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PREFACE 
 
Under contract to 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 Aviation Inc. test program are the 
following: 
 
• To develop holdover time data for all newly-qualified de/anti-icing fluids; 

• To evaluate weather data from previous winters to establish a range of conditions 
suitable for the evaluation of holdover time limits; 

• To compare endurance times from natural snow with those generated from simulations 
of laboratory snow; 

• To compare fluid endurance time, holdover time and protection time; 

• To compare snowfall rates obtained with a real-time snow precipitation gauge with 
rates obtained using rate pans; 

• To further develop and to assist with the commercialization of Type III fluids; 

• To develop a test procedure for evaluating forced air-assist systems; 

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

• To evaluate the possibility of using a fluid failure sensor in holdover time testing. 
 
The research activities of the program conducted on behalf of Transport Canada during the 
winter of 2003-04 are documented in nine reports. The titles of the reports are as follows: 
 
• TP 14374E Aircraft Ground De/Anti-Icing Fluid Holdover Time Development Program 

for the 2003-04 Winter; 

• TP 14375E Winter Weather Impact on Holdover Time Table Format (1995-2004); 

• TP 14376E Endurance Time Testing in Snow: Comparison of Indoor and Outdoor 
Data for 2003-04; 

• TP 14377E Adhesion of Aircraft Anti-Icing Fluids on Aluminum Surfaces; 

• TP 14378E Evaluation of a Real-Time Snow Precipitation Gauge for Aircraft Deicing 
Operations (2003-04); 

• TP 14379E Development of Holdover Time Guidelines for Type III Fluids; 

• TP 14380E A Protocol for Testing Fluids Applied with Forced Air Systems; 

• TP 14381E Aircraft Ground Icing General and Exploratory Research Activities for the 
2003-04 Winter; and 

• TP 14382E A Sensor for Detecting Anti-Icing Fluid Failure: Phase I. 
 
In addition, the following interim report is being prepared: 
 
• Substantiation of Aircraft Ground Deicing Holdover Times in Frost Conditions. 
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This report, TP 14380E, has the following objective: 
 
• To evaluate the current Type II/IV test procedure for testing forced-air equipment. 
 
To satisfy this objective, APS Aviation Inc. personnel travelled to Rochester, New York to 
participate in forced-air systems testing with a deicing operator. APS Aviation Inc. 
measured in-situ viscosities of fluids applied with and without forced-air systems. 
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EXECUTIVE SUMMARY 
 
Under contract to the Transportation Development Centre (TDC) of Transport 
Canada (TC), with financial support from the Federal Aviation Administration 
(FAA), APS Aviation Inc. (APS) has undertaken research activities to further 
advance aircraft ground de/anti-icing technology. In recent years one of these 
research activities has been the advancement of forced air deicing systems. 
 
 
Background 
 
Operators are interested in forced air as an alternative approach to deicing, 
predominantly because of the possibility of achieving an increased spray distance 
and improving distribution of Type II/IV fluids over the aircraft wing. There are 
various ways it may be used, including with Type I and Type II/IV fluids. 
 
After initial testing was conducted in the winter of 1999-2000, the need for an 
official process whereby operators could test the use of forced air in certain deicing 
applications was identified. The main goal was to ensure the holdover time 
guidelines were appropriate for forced air applications. APS worked with the 
Society of Automotive Engineers G-12 Equipment Subcommittee Forced Air 
Working Group to address this need. 
 
It was agreed that test procedures for both Type I and Type II/IV fluids were 
required. A Type I procedure was issued in November 2001. It was developed as a 
tool to help operators evaluate the use of forced air in first-step deicing with Type I 
fluids. This decision does not require the approval of regulatory authorities. 
 
The first Type II/IV procedure went through several modifications between July 
2001 and June 2002. After this procedure was formally issued in June 2002, the 
FAA requested that endurance time tests be added to the procedure as a test 
requirement. Endurance time tests were conducted in February 2003. When the 
results were analysed it was concluded that viscosity tests were sufficient for 
evaluating forced air systems. Following this testing and its subsequent 
recommendations, a second version of the Type II/IV procedure was issued in 
December 2002. The procedure has two phases: operator assessment and 
viscosity measurement. Testing was conducted using this procedure in January 
2004 in Rochester, New York. 
 
 
Rochester Testing 
 
APS assisted in forced air testing that was conducted in January 2004 with six 
Type IV fluids and two models of deicing trucks in Rochester, New York. APS 
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measured in-situ viscosities of fluids applied with forced air assist and compared 
them to in-situ viscosities of fluids applied conventionally. The viscosities of fluids 
applied with forced air assist were found to be lower than the viscosities of fluids 
applied conventionally. 
 
 
Conclusions 
 
Tests conducted in 2003-04 showed that applying Type IV fluids using forced air 
assist causes fluid viscosity to decrease more than when fluids are applied 
conventionally. This is contrary to 2002-03 testing and to other previous research. 
It is believed that the equipment setup was responsible for the differences seen 
between the 2002-03 and 2003-04 results. 
 
 
Recommendations 
 
It is recommended that testing be conducted to investigate the influence of 
equipment setup variables on fluid viscosity. Some variables that should be 
examined are: distance between the air spray and fluid spray, distance between the 
nozzle and the test surface, nozzle opening, orientation of the nozzle and nozzle 
type. Since the influence of these variables on conventional fluid application 
systems has never been examined, it is recommended that conventional fluid 
application systems and forced air assist application systems are examined at the 
same time. The forced air equipment setup should subsequently be fixed (e.g. 
made non-changeable) to ensure that the influence of a forced air application on 
fluid viscosity is comparable to that of a conventional application. 
 
Once the equipment setup has been fixed, it is recommended that a new Type II/IV 
test procedure be prepared. One change that could be made is to eliminate the 
requirement to compare forced air applications to conventional applications and 
instead to compare the viscosity of fluids applied with forced air to the lowest 
on-wing viscosity. Testing with the new procedure should be conducted to find out 
if any Type IV fluids meet the test requirements. 
 
If no Type IV fluids are deemed suitable for use with forced air assist, Type II 
and/or Type III fluids could be tested. Although they have shorter holdover times 
than Type IV fluids, Type II and Type III fluids also have lower initial viscosities that 
will be less influenced by the shearing of a forced air assist application. 
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SOMMAIRE 
 

En vertu d’un contrat avec le Centre de développement des transports (CDT) de 
Transports Canada (TC) et avec l’appui financier de la Federal Aviation 
Administration (FAA), APS Aviation Inc. (APS) a entrepris des activités de 
recherche visant à faire progresser les technologies associées au dégivrage et à 
l’antigivrage d’aéronefs au sol. Au cours des dernières années, l’une de ces 
activités de recherche s’est concentrée sur le développement de systèmes de 
dégivrage à air forcé. 
 
 

Contexte 
 

Les exploitants aériens s’intéressent au recours à l’air forcé comme autre outil de 
dégivrage, principalement parce qu’il offre la possibilité d’augmenter la distance de 
pulvérisation et d’améliorer la distribution des liquides de types II/IV sur les ailes 
des aéronefs. Il existe diverses façons de l’utiliser, y compris avec les liquides de 
type I et ceux de types II/IV. 
 

Après des essais initiaux menés durant l’hiver 1999-2000, la nécessité d’une 
procédure officielle permettant aux exploitants aériens de tester l’utilisation d’air 
forcé pour certaines opérations de dégivrage a été établie. L’objectif principal était 
alors de s’assurer que les lignes directrices relatives aux durées d’efficacité étaient 
toujours pertinentes. APS a travaillé de concert avec le groupe de travail sur les 
systèmes à air forcé du sous-comité G-12 de la Society of Automotive Engineers 
afin de répondre à ce besoin. 
 

Il a été convenu que des procédures d’essai pour les liquides de type I et pour ceux 
de types II/IV étaient requises. Une procédure pour les liquides de type I a été mise 
en place en novembre 2001. Elle a été élaborée pour servir d’outil permettant aux 
exploitants aériens d’avoir recours, dans une première étape, à l’air forcé pour le 
dégivrage avec des liquides de type I. Une telle décision ne requiert pas 
l’approbation des organismes de réglementation. 
 

La première procédure pour les liquides de types II/IV a été modifiée à de 
nombreuses reprises entre juillet 2001 et juin 2002. À la suite de la mise en œuvre 
officielle de cette procédure en juin 2002, la FAA a demandé que des essais 
d’endurance y soient ajoutés comme critère d’évaluation. Des essais d’endurance 
ont ainsi été menés en février 2003. L’analyse des résultats a permis de conclure 
que les tests de viscosité étaient suffisants pour permettre l’évaluation des 
systèmes à air forcé. À la suite de ces essais et des recommandations qui les ont 
suivis, une seconde version de la procédure relative aux liquides de types II/IV a été 
présentée en décembre 2002. Cette dernière comporte deux phases, soit 
l’évaluation par l’exploitant aérien et la mesure de la viscosité. Des essais utilisant 
cette procédure ont été effectués en janvier 2004 à Rochester, dans l’État de New 
York. 
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Essais menés à Rochester 
 
APS a participé aux essais sur des systèmes à air forcé effectués en janvier 2004 
avec six liquides de type IV et deux modèles de camions de dégivrage à Rochester, 
dans l’État de New York. APS a mesuré la viscosité in situ des liquides appliqués à 
l’aide de systèmes à air forcé et l’a comparée à la viscosité in situ des liquides 
appliqués de façon traditionnelle. La viscosité des liquides appliqués à l’aide de 
systèmes à air forcé s’est avérée plus basse que celle des liquides appliqués de 
façon traditionnelle.  
 
 
Conclusions 
 
Les tests menés en 2003-2004 ont démontré que l’application de liquides de 
type IV à l’aide de systèmes à air forcé entraîne une diminution de la viscosité du 
liquide supérieure à celle observée lors d’une application traditionnelle. Ces 
résultats sont contraires à ceux des essais menés en 2002-2003 et dans le cadre 
de recherches antérieures. Il semble que la configuration de l’équipement permette 
d’expliquer les différences constatées entre les séances d’essai de 2002-2003 et 
celles de 2003-2004. 
 
 
Recommandations 
 
Il est recommandé que des tests soient menés afin d’étudier l’influence des 
variables de configuration de l’équipement sur la viscosité des liquides. Parmi les 
variables qui devraient été examinées, on note : la distance entre le jet d’air et le jet 
de liquide, la distance entre la buse et la surface de test, l’ouverture de la buse, 
l’orientation de la buse et le type de buse. Puisque l’influence de ces variables sur 
les systèmes traditionnels d’application des liquides n’a jamais été étudiée, il est 
recommandé que ces systèmes traditionnels d’application des liquides et les 
systèmes d’application à air forcé soient examinés conjointement. La configuration 
de l’équipement à air forcé devrait par la suite être définitive (c’est-à-dire non 
modifiable), afin d’assurer que l’influence d’une application à l’aide de systèmes à 
air forcé sur la viscosité des liquides est comparable à celle d’une application 
traditionnelle. 
 
Une fois la configuration de l’équipement déterminée, il est recommandé qu’une 
nouvelle procédure d’essai pour les liquides de types II/IV soit préparée. Un 
changement qui pourrait être apporté serait d’éliminer les exigences de 
comparaison entre les applications à air forcé et les applications traditionnelles, 
pour plutôt comparer la viscosité des liquides appliqués à l’aide de systèmes à air 
forcé à la plus basse viscosité sur l’aile. Des essais appliquant la nouvelle procédure 
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devraient être effectués dans le but de vérifier si des liquides de type IV répondent 
aux critères d’évaluation. 
 
Si aucun liquide de type IV n’est jugé approprié pour une utilisation à l’aide de 
systèmes à air forcé, les liquides de type II ou de type III pourraient faire l’objet de 
tests. Bien que leurs durées d’efficacité soient plus courtes que celles des liquides 
de type IV, les liquides de types II et III présentent également une viscosité initiale 
plus basse, moins susceptible d’être influencée par le cisaillement associé à une 
application à l’aide de systèmes à air forcé. 
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1. INTRODUCTION 
 
Under contract to the Transportation Development Centre (TDC) of Transport 
Canada (TC), with financial support from the Federal Aviation Administration 
(FAA), APS Aviation Inc. (APS) has undertaken research activities to further 
advance aircraft ground de/anti-icing technology. In recent years one of these 
research activities has been the advancement of forced air deicing systems. 
 
This report summarizes the forced air system test procedures and tests that have 
been developed/conducted by APS on behalf of TC and the FAA over the past five 
years. New testing that was carried out in 2003-04 is presented in detail.  
 
The scope of work for this project in 2003-04 is outlined in an excerpt from the 
TDC work statement provided in Appendix A. 
 
 
1.1 Report Format 
 
The remainder of this report is organized into the following sections: 
 

a) Section 2 (Background) describes forced air system applications and provides 
the history of forced air systems test procedures from 2000 to the summer 
of 2003, and testing in the winter of 2002-03; 

b) Section 3 (Testing in 2003-04) describes the tests that were conducted in 
Rochester, New York in January 2004; 

c) Section 4 (Conclusions) provides conclusions from 2003-04 testing and the 
subsequent actions of TC and the FAA; and 

d) Section 5 (Recommendations) provides recommendations for future testing. 
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2. BACKGROUND 
 
In response to deicing operator requests, deicing vehicle manufacturers have 
incorporated forced air deicing systems into their vehicles. Operators are interested 
in forced air as an alternative approach to deicing, predominantly because of the 
possibility of achieving an increased spray distance and improved distribution of 
Type II/IV fluids over the aircraft wing. Operators foresee various ways of using 
forced air systems in the deicing process, including: 
 

a) Using forced air alone to remove most snow from aircraft surfaces before 
conventional heated fluid deicing; 

b) Using forced air with Type II or Type IV fluid either sprayed over or injected 
into the air stream in a way that allows the use of holdover time guidelines; 

c) Using forced air with Type I fluid either sprayed over or injected into the air 
stream in a way that allows it to be used as the first step followed by an 
approved application of Type II or Type IV fluid as the second step; 

d) Using forced air with Type I fluid either sprayed over or injected into the air 
stream in a way that allows it to be used as the first step followed by Type I 
fluid application in the second step; 

e) Using forced air with Type I fluid either sprayed over or injected into the air 
stream in a one-step de/anti-icing process that allows the use of the holdover 
time guidelines; 

f) Using forced air with Type I fluid either sprayed over or injected into the air 
stream to remove frost in a non-active condition; and 

g) Using forced air alone to deice an aircraft during non-active precipitation. 
 
Forced air systems are generally designed to deliver a stream of air, either with or 
without fluid. Both Type I and Type II/IV fluids can be delivered with the air-assist 
capability of various deicing trucks. Photo 2.1 shows a typical configuration for an 
air-assisted fluid application. 
 
 
2.1 Initial Testing 
 
Testing was conducted in the winter of 1999-2000 on forced air systems to 
identify any safety problems that might arise from their use in field operations. This 
examination was reported in the TC report, TP 13664E, Safety Issues and 
Concerns of Forced Air Deicing Systems (1). 
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2.2 Development of Test Methods for Forced Air Fluid Applications 
 
At the 2001 annual meeting of the Society of Automotive Engineers (SAE) G-12 
Aircraft Ground Deicing Equipment Subcommittee, the need for an official process 
whereby operators could test the use of forced-air assist in certain deicing 
applications was identified. In addition, based on successful outcomes, operators 
needed a formal process to request approval from authorities to use the forced air 
deicing systems.  
 
A Forced Air Working Group was nominated to work on this project on behalf of 
the Aircraft Ground Deicing Equipment Subcommittee. 
 
Members of the subcommittee requested the cooperation and assistance of the 
FAA Technical Centre and TDC to develop an official test procedure and to define 
an approval process for selected applications of forced air systems. The two 
authorities agreed to the request and assigned APS to work with the Forced Air 
Working Group. 
 
 
2.2.1 Type I Test Procedure 
 
A test procedure for the examination of Type I fluid used as the first-step when 
followed by a second-step application of Type II/IV fluid was developed in 
November 2001. The procedure was developed as a tool for operators to evaluate 
the use of forced air in first-step deicing with Type I fluids. This use of forced air 
does not require the approval of regulatory authorities. 
 
The test procedure, entitled Type I Fluid Applied Over or Injected into the Forced 
Air Stream, is included as Appendix B. 
 
APS has not been involved in subsequent testing with Type I fluids. 
 
 
2.2.2 Type II/IV Test Procedure 
 
The Forced Air Working Group gave priority to developing a test procedure to 
determine whether holdover time guidelines can be used when Type II/IV fluid is 
applied with forced air. Two versions of this procedure were developed in response 
to input from the regulatory bodies. 
 
 
2.2.2.1 Version 1 (July 2001 to June 2002) 
 
An initial version of a test procedure and approval process, Version 1.0, was 
developed in 2001 in the months following the 2001 annual SAE G-12 meeting. 
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Acceptance criteria in this test procedure were based on a comparison of forced air 
assist results versus conventional application results. The test procedure assumed 
that if the viscosity of the fluid applied with air-assist is not lower than the 
viscosity of the fluid applied in a conventional application, then endurance times 
should be similar. 
 
The test procedure examined three specific criteria: 
 

a) Fluid viscosity measured from samples lifted from the wing (conventional vs. 
forced air assist); 

b) Fluid thickness measured at various points on the wing; and 

c) Consistency of distribution of the fluid layer over the sprayed area. 
 
This test procedure was subsequently used by several carriers: American Airlines at 
Chicago O’Hare Airport in October 2001, US Airways at Boston Logan Airport in 
November 2001, and Air Canada at Ottawa International Airport in January 2002. 
Fluid samples were collected, and the fluid manufacturer measured the viscosity of 
the samples several days later. APS conducted some supplementary measurements 
of fluid viscosity. 
 
Editorial changes to the procedure resulted in its final form, Version 1.4, dated 
June 2002. The test procedure, entitled Type II/Type IV Fluid Applied Over or 
Injected into the Forced Air Stream, is included as Appendix C. 
 
This procedure was accepted by TC and the FAA. 
 
 
2.2.2.2 Endurance time procedure (December 2002) 
 
In November 2002, the FAA requested that endurance time tests be conducted 
with Type IV fluids applied with forced air deicing systems. Measuring endurance 
times of fluids applied with forced air deicing systems would examine the validity 
of the assumption that if conventional and air assist viscosities are similar, so are 
their endurance times. 
 
A procedure for the conduct of these tests was developed in December 2002. The 
procedure, entitled Experimental Program: Endurance Times for SAE Type II/IV 
Fluids when Applied with Forced Air Assist, is included as Appendix D. 
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2.2.2.3 Endurance time tests (February 2003) 
 
In February 2003, US Airways and FedEx collected samples from Type IV fluids 
applied using forced air assist and fluids applied conventionally. These samples 
were sent to APS for endurance time, viscosity, and density testing. The results of 
these tests are documented in the TC report, TP 14153E, Endurance Times of 
Fluids Applied with Forced Air Systems (2). 
 
The tests found that endurance times of forced air fluid over air applications and 
conventional applications were similar when their viscosities were similar. As a 
result, it was concluded that measurement of fluid viscosities is sufficient for 
decision-making on use of forced air systems with holdover time guidelines, and 
that measurement of endurance times would not be required. However, the 
regulatory authorities did require some changes to the test procedure, including: 
 

1. Ambient temperature for the tests must be below freezing; 

2. Tests must be conducted on aircraft wing surfaces, not on a substitute 
surface; 

3. Viscosity must be measured on-site by an independent third-party test 
agency at the time of fluid spray, and results must be reported by that 
agency; and 

4. Regulatory authority decision criteria would be based solely on measured 
fluid viscosity values. 

 
This meant that there was no longer any need to report test results (as measured in 
accordance with Version 1.0) of fluid thickness at various points on the wing, nor 
the consistency of distribution of the fluid layer over the sprayed area. A second 
version of the procedure was subsequently developed to incorporate these 
changes. 
 
 
2.2.2.4 Version 2 (December 2003) 
 
In December 2003, a second version of the Type II/IV forced air test procedure 
was issued. The procedure, entitled Type II/Type IV Fluid Applied Over or Injected 
into the Forced Air Stream, is included as Appendix E. Prior to its publication, input 
was requested from TC and the FAA, and the procedure was sent to the chairs of 
the SAE G-12 Equipment Subcommittee Forced Air Working Group. 
 
The procedure has two phases: operator assessment and viscosity measurement. 
The operator assessment phase involves measuring fluid thickness at various points 
on the wing and measuring the consistency of distribution of the fluid layer over 
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the sprayed area on the wing. This phase is intended to assist the operator in 
developing suitable spray techniques that will result in application of a satisfactory 
layer of fluid on the aircraft surface. Results of the operator assessment phase do 
not need to be reported. The viscosity measurement phase requires an independent 
testing agency measure the viscosity of fluid samples from conventional application 
and forced air application. The measured fluid viscosity values are then reported to 
the regulatory authorities by the independent testing agency. 
 
 
2.2.2.5 Viscosity tests (January 2004) 
 
FedEx conducted a forced air assessment in Rochester, New York in January 2004. 
APS acted as the independent testing agency who conducted the required viscosity 
tests. The results of these tests are presented in detail in Section 3. 
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Photo 2.1: Typical Application of Type II/IV using Forced Air 
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3. TESTING IN 2003-04 
 
In January 2004, APS personnel travelled to Rochester, New York to participate in 
Type IV forced air system testing conducted by FedEx. The role of APS was to 
collect fluid samples and measure fluid viscosities. In 2002-03, fluid samples were 
shipped to the APS laboratory from various test locations. It was theorized that the 
shipment of the samples and the time lapse between spraying the fluids and 
measuring their viscosities could have altered the test results. For this reason, TC 
and the FAA requested APS personnel travel to the test location and measure 
viscosities immediately after sample collection. 
 
 
3.1 Objective 
 
APS’ objective for the Rochester test session was to measure and compare the 
viscosities of anti-icing fluids applied using a conventional application system and 
using an air assist application system. Air assist systems were tested on two 
deicing truck models made by FMC Technologies (FMC): the FMC LMD 2000 and 
the FMC Tempest II. 
 
 
3.2 Procedure 
 
The 2003-04 tests were carried out using the procedure Test Program – Viscosity 
Tests of Fluids Applied with FedEx Forced Air Systems, which is included in 
Appendix F. This procedure was based on the more general procedure Test 
Program – Forced Air Systems: Type II/Type IV Fluid Applied Over or Injected into 
the Forced Air Stream, which was developed by APS in the fall of 2003. This 
procedure is included in Appendix E. 
 
As noted in Section 2, the test procedure has two phases: operator assessment 
and viscosity measurement. The operator assessment is the responsibility of the 
operator and does not need to be reported to the regulatory bodies. The operator 
assessment was not conducted during the Rochester test session. The viscosity 
measurement phase requires an independent testing agency to conduct in-situ 
viscosity measurements and report the results. APS acted as the independent 
testing agency for the Rochester tests. 
 
The TC Lockheed JetStar wing was transported from Montreal to Rochester 
International Airport and used as a test bed. To avoid contamination from natural 
precipitation, all fluids were applied to the wing inside the FedEx hangar. A photo 
of the wing inside the FedEx hangar is shown in Photo 3.1. Photo 3.2 shows fluid 
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application in the hangar. The ambient temperature inside the hangar ranged from 
0ºC to -13ºC during the test session. 
 
Immediately following fluid application, fluid samples were collected from the wing 
(see Photo 3.3). Care was taken not to shear the samples as they were collected. 
A Brookfield DV-I Digital Viscometer was used to measure viscosity using standard 
viscosity test procedures. The viscometer was setup indoors in an employee 
lunchroom (see Photo 3.4). 
 
After each fluid application, the wing was taken outside and cleaned with Type I 
fluid (see Photo 3.5). After the wing was de-iced, the Type I fluid was blown off 
the wing using forced air. This procedure prevented the next test fluid from being 
contaminated by either the previous test fluid or Type I fluid. Contamination would 
significantly change the viscosity of the samples and render the tests unusable. 
 
 
3.2.1 Samples 
 
For each fluid and truck combination, four viscosity samples were collected and 
measured: one sample from the fluid tote, one sample from the truck tank, one 
sample from the wing after fluid was applied using a conventional application, and 
one sample from the wing after fluid was applied using an air assist application. 
The viscosities of the spray samples were measured immediately following 
collection. The viscosity of the fluid tote samples was measured in Rochester, 
usually on the same day the fluid was tested, as were approximately half of the 
truck tank samples. The remaining truck tank samples were returned to the APS 
laboratory and tested the following week. 
 
 
3.2.2 Fluids Tested 
 
Initially, four fluids were scheduled to be tested: Lyondell/Clariant Safewing 2001, 
Octagon Max-Flight, Kilfrost ABC-S, and Clariant Safewing MP IV 2012 Protect. 
Octagon Max-Flight 04 and another certified propylene-glycol based Type IV fluid, 
Fluid “Y” were added to the test plan just prior to the start of testing. Fluid “Y” has 
been coded at the request of the fluid manufacturer. 
 
 
3.2.3 Viscosity Measurement Methods 
 
When possible, the official fluid manufacturer viscosity measurement methods for 
the fluids were used. Due to time constraints, it was not feasible to use methods 
that required large sample volumes. In cases where the official methods required 
large sample volumes, fluid manufacturers provided alternate measurement 
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methods that employed smaller sample volumes, which enabled tests to be 
conducted using the small sample adaptor rather than large beakers.  
 
The following viscosity measurement methods were used: 
 

• Clariant Safewing 2001: Spindle 34, 10 mL, 20°C, 0.3 rpm, 15 minutes; 

• Clariant Safewing 2012: Spindle 34, 10 mL, 20°C, 0.3 rpm, 15 minutes; 

• Octagon Max-Flight: Spindle 34, 10 mL, 20°C, 0.3 rpm, 10 minutes; 

• Octagon Max-Flight 04: Spindle 34, 10 mL, 20°C, 0.3 rpm, 10 minutes; 

• Kilfrost ABC-S: Spindle 31, 10 mL, 20°C, 0.3 rpm, 10 minutes; and 

• Fluid “Y”: Spindle 34, 10 mL, 20°C, 0.3 rpm, 15 minutes. 
 
It should be noted that, as per standard viscometer measurement procedure, two 
measurements were taken per sample. The viscosity reported is an average of the 
two measurements. All samples were centrifuged before viscosity tests were 
conducted.  
 
 
3.3 Results 
 
 
3.3.1 Fluid Viscosity 
 
Variability is inherent in viscosity measurements. However, according to the ASTM 
method (D 2196-99), if two samples have the same viscosity there will not be 
more than 7 percent difference in their measured viscosities. This assumes a 
Brookfield viscometer is used and the same operator conducts the tests. Thus, if 
the difference in viscosities of two samples is more than 7 percent, it can be 
assumed that the samples have different viscosities. 
 
The objective of these tests was to compare conventional application and forced air 
application fluid viscosities. If conventional and forced air applications have the 
same influence on fluid viscosity, then the viscosities of air assist samples and 
conventional application samples would be within 7 percent. 
 
None of the fluid/truck combinations tested provided forced air viscosities that 
were within 7 percent of the conventional system viscosities. In fact, the 
viscosities of the forced air samples were all lower than the viscosities of the 
conventional application samples. Therefore, it appears that the use of forced air 
assist has a stronger influence on fluid viscosity than a conventional application. 
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There were also differences in the viscosities of the samples collected from fluids 
applied with the Tempest II and the LMD 2000. The Tempest II air assist samples 
had lower viscosities than the LMD 2000 air assist samples. Complete results are 
shown in Table 3.1. 
 

Table 3.1: Viscosity Measurements 

Fluid Tote
(mPa.s)

Truck
(mPa.s)

Conven.
(mPa.s)

Forced Air
(mPa.s)

Lyondell/Clariant 2001 LMD 2000 29,100 23,200 24,700 21,100 -15%

Lyondell/Clariant 2001 Tempest II 29,100 27,600 25,500 19,000 -25%

Clariant 2012 LMD 2000 15,600 15,900 14,500 10,400 -28%

Clariant 2012 Tempest II 15,600 14,000 14,800 8,800 -41%

Octagon Max-Flight LMD 2000 11,000 10,600 7,900 5,700 -28%

Octagon Max-Flight Tempest II 11,000 10,400 7,800 4,900 -37%

Octagon Max-Flight 04 LMD 2000 11,200 10,700 7,900 6,100 -23%

Octagon Max-Flight 04 Tempest II 11,200 10,200 8,200 4,600 -44%

Kilfrost ABC-S LMD 2000 19,650 19,300 19,600 12,900 -34%

Kilfrost ABC-S Tempest II 19,650 19,200 20,750 11,400 -45%

Fluid "Y" LMD 2000 16,100 16,600 13,300 8,700 -35%

Fluid "Y" Tempest II 16,100 15,700 12,700 6,600 -48%

Fluid Sample Forced Air-
Conventional 
Difference

TruckFluid
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3.3.2 Fluid Density 
 
Fluid densities of the samples were measured when possible. Results are shown in 
Table 3.2. 
 

Table 3.2: Fluid Densities 

Fluid Truck Fluid Tote
(g/mL)

Conven.
(g/mL)

Forced Air
(g/mL)

Forced Air /
Conven.

Lyondell/Clariant 2001 LMD 2000 0.983 0.943 0.944 100%

Lyondell/Clariant 2001 Tempest II n/a 0.955 0.932 98%

Clariant 2012 LMD 2000 1.059 1.004 1.020 102%

Clariant 2012 Tempest II 1.059 1.020 1.039 102%

Octagon Max-Flight LMD 2000 0.964 1.009 0.983 97%

Octagon Max-Flight Tempest II 0.964 1.054 0.978 93%

Octagon Max-Flight 04 LMD 2000 1.049 1.015 0.947 93%

Octagon Max-Flight 04 Tempest II 1.049 1.028 0.995 97%

Kilfrost ABC-S LMD 2000 1.030 1.008 1.000 99%

Kilfrost ABC-S Tempest II 1.030 0.995 1.020 103%

Fluid "Y" LMD 2000 1.053 0.957 0.937 98%

Fluid "Y" Tempest II 1.053 0.979 0.977 100% M
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3.3.3 Fluid Thickness 
 
Following fluid application, fluid thickness measurements were taken on the wing. 
Results are shown in Table 3.3. 
 

Table 3.3: Fluid Thickness after Application 

Conventional 
Application

Forced Air 
Application

Lyondell/Clariant 2001 LMD 2000 1.8 1.8

Lyondell/Clariant 2001 Tempest II 2.2 1.8

Clariant 2012 LMD 2000 n/a n/a

Clariant 2012 Tempest II n/a n/a

Octagon Max-Flight LMD 2000 1.8 to 2.2 1.8 to 2.2

Octagon Max-Flight Tempest II 2.2 to 2.5 1.4 to 1.8

Octagon Max-Flight 04 LMD 2000 2.2 to 2.5 1.8 to 2.2

Octagon Max-Flight 04 Tempest II 2.2 to 2.5 1.8 to 2.2

Kilfrost ABC-S LMD 2000 2.2 to 2.5 1.4 to 1.8

Kilfrost ABC-S Tempest II 2.2 to 2.5 1.8 to 2.2

Fluid "Y" LMD 2000 1.8 to 2.5 2.2

Fluid "Y" Tempest II n/a n/a
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n/a = not measured 

 
 
3.4 Analysis 
 
 
3.4.1 Comparison of Test Viscosities to Lowest On-Wing Viscosities 
 
Although the objective of these tests was to compare the viscosities of fluids 
applied using the two types of fluid application systems, it is also interesting to 
compare the viscosities to the lowest on-wing viscosity (LOWV) values included in 
the holdover time tables. The LOWV is a value provided by the fluid manufacturer 
and represents the lowest viscosity that a fluid should have after it has been 
applied to the wing. If a fluid has a viscosity below this value, the holdover times 
may be shorter than those given in the holdover time tables. As a result, it is not 
recommended to use fluids with viscosities below the LOWV. 
 
Results of the Rochester viscosity tests are shown by fluid in Figures 3.1 to 3.6. 
The LOWVs are indicated with a horizontal line on each chart. Because alternate 
viscosity measurement methods were used for Kilfrost ABC-S and Octagon 
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Max-Flight, a conversion factor was used to find the relative LOWV. The 
conversion factors were provided by the fluid manufacturers. 
 
As can be seen in the figures, some fluids applied with air assist systems had 
viscosities below the LOWVs (Kilfrost ABC-S, Fluid “Y”), some had viscosities 
above the LOWVs (Clariant 2012, Clariant 2001), and some had viscosities either 
above or below the LOWVs depending on the truck used to apply the fluid 
(Octagon Max-Flight, Octagon Max-Flight 04). 
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Figure 3.1: Lyondell/Clariant 2001 
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Figure 3.2: Clariant Safewing MP IV 2012 Protect 
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Figure 3.3: Octagon Max-Flight  
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Figure 3.4: Octagon Max-Flight 04 



3.  TESTING IN 2003-04 

M:\Projects\PM1892 (TC Deicing 03-04)\Reports\Forced Air\Final Version 1.0\TP 14380E Final Version 1.0.docx 
Final Version 1.0, May 20 

19 

KILFROST ABC-S

0

5,000

10,000

15,000

20,000

25,000

Fluid Tote Truck Conventional Air Assist Fluid Tote Truck Conventional Air Assist

V
is

co
si

ty
 (
m

Pa
.s

)

FMC LMD 2000 FMC Tempest II

LOWV

 
Figure 3.5: Kilfrost ABC-S 
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Figure 3.6: Fluid “Y” 
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3.4.2 Guarantee of Viscosity Value 
 
It should be noted that as a result of the Rochester testing, the viscosity of a fluid 
applied with forced air cannot be guaranteed to be above the LOWV. This is true 
even for the fluids whose viscosities were above the LOWV when applied with 
forced air in Rochester. The reason for this is that manufacturers produce fluids for 
operators with a viscosity guaranteed to be within a given range, known as the 
production range. Most of the samples provided for the Rochester test session 
were not at the bottom of their respective production range; therefore, a different 
shipment of the same fluid could have a lower in-tank viscosity than the fluid 
tested. If this were to happen, then the further viscosity reduction associated with 
the forced air application could produce a final viscosity below the LOWV. 
 
For example, consider a fluid with a production range between 17,000 and 23,000 
and an LOWV of 13,000. If the Rochester fluid tote sample had a viscosity of 
20,000 and the air assist sample had a viscosity of 14,000, it would appear the 
fluid could safely be used with an air assist system. However, if the user received a 
different batch of fluid with a viscosity of 18,000, it is likely that the viscosity of 
the fluid would be below the LOWV if applied with air assist. As a result, it cannot 
be assumed that a fluid/truck combination tested in Rochester would always 
produce on-wing viscosities above the LOWV. 
 
 
3.4.3 Comparison to Previous Test Results 
 
The results obtained in the 2003-04 Rochester testing differed from the results 
obtained in 2002-03 testing; in 2002-03 the viscosities of fluids applied with 
forced air assist were similar to viscosities of fluids applied conventionally but in 
2003-04 they were not. Several variables may have influenced the 2003-04 
results, including the equipment setup, timing of the viscosity measurements and 
the application method. 
 

a) Equipment Setup: The truck manufacturer (FMC) did not provide a fixed 
setup for the trucks outfitted with forced air equipment. As a result, the 
distance between the forced air stream and the fluid stream could have 
varied widely between the two test sessions. Other factors, such as nozzle 
opening, orientation and spray angle, could also have influenced the results, 
as they were not fixed. 

b) Timing of Viscosity Measurements: In 2003-04 samples were tested on-site 
immediately following sample collection; in 2002-03 samples were tested 
approximately two weeks following collection after being shipped to the APS 
laboratory. 
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c) Application Method: In 2003-04, fluids were sprayed on an aircraft wing; in 
2002-03 fluids were sprayed on a substitute surface (tarps on the ground). 

 
To examine the influence of timing of viscosity measurements, samples of 
Lyondell/Clariant 2001 collected from the FMC LMD 2000 truck in Rochester were 
brought back to the APS laboratory and retested three weeks following collection. 
The results are shown in Table 3.4, along with the initial on-site measurements and 
the 2002-03 measurements. 
 

Table 3.4: Comparison of 2002-03 and 2003-04 Viscosity Measurements 

     

Test Session
Time between 
Collection and 

Testing

Conventional
(mPa.s)

Forced Air
(mPa.s)

Forced Air-
Conventional 
Difference

2002-03 FedEx ~2 weeks 25,600 26,400 3%

2002-03 US Air ~2 weeks 29,200 26,600 -9%

2003-04 FedEx immediately 24,700 21,100 -15%

2003-04 FedEx ~3 weeks 22,400 18,800 -16%
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Although the viscosities of the 2003-04 samples changed after three weeks had 
passed, the difference between the air assist and conventional application samples 
stayed almost the same (-16 percent versus -15 percent). In both cases the 
difference between the air assist and conventional application samples was 
significantly more than the difference between the air assist and conventional 
application samples in the 2002-03 tests, which was only three percent. 
 
It is not possible to evaluate the influence of the application method, as the 
2002-03 test session is the only in test session in which a test surface other than 
an aircraft wing was used. However, it should be noted that previous independent 
tests on aircraft wings have given similar results to the 2002-03 tests. These tests 
were conducted with Vestergaard in 2000, Global in 2001 and US Airways in 
2001. They showed that the use of forced air did not have a significant effect on 
fluid viscosity. In conclusion, even if the application method impacted the 2003-04 
test results, there must have also been another variable influencing the results. 
 
Most likely, the equipment setup is the variable that caused the results to differ. 
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Photo 3.1: TC JetStar Wing in FedEx Hangar 

 
 

Photo 3.2: Fluid Application 
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Photo 3.3: Collection of Conventional and Forced Air Application Samples 

 
 

Photo 3.4: Brookfield DV-I Viscometer in Rochester 
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Photo 3.5: Cleaning Wing Between Fluid Applications 
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4. CONCLUSIONS 
 
Work completed in the winter of 2002-03 led to the conclusion that fluid viscosity 
could be used in place of endurance times as a gauge for approval of forced air 
assist systems for use with holdover time guidelines. As a result, a new procedure 
was developed using viscosity to evaluate forced air assist systems. 
 
When tests were conducted in 2003-04 using the new procedure, fluid viscosity 
was found to decrease more when fluid was applied using forced air assist 
compared to when fluid was applied using a conventional application. 
 
These results differed from results seen in 2002-03 testing; in 2002-03, viscosities 
of fluids applied with and without forced air assist were similar. The differing 
results may have been caused by the variable equipment setup on the forced air 
deicing truck. Distance between the forced air stream and the fluid stream, 
distance between the nozzle and the test surface, and different nozzle openings 
could all have affected the results. 
 
 



 

28 

This page intentionally left blank.



5.  RECOMMENDATIONS 

M:\Projects\PM1892 (TC Deicing 03-04)\Reports\Forced Air\Final Version 1.0\TP 14380E Final Version 1.0.docx 
Final Version 1.0, May 20 

29 

5. RECOMMENDATIONS 
 
It is recommended that: 
 

a) Testing be conducted to investigate the influence of the equipment setup 
variables on fluid viscosity. Some variables that should be examined: 
distance between the air spray and fluid spray, distance between the nozzle 
and the test surface, nozzle opening, orientation of the nozzle and nozzle 
type. The resultant equipment setup should be fixed to ensure that the 
influence of a forced air application on fluid viscosity is comparable to that of 
a conventional application. 

b) Since the impact of these variables on conventional fluid application systems 
has never been examined, it is recommended that conventional fluid 
application systems and forced air assist application systems be examined at 
the same time. 

c) Once the setup has been fixed, it is recommended that a new Type II/IV test 
procedure be prepared. One change that could be made is to eliminate the 
requirement to compare forced air applications to conventional applications 
and to instead compare the viscosity of fluids applied with forced air to the 
LOWV. In this case the samples requested from the fluid manufacturers 
should be at the bottom end of the production range, or higher if the 
manufacturer could ensure that shipped fluids would always arrive with this 
viscosity. Manufacturers should be consulted to explore this possibility prior 
to the creation of the new procedure. 

d) Testing with the new procedure be conducted to find out if any Type IV 
fluids meet the test requirements. 

e) If no Type IV fluids are deemed suitable for use with forced air assist, Type II 
and/or Type III fluids could be tested. Although these fluids have shorter 
holdover times than Type IV fluids, Type II and Type III fluids also have lower 
initial viscosities which will be less influenced by the shearing applied by a 
forced air assist application. 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT – 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2003-05 
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TRANSPORTATION DEVELOPMENT CENTRE 
WORK STATEMENT EXCERPT – 

AIRCRAFT & ANTI-ICING FLUID WINTER TESTING 2003-05 
 
 
5.7 Forced Air System Evaluation  
 

a) Continue to assist the SAE ground equipment committee in its evaluation of 
forced air-assisted systems. 

b) Subject to approval by TC on a case-by-case basis: 

• Monitor and participate in some operator field tests of air-assisted 
Type II/IV fluids, and report on observations; and 

• Monitor and participate in some operator field tests of air-assisted Type I 
fluid as a first-step procedure. 

c) Support the SAE ground equipment committee development of an SAE ARP 
for forced air deicing systems. 
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APPENDIX B 
 

TEST PROGRAM – FORCED AIR DEICING SYSTEMS 
TYPE I FLUID APPLIED OVER OR INJECTED INTO 

THE FORCED AIR STREAM 
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APPENDIX C 
 

TEST PROGRAM – FORCED AIR SYSTEMS 
TYPE II/TYPE IV FLUID APPLIED OVER OR INJECTED INTO 

THE FORCED AIR STREAM (VERSION 1.4) 
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EXPERIMENTAL PROGRAM – 
ENDURANCE TIMES FOR SAE TYPE II/IV FLUIDS 

WHEN APPLIED WITH FORCED AIR ASSIST 
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APPENDIX E 
 

TEST PROGRAM – FORCED AIR SYSTEMS 
TYPE II/TYPE IV FLUID APPLIED OVER OR INJECTED INTO 

THE FORCED AIR STREAM (VERSION 2.0) 
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TEST PROGRAM – VISCOSITY TESTS OF FLUIDS APPLIED 
WITH FEDEX FORCED AIR SYSTEMS 
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