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PREFACE 
 
At the request of the Transportation Development Centre of Transport Canada, APS 
Aviation Inc. has undertaken a research program to advance aircraft ground de/anti-
icing technology.  The specific objectives of the APS test program are the following: 
 
• To develop holdover time data for Type IV fluids using lowest-qualifying viscosity samples, 

and to develop holdover time data for all newly qualified de/anti-icing fluids; 
 
• To conduct flat plate holdover time tests under conditions of frost; 
 
• To further evaluate the flow of contaminated fluid from the wing of a Falcon 20D aircraft 

during simulated takeoff runs; 
 
• To determine the patterns of frost formation and of fluid failure initiation and progression on 

the wings of commercial aircraft; 
 
• To evaluate whether the proposed locations of AlliedSignal’s wing-mounted ice sensors on 

an Air Canada CL-65 are optimally positioned; 
 
• To evaluate the second generation of the NCAR snowmaking system; 
 
• To evaluate the capabilities of ice detection camera systems; 
 
• To examine the feasibility of and procedures for performing wing inspections with a remote 

ice detection camera system at the entrance to the departure runway (end-of-runway); 
 
• To reassemble and prepare the JetStar aircraft wing for mounting, to modify it to obtain 

cold-soak capabilities, and to conduct fluid failure tests in natural precipitation using the 
wing; 

 
• To extend hot water deicing tests to aircraft in natural outdoor precipitation conditions, and 

to correlate outdoor data with 1998-99 laboratory results; 
 
• To examine safety issues and concerns of forced air deicing systems; and 
 
• To evaluate snow weather data from previous winters to establish a range of snow 

precipitation suitable for the evaluation of holdover time limits. 
 
The research activities of the program conducted on behalf of Transport Canada during 
the 1999-2000 winter season are documented in nine reports.  The titles of these 
reports are as follows: 
 
• TP 13659E Aircraft Ground De/Anti-icing Fluid Holdover Time and Endurance Time Testing 

Program for the 1999-2000 Winter; 
 
• TP 13660E Aircraft Full-Scale Test Program for the 1999-2000 Winter: Evaluation of the 

Positioning of Surface-Mounted Ice Detection Sensors on the Bombardier     
CL-65 Aircraft; 

 
• TP 13661E A Second-Generation Snowmaking System: Prototype Testing; 
 
• TP 13662E Ice Detection Sensor Capabilities for End-of-Runway Wing Checks: Phase 2 

Evaluation; 
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• TP 13663E Hot Water Deicing of Aircraft: Phase 2; 
 
• TP 13664E Safety Issues and Concerns of Forced Air Deicing Systems; 
 
• TP 13665E Snow Weather Data Evaluation (1995-2000); 
 
• TP 13666E Contaminated Aircraft Simulated Takeoff Tests for the 1999-2000 Winter: 

Preparation and Procedures; and 
 
• TP 13667E Preparation of JetStar Wing for Use in Deicing Research. 
 
This report, TP 13660E, has the following objective: 
 

• To evaluate whether the proposed locations of AlliedSignal’s wing-mounted 
ice sensors on Bombardier CL-65 are optimally positioned. 

 
This objective was met by conducting aircraft tests during snow at Dorval 
Airport. 
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1. INTRODUCTION 
 
At the request of the Transportation Development Centre (TDC), APS Aviation 
Inc. (APS) has undertaken a research program to further advance aircraft ground 
de/anti-icing technology. 
 
Aircraft ground de/anti-icing has been the subject of concentrated industry 
attention over the past decade as the result of a number of fatal aircraft 
accidents.  Recent attention has been placed on the enhancement of anti-icing 
fluids to provide an extended duration of protection against further 
contamination following initial deicing.  This has led to the development of fluid 
holdover time (HOT) tables used by aircraft operators and accepted by 
regulatory authorities.  New fluids continue to be developed specifically to 
prolong fluid holdover times without compromising airfoil aerodynamics. 
 
This report documents a third year of full-scale aircraft testing to establish anti-
icing fluid failure patterns on a variety of wings. The first year involved the 
Boeing 737 and Fokker 100 aircraft tested in snow conditions (TP 13130E – 
Aircraft Full-Scale Test Program for the 1996/97 Winter); in the second year, 
Air Canada, Bombardier CL-65 Regional Jet (CL-65 RJ) aircraft were studied to 
establish failure patterns for frost (TP 13485E – Full-Scale Test Program for the 
1998/99 Winter). This third year of testing was done in snow conditions, again 
on CL-65 RJ aircraft. A further objective of this project was to evaluate whether 
the proposed mounting locations of AlliedSignal’s wing-mounted ice sensors on 
a CL-65 are optimally positioned. 
 
APS has conducted more than 250 full-scale aircraft tests since 1993. 
 
 

1.1 Objectives 

 
A primary objective of this project was to collect data to determine the most 
suitable locations for installation of two AlliedSignal C/FIMS ice sensors on 
each wing of a CL-65 RJ. Two specific locations have been proposed.  
 
An excerpt from the detailed work statement is contained in Appendix A and 
the experimental program procedure is included in Appendix B. 
 
In addition to the primary objective, several related objectives were 
subsequently defined: 

 
• To compare the performance of de/anti-icing fluids on aircraft surfaces 

with the performance of de/anti-icing fluids on flat plates; 
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• To examine the pattern of failure using Type IV fluid brands not tested 
in the past; and 

 
• To investigate progression of fluid failure on the CL-65 RJ aircraft when 

exposed to different predominant wind conditions. 



2. METHODOLOGY 

M:\Groups\CM1589\Reports\Full-Scale\Final Version 1.0 (revised)\Final Version 1.0 (revised).doc 
Final Version 1.0  

February, 03APS AVIATION INC.
3

2. METHODOLOGY 
 
This section of the report details the complete environment and support 
infrastructure that surrounds testing of this nature, and includes information 
about test facilities, equipment, procedures, and personnel. 
 
The methodology is based on similar work conducted in previous years,1 and the 
same procedures may also be followed in any future tests performed. 
 
To satisfy the objectives, the fluid applied to the flat plates for the Type I tests 
was as follows: 
 
•  Heated UCAR XL54 fluid was applied on two plates. The fluid was taken from 

the deicing truck to have a direct comparison with the fluid that was sprayed 
on the wing. 

•  Warm (20°C) UCAR ADF (10°C buffer) fluid was applied on two plates. This 
represents the typical application used for standard endurance time tests. 

 
The descriptions focus on identification and evaluation of characteristics 
associated with fluid failure. 
 
Failure time is defined herein as the time required for the accumulating 
precipitation to cause the fluid surface to be failed. 
 
A surface is here considered to be locally "failed” if, at that location: 

 
• There is a visible accumulation of snow on the fluid on the wing surface that 

is not being absorbed, or 
• Ice is visible on the fluid surface. 
 
The class of failure is usually termed “visual failure” as opposed to “failure” 
involving ice adhesion to a surface. 

 
 

2.1 Test Sites 

 
Aircraft fluid failure tests were performed on one occasion at Dorval 
International Airport, Montreal, during the 1999-2000 test season. 

 
 

                                      
1 J. D’Avirro, et al., Aircraft Full-Scale Test Program for the 1996/97 Winter, APS Aviation Inc. 
report for the Transportation Development Centre of Transport Canada, TP 13130E, December 
1997, p. 18. 
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These tests were conducted at the Dorval Airport central deicing facility, 
operated by AéroMag 2000 (see Figure 2.1).  The APS test site (where flat 
plate tests to determine fluid holdover times are conducted) is also indicated 
in Figure 2.1, as is Environment Canada’s automated weather station. 

 
 

2.2 Test Plan 

 
A dry run and up to three one-night test sessions were originally planned for 
the 1999-2000 winter, using a CL-65 RJ aircraft owned by Air Canada. 
 
Test sessions on the CL-65 RJ aircraft were scheduled to take place after 
normal airport operating times (between 23:00 and 06:00). 
 
Tests were conducted in the following conditions: 

 
• Aircraft orientation – Headwind, tailwind, crosswind 
• Precipitation type – Snow 
• Fluids – Type I, Type IV 

 
Scheduling was based on a reasonable forecast of precipitation for the 
evening/overnight, provided that the airline was available to support and 
participate in the tests. 
 
Forecasts were monitored daily using radio, television, and Internet sources.  
A forecast was obtained from the Environment Canada web site for Dorval.  
This forecast prompted an alert that was issued to all airline personnel related 
to the fluid tests.  The weather system was closely monitored as the storm 
approached.  This was done via direct one-to-one telephone communication 
with a trained Environment Canada professional using Environment Canada’s 
1-900 service. 

 
For the test session, up to ten tests were originally planned using both Type I 
and Type IV fluids.  Aircraft were to be positioned at a predetermined 
orientation prior to the start of the first test.  The test plan included the 
reorientation of the aircraft relative to wind direction between individual tests 
during the course of the test session. 
 
In practice only one night of testing was possible because of lack of suitable 
weather and aircraft availability. 
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2.1 Deicing Pad Location at Dorval Airport 
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2.3 Equipment 

 
One full-scale test session was performed at Dorval International Airport 
during the 1999-2000 winter test season.  The test aircraft was provided by 
Air Canada (CL-65 RJ).  AéroMag 2000, operators of the deicing facility at 
Dorval, supplied specially equipped vehicles and personnel for the application 
of fluids.  Union Carbide provided the fluids. 

 
Photo 2.1 shows the equipment kit used to measure precipitation rates.  Two 
collection pans with base dimensions identical to standard flat test plates 
were used to capture precipitation.  
 
An electronic balance, shielded with plexiglass to reduce wind effects, was 
used to weigh the precipitation pans.  The rate station was positioned on a 
table in the cube van.  The van was positioned adjacent to the test stand.  
Photo 2.2 shows the truck used during the full-scale tests.  The space in the 
van was also used for debriefing the test team between tests. 
 
Rolling staircases and several stepladders (see Photo 2.3) were positioned 
around each aircraft wing.  Mobile mast-light units supplied wing illumination.  
Each unit consisted of four 1 000 W floodlights.  A 6 kW diesel generator (an 
integral component of each unit) was also used to supply current for the 
lights and for other electrical requirements.   
 
During full-scale aircraft trials, standard flat plate tests were conducted in 
tandem on a 10 degree inclined standard flat plate test stand.  The plates 
were marked with the standard holdover time markings shown in Figure 2.2.  
Figure 2.3 shows a schematic of a test stand and fluid application procedure.  
Figure 2.4 provides a schematic of the positioning of major equipment and 
key personnel about the aircraft. 
 
A list of the mobile equipment used by each of the test team members is 
shown in Attachment VII of Appendix B.  The mobile equipment required for 
the truck is listed in Attachment VIII of Appendix B. 
 
Sampling kits consisted of spatulas and a small collection of storage 
containers. These were distributed to personnel responsible for the collection 
of fluid samples at failure locations on the wing.  The freeze points of the 
fluid samples were to be measured immediately with a handheld Brix-scale 
refractometer. 
 
Two video cameras, a digital video camera, a 35 mm still camera, and a 
digital still camera were used to record fluid failures on wings and plates.   
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2.2 Flat Plate Test Set-Up 



2. METHODOLOGY 

M:\Groups\CM1589\Reports\Full-Scale\Final Version 1.0 (revised)\Final Version 1.0 (revised).doc 
Final Version 1.0  

February, 03APS AVIATION INC.
8

2.3 Flat Plate Test Set-Up and Fluid Application 
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2.4 Position of Equipment and Personnel 
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Meteorological data such as temperature, wind speed, and wind direction 
were provided by the Remote Environmental Automatic Data Acquisition 
Concept (READAC), which is located a very short distance from the central 
deicing facility at Dorval International Airport. 
 
Wing skin temperatures were recorded using handheld temperature probes.  
A complete list of test equipment used for the Dorval aircraft full-scale test 
program is given in Attachment I of Appendix B. 

 
 

2.4 Description of Test Procedures 

 
The Experimental Program for Full-Scale Fluid Failure Testing is provided in 
Appendix B.  This APS document describes the detailed procedures employed 
during the course of the full-scale test session. 

 
APS personnel monitored weather forecasts on an ongoing basis throughout 
the test season to anticipate conditions that would require aircraft deicing.  If 
these conditions were forecast, the test team was alerted 48 hours prior to 
the predicted event.  Contacting airlines to secure a test aircraft preceded 
confirmation of the precipitation event.  Arrangements were then made with 
AéroMag for use of the deicing facility, spray equipment and personnel.  Test 
equipment, including trucks, mast lights, and generators, was rented. 
Transport Canada and other companies working in conjunction with APS 
were then notified. 
 
Fluids for full-scale flat plate tests were transported in pre-marked red 
polyethylene fuel containers.  The Type I and Type IV fluids were collected 
from the deicing truck prior to their application on the aircraft wings.  The 
fluids were poured directly from these containers onto flat plates.  The 
standard flat plate one-step fluid application procedure used for HOT tests 
was used. 

 
The APS fluid sampling team collected fluid samples on an ongoing basis 
during tests at the location of first wing failure and at various points of failure 
on the wing thereafter (as indicated by the wing observer).  The fluid sample 
concentrations were measured directly using a handheld Brix-scale 
refractometer. Both the fluid sample time and the location from which the 
sample was taken were recorded immediately.  The sampling procedure is 
described in Attachment VI of Appendix B. 
 
Several minor improvements were made in recent years to the plate pan 
precipitation rate data collection procedure.  The start and end times of the 
rate collection period were to be recorded in hours, minutes, and seconds 
rather than rounded off to the nearest whole minute.  Also, a few seconds 
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were added to or subtracted from the rate collection start and end times for 
time delays created by entering and exiting the truck.  Finally, any 
precipitation that accumulated on the lips, sides, and bottoms of the plate 
pans was to be removed prior to weighing the pans. 

 
In the past, the time and precise location of first failure were occasionally 
missed by the wing observer.  This is because of the rapid onset and 
propagation of failures, especially in the case of Type I fluids.  In certain 
tests, failures progressed so rapidly that they reached the 25 percent level by 
the time the first failure contour was recorded.  Procedures were altered to 
emphasize the requirement to identify the precise location of first wing 
failure.  In tests where rapid failure progression is to be expected, additional 
observers from the test team would be assigned to assist the wing observer 
in failure detection. 

 
BFG Aerospace (formerly RVSI) and/or Spar/Cox did not provide ice detection 
sensors.  The procedure for use of the BFG ice detection sensor unit is 
provided in Attachment X of Appendix B.  At the time of initial fluid 
application, the instrument operator would be instructed to scan and capture 
an image of the tail identification number of the aircraft to mark the start of 
the holdover time period.  The grid structure, as illustrated in Figure B-3 of 
Appendix B, was used to determine the order of images taken by the 
operator.  An entire series of images covering the wing was to be taken every 
15 minutes.  At the end of the test, the instrument operator would be 
instructed to scan and capture the tail identification number again, to signify 
the end of the record for that test. 

 
 

2.5 Data Forms 

 
Several different data forms were produced for full-scale testing in 1999-
2000 and are given in Appendix B. 

 
The General Form – Every Test (see Appendix B, Figure B-6a) was completed 
by the plate/wing co-ordinator and was used to record information such as 
the type, temperature and quantity of fluid sprayed, as well as the start and 
end times of the fluid applications. 
 
Another General Form – Once Per Session (see Appendix B, Figure B-6b) was 
completed by the overall co-ordinator and was used to record information 
relating to the aircraft, fluids, and initial aircraft skin temperatures. 
 
The Aircraft Wing Form (see Appendix B, Figure B-7a,b) shows the form used 
for fluid failure tests on the CL-65 RJ.  A form was created for each of the 
port and starboard wings.  Wing observers were assigned to identify fluid 
failures and draw failure contours on the wing diagrams. 
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The Localized Aircraft Wing Form (see Appendix B, Figure B-8) shows the 
form used for fluid failure tests at sensor head locations on the CL-65 RJ.  A 
form was created for each of the port and starboard wings.  Wing observers 
were assigned to identify fluid failures and draw failure contours on specific 
parts of the wing diagrams. 
 
The Fluid Thickness on Aircraft Form (see Appendix B, Figure B-9) shows the 
form to be filled out by the individuals assigned to perform thickness 
measurements during test events when snow or freezing precipitation had 
ceased, or during dry runs.  The Fluid Thickness on Flat Plates Form (see 
Appendix B, Figure B-10) was to be used to record fluid thickness 
measurements on flat plates during full-scale aircraft tests. 

 
The Aircraft Tail Form (see Appendix B, Figure B-11a,b) was the form used 
for fluid failure tests on the tail of the CL-65 RJ.  A form was created for the 
right and left sides of the tail.  Wing observers were assigned to identify fluid 
failures and draw failure contours on specific parts of the wing diagrams. 
 
The End Condition Data Form (see Appendix B, Table B-1) was completed by 
the end condition tester.  This form was used to record information related to 
fluid failure times on the flat plates.  The Meteo/Plate Pan Data Form (see 
Appendix B, Table B-2) was completed by the meteo/equipment tester and 
was to be used to record information on weather conditions and rates of 
precipitation. 

 
 

2.6 Fluids 

 
The Type I and Type IV fluids required for full-scale testing were provided by 
Union Carbide.  Union Carbide Type I ADF was applied in standard 
concentration (XL54), and Type IV Ultra+ was applied in its neat 
concentration. The fluid was applied to the wing by AéroMag 2000. The 
viscosity of the Type IV Ultra + fluid was measured to be 41 500 cP, using 
the same method specified in the HOT tables. 

 
 

2.7 Personnel 

 
Personnel requirements for full-scale aircraft tests are considerable.  
Figure 2.4 provides a schematic description of the general test set-up, as well 
as the standby location of each member of the full-scale test team.  All 
personnel were involved in the set-up and tear-down of equipment prior to 
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3. DESCRIPTION AND PROCESSING OF DATA 
 

3.1 Overview of Test Sessions 

 
A single test session was conducted during the night of January 12, 2000.  
For this purpose, a CL-65 RJ was made available at Dorval International 
Airport between the hours of 23:00 and 04:00. 
 
A total of eight individual fluid runs were performed on the RJ aircraft 
during the test session.  The focus during those trials was to document 
Type I fluid failure patterns on the wings and on the potential C/FIMS 
sensor locations shown in Figure 3.1.  Seven Type I tests and one Type IV 
test were performed during the full-scale session.  The Type IV test was 
not completed due to time constraints. 
 
A matrix of all the tests performed is included in Table 3.1.  This table 
indicates: 

• fluids tested; 
• quantity of fluid applied to the wing; 
• approximate precipitation rate; 
• wind direction; 
• test start and end times; 
• failure time for three wing failure levels; and 
• test plate failure times. 

 
The terms used in this report and in Table 3.1 are defined as follows: 

• Wing first failure time: The first occurrence of failed fluid on the 
wing. 

• Wing 10% failure time: Time when there is failed fluid over 
10 percent of the wing area. 

• Wing complete failure time: Time when there is failed fluid over the 
entire wing. 

• Failure time of ADF-warm: Time when 33 percent of the fluid on the 
standard test plate is failed.  These tests are representative of the 
standard holdover time tests, which are conducted using 10ºC 
buffer fluid applied at 20ºC. 

• Failure time of XL54-heated: Time when 33 percent of the fluid on 
the standard test plate is failed.  These tests are representative of 
the normal deicing operation. They were carried out using heated 
(typically to 80ºC), full-strength fluid from the deicing truck. 

 
The plate fluid failure times and the rate for both the plates and the aircraft 
wings were taken from the test stand data. 
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3.1 Proposed C/FIMS Sensor Locations on RJ Wing 
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3.1 Listing of Full-Scale Tests Conducted in 2000 
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Table 3.2 provides a comparison of the wing failure times to the failure 
times at potential C/FIMS locations. 
 
Figure 3.2 provides an example of a wing failure diagram recorded during 
the full-scale test session.  The diagram corresponds to Run 2.  The times 
are recorded on the right-hand side of the page and the failure patterns are 
shown as shaded areas on the wing diagrams. 
 
Figure 3.3 shows the localized form for test Run 2.  This form was used to 
record the failure times at pre-selected failure levels for the two sensor 
locations.  The times and the percentage of the sensor locations that failed 
were written on the wing diagram.  The full set of failure diagrams is 
included in Appendix C. 
 
Precipitation rates were measured on the test stand located near the van.  
The rates recorded from the test pans are shown in Figure 3.4.  A test-by-
test breakdown of the precipitation rates recorded on the test stand is 
included in Appendix D. 
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3.2 Full-Scale C/FIMS Location Data Analysis 
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3.2 De/Anti-Icing Form for Aircraft Wing 
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3.3 Localized Form for Aircraft Wing 
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3.4 Precipitation Rates – January 26, 2000 
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4. ANALYSIS AND OBSERVATIONS 
 
This report contains the results from the tests that were conducted on a 
Canadair Regional Jet. In a previous study conducted for Transport Canada and 
documented in Transport Canada’s report TP 13130E, Aircraft Full-Scale Test 
Program for the 1996-1997 Winter, it was found that aircraft type, and more 
particularly wing design, do affect the progression of failure.  Flight control 
systems such as ailerons, flaps, slats and spoilers are well-defined sections of 
the aircraft wing, bounded by discontinuities.  These discontinuities interrupt the 
flow of fluid onto the control surfaces from the main wing section and thus lead 
to local thinning and subsequent fluid failure at these locations.  In general, the 
leading and trailing edges fail first, depending on aircraft type and wing design, 
followed by the mid-wing sections. For aircraft with hard wing design, such as 
the Fokker 100, initial failures primarily occurred on the trailing edge at the 
highest points of the ailerons and spoilers. The same pattern of fluid failure was 
observed to occur on the Canadair Regional Jet, which also has a hard wing 
leading edge design. This was particularly true for the Type I fluid tests. For the 
single Type IV test, a small amount of contamination was observed early in the 
test on the nose of the leading edge. 
 
 

4.1 Fluid Failure at Proposed Sensor Locations 

 
The wing failure pattern data was combined with the fluid sample data 
collected during each test to create graphs showing the fluid freeze point 
progression on both the leading edge and the trailing edge.  A sample graph is 
shown in Figure 4.1.  The graph also serves to compare the time to failure of 
a fluid on the wing wherever it might occur against the time to failure of the 
fluid recorded at the potential sensor locations.  The complete set of graphs 
is included in Appendix E. 

 
The fluid generally failed at the trailing edge before it failed at the sensor 
location.  The sensor locations were chosen to accommodate the structural 
design of the aircraft wing. 
 
The fluid tends to pool in the centre of the wing, closer to the proposed 
sensor location, and offers more protection there than areas near the leading 
edge and the control surfaces.  On the control surfaces, the fluids run off due 
to gravity, and failures begin to progress from the edge of the control 
surface.  This behaviour can be seen in all the failure diagrams recorded 
during the trials.  In addition, when Type I fluid is applied, the control 
surfaces retain less of the fluid heat than the centre section of the wing. 
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4.1 Fluid Freeze Point Temperature Profile 
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To obtain fluid failure times on the sensor locations that better represent the 
fluid failure times for the wing in general, it was suggested that the sensor 
head might be raised above the surrounding surface.  Raising the sensor 
could potentially stimulate failure times closer to the times of the control 
surfaces.  Flat plate trials designed to reproduce this geometry were 
conducted late in the season at the Dorval test site during snow precipitation.  
These trials are discussed in Section 4.2. 
 
Figure 4.1 and the related figures for the remaining tests contained in 
Appendix E show that the freeze point of the fluid measured near the 
proposed sensor positions ranges from about –10ºC to –30ºC when           
10 percent of the fluid on the wing had failed. Ideally, sensor placement on 
the RJ should be on the trailing edge control surfaces, as these are the areas 
that display consistent failure. As this is not practical, an algorithm for the 
sensor could be developed to predict the condition of the fluid on the wing 
based on the condition of the fluid over the sensor head; however, it is not 
known whether the results would be of reasonable quality. 
 
 

4.2 Standard Plate Failure Times 

 
The standard flat plate failure times versus the wing failure times for each 
test are shown in graph format in Appendix F.  A sample graph is given in 
Figure 4.2.  The graphs contain the wing first failure time, time at which 
10 percent of the wing area has failed fluid, and time at which fluid over the 
entire wing failed.  Also included on the graphs in Appendix F is the failure 
time for the plate tested with hot XL54 fluid and warm (20ºC) 10°C buffer 
ADF fluid. 
 
The Type I failure times of fluid on the standard flat plates and the failure 
times of the fluid on the wing are summarized below (taken from Table 3.1) 
for each ID#. 
 

ID# Standard Plate 
Failure Time 

(min) 

First Failure on 
Wing 
(min) 

Fluid Failure on 
10% of Wing 

Area 
(min) 

1 45 37 41 
2 45 37 40 
3 10 7 11 
4 10 7 12 
5 3.6 4 8 
6 3.6 4 6 
8 4.6 5 7 
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4.2 Plate and Wing Failure Times for Run 1 
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It can be observed from Table 3.1 that the standard plate failure times did not 
coincide with the same wing failure level during each test.  This was also 
observed during the similar full-scale tests that were completed previously on 
different aircraft and documented in Transport Canada report TP 13130E 
Aircraft Full-Scale Test Program for the 1996/97 Winter. 
 
The temperature of the fluid applied to the test plate influenced the failure 
times recorded for the plate.  Tests were simultaneously conducted with 
warm 10ºC buffer ADF fluid and hot XL54 fluid.  The hot XL54 fluid 
outlasted the warm ADF fluid in all trials. 
 
 

4.3 Type IV Failure Patterns 

 
One Type IV test was conducted during the full-scale test session.  The fluid 
was applied to the wing in a standard two-step application.  The airplane 
wing was cleaned with hot XL54 fluid and then covered with Ultra+.  The 
onset of failure occurred very quickly during the Type IV fluid trial.  The first 
failure was detected on the leading edge of the wing, 18 minutes after the 
start of the test.  The failure front progressed to 10 percent of the wing area 
37 minutes after the fluid application.  The test was not continued until 
complete wing failure was observed because of time limitations. 
 
At the time when the test was stopped (approximately 04:40), about 
20 percent of the wing surface was covered with contamination.  Fluid 
failures (1/3 of plate area) had not been detected on the test plates when the 
test was stopped.  The two plates had fluid that was contaminated to a level 
below the 2.5 cm line when the test was stopped.  Based on the holdover 
time regression and given the ambient temperature and precipitation rate, the 
expected fluid failure time for 1/3 of the test plate should have been 
approximately 52 minutes.   

 
Based on the findings of this trial, the failure patterns and failure times for 
Type IV fluids on RJ wings need further investigation. The initial failure times 
recorded were well below the holdover time.  

 
 

4.4 Raised C/FIMS Trials 

 
Preliminary raised sensor trials were performed at the APS test site during 
natural snow holdover time trials.  The objective of these trials was to 
evaluate the possibility of raising the C/FIMS sensor heads by 1 or 2 mm to 
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reduce the failure times on the sensor heads.  These tests were requested by 
AlliedSignal and TDC subsequent to the CL-65 test. 

 
The trials were performed during the evening of March 11/12, 2000.  The 
C/FIMS were raised by unscrewing the sensor head and placing a stopper in 
the cavity to prevent the sensor from being fully flush with the test plate 
surface.  Tests were then run concurrently on three test plates.  One plate 
had a sensor head raised by 2 mm, the second plate had a sensor head raised 
by 1 mm and the final plate did not have a raised sensor head.  The three 
plates (30 cm wide x 50 cm long) were of the same thickness and tests were 
conducted simultaneously on all three plates.  The position of the sensor head 
was centred at the bottom third of the plate (15 cm from the bottom of the 
plate). 
 
The following fluids were tested: 
 

Table 4.1 
Raised Sensor Trials 

 
% of sensor head covered with failed fluid at time of 

standard plate failure call Run Fluid Name Fluid 
Type 0 mm raised 1 mm raised 2 mm raised 

1 UCAR 
XL54 

I 0 40 40 

2 UCAR 
XL54 I 0 70 50 

3 SPCA 260 II 0 10 50 

4 UCAR 
Ultra+ 

IV 0 *0 *0 

5 SPCA 480 IV 0 *0 *0 

6 SPCA 480 
50/50 IV 0 10 100 

Note: *Failed after non-raised sensor head 
 

The values in the table represent the percentage of the sensor head that was 
covered in failed fluid at the time when standard plate failure was called.  
Since the plates were rotated 180º from the standard orientation (i.e. the 
sensor was located 12” from the plate upper end), none of the non-raised 
sensor heads showed traces of failures at standard 1/3 plate failure.  But, for 
example, in Run 3, 10 percent of the 1 mm raised sensor head area was 
covered in failure and 50 percent of the 2 mm raised sensor head area was 
covered with failure. 
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The raised sensor heads failed more rapidly in the trials with thinner, less 
viscous fluids.  The Type I, Type II, and Type IV 50/50 fluids produce a 
stabilized thickness that is thinner (less viscous) than the neat Type IV fluids.  
During all the tests with these fluids, the edges of the raised C/FIMS dried 
and failure began to accumulate on the sensor heads before it accumulated in 
the surrounding fluid. 

 
The neat Type IV fluids did not behave in the same manner.  These viscous 
fluids accumulated near the raised sensor and provided additional protection 
from precipitation contamination.  In all the Type IV tests, the raised sensor 
heads outlasted the non-raised sensor locations. 
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5. CONCLUSIONS 
 

5.1 Sensor Location Failures 

 
In general, the fluid failed somewhere on the wing trailing edge prior to failure at 
the proposed sensor locations.  The sensor locations had been chosen to 
accommodate the structural design of the aircraft wing.  The fluid pools in the 
centre of the wing and offers more protection at the mid-chord, due to fluid 
quantity and heat, than areas near the leading edge and the control surfaces. 
 
 

5.2 Plate Failure Times 

 
Standard test plate failures did not coincide with the same wing failure level 
during each test. In some tests, the fluid on the standard plate failed (1/3 of 
plate covered with failed fluid) before the time of first failure on the wing, and in 
some tests, the fluid on the plate failed after the first wing failures.  This was 
also observed during previous tests that were conducted on other aircraft types. 
The scatter in the test results was consistent with that observed in earlier tests. 
 
 

5.3 Type IV Failure Patterns 

 
One Type IV test was conducted during the full-scale test session.  At the time 
when the test was stopped, over 20 percent of the wing surface was covered 
with contamination.  Fluid failures had not occurred on the standard fluid test 
plates when the test was stopped. 
 
 

5.4 Raised C/FIMS Trials 

 
The raised sensor heads failed more rapidly in the trials with thinner, less 
viscous fluids.  The neat Type IV fluids did not behave in the same manner.  
These viscous fluids accumulated near the raised sensor and provided additional 
protection from precipitation contamination. 
 
Raising the sensor head may be a solution for Type I fluid use, but raising the 
sensor head for Type IV fluid application requires further investigation and 
research. 
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6. RECOMMENDATIONS 
 

 
Results from the single test session conducted on a CL-65 RJ aircraft proved 
insufficient to fully document the fluid failure pattern on the RJ wing.  The 
single Type IV trial that was conducted showed early leading edge failures. 
 
As a result, it is recommended that: 

 
 
• More Type IV failure progression tests be conducted on CL-65 RJ aircraft to 

properly document the initiation and progression of fluid failure for this 
aircraft. 

 
• Failure progression tests be conducted using other brands of Type IV fluid to 

identify differences in fluid performance and behaviour of these fluids on 
aircraft wing. 

 
• A study of the impact of raising the sensor head be performed to determine 

the influence of various sensor elevations on the failure times at the selected 
sensor location.  Tapering of the head with the adjoining surface should be 
considered.
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