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PREFACE

PREFACE

At the request of the Transportation Development Centre of Transport
Canada, APS Aviation Inc. has undertaken a research program to further
advance aircraft ground deicing/anti-icing technology. Specific objectives of
the APS test program were:

To develop holdover time tables for new Type IV fluids and to validate
fluid-specific tables and SAE tables;

To determine the influence of fluid type, precipitation, and wind on
location and time to fluid failure initiation, and also failure progression on
the Canadair Regional Jet and on high-wing turboprop commuter aircraft;

To establish experimental data sufficient to support development of a
deicing only table to serve as an industry guideline, and to evaluate freeze
point temperature limits for fluids used as the first step of a two-step
deicing operation;

To establish conditions for which contamination due to anti-icing fluid
failure in freezing precipitation fails to flow from the wing of a jet
transport aircraft when subjected to rotation speeds;

To document the appearance of fluid failure and the characteristics of the
fluid at time of failure, through conduct of a series of tests on standard
flat plates; and

To determine the feasibility of examining the condition of aircraft wings
prior to takeoff through use of ice contamination sensor systems.

The research activities of the program conducted on behalf of Transport
Canada during the 1997-98 winter season are documented in six separate
reports. The titles of these reports are as follows:

TP 13318E Aircraft Ground De/Anti-icing Fluid Holdover Time Field
Testing Program for the 1997-98 Winter;

TP 13314E Research on Aircraft Deicing Operations for the 1997-98
Winter;

TP 13315E Aircraft Deicing Fluid Freeze Point Buffer Requirements:
Deicing Only and First Step of Two-Step Deicing;

TP 13316E Contaminated Aircraft Takeoff Test for the 1997-98
Winter;
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PREFACE

e TP 13317E Characteristics of Aircraft Anti-Ilcing Fluids Subjected to
Precipitation; and

e TP 13489E Deicing with a Mobile Infrared System.

This report, TP 13315E addresses the following objective:

e To establish experimental data sufficient to support development of a
deicing only table to serve as an industry guideline, and to evaluate freeze
point temperature limits for fluids used as the first step of a two-step
deicing operation.

This objective was met by conducting tests on different fluids at various
concentrations at National Research Council Canada’s Climatic Engineering
Facility at Ottawa, as well as tests on operational aircraft at Montreal
International Airport (Dorval).

Research has been funded by the Civil Aviation Group, Transport Canada,
with support from the U.S. Federal Aviation Administration and US Airways
Inc. This research program could not have been accomplished without the
participation of many organizations. APS would therefore like to thank the
Transportation Development Centre, the U.S. Federal Auviation
Administration, US Airways Inc., National Research Council Canada,
Atmospheric Environment Services, Transport Canada, and the fluid
manufacturers for their contributions to and assistance with the program.
Special thanks are extended to US Airways Inc., Air Canada, National
Research Council Canada, Canadian Airlines International, Inter-Canadien,
AéroMag 2000, Aéroport de Montreal, RVSI, Cox and Company Inc.,
KnightHawk, and Shell Aviation for provision of personnel and facilities, and
for their co-operation on the test program. Union Carbide, Octagon, SPCA,
Kilfrost, Clariant, and Inland Technologies Inc. are thanked for provision of
fluids for testing. APS would also like to acknowledge the dedication of the
research team, whose performance was crucial to the acquisition of hard
data leading to the preparation of this document.
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

At the request of the Transportation Development Centre of Transport
Canada, APS Aviation Inc. undertook a research program to examine fluid
freeze point buffer requirements for two specific operational conditions. The
fluid freeze point buffer is defined as the difference between the ambient
temperature and the freeze point temperature of the fluid. The buffer value
can be positive or negative, depending on the relative values of the two
temperatures.

The first of these conditions concerns situations in which active precipitation
has ceased, and the sole requirement is to remove contamination from the
aircraft. Protection against ongoing precipitation is not required. The
objective of this first study was to generate experimental data to support
development of a deicing only table intended to serve as an industry
guideline.

The second condition concerns aspects of the standard two-step deicing
procedure, wherein an initial fluid is applied to clean the surface, and a
second fluid is oversprayed to provide a period of ongoing anti-icing
protection (commonly known as holdover time). The objective of this
second study was to evaluate freeze point temperature limits for the
first-step fluids.

Until very recently, the ability to provide adequate protection to aircraft
critical surfaces following deicing until takeoff has been a major challenge.
Recent development of new fluids designed to provide long periods of
protection during ongoing precipitation has lessened the need for the
intensive focus on ongoing protection. This study addresses two other
considerations of deicing operations: operational efficiencies and potential
damage to the environment. Both of these factors are influenced by the
amounts of glycol used in deicing. Increased control and optimization of
operational efficiency can result in improved operational guidelines that allow
use of fluid at reduced concentrations without jeopardizing current safety
levels.

In the one-step procedure where the fluid is intended to serve both a deicing
and an anti-icing role, the fluid freeze point must always be at least 10°C
(18°F) below outside air temperature. In conditions when precipitation has
ceased and anti-icing protection is no longer required, a buffer of this
magnitude may be overly conservative, and field operations will use a more
concentrated fluid than is truly necessary. Transport Canada report
TP 13129E, Examination of the Role of Fluid Freeze Point Buffers, indicated
that the concentration of deicing fluid after spray application increased
measurably as a result of water evaporation, and suggested that an inherent
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EXECUTIVE SUMMARY

buffer may result. This study examines this rise in fluid concentration and
guantifies its contribution to protection against freezing.

A two-step deicing procedure uses two fluids applied in sequence. The first
fluid performs a deicing function, cleaning the aircraft surfaces of any frost,
ice, snow, or slush contaminants, and is applied at elevated temperatures
not less than 60°C (140°F). The second (anti-icing) fluid is then applied as
an overspray, and must be applied before the first-step fluid freezes, typically
within three minutes. If the second fluid is a Type Il or Type IV fluid, it is
normally applied unheated. Current guidelines require that the freeze point of
the first-step (deicing) fluid not be more than 3°C above outside air
temperature. This limitation may be more severe than necessary, and a
limitation based on scientific data could provide equivalent levels of safety,
while enabling operators to achieve economies in fluid consumption due to
reduced fluid concentrations.

Data to support these studies were generated in tests conducted on flat
plates in National Research Council Canada’s Climatic Engineering Facility in
Ottawa and in tests on operational aircraft conducted at Montreal
International Airport (Dorval). In all of these tests, fluids of various types
were mixed to different levels of concentration, resulting in different freeze
point buffers. Fluids were applied to test surfaces under a range of ambient
temperatures and wind speeds.

In the deicing only tests, the final fluid condition was observed to identify
whether it remained unfrozen on the test surface. Using duplicate surfaces,
fluid concentration was measured progressively to determine the influence of
evaporation. Surface temperature was measured on an ongoing basis with
thermistor probes installed directly on the test surfaces.

In the first-step fluid tests, conditions included artificial precipitation, either
as light freezing rain or freezing drizzle. Test surfaces were observed to
determine how long they remained unfrozen. Surface temperature was
measured on an ongoing basis with thermistor probes. Dilution of fluid due to
absorption of precipitation was measured on duplicate test surfaces.

RESULTS AND CONCLUSIONS
Deicing Only Tests

The final test surface condition varied according to the value of the initial
freeze point buffer:
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EXECUTIVE SUMMARY

e Test fluids with zero degree buffers and those mixed to positive values of
freeze point buffer always resulted in unfrozen fluid, regardless of wind
speed;

e From a zero degree buffer to a negative 3°C buffer, tests generally
concluded with the plate condition either fluid covered, bare, or with ice
on the drip line at the lower edge of the plate (the surface of the plate
being non-frozen); and

e Freezing in some fashion generally resulted in cases where the initial
negative buffer was beyond -3°C, with the type of freezing condition
increasing in severity with the magnitude of the negative buffer. Cases
where the negative buffer was beyond -10°C always resulted in ice
formation on the surface.

Wind was shown to have a major influence on icing severity. Ice formations
increased with higher winds. However, a small amount of wind appeared to
have a beneficial effect, reducing the severity of icing.

Fluid strength improved (freeze point dropped) during test runs as a result of
water evaporating from the thin film of fluid on the test surface. Plots of
fluid freeze point profile versus surface temperature profile illustrate the
relationship between the two factors, as well as the way in which wind
influences the onset of freezing.

In some instances, the increase in fluid strength was remarkable, with freeze
points dropping by an increment as large as -20°C beyond the initial value.
Fluids having a very low glycol content to begin with (those with initial
freeze points just below 0°C) appeared unable to support large increases in
fluid strength.

The most consistent results were produced from Type | fluids. Ethylene and
propylene glycol-based fluids produced similar results. Recycled spent
deicing fluids, reconstituted from ethylene or propylene glycol-based fluids,
exhibited a level of performance equivalent to commercial Type | fluids.
Diluted Type IV fluids did not perform as well as Type | fluids, developing ice
in the form of slush in less severe conditions. A limited number of tests
conducted on Type Il fluids demonstrated performance levels equivalent to
Type | fluids.

While the study considered appearance of ice in any form to constitute a
failure, in many cases ice appeared only on the drip line at the lower edge of
the plate, with the remainder of the plate surface completely free of ice.
This test condition would correspond to the operational condition of a wing
being clear of ice on the surface and leading edge, but having a bead of ice
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EXECUTIVE SUMMARY

at the trailing edge. When ice did form on the test surface following Type |
application, it was extremely thin, estimated at less than 0.0025 mm
(0.0001 in.) in thickness.

First-Step Tests

The study presents new data that provide an improved understanding of the
influence of ambient temperature, wind and rate of fluid dilution on the time
interval from fluid application to onset of freezing.

In calm wind conditions, all fluids tested delivered an interval prior to
initiation of freezing of at least three minutes, including tests conducted at
the lowest temperature (-14°C).

Dilution of applied fluids occurs very rapidly. At the upper limit of
precipitation rates defining light freezing rain (25 g/dm?/h), the applied fluid
film quickly becomes pure water:

e ADF at -7°C initial freeze point, in 4 to 5 minutes, and
e XL54 at -43°C initial freeze point, in 7 to 8 minutes.

At the lower precipitation rate of 12 g/dm?/h, (the boundary defining light
freezing drizzle/light freezing rain), XL54 fluid is diluted to a concentration
having a -10°C freeze point in about three minutes.

In precipitation conditions, the major contributor to the period of protection is
the surface temperature, which is elevated above ambient temperature levels
through heat transfer from the applied heated fluid.

Wind exerts a major influence on the time interval available prior to freezing.
Test data indicate a 50 percent reduction in the time for freezing to initiate
for tests conducted in a 10 km/h wind, as compared to tests in calm wind
conditions.
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A la demande du Centre de développement des transports de Transports
Canada, APS Auviation Inc. a entrepris un programme de recherche visant a
examiner les exigences relatives aux valeurs tampons du point de
congélation des liquides, pour deux conditions d’exploitation précises. On
appelle «valeur tampon du point de congélation» |’écart entre la température
ambiante et le point de congélation du liquide. Cette valeur est dite positive
lorsque le point de congélation du liquide est inférieur a la température
ambiante, et négative dans le cas inverse.

La premiére condition d’exploitation (dégivrage simple) est celle ou la
précipitation a cessé : il suffit alors d’enlever les contaminants. Il n'y a pas
lieu de protéger les surfaces contre une précipitation continue. Le but de
cette premiére étude était de produire des données expérimentales en vue de
I’élaboration d'un tableau pour la procédure dégivrage simple, qui doit servir
de ligne directrice a l'industrie.

La deuxiéme condition d’exploitation a trait a la procédure de dégivrage
standard en deux étapes, selon laquelle dans un premier temps, on pulvérise
un liquide pour nettoyer la surface, aprés quoi on applique un deuxiéme
liquide, par-dessus le premier, pour protéger les surfaces contre une nouvelle
contamination (pendant une certaine période désignée «durée d’efficacité»).
Le but de cette deuxieme étude était de déterminer les valeurs tampons du
point de congélation des liquides utilisés a la premiéere étape.

Jusqu’a tout récemment, il était difficile d’assurer une protection adéquate
des surfaces critiques d'un aéronef pendant la période suivant le dégivrage
jusqu’au décollage. Mais le développement récent de nouveaux liquides
concus pour assurer une protection de longue durée pendant des
précipitations continues a solutionné le probléme de la protection prolongée.
C’est ainsi que les chercheurs ont été amenés a explorer deux autres
préoccupations reliées aux opérations de dégivrage : [|'efficacité
opérationnelle et les dommages éventuels a I’'environnement. La quantité de
glycol utilisée influe sur ces deux facteurs. Un contr6le accru et une
optimisation de l'efficacité opérationnelle peuvent engendrer de meilleures
lignes directrices opérationnelles, qui permettront d’utiliser des liquides moins
concentrés, sans que la sécurité soit mise en péril.

Dans la procédure de dégivrage simple, qui utilise le méme liquide comme
agent de dégivrage et d’antigivrage, le point de congélation du liquide doit
toujours étre d’au moins 10 degrés Celsius (18 degrés Fahrenheit) inférieur a
la température de |'air extérieur. Lorsque les précipitations ont cessé et que
la protection antigivrage n’est plus nécessaire, une telle valeur tampon risque
d’étre exagérément prudente et d’entrainer, sur le terrain, I'utilisation d’un
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liquide plus concentré que nécessaire. Le rapport TP 13129E de Transports
Canada, Examination of the Role of Fluid Freeze Point Buffers, a révélé que la
concentration du liquide de dégivrage aprés sa pulvérisation augmentait
sensiblement par suite de |'évaporation d’eau : le liquide présenterait donc
une valeur tampon inhérente. La présente étude examine |'augmentation de
la concentration du liquide et quantifie la contribution de ce facteur a la
protection contre le gel.

Une procédure de dégivrage en deux étapes fait appel a deux liquides,
appliqués un aprés l'autre. Le premier réalise une fonction de dégivrage,
nettoyant les surfaces de |‘aéronef de toute contamination (givre, glace,
neige, neige fondante), et est appliqué a des températures élevées, d’au
moins 60 °C (140 °F). Le deuxiéme liquide (d’antigivrage) est appliqué par-
dessus le premier. Il doit étre appliqué avant que le premier liquide geéle,
habituellement dans les trois minutes. Si ce deuxieme liquide est un liquide
de type Il ou de type IV, il est habituellement appliqué non chauffé. Les
lignes directrices en vigueur exigent que le point de congélation du premier
liguide (de dégivrage) soit d’au plus 3 degrés Celsius supérieur a la
température de l'air extérieur. |l se peut que cette exigence soit exagérément
restrictive et qu’une limite fondée sur des données scientifiques procure des
niveaux de sécurité équivalents tout en permettant aux préposés de
consommer moins de liquide, grace a des concentrations plus faibles.

Les données de ces deux études proviennent d’essais menés sur des plaques
planes a l'Installation de génie climatique du Conseil national de recherches
du Canada a Ottawa, et d’essais sur des aéronefs en vraie grandeur menés a
I”’Aéroport international de Montréal (Dorval). Dans tous ces essais, des
liguides de différents types ont été mélangés avec de |'eau pour donner
différentes concentrations correspondant a différentes valeurs tampons du
point de congélation. Les liquides ont été appliqués sur des surfaces d’essai
dans une gamme de températures ambiantes et de vitesses du vent.

by

Aux essais de dégivrage simple, on observait I’état final du liquide, a savoir
s’il était toujours en phase liquide sur la surface d’essai. Des doubles de la
surface avaient été préparés, ce qui permettait de mesurer la concentration
du liquide a différents intervalles, et de déterminer ainsi |'effet de
I"évaporation. La température de la surface était mesurée en continu par des
sondes a thermistor installées directement sur celle-ci.

Aux essais du liquide utilisé pour la premiére étape d'une procédure en deux
étapes, les conditions comprenaient des précipitations artificielles de pluie
verglacante légére ou de bruine verglacante. On observait les surfaces
d’essai pour déterminer pendant combien de temps elles demeuraient sans
givre. La température de la surface était mesurée en continu par des sondes
a thermistor. On mesurait la dilution du liquide par absorption des
précipitations sur des doubles des surfaces d’essai.
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RESULTATS ET CONCLUSIONS
Essais de dégivrage simple

L'état final de la surface d’essai variait en fonction de la valeur tampon
initiale du point de congélation :

e les liquides associés a des valeurs tampons nulles et les liquides mélangés
de facon a présenter des valeurs tampons positives n’étaient jamais gelés,
quelle gue soit la vitesse du vent;

e pour une valeur tampon nulle jusqu’a une valeur négative de 3 degrés
Celsius, a la fin de I'essai, la plaque était généralement soit couverte de
liquide, soit nue, soit contaminée de givre le long de son bord inférieur
(mais la surface de la plague n’était pas gelée);

e une valeur tampon négative initiale de plus de 3 degrés Celsius entrainait
généralement le gel du liquide, sous une forme ou une autre; le gel était
d’autant plus marqué que la valeur tampon négative était importante.
Dans les cas ou la valeur tampon négative dépassait 10 degrés Celsius,
on observait immanquablement de la glace sur la surface.

Le vent s’est révélé avoir une influence déterminante sur le givrage. Plus les
vents étaient forts, plus se formait du givre. Toutefois, un vent faible
semblait avoir un effet bénéfique, atténuant I'intensité du givrage.

Au cours des essais, la concentration du liquide s’améliorait (le point de
congélation s’abaissait) par suite de |'évaporation de |I'eau contenue dans la
mince pellicule de liquide sur la surface. Des courbes du point de congélation
du liquide en fonction de la température de la surface illustrent la relation
entre les deux facteurs, de méme que |'effet du vent sur I'amorce du givrage.

Dans certains cas, |'augmentation de la concentration du liquide était
remarquable, le point de congélation s’abaissant de pas moins de 20 degrés
Celsius par rapport a sa valeur initiale. Il na pas été possible d’obtenir une
forte augmentation de la concentration des liquides qui au départ avaient une
trés faible teneur en glycol (ceux dont le point de congélation initial était tout
juste sous O °C).

C’est avec les liquides de type | que les résultats les plus cohérents ont été
obtenus. Les liquides a base d’éthyléne et de propyléne glycol ont donné des
résultats semblables. Les liquides de dégivrage recyclés, reconstitués a partir
de liquides a base d’éthyléene ou de propyléne glycol, ont affiché un niveau
de performance équivalent a celui des liquides de type | vendus dans le
commerce. Les liquides de type IV dilués n’étaient pas aussi efficaces que
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les liquides de type | : dans des conditions clémentes, ils se transformaient
en neige fondante. Quelques essais réalisés sur des liquides de type Il ont
révélé des niveaux de performance équivalents a ceux des liquides de type I.

L'apparition de givre, sous quelque forme que ce soit, était considérée
comme une perte d’efficacité du liquide. Mais souvent, le givre apparaissait
uniquement le long du bord inférieur de la plaque, le reste de celle-ci
demeurant complétement propre. En situation réelle, cet état de fait
correspondrait a une aile dont la surface et le bord d’attaque seraient
exempts de tout givre, mais dont le bord de fuite serait contaminé par un
cordon de givre. Par ailleurs, lorsque du givre se formait aprés |"application
d’un liquide de type |, celui-ci était extrémement mince, soit d'une épaisseur
évaluée a moins de 0,0025 mm (0,0001 po).

Essais de dégivrage en tant que premiére étape d’une procédure en deux
étapes

L'étude a généré de nouvelles données qui aident a comprendre |'influence
de la température ambiante, du vent et du taux de dilution du liquide sur le
délai entre |I"application du liquide et I"amorce du givrage.

Par vent calme, le délai jusqu’a I'amorce du givrage a été d’au moins trois
minutes pour tous les liquides mis a |I'essai, méme lors des essais a basse
température (-14 °C).

La dilution des liquides aprés leur application est trés rapide. A la limite
supérieure des taux de précipitation définissant une pluie légére verglacante
(25 g/dm?/h), la pellicule de liquide devient rapidement de I’eau pure :

e en 4 a 5 minutes dans le cas du liquide ADF dont le point de congélation
initial est de -7 °C;

e en 7 a 8 minutes dans le cas du liquide XL54 dont le point de congélation
initial est de -43 °C.

A la limite inférieure de 12 g/dm%*h (limite définissant la bruine légeére

verglacante/pluie |égere verglacante), le liquide XLb54 est dilué a une

concentration donnant un point de congélation de -10 °C aprés trois minutes

environ.

Sous des précipitations, le facteur qui influe le plus sur la durée de la période
de protection est la température de la surface, qui se réchauffe au-dela de la
température ambiante, par le transfert de la chaleur du liquide chauffé.

Le vent exerce une influence majeure sur la période de protection contre le
givrage. Les données d’essai révelent en effet qu’'un vent de 10 km/h méne a
une réduction de moitié du temps avant givrage, par rapport a un vent calme.
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1. INRODUCTION

1. INTRODUCTION

At the request of the Transportation Development Centre (TDC) of Transport
Canada, APS Aviation undertook a research program to examine fluid freeze
point buffer requirements for two specific operational conditions.

The first of these conditions applies to situations when active precipitation
has ceased, and the sole requirement is to remove contamination from the
aircraft, resulting in clean critical surfaces. Protection against ongoing
precipitation is not required.

The objective of this segment of the study was to generate experimental
data to support development of a deicing only table to serve as an industry
guideline. This program was initiated by the U.S. Federal Aviation
Administration (FAA) and supported by the FAA and TDC.

The second condition concerns the standard two-step deicing procedure,
wherein an application of a first-step fluid is used to deice the surface, and a
second-step fluid is oversprayed to provide a period of ongoing anti-icing
protection (commonly known as holdover time).

The objective of this segment of the study was to evaluate freeze point
temperature limits for fluids used in the first step in such a procedure. This
program was initiated by US Airways Inc. and supported by US Airways Inc.
and TDC.

Appendix A presents the work statement for this project.

1.1 Background

The principal industry document that addresses aircraft deicing is the
Society of Automotive Engineers (SAE) Aerospace Recommended
Practice (ARP) ARP4737, Aircraft Deicing/Anti-icing Methods with Fluids.
Relevant excerpts of this document are included in Appendix B. This
publication documents guidelines for the methods and procedures used in
aircraft deicing and anti-icing ground operations, and specifies
temperature limits for fluids used in the process.

The primary focus of ARP4737 is on those operating conditions requiring
the use of an anti-icing fluid treatment to provide a period of protection
against ice or snow contamination during ongoing precipitation. Until very
recently, the ability to provide adequate protection to aircraft critical
surfaces during winter storms for the time interval following deicing until
takeoff has been a major challenge. Recent developments in anti-icing
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1. INRODUCTION

fluid technology, resulting in the production of new fluids designed to
provide long periods of protection during ongoing precipitation, have
lessened the need for an exclusive focus on anti-icing protection.

This study addresses two other consequences of deicing operations:
e Operational efficiencies, and
e Potential damage to the environment.

Both of these factors are governed by the amounts of glycol applied to
the aircraft. Controlling of the level of concentration of glycol in the
applied fluid mixture offers a means to control both these factors while
still respecting safety needs. Required levels of glycol concentration, as
measured by fluid freeze point, are examined for two different operating
conditions.

A previous review of fluid strength requirements for various operating
conditions can be found in Transport Canada report, TP 13129E (1). The
conclusions listed in that report state that, in certain situations, there is
an opportunity to reduce fluid strength from those levels currently
recommended.

1.2 Deicing Only Conditions

The condition under which anti-icing protection is not needed (as an
example, morning start-up following the end of an overnight snowfall)
and when the only requirement is to deice the aircraft, is not specifically
addressed in SAE ARP4737. As a result, the only published guidelines
for deicing procedures are those that have been documented for use in
conjunction with treatments intended to provide anti-icing protection.
This approach may result in procedural constraints that are unnecessarily
severe for those instances when deicing only is required.

The sole temperature related limits in SAE ARP4737 for SAE Type |
deicing fluid application are those that are provided in paragraphs 3.4.1
and 6.3.1.1.1, and in Figure 1 of Appendix B (Guidelines for the
Application of SAE Type | Fluid Mixtures as a Function of Outside Air
Temperature). Here, Type | deicing fluid is used either alone to serve as a
combined deicing/anti-icing function in a one-step procedure, or as a
first-step (deicing) fluid followed by an anti-icing fluid overspray in a
two-step procedure.

In the one-step procedure where the fluid is intended to serve both a
deicing and an anti-icing role, the freeze point of the fluid must be
maintained at least 10°C (18°F) below outside air temperature. The
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1. INRODUCTION

difference between the outside air temperature and the fluid freeze point
is referred to as the fluid temperature buffer, or fluid freeze point buffer.
In conditions when precipitation is no longer occurring, a buffer of this
magnitude may be more conservative than necessary. In consequence,
airline procedures for deicing only conditions will use a more concentrated
fluid than is truly necessary, resulting in less than optimum levels of cost
effectiveness.

A preliminary study considering changes in fluid concentration following
application of a heated fluid to test surfaces was reported in Transport
Canada report TP 13131E (2). That study showed that the glycol
concentration within the thin film remaining on the treated surface
following the application of a heated deicing fluid increased measurably
due to evaporation of water, and concluded that an inherent buffer may
result.

Publication of a deicing only table would complement existing procedures,
and would provide airline operators with needed support and
encouragement to institute more cost-effective and environmentally
responsible procedures. This table would identify limits for fluid
concentrations (identified as fluid freeze points) appropriate to the
condition.

The primary objective of this study was to develop data that would
support the proposal for a deicing only table. Such a table would provide
guidelines for the application of deicing fluids during conditions of no
precipitation.

1.3 First-Step Fluid in a Two-Step Deicing Operation

A two-step deicing procedure uses two fluids applied sequentially. Each
fluid performs a distinct function. The first fluid performs a deicing
function, cleaning the aircraft surfaces of any frost, ice, snow, or slush
contaminants. This first-step fluid is applied at elevated temperatures of
not less than 60°C (140°F). The second-step fluid is then applied as an
overspray, and must be applied before the first-step fluid freezes.
ARP4737 states that the time available for an overspray before the
first-step fluid freezes is typically within three minutes. The second fluid
provides anti-icing protection against the formation of frost or ice, or the
accumulation of snow (or slush) on the clean surfaces. This anti-icing
fluid is normally applied unheated.

Current guidelines require that the freeze point of the first-step (deicing)
fluid not be more than 3°C above outside air temperature. Certain
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1. INRODUCTION

operators feel that this limitation is more severe than necessary, and that
a limitation based on scientific data would provide equivalent levels of
safety while enabling operators to achieve economies through reductions
to first-step fluid concentration.

In the past, some operators have operated successfully using heated
water to temperatures as low as -7°C, in other words, applying a first-
step fluid having a freeze point temperature 7°C above outside air
temperature. Freedom to continue this practice was terminated by
industry adoption of ARP4737 in 1992, which included the 3°C limit in
response to voiced concerns of particular carriers.

This subject was investigated in a previous study and the findings are
presented in Transport Canada report TP 12653E (3). That study reports
the results of the use of hot water as a deicing (first-step) fluid and
concluded that hot water deicing is feasible at outside air temperatures
below -3°C, depending on other factors such as wind and operator
disciplines. Wind was shown to have a major negative impact on the
period of protection that exists before freezing of the water treatment
occurs.

The primary objective of this study was to generate experimental data
and to make recommendations on operational limitations to first-step fluid
at freeze point temperatures.

Data to support these studies were generated in tests conducted on flat
plates at the National Research Council Canada (NRC) Climatic
Engineering Facility (CEF) in Ottawa. In addition, a preliminary series of
tests on potential test surfaces, and tests on operational aircraft, were
conducted at Montreal International Airport (Dorval).
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2. METHODOLOGY 2.1 Test Sites

2. METHODOLOGY

This section describes the test conditions and test methodologies used, as
well as the test equipment and personnel requirements.

2.1 Test Sites

A series of laboratory experiments designed to generate required data
was conducted at NRC’s CEF in Ottawa. Experiments in the deicing only
study and in the first-step fluid study were carried out at the same time,
using separate chambers within the CEF. Simultaneous testing enabled
staffing efficiencies associated with fluid preparation activities.

For the deicing only study, the CEF enabled conduct of experiments under
the controlled conditions of ambient temperature, wind velocity, and a
variety of fluids diluted to several freeze point temperatures. The
capability to generate different types of precipitation was not required for
these tests.

For the first-step fluid study, the facility enabled conduct of experiments
under conditions of controlled freezing precipitation and several stable
ambient temperatures. An assortment of fluids mixed to several freeze
point temperatures was employed in the study. Supplemental
experiments were conducted with the additional variable of wind at
several controlled speeds.

In addition, a preliminary series of tests on potential test surfaces, and
tests on operational aircraft, was conducted at Montreal International
Airport (Dorval). The purpose of these tests was to determine the most
suitable test surface for use in the laboratory experiments.

2.2 Description of Test Procedures

2.2.1 Preliminary Tests at the APS Test Site

The objective of these tests, and of the tests on operational aircraft,
was to determine the most suitable test surface for the experiments at
NRC’s CEF, that is, which surface best represents the actual wing for
the conditions being evaluated.
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2. METHODOLOGY 2.2 Description of Test Procedures

Candidate surfaces examined as potential test surfaces included:
e (Cold-soak boxes (heat sinks) 7.5 cm deep;

e Aluminum honeycomb core plate;

Standard aluminum test flat plate 3.2 mm (1/8 in.) thick; and
Thin flat aluminum plate 1.6 mm (1/16 in.) thick.

The cold-soak box was originally designed to simulate the heat sink
effect on the main structural area of the wing over the fuel tank. The
material used in the aluminum honeycomb core plate was taken from
stock intended for fabrication of McDonnell Douglas DC-9 spoiler
panels.

Observations were made during this series of tests relating to:

e Area of the surface left bare and dry;

e Final strength of fluid left on surface at various locations;

e Temperature profiles of surfaces after application of heated fluid;
and

e Elapsed times from the point of fluid application to the onset of
freezing (at least 5 minutes).

An SAE Type | fluid diluted to a number of selected concentrations
was used to provide different fluid freeze point buffers.

The main elements of the test procedure were as follows:

e Conduct tests inside a non-heated test trailer to eliminate the
influence of wind;

e Position test surfaces at the standard 10° slope;

e Set ambient temperature to -5°C or lower;

e Mix fluid strength to -3 and + 3°C buffer;

e Fill cold-soak boxes to 25% capacity so that the upper surface is
not wetted. This represents the typical condition of aircraft
following overnight parking;

e Heat test fluids to 60°C; and

e Apply fixed quantity (0.5 L) of fluid to test surfaces.

2.2.2 Tests on Operational Aircraft

Tests were conducted on operational aircraft to allow comparison of
results on candidate test surfaces to those on aircraft wings.
Over-nighting McDonnell Douglas DC-9 aircraft were made available
on two occasions by US Airways, sponsors of the first-step fluid
project.
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2. METHODOLOGY 2.2 Description of Test Procedures

These tests were conducted at the central deicing facility at Montreal
International Airport (Dorval). AéroMag 2000 Inc. participated in the
tests and performed the actual spray operation.

The four candidate test surfaces were mounted on a flat plate stand
situated near the wing under test, and facing into the wind. The
aircraft was parked facing into the wind.

Test fluids used were hot water and an SAE Type | fluid diluted to
provide different levels of fluid freeze point buffer. The actual fluid
freeze points were decided on the basis of expected outside air
temperature.

The spray truck was emptied, and the tank and plumbing systems
were well flushed during the day prior to the test session. The initial
fluid tested was heated water. Following tests with hot water, SAE
Type | deicing fluid was mixed to the desired concentration directly in
the spray truck by adding calculated quantities of full strength fluid to
the fluid remaining in the truck tanks. The resultant fluid
concentration was tested with a hand-held Brix-scale refractometer to
ensure that the required fluid freeze point was achieved.

Test fluids were applied to the wing following the operator's standard
spraying procedures. At the same time, fluid (taken from the deicing
truck) was applied to each test surface positioned on the test stand.
The method of fluid application to each test surface was standardized
through using a fluid applicator designed for these experiments.

Test surfaces were monitored for freezing. The time and location of
any occurrences of freezing were recorded. Patterns of freezing were
sketched on wing and plate data forms. A Robotic Vision Systems
Inc. (RVSI) ice contamination sensor was used during one overnight
test session to provide a supplementary indication of ice formation.

Final fluid concentration values for fluid samples from various points
on the wing were recorded. During the second test, fluid
concentration was sampled periodically at selected locations near
thermistor installation points to enable development of a fluid strength
profile.

Temperatures were measured on an ongoing basis using thermistor
probes installed on each test surface and at several locations on the
wing. Measurement locations on the wing were selected to provide
temperature information for known or suspected critical areas. These
included the cold corner (the wing area over the fuel tank that is first
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2. METHODOLOGY 2.2 Description of Test Procedures

wetted by fuel), control surfaces that demonstrated fastest cooling
and earliest freezing during the hot water tests conducted in 1995,
and points on the upper and lower surfaces of the leading edge.

The general test plan for tests on operational aircraft is shown in
Table 2.1.

The experimental program for the aircraft tests is included as
Appendix C.

2.2.3 Tests at National Research Council Canada’s Climatic
Engineering Facility

Conducting the deicing only and first-step tests during the same period
resulted in the need to organize three teams. Two of these teams
were responsible for conducting the actual tests, while the third was a
support team responsible for the preparation and management of
fluids for testing.
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TEST PLAN FOR AIRCRAFT TESTS

TABLE 2.1

DEICING ONLY TABLE / FIRST-STEP FLUID LIMITS

WINTER 1997-98

OAT Test" Fluid Freeze Fluid Freeze
Occasion (°C) Run Fels'd Point Buffer
! (°C) (°C)

1 -8to-12 1 H,0 0 -8to-12
1 -81t0-12 2 7% -2 -6 to -10
1 -8to-12 3 16% -6 -2to -6
2 -2 to -b 4 H,0 0 -2 to-b
2 -2 to-b 5 5% -1.5 -0.5 to -3
2 -2to -5 6" 12% -4 -1

W Percentage UCAR ADF

@ This run to be performed only if OAT is at low end (-5°C) of range.

cm1380\report\buffer\PLAN_AC
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2. METHODOLOGY 2.2 Description of Test Procedures

2.2.3.1 Fluid Management

The process of managing and preparing the supply of heated fluids
for testing deserves discussion. Several fluid types and a variety of
concentrations were tested to provide a range of fluid temperature
buffers at each ambient temperature under test. The test sequence
required the ability to prepare a large number of different fluid
examples. The complexity of managing this large inventory was
compounded by the fact that deicing only and first-step fluid
experiments were run during the same period, in adjacent
chambers of NRC’s CEF. Each set of experiments imposed its own
specific test fluid requirements.

The fluid management team was responsible for a defined cycle of

activities in preparation for each test:

e Accurate and timely selection of fluid samples for upcoming
tests;

e Heating those samples to the required temperature;

e Accurately measuring quantities of heated fluids into vacuum
containers to protect concentration and temperature prior to
application;

e Delivering test samples to the test team;

e Pouring test samples on plates under test team supervision; and

e (leaning fluid applicators and vacuum containers to prepare for
the next series of tests.

This support role required detailed pre-planning of procedures and
equipment, and good co-ordination between test members. The
specialized equipment selected or developed to perform these
experiments is described in Subsection 2.4.

2.2.3.2 Deicing Only Study

Experiments performed to acquire data in support of the
development of a deicing only table involved applying heated
deicing fluids to test plates under a range of outside air
temperature and wind conditions. Hot water and SAE Type |, Type
I and Type IV fluids were tested, including both ethylene and
propylene glycol-based fluids. Fluids were mixed to various
concentrations to provide a range of freeze point buffers for each
outside air temperature condition tested. The initial test plan is
presented in Table 2.2.
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TEST PLAN FOR DEVELOPMENT OF DE/CING ONLY TABLE
NATIONAL RESEARCH COUNCIL CANADA - CLIMATIC ENGINEERING FACILITY

TABLE 2.2

FLUID FREEZE POINT (°C) WIND
OAT 0 45 | 3 | 8 | 14 | 22 | 30 | 43 (km/h) REMARKS

°C °F FLUID FREEZE POINT BUFFER 0 5 10 20

+1 34 1 2.5 4 v v \ v |contingent on results at -1°C
-1 29 -1 0.5 2 v v \ \

-5 23 -5 -3.5 -2 3 v v \ \

10 14 10 8.5 7 2 v v \ \

-18 0 -18 -16.5 -15 -10 4 v v \ \

-35 -31 -35 13 -5 v v
Note

11

Supplemental tests examined fluids with freeze point equal to outside air temperature, and 3°C higher than outside air
temperature, as well as higher wind at -35°C

h:\cm1380\report\buffer\P
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2. METHODOLOGY 2.2 Description of Test Procedures

The desired fluid type and mix was heated to a standard
temperature of 60°C. This temperature was selected to represent
the lower temperature limit of deicing fluid at the nozzle of the
deicing vehicle.

The quantity of fluid applied on the test surface was predetermined
to be 0.5 L. This quantity was selected to represent an amount of
fluid typically sprayed on an aircraft wing during a light snow
condition.

Ambient temperatures were varied to provide a cross section of
typical operating conditions. Temperatures selected for testing
were -1, -5, -10, -18 and -35°C (29, 23, 14, 0, and -31°F). The
extreme cold temperature in this range was selected to examine
fluid performance when used to remove frost in very cold
temperatures.

A range of wind speeds (calm, 5, 10 and 20 km/h) were generated
at each temperature setting using large electric fans. These fans
were mounted on a wheeled base, allowing repositioning to
produce different wind speeds at the test stand. Winds were
measured at various points across the stand using hand-held
anemometers. In addition, a wind gauge was fixed to the test
stand to provide wind speeds on a continuous basis. The plate
stand was positioned with the lower plate edge into the wind.

The duration of each test was limited to 20 minutes following fluid
application, based on the expectation that any significant changes
will have occurred within that time period. Test observers
determined whether the plate had dried off completely or whether
fluid remained on the plate, and whether it was frozen or liquid. At
test end, a plate with no evidence of freezing was considered to be
a success.

The fluid concentration of each test fluid was measured and
recorded at time of pouring. Any fluid remaining on the test plate
at test end, either as a wet or frozen film on the surface of the
plate or as a bead of fluid at the plate drip line, was tested for fluid
concentration.

Intermediate values of Brix were not measured to avoid disturbing
the progress of fluid evaporation on the plate. As fluids very
quickly assumed a very thin layer, a relatively large area of the
plate surface was disturbed when collecting enough fluid for a valid
Brix sample.

X:\@APS ARCHIVE\CM1380 (TDC Deicing 1997-98)\REPORT\BUFFER\Final Version 1.0\Final Version 1.0.DOC

Final Version 1.0, January 07
APS AVIATION INC. 4’5 12



2. METHODOLOGY 2.2 Description of Test Procedures

A number of separate runs were conducted specifically to
determine the progressive nature of the strength of the fluid as it
evaporated from the plate surface.

The area of the plate left bare versus that covered with fluid, as
well as any area covered with frozen fluid was sketched on a data
form. An RVSI ice detection sensor was installed to scan all test
plates on a continuous basis to provide supplementary
documentation of areas of plates covered with frozen fluid.

The temperature of the test plates was measured on a continuous
basis using thermistor probes installed on the plate surface, and
logged to enable development of test surface temperature profiles.
Thermistor probes were mounted at the 22.5 cm (9 in.) line on the
plate. A separate thermistor probe measured air temperature at the
plate stand, and the data channel for that probe was used to
measure the temperature of a reference fluid container at time of
pouring.

Relative humidity was measured by use of a Vaisala relative
humidity meter designed to operate in very cold temperatures.

The experimental program for these tests is included as
Appendix D.

2.2.3.3 First-Step Fluid Study

First-step fluid experiments involved applying heated deicing fluids
at appropriate concentrations to test plates under a range of
outside air temperatures in light freezing rain conditions. Fluid
samples of hot water, and hot, diluted SAE Type |, Type Il and
Type IV fluids were tested, including both ethylene and propylene
glycol-based fluids. Fluids were mixed to various concentrations to
provide a range of freeze point buffers for each outside air
temperature condition tested. The initial test plan (Table 2.3)
describes the scope of tests.

The desired fluid type and mix was heated to a standard
temperature of 60°C. This temperature was selected to represent
the lower temperature limit of deicing fluid at the nozzle of the
deicing vehicle.

The quantity of fluid applied on the test surface was predetermined
to be 0.5 L. This quantity was selected to represent an amount

X:\@APS ARCHIVE\CM1380 (TDC Deicing 1997-98)\REPORT\BUFFER\Final Version 1.0\Final Version 1.0.DOC

Final Version 1.0, January 07
APS AVIATION INC. 4’5 13



TABLE 2.3
FIRST STEP FLUID TESTS
GENERAL TEST PLAN

?olg (g;:f/h) FLUID FREEZE POINTS
-3 25 0
-8 25 0 3% -6
-14 25 0 -3 -6'" -11
-25 12.7 0 -3 -11 17 -22

Precipitation Type:

Light Freezing Rain

Heated Fluids: Water

Type | (Including both ethylene and propylene glycol-based)
Type Il (Including both ethylene and propylene glycol-based)
Type IV (Including both ethylene and propylene glycol-based)

(1) Type | ethylene will be tested at all cells showing freeze point values.

Other fluids will be tested in cells indicated by (1).

14
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2. METHODOLOGY 2.2 Description of Test Procedures

of fluid typically sprayed on an aircraft wing during a light snow
condition.

Ambient temperatures initially selected for testing were -3, -8, -14,
and -25°C (27, 18, 7, and -13°F). Testing at -25°C was not

conducted due to freeze up of the spray equipment. A
supplemental series of tests involving wind were conducted at
-10°C (14°F).

The rate of precipitation tested was 25 g/dm?/h, the upper
precipitation rate limit for light freezing rain. The series of
supplemental tests involved two rates, 25 and 12.7 g/dm?/h.
Precipitation rates were measured following standard fluid holdover
test procedures, which consisted of the timed collection and
weighing of precipitation in plate pans. Calibration of droplet size
was performed using a dye-stain technique employed by staff at
NRC’s CEF.

A series of supplemental tests to evaluate the impact of wind were
conducted at several wind velocities (calm, 10 and 20 km/h).
Winds were generated as in the tests for deicing only, using large
electric fans positioned to produce different wind speeds at the
test stand. Winds were measured at various points across the
stand using hand-held anemometers.

This test was the first time that deicing tests were conducted in
the laboratory facility under the combined conditions of controlled
wind and rain. Because the sprinkler system was installed in the
smaller chamber of the CEF, it was necessary to open the door
between the chambers to allow the fans to be positioned at the
required distance to generate the specified wind speeds.

The key issue examined by the first-step fluid tests was whether
an adequate time prior to re-freezing is made available to the
operator to allow overspray of the second-step fluid. Following
fluid application, the test plates were observed to determine the
time at which freezing first took place. Tests were allowed to
proceed until freezing occurred.

Several tests were conducted specifically to monitor how the fluid
concentration varied as it underwent dilution from ongoing
precipitation. These tests were conducted on plates dedicated to
this purpose to avoid disturbances to the plate surfaces used to
determine time intervals until onset of freezing.

The temperature of the test plates was measured on a continuous
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2. METHODOLOGY 2.2 Description of Test Procedures

basis using thermistor probes installed on the plate surface, and
logged to enable the recording of test surface temperature profiles.

The experimental program for these tests is included as
Appendix E.

2.3 Data Forms

2.3.1 Preliminary Tests at the APS Test Site and Tests on
Aircraft

During preliminary tests, data were recorded using Heated Fluid Test
Forms, shown in Figure 2.1.

The principal information recorded on these forms was:

e Surface area left wetted;

e Strength of fluid remaining on surface;

e Temperature profile of surface;

e Safe period of non-freezing following fluid application; and

e Time for test surface to recover to ambient temperature following
initial fluid application.

These same forms were used during aircraft tests for recording results
from simultaneous tests on flat plates.

Three data forms were used during aircraft tests:

e General Form (once per session) (Figure 2.2);

e General Form (every test) (Figure 2.3); and

e Icing Location Form for Aircraft Wing (Figure 2.4).

The icing location form for wing tests served a function similar to the
plate form for plate tests.

2.3.2 Deicing Only

A single data form was used for these experiments (Figure 2.5). The
data form served the dual purpose of test fluid order form for the next
test run and of recording test data during test.
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REMEMBER TO SYNCHRONIZE TIME WITH AES - USE REAL TIME

FIGURE 2.1
HEATED FLUID TEST FORM

OBSERVATIONS BY :

LOCATION: DATE: TEST #: TIME OF FLUID APPLICATION:
AIR TEMPERATURE: °C SURFACE TYPE: STD. PLATE TIME SKINT. °C TIME SKINT.
THICK PLATE % Dry: 0-5/5-25/25-50 / 50-75 / 75-95 / 95-100% % Dry: 0-5/5-25/25-50 /50-75 / 75-95
FLUDTEMP. _ 60°C 75 CMBOX 5 A
PLATE ANGLE: 10° FLUID: WATER
o | | |
XL54 WITH +3°C BUFFER | | |
XL54 WITH -3°C BUFFER
WINDSPEED — km/h HH H H
FLUID QUANTITY: 0.5L
| |
THERMISTOR #': L o Ll
BRIX BEFORE POURING: TEMP. BEFORE POURING: °C H H H
BRIX OF FLUID LEFT ON PLATE: Time: Brix
Time: Brix
Time: Brix 4?) 9—
SKIN TEMPERATURES (9" LINE) TME — SKINT.—°C TIME SKIN T.
TIME: TEMP. °C TIME: TEMP. °C % Dry: 0-5/5-25/25-50 / 50-75 / 75-95 / 95-100% % Dry: 0-5/5-25/25-50 / 50-75 / 75-95
TIME: TEMP. °C TIME: TEMP. °C O (%—
TIME: TEMP. °C TIME: TEMP. °C EH Eﬂ Bﬂ
TIME: TEMP. °C TIME: TEMP. °C
| | |
| | [
TIME: TEMP. °C TIME: TEMP. °C
TIME: TEMP. °c TIME: TEMP. °C FH H H
PRINT SIGN |EH EE‘ EH

HAND WRITTTEN BY :

TEST SITE LEADER :
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FIGURE 2.2
GENERAL FORM (ONCE PER SESSION)
(TO BE FILLED IN BY OVERALL COORDINATOR)

AIRPORT: YUL YYZ YOW
EXACT PAD LOCATION

AIRCRAFT TYPE: DC-9 F100 B-737 RJ

OF TEST: AIRLINE:
DATE: FIN #:
APPROX. AIR TEMPERATURE: °C FUEL LOAD IN WING: LB / KG

R/H: %

TYPE | FLUID APPLICATION

TYPE IV FLUID APPLICATION

TYPE | FLUID TEMP: °C TYPE IV FLUID TEMP: °C

Type | Truck #: Type IV Truck #:

Type | Fluid Nozzle Type: Type IV Fluid Nozzle Type:

Thermistor Probes Mounting Locations

Main Spar Rivet Line DC-9 Series 30
(Fuel Tank Wall)

See Cross-section 7
for Detall

B737-200

See Cross-section
M

Stand

11 Std. Plate
,,,,,,,,,,, 12 1/16"" Plate
- 13 Honeycomb Plate
T 1 x S~ — 14 7.5 cm Box

File:g:\cm1380\report\buffer\DE_GFORM
1 8 At: GFORM 1
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FIGURE 2.3

GENERAL FORM (EVERY TEST)

(TO BE FILLED IN BY PLATE/WING COORDINATOR)

DATE:
RUN #:
WIND SPEED: km/h
WIND DIRECTION: Degrees
OAT: °C
R/H: %

AIRCRAFT TYPE:

WING:

DIRECTION OF AIRCRAFT:

DRAW DIRECTION OF WIND WRT WING:

DC-9 F100 B-737 RJ
PORT (A) STARBOARD (B)
DEGREES

Actual Start Time:

Amount of Fluid Sprayed:

1st FLUID APPLICATION

Actual End Time:
L / gal Type of Fluid:

Fluid Temperature:

%

°C

End of Test Time:

COMMENTS:

(hr:min:ss)

MEASUREMENTS BY:

HAND WRITTEN BY:

19
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FIGURE 2.4
ICING LOCATION FORM FOR AIRCRAFT WING

REMEMBER TO SYNCHRONIZE TIME

DATE:

VERSION 4.0 Winter 97/98

RUN NUMBER:

FAILURES CALLED BY: COMMENTS?

HANDWRITTEN BY:

ASSISTED BY:

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

Time =

DC-9 Series 30

DCOADRW

101t

DC-9 Series 30

DCOADRW

DC-9 Series 30

DCOADRW

cm1380/report/buffer/DC9_WA.DRW
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FIGURE 2.5
DATA FORM FOR DEICING ONLY TABLE TESTS

VERSION 1.0 1997/98

TO SYNCHRONIZE TIME

LOCATION: CEF (Ottawa)

DATE:

RUN NUMBER:

STAND #:

AMBIENT TEMPERATURE: °C

Fluid Application Time:
Fluid Temperature:

Fluid Brix:

Relative Humidity
Start:

End:

Plate 1

FLUID NAME

WIND SPEED: .

Start: km/h

End: km/h

Plate 2

Plate 3

WIND SPEED:

* Start: km/h

* End: km/h

End Time

% Dry : 5/25/50/75/95/100

5/25/50/75/95/100

5/25/50/75/95/100

5 Minutes Loc.

Thick. Brix

5 Minutes

Loc. Thick. Brix

5 Minutes

Loc.

Thick. Brix

Loc. Brix 1

6" 2
12" 3
4

Drip

Loc.

Brix

&
12"
Drip

A w N e

Loc.

Brix

6"
12"

Drip

1

2
3
4

Fluid Application Time:
Fluid Temperature:

Fluid Brix:

FLUID NAME

WIND SPEED:

Start: km/h

End: km/h

Plate 4

Plate 5

Plate 6

WIND SPEED:

- Start:  __ km/h

* End: km/h

End Time

%Dry:

5/25/50/75/95/100

5/25/50/75/95/100

5/25/50/75/95/100

5 Minutes

Loc.

Thick.

Brix

5 Minutes Loc.

Thick.

Brix

5 Minutes Loc. Thick. Brix

Loc. Brix

6"
12"

Drip

1

2
3
4

Loc. Brix

6
12"

Drip

1

2
3
4

Loc. Brix 1

6" 2
12" 3
4

Drip

Indicate location of Brix values and fluid thickness on plate diagrams

COMMENTS:

HAND WRITTTEN BY :
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2. METHODOLOGY 2.3 Data Forms

The form was initiated by the test team captain who recorded the run
number, fluid types, and concentrations required for the next test run.
The form was then passed to the fluid management team as a fluids
order form.

The fluid manager prepared the required fluids, and recorded the final
temperature and Brix value for each of the test fluids on the data
form. The data form was then returned along with the set of prepared
test fluids to the test team.

At beginning and end of each test, the test team captain recorded the
wind speed measured at the four corners of the plate test stand and
recorded these values at the corresponding locations on the data form
schematic. Relative humidity was also recorded on the form.

Fluid application time was recorded as the absolute time that the fluid
sample was poured into the applicator.

At test end, the percent of plate area left dry was estimated, and the
observed pattern of the wetted area (or iced area) of the plate was
sketched. Brix values and fluid thickness were measured at points
where fluid existed on the plate. Sampled points were noted on the
plate form.

The same data form was used to record ongoing Brix values for a
series of supplemental tests that were conducted to develop Brix
profiles of the fluids on the test plate surfaces as a function of time.
These tests were run separately to avoid disturbing fluid surfaces and
plate temperatures during the main tests.

2.3.3  First-Step Fluid Tests

The single data form used for these tests is shown in Figure 2.6. The
significant data recorded on these sheets were ambient temperature,
fluid type, initial fluid temperature, initial Brix value, time of fluid
application and time at which freezing first appeared.

In later tests, wind speed was recorded.

Precipitation rates were measured and recorded using standard
precipitation rate forms (Figure 2.7).
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REMEMBER TO SYNCHRONIZE TIME

FIGURE 2.6

DATA FORM FOR FIRST STEP FLUID TESTS (LIGHT FREEZING RAIN)

VERSION 1.0

VERSION 1.0

1997/98

LOCATION: CEF (Ottawa)

DATE:

RUN NUMBER:

AMBIENT TEMPERATURE:

°C

STAND #:

Fluid Application Time:
Fluid Temperature:

Fluid Brix:

Plate 8

FLUID NAME

Plate 9

Plate 10

Time to 1st Freezing:
Time to Failure (6" Line):

Time to complete Failure (15" Line):

Fluid Application Time:
Fluid Temperature:

Fluid Brix:

FLUID NAME

Plate 11

Plate 12

Plate 13

Time to 1st Freezing:
Time to Failure (6" Line):

Time to complete Failure (15" Line):

COMMENTS:

HAND WRITTTEN BY :
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FIGURE 2.7

PRECIPITATION RATE MEASUREMENT AT CEF IN OTTAWA

Date:
Start Time:
Run # :

Precip Type:

Pan Location:

am/pm

(FZD, FZR, FZF, S)

U uu \" \"A" w ww
XX X YY Y Y44 Z
Collection Pan:
Pan/ Area of Location Weight of Pan (g) Collection Time (min)
Cup # Pan (dm?) Before After Start End
U =
uu =
\V; =
\YAY =
W =
WW =
XX =
X =
YY =
Y =
7 =
Z =
Comments:
Handwritten by:
Measured by:
Precipitation Rate = Ag/area (dm2)/h 24
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2. METHODOLOGY 2.4 Equipment

2.4 Equipment

2.4.1 Preliminary Tests at APS Test Site and Tests on Aircraft

Standard flat plate test apparatus as used in fluid holdover time tests
were employed in these experiments. During the second aircraft test
session, a flat plate designed for this purpose was mounted directly on
the aircraft wing.

Prior to aircraft tests, thermistor probes and a data logger system
were installed to record ongoing test plate and wing surface
temperatures. Locations for probe installation were selected to
generate data for wing surfaces that in past tests have demonstrated
different rates of cooling. During the Hot Water Deicing Tests (3) it
was observed that, after being heated through application of hot
water, flight control surfaces cooled much faster than the main wing
surface. This behaviour is illustrated in Figure 2.8, developed from
those tests, which charts temperature profile curves for different wing
surfaces.

Fluid applicators and thermos containers for heated test fluids as
described in tests at NRC’s CEF (Section 2.4.2) were used.

A mobile generator with light mast was rented for each test occasion
to illuminate test surfaces. This unit proved to be quite satisfactory,
being fast and simple to set up, and providing good lighting over the
entire wing surface.

Photo 2.1 shows the general setup for aircraft tests, with the mast
light in the left foreground. Photo 2.2 shows a typical spray
application from the deicing vehicle, with simultaneous tests in
process on the flat plate stand ahead of the wing. Photo 2.3 shows a
typical installation of thermistor probes on the wing surface. Photo
2.4 shows the four candidate test surfaces positioned on the test
stand, and installed thermistor probes.

A complete list of equipment used in tests on aircraft is included in the
test procedure (Appendix C).
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FIGURE 2.8
VARIATION IN COOLING RATE FOR VARIOUS WING

SURFACES
HOT WATER SKIN TEMPERATURE TEST AT YUL

April 05, 1995, Run # 3, Port Side

-13°C, Wind = 52 km/h
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2. METHODOLOGY 2.4 Equipment

2.4.2 Tests at NRC’s CEF

2.4.2.1 Preparation of Fluids for Tests

All required fluid samples were mixed at the APS test site prior to
departing for NRC’s CEF, and maintained in well-marked containers
ready for preparation for testing (Photo 2.5). Hand-held Brix-scale
refractometers were used to measure fluid concentrations.

During the test runs, each test team captain provided the fluid
manager with a data form specifying fluids required for the next
test run. Fluid samples were then heated in covered aluminum
cooking pots on hot plates. Each pot lid was fitted with a
thermometer that extended into the fluid contents, allowing close
monitoring of fluid temperatures in order to avoid overheating.
When the desired temperature was reached, 0.5 L of the fluid
sample was measured out and poured into a thermos container.
The sample temperature and the Brix value were then measured
and recorded on the data sheet. Each thermos was labelled to
indicate fluid type and concentration. Photo 2.6 shows the setup
for this procedure, with heating pots on the hot plate range, and
thermos containers placed in the custom designed tray for carrying
to the test chamber.

Thermos containers (maximum of six) and data sheets for individual
test sessions were then temporarily stored in a heated area until
the test team was ready to commence the next test. A seventh
thermos container fitted with a thermistor probe served as a
temperature reference container to indicate whether cooling had
occurred during the wait. This thermos was filled with the
standard volume (0.5 L) of one of the heated test fluids. At the
time the fluids were poured, the temperature of this probe was
displayed to ensure fluid temperatures were at the required level,
and logged for future reference. This procedure proved
satisfactory in providing fluids at the desired temperatures without
affecting fluid concentrations due to evaporation while awaiting the
start of the actual test.

The experiments involved comparison of the performance of
different fluids. Therefore, it was important that the fluids be
applied in the same manner for every test. Accordingly, a device
for applying fluid to test plates was designed and fabricated. The
device, pictured in Photos 2.7 and 2.8, served this purpose
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2. METHODOLOGY 2.4 Equipment

satisfactorily. A member of the support team was responsible for
washing and drying applicators between fluid applications to avoid
any possibility of fluid residue affecting subsequent tests. A hair
dryer was used to provide a completely dry unit. The applicators
were transported in a tray, and kept on standby in a warm area for
the next set of tests to avoid chilling fluid samples during pouring.

Although the fluid preparation facility had the capacity to heat 12
fluid samples (enough for the two simultaneous tests under way),
some test delays were encountered while awaiting test fluids.
Separate fluid management teams (one supporting each test team)
would have avoided such delays. This approach is recommended
for any future similar tests.

2.4.2.2 Deicing Only Tests

Photo 2.9 shows the general test setup for these tests. Standard
flat plate test equipment as used in fluid holdover time tests was
employed for these experiments. The flat plates were refinished
prior to testing to ensure that the nature of the surface was
common to all test runs. It had been noted in preliminary tests that
the standard marking pattern applied for holdover tests caused
some damming of thin fluid films and thereby interfered with the
process of evaporation. Consequently, the plates were marked only
with dots to assist sketching the final patterns of wetting onto the
data forms.

Thermistor probes were installed on each plate and a logger system
recorded ongoing test plate surface temperature as the heated fluid
was poured, and the plate subsequently cooled to ambient
temperature.

Electric fans mounted on castors were used to provide specified
wind speeds (Photo 2.10). These fans provided a satisfactory
quality of wind after initial test and error adjustments of distance
and orientation relative to the test stand.

Winds were measured with a hand-held anemometer. The standard
procedure required wind speeds to be measured at several points
across the test stand as part of each test (Photo 2.11). In
addition, a larger anemometer was fixed to a central location on
the plate stand and digital readouts were cabled to a personal
computer to record ongoing wind speed.
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2. METHODOLOGY 2.4 Equipment

Relative humidity in the extreme cold laboratory temperatures was
measured by use of a cold temperature relative humidity probe
cabled to a sensor readout located in the adjacent heated office
area.

Samples for fluid concentration tests were lifted off the test
surfaces using strips of clear acetate plastic to scrape together a
small amount of fluid sufficient for testing with the Brixometer.
Photos 2.12 to 2.15 depict the process of collecting a fluid sample
from the plate surface and measuring its strength with the
Brixometer.

2.4.2.3 First-Step Fluid Tests

Standard flat plates with installed thermistor probes and plate
stands as described for the deicing only tests were used.

Light freezing rain precipitation was provided by a scanning
sprinkler system (Photo 2.16). This system produced constant and
uniform distribution over the entire stand area, and a satisfactory
distribution of droplet size. The scanner cycle, however, produced
a spray pattern that was repeated every 24 seconds. This meant
that any one test plate was subjected to a periodically repeating
exposure to rainfall every 24 seconds. Failure times were
influenced somewhat by the intermittent nature of exposure, as
fluids tended to fail in the period while under active spray. The
sprayer scan cycle time was subsequently reduced through
modifications to the software that controls the spray pattern.

Photo 2.17 shows the general test setup with plates installed on a
flat plate stand positioned in the sprayer pattern.

Preliminary tests to assess the influence of wind on time elapsed
before the appearance of freezing utilized two types of small fans
as pictured in Photos 2.17 and 2.18. These fans did not provide
fully satisfactory wind quality. Subsequent tests to evaluate wind
effects were conducted using the same large fans used in the
deicing only tests. In order to position the fans at a distance great
enough to generate low-speed winds over the plate stand, it was
necessary to use both chambers of the CEF (with the dividing door
opened). This setup proved successful for winds of 10 and
20 km/h, but winds of 5 km/h were disturbed by the door frame
and resulted in inconsistent wind speeds. As a result, tests could
not be conducted at 5 km/h. Future tests requiring the
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2. METHODOLOGY 2.4 Equipment

combination of rain precipitation and wind should consider
relocation of the scanning sprinkler unit to the large chamber.

A complete list of equipment used in tests at NRC’s CEF is
included in the test procedures (Appendices D and E).

2.5 Fluids

Fluids used during preliminary and aircraft tests were limited to SAE Type
| fluids (Union Carbide ADF), mixed to different concentrations.

Laboratory tests for both deicing only and first-step fluid studies
employed Union Carbide ADF as the base fluid, with representation from
other SAE Type I, Type Il, and Type IV fluids for comparison of results.
Both ethylene and propylene glycol-based fluids were tested. Included in
the test fluid inventory were recycled fluids supplied by Inland
Technologies. These fluids had been recovered from deicing operations
and reconstituted using Inland’s own recycling process.

Fluids tested included:

Brand Symbol
Water H20
Type |  UCAR ADF Ul
UCAR XL54 XL54
Octagon Octaflo ol
Type Il Octagon 40 below ol
Hoechst I H Il
Kilfrost Il K Il
Type IV UCAR ULTRA IV urv
Octagon MaxFlight olv
Recycled Fluids (Inland Technologies)
Ethylene glycol-based TOE
Propylene glycol-based TOP

Dilutions are indicated as in the following example:

Ul (-6) indicates UCAR Type | ADF fluid diluted to a freeze point of -6°C.
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2. METHODOLOGY 2.6 Personnel and Participation

2.6 Personnel and Participation

AéroMag 2000 operated the deicing vehicles and performed the spray
operations during aircraft deicing tests.

NRC’s CEF staff provided technical support during laboratory tests at that
facility.

US Airways provided over-nighting aircraft for tests.

RVSI participated at both aircraft and laboratory tests by providing an ice
contamination sensor and supporting staff.

Representatives from US Airways, the FAA and Transport Canada’s
TDCparticipated as observers at various tests.

APS Aviation designed, co-ordinated and conducted the tests. Data were
gathered and analysed by APS Aviation.

X:\@APS ARCHIVE\CM1380 (TDC Deicing 1997-98)\REPORT\BUFFER\Final Version 1.0\Final Version 1.0.DOC

Final Version 1.0, January 07
APS AVIATION INC. 4’5 31



This page intentionally left blank.

32



2. METHODOLOGY

Photo 2.1
Aircraft Tests — General Setup

Photo 2.2
Spray Application from Deicing Vehicle and Position of Flat Plate Test Stand
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2. METHODOLOGY

Photo 2.3
Typical Installation of Thermistor Probes on Wing and Flat Plate Mounted on
Wing

Photo 2.4
Typical Installation of Thermistor Probes on Cold-Soaked Boxes
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2. METHODOLOGY

Photo 2.5
Containers of Various Fluids at Desired Concentration
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2. METHODOLOGY

Photo 2.6
Apparatus for Heating Fluids and Transporting Fluids to Test Stand
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2. METHODOLOGY

Photo 2.7
Applying Fluid to Test Plate

Photo 2.8
Fluid Spreader
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2. METHODOLOGY

Photo 2.9
NRC Cold Chamber Test Setup - Deicing Only Tests
Plate Test Stand, RVSI and Spar/Cox Ice Sensors

Photo 2.10
Fans Used to Generate Winds
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2. METHODOLOGY

Photo 2.11
Measuring Wind Speed with Hand-held Anemometer
and Vaisala RH Meter
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2. METHODOLOGY

Photo 2.12
Collecting Fluid Sample for Testing Concentration

Photo 2.13
Close-up of Fluid Sampling
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2. METHODOLOGY

Photo 2.14
Fluid Sample Being Placed on Brixometer

Photo 2.15
Reading Brix Value
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2. METHODOLOGY

Photo 2.16
Overhead Sprayer to Produce Light Freezing Rain

Photo 2.17
Test Setup - First-Step Fluid Tests under Freezing Rain Test Stand
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2. METHODOLOGY

Photo 2.18
Smaller Fan Used for Wind - Initial Evaluation of Wind Effect
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3. DESCRIPTION AND PROCESSING OF DATA 3.1 Preliminary Tests

3. DESCRIPTION AND PROCESSING OF DATA

3.1 Preliminary Tests

Two sessions of preliminary tests were conducted: on December 8,
1997, and on January 15, 1998.

These sessions examined four potential test surfaces:

e (Cold-soak boxes (heat sinks) 7.5 cm deep (filed to 25 percent
capacity);

e Aluminum honeycomb core plate;

e Standard aluminum test flat plate 3.2 mm (1/8 in.); and

e Thin aluminum flat plate 1.6 mm (1/16 in.).

Fluid samples prepared for these tests were heated to 60°C. A 0.5 L
volume of the heated fluid was applied to each test surface. The test
fluids included water, and Union Carbide ADF mixed to two fluid freeze
point buffer values: 3°C above and 3°C below the outside air
temperature.

Conditions for the December 8 tests were:
e Qutdoors;

e Calm wind, clear sky; and

e Qutside air temperature: -6 to -8°C.

Conditions for the January 15 tests were:
¢ Inside cold-soak test trailer;

e No wind; and

e Qutside air temperature: -8°C.

A typical completed data sheet is shown in Figure 3.1. Results from
these tests were compared on the basis of final condition of plate
surface.
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FIGURE 3.1
HOT FLUID TEST FORM

REMEMBER TO SYNCHRONIZE TIME WITH AES - USE REAL TIME

LOCATION: Dorval DATE: Jan. 15, 1998 TEST #: TIME OF FLUID APPLICATION: 0:49
AIR TEMPERATURE: -8 °C SURFACE TYPE: STD. PLATE TIME _ 0:54 SKINT. °C TIME 0:59 Sk
THICK PLATE % Dry: 0-5/5-25/25-50/50-75/ 75-95 / 95-100% % Dry: 0-5/5-25/25-50/50-
FLUID TEMP.: 60°C 7.5 CM BOX
B
PLATE ANGLE: 10° FLUID: WATER
.
XL54 WITH -3°C BUFFER
WINDSPEED — 0 km/h H
FLUID QUANTITY: 0.5L
(|
THERMISTOR #'s: =
BRIX BEFORE POURING: 10 TEMP. BEFORE POURING: 8 °C H H
BRIX OF FLUID LEFT ON PLATE: Time: 0:57 Brix 11
Time: 1:02 Brix 13
Time: 1:06 Brix 15 @ (%
SKIN TEMPERATURES (9" LINE) TIME _ 1:04 SKINT. —°C TIME Sk
TIME: 0:49 TEMP. 34 °C TIME: 0:58 TEMP. 2 oc % Dry: 0-5/5-25/25-50/50-75 / 75-95 / 95-100% % Dry: 0-5/5-25/25-50/50-
TIME:  0:50  TEMP. 16 °C TIME: 1:01 TEMP. -3 °C [ 5
TIME: 0:51  TEMP. 12 °C TIME: 1:04 TEMP. 5 °C
TIME: 0:52  TEMP. 8 °C TIME: 1:06 TEMP. 6 °C
TIME:  0:54  TEMP. 3 °C TIME: 1:08 TEMP. -6 °C
TIME: 0:56  TEMP. -1 °C TIME: TEMP. °C E
PRINT SIGN

OBSERVATIONS BY :

HAND WRITTTEN BY :

TEST SITE LEADER :

56

e Ea e

File:g:\cm1380\report\buffe\JAN15_HW
At: Data Form Printed: 2/20/2007




3. DESCRIPTION AND PROCESSING OF DATA 3.2 Alircraft Tests

3.2 Aircraft Tests

Two overnight test sessions were conducted on McDonnell Douglas DC-9
aircraft.

The first test session included simultaneous tests on test surfaces
mounted on a flat plate stand. These were the same surfaces reported in
the discussion of preliminary tests. During the second aircraft test
session, a flat plate was mounted directly on the aircraft wing, with a
view to subjecting the plate to the same spray application as the wing
(Photo 2.3).

A typical completed data form, showing locations of freezing on the wing
is shown in Figure 3.2.

Temperature profiles were logged for all plate surfaces, and at several
selected points on the wing. A typical temperature profile is discussed in
Section 4.

At test end, fluid concentrations were measured on all test surfaces. An
example of the distribution of fluid strength over a wing surface is given
in Figure 3.3. During the second test, fluid concentration profiles were
developed for different locations on the wing and on the flat plate
mounted on the wing.
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FIGURE 3.2
WING ICING LOCATION; JANUARY 22, 1998 - RUN 5

REMEMBER TO SYNCHRONIZE TIME VERSION 4.0 Winter 97/98
batE:  Jan. 22, 1998 RUNNUMBER: B
FAILURES CALLED BY: COMMENTS: Fluid Application Time: 3:25

HANDWRITTEN BY: Fluid: UCAR ADF (-12°C) - 160 Litres at 75°C

ASSISTED BY: OAT = -16°C, Wind: 5 kt headwind

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

Time = 3:45 DC-9 Series 30

Time = 3:50 DC-9 Series 30

Time = 3:55 DC-9 Series 30

oCoRDRW

[ ma mm e—

5 8 cm1380/report/buffer/2-J22 R5.CH4



FIGURE 3.3
AIRCRAFT TESTS; JANUARY 22, 1998 - RUN 5

VERSION 4.0 Winter 97/98

DATE: JAN. 22, 1998 RUN NUMBER: 5 OAT = -16°C

EAILURES CALLED BY: COMMENTS: Initial Fluid Freeze Point Temperature = -12°C (Wing and Plate)

Wing Time to First Icing = 20 minutes

HANDWRITTEN BY:

Fluid Final Freeze Point Temperature (°C) shown on Wing Plan eg (-23)

ASSISTED BY:

Standard Plate

Time to First Icing = 15 minutes
Final Fluid Freeze Point = -16°C

DC-9 Series 30

DC9A.DRW
0 1 2 3 4 5 10 ft

cm1380/report/buffer/ JAN22_DO.DRW
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3. DESCRIPTION AND PROCESSING OF DATA 3.3 Deicing only Tests at NRC

3.3 Deicing Only Tests at the NRC’'s CEF

The initial test session was conducted during the week of February 9 to
13, 1998, during which 150 individual tests were executed. On the
basis of results from these tests, two further test sessions were
conducted (on March 30 and 31, and on April 20 and 21, 1998) to
generate additional data. These sessions were dedicated to testing fluid
mixes having freeze points at 3°C below outside air temperatures, at
outside air temperatures, and at various wind speeds.

A complete log of tests and results is shown in Table 3.1. The logged
values for the column entitled Condition of Plate at End demand
explanation. The key attribute being examined in the study was whether
the plate remained uncontaminated (either dry and bare, or fluid covered)
or whether ice in some form appeared on the plate surface or at the drip
line along the bottom edge. The description of the final plate condition
was logged in accordance with the following legend. In the case of more
than one condition appearing, only the most severe was logged. The
level of severity is in descending order from Ice to Bare.

| lIce (any ice appearing on the plate surface)

S Slush (ice appearing in the form of slush)

D Drip ice (ice appearing only on the lower edge of the plate)
F Fluid (no ice, surface wetted by fluid)

B Bare (surface dried to bare condition)

In addition to the logged information, progressive Brix values were
recorded over time for certain tests to demonstrate the increase in fluid
concentration due to the evaporation of water. These data were then
graphed as fluid freeze point temperature profiles, and are shown in
Section 4.

The range of conditions over which tests were conducted is shown
graphically in Figure 3.4. In this chart, the diamonds represent test
points. The range of outside air temperature is given on the vertical scale,
and values for initial fluid freeze point are given on the horizontal scale.

The diagonal lines indicate ranges of fluid freeze point buffer values, both
negative and positive. A test point at the intersection of the horizontal
line representing -10°C outside air temperature and the vertical line
representing an initial fluid freeze point of -10°C would have a buffer
value of zero, and the diagonal zero degree buffer line passes through this
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TABLE 3.1
DEICING ONLY - WINTER 1997-98

Test| Form| Gate | Run [ Piate | Timeof | Ena Fldd | Flud | Fiud | OAT [Retetive Humiditf Wind | inial | intiat [Conaior] Seix End Condition
ro. | ro. no. | # |appication| tme name | trosze | typs Stort [ End | aw. | muid | fuid o plate b 5o Brix- Location Thickness - Location Comments
temp. temp. | Brix fatend | aip | 4 | 2 ) 5 | ™| pup| 1 | 2| 3 |0
{tocal) | (local} £O) ] (%) § (%) | (km) | (°C) 23
T| 2 |Feu0o08| 1 | 1 | 154000 | 161000 | Waier | 00 A | 684 | 661 | 00 | €0 | 00 | oI o0
2 [ 2 |Feboses| 1 | 2 | 154100 | 761100 | UcARADF | B0 | 1 | 1 | e84 | 1| 00 | w | 55 | F a0
3| 2 [Feroo88| 1 | 5 | 154130 | 164200 | Octagon | 15 | 1 | 4 | 684 | 61| 00 | & | 50 | F 180
4 [ 2 |Febosos| 1 | 4 | 154200 | 161200 | Top | 45 | o | 4 |eea| ee1 | 00 | e | 55 [ F 80
5| 2 |Fer0998| 1 | 5 | 154230 | 161500 | UCARADF | 20 | 1 | 4 | 684 | 661 | 00 | &0 | 35 | F 60
6|2 |Febosoe| 1 | 6 | 154300 | 6400 | ToE | 30 | o | <1 |eee | 61| 00 | & [ 50 | F 20
T3 [revoame| 2z | 1 | w20000 | 123000 | war | 00 q | se0| 70| 44 | 65 | oo | 8
8|3 |Feb0as6| = | 2 | 120100 | 125100 | UGARADF | 30 | 1 | -1 | 560 50 | 44 | & | 50 | F 130
9] 3 |Fecosee| z | 3 | 120200 | 123200 | Octagon | 15 | 1 | 1 | 50| 570 | 44 | e | 50 | F
0] 3 |Febosog| 2z | 4 | 120290 | 123200 TOF | 5 | 0 | 1 |60 570 | 45 | e | 50 | * 10.0
11} 3 |Feoosos| 2 | 5 [ 120300 | 123300 ] UcARADE | 20 | 1 | @ | %60 &0 | 44 | e | 30 | F 0
12| 3 |Feb0o98| 2 | 6 | 120400 | 1z3400] TOE | w0 | 0 | 1 | 60| 50| 44 | & | 50 | F )
13| 4 |Febooge| 3 | 1 | 1a0500 | 1zton | water | 00 EA R ENEEE
14| 4 |Feos9s| 3 | 2 | 130590 | 132300 | UCARADF | 30 | 1 | 1 | 563 | @0 | 103 | w0 | 50 | F 230 | 230 | 100
15| 4 | Fep0ooa| 3 | 3 [ 120600 Octagon | =15 | 1 | 1 |sea| 620 | 103 | & | 50 | F 20 | 230 170
16 4 |Foo0o9s| 3 | & 130700 | 132900 ToP | 45 | o | 4 |53 | ezo | 103 | s | 55 | F 150
17 4 |Feb0os8| 3 | 5 | 130730 | 133100 | UCARADF | 20 | 1 | 1 | 563 6o | 103 | &0 | 30 | F 10
18] 4 |reoosoa| 3 [ & | 130800 ] 133500 | ToE | w0 | o | 1 |85 |eza | 103 | e | 50 | F 90 | #0 | 110
395 |Febosos| 4 | 1 | 4480 | 152000 | Weer | 08 4 |33 | es3| 195 | &0 | 00 | 1
20| 5 |Febto08| 4 | 2 | 144000 | 152000 | UCARADF | 50 | 1 | 1 | 633 | 635 | 195 | &0 | 50 | F 240 | 240 | 150
21| 5 |Feb0s08| 4 | 3 | 144030 | 152000 | Octagon | 15 | 1 | 1 | 63a| 633 | 195 | &0 | sa | F 29
2| 5 [repopss| 4 | 4 | 145000 | 152000 | ToF | a5 | 6 |71 |3 @3 [ 195 | s0 | 55 | F 120 | 120 | 270
7|5 | Febteos] 4 | 5 | 14500 | 152100 | UCARADF | 20 | 1 | -1 |53 | 63 | 195 | e | 35 | * T ED
2| 5 [Febtsoa] 4 | 6 |14m100 | 152100 TOE | 60 | 0 | 1 |33 | ea| 195 | e | 50 | F %0360 | 140
25| 6 |rebtoos] 5 | 1 | sz0 Watler |00 5 |6z | e25]| o0 | e | 00 | 1
2| 6 |Fer008] 5 | 2 | w230 UCARADF | 0 | 1 | 5 |62 e@s| 00 | @ | 50 | O 70
7| & |reotoss] 5 | 5 | e300 Octagon | 15 | 1 | = |62 es5| 0o | 80 | 50 | b 240 70 | 70 | 120
| 6 |reotoes] 5 | & | s1em0 ToP | 15 | 6 | 5 |esz| e25| o0 | e | 55 | o 70
29| 6 |rebt088] 5 | 5 | 91420 UCARADF | 20 | 1 | & |2 | e8| 00 | & | 30 | o 50
2| 6 |Ferioes] 5 | & | om0 Toe | w0 [ o | 5 |2 65| o0 | & | 50 | o 90
#| 7 [Feot098] & | 1 | 101200 Octagon | 45 | 1 | = |22 | e@z] 00 | &0 | 125 ] F MIED 34| 210
2|7 |rebr0e| 6 | 2 | tonza0 Wiralv | 90 | 4 | 5 |22 | e22| o0 | e0 | 50 | O 7a 70
B[ 7 [Fer88] & [ 3 | 101340 Octagoniv | 15 | 4 | 5 |e22| 22| 00 | @ | 50 | Ol 100
| 7 |Feot098] 6 | 4 | 101330 ToP | 45 | 0 | = |e22| 2] o0 | s |20 F 420 a20| 170
a5 |7 | Feones| & | 5 | 101et0 UCARADF | 80 § 1 | 5 |e2z| @2 | o0 | @ | 125] F 30| %80 | 180
%] 7 |Fer1088] & | 6 | 101430 ToE | #0 | 0 | = |ee2| 2| oo | e |25 F 30 | 30| 210
37| 8 | Febto8] 7 | 1 | 153630 Waler | 00 5 |e29| @1 | 53 | e | 60 | o 00
%[ 8 |Fei0m8] 7 | 2 [ 1550 UCARADF | 30 | 1 | & |e29| 621 | 53 | & | 50 | D 80
®[ 8 |Ferioom| 7 | 3 | sarm0 Octagon | 15 | 1 | & |eee| e21 | 55 | & | 50 | w 00
@[ 8 [Febroes| 7 | 4 | 15560 ToP | 6 | 0 | 5 | oo | e1| 53 | e | 55 | o 280 | 280 | 100
4] 8 [Febiooa]| 7 | 5 | 1seem ucaRADF | 20 | T [ 5 |29 | ez1 | 53 | & | 30 | o
2| 8 {Fesi008] 7 | 6 | 162000 Toe | 90 | o | 5 |es| &1 [ 55 [ e | 55 | o 00 | 200 | 140
43| 9 |Feb1008]| 6 | 1 | 16500 | 165500 | Octgon | 45 | 1 | 5 | 633 | ees | 56 | e | w0 | F 340 | 260 | 300 | 210
4[5 |Febi098| 8 | 2 | 162600 | 165600 | ULTRANV | 30 | 4 | = |63 | e28 | 56 | e | 50 | O 20 | 140 ] 170] 70
45| © | Febi008| 8 | 3 | 162630 | 165600 | Octgonv | 15 | 4 | & |es3| e28 | 56 | s0 | 50 | O 120 1401 90
46| 9 |Fept098] & | 4 |te2ro0 ] tesr0| Tor | 45 | 0 | 5 | 33| eee | 56 | e | 80| F 430 | 370 | 400 | 200
47| 5 |Fevioes| & | 5 | 162730 | 165800 | UCARADF | €0 | 1 | 5 |e3a| e8| 56 | &0 | 120 | F 390 | 270 330 | 200
61
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TABLE 3.1
DEICING ONLY - WINTER 1997-98

Test] Form Date Run | Plate | Time of End Fluid Fluld Fluid | OAT Retative Humidity Wind | Iniial | Initial |Conditio| Brix End Gonditicn
no. | no. no. # |application time name freeze | type Start | End Avg, fluid fd | of plate [@ 5 min Brix - Location Thickness - Location Comments
temp. temp. | Brix [atend [ ap | 4 | 2 | 3 | A9 pgp) 4 ] 2 | 3 | D
{ocal) | (Local) £o) | (e} | (%) ] (kmiy | _(°C) 2,3
48 9 Feb-10-98| 8 6 16:28:00 | 16:56:00 TOE -8.0 0 -5 633 | 628 58 60 12.0 F 390 | 360 | 375 | 250
491 10 | Feb-10-98 | 9,10 1 14:20:00 Water 0.0 -5 638 | 636 9.6 60 0.0 D1
50} 10 | Feb-10-98| 910 | 2 14:221:00 UCAR ADF 3.0 1 -5 638 | 835 96 60 5.5 Ol 350 | 20| 285 | 100
51§ 10 | Feb-10-88 | 9,10 3 14:21:00 Octagon -1.5 1 -5 638 | 636 9.6 60 5.0 =] 35.0 | I5.0 | 13.0
52| 10 | Feb10-98| 810 | 4 14:22:00 Cctagon IV -1.5 4 -5 638 | 636 96 60 5.5 =} 230 | 160 | 195 | 90
%3 | 10 | Feb-10-88 | 9,90 5 14:22:30 UCAR ADF 2.0 1 -3 638 | 636 9.6 60 3.0 =) 10.0
54 | 10 | Feb-10-98 | 910 6 14:23:00 ULTRA IV 3.0 4 -5 638 | 636 9.6 60 5.0 ] 280 | 180 230 | 90
55| 11 | Feb1og8 | 1 1 11:19:00 | 11:49:00 Water 0.0 -5 | 665 | 650 | 209 60 0.0 |
56| 1 Feb-10-98 | 1t 2 11:20:00 | 11:50:00 | UCAR ADF -3.0 1 -5 665 | 650 20.1 60 55 Dl 280 | 17.0 | 225 | 90
57| 11 | Feb-10-98 | 1 3 11:23:00 | 11:53:00 Octagon -1.5 1 -5 | 665 | 650 201 60 5.0 =) 45.0 45.0 | 120
58| 11 | Febig98| 11 4 | 11:21:00 | 11:51:00 TOP -1.5 0 -5 | 665 | 650 | 204 60 50 &] 270 | 270 | 100
59| 11 | Febid-38 | 11 5 11:21:30 | 11:52:00 | UCAR ADF 2.0 1 -3 | 665 | 650 201 0 39 | 6.0
60| 11 | Feb10-98 | 11 ] 11:22:00 | 11:52:00 TOE 3.0 0 -3 | 865 | 650 201 60 5.0 =] 37.0 | 370 | 100
61 ] 12 | Feb10-88 | 12 1 13:06:00 Octagon -4.5 1 -5 | 656 | €51 201 60 12.5 F 420 | 37.0 | 300 | 33.5 | 240
62 | 12 § Feb10-98 | 12 2 13:06:30 ULTRA IV -3.0 4 -5 | 656 | 651 21 60 55 »] 30| 200 | 130 | 165 | 90
83| 12 | Feb-10-98 | 12 3 13:07:00 Qetagon IV -1.5 4 -5 | 856 | 651 201 60 50 =] 360|210 | 285 | BO
64| 12 | Feb10-98| 12 4 13:07:30 TOP 4.5 0 -5 | 656 | 651 201 680 13.0 F 30| 310 | 250
65| 12 | Feb1098| 12 5 13:08:00 UCAR ADF 2.0 1 -5 | 656 | 651 201 60 13.0 F 330 | 300 | 1.5 ] 260
66 | 12 | Feb-10-98 | 12 6 13:08:30 TOE £.0 0 5 | 656 | €51 201 60 13.0 F 320 | 320 | 260
67| 13 | Feb11-88 | 13 1 £8:30:00 9:00:00 Water 0.0 -10 | 620 | 620 0.0 80 0.0 DI
63| 13 | Feb11-98] 13 2 8:30:30 9:01:00 | UCARADF -3.0 1 =10 | 620 | 620 0.0 50 5.0 =] 2640 | 260 | 8.0
69| 13 | Feb-11-981 13 3 8:31:00 9:01:00 Qctagon -1.5 1 A0 | 620 | 620 0.0 60 5.0 o 230 | 230 | 90
70| 13 | Feb11-88] 13 4 8:31:30 9:02:00 TOP -1.5 0 -10 | 620 | 620 0.0 60 5.5 2] HO | N0
71| 13 | Feb11-98] 13 5 8:32:00 902:00 | UCAR ADF =20 1 -10 | 620 | 620 0.0 60 3.0 D¥ 160 | 160 | 6.0
72| 13 | Feb-11-88] 13 [ 8:32:30 9:03:00 TOE -3.0 0 -10 | 620 | 620 0.0 G0 50 o 360 | 360 | 130
73| 14 | Feb11-88] 14 1 10:15:00 | 10:45:00 | ULTRA IV =3.0 4 =10 | 634 | 634 0.0 80 5.0 1 10,0 80 | 951 80
74| 14 | Feb-11-88] 14 2 10:15:30 | 10:46:00 | UCARADF | -14.0 1 -10 | 634 | 634 0.0 60 1840 F 430 | 400 | #15 | 250
75| 14 | Febr11-98] 14 3 10:16:00 | 10:46:00 Octagon 4.5 1 -10 | 634 | 634 0.0 60 125 F 480 | M0 | 445 | 27.0
76| 14 | Feb-11-981 14 4 10:1630 | 10:46:00 TOP 4.5 0 =10 | 634 | 634 0.0 80 13.0 F 47.0 | 360 | 4151 260
TT| 14 | Feb11-581 14 5 10:17:00 | 10:47:00 | UCAR ADF 8.0 1 -10 | 634 | 634 0.0 B0 125 F 410 | 200 | 350 | 180
73| 14 | Feb-11-98 | 14 6 10:117:30 | 10:48:00 TOE 2.0 0 <10 | 634 | 634 0.0 60 13.0 F 410 | 370 | 380 | 280
79| 15 | Feb11-881 15 1 11:17:00 | 11:47:00 Water 00 -10 | 628 | 638 54 60 0.0 1
80| 15 | Feb11-88{ 15 2 11:17:30 | 11:47:00 | UCAR ADF -3.0 1 -10 | 628 | 638 54 60 5.0 o 280 | 280 | 100
81| 15 | Feb11-98| 15 3 11:18:00 | 11:48:00 Octagon 1.5 1 -10 | 628 | 638 34 B0 5.0 1 110 | 11.0 | 120
8| 15 | Feb11-88| 15 4 11:18:30 | 11:49:00 TOP -1.5 0 -10 | 628 | 638 54 60 50 1 150 | 150 | 9.0
83| 15 | Feb-11-88 | 15 5 11:19:00 | 11:45:00 | UCAR ADF 2.0 1 -10 | 628 | 638 54 60 3.0 1 120 | 120 | 80
B4 | 15 | Feb11-98| 15 13 111930 | 11:50:00 TOE 3.0 0 -10 | 628 | 638 34 60 50 | 370 260 | 31.5 | 100
85| 16 | Feb11-88| 16 1 13:01:30 | 123200 | ULTRA IV 3.0 4 =10 | 630 | 625 5.1 60 5.0 | 80 | 80 | 85| 7.0
86| 16 | Feb-11-88 | 16 2 13:02:00 | 13:32:00 | UCARADF | -14.0 1 -10 | 63.0 | 625 5.1 60 168.0 F 39.0 | 37.0 | 380 | 250
87| 16 | Feb11-88| 16 3 13:02:30 | 13:33:00 Octagon -4.5 1 -10 | 630 | 625 5.1 60 12.0 ] 41,0 | 300 | 355 | 230
88 4 0 60
89 E] 1 60
L) ] 0 60
Ul 1 60
92 2 60
93 3 60
94 4 60

16 | Feb-11-88| 18 13:03:00 | 13:33:.00 TOP 4.5 -0 | 630 | 625 51 12.0 ol 30.0 | 280 | 290 | 80
16 | Feb-11-88| 18 13:03:30 | 13:34:00 | UCAR ADF 2.0 <10 | 630 | 625 5.1 12.0 £ 38.0 | 32.0 | 350 | 250
16 | Feb-11-98| 16 13:04:00 | 13:34:00 TOE -8.0 -10 | 63.0 | 625 5.1 12.0 F 37.0 | 320 | 345 | 250
17 | Feb-11-98 | 17,18 14:05:00 | 14:25:00 Water 0.0 <10 | 631 | 640 103 0.0 |

17 | Feb-11-38 | 17, 18 14:06:00 | 14:36:00 | UCAR ADF -2.0 1 -10 | 631 | 64.0 103 12.0 F 37.0 | 3220 | 345 | 220
17 | Feb11-98 | 17,18 14:06:30 Octagon 4.5 1 -10 | 631 | 640 103 120 Dl 360 | 260 | M0 | 220
17 | Feb-11-98 | 17,18 14:07:00 Cetagon IV 3.0 4 -10 | 631 | 640 10.3 90 1 160 | 140 | 150
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TABLE 3.1
DEICING ONLY - WINTER 1997-98

Test| Fom| Date | Rum  Plate]| Timeof | End Fluid Fluid | Frid | OAT Relative Humidty Wind | Initial | Iritial Cond‘rlio7 Brix End Condition
. | no. no. | # |application| time name freeze | type Stat | End | Avg | fuid | fuid | of plate |@ 5 min Brix - Location Thickness - Location Comments
temnp, temp. | Brix | atend | orip | 4 2 3 | ™| pap| 1 2 3 | orp
{Local) | {Local) CO g (%) | e} | (kmm) | (°C) 23
95{ 17 | Fev-11-98]17.18] 5 | 140730 UCARADF | -20 1 | 40 {631 ]| a0 | 03| 60 | 30 t 150 { 90 | 120 60
96 17 | Fep11.98 47,18 6 | 140800 uLTrRAlY | 90 4 | 10|6a1]| s40| 03] 60 | 50 i 160 160 | a0
97| 18 | Feb11-98] 19 | 1 | 150200 | 153200 Water 0.0 10 | ese| 641 | 198 | 60 | 00 |
98] 18 | Feb11-98] 19 | 2 | 150400 | 153400 | ucaraDF | 30 t | 10|e58] 641 | 198 | 0 | 50 | 100 | 100] 80
99| 18 | Fev11-98] 19 | 3 | 150800 | 15:33:00 | Octagon 1.5 1 | 10| ess]| 6an | 198 | e | 50 | 320 | 320} 120
100] 18 | Feb-11-08] 19 | 4 | 1m0330 | 153400 TOP 1.5 0 | 10 ]es8| 641 | 198 | 60 | 50 [ 400 | 160 | 280 [ 100
01| 18 | Feb11-88| 19 | 5 | 150500 | 153500 | ucarRADF | -20 1 10 | es8]| 641 | 198 | 60 | 30 1 90 | 00 | s0
102| 18 | Feb-11-88| 19 | & | 150530 | 153800 TOE 3.0 0 | 10]ese] 6s1] 198) 60 | 50 1 20| 110] 165
103] 19 | Feb11-88] 20 | 1 | 160500 | 16:3500 | ULTRAW | 30 4 | 0 |esa| ee0 ]| 208 [ s0 5.0 [ 90 | 8o [ 85 | 80
104] 19 | Feb11-88| 20 | 2 | 16:05:30 | 16:36:00 | ucarADF | -140 1 0 | 51| 640 ] 203 | 60 | 180 F 380 | 31.0 | 345 280
105] 19 | Feb11-98| 20 | 3 | 16:06:00 | 16:36:00 | Octagen 1.5 1 10 | 651 | 640 | 203 | 60 5.0 1 2o | ne]| 21s| 70
106] 19 | Feb11-98| 20 | 4 | 160600 | 16:36:00 TOP 1.5 0 | 10 ]es1] sd0]| 203 60 55 1 420 | 150 | 285| 110
107| 19 | Feb1188| 20 | 5 [ 16:07:00 | 16:37:00 | ucarADF | 20 1 A0 | 651 ] s | 203 | 80 3.0 1 20| 80 | 145] 50
108| 18 | Feb11-58] 20 | & | 1607:30 | 163800 TOE -3.0 0 | 10|51 640 203 | 60 55 | 330 { 240] 285 1o
109| 20 | Feb1298| 21 | 1 | e:58:30 Water 0.0 a8 | 723 | 128 | 00 60 0.0 1
10| 20 | Feb12-88| 210 | 2 | a&:5%:00 UCAR ADF | -3.0 [HENERESIKD 60 5.0 1 150 150 70
111] 20 | Feb1298| 21 | 3 | 85930 Qclagon 15 1 48 | 723 | 728 | 00 60 5.0 I 90 | 80| 70
12| 20 | Feb12-98| 210 | 4 | s0000 TOP 15 0o | 98723 728 | 00 &0 55 | 120 | 120 | 90
13] 20 |Feb12e8| 21 | 5 | %02:00 UCARADF | -20 1 | 18 {723l 28] oo 60 a0 | 50 | 50 | 50
14] 20 | Feb1298| 21 | 6 | 90230 TOE -3.0 0 | 18| 723 728 | 00 60 5.0 | 1.0 | 10| 100
115] 21 | Fep1298| 22 | 1 | 96700 | 10:27.00 | UCARADE | 80 1 118 |6s0] 692] 00 & | 120 | 170 | 170 | 170 | 160
116] 21 | Feb12:98| 22 | 2 | 95800 | 10:28:00 | UCARADF | 140 | 1 | 18 [ 600 s02 | 00 6 | 80| o 370 | 200 | 330 | 240
17} 21 | Feb1298| 22 | 3 | e58:00 | 102800 { wTRANV | 150 | 4 | 18 | s00 | 692 | 00 80 | 185 I 200 | 200 | 200 | 200
18] 21 | Feb1288]| 2 | 4 | %8000 | 102900 TOP 4.5 0 | 18| 690] 692 ] 00 60 | 130 | 370 | 230 | 300 | 210
19 21 | Feb1288] 22 | 5 | 95900 [ 102000 | uCARADF | 220 | 1 | 18 [ 600 682 | 00 60 | 225 F 380 | 340 | 380 | 290
120) 21 | Feb1288| 22 | & | 10:0000 | 10:30:00 TOE £.0 o | 8690 es2]| oo 60 | 120 1 380 | 210 | 285 [ 170
121| 22 [ Febagg | 24 | 1 | 143000 UCARADF | 80 1 | 18| sa0] sa7 | 51 60 | 120 | 380 | 180 | 280 | 170
122 22 | Feb1298| 24 | 2 | 1440:00 UCARADF | 140 | 1 | 18 | 640 | 847 | 54 60 | 178 F 390 | 320 | 355 | 230
123 22 [ Feb1298| 24 | 3 | 1440:00 Octagon 4.5 1 | 18| sa0| sa7 | 54 80 | 118 ] 230 | 230 | 230 | 190
124| 22 | Feb1288| 24 | 4 | 144030 TOP 4.5 o | 18 |6t0] sa7 | 51 g | 133 1 230|190 | 210 | 190
125 22 | Feb1298| 24 | 5 | 144100 ucaRADF | 220 | 1 | 18 | eeo | sa7 | s4 60 | 235 F
126 22 | Fep1208] 24 | & | 1441:3p TOE 80 0 | 18] o6t sar | 51 s0 | 125 1 340 | 210 | 275 170
127 23 [ Feb1298] 26 | 1 | 1312:00 | 1342:00 | Octagoniv | 80 4 | 18| es0| e60| 95 60 | 178 1 200 | 210 | 205 | 230
128) 23 | Feb1288| 26 | 2 | 131200 | 134200 | ucARADF | 140 | 1 | 18 | 650 | e60 | as 60 | 180 F 40.0 | 200 | 345 | 260
129 23 | Feb1298] 26 | 3 | 13:13:00 | 134300 | Octagon 45 1 | -18]|650] 660 [ 95 60 | 123 1 290 | 220 | 255 | 190
130| 23 | Feb1288] 26 | 4 | 131300 | 134300 | wRANV | 150 | 4 | 18 [ 650 | 660 | 95 80 | 173 [ 220 | 230 | 225{ 240
131| 23 | Feb1298] 26 | 5 | 13:14:00 | 134400 | ucArRADF | 220 | 1 | 18 [ 650 660 | 95 60 | 235 F 40.0 | 320 [ 360 ] 200
122] 23 | Feb12-88] 26 | 6 | 131400 | 134500 | vcarRADF | 80 1 | 18| 650 660 | 95 0 | 18 1 250 [ 190 [ 240 180
133| 24 | Feb12-88] 28 | 1 | 11313 wrrarv | 50 | 4 | 18| 671 | ees | 201 | s0 | 185 1 200 | 200 [ 2001 210
134| 24 | Feb1288| 28 | 2 | 113200 UCARADF | 140 | 1 | 18| 671 ]| 65| 204 | 60 | 180 [ 320 | 260 | 290 | 240
135| 24 | Feb1288] 28 | 3 | 11:33:00 Octagon 4.5 1 | 18 |6ra| 665} 201 60 | 125 1 220|200 210 ] 210
136) 24 | Feb1298| 28 | 4 | 11:33:00 TOP 4.5 o | 8]|era]| 65| 200 | s0 | 120 1 250 | 220 | 235
137| 24 | Feb1288| 28 | 5 | 11333 UCARADF | 80 1 | 18 | 671 ]| 665} 200 | 80 | 120 i 220 ] 200 | 210 | 190
138] 24 | Feba288] 28 | & | 11:34:00 TOE £.0 o | 1861|665 | 201 | 0 | 125 1 240 | 190 | 215 | 160
139] 25 | Feb1388] 20 | 1 | 94300 | 1011200 Water 0.0 35 [ esa| s3s | 00 0 | 00 1
140| 25 | Feb1388] 20 | 2 | 94800 | 101400 | Octagon | 270 ] 1 | 35 | 658 | €35 | 00 60 | 325 [ B ENEITED
141| 25 | Feb1398] 20 | 3 | 9:44:00 | 10:15:00 | vcARADF | 220 | 1 | 35 | 658 | 635 | 00 60 | 238 [ 20 270] 25| 270
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DEICING ONLY - WINTER 1997-98

TABLE 3.1

Test] Date Run | Plate| Timeof End Fluid Fluid Fluid | OAT Relative Humiditd Wind | tnitial | Initial [Conditior] Beix End Condition
no. ¢ no. no. # | application time: namae freaze | type Start | End Avg. flukd fd | of plate [@ 5 min Brix - Location Thickness - Location Comments

temp. temp. | Bex | atend | dip | 4 2 3 | Avo pap | 1 2 3 | omp

{Local) | (Local) O Ce} | (%) | (kmh)| (°C) 23
142} 25 | Feb-12-98| 29 4 9:44:00 | 10:15:00 Octagon =200 1 -35 t 658 | 639 0.0 60 278 t 330 | 330 | 30| 350
1431 25 | Feb-13-98| 29 5 94500 | 1011500 | UCARADF | -430 1 -35 | 658 639 0.0 60 33.0 F 390 | 370 | 0| 370
1441 25 | Feb13-88 | 29 6 $45:30 10:16:00 | UCAR ADF -30.0 1 -35 | 658 | 639 0.0 60 28.5 | 370 | 340 | 355
145| 26 | Feb13-88| 30 1 11:40:30 Water 0] -35 | 585 | 583 4.8 60 [1X0] |
146| 26 | Feb13-98| 30 2 11:41:00 Qctagon 270 1 -35 | 585 | 583 48 60 335 1 380 | 350 | 365 | 360
147| 26 | Feb13-98| 30 3 11:41:30 UCAR ADF | -220 1 -35 | 585 | 583 4.8 60 24,0 | 320| 270 | 295 | 260
148| 26 | Feb-13-98 | 30 4 11:42:00 Octagon -20.0 1 -35 | 585 | 583 48 60 28,0 | 340 | 320 | 330 | 380
149| 26 | Feb-13-98 | 30 5 11:42:30 UCARADF | -43.0 1 -35 | 585 | 583 48 1] 325 F 380 | 370 | 375 | 300
150| 26 ]| Feb-13-98 | 30 ] 11:43:00 UCAR ADF | -30.0 1 -35 | 658 | 644 48 60 280 | 390 | 4.0 | 365 | 40
151 27 | Mar-30-98 1 1 12:26:00 UCAR ADF =20 1 -5 0.0 62 340 | 50 145 | 145 | 65 <1 Ice
152| 27 | Mar-30-98 1 2 12:30:00 Octagon -1.5 1 -5 0.0 60 5.0 oi 65 180 | 180 | 85 <2 Ice
153| 27 | Mar-30-98 1 3 12:30:30 Kitfrost -1.5 2 -5 0.0 60 5.3 [»] 6.5 95 <3 Ice
154| 27 | Mar-30-98 1 4 12:31:00 ULTRA IV 20 4 -5 0.0 59 3.3 | 5.0 155 75 | 115| 70 <1 ] Icg
155| 28 | Mar-30-98 | 2 1 14:04:00 UCAR ADF =20 1 -5 200 62 30 | 53 170 55 | 113 | 35 <1 lce Ice
156| 28 | Mar-30-98| 2 2 14:04:00 Octagon -1.5 1 -5 200 58 53 | 50 155 ] 10,0 | 128 | 80 20 lca -]
157 28 | Mar-30-98 | 2 3 14:04:00 Kiffrost -1.5 2 -5 200 58 5.3 | 6.3 170 85 | 133 | 8O 20 lee Ice
158| 28 | Mar-30-98| 2 4 14:05:00 ULTRA IV 2.0 4 -5 209 60 35 1 50 106 ] 90 95 | 80 fce lce Ice
159| 29 | Mar-30-08 3 1 15:31:30 UCAR ADF =20 1 -5 10.5 60 3.3 | 4.0 76| 70 6.0 <1 lee Ice
160| 29 | Mar-30-98 3 2 15:32:00 Octagon -1.5 1 -5 105 60 53 | 6.0 100 | 100 | 7.5 <1 lce Ice
161| 29 | Mar-30-98| 3 3 15:32:30 Klfrost -1.5 2 -5 105 60 5.5 | 65 150 | 150 | 90 <1 <1 Ice
162| 29 { Mar-30-98 3 4 15:33:00 ULTRA IV 2.0 4 -5 10.5 1] 33 | 35 130 70 | 100 | &0 <1 lce lce
163| 30 { Mar-30-98| 3 1 17:03:30 YCAR ADF 20 1 -5 49 59 33 I 5.0 15| 115] 65 <1 Ice
164| 30 | Mar-30-98| 3 2 17:04:00 Octagon -1.5 1 -5 43 58 50 1 50 155 | 185 7.0 < Ice
65| 30 | Mar30-93| 3 3 17:04:00 Kilfrost -15 2 -5 49 ] 53 ] 7.0 195 | 195 | 80 <1 Ice
166| 30 | Mar-30-98 3 4 17:05:00 ULTRA IV 2.0 4 -5 49 58 35 1 4.0 0] 70 | 110} 50 <1 ce Ice
167 31 | Mar-31-98 1 1 B:58:30 UCARADF | -32.0 1 -35 | 599 | 602 10.3 651 290 i3 00| 60| 30| 320|330 330) 15| 22| 22| 360
168| 31 ]| Mar-31-98 1 2 B8:55:00 Octagon 27.0 1 -35 | 599 | €02 103 60 320 g 340 | 1.0 280 | 380 | 380 ) 385 | 22 | 22 5.0 | 30.0
169| 31 | Mar-31-98 1 3 8:59:30 Kilfrost 210 2 -35 | 509 | 602 10.3 62 3340 s 350 | 380 | 35| 375 | WS | 370 66 | 142] 16.0 | 350
170] 31 ] Mar-31-98 1 4 G:00:00 ULTRA IV S2.0 4 -35 | 599 | 60.2 103 30 2.5 F 330 | 330 | 30| 325 328 | 325 480 | 480 | 450 | 8OO
171| 32 | Mar-31-98 2 1 11:13:00 UCAR ADF -30.0 1 -33 | 621 620 195 28 280 S 300 | 30| 223 320 321 | 323 22 22 22 | 160
172 32 | Mar-31-98| 2 2 11:13:30 Octagon 210 1 -33 | 621 62.0 195 32 320 3 340 | 390 | 375 | 370 | 373 [ 375| 26 | 26 | 26 | 202
173| 32 | Mar-31-98| 2 3 11:14:00 Kitrost 270 2 =33 | 621 62.0 19.5 k3 3240 S 350 | 30| 375|375 375|375 7.7 | 166 | 166 | 480
174| 32 | Mar-31-98| 2 4 11:14:30 ULTRA IV -30.0 4 -33 | 621 62.0 19.5 28 280 5 3.0 | 333 | 333|333 | 333 | 333 | 300 | 350 400 | 480
175| 33 | Mar-31-98 1 14:45:00 UCARADF | -220 1 -25 | 654 19.5 L] 238 5 270 | 30| 30| 295 303 | 275 | 28 26 | 26 | 48.0 {Lostthermistor data, repeat Apil 03
76| 33 | Mar-31-98 2 14:45:00 Octagon -20.0 1 -25 | 654 185 61 28.3 s 30| 370 ] 355 345 350 | 25| 26 26 26 | 40.0 |Lost thermistor data, repeat April 03
177| 33 | Mar-31-98 3 14:46:00 Kilfrost -21.0 2 -25 | 654 195 61 285 5 320 | 40| 335 340 | 33.8 | 345 | 202 | 202 | 202 | 25.0 |Lost thermistor data, repeat Apil 03
178} 33 | Mar-31-98 4 14:46:00 ULTRA IV =220 4 -23 | 654 195 61 240 S 270 | 00| 285 295 | 295 | 285 | 30.0 | 295 | 295 | 285 |Lost thermistor data, repeat Aprl 03
179] 34 | Mar-31-98 1 16:17:30 UCAR ADF | -22.0 1 -25 | 669 | 671 103 61 235 F 20| 370 375|320 348 | 350 | 22 22 | 22 | 40.0 |Lost themmistor data, repeat Apiil 03
180] 3¢ | Mar-31-58 2 16:18:00 Octagon -20.0 1 -25 | 669 | 671 103 60 27.8 5 30| 420)] 350 45| 48| MO | 15 22 | 28 | 48.0 |Lostthemistor data, repeat April 03
181]| 34 | Mar-31-58 3 16:48:00 Kilfrost 210 2 =25 | 660 671 103 61 28.0 F 315 | 340 335| 335| 335 | 335 | 202 | 202 | 202 | 48.0 |Lost thermistor data, repeat April 03
182| 34 | Mar-31-98 4 163900 ULTRA IV 220 4 25 | 669 | 671 103 60 238 S 270 | 205 | 295 | 205 | 295 | 205 | 40.0 | 40.0 | 48.0 | 48.0 |Lostthemmistor data, repeat April 03
183] 35 | Apr-20-98 1 12:18:00 UCAR ADF | -340 1 34 | 56.0 | 57.7 0.0 61 285 F
184| 35 | Apr-20-98 3 14:52:00 Qctagon <340 1 M | 860 | 57.7 0.0 60 B0 F
185| 36 | Apr-20-98 1 13:16:30 UCAR ADF | -34.0 1 34 | 577 | 602 200 61 295 F
186| 36 | Apr-20-98 3 13:34:00 Octagon =34.0 1 34 | 577 | 60.2 200 €0 5.0 F
187| 37 | Apr-20-98 1 14:07:00 UCARADF | -34.0 1 34 | 85| 672 100 1 295 F
188| 37 | Apr-20-98 3 14:23:00 Octagon -34.0 1 34 | 625 | 672 10.0 60 as.0 F
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TABLE 3.1
DEICING ONLY - WINTER 1997-98

Test| Foorm| Date Run | Piate | Timeof End Fluid Flid | Fluid | OAT Relative Humidity Wind | Inial | Initial mmLBrbc End Condition
no.| ne. . # | application| time name freeze | type Start | End Avg. fluid flid | of plate [@ 5 min Brix - Location Thickness - Location Comments
temp. temp. | Brix [atend | aip [ ¢ | 2 | 3 [A9(pap| 1 | 2 | 3 | Oap
{Local} | {Local) ol ) | (% | (kmh}] (°C) 23
188| 38 | Apr20-98 1 15:27:00 UCAR ADF | -25.0 1 -25 | 693 | 685 10.0 60 255 F
190| 38 | Apr20-58 3 15:12:00 Octagon -25.0 1 25 | 693 | 685 0o 59 315 F
191] 38 | Apr20-98 1 16:13:00 UCAR ADF | -25.0 1 25 | 652 | 646 200 60 255 F
192| 39 | Apr-20-98 3 | 16:26:30 Octagon -25.0 1 25 | 852 | 846 | 200 61 315 F
193] 40 | Ap-20-98 1 17:15:00 UCAR ADF | -25.0 1 25 | 64.7 | 644 0.0 60 255 F
194| 40 | Apr-20-98 3 17:23:00 Octagon -25.0 1 25 | 647 | 844 0.0 60 N5 F
185| 41 | Ape-21-88 1 8:48:00 UCAR ADF | -15.0 1 -5 | 67.7 | 656 0.0 7 185 F
196] 41 | Apr-21-98 3 8:37:30 Octagon -15.0 1 -15 | 67.7 | 656 0.0 &1 240 F
197| 42 | Apr21-98 1 9:20:30 UCAR ADF | -15.0 1 -15 | 656 | 66.8 200 &1 185 F
198| 42 | Apr-21-58 3 9:32:30 Octagon -15.0 1 -15 | 656 | 668 20.0 €6 240 F
199] 43 | Apr-21-98 1 10:14:00 UCAR ADF | -15.0 1 -15 | 673 | 666 10.0 61 19.0 F
200| 43 | Apr-21-98 3 10:35:00 Octagon -15.0 1 -15 | 67.3 | 66.6 10.0 61 2490 F
201| 44 | Apr-21-98 1 TA700 UCAR ADF | -18.0 1 -15 | 666 | 68.2 5.0 60 19.0 F
2021 44 | Apr-21-98 3 11:39:00 Octagon -150 1 15 | 666 | 082 5.0 60 240 F
03] 45 | Apr-21-98 1 12:53:30 LICAR ADF -5.0 1 -5 50 60 85 F
204| 45 | Apr-21-98 3 13:02:00 Octagon -5.0 1 5 50 &0 149 F
205| 46 | Apr-21-98 1 13:39:00 UCAR ADF -50 1 5 735§ 723 10.0 61 85 F
206f 46 | Apr-21-98 3 14:03:00 Octagon -50 1 5 735 | 723 10.0 60 138 F
207| 47 | Apr21-98 1 14:44:00 UCAR ADF -50 1 -3 69.3 | 89.8 200 60 85 F
208| 47 | Apr-21-98 3 14:54:00 Octagon -5.0 1 5 69.3 | 69.8 200 60 13.8 F
205| 48 | Apr-21-98 1 15:19:12 UCAR ADF -8.0 1 -5 729 | 7286 0.0 60 85 F
210] 48 | Apr-21-99 3 15:23:00 Octagon -50 1 5 729 | 724 0.0 61 138 F

em1380weport\buffer\98DEO_LG
6/8/2006



3. DESCRIPTION AND PROCESSING OF DATA 3.3 Deicing only Tests at NRC

point. A test point at the intersection of the horizontal line representing
-10°C outside air temperature and the vertical line representing an initial
fluid freeze point of -7°C would have a negative buffer value of -3°C,
and the diagonal -3°C line passes through this point.

Test data were sorted and graphically presented in several arrangements
as described in Section 4, to aid in understanding results and reaching
conclusions.
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FIGURE 3.4

DEICING ONLY TESTS
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3. DESCRIPTION AND PROCESSING OF DATA 3.4 First Step Fluid at the NRC

3.4 First-Step Fluid Tests at NRC’s CEF

The principal test session was conducted from February 9 to
February 11, 1998, concurrent with the initial tests for the deicing only
study. A further test was conducted on April 1, 1998, to investigate the
influence of wind on test fluid behaviour.

A log of the tests conducted, along with test results, is given in
Table 3.2. The range of conditions over which tests were performed is
shown graphically in Figure 3.5. As described for the deicing only study,
the diamonds represent test points, with values of outside air temperature
on the vertical scale, and values for initial fluid freeze point on the
horizontal scale. The points identified with a large X represent test
conditions for supplemental tests. These supplemental tests were
performed to assess the impact of wind on test fluid freezing profiles.
Note that tests planned at the outside air temperature of -25°C were not
conducted due to refrigeration limitations in the smaller chamber of the
facility, where freezing rain-type precipitation tests are normally
conducted. As well, stable wind speeds of 5 km/h were not able to be
produced, and no data are reported for that test condition.

The test data, including the test fluid concentration profiles, were
processed and are presented in several graphical formats to aid in
reaching conclusions on test results. These are presented and discussed
in Chapter 4.
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TABLE 3.2
FIRST STEP FLUID FAILURE - WINTER 1997-98

cm1380veport\buffen98FSP_LG

6/9/2006

Tesy| Form Date Run | Piate frhermisto{ Time of Time to [ Timeto | Time to Fluid Fluid Fiuid | QAT | Wind | Fluid Fluid | Timetw | Timeto | Timeto | AVG Comments
no.| no. . # # licatior] 1st freezingfailure (67)] complete name freeze | type temp. Brix |1st freezinglfailure (6" complete | PAN
failure {157 temp. tailure (15
{Localk {Local) {Local} {Local) {°C} | tkphl | (2C) {min} {min) {min)
1 1 Feb-02-98] 1 8 8 15:24:56] 15:35:34 | 15:36:28] 15:36:28 H0 0 -3 0 59 0.0 10.6 L] 1.5 24.2
2 1 Feb-03-98 1 9 9 15:30:69] 15:39:32 | 15:40:44] 15:43:30 Hy0 0 -3 0 58 0.0 8.6 8.8 12.5 23.8
3 2 ]Feb10-98| 2 8 8 10:21:00] 10:26:27 | 10:27:01] 10:27:09 H0 4] -8 0 80 0.0 5.6 6.0 6.2 24.3
4 2 Fgb-10-98 2 9 $ 10:22:40] 10:27:47 | 10:28:22] 10:28:36 Utra IV -3 4 -8 o] 60 5.0 6.1 5.7 5.9 23.9
5 2 | Feb-10-88| 2 10 10 190:24:22) 10:28:30 | 10:29:40] 10:29:40 |Octagon MaxFlighy -1 4 -8 4] 80 5.0 4.1 6.3 5.3 26.1
[ 2 |Feb10-88| 2 1 11 10:25:26f 10:32:00 | 10:32:40] 10:33:33 UCAR ADF -3 1 -8 0 &0 5.0 6.6 7.2 8.1 24.7
7 2 | Fab-10-88| 2 12 12 10:26:20] 10:32:14 | 10:32:50F 10:33:50 Qctagon -1 1 -8 0 60 5.0 5.8 6.5 7.5 23.5
8 2 Feb-10-88] 2 13 13 10:27:20| 10:33:23110:33:55F 10:34:26 |Octagon 40 Below -1 2 -8 [1] 860 55 6.1 6.6 7.1 26.2
8] 3 |Feb-10-98] 2a 8 -] 13:27:25| 13:33:00] 13:33:35| 13:34:24 H;0 o -8 0 80 0.0 5.6 6.2 7.0 24.3
10] 3 |Feb-10-898| 2a 9 9 12:28:13| 13:33:11]13:34:30| 13:35:12 Uhtra IV -3 a4 -8 [} €0 5.5 5.0 6.3 7.0 23.9
11] 3 | Feb1098| 2a 10 10 13:28:65| 13:34:00] 13:35:00| 13:35:30 |Octagon MaxFlighy -1 4 -8 Q &0 5.0 5.1 8.1 6.6 25.1
121 3 Fab-10-98| 2a 11 1" 13:29:35| 13:35:11 | 13:35:40| 13:36:18 UCAR ADF -3 1 -8 ] 60 5.0 5.6 6.1 6.7 24.7
13] 3 | Feb-10-98| 2a 12 12 13:30:08| 13:35:15 | 13:35:50| 13:36:20 Octagen -1 1 -8 ] 60 5.0 5.1 5.7 6.2 23.5
14] 3 Feb-10-98] 2a 13 13 13:30:43| 13:36:00 | 13:36:30] 13:37:00 |Octagon 40 Below] -1 2 -8 [+ 80 5.0 5.3 5.8 6.3 26.2
5] 4 Feb-10-98] 3 9 9 11:37:15| 11:42:15| 11:43:50] 11:45:12 Ultra IV -8 4 -8 0 60 9.8 &.0 6.6 8.0 23.9
6] 4 Feb-10-898] 3 10 10 11:38:31] 11:42:40 | 11:42:10] 11:44:57 |Qctagon MaxFlighy -3 4 -8 0 60 10.0 5.2 &7 6.4 28.1
17] 4 Feb-10-98] 3 11 L 11:39:58| 11:45:12 ] 11:46:07] 13:46:50 UCAR ADF -6 1 -8 o} 60 9.5 5.2 6.1 6.9 24.7
12] 4 Feb-10-98] 3 12 12 11:41:35| 11:47:13 | 11:47:50| 11:48:13 Octagon -3 1 -8 0 80 9.5 5.8 6.3 6.6 23.5
18f 4 |Feb-10-98] 3 13 13 11:43:00] 11:48:40 11:49:07] 11:48:50 |Cctagon 40 Below] -3 2 -8 0 60 9.9 5.7 6.1 6.8 26.2
2010 % Feb-10-98] 3a 9 9 14:45:25| 14:51:26 | 14:51:42| 14:52:44 Ultra IV -6 4 -8 0 60 9.5 6.0 6.3 7.3 23.9
211 5 |Feb-10-98] 3a 10 0 14:46:68] 14:61:30 | 14:53:16] 14:53:34 |Octagon MaxFlighy -3 4 -8 0 &0 10.0 4.5 6.3 6.6 255
2| 5 Feb-10-98| 3a 1 123 14:47:53I 14:63:54 | 14:54:24] 14:54:55 UCAR ADF -8 1 -8 0 60 9.5 6.0 6.7 7.0 225
23| S {Feb-10-98] 3a 12 12 14:48:45' 14:54:00 14:54:36i 14:54:57 Octagon 3 1 -8 0 60 10,0 5.3 5.9 6.2 225
24| 5 Feb-10-38| 3a 13 13 14:49:30' 14:55:15 14:55:52' 14:56:50 [Octagon 40 Below -3 2 -8 0 60 10.0 5.8 74 7.3 23.9
25| & Fok-10-98| 4 ] ] 12:28:38] 12:30:34 | 12:34:40] 12:35:35 | Type O Ethylens -3 0 -8 0 60 5.5 1.9 6.0 7.0 23.9
26| 6 |Feb-10-98| 4 10 10 12:29:35| 12:36:16 | 12:35:30] 12:36:12 Hoechst -1 2 -8 0 60 5.0 5.7 5.9 6.6 26.1
27| 6 Feb-10-98| 4 11 1 12:30:20] 12:36:22 | 12:36:41| 12:37:03 | Type O Ethylene -3 0 -8 0 60 5.5 8.0 6.4 6.7 24.7
28| 6 |Feb10-88| 4 12 12 12:31:12] 12:37:00 | 12:37:40] 12:39:00 | Type O Propylene| -1 0 -8 0 60 5.5 5.8 6.5 7.8 23.5
29| 6 |Feb1098| 4 13 13 12:32:00| 12:37:58 | 12:38:27] 12:39:30 | Type O Propylene] -1 0 -8 Q 60 5.5 8.0 6.5 75 26.2
30| 7 Feb-10-398]| 4a 9 9 15:14:59| 15:20:24 1 15:21:11] 15:22:11 | Type 0 Ethylene -3 0 -8 0 60 5.0 5.4 6.2 7.2 23.9
31| 7 |Feb-10-98| 4a 10 10 15:15:30] 15:20:58 | 15:21:35| 15:22:45 Hoschst -1 2 -8 0 60 5.5 5.5 6.1 7.3 25.5
32| 7 Feb-10-38]| 4a 1 11 15:16:00] 15:21:47 15:22:33' 15:21:00 | Type O Ethylene -3 0 -8 0 60 6.0 5.8 6.6 5.0 22.5
33| 7 Feb-10-88| 4a 12 12 15:17:00] 15:22:22]15:23:50| 15:24:30 | Type O Propylene -1 0 -8 0 60 5.0 5.4 6.8 7.6 225
4| 7 Fab-10-38| 4a 13 13 15:17:35] 15:23:35] 15:24:24] 15:25:00 | Type O Propylene -1 0 -8 0 60 5.0 6.0 6.8 7.4 23.9
35| 8 Feb-11-838] 5 8 8 10:37:40] 10:41:17 { 10:41:50] 10:42:53 H0 0 -14 0 60 0.0 3.6 4.2 5.2 28.4
3| 8 Fab-11-38] & 9 9 10:38:15] 10:41:30 | 10:41:50] 10:42:42 UCAR ADF -6 1 -14 0 60 9.0 3.3 3.6 4.5 27.0
37| 8 |Feb11-88] & 10 10 10:38:40] 10:41:39] 10:42:31] 10:43:35 |Octagon MaxFlighy -3 4 -14 0 60 0.0 3.0 3.9 4.9 27.0
38| 8 Feb-11-38] S 1 11 10:39:15] 10:43:00]10:43:30| 10:43:40 UCAR ADF -3 1 -14 0 60 5.0 3.8 4.3 4.4 24.3
391 8 feb-11-88| 5 12 12 10:39:40| 10:42:58 | 10:43:50] 10:44:00 QOctagon -3 1 -14 0 60 13.0 3.3 4.2 4.3 25.5
40| 8 Fab-11-38|] & 13 13 10:40:10Q| 10:43:30] 10:44:28] 10:44:30 |Octagon 40 Below -3 2 -14 L] 60 10.0 3.3 4.3 4.3 25.7
42| 9 |Feb-11-98| Sa 9 9 13:21:38] 13:24:11 13:25:21[ 13:26:30 UCAR ADF -6 1 -14 0 60 9.0 2.6 3.7 4.8 27.0
43| 9 |Feb-11-98| Ba 10 10 13:22:30| 13:25:30 13:26:28[ 13:27:05 |Octagon MaxFlighy -3 4 -14 0 60 9.5 3.0 4.0 4.6 27.0
44| 11 Feb-11-83| 5a 11 11 13:23:12I 13:26:00 13:27:00' 13:28:18 UCAR ADF -3 1 <14 0 60 5.0 2.8 3.8 S1 24.3
62




TABLE 3.2
FIRST STEP FLUID FAILURE - WINTER 1997-98

¢m1380weportibuffen\9BFSP LG

6/3/2006

Test] Form Date Run | Plate |Th Timeof | Timeto | Timete | Time to Fluid Fluid Fluid | QAT | Wind | Fluid Fluid | Time to'J Timeto | Timete | AVG Comments
no.| ne. no. #F # licatiory 1st fi failure (6™} complete name freeze | type temp. Brix |1st freezingfailure (6] complete | PAN
failure (15" temp. failure {157
{Local} {Local} {Local} {Local} {*C} | kph} | (°C) {min) {min} {min)
45| 8 |Feb-11-98| 5a i2 12 12:23:47| 13:26:05]13:27:22F 13:27:50 Ogctagon -3 1 -14 [} €0 a5 2.3 3.6 4.1 25.5
46] 9 |Feb-11-98| Sa 13 13 132:24:05| 13:27:20]13:28:12} 13:28:40 |Octagon 40 Below| -3 2 -14 [} 60 2.5 3.2 4.1 4.6 25.7
471 10 |Feb-11-88| ® 9 9 11:36:55| 11:41:00] 11:42:00| 11:42:30 Ultra IV £ 4 -14 [y €0 10.0 4.1 5.1 5.6 27.0
481 10 |Feb-11-98| & 10 10 11:37:25| 11:41:45 | 11:42:20] 11:42:47 Hoechst -3 2 <14 ] &0 95 4.3 4.9 5.4 27.0
491 10 | Feb-11-98| 6 1 1" 11:38:50| 11:42:04 | 11:42:55| 11:43:20 UCAR ADF =11 1 -14 ] B0 16.0 3.2 4.1 45 24,3
50| 10 |Feb-11-98| & 12 12 11:39:15] 11:42:50] 11:43:40| 11:44:00 | Type O Propylene| -3 o] -14 ] 60 95 3.6 4.4 4.8 25.5
51] 11 | Feb-11-98{ Ba 9 9 12:30:10] 12:34:12 | 12:34:68| 12:36:30 Ultra IV -6 4 -14 0 80 10.0 4.0 4.8 5.3 27.0
§2] 11 |Feb-11-98] 6a 10 10 12:30:45| 12:38:10| 12:35:35| 12:36:20 Hoechst -3 2 -14 0 60 95 4.4 4.8 5.6 27.0
§3] 11 | Feb-11-98| 8a it 11 12:31:30| 12:34:30 | 12:35:12] 12:36:13 UCAR ADF -11 1 -14 0 &0 18.% 3.0 3.7 4.7 24.3
54 11 | Feb-11-98] &a 12 12 12:31:55] 12:35:00| 12:35:40| 12:36:44 | Type O Fropylene| -3 ] =14 0 60 10.0 3.1 3.8 4.8 255
51 11 Feb-11-98]| &a 13 13 12:32:25{ 12:35:50 | 12:36:45] 12:37:45 | Type 0 Ethylene -6 ] -14 0 60 9.0 3.4 4.3 5.3 25.7
56| S4 | Feb-10-98 9 9 17:17:35' 17:19:08 | 17:20:11| 17:20:95 UCAR ADF -6 1 -8 0 60 5.0 1.6 2.6 3.3 23.9 |Special Test with Wind
57| S1 | Feb-10-98 9 9 16:09:35' 16:12:44 | 16:13:32] 16:14:15 UCAR ADF -3 1 -8 6 80 5.5 3.2 4.0 4.7 23.9 |Special Test with Wind
S8 | 52 {Feb-10-98 9 9 16:40:15' 16:43:25 | 16:44:00] 16:44:32 LUCAR ADF -3 1 -8 6 60 5.5 3.2 3.8 4.3 23.9 |Special Test with Wind
59| 53 | Feb-10-98 ] E] 16:49:16' 16:50:30 IG:SD:SSI 16:52:20 UCAR ADF -3 1 -8 10 60 5.8 1.2 1.7 3.1 23.9 |Spacial Test with Wind
60| 54 | Feb09-93 15:50:45| 16:02:55I XL54 std 1 -3 53 N/F 12.2 N/F Special Test - FLUID DILUTION
61| S5 | Feb-09-388 16:04:04] 16:12:38' UCAR ADF -6 1 -3 87 8.6 Special Test - FLUID DILUTION
62| S6 | Feb-09-98 16:18:00] 16:26:31 UCAR ADF -3 1 -3 59 N/F 8.5 N/F Special Test - FLUID DILUTION
83 1 Apr-01-98 1 1 1 11:07:30| 11:09:00]11:08:00] 11:11:30 H20 -10 20 61 0.0 1.5 1.6 4.0 24.2 |Wind Effect
64| 1 Apr-01-98] 1 7 4 11:08:20{ 11:09:00{11:10:00] 11:11:30 UCAR ADF -3 1 -10 20 61 4.8 0.7 1.7 3.2 27.6 |Wind EHtect
857 1 Apr-01-98| 1 8 5 11:09:00 11:11:00 ] 11:11:30] 11:12:00 UCAR ADF -7 1 =10 20 61 1.3 2.0 2.5 3.0 27.4 |Wind Etfect
&6 1 Apr-01-98 1 12 6 11:08:10] 11:12:30 11:13:40] 11:16:00 xL54 std 1 -10 20 61 34.0 3.3 4.5 6.8 24.3 |Wind Effect
87] 2 | Apr-01-98| 2 1 1 13:09:30] 13:13:30[ 13:15:00] 13:15:50 H20 -10 0 61 4.0 5.5 6.3 23.9 [Wind Effect
68 2 | Apr01-88| 2 4 4 13:10:00] 13:13:30| 13:14:40{ 13:16:00 UCAR ADF -3 1 <10 0 60 4.3 3.5 4.7 6.0 24.0 [Wind Effect
89 2 | Apr-01-98] 2 5 5 13:10:30] 13:14:30( 13:15:45| 13:16:45 UCAR ADF -7 1 10 ] 61 12.0 4.0 5.3 6.3 22.7 |Wind Effect
700 2 |Apr-01-98] 2 9 g 13:11:00] 13:15:40 | 13:16:20] 13:16:35 XL54 std 1 -1 Q §1 33.0 4.7 5.3 5.6 24.9 |Wind Effact
Fal 3 Apr-01-98{ 3 1 1 15:17:30] 15:21:30 | 15:22:20 H20 -10 0 80 4.0 4.8 N/F 12.5 |Wind Effect
721 3 Apr01-98] 3 2 2 15:18:00] 15:21:45 | 15:22:50] 15:24:00 UCAR ADF -3 1 -10 4] 61 4.3 3.8 4.8 6.0 12.0 |Wind Effect
73] 3 |Ap-01-98] 3 3 3 15:18:30] 15:23:00 | 15:23:45] 15:24:30 UCAR ADF -7 1 =10 0 60 11.0 4.8 8.3 8.0 13.0 |Wind Effect
74F 3 | Apr-0n-98] 3 9 6 15:19:00] 15:24:45 | 15:25:30] 15:26:00 xL54 std 1 -10 0 &0 335 5.8 6.5 7.0 13.0 |Wind Effect
51 4 Apr-01-981 4 1 1 16:48:30] 16:50:00 | 16:50:15] 16:51:45 H20 -10 20 60 1.5 1.8 3.3 13.6 |Wind Effect
78] 4 Apr-01-98] 4 3 3 16:49:00] 16:50:40| 16:61:30] 16:52:30 UCAR ADF -3 1 -10 20 61 4.3 1.7 2.5 3.5 13.5 |Wind Effect
771 4 Apr-01-98] 4 7 4 16:49:00] 16:51:00| 18:52:00] 16:53:00 UCAR ADF -7 1 -10 20 81 11.0 2.0 3.0 4.0 13.1 |Wind Effect
731 4 Apr01-98] 4 8 S 16:49:30] 16:53:20| 16:57:00] 16:58:30 XL54 std 1 -10 20 61 33.5 3.8 7.5 9.0 11.8 |Wind Effect
791 5 Apr01-98] & 1 1 17:36:00] 17:38:15 | 17:39:00] 17:40:45 H20 -10 10 61 2.3 3.0 4.8 13.3 |Wind Effect
80| 5 Apr-01-98] & 2 3 17:36:30] 17:38:30 | 17:39:30] 17:40:45 UCAR ADF -3 1 -10 10 60 5.0 2.0 3.0 4.3 13.9 |Wind Effect
81 B Apr0n-98] S 7 4 17:36:45] 17:39:20 | 17:40:30] 17:41:15 UCAR ADF -7 1 =10 10 60 11.3 2.6 3.8 4.5 12.0 |Wind Effect
82] 5 |Apr01-98| S 10 3 17:37:00] 17:41:46 | 17:42:30] 17:43:45 XL54 std 1 -10 10 &0 33.8 4.8 5.5 6.8 12.0 |Wind Effect
83| 6 Apr-01-98] 4 2 2 18:11:00] 18:13:15| 18:14:15] 18:15:30 H2O -10 10 60 0.0 2.3 3.3 4.5 23.7 |Wind Effect
84) 6 |Apr-01-98] 4 3 3 18:11:30] 18:13:30| 18:14:30] 18:15:45 UCAR ADF -3 1 -10 10 61 5.0 2.0 3.0 4.3 24,4 |Wind Effect
85) 6 |Apr01-98] 4 9 5 18:11 :45] 18:14:45| 18:15:30] 18:16:00 UCAR ADF -7 1 -10 10 80 11.0 3.0 3.8 4.3 24.6 |Wind Effect
86] 6 Apr01-98) 4 10 & 1B:12:00| 18:16:00 | 18:16:45] 18:17:15 XL54 std 1 -10 10 61 4.0 4.0 4.8 5.3 26.8 |Wind Effect
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FIGURE 3.5

FIRST STEP FLUID TESTS

FLUID TEST RANGE
Light Freezing Rain: 25 g/dm
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4. DATA ANALYSIS AND OBSERVATIONS 4.1 Preliminary Tests

4. DATA ANALYSIS AND OBSERVATIONS

4.1 Preliminary Tests

The purpose of these tests was to assess the relative suitability of several
types of test surfaces that were proposed as candidates for the full
laboratory series of tests.

The preliminary tests were conducted in a manner similar to that intended
for the deicing only tests, where the key characteristic observed was the
final condition of the plate surface.

The final plate conditions, as recorded by sketches on each data sheet,
were compared to determine whether types of candidate surfaces
influenced results. Based on this criterion, there was no apparent
justification for selecting one candidate surface over any other, and the
selection decision was deferred until more information was gained during
aircraft tests.

4.2 Aircraft Tests

The test conditions for the two overnight test sessions conducted on
McDonnell Douglas DC-9 aircraft are shown in Table 4.1. Tests indicated
for each fluid were conducted in duplicate, resulting in a total of six runs
on January 21/22, 1998, and two runs on March 17/18, 1998. In
addition, during the Ilatter session, three supplemental runs were
conducted to measure fluid strength profiles over a 20-minute period at
points on the wing surface.

Tests were conducted on the port wing, which in each session had an
amount of fuel remaining on board from the inbound flight sufficient to
wet the fuel tank cold corner | wing surface interface (Figure 4.1). A
thermistor was installed in this area during the March test session to
track local temperature. The cold corner surface was not cold-soaked; at
the beginning of the test session the temperature was -6°C, dropping to
-7°C by the end of the test session.
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TABLE 4.1

SCOPE OF AIRCRAFT TESTS

e US Airways DC-9 (over-nighting)

e Central Deicing Facility, Dorval Airport

OAT
Wind
Fluids

Fluid Temp.

Jan 21/22, 1998

-12 to 16°C
Headwind 9 km/h
Water
UCAR ADF -3°C FP
UCAR ADF -12°C FP
75°C

March 17/18, 1998
-8°C

Calm wind
UCAR ADF -4°C FP

80°C

74
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FIGURE 4.1
AREA OF WING SURFACE WETTED BY VARIOUS AMOUNTS OF FUEL
MAIN (WING) TANK DC-9-50 & MD-80

Fuel Load - Port Wing 4,347 kg
January 21/22: 3545 kg
March 17/18: 3682 kg 4,329 kg

3,414 kg 4,283 kg

4,049 kg 4,207 kg /
TRAILING
EDGE OF TANK
4,176 kg
5/ .
S

LEADING EDGE OF TANK

FOR DC-9-50 & MD-80
FOR WING TANK QUANTITY OF FUEL
PRIOR TO CONTACTING UPPER SURFACE: 2943 kg

SOURCE: McDONNELL DOUGLAS 75
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4. DATA ANALYSIS AND OBSERVATIONS 4.2 Aircraft Tests

4.2.1 Wing Condition at Test End

Figures 4.2 to 4.5 present sketches of distribution of frozen fluid over
the wing surface at test end. The test conditions are indicated on each
figure.

4.2.1.1 January 22, 1998; Run 1

Figure 4.2 is a representation of the results of an application of hot
water. The outside air temperature was -13°C, meaning that the
fluid freeze point buffer had a negative value of 13°C. Freezing
started very quickly, initiating at the outer wing trailing edge. After
five minutes, freezing had progressed over the entire wing, with
the exception of the upper surface on the main wing.

All of the candidate test surfaces were tested simultaneously, and
also experienced ice formation. The standard plate was the first to
freeze.

4.2.1.2 January 22, 1998; Run 3

Figures 4.3(a) and 4.3(b) show the results from the application of a
dilute Type | fluid having a freeze point of -3°C (negative buffer of
12°C). Freezing started at about three minutes, at the outer wing
and along the trailing edge. At test end, the entire trailing edge
control panels were covered with frozen fluid (Photo 4.1). The
wing near the fuselage had been given only a light spray, and the
fluid here was frozen. The outer 2/3 of the leading edge was bare
and dry. A line of drip ice formed along the bottom rear edge of
the leading edge slat (Photo 4.2). This ice was quite slushy and
came away at the touch.

Ice formed on all the candidate test panels during simultaneous
tests.
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FIGURE 4.2
WING ICING LOCATION; JANUARY 22, 1998 - RUN1

REMEMBER TO SYNCHRONIZE TIME VERSION 4.0 Winter 97/98
batE:  Jan. 22, 1998 RUNNUMBER: 1
FAILURES CALLED BY: COMMENTS: Fluid Application Time: 1:30

HANDWRITTEN BY: Fluid: Water at 60°C - 158 Litres at 60°C

ASSISTED BY: OAT = -13°C, Wind: 5 kt headwind

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

Time = 1:32 DC-9 Series 30

Time = 1:35 DC-9 Series 30

DC-9 Series 30

oCoADRW

7 7 cm1380/report/buffer/JAN22_R1.CH4



FIGURE 4.3a
WING ICING LOCATION; JANUARY 22, 1998 - RUN 3

REMEMBER TO SYNCHRONIZE TIME VERSION 4.0 Winter 97/98
batE:  Jan. 22, 1998 RUNNUMBER: 3
FAILURES CALLED BY: COMMENTS: Fluid Application Time: 2:27

HANDWRITTEN BY: Fluid: UCAR ADF (-5°C) - 155 Litres at 76°C

ASSISTED BY: OAT = -15°C, Wind: 5 kt headwind

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

Time = 2:29 DC-9 Series 30

Time = 2:30 DC-9 Series 30

DC-9 Series 30

oCoADRW
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FIGURE 4.3b
WING ICING LOCATION; JANUARY 22, 1998 - RUN 3

REMEMBER TO SYNCHRONIZE TIME VERSION 4.0 Winter 97/98
batE:  Jan. 22, 1998 RUNNUMBER: 3
FAILURES CALLED BY: COMMENTS: Fluid Application Time: 2:27

HANDWRITTEN BY: Fluid: UCAR ADF (-5°C) - 155 Litres at 76°C

ASSISTED BY: OAT = -15°C, Wind: 5 kt headwind

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

Time = 2:38 DC-9 Series 30

Time = 2:43 DC-9 Series 30

Time = 2:48 DC-9 Series 30

oCoRDRW

[ ma mm e—
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FIGURE 4.4
WING ICING LOCATION; JANUARY 22, 1998 - RUN 5

REMEMBER TO SYNCHRONIZE TIME VERSION 4.0 Winter 97/98
batE:  Jan. 22, 1998 RUNNUMBER: B
FAILURES CALLED BY: COMMENTS: Fluid Application Time: 3:25

HANDWRITTEN BY: Fluid: UCAR ADF (-12°C) - 160 Litres at 75°C

ASSISTED BY: OAT = -16°C, Wind: 5 kt headwind

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

Time = 3:45 DC-9 Series 30

Time = 3:50 DC-9 Series 30

Time = 3:55 DC-9 Series 30

oCoRDRW

[ ma mm e—
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FIGURE 4.5 (a)
WING ICING LOCATION; MARCH 18, 1998 - RUN 1

REMEMBER TO SYNCHRONIZE TIME VERSION 4.0 Winter 97/98
DATE: March 18, 1998 RUNNUMBER: 1
FAILURES CALLED BY: COMMENTS: Fluid Application Time: 1:24
HANDWRITTEN BY: Fluid: UCAR ADF (-4°C) - 71 Litres at 80°C

ASSISTED BY: OAT = -8°C, Wind Calm

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

DC-9 Series 30

DCoADRW

DC-9 Series 30

DCIADRW,
0 1 2 3 4 5 101

DC-9 Series 30

DCIADRW,
0 1 2 3 4 5 101
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REMEMBER TO SYNCHRONIZE TIME

FIGURE 4.5 (b)
WING ICING LOCATION; MARCH 18, 1998 - RUN 1

VERSION 4.0 Winter 97/98

pAaTE:  March 18, 1998

RUNNUMBER: 1

FAILURES CALLED BY:

HANDWRITTEN BY:

ASSISTED BY:

COMMENTS: Fluid Application Time: 1:24

Fluid: UCAR ADF (-4°C) - 71 Litres at 80°C

OAT = -8°C, Wind Calm

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

DC-9 Series 30

DC-9 Series 30

DCaADRW

DC-9 Series 30

DCIADRW

8 2 cm1380/report/buffer/MAR18R1B,CH4




4. DATA ANALYSIS AND OBSERVATIONS 4.2 Aircraft Tests

4.2.1.3 January 22, 1998; Run 5

Figure 4.4 shows the results from the application of Type | fluid
diluted to a freeze point of -12°C (negative buffer of 4°C). At this
fluid concentration, freezing began much later, about 20 minutes
following fluid application. First freezing occurred at the same
location as previous tests (see Photo 4.3): on the outer wing just
beyond the aileron. At test end, freezing was limited to spots
along the trailing edge control panels, and the rear inner wing
beside the fuselage. Again, a line of slushy drip ice formed along
the bottom rear edge of the leading edge slat.

Of the candidate test surfaces, the standard plate and the thin
plate performed similarly, with ice forming along the lower edge of
the plate. The remainder of the plate was covered with unfrozen
fluid, and a few dry spots developed by the time the end of test
was called. Freezing on the standard plate began 15 minutes
following fluid application. Ice had formed along the lower edge of
the honeycomb panel, with the remainder of the surface divided
between dry and fluid-covered regions. The cold-soak box
exhibited no ice formation and the surface was divided between
dry and fluid-covered regions.

4.2.1.4 March 18, 1998; Run 1

Figures 4.5(a) and 4.5(b) represent results from the second test
session, at a warmer outside air temperature and calm wind. The
test fluid was a dilute Type | mixed to a freeze point of -4°C
(negative buffer of 4°C). Freezing initiated at about 10 minutes
following fluid application, at the same location as noted in
previous tests. At test end, freezing existed at several spot
locations along the trailing edge flight control panels.

4.2.2  Variation of Fluid Strength

Figures 4.6 to 4.8 present the final values of fluid strength
(concentration) in terms of fluid freeze point, measured at the
designated points on the wing surface.
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4. DATA ANALYSIS AND OBSERVATIONS 4.2 Aircraft Tests

4.2.2.1 January 21, 1998 Run 3

Figure 4.6 (outside air temperature = -16°C) shows a drop in fluid
freeze point from the initial value of -3°C to -8°C and to -17°C.
The locations on the wing where these values occurred correspond
well to freezing patterns that developed on the wing. For example,
the very low fluid freeze point located on the wing leading edge
remained unfrozen.

4.2.2.2 January 22, 1998; Run 5

Figure 4.7 (outside air temperature = -16°C) shows a drop in fluid
freeze point from the initial value of -12°C to a range varying from
-16°C to -23°C. Locations where fluid freeze points of -16°C and
above were measured experienced freezing; other locations
remained unfrozen.

4.2.2.3 March 18, 1998; Run 1

Figure 4.8 (outside air temperature = -8°C) shows a drop in fluid
freeze point from the initial value of -4°C to a range varying from
-5°C to -21°C. The more subtle increase in fluid strength noted
here (when compared to that of Run 5, January 22) may be due to
the smaller quantity of fluid applied: 71 L versus 160 L.

Figure 4.9 charts the time profiles for the surface temperature and
for the fluid freeze point temperature at one point on the wing
leading edge. The fluid freeze point profile drops progressively to a
value of -12°C from the initial value of -4°C, while the surface
temperature drops from its peak, reached at the time of fluid
application, to ambient. At any point along these curves, the value
of fluid freeze point is less than the corresponding surface
temperature, and freezing would not be expected to occur.
Measurement of the fluid freeze point profile was conducted during
the March 18 session, and involved spraying only a specific area of
interest on the wing.

Figure 4.10 charts the time profiles for the surface temperature and
for the fluid freeze point temperature at one point on the wing
outboard trailing edge. In this case, the fluid freeze point value
dropped only slightly, from -4°C to -5°C. As the fluid freeze point
line intersects the surface temperature line, freezing would be
expected to occur (as was the case).
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FIGURE 4.6
AIRCRAFT TESTS; JANUARY 22, 1998 - RUN 3

VERSION 4.0 Winter 97/98

DATE: JAN. 22, 1998

RUN NUMBER: 3 OAT = -16°C

Initial Fluid Freeze Point Temperature = -3°C (Wing and Plate)

FAILURES CALLED BY:

COMMENTS:

Wing Time to First Icing = 3 minutes

HANDWRITTEN BY:

Fluid Wing Final Freeze Point Temperature (°C) shown on Wing Plan.

ASSISTED BY:

Standard Plate

Time to First Icing = 3 minutes
Final Fluid Freeze Point = -4°C

DC-9 Series 30

DC9A.DRW
0 1 2 3 4 5 10 ft

cm1380/report/buffer/JAN22_R3.DRW
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FIGURE 4.7
AIRCRAFT TESTS; JANUARY 22, 1998 - RUN 5

VERSION 4.0 Winter 97/98

DATE: JAN. 22, 1998 RUN NUMBER: 5 OAT = -16°C

EAILURES CALLED BY: COMMENTS: Initial Fluid Freeze Point Temperature = -12°C (Wing and Plate)

Wing Time to First Icing = 20 minutes

HANDWRITTEN BY:

Fluid Final Freeze Point Temperature (°C) shown on Wing Plan

ASSISTED BY:

Standard Plate

Time to First Icing = 15 minutes
Final Fluid Freeze Point = -16°C

DC-9 Series 30

DC9A.DRW
0 1 2 3 4 5 10 ft

cm1380/report/buffer/JN22_R5.DRW
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FIGURE 4.8
AIRCRAFT TESTS; MARCH 18, 1998 - RUN 1

VERSION 4.0 Winter 97/98

DATE: March 18, 1998

RUN NUMBER: 1 OAT = -10°C

Initial Fluid Freeze Point Temperature = -4°C (Wing and Plate)

FAILURES CALLED BY:

COMMENTS:

Wing Time to First Icing = 10 minutes

HANDWRITTEN BY:

Fluid Final Freeze Point Temperature (°C) shown on Wing Plan

ASSISTED BY:

Standard Plate

Time to First Icing = 10 minutes

Final Fluid Freeze Point = -9°C

DC-9 Series 30

DC9A.DRW
0 1 2 3 4 5 10 ft
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Temperature (°C)

FIGURE 4.9
Fluid Freeze Point and Wing
Temperature Profiles - Leading Edge
UCAR ADF (-4°C)
March 18, 1998, Run 2 - YUL
OAT =-8°C
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FIGURE 4.10
Fluid Freeze Point and Wing
Temperature Profiles - Trailing Edge

UCAR ADF (-4°C)
March 18, 1998, Run 2 - YUL
OAT =-8°C

eeze Point_ _ _ __ .____________|
|
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__ > Fluid Fri
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4. DATA ANALYSIS AND OBSERVATIONS 4.2 Aircraft Tests

4.2.3 Comparison of Candidate Test Surfaces

Figure 4.11 plots surface temperature profiles for the four candidate
surfaces as well as two points of interest on the wing surface. The
profiles indicate that the top surface of the wing is the slowest to
cool. This would support observations that this area was the last to
freeze, and in many cases, experienced no freezing. This is followed
by a group of surfaces that includes the wing aileron, the cold-soak
box and the standard plate, with the standard plate being the fastest
within this group. The thin plate and the honeycomb core plate were
the fastest surfaces to cool.

Most of the test runs examining the four candidate surfaces showed
that they produced very similar final fluid conditions. However, during
January 22, 1998; Run 5, while the standard and thin flat plates
produced ice formation results similar to that observed at the most
critical location on the wing, the cold-soak box did not produce ice in
any form. The honeycomb core panel produced ice, but not in more
severe form than the standard plate. The standard plate was the first
to freeze among the candidate surfaces, and froze 10 minutes before
first freezing occurred on the wing. The final fluid freeze point
measured on the plate surface was 16°C, the same value as the
lowest strength fluid on the wing.

This was a significant test as the fluid freeze point buffer was in the
particular range of interest for laboratory tests.

Continuing to regard the final condition of the surface as the key
criterion for test surface selection, the Run b results indicated that the
standard plate would provide a conservative representation of the
wing. Accordingly, it was decided to employ the standard flat plate as
the test surface during planned laboratory tests.

4.3 Deicing Only Study

The principal goal of the data analysis was to examine and compare
the results produced by various fluids and fluid strengths under
different test conditions, and to identify those fluid/condition
combinations that produced a successful result. Here, success is
considered to be a plate condition completely free of ice in any form.
Further analysis was performed to examine the influence of test
variables, both in isolation and collectively.
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FIGURE 4.11

AIRCRAFT SURFACE TEMPERATURE PROFILES

January 22, 1998 - Run 3
OAT = -15°C, Initial Fluid Freeze Point = -3°C

Aileron

Top of Wing

Standard Plate

1.6 mm Plate
- Honeycomb Plate

7.5 cm Box

Top of Wing

Aileron

I

7.5 cm Box

T-

Staﬁqard*Plate* I

oo ________HoneycombPlate _____"

1.6 mm Plate

-20 -
-25

(Do) @amesadwa |

12 14 16 18 20 22 24
Elapsed Time
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4. DATA ANALYSIS AND OBSERVATIONS 4.3 Deicing Only Study

4.3.1 Plate Condition at Test End

4.3.1.1 Plots of Final Plate Condition

The test data were organized to provide a graphical representation
of the plate condition at test end (after 20 minutes). Figures 4.12
to 4.23 present these data for the different wind speeds tested in a
format similar to that used to describe the range of conditions for
the tests considered in Section 3. Test results are plotted
separately for different levels of wind speed.

In Figure 4.12, the diamonds represent the specific outside air
temperature and initial fluid freeze points for the tests performed.
The fluids tested were water and Union Carbide ADF (at various
freeze points). The horizontal scale corresponds to the initial fluid
freeze point range and the vertical scale represents the outside air
temperature. Wind speed is indicated at the top of the figure. The
final condition of the plate surface is indicated by a single letter
according to the legend in the upper left corner. Where more than
one condition was present, only the most severe was indicated
(with level of severity decreasing from Ice to Bare). Ranges of fluid
freeze point buffer values are indicated by the diagonal lines.

In Figure 4.13, results of several other fluid types are presented.
Symbols representing each fluid are shown in the lower right
corner.

Figures 4.12 to 4.23 facilitate an examination of the distribution of
type of final plate condition relative to value of freeze point buffer.

Test points on the zero degree buffer line and to the left of it
(positive values of freeze point buffer) were always indicated with
the symbol F, signifying that only unfrozen fluid remained on the
test surface in this buffer range. This held true regardless of wind
speed.

Test points in the range from the zero degree buffer to the -3°C
buffer line generally concluded with the plate condition being either
fluid covered, bare, or with ice on the drip line (the surface of the
plate being non-frozen).

Freezing in some fashion generally started to appear at the -3°C
buffer line, with the type of freezing condition increasing in severity
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FIGURE 4.12

DEICING ONLY TESTS, UCAR ADF AND WATER,

WIND = 0 km/h
PLATE CONDITION AT TEST END (20 min)
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FIGURE 4.13

DEICING ONLY TESTS, OCTAGON TYPE | AND

RECYCLED FLUIDS, WIND = 0 km/h
PLATE CONDITION AT TEST END
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FIGURE 4.14

DEICING ONLY TESTS, TYPE Il AND IV FLUIDS,

WIND = 0 km/h
PLATE CONDITION AT TEST END
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FIGURE 4.15

DEICING ONLY TESTS, UCAR ADF AND WATER,

WIND = 5 km/h

PLATE CONDITION AT TEST END (20 min)
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FIGURE 4.16
DEICING ONLY TESTS, OCTAGON TYPE I AND

RECYCLED FLUIDS, WIND = 5 km/h
PLATE CONDITION AT TEST END
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FIGURE 4.17

DEICING ONLY TESTS, TYPE Il AND IV FLUIDS,

WIND = 5 km/h
PLATE CONDITION AT TEST END
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FIGURE 4.18

DEICING ONLY TESTS, UCAR ADF AND WATER,

WIND = 10 km/h
PLATE CONDITION AT TEST END
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FIGURE 4.19

DEICING ONLY TESTS, OCTAGON TYPE | AND RECYCLED FLUIDS,

WIND = 10 km/h
PLATE CONDITION AT TEST END
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FIGURE 4.20

DEICING ONLY TESTS, TYPE Il AND IV FLUIDS,

WIND = 10 km/h
PLATE CONDITION AT TEST END
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FIGURE 4.21

DEICING ONLY TESTS
PLATE CONDITION AT TEST END (20 min)

UCAR ADF and Water, Wind = 20 km/h
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FIGURE 4.22

DEICING ONLY TESTS, OCTAGON TYPE | AND RECYCLED FLUIDS,

WIND = 20 km/h

PLATE CONDITION AT TEST END
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FIGURE 4.23
DEICING ONLY TESTS, TYPE Il AND IV FLUIDS,

WIND = 20 km/h
PLATE CONDITION AT TEST END
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4. DATA ANALYSIS AND OBSERVATIONS 4.3 Deicing Only Study

as the negative buffer grows larger. Cases where the negative
buffer was larger than 10°C always resulted in ice formation on
the surface.

An analysis of the results obtained for the fluid used in the majority
of tests, Union Carbide ADF, demonstrated that fluids mixed to
fixed buffer values perform somewhat better at colder as opposed
to milder values of OATS (near to O0°C). Reference to Figure 4.18,
(outside air temperature = -5°C, wind = 10 km/h), shows that
Union Carbide ADF with a negative 3°C buffer (freeze point =
-2°C) resulted in ice formation, as it did at all other wind speeds
tested. However, at outside air temperatures of -18°C and -25°C,
with the same or a more severe negative buffer, the final condition
was fluid (no ice present). The explanation for this may be that the
very small amount of glycol present in the initial fluid mix at mild
temperatures (5 percent concentration by volume at a freeze point
of -2°C) has a limited capacity for attaining a higher fluid
concentration through evaporation. Glycol concentrations rise due
to evaporation because water is the more volatile component in the
fluid mix. Water evaporates more readily than glycol, so the
composition of the remaining fluid is enriched in glycol.

Following through the charts for different wind speeds for the
baseline fluid, Union Carbide ADF, it is noted that high wind speeds
(20 km/h) result in more severe icing conditions for certain data
point conditions, with cases where final plate condition was fluid
and drip ice at lower wind speeds, becoming ice over the plate
surface when exposed to the higher wind speed. A further
perspective is discussed in Section 4.3.4, where fluid strength
profiles are examined for different wind speeds.

4.3.1.2 Summary of Final Plate Condition

Final plate conditions are presented in an alternative format in
Tables 4.2 to 4.10. Here the results are given in tabular form,
sorted by outside air temperature, fluid type, fluid freeze point and
wind speed. The check marks indicate the type of final condition,
following the same hierarchy of severity as previously described.
This presentation enables a quick comparison of results for
different wind speeds, and for different fluid strengths.

In Table 4.2 (outside air temperature = -1°C), all glycol-based test
fluids were mixed to a positive buffer value, and all resulted in
unfrozen surfaces. Water (a negative buffer value of 1°C) gave
the following results as a function of wind speed:

X:\@APS ARCHIVE\CM1380 (TDC Deicing 1997-98)\REPORT\BUFFER\Final Version 1.0\Final Version 1.0.DOC

Final Version 1.0, January 07
APS AVIATION INC. 4’5 105



TABLE 4.2
PLATE CONDITION; OAT = -1°C

Fluid

UCAR ADF

Octagon |

Recycled Propylene

Recycled Ethylene

Freeze Pt.

-2

-3

-1.56

-1.56

-3

Water

Wind

Calm

5 km/h |10 km/h

20 km/h

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h |10 km/h|20 km/h

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h |10 km/h

20 km/h

Bare

Fluid

Drip Line

Slush

Ice
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TABLE 4.3

PLATE CONDITION; OAT = -5°C

Fluid ULTRA IV UCAR ADF Recycled Propylene
Freeze Pt. -2 -3 -2 -3 -5 -8 -1.5 -4.5
Wind Calm | Skm/h | 10km/h | 20km/h | Caim | 5km/h | 10km/h [ 20km/h | Calm | Skm/h | 10km/h | 20km/h | Calm | 5km/h | 10km/h [ 20km/h | Calm | Skm/h | 10km/h | 20km/h | Caim | 5km/h | 10km/h [ 20km/h | Calm | Gkm/h | 10km/h | 20km/h | Calm | 5km/h | 10 km/h | 20 km/h
Bare
Fluid v v v v v v ' v v v v
Drip Line v v v v v v v v v v v
Slush
Ice v v v v v v v v
Fluid Recycled Ethylene KILFROST Il Octagon MaxFlight Octagon 1
Water
Freeze Pt. -3 -8 -1.5 -3 -1.5 -4.5 -5
Wind Calm 5 km/h | 10 km/h | 20 km/h Calm 5 km/h | 10 km/h | 20 km/h Calm 5 km/h | 10 km/h | 20 km/h Calm 5 km/h | 10 km/h | 20 km/h Calm 5 km/h | 10 km/h | 20 km/h Calm 5 km/h | 10 km/h | 20 km/h Calm 5 km/h | 10 km/h | 20 km/h Calm 5 km/h | 10 km/h | 20 km/h
Bare
Fluid v v v v v v v v v v
Drip Line v v v v v v v v v v v v
Slush
Ice v v v v v v v
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TABLE 4.4
PLATE CONDITION; OAT = -10°C

Fluid

ULTRA IV

UCAR ADF

Recycled Propylene

Freeze Pt.

-3

-2

-3

-8

14

-1.56

-4.5

Wind

Calm

5 km/h [ 10 km/h

20 km/h| Calm

5 km/h

10 km/h

20 km/h

Calm 5 km/h [ 10 km/h

20 km/h

Calm

5 km/h | 10 km/h

20 km/h| Calm

5 km/h |1

0 km/h

20 km/h

Calm

5 km/h [ 10 km/h| 20 km/h

Calm 5 km/h [ 10 km/h| 20 km/h

Bare

Fluid

Drip Line

Slush

Ice

Fluid

Recycled Ethylene

Octagon MaxFlight

OCTAGON |

Freeze Pt.

Water

Wind

Calm

5 km/h [ 10 km/h

20 km/h| Calm

5 km/h | 10 km/h

20 km/h

Calm 5 km/h | 10 km/h

20 km/h

Calm

5 km/h | 10 km/h

20 km/h| Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h [ 10 km/h| 20 km/h

Bare

Fluid

Drip Line

Slush

Ice
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TABLE 4.5
PLATE CONDITION; OAT = -15°C

Fluid UCAR ADF Octagon 1

Freeze Pt. -15 -15

Wind Calm 5 km/h 10 km/h 20 km/h Calm 5 km/h 10 km/h 20 km/h

Bare

Fluid v v v v v v v v

Drip Line

Slush

Ice

cm1380\report\buffe\ WNDT-15C
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TABLE 4.6
PLATE CONDITION; OAT = -18°C

Fluid

ULTRA IV

UCAR ADF

Recycled Propylene

Freeze Pt.

-15

-2

-3

-8

14

-22

-1.5

-4.5

Wind

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h [ 10 km/h

20 km/h| Calm

5 km/h [ 10 km/h

20 km/h

Calm

5 km/h [ 10 km/h

20 km/h

Calm

5 km/h [ 10 km/h| 20 km/h

Calm

5 km/h [ 10 km/h| 20 km/h

Bare

Fluid

Drip Line

Slush

Ice

Fluid

Recycled Ethylene

Octagon MaxFlight

Octagon 1

Freeze Pt.

Water

Wind

Calm

5 km/h | 10 km/h

20 km/h

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h

10 km/h

20 km/h

Calm

5 km/h [ 10 km/h

20 km/h| Calm

5 km/h [ 10 km/h

20 km/h

Calm

5 km/h [ 10 km/h

20 km/h

Bare

Fluid

Drip Line

Slush

Ice
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TABLE 4.7

PLATE CONDITION; OAT = -25°C

Fluid ULTRA IV UCAR ADF UCAR ADF OCTAGON | OCTAGON | KILFROST II
Freeze Pt. -22 -22 -25 -20 -25 -21
Wind Calm 5 km/h | 10 km/h| 20 km/h] Calm 5 km/h | 10 km/h | 20 km/h| Calm |10 km/h| 20 km/h|] Calm 5 km/h | 10 km/h| 20 km/h] Calm |10 km/h| 20 km/h] Calm 5 km/h | 10 km/h| 20 km/h
Bare
Fluid v v v v v v v v
Drip Line
Slush v v v v v v
Ice
1 1 1 cm1380\report\buffer\WNDT-25C
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TABLE 4.8
PLATE CONDITION; OAT = -33°C

Fluid

ULTRA IV

UCAR ADF

Octagon 1

KILFROST II

Freeze Pt.

-30

-30

-27

-27

Wind

Calm

5 km/h | 10 km/h

20 km/h

Calm

5 km/h | 10 km/h | 20 km/h

Calm

5 km/h | 10 km/h

20 km/h

Calm

5 km/h | 10 km/h

20 km/h

Bare

Fluid

Drip Line

Slush

Ice
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TABLE 4.9
PLATE CONDITION; OAT = -34°C

Fluid UCAR ADF Octagon 1
Freeze Pt. -34 -34

Wind Calm 10 km/h 20 km/h Calm 10 km/h 20 km/h

Bare

Fluid v v v v v v
Drip Line

Slush

Ice
cm1380\report\buffer\WNDT-34C
113
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TABLE 4.10
PLATE CONDITION; OAT = -35°C

Fluid

ULTRA IV

UCAR ADF

Freeze Pt.

-32

-22

-30

-32

-43

Wind

Calm

5 km/h | 10 km/h

20 km/h Calm

5 km/h | 10 km/h

20 km/h

Calm

5 km/h | 10 km/h

20 km/h Calm

5 km/h | 10 km/h

20 km/h

Calm

5 km/h | 10 km/h

20 km/h

Bare

Fluid

Drip Line

Slush

Ice

Fluid

OCTAGON |

KILFROST I

WATER

Freeze Pt.

-20

-27

-27

-22

Wind

Calm

5 km/h | 10 km/h

20 km/h Calm

5 km/h | 10 km/h

20 km/h

Calm

5 km/h | 10 km/h

20 km/h Calm

5 km/h | 10 km/h

20 km/h

Bare

Fluid

Drip Line

Slush

Ice
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4. DATA ANALYSIS AND OBSERVATIONS 4.3 Deicing Only Study

Under calm conditions, ice formed at the lower edge (drip line) with
the surface of the plate left bare and dry;

At wind speeds of 5 and 10 km/h, no drip ice was formed and the
complete plate was left bare and dry. The bead of water that
accumulated at the drip line (and subsequently froze in tests
conducted with no wind) was dispersed; and

At 20 km/h, freezing occurred on the plate surface before complete
evaporation could take place. The resultant film was very thin,
estimated at less than 0.0025 mm (0.0001 in.). This estimate of
thickness was based on detection limits of the RVSI contamination
sensor system, which, at its standard settings, was unable to
detect the ice film.

Table 4.3 (outside air temperature = -5°C) reports results for a
number of fluids and fluid mixes. The fluid used in the majority of
tests (Union Carbide ADF) was tested at four different buffer values
and the following observations were made:

At zero degree buffer and +3°C buffer, the surface remained
wetted with unfrozen fluid under all wind conditions;

At a negative 2°C buffer, drip line ice formed, with the remainder
of the surface left in a non-frozen condition at all wind speeds;

At a -3°C buffer, ice formed on the plate surface at all wind
speeds. This was discussed in Subsection 4.3.1.1, where it was
conjectured that the very small amounts of glycol present in the
initial fluid mix were insufficient to support large gains in fluid
concentration through the process of evaporation; and

As before, this film of ice was very thin, in the order of less than
0.0025 mm (0.0001 in.). During some tests, similar films of very
thin ice formed during the test run, only to disappear before test
end (sublimation), leaving a dry bare surface.

Other fluids tested at the same buffer values behaved similarly,
including recycled fluids recovered from spent fluid during deicing
operations. Water displayed a final plate condition pattern based
on wind speeds similar to that observed and discussed at -1°C
outside air temperature, where mild winds offered improved results
over calm conditions, but high winds gave a deteriorated result.

X:\@APS ARCHIVE\CM1380 (TDC Deicing 1997-98)\REPORT\BUFFER\Final Version 1.0\Final Version 1.0.DOC
Final Version 1.0, January 07

APS AVIATION INC. 4’5 115



4. DATA ANALYSIS AND OBSERVATIONS 4.3 Deicing Only Study

Table 4.4 (outside air temperature = -10°C) includes results for
larger values of negative buffers in the order of -7°C and more.
These buffers generally produced only drip ice at lower wind
speeds, and ice on the surface at higher wind speeds. The
exception to this was the Ultra IV (Type IV) fluid, which did not
perform as well, producing ice on the surface at all wind speeds.
Union Carbide ADF with a -2°C buffer value produced a safe
surface, wet and unfrozen.

Table 4.5 (outside air temperature = -15°C) reports on a test
conducted specifically to test fluids at zero degree buffer. Final
plate condition was non-frozen fluid at all wind speeds.

Table 4.6 (outside air temperature = -18°C) reports on further
increases in negative buffer values in the order of -10 to -15°C.
These tests resulted in ice on the test surface. Ultra IV tested at a
-3°C produced ice on the surface at all wind speeds, whereas
Union Carbide ADF, at a -4°C buffer, produced ice on the surface
only at the high wind speed (20 km/h), and produced a non-frozen
wet surface at wind speeds of 5 and 10 km/h.

In Table 4.7 (outside air temperature = -25°C), Union Carbide ADF
at a zero degree buffer produced a non-frozen wet surface, but at a
-3°C buffer and at high wind, produced ice on the surface.
Octagon Type | performed similarly. Ultra IV at a -3°C buffer
produced slush at the two wind speeds tested (10 and 20 km/h).

The remaining tables report results for tests conducted at colder
outside air temperature values (-33°C to -35°C). For Union
Carbide ADF and Octagon Type |, fluids mixed to a zero degree
buffer produced a non-frozen surface at all wind speeds. Fluids
with larger values of negative buffers, including -3°C, experienced
icing in some form.

4.3.2 Effect of Ambient Air Temperature on Surface
Temperature Profile

The temperature of the test surface was logged continuously during
the course of tests, by means of a thermistor probe mounted on the
plate surface at the 22.5 cm (9 in.) line.

These profiles were charted to indicate the degree of heat rise at the
time of fluid application, and to show the rate of cooling over time.
These charts enable an examination of the influence of outside air
temperature and wind speed on plate temperature profile.

X:\@APS ARCHIVE\CM1380 (TDC Deicing 1997-98)\REPORT\BUFFER\Final Version 1.0\Final Version 1.0.DOC

Final Version 1.0, January 07
APS AVIATION INC. 4’5 116



4. DATA ANALYSIS AND OBSERVATIONS 4.3 Deicing Only Study

Figure 4.24 presents a comparison of plate temperature profiles for
different values of outside air temperature under constant wind. This
case is based on a single fluid mix (Union Carbide ADF at a freeze
point of -3°C) and a wind speed of 5 km/h. Outside air temperature
values examined are -1°C, -5°C and -10°C.

The temperature profile curves show that there is no significant
difference in initial temperature rise, all rising to a temperature
increment of about 35°C above outside air temperature. Further,
each of the three curves returns to the initial outside air temperature
value at about the same time, in about 18 minutes. The shape of the
curves are similar.

The time taken for plate temperature to fall to O°C differs considerably
for each outside air temperature case, varying from 3.5 minutes for
outside air temperature = -10°C, to 12 minutes for outside air
temperature = -1°C. This would indicate that a heated water
application should not freeze within 3.5 minutes following application
for these test cases.

4.3.3 Effect of Wind Speed on Surface Temperature Profile

Figure 4.25 provides a comparison of plate temperature profiles when
exposed to different wind speeds.

This chart is based on a single fluid mix (Union Carbide ADF at a
freeze point of -3°C) and outside air temperature = -5°C. Wind
speeds are calm, 5, 10 and 20 km/h.

These curves show a difference in temperature rise with the greatest
rise seen for calm conditions, and the least for the highest (20 km/h)
wind speed. The profile curves are similar in shape. However, the
curves for experiments conducted in high winds have a steeper slope
than those carried out in calm and low wind conditions. The time
required for plate temperatures to cool to the outside air temperature
(and to 0°C) is dependent on wind speed:
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FIGURE 4.24

EFFECT OF OAT ON SURFACE TEMPERATURE PROFILE
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FIGURE 4.25

EFFECT OF WIND ON SURFACE TEMPERATURE PROFILE

UCAR ADF (-3) - OAT = -5°C
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4. DATA ANALYSIS AND OBSERVATIONS 4.3 Deicing Only Study

WIND TIME TO TIME TO
SPEED REACH OAT REACH 0°C
(km/h) (minutes) (minutes)
calm 25 7
5 18 5
10 12 4
20 8 3

The combined effects of the outside air temperature and the wind
speed can be seen in Figure 4.26, based on test points for water and
dilute Union Carbide ADF solutions. In this chart, the time interval for
the plate temperature to fall to 0°C following heated fluid application
is plotted versus outside air temperature for different wind speeds.
Exponential regression lines drawn for different wind speeds illustrate
the influence of outside air temperature and wind.

4.3.4  Fluid Strength Profile Versus Plate Temperature Profile

Dedicated test runs were performed to allow the measurement of
changes in fluid strength as a result of evaporation over a 20-minute
period following fluid application. These tests were performed on
duplicate plates to avoid disturbing the plate temperatures and fluid
profiles of the primary test plates, which were used to determine final
plate condition.

Figures 4.27 to 4.31 present typical profiles for fluid freeze point
values measured over the course of tests, along with concurrent plate
temperature profiles. Initial fluid freeze point and outside air
temperature are indicated in the chart title; wind speed legends are
indicated in the legend box. A complete set of similar curves for all
fluid strength profile tests conducted is presented in Appendix E.

In Figure 4.27, for each wind speed, the fluid freeze point temperature
is tracked as it descends during the test run. The fluid freeze point
value can be related to plate temperature at any time, with the
difference in temperatures being an indication of proximity to freezing.
If the two profiles do not cross, then freezing would not be expected
to occur. The temperature differential at any point in time represents
the actual freeze point buffer in effect at that moment.
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FIGURE 4.26

INFLUENCE OF OAT AND WIND ON PLATE COOLING RATE

DEICING ONLY TESTS
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Surface and Fluid Freeze Point Temperature (°C)

FIGURE 4.27
Fluid Freeze Point and Surface Temperature
Profile, Ul (-5), OAT =-5°C
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FIGURE 4.28
Fluid Freeze Point and Surface Temperature

Profile, Ul (-2), OAT =-5°C
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FIGURE 4.29
Fluid Freeze Point and Surface Temperature

Profile, Ul (-8), OAT =-10°C

Final Plate
Condition

Fluid

Fluid

Fluid

Fluid
Freeze Point
(°C)

<

Surface
Temp.
(°C)

(D,) @inresadwa] 1ulod 8zaal4 pin|4 pue adelinsg

25

20

15

10

Elapsed Time (min)

2/22/2007

cm1380\report\buffe\FRZ_UCAR

124



FIGURE 4.30
Fluid Freeze Point and Surface Temperature

Profile, Ul (-15), OAT =-15°C
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FIGURE 4.31
Fluid Freeze Point and Surface Temperature

Profile, Ul (-14), OAT =-18°C
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4. DATA ANALYSIS AND OBSERVATIONS 4.3 Deicing Only Study

Fluid freeze point profiles are different for each wind speed, with
profiles during calm and lower winds showing a larger drop
(improvement in protection) than when exposed to high speed winds.
This is somewhat counter-intuitive, as evaporation would be expected
to increase with increased wind speed. The explanation appears to lie
with the plate temperature, which falls more rapidly in high wind
conditions, as illustrated here in the plate temperature profiles. The
influence of wind on evaporation appears to be offset by the more
rapid fall in plate temperature. It may also be that the higher winds
are causing the glycol in the fluid mix to evaporate more rapidly,
thereby maintaining a partial balance of water and glycol.

Figure 4.28 presents results where the fluid has been mixed to a -3°C
buffer (outside air temperature = -5°C; fluid freeze point = -2°C).
Here the profile is much flatter than in the previous chart, and fluid
freeze point profiles for 10 and 20 km/h cross over the corresponding
plate temperature profile lines. Freezing would be expected to occur,
which is confirmed by reference to the final plate condition charts. Ice
was also reported for low wind speeds (calm and 5 km/h); here
freezing occurred on the plate near the lower edge further down than
the location where fluid samples for Brix values were being lifted.

As mentioned in the discussion on final plate condition, it appears that
the amount of improvement in fluid freeze point is less notable in
cases where the initial glycol content was very low to begin with.

Figure 4.29 presents results for a fluid having a -2°C buffer at an
outside air temperature -10°C. For the three wind speeds reported at
this condition, none of the freeze point curves cross over the plate
temperature curves, and freezing would not be expected to occur.
Reference to the final condition charts confirms that ice did not appear
on these plates.

Figure 4.30 presents results for an outside air temperature of -15°C
and fluid with a freeze point of -15°C (zero buffer). Significant
improvement in fluid freeze point is seen in the first few minutes
following application. No freezing occurred, either on the plate
surface or on the drip line.

Figure 4.31 reflects an outside air temperature of -1°C and fluid with
a freeze point of -14°C (-4°C buffer). Throughout the run, a large
spread is maintained between the fluid freeze point and plate
temperature curves for wind speeds of calm, 5 and 10 km/h. No ice
appeared on the surfaces of these plates, although drip ice did appear
in the calm condition. At 20 km/h, ice appeared on the lower part of
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4. DATA ANALYSIS AND OBSERVATIONS 4.4 First-Step Fluid Study

the plate below the location where samples were taken for Brix
measurement.

4.3.5 General Observations

The degree of severity of icing conditions on plate surfaces is
deserving of comment. In many cases, the only ice to appear was at
the drip line (the lower edge of the plate). When drip ice forms on a
small surface such as the size of the plate under test, it may appear to
be more serious than justified. In fact, in this test the plate bottom
edge is equivalent to the trailing edge of an aircraft wing, or the rear
edge of a surface such as the underside of the leading edge slat. In
an operational mode, formation of a bead of ice at the trailing edge of
a wing, while the remainder of the wing surface remains completely
clear of ice, has questionable significance.

In the case of dilute Type | fluids, the final plate condition assessed as
ice on the surface, generally consisted of a very thin film of ice,
estimated by the RVSI sensor to be less than 0.0025 mm (0.0001 in.)
thick. Photos 4.4 and 4.5 offer examples. In some cases, the film
was seen to appear in a manner typical of flash freezing, rapidly
spreading over the plate area, only to subsequently disappear
completely, leaving a completely bare and dry surface. The effect on
wing aerodynamics of an ice film of such thickness is debatable.

In contrast to Type | fluids, dilute Type IV fluids tended to freeze as
thick layers of slush (Photos 4.6 and 4.7).

The series of images shown in Photos 4.8 to 4.13 are results from the
RVSI contamination sensor. In this series, ice can be seen forming
over Plate 6 treated with a Union Carbide ADF mixed to a -10°C
buffer. Ice can also be seen forming on Plate 4, treated with a Type
IV fluid mixed to a -3°C buffer. Plate 2, treated with a Union Carbide
ADF mixed to a -4°C buffer, does not show any ice formation.

4.4 First-Step Fluid Study

Assessment of the interval following fluid application until freezing first
started to appear on the test surface was the primary issue of these
tests, and the data were analysed from that perspective. Other aspects,
such as influence of test variables, were examined to assist in
explanation of the main results.
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4. DATA ANALYSIS AND OBSERVATIONS 4.4 First-Step Fluid Study

4.4.1 Duration of Safe Period Following Spray Application

Figures 4.32 to 4.37 present the interval until first appearance of
freezing, and until plate failure, for each of the ambient temperature
test conditions under calm winds.

In Figure 4.32, the bars represent time for the fluid (water in this case)
to first start to freeze. The test conditions are reported in the chart
title; type and rate of precipitation (light freezing rain at 25 g/dm?/h),
outside air temperature (-3°C), and wind speed (calm). The two tests
reported showed times to freeze of about 8.5 and 10.5 minutes.

Figure 4.33 reports time to reach plate failure for the same test runs.
Plate failure is defined in holdover tests as the point when 1/3 of the
plate has failed. For the two tests reported, time to reach that point
was about 9.5 and 11.5 minutes. In both tests, about one minute
passed from the time of initiation of freezing until plate failure.

Figure 4.34 presents results at an outside air temperature of -8°C
with the same wind and precipitation conditions as discussed
previously. A number of fluids at various strengths were tested at this
condition, as reported in the legend. With the exception of Octagon
Type IV fluid, all fluids and strengths tested produced times to
initiation of freezing in a range from 5 to 6 minutes. Octagon Type IV
fluid times ranged from 4 to 5 minutes. The short reported time for
one test (recycled ethylene glycol-based fluid at a -3°C freezing point)
is an aberration, perhaps due to observer error. Time to plate failure
for this case was normal.

Figure 4.35 presents time to plate failure for the same test. As
previously, a time interval of about a one minute passed from freezing
initiation to plate failure. Again, all fluids tested, including water,
performed similarly.

It should be noted that this test run included fluids recycled from
spent fluid recovered from actual deicing operations. These fluids
included both ethylene and propylene glycol-based fluids, and both
types delivered safe periods of protection (time interval prior to
freezing), equivalent to present commercially available Type | fluid
brands.
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FIGURE 4.33

FIRST STEP, PLATE FAILURE, OAT = -3°C, WIND CALM
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FIGURE 4.34

FIRST STEP, FIRST APPEARANCE OF ICE,

OAT = -8°C, WIND CALM
LIGHT FREEZING RAIN (25 g/dm?/h)
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FIGURE 4.35

FIRST STEP, PLATE FAILURE, OAT = -8°C, WIND CALM
LIGHT FREEZING RAIN (25 g/dm?/h)

Legend:
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FIGURE 4.36

FIRST STEP, FIRST APPEARANCE OF ICE,

OAT = -14°C, WIND CALM
LIGHT FREEZING RAIN (25 g/dm?/h)

Legend:
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FIGURE 4.37

FIRST STEP, PLATE FAILURE, OAT = -14°C, WIND CALM
LIGHT FREEZING RAIN (25 g/dm?/h)
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Figure 4.36 reports results for an outside air temperature of -14°C.
Here the time intervals from fluid application to initiation of freezing
are scattered about the 3-minute level. The only difference in results
from the different fluids tested appears to be a slightly stronger
performance from Hoechst (Clariant) Type Il mixed to -3°C freeze
point, and from Union Carbide Type IV mixed to -6°C freeze point,
which delivered safe periods of 4 minutes. Times from other fluids,
including water and recycled fluids, ranged from 2.5 to 3.5 minutes.

Figure 4.37 reports plate failure times for the foregoing tests. Again,
the time from initiation of freezing until plate failure occurred was
about one minute.

Figure 4.38 summarizes the results from the three test conditions,
plotting the average time interval values delivered by the variety of
fluids tested at each ambient temperature condition. The trend line
drawn through these points shows consistency of results.

4.4.2 Influence of Wind

A previous study on the use of hot water for deicing (3) identified that
performance was greatly influenced by wind speed. A preliminary
attempt to evaluate the influence of wind was performed while the
chamber ambient air temperature was controlled at -8°C. The rate of
precipitation of 25 g/dm?/h was maintained.

Wind for these tests was produced by use of small fans as described
in Section 2. Although the quality of wind produced by these fans
was not ideal, it was adequate to provide some indication of wind
effect.

Figure 4.39 presents the time until first appearance of ice experienced
at three wind speeds based on a Type | fluid mixed to a -3°C freeze
point (a -5°C buffer):

e The results from calm wind are shown in Figure 4.34;
e Winds at 6 km/h produced a time interval until initial freezing of
about 3 minutes, or about one half of that resulting from calm

conditions; and

e A wind speed of 10 km/h further reduced the interval until initial
freezing to about 1 minute.
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FIGURE 4.38

EFFECT OF OAT ON TIME TO FIRST FREEZE
LIGHT FREEZING RAIN (25 g/dmz/h)
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FIGURE 4.39

INFLUENCE OF WIND ON TIME TO FIRST FREEZE,

LIGHT FREEZING RAIN, OAT = -8°C
UCAR ADF (-3°C); OAT = -8°C
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4. DATA ANALYSIS AND OBSERVATIONS 4.4 First-Step Fluid Study

The time interval from the initiation of freezing until plate failure at
each wind speed (Figure 4.40) was similar to the time intervals
recorded for the appearance of initial freezing after fluid application.

These results justified further effort to better understand the impact of
wind, and a short series of tests was conducted using the large fans
(used in the deicing only study) to produce a controlled wind. The
plan for these supplemental tests is shown in Table 4.11. Problems
were encountered when attempting to produce winds at 5 km/h,
which prevented the conduct of tests at that wind speed.

Figure 4.41 presents the interval to initiation of freezing following fluid
application for several fluids at wind speeds of calm, 10 and 20 km/h.
Fluids tested in these tests included water, dilute Type | and (standard
full strength) Type |, as shown in the legend. The ambient air
temperature was -10°C and precipitation was light freezing rain at
25 g/dm?/h.

In calm winds, water and the two dilute fluids performed at about the
same level, producing an interval of about four minutes before onset
of freezing. Standard (full strength) XL54 performed slightly better,
producing an interval of about 4.5 minutes. The meagreness of
improvement in performance provided by full strength fluid is caused
by its rapid rate of dilution under test precipitation conditions. This is
examined further in Section 5.

All fluid samples showed a reduced time interval until freezing initiated
when wind was increased to 10 km/h and a further reduction when
wind was increased to 20 km/h. The reduction for full strength fluid
(standard Type I) was slightly less than those for water and dilute
fluids.

Fluid mixed to a freeze point of -7°C performed slightly better than
water at higher wind speeds, while fluid with an initial freeze point of
-3°C performed worse than water at all wind speeds.

The corresponding time intervals for the lower precipitation rate of
12 g/dm?/h are shown in Figure 4.42. Times for water are not
affected by the change in precipitation rate, as dilution is not a factor
for this fluid.

The average time interval for water and dilute fluids (4 minutes) at
calm winds is, along with previous test results, plotted in Figure 4.43.
These results provide further confirmation of the trend established
previously, and shown in Figure 4.38.
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FIGURE 4.40

INFLUENCE OF WIND ON TIME TO PLATE FAILURE,

LIGHT FREEZING RAIN, OAT = -8°C
UCAR ADF (-3°C); OAT = -8°C
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Further Tests at the National Research Council Canada Climatic Engineering Facility

Objectives:

a) Quantify impact of wind on time to freeze for different fluid strengths; and

b) Measure dilution curves for different fluid strengths at two different

precipitation rates.

TABLE 4.11
FIRST STEP FLUID TESTS

Conditions: Rates: (freezing rain) - 25 g/dm#/h
(freezing drizzle) - 12 g/dm?/h

H:\cm1380\report\buffeNTBL_4-11

OAT: -10°C
Wind Speed
Fluid
Calm | 5km/h [10 km/h|20 km/h

Water X X X X
ADF -3°C X X X X
ADF -7°C X X X X

XL54 X X X X
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FIGURE 4.41

INFLUENCE OF WIND ON TIME TO FIRST FREEZE,
LIGHT FREEZING RAIN, OAT = -10°C
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FIGURE 4.42

INFLUENCE OF WIND ON TIME TO FIRST FREEZE,
FREEZING DRIZZLE, OAT = -10°C
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FIGURE 4.43
EFFECT OF OAT ON TIME TO FIRST FREEZE - COMBINED RESULTS

LIGHT FREEZING RAIN (25 g/dm?®/h), Wind Calm
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4. DATA ANALYSIS AND OBSERVATIONS 4.4 First-Step Fluid Study

4.4.3  Dilution of Fluid Strength

In the initial series of tests, special runs were devised to measure fluid
strength on a progressive basis in order to document the rate of
dilution under test conditions. As rate of dilution was seen to have a
significant influence on results, the procedure was repeated during the
second set of tests to provide additional data. Figure 4.44 shows
results from both test sessions. At outside air temperature of -3°C
and at a rate of precipitation of 25 g/dm?/h, full strength Type | fluid
was diluted and ultimately washed off the plate. There was no
detectable glycol in the fluid on the plate in about seven minutes. An
initial mix with freeze point of -6°C, diluted to pure water in about
four minutes. A comparison of rates of dilution for different
precipitation rates, 12 versus 25 g/dm?/h, is shown in the bottom
chart.

The very high rates of dilution start to provide an explanation of those
observed test results where water provided an interval prior to initial
freezing similar to or greater than that of diluted glycol deicing fluids.
As discussed in the deicing only study, the relationship of fluid freeze
point temperature and plate temperature is a dynamic one, and
freezing is expected to occur only when the two values became equal.
In contrast to the deicing only study, where the fluid freeze point
progressively decreased due to evaporation, in these (first-step) fluid
tests the freeze point increased rapidly due to dilution. In those
instances when the fluid is completely replaced by pure water prior to
the initiation of freezing, the fluid mix provides an interval prior to
freezing similar to that which would have been provided by an initial
application of pure water.

4.4.4  Fluid Freeze Point / Plate Temperature Profiles

At any point in time, the instantaneous value of the fluid freeze point
and the test surface temperature are the parameters that most directly
influence the state of the fluid. To examine the relationship between
these two parameters, a set of graphs was developed from the data
gathered during the test series that examined the impact of wind on
the freezing of fluids. These graphs are presented in Figures 4.45 to
4.52.
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FIGURE 4.44

FREEZE POINT DILUTION CURVES

LIGHT FREEZING RAIN (25 g/dm?/h)

-3°C, WIND CALM

OAT

|

|

|

|

|

|

|

|

|

|

W , , ,
o [To] o 1] o 7] (@]

' — — N N (2}

-35 1
-40

(Do) @inesadwa] julod 9z9ai4

10

Elapsed Time (min)

LIGHT FREEZING RAIN
OAT = -10°C, WIND CALM

12 gldm?/h)'
25 g/dm?/

— X 54

)
)
)
)

)
h
h
h
h

— XL54
Data points not shown
to avoid congestion

T T
[To} o

(Do) @anjesadwsa | julod 8z99.4

10

Elapsed Time (min)

5/1/2007

cm1380/report/buffer/Figure 4.44

146
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FIGURE 4.45

WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE

TEMPERATURE,

WATER, FREEZING DRIZZLE (12 g/dm?/h), OAT = -10°C
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FIGURE 4.46

WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE
TEMPERATURE, WATER, LIGHT FREEZING RAIN (25 g/dm?/h), OAT =

-10°C
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FIGURE 4.47
WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE TEMPERATURE,

U1 (-3), FREEZING DRIZZLE (12 g/dm?/h), OAT = -10°C
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FIGURE 4.48
WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE TEMPERATURE,

U1 (-3), LIGHT FREEZING RAIN (25 g/dm?/h), OAT = -10°C
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FIGURE 4.49
WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE TEMPERATURE,

U1 (-7), FREEZING DRIZZLE (12 g/dm?/h), OAT = -10°C
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Surface and Freeze Point Temperature (°C)

FIGURE 4.50

WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE TEMPERATURE,
U1 (-7), LIGHT FREEZING RAIN (25 g/dm?/h), OAT = -10°C
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FIGURE 4.51
WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE TEMPERATURE,

XL54, FREEZING DRIZZLE (12 g/dm?/h), OAT = -10°C
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FIGURE 4.52
WIND INFLUENCE ON FLUID FREEZE POINT VERSUS SURFACE TEMPERATURE,

XL54, LIGHT FREEZING RAIN (25 g/dm?/h), OAT = -10°C
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4. DATA ANALYSIS AND OBSERVATIONS 4.4 First-Step Fluid Study

Figures 4.45 and 4.46 were plotted to examine the plate temperature
profiles in the case of water, at different wind speeds and at different
precipitation rates. In these cases, the fluid freeze point is always
zero, and freezing would be expected to occur when the plate
temperature falls to zero after being heated by the fluid application.
The times noted for the initiation of freezing (Figure 4.41) confirm this
expectation, with some error due to plate temperature being measured
at a single location, partway up the plate. Freezing generally initiated
at one of the plate edges, with a small delay before freezing at the
actual measurement location.

These graphs illustrate the influence of wind speed on the cooling rate
of the plate surface. Comparison of results attained from the two
precipitation rates does not indicate any difference in the cooling rate
due to the rate of precipitation. In the case of water, where dilution is
not a factor and freeze point of the fluid is constant, changes in the
time interval until freezing were influenced solely by wind speed.

In Figures 4.47 and 4.48, the data were plotted from tests that used
fluids mixed to an initial freeze point of -3°C, with the same outside
air temperature, precipitation and wind conditions as seen in the case
of water. In these charts, the fluid strength is seen to progressively
decrease (freeze point rises), as reported in Figure 4.44. At the point
where the fluid freeze point profile intersects the plate temperature
profile, the fluid still has a slight glycol content remaining. As in the
case of water, the rate of precipitation has no measurable influence on
the rate of cooling.

In Figures 4.49 and 4.50, the data were plotted from tests that used
fluids mixed to an initial freeze point of -7°C, again with the same
outside air temperature, precipitation and wind conditions as the
previous set of figures. These cases are notable, as the fluid freeze
point corresponds to the limit prescribed in SAE ARP4737, excerpts of
which are contained in Appendix B of this report.

The dynamics of the relationship between fluid strength and plate
temperature can be seen more clearly in these three sets of figures.
At a wind speed of 20 km/h and a precipitation rate of 25 g/dm?/h
(Figure 4.50), the surface temperature profile is very similar to that
experienced for water (Figure 4.46), with temperature dropping to
0°C in the same time (about 1.5 minutes). However, because the
fluid freeze point is still depressed below zero due to a small amount
of glycol remaining, the plate temperature profile intersects with the
fluid freeze point a little later than for water (at about two minutes).
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4. DATA ANALYSIS AND OBSERVATIONS 4.5 Reconciliation of Wind Speed Measured

At the lower precipitation rate of 12 g/dm?/h (Figure 4.49), the fluid
dilutes somewhat less rapidly (freeze point rises somewhat more
slowly), giving slightly longer time intervals prior to freezing for winds
of 10 and 20 km/h. In the case of calm winds, the surface
temperature profile intersected with the fluid freeze point profile only
after the fluid had completely diluted to water. In other words, in
calm conditions and at the precipitation rates tested, water provided a
time interval prior to freezing equivalent to fluid mixed to a freeze
point of -7°C. At higher wind speeds, the fluid provided a slightly
longer interval prior to freezing than did water, but both liquids
exhibited a shorter time interval before the onset of freezing when
compared to lower wind speed tests.

Figures 4.51 and 4.52 supply an explanation for the relatively small
improvement in time interval prior to freezing provided by full strength
(standard Type |) fluid. At both test rates of precipitation, fluid freeze
points, which started at -43°C, climbed very rapidly, reaching freeze
points of -10°C and less in about three minutes. In the precipitation
conditions tested, the substantial initial glycol content in the full
strength fluid provided only a modest improvement over other test
fluids in the time interval available prior to freezing. This gives an idea
of how short the interval of protection is after first-step fluid
application, and how quickly a low to moderate rainfall can dilute and
ultimately wash a fluid clean from aircraft flight surfaces.

4.5 Reconciliation of Wind Speed Measured at Test Surface

In both the deicing only and the first-step fluid tests, wind speed was
measured at the test stand height. In real operations, wind is measured
by the weather service using an instrument that is mounted some height
above ground level. This is to escape the region where measurements
will result in a shear profile of wind speeds, with the lowest speeds
occurring at ground level. In Canada, READAC wind data are gathered
with instrumentation mounted at a height of 10 m above ground level.

A correlation of wind speeds measured at plate stand level, with winds
measured by the meteorological service was reported in a previous study,
Transport Canada report TP 12654E (4). Figure 4.53 from that study
shows the relationship, and concludes that a reading of 10 km/h at the
plate stand would be equivalent to a reported wind speed of 16 km/h
(9 kts).
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4. DATA ANALYSIS AND OBSERVATIONS 4.6 Completeness of Test Data

In other words, test data gathered at winds of 10 km/h is representative
of expected experience with reported winds of 16 km/h.

4.6 Completeness of Test Data

Discussions of test results have identified concerns as to whether the
scope of tests was sufficiently broad to justify changes to current SAE
ARP4737 guidelines.

Selection of the standard flat aluminum plate used for holdover time tests
to serve as the test surface for the study was based on field experiments
in which flat plate tests were conducted in tandem with tests on the
McDonnell Douglas DC-9 aircraft. While many aircraft of this generation
are still in service, newer generation aircraft make use of a variety of
composite materials on wing and tail surfaces. There is a concern that
these surfaces might not produce test results similar to those observed
on aluminum surfaces; that is, fluids on composite surfaces may not
demonstrate equivalent variations in concentration compared to when
they are applied to aircraft aluminum surfaces.

The temperature and quantity of fluid applied may also be questioned.
The test quantity of 0.5 L per test panel was based on a typical spray
amount for a light snow condition, factored from wing surface area to the
area of a test plate. However, different operators might use different
quantities of fluid, and different conditions (such as frost) would likely
require less fluid. The aircraft tests present an opportunity to compare
the results of the application of different quantities of fluids to the same
aircraft wing. Compare Run 5 from January 21 to Run 1 from March 17:

Jan 21, Run 5 Mar 17, Run 1

Outside air temperature (0°C) -16 -8
Wind 9 km/h Calm
Initial Fluid freeze point (°C) -12 -4
Fluid quantity (litres) 160 71
Comparison of final condition Less severe icing
Comparison of final fluid strength Smaller increase
in strength

This comparison supports the concern that the extent of the increase in
fluid strength can be influenced by the amount of fluid applied. Although
a less severe icing condition prevailed in the March 17 test, both tests
used fluids mixed to concentrations affording -4°C buffers.
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4. DATA ANALYSIS AND OBSERVATIONS 4.6 Completeness of Test Data

From the data acquired during hot water tests (3), the impact of fluid
guantity was examined. Figure 4.54 compares lag times (interval from
fluid application until initial fluid freezing) for different surfaces and wind
speeds when fluid quantity is varied. It was found that doubling the
amount of fluid from 0.5 to 1.0 L resulted in a notable increase in lag
time for the thicker plates (C/FIMS 6.4 mm thick), but little or no increase
for thin plates (1.2 mm thick). The standard plate (3.2 mm thick)
experienced a measurable increase in lag time with the greater amount of
fluid.

In field operations, the temperature of the fluid can drop significantly
during spraying. Temperature drops are dependent on the distance from
the spray nozzle to the target surface. The study made some allowance
for this by using a fluid temperature of 60°C, which represents the
lowest recommended temperature range. It is possible, during actual
deicing operations, that fluids can be delivered to the wing surface at
temperatures below 60°C.
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FIGURE 4.54
EFFECT OF WIND SPEED, VOLUME POURED AND PLATE THICKNESS

ON LAG TIME TO FREEZE POINT
Tests Conducted @ National Research Council Canada Climatic Engineering Facility
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4. ANALYSIS AND OBSERVATIONS

Photo 4.1
Freezing on Flight Control Panels

Photo 4.2
Drip Ice at Rear of Leading Edge Slat
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4. ANALYSIS AND OBSERVATIONS

Photo 4.3
Freezing of Thin Film Outboard of Aileron
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4. ANALYSIS AND OBSERVATIONS

Photo 4.4
Typical Flash Freezing of Thin Film (Type 1)

Photo 4.5
Second View of Flash Freezing (Type |)
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4. ANALYSIS AND OBSERVATIONS

Photo 4.6
Slush Type of Failure - Type Il Fluid (Propylene Base)
OAT =-35°C; Fluid FP =-27°C; Wind =10 km/h

Photo 4.7
Slush Type of Failure - Type IV Fluid (Ethylene Base)
OAT =-35°C; Fluid FP =-32°C; Wind =10 km/h
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4. ANALYSIS AND OBSERVATIONS

Progressive Appearance of Icing on Plates
OAT: -18°C, Wind: 10 km/h

Plate 2 (centre, top row) UCAR ADF FP -14°C Pour Time

Plate 4 (left, bottom row) UCAR TypelV FP -15°C Pour Time

Plate 6 (right, bottom row) UCAR ADF FP -8°C Pour Time
Photo 4.8

162 /741 12 FEB 1998 EST 13:1

Following Application

Photo 4.9

13:12
13:13
13:14

Ice Appears on Plate 6
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4. ANALYSIS AND OBSERVATIONS

Photo 4.10

" 162/751 12 FEB 1998 EST 13:19:26

Ice on Plates 4 and 6

Photo 4.11

- - g

" 162/755 12 FEB 1998 EST 13:20:47 14FT

No Ice on Plate 2
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4. ANALYSIS AND OBSERVATIONS

Photo 4.12

L

No Ice on Plate 2

Photo 4.13

" 162/761 12 FEB 1998 EST 13:22:47

No Ice on Plate 2
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5. CONCLUSIONS 5.1 Deicing Only

5. CONCLUSIONS

5.1 Deicing Only

The key objective of this study was to determine the final condition of
the test surface after it had been treated with heated fluids of various
strengths, under various ambient conditions. Several other perspectives
were analyzed to provide a more complete understanding of observed
results.

5.1.1 Final Surface Condition as a Function of Freeze Point
Buffer

The final condition of the test surface at 20 minutes following fluid
application could be differentiated by the value of the initial freeze
point buffer:

e Test points generated using fluids with either zero degree buffers,
or those using fluids with positive values of freeze point buffers
always resulted in final plate conditions whereupon only unfrozen
fluid remained. This held true regardless of wind speed;

e Test points generated using fluids with concentrations in the range
from a zero degree buffer to a -3°C buffer generally concluded
with the plate condition being either fluid covered or bare, or with
ice on the drip line (the surface of the plate being non-frozen); and

e Freezing in some fashion (on the plate surface) generally resulted
from tests in which the initial negative buffer was beyond -3°C,
with the type of freezing condition increasing in severity with the
magnitude of the negative buffer. Cases where the negative buffer
was beyond -10°C always resulted in ice formation on the surface.

Examining the performance of the deicing fluid used in the majority of
tests (Union Carbide ADF), it appears that fluids mixed to specific
buffer values relative to outside air temperature perform somewhat
better at colder temperatures than at mild temperatures just below
0°cC.

5.1.2 Influence of Wind on Final Surface Condition

Tests using fluids with a zero degree buffer, and those using fluids
with positive values of freeze point buffers always resulted in unfrozen
fluid on the surface, regardless of wind speed.
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5. CONCLUSIONS 5.1 Deicing Only

At buffer levels where the surface condition started to show freezing,
the type of freezing was generally more severe with high winds
(20 km/h). A condition of unfrozen fluid on the test surface and drip
line ice only (at lower winds) was transformed at higher winds to a
condition with sheet ice on the surface.

A small amount of wind appeared to help, with instances where drip
line ice occurred during calm winds, changing to a “fluid-covered with
no ice” condition at winds of 5 km/h.

5.1.3 Improvement in Fluid Strength

Fluid strength improved (freeze point dropped) during test runs on
Type | fluid as a result of water evaporating from the thin film of fluid
on the test surface. Plots of fluid freeze point profile versus surface
temperature profile illustrate the relationship between the two factors.
The difference in values at any point in time reflects the true freeze
point buffer at that time and explains the observed results where fluids
having initial freeze points above ambient temperature did not
experience freezing during the test run.

The plots also illustrate the mechanisms by which wind influences
final fluid condition. The effect of more rapid cooling due to higher
wind speeds causes a steeper surface temperature profile, with the
surface temperature quickly approaching the freeze point value of the
fluid. Simultaneously, the rate of improvement to fluid freeze point is
lessened, with the fluid freeze point value following a much flatter
profile. The two curves close rapidly; if and when they intersect,
freezing results.

In some instances the increase in fluid strength was remarkable, with
freeze points dropping by an increment as large as -20°C beyond the
initial value. Fluids having a very low glycol content to begin with
(those with initial freeze points just below 0°C) appeared not to have
the capacity to support large increases in fluid strength.

5.1.4 Results from Different Fluids

The most consistent results were produced from Type | fluids of the
different brands and strengths tested. Ethylene and propylene
glycol-based fluids produced similar results. Recycled, spent fluids,
reconstituted from either ethylene or propylene glycol-based spent
deicing fluids, exhibited equivalent performance when compared to
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5. CONCLUSIONS 5.1 Deicing Only

commercial Type | fluid brands.

Type IV fluids did not perform as well as Type | fluids. They developed
ice in the form of slush and did so in conditions less severe than those
limiting Type | fluid behaviour.

A limited number of tests conducted on diluted Type |l fluids
demonstrated performance equivalent to Type | fluids.

5.1.5  Severity of Icing Conditions

While the study considered the appearance of any type of ice to
constitute a failure, in many cases ice appeared only on the drip line at
the lower edge of the plate, with the remainder of the plate surface
being completely free of ice. This test condition would correspond to
the operational condition of a wing being clear of ice on the surface
and leading edge, but having a bead of ice at the trailing edge.

The thickness of ice film resultant from Type | fluids was generally
extremely small, estimated at less than 0.0025 mm (0.0001 in.).

5.1.6  Basis for Construction of a Deicing Only Table

Tests using Type | fluids indicated that a safe surface, clear of any
type of ice, was produced in all cases when the initial fluid freeze
point was equal to or lower than outside air temperature. This result
was independent of wind. Tests with -3°C buffers showed scattered
results — sometimes with ice starting to appear in some form at this
condition. Wind exerts a definite influence at this condition,
increasing the severity of any ice that does appear.

A reasonable approach, which has the added benefit of allowing the
influence of wind to be ignored, would be to base deicing only tables
on SAE Type | fluids, with freeze point limits matching the lowest
outside air temperature value expected to occur during the deicing
session. In other words, if a low of -8°C is forecast to occur during
the upcoming deicing period, then the freeze point limit to which the
deicing only fluid can be mixed should be no higher than -8°C.
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5. CONCLUSIONS 5.2 First-Step Fluid

5.2 First-Step Fluid

5.2.1 General Conclusions

A number of conclusions can be drawn from the data analysis:

e In calm wind conditions, all fluids tested delivered an interval prior
to initiation of freezing of at least three minutes, at the lowest test
temperature of -14°C;

e Wind exerts a major influence on the time interval available prior to
freezing;

e Wind exerts its influence by causing more rapid cooling of the
protected surface;

e Dilution of applied fluids occurs very rapidly. At the upper range of
light freezing rain (25 g/dm?/h), the applied fluid film is quickly
replaced by rainwater:

e ADF at —7°C freeze point: 4 to 5 minutes, and
o XL54 (-43°C freeze point): 7 to 8 minutes;

At the lower precipitation rate of 12 g/dm?h, (the boundary
defining freezing drizzle/light freezing rain), XL54 fluid still dilutes
to a -10°C freeze point in about three minutes; and

e In precipitation conditions, the major contributor to the period of
protection is the temperature of the surface, elevated above
ambient through heat transfer from the applied heated fluid.

5.2.2 Definition of Freeze Point Limits

In addressing the objective of the study to evaluate fluid freeze point
limits for first-step fluids, new data have been established that provide
an improved understanding of the influence of wind and rate of
dilution of fluids on the prime consideration: the interval from time of
fluid application until time start of freezing. The principal results can
be expressed in a single chart as shown in Figure 5.1, which presents
time intervals prior to freezing for different outside air temperatures
and wind speeds. These data represent average results from the
variety of dilute Type | fluids and water tested at each condition.
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FIGURE 5.1

TIME TO INITIAL FAILURE
LIGHT FREEZING RAIN (25 g/dm?/h)

Time to Initial Failure (min)

OAT (°C)
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5. CONCLUSIONS 5.3 Adequacy of Experimental Data

The chart illustrates the important influence that wind speed exerts on
results, but also highlights the limits of the scope of data.

In considering a basis for recommending freeze point limits for first-
step fluids, a reasonable approach would be to provide the operator
with a safe period of at least three minutes before the first-step fluid
freezes, during which time the overspray of anti-icing fluid would be
applied. The results of tests conducted at 10 and 20 km/h wind
speeds do not satisfy this goal. In Figure 5.2, it is suggested that a
line drawn parallel to the trend line through the 10 km/h data point
would intersect the three minute time (to initial failure) line at about an
outside air temperature of -8°C. The assumption of parallel lines is
believed to be sufficiently valid for the small temperature difference
involved (from -10 to -8°C). Accepting this assumption, it could then
be stated that application of any of the fluid mixes tested would be
expected to deliver a 3-minute safe period prior to freezing in
conditions of outside air temperature of -8°C and warmer, and winds
of 10 km/h or less.

Based on the scope of data collected, no conclusions can be reached
for conditions of colder temperatures or higher wind speeds.

5.3 Adequacy of Experimental Data

Use of only the McDonnell Douglas DC-9 aircraft in field tests limited the
opportunity to evaluate results on new types of composite surfaces, to
determine whether they produce similar results.

The quantity of fluid applied can affect results, particularly in those areas
where skin thickness is greater. These areas tend not to be the critical
areas; the flight control panels at the rear of the wing are generally more
critical and have thinner skin panels.

Application of a lower temperature fluid would be expected to influence
results negatively. Testing with a range of fluid temperatures typical of
low values that might be experienced in field operations could be of
value.
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FIGURE 5.2

TIME TO INITIAL FAILURE
LIGHT FREEZING RAIN (25 g/dm?/h)

Time to Initial Failure (min)
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6. RECOMMENDATIONS 6.1 Deicing Only

6. RECOMMENDATIONS

6.1 Deicing Only

The data produced in this series of tests indicates that, for dilute Type |
fluids (both ethylene and propylene glycol-based), an improvement in fluid
strength can be expected due to evaporation following fluid application.
As well, the data indicates that the test surfaces did not experience
freezing when the applied fluid was mixed to a freeze point equal to the
outside air temperature, regardless of wind speed.

The positive nature of findings to date provides encouragement to do
whatever is necessary to bring this project to a conclusion, leading to
publication of a Deicing Only table.

Discussions resulting from several presentations of this study’s findings
have questioned whether all variables that might potentially influence
results have been fully examined, and have proposed further tests to
evaluate these.

It is recommended that:

1. Supplementary tests be defined and conducted to investigate voiced
concerns.

2. Definition of any future testing be distributed to interested individuals
in the industry for their comments prior to the initiation of tests.

The nature of any ice that appeared during tests conducted on Type |
fluids was typically limited to either a very thin film of ice on the test
plate or wing surface, or drip ice located at the draining edge of the plate
or wing surface. Results from the RVSI sensor indicated that surface ice
was less than 0.0025 mm (0.0001 in.) thick. Drip ice was generally
slushy in nature with no adherence, and was not located in areas where
wing aerodynamics would be influenced. The concern that reduced
buffers may result in freezing of the applied fluid should be examined
from the perspective of evaluating the safety risk resulting from any such
freezing.

It is recommended that:

3. Frozen contamination typical of that observed during these tests be
evaluated from a flight safety perspective.
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6.2 First-Step Fluid

An operational concern expressed by airline representatives is related to
practical limitations imposed by spray equipment commonly in use.
Current deicing vehicles are generally equipped with a maximum of two
tanks, and vehicle inventories do not allow for spare vehicles to be held
out of service with different fluid mixes, awaiting a change in conditions.
Although some vehicles are capable of mixing fluids to desired
concentrations, this capability is not yet widespread. These and other
constraints lead the operator to prefer a procedure wherein vehicles are
loaded with a fluid having a freeze point buffer that is adequate both for
first-step fluids during storms and for deicing only conditions following
storms.

A further concern raised during discussions relates to some operators
past successful practice of application of first-step fluids having negative
buffers as large as 7°C. At the time when these practices were followed,
Type IV fluids had not yet been developed, and the subsequent
application of anti-icing fluid consisted of an application of a heated Type
| fluid. Any freezing that may have occurred between application of the
two fluids was thereby corrected by the heated second-step fluid. In
current practice, the second-step fluid may well consist of a cold Type IV
fluid, which will not necessarily correct any refreezing of the first-step
fluid.

It is recommended that:

4. Establishment of a guideline for the freeze point buffer for first-step
fluids be considered in conjunction with the guideline for deicing only
conditions.

These tests illustrated that anti-icing protection provided by the
application of Type | fluid is mainly related to the heat transferred from
the fluid to the wing surface. Even under moderate levels of precipitation,
fluid concentration is diluted within a matter of minutes and the fluid
freeze point temperature rapidly approaches that of outside air. High wind
conditions were shown to cause rapid cooling. Past tests to determine
holdover times for Type | fluids have been conducted with fluid
temperatures in the order of 20°C, well below truck fluid temperatures.
Conservative holdover time guidelines would be expected to result for
calm wind conditions. The use of test fluid at a lower temperature would
tend to compensate for wind conditions.
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6. RECOMMENDATIONS 6.2 First-Step Fluid

It is recommended that:

5. Current procedures for Type | holdover time testing adequately
compensate for the influence of wind on the rate of surface cooling
and thereby on holdover time.

This series of tests marked the first time that wind and precipitation were
combined as controlled variables in a laboratory experiment. While the
laboratory setup to produce this combination proved adequate for this
test, it is capable of being significantly improved.

It is recommended that:
6. Management at NRC’s CEF be approached to examine ways to

produce an improved quality of combined wind and precipitation
conditions for future tests.
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APPENDIX A
TRANSPORTATION DEVELOPMENT CENTRE

WORK STATEMENT

AIRCRAFT AND FLUID HOLDOVER TIME TESTS FOR WINTER 97/98
(Short Title: Winter Tests 97/98)
{Revised December 1997)

1 INTRODUCTION

Following the crash of a F-28 at Dryden in 1989 and the subsequent recommendations of
the Commission of Inquiry, the Dryden Commission Implementation Project (DCIP) of
Transport Canada was set up. Together with many other regulatory activities an intensive
DCIP research program of field testing of deicing and anti-icing fluids was initiated with
guidance from the international air transport sector through the SAE G-12 Commitiee on
Aircraft Ground De/Anti-icing. As a result of the work performed to date Transport Canada
and the US Federal Aviation Administration {the FAA) have been introducing holdover time
regulations and the FAA has requested that the SAE, continue its work on substantiating
the existing ISO/AEA/SAE Holdover Time (HOT) tables (DCIP research representing the
bulk of the testing).

The times given in HOT Tables were originally established by European Airlines based on
assumptions of fluid properties, and anecdotal data. The extensive testing conducted
initially by the DCIP R&D Task Group and subsequently by Transport Canada,
Transportation Development Centre (TDC), which has taken over the functions of the
DCIP, has been to determine the performance of fluids on standard flat plates in order to
substantiate the times, or if warranted, to recommend changes.

DCIP has undertaken most of the field research and much other allied research to improve
understanding of the fluid HoldOver Times. Most of the HOT table cells been substantiated,
however low temperatures have not been adequately explored and further tests are
needed.

The development of ULTRA by Union Carbide stimulated all the fluid manufacturers to
produce new long lasting anti-icing fluids defined as Type IV. All the Type IV fluids were
upgraded in early 1996 and therefore all table conditions need to be re-evaluated and the
table revised if necessary. Certain special conditions for which advance planning is
particularly difficult such as low temperatures with precipitation, rain or other precipitation
on cold soaked surfaces, and precipitation rates as high as 25 gm/dm?hr need to be
included in the data set. All lead to the need for further research.

A-1 HACM1 380\PROPOSALWORK_STADC161WS2



Although the Holdover tables are widely used in the industry as guides to operating aircraft
in winter precipitation the significance of the range of time values given in each celi of the
table is obscure. There is a clear need to improve the understanding of the limiting weather
conditions to which these values relate.

An important effort was made in the 94/95 and 95/96 seasons to verify that the flat plate
datawere representative of aircraft wings. Airlines cooperated with DCIP by making aircraft
and ground support staff available at night to facilitate the correlation testing of flat plates
with performance of fluids on aircraft. An extension of this testing was to observe patterns
of fluid failure on aircraft in order to provide data to assist pilots with visual determination
of fluid failure, and to provide a data to contamination sensor manufacturers. The few
aircraft tests made to validate the flat plate tests were inconclusive and more such tests
are needed. Additional tests testing with hot water and with hot air for special deicing
conditions were not completed. All these areas are the subjects for the further research
that is planned for the 96/97 winter.

2 PROGRAM OBJECTIVE (MCR 16)

Take an active and participatory role to advance aircraft ground de-icing/anti-icing
technology. Develop international standards, guidance material for remote and
runway-end de-icing facilities, and more reliable methods of predicting de-icing/anti-
icing hold-over times.

3 PROGRAM SUB-OBJECTIVES

3.1 Develop reliable holdover time (HOT) guideline material based on test
information for a wide range of winter weather operating conditions.

3.2  Substantiate the guideline values in the existing holdover time (HOT) tables
for fluids that have been qualified as acceptable on the basis of their impact
on aircraft take-off performance.

3.3  Perform tests to establish relationships between laboratory testing and real
world experience in protecting aircraft surfaces.

3.4  Supportdevelopment of improved approaches to protecting aircraft surfaces
from winter precipitation.
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PROJECT OBJECTIVES

4.1

4.2

4.3

4.4

4.5

Develop new Holdover Time Tables

(a) for Type IV and Type Ill fluids

(b)  for de-icing operations only, i.e. without precipitation;
Establish limits for the use of negative buffered deicing fluids for the first step
of two step anti-icing procedures
Determine the influence of fluid type, precipitation and wind on location of
fluid failure initiation, time to fluid faiture initiation, pattern of fluid failure
progression, and visibility of failed fluid on a sample high wing turbo-propeller
and a low wing turbojet commuter aircraft.
Assess the practicality of using a vehicle mounted remote area
contamination detection sensor for pre-flight (end of runway) checks.
Collect data on taxi times from start of de-icing or anti-icing, as applicable,
to start of the take-off roll under winter precipitation conditions at sample
airports.
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5. DETAILED STATEMENT OF WORK

5.1 Planning and Preparation

5.1.1 Scope of Work

The work shall be executed as eleven separate sub-projects:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

Planning and Preparation.

Holdover Time Testing and Evaluation of de/anti-icing fluids.
‘Negative Buffer' De-icing Fluids

Development of a Low Glycol ‘De-icing only’ Fluid Table.
Aircraft Full Scaie Tests.

Documentation of Pilot field of View, and Wing Visibility
Documentation of the Appearance of Failed Fluids.
Potential use of Remote Sensors for End-of-Runway inspection.
Taxi Times under conditions of Precipitation.

Support for Review of Alternative Technologies.

Provision of Support Services.

5.1.2 Program management

The work shall be broken down into the distinct areas of activity consistent
with the project objectives.

A detailed work plan, activity schedule, cash flow projection, project
management control and documentation procedure shall be developed for
each of the seven sub-projects, and delivered to the TDC project officer for
approval within one week of the pertinent start date.

5.1.3 Coordination

Prepare, plan, and coordinate with personnel from TDC, airlines, airport
authorities, fluid manufacturers, Instrumentation suppliers, and the National
Research Council of Canada (NRC) with respect to site requirements and
test procedures; training of test personnel; conduct of dry-run(s) and tests.

5.1.4 Safety of Personnel and Aircraft _

Planning shall include precautions to ensure safety of personnel, and safety
(freedom from damage) of aircraft.

A safety officer shall be nominated to prepare an appropriate plan, and
monitor its implementation.

Conduct of tests shall respect recognized safety standards and applicable
sections of Federal and Provincial labour codes. Where exceptions are taken
due to the nature of the work, e.g. emplacement of power and
instrumentation cables in the work area, test personnel shall be made aware
of potential hazards.
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Within the work area, comprising the de-icing pad and access ways, test
personne! shall co-ordinate their movements and be made aware of all other
operations taking place. Movement of airline equipment - aircraft, tow trucks,
de-icing trucks, shall have precedence over test personnel activities.

Care shall be taken to ensure that mobile equipment, such as inspection
platforms, lighting stands etc. are not in contact with aircraft surfaces.
Potential contact points for such equipment shall be padded.

Movements of visitors and personnel not directly involved in tests at any
given time shall be tightly controlled, with safety as the governing criteria.
Obtain 'Airport owners and operators premises and products liability
insurance' to indemnify and hold harmless the airport and the operators
against any claim arising.

5.1.5 Tests at National Research Council, Climatic Engineering Facility
Arrangements will be made by Transport Canada for use of the National
Research Council, Climatic Engineering Facility (NRC, CEF) for conduct of
certain tests.

Coordinate with NRC for use of the Test facility, including setting of dates for
tests, environmental conditions to be simulated, and equipment and test
materials to be supplied by the respective agencies.

5.1.6 Supply and Condition of De/Anti-icing Fluids

Fluids will be made available by TDC at no cost to the contractor.

The contractor shall make arrangements for fluids delivery and on-site
storage.

For dedicated flat plate tests, the contractor shall ensure that Type IV fluids are pre-
sheared prior to delivery, and are representative of the manufacturer's marketed
product. Where the only samples available for the conduct of tests are those with
the manufacturer’s lowest level of viscosity, this shall be duly recorded.

Where exceptions are taken to this requirement these shall be noted, and every
effort shall be made to obtain samples which comply with the requirements.
Where flat plate testing necessitates application of fluids sheared consistent with
normal truck application, and such fluids are not available, the contractor shall bring
the problem to the attention of the scientific authority for appropriate action. This
may require subjecting the fluids to shearing by other means.

5.2

Holdover Time Testing and Evaluation of de/anti-icing fluids
5.2.1 Site preparation.

Set up experimental sites and install sensors as inspection aids to provide
consistent plate failure conditions under field and laboratory conditions.
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5.2.2 Flat Plate Tests for New Type IV fluids

Conduct flat plate tests under conditions of natural snow and freezing drizzle
precipitation to record the holdover times, and to develop individual Holdover
Time Tables based on samples of new and previously qualified Type IV
fluids supplied by Fluid Manufacturers under as wide a range of temperature,
precipitation rate, precipitation type, and wind conditions as can be
experienced. Tesis shall be anticipated for at least four different
manufacturer's fluids and shall be conducted in the field and the laboratory.

5.2.3 Validation of "Fluid-Specific" and SAE Tables

Conduct flat plate tests to validate "fluid-specific” and SAE tables that
currently lack sufficient supporting data. For the "freezing fog" condition the
current upper holdover time shall be revised as necessary.

5.2.4 Evaluation of Snow Weather Data

Evaluate snow weather data (precipitation rate/temperature data) from
previous winters to ascertain the suitability of the data ranges used to date
for evaluation of HOT limits,

Obtain data from Environment Canada for four sites in Quebec: Rouyn,
Mingan (Sept Isles), Pointe-au-pére (Mont Joli), and Ancienne Lorette
(Québec City), in addition to Dorval (Montreal).

5.2.5 Analysis of Current Type | and Type Il Holdover Time Tables
Conduct an analysis of current Type | and 1l fluid holdover time data to
determine their concurrence with values determined from the data ranges
established in task 5.2.4 above. This evaluation will be conducted for all fluid
dilutions and precipitation conditions. Develop appropriate regression
equations.

5.2.6 Evaluation of the SPAR Aerospace Ice Detection Camera

TDC will arrange for provision of a SPAR Aerospace (Also referred to as a
"SPAR/Cox") camera, with software modifications appropriate for data
collection and evaluation.

Install the Camera at the Dorval "Field" test site for use in standard flat plate
tests.

Calibrate camera output to characterize fluid ‘failure’ consistent with visual
and other instrumented failure ‘calls’. Compare camera observations during
conduct of flat plate tests with visual observations of fluid behaviour under
conditions of precipitation, and similar observations by other sensing
devices.
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2.3

5.2.7 Supplementary Tests
Conduct supplementary tests in the NRC Climatic Engineering Facility to:

. Measure film thickness of ‘new’ fluids {fluids made available by TDC,
but not previously tested) on flat plates.

. Observe the effects of fluids on ice-phobic materials on standard
(aluminum) plates.

. Determine the effect on holdover time of spraying versus pouring of
Type IV fluids.

. Determine the effect on holdover time of applying heated versus cold

Type |V fluids for standard flat plate tests.

5.2.8 Compatibility with De-icing Fluids

Holdover time tests shall in general be conducted with fluid applied directly
to clean plates. Additional tests shall be conducted to determine compatibility
of the Type IV fluid samples with a proposed new category, "Type 0" fluid,
derived from reclaimed spent fluid.

5.2.9 Measurements and instrumentation

fn addition to measurements and records of environmental conditions
pertinent fo the tests, measurements may be made during the conduct of the
tests to obtain histories at selected locations on the plates of fluid thickness,
refractive index, and viscosity through to the end of the tests.

SPAR/Cox and RVSI remote sensors should also be used to record the
initiation and progression of fluid failure.

5.2.10 Location of Tests

Planning shall be based on conduct of outdoor (field) tests at Dorval Airport,
Montreal, and indoor laboratory tests in the NRC Climatic Engineering
Facility, Ottawa. Anticipate 20 days occupancy in the laboratory.
Consideration shall be given to conduct field tests at alternate sites where
desirable test conditions may occur more frequently.

‘Negative Buffer' De-icing Fluids
(Note: The guidelines for holdover times given in the SAE Tables call
for the freezing points of fluid mixtures to be at least 10°C (18°F) for
Type |, and 7°C (13°F) for Type Hl below the ambient air temperature).
Conduct tests to determine the limits of the use of hot water, and reduced
glycol content de-icing fluids under conditions of precipitation.
Focus of activity shall be conduct of tests in the laboratory (NRC
Environmental Test Facility} under controlied conditions. Availability of
aircraft and procurement of laboratory services will be by TDC.
All other services and facilities shall be provided by the contractor.
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5.3.1 Aircraft Tests

Conduct two test sessions with a selected aircraft at Dorval Airport, Montreal
to establish a ‘reference’ case for comparison with laboratory results. Choice
of aircraft shall be determined in cooperation with US Airways and TDC. Test
records shall include relative humidity at the time of test, and the fuel load of
the aircraft to be tested.

Test shall be conducted under conditions without precipitation, at zero or low
wind velocity, and with low level of insolation - i.e. overcast or night-time.
Plan for conduct of tests at two temperature ranges.

Tests shall be conducted with hot water heated and applied in accordance
with the first step of SAE ARP4737, iatest edition, Two-Step de-icing/anti-
icing procedure.

Tests shall be conducted for two dilutions of an ethylene-glycol based Type
| fluid, to be selected in coordination with TDC.

Condition of fluid as applied, duration of application, and quantity of fluid
applied shall be recorded.

Temperature histories on the wing surfaces at selected locations shall be
recorded starting prior to fluid application and terminating after fluid freezing.
Locations shall include ‘over fuel tank’ and low thermal inertia surfaces such
as control surfaces.

Simultaneous tests shall be conducted adjacent to the aircraft using standard
1/8" (1.2mm) thick 'SAE’ flat plates, increased thermal capacity 1/4" (6mm)
plates, and ‘Cold-Soak’ boxes developed for laboratory simulation of cold-
soaked wing. Boxes of appropriate depth shall be provided, as necessary,
to ensure that the observed range of fluid behaviour on the wing can be
adequately simulated in the laboratory.

5.3.2 Laboratory Tests
Schedule a test session of one-week nominal duration in the NRC
Environmental Test Facility in coordination with TDC. Notify TDC of the
anticipated start date with minimum of two weeks notice.
Anticipate tests using Type | ethylene glycol, and Type | propylene glycol de-
icing fluids, and at least one Type IV fluid, heated and applied in accordance
with the first step of SAE ARP4737, latest edition, Two-Step de-icing/anti-
icing procedure.
Conduct a matrix of tests using standard 1/8" (1.2mm) thick ‘SAE’ flat plates,
increased thermal capacity 1/4" (6mm) plates, and ‘Cold-Soak’ boxes
developed for laboratory simulation of cold-soaked wing, based on:

A range of selected temperatures (e.g. -3°C, -7°C, -14C, -25°C)).

A range of appropriate precipitation rates, based on simulated

Freezing Rain.
A range of selected buffers, i.e. fluid dilutions.
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Relative humidity at time of test shall be recorded.
Effects of wind are not to be considered.

. Record all test conditions, and time to fluid failure.

. Prepare recommendations for use of ‘Negative Buffer' fluids based on
ambient temperature, an appropriate, conservative delay (e.g. 3 minutes)
before application of Anti-icing fluid, and limitations which might be imposed
by wind conditions.

5.4  Development of a Low Glycol ‘De-icing only’ Fluid Table

Conduct tests to develop a ‘De-icing Only’ table for removal of ice, slush, snow or
frost, in the absence of precipitation when the fluid is applied in accordance with
SAE ARP 4737, latest revision. It is anticipated that the table would give values of
minimum acceptable de-icing fluid glycol content, with appropriate buffer, as a
function of a set of ambient temperature ranges.

Focus of activity shall be conduct of tests in the laboratory (NRC Environmental
Test Facility) under controlled conditions. Procurement of laboratory services will be
by TDC.

5.4.1 Laboratory Tests

. Schedule a test session of one-week nominal duration in the NRC
Environmental Test Facility in coordination with TDC. Notify TDC of the
anticipated start date with minimum of two weeks notice.

. Anticipate tests using water; a proposed new category "Type '0" fluid based
on recycled spent fluid; and Type | ethylene glycol, and Type | propylene
glycol diluted to provide a range of 'low-glycol’ heated de-icing fluids.

. Conduct a matrix of tests using standard 1/8" (1.2mm) thick ‘SAE’ flat plates,
increased thermal capacity 1/4" (6mm) plates, and ‘Cold-Soak’ boxes
developed for laboratory simulation of cold-soaked wing, based on:

A range of five or more selected temperatures.

A range of simulated wind velocities, representative of those
encountered in operational service.

A range of selected buffers, i.e. fluid dilutions.

. Record the relative humidity.

. Record all test conditions including history of test surface temperature, and
time to fluid failure.

. Develop a draft ‘De-Icing, only, Table’

. Prepare a presentation to the SAE G-12 HoldOver Time Subcommittee.
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5.5 Aircraft Full Scale Tests

5.5.1 Purpose of tests

Conduct full scale aircraft tests:

- to generate data which can be used to assist pilots with visual
identification of fluid failure;

- to assess a pilot's field of view during adverse conditions of winter
precipitation for selected aircraft;

- to assess whether Representative Surfaces can be used to provide
a reliable first indication of anti-icing fluid failure;

- to explore the potential application of point detection sensors to warn
the Pilot in Command (P.1.C.) of an 'unsafe to take-off condition’,

- fo obtain failed fluid contamination distributions and profiles which can
serve as inputs to a theoretical program designed to assess the
effects of such contamination on possible aircrafi take-off
performance; and

- to compare the performance of de/anti-icing fluids on aircraft surfaces
with the performance of de/anti-icing fluids on flat plates.

5.5.2 Test Locations

Conduct tests at the Central De-icing Facility, Dorval International Airport,
Montreal using aircraft made available by airlines.

Contingency plans shall be made to conduct tests at alternative sites:
Ottawa, Uplands Airport; Quebec City, Ancienne Lorette Airport.

Tests shall be performed at the new central de-icing facility. Coordinate with
the facility operator for application and clean-up of fluids.

5.56.3 Facilities to be Provided

Provide all necessary equipment and facilities for conduct of the tests.
Negotiate provision of ancillary equipment and services where possible with
the pertinent airlines. Notify TDC of such arrangements. Equipment shall
include lighting fixtures as necessary, observation platforms, vehicles,
storage facilities, office facilities and personnel rest accommodation.
Additional facilities and test equipment, if required, may be requested subject
to agreement by all parties involved.

5.5.4 Test Plans
Prepare Test Plans for full-scale aircraft tests to include the following:
a) A detailed statement of work for each of the participants;
b) A specific test plan, for review by all parties, which will include as a minimum:
° Test procedures including Schedule and sequence of activities;
Detailed list of responsibilities;
Complete equipment list;
List of data, measurements and observations to be recorded; and
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c) A list of test activities including:

° Visual and Instrumented Data Logging;
o Monitoring and recording environmental conditions, including:
- Air temperature,

- Wing surface temperature at selected locations,
- Wind velocity and direction, and
- Precipitation type and rate;

[ Record of aircraft and plate crientation to the wind; and
° Use of instrumentation to determine the condition of the fluid.
d) Data to be acquired from the tests including:
® Identification of fluid failure criteria;
° Location and time of first point of fluid failure on the wing, and of
subsequent failure progression;
* Correlation of fluid failure time to environmental conditions;
] Correlation of fluid failure times on flat plates and aircraft; and
o Behaviour of fiuid on the "representative" surface.

Plans shall include concurrent comparison tests of fluids on flat plates with the
aircraft tests.

Present plans for review and approval by the TDC project officer.

Present the approved program to the airline and de-icing facility operator involved
prior to the start of field tests.

5.5.5 Test Scheduling

Schedule tests on the basis of forecast freezing precipitation.

Notify the airline and de-icing facility operator in advance of the desired test
set-up, including aircraft orientation with respect to the forecast wind
direction, sequence of fluid applications, and any additional services
requested.

Confirm that the de-icing equipment used for the tests is equipped with a
nozzle suitable for the application of the pertinent fluids. Application of fluids
will be by de-icing facility operator personnel.

5.56.8 Personnel and facility preparation

Recruit and train local personnel who will conduct test work.

Secure necessary approvals and passes for personnel and vehicle access
for operation on airport airside property.

Provide all equipment and all other instrumentation necessary for conduct of
tests and recording of data.

Arrange (with the cooperation of TDC) for deicing equipment and aircraft to
be made available for the tests .

Arrange for the provision of fluids for spraying an aircraft.

Arrange for spray application during the initial tests to be observed by the
fluid manufacturer's representative for endorsement, if possible.
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5.5.7 Aircraft, De-lcing Pads and Crews

Planning shall be based on the following aircraft and facilities:

Canadair RJ

Airline TestLocn. De-lcing Pad De-lcing Crew

Air Canada Dorval Central Aeromag 2000

Air alliance Dorval Central Aeromag 2000
5.5.8 Dry Runs

Conduct a 'dry run' for test team personnel to ensure familiarity with their
requested roles. Dry runs shall be scheduled as early in the winter season
as can reasonably be achieved and shall be scheduled at the participating
airline’s convenience. Operations shall include Type | and Type IV fluid
applications and re-orientation of the aircraft.

5.5.9 Full-Scale Tests
Conduct up to 8 full all-night test sessions.
Note: In general, aircraft will be made available for testing outside
regular service hours, i.e. available between 23:00 hrs. and
06:00 hrs. Subject to weather conditions additional test
sessions may be requested.
Tests shall be conducted under a selection of the following conditions:

Aircraft orientations: Headwind, Crosswind, Tailwind
Precipitation: Snow, Freezing drizzle (If possible)
Fluids: Type [, Type IV ‘Ultra’ and Octagon.
Engine Operations: Anticipate dry run & full scale tests with

engines running for Turbo-prop aircraft.

The following matrix of tests is anticipated:

Aircraft No. of Tests A/C Orient's* Comments
Canadair RJ 4 T,CH Dry Run required
DHC-8 3 T,CH Engines running

Total Tests 7+ 1 dry run
T = Tail Wind, C = Cross- Wind, H = Head Wind

5.5.10 Priority of Tests

Initial planning for tests shall be based on the matrix of tests covered by
items 5.5.7 and 5.5.9, above.

Plans shall be made such that the number of tests with each aircraft and
sequence of tests can be easily revised.

5.5.11 Aircraft Orientation and Fluid Application:

Tests shall be conducted in the following sequence: Tail to wind, Cross wind,
Head wind.
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Type IV tests shall be conducted with UCAR ULTRA, except as otherwise
indicated.

For tests with Tail to wind and Nose to wind, Type I fluid shall be applied to
the port wing, and Type | fluid followed by Type IV fluid shall be applied to
the starboard wing in a standard 2-step application procedure. Tests with
Type I fluid, only, shall be repeated without change in aircraft orientation untit
failure of the Type IV fluid.

For cross-wind tests both wings shall be treated with Type | only and
observations of fluid behaviour shall be to failure of the fluid on both wings.
Under conditions of light precipitation when the expected time to failure of the
Type IV fluid is judged to be be 'excessive' the Type IV test shall be aborted,
and the aircraft re-orientaion shall proceed for further Type | tests.

Under conditions of heavy precipitation when the expected time to failure of
the Type IV fluid is judged to be be 'short', Type IV test(s) shall also be
conducted in a cross-wind, with the same fluid application to both wings.
A maximum of three (3) Type | tests and one Type (IV) test are contemplated
for each orientation, on a given test night.

5.5.12 Tests with a Canadair RJ

Tests with a Canadair RJ shall include sessions with a local area of the wing
having fluid thinly applied. Thickness distribution and history shall be
monitored, and observations made to determine whether local fluid failure
occurs, and in such an event whether the failure propagates prematurely.
Tests shall also be conducted during a single test session with UCAR
ULTRA and with OCTAGON fluids to compare their behaviours.

5.5.13 Tests with Turbo-prop aircraft

True functional tests with Turbo-prop aircraft require that the engines should
be running.

Gather available information applicable to the ground operations of these
aircraft in regular service. Based on observation and the observations of
others, assess the influence of propeller 'wash’ on fluid flow-back patterns,
and on precipitation behaviour, particularly under cross wind conditions.
Particular consideration shall be given to safety. In the event of confiict
between access for data gathering to obtain required test results and safety
considerations, safety shall govern.

55.14 Test Measurements

Make the following measurements during conduct of each test:
Contaminated thickness histories at points on wings, selected in cooperation
with TDC.

Contamination histories at points on wings to be selected in cooperation with
TDC.
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5.6

Location and time of first failure of fluids on wings -

Concurrent measurement of time to failure of fluids on flat plates; plates to
be mounted on standard frames and on aircraft wings at agreed locations.
Pattern and history of fluid failure Progression.

Wing temperature distributions.

Amount of fluid applied in each test run, and fluid temperature
Meteorological conditions.

5.5.15 ‘Clean’ Fluid Thickness Measurements

In the event that there is no precipitation at the time of the dry run, or during
full scale tests, advantage shall be taken to make measurements of fluid
thickness distributions on the wings. These measurements shall be repeated
for a number of fluid applications to assess uniformity of fluid application.

5.56.16 Pilot Observations

Contact airlines and arrange for pilots to be present during tests to observe
fluid failure and failure progression. Record pilot observations for later
correlation with aircraft external observervations.

5.5.17 Remote sensor records
Record the progression of fluid failure on the wing using RVSI and/or SPAR
remote contamination detection sensors.

5.5.18 Videotape Records
Make videotape records of tests. Advise with respect to professional video
tape coverage for at least two overnight test sessions.

5.5.19 Return of equipment -
Return any equipment obtained from airlines for use during the tests to its
original condition at the end of the test program.

5.6.20 Assembly and analysis of results
Assemble and analyze all results.

5.5.21 Flat plate tests
Conduct standard flat plate tests concurrently with the aircraft tests.

Documentation of Pilot field of View, and Wing Visibility

5.6.1 Aircraft Types

Document the area of the wing that is visible to the PIC from inside the
cockpit and from inside the cabin for as many aircraft types in service in
Canada as can reasonably be checked. Aircraft types shall include at least
DC-9, B-767, Canadair RJ, DHC-8 and Bae-146.
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5.7

5.6.2 Lighting Conditions
Area of visibility shall be recorded under conditions of ‘normal’ daylight, and
at night under conditions of precipitation with on-board lighting, only.

5.6.3 Documentation
Provide sketches, illustrations and photographic records of the visible area(s)
of the wing.

Documentation of the Appearance of Failed Fluids

5.7.1 Tests

Conduct flat plate tests in the NRC CEF laboratory, and in the field designed

to address the following issues:

What is the appearance of a failed fiuid.

How does the appearance of a Type | fluid failure differ from a Type
IV fluid failure.

How does the appearance of failure under conditions of freezing drizzle differ
from failure in freezing rain, and in snow.

Under what conditions do de/anti-icing fluids "Flash freeze".

Are there differences in failure appearance between ethylene-, and

propylene-glycol fluids when exposed to freezing drizzle.

Do strong winds significantly affect failure appearance.

5.7.2 Records
For each test record the following information with appropriate
instrumentation:
Fluid thickness history at selected locations.
Viscosity at selected locations.
Refractive Index history at selected locations.
Video camera appearance of flat plate at time of fluid failure.
Video camera appearance of ‘cross-hair’ detail at time of fluid failure.
RVSI and/or SPAR/COX remote sensor record of fluid failure.
C/FIMS point sensor record of fluid failure.
and record the description of the visual appearance of fluid failure

5.7.3 Documentation

For each test provide the following documentation:
Record of purpose of test, and test conditions.
Photographic record of initiation and progression of failure.
Output ‘traces’ for each of the three sensors as a function of time.
Fluid freeze point temperature history and Fluid viscosity history.
Fluid thickness history.
A subjective determination of failed fluid adherence, together with
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2.8

5.9

criteria used.

Potential use of Remote Sensors for End-of-Runway inspection

5.8.1 Preparation

Purpose of the task is to determine the problems and possible solutions with
respect to operation of remote sensors for to supplement the PIC's visual
pre-takeoff contamination inspection.

Arrange for installation of a SPAR/COX remote sensor to be installed on a
mobile vehicle.

Arrange with pertinent agencies having jurisdiction for the sensor and vehicle
to be operated on a trial basis suitable for conduct of pre-takoff inspection of
aircraft at, or close to, the end of runway immediately prior to start of the
take-off roll.

Anticipated duration of the test period will be approximately two weeks and
shall encompass at least two periods of freezing precipitation.

5.8.2 implementation
Anticipated problems include:
accessibility of the vehicle to the end of runway,
liasion with the tower
communication between vehicle, tower, and aircraft,
responsibility for communication of sensor observations to the PIC,
qualifications required for the vehicle/sensor operator.
Problems encountered should be reported and recommendations for
solutions made.

5.8.3 Sensor Outputs

Sensor electronic outputs shall be recorded for analysis at the end of the
winter season. During conduct of the task the sensor operator shall NOT
report the sensor observations of the condition ofthe aircraft critical surfaces.

Taxi Times under conditions of Precipitation

Record and report taxi times from start of hold-over time to start of take-off
roll (Nominal time of conduct of the pre-takeoff inspection) under conditions
of winter precipitation to assess actual taxi times experienced and the impact
of conditions of precipitation on ground operations.

Record and report taxi times under daylight conditions in the absence of
precipitation, for aircraft requiring de-icing only, in order to provide reference
times for sample runway use.

5.9.1 Locations

Collect datafor operations at Montreal, Dorval Airport, and at Toronto, Lester
B. Pearson Airport, and supply any additional relevant data as may be
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5.10

5.11

2.12

5.13

readily available.

Support for Review of Alternative Technologies

Provide support services for the evaluation of an infra-red heating device to
be demonstrated by Infra-Red Technologies Inc. as a low cost and zero
environmental impact alternative technology for aircraft de-icing.

Provision of Support Services

Provide support services to assist with conduct of tests, collection/reduction
of data and presentation of findings, all in areas associated with other tasks
of this work statement. These services shall include assistance with TDC
project "Contaminated Aircraft Take-off Tests".

Presentations of test program results

5.12.1 Preliminary Findings

Prepare and present preliminary findings of test programs involving field
tests with aircraft to representatives of Transport Canada and the Airlines
involved at end of the test season, but no later than May 30 1997.

5.12.2 Presentation of findings to the SAE
Participate at the SAE meeting to be held in Vienna in May1998, and present
the results of the work conducted during the winter season 1997/98.

Reporting

Reporting shall be in accordance with section 10 "Reporting", below.
Separate final reports shall be issued for each area of activity consistent with
the project objectives.
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3.3.2 Anti-icing fluids are:

SAE Type | fluid (see previous caution)

Mixtures of water and SAE Type | fluid

Concentrates or mixtures of SAE Type Il fluid and water

Concentrates or mixtures of SAE Type Ill fluid and water
Concentrates or mixtures of SAE Type IV fluid and water

L

SAE Type II, lll, and IV fluids for anti-icing are normally applied unheated on clean aircraft surfaces
but may be applied heated. SAE Type | fluid may be used unheated or heated after the aircraft has
been deiced (reference Figure A1 and AMS 1424),

3.3.3 Fluid terms are:

a. Newtonian fluids are defined as fiuids whose viscosities are shear independent and time
independent. The shear rate of a Newtonian fluid is directly proportional to the shear stress.
The fluid will begin to move immediately upon application of a stress; it has no yield stress to
overcome before flow begins.

NOTE: SAE Type | fluids are considered Newtonian.

b. Non-Newtonian fluids are defined as fluids whose viscosities are shear and time dependent
and whose shear rate is not directly proportional to its shear stress. The fluid will not begin to
move immediately upon application of a stress, it has a yield stress to overcome before fiow
begins.

NOTE: SAE Type II, lll, or IV fiuids containing thickeners demonstrate a pseudoplastic
behavior which is defined as a decrease in viscosity with an increase in shear rate.

3.4 Methods/Procedures:

3.4.1 Deicing is a procedure by which frost, ice, slush, or snow is removed from the aircraft in order to
provide clean surfaces.

3.4.2 Anti-icing is a procedure, which provides protection against the formation of frost or ice and
accumulation of snow or slush on clean surfaces of the aircratft for a fimited period of time (holdover
time).

3.4.3 Deicing/anti-icing is a combination of the two procedures described previously. It can be
performed in one or two steps.

3.4.3.1 One step deicing/anti-icing is carried out with an anti-icing fluid. The fluid used to deice the
aircraft remains on aircraft surfaces to provide limited anti-icing capability.
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6.3 Limits/Precautions:
6.3.1 Fluid Related Limits:

CAUTION: SAE Type | fluids supplied as concentrates for dilution with water prior to use shall not
be used undiluted, uniess they meet aerodynamic performance and freezing point
buffer requirement (reference AMS 1424). This is due to adverse aerodynamic
effects of propylene glycol and diethylene glycol based fluids and the freeze point
characteristics of ethylene glycol and diethylene glycol based fluid.

6.3.1.1 Temperature Limits (see appropriate figures): When performing two step deicing/anti-icing, the
FP of the fluid used for the first step shall not be more than 3 °C (5 °F) above ambient
temperature (refer to 6.3.3.2).

6.3.1.1.1 SAE Type | Fiuids: The FP of the SAE Type | fluid mixture used for either one step deicing/
anti-icing or as a second step in the two step operation shall be at least 10 °C (18 °F) below the
ambient temperature.

6.3.1.1.2 SAE Type Il and IV fluids used as deicing/anti-icing agents may have a lower temperature
application limit of -25 °C (-13 °F). The application limit may be lower, provided a 7 °C (13 °F)
buffer is maintained between the FP of the concentrated fluid and OAT. In no case shall this
temperature be lower than the lowest operational use temperature as defined by the
aerodynamic acceptance test.

6.3.1.2 Application Limits (see applicable figures): Under no circumstances shall an aircraft that has
been anti-iced receive a further coating of anti-icing fluid directly on top of the contaminated film.
Should it be necessary for an aircraft to be reprotected prior to the next flight, the external
surfaces shall first be deiced with a hot deicing fluid mix before a further application of anti-icing
fluid.

6.3.2 Aircraft Related Limits: The application of deicing/anti-icing fluid shall be in accordance with the
requirements of the airframe/engine manufacturers.

6.3.3 Procedure Precautions:

6.3.3.1 One Step Deicing/Anti-icing: It is performed with an anti-icing fluid (see 3.2.2). The correct fluid
concentration is chosen with regard to desired holdover time, dictated by OAT and weather

conditions.

CAUTION: Wing skin temperature may differ and in some cases may be lower than OAT. A
stronger mix can be used under the latter conditions
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Outside Air One-Step Procedure Two-Step Procedure
Temperature see 6.3.3.1 see 6.3.3.2
OAT Deicing/Anti-icing First Step: Deicing Second Step: Anti-icing'
: Water heated to 60 °C
-3 °C (27 °F) {140 *F) minimum at
and above FP of heated fluid® the noxzle or a heated FP of fluid mixture shall
mixture shall be mix of fluid and water. be at least
at least 10 °C (18 °F) FP of heated fluid 10 °C (18 °F) below
Below below OAT mixture shall not be actual OAT
-3°C (27 °F) more than 3 °C (5 °F)
above OAT

NOTE: For heated fluids, a fluid temperature not less than 60° C (140° F) at the nozzle is
desirable. Upper temperature limit shall not exceed fluid and aircraft manufacturer’s
recommeadations.

[ CAUTION: Wing skin temperatures may differ and in some cases may be lower than
OAT. A stonger mix (more glycol) can be used under the latter conditions.

1 To be applied before first step fluid freezes, typically within 3 min.
2 Clean aircraft may be anti-iced with unheated fluid

FIGURE 1 - Guidelines for the Application of SAE Type | Fluid Mixtures
(Minimum Concentrations) as a Function of Outside Air Temperature (OAT)
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Outside Air
Temperature
OAT

One-Step Procedure
see 6.3.3.1
Deicing/Anti-icing

Two-5tep Procedure
see 6.3.3.2

First Step: Deicing

Second Step: Anti-icing'

-3°C (27 °F)
and above

50/50
Heated® Type 1INV

Water heated to 60 °C

Below -3 °C (27 °F)
10 -14 °C (7 °F)

75125
Heated? Type NV

Below -14°C (7° F) to
-25 °C (-13 °F)

100/0
Heated® Type IV

(140 °F) minimum at the 50/50
nozzle or a heated mix of Type WAV
Type I, l or IV with water.
- 75125
Heated suitable mix of Type WV
Dype 1, I or IV with FP not
more than 3°C (5°F) above -
actual OAT. 100/0
Type WIV

Below -25 °C (-13 °F)

SAE Type AV fluid may be used below -25 °C (-13 °F) provided that the
freezing point of the fluid is at least & 7 °C (13 °F) below OAT and that

aerodynamic acceptance criteria are met. Consider the use of SAE Type |
when Type I/1V fluid cannot be used (see Figure 1). _

NOTE: For heated fluids, a fluid temperature not less than 60° C (140° F) at the nozzle is
desirable. Upper temperature limit shall not exceed fluid and aircraft manufacturer’s

recommendations.

CAUTION: Wing skin temperatures may differ and in some cases may be lower than
OAT. A stronger mix (more giycol) can be used under the latter conditions.

L

1 To be applied before first step fluid freezes, typically within 3 min.

2 Clean aircraft may be anti-iced with snheated fluid

CAUTION: Aa insufficient amount of anti-icing fluid, especially in the second step of a
two step procedure may cause a substantial loss of holdover time; pwﬁcular]y when
using a Type I fluid mixture for the first step (deicing).

FIGURE 3 - Guidelines for the Application of SAE Type Il and Type IV Fluid Mixtures
(Minimum Concentrations) as a Function of Outside Air Temperature (OAT)
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concentrations in % VWV

Outside air One-step . Two-step Procedure
temperature procedure see para. 6.3.3.2
see para. 6.3.3.1
OAT Deicing/anti-icing First step: Deicing Second step Anti-
icing 4)
Water heated to 60°C
-3°C (27°F) 100/0 (140°F) minimum at the 100/0
and above Heated Type [ nozzie or a heated mix Type 1]
of Type | or Ill with
water
Below -3° C (27° F) 100/0 ¥;:;°,“°§‘I'I'I‘§3:§ m ot 100/0
to -14° C (7° F) Heated" Type Il [ yore than 3 °C (5 *F) Type lll
above actual OAT.

Below-14° C (7° F) | SAE Type il fluid may be used below -14° C (-7° F) provided that the
freezing point of the fluid is at least a 7° C (13° F) below OAT and that
aerodynamic acceptance criteria are met. Consider the use of SAE
Type | when Type I fluid cannot be used (see Figure 1).

Note: For heated fluids, a fluid temperature not less than 60° C (140° F) at the nozzle is
desirable.

Upper temperature limit shall not exceed fluid and aircraft manufacturers
recommendations

Caution: Wing skin temperatures may differ and in some cases may be lower than OAT.

Caution: An insufficient amount of anti-icing fluid, especially in the second step of a two step
procedure, may cause a substantial loss of holdover time. This is particularly true

when using a Type | fluid mixture for the first step(deicing)

1} To be applied before first step fluid freezes, typically within 3 minutes

2) Clean aircraft may be anti-iced with cold fluid,

FIGURE 6 - Guidelines for the Application of SAE Type Il Fluid Mixtures
as a Function of Outside Air Temperature (OAT)
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EXPERIMENTAL PROGRAM - AIRCRAFT TRIALS FOR THE DEVELOPMENT OF DEICING ONLY TABLE

EXPERIMENTAL PROGRAM
AIRCRAFT TRIALS FOR THE DEVELOPMENT OF DE/CING ONLY TABLE
AND DETERMINATION OF FIRST STEP FLUID TEMPERATURE LIMITS
Winter 1997-98

APS will conduct a series of tests on flat plates and\or cold-soaked boxes at the
National Research Council Climatic Engineering Facility, and on aircraft at Montreal
International Airport (Dorval).

This document provides the detailed procedures and equipment required for the
conduct of the aircraft trial portion of this project.

1. OBJECTIVES
This project addresses two principal objectives:
i) To establish data sufficient to develop a Deicing Only table.

This table will provide guidelines similar to the current table in SAE
ARP4737, but will apply only to those conditions when a holdover time is
not required. Removal of snow following termination of a snow storm
would be a typical case when this proposed table would be applied.

The process of developing this table will include investigation of the
requirement for fluid freeze point buffers in conditions when a holdover
time is not required.

ii) To determine the limits for negative freeze point buffers for fluids used as
the first step fluid in a two-step deicing procedure.

Current guidelines in SAE ARP4737 state that the freeze point of the first
step fluid shall be not more than 3°C above outside air temperature.

These tests will determine whether application of heated fluids having
freeze points higher than 3°C above outside air temperature will provide
an interval of five minutes or more before freezing when applied during a
condition of freezing precipitation.

The purpose of the aircraft trials is to confirm that results of detailed tests
conducted on wing substitutes are faithful predictors of results on wing
surfaces.

X:A@APS ARCHIVE\CM1380 (TDC DEICING 1997-98)\PAOCEDURDE_ONLY\AC_TESTS.WFPD
Varslon 1.1

Wl’i €1 Juna 06



EXPERIMENTAL PROGRAM - AIRCRAFT TRIALS FOR THE DEVELOPMENT OF DEICING ONLY TABLE

2. TEST REQUIREMENTS

3.

2.1 Aircraft Tests at Dorval Airport

Trials will be conducted on aircraft on two occasions with the objective of
confirming that results of tests conducted on flat plates or cold-soaked boxes
are representative of results of tests on aircraft wings.

Tests in dry conditions and at two temperature ranges are planned: between
-2° to -5°C and between -8° to -12°C, Calm winds are desired. A limited
number of fluid concentrations will be selected to provide fluid freeze points
above the existing ambient air temperature. Trials will also examine results of
application of heated water. Attachment C-I presents a detailed plan for this
series of tests.

Aircraft availability and towing will be coordinated with US Airways and
their local ground handler. Aircraft spraying will be coordinated with
AéroMag 2000.

The product of each test will be the documentation of the final condition of the
surface with respect to area wetted versus dry, and the condition of any fluid
remaining. The Spar/Cox camera will be employed in these trials to
supplement observers comments and diagrams of results. Data collected will
include progressive tracking of temperature profiles at various points on the
wing surface as measured by installed thermistors.

Simultaneous tests will be conducted on flat plates and cold-soaked boxes.
Complete photo and video records of conduct of tests and results will be

maintained.

EQUIPMENT

Test equipment is listed in Attachment C-II.

4.

PERSONNEL

A description of the responsibilities and duties of each member of the test team is
provided in Attachment C-Ill,

ey /. g
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5. SUMMARY OF PROCEDURE

The trial will be initiated by APS Aviation based on forecast weather conditions,
and confirmation of availability of aircraft and aircraft towing and deicing ground
crews,

The aircraft will be placed at the deicing centre by US Airways ground handler.
APS will mount thermistor probes on all test surfaces {wings and flat plates and/or
cold-soaked boxes) at pre-defined locations.

AéroMag 2000 will prepare to spray heated fluids as specified.

Test fluid will be sprayed on the wing according to standard procedures. Fluid from
the deicing vehicle will be poured on the test surfaces on the stand.

Temperature profiles will be recorded with the thermistor loggers. Test surfaces
will be monitored for freezing, and time and location of any occurrences wiil be
recorded. Appearance of all test surfaces will be recorded after 5, 10 and
20 minutes and when wing cools to ambient temperature, noting areas bare and
dry, and areas covered with fiuid, and whether liquid or frozen. An ice
contamination sensor will be used throughout to record fluid distribution on the
wing and to identify areas with frozen fluid.

Samples of remaining fluid will be taken from test surfaces to determine fluid
concentration and freeze point.

A record will be maintained of all test parameters, including ambient conditions and
fluid sprayed.

A complete photo and video record will be maintained.

A detailed test procedure is contained in Attachment C-IV.

6. DATA FORMS

Data form are listed below:
e Figure C-2 General Form {(Once per Session);
e Figure C-3 General Form (Every Test);
¢ Figure C-4a Icing Location Form DC-9;
* Figure C-4b Icing Location Form Boeing 737;
» Figure C-ba Brix Location Form DC-9;
¢ Figure C-5b Brix Location Form Boeing 737; and
e Figure C-6 Flat Plate Data Form.

X:@APS ARCHIVE\CM1380 (TDC DEICING 1997-98)\PROCEDUR\DE_ONLY\AC_TESTS.WPD
Version 1.1
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7. PROPOSED NOTICE PROCEDURE

i)  Potential for testing

ii) Day of testing - Monitoring throughout day
iii) Day of testing - Confirm or cancel

iv} Proceed to APS test site

v) Preparation/briefing

Potential participants to be alerted:

US Airways;

AéroMag 2000;

US Airways ground handler;
Transportation Development Centre;
The Federal Aviation Administration;
Aéroports de Montréal;

Spar/Cox; and

RVSI

24 to 48 hours prior
by 1600 hrs

by 2000 hrs

2100 hrs

2200 - 2300 hrs

XA@APS ARCHIVE\CM1380 {TDC DEICING 1997-98)\PROCEDUR\DE_ONLY\AC_TESTS.WPD
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ATTACHMENT C-|
TEST PLAN FOR AIRCRAFT TRIALS

DEICING ONLY TABLE / FIRST STEP FLUID LIMITS
WINTER 1997-98

Fluid Freeze Fiuid Froeze
I}
Occasion ((1‘::1)- Run TI::st Point
ut (°C)

1 -81t0-12 1 H,0 0

1 B8to-12 2 7% -2

1 Bto-12 3 16% -8

2 -2t0-b 4 H,0 0

2 -2t0-5 5 5% -1.5

2 -2 to -b 6% 12% -4

fn Percentage UCAR ADF

! This run to be performed only if OAT is at low end (-5°C) of range.

C-5
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ATTACHMENT C-Ill
DEICING ONLY AIRCRAFT TRIALS
TEST EQUIPMENT CHECKLIST

TASK

Logistics for Every Test

Passes x 2 / Escort x 2

Rent Van / Rent Lights

Call Personnel

Advise Airlines [Personnel, A/C Orientation, Equip)

Monitor Forecast

Call potential participants
Test EEuiEment

Stand x 1 Blue detached ones: - with 1/8" standard plate;
- with 1/16" plate;
- with honeycomb core plate; and
= with 7.5 cm box, 25% filled.

SPAR Camaera Kit

Tape Rocorder with Mie.{voice) x 2

Video Cameras X 2 + 10 batteries + 2 chargers

[Laptop computer

Thermistor Probe and Logger Kit

Data Forms for plates and general

Alrcraft Wing Forms

Compass x 1

Video cassettes / films

| Clipboards

$pace pens and pencils

Paper Towels

Rubber squesgess x 2

Plastic Refills for Fluids and funnels

Electrical Extension Chords

Toals

Stop watches

Pylons

Laser Pointers x 3

Storage bins for small equipment

Temperature Probe x 2

VHF radlos

Brixometer x 2

Glass Thermomater

Flash lights x 4

Protective clothing

Tie wraps

Tags {Labels) for Fluid designation on stand

Scrapers x 2

Whistle x 2

Rolling Stairs x 6

Tape measure x 4 (2 small, 2 large)

RH Meter

Wind Gauge

Mast lights

Duct Tapse

Test procedure x 10

Photo Camera

Step ladders iplatforms) x 4 {2 x 6', 2 x 47

Fire extinguisher for trailer

Table and Chairs

Lighting x 1 double yellow poles

Fuel for generator

Marker for wing

Space heater (Perabolic}

Non-slip step-ladder for truck

| Solvent for win
OTHER TEST EQUIPMENT (1}

UCAR ADF Fluids for wings {UCAR)

Spray vehicle for XL54 x1 (A/L)

Test Aircraft (A/L)

Storage Facilities

Airline Perscnnel

{1} To be provided by others

File:h/cm 1380/ procadur/de_only/CHKLS AC
6122006 C 6
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ATTACHMENT C-llI
Development of Deicing Only Table

RESPONSIBILITIES/DUTIES OF TEST PERSONNEL

Refer to Figure C-1 for position of equipment and personnel relative to the aircraft.
Also refer to the test procedure (Attachment C-IV) for more detailed tester
requirements.

V:deo 71(v1)
Video and photograph general test site;
Video and photograph setup, including lighting, probe installation on wings, etc;
Video application of all fluids on wing and plates;
Assist in deployment of lighting;
Ensure videotape of plates indicates plate number;
Ensure areas of wing are identifiable for precise location;
Pictures to be well lit;
Knowledge of test procedures; and
Video and photograph results of tests, showing where fluid remains on surfaces
and where frozen.

RVSI (S1)
Responsible for setting up generator and lights;
Rent truck for Spar or RVS! sensor installation;
Install Spar system on truck;
Position truck and Spar/Cox camera at test site to allow viewing of the entire
wing and the flat plate test stand without need to reposition;
Monitor test surfaces with Spar/Cox camera (or RVSI), ensuring ongoing
operation and iMage capture of all tests; and
Retrieve tape from camera following test.

Wlng Observer (W1)
Responsible for setting up wing for test;
Map out aircraft with pylons and plan view of aircraft;
Located on rolling stair during test;
Make observations of ice formation on wing surfaces;
Record time and location for initial freezing;
Draw contours showing ice formation at specified times and at end of test; and
Draw contour showing fiuid remaining on surface at end of test.

Brix Sampler (B1)
Responsible for installing thermistor probes on aircraft and plate surfaces:
complete cable linkage to loggers and laptop PC in cube van; check integrity;
Responsible for down loading data from temperature loggers following test;
Located on rolling stair during test;

XM@APS ARCHIVE\CM13B0 {TDC DEICING 1997-981\PROCEDUR\DE_ONLY\AC_TESTS.WPD
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ATTACHMENT C-Iil - RESPONSIBILITIES/DUTIES OF TEST PERSONNEL

Assist wing observer in identifying ice formation for observer documentation;
Communicate initial failure to all;

Measure Brix values of fiuid remaining on wing at end of test. Record time,
location and Brix value. Sampled locations to include drip line and any wetted
areas of the wing; and

Assist plate observer to apply fluids.

P/ate Observer (P1)
Responsible for setting up cube van with laptop PC, table, heater for PC;
Responsible for setting up flat plate stand;
Located by test stand during tests;
Make observations and record ice formation on test surfaces;
Measure Brix values of fluid remaining on plate at end of test. Record time,
location and Brix value. Sampled locations to include drip line and any wetted
areas of the plate; and
Knowledge of procedures for test stands.

Plate Observer (P2)
Assist in application of fluids; and
Record data as directed by P1.

ng Coordinator (WC)
Take sample of fluid from truck nozzle immediately following each spray
operation; record Brix value and fluid temperature;
Prepare all data forms in advance;
Complete general data form for each test;
Ensure failure calls are consistent;
Communicate initial failure to all;
Assist wing and plate observers as required;
Assist overall coordinator as required; and
Communicate critical times to wing observers.

Overall Coordinator (T6)
Team coordinator;
Responsible for area and people;
Monitor operation of thermistor system during tests;
Knowledge of test procedures and calling end conditions;
To aid any personnel;
Coordinate actions of APS team and as required airline personnel;
Responsible for weather condition observations and forecast, advise tester
team;
Call personnel to conduct tests;
Ensure that there are no objects on the ground which may cause FOD at end of
session;
Ensure test site is safe, functional and operational at all times;

XA@APS ARCHIVEACM1380 {TDC DEICING 1997-98)\PROCEDUR\DE_ONLY\AC_TESTS.WFD
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ATTACHMENT C-lll - RESPONSIBILITIES/DUTIES OF TEST PERSONNEL

Supervise site personnel during the conduct of tests;
+  Review data forms upon completion of test for completeness and correctness
(sign);
- Ensure aircraft positioned appropriateiy;
*  Monitor weather forecasts during test period;
Ensure fluids are available and verify fiuids being used for test are correct;
Ensure electronic data is being collected for all tests;
Ensure proper documentation of tapes, diskettes, cassettes:
Verify test procedure is correct {e.g. stand into wind);
- Ensure all materials are available {pens, paper, batteries, etc.);
- Ensure all equipment is on;
Ensure aircraft is not damaged; and
Complete general data form at beginning of night.

X\A@APS ARCHIVEVCM1380 (TDC DEICING 1997-981\PROCEDUR\DE_ONLY\AC_TESTS.WPD
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ATTACHMENT IV - TEST PROCEDURE

ATTACHMENT C-IV

TEST PROCEDURE
1. PRETEST SET-UP
Prepare cold-soaked boxes and flat plates and install thermistor probes.
Maintain cold-soaked boxes at expected test ambient temperature.

Monitor weather forecasts seeking an outside air temperature of -8 to -12°C, or
-2 to -5°C, with no precipitation and calm or little wind.

When suitable weather is out looked, discuss with US Airways and AéroMag 2000
to decide and prepare for tests. Advise AéroMag 2000 of fluid requirements for
tests.
Advise all involved.
APS will rent truck for ice sensor unit, cube van, lights and generator.
APS will install ice sensor unit on truck in advance of test.
AéroMag 2000 will prepare to spray fluids as required for the test. The nature of
preparation will depend on truck capabilities and will be discussed and decided at
an initial meeting with AéroMag 2000.
US Airways ground handler will tow aircraft to deicing centre.
Prior to test, APS team:

i) Assembles and briefs. Prepare and distribute data forms;

i} Synchronize all timepieces including cameras and PC/logger;

iii}  Confirm functioning of camera and video recorder;

ivi  Move to deicing centre with equipment;

v) Set up test stand with support equipment;

vi}  Set up lights and generator; confirm adequate lighting on aircraft wing
surface;

vii)  Position stairs at aircraft wings;

XA@APS ARCHIVE\CM1380 (TDC DEICING 1997-98)\PROCEDUR\DE_ONLY\AC_TESTS.WPD
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ATTACHMENT IV - TEST PROCEDURE

viii) Install thermistor probes on wings, and ensure operation of probes and
loggers. Photograph and videotape the precise location of each probe
including reference points on the wing;

ix)  Set up ice sensor and confirm operation. Confirm that adequate view of
wing and plate stand is being provided if camera is in fixed location;

X) Set up van. Install Laptop PC. Install portable heater to maintain
satisfactory temperature for PC operation;

xi}  Prepare fluid sampling equipment;

xii)  Record general test data including fuel load in aircraft wings and ambient
conditions;

xiii) Establish communication between team members and coordinator; and

xiv) Ensure spray personnel are familiar with procedures.

2. INITIALIZATION OF TEST

i) Record wing skin temperature prior to start. Allow time for the wing to
regain ambient temperature following previous test;

i) Record all data from deicing vehicle (fluid temperature, concentration,
nozzle type, truck serial number); and

iii)  Take sample of truck fluid sufficient to conduct tests on surfaces at the
stand. Measure the temperature of the fluid at the nozzle while the
sample is being taken. Test concentration of the fluid to ensure that it is
prepared to specified concentration.

3. EXECUTION OF FLUID TEST
i} Spray test fluid on wing, using AéroMag 2000 vehicle. Amount sprayed
to be typical of removing light covering of snow, about 150 to 175 litres.

Record amount of fluid sprayed;

i) In continuous operation, spray fluid on test surfaces on flat plate stand
following wing spray;

XA@APS ARCHIVEACM1380 {TDC DEICING 1997-98\PROCEDUR\DE_ONLY\AC_TESTS.WPD
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ATTACHMENT IV - TEST PROCEDURE

i} Visually monitor test surfaces for freezing and note time and location if
freezing occurs;

iv) Record area of wing bare and dry versus covered with fluid after 5,
10 and 20 minutes, and when wing regains ambient temperature. Inspect
any wing cavities and underwing for ice, and record;

v} Monitor wing and flat plate stand with ice sensor throughout test;

vi})  Record temperature profile of test surfaces with thermistor probes and
loggers. Monitor logging with PC to ensure ongoing data capture;

vii)  Measure Brix values of any fluid (liquid or frozen) remaining on test
surfaces at end of test. Take two samples of fluid in individual wetted
areas on the wing and flight control surfaces, and at least three from drip
lines. Include drip line under leading edge. Record on data form location
where samples were taken; and

viii} Acquire complete photo and video record of conduct of test and of
appearance of test surfaces.
4. END OF TEST
Coordinator will advise end of test. This will normally occur when the wing

temperature has regained ambient temperature, or when all test surfaces are
confirmed to be bare and dry.

XA@APS ARCHIVE\CM1380 (TOC DEICING 1997-98)\PROCEDUR\DE_ONLY\AC_TESTS.WPD
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FIGURE C-1
POSITION OF EQUIPMENT AND PERSONNEL

POSITION

Video Operator Vi

RVSI Operator $1

Wing Observer w1

Plate Observers P1/P2

Brix Sampler B1

Wing Coordinator wC

Overall Coordinator ocC

# Rolling Stairs
WING B oc Vi /
(Starboard) ﬁ"' s
_— O W1
Mast Lighting
B1
D‘_ C S1 O
eicer
£
s v
®
RVSI
] O
S
TESTVAN &%

Note: These pesitions are appreximate.
The actual positions will be
dependent upon the site.

P1/P2

WING A
(Port)

t

WIND
DIRECTION

am138\praceduretide_onhAYULSETUP.DRW



FIGURE C-2
GENERAL FORM (ONCE PER SESSION)
{TO BE FILLED IN BY OVERALL COORDINATOR}

AIRPORT: YUL YYZ YOw AIRCRAFT TYPE: DC-9 F100 B-737 RJ
EXACT PAD LOCATION
OF TEST: AIRLINE:
DATE: FIN #:
APPROX. AIR TEMPERATURE: °C FUEL LOAD IN WING: LB/ KG
RiH: %
TYPE | FLUID TEMP: °C TYPE IV FLUID TEMP: °C
Type 1 Truck #: Type IV Truck #:
Type | Fluid Nozzle Type: Type [V Fluid Nozzle Type:
Maln Spar Rivet Lins DC-9 Series 30
{Fusl Tank Wali

B737-200

ralll T

Stand

. 11| Std. Piate
Nl S, 12 | 1.6 mm Plate
13 | Honsycomb Plate
14 | 7.5cm Box

- -

| 4
’

—gr----

N
P<

-
-h
*

COMMENTS: MEASUREMENTS BY:

HAND WRITTEN BY:

T FIFE G I roSedire_OnDE_GFORR
AL GFORM 1
Cc-14 1212006



FIGURE C-3
GENERAL FORM (EVERY TEST)
(TO BE FILLED IN BY PLATE/WING COORDINATOR)

AIRCRAFT TYPE: DC-9 F100 B-737 RJ

DATE:
RUN #: WING: PORT {A} STARBOARD (B}
WIND SPEED: km/h DIRECTION OF AIRCRAFT: DEGREES
WIND DIRECTION: Degrees DRAW DIRECTION OF WIND WRT WING:
OAT: °C
-R/H: %

S ; “l ‘!- El-.l ey '! B.B-'l'[G.}?!' YioN Ll
Actual Start Time: -Actual End Time:
Amount of Fluld Sprayed: L/ gal Type of Fluld: %
Fluld Temperature: °C

End of Test Time: {hr:min:ss)

COMMENTS:

MEASUREMENTS BY:

HAND WRITTEN BY:

Flle:g:\erm 1 380procadufide_onh\DE_GFORM
At GFORM 2
C-15 871212008



FIGURE C-4a
ICING LOCATION FORM FOR AIRCRAFT WING

REMEMAER TO SYMNCHRONZE TIME

VERSIOH 40 Viam o7
DATE: RUN NUMBER:

PAILURES CALLEDBY; — COMMENTE:

HANDWRITTEN BY:

ABSISTED BY:

DRAW FAILURE CONTOURS (hr:min) ACCORDING TO THE PROCEDURE

DC-9 Series 30

DC-9 Sarites 30

DC-9 Series 30

cm1M0/procadur/de_onky/DCI_ WADRW
C-16




FIGURE C-4a
ICING LOCATION FORM FOR AIRCRAFT WING

REMEMBER TO SYMCHRONIZE TIME.
DATE:

v_Ensz 4.0 Wnter I7A0.
RUN NUMBER:

FAILURES GALLED BY; COMMENT®;

TEN BY:

ABBIATED BY:

DRAW FAILURE CONTOURS (hr:min} ACCORDING TO THE PROCEDURE

DC-9 Serles 30

DC-9 Seriss 30

DC-9 Series 30

em1380/proceduride_only/DCY_WE.DRW
C-17



FiGURE C-4b
ICING LOCATION FORM FOR AIRCRAFT WING

REMEMBER TO STHCHRONZE TIME VERJION 40 Vnler 3788

DATE: RUNH NUMIBER:

FARURES CALLED BY:

TENBY:

;1

DRAVY FAILURE CONTOURS {hrmin} AGCORDING TO THE PROCEDURE

B737-200

B737-200

B737-200

emh380/procsduride_oniy/BT37_WaA, DRW

C-18



FIGURE C-4b
ICING LOCATION FORM FOR AIRCRAFT WING

REMEMAER TO SYNCI ROMZE THE
—

VERAIOH 40 Vil 0743
—
I DATE: RUN NUMBER:

FAILURES CALLED BY:

TTEN BY:

av:

DRAW FAILURE CONTQURS (hrmin) ACCORDING TO THE PROCEDURE

B737-200

B737-200

B737-200

em1380/procwdur/da_only/B737_WB.DAW



REMEMBER TO SYNCHRONIZE TIME

FIGURE C-ba
BRIX LOCATION FORM FOR AIRCRAFT WING

VERSION 4.0 Winter 97/98
DATE: RUN NUMBER:
FAILURES CALLED BY: COMMENTS:
HANDWRITTEN BY:
ASSISTED BY:
Record Brix Values
DC-9 Series 30

i

. DCRADRW
o 1 2 3 4 5 w01
I T 1

em1380/procedur/de_only/BDCI_WA.DRW
C-20




FIGURE C-5a
BRIX LOCATION FORM FOR AIRCRAFT WING

REMEMBER TQ SYNCHRONIZE TIME VERSION 4.0 Winter 97/98

DATE: RUN NUMBER:

FAILURES CALLED BY:

COMMENTS:
HANDWRITTEN BY:
ASSISTED BY:
Record Brix Values
DC-9 Series 30

W B 4 3 2 1 0

cm1380/procedur/de_only/BDC9_WB.DRW
C-21



REMEMBER TO SYNCHRONIZE TIME

FIGURE C-5b
BRIX LOCATION FORM FOR AIRCRAFT WING

VERSION 4.0 Winter 97/98
DATE: RUN NUMBER:
FAILURES CALLED BY: COMMENTS:
HANDWRITTEN BY:
ASSISTED BY:

Record Brix Values

B737-200 L

cm1380/procedur/de_only/BB737_WA_DRW

Cc-22




REMEMBER TO SYNCHRONIZE TIME

FIGURE C-5b

BRIX LOCATION FORM FOR AIRCRAFT WING

VERSION 4.0 Winter 97/98
DATE: RUN NUMBER:
FAILURES CALLED BY: COMMENTS:
HANDWRITTEN BY:
ASSISTED BY:

Record Brix Values

B737-200

WING B

————mm -

[

RN NN I E——

L
M
I I W
104 5 43210 T

BT978.DRW

cm1380/procedur/de_only/BB737_WB.DRW
C-23




FIGURE C-6
HOT FLUID TEST FORM - AIRCRAFT TRIALS

REMEMBER TO SYNCHRONIZE TIME - USE REAL TIME VERSION 2.0

LOCATION: DATE: RUN#: TIME OF FLUID APPLICATION:

SURFACE TYPE: STD. PLATE 1/8" D TIME ___ SKINT. *C TIME ____.  SKINT. °C
THICK PLATE /16" ] % Dry: 0-515-25/2550 1 50-75/75-35 1 95-100% % Dry: 05152512550/ 50-75  75-95 / 95-100%
7.5CM BOX (| | d_ | & fj)__
HONEYCOMB PANEL I \ E;l o | B |

jmm| o B | o R |
L | . N N
PLATE ANGLE: 10°
H BH H H H H
FLUID QUANTITY: 05L
| M mMm M |

THERMISTOR #'s: mm H et

BRIX BEFORE POURING: TEMP. BEFORE POURING: ¢ H FH B H EH HH

BRIX OF FLUID LEFT ON PLATE: Time: ___ Brix

Time: Brix
Tme: __ Bx— [ O O —D G~

SKIN TEMPERATURES (9" LINE) TME —  SKINT.— °C TIME —— . SKINT. e

TIME: TEMP. o TIME: TEMP. °c % Dry: 05525725501 50-75/ 75-95 ] 85-100% % Dry: 05/525/25501]50-75/ 75951 85-100%

TIME: TEMP. °C TIME: TEMP. °c e} r}_ [ D O

TIME: TEMP. ¢ TIME: TEMP. ¢ : B BH B H H H

TIME: TEMP. °C TIVE: TEMP. c - — o I

[ [ | O

TIME: TEMP. °c TIME: TEMP. “c

TIME: TEMP. °C TIME: TEMP. °C H H | H H H

| | jmm|
— o H—H—H t— it

OBSERVATIONS BY : H B & = = 0

HAND WRITTTEN BY :

TEST SITE LEADER : J

== G

_ File:g:\cm138Mprocadunds_ony\GFOR_AC
C-24 At Data Form  GM2/2008
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LABORATORY TRIALS FOR THE DEVELOPMENT OF DEICING ONLY TABLE

EXPERIMENTAL PROGRAM
LABORATORY TRIALS FOR THE DEVELOPMENT OF DEICING ONLY TABLE
Winter 1997/28

APS will conduct a series of tests on flat plates and\or cold-soaked boxes at the
National Research Council Climatic Engineering Facility, and on aircraft at Montreal
International Airport {(Dorval). This document provides the detailed procedures and
equipment required for the conduct of tests at the National Research Council
Climatic Engineering Facility. The experimental program for aircraft testing is
contained in a separate document.

1. OBJECTIVES
This project addresses the following objective:

i) To establish data sufficient to develop a Deicing Only Table.

This table will provide guidelines similar to the current table in SAE ARP4737,
but will apply only to conditions of no precipitation. Removal of snow following
termination of a snow storm would be a typical case when this proposed table
would be applied.

The process of deveioping this table will include investigation of the requirement
for fluid freeze point buffers in conditions of no precipitation.

2. TEST REQUIREMENTS

2.1 Test Surface for Full Trials

APS will conduct a preliminary series of tests on flat plates and cold-soaked
boxes to determine the most suitable test surface for full trials at the National
Research Council Climatic Engineering Facility. The test plan for these
preliminary trials is in a separate document.

2.2 Tests at the National Research Council Climatic Engineering Facility

Tests at the National Research Council Climatic Engineering Facility will be
scheduled over a one week period. Test variables will include air temperature
and wind speeds. The fluid concentrations to be tested are selected to provide
data points at several values of positive and negative freeze point buffers for

}A@APS ARCHIVE'CM 1380 (TDC DEICING 1997-981\PROCEDUR\DE_DNLY\DEIC2_Q.WPD
Version 2.0
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LABORATORY TRIALS FOR THE DEVELOPMENT OF DEICING ONLY TABLE

each ambient temperature tested. Hot water, SAE Type | fluid (both ethylene
and propylene based)} and a recycled fluid (both ethylene and propylene based)
will be tested progressively at a variety of concentrations and at increasingly
critical temperature conditions until test results indicate that further testing
serves no purpose. Tests are to be conducted in dry non-precipitation
conditions with wind at a controlled velocity. Attachment D-l presents a
detailed plan for this series of tests.

The outcome of each test will be documentation of Brix values on the test
surface during the test run and at test end, and a description of any fluid
remaining at test end. The size of the area left bare and dry, and the area still
covered with fluid and any iced areas will be recorded by sketches, still
photography and video footage, and by Spar/Cox and/or RVSI camera images.
The condition of any fluid remaining on the test surface will be examined to
determine refractive index at various locations within the wetted area, and state
{whether liquid or frozen).

Data collected will include progressive tracking of plate surface temperature as
measured by installed thermistors.

Preliminary tests will be conducted at the APS test site at Dorval airport to
examine the comparative merits of using cold-soaked boxes and flat plates.

Clean test surfaces without markings will be used to avoid the damming effect
of line markings and their consequent interference with fluid runoff and
evaporation. '

3. EQUIPMENT AND FLUIDS

Equipment to be employed is listed in detail in Attachment D-II.

Fluids will be applied heated.

SAE Type | fluids will be tested. The principal Type | fluid will be UCAR XL54

supplemented by sufficient tests using a propylene based Type | fluid to provide

confidence that results are not dependent on fluid type. A limited number of tests

will be conducted on Type |V fluids where they can be accommodated in test runs.

A recycled fluid proposed as a new Type O will be also be tested.

XA@APS ARCHIVE\CM 1380 {TDC DEICING 1997-98)\PROCEDUR\DE_ONLY\DEIC2_0.WPD
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LABORATORY TRIALS FOR THE DEVELOPMENT OF DEICING ONLY TABLE

4. PERSONNEL

A team of five personnel is required to conduct tests at the National Research
Council Climatic Engineering Facility. Duties of each team member is shown in
Attachment D-Il.

5. TEST PLAN

A test matrix of fluid types and concentrations, ambient temperatures and wind
speeds is shown in Figure D-1.

A detailed test plan is provided in Attachment D-V.

6. DATA FORMS
The following data form is required:

e Attachment D-IV Data form for Deicing Only Table Trials.

XA@APS ARCHIVE\CM1380 (TDC DEICING 1987-98)\PROCEDUR\DE_ONLY\DEICZ_0.WFD
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FIGURE D-1
TEST PLAN FOR DEVELOPMENT OF DEICING ONLY TABLE
NATIONAL RESEARCH COUNCIL - CLIMATIC ENGINEERING FACILITY

FLUID FREEZE POINT (°C) WIND
OAT o | 15| 3 | 8 | 14| 22| 30| 4 (km/h) REMARKS

°C °F FLUID FREEZE POINT BUFFER 0 5 10* 20

+1 34 1 2.5 4 N v N N Contingent on results at -1°C
-1 29 1 0.5 2 v v N v

-5 23 -5 -3.6 -2 3 N N v v

-10 14 -10 -8.5 -7 -2 4 N N v v

-18 0 -18 -16.5 -156 -10 -4 4 v v v v

-35 -31 -35 -13 5 8 N v

Note: Past tests have showed that low concentrate fluids (2%, water) evaporated more readily than higher concentrates
{10%, XL54}, and consequently are proposed for testing at very low temperatures conditional on results experienced
as tests progress.

* Trials at wind speed of 10 km/h will be conducted only if time allows during each test session.

Fluid to be Tested:
- H,O
- UCAR ADF at all indicated cells.
- Octaflo at -3° and -8° freeze point temperature, and other freeze points where the test plan allows.
- Inland Recycled Fluid (Ethylene and Propylene based) at -3° and -8° freeze point temperature.
- Type IV {Ethylene and Propylene} will be tested on a limited basis.
hi\em $380\procadurida_only\PLAN_DE2

At: Plan
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ATTACHMENT D-I - DEVELOP DEICING ONLY TABLE

ATTACHMENT D-I
DEVELOP DEICING ONLY TABLE
DETAIL TEST PROCEDURE

Tests at the National Research Council Climatic Engineering Facility

1. PREPARATION

Prepare test surfaces prior to transporting to Ottawa:
Buff any existing plates planned for use, removing all traces of markings;
Prepare sufficient test surfaces to enable assigning two surfaces to each fluid
mix. Mark plate identifier on each plate, not on top surface; and
Do not put grid marks on top surface but mark gradations on edge of plates.

Prepare fluid mixes in advance,

Prepare equipment for transport to the National Research Council.

2. PRE TEST SET-UP AT SITE
Establish initial temperature in chamber.
Set up equipment for test support, including fluid heating equipment.

Install thermistor system and confirm operation of thermistors and temperature
loggers.

3. PROCEDURES

Wind rates will be measured at several locations across the test stand before and
after each run. Winds will be established through use of the large floor fans
located at the National Research Council Ciimatic Engineering Facility. Initial
investigation indicates that a 5 km/h wind speed can be established by locating the
fans about 18 m from the test stand, and 20 km/h wind speed with the fans about
12 m from the stand. The use of two fans may provide a more standard flow over
the width of the stand.

Standard general test procedures for conducting tests at the National Research
Council Climatic Engineering Facility apply:

Synchronizing watches and logging equipment apply.

Cleaning test surfaces prior to application of fluids.

X:A@APS ARCHIVE\CM 1380 (TDC DEICING 1997-98)\FROCEDUR\DE_ONLY\DEIC2_O.WPD
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ATTACHMENT D-1 - DEVELOP DEICING ONLY TABLE

Fluids are to be heated to 60°C at time of pouring. Temperature and Brix values of
fluids are to be measured at time of pouring. Fluids are to be applied using fluid
spreaders designed for the purpose.

Trials will run until 30 minutes has past, or will terminate earlier if the plate surface
is dry or is iced.

At test end, a final sketch of the pattern of surface wetting will be made, indicating
any areas covered with frozen fluid. An estimate of percentage of area dry and
bare will be recorded.

Thickness of fluid will be measured and recorded on the data sheet at the location
measured.

Plate temperatures will be monitored throughout by means of mounted thermistors
and loggers.

Brix values will be measured after five minutes at the 15 cm (6 in.), 30 ecm (12 in.)
and drip line.

At test end, Brix values will be measured for any fluid remaining on the surface.
Location of Brix measurements are to include any area of the surface that is
wetted, as well as the drip line.

A video and photographic record of test setup and results of tests will be
maintained.

The Spar/Cox and/or RVSI fluid contamination sensor camera will be used to
supplement visual observations of fluid condition on test surfaces.

XA@APS ARCHIVE\CM1380 (TDC DEICING 1997-98NPROCEDURDE_ONLY\DEICZ_0.WFD
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ATTACHMENT D-ll

NATIONAL RESEARCH COUNCIL COLD CHAMBER TESTS

DEICING ONLY

TEST EQUIPMENT CHECKLIST

TASK

NRC Cold Chamber

Status

Logistics for Every Test

Rent Van/Car

Call Site Personnel

Test Equipment

Special Stand x 1

Still Photo Camera

Video Camera X 1 (Surf & Snow) + Access

Plates {wing nuts) X 6 (Standard}

Data Forms for plates

Reports + Tables

Video Tapes

Fluid spreaders

Clipboards x 3

Pencils + Space pens x 4

Paper Towels

Rubber squeegess

Plastic Refills for Fluids and funnels

Electrical Extension Cords

Lighting x 2

Tools

Stop watches x 3

Storage bins for small equipment

Thermistor Probes x 20

Tape for Tharnistors

Refractometer x 4

Tie wraps

Tags (Labeis} for plate designation on stand

2.0 Litre Containers

Fan x 2

Fluids: - UCAR ADF
- Octagon Type |
- Clariant Type Il

Thickness gauge

1/2 litre thermos containers

\Wind gauge

Vaisala RH Meter

Cloths

Heat guns X 2

Isopropyl alcohol

Tub for spreaders

Plate for windshield

New scrapers

Special plates: - painted surfaces (aluminium) x 2
- aluminium honey comb core
- carbon fiber
- kevlar
- FAA supplied surface

Cold soak boxes (7.5cm) x 6

Fluid collaction system for stand

Wet/dry vacuum

Non-slip mats for beside stand

Absorbent matting for floor

Garden sprayer

Snow shaker

Scale (for weighing sprayer)

Nitrogen bath

Nitrogen supply

D-7
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ATTACHMENT D-ili - PERSONNEL ASSIGNMENT

ATTACHMENT D-Ill
PERSONNEL ASSIGNMENT

Overall Coordinator
Assists team leaders of the Deicing Only trials and of the First Step Fluid trials
as required; and
Discusses and approves any changes to test procedures as determined
necessary from test results or circumstances.

Team Leader

+ Coordinates team member activities;
Ensures experiments conducted in accordance with procedures;
Advises Climatic Engineering Facility staff regarding tests requirements;
Ensures data forms are completed fully;
Calls end of test on each plate;
Records general test data for each run;
Directs installation of thermistor system. Ensures ongoing logging of
temperature profiles of each test surface;
Directs equipment setup for different wind conditions. Ensures wind distribution
over test stand is measured and recorded at the start and end of each run;
Measures and records fluid temperature and Brix at time of fluid application; and
With plate observer, measures and records Brix values and thickness of any fluid
remaining on test surfaces at end of test.

Fluids Manager
Fully knowledgeable of fluid requirements for tests. Must anticipate fluid
requirements in advance of need, to avoid down time awaiting fluid for test
purposes;
Responsible for preparing accurate fluid mixes in accordance with plan, and
labelling fluid containers for easy identification and to eliminate potential for
errors;
Responsible for heating fluids and maintaining them at required temperature
ready for testing;
Responsible for pouring accurate quantities of fluids when directed by team
leader; and
Ensures fluid temperature and Brix is measured at time of fluid application.

Plate Observer 1
Responsible to monitor condition of plate surfaces and to alert other team
members of change in condition;
Record area of plate that is dry or wetted and area covered by ice at test end by
sketching patterns and noting percentages; and
Completes data form including record of fluid condition at time of application.

XA@APS ARCHIVENCM 1380 (TDC DEICING 1997-98)\PRQCEDUR\DE_ONLY\DEIC2_Q.WPD
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ATTACHMENT D-lif - PERSONNEL ASSIGNMENT

Photographer

- Responsible to photograph and videotape test setup, conduct of tests, and
results on test surfaces;
Ensure that final results of each test surface are captured on videotape and on
still photographs;
Responsible for setting up and ongoing operation of the Spar/Cox sensor.
Ensure all test surfaces are included in image capture. Ensure that final results
of each test surface are captured by sensor camera; and
Assists team as directed by team leader.,

XA@APS ARCHIVEVCM 1380 (TDC DEICING 1997-98)\PROCEDUR\DE_ONLY\DEIC2_Q.WPD
Verslon 2.0
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ATTACHMENT D-1v
DATA FORM FOR DEICING ONLY TABLE TRIALS

REMEMBER TO SYNCHAONZE TRME VERSION 1.0 100708
LOCATION: CEF (Ottawa) DATE: RUN NUMBER: STAND B ; AMBIENT TEMPERATURE: ‘c
Fluld Application Thne: Ralative Humldity
Fluld Termparatns: Strt %
Flubs Bt End: %
Piste 1 Flate 2 Plate 3
FLUID NAME
WIND SPEED: WIND SPEED:

St o . Start: o
End: Iihl - M M End:

End Ticne:
LDry: S25/S07SII5I160 SIZESUTEEH00 SIASISOTSIOSI00
[ Loc. [ Thick | Bx | & Minutes Loc. | Toiek | Beix sWinates | | zoe. | Thiak | Brix

Loc. | Bilx 1 Lo | Brix 1 Loc. | Brx 1

[ 2 e 2 - 2

” 3 = 3 12 3

Drip 4 Drip 4 Orlp 4
Flud Appiication Tiew:
Fluid Temperaiure:
Fluld Betx:

Plxis 4 Plats § Piste 6

FLURD NAME
WIND SPEED: . . . . " . . . . WIND SPEED:

End Thne
% Dry; 5/25/STSRSH00 SI25/S0[TSRSHOD S125/50T5/95100
5 Minutes Loc. | Thick | Brix 5 Minuden I Loc. | Thick. | Brix § Minutes. Lex, Thick Brix
Loc. Brix Loc, B, 1 Lox. Brix 1
s L 2 L 2
” 12z 3 ”= 3
Drip Brlp 4 Drip 4
Indicats location of Brix values and flufd thicknass on plals diagrams
COMMENTS:
HAND WRITTTEN BY : LEADER:
D- 1 0 Flachiomn 1 280crosedunide,_oniplDE P
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ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 1
Temperature : -1°C Wind: 0 km/h
H,0 U (-3} 0i-3}
TOP (-3} U {-1.56) TOE (-3}
Run # : 2
Temperature : -1°C Wind: 5 km/h
H>0 U (-3) 0 (-3}
TOP {-3) U {-1.5) TOE (-3)
Legend U = UCAR Type | (Ethylene}
O = Octagon Type | (Propylena)
TOE = Type 0 (Recycled Fluid - Ethylene)
TOP = Type O (Recycled Fluid - Propylene)
U IV = UCAR Type IV (Ethylene)
O IV = Octagon Type IV (Propylene)

Fluid freeze points are indicated in brackets {ex. U (-1.5)= UCAR at -1.5° freeze point temperaturs)

Fllerh:Acm1380\procedurids_ony\NRC_PLAN
At: -AC
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ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 3
Temperature : -1°C Wind: 10 km/h
H,0 U (-3) 0 (-3}
TOP {-3) U {-1.5} TOE (-3}
Run #: 4
Temperature : -1°C Wind: 20 km/h
H;O U {-3) 0 {-3)
TOP (-3} U {-1.5) TOE (-3}

Flle:h:\cm1380\procaeduride_oniy\NRC_PLAN
Al -1C
D-12 GM2/2006



ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

At -5C

Run #: 5
Temperature : -5eC Wind: ¢ km/h
H20 U ('3) 0 (-3)
TOP {-3) U {-1.5) TOE (-3}
Run # : 6
Temperature : -5eC Wind: 0 km/h
U Iv (-3) OIvV{3
TOP (-8} U (-8) TQE (-8}
0 (-8}
File:h:iem1380iprocedunide_only\NRC_PLAN
D-13
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ATTACHMENT D-V

CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 7
Temperature : -5°C Wind: 5 km/h
H.0 U {-3) 0 {-3)
TOP {-3) Ui-1.5) TOE (-3)
Run # : 8
Temperature : -5°C Wind: 5 km/h
UIv (-3} OV {-3)
TOP {-8} U {-8) TOE {-8)
0O (-8)

D-14
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ATTACHMENT D-V

CEF DETAILED TEST PLAN
DEICING ONLY TABLE

At -5C

Run # : ]
Temperature : -5°C Wind: 10 km/h
H20 U ({-3) 0 (-3)
TOP (-3) U(-1.5) TOE (-3)
Run # : 10
Temperature : -5°C Wind: 10 km/h
U IV (-3) 0 IV {-3)
TOP (-8) U (-8) TOE (-8}
0O (-8)
Fitechem1380\proceduride_only\NRC_PLAN
D-15
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ATTACHMENT D-V

CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 11
Temperature : -5oC Wind: 20 km/h
H;0 U (-3) 0 (-3}
TOP (-3) U{-1.5) TOE {-3)
Run # : 12
Temperature : -5°C Wind: 20 km/h
U v (-3} O IV {-3)
TOP (-8} U (-8) TOE (-8)
0 ({-8)

D-16

Flla:hicm1380\procaduride_onlyiNRC._PLAM

At -5C
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ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 13
Temperature : -10°C Wind: 0 km/h
H,0 U {-3) 0i{-3)
TOP {-3) U {-1.5) TOE (-3)
Run # : 14
Temperature : -10°C Wind: 0 km/h
U (-14) 0 (-8}
TOP (-8) ui(-8) TOE {-8}
U IV (-3)

D-17

Fiteh:\om1380\proceduride_only\NRC_PLAN

At: -10C
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ATTACHMENT D-v
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 15
Temperature : -10°C Wind: 5 km/h
H;0 U (-3) 0 (-3}
TOP {-3) U (-1.5) TOE (-3}
Run # : 16
Temperature : -10°C Wind: 8 km/h
U (-14}) 0O (-8)
TOP (-8) U (-8) TOE {-8)
U Ivi(-3)

D-18

File:h:\em1380\procadunde_only\NRC_PLAN
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ATTACHMENT D-V

CEF DETAILED TEST PLAN
DEICING ONLY TABLE

File:h:\cm13&0\proceduride_oniy\NRC_PLAN

Run # : 17
Temperature : -10°C Wind: 10 km/h
H,0 U (-3) 0 (-3)
TOP (-3) U {-1.5} TOE (-3}
Run # : 18
Temperature : -10°C Wind: 10 km/h
U (-14) 0 (-8}
TOP ({-B) U (-8) TOE (-8)
U v {-3}
D-19

At -10C
6/12/2006



ATTACHMENT D-V

CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 19
Temperature : -10°C Wind: 20 km/h
H;O U {-3) 0O (-3)
TOP (-3} U {-1.5} TOE {-3)
Run # : 20
Temperature : -10°¢C Wind: 20 km/h
U (-14)} 0 (-8)
TOP (-8} U (-8) TOE (-8)
UIv (-3}

D-20

File:h:\cm1380\procadurida_only\NRC_PLAN

At:-10C
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ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run #: 21
Temperature : -18°C Wind: O km/h
H;0 U ({-3) 0 (-3)
TOP (-3) U {-1.5) TOE (-3}
Run # : 22
Temperature : -18°C Wind: 0 km/h
U {-14) 0 (-8)
TOP {-8} U (-22) TOE {-8)
U -8

D-21

File:h:\em1380\proceduride_only\NRC_PLAN

At:-18C
6/12/2006



ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 23
Temperature : -18°C Wind: 5 km/h
H;O U {-3) 0¢{-3)
TOP {-3) Ui-1.5) TOE (-3}
Run # : 24
Temperature : -18°C Wind: 5 km/h
U{-14} 0O (-8)
TOP {-8) U (-22) TOE {-8)
U (-8)

D-22
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ATTACHMENT D-V

CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 25
Temperature : -18°C Wind: 10 km/h
H,0 U (-3} 0 (-3}
TOP (-3) U {-1.5) TOE (-3}
Run # : 26
Temperature : -18°C Wind: 10 km/h
ui(-14) O (-8)
TOP (-8) U (-22) TOE (-8}
U (-8}

D-23

File:hiiem138Mpraceduride_onlANRC_PLAN
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ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING ONLY TABLE

Run # : 27
Temparature : -18°C Wind: 20 km/h
H:0 Ui-3) 0 (-3)
TOP (-3} U (-1.5) TOE (-3)
Run # : 28
Temperature : -18°C Wind: 20 km/h
U (-14) QO {-8)
TOP {-8) u{-22) TOE {-8)
U (-8}

D-24
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ATTACHMENT D-V
CEF DETAILED TEST PLAN
DEICING GNLY TABLE

Run #: 29
Temparature : -36°C Wind: 0 km/h
H,0 U {-1.5) U(-22)
U {-43) U(-30)
Run # : 30
Temperature : -36°C Wind: 5 km/h
Hz0 Ui-1.5) U{-22)
U (-43} W-30}

File:hi\cm1380\procedunde_cniyA\NRC_PLAN
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LABORATORY TRIALS TO DETERMINE FIRST STEP FLUID TEMPERATURE LIMITS

EXPERIMENTAL PROGRAM
LABORATORY TRIALS TO DETERMINE
FIRST STEP FLUID TEMPERATURE LIMITS
Winter 1997/98

APS will conduct a series of tests on flat plates and\or cold-soaked boxes at the
National Research Council Climatic Engineering Facility, and on aircraft at Montreal
International Airport {Dorval). This document provides the detailed procedures and
equipment required for the conduct of tests at the National Research Council
Climatic Engineering Facility. The experimental program for aircraft testing is
contained in a separate document.

1. OBJECTIVES
This project addresses the following objectives:

To determine the limits for negative freeze point buffers for fluids used as
the first step fluid in a two-step deicing procedure; and

Current guidelines in SAE ARP4737 state that the freeze point of the first
step fluid shall be not more than 3°C above outside air temperature. These
tests will determine whether application of heated fluids having freeze
points greater than 3°C above outside air temperature will provide an
interval of five minutes or more before freezing when applied during a
condition of freezing precipitation.

2. TEST REQUIREMENTS

APS will conduct a preliminary series of tests on flat plates and cold-socaked boxes
to determine the most suitable test surface for full trials at the National Research
Council Climatic Engineering Facility.

2.1 Tests at the National Research Council Climatic Engineering Facility

Tests at the National Research Council Climatic Engineering Facility will be
scheduled over a one week period. Test variables will include air temperature,
treezing precipitation (light freezing rain) and heated fluids of various types at
different concentrations, as well as hot water. The fluid concentrations to
be tested will be selected to provide data points at several values of negative
freeze point buffers for each ambient temperature tested. Hot water will be
tested at all temperature conditions. Wind conditions will not be tested due to
physical limitations of the test chamber equipment.

XA@APS ARCHIVEACM1380 {TDC DEICING 1997-98)\PROCEDUR\FRSTSTEP\VER_2-0.WPD
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LABORATORY TRIALS TO DETERMINE FIRST STEP FLUID TEMPERATURE LIMITS

The influence of wind will be examined in the Deicing Only trials, and
extrapolated to results of these tests. An attempt will be made to evaluate
accuracy of these extrapolations by a later test combining wind and
precipitation on a single test plate.

The outcome of each test will be the documentation of the elapsed time unti!
the fluid freezes. The goal is to identify fluid concentrations that will provide an
elapsed time of at least five minutes. Tests will be allowed to run to complete
failure, to provide data points for analysis.

Data collected will include progressive tracking of plate surface temperature as
measured by installed thermistors. Conduct and results of the tests will be
recorded by still photography and video footage, and by Spar/Cox camera
images.

Attachment E-l provides a detailed test procedure.

3. EQUIPMENT AND FLUIDS

Equipment to be employed is listed in detail in Attachment E-II.
For the First Step Fluid Buffer tests, test fluids will include SAE Types |, Il, and IV
with representation of both ethylene and propylene based fluids.

4. TEST PLAN

A test matrix of fluid types and concentrations, ambient temperatures and wind
speeds is shown in Figure E-1.

A detailed test plan is provided in Attachment E-VII.

5. PERSONNEL

A team of four personnel is required to conduct tests at the National Research
Council Climatic Engineering Facility. Duties of each team member is shown in
Attachment E-lIl.

XA@APS ARCHIVEXCM 1380 (TDC DEICING 1997-98)\PROCEDUR\FRSTSTEP\VER_2-0.WPD
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FIGURE E-1
FIRST STEP FLUID TRIALS
GENERAL TEST PLAN

OAT Rate
(°C) (g/dm?/h) FLUID FREEZE POINTS
-3 25 0
-8 25 0 .3 -8
-14 25 0 -3 -6 -11
-25 12.7 0 -3 -1 -17 -22

Precipitation Type: Light Freezing Rain

Heated Fluids: Water
Type | (Including representation of both ethylene and propylene based)

Type |l (Including representation of both ethylene and propylene based)

Type IV (Including representation of both ethylene and propylene based)

(1) Type | ethylene will be tested at all cells showing freeze point values.

Other fluids will be tested in cells indicated by (1).
hrlem1380\procedunifrststp\PLAN_DE2
At Plan
E-3 6/12/2006



LABORATORY TRIALS TO DETERMINE FIRST STEP FLUID TEMPERATURE LIMITS

6. DATA FORMS

The following data forms are required:

Data form for First Step Fluid Trials;
Precipitation Rate Measurement at the National

Research Council Climatic Engineering Facility; and
Continuous Precipitation Rate Measurement

¢ Attachment E-IV
e Attachment E-V

s Attachment E-VI

XA@APS ARCHIVE\CM1380 (TDC DEICING 1997-98)\PROCEDURVFRSTSTEP\VER_2-0.WPD
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ATTACHMENT E- | - DETERMINE FIRST STEP FLUID TEMPERATURE LIMITS - TEST PROCEDURE

ATTACHMENT E-I
DETERMINE FIRST STEP FLUID TEMPERATURE LIMITS
TEST PROCEDURE

Tests at the National Research Council Climatic Engineering Facility.

1. PREPARATION

Prepare test surfaces prior to transporting to Ottawa:

- Buff any existing plates planned for use, removing all traces of markings;
Prepare sufficient test surfaces to enable assigning two surfaces to each fluid
mix. Mark plate identifier on each plate, not on top surface; and
Do not put grid marks on top surface but mark gradations on edge of plates.

Prepare fluid mixes in advance

Prepare equipment for transport to the National Research Council.

2. PRE TEST SET-UP AT SITE

Establish initial temperature in chamber;

Conduct calibration procedure on droplet size and precipitation rate produced by
new spray unit;

Set up equipment for test support, including fluid heating equipment; and
Install thermistor system and confirm operation of thermistors and temperature
loggers.

3. PROCEDURES

Precipitation rates will be measured over the entire stand at beginning of test
session and every three hours, as well as on a continuing basis every 20 minutes
using two pans.

Standard general test procedures for conducting tests at the National Research
Council apply:

Synchronizing watches and logging equipment apply; and

Cleaning test surfaces prior to application of fluids.

Fluids are to be heated to 60°C at time of pouring. Temperature and Brix values of
fluids are to be measured at time of pouring. Fluids are to be applied using fluid
spreaders designed for the purpose.

X:\@AFS ARCHIVE\CM1380 (TDC DEICING 1997-98)\PROCEDUR\FRSTSTEP\VER_2-0.WPD
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ATTACHMENT E- ! - DETERMINE FIRST STEP FLUID TEMPERATURE LIMITS - TEST PROCEDURE

Tests will be run until complete plate failure, and times recorded.

A video and photographic record of test setup and results of tests will be
maintained.

The Spar/Cox and/or RVSI fluid contamination sensor camera will be used to
supplement visual observations of fluid condition on test surfaces.

Temperature of test surfaces will be allowed to return to ambient laboratory
temperature prior to proceeding with the next test.

XA@AFPS ARCHIVE\CM1380 (TDC DEICING 1997-38WPROCEDUR\FRSTSTEP\WER_2-0.WPD
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ATTACHMENT E-lI

NATIONAL RESEARCH COUNCIL COLD CHAMBER TESTS

FIRST STEP FLUID

TEST EQUIPMENT CHECKLIST

TASK

NRC Cold Chamber

S — —Resp. Status
Logistics for Every Test =~ ..~ . T o

Make Hotel reservations

Rent Van/Car

Call Site Parsonnel

Call RVSI Personnel

Call SparlCox _Person__ngl__

Stand x 1

Still Photo Camera

Tape Recorder with Mic.{voice)

Weigh Scale

Stand Video Camera

Pole for Video Camera

Video Camera X 1 (Surf & Snow) + Access

Plates {wing nuts) X 12+ 12*

Data Forms

Pracipitation rate Data Forms

Reports + Tables

Cake Pans x 12

Video Tapes

Type | Fluids

Type 1l Fluids, Type IV Fluids

Clipboards x 3

Pencils + Space pens x 4

Paper Towels

Rubber squeegees

Plastic Refills for Fluids and funnels

Electrical Extension Cords

Lighting x 2

Tools

Stop watches x 3

Storage bins for small equipment

Thermistor Probes

Putty for Thermistors

Protective clothing

Refractometer

Tie wraps

Tags (Labels) for Fluid designation on stand

2.0 Litre Containers

Fluid heating apparatus

Thermos containers

Wet/dry shop vaccum

* Type of plate TBD

h:iem1 380vprocadurifrststep\CHKLS_CC
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ATTACHMENT E-lif ~ PERSONNEL ASSIGNMENT

ATTACHMENT E-Ill
PERSONNEL ASSIGNMENT

Team Leader
- Coordinates team member activities;
Ensures experiments conducted in accordance with procedures;
Advises Climatic Engineering Facility staff regarding tests requirements;
Ensures data forms are completed fully;
Calis end of test on each plate;
Records general test data for each run;
Directs installation of thermistor system; ensures ongoing logging of
temperature profiles of each test surface;
Directs calibration of sprinkler system;
Directs measurement of precipitation rates; and
Assists in fluid application by positioning fluid spreader for fluid application, and
measuring fluid temperature and Brix at time of fiuid application.

Fdes Manager
Fully knowledgeable of fluid requirements for tests. Must anticipate fiuid
requirements in advance of need to avoid down time awaiting fluid for test
purposes;
Responsible for preparing accurate fluid mixes in accordance with plan, and
labelling fluid containers for easy identification and to eliminate potential for
errors;
Responsible for heating fluids and maintaining them at required temperature
ready for testing;
Responsible for pouring accurate quantities of fluids when directed by team
leader; and
Ensures fluid temperature and Brix is measured at time of fluid application.

Plate Observer 1
Responsible to monitor condition of plate surfaces for fluid freezing, and to alert
other team members of change in condition;
Record condition of fluid on test plate at specified times. Note time and
location of any freezing and percentage of surface affected; and
Complete data form including record of fluid condition at time of application.

Photographer
Responsible to photograph and videotape test setup, conduct of tests, and
results on test surfaces;
Ensure that final results of each test surface are captured on videotape and on
still photographs; and
Coordinate use of Spar/Cox and/or RVSI sensor with team conducting deicing
only experiment. Specific tests having significant results as decided by the team
leader or overall coordinator will be scanned and documented.

XA@APS ARCHIVE\CM 1380 (TDC DEICING 1997-98\PROCEDUR\FRSTSTEP\VER_2-0.WPD
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ATTACHMENT E-IV
DATA FORM FOR FIRST STEP FLUID TRIALS (LIGHT FREEZING RAIN)

REMEMBER TO SYNCHRONZE TIME VERSION 1.0 VERSION 1.0 190768
LOCATION: CEF (Ottawa) DATE: RUN NUMBER: AMBIENT TEMPERATURE: *c STAND ¥:

Fiuld Application Tims:
Fluld Tempersturs:
Fluld Bribc

FLUID NAME

Plate 8
. L] - - -

Plate s
;
.

Time to 18t Freezing:
Tims to Failure (0™ Line): — —

Time to compiete Falure (15~ Lina):

Fluld Application Time:
Fhnld Temperature:
Fluld Brix:

FLUID NAMNE

Plate 14 Plats 12
.
L] "

-
. . * - 3 g l | |
--
17

Tims to 152 Freezing:
Tima to Fallure (6 Line):

Time to compiste FaRure (15" Line):

COMMENTS:

HAND WRITTTEN BY : LEADER:

E' 9 Pt 1 ot U A ADATA_FRA



ATTACHMENT E-V
PRECIPITATION RATE MEASUREMENT AT CEF IN OTTAWA

Date:

Start Time: am/pm

Run #:

Precip Type: {FZD, FZR, FZF, S)
u uu v vv w ww
XX X YY Y zz z

Collection Pan:
Cup # _Pan (dm?) Before After Start End

uu =

vv =

ww =
XX =

YY =

zZz =

Comments:

Handwritten by:

Measured by:

Precipitation Rate = Ag Iarea ( dm’) fh E-10 h:Icm1SBDIprncadurlfrsmtaplﬁé;;l’:;:glo\ﬂs



ATTACHMENT E-VI

CONTINUOUS PRECIPITATION RATE MEASUREMENT @ CEF IN OTTAWA

Date:

Start Time:
Run # :
Stand:
Precip Type:

Pan Logation;

am/pm

{FZD, FZR, FZF, 8, CS)

U Uy

vV w ww

XX X

YY

Collection Pan:

Cup # _Pan (dm?}
1

BPanf = Areaof  Location

Woeight of Pan {g} Collection Time Rate
Eafore Aftor Stant End

2
1
2

N

Rl=N]=N

—

[ %)

Comments:

Handwritten by:
Measured by:

Precipitation Rate = Ag/area (dm#)/h

E-11 Flle:h:iom1380/procedurifiretetp/RATE_CON
- &122008



ATTACHMENT E-VII
CEF DETAILED TEST PLAN
FIRST STEP FLUID TRIALS

Run # ; 1 Rate: 25 g/dm?/h
Temperature : -3°C
H,0 H,0 RATE
RATE
Legend Ul = UCAR Type | (Ethylene)

U IV = UCAR Type IV {(Ethylene)
O 1 = Octagon Type | (Propylene)
O Il = Octagon Type Il (Propylene)
O IV = Octagon Type |V (Propylens)
H 1l = Hoechst Type Il {Propyiens)
TOE = Type O {Racycled Fluid - Ethylene)
TOP = Type 0 (Recycled Fluid - Propylene}

Fluid freeze points are indicated in brackets {ex. U 1{-3)= UCAR Type | at -3° freeze point temperatu

File:h\cm 1380\procedurfirstsipiNRC_FSTP
At: -3C
E-12 6/12/2006



ATTACHMENT E-VII
CEF DETAILED TEST PLAN
FIRST STEP FLUID TRIALS

Run # : 2 Rate: 25 g/dm*/h
Temperature : -8°C
H,0 UiV (-3) O IV {-3) RATE
RATE Ul (-3) O 1¢{-3} O {-3)
Run # : 3 Rate: 25 g/dm?/h
Temperature : -8°C
U IV {-6) O IV (-6} RATE
RATE Ul {-6) O | {-6) O 1l (-6)
Run # : 4 Rate: 25 g/dm%/h
Temperature : -8°C
TOE (-3} H 1l ({-3) RATE
RATE TOE {-3) TOP (-3} TOP {-3)

E-13

Flia:h:icm1380\procedunfirsistp\NRC_FSTP
Atf: 8C
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ATTACHMENT E-VII
CEF DETAILED TEST PLAN
FIRST STEP FLUID TRIALS

Run # : 3] Rate: 25 g/dm“/h
Temperature : -14°C
H,0 Ul (-8) C IV (-8) RATE
RATE Ui{-3) 01 {-6) O 1l {-8)
Run # : 6 Rate: 25 g/dm®th
Temperature : -14°C
U Iv (-6} H Il {-8) RATE
RATE Ul¢11} TOP (-8)
TOE (-6}

E-14

Fhe:h:iem1380\procedunfirststptNRC_FSTP
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ATTACHMENT E-vil
CEF DETAILED TEST PLAN
FIRST STEP FLUID TRIALS

Run # : 7 12.7 g/dm*/h

Temperature : -25°C

H,0 uli{-3} O1({-3) RATE

Ul¢-17)
RATE Ul{11}
Ulii-22)
File:h:iem1380\procedurfirststp\NRC_FSTP
E-16

At -25
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APPENDIX F

FLUID STRENGTH PROFILES - DEICING ONLY TESTS



-5°C

Fluid Freeze Point and Surface Temperature
Profile, U1 (-2), OAT
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Fluid Freeze Point and Surface Temperature

-5°C

Profile, O1 (-1.5), OAT

30
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Profile, K Il (-1.5), OAT = -5°C

Fluid Freeze Point and Surface Temperature
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Fluid Freeze Point and Surface Temperature
Profile, U1 (-14), OAT = -18°C
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Fluid Freeze Point and Surface Temperature
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Fluid Freeze Point and Surface Temperature
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Fluid Freeze Point and Surface Temperature
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Fluid Freeze Point and Surface Temperature
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Fluid Freeze Point and Surface Temperature

-34°C

Profile, U1 (-34), OAT
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