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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 evaluate fluid holdover times for snow at temperatures below -14°C;

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

e To conduct wind tunnel testing to support the development of guidance material for
operating in ice pellet conditions;

e To conduct additional testing and analysis for very cold snow to determine appropriate
generic holdover times;

e To conduct preliminary research for the development of temperature-specific snow
holdover time data;

e To conduct general and exploratory de/anti-icing research;
e To finalize the publication of 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.

The research activities of the program conducted on behalf of Transport Canada during the
winter of 2018-19 are documented in four reports. The titles of the reports are as follows:

e TP 15425E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program
for the 2018-19 Winter;

e TP 15426E Regression Coefficients and Equations Used to Develop the Winter
2019-20 Aircraft Ground Deicing Holdover Time Tables;

e TP 15427E Aircraft Ground Icing General Research Activities During the 2018-19
Winter; and

e TP 15428E Wind Tunnel Trials to Support Further Development of Ice Pellet
Allowance Times: Winters 2017-18 and 2018-19.

In addition, the following interim report is being prepared:

e Artificial Snow Research Activities for the 2018-19 Winter.

This report, TP 15428E, has the following objective:

e To conduct research in the 3 m x 6 m Open-Circuit Icing Wind Tunnel with a thin

high-performance wing section and an LS-0417 wing section to further support and
develop the anti-icing fluid Ice Pellet Allowance Times.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Under contract to Transport Canada (TC) with support from the Federal Aviation
Administration (FAA), APS Aviation Inc. (APS) has undertaken a research program
to advance aircraft ground de/anti-icing technology.

As part of a larger research program, APS conducted a series of full-scale wing tests
in the National Research Council Canada (NRC) 3 m x 6 m Icing Wind Tunnel (IWT)
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 winters of 2017-18 and
2018-19 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 (LOUT);

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

e Evaluate Type Ill fluid Ice Pellet Allowance Times at 80 knots using the
LS-0417 low speed airfoil, which required additional calibration /
characterization testing with the support of National Aeronautics and Space
Administration (NASA).

In addition, baseline dry wing tests were conducted daily as well as following system
changes to validate the repeatability of the wind tunnel. One heavy contamination
test was also conducted.

Conclusions and Recommendations

Type IV testing conducted during the winters of 2017-18 and 2018-19 validated the
current Type IV allowance times for use with the following fluids:

e CHEMCO Inc. ChemR EG IV;

e Clariant Produkte (Deutschland) GmbH Max Flight AVIA;

e (Clariant Produkte (Deutschland) GmbH Max Flight SNEG;

e COksayd Co. Ltd. Defrost ECO 4; and

e QOksayd Co. Ltd. Defrost EG 4.

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/TP 15428E Final Version 1.0.docx
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EXECUTIVE SUMMARY

Planned testing could not be completed for two fluids, Clariant Produkte
(Deutschland) GmbH Safewing EG IV NORTH and Inland Technologies ECO-SHIELD,
and, therefore, should be reconsidered during the next testing campaign.

EG fluid testing and an analysis of historical data indicated a potential for longer
allowance times for EG fluids exists in most of the allowance time cells. Additional
data and analysis is required to substantiate the results.

Testing with the LS-0417 indicated a good potential to develop low speed allowance
times for Type Ill fluids. Discussions with the SAE International (SAE) G-12
Aerodynamics Working Group (AWG) are suggested in order to validate the
methodologies proposed to move forward with developing guidance material.

It is expected that industry discussions related to snow allowance times will continue
at the SAE G-12 AWG.

The results of the validation, EG expansion, and low speed Type lll testing did not
require any changes to the current Ice Pellet Allowance Times or supporting
guidance. As such, no changes were issued to the Ice Pellet Allowance Times
published in the holdover time (HOT) guidelines for the winter of 2018-19 and
2019-20.
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SOMMAIRE

SOMMAIRE

En vertu d'un contrat avec Transports Canada (TC), avec |'appui de la Federal
Aviation Administration (FAA), APS Aviation Inc. (APS) a entrepris des activités de
recherche visant a faire progresser les technologies associées au dégivrage et a
I’antigivrage 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 les hivers 2017-2018 et
2018-2019 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 (LOUT) ;

e Possiblement élargir 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 ; et

e Evaluerles marges de tolérance pour les liquides de type |l dans des conditions
de granules de glace a une vitesse de 80 noeuds au moyen du profil d’aile
LS-0417 a basse vitesse, lequel nécessitait des essais d’étalonnage et de
caractérisation supplémentaires avec |'appui de la National Aeronautics and
Space Administration (NASA).

En outre, des essais de référence sur aile seche ont été réalisés quotidiennement et
apres chaque changement apporté aux systémes afin de valider la répétabilité de la
soufflerie. Un essai avec forte contamination a aussi été mené.

Conclusions and recommandations

Les essais menés durant les hivers 2017-2018 et 2018-2019 sur des liquides de

type IV ont permis de valider les marges de tolérance actuelles a utiliser avec les
liquides qui suivent :
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e ChemR EG IV de CHEMCO inc. ;

e Max Flight AVIA de Clariant Produkte (Deutschland) GmbH ;
e Max Flight SNEG de Clariant Produkte (Deutschland) GmbH ;
e Defrost ECO 4 d’'Oksayd Co. Ltd ; et

e Defrost EG 4 d’'Oksayd Co. Ltd.

Des essais prévus n’ont pas pu étre réalisés pour deux liquides, soit Safewing EG IV
NORTH de Clariant Produkte (Deutschland) GmbH et ECO-SHIELD d’Inland
Technologies. lls devraient par conséquent étre examinés de nouveau durant la
prochaine campagne d’essais.

A la lumiére des essais réalisés sur les liquides a base d’éthyléne glycol et d’une
analyse des données historiques, les marges de tolérance pour ces liquides pourraient
étre augmentées dans la plupart des cellules. Des données et analyses
supplémentaires sont nécessaires pour corroborer les résultats.

Des essais menés sur le profil d’aile LS-0417 ont démontré un bon potentiel de
développement des marges de tolérance a basse vitesse pour les liquides de type lll.
Il est recommandé de discuter avec le groupe de travail G-12 de la SAE sur
I’aérodynamisme afin de valider les méthodologies proposées pour aller de I'avant
dans |’élaboration des lignes directrices.

Il est attendu que les discussions au sein du secteur se poursuivront quant aux
marges de tolérance dans des conditions de neige et aux marches a suivre dans le
cadre du groupe de travail de la SAE sur I'aérodynamisme du comité international sur
les liguides de la SAE.

Aucun changement n‘a dd étre apporté aux marges de tolérance actuelles pour les
granules de glace ou aux lignes directrices connexes en raison des résultats des
essais de validation, d’élargissement des marges pour les liquides a base d’éthylene
glycol et sur les liquides de type lll a basse vitesse. Par conséquent, aucun
changement n'a été apporté aux marges de tolérance pour les granules de glace
publiées dans les lignes directrices sur les durées d’efficacité pour les hivers
2018-2019 et 2019-2020.
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1. INTRODUCTION

1. INTRODUCTION

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

Prior to the 1990s, aircraft ground de/anti-icing had not been extensively researched.
However, following several ground icing related incidents in the late 1980s, an
aircraft ground icing research program was initiated by Transport Canada (TC). The
objective of the program is to improve knowledge, 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 2018-19 in
support of the aircraft ground icing research program. Each major project completed
as part of the 2018-19 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 evolved to
a more controlled environment with the NRC 3 m x 6 m Icing Wind Tunnel (IWT),
also in Ottawa.
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1. INTRODUCTION

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

The work continued each year, and the test methods and equipment improved,
allowing for real-time data analysis, better repeatability, and overall greater
confidence in the results. The work conducted by TC/FAA was presented by APS to
the SAE International (SAE) G-12 Aerodynamics Working Group (AWG) and the HOT
Committee yearly since 2006. Additional presentations were also given at the AWG
in May 2012 and May 2013 by National Aeronautics and Space Administration
(NASA) and the NRC that focused on the extensive calibration and characterization
work performed with a generic thin high-performance airfoil. This work 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-Ilcing 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 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.

Testing was once again focused on the development of Ice Pellet Allowance Times
for the winter of 2013-14 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 (EASA)-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.

For the winters of 2017-18 and 2018-19, research resumed. This report contains
the findings from these two years of research. Note that an abbreviated test report
of the 2017-18 research was included as a section of the TC report, TP 15398E,
Aircraft Ground Icing General Research Activities During the 2017-18 Winter (2) as
an interim documentation of results in anticipation of this report; this report now
replaces that section.
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1. INTRODUCTION

1.2 Program Objectives

A wind tunnel testing program was developed for the winters of 2017-18 and
2018-19 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 (LOUT);

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

e Evaluate Type Ill fluid Ice Pellet Allowance Times at 80 knots using the
LS-0417 low-speed airfoil, which required additional calibration and
characterization testing with the support of NASA.

In addition, baseline dry wing tests were conducted daily as well as following system
changes to validate the repeatability of the wind tunnel. One heavy contamination
test was also conducted.

The statement of work for these tests is provided in Appendix A.
Table 1.1 and Table 1.2 demonstrates the groupings for the global set of tests
conducted at the wind tunnel during the winters of 2017-18 and 2018-19 on the RJ

wing and LS-0417 wing models. Objective #10 has not been reported on, as this
was primarily exploratory.

Table 1.1: Summary of 2017-18 and 2018-19 RJ Wing Tests by Objective

Objective # Objective # of
Runs
1 Baseline (Dry wing) 27
2 Type IV IP AT Validation (New Fluids) 57
3 EG Expansion 5
4 Type lll (Support Tests for LS-0417 Airfoil) 2
Total 91
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Table 1.2: Summary of 2017-18 LS-0417 Wing Tests by Objective

Objective # Objective :u‘;fs
5 Baseline (Dry Wing) 4
6 Clean Wing Sweeps (Calibration and Characterization) 10
7 Roughness (Calibration and Characterization) 20
8 Boundary Layer Rake (Calibration and Characterization) 12
9 Type Il IP AT Validation at 80 Knots 17
10 R&D (Heavy Contamination) 1
Total 64

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 lll 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.

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;

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/TP 15428E Final Version 1.0.docx
Final Version 1.0, October 20
4



1. INTRODUCTION

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

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

e) Section 6 describes the results from the LS-0417 airfoil testing for developing
low-speed Type lll allowance times;

f) Section 7 provides a summary of the TC/FAA supported participation in the
Airlines for America (A4A)-led project to investigate snow allowance times;
and

g) Section 8 provides a summary of the conclusions and 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

For the first year, ten days of testing were conducted over a period of two weeks
starting January 29, 2018, and ending February 9, 2018. The following year, six
days of testing were conducted over a period of two weeks starting January 21,
2019, and ending January 30, 2019.

Setup and teardown time was kept to a minimum and was done during the first two
hours on the first day of testing and during the last two hours on the last day of
testing. Testing days were selected based on weather. Table 2.1 and Table 2.2
present the calendar of wind tunnel tests performed. It should be noted that the tests
listed comprise all the tests conducted, which also includes the tests pertaining to
other objectives not discussed in this report. 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: 2017-18 Calendar of Tests

Date
(Start date of overnight) # of Tests Run

January 29, 2018 7
January 30, 2018 10
January 31, 2018 14
February 1, 2018 10
February 2, 2018 2
February 5, 2018 16
February 6, 2018 12
February 7, 2018 14
February 8, 2018 12
February 9, 2018 10

Total 107
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2. METHODOLOGY

Table 2.2: 2018-19 Calendar of Tests

Date
(Start date of overnight) # of Tests Run

January 21, 2019 14
January 22, 2019 10
January 23, 2019 8
January 24, 2019 5
January 29, 2019 6
January 30, 2019 5

Total 48

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 was as follows:

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; and

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

The procedures for the 2017-18 and 2018-19 wind tunnel trials are included in
Appendix B and Appendix C, respectively. The procedures include details regarding
the test objectives, test plan, procedure and methodology, and pertinent information
and documentation.
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2. METHODOLOGY

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
the same 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.

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 where the limits of the
allowance times are (i.e., it may require 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 with
other fluids; this is done using limited spot checks with multiple fluids. This 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 within 1-2 years of the fluid being available on the market. At a
minimum, testing is conducted in a subset of the conditions; the allowance times are
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2. METHODOLOGY

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 Methodology for Low-Speed Testing

Low-speed testing at 80 knots or lower is primarily done using the LS-0417 airfoil.
Some limited preliminary testing has been conducted at lower speeds using the RJ
type airfoil; however, the lower speeds at rotation are not representative of what
that wing would typically encounter. Therefore, whenever possible, the LS-0417
sections should be used for lower speed testing. The general testing methodologies,
including fluid application and calibration, remain the same for both airfoils.

2.5 Wind Tunnel and Airfoil Model Technical Overview

The following sections describe the wind tunnel and major components.

2.5.1 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.
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Figure 2.2: Schematic of NRC Montreal Road Campus

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

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

A cross sectional view of the thin high-performance wing section used for testing
has been included in Figure 2.3; the dimensions indicated are in meters. Some of the
pertinent dimensions of the wing section are:

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

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

2.5.3 NASA LS(1)-0417 Design Characteristics

A cross sectional view of the NASA LS(1)-0417 wing section used for low-speed
testing has been included in Figure 2.5. Some of the pertinent dimensions of the
wing section are:

e Chord length not including flap: 1.8 m (6 ft.); and
e Width: 2.4 m (8 ft.).

Figure 2.5: NASA LS(1)-0417 Wing Section

The wing section was fitted with a Fowler flap; however, the flap position was fixed
at 15° and was not changed during testing. No moveable devices were available on
the wing section.

End plates were installed on the wing section to eliminate the “wall effects” from
the wind tunnel walls (aerodynamic interference caused by the walls on an airfoil
spanning the wind tunnel) and to provide a better aerodynamic flow-off above the
test area. Figure 2.6 demonstrates the end plates installed on the NASA LS(1)-0417
wing section.
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Figure 2.6: End Plates Installed on NASA LS(1)-0417 Wing Section

2.5.4 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 (2in. 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.

2.5.5 Wind Tunnel Measurement Capabilities

The wing section was supported on either side by 2-axis weigh scales capable of
measuring drag and lift forces generated on the wing section. The wing section was
attached to servo-systems capable of pitching the wing section to a static angle or
generating dynamic movements. The servo-system was programmed to simulate
pitch angles during takeoff and climb-out based on operational aircraft flight profiles.

The wing section was also equipped with eight resistance temperature detectors
(RTDs); these were installed by NRC personnel) recording the skin temperature on
the leading edge (LE), mid-chord (MID), trailing edge (TE), and under-wing (UND).
RTDs were placed along a chord 0.5 m (1.5 ft.) in pairs 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);
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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 2.7 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:

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

Wind speed; and

o & wbd =

Relative humidity.

RTD MID

j

RTD UND

Figure 2.7: Location of RTDs Installed Inside Thin High-Performance Wing
It should be noted that the location of the RTDs in the LS-0417 wing section were
positioned in similar locations.
2.6 Simulated Precipitation

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

1. lce Pellets;

2. Snow;
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3. Freezing Rain/Rain; and

4. Other conditions related to HOTs.

2.6.1 Ice 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.

2.6.2 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.

2.6.3 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 in order 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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2.6.4 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 2.8 demonstrates the HOT
testing rate precipitation 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 2008-09:

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. Moderate Freezing Drizzle: 5-13 g/dm?/h;
5. Light Rain: 13-25 g/dm?/h;
6. Moderate Rain: 25-75 g/dm?/h;
7. Light Snow: 4-10 g/dm?/h; and
8. Moderate Snow: 10-25 g/dm?/h.
< ROCSW >
ED 1
< ZR - <
FOG |
[ | | |
[ 2 13 | [ I 75
0 5 10 15 20 25 30
(g/dm?/h)

Figure 2.8: Precipitation Rate Breakdown
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2.7 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.

2.7.1 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 cameras
were used for wide-angle filming of fluid flow-off during the test runs. Photo 2.9 and
Photo 2.10 demonstrate the camera setup used for the testing period.

2.7.2 Refractometer/Brixometer

Fluid freezing points were measured using a hand-held Misco 10431VP refractometer
with a Brix scale (shown in Figure 2.9). The freezing points of the various fluid
samples were determined using the conversion curve or table provided to APS by the
fluid manufacturer.

Figure 2.9: Hand-Held Refractometer/Brixometer

2.7.3 Wet Film Thickness Gauges

Wet film thickness gauges, shown in Figure 2.10, 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 (toward
the end of a test). The observer recorded a thickness value (in mils), as read directly
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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.

OCTAGON
WET FILM THICKMESS GAGE
.4 MiL TO 400 MIL

MWL B OL IT WL W AT DO
WET FILM THICKNESS GAUGE [

on 8 e e net
Troa

TEEEE LR

Figure 2.10: Wet Film Thickness Gauges

2.7.4 Temperature Sensor

When required, wing skin temperature and fluid temperature were measured using a
Wahl digital heat-probe thermometer Model 392Vxc. A surface temperature probe
was used for wing skin temperature measurements (however, generally the
wing-mounted RTDs were used), and an immersion probe was used for measuring
and monitoring fluid temperatures.

2.8 Personnel

During the fluid testing and exploratory research testing, four APS staff members
were required to conduct the tests, and four 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 NASA, TC, and the FAA provided direction
in testing and participated as observers. Photo 2.12 and Photo 2.13 show a portion
of the research team (due to scheduling, not all participants were available for the
photos).

2.9 Data Forms

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

. 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 gk w DN

Log of Fluid Sample Bottles.

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

2.10 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 D, Appendix E, and
Appendix F for referencing purposes.

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

2.11 De/Anti-Icing Fluids

Eight new fluids were received for wind tunnel testing conducted during the winters
of 2017-18 and 2018-19. Several other fluids remained in inventory from previous
years’ testing. The viscosity of the new fluids received was measured using the
Stony Brook PDVdi-120 Falling Ball Viscometer and 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 2.3.
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Table 2.3: Wind Tunnel Fluid Viscosity Information for 2017-18 and 2018-19 Testing

2013-14 2014-15 2015-16 2017-18 2018-19
o > o~ T 5 = & = o = o = S
E tR 5 23 3% | 550 | 58| 3% |55/ 5¢| 3% |so|5é| 3¢ | go| 58| 3% | 55|58
] c * © ] [ 8 < @& E [ 8 < @ g [ 8 < @ g [ 8 S @ g [ 8 < ® £
2 S < ] 2 228 5> et 5> et 5> et 5> = 5> et
o 5 8 3 S d 28| 23 2d 2E oG 2s | 2E oG 2s| 2E 2 G 25| 2E 2 G 2gs| 2E
2 a a § g 585 2§ | 55 | 52| 2§ | 55| 3| 2§ |F5|Fe| 2§ |s5|5| 2% |35 s¢
5 I B I It BEL S R T L A B I LR
Clariant
Safewing 100/0 DEG(E‘:SA'AB)“OB 2014-15 150 13,600 | 22.4 | 0:26 22.9 | 0:26
MP Il FLIGHT
Dow UCAR™
FlightGuard 75/25 L14-290 (EASA) 2014-15 140 36,000 | 22.0 | 0:48 20.2 | 0:47
AD 49
Cryotech Polar
Guard 50/50 12964 (EASA) 2014-15 100 5320 | 22.4 | 0:03
Advance
K'”"’;}UI:BC'S 100/0 | WT 13-14 ABC-S+ | 2013-14 200 | 19,800 | 21.7 | 0:37 27,100 | 19.5 | 0:32 | 36,200 | 19.7 | 0:49
Dow ;'B"_Tf“ard 100/0 | WT 12-13 AD-49 | 2012-13 180 | 14,100 | 205 | 0:21 13,200 | 19.4 | 0:22 | 13,480 | n/a | nla
Cryotech Polar |4/ WT 13-14 PGA 2013-14 140 | 15,400 | 20.6 | 0:25 16040 | 19.5 | 0:24 | 15,980 | n/a n/a
Guard Advance
AllClear 100/0 TAB15-PB1112 2015-16 40 13,800 | 19.7 | 0:02
AeroClear MAX ! . .
AllClear 100/0 TAB17-1023 2017-18 | 400 16,500 | 19.0 | 0:02
AeroClear MAX ! . .
Inland ECO-
SHIELD 100/0 n/a 2017-18 300 n/a n/a n/a
CHEMCO
ChemR EG IV 100/0 IV 35317-1 2017-18 | 400 46,000 | 19.6 | 0:13
Clariant
MaxFiight avia | 10070 a1 2017-18 | 400 1,838 | 19.6 | 0:08 | 1,980 | 19.2 | 0:09
Clariant
MaxFiight SNEG | 100/ 8 2017-18 | 400 18700 | 19.6 | 0:39 | 19,100 | 19.5 | 0:41
Clariant
Safewing EG IV | 100/0 01819 2018-19 | 400 1,028 | 19.2 | 0:05
NORTH
Oksa‘éde[lef’“t 100/0 #1 (Lot #47) 2018-19 | 400 19,200 | 19.5 | .:8
OksaggoD:f“’St 100/0 #4 (Lot #48) 2018-19 | 300 13,300 | 19.9 | 0:34

Note: Viscosity measured using manufacturer method.
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2.11.1 Viscometer

Historically, viscosity measurements have been carried out using a Brookfield
viscometer (Model DV-1 +, shown in Photo 2.14) 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 (Photo 2.15) to obtain a
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.

2.11.2 Type II/III/IV Fluid Application Equipment

The Type lI/III/IV fluids were stored outside the wind tunnel and were kept at air
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 IlI, lll, and 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 (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 degrees) 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.

2.11.3 Waste Fluid Collection

Using a relatively small test area and applying the fluids by pouring minimized the
amount of fluid falling off the wing. APS personnel used a vacuum to collect the fluid
that would drip onto the tunnel floor prior to each test. The NRC also fitted the wind
tunnel with appropriate drainage tubes to collect spent fluid during the takeoff test
runs. At the end of the testing period, the services of Lacombe Waste Services were
employed to safely dispose of the waste glycol fluid.
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2.12 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 & wbh =

Overall test status.

The evaluation grades for each criterion were “good,” “review,” or “bad.” These
grades were determined based on whether the criteria satisfied each test objective
requirement. Figure 2.11 shows a summary of each test objective and criteria.

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 against the target parameters described in the test plan.
The ramp-up time was also evaluated and compared to the target ramp-up time
determined; this became less of an issue after 2011-12 with the use of the
automated ramp-up system instead of the previous manual system.

2.12.1 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 edge must be equal to 3 or less in order to pass. The flap must have a
rating of 4 or less. For a review grade to be given, the leading and trailing edge 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 edge is considered a fail,
while anything greater than 4.5 on the flap is a fail.
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1. TEST PARAMETERS

2. VISUAL RATINGS AT START OF TEST

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

1 GOOD
1t01.5 REVIEW

4. LIFT LOSS AT 8°

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

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

GREEN
YELLOW

Figure 2.11: Ice Pellet Test Analysis Criteria
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2.12.2 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 in order 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.

2.12.3 Eight Degree Lift Loss

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

2.12.4 Overall Test Status

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

2.12.5 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). During the winters of 2017-18 and 2018-19, 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 NRC Wind Tunnel Facility
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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
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Photo 2.7: Ice Pellet Dispensers Operated by APS Personnel

Photo 2.8: Ceiling-Mounted Freezing Rain Sprayer
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Photo 2.9: Wind Tunnel Setup for Flashes

Photo 2.10: Wind Tunnel Setup for Digital Cameras
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Photo 2.11: Fluid Pour Containers

Photo 2.12: 2017-18 Research Team

R o TPV R pm—
.‘“1ij'{‘:\ll}ﬁ“;:f;!‘.‘ﬁ‘\!‘jm‘hil‘;‘lhm e T L

LR ‘
TR O PO -
- Eal A P

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/TP 15428E Final Version 1.0.docx
Final Version 1.0, October 20
32



2. METHODOLOGY

Photo 2.13: 2018-19 Research Team
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Photo 2.15: Stony Brook PDVdi-120 Falling Ball Viscometer
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3. FULL-SCALE DATA COLLECTED

3.1 Test Log

A calendar of the tests conducted during the winters of 2017-18 and 2018-19 can
be found in Table 2.1 and Table 2.2. A detailed log of the tests conducted in the
NRC IWT during the winters of 2017-18 and 2018-19 are included in Appendix G
and Appendix H for the LS-0417 and RJ wings tested in 2017-18, respectively, and
in Appendix | for the RJ wing testing in 2018-19. Data pertaining to all test objectives
(exploratory research objectives as well) is included in the respective logs. The logs
provide relevant information for each of the tests, as well as final values used for the
data analysis. Each column contains data specific to one test. The following is a brief
description of the column headings for the logs included in Appendix G, Appendix H,

and Appendix I.

Test #:
Test Year:
Objective:

Test Condition:

Fluid Name:

Rotation Angle:

Flap Angle (0°, 20°):

Date:
OAT Before Test (°C):

Exclusive number identifying each test run.
The year in which the test was conducted.
Main objective of the test.

Description of the simulated conditions for
the test.

Aircraft anti-icing fluid used during the test.

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

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.

Date when the test was conducted.

Outside air temperature 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
actual test temperature for analysis.
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Tunnel Temp. Before Test (°C):

Precipitation Rate (Type: [g/dm?3/h]):

Exposure Time:

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.

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

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 2.12.

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

Visual Contamination Rating
at Rotation (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.

Visual contamination rating determined at the
time of rotation:

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
After Takeoff (LE, TE, Flap):

Corrected for 3D Effects C. at 8°:

Corrected for 3D Effects %
Lift Loss On 8° C.vs. Dry Cu:

Speed (kts):

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.

Calculated lift coefficient at the 8° wing
rotation angle position and corrected for 3D
effects; data provided by NRC.

Percent lift loss calculated based on the
comparison of the 8° lift coefficient during the
test run versus the dry wing average lift
coefficient.

Maximum speed obtained during simulated
takeoff run, recorded in knots.
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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 in order 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 during the
winters of 2017-18 and 2018-19 was conducted with the following Type IV EG and
propylene glycol (PG) fluids:

CHEMCO Inc. ChemR EG 1V;

Clariant Produkte (Deutschland) GmbH Max Flight AVIA;
Clariant Produkte (Deutschland) GmbH Max Flight SNEG;
Inland Technologies ECO-SHIELD®;

Oksayd Co. Ltd. Defrost ECO 4; and
Oksayd Co. Ltd. Defrost EG 4.

o o A~ w0 bd =

It should be noted that testing was also planned with the following fluid; however,
due to shipping logistics, the fluid was not received in time for the testing:

1. Clariant Produkte (Deutschland) GmbH Safewing EG IV NORTH.

The fluid sample received late will be stored and made available for the next wind
tunnel trials report expected in the winter of 2019-20.

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

4.1 Allowance Time Table Analysis Format

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

e AA(BB)CCIDDIE

o AA 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 BB is the percentage lift loss calculated based on the comparison of the 8°
lift coefficient during the test run versus the dry wing average lift
coefficient.

o CC is the exposure time of the test in minutes.
o DD is the test number to reference the data in the test logs.

o E is the status of the testing, either “G” for Good, “R” for Review, or “B”
for Bad, as per the guidelines in Subsection 2.12.4. 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.

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. For the detailed test results
and data, reference the log of tests in Appendix G, Appendix H, and Appendix .

4.2 CHEMCO Inc. ChemR EG IV Testing Results

A total of 14 allowance time tests were conducted with ChemR EG IV fluid. As this
was an EG fluid, and it was expected that the fluid would perform well in specific
conditions, so 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 (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 one test (#39) run in Moderate Ice Pellets Mixed
with Rain. During this test (#39), the flap was visually failed at the start of the test,
and the contamination was not removed at the time of rotation; however, the
aerodynamic performance was acceptable. In addition, the test temperature
was -3.5°C, which was well below the 0°C limit specific for this allowance time;
therefore, the test could be considered invalid.

Table 4.2 provides a summary of the tests conducted that served as expansion tests
(the exposure time of the test exceeded the current allowance time). Most tests
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

conducted were acceptable from a visual and aerodynamic perspective; however,
three tests (#33, #32, #43) fell in the “review” or “bad” category. Upon further
review, the tests demonstrated visual failure on the flap portion, which was in the
deployed position for these tests and led to the “review” or “bad” ratings; the
aerodynamic performance was acceptable in all three cases. If the three tests had
been re-run with the flap in the retracted position, it is expected that the visual ratings
would have improved.

Table 4.3 provides a summary of all the tests conducted combined. In general, the
fluid met and exceeded the current allowance times. In the four cases where the
results were in the “review” or “bad” category, the flap deployed position 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 during the
exposure time.

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

Table 4.1: ChemR EG IV Allowance Time Validation Tests

Outside Air Temperature

Precipitation Type Below -5 Below -10 Below -16

5o
5°C and Above to -10°C to -16°C to -22°C2

. . . 30 minutes® . 3
Light Ice Pellets 50 minutes 30 minutes 13(2.6)30[16]G 30 minutes

; R 3
Light Ice Pellets Mixed with Snow 40 minutes _8(125_ STEToIE | B ; g_’:‘l')q‘gﬁsﬂ a
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 minutes
Caution: No
. 10 minutes . allowance
Light Ice Pellets Mixed with Freezing Rain 25 minutes -8(3.2)10[8]G 0 minutes times
. currently
exist
Light Ice Pellets Mixed with Rain 25 minutes*
Moderate Ice Pellets (or Small Hail)® 25 minutes® 10 minutes 10 minutes® 10 minutes’

-10(1.9)10[13]G |-15(2.7)10[181G

Moderate Ice Pellets (or Small Hail)® Mixed with

. i 10 minutes 7 minutes
Freezing Drizzle Caution:
No allowance
Moderate Ice Pellets (or Small Hail)® Mixed with 10 minutes® times currently exist
Rain -3(7.2)10[3918"

* The test temperature was -3.5°C, which was well below the 0°C limit specific for this allowance
time; therefore, the test could be considered invalid.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.2: ChemR EG IV Allowance Time Expansion Tests

Precipitation Type

Outside Air Temperature

Light Ice Pellets

Below -5 Below -10 Below -16
_RO
5°C and Above to -10°C to -16°C to -22°C2
30 minutes

50 minutes

-7(1.3)50[401G
-9(1.8)50[311G

30 minutes®

30 minutes?®

40 minutes

. . . . . 3
Light Ice Pellets Mixed with Snow _5(3.7)50[33]R 15 minutes 15 minutes
. . . . . . 10 minutes
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes -6(5.4)30[32]R
Caution: No
Light Ice Pellets Mixed with Freezing Rain 25 minutes 10 minutes Qminties a"‘:i"r;’;';"e
currently exist
Light Ice Pellets Mixed with Rain 25 minutes®
10 minutes

Moderate Ice Pellets (or Small Hail)®

25 minutes®

-10(2.3)25[42]G

10 minutes®

10 minutes’

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

10 minutes

7 minutes
-8(2.4)7191G

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

10 minutes®

Caution:
No allowance
times currently exist

Table 4.3: All ChemR EG IV Allowance Time 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?
30 minutes 30 minutes?®
Light Ice Pellets 50 minutes -7(1.3)50[401G -13(2.6)30[16]G 30 minutes®
-9(1.8)50[311G .
40 minutes 15 minutes 15 minutes®

Light Ice Pellets Mixed with Snow

-5(3.7)50[33]R

-8(2.5)15[12]G

-12(3.4)15[171G

. . . . . . 10 minutes
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes -6(5.4)30[32]R
Light Ice Pellets Mixed with Freezing Rain 25 minutes 10 minutes Gl

-8(3.2)10[8]G

Light Ice Pellets Mixed with Rain

25 minutes*

Caution: No
allowance
times
currently exist

Moderate Ice Pellets (or Small Hail)®

25 minutes®

10 minutes
-10(2.3)25[42]G
-10(1.9)10[13]G

10 minutes®
-15(2.7)10[181G

10 minutes’

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

10 minutes

7 minutes
-8(2.4)7[91G

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

10 minutes®

Caution:
No allowance
times currently exist
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

4.3 Clariant Produkte (Deutschland) GmbH Max Flight AVIA Testing
Results

A total of five allowance time tests were conducted with Clariant Produkte
(Deutschland) GmbH Max Flight AVIA fluid. Table 4.4 provides a summary of the
tests conducted. Of the tests conducted, three were acceptable from a visual and
aerodynamic perspective; however, two tests (#15, #16) fell in the “review”
category. Upon further review, the two tests demonstrated lift losses that were
higher at 5.7 percent and 5.5 percent, just slightly above the 5.4 percent lower limit
but still well below the 9.2 percent upper limit. It is common for fluids to demonstrate
higher lift losses at colder temperatures; therefore, these results were not of concern.

It was observed that the lift losses were generally low for the three acceptable tests
(#31, #41, #46); this is typical of EG fluids and supports the potential to expand the
allowance times for EG fluids in specific conditions. Further testing is recommended
to support this.

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

Table 4.4: Clariant Produkte (Deutschland) GmbH Max Flight AVIA Allowance Time

Tests
Outside Air Temperature
Precipitation Type -5°C and Below -5 Below -10 Below -16
Above to -10°C to -16°C to -22°C?
. . . 30 minutes®
H 3
Light Ice Pellets 50 minutes 30 minutes 30 minutes -21(5.7)30[15]R
Light Ice Pellets Mixed with Snow 40 minutes 15 minutes 15 minutes®
9 -14(4.3)15[411G
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 minutes
10 minutes Ceuitmi
Light Ice Pellets Mixed with Freezing Rain 25 minutes No allowance
-10(2.9)10[461G . .
times currently exist
Light Ice Pellets Mixed with Rain 25 minutes®
25 minutes® . . 10 minutes’
5 3
Moderate Ice Pellets (or Small Hail) -4(1.9)25[311G 10 minutes 10 minutes -21(5.5)10[16]R
Moderate Ice Pellets (or Small Hail)® Mixed with . .
. . 10 minutes 7 minutes .
Freezing Drizzle Caution:
No allowance
Moderate Ice Pellets (or Small Hail)® Mixed with Rain 10 minutes® U L7
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

4.4 Clariant Produkte (Deutschland) GmbH Max Flight SNEG Testing
Results

A total of seven allowance time tests were conducted with Clariant Produkte
(Deutschland) GmbH Max Flight SNEG fluid. Table 4.5 provides a summary of the
tests conducted. Of the tests conducted, two were acceptable from a visual and
aerodynamic perspective; however, four tests (#13, #22, #28, #47) fell in the
“review” category, and one test (#27) fell in the “bad” category. Upon further review,
the four tests (#13, #28, #47, #22) demonstrated lift losses that were higher at
7.1 percent, 7.2 percent, 6.8 percent, and 8.1 percent, respectively. These results
were above the 5.4 percent lower limit but still below the 9.2 percent upper limit;
however, they were acceptable from a visual perspective. It is common for fluids to
demonstrate higher lift losses at colder temperatures; therefore, these results were
not of concern.

As for test #27, the lift losses exceeded the upper limit at 9.9 percent; however,
further review indicated that the test was conducted at the lower end of the
temperature range, and it was snowing during the test, so the snow was being
sucked into the wind tunnel and was adhering to the leading edge. The test was
re-run as #28 at 115 knots (instead of 100 knots), and it passed with a lift loss of
6.8 percent. Since the original test was conducted at a lower end of the temperature
range, and due to the snow being sucked into the wind tunnel, we could consider
disregarding the test results. If fluid is still available and similar conditions present
themselves during the next wind tunnel test campaign, a re-run of the test should be
considered.

Based on these results, the allowance times were validated for this fluid.

4.5 Inland Technologies ECO-SHIELD® Testing Results

A total of 11 allowance time tests were conducted with Inland Technologies
ECO-SHIELD® fluid. Table 4.6 provides a summary of the tests conducted. As testing
was nearing completion, it was discovered that the fluid samples submitted were not
of mid-viscosity and instead were a combination of lowest and highest on-wing
viscosity fluid samples, likely leftovers from previous fluid qualification testing. The
results indicated that three tests were acceptable from a visual and aerodynamic
perspective, and eight tests fell in the “review” category (some tests targeted longer
allowance times to support a potential expansion). Unfortunately, because the fluid
samples submitted were not of the required fluid viscosity, the results obtained were
not valid. The fluid test results will need to be re-validated will need to be
re-validated; however, recent communication with the fluid manufacturer has
indicated that the fluid may no longer be commercialized. As such, the re-validation
of these test results may not be necessary. Based on these results, the allowance
times are not validated for this fluid; further testing is required if the manufacturer
intends to commercialize this fluid again.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

Table 4.5: Clariant Produkte (Deutschland) GmbH Max Flight SNEG Allowance Time

Tests
Outside Air Temperature
Precipitation Type -5°C and Below -5 Below -10 Below -16
Above to -10°C to -16°C to -22°C?
. ) . 30 minutes®
H 3
Light Ice Pellets 50 minutes 30 minutes 30 minutes -20(7.1)30[13IR
. . . . 15 minutes 15 minutes®
Light Ice Pellets Mixed with Snow 40 minutes -9(6.8)15[28]R
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 minutes
: . Caution:
. . . . . 25 minutes 10 minutes
Light Ice Pellets Mixed with Freezing Rain H(376)25[351G | -13(8.1)10[47IR ) No allowance )
times currently exist
Light Ice Pellets Mixed with Rain 25 minutes*
25 minutes® . 10 minutes® .
N5 7
Moderate Ice Pellets (or Small Hail) -3(4.5)15[34]G 10 minutes 14(7.2)10[22IR 10 minutes
Moderate Ice Pellets (or Small Hail)®* Mixed with . .
. . 10 minutes 7 minutes .
Freezing Drizzle Caution:
No allowance
Moderate Ice Pellets (or Small Hail)® Mixed with Rain 10 minutes® SO Gy O

Table 4.6: Inland Technologies ECO-SHIELD® Allowance Time Tests

Outside Air Temperature

Precipitation Type

Light Ice Pellets

-5°C and Below -5 Below -10 Below -16
Above to -10°C to -16°C to -22°C?
30 minutes

50 minutes

VvV

-8(6.5)50[4A]

0 minutes®
g (6.5)30[201R

30 minutes®

\>
1 @
4&&1 111R

15 minutes®

Light Ice Pellets Mixed with Snow 40 minutes 14(6.4)15[211R
Light Ice Pellets Mixed with Freezing Drizzle 25 mimwges\%:p 10 minutes
QO
~ : Caution:
. . . . . 10 minutes
Light Ice Pellets Mixed with Freezing Rain 2 inutes No allowance
-8(4.8)10[71G . .
times currently exist
Light Ice Pellets Mixed h R &\935 M
ight Ice Pellets Mixed with Rain minutes
N
Q = 10 minutes 10 minutes’
Moderate Ice Pellets (or Small Hail)® 25 minutes® | -7(5.6)15[3IR 10 minutes® -17(8.8)10[22IR
-8(8.9)10[34]R ’
Moderate Ice Pellets (or Small Hail)®* Mixed with 10 minutes 7 minutes
Freezing Drizzle -7(5.8)7[10IR Caution:

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

10 minutes®
-2(4.6)10[38]G

No allowance
times currently exist
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

4.6 Oksayd Co. Ltd. Defrost ECO 4 Testing Results

A total of seven allowance time tests were conducted with Oksayd Co. Ltd. Defrost
ECO 4 fluid. Table 4.7 provides a summary of the tests conducted. Of the tests
conducted, two were acceptable from a visual and aerodynamic perspective;
however, five tests (#14, #23, #26, #40, #48) fell in the “review” category. Upon
further review, the five tests (#14, #23, #26, #40, #48) demonstrated lift losses
that were higher at 8.8 percent, 6.3 percent, 7.8 percent, 7.9 percent, and
7.1 percent, respectively. These results were above the 5.4 percent lower limit but
still below the 9.2 percent upper limit, and they were acceptable from a visual
perspective. It is common for fluids to demonstrate higher lift losses at colder
temperatures; therefore, these results were not of concern.

Based on these results, the allowance times were validated for this fluid.

Table 4.7: Oksayd Co. Ltd. Defrost ECO 4 Allowance Time Tests

Outside Air Temperature

Precipitation Type

-5°C and Below -5 Below -10 Below -16
Above to -10°C to -16°C to -22°C?
. . . 30 minutes?®

; 3
Light Ice Pellets 50 minutes 30 minutes 30 minutes -21(8.8)30[14IR

. . . . 15 minutes 15 minutes®
Light Ice Pellets Mixed with Snow 40 minutes -9(7.8)15[26]R |-16(7.9)15[40]R
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 minutes

10 minutes Caution:

Light Ice Pellets Mixed with Freezing Rain 25 minutes -13(7.1)10[48]R No allowance

times currently exist

; 4
Light Ice Pellets Mixed with Rain 25 minutes

1(2.9)25[371G
25 minutes® . 10 minutes® .
mns 7
Moderate Ice Pellets (or Small Hail) -3(3.5)15[33]G 10 minutes -13(6.3)10[23]R 10 minutes

Moderate Ice Pellets (or Small Hail)® Mixed with . .
. . 10 minutes 7 minutes .
Freezing Drizzle Caution:

No allowance

Moderate Ice Pellets (or Small Hail)® Mixed with Rain 10 minutes® s Ly e

4.7 Oksayd Co. Ltd. Defrost EG 4 Testing Results

A total of six allowance time tests were conducted with Oksayd Co. Ltd. Defrost
EG 4 fluid. Table 4.8 provides a summary of the tests conducted. Of the tests, four
were acceptable from a visual and aerodynamic perspective; however, two tests
(#17, #18) fell in the “review” category. Upon further review, the two tests
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demonstrated lift losses that were higher at 6.7 percent and 6.6 percent,
respectively. These results were above the 5.4 percent lower limit but still below the
9.2 percent upper limit, and they were acceptable from a visual perspective. It is
common for fluids to demonstrate higher lift losses at colder temperatures; therefore,
these results were not of concern.

It was observed that the lift losses were generally low for the four acceptable tests
(#32, #36, #42, #43); this is typical of EG fluids and supports the potential to expand
the allowance times for EG fluids in specific conditions. Further testing is
recommended to support this.

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

Table 4.8: Oksayd Co. Ltd. Defrost EG 4 Allowance Time Tests

Outside Air Temperature

Precipitation Type

-5°C and Below -5 Below -10 Below -16
Above to -10°C to -16°C to -22°C?
. . . 30 minutes®

; 3
Light Ice Pellets 50 minutes 30 minutes 30 minutes -22(6.7)30[17IR
Light Ice Pellets Mixed with Snow 40 minutes 15 minutes 15 minutass

9 -13(5.2)15[421G
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 minutes

10 minutes Caution:

No allowance
times currently exist

Light Ice Pellets Mixed with Freezing Rain 25 minutes

-10(4.4)10[43]G

25 minutes®*

Light Ice Pellets Mixed with Rain 1(1.4)25[36]G

25 minutes®

10 minutes’

N5 : ; 3
Moderate Ice Pellets (or Small Hail) -4(2.5)25[32]G 10 minutes 10 minutes -21(6.6)10[18IR
Moderate Ice Pellets (or Small Hail)® Mixed with . .
. . 10 minutes 7 minutes .
Freezing Drizzle Caution:

No allowance

times currently exist

Moderate Ice Pellets (or Small Hail)® Mixed with Rain 10 minutes®

4.8 Clariant Produkte (Deutschland) GmbH Safewing EG IV NORTH
Testing Results

Fluid samples of Clariant Produkte (Deutschland) GmbH Safewing EG IV NORTH were
received late, and testing could not be completed as a result. It is recommended that
the fluid samples be stored for testing during the next wind tunnel testing campaign,
likely during the winter of 2019-20.
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4. VALIDATION TESTING FOR NEW-TO-MARKET TYPE IV FLUIDS

4.9 Summary of Results

Table 4.9 provides a summary of the results from the validation testing. A total of
five fluids were validated based on the data collected:

1. CHEMCO Inc. ChemR EG IV;
Clariant Produkte (Deutschland) GmbH Max Flight AVIA;
Clariant Produkte (Deutschland) GmbH Max Flight SNEG;

Oksayd Co. Ltd. Defrost ECO 4; and
Oksayd Co. Ltd. Defrost EG 4.

o &~ WD

Two fluids are still outstanding due to the circumstances outside of the control of
the testing program. Of these two fluids, Clariant Produkte (Deutschland) GmbH
Safewing EG IV NORTH should be tested during the next wind tunnel testing
campaign, and Inland Technologies ECO-SHIELD may no longer be commercialized,;
therefore, testing may not be necessary.

Table 4.9: Summary of Ice Pellet Allowance Time Validation Tests

Fluid Status Comments
Potential to extend allowance times.
CHEMCO Inc. ChemR EG IV Validated Further testing recommended in
2019-20.
Potential to extend allowance times.

Clariant Produkte (Deutschland) . . .
GmbH Max Flight AVIA Validated Further expansion testing

recommended in 2019-20.
. Consider re-running test in Light Ice
C'arg;tbm\‘ﬂj;’)':tﬁ”(?\‘:“;ECEh(';a”d) Validated | Pellets Mixed with Snow in Below -5
¢ to -10°C in 2019-20.
Incorrect fluid samples submitted.
Inland Technologies . Manufacturer indicated may no longer
ECO-SHIELD® Not Validated commercialize; therefore, testing may
not be required.

Oksayd Co. Ltd. Defrost ECO 4 Validated None.

Potential to extend allowance times.
Oksayd Co. Ltd. Defrost EG 4 Validated Further expansion testing

recommended in 2019-20.
Clariant Produkte (Deutschland) Fluid received late; therefore, could

GmbH Safewing EG IV NORTH Not Validated not test. Tesztgm‘lggrz%ommended in
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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 may have an operational advantage of longer
Ice Pellet Allowance Times in specific conditions. The industry requested that the
possibility of EG fluid-specific Ice Pellet Allowance Time tables be investigated due
to potentially longer allowance times specific to these fluids. As such, an analysis of
historical EG data was conducted, and some preliminary testing with EG fluids was
performed, with the objective to identify or conduct tests which supported longer
times for EG fluids.

5.1 Analysis of EG Fluid Allowance Times

An analysis was conducted based on the EG fluids tested during the winters of
2017-18 and 2018-19, as well as historical testing that occurred between 2009 to
2017. The data included a mix of tests that were done for allowance time
development, validation, and expansion. The analysis included five fluids:

ChemR EG IV;

Max Flight AVIA;

UCAR™ Endurance EG106 De/Anti-Icing Fluid;
LNT E450; and

Defrost EG 4.

o & wbhd =

The analysis identified individual tests that either met or exceeded the existing
allowance times and had good aerodynamic and visual performance indicating a
potential margin for longer allowance times. All tests were performed with the RJ
thin high-performance wing section. The individual fluid-specific results were
analysed and then combined, as the objective aimed at developing a generic EG table
(not EG fluid-specific tables).

Table 5.1 demonstrates, through highlighted colours, every allowance time cell
where EG fluid data exists (either from one or multiple fluids). The coloured highlights
describe the following:

1. The longest time tested that showed a positive result;

2. The “+ " sign and green highlight indicate there was still capacity to go beyond
the longest time tested. This is based on lift loss performance and visual
evaluation of contamination (as per usual wind tunnel procedure); and
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5. POSSIBLE EXTENSION OF ALLOWANCE TIMES FOR EG FLUIDS

3. The “ok” and yellow highlight indicates the performance is nearing the ceiling
for that cell.

It should be noted that there were no tests that failed aerodynamically or visually,
and hence all tests fell within the “good” or “review” category based on the
evaluation criteria described in Subsection 2.12. In fact, the lift losses recorded at
the time of rotation were generally low and ranged from 1 percent to 7 percent, with
the majority of the results falling below 5 percent.

The results of the analysis in Table 5.1 indicate that, from a generic EG fluid
perspective, all of the cells indicate a potential for longer allowance times, with the
exception of two cells (Moderate Ice Pellets -5°C and above and Below -16°C
to -22°C) where the margin may be limited, and two cells where no data was
available. In all other cells, the data collected was either conducted with an exposure
time equal to the allowance time and indicated a margin to expand or was conducted
with an exposure time longer than the allowance time and showed a margin to
expand or, at a minimum, an acceptable result. Appendix J provides some more
detailed information on the individual fluid test results.

Based on these preliminary results, a potential for longer allowance times for EG
fluids exists in most of the allowance time cells. If there is an industry demand for
this type of guidance, additional data and analysis will be required to substantiate
these findings as the data collected to date is limited, and data at the failure points
is required to understand the limits of the margins that exist.

Table 5.1: Analysis of All EG Fluid Tests Indicating Cells with Potential for Longer
Allowance Times

Outside Air Temperature

Precipitation Type

Light Ice Pellets

Below -5 Below -10 Below -16
O
5°Cand above| " 1g0oc to -16°C to -22°C2
50 minutes 30 minutes 30 minutes® 30 minutes®

50+ minutes

50+ minutes

30+ minutes

50 minutes ok

Light Ice Pellets Mixed with Snow

40 minutes
50 minutes ok

15 minutes
15 + minutes

15 minutes®
25+ minutes

15+ minutes

Light Ice Pellets Mixed with Freezing Drizzle

25 minutes
30+ minutes

10 minutes
30 minutes ok

Light Ice Pellets Mixed with Freezing Rain

25 minutes
30+ minutes

10 minutes
20+ minutes

Light Ice Pellets Mixed with Rain

25 minutes*
30+ minutes

Caution:
No allowance
times currently exist

Moderate Ice Pellets (or Small Hail)®

25 minutes®
25 minutes ok

10 minutes
25+ minutes

10 minutes®
10 + minutes

10 minutes’
10 minutes ok

Moderate Ice Pellets (or Small Hail)® Mixed with

10 minutes

7 minutes

Caution:
No allowance
times currently exist

Freezing Drizzle 10+ minutes

Moderate Ice Pellets (or Small Hail)® Mixed with Rain 10 minutes®
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6. LS-0417 AIRFOIL TESTING FOR DEVELOPING LOW-SPEED
TYPE lll ALLOWANCE TIMES

Type Il fluid allowance times have recently been developed but are limited to use
with aircraft with rotation speeds of 100 knots or greater. Type lll fluids can often
be used with lower rotation speed aircraft; therefore, there is a requirement to have
these allowance times validated for use at these lower speeds. The LS-0417 is a
more representative airfoil to conduct low-speed testing at 80 knots.

In order to develop low-speed allowance times for Type lll fluids, it was first required
to calibrate and characterize the LS-0417 wing section to understand the
aerodynamic performance parameters and how they affect fluid flow-off properties.
Once the wing model was calibrated and characterized, testing was required to
validate the existing high-speed Type Il IP allowance times using the LS-0417 wing
model at the lower speed of 80 knots.

6.1 LS-0417 Wing Model Calibration and Characterization

This section briefly describes the work led by NASA and supported by APS and the
NRC to verify the calibration and characterization of the LS-0417 wing section. This
testing was primarily done without the use of de/anti-icing fluid. The results of this
work are specific to the wing model tested and may not be representative of different
model types.

The NASA-led research aimed at systematically subjecting the wing section to
various conditions to better understand the performance characteristics and to
increase confidence in the repeatability and accuracy in the results obtained. This
was achieved through the following testing objectives, which are described in greater
detail in Subsections 6.1.1 to 6.1.4:

—

. Survey of Clean Wing Performance;
Boundary Layer Rake Test;

Sandpaper Roughness Tests; and

LN

Lift Loss Scaling.

The data and more extensive analysis were presented by NASA at the SAE G-12
AWG in Dubrovnik in May 2019 and will be documented in a public NASA report
(not yet published at the time of writing of this report). The following sections provide
an overview of the general testing objectives.
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6. LS-0417 AIRFOIL TESTING FOR DEVELOPING LOW-SPEED TYPE Ill ALLOWANCE TIMES

6.1.1 Survey of Clean Wing Performance

Testing was conducted to verify the clean wing performance and to investigate the
integrity and sensitivity of the data provided from the force balances supporting the
wing. This was done through pitch-pause test runs whereby, at a constant airspeed,
the wing was incrementally rotated to higher pitch angles and held for a few seconds;
this was done to obtain lift data at static angles of attack. Dynamic angle sweep
tests were also conducted where, at a constant speed, the wing was dynamically
rotated simulating a takeoff. Both the pitch-pause and angle sweep tests were
conducted to the stall angle as well as to the typical 8° rotation angles used for the
Ice Pellet Allowance Time testing. The differences in results and the repeatability of
the tests were analysed and compared. Photo 6.1 demonstrates the dry wing section
during these tests.

6.1.2 Boundary Layer Rake

A boundary layer rake was installed on the wing with the purpose of identifying the
boundary layer separation on the trailing edge section of the main wing section and
on the flap. The boundary layer rake was fastened to the wing section using
speed-tape and was re-positioned in different locations along the span of the trailing
edge and flap. Testing was done using both angle sweeps and fixed pitch testing.
Photo 6.2 shows the boundary layer rake installed mid-span on the trailing edge of
the wing.

6.1.3 Sandpaper Roughness Tests

The objective of these tests was to determine the wing sensitivity to different levels
of roughness simulating frost and to better understand how roughness relates to fluid
flow-off. To do so, different grades of sandpaper were used (150, 40, and 80 grit)
to simulate various levels of contamination. These tests were done with the full wing
and flap covered in sandpaper, and then the sand paper was removed in incremental
configurations starting from the leading edge simulating fluid flow-off. Photo 6.3
shows the “full wing minus leading edge 30 percent” sandpaper configuration tested.

6.1.4 Lift Loss Scaling

Fluid only testing was conducted with the LS-0417 wing section. The lift loss due
to clean, uncontaminated anti-icing fluids measured on the NRC IWT wing at a = 8°
were scaled to the percent reduction in maximum lift of the full-scale Dash 8 aircraft
through the low-speed aerodynamic acceptance test. The results will be used to
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6. LS-0417 AIRFOIL TESTING FOR DEVELOPING LOW-SPEED TYPE Ill ALLOWANCE TIMES

develop a lift loss criterion to help develop low-speed Ice Pellet Allowance Times for
Type Il fluids. Photo 6.4 shows an uncontaminated “fluid only” test.

Preliminary results indicate that the lift loss limits for low-speed testing with the
LS-0417 wing section are as follows; however, they are a work in progress:

1. Less than 4.6 percent - Good;
2. 4.6 percent to 5.9 percent - Review; and

3. Greater than 5.9 percent - Bad.

These preliminary lift loss limits (which would replace the high-speed lift loss limits
in Subsection 2.12.3) will need to be confirmed as research continues.

6.2 Low-Speed Type lll Allowance Times

Based on previous allowance time testing with this EG Type Ill fluid, it was expected
that the fluid would perform well in most conditions. Therefore, tests were conducted
for longer than current published high-speed Type Ill allowance times so that the
tests could serve a dual purpose: validating the allowance times for low-speed
rotation and potentially expanding the allowance times.

A total of seven allowance time tests were conducted with the AllClear Systems LLC
AeroClear MAX fluid. Table 6.1 provides a summary of the tests conducted,
presented in the same format as described in Subsection 4.1, however with the
recorded lift loss included as well. All tests conducted were acceptable from a visual
perspective. The lift loss scaling results (see Subsection 6.1.4) are still pending;
therefore, the tests could not be officially evaluated from an aerodynamic
perspective. Nonetheless, when comparing the aerodynamic data to the preliminary
lift loss limits determined from the lift loss scaling analysis, all results were well
below the limits identified. These preliminary results indicate that the fluid can likely
meet and exceed the allowance time and still perform adequately.

The results obtained to date indicate a good potential to develop low-speed allowance
times for Type lll fluids and a potential to extend the allowances to longer times. It
is recommended that discussions with the SAE G-12 AWG continue in order to
validate the lift loss scaling results for the LS-0417 wing section, so that guidance
can then be developed based on the low-speed allowance time testing results.
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6. LS-0417 AIRFOIL TESTING FOR DEVELOPING LOW-SPEED TYPE Ill ALLOWANCE TIMES

Table 6.1: AllClear Systems LLC AeroClear MAX Low-Speed Allowance Time Tests

Precipitation Type

Outside Air Temperature

-5°C and above Below -5 to -10°C Below -10°C?
10 minutes
Light Ice Pellets 10 minutes _
. . . . 10 minutes
Light Ice Pellets Mixed with Snow 10 minutes _
Light Ice Pellets Mixed with Freezing Drizzle 7 minutes 5 minutes Caution:
No allowance
5 minutes times
Light Ice Pellets Mixed with Freezing Rain 7 minutes _ currently exist
Light Ice Pellets Mixed with Rain 7 minutes®
5 minutes
Moderate Ice Pellets (or Small Hail)* 5 minutes
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Photo 6.1: Survey of Clean Wing Performance

Photo 6.2: Boundary Layer Rake Tests
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Photo 6.3: Sandpaper Roughness Tests

Photo 6.4: Fluid Only Test for Lift Loss Scaling
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7. SNOW ALLOWANCE TIMES

HOT tables are published by TC and the FAA for anti-icing fluids based on a testing
protocol that evaluates the time of visual failure of the fluid exposed to frozen or
freezing precipitation. Visual failure represents the contamination of an anti-icing fluid
with winter precipitation to the point that the frozen precipitation is no longer
absorbed by the fluid and begins to accumulate on the surface of the fluid. In cases
of freezing precipitation (freezing rain, etc.), the contamination may begin to adhere
to the surface at, or shortly after, visual fluid failure. However, in the case of frozen
precipitation like snow, adherence is not very likely when using thickened anti-icing
fluids, although contamination may affect the flow-off performance during takeoff.
As such, a potential margin of protection may exist beyond the time of visual fluid
failure for anti-icing fluids in snow conditions.

Under contract to Airlines for America (A4A), APS, in collaboration with the NRC,
completed an aircraft ground icing exploratory research project at the NRC IWT in
Ottawa in January 2019. The purpose of this project was to investigate the feasibility
of using aerodynamic data to evaluate the performance of the contaminated anti-icing
fluid, rather than the traditional visual fluid failure indicators that are used to develop
HOTs. A report titled Evaluation of Visual Failure versus Aerodynamic Limit for a
Snow Contaminated Anti-lced Wing Section during Simulated Takeoff (3) was
prepared by APS and the NRC on behalf of A4A; a copy of this report can be obtained
through the SAE website.

Although this research was conducted by APS on behalf of A4A, both TC and the
FAA were invited by A4A to witness and participate in the testing. As this research
was an industry initiative, TC and the FAA did not provide funding for the research
conducted; however, they did support the participation of APS at the June 2019
A4A industry meeting in Washington in order to discuss the results and the potential
operational benefits identified from this research. A copy of the presentation prepared
by APS and the NRC for the A4A meeting can be requested through A4A.

It is expected that industry discussions about snow allowance times and the way
forward will continue as part of the AWG in the SAE G-12 Fluids Committee.
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8. CONCLUSIONS AND RECOMMENDATIONS

These conclusions and recommendations were derived from the testing conducted
during the winters of 2017-18 and 2018-19.

8.1 Validation Testing for New to Market Type IV Fluids
A total of five fluids were validated based on the data collected:

CHEMCO Inc. ChemR EG 1V;

Clariant Produkte (Deutschland) GmbH Max Flight AVIA;
Clariant Produkte (Deutschland) GmbH Max Flight SNEG;
Oksayd Co. Ltd. Defrost ECO 4; and

Oksayd Co. Ltd. Defrost EG 4.

o & wbh =

Two fluids are still outstanding due to circumstances outside of the control of the
testing program. Of these two fluids, Clariant Produkte (Deutschland) GmbH
Safewing EG IV NORTH should be tested during the next wind tunnel testing
campaign, and Inland Technologies ECO-SHIELD may no longer be commercialized;
therefore, additional testing may not be necessary.

8.2 Possible Extension of Allowance Times for EG Fluids

Based on preliminary results, a potential for longer allowance times for EG fluids
exists in most of the allowance time cells. If there is an industry demand for this type
of guidance, additional data and analysis will be required to substantiate these
findings as the data collected to date is limited, and data at the failure points is
required to understand the limits of the margins that exist.

8.3 LS-0417 Airfoil Testing for Developing Low-Speed Type |l
Allowance Times

The results obtained to date indicate a good potential to develop low-speed allowance
times for Type lll fluids and a potential to extend the allowances to longer times.
Discussions with the SAE G-12 AWG should continue in order to validate the lift loss
scaling results for the LS-0417 wing section, so that guidance can then be developed
based on the low-speed allowance time testing results.
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8.4 Snow Allowance Times

It is expected that industry discussions about snow allowance times and the way
forward will continue as part of the AWG in the SAE G-12 Fluids Committee.

8.5 Changes to Ice Pellet Allowance Time Guidance

The results of the validation, EG expansion, and low-speed Type lll testing did not
require any changes to the current Ice Pellet Allowance Times or supporting guidance
material. As such, no changes were issued to the Ice Pellet Allowance Times
published in the HOT Guidelines for the winters of 2018-19 and 2019-20.
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TRANSPORT CANADA
STATEMENT OF WORK EXCERPT -
AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2018-19

7. Wind Tunnel Testing — Planning and Setup Activities Only

Note: The NRC facility costs associated with testing at M-46 are not included in this task
and are dealt directly with TC through a M.0O.U. agreement with NRC.

This budget associated with the 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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8. Wind Tunnel Testing — Type IV High Speed Validation of Allowance
Times for New Fluids with Thin High Performance Wing (5 Days)

Note: The NRC facility costs associated with 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. Tasks a
and b are budgeted as part of a separate project.

d)

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

Perform wind tunnel tests (5 days) to validate the existing Type IV fluid
allowance times for use with the newly certified anti-icing fluids, or with fluids
for which data is lacking. It is anticipated that testing will be conducted during
overnight hours over a period of two weeks. 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. Tests will simulate low speed or high speed takeoffs in
accordance with the speed and angle of attack profiles provided by TC and
airframe manufacturers. The simulated take-off profile may target the clean
wing stall angle as the maximum angle of attack in order to obtain CLmax
data. 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 wing at a rate of about 3 frames
per second, with lighting adequate to see the fluid waves and ripples of about
Tmm in height, even when the wing is at maximum angle of attack. Observers
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will document the appearance of fluid on the wing during the simulated takeoff
run and climb of the aircraft by analysing 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.

e) Analyse data.

f) Report the findings and prepare presentation material for the SAE G-12
meeting.
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WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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 2017-18
1. BACKGROUND

In 2005-06, the inability for operators to release aircraft in ice pellet conditions led
TC and FAA to begin a research campaign to develop allowance times for these
conditions. Developing holdover times 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 NRC Falcon 20 in Ottawa Ontario, and later evolved to
testing in a more controlled environment with the NRC Propulsion Icing Wind Tunnel
also in Ottawa Ontario.

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, exposed
to contamination, and aborted take-off runs were performed allowing researchers
on-board to observe and evaluate the fluid flow-off. Testing in 2006-07 began in the
propulsion icing wind tunnel (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 FAA/TC was presented by APS to
G-12 AWG and HOT Committee yearly since 2006. Additional presentations were
also given at the AWG in May 2012 and May 2013 by NASA and 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
was used to help support TC/FAA rule-making. A detailed account of the more recent
work conducted is included in the report, TP 15232E, “Wind Tunnel Trials to Examine
Anti-Icing Fluid Flow-Off Characteristics and to Support the Development of Ice Pellet
Allowance Times, Winter 2009-10 to 20712-13” (1).

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

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 2017-18, the primary focus of testing will be on ice pellet allowance
time validation.

2. OBJECTIVES AND TIMING

The following describes the objectives and timing of the research. 15 days of testing
are being planned, however only 10 days will be done. The selection of which
objectives are targeted will be at the discretion of the TC/FAA research team and
decided on-site.

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 objectives, 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

Eight 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 (EG) 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 EG fluids.

To satisfy this objectives, a thin high performance wing section (described in Section
2.1 and shown in Figure 2.1) will be subjected to a series of tests in the NRC PIWT.

Two days of testing are required for the conduct of these tests.

2.3 Type lll Low Speed Allowance Time Testing
Testing will be conducted to:

e Evaluate the current Type lll ice pellet allowance times at 80 Knots using the
LS-0417 low speed airfoil.

To satisfy this objective, the LS-0417 wing section (Figure 2.2) 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 the 1990’s and was more recently used in
2008-09 for ice pellet wind tunnel testing. Time for the wing to be swapped is
needed, testing efforts will be required to calibrate and characterize the wing section,
and fluid only testing will be done prior to conducting any actual allowance time
testing.

Figure 2.2: NASA LS-0417 Wing Section

An additional 5 days of testing are required for the conduct of these tests.
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WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

2.4 Timing

A total of 8 days are required for the “Type IV Allowance Time Validation Testing”
(Section 2.1), 2 days are required for the “Type IV Allowance Time Expansion for EG
Fluids” (Section 2.2) and an additional 5 days are required for the “Type Il Low
Speed Allowance Time Testing” (Section 2.3), time and funding permitting. This
requires a total of 15 days of testing, however only 10 days of testing are available.
The 10 days of testing will be conducted over a period of 3 weeks starting January
25™ to February 9" (see Figure 2.3) Changing over of the wing sections may require
some down-time which will need to be considered in the scheduling.

Testing will likely be conducted during overnight periods (i.e. 10 pm — 6 am), unless
temperatures are suitable for day/evening testing. The weekends will be considered
only if deemed necessary. The first 2 hours or more of the first day will be dedicated
to setup and calibration of the rain sprayer and ice pellet and snow dispensers; time
permitting testing will begin as per the test plan. The time required for the setup and
calibration will be evenly deducted from the other objectives in order to still meet the
10 day testing plan. The precipitation conditions to be calibrated could include the
following:

e ZR - 25g/dm?/h;

e R - 25g/dm?/h;

e R - 75g/dm?/h;

e 7D - 5g/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.
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APPENDIX B

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

JANUARY 2018
Sunday Monday _I Tuesday Wednesday Thursday Friday Saturday
Jan 14 15| | 17| 18| 19) 20
Jan 21 22 23 24 25 26| 27
TESTDAY 1 TEST DAY 2
TESTING TESTING
ACTMVITY ACTIVITY
Pack up truck in YUL | Leave YUL for YOW e e
(onlyis Temps <-16C) | (onlyis Temps <-16C)
28 29 30 31 February 1 2 3]
TEST DAY 3 TEST DAY 4 TEST DAY 5 TEST DAY 6 TEST DAY 7
TESTING TESTING TESTING TESTING TESTING
ACTMITY ACTVITY ACTIVITY ACTVITY ACTIVITY
TBD TBD TBD TBD TBD
4 5| 6|
TEST DAY 8 TEST DAY 9 TEST DAY 10
TESTING TESTING TESTING
ACTMTY ACTMTY ACTMTY
TBD TBD TBD
NOTES

Anticipate Mon-Fri testing, however, weekend may be considered due to temperature.
Testing will be conducted during ovemight periods (10:00 pm - 6:00 am)

Testing team will be JD, MR, BB, CB, BG & YOW x 4

Spare days available (Feb 8-9) should rescheduling be needed due to temperatures.

SETUP &
CALIBRATION TEST DAY 1 TEST DAY 2 TEST DAY 3 TEST DAY 4 TEST DAY 5
of Rain Sprayer and | IP VALIDATION - NEW [ IP VALIDATION - NEW | IP VALIDATION - NEW [ IP VALIDATION - NEW | IP VALIDATION - NEW
IP/SN Dispensers FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV)
(Will be done on first
day. Time req'd to be above -5°C above -5°C above -5°C below-5t0 16°C below-5to 16°C
deducted evenlyfrom
other activities)
TEST DAY 6 TEST DAY 7 TEST DAY 8 TEST DAY 9 TEST DAY 10
IP VALIDATION - NEW [ IP VALIDATION - NEW | IP VALIDATION - NEW EG IP EXPANSION EG IP EXPANSION
FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV) (TIV)
below-5t0 16°C below-16°C below-16°C above -5°C below-5t0-16°C
TEST DAY 11 TEST DAY 12 TEST DAY 13 TEST DAY 14 TEST DAY 15
Type Il IP -LS0417 | TYPEIIIP -LS0417 | TYPENIIP -LS0417 | TYPEIIl IP -LS0417 TYPE Il IP
WING SWAP MODEL CALIBRATION | MODEL CALIBRATION | MODEL CALIBRATION |VALIDATION AT 80KTS
(done by NRC) | & CHARACTERIZATION | & CHARACTERIZATION | & CHARACTERIZATION W/ LS0417
Any temp below 0°C below 0°C FLUID ONLY TESTING above -5°C
below 0°C

Note: Each testing activity block represents one day of wind tunnel time.

Figure 2.3: Test Calendar
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APPENDIX B

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

3. TEST PLAN

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

Representative Type I/lI/llI/IV propylene and ethylene fluids in Neat form (standard
mix 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 and 2
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 be depend
on weather conditions and TC/FAA directive. A detailed test matrix (subject to
change) is 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.
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APPENDIX B

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

Table 3.1: Preliminary List of Testing Objectives for Winter 2017-18
Wind Tunnel Testing

Item L c . # of
# Objective Priority Description Days
A - Setup of equipment and calibration of the rain sprayer and the ice pellet _
0 Setup and Precipitation Calibration 1 and snow dispensers (to be done on the first day of testing)
. . - Baseline test at beginning of each day to ensure repeatability (part of
1 Dry Wing Baseline Repeatability 1 NRC shakedown tests so no days allotted) N/A
Type IV IP AT Validation " . . .
2 (New Fluids) 1 Substantiate current times with new fluids 8
. Conduct allowance time testing with the objective of extending times
3 EG Type IV AT Expansion e and potentially add new cells for EG fluids 2
41 Type lll IP — LS-0417 Wing Swap 2 Replace the wing section in the tunnel with the LS-0417 model 1
42 Type Ill IP — LS-0417 Model Calibration P Calibrate and characterize the LS-0417 wing model to support low Py
i and Characterization speed ice pellet allowance time testing at 80 knots.
Type IIl IP — LS-0417 Model Calibration . " . .
43 and Characterization Fluid Only Testing 2 Fluid only testing will be done to support BLDT correlation. 1
44 Type lll IP AT Validation at 80 Knots Py Validate the existing Type Ill allowance times for use at 80 knots using 1
. with LS-0417 Wing Section the LS-0417 wing section
5 Other R&D Activities 3 Could be selected from item # 5.1 to 8.16 0
51 Type Ill Allowance Time Expansion Expand the current Type Ill allowance times to have increased times, or _
more cells.
Snow Allowance Times Using Investigate feasibility of developing snow allowance times using the
52 . N .
Aerodynamic Data same aerodynamic based methodology used for ice pellets
53 Development of EG Specific IP Support the development of an EG fluid specific ice pellet allowance R
. Allowance Times time table to benefit of potential longer times
Continue Heavy Snow Research comparing lift losses with
54 Heavy Snow - Light/Moderate Snow vs. Heavy Snow -
55 Heavy Contamination R Continue work looking at aerodynamic failure vs. HOT defined failure, R
: (Aero vs. Visual Failure) and effect of surface roughness on lift degradation
56 Tunnel Test Section Cooling System ~ Evaluate effectiveness of new wind tunnel cooling system and potential ~
. Evaluation effects on data results
57 Fluid + Cont @ LOUT R Effect of contamination on fluid performance at LOUT with IP, SN, ZF, R
Frost etc.
5.8 Simulate Frost in Wind Tunnel - Attempt to simulate frost conditions in wind tunnel. -
" Conduct IP testing at 130-150 knots or validate feasibilit
5.9 130-150 Knots IP Testing - VAY SEED 10 MODIFY TUNNEL Y -
. . . Investigate the aero effects of the 2nd wave of fluid created from fluid at
510 2nd Wave of Fluid During Rotation : the stagnation point which flows over the LE during rotation -
5.11 Other - Any potential suggestions from industry
Total # of Days for Priority 1 and Priority 2 Tests | 15

*Note only 10 days of testing are planned. The time required for the setup and precipitation calibration will be
evenly deducted from the other Priority 1 and 2 objectives in order to still meet the ten day testing plan.
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APPENDIX B

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

Table 3.2: Proposed Test Plan

Test . : Target
Test - Objective Test Rotation | Ramp . IPRate | SNRate | ZRRate RRate | Exposure Test
# P';’" Objective Priority | Condition | Angle | (slkts) ((?,‘é')r Fluld (gldm?ih) | (gfdmeih) | (gidmeh) | (gidmh) | Time | Priority | COMMENT
P001 Baseline 1 Dry Wing 8 100 any none - - - - - 1 @start of day
P002 Baseline 1 Dry Wing 2 80 any none 5 5 5 5 5 1 @start of day
poos | TyPe !V Validation and 1 P- 8 100 >5 | ChemREGIV 25 - - - 50 1
New Fuids
poo4 | Type !V Validation and 1 IP-/SN- 8 100 >5 | ChemREG IV 25 10 - - 40 1
New Fuids
poos | TYPelV Validation and 1 IP-/2D 8 100 >5 | ChemREG IV 25 - 13 - 25 2
New Fuids
Type IV Validation and
P006 N ati 1 1P/ ZR- 8 100 >5 | ChemREGIV 25 - 25 - 25 1
poo7 | TYPe !V Validation and 1 IP-/R- 8 100 >0 | ChemREGIV 25 - - 25 25 2
New Fuids
Type IV Validation and y i » »
P00S N e 1 1P Mod 8 100 >5 | ChemREGIV 75 25 1
Type IV Validation and IP N B _
P009 N et 1 Nowz0 8 100 >5 | ChemREGIV 75 13 10 1
Type IV Validation and 1P Mod /
PO10 et 1 n 8 100 >0 | ChemREGIV 75 - - 75 10 2
Type IV Validation and . -5to- B B B
PO11 et 1 P 8 100 1o | chemREGIV 25 30 2
Type IV Validation and -5to-
PO12 Nadato 1 IP-/ SN- 8 100 o | chemREGIV 25 10 - - 15 2
Type IV Validation and Sto-
PO13 e atie 1 IP-/2D 8 100 o7 | chemrEGIV 25 - 13 - 10 2
Type IV Validation and Bto-
PO14 N et 1 1P-/ZR- 8 100 107 | chemREGIV 25 - 25 - 10 1
Type IV Validation and -5to- B ~ _
PO15 et 1 IP Mod 8 100 1o | chemREGIV 75 10 2
Type IV Validation and P -5to-
PO16 Nadato 1 Vw70 8 100 o | chemREGIV 75 - 13 - 7 1
Type IV Validation and A0to
PO17 Nt 1 P- 8 100 1%° | chemREG Iv 25 - - - 30 1
Type IV Validation and e 0to i i
PO18 N 1 IP-/ SN 8 100 "% | chemrEG IV 25 10 15 1
Type IV Validation and 0to i i i
PO19 N e 1 1P Mod 8 100 "% | chemrEG IV 75 10 1
Type IV Validation and . -16 to B _ _
P020 N et 1 P 8 100 'y | chemrEG IV 25 30 2
Type IV Validation and -16 to
P021 et 1 1P Mod 8 100 "% | chemREG IV 75 - - - 10 2
poze | Type !V Validation and 1 P- 8 100 | <22 | ChemREGIV 25 - - - 30 2
New Fuids
pozs | Type !V Validation and 1 1P Mod 8 100 | <22 | ChemREGIV 75 - - - 10 2
New Fuids
Type IV Validation and - Bto- -
P024 New Fuids 1 Fluid Only 8 100 10 ChemR EG IV - - - - - 1 Baseline Test
Type IV Validation and - 610 _ i i i _ -
P025 New Fuids 1 Fluid Only 8 100 2 ChemR EG IV 1 Baseline Test
po2e | Type !V Validation and 1 Fluid Only 8 100 | <22 | chemREGIV B - - - - 1 Baseline Test
New Fuids
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APPENDIX B

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

Table 3.2: Proposed Test Plan (Cont’d)

R | omewe | B | (T | Romer | G O | (e | it | R | gy | S5 | ooy | comuen
poz7 | T¥Pe !V Validation and 1 IP- 8 100 | »5 | MaxFight 25 5 5 2 50 1
Pozs | ¥Pe!V Vaiidation and 1 IP-/ SN- 8 100 | »5 | MaxFiot 25 10 - - 40 1
Pogg | Type N Valdation and 1 IP-/2D 8 100 >5 e T 25 5 13 5 25 2
pogg | TYpe |V Validation and 1 IP-/ZR- 8 100 | >5 T 25 5 25 5 25 1
po3y | Type v vaidation and 1 IP-/R- 8 100 >0 e 25 5 5 25 25 2
posz | TYpe !V Valdation and 1 1P Mod 8 100 | >5 e 75 2 2 2 25 1
po33 | TYPe ',‘\l/ e‘:f:;ﬁ';’” and 1 " o':,ZD 8 100 >5 Ma;‘\fl'/igh' 75 - 13 - 10 1
Pos4 | ¥Pe !V validation and 1 1P Mod/ 8 100 >0 Max Flight 75 . . 75 10 2
pogs | Type N Valdation and 1 IP- 8 100 | Bfo- | MaxFlont 25 = = = 30 2
Poss | TvPe ¥ Valdation and 1 IP-/ SN- 8 100 | Bo- | MaxFugnt 25 10 - - 15 2
pogy | Tyee l Validation and 1 IP-/2D 8 100 | Bfo- | MaxFloht 25 - 13 - 10 2
posg | T¥Pe v Validation and 1 IP-/ZR- 8 100 | oo~ | MaxFght 25 2 25 2 10 1
po3g | TYPE ';l’e‘f'F"l’ﬁ;';’” e 1 1P Mod 8 100 '51‘(‘)’ - Ma;‘\mgh‘ 75 . . . 10 2
Pogq | Type l Validation and 1 IP- 8 100 | 19k | MaxFloht 25 5 5 5 30 1
Poaz | TyPe IV valdation and 1 1P-/ SN- 8 100 | 19k | MaxFught 25 10 5 5 15 1
poa3 | TYPe ',‘\l’ e‘:f:;i?é‘:" 2 1 1P Mod 8 100 '1_‘1)6‘° Ma:\zl/i\gh( 75 - - - 10 1
Po4q | TyPe IV Validation and 1 IP- 8 100 | “15to | MaxFlight 25 2 2 2 30 2
Po4s | T¥Pe v Vaiidation and 1 IP Mod 8 100 | “18fo | MaxFlight 75 5 5 2 10 2
Posg | TYPe N Validation and 1 P- 8 100 | <22 | MaxFlont 25 5 5 5 30 2
poa7 | TYPe!V Valdation and 1 IP Mod 8 100 | <zz | MaxFuoM 75 - - - 10 2
Posg | Type |l Validation and 1 Fluid Only 8 100 | Bfo- | MaxFloht s = = = s 1 Baseline Test
Podg | Tvpe IV Valdation and 1 Fluid Only 8 100 | “15to | MaxFght 2 5 5 5 2 1 Baseline Test
Poso | T¥Pe IV vaidation and 1 Fluid Only 8 100 | <22 | MaxFught = 5 5 5 5 1 Baseline Test
Post | T¥Pe !V validation and 1 IP- 8 100 | »5 | MaxmioM 2 - - - 50 1
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APPENDIX B

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
Table 3.2: Proposed Test Plan (Cont’d)
R | omeme | Oppehe | e | Rl |t | OF' | o | R | it |z | s | Sgme | e, | comenr
posz | T¥Pe !V Valdation and 1 IP-/SN- 8 100 | >5 M et 25 10 - - 40 1
Pos3 | T¥Pe !V Validation and 1 IP-/2D 8 100 | >5 Max Flight 25 - 13 - 2 2
Pos4 | T¥Pe !V Validation and 1 IP-/ ZR- 8 100 | »5 | MaxeioM 2 - 25 - 25 1
poss | T¥Pe !V Validation and 1 IP-/R- 8 100 | >0 Max Flight 2 - - 25 25 2
pose | TYpe N Valdation and 1 1P Mod 8 100 >5 Mt 75 - - - 15 1 15 min for PG
posg | TYPe ',‘\l’ e‘fg‘ﬁfn and 1 1P "{,':d / 8 100 >0 M;’;\":E'gm 75 . . 75 10 2
posg | T¥pe !V Valdation and 1 IP- 8 100 | Slo- | MaxFight 25 - - - 30 2
Pogo | T¥Pe !V Validation and 1 1P-/SN- 8 100 | Blo- | MaxFight 25 10 - - 15 2
Post | ¥PelV Validation and 1 IP-/2D 8 100 | Blo- | MaxFight 2 - 13 - 10 2
Posz | ¥Pe !V Validation and 1 IP-/ ZR- 8 100 | Sfo- | Max ot 25 - 25 - 10 1
Posa | Type V¥ Valdation and 1 1P Mod 8 100 | Bo- | Maxgnt 75 - - - 10 2
Pogs | T¥Pe !V valdation and 1 IP- 8 15 | 19k | MaxFight 25 - - - 30 1 115knts for PG
Poss | ¥Pe !V Validation and 1 IP-/ SN- 8 115 | Qo | MaxFiont 25 10 - - 15 1 115knts for PG
pos7 | Type N Valdation and 1 1P Mod 8 115 | 1950 | MaxEgnt 75 - - - 10 1 115knts for PG
Pogg | TYpeV Valdation and 1 IP- 8 115 | 15l | MaxFignt 25 - - - 30 2 115knts for PG
pass | T7Pe v Validaton and p > od . 15 | oo | WaxFign - - - - o 2 No Alloiancs
poro | Type !V valdation and 1 IP- 8 15 | <22 | MaxFignt 25 - - - 30 2 115knts for PG
pory | Type IV validation and 1 IP Mod 8 15 | <22 | MaxFight 75 - - - 0 2 No Allowance
po72 | TYPe 'xe\ﬁ'F'ﬁ;';’” and 1 Fluid Only 8 100 '51‘8 - Mg’;\ggh' - . . - B 1 Baseline Test
po7s | T¥PelV Valdation and 1 Fluid Only 8 100 | TSl | MaxFiont - - - - - 1 Baseline Test
po74 | TYPe 'xe‘ﬁ:;‘m';’” and 1 Fluid Only 8 100 | <22 Masﬁ;'gh‘ - . . - B 1 Baseline Test
pars | Tyee |V Validation and 1 IP- 8 100 | >5 | ECO-SHIELD 25 - - - 50 1
po7s | TyPe !V Vaidation and 1 IP-/ SN- 8 100 | >5 | ECO-SHIELD 25 10 - - 4 1
po77 | TypelV Validation and 1 IP-/2D 8 100 | >5 | ECO-SHIELD 2 - 13 = 25 2
New Fuids
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APPENDIX B

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

Table 3.2: Proposed Test Plan (Cont’d)

Test I : Target
Test - Objective Test Rotation | Ramp . IP Rate SNRate | ZRRate R Rate Exposure Test
# P';" Objective Priority | Condition | Angle | (slkts) (()g)r Fluld (g/dmeih) | (gfdmeih) | (gidmemh) | (gidmemh) | Time | Priority | COMMENT
Type IV Validation and . ] g B B
P078 New Fuids 1 IP-/ ZR- 8 100 >-5 ECO-SHIELD 25 25 25 1
Fe || TP e A 1 IP-/R- 8 100 >0 | ECO-SHIELD 25 - - 25 25 2
New Fuids
Type IV Validation and .
P080 New Fuids 1 IP Mod 8 100 >-5 ECO-SHIELD 75 - - - 15 1 15 min for PG
Type IV Validation and IP
P081 New Fuids 1 Mod/ZD 8 100 >-5 ECO-SHIELD 75 - 13 - 10 1
Type IV Validation and IP Mod /
P082 New Fuids 1 R 8 100 >0 ECO-SHIELD 75 - - 75 10 2
Type IV Validation and ) Sto- y B B B
P083 New Fulds 1 IP- 8 100 10 ECO-SHIELD 25 30 2
Type IV Validation and o Sto- ) B B
P084 New Fuids 1 IP-/ SN- 8 100 10 ECO-SHIELD 25 10 15 2
Type IV Validation and ) Bto- ] B B
P085 New Fuids 1 IP-/ZD 8 100 10 ECO-SHIELD 25 13 10 2
Type IV Validation and N Y -5to- ¥ _ _
P086 New Fuids 1 IP-/ ZR- 8 100 10 ECO-SHIELD 25 25 10 1
Type IV Validation and -5t0 -
P087 New Fuids 1 IP Mod 8 100 10 ECO-SHIELD 75 - - - 10 2
Type IV Validation and IP -5t0-
P088 New Fuids 1 Mod/ZD 8 100 10 ECO-SHIELD 75 = 13 = 7 1
Type IV Validation and -10to
P089 New Fuids 1 IP- 8 115 16 ECO-SHIELD 25 - - - 30 1 115knts for PG
Fagw || e W NEIRETE 1 1P-/ SN- 8 15 | 19 | Eco-sHiELD 25 10 5 5 15 1 115knts for PG
New Fuids -16
Type IV Validation and -10to
P091 New Fuids 1 IP Mod 8 115 16 ECO-SHIELD 75 - - - 10 1 115knts for PG
Type IV Validation and -16 to
P092 New Fuids 1 IP- 8 115 22 ECO-SHIELD 25 - - - 30 2 115knts for PG
Type IV Validation and -16 to No Allowance
P093 New Fuids 1 IP Mod 8 115 22 ECO-SHIELD 75 - - - 0 2 Time
Fagy || e NI 1 IP- 8 115 | <22 | ECO-SHIELD 25 5 5 5 30 2 115knts for PG
New Fuids
Type IV Validation and ) ) B} B} B No Allowance
P095 New Fuids 1 IP Mod 8 115 <-22 ECO-SHIELD 75 0 2 Time
Type IV Validation and ) Sto- ) B B} B} B B} )
P096 New Fuids 1 Fluid Only 8 100 10 ECO-SHIELD 1 Baseline Test
Type IV Validation and o -16 to v _ _ _ _ . "
P097 New Fuids 1 Fluid Only 8 100 22 ECO-SHIELD 1 Baseline Test
Type IV Validation and a .
P098 New Fuids 1 Fluid Only 8 100 <-22 ECO-SHIELD - - - - - 1 Baseline Test
P099 Type IV Vahdgllon and 1 IP- 8 100 . Defrost ECO 25 B B _ 50 1
New Fuids 4
p1oo | TypelV Validation and 4 1P~/ SN- 8 100 -5 Defrost ECO 25 10 _ _ 40 1
New Fuids 4
Type IV Validation and Defrost ECO
P101 New Fuids 1 IP-/ZD 8 100 >-5 4 25 - 13 - 25 2
Type IV Validation and . } Defrost ECO _ _
P102 New Fuids 1 IP-/ZR- 8 100 >-5 4 25 25 25 1
P103 Type IV Valldatlon and 1 IP-/R- 8 100 =0 Defrost ECO 25 B B 25 25 5
New Fuids 4
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APPENDIX B

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

Table 3.2:

Proposed Test Plan (Cont’d)

Test I : Target
Test - Objective Test Rotation | Ramp : IP Rate SN Rate | ZR Rate R Rate Exposure Test
# P';" Objective Priority | Condition | Angle | (slkts) ((?,‘é')r Fluld (g/dmeih) | (gfdmeih) | (gidmemh) | (gidmemh) | Time | Priority | COMMENT
Type IV Validation and » Defrost ECO _ _ B ’
P104 New Fuids 1 IP Mod 8 100 >-5 4 75 15 1 15 min for PG
Type IV Validation and P . Defrost ECO B B
P105 New Fuids 1 Mod/zD 8 100 >-5 4 75 13 10 1
P106 Type IV Valldgtlon and 1 IP Mod / 8 100 >0 Defrost ECO 75 _ _ 75 10 2
New Fuids R 4
Type IV Validation and -5to- Defrost ECO
P107 New Fuids 1 IP- 8 100 10 4 25 - - - 30 2
Type IV Validation and -5to- Defrost ECO
P108 New Fuids 1 IP-/ SN- 8 100 10 4 25 10 - - 15 2
Type IV Validation and _ -5t0- Defrost ECO B B
P109 New Fuids 1 IP-/ZD 8 100 10 4 25 13 10 2
Type IV Validation and . | 7R -5to- Defrost ECO B B
P110 New Fuids 1 IP- /1 ZR- 8 100 10 4 25 25 10 1
Type IV Validation and 5to- | Defrost ECO _ _ B
P111 New Fuids 1 IP Mod 8 100 10 4 75 10 2
Type IV Validation and P -5to- Defrost ECO B B
P12 New Fuids ! Mod/zD 8 100 10 4 i 13 ’ !
Type IV Validation and -10to Defrost ECO
P113 New Fuids 1 IP- 8 115 16 4 25 - - - 30 1 115knts for PG
Type IV Validation and -10to Defrost ECO
P114 New Fuids 1 IP-/SN- 8 115 16 4 25 10 - - 15 1 115knts for PG
Type IV Validation and -10to Defrost ECO
P115 New Fuids 1 IP Mod 8 115 16 4 75 - - - 10 1 115knts for PG
Type IV Validation and . -16to Defrost ECO B B _
P116 New Fuids 1 IP- 8 115 22 4 25 30 2 115knts for PG
Type IV Validation and -16to Defrost ECO No Allowance
P117 New Fuids 1 IP Mod 8 115 22 4 75 - - - 0 2 Time
p11g | TYpelV Validation and 1 IP- 8 15 | <2z | DefrostECO 25 - - - 30 2 115knts for PG
New Fuids 4
p11g | TypelV Validation and 1 1P Mod 8 115 <29 Defrost ECO 75 _ _ _ 0 2 No Allowance
New Fuids 4 Time
Type IV Validation and . -5t0- Defrost ECO .
P120 New Fuids 1 Fluid Only 8 100 10 4 - - - - - 1 Baseline Test
Type IV Validation and - 16t0 | Defrost ECO » _ _ _ _ )
P121 New Fuids 1 Fluid Only 8 100 22 4 1 Baseline Test
Type IV Validation and - ) Defrost ECO » _ _ _ _ )
P122 New Fuids 1 Fluid Only 8 100 <-22 4 1 Baseline Test
Type IV Validation and . N Cleansurface _ _ _
P123 New Fuids 1 IP- 8 100 >-5 W 25 50 1
P124 Type IV Vallde_mon and 1 IP-/ SN- 8 100 >.5 Cleansurface 25 10 _ _ 40 1
New Fuids v
P125 Type IV Valldgtlon and 1 \P-/ZD 8 100 >.5 Cleansurface 25 _ 13 _ 25 2
New Fuids v
p1og | TYPe IV Validation and 1 P-/ZR- s 100 -5 Cleansurface 25 B 25 _ 25 1
New Fuids I\
Type IV Validation and Cleansurface
P127 New Fuids 1 IP-/R- 8 100 >0 W 25 = = 25 25 2
Type IV Validation and g Cleansurface _ _ _ o
P128 New Fuids 1 IP Mod 8 100 >-5 % 75 15 1 15 min for PG
Type IV Validation and P Cleansurface
P129 New Fuids 1 Mod/ZD 8 100 >-5 v 75 - 13 - 10 1
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APPENDIX B

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

Table 3.2:

Proposed Test Plan (Cont’d)

R | omeme | Oppehe | e | Rl |t | OF' | o | R | it |z | s | Sgme | e, | comenr

Prso | TVPe V Validaton and p 1P Vo] s P ~o | Cleansuace . i i - o 2

P131 Type I'\\l/e\:va:ii?éi:n and 1 \P- 8 100 -51tg - Cleanli;lrface 25 _ _ _ 30 2

P132 Type IV Valid;tion and 1 IP-/ SN- 8 100 -5to- Cleansurface 25 10 _ _ 15 2
New Fuids 10

p133 | T¥Pe !V vaidation and 1 IP-/ZD 8 100 | Slo- | Cleansuriace 25 2 13 2 10 2

p134 | Type N Valdation and 1 IP-/ ZR- 8 100 | Blo- | Cleansurface 25 5 25 5 10 1

p13s | TYPe !V Valdation and 1 P Mod 8 100 | Bfo- | Cleansuace 75 5 5 5 10 2

P13z | Type !V Valdation and 1 IP- 8 115 | T19to | Cleansurface 25 2 2 2 30 1 115knts for PG

p13g | T¥Pe !V Validation and 1 1P-/SN- 8 115 | 9% | Cleansuriace 25 10 5 5 15 1 115knts for PG

p13g | T¥Pe !V Validation and 1 IP Mod 8 115 | 9% | Cleansuriace 75 - - - 10 1 115knts for PG

p14p | T¥Pe !V Validation and 1 IP- 8 115 | 15l | Cleansuriace 25 - - - 30 2 115knts for PG

p1a1 | TYPe 'xe\ﬂi?éfn and p ey 2 15 | (29 2!0 Cleanlsvjrface = _ _ _ 5 5 No A‘Il'li(r)::aance

P || e W EIREE 1 IP- 8 TR s S siace 25 5 5 5 30 2 115Knts for PG
New Fuids IV

P143 Type IV Valide_z(ion and 1 1P Mod 8 115 <22 Cleansurface 75 _ _ _ 0 2 No AII_owance
New Fuids vV Time

P14q | T¥Pe IV Validation and 1 Fluid Only 8 100 | Slo- | Cleansuriace - - - - - 1 Baseline Test

p14s | Type [l Valdation and 1 Fluid Only 8 100 | 15t | Cleansuriace 5 5 5 5 5 1 Baseline Test

p14g | TYPe |l Valdation and 1 Fluid Only 8 100 | <2z | Cleansurace . . . . . 1 Baseline Test

pia7 | TYPellILS Alowance 2 P- 8 80 >5 | peroClear 25 - - - 10 1

Piag | TYPeIlILS Alowance 2 IP-/SN- 8 80 >5 | peroClear 25 10 - - 10 1

Piag | TYPellILS Alowance 2 IP-/ZR- 8 80 >5 | peroClear 2 - 2 - 7 1

piso | ¥PeIlILS Alowance 2 IP-/R- 8 80 >0 pheroCiear 25 . . 25 7 2

pist | T¥PellILS Alowance 2 1P Mod 8 80 5 | perociear 75 . . . 5 1

pisy | TYpelllLS Alowance 2 P- 8 go | Bfo- | meroClear 25 . . . 10 1

piss | 1¥PeIlILS Alowance 2 IP-/SN- 8 go | Bfo- | meroClear 25 10 - - 10 1

Pisq | TYPellILS Alowance 2 IP-/ZR- 8 go | Blon | percear 25 - 25 - 5 1

pigs | 1YPelllLS Alowance 2 1P Mod 8 go | Bf0- | meroClear 75 - - - 5 1
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APPENDIX B

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

Table 3.2: Proposed Test Plan (Cont’d)

R | omeme | Oppehe | e | Rl |t | OF' | o | R | it |z | s | Sgme | e, | comenr

piss | YPellILS Alowance 2 IP- 8 go | 19k | perCear 25 - - - 10 2

pisy | T¥PelliLS Alowance 2 1P Mod 8 go | 19k | perociear 75 - - - 5 2

pisg | vPellILS Alowance 2 IP- 8 go | TSl | peroCkar 2 - - - 10 2

pisg | T¥PellILS Alowance 2 IP Mod 8 go | 1ol | peroCear 75 - - - 5 2

pieo | ¥PeINILS Alowance 2 P- 8 80 | <22 | aeroCEar 2 - - - 10 2

prgr | TYPelllLS Alowance 2 1P Mod 8 80 | <22 | eroCiear 75 - - - 5 2

piez | Typell Tﬁ’:gw’a"w 2 Fluid Only 8 80 '51‘3 - ,\?:;é’cg:l; - . . - . 1 Baseline Test
Pie3 | TYPellILS Alowance 2 Fluid Only 8 go | 1ol | perCear - - - - - 1 Baseline Test
P164 Type llI #iiq/e\gowance 5 IP- 8 100 55 ,Q:;?E:::e:ll;i 25 B B B 10 1 To std;?negwi(h
P165 Type Il #;ggowance 5 IP- 8 100 -51tg - ’\//T:;)?::e:&j 25 _ _ _ 10 1 To std\z?negwilh
P166 Type llI #i?n/:!owance 2 IP- 8 100 -1_(1)6(0 ’\;\:;??gsz 25 B B B 10 2 To std\::l?negwilh
p1e7 | Typelll _h?n égowance 5 Fluid Only 8 100 -51t(c)J - h;\g(of}g;a B B B B B 1 To b:Jd\Z?r; with
preg | Typell #iﬁqégowance > Fluid Only 8 100 »1_(232to ’Q:;?E:Icega _ B B _ ~ 1 To std\?v?';with
P169 | EG Type IV Expansion 2 1P- 8 100 >5 | ChemREG IV 25 - - - 70 1 C“"E”;QT e
P170 | EG Type IV Expansion 2 IP-/ SN- 8 100 >5 | ChemREG IV 25 10 - - 50 1 C“"e”r‘nﬁr BaY
P171 | EG Type IV Expansion 2 IP-/ZD 8 100 >5 | ChemREG IV 25 5 13 5 40 2 C“"e”r‘nf B
P172 | EG Type IV Expansion 2 1P-/ZR- 8 100 >5 | ChemREG IV 25 - 25 - 40 1 C“"e”r‘n’i‘:]T B2
P173 | EG Type IV Expansion 2 IP-/R- 8 100 >0 | ChemREGIV 25 - - 25 40 2 c“"e”r;’i‘:r B2
P174 | EG Type IV Expansion 2 1P Mod 8 100 >-5 | ChemREG IV 75 - - - 35 1 C“"e"r;’i‘:r B2
P175 | EG Type IV Expansion 2 " o':,ZD 8 100 >5 | ChemREG IV 75 - 13 - 20 1 c“"e”r;’if B
P176 | EG Type IV Expansion 2 P "a”d / 8 100 >0 | ChemREGIV 75 - - 75 20 2 C“"e”r;’if B
P177 | EG Type IV Expansion 2 P- 8 100 | 51 | chemrEGIV 25 - - - 50 2 Current ATs 30
P178 | EG Type IV Expansion 2 IP-/SN- 8 100 '51‘6’ - | chemREG IV 25 10 5 5 30 2 C“"e”r‘ﬂﬁr B
P179 | EG Type IV Expansion 2 IP-/2D 8 100 | 2 | chemREG IV 25 - 13 - 30 2 C“"e”r‘n’i‘:]T B
P180 | EG Type IV Expansion 2 IP-/ZR- 8 100 '51‘3 - | chemrEG IV 25 - 25 - 30 1 c“"e"r;’i‘:r B
P181 | EG Type IV Expansion 2 1P Mod 8 100 '51‘3 = | chemrEG IV 75 - - - 25 2 C”"e”r:]’i‘:r B
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APPENDIX B

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

Table 3.2: Proposed Test Plan (Cont’d)

T | omeewe | Spfhe | T | Sen | S | OF' | | i | st | it | Sy | S | ey | comenr
P182 | EG Type IV Expansion 2 oy oo 8 100 | 0" | chemREGIV 75 - 13 - 10 ] CumenCATTS 7
P183 | EG Type IV Expansion 2 1P- 8 100 '1_(1)6“’ ChemR EG IV 25 - - - 50 1 C“"e”rmT iS50
P184 | EG Type IV Expansion 2 IP-/ SN- 8 100 | 9% | chemrEGIV 25 10 - - 30 1 Current ATis 15
P185 | EG Type IV Expansion 2 P Mod 8 100 | 9% | chemrEGIV 75 5 5 5 25 1 Current ATis 10
P186 | EG Type IV Expansion 2 1P- 8 100 | 5% | chemrEGIV 25 B _ _ = 2 Currenrtn AT 30
P187 | EG Type IV Expansion 2 1P/ SN- 8 100 | 181 | chemREG IV 25 10 - - 30 1 N‘;ﬂeﬁﬂ;‘s
P188 | EG Type IV Expansion 2 1P Mod 8 100 | 181 | chemrEGIV 75 - - - 25 2 Current AT s 30
P189 | EG Type IV Expansion 2 IP- 8 100 <22 | ChemREGIV 25 - - - 50 2 Currenr:ﬂ ﬁ]T is 10
P190 | EG Type IV Expansion 2 1P Mod 8 100 | <22 | chemREGIV 75 - - - 25 2 C“"er’;}ir’:T 5=
P191 EG Type IV Expansion 2 Fluid Only 8 100 '51%) : ChemR EG IV - - - - - 1 Baseline Test
P192 | EG Type IV Expansion 2 Fluid Only 8 100 '1_2;) ChemR EG IV - - - - - 1 Baseline Test
P193 | EG Type IV Expansion 2 Fluid Only 8 100 <-22 ChemR EG IV - - - - - 1 Baseline Test
P194 | EG Type IV Expansion 2 P- 8 100 >.5 Ma;\‘\;')\gh' 25 - - - 70 1 C“"e”r‘nﬁT is 50
P195 | EG Type IV Expansion 2 1P-/ SN- 8 100 >5 Max Fhant 25 10 - - 50 1 C”"e”;ﬂ is 40
P196 | EG Type IV Expansion 2 IP-/ZD 8 100 >.5 Ma:\;gght 25 - 13 - 40 2 C“"e”r'ﬂﬁr is 25
P197 | EG Type IV Expansion 2 1P-1ZR- 8 100 >.5 Ma:\ni\gm 25 . 25 . 40 1 C“"e”;nﬁr is 25
P198 | EG Type IV Expansion 2 IP-/R- 8 100 >0 Maz\‘\zggh' 25 - - 25 40 2 C“"e”r‘nﬁ 1825
P199 | EG Type IV Expansion 2 IP Mod 8 100 >5 Max Flight 75 - - - 35 1 Current AT s 25
P200 | EG Type IV Expansion 2 MoI(EZD 8 100 >.5 Ma:\;igh( 75 _ 13 _ 20 1 Currenrtnﬁ;T is 10
P201 | EG Type IV Expansion 2 P "g°d / 8 100 >0 Ma:\;'/;gh' 75 B _ 75 2 5 Currenrtn /i-‘;T is 10
P202 | EG Type IV Expansion 2 P- 8 100 | Blo- | MaxFlont 25 - - - 50 2 Current ATis 30
P203 | EG Type IV Expansion 2 1P-/SN- 8 100 | Blo- | MaxFught 25 10 - - 30 2 Current ATis 15
P204 | EG Type IV Expansion 2 IP-/2D 8 100 | Blo- | MaxFught 25 - 13 - 30 2 Current ATis 10
P205 | EG Type IV Expansion 2 IP-/ ZR- 8 100 | Blo- | MaxFught 2 - 25 - 30 1 Current AT s 10
P206 | EG Type IV Expansion 2 IP Mod 8 100 | Blo- | MaxFight 75 - - - 25 2 Current AT s 10
P207 | EG Type IV Expansion 2 Vw70 8 100 | BT | MaxFlont 75 . 13 - 10 1 C“"e’r:iff is7
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APPENDIX B

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

Table 3.2: Proposed Test Plan (Cont’d)

R | omeme | Oppehe | e | Rl |t | OF' | o | R | it |z | s | Sgme | e, | comenr
P208 | EG Type IV Expansion 2 IP- 8 100 | 19k | MaxFught 25 - - - 50 1 Current ATis 30
P209 | EG Type IV Expansion 2 1P-/SN- 8 100 | 19k | MaxFght 25 10 - - 30 1 Current ATis 15
P210 | EG Type IV Expansion 2 IP Mod 8 100 | 19k | MaxFught 75 . . . 25 1 Current ATis 10
P211 | EG Type IV Expansion 2 IP- 8 100 | 15l | MaxFight 25 - - - 50 2 Current ATis 30
P212 | EG Type IV Expansion 2 IP-/SN- 8 100 | M8l | MaxFloht 25 10 - - 30 1 N‘z@;ﬁ;‘;‘s
P213 | EG Type IV Expansion 2 1P Mod 8 100 | “15t0 | MaxFught 75 - - - 25 2 Current AT is 30
P214 | EG Type IV Expansion 2 IP- 8 100 | <22 | MaxFugnt 2 - - - 50 2 Current AT s 10
P215 | EG Type IV Expansion 2 1P Mod 8 100 | <22 | MaxFught 75 - - - 25 2 Current ATis -
P216 | EG Type IV Expansion 2 Fluid Only 8 100 '51‘8 - Ma:\zggh' - . . - . 1 Baseline Test
P217 | EG Type IV Expansion 2 Fluid Only 8 100 '1_22“’ Maz\‘\;'/igh' - . . - B 1 Baseline Test
P218 | EG Type IV Expansion 2 Fluid Only 8 100 <22 Ma:\;'/;gh' - - - - - 1 Baseline Test
p21g | TYPelITHS Allowance 3 IP- 8 100 | >5 | aeroCEar 2 - - - 20 1 Current AT x2.
pazo | T¥Pe IS Allowance 3 1P-/ SN- 8 100 | »5 | seroCiear 25 10 5 5 20 1 Current AT x2.
paz1 | TypelllHS Allowance 3 IP-/ ZR- 8 100 | =5 | aeroClear 25 5 25 5 14 1 Current AT x2.
pazz | TYpelllHS Allowance 3 IP-/R- 8 100 | >0 | aerocEar 25 2 2 25 14 2 Current AT x2.
p2oa | TYpelllHS Allowance 3 P Mod 8 100 | >5 | aerocEar 75 N N 2 10 1 Current AT x2.
s il I T I 0 =0 I O I 75
pags | TyeelllHS Allowance 3 IP-/SN- 8 100 | Bfo- | AeroClear 25 10 5 5 20 1 SN AT
page | TyelllHS Allowance 3 IP-/ZR- 8 100 | Bfo- | AeroClear 25 5 25 5 10 1 Current AT x2.
Y i il I T O I =/ I A I O W B+
pasz | TyelllHS Allowance 3 IP- 8 100 | <22 | heroCiear 25 5 5 5 20 2 Cen AT
poss | 1vPe IS Allowance 3 IP Mod 8 100 | <22 | eroCiear 75 s s i 10 2 Current AT x2.
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APPENDIX B

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
’
Table 3.2: Proposed Test Plan (Cont’d)
Test I : Target
Test . Objective Test Rotation | Ramp " IP Rate SN Rate ZR Rate R Rate Exposure Test
# P';" Objective Priority | Condition | Angle | (slkts) (()g)r Fluld (g/dmeih) | (gfdmeih) | (gidmemh) | (gidmemh) | Time | Priority | COMMENT
Type Il HS Allowance . -5t0- AeroClear _ _ _ _ B Baseline Test,
[P Times g IFTE) @iy g oo 10 MAX - Cold g needed for LS
Type lll HS Allowance s -16 to AeroClear _ _ _ _ . Baseline Test,
P Times 9 (A Cnlly g 1007 | 22 MAX - Cold g needed for LS
P236 R&D 3 L TBD TBD | TBD TBD TBD TBD TBD TBD TBD 2 Tl P AT
Expansion Expansion
Snow Snow Allowance
P237 R&D 3 Abro TBD TBD TBD TBD TBD TBD TBD TBD TBD 2 Times
pP238 R&D 3 EG Aero TBD TBD | TBD TBD TBD TBD TBD TBD TBD 2 EG Fluid
Allowance Times
P239 R&D 3 S+ TBD TBD TBD TBD TBD TBD TBD TBD TBD 2 Heavy snow
Heavy Heavy
P240 R&D 3 Cont TBD TBD TBD TBD TBD TBD TBD TBD TBD 2 contamination
Tunnel Tunnel Cooling
P241 R&D 3 Cooling TBD TBD TBD TBD TBD TBD TBD TBD TBD 2 Efedts
LoUT w/ Testw/
P242 R&D 3 TBD TBD TBD TBD TBD TBD TBD TBD TBD 2 contamination @
Cont.
LOUT
P243 R&D 3 Sim. Frost TBD TBD TBD TBD TBD TBD TBD TBD TBD 2 Simulated Frost
P@ P testing a
P244 R&D 3 >130ks TBD TBD TBD TBD TBD TBD TBD TBD TBD 2 higher specds
P245 R8D 3 2ndWave | TBD TBD | TBD TBD TBD TBD TBD TBD TBD 2 2nd wave of fluid
P246 Clean Wing None 8 100 any none 1.1
P247 Clean Wing None 8 100 any none 1.6 (repeat)
P248 Clean Wing None 8 80 any none 1.2
P249 Clean Wing None 8 80 any none 1.6 (repeat)
P250 Clean Wing None a'sfa‘ﬁ" 80 any none 13
P251 Clean Wing None B’S:Eﬁ” 80 any none 1.6 (repeat)
P252 Clean Wing None stall 80 any none 1.4
P253 Clean Wing None stall 80 any none 1.6 (repeat)
stall -4 to
P254 Clean Wing None stall +4 80 any none 1.5
PP@1
stall -4 to
P255 Clean Wing None stall +4 80 any none 1.6 (repeat)
PP@1
P256 Qil Flow Visualization Qil 8 static 80 any none 21
’ A ' 40r6
P257 Oil Flow Visualization Oil static 80 any none 22
; T ’ stall,
P258 Oil Flow Visualization Oil static 80 any none 23
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APPENDIX B

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
’
Table 3.2: Proposed Test Plan (Cont’d)
Test I : Target
Test - Objective Test Rotation | Ramp : IP Rate SN Rate ZR Rate R Rate Exposure Test
# P';" Objective Priority | Condition | Angle | (slkts) (()g)r Fluld (g/dmeih) | (gfdmeih) | (gidmemh) | (gidmemh) | Time | Priority | COMMENT
. . . stall-1,
P259 Qil Flow Visualization Oil static 80 any none 23
. BT . stall-2,
P260 Oil Flow Visualization Oil static 80 any none 23
" Al q stall-4,
P261 Qil Flow Visualization Qil static 80 any none 23
. S A q stall-8,
P262 Qil Flow Visualization Oil static 80 any none 23
P263 Roughness (Trips) 40-grit stall 80 any none 3.1
stall -4 to
P264 Roughness (Trips) 40-grit stall +4 80 any none 3.1
PP@1
P265 Roughness (Trips) 150-grit stall 80 any none 32
stall -4 to
P266 Roughness (Trips) 150-grit stall +4 80 any none 32
PP@1
P267 Roughness (Trips) 80-grit stall 80 any none 33
stall -4 to
P268 Roughness (Trips) 80-grit stall +4 80 any none 33
PP@1
q Full Wing
P269 Roughness (Trips) Grit (807) stall 80 any none 3.4
" stall -4 to
P270 Roughness (Trips) Fu_II \Wing stall +4 80 any none 34
Grit (80?)
PP@1
A Grit (-30%
P271 Roughness (Trips) griton LE) stall 80 any none 35
a stall -4 to
P272 Roughness (Trips) G'.'It (o stall +4 80 any none 35
grit on LE)
PP@1
) Grit (-60%
P273 Roughness (Trips) griton LE) stall 80 any none 3.6
(600 stall -4 to
P274 Roughness (Trips) GT" (550% stall +4 80 any none 3.6
grit on LE)
PP@1
P275 Roughness (Trips) Ggrg:;l)ap stall 80 any none 3.7
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APPENDIX B

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
’
Table 3.2: Proposed Test Plan (Cont’d)
Test - : Target
Test - Objective Test Rotation | Ramp : IP Rate SN Rate | ZR Rate R Rate Exposure Test
# P';" Objective Priority | Condition | Angle | (slkts) (()g)r Fluld (g/dmeih) | (gfdmeih) | (gidmemh) | (gidmemh) | Time | Priority | COMMENT
. stall -4 to
P276 |  Roughness (Trips) Grit (Flap | “gia) 44 80 any none 37
Only)
PP@1
Diff. Grit
P277 Roughness (Trips) (Flap stall 80 any none 38
Only)
Diff. Grit stall -4 to
p278 Roughness (Trips) (Flap stall +4 80 any none 38
Only) PP@1
Boundary-layer Rake BL Rake -2to
PR Measurments TE Center stall Y ED none el
BL Rake
Boundary-layer Rake -2to
P280 eSS TE S;‘nter stall TBD TBD none 42
BL Rake
Boundary-layer Rake -2to
P281 eSS TE E;f?ter stall TBD TBD none 43
BL Rake
Boundary-layer Rake -2to
P282 Flap TBD TBD none 44
Measurments [ stall
BL Rake
Boundary-layer Rake Flap -2to
R283 Measurments Center - stall (IBDAY| BB none &2
3ft
BL Rake
Boundary-layer Rake Flap -2to
R284 Measurments Center stall (BDHY| B none 28
+3ft
Fluid Tests - - 2017-18 TIV
P285 Repeatibilit Fluid Only 8 100 TBD #19 5.1
Fluid Tests - - 2017-18 TIV
P286 Repeatibilit Fluid Only 8 100 TBD #27 5.1
Fluid Tests - o AliClear TIII
P287 Repeatibilt Fluid Only 8 100 TBD (100) 5.1
Fluid Tests - 2017-18 TIV
P288 Repeatibilit IP- 8 100 TBD #1? 52
Fluid Tests - 2017-18 TIV
P289 Repeatibility IP- 8 100 TBD #072 52
Fluid Tests - AliClear TIII
P290 Repeatibilit IP- 8 100 TBD (100) 52
Fluid Tests - New - below AllClear TIII
P291 BLDT Fluid Only 8 80 25 (100) 53
Fluid Tests - New o below AliClear TIII
P292 BLDT Fluid Only 8 80 25 (100) 53
Fluid Tests - New - below AllClear Tl
P293 BLDT Fluid Only 8 80 20 (100) 53
Fluid Tests - New o below AliClear TIII
P294 BLDT Fluid Only 8 80 20 (100) 53
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APPENDIX B

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
Table 3.2: Proposed Test Plan (Cont’d)
Test I : Target
Test - Objective Test Rotation | Ramp : IP Rate SN Rate | ZR Rate R Rate Exposure Test
# P';" Objective Priority | Condition | Angle | (slkts) (()g)r Fluld (g/dmeih) | (gfdmeih) | (gidmemh) | (gidmemh) | Time | Priority | COMMENT
Fluid Tests - New - -15to AliClear TIII
P295 BLDT Fluid Only 8 80 20 (100) 53
Fluid Tests - New o -15to AliClear TIII
P296 BLDT Fluid Only 8 80 20 (100) 53
Fluid Tests - New o -10to AliClear TIII
P297 BLDT Fluid Only 8 80 15 (100) 5.3
Fluid Tests - New o -10to AliClear TIII
P298 BLDT Fluid Only 8 80 15 (100) 53
) Stall,
Fluid Tests - q ! 2017-18 TIV
P299 Repeatibility Fluid Only pauge at 100 TBD #1? 54
P300 Al ectsg Fluid Oy | pauseat | 100 | Tep | 21718TW 54
Repeatibility Y | P 0 #27? -
. Stall,
Fluid Tests - o ! AliClear TIlI
P301 Repeatibility Fluid Only pau:e at 100 TBD (100) 5.4
. Stall,
Fluid Tests - ! 2017-18 TIV
P302 Repeatibility IP- pauge at 100 TBD #17 54
. Stall,
Fluid Tests - ! 2017-18 TIV
P303 Repeatibility IP- pauge at 100 TBD #27 54
. Stall,
Fluid Tests - ! AllClear Tl
P304 Repeatibility IP- pau;e at 100 TBD (100) 54
Fluid Tests - o 2017-18 TIV
P305 Repeatibilit Fluid Only Stall 100 TBD #17 5.5
Fluid Tests - - 2017-18 TIV
P306 Repeatibilit Fluid Only Stall 100 TBD #29 55
Fluid Tests - - AllClear Tl
P307 Repeatibilit Fluid Only Stall 100 TBD (100) 55
Fluid Tests - 2017-18 TIV
P308 Repeatibilit IP- Stall 100 TBD #1? 55
Fluid Tests - 2017-18 TIV
P309 Repeatibilit IP- Stall 100 TBD #27 55
Fluid Tests - AliClear TIII
P310 Repeatibilit IP- Stall 100 TBD (100) 5.5
Fluid Tests - a 2017-18 TIV
P311 Repeatibilit Fluid Only Stall 100 TBD #17 5.6
Fluid Tests - a 2017-18 TIV
P312 Repeatibilit Fluid Only Stall 100 TBD #99 56
Fluid Tests - - AliClear TIII
P313 Repeatibilit Fluid Only Stall 100 TBD (100) 56
Fluid Tests - 2017-18 TIV
P314 Repeatibility IP- Stall 100 TBD #17 56
Fluid Tests - 2017-18 TIV
P315 Repeatibilit IP- Stall 100 TBD #27 5.6
Fluid Tests - AllClear Tl
P316 Repeatibilit IP- Stall 100 TBD (100) 56
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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 2018 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);
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e Record fluid application times and quantities (Attachment 2);

o 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 in order to run a simultaneous endurance time test.

6.3 Application of Contamination

6.3.1 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 (O to 5 km/h);

e |ce Pellets, Moderate Winds (10 km/h);

e Snow, Low Wind (O to 5 km/h); and

e Snow, Moderate Wind (10 km/h).
These tests were conducted using 121 collection pans, each measuring 6 x 6 inches,
over an area 11 x 11 feet. Pre-measured amounts of ice pellets/snow were dispersed
over this area and the amount collected by each pan was recorded. A distribution

footprint of the dispenser was attained and efficiency for the dispenser was
computed.
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6.3.2 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%
based on how much of the precipitation actually 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

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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Side View for Snow

I\

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.

Figure 6.2: Side View of Positioning of Dispensers Relative to the Wing — Snow
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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 Dispensers Relative to the Wing
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6.3.3 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 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 lIcing General Research
Activities During the 2012-13 Winter (4).

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% 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. The results
indicated that the differences in recorded lift losses were generally very small (less
than 1.3%) 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%. 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 behavior of the fluid on the wing during the
takeoff run, capturing any movement of fluid/contamination;

e Fill out visual evaluation rating form at the time of rotation (Attachment 7);
and

e Record wind tunnel operation start and stop times.

6.6 After the Wind Tunnel Test
e Measure fluid thickness at the pre-determined locations on the wing
(Attachment 3);
e Measure fluid Brix value (Attachment 3);
¢ 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 liters of each fluid to be tested are to be collected on the first day of testing.
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 log of fluid samples data form (Attachment 9). A falling ball
viscosity test should be performed on site to confirm that fluid viscosity is appropriate
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.
- Ensure clean wing for fluid application

8:50:00 | - Pour fluid over test area.

8:45:00

- Measure Brix, thickness, wing temperature.

9:00:00 | Photograph test area.

9:05:00 |- Apply contamination over test area. (i.e. 30 min)

9:35:00 - Measure Brix, thickness, wing temperature.
U - 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

= =]

| 15 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 Low Speed Allowance Time Testing LS-
0417 Wing Model Calibration and Characterization;

e Attachment 14: Procedure — Type lll Ice Pellet Allowance Time Validation at
80 Knots with LS-0417 Wing Section;

e Attachment 15: Procedure — Type lll Ice Pellet Allowance Time Expansion;

e Attachment 16: Procedure — Snow Allowance Times Using Aerodynamic
Data;

e Attachment 17: Procedure - Heavy Snow;

e Attachment 18: Procedure - Heavy Contamination;

o Attachment 19: Procedure - Wind Tunnel Test Section Cooling;
e Attachment 20: Procedure - Fluid and Contamination at LOUT;

e Attachment 21: Procedure - Frost Simulation in the Wind Tunnel;

e Attachment 22: Procedure - Feasibility of Ice Pellet Testing at Higher Speeds;
and

e Attachment 23: Procedure - 2nd Wave of Fluid during Rotation.

7. EQUIPMENT

Equipment to be employed is shown in Table 7.1.
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Table 7.1: Equipment List

EQUIPMENT

|STATUS | ‘

EQUIPMENT

STATUS

General Support and Testing Equipment

Camera Equipment

20L containers x 12

AA Batteries x 48

Adherence Probes Kit

C2032 Batteries x 10

Barrel Opener (steel)

Digital still cameras x3 (two suitcases)

Black Shelving Unit (or plastic)

Flashes and tripods (in APS storage)

Blow Horns x 4

GoPro Cameras x 3 and related hardware

Electrical tape x 5

Envelopes and labels

Exacto Knives x 2

Ice Pellets Fabrication Equipment

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

Blenders x 12 in good condition

Falling Ball Viscometer

Folding tables (2 large, 1 small)

Fluid pouring jugs x 60

Ice bags

Fluids (ORDER and SHIP to Ottawa)

Ice bags storage freezer x 3

Funnels( 1 big + 1 small)

Ice pellets sieves (base, 1.4 mm, 4 mm)

Gloves - black and yellow

Ice pellets Styrofoam containers x20

Gloves - cotton (1 box)

Measuring cups (1L and smaller ones for
dispensing)

Gloves - latex (2 boxes)

NCAR Scale x 1

Grid Section + Location docs

Refrigerated Truck

Hard water chemicals x 3 premixes

Rubber Mats x all

Horse and tap for fluid barrel x all

Wooden Spoons

Hot Plate x 3 and Large Pots with rubber
handles for Type Ill

Ice pellet box supports for railing x4

Freezing Rain Equipment

Ice Pellet control wires and boxes (all for new
and old)

APS PC equipped with rate station software

Ice pellets dispersers x 12 ( 6 new and 6 old)

NRC Freezing rain sprayer (NRC will provide)

Inclinometer (yellow level) x 2

Rubber suction cup feet for wooden boards

Isopropyl x 24

White plastic rate pans (1 to 8 x 2)

Large and small tape measure

Wooden boards for rate pans (x8)

Large Sharpies for Grid Section

Long Ruler for marking wing x 2

Marker for waste x 2

Office Equipment

Paper towel x 48

APS Laptops x 6 with mouse and chargers

Protective clothing (all) and personnel clothing

APS tuques x 10

Sample bottles for viscosity measurement x 8

Calculators x 3

Sartorius Weigh Scale x 1

Clip boards x 8

Scrapers x 5

Data Forms

Shop Vac

Dry eraser markers

Speed tape x 1 small

Envelopes (9x12) x box

Squeegees (5 small + 3 large floor)

File box x 2

Stands for ice pellets dispensing devices x 6

Hard drive with all WT Photos

Stop Watches x 4

Hard Drive x 2

Temperature probes: immersion x 3

Pencils + sharpies/markers

Temperature probes: surface x 3

Projector for laptop

Temperature readers x 2 + spare batteries

Scissors

Test Plate x 1

Small 90° aluminum ruler for wing

Thermometer for Reefer Truck

Test Procedures x 8, printer paper

Thickness Gauges ( 5 small, 5 big)

YOW employee contracts

Vise grip (large) + rubber opener for containers

Walkie Talkies x 12

Water (2 x 18L) for hard water

Watmans Paper and conversion charts

Red Thermoses for Type Il Transport
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8. FLUIDS

Mid-viscosity samples of ethylene glycol and propylene glycol 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
(quantities to be confirmed once fluid is received). Up to 2960L of 100/0 Type IV
and Type lll fluid are expected to be available; an additional 404L of other fluids are
also available if needed. 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 | DILUTION °R'?E)RED ST(%:K IE::%??; COn'::i'l"ers Co?t:ii:;rs
ChemR EG IV v 100/0 400
Max Flight AVIA v 100/0 400
Max Flight SNEG v 100/0 300
ECO-SHIELD \% 100/0 300
Defrost ECO 4 v 100/0 300
Cleansurface IV \" 100/0 300
UCAR™ FlightGuard AD-49 v 100/0 180 6 3
ABC-S Plus v 100/0 200 5 3
Polar Guard® Advance \" 100/0 140 5 2
AeroClear MAX 1] 100/0 400 40 0 2
|
Safewing MP Il FLIGHT 1l 100/0 150 4 1
UCAR™ FlightGuard AD-49 v 75/25 140 7 0
Polar Guard® Advance \% 50/50 100 5 0
Lift-Off E-188 | Brix 26.25 14 0 1 (@t YULsite)

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

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

7800 L ordered for 20117-12 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)

9. PERSONNEL

Five APS staff members are required for the tests at the NRC wind tunnel.
Four additional persons (with one back-up) 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.
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Table 9.1: Personnel List

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).

Wind Tunnel 2015-16 - Tentative

Person Responsibility
John Director
Marco Lead Engineer and Project Coordinator
.. Data documentation (forms, logs, camera setup, etc) / IP
Chloé
Manager
Ben B Data Collection / Fluid Manager (inventory and application) /
YOW Pers. Manager
YOW Personnel
Ben G Photography / Camera Documentation
Steve Fluids / IP / Dispensing / General Support
YOW 1 Fluids / IP / Dispensing
YOW 2 Fluids / IP / Dispensing
YOW 3 Fluids / IP / Dispensing
YOW 4 Back-up

NRC Institute of Aerospace Research Contacts

e Cory Bates: (613) 913-9720; and
e Marc MacMaster: (613) 998-6932.

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;

for fluids;

vicinity;

and personnel keep safe distances;

All personnel must be familiar with the Material Safety Data Sheets (MSDS)
Prior to operating the wind tunnel, loose objects should be removed from the

When wind tunnel is operating, ensure that ear plugs are worn if necessary
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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 If fluid comes into contact with eyes, flush with the portable eye wash station.
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Attachment 1: Task List for Setup and Actual Tests

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

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

Attachment 2: General Form

DATE:

AR TEMPERATURE (*C) BEFORE TEST:

TUNNEL TEMPERATURE ("C) BEFORE TEST:

WIND TUNNEL START TME:

ROTATION ANGLE-

FLAP SETTING (20°,0°)

A UD APPLED: RUN # (Plan #)

GENERAL FORM [EVERY TEST)

AR TEMPERATURE (*C) AFTER TEST:

TUNNH. TEMPERATURE ("C) AFTER TEST:

PROJECTED SPEED (SKTSE

EXTRARUN INFO:

L Check¥
FLUID APPLICATION
Actual End Time:

Fluid Brix Amount of Fluid (LY
Fluid cr Fluid Appli - POUR

ICE PELLETS APPLICATION (f i
Actual start ime: Actual End Time:
Rate of Ice Pellets Applied (ghim?h) Ice Pellets Size (mm): 14-40mm
Exposure Time:
Total IP Required per Dispenser:

RAINDRIZA_E APPLICATION Gf

Actual End Time:

Rate of Precipitation Applied {g/dm%h): Droplet Size (nm}:
Exposure Time: Needle:

Flow:

Pressure

SNOW APPLICATION (f

Actual start time: Actual End Time:
Rate of Snow Applied (g/dmh) Snow Size (mm) <1.4mm
Exposure Time: Method: ] Dispenser [] Sieve
Total SN L Di:
COMMENTS
MEASUREMENTS BY: HANDWRITTEN BY:
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APPENDIX B

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

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)
Wi Before | fter fiuia | After Pr After After Wi After fluid | After P After
g | ey | Atter fid | After Recin) poyoq puing | Aer i | AterPrech | pokeon ing | After fid | After PrEcin) 1oy oo
osition Application pplication| Application Run Run sition | Application| Application Run
T2 2 1
5 8 2
TU Flap 3
Time: Time: 4
5
- 6
‘Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run Atter the Takeoff Run B
Time: Time:
TRAILING EDGE TRAILING EDGE 8
Fl.
Flap lap Flap
8 8
7 7 Time:
6 6
, 2 2 4 5 7
5 5 VAN AN /A S
4 4 3 "G
3 3 S
2 2 / -
1 1 Y
LEADING EDGE LEADING EDGE
[Comments: — | [Comments: Wing Positiont 0emw
- Wing Position2, 3, 4, 5: At equal distances (approximately 15 am) along the wing chord;
Wing Position6: Approximately 30 cmfromtraling edge;
B Wing Position7: Approxingtdy 6 cmfromtraiing edge
|— Wing Position8: Approximately 2.5cmfromtrailing edge; and
Wing Position9: Midway up theflap
Note Inanatenpt to of tests, shaded box Underside: 40 cmup poirt
can be onitted with approva of the project coordinator General Comments:
OBSERVER:
ASSISTED BY:
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APPENDIX B

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

Attachment 4: Example Ice Pellet Dispensing Form

WING TRAILING EDGE
8ft=24.4dm
DISPENSER #3
1 <1 i 2 1 1t 3 +1— 1t ——»4 1t 1t 1t
14.9 16.5 18.2 17.4 18.5 17.6 18.5 17.6 18.5 17.6 18.5 17.6 17.2 17.2 16.3 13.3
20.3 24.1 26.2 26.4 27.3 26.9 21.5 26.9 27.5 26.9 27.5 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
19.1 238 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
18.8 235 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
6= 183 dm 18.4 24.0 26.9 28.7 29.0 29.6 29.1 29.6 29.1 29.6 29.1 29.4 28.4 27.2 235 18.5
18.5 235 27.2 28.4 29.4 29.1 29.6 29.1 29.6 29.1 29.6 29.0 28.7 26.9 24.0 18.4
18.5 24.1 26.8 28.7 28.8 29.5 28.8 29.5 28.8 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 25.6 256 23.8 19.1
19.3 24.4 27.7 28.3 29.3 29.0 29.4 29.0 29.4 29.0 294 29.0 28.7 27.4 25.4 20.3
18.6 24.2 25.8 26.9 26.9 27.5 26.9 27.5 26.9 27.5 26.9 27.3 26.4 26.2 24.1 20.3
13.3 16.3 17.2 17.2 17.6 18.5 17.6 18.5 17.6 18.5 17.6 18.5 17.4 18.2 16.5 14.9
4 <1 — 1fR ——»3 «{— 1t —|—»2 <f— 1t ——>»1 4 <1 1f ——»3 +f— 1t ——»2 <f— 1f ——»1
DISPENSER #2 DISPENSER #1
| WING LEADING EDGE
Precipitation Type P [_Date ] [ Run# ] |
* Field to be manipulated
|Target Rate [ 25 |gidm@n 1. Enter "Date” and "Run #".
IDuraﬁon 5 i 2. Manipulate desired "Target Rate" for test event.
3. Manipulate desired "Duration” for test event.
Footprint Rate 25 g/dmzlh 4. Prepare "Total Amount of IP Needed for Entire Test" in grams.
Stdev of Rate (+-) n g/dm2/h 5. Prepare 4 boxes for "Total Amount of IP in Each Dispenser” in grams. (Each Di must be ied at 5-minute intervals.)
6. Dictate amount of IP needed "In each Position" in grams. (Each Position must be ied at approxil 1-minute intervals.)
1P needed per 5min 7. Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.
g 8. Once a Dispenser has complested its cycle at Position #4, start next cycle at Position #4 and move 1-Foot to the right at (1-minute intervals).
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:
Total amount of IP in " . . . :
Each Dispenser 323 |g - Leading Edge (LE): Centre Pole of the Dispenser Stands must be 1-foot (12 inches) from the Leading Edge (LE)
Total Amourt IP Trailing Edge (TE): Centre Pole of the Di Stands must be 10-inches from the Trailing Edge (TE) F
Needed for Entire Test 1291 |g -Trailing Edge (TE): Centre Pole e 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 TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 5: Example Snow Dispensing Form

WING TRAILING EDGE

Snow needed for entire test

Ineach Dispenser

336

Total Amount Snow
Needed for Entire Test

1344

81t =24.4dm
DISPENSER #3
1 ¢ 1t ——%»2 «]— 1t —|—»3 <] — 1t —|—»4 1t 1ft 1t
231 248 272 25.5 27.4 25.5 27.4 25.5 27.4 25.5 27.4 25.5 274 25.4 26.6 19.7
271 35.5 349 36.7 35.1 36.7 35.1 36.7 35.1 36.7 35.1 36.7 35.0 36.3 33.9 298
246 39.4 36.4 414 36.8 41.1 36.8 4.5 36.8 41.5 36.8 41.5 36.7 411 35.5 352
144 26.3 253 286 25.7 28.7 25.7 28.7 25.7 28.7 25.7 28.7 256 28.4 24.7 24.3
8.8 15.2 16.4 17.4 17.0 17.6 17.2 17.6 17.2 17.6 17.2 17.6 17.0 17.2 15.9 14.2
6= 183 dm 6.1 9.4 10.6 1.2 1.4 1.4 1.2 1.4 1.2 1.4 1.2 1.3 1.0 10.9 9.8 7.9
: 79 9.8 10.9 11.0 1.3 112 1.4 1.2 11.4 1.2 114 1.1 1.2 10.6 9.4 6.1
142 159 17.2 17.0 17.6 17.2 17.6 17.2 17.6 17.2 17.6 17.0 174 16.4 15.2 8.8
243 247 28.4 256 28.7 257 28.7 257 28.7 25.7 28.7 257 286 25.3 26.3 144
352 35.5 414 36.7 4.5 368 41.5 36.8 1.5 36.8 41.5 36.8 41.4 36.4 39.4 246
298 33.9 36.3 35.0 36.7 35.1 36.7 35.1 36.7 35.1 36.7 35.1 36.7 34.9 35.5 271
19.7 26.6 25.4 27.4 255 274 25.5 274 25.5 27.4 25.5 21.4 25.5 272 248 231
4 <1 it >3 <1 1 — 2 — 1t 1 4 < it >3 < 1t —}—»2 < 1t ——»1
DISPENSER #2 DISPENSER #1
Precipitation Type Snow Date | | [Run# | |
* Field to be manipulated
Target Rate “ gldm?ih 1. Enter "Date" and "Run #'.
lDuraon | 5 |minutes 2. Manipulate desired "Target Rate" for test event.
3. Manipulate desired "Duration” for test event.
Footorint Rate gldm?h 4. Prepare "Total Amount of Snow Needed for Entire Test" in grams.
Stdev of Rate gldm?h 5. Prepare 4 boxes for "Total Amount of Snow in Each Dispensor" in grams. (Each Dispensor must be emptied at S-minute intervals.)
6. Dictate amount of Snow needed "In each Position" in grams. (Each Position must be emptied at approximately 1-minute intervals.)
Snow needed per 5 minutes 7. Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.
" 8. Once a Dispenser has complested its cycle at Position #4, start next cycle at Position #4 and move 1-Foot to the right at (1-minute intervals).
In each position
. (e.g: Position #1 -> Pos #2 -> Pos #3 -> Pos #4 -> Pos #4 -> Pos #3 -> Pos #2 -> Pos #1 -> Pos #1...)
In each Dispenser 336

NOTE:

- Leading Edge (LE): Centre Pole of the Dispenser Stands must be 1-foot (12 inches) from the Leading Edge (LE)

-Trailing Edge (TE): Centre Pole of the Dispenser Stands must be 10-inches from the Trailing Edge (TE) Flap.

The use of Dispensor Stand Extention is needed.

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

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

Attachment 6: Example Snow Dispensing Form (Manual Method)

[ 25 |giamzn

Precipitation Type Sifted Snow
* Fieldto be manipulated
|Target Rate
|buration

5 |minutes

Footprint Rate 25 g/dmz/h
Stdev of Rate g/dm?h

Snow needed@ 5 minutes

In each position 66
Snow needed for entire test

In each Dispenser 265
Total Amount Snow

Needed for Entire Test 1062

Date I Run#

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 emptied at 5-minute intervals.)

6. Dictate amount of Snow needed "In each Position" in grams. (Each Position must be ied at approxil 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).
(e.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.
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APPENDIX B

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

Attachment 7: Visual Evaluation Rating Form

Date:

Ratings:

VISUAL EVALUATION RATING OF CONDITION OF WING

Run Number:

1 - Contamination not very visible, fluid still clean.

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

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

5 - Contamination visible, adherence of contamination

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

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

Trailing Edge

Flap

Expected
Lift Loss (%),
>5.4 = Review

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

After Take-off Run

Area

Visual Severity
Rating (1-5)

Leading Edge

Trailing Edge

Flap

Additional Observations:

OBSERVER:
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APPENDIX B

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

Attachment 8: Fluid Receipt Form (Electronic Form)

FORM 1
GENERAL FORM FOR RECEIVING FLUID

Receiving Location: D APS Site D Other: Date of Receipt:
Fluid Characteristics:  Type: Colour: Date of Prodi
Manufacturer: Batch #:

Fluid Name: Project Task:

Fluid Quantities / Fluid Brix / Falling Ball Info:

Fluid Dilution: Fluid Dilution: Fluid Dilution:

Flud Quantity: ~__ x__ L=0 L FludQuantty: __  x__L=0 L FludQuantty: __ x__ L=0 L

Fluid Brix: . Fluid Brix: . Fluid Brix: .

FallingBall Time: __ : : (mmss:ics) FallingBallTime: _ : : (mmss:ics) FallingBallTime: _ : : (mm:ss:ics)

Falling Ball Temp: _____°C Falling Ball Temp: _____°C Falling Ball Temp: _____°C

Sample Collected From Container#: _ Sample Collected From Container#: _ Sample Collected From Container #:
Sample Collection: Sample Distribution:

HOT Fluids: Extract 3L 100/75/50 and 2 L Type | Viscosity: 1L 100/ 75/ 50 to third party for viscosity testing

Other Fluids:  Extract2 L 100/75/50/ Type | WSET: 1L100/75/50/ Type | to AMIL for 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 MNF Fluid Label [_]75/25 MNF Fluid Label [_]50/50 MNF Fluid Label [ ] Type | MNF Fluid Label

Additional Info/Notes: (additional information included on fluid containers, paperwork received, etc.)

Received by: Date:

Fiuid Receipt Form (Nov 2017)
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APPENDIX B

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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 TUNNEL TESTS TO EXAMINE FLUID REMOVED 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 take-off profile;

e Conduct a dry wing test using a take-off 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 TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

Attachment 11: Procedure — Type IV Ice Pellet Allowance Time Validation with
New Fluids

Background

The Type IV ice pellet allowance times are conservative, generic guidance developed
based on data collected using commercially available Type IV fluids. As new fluids
are developed and become commercially available, it is important to evaluate these
fluids against the current allowance times to ensure the validity of the generic
guidance. Systematic “spot-checking” is used in order to identify any potential
issues. In addition, testing is recommended with all fluids available to obtain data
close to the fluid LOUT to determine the aerodynamic effects of ice pellet
contamination at these colder temperatures.

Objective
To evaluate newly commercialized Type IV fluids against the existing allowance
times, and to collect data close to the fluid LOUT.

Methodology

e Conduct testing with any new commercially available Type IV fluids in each
of the cells of the ice pellet allowance times table;

e Record lift data, visual observations, and manually collected data;
e Adjust testing plan accordingly based on aerodynamic data collected; and

e Weather permitting, conduct testing close to the fluid LOUT (-25 to -30°C)
with appropriate conditions to address data gaps.

Test Plan

Eight days of testing are planned.
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APPENDIX B

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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

Two days of testing are planned.
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APPENDIX B

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

Attachment 13: Procedure — Type lll Low Speed Allowance Time Testing LS-0417
Wing Model Calibration and Characterization

Background

Type 1l fluid allowance times have recently been developed but are limited to use
with aircraft with rotation speeds of 100 knots or greater. Type lll fluids can often
be used with lower rotation speed aircraft, therefore there is a requirement to have
these allowance times validated for use at these lower speeds. The LS-0417 is a
more representative airfoil to conduct low speed testing at 80 knots, however the
characteristics of the airfoil have yet to be fully investigated.

Objective

Determine the baseline aerodynamic characteristics of the LS-0417 wing model
configuration to improve the understanding and general applicability of the fluids and
contamination tested on this wing model configuration for use with ice pellet
allowance time testing at 80 knots.

Methodology
Testing will include a subset of the following:

e Thoroughly survey the clean wing performance through pitch pause, angle
sweeps, and stall runs, and verify repeatability;

e Perform oil flow visualization to better understand boundary layer separation
and uniformity of flow;

e Install boundary layer trips to establish wing sensitivity;

e Conduct fluid testing with and without contamination to evaluate repeatability
of results; and

e Install larger end plates to evaluate potential 3D effects.

Test Plan

Three days of testing are planned, one of which will be fluid only testing. An
additional day may be required to swap out the existing wing section in the wind
tunnel for the LS-0417 wing.
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Attachment 14: Procedure — Type lll Ice Pellet Allowance Time Validation at
80 Knots with LS-0417 Wing Section

Background

Type 1l fluid allowance times have recently been developed but are limited to use
with aircraft with rotation speeds of 100 knots or greater. Type lll fluids can often
be used with lower rotation speed aircraft, therefore these allowance times need to
be validated for use at these lower speeds. The LS-0417 is a more representative
airfoil to conduct low speed testing at 80 knots, therefore it is recommended that
the Type Il IP allowance times be validated using the LS-0417 wing model at lower
speeds (80 knots).

Objective

To evaluate the Type Il allowance times for use with lower rotation
speeds (80 knots).

Methodology

e Conduct testing in each of the cells of the ice pellet allowance times table with
commercially available Type lll fluids in each of the cells of the ice pellet
allowance times table at 80 knots rotation speed with the LS-0417 wing
section;

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

e Adjust testing plan accordingly based on aerodynamic data collected.

Test Plan

One day of testing is planned. This testing can only be completed once the
LS-0417 wing section calibration and characterization work has been completed.
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Attachment 15: Procedure — Type lll Ice Pellet Allowance Time Expansion

Background

Allowance times for Type |l fluids have just recently been developed. Similar to the
Type |V ice pellet allowance times, the Type lll allowance times are also intended to
be conservative, generic guidance developed based on data collected using
commercially available Type Il fluids. In cases where the allowance times are too
restrictive, additional data may be used to support an increase to the existing times,
or new cells at different temperatures. This testing can be done at both 80 knots
and 100 knots.

Objective

To conduct testing to support the expansion of the Type lll ice pellet allowance times.

Methodology

e Conduct testing with commercially available Type Ill 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 are anticipated.
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Attachment 16: 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

o 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

Ten to twenty tests are anticipated.
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Attachment 17: Procedure - Heavy Snow
Background

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

Objective

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

Methodology

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

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

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

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

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

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

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

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

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

Test Plan

Two to four comparative tests are anticipated. See previous reports for suggested test plan.
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Attachment 18: Procedure - Heavy Contamination
Background

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

Objective

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

Methodology

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

e For a chosen fluid, conduct a test simulating ice pellets, snow, or freezing rain,
for an exposure time far exceeding the recommended HOT or allowance time;
e Record lift data, visual observations, and manually collected data; and

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

One to four tests are anticipated. Previous work should be referenced to identify
starting levels of heavy contamination.

M:\Projects\PM2480.004 (TC Deicing 2017-18)\Procedures\Wind Tunnel\Final Version 2.0\Wind Tunnel Final Version 2.0.docx
Final Version 2.0, August 18
Page 51

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix B/Appendix B.docx
Final Version 1.0, October 20
B-52



APPENDIX B

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

Attachment 19: Procedure - Wind Tunnel Test Section Cooling
Background

Recent wind tunnel research has been limited by the ambient temperature in wind tunnel
test section; in sunny conditions, the radiation will raise the temperature in the test section
making testing difficult. To mitigate this effect, testing is often conducted overnight,
however in some cases, even body heat from people working in the test area (specifically
during long precipitation exposure tests) can affect the temperature. A new cooling system
has been installed by the NRC to mitigate the effects of the radiation warming as well as
from the heat generated by the personnel working in the test section. It was recommended
that testing be conducted to evaluate the effects of the new cooling system on the test
results.

Objective

To evaluate the effect of the cooling system on the aerodynamic test results produced.

Methodology

e Conduct a fluid only test without the cooling system. Have personnel standing on
scaffolding for 20-minutes following fluid application to generate extra heat prior to
running the wind tunnel;

e Conduct a second comparative fluid only test with the cooling system. Have
personnel standing on scaffolding for 20-minutes following fluid application to
generate extra heat prior to running the wind tunnel;

e Conduct a third comparative test at a suitable ambient temperature where the
expected test area temperature with the cooling system is equal to the test area
temperature of the test conducted without the cooling system; and

e Compare aerodynamic performance results.

EXAMPLE OF COMPARATIVE DATA TO BE COLLECTED

Test # Cooling OATeC Test Area Lift Loss %
System Status Temp 2C
1 off -18 -14 6.3
2 On -18 -17 7.5
3 On -15% -14 5.7

* To be selected based on efficiency of cooling system based on test #2

Test Plan

Three tests at a minimum are expected.
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Attachment 20: Procedure - Fluid and Contamination at LOUT
Background

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

Objective

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

Methodology

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

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

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

e Compare the aerodynamic performance.

Test Plan

Four or more tests are anticipated at a minimum. If LOUT temperatures for neat fluids
are not likely to occur, investigate the possibility of using diluted fluids to obtain a
higher LOUT.
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Attachment 21: 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 are anticipated.
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Attachment 22: 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 are anticipated, however more tests may be required based on the
results.
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Attachment 23: Procedure - 2nd Wave of Fluid during Rotation
Background

Previous wind tunnel testing has shown that during a simulated take-off roll following
de/anti-icing, fluid will shear off the wing section; however a small amount of fluid
can remain trapped along the leading edge at the stagnation point. This “trapped”
fluid begins to flow over the wing only once the wing is rotated; the stagnation point
shifts below the leading edge, and the “trapped” fluid begins to shear off as a second
wave. 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

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

Winter 2018-19

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 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 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
propulsion icing wind tunnel (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 Holdover Time (HOT) Committee vyearly 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, Winter 2009-70 to 2012-13.

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
requests and are expected to continue. The PIWT has evolved into a multidisciplinary
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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 2018-19, the primary focus of testing will be on ice pellet allowance
time validation.

2. OBJECTIVES AND TIMING

The following describes the objectives and timing of the research. 15 days of testing
are being planned, however, it is expected that only 5 days will be done, dependent
on TC/FAA funding resources. The selection of which objectives are targeted will be
at the discretion of the TC/FAA research team and decided on-site.

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 objectives, 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

Eight 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 (EG) 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 EG fluids.

To satisfy this objectives, a thin high performance wing section (described in
Section 2.1 and shown in Figure 2.1) will be subjected to a series of tests in the NRC
PIWT.

Two days of testing are required for the conduct of these tests.

2.3 Type lll Low Speed Allowance Time Testing
Testing will be conducted to:

e Evaluate the current Type lll ice pellet allowance times at 80 Knots using the
LS-0417 low speed airfoil.

To satisfy this objective, the LS-0417 wing section (Figure 2.2) 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 the 1990s and was more recently used in
2008-09 and 2017-18 for ice pellet wind tunnel testing. Time for the wing to be
swapped is needed, some testing efforts may be required to calibrate and
characterize the wing section, and fluid only testing will be done prior to conducting
any actual allowance time testing.

Figure 2.2: NASA LS-0417 Wing Section

An additional 5 days of testing are required for the conduct of these tests.
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2.4 Timing

A total of 8 days are required for the “Type IV Allowance Time Validation Testing”
(Section 2.1), 2 days are required for the “Type IV Allowance Time Expansion for EG
Fluids” (Section 2.2), and 5 days are required for the “Type Ill Low Speed Allowance
Time Testing” (Section 2.3). This requires a total of 15 days of testing, however,
the actual number of testing days will be dependent on TC/FAA funding resources.

At the time of writing this procedure, it is expected that only 5 days of testing
starting January 20™ will be attempted based on available funding resources.
Changing over of the wing sections, if necessary, may require some down-time which
will need to be considered in the scheduling. In addition, Airlines for America (A4A)
will be conducting testing (as part of a separate contract) on the days following the
TC/FAA wind tunnel testing, starting January 28™; see Figure 2.3 for details.

Testing will likely be conducted during overnight periods (i.e. 10 pm — 6 am), unless
temperatures are suitable for day/evening testing. The weekends will be considered
only if deemed necessary. The first 2 hours or more of the first day will be dedicated
to setup and calibration of the rain sprayer and ice pellet and snow dispensers; time
permitting testing will begin as per the test plan. The time required for the setup and
calibration will be evenly deducted from the other objectives in order to still meet the
5-day testing plan. The precipitation conditions to be calibrated could include the
following:

e ZR - 25¢g/dm?/h;

e R - 25g/dm?/h;

e R - 75g/dm?/h;

e ZD - 5g/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.
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JANUARY 2019
Sunday Monday Tuesday y Friday Saturday
Jan 13 14 15| 16 17 18 19
Pack up truck in YUL | 638 YUL for YOW for
Preliminary Setup
Jan 20 21 22 23 24 25| 26|
TEST DAY 1 TEST DAY 2 TEST DAY 3 TEST DAY 4 TEST DAY 5
TESTING TESTING TESTING TESTING TESTING
ACTMITY ACTMTY ACTMVITY ACTNITY ACTMITY
TBD TBD TBD TBD TBD
Jan 27 31 Feb1 2|
NRC Staff Reassigned
7| 8| 9
NOTES
Anticipate Mon-Fri testing, however, weekend may be considered due to temperature.
Testing will be conducted during overnight periods (10:00 pm - 6:00 am) i.e. Monday test day has a Sunday 10:00pm start.
Testing team will be JD, MR, BB, CB, BG & YOW x 4
Spare days available (Feb 4-8) should rescheduling be needed due to temperatures.
SETUP &
CALIBRATION TEST DAY 1 TEST DAY 2 TEST DAY 3 TEST DAY 4 TEST DAY 5
of Rain Sprayer and | IP VALIDATION - NEW | IP VALIDATION - NEW | IP VALIDATION - NEW | IP VALIDATION - NEW | IP VALIDATION - NEW
IP/SN Dispensers FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV)
(Will be done on first
day. Time req'd to be above -5°C above -5°C above -5°C below-5to 16°C below-5to 16°C
deducted evenlyfrom
other activities)
TEST DAY 6 TEST DAY 7 TEST DAY 8 TEST DAY 9 TEST DAY 10
IP VALIDATION - NEW | IP VALIDATION - NEW | IP VALIDATION - NEW (EG IP ION (TIV) |EG IP ON (TIV)
FLUIDS (TIV) FLUIDS (TIV) FLUIDS (TIV)
above -5°C below-5to-16°C
below-5to 16°C below-16°C below-16°C
TEST DAY 11 TEST DAY 12 TEST DAY 13 TEST DAY 14 TEST DAY 15
TypellIP - LS0417 | TYPEIIP- EXTRA | TypE i IP VALIDATION | TYPE Ill IP VALIDATION | TYPE il IP VALIDATION
WING SWAP 150417 CALIBRATION | AT g0KTS W/ LS0417 | AT 80KTS W/ LS0417 | AT 80KTS W/ LS0417
(done by NRC) & CHARACTERIZATION
above -5°C below-5°C to -16°C below-16°C
Any temp below0°C

Note: Each testing activity block represents one day of wind tunnel time.

Figure 2.3: Test Calendar
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APPENDIX C

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

3. TEST PLAN

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

Representative Type I/lI/lI/IV propylene and ethylene fluids in Neat form (standard
mix 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 and 2
objectives will be attempted unless indicated otherwise by TC/FAA directive). It
should be noted that the order in which the tests will be carried out will depend on
weather conditions and TC/FAA directive. A detailed test matrix (subject to change)
is 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.
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APPENDIX C

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

Table 3.1: Preliminary List of Testing Objectives for Winter 2018-19
Wind Tunnel Testing

Item I - . # of
# Objective Priority Description Days
L " . Setup of equipment and calibration of the rain sprayer and the ice
o Setup and Precipitation Calibration 1 pellet and snow dispensers (to be done on the first day of testing)
. . - Baseline test at beginning of each day to ensure repeatability (part
! Dry Wing Baseline Repeatability 1 of NRC shakedown tests so no days allotted) N/A
2 Type IV IP AT Yalldatlon 1 Substantiate current times with new fluids 8
(New Fluids)
. Conduct allowance time testing with the objective of extending
N EG Type IV AT Expansion 2 times and potentially add new cells for EG fluids 2
4.1 Type Il IP = LS-0417 Wing Swap 2 Replace the wing section in the tunnel with the LS-0417 model 1
4.2 Type Il IP — Extra LS-0417 2 Collect additional data with the LS-0417 wing model to support T
. Calibration and Characterization calibration and characterization efforts from 2017-18
4.3 Type Ill IP AT Validation at 80 Knots 2 Validate the existing Type Il allowance times for use at 80 knots 3
. with LS-0417 Wing Section using the LS-0417 wing section
5 Other R&D Activities 3 Could be selected from item # 5.1 to 5.11 0
5.1 Type Il Allowance Time Expansion Expand the current Ty_pe Il allowance times to have increased R
times, or more cells.
5.2 Snow Allowance Times Using Investigate feasibility of developing snow allowance times using the
: Aerodynamic Data same aerodynamic based methodology used for ice pellets
5.3 Development of EG Specific IP Support the development of an EG fluid specific ice pellet allowance R
. Allowance Times time table to benefit of potential longer times
R Continue Heavy Snow Research comparing lift losses with R
54 Heavy Snow Light/Moderate Snow vs. Heavy Snow
5.5 Heavy Contamination . Continue work looking at aerodynamic failure vs. HOT defined .
. (Aero vs. Visual Failure) failure, and effect of surface roughness on lift degradation
5.6 Tunnel Test Section Cooling System R Evaluate effectiveness of new wind tunnel cooling system and R
. Evaluation potential effects on data results
5.7 Fluid + Cont @ LOUT . Effect of contamination on fluid performance at LOUT with IP, SN, .
ZF, Frost etc.
5.8 Simulate Frost in Wind Tunnel - Attempt to simulate frost conditions in wind tunnel. -
. Conduct IP testing at 130-150 knots or validate feasibility
5.9 130-150 Knots IP Testing MAY NEED TO MODIFY TUNNEL
. . . Investigate the aero effects of the 2nd wave of fluid created from
5.10 2nd Wave of Fluid During Rotation - fluid at the stagnation point which flows over the LE during rotation B
5.1 Other - Any potential suggestions from industry

Total # of Days for Priority 1 and Priority 2 Tests

| 15

*Note only 5 days of testing are planned. The time required for the setup and precipitation calibration will be
evenly deducted from the other Priority 1 and 2 objectives in order to still meet the five day testing plan.
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APPENDIX C

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

Table 3.2: Proposed Test Plan

Test - . Target P SN
- Objective Test Rotation | Ramp . PRate | SNRate | ZRRate Exposure |  Test
P';" Objective Priority Condition Angle (s/kts) ([),,‘g Fluid (g/dm?/h) | (g/dm?/h) | (g/dme/h) | (g/dm?/h) Time Priority COMMENT QUA:‘;"ES OUA'(';)'T'ES
POO1 Baseline 1 Dry Wing 8 100 any none - - - - - 1 @start of day
P002 Baseline 1 Dry Wing 22 80 any none - - - - - 1 @start of day
pooz | TvPelV V"’E:’;gg“ and New 1 IP- 8 100 >5 Max Flight AVIA 25 . 50 1 12910
PO04 Type IV Va:;m:“ and New 1 IP-/ SN- 8 100 >5 Max Flight AVIA 25 10 40 1 10328 4304
poos | TveelV Vagf;g:“ and New 1 IP- /2D 8 100 >5 Max Flight AVIA 25 . 13 25 2 6456
PO06 Type IV Va'F'Id:igg“ and New 1 IP- / ZR- 8 100 >5 Max Flight AVIA 25 - 25 25 1 6455
poo7 | TvPelV V"’:;f:k‘;:" and New 1 1P-/R- 8 100 >0 Max Flight AVIA 25 - 25 25 2 6455
poog | TYPelV Va';f;gg“ and New 1 1P Mod 8 100 >5 Max Flight AVIA 75 . 25 1 19365
Type IV Validation and New P - ) .
009 f 1 MowzD 8 100 >5 Max Flight AVIA 75 13 10 1 7746
poto | TyeelV Vagf;gg“ and New 1 P Mod / 8 100 >0 Max Flight AVIA 75 . 75 10 2 7746
PO11 Type IV Validation and New 1 IP- 8 100 Sto- Max Flight AVIA 25 - 30 2 7746
Fluids 10
poiz | TyeelV Vagfjg:“ and New 1 1P- / SN- 8 100 '51‘(‘; “ | Max Fiight Avia 25 10 15 2 3873 1614
potg | Type !V Validation and New 1 IP- /2D 8 100 | 5% | Max Fiight AviA 25 . 13 10 2 2582
Fluids 10
PO14 Type IV Validation and New 1 IP- / ZR- 8 100 Sto- Max Flight AVIA 25 - 25 10 1 2682
Fluids 10
pois | Type !V Validation and New 1 1P Mod 8 100 | 50 | Max Fiight AviA 75 . 10 2 7746
Fluids 10
Type IV Validation and New P Bto- .
PO16 f 1 MowzD 8 100 o Max Flight AVIA 75 13 7 1 5422
poi7 | TyeelV Vagfj“:“ and New 1 P 8 100 '1,%0 Max Flight AVIA 25 . 30 1 7746
PO18 Type IV Va'F'f:igg“ and New 1 IP- / SN- 8 100 '17("6"‘ Max Flight AVIA 25 10 15 1 3873 1614
PO19 Type IV Va:;fj":" and New 1 IP Mod 8 100 '17?6‘° Max Flight AVIA 75 - 10 1 7746
po2o | Type !V Validation and New 1 IP- 8 100 | 18t Max Flight AVIA 25 . 30 2 7746
Fluids 22
PO21 Type IV Validation and New 1 1P Mod 8 100 w16 to Max Flight AVIA 75 - 10 2 7746
Fluids 22
po2z | TyeelV Vagf;gg“ and New 1 P 8 100 <22 Max Flight AVIA 25 . 30 2 7746
P023 Type IV Va'F'Id:igg“ and New 1 1P Mod 8 100 <22 Max Flight AVIA 75 - 10 2 7746
P024 Type IV V"’:;f:k‘;:" and New 1 Fluid Only 8 100 >5 Max Flight AVIA - - 2 Baseline Test
pozs | TYPe !V Vaidation and New 1 Fluid Only 8 100 | 5% | Max Fiight AviA . . 1 Baseline Test
uids 10
P026 Type IV V"’:;f:u‘;:" and New 1 Fluid Only 8 100 '17?6‘° Max Flight AVIA - - 2 Baseline Test
P027 Type IV V"’Efa""" and New 1 Fluid Only 8 100 16t Max Flight AVIA - - 1 Baseline Test
uids 22
P028 Type IV Va'F'Id:"'j':“ and New 1 Fluid Only 8 100 <-22 Max Flight AVIA - - 1 Baseline Test
pozg | Type !V Vaidaton and New 1 IP- 8 100 >5 | MaxFlight SNEG 25 - - - 50 1 12910
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
Table 3.2: Proposed Test Plan (cont’d)
Bt | ron | e | | OGN | i | e | s | e | e | g | T | comenr | ovmes | ousmmes
pogo [ TvPelV V"g:fi‘;;’" el e 1 1P- / SN- 8 100 >5 Max Flight SNEG 25 10 - - 40 1 10328 4304
pogy | TYyPe !V Vaidaton and New 1 1P-/ZD 8 100 >5 | Max Flight SNEG 25 o 13 . 25 2 6455
pogz | TvPelV Vagﬁfi‘d‘:“ it 1 1P- / ZR- 8 100 >5 Max Flight SNEG 25 - 25 - 25 1 6455
po33 [ TvrelV V""::::“ ndiiesd 1 1P-/R- 8 100 >0 Max Flight SNEG 25 - - 25 25 2 6455
po3s | TyPelV Vagfuaig;’" il 1 1P Mod 8 100 >5 Max Flight SNEG 75 - - - 15 1 16 min for PG 11619
poss [ TveelV V":ﬁ:fi‘d‘;’" el ey 1 Mu';m 8 100 >5 | Max Flight SNEG 75 - 13 - 10 1 7746
pogg | TYPe!VVaidaton and New 1 1P Mod / 8 100 >0 Max Flight SNEG 75 - - 75 10 2 7746
pogz7 [ TvPelV V"g:fi‘;;’" el e 1 IP- 8 100 ‘5“3 “ | Max Fiight SNEG 25 - - - 30 2 7746
poag | Type!VVaidation and New 1 1P- / SN- 8 100 [ 5107 | wax Fight SNEG 25 10 - - 15 2 3873 1614
pogg | TveelV Va:_fﬁfi::" il 1 1P- /2D 8 100 '5“3 " | Max Fiight sNEG 25 - 13 - 10 2 2582
poso [ TvPelV V":j::‘d‘;’" el ey 1 1P- / ZR- 8 100 ‘5“3 “ | Max Fiight SNEG 25 - 25 - 10 1 2582
mag || TR Y VRN s e 1 1P Mod 8 100 | 5% | Max Flight SNEG 75 - - - 10 2 7746
Fluids 10
posz | TvPelV V"g:fi‘;;’" el e 1 MD':,ZD 8 100 ‘5“3 “ | Max Fiight SNEG 75 - 13 - 7 1 5422
poag | TYPe !V Vaidaton and New 1 P 8 115 "_(1’6“’ Max Flight SNEG 25 - - - 30 1 115knts for PG 7746
poas | TyPelV Vagﬁ;‘;“ il 1 1P- / SN- 8 115 "_(1’6“’ Max Flight SNEG 25 10 - - 15 1 115knts for PG 3873 1614
poas | Type !V Vaidaton and New 1 IP Mod 8 115 [ 9% | wax Fight SNEG 75 - - - 10 1 115knts for PG 7746
poas | TvPelV Vagﬁ;g“ il 1 IP- 8 115 "_‘252“’ Max Flight SNEG 25 - - - 30 2 115knts for PG 7746
poa7 | Type IV Vaidation and New 1 P Mod 8 15 | 1520 | max Fiight sneG 75 - - - 0 2 No Allowance Time 0
poag | TYPe !V Vaidaton and New 1 P- 8 115 | <-22 | Max Fiight SNEG 25 o 5 . 30 2 115knts for PG 7746
posg [ TvPelV V"g:fi‘;;’" el 1 1P Mod 8 115 <22 | Max Flight SNEG 75 - - - 0 2 No Allowance Time 0
poso [ TvPelV V"'*::::“ ndiiesd 1 Fluid Only 8 100 >5 Max Flight SNEG - - - - - 2 Baseline Test
pos1 | TvPelV Va:_fﬁfi::" il 1 Fluid Only 8 100 '5“3 “ | Max Fiight sNEG - - - - - 1 Baseline Test
pos2 [ TveelV V"g:fi‘;;’" ndiied 1 Fluid Only 8 100 '1_?6“’ Max Flight SNEG - - - - - 2 Baseline Test
masg || TER Y VR s e 1 Fluid Only 8 100 | 18 | wMax Fiight SNEG - - - - - 1 Baseline Test
Fluids 22
posa | Type IV Vaidation and New 1 Fluid Only 8 100 [ <-22 | Max Fiight SNEG - - - - - 1 Baseline Test
poss | TYPe !V Vaidaton and New 1 1P 8 100 >5 Sefewing Fa IV 25 - 50 1 12910
posg | TyPe !V Vaidaton and New 1 1P~/ SN- 8 100 >5 Safewing EG IV 25 10 40 1 10328 4304
pos7 | TypelV Vaidation and New 1 IP- /2D 8 100 >5 Safewing EG IV 25 - 13 25 2 6455
posg | TYPe !V Vaidaton and New 1 1P/ ZR- 8 100 >p | Sefewimg ESIV 25 E 25 25 1 6455
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APPENDIX C

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

Table 3.2: Proposed Test Plan (cont’d)

Bt | ron | e | | OGN | i | e | s | e | e | g | T | comenr | ovmes | ousmmes
posg | TYpe !V Vaidaton and New 1 1P/ R- 8 100 >0 Safening Fa IV 25 E 25 25 2 6455

pogo | TYPelV V"’L‘fj":" and New 1 IP Mod 8 100 >5 sa'e,:’(')’;fTEG v 75 - 25 1 19365

pog1 | TYyPe !V Vaidaton and New 1 Moazp 8 100 >5 Seteg 75 E 13 10 1 7746

boez | TP IV Valdsion and New . P Mod B 00 o Safewing EG IV . i 75 o N 1746

PO63 Type IV ValFlld:';I:n and New 1 IP- 8 100 '51t(()) - SG'S'Y‘V(;T\RQTEG v 25 ~ 30 2 7746

P0OG4 Type IV Vagld:igg“ and New 1 IP- / SN- 8 100 '51‘0“ . Sa'e,‘\‘"g;gTaG b 25 10 15 2 3873 1614
pogs | TYPe !V Validaton and New 1 IP- /2D 8 100 | Bloc | Safewing EGIV 25 - 13 10 2 2582

PO66 Type IV Va::lld:lggn and New 1 IP-/ ZR- 8 100 '51‘00 - Safewing EG IV 25 N 25 10 1 2582

pog7 | TvPelV Vagfjgs" and New 1 IP Mod 8 100 '51‘(‘)’ . Sa'e,‘\l"g)’;gTaG B 75 - 10 2 7746

POBS Type IV Va::ild:lggn and New 1 MuldP/ZD 8 100 '51tg - Safewing EG IV 75 ~ 13 7 1 5422

bogs | TPV Valceton and Now . . B 100 | 100 | Setewng £V . i 2 T 746

pozo | Type !V Vaidaton and New 1 1P- / SN- 8 100 | 9% | Safewing EG IV 25 10 15 1 3873 1614
po71 | Type !V Vaidaton and New 1 1P Mod 8 100 | 19M0 | Sefewing FG IV 75 - 10 1 7746

borz | TPV Velceton and Now ; . . 00 | 1e© | SwewngEGV . i " N 746

po7g | Type !V Vaidaton and New 1 1P Mod 8 100 | 19t | Safewng ESIV 75 - 10 2 7746

PO74 Type IV Vagld:‘g:“ and New 1 1P- 8 100 <22 Sa'e’\\lrv(i)r;RgTaG b 25 - 30 2 7746

po7s | TyPelV Vagfj“:“ and New 1 1P Mod 8 100 <22 S“'e";"(‘)’;gTEG v 75 . 10 2 7746

PO76 Type IV Va'F'f:igg“ and New 1 Fluid Only 8 100 >5 Sa'e,‘\‘"g;gTEG v - - 2 Baseline Test

po77 | TvPelV Va:;fj":" and New 1 Fluid Only 8 100 '51‘(‘)’ . Sa'e':’(')’;gT'E_.G v - - 1 Baseline Test

po7g | TYPelV Va';f;g:“ and New 1 Fluid Only 8 100 "7(1)6“’ Sa'e,‘q"{')’;fTE'G v . . 2 Baseline Test

PO79 Type IV Vagfjgs“ and New 1 Fluid Only 8 100 "22“’ Safewing EG IV - - 1 Baseline Test

pogo | Type !V Vaidaton and New 1 Fluid Only 8 100 | <22 | Sefewng EGIV E E 1 Baseline Test

pog1 | Type IV Vaidation and New 1 P- 8 100 >5 Defrost ECO 4 25 - - - 50 1 12910

pogz | Type !V Vaidaton and New 1 1P- / SN- 8 100 >5 Defrost ECO 4 25 10 - - 40 1 10328 4304
pogs | TYPelV V‘:_flui:;’" and New 1 1P-/ZD 8 100 >5 Defrost ECO 4 25 - 13 - 25 2 6455

poga | TYPe!VVaidaton and New 1 1P/ 2R 8 100 >5 Defrost ECO 4 25 - 25 - 25 1 6455

pogs | Type !V Vaidaton and New 1 IP-/R- 8 100 >0 Defrost ECO 4 25 o = 25 25 2 6455

P086 1 IP Mod 8 100 >5 Defrost ECO 4 75 - - - 15 1 15 min for PG 11619

pogy | Type !V Vaidaton and New 1 NoszD 8 100 >5 Defrost ECO 4 75 - 13 - 10 1 7746
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
. ’
Table 3.2: Proposed Test Plan (cont’d)
Test o _ Target P SN
- Objective Test Rotation | Ramp ] IPRate | SNRate | ZRRate | RRate | Exposure | Test

P';" Objective Priority Condition Angle (s/kts) ?,,’g Fluid (g/dm?/h) | (g/dm?/h) | (g/dme/h) | (g/dm?/h) Time Priority COMMENT QUA:‘;"ES OUA'(';)'T'ES
pogg | TYpe IV Vaidation and New 1 1P tod 8 100 >0 Defrost ECO 4 75 - - 75 10 2 7746
pogg | Tvpe !V Validation and New 1 - 8 100 | °° | Defrost ECO 4 25 - - - 30 2 7746

Fluids 10
pogo | Type !V Vaidaton and New 1 1P- / SN- 8 100 [ o Defrost ECO 4 25 10 = 5 15 2 3873 1614
pog1 | Type!VVaidation and New 1 1P-/ 2D 8 100 [ 517 | Defrost ECO 4 25 - 13 - 10 2 2582
pog2 | Type IV Validaton and New 1 1P- 1 ZR- 8 100 [ Bt Defrost ECO 4 25 o 25 5 10 1 2582
pogg | Type IV Vaidation and New 1 P Mod 8 100 | ®0° | DefrostECO 4 75 - - - 10 2 7746

Type IV Validation and New P L

P94 et 1 MowzD 8 100 o Defrost ECO 4 75 - 13 - 7 1 5422
pogs | TYPelV V“:_l:f‘i‘d':" and New 1 P- 8 115 -1.%0 Defrost ECO 4 25 - - - 30 1 115knts for PG 7746
pogg | TyPe !V Vaidation and New 1 1P/ SN- 8 ns [ 19k Defrost ECO 4 25 10 a a 15 i 115knts for PG 3873 1614
pog7 | Type IV Validaton and New 1 IP Mod 8 ns | 19k Defrost ECO 4 75 - - - 10 1 115knts for PG 7746
pogg | Type IV Vaidation and New 1 P- 8 ns | 19 | pefrostEco 4 25 - - - 30 2 115knts for PG 7746
pogg | Type !V Vaidaton and New 1 1P Mod 8 ns | 19k Defrost ECO 4 75 - - - ) 2 No Allowance Time 0
pioo | TYPelV V“:_l:f‘i‘d':" and New 1 P- 8 115 <22 Defrost ECO 4 25 - - - 30 2 115knts for PG 7746
pror | TPl Va::ifu"i::" and New 1 IP Mod 8 115 <22 Defrost ECO 4 75 - - - o 2 No Allowance Time 0
proz | TyeelV Va:_fﬁfi‘di:" il 1 Fluid Only 8 100 >5 Defrost ECO 4 - - - - - 2 Baseline Test
piog | Type !V Vaidation and New 1 Fluid Only 8 100 | 0| DpefrostECO 4 - - - - - 1 Baseline Test
P04 | TyeelV Va:_fﬁfig:" il 1 Fluid Only 8 100 "_(1’6'° Defrost ECO 4 - - - - - 2 Baseline Test
prap || TR0 Vel e ey 1 Fluid Only 8 100 | 18t Defrost ECO 4 . 5 5 2 2 il Baseline Test

Fluids 22
piog | TYPe!VVaidaton and New 1 Fluid Only 8 100 | <22 Defrost ECO 4 - - - - - 1 Baseline Test
pio7 | Type !V Vaidaton and New 1 IP- 8 100 >5 Defrost EG 4 25 E 50 1 12910
piog | Type!VVaidation and New 1 1P- 1 SN- 8 100 >5 Defrost EG 4 25 10 40 1 10328 4304
prog | Type !V Vaidaton and New 1 1P- 12D 8 100 >5 Defrost EG 4 25 E 13 25 2 6455
pi1g | Type !V Vaidation and New 1 1P- / ZR- 8 100 >5 Defrost EG 4 25 - 25 25 1 6455
pra1 | TypelVvaidaton and New 1 1P- /R 8 100 >0 Defrost EG 4 25 E 25 25 2 6455
prag | TypelVvaidaton and New 1 P Mod 8 100 >5 Defrost EG 4 75 E 25 1 19365

Type IV Validation and New 1P . -

P113 Fluids 1 Mod/ZD 8 100 >-5 Defrost EG 4 75 13 10 1 7746
pr1g | Type !V Vaidaton and New 1 P Mod / 8 100 >0 Defrost EG 4 75 E 75 10 2 7746
pi1g | TypelV Validation and New 1 IP- 8 100 | Sto- Defrost EG 4 25 - 30 2 7746

Fluids 10
pi1g | TypelV Validation and New 1 1P- / SN- 8 100 | Bto- Defrost EG 4 25 10 15 2 3873 1614

Fluids 10
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
. ’
Table 3.2: Proposed Test Plan (cont’d)
Test o . Target P sN
- Objective Test Rotation | Ramp . IPRate | SNRate | ZRRate | RRate | Exposure | Test

P';" Objective Priority Condition Angle (s/kts) ?,,’g Fluid (g/dm?/h) | (g/dm?/h) | (g/dme/h) | (g/dm?/h) Time Priority COMMENT QUA:‘;"ES OUA'(';)'T'ES
p117 | Type !V Validation and New 1 1P- 12D 8 100 | Bt Defrost EG 4 25 E 13 10 2 2682

Fluids 10
prig | TvPelv Va:;fj":" and New 1 1P-/ ZR- 8 100 '51‘(‘)’ . Defrost EG 4 25 - 25 10 1 2582
pr1g | TypelV Validation and New 1 P Mod 8 100 | Bt Defrost EG 4 75 E 10 2 7746

Fluids 10

Type IV Validation and New P Sto- 7

P120 atto 1 owz0 8 100 o Defrost EG 4 75 13 7 1 5422
p1g | TypelV Validation and New 1 IP- 8 10 | 10t Defrost EG 4 25 E 30 1 7746

Fluids -16
pi2z | TyPelV Vagld:igg“ and New 1 1P- / SN- 8 100 "7(1);" Defrost EG 4 25 10 15 1 3873 1614
pigg | TypelV Validation and New 1 1P Mod 8 10 | 10 Defrost EG 4 75 - 10 1 7746

Fluids -16
p124 | TypelV Validation and New 1 IP- 8 100 | 18k Defrost EG 4 25 E 30 2 7746

Fluids 22
pigs | TypelV Validation and New 1 1P Mod 8 [ Defrost EG 4 75 - 10 2 7746

Fluids -22
pi2g | TyPe !V Vaidaton and New 1 IP- 8 100 | <22 Defrost EG 4 25 E 30 2 7746
P127 Type IV Vagld:igg“ and New 1 1P Mod 8 100 <22 Defrost EG 4 75 - 10 2 7746
p12g | TvPelV Vagfjg:“ and New 1 Fluid Only 8 100 >5 Defrost EG 4 . . 2 Baseline Test
p12g | Type!V Validation and New 1 Fluid Only 8 100 | Bto- Defrost EG 4 . . 1 Baseline Test

Fluids 10
pigo | TvPelV V"’:;f:u‘;:" and New 1 Fluid Only 8 100 "7?6“’ Defrost EG 4 - - 2 Baseline Test
p131 | TyveelV Vagfjg"“ and New 1 Fluid Only 8 100 | 'Sk Defrost EG 4 . . 1 Baseline Test
P132 Type IV Vagld:‘g:“ and New 1 Fluid Only 8 100 <-22 Defrost EG 4 - - 1 Baseline Test
P133 EG Type IV Expansion 1 IP- 8 100 >-5 | MaxFlight AVIA 25 - - - 70 1 Current AT is 50 min 18074
P134 EG Type IV Expansion 1 1P~/ SN- 8 100 >5 | MaxFlight AVIA 25 10 - - 50 1 Current AT is 40 min 12910 5380
P135 EG Type IV Expansion 1 1P- /2D 8 100 >5 | MaxFlight AVIA 25 - 13 - 40 2 Current AT is 25 min 10328
P136 EG Type IV Expansion 1 1P- / ZR- 8 100 >-5 | MaxFiight AVIA 25 - 25 - 40 1 Current AT is 25 min 10328
P137 EG Type IV Expansion 1 IP-/R- 8 100 >0 Max Flight AVIA 25 - - 25 40 2 Current AT is 25 min 10328
P138 EG Type IV Expansion 1 1P Mod 8 100 >-5 | MaxFlight AVIA 75 - - - 35 1 Current AT is 25 min 27111
P139 EG Type IV Expansion 1 oun 8 100 >5 | MaxFiight AVIA 75 - 13 - 20 1 Current AT is 10 min 15492
P140 EG Type IV Expansion 1 P 'g"" 0 8 100 >0 Max Flight AVIA 75 s = 75 20 2 Current AT is 10 min 15492
P141 EG Type IV Expansion 1 IP- 8 100 | P07 | Max Fight AvIA 25 - - - 50 2 Current AT is 30 min 12910
P142 EG Type IV Expansion 1 1P~/ SN- 8 100 [ 2107 | max Fight AviA 25 10 - - 30 2 Current AT is 15 min 7746 3228
P143 EG Type IV Expansion 1 1P- /2D 8 100 [ 5507 | Max iight AVIA 25 - 13 - 30 2 Current AT is 10 min 7746
P144 EG Type IV Expansion 1 1P~/ ZR- 8 100 | B0 | Max Fight AvIA 25 - 25 - 30 1 Current AT is 10 min 7746
P145 EG Type IV Expansion 1 1P Mod 8 100 [ 2107 | Max Fiight AVIA 75 - - - 25 2 Current AT is 10 min 19365
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APPENDIX C

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

Table 3.2: Proposed Test Plan (cont’d)

Bt | ron | e | | OGN | i | e | s | e | e | g | T | comenr | ovmes | ousmmes
P146 EG Type IV Expansion 1 Now0 8 100 | B0 | Max Fight AvIA 75 - 13 - 10 1 Current AT is 7 min 7746

P147 EG Type IV Expansion 1 IP- 8 100 | 7192 | Max Fight AvIA 25 - - - 50 1 Current AT is 30 min 12910

P148 EG Type IV Expansion 1 IP- / SN- 8 100 | 190 | max Fight AviA 25 10 - - 30 1 Current AT is 15 min 7746 3228
P149 EG Type IV Expansion 1 IP Mod 8 100 [ 190 | max Fight AviA 75 - - - 25 1 Current AT is 10 min 19365

P150 EG Type IV Expansion 1 IP- 8 100 | 1820 | wax Fight AvIA 25 - - - 50 2 Current AT is 30 min 12910

P151 EG Type IV Expansion 1 IP- / SN- 8 100 | 1820 | wax Fight AviA 25 10 - - 30 1 No AT exists currently 7746 3228
P152 EG Type IV Expansion 1 IP Mod 8 100 | 1950 | Max Fight AVIA 75 - - - 25 2 Current AT is 30 min 19365

P153 EG Type IV Expansion 1 IP- 8 100 | <22 | MaxFight AVIA 25 - - - 50 2 Current AT is 10 min 12910

P154 EG Type IV Expansion 1 IP Mod 8 100 | <22 | MaxFight AVIA 75 - - - 25 2 Current AT is - min 19365

P155 EG Type IV Expansion 1 Fluid Only 8 100 >5 Max Flight AVIA - - - - - 2 Baseline Test

P156 EG Type IV Expansion 1 Fluid Only 8 100 | B0 | Max Fight AviA - - - - - 1 Baseline Test

P157 EG Type IV Expansion 1 Fluid Only 8 100 | 190 | wax Fight AviA - - - - - 2 Baseline Test

P158 EG Type IV Expansion 1 Fluid Only 8 100 | 1530 | Max Fight AviA - - - - - 1 Baseline Test

P159 EG Type IV Expansion 1 Fluid Only 8 100 | <22 | MaxFiight AVIA - - - - - 1 Baseline Test

P160 EG Type I Expansion 1 IP- 8 100 >5 Sa'e,‘fg;%ff v 25 . 70 1 Current AT is 50 min 18074

P161 £G Type IV Expansion 1 1P- / SN- 8 100 >5 Sa'e,‘“"g;gTaG v 25 10 50 1 Current AT is 40 min 12910 5380
P162 EG Type IV Expansion 1 IP- /2D 8 100 >5 S“'e";"(‘)’;gTEG v 25 . 13 40 2 Current AT is 26 min 10328

P163 EG Type IV Expansion 1 IP- / ZR- 8 100 >5 Sa'e,‘\‘"g;gTEG v 25 - 25 40 1 Current AT is 25 min 10328

P164 EG Type IV Expansion 1 IP- /R 8 100 >0 Sa'e':’(')’;gT'E_.G v 25 - 25 40 2 Current AT is 25 min 10328

P165 EG Type I Expansion 1 1P Mod 8 100 >5 Sa'e,‘q"{')’;fTE'G v 75 . 35 1 Current AT is 26 min 27111

P166 EG Type IV Expansion 1 Mul:IZD 8 100 >5 Safewing EG IV 75 - 13 20 1 Current AT is 10 min 15492

P167 EG Type IV Expansion 1 P Mod / 8 100 >0 S“'e,:"g;%ff v 75 . 75 20 2 Current AT is 10 min 15492

P168 EG Type IV Expansion 1 1P- 8 100 '51‘0“ . Sa'e,‘\‘"g;gTaG b 25 - 50 2 Current AT is 30 min 12910

P169 EG Type IV Expansion 1 1P- / SN- 8 100 '51‘(‘)’ - s“'e':’(;’;gTEG v 25 10 30 2 Current AT is 15 min 7746 3228
P170 EG Type I Expansion 1 1P- /2D 8 100 '51‘8 - Safewing EG IV 25 . 13 30 2 Current AT is 10 min 7746

P171 EG Type IV Expansion 1 1P-/ ZR- 8 100 '51‘(‘)’ - Sa'e,tl"(')’;gTEG v 25 - 25 30 1 Current AT is 10 min 7746

P172 EG Type IV Expansion 1 1P Mod 8 100 '51‘3 - Safewing EG IV 75 . 25 2 Current AT is 10 min 19365

P173 EG Type IV Expansion 1 Mul:IZD 8 100 '51‘8 . Sa'e’\\lrv(i)r;RgTaG B 75 - 13 10 1 Current AT is 7 min 7746

P174 EG Type IV Expansion 1 P 8 100 "7?6“’ S“'e";"(')’;gTEG v 25 . 50 1 Current AT is 30 min 12910
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS
Table 3.2: Proposed Test Plan (cont’d)
Bt | ron | e | | OGN | i | e | s | e | e | g | T | comenr | ovmes | ousmmes
P175 EG Type IV Expansion 1 1P- / SN- 8 100 "7(1)6“’ Sa'e,‘“"g;fTaG v 25 10 30 1 Current AT is 16 min 7746 3228
P176 EG Type IV Expansion 1 1P Mod 8 100 "7?6“’ s“'e':’(;’;gTEG v 75 - 25 1 Current AT is 10 min 19365
P177 EG Type I Expansion 1 IP- 8 100 | 'Sk Sa'e,‘fg;%ff v 25 . 50 2 Current AT is 30 min 12910
P178 EG Type IV Expansion 1 IP-/ SN- 8 100 "22“’ Safewing EG IV 25 10 30 1 No AT exists currently 7746 3228
P179 EG Type IV Expansion 1 1P Mod 8 100 "722“’ S“'e":’(‘)’;gTEG v 75 . 25 2 Current AT is 30 min 19365
P180 EG Type IV Expansion 1 1P- 8 100 <22 Sa'e,‘\‘"g;gTaG b 25 - 50 2 Current AT is 10 min 12910
P181 EG Type IV Expansion 1 IP Mod 8 100 <22 Sa'e':’(')’;gT'E_.G v 75 - 25 2 Current AT is - min 19366
P182 EG Type I Expansion 1 Fluid Only 8 100 >5 Safewing EG IV . . 2 Baseline Test
P183 EG Type IV Expansion 1 Fluid Only 8 100 '51‘(‘)’ - Sa'e,‘\l"g;gTaG B - - 1 Baseline Test
P184 EG Type IV Expansion 1 Fluid Only 8 100 7‘—?6“’ Safewing EG IV - - 2 Baseline Test
P185 EG Type IV Expansion 1 Fluid Only 8 100 "gz“’ Sa'e,‘\‘"g;gTaG v - - 1 Baseline Test
P186 EG Type IV Expansion 1 Fluid Only 8 100 <22 S“'e";"(‘)’;gTEG v . . 1 Baseline Test
P187 EG Type IV Expansion 1 P- 8 100 >5 Defrost EG 4 25 - - - 70 1 Current AT is 50 min 18074
P188 EG Type IV Expansion 1 1P~/ SN- 8 100 >5 Defrost EG 4 25 10 - - 50 1 Current AT is 40 min 12910 5380
P189 EG Type IV Expansion 1 1P-/ZD 8 100 >5 Defrost EG 4 25 - 13 - 40 2 Current AT is 25 min 10328
P190 EG Type IV Expansion 1 1P~/ ZR- 8 100 >5 Defrost EG 4 25 - 25 - 40 1 Current AT is 25 min 10328
P191 EG Type IV Expansion 1 1P~/ R- 8 100 >0 Defrost EG 4 25 - - 25 40 2 Current AT is 25 min 10328
P192 EG Type IV Expansion 1 1P Mod 8 100 >5 Defrost EG 4 75 - - - 35 1 Current AT is 25 min 27111
P193 EG Type IV Expansion 1 oD 8 100 >5 Defrost EG 4 75 - 13 - 20 1 Current AT is 10 min 15492
P194 EG Type IV Expansion 1 P MR"" J 8 100 >0 Defrost EG 4 75 - - 75 20 2 Current AT is 10 min 15492
P195 EG Type IV Expansion 1 IP- 8 100 ‘51‘[‘; . Defrost EG 4 25 - - - 50 2 Current AT is 30 min 12910
P196 EG Type IV Expansion 1 1P- / SN- 8 100 [ o Defrost EG 4 25 10 - - 30 2 Current AT is 15 min 7746 3228
P197 EG Type IV Expansion 1 1P- /2D 8 100 ‘5“3 : Defrost EG 4 25 - 13 - 30 2 Current AT is 10 min 7746
P198 EG Type IV Expansion 1 1P-/ ZR- 8 100 [ o Defrost EG 4 25 - 25 - 30 1 Current AT is 10 min 7746
P199 EG Type IV Expansion 1 IP Mod 8 100 ‘5“; . Defrost EG 4 75 - - - 25 2 Current AT is 10 min 19365
P200 EG Type IV Expansion 1 oz 8 100 [ B0 Defrost EG 4 75 - 13 - 10 1 Current AT is 7 min 7746
P201 EG Type IV Expansion 1 P- 8 100 "_?g° Defrost EG 4 25 - - - 50 1 Current AT is 30 min 12910
P202 EG Type IV Expansion 1 1P~/ SN- 8 100 '1_?6“ Defrost EG 4 25 10 - - 30 1 Current AT is 15 min 7746 3228
P203 EG Type IV Expansion 1 IP Mod 8 100 "_(1’63° Defrost EG 4 75 - - - 25 1 Current AT is 10 min 19365
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APPENDIX C

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

Table 3.2: Proposed Test Plan (cont’d)

Bt | ron | e | | OGN | i | e | s | e | e | g | T | comenr | ovmes | ousmmes
P204 EG Type IV Expansion 1 IP- 8 100 | 5% Defrost EG 4 25 - - - 50 2 Current AT is 30 min 12910

P205 EG Type IV Expansion 1 IP- / SN- 8 100 | 5% Defrost EG 4 25 10 - - 30 1 No AT exists currently 7746 3228
P206 EG Type IV Expansion 1 IP Mod 8 100 | 5% Defrost EG 4 75 - - - 25 2 Current AT is 30 min 19365

P207 EG Type IV Expansion 1 IP- 8 100 | <22 Defrost EG 4 25 - - - 50 2 Current AT is 10 min 12910

P208 EG Type IV Expansion 1 IP Mod 8 100 | <22 Defrost EG 4 75 - - - 25 2 Current AT is - min 19365

P209 EG Type IV Expansion 1 Fluid Only 8 100 [ > Defrost EG 4 - - - - - 2 Baseline Test

P210 EG Type IV Expansion 1 Fluid Only 8 100 '51‘3 . Defrost EG 4 - - - - - 1 Baseline Test

P211 EG Type IV Expansion 1 Fluid Only 8 100 | 190 Defrost EG 4 - - - - - 2 Baseline Test

P212 EG Type IV Expansion 1 Fluid Only 8 100 [ 8% Defrost EG 4 - - - - - 1 Baseline Test

P213 EG Type IV Expansion 1 Fluid Only 8 100 | <22 Defrost EG 4 - - - - - 1 Baseline Test

p214 Calibration/Characterization None 8 8D TED T80 Clean Wing

P215 Calibra(iorI;/SCﬁ::az:(eviza(ion Qil 8 static TBD TBD TBD Oil Flow Visualization

P26 | bration ometerization o stall 8D | TBD 8D Roughness (Trips)

217 CaIibvaliot,’scg:::ctelizalion BL Rake :aﬁ7 TED TED Teb Bwnr}lzzgl;:?ny:r’n:ake

P218 | e i LSO Fluid Only 8 T80 | TED 8D P e

P219 | Caibration/Coaraeterization Fluid Only 8 TEBD | TED TED e

P220 | Type Ill LS Allowance Times 2 IP- 8 80 >5 Type il Fluid 25 - - - 10 1 2582

P221 | Type Ill LS Allowance Times 2 IP- / SN- 8 80 >5 Type Il Fluid 25 10 - - 10 1 2582 1076
P222 | Type Ill LS Allowance Times 2 1P-/ 2R 8 80 >5 Type Il Fluid 25 - 25 - 7 1 1807

P223 | Type Ill LS Allowance Times 2 IP- /R- 8 80 >0 Type Il Fluid 25 - - 25 7 2 1807

P224 Type Il LS Allowance Times 2 1P Mod 8 80 >-5 Type Il Fluid 75 = = = 5 1 3873

P225 | Type Ill LS Allowance Times 2 IP- 8 80 | Bl Type il Fluid 25 - - - 10 1 2582

P226 | Type Ill LS Allowance Times 2 IP- / SN- 8 80 | % Type Il Fluid 25 10 - - 10 1 2582 1076
P227 | Type Ill LS Allowance Times 2 1P/ ZR- 8 s [ - Type il Fluid 25 - 25 - 5 1 1291

P228 | Type Ill LS Allowance Times 2 IP Mod 8 s | B Type Il Fluid 75 - - - 5 1 3873

P229 | Type Ill LS Alowance Times 2 IP- 8 80 "_(1’6'° Type Ill Fluid 25 - = = 10 2 2582

P230 | Type Ill LS Allowance Times 2 IP Mod 8 80 | 190 Type Il Fluid 75 - - - 5 2 3873

P231 | Type Ill LS Allowance Times 2 P- 8 s [ 5x Type Il Fluid 25 - - - 10 2 2582
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APPENDIX C

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

Table 3.2: Proposed Test Plan (cont’d)

Test - . Target P SN
- Objective Test Rotation | Ramp . PRate | SNRate | ZRRate | RRate | Exposure | Test
P';" Objective Priority Condition Angle (s/kts) ?,,’g Fluid (g/dm?/h) | (g/dme/h) | (gidmerh) | (g/dmerh) Time Priority COMMENT QUA:‘;"ES OUA'(';)'T'ES
P232 [ Type Ill LS Allowance Times 2 IP Mod 8 80 '1_‘;2“ Type Il Fluid 75 - - - 5 2 3873
P233 [ Type Ill LS Allowance Times 2 P 8 80 <22 Type Il Fluid 25 - - - 10 2 2582
P234 [ Type lll LS Allowance Times 2 IP Mod 8 80 <22 Type Il Fluid 75 - - - 5 2 3873
P235 [ Type lll LS Allowance Times 2 Fluid Only 8 s [ - Type Il Fluid - - - - - 1 Baseline Test
P236 [ Type Ill LS Allowance Times 2 Fluid Only 8 80 "_gz'° Type Il Fiuid - - - - - 1 Baseline Test
P237 | Type Ill LS Allowance Times 2 1P- 8 100 >5 Type Ill Fluid 25 - = = 10 1 ok “fv’i‘:g"""h Bl 2582
P238 | Type Ill LS Allowance Times 2 P- 8 100 [ o Type Il Fluid 25 - - - 10 1 ke d;'i‘:gw"" G 2582
P239 | Type lll LS Alowance Times 2 IP- 8 100 '1_2’; Type Ill Fluid 25 5 a s 10 2 TokE “fv’i‘:g"""“ G 2582
P240 | Type Ill LS Allowance Times 2 Fluid Only 8 100 ‘51‘[‘; - Type Ill Fluid - - = = = 1 fols “:?:gw"" B
P241 | Type Ill LS Allowance Times 2 Fluid Only 8 100 "_gz'° Type il Fiuid - - - - - 1 Tl dfv'i‘:g‘”i"‘ (&0
P242 R&D 2 e 8D T8D TBD 8D T8D 8D 8D TBD TBD 3 Expand Till Times
Expansion
P243 R&D 2 Snow TBD TBD 8D TBD TBD TBD TBD 8D TBD 3 Snow Allowance
Aero Times
P244 R&D 2 EC 8D 8D | TBD 8D 8D 8D 8D 8D 8D 3 EG Specific Allowance
Specific Times
P245 R&D 3 S+++ 8D T8D T8D 8D T8D 8D 8D 8D TBD 3 Heavy snow
P246 R&D 3 Hg::“’ TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 Heavy contamination
P247 R&D 3 nggf' TBD TBD TBD T8D TBD T8D T8D TBD TBD 3 Tunnel Cooling System
LOUT w/ Test w/ contamination
P248 R&D 3 ot 8D 8D 8D 8D 8D 8D 8D TBD TBD 3 & LouT
P249 R&D 3 Frost 8D T8D T8D 8D 8D 8D 8D TBD TeD 3 Simulated Frost
P250 R&D 4 P @ TBD TBD TBD TBD TBD TBD TBD T8D TBD 3 IP testing a higher
> 130kts speeds
P251 R&D 4 2nd TBD TBD TBD TBD TBD TBD TBD TBD TBD 3 2nd wave of fluid at
Wave rot.
P252 R&D 4 Other 8D T8D 8D 8D 8D 8D 8D TBD TBD 3 Other
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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 2019 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);
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APPENDIX C

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

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

o 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 in order to run a simultaneous endurance time test.

6.3 Application of Contamination

6.3.1 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 |ce Pellets, Low Winds (0O to 5 km/h);

e |ce Pellets, Moderate Winds (10 km/h);

e Snow, Low Wind (O to 5 km/h); and

e Snow, Moderate Wind (10 km/h).
These tests were conducted using 121 collection pans, each measuring 6 x 6 inches,
over an area 11 x 11 feet. Pre-measured amounts of ice pellets/snow were dispersed
over this area and the amount collected by each pan was recorded. A distribution

footprint of the dispenser was attained and efficiency for the dispenser was
computed.
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APPENDIX C

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

6.3.2 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 actually 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

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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APPENDIX C

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

Side View for Snow

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.

Figure 6.2: Side View of Positioning of Dispenser
Relative to the Wing — Snow

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
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APPENDIX C

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

6.3.3 New [ce 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 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 Winter
2013-74. 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;

e Fill out visual evaluation rating form at the time of rotation (Attachment 7);
and

e Record wind tunnel operation start and stop times.

6.6 After the Wind Tunnel Test
e Measure fluid thickness at the pre-determined locations on the wing
(Attachment 3);
e Measure fluid Brix value (Attachment 3);
e Record wing temperatures (Attachment 3);
e Observe and record the status of the fluid/contamination (Attachment 3);
e Fill out visual evaluation rating form (Attachment 7);
e Obtain lift data (excel file) from NRC; and

e Update APS test log with pertinent information.
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6.7 Fluid Sample Collection for Viscosity Testing

Two liters of each fluid to be tested are to be collected on the first day of testing.
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 on site to confirm that fluid viscosity is appropriate 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).
8:45:00 | Measure wing t.emperatu!'e. _

- 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

| 10 min | | 15 min

| 20 min I

Figure 6.4: Typical Wind Tunnel Run Timeline
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WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED FROM AIRCRAFT DURING TAKEOFF WITH MIXED ICE PELLET PRECIPITATION CONDITIONS

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 Low Speed Allowance Time Testing
LS-0417 Wing Model Calibration and Characterization;

e Attachment 14: Procedure — Type lll Ice Pellet Allowance Time Validation at
80 Knots with LS-0417 Wing Section;

e Attachment 15: Procedure — Type lll Ice Pellet Allowance Time Expansion;

e Attachment 16: Procedure — Snow Allowance Times Using Aerodynamic
Data;

e Attachment 17: Procedure - Heavy Snow;

e Attachment 18: Procedure - Heavy Contamination;

e Attachment 19: Procedure - Wind Tunnel Test Section Cooling;
e Attachment 20: Procedure - Fluid and Contamination at LOUT;

e Attachment 21: Procedure - Frost Simulation in the Wind Tunnel;

e Attachment 22: Procedure - Feasibility of Ice Pellet Testing at Higher Speeds;
and

e Attachment 23: Procedure - 2nd Wave of Fluid during Rotation.

7. EQUIPMENT

Equipment to be employed is shown in Table 7.1.
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Table 7.1: Equipment List

EQUIPMENT

‘ STATUS ‘ | EQUIPMENT

STATUS

General Support and Testing Equipment

Camera Equipment

20L clean containers x 12 (if expecting
totes)

AA Batteries x 48

Adherence Probes Kit

C2032 Batteries x 10

Barrel Opener (steel)

Digital still cameras x3 (two suitcases)

Black Shelving Unit (or plastic)

Flashes and tripods (in APS storage)

Blow Horns x 4

GoPro Cameras x 3 and related hardware

Electrical tape x 5

Envelopes and labels

Exacto Knives x 2

Ice Pellets Fabrication E

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

Blenders x 12 in good condition

Falling Ball Viscometer

Folding tables (2 large, 1 small)

Fluid pouring jugs x 60

Ice bags

Fluids (ORDER and SHIP to Ottawa)

Ice bags storage freezer x 3

Funnels( 1 big + 1 small)

Ice pellets sieves (base, 1.4 mm, 4 mm)

Gloves - black and yellow

Ice pellets Styrofoam containers x40

Gloves - cotton (1 box)

Measuring cups (1L and smaller ones for
dispensing)

Gloves - latex (2 boxes)

NCAR Scale x 1

Grid Section + Location docs

Refrigerated Truck

Hard water chemicals x 3 premixes

Rubber Mats x all

Horse and tap for fluid barrel x all

Wooden Spoons

Hot Plate x 3 and Large Pots with rubber
handles for Type Il

Ice pellet box supports for railing x4

Freezing Rain E

Ice Pellet control wires and boxes

APS PC equipped with rate station software

Ice pellets dispersers x 12 and stands x4

NRC Freezing rain sprayer (NRC will provide)

Inclinometer (yellow level) x 2

Rubber suction cup feet for wooden boards

Isopropyl x 24

White plastic rate pans (1 to 8 x 2)

Large and small tape measure

Wooden boards for rate pans (x8)

Large Sharpies for Grid Section

Long Ruler for marking wing x 2

Marker for waste x 2

Office Equipment

Paper towel (blue shop towel) x 48

APS Laptops x 6 with mouse and chargers

Protective clothing (all) and personnel
clothing

APS tuques x 10

Sample bottles for viscosity (x 3 per fluid)

Calculators x 3

Sartorius Weigh Scale x 1

Clip boards x 8

Scrapers x 5

Data Forms

Shop Vac

Dry eraser markers

Speed tape x 1 small

Envelopes (9x12) x box

Squeegees (5 small + 3 large floor)

File box x 2

Stands for ice pellets dispensing devices x 6

Hard drive with all WT Photos

Stop Watches x 4

Hard Drive x 2

Temperature probes: immersion x 3

Pencils + sharpies/markers

Temperature probes: surface x 3

Projector for laptop

Temperature readers x 2 + spare batteries

Scissors

Test Plate x 1

Small 90° aluminum ruler for wing

Thermometer for Reefer Truck

Test Procedures x 8, printer paper

Thickness Gauges ( 5 small, 5 big)

YOW employee contracts

Vise grip (large) + rubber opener for
containers

Extra laptop for dispenser instructions PPT

Walkie Talkies x 12

Water (2 x 18L) for hard water

Watmans Paper and conversion charts

Red Thermoses for Type Ill Transport

M:\Projects\300293 (TC Deicing 2018-19)\Procedures\Wind Tunnel\Final Version 1.2\Wind Tunnel 2018-19 Final Version 1.2.docx
Final Version 1.2, August 19

26

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx
Final Version 1.0, October 20
C-27




APPENDIX C

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

8. FLUIDS

Mid-viscosity samples of ethylene glycol and propylene glycol 1V 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
(quantities to be confirmed once fluid is received). Up to 2880L of 100/0 Type IV
and Type lll fluid are expected to be available; an additional 365L of other fluids are

also available if needed. 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 DILUTION ORDERED IN STOCK
(L) (L)
ChemR EG IV v 100/0 100
Max Flight AVIA v 100/0 400
Max Flight SNEG v 100/0 400
Safewing EG NORTH v 100/0 400
ECO-SHIELD (BAD BATCH - DO NOT USE) v 100/0 60
Defrost ECO 4 v 100/0 300
Defrost EG 4 v 100/0 400
UCAR™ FlightGuard AD-49 v 100/0 180
ABC-S Plus v 100/0 200
Polar Guard® Advance v 100/0 140
AeroClear MAX 1] 100/0 300
...
Safewing MP Il FLIGHT I 100/0 125
UCAR™ FlightGuard AD-49 v 75/25 140
Polar Guard® Advance v 50/50 100

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

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

1800 L ordered for 2011-12 testing (7 of 15 days will be fluid testing)
4200 L ordered for 2012-13 testing (15 days)

1300L ordered for 2013-14 testing (15 days), 1900L previously in stock
1700L available for 2015-16 Testing (10 days)

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

9. PERSONNEL

Five APS staff members are required for the tests at the NRC wind tunnel. Four
additional persons (with one back-up) 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.
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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
Wind Tunnel 2015-16 - Tentative

Person Responsibility
John D’Avirro (JD) Director
Marco Ruggi (MR) Lead Engineer and Project Coordinator
Data documentation (forms, logs, camera setup, etc) /

Chlog Bernier (CB) IP 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 / IP / Dispensing / General Support
YOW 1 Fluids / IP / Dispensing
YOW 2 Fluids / IP / Dispensing
YOW 3 Fluids / IP / Dispensing
YOW 4 IP Manufacturing

NRC Aerospace Research Centre Contacts

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

10. SAFETY

o 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;

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;
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e When working on ladders, ensure equipment is stable;

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

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

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

e If fluid comes into contact with eyes, flush with the portable eye wash station.
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Attachment 1: Task List for Setup and Actual Tests

No. Task Person Status
Planning and Prep
1 Co-ordinate with NRC wind tunnel personnel MR/JD
2 Ensure fluid is received by NRC and is stored outdoors MR/JD
3 Check with NRC the status of the testing site, tunnel etc MR
4 Arrange for hotel accommodations for APS personnel JS
5 Arrange truck rental BB
6 Arrange for ice and freezer delivery JS
7 Organize personnel travel to Ottawa; MR
8 Hire YOW personnel CB
9 Complete contract for YOW personnel CB
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
13 Prepare Data forms and procedure CB
14 Back up hard drives with all TC projects CB
15 Prepare Test Log and Merge Historical Logs for Reference CB
16 Update (as necessary) fluid viscosity log, and have available CB
17 Finalize and complete list of equipment/materials required MR
18 Prepare and Arrange Site Equipment for YOW BB
19 Ensure proper functioning of ice pellet dispenser equipment; MR
20 Purchase, and label fluid pouring pitchers CB
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) BB
26 Complete purchase list and shopping CB
27 Pack and leave YUL for YOW APS
Testing Day 1
28 Safety Briefing & Training (APS/YOW) MR
29 Unload Truck and organize equipment in lower, middle, or office area APS
30 Verify and Organize Fluid Received (labels and fluid receipt forms) BB/STB
31 Transfer Fluids from 1000 L Totes to 20 L containers BB/STB
32 Collect fluid samples for viscosity at APS office and for Falling Ball BB/CB
33 Conduct falling ball verification BB/CB
34 Confirm ice and freezer delivery BB
35 Setup general office and testing equipment CB
36 Setup Projector CB
37 Setup Printer CB
38 Setup rate station (if necessary) CB
39 Setup IP/SN manufacturing material in reefer truck BB/STB
40 Test and prepare IP dispensing equipment BB/STB
41 Train IP making personnel (ongoing) STB/YOW
42 Co-ordinate fabrication of ice pellets/snow CB/STB
43 IP/SN/ZR Calibration (if necessary) BB/CB/MR
44 Start IP manufacturing STB
45 Mark wing (only if requested); CB
46 Setup Still and Video Cameras BG/YOW
47 Verify photo and video angles, resolution, etc, BG/STBD/MR
48 Document new final camera and flash locations CB/BG/STBD
49 General safety briefing and update on testing APS/NRC/YOW
50 Dry Run of tests with APS and NRC (if necessary) APS/NRC
51 Start Testing (Dry wing tests may be possible while setup occurs) APS/NRC
Each Testing Day
52 Check with NRC the status of the testing site, tunnel, weather etc MR
53 Deicide personnel requirements for following day for 24hr notice MR
54 Prepare equipment and fluid to be used for test BB
55 Manufacture ice pellets STB/YOW
56 Prepare photography equipment BG
57 Prepare data forms for test CB
58 Conduct tests based on test plan APS
59 Modify test plan based on results obtained TC/FAA/JD/MR
60 Update ice pellet, snow, raw ice, and fluid Inventory {end of day) CB/STB
61 Update Test Log and Test Plan (ongoing and end of day) CB
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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°):

FLUID APPLIED:

GENERAL FORM (EVERY TEST)

RUN # (Plan #):

AR TEMPERATURE (°C) AFTER TEST:

TUNNEL TEMPERATURE (°C) AFTER TEST:

PROJECTED SPEED (S/KTS):

EXTRARUN INFO:

I Check if additional notes provided on a separate sheet

FLUID APPLICATION

Actual starttime:

Actual End Time:

Fluid Brix: Amount of Fluid (L)
Fluid Te (°C): Fluid Application Method: POUR
ICE PELLETS APPLICATION (if applicable)
Actual starttime: Actual End Time:
Rate of Ice Pellets Applied (g/dmzlhz Ice Pellets Size (mm): 14-40mm
Exposure Time:
Total IP Required per Dispenser:
FREEZING RAIN/DRIZZLE APPLICATION (if applicable)

Actual start time: Actual End Time:
Rate of Applied (g/dmh): Droplet Size (mm)
Exposure Time: Needle:

Flow:

Pressure

SNOW APPLICATION (if applicable’

Actual starttime: Actual End Time:
Rate of Snow Applied (g/dm?h): Snow Size (mm): <14 mm
Exposure Time: Method: ] Dispenser [ Sieve

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)
Wi Before | atter fiuid | Afrer Pr After i After wi After fiuid | After P After
, "9 Fluid | ‘T' . EI' P Takeoff PZ“;S“ :ﬁeh’czs':n iﬂeﬁ;fs‘r“’ Takeoff o ne E]" . A‘el' "eC1Pl  Takeoft
osition Application pplication| Application Run pp pp Run sition | Application| Application Run
T2 2 1
T5 8 2
TU Flap 3
Time: Time: 4
5
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run Atfter the Takeoff Run B
Time Time
TRAILING EDGE TRAILING EDGE 8
Fl.
Flap ap Flap
] )
7 7 Time:
6 6
L 2 3 4 s s 7 4
5 5 VA VAN S e
4 4 5 Z N
3 3 —
2 2 /
1 1 v
LEADING EDGE LEADING EDGE
Comments: — | |Comments: R Wing Position t Demwpf 9
- Wing Position2, 3, 4, 5 At equal distances (ap proximately 15 om) along the wing chord;
Wing Position6: Approximately 30 cmfromtraling edge;
B Wing Position7: A pproxinetdy % cmfromtraiing edge
_ Wing Position8: Approximately 2 5cmfromtrailing edge; and
Wing Position9: Midway  theflap
Note:In an dterpt to optimizetiming of tests, shaed box messuremerts Underside: A pproxinetdy 40 cmup fromtheleading edge stagnation poirt
can be ommitted with approva of the project coordinator 1 C
OBSERVER:
ASSISTED BY:
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Attachment 4: Example Ice Pellet Dispensing Form

IP needed per 5min
In each position 81 g
In each Dispenser 323 g

Total amount of IP in
Each Dispenser

IP needed for entire test

323 |g

Total Amount IP

Needed for Entire Test

1291 |g

NOTE:

7.0Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.

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

WING TRAILING EDGE
8 ft=24.4dm
DISPENSER #3
1 €] it %2 <1 1 %3 <] 1n >4 1t 1t 1t
14.9 16.5 18.2 17.4 18.5 17.6 18.5 17.6 18.5 17.6 18.5 17.6 17.2 17.2 16.3 13.3
203 24.1 26.2 26.4 27.3 26.9 27.5 26.9 27.5 26.9 27.5 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 29.6 291 29.6 29.1 29.6 29.0 28.7 26.9 24.0 18.4
18.5 24.1 26.8 28.7 28.8 29.5 28.8 29.5 28.8 295 28.8 29.4 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 25.6 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 28.7 214 25.4 20.3
18.6 24.2 25.8 26.9 26.9 215 26.9 27.5 26.9 21.5 26.9 27.3 26.4 26.2 24.1 20.3
13.3 16.3 17.2 17.2 17.6 18.5 17.6 18.5 17.6 18.5 17.6 18.5 17.4 18.2 16.5 14.9
4 & 1t ——»3 +— ift 2 1 1ft 1 4 &— 1ft ——»3 +— it —]—»2 J— 1ft ——»1
DISPENSER #2 DISPENSER #1
Precipitation Type P | Date | | | Run # | |
* Field to be manipulated
ITarget Rate | 25 |gldm2/h 1. Enter "Date" and "Run#".
Duration 5 i 2. Manipulate desired "Target Rate" for test event.
3. Manipulate desired "Duration” for test event.
Footprint Rate 25 gldm?h 4. Prepare "Total Amount of IP Needed for Entire Test" in grams.
Stdev of Rate (+) 5 gldm?h 5. Prepare 4 boxes for "Total Amount of IP in Each Dispenser" in grams. (Each Disg must be emptied at 5. te intervals.)

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

8. Once a Dispenser has complested its cycle at Position #4, start next cycle at Position #4 and move 1-Foot to the right at (1-minute intervals).

- Leading Edge (LE): Centre Pole of the Dispenser Stands must be 1-foot (12 inches) from the Leading Edge (LE)

-Trailing Edge (TE): Centre Pole of the Dispenser Stands must be 10-inches from the Trailing Edge (TE) Flap.

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

M:\Projects\300293 (TC Deicing 2018-19)\Procedures\Wind Tunnel\Final Version 1.2\Wind Tunnel 2018-19 Final Version 1.2.docx

33

Final Version 1.2, August 19

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix C/Appendix C.docx

C-34

Final Version 1.0, October 20



APPENDIX C

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

Attachment 5: Example Snow Dispensing Form

WING TRAILING EDGE

* Fieldfo be maniputated

[TagetRae [ 25 |oum'm
Durson | minutes
Footprint Rate “ g/dm’h

T

Snow needed per 5 minutes
Ineach position 84
Ineach Dispenser 336
Snow needed for entire test
Ineach Dispenser 336
Total Amount Snow

Needed for Entire Test 1344

80=244dm
DISPENSER #3

1« m % < m |3 < u > 1 1
2.1 438 2.2 255 214 255 214 2.4 274 255 214 254 26 19.7
271 355 34.9 367 35.1 36.7 35.1 354 354 367 35.0 36.3 339 238
2456 39.4 36.4 414 415 36.8 368 368 415 367 411 355 352
uA %3 253 286 287 250 57 257 287 256 284 2.7 243
88 152 16.4 174 1756 172 172 172 1756 170 172 159 u2
68=183dm 6.1 94 10.6 112 114 12 1n2 112 1n3 110 109 98 79
79 98 10.9 110 112 14 1nA 114 11 112 106 9A 61
"2 159 17.2 170 172 175 175 1756 170 174 164 152 88
43 U7 256 257 287 27 287 257 286 253 %3 uA
352 355 a1 36.7 368 s Mns 415 368 A14 364 394 45
238 339 363 350 351 367 351 367 367 351 36.7 349 355 271
19.7 %5 254 27A 274 255 WA 255 274 255 A 255 72 48 231
4« m —|—»3 < ®m —|—»2 «f ® —f—»1 4 <t ® |3 < ® %2 <« 1 —f—»1

DISPENSER #2 DISPENSER #1
| WING LEADING EDGE
[PrecpiationType | Snow | [ Date ] ] [(Run# ] ]

1. Enter Date” and 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 Dispensor™in grams. [Each Dispemsor mest be emptied at 5 minste isterval)
6. Dictate amount of Snow needed “In each Position™ In grams. (Each Position meest be emptied at approximately 1-misete istervals )
7. Once a Postion is emplied of its contents {1-minute ntervals), move the Dispenser 1-foot to the left
8 Once a Dispenser has complestedits cycle at Position #4, start next cycle at Position #4 and move 1-Foot to the right at (1-minute intesvals).

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

NOTE:

- Leading Edge (LE}: Centre Pole of the Dispenser Stands mrst be 100t {12 inches} from the L eading Edge {LE}

~Trailing Edge (VE}: Cen:

be 16inches from the

the Dispenser

(5} Flap.

The use of Dispensor Stand Exterdion is needed.

- Dispenser Spinner murst be 3-feet above the average height of the wing.
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APPENDIX C

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

Attachment 6: Example Snow Dispensing Form (Manual Method)

Date |

[Precipitation Type | sifted Snow

* Fieldto be manipulated
[TargetRate [ 25 |gram2n
| Duration 5 i
Footprint Rate 25 |gldm?h

Stdev of Rate | 10 Joram?n

Snow needed per 5 minutes

[neachposion | o6 ]

In each Dispenser

Snow needed for entire test
In each Dispenser

Total Amount Snow
Needed for Entire Test 1062

Run #

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

at 5-minute intervals.)

6. Dictate amount of Snow needed "In each Position" in grams. (Each Position must be atappr
7. Once a Position is emptied of its contents (1-minute intervals), move the Dispenser 1-foot to the left.

.g: Position #1 -> Pos #2 -> Pos #3 -> Pos #4 -> Pos #4 -> Pos #3 -> Pos #2 -> Pos #1 -> Pos #1...)

1 te intervals.)

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).

- 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.
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APPENDIX C

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

Attachment 7: Visual Evaluation Rating Form

Date:

Ratings:

VISUAL EVALUATION RATING OF CONDITION OF WING

Run Number:

1 - Contamination not very visible, fluid still clean.

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

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

5 - Contamination visible, adherence of contamination

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

Before Take-off Run

Area

Visual Severity
Rating (1-5)

Leading Edge

Trailing Edge

Flap

>3 = Review, >3.5=Bad
>3 = Review, >3.5=Bad
>4 = Review, >4.5=Bad

At Rotation

Area

Visual Severity
Rating (1-5)

Leading Edge

Trailing Edge

Flap

Expected
Lift Loss (%)
>5.4 = Review|

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

After Take-off Run

Area

Visual Severity
Rating (1-5)

Leading Edge

Trailing Edge

Flap

Additional Observations:

OBSERVER:
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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: E] APS Site D Other: Date of Receipt:
Fluid Characteristics:  Type: Colour: Date of Prod
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: o x___L=__ L Fluid Quantity:
Fluid Brix: . Fluid Brix: . ° Fluid Brix: °
FallingBall Time: __: :  (mm:ssics) FallingBallTime: __ : :  (mm:ssics) FallingBallTime: __ : :  (mmssccs)
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: Extract4 L 100/75/50 and 2 L Type | Viscosity: 2L 100/75/50 to third party and in-house for testing
Other Fluids: Extract3 L 100/75/50// Type | WSET: 1L100/75/50/Type | to AMIL fc?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 Fiuid Label || 75/25 MFR Fluid Label || 50/50 MFR Fluid Label [_| Type | MFR Fluid Label

Additional Info/Notes: (additional information included on fluid containers, paperwork received, etc.)

Received by: Date: Verified by:

Fluid Receipt Form (Oct 2018)
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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

38
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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 C

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

Attachment 11: Procedure — Type IV Ice Pellet Allowance Time Validation with
New Fluids

Background

The Type IV ice pellet allowance times are conservative, generic guidance developed
based on data collected using commercially available Type IV fluids. As new fluids
are developed and become commercially available, it is important to evaluate these
fluids against the current allowance times to ensure the validity of the generic
guidance. Systematic “spot-checking” is used in order to identify any potential
issues. In addition, testing is recommended with all fluids available to obtain data
close to the fluid LOUT to determine the aerodynamic effects of ice pellet
contamination at these colder temperatures.

Objective
To evaluate newly commercialized Type IV fluids against the existing allowance
times, and to collect data close to the fluid LOUT.

Methodology

e Conduct testing with any new commercially available Type IV fluids in each
of the cells of the ice pellet allowance times table;

e Record lift data, visual observations, and manually collected data;
e Adjust testing plan accordingly based on aerodynamic data collected; and

e Weather permitting, conduct testing close to the fluid LOUT (-25 to -30°C)
with appropriate conditions to address data gaps.

Test Plan

Eight days of testing are planned.
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APPENDIX C

WIND TUNNEL TESTS TO EXAMINE FLUID REMOVED 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

Two days of testing are planned.
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APPENDIX C

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

Attachment 13: Procedure — Type lll Low Speed Allowance Time Testing LS-0417
Wing Model Calibration and Characterization

Background

Type lll fluid allowance times have recently been developed but are limited to use
with aircraft with rotation speeds of 100 knots or greater. Type Il fluids can often
be used with lower rotation speed aircraft, therefore there is a requirement to have
these allowance times validated for use at these lower speeds. The LS-0417 is a
more representative airfoil to conduct low speed testing at 80 knots. Testing to
characterize the LS-0417 wing section was first performed in the winter of 2017-18,
and analysis is still ongoing.

Objective

Conduct additional calibration and characterization testing, as required, with the
LS-0417 wing to support a better understanding of the aerodynamic effects and how
it pertains to ice pellet allowance time testing at 80 knots.

Methodology
Testing will include a subset of the following:
e Thoroughly survey the clean wing performance through pitch pause, angle

sweeps, and stall runs, and verify repeatability;

e Perform oil flow visualization to better understand boundary layer separation
and uniformity of flow;

e Install boundary layer trips to establish wing sensitivity;

e Conduct fluid testing with and without contamination to evaluate repeatability
of results; and

e Install larger end plates to evaluate potential 3D effects.

Test Plan

One day of testing is planned. An additional day may be required to swap out the
existing wing section in the wind tunnel for the LS-0417 wing.
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APPENDIX C

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

Attachment 14: Procedure — Type lll Ice Pellet Allowance Time Validation at
80 Knots with LS-0417 Wing Section

Background

Type lll fluid allowance times have recently been developed but are limited to use
with aircraft with rotation speeds of 100 knots or greater. Type Il fluids can often
be used with lower rotation speed aircraft, therefore these allowance times need to
be validated for use at these lower speeds. The LS-0417 is a more representative
airfoil to conduct low speed testing at 80 knots, therefore it is recommended that
the Type Il IP allowance times be validated using the LS-0417 wing model at lower
speeds (80 knots).

Objective

To evaluate the Type Il allowance times for use with lower rotation
speeds (80 knots).

Methodology

e Conduct testing in each of the cells of the ice pellet allowance times table with
commercially available Type Ill fluids in each of the cells of the ice pellet
allowance times table at 80 knots rotation speed with the LS-0417 wing
section;

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

e Adjust testing plan accordingly based on aerodynamic data collected.

Test Plan

One day of testing is planned. An additional day may be required to swap out the
existing wing section in the wind tunnel for the LS-0417 wing.
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APPENDIX C

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

Attachment 15: Procedure — Type lll Ice Pellet Allowance Time Expansion

Background

Allowance times for Type lll fluids have just recently been developed. Similar to the
Type IV ice pellet allowance times, the Type lll allowance times are also intended to
be conservative, generic guidance developed based on data collected using
commercially available Type Il fluids. In cases where the allowance times are too
restrictive, additional data may be used to support an increase to the existing times,
or new cells at different temperatures. This testing can be done at both 80 knots
and 100 knots.

Objective

To conduct testing to support the expansion of the Type Ill ice pellet allowance times.

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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APPENDIX C

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

Attachment 16: 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

o 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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APPENDIX C

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

Attachment 17: 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?2/h
or higher) for the same exposure time used during the moderate snow test;

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

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

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

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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APPENDIX C

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

Attachment 18: 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 achosen fluid, conduct a test simulating ice pellets, snow, or freezing rain,
for an exposure time far exceeding the recommended HOT or allowance time;
e Record lift data, visual observations, and manually collected data; and

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

One to four tests would provide a suitable dataset for analysis. Previous work should
be referenced to identify starting levels of heavy contamination.
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APPENDIX C

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

Attachment 19: Procedure - Wind Tunnel Test Section Cooling

Background

Recent wind tunnel research has been limited by the ambient temperature in wind tunnel
test section; in sunny conditions, the radiation will raise the temperature in the test section
making testing difficult. To mitigate this effect, testing is often conducted overnight,
however in some cases, even body heat from people working in the test area (specifically
during long precipitation exposure tests) can affect the temperature. A new cooling system
has been installed by the NRC to mitigate the effects of the radiation warming as well as
from the heat generated by the personnel working in the test section. It was recommended
that testing be conducted to evaluate the effects of the new cooling system on the test
results.

Objective

To evaluate the effect of the cooling system on the aerodynamic test results produced.

Methodology

e Conduct a fluid only test without the cooling system. Have personnel standing on
scaffolding for 20-minutes following fluid application to generate extra heat prior to
running the wind tunnel;

e Conduct a second comparative fluid only test with the cooling system. Have
personnel standing on scaffolding for 20-minutes following fluid application to
generate extra heat prior to running the wind tunnel;

e Conduct a third comparative test at a suitable ambient temperature where the
expected test area temperature with the cooling system is equal to the test area
temperature of the test conducted without the cooling system; and

e Compare aerodynamic performance results.

EXAMPLE OF COMPARATIVE DATA TO BE COLLECTED

Cooling o Test Area . o
Test # System Status OAT 2C Temp oC Lift Loss %
1 Off -18 -14 6.3
2 On -18 -17 7.5
3 On -15* -14 5.7

* To be selected based on efficiency of cooling system based on test #2

Test Plan

Three tests at a minimum would provide a suitable dataset for analysis.
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APPENDIX C

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

Attachment 20: Procedure - Fluid and Contamination at LOUT

Background

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

Objective

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

Methodology

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

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

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

e Conduct a fluid only baseline test at the same temperature (at LOUT); and

e Compare the aerodynamic performance.

Test Plan

Four or more tests would provide a suitable dataset for analysis. If LOUT
temperatures for neat fluids are not likely to occur, investigate the possibility of using
diluted fluids to obtain a higher LOUT.
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APPENDIX C

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

Attachment 21: 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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APPENDIX C

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

Attachment 22: 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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APPENDIX C

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

Attachment 23: 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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APPENDIX D

HIGH SPEED TESTING 2017-18
FLUID THICKNESS, TEMPERATURE, AND BRIX DATA FORMS






APPENDIX D

No Data Available

Figure D1: Run # 1

No Data Available

Figure D2: Run # 2
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APPENDIX D

Date: onuary A

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure D3: Run # 3

No Data Available

Figure D4: Run # 4
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APPENDIX D

No Data Available

Figure D5: Run # 5

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure D6: Run # 6
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure D8: Run # 8
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: A Run: 3 ( Poy
'WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run|
el T2 | g, -1.2 -13.3 - 2 22,25 33.0 1 mi
e -8.3 -7.2 -9, 8 3025 ’ 80 80 &\ ni
N U B -8.0 —ay Flap 2995 3
Time: | (.17 1223 1138 )1y Time: | | 26 4
5 na
- - - 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 20 0
Fiap Flap
Flap [5)
5 ) 24 ©
7 e Time: 126 1 4o
6 5
L2 3 48 s 7 o
5 5 NN NN P AT
A 4 3 1 % "~
3 3 B =5
2 2 / =~
u
1 1
LEADING EDGE LEADING EDGE
C c Wing Posilon 1: Appraximaley 10 ¢m up from th leading edge stagnation point;
Wing Posilon 2,3, 4,5 AL equa distances (sppreximatey 15 cm)along the wing chord;
Wing Positen 5: Appreximately 30 & rom aling ecge;
Wing Posilon 7: Approximatey 15 rom taling edge:
Wing Posiion 5: Approximately 2.5 om fom trang edge; and
Wing Postion : Miway up the flap
Note: In n atempt 1 opiniz tinin oftest, shaced box measurements Undersc w
can b omitted with spproval of the project coordinator General Comments:
OBSERVER: €
e Tickness Bix Form Version 7.0
i 9: #9
Figure D9: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After 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
T2 -1.3 -0 -9.9 2 26115 1 ST
T 7.8 -7 =101 -q 8 2 10 ac Iy
LU S “8.6 Flap 3
Time: | 2 og 236 2:45 Time: 218 2.8 2:52 4
5 198 10
- - 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 80 12 o
2
Fise . Flap XS 20
8 8
7 o Time: | 2.2 229 | 2:.%0
6 6
L2 3 48 s 7 o
5 5 NN N NN Va4 Fiap
4 4 3 7 - M
3 3 .
2 2 /
o
1 1
LEADING EDGE LEADING EDGE
C c Wing Posiion 1: Approximatey 10 am up from the leading edge stagnatin pon;
Wing Posiion2,3,4, em)
9 ecge
Wing Posiion 7: Appresimatey 15 cmfrom trling ecge;
Wing Posion & Apprasimately 2 am rom taling edge; and
Wing Posiion : Midway up the ap
Note: iming oftests, Undersic
can be ommited wih approvl of e project coorntor General Comments:
Po 2.3 - T oeliots
OBSERVER: ceiBr
ud Thickness, 70
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure D11: Run # 11
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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Figure D13: Run # 13

No Data Available

Figure D14: Run # 14
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APPENDIX D

No Data Available

Figure D15: Run # 15

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
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LI IO 2o | -ws |- Flap 15.5 | 2002 3 g
. . |l [
Time: 2219 - Time: |22 22 = o 4 n o
nn =
5 129 15 <\
— 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: Time: 7
TRAILING EDGE TRAILING EDGE 8 104 loR ‘
Flap Flap =
Flap 45
5 5 45 5
7 7 Time: 22.23 22.55 o
6 6
L2 3 48 s 7
5 5 AN AN v / Flap
4 4 T .
3 3 -
2 2 /
M
1 1
LEADING EDGE LEADING EDGE
C c Wing Posilon 1. pproximately 10 ¢m up from the lsding edge stagnation point
Wing Postion 2, 3,4, 5: At equal distances (spproximatly 15 cm) aleng th wing chor
Wing Posiion & Approsimately 30 cmfrom raling edge;
Wing Pasttion 7: Approximtaly 15 e rom raiing sdge:
Wing Posiion & Approsmately 2. e rom taling edge; and
Wing Posiion : Midvay up e iap
Note: Undersd
‘can be ommitted with approval of the project coordinator General Comments:
OBSERVER: 08 B8
DocsiData FormsIFlid Thickness, Temperature and Bitx Form Version 7.0

Figure D16: Run # 16

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
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APPENDIX D

FLUID THICKNESS, TEMIPERATURE AND BRIX FORM

Date:  _lopuacy 2018
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuia | After fluid | After Precip | After Wing | After Fluid | After Precip |  Aiter Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application- [Takeoff Run Position | Application | Application | Takeoff Run
T2 | sz -n.2 -1 ~14.8 2 2,28 1 "
N it
W\ Y
LT [P ) -15.0 8 o1 ! "
U |23 |-ra Sk Flap 29.0 3
Time: | 9z2-26 | 2222 23147 23 5¢ Time: | 2220 | 23.4¢ 00 & 4
5 4
— 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
8 P o
TRAILING EDGE TRAILING EDGE 96 9
Flap Fiap Flap s B B
8 8
7 i Time: | 2z.25 |23 .48 fen 02
5 5
Lz 3 43 s 7
: ; AN AR A
4 4 3 e 'y
3 3 -
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
Comments: Comments: Wing Posiion 1: Approximately 10 m up o the leaing ee stagnation pint
Wing Posiion2,3,4, em)
Wing Posiion 7: Approximately 15 e from aiing edge;
Ving Posiion 8: Approximately 2.5 e from vailng edge; and
Ving Pstian : Miduay up th fp
Note: I iming o tests, Undersic

an be ommited with approval o the project coordinator

OBSERVER: 0Bl &

General Comments:

Docs!Data FormsIFlud Thickness, Temperature and Brx Form Version 7.0

Figure D17: Run # 17

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date:

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuid | After fluid | After Precip | After Wing | 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
nil
LEI A e 5 2 35 5 s 1 I
L ST TR - lb.e 5.5 8 5 20.5 2 ac o4
TU T FETTI -4 Flap ARPB 3
Time: | o012 oo 17 e Ho Time: | oo 21 @22 4
5 = =
— — 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
TRAILING EDGE TRAILING EDGE 8 Wb i I
Flap Flap
Flap uo y i
g g ©
7 7 Time: 20 oo 60,45
6 6
L2 3 4 8 s 7 4
5 5 NN NN vy Fiap
4 4 < = o
3 3 - - =
2 2 / ~
u
1 1
LEADING EDGE LEADING EDGE
C C Wing Positon 1: Approximatey 10 6m up fom the leaing edge stagnation point
Wing Posion 2, 3, 4, 5 At qua distances (spproximataly 16 cm) along the wing chorc
Wing Postion 7: Approximatey 15 cm from traling ede;
Wing Postion 8 Approximately 2.5 o from traiing edge; and

Note: In an atempt to optmize timing of tests, shaded box measurements

can be ommitied with approval o the project coordinator

OBSERVER: ce | gr

Wing Postion 9: Midway up the flap
Underside: Agproximately 40 cm up from the leading edge stagnaton paint.

General Comments:

(7C Deeing ormsFiuid Thickness, Biix Form Version 7.0

Figure D18: Run # 18

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx

Final Version 1.0, October 20
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: 12
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mi)
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
T | -ys |- Vs 2 25 35.75 1
L SN I -15 4 8 /7 3515 2 80 2
it wr |-wa |/ e Flap /, 3
Time: | oo 2y | on-zp Time: 107 148 4
5 e 1y
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 6 14
i
Flap a“ Flap 4o
8 [}
7 7 Time: 7 11
6 6
L2 2 a3
5 5 NN N NN
4 4 - o
3 3 h
2 2 /
f v
1 1
LEADING EDGE LEADING EDGE
c c Wing Posion 1: Agproximtel 10 u rom th leading edge stagnaion poin
Wing Posion 2,3, 4, 5: At squal distances (pproximataly 15 o) lon e wingchor:
Wing Postion 7: Agprosmtely 15 from raling scge;
Wing Posion s Agproxmtely 25 rom raiig edge: and
Wing Postion o Midway up th flp
Note Undersi e ain,
can be ommitted with approval of the project coordinator General C Floid o Rorx
OBSERVER: Y
Forms Fiud Thickss, i Form Vrsion 7.0
i 9: #19
Figure D19: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing | Before Fluid | After fluid | After Precip After Wing After 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’
~ e
T |-z -n.5 2 8.5 3l 1
T |29 2 8 3.5 2 80 36 2
W -wys | oy Flap 25 |z 3
Time: \ 212 220 Time: | .2 2 4
5 158 N
— 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time: Time:
TRAILING EDGE TRAILING EDGE 8 > e )
Flep Fiep Flap " I
8 (]
7 7 Time: 2.2
6 6
Loz o3 4 s 7
5 5 NN NN a4 rup
4 4 3 T~
3 3 —==
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
Comments: [t Wing Postion 1 Agprosmataly 10 m up from th leading adge stagnaton i
Wing Postion 2, 3, 4, 5: At equal distances (spprosimataly 15 om) alon e wing chor
Wing Poson 7: Agproximtely 15 m o raing edge:
Wing Postion & Agprosimately 2.5 o rom g adge; and
Wing Positn s Midway up th flap
Not: I n attmpt 0 optiniz tring o tst,shaded box messuraments Undersids Agproxmately 40 up fom th laading edge stgnation poin
can b ommited vithapprovl o the proect cordinator General C
OBSERVER: celae
S Thiknass, rx Form Version 70

Figure D20: Run # 20

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: }

WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After 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|
i
T2 | -153 -0 -15.4 -16.4 2 3615 315 1
"l
-5z | -ue | -1s0 1.8 8 2 1A an = e
Vo l-i159 | -155 | -z | -ies Flap 3
Time: | 2.4 3 319 Time: | 2. 50 308 3 2% 4
5 it
- - - 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
ime:
TRAILING EDGE TRAILING EDGE & 280 Q6 14
Flap Flap i , B
» [ a
B 7 2
7 7 Time: 2:80 3 -
6 6
L2 3 48
5 5 NN\ NN N\
4 4 - o Je
3 3 e
2 2 /
v
1 1
LEADING EDGE LEADING EDGE
Comments: Comments:, Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posilon 2,3, 4,5 AL equa distances (approximatey 1 cm)along the wing chord:
Wing Postion : Agprosmately 30 c from aling sdges
Wing Posiion 7: Appreximatey 15 rom taling edge;
Wing Postion &: Approsimately 2. e from traing edge; and

Note: In an attemp to optimize iming of test, shaded box measurements

can bo ommitted vith approval of the project coordinator

OBSERVER: BEICE

Wing Positon & Midway up the flap
Underside: Approximately 40 cm up from the leading edge stagnatin poit

General Comments:

c Trickness, Brix Form Version 7.0

Figure D21: Run # 21

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

N

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After ling 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
Wiro
T |-,z | -iza -1 -17.0 2 3125 | 310 1 e
TS -wse | -izo | -163 - 8 H.o |35 2 2 i i
U | -lbo |-I5,.6 -16.0 Flap 22 25 3
Time: | 2 =2¢ 3.48 i ol Lo Time: | 747 4. o2 4
5 3y ) 5
- - 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: ime: 7
TRAILING EDGE TRAILING EDGE 8 6 a
Flap Flap -
Fla 26 \
o T P ) 1 10
. i Time: | 247 “o02 | 4
6 6
| L2 3 4 s
5 5 NN N NN
4 4 -
8- 3 h
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
Ct [ Wing Position 1 dmately 10 cm up
Wing Postion 23,4, 5: At equl distances (approximtely 15 cm) along the ving chord
Wing Posiion 6; Approximately 20 o fomtraiig edge;
Wing Posilen 7: Appreximatey 15 rom aling ace;
Wing Posiion 5. Appreximately 2.5 em from traing edge; and

Note: In an attempt to optmize timing oftests, shaded box measurements

an be ommitted ith approval of the project coordinator

OBSERVER: C

Wing Position 9: Midway up the flap
Underside: Approximately 40 cm up from the eading edge stagnation pont.

General Comments:

DocsiData Forms\Fiud Thickness, Temperature and Brix Form Version 7.0

Figure D22: Run # 22

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date:

Note: In an attemp to optimize iming of tests, shaded box measurements

anvay Run:__ 272 ( o093
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuid | After fluid | After Precip | After Wing | After Fuid | 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
7
T2 161 -l 2 3725 | /- !
oo [z |7 o s / 2 a Y 3
TV 6.2 / -lo.F Flap / B8O 3
Time: | 4 2y 432 / Uy Time: | 4 S aua 4
5 12F 12
" - - 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 )
Flap Flap o
p B
8 ) \2
7 7 Time: Z (xS
6 6
L2 3 4 8 s 7 4
5 5 NN N AV ™
4 4 = s
iE
3 3
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
c c Wing Posiion 1: Approsmately 10 m up frm the eading edge stagnatin poit
Wing Positon 2,3, 4, 5 At equal distances (approximately 15 cm) along the wing chord
Wing Posiion & Approsimately 30 e from trling ecge
Wing Posiion 7: Approximately 15 e from trling ecge;
Wing Positon 8 Approximaely 2. om from traling edge; and

Wing Posion &: Midway up the fap

can b cmmited vith approval of he project coardintor General Comments: {1, 01 @us
OBSERVER: ce/
e Thikness, Version 70
i 23: Run # 23
Figure D23: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: a0uo Run:_24 (P2
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run
2 -5 | -lho [ -17.0 2 5.0 86 1
- . — | =
T -5y | -ih2 | - 8 P A 2 A =] =
LVR YA ey |~ - 16 Flap Bb.0 3
=~ - - > -
Time: | 4 s6 .08 e 5,13 Time: | = P 5.20 4
5 1o Z 5
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
TRAILING EDGE TRAILING EDGE 8
Hap Flap Flap
3 0
7 7 Time:
6 6
Lz 3 43
5 5 NN NN
4 4 3
3 3 b
2 12 /
u
1 L
LEADING EDGE LEADING EDGE
C ¢ Wing Posiion 1
Wing Positon 2, 3,4, 5: At equal ditances (spprosimatly 15 ) along he wingchor
Wing Psiton & Approxmtely 20 e fom taling edge;
Wing Positon 7 Approxmately 15 cmfomtrafing edge
Wing Positon 5 Approximately 2.5 e from traing sdge; and
Wing Positon : Midway up the flap
Note ming o test, Undersia
can b ommied it approval of e proect coarntor General Comments: ¢, 5,1, @,
OBSERVER: ‘
ac Thisasss, Version 70

Figure D24: Run # 24

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
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APPENDIX D

No Data Available

Figure D25: Run # 25

No Data Available

Figure D26: Run # 26

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
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APPENDIX D

No Data Available

Figure D27: Run # 27

No Data Available

Figure D28: Run # 28

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: o | s
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 |-9.3 | -as > -0 2 ES 5 !
™ 0.0 8 2 0 3
U a.r -16.73 Flap 3
Time: Yo | 22.9 23 > Time: s 2203 4
5 8 1
- " - 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 = 12
d Flap 30 i |
8 8
7 7 Time: | 22 o= =
6 6
5 5 N\ NN N
4 4 =
3 3 -
2 2 /
v
A 1
LEADING EDGE LEADING EDGE
{of Ci Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
can be ommited with approval of the project coorinator General Comments:  F(,id cinlty Cur
OBSERVER: MR
i 29: # 29
Figure D29: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mi)
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
2 — 2 25.0 . 1
T5 -9 8 2 S y
w | g5a |an Flap 3
Time: 22 Time: | > 2 4
s ? - 1o
- - - 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time: Time:
TRAILING EDGE TRAILING EDGE 8 8o F "
Flap. Flap Flap = | \\
8 ]
7 7 Time: | 2229 "
6 6 -
Loz 3 48
5 5 NN N NN
4 4 <
3 3
2 2 /
o
1 1
LEADING EDGE LEADING EDGE
Comments: c Wing Posiion 1: Approximately 10 cm up rom the leading edge stagnation poin;
Wing Posiion 2, 3,4, 5 At squal distances (approsmatly 15 cm) akong e wing choré
g e
Wing Postion 7: Approxmately 15 mfom tling edge;
Wing Posiion & Agproxmately 2.5 o tlingadge; and

Note: In an attempt fo optimize timing of tests, shaded box measurements

an be ommitted ith approval o the project coordinator

OBSERVER: cé/ap

Wing Positon 9: Midway up the flap

Undersi

P leading edge stagnaton point.

General Comments:

Forms\Fluid Trickness, Brix Form Version 7.0

Figure D30: Run # 30

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix D/Appendix D.docx
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mi)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Applcation | Application | Takeoff Run Position | Application | Appiication [Takeoff Run| Position | Application | Application | Takeoff Run
2 I Sy 2 2.5 . 1
12.4 S 2 STy
T5 -8z -9.1% “12.6 -8.6 8 25.75 2 80 < Wi e
TV | -ay -2 - -9.5 Flap 3 it e
Time: | 22 22 | oo | 005 ; Time: | 00 o= ) 4 e
5 nq I Vilo
- - 6 e
Wing and Plate Condition Wing and Plate Condition
Bofore the Takeoff Run After the Takeoff Run ; .
Time: Time: v
. Niie
TRAILING EDGE TRAILING EDGE 8 ae 4 A
Flap Fiap [ER - = e
g 0 5
7 7 Time: | o0 | oo 54
6 6
Lz 2 4 s
5 5 NN N NN
4 4 <
o 3 LSt
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
N Comments: Ci Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
; Wing Psiion 2,3,4,5: At cquldistances (approxmatly 15 c) sl the ving hor
N 'Wing Position 6: Approximately 30 cm from trailing edge;
Wing Posiin 7 Agpaximatly 15 cmfom wallg edge;
Wing Postion 8 Appoximately 2.5 cfom g sdge; and
Wing Postions: Midwayup th flep
Note Undersd w
can b omitd withapproval o e prec coodinstor General C
OBSERVER: oo B8
e Thickness, Verson 7.0
i 31: Run # 31
Figure D31: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Runi__22 (P11
WING TEMPERATURE (Taken From NAC Logger] FLUID BRIX FLUID THICKNESS (mi)
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|
e - ENI R
T2 -y -9.2 2 25 .« 19.5 1
o [\l e
T5 q 2 86 8 6115 2225 2 65 <I m
s s
U -9.2 - Flap 15 4 25 3
| G " e
Time: 229 Time: 142 219 2.2 4 25 111
5 ne \5 1 o> 11
— 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run ;
ime: Time
TRAILING EDGE TRAILING EDGE 8 | 8
Fiap Fiap -
o N
. - HO )
7 7 Time: w2 2.3
6 6
L2 2 4 s
5 5 NN N
4 4 £
3 3 B . B
2 2 /
y
i 1
LEADING EDGE LEADING EDGE
Comments: [ Wing Position 1: Approximately 10 cm up from the leading edge stagnation poini;
Wing Pestian2 3,4, At squldstances(pprosmatly 15 cm) aong th wing choré:
Wing Pesion 7: Approsimatey 15 mfom o odge:
Wing Postion 8 Approxmately 2.5 m o taling edge;and
Wing Pesion s Wiy up e
Not: Undorsi {agnaon ot
canbe mmited with aproval o the prjetconrdinalr General Comments:
OBSERVER: 2B CB
. Forms\Fid Thicaoss, 70

Figure D32: Run # 32
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APPENDIX D

Date:

Febnjam | 3 Run:

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

5 nive

Note: Inan attempt fo optimize timing oftests, shadsd box measurements

an be ommitted with approval o the project coordinator

Wing Posion &: Midway up the flsp

General Comments:

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 1.4 ~1.8 -1 -8.% 2 3 6.5 27.0 1
T5 6.3 -8 -9 8 5 5 2! 2 20 b <
cao Flap .5 25.0 3
4 Time: u 4
5 Z 2 <l
Wing and Plate Condition Wing and Plate Condition °
Before the Takeoff Run After the Takeoff Run B
Time: Time:
8 80 LY 5
TRAILING EDGE TRAILING EDGE 20 o
i
Flap ap Flap 20 Ly 4
8 T
T fl Time: | 212 430
6 6
L2 3 48
5 5 NN N NN
4 4 - o Je
3 3 :
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
Comments: C g Wing Posiion 0emup
Wing Posiion 2, 3,4, 5: At equal distances (agprosimately 15 cmalong the wing chor
Wing Postion : Approximately 30 cfrom raling edge;
Wing Posiion 7: Approsimately 15 e from ling edge
Wing Posiion & Approsimately 2. e rom ualing ecge; and

Note: In an attempt to optmize timing oftests, shaded box measurements

can be ommited with approval of the project coordinator

OBSERVER:

Wing Posion 8 Midway up the flsp

Undersice:

General C

OBSERVER: ee/ce
ocsats Fome P Thckes,Tomprar and i Fom Versen 70
i 33: # 33
Figure D33: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Dste:_§ 201 R )
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
niye
T |42 -0 |-izo 2= 2 3615 a.5 26.5 1 TR
T |-¢.8 -8.0 a 1.9 8 2.0 2 30 B0 '
L R h $.6 -8.0 Flap 21.5 2625 3
Time: | 4.u43 sou |57 Time: | 4 503 |57 4
5 12 50 o)
™y 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
Time: Time:
8 a0 ne 2
TRAILING EDGE TRAILING EDGE 20 2
lind il ap | 20 I 12
8 I
7 7 Time: e 5 o7 5 20
6 6
L2 o34 s
5 5 NN N NN
a 4 ©
3 3
2 2 /
é
1 1
LEADING EDGE LEADING EDGE
c c [ ——
Wi Pl 23,45 ALl dtrcs sty 1) g i
Vi Postian ;gm0 o o g s
Vi Posin : Apresmt 1 m o g s
Wi Postn: Aoty 2. o i s 0

DocsiData Forms\Flid Thickness, Temperature and Brx Form Version 7.0

Figure D34: Run # 34
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Felbruar 20 Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run|
T2 2 3325 1
Ts 8 0 2 0 \
TU Flap - Lo 3
Time: Time: | 5 4o 5.5 4
5 80 A
" - " 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 o | 12
Fi —
Flap 1 Flap 26 4
8 [
7 7 Time: | = 4y
6 6
L2 3 4 s s 7 4
5 5 NN N NN Vv avs Fap
4 4 3 g
3 3 - =
2 2 / -
v
1 1
LEADING EDGE LEADING EDGE
Comments: C Wing Pasition 1 Approximately 10 em up from the leading edge stagnation point;
Wing Posilen 2,3, 4,5 AL equal distances (spproximatey 15 cm)along the wing chord,
Wing Posilon 6 Appraximately 30 rom taling ecge
Wing Posilen 7: Appreximatey 15 from aling ace;
Wing Posilen 8 Appreximately 2.5 e fom g ecge; and

Note: In an attempt to optimize timing oftests, shadd box measurements

an be ommitied with approval o the project coordinator

OBSERVER: B_E /o

General Comments:

Wing Posiion 9: Midway up the fiap
Underside: Approximately 40 cm up from the leading edgo stagnation paint.

fly

Docs\Data Forms\Flid Thickness, Temperatura and Bix Form Version 7.0

Figure D35: Run # 35

No Data Available

Figure D36: Run # 36
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APPENDIX D

No Data Available

Figure D37: Run # 37

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Note:In

an be ommitied with approval of te project coordinator

OBSERVER: =

Wing Posion 1.

10m up flom

Wing Positon 2, 3,4,

Date:  Felrine 202 Run: )
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application |Takeoff Run|
T2 2 -6 8 -2.8 2 3.5 1
T5 -0.9 -2 -2.4 8 3 2 2 no
U |-02 -3 -2.b - Flap 4.5 3
Time: a3 19012, 1o L ey Time: | 1912 192" 19 43 4
5 1n2 3 2
” - - 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 0 80 2
o 2
Flap i Flap 20 1
§ 7 |
7 7 Time 9 22 | @z
6 6
L2 3 4
5 5 NN N
4 4 -
3 3
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
Comments: C

Wing Posiion 6; Approximately 30 cm from tralng edge;

Wing Posion 7: Approximately 15 em from trang edge;

Wing Posion 8: Approximataly 2.5 em from traiing edge; and

Wing Posion & Midway up the flsp

General Comments:

(7 Decing

Thicknass,

Version 7.0

Figure D38: Run # 38
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APPENDIX D

Feloynion

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: ehuor zong, Run:
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run
T2 45 -q -5.0 2 Y4 75 15 1 niy
|5 o= an i
s yp |-eA 8 5 2 B <!
U -5.0 Flap 2.0 |280 3
Time: = 2019 Time: | 20 o i 4
5 2 S <
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time:
TRAILING EDGE TRAILING EDGE 8 o4 4
Flap Fiap o c
p 23 10 \
8 8 0
7 7 Time: 0120
6 6
L2 3 48 s 7 .
5 5 CANAA /7
4 4 < -
3 3 /
2 2
v
1 1
LEADING EDGE LEADING EDGE
c c Wing Posilen 1: Appraximately 10 ¢m up from the leacing edge stagnation po;
Wing Posiian2, 3,4, (epproxmtely
Wing Posiion 6; Approximately 30 e fomtraiing edge;
Wing ostion 7: Approximatey 15 cm fomtaling adge:
Wing Postion &: Approsimately 2. e from taling edge; and
Wing Postion : Midway up the flap
Note: Undersic w
can bo cmmiied withapprova fhe preectcoarinator General Comments: ey - o
desitedd
OBSERVER:
(G Deicing 2017- Thickness, orm Verson 7.0
i 39: # 39
Figure D39: Run
FLUID THICKNESS, TEMIPERATURE AND BRIX FORM
Date:

Run:

WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run
= 5 e
T2 ! -l -7 o 2 &S 3 1
nyre
5 L 5 3 8 @5 2 8 ¢
6.7 80 8O | nite
U -4.9 -5.2 8.0 Flap 12,75 - 3 o
Time: | z0.65 |21 o 22,04 Time: | z| 2 2 4 o
5 1 15 <\ e
Wing and Plate Condition Wing and Plate Condition s Ve
Before the Takeoff Run After the Takeoff Run
Time: Time: 7 Nire
TRAILING EDGE TRAILING EDGE 8 30 80 Wit e
Flap Fiep
i 5 Flap o 2 2 e
7 7 Time: | 2 oy ss |2
6 6
L2 3 4 s
5 5 NN N NN
4 4 3
3 3 -
2 2 /
1 1 v
LEADING EDGE LEADING EDGE
[Comments: C Wing Position 1: Approximately 10 em up from the leading edge stagnation point;
Wing Posiion2,3,4, 15 em)
Wing Postion & Approxmately 30 cfrom alng sdge:
Wing Postion 7: Approximataly 15 cm rom raiing edge
Wing Postion : Approximately 2. e from raling edge; and

OBSERVER:

tear

Note: In an atemp {o optimize timing of tests, shaded box measurements

an be ommitted ith approval o the project coordinator

Wing Position 9: Midway up the flap

Undersi

General Comments:

point

Docs\Data Forms\Flid Thickness, Temperature and Brx Form Version 7.0

Figure D40: Run # 40
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Feon Run:
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip After Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position Application | Application |Takeoff Run| Position Application | Application | Takeoff Run|
s ne
7 |95 -7y 2 3675 2 25.5 1 s 1) o
B S =74 “lo.% 8 2125 260 2 80 5 s Wle
LIV [, - Flap 26.C) 3 2 qute
n y - e
Time: 2220 |22 2322 Time: 232\ 4
°
5 2% > 1o
- - 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B . ¢
Time: Time: 0
1y e
TRAILING EDGE TRAILING EDGE 8 80 a5 12 L
o i ]
Flap ap Flap
8 [
7 7 Time:
6 6
L2 3 43
5 - 5 NN N NN
4 4 -
3 3
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
C c Wing Posiion 1: Appraximatey 10 & up from the eading edge sagnation poi
Wing Posilon 2,3, 4,5 AL equal distances (spproximatey 15 m) longthe wing chord
Wing Postion & Approximatly 30 cmfrom raiing edge
Wing Postion 7: Approximatly 15 cmfrom ailng adge;
Wing Postion & Approximately 2. em from raling edge; and
Wing Positon 8 Micway upth fap
Note: Underside: Approximately 40 c up fom the leading edge stagnaton pain.
‘can be ommitted with approval of the project coordinator General Comments:
OBSERVER: 13
Forms\Flud Trikness, Brix Form Version 7.0
i 41: Run # 41
Figure D41: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run: 42 (F1%
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
2 _ N N 2 B s wile
-8.F -6 -5 1 30.S 1
n
| g, 76 |-1ya -0 8 2015 | %75 2 1 ! 5 N
LB B - S Flap .o |70 3 i
Time: | oo o= | 2001y 60 yo ORI Time: ooy s oo v |oosa 4 Tan
5 134 2
Wing and Plate Condition Wing and Plate Condition N
Before the Takeoff Run After the Takeoff Run
Time:____ Time_ 7
TRAILING EDGE TRAILING EDGE. 8 80 134 Il
Flap Flap
Flap 30 4
8 [ 4
7 7 Time: 00 |5 5
6 6
L2 3 4
5 5 NN NN
4 4 3
3 3 b
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
C c Wing Posilon 1 Appreximatey 10 & up from the leading sdge sagnation point
Wing Posiion 2, 3, 4, : At equa distances (approsimately 15 cm)along the wing chor
Wing Pesiton 6 Approximatey 20 e from rling edge;
Wing Positon 7 Approximaey 15 em fom ring edge;
Wing Posiion & Approsimately 2.5 e from taling scge; and
Wing Posiion : Midway up the flap
Nole: U
can be ommitted with approval of the project coordinator General C
OBSERVER: 8|
Foms\Fd Thickness, Brx Form Verson 7.0

Figure D42: Run # 42
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APPENDIX D

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Februoa 2z Run: 4%
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mill
Wing | Before Fiuid | After fluid | After Precip | After Wing | After Fiuid | 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 )-es ae v |-z 2 850 | M5 ;
LT T q a —-9.3 s 8 » = 80 50 <
- e
TU -y - -G -2 2 Flap \ce il e
Time: | 1 e 121 2:.0% 1% Time: |1.25 z.04 22 Nire
nz 200 5
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: Time: o
sboue
P o e o 1ce
TRAILING EDGE TRAILING EDGE ae 80 1 Ao o et
Flap Flap
Flap = \ce
8 G i
7 7 Time: 2.4 2
6 6
Loz 3 4 g
5 5 NN\ NN N\
4 4 3 J
3 3 -
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
Comments:. C Wing Position 1 "
Wing Pasiion?, 3,
Wing Posiion : Approxmately 30 cfrom raling edge;
Wing Postion 7: Approsmatly 15 cmfrom rling edge;
Wing Posiion & Approximately 2. cm from trallng ecge; and

Note:In an atempt {0 optimize timing of tests, shaded box measuremenls

can be ommited wih approval of the project coordinator

OBSERVER:

Wing Posiion 3: Midway up the flap

Underside: Agproximately 40 ¢ up from the leading edge stagnation point

General Comments:

ac

uid Thicknass, T

Form Version 7.0

Figure D43:

Run # 43
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APPENDIX E

LOW SPEED TESTING 2017-18
FLUID THICKNESS, TEMPERATURE, AND BRIX DATA FORMS






APPENDIX E

No Data Available

Figure E1: Runs # 1 to 44

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Faloroart Run:_4% (PiL3
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuid | After fluid | After Precip | After Wing | After Fiuid | 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 |02 |-ae |77 |92 2w |77 025 1
T |/ . 8 3.5 2 4o
T Flap 2.5 3
Time: | 804 834 Time: p 8 &1 4
5 96 L=
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time:
TRAILING EDGE TRAILING EDGE 8 &0 2
Fla
Flap d Flap 25 o
£l g E
el 7 Time: >:33 { 8,52
6 6
L2 3 4 s s 7 .
. ; CAAAR Sl
4 4 5 T e~
118 3 - —=
2 2 / -
v
1 1
LEADING EDGE LEADING EDGE
C [ Wing Positon 1 10em up trom
Wing Posiion?2, 3, 4, em)
Wing Posiion & Approsimately 30 cmfrom raling ecge
Wing Postion 7: Approximalaly 16 e from traiing edge
Wing Posiion 8: Appreximately 2.5 e fom g edge; and
Wing Posilon 5 Midway p the flap
Note: n an atempt 1 opiniz iningof tests, shaded box measurements Und
Gan be ommited with approval of the project coordntor General Comments: % ., .\ 4o, daker of ,
Eluiclonliy
OBSERVER: 2 ) e
ac Thickness, Bix Form Version 7.0

Figure E2: Run # 45

i j TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix E/Appendix E.docx
APS/Library/Projects/300293 (TC Deicing )/Rep! e e
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Runi_4C, (P)
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
i " Wing After fluid | After Precip After
Win Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip After i u 3
Puslmgnn Application | Application | Application | Takeoff Run Position Application | Application |Takeoff Run Position Application | Application | Takeoff Run
T2 -9.0 /) -ae 2 247 g EE 1
T5 ) / / 7 8 2 50 3l
U - p I Flap 3
Time: | 909 948 2,34 Time: | - 4
5 12 "
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
8 50 - 12
TRAILING EDGE TRAILING EDGE i
Flap Fiep Flap 25 Y/ )
8 B >
: [ 9 2
7 7 Time: |4 |9 P .
6 6
PP
5 5 NN NN
4 4 5 E
o 5
3
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
C Comments: Wing Postion 1: Approximately 10 cm up rom th leading edge stagration point
Wing Postion2,3,4,5: (spprovimately
Wing Posion & Appraximately 30 e from traling edge;
Wing Position 7: Appreximately 15 cm from raling edge;
Wing Positon & Appreximalely 2.5 e from traling edge; and

Note: In an attempt to optmize timing oftosts, shaded box measurements

an be ommitted with approval of the project coordinator

Wing Position o: Midway up the flap

Undersid

General Comments: x iy tornps bo kel position 2
OBSERVER: cele
s, ——
i 3: # 46
Figure E3: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:  Folrncy 0 Run:_ 47 (P63
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run
2 s |— 1
] - -
/ 7 8 2 ys ’
Flap 3
Time: [ o:2c, 4
5
Wing and Plate Condition Wing and Plate Condition s
Before the Takeoff Run After the Takeoff Run
ime: Time: 7
TRAILING EDGE TRAILING EDGE 8
Flap Fap o
¥ g s
7 7 Time: 10.26
6 6
oz 348 s 7
5 5 NN AN Raravs Figp
4 4 3 T TR~
3 3 - e - R
2 2 /
il 1 v
LEADING EDGE LEADING EDGE
c c Wing Positon 1 oty 10 cm up from
Wig Posiion:2, 3,4, At eua ditances (spprosmtely 15 ) on h wig hors
i oag
Wig Positon7; Aspresimataly 1 om fom vsing o
Wing Postion : Agposimately 2. o fom aing odg: and
W Posion o: Wiy  th ap
Note: I n atompt 0 aplize g o sts, sadod box messurements Undarsids: Asprosimatly 40 u o h g dgesagnaton pon,
‘can be ommitted with approval of the project coordinator General Comments: x i, L ) n o mositian 2.
skip poed meas Is due Jn 000! nun
OBSERVER: cel i
o Thkness, 8 Form Vorson 70

Figure E4:

Run # 47
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_dg (P1e
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mi)
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
2 | 7.q -7 I A 2 3 P B 1
/ 7 7 - — 4
s |/ 7 / 8 2 - y
w |( L Y A% Flap 35, 3
Time: | 10: 48 105 1" Time: | |0 = 110 4
5 a i
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
i Time: 7
TRAILING EDGE TRAILING EDGE 8 5
i
Fiap ap [ > 5
8 8
7 7 Time:
5 6
L2
5 5 NN N NN
i 4 3
S 3
2 2 /
v
1 1 1
LEADING EDGE LEADING EDGE
Comments: C ‘Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Possion 2, 3, 4, 5: At squaldistances (spproximately 15 cm) alon e wing chord:
Wing Postion 7 Agproxmtely 15 from g edge:
Wing Posiion & Agproxmately 2.5 e from tlingedge; and
Wing Posion s My up th flp
Note Underside: Agproxmtely 40 cm u from th eacing edge stagnaton pin
can be ommited with approval of the project coordinator General Comments: x 1114 denips 4o easitior
OBSERVER: LR LBE
(7 Dsicng FormFiid Thicknes, i Form Version 70
i : # 48
Figure E5: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: v ., 2018 Run:_ 49 (P14
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 | -ga 1 2 24.15 1
7% )/ ) ) 8 2 450 E <
w | L - Flap 3
Time: 1" 1 146 R.ot 12 " Time: {0 12 .00 [ 4
5 %
m 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run J
Time: Time:
s i
TRAILING EDGE TRAILING EDGE ]
i
Flap lap Flap 2 !
8 [
7 7 Time: 1040 i
6 6
Loz 3 48 s 7
. : CANAR ra
" 4 < .
3 3 -
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
Comments: Ci Wing Position 1
Wing Postion2, 3,4,
Wing Psiton 5 Approxmately 30 e fom taing edge;
Wing Postion 7 Apprximataly 15 fom trling scge
Ving Positon & Approximatel 2.5 e from raiing edge;and

Note: In an attempt fo optmize timing oftest, shaded box measurements

can be ommitted with approval o the project coordinator

OBSERVER:

CBIBE

Wing Position 8: Midway up the fsp
Underside:

General Comments: 3 .-

Docs\Data Forms\Flid Thickness, Temperature and Brx Form Version 7.0

Figure EG:

Run # 49
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_So [ P
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fuia | After fuid | After Precip | After Wing | After Fluid | After Precip | After Wing | After fluid | Atter Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application [Takeoff Run Position | Application | Application | Takeoff Run
2 [ en | |7 € 2 | 20 P 7
S |~/ 8 2 35 7 |
/ 35
T C - Flap P - 3
Time: 12:373 2 49 Time: |12 =9 12 4
5 ac &
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: e:
TRAILING EDGE TRAILING EDGE 8 10 !
o i =
Flap lep Flap ) 2
B 0
5 7 Time: 12279 - 1249
6 6 =
L2 3 4 3 s 7 4
5 5 NN N NN S LS e
4 4 < i ,/
3 3 - —=
2 2 / =
v
1 1
LEADING EDGE LEADING EDGE
Ce C Wing Position 1 Approximately 10 cm up from the leading edge stagnation point;
Wing Posiion2,3,4, 15 cm)
30 m o oe;
Wing Posiion 7: Appraximatey 15 m rom trling ecge
Wing Posilon & Approsimately 25 e rom taing ede; and
Wing Postion 9 Micway up the i
Note: I an atempt 1 cptiniz tningoftest, shaced box messurements Underside: Aproximately 40 cm up from th leading edge stagnation poit.
can be ommited wih approvlof the project coodiator General C X wina Kory o posiYian 2
5 f

OBSERVER: BB ca
P — Ve 70
i : # 50
Figure E7: Run # 5
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Fe ) S ol Run: _ =) (
'WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing | After Fluid | After Precip |  After Wing After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run
2 | s |-ey | O~ -5.5 2 35.0 1
5 ) ) 8 2 10 Y
e — (& L Flap ~ 3
Time: | | 5 | Time: |12 0 | 7/ | 4
5 na | o
” 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 7 20
Flap Flap
Flap 55
- . 55 6
7 7 Time: > 2
6 6
Lo 4 s
5 5 NN NN
4 4 =
3 3
2 2 /
u
WH 1
LEADING EDGE LEADING EDGE
Comments:, C Wing Position 1: Approximately 10 cm up from the leading edge stagnation point
Vi Poskion, 5,4, Aol dtances (st 15 ) sl e ving ot
VWi Posons pprmataly 0 s ade:
P ——
i osions Appmimately 25 o o vl e nd
i Poston vy oo
O — Undrs
can b ommited with approva of e projectcoorinator General C. Floid aniu

OBSERVER: (B ge

Docs\Data Forms\Flid Thickness, Temperature and Bix Form Version 7.0

Figure E8: Run # 51
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: =

rart
t
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 o | O L5 2 5.0 1
w p / 7 ) 8 25,9 2 o / 2
"
w | v / . Flap 3
Time: i ]is57 SR Time: S Iy 1 4
5 119 / ¥%
- 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 2o 20
Fiap Flap Fiap —
8 8
7 7 Time: JTTRNEN
6 6
3 4 s
. 2
5 5 NN NN
4 4 -3
3 3 -
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
c c Wing Pestion 1: Agproimately 10 m up fromth leacin edge stagntion it
Wing Posiion 2, 3,4, 5 At equs dstances (spprosmlely 15 ) aong he g chord
Wing Postin s Approxmaely 30 o vaing e
Wing Posiion 7: Approsimately 15 o from vaiig edge;
Wing Postion : Approximately 2.5 cmfomtaing edge; and
Wing Psiion : Miway up e ap
Noto i w
can bo ommited with approva of e proect coardintor General C

OBSERVER: 2 | BP
e Thickness, Version 7.0
i 9: # 52
Figure E9: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: _Feorwor 6 2018 (r
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run|
M -4 5.0 | -8 5.5 2 s | 215 1 5 W
w / s .15 ) R ARSI
£ / - TR UA
w |7 [ 7 ( Flap s 3 20 )
" - - PRI
Time: | 14 wys |15 5. 32 Time: | 1445 [ g | s ey 4 .
5 a6 \
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run J
Time: Time:
TRAILING EDGE TRAILING EDGE 8 HO 2H 10
Flap Flap
Flay 2 2 <
3 - P 2% I |
7 7 Time: [y ous |52 [s
6 6
L2 3 48 s 7 4
5 5 NN NN s S s Fiap
4 4 -3 T~
3 3 - =
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
C Ci Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Positon 23, 4,5 Al equal distances (spproximatey 15 m) alon the wig chord
Wing Posilon s Appraximately 30 rom taling ecge:
Wing Posion 7: Approximately 15 mfrom aiing e
Wing Postion &: Approxmately 2.5 cmfrom raling edge; and
Wing Postion : Midway up the flsp
Note: tmingoftests,

an be ommited with approval of the project coordinator

OBSERVER: ol

Underside: Approximately 40 cm up from the leading edge stagnation pont

General Comments:

Forms\Fluid Thickness, Brix Form Version 7.0

Figure E10: Run # 53
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run:_s54
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run| &
w 1
T2 5.6 | -co I - 4 2 ] 1 I
/ 7 7 ] PR L 2
wo|/ / / 8 1615|2215 2 HO 47 4 20 11
—
w [\ (VL Flap g 29 3
Time: | 1243 | 1950 16 16135 Time: | |5 w2y It 4
5 a6 b \
— - 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: Time: 7
TRAILING EDGE TRAILING EDGE 8 20
i
Flap lap Flap i) 2
B 0 2
7 7 Time: | 1= o
18 5
| L2 2 48 s 7
s 5 NN NN e
& # 3 T
3 3 Z - 3
2 2 /
u
1 1
LEADING EDGE LEADING EDGE
c Comments: Wing Posiion 1 Approximately 10 cm up from the leading edge stagnation pin;
Wing Posiion?, 3,4, : Al equa distances (approsimatey 1 cm)alongthe wing chors
Wing Position 7 Approximately 15 em from raing ece;
Wing Posiion & Approximatel 25 e fom taing ede; and

Note: In an aitemp to optimize timing oftests, shaded box measurements

Wing Posiion 8: Midway up the flap

Underside: Approximately 40 ¢ up from the leading edge stagnation point.

can be ommited with approval of the project coordinator

OBSERVER:

General Comments:

(B! BR

Docs\Data Forms\Fiid Thickness, Temperature and Bix Form Version 7.0

Figure E11: Run # 54

No Data Available

Figure E12: Run # 55
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APPENDIX E

No Data Available

Figure E13: Run # 56

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Febroary 4 Run: 59 (P13 )
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil]
Wing | Before Fiuid | After fluid | After Precip | After Wing | After Fuid | Atter pracip | After Wing | After fluid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application [Takeoff Run Position | Application | Application | Takeoff Run
T | a ea (-] -a5 2 245 % 2 1
|/ - 7 8 - 25,26 2 40 2
w |7 (A (L [2 Flap ’ 5 3
Time: (SR 8:2m Time: | &:15 o 8:28 4
5 80 > 7
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 Y
i
Fiap p Fiop © P 5
g T
i i Time: | &:)5 = 82
6 6
Loz 3 48 s 7
5 5 NN N NN Y Fiap
4 4 = 1" % i
3 3 R
2 2 / ~
u
1 1
LEADING EDGE LEADING EDGE
Comments:, C Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posion 2,3, 4, 5: At equsl disances (pproximately 15 cm) lon the wing hord
Wing Poson s Approsmaely 30 mfrom g e
Wing Postion 7 Agprosmaely 15 fro vaiing edge;
Wing Psiton 8 Approxmatey 2.5 e fomtaling sdge;and
Wing Positon : Midway up e ap
Note e, w

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

OBSERVER: CR | ©F

ac Thickness, T d Brix Form Version 7.0

Figure E14: Run # 57
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_ 58 (R168)
_Se(viee)
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run
T2 5.0 -4 y -%.2 2 24.5 5.5 1
- - =
™ /] A/ ] 8 ; 2 25 —/
w [V (/ (/ (V4 L Flap s 3
Time: | & yo Bug 7 | e Time: | a:4q L )0 4
_ s
5 I A 2
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: Time:
TRAILING EDGE TRAILING EDGE & Ha
Flap Flap - P
Flap ) 2
] T 3 .
7 7 Time: | 509 |&7 9 o2
6 6
Lz 3 48
5 5 NN\ NN N\
4 4 3
3 3
2 2 /
v
1 1
LEADING EDGE LEADING EDGE
c c Wing Posiion 1: Approsimatey 10 upfom the leading edge stagnation pont
Wing Positon 2, 3, 4, 5: At squal distances (spprosimately 15 ) long e wing chor:
. g edge;
Ving Positen 7: Approxmately 15 e fom taing sdge;
Wing Posiion & Approsimatey 2. m rom traing scige; and
Wing Posiion & Midway up the iap
Not: I an atempt  otiizeting of ests, shadsd 5o mssuraments Uncersi
can be ommited with approval of e projctcoordnator General Comments:
OBSERVER: e BB
DocsData FormsIFhid Thickness, Temperature and Bix Forn Version 7.0

Figure E15: Run # 58

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Run:_ 509 (p N\
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run
51 2
12 7.6 -12.5 - 2 l 27.0 1
— LIITERS
w d 8 26 0 2 1o 20 <! Ulle
£ | L Flap 3
Time: | a1y | 420 Time: | 422 | a4 0 o2 4 il
5 W6 1o <l
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
ime Time:
TRAILING EDGE TRAILING EDGE 8 i
i
Flap lap Flap \
8 8
7 7 Time: | .22
6 5
Loz 1 43 s 7
5 5 NN N
4 4 -
3 3 o
2 2 /
u
JLEEE! 1
LEADING EDGE LEADING EDGE
c c Wing Postion 1 Agprosimaely 10 up o th lacing edge stagnation poin;
Wing Posion 2,3, 4, 5: At equal disances (pproximately 15 cm) long th wing chord
Wing Postion 6 Agprosmately 30 mfrom vaiing odge;
Wing ostion 7: Approimatey 15 e fom taling sdge:
Wing Postion : Approximatey 2. c fom taling sdge;and
Wing Positon : Midway upte ap
Noter . Undersde: Approxmatey 40 e upfrom the leacingedge sagnaton pon
can bo mmitd wih approval of e projectcoardntor General Comments:
OBSERVER: or ) Bk
e ‘Thickness, Version 7.0

Figure E16: Run # 59

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix E/Appendix E.docx
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: _ G0 ( SY
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run|
52 | -en |79 2 75 | 575 |uo 1 5 Wi
7 [RARRI)
w | ) 8 225 | 215 2 < o
7 1
w = Fiap 1225 |z 25 3
- - 20 1)
Time: | 10 .cm 10:21 3 Time: 022 1n.o4 4
5 96 B
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
T Time: 7
TRAILING EDGE TRAILING EDGE. 8 4o 1¢ 3
Flap Flap
Fla 20
. - P 0 <t
7 7 Time: 102 R} 1oy
6 6
s 7 .
5 5 Vv a4 Fuap
A 4 TR
3 3 -
2 2
1 1
LEADING EDGE LEADING EDGE
c c Wing Positon 1. Approximatey 10 e up from the lacing edge stagnaion pot;
Wing Posiion 2, 3, 4,5: Al equal distances (appreximatey 15 cm)along the wing chord;
Wing Posilon 7 Appreximatey 15 from tling ece;
Wing Posiion 5 Approximately 25 cm rom taing edge; and

Note:In an attemp 1o optmiz timing oftest, shaded box measurements

Wing Posiion 5: Midway up the flap

Note: In an attempt fo optmize timing oftest, shaded box measurements

an be ommitted with approval o the project coordinator

OBSERVER: ¢

Wing Posion o Midway up the fsp

Undersi pot,
can be ot ilh approvlof e prject coorcintor General CoMMENts: ()i o1 11o6isy g ey dee e s o
7
'r)m"‘l)'vr\ 2
OBSERVER: B leE
Thickness, Version 70
i : # 60
Figure E17: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Rum: g | (0
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run|
- s wile
%2 | -c8 -6 -1, -9.0 2 2475 8.5 26 1
. TR}
w g / 8 \7.25 | 22 2 ) s 1
f
» |l ( Flap V1.5 26 O 3 nit
Time: ! 12.12 Time: | nz2d | vy 2012 4 Ee
5 ac 1
- - — 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time: Time:
8 25 9 q
TRAILING EDGE TRAILING EDGE \
o Fla
Flep P Flap 20) \ <\
8 [
7 7 Time: .24 [P 2.2
6 6
Loz 3 4 g
5 5 NN N NN
4 4 -
3 3
2 2 /
v
1 1
LEADING EDGE LEADING EDGE
(Comments: Ci Wing Position 1: Approximately 10 ¢m up from the leading edge stagnation point;
Wing Poston2, 3,4,
Wing Positon s Approxmately 30 e fom tsing dge
Wing Psiion 7: Approxmatey 15 e fom taling edge;
Wing Poiton & Approxmately 2. oo aling odge;and

o

eosurements taker

General Comments: (), Jon

Docs\Data Forms\Fid Thickness, Temperature and Brtx Form Version 7.0

Figure E18: Run # 61
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APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date ehriary Rumi_e2 (pPig2
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 | Application | Takeoff Run.
5 W
T2 a0 1.0 -0 2 34.75 | .25 29. ¢ 1 w1
s/ 1 V1 ) : p— P S  Bvamm LY
o 1111
w | P -
u ( / S [ Flap .95 3 e
Time: | 1210y 2 2.2y Time: | = 2 2.3 4 Wi
5 < =t
6 [ RA!
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: Time: 7
TRAILING EDGE TRAILING EDGE 8 M >
Flap Flap
Fla ) =t
8 ] P < \
7 7 Time: 12 12
6 6
L2 2 4 s s 7,
5 5 NN N NN v [
N i 3 15 T
3 3 B -
2 2 /
v
1 1
LEADING EDGE LEADING EDGE
c c Wing Posiion 1 Apposimately 10 cmup o th eading edge stagnaton ot
Wing osiion 2,3, 4, 5: A1 el distances (aproximatly 15 cm) lon the wing chore
Wing Posion 7 Agproximtely 15 cm o traing edge;
Wing Posiion & Agproximately 2.5 o tling ecge; and
Wing Postion s Midway up the fap
Not: o, Undersi
can b ommitd wih approval o e roec coodiator General Comments:
OBSERVER: € | g5
e FommsFhid Thickness, i Fom Vrsion 70
i 9: Run # 62
Figure E19: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Fevryory 4 2018 Run:_6%( P2
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run| 5 V111
2 ) 2 4.5 | 1 !
T5 ! ] 8 2 20 oo
7 7 - 20 1111
U ( [ { Flap 3
[ |
5 001
Time: | 12.55 o7 W46 Time: 4
5 [
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run N
Time: Time:
o
TRAILING EDGE TRAILING EDGE s Ie
Flap Flap Flap 2 o
8 ]
7 7 Time: UG
6 6
L2 2 o4 s
5 5 NN N NN
4 4 T
58 3 Y2 :
2 2
v
T 1
LEADING EDGE LEADING EDGE
C: [ Wing Positn 1 iy
Wing Poston 2, 3,4,
Wing Postion s Agprximately 30 o fom il sdge
Wing Positon 7: Approximatey 1 e fom taling edge
Wing Psiion & Approximately . e fom afing odge;and
Wing Positon : Midway upthe fap
Note: Undersde: Approxmatey 40 c upfrom the feaingedge sagnaton point
‘can be ommitied with approval of the project coordinator General Comments: <l .., 4 Jrements
OBSERVER: BE_)F
. FommFiia Thicknes, Brix Form Version 70

Figure E20: Run # 63

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix E/Appendix E.docx

Final Version 1.0, October 20

E-10



APPENDIX E

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: broary € Run:__ o4 [ P162 )
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuid | After fluid | After Precip | After Wing | After Fiui | After Precip | After Wing | After fiuid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run
T2 | s -5.0 | -y.c 2 24.75 1
7 >
T5 [ / 8 ] 2 \
w [ (] { [ Flap 25 25 3
Tme: [is 10 | s 02 || s e Time: | 15 > 1525 4
5 96 E
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time:
8 ) 10
TRAILING EDGE TRAILING EDGE >
i
Flap i Flap 3 y
£} g
7 7 Time: 1522 L 15.3%
6 6
5 5
4 4
3 3
2 2
1 1
LEADING EDGE LEADING EDGE
Comments: C Wing Position 1: Approximately 10 cm up from the leading edge stagnation point
Wing Posiion 2, 3, 4, 5: At equal distances (appraximately 5 cm) along the wing chord;
Wing Postion 5 Approximately 30 cm from trallng edge;
Wing Postion 7: Approximately 15 cm rom railng edge;
Wing Postion 8 Approximately 2.5 o from traling edge; and
Wing Postion &: Midway up the i
Note: Inan atempt 1o optimize iming of tess,shaded box masurements Indersid
an be ommitied with approval of the project coordinator General C
OBSERVER: Be | ¢t
FormsiFlud Trckness, Bix Form Version 7.0

Figure E21: Run # 64

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix E/Appendix E.docx

E-11

Final Version 1.0, October 20



This page intentionally left blank.



APPENDIX F

HIGH SPEED TESTING 2018-19
FLUID THICKNESS, TEMPERATURE, AND BRIX DATA FORMS






APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: anvary_2), 2019 Run:__ 1 (Pogl) NRC 6B

2 (P2 nee A
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
I ) -2 2 1 el
s | -9 -23.5 s [N 2

w | -1 -22.2 Flap |00 3 1
Time: | ooy} 00:55 Time: 4

5
Wing and Plate Condition Wing and Plate Condition © : A
Before the Takeoff Run After the Takeoff Run
Time: Time: 7
TRAILING EDGE TRAILING EDGE 8
i
Flap lap Flap
Time:

Flap

i
LEADING EDGE LEADING EDGE

‘Wing Position 1 10emup

Wing Positon 2, 3,4,

Wing Position 8: Approximately 30 cm from traiing edge;

Wing Posiion 7: Approximately 16 cm from taifng edge;

Wing Posiion 8: Approximately 2.5 &m from trallng edge; and

Wing Posiion &: Mdway up the flap

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

OBSERVER: B

Forms\Fluid Trickness, Beix Form Version 7.0

Figure F1: Runs # 1 to 2

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: ary_ 2\

Run:__3 (P0O217)

NRC RO
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
B ETI D 225 12 [az5 | 2 e T
T | 229 |20 / |-»o 8 el / |30 2
DTV | =219 | -21.8 / -23.% Fap |00 / 2425 3
Time: | 1 03 .20 \ 29 Time: | 120 185 a

5
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
Flop Flap Flap
i Time: | 1.2 Iz5

LEADING EDGE LEADING EDGE

Wing Posiion 1 10emup

Wing Posiion 2, 3,4, 5: At equal distances (approximately 15 cm) along the wing chord;

Wing Posiin 6: Approximately 30 em from rallng edge;

Wing Positon 7: Approximately 15 cm from rallng e

Wing Posiion 8: Approximately 2.5 ¢m from tralng edge; and

Wing Posiion &: Mdway up the fap

can be ommitted with approval of the project coordinator General Comments:

OBSERVER: C8 | BB

Thickness, Brix Form Version 7.0

Figure F2: Run # 3

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

can be ommitted ith approval ofthe project coordinator

OBSERVER: 28/

Underside: Approximately 40 cm up from the leacing edge stagration poit
General Comments:

Date: oy 21 Runi Y (PO53)
Nee 3y
—— .
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run’ Position | Application | Application |Takeoff Run| Position Application | Application | Takeoff Run|
2 |-212 |- -219 2 [325 31.5 1 ol
™ [-220 [-212 -23.) 8 nla 2 S
VU [-220 [-225 -22.8 Flap nla 3
Time: | |y 169 209 Time: | \'&85 2.0 4
5
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run J
Time: Time:
TRAILING EDGE TRAILING EDGE 8
Flap Flep Flap ©
Time: 1:6% 2.0
H L 2 3 4 3 s 7 8
AN WA s L s Fiap
lE‘ADlNEEDGE LEADING EDGE
C [ Wing Poson 1 oemup
Wing Posiionz,3,4,
0 ecpe
Wing Psiten 7: Approxmtely 15 cm fom taing edge:
Wing Posiion & Approsmately 2 e from traling ecge; and
Wing Posiion : Midway up the izp
Undersc
can b ommied withapproval of the project coorntor General Comments:
OBSERVER: cB | BR
Forms!Fid Thicknes, Brix Form Version 7.0
i 3: Run # 4
Figure F3: Run
Y
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: an v o ! 2\, 209 Run: 10
NRC T2
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run
T2 | -22.1 | -203 -21.8 2 3c.25 365 ! i
TS| 2236 | 215 -2 8 nla 2 80 5
TV -229 -22.0 2.4 Flap nia. 3 =
Time: | 2220 | 2 20 2.44 Time: | 2:30 2.4y 4 Y
5 n2 10
Wing and Plate Condition Wing and Plate Condition s
Before the Takeoff Run After the Takeoff Run S
Time: Time:
TRAILING EDGE TRAILING EDGE. 8 80 12
i
Flap o - Flap 2 6
7 F Time: 2.3\ 2:45
b
i
LEADING EDGE LEADING EDGE
Ct [ Wing Position 1
Wing Posiion2,3,4,
Wing Posiion &: Approsimately 30 cmfrom traling edge;
Wing Psiion 7: Approximatey 15 cm fom taling edge:
Wing Postion & Approsimately 2 e from traling ecge; and
Wing Posiion : Midway up the ap
Note:

Forms\Fluid Thickness, Temperature and Brix Form Version 7.0

Figure F4: Run # 5
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APPENDIX F

Date: ﬁmm 212018

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Runi ¢, (21317

NEC 73,

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip | After Wing | After Fluid | After Precip | After Wing | After fluia | After Precip | After
Position | Application | Application | Application |Takeoff Run Position | Application | Application |Takeoff Run| Position | Application | Application | Takeoff Run
2 | -220 [-21.0 -22.3 2 33.5 33.25 1
5 | -23.3 [ -22.2 / “222 8 < nia 2 159 )
W | -5 |-22.5 / "2z4 Flap nla 3 el
Time: | 284 3 o8 219 Time: | 3.08 320 4
5 200 Y
6 : 3
Wing and Plate Condition Wing and Plate Condition a5
Before the Takeoff Run After the Takeoff Run ;
Time: Time:
TRAILING EDGE TRAILING EDGE 8 200 12
i
i s Flap 0 n
7 + Time: 307 32
Fiap
f
LEADING EDGE LEADING EDGE
C c Wing Postien 1
Wing Poston, 3,4,
0 ed0e:
Wing Positon 7: Approxmately 15 cm o tsing ecge;
Wing Psiton 5 Approximtely 2.5 e fromtrafing scge;and
Wing Posten o Midway up e fiap
Noto Undersie:

can be ommited with approval of the project coordinator

OBSERVER:

CB BB

General Ci

Docs\Data Forms\Fiuid Thickness, Temperature and Brix Form Version 7.0

Figure F5: Run # 6

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: }m bary 2) . 2o

Runi_ 3 (E1)

NRC Ry

Note: In an attempt o optimize tming of tests, shaded box measurements.

an be ommitted ith approval of the projectcoordinator

OBSERVER:

BB /ce

'WING TEMPERATURE (Taken From NRC 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
Position | Application | Application | Application | Takeoff Run Position Application | Application |Takeoff Run| Position Application | Application | Takeoff Run
2 |-21¢ |-203 -22.4 2 331725 2n.2¢ 1
T |-230 |-21M -24.6 8 ; nla 2
U |-22.6 | -223 -23.9 Flap nlz 3
Time: [ 313y | 3 39 3uq Time: | 3 39 363 4
5
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: : 7
TRAILING EDGE TRAILING EDGE 8
o i
Flap lap Flap
Time: 384
b
aee
LEADING EDGE LEADING EDGE
C Co Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posiion 2,3, 4,5 AL squlditances (approxmately 15 ) alonthe wig chrd:
Wing Posion 6 Asproximaely 0 fom i odge;
Wing ostion 7 Agproxmately 15 o i edge;
Wing Posiion 8 Agproxmately 2.5 mfrom tling adge; and

Wing Position 9: Midway up the flap

Underside: Approximately 40 cm up from the leading edge stagnation pont
General Comments:

Brix Forn Version 7.0

Thickness,

Figure F6: Run # 7

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

Date: 300 ary 21,2019

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Runi_@ (E2)

Note:

Wing Position 9: Midway up the flap

tosts,

an be ommitied with approval o the project coordinator

OBSERVER: B8 CE

Underside:

nRe 35
WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mi]
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|
T2 | -21.9 -20.4 -21.9 2 33.75 3%.%5 1
TS |-229 |-21.0 -2 8 ¢ iz 2 A% a
TU | -22.3 | -22.3 -22.3% Flap ! ala 3 i &
Time: | 4 03 Y \D‘ 422 Time: 418 432 4
5 158 +
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time: Time: i
TRAILING EDGE TRAILING EDGE 8 134 10
Flap Fiap Flap ys 9
Time: | 420 433
L2 3 4 s
St i 2NN sp
- o
—HArT g
LEADING EDGE LEADING EDGE
Comments: [t Wing Posion 1 10emup
Wing Posiion2,3,4, oo
Wing Positon 7: Appraximatey 15 rom taling edge
Wing Posion 8 Agprosimatly 2.5 e rom raling adge; and

General Comments:

40 cm up from

Docs\Data Forms\Flid Thickness, Temperature and Brix Form Version 7.0

Figure F7: Run # 8

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Run: P10
a 5 NRC 7
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)
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)|
T2 -21.5 -206 nlz 2 6.0 25.15 1
T |22 [-2.9 niz 8 nlz 2 80 a
W |22 |-225 / nla Flap / niz 3
Time: | oy | wse nix Time: | 456 512 4
5 W2, 12
Wing and Plate Condition Wing and Plate Condition s !
Before the Takeoff Run After the Takeoff Run
Time: ime: 7
TRAILING EDGE TRAILING EDGE 8 80 )q'
Fl
Flap lap Flap 2% q
Time: 4.5% 512

LEADING EDGE

LEADING EDGE

Wing Positon

Wing Posiion2,3,4,

can be ommitted with approval ofthe project coordinator

OBSERVER: 2208

Wing Posiion 8: Midway up the fsp

Wing Posion 7: Approximaely 16 cm from traling edge;

Wing Posion &: Approximately 2.5 ¢m from traiing edge; and

General Comments:

Thickness,

Figure F8: Run # 9

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: im[ar; 21,2019

Run: _10(Pool) | 1 ( Poo2)

WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run|
T2 | Sz -1 2 1 7
5| ey / 210 8 B 2
U | -ig.y / -19.0 Flap [t 3
Time: | 20:56 21:04 Time: 4 S L Al
5
Wing and Plate Condition Wing and Plate Condition s
Before the Takeoff Run After the Takeoff Run 3
Time: ime: ’
TRAILING EDGE TRAILING EDGE 8
F
Flap nd Flap
BT Time:
EE Fap
EaEErs
- FHEPEF
i
LEADING EDGE LEADING EDGE
Ci Ci Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posiion 2,3, 4, 5: AL squldstances (spproxmately 15 cm)alongth wing chord:
Wing Psion 7 Agproxmately 15 o taling adge
Wing Psion 8 Agproxmately 2.5 o from aling edge; and

Wing Posiion & Mdway up the flap

Note: In an sttempt to oplimize iming of test, shaded box measurements

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

OBSERVER: CcB

Thickness, Brix Form Version 7.0

Figure F9: Runs # 10 to 11

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: anyary 21, 2019 Run: 12 (POC2) NRC Y
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run'
T2 | -a2 -6 2 1 xn B |
T5 | -202 -20Y4 8 2
U |-a0 -)14.5 Flap 3
Time: | 2,12 21,26 Time: 4 i
5
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
e: Time:
TRAILING EDGE TRAILING EDGE 8
i
Flap e Flap
I Uge Time:
S CEHEE
LEADING EDGE LEADING EDGE
Ct Ci Wing Position 1
Wing Posiionz2,3,4,
Wing Positon 7: Approximately 15 & rom traling scge:
Wing Positon B Approximaey 2.5 cm from taling edge; and
Wing Pasiton : Midway up the ip
Note: Undersic
can be ommitted with approval o the project coordinator General Comments:
OBSERVER: B
Forms\Fud Thckness, T om Version 7.0

Figure F10: Run # 12

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: EED ary 21, 2019

Run:_\2 (POUE ) NRC 8D

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
2 | -q0 | -180 200 | -204 2 3625 | 8035 1
5 | -200 |-19.4 216 -210 8 2495 2 50 R0
W -mae | -8 |2t |- Flap 2%.0 / 3
Time: | 2132 | 2142 2215 2229 Time: | 2140 | 2205 / 4 /
5 a0 n2 /
Wing and Plate Condition Wing and Plate Condition ¢ / :
Before the Takeoff Run After the Takeoff Run S 2
mei____ Time:
TRAILING EDGE TRAILING EDGE 8 SO 104 I
o i
Flap Flap Flap o q
—I i Time: 2114\ 2215
5
LEADING EDGE LEADING EDGE
C Ci Wing Position 1: 10 em up from
Wing Posiion2,3,4, spproximatey
Wing Postion 6 Agprosimately 30 mfrm raiing e
Wing Postion 7: Agprosimalely 15 frm vaiing odge
Wing Postion & Approximaely 2.5 cm rom il adge; and
Wing Postion s Midway up th flp
Nots In test,

can be ommitte vith approval of the project coordnator

OBSERVER: BB [ CE

Underside: Approximately 40 cm up from the leading edge stagnation pant
General Comments:

Thickness,

Brix Form Version 7.0

Figure F11: Run # 13

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: aouary 21, 2019

Run: |4 (PoAg)

[Eaea——

FALL T s

Ft 7Y

T

J1 T

I

s

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 e | -0 -21.2 -20.4 2 35.5 32.0 3\.% 1
T | -20.06 -26.3 -21.a -22.% 8 g 82.0 33.5 2 80 n2 6
T | 200 202 |-2.2 |2 Flap | s 279 3 i i
Time: | 23 30 23'2) 23:52 0004 Time: | 22 26 | 22°52 | 001\ 4 | A }
5 na 34 S
Wing and Plate Condition Wing and Plate Condition N e “ ;
Before the Takeoff Run After the Takeoff Run B :
Time: Time: HeSs
TRAILING EDGE TRAILING EDGE 8 80 \O4 9
A
Flap _ :F Flap 2% 8
H Time: | 23 7n | 2252 | oo 1
LEADING EDGE LEADING EDGE
C c Wing Posiion 1
Wing Positon?2,3,4,
Wing Psiton 7: Approxmately 15 c fom taling edges
Wing Posiion & Approsimatey 2. rom taling scie; and

Note:

an be ommited with approval of the project coordinator

OBSERVER: 8B I CE

Wing Posiion o Midway up the fsp

General Comments:

Thickness,

Version 7.0

Figure F12: Run # 14

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: }gnu&r’ 22, 2014 Run: 15 ( P0207)

WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run|
2 | 208 | -aa |-225 |-219 2 335 | 3.0 | 028 1 R Vaozoue
T |-218 | -212 [-28.3 |-222 8 | 2%.25 | 2215 2 na
U |23 -212 |-22.0 |-22.) Fap o fomes |35 3 -
Time: | 00' 23 | 00'3¢ | ):06 1022 Time: | 0025 1:08 ) 25 4
5 150
Wing and Plate Condition Wing and Plate Condition s
Before the Takeoff Run After the Takeoff Run
Time: Time: 7
TRAILING EDGE TRAILING EDGE 8 134
Flap Flap Flap 50 12 3
=] i Time: | o5 27 1 0% 125

Hy
HHT

LEADING EDGE LEADING EDGE

Wing Posiion 1: Approximaely 10 ¢m up from the leading edge stagnation point;

Wing Posiion 2, 3,4, 5 At equal distances (approximately 15 cm) along the wing chord;

Wing Posiion 7: Approximately 15 em from traiing ecge;

Wing Posiion 8: Approximataly 2.5 cm from trailng edge; and

Wing Posiion 9: Midway up the fiap.

Note: Inan attempt fo optimize timing oftests, shaded box measurements Undersice:

‘can be ommitted with approval of the projct coordinator General Comments:

OBSERVER: e ice

Trickness, Version 7.0

Figure F13: Run # 15

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: anuary 22,200 Run: ¢ (Po21)

C: : c Wing Posion 1.

WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run|
T |-23 |-o4 [-22.6 |-24 2 33.5 2.0 305 1
TS |.229 -21.5 -23.6 | 228 8 L. | s | 308 2 19 \S8 \ IR
n 4 $is
U |-222 | -222 |-2200 |-22, Flap | mas |8 3 ‘;;}{; -
Time: | 1.3y [RE R 2.2 Time: | nud [ 1ise | 2y 4+ |aEilEs
5 158 200 5
- 6
Wing and Plate Condition Wing and Plate Condition it
Before the Takeoff Run After the Takeoff Run S B
Time: ime: doif s
TRAILING EDGE TRAILING EDGE 8 158 158 8
i
Fiap ap Fiop 5 55 o
Time: 145 1:58 214

LEADING EDGE LEADING EDGE

Wing Positon2, 3,4,

Wing Positon 7: Approximately 15 em from raling edge;

Wing Posiion 8: Approximately 2.5 ¢m from traiing edge; and

Wing Posion o: Midway up the fap

can be ommitted with approval of the project coordinator General Comments:

OBSERVER: 288

Thickness, 70

Figure F14: Run # 16

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: anuary 22, 2018 Run:_\% (124

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 |22 -20@ -23.3 | -21.3 2 4.0 28.95 3.5 1 & V2 rue
5 loze |-220 |-ma | s | 225 | 3725 2 |58 200 | S é {/; /7 ®
, pEPp
U - R R A ) 3 e : 1
S22 224 23.) 23.0 lap | 2625 30.15 . e S /{f f’/°/ e
Time: | .29 245 309 2.233 Time: | 2 us z.20 |3.33 4 5 sl S
T PAp17 e
e
Wing and Plate Condition Wing and Plate Condition ° 14 fHf
Before the Takeoff Run After the Takeoff Run S
Time: Time: S
TRAILING EDGE TRAILING EDGE 8 200 200 Il
Fla
Flap 3 Flap 10 o5 a

I Time: | 2-.45 2.20 | 3.33

e el
LEADING EDGE LEADING EDGE

C C Wing Positon 10emup

Wing Position 2,3, 4,

Wing Position 8: Approximately 30 cm from taiing edge;

Wing Position 7: Approximately 15 cm from traiing edge;

Wing Position 8: Approximately 2. cm from traling edge; and

Wing Position 9: Midway up the flap
Note: In an attempt to optimize timing oftests, shaded box measurements Underside: Approximately 40 cm up from the leacing edge stagnation pont.

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

OBSERVER: 88! B

Forms\Fluid Trickness, Te Version7.0

Figure F15: Run #17

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: anuacy 22, 2019 Run: PI2

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 | -22.4 | -20.6 -223 2.4 2 33.5 .25 | 2.5 1 e [t s V2z2ug
2 } (% 5
TS5 |-23.2 |-21.% | -22y4 -23.C 8 2.5 327% 2 \58 158 \o /i/(,«;/a o
W |.228 |-22.3 | -2206 -23.) Flap | 270 2.0 3 G s
Time: | 3. 45 3.59 Ho y.22 Time: | 3.99 401 4. 26 4 45 2
5 158 200 1\
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run N
Time: Time:
TRAILING EDGE TRAILING EDGE. 8 200 200 "
Fiap Flap me | 90 20 s

sl I Time: | z 57 412 427

LEADING EDGE LEADING EDGE

Wing Posiion 1: Approximately 10 cm up fom the leading edge stagnation point;

Wing Posiion 2,3, 4, 5: At e

I distances (approximately 15 cm) along the wing chord;

Wing Posiion 7: Approximaely 16 em from traiing edge;

Wing Posiion &: Approximately 2.5 cm from trallng ed

Wing Posion 9: Midway up the flap

Note: In an atempt t0 optmize iming of tests, shaded box measurements. Undersice

‘can be ommitied with approval of the project coordinator General Comments:

OBSERVER: BB [ B

Trickness, 70

Figure F16: Run # 18

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: ) 2019 Run: (9 (Pp1) [/ 207 EBY
21 (P2
WING TEMPERATURE (Taken From NRC 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 rakeoff Runf Position | Application | Application | Takeoff Run
T2 |-z.8 -lag 2 1 /
T -2z S50 8 2
w |.2.8 us Flap 3 .
Time: | p0: 5 2.2 Time: 4
5
" - 6 /
Wing and Plate Condition Wing and Plate Condition g
Before the Takeoff Run After the Takeoff Run B ;
Time: Time:
TRAILING EDGE TRAILING EDGE. 8
Flap Flap Fiap
Easa Time:

LEADING EDGE LEADING EDGE

Wing Positon 1.

10cm up

Wing Posiion 2, 3,4, 5: At equal distances (approximately 15 ) along the wing chord;

Note: In an attempt to optmize timing oftests, shaded box measurements

can be ommitted with approval o the poject coordinator

General Ci

Wing Postion 7: Approximaely 15 cm from traling ecge;
Wing Posiion 8: Approximaely 2.5 cm fom trallng edig; and
Wing Posion 9: Midway up the fiap

OBSERVER: (673
Figure F17: Runs # 19 to 21
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: wary 22, 2012

Not

can be ommited with approval of the project coordinator

OBSERVER: gel e

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run|
T2 | -14.5 -l4.0 -9 4.y 2 3625 26.0 290 1
£F
T | Mo -5 184 -lv.8 8 2.9 |n.2s 2 65 12 3 7 )
TV | -i45 |-148 -15.2 “15.49 Flap 24.25 26 0 3 :
Time: | 21.2¢ 21.85 21 46 22 .05 Time: 21:95 21'4% 22.0% 4 S
5 134
- - 6 ;
Wing and Plate Condition Wing and Plate Condition i
Before the Takeoff Run After the Takeoff Run B YR 3
Tmer___ Time: i
TRAILING EDGE TRAILING EDGE 8 55 oM 6
T
Flap ap oo 6 + °
Time: 21:35 248 22:0%
EEEECE
I RH
=i et
LEADING EDGE LEADING EDGE
C [ Wing Posiin 1
Wing Poston2, 3,4,
Wing Posiion 5 Approsimatay 30 e from trling ecge
Wing Posiion 7: Approsimately 15 cmfrom rling ecge
Wing Positon & Approximately 2.5 cm fom taling edge;and

Wing Positon & Midway up the fap

General Comments:

Forms\Fluid Thickness, Version 7.0

V23 u B

s

/(~vo

Figure F18: Run # 22

F-9
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: fnugr 22 L un: 23 2(3\'1)
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
L2z ue
™ -0 |-H45 [-mo -14.8 2 25.5 2995 | 2015 1 e ddfpe s
£ o
T |-y 0 -5 -9 -15.3 8 i 20.5 80.5 2 / f ”S
U |19 -4 8 S15.4 -5.5 Flap o 25725 INY 3
Time: | 52, | 22728 2240 | 22:66 Time: | 22:28 | 22:u) 22:69 4
5
Wing and Plate Condition Wing and Plate Condition s
Before the Takeoff Run After the Takeoff Run
Time: Time:
TRAILING EDGE TRAILING EDGE
Flap Flap
Flap
EiE
| Time:
Fisp
—HHarH g
LEADING EDGE LEADING EDGE
C Ci Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posiion2,3, 4, 5: At equldtances (approxmately 15 ) alongthe wing chrd:
Wing Posiion 7 Agprxinately 15 o traing ecge;
Wing Potion 8 Approximately 2.5 mfom taling edge;and

Wing Posion o: Midway up the fip
Note: Inan attempt to optmize timing oftests, shaded box measurements Undersic

‘can be ommitied with approval of the project coordinator General Comments:

OBSERVER:

8% |C8

Thickness,

70
i 9: Run # 23
Figure F19: Run
FLUID THICKNESS, TEMPERATURE AND BRIX FORM 0 0
Date: anua 22 20 Run: _ 24 (P\OY
'WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run’
T | 150 [-158 / EICHA 2 30 nia 3129 1
™ ]-wss | -me / -152 8 7 v 35 2 ni= k1
|56 |-sA / S5 Flap s e 3 g
Time: | 23.05 | 28:16 23,22 Time: | 2319 - 2333 4 ol i
5 n2 LIES \o
— 6 !
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run N %
Time: Time:
TRAILING EDGE TRAILING EDGE 8 &0 nl= 12
Fiap Fiap o > . 5
T
1 Time: 22 .18 - 23:34
BREECARS Flap
LEADING EDGE LEADING EDGE
C C Wing Position 1.
Wing Postionz, 3,4,
Wing Postion 7 Approximately 15 cmfom traling edge;
Wing Postion 8 Approximately 2.5 o traling ecge; and
Wing Postion s Wdway up the fap
Note: Undersde
[T —— General Comments:
OBSERVER: 2208
heknes, T 70

Figure F20: Run # 24

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

No Data Available

Figure F21: Run # 25

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: PY-138 018 Run: _ 20 (POAO )

'WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
[P
T2 | -i2.5 |-wo -15.0 3.2 2 35.25 | 25 0 22.0 1 k IRy
T |-3z [-183 | s -13.5 8 2325 | 210 2 w0 12 5 IRYYY;
Vo |-ea [-33 |-126 -13.9 Flap [0 f20.80 | 260 3 250 IREET
Time: | 1: 20 1yt 2:09 2,25 Time: | 1 yo 2 10 2.20 4
5 "z
— - 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Tme:____ Tmer___ 5
TRAILING EDGE TRAILING EDGE. 8 80 1 10
Flap Flap Flap 2 9 T
Time: 149 2.1\ 2.20

il
LEADING EDGE LEADING EDGE

C : C Wing Posion . 10 cm up fro

Wing Position 2,3, 4, 5 AL equal distances (approximatel 15 cr) along the wing chord;
Wing Posiion 7: Approximately 16 ¢m from traflng edge;
Wing Postion 8: Approximately 2.5 cm from traling ecige; and
Wing Posiion 9: Midway up the flap

Note: g oftsts, shaded Underside:

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

OBSERVER: oelcr

Docs\Data Forms\Fhid Thickness, Temy

© and Brix Form Version 7.0

Figure F22: Run # 26

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

Date: )au ary 22 . 2019

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run:_219 ( Po3RY)

Nt i

an be ommitied with approval of the project coordinator

OBSERVER: PR ICE

Wing Posiion &: Midway up the fap

General Comments:

'WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 2.2 |-125 -14.7 -8 2 2.5 2M.5 |25 1
5 |zs |35 |-152 |-ns s | 26.25 | 22.7¢ 2
T | -3y -13.3 -12.5 -13.5 Flap 0.5 21,18 3
Time: | 2. 43 2.68 33 326 Time: | 2.58 28 3 % 4
5
- , 6
‘Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
Time: 5
TRAILING EDGE TRAILING EDGE 8
Flap Flee Flap g Kl
Tme: | 255 | 319 226
Al HH
LEADING EDGE LEADING EDGE
C C Wing Position 1
Wi Postion2, 3,4,
Wing Psiion s Approximately 30 c fom taling edge:
Wing Positon 7: Approximatey 16 cm fom taling edge:
Wing Psiion & Approxmately 2. e fom afing odge; and

Forms\Fluid Thickness,

Brix Form Version 7.0

Figure F23: Run # 27

W

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Note:In an attemp to oplimize iming of test, shaded box measurements

‘can be ommitted with approva ofthe project coordinator

OBSERVER:

Eglee

General Col

Wing Posiion 9: Midway up the flap

Undersi

point.
mments:

Date: anvery 23, 2019 Run: __ 28 il
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run
T2 |-z |83 -14.6 -120 2 $.25 | 2.5 2625 1
™ |-2.s |-H6 |-i5.2 -12.3 8 3 %.2%5 | 2.75 2 A nq 4
W |2 |-129 |-2.s |-129 Flap | R75 | 2015 3 | 4
Time: | 3,54 |y .62 H.23 443 Time: | 4:03 | 4:24 | wiuy 4 o
5 80 &
Wing and Plate Condition Wing and Plate Condition S J
Before the Takeoff Run After the Takeoff Run 7 250
Time: Time:
TRAILING EDGE TRAILING EDGE 8 e 16 ]
i
Flep . Flap 22 8
Time: Y. 03 Yy.25 Hoyy
EREEEE] t u
=HAL {EALEEE:
LEADING EDGE LEADING EDGE
C Ci Wing Position 1
Wing Positon 2, 3,4,
Wing osiion7: Agproxmataly 15 mfom talig o
Wing Postion 8 Agprosmately 2.5 o from vaiing ado

o

—~ e ~

— e

TN

S s
€

Thicknese,

Figure F24: Run # 28

F-12
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: o " Run: 29 (pcot) [ 30 (£002)
WING TEMPERATURE (Taken From NRC 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 AWW Takeoff Run| Position | Application | Application |Takeog#Run
2 |.5 6.6 2 1 : i g
5 |55 -9 . [ 2
TV [-5.1 -6.5 3
Time: | 20.52 21.00 4
5
- 6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time: Time: 7
TRAILING EDGE TRAILING EDGE 8
Flap. Flap Fi

E:
LEADING EDGE LEADING EDGE
Ce [ | Wing Positon 1 10 cm up
Wing Poson 2,3, 4, 5: At equsl distances (spprosimately 15 cm) long the wingchor
Wing Peston 7 Approximately 15 o traing scge
Wing Poston 8 Agproxmtely 2.5 from raing edge;and
Wing Posion s Midway up the flp
Note: et

an be ommitied with approval o the project coordinator

OBSERVER: 8

General Comments:

an be ommitted withapproval o the project coordinator

OBSERVER: 2B cB

Thickness, 0
i : 29 to 30
Figure F25: Runs # to
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: anuary 23 200 (PooBY
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run| + 2 2z u &
7 |5y |-bs |-55 |70 2 |15 |ms | s 1 ‘;’;‘;/// ;’ s
4 )] e
T | e -9.3 A -n.3 8 22.25 \3.35 2 20 142 <
RV
TV [-549 6.4 -9.4 3.0 Flap nix 18.15 3 s 2y );/ 20
Time: | 2111 21:23 | 21.50 |22:04 Time: | 2127 | 21:5) 22:10 4 i 7*7/0 2
5 na 250 <\
6 &
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
ime: Time:
8 3
TRAILING EDGE TRAILING EDGE
Flap Flap [ no O <
H Time: |2 23 | 25 | 22010
e
LEADING EDGE LEADING EDGE
C c Wing Pstion 1: Asproxmataly 10 p o the leading sdge tagnalon point
W Pasiion2,3,4, approumatey
Wing Posiion 7: Agproxmataly 15 mfrom ling adge;
Wing Postion 8: Apposimatly 2.5 e fom g edge; and
Wing Posiion s Midway up th fap
Note: I an attompt 1 ptiniz i of st shadd box measurements

General Comments:

Thickness, Te

Version7.0

Figure F26: Run # 31

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix F/Appendix F.docx
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: anuar 23, 2019 Run: E\ 2
WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run
| -se |-%5 |-6.2 -6.0 2 33.0 | 85 | 8o 1 5
| -0 “8S |a5.9 -5.9 8 1.0 21.5 2
T | -5 ‘6.5 -9, -6.1 Flap | nlz 2.0 N
Time: | 22:20 | 22:34 |22 00 22.19 Time: | 22:22 | 2z.00 |22 17 4
5
Wing and Plate Condition Wing and Plate Condition °
Before the Takeoff Run Afte the Takeoff Run
Time: ime: 7
TRAILING EDGE TRAILING EDGE 8 152 158 2
Fiap Fiap o | == P -
— H Time: | 22:22 | 23.02 | 23 |9
LEADING EDGE LEADING EDGE
C Ci Wing Position 1: Approximately 10 cm up from the leading edge stagnation point;
Wing Posfon2,3,4,5 At equl dstances (pproxmately 15 <) song th wing chors
Wig Postion7: Apposimtely 1 e o g odg:
Wig Postion : Agposimiely 2. o o o adge: and
Wig Posiion :Midway up h fap
Note: g oftess, naded - pain
can b ommitedwih approval f h et cordntr General Comments:
OBSERVER: e8ce
DocsataFormeFid Thickness Tomparaur and Bk Fom Version 7.0
i : 32
Figure F27: Run #
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date:

22 (P68 )

WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fiuid | After fluid | After Precip | After Wing | Atter Fuid | After Precip tor Wing | After fuid | After Precip | After
Position | Application | Application | Application | Takeoff Run Position Application | Application |Takeoff Run| Position Application | Application | Takeoff Run
T2 | .5y -65 -12.6 -5.5 2 35.0 20.0 1915 1 s
L2 246
5 |-g2 |-80 |[-12.2 -5.9 8 | 2.5 28.25 2 /&,&/ 5
T 5 .
W l-s.2 |-548 -3 -5.6 Flap 65 |22.75 3 //g FI A e
N - £ s
Time: | 2z- 25 | 23.48 | 00:08 |co.18 Time: | 2z3.4¢ | oo o8 | 0o 24 4 // 7/
5
- - 6 :
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B i ¥
Time: Time: X
TRAILING EDGE TRAILING EDGE. 8 8o 142 10
Fli
Flap lap Flap 28 & 0
B 2k
e l Time: | 22 45 | 0608 |oc:24
s 7 .
i 77
e
R TEAS
LEADING EDGE LEADING EDGE
;s c Wing Postlon 10cm up o
Wing Positon, 3,4, .
Wing Postion & Approsmately 20 & from vaiig acge;
Wing Positon 7: Approximately 15 rom wallng edge
Wing Pstion & Approximatey 2.5 e fomaing sdge; and

Note: In an attempt to optimize timing of tests, shaded box measurements.

an be ommitted with approval o the roject coordinator

OBSERVER:

eejee 00

General Comments:

Wing Posiion 9 Midway up the flap

Thickness,

Figure F28:

Run # 33
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: anu 19

Run: _ 34 (po3u)

can be ommited with approval of the project coordinator

Wing Posiion 9: Midway up the fiap

General Comments:

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 |-s.3 -5.5 -13.2 -4.0 2 3625 19 25 |19.25 1 lzs4He
5 as |90 |25 |-us 8 2.0 |20 2 65 134 | bEPAE 5
: : ; X YRS
i G -S.0 -6.6 -4.7 Flap g no 205 3 5 / / //
- - AR
Time: | 00.35. | co:51 1110 129 Time: foos1 | 110 1121 4 e
5
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
Time: e
TRAILING EDGE TRAILING EDGE 8
Fla
Flap i Flap 26 3 +
— TR Time: | ¢0:5) 108 129
T
EEErEe:
u
—HHrH S
LEADING EDGE LEADING EDGE
Ct Ci ‘Wing Positon -
Wing Posiion 2,3, 4, 5: AL equal dstances (agproxmately 15 ) along the wig chrd:
Wing Postion s Approsmalely 30 mfrm raiing e
Wing Postion 7: Agprosmately 15 from vaing e
Wing Posion s Agprosimately 2.5 from vaing edge; and

OBSERVER: BB/cp,
e 1 P Tciss, Ven 70
i : 34
Figure F29: Run #
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: lanuar 4, 20i% Run: 35 ( PO22
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run

T2 |-3.2 |-4) -1.0 -2.9 2 3625 22.0 |2425 1 . i

e L2 3u8

| -3.% “b.o 7 e -3.2 8 ; 2.5 %25 2 [A<) ;dﬁ// s

U fed | -e [-43 [-sa Flap 2075 |20 s | PLSAE e
Time: [ 1.5 |20 |25 |2:50 Time: |a.08 |23 [252 o [ |#rrtse

5 n2 VAN asal
6 AP ) s
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run 7
Time: Time: <
TRAILING EDGE TRAILING EDGE 8 80
Fiap il Fap | 20 2 9
Time: | 208 | 2.3% |2:53

T o

LEADING EDGE LEADING EDGE

Wing Position

Ving Position 2,3,4, roximatel

Wing Posiion 6: Approximately 30 cm from taiing e

Wing Posiion 7: Approximately 15 cm from ralfng

Wing Posiion 8: Approximately 2.5 em from traling ed

Note:

can be ommitied with approval of the project coordinator

OBSERVER: BB/ e

Wing Posiion : Mdway up the flap

General Comments:

Forms\Fluid Thickness,

om Version 7.0

Figure F30: Run # 35
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: ) ory 24 2014 Run: P

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run|
2 |- |42 |-re -0 2 9.2 | 21.25 1
S |-22 |S5* |-8e |-1H 8 | 218 |257s 2
TV -1.9 -3.0 -3 Y 1.2 Flap e 12.0 2.0 3
Time: | 3.0% | 3°2% 3.5% 409 Time: | 3.23 | 8:55 Yo 4
5
. P - 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
Flap Flap Flap
Eamarus Time: 4 1t
e

LEADING EDGE LEADING EDGE

Wing Positon 1

Wing Positon2, 3,4,

Wing Posiion 6: Approximately 30 cm from traling edge:

Wing Positon 7: Approximately 15 cm from ralng edge;

Wing Posion 8 Approximalely 2.5 cm from traiing edge; and

Wing Posion 3: Midway up the fsp
Note: timing oftests,

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

OBSERVER: BE /el

Thickness, Brix Form Version 7.0

Figure F31: Run # 36

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: Pn ary 249 2019 Run:_3% (P6BSY

WING TEMPERATURE (Taken From NRC 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 | Application |Takeoff Run:
2 |6 |-36 [-m0 |-z 2 |ss0 | 19es / !
™ |-rs -39 3.2 2.6 8 : 2.5 / 2
w12 |29 |24 [-20 Fap nas |/ 3
Time: | 4 24 Y:35 585 5. 15 Time: 4:28 506

Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run
Time:
TRAILING EDGE TRAILING EDGE
Flap Flap

L =
LEADING EDGE LEADING EDGE

Wing Posiion 1: Approximately 10 cm up from the leading edge stagnation poin;

Wing Positon 2, 3,4,

Wing Posiion 7: Approximaely 16 em from traiing edge;

Wing Posiion 8: Approximately 2.5 cm from traling edge; and

Wing Position 8: Midway up the flap.

o Undersi

can be ommitied with approva of the project coordinator General Comments:

OBSERVER: @8] %

Docs\Data Forms\Flud Thickness, Temperatur and Brix Form Version 7.0

Figure F32: Run # 37
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: )an ey 29 . 2019 Run:_38 (P A(Pooz )

WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mil)

Wing | Before Fiuid | After fluid | After Precip After Wing After Fluid | After Precip, After Wing After fluid | After Precip Ahur‘/

Position | Application | Application | Application | Takeoff Run Position | Application Apphyﬁ( | Takeoff Run| Position Application | Application | TakeoffAun
7 |.z2 -N.o 2 !
Tz 18.6 2
Vo[-3.0 -1, 3
Time: | 0. 58 8.05 4
5
Wing and Plate Condition Wing and Plate Condition 6

Before the Takeoff Run After the Takeoff Run
Time: 7
TRAILING EDGE TRAILING EDGE 8
Flap Fiap

LEADING EDGE LEADING EDGE

Ci 5 Ci 3 Wing Position
Wing Position 2,3, 4, 5: At equaldisances (spproximataly 15 cm) alon e wing chord:
Wing Posion 7: Agprosmtely 15 frm aing e
Wing Positon & Appromately 2.5 from raiing edge;and
Wing Posion o Midway up the flp
Not: ess, shadod Undersa
can be ommited with approval ofthe pojectcoprdnator General Comments:
OBSERVER: c’
Tickness. 23
i 33: # 38 to 39
Figure F33: Runs to
5.2
227,
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: Le 19 Run: 4 Poa )
WING TEMPERATURE (Taken From NAC Logge 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 | Application | Takeoff Run 2 3 48
T -2 |-te2 =115 | ez 2 35.5 25.5 29.0 1 : ! i 4 4 }{/. 4
T [we [-70 | -w0 [-190 8 | foas | 2105 2 80 % | Y // g
W fg |omo | -es |-ee Flap [0 .25 | 2.5 3 5 e w1 / / foos
Time: | g 19 8.20 8: 5t 9.06 Time: | 8.20 8.51 a.06 4 5
5
- - ™ 6 |
Wing and Plate Condition Wing and Plate Condition 2
Before the Takeoff Run After the Takeoff Run ;
Time: Time:
TRAILING EDGE TRAILING EDGE 8 i\
2
Flap lap Flap 26 1o o
Time: 8 20 8.5\ Q06
H e
- M
i
LEADING EDGE LEADING EDGE
c c . Wing Posion 1: Apprximately 10 G up o th leading edge stagnaton pot
Wing Posilon 2, 3,4, 5 A equaldistances (spresimatly 15 c) iong the wing chore
0 edge;
Wing Posiion 7 Agproximataly 15 mfom g ecge;
Wing Positon & Approximtely 2.5 fromtraiing edge;and
Wing Posion s Midway up the flp
Note 9o test,shades Undersid 40cmupfom
can bs it withapproval of he prject coodiator General Comments:
OBSERVER: 831 ch
Doca\Data FomsIFuia Ticknes, Temparature and Bix Forn Version .0

Figure F34: Run # 40
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APPENDIX F

-6 -13.4

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

ESRS

V23 48

Fdard s

///w/ ©

222

OBSERVER:

, shaded

‘can be ommitted with approval of the poject coordnator

BB/ (B

Date: | il 019 Run: H] (PO
{
WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
7 |-5.9a |-52 [-18.2 |-15.2 2 340 |28.25 | 30.5 1
T -3 | -w2 |19 -16.o 8 . 2535 210 2
U -2 |-lo |-i5 -15-G Flap 120 285 3
Time: | 9+ q a3\ a4e 062 Time: |q.32 | g 49 |lo05 4
5
Wing and Plate Condition Wing and Plate Condition 6
Before the Takeoff Run After the Takeoff Run
ime: Time: 7
TRAILING EDGE TRAILING EDGE 8
e Fiap
P Flap 55 s 2
Time: .23 .50 1005
B o
= UEg!
LEADING EDGE LEADING EDGE
Comments: c Wing Posion 1 Agproimately 10 e p rom the lading edge tagnaon point
Wing Posiion,3,4, (approximatey
Wing Poston 7: Agproximtely 15 cmfrom g sdge:
Wing Postion 8 Approximately 2.5 fomtalig

Wing Posiion 9: Midway up the flap

General Comments:

Thickness,

Version7.0

Figure F35: Run # 41

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: anuary 2. 2019

Run:_H2 (P122 )

Rl

e -

N XN ww
~ = w
S~ e

s

WING TEMPERATURE (Taken From NRC Logge) FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fluid | After Precip After Wing After Fluid | After Precip fter Wing After fluid | After Precip After
Position | Application | Application | Application | Takeoff Run Position Application | Application |Takeoff Run| Position Application | Application | Takeoff Run’
2 |50 |15y NI BV 2 2325 | 29.25 | 2825 1 i
T -sr3 |16 -18.3 |49 8 2.25 |[31.75 2 142 158 7
U |15, -155 -15.2 -14.4 Flap 2115 28.15 3 ~ y; >
Time: | 15 13 10°29 10:U8 103 Time: [16°29 | 1043 | 1.6y 4 K deitars L
5 158 200 2
6
Wing and Plate Condition Wing and Plate Condition :
Before the Takeoff Run After the Takeoff Run B x
Time: Time: i
TRAILING EDGE TRAILING EDGE 8 158 58 12
Fla
Flap 3 Flop s M 7
Time: 10,29 1050 [[e>)

LEADING EDGE

LEADING EDGE

Flap

Wing Posiion .

Wing Positon2, 3,4,

Note:

‘OBSERVER:

an be ommited with approval of the project coordinator

_eele 000

Wing Positon 7: Approximately 16 cm from raing edge:
Wing Posiion 8: Approximately 2.5 &m from traling edge; and
Wing Positon & Midway up the fsp

General Comments:

Thickness, Brix Form

Version7.0

Figure F36: Run # 42
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
oue_January 24, 2619 Run:_43 (P1Ig )
WING TEMPERATURE (Taken From NAC Logger) FLUID BRIX FLUID THICKNESS (mi)
Wing Before Fluid | After fluid | After Precip After Wir 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’
T2 |32 <13.8 | -3¢ -1.9 2 33.0 21.5 30,25 1 Vet ue
5 za |aso [ |-za 8 255 |25 2 | se 158 o |fpAts s
W aze [-139F |-3.4 |-z Flap M. 5 28.05 3 ¥ f/ oo 10
Time: | 11:5¢ 2.0 12:22 1239 Time: wiloe 12.2% | 12. 32, 4
5 200 250 Q
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time: Time:
TRAILING EDGE TRAILING EDGE 8 158 158 "
Fiap Fiap Fn o 7o 7
= Time: 12:10 12.23 1239
- g Fuap
lE}B{NG EDGE LEADING EDGE
Comments: Ci Wing Position 1. el P
Wing Posiion 2, 3,4, 5 A el distances (aproximatly 15 ) ko e wing chore,
Wing Postion 7 Agproximately 15 fom taling edge;
Wing Postion 8 Approximately 2.5 e fom tling edge;and
Wing Pt Miway up e fap
Not o Undersia
can e omimited wih approval fhe prject coordnator General Comments:
OBSERVER: _eBlcg
e hckness, B Fom Vrsion 70

Figure F37: Run # 43

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Date: anuany 20, 2014 Run:_44 ( poor) | 45 (Pooz)

—

'WING TEMPERATURE (Taken From NRC 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 Appucay/ Takeoff Run| Position | Application | Application | TakeofyRun
T2 | -10.3 RC RS 2 1
7 |-10e BN 8 2
U |10y ~M4.6 ° /
Time: | 7.2 1 4e 4
5
6
Wing and Plate Condition Wing and Plate Condition /
Before the Takeoff Run After the Takeoff Run 7/
Time: Time:
TRAILING EDGE TRAILING EDGE E/
Flap Flap Ao
A’ ime:
T Fiap
LEADING EDGE LEADING EDGE
C Cy Wing Position 1 i
Wing Posiionz2,3,4,
Wing Posiion 7: Approsimately 15 cmfrom valing edge;
Wing Posiion & Approsimately 2. e from traling ecge; and

Wing Positon 8: Midway up the fap
Note: In an attempt 1o optimize iming oftests, shadod box measurements Underside: Approximately 40 cm up from the leacing edge stagnation poit

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

OBSERVER: c8

Forms\Fluid Thickness, Brix Form Version 7.0

Figure F38: Runs # 44 to 45
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APPENDIX F

Date: noary 20 . 2019

FLUID THICKNESS, TEMPERATURE AND BRIX FORM

Run: __H6 (PO\Y)

WING TEMPERATURE (Taken From NRC Logger] FLUID BRIX FLUID THICKNESS (mil)
Wing | Before Fluid | After fiuid | 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|
t2t oy R
T2 |-z |-2@a |[-H.3 [-pg 2 |a3o | 245 |we 1 4 J/(;s 45
s /{ ® 10
TS5 | -m9 EYC A BT -19.0 8 22.6 |320 2 e 2% < //
U |-z |-135 [-13.0 |-1z.a Flap % 215 3o 3
Time: | 9. 2y 7. 49 10005 1019 Time: | 950 | 005 |i0:24 4
5 124 158 Q
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run S
Time:
TRAILING EDGE TRAILING EDGE 8 150 124
Fl
Flap = Flap 60 40 2
Time: | 95 10°05 | 1024
Fap
4 aREN
LEADING EDGE LEADING EDGE
Ct C Wing Posiion 1
Wing Postion2,3,4, o
Wing Posiion & Approsmataly 30 cmfrom rling e
Wing Psiton 7: Approxmately 15 < fromtraing e
Wing Posiion & Approsmately 2. e from raling scge; and

Not

Wing Positon &: Midway up the fsp

tests,

Gan be ommited with approval of the project coordinator

General Comments:

OBSERVER: BRI (R
Figure F39: Run # 46
FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: anvar O, 20

Run: _yn (PO4O)

WING TEMPERATURE (Taken From NRC 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 | Application | Takeoff Run
T2 f-i2a |30 | -132 |-isud 2 [3%25 | 28.0 9.0 ! V234 @
T |-us |-H5 |32 |-He 8 2225 |25 2 0 G 10 4 1/7;1 5
U l-3.e |-140 [-13.9 |-4.2 Flap w25 |28.75 3 /qf R
Time: | 1025 10o.4% | 1102 ne Time: | o.4¢ | 1101 n.1g 4
5 B8O 12 q
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time: [
TRAILING EDGE TRAILING EDGE. 8 ¢S 80 %
i Flap
lap i _ Flap 24 13 10
E TR
i 1 Time: 16:4S (L) n.g
=g
=
=
— L
LEADING EDGE LEADING EDGE
C c Wing Posiion 1 10emup
Wing Posiion?2, 3,4,
Wing Psilon 7: Approxmately 15 e fomtsfing sdge
Wing Posiion & Approsimately 2. e from taling ecge; and
Wing Posilen : Wivay up e fiap
Note: I a atmpt tosts,

‘can be ommitted with approval o the poject coordinator

OBSERVER: ce/es

General Comments:

ac

Thickness, Brix Form Version 7.0

Figure F40: Run # 47
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APPENDIX F

FLUID THICKNESS, TEMPERATURE AND BRIX FORM
Date: anuory 30, 70 Run:_48 (P092)
WING TEMPERATURE (Taken From NRC Logger) FLUID BRIX FLUID THICKNESS (mi)
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
T2 | -3g -13.9 [-2.3 -13.0 2 36 0O 2.5 o6ps 1 e w
5 [-60 |50 | -2.3 |-ma 8 32.75 | 340 2 80 8 s |ArFrps
w3 |- | -mo |- Flap 23.5 |33 3 ? // o e
Time: | - 31 42 .55 1210 Time: | |y n.ss 12210 4
5 2% 150 )
6
Wing and Plate Condition Wing and Plate Condition
Before the Takeoff Run After the Takeoff Run B
Time:
TRAILING EDGE TRAILING EDGE 8 o) 112 6
Flap Flap Fap % T P
FH Time: noyz | inss 12.10
= L2 o34 s 7 .
NN NN YAV
A s
REhaeat
= h
LEADING EDGE LEADING EDGE
c c Wing Postion 1 Apposimatly 10 cm up o th eadig edge stagnaton pot
Wing Poston2,3,4,
Wing Positon s Approxmatey 30 c fom tling dge:
Wing Posiion 7 Apprximately 15 cm fom waling sdge
Wing Postion 8 Approximately 2.5 fom trsiing scge;and
Wing Postion: Waway up th fap
Note: Ap— Undorsid
can o omimited wihspproval f e prject oordntor General Comments:
OBSERVER: gz |k
Thickness, 0

Figure F41: Run # 48
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APPENDIX G

2017-18 LOG OF TESTS CONDUCTED WITH
THIN HIGH PERFORMANCE WING SECTION - RJ WING






APPENDIX G

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing

P P
- ki ki % ° S ) ~ | = = £ = . =
B o - = [S) P —_ c o o o
: o g | £ £% | e3| 88| 5 | £ s | s|ex|le|zs|E| |z |E|l: |2& |3 " w a2 12 |%
= S ° = ) P N epl S8 22| €| & b s | 54| 5%l T | 8| % S| =] € |2 |2 4 = A EENE
s | o | 5 2 g £ £ S| 22| 8% |82 ¥ |Se| 5| a8 Sl Sl 2| 5| 8|yl S s o8| 25| 25| cu ful S8
5| 5 |=| § H 2 K s | 3| 2| 55| 586| 52|Z2| S || 8| 2| 2| | 2| 2| 2| @ | F | 5| 5| 5| 5| 5| €| 58| 8| B
clels| 3 S E z Sl 8| 2| 52| 528 S5 %85| 5 | °F < | |32 Ss| || 2| | |52 52 55| 85| 85| 88| 52| 22| &8
g Bl = | 2 | | % 2| E° | FEs| e s Bt 2|3 |gy|ef|EE g e s ||| F| z| SlE|z|e
© € Ele |ex |Fe|gF| v |5 |2 |5 |28|c|e|5|&|=|8|5 | |5 “|I <% |5 |3
3 3 H] = o ] e & & o « «
28-
1 Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.466 | -0.32% | 18.64 | 98.56 | any 1.1 n/a n/a n/a n/a - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
28-
2 Jan- |PO02| Baseline |Dry Wing| none n/a 22 80 20 1.459 0.15% | 51.08 | 86.61 any -4.2 n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
29 Type IV
3 | Jan- |Pogo| VAIEON | 15 o S'E_‘CIEOL'D WT'I1E7S'18' 8 | 100 | 20 | 1.380 | 5.59% |19.3a|97.84| >-5 | 73| 16 | 99| -46|-a2| 75| - - - |15 | 202037 ]| 10| 17| 22 |10]10]10
8 Fluids
29-
4 Jan- [POO1| Baseline [Dry Wing| none n/a 8 100 20 1.465 -0.26% | 18.61 | 98.34 | any -4.4 n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
29-
5 Jan- [POO2| Baseline [Dry Wing| none n/a 22 80 20 1.465 -0.27% | 50.8 82.3 any -8.4 n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
29. Type IV
6 | Jan- |poga| Valdation | o | ECO-WTA7184 g | 100 | 20 | 1.391 | 4.82% | 185 [98.4a| 2| 74| 16 | 96 | 68 |00 25 | - - - |30 |17 1730 10| 15 | 18 |10]10]10
18 Fluids
29 Type IV
7 | Jan- |poge| VAUGON | p 7 | ECO- IWTITI8 g | 100 | 20 | 1.391 | 4.85% | 1875|9859 | | 81| 16 | 97| 80| 74 25| - | 25| - [10| 13|17 [25| 10| 11 |18 | 101010
8 Fluids
30- Type IV
8 | Jan- |Po1a| VaNdAtoN | ;g | Chom IWTRT08 g | 100 | 20 | 1.415 | 3.219% [18.99 [99.11| | 82| 15 | 96| 79| 85|25 | - |25 | - [10]| 13|15 | 22| 10| 10|15 |10[10]12
8 Fluids
30- Type IV
9 | Jan- |pote| Vaidation | P Modl| Chemi WTA708- g | 100 | 20 | 1.427 | 2.36% | 18.9 [99.62| | 79| 15 |04 |84 |13 75| - |13 | - [ 7 | 15|17 [23| 10| 12|15 [10|10]12
8 Fluids
30- Type IV
10 | Jan- |pogg| Valdation | IP Modr| ECO-IWT17.18- g | 100 | 20 | 1.377 | 5.79% | 188 [99.15| 5% | 70| 16 |98 |83 |10a| 75| - [ 13| - | 7 |20|20]27] 10|17 |20 10[10]10
8 Fluids
30- Type IV
11 | Jan- |poga| VldatoN | jp ;g | ECO-IWT17.18 g | 100 | 20 | 1.389 | 4.96% | 18.83 [98.98| 2 | 55| 16 |-101| 87 [102| 25 [ 10 | - |15 |18 |18 | 28| 10| 17| 23 |10]|10]10
8 Fluids
30- Type IV
12 | Jan- [pPo12| Valdaton | ip gy | ChomB IWTAT08 g | 100 | 20 | 1.425 | 2.48% |18.73 | 988 | 5% | 78| 15 |04 78 |16 25 [ 10 | - - |15 18|17 ]33 | 10| 12|15 |10]|10]10
8 Fluids
30- Type IV
13 | Jan- |Po15| VNdAON | \p yoq | Chemi IWTA708- g | 100 | 20 | 1.434 | 1.86% | 18.81 [101.47| % [100| 15 | 11 | 0 30| 75 | - - - 10|18 |20|23] 10| 13|15 |10]10]12
8 Fluids
30-
14 | Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.462 | -0.06% | 19.11 [ 98.14 | any |-11.9| n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
30-
15 | Jan- |PO0O2| Baseline |Dry Wing| none n/a 22 80 20 1.464 | -0.19% | 65.76 | 81.23 | any [-12.6 | n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
30- Type IV
16 | Jan- 17| Valdation |y | Chom IWTA7081 g | 100 | 20 | 1423 | 2.60% |18.57 | 99 || 13.3| 15 |42 |120|50| 25 | - - - |30 |20|20|28| 10| 12|14 |10]10]12
18 "
Fluids

APS/Library/Projects/300293 (TC Deicing 2018-19)/Reports/Ice Pellet/Final Version 1.0/Report Components/Appendices/Appendix G/Appendix G.docx
Final Version 1.0, October 20
G-1



APPENDIX G

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

@ @
- © ki % ° S S - £ = £ . + =
sl 8 |8 |.alBal 18| -8 l=l=|-12|8 |8 |5 5
5 - | = Rl & |m& g3\ 58|55 |2 | |82 8.l 5|8 2|8 |g |8 | 4| | 8|8 |2 |2
e | 2| 2| 5 | BElegls| g |08 3|3 % 2| B2 CE E|E|E|E| | Cul fulfe 02| 0| ok | Pul Bl B
=l g | & 2 - § g < | 2| & | 8 | 802 Tl g5 2|88 3| | el E| S| 2| E| eyl bk 58 2E| 28| 5| Cy tul ke
| 8|2 g 5 2 8 s | 3| 2| 52 | 58| 5| I\ S| 5| 2| | Bzl 8ol 2| 2| 3 |E| 5| 55| 55| 5| £8| €| 8| 85| &S
flelg| 3 e 3 z 5|21 28| 38 |28 58] 8% 5|8 2|3 |22\ 22| 2| E| 8| 2| 5|82 92| 2| €| €& 5| 2| 22| 22
- 2 o 3 5 » < o 2E5 “EH: ae <4 3 z @ O, Oal & o« 3 ] @ o o o - - L3 o o o
. N g8 |3x |Fe|zE|f|E |2 | g (%83 |=|z|8|=]|E|E |8 E| | | =|5|5]|%
w 3 3 s = o o u & & & = « «
30- Type IV
17 | Jan- |potg| Validation | o, g | ChemR WT. 17181 g | 100 | 20 | 1.412 | 3.36% |18.86 |99.93| "0 12.5| 15 |-15.2|-13.4(-15.2| 25 | 10 | - - | 15| 20| 20|28 10| 13| 15 |10]10]12
18 and New EG IV CHEM -16
Fluids
31- Type IV
18 | Jan- |Potg| Vadation | oy | ChemR \WT.17.184 g | 100 | 20 | 1.422 | 2.71% [ 18.77 |99.62 [ 101|148 | 15 |-15.7|-138(-166| 75 | - | - - |10 |20|18|28| 10| 12| 16 |10]10]12
8 and New EGIV | CHEM -16
Fluids
31- Type IV
Validation | Fluid | ChemR [WT.17.18. o 16 to
19 J1ag- Po25|  New | omy | EQW | CHEM 8 | 100| 20 | 1.383 | 5:38% | 18.91|99.53| 0 °[-145| 15 |-16.2|-145|-126| - | - - - - | na|na|nal| a | na| na |n@m| nalna
Fluids
31 Type IV
20 | Jan- |pogg| Validation | o | ECO- WT.17.18 g | 145 | 50 | 1.366 | 6.54% | 26 [112.78] 0| -15.8| 16 |-16.8]-14.0|-15.4] 25 | - | - - |30 | 2523|3310 18] 23 [10]10]11
18 and New SHIELD | IES -16
Fluids
31- Type IV
21 | Jan- |pogo| Valdation |p gy | ECO- WT.17181 g | 145 | 20 | 1.369 | 6.36% | 24.87 [114.01| "0 °|-13.6| 16 |-17.3|-15.4|-15.1] 25 | 10 | - - |15 22]20]|32] 10 |15 | 19 |10]10] 11
18 and New SHIELD IES -16
Fluids
31 Type IV
22 | Jan- |pog1 | Valdation | ooy | ECO- (WT.17.18. g | 445 | 50 | 1.333 | 8.79% | 21.42| 116 |0 °[17.0| 16 |-17.7]-157|-167] 75 | - | - - l1of22|20]37]| 10| 17| 23 [10]10]12
5 and New SHIELD |  IES -16
Fluids
31- Type IV
23 | Jan- |Pog7| Velidation | Fluid ] ECO- WT.17.18. g | 100 | 20 | 1.373 | 6.05% | 19.57 |9s.69 | '8 16.7| 16 |-17.7|-162|-143| - | - | - | - | na|na|na| wva | wa| wa|na|malma
T8 andNew | Only | SHIELD | IES 22
Fluids
31- Type Il HS Fluid AeroClear TAB17- 16 to
24 | Jan- |P235| Allowance MAX - 8 100 20 1.414 3.27% 18.5 | 99.43 -17.1 15 -18 |-15.6 | -14.8 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
! Only 1023 22
18 Times Cold
31-
25 | Jan- |[POO1| Baseline [Dry Wing| none n/a 8 100 20 1.453 0.60% | 18.66 | 98.57 | any | -9.1 n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
31-
26 | Jan- |POO2| Baseline |Dry Wing[ none n/a 22 80 20 1.451 0.71% 2.04 | 84.82 | any n/a n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
31-
27 | Jan- |[POO1| Baseline [Dry Wing| none n/a 8 100 20 1.461 0.03% | 18.51 | 99.83| any | -9.8 n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
31-
28 | Jan- [POO2| Baseline [Dry Wing| none n/a 22 80 20 1.458 0.26% | 17.06 | 80.88 | any n/a n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
18
31- Type IV
Validation | Fluid | ECO- |WT.17.18, . 5to
29 J1a|;— P096 and New only SHIELD IES 8 100 20 1.376 5.81% | 18.51 [100.52 10 -9.6 16 -11.8| -9.1 -9.5 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Fluids
31- Type IV
Validation | Fluid | ChemR [WT.17.18. o 5 to
30 J1ag- P024 and New Only EG IV CHEM 8 100 20 1.389 4.97% | 18.69 | 99.69 10 -8.6 15 -11.5( -85 | -9.3 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Fluids
31- EG Type IV ChemR |WT.17.18 5 to
31 | Jan- |P177 ype IP- 2281 8 | 100 | 20 | 1.435 | 1.80% |18.77 |98.91 87| 15 |-108] -87 |-12.3| 25 | - - - |50 |23|27|39]| 10| 12|16 |10]10]10
18 Expansion EG IV CHEM -10
32 |1FeP p179|EC TYPE V| o 7y | ChemR IWT-1718. g | 400 | 20 | 1.382 | 5.43% |18.48 [98.9a| 2% | 64 | 15 |-102| 8.2 |-100| 25 | - 13 - 30 | 256 | 25 | 40| 10 | 10 | 50 [ 1.0]| 10 | 15
18 Expansion EG IV CHEM -10
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APPENDIX G

:
s

Log of Tests Conducted with Thin High Performance Wing Section ng (cont’d)

2 @
- © ki % ° S S - £ = £ . + =

g | 8 8 | &4 gl - |8 |zl =|-12|8 |5 |2 S

5 - | = Rl & |m& g3\ 58|55 |2 | |82 8.l 5|8 2|8 |g |8 | 4| | 8|8 |2 |2

* e g 2 < 2l el s|as |06° 88|23 2 %5 2 | B |28 8 E| 5| E| E| 2| fulfulfe o2l oz o | ful Bul &
=l g | & 2 - § g < | 2| & | 8 | 802 Tl g5 2|88 3| | el E| S| 2| E| eyl bk 58 2E| 28| 5| Cy tul ke
| 8|2 g s z & s | 3| 2| 55 | s8S| 5|2 3|65 2| ¢| x| fel2| 2| 2| 2 |E| 5| 55| 55| E5| €5| €| 5| 55| &%
#l1° 8| 8 S | B T | 5| &| F| 33 |3 SE| 8% 8| cR 2| 3|22/ 28\ 28| 8| 2| 5|8 e s ca|ce| s 52 <&

2 S Eo| e =) 5 o T [

- & = H b2 R - I $50| E= | SE| § |2 | 3| 2| Q¢efSe ||| 8|l || 2| z| Z|glg|e¢g
< o o e x iz = 5 i 2 8| < o z I o« -3 £ £ £ < = = =]
= £ £ 3 3 2 b3 5 » S| 8 5 3 S 2 <

3 3 = Q [ o« [ = =
1-Feb-| EG Type IV| _| ChemR |WT.17.18. o 5to| R R R R R
33 18 P178 Expansion IP- / SN EG IV CHEM 8 100 20 1.408 3.68% | 18.98 | 99.74 10 5.2 15 9.7 71 10.3| 25 10 50 2.9 2.5 4.3 1 1.6 4.0 1.0 1.0 3.8
Type IV
1-Feb-| Validation ECO- ([WT.17.18| o -5 to
34 18 P0O87 and New IP Mod SHIELD IES 8 100 20 1.361 6.89% | 18.83 | 99.74 10 -7.6 16 9.4 | -7.3 |-11.2( 75 - - - 10 2.3 2.3 3.0 1.0 1.6 2.0 1.0 1.0 1.1
Fluids
CFoh] Type lll HS . AeroClear| ~ K
35 |17 poga| Allowance | TUY | 'max- | TABI7- 1 g | 100 | 20 | 1.423 | 2.65% |18.59 |100.12| S| 73| 13 | 92| 75| 85| - | - | - | - | wa|na|na| a | a | wa|na|malmwa
18 ! Only 1023 -10
Times Cold
36 1—::gb— POO1| Baseline |Dry Wing| none n/a 8 100 20 1.457 0.29% | 18.75 [ 99.568 | any -0.1 n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
37 17::Zb7 PO0O2| Baseline |Dry Wing| none n/a 22 80 20 1.463 -0.11% 1.97 | 82.77 | any n/a n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Type IV
1-Feb-| Validation | IP Mod /| ECO- |WT.17.18. o
38 18 P082 and New R SHIELD \ES 8 100 20 1.394 4.65% | 18.37 (100.27| >0 -1.6 16 -1.6 | -0.6 | -4.8 75 - - 75 10 2.2 2.5 4.0 1.0 1.1 2.7 1.0 1.0 1.7
Fluids
Type IV
1-Feb-| Validation [ IP Mod /| ChemR |WT.17.18. o
39 18 PO10 and New R EG IV CHEM 8 100 20 1.356 7.21% | 18.65 [100.38[ >0 | -3.5 15 -4.2 | -33 | -70 | 75 - - 75 10 2.2 2.2 4.7 1.0 1.0 5.0 1.0 1.0 5.0
Fluids
Type IV
1-Feb-| Validation ChemR |WT.17.18. o
40 18 P0O03 and New 1P- EG IV CHEM 8 100 20 1.443 1.28% | 18.47 [99.42| >-5 | -6.8 15 -7.4 | -4.7 |-10.5( 25 - - - 50 25 2.5 3.5 1.0 1.1 1.3 1.0 1.0 1.2
Fluids
Type IV
1-Feb-| Validation ECO- ([WT.17.18, o
41 18 PO75 and New 1P- SHIELD IES 8 100 20 1.366 6.50% | 18.65 | 99.24 ( >-5 | -8.2 16 -9.1 | -7.6 |-10.3| 25 - - - 50 2.3 2.5 4.0 1.0 1.8 2.2 1.0 1.0 1.0
Fluids
2-Feb- EG Type IV ChemR |WT.17.18, . Sto| i i i i i .
42 18 P181 Expansion IP Mod EG IV CHEM 8 100 20 1.428 2.29% | 18.63 | 98.82 10 10.5 15 11 8.8 14.2| 75 25 2.6 2.8 4.0 1.0 1.1 1.7 1.0 1.0 1.1
a3 [2Febpigo|EC TYPe V) i 5p | ChemRWT.17.18. 5 | 400 | 20 | 1.377 | 5.76% | 18.65 [100.04| 5% |-12.2| 15 |-13.3]-109|-107] 25 | - | 25 - | s0|33|28|s60]| 18 |11 |50 ]|10]10]50
18 Expansion EG IV CHEM -10
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APPENDIX H

2017-18 LOG OF TESTS CONDUCTED WITH
LS-0417 WING SECTION






APPENDIX H

Log of Tests Conducted with LS-0417 Wing Section

) 20 X P - =
— ° S > X = ol s — £ = . - -
g 2 25 |8 S| - | =1 2 |ac|s =|lz|lz|=|% e |Q wo| ow g |6 |6 |6
< - o QIE |8 |2c|88| 8 |40 2| T |85]d |[E|S|S|E|E |42 |2 NS 2 | |e |2
® o E g = 2 (] N oo [a® fo|la3| - | EX| ¢ 2 a2 a~| E £ E | E o | B5el|= S | = - A 2 ] 2.
= ° < 2 3 3 ] < £ | 8|05 |5:5|22|28| 2|88 5| |LT|ES 22|22 Elge|eEGE e e g |ry|-p|-s
- b4 c = - B & = [l - - = o
3 B z g 8 z 8 S | 3| 2|58 |59z es|sE| 0|5 E| g|82|R| 2| 22| 2|k |5|5s|5| 2| = S |ES|Ec|EE
= e 3 g S ] T 5| 28] 2|33 |séc|85|8%| 5 |Ee| 2| s |52|28| | f| 22|92 2|32]| | | T |&2|32|52
° o ] g S 2 ) < 20 |83 “e|lae| o | 58| = K3 EF| & & & ] 2 |Re|l® o« c £ =3 o«
= 2 = z g 5 |3z |[ge|oE|l 5 |P5| 3 g9gls | = | 8|23|2 |2 | 5| 3 s |2 |12 |2
= & g | 8 85 |ET|xiE| P a|l | k|28 e |lz|le|ec| &|FE[E | £ E | & s | |[£ |£
= £ £3 IS s g <3 4 = » | N & T s = = < & 3 &
3 |8% = @2 g | &
1 5-Feb-18 P246 Clean Wing None none n/a 8 100 | 20 [1.517 |0.59% | n/a n/a | any [-13.4 | n/a |-9.9 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
2 05-Feb-18 P248 Clean Wing None none n/a 8 80 20 [1.522 | 0.25% | n/a n/a | any [-13.4 | n/a |-9.9 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
8,
3 05-Feb-18 P250 Clean Wing None none n/a then 80 20 1.527 |-0.10% | n/a n/a any |-13.4 | n/a [-9.9 [ n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
stall
4 05-Feb-18 P252 Clean Wing None none n/a stall 80 20 |(1.528 |-0.13% | n/a n/a | any [-13.4 | n/a |-9.9 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Stall
-4 to
5 05-Feb-18 P254 Clean Wing None none n/a stall 80 20 |[1.527 |-0.07% | n/a n/a | any [-13.4| n/a |-9.9 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
+23
PP@1
6 05-Feb-18 P247 Clean Wing None none n/a 8 100 20 1.5611 | 0.99% | n/a n/a any [-12.05| n/a |-9.0 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
7 05-Feb-18 P249 Clean Wing None none n/a 8 80 20 1.5628 |-0.11% | n/a n/a any [-12.05| n/a |-9.0 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
8 05-Feb-18 P251 Clean Wing None none n/a B'S:EITH 80 20 1.5626 |-0.04% | n/a n/a any [-12.05| n/a |-9.0 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
9 05-Feb-18 P253 Clean Wing None none n/a stall 80 20 |[1.525 | 0.03% | n/a n/a | any [[12.05| n/a |-9.0 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Stall
-4 to
10 05-Feb-18 P255 Clean Wing None none n/a stall 80 20 1.530 |-0.25% | n/a n/a any [-12.05| n/a [-9.0 [ n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
+23
PP@1
Roughness N
11 05-Feb-18 P263 (Trips) 40-grit none n/a stall 80 20 |(1.5038 |1.52% |17.68(79.28| any |-5.31 | n/a |-9.6 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Stall
Roughness 4to
12 05-Feb-18 P264 (Tgrips] 40-grit none n/a stall 80 20 1.509 | 1.11% | n/a n/a any [-5.31 | n/a |-9.6 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
+23
PP@1
Roughness )
13 05-Feb-18 P265 (Trips) 150-grit none n/a stall 80 20 (1.519 | 0.44% | n/a n/a | any [-6.16 | n/a |-9.0 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
stall -4
14 | 05-Feb-18 | P266 R:‘ﬁ;’;‘iss 150-grit | none nla ‘°+52‘§" 80 | 20 |1.518 |0.48% [17.52|86.17| any |-5.15 | nfa [-9.0 [na [na | - | - | - | - | - | na |na [na [na [na | na |na |[na | na
PP@1
Roughness N
15 05-Feb-18 P267 (Trips) 80-grit none n/a stall 80 20 (1.516 | 0.64% | n/a n/a | any [-2.49 | n/a |-7.7 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
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APPENDIX H

Log of Tests Conducted with LS-0417 Wing Section (cont'd)

2 g2 % s| o8 s |z s | |=
18 |85 | [8<| ~| ~| =12 (z2|% |=lzl=|=1|% 2 |Q 2 |6 |6 |6
s « | 2 S| E |B: |23|8E| 8 |a?| 2|5 |62|2 |E|5|S|E|E|ctle |2 |2k & |2 |¢ |¢
£y ° 2 o = ° @ o Qo |a® fa|la2| = | | & 2 o2 a~| E £ E| E o |SS|® o £ € : ® s s
= o H 2 3 E ] < | 2|8 |8w oo |z5| 5|88 3| F |LS|ES| 2|22 2|E|g2|LulbE & e & |Fy|lrulEg
] 5 a g 8 2 a s | 3| 2| 55|59 |€eS|s%| o |5 | E| g |82z 2| 2|2 | 2| F|Cs|5c|8%| 2| % C |8c|8:|8E
£ e 3 = ° 2 | 2| 8| 2|5 |s85|sE 85| 5 |Be| 2| 2 |s2|8| 2| elel=|e|BO52|85 5] S| % |22|522|55
e ° g 2 | 5| o < | 8% |83 |Ts|lag| 2|58l |8 |o|SH|E|E|E| 2|2 |BE|S (2| E| 2| 2 |2 |2 |=F
i [ ] a i = g |2 E| & 8| 3 - |>5]|3 b = c | & g |=F|2 o i 5 5 £ £ £
£ &8 |E£5 |F |EF| " Ele|Ts|e |F|la | N || E| FIE |§ ||| & |5 |5 |3
K] 3= s o -] <>t w & s -4 4 4
stall -4
16 | 05-Feb-18 | P268 R°(”T$ir;)”jss 80-grit none n/a ‘152‘;" 80 | 20 |1.516 [0.62% [17.55[84.41| any [-2.49 [ n/a |-7.7 | n/a | n/a - - |- |na|na|na |na |na n/a na | n/a | na
PP@1
17 06-Feb-18 P269 Ro(L_lrgrif:)r:ss ':;liltv(\gg? none n/a stall 80 20 1.475 | 3.35% | n/a n/a any [3.24 | n/a |-6.4 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
stall -4
18 06-Feb-18 P270 Ro(l:lrgi:':)nse'ss zj:ilt\?gg? none n/a to+sztgll 80 20 n/a n/a n/a n/a | any n/a n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
PP@1
stall -4
19 06-Feb-18 P270 Ro(uTgr:':)r;,-ss Fglrlilt\?gg,g none n/a mjzt;" 80 20 |1.478 |3.14% | n/a n/a | any |[3.24 | n/fa |-4.9 | n/a | n/a - - - - - n/a n/a | n/a | n/a n/a n/a n/a | n/a | n/a
PP@1
Roughness Grit
20 06-Feb-18 P271 1T£3i s) (-30% grit none n/a stall 80 20 |1.491 |2.31% | n/a n/a | any [-2.75 | n/a |-3.9 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
P on LE)
Grit stall -4
21 | oeeb-18 | P27z | FOUSISSS 30% grit|  none wa |53 8o | 20 |1.489 [2.44% | nia | a |any |-275 | nia |39 [wa [wa | - | - | - | - |- |na e wa|wa |wa | na |na | |
on LE) PP@1
Roughness Grit
22 06-Feb-18 P273 (Tgrips] (-60% grit none n/a stall 80 20 |1.499 |1.78% | n/a n/a | any [-0.77 | n/a |-3.9 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
on LE)
Roughness Grit f;alslt:lll
23 06-Feb-18 P274 1Tgripsi (-60% grit none n/a 423 80 20 1.497 | 1.87% | n/a n/a any [-0.77 | n/a |-3.9 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
on LE) PP@1
Roughness Grit
24 06-Feb-18 P275 (T%ipsi (Flap none n/a stall 80 20 |[1.509 [1.13% | n/a n/a | any [-2.25 | n/a |-4.4 | n/a n/a = - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Only)
y stall -4
Roughness Grit to stall
25 06-Feb-18 P276 (Trips) (Flap none n/a 423 80 20 1.504 | 1.45% | n/a n/a any |-2.25 | n/a [-4.4 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Only) PP@1
Boundary-layer | BL Rake f;alslt:I
26 06-Feb-18 P279 Rake TE none n/a 423 80 20 |1.478 |3.10% | n/a n/a [TBD (-3.62 | n/a |-4.5 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Measurements | Center PP@ 1
BL Rake stall -4
Boundary-layer TE to stall
27 06-Feb-18 P280 Rake Center none n/a 123 80 20 [1.492 |2.20% | n/a n/a [TBD (-4.12 | nfa |-4.7 | n/a | n/a - - - - - n/a n/a | n/a n/a n/a n/a n/a | n/a | n/a
Measurements 3ft PP@1
BL Rake stall -4
Boundary-layer TE to stall
28 06-Feb-18 P281 Rake Center none n/a 123 80 20 [1.475 |3.34% | n/a n/a [TBD (-3.61 | n/a |-4.7 | n/a | n/a - - - - - n/a n/a | n/a n/a n/a n/a n/a | n/a n/a
Measurements 43t PP@1
BL Rake stall -4
Boundary-layer Fla to stall
29 07-Feb-18 P284 Rake Cemper none n/a 103 80 20 |1.500 | 1.66% | n/a n/a | TBD | 0.55 | n/a |-16.1| n/a | n/a - - - - - n/a n/a | n/a n/a n/a n/a n/a | n/a | n/a
Measurements 1 3ft PP@1
Boundary-layer | BL Rake f;alslt;:l
30 07-Feb-18 P282 Rake Flap none n/a 123 80 20 [1.489 |2.44% | n/a n/a [TBD (-4.85 | n/a |-14.6 | n/a | n/a - - - - - n/a n/a | n/a n/a n/a n/a n/a | n/a n/a
Measurements Center
PP@1
BL Rake stall -4
Boundary-layer Fla 1o stall
31 07-Feb-18 P283 Rake Centper none n/a 423 80 20 |1.498 | 1.80% | n/a n/a | TBD |-3.87 | n/a |-13.7 | n/a | n/a - - - - - n/a n/a | n/a | n/a n/a n/a n/a | n/a | n/a
Measurements 3ft PP@1
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APPENDIX H

Log of Tests Conducted with LS-0417 Wing Section (cont'd)

) ) A o - -
- S 5 2 % S o|s = b3 = = £ £
s |8 |85 |2 |E4] - 18482 | zlzlzl-]%F s |s s |5 |5 |5
e - ° Q| E |EO |ec|B8E| B |s0|3|% |82 S| E[E| 2| E|ou4le |2 =R 2 1% | |3
= ° 2 ] = 2| g| o |as|ab 8|S = |82 2| B |88|ag| E|E|E|E| o |8s|2u|Ral €| 3 Nk
= ° < H 3 H ] & £ | & |5 55|32 28| 2|28 3 oS ES 222l E A el 2| & & FulEwl e g
] H [ 3 & =z 3 s | 3| 2| 58 |592|€8|s%| 0 |5F e |28 2| 2| 2| 2|k |2x|5c|5%| 2| = T |s:|8:|8%
8 8 - £ S z S| S| & 2|2 |2g8|E8 8| 5|2 | 2 (52|08 2| el =] e|25|55(8s| S| & |£2|£5|E¢s
° o % 2 H g & | 2| 302|828 |£2|2e| |55 2| & |as|sr| 8| 8| &| 5| 2|50 el 2| 2 2 &
- 2 z 8 2| 8 |8z |e2|eE| E|fs| 2| 2|l |s|S|E|=|8|&d|e |2 | 5| % £ |2 |2 |2
g| ¢ e5 |E |xF| ¢ a1kl g |ag|oe s |G| N|=| %] FI£ | e | & 5 |5 |2 |%
o £ £
K] 3= s o -] <>t w & s -4 4 4
Roughness Dift. Grit f;alslt:I‘I
32 07-Feb-18 P278 (Tgripsi (Flap none n/a 423 80 20 1.478 | 3.16% | n/a n/a any -1.7 n/a |-11.8| n/a n/a - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Only) PP@1
Roughness Diff, Grit
33 07-Feb-18 P277 1Tgripsi (Flap none n/a stall 80 20 1.470 | 3.68% | n/a n/a any -1.7 n/a |-11.8 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Only)
34 | 07-Feb-18 | P263 R"(”Tgri*:)”:'ss 40-grit none n/a | stall | 80 | 20 |1.488 [2.51% [17.12]80.02| any |3.42 | n/a [-10.6|na [na | - | - | - | - | - |na |na |na |na |na| na |na | na | na
stall -4
35 | 07-Feb-18 | P264 R"(“Tfir;‘;ss 40-grit none n/a “’Jrsz‘g" 80 | 20 |1.498 |1.80% | n/a | n/a |any |3.42 | n/a [-106|na [na | - | - | - | - | - | na|na|na|na|va| va |na |na |0
PP@1
stall -4
36 07-Feb-18 P264 Ro(uTgrir:)r;«,ass 40-grit none n/a tiszt;” 80 20 |-1.761 P15.44%| n/a n/a any 0.0 n/a |-9.8 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
PP@1
Boundary-layer | BL Rake stall -4
y-lay to stall

37 07-Feb-18 P279 Rake TE none n/a 80 20 [1.454 |4.70% | n/a n/a [TBD [1.13 | n/a |-9.56 | n/a | n/a - - - - - n/a n/a | n/a n/a n/a n/a n/a | n/a n/a

+23
Measurements Center PP@1
stall -4
Boundary-layer | BL Rake 1o stall

38 07-Feb-18 P279 Rake TE none n/a 80 20 | 1.455 |4.62% | n/a n/a | TBD [-1.65 | n/a |-9.4 | n/a | n/a - - - - - n/a n/a | n/a | n/a n/a n/a n/a | n/a | n/a

+23
Measurements | Center PP@1
BL Rake stall -4
Boundary-layer TE 1o stall
39 07-Feb-18 P281 Rake Center none n/a 423 80 20 [1.398 |8.39% | n/a n/a [TBD (-3.94 | nfa |-9.1 | n/a | n/a - - - - - n/a n/a | n/a n/a n/a n/a n/a | n/a | n/a
Measurements 4 3ft PP@1
BL Rake stall -4
Boundary-layer TE 1o stall
40 07-Feb-18 P280 Rake Center none n/a °+szg 80 20 |[1.514 |0.77% | n/a n/a | TBD [-3.23 | n/a -9 n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Measurements 3t PP@1
BL Rake stall -4
Boundary-layer TE 1o stall
41 07-Feb-18 P280 Rake Center none n/a 423 80 20 (1.5614 |0.77% | n/a n/a [TBD (-3.99 | n/a |-8.8 [ n/a | n/a - - - - - n/a n/a | n/a n/a n/a n/a n/a | n/a | n/a
Measurements 3ft PP@1
BL Rake stall -4
Boundary-layer TE 1o stall
42 07-Feb-18 P281 Rake Center none n/a iszg 80 20 |1.406 |7.85% | n/a nfa |TBD [1.89 | n/fa |-8.4 | n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Measurements 4 3ft PP@1
43 08-Feb-18 POO1 Baseline Dry Wing none n/a 8 100 20 1.517 | 0.54% (18.22(99.18]| any [-12.72| n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
44 08-Feb-18 P0O02 Baseline Dry Wing none n/a 23 80 20 1.528 |-0.12% | n/a n/a any [-12.72( n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Type lll LS N ~ -16
45 |o8Feb18 | P63 | Alowance | U4t | AeoCiear [TABIT 55 | g0 | 20 |1.469 |3.71% [17.11[79.75| to [12.37| 15 |136|102|e8 | - [ - | - | - | - | e |na e |wa [wa | wa | ne | wa | e
Times Y ° -22
Type lll LS N ~ -16
46 | 08-Feb-18 | P163 Allowance g::d ,\::;ff:'gal’d ng;g 23 | 80 | 20 [1.466 [3.90% [17.31[80.22| to [12.33| 14 |12 |97 |90 | - [ - | - | - | - [wa |na |n@a |na |na | na |na |na|mna
Times Y ° 22
Type lll LS N ~ -16
47 | 08-Fepb-18 | P163 Allowance gg:: ,\::;ff:'gzl’d ng;g 23 | 80 [ 20 [1.489 [2.43% | n/a [84.54| to [-99 |14 | -7 |86 |79 - | - | - | - |- [wa|na |na|na|na| na |na|na|mna
Times -22
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APPENDIX H

Log of Tests Conducted with LS-0417 Wing Section (cont'd)

13 L 0 . - e - -
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- © o x O| o - - - = £ £
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* > g £ - 5 E ] 22|88 8:0|92\38| 5 (25| 5|5 (o258 2| 2|5 Elac|ee|ed| S| 2| & |ful5e|sd
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& 8 % £ S T = | 2| &l 2|3 |585|58|%8| 5 |Be| 2| 2 |s2|08| e e| || e|BO|82|35 S| S| € |52|52|55
2 o ] 2 5 2 ) < ®O |88 <3 %’.g o[58 = F é" S|1e|&| & 2 |5g|l® @ £ 2 = = 2T
o a 5 S c|wE|l &5 |F8| 35 2 82| o =) =] = £ o g g
= < K 1] o= E xi=| « i : 23 © o 4 g o« 3 ~| £ £ ] K3 s ] H =
w S S o = S o &[> w ) 3 = [ [ <
[&] [SR- a 4 4
Type lll LS N
Fluid | AeroClear |TAB17- -1
48 | 08-Feb-18 | P163 Allowance O;S M:x"_cgzld To2s | 23 | 80 | 20 |1.476 |3.26% [17.08[78.92 22‘0 88914 |59 |78|71| - [ - |- |- |- |na|na|na|na|na| na |na|na|na
Times
Type lll LS

IP-/ AeroClear |TAB17- o
49 08-Feb-18 P149 Allowance ZR- MAX - Cold | 1023 23 80 20 |1.490 |2.32% |17.27|78.28| >-5|-7.88 | 14 |-56.4 |-6.1 |-8.0 | 26 - 25 - 15 1.5 1.6 21 1.0 1.1 1.0 1.0 1.0 1.0

Times
Type IIl LS ] 16

50 | 08Feb-18 | P168 | Alowance | U | AOCEr [TASIT g 400 | 20 |1.477 |3.19% [18.79(99.91| to [ 727 | 14 |58 |67 |66 | - | - [ - | - | - |na|na |wa | | e | e [wa |wa |wa
Times v 22
Type IV 16

51 | ogFeb-1g | pozs | VeLLarom | AL Chemr Leaysy| 8 |10 | 20 |1.463 |a.08% [19.71099.33| to |7.01| 18 |57 |56 |6a| - | - | - | - | - |na |wa |0 |na [wa| wa |na |wa e
New Fluids 22
Type IV 16

52 | 08-Feb-18 | PO25 Validation gﬁ:s ChemR learg.q| 28 | 80 | 20 |1.440 |5.6a% |17.2 [78.96| o |-65a | 18 | 6 [so |62 | - [ - | - |- |- |na|wa|wa|wa |wa| ma |na|na | wa
New Fluids 2
Type Il LS

53 | 08-Feb-18 | P147 Allowance IP- AeroClear |TABI7-1 53 | g0 | 20 [1.491 |2.31% [17.42(78.9 | >-5 |-6.01 | 14 |55 |48 |86 |25 | - | - | - [30 |17 |17 |19 |10 |11 1.0 [10]10 |10
pwan MAX - Cold | 1023

Type lll LS AeroClear |[TAB17-
54 | 08-Feb-18 | P51 Allowance | 1P Mod [ A0CEer [TABIT\ 53 | g0 | 20 [1.502 |1.58% [17.31(79.8 | >-5 [-652 | 14 |61 |56 11175 | - | - | - |20 |20 |20 |20 |10 |17 | 10 |10 |11 |10

Times

55 09-Feb-18 POO1 Baseline VI\:I’irr:/g none n/a 8 100 20 1.519 | 0.47% 20 |98.7 [ any [-9.83 | n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a

56 09-Feb-18 P0O02 Baseline VI\:I’irr:/g none n/a 23 80 20 1.524 | 0.14% 2 |82.34| any [-9.83 | n/a n/a n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
Type Il LS N ~ i

57 | 09-Feb-18 | P163 Allowance g:: Nf:;ff:'gzl’d ngg; 23 | 80 | 20 [1.469 [3.71% [18.2 [78.56 1722“’-10.94 15 [115(-69 69| - | - [ - |- |- |na|na|[na|[na|na| na [na |na |na
Times
Type Il LS N ~ i

58 | 09-Feb-18 | P168 Allowance g:: Nf:;ff:'gzl’d ngg; 8 | 100 | 20 [1.479 |3.07% [20.47| 99 1722‘0-10.81 13 (a1 (80|79 - |- |- |- |- |na|na|na|[na|na| na [na |na |na
Times
Type Il LS g ~ -5

59 | 09-Feb-18 | P153 Allowance B |iheroCiear [TA8 7| 23 | 80 | 20 [1.473 |3.44% [17.55[78.67| 10 |-9.99| 14 |96 |78 12525 |10 | - | - |20 |18 |18 |20 |10 |17 | 10 |10 |12 |10
Times -10
Type lll LS -5

60 | 09-Feb-18 | P154 | Allowance P) | neroCiear [TA8 7| 23 | 80 | 20 |1.478 |3.13% [18.52(78.23| 1o |8.58 | 13 | 7.3 |87 |83 |25 | - |25 | - |20 |17 |17 |29 10|11 | 10 |10 |11 |10
Times -10
Type lll LS -5

61 |ooFer18 | P155 | Alowance | IPMod | 49U TASIT 55 | g0 | 20 | 1.481 |2.95% [17.37[79.21| to |7.99 [ 14 |56 68 [119|75 [ - | - | - |20 [20 |23 |28 |10 |15 ]| 12 |10 |10 |11
Times -10
Type lll LS -5

62 | 09-Feb-18 | P152 | Allowance [ neroCiear [TABIT 23 | 80 | 20 |1.496 |1.94% |17.5 [78.43| to [674 | 14 |54 |71 |10a|25 | - | - | - |40 |13 |15 |18 |10 |13 | 10 |10 |10 |10
Times -10

63 | 09-Feb-18 | P240 R&D Reavy | peroCioar TABIT-] 23 | 80 | 20 |1.474 |3.38% [17.64(79.06| TBD |-5.99 | 14 |56 |65 |70 220 | - |25 | - |25 | 5 | 5 [ 5 | 1 |15 f1esser| 1 | 1 | 1
Type Il LS N ~ -5

64 | 09-Feb-18 | P162 Allowance g::s N’:‘:;("?E;'d ng;; 23 | 80 | 20 [1.471 [3.62% [17.08[79.07| to |-6.68 | 14 |54 |56 |60 - | - | - | - |- [ra|na |na|na|na| na |na|na|ma
Times -10
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APPENDIX |

2018-19 LOG OF TESTS CONDUCTED WITH
THIN HIGH PERFORMANCE WING SECTION - RJ WING






APPENDIX |

Log of Tests Conducted with Thin High Performance Wing Section — RJ Wing

Py 7y
-1 3B b % ® ) o = | 8 5 5 £ | = £
g S 2 o - - c ) ) S
: o g | £ £% | e3| 88| 5 | £ s | s|ex|le|zs|E| |z |E|l: |2& |3 " w a2 12 |%
= s o = S o | | @ bepl S8 52| €| & Sl | 85 Es| Tl E| B || |2 |3 = = | 2|2 |2
* ° H H 35 E § & M ) 8% 9’?.2‘ b 5| &% 29| § I & e £l s 3 5 g Sul L :E’ 25| 2§ | o5 S ﬁE s g
5| 8| = g 5 z K s | 3| 2| 52 | 545 §¢ €| 5 | £y 8| g | Ex|fel 2| 2| 2| 2| F | 8| 5| 85| 58| 55| 5| 8| 2| &
Ll El 8 | S| Bl o= | §| 8| 2|30 |zl sE| i 8| cE 2|8 |52 53|z 8| 5| zs|5|ad s sl e ea| 2z e <8
L o = T S H £50| g | & g 5 2 5 @ Sge| 5@ = « < o 3 ) ) =) -3 = 2 2 2
- € Bl 8 |e= |Fe|lgf| " |5 | €| g |=g= |e|3|&8 =8| ||| | | /5|35 |%
3 3 H] = o ] e & & o « «
21-
1 Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.473 | -0.47% | 18.95 | 98.74 | any |-18.1 n/a -21.9| n/a [-16.9 - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
21-
2 Jan- |PO02| Baseline |Dry Wing| none n/a 22 80 20 1.447 1.30% 1.8 83.84  any [-18.1 n/s -21.9| n/a [-16.9 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
21- VT\I/_ze‘[V Max -16't
3 | Jan- |Po27| ° FOOM IFiuid Only  Flight 41 8 | 100 | 20 | 1.394 | 4.89% | 18.66 | 99.4 | " °l-22.8| 18 | -22 |-22.1|-208| - | - - - - 10|10 10| 10| 10| 10 |10]10]10
® Fluids AVIA
21- Valdation Max -16 10
4 | Jan- |PO53 and New Fluid Only|  Flight 8 8 100 20 1.364 6.99% | 18.91 | 99.35 22 -22.6 14 -22.3(-21.7|-211 - - - - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
19 Fluids SNEG
Type IV
21- Validation Defrost -16 to
5 Jan- [P105 and New Fluid Only| ECO 4 4 (Lot 48) 8 100 20 1.329 9.38% | 18.54 | 98.87 22 -22.6 18 -22.2(-22.9|-21.3 - - - - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
19 Fluids
Type IV
21- Validation Defrost -16 t
6 | Jan- |P131| 7° FEON Fuid Oniy| Cpe’y' |1 (Lot47)| 8 | 100 | 20 | 1.367 | 6.77% | 18.46 |98.32 | .°|-22.8| 24 |-22.4|-226|-21.9] - | - - - - 10|10 10| 10|10 ]| 10 |10]10]10
19 Fluids
21- Vandation Polar | pgat1g12 16 1
7 Jan- | E1 an(li Nelw Fluid Only| Gyard 05PA 8 100 20 1.364 6.94% | 18.93 | 99.23 7220 -22.4 11 -22.3(-22.4|-21.3 - - - - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
19 Fluids Advance
Type IV
21- Validation Endurance] -16 to
8 | Jan- | E2 and New Fluid Only| EG106 ID268I1B7001 8 100 20 1.396 4.80% | 18.72 | 98.96 22 -22.0 20 -22.5(-22.2|-21.4 - - - - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
" Fluids
Type IV
21- Validation Defrost -16 to
9 Jan- [P105 and New Fluid Only| ECO 4 4 (Lot 48) 8 100 20 1.336 8.90% | 18.568 | 99.9 22 -22.3 16 -22.6 (-22.1|-21.7 - - - - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
” Fluids
21-
10 | Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.464 0.12% 189 | 97.97| any |[-18.6| n/a |-18.5| n/a |-17.8 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
21-
11 Jan- [POO2| Baseline [Dry Wing| none n/a 22 80 20 1.459 0.46% | 16.83 | 79.92 | any |-18.6| n/a |-18.5| n/a |-17.8 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
21-
12 | Jan- |PO02| Baseline |Dry Wing| none n/a 22 80 20 1.462 0.26% 21.7 |76.89 | any |-19.8| n/a [-18.7| n/a |-19.5 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
21- vTanZZtliZn Max 16 to
13 | Jan- |PO46 and New IP- Flight 8 8 115 20 1.362 7.07% | 28.23 [ 111.4 22 -19.8 13 -19.5[-19.5|-20.5 | 25 - - - 30 2.3 2.3 3.8 1.0 1.8 3.3 1.0 1.1 1.3
19 Fluids SNEG
Type IV
21- Validation Defrost -16 to
14 | Jan- |PO98 and New IP- ECO 4 4 (Lot 48) 8 115 20 1.337 8.77% | 21.47 | 115.3 22 -20.7 15 -20.2 (-20.1|-21.4| 25 - - - 30 2.0 2.0 3.3 1.0 1.9 3.0 1.0 1.0 1.7
19 Fluids
22- V?Iliz(:tli})/n Max 16 to
15 | Jan- |PO20 and New IP- Flight 4 8 100 20 1.383 5.66% | 19.22 | 98.48 22 -21.4 18 -21.2(-21.3|-22.6| 25 - - - 30 2.0 2.0 3.0 1.0 1.7 2.0 1.0 1.0 1.1
19 Fluids AVIA
22- Valdation Max 1610
16 | Jan- |PO21 and New IP Mod Flight 41 8 100 20 1.385 5.563% | 18.96 | 99.12 22 -21.0 18 -21.1(-22.3(-23.1| 75 - - - 10 2.0 2.0 2.7 1.0 1.5 2.0 1.0 1.0 1.1
19 Fluids AVIA
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APPENDIX |

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

@ )
P ki 5 % ° S S - | = = & . = =
3 - 2 o _ - - = ) <) S
5 e Q| & |5% |23|88|o|s | = |<S|e3le ||| &= |E|e|e|2| «| w| 8/2/%]°%
= ® S 2 : o 2| o | oo | a&0| 38| &= = | 8| = |28 28| E|E| E| R s R|RL 2 F | ¥ | % |32
| o | 5| 2 5 § g S | 218 8a |80 Telggl 5|8 3| c %9 of 2|3 2| 2| E| Syl ok 8 28| 28| 25|ty tE s
5| 8| =& g 1 2 K s | 3| 2| 52 | 589 52| 3| o | EL| E | 2| E=| 2| 2| 2| 2| @ | F | 5| 5| 5E| £ER| €8 | €% | 8| £8<| &
elelg| 2 p E T f | 2| 2| 52| 5228 %85| 5 |°F s | 2|52 5¢g|z2| 2| 2| | 2|52 52 5528|8588 52 22 568
s 2 T 2 3 [ < 8 L5 g o« &2 = ] b=} o O 98| & o« o ] @ - - o« o o o
i a o ° £ E S € 3 > 2] > ] = = =4 p-3 - £ £ £
= gl e |gx |Fe|gFf|F |5 | & |5 |8 (2|5 |8|=|2|5 |5 |% | 5135 |3
3 3 = = © Q e 4 < = < <
Type IV
22- Validation Defrost -16 to
17 | Jan- [P124 and New IP- EG 4 1 (Lot 47) 8 100 20 1.367 6.72% | 18.83 |100.02 22 -22.0 25 -22.1-21.6|-23.4 25 - - - 30 2.0 2.0 2.5 1.0 1.5 2.0 1.0 1.0 1.2
19 Fluids
Type IV
22- Validation Defrost -16 to
18 | Jan- [P125 and New IP Mod G 4 1 (Lot 47) 8 100 20 1.369 6.62% | 18.57 | 97.01 22 -21.1 25 -21.7 | -22.8|-22.7 | 75 - - - 10 2.0 2.0 2.7 1.0 1.4 21 1.0 1.0 1.2
19 Fluids
22-
19 | Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.475 -0.60% | 18.44 | 98.35 | any [-12.2 n/a -14.9( n/a |-12.6 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
22- Pitch
20 | Jan- | E3 Baseline |Dry Wing| none n/a Pause 100 20 n/a n/a n/a n/a any |-12.2 n/a [-14.9| n/a [-12.6 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
22-
21 Jan- |PO02| Baseline [Dry Wing| none n/a 22 80 20 1.425 2.80% | 16.68 | 79.64 | any |[-12.2 n/a -14.9( n/a |-12.6 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
22 vTaTiz:tliZn Max 10 to
22 | Jan- [PO45 and New IP Mod Flight 8 8 115 20 1.361 7.18% | 21.04 |115.19 16 -13.5 13 -14.9-145|-17.2| 75 - - - 10 2.0 2.0 3.3 1.0 1.5 2.2 1.0 1.0 1.3
19 Fluids SNEG
Type IV
22- Validation Defrost -10 to
23 | Jan- [PO97 and New IP Mod ECO 4 4 (Lot 48) 8 115 20 1.374 6.30% | 21.41 |115.64 16 -13.35( 16 -16.1|-14.3|-16.7 | 75 - - - 10 2.0 2.0 3.0 1.0 1.5 2.0 1.0 1.0 1.2
19 Fluids
Type IV
22 Validation Defrost -10 to
24 | Jan- |[P104 Fluid Only| 4 (Lot 48) 8 100 20 1.356 7.53% | 18.84 |100.47 -13.65( 16 -16.0(-15.3 | -16.2 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19 and New ECO 4 -16
Fluids
23-
25 | Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.464 0.11% | 18.63 | 99.57 | any | -7.1 n/a [-13.9| n/a n/a - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
Type IV
23 Validation Defrost -5 to
26 | Jan- [PO90 and New IP- / SN- ECO 4 4 (Lot 48) 8 100 20 1.352 7.75% | 18.58 | 99.17 210 -8.51 15 -13.9(-12.8|-14.2| 25 10 - - 15 2 2 3 1.1 1.75 2.25 1.2 1 1.3
19 Fluids
- Vadation Max 5t
27 | Jan- |PO38 and New IP- / SN- Flight 8 8 100 20 1.321 9.91% | 18.77 | 99.66 210 -8.35 12 -13.4-12.6 | -14.1 | 25 10 - - 15 2 2 3.25 [ 1.15 1.8 2.25 | 1.05 1 1.5
19 Fluids SNEG
23- vTalviz:tIiZn Max 10 to
28 | Jan- |[PO44 and New IP- / SN- Flight 8 8 115 20 1.366 6.83% 21.3 |115.64 16 -8.9 12 -12.8-12.4|-14.1| 25 10 - - 15 2 2 3 1.1 1.35 1.75 1 1 1.25
19 Fluids SNEG
23-
29 | Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.463 0.22% | 18.39 | 99.44 | any |-3.75 n/a -56.3 n/a -5.2 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
23-
30 | Jan- |POO2| Baseline |Dry Wing| none n/a 22 80 20 1.449 1.19% 16.9 (81.11| any |-3.75 n/a -56.3 n/a -5.2 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
23 Vatation Max
31 | Jan- |POO8 IP Mod Flight 4 8 100 20 1.438 1.92% | 18.74 [101.69| >-5 | -4.12 18 -4.9 | -6.9 |-13.7( 75 - - - 25 | 2.25 | 2.45 | 3.5 1 1 1.05 1 1 1
19 and New AVIA
Fluids
Type IV
23 Validation Defrost
32 | Jan- [P112 and New IP Mod EG 4 1 (Lot 47) 8 100 20 1.429 2.49% | 18.78 |100.29 >-5 | -3.86 21 -45 | -56.8 [-13.7| 75 - - - 25 2.25 | 2.25 | 3.5 1 1 1.15 1 1 1
19 N
Fluids
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APPENDIX |

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

@ @
~ | B 5 % ® ) o = | 8 5 5 e | | &
B o — = o - - c o o o
c o & | £ £ | 23| 82| | S | 3| = |esle|s|E| |z |E|s |38 |¢ wl| w| 21219219
= S| 2| Tl el e|S|E |Yeo|d8| 2| 2|8 | | 5|88 S5 ElE|lE|E| e BN AL 2| O E| £|F |53
" S - K = —
x| 5 2 - § £ S| 2| e |88 |82 Te|zs| 2|8 3| 5|5 %8 22| 2| S| By Ge 58 28| 28| e5| cul T tE
5l 2|2 3 S 2 8 s | 3| 2| 585 | 54| 82| 32| S | 5% | g | £f2 el 2| 2| 2| 2|k | 5| 5| 5| EE| SR | SE| g £l &
glog| = o 3 T | F| & | 2| 53| Sof 2 85| s |cE S| s |22|58| 2|2 e 2| 2|52 52 55 25| 2| 28|52 52 22
K 7 £ 3 £ » < 1 2E5 2 -3 =) 3 b=} @ 4 ol & [ [ S 2 - e« ) o >
. N g 8 |83 |fe|SE|f|e |2 |5 |28z ||z |=|8|EEE| | F| z2|f|£f|¢%
el £ £ ] S < % = [ N x = = = 5 ] ®
w 3 K s = o o u & 3 & « < «
Type IV
24- A
Validation Defrost
33 | Jan- |PO86 IP Mod 4 (Lot 48) 8 100 | 20 1.415 | 3.48% | 18.79 |101.68| >-5 | -2.84| 14 -3.7 | -6.3 |-11.0| 75 - - 16 | 2.26 [ 2.25 | 3.4 1 1.5 1.9 1 1 1
19 and New ECO 4
Fluids
24- vTalviz:tliZn Max
34 | Jan- |[PO34 IP Mod Flight 8 8 100 20 1.400 4.48% | 18.46 [ 101.9| >-5 |-2.57 15 -3.2 | -41 [-11.1] 75 - - - 15 2.25 | 2.25 3 1 1.25 1.25 1 1 1
19 and New SNEG
Fluids
2 | | Velaaton ax
35 | Jan- [PO32| T2MEMON | 1p. 7R | Fiight 8 8 | 100 [ 20 | 1.415 | 3.47% [18.61| 102 | >-5 [-0.81| 11 [-21|-34 |-63| 25| - | 25 -l o2 2 3 1 1 1.25 | 1 1 |1.25
19 and New SNEG
Fluids
Type IV
24- Validation Defrost
36 | Jan- |P111 IP- / R- 1 (Lot 47) 8 100 | 20 1.445 | 1.44% | 18.61 |102.49] >0 | 0.65 21 0.0 [ -1.9 | -6.6 | 25 - - 25 25 1.5 1.5 2 1 1 1 1 1 1
19 and New EG 4
Fluids
Type IV
24- Validation Defrost
37 | Jan- [PO85 IP- / R- 4 (Lot 48) 8 100 20 1.423 2.93% | 18.72 |101.86 >0 | 0.72 15 -0.1 -1.2 | -6.9 25 - - 25 25 1.5 1.756 | 2.75 1 1 1 1 1 1
19 and New ECO 4
Fluids
29-
38 | Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.466 | -0.02% | 18.78 [ 99.65 | any |-11.65| n/a |-16.6| n/a [-13.1 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
29-
39 | Jan- |PO0O2| Baseline |Dry Wing| none n/a 22 80 20 1.444 1.47% 2.37 | 81.65| any |-11.65| n/a [-16.6| n/a |-13.1 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
Type IV
29- Validation Defrost -10 to
40 | Jan- |PO96 IP- / SN- 4 (Lot 48) 8 115 | 20 1.350 | 7.89% | 21.04 |115.72 -16.564 14 [(-15.8|-16.56(-17.3| 25 [ 10 - - 15 | 25 | 26 | 275 1.1 1.45 [ 1.75 1 1.05| 1.3
19 and New ECO 4 -16
Fluids
29- Valtion Max 10t
41 Jan- (PO18 IP- / SN- Flight a4 8 100 20 1.403 4.33% | 18.54 (100.27 -13.95( 18 -14.9-16.2|-17.7 | 25 10 - - 15 2 2 2.5 1.05 1.15 1.3 1 1 1.05
19 and New AVIA -16
Fluids
Type IV
20- Validation Defrost -10 to
42 | Jan- |P122 IP- / SN- 1 (Lot 47) 8 100 | 20 1.390 | 5.15% | 18.84 |101.09 -13.13( 22 [-13.7|-16.3(-17.0| 25 | 10 - - 15 | 25 | 2.6 | 2.75 1 1.05 1.3 1 1 1.05
19 and New EG 4 -16
Fluids
Type IV
20- Validation Defrost -5 to
43 | Jan- [P118 IP- / ZR- 1 (Lot 47) 8 100 20 1.402 4.36% | 18.69 [100.88 -10.07( 24 -12 |-13.5|-13.7| 25 - 25 - 10 2 2 2.5 1 1 1.15 1 1 1
19 and New EG 4 -10
Fluids
30-
44 | Jan- |POO1| Baseline |Dry Wing| none n/a 8 100 20 1.451 1.04% | 18.81 [100.28| any |-7.87 n/a [-14.1| n/a |-10.4 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
30-
45 | Jan- |POO2| Baseline |Dry Wing| none n/a 22 80 20 1.445 1.46% 1.71 |81.78| any |-7.87 n/a [-14.1| n/a |-10.4 - - - - - n/a n/a n/a n/a n/a n/a n/a n/a n/a
19
30- vTa|yiE:t|i\o/n Max 5to
46 | Jan- |PO14 IP- / ZR- | Flight 41 8 100 | 20 1.423 | 2.95% | 18.41 |100.83 -10.31( 18 [-10.7|-14.3(-13.9| 25 - 25 - 10 | 2.25 2 2.5 1 1 1.1 1 1 1
19 and New AVIA -10
Fluids
s0- Valtion Max 5o
47 | Jan- |PO40 IP- / ZR- Flight 8 8 100 20 1.347 8.14% | 18.36 [100.45 -13.24( 13 -9.9 |-13.7|-13.4 25 - 25 - 10 2.5 2.5 3 1.2 1.6 3.8 1 1.1 3.8
19 and New SNEG -10
Fluids
Type IV
30- Validation Defrost -5 to
48 | Jan- |P092 IP- / ZR- 4 (Lot 48) 8 100 | 20 1.358 | 7.12% | 18.95 | 101.3 -13 17 -9.2 |14.3671-12.867| 25 - 25 - 10 | 25 | 25 3 1.05 [ 1.35 2.5 1 1 1.2
19 and New ECO 4 -10
Fluids
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APPENDIX J

EG WIND TUNNEL DATA ANALYSIS WITH THIN HIGH
PERFORMANCE WING - 2009-10 TO 2018-19






APPENDIX J

EG106 (Lift losses for this data in the range of 1

IP-/ZR- test at 7%)

to 4%*, with exception of failed

Precipitation Type

Outside Air Temperature

-5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C?
. 50 minutes . 30 minutes® | 30 minutes®
Light Ice Pellets 50+ minutes 30 minutes 30+ minutes | 30 + minutes
. . . 40 minutes . 15 minutes® :
Light Ice Pellets Mixed with Snow 40+ minutes 15 minutes 25 + minutes 15 + minutes
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 minutes
same as ¥ Same as ¥
25 mIPUteS 10 minutes
25+ minutes, :
40 minutes .
but by default st failed. 30- Caution:
Light Ice Pellets Mixed with Freezing Rain could be 30- ' . No allowance
35 should be . .
35 times currently exist
ok
= or > than
9
; 4
Light Ice Pellets Mixed with Rain 25 minutes
same as N
H 6 H 7
Moderate Ice Pellets (or Small Hail)® 25 mln.utes 10 minutes | 10 minutes® 10 mln.utes
25+ minutes 10+ minutes
Moderate Ice Pellets (or Small Hail)® Mixed with . . .
. . 10 minutes 7 minutes Caution:
Freezing Drizzle No allowance
Moderate Ice Pellets (or Small Hail)® Mixed with . 8 . .
Rain 10 minutes times currently exist

LNT E450 (Lift losses for this data in the range of 3 to 6% *)

Precipitation Type

Outside Air Temperature

-5°C and Below -5 Below -10 Below -16
above to -10°C to -16°C to -22°C?
H 3
Light Ice Pellets 50 minutes 30 minutes 30 mm.Utes 30 minutes®
30+ minutes
Light Ice Pellets Mixed with Snow 40 minutes 15 mlr]utes 15 minutes®
15 + minutes
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes | 10 minutes
same asW same .
. " Caution:
25 minutes 10 minutes

Light Ice Pellets Mixed with Freezing Rain

25+ minutes

10+ minutes

Light Ice Pellets Mixed with Rain

25 minutes*
same as N

No allowance
times currently exist

25 minutes®

10 minutes®

10 minutes’

.5 .
Moderate Ice Pellets (or Small Hail) 25 minutes ok 10 minutes 10+ minutes | 10 + minutes
Moderate Ice Pellets (or Small Hail)® Mixed with . . ol

10 minutes 7 minutes No allowance

Freezing Drizzle

imes currently exist
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APPENDIX J

ChemR EG IV (Lift losses for this data in the range of 1 to 6% *)

Outside Air Temperature

10+ minutes

Light Ice Pellets Mixed with Rain

25 minutes*

Precipitation Type '5°C and Below -5 | Below -10 | Below -16
above to -10°C to -16°C to -22°C?
. . 30 minutes | 30 minutes® . 3
Light Ice Pellets 50 minutes 50+ minutes | 30 + minutes 30 minutes
. . . 40 minutes 15 minutes 15 minutes®
Light lce Pellets Mixed with Snow 50 minutes ok| 15+ minutes | 15+ minutes
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 mlnutes
30 minutes ok )
10 minutes Caution:
Light Ice Pellets Mixed with Freezing Rain 25 minutes No allowance

times currently exist

Moderate Ice Pellets (or Small Hail)®

25 minutes®

10 minutes
25 + minutes

10 minutes®
10+ minutes

10 minutes’

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

10 minutes

7 minutes
10+ minutes

Caution:
No allowance
times currently exist

Clariant AVIA (Lift losses for this data in the range of 2 to 6% *)

Outside Air Temperature
Precipitation Type ’5°C and Below -5 | Below 10 | Below -16
above to -10°C to -16°C to -22°C?
H 3
Light Ice Pellets 50 minutes 30 minutes | 30 minutes® 30 rTnlnutes
30 minutes ok

; ; 3

Light Ice Pellets Mixed with Snow 40 minutes 15 minutes 15 mln_utes
15+ minutes
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes | gromnutes
10 + minutes .
Caution:
Light Ice Pellets Mixed with Freezing Rain 25 minutes 10 minutes No allowance
times currently exist

Light Ice Pellets Mixed with Rain 25 minutes*

H 6 H 7
Moderate Ice Pellets (or Small Hail)® 25 minutes 10 minutes | 10 minutes® 10 minutes

25 + minutes 10 minutes ok
Moderate Ice Pellets (or Small Hail)® Mixed with . . Caution:
. . 10 minutes 7 minutes No allowance
Freezing Drizzle . .
times currently exist
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APPENDIX J

Defrost EG 4 (Lift losses for this data in the range of 1 to 7% *)

Outside Air Temperature

10+ minutes

Light Ice Pellets Mixed with Rain

25 minutes*
25+ minutes

Precipitation Type '5°C and Below -5 | Below -10 | Below -16
above to -10°C to -16°C to -22°C?
H 3
Light Ice Pellets 50 minutes 30 minutes | 30 minutes® 30 m'”“tes
30 minutes ok
- - 3
Light Ice Pellets Mixed with Snow A0 minutes | 15 inutes | memnutes
15 + minutes
Light Ice Pellets Mixed with Freezing Drizzle 25 minutes 10 minutes
10 minutes (CETL g
Light Ice Pellets Mixed with Freezing Rain 25 minutes No allowance

times currently exist

. 2 i 6 . . 1 i 7
Moderate Ice Pellets (or Small Hail)® 5 mln.utes 10 minutes 10 minutes® 0 ”.“'”“tes
25+ minutes 10 minutes ok
. . . Caution:
Moderate Ice Pellets (or Small Hail)® Mixed with . . aution
10 minutes 7 minutes No allowance

Freezing Drizzle

times currently exist
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