 g -2 = 5 ] g 5 ]
[ o o o - @ o = «© 4 o = 2
[~ o« e $ o = = £ o z o 4 =3
T £ < 2 2 = (7] N =
S E ° o o =
o35 > >
ES < <
11- Dr
1 Jan- POO1 Baseline Wir\{g none 8 100 20 -0.27% -6.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
11- Dr
2 Jan- P002 Baseline Wir\{g none 22 80 20 0.75% -6.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
11- Type IV
3 Jan- P025 Ralicaticn AN Cleajiiyg 8 100 20 3.71% -6.6 -5.1 -4.6 = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21 and New Only EG
Fluids
- Type IV . Polar
Validation Fluid
4 Jan- PO51 Guard 8 100 20 6.38% -6.3 -3.8 -3.6 = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
and New Only
21 q Xtend
Fluids
- Valtion Pole
5 Jan- P0O30 IP- Guard 8 100 20 3.98% -6 -3.3 =77/ 29 = = = 50 2.65 2.65 4 1.05 2.25 2.1 1 1.056 1.25
and New
21 p Xtend
Fluids
- Valktation IP-/ Polar
6 Jan- PO31 Guard 8 100 20 7.14% -5.8 -3.7 -8.6 29 12 = = 40 3.5 2.95 4 1.05 1.95 3.15 1 1.05 1.85
and New SN-
21 H Xtend
Fluids
11- Dr
7 Jan- POO1 Baseline Wi:g none 8 100 20 -0.41% 0.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
11- Dr
8 Jan- P0O02 Baseline Wi:g none 22 80 20 0.96% 0.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
- Valition pole
9 Jan- P0O35 IP Mod Guard 8 100 20 3.71% 0.8 3.4 -5.5 75 = = = 15 2.25 2.05 2.75 1 1.5 1.25 1 1 1
and New
21 . Xtend
Fluids
11- Type IV
10 | Jan- | Poos | Validation ip- | ClearWing g | q00 | 20 | 1.44% o4 | 07 | 3 [ 25| - | - | - |s0| 2 | 15 | 375 1 1 1.1 1 1 1
and New EG
21 .
Fluids
T2- vTangztliZn 1P-/ Polar
1 Jan- P0O33 Guard 8 100 20 3.50% 0.23 0.4 -3.0 25 = 25 = 25 21 1.4 1.7 1 1 1 1 1 1
and New ZR-
21 N Xtend
Fluids
Type IV
12- Validation | IP Mod helay
12 Jan- P0O37 Guard 8 100 20 2.81% 0.1 -0.4 -4.0 92 = = 75 10 2.25 1.75 3.4 1 1.1 1.35 1 1.05 1.05
and New IR
21 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
' g | &
< | &5 I B = = z
5 2 ] £ = 3 S | || =z|
* <] ° = - o o ° 2 T ): E < =
o = =
“ N < 2 = E -3 B P e @ | @ | Els |35 | 5| ¢
@ s [ B s z c e - = © ° a* S5 S > E) 3 E
s 8 3| & | 8| = |£]|8%| 8] 2s I I S - B - -
= [ 8 e E] & @ < ° O ] -2 = H 5 5 2 5
fis 2 frs 5 < 2o @ o< o 2 o« < i 2
= @ o g8 = £ £ o z « o g
T £2 by = = ) N &
SE o o
> >
ES < <
12- EG Type .
13 | Jan- | P198 v 'P/“g"d C'eaE'éV'“g g | 100 | 20 | 13.04% 0 05 | 19 | 92 | - - | 75 | 20| 35 | 34 5 2.25 1 45 | 14 1 45
21 Expansion
12- EG Type "
14 | Jan- | Pios v P Mod | Clearing | g | 100 | 20 | 7.14% 02 | o5 | 35 |e2 | - | - |75 | 15| 3 2.9 5 1 1 4 1 1 4
21 Expansion
12- Dr
15 Jan- POO1 Baseline Wi:g none 8 100 20 0.48% 0.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
12- Dr
16 Jan- P0O02 Baseline Wi:g none 22 80 20 0.62% 0.6 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
12- EG Type 1P Mod Max
17 Jan- P063 v /R Flight 8 100 20 3.16% 0.4 1.2 -4.2 92 = = 75 15 2.65 2 4 1 1 3.76 1 1 3.15
21 Expansion AVIA
12- EG Type
18 | Jan- | P117 v 'P/Nl':d D:g‘f‘ 8 100 | 20 | 5.42% 0.2 -0.3 5.1 | 92 | - - | 75 | 15 2 1.35 5 1 1 4 1 1 3.9
21 Expansion
12- EG Type 1P Mod
19 Jan- P171 v /R EG106 8 100 20 11.74% 0 -0.3 -4.3 92 = = 75 15 2.65 2.9 5 1 1 4.5 1 1 4.5
21 Expansion
13- EG Type 1P Mod
20 Jan- P171 v /R EG106 8 100 0 5.90% -0.2 -0.2 -4.3 92 = = 75 15 2.5 2.4 5 1 1 1 1 1 1
21 Expansion
13- EG Type 1P Mod
21 Jan- P171 v /R EG106 8 100 0 2.13% -0.4 0.2 -4.5 92 = = 75 12 1.75 2 4.25 1 1 1.05 1 1 1
21 Expansion
13- EG Type IP Mod Safewing
22 Jan- P090 v /R EG IV 8 100 20 6.66% -0.5 0.7 -3.6 92 = = 75 15 3.15 3 5 1 1.05 4 1 1 4
21 Expansion NORTH
18- 25 Tvfe ClearWin
23 Jan- P195 v IP- / R- EG 9 8 100 20 3.09% -0.7 0.0 -4.4 32 = = 25 25 1.75 1.3 5 1 1 3.75 1 1 3.5
21 Expansion
13- Dr
24 Jan- POO1 Baseline Wir\{g none 8 100 20 0.82% 0.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
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APPENDIX D

Log Of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o Tz o
2z 2 &
= § @ o) ° ® — — =
5 2 ] £ = 3 S | || =z|
= 2 o = N S 2 ° _ @ o b b < =
[} = =
“ N < 2 = E -3 B P e @ | @ | Els |35 | 5| ¢
I B [ 8 s z c g © 5 ® ® g= go s | 2| 2| 35 |F
o =] " 2 o ] S Qv > e c 5 Eg &= 5 o o b o
= 3 = e S L 2 5 O s e & 5 5 £ 5
- 3 [ 5 < Lo o o =) [ 4 o T a
ki s s 5 & = £ £ o =z o« = 2
g g s 12 |z |*|%]|F £
(SR (V) (Y]
> >
R < <
13- Dr
25 Jan- P002 Baseline Wi:g none 22 80 20 2.06% 0.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
13- EG Type
26 | Jan- | P1a4 v P Mod | CremR 8 | 100 | 20 | 2.33% 0.5 18 | 24 |92 | - | - |75 | 15| 29 | 25 4 1 1 3 1 1 15
21 Expansion
13- EG Type 1P Mod
27 Jan- P171 v / RD EG106 8 100 20 1.85% 0.7 1.4 -3.6 92 = = 75 15 2.25 2 4 1 1 2 1 1 1.25
21 Expansion
14- Dr
28 Jan- POO1 Baseline Wi:g none 8 100 20 0.96% 0.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
14- Dr
29 Jan- P0O02 Baseline Wi:g none 22 80 20 1.92% 0.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
14- EG Type 1P Mod
30 Jan- P171 v /R EG106 8 100 20 1.85% 0.7 2.5 -3.6 75 = = 75 20 2.65 2.35 4 1 1 1.65 1 1 1
21 Expansion
15- EG Type 1P Mod
31 Jan- P171 v /R EG106 8 100 20 1.85% 0.7 0.9 -4.3 75 = = 75 15 1.35 2 3.5 1 1 1.3 1 1 1
21 Expansion
15- EG Type .
32 | Jan- | P198 v P Mod | Clearting | g | 100 | 20 | 1.03% 0.7 12 | 8 | 75| - | - | 75| 20| s 2.9 4 1 1 1.15 1 1 1.05
21 Expansion
15- EG Type
33 | Jan- | P117 v P Mod | Defrost 8 | 100 | 20 | 2.33% 0.6 13 | 45 | 75| - | - | 75| 2| 2 165 | 5 1 1 2.25 1 1 1.05
21 Expansion
15- EG Type
3 | Jan- | P117 v 1P Mod Deftost 8 | 100 | o | 1.58% 0.5 05 | 45 [ 75| - | - | 75| 20| 2 165 | 5 1 1 1.15 1 1 1
21 Expansion
15- EG Type
35 | Jan- | P117 v P Mod | Defrost 8 | 100 | 20 | 2.33% 0.4 04 | 54 [ 75| - | - | 75| 15| 16 | 1.3 | 425 1 1 1.3 1 1 1.05
21 Expansion
17- Dr
36 Jan- POO1 Baseline Wir\{g none 8 100 20 0.96% -4.2 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
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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
N go o ° ) _ — _ =
< o ] £2 < S kS = | £ £| | €
> = ] = N o B © _ o o E £ ~ =
s | | 5| & | 8| & |2|3.|¢2]| 8¢ < O (- - - -
% 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 < <
17- Dr
37 Jan- P002 Baseline Wi:g none 22 80 20 1.44% -4.2 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
17 Type IV
38 | Jan | poog | Validation oy, | ClearWing | g | 400 | 20 | 1.99% 45 | 36 | 100 |75 | - | - | - | 25 | 225 | 215 | 3.75 1 1 1 1 1 1
and New EG
21 H
Fluids
17- Type IV
30 | Jan | poos | Validation I/ | ClearWing | g 100 | 20 | 2.81% 5 5.4 98 | 25 | 10 | - - | 40 3 2.25 | 3.75 1 15 | 2.25 1 1 1
21 and New SN- EG
Fluids
18- Type IV
40 | Jan- | pooy | Validation I/ | ClearWing | g 100 | 20 | 7.28% 58 | 5.9 75 | 25 | - |25 | - | 25 | 25 | 208 5 1 1 5 1 1 5
and New ZR- EG
21 .
Fluids
18- Type IV
41 Jan- | pooy | Validation IP-/ | ClearWing | g 100 0 1.65% 67 | 5.7 79 | 25 | - [ 25 | - | 25 | 25 2 3.25 1 1 1.55 1 1 1.05
and New ZR- EG
21 .
Fluids
18- 8 I ClearWin
42 Jan- P196 v IP Mod EG 9 8 100 20 2.20% -7.3 -6.1 SRS 75 = = = 35 3.5 2.9 4 1 8.1 1.75 1 1 1.05
21 Expansion
18- Dr
43 Jan- POO1 Baseline Wir?g none 8 100 20 0.69% -8.6 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
18- Dr
a4 Jan- P0O02 Baseline Wir\{g none 22 80 20 1.78% -8.6 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
18- vTangztliZn 1P- / el
45 Jan- P0O41 Guard 8 100 20 7.07% -8.9 -7.0 -6.9 25 = 25 = 10 2 1.9 2.5 1 1.75 2 1 1.05 1.25
and New ZR-
21 N Xtend
Fluids
e Valdation Poler
46 Jan- P0O38 IP- Guard 8 100 20 7.55% -9 =755 -10.3 25 = = = 30 2.15 2 3 1 2 2.25 1 1 1.1
and New
21 N Xtend
Fluids
18- VT;\I’ig:tliZn 1P-/ Max
a7 Jan- P0O03 Flight 8 100 20 8.10% -9 =771 .9 25 10 = = 15 2.15 2.05 3.25 1.1 1.5 1.85 1 1.05 1.05
and New SN-
21 N SNEG
Fluids
19- EG Type Max
48 Jan- P0O64 v IP- Flight 8 100 20 2.54% -9.63 -7.9 -12.2 25 e e e 50 2 2 3.5 1 1 1.3 1 1 1
21 Expansion AVIA
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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
T ga o ° © _ - — z
< 2 15 E2 b 8 & Sl | £| 8| &
> = ] = N o B © _ o o E £ ~ =
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% 5 T 153 s z c 32 ° 5 0 [ g £0 ° & 2 =) [
° a o = o -] -2 &= El == S 5o G < ° 2 ) % °
3 8 g = g g | 3% 2 | 52| % sl & &| 3| 3
[ L3 o o L8 @ o o «© 4 o = 2
(= o g $ o = = £ o z [ - a
T £ < 2 2 = (7] N =
S E ° o o =
©S > >
ES < <
19- EG Type "
49 | Jan- | P199 v o | CearWing | g | 400 | 20 | 2.68% 98 | 86 | 116 |25 | - | - | - | 50| 21 2 | 365 1 105 | 135 | 1 1 1
21 Expansion
19- EG Type
50 Jan- P176 v IP Mod EG106 8 100 20 2.20% -10.2 AT/ -13.6 75 e e e 25 25 2.25 3.75 1 1 1.2 1 1 1
21 Expansion
19- EG Type Max
51 Jan- P068 v IP Mod Flight 8 100 | 20 3.29% <105 | 89 | -13.9 [ 75 - - - 25 | 25 | 225 | 3.75 1 1.15 | 1.25 1 1 1
21 Expansion AVIA
19- Dr
52 Jan- POO1 Baseline Wi:g none 8 100 20 1.03% -8.1 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
19- Dr
53 Jan- P0O02 Baseline Wi:g none 22 80 20 2.20% -8.1 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
54 Jan- P042 IP Mod Guard 8 100 20 7.48% -8 -6.1 -8.6 75 = = = 10 2 1.75 2.25 1 1.3 1.65 1 1 1
and New
21 . Xtend
Fluids
19- EG Type Max
55 Jan- P061 v IP Mod Flight 8 100 20 2.06% -8.3 =516 -12.3 75 = = = 35 2.9 2.5 4 1 1.1 1.15 1 1 1
21 Expansion AVIA
19- EG Type
56 Jan- P169 v IP Mod EG106 8 100 20 1.92% -8.56 -6.8 =112l 75 = = = 35 3 2.5 4 1 1 1.05 1 1 1
21 Expansion
20- EG Type ChemR
57 Jan- P137 v IP- EG IV 8 100 20 2.20% -8.56 -6.5 .7 25 = = = 70 3 2.5 4 1 1.05 1.05 1 1 1
21 Expansion
20- HE 1y Defrost
58 Jan- P110 v IP- EG 4 8 100 20 3.29% -8.2 -6.7 -10.4 25 = = = 70 2.5 2.25 3.7 1 1 1.1 1 1 1
21 Expansion
20- EG Type P/ Max
59 Jan- P0O59 v Flight 8 100 20 5.77% -8.2 =72 -8.3 25 = 25 = 40 3 2.5 5 1.15 1.15 5 1 1 2
. ZR-
21 Expansion AVIA
20- Dr
60 Jan- POO1 Baseline Wir\{g none 8 100 20 0.62% -12.2 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
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APPENDIX D

Log Of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o Tz o
' g | &
< | &5 I B = = z
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“ N < 2 = E -3 B P e @ | @ | Els |35 | 5| ¢
B 5 [ ° 5 z c 22 © 5 © ® &= g0 ) 2 = E) =
s 8 3| & | 8| = |£]|8%| 8] 2s I I S - B - -
= [ 8 e E] & @ < ° O ] -2 = H 5 5 2 5
= 3 [ 5 < 22 @ o< o & o o e 2
& 2 s s 8 = £ £ o = o« = S
i £ by 2 = = a N =
85 ¢ |¢
ES < <
20- Dr
61 Jan- P002 Baseline Wi:g none 22 80 20 1.65% -12.2 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
20- EG Type 1P-/ Max
62 Jan- P0O65 v SN- Flight 8 100 20 3.36% -12.1 -10.2 -13.4 25 10 e e 30 2.35 2.25 3.75 1 1.15 1.6 1 1 1
21 Expansion AVIA
20- EG Type L "
63 | Jan- | P200 Y% ':Nf CIeaEréVmg 8 100 | 20 | 4.87% 123 | 100 | 133 | 25 | 10 | - - | 30 | 295 | 255 | 3.85 1 1.65 | 2.25 1 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 2.25 3.9 1 1.2 1.75 1 1.05 1.1
21 Expansion
21- EG Type 1P- Safewing 2.27
65 Jan- P094 v ZR- EG IV 8 100 20 5.15% -13.1 SR -10.3 25 = 25 = 30 3 '5 5 1 1 5 1 1 5
21 Expansion NORTH
21- EG Type 1P- Max
66 Jan- P067 v ZR- Flight 8 100 20 7.00% -13 £.9 -10.1 25 = 25 = 30 2.75 2.4 5 1 1.1 5 1 1 5
21 Expansion AVIA
21- EG Type
67 Jan- P148 v I;;*/ CgrgrR/R 8 100 20 7.48% -12.9 £.5 £).7 25 = 25 = 30 3 2.5 5 1.1 1.75 5 1 1.5 5
21 Expansion
21 V-IE;\I/iz:tliZn 1P-/ Polar
68 Jan- P0O39 nd New SN- Guard 8 100 20 9.40% -13 -10.5 =117 25 10 = = 15 2.25 2 3.25 1.15 1.9 2.1 1.1 1.15 1.5
21 ana e Xtend
Fluids
21- D
69 Jan- POO1 Baseline Wirr:/g none 8 100 20 0.21% -8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
21- Dr
70 Jan- P002 Baseline Wir\{g none 22 80 20 0.62% -8 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
21- EG Type P/
7 Jan- P165 v SN- EG106 8 100 20 3.16% <71 4.3 .9 25 10 = = 50 2.75 2 4 1 1.05 2.25 1 1 1.1
21 Expansion
21- EG Type P/ Max
72 Jan- P0O57 v SN- Flight 8 100 20 2.33% -6.7 -3.8 -9.4 25 10 e e 50 3 25 4 1 1.15 1.5 1 1 1
21 Expansion AVIA

APS/Library/Projects/300293 (TC Deicing 2020-21)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
Final Version 1.0, July 22

D-6




APPENDIX D

Log Of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)
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L 8 3 o = 5 @ c 5 O 5 [ [ £ 5 = 2 =
fis 2 fro 5 < 2o @ o< o & o« o« i 2
p & s s 8 5 £ £ o z « o g
o H = = « N X
Q& o w
o5 o o
> >
ES < <
22- EG Type "
73 | Jan- | Pios v P Ceating | g | 100 | 20 | 6.52% 45 | 28 59 |25 | - | 25| - |40 | 3 2.5 5 1 1 5 1 1 5
21 Expansion
22- EG Type
74 | Jan- | P140 v ! CremR 8 | 100 | 20 | 9.88% 21 | 22 | 47 |25 | - |25 | - |40 | 3 2.6 5 1 1 5 1 1 5
21 Expansion
22- EG Type L
75 Jan- P140 v ';Rf %?’RIR 8 100 | 20 | 12.83% -2 -1.6 47 | 25 - 25 - 35 | 2.75 | 2.15 5 1 1 5 1 1 5
21 Expansion
22- ECRIVES IP-/ ChemR
76 Jan- P140 v ZR- EG IV 8 100 0 2.26% -3.08 -2.5 -6.2 25 = 25 = 40 3 2.65 4.5 1 1.05 2.25 1 1 1.25
21 Expansion
24- Dr
77 Jan- POO1 Baseline Wi:g none 8 100 20 -0.96% -10.9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
24- Dr
78 Jan- P0O02 Baseline Wi:g none 22 80 20 0.21% -10.9 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
25- EG Type P/ Max
79 Jan- P066 v 7D Flight 8 100 20 5.56% -12.1 -10.4 -11.3 25 = 13 = 30 3 2.85 5 1 1 5 1 1 5
21 Expansion AVIA
25- EG Type .
80 | Jan- | P201 v P | Ceaine | s | 100 | 20 | 6.73% 25 | 107 | 112 [ 25 | - | 13| - | 30 | 25 | 25 5 1 115 | 5 1 105 | 5
21 Expansion
25- EG Type IP
81 Jan- P177 v Mod/Z EG106 8 100 20 2.61% -12.4 £ =128 75 = 13 = 10 2.6 2.5 3.45 1 1.1 1.3 1 1.05 1.05
21 Expansion D
25- EG Type IP Safewing
82 Jan- P096 v Mod/Z EG IV 8 100 20 3.98% -11.9 -10.5 -13.4 75 = 13 = 15 3 3 4 1 1.05 2.5 1 1 1.35
21 Expansion D NORTH
25- EG Type IP Max
83 Jan- P069 v Mod/Z Flight 8 100 20 3.36% -11.8 -10.1 =133 75 = 13 = 15 2.75 2.65 4 1 1.1 1.5 1 1 1.1
21 Expansion D AVIA
25- Dr
84 Jan- POO1 Baseline Wir\{g none 8 100 20 2.06% -7.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
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APPENDIX D

Log Of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o Tz o
gz z &
= § @ o) ° ® — — =
5 2 ] £ = 3 S | || =z|
£ 8 o ° N S 2 o _ @ o F p < =
o = =
“ N < 2 = E -3 B P e @ | @ | Els |35 | 5| ¢
? = T ° E z c 82 © 5 © [ = 20 S &) 2 E) =
o =] " 2 o ] S Qv > e c 5 Eg E< 5 o o b o
- 8 3 % 3 5l @ g Z6 g 5| e A IO T I
fis 2 fro 5 < 2o @ o< o & o« o« i 2
" = g og3 s |5 |5 |[=|3|&8|=]|%
* S & o = i
o5 o o
> >
ES < <
25- Dr
85 Jan- P002 Baseline Wi:g none 22 80 20 2.95% -7.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
25- EG Type P Max
86 Jan- P062 v Mod/Z Flight 8 100 20 3.57% -7.2 5.7 -10.8 75 e 13 e 20 2.65 25 4 1 1 2.5 1 1 1
21 Expansion D AVIA
25- EG Type 13
87 Jan- P170 v Mod/Z EG106 8 100 20 7.41% -6.8 -5.5 -10.3 75 = 13 = 25 2.5 2.5 5 1 1.05 5 1 1 2.1
21 Expansion D
25- ECRES 1 ClearWin
88 Jan- P197 v Mod/Z EG 9 8 100 20 7.14% -6.7 -4.6 -10.1 75 = 13 = 20 2.95 2.6 5 1 1.05 4.5 1 1 2
21 Expansion D
e Lo | e
89 Jan- P0O36 and New Mod/Z Guard 8 100 20 6.59% -6.4 -4.7 -8.0 75 = 13 = 10 2.5 2.25 3 1 1.75 2 1 1 1.4
21 H D Xtend
Fluids
26- EG Type 1P- Safewing
20 Jan- P0O85 v 7D EG IV 8 100 20 6.93% -6.3 -4.5 =743 25 = 13 = 40 2.65 2.25 4.5 1 1 4.75 1 1 2.5
21 Expansion NORTH
26- EG Type
91 Jan- P112 v ";3/ D:ér(zst 8 100 20 3.91% -6.2 -4.4 =743 25 = 13 = 40 2.7 2.5 4.5 1 1 3.25 1 1 2.5
21 Expansion
26- EG Type .
92 | Jan- | P83 v P | Ceaine | s | 100 | 20 | 7.76% 61 | 49 | 75 |25 [ - | 13| - |40 | 265 | 25 5 1 1 5 1 1 5
21 Expansion
26- D
93 Jan- POO1 Baseline Wirr:/g none 8 100 20 1.30% -4.6 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
26- Dr
94 Jan- P002 Baseline Wir\{g none 22 80 20 2.13% -4.6 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
26- EG Type Defrost
95 Jan- P115 v IP Mod EeG‘:ls 8 100 20 3.16% -4.5 2.7 .9 75 = = = 35 2.75 2.55 4 1 1 1.05 1 1 1
21 Expansion
26- EG Type ChemR
96 Jan- P142 v IP Mod EG IV 8 100 20 2.75% -4.5 -3.8 -9.3 75 e e e 35 3.25 2.75 4 1 1 1.15 1 1 1
21 Expansion
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APPENDIX D

Log Of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

o Tz o
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£ =] o ° N S 2 o _ @ o F p < =
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“ N < 2 = E -3 B P e @ | @ | Els |35 | 5| ¢
@ s [ B s z c e - = © ° a* S5 S > E) 3 E
S8 3| 2 | 8| = [£|5° ¢8| s I I S - B - -
- 8 3 % 3 5l @ g Z6 g 5| e A IO T I
fis 2 frs 5 < 2o @ o< o 2 o« < i 2
& 2 s ¢ 2 = £ £ o = o« = S
i == by 2 = = a N =
3 i o o
> >
ES < <
27- EG Type
97 | Jan- | P11 v o/ Pefrost | 8 | 100 | 20 | 3.36% 44 | 36 | 94 |25 | 10| - | - |50 | 275 | 25 4 1 105 | 135 | 1 1 1
21 Expansion
27- EG Type "
98 | Jan- | P12 v ol Ceaing | g | 100 | 20 | 3.29% 42 | 37 | 86 |25 | 10| - | - [ 50| 34 | 25 4 | 1as | 1as | 175 | 1 1 1.75
21 Expansion
27- EG Type "
99 | Jan- | P191 Y% 1P- CIeaEréVmg 8 100 | 20 | 2.61% 43 | 36 79 | 25 | - - - | 70 | 28 2.5 4 1 1 1.05 1 1 1
21 Expansion
27- EG Type IP ChemR
100 Jan- P143 v Mod/Z EG IV 8 100 20 7.34% -4.6 -3.9 -9.56 75 = 13 = 20 3.05 2.55 4.5 1.1 1.05 4 1 1 2.5
21 Expansion D
27- Dr
101 Jan- POO1 Baseline Wi:g none 8 100 20 1.24% -4.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
27- Dr
102 Jan- P0O02 Baseline Wi:g none 22 80 20 0.96% -4.4 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
27- EG Type Max
103 Jan- P0O56 v IP- Flight 8 100 20 1.30% -6.1 -3.8 -8.9 25 = = = 70 3 2.5 4 1 1 1 1 1 1
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 1 1.05 1.3 1 1 1
21 Expansion
28- EG Type IP Defrost
105 Jan- P116 v Mod/Z :Gr(:f 8 100 20 3.64% <71 -6.2 =1l@L) 75 = 13 = 20 2.7 2.5 4.5 1 1 2 1 1 1
21 Expansion D
28- EG Type L
106 | Jan- | P113 % 'ZPR_’ Dgg‘:f‘ 8 100 | 20 | 5.83% 7.5 7.3 80 | 25 | - |25 | - | 40 | 275 | 25 5 1 1 5 1 1 1
21 Expansion
28- EG Type
107 | Jan- | P140 v ! Chems 8 | 100 | 20 | 7.07% 82 | 71 [ 75 |25 | - | 25| - a0 |3 | 28 5 |13 [ 125 | 5 | 105 | 105 | 155
21 Expansion
28- EG Type
108 | Jan- | P140 v ! Chems 8 | 100 | 20 | 8.03% 87 | 74 | 75 |25 | - |25 | - |40 | 3 3 5 |13 [ 175 | 5 11 | 125 | s
21 Expansion
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APPENDIX D

Log Of Tests Conducted with Thin High Performance Wing Section — RJ Wing (cont’d)

3} 2 a
Bl _ 2 &
N 3 0 o ° o — = = _ =
< 2 & i = o 8 S| | 5| E|E
£ 8 o =) N o @ 2 2 * £ £ i b
= | | 5| & | 8| 5§ |<|3,|¢2]| 8 < O (- - - -
8 8 T o 5 = g o 8 o 5 0 ° g £0 o 2 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 £ g H 2 = | o | N X
SE ° o o
©sS > >
ES < <
28- Dr
109 Jan- POO1 Baseline Wi:g none 8 100 20 0.00% -14.7 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
28- Dr
110 Jan- P002 Baseline Wi:g none 22 80 20 1.72% -14.7 n/a n/a = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
21
28 vTJiZZt'i\Jn 1P-/ Polar
111 Jan- P045 Guard 8 115 20 7.69% -16.2 -14.2 -14.5 25 10 = = 15 2.5 2.3 3 1.05 1.75 2.25 1 1.2 1.6
and New SN-
21 p Xtend
Fluids
28 Valktation IP-/ Polar
112 Jan- P045 Guard 8 115 20 8.37% -16.7 -14.2 -14.5 25 10 = = 15 2.5 2.35 3.1 1.05 1.6 2.1 1 1.15 1.35
and New SN-
21 H Xtend
Fluids
2 Valgaton R
113 Jan- P044 IP- Guard 8 115 20 9.75% -16.3 -14.6 -15.8 25 = = = 30 2.5 2.3 3.25 1 2 2.1 1 1.15 1.8
and New
21 H Xtend
Fluids
29- vanation | Fiud Polar
114 Jan- PO54 Guard 8 100 20 7.00% -16.8 -15.3 -13.0 = = = = = n/a n/a n/a n/a n/a n/a n/a n/a n/a
and New Only
21 . Xtend
Fluids
2 Vargaton e
115 Jan- P046 nd New IP Mod Guard 8 115 20 9.79% -16.9 =512 -16.8 75 = = = 10 2.5 2.35 3.05 1 1.75 2.15 1 1.15 1.5
21 anc e Xtend
Fluids
2 Valgaton e
116 Jan- P0O46 IP Mod Guard 8 115 20 n/a n/a -15.2 n/a 75 = = = 5 2.4 2.2 3 n/a n/a n/a n/a n/a n/a
and New
21 . Xtend
Fluids
29. Type IV
117 | Jan | pogz | Validation | Fluid jClearWing | g | 400 | 20 | 5.23% a7 | 57 | a8 | - | - | - | - | - | va | wa | wa | na | na | na | na | na | na
21 and New Only EG
Fluids
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APPENDIX E

EG WIND TUNNEL DATA USED FOR ANALYSIS TO SUPPORT
DEVELOPMENT OF AN EG ALLOWANCE TIME TABLE






APPENDIX E

Log of Tests for EG Analysis

(3]
ez
= go
c ° 5} £
* ° £ g 2 N a O
* ® S 2 ° S < ° [ ™ o
% 5 [ 5 5 = c 82 ° 5@
) o - 2 @] o 2 Q¥ b= 8 c
= A 3 - E] & @ < 50
= °© 3 = 5 < g
a « & £
[ 5 =
R
20-
21 Jan- P004 IP Validation IP Mod EG106 8 100 20 0.82%
10
20-
22 Jan- P001 IP Validation IP- EG106 8 100 20 0.86%
10
20- IP- /
23 Jan- PO34 IP Expansion S EG106 8 100 20 1.15%
10
21- IP-/
26 Jan- P007 IP Validation o EG106 8 100 20 4.14%
10
21- 1P-/
26A Jan- P007 IP Validation o EG106 8 100 0 1.29%
10
29-
67 Jan- P0O16 IP Validation IP- EG106 8 100 20 1.06%
10
29-
71 Jan- P019/P031 IP Validation IP Mod EG106 8 100 20 1.81%
10
30-
80 Jan- P028 IP Validation IP- EG106 8 100 20 2.31%
10
02- IP-/
98 Feb- P022 IP Validation . EG106 8 100 20 1.20%
10
23-
26 Jan- P123 IP Data Gap IP Mod EG106 8 100 20 3.07%
1
23-
27 Jan- P121 IP Data Gap IP- EG106 8 100 20 3.21%
1
25 IP- /
45 Jan- P111 IP Expansion SN- EG106 8 100 20 2.35%
1

— [y =
o @ @ —~ = = £
= g pl £l s| 5| = E
B o __ @ ~ B ~ £
K €5 | Els|s| 5]
3 E= g9 2| 2| 2| 5 |F
2 o = g% ] 2 3 8 @
1} -2 = = T T = >
4] > o o o 4 I 2
< s s e F| &= g
g &5
e |¢
z 2
-5.9 N/A -10.10 75 - - - 25 2.0 2.2 4.0 1.2 1.0
-6.8 -4.30 -8.50 25 - - - 50 1.8 2.0 4.0 1.0 1.0
-6 -3.40 -9.00 25 10 - - 40 2.3 2.2 4.0 1.5 1.0
-5.8 -3.10 -6.20 25 - 25 - 25 2.2 1.7 4.7 4.0 3.5
-5.9 -2.80 -6.20 25 - 25 - 25 1.8 2.0 1.9 1.0 1.0
-19.3 14.70 -15.00 25 - - - 30 2.2 2.2 3.2 1.8 1.2
-21.4 16.60 -17.20 75 - - - 10 2.3 2.3 2.8 1.8 1.2
-22.9 16.70 -18.50 25 - - - 30 2.5 2.2 3.0 1.7 1.0
-14.1 -9.50 -8.40 25 - 25 - 10 2.0 2.0 2.5 1.3 1.0
-25.4 21.00 -21.00 75 - - - 10 2.4 2.4 3.0 1.5 1.1
-26.4 20.50 -21.30 25 - - - 30 2.4 2.4 3.0 1.5 1.1
-19.4 13.40 -15.70 25 10 - - 15 2.3 2.0 3.0 1.3 1.0
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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= . s 2 = E g |z s | 85 & ol s | s|s|=|5|¢8
% I T o s = c 32 Py 5 @ £ £0 EJ 2 2 E) =
o =} o 2 (¢} e} g QX =) - c S Sho BE s o © 5
= 2 5 = S i @ c - O b [ [ =1 5 = 8 <
i © 2 I 4 < 2 q @ 2 > & < < & 2
(= o 2 g o = £ £ o z [ '3 e
ot - < = = = 17} N X
S & o i}
o5 o S}
> >
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25 Type IV Fluid
51 Jan- PO23A P! Val IB- EG106 8 100 20 1.64% -16.2 -8.00 -12.90 25 - - - 30 2.2 2.0 2.8 1.0 1.2 1.3 1.0 1.0 1.1
11 :
s0- IP- /
78 Jan- P105 IP Expansion SN- EG106 8 100 20 2.67% -16.3 -10.70 -14.20 25 10 - - 25 2.7 2.2 4.0 1.0 1.6 1.8 1.0 1.0 1.2
11
& IP Expansion / IP-/
126 Feb E16 P EG106 18 100 20 7.24% -15.5 -11.60 -9.40 25 = 25 = 40 3.7 3.0 4.3 1.2 1.5 5.0 1.0 1.2 5.0
1 CL Max ZR-
30- Fluid Tests -
124 Jan- E17 o IP Mod EG106 8 100 20 1.83% 9.8 - - 75 - - - 25 | 24 | 22 | 38 [ 10 | 1.1 | 1.2 | 1.0 | 1.0 | 1.0
12 Repeatibility
30- Fluid Tests -
125 Jan- E17 uld 1 ests IP Mod EG106 18 100 20 1.69% -10.4 = = 75 = = = 25 2.3 2.2 3.8 1.0 1.1 1.1 1.1 1.0 1.0
12 Repeatibility
21- IP- /
310 Jan- P065 IP Expansion SN- EG106 8 115 20 2.00% -23.1 -16.40 -18.66 25 10 = = 15 1.7 1.7 2.3 1.0 1.3 1.5 1.0 1.1 1.3
14
21- IP- /
311 Jan- P065 IP Expansion SN- EG106 8 100 20 4.06% -23.9 -21.00 =19.56 25 10 = = 15 1.9 1.9 2.3 1.1 1.5 1.7 1.0 1.1 1.2
14
19- Type IV
10 Jan- P082 Validation and IP- LNT E450 8 100 20 5.82% -16.8 -14.52 -15.08 25 = = = 30 2.2 2.2 2.6 1.0 1.3 1.7 1.0 1.0 1.2
16 New Fuids
19- Type IV
1 Jan- P083 Validation and IP Mod LNT E450 8 100 20 5.97% -17.1 -14.72 -15.50 75 = = = 10 2.0 2.2 2.6 1.1 1.3 1.8 1.0 1.0 1.2
16 New Fuids
19- Type IV
13 Jan- P083 Validation and IP Mod LNT E450 8 100 20 6.43% -17 -14.57 -15.18 75 = = = 10 2.2 2.2 2.6 1.1 1.4 2.2 1.0 1.0 1.3
16 New Fuids
20- Type IV 1P-/
20 Jan- P079 Validation and ZR- LNT E450 8 100 20 4.90% -8.9 -7.18 =777 25 = 25 = 10 1.8 2.0 2.0 1.0 1.1 1.5 1.0 1.0 1.0
16 New Fuids
20- Type IV 1P-/
21 Jan- P080 Validation and SN- LNT E450 8 100 20 5.35% -9.2 -7.00 -2.22 25 10 e = 15 1.7 2.0 2.4 1.0 1.4 1.7 1.0 1.0 1.2
16 New Fuids
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APPENDIX E

Log of Tests for EG Analysis (cont’d)

3} Tz o
8z = e
g £ ) e e B B P i -+
. ° ] £ 2 et s £ E I B E
*® g o ° - o @ ° _ @ o s € B =
" N s 2 = 3 Z | o ) =i 2 o9 S | S|l =] 5|8
] 5 [ © 5 3 c 28 © = ° g= g0 =) ] o ) =
o o - 2 o o S g% > S c s 2 T & © o bt ®
= 2 3 = = s < - O @ =2 = 5 T © 5 5
] 3 [y 5 < 2o « o o c o o o 2
S 2 s e = £ £ o z o« = 8
s £ by 2 = = a N =
SE o o
S >
R < <
25- Type IV 1P-/
68 | Jan PO73 Validation and ! INTE450 | 8 100 | 20 | 3.11% 67 | 325 | 638 | 25 | - | 25| - | 25 | 20 | 20 | 23| 10| 10| 11| 10 | 10 | 1.0
16 New Fuids
25- Type IV
69 | Jan PO72 Validationand | IPMod | LNTE450 | 8 100 | 20 | 3.30% 66 | 257 | 980 | 75 | - - - | 25 | 23| 25 | 40 | 10 |14 | 19| 10| 10| 10
16 New Fuids
26- Type IV
76 | Jan- PO74 Validationand | IP-/R- | LNTE450 | 8 100 | 20 | 4.28% 4 098 | 413 | 25 | - - | 25| 25 | 13| 13| 3210|1111 |10]|10] 10
16 New Fuids
30- Type IV L
8 Jan- PO14 Validation and ! ChemREG | g 100 | 20 | 3.21% 96 | 787 | 847 | 25| - | 25| - |10 |13 |15 |22 10| 10| 15| 10] 10|12
18 New Fuids
30- Type IV
9 Jan- PO16 Validation ang | 1P | ChemREG | g 100 | 20 | 2.36% 94 | 840 | 1133 | 78 | - | 13| - | 7 |15 |17 | 23| 10| 12| 15|10 10|12
18 New Fuids
30- Type IV
12 | Jan- PO12 Validation and e ChemREG | g 100 | 20 | 2.48% 104 | 783 | 1160 | 25 | 10 | - - |15 | 18| 173310121510 10] 10
18 New Fuids
30- 10 ChemR EG
13 | Jan- PO15 Validation and | IP Mod i 8 100 | 20 | 1.86% 1 900 | 1307 | 75 | - - - | 10| 18| 20| 23|10 |13 |15 |10 10] 12
18 New Fuids
30- 10 ChemR EG
16 | Jan- PO17 Validation and IP- i 8 100 | 20 | 2.60% 42 | 1197 | 1513 | 25 | - - - | 30 | 20| 20|28 |10 1214|1010/ 12
18 New Fuids
30- Type IV .
17 | Jan- PO18 Validation and o ChemREG | g 100 | 20 | 3.36% 5.2 | 1337 | 1523 | 25 | 10 | - - |15 | 20| 20| 28|10 | 13|15 |10 10] 12
18 New Fuids
31 170 ChemR EG
18 | Jan- PO19 Validation and | IP Mod j 8 100 | 20 | 271% 57 | 1377 | 1663 | 75 | - - - | 10| 20| 18|28 |10 |12|16 |10 10] 12
18 New Fuids
31 EG Type IV ChemR EG
31 | Jan P177 D WD IP- j 8 100 | 20 | 1.80% 108 | 870 | 1227 | 25 | - - - |50 | 23| 27|39 1012|1610 10] 10
18 B
1-
32 | Feb P179 EE?(T;":O': IP-/ZD Che’IT\‘,REG 8 100 | 20 | 5.43% 102 | 817 | 997 | 25 | - [ 13| - [ 3 | 25| 25 |40 | 10| 10| 50|10 10] 15
18 B
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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1-
33 | Feb- P178 ECNEcld =g CEniEe | g 100 | 20 | 3.68% 9.7 710 | 1033 | 25 | 10 | - - | 50| 29 | 25| 43| 10| 16| 40| 10| 10| 38
18 Expansion SN- v
1- Type IV
39 | Feb- PO10 Validation and 'P/"’F'*"d ChemREG | g 100 | 20 | 7.21% 4.2 327 | 700 | 75 | - - | 75 | 10| 22| 22|47 | 10|10 50| 10] 10] 50
18 New Fuids
1 IR ChemR EG
40 Feb- P003 Validation and IP- o 8 100 20 | 1.28% 7.4 470 | -1050 | 25 | - a - | 50 | 25 | 25 |35 [ 10| 11| 13|10 10| 1.2
18 New Fuids
2 EG Type IV ChemR EG
42 Feb- P181 D IP Mod em 8 100 20 | 2.29% 11 -8.80 | -14.23 | 75 | - a - | 25 | 26 | 28 |40 [ 10| 11| 1.7 [ 10 ] 10| 11
18 Expansion v
2 EG Type IV 1P-/ ChemR EG
43 Feb- P180 L 8 100 20 | 5.76% 133 | <1087 | 1070 | 25 | - [ 25 | - | 30 | 33 | 28 | 50 | 1.8 [ 1.1 | 5o | 1.0 | 1.0 | 50
18 Expansion ZR- v
22- R Y Max Flight
15 Jan- P020 Validation and P- b Al 8 100 20 | 5.66% 21.2 | -21.30 | -22.60 | 25 | - - - |3 | 2020|3010 17]|20]10]10] 11
. AVIA
19 New Fluids
22- =l Max Flight
16 Jan- P021 Validation and IP Mod b Al 8 100 20 | 553% 211 | -22.27 | 2310 | 75 | - - - 10 | 20 | 20 [ 27 | 1.0 | 15 | 20 | 1.0 | 1.0 | 1.1
. AVIA
19 New Fluids
22- =l Defrost
17 Jan- P124 Validation and P- =Y 8 100 20 | 6.72% 221 | -21.63 | -23.43 | 25 | - - - | 3 | 20| 20|25 |10 |15 ]| 20]10]|10] 12
19 New Fluids
22- R 1Y Defrost
18 Jan- P125 Validation and 1P Mod =Y 8 100 20 | 6.62% 21.7 | -22.80 | -22.70 | 75 | - . = 10 | 20 | 20 [ 27 | 10| 14 | 21| 10|10 |12
19 New Fluids
23 170 Max Flight
31 Jan- P00S Validation and IP Mod g 8 100 20 | 1.92% 4.9 593 | 1367 | 75 | - . - | 25 | 23 | 25|35 |10 |10 ]| 11|10 | 10] 10
) AVIA
19 New Fluids
23 e N7 Defrost
32 Jan- P112 Validation and IP Mod i 8 100 20 | 2.49% 4.5 583 | 1373 | 75 | - . - | 25 | 23 | 23|35 |10 | 10| 12|10 10] 10
19 New Fluids
24- T2 N7 Defrost
36 Jan- P111 Validation and IP- / R- i 8 100 20 | 1.44% 0.0 -1.90 660 | 25 | - - | 25 | 25 | 15 | 15 | 20 | 10| 10|10 | 10| 10] 10
19 New Fluids
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APPENDIX E

Log of Tests for EG Analysis (cont’d)

(3] T 3
s =0
s | 29 | @ 2 slz|lz=|=]|%
s 2 « i > z 2 2 = s £ g E
*® o o =) N o @ 2 b £ £ i >
« | . | = 2 | 5 | £]|s.|28]| 8 S I - - - - (-
% I T o s = c 32 Py 5 @ ° g £0 E) 2 2 E) S
e e % & o = 2 8% | 2| 36 g S 3 C T T I e
2 [S] % 2 @ 2 3 2 2 = 5 ® S 5 2
[ o o o Ea [ o o «© 4 o i @
& 2 S IR = £ £ o = o« = S
s £2 < 2 = = a N =
3% ° o o
o35 > >
R < <
29- Type IV "
a1 | Jan- PO18 Validation and Pl VA || g 100 | 20 | 4.33% 49 | 1617 | 1773 | 25 | 10 | - - | 15| 20| 20|25 |11 |12|13 |10 10]| 11
. SN- AVIA
19 New Fluids
29- Type IV 1P-/ Defrost
42 Jan- P122 Validation and 8 100 20 5.15% -13.7 -15.27 | -16.97 | 256 | 10 - - 15 | 25 | 25 | 28 [ 1.0 | 1.1 1.3 [ 1.0 | 1.0 [ 1.1
. SN- EG 4
19 New Fluids
29- Type IV 1P-/ Defrost
43 Jan- P118 Validation and 8 100 20 4.36% -12 -13.50 [ -13.70 | 25 - 25 - 10 [ 20 | 20 | 25 [ 1.0 | 1.0 [ 1.2 | 1.0 | 1.0 | 1.0
. ZR- EG 4
19 New Fluids
30- 170 N/ IP-/ Max Flight
46 Jan- PO14 Validation and 8 100 20 2.95% -10.7 -14.30 [ -13.90 | 25 - 25 - 10 [ 23 | 20 | 25 [ 1.0 | 1.0 | 1.1 1.0 | 1.0 | 1.0
. ZR- AVIA
19 New Fluids
19- Type IV Safewing
3 Jan- P020 Validation and IP Mod EG IV 8 100 20 2.41% -12.3 -12.30 | -17.28 | 75 - - - 0 [ 22 | 19 [ 33 [ 10| 10 |15 | 10 | 10| 1.0
20 New Fluids NORTH
19- Type IV Safewing
4 Jan- PO18 Validation and IP- EG IV 8 100 20 2.48% -13.4 | -13.30 | -16.68 | 25 - - - 30 [ 20| 19| 30 |10 ]| 10| 15| 10| 10| 1.0
20 New Fluids NORTH
20- Type IV P/ Safewing
5 Jan- PO19 Validation and & EG IV 8 100 20 2.84% -14 -14.12 | 1652 | 25 | 10 - - 15 | 20 [ 1.9 | 29 | 1.0 | 11 1.5 | 1.0 | 1.0 | 1.0
20 New Fluids NORTH
20- EG Type IV Safewing
6 Jan- PO73 = ynpin IP Mod EG IV 8 100 20 2.25% -14.7 -14.63 | 1853 | 75 - - - 25 | 3.1 30 [ 40 | 10 [ 11 | 24 | 10 | 1.0 | 10
20 T NORTH
20- Safewing
EG Type IV
7 Jan- PO71 s IP- EG IV 8 100 20 2.79% -15.7 -15.47 | -18.09 | 25 - - - 50 [ 2.3 | 21 [ 40 | 1.0 | 1.1 1.7 | 1.0 | 10 | 14
20 T NORTH
20- EG Type IV ChemR EG
1 Jan- P127 DS IP Mod 8 100 20 2.11% -12.5 -11.93 [ -17.25 | 75 - - - 25 [ 33 | 27 | 40 | 10| 14|17 | 10] 11 1.1
20 Expansion 1\
20- EG Type IV IP-/ ChemR EG
12 Jan- P126 PES 8 100 20 3.19% -13.4 | -14.21 | -16.53 | 25 [ 10 - - 30 [ 24 | 24 | 40 | 1.0 | 1.7 | 21 1.0 | 11 1.3
20 Expansion SN- 1\
20- EG Type IV
13 Jan- P154 PES IP Mod EG106 8 100 20 1.09% -14.1 -14.56 | -18.28 | 75 - - - 25 | 3.1 27 | 40 | 1.0 | 11 1.5 [ 1.0 | 1.0 [ 1.1
20 Expansion
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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= '3 = ° 8 = £ £ w® = o« g
) e < = = = 7] N (5 %
= SE © o o -
©5 > >
R < <
21- EG Type IV IP-/
14 Jan- P153 D EG106 8 100 20 1.95% -14.4 | <1477 | 1707 | 25 | 10 - - 30 | 25 | 23 | 40 | 10 | 14 | 1.7 | 10 | 1.1 | 1.2
20 Expansion SN-
21- EG Type IV Defrost
15 Jan- P100 Ybe IP Mod elros! 8 100 20 2.83% 145 | -14.90 | -1853 | 75 - - - 25 | 30 | 30 | 40 | 10| 12| 1.7 | 10 | 10 | 10
20 Expansion EG 4
21- EG Type IV IP-/ Defrost
16 Jan- P099 Uk 8 100 20 | 3.42% 5.3 | -15.40 | -17.59 | 25 [ 10 | - - |8 | 25| 23|38 |10 11| 14]|10]10] 11
20 Expansion SN- EG 4
21- EG Type IV Safewing
19 Jan- PO57 ot IP- EG IV 8 100 20 | 0.83% 3.8 5.76 | -1049 | 25 | - a - | 70 | 28 | 22 |40 | 10| 10| 10| 10| 10|10
20 © NORTH
21- Safewing
20 Jan- PO58 EE(iTaynp:o';’ ';'qf EG IV 8 100 20 | 1.53% 3.6 577 | -1074 | 25 | 10 | - - 50 | 30 | 25 [ 40 | 1.0 | 1.1 [ 1.3 | 10 | 1.0 | 1.0
20 © NORTH
22- EG Type IV Safewing
21 Jan- P062 it IP Mod EG IV 8 100 20 | 1.27% 3.7 -6.06 | -13.07 | 75 - - - | 3 | 33|28 |40 |10 10|11 [10]10] 10
20 © NORTH
22- Safewing
22 Jan- PO60 EE(iTynp?'r\" 'ZP;‘_/ EG IV 8 100 20 | 4.67% 3.8 -6.23 -8.01 | 25 - | 25| - |4 | 30| 22|50 10| 10]50]|10]10] 50
20 T NORTH
22- Safewing
23 | Jan- PO63 S 0 B 1P EG IV 8 100 | 20 | 0.85% 36 584 | 1155 [ 75 | - | 13| - | 20 | 30 | 26 | 40| 10| 10| 14 | 10| 10 | 10
Expansion Mod/ZD
20 NORTH
11- Type IV ClearWi
10 Jan- P004 Validation and IP- eaErGlng 8 100 20 1.44% 0.4 0.67 527 | 25 - - - 50 | 20 | 16 | 38 | 1.0 [ 1.0 [ 11 | 10| 10 | 10
21 New Fluids
12 EG Type IV IP Mod ClearWin,
13 Jan- P198 DS 9 | 8 100 20 | 13.04% 0 -0.47 190 | 92 | - - | 75 | 20 | 35 | 34 [ 5.0 | 23 | 10 | 45 | 1.1 | 10 | 45
21 Expansion /R EG
12 EG Type IV IP Mod ClearWin
14 Jan- P198 PES 9 | 8 100 20 | 7.14% 0.2 -0.50 353 | 92 | - - | 75 | 15 | 30| 29 | 50| 10| 10| 40| 10| 10| 40
21 Expansion /R EG
12 EG Type IV IPMod | Max Flight
17 Jan- P063 PES J 8 100 20 3.16% 0.4 1.23 420 | 92 - - 756 | 15 | 27 | 20 | 40 | 10 | 10 | 38 | 1.0 | 1.0 | 3.2
21 Expansion /R AVIA
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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= i3 o 93 = £ £ w = o« = g
ot - < = = = n N X
3% ° o o =
©S > >
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12- EG Type IV IP Mod Defrost
18 Jan- P117 D © olros! 8 100 20 5.42% 0.2 -0.27 510 | 92 - - 756 | 15 | 20 | 14 | 50 | 10 | 1.0 | 40 | 1.0 | 1.0 | 3.9
21 Expansion /R EG 4
12- EG Type IV IP Mod
19 Jan- P171 Ybe © EG106 8 100 20 | 11.74% 0 -0.30 427 | 92 - - 756 | 15 | 27 | 29 | 50 | 10 | 10 | 45 | 1.0 | 1.0 | 45
21 Expansion /R
13- EG Type IV IP Mod
20 Jan- P171 Uk EG106 8 100 0 5.90% 0.2 -0.20 -4.33 92 - - 75 | 156 | 25 | 24 | 50 | 1.0 | 1.0 | 1.0 | 1.0 | 10 | 10
21 Expansion /R
13- EG Type IV IP Mod
21 Jan- P171 D ° EG106 8 100 0 2.13% 0.4 0.23 450 | 92 | - - | 75 |12 | 18| 20| 43| 10| 10|11 ]| 10| 10] 10
21 Expansion /'R
13- Safewing
22 Jan- P090 ECHEcld ighiod EG IV 8 100 20 | 6.66% 0.5 0.70 357 | 92 | - - | 75 | 15 | 32 |30 | 50| 10| 11|40 10| 10] 40
Expansion /'R
21 NORTH
13- EG Type IV ClearWin,
23 Jan- P195 L IP- / R- e 8 100 20 3.09% 0.7 0.00 -4.37 32 - - 25 | 25 | 1.8 | 1.3 | 50 | 1.0 | 1.0 | 3.8 [ 1.0 | 1.0 | 35
21 Expansion EG
13- EG Type IV IPMod | ChemREG
26 Jan- P144 L 8 100 20 2.33% 0.5 1.77 -2.43 92 - - 75 | 15 | 29 | 256 | 40 | 1.0 | 1.0 | 3.0 [ 1.0 | 1.0 | 1.5
21 Expansion /R v
13- EG Type IV IP Mod
27 Jan- P171 D © EG106 8 100 20 1.85% 0.7 1.40 3.60 | 92 - - 75 | 15 | 23 | 20 | 40 | 10 | 1.0 | 20 [ 1.0 | 1.0 | 1.3
21 Expansion /R
14- EG Type IV IP Mod
30 Jan- P171 D © EG106 8 100 20 1.85% 0.7 2.47 3.60 | 75 - - 75 | 20 | 27 | 24 | 40 | 10 | 1.0 | 16 | 1.0 | 10 | 10
21 Expansion /R
15- EG Type IV IP Mod
31 Jan- P171 DS EG106 8 100 20 1.85% 0.7 0.87 -4.27 75 - - 75 | 15 | 1.4 | 20 | 35 | 1.0 | 1.0 | 1.3 [ 1.0 | 1.0 | 10
21 Expansion /R
15- EG Type IV IP Mod ClearWin
32 Jan- P198 PES J 8 100 20 1.03% 0.7 1.23 -1.80 | 75 - - 75 | 20 | 3.0 | 29 | 40 | 10 | 1.0 | 1.2 [ 1.0 | 1.0 | 1
21 Expansion /R EG
15- EG Type IV IP Mod Defrost
33 Jan- P117 PES 8 100 20 2.33% 0.6 1.33 -4.53 75 - - 75 | 20 | 20 | 1.7 | 50 | 1.0 | 1.0 | 23 [ 1.0 | 1.0 | 11
21 Expansion /R EG 4
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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o35 > >
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15- EG Type IV IP Mod Defrost
34 Jan- P117 D © olros! 8 100 0 1.58% 0.5 0.50 447 | 785 - - 756 | 20 | 20 | 1.7 | 50 | 10 | 10 | 1.2 | 10 | 1.0 | 1.0
21 Expansion /R EG 4
15- EG Type IV IP Mod Defrost
35 Jan- P117 Ybe © elros! 8 100 20 2.33% 0.4 0.37 540 | 75 - - 756 | 15 | 16 | 1.3 | 43 | 10| 10 | 1.3 | 10 | 1.0 | 11
21 Expansion /R EG 4
17- gz I/ ClearWin
38 Jan- P09 Validation and IP Mod e g 100 20 | 1.99% 4.5 360 | -1013 | 75 | - a - | 25 | 23 | 22 |38 [ 10| 10| 10| 10| 10| 10
21 New Fluids
17- Type IV L .
39 Jan- P005 Validation and Pl G | g 100 20 | 281% 5 -5.37 977 | 25 | 10 | - - |40 | 30| 23|38 |10 15| 23|10 10]10
; SN- EG
21 New Fluids
18- Type IV .
40 Jan- P007 Validation and 124 Galing || g 100 20 | 7.28% 5.8 -5.87 750 | 256 | - |25 | - | 25 | 25 | 21 | 5.0 | 1.0 | 10 [ 5.0 | 1.0 | 1.0 | 5.0
. ZR- EG
21 New Fluids
18- Type IV .
41 Jan- P007 Validation and L>g GEITE | g 100 0 1.65% 6.7 -5.70 787 | 25 - | 25| - | 25 | 25| 20|33 | 10| 10|16 10]10] 11
. ZR- EG
21 New Fluids
18- EG Type IV ClearWin,
42 Jan- P196 L IP Mod "9 g 100 20 | 2.20% 7.3 610 | -11.50 | 75 - - - | 3 | 35| 29|40 |10 ]| 81| 18101011
21 Expansion EG
19- EG Type IV Max Flight
48 Jan- P64 D P- e e 8 100 20 2.54% -9.53 7.90 | -12.23 | 25 - - - 50 | 20 | 20 [ 35 | 1.0 | 10 [ 1.3 | 1.0 | 1.0 | 1.0
21 Expansion AVIA
19- EG Type IV ClearWi
49 Jan- P199 D IP- BRI 8 100 20 2.68% 9.8 860 | -11.57 | 25 - - - 50 | 21 | 20 | 37 [ 10 | 11 [ 14 | 10| 10 | 10
21 Expansion EG
19- EG Type IV
50 Jan- P176 DS IP Mod EG106 8 100 20 | 2.20% 102 | 770 | 1357 | 75 | - - - | 25 | 25 | 23 | 38 [ 10| 10| 12 |10 ]| 10| 10
21 Expansion
19- EG Type IV Max Flight
51 Jan- P68 PES IP Mod J 8 100 20 | 3.29% 106 | -890 | -1390 | 75 | - - - | 25 | 25 | 23 | 38 [ 10| 12| 13 [ 10| 10| 10
21 Expansion AVIA
19- EG Type IV Max Flight
55 Jan- P061 PES IP Mod J 8 100 20 2.06% -8.3 557 | -12.33 | 75 - - - 35 [ 29 | 25 | 40 | 10 | 1.1 | 12 | 10 | 1.0 | 1.0
21 Expansion AVIA
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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19- EG Type IV
56 Jan- P169 PES IP Mod EG106 8 100 20 1.92% -8.5 6.77 | -12.10 | 75 - - - 3 [ 30 | 25 | 40 | 10 | 10 | 1.1 | 10 | 1.0 | 1.0
21 Expansion
20- EG Type IV ChemR EG
57 Jan- P137 Ybe 1P- em 8 100 20 2.20% -8.5 -6.47 970 | 25 - - - 70 | 30 | 25 | 40 | 10 | 1.1 | 1.1 | 10 | 1.0 | 1.0
21 Expansion v
20- EG Type IV Defrost
58 Jan- P110 Uk IP- 8 100 20 3.29% 8.2 -6.70 | -10.43 | 25 - - - 70 | 25 | 23 | 37 | 10 | 10 | 1.1 | 10 | 1.0 | 1.0
21 Expansion EG 4
20- EG Type IV IP-/ Max Flight
59 Jan- PO59 b ¢ 8 100 20 | 5.77% -8.2 -7.23 830 | 25 | - [ 25 | - |40 | 30| 25 |50 ]| 12| 12|50]10]|10] 20
21 Expansion ZR- AVIA
20- EG Type IV 1P-/ Max Flight
62 Jan- P065 L o 8 100 20 3.36% 121 | 1020 | 1343 | 25 | 10 - - 30 | 24 | 23 | 38 | 10 | 12 | 16 | 10 | 1.0 | 1.0
21 Expansion SN- AVIA
20- EG Type IV IP-/ ClearWin
63 Jan- P200 L e 8 100 20 4.87% -12.3 | 1013 | -13.30 | 25 | 10 - - 30 [ 30 | 26 [ 39 | 10| 1.7 | 23 | 10 | 1.1 | 1.3
21 Expansion SN- EG
20- EG Type IV IP-/
64 Jan- P173 L EG106 8 100 20 3.64% 13 -10.10 | -13.33 | 25 | 10 - - 30 [ 26 | 23 | 39 | 10| 1.2 | 1.8 | 1.0 | 1.1 | 11
21 Expansion SN-
21- Safewing
65 | Jan- P094 S 0 B ald EG IV 8 100 | 20 | 5.15% 131 | 1107 | 1033 | 25 | - | 25 | - |30 |30 | 23|50 ]| 10| 10|50/ 10] 10] 50
Expansion ZR-
21 NORTH
21- EG Type IV IP-/ Max Flight
66 Jan- P067 DS o 8 100 20 7.00% 13 -9.87 | -10.10 | 25 - 25 - 30 | 28 | 24 | 50 | 10 | 1.1 | 50 | 1.0 | 1.0 | 5.0
21 Expansion ZR- AVIA
21- EG Type IV IP-/ ChemR EG
67 Jan- P148 DS 8 100 20 7.48% -12.9 -9.53 973 | 25 - 25 - 30 | 30 | 25 | 50 | 1.1 | 1.8 | 50 | 1.0 | 1.5 | 5.0
21 Expansion ZR- 1\
21- EG Type IV IP-/
7 Jan- P165 PES EG106 8 100 20 3.16% 7.1 -5.33 990 | 25 | 10 - - 50 | 28 | 20 | 40 | 10 [ 11 [ 23 | 10 | 10 | 1.1
21 Expansion SN-
21- EG Type IV IP-/ Max Flight
72 Jan- PO57 PES J 8 100 20 2.33% 5.7 -3.83 940 | 25 | 10 - - 50 | 30 | 25 | 40 | 10 [ 1.2 [ 15 | 10 | 10 | 10
21 Expansion SN- AVIA
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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22 EG Type IV IP-/ ClearWin
73 Jan- P194 D caning 8 100 20 6.52% -4.5 -2.83 587 | 25 - 25 - 40 | 30 | 25 | 50 | 1.0 | 1.0 | 50 | 1.0 | 1.0 | 5.0
21 Expansion ZR- EG
22 EG Type IV 1P-/ ChemR EG
74 Jan- P140 M 8 100 20 | 9.88% 2.1 -2.20 470 | 25 | - 25 - 40 | 30 | 26 | 50 | 1.0 | 1.0 | 5.0 | 1.0 | 1.0 | 50
21 Expansion ZR- \%2
22- EG Type IV 1P-/ ChemR EG
75 Jan- P140 Uk 8 100 20 | 12.83% -2 -1.60 473 | 25 - 25 - 3 | 28 | 22 | 50| 10|10 ]| 50|10 10] 50
21 Expansion ZR- v
22- EG Type IV 1P-/ ChemR EG
76 Jan- P140 b 8 100 0 2.26% -3.08 -2.47 520 | 25 - 25 - 40 | 30 | 27 | 45 | 10 | 1.1 | 23 | 10 | 10| 13
21 Expansion ZR- v
25 EG Type IV Max Flight
79 Jan- P66 L IP- / ZD b e 8 100 20 | 6.56% 4121 | -10.37 | -11.30 | 25 - 13 - 30 | 30 | 29 | 50 | 10 | 1.0 | 5.0 | 1.0 | 1.0 | 5.0
21 Expansion AVIA
25 EG Type IV ClearWin,
80 Jan- P201 L IP- / ZD e 8 100 20 | 6.73% <126 | -10.70 | -11.17 | 25 - 13 - 30 | 256 | 25 | 50 | 10 | 1.2 | 50 | 1.0 | 1.1 | 50O
21 Expansion EG
25 EG Type IV P
81 Jan- P177 L EG106 8 100 20 | 2.61% -12.4 953 | -12.87 | 75 - 13 - 10 | 26 | 25 | 35 [ 1.0 | 11 | 13 | 10| 11 | 14
21 Expansion Mod/ZD
25- Safewing
82 | Jan- P096 S 0 B 1P EG IV 8 100 | 20 | 3.98% : 1053 | 1343 | 75 | - | 13| - | 15 | 30 |30 | 40| 10| 11| 25| 10| 10| 14
Expansion Mod/ZD 11.94
21 NORTH
25 EG Type IV 1P Max Flight
83 Jan- P069 D e e 8 100 20 3.36% -11.8 | -10.07 | -13.30 | 75 - 13 - 15 | 28 | 27 | 40 | 10 | 1.1 | 15 | 10 | 1.0 | 11
21 Expansion Mod/ZD AVIA
25 EG Type IV 1P Max Flight
86 Jan- P062 DS o 8 100 20 | 3.57% 7.2 -5.67 | -10.83 | 75 - 13 - 20 | 27 | 25 | 40 | 10 | 1.0 | 25 | 10 | 1.0 | 1.0
21 Expansion Mod/ZD AVIA
25 EG Type IV P
87 Jan- P170 PES EG106 8 100 20 | 7.41% 6.8 5.47 | -10.27 | 75 - 13 - 26 | 25 | 25 | 50 | 1.0 | 1.1 | 5.0 | 1.0 | 1.0 | 21
21 Expansion Mod/ZD
25 EG Type IV P ClearWin
88 Jan- P197 PES J 8 100 20 7.14% 6.7 463 | -10.13 | 75 - 13 - 20 | 30 | 26 | 50 | 1.0 | 1.1 | 45 | 1.0 | 1.0 | 2.0
21 Expansion Mod/ZD EG
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APPENDIX E

Log of Tests for EG Analysis (cont’d)
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26- EG Type IV Safewing
90 Jan- PO85 PES IP- / ZD EG IV 8 100 20 6.93% 6.3 -4.53 -7.83 25 - 13 - 40 | 27 | 23 | 45 [ 1.0 | 1.0 | 48 | 1.0 | 1.0 | 25
Expansion
21 NORTH
26- EG Type IV Defrost
91 Jan- P112 M IP- / ZD 8 100 20 3.91% 6.2 -4.43 -7.83 25 - 13 - 40 | 27 | 256 | 45 [ 1.0 | 1.0 | 33 | 1.0 | 1.0 | 25
21 Expansion EG 4
26- EG Type IV ClearWin,
92 Jan- P193 M IP- / ZD & 8 100 20 7.76% -6.1 -4.87 -7.47 25 - 13 - 40 | 27 | 256 | 5.0 | 1.0 | 1.0 | 50 | 1.0 | 1.0 | 5.0
21 Expansion EG
26- EG Type IV Defrost
95 Jan- P115 b IP Mod 8 100 20 | 3.16% 4.5 2.73 993 | 75 | - - - | 35 | 28 | 26|40 |10 |10]| 11|10 10] 10
21 Expansion EG 4
26- EG Type IV ChemR EG
96 Jan- P142 L IP Mod 8 100 20 2.75% 4.5 -3.80 -9.33 75 - - - 3 | 33 | 28 | 40 |10 ] 10| 12|10 10] 10
21 Expansion v
27- EG Type IV IP-/ Defrost
97 Jan- P111 L 8 100 20 3.36% 4.4 -3.60 -9.37 25 [ 10 - - 50 | 2.8 | 25 [ 40 | 1.0 | 1.1 1.4 | 1.0 | 1.0 | 1.0
21 Expansion SN- EG 4
27 EG Type IV IP-/ ClearWin
98 Jan- P192 L e 8 100 20 3.29% 4.2 -3.67 -8.60 25 [ 10 - - 50 | 34 | 25 [ 40 | 1.2 [ 1.2 | 1.8 | 1.0 | 1.0 | 1.8
21 Expansion SN- EG
27 EG Type IV ClearWin,
99 Jan- P191 DS IP- & 8 100 20 2.61% 4.3 -3.63 -7.93 25 - - - 70 | 28 | 25 | 40 | 1.0 [ 1.0 | 1.1 1.0 | 1.0 | 1.0
21 Expansion EG
27 EG Type IV 1P ChemR EG
100 Jan- P143 DS 8 100 20 7.34% 4.6 -3.87 -9.54 75 - 13 - 20 | 3.1 26 | 45 | 1.1 11 | 40 | 1.0 | 1.0 | 25
21 Expansion Mod/ZD v
27 EG Type IV Max Flight
103 Jan- PO56 DS IP- o 8 100 20 1.30% 5.1 -3.83 -8.93 25 - - - 70 | 30 | 25 | 40 | 1.0 | 10 [ 1.0 | 1.0 | 1.0 | 1.0
21 Expansion AVIA
27 EG Type IV
104 Jan- P164 PES IP- EG106 8 100 20 3.09% 6.1 -5.17 -9.37 25 - - - 70 | 26 | 2.4 | 40 | 1.0 | 11 1.3 | 1.0 | 1.0 | 1.0
21 Expansion
28 EG Type IV P Defrost
105 Jan- P116 PES 8 100 20 3.64% 7.1 -6.20 -10.87 [ 75 - 13 - 20 | 27 | 25 | 45 [ 1.0 | 1.0 | 20 | 1.0 | 1.0 | 1.0
21 Expansion Mod/ZD EG 4
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APPENDIX E

Log

of Tests for EG Analysis (cont’d)
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28- EG Type IV IP-/ Defrost
106 | Jan- P113 UL 8 100 20 | 5.83%
21 Expansion ZR- EG 4
28 EG Type IV IP-/ ChemR EG
107 | Jan- P140 Uk 8 100 20 | 7.07%
21 Expansion ZR- v
28- EG Type IV IP-/ ChemR EG
108 | Jan- P140 Uk 8 100 20 | 8.03%
21 Expansion ZR- v
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-7.5 -7.27 -8.03 25 = 25 = 40 2.8 2.5 5.0 1.0 1.0 5.0 1.0 1.0 1.0
-8.2 -7.10 -7.53 25 = 25 = 40 3.4 2.8 5.0 1.4 1.3 5.0 1.1 1.1 1.6
-8.7 -7.43 -7.47 25 = 25 = 40 3.0 3.0 5.0 1.4 1.8 5.0 1.1 1.3 5.0
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