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Changes to specification for revision D:
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e Change the high spged ramp acceptance criteria to a straight line.
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SAE INTERNATIONAL

1. SCOPE
This SAE Aerospace Standard (AS) establishes the aerodynamic flow-off requirements and test procedures for AMS1424
Type | and AMS1428 Type I, lll, and IV fluids used to deice and/or anti-ice aircraft.

The objective of this standard is to ensure acceptable aerodynamic characteristics of the deicing/anti-icing fluids as they
flow off of aircraft lifting and control surfaces during the takeoff ground acceleration and climb. Aerodynamic acceptance of
an aircraft ground deicing/anti-icing fluid is based upon the fluid’s boundary layer displacement thickness (BLDT) on a flat
plate, measured after experiencing the free stream velocity time history of a representative aircraft takeoff. Acceptability of
the fluid is determined by comparing BLDT measurements of the candidate fluid with a datum established from the values
of a reference fluid BLDT and the BLDT over the dry (clean) test plate. Testing is carried out in the temperature range at
which the fluid, undiluted and diluted, is to be used in airline service.

NOTE: No additional testing is required for non-glycol fluids at this time. For more information about non-glycol fluids,
please refer to AMSI424-and-AMS1428-

2. REFERENCES

2.1 Applicable Documents
sue of SAE publications
e purchase order. In the
ment takes precedence.

fic exemption has been

The following publications form a part of this document to the extent specified herein! The latest is
shall apply. The applicaple issue of other publications shall be the issue in effection the date of th
event of conflict between the text of this document and references cited hereif); the text of this docu
Nothing in this documept, however, supersedes applicable laws and regulations unless a speci
obtained.
2.1.1  SAE Publicatiors
rnational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 87|
776-4970 (outside USA), www.sae:org.

Available from SAE Inte 7-606-7323 (inside USA

and Canada) or +1 724

AMS1424 Fluid, Ajrcraft Deicing/Anti-lcing, SAE(Type |
AMS1428 Fluid, Ajrcraft Deicing/Anti-Icing,”"Non-Newtonian (Pseudoplastic), SAE Types Il, Il}, and IV
ARP6852 Methods and Processes ‘for Evaluation of Aerodynamic Effects of SAE-Qualified Aircraft Ground

Deicing{Anti-Icing Fluids

2.1.2 ASTM Publicati

Available from ASTM
Tel: 610-832-9585, www

DNS

nternational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohd
.astm.org.

cken, PA 19428-2959,

ASTM D1193 Reagent Water

ASTM D1331 Surface and Interfacial Tension of Solutions of Surface-Active Agents

ASTM D1747 Refractive Index of Viscous Materials

ASTM D2196 Viscosity Measurements and Rheological Properties of Non-Newtonian Materials by Rotational (Brookfield)
Viscometer

ASTM E70 pH of Aqueous Solutions with the Glass Electrode
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2.1.3  Other Publications

Beisswenger, A., Laforte, J.L., Tremblay, M.M., and Perron, J., “Investigation of a New Formulation Reference Fluid for Use
in Aerodynamic Acceptance Evaluation of Aircraft Ground Deicing and Anti-Icing Fluid,” prepared for the Federal Aviation
Administration, under press, DOT/FAA/AR-06/50.

Louchez, P.R., Laforte, J.L., and Bouchard, G. (UQAC), “Boundary Layer Evaluation of Anti-lcing Fluids for Commuter
Aircraft,” prepared for Transportation Development Center, Policy and Coordination, Transport Canada, TP11811E, August
1994.

Hill, E.G. and Zierten, T.A., “Aerodynamic Effects of Aircraft Ground Deicing/Anti-lcing Fluids,” Journal of Aircraft, Vol. 30,
No. 1, Jan.-Feb., 1993, pp. 24-34.

2.2  Glossary

2.2.1 Abbreviations

BLDT Boundary layer displacement thickness

cm Centimgter

Hz Hertz

LAAT Lowest jacceptable aerodynamic temperature
m Meter

mm Millimeter

Pa Pascal

pH Potential of hydrogen

RH Relativg humidity

RPM Revolutjons per minute

2.2.2 Parameters

b Cross-gection width at Station 3

c Cross sgction perimeter at Station 3

t Time

S1 Settling chamber cross-section area (Station 1)
S2 Test duct cross-section area at Station 2
Ss Test duct cross-section area at Station 3

P4 Settling chamber static pressure (Station 1)
P2 Static pressure at Station 2

P3 Static pressure at Station 3

Tg Gas temperature (wind)
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Tf Fluid temperature (deicing/anti-icing fluid)

Tt Target temperature

\% Average wind velocity in flow core (at Station 2)
Vi Idle wind velocity

Vm Maximum wind velocity

Vs Start-up wind velocity

8%q BLDT over dry surface (at Station 3)

8% BLDT operfiuid-coated surface (at Statton 3)

8 ave BLDT p
8% 6*f valu
8% Maximu

8*-20 Maximu

p Gas density mass per unit volume

3. GENERAL INFORM
3.1 Description of Teg

The aerodynamic flow-

deicing/anti-icing fluids are described as follows:

a. The high speed rani
a time from brake 1
representing a nom

a 25 seconds accelgration at 2.6 m/s? (see Figure 1).

crimeter average between §* and 6*q
b for reference fluid
m acceptable value for 56*:at 0 °C

m acceptable value for 6%t at -20 °C

ATION
ts

bff requirements and test proecedures for AMS1424 Type | and AMS1428 Type I, Ill, and IV
p test is used to simulate large jet aircraft takeoffs, with rotation speeds exceeding 100 knots and

clease to rotation_Speed greater than 20 seconds. The test is conducted at 65 m/s (126 knots),
nal speed at which’an aircraft may safely become airborne with one engife inoperative (V2), after
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52m/s (101 KT) 65 m/s (126 KT)

[ !

# | E

Acceleration 7~ 35 feet
2.6 m/s?(5KT/s) A

_
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=
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<.

L]
<.

=
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Vv \") V.I\/r V V

S mc mu ° lof V2
—20s > 5s >
S Startup Velocity
e - Minimum control speed.

- Takeoff decision speed. The speed beyond which thetakeoff should no
ger be aborted.

- Rotation speed. The speed at which the pilot kegins to apply control

puts to cause the aircraft nose to pitch up, atté@rwhich it will leave the
ound.

- Minimum unstick speed.
ot . Lift-off speed.

p . The speed of an aircraft at"35 ft. altitude when climbing with one engine
Dperative.

b. The low speed ran
60 knots and 100 k
test is conducted at

Figure 1 - V speeds diagram for high speed ramp

p test/is used to simulate commuter turbo-prop aircraft takeoffs, with r
hotsy’and a time from brake release to rotation speed between 15 secon

35.m/s (70 knots), representing the lift-off speed (Vi«f), after a 17 seconds

btation speeds between
is and 20 seconds. The
acceleration at 2.1 m/s?

(see Figure 2).
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2.1

Acceleration

35 feet
T7YTTTTTTYTAT 777 7Y AT 777 777 777777 /7‘17L777/ r

31 m/s (60 KT)
N
35 m/s (70 KT)

e If.2

_

m/s? (4 KT/s)

V=0

-
v, V.V

Vs Vmc mu Vlof VE
—t—15s > 25 —>
Figure 2 - V speeds diagram for low speed ramp (for speeds,definition, see Rigure 1)

NOTE: When compeng
procedures, the

3.2 Reference Fluids
3.21
The fluid shall be homog
a. Arefractive index, &

b. A viscosity, as mea
0 °C, of 150 mPa's

High Speed Rafnp Reference Fluid

high speed ramp can apply.

eneous with:
5 determined at 20 °C + 3°C in accordance with ASTM D1747, of 1.4276

sured with a Brookfield LV viscometer at 6 rpm LV1 spindle in accordan
+ 25 mPa-s.

Table 1 - High speed ramp reference fluid

Percent by Weight

Component (Yow/w)

a0 N LN A4

3.2.2

VU. U UL

20.0+ 0.1
12.0+ 0.1

Pronvlaon abaal

T IUP’IUI A>3 3I‘yU\JI
Tripropylene glycol
Demineralized water

Low Speed Ramp Reference Fluid

ating measures, such as increased rotation speeds, are used for tufbo-prop aircraft takeoff

+ 0.0005, and

ce with ASTM D2196 at

The low speed ramp reference fluid consists of the high speed ramp reference fluid, as described in 3.2.1, diluted 75% by
volume fluid and 25% by volume water, with a refractive index as determined at 20 °C + 3 °C in accordance with

ASTM D1747, of 1.4081

+ 0.0005.
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3.3  Fluid Acceptance and Facility/Site Qualification

An aircraft ground deicing/anti-icing fluid has acceptable aerodynamic flow-off characteristics if the fluid is tested in
accordance with this standard and complies with the acceptance criteria described in Section 7.

If results from testing in accordance with this test method are to be used to verify that an aircraft ground deicing/anti-icing
fluid complies with the acceptance criteria described in Section 7, substantiation that the facility and associated staff and
resources satisfy the requirements of this test method shall be documented and submitted to the Performance Review
Institute, 161 Thornhill Road, Warrendale, PA 15086-7527, United States of America, or equivalent qualified third-party
reviewers, to qualify the technical suitability and competency of the test facility/site. Such test facilities/sites shall be qualified
at five-year intervals by submitting current data, which demonstrate that, the facility, instrumentation, procedures, supporting
resources, and staff continues to produce acceptable data. The facility/site must be independent from fluid manufacturer.

3.4 Safety Hazards

This standard may involye hazardous materials, operations, and equipment. This standard doeschot purport to address the
safety problems associated with its use. It is the responsibility of the user of this standard to consult gnd establish appropriate
safety and health practi¢es and determine the applicability of regulatory limitations prior to use.

4. TEST FACILITY REQUIREMENTS
The following describes Ja facility used to measure the aerodynamic flow-off acceptability of deicingfanti-icing fluids. Testing
shall be performed in a horizontal duct having the following geometry, flow characteristics, and instrumentation. In addition,
the technical capability pf the facility/site shall also include the ability to ebtain the data required|in this section. The test
facility shall have accesp to adequate transducer calibration facilities to‘énsure accuracy and pregision requirements, and
trained personnel to exgcute the test method.
4.1 Calibration and T¢st Equipment

All temperature sensors| humidity sensors, electronic balances, anemometers, and timing devices|shall be maintained in a
known state of calibratign by means of a documented process. Each instrument used as a referenpe shall be calibrated by
a certified laboratory which uses primary standards-that are directly traceable to the U.S. Nationpl Institute of Standards
and Technology and/or the National Research Coungil of Canada, or any other recognized national standards organization.
4.2 Test Duct Description
421 Material

The composition of the test duct shall be Plexiglas.

4.2.2 Dimensions

See Figure 3.

4.2.3 Tolerances
Linear dimensions: £2% S2/Ss: 0.927 + 0.010.

4.2.4 Design Features

The test duct floor shall be horizontal, while the ceiling shall slope upward linearly 8 mm from Station 2 to Station 3.

4241 For high speed ramp tests, duct surfaces shall be hydraulically smooth, resulting in a dry BLDT <3.0 mm at
Station 3, at 65 m/s £ 5 m/s.

4242 For low speed ramp tests, duct surfaces shall be hydraulically smooth, resulting in a dry BLDT <3.3 mm at
Station 3, at 35 m/s + 3 m/s.
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4.3 Test Duct Gas Flow Core Characteristics
4.3.1 Test Gas

The test gas used should be air, nitrogen, or another suitable gas proven to have no adverse effect on the overall testing
method.

4.3.2 Temperature Measurement

The gas temperature during tests shall be measured at Station 2 approximately 5 mm below the ceiling using
copper-constantan thermocouples with a 0.2 mm wire diameter and a measuring junction of approximately 0.5 mm3
(Thermocouples T: range -180 to + 400 °C, sensitivity £0.1 °C, accuracy +0.5 °C). Thermocouple calibrations should be
performed at the beginning and end of a sequence of test runs.

4.3.2.1 Temperature Rerge
The test gas temperature range shall be 0 °C to approximately -40 °C.
4.3.2.2 Temperature Btability

The test duct shall eithgr be thermally insulated or be installed within the test section and capable of being pre-cooled to
ensure thermal equilibrim of the test duct during a test run.

The temperature in the tgst duct shall be £2 °C of the target temperature, with.a continuous flow 260|seconds, except <#1 °C
between the 27th and 3Brd seconds for a high speed ramp test run or between the 17th and 23rd $econds for a low speed
ramp test run.
4.3.2.3 Temperature Bpatial Uniformity

The temperature spatialluniformity shall be +1 °C.

4.3.3 Gas Pressures

4.3.3.1 Total Pressure, P+

Total pressure, P+, may pbe measured as the-static pressure in the settling chamber immediately upstream of the test duct,
Station 1, using a 3 mm|diameter flush ‘erifice tapped into the chamber sidewall if the velocities are low, in accordance with
standard wind tunnel practice.

4.3.3.2 Inlet Static Pressure;«P>

Inlet static pressure, P2 [isZmeasured using a 3 mm diameter flush orifice tapped into the middle of the ceiling at Station 2,
free of flow disturbancesfromtheStation2 tCIIIpCIdtuIC plu'uc.

4.3.3.3 Outlet Static Pressure, P3
Outlet static pressure, P3, is measured using a 3 mm diameter flush orifice tapped into the middle of the ceiling at Station 3.
4.3.3.4 Pressure Sensor

Two pressure transducers are used to measure (P1 - P2) and (P2 - P3) pressure differentials. The pressure transducer used
for (P2-P3) shall have a range of at least 300 Pa with a £0.5% accuracy. The pressure transducer used for (P1 - P2) shall
have a 3000 Pa range and a +1% accuracy. Data stability (time variations less than 0.5%) and time response (less than
0.1 second delay) shall be achieved by appropriate data filtering and smoothing techniques. Low-pass filtering between
1 Hz and 5 Hz and data sampling at least twice the cut-off frequency of the filter are recommended. Calibration of the
measurement system shall be performed over the entire range using a reference apparatus (with accuracy of +0.25% for
(P2 - P3) and £0.5% for (P1 - P2)) before and after each complete test session.
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4.3.4 Gas Velocity
The velocity of the gas in the test duct is that at Station 2. Velocity shall be computed using Equation 1 (see 6.4.2.1).

Because of possible pressure leaks and losses, a calibrated pitot-static probe shall be periodically used to verify use of
Equation 1.

4.3.4.1 Velocity Range

4.3.4.1.1  For High Speed Ramp Tests

The high speed ramp velocity range shall be: V <5 m/s to 65 m/s + 5 m/s within t = 25 seconds + 2 seconds, following a
constant acceleration of 2.6 m/s? (measured at Station 2), with a minimum flow velocity of 65 m/s £ 5 m/s, 30 seconds after
start, and maintained for 30 additional seconds (see Figure 4). Prior to the flow acceleration, the duct flow shall be capable
of a 5 minute settling p

- 3 9 ,
fod-wittravetocity <5ms:

4.34.1.2 For Low Speed Ramp Tests

The low speed ramp ve
constant acceleration of]
start, and maintained fo

locity range shall be: V <5 m/s to 35 m/s £ 3 m/s within t = 17Zseconds
2.1 m/s? (measured at Station 2) with a minimum flow velocity of 35 m/s +
40 additional seconds (see Figure 5). Prior to the flow acceleration, the d

*+ 1 second, following a
3 m/s, 20 seconds after
ict flow shall be capable

of a five minute settling period with a velocity <5 m/s.

4.3.4.2 Velocity Spatipl Uniformity

Vertical and lateral: AU/Uo <+ 0 .005.

Longitudinal: AU < -1 mjs/m = 0.008 Uoo/m.

4.3.4.3 Turbulence

Turbulence shall be <0005 (AU/Ux) and may be /measured using hot wire or film sensors or othgr means in accordance
with commonly accepted wind tunnel practices.

4.3.5 Relative Humidi

Ly

Relative humidity shall alent device is utilized, it

shall be regularly calibrg

e 70% * 30%;.measured with wet bulb-dry bulb thermometers. If an equiv
ted againstiwet bulb-dry bulb thermometers.

4.4  Test Fluid Tempefature’Measurement

The test fluid temperatufe-shall be measured at Station 3 within the test fluid, approximately 1 mm|above the floor.

4.5 Test Facility Drainage

Drainage shall be provided downstream of the test duct, in a region of low velocity, to remove test fluid and to ensure no
fluid returns upstream to the test duct.

4.6 Example Facility

An example facility consists of a closed circuit, refrigerated wind tunnel with a 0.5 x 0.5 m test section. The test duct is
inserted in the test section of the wind tunnel. The test duct may be fitted with a short inlet convergent to achieve required
maximum speed, and with a long diffuser to avoid large power losses due to wake effects. The facility has a settling chamber
fitted with honeycomb and/or grids, and a 9:1 contraction ratio separates this chamber and the wind tunnel test section
entrance in order to provide good airflow quality. A 50 hp fan drive motor with variable RPM is controlled, by computer, via
the time signal of the difference between actual wind velocity and required value. Refrigeration is obtained via a heat
exchanger placed upstream of the settling chamber; a two stage Freon-glycol refrigeration circuit powered by a 75 hp
compressor provides adequate temperature setting (-30 °C). A schematic of the example facility is shown in Figure 6.
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5. TEST FLUID REQUIREMENTS
5.1 General

Fluids submitted for testing shall be experimental fluids or fluids which are representative of production fluids, shall have
been manufactured during the previous three months, shall be from the same lot submitted for the water spray endurance
test and the high humidity endurance test of AS5901, but unsheared. A volume of about 1 L of the lot is required for one
test run. Samples to be tested in diluted form shall be diluted by the testing facility, using water conforming to ASTM D1193,
Type IV. The manufacturer shall mark each fluid sample container with the company name, product name, lot number,
location, and date of manufacture.

5.2  Fluid Identification

The aerodynamic acceptance testing facility shall identify the fluid by testing for the following:

5.2.1 Viscosity
Viscosity shall be measiired by Brookfield LV viscometer, or equivalent, at 0.3 rpm, 6 rpmg.and 30 fpm with the appropriate
spindle in accordance with ASTM D2196 (except that the samples shall not be shaken), at 20|°C, 0 °C, and in 10 °C
increments down to the lowest usable temperature identified by the fluid manufacturet. The viscosity may be measured with
the Brookfield small sample adapter; the report shall state whether it was used and.detail the spirdle size, container size,
volume of fluid employefl, and the rotation duration. Viscosity measurements willbe made for all tgsted fluid dilutions.

5.2.2 Surface Tensior
The surface tension of the undiluted fluid shall be determined at 20 °C4 3 °C in accordance with ASTM D1331.
5.2.3 Refractive Inde
The refractive index of the undiluted fluid shall be determined at 20 °C £ 3 °C in accordance with ASTM D1747.
524 pH
The pH of the undiluted [fluid shall be determined at 20 °C + 3 °C in accordance with ASTM E70.

6. TEST PROCEDURE

6.1 Test Requirements

Boundary layer displacgment thickness (BLDT) measurements shall be made of the test fluid, of fhe dry test duct, and of
the high speed ramp referencefluid, as described in 3.2.1 for the high speed ramp tests or of the low speed ramp reference
fluid, as described in 3.4.2for low speed ramp tests.

Each tested dilution of AMS1424 Type | fluid shall be tested at selected fluid temperatures including 0 °C, -10 °C, and -20 °C,
and to the lowest acceptable aerodynamic temperature (LAAT) identified by the fluid manufacturer (if lower than -20 °C), in
approximately 10 °C increments. If the LAAT is not known, the fluid manufacturer may provide an estimate of the LAAT.

For AMS1428 Type Il, Ill, and IV fluids, the neat fluid shall be tested at selected fluid temperatures including 0 °C, -10 °C,
and -20 °C, and to the LAAT identified by the fluid manufacturer, in approximately 10 °C increments. The 75/25 and 50/50
fluid dilutions shall be tested at selected test temperatures including 0 °C, -10 °C, and to the LAAT of the corresponding
dilution, as identified by the fluid manufacturer.

Three BLDT measurements shall be made within £3 °C at each target temperature to improve data precision and accuracy.
Measurements of the dry test duct BLDT shall also be made immediately prior to and after each target temperature sub-set
of fluid BLDT measurements. A minimum set of nine BLDT measurements shall be performed in conjunction with the fluid
measurements (see 6.2 for information on test sequence for BLDT measurements).
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For the initial qualification and first requalification of AMS1428 Types II, lll, and IV neat fluids (initially qualified after
December 31, 2020), one BLDT measurement shall be made at every 2.5 °C increment down to the LAAT. No dry BLDT or
reference fluid BLDT measurements are required at these additional temperatures. For fluids with initial qualification prior
to December 31, 2020, these additional temperatures are performed for the next two requalifications instead. The testing
facility retains the right to request additional measurements at any time during initial qualification and requalification
processes before qualifying a fluid.

These additional data are necessary to ensure sufficient data points to obtain complete knowledge of the fluid BLDT
dependence on temperature. This procedure provides for measurements of different saddle points for non-linear cases and
is intended to capture the maximum BLDT values. The additional data will facilitate comparison of the fluid results among
its requalifications. For a more detailed rationale on the addition of 2.5 °C, see Appendix A.

6.2 Test Run Sequence

6.2.1 Select Target T

mpetatures
HHpOtrator

Select the target tempernatures as detailed at 6.1.

6.2.2 Pre-Cool Test Fluid

Prior to testing, pre-coo
never experience parti
temperature shall be ni
procedure. The pre-coo
chamber; second, once
hereafter referred to as

6.2.3 Pre-Cooling of 1

The test facility shall be
6.2.4  Fluid Water Cor

The fluid’s refractive ind
tested dilution shall be r
6.2.5 Application of F

Approximately 1 L of flu

ing of the fluid is required to achieve target temperature during the test. H
al freezing in order to avoid possible irreversible +heological chang
aintained, at all times, at a minimum of 5 °C abaeVvevthe freezing poin
ing of the fluid generally consists of two steps: first, a long storage (minir
the fluid has been poured on the test duct floér;.a 5 minute setting perid
dle velocity, denoted Vi.

[est Facility

pre-cooled to achieve test gas and-structural thermal stability at the target
tent Measurement

bx shall be measured prior to and after each test run, and the fluid’s water
bported.

uid to Test Duct Floor

id shouldbe poured onto the test duct floor, and the fluid film shall be |

calibrated scraper, with the filmextending from Station 1 to Station 2. Excess fluid may be scraped

toward the circuit drain,

spreading the excess fluid to avoid fluid buildup at the exit of the test duct.

owever, the fluid should
bs. Consequently, fluid

during the pre-cooling
num 12 hours) in a cold
d under a wind velocity

temperature.

content change for each

pveled at 2 mm using a
downstream of Station 2

6.2.6 Fluid Settling Conditiens
The test duct and circuit shall be secured, and the fluid shall be subjected to a 5 minute settling period, with the test duct
gas velocity <5 m/s to obtain gas and fluid temperatures close to the target temperature. Temperatures of the gas and fluid
shall be within +2 °C at the end of the settling period. The duct gas flow shall not cause visually detectable motion of the
test fluid.

6.2.7 Takeoff Velocity Time History

The fluid shall be subjected to a simulated aircraft takeoff velocity time history by accelerating the test duct gas flow in
accordance with 6.2.7.2 below (also shown in Figure 4 for high speed ramp tests and in Figure 5 for low speed ramp tests).
Measurements of t, RH, Tt, Tg, (P1 - P2), and (P2 - Ps) shall be simultaneously recorded.

6.2.7.1  Startup Velocity

The startup velocity, denoted Vs, shall range from 0 to 5 m/s.
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6.2.7.2  Acceleration

a. For high speed ramp tests: From t = 0 second to t = 2 seconds * 2 seconds, wind velocity shall increase to Vs. From t
= 2 seconds * 2 seconds to t = 25 seconds + 2 seconds, wind velocity shall increase from Vs up to Vm. From t =
25 seconds * 2 seconds up to 60 seconds wind velocity shall remain constant, equal to Vm (see Figures 1 and 4).

b. Forlow speed ramp tests: From t = 0 second to t = 2 seconds * 2 seconds, wind velocity shall increase to Vs. From t =
2 seconds * 2 seconds to t = 17 seconds * 1 second, wind velocity shall increase from Vs up to Vm. From t = 17 seconds
+ 1 second up to 60 seconds wind velocity shall remain constant, equal to Vm (see Figures 2 and 5).

6.2.7.3 Maximum Velocity

a. For high speed ramp tests: Maximum wind velocity, denoted Vm, shall be equal to 65 m/s + 5 m/s.

b. For low speed ramprtests—Maxirmum-wind-veloeiy—denoted-Vm-shal-be-equat-to-35-mis+3-m/s.
6.2.7.4 BLDT Measufement

The BLDT is obtained Ry measuring the pressure differences (P1 - P2) and (P2 - P3) (sée Figure|7) at a sampling rate of
10 Hz for the duration of the test.

6.2.8 Termination of Test Run
At time t = 60 seconds, the wind velocity shall be reduced to 0 m/s as quickly as possible.
6.2.9 Residual Fluid Analysis

The fluid remaining on the test duct floor shall be tested for water:Content using refractive index comparison (compare fluid
prior to and after each tgst run).

6.2.10 Fluid Final Thickness Measurements
6.2.10.1 Typel
Final fluid thickness shdll be calculated by determining the average thickness of fluid remaining ¢n the lower plate of the
test section. The final thickness of the fluid shall not exceed 400 uym for the high speed ramp testand 600 um for the low
speed ramp test. Measurements shall be taken within 5 minutes of the end of the test at three locations along the flat plate,

as follows:

1. On the centerline, 1400 mm-+10 mm from leading edge of plate.

2. On the centerline, 7p@mim + 10 mm from leading edge of plate.

3. At 750 mm = 10 mm from leading edge of plate and 2.5 mm + 0.5 mm from the inside wall of the duct.

6.2.10.2 Types I, lll, and IV

Fluid elimination shall be calculated by determining the average thickness of fluid remaining on the lower plate of the test
section. At least 74% of the fluid shall be eliminated during the high speed ramp test and 57% during the low speed ramp
test. Measurements shall be taken within 5 minutes of the end of the test at the same location than for Type | fluids.

6.2.11 Data Processing

The measured data shall be processed as discussed in 6.4.
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6.3 Test Cautions
6.3.1 Safety Hazards
See 3.4 concerning safety hazards.

6.3.2 Frost

The formation of frost within the test duct will significantly affect the results obtained, and therefore must be prevented.

6.3.3 Variation of Water Content

Dehydration of fluids prior to and during testing may significantly affect the results obtained and shall therefore be prevented.

Consequently, all fluids shall be kept in contalners swtably capped to prevent the evaporatlon of wa
to the test plate. Measunemente F

to ASTM D1747, and th varlatlon of the water content from that measured |mmed|ately before th
index - dilution calibratign curve) shall be derived and reported.

6.3.4 Irregular BLDT Pata

The &% (t) curve for all|the dry runs shall be carefully analyzed to detect whether’or not it sho
behavior. Irregular behapior includes the following:

6.3.4.1 Increasing BLDT Data
A BLDT increasing wit
progressive roughening

time during the last 30 seconds of the run;’when the tunnel velocity
of the test section walls. This would result frem a progressive deposit of fr
6.3.4.2

Constant BLOT Data

A constant value of BLIDT with time during the last 30.seconds of a dry run for high speed ramp
40 seconds of a dry run|for low speed ramp tests, buf.significantly larger (more than 20%) than t
indicates the existence ¢f some roughening of the'test section walls by frost deposit or spurious fly
irregular behavior is nofjced, the results of the.following tests with fluids are discarded and tests
the wet runs backed by [two anomalous dryflins. In case a series of wet runs is bracketed by a n
dry run and an anomaloys (unacceptable)final dry run, the last wet runs are questionable while the
acceptable. Depending|on how the results of these specific tests match the other tests of f
temperatures, judgment]is exercised{o:decide whether or not the result can be accepted.

6.4 Data Processing

6.4.1 Test Data Desc

ter prior to being applied
be performed according
b test (using a refractive

vs evidence of irregular

is constant, indicates a
bst on test section walls.

tests, or during the last
at for all other dry runs,
id accumulation. If such
must be repeated for all
brmal (acceptable) initial
initial runs are probably
he same fluid at other

iption

6.4.1.1 Required Data

A time record of wind velocity (V), dry or fluid BLDT (6% or &%), fluid temperature (Tt) and relative humidity (RH) shall be

provided for the 60 seconds duration of the test. An example for high speed ramp tests is given
speed ramp tests, in Figure 8.

6.4.1.2 Average Data

in Figure 7 and for low

The specific results of a given test shall consist of BLDT and fluid temperature values averaged over the period at the end
of the acceleration; i.e., between the 27th and 33rd seconds of a high speed ramp test, or between the 19th and 21st

seconds of a low speed ramp test.
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6.4.2

6.4.21 Velocity

Calculation Methods

The velocity of the gas in the test duct is that at Station 2. Velocity shall be computed from the measurements of (P1 - P2)
and (S2/S1) using Equation 1.

where:

(Eq. 1)

p = gas density
S+ = area of Station
Sz = area of Station
6.42.2 BLDT
The BLDT on the test d

and (P2 - Ps), recorded &
is evaluated at Station 3

where:
¢ = duct perimeter
S2 = area of Station

S3 = area of Station

When no fluid is present
expression (Equation 2)

—_

2

ict floor, at Station 3, is evaluated from the measurément of the two press
s functions of time during all of the test runs. The average BLDT over the t
using Equation 2, obtained from the applicationof mass conservation and

=

1

c

(A -P)
(B=P)+(P,-P)

5*

ave

at Station 3
2
3

on the-bottom flat plate, all four of the test section walls are in the same dr
yields/the value of the BLDT for every single point around the perimeter:

ure differences (P1 - P2)
bst duct perimeter (5*ave)
Bernoulli equations.

(Ea. 2)

y state, and the previous

3., =0, (with nio_jluid)

(Ea. 3)

On the other hand, when the test duct floor is covered with a layer of deicing/anti-icing fluid but the top and sides are not,

the BLDT is not constant over the perimeter at Station 3. Instead, the BLDT assumes one value (8*) on the lower surface

and another value (5*4) on the dry sides and top walls. Expressing the previously determined 6*ave as a perimeter-weighted
average of 6*¢ and &%, the following relationship can be obtained:

R c-b).-

|:8ave _( c ]Sd:|

8 =

o0

(Eq. 4)
where:

b = width of the bottom flat plate
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This relationship is used to derive the BLDT over a wet surface, &, from the measurement of 5*ave carried out as explained
with fluid on the test duct lower surface, provided an expression for 5*¢ has been previously determined by a number of
“dry” runs carried out without any fluid in the test section.

More precisely, these dry runs yield the value of 3*4 and are used to determine the constant in the following empirical

formula:

where:

5, = const(

V)—I/S

\%

V = tunnel air velocity at Station 2

(Ea. 9)

v = kinematic visco

For data reduction of a fest with fluid in the test section, Equation 5 is used to evaluate, asa funcf

velocity determined by B
6.4.2.3 Temperature
Temperature data are p
6.4.2.4 Relative Hum
Relative humidity data a
6.5 Test Bias Accurag

6.5.1 General Accura

A measure of accuracy
precise temperature) ig

(approximately 0.2 mm/
shall be within £0.3 mm
6.5.2 Dry BLDT Bias

The dry BLDT value wi
2.5mm = 0.4 mm for hi

Sity of the gas

quation 1, the value of 6*q to be used in Equation 4.

oduced by calibration of the thermocouples (see 4.3.2).

dity

re produced by calibration of the wet bulb=dry bulb thermometers (see 4.3
y and Precision

LY

bf the overall procedure is provided by test duplication. Expected accuracy

about £0.1 mm. Censequently, taking into account the temperature s
C), the 8% and &% 'values from repeated (duplicate) tests performed at te

| varywith temperatures because of the variation in Reynolds Number.
gh-speed ramp tests and 2.8 mm £ 0.4 mm for low speed ramp tests. T

on of the instantaneous

5).

for 5%t values (at a given
ensitivity of the results
mperatures within £1 °C

Nonetheless, it shall be:
he nominal 2.5 mm and

can be considered as a

2.8 mm values corresp

nd“to thearetical m(lnpr‘fpd values_and the variation from those values

general bias of the facility, normally due to the initiation condition of the boundary layer.

6.5.3

Fluid BLDT Bias

Since the dry BLDT value is used in the candidate fluid’s BLDT value, the related bias on &* is 0.5 mm. This quantifies the
variations, which may occur, for a given fluid, between acceptable facilities.
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7. DEICING/ANTI-ICING FLUID ACCEPTANCE CRITERIA
7.1 Fluid Acceptance Criteria
7.1.1  High Speed Ramp Tests

The maximum acceptable 6* value as a function of temperature is established according to dry and reference results (see
6.1). The 6*20 value is used as the upper limit for BLDT values. This value is:

5;0 = 5: _0-18(5: _5;)720 (Eq. 6)

where:

8% = reference BLD —vatue-at—20-C-ebtained-by-interpelation-from-a-straightline-fithirg-ef-the, reference BLDT values

measured at 0 °C, -[l0 °C, -20 °C, and -25 °C
8*q = average of all gry BLDT values measured

NOTE: For more information on the modification of the high speed ramp acceptanceicriteria in revision D of this document,
see Appendix B

7.1.2 Low Speed Ramp Tests

The maximum acceptable 6* value as a function of temperature is established according to dry and reference results (see
6.1). The 6*20 value is used as the upper limit for BLDT values. Thisvalue is:

8, =1.125. —089(5. —35,) 4 (Eq. 8)

where:

8" = reference BLDT value at -20 °C, obtained by interpolation from a straight line fitting of thg reference BLDT values
measured at 0 °C, -[I0 °C, -20 °C, and -25C

8*q = average of all gry BLDT values measured
7.2  Fluid Acceptance [Criteria Background
7.2.1 High Speed Rap Tests

For more detailed infofndation on the correlation between this standard and the work carrieq out on both two- and
three-dimensional typicLI—bmeﬁet—hanspm—mmleirteﬁed—trdﬂmne—ﬁﬂ—bsrdne—m—ﬂw use of aircraft ground

deicing/anti-icing fluids, refer to ARP6852, Appendix A.

NOTE: For more detailed information on the modification of the high speed ramp acceptance criteria in revision D of this
document, see Appendix B.

7.2.2 Low Speed Ramp Tests

For more detailed information on the correlation between this standard and the work carried out on two-dimensional typical
small turbo-prop aircraft wing models tested to determine lift loss due to the use of aircraft ground anti-icing/deicing fluids,
refer to ARP6852, Appendix B, and Transport Canada Document TP11811E (see 2.1.3, Louchez et al.), and their attendant
bibliographies.
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7.3  Fluid Acceptance

7.3.1 Initial Testing

A deicing/anti-icing fluid is acceptable at an “averaged test temperature” if none of the independent BLDT measurements
is greater than the acceptance criteria as defined in 7.1, given that it meets the maximum thickness requirement of AMS1424
for Type | or the elimination requirement of AMS1428 for Types Il, lll, and IV. The averaged test temperature is the average
of the three lowest temperatures of the acceptable data points. The temperature ranges at which the fluid and its dilutions
are found to be acceptable shall be reported in the fluid qualification statement of the report. If a fluid specimen is found
unacceptable over a range of temperatures, such findings shall be explicitly stated in the prescribed report (see Section 9),

and the fluid manufacturer shall be informed that the fluid cannot be used in that temperature.

7.3.2 Re-Testing

If any data point fails tg
additional data points fo
shall be cause for failurg

of the fluid for that test temperature. All data points shall be reported:

7.4  Continued Acceptance of Test Fluid

With respect to this starn
standard must be recon
this standard shall be re
standard. Compliance g
and licensed fluids are i

8. TEST RESULTS

Test results shall consis|

A tabulation summa
(see Figure 10).

Data from each test

A graphic presenta
acceptance criteria

dard, a change in fluid formulation or properties constitutes’a new fluid, g
Stituted. Fluids produced under license from the manufacturer of an origing
quired to independently show compliance herewith if the licensed fluid is t
an be inferred for the licensed fluid if documentation®is provided which v
jentical.

t of the following:

A data sheet contaifing the fluid identification parameters defined in 5.2 (see Figure 9).

rizing the BLDT measurements for each fluid, with the corresponding dry-w

run (see Figure 7-fora high speed ramp test and Figure 8 for a low speed

j;on of the test\fluid, reference fluid, and dry test duct BLDT measureme

escribed(iny7.1 (see Figure 11 for a high speed ramp test and Figure 12 fo

Lowest acceptable gerodynamic temperature (LAAT) of each tested fluid dilution.

ay be based upon three

t the acceptance criteria

nd compliance with this
| fluid that complies with
endered as meeting this
hlidates that the original

all BLDT measurements

ramp test).

nts, along with the fluid
a low speed ramp test).

Statement from the aerodynamic acceptance test facility regarding acceptability of the Tl

requirements of Section 7.

water content variati

on is in excess of +2%.

uid with respect to the

Evaluation of water content variation in the test fluid during the test run; a cautionary statement shall be issued if the
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9. REPORT

The report of the test results shall contain the following:

10. NOTES

10.1 Revision Indicator

The fluid manufacturer’s identification statement, as described in 5.1.

If results from testing in accordance with this standard are to be used for SAE qualification of an aircraft deicing/anti-icing
fluid, which requires that the fluid comply with the acceptance criteria described in Section 7, the report shall include a
statement from the aerodynamic acceptance test facility that the facility meets the requirements of this standard and
has been found qualified by the Performance Review Institute, 161 Thornhill Road, Warrendale, PA 15086-7527, as
discussed in 3.3.

If results from testing in accordance with this standard are to be used for SAE qualification of an aircraft deicing/anti-icing
fluid, which requires that the fluid comply with the acceptance criteria described in Section 7, the report shall include a

statement attesting jmdependenceof theaerodymamicacceptancetest facitity fromrftuid-mmamofacturer, as discussed in
3.3.

The report shall in¢glude the fluid manufacturer's product name cross-referenced {e-the agrodynamic acceptance
facility’s reference.

The test results, as flescribed in Section 8.

A change bar (I) located|in the left margin is for the convenience of the user in locating areas wher¢ technical revisions, not
editorial changes, have [pbeen made to the previous issue of this;document. An (R) symbol to the |eft of the document title
indicates a complete reyision of the document, including technical revisions. Change bars and (R} are not used in original

publications, nor in docments that contain editorial changes only.

P, Ts Ps
302 / // Wind —» 302
102 Fluid 110 /'<
. Tf
< >
1500
~ ~
(2/ dimensions in mm @/
STATION STATIO

Figure 3 - Test duct schematic
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Figure 4 - Takeoff ground acceleration simulation for high speed ramp
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Figure 5 - Takeoff ground acceleration simulation for low speed ramp
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MO89E420
80 -
L.P.wind tunnel
i AMIL
70 7 2010-09-20 S T
- 0812 ) | V (mis)
00" | Stope: ST TESTRINDATA
/ | Test: M089E420
50 - // \ Rhava= 546 %
‘ At30sec:V= 67.0 m/s
E \ T.avg= -20.9°C
E ‘ - avg= -204°C
40 ] | 51- :;:;: 2.70 mm
] ‘ 5° = 11.50 mm
] | §* max= 16.21 mm
30 - | att= 7305séc
20 — - ‘ -T¢ (°C)
10 - /NS *(mm)
o ‘
0:\\\\\\\\\\\\\\\\\\\\\\\\\\\\\}\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
0 10 20 30 40 50 60 70
. U.QA.C.
time (seg)
QRITICAL TIME TEST DATA AVERAGED OVER ONE SECOND
time T, T; Rh PP, \' P2-P3 37
Sec °Cc °c % "H,0 m/s "H,0 mn
27 -21.4 -204 51.3 12.61 67.4 2.53 12.18
28 -21.3 -20.4 51.7 12.37 66.7 2.41 11.96
29 -21.3 220.4 51.7 12.65 67.5 2.34 11.58
30 -21.3 -20.4 52.3 12.45 66.9 2.28 11.90
31 212 -20.4 52.6 12.79 67.8 2.26 11.24
32 21.2 -20.4 52.7 12.44 66.9 2.15 11.10
33 24-2 20-4 53-9 475 659 204 443
Averages between 27 and 33 seconds:
30 -21.3 -20.4 52.2 12.47 67.0 2.28 11.50
Test Duct Dimensions :
S2 =30814.039 mm? S3 = 33213.753 mm? B3 =302.108 mm  C3 = 824.433 mm

Figure 7 - Example of data acquired during high speed ramp test run
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MOS4E145
80 -
E L.P.wind tunnel TEST RUN DATA
1  AMIL Test: M0B4E145
70 = 2010-02-17 Rhavg= 599 %
] 13:15 At20sec:V= 357 m/s
] : _'I_I'a avg = -20.6°C
60 1 | Slope: rava= -20.9°C
] * y= 280 mm
1| 1.79 mss? . Y 1078 mm
] 5 max= 1459 mm
50 - att= 8.50sec
40 -
30 -
20 -
10 -
0: T T L L L L B B B B 1
0 10 20 30 40 50 60UQAC 70
time (sec) o
CRITICAL TIME TEST DATA
time Ta Tf Rh P1'P2 Vv P2'P3 0 *
Seq °Cc °c % "H,0 m/s "H,0 mm
19 -20.9 -21.0 57.6 3.40 35.0 0.57 10.91
20 -20.8 -21)0 57.6 3.54 35.7 0.60 10.99
21 -20.9 21.0 57.7 3.67 36.4 0.57 10.33
Averapes :

20 -20.8 -21.0 57.6 3.54 35.7 0.59 10.78

Test Duct Dimensions :
S2 =30874.292 mm? S3 = 33317.997 mm? B3 =302.311mm C3 =825.043 mm?

Figure 8 - Example of data acquired during low speed ramp test run
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Manufact M f. | AMIL | R .
Company Name Product Color ant a.c are an -
Location Date Label Date
AMIL Reference Fluid Colorless | Saguenay, Quebec
lot # (Canada)
Apparent Surface pH Refractivel Index
Tension (£0.1) (= 0.00p2)
(= 0.5)

Fluid 1.°C dynes/cm T °C Valpe T °C Value

Not required

Fluid Temp 0.3 RPM 6 RPM B0 RPM
(°C) | Viscosity | Accuracy | Spindle # | Viscosity | Accuracy | Spindle # | Viscosity | Accuracy | Spindle #
20 <20 200 1 7 10 1 7.4 2 1
0 <20 206 1 14 10 1 14.0 2 1
-10 20 200 1 22 10 1 22,0 2 1
-20 40 200 1 42 10 1 42.0 2 1
-30 100 200 1 87 10 1 87.0 2 1
Fluid Temp 0.3 RPM 6 RPM 80 RPM
(°C) Viscosity | Accuracy | Spindle # | Viscosity | Aceuracy | Spindle # | Viscosity | Alccuracy | Spindle #
20 <20 200 1 4 10 1 4.0 2 1
0 <20 200 E 7 10 | 7.6 2 1
16 <20 200 ] 12 10 1 122 2 1
-20 20 200 1 21 10 1 21.2 2 1
-25 20 200 1 25 10 1 25.2 2 1
Fluid Temp 0.3 RPM 6 RPM 30 RPM
(°C) Viscosity | Accuracy | Spindle # | Viscosity | Accuracy | Spindle # | Viscosity | Accuracy | Spindle #
20 40 200 I 34 10 1 34.0 2 1
0 160 200 1 157 10 1 157.0 2 1
-10 440 200 | 435 10 1 440 10 2
-20 1400 1000 2 1390 50 2 1 400 40 3
-30 3700 1000 2 3675 50 2 3692 40 3

Figure 9 - Example of test fluid identification sheet
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TEST Ta| Tf | Rh | to® | tena@ FE3) | WCw) | Vi) o
CODE | °C | °C | % pm pm % % m/s | mm
1374A491 | -0.1 0.0 | 94.8 | 2067 68 96.7 6.94*( 67.1| 3.69
I374A490 | -0.8 | -0.4 | 89.0 |2067 76 96.3 6.29*| 66.8 | 3.75
I374A489 | -0.9 | -0.5| 88.2 |2067 58 97.2 6.29*| 66.8 | 3.75
I374E501 |-20.9 |-20.4 | 51.9 |2000 152 924 0.16 67.5| 6.17
I374E502 |-20.9 |-20.9 | 53.7 |1867 152 91.9 0.16 66.9 | 6.15
I374E503 |-20.7 |-21.0 | 56.7 |1867 152 91.9 0.16 67.1| 6.16
I374H505 |-33.5 |-32.0 | 434 |1867 211 88.7 0.16 67.6 | 9.06
I374H507 |-34.0 |-32.4 | 42.7 |1800 229 87.3 -0.65 66.9 | 9.16
374504 T=34-+ =325 T41+9 1933 236 878 6-66 66917913
1374H506 |-34.3 |-32.8 | 42.5 |1800 211 88.3 -210%| 67.1\N9P9
*caufion : value outside the £ 2% range )J
Acg¢eptance Criteria :
Do 7 8.89 mm D10 = 9.37 mm D.1s = 9.6‘gﬂan.zo =9.85 mm
1. Thickness of the fluid measured at the beginning of the test
2. T"lipkne_ss_ of “ghe fluid measured at the end of the test V;‘\
3. Fluid Elimination
4. Water Change
5. Alr velocity 30 seconds after the beginning of the test l:)'
O *
TEsTcODE | Ta(°C) | T§(°C) | RhY%) | V (m/s)" %y tiz)
DRY_A450 0.2 1.9} 4 92.8 65.7 2.7
DRY_A452 0.7 Og_ 95.8 65.7 2.74
DRY_A453 -01 0- 89.6 65.6 2.74
DRY_A451 -0.7 J 0.3 79.0 66.0 2.74
DRY_C454 -10.6. - -8.3 77.5 65.8 272
DRY_C455 -10.3° -8.4 63.0 65.6 2.72
DRY_C456 -10.4 -9.0 64.2 65.6 2.73
DRY_D458 -15.4 -13.9 61.4 65.6 2.72
DRY_D459 -15.4 -14.0 62.3 65.8 2.72
)RY=D4'§V -16.4 -14.5 73.4 65.7 2.72
)E;Y\‘E465 -19.7 -18.5 55.4 65.3 2.74
DRY E464 -19.9 -18.6 55.0 65.2 2.75
DRY _E463 -20.8 -19.1 60.9 65.8 2.76
DRY_F461 -25.6 -23.7 58.4 64.7 2.74
DRY_F462 -25.9 -24.0 56.3 64.4 2.75
DRY_F460 -26.1 -24.8 66.9 65.6 2.68
DRY_H468 -33.5 -31.6 59.2 65.4 2.70
DRY_H466 -34.0 -32.6 50.5 66.0 2.67
DRY_H467 -34.0 -32.7 50.1 65.7 2.65

1. Air velocity 30 seconds after the beginning of the test

Figure 10 - Example of test data summary
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