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PREFACE

PREFACE

Under contract to the Transportation Development Centre of Transport Canada with support
from the Federal Aviation Administration, APS Aviation Inc. has undertaken a research
program to advance aircraft ground de/anti-icing technology. The primary objectives of the
APS Aviation Inc. test program are the following:

e To develop holdover time data for all newly-qualified de/anti-icing fluids and update and
maintain the website for the holdover time guidelines;
e To evaluate fluid holdover times for snow at very cold temperatures close to -25°C;

e To conduct heavy snow research to determine the highest usable precipitation rate
(HUPR) for which operations are permitted,;

o To evaluate the effects of deploying flaps and slats, prior to takeoff, on fluid protection
times;

e To conduct exploratory testing to evaluate fluid effectiveness and characterize
contamination on high angle vertical surfaces;

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

e To obtain full-scale operational documentation of anti-icing fluid flow-off, fluid
freezing-in-flight, and residual fluid thickness;

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

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

e To update the source documents used by Transport Canada and the Federal Aviation
Administration for the maintenance and publication of the holdover time guidance
material.

The research activities of the program conducted on behalf of Transport Canada during the
winter of 2015-16 are documented in five reports. The titles of the reports are as follows:

e TP 15338E  Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program
for the 2015-16 Winter;

e TP 15339E Regression Coefficients and Equations Used to Develop the Winter
2016-17 Aircraft Ground Deicing Holdover Time Tables;

e TP 15340E  Aircraft Ground Icing General Research Activities During the 2015-16
Winter;

e TP 15341E  Wind Tunnel Trials to Support Further Development of Ice Pellet
Allowance Times: Winter 2015-16; and

e TP 15342E Testing of Endurance Times on Extended Flaps and Slats.
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PREFACE

This report, TP 15338E, has the following objective:

e To develop holdover time data for new de/anti-icing fluids and to document changes
made to the holdover time guidelines.

This objective was met by conducting endurance time tests with fluids in simulated freezing
precipitation at the National Research Council Canada Climatic Engineering Facility in Ottawa
and in natural snow at the APS Aviation Inc. test site at Montreal-Trudeau Airport in
Montreal.
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Guthrie, Michael Hawdur, Gabriel Maatouk, Philip Murphy, Matthew Pilling, Dany Posteraro,
Marco Ruggi, Gordon Smith, David Youssef, and Nondas Zoitakis.
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Underwood and Charles J. Enders, who on behalf of the Transportation Development Centre
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guidance in the preparation of these documents.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Under contract to the Transportation Development Centre of Transport Canada, with
support from the Federal Aviation Administration (FAA), and several fluid
manufacturers, APS Aviation Inc. (APS) has undertaken a testing and research
program to further advance aircraft ground de/anti-icing technology. The program
has a number of objectives, and work completed to address these objectives is
documented in a series of related reports. The primary objective, the development of
holdover time (HOT) guidelines for new de/anti-icing fluids, is addressed in this
report. The objective was met by conducting holdover time tests with several
de/anti-icing fluids. This report also documents changes made to the HOT guidelines
for the winter of 2016-17.

Test Procedures

Test conditions, test parameters, and test bed specifications were determined based
on the requirements of Aerospace Recommended Practice (ARP) 5485 and
ARP5495, which were developed by the SAE International (SAE) G-12 Holdover Time
Committee for Type lI/lII/IV and Type | fluids, respectively. The tests consisted of
pouring freezing point depressant fluids onto clean, inclined (10°), standard flat
aluminum plates. The plates were mounted on test stands and systematically
exposed to a variety of natural or simulated icing conditions. For each plate, the
elapsed time required to reach a predefined end condition was recorded.

The variables measured during testing included: failure time, type of precipitation,
rate of precipitation, visibility, wind speed, wind direction, ambient temperature, test
surface temperature, fluid brand, fluid type, and fluid concentration.

Data Collection and Testing

During the 2015-16 test season, data was collected during natural snow and natural
frost events at the APS test site at Montreal-Trudeau Airport in Montreal and several
mobile test sites and in simulated precipitation conditions (freezing drizzle, light
freezing rain, freezing fog, rain on cold-soaked surface) at the National Research
Council Canada (NRC) Climatic Engineering Facility in Ottawa.

APS conducted 896 tests in the winter of 2015-16. The results of testing were
incorporated into the winter 2016-17 HOT guidelines.
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EXECUTIVE SUMMARY

Changes to the HOT Guidelines

The changes below were made to the HOT guidelines for winter 2016-17.

1.

Fluid-specific HOT guidelines were added for four new fluids: Beijing Yadilite
Aviation YD-102 Type Il (Type Il), Clariant Max Flight AVIA (Type IV), Clariant
Safewing EG IV NORTH (Type 1V) and Shaanxi Cleanway Aviation
Cleansurface IV (Type V).

AllClear AeroClear MAX (Type Ill) and Deicing Solutions ECO-SHIELD®
(Type IV) holdover times were updated as a result of supplemental testing with
new samples.

. LNT Solutions P250 (Type Il), Cryotech Polar Guard® (Type IV) and Dow

Chemical UCAR™ FlightGuard AD-480 (Type IV) were removed from the HOT
guidelines.

The holdover times for snow in the “below -14°C to LOUT” row were reduced
for all Type Il and Type IV fluids. Some of the reductions were later retracted
in supplemental guidance materials.

Changes were made to the Type Il and Type IV generic HOT guidelines as a
result of the new and removed fluids. The Type IV generic HOT table was
expanded to include holdover times for three snowfall intensities: very light,
light and moderate.

. Several changes were made to the Type Ill and Type IV allowance time tables.

These include reordering of the existing precipitation type rows, the addition
of new precipitation type rows, minor changes to some existing allowance
times, and minor changes to the existing Type IV temperature bands.

Transport Canada published special HOT tables for use when flaps/slats are
deployed prior to de/anti-icing. These tables contain holdover times that are
90 percent of the standard HOT table values.

. Changes have been made to the Type | and Type lI/IV fluid application tables

to improve harmonization with the FAA and SAE fluid application tables.

. Guidance for the application of Type Il fluid was previously provided in the

same table as the guidance provided for the application of Type Il/IV fluid. This
guidance was moved to two new Type lll fluid application tables.

Recommendations

It is recommended that any new Type I, Type Il, Type Illl or Type IV fluids be
evaluated over the entire range of conditions encompassed by the HOT tables.
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SOMMAIRE

SOMMAIRE

En vertu d’un contrat avec le Centre de développement des transports de Transports
Canada, avec |'appui de la Federal Aviation Administration (FAA) et de plusieurs
fabricants de liquides, APS Aviation Inc. (APS) a entrepris des essais et un
programme de recherches visant a approfondir la technologie de dégivrage et
d’antigivrage d’aéronefs au sol. Le programme poursuivait plusieurs objectifs et les
travaux effectués pour atteindre ces objectifs sont documentés dans une suite de
rapports connexes. Le principal objectif, le développement de lignes directrices sur
les durées d’efficacité (HOT) de nouveaux liquides de dégivrage et d'antigivrage, fait
I’objet du présent rapport. Pour atteindre cet objectif, des essais sur les durées
d’efficacité ont été menés avec plusieurs liquides de dégivrage et d’antigivrage. Le
présent rapport documente également I'ensemble des changements apportés aux
lignes directrices sur les durées d’efficacité pour I"hiver 2016-2017.

Procédures d’essai

Les conditions d’essai, les parameétres d’essai et les spécifications relatives au banc
d’essai ont été déterminés en vertu des exigences des pratiques recommandées en
aérospatiale ARP5485 et ARP5495, élaborées par le comité G-12 de la SAE
International (SAE) sur les durées d’efficacité pour les liquides de types Il/llI/IV et de
type |, respectivement. Ces tests consistaient a verser des liquides abaisseurs du
point de congélation sur des plaques en aluminium et en matériaux composites
standards, plates, propres et inclinées (a 10°). Les plaques étaient montées sur un
support d’essai et systématiquement exposées a une gamme de conditions de
givrage, naturelles ou simulées. Pour chaque plaque, on notait le temps écoulé avant

I’atteinte d’'un état final prédéfini.

Parmi les variables mesurées dans le cadre de ces essais, on notait : temps de
défaillance, type de précipitation, taux de précipitation, visibilité, vitesse du vent,
direction du vent, température ambiante, température de la surface d’essai, marque
de commerce du liquide, type de liquide et concentration du liquide.

Collecte de données et essais

Les données recueillies au cours de la saison d’essai 2015-2016 concernaient des
tests sous neige naturelle et givre naturel menés a l'installation d’essai d’APS, a
I’aéroport Montréal-Trudeau, a Montréal, ainsi que sur plusieurs sites d’essai mobiles
dans des conditions de précipitations simulées (bruine verglacante, pluie verglacante
faible, brouillard verglacant et pluie sur des surfaces imprégnées de froid) a
Iinstallation de génie climatique du Conseil national de recherches du Canada
(CNRC), a Ottawa.
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Au cours de I'hiver 2015-2016, un total de 896 essais ont été menés par APS. Les
résultats des essais effectués ont été inclus dans les lignes directrices relatives aux
durées d’efficacité pour I"hiver 2016-2017.

Changements aux lignes directrices sur les durées d’efficacité

Les changements ci-dessous ont été apportés aux lignes directrices relatives aux
durées d’efficacité pour I"hiver 2016-2017.

1.

Des lignes directrices relatives aux durées d’efficacité spécifiques a quatre
nouveaux liquides, soit Beijing Yadilite Aviation YD-102 Type Il (type Il),
Clariant Max Flight AVIA (type V), Clariant Safewing EG IV NORTH (type IV)
et Shaanxi Cleanway Aviation Cleansurface IV (type 1V), ont été ajoutées.

. Les durées d’efficacité des liquides AllClear AeroClear MAX (type lll) et

Deicing Solutions ECO-SHIELD™® (type IV) ont été mises a jour & la suite
d’essais supplémentaires effectués a |’aide de nouveaux échantillons.

. Les liquides LNT Solutions P250 (type Il), Cryotech Polar Guard“® (type V) et

Dow Chemical UCAR® FlightGuard AD-480 (type IV) ont été retirés des lignes
directrices relatives aux durées d’efficacité.

Les durées d’efficacité dans des conditions de neige de la rangée « au-dessous
de -14 °C a LOUT » ont été réduites pour tous les liquides de type Il et de
type IV. Certaines de ces réductions ont par la suite été retirées de documents
d’orientation supplémentaires.

. A la suite du retrait de certains liquides et de I’ajout de nouveaux, des

changements ont été apportés aux lignes directrices relatives aux durées
d’efficacité génériques des liquides de type ll et de type IV. Le tableau
générique des durées d’efficacité des liquides de type IV a été étoffé pour
inclure les durées d’efficacité dans de conditions de chutes de neige de trois
intensités, soit trés faibles, faibles et modérées.

. Plusieurs changements ont été apportés aux tableaux des marges de tolérance

des liquides de type Ill et de type IV. Parmi ceux-ci, notons la réorganisation
des rangées existantes relatives aux types de précipitations, |’ajout de rangées
pour de nouveaux types de précipitations, des changements mineurs apportés
a certaines des marges de tolérance existantes et d’autres changements
mineurs relatifs aux plages de température existantes pour les liquides de
type IV.

. Transports Canada a publié des tableaux spéciaux des durées d’efficacité

concus pour étre utilisés lorsque les volets et becs de bord d’attaque sont
déployés avant les opérations de dégivrage ou d’antigivrage. Ces tableaux
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contiennent des durées d’efficacité dont les valeurs représentent 90 pour cent
de celles du tableau standard des durées d’efficacité.

8. Des changements ont été apportés aux tableaux d’application des liquides de
type |, de type ll et de type IV afin de mieux les harmoniser aux tableaux
d’application des liquides de la FAA et de la SAE.

9. Les lignes directrices pour |'application des liquides de type lll étaient
précédemment fournies dans le méme tableau que celles relatives a
I’application des liquides de type Il et de type IV. Ces lignes directrices
apparaissent désormais dans deux nouveaux tableaux pour |"application des
liquides de type lIl.

Recommandations
Il est recommandé que tout nouveau liquide de type |, de type Il, de type Illl ou de

type IV soit évalué pour toute la gamme des conditions couvertes par les lignes
directrices relatives aux durées d’efficacité.
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1. INTRODUCTION

1. INTRODUCTION

Under winter precipitation conditions, aircraft are cleaned with a freezing point
depressant fluid and protected against further accumulation by an additional
application of such a fluid, possibly thickened to extend the protection time. Aircraft
ground deicing had, until recently, never been researched and there is still an
incomplete understanding of the hazard and of what can be done to reduce the risks
posed by the operation of aircraft in winter precipitation conditions. This "winter
operations contaminated aircraft — ground"” program of research is aimed at
overcoming this lack of knowledge.

Since the early 1990s, the Transportation Development Centre (TDC) of Transport
Canada has managed and conducted de/anti-icing related tests at various sites in
Canada; it has also coordinated worldwide testing and evaluation of evolving
technologies related to de/anti-icing operations with the co-operation of the United
States Federal Aviation Administration (FAA), the National Research Council Canada
(NRC), several major airlines, and deicing fluid manufacturers. The TDC is continuing
its research, development, testing and evaluation program.

Under contract to the TDC, with financial support from the FAA, APS Aviation Inc.
(APS) has undertaken research activities to further advance aircraft ground
de/anti-icing technology.

1.1 Background

APS has completed considerable testing related to de/anti-icing fluids on behalf of
Transport Canada over the past two decades. Specifically, research has been
conducted to determine fluid holdover times, to substantiate holdover time (HOT)
tables, and to further the knowledge and development of deicing technology. A
summary of the holdover time related research activities completed by APS is
provided in Table 1.1.

1.2 Objectives

The primary objectives of the 2015-16 holdover time test program were to conduct
flat plate tests under conditions of natural and simulated precipitation to determine
de/anti-icing fluid endurance times for new fluids, to develop HOT guidelines based
on samples of newly and previously qualified deicing and anti-icing fluids, and to
document changes made to the HOT guidelines for the winter of 2016-17.

The detailed objectives of the 2015-16 test program are provided in the work
statement excerpt in Appendix A.
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1. INTRODUCTION

Table 1.1: Summary of APS Holdover Time Testing Activities

Year Publ;l;:lz:i:on # Conditions Tested Fluids Tested Test Locations
e Mostly Montreal
- [0}
1990-91 TP 11206E ¢ Natural Precipitation (mostly snow) | ® Type Il (100%) Worldwide
1991-92 TP 11454E ¢ Natural Precipitation (mostly snow) | ® Type Il (first gen) Mostly Mon'treal
St. John's
® Natural Snow
¢ Simulated Freezing Drizzle (prelim) * Typel Montreal
1992-93 TP 11836E . . * Type Il (100%) Ottawa (NRC)
e Simulated Freezing Fog (outdoor) . .
« Artificial Snow (prelim) * Type Il {first gen) Rigaud
® Natural Snow ® Primarily: Type Il
e Simulated Freezing Drizzle (dilutions) Montreal
1993-94 TP 12915E e Simulated Light Freezing Rain ® Also: Type Il Ottawa (NRC)
¢ Simulated Freezing Fog (outdoor) (neat), Type |
e Natural Snow
e Simulated Freezing Drizzle o Type |
) e Simulated Light Freezing Rain Montreal
1994-95 TP 12654E e Simulated Freezing Fog (indoor) : iypz :lv (prelim) Ottawa (NRC)
® Rain on a Cold-Soaked Surface yp P
(prelim)
e Natural Snow
¢ Simulated Freezing Drizzle * Type | Montreal
1995-96 TP 12896E e Simulated Light Freezing Rain ® Type ll Ottawa (NRC)
e Simulated Freezing Fog (indoor) ® Type IV
® Rain on a Cold-Soaked Surface
® Natural Snow . Type |
® Simulated Freezing Drizzle o
1996-97 | TP 13131E | e Simulated Light Freezing Rain * Typell (100%) Montreal
e Simulated Freezing Fog (indoor) * Type lll {first gen) Ottawa (NRC)
¢ Rain on a Cold-Soaked Surface * Type IV
® Natural Snow
¢ Simulated Freezing Drizzle Montreal
1997-98 TP 13318E e Simulated Light Freezing Rain ® Type IV Ottawa (NRC)
® Simulated Freezing Fog (indoor)
® Rain on a Cold-Soaked Surface
e Natural Snow
e Simulated Freezing Drizzle o Type |
1998-99 TP 13477E . S!mulated Light _Freezmg_Raln o Type Il Montreal
e Simulated Freezing Fog (indoor) « Type IV (LV) Ottawa (NRC)
® Rain on a Cold-Soaked Surface yp
e Artificial Snow
e Natural Snow
¢ Simulated Freezing Drizzle
e Simulated Light Freezing Rain * Type | Montreal
1999-2000( TP 13659E e Simulated Freezing Fog (indoor) ® Type Il Ottawa (NRC)
® Rain on a Cold-Soaked Surface * Type IV Varennes (IREQ)
e Artificial Snow
® Preliminary Frost
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1. INTRODUCTION

Table 1.1: Summary of APS Holdover Time Testing Activities (cont’d)

Year TDC Conditions Tested Fluids Tested Test Locations
Publication #
e Natural Snow
e Simulated Freezing Drizzle
¢ Simulated Light Freezing Rain * Type | Montreal
2000-01 TP 13826E e Simulated Freezing Fog (indoor) ® Type ll Ottawa (NRC)
® Rain on a Cold-Soaked Surface * Type IV Varennes (IREQ)
e Artificial Snow
® Preliminary Frost
® Natural Snow
¢ Simulated Freezing Drizzle Montreal
e Simulated Light Freezing Rain ® Type | Ottawa (NRC)
2001-02 TP 13991E ® Simulated Freezing Fog (indoor) * Type ll Val-d'Or
® Rain on a Cold-Soaked Surface e Type IV North Bay
e Artificial Snow Thompson
® Preliminary Frost
® Natural Snow
e Simulated Freezing Drizzle
. . . . Montreal
e Simulated Light Freezing Rain * Type | Ottawa (NRC)
2002-03 TP 14144E e Simulated Freezing Fog (indoor) ® Type ll
. Varennes (IREQ)
¢ Rain on a Cold-Soaked Surface e Type IV .
e St-Alexis
e Artificial Snow
® Preliminary Frost
® Natural Snow
e Simulated Freezing Drizzle
e Simulated Light Freezing Rain Montreal
. . . ® Type ll Ottawa (NRC)
2003-04 TP 14374E e Simulated Freezing Fog (indoor) ,
. * Type lll Val-d'Or
® Rain on a Cold-Soaked Surface
Ste-Adele
* Natural Frost
e Artificial Snow
® Natural Snow
e Simulated Freezing Drizzle o Type I
2004-05 TP 14443 . S!mulated Light 'Freezmg'Raln e Type Ill Montreal
e Simulated Freezing Fog (indoor) e Tvoe IV Ottawa (NRC)
® Rain on a Cold-Soaked Surface yp
® Natural Frost
® Natural Snow
e Simulated Freezing Drizzle
e Simulated Light Freezing Rain * Type | Montreal
2005-06 TP 14712E e Simulated Freezing Fog (indoor) e Type ll Ottawa (NRC)
¢ Rain on a Cold-Soaked Surface e Type IV
® Natural Frost
¢ Ice Pellets / Mixed Conditions
e Natural Snow
¢ Simulated Freezing Drizzle
e Simulated Light Freezing Rain o Type |
e Simulated Freezing Fog (indoor) Montreal
2006-07 | TP 14776E | | pain on a Cold-Soaked Surface * Typell Ottawa (NRC)
* Type IV
* Natural Frost
e Artificial Snow
¢ |ce Pellets / Mixed Conditions
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1. INTRODUCTION

Table 1.1: Summary of APS Holdover Time Testing Activities (cont’d)

Year TDC Conditions Tested Fluids Tested Test Locations
Publication #
® Natural Snow
e Simulated Freezing Drizzle
e Simulated Light Freezing Rain
e Simulated Freezing Fog (indoor) * Type ll Montreal
2007-08 TP 14869E ¢ Rain on a Cold-Soaked Surface e Type lll
Ottawa (NRC)
* Natural Frost * Type IV
e Artificial Snow
¢ |ce Pellets / Mixed Conditions
® Snow Pellets
¢ Natural Snow
e Simulated Freezing Drizzle
e Simulated Light Freezing Rain * Type ll Montreal
2008-09 TP 14933E e Simulated Freezing Fog (indoor) ® Type lll Ottawa (NRC)
® Rain on a Cold-Soaked Surface * Type IV
* Natural Frost
¢ |ce Pellets / Mixed Conditions
® Natural Snow Montreal
e Simulated Freezing Drizzle Val-d'Or
e Simulated Light Freezing Rain * Type | Dolbeau-
2009-10 TP 15050E e Simulated Freezing Fog (indoor) e Type ll Mistassini
¢ Rain on a Cold-Soaked Surface e Type IV Thetford Mines
¢ Ice Pellets / Mixed Conditions St-Sauveur
® Snow Pellets Ottawa (NRC)
e Natural Snow
e Simulated Freezing Drizzle
e Simulated Light Freezing Rain ® Type | Montreal
2010-11 TP 15156E e Simulated Freezing Fog (indoor) ® Type ll Ottawa (NRC)
® Rain on a Cold-Soaked Surface * Type IV
¢ Artificial Snow
¢ Ice Pellets / Mixed Conditions
® Natural Snow Montreal
¢ Simulated Freezing Drizzle o Type | Gaspésie
2011-12 TP 15156E . S!mulated Light 'Freezmg'Raln e Type I leou§k|
® Simulated Freezing Fog (indoor) e Type Ill St-Jovite
® Rain on a Cold-Soaked Surface Edmundston
e Artificial Snow Ottawa (NRC)
® Natural Snow
. gimulated Freezing Drizzle o Type |
* Simulated Light Freezing Rain Montreal
2012-13 TP 15228E e Simulated Freezing Fog (indoor) : 152: ::I Ottawa (NRC)
¢ Rain on a Cold-Soaked Surface
e Artificial Snow
® Natural Snow/Frost
¢ Simulated Freezing Drizzle ® Type | Montr'eal
e Simulated Light Freezing Rain * Type ll V.al-d .Or
2013-14 TP 15271E . . . Timmins
e Simulated Freezing Fog (indoor) * Type lll .
¢ Rain on a Cold-Soaked Surface e Type IV Kuujjuaq
e . Ottawa (NRC)
e Artificial Snow
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1. INTRODUCTION

Table 1.1: Summary of APS Holdover Time Testing Activities (cont’d)

Year TDC Conditions Tested Fluids Tested Test Locations
Publication #
® Natural Snow/Frost Montreal
e Simulated Freezing Drizzle * Type | Mirabel
) e Simulated Light Freezing Rain ® Type ll Morin Heights
2014-15 TP 15321E e Simulated Freezing Fog (indoor) * Type lll Beaconsfield
¢ Rain on a Cold-Soaked Surface e Type IV Grand Prairie
e Artificial Snow Ottawa (NRC)
e Natural Snow/Frost Montregl
e Simulated Freezing Drizzle Beaconsfield
e Simulated Light Freezing Rain * Typell Blainville (PMG)
2015-16 | TP 15338E : gnt 9 e Type Ill St-Adele
e Simulated Freezing Fog (indoor) e Tvpe IV Schefferville
¢ Rain on a Cold-Soaked Surface yp .
* Artificial Snow lqaluit
Ottawa (NRC)

1.3 Content of this Report

APS has written a report on the holdover time test program for each year it has been
carried out. In 2003-04, the report was condensed to increase readability and to
present the reader with, for the most part, only new and current information over
the previous year’s report.

Notably, the reader is now directed to Transport Canada report, TP 14144E, Aircraft
Ground De/Anti-Icing Fluid Holdover Time Development Program for the 2002-03
Winter (1), for the detailed test methodology and individual fluid test information is
provided in appendices to the report rather than within the report itself.

In the winter of 2009-10, a decision was made to include detailed test information
only for fluids that are expected to be qualified and commercialized. Test information
for other fluids is not included.

1.4 Report Format
The subsequent sections of this report contain the following:

a) Section 2 summarizes 2015-16 testing;
b) Section 3 documents changes to the Type | HOT guidelines;
c) Section 4 documents changes to the Type Il HOT guidelines;

d) Section 5 documents changes to the Type Ill HOT guidelines;

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx
Final Version 1.0, October 19
5



1. INTRODUCTION

e) Section 6 documents changes to the Type IV HOT guidelines;
f) Section 7 documents changes to other HOT guidelines content;

g) Section 8 documents supplemental natural snow testing conducted at very
low temperatures;

h) Section 9 documents supplemental frost testing;
i) Section 10 presents conclusions derived from the test program; and

J) Section 11 lists recommendations for future testing.

1.5 Publication of HOT Guidelines

HOT guidelines are published annually by both Transport Canada and the FAA.

1.5.1 Transport Canada
The Transport Canada HOT guidelines are published on the following website:

e http://www.tc.gc.ca/eng/civilaviation/standards/commerce-holdovertime-
menu-1877.htm

The Transport Canada HOT guidelines are intended to be used in conjunction with
TP 14052E, Guidelines for Aircraft Ground Icing Operations (Second Edition) (2),
which includes reference material related to ground icing operations. TP 14052E (2)
is also available on the Transport Canada website.

1.5.2 FAA
The FAA HOT guidelines are published on the following website:

e http://www.faa.gov/other visit/aviation industry/airline operators/airline safe
ty/deicing/

The FAA HOT guidelines are intended to be used in conjunction with the N 8900
series notice, Revised FAA-Approved Deicing Program Updates, Winter
20xx-20xx (3), which is published annually and provides additional guidance and
reference material applicable to the current winter. The latest N 8900 series is also
available on the FAA website.
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2. TESTING IN 2015-16

2. TESTING IN 2015-16

An overview of the testing completed in the winter of 2015-16 is provided in this
chapter.

2.1 Procedures

Test procedures for holdover time testing of Type Il, lll and IV fluids were developed
in accordance with SAE International (SAE) Aerospace Recommended Practice
(ARP) 5485, Endurance Time Tests for Aircraft Deicing/Anti-Icing Fluids: SAE
Type Il, Ill, and 1V (4). Test procedures for holdover time testing of Type | fluids were
developed in accordance with ARP5945, Endurance Time Tests for Aircraft
Deicing/Anti-Icing Fluids: SAE Type I (5).

Because this report serves as the publishing mechanism for the APS endurance time
test program, all current endurance time test procedures are included in the report,
even if they are not updated or used in a given year (for example, the Type |
procedure is included even if no Type | fluids are tested). This is to ensure the most
current procedure is available for reference.

The procedures valid for the 2015-16 winter are included in Appendix B. They
include:

1. Procedure for Conducting Endurance Time Tests for SAE Deicing/Anti-icing
Fluids — SAE Type I, lll and IV;

2. Determination of Endurance Times of Type | Fluids Under Natural Snow
Precipitation at Dorval;

3. Procedure: Endurance Time Testing in Frost with Type I, Il, lll and IV Fluids;

4. Procedure: Endurance Time Test Requirements for Simulated Snow Flat Plate
Testing — Type I, Ill and IV Fluids;

5. Procedure: Development of Type | Protocol for Indoor Snow (ARP5495); and
6. Overall Program of Tests at NRC, March/April 2016.

The first two procedures provide the detailed test methodology for natural snow
testing. The third procedure provides the detailed test methodology for indoor
simulated light freezing rain, freezing fog, freezing drizzle and rain on cold-soaked
surface testing. The fourth and fifth procedures provide the detailed test
methodology for frost and artificial snow testing, respectively.
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2. TESTING IN 2015-16

The sixth procedure was developed to coordinate holdover time testing and other
aircraft ground icing research projects at the annual APS indoor simulated
precipitation test session. Holdover time testing and other program element testing
were conducted at the same session to maximize use of the facility and resources.

The endurance time test methodology is described in detail in the Transport Canada
report, TP 14144E, Aircraft Ground De/Anti-Icing Fluid Holdover Time Development
Program for the 2002-03 Winter (1).

The primary details of the test procedures used each winter, including details specific
to the given winter (i.e. test sites), are summarized annually in a test methodology
report. A copy of this report is included as Appendix C. The report is also included
as an annex to each fluid manufacturer report (see Subsection 2.6).

2.2 Software

Over the winters of 2012-13 and 2013-14, two software projects were completed
to improve the holdover time testing process.

1. A new interface was created for the freezing precipitation (indoor) rate
management program. The new interface streamlines the process for
measuring and managing precipitation rates in freezing precipitation.

2. An application was created to replace the paper-based end condition data
form. It improves efficiency and accuracy in recording endurance times and
adds new features to better manage the testing process.

Further details on these upgrades are provided in the Transport Canada report,
TP 15269E, Aircraft Ground Icing General Research Activities During the 2013-14
Winter (6).

2.3 Test Sites

Simulated precipitation testing (freezing drizzle, light freezing rain, freezing fog and
rain on cold-soaked surfaces) was conducted at the NRC Climatic Engineering Facility
(CEF) in Ottawa.

Natural snow testing was conducted primarily at the APS test site at the Pierre Elliott
Trudeau Airport in Montreal. Several tests were also conducted at remote locations
using a mobile test site. The remote locations included Beaconsfield (Quebec),
Schefferville (Quebec), St-Adele (Quebec) and Igaluit (Nunavut).
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2. TESTING IN 2015-16

Artificial snow testing was required in the winter of 2015-16. It was conducted at
the APS test site at the Montreal airport and at the PMG Technologies Inc. cold
chamber in Blainville (Quebec).

2.4

Fluids Tested

Seven fluids underwent endurance time testing in the winter of 2015-16. As
described in Subsection 1.3, only the endurance time results of fluids that are
expected to be commercialized are published in this report; the results of any other
fluids that undergo testing are provided only to the fluid manufacturer(s).

Two Type Il fluids were tested:

Beijing Yadilite Aviation YD-102 Type Il: This new Type Il fluid underwent
endurance time testing in winter 2015-16 and is expected to be
commercialized in the future. The detailed test results are provided in
Appendix D.

Type |l Experimental Fluid: A Type Il experimental fluid was submitted for
testing. Testing was cancelled midway through the testing season at the
request of the fluid manufacturer. This fluid will not be commercialized and
therefore the detailed test results are not provided in this report.

One Type Il fluid was tested:

AllClear AeroClear MAX: A new formulation of this Type Ill fluid underwent
endurance time testing in winter 2015-16 (100/0 only, no dilutions) and is
expected to be commercialized in the future. The fluid was tested for use
applied at ambient temperature. As a result of this testing, the previously
published holdover times for this fluid were updated. The detailed test results
are provided in Appendix E.

Four Type IV fluids were tested:

Clariant Max Flight AVIA: This new Type IV fluid underwent endurance time
testing in winter 2015-16 and the 100/0 fluid (only) is expected to be
commercialized in the future. The detailed test results are provided in
Appendix F.

Clariant Safewing EG IV NORTH: This new Type IV fluid underwent endurance
time testing in winter 2015-16 and the 100/0 fluid (only) is expected to be
commercialized in the future. The detailed test results are provided in
Appendix G.

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx
Final Version 1.0, October 19



2. TESTING IN 2015-16

Shaanxi Cleanway Aviation Cleansurface |V: This new Type IV fluid underwent
endurance time testing in winter 2015-16 and is expected to be
commercialized in the future. The detailed test results are provided in
Appendix H.

Deicing Solutions ECO-SHIELD: A new formulation of this Type IV fluid
underwent endurance time testing in winter 2015-16 (100/0 only, no dilutions)
and is expected to be commercialized in the future. As a result of this testing,
the previously published holdover times for this fluid were updated. The
detailed test results are provided in Appendix I.

Additional relevant fluid receipt data for the commercialized fluids is provided in
Table 2.1 (fluid receipt data) and Table 2.2 (fluid characteristic data).

Table 2.1: Fluid Receipt Data (Commercialized Fluids)

Fluid Fluid Fluid Fluid Date Batch # Dilutions
Manufacturer Name Type |Formulation| Received Received (%)
Beijing Yadilite | - YD-102 i | Propvlene | o jan-16 | 20151220 | 100, 75, 50

Aviation Type |l Glycol
AeroClear Ethylene CB1-
AllClear MAX 1l Glycol 21-Sep-15 PBSO00A-2 100
. Max Flight Ethylene
Clariant AVIA v Glycol 22-Dec-15 TV 548 100, 75, 50
. Safewing EG Ethylene
Clariant IV NORTH v Glycol 22-Dec-15 TV 549 100, 75, 50
Shaanxi Cleansurface Propylene
Cleanway v Py 23-Nov-15 | 15031901 | 100, 75, 50
. v Glycol
Aviation
Deicing ECO-SHIELD" | 1v | TToPYIene | o4 keb-16 |160108D-CC 100
Solutions Glycol
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2. TESTING IN 2015-16

Table 2.2: Fluid Characteristic Data (Commercialized Fluids)

Aerodynamic

Viscosity
(Measured, mPa.s)

. Fluid Brix WSET Freeze Point
Fluid . . o LOUT
Dil. (Measured) (mins) (Stated, °C) (Stated, °C) Mfr. AS9968
Method Method
Beijing 100/0 35.25° 56 -38.0 -29.0 4,500 4,500
Yadilite
Aviation 75/25 27.75° n/a -24.0 -19.5 12,850" | 12,850"
YD-102
Type II 50/50 19.0° n/a -13.0 -9.5 820’ 3002
AllClear
AeroClear 100/0 33.75° n/a -44.0 -16.0/-35.5° | 7,300* n/a
MAX
100/0 31.75° >120 -39.9 -28.5 1,0002 1,0002
Clariant
Max Flight 75/25 24.75° n/a -23.5 -19.5 n/a® n/a®
AVIA
50/50 17.25° n/a -12.6 -9.5 n/a® n/a®
100/0 31.5° 117 -39.5 -30 8302 8302
Clariant
Safewing EG | 75/25 24.5° n/a -23.6 -20 n/a® n/a®
IV NORTH
50/50 17.0° n/a -11.8 -9.5 n/a® n/a®
] 100/0 38.5° >120 -40.0 -28.5 15,2008 | 15,200°
Shaanxi
Cleansurface | 75/25 31.25° n/a -25.2 -20.0 28,500° | 28,500°
\Y]
50/50 21.75° n/a -11.0 -9.5 17,5008 | 17,500°
Deicing
Solutions 100/0 35.75° 110 -34.0°C -25.5°C 11,0507 | 11,050’
ECO-SHIELD

NOOop~,WN =

Spindle LV1, 600 mL low form (Griffin) beaker, 575 mL of fluid, 20°C, 0.3 rpm, for 10.0 minutes
Spindle LVO, UL adapter, 16 mL of fluid, 20°C, 0.3 rpm, for 10.0 minutes
Low speed/high speed ramp
Spindle SC4-31, small sample adapter, 9 mL, 0°C, 0.3 rpm, for 30.0 mins

Viscosity measurements were not confirmed. Obtained results were not repeatable.

Spindle LV2, 600 mL low form beaker, 425 mL of fluid, 20°C, 0.3 rpm, for 10.0 minutes
Spindle LV1 (with guard leg), 600 mL low form (Griffin) beaker, 575 mL of fluid, 20°C, 0.3 rpm, for

10.0 minutes
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2. TESTING IN 2015-16

2.5 Description of Tests

In total, 896 endurance time tests were conducted during the winter of 2015-16. A
summary of the total number of tests conducted is shown by precipitation condition
in Table 2.3. Details for each test are included in the detailed reports provided to the
manufacturers (see Subsection 2.5).

Table 2.3: Summary of Tests Conducted

Precipitation Condition Tests Conducted
Natural Snow 491
Artificial Snow 3
Freezing Fog 128
Freezing Drizzle 104

Light Freezing Rain 102

Rain on Cold-Soaked Surface 40
Natural Frost 28

Total 896

2.6 Reporting

A comprehensive report was created for each fluid tested to document its
performance in detail. These reports were provided to the fluid manufacturers. As
per Subsection 1.3, copies of the reports for fluids which are expected to be
qualified/commercialized have been included as appendices to this report. The
relevant reports can be found in Appendices D, E, F, G, H and |. In addition, the
Winter 2015-16 test methodology report is also provided as annex to each report.
This report can be found in Appendix C.

2.7 Supplemental Testing — Very Cold Snow Research

Supplemental endurance time testing was conducted with Type Il and Type IV fluids
in snow at very cold temperatures in the winter of 2015-16. This research is
documented in this report in Section 8.

2.8 Supplemental Testing — Frost Holdover Time Substantiation

Supplemental endurance time testing was conducted in active frost conditions in the
winter of 2015-16. This research is documented in this report in Section 9.
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3. CHANGES TO THE TYPE | HOT GUIDELINES

3. CHANGES TO THE TYPE | HOT GUIDELINES

Changes made to the Type | HOT guidelines for the winter of 2016-17 are
documented in this chapter. The Transport Canada and FAA 2016-17 Type | HOT
guidelines are included in Appendix J.

3.1 New Fluids/Data

A significant body of previous research and testing has indicated that all Type | fluids
formulated with glycol perform in a similar manner from an endurance time
perspective. As a result, regulators no longer require Type | deicing fluids formulated
with propylene glycol, ethylene glycol or diethylene glycol to undergo endurance time
testing. However, they do require testing of fluids formulated with other glycol bases
or with non-glycol bases. This is to ensure the endurance time performance of these
fluids is similar to that of the Type | fluids used to generate the current Type |
holdover times.

Endurance times of Type | fluids are still tested in some years, either (a) at the request
of the fluid manufacturer or (b) because the fluid is not propylene glycol, ethylene

glycol or diethylene glycol based.

No Type | fluids were tested in the winter of 2015-186.

3.2 Changes to HOT Guidelines Format

No changes were made to the format of the Type | HOT guidelines for winter
2016-17.

3.3 Type | Generic Holdover Time Values

No changes were made to the Type | generic holdover times for the winter of
2016-17.
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

4. CHANGES TO THE TYPE Il HOT GUIDELINES

Changes made to the Type |l HOT guidelines for the winter of 2016-17 are
documented in this chapter. The Transport Canada and FAA 2016-17 Type Il HOT
guidelines are included in Appendix J.

4.1 New Fluids/Data

4.1.1 New Fluids

One new Type Il fluid was added to the HOT guidelines for the winter of 2016-17:
Beijing Yadilite YD-102 Type Il. This fluid underwent endurance time testing in the
winter of 2015-16. Details of this testing are included in the associated report
included as Appendix D. The introduction of this fluid led to several reductions in the
generic Type Il holdover times (see Subsection 4.4.2).

At the request of the manufacturer, supplemental tests were conducted with YD-102
Type Il to evaluate the impact of a dye on its endurance time performance. The
conclusion of these tests was that the holdover times derived for the fluid are valid
for both undyed (colourless) and dyed (coloured) versions of the fluid. Details of this
testing are included in Appendix D.

4.1.2 Supplemental Data

Supplemental data was collected with a variety of Type Il and Type IV fluids in very
cold natural snow conditions in the winter of 2015-16. This data indicated the
existing generic snow holdover times in the coldest temperature band were not
appropriate. As a result, the holdover times in these cells were reduced for the winter
of 2016-17. This research is described in further detail in Section 8.

4.2 Removed Fluids/Data

LNT Solutions P250 was removed from the HOT guidelines for the winter of 2016-17
at the request of the regulators. The removal of this fluid did not impact the generic
Type Il holdover times (see Subsection 4.4.2).
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

4.3 Changes to HOT Guidelines Format

No changes were made to the format of the Type Il HOT Guidelines for winter
2016-17.

4.4 Type Il Generic Holdover Time Values

Generic Type Il holdover times are published annually. These holdover times
represent the worst case performance of all Type Il fluids and can be used with any
Type Il fluid. The protocol used to determine the Type Il generic holdover time values
each winter is described in Subsection 4.4.1. Subsection 4.4.2 describes the impact
of new and removed data on the generic holdover times. Subsection 4.4.3 presents
the changes to the generic holdover times for winter 2016-17 and details the fluids
that are responsible for each generic holdover time value.

4.4.1 Protocol for the Determination of Type Il Generic Holdover Times

The generic HOT guidelines for Type Il fluid were developed prior to 1996-97 based
on the results of endurance time tests with “grandfathered” fluids. Since 1999-2000,
fluid-specific holdover times have been developed for each new Type Il fluid tested,
and the generic Type Il holdover times have been generated each year by taking the
shortest holdover times of:

1. All Type Il fluids listed in the Transport Canada and FAA HOT guidelines
documents;

2. The “grandfathered” fluid data (included to account for the performance of
grandfathered fluids which do not have fluid-specific holdover time data
available, i.e. Kilfrost ABC-3); and

3. All fluids on the Transport Canada and FAA list of Type IV fluids (included
because all Type IV fluids also qualify as Type Il fluids).

It should be noted that the HOT guidelines includes fluids whose qualifications have
recently expired (i.e. within four years). Fluids are only removed from the generic
analysis when they are removed from HOT guidelines.

4.4.2 Use of Generic Holdover Times in Very Cold Snhow
Following the winter of 2003-04, a decision was made that fluid-specific holdover

times would not be provided for Type Il fluids in snow at temperatures below -14°C.
This was due to the limited data that exits for most fluids at these temperatures.
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Instead, all Type Il fluids are given pre-established “generic” holdover times in very
cold snow. These holdover times are determined based on historical data and
analysis. As described in Section 8, modifications were made to these values for the
winter of 2016-17 (specific details provided in Subsection 8.11.1).

4.4.3 Impact of New and Removed Fluids/Data

The addition of the new Type Il fluid led to twelve reductions to the Type Il generic
holdover times. All of the reductions were 5 minutes or less.

4.4.4 Type ll Generic Holdover Time Values and the Fluids Responsible

The Type Il generic holdover times and the fluids that are responsible for them are
shown in Table 4.1 and Table 4.2 for winters 2015-16 and 2016-17, respectively.
Changes made to the holdover times for winter 2016-17 are show in Table 4.2 in
red (decreases) and green (increases). The winter 2015-16 table is included for
reference.

Due to space limitations, the following abbreviations are used in the tables:

e ABAX Ecowing 26 (A-E26);

e Aviation Shaanxi Cleanwing Il (AS-CIl);

e Beijing Yadilite YD-102 Type Il (B-YD);

e Clariant Safewing MP Il FLIGHT (C-Flight);

e Clariant Safewing MP Il FLIGHT PLUS (C-Flight +);
e Kilfrost ABC-Ice Clear Il (K-A-IC);

e Kilfrost ABC-K Plus (K-ABC-K +);

e Newave Aerochemical FCY-2 (N-FCY-2); and

e Newave Aerochemical FCY-2 Bio+ (N-FCY-2B).

In both tables it should be noted that:
e “Grandfather” is indicated where “grandfathered” fluids are responsible for

times in the cells;

e “Type IV" is indicated where Type IV fluids are responsible for times in the
cells; and

e A “U” indicates the fluid is responsible for the upper value in the cell, an “L”
indicates the fluid is responsible for the lower value in the cell, and a “B”
indicates the fluid is responsible for both the upper and lower cell values.
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

Table 4.1: Type Il Generic Holdover Time Values and Responsible Fluids — Winter 2015-16

Type Il Fluid Approximate Holdover Times Under Various Weather Conditions (hours:minutes)
Outside Air Concentration F ing F S Light
T ! reezing Fog now, . ig .
(Df;“,e':frcitl:iﬂ‘:, Neat Fluid/Water or Snow Grains or FIrDefemIng Freezing ga":( 0: VC\I(')I:d
(Volume %/Volume %) Ice Crystals Snow Pellets rizzie Rain oaked Wing
0:35 - 1:30 0:20 - 0:45 0:30 - 1:00 0:15 - 0:30 0:07 - 0:40
100/0 Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B) K-A-IC (L)
Grandfather (U)
0:25 - 1:00 0:15 - 0:30 0:20 - 0:45 0:10 - 0:25 0:05 - 0:25
75/25 Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B)
N-FCY-2 (U) N-FCY-2 (U) N-FCY-2 (B)
-3 and above K-A-IC (U) N-FCY-2B (U) K-A-IC (L)
0:15 - 0:30 0:05 - 0:15 0:10 - 0:20 0:05 - 0:10
K-A-IC (B) Grandfather (B) Grandfather (B) Grandfather (B)
50/50 N-FCY-2B (B) K-ABC-K + (U) K-A-IC (B) A-E26 (U)
Grandfather (L) K-A-IC (U) N-FCY-2 (B) K-A-IC (U)
N-FCY-2B (U) N-FCY-2B (B) N-FCY-2 (U)
Type IV (U) N-FCY-2B (U)
0:20 - 1:05 0:15 - 0:30 0:20 - 0:45 0:10 - 0:20
100/0 Type IV (L) N-FCY-2 (B) N-FCY-2 (B) Grandfather (L) CAUTION:
K-ABC-K + (U) N-FCY-2B (B) N-FCY-2 (U) "
e — No holdover time
randfather o
below -3 gmde_llnes
to -14 0:25 - 0:50 0:08 - 0:20 0:15 - 0:30 0:08 - 0:15 exist
Type IV (B) N-FCY-2B (B) N-FCY-2 (B) N-FCY-2 (B)
75/25 Grandfather (L) N-FCY-2 (U) Type IV (L)
K-ABC-K + (L)
C-Flight (L)
0:15 - 0:35 0:15 - 0:30
below -14
o LOUT 100/0 Type IV (L) Historic Generic (B)
N-FCY-2 (U) Grandfather (B)
L = DRIVES LOWER LIMIT U = DRIVES UPPER LIMIT B = DRIVES BOTH
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Table 4.2: Type Il Generic Holdover Time Values and Responsible Fluids — Winter 2016-17

Type Il Fluid Approximate Holdover Times Under Various Weather Conditions (hours:minutes)
Outside Air Concentration F ing F S Light
Temperature N . reezing rog now. Freezing 'an Rain on Cold
(Degrees Celsius) eat Fluid/Water or Snow Grains or Drizzle Freezing Soaked Wing
(Volume %/Volume %) Ice Crystals Snow Pellets Rain
0:35 - 1:30 0:20 - 0:45 0:30 - 1:00 0:15 - 0:30 0:07 - 0:40
100/0 Grandfather (B) Grandfather (B) Grandfather (B) Grandfather (B) K-A-IC (L)
Grandfather (U)
0:25 - 0:55 0:15 - 0:25 0:15 - 0:40 0:10 - 0:20 0:04 - 0:25
75/25 B-YD (B) B-YD (B) B-YD (B) B-YD (B) B-YD (B)
-3 and above Grandfather (L) Grandfather (L) Grandfather (L) Grandfather (U)
N-FCY-2 (U)
0:15 - 0:25 0:05 - 0:10 0:08 - 0:15 0:05 - 0:09
B-YD (B) B-YD (B) B-YD (B) Grandfather (L)
50/50 K-A-IC (L) Grandfather (L) B-YD (U)
N-FCY-2B (L)
Grandfather (L)
0:20 - 1:05 0:15 - 0:30 0:20 - 0:45 0:10 - 0:20
Type IV (L) B-YD (B) N-FCY-2 (B) Grandfather (L)
100/0 K-ABC-K + (U) N-FCY-2 (B) N-FCY-2 (U)
N-FCY-2B (B)
below -3 Grandfather (L) CAUTION:
to-14 0:25 - 0:50 0:08 - 0:20 0:15 - 0:25 0:08 - 0:15 No holdover time
guidelines
B-YD (U) B-YD (B) B-YD (B) N-FCY-2 (B) exist
75/25 Grandfather (L) N-FCY-2B (B) N-FCY-2 (L) B-YD (U)
K-ABC-K + (L) N-FCY-2 (U) Type IV (L)
C-Flight (L)
0:20 - 0:35 0:08 - 0:10
Type IV (L) B-YD (L) Generic (B)
below -14 AS-CII (L) K-A-IC (L)
to LOUT 100/0 N-FCY-2B (L)
C-Flight + (L)
Grandfather (L)
N-FCY-2 (U)
L = DRIVES LOWER LIMIT U = DRIVES UPPER LIMIT B = DRIVES BOTH
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4. CHANGES TO THE TYPE Il HOT GUIDELINES

4.5 Further Changes to Holdover Times Published for Type Il/IV Fluids
in Very Cold Snow

Following the publication of the winter 2016-17 original issue holdover time guidance
materials in August 2016, Transport Canada and the FAA subsequently reviewed the
reductions made to holdover times published for Type Il and Type IV fluids in snow
at temperatures below -14°C. This was done at the request of the industry.

The result of this review was that the regulators issued optional changes (increases)
to the holdover times in snow for:

e Type IV ethylene glycol based fluids, below -14°C; and
e Type ll/IV propylene glycol based fluids, below -14 to -18°C.

In these conditions, the holdover times reverted to the holdover times that were
published for all Type Il and Type IV fluids in snow below -14°C for winter 2015-16.

Transport Canada published the updated holdover times and regression information
through an Advisory Circular. Advisory Circular 007-040, Supplemental Holdover
Timetables and Regression Information for SAE Type Il and 1V Fluids, was published
on October 18, 2016. FAA published the updated holdover times in an addendum to
the HOT Guidelines, which was published on September 30, 2016.

Copies of the Transport Canada Advisory Circular and FAA HOT Guidelines
addendum are included in Appendix K.
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5. CHANGES TO THE TYPE Ill HOT GUIDELINES

Changes made to the Type Il HOT guidelines for the winter of 2016-17 are
documented in this chapter. The Transport Canada and FAA 2016-17 Type lll HOT
guidelines are included in Appendix J.

5.1 New Fluids/Data

A new formulation of the Type Il fluid AllIClear AeroClear MAX underwent endurance
time testing in the winter of 2015-16. The fluid was tested for use applied at ambient
temperature and only 100/0 fluid was tested (no dilutions were tested). Due to the
fluid’s unusually low lowest operational use temperature (LOUT), special testing was
conducted in artificial snow to determine holdover times for the fluid in snow at very
cold temperatures. Details of this testing are included in the associated report
included as Appendix E.

The protocol for integrating new data for an existing fluid is provided in ARP5718,
Qualification Process for SAE AMS 1428 Type Il, Ill, and IV Fluids (7) 85.5.4. As the
formulation had the same viscosity as the previously tested formulation, the lowest
test data from the two formulations was used to determine each fluid-specific
holdover time in the two associated fluid-specific HOT tables, which were updated
accordingly for the winter of 2016-17.

5.2 Removed Fluids/Data

The protocol for removing obsolete holdover time data is given in ARP5718 (7). No
Type Ill data was removed from the HOT guidelines for the winter of 2016-17.

5.3 Changes to HOT Guidelines Format

No changes were made to the Type Il HOT guidelines format for the winter of
2016-17.

5.4 Type lll Generic Holdover Time Values

As the two Type lll fluids currently in the HOT guidelines are intended for use with
different application temperatures (and no data exists for the fluids for the other
application temperature), it is not possible at this time to provide generic holdover
times for Type lll fluids. Therefore, a generic Type Il HOT table is not included in the
2016-17 HOT guidelines. This could change in future if the available fluids and/or
data changes.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Changes made to the Type IV HOT guidelines for the winter of 2016-17 are
documented in this chapter. The Transport Canada and FAA 2016-17 Type IV HOT
guidelines are included in Appendix J.

6.1 New Fluids/Data

6.1.1 New Fluids

Three new Type IV fluids were added to the HOT guidelines for the winter of
2016-17: Clariant Max Flight AVIA, Clariant Safewing EG IV NORTH and Shaanxi
Cleanway Aviation Cleansurface IV. These new fluids underwent endurance time
testing in the winter of 2015-16. Details of this testing are included in the associated
reports included as Appendices F, G and H, respectively. It should be noted that, at
the request of the manufacturer, holdover times were only provided for 100/0 fluid
for the Clariant fluids (not for 75/25 or 50/50). The introduction of these fluids led
to several reductions in the generic Type IV holdover times (see Subsection 6.4.2).

6.1.2 New Formulations of Existing Fluids

A new formulation of the Type IV fluid Deicing Solutions ECO-SHIELD underwent
endurance time testing in the winter of 2015-16 (100/0 only, no dilutions). Details
of this testing are included in the associated report included as Appendix I. The
protocol for integrating new data for existing fluids is provided in ARP5718 (7)
85.5.4. As the formulation had a higher viscosity than the previously tested
formulation, the data collected in 2015-16 replaced the data collected previously and
the holdover times and lowest on-wing viscosity (LOWV) for this fluid were updated
accordingly. The new ECO-SHIELD data resulted in several changes to the generic
Type IV holdover times (see Subsection 6.4.2).

6.1.3 Supplemental Data

Supplemental data was collected with a variety of Type |l and Type IV fluids in very
cold natural snow conditions in the winter of 2015-16. This data indicated the
existing generic snow holdover times in the coldest temperature band were not
appropriate. As a result, the holdover times in these cells were reduced for the winter
of 2016-17. This research is described in further detail in Section 8.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

6.2 Removed Fluids/Data

The protocol for removing obsolete holdover time data is given in ARP5718 (7). As
per the protocol, Cryotech Polar Guard and Dow Chemical UCAR™ FlightGuard
AD-480 were removed from the HOT guidelines for the winter of 2016-17, as was
obsolete data for Deicing Solutions ECO-SHIELD (see Subsection 6.1). The removal
of these fluids significantly impacted the generic Type IV holdover times (see
Subsection 6.4.2).

6.3 Changes to HOT Guidelines Format

Columns were added to the Type IV generic HOT guidelines for moderate, light and
very light snow (previously there was a single snow column populated with moderate
snow data). This was possible for the first time in winter 2016-17 as all Type IV
fluid-specific HOT guidelines included cells for moderate, light and very light snow.

6.4 Type IV Generic Holdover Time Values

Generic Type IV holdover times are published annually. These holdover times
represent the worst case performance of all Type IV fluids and can be used with any
Type IV fluid. The protocol used to determine the generic holdover time values each
winter is described in Subsection 6.4.1. Subsection 6.4.2 describes the impact of
new and removed data on the generic holdover times. Subsection 6.4.3 presents the
changes to the generic holdover times for winter 2016-17 and details the fluids that
are responsible for the values.

6.4.1 Protocol for the Determination of Type IV Generic Holdover Times

The values in the Type IV generic HOT table are generated each year by taking the
shortest holdover times of all Type IV fluids listed in the Transport Canada and FAA
HOT guidelines. It should be noted that the HOT guidelines includes fluids whose
qualifications have recently expired (i.e. within four years). Fluids are only removed
from the generic analysis when they are removed from HOT guidelines.

6.4.2 Use of Generic Holdover Times in Very Cold Snow
Following the winter of 2003-04, a decision was made that fluid-specific holdover

times would not be provided for Type |V fluids in snow at temperatures below -14°C.
This was due to the limited data that exits for most fluids at these temperatures.
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6. CHANGES TO THE TYPE IV HOT GUIDELINES

Instead, all Type IV fluids are given pre-established “generic” holdover times in very
cold snow. These holdover times are determined based on historical data and
analysis. As described in Section 8, modifications were made to these values for the
winter of 2016-17 (specific details provided in Subsection 8.11.1).

6.4.3 Impact of New and Removed Fluids/Data

The impact of the new and removed fluids/data on the Type IV generic holdover
times was as follows:

e The addition of Max Flight resulted in one 2-minute decrease;
e The addition of Safewing EG IV NORTH resulted in one 2-minute decrease;

e The addition of Shaanxi Cleanway Aviation Cleansurface IV resulted in one
5-minute decrease;

e The new ECO-SHIELD data resulted in three 10 to 15 minute decreases and
one 15-minute increase;

e The removal of Cryotech Polar Guard resulted in six 5 to 10-minute increases;
and

e The removal of Dow Chemical UCAR™ FlightGuard AD-480 resulted in ten
increases of b to 20 minutes.

6.4.4 Type IV Generic Holdover Time Values and the Fluids Responsible

The Type IV generic holdover times and the fluids that are responsible for them are
shown in Table 6.1 and Table 6.2, for winters 2015-16 and 2016-17, respectively.
Changes made to the holdover times for winter 2016-17 are show in Table 6.2 in
red (decreases) and green (increases). The winter 2015-16 table is included for
reference.

Due to space limitations, the following abbreviations are used in the tables:

e ABAX Ecowing AD-49 / Dow UCAR FlightGuard AD-49 (A/D-49);
e Clariant Max Flight 04 (C-MF-04);

e Clariant Max Flight SNEG (C-MF-S);

e Clariant Safewing MP IV LAUNCH PLUS (C-L +);

e Clariant Safewing EG IV NORTH (C-NORTH);

e Cryotech Polar Guard (CR-PG);
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e Cryotech Polar Guard Advance (CR-PGA);

e Deicing Solutions ECO-SHIELD (DS-ES);

e Dow UCAR FlightGuard AD-480 (D-480);

e Kilfrost ABC-S PLUS (K-ABCS +);

e LNT Solutions E450 (L-E450);

e Newave Aerochemical FCY 9311 (N-9311); and

e Shaanxi Cleanway Aviation Cleansurface IV (SC-CIV).

In both tables, the following abbreviations are used:

e A “U” indicates the fluid is responsible for the upper value in the cell;
e An “L” indicates the fluid is responsible for the lower value in the cell; and

e A “B” indicates the fluid is responsible for both the upper and lower values in
the cell.

In Table 6.2, holdover times are provided for given precipitation rates in snow. These
correspond to the snow holdover times as follows:

e Very light snow (Transport Canada): 4 g/dm?/h;
e Very light snow (FAA): lower limit = 3 g/dm?/h; upper limit = 4 g/dm?/h;
e Light snow: lower limit = 4 g/dm?/h; upper limit = 10 g/dm?/h; and
e Moderate snow: lower limit = 10 g/dm?/h; upper limit = 25 g/dm?/h.
Finally, it should be noted that Transport Canada caps snow holdover times at

two hours while FAA caps them at three hours. The values in the tables are capped
at three hours.
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Table 6.1: Type IV Generic Holdover Time Values and Responsible Fluids — Winter 2015-16

Approximate Holdover Times Under Various Weather Conditions (hours:minutes)

. . Type IV Fluid
Outside Air . - "
Temperature NCon::ar_ntr?’von Freezing Fog Snow_, Freezing ngh.t Rain on Cold
(Degrees Celsius) eat OUId/ at?r or Snow Grains or Drizzle Freezing Soaked Wing
(Volume %/Volume %) Ice Crystals Snow Pellets Rain
1:30 - 2:25 0:35 - 1:10 0:50 - 1:30 0:35 - 0:50 0:10 - 1:25
100/0 ] A/D-49 (L)
DS-ES (B) N-9311 (B) D-480 (B) 88422 ((b)) CR-PG (U)
N-9311 (U)
1:25 - 2:40 0:30 - 1:05 0:50 - 1:15 0:30 - 0:45 0:09 - 1:15
75/25 CR-PGA (L)
-3 and above K-ABCS + (B) ~ ~ D-480 (B) _
CR-PG (U) D-480 (B) D-480 (B) K-ABCS + (L) Caa0 (0)
0:25 - 0:40 0:09 - 0:15 0:15 - 0:25 0:09 - 0:15
CR-PG (B) D-480 (B)
50/50 CR-PG (B) D-480 (L) D-480 (B) CR-PGA (L)
A/D-49 (L) CR-PG (U) A/D-49 (L) A/D-49 (U)
K-ABCS + (L) CR-PG (U)
0:20 - 1:20 0:25 - 0:50 0:25 - 1:10 0:15 - 0:25
CR-PG (B)
A/D-49 (L)
100/0 D-480 (B) C-L+ (L) SRS
A/D-49 (L) A C-MF-04 (L) S L
D-480 (L) A/D-49 (U) CAUTION:_
below -3 K-ABCS + (L) No ho!doyer time
0 -14 guidelines
o 0:25 - 0:50 0:20 - 0:40 0:15 - 1:05 0:15 - 0:25 exist
A/D-49 (B)
C-L+ (U)
75/25 CR-PG (B) C-MF-S (U) DA )
DI D-480 (L) CR-PG (U) K'Si%%tl_gm
CR-PGA (U)
D-480 (U)
0:15 - 0:40 0:15 - 0:30
below -14
100/0 D-480 (B)
to LOUT A/D-49 (U) Historic Generic (B)
CR-PG (U)

L = DRIVES LOWER LIMIT

U = DRIVES UPPER LIMIT

B = DRIVES BOTH
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Table 6.2: Type IV Generic Holdover Time Values and Responsible Fluids — Winter 2016-17

Approximate Holdover Times Under Various Weather Conditions (hours:minutes)

. . Type IV Fluid
Outside Air c . - "
Temperature oncentration Freezing Fog Snow, Snow Grains or Snow Pellets Freezing Light Rain on Cold
(Degrees Celsius) Neat Fluid/Water or Drizzle Freezing Soaked Win
(Volume %/Volume %) Ice Crystals 25 g/dm?/h | 10 g/dm?/h | 4 g/dm?*/h | 3 g/dm?/h Rain 9
1:15 - 2:40 0:35 1:10 2:20 2:45 0:40 - 1:30 | 0:35 - 0:40 | 0:08 - 1:25
100/0 C-NORTH (L)
DS-ES (B) N-9311 N-9311 N-9311 L-E450 DS-ES (B) DS-ES (B) N-9311 (U)
1:25 - 2:40 0:45 1:15 2:05 2:15 0:50 - 1:20 | 0:30 - 0:45 | 0:09 - 1:15
75/25 CR-PGA
-3 and A/D-49 SC-CIV (L) K-ABCS + (L) SC-CIV (B)
above (ABCS+ (B) | KABESE | KABCS* | apcs+ | AP0 | kases+ ) | scavw) CR-PGA (L)
0:25 - 0:50 0:15 0:25 0:40 0:45 0:15 - 0:30 | 0:09 - 0:15
50/50 F/D49
CR-PGA A/D-49 (B) CR-PGA (L)
A/D-49 (B) K-ABcs+ | /P9 A/D-49 AD-49 | ABCS + (L) A/D-49 (U)
SC-CIV
0:20 - 1:35 0:25 0:45 1:20 1:40 0:25 - 1:20 | 0:20 - 0:25
A/D-49 (L) A/D-49 (B)
100/0 ) CL+ (L) C-MF-04 (L) _
A/D-49 (B) gg%n sc-CIv sc-CIv sc-CIv C-MF-04 (L) | K-ABCS+ (L) CAUTION:
K-ABCS + (L) N-9311 (L) No holdover
below -3 N-9311 (U) SC-CIV (L) time
to -14 guidelines
0:30 - 1:10 0:20 0:45 1:40 2:00 0:15 - 1:05 | 0:15 - 0:25 exist
75/25 A/D-49 (B)
A/D-49 (B) C-MEF-S C-MEF-S C-L+ (U) A/D-49 (B)
C-MF-S (L) sc-Civ sc-Civ SC-CIV | K-ABCS+ | CMFS(U) | K-ABCS+ (B)
CR-PGA (U)
0:20 - 0:40 0:08 0:10 0:20 0:25
below -14 100/0 C-MF-S (L)
to LOUT C-MF-04 (L) Generic Generic Generic Generic
A/D-49 (U)

L = DRIVES LOWER LIMIT

U = DRIVES UPPER LIMIT

B = DRIVES BOTH
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6.5 Further Changes to Holdover Times Published for Type Il/IV Fluids
in Very Cold Snow

Following the publication of the winter 2016-17 original issue holdover time guidance
materials in August 2016, Transport Canada and the FAA subsequently reviewed the
reductions made to holdover times published for Type Il and Type IV fluids in snow
at temperatures below -14°C. This was done at the request of the industry.

The result of this review was that the regulators issued optional changes (increases)
to the holdover times in snow for:

e Type IV ethylene glycol based fluids, below -14°C; and
e Type ll/IV propylene glycol based fluids, below -14 to -18°C.

In these conditions, the holdover times reverted to the holdover times that were
published for all Type Il and Type IV fluids in snow below -14°C for winter 2015-16.

Transport Canada published the updated holdover times and regression information
through an Advisory Circular. Advisory Circular 007-040, Supplemental Holdover
Timetables and Regression Information for SAE Type Il and 1V Fluids, was published
on October 18, 2016. FAA published the updated holdover times in an addendum to
the HOT Guidelines, which was published on September 30, 2016.

Copies of the Transport Canada Advisory Circular and FAA HOT Guidelines
addendum are included in Appendix K.
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7. OTHER CHANGES TO HOT GUIDELINES CONTENT

In addition to the changes made to the Type |, Il, lll and IV HOT Guidelines, a number
of other changes were made to the HOT Guidelines for winter 2016-17. These
changes are documented in this chapter.

7.1 Active Frost HOT Guidelines

Endurance time testing in frost was conducted with all fluids submitted for endurance
time testing in the winter of 2015-16. The test durations were compared to the
related generic holdover times: all completed (“failed”) tests surpassed the generic
holdover times, as did all tests that were not completed (due to active frost ending
before fluid failure could occur). This analysis indicates that the generic frost holdover
times can be considered substantiated for all fluids added to the HOT guidelines for
winter 2016-17.

No content or formatting changes were made to the active frost HOT guidelines for
winter 2016-17. However, a new note was added to provide guidance on the
appropriate outside air temperature to select in changing conditions.

7.2 Allowance Time Tables

Several changes were made to the allowance time table values based on the
collection of additional data in the winter of 2015-16. This data is documented in
the Transport Canada report, TP 15341E, Wind Tunnel Trials to Support Further
Development of Ice Pellet Allowance Times: Winter 20715-16 (8). These changes
include:

¢ The addition of allowance times to the Type IV fluid table for “Light Ice Pellets
Mixed with Light Snow” and “Light Ice Pellets Mixed with Moderate Snow” in
the “Below -10 to -16°C"” temperature band; and

¢ The addition of new rows/allowance times to the Type IV table for two new
precipitation conditions: “Moderate Ice Pellets (or Small Hail) Mixed with
Moderate Freezing Drizzle” and “Moderate Ice Pellets (or Small Hail) Mixed
with Moderate Rain.”

In addition, the following changes were made:

e The rows in both the Type Ill and Type IV allowance time tables, each
containing a specific precipitation condition, were reordered for ease of use;
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e A note has been added to both the Type Ill and Type IV allowance time tables
indicating they are for use with aircraft with rotation speeds of 100 knots or
greater only;

e A review of existing data resulted in a change to the Type lll allowance time
for “Light Ice Pellets Mixed with Moderate Snow” in the “Below -5 to -10°C”
cell (from 10 to 5 minutes); and

* The coldest temperature band in the Type IV table was divided into two
temperature bands: “Below -10 to -16°C"” and “Below -16 to -22°C.”

7.3 Fluid Application Tables

Guidance for the application of Type Ill fluid was previously provided in the same
table as the guidance provided for the application of Type IlI/IV fluid. For the winter
of 2016-17, this guidance is provided in two separate Type lll fluid application tables:
one table provides guidance for the application of heated Type Ill fluid and a second
table provides guidance for the application of unheated Type Il fluid.

In addition, changes were made to the Type | and Type IlI/IV fluid application tables
to improve harmonization between Transport Canada and the FAA and with the SAE
fluid application tables.

7.4 Transport Canada Adjusted Holdover Time and Allowance Time
Tables for Use When Flaps/Slats Deployed Prior to Anti-icing

Research into holdover times on deployed flaps/slats has been ongoing for several
years. There is a substantive amount of evidence that demonstrates extended flaps
and slats accelerate anti-icing fluid degradation off aircraft wings, which is a potential
safety risk.

To mitigate this risk, Transport Canada published adjusted holdover time and
allowance time tables in the winter 2016-17 HOT guidelines. These tables are to be
used when flaps/slats have been deployed prior to anti-icing. The tables include
values which have been decreased by 10 percent (holdover times are 90 percent of
standard holdover times). This is an interim measure which will be in place until data
collection and analysis have been completed.

It should be noted that the FAA has included similar 90 percent adjusted tables in
their HOT guidelines since the winter of 2014-15.

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx
Final Version 1.0, October 19



8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING
IN SNOW AT VERY COLD TEMPERATURES

In the winter of 2015-16, supplemental endurance time testing was conducted with
Type Il and Type IV fluids in natural snow at very cold temperatures. The testing is
documented in this section.

8.1 Background - Historical Data and Holdover Times

Until the winter of 2003-04, most Type Il and Type IV fluids were given fluid-specific
holdover times in snow in the coldest temperature band in the Type II/IV HOT tables
(below -14°C to LOUT). The fluid-specific holdover times were based on
extrapolations of natural snow data collected at warmer temperatures. This
methodology was used because holdover time testing is conducted in Montreal,
where natural snow rarely occurs below -14°C, and therefore natural snow data
below -14°C was typically not available.

At the May 2003 SAE G-12 Holdover Time Committee meeting, it was recommended
that this methodology be changed as it was felt it may not be providing appropriate
holdover times. The alternative put forward was to collect data with artificial snow
machines at -25°C and use this data to determine holdover times for snow for the
below -14 to -25°C temperature band (later changed to below -14°C to LOUT).

The artificial snow data was subsequently collected during the winter of 2003-04 by
APS and Anti-lcing Materials International Laboratory (AMIL). As a result of this
testing, the SAE G-12 Holdover Time Committee introduced generic holdover times
for the coldest snow temperature band for all Type Il and IV fluids, with the exception
of one ethylene glycol based fluid which retained fluid-specific holdover times. The
generic holdover times were 15 to 30 minutes.

When cells were added for light snow and very light snow to the Type Il/IV HOT
tables in 2013-14, additional snow machine testing was conducted with select
Type II/IV fluids to determine appropriate generic holdover time values for the new
coldest temperature band (below -14°C to LOUT) cells. Holdover times were
determined for light snow (30 to 40 minutes) and very light snow (40 to 50 minutes).

In both cases, the analysis approach used to determine holdover times from the
artificial snow data assumed the snow machine provides conservative endurance
times relative to natural snow testing. This assumption was based on correlational
work completed previously, primarily at temperatures of -14°C and warmer. The
specific approaches used to determine the Type II/IV generic holdover times were:

e Moderate snow: average of artificial snow endurance times; and
e Light/very light snow: average less 1 sigma of artificial snow endurance times.
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8.2 Background - Winter 2014-15 Testing

A small project was undertaken in the winter of 2014-15 to conduct tests in natural
snow at very cold temperatures with all fluid types. The objective of the project was
to validate the existing generic snow holdover times at very cold temperatures.

There were two factors which stimulated the project:

1. The generic snow holdover times in the coldest temperature band had never
been validated using natural snow data and no in-depth research had been
completed to correlate artificial and natural snow data at very cold
temperatures; and

2. Since the generic snow holdover times in the coldest temperature band were
determined for Type Il/IV fluids in 2004-05 and 2013-14, no data had been
collected (in either natural or artificial snow) to validate those holdover times
for new Type II/IV fluids that came to market after the original artificial snow
testing was completed.

Limited testing was carried out with select fluids representing all fluid types. It was
expected that the data collected would validate the generic holdover times for all
fluid types; however, this was not the case. The testing did not identify an issue
with the current generic holdover times for Type | and Type Il fluids, but it did
indicate that the Type Il/IV generic holdover times in these conditions may not be
sufficiently conservative.

Further testing with additional fluids was recommended to confirm the issue with the
generic holdover times for Type lI/IV fluids in snow at very cold temperatures and to
determine new holdover times if necessary. That testing was carried out in the winter
of 2015-16 and is documented in the remaining sections of this chapter.

The 2014-15 testing is documented in the Transport Canada report, TP 15321E,
Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program for the
2014-15 Winter (9).

8.3 Objective

Two theories were put forward to explain why the some of the endurance time data
collected in natural snow in winter 2014-15 was below the published generic
holdover times.

1. Theory 1: The original artificial snow data was not accurately interpreted. At
the time the data was collected, it was assumed that at a given temperature
and precipitation rate, the endurance time measured with a snow machine was
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shorter than the endurance time measured in natural snow, especially at cold
temperatures and high rates. If this assumption was incorrect, the
interpretation of the artificial snow data would be incorrect, leading to an
inappropriate analysis methodology and artificially long generic holdover times.

2. Theory 2: The original snow data did not include data for the weakest
performing fluids in snow at very cold temperatures. Tests were carried out
with a limited number of fluids both times very cold snow testing was done.
If the weakest performing fluids available at the time were not tested and/or
if the fluids that later came to market have weaker performance than those
originally tested, the generic holdover times would not be appropriate.

The primary objective of the very cold snow research in the winter of 2015-16 was
to collect data to evaluate both of these theories and to determine new Type II/IV
generic holdover times if needed. The objective was achieved by carrying out tests
in artificial and natural snow at very cold temperatures with most Type Il and Type IV
fluids currently on the market. Specifically:

1. Natural snow data was collected at very cold temperatures to develop a large
set of very cold snow data to analyse; and

2. Artificial snow data was collected to supplement the natural snow data to:
a) Better understand the relationship between natural and artificial data;
b) Link the original historic artificial snow data to the 2015-16 data; and

c) Fill in gaps where natural snow data could not be collected (i.e. at higher
precipitation rates).

8.4 Test Methodology

Tests were carried out according to the methodology described in the following
subsections, which detail test locations, test procedures and fluids.

8.4.1 Test Locations

Artificial snow testing was conducted at the PMG Technologies Inc. climatic chamber
test facility located in Blainville, Quebec.

As the very cold temperatures needed for this project rarely occur in Montreal, APS
planned to travel to the far north regions of Canada (“far north”) to collect the
necessary natural snow data.
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APS analysed weather trends in various locations in the far north to find locations
which offered very cold temperatures and sufficient snowfall to allow for a few days
of testing at a time. Weather forecasts for these locations were monitored over the
winter.

Two trips were made to the far north to collect natural snow data. The test locations
were Schefferville, Quebec and Igaluit, Nunavut. Photo collages of these locations
are provided in Photo 8.1 and Photo 8.2.

8.4.2 Test Procedures

Tests were carried out according to standard endurance time testing procedures for
natural snow and artificial snow, as detailed in Subsection 2.1. Additional test
procedures were written to coordinate the specific details of the artificial and natural
snow testing for this project. Copies of these procedures are provided in Appendix L
(natural snow) and Appendix M (artificial snow).

Figure 8.1 depicts the collapsible test stand that was manufactured specifically for
very cold snow testing. It was designed for testing in the far north, which requires
personnel to travel by air on short notice to the test sites with all required equipment
and fluids. The collapsible test stand can easily be transported as checked luggage.

Standby test “kits” were prepared with all necessary fluids and supplies for testing
so that travel to the far north could be undertaken with relatively little notice. A
photo of the equipment required to be transported packed in airline approved luggage
is shown in Photo 8.3. Photos 8.4 to 8.8 show further details of the far north test
setup.

Figure 8.1: Rendering of Collapsible Test Stand
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

8.4.3 Fluids Tested

A request for LOWV samples was sent to manufacturers of all Type Il and Type IV
fluids. LOWYV samples were required as they are assumed to provide the worst case
performance of each fluid, and are used to conduct all standard holdover time testing.

The majority of manufacturers provided LOWYV samples of their fluids. In cases where
manufacturers did not provide LOWYV samples, a further effort was made to obtain
samples:

a) APS inventory was searched and LOWYV samples were found;

b) APS inventory was searched and production viscosity fluids were found;
c) Fluid manufacturers agreed to provide production viscosity samples; or
d) In some cases no samples could be obtained.

Samples of the Type Il and Type IV fluids submitted for holdover time testing in the
winter of 2015-16 were also included in the very cold snow testing.

The significant effort undertaken to procure fluid samples for testing resulted in a
very good number of currently commercialized fluids being tested. The majority of
Type Il/IV fluids expected to be in the 2016-17 HOT guidelines were tested. Only
two fluids were not tested: Clariant Safewing MP Il FLIGHT PLUS and Dow/ABAX
AD-49. Table 8.1 summarizes the number of fluids tested relative to the number of
fluids expected to be in the 2016-17 HOT guidelines. Table 8.2 provides details of
the fluids tested.

It should be noted that the viscosity of all fluids was checked and samples with
viscosities below the published LOWYV were not used.

Table 8.1: Number of Fluids Tested in Winter 2015-16

Fluids Expected LOWV Production No
Fluid Type in 2016-17 Fluids Viscosity Fluids Fluids
Guidelines Tested Tested Tested
Type |l 11* 7 3 1
Type IV 14** 11 2 1
Total (#) 25 18 5 2
Total (%) 100% 72% 20% 8%

* Excludes Cryotech Polar Guard Il (this is a Type IV fluid marketed under a Type Il brand name and is included in the Type IV
list); includes LNT Solutions P250 which was expected to be included in the 2016-17 HOT guidelines but was not.

** Counts the Dow and ABAX versions of AD-49 as a single fluid as the data is the same for these fluids.
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Table 8.2: Details of Fluids Tested in Winter 2015-16

Fluid Name Fluid Type | Viscosity Type Source
ABAX Ecowing 26 Il LOWV FM Supplied
Aviation Shaanxi Cleanwing Il 1l LOWV FM Supplied
Beijing Yadilite YD-102 Type Il Il LOWV HOT LOWV
Clariant Max Flight 04 v LOWV APS Inventory
Clariant Max Flight AVIA A% LOWV HOT LOWV
Clariant Max Flight SNEG v LOWV APS Inventory
Clariant Safewing EG IV NORTH A% LOWV HOT LOWV
Clariant Safewing MP Il FLIGHT Il Production APS Inventory
Clariant Safewing MP IV LAUNCH v Production APS Inventory
Clariant Safewing MP IV LAUNCH PLUS v LOWV APS Inventory
Cryotech Polar Guard ll/Advance* "H/1v LOWV FM Supplied
Deicing Solutions ECO-SHIELD A% LOWV HOT LOWV
Dow EG106 A% LOWV FM Supplied
Kilfrost ABC-3 Il Production FM Supplied
Kilfrost ABC-Ice Clear Il Il LOWV HOT LOWV
Kilfrost ABC-K Plus Il Production FM Supplied
Kilfrost ABC-S Plus v Production APS Inventory
LNT Solutions E450 v LOWV FM Supplied
LNT Solutions P250 Il LOWV FM Supplied
Newave Aerochemical FCY 9311 v LOWV FM Supplied
Newave Aerochemical FCY-2 Il LOWV FM Supplied
Newave Aerochemical FCY-2 Bio + Il LOWV HOT LOWV
Shaanxi Cleanway Cleansurface IV v LOWV HOT LOWV

*This is the same fluid/data which is marketed under two different brand names.
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

8.5 Testing Challenges
Testing in remote locations poses unique challenges. Some of these include:

1. Unreliable weather forecasts;

2. Limited on-location monitoring of storms (internet availability in remote areas
limited);

3. Significant luggage (can’t send equipment ahead when traveling on short
notice);

4. Limited/costly transportation to northern locations; and

5. Unknown test site locations: need to create test sites “on the fly.”
Testing at very cold temperatures poses unique challenges. Some of these include:

1. Physically intense cold testing — frozen fingers/eyes (see Photo 8.8); and

2. Equipment limitations/freeze ups.
For this specific project, there were additional unique challenges:

1. The occurrence of snow at high precipitation rates is infrequent in natural
conditions; and

2. The cost of conducting of artificial snow testing, especially at very cold
temperatures, is high. This limited the amount of data that could be collected.

8.6 Data Collected — Natural Snow

8.6.1 Winter 2015-16 Only

A total of 99 tests were conducted in natural snow in the winter of 2015-16. A log
of these tests is provided in Table 8.3. Fluid names are not provided in the log, as
the data was collected with the intention of analyzing it in aggregate.

Table 8.4 provides a summary of testing events at which natural snow data was
collected in the winter of 2015-16, including associated locations, temperatures and

average precipitation rates.

Table 8.5 provides a summary of tests conducted by fluid type and viscosity type.
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Table 8.3: Log of Tests — Natural Snow

. Viscosity Endl:|rance Precipitation Temperature
# Fluid Type Type Tlrne Rate (°C)
(mins) (g/dm?/h)

C1 4-Feb-16 LOWV 34.6 2.5 -22.7
C2 4-Feb-16 LOowv 40.2 2.2 -22.7
C3 4-Feb-16 LOowv 98.7 1.2 -22.6
C4 4-Feb-16 Production 39.2 2.2 -22.7
Cb 4-Feb-16 Production 30.5 2.5 -22.7
C6 4-Feb-16 Production 45.0 1.9 -22.7
c7 4-Feb-16 LOWV 40.4 2.0 -22.7
cs8 4-Feb-16 LOWYV 39.8 2.0 -22.7
c10 4-Feb-16 LOWV 37.8 2.0 -22.7
C11 4-Feb-16 LOWV 30.7 1.1 -22.4
C13 4-Feb-16 LOWV 78.7 1.4 -22.3
C15 4-Feb-16 LOWV 77.5 1.4 -22.3
c17 4-Feb-16 LOWV 27.5 1.2 -22.4
C25 4-Feb-16 LOWV 44.9 2.4 -22.0
C26 4-Feb-16 LOWV 41.5 2.3 -22.0
Cc27 4-Feb-16 LOowv 46.0 2.5 -22.0
Cc28 4-Feb-16 Production 32.8 2.2 -22.0
C29 4-Feb-16 Production 36.5 2.3 -22.0
C30 4-Feb-16 Production 39.9 2.3 -22.0
C31 4-Feb-16 LOowv 31.3 2.2 -22.0
C32 4-Feb-16 LOowv 36.0 2.2 -22.0
C34 4-Feb-16 LOowv 30.0 2.2 -22.0
C35 4-Feb-16 LOowv 24.5 4.3 -21.9
C36 4-Feb-16 LOowv 26.8 4.3 -21.9
C37 4-Feb-16 LOowv 32.9 4.3 -21.9
C39 4-Feb-16 LOowv 39.0 4.5 -21.8
C40 4-Feb-16 Production 28.5 4.2 -21.8
C41 4-Feb-16 LOWV 24.8 4.2 -21.8
C42 4-Feb-16 LOWV 34.4 4.4 -21.8
C43 4-Feb-16 LOWV 26.8 4.1 -21.8
c47 4-Feb-16 LOWV 41.8 1.8 -21.6
C50 26-Feb-16 LOWYV 106.8 1.5 -24.3
C51 26-Feb-16 LOWV 265.0 1.3 -24.0
Cbh2 26-Feb-16 LOWV 269.0 1.3 -24.0
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Table 8.3: Log of Tests — Natural Snow (cont’d)

. Viscosity Endl:|rance Precipitation Temperature
# Fluid Type Type Tlrne Rate (°C)
(mins) (g/dm?/h)

Cb3 26-Feb-16 LOWV 280.5 1.3 -24.0
C54 26-Feb-16 Production 84.5 1.6 -24.3
Cbb 26-Feb-16 LOowv 101.3 1.4 -24.3
Cb6 26-Feb-16 LOWYV 80.5 1.6 -24.3
Cbh7 26-Feb-16 LOWV 84.8 1.6 -24.3
Cbh8 26-Feb-16 LOWYV 88.4 1.6 -24.3
Cbh9 26-Feb-16 LOWV 49.4 2.1 -23.8
C60 26-Feb-16 LOWYV 50.3 2.1 -23.8
C61 26-Feb-16 Production 29.7 2.6 -23.9
C62 26-Feb-16 Production 78.5 1.8 -23.6
C63 26-Feb-16 LOWYV 34.9 2.4 -23.9
c64 26-Feb-16 LOWV 48.0 2.0 -23.8
C66 26-Feb-16 LOWYV 93.4 0.7 -23.6
C68 26-Feb-16 LOWYV 88.8 0.7 -23.8
C69 26-Feb-16 Production 86.3 0.7 -23.8
C70 26-Feb-16 LOowv 105.8 0.7 -23.7
C71 26-Feb-16 LOowv 102.8 0.8 -23.8
C72 26-Feb-16 LOowv 144.0 0.7 -23.7
C73 26-Feb-16 Production 125.0 0.7 -23.7
C74 27-Feb-16 LOowv 99.1 5.9 -22.9
C76 27-Feb-16 LOowv 90.0 6.1 -22.9
C77 27-Feb-16 LOowv 99.9 5.9 -23.0
C78 27-Feb-16 LOowv 46.6 5.7 -22.7
C79 27-Feb-16 LOowv 32.8 5.1 -22.6
C80 27-Feb-16 LOowv 36.5 5.0 -22.6
C81 27-Feb-16 LOowv 36.0 4.9 -22.6
C82 27-Feb-16 LOWV 34.3 4.9 -22.6
c83 27-Feb-16 LOWYV 118.0 5.3 -23.0
C84 27-Feb-16 LOWV 43.2 5.6 -23.2
C85 27-Feb-16 Production 42.7 5.7 -23.2
C86 27-Feb-16 LOWV 43.2 5.8 -23.2
c87 27-Feb-16 LOWV 55.8 5.2 -23.3
Cc88 27-Feb-16 LOWV 40.7 5.7 -23.2
C89 27-Feb-16 Production 19.5 6.7 -23.4
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Table 8.3: Log of Tests — Natural Snow (cont’d)

. Viscosity Endl:|rance Precipitation Temperature
# Fluid Type Type Tlrne Rate (°C)
(mins) (g/dm?/h)

C90 27-Feb-16 Production 28.5 7.3 -23.4
C92 27-Feb-16 Production 33.5 7.7 -23.4
C93 27-Feb-16 LOowv 23.4 6.4 -23.4
C94 27-Feb-16 LOWV 47.0 9.6 -23.4
C95 27-Feb-16 LOWYV 25.5 6.3 -23.4
C96 27-Feb-16 LOWV 24.8 6.1 -23.4
c97 27-Feb-16 Production 20.3 5.3 -23.4
C98 27-Feb-16 LOWV 28.5 6.2 -23.4
C100 27-Feb-16 LOWV 138.0 5.1 -22.7
C101 27-Feb-16 LOWV 128.0 4.8 -22.7
C102 27-Feb-16 LOWV 132.5 4.9 -22.7
C103 27-Feb-16 LOWV 118.0 4.7 -22.8
C105 27-Feb-16 Production 43.8 6.9 -23.0
C106 27-Feb-16 LOWYV 30.6 8.0 -23.0
C107 27-Feb-16 LOWV 25.5 8.6 -23.0
c108 27-Feb-16 LOowv 29.9 8.0 -23.0
C109 27-Feb-16 LOowv 63.8 6.0 -22.9
C110 27-Feb-16 LOowv 44.7 3.9 -22.4
C111 27-Feb-16 Production 46.8 4.5 -22.4
C112 27-Feb-16 Production 39.3 3.6 -22.4
C113 27-Feb-16 LOowv 43.0 3.9 -22.4
c114 27-Feb-16 Production 34.5 3.3 -22.4
C115 27-Feb-16 LOowv 43.0 4.2 -22.4
C116 27-Feb-16 Production 32.7 7.7 -22.0
c118 27-Feb-16 LOowv 31.5 7.8 -22.0
C119 27-Feb-16 LOowv 24.0 8.2 -22.1
C120 27-Feb-16 LOWV 30.5 7.8 -22.0
C121 27-Feb-16 LOWV 30.0 7.9 -22.0
C122 27-Feb-16 LOWV 31.7 7.8 -22.0
C123 27-Feb-16 LOWV 36.3 7.9 -22.0
C124 27-Feb-16 LOWV 44.0 7.8 -22.0
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Table 8.4: Summary of Testing Events — Winter 2015-16

Ev;nt Location Temperatures Pre;i:i:;tion Date P[())?r::s
1 Schefferville, QC | -22 to -23°C 1 to 5 g/dm?/h 04-Feb-16 31
2 Igaluit, NU -24°C 1 to 3 g/dm?/h 26-Feb-16 22
3 Igaluit, NU -22 to -23°C 3 to 10 g/dm?/h 27-Feb-16 46
All Various -22 to -24°C 1 to 10 g/dm?/h Various 929

Table 8.5: Summary of Tests Conducted by Fluid Type and Viscosity Type

Fluid/Viscosity Type Tests
Type Il LOWV 35
Type Il Production 15
Type IV LOWV 42
Type IV Production 7
All 99

8.6.2 Winter 2014-15 and 2015-16 Combined Data Set

Some of the data collected in very cold snow during the winter of 2014-15 (see
Subsection 8.2) was included in the analysis completed for this project. The
combined 2014-15 and 2015-16 data set is described in this subsection.

Three fluids tested in 2014-15 were eliminated from the analysis as their viscosities
had not been checked and therefore the data was not considered sufficiently robust
for the final analysis.

Table 8.6 provides a summary of testing events at which natural snow data was
collected in the winters of 2014-15 and 2015-16, including associated locations,
temperatures and average precipitation rates.

A total of 126 tests from the two winters of testing were included in the analysis.
Table 8.7 provides a summary of tests conducted by fluid type and viscosity type.
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Table 8.6: Summary of Testing Events — Winters 2014-15 and 2015-16

Ev;nt Location Temperatures Pre(::ila;tion Date P?)?r::s

1 Grande Prairie, AB -19°C 7 g/dm?/h 27-Nov-14 4

2 Montreal, QC -19 to -22°C 6 to 9 g/dm?/h 02-Feb-15 11

3 Montreal, QC -16 to -18°C 8 to 10 g/dm?/h | 08-Feb-15 9

4 Montreal, QC -16°C 1 g/dm?/h 14-Feb-15

5 Montreal, QC -16°C 7 g/dm?/h 19-Feb-15 1

6 Schefferville, QC -22 to -23°C 1 to 5 g/dm?/h 04-Feb-16 31

7 Igaluit, NU -24°C 1 to 3 g/dm?/h 26-Feb-16 22
8 Igaluit, NU -22 to -23°C 3 to 10 g/dm?/h 27-Feb-16 46
All Various -16 to -24°C 1 to 10 g/dm?/h Various 126

Table 8.7: Summary of Tests Conducted by Fluid Type and Viscosity Type -
Combined 2014-15 and 2015-16 Data Set

Fluid/Viscosity Type Tests
Type Il LOWV 43
Type Il Production 17
Type IV LOWV 58
Type IV Production 8
All 126

8.6.3 Fluid Failure Photos

Several photos of fluid failure were taken over the course of the testing. Photos 8.9
to 8.12 are four of these photos and cover various testing conditions (different
precipitation rates, fluids, etc.). They visually demonstrate that the current holdover
times are not appropriate.

e Photo 8.9: The picture (example 1) was taken when the fluid was failed
(35 minutes into the test). The expected failure time is 57 minutes. The picture
clearly shows that the fluid is failed, much earlier than the expected failure
time.
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e Photo 8.10: The picture (example 2) was taken when the fluid was failed
(30 minutes into the test). Recall that fluid failure on a plate is determined
when one-third of the plate surface is failed. The expected failure time is
55 minutes. The picture clearly shows that the fluid is failed, much earlier than
the expected failure time.

e Photo 8.11: The picture (example 3) was taken when the fluid was expected
to fail (36 minutes into the test). The actual failure time was 23 minutes. The
picture clearly shows that the fluid failure progression was much beyond the
regular failure.

e Photo 8.12: The picture (example 4) was taken 43 minutes into the test, just
after the fluid was expected to fail (37 minutes). The actual failure time was
25 minutes. The picture clearly shows that the fluid failure progression was
much beyond the regular failure.

8.7 Data Collected - Artificial Shnow

A total of 66 tests were conducted in artificial snow. A log of these tests is provided
in Table 8.8. Fluid names have not been provided in the log, as the data was collected
with the intention of analyzing it in aggregate.

The majority of tests conducted were conducted at -25°C and at the precipitation
rate boundaries for snow currently encompassed in the HOT guidelines: 3, 4, 10,
and 25 g/dm?/h. In addition, tests were conducted at a rate of 50 g/dm?2/h, which
may become a precipitation rate boundary in future.

Additional data was collected at temperatures and precipitation rates equivalent to
natural snow data points that had already been collected. This data was collected to
evaluate the endurance time performance of the snow machine relative to outdoor
natural data.
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Table 8.8: Log of Tests — Artificial Snow

. Viscosity Endl.Jrance Precipitation Temperature
# Fluid Type Type Tlfne Rate (°C)
(mins) (g/dm?/h)
1 Il LOWV 27.5 6 -23
2 Il LOowv 30.8 6 -23
3 Il LOowv 30.3 6 -23
4 A% LOWV 41.6 5 -23
5 A% LOWV 31.0 5 -23
12 Il LOWYV 19.6 10 -25
13 Il LOWYV 5.0 50 -25
14 Il LOWYV 51.8 3 -25
15 Il LOWYV 36.0 4 -25
16 Il LOWYV 17.0 10 -25
17 Il LOWYV 9.5 25 -25
18 Il LOWYV 5.8 50 -25
19 Il LOWYV 14.1 10 -25
20 Il LOWYV 3.5 50 -25
21 Il LOWYV 17.9 10 -25
22 Il LOowv 61.5 3 -25
23 Il LOowv 45.6 4 -25
24 Il LOowv 17.9 10 -25
25 Il LOowv 9.5 25 -25
26 Il LOowv 4.3 50 -25
27 Il LOowv 19.5 10 -25
28 Il LOowv 6.0 50 -25
29 I Production 15.6 10 -25
30 Il LOowv 12.3 10 -25
31 A% LOowv 51.7 10 -25
32 A% LOowv 8.1 50 -25
35 A% LOWV 69.8 3 -25
36 A% LOWYV 41.0 4 -25
37 A% LOWV 16.5 10 -25
38 A% LOWV 10.6 25 -25
39 A% LOWYV 7.1 50 -25
40 A% LOWYV 18.5 10 -25
41 A% LOWYV 6.1 50 -25
42 A% LOWV 30.0 10 -25
43 A% LOWV 32.5 10 -25
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Table 8.8: Log of Tests — Artificial Snow (cont’d)

. Viscosity Endl.Jrance Precipitation Temperature
# Fluid Type Type Tlrne Rate (°C)
(mins) (g/dm?/h)

44 \% LOWV 6.2 50 -25
45 A% LOowv 13.0 10 -25
46 A% LOowv 5.5 50 -25
47 v LOWV 36.4 3 -25
48 v LOWV 29.5 4 -25
49 v LOWV 19.8 10 -25
50 v LOWV 10.5 25 -25
51 v LOWV 4.6 50 -25
52 v Production 30.5 10 -25
53 v LOWV 21.6 10 -25
54 v LOWV 31.1 10 -25
55 v LOWYV 6.8 50 -25
56 v LOWV 32.0 10 -25
57 v LOWV 6.4 50 -25
58 v LOWV 26.5 10 -25
59 A% LOowv 6.8 50 -25
71 Il LOowv 30.5 4 -25
79 A% LOowv 50.6 4 -25
88 I Production 48.2 3 -25
89 I Production 37.0 -25
90 I Production 10.2 25 -25
101 Il LOowv 11.4 25 -25
113 A% LOowv 47.5 4 -25
123 A% LOowv 11.0 25 -25
126 A% LOowv 32.1 4 -25
135 v Production 58.2 3 -25
136 v Production 37.1 -25
137 v Production 12.2 25 -25
142 v LOWV 11.5 25 -25
151 v LOWV 14.0 25 -25
155 v LOWV 14.3 25 -25

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\TP 15338E Final Version 1.0.docx

47

Final Version 1.0, October 19



8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

8.8 Analysis

The data described in Subsections 8.6 and 8.7 is plotted in Figure 8.2. This includes
natural snow data collected in the winters of 2014-15 and 2015-16 and artificial
snow data collected in the winter of 2015-16.

The data is plotted on a chart of rate of precipitation vs. endurance time. Different
colours and shapes are used to distinguish the data by fluid type, viscosity type, and
snow type.

The Type IlI/IV generic holdover times are plotted on the charts as black circles. The
black lines drawn between the generic holdover time data points represent the
generic holdover times at all rates. Data points that are above the black generic
holdover times line indicate data that is above/longer than the associated generic
holdover times. Data points below the black line indicate data is below/did not meet
the associated generic holdover times. This data is of concern.

The artificial snow data collected in the winter of 2015-16 is compared to the historic
artificial snow data collected in 2003-04 and 2012-13 in Figure 8.3.

The artificial snow data points that were collected to replicate specific tests
conducted in natural snow are plotted together with the equivalent natural snow data
points in Figure 8.4.
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Figure 8.2: Results by Snow Type, Fluid Type and Viscosity Type
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8.9

Observations

As can be seen in Figure 8.2:

The data collected in 2015-16 confirm the preliminary findings of the data
collected in 2014-15, i.e. many fluids do not achieve the current generic
holdover times at very cold temperatures (illustrated by the data points below
the black curve in the figure);

Both Type Il and Type IV fluids and both LOWV and production viscosity
fluids are represented in the data below the generic line; and

The majority of natural snow data was collected in precipitation rates below
10 g/dm?/h.

As can be seen in Figure 8.3:

The data collected in artificial snow in 2015-16 with almost all currently
qualified fluids shows performance similar to the historical data collected in
artificial snow. The historical data was collected with limited fluids in the
winters of 2003-04 and 2012-13, as described in Subsection 8.1.

As can be seen in Figure 8.4:

The replication tests illustrate that while there is variance between endurance
times obtained in natural and artificial snow under similar average
temperatures and precipitation rates, on average the artificial snow endurance
times are similar to the natural snow endurance times, not predominantly
longer or shorter (average artificial/natural difference = 106 percent; standard
deviation = 22 percent).

8.10 Conclusions

The data collected in the winter of 2015-16 provides very strong evidence that the
existing Type IlI/IV generic holdover times for very cold snow are not appropriate.
The data also indicates that endurance time data measured in artificial snow at very
cold temperatures should not be assumed to be conservative; it should be taken at
“face value.”

It should be noted that data for two key fluids was not collected and that no LOWV
data was collected for a number of fluids. It is therefore possible that the data
collected does not represent the most conservative holdover time performance of all
Type IlI/IV fluids in very cold snow.
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

8.11 Recommendations

Recommendations arising from the very cold snow research conducted in the winters
of 2014-15 and 2015-16 are provided in the subsections below.

8.11.1 Reductions to Existing Generic Holdover Times

It is recommended that new generic holdover times for Type Il/IV fluids for snow at
very cold temperatures be implemented. The current protocol used to determine all
other Type Il/IV generic holdover times should be used to determine the new holdover
times for very cold snow: the shortest endurance time for all existing fluids/data,
rounded to the nearest 5 minutes, should become the generic holdover time.

If this protocol is used, the holdover times are as follows:

e Very Light Snow: 20 to 25 minutes (FAA), 20 minutes (Transport Canada);
e Light Snow: 10 to 20 minutes; and
e Moderate Snow: 8 to 10 minutes.

The times are shown plotted with the data in Figure 8.5. They represent an
approximate reduction of 50 percent relative to the current Type Il/IV fluid very cold
snow holdover times.

140 > 1 T
135 P ‘
130 L A— 0O NATURAL SNOW - Type I, LOWV
125 -
120 * oo @ O NATURAL SNOW - Type II, Mid Viscosity
1 :g ° ¢ NATURAL SNOW - Type IV, LOWV
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100 | °F ® '
95 @ =8—Generic HOTs (<-14 to -25°C)
90 O ®
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Figure 8.5: Recommended New Generic Holdover Times
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

8.11.2 Very Cold Snow Testing for New Type IlI/IV Fluids

A second recommendation is that the performance of all new Type Il and Type IV
fluids submitted for holdover time testing be evaluated in very cold snow. Details of
what testing is required/appropriate will need to be determined; the data may be
collected in natural and/or artificial conditions.

8.12 Possible Future Mitigations

The recommendation to reduce holdover times for Type Il/IV fluids in very cold snow
was accepted by regulators who introduced the changes in the winter 2016-17 HOT
guidelines, which were published in August 2016.

Feedback from industry is that the reductions could have significant impact on some
operations, especially those at airports that experience significant cold temperatures.
As a temporary form of relief, some of the reductions were temporarily removed, as
described in Subsections 4.5 and 6.5.

Possible future mitigations are being considered to provide permanent and/or further
relief to operators. Two possible mitigations are listed below.

1. Providing fluid-specific holdover times for Type IlI/IV fluids in very cold snow.
This requires that additional data be collected and a new analysis methodology
be developed to determine holdover times from the collected data. This would
provide relief for some fluids, most notably for ethylene glycol based fluids
which were observed to have significantly longer holdover times in very cold
snow than most propylene glycol based fluids.

2. Introducing a new temperature band for below -14°C to a warmer temperature
than LOUT. This would also require the collection of additional data. As
holdover times generally shorten as temperature decreases, splitting the
coldest temperature band in two would provide longer holdover times for
temperatures encompassed by the new temperature band.
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

Photo 8.1: Schefferville Photo Collage

Schefferville, Quebec, Canada
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

Photo 8.3: Far North Testing — Required Equipment in Luggage

Photo 8.4: Far North Testing — Test Stand Setup
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Photo 8.5: Far North Testing — Assembled Test Stand

Photo 8.6: Far North Testing — Rate Station
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Photo 8.7: Far North Testing — Test Site
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8. SUPPLEMENTAL RESEARCH: ENDURANCE TIME TESTING IN SNOW AT VERY COLD TEMPERATURES

Photo 8.9: Fluid Failure Photo — Example 1

VARIOUS TYPE I1/IV FLUIDS 100/0

Rate = 2-5 g/dmzlh EX PE, FLUID TYPE,

Expected Failure

Actual Failure = 35 mins

*Photo Taken at Actual Failure*®

Photo 8.10: Fluid Failure Photo — Example 2

f Rate = 6.4 g/dm?/h
Expected Failure = 55 mins
Actual Failure = 30 mins

*Photo Taken at Actual Failure*
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Photo 8.11: Fluid Failure Photo — Example 3

Rate = 6.4 g/dm?/h
Expected Failure = 36 mins

Actual Failure = 23 mins

e R

Rate = 6.1 g/dm?/h

Expected Failure = 37 mins
Actual Failure = 25 mins

*Photo Taken at 43 mins*
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR
REVIEW OF FROST HOLDOVER TIMES

In the winter of 2015-16, supplemental endurance time testing was conducted in
active frost conditions in order to obtain additional data for review and substantiation
of the active frost holdover times. The testing is documented in this section.

9.1 Background

The active frost HOT table was initially developed based on results from the high
humidity endurance time tests conducted as part of the fluid certification process.
During the SAE G-12 Holdover Time Subcommittee meeting in Toulouse, France, in
May 2000, APS was asked to conduct a comprehensive series of tests for all the
frost conditions in the SAE HOT Guidelines using several fluids.

APS conducted endurance time testing in simulated frost conditions at the Institut
de Recherche d’Hydro-Quebec (IREQ) during the 2000-01 testing season. The tests
were conducted in accordance with the proposed ARP5485 (4) procedure for
measuring fluid endurance times in simulated frost conditions. However, it was found
during this testing that the environmental conditions specified in ARP5485 (4) did
not produce the desired frost rates and that further research was necessary.

During the 2001-02 testing season, additional research was carried out at IREQ to
attempt to determine test conditions that would produce the desired frost intensities
at the various test temperatures in a laboratory setting. Ultimately, the desired
parameters proved to be non-reproducible and it was determined that outdoor field
work in natural conditions would be necessary.

Following some preliminary outdoor testing conducted in the winter of 2002-03 using
Type | fluids, it was recommended that Type Il, lll, and IV fluids also have their active
frost holdover time values substantiated through outdoor testing in natural frost
conditions. This recommendation was accepted by the SAE G-12 holdover time
working group in September 2003 and a natural frost outdoor testing project began
in the winter of 2003-04. Over the next six winter testing seasons, natural frost
tests were conducted. This work is documented in the Transport Canada report,
TP 14938E, Substantiation of Aircraft Ground Deicing Holdover Times in Frost
Conditions (10). A new, more conservative frost HOT table was developed based on
the data collected and was published in the 2009-10 HOT Guidelines.

The fluids used to develop the active frost holdover times implemented in 2009-10
were fluids that were commercially available at the time the testing was completed;
however, many of these fluids have since become obsolete. Additionally, many fluids
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER TIMES

that came to market following this initial testing were never tested in active frost
conditions.

Questions were raised as to whether substantiation of the active frost HOT table
would be possible using only data from currently commercially available fluids.
Additionally, consideration was given to the possibility that changes to the active
frost holdover times could be supported (either due to poor performing fluids from
the initial substantiation project becoming obsolete or as a result of untested current
fluids having holdover times that don’t meet the current generic times).

A project was carried out in the winter of 2014-15 to investigate these questions.
The work is documented in the Transport Canada report, TP 15323E, Aircraft Ground
Icing Research General Activities During the 20714-15 Winter (11). The analysis
performed within that report identified that the current active frost data set required
more data with current commercially available fluids in several cells of the active
frost HOT table in order to substantiate the existing generic holdover times.

As a result of this work, supplemental frost testing was recommended to be
performed in the winter of 2015-16 with the goal of obtaining data with commercially
available fluids with a particular emphasis on those holdover time cells identified as
requiring additional data.

9.2 Objective
The objectives of this project were to:

a) Conduct active frost testing with current commercially available fluids in order
to obtain data in areas that were previously identified as requiring more testing
for complete generic holdover time substantiation;

b) Evaluate the current active frost data set (including tests conducted in
2015-16 as part of objective a) to determine whether substantiation of the
generic frost holdover times is possible in all cells of the HOT table and with
all current fluids; and

c) To review the current generic frost holdover times and determine whether
changes (either extensions or reductions) are required.
9.3 Test Methodology

In the winter of 2015-16, frost testing was conducted with the goal of collecting
more data with current commercially available fluids. This was made possible as a
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER TIMES

large selection of LOWYV fluid samples were submitted in Winter 2015-16 for use in
a number of different projects.

The testing was conducted using the standard active frost test procedure, Test Plan:
Endurance Time Testing in Frost with Type I, II, Ill and IV Fluids — Further
Substantiation of Frost Holdover Times, which can be found in Appendix N. As one
of the objectives of this project was to review and investigate potential changes to
the generic active frost holdover times, additional emphasis was placed upon running
the individual frost tests as long as possible (either to failure, or for durations that
are well in excess of the existing generic holdover times).

9.4 Data Collected in 2015-16

Table 9.1 shows the frost testing data that was collected in 2015-16. This includes
the frost tests conducted as part of the standard fluid holdover time testing as well
as the supplemental tests conducted with the purpose of improving the current active
frost data set.

For the most up to date information concerning the frost data collected in past years,
please refer to Transport Canada report, TP 15323E, Aircraft Ground Icing Research
General Activities During the 2014-15 Winter (11).
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER TIMES

Table 9.1: Frost Data Collected in Winter 2015-16
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FROST TESTS - HOLDOVER TIME TESTING
HOT1 | Jan-04-16 100% | 4 Clariant Max Flight AVIA Al. Plate 582 DNF 0.08 Below -14 to -21 | -19.1 80 7
HOT2 | Jan-04-16 100% | 4 Clariant Safewing EG IV North Al. Plate 581 DNF 0.08 Below -14 to -21 | -19.1 80 7
HOT4 | Jan-04-16 100% | 4 Shaanxi Cleansurface IV Al. Plate 579 DNF 0.08 Below -14 to -21 | -19.1 80 7
HOT9 | Jan-07-16 100% | 4 Clariant Max Flight AVIA Al. Plate 631 DNF 0.18 Below -3 to -10 -5.2 89 9
HOT10 | Jan-07-16 100% | 4 Clariant Safewing EG IV North Al. Plate 629 DNF 0.18 Below -3 to -10 -5.2 89 9
HOT11 | Jan-07-16 100% | 4 Shaanxi Cleansurface IV Al. Plate 628 DNF 0.18 Below -3 to -10 -5.2 89 9
HOT12 | Jan-07-16 75% 2 Yadilite YD-102 Al. Plate 473 | Failed 0.17 Below -3 to -10 -5.3 89 9
HOT13 | Jan-07-16 | 100% | 2 Yadilite YD-102 Al. Plate 599 DNF 0.18 Below -3 to -10 -5.4 90 9
HOT14 | Jan-07-16 75% 4 Clariant Max Flight AVIA Al. Plate 586 DNF 0.18 Below -3 to -10 -5.4 90 9
HOT15 | Jan-07-16 75% 4 Clariant Safewing EG IV North Al. Plate 585 DNF 0.18 Below -3 to -10 -5.4 90 9
HOT16 | Jan-07-16 75% 4 Shaanxi Cleansurface IV Al. Plate 582 DNF 0.18 Below -3 to -10 -5.4 90 9
HOT17 | Feb-18-16 75% 2 Yadilite YD-102 Al. Plate 178 | Failed 0.16 Below -10 to -14 | -11.9 | 83 7
HOT18 | Feb-18-16 75% 4 Clariant Safewing EG IV North Al. Plate 412 Failed 0.15 Below -10 to -14 | -12.4 | 84 6
HOT19 | Feb-18-16 75% 4 Clariant Max Flight AVIA Al. Plate 417 | Failed 0.15 Below -10 to -14 | -12.4 | 84 6
HOT20 | Feb-18-16 | 100% | 4 Clariant Max Flight AVIA Al. Plate 423 DNF 0.15 Below -10 to -14 | -12.5 | 85 6
HOT21 | Feb-18-16 100% | 4 Clariant Safewing EG IV North Al. Plate 424 DNF 0.15 Below -10 to -14 | -12.5 | 85 6
HOT22 | Feb-18-16 100% | 4 Shaanxi Cleansurface IV Al. Plate 425 DNF 0.15 Below -10 to -14 | -12.5 | 85 6
HOT23 | Feb-18-16 | 100% | 2 Yadilite YD-102 Al. Plate 425 DNF 0.15 Below -10 to -14 | -12.5 | 85 6
HOT24 | Feb-18-16 100% | 4 Deicing Solutions ECO-SHIELD Al. Plate 427 DNF 0.15 Below -10 to -14 | -12.5 | 85 6
HOT25 | Feb-18-16 75% 4 Shaanxi Cleansurface IV Al. Plate 435 DNF 0.15 Below -10 to -14 | -12.5 | 85 6
HOT26 | Apr-17-16 50% 4 Clariant Max Flight AVIA Al. Plate 390 DNF 0.02 -1 and Above 4.8 66 5
HOT27 | Apr-17-16 50% 4 Shaanxi Cleansurface IV Al. Plate 389 DNF 0.02 -1 and Above 4.8 66 5
HOT28 | Apr-17-16 50% 4 Clariant Safewing EG IV North Al. Plate 389 DNF 0.02 -1 and Above 4.8 66 5
HOT29 | Apr-17-16 50% 2 Yadilite YD-102 Al. Plate 388 DNF 0.02 -1 and Above 4.8 66 5
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Table 9.1: Frost Data Collected in Winter 2015-16 (cont’d)
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HOT30 | Apr-17-16 | 100% | 3 | AllClear AeroClear MAX (CB18000A2) | Al. Plate | 388 DNF | 0.02 -1 and Above 4.8 66 5

FROST TESTS — FROST HOT SUBSTANTIATION

FRS1 Jan-04-16 | 100% | 2 Kilfrost ABC-Ice Clear Il Al. Plate | 413 | Failed | 0.08 | Below -14 to -21 | -19.0 | 79 6
FRS2 | Jan-04-16 | 100% | 4 Clariant MaxFlight 04 Al. Plate | 579 DNF | 0.08 | Below -14 to -21 | -19.1 80 7
FRS3 | Jan-04-16 | 100% | 4 Clariant Safewing MP IV Launch Plus | Al. Plate | 503 | Failed | 0.08 | Below -14 to -21 | -19.1 79 6
FRS4 | Jan-04-16 | 100% | 4 Cryotech Polar Guard Advance Al. Plate 502 Failed | 0.08 | Below -14 to -21 | -19.1 79 6
FRS5 | Jan-07-16 | 100% | 4 Clariant MaxFlight 04 Al. Plate | 635 DNF | 0.18 | Below -3 to -10 -5.2 89 9
FRS6 | Jan-07-16 | 100% | 4 Cryotech Polar Guard Advance Al. Plate | 634 DNF | 0.18 | Below -3 to -10 -5.2 89 9
FRS7 | Jan-07-16 | 100% | 4 Newave FCY 9311 Al. Plate | 632 DNF | 0.18 | Below -3 to -10 -5.2 89 9
FRS8 | Jan-07-16 | 100% | 4 Clariant Max Flight SNEG Al. Plate | 608 DNF | 0.18 | Below -3 to -10 -5.2 89 9
FRS9 | Jan-07-16 | 75% 4 Cryotech Polar Guard Advance Al. Plate | 587 DNF | 0.18 | Below -3 to -10 -5.4 90 9
FRS10 | Feb-18-16 | 75% 2 Shaanxi Cleanwing Il Al. Plate | 282 | Failed | 0.16 | Below -10 to -14 | -12.1 84 7
FRS11 | Feb-18-16 | 75% 4 Cryotech Polar Guard Advance Al. Plate 384 Failed | 0.16 | Below -10 to -14 | -12.3 84 7
FRS12 | Feb-18-16 | 100% | 2 LNT Solutions P250 Al. Plate | 422 DNF | 0.15 | Below -10to -14 | -12.5 | 85 6
FRS13 | Feb-19-16 | 100% | 4 Newave FCY 9311 Al. Plate | 418 DNF | 0.15 | Below -10to -14 | -12.5 | 85 6
FRS14 | Feb-19-16 | 100% | 4 Clariant Max Flight SNEG Al. Plate | 417 DNF | 0.15 | Below -10to -14 | -12.5 | 85 6
FRS15 | Feb-19-16 | 100% | 4 Cryotech Polar Guard Advance Al. Plate | 416 DNF | 0.15 | Below -10 to -14 | -12.5 | 85 6
FRS16 | Feb-19-16 | 100% | 2 Shaanxi Cleanwing Il Al. Plate | 415 DNF | 0.15 | Below -10to -14 | -12.5 | 85 6
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9.5 Analysis Methodology

This section describes the methodology behind the analyses performed. The
methodology for each objective is described separately.

9.5.1 Evaluation of Number of Data Points in Each HOT Table Cell

The first part of the work consisted of reviewing all of the current natural frost data
collected to determine how many valid points exist for each of the cells found within
the active frost HOT table. A valid point is defined as any test that meets one of the
following criteria:

1) Test was run until failure and the endurance time exceeded the applicable
generic holdover time given in the active frost HOT table; or

2) Test was terminated prior to failure, however the duration of the test exceeded
the applicable generic holdover time given in the active frost HOT table.

All tests were additionally flagged as either “current” or “obsolete”, depending on
the status of the fluid used for the testing. The data set consisting of all valid current
tests was then evaluated in order to determine if there are enough current data points
to substantiate the existing frost HOT table or if specific cells have data deficiencies.
Particular attention was given to ensure that there is sufficient data across all
temperature bands, fluid types and concentrations.

9.5.2 Review of Current Data and Existing Active Frost Generic Holdover
Times

The second part of the work was to examine the currently valid data points to
determine if there are particular cells where the generic holdover times are too
conservative and could potentially be increased. This analysis was primarily
concerned with tests allowed to run to failure. These are a better indicator of fluid
performance as opposed to tests that did not fail as they give more accurate detail
on how long a given fluid will last in active frost conditions, however, only a relatively
small proportion of the current data points actually reached failure. Due to the relative
lack of failed data points, consideration was also given to valid tests where failure
was not reached but where the test duration exceeded the associated generic
holdover time.

It should be noted that all frost testing conducted as of the winter of 2015-16 has
put additional emphasis on the importance of running tests to failure, or as a
minimum, for a duration that is well in excess of the established generic holdover
time.
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9.6 Analysis

This section describes the analysis performed for objectives b) and c).

9.6.1 Evaluation of Number of Data Points in Each HOT Table Cell

Table 9.2 shows the breakdown of the data points in the current active frost HOT
table.

When this analysis was initially performed in Transport Canada report, TP 15323E,
Aircraft Ground Icing Research General Activities During the 2014-15 Winter (11), it
was identified that the current data set overall had fewer data points than the historic
data set used for initial active frost holdover time substantiation. This was expected
as a number of Type Il/IV used in the initial substantiation project have since become
obsolete.

While it is not critical to have an equivalent number of valid data points in the current
set relative to the historic set (as historical obsolete fluids were acceptable fluids at
the time of the initial substantiation), it is important to have a good distribution of
valid data points across the various temperature bands and concentrations. A good
minimum target would be two valid tests per HOT table cell. Several cells are lacking
in current data and testing for the 2016-17 winter should aim to cover these gaps.

Table 9.2: Active Frost Data Points — Current Fluids

Fluid Current Data Points
OAT (°C) .
Concentration Type | Type Il | Type lll | Type IV
100/0 0 5 0
-1 and Above 75/25 8 1 1
50/50 4 2 4
100/0 1 0 0
Below -1 to -3 75/25 6 2 0 5
50/50 4 0 7
100/0 8 1 14
Below -3 to -10 14
75/25 8 1 10
100/0 9 1 8
Below -10 to -14 18
75/25 11 0 5
Below -14 to -21 100/0 23 8 3 15
Below -21 to -25 100/0 2 1 0 1
Totals 71 57 13 70
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Table 9.3 shows a breakdown of the cells which should be targeted for additional
data acquisition during the 2016-17 testing season. No Type | testing is planned for
this testing season. It should be noted that although there is limited Type Ill 75/25
and 50/50 data in multiple temperature bands, this is not considered a priority testing
target as only one Type lll fluid is currently available in 75/25 and 50/50 dilutions
(Clariant Safewing MP |ll 2031 ECO) and this fluid expired in 2015 (expired fluids
are removed from the HOT guidelines after four years).

Table 9.3: Active Frost Data Acquisition Targets for 2016-17 Testing Season

100/0
-1 and Above 75/25 T2 0
Below -1 10 -3 ;05)2/0 -

9.6.2 Review of Current Data and Existing Active Frost Generic Holdover
Times

The second objective of the analysis was to take a more in-depth look at the
endurance times of the tests performed in order to determine if any changes to the
generic active frost holdover times could be supported. The goal was to identify cells
of the active frost HOT table for which multiple valid tests that were run to failure
exist (e.g. Type Il Fluids — Below -1°C to -3°C - Neat). From there, the endurance
time of each of these applicable tests can be compared to the existing generic active
frost holdover time. If for a given cell there are multiple failed tests where all of the
measured endurance times far exceed (or are lower than) the existing generic
holdover time, then it is possible that a change to the existing generic times could
be supported.
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Table 9.4 lists the endurance times of all current Type Il active frost tests run to
failure as well as “Did Not Fail” (DNF) tests for all fluid dilutions and temperature
bands. Also given are the corresponding generic holdover times for comparison
purposes.

The majority of the usable Type Il data for this analysis is in the “Below -3°C
to -10°C,” “Below -10°C to -14°C” and “Below -14°C to -21°C"” temperature
bands. As such, it is these temperature bands that currently have the most
convincing evidence for potential generic holdover time expansion. While there is
likely not enough failed data in the current set to fully support extensions at this
time, it should be noted that this is an ongoing project and the results seen thus far
are encouraging.

Testing in the coming winter season should emphasize obtaining additional failed
data in the warmer temperature bands with all dilutions of Type Il fluids.

There is generally much more failed active frost test data available for Type Il fluids
in comparison with Type IV fluids (likely due to the reduced protection time generally
offered by Type Il fluids).

Table 9.4: Type Il Active Frost Holdover Time Comparison

. Endurance Times of . . Generic Evidence
Temp Band !:Iw.d Failed Points Did .NOt Fail HOT for
Dilution : (minutes) .
(minutes) (minutes) Increase?
100/0 None None 480 No
-1°C and
75/25 None 348 300 No
Above
50/50 None 338, 338, 183, 180 180 Yes
. 100/0 None 522 480 No
B e | 75125 None 521, 366 300 No
50/50 191, 125, 114, 113 None 90 No
749, 724, 620, 618,
Below -3°C 100/0 628 618, 601, 599 480 Yes
to -10°C
75/25 557, 473, 401 619,617, 615, 600, | 4, Yes
384
644, 530, 491, 464,
Below -10°C 100/0 716, 551 462, 425, 422, 415 360 Yes
to -14°C 592, 439, 395, 282,
75/25 268, 254, 178, 152 491, 463, 461, 254 60 Yes
Below -14°C 637, 622, 481, 479,
0 -21°C Neat 413 678, 469, 361 360 Yes
Below -21°C
t0 -259C Neat None 217 120 No
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER TIMES

Table 9.5 lists the endurance times of all current Type Ill active frost tests run to
failure as well as DNF tests for all fluid dilutions and temperature bands. Also given
are the corresponding generic holdover times for comparison purposes.

The existing data set for Type Il fluids is limited; however, all of the failures observed
did greatly exceed their corresponding generic holdover time. If more data could be
gathered in the future, it is possible that there would be a case for extending the
Type lll generic holdover times across the board. Extensions should not be considered
for Type Il diluted fluids at this time, as the only Type lll fluid with holdover times
published for dilutions, Clariant Safewing MP |ll 2031 ECO, is currently expired and
will be removed from the guidelines within several years [as per the removal protocol
listed in ARP5718 (7)].

It would be beneficial to collect additional data in all temperature bands with the only
non-expired Type Il fluid in the guidelines, AllClear AeroClear MAX, to support future
generic holdover time extensions.

Table 9.5: Type lll Active Frost Holdover Time Comparison

. Endurance Times of . . Generic Evidence
Temp Band !:Iw.d Failed Points Did .NOt Fail HOT for
Dilution : (minutes) .
(minutes) (minutes) Increase?
100/0 None 388,335, 152,151, | 45, Yes
-1°C and 145
Above 75/25 114 335 60 Yes
50/50 None None 30 No
100/0 None None 120 No
Below -1°C
0 -39C 75/25 None None 60 No
50/50 None None 30 No
Below -3°C 100/0 556 None 120 Yes
to -10°C 75/25 442 None 60 Yes
Below -10°C 100/0 None 459 120 Yes
to -14°C 75/25 None None 60 No
Below -14°C
0 -21°C Neat 599 324, 306 120 Yes
Below -21°C
t0 -259C Neat None None 120 No
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER TIMES

Table 9.6 lists the endurance times of all current Type IV active frost tests run to
failure as well as DNF tests for all fluid dilutions and temperature bands. Also given
are the corresponding generic holdover times for comparison purposes.

As was the case for Type Il fluids, the majority of the usable Type IV data for this
analysis is in the “Below -3°C to -10°C,” “Below -10°C to -14°C” and
“Below -14°C to -21°C"” temperature bands. This is due to the increased emphasis
on running frost tests to completion or for durations far exceeding the generic
holdover time that was first implemented prior to the 2015-16 winter testing season
(the majority of the frost data gathered during this year was in the aforementioned
temperature bands).

These temperature bands currently have the most evidence for potential generic
holdover time expansion, however more data is needed before extensions can be
fully supported.

Testing in the coming winter season should emphasize obtaining additional failed
data in the warmer temperature bands with all dilutions of Type IV fluids.

Table 9.6: Type IV Active Frost Holdover Time Comparison

Endurance Generic Evidence
Fluid Times of Failed Did Not Fail
Temp Band N . . HOT for
Dilution Points (minutes) )
. (minutes) | Increase?
(minutes)
100/0 None None 720 No
_10
1°Cand 7555 None 361 300 No
Above
50/50 None 390, 389, 389, 363 180 Yes
100/0 None None 720 No
_10
U IFTTPT None 523, 384, 378, 376, 365 300 Yes
50/50 227, 204 457, 455, 454, 377, 375 180 No
813, 748, 725, 662, 648,
o 100/0 None 643, 636, 635, 634, 632, 600 Yes
Below -3°C 631, 629, 608, 603
to-107C 625, 602, 588, 587, 586
75/25 None 585, 582, 564, 562, 561 300 Yes
460, 427, 425, 424, 423,
Below -10°C 100/0 None 418, 417, 416, 416 360 Yes
to -14°C
75/25 417,412, 388, 435, 286 60 Yes
384
Below -14°C Neat 618, 598, 503, 772, 680, 679, 633, 582, 360 Yes
to -21°C 502, 430 581, 579, 579, 469, 379
Below -21°C
t0 -259C Neat None 247 240 No
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9. SUPPLEMENTAL RESEARCH: DATA COLLECTION FOR REVIEW OF FROST HOLDOVER TIMES

9.7 Observations

As this project is still on-going and will be continued throughout the 2016-17 testing
season, no final conclusions have been made. This section will document
observations based on the current status of the project as of the end of the 2015-16
testing year.

The current valid data set used for frost holdover time substantiation is lacking in
several areas relative to the historical data set used for initial substantiation. If
considering two valid current data points as a target, several cells of the active frost
HOT table are under-represented in the current data set (refer to Table 9.3 for a
breakdown of cells where additional data acquisition should be considered).
Currently, the warmer temperature bands are relatively under-represented in the data
set, as much of the supplemental testing conducted in the 2015-16 testing season
was performed in the colder temperature bands.

Although there are some cells lacking data in the current data set, it is not an
immediate cause for concern. All of the current frost tests that reached failure
demonstrate endurance times that exceed their respective generic holdover time (in
many cases greatly exceed).

There is evidence that several cells of the existing active frost HOT table may have
generic holdover times that are overly conservative, however additional data is still
required before changes to these generic times could be supported. Specifically, data
should be obtained with all fluids of a given Type before any changes could be
introduced as it would not be possible to identify the worst-performing fluids if there
are fluids that remain untested.

9.8 Recommendations

It is recommended that active frost testing for the Winter 2016-17 testing season
be targeted towards augmenting the current data set in the cells outlined in
Table 9.3. As much of the active frost testing in Winter 2015-16 was conducted in
the colder temperature bands, there is a particular need for data from warmer frost
events. It should be noted however that there is still value in obtaining failed test
data in all temperature bands to support future extensions to the generic active frost
holdover times.
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70. CONCLUSIONS

10. CONCLUSIONS

The conclusions derived from the testing conducted in the winter of 2015-16 are
provided below.

10.1 Annual Testing

Endurance time testing was carried out with seven de/anti-icing fluids in the winter
of 2015-16. The results of this testing resulted in several changes being made to the
HOT guidelines. The changes, described below, were included in the winter 2016-17
HOT guidelines.

Type | Fluids
e No changes were made to the Type | fluid HOT guidelines.

Type |l Fluids

e A fluid-specific HOT table was added for the new fluid Beijing Yadilite Aviation
YD-102 Type Il.

e LNT Solutions P250 was removed.

e Minor changes (both increases and decreases) were made to the Type ll
generic fluid holdover times as a result of the new and removed Type Il fluids.

e The holdover times for snow in the “below -14°C to LOUT"” row were reduced
for all Type Il fluids.

Type Hll Fluids

e Supplemental testing with AllClear AeroClear MAX (Type Ill) resulted in
changes to most of its holdover times.

Type IV Fluids

e Fluid-specific HOT tables were added for the new fluids Clariant Max Flight
AVIA, Clariant Safewing EG IV NORTH and Shaanxi Cleanway Aviation
Cleansurface V.

e Supplemental testing with Deicing Solutions ECO-SHIELD® (Type IV) resulted
in changes to most of its holdover times.

e Cryotech Polar Guard® and Dow Chemical UCARTM FlightGuard AD-480 were
removed from the guidelines as per the protocol for removal of obsolete data.
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70. CONCLUSIONS

Significant changes (both increases and decreases) were made to the Type IV
generic holdover times as a result of the new and removed Type IV fluids. In
addition, the Type IV generic HOT table was expanded to include holdover
times for three snowfall intensities: very light, light and moderate.

The holdover times for snow in the “below -14°C to LOUT” row were reduced
for all Type IV fluids.

Allowance Time Tables

Several changes were made to the Type Illl and Type IV allowance tables.
These include reordering of the existing precipitation type rows, the addition
of new precipitation type rows, minor changes to some existing allowance
times, and minor changes to the existing Type IV temperature bands.

Active Frost Table

A note was added to the active frost HOT table to provide guidance on the
appropriate outside air temperature to select in changing conditions.

Other Changes

Changes were made to the Type | and Type lI/IV fluid application tables to
improve harmonization between the Transport Canada, FAA and SAE fluid
application tables.

Guidance for the application of Type Ill fluid was previously provided in the
same table as the guidance provided for the application of Type Il/1V fluid. This
guidance was moved to two new Type lll fluid application tables.

Transport Canada published special HOT tables for use when flaps/slats are
deployed prior to de/anti-icing. These tables contain holdover times that are
90 percent of the standard HOT table values.

10.2 Further Changes to Holdover Times Published for Type Il/IV Fluids

in Very Cold Snow

The FAA and Transport Canada published optional holdover time guidance for Type Il
and Type |V fluids in very cold snow in September and October 2016, respectively.
This guidance provided increases to holdover times in very cold snow for ethylene
glycol based Type IV fluids below -14°C and for propylene glycol based Type Il and
Type IV fluids below -14 to -18°C.
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70. CONCLUSIONS

10.3 Supplemental Research: Very Cold Snow

The supplemental testing conducted in snow at very cold temperatures indicated that
the current generic holdover times are not appropriate for Type Il and Type IV fluids.
The testing also indicated that endurance times measured in artificial snow at very
cold temperatures should not be assumed to be conservative. Changes were
recommended and accepted by regulators to reduce the generic Type Il and Type IV
holdover times in very cold snow.

10.4 Supplemental Research: Review of Current and Obsolete Frost
Endurance Time Data

The current active frost data set including only data from currently available
commercial fluids is lacking in several areas relative to the historical data set used
for the initial active frost holdover time substantiation. Supplemental active frost
testing is ongoing with the goal of obtaining more data in areas where the current
active frost data set is lacking. This analysis will be repeated at the conclusion of the
2016-17 testing season.
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711. RECOMMENDATIONS

11. RECOMMENDATIONS

It is recommended that:

1. All new Type [, Il, Il or IV fluids be evaluated over the entire range of
conditions of the HOT tables;

2. Further research be considered to mitigate the reductions made to the Type Il
and Type IV very cold snow holdover times; and

3. Further active frost testing be conducted with current commercially available
fluids to augment the existing frost endurance time data set.
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APPENDIX A

TRANSPORTATION DEVELOPMENT CENTRE
WORK STATEMENT EXCERPT -
AIRCRAFT & ANTI-ICING FLUID

WINTER TESTING 2015-16

3.3 Holdover Time Testing for New Fluids

This program element is funded by the fluid manufacturers. The extent of effort for
this program element will be determined by the number of new fluids submitted for
testing.

(For the 2015-16 testing season, more HOT fluids were received than initially
anticipated.)

a) Conduct flat plate tests with samples of Type |, Type Ill, Type Ill and Type IV
fluids supplied by fluid manufacturers. Testing will be conducted using the
methodology provided in Aerospace Recommended Practice (ARP) 5485
and/or 5945 under conditions of:

i. Natural snow and two frost events at the P.E.T. test site under a wide range
of temperature, precipitation rate, precipitation type, and wind conditions
(in some cases, travel to other locations may be necessary to collect a more
complete set of data); and

ii. Simulated freezing precipitation at the NRC CEF (in freezing drizzle, light
freezing rain, freezing fog, and rain on a cold-soaked surface).

b) Record individual fluid endurance times; and

c) Analyze the data collected, report the findings, and prepare presentation
material for the SAE G-12 meetings.

3.4 Endurance Time Testing in Snow Conditions at Very Cold
Temperatures to Validate Holdover Times at -25°C

a) Determine which fluids should be tested, and request LOWYV samples of these
fluids from the manufacturers;

b) Conduct flat plate tests with samples of Type Il, Type lll, Type IV and limited
Type | fluids using the methodology provided in ARP5485 and/or ARP5945
under conditions of natural snow at temperatures close to -25°C (travel will
be required);

c) Conduct snowmaker tests at -25°C. Approximately 15 days (30 tests) of
testing will be required for Type |, I, IV fluids and an additional 5 days (8 tests)
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d)

e)

3.11
a)
b)

c)

d)

e)

3.47

a)

b)

c)

will be required for Type Il fluid. While 20 days are required, approximately
10 days are budgeted as all the fluids may not be received. This snowmaker
work can only be started in late winter after the natural snow data is analyzed,;

Analyze the data collected and provide recommendations for changes to the
HOT guidelines if required; and

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

Further Substantiation of Frost HOTs

Review historical data set used for substantiating frost HOT’s and determine
possible areas with lacking data due to fluids which have become obsolete;

Review and, if required, modify the procedure for outdoor natural frost testing;

Conduct natural frost endurance time testing with commercialized fluids (will
require LOWV samples from fluid manufacturers, samples will be obtained as
part of separate task);

Analyze data and results and review impact on guidance; and

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

Endurance Time Testing with Coloured and Uncoloured
Formulations

Conduct a subset of the standard holdover time testing using coloured and
uncoloured formulations of the same holdover time fluid;

Analyze the data collected; and

Report on findings.
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Procedure for Conducting Endurance Time Tests for SAE Deicing/Anti-lcing
Fluids — SAE Type Il, lll and IV

Procedure: Determination of Endurance Times of Type | Fluids Under Natural
Snow Precipitation at Dorval

Procedure: Endurance Time Testing in Frost with Type I, I, Ill and IV Fluids

Procedure: Endurance Time Test Requirements for Simulated Snow Flat Plate
Testing — Type Il, Il and IV Fluids

Procedure: Development of Type | Protocol for Indoor Snow (ARP5495)
Overall Program of Tests at NRC, March/April 2016
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

FOREWORD

Aircraft deicing/anti-icing fluids certified under AMS 1428 (Types Il, Il and IV
fluids) must be tested for endurance time as described in Aerospace Standard
(AS 5485). Endurance time can be defined as the time that a fluid can endure
controlled and defined temperature and precipitation conditions before failure.
These temperature and precipitation conditions were developed taking into
consideration meteorological data. The endurance time data are presented to the
SAE G-12 Holdover Time Subcommittee for examination and validation. If of
acceptable quality, these data are used to update holdover time guidelines for
the appropriate fluid type, taking into consideration the effects of natural
variability of precipitation both in time and space.

This procedure provides peer reviewed written documentation for laboratory
endurance time testing for freezing fog, freezing drizzle, light freezing rain and
rain on cold soaked wing. In addition, the current outdoor snow test procedure
is included in this document.

1. SCOPE:

1.1 Purpose:

The purpose of this procedure is to provide the sample selection and endurance
time test procedures, for SAE Type Il, lll and IV aircraft deicing/anti-icing fluids,
required for the generation of endurance time data of acceptable quality for
review by the SAE G-12 Holdover Time Subcommittee.

The procedure comprises of a general section, individual endurance time testing
procedures for each precipitation condition, a section containing attachments, a
section containing forms, followed by a section that includes the calibration
instructions for the testing equipment.

For information purposes only, a similar procedure that includes Type | aircraft
deicing fluids, certified under the AMS 1424, can be found at
LA ACM1680(exBM3833)\Procedures\AS5485\AS 5485 PROCEDURE (new).doc.

1.2 Examination of Endurance Time Data:

Periodically, the SAE G-12 Holdover Time Subcommittee examines endurance
time test data of aircraft deicing/anti-icing fluids SAE Type Il, lll, and IV and
validates, based on the endurance time data, if such fluids can be used in
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conjunction with SAE Type Il, lll, or IV holdover time guidelines. As the SAE
G-12 Holdover Time Subcommittee examines endurance time data, it will take
into consideration the effects of natural variability of precipitation both in time
and space to generate or adjust holdover time guidelines.

1.3 Limits:
This procedures provides laboratory simulation of freezing fog, freezing drizzle,
light freezing rain and rain on cold soaked wing. It also describes test conditions

for outside natural snow tests. Other forms of freezing/frozen precipitation are
not addressed in this procedure.

1.4 Testing Agent(s):

1.4.1 Independence of Testing Agent(s):

A testing agent shall be independent of the fluid manufacturer or fluid vendor.

1.4.2 Role of the Testing Agent:

APS Aviation Inc. will coordinate activities related to the sample selection
procedures (section 2).

1.4.3 Sending Samples:

In order to receive the fluid samples, APS will write a request letter to the fluid
manufacturer. The complete process of receiving fluid is described in detail in
ATTACHMENT 7.

Fluid samples for testing sent to APS will be verified to ensure that the sample
selection procedures have been adhered to. In turn APS, if the requirements of

the applicable sample selection procedure are fulfilled, will send the samples to
the test facility/site for endurance time testing.

1.5 Test Facility/Site and Test Personnel/Training:

1.5.1 Independence of the Test Facilities/Sites:

The test facilities/sites shall be independent of the fluid manufacturer or fluid
vendor.
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1.5.2 Role of the Test Facility/Site:

The test facilities/sites are responsible for providing the facility for performing
the endurance time tests (sections 3 to 10).

Typically, APS will conduct tests at:

a) NRC under conditions of ZF, ZD, ZR and CSW;
b) IREQ under condition of frost; and
c) The APS test site and other various locations for natural snow.

1.5.3 Test Personnel and Training:

The personnel involved in testing, for each of the above conditions, can be
found in ATTACHMENT 8.

1.6 Units:

This procedure and tests will use Sl units or both.

1.7 Safety:

While the materials, methods, applications, and processes described or
referenced in this procedure may involve the use of hazardous materials, it is
the sole responsibility of the testing agent to ensure familiarity with the safe
and proper use of any hazardous materials and processes and to take necessary
precautionary measures to ensure the health and safety of all personnel
involved. APS will advise all team members of the safe measures outlined in
ATTACHMENT 1.
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2. APPLICABLE DOCUMENTS:

The issues of the following documents form a part of this procedure to the
extent specified herein. When the referenced document has been canceled and
no superseding document has been specified, the last published issue of that
document shall apply. In the event of conflict between the text of this
document and the Aerospace Standard 5485, the standard takes precedence.
This procedure contains data forms. The data forms are grouped into a section,
and they can be found at the end of this document.

2.1 SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001:
AIR 9968 Field Viscosity Test of Thickened Aircraft Deicing/Anti-icing Fluids
AMS 1424 Deicing/Anti-icing Fluid, Aircraft, SAE Type |

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

AMS 4037 Aluminum Alloy Sheet and Plate, 4.4 Cu - 1.5 Mg - 0.6 Mn (2024-
T3 Flat Sheet, T351 Plate) Solution Heat Treated

AMS 4041 Aluminum Alloy, Alclad Sheet Plate, 4.4 Cu 0.60 Mn (Alclad 2024
and 1-%2% T3 Flat sheet, 1-%2% Alclad 2024 T351 Plate)

ARP4737 Aircraft Deicing/Anti-icing Methods with Fluids

AS 5901 Water Spray and High Humidity Endurance Test Methods for SAE
AMS 1424 and SAE AMS 1428 Aircraft Deicing/Anti-icing Fluids

2.2 ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-
2959:

ASTM D 1193 Reagent Water
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2.3 IS0 Publications:

Available from International Organization for Standardization, Case postale 56,
rue Varembe, CH -1211, Switzerland:

ISO 10012: Quality assurance requirements for measuring equipment

2.4 Transport Canada Publications:

Available from Transportation Development Center, Transport Canada, 800,
boul. René-Lévesque Ouest, 6" Floor, Montréal QC H3B 1X9, Canada.

Validation of Methodology for Simulating a Cold Soaked Wing. Transport
Canada Document TP 12899E.

Aircraft Ground De/Anti-icing Fluid Holdover Time and Endurance Time Testing
Program for the 2001-2002 Winter. Transport Canada Document TP 13991E.
2.5 Other Documents:

Godard, L. (1959), Procédé pour déterminer les dimensions des gouttelettes de
brouillard ou de nuages, Bulletin de I'observation du Puy de Déme, pp.11-13

Godard, S. (1960), Mesure des gouttelettes de nuage avec un film de collargol.
Bulletin de I'observation du Puy de Déme, pp. 41-46.
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3. SAMPLE SELECTION PROCEDURE FOR SAE TYPE I, lll, AND IV
FLUIDS:

3.1 Requirements:

3.1.1 Normal Batch and Viscosity Reduction:

The sample shall be fluid taken from a production batch and its viscosity may be
reduced by the manufacturer by some process subsequent to manufacturing.

3.1.2 Water Spray Endurance Time (WSET):

The WSET (measured according to AS 5901 but without shearing) of the
sample must be (a) equal to (within experimental error, approximately = 10%)
or less than the WSET of the neat sample (100/0, neat fluid/water) on which
certification WSET in 4.2.3.1.1. of AMS 1428 was done and (b) must not be
less than 30 minutes for Type Il fluids, not less than 20 minutes for Type Il
fluids, and not less than 80 minutes for Type IV fluids.

3.1.3 Viscosity:

The sample 0.3 rpm 20°C viscosity must be equal to (within experimental error,
approximately = 10%) or less than the 0.3 rpm 20°C viscosity of the neat
sample (100/0, neat fluid/water) as measured by AIR 9968 on which the
certification water spray endurance time (WSET) in 4.2.3.1.1. of AMS 1428
was done.

3.1.4 Fluid Manufacturer's Documentation:

The fluid manufacturer shall send the AMS 1428 certificates of conformance of
the fluid to the testing agent.

3.2 Testing Agent Duties:

3.2.1 Run and Report WSET:

APS will run WSET (without shearing) and report to the manufacturer prior to
running any endurance time testing. The results of these tests will be recorded
in Form 1.
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3.2.2 Run and Report Viscosity:

APS will run the viscosity of the unsheared sample at 0.3 rpom 20°C according
to SAE AIR 9968 and report to the manufacturer prior to running any endurance
time testing. Instructions for measuring anti-icing fluid viscosity using DV-l+
Brookfield viscometers are given in ATTACHMENT 3. The results of these tests
will be recorded in Form 1.

3.2.3 Check Certificates of Conformance:

The testing agent shall ensure that it has on hand the SAE AMS 1428
certificates of conformance for the fluid (to make sure it is fully certified).

3.2.4 Check WSET:

The testing agent shall ensure that the requirements of 3.1.2 are met before
proceeding to the next section.

3.2.5 Check Viscosity:

The testing agent shall ensure that the requirements of 3.1.3 are met before
proceeding to the next section.

3.3 Authorization to Proceed with Endurance Time Testing:

3.3.1 Manufacturer's Authorization to Proceed:

After reviewing the reports sent by the testing agent, the fluid manufacturer (if
desirous of proceeding with endurance tests) shall send to the testing agent
authorization to proceed. The authorization receiving date will be recorded in
Form 1.
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3.3.2 Final Check:

APS will proceed with endurance time testing upon successful completion of
3.2.3, 3.2.4, 3.2.5 and 3.3.1 by sending the sample to the testing facility/site.

3.4 Condition of the Sample to be Tested:

3.4.1 The neat sample shall be tested without shearing.

3.4.2 The 75/25 and 50/50 dilutions of the sample shall be made with hard
water and shall be tested without shearing.

3.4.3 Composition of Hard Water:

Dissolve 400 mg + 5 calcium acetate dihydrate Ca(C2H302)2.2H20 and 280 mg
+ 5 magnesium sulfate heptahydrate MgS04.7H20, both of analytical reagent
quality, in 1 liter of ASTM D 1193 Type IV water. If calcium acetate dihydrate
is not readily available, use calcium acetate monohydrate or anhydrous calcium
acetate of analytical reagent quality and ensure the hard water has 82.6 mg/L
Ca*" by atomic absorption (or equivalent method).

3.5 Recertification:

If a fluid manufacturer submits a sample which has a 0.3 rpm 20°C viscosity or
WSET that does not meet the requirements of 3.2.4 and 3.2.5, the sample may
be submitted for endurance time testing provided that prior to testing, the
manufacturer submits new certificates of conformance under 4.2.3.1.1
(including all subparagraphs a, b and c) of AMS 1428 demonstrating that the
sample meets the requirements of 3.2.4 and 3.2.5.

3.6 Viscosity Measurements:
Viscosity in this section shall be determined using the same Brookfield

spindle/sample size combination as used for the AMS 1428 certification (most
current).
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4. ENDURANCE TIME TEST —GENERAL:

4.1 Purpose:

This section of the procedure establishes the general minimum requirements for
test equipment and test procedures used to carry out laboratory endurance time
tests of aircraft deicing/anti-icing fluids under freezing fog, freezing drizzle, light
freezing rain and rain on cold soaked wing conditions. The primary purpose for
such a test method is to determine endurance time for these conditions under
controlled laboratory conditions for SAE Type Il, lll and IV fluids.

This section does not apply to natural snow testing performed outside (Section
10) except where noted otherwise.

4.2 Summary of the Tests:

Fluids to be evaluated are applied to test plates exposed to freezing fog,
freezing drizzle, light freezing rain and rain on cold soaked (simulated) wing.
Endurance times are evaluated by measuring the minimum exposure time before
a specified degree of freezing occurs.

4.3 General Versus Specific Procedures:

This general section (Section 1) covers procedures that are common to
laboratory conditions (except where otherwise noted). Sections 4-10 establish
the specific procedures for each precipitation condition.

4.4 Test Facility/Site Qualification:

Substantiation that the testing facility and associated staff and resources satisfy
the requirements of this endurance time test method including calibration and
measurement methods shall be documented. Such documentation shall be kept
for 3 years.

This requirement (paragraph 4.4) is applicable to section 10.

Documentation of measurement methods and test site facilities is included in
the HOT procedures for natural snow and simulated freezing precipitation.
These two documents can be used to substantiate that APS meets the
necessary requirements, and they can be found in Appendices B and C of
Transport Canada report TP 13991E, Aircraft Ground De/Anti-Icing Fluid
Holdover Time and Endurance Time Testing Program for the 2007-02 Winter,
December 2002.
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4.5 General Environmental Chamber Equipment:

4.5.1 Air Temperature Sensor:

The air temperature sensor will be in proximity to the test plate, typically within
1.5 m of the side of the test plate, but outside the spray area (if any). The
distance and position of the sensing device shall be recorded on Form 2 for NRC
and on Form 6 for IREQ.

4.5.2 Lighting:

The test chamber will be equipped with artificial lighting facilitating ice
formation observation but positioned such that it does not interfere with air,
fluid and plate temperatures.

The NRC facility is equipped with lights mounted in the ceiling. However, when
additional lighting is required, the portable lights will be installed at least 3 m
away from the test stand(s). The same procedure will be applied for IREQ.

4.5.3 Data Acquisition System:

The air temperature, plate temperature and humidity sensors shall be linked to
an electronic data acquisition system as a means of checking and recording the
environmental characteristics of the test chamber and test plates throughout the
course of a test run.

The environmental chamber personnel will record the air temperature and
relative humidity throughout the test and will provide the results (on floppy
disks) to APS Aviation Inc. For easier trace, filenames of the files will be printed
on Form 3.

APS Aviation Inc. will record the test surface temperature for each test, save
the files on floppy disks after each condition and file the disks along with the
forms in the same envelope.

The electronic filenames of these files will be printed on Form 4.

4.5.4 Temperature Control Equipment:

The air temperature (for all conditions) and test plate temperature, if required by
the test protocol, shall be maintained at the required level using heat exchangers
connected to temperature control equipment comprising solid state temperature
sensor such as a platinum resistance probe (100 ohms at 0°C), coupled to a
proportional temperature controller having a minimum resolution of 0.5 °C.
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The NRC facility maintains the chamber temperature within acceptable limits
using their temperature control equipment.

For frost testing, the plate temperature is adjusted and maintained at the
required level by means of a controller that regulates the flow of CO:z in the
cryogenic unit.

4.5.5 Air Distribution System:

The air distribution system shall be comprised of a fan or fans to provide air
recirculation through the main body of the test chamber and to the heat
exchanger. Ducting for the passage of air at both the inlet and the outlet of the
heat exchanger shall have entry and exit ports positioned to provide good air
recirculation throughout the test chamber. The heat exchanger shall be capable
of cooling the air and maintaining it at the specified temperature level. Airflow
shall be measured using a suitable anemometer or velocity meter (see also
4.6.4).

The NRC facility complies with the code requirements.

For a complete equipment list, for each condition, see ATTACHMENT 6.

4.5.6 Water Supply for Nozzles:

Water supplied to nozzles shall conform to conform to ASTM D1193 Type IV
water or a hardness of less than 300 ppm reported as CaCOs.

The NRC facility complies with the code requirements.

4.6 Calibration and Measurement Methods:

4.6.1 Calibration of Standard Measuring Devices:

All temperature sensors, humidity sensors, electronic balances, anemometers,
velocity meters, and timing devices shall be maintained in a known state of
calibration in accordance with recognized international standards such as ISO
10012, by calibrating each instrument at least once every six months or
whenever a piece of equipment is repaired, replaced, moved, or otherwise
suspect. A written record of the calibration for the equipment used is kept in
CALIBRATION ATTACHMENT.
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4.6.2 Icing Intensity Measurement Methods:

4.6.2.1 Icing Intensity Methods Using Reference Ice-catch Plates (Method A):
In most cases the icing intensity on a test plate with fluid cannot be
measured directly as the fluid and some of the precipitation will fall
off the test plate preventing the weighing of the total precipitation for
the duration of the test. Icing intensity is generally established by
catching the precipitation with a specified number so-called reference
ice-catch plates placed adjacent to the test plate and weighing the
amount of precipitation for the duration of the test period. This is the
method that APS is using to measure the icing intensity for frost
(Section 4).

4.6.2.2 Icing Intensity Methods Using Regression Analysis (Method B): An
alternative way of measuring icing intensity is to catch the
precipitation a number of times at the very position of the test plate
before and after the test and average the results. Furthermore at least
two tests with fluid are performed and endurance times determined at
each of the targeted rates. The results are analyzed using regression
analysis to determine the endurance time at the targeted rates of
precipitation. APS Aviation Inc. is currently using this method to
measure icing intensity for freezing fog, freezing drizzle, light freezing
rain and rain on cold soaked wing (Sections 5, 7, 8 and 10). The full
procedure of how to calculate a rate using this method is given in
ATTACHMENT 4.

4.6.2.3 Other Icing Intensity Measurement Methods: Icing intensity
measurement methods may differ from methods described in 4.6.3.1
or 4.6.3.2 depending on the specific configuration of the equipment
(e.g., number of ice-catch plates or their geometry) used to create the
various precipitation conditions.

4.6.2.4 Documentation: Each facility/site performing endurance time tests
shall develop and document appropriate icing intensity measurement
methods for each precipitation condition to ensure that the test
conditions are within the specified limits. Reports issued by the
facility/site shall describe the icing intensity measurement methods
and their results.

The icing intensity measurements for each condition are documented
by APS. At the end of the condition they are stored electronically on
floppy disks, and a summary of icing intensity measurements (on
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paper) is also inserted in the envelope for filing. The data is
subsequently saved to a designated folder on the local network.

The icing intensity data collected for several recent years at NRC was
compiled and analyzed to substantiate that testing under simulated
freezing precipitation was conducted at adequate icing intensity rates
according to the requirements of this standard. The results from this
analysis are stored on the APS’'s server and can be found at the
following location: \\adgaaps\proj\Groups\CM1747\Analysis\Precipitation
Rate Variance at NRC\

4.6.3 Icing Intensity Variability Across Test Plates Measurement Methods:

4.6.3.1 Intensity Variability Across a Test Plate Measurement Method (used
method A): It is important to establish that icing intensity across each
test plate is uniform and within specified limits. The icing intensity
variability (uniformity or lack of uniformity) across each test plate can
be established by periodically replacing the test plates with a specified
number of preweighed ice-catch plates, weighing the precipitation,
and calculating the range. The range is simply the highest value
minus the lowest value and is a quantitative representation of the
variability of precipitation data across each plate. This range must not
exceed limits that are specified for each test condition. The
measurement of the icing intensity variability across a test plate shall
be run at least every six months or whenever a piece of equipment is
repaired, replaced, moved or otherwise suspect.

4.6.3.2 Intensity Variability Across all Test Plates Measurement Method (used
with method B): is described in 6.2.2.3. The measurement of the icing
intensity variability across all test plates shall be run every time
experiments are run.

APS will run icing intensity variability measurements across all test
plates every time tests are conducted (see ATTACHMENT 11).

4.6.3.3 Other Icing Intensity Variability Across Test Plates Methods: A
facility/site may have specific equipment that requires a method for
estimating the icing intensity variability across test plates different
than in 4.6.3.1 and 4.6.3.2. Such other methods are acceptable if
they are shown to be equivalent or more demanding.
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4.6.4 Horizontal Air Velocity Measurement:

Horizontal air velocity shall be measured 50 mm above the surface of the test
plate using a velocity meter or anemometer.

The measured value will be recorded in Form 5 or Form 7.

4.6.5 Water Droplet Size Measurement:

Several methods are available to determine the water droplet size (median
volume diameter). Table 1 lists several acceptable methods as a function of
droplet size. A description of the methods used by APS Aviation Inc. follows:

a) Slide Impact Method with Qil: A sample of the water droplets from the
precipitation is collected on an oil coated microscope slide. An oil having a
viscosity of 5000 mPa.s at 20 °C, spread to an appropriate thickness will
be suitable for certain droplet sizes (see Table1 for appropriate thickness).
The oil may be either a mineral oil or silicone oil. The droplet size is
determined by direct observation under a microscope using an eyepiece
with the appropriate graticle, or from enlarged photographs of the slide;
and

b) Dye Stain Method: Prepare discs by dusting filter paper discs with a
water-activated very finely divided powder form of methylene blue dye.
The prepared discs are manually positioned under precipitation for a fixed
time in order to acquire a droplet size pattern. A calibration curve is then
used to convert from the measured diameter of the droplets on the pattern
to the experimental median volume diameter.

Table 1: Examples of Water Droplet Size Measuring Methods
Droplet Slide Impact with Qil Slide Impact with Laser Dye
Size (Required Qil Thickness) Colloidal Silver Diffraction Stain
5 pm X
20 um X (500 um) X X
200 pm X (1000 um) X
1000 um X (2000 pm) X

X means recommended.

Water droplet size measurements were conducted in the past and have shown
that the simulated precipitation produced at NRC is within the requirements of
this standard for freezing drizzle (Table 4), light freezing rain (Table 6) and rain
on cold soaked wing (Table 8). The results from these measurements are stored
on the APS’'s local network and can be found at the following location:
\\adgaaps\proj\Groups\CM1747\Analysis\Droplet Test
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The median volume diameter for freezing fog should be verified during a next
testing session at NRC to confirm it complies with the requirements of Table 2.

4.7 General Test Procedures:

4.7.1 Test Plate Cleanliness:

The test plates shall be free of all visible contamination, smears, or stains,
except for markings used to estimate ice coverage. Between test runs, any
contamination shall be removed by washing with hot water immediately
followed by an ethanol rinse. If the same fluid is tested on the same plate for
two or more consecutive tests, it is not necessary to clean the plates with
ethanol before the second test; a hot water rinse is sufficient. Allow the plates
to dry after rinse and ensure they are at the appropriate temperature before use.
For freezing fog, freezing drizzle, freezing rain and cold soak wing, a detailed
procedure of plate preparation can be found in ATTACHMENT 5.

4.7.2 Appearance of Frozen Contamination:

Failure is called when 30% of the plate is covered with frozen contamination.
Appearance of this frozen contamination includes, but is not limited to:

a) lce front;

b) lce sheet;

c) Slush, in clusters or as a front;

d) Disseminated fine ice crystals;

e) Frost on surface;

f) Clear ice pieces partially or totally imbedded in fluid; and
g) Snow bridges on top of the fluid.

4.7.3 Delayed Crystallization:

Delayed crystallization may occur during the course of a test run, and is defined
as a sudden (within 30 seconds) appearance of frozen contamination covering a
large surface area of a test plate. If this sudden coverage exceeds the
percentage of the test plate area that is considered to be a failure, the test is
invalid and must be repeated. In the case of suspected delayed crystallization,
if the test has been invalidated three times, the plate may be seeded at the
center top edge of the plate with an ice crystal to initiate crystallization.
Seeding consists of putting an ice crystal in contact with the fluid by means of
a chilled metal rod (below O °C). If upon seeding, the frozen contamination
area suddenly exceeds the percentage of the plate area that is considered to be
a failure, the test is invalid.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

4.7.4 Report:
The report shall include:
a) Name and address of the facility conducting the tests;

b) Statement confirming the test facility is autonomous of the manufacturer
or vendor of the fluid;

c) Date(s) tests conducted;
d) Manufacturer or vendor's name and address;
e) Name or reference number and lot number of the fluid tested;

f) Type of fluid (SAE Type Il, lll or IV) and concentration of the fluid as
received and as tested. Examples: received SAE Type IV neat, tested neat;
tested diluted 75:25 and 50:50 with hard water;

g) Quantity of fluid applied to test plates, if different from the norm;

h) Summary of test results and the icing intensity results for each test;
i) lcing intensity measurement method including ice-catch raw data;

j) Method of estimation of failure area;

k) Description of appearance of frozen contamination. For natural snow report
the form of the snow according to Figure 4;

I) lcing intensity variability across test plates measurement method, its
results (range) and date when performed;

=

m) Distance from test plates and location of air temperature sensor; and

n) For natural snow tests, orientation of the test stand and direction of the
wind.

M:\Projects\PM1892 (TC Deicing 03-04)\Procedures\AS5485\AS 5485 PROCEDURE.docx
Version 1.0, January 04
19

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B1.docx
Final Version 1.0, October 19
B-19



APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

5. ENDURANCE TIME TEST —FROST:

This section to be inserted in future versions of this procedure. When inserting
this section, refer to ..\..\..\CM1680(exBM3833)\Procedures\AS5485\AS 5485
PROCEDURE (new).doc for a template.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

6. ENDURANCE TIME TEST - FREEZING FOG:

6.1 Freezing Fog Test Equipment and Test Parameters:

6.1.1 Environmental Chamber Equipment and Plates:

In addition to the requirements given in 4.5, environmental chamber and
associated equipment requirements for freezing fog endurance time testing are
given in Table 2 and in the following paragraphs.

Table 2: Requirements for Freezing Fog Test Equipment

Test Parameters

Requirements

Environmental Chamber

Minimum volume

7 m?® for each 300 x 500 mm test plate

Air temperature range

0 °C to at least —25 °C

Minimum temperature sampling rate

1 datum per minute

Horizontal air velocity <0.4 m/s

Relative humidity > 40 %

Test Plates

Material Aluminum alloy AMS 4037 or 4041

Test plate dimensions 500 mm long x 300 mm wide x 3.2 mm thick
Angle 10.0° + 0.2

Surface finish

Average surface roughness: Ra < 0.5 ym

Temperature at start of test range

Within = 0.5 °C of air temperature

Number of test plates

2 per fluid tested

Fluid application temperature

Within 3 °C of the air temperature

Ice-catch Plates (Method A)

Ice-catch plates

100 x 100 x 1.6 mm thick

Number of reference ice-catch plates

8 surrounding each test plate

Number of ice-catch plates for
measuring icing intensity variability
across test plates

12 per test plate

Spray Equipment

diameter

Water supply temperature Adjusted to produce supercooled water
droplets.
Water droplet median volume 22 um £ 5

All of the parameters listed in Table 2 are being recorded in Forms 3, 4, 5 and
8.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

At the beginning of the condition, and also at the end of the condition, a
checklist form will be filled in (Form 14).

6.1.2 Test Plates:

6.1.2.1 Each test plate is removable and placed on a support that is housed
within the environmental chamber.

6.1.2.2 Each test plate will be equipped with a temperature sensor located on
the underside of or embedded within the plate. This sensor will be
capable of measuring to an accuracy of + 0.5 °C and will be linked
to an electronic data acquisition system.

6.1.2.3 The test plate support is set-up in such a way that it can
accommodate six test plates. The test plate support face shall be
inclined from the horizontal as specified in Table 2. The test plates are
placed on the support such that the fluid can freely flow off all edges
of the plate. A typical test stand is illustrated in ATTACHMENT 9; it
may be altered to suit the location and facilities, but the angle for the
panels, their arrangement and markings must all conform to
ATTACHMENT 9. The test stand should be designed as to minimize
the contact between the test surface and the support.

6.1.2.4 For a complete equipment list, see ATTACHMENT 6.

6.1.3 Spray Equipment:

6.1.3.1 It is a fundamental requirement of this test that the spray impinges
onto the surface of the test plate as supercooled water droplets that
freeze on impact. This is verified by observation of an ice-catch plate.

6.1.3.2 The equipment used to provide the water spray comprises a low flow
nozzle supplied with water of quality described in 4.5.6. This
equipment is housed in the upper region of the test chamber above
the test plate. The exact type and geometry of the spray system used
to generate the water spray for the test is left to the discretion of the
testing facility, provided the requirements of Table 2 and Table 3 are
met.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

6.1.4 Example of Spray Equipment:
An example of a suitable spray system is as follows: the nozzle comprises two
sections, outer and inner units for the respective passage of water and

compressed air. The nozzle reciprocates to provide even and reproducible
coverage of the test plate at the specified water spray intensity.

6.2 Freezing Fog Measurement Methods:

6.2.1 Icing Intensity Measurement Methods:

6.2.1.1 For general requirements see 4.6.2.

6.2.1.2 Method A:

APS Aviation Inc. is using method B.

6.2.1.3 Method B:

For a full description of this method see ATTACHMENT 10. To calculate the
weighted rate for the tests, APS uses an Excel spreadsheet. A guide of how to
use this excel file is shown in ATTACHMENT 11.

6.2.2 Icing Intensity Variability Measurement Methods:

6.2.2.1 For general requirements see 4.6.3.

6.2.2.2 Variability Across a Test Plate Measurement Method (used with
method A): APS is using method B.

6.2.2.3 Variability Across All Test Plates Measurement Method (used with
method B): With method B the variability is not measured for a single
(divided) plate as is with the method A, but it is measured across all
the (undivided) plates for a given period of time. The icing intensity
variability across all test plates shall be the range of icing intensities
for all R1s (R1 for position 1, R1 for position 2, etc, for all positions)
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

defined in ATTACHMENT 10. The range of all R1s shall conform to
the value “Icing intensity range across test plates” in Table 3.
Furthermore, the range of R2s, R3s and R4s shall also conform to the
value “lcing intensity range across test plates” in Table 3. Results
from positions not fulfilling this requirement shall not be used.

6.3 Freezing Fog Test Conditions:

Test conditions for freezing fog are in Table 3.

Table 3: Freezing Fog Test Conditions

Test Condition FOG-A | FOG-B FOG-C FOG-D FOG-E FOG-F
Type Il, Il and 1V, neat Yes Yes Yes Yes Yes Yes
Types Il and IV, 75/25 (neat
fluid/hard water) Yes Yes Yes Yes No No
Types Il and IV, 50/50 (neat
fluid/hard water) Yes Yes No No No No

Air temperature, °C -3+05|-3+£05(-14+£05 [-14 £0.5( -256 1 -25 + 1
Air temperature standard +0.3 +0.3 +0.3 +0.3 405 +0.5
deviation s - - e e e

t Icing intensity, g/dm?/h 2.0 +0.2|50 +£0.2( 20 £ 0.2 |50+ 0.2 2.0 £ 0.2 [5.0 £0.2
+ Average icing intensity, 2.0 + 0.3|5.0 + 0.4| 2.0 + 0.3 |5.0 £ 0.4| 2.0 + 0.3 |5.0 = 0.4
g/dm?/h

t Icing intensity standard <0.3 <0.4 <0.3 <0.4 <0.3 <0.4
deviation ) ) ) ) ) )

T Icing intensity range across

a test plate, g/dm?/h <0.4 <0.6 <0.4 <0.6 <0.4 <0.6

¥ Icing intensity range across

all test plates, g/dm?/h <1.2 <1.7 <1.2 <1.7 <1.2 <1.7
*This test will be performed at the LOUT if it is below -25°C.

t Method A
t Method B

6.4 Freezing Fog Test Procedure:

6.4.1 Test Plate Cleanliness:

Clean test plates according to 4.7.1.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

6.4.2 Temperature Verification:

Ensure the test chamber, fluid and test plates are at the required temperature.
The chamber temperature is recorded by NRC for each condition, at a sampling
rate of minimum 1 datum per minute, and handed in to APS at the end of the
session. The filenames should be recoded on Form 3.

Fluid temperature should be measured just before pouring and must be recorded
on Form 5.

Plate temperature is recorded by APS throughout the test, saved on diskettes
and included in the envelope along with the forms. The path and filenames
should be recorded on Form 4.

6.4.3 Failure Time:

Pour 500 mL of fluid onto each test plate (if more fluid is required, record the
qguantity of fluid actually used). As soon the fluid has spread over the plates (up
to 30 s for Type I, lll and IV fluids), expose to precipitation and start the timing
device. Observe the plates and, when the failure occurs (defined in 6.4.6),
record the time as the endurance time on Form 5.

6.4.4 Icing Intensity:

After all the plates have failed, shield the ice-catch plates from precipitation,
and weigh the ice-catch on each ice-catch plate and using a method such as
described in 6.2.1, estimate the icing intensity for each test plate. If the icing
intensity is not within the specified limits (Table 3) for the test being conducted,
the time recorded is not valid.

6.4.5 Delayed Crystallization:

See 4.7.3

6.4.6 Failure Criterion:

Failure is called when 30 % of the plate is covered with frozen contamination.
Frozen contamination is described in 4.7.2. Pen marks on the plate can be used
to estimate the area of failure. For instance, a line drawn across the plate at
150 mm from the top edge will delineate an area corresponding to 30 % of the
plate.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

6.4.7 Reproducibility/Precision:

6.4.7.1 Reproducibility/Precision for Method A: APS is using method B.

6.4.7.2 Reproducibility/Precision for Method B: With this method, data is not
rejected but incorporated using regression analysis. See 6.2.1.3.

6.4.8 Report:

See 4.7.4.

6.4.9 Personnel:

See ATTACHMENT 8.
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7. ENDURANCE TIME TEST-—-SIMULATED SNOW TESTS
PERFORMED IN A LABORATORY:

This section to be inserted in future versions of this procedure. When inserting
this section, refer to ..\..\..\CM1680(exBM3833)\Procedures\AS5485\AS 5485
PROCEDURE (new).doc for a template.
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8. ENDURANCE TIME TEST—FREEZING DRIZZLE:

8.1

8.1.1

Freezing Drizzle Test Equipment and Test Parameters:

Environmental Chamber Equipment and Plates:

In addition to the requirements given in 4.5, environmental chamber and
associated equipment requirements for freezing drizzle endurance time testing
are given in Table 4 and in the following paragraphs.

Table 4: Requirements for Freezing Drizzle Test Equipment

Test Parameters

Requirements

Environmental Chamber

Air temperature range 0 °Cto-10 °C

Minimum temperature sampling rate 1 datum per minute

Horizontal air velocity <1.0m/s

Relative humidity > 40 %

Test Plates

Material Aluminum alloy AMS 4037 or 4041

Test plate dimensions 500 mm long x 300 mm wide x 3.2 mm thick
Angle 10° + 0.2

Surface finish

Average surface roughness: Ra < 0.5 ym

Temperature at start of test

Within + 0.5 °C of air temperature

Number of test plates

2 per fluid tested

Fluid application temperature

Within 3 °C of the air temperature

Ice-catch Pans (Method A)

Ice-catch pan dimensions

100 mm x 100 mm x 0.8 mm thick with
all around rim 15 mm high

Number of reference ice-catch pans

8 surrounding each test plate

Number of ice-catch pans for
measuring icing intensity variability
across test plates

12 per test plate

Spray Equipment

Distance between nozzle and test plate

7m =+ 0.5

Water supply temperature

< 2 °C just before the nozzle

Water droplet median volume diameter

300 um + 100

All of the parameters listed in Table 4 are being recorded in Forms 3, 4, 5 and
8.

At the beginning of the condition, and also at the end of the condition, a
checklist form will be filled in (Form 14).
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8.1.2 Test Plates:

8.1.2.1 Each test plate is removable and placed on a support that is housed
within the environmental chamber.

8.1.2.2 Each test plate will be equipped with a temperature sensor located on
the underside of, or embedded within the plate. This sensor will be
capable of measuring to an accuracy of + 0.5 °C and will be linked
to an electronic data acquisition system.

8.1.2.3 The test plate support is set-up in such a way that it can
accommodate six test plates. The test plate support face shall be
inclined from the horizontal (see Table 4 for the angle). The test plates
are placed on the support such that the fluid can freely flow off all
edges of the plate. A typical test stand is illustrated in
ATTACHMENT 9; it may be altered to suit the location and facilities,
but the angle for the panels, their arrangement and markings must all
conform to ATTACHMENT 9. The test stand should be designed as to
minimize the contact between the test surface and the support.

8.1.2.4 For a complete equipment list, see ATTACHMENT 6.

8.1.3 Ice-catch Pans:

The ice-catch pans measure 27.7 cm by 54 cm and are described in 6.2.1.3.

8.1.4 Spray Equipment:

8.1.4.1 It is a fundamental requirement of this test that the spray impinges
onto the surface of the test plate as supercooled water droplets which
freeze on impact. This is verified by observation of an ice-catch plate.

8.1.4.2 The equipment used to provide the water spray comprises a low flow
nozzle supplied with water of quality and condition described in Table
5. This equipment is housed in the upper region of the test chamber
above the test plate. The exact type and geometry of the spray
system used to generate the water spray for the test is left to the
discretion of the testing facility/site, provided the requirements of
Table 4 and Table 5 are met.
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8.1.5 Example of Spray Equipment:

The hydraulic nozzle is comprised of an outer unit and an inner unit. Water is
stored in a pressurized tank and provides the flow through a modified
hypodermic needle. To create the droplets, compressed air is directed at an
angle through several holes in the outer unit towards the water stream.

8.2 Freezing Drizzle Measurement Methods:

8.2.1 Icing Intensity Methods:

The methods are the same as in 6.2.1 except that Table 3 is replaced by Table
5 throughout.

8.2.2 Icing Intensity Variability Across Test Plate Methods:

The methods are the same as in 6.2.2 except that Table 3 is replaced by Table
5 throughout.
8.3 Freezing Drizzle Test Conditions:

Test conditions for freezing drizzle are in Table 5.

Table 5: Freezing Drizzle Test Conditions

Test Condition ZL-A ZL-B ZL-C ZL-D
Types Il 11, and 1V, neat Yes Yes Yes Yes
Types Il and IV, 75/25 (neat fluid/water) Yes Yes Yes Yes
Types Il and IV, 50/50 (neat fluid/water) Yes Yes No No
Air temperature, °C -3 + 0.5 -3 + 0.5 -10 £ 0.5 -10 £ 0.5
Air temperature standard deviation, °C + 0.3 + 0.3 + 0.3 + 0.3
t Icing intensity, g/dm?/h 5+ 0.2 13 £ 0.5 5+ 0.2 13 £ 0.5
t Average icing intensity, g/dm?/h b+ 04 13 + 0.5 5+ 0.4 13 + 0.5
¥ Icing intensity standard deviation <04 < 0.7 < 0.4 < 0.7
t lcing intensity range across a test plate, | < 0.6 <1.4 <0.6 <1.4
g/dm?/h
t Icing intensity range across all test plates, [ < 1.4 <2.2 <1.4 <2.2
g/dm?/h

t Method A

1 Method B
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

8.4 Freezing Drizzle Test Procedure:

8.4.1 Test Plate Cleanliness:

Clean test plates according to 4.7.1

8.4.2 Temperature Verification:

Ensure the test chamber, fluid and test plates are at the required temperature.
The chamber temperature is recorded by NRC for each condition, at a sampling
rate of minimum 1 datum per minute, and handed in to APS at the end of the
session. The filenames should be recoded on Form 3.

Fluid temperature should be measured just before pouring and must be recorded
on Form 5.

Plate temperature is recorded by APS throughout the test, saved on diskettes
and included in the envelope along with the forms. The path and filenames
should be recorded on Form 4.

8.4.3 Failure Time:

See 6.4.3 except that failure is defined in 8.4.6.

8.4.4 Icing Intensity:

After all the plates have failed, turn off the water spray, and weigh the ice-
catch on each ice-catch plate and using a method such as described in 8.2.1,
estimate the icing intensity for each test plate. If the icing intensity is not

within the specified limits for the test being conducted, the time recorded is not
valid.

8.4.5 Delayed Crystallization:

See 4.7.3

8.4.6 Failure Criterion:

See 6.4.6.
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8.4.7 Reproducibility/Precision:

See 6.4.7.

8.4.8 Report:

See 4.7.4.

8.4.9 Personnel:

See ATTACHMENT 8.
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9. ENDURANCE TIME TEST—LIGHT FREEZING RAIN:

9.1

9.1.1

Light Freezing Rain Test Equipment and Test Parameters:

Environmental Chamber Equipment and Plates:

In addition to the requirements given in 4.5, environmental chamber and
associated equipment requirements for light freezing rain endurance time testing
are given in Table 6 and in the following paragraphs.

Table 6: Requirements for Light Freezing Rain Test Equipment

Test Parameters

Requirements

Environmental Chamber

Air temperature range 0 °Cto-10 °C

Minimum temperature sampling rate 1 datum per minute

Horizontal air velocity < 1.0 m/s

Relative humidity > 40 %

Test Plates

Material Aluminum alloy AMS 4037 or 4041

Test plate dimensions 500 mm long x 300 mm wide x 3.2 mm thick
Angle 10° + 0.2

Surface finish

Average surface roughness: Ra < 0.5 um

Temperature at start of test

Within + 0.5 °C of air temperature

Number of test plates

2 per fluid tested

Fluid application temperature

Within 3 °C of the air temperature

Ice-catch Pans (Method A)

Ice-catch pan dimensions

100 mm x 100 mm x 0.8 mm thick with
all around rim 15 mm high

Number of ice-catch pans

8 surrounding each test plate

Number of ice-catch pans for measuring
icing intensity variability across test plates

12 per test plate

Spray Equipment

Distance between nozzle and test plate

7m + 0.5

Water supply temperature

< 2 °C just before the nozzle

Water droplet median volume diameter

1000 pm + 100

All of the parameters listed in Table 6 are being recorded in Forms 3, 4, 5 and

8.

At the beginning of the condition, and also at the end of the condition, a
checklist form will be filled in (Form 14).

9.1.2 Test Plates:
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9.1.2.1 Each test plate is removable and placed on a support that is housed
within the environmental chamber.

9.1.2.2 Each test plate shall be equipped with a temperature sensor located
on the underside of or embedded within the plate. This sensor shall
be capable of measuring to an accuracy of + 0.5 °C and shall be
linked to an electronic data acquisition system.

9.1.2.3 The test plate support is set-up in such a way that it can
accommodate six test plates. The test plate support face shall be
inclined from the horizontal (see Table 6 for the angle). The test plates
are placed on the support such that the fluid can freely flow off all
edges of the plate. A typical test stand is illustrated in
ATTACHMENT 9; it may be altered to suit the location and facilities,
but the angle for the panels, their arrangement and markings must all
conform to ATTACHMENT 9. The test stand should be designed as to
minimize the contact between the test surface and the support.

9.1.2.4 For a complete equipment list, see ATTACHMENT 6.

9.1.3 Ice-catch Pans:

The ice-catch pans measure 27.7 cm by 54 cm and are described in 6.2.1.3.

9.1.4 Spray Equipment:

9.1.4.1 It is a fundamental requirement of this test that the spray impinges
onto the surface of the test plate as supercooled water droplets which
freeze on impact. This is verified by observation of an ice-catch plate.

9.1.4.2 The equipment used to provide the water spray comprises a low flow
nozzle supplied with water of quality described in 4.5.6. This
equipment is housed in the upper region of the test chamber above
the test plate. The exact type and geometry of the spray system used
to generate the water spray for the test is left to the discretion of the
testing facility/site, provided the requirements of Table 6 and Table 7
are met.

9.1.5 Example of Spray Equipment:

See 8.1.5.
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9.2 Light Freezing Rain Measurement Methods:

9.2.1 Icing Intensity Methods:

The methods are the same as in 6.2.1 except that Table 3 is replaced by Table
7 throughout.

9.2.2 Icing Intensity Variability Across Test Plates:

The method is the same as in 6.2.2 except that Table 3 is replaced by Table 7
throughout.

9.3 Light Freezing Rain Test Conditions:

Test conditions for light freezing rain are in Table 7.

Table 7: Light Freezing Rain Test Conditions

Test Condition LZR-A LZR-B LZR-C LZR-D
Types Il 11, and 1V, neat Yes Yes Yes Yes
Types Il and IV, 75/25 (neat fluid/water) Yes Yes Yes Yes
Types Il and IV, 50/50 (neat fluid/water) Yes Yes No No
Air temperature, °C -3+ 0.5 -3+ 0.5 -10 £ 0.5 -10 £ 0.5
Air temperature standard deviation, °C + 0.3 + 0.3 + 0.3 + 0.3
t Icing intensity, g/dm?/h 13 £ 0.6 25 £ 1.0 13 =+ 0.6 25 + 1.0
t Average icing intensity, g/dm?/h 13 £ 0.6 25 + 1.0 13 =+ 0.6 25 + 1.0
t Icing intensity standard deviation < 0.7 < 1.5 < 0.7 <1.5
;/Jir;?hintensity range across a test plate, <14 <3.0 <14 <3.0
¥ Icinzg intensity range across all test plates, <20 <4.0 <20 <4.0
g/dm?/h

t Method A

t Method B

9.4 Light Freezing Rain Test Procedure:

9.4.1 Test Plate Cleanliness:

Clean test plates according to 4.7.1.

9.4.2 Temperature Verification:

Ensure the test chamber, fluid and test plates are at the required temperature.
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The chamber temperature is recorded by NRC for each condition, at a sampling
rate of minimum 1 datum per minute, and handed in to APS at the end of the
session. The filenames should be recoded on Form 3.

Fluid temperature should be measured just before pouring and must be recorded
on Form 5.

Plate temperature is recorded by APS throughout the test, saved on diskettes
and included in the envelope along with the forms. The path and filenames
should be recorded on Form 4.

9.4.3 Failure Time:

See 6.4.3 except that failure is defined in 9.4.6.

9.4.4 Icing Intensity:

After all the plates have failed, turn off the water spray, and weigh the ice-
catch on each ice-catch plate and using a method such as described in 8.2.1,
estimate the icing intensity for each test plate. If the icing intensity is not
within the specified limits for the test being conducted, the time recorded is not
valid.

9.4.5 Delayed Crystallization:

See 4.7.3.

9.4.6 Failure Criterion:

See 6.4.6.

9.4.7 Reproducibility/Precision:

See 6.4.7.

9.4.8 Report:

See 4.7.4.

9.4.9 Personnel:

See ATTACHMENT 8.
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10. ENDURANCE TIME TEST—RAIN ON COLD SOAKED WING:

10.1 Rain on Cold Soaked Wing Rain Test Equipment and Test
Parameters:

10.1.1 Environmental Chamber Equipment and Plates:
In addition to the requirements given in 4.5, environmental chamber and

associated equipment requirements for rain on cold soaked wing endurance time
testing are given in Table 8 and in the following paragraphs.

Table 8: Requirements for Rain on Cold Soaked Wing Test Equipment

Test Parameters Requirements

Environmental Chamber

Air temperature range 1°C

Minimum temperature sampling rate 1 datum per minute

Horizontal air velocity <1.0 m/s

Relative humidity > 40 %

Test Plates

Material Aluminum alloy AMS 4037 or 4041

Test plate dimensions 500 mm long x 300 mm wide x 3.2 mm thick
Angle 10° + 0.2

Surface finish Average surface roughness: Ra < 0.5 yum
Number of test plates 2 per fluid tested

Fluid application temperature Within 3 °C of the air temperature

Ice-catch Pans (Method A)

100 mm x 100 mm x 0.8 mm thick with

Ice-catch pan dimensions all around rim 15 mm high

Number of reference ice-catch pans 8 surrounding each test plate

Cold Soak Box

Material Aluminum alloy AMS 4037 or 4041
Material Thickness 1.6 mm

Dimensions 430 mm x 300 mm x 75 mm
Coolant in box 65 % propylene glycol, 35 % water
Spray Equipment

Distance between nozzle and test plate 7m + 0.5

Water supply temperature < 2 °C just before the nozzle

All of the parameters listed in Table 8 are being recorded in Forms 3, 4, 7 and
8.

At the beginning of the condition, and also at the end of the condition, a
checklist form will be filled in (Form 14).
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10.1.2 Test Plates:

Each test area is the upper surface of the cold soak box.

10.1.3 Cold Soak Box:

10.1.3.1 For an example of the cold soak box preparation procedure, see
ATTACHMENT 12.

10.1.3.2 The box will be equipped with a temperature sensing device capable
of measuring the temperature of the test plate with an accuracy of +
0.5 °C and situated within the test plate, 150 mm from the top and
150 mm from the side of the plate. This temperature sensor is linked
to a data acquisition system to check and record the test plate
temperature throughout the course of a test run. The cold soaked box
face will be inclined from horizontal (see Table 8 for the angle).

10.1.3.3 The boxes are placed on the support such that the fluid can freely
flow off all edges of the plate. A typical test stand is illustrated in
ATTACHMENT 9; it may be altered to suit the location and facilities,
but the angle for the panels, their arrangement and markings must all
conform to ATTACHMENT 9. There shall be no flanges or
obstructions close to the edges of the boxes that could interfere with
the airflow over the panels.

10.1.3.4 For a complete equipment list, see ATTACHMENT 6.

10.1.4 Spray Equipment:

The equipment used to provide the water spray comprises a low flow nozzle
supplied with water of quality described in Table 8. This equipment is housed in
the upper region of the test chamber above the test plate. The exact type and
geometry of the spray system used to generate the water spray for the test is
left to the discretion of the testing facility/site, provided the requirements of
Table 8 and Table 9 are met.

10.1.5 Example of Spray Equipment:

See 8.1.5.
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10.2 Rain on Cold Soaked Wing Measurement Methods:

10.2.1 Icing Intensity Methods:

The methods are the same as in 6.2.1 except that Table 3 is replaced by Table
9 throughout.

10.2.2 Icing Intensity Variability Across Test Plates:

The method is the same as in 6.2.2 except that Table 3 is replaced by Table 9
throughout.

10.3 Rain on Cold Soaked Wing Test Conditions:

Test conditions for rain on cold soaked wing are in Table 9.

Table 9: Rain on Cold Soaked Wing Test Condition
Test Condition RCSW-A RCSW-B
Types Il lll, and IV, neat Yes Yes
Types Il and IV, 75/25 (neat fluid/water) | Yes Yes
Types Il and IV, 50/50 (neat fluid/water) | No No
Air temperature, °C 1+ 0.5 1+ 0.5
Air temperature standard deviation, °C + 0.3 + 0.3
Test plate temperature at start, °C -10 = 1 -10 = 1
Pre-start coolant temperature, °C -12 + 1 -12 + 1
Water droplet median volume diameter 300 pm + 100 1400 pm + 150
1 Icing intensity, g/dm?/h 5.0 + 0.2 75.0 + 3.0
t Average icing intensity, g/dm?/h 5.0 + 0.4 75.0 + 3.0
¥ Icing intensity standard deviation < 0.4 < 4.5
t lIcing intensity range across a test
plate, g/dmz/h Y ° <06 <9.0
t lIcing |nte2nS|ty range across all test <12 <15
plates, g/dm</h
t Method A
¥ Method B

10.4 Rain on Cold Soaked Wing Test Procedure:

10.4.1 Test Plate Cleanliness:

Clean test plates according to 4.7.1.
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10.4.2 Temperature Verification:

Prior to the start of a test, ensure the test chamber and fluid are at the required
temperatures. Ensure the cold soak box and its coolant are at the pre-start
temperature.

The chamber temperature is recorded by NRC for each condition, at a sampling
rate of minimum 1 datum per minute, and handed in to APS at the end of the
session. The filenames should be recoded on Form 3.

Fluid temperature should be measured just before pouring and must be recorded
on Form 7.

Plate temperature is recorded by APS throughout the test, saved on diskettes
and included in the envelope along with the forms. The path and filenames
should be recorded on Form 4.

Place both paper towels and a cover over the test plate and the ice-catch plates
to prevent any accumulation of ice.
10.4.3 Failure Time:

Wait for the temperature of the test plate to be at the start temperature. When
the start temperature is reached, remove the paper towels and cover. Continue
as in 6.4.3 except that failure is defined in 10.4.6.

10.4.4 Icing Intensity:

After all the plates have failed, turn off the water spray, and weigh the ice-
catch on each ice-catch plate and using a method such as described in 8.2.1,
estimate the icing intensity for each test plate. If the icing intensity is not within
the specified limits for the test being conducted, the time recorded not valid.

10.4.5 Delayed Crystallization:

See 4.7.3.

10.4.6 Failure Criterion:

See 6.4.6.

10.4.7 Reproducibility/Precision:

See 6.4.7.
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10.4.8 Report:

See 4.7.4.

10.4.9 Personnel:

See ATTACHMENT 8.
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11. ENDURANCE TIME TEST—SNOW TESTS PERFORMED OUTSIDE

The general requirements given in section 1 are not applicable for the natural
snow tests performed outside, except where otherwise specified.

11.1 Snow Test Equipment and Test Parameters:
11.1.1 Conditions and Equipment:

Test equipment and other requirements for natural snow endurance time testing
are given in Table 10 and in the following paragraphs.

Table 10: Requirements for Snow Outside Test Equipment

Test Plates

Material Aluminum alloy AMS 4037 or 4041

Test plates dimensions 500 mm long x 300 mm wide x 3.2 mm thick

Angle 10.0° + 0.2

Surface finish Average surface roughness: Ra < 1.0 ym

Plate temperature at start of test Within £ 0.5 °C of air temperature

Number of tests See 11.4.5

Fluid application temperature See 11.4.2

Ice-catch Pans

Ice-catch pan dimensions Typically, 430 x 300 x 0.8 mm thick with all
around rim 40 mm high and 35 mm flanges
protruding from the shorter side.

11.1.2 Outside Air Temperature Measurements:

The outside air temperature shall be measured using a thermometer that is
shielded from radiation. The outside air temperature will be recorded on
Form 10.

11.1.3 Lighting:

The test site shall be equipped with artificial lighting facilitating ice formation
observation but positioned such that it does not interfere with air, fluid and
plate temperatures.

11.1.4 Wind Speed:

Wind speed shall be measured using a suitable anemometer or velocity meter,
every time the precipitation rate (icing intensity) is measured. Wind speed shall
be measured at 2 m above the ground in the proximity of the test stands.
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The wind speed will be recorded on Form 11.

11.1.5 Calibration of Standard Measuring Devices:

All thermistors, electronic balances, and timing devices shall be maintained in a
known state of calibration in accordance with recognized international
standards, by calibrating each instrument at least once every year or whenever
a piece of equipment is repaired, replaced, moved, or otherwise suspect. A
written record of the calibrations shall be kept available.

11.1.6 Test Plates and Test Stand:
Each test plate is removable and placed on a test stand.

Each test plate shall be equipped with a temperature sensor located on the
underside of or embedded within the plate. This sensor shall be capable of
measuring to an accuracy of + 0.5 °C and shall be linked to an electronic data
acquisition system.

The test plate support face shall be inclined from the horizontal (see Table 10
for the angle). The test plates are placed on the support such that the fluid can
freely flow off all edges of the plate. The test stand should be designed as to
minimize the contact between the test surface and the support.

For materials of construction and dimensions, see Table 10 and Figure 1.

11.1.7 Markings:

Panels can have pen markings to help estimate the percent coverage. For
instance, each panel can be marked as shown in Figure 1 with lines at 2.5 and
15 cm (1 and 6") from the panel top edge, with 15 crosshair points and with
vertical lines 2.5 cm (1") from each side; this marks off a working area of
25x40 cm (10x18") on each panel. All marks can be made using a 0.3 cm
(1/8") thick black marker or silk screen process, which does not come off with
application of the test fluids or any of the cleaning agents. Re-marking of the
plates will be required, from time to time, as markings fade because of cleaning
actions.

11.1.8 Test Stand:

A typical test stand is illustrated in Figure 1; it may be altered to suit the
location and facilities, but the angle for the plates must conform to Table 10.
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There shall be no flanges or obstructions close to the edges of the plates that
could interfere with the airflow over the plates.

Typical Flat Plate

1 2 3
T F— ™1 2.5 em (17) Line
Té B B
i i3 15 &m (6% Line
Single Six Position Test Platform % HEB®
30 2 Li
TEST PLATES INCLINED AT 10° SLOFE 3/ et om {1z Lire

Crosa hairs in 8 squace 2 om on & side

P | ——
e\
30 12"
1 2 3 4 5 5 iy

Figure 1: Test Stand and Plate

11.1.8.1 Attachment:

The test plates must be firmly attached to the test stand. For attachment to the
test stand, for instance, make at least four holes spaced along the two sides of
each panel within 2 cm (0.8") from the panel edge. Fit the stand with
protruding bolts matching the pattern of the hole, allowing the panel to be firmly
attached. An alternate way is to use magnetic bands fixed to the underside of
the test plates and the test stand.

11.1.8.2 Wind Orientation of Test Stand:

The test stand shall be oriented facing into the predominant wind direction or
facing the wind at the beginning of the test. A test stand is defined as facing
into the wind when the long axes of the test panels are facing into the wind
direction. The orientation of the test stand shall be recorded on Form 11. The
wind direction shall be recorded at least every 15 minutes. If the wind shifts
during the test, do not move the stand.
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11.1.9 Plate Pan for Precipitation Rate Measurement:

A plate pan, placed at a 10° inclination on the test stand will be used to collect
and weigh snow. The positioning of the plate pan on the test stand shall be
such that the longer dimension axis of the pan is parallel with the longer
dimension axis of the test plate. The procedure for the collection of precipitation
rates using this method is described in 11.2. A schematic of the plate pan is
provided in Figure 2.

PLATE PAN

% 1

Profile View

soam
aam

Plan View Side View
Q@ roies

[ 483am(19) -

118 Aumirum
[ 483cm(19) .|

278em 1

oM (10 1516

e asam -

- L 3som o - 3som

Figure 2: Schematic of Plate Pan

11.2 Snow Measurement Methods:

11.2.1 Snow Intensity Measurement Method:

Ensure that the plate pans are marked when using more than one. Coat the
bottom of each plate pan, as well as the inner sides of each pan, with more
than 1 mm of neat anti-icing fluid. Weigh the wetted pans to the nearest 0.2
gram. Record the start time (hr/min/sec) of the rate collection before leaving the
rate station to place the pans on the test stand, taking into consideration the
time delay necessary to proceed outside from the rate station.

The rate pans shall remain on the test stand collecting snow for a period of 10
minutes. While positioned on the test stand, the plate pans should be carefully
rotated every 5 minutes to prevent accumulating snow from blowing away.
The time of rotation should be reduced to 2 minutes during heavy precipitation
or periods of high winds.

Prior to the removal of the plate pans from the test stand for re-weighing,
carefully wipe away any accumulated precipitation from the lips of the plate
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pans (ensure that the precipitation does not fall into the plate pan). Carefully
remove the plate pans from the stand and proceed immediately to the rate
station to re-weigh the pans. Care must be taken to ensure that snow or ice
does not fall into the pans when transporting them into the weighing area. Do
not rest the pans on top of one another while transporting. Once inside the
protected weigh station area, record the rate collection end time (hr/min/sec).
Carefully wipe the bottom, sides and lips of the pans prior to weighing. Weigh
the plate pan, record the new weight, and bring the pans back outside.
Continue the rate collection procedure until the final plate on the test stand has
failed.

11.2.2 Rate Calculation:

The rate for any holdover time test in natural snow is obtained by computing
the time-weighted average of the rates collected in the upper and lower pans
over the duration of the particular test.

An example of the rate calculation method for tests in natural snow conditions
is displayed in Figure 3. The start and end times of the test are 10:15 and
10:45, respectively. Precipitation rates for one pan were collected at three
periods during this test, indicated by ti, tz, and ts (minutes). The calculated
rates for each collection period are indicated by Ri, Rz, and Ra (g/dm?/h). In
order to calculate the average rate for this pan, the following formula is then
used:
(Ri x t1 + Rz xt2 + Rs x t3)
t +t2+13

Rate=*

i i i i ] (Bt Rt +R'n)
m H £ H 3 i 2 H Bttt

e

MEOU MmO REID BERES  MDEZD MEZH O MDEID DS MRAD  OEm JOESO dDehe 10cE
Tirma ol Day

Figure 3: Calculation of Outdoor Precipitation Rate
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In the example shown in Figure 3, the rate is calculated as follows:

(25 x10 + 22x8 + 34x5)
10 +8+5

= 25.9 g/dm%h

11.3 Snow Test Temperature:

Since tests are conducted outside, test temperature cannot be controlled. Tests
may be conducted at any temperature falling within the requirements of Table
11. It is recommended that data points fall within the distribution described in
11.4.5 but not lower than the lowest operational use temperature of the fluid.

Table 11: Snow test Conditions
Fluid Type Air Temperature (°C)
Type Il Neat, Type IV Neat Any temperature
Type Ill Neat Any temperature
Type Il and Type IV, 75/25 (neat fluid/water) 0-14
Type Il and Type IV, 50/50 (neat fluid/water) 0-3

11.4 Snow Test Procedure:

11.4.1 Test Plate Cleanliness:
The test plates shall be free of any visible contamination.

Before applying test fluid to a plate, squeegee the surface of the test plate to
remove any precipitation or moisture. Prior to the start of the test, rinse and
clean the test plate with the fluid to be tested. Remove the fluid used to clean
the plate with a squeegee and quickly begin the test. To avoid cross-
contamination of fluids, one squeegee shall be used per anti-icing product.
Alternatively clean according to 4.7.1.

11.4.2 Fluid Application:

Anti-icing fluids should be placed outside, stored according to manufacturer’'s
recommendations, and cold-soaked to ambient air temperature conditions prior
to the start of the test session. Anti-icing fluid temperature shall typically be
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within £ 3°C of the ambient air temperature and applied to the test surface at
this temperature.

Prior to the application of fluid, the plate temperature should be equilibrated to
outside air temperature. The actual plate temperature may be different than
outside air temperature due to radiation effects, possibly as much as 2°C.

Pour 1 liter of fluid to each test plate such that the fluid thickness is consistent
over the entire plate surface of the plate.

11.4.3 Failure Time:

As soon the fluid has spread over the plates (up to 15 s for Type Il, lll and IV
fluids), start the timing device. Observe the plates and, when the failure occurs
(defined in 11.4.4), record the time as the endurance time.

11.4.4 Failure Criterion:

Failure is called when the accumulating snow fails to be absorbed at any five of
the crosshair marks on the panels or when 1/3 of the test panel is covered with
accumulating precipitation.

Fluid at a crosshair is considered failed when, viewed from a shallow angle,
snow (not slush, but white snow) on the fluid is no longer being absorbed by
the fluid.

Typically, there are two modes of failure in natural snow tests:

e Dilution failure: The fluid has eroded due to dilution and snow begins to
accumulate on the plate surface; and

e Snow-bridging failure: The fluid no longer absorbs the snow and it begins
to rest on top of the fluid.

An example of a typical dilution-style failure is shown in Photo 1. In this case,
the fluid has been diluted due to ongoing precipitation and the fluid film has
eroded substantially. Failures have reached just beyond the 7.6 cm (3”) line on
the plate (white snow is visible in the failed area). Dilution failures normally
occur from top-to-bottom on the test surface, and are common at warm
temperatures and low rates of precipitation.

An example of a snow-bridging failure is shown in Photo 2. In this case, the
fluid resists dilution and a thick film of fluid remains on the entire plate surface.
Plate failure has occurred in this test because snow, resting on top of the fluid,
covers more than 1/3 of the plate surface. Snow-bridging failures do not always
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

occur in top-to-bottom fashion, and are common at cold temperatures and high
rates of precipitation.

11.4.5 Reproducibility/Precision:

Outdoor snow precipitation is variable in nature. All the data points collected are
used for the regression analysis.

The endurance times are obtained by producing a best-fit regression curve using
a power law transformation based on all the data collected. A minimum of 20
data points is recommended to generate the regression curves for any neat fluid
dilution. A minimum of 15 and 10 data points is recommended to generate the
regression curves for any 75/25 fluid dilution and 50/50 fluid dilution,
respectively. A minimum test point distribution should contain data collected in
all applicable temperature ranges, and data collected in the widest range of
snow rate conditions possible.

The equation used to treat the collected data for any fluid is as follows:
t = cR(2-T)°

where
t = time (minutes)
R= rate of precipitation (g/dm?/hr)
a, c= coefficients determined from the regression

The general form of the regression equation was modified for natural snow by
substituting (2-T) for the variable T to prevent taking the log of a negative
number, as natural snow can occur at temperatures approaching 2 °C.

Best-fit curves are plotted for each fluid in each cell of the snow column using
the most restrictive (lowest) temperature for that cell. For example, in cases of
natural snow tests conducted at ambient temperatures above O °C, the
temperature value used in the procedure was O °C.

The upper and lower holdover time values were determined from the points at
which the best-fit curve intersects the lower and upper precipitation limits (10
and 25 g/dm?/h), respectively.

11.4.6 Type and Classification of Solid Precipitation:

Classification of solid precipitation: The solid precipitation observed for each
test in natural conditions will be classified and recorded. A black velvet-covered
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

board should be used to facilitate the collection and identification of solid
precipitation. Expose the black velvet-covered board to the natural precipitation
for a period of 10 seconds. Using Figure 4, determine and record the form of
the solid precipitation collected on the black velvet-covered board. If several
forms of precipitation co-exist, record all of them. For example, if snow grains
are mixed with snow, note that both forms of precipitation exist.

Only snow and snow grain data (F1 to F7) will be used to determine snow
endurance times. Data obtained containing precipitation classifications other
than those identified in F1 to F7 in Figure 4 will not be used to generate snow
endurance times.

The type and classification of solid precipitation will be recorded on Form 11.

11.4.7 Report:

See 4.7.4, except for item (I).
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

12. NOTES:

12.1 Key Words:

Endurance, holdover time, holdover, aircraft, exterior, surfaces, frost, ice,
freezing, rain, drizzle, frost, fog, cold, soaked, snow, wing.

CODE Graphical Typical Forms Type of Patticle
Symbol - N

F1 O

Rates

Sellar Crystals

Columns

Needles

t vy

& SR
_® ¥ W samceranes

= %

gt df

T
|

Capped Columns

Imegular Particles
| e -
. / P o |
_\'._ ! o g
F8 N\ " Graupel (Soft Hail)
F9 /*\ -~ Y A= Ice Rellets

Hail

Source:l ntemational Commission on Show and ke, 18951

Figure 4: Type of Frozen Precipitation
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Photo 1: Dilution Failure

Photo 2: Snow Bridging Failure

M:\Projects\PM1852 (TC Deicing 03-04)\Procedures\ASE485.AS 5485 PROCEDURE docx
Version 1.0, January 04
52

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B1.docx
Final Version 1.0, October 19
B-52



APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

DATA FORMS
Form Page
1. General Form for Receiving Fluid 54
2. Test Stand Location for Each Condition at NRC 55
3. General Form for Each Session at NRC 56
4. General Form for Each Condition at NRC 57
5. De/Anti-icing Data Form for Freezing Precipitation at NRC 58
6. Sketch of the Chamber at IREQ 59
7. De/Anti-icing Data Form for Cold Soak Box 60
8. Chamber Setting for Each Condition at NRC 61
9. Rate Management Form at NRC 62
10. End Condition Data Form — Natural Snow 63
11. Meteo/Precipitation Rate Data Form — Natural Snow 64
12. General Form for Each Testing Session — Natural Snow 65
13. General Form for Each Winter Season — Natural Snow 66
14. Condition Checklist 67
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, Ill AND IV

FORM 1
GENERAL FORM FOR RECEIVING FLUID
RECEIVING LOCATION: DATE OF RECEIVING:
GENERAL
Fluid Name:
Manufacturer: Fluid Type: Batch #:
APS Code:

(check the box if received)

Lowest Operational Use Temperature::l

(check the box if received)

(check the box if received)

Manufacturer's Authorization to Proceed with Endurance Time Testing:lZl Authorized by:

Certificates of Conformance acc. to SAE AMS 1424::' Fluid Freeze Point Curves (FP vs. Dilution & FP vs. Refraction)::I

(for Type | Fluids only; check the box if received)

WSET Done by the Certification Agency::|

(check the box if received)

Date of Production: Quantity: Neat Quantity:
(L) (containers)
75/25
50/50
Manufacturer stated BRIX: APS Measured BRIX:

Neat
75/25
50/50

MSDS Sheets Received::l

on:

(PRINT NAME)

(DATE)

1
TYPE II, Il & IV FLUIDS!"
Manufacturers stated VISCOSITY mPa*s (cP): Neat
(Using Manufacturer's Method)
75/25

50/50

Manufacturer's Method:

Manufacturers stated VISCOSITY mPa*s (cP):

(Using AIR Method)

Neat
75/25
50/50

™ When fluid is received, extract 2L/1L/1L of 100/75/50 Type I, lll or IV; Send 1L of Neat for WSET.

54
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Ill, Il AND IV

FORM 2
TEST STAND LOCATION FOR EACH CONDITION AT NRC

CONDITION: ZRIH ZR3IL ZR10OH FRIOL ZD3H ZD3L ZDAOH ZDAOL ZF3IH

DATE: ZF3L ZFIOH ZFIOL ZEVIH ZFML ZF2SH ZEZ5L CSWH CSWL
- Sensor Position Stand Position Skywitch Height of
Test Da;:;f"l‘ma‘ Condition T T T T iwwld' Sheild Pr.:l:lme Rate nozzle Comments
on %r Yro | Xaw | Yew M ¥ 1 ¥ ositlon g ocition [ on () aver plate
1 4-Ape01 IR FOE r 27 e Viery Good Top Stand 19 fram snow fence
2 4-Ape01 ZRIL wr T 27| Very Good Top Stand 19" fram snow fence
3 42200 ZR10H m B'Y w5 96" Very Good Top stand iz 20 f1. from snow fance
4 2-Ape1 ZR10L u B s ae" Viry Good Top stand is 20 A from snow fence
E I7-Mar01 ID3IH s BB 104" Very Good
B 28-Mar-01 AL =3 73" 96" Good
7 2-Ape01 ZD10H u tat 96" Very Good
8 2-Ape01 0oL Ly Far an Good 208 from Snow Fence
9 10-Ape01 ZFogiH n BB a1 A0 from x | top of plate 11 Good 1447
10 10-Ape01 ZFogiL 2 BE" 10" 407" from x | top of plate 11 Good 1447
1 10-Ape01 ZFogliH 24 BE" o 407" fram x | top of plate 11 Good 1447
12 10-Ape01 ZFogliL 24 BB 810" 407" from x | top of plate 11 Good 1447
13 -Ape01 ZFogldH 2 BE" g0 407" from x | top of plate 11 Good 1447
14 -Ape01 TFogl4L 24 BE" a1 407" from x | top of plate 11 Good 1447
15 B-Ape1 ZFog2iH oy BB g 407" from x | top of plate 11 Good 1447
16 B-Ape-01 IFog2sL o BE" alig 34" Ffrom x| 4027 from x | top of plate 11 Good 1447
17 23-Mar-D1 CEWH iy a6
18 Z-Mar01 CEwL 23 I3 gE"
o X
Outdoors
Yy [y
¥ . *-3 S Notes;
| 4————¥r — ""““ * - *From X" refers to the distance from the East wall,
X > ¥ Skywitch Sheild ** - The nozzle should be between positions 5 and 11
y RH - Relative Humidity Sensor
[ % — 1 2 3 a 6 |6 =
E Skywitch, W
[—x1——® 7 | 5|9 |10|n |12 WEIGH SCALE TECHNICIAN
[ )
| LEADER
< - >
N
NEW VALUES (IF DIFFERENT)
Sensor Position Stand Position
Date of Final " . . ; . Skywitch | Slwitch |y e Helght of
Test Position Condition Position Sheild Position () Rate nozzle Comments
Xy r L Yen ® ¥ =1 ¥l Paosition ) aver plate
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

FORM 3
GENERAL FORM FOR EACH SESSION AT NRC

LOCATION: CEF (Ottawa) DATE INTERVAL:

Safety Issues Discussed

Test Plate Material:
(check the box if material used is Aluminum alloy AMS 4037 or 4041)

Test Plate Dimensions:
(check the box if the dimensions are S00mm long % 300mm wide x 3.2mm thick)

Test Box Dimensions:
{onty for CSW, check the box if the dimensions are 500mm long x 300mm wide x 75mm thick)

Surface Finish:
(check the box if the average suface roughness is 0.5 pm)
Refer to Verification Procedure "A-Verif” for methodology

Ice-catch Pan Dimensions:
(check the box if the dimensions are 27,7 cm by 54 cm)

INIRIRIRIRifl

Water Supply to Nozzle:
(check the box if the water supplied to nozzles conforms to ASTM D1193 Type IV water
or a hardness of less than 300 ppm reported as CaC0y)

] S0g
Weigh Scale verification: [ |

(see verification procedure)

Calibration of NRC Equipment Completed prior to Testing :
(Anemometer, Thermocouples - refer to Calibration Plan)

|

Air Temperature (°C):

(to be recorded by the NRC at a sampling rate of minimum 1 datum per minute and handed in to APS

at the end of the session on floppy disks)

The air lemperalure data iz saved lo the fallowing files (provide filename and extension):

Relative humidity (%6):
(to be recorded by APS and saved at the end of the session on floppy disks)
The humidity dala is savaed fo the following files (provide filename and extension):

LEADER:
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, lll AND IV

FORM 4
GENERAL FORM F OR EACH CONDITION AT NRC

CONDITION: ZR3H ZR3L ZR10H ZR10L ZD3H ZD3L ZD10H ZD10L

LOCATION: CEF (Ottawa) DATE: ZF3HZF3L ZF10H ZF10L ZF14H ZF14L ZF25H ZF25L CSWH CSWL
PLATE 1 PLATE 6 PLATE 7 PLATE 12
Angle of the Test Stands (°): | |
Distance between Nozzle and Test Plates: |:|
(check the box if distance is 7+0.5m for ZD, ZR and CSW)
Distance between Temperature Sensor and Test Plates: |:|
(check the box if distance is within 1.5 m)
Synchronize the timing devices and the computer clock with NRC time: |:]

(check the box if the timing devices are synchronized)

Plate Temperature (°C):
(to be recorded by APS at the end of the each condition, saved on floppy disks and included in the envelope along with the forms)
The plate temperature data is saved to the following files (provide filename and extension):

COMMENTS:
COMPUTER TECHNICIAN:

LEADER:
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Ill, Il AND IV

FORM 5
DE/ANTI-ICING DATA FORM FOR FREEZING PRECIPITATION AT NRC

REMEMEER 1) SYNCHRONZE TINE

LOCATION: CEF (Cttawa) DATE: RUN NUMBER:

STAND #:

TIME [l ]
Firmar e Fluied Applicnticn

inal Pt Temperstare ('C)

[WEEDS T0 BE WATHIN 0.5°C OF ASR TEWP)
Initinl Miuid Temparaters ('C)

[MEEDE 10 BE WITHIN 3°C OF A TEMEP)

Plate 1 Plats 2 Pilate 3 Plate 4 Plate §

FLUID NAME/BATCH

B1B2B3

c1c2C3

D1oz03

E1EZED

1l

FIFZF3

TMME TO FIRST PLATE
FANLLRE WITHIN WORK AHEA

[ V. 0ot Dol Eay VDSl Dot Easy VDol Dcul By VDS DSt Eesy
B c

FAILURE CALL fohroie) Do Diout

»

HRZ. MR VELOCITY * feircle) A L < & ] c A L] ¢ A L [

. Dot

Ol

c

Eavy

Time of Fluid Apphcation:

Initinl Plate Temperstere (°C)

(NELES T DE WiTHIN .5°C OF AB TEMPY
Initinl Fluid Tamparaters ('C)

(MEEES 10 BE WITHIN TC OF AR TEMF)

Plate 7 Plate 8 Plate 3 Plate 10 Plate 11

Plate 12

FLUID NAMEBATCH

B1B2IB3

c1czca

010208

|1

E1E2E3

F1F2F3

TMVE TO FIRET PLATE
FAILLRE WITHN WORK AREA

IFAILURE CALL icircie) V.DSclt  Olcst  Eay V.DMct  Dficut  Cay V.DScs  DScet  Cary V.OMcel  Dicer  Casy V.OScul DMt Casy
MELE BIR WELOCITY * foivole) a B (-3 a B c a & 4 a B G A B ©
e
* A HORIZONTAL AR VELOCITY S 0.4 mis

B 0.4 mis < HORIZONTAL AR VELOCITY S 1.0 mis.

€ HORITONTAL AR VELOCITY > 1.0 mis.

PRECIP (circie): IF, D, IR, MOD

AMBIENT TEMPERATURE c
COMMENTS:

LEADER |

V. Dt

M:\Projects\PM1832 (TC Deicing 03-04)\Procedures\AS5485\AS 5485 PROCEDURE docx
Version 1.0, January 04

58

Cicun

Easy

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B1.docx

B-58

Final Version 1.0, October 19



APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, Ill AND IV
FORM 6
SKETCH OF THE CHAMBER AT IREQ
(Inserted for future reference for frost)
To be filled in by the Weigh Scale Technician
Angle of Cryo. Units
R Pos 1:
i XRH/'I':
Pos 12:
Pos 13:
RH/T .
R — ] | posas
> Xi: m [
’ Height:: m ‘
| Cryo 2 - Position 13 to 24
| ..
Seale || Clrvoll —|P05|1t10|n llto I12 ||
A 4
Yrur: m
A
v | Height ‘
Y,: n eight;: m
' s A Y
Y Yi: m
A
Xn
Date: Time of day: Sketch #
Verification of the scale: 50g: 10g:
29:
Signature: Date:
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Ill, Il AND IV

FORM 7
DE/ANTI-ICING DATA FORM FOR COLD SOAK BOX AT NRC

REMEWEIER T0 SYNCHROMIE TIME

LOCATION: CEF {Ottawa) DATE: RUN NUMBER: STAND # :

TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)
Tema of Fluid Applicason

Instinl B0 Tomperature ()
(MEEDS TOBE 102 1]

Iestial Fluid Tosperatura {"C)
(MEEDS TO BE WITHIN 3°C OF AIR TEMP)

Emtor Box Numbsar Box # Boxf

FLUID NAMEBATCH

B1BZB3

c1czcy

010203

E1E2E3

F1FZF3

TIME T0 FIRST FLATE
FALURE WITHN WORK AREA

FAILURE CALL jchrcle) V Dcut Dificut Easy W Difcut Diiost Easy V. Ddlcut  Diicsh
HRZ. AR VELOCITY * chicle) A B a B A B

Easy W Odlcut  Difcsh Easy V. Odlct  Déosk Easy

Tomur of Fluid Applicaton

leatun) B0 Tuesperature (C)
(MEEBS T0BE 18+ 1)

Fluid Tosperaturs (°C)
(MEEDS T0 BE WITHIN ¥C OF AIR TEWP)

Emtor Box Numbsor Box Boxd

FLUID NAMEBATCH "

B1BZB3 ||

cicacs H

010208 ||

E1E2E3 H

F1F2F3 m
TME TO FIRST PLATE

FALURE WITHIN WORK AREA

FAILURE CALL feirels) VDMt Dt Emy VDMt D, Ewmy V.DMcll  Diicsh.  Emy VDMt Déicsh  Emy V.OMcul  Déic  Emy

ML AIR VELOCITY * [ciche) a4 B A B a B 4 B

AMBIENT TEMPERATURE: C PRE-START COOLANT TEMPERATURE: *C

NOTE:
[Code requirements are <12 £ 1 °T) -
COMMENTS: A HORIZONTAL AIR VELOCITY £ 1.0 mls

B HORLZONTAL AIR VELOCITY > 1.0 m/s

LEADER | MAMAGER:
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Ill, Il AND IV

FORM 8

CHANIBER SETTINGS FOR EACH CONDI TION AT NRC

CONDITION: ZR3H ZRIL ZRI0H ZR1OL ZD3H ZO3L ZDAOH ZDAOL ZF3H
|L°“‘“°"‘ CEF (Ottawa) DATE: ZEIL ZEION ZFI0L ZFUAH ZFAL ZF25H ZF25L CSWH CSWL
Line Air | Line Air | Line water | Line wwater | Relalme [ Brace | LTSon_ MTSon |
609\101 Needles Used :::j::e !Pmssuls | Temperature | Pressure | Temperature ; Humidity A‘Is SP"" YA‘IS | Speed | Height 11 iyra 4 5 5 112"3 ]5 51
| (sh) | (g3 (Colshes) | (%) | tnches) | I
ZR3L | 2x20  1GPM | 60 L. 7 _f'-'!'_. ;.."“" I f'_‘.“___ high | Y\"_._- :.__Y Yy
ZR10L 220 1 GPM B0 | 82 75 full | high | LD yly
ZR3H | 2x20 ' ! | yiyly L
R T
3L 24 Hi*‘f T
Dol | a4 1GPM viyly| |
03H 223 1GPM ylylyl |
IDI0H | 223 | 1GPM \ylyiyl |
FOGAL [1X 206501120 80 YIyiy| | S-Apr-01
FOG 14 L |1x 20550120 55 Yiviyl | 11-Apr-01
FOG25L 1xJ050/i20] 80 | L] eApeDl
FOG3H | 1X20/500120] 75 iyl | 10-Apr-01
FOG 14 H |1 x20/60120) 75 yivl | S-Apr-01 |

[ZD 105 2x24

FOG35H | 1X20/50

pai

16-Jul-93

FOGI2H | 1x2050 | 24 | 40 ! s - L full |k
FOGI0H | 1x20050 | 75 40 | - 2B | - | ful |
FOGIOL | 1X2M50 | 85 | 40 | - | - | - | - | ful | |
FOG25L | 12050120 15 | 40 | 73 | - 708 - ful |
IFOG25h | howsoi20 | 24 | 40 | 79 | - 728 | - full | low | ful | | |
7R3H-2 2420 iGPM | @0 | 125 | @0 15 | - [patial| low | ful | high ylyly [ E-.ﬂQr-EID
* Dial R #Flaw Rate for Fog (mbmin) = 0.00337¢ + 3.3605%¢ - 17512
Brace hengh: 126"
NEW VALUES (IF DIFFERENT)
Flow Rate | ine A Uine Alr | Line Water | Line Water | Relatie ¥ Axis | YA“S | Brace | LTSon | MISon _
@9\1 Meedles Used |, = | Pressure | Temperature | Pressure | Temperature | Humidiy SPeed Saeed Height |, |'3§‘ 5'!; 1—[2 3i--1—|5 5 Date
C! ) | (Cews) | (s ) G5 ol Ml
| ! ; | [ T ] HERRERN
COMPUTER TECHNICIAM: LEADER:
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

FORM 9
RATE MANAGEMENT FORM AT NRC

CONDITION:
DATE: WEIGH SCALE TECHNICIAN:
PAN # TIME OUT | 1% or 2 Rate TIME* Chamber STDEV
Temperature

* One reading every 30 minutes (Check procedure for air temp. STDEV requirements).
This form is for guidance to manage the sequencing of pans measurement and to verify the chamber temperature STDEV.
(At the end of condition file this form in the same envelope with the endurance time data form)

M:\Projects\PM1892 (TC Deicing 03-04)\Procedures\AS5485\AS 5485 PROCEDURE.docx
Version 1.0, January 04
62

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B1.docx
Final Version 1.0, October 19
B-62




APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Ill, Il AND IV

LOCATION:

FORM 10
END CONDITION DATA FORM - NATURAL SNOW

REMEMEER T0 SYRCHRONIZE TIME WITH MSC . USE LOCAL TIME

DATE:

RUN NUMBER: STAND #:

Time of Fluld Application:

Initil Plarte Temperaturs (C)
(NEEDS 10 8 WITHEN 05 OF A TEMS)

Initial Fluid Tompessture (T)
(NEEDS T0 BE WITHEN 3T OF AR TEMPY

TIME TO FAILURE FOR INDIVIDUAL CROSSHAIRS (real time)

Plate 1

Plate 2 Plate 3

Plate 4

Plate § Plate §

FLUID NAMEDILUTION

ciczca

D1D2D3

E1EZE}

F1F2F3

TME TO FIRST BLATE
FALURE WITHI WORK AREA

Time of Fluid Application:

Initial Plate Tomgessture ('C)
(MEEDS T0 BE WITHM 0.5°C OF A TEMF]

Initeal Fluid Tomposstura ['C)
[MEEDS T0 BE WITHSN 3°C OF AIR TEMP)

Plate 7

Plate 10

Plate 11 Plate 12

FLUID NAME/DILUTION

ci1czc3

010203

E1EZE3

F1F2ZF3

TIME TO FIRST PLATE
FILURE WITHIN WORS, ARES

COMMENTS:

FAILURES CALLED BY:

LEADER f

PLEASE ENSURE CORRECT FUNCTIONING OF PLATE TEMPERATURE
LOGGING SYSTEM AT START OF TEST. AT THE END OF TEST SESSION,
SAVE THE ELECTRONIC LOGGER FILE ON A FLOPPY DISK AND ALS0 E-
MAIL IT TO THE OFFICE. LABEL THE DISKETTE AND PLACE IT WITHIN
THE DATA FORM ENVELOPE.
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Ill, Il AND IV

FORM 11

METEO/PRECIPITATION RATE DATA FORM - NATURAL SNOW

REMEMBER TO SYNCHROMIE TIME WITH MSC - USE LOCAL TME

LOCATION: DATE:

HAND HELD VIDEO CASSETTE #:

RUNE:

STAND ¥ :

PLATE PAN WEIGHT MEASUREMENTS *

METEQ OBSERVATIONS *

t 1 w

PAN TIME BUFFER TIME BUFFER| WEIGHT
’ BEFORE TIME AFTER TIME BEFORE

{h:min:s} (s) [h:min:s) is) ia)

W

WEIGHT
AFTER

1]

COMPUTE

RATE
Lows 7)o

(gidm’h)

WIND

SPEELDY

{kmih}

CLASSIF.

[Sa% snow classiicaton)
diagram )

TYPE (Table 1)
TIME
p 2R 7S, S0
[hamin} IF. I BS 5F

If SHOW,
WET or DRY

- Dt vetions  bogrra. . a every 10w rlervas

e there

AIR TEMPERATURE AT START OF TEST
WIND DIRECTION AT START OF TEST

TEST STAND ORIENTATION

(measured along long axes of the test panels)

* Measurements every 10 min. and f e e 07 Sach test panel.

WRITTEN & PERFORMED BY :

SIGN

VIDEO BY :

TEST SITE LEADER
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, lll AND IV

GENERAL FORM FOR EACH TESTING SESSION - NATURAL SNOW

FORM 12

LOCATION: APS TEST SITE

DATE:

Angle of the Test Stands (°):
(the angle shall be within 10° + 0.2)

Synchronize the timing devices and the computer clock with atomic time (www.time.gov): :l
(check the box if the timing devices are synchronized)

Plate Temperature Files:

(to be recorded by APS at the end of the each test session, saved on floppy disks and included in the envelope along with the forms)
The plate temperature data is saved to the following files (provide filename and extension):

PLATE 1 PLATE 6 PLATE 7 PLATE 12

COMMENTS:

LEADER:
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

FORM 13
GENERAL FORM FOR EACH WINGTER SEASON - NATURAL SNOW

LOCATION: APS TEST TITE DATE INTERVAL:

Safety Issues Discussed

Test Plate Material:
(check the box if material used is Aluminum alloy AMS 4037 or 4041)

Test Plate Dimensions:
(check the box if the dimensions are 500mm long x 300mm wide x 3.2mm thick)

Surface Finish:
(check the box if the average surface roughness is ? 1.0 ym)
Refer to Verification Procedure "A-Verif" for methodology

] U000

Ice-catch Pan Dimensions:
(check the box if the dimensions are 30 cm by 43 cm)

COMMENTS:

LEADER:
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

FORM 14
CONDITION CHECKLIST

1. FREEZING PRECIPITATION

Beginning of the condition

TASKS

DONE - INITIALS

Start the computer and spreadsheet

Start the scale program (Wedge software)

Start, reset and level the scale

Check that the scale is correctly verified to 2g and 50g

Start the camera and video

Verify the functionality of the walky-talky system

Synchronize all clocks to atomic clock (computers, stopwatches)

Prepare a dated envelope

End of the condition

TASKS

DONE - INITIALS

Print all results (spreadsheet pages)

Write on the envelope the tests that have been achieved

Shut down the computer / Shut down the scale

The coordinator should write a summary each night

Stop and shut down the intercoms, camera and video

Clean stand area (if needed)

Prepare fluids for the next day

Save all results on hard drive

Zip all the results with Winzip, save them on a marked diskette

Provide instructions to laboratory technician for the next day conditions

Put all results sheets, checklists, and the diskette in the envelope. Forward the envelope

to the office

2. NATURAL SNOW

Beginning of the condition

TASKS

DONE - INITIALS

Start, reset and level the scale

Check that the scale is correctly  verified to 2g and 50g

Start the computer and check the connections to the datalogger

Check the connection between the thermistor and the test plate, for each position tested

Empty the datalogger, label with proper names the channels to be used, and reset the
datalogger for the new session

Synchronize all clocks to atomic clock (computers, dataloggers)

Prepare rate pans

Prepare a dated envelope

End of the condition

TASKS

DONE - INITIALS

Write on the envelope the date and project

Save all results on hard drive

Zip all the results with Winzjp, save them on a marked diskette

Shut down the computer / Shut down the scale

Clean and empty waste containers (if needed)

Clean any mess (if needed)

Put all results sheets, checklists, and the diskette in the envelope. Forward the envelope

to the office

CO-ORDINATOR / MANAGER DATE /
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

ATTACHMENT 1
SAFETY AWARENESS ISSUES

1. Review Material Safety Data Sheets (MSDS) for fluids being used at test
site/chamber.

Protective clothing should be worn.
Care should be taken when handling fluid containers.

Particular care must be taken during tests involving untrained or
inexperienced personnel.

Proper measures shall be taken for disposal of fluids.
Safety procedures specific to the chamber.

7. Take special care for ice on ground in cold chamber and water on floor in
control room.
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTIHICING FLUIDS SAE TYPE Il, i AND IV

ATTACHMENT 2
CEF DETAILED TEST PLAN
Type II, Ill & IV Fluids

Test
Precip Precip Rate| Dilution
Test # Time ‘l;o:;. gidmh] 1961 HOT Est. HOT
1| ColdSoskBox —
2 Cold Soak Box
2 Cold Soak Box
4 Cold Soak Box
5 Cold Soak Box
] Cold Soak Box
_J__| ColdSeskBox | S
-] Cold Soak Box
9 Freazing Drizzie
10 | FreesingDrizzle | 10
11 __Freezing Drizzle
12 | FreezingDrizale | N
13 i

. rL -
Freezing Drizzie

Freezing Drizzie
Freazing Drizzls
Freezing Drizzie

| FreezingDrizzle | 3 |
__ Freezing Drizzsle |
~ Freezing Drizzle

Freezing Drizzle | -
__ Freezing Drizzle

{ LightFreezingRain | 10 |
LightFreezing Rain
| Light Freszing Rain |
Light Freezing Rain
Light Freszing Rain
Light Freezing Rain
_| LightFreezing Rain_|
| LightFreezing Rain

_LightFreezing Rain _
LightFreezing Rain |
Light Freezing Rain_
Light Fraszing Rain
__| LightFreezing Rain |
Light Freezing Rain
| Light Freszing Rain
Light Freezing Rain
Light Freezing Rain _
Light Freezing Rain
& Freezing Rain

_ Freezing Fag
Freszing Fog

_FreezingFog |
Freezing Fag

_ FreezingFag | -14
Froei

Freeting Fog _
Freezing Fog
Freazing Fog
Fraszing Fog

_ FreezsingFog

Freszing Fog

Freezing Fog
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

ATTACHMENT 3
Instructions for Measuring Anti-lcing Fluid Viscosity
Using DV-I+ Brookfield Viscometer

Introduction

This document is meant to provide some important instructions for measuring
viscosity using a DV-l+ Brookfield Viscometer. Training is obviously needed
before any use of the viscometer. For further information, several sources
related to the theoretical background on viscosity and the Brookfield
Viscometers are cited below.

Step by step instructions
For accurate viscosity measurements, these instructions should be followed:

1. Level the viscometer head by adjusting the three leveling screws on the
base of the stand. Adjust so that the bubble level on top of the DV-1+ is
centered within the circle. Check level periodically during use.

2. Turn on the viscometer head and allow it to warm up for 10 minutes
before any measurement.

3. Turn on the temperature-controlled bath and set it to the desired
temperature. With most materials, the relationship between viscosity and
temperature is exponential in nature. For some products, an extremely
small temperature change can cause an extremely large viscosity change.
The temperature factor should be taken seriously.

4. Centrifuging the fluid samples
Samples would usually contain trapped air bubbles. These bubbles
dramatically effect the viscosity measurement. Small bubbles can climb
to the surface of the viscometer spindle causing additional drag on the
spindle, thus making the fluid appear more viscous than it actually is.
These instructions should be followed:

e Even if it is not stated mandatory by all anti-icing fluid manufacturers,
centrifuging should be applied on all fluid samples that contain clear
and stable trapped bubbles.

e For Dow products, Dow Company always recommends a
centrifugation for 5-10 minutes at 3400 r/min (or 10-20 minutes at
2500 r/min).
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

e With large sample containers, centrifuging is usually not applied since
the amount of the fluid is too large to permit effective and easy
centrifugation.

5. Loading the samples

e With viscosity method stating large samples (250 ml or 500 ml), the
fluid amount is usually measured using a beaker.

e For the small sample chamber (SC4-13R), the fluid amount required is
usually 10 mL and is typically measured with a syringe (with the
needle).

e For Dow Ultra+, they found out that the syringe loading method
might shear the fluid. Using a graduated cylinder or pipette to
measure the amount is not recommended as the thickened fluid will
leave excessive amounts of holdup on the walls, thus the amount of
fluid delivered to the chamber is not a full 10 mL. Dow recommends
the use of a notched card. For the SC4-13R sample chamber with the
SC4-31 spindle (usually used for Ultra+ fluids) immerged, the notch
in the card should be 1.5 cm deep.

e |f the viscosity test is carried out below room temperature (O °C for
Ultra+), condensation will typically form on the top surface of the
sample. To avoid that, an absorbent cloth (47 mm outside diameter
and 20 mm inside diameter) should be placed on the top surface of
the cooling jacket to absorb condensate. This should be left in place
during the measurement as well.

6. Autozero the viscometer following these instructions:

a) Remove the spindle (if any attached).

b) Press any key on the viscometer keypad.

c) Wait until the display asks for the spindle to be replaced.

d) Replace the correct spindle (according to the viscosity method).
When placing the correct spindle (according to the viscosity method),
make sure that:

e The Viscometer spindle should be suitably centered in the test
sample container. This is of particular importance when using the
spindles of largest diameter (LV spindles for instance).

e All spindles should be properly immersed to the groove found on
their shafts. Otherwise, add some fluid to submerge the spindle till
its notch.

o Viscometer ranges will generally change if the spindle is brought
near the walls of the container.
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

7. Turn off the spindle motor.
8. Check that the correct spindle entry code is being used (see Table 1).

9. Set the right spindle rotation speed and time provided in the viscosity
method.

10. How much time to wait for the fluid to reach the set temperature?
Important: Spindles should be attached to the viscometer before starting
the time counting:

a)  With large sample adaptor
Good temperature equilibration with large (250 ml or 500 ml)
sample is difficult. Even if the large sample is immersed in a
constant temperature bath, the large thermal mass takes a very long
time to reach a stable temperature. Brookfield recommends 1 to 2
hours for temperature equilibration of large anti-icing fluid samples.
A probe should be used to measure the fluid temperature.

b)  With small sample adaptor
The small sample adaptor permits rapid temperature equilibration,
which can be achieved in about 20 minutes

11. When the fluid is at test temperature, turn the spindle motor on to start
the viscosity measurement.

12. Record the viscosity measurement and method in the logbook.
13. Variability in readings.

Duplicate measurements using a Brookfield viscometer on the same fluid
sample will rarely give exactly the same result.

According to the ASTM method (D 2196-99), the repeatability and the
reproducibility are defined as:

1. Repeatability (in the same laboratory):
Two results obtained by the same operator at different times should
be considered suspect if they differ by more than 7%.
If X1 and Xz are the two results found in the same laboratory (with Xi
higher than X2), the repeatability (RPT) is calculated as follows
(standard deviation relative to the average):

RPT (%) = [abs (X1-X2)] / [(X1+X2)/2]

2. Reproducibility (between different laboratories):
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

Two results obtained by operators in different laboratories should be
considered suspect if they differ by more than 21.6%.

If Xs and X4 are the two results found in two different laboratories
(with Xs higher than Xa), the reproducibility (RPD) is calculated as
follows:

RPD (%) = [abs (Xs-Xa)] / [(Xs+ X4)/2]

If multiple measurements on the same fluid are to be made, or if
several fluids are to be compared, the results will be more meaningful
if all measurements are made on the same day. Samples might show
differences in their chemical structure (like layering, degradation, etc.)
over time.

14. How many measurements should be made?

1. If the result of the first viscosity run has to be compared to the
manufacturer value (or other laboratory value) and the reproducibility
RPD (21.6%) applies, only one measurement would be sufficient.
Otherwise, a second run should be carried out for checking.

Suggestion: If the difference is higher than 7%, it is advisable to be
skeptical about the result and to conduct a second run.

2. When a viscosity reference value is not provided, two runs should be
carried out. The repeatability RPT (7 %) should apply for the inter-
laboratories. Otherwise, a third run should be carried out for checking.

Calibration Procedure

For the calibration procedure, see APS calibration book or ask the administrative
assistant for the latest version.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

Table 1: Spindle and Model Codes

Each spindle has atwo digit code which is scrolled to viathe ke)'gad on the DV-1+. The spindle code
directs the DV-1+ to calculate viscosity for the spindle that is being used. The spindle multiplyer
constant (SMC ) is used to caleulate full scale viscosity range for any spindle/speed combination (refer
to Appendix E). Spindle codes are listed in Table D-1.

SPINDLE CODE SMC SPINDLE CODE SMC
RVA 01 1 ULA 00 0.64
RV2 0z 4 DIN-ULA 85 122
RV3 03 10 TSEL-DIN-81 81 37
RV4 04 20 SSA-DIN-82 82 375
RS 05 40 S5SA-DIN-83 83 12.00
RVE 06 100 ULA-DIN-85 85 122
RVT o7 400 ULA-DIN-86 86 3.65
HA1 o1 1 ULA-DIN-87 87 1213
HAZ 02 4 S5C4-14 14 125
HA3 03 10 S5C4-15 15 50
HA4 i} 20 SC4-16 16 128
HAS 05 40 S5C4-18 18 32
HAG 06 100 SC4-21 21 5
HA7 o7 400 5C4-25 25 512
HB1 01 1 S5C4-27 27 25
HB2 02 4 S5C4-28 28 50
HBE3 03 10 SC4-29 29 100
HB4 04 20 S5C4-: kil 32
HB5 05 40 SC4-34 34 64
HEG 06 100 SC4-37 = 25
HB7 o7 400 CPE40 40 0.327
L1 61 64 CPE41 H 1.228
Lv2 62 32 CPE42 42 0.64
LV3 63 128 CPE51 51 5178
Lvd ) 640 CPES2 52 0.022
L5 65 1280 V7 il 282
SPIRAL 70 105 .72 72 1.10
TA a1 20 V73 73 5350
T-B a2 40

T-C a3 100

T-D a4 200

TE a5 500

T-F 96 1000

Source: http://www.brookfieldengineering.com

References

1. Brookfield Engineering Laboratories: http://www.brookfieldengineering.com

2. Operational Brookfield manuals:
http://www.brookfieldengineering.com/support/documentation/index.cfm
http://www.phys.virginia.edu/classes/311/notes/fluids2/node2.html
http://scienceworld.wolfram.com/physics/DynamicViscosity.html
http://hyperphysics.phy-astr.gsu.edu/hbase/pfric.html#vis

3. The British Society of Rheology (BSR):
http://www.ncl.ac.uk/rheology/bsr/noframes/index.html
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

ATTACHMENT 4
FORMULAS AND CALCULATION PROCEDURE - NRC

Ice-catch calculation

Rate calculation is performed by placing ice catch pans (27.7 cm x 54 cm) on
the test plate support at each test location (maximum of 12 locations). Each
pan is marked with a number identifying the collection location on the test plate
support. The individual pans are weighed prior to exposure to precipitation and
the weights are recorded. Prior to the start of the precipitation catch period, the
exact time (hh:mm:ss) is recorded. The pans are then placed on the test plate
support for a pre-determined period. The pans are re-weighed following this
period and the precipitation rate for each pan is calculated (R1).

R1 = (Wa1-Whb1)/Area-of-pan*(Ta1-Tv1) where,

Wa1 = weight after of the 1° measurement
Who1 = weight before of the 1° measurement
Ta1= time after of the 1° measurement

To1 =time before of the 1° measurement

The pans are then weighed and placed on the test plate support for a second
collection period (R2). After the second collection period has expired, the pans
are again re-weighed and the rates computed. A test may begin following the
second rate collection period.

Following the failure of a test plate, a rate collection pan is weighed and placed
at the plate location for a predetermined time interval (R3). It is then re-weighed
and placed again (R4) on the stand in order to collect a minimum of two rates
before and two rates after each test at this location.

The rate of precipitation for any location on the stand is calculated by averaging
the two rates collected prior to the test and the two rates collected following
the test. In order for the test to be valid, the average rate must be within the
set limits.

Water Spray Intensity Calculation:

Average intensity: R1 + R2 + R3 + R4
4

The average intensity calculated must be within the specified tolerance in each
of the conditions.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

ATTACHMENT 5
PREPARATION OF THE PLATES AT NRC

1. Test Plates:

1.1 Each test plate is removable and is placed on a support within the
environmental test chamber.

1.2 Each test plate shall be equipped with a temperature sensor located
on the underside of or, embedded within the plate. This sensor shall
be capable of measuring to an accuracy of +/- 0.5 °C and shall be
linked to an automatic data acquisition system.

1.3 The test plates shall be inclined from the horizontal at an angle of 10
degrees + /- 0.2 degrees.

1.4 The test plates are placed on the support in such a way that the fluid
can freely flow off all of the edges of the plate.

1.5 The test stand shall not interfere with the test surface and will
minimize any contact between the support and the test surface.

2. Test Plate Cleanliness:

2.1 The test plates shall be free of any visible contamination, smears, or
stains, except for drawings used to estimate ice coverage. Between
runs, any contamination shall be removed with a hot water rinse
immediately followed with an ethanol rinse.

2.2 If the same fluid is tested on the same plate for two or more
consecutive tests, it is not necessary to clean the plates with ethanol
before the second test, a hot water rinse shall be sufficient.

2.3 Allow the plates to dry after rinse and ensure they are at the
appropriate temperature before use.

2.4 To avoid any possible contamination with spray or temperature, clean
plates are to be stored in a holding area inside the test chamber away
from the spray area.

3. Changing Plates on the Test Stand:

3.1 Prior to removing a plate, a clean plate shall be chosen from the hold
area inside the test chamber.

3.2 The clean plate shall be protected from becoming contaminated with
spray using a clean cover.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

3.3 One person shall disconnect the temperature thermistor from the plate
to be replaced.

3.4 Another person shall hold the clean plate so as to ensure that no
contamination from spray occurs.

3.5 Care must be exercised to ensure that this operation does not affect
the spray or test on plates adjacent to the one being replaced.

3.6 The plate to be replaced shall be removed from the test stand and
held above the location so as to prevent contaminating the test
brackets with frozen spray.

3.7 Prior to placing the clean plate on the stand, the brackets shall be
visually inspected to ensure that spray has not contaminated the
brackets causing the angle of the plate to change.

3.8 The other person shall place the clean plate with the cover on the
brackets underneath the old plate that is being held over the location,
the old plate shall then be removed, the temperature thermistor will be
connected, lift the cover and hold it over the plate while pouring the
fluid, once the pouring is completed, remove the cover.

3.9 Verification shall be made to ensure that no contamination occurred
on either the plate being changed or any other plates on the test
stand, and that the temperature feeds are properly connected.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND IV

ATTACHMENT 6
EQUIPMENT

1. FREEZING PRECIPITATION

TASK NRC Cold Chamber
Resp. Status

Logistics for Every Test
Make Hotel reservations Intermediate Admin
Rent Mini-Van/Cube truck IIr:lErrnemsta Admin
Personnel Advances All
Personnel Transportation Test Leader
Prior to Testing
Pre-mix Type | Fluids Jr. Tachnologist
Ensure delivery of fluids to NRC Test Leader
Test Equipment
New Stand {1x6plate stand) Jr. Technologist
1x2 plate stand Jr. Technologist
Desktop Computer x 1 Jr. Tachnologist
Diskettes Jr. Technologist
Rags Jr. Technologist
Time Cards, Invoices, Expense forms Test Leader
Video Tapes Project Manager
Battaries AA, 9V Project Manager
Laptop Computer Test Leader
Still Digital Camera Test Leader
Fluid for cold-soak boxes @NRC
Weigh Scale x 2 (sartoriusl + wiring Jr. Technelogist
Time lapse video camera Jr. Technologist
Boards for cold-soak test Jr. Technologist
Clamps x 12 Jr. Technologist
WVCR for time lapse Jr. Technologist
Monitor for time lapse Jr. Technologist
Reg. Plates (wing nuts) X 10 {with logging capability) Jr. Technologist
Red containers with LIDS Jr. Technologist
Data Forms for plates Tast Laader
Precipitation rate Data Forms Test Leader
Insulation for weigh scale Jr. Technologist
Reports + HOT Tables Test Leader
Dilution curves for Type | fluids Test Leader
Large Precipitation Pans x 100 Jr. Technaologist
Metal cold-soak box covers Jr. Technalogist
Large calculator Jr. Technologist
Fluids pir. Tech/Test Leader
Clipboards x § Jr. Technologist
Pencils + pens + markers Jr. Technologist
Paper Towels Jr. Technologist
Rubber squeegees x 4 Jr. Technologist
(Waste containers x 8 Jr. Technologist
Plastic Refillsired containers) for Fluids and funnels Jr. Technologist
Electrical Extension Cords Jr. Technologist
Lighting x 2 Jr. Technologist
Stop watches x 4 Jr. Technologist
Storage bins for small equipment Jr. Technologist
Protective clothing (6] Jr. Technalogist
Brixometer X 3 Jr. Technologist
Tie wraps Jr. Technologist
Funnels Jr._Technalogrst
Hand-held Temperture Prabes { Wahl) Jr. Technologist
Thickness Gauges x 5 [both types) Jr. Technologist
Scrapers Jr. Technologist
Plate covers x 10 Jr. Technologist
Spray paint Jr. Technologist
Tape measure Jr. Technologist
Black shelving units x 2 @NRC
Cold-Soaked Boxes 7.5 em X 6 Jr. Technologist
Inclinameter {yellow level) Jr. Technologist
Test Procedures X2 Tast Leader
Printer Epson @ site Jr. Technologist
Paper for printar {1 packs) Jr. Technologist
(Washers Jr. Technologist
Hard Water for Type | tests x 40 litres Jr. Technalogist
Hard Water Chemicals Jr. Technologist
1 litre pour containers x12 Jr._Technologist
Large digital clock x 2 Jr. Technologist
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND IV

2. NATURAL SNOW

TASK

Natural Snow Tests

Resp. Status

Logistics for Every Test

Monitor Weather

Test Leader

Call personnel required to Site

Test Leader

Prior to Testing

Syncrhonize clocks

Test Leader

Ensure Type Il and Type IV are at OAT

Test Leader

Set-up loggers if required

Interm. Technologist

Stands set into wind and at 10° slope

Test Leader

Mark crosshairs on all new plates

Interm. Technologist

Test Equipment

Test stands (2x6plates)

Interm. Technologist

Desktop Computer

Jr. Technologist

Diskettes Jr. Technologist
Rags Interm. Technologist

Time Cards, Invoices, Expense forms

Jr. Technologist

Batteries AA, 9V

Project Manager

Still Photo Camera and still digital camera

Test Leader

Digital Microscope + forensic scales

Jr. Technologist

Balance x 2 (sartorius) + wiring

Jr. Technologist

Digital Video camera

Test Leader

Video Tapes

Test Leader

Req. Plates (with logging capability)

Jr. Technologist

1 litre pour containers

Jr. Technologist

Red containers

Jr. Technologist

Data Forms for plates

Test Leader

Precipitation rate Data Forms

Test Leader

Insulation for weigh scale

Jr. Technologist

|Reports + HOT Tables

Test Leader

Rate distribution pans

Jr. Technologist

Large calculator

Jr. Technologist

Fluids

Jr. Tech/Test Leader

Clipboards x 5

Jr. Technologist

Pencils + pens

Jr. Technologist

Paper Towels

Jr. Technologist

Rubber squeegees x 4

Jr. Technologist

Waste containers x 20

Jr. Technologist

Plastic Refillsired containers) for Fluids and funnels

Jr. Technologist

Electrical Extension Cords

Jr. Technologist

Lighting x 3

Jr. Technologist

Stop watches x 4

Jr. Technologist

Storage bins for small equig

Jr. Technologist

Protective clothing (6)

Jr. Technologist

Brixometer X 3

Jr. Technologist

Tie wraps

Jr. Technologist

Funnels

Jr. Technologist

Hand-held Temperture Probes x 2 (Barnant and Wahl}

Jr. Technologist

Thickness Gauges x 5 (both types)

Jr. Technologist

Scrapers Jr. Technologist
RH meter Jr. Technologist
Spray paint Jr. Technologist

Tape measure

Jr. Technologist

Thermistor Kit + Logger

Jr. Technologist

Inclinometer (yellow level)

Jr. Technologist

Large digital clock x 2

Jr. Technologist

Tarp for fluid collection

Jr. Technologist
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

ATTACHMENT 7
FLUID MANAGEMENT PROCEDURE

1. Fluid Request Procedure:
e Write letters to fluid manufactures specifying the following:

Project Specific Information
Objective of the Specific Project/Test
Date for receipt of fluid
Location of Shipment and Contact Persons

Fluid Specific Information
Type of Fluid
Name of Fluid (if available)
Dilutions of Fluid (if required)
Quantity of Fluid Required
Suggested container sizes of shipment (20 liter containers or 200
liter drums)

s Each letter MUST CONTAIN a request that manufactures include with
shipment:
Fluid Batch Number
Date of Production
Viscosity Method suggested by Manufacturer
Manufacturer’s stated viscosity
Manufacturers stated BRIX
MSDS Sheets

An example of the request letter is presented at the end of this document, in
Appendix .

* Track and ensure the following:
The Manufacturers receive the letters
The Manufacturers confirm willingness to ship fluids.

The Manufacturers confirm that the fluids will be shipped.
The receipt of the fluids and the fluid specification.

2. Receipt of Fluids
Receipt of fluid will be accompanied by the following documentation:

Fluid Specification — (if not available, request it from the manufacture)
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

Shipping Slip

For Type | Fluids: Fluid Freeze Point Curve (FP curve)
Lowest Operational Use Temperature (LOUT)

These must be brought back and placed in appropriate binder, and Form 1
must be filled in.

3. Fluid Use and Storage at Site

¢ Remove fluid from original containers and place in smaller containers.
Spray paint each container with the code designated for that
particular shipment. Label the container (an example of label can be
found at the back of this document in Appendix Il). This should be
done under the supervision of a qualified Test Site Leader.
¢ The code must contain the following information:
Batch number
Date received
Name of Manufacturer

Type of fluid
Name of fluid
Dilution

e Place fluid containers on outside shelves ensuring that the label is
visible. Store original fluid containers in shed and use for waste fluid

collection when empty. Waste fluid containers must be spray painted
"WASTE".

4. Fluid Samples Storage at Office

¢ Two samples of the fluid must be brought back to the office. One
sample must be sent to AMIL and the other one is kept at the office.
Use 1-litre bottle containers. Label all containers.

¢ Conduct viscosity and brix tests on fluid samples. The obtained values
should be recorded in the log, next to the viscometer.

s Place fluid sample containers in boxes that are not subjected to light.
Include a copy of the form and store in basement for a period of two
years from date of receipt.

A log of all the fluids received, by project number, manufacturer and quantity
must be kept. The log needs to be updated every time a new fluid is received.

An example of a log is shown in Appendix lII.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, Il AND Iv

Transports
Canada

| g

Centre de développement
des transports

800, bd René-Lévesque O.

Appendix |
EXAMPLE OF REQUEST LETTER

Transport
Canada

Transportation
Development Centre

800 René-Lévesque Blvd. W.

6" étage 6th Floor
Montréal (Québec) Montreal, Quebec
H3B 1X9 H3B 1X9 "
Tél. : (514) 283-0000 Tel.: (614) 283-0000 Votre référence. - Your fil
Télécopieur @ (514) 283-7158 Fax: (514) 283-7158
Site Web : Web Site: Notre référence Cur file
Www.tc.ge.ca/tdc/index_f.ht www.tc.ge.caltde/index.htm
m

ZCD1455-14

Date:

SUBJECT: Request for fluid samples

Dear Sir:

Transport Canada, in conjunction with the Federal Aviation Administration, is currently
planning to undertake testing of de/anti-icing fluids using the services of APS Aviation
as in previous years.

The objectives of this year’s test program will be the following:

= To conduct endurance time tests with new Type |, Type Il, Type lll, and Type IV
fluid formulations.

Test sample selection procedures for Type Il, Il and IV fluids, are as outlined in the
September 2003 revision of the proposed AS 5485. Note that the sample selection
procedure describes viscosity measurements based on the AIR 9968 method. Fluid
manufacturers will be responsible for ensuring that all steps in the sample selection
procedures are followed.

All dilutions of the de/anti-icing fluids should be made using standard hard water, as
outlined in AMS 1424 and 1428.

It is anticipated that Transport Canada will charge the fluid manufacturers $25,000 US
for testing Type Il or Type IV anti-icing fluids, $16,000 US for testing Type lll neat
fluids and $12,500 US for testing Type | fluids. Manufacturers who wish to test more
than one anti-icing fluid will pay the full price for the first fluid and receive a 20%
reduction on the testing of any additional fluids.
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In order to maximize testing in natural conditions, please deliver test samples to APS as
soon as possible in accordance with Note 1. Please include the following items with the
fluid samples:

a) A statement identifying the product name, lot number and date of manufacture;

b) A statement specifying the viscosity of the shipped fluid, the method used to
pre-shear the sample fluid and the date of shearing;

c) The MSDS of the fluid;
d) The Brix and freeze point of the fluid; and
e) If possible, the WSET value of the fluid sample.

Fluids should be shipped in manageable (20 litre or less) containers, if possible.
We thank you for your assistance. In order to ensure that proper samples are delivered
for testing, please contact Michael Chaput or John D’Avirro at APS Aviation (1-514-

878-4388) or Barry Myers at Transport Canada (1-514-283-0054) prior to the
preparation of the test samples.

Yours Sincerely,

Barry Myers

Barry Myers

Senior Development Officer
Note 1

The following fluid quantities are requested:

Type | (Concentrate) 60 litres
Type Il, lll or IV (100% mix) 300 litres
Type I, 1l or IV (75% mix) 200 litres
Type I, lll or IV (50% mix) 140 litres

Samples should be delivered to the following address:

Mr. John D’Avirro/ Mr. Michael Chaput
APS Aviation Inc.
c/o Environment Canada
8000 Herve St-Martin
Dorval, Quebec
Canada — H4Y 1H1
Tel: (514) 878-4388 Fax: (514) 861-6310

Affiliated Custom Broker: Charles Higgerty Limited
Ottawa: (613) 748-6600
Montreal: (514) 636-3926
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, Ill AND IV

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il - NEAT

Batch Number: L 1043

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il - NEAT

Batch Number: L 1043

APS Aviation Inc.

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il - NEAT

Batch Number: L 1043

APS Aviation Inc.

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il - NEAT

Batch Number: L 1043

APS Aviation Inc.

APS Aviation Inc.

APPENDIX I
EXAMPLE OF LABELS

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il — 75/25

Batch Number: L 1043

APS Aviation Inc.

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il — 75/25

Batch Number: L 1043

APS Aviation Inc.

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il - 75/25

Batch Number: L 1043

APS Aviation Inc.

Winter 2000/2001
HOLDOVER TIME PROJECT

SPCA
ECOWING 26
TYPE Il - 75/25

Batch Number: L 1043

APS Aviation Inc.
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE ll, lf AND IV

APPENDIX Il
EXAMPLE OF LOG OF FLUIDS
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, il AND IV

ATTACHMENT 8
PERSONNEL AND TRAINING

This attachment enumerates the tasks for each member of the testing personnel
and also provides information with regards to the training of personnel.

1. FREEZING PRECIPITATION

The personnel involved in testing typically comprise of coordinator/manager,
computer technician, weigh scale technician and fluid technician.

1.1 PERSONNEL - FREEZING PRECIPITATION

1.1.1 Coordinator/Manager

a. Delegate someone to fill in the Condition Checklist (FORM 14), and the
General Form for Each Session (FORM 3);
b. Complete and sign the De/Anti-lcing Form For Freezing Precipitation (FORM
5), and the General Form For Each Session (FORM 14)
(FORM 14 to be sent in a separate envelope);
c. Verify and sign:
i.  The General Form For Each Condition (FORM 4);
ii.  The Chamber Setting For Each Condition (FORM 8), and
ii. Test Stand Location For Each Condition (FORM 2).
. Ask the operators of the test cell to set the tests conditions;
. Monitor the rates;
Insure that the right fluids are used;
. Ensure that the fluids used have been verified for Viscosity & Certificates;
. Insure that the tests are run at the right conditions;
Insure that the right test ID is used;
Check if the range over the average failure time is less than 10%;
. Insure the plates and the units are clean; and
Insure that failure calls are correct.

—AT S TAQ M0 Q

1.1.2 Computer Technician

a. Computer Technician notes the following: position/ice catch plate number,
plate’s initial weight, initial time (time when the plate is placed), final time
(time when plate is removed from the unit), final weight;

b. Check that tolerance and range rates are good;
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, il AND IV

c. Complete the General Form For Each Condition (FORM 4), delegate certain
measurements to the Weigh or Fluid Technician (based on availability);

Fill in The Chamber Settings For Each Condition (FORM 8);

Print all data and results and put them in the envelope;

Save all results to hard drive and zip them to save on diskette;

Put the diskette in the envelope; and

Do the last check up to be sure that all results sheets and diskettes are in
the envelope.

Sa~oa

1.1.3 Weigh Scale Technician

a. Ensure plates have reached chamber temperature, place the plates on
platform, and collect plates for weighing;

b. Communicate with the computer technician the time of placing the plate,
the position of the plate, the plate number, the final weight of the plate
and the time of placing the new plate;

c. Bring in or take out Rate Pans with the assistance of the Fluid Technician

(if available);

Clean or dry the rate plates (ATTACHMENT 5);

Clean the test plates as indicated in ATTACHMENT 5;

Recuperate the fluid of the test plates in a waste container;

Clean mess whenever it is necessary;

Fill in the Test Stand Location For Each Condition (FORM 2) each time one

of the following objects moves: test stand, humidity/temperature sensor.

The measured values shall be taken and entered on the FORM 2. Each time

new values are used, the form should be numbered, starting at 1 each

morning;

i. Complete the Rate Management Form (FORM 9); and

j. Complete the scale verification (see Calibration Procedure), prior to each
condition.

sa~oa

1.1.4 Fluid Technician

a. Read the MSDS sheets;

Clean the upper surfaces prior to placing the plates;

c. Prepare the trays containing the rate and test plates for the weigh scale
technician;

d. Verify that the fluids have been checked (Viscosity, Certificates of
Compliance);
Pour fluids on the test plates;

f. Communicates with the computer technician to provide beginning and
failure time (failure calls);

g. When the weigh scale technician has finished with the plates, take out the
plates to the table to clean or dry them; and

S
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PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, il AND IV

h. Help clean plates.
1.2 TRAINING - FREEZING PRECIPITATION

1.2.1 Coordinator/Manager

The Coordinator/Manager will be trained in all the facets of operations contained
in this procedure, including, but not limited to:

a. Set-up and tear-down;
. Understanding how the chamber operates;
c. Understanding of test procedures:
i. Failure Calls, determination of test end condition, recording
information on plate data form, rates, fluids;
ii. Panel preparation/cleaning, and the pouring of fluids;
iii.  Calculating the rates;
iv.  Modifying the rates.
d. Supervision of the operation of the tests;
i. Making go/no go decision on whether the test will be run;
ii. Determining the tests to be run from the Test Plan (ATTACHMENT 2);
iii. Cross out failed tests on the test plan and record the fluid endurance
time;
iv. Determine whether additional tests are required;
v. Supervise the personnel the computer, weigh scale, and cleaning
technicians.

[on

1.2.2 Computer Technician

The Computer Technician shall be trained to complete all of the tasks in Section
1.1.2 including, but not limited to:

a. Set up and repack the computer and all of the peripherals related to the

process of collecting rates (weigh scale, cables, printer, etc);

Manage the Excel Spreadsheets (ATTACHMENT 11);

Printing rate summaries;

Measuring rate distribution (once per condition);

Measuring continuous rates (plates / stand);

Operate the computer that monitors the plate temperature (Trend Reader

software), and save the data following each condition with the assistance

of the fluid technician; and

g. Be able to complete the forms; complete the General Form For Each
Condition (FORM 4), the Chamber Settings For Each Condition (FORM 8).

0o ao00oT
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1.2.3 Weigh Scale Technician

The Weigh Scale Technician shall be trained so as to be able to complete all of
the required tasks listed in Section 1.1.3 as well as the following:

To manage the rate pan Exit/Entry Rate Management Form (FORM 9);

To bring in and take out the fluid collection pans;

To be able to record information about stand positions (FORM 2);

To be able to assist the Computer Technician to complete the General
Form For Each Condition (FORM 4); and

e. To learn how to operate the “Print” function on the scale, each time a pan
is weighed and the indicated weight is stable.

1.2.4 Fluid Technician

The Fluid Technician shall be trained to accomplish all of the tasks listed in
Section 1.1.4 and the following tasks:

a. To ensure that the fluid temperature is correct prior to the test;

To be able to pour the fluid from the barrels into the smaller containers
used for the test;

To be able to properly pour the fluids onto the test plates;

To be competent to clean the test plates as per ATTACHMENT 5;

Be able to mix type | fluids to the correct freeze points;

To be able to ensure that the temperature loggers are operational;

To be able to ensure that the video camera is operational; and

Be able to bring in and to take out the rate pans when required.

o

Se@moao

2. NATURAL SNOW
The personnel requirements for the holdover time tests are as follows: test site
leader, end condition tester, meteo tester and video tester (optional).

2.1 PERSONNEL - NATURAL SNOW

2.1.1 Test Site Leader

Call personnel to conduct tests;

Ensure test site is safe, functional and operational at all times;
Supervise site personnel during the conduct of tests;

Ensure site is opened and closed properly;

o 0 T o
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e. Monitor weather forecasts on a daily basis and during test period;

f. Report to project manager on site activities on daily basis;

g. Review data forms upon completion of test for completeness and
correctness;

h. Decide what fluids should be tested;

i. Ensure results are reasonable;

j. Ensure all clocks are synchronized at all times;

k. Ensure fluids are available and verify fluids being used for test are correct;

. Ensure computers are all operational;

m. Ensure electronic data is being collected for all tests;

n. Ensure proper documentation of tapes, diskettes, cassettes;

o. Verify test procedure is correct (e.g. stand into wind); and

p. Ensure all materials are available (pens, paper, batteries, etc.).

2.1.2 End Condition Tester

Monitor the progression of failures on the plates;
Record end condition times for each crosshair;
Communicate to video operator the end condition times;
Apply fluids onto test panels;

Complete and sign Data Form (FORM 10);

Prepare fluids for each test.

r0o0CTo

2.1.3 Meteo Tester

Record meteo for both stands;

Rotate and measure plate pan weights;

Squeegee plates prior the fluid application;

Complete and sign Data Form (FORM 11); and

Assist end condition tester when failure times occur quickly.

©o0 oo

2.1.4 Video Tester (optional)

Sign and fill in cassette #'s, etc. in data form (FORM 11);

Video all tests (see procedure);

Verify all equipment is on;

Document and mark all cassettes used for all electronic equipment;
Ensure camera batteries are recharged and available;

Ensure lighting is appropriate; and

Video fluid application (capture fluid name on container).

@ ~®0 Q00T
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2.2 TRAINING - NATURAL SNOW

2.2.1 Test Site Leader

The Test Site Leader will be trained in all the aspects of operations contained in
this procedure, including, but not limited to:

To ensure test site safety and functionality at all times;

To supervise site personnel during the tests;

To ensure site is opened and closed properly;

To report to project manager on site activities on daily basis;

To review data forms upon completion of test for completeness and
correctness;

To decide what fluids should be tested;

To ensure results are reasonable;

To ensure all clocks are synchronized at all times; and

To ensure electronic data is being collected for all tests.

®o0 oo

o —

2.2.2 End Condition Tester

The End Condition Tester shall be trained to accomplish all of the tasks listed in
Section 2.1.2 and the following tasks:

To monitor the progression of failures on the plates;
To record end condition times for each crosshair;
To apply fluids onto test panels;

To complete and sign Data Form (FORM 10); and
To prepare fluids for each test.

®oo0 oo

2.2.3 Meteo Tester

The Meteo Tester shall be trained to accomplish all of the tasks listed in Section
2.1.3 and the following tasks:

To record meteo information;

To rotate and measure plate pan weights;

To squeegee plates prior the fluid application; and
To complete and sign Data Form (FORM 11).
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2.2.4 \Video Tester (optional)

The Video Tester shall be trained to accomplish all of the tasks listed in Section
2.1.4 and the following tasks:

To sign and fill in cassette #'s, etc. in data form (FORM 11);

To document and mark all cassettes used for all electronic equipment;
To ensure lighting does not interfere with testing; and

To video fluid application (capture fluid name on container).
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ATTACHMENT 10
PROCEDURE FOR MEASUREMENT OF PRECIPITATION RATES AT NRC

A flat plate test set-up is shown in Figure 1.
FIGURE 1

TEST PLATFORM TYPICAL FLAT PLATE

SIX TEST PLATES (INCLINED @ 10° SLOPE ) x U
Al s 1" (2.5 cm) LINE
|0 00
P J EN K
U///V AV o s usomune
B
NN 22 B -
\ ﬁ E D D D 12" (30 cm) LINE
Il {oon
§
H
TEST STAND v K
12" (30 cm) >

Cross hairs in a square 2 cm on a side

cm1589eportsiholdover timelins_

Verify the test schedule and consult the Detailed Test Plan (ATTACHMENT 2)
for setup and adjustments required. Prior to the start of the rate collection
period, verify that the proper needles and nozzles are installed in the spraying
device.

1. Icing Intensity Measurement

Turn on the scale and connect it to the computer. Open the “Excel
Spreadsheet” (ATTACHMENT 11). Open the SoftwareWedge program and make
sure that the computer has readings from the scale. Create a new folder on the
computer for the day’s date. Create a new envelope (for each condition), update
the day/date/conditions/temperature and have the collection pans ready for
calibration. Fill in the Condition Checklist Form, Form 14.

Initially, place ice-catch pans (27.7 cm x 54 cm) on the test plate support at
each test location (typically 12 locations). Each pan is marked with a number
identifying the collection location on the test plate support. The individual pans
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are weighed prior to exposure to precipitation and the weights are recorded on
the spreadsheet. At the start of the ice-catch period, the exact time (hh:mm:ss)
is recorded on the spreadsheet. The pans are then placed on the test plate
support for a period of at least 10 minutes. The pans are re-weighed following
this period and the ice-catch rate for each pan is calculated (R1).

R1 =(Wai1-Whb1)/Area-of-pan* (Ta1-Tv1)
Where:

Wa1 = weight after of the 1° measurement

W1 = weight before of the 1% measurement

Ta1= time at the end of the 1* measurement

Tu1 =time at the beginning of the 1° measurement

Compare the Ice Catch collection results with the desired Ice Catch Rates. If the
rates are not the desired Ice Catch recalibration of water spray is required.

When the rates have been deemed acceptable, the pans are weighed for a
second collection period. Then, the pans are placed on the test plate support
and the second ice-catch rate is calculated (R2). A fluid test begins following
the second ice-catch rate collection period. Following the failure of a test plate,
an ice-catch pan placed at the plate location for at least 10 minutes and the
third ice-catch rate is calculated (R3). Another ice-catch is done to get a fourth
ice-catch rate (R4). More ice-catch runs before or after a fluid test may be
performed at the discretion of the experimenter.

The rate of precipitation (icing intensity) for any location on the stand is
calculated by averaging at least two rates measured immediately prior to the
test (more than 2 rates may be run) and at least two rates measured
immediately following the test (more than 2 rates may be run). In order for the
test to be valid, the average rate and the standard deviation must be within the
limits shown in Table 3 in the body of the procedure.

At the end of the condition fill in the Condition Checklist Form (Form 14).
2. APS Method for Fluid Endurance Time Determination

At a given temperature, two tests are conducted at the lower icing intensity
(e.g., FOG -A) and two tests are conducted at the upper icing intensity (e.g.,
FOG-B). If the endurance time at one of the icing intensities lies outside 01 10 %
from the average, two additional tests are run, for a total of 4 data points at
that icing intensity. All the data points are used for the regression analysis—no
data points shall be rejected.
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The endurance times are obtained by producing a best-fit regression curve using
a power law transformation based on all the data collected at the lower and
upper rates. A minimum of four data points are required to generate the
regression curve for any fluid, at least two at each icing intensity.

The equation used to treat the data is as follows:
t= cR?®
where

t = time (minutes)
R= rate of precipitation (g/dm?/h)
a, c= coefficients determined from the regression

The upper and lower fluid endurance time values are determined from the points
at which the best-fit curve intersects the lower (e.g., at 2.0 g/dm?%h for FOG-A)
and upper icing intensity (e.g., at 5.0 g/dm?/h for FOG-B).

3. Continuous Rate Monitoring

During a test, rates are continuously monitored to ensure that icing intensity
remains within specification. One continuous monitoring pan is required when
conducting 1 to 6 fluid tests, and two continuous monitoring pans are required
for 7 to 12 tests. For this purpose, ice collection pans are weighed and placed
on each designated location. The continuous monitoring pans are re-weighed at
15-minute intervals during the test and the icing intensity calculated (called RC1
for the first 15 minute interval, RC2 for the second 15 minute interval, etc.).
For any given test to be valid, the continuous rates of the selected monitoring
position (including R1, R2, all the RCs, R3 and R4 at this position) must be
within 1.5 times the standard deviation limits in Table 3 (in the body of the
procedure).

For a better understanding on how the process flows, an EXAMPLE is shown
below:

This is a typical test stand used for the conduct of holdover time tests. Each
number represents a test location (plate location) on the test stand. The test is
conducted in light freezing rain conditions. The desired rate of precipitation for
this run is 25 g/dm?/h.
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10

11

12

Prior to the start of the test, collection pans are placed at each of the locations
on the stand. Following a collection period, the pans are re-weighed. The
following rates were recorded.

Rate collection #1

1 2 3 4 5 6

24.5 24.6 24.2 23.9 25.0 26.4
g/dm?hr |g/dm?/hr  |G/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr
7 8 9 10 11 12

26.2 25.6 25.3 25.1 25.7 26.1
g/dm?hr |g/dm?*hr  |G/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr

The rates are deemed to be acceptable, and therefore the pans are immediately
returned to the test stand and a second rate collection period is initiated.

Following the collection period, the pans are again re-weighed.

Rate collection #2

1 2 3 4 5 6

25.1 24.8 24.9 25.9 25.8 25.4
g/dm?/hr g/dm?/hr G/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr
7 8 9 10 11 12

25.9 25.3 25.2 25.0 25.1 26.4
g/dm?/hr g/dm?/hr G/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr
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A calculation of the precipitation rates reveals that the rates are consistent As a
result, holdover time tests will be conducted on plates 1, 2, 3, 4,5, 6, 8, 9, 10
and 11. Collection pans will be re-weighed and placed on locations 7 and 12 in
order to provide continuous monitoring of the rates during the test period.

Following the failure of the plates, the collection pans are weighed and once
again placed on the test stand at their respective locations. Following the
precipitation collection period, the pans are re-weighed.

Rate collection #3 (following plate failure)

1 2 3 4 5 6

25.4 24.9 25.5 26.7 25.2 26.5
g/dm?/hr g/dm?/hr G/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr
7 8 9 10 11 12

26.3 25.4 24.6 25.5 24.3 26.3
g/dm?/hr g/dm?/hr G/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr

The pans are returned to the stand. Following another collection period, they are
re-weighed for the final time.

Rate collection #4 (following plate failure)

1 2 3 4 5 6

25.2 25.7 25.1 24.3 25.7 26.9
g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr
7 8 9 10 11 12

26.7 25.4 24.6 25.5 24.3 26.3
g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr

The rate of precipitation for any location on the stand may be calculated by
Below are the calculated

averaging the four rates obtained for this location.

precipitation rates for the example run.
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Average Precipitation Rates

1 2 3 4 5 6
25.1 25.0 24.9 25.2 25.4 26.3
g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr

7 8 9 10 11 12
26.3 25.4 24.9 25.3 24.9 26.3
g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr g/dm?/hr

The normal procedure is to conduct two tests at about 25 g/dm?hr and two
tests at about 13 g/dm?%hr for light freezing rain. Each of these tests are
conducted at the same temperature (i.e. —3°C). The average values obtained
for precipitation rate at each position is used for each test. The HOT value at
the required precipitation rate (for example at 25 g/dm?hr) is obtained by
producing a “best fit” regression curve through the points using a “log-log”
transformation based on the test points collected at around 13 g/dm?/hr and 25
g/dm?/hr. Similarly, the HOT value at 13 g/dm?h is obtained using the same
curve.

This method is repeated for all other conditions (freezing fog, freezing drizzle
and rain on cold soaked wing) and associated temperatures.

M:\Projects\PM1892 (TC Deicing 03-04)\Procedures\AS5485\AS 5485 PROCEDURE.docx
Version 1.0, January 04
102

M:\Projects\PM2480.002 (TC Deicing 2015-16)\Reports\HOT\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B1.docx
Final Version 1.0, October 19
B-102




APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE I, il AND IV

ATTACHMENT 11
RATE PROGRAM SPREADSHEET GUIDE

The spreadsheet contains several macros. When run, these macros will create a
summary page listing the tests run, the plate number, the four relevant rates,
the average and standard deviation of the four rates as well as a calculation of
the most extreme rate from the mean value. Space will be available for entering
the fluid type and any comments but these will not be entered automatically.

The program is set up so that the main program is run in a normal version of
Excel with macros added to perform certain repetitive tasks. As such, since
page protection cannot be enabled when a macro is run, any portion of the
program can be changed. This allows for new calculations and corrections to be
made at any time. It also allows formatting to be changed that would affect the
ability of the macro to run. It is important that aspects such as cell locations
and page names be kept constant, particularly on the 'output' page.

In order to use the summary macros, a letter "t" (case insensitive) must be
entered in the appropriate row in the column titled "RATE" on the individual
forms. This is the place where an individual rate would appear. A sample
location is marked with a comment on on each form. The summary page can be
updated at any time during the day or at the end, after all the results are in.

The macros copy the values from the summary sheets and copy them to an
area of hidden cells at the top of the "output" page. They then search for
occurrences of the letter "t" in this area. Due to limitations on the acceptable
length of macros within Excel, each macro deals with only four forms with the
first two forms (used for calibration) being omitted. When an instance of "t" is
found, the plate number, the two previous and two following rates are pasted
into the next row of the summary page. Formulas in the page then calculate the
average, standard deviation and most extreme value from the average rate.
Links in the page update the date and chamber conditions provided those facts
are changed on other pages. If new calculations are to be added, this should be
done by means of additional columns in the output table.

Correcting errors

There are two possible types of errors:

The first involves a miscalculation or typing error that causes a single rate value
to be in error. If this happens, the value should be changed at the location of

the error either immediately or later when the error is found. The next time the
summary macros are run, the error will be corrected on the summary sheet.
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Since when the macros are run, they review all the values, if the macro for a
certain form is run twice, some tests could be entered in duplicate. It is
suggested that while the page can be updated throughout the day for use with
other projects, at the end of the day, the page should be cleared using 'clear
page' and then the values should be re-entered. This should not take more than
a minute at the end of the day.

The second error concerns an abnormal number of rates being run between
tests. If less than two previous and two following rates are performed, the
macros will paste the value in the previous and following cells to the summary
sheet. If the space is blank or contains another test, the statistics will ignore
them in the calculations. If more than 4 rates are completed, the macros will
only account for the closest four. An area has been provided at the bottom of
the "output" page for values to be entered manually. If an account is to taken
for more than four rates, the values should be entered here.

Instructions for use have been included as a comment in cell B1 on the "output”
page.

Also included is an average and standard deviation calculation to the summary
pages and each form that will be printed each time a set of tests is run.
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ATTACHMENT 12
COLD SOAK BOX PREPARATION PROCEDURE

EXAMPLE

1. Put containers (201) of CSW box fluid (propylene 65/35) in cold
(-80x£5°C) freezer overnight. Freezers to be kept in large end of the
chamber.

2. Put all filled CSW boxes in warmer (-11 £ 1°C) freezer overnight.

3. Next morning, if freezer in step (2) does not provide fluid and box
temperature of -11+1°C, then empty boxes in pail and achieve fluid at

-12+1°C in pail.

4. Prepare step (3) in corner of large chamber that is at + 1°C; ensure boxes
are cooled to about -11°C. Go to step (6).

5. After first series of tests, empty fluid from boxes into separate pail. Put
empty boxes in freezer to keep cool at -11 +2°C.

6. Prepare fluid to -12+1°C by mixing (use small amounts of hot water
and/or cold fluid). Agitate fluid mixture frequently.

7. Fill boxes, ensure -11+1°C on surface of box. This process shall be done
while rates are being measured.

8. Position on stand with cover, but no insulation on top surface. Connect
thermocouples.

9. Allow warming to -10+£0.5°C. This process needs monitoring with rates
measurement to not overshoot temperature (place insulation on top surface
if required).

10. Start test.

11. At end of test, remove box from stand, measure rates, and go to step (5).

The process shall be managed as per Figure 1.
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FIGURE 1
CSW PROCESS MANAGEMENT FORM

70

1. A typical box position can be in one of the following stages:
- Rate
- Not used
- Available for test (approx. Rate)
- Warming
- Test
2. Denote the stage in the appropriate square
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1. LIST OF CALIBRATION INSTRUCTIONS

This is only included for the purpose of having a complete procedure. The most
recent calibration instructions are located at the APS office.

Calibration Page
C. WAHL Hand Held Digital Thermometer 108
D. All Immersion and Surface Temperature Probes 109
E. SARTORIUS Balance 0.2g 110
G. Free Thermistors 111
H. Imbedded Plate Thermistors and Thermocouples 112
J.  NCAR Balance (Denver Instruments) 0.1g 113
U. DDS Digital Clock 114
W. ACR RH/Temperature Sensor 115

Date: January 15, 2004
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

CALIBRATION INSTRUCTION “C”

Calibration Procedure for WAHL Hand-Held Digital Thermometer

1. Use calibration attachment to calibrate.
Plug in attachment and note attachment dial position.

Confirm that temperature reading is the same as the dial, after obtaining a
stabilized reading.

Repeat for all dial settings.

5. If readings vary more than +/- 0.5 ° C return unit to manufacturer for
repair.
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

CALIBRATION INSTRUCTION “D”

Calibration Procedure for all Immersion and Surface Temperature Probes

1. Prepare an ice bath (An ice bath consists of a half water and half crushed
ice mixture in a thermally insulated container. Stir the water ice mixture
continuously for 1 minute to assure good temperature distribution).

2. Submerse the probe to be calibrated and a minimum of two thermistor
probes into the ice bath.

3. Allow temperature reading to stabilize (about 30 seconds).

Confirm that the temperature readings from all the probes are 0°C + 0.5
(if all are not within tolerance, discard the ice bath and restart the process;
if only the temperature reading for the probe being calibrated is not within
tolerance, return the temperature probe to the manufacturer).
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV

CALIBRATION INSTRUCTION “E”

Calibration Procedure for Sartorius Balance 0.2g

Method 1

Obtain two (2) known weights, a 2g and a 100g weight which have
traceable documents of calibration and a calibration tolerance of equal or
better accuracy that 0.2g.

2. Level and zero the balance.
3. Place the 2g/100g weight on the balance.
4. Confirm the balance reading is within +0.3g of the known weight used.
e.g. Know weight readings 2.003g/ 100.053g
Acceptable balance readings
should be within: 2.303g to 1.703g
100.353g to 99.753¢g
5. Repeat steps 2 to 4 for a second confirmation, for the weight used.
Record these repeat test values only if they differ from the first weights.
6. If tolerances are exceed on two consecutive trials, return the balance to
the manufacturer for calibration.
Method 2
1. Obtain two (2) known weights, a 2g and a 100g weight.
2. Confirm the known weight reading: use a balance with a readability of
equal or better accuracy than 0.2g.
3. Level and zero the Sartorius weigh scale.
4. Place the 2g/100g weight on the balance.
5. Confirm the balance reading is within = 0.3g of the known weight used.
e.g. Know weight readings 2.003g/ 100.053g
Acceptable balance readings
should be within: 2.303g to 1.703¢g
100.353g to 99.753¢g
6. Repeat steps 3 to 5 for a second confirmation, for the weight used.
Record these repeat test values only if they differ from the first weights.
7. If tolerances are exceed on two consecutive trials, return the balance to

the manufacturer for calibration.
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APPENDIX B

PROCEDURE FOR CONDUCTING ENDURANCE TIME TESTS FOR SAE DEICING/ANTI-ICING FLUIDS SAE TYPE Il, il AND IV
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