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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 advance aircraft ground
deicing/anti-icing technology. The specific objectives of the APS test program are the
following:

To develop holdover time tables for new anti-icing fluids, and to validate fluid-specific and
SAE holdover time tables;

To gather enough supplemental experimental data to support the development of a deicing-
only table as an industry guideline;

To examine 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 speeds
up to and including rotation;

To measure the jet-blast wind speeds developed by commercial airliners in order to generate
air-velocity distribution profiles (to predict the forces that could be experienced by deicing
vehicles), and to develop a method of evaluating the stability of deicing vehicles during live
deicing operations;

To determine the feasibility of examining the surface conditions on wings before takeoff
through the use of ice-contamination sensor systems, and to evaluate the sensitivity of one
ice-detection sensor system;

To evaluate the use of warm fuel as an alternative approach to ground deicing of aircraft;

To evaluate hot water deicing to determine safe and practicable limits for wind and outside
ambient temperature;

To document the appearance of fluid failure, to measure its characteristics at the point of
failure, and to compare the failures of various fluids in freezing precipitation;

To determine the influence of fluid type, precipitation (type and rate), and wind (speed and
relative direction) on both the locations and times to fluid failure initiation, with special
attention to failure progression on the Bombardier Canadair Regional Jet and on high-wing
turboprop commuter aircraft;

To evaluate snow weather data from previous winters to identify a range of snow-
precipitation suitable for the evaluation of holdover time limits;

To compare the holdover times from natural and artificial snow trials and to evaluate the
functionality of NCAR’s prototype simulated snowmaking system; and

To develop a plan for implementing a full-scale wing test facility that would enable the
current testing of deicing and anti-icing fluids in natural and artificial freezing precipitation on
a real aircraft wing.

The research activities of the program conducted on behalf of Transport Canada during
the 1998-99 winter season are documented in twelve reports. The titles of these
reports are as follows:

TP 13477E Aircraft Ground De/Anti-Icing Fluid Holdover Time Field Testing Program for
the 1998-99 Winter;
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TP 13478E Aircraft Deicing Fluid Freeze Point Buffer Requirements for Deicing Only
Conditions;

TP 13479E Contaminated Aircraft Takeoff Test for the 1998-99 Winter;

TP 13480E Air Velocity Distribution Behind Wing-Mounted Aircraft Engines;

TP 13481E Feasibility of Use of Ice Detection Sensors for End-of-Runway Wing Checks;
TP 13482E Evaluation of Warm Fuel as an Alternative Approach to Deicing;

TP 13483E Hot Water Deicing of Aircraft;

TP 13484E Characteristics of Failure of Aircraft Anti-lcing Fluids Subjected to
Precipitation;

TP 13485E Aircraft Full-Scale Test Program for the 1998-99 Winter;
TP 13486E Evaluation of Snow Weather Data for Aircraft Anti-lcing Holdover Times;
TP 13487E Development of a Plan to Implement a Full-Scale Test Site; and
TP 13488E A Snow Generation System — Prototype Testing.
This report, TP 13483E, has the following objective:

To evaluate hot water deicing to determine safe and practicable limits for wind and outside
ambient temperature.

This objective was met in part by conducting a series of tests on flat plates in a cold
chamber laboratory. Test parameters included temperature, wind and active
precipitation (rate and type). Test surfaces included contaminated plates fabricated
from typical aircraft construction composite materials as well as from aircraft
aluminum. The most critical data measured in these trials was the time interval
between fluid application (spray) and first appearance of ice on test surface.
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1. INTRODUCTION

1. INTRODUCTION

At the request of the Transportation Development Centre (TDC) of Transport
Canada and the Federal Aviation Administration, APS Aviation undertook a
research program to further examine environmental limits for the application of
hot water as the first-step fluid in a two-step deicing procedure.

1.1 Background

Hot water has been authorized and used as a ground-deicing agent for aircraft
for many years. Its use offers significant benefits to the operator, chief of
which are reduced impact on the environment and reduced operating costs.
Despite these potential benefits, hot water is not used as commonly as it had
been in the past.

At least one reason for the lack of use is the narrowness of the temperature
range under which hot water is approved for use as a deicing agent. The use
of hot water for deicing requires maintenance of strict management
disciplines in the deicing operation, and support of these disciplines inherently
implies an increase in operating cost overhead (increased training,
supervision, etc.). Pragmatically, only when the benefits far outweigh the
additional overhead costs and increased complexities in the operation will
operators choose to implement hot water deicing.

In the past, when hot water deicing enjoyed greater popularity, the allowed
temperature range was greater than that now authorized. Consequently, the
procedure applied to a greater segment of the deicing operation.

The standard method for deicing with hot water involves removal of the
contaminant with a hot water spray having a temperature at the nozzle of at
least 60°C, followed by an over-spray of anti-icing fluid. The SAE Aerospace
Recommended Practice ARP4737 that defines this methodology (shown in
Appendix D), states that the anti-icing fluid is to be applied before the first
step fluid freezes, typically within three minutes. It also establishes
limitations on ambient weather conditions for use of hot water as a first step
fluid, wherein the current outside air temperature (OAT) must be no lower
than —3°C. There is no reference to wind as a limiting factor.

The intent of this OAT limitation is to provide a minimum three-minute
window to the deicing operator. The three-minute window allows the
application of the second-step or anti-icing fluid before freezing occurs. In
operational practice, the spray operator must monitor his own progress to
ensure that no surface area refreezes before the anti-icing fluid is applied.

As there is no freeze point depressant in pure water, the delay in refreezing is
due only to the heat that has been transferred to the aircraft surface from the
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1. INTRODUCTION

hot water. In the past when hot water was used more widely and before the
advent of the modern SAE Type IV fluids, the follow-on anti-icing spray
generally consisted of a heated Type | fluid. In current day operations, Type
IV fluids are applied unheated. This change in operational environment is an
important topical consideration as a heated second-step fluid could be viewed
to serve a natural corrective function for any early freezing of the water
application not noted by the operator.

Previous related studies include Hot Water Deicing Trials for the 1994-1995
Winter TP 12653E (1) and a study during the Winter 1997-98 season Aircraft
Deicing Fluid Freeze Point Buffer Requirements Deicing Only and First Step of
Two-Step Deicing TP 13315E (2). Further investigation of the deicing only
application was conducted during the 1998-1999-winter season. Results
from both of these studies are valuable for determining an approach to
current testing, and as sources of related data for the subject.

1.2 Work Statement

Appendix A presents the work statement for the APS Aviation Winter 1998-
99 research program. Section 5.11 of Appendix A, Evaluation of Hot (and
Cold) Water Deicing, describes this project. The project was to include tests
in an environmental chamber and on operational aircraft. This report
addresses results from laboratory tests. A correlation of results with test on
aircraft was not conducted because of the late winter season.

1.3 Objective

The objective of this project was to evaluate environmental limitations (OAT,
wind) for the use of hot water as the first-step fluid in a two-step deicing
operation.

To satisfy this objective, tests on flat plates were conducted at the National
Research Council Canada (NRC) Climatic Engineering Facility (CEF) in Ottawa.
Findings from previous studies were considered in the design of the
experiment. Test parameters included temperature, wind, active
precipitation, and testing on plates fabricated from typical aircraft composite
materials as well as from aluminum. Because heat transfer to the test
surface was a key element of the study, the thermal impact that accompanies
removal of a surface contamination was also considered. The most critical
data measured in these trials were the time intervals between fluid application
(spray) and first appearance of ice on test surfaces. An interval of at least
three minutes was the key indicator of acceptable temperature and wind
limits.
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2. PREVIOUS RELATED STUDIES

2. PREVIOUS RELATED STUDIES
2.1 Hot Water Deicing Trials for the 1994-95 Winter

This study, TP 12653, was commissioned to generate the scientific data
necessary to support a rational determination of the lower OAT Ilimit for
application of hot water as a first-step deicing fluid (1). At the time the
report was commissioned, the lower OAT Ilimit had only recently been
modified from —7°C to —3°C. This reduction was based solely on operator
comments. This study examined whether the OAT Ilimitation for the
application of hot water could safely be lowered beyond -3°C. The study,
conducted primarily on aircraft, indicated that hot water deicing is feasible at
temperatures below -3°C, depending on wind speed and operator disciplines.
The earliest occurrence of freezing occurred on flight control surfaces at the
rear of the wing, not on the main wing surface.

Tests carried out in a controlled environment laboratory confirmed that high
winds exert a major influence on shortening the time interval in which the
earliest freezing occurs. During field trials, deicing personnel experienced in
hot water deicing commented that a cautious approach is necessary even at
moderate temperatures during conditions of high wind. The study
recommended that any further tests should consider the impact of winds. As
well, an examination of the effect of the more modern aviation composite
materials, which are frequently used in the fabrication of aircraft lift surfaces,
was also recommended.

Figure 2.1 plots results from three field tests performed on a McDonnell
Douglas DC-9 aircraft. The tests were conducted in dry conditions. These
tests included the removal from the wing of contamination that had formed in
previous trials. The data points indicate the time interval (lag time) until the
initiation of freezing following spray application of hot water, for various
OAT’s. The wind speed at the time of testing is also shown. The data
points shown are the most severe (shortest times to freezing) of several
locations measured on the wing, and were generally located on flight control
surfaces. The box in the lower right hand corner indicates the extent of
currently approved limits.

Figure 2.2 adds results from laboratory tests to the previous chart. In these
trials, 0.5 L of heated water was poured on a clean plate. The laboratory
data points illustrate the influence of wind on the time interval that elapsed
before the onset of freezing. The chart also shows a data point generated in
an independent field study (Transportation Development Centre report,
TP 12735E (2), Aircraft Ground Operations in Canadian Winter Weather).

Figure 2.3 proposes a model to assist determination of operational limits for
the combination of OAT and wind. A family of hypothetical curves is
proposed, that could potentially define the relationship between lag time and
OAT for various incremental wind speeds.
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2. PREVIOUS RELATED STUDIES

2.2 1997-98 Study on Fluid Freeze Point Buffer Requirements for First
Step Fluids

This study, TP 13315E, examined the use of very dilute Type | fluids (as well
as water), as first-step deicing fluids, and determined the resultant interval
until freezing began (3). These trials differed from the previous hot water
trials in that these tests were conducted in precipitation conditions. Again,
0.5 L of heated fluid was poured onto a clean test plate. Trials were
conducted at a range of temperatures, under freezing rain and freezing drizzle
precipitation. Later, during the progress of the study, a test procedure for
combining wind and precipitation conditions was devised, and a small number
of trials at one temperature but with several wind speeds were conducted.
Figure 2.4 is a chart of test results for hot water. The chart plots lagtimes
(time until the onset of freezing) versus OAT. Data for different wind speeds
were generated at only one OAT.

This study (1997-98) also included an examination of the rate of dilution of
the applied Type | fluids under the test levels of precipitation. Figure 2.5 is a
plot of surface temperature and fluid freeze point over time. The surface
cools after the application of hot water, and the fluid is diluted under ongoing
precipitation. In the test reported in this figure, the Type | fluid was mixed to
the currently approved limit for first step fluids wherein the fluid freeze point
may be 3 degrees warmer than OAT. Figure 2.6 plots the same data for a
neat Type | fluid, and demonstrates how quickly a fluid, which is initially in its
standard concentration, is diluted to the point where its freeze point is at the
OAT.

In Figure 2.5, it is seen that the fluid diluted to zero concentration in about 4
minutes. Test results demonstrated that heat transfer to the test surface
from the first step fluid was the major contributor to the span of the time
interval until freezing initiated:

In calm conditions, the surface cooled to 0°C in 4.5 minutes. In this
case, the fluid freeze point curve indicates that at the point of freezing
initiation, the fluid was already diluted to an insignificant glycol
concentration. Therefore, freezing point depression provided no
contribution to the elapsed time until onset of freezing.

At a wind speed of 10 km/h, the fluid freeze point curve intersected the
surface temperature curve slightly after the temperature curve crossed
0°C. At this wind speed, the Type | fluid could be said to perform
equivalently to hot water.

At a wind speed of 20 km/h, the fluid freeze point curve intersected the
surface temperature curve about 0.5 minutes after the temperature curve
crossed 0°C. At this wind speed, the surface heat provided protection for
1.5 minutes and the FPD action added a further 0.5 minutes of protection.
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2. PREVIOUS RELATED STUDIES

Figure 2.6 provides similar information for an application of full-strength
Type | fluid.

Note: the elapsed times until freezing inferred from the intersection of the
curves in Figure 2.5 are slightly longer than time to onset of freezing reported
in Figure 2.4. This is a result of the method used to measure surface
temperature wherein surface temperature (reported in Figure 2.5) was
obtained by contact measurement instrumentation at only one point, near the
geometrical center of the test plate. Time to onset of freezing (reported in
Figure 2.4) was based on visual observation of the first sign of freezing. This
usually occurred near the edge of the test plate where the surface
temperature is generally cooler than at the point of surface temperature
measurement.

2.3 1997-98 Deicing Only Study

This study, TP 13315E, examined the use of very dilute fluids to remove any
contamination following termination of precipitation, when ongoing protection
as provided by anti-icing fluid is not required (3). The study included
measurement of the rate of cooling of the test surface for different wind and
OAT combinations in non-precipitation conditions. This information is useful
for providing an indication of the time interval following application of the
deicing fluid until the surface temperature reaches 0°C, for various OAT/wind
combinations.

Figure 2.7 is a chart of results obtained from trials using hot water. Here, the
time interval (at various wind speeds) until the plate temperature drops to
0°C, is plotted versus OAT. Again in these trials, 0.5 L of water at 60°C
was applied to each clean plate, marking the beginning of each test.

2.4 Further Evaluation of Deicing Only 1998-99

The results from the 1997-1998 studies on deicing only, and the results from
fluid freeze point buffer requirements for first step fluids, were discussed in
detail at the annual 1998 SAE G-12 Committee Aircraft Ground Deicing
meeting, and also at a special meeting convened for that purpose and held in
August 1998 at the FAA William J. Hughes Technical Center in Atlantic City.

As a result of discussions at those meetings, further investigation of the
deicing only application was conducted in order to examine the effects of
varying several test parameters. One variable examined was the removal of
snow contamination from the test surface, © ascertain whether the act of
removing snow diminished the final transfer of heat to the surface. This
factor was examined both in the laboratory and in the field on an aircraft
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2. PREVIOUS RELATED STUDIES

wing. The test methodology was based on actual operations, and allowed
the spray operator to continue spraying until the surface was clean.

In general, it was concluded that the greater the amount of contamination,
the greater was the quantity of fluid that was applied by the operator, and
the greater quantity of fluid compensated for any loss of heat in the snow
removal process.

2.5 Implications for Current Tests

All previous studies confirmed that in addition to OAT, wind plays a very
significant role in determining the time interval following application of spray
until onset of freezing. This was evident from tests conducted in both dry
(non-precipitation) and in active precipitation conditions.

Tests under freezing precipitation (first-step fluid study) appeared to produce
values for elapsed time until onset of freezing that were somewhat shorter
than in dry conditions.

These observations indicate that the test design should include controlled
combinations of wind and precipitation.

Previous studies indicate that when the OAT is lower than —12°C, the time
interval from spray application until onset of freezing is too short for
operational practice. It was decided that a test design based on OAT values
of -3, -6, -9 and -12°C would offer sufficient data for chart construction.

During industry discussions on the results of the deicing only study, several
points of interest were raised that could be realistically addressed in the test
design:

Impact of actual removal of contaminant from the surface. Based on
current year trials to supplement deicing only data, the process of removal
of contamination by spraying appears to be self-compensating in the sense
that the additional quantity of fluid required to remove the contaminant
compensates for any heat loss to the contaminant.

Test surfaces composed of composite materials.  Trials could be
conducted on test surfaces composed of composite materials developed
for the deicing only study.

Tests on fluids mixed to currently authorized freeze point limits to serve as
a reference when examining test results. Type | fluid mixed to a fluid
freeze point 3°C above OAT (first step fluid limitation) should be tested in
addition to hot water.
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2. PREVIOUS RELATED STUDIES

The industry transition from heated Type | fluid to unheated non-Newtonian
fluid as the second-step anti-icing fluid has brought about a particular
concern. When hot water deicing was practiced in the past, before the
advent of the modern SAE Type IV fluids, the second-step anti-icing spray
generally consisted of a heated Type | fluid. The heat from the second-step
fluid served to correct any early freezing of the applied water not noted by
the operator.

The loss of this inherent corrective function with the use of unheated anti-
icing fluids is not addressed in this test program, other than designing the
test around rigorous parameters. Any procedures and guidelines that emerge
from this study must have as a goal the provision of a clean surface that
remains unfrozen for a reasonable period after the first step fluid application.

It should be added that an investigation into the use of warmed anti-icing
fluids led to significantly reduced holdover times due to reduced fluid
viscosity and associated thinner stabilized fluid film thickness (4).
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3. METHODOLOGY

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

3.1 Test Site

These tests were conducted at the National Research Council Canada (NRC)
Climatic Engineering Facility (CEF) located near Ottawa International Airport.

Experimental trials for the winter 1997-98 study on aircraft deicing fluid
freeze point buffer requirements for first step fluids (2) were also conducted in
this facility. During the 1997-98 trials, an approach to providing a controlled
combination of wind and precipitation for test purposes was developed. In
that approach, the entire facility, encompassing both the large and the small
chambers, was utilised.

The previous approach was enhanced for the 1998-99 trials by relocating the
precipitation spray head to a location in the large chamber. This allowed
placement of fans for wind production in the same chamber, thereby avoiding
the excessive turbulence experienced previously from the structure dividing
the two chambers. The freezing rain sprayer head is shown in Photo 3.1.

3.2 Description of Test Procedures
Tests were scheduled over a three-day period at the NRC CEF facility.

The test variables included air temperature and wind speed. A precipitation
condition of freezing rain at a rate of 25 g/dm?/hr was established.
Precipitation rates were measured over the entire stand at the beginning and
at the end of each test session, as well as on a continuing basis every 20
minutes. This methodology is based on the standard procedure established in
the experimental methodology for determining fluid holdover times. Photo
3.2 shows collection pans being weighed as part of this procedure. The
distribution of raindrops over the plate surface is shown in Photo 3.3. In this
photograph, the bare plate, which had been cooled to ambient temperature
(-12°C), was subjected to freezing rain precipitation at the test rate
(25 g/dm?/hr) for a one-minute interval. The drops froze immediately upon
striking the bare plate surface. The resulting pattern of frozen rain droplets
reflects an even distribution over the plate surface.

Aluminum plate test surfaces (300 x 500 x 3.2 mm) were prepared in
advance. Plates were buffed, removing all traces of markings. Each was
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3. METHODOLOGY

marked with an identification label. No grid marks were allowed to remain on
plate surfaces in order to avoid damming of fluid runoff. A single thermistor
probe was installed on each test plate at the 22.5 cm (9”) line. Photo 3.4
shows probes being installed on the plates on the upper row. Plates were
mounted on a standard flat plate test stand at slope of 10°, as shown in the
general test set-up Photo 3.5. In general, plate positions on the upper row of
the stand were preferred to facilitate fluid application and observation of
surface conditions.

Testing on Type | deicing fluids was included to provide a reference to
current operational practices. Type | fluid was tested both at full strength
and diluted to currently approved levels (freeze point = 3°C above OAT).

Fluid mixes were prepared in advance. For tests involving Type | fluid, a
duplicate test plate was conducted to enable sampling for measurement of
fluid dilution rates, without disturbing the test plate used to record
observations.

Industry discussions of results from a similar study involving heat transfer
from a heated fluid to the test surface (the 1997-1998 study on fluid freeze
point buffer requirements for deicing only conditions?) raised a concern
regarding testing on bare surfaces. The concern was that some of the fluid’s
heat might be dissipated by the actual removal of solid contamination,
thereby decreasing the amount of heat transferred to the surface. To address
that concern, these trials were designed to incorporate the removal of
contamination from the test surface as part of the test procedure.

A controlled level of contamination was allowed to collect on the plates prior
to each test run by exposing the plate to precipitation for a predetermined
time interval. This exposure time interval was evaluated for each
temperature condition, with the objective of standardizing the degree of plate
contamination for all conditions as much as possible. This resulted in a
standard exposure time of one minute for all temperatures tested. The
exposure time was varied to study the effect of increased levels of
contamination.

The resulting layer of ice contamination was then removed by spraying as
much fluid as was required to provide a clean plate. Photos 3.6 and 3.7
show fluid being applied by spraying. Photo 3.6 clearly shows the ice
contaminant being removed, resulting in a clean plate surface as the spray
operator works his way down the plate from top to bottom. The distance
from nozzle to surface was generally as shown in the photos, and typically in
the range of 10 to 15 cm.
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The time of spray application was recorded, as was the time interval until the
initiation of freezing. The elapsed time to the onset of freezing was the key
element being measured in these trials.

Fluid sprayers were constructed specifically to simulate spraying in field
operations. These sprayers were pre-calibrated to enable calculation of the
fluid quantity sprayed. The fluid quantities were based on records of spray
duration.

In some of the trials that demonstrated times until freezing shorter than three
minutes, the test was re-run with additional fluid sprayed, to determine how
much additional fluid would be necessary to achieve a three-minute time to
freezing.

Fluids were heated to 60°C at the time of application. Temperature and Brix
values of fluids were measured prior to fluid application.

The time interval until the initial appearance of freezing was the most critical
data recorded.

Plate temperatures were monitored throughout the tests by means of
thermistor probes, which were installed on plate surfaces, and data loggers
were used to automatically record these temperatures. Test surface
temperatures were allowed to return to the ambient laboratory temperature
prior to proceeding with the next test.

Fluid strength was measured on an ongoing basis on duplicate plates
throughout the test run. Measurements were taken at a frequency sufficient
to construct a fluid freeze point temperature profile over time. The procedure
for lifting samples for fluid strength measurement attempted to collect a
representative mix of fluid by running the fluid sampler the full length of the
plate, from bottom to top, but avoiding picking up fluid from the drip line.
Fluid strength was measured on an ongoing basis using Brix-scale
refractometers (Photo 3.8).

A video and photographic record of the test set-up was maintained.

Table 3.1 presents an overview of test parameters for these trials. The plan
called for four OAT conditions with four values of wind speeds at each. Both
water and SAE Type | fluids (mixed to a freeze point (FP) 3°C above OAT)
were tested. In addition to the standard aluminum test surfaces, surfaces
fabricated from composite materials typically used in aircraft manufacture
were also tested.

Table 3.2 provides the detailed test plan and defines the specific test
parameter(s) varied in each run.
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During the course of the trials, certain anomalies were observed in the test
results. These were explored further through a complementary set of tests,
listed in Table 3.3. This series of tests examined the impact of the duration
of spray application, and also examined the impact of the method of fluid
application (spraying versus pouring).

The experimental program is provided in Appendix B.

3.3 Data Forms

Forms for gathering test data included:
Data form for Hot Water Trials (Figure 3.1);
Brix Progression form for Hot Water Trials (Figure 3.2);
Precipitation Rate Measurement Form (Figure 3.3); and
Continuous Precipitation Rate Measurement Form (Figure 3.4).

Copies of these forms are also included in the test procedure (Appendix B).

3.4 Equipment

Some special equipment was needed to support these trials. Certain pieces
were developed specifically for the project.

Large electric fans (Photo 3.9) were provided by NRC. These fans, mounted
on castor wheels, were located at a fixed position and speed was controlled
by means of a rheostat on the power supply. This was a major improvement
over previous trials, which required the fans to be repositioned between runs
to provide different wind speeds. The accuracy in reproducing specific wind
speeds for subsequent tests was enhanced by this feature.

Various concentrations of Type | fluid were needed. These fluid samples
were heated using 5-litre aluminum pots (Photo 3.10), hot plates, and a
microwave oven (Photo 3.11) for small fluid quantities.

To satisfy the large demand for heated water (for the various hot water tests)
a small water heater tank, mounted on a trolley for portability, was devised
(Photo 3.12). The tank was specially instrumented to provide an accurate
reading of water temperature and fill level. The tank, pressurised with
compressed air from the building supply, was incorporated into a self-

M:\Groups\CM1514\REPORT\HOTWATER\Final Version 1.0\Final Version 1.doc

APS AVIATION INC. 4_Fi_ 22 Final Version 1.0
Printed: 21/05/02 9:15
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contained water spray system. The water outlet from the tank was directed
via a flexible hose to a spray nozzle, and thereby provided the heated water
spray for the tests. The nozzle flow rate was calibrated to allow calculation
of applied quantities of water based on the duration of spray. The flow rate
was determined to be 25.5 ml/sec or 255 ml for 10-second spray duration.
The external air supply provided a constant pressure in the tank thereby
maintaining a constant application rate of the fluid mix or water regardless of
change in liquid volume as it was expelled. A fluid temperature of 80°C in
the tank supplied a temperature of 60°C at the nozzle (Photo 3.13). The
water heater tank was not suited for the application of Type | fluids due to
the smaller total quantities of the various mixes required.

The Type | fluid was applied using a separate sprayer that had been
developed for supplementary trials in the deicing only study, conducted earlier
in the 1998-1999 season. The Type | fluid sprayer (Photo 3.14) was based
on a fire extinguisher tank, fitted with an air pressure supply fitting and a
hose and nozzle assembly identical to the above-mentioned hot water tank.
The tank was wrapped in insulation to maintain fluid temperatures. Prior to
the tests, the two types of sprayers were tested and compared to ensure that
they delivered common rates and patterns of spray.

Wind speeds were measured with a hand-held anemometer (Photo 3.15).
A video camera mounted on a tripod (Photo 3.16) and trained on the test
stand was operated continuously to provide an ongoing record of the conduct
of the tests. A monitor and VCR recorder (Photo 3.17) were linked to the
video camera.
In addition to standard aluminum test plates, plates fabricated from
composite materials as used in new aircraft construction were tested. They
included:

Aluminum on honeycomb backing;

Carbon Fibre on honeycomb backing;

Glass Fibre on honeycomb backing;

Kevlar on honeycomb backing.
The aluminum honeycomb plate is shown in Photo 3.18. The plates
fabricated from carbon fibre, glass fibre, and Kevlar were painted with a grey

polyurethane paint and consequently looked alike. Photo 3.19 shows a
typical painted composite surface plate.
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4. DESCRIPTION AND PROCESSING OF DATA

4.1 Overview of Tests

Tests were conducted from March 23 to 25, 1999. The initial test
conditions were at the cold extreme (-12°C) of the range of test
temperatures. Test condition temperatures were progressively increased over
the three-day period.

During the first series of tests (at the coldest test temperatures), it was noted
that the time interval until first freezing occurred was less than the three-
minute target. To explore the causes of this shortfall, a number of tests were
conducted with changes to various parameters. These included varying the
amount of fluid sprayed, spraying with a different nozzle setting to produce a
different spray pattern, and applying the fluid by pouring using fluid spreaders
as used in the Deicing Only and First Step Fluid (2) study. Results of these
variations are discussed in detail in the following chapter.

Further variations in parameters were tested during the next two days of
trials at progressively warmer temperatures and are discussed in the next
chapter.

A log of all trials conducted, including the special repeat trials conducted to
explore test result anomalies, is presented in Table 4.1. Some of the
columns in this log require explanation:

ID # — is the sequential number of each test as it was run;

Form # — up to three tests could be recorded on a single data form. The
data forms were numbered sequentially from the start of testing;

Run # — corresponds to the original run number in the detailed test plan
(Figure 3.2). Some of the runs were conducted more than once to
provide a level of confidence in the results or to explore unexpected
results. Also, some runs (where no number is assigned) were ad hoc
trials conducted to explore the effect of changes in parameter values;

Plate # — is the number recorded on the plate, and on the thermistor
probe. It serves to link the correct plate temperature data in the file to
specific test runs;

Plate exposure time — is the time that the plate was uncovered and
exposed to precipitation to collect a layer of contamination;
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HOT WATER DEICING AT NRC - WINTER 1999

TABLE 4.1 (Pg. 1/3)

el I I [ ol Lol Rl Ul Bl e [ e Rl RSS2 W
# # # # Type Type ¢c) (Design) (Actual) \m/h Time Time Time Freeze Failure (ml) (min) Fregze Fallyre
(°C) (°C) (min) (min)
1 1 23-Mar-99 49 1 Aluminum Water 60 -12 -11.5 0 11:21:54 | 11:22:53 | 11:23:04 | 11:25:35 | 11:26:40 281 1.0 25 3.6
2 1 23-Mar-99 49 3 Aluminum Water 60 -12 -11.6 0 11:28:03 | 11:29:03 | 11:29:15 | 11:31:13 | 11:33:00 306 1.0 20 3.8
3 1 23-Mar-99 49 2 Aluminum Water 60 -12 -11.6 0 11:34:45 | 11:35:54 | 11:36:07 | 11:39:20 | 11:40:05 332 1.2 3.2 4.0
4 2 23-Mar-99 49 1 Aluminum Water 60 -12 -11.7 0 11:52:44 | 11:53:44 | 11:53:57 | 11:56:13 | 11:57:22 332 1.0 23 3.4
5 2 23-Mar-99 49 3 Aluminum Water 60 -12 -11.7 0 11:56:32 | 11:57:32 | 11:57:52 | 11:59:50 | 12:02:27 500 1.0 2.0 4.6 1/2 liter with sprayer
6 2 23-Mar-99 49 2 Aluminum Water 60 -12 -11.8 0 12:11:40 | 12:12:40 | 12:12:50 | 12:17:20 | 12:18:14 500 1.0 4.5 5.4 1/2 liter wih spreader
7 3 23-Mar-99 50 1 Aluminum T1E-9 60 -12 -11.9 0 12:18:56 | 12:19:58 | 12:20:10 | 12:22:20 | 12:23:41 306 1.0 22 35
8 3 23-Mar-99 50 2 Aluminum T1E-9 60 -12 -11.9 0 12:24:27 | 12:25:27 | 12:25:38 | 12:28:40 | 12:29:40 281 1.0 3.0 4.0
9 4 23-Mar-99 57 2 Aluminum T1E-9 60 -12 -12.1 10 13:53:19 | 13:54:19 | 13:54:30 | 13:55:40 | 13:56:45 281 1.0 1.2 23
10 4 23-Mar-99 57 3 Aluminum T1E-9 60 -12 -12.1 10 13:57:00 | 13:58:00 | 13:58:11 | 13:59:00 | 14:00:40 281 1.0 0.8 25
11 4 23-Mar-99 57 1 Aluminum T1E-9 60 -12 -12.1 10 14:00:30 | 14:01:30 | 14:01:50 | 14:03:17 | 14:04:50 510 1.0 15 3.0 double fluid quantity sprayed
12 5 23-Mar-99 58 C1 C1 T1E-9 60 -12 -12.1 10 14:05:48 | 14:06:46 | 14:07:02 | 14:08:00 | 14:08:50 408 1.0 1.0 1.8
13 6 23-Mar-99 58 C1 C1 T1E-9 60 -12 -12.0 10 15:00:10 | 15:01:10 | 15:01:22 | 15:02:30 | 15:03:10 306 1.0 11 1.8
14 6 23-Mar-99 59 Cc3 Cc3 T1E-9 60 -12 -12.0 10 15:02:10 | 15:03:10 | 15:03:20 | 15:05:10 | 15:06:30 255 1.0 1.8 3.2
15 6 23-Mar-99 61 C5 C5 T1E-9 60 -12 -12.0 10 15:05:35 | 15:06:40 | 15:06:53 | 15:08:00 | 15:09:50 332 11 11 3.0
16 7 23-Mar-99 57 1 Aluminum T1E-9 60 -12 -12.0 10 15:10:50 | 15:11:49 | 15:12:05 | 15:14:00 | 15:14:50 408 1.0 19 2.8
17 7 23-Mar-99 60 ca ca T1E-9 60 -12 -12.0 10 15:08:20 | 15:09:22 | 15:09:27 | 15:11:15 | 15:12:20 128 1.0 1.8 29
18 8 23-Mar-99 52 2 Aluminum Water 60 -12 -12.0 10 14:13:38 | 14:14:38 | 14:14:58 | 14:16:15 | 14:17:48 510 1.0 1.3 2.8 double quantity
19 8 23-Mar-99 53 C1 C1 Water 60 -12 -11.9 10 14:16:05 | 14:17:03 | 14:17:11 | 14:18:15 | 14:18:45 204 1.0 11 1.6
20 8 23-Mar-99 52 3 Aluminum Water 60 -12 -11.9 10 14:18:05 | 14:19:10 | 14:19:22 | 14:20:37 | 14:21:45 306 11 13 24
21 9 23-Mar-99 55 ca ca Water 60 -12 -11.9 10 14:24:00 | 14:25:03 | 14:25:16 | 14:26:00 | 14:28:00 332 11 0.7 27
22 9 23-Mar-99 56 C5 C5 Water 60 -12 -11.9 10 14:32:25 | 14:33:25 | 14:33:31 | 14:34:30 | 14:36:05 153 1.0 1.0 2.6 short spray time
23 9 23-Mar-99 53 C1 C1 Water 60 -12 -11.9 10 14:35:50 | 14:36:50 | 14:37:01 | 14:38:00 | 14:38:55 281 1.0 1.0 19
24 10 23-Mar-99 54 Cc3 Cc3 Water 60 -12 -11.9 10 14:37:30 | 14:38:30 | 14:38:41 | 14:39:40 | 14:41:05 281 1.0 1.0 24
25 11 23-Mar-99 extra 1 Aluminum Water 60 -12 -12.3 10 16:39:57 | 16:40:57 | 16:41:18 | 16:42:10 | 16:42:45 284 1.0 0.9 15 10sec--135mL Special test with different nozzle
26 11 23-Mar-99 extra 2 Aluminum Water 60 -12 -12.3 10 16:43:30 | 16:44:11 | 16:44:25 | 16:45:10 | 16:46:10 386 0.7 0.8 1.8 10sec--275mL;special test different nozzle
27 12 23-Mar-99 1 Aluminum Water 60 -12 -12.2 10 16:10:53 | 16:11:52 | 16:12:12 | 16:14:02 | 16:14:45 510 1.0 1.8 2.6 double quantity;spray start 20 sec
28 12 23-Mar-99 2 Aluminum Water 60 -12 -12.2 10 16:12:47 | 16:13:20 | 16:14:00 | 16:16:40 | 16:17:10 | 1020 0.6 2.7 3.2 spray start 40 sec
29 13 23-Mar-99 1 Aluminum | XL54(std) 60 -12 -12.2 10 15:46:20 | 15:47:26 | 15:47:44 | 15:50:13 | 15:51:30 459 11 25 3.8 sprayed;special test
30 13 23-Mar-99 3 Aluminum | XL54(std) 60 -12 -12.1 10 16:02:06 16:02:06 | 16:05:10 | 16:06:20 500 0.0 3.1 4.2 poured(bare plate);special test
31 13 23-Mar-99 1 Aluminum | XL54(std) 60 -12 -12.2 10 16:25:40 | 16:27:50 | 16:28:03 | 16:30:22 | 16:31:37 332 2.2 2.3 3.6 sprayed;spray finish-13sec;special test
32 14 24-Mar-99 36 C5 C5 Water 60 -9 -8.8 10 9:51:42 9:52:42 9:52:49 9:53:30 9:55:20 179 1.0 0.7 25
33 14 24-Mar-99 35 [eZ3 [eZ3 Water 60 -9 -8.7 10 9:55:46 9:55:59 9:56:08 9:57:07 9:59:00 230 0.2 1.0 29
34 15 24-Mar-99 32 2 Aluminum Water 60 -9 -8.7 10 9:53:05 9:54:03 9:54:14 9:54:55 9:56:25 281 1.0 0.7 22
35 15 24-Mar-99 33 C1 C1 Water 60 -9 -8.6 10 9:54:38 9:55:38 9:55:49 9:56:55 9:57:50 281 1.0 11 2.0
36 15 24-Mar-99 32 1 Aluminum Water 60 -9 9.1 10 9:58:08 9:59:06 9:59:16 | 10:00:40 | 10:01:30 255 1.0 1.4 22
37 16 24-Mar-99 34 Cc3 Cc3 Water 60 -9 -9.3 10 10:00:20 | 10:01:20 | 10:01:30 | 10:03:10 | 10:04:35 255 1.0 17 3.1
38 16 24-Mar-99 33 C1 C1 Water 60 -9 -9.4 10 10:14:36 | 10:15:36 | 10:15:47 | 10:17:06 | 10:17:46 281 1.0 13 2.0
39 16 24-Mar-99 34 Cc3 Cc3 Water 60 -9 -9.4 10 10:18:43 | 10:19:43 | 10:19:54 | 10:21:10 | 10:22:30 281 1.0 13 2.6
40 17 24-Mar-99 1 Aluminum Water 60 -9 -9.4 10 10:15:37 | 10:15:37 | 10:17:15 | 10:18:15 500 0.0 1.6 2.6 No contamination;1/2 liter poured
41 18 24-Mar-99 36 C5 C5 Water 60 -9 -9.4 10 10:15:45 | 10:16:45 | 10:16:58 | 10:18:56 | 10:19:28 332 1.0 20 25
42 18 24-Mar-99 35 [eZ3 [eZ3 Water 60 -9 -9.4 10 10:17:19 | 10:18:26 | 10:18:36 | 10:19:45 | 10:20:58 255 11 1.2 24
43 19 24-Mar-99 32 1 Aluminum Water 60 -9 -9.4 10 10:21:30 | 10:22:28 | 10:22:48 | 10:25:03 | 10:25:46 510 1.0 23 3.0 20 sec spray
44 20 24-Mar-99 41 C5 T1E-6 60 -9 -95 10 11:22:45 | 11:23:45 | 11:23:56 | 11:25:11 | 11:26:17 281 1.0 13 24
45 20 24-Mar-99 40 4 ca T1E-6 60 -9 -95 10 11:24:35 | 11:25:35 | 11:25:45 | 11:27:29 | 11:28:00 255 1.0 17 23
46 21 24-Mar-99 37 1 Aluminum T1E-6 60 -9 -9.3 10 11:29:40 | 11:30:38 | 11:30:53 | 11:32:53 | 11:33:30 383 1.0 20 2.6
47 21 24-Mar-99 38 C1 C1 T1E-6 60 -9 -9.4 10 11:27:32 | 11:28:32 | 11:28:33 | 11:30:01 | 11:31:05 26 1.0 15 25 Low fluid quantity
48 21 24-Mar-99 39 Cc3 Cc3 T1E-6 60 -9 -9.4 10 11:31:40 | 11:32:39 | 11:32:54 | 11:34:25 | 11:35:25 383 1.0 15 25
49 22 24-Mar-99 37 2 Aluminum T1E-6 60 -9 -9.4 10 11:57:17 | 11:58:27 | 11:58:43 | 12:00:31 | 12:01:34 408 1.2 1.8 29
50 22 24-Mar-99 38 C1 C1 T1E-6 60 -9 -9.6 10 11:50:57 | 11:51:58 | 11:52:11 | 11:53:16 | 11:54:20 332 1.0 11 22
51 22 24-Mar-99 39 Cc3 Cc3 T1E-6 60 -9 -9.4 10 11:53:35 | 11:54:32 | 11:54:44 | 11:56:20 | 11:57:35 306 1.0 1.6 29
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HOT WATER DEICING AT NRC - WINTER 1999

TABLE 4.1 (Pg. 2/3)

O from | g | mn | e | s | | S| T | | | S| S| | Tt o | 70| S0 | o
# # # # Type Type ) (Deflgn) (Ac:ual) \m/h Time Time Time Freeze Failure (ml) (min) Fregze Fallyre
(°C) (°C) (min) (min)
52 23 24-Mar-99 40 ca ca T1E-6 60 -9 -9.4 10 11:57:11 | 11:58:11 | 11:58:26 | 11:59:48 | 12:00:56 383 1.0 14 25
53 23 24-Mar-99 41 C5 C5 T1E-6 60 -9 -9.4 10 11:59:32 | 12:00:32 | 12:00:49 | 12:01:59 | 12:02:47 434 1.0 12 2.0
54 24 24-Mar-99 3 Aluminum T1E-6 60 -9 -9.5 10 12:10:16 | 12:15:16 | 12:15:37 | 12:16:58 | 12:18:22 536 5.0 14 2.8 5 MIN EXPOSURE TIME FOR PLATE
55 24 24-Mar-99 2 Aluminum | XL54(std) 60 -9 -9.4 10 12:21:55 | 12:22:55 | 12:22:55 | 12:25:41 | 12:26:41 500 1.0 2.8 3.8 poured
56 25 24-Mar-99 1 Aluminum | XL54(std) 60 -9 -9.6 10 12:35:15 | 12:36:15 | 12:36:30 | 12:38:45 | 12:40:20 383 1.0 23 3.8
57 25 24-Mar-99 3 Aluminum | XL54(std) 60 -9 -9.5 10 12:38:21 | 12:39:21 | 12:39:41 | 12:42:45 | 12:43:38 510 1.0 3.1 4.0
58 25 24-Mar-99 2 Aluminum | XL54(std) 60 -9 -9.5 10 12:40:16 | 12:41:16 | 12:41:56 | 12:45:30 | 12:47:10 | 1020 1.0 3.6 5.2
59 26 24-Mar-99 29 1 Aluminum Water 60 -9 -9.6 0 12:59:39 | 13:00:39 | 13:00:47 | 13:02:12 | 13:04:05 204 1.0 14 33
60 26 24-Mar-99 30 2 Aluminum T1E-6 60 -9 -9.9 0 13:11:25 | 13:12:25 | 13:12:39 | 13:14:48 | 13:16:21 357 1.0 22 3.7
61 26 24-Mar-99 29 3 Aluminum Water 60 -9 -9.6 0 13:01:12 | 13:02:12 | 13:02:25 | 13:03:21 | 13:06:08 332 1.0 0.9 3.7
62 27 24-Mar-99 30 1 Aluminum T1E-6 60 -9 -10.0 0 13:21:24 | 13:22:24 | 13:22:41 | 13:24:30 | 13:26:10 434 1.0 18 35
63 28 24-Mar-99 9 2 Aluminum Water 60 -6 -6.0 0 14:05:40 | 14:06:39 | 14:06:50 | 14:10:20 | 14:11:35 281 1.0 35 4.8
64 28 24-Mar-99 10 2 Aluminum T1E-3 60 -6 -6.3 0 14:24:30 | 14:25:30 | 14:25:44 | 14:28:51 | 14:30:15 357 1.0 3.1 4.5
65 29 24-Mar-99 9 1 Aluminum Water 60 -6 -6.3 0 14:07:00 | 14:08:00 | 14:08:09 | 14:10:49 | 14:12:20 230 1.0 27 4.2
66 29 24-Mar-99 10 1 Aluminum T1E-3 60 -6 -6.3 0 14:26:10 | 14:27:10 | 14:27:21 | 14:29:40 | 14:31:27 281 1.0 23 4.1
67 30 24-Mar-99 17 2 Aluminum T1E-3 60 -6 -6.0 10 14:55:50 | 14:56:53 | 14:57.07 | 14:59:.07 | 15:00:30 357 11 20 3.4
68 30 24-Mar-99 18 C1 C1 T1E-3 60 -6 -6.0 10 14:58:27 | 14:59:25 | 14:59:36 | 15:01:10 | 15:02:10 281 1.0 1.6 2.6
69 30 24-Mar-99 19 C3 C3 T1E-3 60 -6 -6.0 10 14:59:55 | 15:00:57 | 15:01:.07 | 15:02:52 | 15:03:50 255 1.0 18 27
70 31 24-Mar-99 17 3 Aluminum T1E-3 60 -6 -6.0 10 15:05:00 | 15:06:01 | 15:06:12 | 15:07:57 | 15:09:12 281 1.0 18 3.0
71 31 24-Mar-99 18 C1 C1 T1E-3 60 -6 -6.1 10 15:39:15 | 15:40:15 | 15:40:25 | 15:42:00 | 15:43:07 255 1.0 1.6 27
72 31 24-Mar-99 19 C3 C3 T1E-3 60 -6 -6.0 10 15:41:45 | 15:42:46 | 15:42:54 | 15:44:28 | 15:45:22 204 1.0 1.6 25
73 32 24-Mar-99 12 1 Aluminum Water 60 -6 -5.9 10 15:16:27 | 15:17:25 | 15:17:37 | 15:19:45 | 15:20:45 306 1.0 21 3.1
74 32 24-Mar-99 13 C1 C1 Water 60 -6 -6.0 10 15:28:00 | 15:29:00 | 15:29:11 | 15:30:45 | 15:31:57 281 1.0 1.6 2.8
75 32 24-Mar-99 14 C3 C3 Water 60 -6 -6.0 10 15:29:25 | 15:30:21 | 15:30:30 | 15:32:25 | 15:34:.07 230 0.9 19 3.6
76 33 24-Mar-99 20 3 ca T1E-3 60 -6 -6.0 10 15:46:10 | 15:47:10 | 15:47:18 | 15:48:56 | 15:49:57 204 1.0 1.6 27
7 33 24-Mar-99 21 2 C5 T1E-3 60 -6 -6.0 10 15:45:40 | 15:46:40 | 15:46:42 | 15:48:20 | 15:49:24 51 1.0 1.6 27 Low fluid quantity
78 34 24-Mar-99 20 ca ca T1E-3 60 -6 -6.0 10 14:57:14 | 14:58:15 | 14:58:22 | 15:00:42 | 15:01:10 179 1.0 23 2.8
79 34 24-Mar-99 21 2 C5 T1E-3 60 -6 -6.0 10 15:03:30 | 15:04:30 | 15:04:38 | 15:06:08 | 15:07:12 204 1.0 15 2.6
80 35 24-Mar-99 12 2 Aluminum Water 60 -6 -5.9 10 15:10:46 | 15:11:53 | 15:12:06 | 15:14:27 | 15:15:15 332 11 2.4 3.2
81 35 24-Mar-99 13 C1 C1 Water 60 -6 -5.9 10 15:14:11 | 15:15:10 | 15:15:20 | 15:16:56 | 15:18:05 255 1.0 1.6 2.8
82 35 24-Mar-99 14 C3 C3 Water 60 -6 -6.0 10 16:02:25 | 16:03:25 | 16:03:37 | 16:05:43 | 16:07:12 306 1.0 21 3.6
83 36 24-Mar-99 15 ca ca Water 60 -6 -6.0 10 15:29:30 | 15:30:32 | 15:30:41 | 15:31:47 | 15:33:25 230 1.0 11 27
84 36 24-Mar-99 16 C5 C5 Water 60 -6 -6.0 10 15:28:11 | 15:29:11 | 15:29:18 | 15:30:15 | 15:32:08 179 1.0 1.0 2.8
85 37 24-Mar-99 3 Aluminum T1E-3 60 -6 -6.0 10 15:47:30 | 15:48:30 | 15:48:50 | 15:51:18 | 15:52:27 510 1.0 25 3.6 special test 20 sec spray
86 37 24-Mar-99 2 Aluminum Water 60 -6 -6.0 10 15:51:34 | 15:52:33 | 15:52:53 | 15:55:35 | 15:56:21 510 1.0 27 35 special test 20 sec spray
87 38 24-Mar-99 15 ca ca Water 60 -6 -6.0 10 16:04:15 | 16:05:15 | 16:05:22 | 16:06:02 | 16:08:28 179 1.0 0.7 3.1
88 38 24-Mar-99 16 C5 C5 Water 60 -6 -6.0 10 16:02:58 | 16:03:58 | 16:04:07 | 16:05:40 | 16:07:26 230 1.0 1.6 33
89 39 24-Mar-99 3 Aluminum | XL54(std) 60 -6 -6.0 10 16:30:00 | 16:31:.01 | 16:31:13 | 16:33:56 | 16:36:00 306 1.0 27 4.8
90 40 24-Mar-99 1 Aluminum | XL54(std) 60 -6 -6.0 10 16:27:20 | 16:28:20 | 16:28:38 | 16:31:40 | 16:33:18 459 1.0 3.0 4.7 spray
91 40 24-Mar-99 2 Aluminum | XL54(std) 60 -6 -5.9 10 16:42:20 | 16:42:29 | 16:46:49 | 16:47:25 500 0.0 4.3 4.9 poured, bare plate
92 41 24-Mar-99 24 3 Aluminum T1E-3 60 -6 -5.9 20 17:24:07 | 17:25:18 | 17:25:29 | 17:26:57 | 17:28:09 281 12 15 27
93 41 24-Mar-99 23 1 Aluminum Water 60 -6 -5.9 20 17:26:22 | 17:27:29 | 17:27:39 | 17:29:09 | 17:30:00 255 11 15 2.4
94 42 24-Mar-99 24 2 Aluminum T1E-3 60 -6 -5.9 20 17:24:06 | 17:25.08 | 17:25:16 | 17:27:04 | 17:28:01 204 1.0 18 2.8
95 42 24-Mar-99 23 2 Aluminum Water 60 -6 -5.9 20 17:33:10 | 17:34:10 | 17:34:21 | 17:36:05 | 17:36:59 281 1.0 17 2.6
96 43 25-Mar-99 1 2 Aluminum Water 60 -3 -2.9 0 9:16:30 9:17:30 9:17:42 9:24:04 9:25:27 306 1.0 6.4 7.8
97 43 25-Mar-99 1 1 Aluminum Water 60 -3 -3.0 0 9:29:50 9:30:50 9:31:01 9:35:40 9:37:16 281 1.0 4.7 6.3
98 44 25-Mar-99 1 3 Aluminum Water 60 -3 -2.9 0 9:16:30 9:17:53 9:18:04 9:24:22 9:25:40 281 14 6.3 7.6
99 44 25-Mar-99 2 Aluminum Water 60 -3 -3.0 [o] 9:32:00 9:37:25 9:37:37 9:43:18 9:44:15 306 5.4 5.7 6.6 exposed for 5 min
100 44 25-Mar-99 3 Aluminum Water 60 -3 -3.0 0 9:41:50 | 10:09:12 | 10:09:30 | 10:15:03 | 10:17:04 459 10.0 5.6 7.6 plate exposed till 9:51:50; 10 min
101 45 25-Mar-99 2 Aluminum Water 60 -3 -2.9 0 10:22:07 | 10:23:12 | 10:23:20 | 10:30:55 | 10:32:30 500 11 7.6 9.2 poured;special test-- contamination 1 1/2 min
102 46 25-Mar-99 1 1 Aluminum Water 60 -3 -3.0 0 10:07:07 | 10:07:07 | 10:07:13 | 10:15:21 | 10:17:03 500 0.0 8.1 9.8 poured, bare plate

cmi514/report/hotwater/Htw_log.xls
Printed: 5/21/02, 9:33 AM




HOT WATER DEICING AT NRC - WINTER 1999

TABLE 4.1 (Pg. 3/3)

O from | g | mn | e | s | | S| T | | | S| S| | Tt o | 70| S0 | o
# # # # Type Type ) (Deflgn) (Ac:ual) \m/h Time Time Time Freeze Failure (ml) (min) Fregze Fallyre
(°C) (°C) (min) (min)

103 a7 25-Mar-99 2 2 Aluminum Water 60 -3 -2.6 10 10:58:35 | 10:59:35 | 10:59:43 | 11:02:39 | 11:03:30 204 1.0 29 3.8
104 47 25-Mar-99 4 Cc3 Cc3 Water 60 -3 -2.6 10 10:59:57 | 11:00:58 | 11:01:.05 | 11:03:52 | 11:06:00 179 1.0 2.8 4.9
105 47 25-Mar-99 3 C1 C1 Water 60 -3 -25 10 11:05:45 | 11:06:44 | 11:06:56 | 11:09:28 | 11:10:30 306 1.0 25 3.6
106 48 25-Mar-99 5 ca ca Water 60 -3 -2.6 10 10:58:45 | 10:59:45 | 10:59:52 | 11:03:28 | 11:04:16 179 1.0 3.6 4.4
107 48 25-Mar-99 6 C5 C5 Water 60 -3 -25 10 11:00:10 | 11:01:10 | 11:01:15 | 11:03:42 | 11:05:34 128 1.0 25 4.3
108 49 25-Mar-99 2 Aluminum Water 60 -3 -25 10 11:33:06 | 11:34:08 | 11:34:15 | 11:37:45 | 11:39:40 500 1.0 35 5.4 poured contaminated 1/2 liter
109 50 25-Mar-99 5 ca ca Water 60 -3 -2.4 10 11:52:25 | 11:53:25 | 11:53:32 | 11:56:11 | 11:57:58 179 1.0 27 4.4
110 50 25-Mar-99 6 C5 C5 Water 60 -3 -2.4 10 11:50:09 | 11:51:.09 | 11:51:14 | 11:53:41 | 11:56:05 128 1.0 25 4.9
111 50 25-Mar-99 3 Aluminum Water 60 -3 -2.4 10 11:47:20 | 11:47:28 | 11:51:48 | 11:53:11 500 0.0 4.3 5.7 poured, bare plate
112 51 25-Mar-99 2 3 Aluminum Water 60 -3 -25 10 11:08:20 | 11:09:20 | 11:09:30 | 11:12:50 | 11:14:10 255 1.0 33 4.7
113 51 25-Mar-99 3 C1 C1 Water 60 -3 -2.4 10 11:48:10 | 11:49:10 | 11:49:11 | 11:51:55 | 11:52:55 26 1.0 27 3.7
114 51 25-Mar-99 4 C3 C3 Water 60 -3 -25 10 12:04:10 | 12:05:10 | 12:05:16 | 12:08:20 | 12:10:20 153 1.0 3.1 5.1
115 52 25-Mar-99 7 2 Aluminum Water 60 -3 -2.4 20 12:40:11 | 12:41:11 | 12:41:21 | 12:44:36 | 12:45:11 255 1.0 33 3.8
116 52 25-Mar-99 7 3 Aluminum Water 60 -3 -2.4 20 12:40:41 | 12:41:41 | 12:41:48 | 12:44:42 | 12:45:58 179 1.0 29 4.2
117 53 25-Mar-99 8 2 Aluminum Water 60 -3 -2.3 30 14:08:07 | 14:09:06 | 14:09:17 | 14:12:35 | 14:13:35 281 1.0 3.3 4.3
118 54 25-Mar-99 8 3 Aluminum Water 60 -3 2.2 30 14:09:09 | 14:10:20 | 14:10:36 | 14:13:09 | 14:14:21 408 12 2.6 3.8 FLUID APPL WAS STOPPED(3-4 SEC) TO ADJUST UNIT
119 55 25-Mar-99 903 2 Aluminum Water 60 -9 -9.2 0 15:41:56 | 15:42:56 | 15:43:19 | 15:45:40 | 15:46:40 587 1.0 24 3.4 23 sec spray, suspect heavy ice deposit while chamber cooled
120 55 25-Mar-99 905 1 Aluminum Water 60 -9 9.1 0 15:43:36 | 15:44:36 | 15:44:56 | 15:49:.00 | 15:49:42 510 1.0 4.1 4.8 20 sec spray
121 56 25-Mar-99 904 3 Aluminum Water 60 -9 -9.2 0 15:41:59 | 15:43:10 | 15:43:18 | 15:44:27 | 15:47:.07 204 1.2 1.2 3.8 regular spray
122 56 25-Mar-99 906 1 Aluminum Water 60 -9 -9.3 0 16:05:50 | 16:06:50 | 16:07:30 | 16:12:46 | 16:13:30 | 1020 1.0 53 6.0 40 sec spray
123 56 25-Mar-99 904 2 Aluminum Water 60 -9 -9.2 0 16:08:02 | 16:09:02 | 16:09:15 | 16:11:42 | 16:13:00 332 1.0 25 3.8
124 57 25-Mar-99 903 3 Aluminum Water 60 -9 -9.3 0 16:06:40 | 16:07:42 | 16:07:53 | 16:09:45 | 16:11:50 281 1.0 19 4.0 regular spray
125 57 25-Mar-99 905 3 Aluminum Water 60 -9 -9.6 0 16:29:50 | 16:30:50 | 16:31:10 | 16:36:10 | 16:36:22 510 1.0 5.0 5.2 20 sec spray
126 58 25-Mar-99 907 2 Aluminum T1E-6 60 -9 -9.5 0 16:34:25 | 16:35:25 | 16:35:36 | 16:38:17 | 16:39:58 281 1.0 27 4.4
127 58 25-Mar-99 908 1 Aluminum T1E-6 60 -9 -9.5 0 16:35:48 | 16:36:48 | 16:36:58 | 16:38:59 | 16:40:48 255 1.0 20 3.8
128 59 25-Mar-99 902 C1 Aluminum Water 60 -9 -9.4 0 16:40:00 | 16:41:00 | 16:41:05 | 16:45:35 | 16:46:20 500 1.0 4.5 5.3 poured 1/2 liter on contaminated plate; no fluild bottom right corner; C1 sensor used
129 59 25-Mar-99 901 Cc3 Aluminum Water 60 -9 -9.8 0 16:58:05 | 16:58:13 | 17:01:40 | 17:02:47 500 0.0 35 4.6 pour on bare plate; fluid did not reach left side of plate(dry); c3 sensor used
130 60 25-Mar-99 916 2 Aluminum T1E-6 60 -9 -9.2 10 17:27:56 | 17:28:58 | 17:29:10 | 17:30:45 | 17:32:00 306 1.0 1.6 2.8
131 60 25-Mar-99 910 1 Aluminum Water 60 -9 -8.8 10 17:34:40 | 17:35:40 | 17:35:40 | 17:37:30 | 17:38:35 500 1.0 1.8 2.9 pour 1/2 liter on contaminated plate; ignore bottom right edge
132 61 25-Mar-99 911 C1 Aluminum Water 60 -9 -8.7 10 17:48:50 | 17:49:55 | 17:50.08 | 17:51:53 | 17:52:20 332 11 18 22
133 61 25-Mar-99 912 Cc3 Aluminum Water 60 -9 -8.8 10 17:50:10 | 17:52:01 | 17:52:12 | 17:53:47 | 17:54:20 281 19 1.6 21
134 62 25-Mar-99 915 3 Aluminum T1E-6 60 -9 -9.1 10 17:39:15 | 17:40:15 | 17:40:30 | 17:42:48 | 17:43:37 383 1.0 23 3.1
135 62 25-Mar-99 913 2 Aluminum Water 60 -9 -8.9 10 17:53:20 | 17:54:20 | 17:54:40 | 17:56:38 | 17:57:25 510 1.0 20 2.8 20 sec spray
136 63 25-Mar-99 917 2 Aluminum Water 60 -9 -8.9 20 18:15:52 | 18:16:52 | 18:17:06 | 18:17:55 | 18:18:54 357 1.0 0.8 18
137 63 25-Mar-99 918 3 Aluminum Water 60 -9 -8.9 20 18:16:05 | 18:17:14 | 18:17:26 | 18:18:02 | 18:19:10 306 12 0.6 1.7
138 64 25-Mar-99 919 1 Aluminum T1E-6 60 -9 -8.7 20 18:20:45 | 18:21:15 | 18:21:35 | 18:23:36 | 18:24:00 510 0.5 20 2.4
139 64 25-Mar-99 920 1 Aluminum T1E-6 60 -9 -8.7 20 18:21:17 | 18:22:17 | 18:22:29 | 18:24:10 | 18:24:55 306 1.0 1.7 2.4

Note: - Fluid type code T1E-3 denotes Type | fluid, ethylene glycol-based, freeze point of -3°C
- All tests were exposed to Freezing Rain Precipitation (25 g/dm#hr)

Legend: Aluminum
Aluminum Honeycomb
Carbon Fibre on Honeycomb

Glass Fibre on Honeycomb

Kevlar on Honeycomb

Al

C1
C3
c4
C5
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4. DESCRIPTION AND PROCESSING OF DATA

Spray Start Time & Spray Finish Time — the time difference is the total
spray duration, and is used to calculate the amount of fluid applied;

Time of 1% Freeze — is the time when freezing is first observed anywhere
on the test surface. This interval is not equivalent to plate failure calls in
holdover trials involving contamination over 1/3 of the plate surface, but
corresponds to the initial fluid failure time;

Time of Total Plate Failure — is the time when the plate surface is
completely covered with ice;

Fluid Quantity — is a calculated value based on spray duration and sprayer
flow rates;

Exposure Interval — The time differential between plate exposure time and
the spray start time is the total duration of exposure to precipitation prior
to testing;

Interval to 1st Freeze — the elapsed time from spray application to time of
1st freeze;

Interval to Complete Failure — the elapsed time from spray application
until the complete plate surface has been covered with frozen fluid; and

Comments — describe point of interest or any modifications to test
parameters.

4.2 Description of Data Collected and Analysis

The log of tests (Table 4.1) incorporates all-important data recorded. Of
prime interest is the time interval until the onset of freezing following spray
application.

Concentration of Type | fluid as it progressively dilutes under the freezing rain
precipitation is also important. Figure 4.1 provides a sample of a completed
form showing progressive Brix values and corresponding time.

Temperature profiles of test plate surfaces is the other key element, and
provides a basis of inferring the significance of a fluid freeze point value at
any point in time. This data was continuously logged in a database.

Data was analysed by grouping selected tests and presenting them in two
main chart types.
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FIGURE 4.1

HOT WATER TRIALS
BRIX PROGRESSION

DATE: ####H## RH Wind Speed (km/h)

(%) Top Left | Top Right Bottom Lef{Bottom Right

OAT: .12 °C Start - 10 10 10 10

End - 10 10 10 10

Plate Position: 4 Fluid Temperature: 60 °
Run #: 62 Plate Exposure Start Time: (hh:mm:ss)
Surface Type: Aluminum Spray Start Time 14:59:47 (hh:mm:ss)
Fluid Type: TI1E (-9) Spray Finish time 15:00:03 (hh:mm:ss)
o

Fluid Brix: 14

1 2 3 4 5 6 7 8 9 10
Time (min)| 15:00:14115:00:33(15:00:48|15:01:02|15:01:32(15:02:09(15:02:30( 15:02:41|15:03:09

Brix 15 10.5 10.75 10 9.5 7.5 5.75 5.75 5

11 12 13 14 15 16 17 18 19 20
Time (min)
Brix

Comments on Final Plate Condition:

MEASUREMENTS BY: HANDWRITTEN BY:

File:g:\cm1514\report\hotwater\Samp_brx.xls
At: Box
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4. DESCRIPTION AND PROCESSING OF DATA

The first type of chart plots the time interval from fluid application until first
freezing, versus OAT. These charts give an indication of the relationship
between time intervals and OAT values, and provide an overall appreciation
of values of time intervals observed. Figure 4.2 is a sample of that type of
chart.

The second type of chart plots temperature and fluid freeze point profiles of
selected runs. This chart type enables a better understanding and
comparison of the time for test surfaces to cool under various test conditions,
and graphically displays the differential between fluid freeze point and surface
temperature as it diminishes with time. Figure 4.3 is a sample of that type of
chart.
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FIGURE 4.2
HOT WATER DEICING TRIALS

ELAPSED TIME TO ONSET OF FREEZING - HOT WATER - WINDS 10 km/h
SIMULATED LIGHT FREEZING RAIN (25 g/dm?/hr)

10

-12 -9 -6 3 0
OAT (°C)

cm1514/report/hotwater/Hw_w_eff.xls
At: 10 kph (2)
5/21/02, 9:34 AM

Time to Onset of Freezing (min)
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5. ANALYSIS AND OBSERVATIONS

5. ANALYSIS AND OBSERVATIONS

This section discusses the results of the various test runs. The key measure of
performance is the value of the elapsed time from fluid application to the onset
of freezing. These values are compared for various test conditions.

The discussion first examines test results from the perspective of constituting a
database from which a guideline for application of hot water can be developed.
The impacts of OAT, wind speed, and test surface composition are considered.
The performance of hot water is compared to hot Type | fluid (both diluted and
neat).

Test procedures are then examined to detect whether the test design had any
significant influence on test results. This examination considers the extent to
which test surfaces were allowed to develop contamination, the duration and
amount of fluid sprayed, and the method of fluid application (spray versus pour).

5.1 Elapsed Time to Onset of Freezing

For the application of hot water, the relationship between elapsed time to the
onset of freezing and OAT for various wind speeds is charted in Figures 5.1
to 5.4. In Figures 5.5 to 5.7 the corresponding data are presented for dilute
Type | fluid, and Figure 5.8 presents the results obtained using neat Type |
(XL54) fluid.

5.1.1 Hot Water

Hot water test results at all wind speeds tested show a general trend of
declining values for elapsed times as a function of colder ambient
temperatures. Some peculiarities apparent in the data require discussion.

A) Repeated tests at all values of OAT for calm wind conditions
showed a notable scatter in results. At an OAT of —3°C, elapsed
time data values varied from 4.7 to 6.3 minutes. This notable range
in values did not appear to the same extent in results for tests in
wind conditions. The same observation applies to tests conducted
using dilute Type | fluids.

Scatter in test data for elapsed time until onset of freezing was
discussed at the previously mentioned August 1998 meeting at the
FAA William J. Hughes Technical Center in Atlantic City. That
discussion included tabling of a study (see Appendix C)
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5. ANALYSIS AND OBSERVATIONS

5.7 Elapsed Time to Onset of Freezing — Hot Dilute Type I, Winds 20 km/h
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5. ANALYSIS AND OBSERVATIONS

that reported the variability in times to freeze for hot water on test
plate surfaces. It should be noted that the reported study was
conducted in calm conditions at an OAT of —7°C. The methods of
fluid application and fluid test quantities are not reported. The
cause of the variation in freezing time was assigned to nucleation
of ice crystals, which may occur earlier in the presence of dust and
dirt. The lower limit of the range of values reported was around
two minutes, which is in line with the results of this series of tests.

B) In calm conditions, the trend line for elapsed time dropped
consistently with a reduction of OAT from —3°C to —9°C, but then
turned upward at —12°C. Such a result is counter-intuitive and an
explanation was sought. Supplementary tests were conducted at
—9°C to confirm results at that temperature. The data from those
tests supported previous results. Repeated tests at —12°C in calm
conditions also supported previous test data. The additional data
points from the repeat tests are included in Figure 5.1. This
peculiarity is discussed later in this chapter.

The upturn in trend line at —12°C is not apparent in results for
tests conducted in wind conditions.

(03] The data values for elapsed time at all ambient temperatures were
shorter than those observed in previous tests involving hot water.
In Figure 5.9, results from the 1997-98 First Step Fluid trials
(reported in Figure 2.4) are compared to current test results. Test
procedures for the two tests were different in that the First Step
trials involved application of a standard fluid quantity (500ml) by
pouring on a clean test surface, whereas, in the current trials, fluid
was sprayed onto an iced surface in amounts needed to clean the
surface. The impact of these procedural differences is explored in
later discussions.

The elapsed times to initial freezing from the current study are also
considerably shorter than the results of the field trials on
operational aircraft conducted in March-April 1995. The 1995
trials involved spray application on the aircraft by operators
experienced in hot water deicing. However, these 1995 tests were
conducted in dry conditions. A review of the test record for those
trials revealed that the operators sprayed varying amounts, ranging
between 20 and 40 gal. (90 to 180 L) per DC-9 wing. This is
equivalent to 300 to 600 ml per test plate area, for an average of
450 ml. This indicates that the test quantities in this series of
trials were somewhat conservative, which would contribute to
shorter elapsed times prior to freezing.
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5. ANALYSIS AND OBSERVATIONS

D) Elapsed times to the onset of freezing in calm winds were 3
minutes and greater at ambient test temperatures of —3 and
—6°C (Figure 5.1).

With winds of 10 km/h and at an OAT of —6°C, elapsed time
dropped to between 2 and 3 minutes (Figure 5.2). The elapsed
time at the OAT of —3°C was 3 minutes and above.

At a wind speed of 20 km/h, the only OAT condition producing
an elapsed time of 3 minutes was at —3°C (Figure 5.3). The
single test reported for wind speeds of 30 km/h (Figure 5.4)
gave a similar result of 3 minutes.

Table 5.1 lists elapsed times in minutes for various OAT/wind
speed combinations.

Table 5.1
Elapsed Times to Onset of Freezing for Hot Water

Wind OAT

Speed —12°C -9°C -6°C -3°C

Calm 2 and over 1 and over 2.5 and over | 3 and over
10 km/h 1 and over | 0.5 and over 2 and over 3 and over
20 km/h 0.5 and over | 1.5 and over | 3 and over
30 km/h 3 and over

5.1.2 Dilute Type | Fluid

Tests conducted with Type | fluid at the currently approved fluid freeze
point limit for first-step fluid deicing (3°C above OAT) produced results
very similar to hot water. This fluid was tested at only three OAT
conditions, the fluid freeze point at an OAT of —3°C being equivalent to
water.

In calm conditions (Figure 5.5), values for elapsed times to the onset of
freezing were in the range of 2 to 3 minutes for all ambient temperatures
tested. As mentioned, in calm conditions at —12°C the resulting data did
not continue the expected downward trend.

At a wind condition of 10 km/h (Figure 5.6), the elapsed times were
reduced to 2 minutes or less for all OAT values tested.

At a wind condition of 20 km/h (Figure 5.7), the elapsed times were
reduced to less than 2 minutes for all values of OAT tested.
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Table 5.2 lists elapsed times for various OAT/wind speed combinations.

Table 5.2
Elapsed Time to Onset of Freezing for Dilute Type | Fluid

Wind OAT

Speed —-12°C -9°C -6°C -3°C

Calm 2 and over 1.5 and over 2.5 and over
10 km/h 0.5 and over | 1.5 and over 1.5 and over
20 km/h 1.5 and over 1.5 and over
30 km/h

5.1.3 Type | Fluid Neat (XL54)

A limited number of tests were conducted with this fluid for comparison
purposes, and only at wind speeds of 10 km/h (Figure 5.8).

At an OAT of -6°C an elapsed time of 2.5 to 3 minutes resulted (Table
5.3). At colder ambient temperatures, elapsed time reduced slightly to
between 2 and 3 minutes.
Table 5.3
Elapsed Time to Onset of Freezing for Type | Fluid Neat
Wind OAT
Speed —12°C -9°C -6°C -3°C
Calm
10 km/h 2 and over 2 and over 2.5 and over
20 km/h
30 km/h

5.1.4 Comparison of Fluid Types

Figure 5.10 provides a comparison of results produced with wind speeds
of 10 km/h by water, dilute Type I, and neat Type | fluid.

This chart demonstrates how little difference there is in the performance of
the three fluids in conditions of light freezing rain. As would be expected,
the neat Type | fluid performed better than either water or diluted Type I,
but only marginally so at any tested OAT. Water generally performed as
well or better than dilute Type | fluid. The slight improvement that full
strength Type | fluid offered over water and dilute Type | fluid is explained
by the rapid dilution of the freeze point depressant fluids when exposed to
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5. ANALYSIS AND OBSERVATIONS

the test precipitation rate (light freezing rain). This feature was discussed
in Section 2.2 as part of a review of previous studies on first-step fluid
freeze point buffer requirements.

Charts in which time profiles of surface temperatures and fluid freeze
points are plotted versus OAT provide a further perspective on test results
and are discussed in the following sections.

5.1.5 Effect of OAT

Figures 5.11, 5.12, and 5.13 illustrate the impact of OAT on the rate of
cooling of the test surface. The plots of the test surface temperatures can
be compared to the freeze point of the test fluid, thereby allowing an
estimation of the time to the onset of freezing at the point of intersection
of the two lines. It should be noted that this is purely an estimate as only
a single temperature probe was installed on each test plate and first
freezing usually occurred on some edge of the plate. These locations are
significantly remote relative to the locations of the temperature sensors.

Figure 5.11 reports on a water spray in calm wind conditions. Four
conditions of OAT are reported. The plate surface temperatures rise
instantaneously at the time of fluid application. The surface temperature
eventually cools down to ambient. The slope of each of the temperature
profiles during the cooling period provides the rate of cooling. On close
examination it can be seen that the slope increased with a drop in OAT
values. The profile at OAT of —3°C has the shallowest slope and the
profile at OAT of -12°C has the steepest. The same observation can be
made on the other two figures. The intersection of the surface
temperature profiles with the fluid freeze point (0°C) is in all cases
significantly later than onset of freezing reported in the chart legend.

Further examination of Figure 5.11 provides additional explanation for the
upturn in elapsed time values as the OAT moved from —9 to —12°C (noted
in the previous sections). In this figure the temperature profile of the
—12°C curve peaked at a value higher than the other curves. When the
curves are compared to the fluid amounts reported in the legend, it can be
seen that the quantity of fluid applied has a direct bearing on peak
temperature value. Recall that the quantity of fluid was determined by the
amount required to clean the plate surface in each test. It appears that
more fluid was required to clean the surface in the colder temperature. The
same observation holds for Figure 5.12. When profiles for —9 and —12°C
are compared, it can be seen that the additional heat transferred to the
surface in the —12°C case more than compensated for its steeper cooling
profile, and resulted in a retarded intersection with the fluid freeze point
(0°C).
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5. ANALYSIS AND OBSERVATIONS

Why more fluid was required at the colder temperature and whether this
phenomenon is representative of operations in the field, is open to
conjecture.

Figure 5.13 provides a similar display for a Type | fluid. In this chart, the
fluid freeze point progressively rises from its initial value to 0°C. The fluids
with freeze points of —6 and —9°C both show an initial enhancement where
the freeze point improves (drops) due to evaporation of water from the thin
film on the heated surface. This corresponds to the results of the Deicing
Only study (2), except in this case the precipitation quickly overcomes the
initial enrichment.

5.1.6 Effect of Wind Speed

Figures 5.14 and 5.15 illustrate the influence of wind on surface cooling
rates, and thereby on time interval to the onset of freezing after the
application of hot water. In Figure 5.14 the temperature profiles for plates
treated with hot water show progressively steeper slopes and more rapid
cooling in going from calm wind conditions to winds of 20 km/h. In wind
conditions, this translates directly to an earlier intersection with the fluid
freeze point curve and an earlier onset of freezing.

Figure 5.15 presents a similar view for an application of dilute Type | fluid.
Although the surface temperatures during the cooling periods clearly show
the effect of wind speed, it is interesting that the time to onset of first
freezing was the same for winds of 10 and 20 km/h.

5.1.7 Effect of Fluid Type

Figure 5.16 provides a further perspective on the comparison of the
performance of water versus Type | fluid (mixed to the approved freeze
point). The identical profiles for tests 85 (Type I) and 86 (water) reflect
completely common test conditions. The other tests shown have some
differences in fluid quantities and this is reflected both in the peak values
of the temperature profiles and in elapsed time to the initiation of freezing.
In these tests, water performed as well or better than Type | fluid.

5.1.8 Effect of Composite Surfaces

Figures 5.17, 5.18, and 5.19 present the test results of fluid application on
surfaces of various composition. In these tests, the various surfaces were
all contaminated to the same level, and fluid was sprayed until a clean
surface was achieved.

M:\Groups\CM1514\REPORT\HOTWATER\Final Version 1.0\Final Version 1.doc

APS AVIATION INC. 4_Fi_ 73 Final Version 1.0
Printed: 21/05/02 9:15





















5. ANALYSIS AND OBSERVATIONS

In each of the three charts, the surface temperatures follow very different
profiles, primarily with respect to the peak temperature recorded.
Referring to Figure 5.17, the different peak values do not seem to have a
direct bearing on the elapsed times. When the fluid quantities shown in
the legend box are examined, it is noted that quantities for aluminum and
aluminum on honeycomb core are higher than for the other composite
surfaces. This feature is common to each of the three conditions charted.

To explore this further, Table 5.4 was devised to examine the relative
values of fluid quantities and elapsed times for the different surfaces.

The table illustrates the degree to which fluid quantities for the carbon-
fibre, glass-fibre, and Kevlar composite surfaces are lower than for the two
types of aluminum surfaces. The elapsed time to freezing generally shows
a direct relationship to quantity of applied fluid, except for the aluminum
honeycomb case. For aluminum honeycomb, the onset of freezing was
within the range for the other materials in this table, however, it did not
appear to be commensurate with applied fluid quantity and was shorter
than expected. This was most pronounced at an OAT of -3°C and less so
at -6°C. The observation on the honey-comb core surface is supported by
previous deicing fluid trials on operational aircraft where wing surfaces
fabricated of this material were the first to exhibit failure.

The observation that consistently smaller fluid quantities were needed in
order to provide a clean surface in the case of the non-aluminum
composites is of interest. A potential explanation may lie in the fact that
these surfaces were painted, and perhaps the contaminant had a lower
level of adhesion than it did on the aluminum surfaces.

Extending the observation to an operational setting is somewhat
guestionable. Normally the major part of a wing surface is aluminum, with
various wing components being fabricated of composite materials, which
are painted. In a deicing operation, the operator would tend to apply fluid
at the same rate over the entire wing, which is generally performed in a
sweeping action encompassing both aluminum and composite surfaces. In
such a scenario, the amount of fluid applied would be controlled by the
wing surface requiring the greatest amount of fluid, and as a result, the
composite surfaces would receive the same rates of application as the
aluminum. In other words, the composite surfaces would receive a surplus
of fluid over and above that amount needed to achieve a clean surface.
The impact of the surplus fluid quantity on the period of protection for the
composite surfaces is not known. In this study, the effect of various fluid
guantities was explored but associated tests were conducted only on
aluminum surfaces. These tests are discussed in later sections.
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Table 5.4

Study of Composite Surfaces, Winds 10 km/h, Freezing Rain (25 g/dm?/hr)

Hot water, OAT —3°C

Comparison of

Comparison of

. : Elapsed Time | Elapsed Time
. . Fluid Quantity
Surface Type Fluid Quantity to Smallest To Ons_et of to Smallest
(ml) . : Freezing Value of
Fluid Quantity ; .
(ratio) (min) Elapsed Time
(ratio)
Aluminum 204 1.6 2.9 1.2
Aluminum on 306 2.4 2.5 1.0
Honeycomb
Carbon Fibre 179 1.4 2.8 1.1
Glass Fibre 179 1.4 2.7 1.1
Kevlar 128 1.0 2.5 1.0
Hot water, OAT —6°C
. Comparison of
Cor_nparlson_of Elapsed Time | Elapsed Time
Fluid Quantity P P
Fluid Quantity To Onset of to Smallest
Surface Type to Smallest .
(ml) Fluid Quantity Freezing Value of
(ratio) (min) Elapsed Time
(ratio)
Aluminum 306 1.7 2.1 3.0
Aluminum on 255 1.4 1.6 2.3
Honeycomb
Carbon Fibre 230 1.3 1.9 2.7
Glass Fibre 179 1.0 0.7 1.0
Kevlar 179 1.0 1.0 1.4
Hot dilute Type I, OAT —6°C

Comparison of

Comparison of

. . Elapsed Time | Elapsed Time
. . Fluid Quantity
Surface Type Fluid Quantity to Smallest To Onsgt of to Smallest
(ml) . : Freezing Value of
Fluid Quantity . .
: (min) Elapsed Time
(ratio) .
(ratio)
Aluminum 281 1.4 1.8 1.2
Aluminum ~on 255 1.3 1.6 1.1
Honeycomb
Carbon Fibre 204 1.0 1.6 1.1
Glass Fibre 204 1.0 1.6 1.1
Kevlar 204 1.0 1.5 1.0
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5. ANALYSIS AND OBSERVATIONS

5.2 Examination of the Influence of Test Parameters on Results

5.2.1 Effect of Fluid Quantity

As discussed in the description of test procedures, the method of fluid
application used in these trials was selected in conjunction with a decision
to test on contaminated surfaces. The amount of fluid was not prescribed,
and the operator was instructed to spray until a clean surface was
achieved. This did result in differences in fluid quantities applied. In
Figures 5.11 and 5.12, for example, the fluid quantities for the eight tests
reported ranged from 204 ml to 306 ml.

Already discussed (Section 5.1.5) was the greater amount of fluid required
in the —12°C OAT condition.

In general, the quantities of fluid applied were less than the quantities of
fluid employed in previous tests when fluids were applied by pouring on
clean plates. A fluid quantity of 500 ml was commonly used in these
previous tests.

A number of special tests with varying fluid quantities were conducted to
examine the impact fluid quantity has on elapsed time to the onset of
freezing. Figure 5.20 graphically illustrates the impact fluid quantity has
on peak temperature and on the time interval to first freezing in calm wind
conditions. The inset charts the time to the onset of freezing versus
quantity of fluid applied. Clearly, the amount of fluid applied in the first
step has a direct bearing on the elapsed time before the onset of freezing,
or in an operational setting, on the period of safety available to the deicing
operator before applying a protective overspray of an anti-icing fluid.

Figure 5.21 (OAT of -12°C and a 10 km/h wind condition) further
illustrates the impact of fluid quantity. It is interesting to note that the
period of protection provided by a water spray of 1020 ml (three times the
required quantity) was 2.7 minutes. This is equivalent to the protection
times provided by XL54 trials reported in Figure 5.10. This quantity of
fluid (1020 ml on a standard test plate) is equivalent to 300 L (80 US gal.)
on a DC-9 wing.

5.2.2 Method of Application

Several special tests were conducted to compare the effect of pouring
versus spraying. Figure 5.22 presents the results of tests conducted at an
OAT of —9°C, both in calm conditions and with a wind of 10 km/h. In
these tests, a common quantity of fluid was applied by spraying and by
pouring to plates with a standard degree of contamination (one minute
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5. ANALYSIS AND OBSERVATIONS

exposure to freezing rain at 25 g/dm?/hr). The resulting elapsed times to
freezing are not significantly different.

Figure 5.23 compares results for pouring 500 ml of hot water on clean and
contaminated test surfaces, and for spraying both 510 ml and amounts as
required on contaminated surfaces. The comparison of pouring 500 ml on
a clean plate (Tests 102 and 129), versus spraying a quantity as required
on a contaminated plate (Tests 97 and 59) is striking. The differences in
elapsed time to onset of freezing in this comparison conforms to the
variance between current test results and results from previous tests
illustrated in Figure 5.9. Figure 5.24 provides a further illustration of the
difference in results, in wind speeds of 10 km/h.

It can be concluded that, given the same quantities of fluid applied, similar
results are produced by the two methods of fluid application. The principal
difference lies with the amounts applied; the current test procedures
require the operator to spray until the surface is clean and resulted in the
application of considerably less fluid than the standard 500 ml used in the
previous sets of tests.

5.2.3 Degree of Test Surface Contamination

As part of the test procedure, ice contamination was allowed to form on
the test plates and was then removed by spraying as much fluid as
necessary to clean the test surface. The degree of contamination was
controlled by the length of time that the test plate was exposed to the
freezing rain precipitation prior to application of the heated fluid spray. An
exposure time of one minute was used as a standard, with multiples of
that interval tested in some runs to examine the impact on results.

At the ambient test temperatures, the freezing rain immediately froze upon
striking the plate, and very little if any escaped from the surface. This was
confirmed by weighing test plates before and after a timed period of
exposure, and then using those values to calculate the rate of precipitation.
The calculated rate was virtually the same as that measured through the
standard procedures for establishing precipitation rates.

Several tests were conducted to examine the impact of varying the degree
of contamination. In these tests, precipitation was allowed to accumulate
for longer periods prior to spraying. Figures 5.25 and 5.26 present these
test results.

Tests reported in Figure 5.25 were conducted with hot water, at an OAT
of —3°C in a calm wind condition. Plate exposure times ranged from 1.4
minutes to 10 minutes. It can be seen that the corresponding elapsed
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times to freezing did vary as a function of the change in level of
contamination, but to a minor degree. The fluid quantity however did
show a strong correlation. Despite the differences in level of
contamination, the plate temperature profiles were very similar. It is
concluded that the additional fluid quantities needed to clean a heavily
contaminated surface compensated for the heat lost in the ice removal
process.

Figure 5.26 reports results from tests conducted with diluted Type | fluid
at an OAT of —9°C with winds of 10 km/h. The conclusions are similar
with perhaps a slightly stronger correlation between the elapsed time and
the duration of contamination interval.

Overall, it can be concluded that extent of contamination does not exert a
significant influence on elapsed time to freezing, under the test procedures
followed in this study.
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6. CONCLUSIONS

Based on the results of these trials, a number of conclusions can be drawn.

6.1 Period of Protection

The principal conclusion is that hot water provides a period of protection
equal to or better than Type | fluid mixed to the approved freeze point in
ambient temperatures down to —6°C, at high rates of precipitation and in
winds up to 10 km/h (Sections 5.1.1D and 5.1.2). At that limit, the time
interval until the onset of freezing for both fluid types (Tables 5.1 and 5.2) is
between 2 to 3 minutes. It should be noted that this is a severe condition,
where a full strength Type | fluid provides only three minutes of protection.

At —9°C, with winds of 10 km/h, diluted Type | fluid performs slightly better
than hot water. A period of protection of two minutes was obtained with
diluted Type | fluid, whereas with hot water, the period of protection drops to
a value between one and two minutes. In this condition, full strength Type |
fluid (XL54) protects for a period between two to three minutes (Table 5.3).

At —3°C, with winds of 20 and 30 km/h, hot water provided a three-minute
period of protection before freezing.

6.2 Variations in Test Results

In repeated tests in calm conditions, variable elapsed times occurred before
the onset of freezing. This variability was reduced greatly for wind condition
tests. As test results during wind conditions are more severe and
conservative, they should provide the basis for decision-making, reducing the
importance of variable results seen in calm conditions.

6.3 Comparison to Previous Test Results

Values for elapsed time until freezing were significantly lower in these tests
than seen previously during the first step fluid trials because of the
differences in test procedures. Previous trials required application of a
standard fluid amount (500 ml) by pouring on a clean test surface, whereas
this series of trials required spraying a contaminated plate until it was clean.
A much smaller quantity of applied fluid resulted, with correspondingly
shorter periods of protection.
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Results were also considerably lower than those of the field trials on
operational aircraft conducted in March/April 1995. Those trials involved
spray application on the aircraft by operators experienced in hot water
deicing. However, those tests were conducted in dry conditions. A review
of the test record revealed that the operators sprayed varying amounts of hot
water, ranging from 20 to 40 gal. (90 to 180 L) on each DC-9 wing. This is
equivalent to 300 to 600 ml on each test plate area, with an average of 450
ml. Thus, the test quantities in this series of trials were conservative.

6.4 Test Results at Cold Temperatures

An increase in protection time noted at —12°C (as compared to —9°C) was
achieved as a result of additional fluid spray required to attain a clean surface
at that test condition. While this is an interesting observation, the duration of
protection offered at that temperature is too short to be considered an
operational limit.

6.5 Effect of Composite Surfaces

The fluid quantities needed to produce a clean surface on the painted
composite test surfaces were significantly smaller than those required in the
case of aluminum surfaces. Elapsed times to the onset of freezing for the
glass fibre, carbon fibre, and Kevlar composite surfaces were shorter than for
standard aluminum test plates, but equal to or better than the times on the
aluminum on honeycomb core test surface. The shorter times are at least
partly due to the smaller fluid amounts.

In an operational setting, any composite surfaces in a wing structure would
receive the same amount of fluid as the aluminum surface. Therefore, the
protection period would be similar.

Aluminum on honeycomb core appears to be the most critical type of surface,
giving the lowest rate of increase in period of protection per additional unit of
fluid quantity.

6.6 Effect of Fluid Quantity

The amount of fluid applied directly influences the duration of the period of
protection before freezing for aluminum surfaces. The three-minute window
is possible down to —9°C at 10 km/h winds if sufficient hot water is applied.
Tests to examine the influence of fluid quantity were not conducted on
composite surfaces, but it is expected that a similar conclusion would result.
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6.7 Method of Application

It can be concluded that, given the same quantities of fluid applied, similar
results are produced by the two methods of application (spraying and
pouring). The principal difference lies with the amounts applied; the current
test procedures required the operator to spray until the surface is clean. This
resulted in the application of considerably less fluid than the standard 500ml
quantity used in previous tests.

6.8 Degree of Surface Contamination

The degree of contamination does not significantly influence elapsed time to
freezing for the test procedures and conditions followed in this study. The
loss of fluid heat absorbed in cleaning away the heavier contamination is
compensated for by the application of greater amounts of fluid. Additional
hot water applied after the removal of frozen contamination can expand the
window between the deicing and anti-icing steps.
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7. RECOMMENDATIONS
It is recommended:

That, based on the results of this study, potential limits for use of hot water
as a first-step fluid be considered as follows:

to —6°C in wind conditions up to 10km/h
to —3°C with no wind restrictions

That a final series of tests be conducted on operational aircraft to confirm
these proposed limits, and to examine the effects on elapsed time until onset
of freezing of varying the quantity of hot water. These tests should be
conducted during precipitation, and ideally would include an aircraft with
composite materials on some wing surfaces. Lacking aircraft availability, the
new TDC test wing installation could be considered for these trials.

That any published guidelines for the application of hot water as a first-step
fluid emphasize the benefits of applying generous quantities.

That the influence on elapsed time to onset of freezing of different quantities
of fluids on composite surfaces be examined through further laboratory tests.
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APPENDIX A
WORK STATEMENT
AIRCRAFT AND FLUID HOLDOVER TIME TESTS FOR WINTER 1998-99



