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PREFACE

PREFACE

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

In addition, the following interim report is being prepared:
e Artificial Snow Research Activities for the 2018-19 Winter.
This report, TP 15427E, has the following objective:

e To document the exploratory research and general activities carried out during the winter
of 2018-19.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

This report documents the exploratory research and general activities completed in
the winter of 2018-19 by APS Aviation Inc. (APS) on behalf of Transport Canada
(TC) and the Federal Aviation Administration (FAA). This work is part of the TC/FAA
aircraft ground deicing research project. The major activities of the research project
are documented in separate reports; this report documents six activities that were
carried out in addition to the main research projects in the winter of 2018-19.

Evaluation of Fluid Effectiveness and Characterization of Contamination on High
Angle Surfaces: Vertical Stabilizer (Section 2)

The research conducted to date has demonstrated the variability in the fluid
protection times and characteristics of contamination that can be present on vertical
surfaces. Additional research would provide a better understating of the influence of
the different variables including the rate and type of precipitation, along with wind
conditions and other meteorological conditions. The overall aerodynamic impact of
contamination on vertical surfaces has yet to be fully understood, and should be an
area of focus moving forward.

Temperature-Specific Snow Holdover Times (Section 3)

In the winter of 2018-19, APS carried out work to support the development of
temperature-specific snow holdover times (HOTs). The primary elements of this work
were analysis and meetings. The work is expected to be completed in the winter of
2019-20.

Evaluation of New Snow Machine (Section 4)

Recently, APS had the opportunity to conduct parallel testing with both the current
snow machine and the new 2018-19 snow machine. Both machines were produced
by the National Center for Atmospheric Research (NCAR). Some parts of the new
snow machine (built 20 years later) were constructed with newer, state-of-the-art,
components. The primary objective of this testing was to evaluate whether
endurance times obtained from the new snow machine yield results similar to the
current snow machine.
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EXECUTIVE SUMMARY

Technical Review, Approval, and Publication of Historical Reports (Section 5)

APS has conducted research related to ground icing, which involved writing and
publishing over 202 reports on behalf of TC and the FAA since 1992. At the request
of TC and the FAA, APS undertook the task to process and publish the draft reports
backlogged in the system. At the beginning of this project, in 2016-17, 124 reports
were identified as non-published. APS performed technical and editorial reviews on
16 reports at the Final Draft 1.0 stage and published them as Final Version 1.0 in
October 2017. APS further published and delivered 22 reports in October 2018 and
20 reports in October 2019 to TC and the FAA as Final Version 1.0.

Publication of Holdover Time Guidance Materials (Section 6)

The development and use of HOT guidelines represents an important contribution to
the enhancement of flight safety in winter aircraft operations. In the years since their
introduction, the HOT guidelines and related guidance materials have become a
standard and essential part of winter operations. APS has assisted both TC and the
FAA with the development of their guidance documents as well as with updating
their websites annually to reflect changes made to the guidelines.

Presentations, Fluid Manufacturer Reports, and Test Procedures for 2018-19
(Section 7)

APS produced a number of presentations, fluid manufacturer reports, and test
procedures for the winter 2018-19 test program.
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SOMMAIRE

SOMMAIRE

Le présent rapport documente la recherche exploratoire et les activités d’ordre
général effectuées au cours de I'hiver 2018-2019 par APS Aviation Inc. (APS), pour
le compte de Transports Canada (TC) et de la Federal Aviation Administration (FAA).
Ce travail a été effectué dans le cadre du projet de recherche de TC et de la FAA sur
le dégivrage d’aéronefs au sol. Les principales activités du projet de recherche sont
documentées dans des rapports distincts ; le présent rapport documente les six
activités effectuées en plus des principaux projets de recherche de [hiver
2018-2019.

Evaluation de I'efficacité des liquides et caractérisation de la contamination sur des
surfaces a angle élevé : stabilisateur vertical (Section 2)

Les recherches effectuées a ce jour ont révélé la variabilité des durées de protection
des liquides et des caractéristiques de la contamination qui peut étre présente sur les
surfaces verticales. Des études supplémentaires devraient permettre de mieux
comprendre l'influence des différentes variables concernées, parmi lesquelles le taux
et le type de précipitations, de méme que la vitesse du vent et les autres conditions
météorologiques. L'effet aérodynamique global de la contamination des surfaces
verticales n’est pas encore pleinement compris, et devrait constituer un champ
d’intérét privilégié dans |'avenir.

b

Durées d’efficacité spécifiques a la température dans des conditions de neige
(Section 3)

Au cours de I'hiver 2018-2019, APS a mené des travaux visant a appuyer
I’établissement de durées d’efficacité spécifiques a la température dans des
conditions de neige. Ces travaux, qui ont principalement pris la forme d’analyses et
de réunions, devraient étre achevés durant I"hiver 2019-2020.

Evaluation du nouvel appareil de fabrication de neige (Section 4)

APS a récemment eu |I'occasion d’effectuer des essais en paralléle sur |'appareil de
fabrication de neige courant, de méme que sur le nouvel appareil de fabrication de
neige pour 2018-2019. Ces deux appareils ont été fabriqués par le National Center
for Atmospheric Research (NCAR). Certaines parties du nouvel appareil de fabrication
de neige (fabrigué 20 ans plus tard) ont été construites avec de nouveaux
composants de pointe. L'objectif principal de ces essais était d’'évaluer si les durées
d’endurance obtenues a |'aide du nouvel appareil de fabrication de neige étaient
comparables a celles de |'appareil courant.
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Examen technique, approbation et publication de rapports historiques (Section 5)

Depuis 1992, APS a effectué des études sur le givrage au sol qui ont supposé la
rédaction et la publication de plus de 202 rapports pour le compte de TC et de la
FAA. A la demande de TC et de la FAA, APS a entrepris le traitement et la publication
des rapports préliminaires accumulés dans le systéme. Au début de ce projet, en
2016-2017, 124 rapports ont été identifiés comme non publiés. APS a effectué des
examens techniques et éditoriaux de 16 rapports a |I'étape de I'ébauche finale 1.0 et
a publié leur version finale 1.0 en octobre 2017. APS a également publié et remis,
dans leur version finale 1.0, 22 rapports en octobre 2018 et 20 rapports en octobre
2019 a TC et a la FAA.

Publication de documents d’orientation sur les durées d’efficacité (Section 6)

L'établissement et |'utilisation de lignes directrices relatives aux durées d’efficacité
contribuent grandement a I’amélioration de la sécurité des vols lors d’opérations
aériennes hivernales. Depuis leur adoption, les lignes directrices relatives aux durées
d’efficacité et les documents d’orientation connexes sont devenus la norme, et un
élément essentiel des opérations hivernales. Pour refléter les changements apportés
a ces lignes directrices, APS a assisté TC et la FAA dans |’élaboration de leurs
documents d’orientation, de méme que dans la mise a jour annuelle de leurs sites
Web.

Présentations, rapports aux fabricants de liquides et procédures d’essais pour
2018-2019 (Section 7)

APS a produit un certain nombre de présentations, de rapports aux fabricants de
liquides et de procédures d’essais pour le programme d’essais de |'hiver 2018-2019.
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FAA Federal Aviation Administration

HOT Holdover Time

LOUT Lowest Operational Use Temperature
LWE Liquid Water Equivalent

NASA National Aeronautics and Space Administration
NCAR National Center for Atmospheric Research
NRC National Research Council Canada

SAE SAE International

TC Transport Canada
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1. INTRODUCTION

1. INTRODUCTION

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

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

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

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

Under contract to the TC Innovation Centre, with support from the FAA William J.
Hughes Technical Center, TC Civil Aviation, and FAA Flight Standards — Air Carrier
Operations, APS Aviation Inc. (APS) carried out research in the winter of 2018-19 in
support of the aircraft ground icing research program. Each major project completed
as part of the 2018-19 research is documented in a separate individual report. This
report documents the remaining general activities and smaller research projects.

1.1 Activities Completed in 2018-19

The general activities and smaller research projects completed in 2018-19 are
documented in this report. Each activity is detailed in a separate section as follows
(section number in brackets):

a) Evaluation of Fluid Effectiveness and Characterization of Contamination on
High Angle Surfaces: Vertical Stabilizer (Section 2);

b) Temperature-Specific Snow Holdover Times (Section 3);

c) Evaluation of New Snow Machine (Section 4);
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1. INTRODUCTION

d) Technical Review, Approval, and Publication of Historical Reports (Section 5);
e) Publication of Holdover Time Guidance Materials (Section 6); and

f) Presentations, Fluid Manufacturer Reports, and Test Procedures for 2018-19
(Section 7).

The sections of the TC statement of work relevant to these projects can be found in
Appendix A.

1.2 Activities Completed with Limited Scope

In addition to the activities described in Subsection 1.1, three activities with limited
scope were completed during the winter of 2018-19. These activities are described
in the subsections below.

The sections of the TC statement of work relevant to these activities can also be
found in Appendix A.

1.2.1 Development of SAE Aircraft Ground Deicing Standards

APS provides support to the SAE International (SAE) G-12 Aircraft Ground Deicing
industry group in its development of aerospace standards. In 2018-19, this support
consisted of reviewing most SAE standards that were balloted to the SAE G-12
committees, providing comments to document sponsors to improve the documents
and/or to harmonize them with other documents, and providing feedback to TC and
the FAA on possible implications of changes to SAE standards on TC/FAA regulatory
guidance documents.

1.2.2 Support to the SAE G-12 Fluid Requalification Working Group

APS provides support to the SAE G-12 Fluid Requalification Working Group. This
includes participation in all meetings and, when required, collecting/reviewing
historical data, completing data analysis, reviewing changes to SAE standards
drafted by the group, and providing expert opinion on specific topics. In the winter
of 2018-19, APS attended two in-person meetings and teleconferences held by this
working group.

1.2.3 Support to the SAE G-12 Aerodynamics Working Group

APS provides support to the SAE G-12 Aerodynamics Working Group. This includes
participation in all meetings and, when required, collecting data, completing data
analysis, and providing expert opinion on specific topics. In the winter of 2018-19,
APS attended two in-person meetings, as well as a teleconference.
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2. EVALUATION OF FLUID EFFECTIVENESS AND
CHARACTERIZATION OF CONTAMINATION ON HIGH
ANGLE SURFACES: VERTICAL STABILIZER

This section describes the 2018-19 activities related to the evaluation of fluid
effectiveness and the characterization of contamination on high angle surfaces that
include the vertical stabilizer. The section of the statement of work pertaining to this
activity is provided in Appendix A.

2.1 Background

There is a lack of standardization in the treatment of vertical surfaces. Some
operators in the United States and Canada exclude the treatment of vertical surfaces,
including the tail fin, while others only consider treatment in ongoing freezing
precipitation. Some reports have also indicated that treatment of the tail fin may
worsen takeoff performance, as the anti-icing fluid on the tail fin may lead to
increased accumulation of contamination in active precipitation conditions.

Current Transport Canada (TC) and Federal Aviation Administration (FAA) rules and
regulations require that critical surfaces be free of contamination prior to takeoff. The
vertical stabilizer is defined as a critical surface by both TC and the FAA. However,
from a regulatory implementation and enforcement standpoint, there is currently no
standardized guidance that offers inspectors a means to determine if an air operator
is complying with operational rules. If current operational rules aim to achieve the
clean aircraft concept — which requires the tail to have zero adhering frozen
contamination — the question remains: How can this be adequately achieved, or
appropriately mitigated by operators, to ensure a satisfactory level of safety?

2.2 Previous Work

Based on consultations held in 2015-16 with TC, the FAA, and National Aeronautics
and Space Administration (NASA), the following research objectives were identified:

a) Verify if contamination is present on the vertical tail pre-deicing and, if so,
under what conditions, and characterize (size, surface extent) that level of
contamination;

b) Verify if contamination is present on the vertical tail post-deicing and, if so,
under what conditions, and characterize (size, surface extent) that level of
contamination; and

c) ldentify optimal deicing procedures and mitigation plans and evaluate their
effectiveness.
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The research objectives were intended to span over two research years or more. At
the request of TC and the FAA, APS Aviation Inc. (APS) undertook a research plan
to evaluate de/anti-icing fluid effectiveness and characterize contamination on high
angle surfaces. Only research objectives a) and b) were attempted in 2015-16. The
details of this research are included in the TC report, TP 15340E, Aircraft Ground
Icing General Research Activities During the 2015-16 Winter (1).

Due to other priorities and limited funds, the research was discontinued in 2016-17
and 2017-18. However, in 2017-18, at the request of TC and the FAA, APS prepared
a presentation of the research previously conducted in 2015-16 for formal
dissemination of the information to industry at the SAE International (SAE) G-12
Holdover Time Committee meeting held in May 2018 in Austin, Texas.

A follow-up meeting was held on September 13, 2018, and attended by TC, FAA,
NASA, and APS. The intent was to identify research objectives related to fluid
protection times on vertical surfaces for the research year 2018-19. At the meeting,
the group recommended that limited additional testing be conducted during the
winter of 2018-19 in outdoor conditions only, with best efforts made to target wet
snow, dry snow, freezing precipitation, and mixed precipitation conditions.

2.3 Objective

The objective of this research was to carry out plate testing to verify if contamination
was present on the vertical tail post de/anti-icing and, if so, under what conditions,
and to characterize (size, surface extent) that level of contamination. The results of
these tests would help identify optimal deicing procedures and mitigation plans and
evaluate their effectiveness.

2.4 Procedure

Testing was conducted with de/anti-iced and untreated test plates in various
configurations under natural precipitation conditions. The test protocol was an
abbreviated version of the 2015-16 setup focusing on fixed plates, and it excluded
the rotating test plates and the Piper Seneca Il tail model. Greater focus was given
to documenting characteristics of the contamination, including thickness and
adherence, and supporting these observations with photography. The intent was to
target wet snow, dry snow, freezing precipitation, and mixed precipitation
conditions. The details of the outdoor testing procedure can be found in Appendix B.
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2.5 Data Collected

A total of three test runs were conducted on two occasions during the winter of
2018-19 in outdoor natural snow conditions. Table 2.1 provides details on the tests
that were conducted.

Note that during natural snow conditions, the precipitation rate would fluctuate over
the course of a test. When conducting comparative tests, it was necessary to adjust
the measured endurance times to compensate for variations in precipitation rates.
This was done by adjusting the measured endurance time for each test by a linear
ratio determined by the average rate of precipitation measured over the course of
each individual test compared to the average rate during the baseline test. The
endurance times were adjusted based on a linear relationship through the following
formula:

. ) ) Rate of Precip
Adjusted Endurance Time = Actual Endurance Time x

Avg Rate of Precip of Baseline Test(s)
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Table 2.1: 2018-19 Log of Tests — Vertical Surfaces
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i ] ] éc‘%' = = o
24-Feb-19 Z::,/ v 100% 1%303‘1!:2; 141.8 | 141.8 | 141.8 | 100% | 20.7 | 21.8 | -0.3 1.6 | 0.50 n/a 0.50 DNF @ 8:14
- —
24-Feb-19 | R | A n/a 10°Dry 1455 15 | 1418 | 1% 2.6 218 | -0.3 - - 1.6-4.8 - Thick ice with roughness
IP Plate due to pellets
24-Feb-19 Zl*:/ I B=20.0 | 10°Box | 35.5 7.2 | 1418 | 5% 4.2 227 | -05 0.0 3.25 | 0.43.2 | 0.00 | '°®With r‘;‘;ﬁ';?:ss due to
23
24-Feb-19 Zl':,/ v 100% | 80° Plate | 117.4 | 78.9 | 141.8 | 56% | 13.9 | 220 | -0.4 0.5 3.00 0.4 0.00 Smoother ice
o
24-Feb-19 Z::,/ N/A n/a Sglagy 13.1 1.7 | 1418 | 1% 2.7 220 | -0.4 - - 1.2 - Smoother ice
24-Feb-19 Z::,/ I B=20.0 | 80°Box | 31.6 6.0 | 141.8 | 4% 3.9 227 | -05 0.0 3.00 | 0.8-1.3 | 0.00 Smoother ice
10-Mar-19 | Snow | IV 100% 1%30373':2; 68.3 | 68.3 | 68.3 | 100% | 43.4 | 225 | -1.7 1.7 | 10.00 | 4.5-5.7 | 10.00 Thick slush
10-Mar-19 | Snow | N/A n/a 10°Box | 0.5 0.4 68.3 1% 39.0 | 240 | -1.8 - - 8.9 - Thick snow
10-Mar-19 | Snow I B=21.5 | 80° Plate | 4.2 3.7 68.3 5% 383 | 240 | 1.8 0.2 1.50 5.7 - Thick asgr‘]’;’:é;'m“t
24
10-Mar-19 | Snow | IV 100% | 80° Plate | 14.0 | 12.8 | 683 | 19% | 39.7 | 240 | -1.8 0.6 7.50 | 0.4-5.7 - Blotchy slush
- . -
10-Mar-19 | Snow | N/A n/a 80°Dry | 54 | 65.4 | 683 | 96% | 436 | 224 | -1.7 - - 0-0.1 - DNF @ 11:05. Thin snow
Plate layer
10-Mar-19 | Snow I B=21.5 | 80° Box 8.3 7.3 68.3 | 11% | 38.0 | 240 | -1.8 0.1 1.00 | 045 - Blotchy Sncs’xvojv”d adhered
10-Mar-19 | Snow | IV 100% 1%30373':2; 575 | 57.5 | 575 | 100% | 37.4 | 22.1 | -0.9 1.9 | 8.50 4.5 8.50 Thick slush
10-Mar-19 | Snow | N/A n/a 10° Box | 4.3 2.1 57.5 4% 18.8 | 19.0 | -1.3 - - 18.0 0.00 Thick snow
10-Mar-19 | Snow | | B=21.5 | 80° Plate | 13.2 6.7 575 | 12% | 19.0 | 19.0 | -1.3 0.2 0.00 15.0 0.00 Thick snow
25
10-Mar-19 | Snow | IV 100% | 80° Plate | 23.8 | 18.1 | 57.56 | 32% | 285 | 19.0 | -1.3 0.6 450 | 070 | 2.00 Blotchy snow
- : .
10-Mar-19 | Snow | N/A n/a 80°Dry | 554 | 561 | 575 | 98% | 381 | 22.3 | -0.9 - - 016 | 0.00 | DNF@ 12:48. Thin snow
Plate layer
10-Mar-19 | Snow I B=21.5 | 80°Box | 16.5 9.9 575 | 17% | 224 | 19.0 | 1.3 0.1 0.00 | 0-5.7 | 0.00 B"’“’hya;c:éf:cj’w' not
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2.6 Summary of Test Results

The data collected was reviewed and analysed. Summary tables of the test results
are included in Figure 2.1, Figure 2.2, and Figure 2.3.

It should be noted that the data collected was exploratory, and additional testing
would be required to further substantiate these observations.

Run #23 - Freezing Rain Mixed with Ice Pellets
OAT -0.3 to -0.5°C - Wind 21.8 to 22.7 km/h - Rates 2.6 to 20.7g/dm?%hr

160.0

141.8
140.0

1200

100.0

78.9

Adjusted Endurance Time

40.0

7.2 6.0
. -
. i
TIV - 10° Plate Dry - 10° Plate TI-102 Box TIV - 80° Plate Dry - 80° Plate TI-80° Box

Figure 2.1: Run #23 - Summary of Results
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Run #23 - Show
OAT -1.7 to -1.8°C - Wind 22.4 to 24.0 km/h - Rates 38.0 to 43.6 g/dm%hr
80.0
70.0 68.3
65.4

60.0
» 500
£
E
@
2
c
'g 40.0
5
T
5
=
3
< 300

200

12.8
10.0 -3
37
0.4
. I
TIV - 10° Plate Dry - 10° Plate TiI- 100 Box TIV - 80° Plate Dry - 80° Plate TI- 80° Box
Figure 2.2: Run #24 - Summary of Results
Run #23 - Snow
QAT -0.9to -1.3°C- Wind 19 to 22.3 km/h - Rates 18.8 to 38.1 g/dm%hr
70.0
60.0 57.5
56.1

50.0
@
E
5 400
2
e
5
2
B
% 300
=
=
<

200 18.1

9.9
10,0
6.7
0.0
TIV - 10° Plate Dry - 10° Plate TI- 100 Box TIV - 80° Plate Dry - 80° Plate TI- 80° Box

Figure 2.3: Run #25 - Summary of Results
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2.6.1 Run #23

The test was conducted in conditions of freezing rain and ice pellets. The Type IV
protected surfaces (both 10° and 80°) demonstrated significantly longer protection
times compared to the dry untreated and Type | treated surfaces. At the time of the
baseline 10° Type IV standard plate failure, the contamination was inspected on all
surfaces. There was a notable difference in the type of contamination present on the
80° surfaces than on the 10°: the 80° surfaces had a smoother ice contamination,
as the ice pellets likely “bounced off” the surfaces and only the freezing rain adhered,
whereas the 10° surfaces had a much rougher ice contamination as a result of the
ice pellets remaining on the surface and adhering and fusing with the freezing rain.
The overall amount of ice present was greater on the 10° surfaces compared to the
vertical surfaces; being close to 0°C, both the ice pellets and some of the freezing
rain would roll off the 80° surfaces, but would remain and freeze on the 10° surfaces.
Photo 2.1 shows the condition of the test surfaces at the time of failure of the 80°
Type IV plate.

2.6.2 Run #24

Dry snow conditions were experienced, and as a result, the dry untreated 80° surface
was relatively clean for almost as long as the baseline 10° Type IV plate. Similar
levels of contamination were present on the 80° Type | and Type |V plates; however,
the Type | surface had adhered contamination at the end of the test, whereas the
Type IV surface did not. The adherence on the Type | 80° surface was likely due to
the high rate of precipitation, which diluted the fluid to water before the surface
cooled below 0°C. The contamination on the 10° plates was much thicker and
slushier compared to that of the 80° plates.

Photo 2.2 shows the condition of the test surfaces at the approximate time of failure
of the 10° Type IV plate.

In an attempt to quantify the remaining contamination present, an “air duster” was
used to displace the contamination. When measured using a regular weight scale,
the “air duster” created approximately 40 g of pressure when perpendicular to the
scale surface at a distance of 5 cm. Each surface was sprayed from 5 cm away
perpendicular to the surface, and the circular size of the displaced fluid/contamination
was measured (see Photo 2.3). The methodology demonstrated merit in that the
amount of fluid and/or contamination displaced varied in size, and in some cases did
not move (when adhered). If a device could be developed to replicate the shear forces
experienced during takeoff, a methodology could be developed to help determine the
pass/fail criteria of the contaminated fluid observed. A full video of the “air duster”
test was recorded, which provides additional information and observations.
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2.6.3 Run #25

Similar conditions were observed in Run #25 as in Run #24 (tests were conducted
back-to-back). The only difference was the rate of precipitation in Run #25, which
was lower, and as a result adherence was not observed on the Type | 80° surface.
Photo 2.4 shows the condition of the test surfaces at the approximate time of failure
of the 80° Type IV Plate.

2.7 General Observations

The results obtained were in line with previous research findings indicating that, in
general, the fluid protection was reduced on vertical surfaces. However, these tests
maintained the observation that the rate and type of precipitation, along with wind
and other meteorological conditions, greatly influenced the duration of protection
time, and the overall amount of contamination collected on these surfaces over time.
Further research is required to quantify those impacts on fluid protection time and
the overall aerodynamic impact for aircraft.

The use of the “air duster” also demonstrated technical merit in quantifying the shear
resistance of the contamination on the surfaces; with further development, the “air
duster” could be calibrated to simulate shear forces experienced during takeoff.

2.8 Recommendations

The research conducted to date has demonstrated the variability of the fluid
protection times and the characteristics of contamination on vertical surfaces.
Additional research would provide a better understating of the influence of different
variables, including the rate and type of precipitation and wind and other
meteorological conditions.

The overall aerodynamic impact of contamination on vertical surfaces has yet to be
fully understood. A working group was started in June 2019, which included FAA,
TC, NASA, Boeing, and APS, with the objective to determine the best plan forward
for testing in 2019-20 to quantify the aerodynamic impacts of contamination on
vertical surfaces. A preliminary plan has been developed to use the TC owned Piper
Seneca Il tail model and conduct testing at the National Research Council Canada
(NRC) Propulsion Icing Tunnel in Ottawa to qualify the contaminated fluid flow-off
characteristics. This data will then be used by aircraft manufacturers to better
understand the expected impacts on their specific aircraft types. Testing is expected
to be conducted in January 2020.
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Photo 2.1: Run #24 Test Surfaces at Time of Failure of 80° Type IV Plate

Photo 2.2: Run #24 Test Surfaces at Time of Failure of 10° Type IV Plate
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Photo 2.3: Run #24 “Air Duster” Displacement of Fluid/Contamination

Photo 2.4: Run #25 Test Surfaces at Time of Failure of 80° Type IV Plate
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3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

This section documents the work carried out by APS Aviation Inc. (APS) in support
of the development of temperature-specific snow holdover times (HOTs). This work
was initiated in the winter of 2018-19 and is expected to be completed in the winter
of 2019-20.

3.1 Background

Snow HOTs are derived from data collected at various temperatures. Multi-variable
regression analysis is applied to this data to derive HOTs for specific temperatures;
specifically, HOTs are calculated for the coldest temperature in each temperature
band in the HOT tables. These HOTs are then used for all temperatures in the
temperature band.

Although the data supports them, snow HOTs are not published for every
temperature because it is neither practical nor user friendly to include this amount of
data in the HOT tables published by Transport Canada (TC) and the Federal Aviation
Administration (FAA). However, as HOTs almost always increase as temperature
increases, there is an operational advantage to be gained by providing this data to
operators (see example in Figure 3.1).

The adoption of electronic flight bags (EFBs) and the advent of apps that provide
HOTs electronically have made it possible to provide HOTs for every temperature in
a user-friendly format. However, in order to do this, TC and the FAA need to publish
temperature-specific HOT values.

HOT Table Approach Temperature-Specific HOTs Approach

Temp. Moderate Snow HOT Temp. Moderate Snow HOT
-3°C and above 1:05 - 1:55 -3°C 1:05 - 1:55
-4°C 1:00 - 1:45
-5°C 0:57 - 1:37
below -3 to -8°C 0:50 - 1:25 -6°C m:
-7°C 0:51 - 1:27

Figure 3.1: Example of HOT Table vs. Temperature-Specific HOTs Approaches
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At the request of industry, TC and the FAA undertook a project in the winter of
2018-19 to develop and publish temperature-specific HOTs for snow. It should be
noted that the project was limited to snow — other precipitation types were not
included because HOT test data does not exist for all temperatures for other
precipitation types.

3.2 Objectives

The objective of the temperature-specific snow HOTs project is to enable operators
to use temperature-specific snow HOTs. At the request of TC and the FAA, the
project was split into a research project and an operational implementation project.
This division was made to obtain funding from appropriate sources for the research
and operational aspects of the project. The tasks involved in each project were
discussed by APS, TC, and the FAA in the fall of 2018 and are included in the TC
statement of work. An excerpt from this document is provided in Appendix A.
Table 3.1 provides the more detailed list of tasks that was created when the project
began.

Table 3.1: Detailed Project Tasks

Task Sub-Project

1. Prepare project plan Both

2. Analytical work: mine existing data to determine how much temperatures

change within one hour Research
3. Analytical work: review endurance time data of existing fluids to determine Research
how HOTs change with a 1, 2, and 3°C change in temperature
4. Identify decisions regarding data production. Create summary document* Research
5. Hold meetings with TC/FAA to inform them of issues and make decisions
; * Research
(three meetings expected)
6. Hold discussions to determine the exact format of data output*® Research

7. Hold discussions to determine the appropriate regulatory process to enable
data use (guidance in TP 14052E/N 8900 or an Advisory Circular, Principal Operational
Inspector approval, or TC/FAA approval of data generators)

8. Create data output* Operational
9. Conduct detailed verification of data output* Operational
10. Assist TC/FAA to make regulatory changes as required Operational
11. Support publication of data Operational
12. Prepare presentation for SAE G-12 Both
13. Publish report Both

Task required if TC/FAA decide to publish data; task is not required if they elect to allow app developers
to perform the calculations. Previous tasks may also render this task unnecessary.

M:\Projects\300293 (TC Deicing 2018-19)\Reports\G & E\Final Version 1.0\TP 15427E Final Version 1.0.DOCX
Final Version 1.0, May 20
14



3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

3.3 Meetings

Meetings between APS, TC, and the FAA were an important part of this project. The
purpose of these meetings was to communicate the details of analyses completed to
date and discuss decisions that impact the contents of the final temperature-specific
HOTs data output.

Four meetings were held during the 2018-19 project year. Representatives from APS,
TC, and the FAA attended all meetings.

Meeting #1: February 11, 2019 (Teleconference)
Meeting #2: March 15, 2019 (Teleconference)

Meeting #3: April 11, 2019 (In-person in Ottawa, Ontario)
Meeting #4: June 13, 2019 (In-person in Washington, DC)

wbdp =

The primary focus of these meetings was to discuss questions related to the data
output (see Subsection 3.4). However, additional discussions took place at the
meetings that impacted the work carried out in 2018-19 and will likely also impact
work carried out in the future.

Key points from these discussions are listed below for reference.

e Temperature-specific HOTs will be published for Winter 2020-21 (not for
Winter 2019-20).

e Air operators should be able to use temperature-specific HOTs without having
to purchase an app. For example, an operator could make a HOT table with
double the number of temperature bands than in the existing HOT tables.

e Regulators will likely need to publish additional guidance that governs how the
temperature-specific HOTs database can be used (in related advisory circulars,
standalone advisory circulars, or elsewhere). This will assist users in
implementing them appropriately and will also ensure that inspectors know
how to assess their implementation.

e Guidance materials should state the appropriate sources for accessing
temperature data. These are the same as those used with the HOT tables.

e Guidance materials should specify that users must have a verification process
in place to ensure that any conversion of the database into other materials
(printed or electronic) has been done accurately.

e Guidance materials should include an explanation of the temperature buffer.
The explanation should detail that the buffer is not in place for HOT table
boundary temperatures.
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3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

e HOT values obtained from the HOT tables and from the temperature-specific
HOTs database will both be considered valid TC/FAA sources of data. Users
will be able to elect which source to use. It may be possible to combine the
data sources.

e |f user feedback shows confusion about why precipitation conditions other
than snow are not included in the temperature-specific HOTs database,
consideration should be given to adding them in the future (values for other
precipitation conditions will not be temperature-specific).

e The end product will likely have three components: database, notes, and
verification process or requirements.

e Regulators should communicate to known app developers in the spring prior
to publication. Providing a data excerpt to the developers would enable them
to program their apps to accept data from the database before it is published.

3.4 Analysis: Data Questions and Decisions

A significant part of this project was to identify, research, discuss, and resolve
guestions related to the publication of temperature-specific HOT data. Preliminary
analysis was carried out by APS, and the results were brought forward to TC and
the FAA. Decisions by TC and the FAA were facilitated by APS through a series of
meetings (see Subsection 3.3).

Table 3.2 provides a list of the data questions and the corresponding decisions made
for each question. It should be noted that final decisions have not been made for
several of the questions.
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3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

Table 3.2: Data Questions and Decisions

Question

Decision

1.

Do users do their own calculations for temperature-specific HOTs or
do TC/FAA do the calculations and publish a database?

e Decision (Feb 11): TC/FAA to do calculations.

2. Are HOT table capping rules retained (2 hours TC, 3 hours FAA)? e Decision (Feb 11): Yes.

3. Can data be provided in a complex table format or does it need to be e Decision (Feb 11): Needs to be a universal database;

in a proper database format with one entry per HOT value? therefore, needs to be one entry per value.

4. Should HOTs be provided for the actual reported temperature or e Decision (Mar 7): Add conservative factor.

should a conservative factor be added? e Decision (Mar 15): Conservative factor will be 1°C.

e Decision (Apr 11): It's okay to calculate at 1°C colder
than the LOUT because HOT regression curves are not
dependent on LOUT. Therefore, this will be done.

e Decision (Apr 11): Populate database at boundary
conditions with boundary temperature values (no 1°C
buffer) to avoid lack of harmonization between HOT
tables and database.

5. Should the user have to apply the temperature conservatism, or should | e Decision (Mar 7): Embed conservatism in database.

it be embedded in the database?

6. Will temperature-specific HOTs be provided for diluted fluids? e Decision (Mar 15): Do not include dilutions. Consider
doing in future if requested by industry.

7. Are HOT table rounding rules retained? e Decision (Mar 15): No. Values will be rounded to the
nearest minute. HOTs below 10 minutes will be rounded
down to the nearest whole minute.

8. In what format will the data be published? e Decision (Mar 15): Data will be published in Excel. This
decision was driven by the need for average users
(airlines) to be able to use the data. XML requires a
program be created to decode/process data.

9. Should data be published only to the lowest operational use e Decision (Feb 11): Publish data only to LOUT.

temperature (LOUT) or to a very cold temperature with a caution to
respect the LOUT?
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3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

Table 3.2: Data Questions and Decisions (cont’'d)

Question

Decision

10. Will temperature-specific HOTs be provided for very cold snow

(temperatures below -14°C)?

e Decision (Apr 11): Fluids with fluid-specific HOTs for
very cold snow will be populated with
temperature-specific values. Fluids with generic very
cold snow HOTs will be populated with boundary
temperature values (no regression for generics).

11.

Will temperature-specific HOTs be provided below -25°C?

e Decision (Apr 11): Yes, HOTs will be provided to LOUT.

12.

Should there be a limitation for short HOTs? (TC restricts pre-takeoff
contamination inspections with Type | fluids and with Type II/lIl/IV
fluids with HOTs below 20 minutes.)

e Decision (Apr 11): No.

13.

Will temperature-specific HOTs be provided for all fluids?

e Decision (June 13): Will be provided for Type I, Type llI,
and Type IV fluids but not for Type | fluids.

14.

Do notes/cautions need to be provided with temperature-specific
HOTs? If yes, are these provided in the database or by the data
provider (i.e. with the app)?

e Further discussion required.

15.

What is the impact of temperature-specific HOTs on liquid water
equivalent (LWE) systems? Some harmonization/thought required to
ensure equivalency between HOT tables, temp-specific HOTs, and
LWE HOTs. Notably, restrictions regarding changing temperatures and
inclusion of notes/cautions. Need to have similar restrictions.

e Further discussion required.
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3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

3.5 Analysis: Impact of Hourly Temperature Reporting on Holdover
Times

A concern was brought forward that temperature-specific HOTs calculated for
METAR-reported temperatures could be inaccurate. This is due to METAR typically
reporting temperature on an hourly basis (not more frequently). If temperature has
decreased since the last METAR report, the actual HOT could be shorter than the
HOT provided for the reported temperature. An in-depth analysis was carried out to
assess this possible safety risk.

The analysis was conducted in two parts: first, hourly variance in air temperatures
was evaluated (see Subsection 3.5.1) and second, change in HOTs based on a 1°C
decrease in temperature was evaluated (see Subsection 3.5.2). Based on the results
of these analyses, options for mitigating this risk were proposed (see
Subsection 3.5.3).

3.5.1 Hourly Variance in Air Temperatures During Snow Events
The initial analysis examined hourly variance in air temperatures during snow events.

e Data Collection: Data that had previously been collected as part of a long-term
weather analysis project was used. The data included weather data collected
during active snow events at six weather stations in Quebec. The weather
data included air temperatures. Data from five years was collected. (Additional
data was available, but it was deemed unnecessary as little variance was seen
year-to-year in the five years of data.)

e Data Processing: The data was processed to collect hourly temperatures.
Temperatures were compared to the temperature collected the previous hour
to determine the change in temperature in one hour (in one-degree increments).
Data points without a measurement the previous hour were declared invalid
and removed. The result was approximately 4,400 data points.

e Qutliers: Data points with a greater than 3°C change in hourly temperature
were identified as outliers and were further examined. They were compared
to current Environment Canada historical weather records. Data points with
temperatures inconsistent with the currently available Environment Canada
historical data were removed. All other data points were retained. It should be
noted that Environment Canada has stated there may be errors in the historical
data (e.g. sensor malfunction). This type of error could not be checked. This
likely indicates some of the outliers in the database are in fact not valid points
(i.e. the analysis is more conservative than reality).
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3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

e Results: The data showed that temperature changed by 1°C or less in an hour
97 percent of the time, and it changed by 2°C or less 99 percent of the time
(see Table 3.3). As increasing temperatures do not pose a safety risk, the
occurrence of decreases only was examined. The data showed that
temperature stayed the same or increased 87 percent of the time, and
temperature did not decrease by more than 1°C 98 percent of the time (see
Table 3.4).

e Conclusion: Temperature very rarely decreases by more than 1°C per hour
during an active snow event.

Table 3.3: Hourly Changes in Temperature During Active Snow - Increases and

Decreases
Change in Data Points Percentage | Cumulative
Temperature (°C) | 2002-03 | 2003-04 | 2004-05 | 2005-06 | 2006-07 | ALL of Data | Percentage
No Change 594 467 554 783 564 2962 67% 67%
Change by =+ 1 254 195 247 348 269 1313 30% 97%
Change by +2 20 14 25 38 21 118 3% 99.3%
Change by +3 1 4 7 8 5 25 0.6% 99.8%
Change by > +3 3 0 1 0 3 7 0.2% 100.0%
Total 872 680 834 1177 862 4425 100% 100.0%

Table 3.4: Hourly Changes in Temperature During Active Snow — Decreases Only

Change in Data Points Percentage | Cumulative
Temperature (°C) | 2002-03 | 2003-04 | 2004-05 | 2005-06 | 2006-07 |  ALL of Data | Percentage
Temp Increase 169 131 184 201 192 877 20% 20%
No Change 594 467 554 783 564 2962 67% 87%
Decrease by 1 93 73 79 170 94 509 12% 98%
Decrease by 2 13 7 10 18 8 56 1.3% 99.5%
Decrease by 3 0] 2 6 5 2 15 0.3% 99.9%
Decrease by >3 3 0] 1 0 2 6 0.1% 100.0%
Total 872 680 834 1177 862 4425 100% 100.0%
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3. TEMPERATURE-SPECIFIC SNOW HOLDOVER TIMES

3.5.2 Impact on Holdover Time of a 1°C Change in Temperature

The second analysis examined the impact of a 1°C change in temperature on HOT.

Data Collection: All Type Il and Type IV 100/0 fluids in the TC/FAA HOT
Guidelines were included in the analysis. For warm snow (-14°C and above),
this included 30 fluids; for cold snow (below -14°C), it included only six fluids
(only select fluids have cold snow data available).

Data Processing: Regression coefficients were used to calculate HOTs for each
data set for rates of 4 and 25 g/dm?/h for five temperature pairs separated by
1°C (warm snow: -2/-3°C, -8/-9°C, -13/-14°C; cold snow: -16/-17°C,
-24/-25°C). The difference in HOT caused by a 1°C decrease in temperature
was calculated for each data set for each precipitation rate and temperature
pair combination.

Results: See summary in Table 3.5. In many cases, a 1°C decrease in
temperature did not have a significant impact on HOT. However, in other
cases, there could be a significant impact (decrease of greater than
10 percent). The key factors that influence the degree of change are:

o Fluid brand: Some fluids are more temperature dependent, and therefore
changes in temperature have a bigger impact on HOT;

o Temperature (top or bottom of the temperature range used in the
regression): The shape of the regression curve used for HOTs (power law)
leads to larger differences in HOTs for similar temperature changes at
warmer relative to colder temperatures; and

o Temperature (warm snow vs. cold snow): Changes in HOTs due to
temperature changes are more significant in cold snow relative to warm
snow.

Conclusion: A 1°C decrease in air temperature can, in some cases, lead to a
significant change in HOT performance.

Table 3.5: Summary — Percent Changes in HOTs with 1°C Decrease in

Temperature
Warm Snow (=-14°C) Cold Snow (<-14°C)
Decrease . Data Points Decrease . Data Points
inHoT | Data Points (#) (%) inHoT | Data Points (#) (%)
0to 5% 133 74% 0to5% 4 17%
51to 10% 39 22% 5to 10% 5 21%
> 10% 8 4% > 10% 15 63%
All 180 100% All 24 100%
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3.5.3 Risk Mitigation Options

The analyses determined that there is some risk to using hourly data to determine
temperature-specific HOTs. Three possible risk mitigation options were identified.

1. Stop Project: Do not allow temperature-specific HOTs to be used.

2. Real-time Temperature Observation Required: Allow temperature-specific
HOTs to be used only if accurate, real-time temperature is available.

3. Introduce Conservatism: Require that temperature-specific HOTs provide HOT
for 1°C colder than the METAR-reported temperature. This will mean that 98
percent of the time, the temperature-specific HOTs will be less than or equal
to the true HOT for the reported current temperature.

These analyses and risk mitigation options were presented to TC and the FAA at the
first project meeting. TC and the FAA elected to incorporate a conservatism of 1°C
into the temperature-specific HOTs database (see also Subsection 3.3).

3.6 Presentation Material

APS drafted presentation material on temperature-specific HOTs for the SAE
International (SAE) G-12 annual meeting held in Dubrovnik, Croatia in May 2019.
Ultimately, this material was incorporated into a larger presentation prepared and
given by TC.

3.7 Conclusions and Recommendations

Significant progress was made on the development of temperature-specific snow
HOTs in the winter of 2018-19. Many of the questions related to the publication of
the data were resolved. However, several regulatory issues remain outstanding, and
the database needs to be created. It is recommended that this project be continued
in the winter of 2019-20 and that the outstanding tasks be completed.
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4. EVALUATION OF NEW SNOW MACHINE

This section documents the work carried out by APS Aviation Inc. (APS) to conduct
parallel testing of the current APS snow machine and the new snow machine to
evaluate whether endurance times obtained from the new snow machine were similar
to the current snow machine.

4.1 Background

Transport Canada (TC) and the Federal Aviation Administration (FAA) have provided
ongoing funding to the National Center for Atmospheric Research (NCAR) for the
development of and subsequent continued improvements to an artificial snowmaking
system (“the Snow Machine”). The primary goal of this research is to improve
aviation safety by providing accurate information on aircraft holdover times (HOTs),
which in turn improve safety for aircraft on takeoff and increase the efficiency of
aircraft ground operations in winter conditions.

The snow machine can be used to perform indoor snow testing of aircraft
de/anti-icing fluids in a cold room laboratory environment to determine HOTs. Prior
to the winter of 2018-19, two machines were built; one is currently used by NCAR,
and the other is currently used by APS.

In 2016-17, it was recommended that a new snow machine be built to increase the
testing capacity of APS and to provide a backup in the event of system failure. To
have continuity with a large dataset of historical research, it is necessary for this
new snow machine to provide consistent results with the current snow machine.

4.2 Objective

The objective of this work is to provide a brief summary of testing that was
completed to compare the performance of the current APS snow machine with that
of the new snow machine. All testing was conducted in accordance with the SAE
International (SAE) Aerospace Recommended Practice (ARP) 5485B, Endurance Time
Test Procedures for SAE Type Il/Il/IV Aircraft Deicing/Anti-Icing Fluids (2). This
standard contains a detailed description of the test equipment, test parameters, snow
measurement methods, snow test conditions, and a snow test procedure for
conducting endurance time tests for SAE Type I, lll, and IV de/anti-icing fluids.

The primary goal of this testing was to evaluate whether endurance times obtained
from the new snow machine were similar to those from the current snow machine.
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A supplementary objective was to test and validate the functionality of the new snow
machine, including all its individual components, in sub-zero temperatures.

4.3 Variances in the Snow Machines

Slight variances exist between the new snow machine and its predecessor. Although
the method through which these two machines generate artificial snow is identical,
certain variances in the components of the two machines exist. While the current
snow machine is still fitted with some of its original components (drill press,
translator, et cetera), the new snow machine has been outfitted with modern
components.

The following component changes/enhancements in the new snow machine were
noted:

e Drill blade is sharper in the new snow machine;

e Absence of drill whiskers in the new snow machine;

e Absence of drill protector (half-moon assembly) in the new snow machine;

e Drill press type is larger in the new snow machine;

e Fan placement and type capacity of fan is different in the new snow machine;
e Core support distance from blade is less on the new snow machine; and

e Resolution of stepper motor is finer in the new snow machine.

4.3.1 Dirill Blade Sharpness

It is generally understood that the sharpness of the drill blades can change the snow
characterization and/or snowflake size. Differences in snowflake size can alter the
visual perception of a failed plate. During this testing, differences in snowflake size
were observed and could possibly generate a bias.

4.3.2 Drill Whiskers and Drill Protector

The drill whiskers are installed directly onto the blade assembly to prevent snow from
building up onto the upper parts of the drill protector (half-moon assembly). The
purpose of these two components is to prevent snow from building up on the upper
portions of the snow dispensing system, so as to not let excess quantities of snowfall
onto the plate. A design change in the new machine eliminated the need for drill
whiskers and a drill protector.

M:\Projects\300293 (TC Deicing 2018-19)\Reports\G & E\Final Version 1.0\TP 15427E Final Version 1.0.DOCX
Final Version 1.0, May 20
24



4. EVALUATION OF NEW SNOW MACHINE

4.3.3 Dirill Press Type

The new snow machine is fitted with a larger drill press than the current APS snow
machine. A new drill press may have a more stable consistent rpm than that of an
older, worn-down drill press. An unstable rom may potentially produce different snow
characterization and hence alter the results.

4.3.4 Distribution Fans

Both systems use fans to improve distribution of snow across the test plate.
However, NCAR has changed the location of these fans to a higher position. This
small variation could result in a different distribution of snow on the test plate.
4.3.5 Stepper Motor

The stepper motor is a component that powers the translator to feed the ice core
into the system. The step resolution of the new snow machine is finer than that of
the current machine, which results in a smoother feed rate.

4.4 Test Methodology

This section describes the test site, equipment, test surface, fluids, personnel
requirements, and test procedure used to carry out the testing.

4.4.1 Test Site

Indoor tests were conducted in a temperature-controlled test chamber at PMG
Technologies in Blainville, Quebec.

4.4.2 Equipment

Two snow machines were used in this testing. As described previously, both the
new snow machine and current snow machine were built by NCAR. The current
snow machine has been in use for many years to measure all endurance times in
artificial snow.
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4.4.3 Test Surface

Both machines utilise a standard aluminum endurance time test plate (500 mm by
300 mm), which is fixed to the fluid collection bucket of the snow machine assembly.
The plate and collection bucket assembly were positioned to maintain the test
surface at a 10° incline.

4.4.4 Fluids

All of the fluids that underwent endurance time testing in the winter of 2018-19
were used as representative fluids for this comparative testing. This fluid list was
comprised of one Type Il and four Type IV fluids.

4.4.5 Personnel

As two snow machines were used simultaneously, two senior employees and one
junior employee were required. The senior employees conducting these tests had
advanced knowledge in the operation of the snow machines, and a junior employee
was on-hand to provide support.

During a portion of this testing, a lead engineer was on-hand to investigate any
anomalies between the two machines and provide insight into possible variances.

4.4.6 Test Procedure

Endurance time tests were conducted using the test protocols outlined in the
procedure titled Endurance Time Testing in Simulated Snow with SAE Type I, 11, i,
and |V De/Anti-icing Fluids. This procedure is included in the TC report, TP 15425E,
Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program for the
2018-19 Winter (3).

The two snow machines were run simultaneously at identical times in identical
conditions to best eliminate any bias.
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4.5 Data Collection and Analysis

This section provides a log and analysis of the comparative tests that were
conducted.

4.5.1 Complete Log of Tests (18 Tests)

Eighteen runs were conducted comparing the new snow machine to the current snow
machine. Tests were conducted with five representative HOT fluids at both -18°C
and -25°C and at rates of 3, 4, 10, and 25 g/dm?/h. For direct comparison, the
normalized rate was used. The selection of the tests was based upon the procedure
developed for endurance time testing, which is included in TP 15425E (3).

The results of the entire data set indicate that the new machine yielded endurance
times eight percent longer (on average) than that of the current machine.

Table 4.1 and Figure 4.1 provide a summary of the data collected.
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Table 4.1: Log of Comparative Tests (Whole Data Set)
¢ | Fudcods | Temperatrs ey | Normlied Rote | New Machine Endurance | Curent Machine | yochinc'ic Curent
Machine (%)
1 018A -18 3.1 66.0 62.0 6%
2 018A -25 4.1 60.3 58.7 3%
3 018A -25 25.7 15.9 13.1 22%
4 018A -18 4.1 51.7 53.3 -3%
5 014A -25 4.1 26.7 27.3 2%
6 014A -25 3.9 28.7 23.4 23%
7 014A -25 9.9 16.2 11.3 43%
8 014A -18 3.1 54 51.0 6%
9 014A -18 25.3 8.9 7.0 27%
10 011A -25 3.1 70.8 69.1 2%
11 011A -25 4.1 51.0 56.0 9%
12 011A -25 25.2 15.0 14.0 8%
13 011A -18 10.3 32.7 30.3 8%
14 017A -25 4.1 135.7 133.3 2%
15 017A -25 25.0 22.1 19.9 1%
16 020A -25 4.1 159.0 156.9 1%
17 020A -25 25.5 24.8 22.2 12%
18 020A -18 3.2 182.9 197.9 -8%
Average 8%
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Figure 4.1: New Snow Machine vs. Current Snow Machine (Whole Data Set)
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Figure 4.2: New Snow Machine vs. Current Snow Machine — Greater than
20 Minutes Endurance Times
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4.5.2 Data with Endurance Times Greater than 20 Minutes (14 Tests)

The data set was segmented to include only those tests with endurance times greater
than 20 minutes. Endurance times were on average four percent longer for the new
snow machine than the current snow machine in 14 out of 18 tests. Table 4.2 and
Figure 4.2 provide a summary of the data collected.

Table 4.2: Log of Comparative Tests (Greater than 20 Minutes)

Ratio of

New Current New

# Fluid Code | Temperature (°C) Normallzezd Rate Machine Machine Machine to

(g/dm?/h) Endurance | Endurance
Time (min) | Time (min) | Current

Machine (%)
1 018A -18 3.1 66.0 62.0 6%
2 018A -25 4.1 60.3 58.7 3%
4 018A -18 4.1 51.7 53.3 -3%
5 014A -25 4.1 26.7 27.3 -2%
6 014A -25 3.9 28.7 23.4 23%
8 014A -18 3.1 54 51.0 6%
10 011A -25 3.1 70.8 69.1 2%
11 011A -25 4.1 51.0 56.0 -9%
13 O11A -18 10.3 32.7 30.3 8%
14 017A -25 4.1 135.7 133.3 2%
15 017A -25 25.0 22.1 19.9 11%
16 020A -25 4.1 159.0 156.9 1%
17 020A -25 25.5 24.8 22.2 12%
18 020A -18 3.2 182.9 197.9 -8%
Average 4%

4.5.3 Data with Endurance Times Less than 20 Minutes (4 Tests)

The dataset was segmented to include only those tests with endurance times less
than 20 minutes. Endurance times were 25 percent longer for the new snow machine
than the current snow machine in 4 out of 18 tests. Table 4.3 and Figure 4.3 provide
a summary of the data collected.
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Table 4.3: Log of Comparative Tests (Less than 20 Minutes)
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Time (min) | Time (min) | Cufrent
Machine (%)
3 018A -25 25.7 15.9 13.1 22%
7 014A -25 9.9 16.2 11.3 43%
9 014A -18 25.3 8.9 7.0 27%
12 011A -25 25.2 15.0 14.0 8%
Average 25%
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Figure 4.3: New Snow Machine vs. Current Snow Machine - Less than 20 Minutes
Endurance Times
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4.6 Conclusions and Recommendations

The new snow machine functioned in accordance with its design. Testing identified
no significant issues with the functionality or control of the new snow machine.

The analysis indicated that there was variance in the results between the new
machine and the current machine. In the TC report, TP15399E, Artificial Snow
Research Activities for the 2017-18 Winter (4), it was determined that the primary
factor for discrepancies in snow machine repeatability was machine influence. This
report indicates that issues with repeatability have been identified not only when
comparing multiple machines but also when comparing the individual results of a
single machine.

As part of the five-year plan that commenced in 2018-19, plans are in place to
develop a new generation snow machine that will minimize variances, which will
allow it to be used as a surrogate for natural conditions testing. As part of these
plans, both the current snow machine and the new snow machine will be replaced
by this new generation snow machine. Therefore, it can be concluded that the new
snow machine can be used for the current annual endurance time testing and
research. If endurance times are expected to be less than 20 minutes, it is
recommended that tests be conducted using the current machine.
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5. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF
HISTORICAL REPORTS

This section describes the process used by APS Aviation Inc. (APS) to publish reports
for the de/anti-icing research program on behalf of Transport Canada (TC) and the
Federal Aviation Administration (FAA). It also details the status of the technical
review of historical reports in the publication process and provides guidance for
handling such reports subsequently.

5.1 Background

As of October 31, 2016, APS had prepared over 187 reports on aircraft ground icing
research and development on behalf of TC and the FAA. Out of these 187 reports,
124 reports were not published. This backlog is attributed to limited resources and
shifting priorities within TC and the FAA. To remedy the backlog, APS was tasked
to develop a prioritized list of unpublished reports, accelerate these reports through
the publication process, and deliver them as Final Version 1.0.

5.2 Objective

The objective of this project for the 2018-19 year was to publish 20 reports (targets
for subsequent years will be determined at the completion of each year).

This objective was achieved through the following measures:

e Coordinating and outsourcing technical and editorial reviews of reports with
technical and editorial experts;

e Performing technical and editorial reviews (to be done by technical and
editorial experts) and making necessary updates to prepare reports for final
editing and publishing; and

e Providing a status of progress within the monthly progress reports.

5.3 Publication Process and Delivery of Technical Reports

APS produces reports annually for the de/anti-icing research program on behalf of
TC and the FAA through a detailed reports management process that it has developed
and continually updates. Figure 5.1 displays the updated reports management
process, offering a global view of the progression of reports from “Draft” to “Final”
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5. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF HISTORICAL REPORTS

stage of publication. It includes all the phases with their respective milestones and
detailed tasks from initiation to publication.

The Reports Management Process comprises eight phases. The first four phases are
internal to APS and labelled Phase 1, 2, 3, and 4, respectively. The following four
phases are related to the publication of a report and are labelled Phase 5, 6, 7, and
8, respectively. Reports typically undergo these phases prior to delivery of Final
Version 1.0.

. . ' . . .
1 PHASE1 1 PHASE 2 i PHASE3 | PHASE4 1 PHASE5 1 PHASE 6 i PHASE7 i PHASES 1
I I 1 1 1 1 | | I
1 1 1 | 1 1 1 1 1
1 1 | 1 1 1 1 1 I
| | 1 1 1 1 1 1 1
1 1 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 |
| | 1 I 1 1 1 1 |
1 1 | I 1 1 I I 1
I Training | | ! ! ! Final | ! Final | ! Final | | Final !
: Session : Dxaftid : Diaft2:0 : Diaft0 : Draft 1.0 : Draft 2.0 : Draft 3.0 : Version 1.0 :

;"‘ = "‘1 ‘."‘I sk "‘1 ,-"‘ Ik "‘-‘. ;‘I Ik I"‘.‘ ;"I Ik I"‘.‘ ,-"‘ sk "‘-‘. ‘."‘I Ik "‘-‘. ;"‘ Ik "‘1

[ Task1 Vo Task7 \ Task 13 \ [/ Task1s \ Task 26 Yod Task 33 \ | Task40 LI Task 45 \

to . to \ | to L to o/ to R to N to \ to
Task6 |\ [  Taskiz |/ Task18 |/  Task2s |/ Task3az |/  Task3as |/ Taskas |/  Tasks2

Figure 5.1: Reports Management Process

For the year 2016-17, APS surpassed the goal of 12 reports and published 16 reports
in total. These reports were published and delivered to TC and the FAA as Final
Version 1.0 via “WeTransfer.” The details of the reports published in 2016-17 are
provided in TC report, TP 15374E, Aircraft Ground Icing General Research Activities
During the 2016-17 Winter (5).

For the year 2017-18, APS surpassed the goal of 20 reports and published 22 reports
in total. The details of the reports published in 2017-18 are provided in TC report,
TP 15398E, Aircraft Ground Icing General Research Activities During the 2017-18
Winter (6). These reports were published and delivered to TC and the FAA as Final
Version 1.0 via “WeTransfer” and USB drives.

For the year 2018-19, APS published 20 reports, as shown in Table 5.1 These
reports were published and delivered to TC and the FAA as Final Version 1.0 via
“WeTransfer” and USB drives.
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5. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF HISTORICAL REPORTS

Table 5.1: List of Published Technical Reports (2018-19)

TP . Latest Publication
No. Number Year Report Title Category Version Date
Regression Coefficients and Equations Used to Final May 13
1 | TP 15397E | 2017-18 |Develop the Winter 2018-19 Aircraft Ground Deicing | Regression . Yy
- Version 1.0 2019
Holdover Time Tables
Cold Climate Technologies - Investigation of Sensor Final June 27
2 | TP 15200E | 2011-12 |Technologies as an Alternative Means of Detecting Sensors . Y !
) . Version 1.0 2019
Aircraft Icing
Cold Climate Technologies - Investigation of Sensor Final June 27
3 | TP 15231E| 2012-13 |Technologies as an Alternative Means of Detecting Sensors . !
. . Version 1.0 2019
Aircraft Icing (Year 2 of 3)
Cold Climate Technologies - Investigation of Sensor Final June 27
4 | TP 15272E| 2013-14 |Technologies as an Alternative Means of Detecting Sensors . !
. . Version 1.0 2019
Aircraft Icing (Year 3 of 3)
Aircraft Ground Icing General Research Activities General & Final June 28,
5 |TP15398E  2017-18 During the 2017-18 Winter Exploratory | Version 1.0 2019
Artificial Snow Research Activities for the 2017-18 Artificial Final July 31,
6 | TP 15399E) 201718 Winter Snow Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
7 | TP 14374k 2003-04 Development Program for the 2003-04 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
8 | TP 14443E) 2004-05 Development Program for the 2004-05 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
9 | TP 14712E ) 2005-06 Development Program for the 2005-06 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
10 | TP 14776E | 2006-07 Development Program for the 2006-07 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
11 | TP 14869E | 2007-08 Development Program for the 2007-08 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
12 | TP 14933k | 2008-09 Development Program for the 2008-09 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
13 | TP 150508 | 2009-10 Development Program for the 2009-10 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
14 | TP 15156E | 2010-11 Development Program for the 2010-11 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
15 | TP15203E | 2011-12 Development Program for the 2011-12 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
16 | TP 15228E | 2012-13 Development Program for the 2012-13 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
17 |TP15271E| 201314 Development Program for the 2013-14 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
18 | TP 15321E| 2014-15 Development Program for the 2014-15 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
19 | TP 15338E| 2015-16 Development Program for the 2015-16 Winter Time Version 1.0 2019
Aircraft Ground De/Anti-Icing Fluid Holdover Time Holdover Final October 11,
20 | TP 15396E | 2017-18 Development Program for the 2017-18 Winter Time Version 1.0 2019
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5. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF HISTORICAL REPORTS

5.3.1 Overall Publication Status of Technical Reports
The overall status of the reports as of October 31, 2018, was as follows:

e Published reports: 103;
¢ Non-published reports: 95; and
e Total reports: 198.

Detailed in Table 5.1, the following 20 reports from past years were delivered to TC
and the FAA as Final Version 1.0 during the 2018-19 year:

e One report from 2003-04;
e One report from 2004-05;
e One report from 2005-06;
e One report from 2006-07;
e One report from 2007-08;
e One report from 2008-09;
e One report from 2009-10;
e One report from 2010-11;
e Two reports from 2011-12;
e Two reports from 2012-13;
e Two reports from 2013-14;
e One report from 2014-15;
e One report from 2015-16; and
e Four reports from 2017-18.

In 2017-18, a detailed analysis of all past APS reports was conducted, and they
were consequently re-categorized in 2017-18. The overall status and progression of
report publication with the new categorization from October 31, 2018, to
October 31, 2019, is presented in Table 5.2.
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5. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF HISTORICAL REPORTS

Table 5.2: Overall Status of Reports from 2017-18 to 2018-19

o 2017-18 2018-19
Category Descrlptlon (# of reports as of | (# of reports as of
Oct. 31, 2018) Oct. 31, 2019)
Published Reports TP reports that are published as Final 103 123

Version 1.0.

Interim Reports
Incorporated into a TP
Report

Reports initially produced as interim
reports and subsequently 21 22
incorporated into TP reports.

Reports that have not been assigned
TP numbers and will not be

Interim Reports not to published; however, some

be Published information contained in these
reports has been included in a
subsequent TP report.
Reports that are not for distribution;
two reports for the Department of
Protected Reports National Defence and one Ops 3 3
Survey report for TC.
Non-published Reports TP reports that are still in Draft 64 48
stages.
Interim Reports to be Reports that have not been assigned 5 a
Published TP numbers and may be published.
Total Reports Produced Total number of reports produced by 198 202

APS.

In addition, APS is currently working on five reports for the Winter 2018-19 research
activities; these are not included in the totals as of October 31, 2019.

As of October 31, 2019, estimating that APS will publish 20 reports per year, it will
take approximately three-and-a-half years to clear the backlog. As of October 31,
2019, the number of published reports, including the reports that are expected to be
published, totals to 175.

5.4 Conclusions

APS has been involved in writing and publishing technical reports on behalf of TC
and the FAA since 1992 and has prepared over 202 reports. Due to TC’s and the
FAA’s limited resources, 124 reports were still outstanding in 2016-17, and APS
was tasked with developing a prioritized list of unpublished reports that needed to
be reviewed and published. By October 2017, APS published 16 reports that were
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5. TECHNICAL REVIEW, APPROVAL, AND PUBLICATION OF HISTORICAL REPORTS

delivered to TC and the FAA as Final Version 1.0. By October 2018, APS published
22 reports that were delivered to TC and the FAA as Final Version 1.0. By October

2019, APS published 20 reports that were delivered to TC and the FAA as Final
Version 1.0.

5.5 Recommendations

Since APS has taken a more active role in completing this project, it is recommended
that proper resources be dedicated to publishing these reports on a yearly basis.
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6. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS

6. PUBLICATION OF HOLDOVER TIME GUIDANCE
MATERIALS

This section describes the work APS Aviation Inc. (APS) completed in the winter of
2018-19 in support of Transport Canada (TC) and the Federal Aviation Administration
(FAA) holdover time (HOT) guidance materials.

6.1 Background

The development and use of HOT Guidelines represent an important contribution to
the enhancement of flight safety in winter aircraft operations. In the years since their
introduction, the HOT Guidelines and related guidance materials have become a
standard and essential part of winter operations. APS plays a significant role in the
preparation and management of these documents.

6.2 APS Contribution to Holdover Time Guidance Materials

Over the years, APS has supported TC and the FAA in the development and
management of the HOT Guidelines documents. APS completes the following tasks
in support of the HOT guidance materials on an annual basis:

a) Develops fluid-specific HOT and regression tables for new Type Il, Ill, and IV
anti-icing fluids that undergo endurance time testing;

b) Requests, collects, and reviews information provided by fluid manufacturers
related to fluid qualification dates and lowest operational use temperatures
(LOUTs) — this results in updates being made to the list of fluids in the HOT
Guidelines;

c) Recommends changes to the HOT guidance materials as a result of new
research findings;

d) Maintains an ongoing list of potential future changes to the HOT guidance
materials, schedules and runs meetings to review and discuss these changes
with TC/FAA, and implements changes as required;

e) Drafts HOT Guidelines and HOT regression information documents on an
annual basis, including TC English, TC French, and FAA versions;

f) Provides support for the update of the FAA N 8900 series document;

g) Restructures guidance material to make it accessible for people with
disabilities; and

h) Provides the latest HOT Guidelines and regression information to the TC
publications department for them to update their website on an annual basis
(or more frequently if updates to the HOT Guidelines are necessary).
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6. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS

6.3 Winter 2019-20 Holdover Time Guidance Materials

In August 2019, the 2019-20 HOT Guidelines and Regression Information documents
were finalized. The changes made to the documents are summarized in the
documents themselves and are described in detail in two TC reports:

1. Holdover Time Guidelines: TP 15425E, Aircraft Ground De/Anti-Icing Fluid
Holdover Time Development Program for the 2018-19 Winter (3); and

2. Holdover Time Regression Information: TP 15426E, Regression Coefficients
and Equations Used to Develop the Winter 2019-20 Aircraft Ground Deicing
Holdover Time Tables (7).

The titles of the 2019-20 documents are listed in Table 6.1. Final drafts of TC and
FAA documents were provided to the TC and the FAA publications departments,
respectively, for publication on August 6, 2019.

A Revision to the FAA HOT Guidelines was published on August 19, 2019 to amend
references and numbering on select table notes in the document. No update was
required for the TC HOT Guidelines.

As intended, the FAA finalized and published its N 8900 series notice, along with

the other HOT guidance materials, on August 6, 2019. An updated N 8900 series
notice was published on October 7, 2019.

Table 6.1: 2019-20 HOT Guidance Documents

1. Transport Canada Holdover Time (HOT) Guidelines Winter 2019-2020,
Original Issue, August 6, 2019

2. Guide de Transports Canada sur les durées d’efficacité Hiver
HOT 2019-2020, version originale, 6 ao(t 2019

Guidelines |3 FAA Holdover Time Guidelines Winter 2019-2020, Original Issue,
August 6, 2019

4. FAA Holdover Time Guidelines Winter 2019-2020, Revision 1.0,
August 19, 2019

5. Transport Canada HOT Guidelines Regression Information Winter
2019-2020, Original Issue, August 6, 2019

Regression |6. Transports Canada Guide des durées d’efficacité Information de
Information régression Hiver 2019-2020, version originale, 6 ao(t 2019

7. FAA Holdover Time Regression Information Winter 2019-2020, Original
Issue, August 6, 2019
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6. PUBLICATION OF HOLDOVER TIME GUIDANCE MATERIALS

6.4 Future Responsibilities

APS will continue contributing to the development of the TC and the FAA HOT
guidance materials in the winter of 2019-20. Specifically, APS will continue carrying
out the tasks listed in Subsection 6.2.
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7. PRESENTATIONS, FLUID MANUFACTURER REPORTS, AND TEST PROCEDURES FOR 2018-19

7. PRESENTATIONS, FLUID MANUFACTURER REPORTS, AND
TEST PROCEDURES FOR 2018-19

This section contains an account of the test procedures, presentations, and fluid
manufacturer reports prepared by APS Aviation Inc. (APS) in the winter of 2018-19.

7.1 Presentations

SAE International (SAE) G-12 Committees hold several meetings on an annual basis.
During these and other meetings, APS presents the findings of work completed
during the year. Most of the research presented at these meetings is eventually
documented in various reports.

In 2018-19, APS gave presentations at the following meetings:

1) SAE G-12 Holdover Time (HOT) Committee, Montreal, Canada, November
2018;

2) SAE G-12 HOT Committee, Dubrovnik, Croatia, May 2019;

3) Airlines for America (A4A) Ground Deicing Forum, Washington, USA, June
2019; and

4) SAE International Icing Conference, Minneapolis, USA, June 2019.

The presentations given by APS at each of these meetings are listed in the following
subsections. A copy of each presentation listed is contained in Appendix C.

7.1.1 SAE G-12 Holdover Time Committee Meeting, Montreal, Canada,
November 2018

The following three presentations were prepared for the SAE G-12 HOT Committee
meeting held in Montreal, Canada, in November 2018:

1) SAE G-12 HOT Committee: Document Updates;

2) Changes to HOT Guidance for Winter 2018-19 [prepared by APS and
presented by Transport Canada (TC) and the Federal Aviation Administration
(FAA)]; and

3) 2018-19 Endurance Time Testing Program.
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7.1.2 SAE G-12 Holdover Time Committee, Dubrovnik, Croatia, May 2019

The following six presentations were prepared for the SAE G-12 HOT Committee
meeting held in Dubrovnik, Croatia, in May 2019:

1) Winter 2018-19 Endurance Time Testing Results;
2) SAE G-12 HOT Committee: Documents Status;

3) Changes to HOT Guidelines for Winter 2019-20 (prepared by APS and
presented by TC and the FAA);

4) Natural Snow Characterization Testing;

5) Artificial Snow: A Historical Review (prepared by APS and presented by TC
and the FAA); and

6) Updates on Guidance for METAR Codes GS, GR, PL, SHGS, SG (prepared by
APS and presented by the FAA).

7.1.3 Airlines for America Ground Deicing Forum, Washington, USA, June
2019

The following two presentations were prepared for the A4A Ground Deicing Forum
held in Washington, USA, in June 2019:

1) Changes to HOT Guidelines Winter 2019-20; and
2) Updates on Guidance for METAR Codes GS, GR, PL, SHGS, SG (prepared and

presented by APS on behalf of the FAA).
7.1.4 SAE International Icing Conference, Minneapolis, USA, June 2019

The following presentation was prepared for the SAE Icing Conference held in
Minneapolis, USA in June 2019:

1) Ground Icing Research Program (prepared and presented by TC and APS).

7.2 Fluid Manufacturer Reports

As part of the HOT research program, several fluids are tested for holdover
performance each year. The data from commercialized fluids is published in the
related TC report, TP 15425E, Aircraft Ground De/Anti-Icing Fluid Holdover Time
Development Program for the 2018-19 Winter (3), while the non-commercialized
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fluid reports are maintained by the respective fluid manufacturers for internal
research purposes.

7.2.1 Holdover Time Testing Reports

Seven reports were prepared to document HOT testing conducted in the winter of
2018-19. Copies of these reports were provided to the fluid manufacturers and to
TC and FAA project managers.

Four of the reports were for commercialized fluids; these reports can be found in the
appendices of TP 15425E (3). Three reports were for experimental fluids.

The seven reports were:

1) Type ll: ROMCHIM ADD-PROTECT TYPE II;

2) Type IV: AllClear ClearWing EG;

3) Type IV: Cryotech Polar Guard Xtend;

4) Type IV: LNT E450 (supplemental testing to support LOUT change); and

5) Three non-commercialized experimental fluids.

A companion document outlining the methodologies used in endurance time testing
of Type Il, lll, and IV fluids was also prepared and provided to the manufacturers.

7.3 Test Procedures

Several procedures were developed to guide and support the research team in
conducting tests in the winter of 2018-19. Table 7.1 provides the list of the
procedures. The procedures have been included as appendices to the winter 2018-19
reports; the specific reports are listed in the last column of Table 7.1.
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Table 7.1: List of Procedures 2018-19

Program Contract Name of
Element| ID # Latest Version Details | Report
# Program Element Procedure
Endurance Time Testing for Maintenance Procedure: Endl,!rance Tl.m.e Testlng 'n Final Version 1.0,
1 1.1 . . . Simulated Freezing Precipitation with SAE HOT
and Publication of HOT Guidance Material S . November 2018
Type I, 1l, lll, and IV De/Anti-Icing Fluids
1 1.2 Endurance Time Testing for Maintenance ZZE?:IU;;OT*{S?;;P?B ZeIStIIIn?IImand Final Version 1.0, HOT
"~ |and Publication of HOT Guidance Material S . ype 1. 1 1l November 2018
IV De/Anti-Icing Fluids
. . . Procedure: Endurance Time Testing in . .
Endurance Time Testing for Maintenance . . Final Version 1.0,
! 1.3 and Publication of HOT Guidance Material ﬁ}n;lljllﬁézd Snow with SAE Type I, 1, 1ll, and November 2018 HOT
. . . Procedure: Endurance Time Testing in . .
Endurance Time Testing for Maintenance . . Final Version 1.0,
V| 7% land Publication of HOT Guidance Material |ACtve Frost with SAE Type I, I, 1ll, and IV g0 per 2018 HOT
De/Anti-Icing Fluids
1 15 Endurance Time Testing for Maintenance Overall Program of Tests at NRC, April Final Version 1.0, HOT
"~ |and Publication of HOT Guidance Material (2019 March 27, 2019
1 16 Endurance Time Testing for Maintenance Overall Program of Tests at PMG, March Final Version 1.0, HOT
"7 |and Publication of HOT Guidance Material (2019 March 28, 2019
Srlwow Machine R.&D Project: S.l.Jpport NCAR Procedure: Natural Snow Characterization Final Version 1.0,
2 2.1 |with Snow Machine Repeatability and Endurance Time Testin January 17. 2019 G&E
Outdoor Testing Characterization 9 L
Exploratory Research and Standards . .
. . Final Version 1.0,
4 4.1 |(V-Stab, SAE Standards, AWG, FRWG, Procedure: Vertical Surfaces Testing February 7. 2019 G&E
HOT Committee, and Other) v
. . . Procedure: Wind Tunnel Tests to Examine
W”?d T.unnel Testing - Type IV'High Speed Fluid Removed from Aircraft During Takeoff Final Version 1.2,
8 8.1 |Validation of Allowance Times for New ) . L WT
. . L . with Mixed Ice Pellet Precipitation August 21, 2019
Fluids with Thin High Performance Wing Conditions
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APPENDIX A

TRANSPORT CANADA
STATEMENT OF WORK EXCERPT -
AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2018-19

4. Exploratory Research and Standards (V-Stab, SAE Standards, AWG,
FRWG, HOT Committee, and Other)

Note: This program element includes research activities that will be pursued on an
exploratory and ad-hoc basis. These activities were selected by representatives from TC and
the FAA from a larger set of potential activities. Due to funding constraints, only those
activities listed below are planned to be performed (activities may be added at the discretion
of TC/FAA).

a)
b)

c)

d)

e)

f)

¢)

Support activities of SAE G-12 Aerodynamics Working Group.
Support activities of the SAE G-12 Fluid Requalification Working Group.

Provide support for further development of SAE aircraft ground deicing
standards as needed.

Provide support to the SAE G-12 Holdover Time Committee, including
providing a qualified individual to serve as the committee’s secretary.

Support activities related to fluid protection times on vertical surfaces, which
may include limited testing as required.

Provide technical support services and exploratory testing to provide regulators
with timely data and documentation to address unexpected operationally
driven industry incidents / concerns / questions.

Install the new model of NCAR snow machine at the APS snow machine test
facility, and conduct some limited testing to evaluate the performance of the
new machine relative to the older model.

Note that the following activities were also considered for inclusion, however, were not
selected due to funding constraints. If additional funds become available over the course of
the program, these activities may be performed at TC/FAA’s discretion.

Support the rewrite of TP 14052E through attendance of all meeting and
consultations, and providing additional technical support, as needed.

Conduct additional analysis relating to rate tolerance in endurance time testing
with the goal of further developing ARP5485.

Conduct additional analysis relating to the use of half-plates in endurance time
testing with the goal of further developing ARP5485.

Investigate A319 engine icing issues experienced by a commercial operator.
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Vi.

vii.

viil.

Xi.

Determine scope of work necessary to develop ethylene glycol-specific ice
pellet allowance times.

Support the development of an equivalency look up table (to support HOTDS
systems) to cross-reference METAR reported weather vs hot table conditions.

Determine rates in mist and freezing mist to support HOT development for
snow mixed with mist or fog.

Evaluate the addition of heavy snow hots to HOT tables for 25-50 g/dm?/h.

Documentation of test methods and protocols for hot, ice pellet, snow
machine, etc.

Evaluate hangar operations with and without fluids.

Investigation of new technologies to support the modernization of the ground
icing research program.

10. Development of Temperature-Specific Snow HOT Data: Preliminary

a)
b)

c)

d)

e)

f)
g9)

Research

Prepare project plan and have kickoff meeting with TC/FAA.

Conduct analysis to mine existing data (i.e. HOT, EC, READAC, or other) to
determine how temperatures change within one hour, and how much do HOTs
change with this change.

Identify decisions regarding data production and create a summary document.

Hold meetings with TC/FAA to inform them of issues and make decisions on
path forward (3 meetings expected).

Hold discussions to determine exact format of data output (variables included,
data format, separate vs. single TC/FAA output, et cetera.).

Prepare presentation for SAE G-12.

Prepare a report.

11. Development of Temperature-Specific Snow HOT Data: Support for

Operational Implementation

It should be noted that this task will be started following the completion of Task 10.

a)
b)

c)

Prepare project plan and have a kickoff meeting with TC/FAA.
Create the data output.

Conduct detailed verification of the data output.
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d)

e)
f)

g9)
h)

Hold discussions to determine the regulatory process which will be employed
to enable operators to use data (e.g. TP 14052/N 8900, advisory circular,
et cetera.

Provide assistance to TC/FAA to make regulatory changes as required.
Support the publication of data.
Prepare presentation for SAE G-12.

Prepare a report.

12. Technical Review, Approval, and Publishing of Technical Reports (20

a)

b)

c)

d)

e)

f)

g9)
h)

Reports to Bring from Final Draft 1.0 to Final Publication)

Coordinate and manage the master list of reports, the list of references,
et cetera.

Review, revise, and train publications department and staff on the Reports
Training Manual.

Develop prioritized list of approximately 20 reports to be published as Final
Version 1.0, and create and maintain schedule.

Coordinate and schedule editorial reviews, technical reviews, and French
translation of each report.

Perform editorial review for each report and make changes with author(s) to
reports.

Perform technical review for each report and make changes with author(s) to
reports.

Perform French translation for each report and make changes to reports.

Format reports for Final TC Approval (including references, signatures, front
matter et cetera).

Support the TC approval and publishing of each report.
Upload reports to the APS website on behalf of TC/FAA.

13. Provision for Project Support Services (Including Progress Reporting
and Preparation of Current Year Technical Reports to Final Draft 1.0

a)

Level)

Provide support services for program coordination (progress reporting, setup
of meetings, coordinate travel, et cetera.).
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b)
c)
d)

e)
f)
9)

h)

Create task list and provide support services for management of task list.
Manage, schedule, and plan current year reports to Final Draft 1.0 level.

Develop current year reports from Draft 1.0 to Final Draft 1.0 including report
components and appendices.

Format and finalize reports for ISO review.
Deliver Final Draft 1.0 to TC/FAA.

Coordinate, create, and manage the “Exploratory Research and Standards”
report.

Coordinate and manage the list of reports (costed as part of a separate
program element).

14. Update Source Documents for Maintenance and Publication of HOT
Guidance Material

The following tasks will be completed (in general) for both phases of this work
(Phase 1: New and outstanding changes to be integrated prior to March 31°; and
Phase 2: Annual updates to be integrated prior to the publication expected in early
August):

a)
b)

c)

d)

e)

f)

Prepare project plan and have kickoff meeting with TC/FAA,;

Maintain a log of proposed changes to the HOT guidelines. Provide project
coordination, follow-ups, and training;

Coordinate, plan, and lead discussions between TC, FAA and EASA to address
and approve new changes to the HOT guidance material;

Coordinate, plan, and lead discussions between TC, FAA and EASA to approve
annual updates to the HOT guidance material;

Update regression coefficients document (detailed activity costed as part of a
separate program element including discussions and implementation); and

Provide support for publication of documents.

16. Infrastructure for TC/FAA Guideline Development

This program element does not include the actual endurance time testing of newly submitted

fluids.

The description of the fluid endurance time testing has been included in a previous

section of this document and will be funded by the fluid manufacturers.
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Fluid Management:

a)
b)

c)

d)

Receive and catalogue fluids;

Verify viscosity of newly received fluids at time of receipt and prior to
simulated precipitation testing;

At the request of TC/FAA, verify viscosity of fluids in inventory intended for
testing use; and

Maintain log of fluid inventory and viscosity information.

Preparation and Setup for Natural, Artificial Snow, and Frost Testing:

a)

b)

c)
d)
e)
f)
g)

h)

Prepare the P.E.T. test site at Trudeau International Airport (YUL) for
conducting tests;

Upgrade test site infrastructure (i.e.: trailer, shed, snow machine) to ensure
personnel safety, adhere to environmental guidelines, maintain equipment
inventory, and ensure equipment is calibrated;

Prepare an updated procedure for testing fluids in natural snow;

Prepare an updated procedure for testing fluids in frost;

Prepare an updated procedure for testing fluids with the snow machine;
Evaluate current methods for measuring snowfall intensity or holdover times;

Develop improved, more efficient methods to measure snowfall intensity or
holdover times, if appropriate; and

Update and maintain iPad based HOT testing data form.

Preparation and Setup for Simulated Precipitation Testing at NRC:

a)

b)

c)

d)

Prepare a general top-level plan to coordinate all simulated precipitation
required by the research program. Testing will be conducted at the NRC
Climatic Environment Facility (CEF) in U89 at Uplands, Ottawa;

Note: The NRC facility costs associated with testing at U89 are not included in this
task and are dealt with directly with TC through a M.O.U. agreement with NRC;

Coordinate scheduling and test plans with NRC CEF personnel;

Prepare an updated test procedure for the conduct of endurance time tests in
simulated precipitation at the NRC CEF,;

Conduct calibration to attain appropriate test conditions for each weather
condition represented in the holdover timetables;
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e) As the cost for this activity is highly weighted on calibration of precipitation
rates, evaluate and, if possible, develop an improved, more efficient method
to measure intensity of precipitation; and

f) Update and maintain the NRC Rate Calculation software.

General Activities:

a) Management and operational coordination;
b) Purchase equipment and modify test facility equipment as required;

c) Monitor weather, provide support to projects, and provide training to staff on
operations;

d) Present material and data at SAE G-12 meeting; and

e) Prepare reports.

17. Infrastructure for TC/FAA Research and Development

This program element does not include the actual research and development testing. The
description of these program elements has been included in other sections of this document
and has been budgeted separately.

Fluid Management:

a) Receive and catalogue fluids;

b) Verify viscosity of newly received fluids at time of receipt and prior to
simulated precipitation testing;

c) At the request of TC/FAA, verify viscosity of fluids in inventory intended for
testing use; and

d) Maintain log of fluid inventory and viscosity information.

Preparation and Setup for Natural, Artificial Snow, and Frost Testing:

a) Prepare the P.E.T. test site at Trudeau International Airport (YUL) for
conducting tests;

b) Upgrade test site infrastructure (i.e.: trailer, shed, snow machine) to ensure
personnel safety, adhere to environmental guidelines, maintain equipment
inventory, and ensure equipment is calibrated;
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c)
d)
e)
f)
g)

h)

Prepare an updated procedure for testing fluids in natural snow;

Prepare an updated procedure for testing fluids in frost;

Prepare an updated procedure for testing fluids with the snow machine;
Evaluate current methods for measuring snowfall intensity or holdover times;

Develop improved, more efficient methods to measure snowfall intensity or
holdover times, if appropriate; and

Update and maintain iPad based HOT testing data form.

Preparation and Setup for Simulated Precipitation Testing at NRC:

a)

b)

c)

d)

e)

f)

Prepare a general top-level plan to coordinate all simulated precipitation
required by the research program. Testing will be conducted at the NRC
Climatic Environment Facility (CEF) in U89 at Uplands, Ottawa;

Note: The NRC facility costs associated with testing at U89 are not included in this
task and are dealt with directly with TC through a M.O.U. agreement with NRC;

Coordinate scheduling and test plans with NRC CEF personnel;

Prepare an updated test procedure for the conduct of endurance time tests in
simulated precipitation at the NRC CEF,;

Conduct calibration to attain appropriate test conditions for each weather
condition represented in the holdover timetables;

As the cost for this activity is highly weighted on calibration of precipitation
rates, evaluate and, if possible, develop an improved, more efficient method
to measure intensity of precipitation; and

Update and maintain the NRC Rate Calculation software.

General Activities:

a)
b)

c)

d)

e)

Management and operational coordination;
Purchase equipment and modify test facility equipment as required;

Monitor weather, provide support to projects, and provide training to staff on
operations;

Present material and data at SAE G-12 meeting; and

Prepare reports.
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PROCEDURE: VERTICAL SURFACES TESTING

PROCEDURE:
VERTICAL SURFACES TESTING

Winter 2018-19

1. BACKGROUND

There is a lack of standardization in the treatment of vertical surfaces.
Notwithstanding, some air operators in the United States and Canada currently
practice varying de/anti-icing procedures that excludes the treatment of the vertical
surfaces, namely the tail. There is a significant amount of operational history that
supports this practice; however, there has been no research carried out that has
quantitatively demonstrated or determined if the exclusion of treating the tail offers
the equivalent level of safety of a contaminant free critical surface.

The belief of some operators is that it is worthwhile to treat vertical surfaces when
there is ongoing freezing precipitation (e.g. light freezing rain) whereas there is little
to no benefit of anti-icing with ongoing frozen contamination {(e.g. snow, ice pellets)
given that these forms of precipitation do not typically adhere at colder temperatures.

Conversely, in some operational situations there is the potential that the treatment
of vertical surfaces may in fact be detrimental to the takeoff performance of an
aircraft (i.e. anti-icing fluid on the tail may lead to increased accumulation of
contamination).

From a regulatory implementation and enforcement standpoint there is currently no
standardized guidance that offers inspectors a means by which to determine if an air
operator is complying with the operational rules. Therefore, if the current operational
rules aim to achieve the clean aircraft concept, and thus require the tail to have zero
adhering frozen contamination, how can this be adequately achieved or appropriately
mitigated by operators to ensure a satisfactory level of safety?

Based on meetings attended by Transport Canada (TC), Federal Aviation
Administration (FAA), National Aeronautics and Space Administration (NASA)}, and
APS Aviation Inc. (APS), an initial research testing plan was developed and dated
October 8, 2015. This test plan became the basis for testing conducted during the
winter of 2015-16. The objective of this testing was to document contamination
found on the vertical stabilizer both pre and post deicing, and to evaluate optimal
deicing procedures and mitigation plans. Additional limited research with the same
mandate was performed for the winter of 2016-17. For the winter of 2017-18, effort
was given towards re-analysing the data collected and disseminating the information
to the industry.
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A follow-up meeting was held on September 13, 2018 and attended by TC, FAA,
NASA, and APS. The intent was to identify research objectives related to fluid
protection times on vertical surfaces for the research year 2018-19. At the meeting,
the group recommended that limited additional testing be conducted in natural snow
conditions only. The test protocol will be an abbreviated version of the 2015-16
setup focusing on fixed plates and excluding the rotating test plates and model. More
focus will be given to documenting characteristics of the contamination including
thickness and adherence, and supporting these observations with photography. Best
efforts will be made to target wet snow, dry snow, freezing precipitation, and mixed
precipitation conditions.

2. OBJECTIVE
The objectives of this research are the following:

1. Verify if contamination is present on the vertical tail post de/anti-icing, and if
so, under what conditions, and characterize (size, surface extent) that level of
contamination; and

2. ldentify and evaluate optimal deicing procedures and mitigation plans and
identify effectiveness of these methods or means.

Emphasis will be placed upon documenting characteristics of the contamination
including thickness and adherence, and supporting these observations with
photography.

3. TESTING PROCEDURE

Endurance time tests will be conducted with both a Type | and Type |V Ethylene
Glycol (EG) fluid and a Type | and Type IV Propylene Glycol (PG) fluid; for a total of
four fluids. These fluids will be described in Section 4.

3.1 Test Surfaces

A six position test stand comprised of four test plates and two cold-soak boxes will
be used for this testing with the following parameters:

e Position 1: 10° Test Plate treated with Type IV Fluid;

e Position 2: 10° Dry Plate left untreated;

e Position 3: 10° Cold-Soak Box treated with Type | Fluid;
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e Position 4: 80° Test Plate treated with Type IV Fluid;
e Position 5: 80° Dry Plate left untreated; and
e Position 6: 80° Cold-Soak Box treated with Type | Fluid.

Figure 3.1 depicts the intended setup.

e ik

b/
10°Box 80°Box D,
és
Baseline Surfaces Vertlcal Surfaces

Figure 3.1: Outdoor Testing Setup

3.2 General Procedure

e Standard endurance time testing procedures will be used for this testing.

o For the Type | fluids, 0.5L of fluid should be applied on a box at 60°C with
a warm-soaked 12-hole spreader.

o For the Type IV Fluid, 1L of fluid should be applied to a test plate at OAT
using a pour container.

e Fluid protection times should be recorded for the fluid applied to each of the
surfaces.

3.3 Fluid Film Thickness and Refractive Index (Brix) Measurements

Fluid film thickness for all surfaces will be measured five minutes after application.
The Brix will be measured for all surfaces at the time of failure.

After the 10° baseline Type IV plate has failed with 1/3 of the test plate
contaminated, re-measure Brix, thickness (a ruler may be required if very thick), and
characterize the type of contamination present on all surfaces.
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3.4 Photographic Documentation of Fluid Failure

An additional objective of this research will be to improve the photo documentation
of fluid failure. In order to get better definition in the photos, the following should be
considered:

e Use of a DSLR digital camera with more control of light, shutter speed, and
exposure error;

e The use of a professional photographer for three to five outdoor test events;

s Post-testing photo processing and analysis; and

e Focus on documenting fluid failure type, thickness, and identifying
characteristics.

3.5 Documentation of Adherence

A specially calibrated adherence probe is used to measure for the presence of ice
adherence to the test surface. Attachment 1 provides a detailed description of the
analysis supporting the use of this adherence probe. A positive detection of
adherence will be indicated by a checkmark on the data form at the time of plate
failure. Consideration should be given to developing a new air based adherence
device.

3.6 Precipitation Rate

The precipitation rate collection {(not shown in Figure 3.1) will be conducted on an
adjacent test stand. Rate measurements should be conducted before fluid
application, after each plate failure, and every five to ten minutes during the test.

4. FLUIDS

Testing will be performed with the following surplus fluids in the APS inventory.
Table 4.1 indicates the fluids that will be used for this testing.

Table 4.1: Fluids

Fluid Glycol I Quantity

Type Name Type Dilution Batch # Available
Clariant Octaflo ° .

Type | EF Concentrate PG 10° Buff. U7LEO00857 60 Litres
Cryotech Polar | 100/0 PGA161216PA 2 120 Litres

Guard Advance

Type IV Dow UCAR D268GAC000 1° and

Endu;ac;'nge EG EG 100/0 27 Shipment 20-30 Litres

M:\Projectsi300293 (TC Deicing 2018-19)'Procedures\V-StabiFinal Version 1.0\V-Stab 2018-19 Final Version 1.0.docx
Final Version 1.0, February 19
4

M:\Projects\300293 (TC Deicing 2018-19)\Reports\G & E\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B.docx
Final Version 1.0, May 20

B-5



APPENDIX B

PROCEDURE: VERTICAL SURFACES TESTING

5. TEST PLAN

Testing is to be conducted in natural snow conditions. Test runs are not subject to
a specific precipitation rate or temperature, however varying natural conditions
should be targeted as follows:

e Dry snow;

e Wet snow;

e Mixed precipitation with snow;

» Freezing precipitation; and

s Any natural snow condition.

A test plan is included in Table 5.1. Additional tests or repeat tests may be
considered. The limited testing will be conducted on three natural precipitation events
and could expect one to three test runs per event based on the conditions present.

Table 5.1: Test Plan

Test # TIV1 g:a o 1(;;2:" 10° Tl Box sg:a'gv Sgi‘agv 80° Tl Box Targeted Condition
1 PGA Dry Octaflo PGA Dry Qctaflo Dry Snow
2 PGA Dry Octaflo PGA Dry Octaflo Wet Snow
3 PGA Dry Octaflo PGA Dry Octaflo Mixed Precipitation
4 PGA Dry QOctaflo PGA Dry Octaflo Freezing Precipitation
5 PGA Dry QOctaflo PGA Dry Octaflo Any g:;:;;LEnOW
6 EG 106 Dry Qctaflo EG 106 Dry E-188 Dry Snow
7 EG 106 Dry Octaflo EG 106 Dry E-188 Wet Snow
8 EG 106 Dry Octaflo EG 106 Dry E-188 Mixed Precipitation
9 EG 106 Dry Octaflo EG 108 Dry E-188 Freezing Precipitation
10 EG 108 Dry Octaflo EG 106 Dry E-188 Any Natural Snow

M:'Projects’\300293 (TC Deicing 2018-19)\ProceduresV-StabiFinal Version 1.0%V-Stab 2018-19 Final Version 1.0.docx

5

Final Version 1.0, February 19

M:\Projects\300293 (TC Deicing 2018-19)\Reports\G & E\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B.docx

B-6

Final Version 1.0, May 20




APPENDIX B

PROCEDURE: VERTICAL SURFACES TESTING

6. EQUIPMENT

Standard equipment used for endurance tests outdoors will be used, with the
exception of the stands required to position the test plates at 80° from the horizontal.

7. PERSONNEL

A minimum of two persons will be required for the conduct of these tests. A third
assistant would be beneficial for dedicated photography.

8. DATA FORMS AND SOFTWARE
The following data forms and software programs will be used for this testing.

1) End Condition Data Form for Surfaces (Attachment 2).
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Attachment 1: Analysis of Adherence Tester

APPENDIX C

ANALYSIS OF ADHERENCE TESTER

The adherence tester exerts a shearing force in the range 1.274x10* to
2.037x10™ MPa. Under contract to the Transportation Development Centre of
Transport Canada, Optima Specialty Chemicals and Technology Inc. undertook
in 1995-96 a study to investigate the adhesion of freezing precipitates to
de/anti-iced and non-deiced aircraft surfaces. According to this study, the
maximum wind shearing force acting on the wing is equal to 1x10* MPa, and
the adhesive strength of ice and failed de/anti-icing fluids is of the order 10° to
10" MPa. Therefore, the tester shearing force is almost equal to the wind
shearing force when compared to the failed fluid adhesive strength. In the
Figure below, APS tester agrees with Optima results in the first range because
both the tester and the wind will shear off the failed de/anti-icing fluid. Also in
range 3, the tester and the wind cannot shear off the failed fluid. Range
number 2 is an indeterminate region where the tester may shear off the failed
fluid but the wind will not.

APS TESTER, WIND SHEAR, AND CONTAMINATED FLUID
ADHESIVE STRENGTH RANGES

If APS Tester cannot remove contamination,

neither can wind shear

If APS Tester can remove contamination, the wind shear may or
may not be able to remove the contamination

fluid is considered adhered.

If APS Tester cannot remove contamination,

& » »
< L] »
Range 1 Range 2 Range 3
(Wind Shear Force Range on Typical APS Tester Adhesive Strength of
Aircraft Wing at Rotation Shear Range Adhered C iin ati
< » < »
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| | ] I I\/ I I\/
© © © ©
o a o o L
x x X x ;l‘
o - ~ ~
o N ] L
- o
c N
=]
M \Procts\PM1892 (TC Deicing 03-04)\Reperts\Adbesion\Report Components\Appendices\Appendix C doc
1 Final Draft 1.0, January 19

M:\Projects\300293 (TC Deicing 2018-19)\Procedures\V-Stab\Final Version 1.0\V-Stab 2018-19 Final Version 1.0.docx
Final Version 1.0, February 19

7

B-8

M:\Projects\300293 (TC Deicing 2018-19)\Reports\G & E\Final Version 1.0\Report Components\Appendices\Appendix B\Appendix B.docx

Final Version 1.0, May 20



APPENDIX B

PROCEDURE: VERTICAL SURFACES TESTING

Attachment 1: Analysis of Adherence Tester (cont’'d)

APPENDIX C

Adherence Tester Force Analysis

The Adherence Tester exerts a force on the ice particle through the filament.
This force can be calculated from the tester motor ratings; namely, the output
power, Poxe, and the shaft rotational speed, @,

P,=Tw

The above equation gives the shaft torque, 7, which can be used to find the
adherence force, F, used to shear off the ice particle,

",
=

where r is the torque arm. The figure below illustrates the torque and force on
the filament.

The shearing stress is equal to the force divided by the area over which the
filament operates

F K

A4 w2y

The output power and rotational speed provided by the tester manufacturer are:
Pour = 1 Watt and @ = 6500 Hz

Therefore, the torque is
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Attachment 1: Analysis of Adherence Tester (cont’'d)

APPENDIX C

T= L =245*10"°N.m

6500 Hz%—2% 1ad

1 revolution

The load on the filament is a uniform load. This load can be considered as a
concentrated force acting at the average filament radius, r=2.5 mm. Therefore,
the shearing force is

_ 245%107° N

— =0.0098 N
2.5%107m

and the shearing stress is

r=— QOORN 1548 Pa=1248 KPa
T*(2%2.5%107° ) m®
The above is the theoretical value. If the same analysis was done using the

forces obtained from the electric balance, the shearing stress would be in the
range 1.274x10*to 2.037x10* KPa.

Notes:

(1) It should be noted that the elasticity of the filament is a source of error in
the force measurement using the electric balance.
(2) An electric balance of 0.2 g accuracy was used to verify the calculations.
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APPENDIX B

PROCEDURE: VERTICAL SURFACES TESTING

Attachment 2: End Condition Data Form for Surfaces

DATE
V'STA B END CONDITION DATA FORM
TESTMGR
Type | Fluid Information Type IV Fluid Information EC Hourly Data
PECORDED AT END OF POLR TIAE
Fluid Name: _— Fluid Name:
Temperature °C:
Fluid Dilution:
Fluid Dilution: _— uidiDilution Wind Speed km/h:
N Batch #:
Batch i 2t Wind Direction:
Initial Brix: - 9% Initial Brix:
Initial Temp: - Initial Temp:
10° Baseline Surfaces 80° Vertical Surfaces
Time of Fluid
A ion:
Time of 1/3 Cont.
(Failure):
10°TIV 10° Dry 10°Tl 80°TIV 80° Dry 80°T
Description of
Contamination
@ Baseline End
(Draw)
TH @ 5 MINS / / / / / /
BRIX @ FAILURE / / / / / /
TH @BASELINE END ! / / / /
BRIX @ BASELINE END / / / / /
Adherence Present
(Check if Yes)
s

M:\Projectsi300293 (TC Deicing 2018-19}\ProceduresiV-Stab\Final Yersion 1.01V-Stab 2018-18 Final Version 1.0.docx
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APPENDIX C

SAE G-12 HOT COMMITTEE:

DOCUMENT UPDATES

SAE G-12 Holdover Time Committee - Montreal, Canada — Nov. 7, 2018
Presented By: Stephanie Bendickson, G-12 HOT Secretary

G-12 HOT DOCS: STATUS

Documents in Need of 5Year Review: None

— All documents revised/published within last 2.5 years

Works in Progress: None

Endurance time testing standards expected to be
reviewed again next winter

Qualifications standards to be reviewed as/if required

ROGIDS standard expected to be reviewed at 5 year
point

G-12 HOT DOCS: STATUS

G-12HOT Holdover Time Committee
Committee |[EY L
Standards Status
Definitions
Document List Display: Suppress Canceled v
Document | Title ¥ Date Status
ARP5945A | Endurance Time Test Procedures for SAE Type | Aircraft DeicingfAnti- | Oct 10, 2017 | Revised
Icing Fluids
ARP5485B | Endurance Time Test Procedures for SAE Type IV Aircraft Oct 10, 2017 | Revised
Deicing/Anti-lcing Fluids
AS5681B | Minimum Operational Performance Specification for Remote On- May 17,2016 | Revised
Ground Ice Detection Systems
ARP6207 | Qualifications Required for SAE Type | Aircraft Deicing/Anti-icing Oct 10,2017 | Issued
Fluids
ARPS5718B | Qualifications Required for SAE Type IV Aircraft Deicing/Anti-icing | Dec 07, 2017 | Revised
Fluid

G-12 HOT DOCS: FEEDBACK

» Do you have suggestions for changes to G-12 HOT
documents? Contact the document sponsors:

ARP5485 ARP5945 ARP571

Stephanie Bendickson

sbendickson@apsaviation.ca

ARP6207

Marco Ruggi
mruggi@apsaviation.ca
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SAE G-12 HOLDOVER TIME COMMITTEE, MONTREAL, CANADA,
NOVEMBER 2018

PRESENTATION:
CHANGES TO HOT GUIDANCE FOR WINTER 2018-19






APPENDIX C

CHANGES TO HOT GUIDANCE
FORWINTER 2018-19

* 2018-19 HOT PUBLICATIONS *
ORIGINAL ISSUE

» Published August 7, 2018

Transport Canada
Holdover Time (HOT) Guidelines

» Four Documents:

2018-19 Holdover Time Guidelines, Original Issue (English)
2018-19 HoldoverTime Guidelines, Original Issue (French)
2018-19 Regression Information, Original Issue (English)
2018-19 Regression Information, Original Issue (French)

Presented By: Yvan Chabot and Chuck Enders

SAE G-12 HOT Committee, Montreal, Canada — November 7, 2018

Transport  Transports
I*I Canada Canada

2018-19 HOT PUBLICATIONS | oy

ORIGINAL ISSUE

» Published August 7, 2018

» Three Documents:

1. 2018-19 Holdover Time Guidelines, Original Issue 7 Documents

2. 2018-1g Regression Information, Original Issue

3. Revised FAA-Approved Deicing Program Updates, Winter 2018-2019
(N8g00.478)

CHANGES TO GENERIC HOTS CHANGESTOTYPE Il GENERIC HOTS

Fluid
Outside Air | Concentration Freezing Light Rain on Cold

.
Active Frost m e | T | ot | Sonin | S| et | Soncii | O
pre 0% (1:50] o02s-0%0{0:30) (1:00§0:20) 08 o=

-3°C and above
(27 °F and above)

a0 015025 | 005010 | o0os-015 | 005009
Type | Generic m — 000 0%0.105 | 020.085 | 020-045 | 075-020
oelow 2710.18°F) F

75125 0:25-0:50 0:10-0:20 0:15-0:25

Freezing Fog Snow,

75125 0:25-0:55 015-025 015-0:40 010-020 004-025

T 1000 030-1:05 015-0:30 020-0:45 015-0:20 CATION

_ (below 18107 °F) 75125 025-050 008-020 015-025 008-015 el i
Type Il Generic - New/removed fluids Below 14 [6-18C . 015035 008020
(below 7t00-F) " - -

below 18 [0-25 C
ok B 1000 015035 002-009

below-25 -C 0 LOUT
(below -13 °F to LOUT)

Increases:
Decreases:

1000 -035

Type IV Generic - Removed fluids

Values in Blue:

M:\Projects\300293 (TC Deicing 2018-19)\Reports\G & E\Final Version 1.0\Report Components\Appendices\Appendix C\Appendix C.docx
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APPENDIX C

CHANGESTOTYPE IV GENERIC HOTS

Very Light

Fieechng Fog. ow Snow | Snow Snow

Outsids At | Concantration

Show Grains o
‘Snow Pollets

Fraazing
Drizzle Othec;

Rain on Cold
ing

or o
By % Volume | e° Cystals Pellets Pelets

000 | 115-240 | 220.245 | 110-220 | 0:35-110 | 040-130 | 0:25-040 | 0:08-110
S hlakegiod 828 1:25-2:40 | 205-225 | 1:15-205 | 0:40-1:15 | 0:50-1:20 | 0:30-0:45 | 009-1:15
(7°F and sbove)

sozo(0:30Y0:55]1:00)(1:10) 025 (1:00)] 010-025 | 015 (0:40) 000 (0:20)
— 000 | 0:20-135 [ 1:60-220 | 0:65-1:50 | 0:30-085 [ 0:25-1:20 | 0:20.0:25
4w 27 1 ABE) 75125 0:30-1:20 | 1:50-2:10 | 1:00-1:50 | 0:30-1:00 | 0:20-1:05 | 0:15-0:25

1000 0:20-1:35 | 1:20-1:40 | 0:45-1:20 | 0:25-0:45 | 0:25-1:20 | 0:20-0:25

below 8 10-14°C.
(below 18107 °F)

CAUTION.
Noholdover time.
quidelnes exist

7825 naoQ:zu 1:40-200 [ 0:45-1:40 | 0:20-0:45 {0:20) 1:05 | 0:15-0:25

Telow 14 0-18°C

oeton 7100F) 1000 0:20-0:40 | 0:40-050 | 0:20-0:40 | 0:06-0:20
below 18 1025°C

below 1013 -F} 1000 0:20.0:40 [ 0:20-025 | 0:09-0:20 | 0:02-0:09
below B CION]  1ow 020-0:40 | 0:20-025 | 0.06-0:20 | 0:01-0:08

[(oeiow -13 F to LOUT)

Increases:
Values in Blue:

OTHER CHANGES

LOUT Definition + Rounding

= LOUTs for 75/25 and 50/50 dilutions no longer capped by
lowest temperature for which HOTs are published

= LOUTs are now rounded to nearest whole degree Fahrenheit

Freezing Drizzle Intensity

7 Intensity designator added to the note on the freezing
drizzle column heading in all HOT guidelines

7 Freezing drizzle HOTs are applicable to intensities of light,
moderate and heavy freezing drizzle

Questions?

Transport
Canada

Transports|
Canada

Yvan Chabot
Commercial Flight Standards
Yvan.Chabot@tc.gc.ca

AFS-220
Charles.J).Enders@faa.gov

of11

CHANGES TO FLUID-SPECIFIC HOTSM

Kilfrost Ice Clear Il (Type II)
Oksayd Defrost PG 2 (Type II)
Oksayd Defrost EG 4 (Type IV)

REMOVED
FLUIDS

Kilfrost ABC-Ice Clear Il (Type I1)

Clariant MP 1l 2031 ECO (Type Ill)

ABAX ECOWING AD-49 (Type |V, 75/25+50/50 only)
Dow FlightGuard AD-49 (Type IV, 75/25+50/50 only)

New temperature band “Below -3 to -8°C"
(All Type II/IV Fluids)

Temperature band “Below -3 to -14°C” modified
to “Below -8 to -14°C” (All Type II/IV Fluids)

OTHER
CHANGES

OTHER CHANGES

Supplemental Heavy Snow Testing

= Supplemental heavy snow testing conducted in natural
snow with Clariant Safewing MP Il FLIGHT

= HUPRs increased for 100/0 and 75/25 dilutions from 40 to 50
g/dm?/h (for temps = -14°C)

HOT Table Format Changes
~ Formatting changes made to:
— Make space for new temperature band

— Prepare documents for government document
accessibility requirements

ol 5™

2018-19 HOT PUBLICATIONS
FUN FACTS

7 Documents 487 Pages

Regression +
ation Tables

ype II/11/IV
Fluids
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NOVEMBER 2018

PRESENTATION:
ENDURANCE TIME TESTING PROGRAM WINTER 2018-19






APPENDIX C

ENDURANCETIMETESTING PROGRAM
Winter 2018-19

SAE G-12 Holdover Time Committee - Montreal, Canada — November 7, 2028
Presented By: Benjamin Bernier, Junior Project Leader

Presented on

Prepared by
behalfof:

Transports  Transport
Canada _Canada

ENDURANCE TIME PROGRAM

Natural Snow and Natural Frost Testing
APS Test Site (Montreal, Canada)

Natural Snow Natural Frost

Bl o o

2018-19 ET PROGRAM

— 2018-19 testing season is
— HOT Fluid Request Letter: emailed Sep 24, 2018

— Contains info on:
* Testing Fees
* Fluid Sample Preparation
* Shipping Details
* Plus: Fluid Submission Forms and FAQ Sheet

Bl G0 o

ENDURANCE TIME PROGRAM

APS Aviation is contracted to conduct
HOT Testing on behalf of TC/[FAA

ENDURANCE TIME PROGRAM

Simulated Freezing Precipitation Testing
NRC-CEF (Ottawa, Canada)

§ T z

Simulated Freezing Precipitation

Roll D Dre

2018-19 ET PROGRAM

— Fluid Submission Deadline:
* Fluids should be at APS TEST SITE by this date
* Late receipt = incomplete data = delay in HOT table publication (2
year)
Testing alternatives may be available (added cost, not guaranteed
to be successful)

— Reminder: Complete and Send Fluid Submission Form!

* Send alongside fluid shipment or submit electronically
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APPENDIX C

2018-19 ET PROGRAM

> Is Partial Testing Possible?

* Preliminary / limited testing? YES*
* Cancel testing before all tests completed? YES*
Freezing precipitation testing only (no snow)? YES*

* Annual freezing precipitation test session in April

s Can one any time of year
chamber availability

remium), itingent on cold

* All special situations need to be discussed with TC/FAA
* Test fees are calculated based on fixed and variable costs

TS e

Questions?

Benjamin Bernier
Junior Project Leader, APS Aviation
bbernier@apsaviation.ca

Transports  Transport
Cana Canada

VERY COLD SNOW PROGRAM

2018-19 Very Cold Snow Testing
Optional testing for new or existing Type II/II/IV fluids

Participating fluids will receive fluid-specific snow HOTs for temperatures
below -14°Cdown to fluid LOUT

Flg\d-spec\ﬁc very cold snow HOTS are generally longer than the generic
HOTs

Testing only conducted every second winter, and only if at least two fluids
participate

— Confirmation Deadline:

*  Written confirmation of participation needed by this date.

— Fluid Submission Deadline:
* Fluids should be at APS TEST SITE by this date

1 EE EE s
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SAE G-12 HOLDOVER TIME COMMITTEE, DUBROVNIK, CROATIA,
MAY 2019

PRESENTATION:
WINTER 2018-19 ENDURANCE TIME TESTING RESULTS






APPENDIX C

Joint researchled by:

Transport  Transports
I*I Canada Canada

Conductedby: fm ==z

WINTER 2018-19
ENDURANCE TIMETESTING RESULTS

SAE G-12 HOT Committee, Dubrovnik, May 21, 2019
Prepared and Presented by: Benjamin Bernier

e N .

OUTLINE

2018-19 Testing Overview
. Methodology
. Test Results Summary: 3 Fluids
. Supplemental Testing: LNT E450 LOUT Change
. Supplemental Analysis: Very Very Cold Snow
. Summary

Appendix: Detailed Test Results

2018-19 TESTS CONDUCTED

Fluid | Natural |Artificial |Freezing|Freezing| _ [ignt | Cold-

Dilution| Snow | Snow Doy Hieezing Soak
Rain |Surface

Alum.

Comp.

100/0
75/25
50/50
100/0
75125
50/50
100/0
75/25

50/50

Total

PURPOSE

- To provide an overview of the new fluids
tested for inclusion in the HOT guidelines

= Notes:

— HOTs are not official until published by TC/FAA

— All data/charts included in an Appendix for
brevity. Appendix slides will be available on the
SAE website, but not shown at meeting unless
requested.

2018-19 TESTING OVERVIEW

= Several fluids submitted, 614 individual ET tests conducted

= Of the fluids submitted, three expected to be incorporated
into the HOT guidelines

gy ADD-PROTECT Type Il

ALLCLEAR ClearWing EG

emvorsen Polar Guard Xtend

OUTLINE

2018-19 Testing Overview
. Methodology
. Test Results Summary: 3 Fluids
. Supplemental Testing: LNT E450 LOUT Change
. Supplemental Analysis: Very Very Cold Snow
. Summary

Appendix: Detailed Test Results
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APPENDIX C

TEST METHODOLOGY TEST METHODOLOGY

| EndumnceTimeTestingStandards | \ S , 7 ‘, %

ARP5945  Endurance Time Tests for Aircraft Deicing/Anti-icing Fluids SAE Type |

ARP5485  Endurance Time Tests for Aircraft Deicing/Anti-icing Fluids SAE Type II, lll, and IV

faluminum, composite, painted, etc.)

Fluid Failure

ANALYSIS METHODOLOGY HOT TABLE DEVELOPMENT

= Holdover times are derived using regression analysis Upper and lower HOT values are determined using the precipitation rate
that assumes a power law relationship of the raw boundaries and most restrictive temperature for each HOT cell
endurance time data

General Form of Equation
Freezing Precipitation: HOT = 10 ' Rate A
Snow: HOT = 10! Rate A (2-Temp) B

(i, A, B = coefficients determined by regression analysis)

re rounded to the closest
min depending on the
applicable rounding rules

Endurance Time (mins)

Endurance Time (mins)

Rate (g/dm%h)
Rate (g/dm%h)

= Specific coefficients are developed for each cell of the ARPG207  Qualfcation Process for SAE AMS 1424 Type | Flids
HOT table

Process to Obtain Holdover Times for Aircraft Deicing/Anti-Icing Fluids, SAE AMS1428
ARPS718  1ypecn,m, andiv

[ B ar @M

FLUID INFO
OUTLINE ROMCHIM ADD-PROTECT Type ll

2018-19 Testing Overview > Fluid Type:  Typell e

Methodology » Fluid Base:  Propylene Glycol
Test Results Summary: 3 Fluids .
> Dilutions: 100/0, 75/25, 50/50
Supplemental Testing: LNT E450 LOUT Change

Supplemental Analysis: Very Very Cold Snow > WSET Result: 41 minutes

Summary » LOUT: 100/0 =TBD

Appendix: Detailed Test Results > LOWV: 100/0 = 4,000 m.Pa.s*

*ASg968 and Manufacturer Method: LV1, 600 mL beaker, 575 mL of fluid, 20°C, 0.3 rpm, 20 min

[0 Beoales aps @/
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APPENDIX C

AliClear ClearWing EG

FLUID INFO

ALLCLEAR

L/ -
ADD O D
Outside Al Times Under various .
At | speninas > Fluid Type: Type IV
Freezing | Snow, Snow Gralns or Snow Pellets Light
oegrees | oegrees et Ftawatr| 1o, Frooing | 90 ain oncota | e,
Sl | e S| Fegarte ] e | P | S
o o e [wesso | wss | voows [ osenoo | awass | ezvods | ooewss 2 Fluid Base: Ethylene Glycol
o | 27and [ oapam0 | to0 | oseiee | 016090 | ozsom | oreozs | osazs
sos | o2o0s | o0 | o150 | ooseis | 01000 | ogaamt
below | below 10010 Q0.4 20 M2 | 020040 | 0250 All Other Current . . =
B2 | 20 e Tuseon (o Fou Torwons | ssco g NGEeTICE Mek - Dilutions: 100/0
S e T G| ro— o503 [ 0200 I o2 i
Blo-14 L7 75025 0:30.085 | A =ag:35 | 0:09.0:20 | 0:200:30 | 0:150:20 q
- 410 min Transport
N T o oo e Vi T esmeme (1 e > WSET Result: 120 minutes
A Times Under various
o Y g ; o
Y o U ”z > LOUT: 100/0 = -29.0°C
volf g [00E P other
il M e ] v T woame | Ore | e | Soaing
1000 1.40-3:30 | 15562.25 | 1:00-1:65 | 0:30-1:00 | 040135 | 025045 | 0:08-050 3 _ *
> LOWV: 100/0 = 13,350 m.Pa.s
wwove | above All Other Current
A T e O
oo | o |00 | wsdead o mgian | azoao | aavoso Generics Met
s | e ™= g 3 y . )
e o088 | Dgcrease Jro | vinoae [ waowao [wisom * ASgg68 method: LV1, 600 mL beaker, 575 mL of fluid, 20°C, 0.3 rpm, 10 min
oo | oew |10 | osdead) [ %08 | o1e0ss | vaseso | o200 |
8to-1a | 18107 T g v o [ 07
il 25 o oo e [ oweom [ omaie mm\e
L tou sisiour | 100 ©2)|( Decrease ke | oenerc & Pl I e aps
D-SP OT TAE FLUID INFO
B
ALLCLEAR vorsen
\|[d]: e Cryotech Polar Guard Xtend
3 3 Q Y
Outside Al Approximate Holdover Times Under Varlous Weather Condltions
perature Type IV Fluld A
7 Fluid Type:  Type IV
Celsius. [Fanronner| cemeionmesy | Fog oviee [T T | vz | PR Soakea wing
100/0 1:50-3:15 2:00 1:20-2:00 | 0:40-4:20 | 1:10-1:35 | 0:30-1:00 0:10-1:30 H
* Fluid Base:  Propylene Glycol
s T N BTN T ™
beiow | _elow 10010 195345 | 2:00 | 110200 | 0:35-4:10 | 1:08-1:30 Meets All - s .
o | e e e I e e > Dilutions: 100/0 only
oo | o |10 | Tassas | 700 | vaszoo | omoros | restan | 0303
810-14 18107 75025 NA NA NIA NIA NiA N/A .
N L F T oo | wsee | omene | ommeme | omeme e E = WSET Result: 83 minutes
A Times Under Varlous
gl ) o
M » LOUT: 100/0 = -29.0°C
oegrees [ Orees el rtamae| 1oz | snow, snow Grains orsnow petets | ereesng | M9 [ ramoncota [ o,
ot [ranromne e | R et [ T | Dot | e | S wing
oo veosis | savsno | raveio | wiovan | o | oo | g > LOWV: 100/0 = 6,350 M.Pa.s *
e s 75025 NiA NIA NiA NIA NIA I ° °
Sl S N N N T TN (/A 100/0 = 6,000 M.Pa.s **
o o T e [ rsesm [zmem | T [wsermo | Tosi [ CUrent Generics ' -Fa.
w8 | 27018 [ 7o N A i A win [ . ) i
- o[ tasw ] ewsi| tosemi]ioases |osas 1w ] * ASg968 method: LV1, 60omL beaker, 575 mL of fluid, 0.3rpm, 30 min
S | ** Manuf Method: SC R, small sample ad: L of fluid, 20°C,
Blo-14 | 1607 7525 A NA VA NA NA ] ’ anufacturer Method: SC4-31/23R, small sample adapter, 20mL of flui , 0.31pm, 10 min
o
[ 2oon T boor T om0 | ossz | cevemic | ceneric | ceneric Tl I e aps oA
D P O AB
e FROST VALIDATION TESTING
»
OLE Old al U S Ul
Outside A Times Under Varlous
Temporstare | Type W Fluid - : . .
Concentmtion |ccor T = Objective: Verify validity of frost HOTs (generic) for
Oegress | Dogrocs |Neat Flidnter| 1o%273, | Snow, Snow Grais or Snow el | Freszing | K9 | sainoncold | o,
Cule[ramronnn e | Fogartee [ =T ST e | Festing | So new fluids
o[ zsoao | 2w | Zeoze | Teszeo | 200z | Touie | oaoras
il IOl [ [ v [ w | w i o ) e )
om0 A A A A A | et Testing conducted over two years to maximize testing
beiow | below oo | tooaso | zo0 | 195200 [ oo-tiss [ osstio Meets All opportunities (natural frost not always a frequent occurrence)
3t0-8 | 27018 75725 NiA A WA WA WA C t i
i urren
oo | oo |__to00 | vworse | 200 | 120200 | oastzo | oserao | oo ) ) _ .
ol s 25 U Y N 7 | | Testing conducted with three new fluids, and fluids
Tansgort At
o 2o T oo | oasedo | GENERIC | GENERIC | GENERIC | L4 i commercialized in 2018-19
A Times Under Varlous o " " :
1 By AT aud Additional tests will be conducted next winter with retained
< rath Freezing now, Snow Grains or Snow Pellets. ight . ol .
Degrees | Detroes i mf‘mml Fag ot toe (o SN CalNS of SNV PASES | preezing | ;yohing [ Raln onCold | oy, samples of the three fluids expected to be commercialized in
sl G Crystals | Very Light Light Moderate i Rain N
00| 20400 | 30000 | 200500 | 105200 | 20000 | 100-:50 | 00145 2019-20
sana | 27an 5
Tl S S TS S BTN BT Meets Al : )
R e T prer P Y TS CSEIET .0 = Conclusion: Current HOTs validated for fluids
3to-14 | 2707 75125 NIA NIA NiA NIA NIA N/A A= o
v, | Towin oo | roowse | zavzes | 12022 | owsizo | ossrdo | oseoss | commercialized in 2018-19
st | 807 [ an va [ wva [ wa [ w | wa A \0
o
] 1000 0:25:0:40 | GENERIC | GENERIC | GENERIC TS Bl APS
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APPENDIX C

VERY COLD SNOW VALIDATION TESTING OUTLINE

> Objective: Assess performance of new fluids in very cold 2018-19 Testing Overview

snow

*  Testing conducted with artificial snow machine in very cold snow
boundary conditions (-18/-25°C and 3/4/10/25 g/dm?/h)

Data compared to data collected previously with other Type II/IV
fluids

= Conclusion: Data collected generally similar to historic data.

= Note: Fluid performance in very cold snow was also assessed

analytically using data collected in other conditions

Analysis done as part of a separate very cold snow generics
evaluation

ol &2 &

SUPPLEMENTAL TESTING: LNT E450

Supplemental testing col
to support changing LO

cted in 2018-19 with LNT E450
m -22.5°Cto -33°C

Tested in freezing fog conditions at -33°C
Tested in artificial snow conditions at both -25°C and -33°C

Other conditions do not have HOTs below -10°C - no testing
required

New HOT values in snow for the “Below -18 to -25" row

New HOT values in snow and freezing fog for the “"Below -25
to LOUT” row

of

OUTLINE

2018-19 Testing Overview

Methodology

Test Results Summary: 3 Fluids

Supplemental Testing: LNT E450 LOUT Change
Supplemental Analysis: Very Very Cold Snow
Summary

Appendix: Detailed Test Results

Methodology

Test Results Summary: 3 Fluids

Supplemental Testing: LNT E450 LOUT Change
Supplemental Analysis: Very Very Cold Snow
Summary

Appendix: Detailed Test Results

Iel 252 &

‘Approximate Holdover Times Under Various.

Outside Air Weather Conditions

Temperature #~ New Values hours:minutes)

Degrees | Degre in BLUE reezing | Snow, Snow Grains or Snow Pellets

Calsius|Fahrenho] Fodorics T
Crystals. | very Light | _ Light_| Moderate Cana

seow | below -

dow | bakowr 1000 | o0ss-105| 135 | 0s0-ts |010-030

below | below

delow | below T 000 |ozs-1:00| o040 | o15-0:40 | 00a-0:ts

‘Approximate Holdover Times Under Various
Weather Conditions.
New Values hours:minutes)
in BLUE

utside

G | ca——_ Crystals | Very Light Light Moderate kel

3

below | below
181025 | 0to-13

below | _below
25033 | 1310-27

1000 035-1:05 [ 1:35-2:15 | 0:30 - 1:35 | 0:10 - 0:30

1000 0:25-1:00 [ 0:40-1:00 [ 0:15 - 0:40 [ 0:04 - 0:15

VERY VERY COLD SNOW

Protocol to assess fluid-specific HOTs below -29°C in snow was finalized
in 2018-19

Testing conducted with artificial snow maker in very very cold snow (VVCS)
boundary conditions (-25°C/LOUT and 3/4/10/25 g/dm?/h)

Data collected at LOUT compared to data collected at -25°C to determine
snow HOTs at LOUT

Four fluids currently have fluid-specific HOTs in snow below -29°C
AllClear AeroClear Max: Protocol applied previously (no changes)
LNT E450: Protocol applied in 2018-19 (new HOTS for new LOUT row)

Cryotech Polar Guard |1 / Polar Guard Advance: Protocol applied in 2018-19
(minor changes to fluid-specific HOTs)

of
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APPENDIX C

CHANGES TO FLUID-SPECIFIC HOT TABLE
Cryotech Polar Guard Il
Cryotech Polar Guard Advance

OUTLINE

2018-19 Testing Overview

Methodology

Outside Air ‘Approximate Holdover Times Under Various

L— we:
Temperature N oy Values (hours:minutes)
in BLUE 'reszing | Snow, Snow Grains or Snow Pellets
e Fog or lce .

Fahrenhei] g kris

Test Results Summary: 3 Fluids

below
5| 131023

Supplemental Testing: LNT E450 LOUT Change

025-050
Outside Air Approxim;

Temperature  New Values v
Dogrees | Degratng 1 BLWVE __Jlezing
b

Celsius Crystals | Very Light

Supplemental Analysis: Very Very Cold Snow

Summary

below —
25 10305 025-050 | 025-0:30

Appendix: Detailed Test Results

Bl e Tt

SUMMARY

SUMMARY

7 Fluids Tested

* Tests carried out with new fluids; three fluids to be commercialized

NEW FLUID-SPECIFIC HOT TABLES
" Results

In almost all cases generic HOTs were met or exceeded

Generic frost/very cold snow HOTs substantiated

Will have three new fluid specific HOT tables

VVCS HOTSs adjusted for two fluids based on new analysis protocol
LNT E450 new LOUT / new rows

Regciiny Type Il ADD-PROTECT Type Il

ALLCLEAR Type IV ClearWing EG

Type IV Polar Guard Xtend

[ L{ I

~———

APS OUTLINE
‘ﬁ/\mnoﬂk\c

2018-19 Testing Overview
Methodology

Test Results Summary: 3 Fluids

Supplemental Testing: LNT E450 LOUT Change
Supplemental Analysis: Very Very Cold Snow
Summary

Appendix: Detailed Test Results

Benjamin Bernier

2mail: bbernier@apsaviation.ca

Bl Do D
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APPENDIX C

ROMCHIM

ADD-PROTECT Typelll

el B

ADD-PROTECT TYPE Il 75/25
FREEZING DRIZZLE

ADD-PROTECT TYPE Il 100/0
FREEZING DRIZZLE

jESi;

ADD-PROTECT TYPE Il 50/50
FREEZING DRIZLE

ADD-PROTECT TYPE Il 100/0
RAIN ON COLD SOAKED SURFACE

ADD-PROTECT TYPE I1 75/25
RAIN ON COLD SOAKED SURFACE

50/50 fluids not
tested in Rain on
Cold Soaked Surface

AADD-PROTECT TYPE I1 75/25
FREEZING FOG

ADD-PROTECT TYPE Il 100/0
FREEZING FOG

ADD-PROTECT TYPE I1 50/50
FREEZING FOG

[EER]

ADD-PROTECT TYPE I1 75/25
LIGHT FREEZING RAIN

ADD-PROTECT TYPE 11 100/0
LIGHT FREEZING RAIN

ADD-PROTECT TYPE Il 50/50
LIGHT FREEZING RAIN

oW

REMINDER: All Type II/1V Fluids

- given generic HOTs below -14°C

ADD-PROTECT TYPE 11 100/0
NATURAL SNOW

ADD-PROTECT TYPE I1 75/25
NATURAL SNOW

ADD-PROTECT TYPE Il 50/50
NATURAL SNOW
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APPENDIX C

ADD-PROTECT TYPE 11 100/0
ARTIFICIALSNOW, BELOW 14 TO -18°C, TYPE Il PG FLUIDS

— - - ALLCLEAR
‘ A i oo CLEARWING EG

i Neat formulation only
= Tested at -18 / -25

ALLCLEAR CLEARWING EG 100/0 ALLCLEAR CLEARWING EG 100/0
FREEZING FOG FREEZING DRIZZLE
: \t
i-
i-
ALLCLEAR CLEARWING EG 100/0 ALLCLEAR CLEARWING EG 100/0
LIGHT FREEZING RAIN RAIN ON COLD SOAKED SURFACE

ALLCLEAR CLEARWING EG 100/0

= | NATURAL SNOW
180 —
170 ¥ of Tests = 31 ® Data Points (-3°C and above)
160 O Data Points (Below -3 to -8°C)
150 8 Data Points (Below -8 to -14°C)
140 - W Data Points (Below -14 to -16°C)

130 —Regression Curve (-3°C)

120 o Regression Curve (-8°C)
110 —Regression Curve (-14°C)
E100

r ‘ 7 7 ] £ ® Generic HOTs (-3°C and above)
L £ y £ %0 o
4 y ‘ J £ n ® Generic HOTs (Below -3 to -8°C)
e 80 ® Generic HOTs (Below -8 to -14°C)
5 —_—
57 =) &
60 L] " a
50
40 a
30 .
20 p
10
o
o 5 10 15 20 25 30 35 40 a5 50

Rate of Precipitation (g/dm?/h)
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ALLCLEAR CLEARWING EG 100/0
ARTIFICIAL SNOW, BELOW -18 TO -25°C, TYPE IV EG FLUIDS

ALLCLEAR CLEARWING EG 100/0
ARTIFICIAL SNOW, BELOW -14 TO-18°C, TYPE IV EG FLUIDS

238iEEsEaIRRYEE

88

(L4

CRYOTECH

POLAR GUARD XTEND

Transports  Transport
Canada ~ Canada

CRYOTECH POLAR GUARD XTEND 100/0

FREEZING FOG

CRYOTECH POLAR GUARD XTEND 100/0

FREEZING DRIZZLE

CRYOTECH POLAR GUARD XTEND 100/0

LIGHT FREEZING RAIN

CRYOTECH POLAR GUARD XTEND 100/0

RAIN ON COLD SOAKED SURFACE

358883

CRYOTECH POLAR GUARD XTEND 100/0

1pt.above |[ 1pt.sbove NATURALSNOW

180

170 ¥ of Tests = 31 ® Data Points (-3°C and above)

160 O Data Points (Below -3 to -8°C)

150 8 Data Points (Below -8 to -14°C)

140 o ® Data Points (Below -14 to -16°C)

130 —Regression Curve (-3°C)

120 Regression Curve (-8°C)
110 —Regression Curve (-14°C)
%mo a ® Generic HOTs (-3°C and above)
£ o &  Generic HOTs (Below -3 to -8°C)
s 80 ® Generic HOTs (Below -8 to -14°C)
2 70
* 60

50 o ==

40 =) o =

30

20 L)

10

o
o 5 10 15 20 25 30 35 40 45 50

Rate of Precipitation (g/dm?/h)
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APPENDIX C

CRYOTECH POLAR GUARD XTEND 100/0
ARTIFICIAL SNOW, BELOW -14 TO -18°C, TYPE IV PG FLUIDS

CRYOTECH POLAR GUARD XTEND 100/0
ARTIFICIAL SNOW, BELOW -18 TO -25°C, TYPE IV PG FLUIDS

Bl 22 o

51012

: HOTS AT LOUT (-33°C)

LNT E450
ARTIFICIAL SNOW

®-25°C  @LOUT (-33°C)

LR
B u

10 gldmem 25 gldm?h

[ L Rl

LNT E450 100/0
FREEZING FOG

240
o [ Existng Data Poms (3°C1
W Existing Data Points (-14°C)
200 :
8 Existing Data Points (-25°C)
180 a | ® NEW Data Points (-33°C)
" —Regann e (300 CRYOTECH
= —Regression Curve (-14°C)
£ 140
: el POLARGUARD I
£120 —Regression Curve (-33°C)
£
%100 ® Generic HOTs (-3°C and above)
3 ® Generic HOTs (Below -3 to -14°C)
80 \
- \
40
20 1
o L
o 1 2 3 4 5 6 7 8 9 10

Rate of Precipitation (g/dm?/h)
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S50f29

Cryotech: HOTS AT LOUT (-30.5°C)

Cryotech Polar Guard Advance/Il
ARTIFICIAL SNOW

®-25°C  @LOUT (-30.5°C)

£
2

3 gidmm ih 10 gidmem
Rato of Procipitation

Il 232 &
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SAE G-12 HOLDOVER TIME COMMITTEE, DUBROVNIK, CROATIA,
MAY 2019

PRESENTATION:
SAE G-12 HOT COMMITTEE: DOCUMENT STATUS






APPENDIX C

Committee

[
SAE G-12 HOT COMMITTEE: Standards Staus

De

Document List Display: [Suppress Canceled v|
Document | Title ¥ Date Status
D O C U M E NTS STATU S ARP5045A | Endurance Time Test Procedures for SAE Type | Aircraft Deicing/Anti- | Oct 10, 2017 | Revised
Icing Fluids
ARP54858 Time Test for SAE Type IV Aircraft 0Oct 10,2017 | Revised

Deicing/Anti-Icing Fluids

AS5681B | Minimum Operational Performance Specification for Remote On- May 17, 2016 | Revised
Ground Ice Detection Systems

ARP6207 | Qualifications Required for SAE Type | Aircraft Deicing/Anti-Icing Oct 10,2017 | Issued
Fluids

ARP57188 | Qualifications Required for SAE Type IIIIV Aircraft Deicing/Anti- Dec 07, 2017 | Revised
Icing Fluid

AFS SAE G-12 Holdover Time Committee — Dubrovnik, Croatia — May 21, 2019
Bl e Presented By: Stephanie Bendickson, G-12 HOT Secretary

Conclusion: All documents recently updated, no documents actively being worked on

G-12 HOT DOCS: FEEDBACK

> Do you have suggestions for changes to G-12 HOT

documents? Contact the document sponsors:

ARP5485 ARP5945 ARP5718

Stephanie Bendickson
sbendickson@apsaviation.ca

P6207

Marco Ruggi
mruggi@apsaviation.ca

[ L4 IRy
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SAE G-12 HOLDOVER TIME COMMITTEE, DUBROVNIK, CROATIA,
MAY 2019

PRESENTATION:
CHANGES TO HOT GUIDELINES FOR WINTER 2019-20






APPENDIX C

OBJECTIVE /| OUTLINE

7 Objective:
Present changes FAA/TC will be making to HOT
Guidance materials for 2019-20

CHANGESTO HOT
GUIDELINES
FORWINTER 2019-20

» Changes are Resulting From:

Presented By: Yvan Chabot and Chuck Enders 2018-19 Endurance Time Testing Program

SAE G212 HOT Committee; Dubrovnik, Groatia=May/23, 2019 Annual HOT Guidelines Maintenance
Further Very Very Cold Snow Analysis
Supplemental Testing with LNT Solutions E450

I & Transport  Transports
Canada Canada

Changes resulting from...

2018-19
ENDURANCETIMETESTING
PROGRAM

HOTSs provided in this presentation are preliminary and
subject to change - final data verification is required

2018-19 ENDURANCE TIME
TESTING PROGRAM

FLUID-SPECIFIC HOT TABLE (TC)
ROMCHIM ADD-PROTECTTYPE I

Pt eyt Lo T Hogerse
. . Ouside ir Fosa1 700 | o Soow | Snow:Snow | Snow now | Freezing | Light | Ranon cod
= Three new fluids will be added to the HOT TR | gy sovanme | 52 | Pt | snow s | snowpets| |7+ St e
. w0 | Tasm | 1 | 10015 | osoro0 | owres | ozmowm | oosos
Guidelines Glmdsoe | 7% | ow11 | 100 | 00100 | 015090 | 025040 | 01502 | 005025
5050 0:20-0:35 0:30 0:15-0:30 0:09-0:15 0:10-0:30 0:08-0:10
1. Romc mADD-PROTECTType | (Type I - PG) below-3t0-8°C 1000 0:30-045 120 040120 | 020-0:40 | 025050 | 020030 Gl
(below 27 to 18 F) 75025 0:30-055 040 0:25.0:40 0:10-0:26 0:20-0:30 0:15-0:20 No holdover time
. o] 0 | owos | 1w | owtos | w0 | omom | omom
2. AllClear ClearWing EG (Type IV - EG) 1507 7o

050055 | 0% | 020035 | 000020 | 020030 | 016020
Toow T T8 T
°[ 1000 | 015025 | ceneric | ceneric | ceneric

3. Cryotech Polar Guard Xtend (Type IV - PG)

81025
(below 01013 °F)
below 25 to LOUT
(below 13 to LOUT)

1000 015025 | GENERIC | GENERIC | GENERIC
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APPENDIX C

FLUID-SPECIFIC HOT TABLE (FAA) FLUID-SPECIFIC HOT TABLE (TC)

ROMCHIM ADD-PROTECTTYPE Il ALLCLEAR CLEARWING EG

Fluid i Light Mode Fluid Very Light Light Moderate
outside A Freszing Fog ow | Snow, Snow Frocung | ugnt | Rainon cola outside Al FresaingFon | gucu, snow | Snow,Snow Frocung | Lt [ Rainon Gold
Temporature | Fuawater | oy e Crineor orle 1 Rai| Sosked Wig Temporature | Faawater | 1y e | Oransor | - oraneor Oride. | Freeing Rain| Soaked Wing
By % Volume | '® SYSR | o pettets | Snow Pellets By % Volume | % SS9 | snow etiets | snow peets
100/0 1:40-3:30 155225 1:00-1:55 0:30-1:00 0:40-1:35 0:25-0:45 0:09-0:50 10010 1:50-3:15 2:00 1:20-2:00 0:40-1:20 1:10-1:35 0:30-1:00 0:10-130
3 Candabove 3 cantabore
Ggamastorn ™7 | oaoano | o010 | owieo | 0150% | ozt | 01507 | 0oz omastoe [ A A A A I A A
S5 | 02003 | 03003 | 01503 | 009015 | 01003 | 005010 S0 A A A A I A
wams<c |0 | 030045 | 120140 | 045120 | 020040 | 025050 | 020030 e e ssc | 0 | vwom | o0 | vwew | swerie | rerm [ owrm | e
(on271018°F) 75z | 030055 | 040050 | 025040 | 010025 | 020030 | 075020 | Nohokovertine Below 2710187555 A A A A A WA | Norokvertime
bt oot
below Bto-14°G | 1000 030-045 | 105120 | 035105 | 015035 | 025050 | 020030 ¢ below-B1o-14°C | 1000 135345 200 105200 | 030105 | 1:05-130 | 0:30-1:00
beow 18%7°F) [~ 755 | 63005 | 035040 | 02003 | 008020 | 02003 | 075020 ton 181670 [Tz A A A A A A
o T T oo T T
(below 7100 °F) 100/0 0:15-0:25 GENERIC GENERIC | GENERIC ? (below7 to 0°F) 055-2.00 GENERIC GENERIC GENERIC
w51 35 S Sebw 515250
below 0 1013 °F) 100/0 0:15-0:25 GENERIC GENERIC | GENERIC below 010 13 F) 055-2.00 GENERIC GENERIC GENERIC
o2 OLOUTT ™ 505 | 015025 | GENERIC | GENERIC | GENERK R 055200 | GENERIC | GENERIC | GENERIC
i 131007 i 1310 20

pel o

1005

FLUID-SPECIFIC HOT TABLE (FAA) FLUID-SPECIFIC HOT TABLE (TC)
ALLCLEAR CLEARWING EG CRYOTECH POLAR GUARD XTEND

Freezing Fog | VeV Light | Light Moderate Fluid [ Fog | VeV Liaht Moderate
Outside Air o 09| snow, Snow | Snow, Snow | Snow, Snow | - Freezing Light | Rain on Cold Outside Air 5 Snow, Snow | Freezing Light [ Rain on Cold
Temperature 1co Cuvstals | _Crainsor | Grainsor | Grainsor | brizzle g Rain | Soaked Wing Temperature | FluidWater | O insor | Drizzle | Freezing Rain | Soaked Wing
me VSIS | Snow Pellets | Snow Pellets | Snow Pellets By % Volume VSt3I5 | Snow Pellets | Snow Pellets | Snow Pelits.
10000 150-315 | 240300 | 120240 | 040120 | 1110435 | 030100 [ 0:10-1:30 1000 230-400 200 200200 [ 105200 | 200200 | 100150 | 020145
3-Candabove 2 -3+Cand above
(7 andabore) |52 A NA NiA NA NiA NA NiA oo oF ondabony | 7525 NA NA A A A A A
50/50 A NA A NA A NiA 5050 NA A WA A A A
below 310 6°C | 1000 135345 | 225300 | 110225 | 035110 | 105130 | 0:30-1:00 caumion below 3t08°C | 1000 100150 200 135200 | 050135 | 035140 | 050055 cauTion
(=IoN 273018 °F) 7525 A NiA NIA NIA /A NIA No holdover time [PelaW 2115318 75) 75025 A NiA /A A NiA NA No holdover time
pelow Sto-14-G | 1000 135345 | 215245 | 105215 | 030105 | 105130 | 0:30-1:00 below-Bto-14-C | 1000 1:00-150 200 120200 | 045120 | 035140 | 050055
(below 18107 *F) 75125 A A A WA WA NIA {Pelow 18107 °F) 75025 NA N/A N/A NIA NIA A

Below 1410 18°C
(below 710 0°F)
Below -810-25°C
(pelow 010 13 °F)
below 2510 -29°C
below 131020 -F)

elow 1410 18 T 1000 025040 | GENERIC | GENERIC | GENERIC

1000 025040 | GENERIC | GENERIC | GENERIC

055200 | GENERIC | GENERIC | GENERIC 1000 025040 | GENERIC | GENERIC | GENERIC

0:55-2:00 GENERIC GENERIC ‘GENERIC ? :
055200 | GENERIC | GENERIC | cenERc RF

[boiov 1310 20 -F)

Il o

TS

FLUID-SPECIFIC HOT TABLE (FAA)
Changes resulting from...

CRYOTECH POLAR GUARD XTEND

Flud | ngFog| Ve Lisht | Light Noderate
Outside Air i 19798 | Snow, Snow | Snow, Snow. Freezing Rain on Cold
Temperature | FluidWater | 9 | Grainsor | Grains or Drizzle Soaked Wing
By % Volume V1 | Snow Pellets | Snow Pellets | st
10000 230400 | 300300 [ 200300 | 105200 | 200200 [ 100150 [ 020-1:45
3°Candabove "
e T [ [ e [ w | w [ w 2019-20
50/50 A NA /A NA A NIA
o 10000 100150 | 250300 | 135250 | 050135 | 0351140 | 050055
below 310.8°C CAUTION:
(below 271018 F) [ 75725 A A N/A NIA A NA No holdover time.
below Bto-14°C | 1000 100150 | 225255 | 120225 | 045120 | 035140 | 050055
(below 18107 °F) [ 7525 A NA N/A NA A NA

Below 1410 18 °C

RS ?‘ MAINTENANCE
Piow 157 35 G250s0 | ceverc | cenemc | ceeRo R

(below0 1013 °F)
below 2510 29 'C
[belov 13 t0 20 F)

025040 | GENERIC | GENERIC | GENERIC
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APPENDIX C

Annual Maintenance: TC/FAATYPE Il FLUID-SPECIFIC
REMOVED FLUIDS HOT GUIDELINES 2019-20
ABAX ECOWING 26 REMOVED:
> NoType Il, Type lll, or Type IV fluids became obsolete -> 5) ABAX ECOWING AD-2 No Type Il fluids being removed

- this year.
no fluids removed for 2019-20 3) Aviation Shaanxi Cleanwing Il

4) BeijingYadilite YD-102

5) Clariant Safewing MP Il FLIGHT

6) Clariant Safewing MP Il FLIGHT PLUS

7) Cryotech Polar Guard Il

8) Kilfrost ABC-K PLUS

9) Kilfrost Ice Clear Il

10) Newave Aerochemical FCY-2 Bio+

11) Oksayd Defrost PG 2

12) ROMCHIM ADD-PROTECT Type Il (new)

Bl G2~ an

TC/FAATYPE Il FLUID-SPECIFIC TC/FAATYPE IV FLUID-SPECIFIC
HOT GUIDELINES 2019-20 HOT GUIDELINES 2019-20

ABAX ECOWING AD-49 12) Inland Technologies ECO-SHIELD
AllClear ClearWing EG (new) 13) Dow UCAR Endurance EG106
2) AllClear AeroClear MAX (Low Speed) CHEMCO ChemR EG IV 14) Dow UCAR FlightGuard AD-49
Clariant Max Flight o4 15) Kilfrost ABC-S PLUS
Clariant Max Flight AVIA 16) LNT Solutions E450
Clariant Max Flight SNEG 17) Newave Aerochemical FCY 9311
Clariant Safewing EG IV NORTH  18) Oksayd Defrost ECO 4
Clariant Safewing MP IV LAUNCH 19) Oksayd Defrost EG 4
g:_aLrJignt Safewing MP IV LAUNCH 20) Shaanxi Cleanway Cleansurface IV

1) AllClear AeroClear MAX (High Speed)

REMOVED:

No Type IV fluids being removed
11) Cryotech Polar Guard Xtend (new)  this year.

10) Cryotech Polar Guard Advance

[0 Bl Ol

Annual Maintenance: Annual Maintenance:
RECALCULATION OF GENERIC HOTS NEW GENERICVCS HOTS

Typelll
7 Added: ROMCHIM ADD-PROTECT Type Il TYPE 1| PG FLUIDS

Outside Air Temperature | Dilution [ Very Light Snow. Light Snow Moderate Snow

below 1410 18°C
(Below 7100 F) 020-0:30" -020 0:02-007

o b foo 30 009-0:15¢ -008 001-003

Telow 1810 LOUT-C
- 0.05-0.07* -005 0:00-0:01

. {below 0 to LOUT <F)
> Added: AllClear ClearWing EG — R GIEIID

7 Added: Cryotech Polar Guard Xtend S s 030- 045" -030 002-009

0:10-0.20° -0:10 001-003

y Cold Snow Generics Analysis o 007010 -007 000-002

TYPE IV EG FLUID:

below 141018 °C

7 In 2018-19 the analysis to determine the generic HOTs for pesiskld by 050-105" -0850 010-025

il Below 1510 25 °C ;
VCS was finalized B 0:40-0:55 -0:40 005-0115

% This affects all Type II/IV fluids/HOT tables without fluid foeon DU LOUT ) 025-035" -025 002-008
specific HOTs in VCS

*Upper HOT in very light snow included in FAA tables only (not Transport Canada tables)

(U = ] T Bl Ol
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APPENDIX C

CHANGESTOTYPE Il GENERIC HOTS CHANGESTOTYPE IV GENERIC HOTS

Freezing Fog Snow, P8 | oing o | Yo L Lant
Outside Air | Concentration J Freezing Light Rain on Cold OusidaAir | Concantration Snow, Snow | Snow, Snow Froazing Lght | RainonCold
or Snow Grains or Other or other
Temperature | FluidiWater Drizzle Freczing Rain | Soaked Wing Tomporature | Fluawaior | (O fGraine rowSrinsof| “ouizie. | Froozing Rain | Sasked Wing
By %Volume | 'c0Cnstals | SnowPeliets By % Volume i Pellots Pellets
1000 055150 025-050 0:30-100 020-035 008045 o | 115-240 | 220-245 | 110-220 | 035-110 | 040-130 | 0:25-040 | 0:08-110
3+C andabove i
(7% and above) 75125 025-055 0:15-025 0:15-0:40 010-020 004-025 e 7525 125-240 | 205-225 | 1:15-205 | 0:40-115 [ 050-1:20 [ 0:30-0:45 | 0:09-1:15
50150 015-025 | 005-0:10 0:08-0:15 0:06-0:09 5050 030-056 | 1:00-1:10 | 0:25-1:00 | 0:10-0:25 | 0:15-0:40 | 0:09-0:20
telow 3108 °C 1000 030{0:45)  020-035 020-045 015-020 [p— o0 | 020-135 | 160-220 | 065-150 | 030-056 | 025-120 | 020-025
beiow 27,0 18°5); 8125 0:25 - 0:30 0:10-020 0:15-0:25 0:08-0:15 {belon.21,10,167F) 75025, 0:30-1:20 | 1:50-2:10 | 1:00-1:50 | 0:30-1:00 | 0:20-1:05 | 0:15-0:25
RS AAC 1000 030{0:45) 015030 020-0:45 015-020 CAUTION —_— 000 | 020135 | 1:20-140 | 045-120 | 025-045 | 0:25-120 | 020-0:25 EAUTIOH
few 1807 F) 75025 0.25-050 008-020 015-025 -015 toholovertng feov1ew?®) [ 7oz | 030-120 | 1:40-200 | 045-140 [ 020-045 [ 020-105 | 015-025 | "preferine
Below 141616 °C - TETTELD
TR C | won | 015(0:25)(0:02X0:07 MRS | 0 | 020040 (0:30(0:450:0900:3000:02)0:09)
Telow 181035 °C. ? ? Saow 181025 C -10Y0-2d0:0310:10[0:01Y0:
RS 75(0-22%0:01 X0:03 D RA F I SO ET |0 | 020040 (0:10)0:2000:030:10{0:01(0:03,
Bolowi 25 °C 1o LOUT YT Teiow 25 Clo TOUT o Yo1d0.010-016.00Y0
(below -13 <F to LOUT) 0:15(0: ! 8 (oeiow 13 Frotoun| 100 0:20-0:40 (0:07)0:10(0:02§0:07{0:0040:02

1. Romchim ADD- PROTECT Type Il 0 AllCle e g o impa
2. New Very Cold Snow Generics Analysis: otech Pola ard Xtend: no impa

Annual Maintenance: Annual Maintenance:
TYPE Ill HEATED APPLICATION TABLE APPLICATION TABLES LOUT NOTE

= The Type Ill heated fluid application table is being * Clarification on the use of HOTs at LOUT

removed for 2019-20 * Added the following to the end of Note 1 in the fluid

lication tables:
* NoType Ill heated fluids currently on the market appiication ta

. . “Although some LOUTs are Ic than the temperatures stated in the
Remaining application tables are: HOT table, holdover time: not apply when anti-icing below the
- Guidelines for the Application of SAE Type | Fluid lowest temperature stated in the band.”

- Guidelines for the Application of SAE Type Il and IV Fluid

This is as a result of a change made last year whereby
- Guidelines for the Application of Unheated SAE Type Il Fluid

LOUTSs are no longer being capped by the lowest
temperature in the temperature band. Applies to 75/25
and 5o/50 dilutions.

Annual Maintenance: Annual Maintenance:
ALLOWANCE TIME TABLE ROTATION SPEED CHANGES TO TP14052/N8900.xXxX

" Clarification of Note 3 in Type IV Allowance Times % An update to the Guidelines for Aircraft Ground Icing
Table Operations (TP14052E) will be published in Aug 2019

SRR SO G DI L = An update to N8goo.xxx will be published in Aug 2019
From: No allowance times exist for propylene glycol (PG) fluids when

used on aircraft with rotation speeds less than 115 knots.(For these

aircraft, if the fluid type is not known, assume zero allowance time.)

To: No allowance times exist for propylene glycul {PG)ﬂu:ds on aircraft
with rotation speeds less than 115 knots. If known,
wance times r airc ’ r than

of
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SUPPLEMENTAL ANALYSIS IN
Changes resulting from... VERY VERY COLD SNOW

7 In 2018-19 the analysis to determine snow HOTs in the
temperature band “below -25°C to LOUT” for fluids whose

S U P P L E M E NTAL LOUTs are <-29°C was finalized. This resulted in changes to

the following fluids:

ANALYSI S I N * Cryotech Polar Guard Il

VE RY VE RY CO LD S NOW + Cryotech Polar Guard Advance

« LNT Solutions E450

CHANGESTO CHANGESTO
CRYOTECH POLAR GUARD II/ADVANCE CRYOTECH POLAR GUARD II/ADVANCE

Fluid | g Fog| Ve Lisht | Light Moderate Flud | g Fog| VeLight |  Light Moderate
Outside Air 19729 | snow, Snow | Snow, Snow | Snow, Snow | - Freezing Light | Rain on Cold Outside Air i 9708 | Snow, Snow | Snow, Snow | Snow, Snow | - Freezing Light | Rain on Cold
Temperature | Fiuiawater | O | “Grainsor | Grainsor | Graimsor | prizzie g Rain | Soaked Wing Temperature | Fiuiawater | o O | “Grainsor | Grainsor | Grainsor | Drizzle ng Rain | Soaked Wing
By %Volume Y5131 | Snow Pellets | Snow Pellets | Snow Pellets By % Volume | ' V¥ | snow pellets | Snow Pelets | Snow Pelets
1000 [ 260400 [ 200 [ 185-200 [ 1:05-155 [ 1:35-200 [ 115-1:30 [ 015-200 1000 [ 260-400 [ 3:00-300 [ 1:65-300 [ 1051555 [ 1:35-200 | 1145-1:30 | 015-2:00
3:Cand above 3G andabove
o7 7 andabouy | 7925 | 230-400 | 200 | 125-200 | 0:40-125 | 140-200 | 0:40-110 | 009-1:40 o7 7 andaboy | 7925 | 280-400 | 3:00-300 | 1:25-300 | 0:40-125 | 140-200 | 0:40-110 | 009-1:40
sos0 | 0s0-125 | 110 | 025-110 [ 0:10-025 | 020-045 | 00020 505 | 050-125 | 110-135 | 025-1:10 | 0:10-0:25 | 020-045 | 008-020
10000 - B : - 2 . 1000 - . . 2 = .
. 085-230 | 200 | 125-200 [ 050-125 | 035-1:35 | 035-045 cauTION below-310:8-C 085-230 | 225-250 | 125-225 | 050-1:25 | 035-135 | 0:35-045 TN
(below 2710 18F) [ 75125 0:40-130 200 1:05-2:00 | 0:30-105 | 0:25-105 | 0:35-045 |  Noholdover time (below2710 18 F) [ 7525 0:40-1:30 | 2:20-3:00 | 1:05-220 | 0:30-1:05 | 025-1:05 | 0:35-045 |  Noholdovertime
biow-sto-ta-c| 1000 [085-230 | 200 [ 110-200 | 040-110 [ 035-1:35 | 035-045 betow-ato-t4-c|__ 1000 [ 085-230 | 200-220 | 1410-200 | 0:a0-110 [ 035-135 [ 035-045

Beow 867 nems | oa | o0 oo [0 o | 6o | os ioe ©eiow18107F) [ 7525 | 040 130 | 200 250 | 055 200 | 025 055 | 025 105 | 035 048

100/0 0:25- 050 0:40 0:15-0:40 | 0:04-0:15 P P
Transport
Canada

1000 025-050 | 0:40-065 | 0:15-040 | 0:04-0:15

1000 025-050 | 0:25-0:30 | 0:07-025 | 0:02-0:07

Bel ™ &%

Bel 5 &%

SUPPLEMENTAL TESTING WITH
LNT SOLUTIONS E450

In 2018-19 additional testing was conducted with LNT E450 to
support a lower LOUT

Changes resulting from...

SUPPLEMENTAL

* New temperature band “below -25 to LOUT” was added

* New HOTs for freezing fog and snow down to the LOUT
were calculated

TESTINGWITH
LNT SOLUTIONS E450

This, along with the supplemental analysis in very very cold
snow resulted in the following changes to the fluid specific
HOT table
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CHANGESTO CHANGESTO

LNT SOLUTIONS E450

LNT SOLUTIONS E450

Fluid [ VeryLight | Light Fuid [ Light Moderate
outids Al don| P29 729 | S, Snow Frewiing ¢ |Raimancon | o ouside A Freezing Fog Snow, Snow | snow,Snow | Frecsing | Light [ Ranon cod | g
Temperature | FluidWater | . > | "Grains or Drizle | Freezing Rain | Soaked Wing Temperature | FluidWater | o % Grainsor | Grainsor | Drizzle |Freezing Rain | Soaked Wing
By %Volume YS9 | Snow Pellets | Snow Pellets By % Volume s Snow Pellets | Snow Pellets
1000 | 150-255 [ 200 [ 135-200 [ 1:00-135 | 1:35-200 | 055-1:20 | 0:25-200 1000 | 150-255 | 225-245 | 1:35-225 | 100-1:35 | 1:35-200 | 0:55-1:20 | 025-200
et IS A NA A NA WA NA A o7 A NIA NA NA WA NA A
50150 A A A A A A 5050 A NA NA A A A
below 3t06°C | 1000 | 130.355 | 200 | 1:20-200 | 050-120 | 1:45-200 | 105-1:40 below3to6°C | 1000 | 1:30.355 | 205-220 | 120-205 | 050-1:20 | 1:45-200 | 105- 140 S
(below 271018 F) [ 7525 NA NA A NA NA N/A No holdover time (below271018°F) [ 7525 A NA NA NA N/A NA No holdover time:
beiow8to-t4.c|_ 1000 [ 1:30.355 [ 150 | 1:10-150 | 045-1:10 | 1:45-200 | 105-1:40 betow-8to-t4c | 1000 | 1:30-355 | 150205 | 110150 | 0:45-1:10 | 1:45-200 [ 105-140
(below 18107 °F) 75125 N/A NA /A NA A N/A (below 18107 °F) 75025 N/A NIA NA NA N/A NA
eiow 145 16°C below 145 18°C
Telow 1510 25 °C 5 2 ? 110- 03 5 : 10 0:
vembmiay| 10 [o3s-10s [ 135 [ 030-125 [ oit0-030 eeeomany| 100 | 03s-10s : 0:10-0:30 R
Deiow 25023 C. Ty ro eiow 255 33°C T % TR
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NATURAL SNOW CHARACTERIZATION TESTING
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Joint research led by:

Transport ~ Transports
I*I Canada Canada

Conductedby:

ars

Ao 0 Py ‘
NATURAL SNOW

CHARACTERIZATION TESTING
SAE G-12 HOT Committee, Dubrovnik, May 21, 2019
Prepared and Presented by: Benjamin Bernier

Testing Goals

> Long Term Goal: Develop artificial snow testing to the
point where it can be used as a surrogate for natural
snow testing
— Improve artificial/natural correlation -> improve usability
of artificial snow for HOT development
— Minimize safety concerns related to use of artificial snow
data

> Research Goal for 2018-1g: Identify and characterize
environmental conditions and fluid characteristics that
influence fluid performance in natural snow testing
— Rate and temperature effects known, but what about
other environmental parameters?

Transports  Transport APS
[T Rl AP

Test Methodology

= Premise: Standard ET testing augmented with extra
environmental/fluid data +
~ Additional parameters captured include:
— Wind speed
— Wind direction
Relative humidity
Barometric pressure
Snowflake morphology
Fluid layer thickness progression
Fluid brix concentration progression
pReich

el 05 S

Outline

~Testing Goals

= Test Methodology

> Failure Photography Example
=Way Forward

Outline

= Testing Goals

7 Test Methodology

~Failure Photography Example
~Way Forward

Test Methodology

= Environmental parameters captured using NCAR sensors

Thank you
NCAR!!

[ B—leey Aps
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: ethodolog Outline
[PV U LRSI (T - Testing Goals
S e e ~Test Methodology
L iy ' - Failure Photography Example
.g s AmyS .« ~-Way Forward
IR .10 R | ¥
% e I |

A Rl e Tonspot

Failure Photography Example

Fluid Failure Progression — PG Type IV

Fluid Failure Progression — PG Type IV
OAT -8.0°C - Rate 9.2 g/dm¥hr - ET 82min

OAT -8.0°C - Rate 9.2 g/dm¥hr — ET 82min

- Mf[Fluid Pre-Failure - Minute 59/82 |

Bl T EE ars of

Failure Photography Example

Fluid Failure Progression — PG Type IV

Fluid Failure Progression — PG Type IV
OAT -8.0°C - Rate 9.2 g/dm?%hr — ET 82min

OAT -8.0°C - Rate 9.2 g/dm%hr — ET 82min

**[[Fluid Pre-Failure - Minute 69/82 |

e Aps ©f Il T
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Failure Photography Example Failure Photography Example

Fluid Failure Progression — PG Type IV o Fluid Failure Progression — PG Type IV
OAT -8.0°C - Rate 9.2 g/dm%hr — ET 82min OAT -8.0°C - Rate 9.2 g/dm%hr — ET 82mi:|

Bl e

Failure Photography Example Outline

el perdadi sl - Testing Goals

~Test Methodology
~-Failure Photography Example
~Way Forward

Bl e e

Way Forward

- 2018-19: Data collection and preliminary processing
of data
— More parameters recorded = more data to chart/log

ALL CHARTS/IMAGES ARE
. |ASSOCIATED WITH ONE TEST!
1 - CARA

) 2019-20: Finalize data collection and data analysis

— Collect more data in early winter to round out data set Benjamin Bernier
bbernier@apsaviation.ca

Bol D e Aps

Canada =~ Canada.
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SAE G-12 HOLDOVER TIME COMMITTEE, DUBROVNIK, CROATIA,
MAY 2019

PRESENTATION:
ARTIFICIAL SNOW: A HISTORICAL REVIEW
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Artificial Snow: ;mm on Initial Research

- - * 1998-99 to 2003-04: Many years of research
attempting to correlate natural and artificial
snow endurance time performance

A Historical
Review

= Tweaks made to snow machines, i.e. heating
blanket, etc.

= Comparative / round robin inter-lab testing
promising, but did show scatter

Presented to: ~ SAE G-12 HOT Committee

By: Warren Underwood
On Behalfof: ~ FAA and Transport Canada
Date: May 21, 2019 deral Aviation o
Administration
Inter-Laboratory Comparison: 2003-04 Standard Development
Round Robin Data Points - all points from all 3 labs
B .. 1 2 * 2004-05: Artificial snow test procedure
e [ . i 7l developed for SAE Endurance Time testing
| IE o, : standard for Type II/III/IV fluids
5 Linear (AMIL) D
§ R — e e A = 2007: Standard published (publication took several
S Y- %0 years)
S — ". = -
g 60 | O AR .’ 5, : . = Ballotted and approved by the SAE G-12 HOT
= 2T S Committee
L) D N 13 f
i . 2 ,‘; .:"' = Note: Artificial snow test procedures added to
== ;A ! LA AS5485A despite scatter relative to natural snow
S 2
g [ 10 20 30 40 50 60 70 80 90 100 110 120 130 EeneTallavintio e
Natural Snow Endurance Times (min) Administration

Dual Testing Dual Testing: 2005-06 to 2007-08
Dual Testing Data Points: Natural vs Artificial Snow
. . 130
« 2005-06, 2006-07, 2007-08: Fluids submitted =
for HOT testing tested in both artificial and 110 ' < .
natural snow — to confirm artificial snow gives 100 (| _,
similar HOTs as natural snow g | o Additional testing still showed
E g scatter, but reasons for scatter
= 11 Fluids Tested § 7 not clear - artificial snow use for
= Observations: Significant differences between HOTs f :: HOTeggi\r/welc;Em?:rtrsetésegizged
generated using artificial and natural snow data é . P 9
30
20 . ! .
ol % s e | e 9
. o 10 20 30 40 50 60 70 80 90 100 110 120 130
Federal Aviations /g Natural Snow HOT (mins)
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Recent Developments Advantages of Artificial Snow
» 2016-17: ARP5485 updated » Why is Ability to use Artificial Snow to derive
= TC/FAA decision to not use artificial snow for HOT HOTSs Valuable?
development added to standard (test procedures remain in )
standard) = Can test at any time of year

Can get HOTs from fewer tests (boundary conditions) / faster

* 2016-17: Natural and artificial testing Can get HOTSs for very specific conditions (controlled
completed in very cold snow for the first time conditions)

Can get HOTSs for conditions which are hard to get outside

= Very cold snow testing completed as a result of preliminary
very cold natural snow data collected in 2014-15 showing = Should be more efficient than natural snow testing
potential reductions to HOTs . . . ) )

' . o ! + Conclusion: Viable artificial snow machine is
Data showed previous assumption of artificial snow producing

shorter HOTs than natural snow at very cold temperatures not advantageous; research efforts are ongoing
necessarily valid

Federal Aviation 7,4 '\ Federal Aviation g/

Administration ) Administration

Additional Analysis Techniques to
Address Scatter
1. Continue investigating previously identified sources of

discrepancy between natural and artificial snow data * Alternate analy3|s techmques examined 2009-10

2. Address metrics that will improve accuracy and expediency for to 2014-15 to address artificial-natural scatter
acceptable calibration methods

Future Research Objectives

1. Regression Approach: Collect data at various temperatures

3. Identify and characterize environmental conditions and fluid and rates rather than at worst-case boundary conditions

characteristics that influence natural snow testing + Conclusion: no, same result (shorter HOTs)

4. Determine if changes are required for artificial snow to provide - . o =
results accurately correlated to natural snow results 2. Multiplier Approach: Apply multipliers for specific rates /

. . ) temps to AS results improve correlation with NS data
5. Evaluate performance of snow machines with comparative natural

conditions testing . Conclugion: Multipliers can b_e use_d tq irr_1prove average
correlation, but scatter remains (still significant # points well
6. At the completion of the above exercises — update the calibration above / below NS)

and test procedures for artificial snow testing in the SAE G-12
endurance time testing standards

Federal Aviation g g "\ Federal Aviation 15,9

) Administration Administration
J
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SAE G-12 HOLDOVER TIME COMMITTEE, DUBROVNIK, CROATIA,
MAY 2019

PRESENTATION:
UPDATES ON GUIDANCE FOR METAR CODES GS, GR, PL, SHGS, SG
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5

Updates on
Guidance for
METAR Codes @

GS, GR, PL, SHGS, G [ o ‘
= Changes led to increased complexity as same

reports in different countries = different weather

conditions

iﬁﬁﬁ;ﬁ;‘.ﬂﬁ" METAR Code Guidance

» Guidance on METAR codes related to Hail,
Small Hail, Ice Pellets, Snow Grains and Snow
Pellets was updated in FAA/TC HOT guidance
documents following changes to METAR
reporting in both US and Canada

Presentedto: ~ SAE G-12 HOT Committee

By: Charles J. Enders
On Behalf of: FAA and Transport Canada
Date: May 21, 2019
Current Guidance (FAA Format) Feedback from Industry

» Guidance is detailed and complex

« Is there a clearer way to communicate the
information?

Federal Aviation
Administration 4/ 11

Modified Guidance (FAA Format) Modified Guidance

» Putting information in tables reduces complexity

* Three sections

= Background

= Guidance by country

= Guidance for intensity reporting

Federal Aviation 44

Administration
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Background

f. Hail, Small Hail, Ice Pellets, Snow Grains and Snow Pellets (METAR Codes GS, GR, PL, SHGS,
5G)

(1) Hail, Small Hail, Ice Pellets, Snow Grains, and Snow Pellets are related winter precipitation types.
When anti-icing fluids are used in these conditions, guidance on their performance is provided by
either: (a) snow holdover times, (b) ice pellet (and small hail) allowance times, or (c) neither (see

Table 1).
Table 1
Weather Condition | Applicable Holdover Times / Allowance Times
Snow Pellets Snow Holdover Times
Snow Grains Snow Holdover Times
Ice Pellets Ice Pellet (and Small Hail) Allowance Times
Small Hail Ice Pellet (and Small Hail) Allowance Times
Hail No Holdover Times or Allowance Times

Federal Avi
Administratio

ion
o 7im

SHGS with remarks
stating diameter of hail

CANADA
METAR Report Weather Condition Applicable HOTs / Allowance Times
SG Snow Grains ‘Snow Holdover Times
GS n/a (GS never reported in | nia
isolation)
SHGS without remarks | Snow Pellets Showers Snow Holdover Times

Small Hail

Ice Pellet (and Small Hail) Allowance Times

TSGS without remarks | Snow Pellets with a ‘Snow Holdover Times

Thunderstorm
TSGS with remarks | Small Hail with a Ice Pellet (and Small Hail) Allowance Times
stating diameter of hail | TI
A Ice Pellets Ice Pellet (and Small Hail) Allowance Times
GR Hail No HOTs or Allowance Times

REST OF WORLD

METAR Report Weather Condition Applicable HOTs / Allowance Times

Snow Grains Snow Holdover Times
GS or SHGS Snow Pellets or Small Hail | Ice Pellet (and Small Hail) Allowance Times*
GR Hail No HOTS or Allowance Times
PL Ice Pellets Ice Pellet (and Small Hail) Allowance Times

* If additional information provided with METAR makes clear the weather condition is snow peliets and not small hail
then snow holdover times can be used

Conclusions

» Changes pending final input from FAA and TC
meteorology specialists

» Changes expected to be implemented in winter
2019-20 guidance documents

Federal Aviation 4144

Administration

Guidance by Country

(2) The way some of these precipitation types are reported by METAR varies by country. Different
holdover times / allowance times may apply when the same METAR code is reported in different
countries. Table 2 shows the appropriate holdover times or allowance times to be used with
METAR codes GS, GR, PL, SHGS, and SG when they are reported in the United States, Canada,
or a different country

Table 2

UNITED STATES
METAR Report Weather Condition Applicable HOTs / Allowance Times
SG Snow Grains Snow Holdover Times
GS Snow Pellets Snow Holdover Times
SHGS Snow Pellets Showers Snow Holdover Times
PL Ice Pellets Ice Pellet (and Small Hail) Allowance Times
GR with remarks Small Hail Ice Pellet (and Small Hail) Allowance Times
“less than 1/4”
GR with remarks Hail No HOTSs or Allowance Times
1/4 or greater

Federal Aviation

Administration  ©/™!

Intensity Guidance

(3) While most countries, including the United States and Canada, do not report an intensity with small
hail, some countries do (e.g. Japan). If no intensity code (+ or -) is reported with small hai, the
intensity is assumed to be moderate and the moderate ice peliet allowance times apply. if an
intensity code (+ or -) is reported with small hail, the intensity can be used to determine the
applicable allowance times. (Note this logic also applies when small hail is reported mixed with
another precipitation condition.) Examples are provided in Table 3

Table 3

Examples

Weather Condition |, pplicable

lowance Times. Weather

Reported

Applicable
Allowance Times

Small Hail, no intensity Moderate Ice Pellets

Small Hail reported | Moderate Ice Pellets

without intensity (or Small Hail) | Small Hail mixed with Rain, | Moderate Ice Pellets mixed
no intensity with Rain
Small Hail, light (-) intensity | Light Ice Pellets

Small Hall reported Light Ice Pellets

with light (- intensity (or Small Hal)

Small Hail, light (- intenstty, | Light Ice Pellets mixed with
mixed with Rain Rain

Small Hail reported
with heavy (+) intensity

No Allowance Times.
(no allowance times exist for heavy conditions)

Federal Aviation 4044

Administration
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AIRLINES FOR AMERICA (A4A) GROUND DEICING FORUM, WASHINGTON,
USA, JUNE 2019

PRESENTATION:
CHANGES TO HOT GUIDELINES FOR WINTER 2019-20
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CHANGES TO HOT GUIDELINES OBJECTIVE | OUTLINE
WINTER 2019-20

- Obijective: Present changes being made to HOT
Guidance materials for 2019-20

By

Az.AAnnuaIAircrft Ground Ici?g?oﬁjm v legm
Washington, DC—June 11,2019 1. Endurance Time Testing of New Fluids
Supplemental Testing with LNT E450
Modifications to HOTs for Very Cold Snow (< -14°C)
Modifications to HOTSs for Very Very Cold Snow (< -29°C)

Annual HOT Guidelines Maintenance

Presented By: On behalf of: 7i%)
Stephanie Bendickson Transport Canada I L 2 I ggn;ggn &
APS Aviation Inc. FAA

Changes resulting from...

ENDURANCETIME
TESTING
OF NEW FLUIDS

HOTSs provided in this presentation are preliminary and
subject to change - final data verification is required

FLUID-SPECIFIC HOT TABLE (FAA)

B ALSIRE ROMCHIM ADD-PROTECTTYPE Il

. . Pl Very Light | . Light | _Moderate
- Three new fluids completed endurance time Outside A FresaingF00 | gocu, Snow | Snow; Snow | Snow, Snow | Freezing | Light | Ran n cota
- . ) - Ll e P B I el e T
testing + will be added to HOT Guidelines o | e | dasem | doviss | osoion | oo | e [T
o7 aonorey | 7525 | 040110 | 100410 | 030100 | 045030 | 02504 | 015025 | 005025
1. Romchim ADD_PROTECTType 1l (Type 1l - PG) 5050 020035 | 030035 | 015030 | 009015 | 010030 | 008010
w0 C | 1000 | 030045 | 120140 | 040120 | 020040 | 025050 | 020030 —
(below 27 10 18 °F) 75025 0:30-055 0:40-050 | 0:25-0:40 010025 | 0:200:30 0:15-0:20 No holdover time
bolow Bt04C | 1000 030045 | 105120 | 035105 | 015035 | 025050 | 020030 | st
(below 18107 °F) | 7505 030055 | 035040 | 020035 | 008020 | 020030 | 045020
D 015025 | GENERIC | GENERIC | GENERIC ?‘
mﬁ;gg 000 015025 | GENERIC | GENERIC | GENERIC P
o s g6 1000 015025 | GEMERIC | GENERIC | GENERIC ‘

TS Bl
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FLUID-SPECIFICHOT TABLE (FAA)
CRYOTECH POLAR GUARD XTEND

Fluid Very Light Moderate

Outside Air Freezing Fod | 511, Snow Snow, Snow |  Freezing Rain on Cold
Temperature | Fluiaater | o | Greins or Grains or Drizzle  |Freezing Rain | Soaked Wing
By % Volume Ice Crystals | snow Pellets Snow Pellets
oo | 7304w | 300300 | 200300 | 105200 | 200200 | 100150 | 020
3G ond s
Somenne o A A A A A A A
o0 A A A A A A
o sac |00 | 1001w | 750300 | 12w | os01m | omra0 | omoom | o
(oo 2710185 725 A A A i A WA | ronadererime

guidelines exist

oo 81014C | 1000 | 100150 | 225286 | 120225 | 045120 | 035140 | 050055
{belowAB 101257 75125 NA NIA NA NA NA A
below 141018 CT 4000 | 025040 | GENERIC | GENERIC | GENERIC ?

1000 | 025040 | GENERIC | GENERIC | GENERIC

~_P

GENERIC

025.0:40 | GENERIC | GENERIC

(below -13t0 -20 )

Changes resulting from...

SUPPLMENTAL
ENDURANCETIMETESTING
OF LNT E450

FLUID-SPECIFIC HOT TABLE (FAA)
LNT SOLUTIONS E450

FIU | o Fog | Ve Light Light Woderate
Outside Air 19799 | snow, snow | snow, Snow Freezing Light | Rain on Cold
Temperature | Fludater | > | Grainsor | Grains or Drizzle  [Freezing Rain | Soaked Wing
By % Volume | % VSIS | snow pellets | Snow Pellets | Snow Pellets
1000 [ 1:50-255 | 225-245 [ 1:35-225 | 100-1:35 | 135-200 [ 0:55-120 [ 025-200
-3°C and above =
o7 and vy |79 NA A NA NA A NA A
5050 NA A NA NA A A
beiow-3t0-8°C | 1000 | 130-3:55 | 205-220 | 120-205 | 050-120 | 145-200 [ 105-1:40 —
(below 27018 F) [ 7575 NA A A NA A WA Mo hokdover time
uidelnes exist
soow 81014-C | 1000 | 130356 | 150-205 | 110-150 | 046-110 | 145-200 | 105-140 | °
(below 18107 °F) 75025 N/A N/A A NIA N/A NIA

oo s 0:35-1:05 | 3:00-3:00 | 1:05-3:00 | 0:20-1:05

1:35-2:15 0:10-0:30

035-105 0:30-1:35

(below 010 13 F)
Below -25 10 -325C
below 13 10 27 °F

0:26-1:00 | 0:40-1:00 | 0:15-0:40 | 0:04-0:15

FLUID-SPECIFIC HOT TABLE (FAA)
ALLCLEAR CLEARWING EG

Fluid o Fog | Ve Light | Light Moderate
Outside Air Concentration | ""***"9 F%9 | snow, Snow | Snow, Snow | Snow, Snow Freezing Light Rain on Cold
Temperature. Fluidiwater | Cwst I Grains or Grains or Grains or Drizzle Freezing Rain | Soaked Wing
By % Volume e CrYstals | snow Pellets | Snow Pellets | Snow Pallats
1000 150315 | 240300 | 120240 | 040120 | 110135 | 030100 | 040130
3:C and above
g story |52 NA A NA WA NA A NA
5050 NA A NA WA NA A
beiow:3io:a%e: | 1000 135345 | 225300 | 110225 | 035110 | 105130 | 030100 caution
(elow 271018 °F) [~ 755 A NA NA A NA A Mo holdover time.

guidelines exist
2115245 | 105215 | 030105 | 105130 | 0:30-1:00

below-810 14 °C
(below 18107 F)

7505 A A A A NA A

Below 141618 °C
(osiow 7100°F) 055200 | GENERIC | GENERIC | GENERIC

055200 | GENERIC | GENERIC | GENERIC

pE

055200 | GENERIC | GENERIC | GENERIC

R

[eiow 1310 20 )

SUPPLEMENTAL TESTING WITH
LNT SOLUTIONS E450

LNT Solutions carried out additional aerodynamic testing
with E450 in 2018-19

* E450=Type IV EG based fluid
*  Aero results will support a reduction in LOUT from -22.5t0 -32.5°C

Additional endurance time testing conducted to provide
HOT guidance for new colder LOUT

Changes to HOT table
¢ Below -18 to -22.5°C: Changed to -18 to -25°C, snow HOTs modified
* Below -25t0 -32.5°C: New row with new HOTs

anapons  Trsnsport
Canada  Canada

I+l

Changes resulting from...

DETERMINATION OF
APPROPRIATE HOTS FOR
VERY COLD SNOW
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APPENDIX C

HOTS FORVERY COLD SNOW

7 Very Cold Snow (VCS) = snow at temps below -14°C

Until recently, the same HOT values were published for

all Type lI/IV fluids for VCS (values were “generic”)
* Limited testing cted in VCS conditions

Optional testing in 2016-17 resulted in some fluids
getting fluid-specific HOT values for very cold snow

Testing and analysis ongoing over last 5 years has
indicated “generic” values require reductions

GENERICHOTS FOR VERY COLD SNOW

Outside Air » s
Eurm DT

TYPE Il PG FLUIDS
w7100 0:20-0:30
oo o131 0:09-0:15

10:05-0:07 0:01 - 0:05 0:00 - 0:01
TYPE IV PG FLUIDS

0:30 - 0:45
0:10 - 0:20
0:07 - 0:10
TYPE IV EG FLUIDS
0:50 - 1:05
0:40 - 0:55

0:25-0:35

0:07 - 0:20 0:02 - 0:07

0:03 - 0:09 0:01-0:03

(below7 100 *F)

belaw 181025 °C
(below0t0-13°F)

below-18 to LOUT°C
(below0 10 LOUT*F)

below -14t0-18 °C
(below7 10 0F)

below 181025 C
(below 0to -13°F)
below-18 to LOUT °C
(below 0 10 LOUT F)

HOTS FOR VERY COLD SNOW

-~ Generic Type Il and Type IV HOT tables will be affected

- Fluid-specific HOT tables for all fluids without fluid-
specific VCS HOTs will be affected:

Type Il PG HOTs

FCY 9311

PG 2 nsurface IV
ROMCHIM ADD-PROTECT Type Il

Il e~ &

HOTS FORVERY COLD SNOW

7 Analysis finalized this year; reductions will be made to
many “generic” HOT values

- Three sets of “generic” HOTs for VCS:
» Type Il PG-based fluids
» Type IV PG-based fluids
* Type IV EG-based fluids

7 Three sets of generics provide longer HOTs when possible
(Type IV >Type ll, EG > PG)

Il 2@ &

HOTS FOR VERY COLD SNOW

7 Note: Fluids with fluid-specific HOTS in very cold snow
will not be affected. This includes:

Typell * Clariant Safewing MP Il FLIGHT

* Cryotech Polar Guard Il
* AllClear AeroClear MAX

* Clariant Safewing MP IV LAUNCH

* Clariant Safewing MP IV LAUNCH PLUS
* Cryotech Polar Guard Advance

* Dow Endurance EG106

* LNT Solutions E450

APS
N

Changes resulting from

DETERMINATION OF
APPROPRIATE HOTS FOR
VERY VERY COLD SNOW
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APPENDIX C

HOTS FOR VERY VERY COLD SNOW

7 VeryVery Cold Snow (VVCS) = snow at temperatures
colder than -29°C

Testing and analysis methodology for determining
HOTs for this condition finalized in 2018-19
Only four fluids have fluid-specific HOTs in VVCS:

AllClear AeroClear MAX (Type II1}

LNT Solutions E450 (Type IV)

Cryotech Polar Guard Il (Type 11)
Cryotech Polar Guard Advance (Type IV}

~ Methodology already in place for first two fluids;

applied to Cryotech fluids for 2019-20 = minor ¢

APS
.

Bl &35™ 8

Changes resulting from...

ANNUAL
HOT GUIDELINES
MAINTENANCE

TC/FAATYPE Ill FLUID-SPECIFIC
HOT GUIDELINES 2019-20

1) AllClear AeroClear MAX (High Speed)
2) AllClear AeroClear MAX (Low Speed)

* No Type Il fluids removed this year

Fluid F F Very Light Light Moderate
Ouside e [Concentaton | 19 F29 | snw, Snow | snow, Snow | snow, Snow | Froezing | Light [ Roin on cold
Temperature | Fuanvater | (o © | “Grainsor | Grains or i Drizzle | Freezing Rain | Soaked Wing
By % Volume | '°® CVSHIS | snow Pellets | Snow Pellets
1000 2:50-4:00 | 3:00-3:00 | 1:55-3:00 | 1:05-1:55 | 1:35-2:00 | 1:15-1:30 | 0:115-2:00
3 C and above
o7 ooy |75 230400 | 500-300 [ 125-3:00 | 040-125 | 1:40-200 | 040110 | 009- 10
50150 0:50-1:25 | 1:10-1:35 | 0:25-1:10 | 0:10-0:25 | 0:20-0:45 | 0:09-0:20
bolow-310-8C 1000 055-2:30 | 2:25-250 | 1:25-2:25 | 050-1:25 | 0:35-1:35 | 0:35-0.45 p—
(below 278018 F) [ 755 040-1:30 | 2:20-300 | 1:05-2:20 [ 0:30-1:05 | 0:25-1:05 | 0:35-0:45 |  Noholdover time
gudelnes exist
below-8t0-14-C |__ 1000 | 055-230 [ 200-220 | 110-200 | 0.40-110 | 035135 | 095-045
(below 18107 F) 7505 040-1:30 | 2:00-230 | 055-2:00 [ 0:25.055 [ 025-1:05 | 0:35-0:45
peows14 D8 C ~0:50 | 1:35- 035-1:35 E ?
(oelow 0to 13 F) =oeo] e o9 X
elow 25 1o 305
(below -13 to -23°F) =0:607{| (0253 e

TC/FAATYPE Il FLUID-SPECIFIC
HOT GUIDELINES 2019-20

ABAX ECOWING 26 12) Oksayd Defrost PG 2
ABAX ECOWING AD-2 13) M ADD-P
Aviation Shaanxi Cleanwing Il
Beijing Yadilite YD-102
Clariant Safewing MP Il FLIGHT
Clariant Safewing MP Il FLIGHT PLUS
Cryotech Polar Guard Il
Kilfrost ABC-K PLUS
Kilfrost Ice Clear Il
10) Newave Aerochemical FCY-2
11) Newave Aerochemical FCY-2 Bio+
* No Type Il fluids removed this year

TC/FAATYPE IV FLUID-SPECIFIC
HOT GUIDELINES 2019-20

ABAX ECOWING AD-49 12) Inland Technologies ECO-SHIELD
ng (n 13) Dow UCAR Endurance EG106

14) Dow UCAR FlightGuard AD-49
15) Kilfrost ABC-S PLUS

Clariant Max Flight AVIA 16) LNT Solutions E450

Clariant Max Flight SNEG 17) Newave Aerochemical FCY 9311

Clariant Safewing EG IV NORTH  18) Oksayd Defrost ECO 4

Clariant Safewing MP IV LAUNCH 19) Oksayd Defrost EG 4

}gll_aLTSam Safewing MP IV LAUNCH 20) Shaanxi Cleanway Cleansurface IV

CHEMCO ChemREG IV
Clariant Max Flight o4

10) Cryotech Polar Guard Advance

* No Type IV fluids removed this year
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APPENDIX C

ot
Fluid Freezing Fog Snow,
Tampersure | “Puianiter s siowornsor | G| i | Seakedving | O
7 Changes being made to generic HOTs as a result of: Byt Volume | eCHSls | SnowPulbts
1000 0:55-1:50 0:25 - 0:50 0130 - 1:.00 020-035 0:08-045
*  New fluids with shorter HOTs than current generic HOTs o e 7525 025-055 016-025 | 015-040 | 010-020 | 004-025
¢ Reductions to very cold snow generic HOTs 5050 015025 | 005-010 008-015 0:06-009
ESkg5-85C 1000 vsn@:45 020-0:35 0:20-0:45 015-020
X ) (below 27 to 18 °F) 5 % = z -
,+ Changes detalled on neXt Slldes 750 0:25-0:50 0:10-0:20 0:15-0:25 0:08-0:15
below 81014 °C 1000 030{0:45) 015-030 020-0:45 015-020
(below 18107 °F) 75025 0:25-0:50 0:08 - 0:20 0:15-0:26 0:08-0:15 i
pmTe T | o | ow(0:25 0:07) P
eowtyisn | 0 | 015(p:25 0:03 0
oo 15 ioon| o0 | 015(0:25 0:01
Ro ADD-PRO pe
] oid o) ene

CHANGES TOTYPE IV GENERIC HOTS

ALLOWANCE TIME TABLES

T T
ouside Air | Concontration [ @199 | snau, Snow | Snow, Snow Freedng gt | Rainoncota [ o
Tomporstors | Fidor |\, (0 orieorSow{arminorSrow| Sor S| Orce | Fmeang i | S g . . .
e Voume e » Rewording of Note 3 in Type IV Allowance Times
1000 | 1:15-240 | 220-245 | 110-220 | 035-110 | 0.40-130 | 025-0.40 | 0.08- 110
2omme [ s o0 | 205228 | 175208 | o175 | o501 | osn-oss | ow 115 Table
5050 | 030-085 | 100110 | 025-100 | 010-025 | 015-040 | 009-020 . ) )
A 00| 020-135 | 150-220 | 0:55-150 | 0:0.0:85 | 025120 | 020-025 From: No allowance times exist for propylene glycol (PG) fluids when
eov271018°F) [ 7epe | 030-120 | 150-210 | 100-180 | 080-100 | 020-105 | 015-025 used on aircraft with rotation speeds less than 115 knots.(For these
sow-stotac | 100 | 020135 | 120-140 | 0:46-120 | 025-0.5 | 0:25-120 | 020-025 aircraft, if the fluid type is not known, assume zero allowance time.)
oelow 18107F) [ 7555 | 030- 120 | 1.40-200 | 045140 | 020-045 | 020- 105 | 015-02 P W
TOrTETS | e | 20 040(0:3000:440:0900:30(0:0200:09) P To: No allowance times exist for propylene g{ycoll (PG’)ﬂwds on aircraft
oo E S | e | 020-040(0:10¥0:2000:03J0:10{0:01{0:03) with rotation speeds less than 115 knots. If the glycol t
[T Ty wance times exist for aircraft with rotatic
e om0 | 020-040(0:07){0:1{0:02J0:070:00){0:02)

FLUID APPLICATION TABLES FLUID APPLICATION TABLES

~ TheType Ill heated fluid application table is being » Clarification on the use of HOTs at LOUT in Note 1
removed for 2019-20 in the Type II/IV fluid application table

q UTs are no longer being capped by the lowest temperature in the
* NoType Ill heated fluids currently on the market emperature e Sl -

. . . . «  Appliesto 75/25 and 50/50 dilutions
Remaining fluid application tables are: >

- Guidelines for the Application of SAE Type | Fluid NOTES
- Guidelines for the Application of SAE Type Il and IV Fluid One step or second step fluids must not be used at temperatures below their lowest operational use temperature

(LOUT). First step fluids must not be used below their freezing points. Consideration should be given to the use.

= i i r i i of Type I/l fluid when Type II/IV fluid cannot be used due to LOUT limitations (see Tables 48 and 50). The
Guidelines for the Application of Unheated SAE Type Il Fluid O s e s

a) The lowest temperature at which the fluid meets the aerodynamic acceptance test for a given aircraft

b) The actual freezing point of the fluid plus its freezing point buffer of 7 °C (13 °F).

e o atures in )T table er times do not apply

Bl G5 S - ) Bl e s
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APPENDIX C

CHANGES TO TP14052 /| N8900.xxXx

» Updates to the related HOT guidance documents
will be published in August 2019

— TC: Guidelines for Aircraft Ground Icing Operations
(TP14052E)

POSSIBLE
— FAA: Revised FAA-Approved Deicing Program Updates, FUTU RE C HAN G ES

Winter 2019-2020 (N8900.xxx)

7 Updates will include changes to content on METAR
codes related to small hail and ice pellets (see
separate presentation for details)

(R s

Ol

POTENTIAL FUTURE CHANGES
Feedback from Industry Requested

Questions?
= Very Light Snow HOTs

— Change HOT provided in these cells from range (two values)
to single value

— Single value will be current lower (shorter) HOT value \\‘ &
— Note: Applies to FAA only (TC already has single value)

Stephanie Bendickson
Senior Project Leader, APS Aviation
) Freezing Rain HOTs

sbendickson@apsaviation.ca
— Considering changing from range (two values) to single value

el o2 oo

O]
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AIRLINES FOR AMERICA (A4A) GROUND DEICING FORUM, WASHINGTON,
USA, JUNE 2019

PRESENTATION:
UPDATES ON GUIDANCE FOR METAR CODES GS, GR, PL, SHGS, SG






APPENDIX C

Updates on
Guidance for

METAR Codes
GS, GR, PL, SHGS, SG |

Federal Aviation
Administration

Presented to: SAE G-12 HOT Committee
By: Charles J. Enders

On Behalf of:  FAA and Transport Canada
Date: May 21, 2019

Current Guidance (FAA Format)

Modified Guidance (FAA Format)

METAR Code Guidance

« Guidance on METAR codes related to Hail,
Small Hail, Ice Pellets, Snow Grains and Snow
Pellets was updated in FAA/TC HOT guidance
documents following changes to METAR
reporting in both US and Canada

= Changes led to increased complexity as same
reports in different countries = different weather
conditions

Feedback from Industry

» Guidance is detailed and complex

+ Is there a clearer way to communicate the
information?

ederal Aviation 4,44

al Aviation
\dministration

Modified Guidance

« Putting information in tables reduces complexity
» Three sections

= Background

= Guidance by country

= Guidance for intensity reporting

ederal Aviation g4

\dministration
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APPENDIX C

Background

f. Hail, Small Hail, Ice Pellets, Snow Grains and Snow Pellets (METAR Codes GS, GR, PL, SHGS,
SG)

(1) Hail, Small Hail, Ice Pellets, Snow Grains, and Snow Pellets are related winter precipitation types.
When anti-icing fluids are used in these conditions, guidance on their performance is provided by
sither: (a) snow holdover times, (b) ice pellet (and small hail) allowance times, or (c) neither (see

Table 1).
Table 1
Weather Condition | Applicable Holdover Times / Allowance Times
Snow Pellets Snow Holdover Times
Snow Grains Snow Holdover Times
Ice Pellets Ice Pellet (and Small Hail) Allowance Times
Small Hail Ice Pellet (and Small Hail) Allowance Times
Hail No Holdover Times or Allowance Times

Federal Aviation

Administration

71

Guidance by Country

(2) The way some of these precipitation types are reported by METAR varies by country. Different
holdover times / allowance times may apply when the same METAR code is reported in different
countries. Table 2 shows the appropriate_holdover times or allowance times to be used with
METAR codes GS, GR, PL, SHGS, and SG when they are reported in the United States, Canada,
or a different country.

Table 2

UNITED STATES
METAR Report Weather Condition Applicable HOTs / Allowance Times.
SG Snow Grains Snow Holdover Times
Gs Snow Pellets Snow Holdover Times
SHGS Snow Pellets Showers Snow Holdover Times
PL Ice Pellets Ice Pellet (and Small Hail) Allowance Times
GR with remarks Small Hall Ice Pellet (and Small Hail) Allowance Times
“less than 1/4”
GR with remarks Hail No HOTS or Allowance Times
1/4 or greater

\ Federal Aviation
) Administration /11

CANADA
METAR Report 'Weather Condition Applicable HOTs / Allowance Times
SG Snow Grains Snow Holdover Times
GS n/a (GS never reportedin | n/a
isolation)

‘SHGS without remarks | Snow Pellets Showers Snow Holdover Times
SHGS with remarks Small Hail Ice Pellet (and Small Hail) Allowance Times
stating diameter of hail
TSGS without remarks | Snow Pellets with a Snow Holdover Times
TSGS with remarks Small Hail with a Ice Pellet (and Small Hail) Allowance Times
stating diameter of hail_| Thunderstorm
P Ice Pellets Ice Pellet (and Small Hail) Allowance Times
GR Hail No HOTSs or Allowance Times

REST OF WORLD
METAR Report ‘Weather Condition HOTSs / Allg Times
SG Snow Grains Snow Holdover Times
GS or SHGS Snow Pellets or Small Hail | Ice Pellet (and Small Hail) Allowance Times*
GR Hail No HOTS or Allowance Times
5.3 Ice Pellets Ice Pellet (and Small Hail) Allowance Times

If additional information provided with METAR makes clear the weather condition is snow pellets and not small hail
then snow holdover times can be used

Conclusions

+ Changes pending final input from FAA and TC
meteorology specialists

» Changes expected to be implemented in winter
2019-20 guidance documents

Federal Aviation 44,44

Administration

Intensity Guidance

(3) While most countries, including the United States and Canada, o not report an intensity with small
hail, some countries do (e.g. Japan). If no intensity code (+ or -) is reported with small hail, the
intensity is assumed to be moderate and the moderate ice pellet allowance times apply. If an
intensity code (+ or -) is reported with small hail, the intensity can be used to determine the
applicable allowance times. (Note this logic also applies when small hail is reported mixed with
another precipitation condition.) Examples are provided in Table 3

Table 3

Examples

Applicable

Weather Condition |, JPFIEaTE

Weather
Reported

Applicable
Allowance Times

Small Hail, no intensity Moderate ce Pellets

Small Hail reported | Moderate Ice Pellets
intensity (or Small Hall) | Small Hail mixed with Rain, | Moderate Ice Pellets mixed
it with Rain

o intensty

Small Hail, light (- intensity | Light Ice Pellets

Small Hail reported
with light (- intensity

Light ce Pellets
(or Small Hail)

Small Hail, light (- intensity, | Light Ice Pellets mixed with
mixed with Rain Rain

Small Hail reported
with heavy (+) intensity

No Allowance Times
(no allowance times exist for heavy conditions)

() Federal Aviation 40,49

Administration
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SAE INTERNATIONAL ICING CONFERENCE, MINNEAPOLIS, USA,
JUNE 2019

PRESENTATION:
GROUND ICING RESEARCH PROGRAM






APPENDIX C

e

Aviation Icing R&D at TC

Flight Safety Efficient, Reliable
Transportation System
Scientific-based regulatory,

upport northern strategy, tourism,
standards, and policy development SLon community gm\%h m

Program Drivers

i a i Innovation and
Ground Icing Research Program Improve Environmental Support
g g Stewardship the Economy

Sustainable transportation Research, development, test and
evaluation of emerging technologies

Antoine Lacroix, Research Development Officer
SAE 2019 International Conference on Icing of Aircraft, Engines, and Structures
Minneapolis — June 19, 2019

Current Research
« Research has evolved to include aerodynamic testing
— Evaluating fluid take-off performance in ground icing conditions
— Study began due to support operations in ice pellet conditions

— Collaborators:
S QEes
- TCIAPS Montreal Airport (Y1

Following extensive upgrades to procedures and facilities, aero testing JestSiteagilify.
now also includes:

— Fluid effects on unpowered H-Stab

— Low-speed take-off with fluid in ice pellets

— Heavy contamination

— Ice phobic and ice release technologies, and
— Other ground icing related subjects

Pl Donseot  Transpons
Canada  Canada

NRC OTTAWA CLIMATIC
ENGINEERING FACILITY

Aviation Inc

PROPULSION ICINGWIND TUNNEL RESEARCH
SIMULATING ICE PELLET CONDITIONS

SAE International Icing Conference, Minneapolis— June 19, 2019

Presented By: Marco Ruggi, Eng., M.B.A., Senior Project Leader
Prepared and Presented on behalf

Transport  Transports
| L | Canada  Canada
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APPENDIX C

BACKGROUND

~1n 2005-06, the inability to release aircraftin ice
pellet conditions led TC and FAA to begin aresearch
campaign to develop allowdnice times

= Standard HOT testing does not &pply to ice pellets
due to different failure mechanism

Ice Pellets remain
imbedded in fluid and
take longer to dissolve

Snow is rapicly
dissolved into fluid

"m0

EVOLUTION OF ICE PELLET ALLOWANCETIMES

Transport  Transports|
I*I Canada Canada

Bel e mE

COLLABORATORS

Transport ~ Transports
I*I Canada Canada

SUPPORTERS

Type IV and Type Ill

Fluid Manufacturers

INTERNATIONAL-

EVOLUTION OF TEST METHODOLGY

" W + iy
Falcon 20 testing used primarily IWT allowed aerodynamic data to be
visual observations used for evaluating fluid flow-off
to evaluate fluid flow-off performance

(T

RELATED PRESENTATIONS

~ The work conducted by FAA/TC has been presented by APS
to G-12 AWG and HOT Committee annualy since 2006
— Details of testing methodologies, research objectives, and results.
— All presentations available on the SAE website

= Additional presentations given at AWG by NASA and NRC
detailing the calibration and characterization work
— Andy Broeren, NASA

— Catherine Clark and Marc MacMaster, NRC-CNRC MAsA

e E ars O]

BACKGROUND

~Type Il fluid allowance times are new
— limited to rotation speeds of > 100 knots

~Type |ll fluids were designed for both high
speed and low speed rotation

— allowance times not validated for low speeds

= The current test methodology needed to be
modified for low speed
— Current methodology uses a RJ type airfoil
— Needed an airfoil representative of Turbo Props

Il e Aars @/
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LS-0417 Low Speed Airfoil

- Turbo Prop type airfoil
= 7ft chord (flap deployed)
- 8ft span

Rl D foneet

RUN SEQUENCE

Pre-Run Inspection Test Run Post-Run Inspecti )

*Average run time is about 45-minutes, plus the time of precipitation (which can vary).

[T R aps @14

TEST METHODOLOGY

> Test results were evaluated based on:
— Visual contamination ratings (fluid flow off)
* Observational rating system (start of test, rotation, end of test)
* Video and high speed photography
— Aerodynamic performance (lift and drag data)
* Data provided by NRC

— (= Lift coefficient Drag coefficient, C, = Pitching Moment coefficient,
Angle of Attack

+ Contaminated wing performance was compared to dry/clean wing
performance

? Also measured fluid brix, fluid thickness, temperature, etc.

Bl Eme

Calibration and Characterization

= Surveyed the clean wing performance
— pitch pause, angle sweeps, and stall runs, repeatability

> Evaluated boundary layer separation and uniformity
of flow using a boundary layer rake

» Compared effect of surface roughness with
sandpaper and fluids at various levels

> Correlated results to the aero acceptance test

Il e 8

Type lll PG 100/0

“Rup #61
L

P C

VISUAL
CONTAMINATION
RATINGS

Rating system proved to be well repeatable.

[T ey ar Ol
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EXAMPLE OF LIFT D LIFT ANALYSIS EXAMPLE

Rotate from -2° to 232 and

hold for 1.5 sec Hold and stop . ———6—— Clean Wing

———&—— Fluid Only
——&—— Fluid + Ice Pellets

2.8% Lifi loss
from Clean Wi
3.5% Lift loss
from Clean Wing

Cl data at Rotation
from -29 to 82 used
for analysis

o A0 T 23335878
“10 15 20 25 30 35 40 45 50 55 Model Angle of Attack, o, deg.
Time, scc.

Rl s It

) - |

LS(2)-0417 Wing Correlation -
to Aero Acceptance Test e llaleremes i

Hill and Zierten Work ~ Preliminary data supports the current high speed
(>200 knots) Type Ill allowance times for use with

lower rotation speeds (>80 knots)
— Aerodynamic and visual data support times
Basis for AAT — Data indicates potential to increase times as well
Aircraft tests 3D half model of 2D section of

Outside Air Temperature
with B737-200ADV B737-200ADV B737-200ADV Precipitation Type
E—

SCandabove | Bolow 510-10°C | Below -10°C?

Lightce Palits +ominutes 10 minutes
L5(1-0417 Wing e
nots

d-Speed” Ramp Lightlce Pellts Mixed with Snow 10 minutes o veel\-

S
gt Pllets Wied it FresingDrze koW ¢,

Lightice Pellets Mixed with Freezing R 5 minutes

10mm BLDT = o
Pass Criteria Lightlce Pellets Mixed v/ g%

Moderate Ice Pellets (or Small Hail¢
APS/NRC 3x6 IWT 2D Tests

Rel e

5 minutes.

‘Small-Scale Flat Plate (AAT)

WAY FORWARD

~ Continue validation of modified
test methodology
— with NASA, NRC, and SAE G12 AWG
> Conduct a more thorough testing
program aimed at
— More conditions
— Different fluids (if available)

Marco Ruggi

Mruggi@: tion.ca
[TV o

www.APSAviation.ca
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APPENDIX C

HEavy Contamination
Type lll PG 100/0
Run #63

PL+/FZR, -6.7°€
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