SAE AMSx1428A 9 EE 7943725 0549167 AT7? M

Q M ™ The Engineering Society
P [ eaneina Wbty AEROSPACE [*¥

INTERNATIONAL

AMS 1428A

400 Commonwealth Drive, Warrendale, PA 15096-0001 MATE R IAL lssued JAN 1993

SPECIFICATION |Revised OCT 1996

Submitted for recognition as an American National Standard Superseding AMS 1428

(R) FLUID, AIRCRAFT DEICING/ANTI-ICING, NON-NEWTONIAN,
(PSEUDOPLASTIC), SAE TYPES 11, lll, AND IV

1. SCOPE:

1.1 Form:

This specification covers three types of deicing/anti-icing material, each(in the form of a non-
Newtonian flyid.

1.1.1 Classification: Deicing/anti-icing fluids covered by this specification are classified ds follows:

TABLE 1
Fldid Anti-icing Aerodynamic Color
SiE Performance Performance Applicable if
Type Use Table 2 (3.2.4) Use Annex Requested
Type Il ! B Water white/pale straw
Type il 11l C To be determined
Type IV v B Emerald green

Consult air¢raft manufacturers Maintenance Manual and Service letters to determipe any

restrictions|relating to the use of deicing/anti-icing fluids for the type and model of aircraft being
treated. Sge also ARP4737 (ISO 11076).

1.1.2 Fluids defirjed asinon-Newtonian exhibit different apparent viscosity values when tested at the

same temperature, using the same viscometer and spindle in a predetermined volume, when
the only va indle. 1ypically such fluids exnibit reduced

apparent viscosity values as the spindle speed is increased. This shall be demonstrable at the
temperatures listed in 3.2.3.1.1.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The

use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringsment arising therefrom, is the
sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written
comments and suggestions.

Copyright 1996 Society of Automotive Enginears, Inc.
All rights reserved. Printed in U.S.A.
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1.1.3 Fluids described as pseudoptlastic shall have the capability to change their rate of flow with a
change in shear stress, and revert to original flow behavior when the shear stress is removed.

1.2

1.3

1.3.1

1.3.2

1.3.3

1.34

1.3.5

1.4

Application:
These fluids may be used as follows:

Cold and undiluted for anti-icing
Heated and undiluted for deicing/anti-icing as a one step process

Diluted w4 ahd or-deicinglanti-icingasa

Diluted with water and heated as the deicing stage in a two-step process, usual
the cold fand undiluted fluid as step two

Precautipns:

The lowest operational use temperature for SAE Type I, Iil, and IV fluids shal

y when used with

) be determined

for the|concentrate and for each dilution and is the lowest temperature at whigh the fluid has

been tested and certified as acceptable in accordance with'the appropriate a
accepfance test (3.2.5) while still maintaining the 7 C(13 F) degree freeze po
buffer {[see ARP4737 [ISO 110786)).

The dgicing/anti-icing formulations may be mildly toxic and contact with huma
should be avoided. Prolonged exposure to concentrations of vapor or windbo
be avgided. Consult manufacturer's Material Safety Data Sheet for further inf

Caution should be exercised in the.use of glycol-water deicing/anti-icing soluti
aircraf electrical/electronic circuitry-with noble metal coated wiring or terminal
make ¢ontact with the fluid. Exothermic reactions, which may result in fire hay

rodynamic
nt temperature

n skin and eyes
rne mists should
brmation.

bns in and around
5 which could
re been reported.

This may occur where defectively insulated wires, switches, or circuit breakers carrying direct

current are encountered; Fluids based on glycols, shall contain an inhibitor to
potentfal fire hazard.

Fluids meeting this-specification are unique to each manufacturer and may be|
affectgd by mixing with other aircraft deicing/anti-icing fluids.

Airport| authorities should ascertain the friction coefficient of the runway follow

minimize this

adversely

ng contamination

with deicing/anti-icing fluid

Safety - Hazardous Materials:

While the materials, methods, applications, and processes described or referenced in this
specification may involve the use of hazardous materials, this specification does not address the
hazards which may be involved in such use. It is the sole responsibility of the user to ensure

familiarity with the safe and proper use of any hazardous materials and process

es and to take

necessary precautionary measures to ensure the healith and safety of all personnel involved.

2.
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2.1

2.2

APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue

in effect on the

SAE Publicat

date of the purchase order.

ions:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2470
AMS 2475
AMS 2825
AMS 4037
AMS 4041
AMS 4049
AMS 4376
AMS 4911
MAM 4911
AMS 4916
AMS 5045
ARP4737

ASTM Public

Available fror

ASTM C 672
ASTM D 93

ASTM D 891
ASTM D 117
ASTMD 119
ASTM D 133
ASTMD 156
ASTMD 174
ASTM D 219

ASTM D 3278
ASTM D 4052
ASTM D 4177

ASTM E 70
ASTM F 483

A
P
Material Safety Data Sheets

AJuminum Alloy Sheet and Plate, 4.4Cu-1.5Mg-0.60Mn (2024-T3 Flat Sheet, T351

P
A
1

A
T
M
A
T
T

nodic Treatment of Aluminum Alloys, Chromic Acid Process
rotective Treatments, Magnesium Alloys

ate), Solution Heat Treated

1/2% Alclad 2024-T3 Flat Sheet; 1-1/2% Alclad 2024-T351 Plate)
uminum Alloy Sheet and Plate, Alclad, 5.6Zn - 2,6Mg-1.6Cu-0.23Cr, (
5 Sheet, T651 Plate), Solution and Precipitation Heat Treated

hnealed

tanium Alloy Sheet, Strip, and Plate, 6A1-4V, Annealed

tanium Alloy Sheet, Strip, and Plate, 6A1-4V, Annealed, Metric
tanium Alloy Sheet, Strip, and Plate, 8A1-1Mo-1V, Duplex Annealed

Steel Sheet and Strip, 0.25 Carbon, Maximum, Hard Temper.

Ajrcraft Deicing/Anti-icing Methods with Fluids for Large Transport Aircraft

ations:
h ASTM, 100 BarmHarbor Drive, West Conshohocken, PA 19428-2959
Flash-Point by Pensky-Martens Closed Tester

Speécific Gravity of Liquid Industrial Chemicals
f ~Freezing Point of Aqueous Engine Coolant Solution

agnesium Alloy Plate, 3.0Al-1.0Zn-0.20Mn, (AZ318-H26), Cold Rolled 3

Scaling.Resistance of Concrete Surfaces Exposed to De-icing Chem

uminum Alloy Sheet and Plate, (Alclad, 4.4Cu-1.5Mg-0.60Mn Alclad 2024 and

clad 7075-

nd Partially

jcals

.B_B_eag.enf Water
1
8
7
6

Sampling and Chemical Analysis of Alkylbenzene Sulfonates
Refractive Index of Viscous Materials

by Rotational (Brookfield) Viscometer

Flash Point of Liquids by Setaflash Closed Cup Apparatus

Density and Relative Density of Liquids by Digital Density Meter
Automatic Sampling of Petroleum and Petroleum Products

pH of Aqueous Solution with the Glass Electrode

Total Immersion Corrosion Test for Aircraft Maintenance Chemicals

Surface and Interfacial Tension of Solutions of Surface-Active Agents

Viscosity Measurements and Rheological Properties of Non-Newtonian Materials

-3-
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2.2 (Continued):

ASTM F 484  Stress Crazing of Acrylic Plastics in Contact with Liquid or Semi-Liquid
Compounds

ASTM F 485 Effects of Cleaners on Unpainted Aircraft Surfaces.

ASTM F 502 Effects of Cleaning and Chemical Maintenance Materials on Painted Aircraft
Surfaces

ASTMF 519 Mechanical Hydrogen Embrittlement Testing of Plating Processes and Aircraft
Maintenance Chemicals

ASTMF 8 Stress-Corrosion-of Titanium-Alloys by Aircraft Engine-Cleaning-Materials

ASTM F[1105 Preparing Aircraft Cleaning Compounds, Liquid Type, SolventBased for Storage

Stability Testing

ASTM F[1110 Sandwich Corrosion Test

ASTM F[1111 Corrosion of Low Embrittling Cadmium Plate by Aircraft Maintenpnce Chemicals

2.3 U.S. Goyernment Publications:

Availablg from DODSSP, Subscription Services Desk, Building 4D, 700 Robbing Avenue,
Philadelpghia, PA 19111-5094.

MIL-P-28690 Plastic, Sheets and Parts, Modified Acrylic Base, Monolithic, Cra¢k Propagation
Resistant
MIL-P-83310 Plastic Sheet, Polycarbonate Transparent

2.4 APHA Publications:

Availablg from American Public Health Association, 1015 Eighteenth Street, NW, Washington,
DC 20036.

Standard Methods for the Examination of Water and Waste Water.
2.5 OECD Publications:

Availablg from Organization for Economic Co-operation and Development, 2 Rup Andre Pascal,
Cedex 1

OECD

3. TECHNICAL REQUIREMENTS:
3.1 Material:
The composition of the fluid shall be optional with the manufacturer and shall be based on freeze

point depressants with additives, such that the finished product shall meet requirements of this
specification.

-4-
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3.1.1

3.1.3

3.1.3.1

3.1.3.2

3.1.3.3

3.1.34

3.1.4

3.2 Physical Proy

The fluid shall

Toxicity: The user shall ensure the fluid meets all local, State, and/or Federal toxicity
regulations. The information to satisfy the Federal, State, and Provincial requirements shall be
provided by the manufacturer, and for local requirements, upon request, from the user.

Appearance: Fluid, as received by purchaser, shall be homogeneous, uniform in color, and free
from skins, lumps, and from foreign materials detrimental to usage of the product. If fluid is
colored, it shall not be orange or blue-green.

Environmental Informatlon Formulated f|UId shall be tested in accordance with APHA

"Standard
provide res

Biological
incubated

Total Oxy
kilograms

Biodegrag
and TOD,
TODorC

Aquatic T
797.1300
Cooperati
using test
include: f
highest cq

stated in filligrams per liter.

Trace Cont
weight, of 5
and mercur

its of for not less than the followmg

Oxygen Demand (BOD) of fluid shall be determined. The test sofution
at 20 °C (68 °F) for 5, 15, 20, or 28 days dependent upon the. method ¢

ien Demand (TOD) or Chemical Oxygen Demand (COD) of the fluid, e
of oxygen per kilogram of fluid.

ability: This characteristic can be approximated by determining the rati
or COD. The percent of fluid biodegraded carrbe calculated by dividin
0D, and shall be reported for all incubationitime periods.

pxicity: Formulated fluids shall be tested in accordance with EPA (40 C
and 794.14, revised July 1st., 1989,-or OECD (Organization for Econor
on and Development Guidelines for Testing of Chemicals), methods 20
species required by regulatory agencies for permitted discharges. Ex

athead minnows, daphnia-magna and rainbow trout. The LC50 conce
ncentration at which 50%of the organisms do not survive the test periq

ulfur, halogens, phosphate, nitrate, and heavy metals (lead, chromium,
v). Reportthe test method used and detection limits.

erties:

aeturer shall

shall be
hosen.

Kpressed in

o of BOD
g BOD by

FR

hic

2 and 203
mples
ration, (the
bd) shall be

hminants: Reportithe presence, in percentages by weight or parts per million by

cadmium,

Leanform to tha followina reauirements: teste cshall he nerdormed-inacg
corloHh-{o-theJonowing-requiremenis—iesis-shalbeperHormeain

ordance with

the specified test methods.

3.21

3.2.11

Fluid As Received in Undiluted Form: Shall be as follows.

Flash Point: Shall be not lower than 100 °C (212 °F) determined in accordance with ASTM D
93 or ASTM D 3278. In case of dispute, flash point determined in accordance with ASTM D
93 shall apply.

3.2.1.2 Specific Gravity: Shall be within £0.015 units of the preproduction value, determined in
accordance with ASTM D 891, Method C, or ASTM D 4052.

Distributed under license from the IHS Archive
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3.2.1.3 pH: Shall be within +0.5 units of the preproduction value, determined in accordance with
ASTME 70.

3.2.1.4 Refractive Index: Shall be within £0.0015 units of the preproduction value, determined in
accordance with ASTM D 1747.

3.2.1.5 Surface Tension: Shall be within £10% of the preproduction value at 20 °C (68 °F),
determined in accordance with ASTM D 1331.

3.2.2 Fluid Stabitity:

3.2.2.1 Thermal Stability - Accelerated Aging: Prior to aging, the sample shall be vispally examined
to determine freedom from insoluble deposits. Determine the pH in accordarjce with
ASTM E 70. Determine the viscosity at 0 °C (32 °F), in accordance with 3.2.3.1.2. Determine
the Regfractive Index, in accordance with ASTM D 1747.

3.2.2.1.1 Trarsfer a minimum of 800 mL + 10 of fluid to glass jar(s) filling each jar to (80 + 5% total
volume, fitted with a well closed screw cap(s), with polyethylene seal(s). Transfer the
closgd jar(s) containing the samples of fluid to a cireulating air oven or heatpd water bath
and |elevate the temperature to 70 °C £ 2 (158 °F.¥’4) and maintain the samples in this
environment for 30 days.

3.2.2.1.2 Aftef 30 days, remove the jar(s) containing the fluid samples from the heatad environment
and [examine the contents for evidence'of separation, precipitation, or insolyible deposits.
Repprt any evidence of these factors. Allow the sample to cool to 20 °C + 2 (68 °F £ 4).
Inveft the container through four'complete cycles, remove the lid and retesf for Refractive
Index as in 3.2.2.1 and record the result. If the Refractive Index has been ifcreased by
more than 0.0030, the test is invalid, as water has been allowed to evaporate during the
test/if Refractive Index is\within the limits, retest for viscosity at 0 °C (32 °F) as in 3.2.3.1.2,
and pH (3.2.1.3) and.record the results. Compare results to those recorded before aging
and the viscosity shall neither be reduced by more than 20%, nor be increaged by more
than 10% from those readings. The pH of the aged fluid, determined as in B.2.1.3, shall be
with|n £0.5 units of the unaged sample.

3.2.2.2 Expogure to.Dry Air - Stability: The fluid, after exposure to a dry air environment which
results ima weight reduction of 20% + 1, shall have a viscosity not exceeding(500 mPa.s,
when measured using the Brookiield viscometer, or equivalent, fitted with the #1 cylindrical
spindle, and guardleg, at 3.0 RPM, with sample at 20 °C (68 °F).

-6-
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3.2.2.3

3.224

3.22.5

3.2.2.5.

3.2.2.6

3.2.2.6.

3.2.2.6.

3.2.3

Thin Film, Thermal Stability: The fluid shall be applied to an unpainted aluminum or
aluminum alloy test panel, approximately 152.5 x 50 mm (6 x 2 inches) with a film thickness of
0.25 mm + 0.025 (0.01 inch + 0.001). The panel shall be placed, inclined at an angle of 20
degrees, in an oven maintained at 100 °C £ 2 (212 °F £ 4 ). After 30 minutes £ 1, remove the
panel, aliow it to cool to ambient temperature, and inspect. Any fluid or residue remaining on
the panel shall be readily removed by rinsing for 60 seconds + 10 with running tap water at
ambient temperature, followed by a rinse in water conforming to ASTM D 1193 Type IV

applied from a squeeze bottle for 15 seconds + 5, allow to air dry and report any evidence of
visible residue.

Storage Stability: Prior to the start of this test, the viscosity shall be determinéd Jl 20 °C
(68 °F), in|accordance with 3.2.3.1.2. The fluid shall be tested in accordancelwith
ASTM F 1[105. On completion of the test, the fluid shall be retested for viscosity as before
and the rgsuit compared to the original values. These results shall not'vary by more than

+10% or -20%.

Shear Stability: The anti-icing performance tests as in 3.2.4 shall be started withip two hours
after the groduct has been sheared using the laboratory method as in 3.2.2.5.1.

1 Pour 50p mL =+ 5 at 20 °C £+ 1 (68 °F + 2) into a straight-sided glass vessel, 85 mm £ 5
diameter, and position a Brookfield counter rotating-mixer, or equivalent, so the|bottom of
the blade is 25 mm x 2 trom the bottom of the wessel and mix for 5 minutes = 10 seconds at
3500 RPM £ 100 (calibrated in water prior to-each test).

Hard Watgr Stability: The fluid, diluted 1:1-with standard hard water made up as in 3.2.2.6.1
and aged|as in 3.2.2.6.2, shall show.no"évidence of insoluble deposit, and the pH shall not
vary by mpre than 0.5 units from(@ fresh unaged sample. A sample of the fluid, [after hard
water stability testing, shall be tested in accordance with 3.2.4 and reported.

1 Compogition of Hard Water: Dissolve 400 mg + 5 calcium acetate dihydrate
(Ca[C.H30;)..2H,0), and 280 mg * 5 magnesium sulfate heptahydrate (MgS0O4.7H,0), both
of analytical reagent-quality, in 1 liter of ASTM D 1193, Type IV, water.

2 Place 2400 mL £ 30 of the diluted fluid split 800 mL + 10 1 L containers with a polyethylene
lined screw\caps. Place containers in an oven or waterbath and raise the temperature to
95 °C H1(203 °F + 2). Allow the samples to remain in this elevated temperature
environment for 30 days, remove, and allow to cool to 20 °C £ 1 (68 °F + 2), and inspect as
in 3.2.2.6. From these samples sufficient fluid will be retained to test as in 3.2.4 (WSET)
using one set of three plates.

Rheological Properties: The special rheological properties defined in 3.2.3.1 and 3.2.3.1.1
relate to thickened fluids which are classed as non-Newtonian, pseudoplastic as defined in
1.1.1 and 1.1.2 and are specified to ensure the flow of the film when a minimum of shear stress
is induced. The exposure of a film of the applied fluid to different environmental factors shall
not impair this performance, either by buildup of film thickness due to consecutive applications,
or by forming a gel. Fluids of all types shall be tested as in 3.2.3.1.1.

-7-
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3.2.3.1

Viscosity: The fluid shall exhibit non-Newtonian flow behavior over the temperature range at

which the fluid has been tested and certified as acceptable in accordance with the
Aerodynamic Acceptance test (3.2.5). The viscosity of the fluid at the lowest operational use
temperature obtained from 3.2.5, determined as in 3.2.3.1.2 shall be reported.

3.2.3.1.1

The viscosity of any fluid as supplied, undiluted, shall fall within the limits of the minimum

viscosity meeting WSET (3.2.4) to the maximum viscosity meeting Aerodynamic
Performance (3.2.5) measured in accordance with 3.2.3.1.2 using a sample of sufficient
quantity to accommodate the selected spindle and guardleg, contained in a 600 mL beaker,

as
siz
For
use

Vis
san]
gua
spe
The

3.23.1.2

3.2.4 Anti-icin
asin 3.]
beyond
and 50:
detaileq
two suc

rdleg and appropriate spindle for the speed selected. Values shall be t

, shall be reported, and the results of both methods of determination sh
uality control purposes, the manufacturer shall specify the typical visc
can expect to obtain from fluid being delivered for use.

osity shall be measured in accordance with ASTM D 2196, Method B, {
ple shall not be shaken, using a Brookfield LV viscometer, or equivaler

bds of 0.3, 6, and 30 rpm, at +20, 0, -10, -20, and=30 °C (68, 32, 14, -4
report shall clearly state the size and type of spindle used.

g Performance: When tested in accordance with Annex A the undilute
P 2.5.1 shall form a film which will protect'against the formation of froze
the 25 mm line as detailed in Table 2. Similarly, the fluid when diluted
50 with water conforming to 3.2.2.6.1 and sheared as in 3.2.2.5.1, shal
in Table 2. Confirmation shall be obtained from six panels, three pang
cessive test runs.

TABLE 2 --Minimum Anti-Icing Performance

nd container
all be reported.
Dsity range a

pxcept the

t, fitted with the
bken at spindle
, and -23 °F).

fluid, sheared
deposits

to ratios of 75:25
protect as

Is from each of

Fluid - SAE Type WSET HHET
& Dilution Time - Minutes Time - Hours
Il 100:00 30 4
75:25 20 2
50:50 5 0.5
i 100:00 20 2
75:25 Determine and report  Determine and report
IV 100:00 80 8
75:25 20 2
50:50 5 0.5

In addition to the above the undiluted and sheared fluid shall be subject to a single (three
treated plates) test run with the water spray adjusted to yield an ice catch measured on the
three untreated plates of 20 gm/dmzlh, the time for the ice front, or formation of siush, on the

treated

plates to reach the 25 mm line shall be reported.

-8-
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3.2.5 Aerodynamic Acceptance: If after shearing in accordance with 3.2.2.5.1 the apparent viscosity
increases by more than 15% when tested in accordance with 3.2.3.1.2 at 0 °C (32 °F) at spindle
speeds of 0.3, 6, and 30 rpm, the fluid shall be sheared prior to testing, if the apparent viscosity
is unchanged, or decreases the fluid shall be tested in the unsheared state. Test in accordance
with Annex B or C, as applicable. Fluid and its dilutions shall be tested at temperatures ranging
from 0 °C (32 °F) down to the lowest temperature requested by the fluid manufacturer, in

approximately 10 C (18 F) degree intervals. For each fluid or dilution, 2 minimum of three tests
shall be performed at each temperature.

3.3 Fluid Tested

Shall be as fdllows, determined on the fluid as received and on a solution made up of
concentrated fluid diluted 1:1 with ASTM D 1193, Type IV, water.

3.3.1 Freezing Pgint: Shall be not higher than -32 °C (-26 °F) for the fluid.inthe as supplied,
concentratd form. When diluted at a ratio of 1:1 by weight with ASTM D 1193, Type IV water,

the freeze point shall be not higher than -10 °C (+14 °F), determined in accordancg with
ASTM D 11[77.

3.3.2 Effect on Aircraft Materials:

3.3.2.1 Sandwich Corrosion: Specimens, after testing shall not show corrosion worse than control,

when control panels are run using water conforming to ASTM D 1193 Type [V, détermined in
accordan¢e with ASTM F 1110.

3.3.2.2 Total Immersion Corrosion: The fluid, tested in accordance with ASTM F 483, shall neither
show evidence of corrosion of panels-nor cause a weight change of any test pangl greater
than shown in Table 3.

TABLE 3 - Total Immersion Corrosion

Weight Change
Test Panel mg/cm* per 24| Hours
AMS 4037 Aluminum-Alloy, anodized as in AMS 2470 0.3
AMS 4041 Aluminum Alloy 0.3
AMS 4049 Alyminum Alloy 0.3
AMS 4376 y, dichromate treated as in AMS 2475 02
AMS 4911 or MAM 4911 Titanium Alloy 0.1
AMS 5045 Carbon Steel 0.8

3.3.2.3 Low-Embritting Cadmium Plate: Test panels, coated with low embrittling cadmium plate,
shall not show a weight change greater than 0.3 mg/cm? per 24 hours, determined in
accordance with ASTM F 1111,

3.3.2.4 Stress-Corrosion Resistance: The fluid shall not cause cracks in AMS 4911 or MAM 4911,
and AMS 4916 titanium specimens tested in accordance with ASTM F 945, Method A.

-9-
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3.3.2.5 Hydrogen Embrittlement: The fluid shall be non-embrittling determined in accordance with

ASTM F 519, Types 1.1, 2.1, or 3.1.

3.3.2.6 Effect on Transparent Plastics: Fluid, heated to 65 °C £ 2 (149 °F + 5) shall

not craze, stain,

or discolor MIL-P-25690, Type C, acrylic plastic, determined in accordance with ASTM F 484.

3.3.2.6.1 Similarly fluid shall not craze, stain, nor discolor MIL-P-83310 polycarbonat

determined in accordance with procedures in ASTM F 484 except the speci

e plastic,
imens shall be

stressed for 30 minutes * 1 to an outer fiber stress level of 13.8 MPa (2.0 ksi).

3.3.3 Effect on Painted Surfaces: Fluid, heated to 65 °C + 2 (149 °F + 4) and applied to a painted
surface|having an initial surface temperature of 22 °C £ 2 (72 °F £ 4), shall.not|produce any
streakirlg, discoloration, or blistering of the paint film, and shall not decrease paint film hardness
by morg than two pencil hardness numbers, determined in accordance with A§TM F 502.

3.3.4 Effect on Unpainted Surfaces: Fluid, tested in accordance with ASTM F 485, ghall neither

producg streaking nor leave any stains, which require polishing to remove.
3.3.5 Pavemeént Compatibility:

3.3.5.1 Runway Concrete Scaling Resistance: The condition of the runway concrete
have a rating not greater than 1 for 50 freeze --thaw cycles, determined in ac

surface shall
cordance with

ASTM C 672, except that the concrete shall-be air-entrained with an air contgnt as in

ASTM C 672, have a minimum cement content of 302 kg/m® + 4.5 (510 Ib/yd
slumg, 38 mm + 13 (1.5 inches + 0.5);

A 25 ¥ 1% by volume solution.of-the deicing/anti-icing fluid made from the as
(concentrate) fluid, shall be prepared using tap water, shall be substituted for

t10)and a

supplied
the specified

calcium chloride. Performing more than one freeze/thaw cycle per day is acdeptable.

4. QUALITY ASSURANCE PROVISIONS:

be responsible

name or code number and Iot number and manufactunng site address Purchaser reserves the
right to sample and to perform any confirmatory testing deemed necessary to ensure that the

fluid conforms to the requirements of this specification.
4.2 Classification of Tests:

4.2.1 Lot Acceptance Tests: pH (3.2.1.3), refractive index (3.2.1.4), and viscosity at

20 and -20 °C

(68 and -4 °F) (3.2.3.1.2) are acceptance tests and shall be performed on each lot. Any

Certificate of Analysis for a production lot shall contain these data.
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422

4.2.3

4.2.3.

4.3

4.3.1

43.2

4.3.3

4.4

4.4.1

442

Periodic Tests: Anti-icing performance (3.2.4), and aerodynamic performance (3.2.5) are
periodic tests, and shall be performed at least every two years as a minimum. Aerodynamic
performance (3.2.5) shall be performed by an AIA/AECMA approved and autonomous test
facility. Anti-icing performance (3.2.4) shall be performed by a user approved, and if possible,
autonomous facility.

Preproduction Tests: Tests for all technical requirements are preproduction tests and shall be
performed prior to or on the initial shipment of the fluid to a purchaser (except for Storage
Stability 3.2.2.4 which may be waived by the purchaser, to permit entry of a new product) and
when a cha i i i i i im4.4.2, and
when purchaser deems confirmatory testing to be required.

1 For directU.S. Military procurement, substantiating test data and, when réquested,
preproduction fluid shall be submitted to the cognizant agency as directed by the procuring
activity, cgntracting officer, or request for procurement.

Sampling and Testing:
Shall be in acordance with 4.3.1 or 4.3.2, as applicable. A lot shall be all fluid produged in one
continuous manufacturing process using materials from the'same batches of raw maierials and
presented for|vendors inspection at one time. Sufficientfluid from a single production lot shall be
taken to perfgrm all required tests.
Bulk Shipments: ASTM D 4177
Drum Shipments: ASTM D 1568

When a stalistical sampling plan has-been agreed upon by purchaser and vendor, sampling
shall be in dccordance with such'plan in lieu of sampling as in 4.3.1 or 4.3.2 and the report of
4.5 shall stdte such plan was used.

Approval:

Sample fluigd shall be approved by purchaser before fluid for production use is supglied, uniess
such approyal bé:waived by purchaser. Resuits of tests on production fluid shall be essentially
equivalent tlo those on the approved sample.

Vendor shall use ingredients, manufacturing processes, and methods of inspection for
production fluid which are essentially the same as those used to produce the fluid which is
presented for qualification to this specification. If necessary to make any change in ingredient
or manufacturing process, vendor shall submit such fluid for reapproval. Production fluid made

by the revised procedure shall not be shipped to purchaser unti full testing and approval has
been received.
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4.4.3 Whenever a fluid is to be produced at multiple locations, or by a licensee or subcontractor, all
testing shall be required on fluid produced at the new site, prior to initial shipment, as if the fluid
were being initially qualified, unless the production method, materials, and handling are the
same as the originally qualified vendor's production materials and methods. In any case, the
fluid so produced shall initially be confirmed by the aerodynamic acceptance test (3.2.5), and by
a single test run of three panels under WSET (3.2.4).

45 Reports:

451 Prepro
shipm

require
indepe

determ

4.5.1.1

451.2

produc

nt a report showing the results of tests to determine conformance to all

ents of this specification. These tests shall be performed by approve
dent testing facilities (see 4.2.2). The aerodynamic acceptance'test {3
ne and report the following properties from the sample of fluid-submitte

ore the initial
the technical
4 and/or
cility shall

d for testing.

furer's product

acturer's data.

ial safety data sheet conforming to AMS 2825, or equivalent, shall be $upplied to each

uction test be waived by purchaser, concurrent with the first shipment
ion use. Each request for modification of the fluid formulation or chang

if the
pf fluid for
e in the

reportaple status of any of-the raw materials used shall be accompanied by a tevised material

data sh

4.6 Resampling and Retesting:

If any sa
fluid may

eet for the proposed formulation.

mpledsed in the above tests fails to meet the specified requirements, d

isposition of the

be'based on the results of testing three additional samples for each or

nonconf

ginal

irements shall be

cause for rejection of the fluid represented. Results of all tests shall be reported.

5. PREPARATION FOR DELIVERY:

5.1

5.1.1

Packaging and ldentification:

delivered in bulk.

51.11

under the basic approval provided lot identification is maintained.

The fluid shall be packaged in containers of a size and type acceptable to purchaser or shall be

A production lot of fluid may be packaged in several or various containers and be delivered

-12-
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5.1.2 Except for bulk, each container shall be legibly marked with not less than the manufacturers
identification, iot number, quantity, AMS 1428A, and, if requested, purchase order number.

5.1.2.1 Labeling requirements shall meet Federal, State, and local laws. In the U.S.A,, there are
several states whose Right to Know Regulations relate to labeling. Fluid manufactured or used
in those states is subject to those regulations.

5.1.3 Containers of fluid shall be prepared for shipment in accordance with commercial practice and in
compliance with applicable rules and regulations pertaining to the handling, packaging, labeling,
and safe transportation of the fluid to ensure carrier acceptance and safe delivery.

5.1.4 Fordirect U.§. Military procurement, fluid shall be packaged, such that it is adequately protected
from deterioration or physical damage during shipment from the source of supply'to the
procurement activity, or its designated receiving point, and (except for bulk)-for a minimum
storage periofd of 30 days fro the date of delivery (or a period defined by the purchasgr) unless
otherwise desgignated in the contract or purchase order (see also 9.2):

6. ACKNOWLEDGMENT:

A vendor shall mention this specification number in all quotations and when acknowledglng purchase
orders.

7. REJECTIONS:

Fluid not conforming to this specification, or to modifications approved by purchaser, shall be subject
to rejection.

8. SIMILAR SPECIFICATIONS:

ISO 11078 - 199p Aerospace-Aircraft Deicing/Anti-icing non-Newtonian fluids, 1SO Typ
9. NOTES:

A%

9.1 The (R) symbctis for the convenience of the user in locating areas where technical reyisions, not
editorial changes, have beenh made to the previous issue of this specification. If the symbol is
next to the specification title, it indicates a complete revision of the specification.

9.2 For direct U.S.|Militaty procurement, purchase documents should specify not less than the
following:

Title, number, and date of this specification

Base material required or limitations (if applicable)
Size and type of containers desired

Quantity of fluid desired

Packaging requirements (See 5.1.4).

9.3 Fluid meeting the requirements of this specification has been classified under Federal Supply
Classification (FSC) 6850.

PREPARED UNDER THE JURISDICTION OF COMMITTEE G-12
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ANNEX A

ENVIRONMENTAL CHAMBER FOR ANTI-ICING PERFORMANCE TESTS
UNDER CONTROLLED CONDITIONS ON AIRCRAFT
DEICING/ANTI-ICING FLUID

A.1 SCOPE:
A1

h a test method is
to determine the anti-icing endurance under controlled laboratory conditions pf SAE Type |,

A.1.2 This test may involve the use of hazardous materials, operations and equipment. This Annex
does hot purport to address all of the safety problems associated with its usg. It is the
responsibility of the user to establish appropriate safetyand health practices|and determine the
appligability of regulatory limitations prior to use.

A.1.3 The vpalues stated in Sl units are to be regarded as'the standard.

A.2 REFERENCED DOCUMENTS:

A.2.1 SAE Publications:

Available from SAE, 400 Commohwealth Drive, Warrendale, PA 15096-0001|.

AMS #1037 Aluminum Alley Sheet and Plate, 4.4 Cu - 1.5 Mg - 0.6 Mn, (2024-T3 Flat Sheet,
-T351 Plate) Solution Heat Treated

A.2.2 ASTNMN Pubilications:
Available from\ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM D'$193 Reagent Water

A.2.3 ISO Publication:

Available from International Organization for Standardization, Case Postal 56, Rue de
Varembe, CH-1211, Switzerland.

ISO 9002-1987 Quality Systems Model for Quality Assurance in Production and Installation
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A.3 SUMMARY OF TEST:

A.3.1

A3.2

A3.3

A.4 EQUIPMENT AND TEST PARAMETERS

A4

This test describes how to determine the laboratory anti-icing performance of SAE Type |,

Type Il, Type Il and Type IV fluids. The test fluids to be evaluated are applied to a test plate
exposed to two types of freezing conditions, and their anti-icing performance is evaluated by
measuring the minimum exposure time betore a specified degree of freezing occurs. A general
description of the two types of anti-icing tests referred to in this Annex is as follows.

Water Spray Endurance Test:

This test invglves pouring the unchilled fluid onto an inclined test plate at -5 °C = 0(5{and
applying a cqoled water spray in air at -5 °C + 0.5. The water spray endurance’is te¢orded as
the time for ice formation to reach the first 25 mm mark at the top of the testplate under these
conditions, when water spray intensity corresponds to 5 g/dm? per hour + 8:2. This is
equivalent to an average precipitation rate of 0.5 mm per hour. ltis a fundamental requirement
of this test thiat the spray impinges onto the surface of the test plate as water droplets which
freeze on impact. This is verified by observation of the untreated<r ice catch plate.

High Humidify Endurance Test:

This test invglves pouring the unchilled fluid onto an inclined test plate at -5 °C + 0.5| when the
air temperatjre is 0 °C + 0.5 and the relative humidity.is 96% + 2. The high humidity endurance
is recorded 3s the time for ice formation to reach the first 25 mm mark at the top of the test
plate under these conditions, when the ice formation corresponds to 0.3 g/dm®hour, this is
equivalent tq a water accumulation rate (in the form of frost) of 0.03 mm per hour. l{is a
fundamentallrequirement of this test that the 'RH value is maintained to an accuracy |of +2% RH
in the absenge of any visible precipitation-(such as mist, fog, or drizzle). The duratign of the
test shall bejat least two hours for SAE)Type | and Type llI, at least four hours for SAE Type Il
and at least pight hours for Type IV.

General:

A description of the minimum requirements for the environmental test chamber and pssociated
test equupmnt mcludmg test plate chlllmg unit, test plate, spray eqmpment humidity generator,
and data acq he performance
requirements for the test equipment is glven in Table A1, Other spray and humidity control
equipment which meet the requirements of this Annex are acceptable.
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A4.2

A43

Test Chamber:

The test chamber used to perform both water spray endurance and high humldlty endurance
anti- |cmg tests shall have a minimum volume of 1.0 m® for each 2.25 dm? of test panel area

(or 8.0 m® for the minimum test plate dimensions described in A.4.3). A window, shall be
installed and shall be double glazed or heated to prevent condensation, providing a clear view
of the test plate. Itis recommended the tests be videotaped using superimposed real time as a
record of the test procedure and duration of the tests. The chamber shall be fitted with a door
or equivalent entry port to allow for fluid application, ice catch measurement and inspection of

The tgst chamber shall be capable of air temperature control in the range'0 t¢ -5 °C with an
accurgacy of 0.5 °C, the temperature sensing device shall be mounted-at the| exit side of the air
recirclilating system and shall be within 0.5 m of the side of the test‘plate, buf outside the direct
line of| the spray nozzle when in use. The air exchange rate in thé.chamber ghall correspond to
an average air velocity of 0.2 m/s + 0.05 when measured 5 cniabove the surface of the test
plate. | Humidity control shall be capable of 96% RH + 2 RH when the air temperature is at 0 °C
in the [absence of any visible precipitation such as mist, fog, or drizzle. Therg shall be no water
dropldts having a diameter greater than 4 mm, determined in accordance with one of the test
methdds described in A.5.4. Under these conditions,of RH and air temperature, and in the
presence of horizontal air velocity of 0.2 m/s + 0,05, the frost accumulation rgte on the test plate
(cooled to -5 °C + 0.5) shall be 0.3 g/dm*/hourk'0.05 at the end of the test, if|the test lasts less
than 10 hours, and 0.3 g/dm?hour + 0.1 if the test lasts more than 10 hours.

The hjmidity can be produced using a-saturated water vapor generator housgd in the exit side
of the[air recirculating system and controlled using a suitably calibrated humiglity sensor linked
to a cpntrol system. When a highthumidity condition is required, the humidity sensor shall be
placed 5 cm above the surface of the test plate at the center line of the upper edge of the test
plate.| Both the air temperature and humidity sensing devices shall be linked fo a continuous
pen rgcorder or electronic data acquisition system as a means of checking the environmental
contrgl characteristics of the test chamber throughout the course of a test rur}.

Test Rlate:
The tgst plate.is either the upper surface of the test plate chiller unit or removable panels sited

on thq facée-of the chiller unit. Both the test plate and chiller unit are housed Within the test
chambet.

The test plate shall be AMS 4037 aluminum alloy with the test face polished to an average
surface roughness of 0.1 to 0.2 mm Ra. The chiller unit face shall be inclined at 10 degrees +
0.2 from the horizontal. The upper surface of the test plate shall comprise of at least six
panels, each separated by a divider which will protrude 5 mm above the surface of the test
plates to obviate the possibility of cross contamlnatlon between fluid applied to adjacent panels.
Each piate shall measure 30 x 10 cm (area = 3 dm?) and shall be clearly marked as follows:
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A.4.3

A.4.4

A4.41

(Continued):

With a horizontal line running across and 25 mm from the upper edge of the test plate, this
marking (permanent marking pen) will be used to estimate the degree of ice formation on fluid
treated panels during the course of a test run (See A.6.4).

The lower surface of the test plate shall be coupled to a fluid cell capable of accepting a
recirculating supply of heat transfer fluid such that the upper surface of the test plate can be
exposed to a

the heat exc
electronic dat
the course of

Spray Equipn

temperature of -5 °C + 0.5. The temperature sensing device shall be mounted in

uid cell to

anger. This temperature sensor shall be linked to a continuous pen-régorder or

a test run.

hent:

A acquisition system to check and record the test plate temperature throughout

General Rgquirements: The spray equipment is used in the water spray endurance test to

provide the
compresse
chamber at
used, the ¢

water spray from a nozzle supplied with low flow water and atomized by
1 air or by spinning disc, this equipment is housed-in the upper region o
ove the test plate. The water shall conform to/ASTM D 1193, Type IV,

in order to meet the following criteria:

Average dr
range 15 t9

The average intensity of the water spray’produced during a test shall correspond t¢

5 g/dm® + Q

35 um.

.2 per hour.

The water gpray shall be evenly distributed over the entire area of the test plate.

The water

The exact

the test
and when

pmpressed air shall be clean and oil free. The spray equipment shall be adjusted

bplet diameter of the water spray shall be 20 um, with 50% of the droplégts in the

pray shall impinge on the surface of the test plate in the form of water giroplets
which freege on impact when both the air and test plate temperatures are at -5 °C.

pe and geometry of the spray system used to generate the water spra

test is left tp the discretion of the user, provided the foregoing parameters are met

y for the

As a means of providing some background information, an example of a suitable spray
system is outlined below.
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A.4.4.2 Example of Spray Equipment: The nozzle comprises two sections, outer and inner units for
the respective passage of water and compressed air. The critical dimensions are given in
Figure A1. Typlcal input water and air pressures to achieve the required intensity are: water
flow rate of 24 cm® per minute, air pressure 25 psi. In this example the nozzle is mounted 65
cm above the test plate and is capable of traversing a 1 m path parallel to the test plate face
and some 60 cm behind the upper edge of the plate. The nozzle reciprocates at 18 passes
per minute, and in this configuration provides even and reproducible coverage of the test
plate at the specified rate. See Figure A2 for a schematic layout of this system.

A.45 Temp arature Control Fqnipmpnf'

Both ;te air and test plate temperatures shall be maintained at the required I¢vel using heat
exchangers connected to on/off temperature control equipment comprising s¢lid state
tempgrature sensor such as a platinum resistance probe (100 ohms-at 0 °C),[coupled to a
propoftional temperature controller having a minimum resolution-0f'0.5 °C.

A.4.6 Humidity Control Equipment:

Relatiye humidity shall be maintained at the specified level using a saturated water vapor
generator, or equivalent, connected to on/off humidity-control equipment con-grising humidity
|

sensof of the capacitance, resistance or conductivity type capable of covering the range

90 to 100% RH at 0 °C; this in turn is coupled:te a controlier capable of regulating the saturated
water \vapor generator heater supply (and therefore the amount of water vapqr introduced into
the aif stream).

A.4.7 Air Digtribution System:

Shall gomprise of a fan to provide air recirculation through the main body of the test chamber
and tq the heat exchanger.. Ducting for the passage of air to and from the heat exchanger shall
have ¢ntry and exit ports-positioned to provide good air recirculation throughqut the test
chamber. The heat exchanger shall be capable of cooling the air and maintajning it at the
specified level. The'air movement within the test chamber, measured during high humidity
endurance testing,-shall be as specified. Air flow shall be measured using a suitable
anemometer of velometer.

A.5 CALIBHATION OF TEST EQUIPMENT:

A.5.1 Standard Measuring Devices:

All temperature sensors, humidity sensors, electronic balance, anemometer, and timing device
shall be maintained in a known state of calibration in accordance with recognized international
standards such as ISO 9002-1987.
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A.5.2 Surface Roughness of Test Plate:

The average surface roughness of the aluminum alloy test plate shall be 0.1 to 0.2 mm Ra.
This measurement shall be made width-wise across the upper section of each test plate using a

surface measuring instrument.

A.5.3 Average Air Velocity:

It is a requirement of the high humidity test that the average air velocity in the test chamber,
when measured 5 cm above the centerline at the upper edge of the test plate be

0.2 m/s + 0.05.

A.5.4 Water Droplet Size:

A5.4.1

A54.4

Water spr

droplets in the range 15 to 35 pm.

During the fhigh humidity test the water vapor must not contain any droplet greater

than 4 um

The following methods can be used to determine the droplet sizes referred to in A

A5.4.2.

a. Slidel

an oil coated microscope slide. An oil having a viscosity of 5000 mPas at 20 °

a thickmess of about 500 mm will be suitable. The oil can be either a mineral gil or a
oil. The droplet size is detérmined by direct observation under a micrgscope
using gn eye piece with the appropriate graticle, or from enlarged photographg of the

silicone

slide.

b. Laser
power

Diffraction Method:-Using a laser diffraction particle analyzer, incorpora
aser transmitter.and photo detector, the size of the droplets can be me

they f::\ll towards the surface of the test plate. This is done by analyzing the di

patter

s which will'give the size and the distribution of the droplets. Some eqy

capable of achieving this in real time.

lce Catch

and reprod

Catibration: For both types of anti-icing tests, it is important to establish

droplet size shall have an average diameter of 20 um + 2,‘with 50% of the

mpact Method: A sampie of the water’droplets from the precipitation is ¢oliected on

in diameter

5.4.1 and

C, spread to

ling a low
asured as
fraction

ipment is

that even

follows:
a. Water Spray Endurance:
Air temperature: -5°C+05
Test plate temperature; -5°C +£0.5
Test plate slope: 10 degrees + 0.2 from horizontal
Water spray intensity: 5 g/dm? + 0.2 per hour
Test duration: 30 minutes minimum

ucible ice Tormation occurs over the surface of the test plates.” To carry out this
evaluation, ice catch measurements must be performed under the appropriate test conditions
for water spray endurance and high humidity endurance. A summary of the test conditions
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A.5.4.4 (Continued):

b. High Humidity Endurance:
Air temperature: 0°C+0.5
Test plate temperature: -5°C +0.5
Test plate slope: 10 degrees x 0.2 from horizontal
Relative humidity: 96% + 2
Horizontal air velocity: 0.2 m/s + 0.05
Test duration: 4 hours minimum
Frost accumulation: 0.3 g/dm%hour + 0.05
Thefe are two ways to assess the ice catch.
Uselthree panels, each 10 x 10 cm in place of each 10 x 30 cmtest plate, this is the preferred
met

nod, since the preweighed panels can be weighed on completion of test and the

diffgrence in the recorded weights is the ice catch.

Mar
test
the

ine
eac

k the 10 x 30 cm test panels with lines at the 10 cm and 20 cm points, on completion of
scrape the ice from each third in turn and weigh it. The disadvantage with this method is
possibility of damaging the polished surface of the test panel.

ther case the ice catch on each 10 x 10 cm section shall correspond to|5.0 gm + 0.2 for
1 hour of the water spray test and 0.3’gm/hour + 0.05 in the high humidjty test. The

degtee of repeatability shall be checked by performing not less than two successive test runs.

The|same performance limits must be achieved in each run. This calibratign shall be run at
leagt once every six months or.whenever a piece of equipment is repaired ¢r replaced.

A6 TEST AROCEDURE:

A.6.1 Test Rlate Cleanliness:

The tést plates shall be free of all visible contamination, smears, or stains, except for the

horizg
conta
using

ntal lines.marked at the 25 mm point from the upper edge of the test plpte. Any

the'same candidate fluid, a water wash and dry will suffice. Particular ¢are should be

taken

mination shall be removed by washing and then thoroughly drying. Be}veen test runs

to-ensure the test plate to divider interface is clean and dry in order to ¢bviate the

formation of ice seed crystals, which lead to premature failure indications.

A.6.2 Ensure the test chamber and test plate support are at the required temperature.
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A.6.3

A.6.4

A.6.5

A.6.6

The candidate test fluid shall have been sheared in accordance with the specification for the
respective SAE Type fluid within two hours before the test is to commence. The candidate test
fluid shall be at ambient temperature, in the range of 15 to 25 °C. For each test panel to be
coated with the fluid prepare 115 mL or 120 gm for each test run. If more fluid is required, the
quantity of fluid actually used will be mentioned in the report qualification statement.

Pour the fluid onto each test plate in turn in the order shown in Figure A3. Start the timing
device, after five minutes, turn on the water spray or humidity generator, observe the panels
and, when the ice front touches the 256 mm I|ne record the tlme of thns event. When the water
spray or humjd v s g ;
uncoated par els If the ice catch is W|th|n the specified limits for the test being conducted, the
time for the ige front to reach the 25 mm line is valid for that test. Repeat the test using the
alternate layqut for the test panels to be coated with the candidate test fluid. Nf'the NJO
successive ryns indicate conformance to the ice catch criteria, the times forthe ice fronts to
reach the 25 mm mark shall be recorded on the report.

Reproducibility/Precision:

The water spray endurance and high humidity endurance tests‘are dynamic by natune, and
small variations can be expected. The acceptable variation between the holdover time
averages of two water spray endurance tests performed.with the same candidate flu|d is 20% of
the holdover time average for a Type | fluid and 10%'for a Type Il, Type |l or Type IV fluid.

Report:

The report shall state the name and address of the facility conducting the tests, together with a
statement confirming the test facility is-autonomous of the manufacturer or vendor of the fluid.
The following information shall also appear on the test document:

Date tests cgnducted

Manufacturef or vendor's name and address

Name or refgerence number of the fluid tested

Type of fluid |(SAE Typed;"SAE Type Il, SAE Type ill or SAE Type 1V)

Condition of fluid < Concentrate as supplied to test facility, or diluted with hard water|as defined

in the specifi atlon and subsequently sheared in accordance with specification, givirlg the
dilution as a

Print out showing the temperature of the test chamber, and test plate and for the high humidity
test a print out showing the relative humidity for the duration of the tests.

Summary of test results and ice catch results for each test performed. Statement that the fluid

tested either conforms to, or does not conform to the requirements of the specification against
which the candidate fluid was tested.
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TABLE A1 - Anti-Icing Calibration Tests - Proposed Order of Fluid
Application To a Frosticator Having 6 Test Panels
RUN NO. PANEL NO.
1 2 3 4 5 6
1 BLANK FLUID BLANK FLUID BLANK FLUID
A
2 F!EU)!D BEANIK FLUID BLANK FLUB BLANK
FOOT NOTE:

(A) Blank panpls act as controls to measure the ice catch after each run.
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ANNEX B
STANDARD TEST METHOD FOR AERODYNAMIC ACCEPTANCE OF
AIRCRAFT GROUND DEICING/ANTI-ICING FLUIDS
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B.1

B.1.1

B.1.2

B.1.3

B.2

SCOPE:
Obijective:

This standard establishes the aerodynamic flow-off requirements for fluids used to deice and/or
anti-ice large transport type jet aircraft while on the ground. The takeoff rotation speeds
generally exceed approximately 100 to 110 knots. The objective of this standard is to ensure
acceptable aerodynamic characteristics of the deicing/anti-icing fluids as they flow off aircraft
lifting and control surfaces during the takeoff ground acceleration and climb.

Fluid Acceptance and Facility/Site Qualification:

An aircraft glound deicing/anti-icing fluid has acceptable aerodynamic flow-off'charagteristics if
the fluid is tepted in accordance with this standard and complies with the acceptancg criteria
described in|Section B.8. if results from testing in accordance with thistest method jare to be
that an aircraft ground deicing/anti-icing fluid complies-with the accepfance
criteria desctibed in Section B.8, substantiation that the facility and associated staff and
resources sdtisfy the requirements of this test method shall be-documented and submitted to
the Transpoft Committee Project 218-4, Aerospace Industries ‘Association of Amerida, inc.,
1250 Eye Stteet, N.W., Washington DC 20005, United States of America to qualify the
technical suitability and competency of the test site/facility. Such test sites/facilities ghall be
qualified at five year intervals by submitting current data which demonstrate that the|facility,
procedures, pupporting resources, and staff continlie to produce acceptable data. To maintain
compliance with this standard, the fluid shall be\tested when initially certified and thgreafter
biannually inits undiluted and diluted forms per this standard and shall continually demonstrate
acceptable gerodynamic flow characteristics.

Safety Hazafds:

This standard may involve hazardous materials, operations, and equipment. This sfandard
does not purport to address @ny, or all, of the safety problems associated with its uge. Itis the
responsibility of the standard user to consult and establish appropriate safety and health
practices anfl determine the applicability of regulatory limitations prior to use.

SIGNIFICANGE IN(USE:

Aerodynamic acceptance of an aircraft ground deicing/anti-icing fluid is based on the lair and fluid
BLDT (boundary layer displacement thickness) 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 reterence fluid BLDT and the BLDT over the dry (clean) plate. Testing is

carried out in the temperature range at which the fluid, undiluted and diluted, is to be used in
airline service.
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B.3 REFERENCED DOCUMENTS:

B.3.1 ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 18428-2959.

ASTM D 1193 Reagent Water

ASTM D 1331

B.3.2 U.S. Gpvernment Publications:

#iphia, PA 19111-5094.

MIL-A-B243 Anti-icing and Deicing-Defrosting Fluid

B.4 GLOSSARY:

B.4.1 Abbreviations:

BLDT
cm
Hz

m
mm
Pa
pH
RH
RPM
s

boundary layer displacement thickness
centimeter

hertz

meter

millimeter

pascal

potential of hydrogen

relative humidity

revolutions/per minute

second

Surface and interfacial Tension of Solutions of Surface-Active Agents
ASTM D 1747 Refractive Index of Viscous Materials
ASTM P-21¢ i i i

lewtonian

le from DODSSP, Subscription Services Desk, Building:4D, 700 Robbins Avenue,
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B.4.2 Parameters:

b
c
t
S
Sz
Ss

P,

Vi
Vm
Vs
8%y
8%

S*ave

cross section width at Station 3
cross section perimeter at Station 3
time

settling chamber cross section area (Station 1)

test gduct cross-section area at Station 2
test fluct cross-section area at Station 3
settling chamber static pressure (Station 1)
stati¢ pressure at Station 2

stati¢ pressure at Station 3

gas femperature (wind)

fluid|temperature (deicing/anti-icing fluid)
target temperature

averpge wind velocity in flow cote (at Station 2)

maxjmum wind veloCity
start-up wind velocity

BLOT over dry surface (at Station 3)

t Station '1)

BLDT perimeter average between §* and &%
&*;value for reference fluid

maximum acceptable value for §*;at 0 °C
maximum acceptable value for §* at -20 °C

gas density mass per unit volume
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B.5 TEST FACILITY REQUIREMENTS:

Testing shall be performed in a horizontal duct having the following geometry, flow
characteristics, and instrumentation. If results produced by a test facility are to be used to certify
that a deicing/anti-icing fluid has been tested in accordance with this standard and complies with
Section B.8 of this document, substantiation that the facility is autonomous of fluid manufacturers
and complies with the following requirements shall be documented and submitted to the
Transport Committee Project 218-4, Aerospace Industries Association of America, Inc., 1250 Eye
Street, N.W., Washmgton DC 20005 Umted States of America to quallfy the techmcal suitability

and competens

submitti

continue
aerodyna
of the sit
adequate
trained p

B.5.1 TestD
B.5.1.1 Dime
B.5.1.2 Tolen

Lined

S,/S4.

B.5.1.3
linea
resul

2 mn

ates
B.5.2 TestD

B.5.2.1 Test

testin

p/facility also includes the ability to provide or procure the datarequired

Design Features The test duct-floor shall be horizontal, while the ceiling sh

g current data WhICh demonstrate that the facullty mstrumentatlon and
to produce acceptable data. The following describes the facility used t
mic flow-off acceptability of deicing/anti-icing fluids. In addition, the teqg

transducer calibration facilities to ensure accuracy and precision requi
ersonnel to effect the test method.

ict Description:
nsions: Figure B1
ances:

< 2%
0.927% % 1

I dimensions:

ly 8 mm from Station 2 to-Station 3. Test duct surfaces shall be hydra
ing in a dry BLDT < 3.0 mm at Station 3. Provisions shall be made to u
film of test fiuid only on the test duct floor and to remove residual test
run.

ict Gas Flow Core Characteristics:

Gas:(Air, Nitrogen, or suitable gas proven to have no adverse effect on
g-method.

 intervals by

procedures
b measure the

hnical capability
by B.6.2,

rements, and

lically smooth,
iformly apply a
juid at the end of

?.LI slope upward

the overall

B.6.2.2

temperature

B.5.2.3
exce

B.5.2.4

pt < 1 °C between the 27th and 33rd seconds of a test run

Temperature Spatial Uniformity: <+1 °C

Temperature Range: 0 °C to approximately -25 °C, or the test fluid minimum usable

Temperature Stability: < +2 °C of the target temperature with a continuous flow 260 seconds,
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B.5.2.5

B.5.2.6

B.5.2.7

B.5.2.8

B.5.3 Test Facility Thermal Stability:

B.5.3.1

B.5.3.2

B.5.4 Test Facility Drainage:

Velocity Range: 0=V <0.5 m/s to 65 m/s + 5 within t = 25 seconds = 2, following a constant
acceleration of 2.6 m/s® (measured at Station 2) with a minimum flow velocity of 65 m/s £ 5,
30 seconds atfter start, and maintained for 30 additional seconds. (See Figure B2.) Prior to
the flow acceleration, the duct flow shall be capable of a five minute settling period with a
velocity <5 m/s.

Turbulence: < 0.005 (AU/U<=)

Velocity Spatial Uniformity:

Vertical and lateral: AU/Jee < +0.005
Longitudinal: AU < -1 m/s/m + 0.008 Ue/m

Relative Humidity: 70% + 30

Test Ductt The test duct shall be thermally insulated or within‘the test facility circpit flow and

capable of being precooled to ensure thermal equilibrium.of the test duct structurg during a
test run.

Test Facility Circuit: Circuit thermal insulation shall ensure the test duct temperafure
character|stics of Sections B.5.2.

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.

B.5.5 Instrumentation:

B.5.5.1
B.5.5.1.1

B.5.6.1.2

B.5.5.1.3

B.55.1.4

Temperajure and Relative Humidity:

Test DUct Gas-TFemperature: Measured at Station 2 approximately 5 mm below the ceiling.

Test FlyidTemperature: Measured at Station 3 within the test fluid, approximafely 1mm
above theTfioor;

Temperature Sensor: Copper-constantan thermocouples of a 0.2 mm diameter wire with a
measuring function of about 0.5 mm®. (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.

Relative Humidity: Wet bulb-dry bulb thermometers or equivalent which are regularly
calibrated against wet bulb-dry bulb thermometers.
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B.5.5.2 Test

Duct Gas Pressures:

B.5.5.2.1 Total Pressure, P,: May be measured as of the static pressure in the settling chamber
immediately upstream of the test duct, Station 1, using a 4 mm diameter flush orifice tapped
into the chamber sidewall if the velocities are low, in accordance with standard wind tunnel

pra

B.5.5.2.2

ctice.

Inlet Static Pressure, P;: Measured using a 4 mm diameter flush orifice tapped into the

middle of the ceiling at Station 2, free of flow disturbances from the Station 2 temperature

pr

Ou
mi

B.5.5.2.3

B.5.5.2.4 Pr

lea
a3

let Static Pressure, P3: Measured using a 4 mm diameter flush orifice
dle of the ceiling at Station 3.

ssure Sensor: Two pressure transducers are used to measure (P - P
sure differentials. The pressure transducer used for P;'= P5 shall have
t 300 Pa with a +0.5% accuracy. The pressure transducer used for (P
00 Pa range and a +1% accuracy. Data stability (time variations less

apped into the

) and (P2 - Py)

a range of at
W - P2) shall have
han 0.5%) and

time response (less than 0.1 second delay) shall be achieved by approprigte data filtering
and smoothing techniques. Low pass filtering between 1 and 5 Hz and data sampling at
leapt twice the cut-off frequency of the filter are,recommended. Calibration of the

me
(wi
cor
B.5.5.3 Test

B.5.5.3.1 Vel
me

Be

h accuracy of +0.25% for (P, - P3) and*0.5% for (P, - P,)) before and
hplete test session.

Duct Gas Velocity and Turbulence:

pcity: Test duct velocity'is'that at Station 2. Velocity shall be computeq
asurements of (P, - P») and (S./S4) using Equation B1.
S2

v-yieea 8]

tause of possible pressure leaks and losses, a calibrated pitot-static pra

1

per

surement system shall be performed over the entire range using a reférence apparatus

fter each

from the

(Eq.B1)

be shall be

odically used to verify use of Equation B1.

B.5.5.3.2 Turbulence: Turbulence may be measured using hot wire or film sensors or other means in
accordance with commonly accepted wind tunnel practices.
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B.5.6

B.6 TEST FLUID

B.6.1

B.6.2

B.6.2.1

B.6.2.2

B.6.2.3

B.6.2.4

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 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 V|a the tlme srgnal of the difference between actual
wind velocity-aneres - ptaced
upstream of|the settling chamber a two stage Freon-glycol refrrgeratlon circuit powe
75 hp comptessor provides adequate temperature setting (-30 °C). A schematic of
suggested facility is shown in Figure B3.

EQUIREMENTS:

General:

Fluids submjtted for testing shall be experimental fluids or fluids which are representative of

about 1 liter|of the lot is required for one test rut.” The fluid shall be tested undiluted and in

tested in dil

ASTM D 1193, Type IV. The manufacturer shall mark each fluid sample container with the
company ngme, product name, lot number, location and date of manufacture.

Fluid ldentification:

Viscosity: | Viscosity-shall be measured by Brookfield LVT viscometer, or equivalent, at 0.3,
6, and 30 rpm with the appropriate spindle in accordance with ASTM D 2196 (exdept that the

samples shall\not be shaken) at 20 °C 0°C,andin 10 °C mcrements down to the lowest
usable tern M .

made for both the undrluted flurd and aII tested dllutlons

Surface Tension: Surface tension of the undiluted fluid shall be determined at 20 °C + 3 in
accordance with ASTM D 1331.

Refractive Index: Refractive index of the undiluted fluid shall be determined at 20 °C + 3 in
accordance with ASTM D 1747.

pH : pH of the undiluted fluid shall be determined at 20 °C + 3 in accordance with
ASTM E 70.
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B7 T

B.7.1

B.7.2
B.7.2.1

B.7.2.2

B.7.2.3

B.7.2.4

B.7.2.5

B.7.2.6

EST PROCEDURE:

Test Requirements:

Boundary layer displacement thickness (BLDT) measurements shall be made of the test fluid,
the reference deicing fluid MIL-A-8243, Type 1, and of the dry test duct. Each fluid shall be
tested at selected fluid temperature including 0 to -20 °C, or to the coldest usable test fluid
temperature identified by the fluid manufacturer (if colder than -20 °C in approximately 10 °C
mcrements) Each fluud shall be tested ata mlmmum of three target temperatures (not

shall be performed in conjunction with the fluid measurements for acminimum pf 36 BLDT
measufements. Paragraph B.7.2 describes the test sequence forone BLDT measurement
(test run) of a fluid; for measurement of the dry test duct BLDT; ensure that the test duct is free
of any fluid and follow the sequence of B.7.2, deleting the steps involving the fluid.

Test Run Sequence:
Sele¢t Target Temperatures:
Pre-qool Test Fluid: Prior to testing, pre-cooeling of the fluid is required to achieve target
tempgrature during the test. However, the fluid should never experience patrtial freezing in

order| to avoid possible irreversible rhéplogical changes. Consequently, fluid temperature
shall be maintained, at all times atla minimum of 5 °C above the freezing po(%nt during the pre-

cooling procedure. The pre-cooling of the fluid generally consists of two steps: first, a long

storage in a cold chamber; second, once the fluid has been laid on the test duct floor, a five-
minute setting period undér.a wind velocity hereatfter referred to as idle velogity, and denoted
V..

Pre-dool Test Facility: Pre-cool the test facility to achieve test gas and structural thermal
stability at the target temperature.

Measgure Fluid Water Content: Measure the fluid's refractive index of the fluid to ensure that
the ﬂ‘Jid'S water content is within +1% of the fluid manufacturer’s specificatiops

Apply Fluid to Test Duct Floor: Pour approximately 1 liter of fluid onto the test duct floor and
tevel the fluid film at 2 mm using a calibrated scraper, with the film extending from Station 1 to
Station 2. Excess fluid may be scraped down stream of Station 2 toward the circuit drain,
spreading the excess fluid to avoid fluid build up at the exit of the test duct.

Subject Fluid to Settling Conditions: Secure the test duct and circuit and subject the fluid to a
five minute settling period with the test duct gas velocity <5 m/s to obtain gas and fiuid
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.

- 36 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=60aca9a107639b743a0015f63b256324

SAE AMSxL428A 9t ER 7943725 0549203 bbLd W

AMS 142BA

SAE

AMS 1428A

B.7.2.7 Subiject Fluid to a Simulated Aircraft Takeoff Velocity Time History: Accelerate the test duct
gas flow as shown on Figure B2 and simultaneously record t, RH, Ty, Ty, (P4 - P3), and

(P2 - Py).

B.7.2.7.1 Start Up: The start up wind velocity, denoted Vs, shall range from 0 to 5 m/s.

B.7.2.7.2 Acceleration: From t= 0 seconds to t = 2 seconds + 2, wind velocity shall increase to V..
From t = 2 seconds + 2 to t = 25 seconds + 2, wind velocity shall increase from Vs up to V..
From t = 25 seconds + 2 up to 60 second wind velocity shall remain constant, equal to V.

B.7.2.7.3 Maxime Velocity: Maximum wind velocity, denoted V,, shall be equal to 65ny/s + 5.

B.7.2.8 Terminat¢ Test Run: At time t = 60 second wind velocity is brought to 0.m/s as quickly as

possible.

B.7.2.9 Residual

B.7.2.10 Data Processing: Process measured data (See B.7.4).

B.7.3 Test Cautigns:

B.7.3.1 Safety Hazards: See B.1.3 concerning safety hazards.

B.7.3.2 Frost: Th

and thergfore must be prevented.

B.7.3.3 Variation
aftect the
keptin cg
the test p
shall be ¢
that mea

B.7.3.4 Irregular

of Water Content: Dehydration of fluids prior and during testing may si
result obtained and shall-therefore be prevented. Consequently, all flu

Fluid Analysis: Sample fluid remairing on the test ductdfloor for water cpntent.

e formation of frost within the test-duct will significanily affect the results obtained

gnificantly
ds shall be

ntainers suitably capped to prevent the evaporation of water prior to being applied to
ate. Measurement of the fluid sample refractive index immediately after the test
erformed according to ASTM D 1797 and the variation of the water corjtent from

ured immediately before the test (using a refractive index - dilution calibration curve)
shall be derived apdteported.

LDTData: The &*, (t) curve for all the dry runs is carefully analyzed tq detect
whether ¢rnot it shows evidence of irregular behavior. Such irregular behavior

sults from

the following:

B.7.3.4.1 Increasing BLDT Data: A BLDT increasing with time during the last 30 seconds of the run,
when the tunnel velocity is constant, indicates a progressive roughening of the test section
walls, as would result from a progressive deposit of frost on test section walls.
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B.7.3.4.2 Constant BLDT Data: A constant value of BLDT with time during the last 30 seconds of a
dry run, but significantly larger (more than 20%) than that for all other dry runs, indicates the
existence of some roughening of the test section walls by frost deposit or spurious fluid
accumulation. If such irregular behavior is noticed, the results of the following tests with
fluids are discarded and tests must be repeated for all the wet runs backed by two
anomalous dry runs. In case a series of wet runs is bracketed by a normal (acceptable)
initial dry run and an anomalous (unacceptable) final dry run, the last wet runs are
questionable while the initial runs are probably acceptable. Depending on how the results
of these specific tests match the other tests of the same fluid at other temperatures,

judgment is exercised to decide whether or not the resuit can be accepted,

B.7.4 Data P

B.7.41 Test

B.7.4.1.1 Desired Data: A time record of wind velocity (V), dry or fluid BLDT (8*4 or
perature (T) and relative humidity (RH) shall be provided for the 60 se¢onds duration of

ten
the

B.7.4.1.2 De:

Frocessing:

Data Description:

test. Example is given in Figure B4.

5, fluid

sired Average Data: The specific results of a given test shall consist of values averaged

over the period at the end of the acceleration,d:e., between the 27th and 3Brd second of the

tes

B.7.4.2 Calcdlation Methods:

B.7.4.2.1 Vel

B.7.4.2.2 BLDT: The BLDT on the testduct floor, at Station 3, is evaluated from the
two pressure differences (P, - P,) and (P; - P5), recorded as functions ¢f time during all
test runs. The average BLDT over the test duct perimeter 8*,,. is evaluated at Station 3
g the following rejation, obtained are from application of mass conservation and

the
the
usi
Be

. These values are BLDT and fluid temperature.

peity: See B.5.5.3.1

oulli equations (See Equation B2):

1 (P1 - P2)
8% = |55 -
e {33 82\/(P1 - P2) + (P2 - Ps)]

where:

¢ = duct perimeter at Station 3
S, = area of Station 2
S; = area of Station 3

measurement of

(Eq.B2)

-38-

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=60aca9a107639b743a0015f63b256324

SAE AMSx31u28A 9t ER 7943725 0549205 430 W

AMS 1428A

SAE AMS 1428A

B.7.4.2.2 (Continued):

B.7.4.2.3

B.7.4.2.4

When no fluid is present on the bottom flat plate, all four test section walls are in the same
dry state and the previous expression (2) yields the value of the BLDT on a dry wall;

8%y = 8" 4 (With no fluid)

(Eq.B3)

On the other hand, when the test duct floor is covered with a layer of deicing/anti-icing fiuid
and the top and sides are not, the BLDT is not constant over the perimeter at Station 3.

Indeed it

and top walls. Expressing the previously determined 8*,.. as perimeter-weighted
8*4 and &%, the following relation can be obtained (See Equation B4):

where b i

wet surfa

duct low
number

dry runs

empirical

where:

V =ty

v = ki

For data

ASSUMES a value o7 on the lower surtace and another value 0™y on the g

* c * c-b *
b fZB[a ave"( P )8 d:|

5 the width of the bottom flat plate. This relation jsjused to derive the B
ce, 8%, from the measurement of 8%, carried out as explained with fluid
r surface, provided an expression for 8*4 has<been previously determine

ield the value of §*4 and are used to determine the constant in the folloy
formula (See Equation B5):

-5
d*q =const (X)
\

nnel air velocity at Station 2
hematic viscosity of the gas

DT

Ning

ry sides
average of

(Eq.B4)

over a

on the test
dbya
“dry" runs carried out without any fluid in-fbe test section. More precisely, these

(Eq.B5)

reduction-of a test with fluid in the test section, Equation BS is used to gvaluate, as

function of thelinstantaneous velocity determined by (1), the value of &*4 to be uged in

Equation

B4.

Temperature: Data produced by calibration of the thermocouples (See B.5.5.1).

Relative Humidity: Data produced by calibration of the wet bulb-dry bulb thermometers
(See B.5.5.4).
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B.7.5 Test Bias Accuracy and Precision:

B.7.5.1

B.7.5.2

B.7.5.3

B.8 DE-ICI

B.8.1

B.8.2

General Accuracy: A measure of accuracy of the overall procedure is provided by test
duplication. Expected accuracy on &% value (at a given precise temperature) is about

+0.1 mm. Consequently, taking into account the temperature sensitivity of the results (about
0.2 mm/°C), the 6" value from various identical tests performed at temperatures within +1 °C
shall be within +0.3 mm.

Dry BLDT Bias: The dry BLDT value will vary with temperatures because of the variation in

ReymmmmWorrespond to
thepretical expected value and the variation from that value can be considé¢red as a general

bias of the facility, generally due to the initiation condition of the boundary

Flu
reld

fluid, between acceptable facilities.

Fluid

The maximum acceptable &* value as function-of temperature is established

and

valuds. These values are:

where:

81

81

NG/ANTI-ICING FLUID ACCEPTANCE CRITERIA:

d BLDT Bias: Since the dry BLDT value is used in the candidate fluid
ted bias on &% is 0.5 mm. This quantifies the variations which may og

Acceptance Criteria:

pference results (See B.7.1). Values 8”5 and 8% are used as that upp

O%= 0"+ 0.71 (8% - 6"4)o
8%.20 = 8" - 0.18 (8" - 8"4)-20
obtained by interpolation from a straight line fitting of the reference

measured at 0, -10, -20 and -25 °C
a =the’average of all dry BLDT values measured

ayer.

BLDT value, the
cur, for a given

according to dry
er limit for BLDT

(Eq.B6)

(Eq.B7)

» = the reference BLDT value at 0 °C for Equation B6 and at -20 °C for| Equation B7,

B1L DT values

Fluid

Acceptance Criteria Background:

For more detailed information on the correlation between this standard and the work carried out
on both two and three dimensional typical large jet transport models tested to determine lift loss
due to the use of aircraft ground anti-icing/deicing fluids, see Boeing Document D6-55573, and
its attendant bibliography.
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B.8.3

B.8.3.1

B.8.4

B.9 TEST RESULTS:

Test results sh

B.9.1

B.9.2

B.9.3

Fluid Acceptance:

A deicing/anti-icing fluid is acceptable at a test temperature if none of the independent BLDT
measurements is greater than the acceptance criteria as defined in B.8.1. This 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 reponrt, (See Sectlon B.10), and the fIU|d manufacturer mformed that the fluid not be
used in that tem o using the
fluid within the unacceptable temperature range.

Retesting: }f any data point fails to meet the specified acceptance criteria, idisposition of the
data point may be based on three additional data points for each nonconforming dgta point.
Failure of apy retest data point to meet the acceptance criteria shall be cause for fgilure of the
fluid for thaf test temperature. All data points shall be reported.

Continued Adceptance of Test Fluid:

To maintain gompliance with this specification, the fluid shallbe tested when initially ¢ertified
and thereafter biannually in its undiluted and diluted forms in accordance with this standard and
shall continually demonstrate acceptable aerodynamic flow-off characteristics. With fespect to
this standard| a change in fluid formulation or properties constitutes a new fluid and gompliance
with this stangdard must be reconstituted. Fluids\produced under license from the mgnufacturer
of an original|fluid which complies with this standard shall be required to independently show
compliance herewith if the licensed fluid is tendered as meeting this standard. Compliance can
be inferred fdr the licensed fluid if documentation is provided which validates that the original
and licensed ffluids are identical.

Il consist of.the-following.

Test Fluid Idéntification.Data Sheet:

A data sheet|containing the fluid identification parameters defined in B.6.2 (See Figt1re B5).

BLDT Measurement Summary:

Tabulation summarizing the BLDT measurements for each fluid with the corresponding dry wall
BLDT measurements (See Figure B6).

Test Run Data:

Data from each test run (See Figure B4).

-41 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=60aca9a107639b743a0015f63b256324

SAE ANMSxL426A 96 M 7943725 0549208 1uT I

AMS 1428A SAE

AMS 1428A

B.9.4 Test Fluid Acceptance Data:

A graphic presentation of the test fluid, reference fluids, and dry test duct BLDT measurements,
along with the fluid acceptance criteria described in B.8.1 (See Figure B7).

B.9.5 Test Fluid Acceptance Statement:

Statement from the aerodynamic acceptance test facility regarding acceptability of the fluid with
respect to requirements of Section B.8.

B.9.6 Watel' Content Variation:

Evall

ation of water content variation in the test fluid during the test nunshall

cautipnary statement shall be issued if the water content variation is’in exces

B.10 REP(

The 1

B.10.1 Flu

Ma

DRTS:
eport of the test results shall contain the following:
d Manufacturer's Information:

hufacturer's test fluid identification statement described in B.6.1.

B.10.2 Aernodynamic Acceptance Test Facility Information:

B.10.2.1

B.10.2.2

pst Facility Qualification Statement: |f results from testing in accordanc
e to be used to certify that.an aircraft deicing/anti-icing fluid complies w
iteria described in Section’ 8, the report shall include a statement from
cceptance test facility.that the facility meets the requirements of this st
cen found qualified-by the Transport Committee Project 218-4, Aerospg
ssociation of America, Inc., as discussed in B.1.2 and B.5.4.

be reported. A
s of +2%.

e with this standard
ith the acceptance
he aerodynamic
ndard and has

ce Industries

pst Facility’Autonomy Statement: If results from testing in accordance
re to be-used to certify that an aircraft deicing/anti-icing fluid complies

ith this standard
ith the acceptance

iteria described in Section B.8, the report shall include a statement attgsting

Sow 4 PODOD o

Q.

dependence of the aerodynamic acceptance test facility from fluid manufacturers, as

lscussed in Section B.5

B.10.2.3 Fluid Code Identification: Manufacturer's product name cross referenced with the
aerodynamic acceptance facility reference.

B.10.2.4 Test Results: As discussed in Section B.9.

B.11 KEY

WORDS:

Aerodynamic acceptance, aircraft ground deicing/anti-icing, deicing/anti-icing fluids, fluid
flow-off
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FIGURE B2 - Takeoff Ground Acceleration Simulation
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Flutd : ®H_00_110

At 30 sac: U = 66.8 ws
T = - 0.4 °C
Dalta dry = 2.67
Oalta wet = 6.33
Daltae® max = 1433 an
at ¢ - 9.62
T T T T I T [
40 30 &0 70
v.Q.A.C.
Time Speed P,-P P,-P Delta* T
sac m/s "ﬁ,Oz “flzoJ mm °E IE
27.p6 66.0 11-43 0.56 6.82 -1.4 -0
28.02  66.3  11.52 0.54 6.73 -1.5 -o:f
28.B8 66.7 .67 0.48 6.49 -1.5 -0.1
29.p4 67.1 11.79 0.44 6.29 -1.5 -0.2
31.p0 66,7 11.67 0.41 6.18 -1.5 -0.1
32.06 66.1 11.44 0.39 6.11 -1.6 0.2
33.02 67.2 11.82 0.35 5.91 ~-1.6 -0.2
Ayerages
30.04 66-6 162 045 6.35 -1.5 -0.2

FIGURE B4 - Example of Data Acquired During Test Run
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FIGURE BS5 - Example of Test Fluid Identification Sheet

AMS 1428A SAE AMS 1428A
FLUID IDENTIFICATION
NUMBER COMPANY DESIGNATICN GRIEA LABEL RECEIVED
1
2
3
TABLE 3 - SURFACE TENSION, pH AND REFRACTIVE INDEX
NO SURFACE TENSION pH RI
T("C) dynes/cm T(*C) VALUE T("C)) VALUE
1 20 346.7 20 6.89 20 1.4280
2 20 39.6 20 9.55 20 1.4275
3 20 39.4 20 9.42 20 1.4282
BROOKFIELD VISCOSITY (mPa s)
TEMPERATURE (°C) 0.3 RPM 6 RPM 30 RPM
Reading F wis5c. Reading F visc. Reading F vfisc '
+20°C 5.2~N000 3200 23.7 S0 1185 61.5 10 IS
0°cC 7.0./1000 ~000 37.3 50 1865 99.9 10 9p9
-10°C 4.5 1000 4500 3t.1 50 1555 93.7 10 937
-20°cC IS5 1000 i500 18.6 50 930 70.8 10 708
-25°C [.4 1000 1400 18.2 50 910 74.3 10 73
B.
+20°C 0.2 200 -2 1.3 1o 3] 18.4 2 36.8
0°c 0.6 200 20 13.8 10 138 69.7 2 1pp9.4
=10°C 1.9 200 380 RIS | 10 321 32.5 1O* 35
~20°C 4.2 200 340 54.0 10 840 87.8 10* g8
225°C 7.6 200 !320 32.1 50* 1605 - - -
+20°C 0.5 200 00 3.6 10 36 18.8 2 37.6
0°C 0.9 200 3z 14.1 10 141 70.4 2 160.8
-10°C 1.8 200 Ie0 3301 10 33t 34,1 10* et
-20°C 4.5 200 N 6.7 10 867 94.5 10* 945
-25°C 7.7 00 o 1l S0* 1555 - - -
SPINDLE #2
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AERODYNAMIC PERFORMANCE TEST DATA
Test T, T, Rh Vat30s &
Code C C % m/s mm
DRY  FPD-212 0.6 42.9 2.78
A341 FP-424 1.0 0.1 45.0 65.9 8.51
A341 FP-425 2.6 0.1 46.0 65.4 8.52
A34]1 _ FP-426 -1.3 -1.7 54.8 65.5 8.60
DRY FPD-213 -2.2 55.0 2.80
DRY FPD-214 -9.1 70.5 2.71
A341 | FP-427 -11.0 -10.3 67.3 £5.8 8.83
A34] | FP-428 -10.8 -9.8 65.2 65.2 9.10
A34] | FP-429 -11.6 -11.4 66.4 66.7 805
A341 | FP-439 -10.6 -9.7 63.1 65.9 8.47
A34]1 | FP-440 -10.0 -10.3 65.1 65.7 8.43
DRY FPD-216 -12.0 64.8 2.75
DRY FPD-227 -14.4 67.8 2.75
A341 | FP-441 -14.7 -12.6 66.7 65 9.05
A341 | FP-442 -15.7 -13.3 66.5 656 9.04
A341 | FP-443 -15.9 -14.7 66.8 65.6 9.06
DRY FPD-228 -17.1 56.2 2.82
DRY FPD-217 -21.7 60.5 2.7%
A341 | FP-430 -20.1 -20.1 62.6 65.9 8.94
A34]1 | FP-431 -17.5 -19.0 67.4 65.7 8.88
A341 | FP-432 -21.8 -21.1 58.2 65.9 9.21
DRY FPD-218 -21.8 53.6 2.76
DRY FPD-222 -26.2 55.2 . 2.77
A34] | FP-433 -26.5 -24.5 53.2 64.7 9.80
A341 | FP-434 -24.4 -23:6 58.5 64.9 9.55
A341 | FP-435 -26.7 -25.6 54.1 65.3 9.59
DRY FPD-221 -26.4 50.3 2.78
DRY FPD-225 -30.0 47.0 2.72
A34]1 | FP-436 -31.4 -29.3 47.8 63.3 10.53
A341 | FP-437 -30.)4 -28.4 48.8 64.4 10.48
A34]1 | FP-438 =30.7 -29.7 50.4 63.9 10.51
DRY FPD-223 =31.7 48.7 2.73
FIGURE B6 - Example of Test Data Summary
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C.11

Ci1.2

C.1.3

C2

SCOPE:
Objective:

This standard establishes the aerodynamic flow-off requirements for fluids used to deice and/or
anti-ice commuter type aircraft while on the ground and when no compensating measures are
taken in the aircraft takeoff procedure. The takeoff rotation speeds generally exceed
approximately 60 knots. The objective of this standard is to ensure acceptable aerodynamic
characteristics of the deicing/anti-icing fluids as they flow off aircraft lifting and control surfaces
during the ta ' Ad-climb-

Fluid Acceptahce and Facility/Site Qualification:

An aircraft grgund 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 $ection C.8. If results from testing in accordance with this.test method gre to be
that an aircraft ground deicing/anti-icing fluid complies with the acceptance
criteria descriped in Section C.8, substantiation that the facility and associated staff and
resources satjsfy the requirements of this test method shall be documented and subritted to
the Transport| Committee Project 218-4, Aerospace Industries Association of Americg, Inc.,
1250 Eye Strget, NW, Washington DC 20005, United States of America to qualify the technical
suitability and competency of the test site/facility. Such test sites/facilities shall be qualified at
five year intervals by submitting current data which-demonstrate that the facility, procedures,
supporting resources, and staff continue to produce acceptable data. To maintain cgmpliance
with this stanglard, the fluid shall be tested when initially certified and thereafter biannually in its
undiluted and diluted forms per this standard and shall continually demonstrate acceptable
aerodynamic [flow characteristics.

Safety Hazargis:

This standarq may involve hazardous materials, operations, and equipment. This standard
does not purport to address any, or all, of the safety problems associated with its use. It is the
responsibility|of the standard user to consult and establish appropriate safety and heplth
practices and determine’the applicability of regulatory limitations prior to use.

SIGNIFICANCE INUSE:

Aerodynamic acceptance of an aircraft ground deicing/anti-icing fluid is based on the air and fluid
BLDT (boundary layer displacement thickness) 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) plate. Testing is

carried out in the temperature range at which the fluid, undiluted and diluted, is to be used in
airline service.
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C.3 REFERENCED DOCUMENTS:
C.3.1 ASTM Pubilications:
Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM D 1193 Reagent Water
ASTM D 1331 Surface and Interfacial Tension of Solutions of Surface-Active Agents
ASTM D 1747 Refractive Index of Viscous Materials

ASTM D 2196 Viscosity Measurements and Rheological Properties of Non-Newtonian
Materiais by Rotational (Brookfield) Viscometer
ASTM E 70 pH of Aqueous Solutions with the Glass Electrode

C.3.2 U.S. Government Publications:

Availgble from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philagelphia, PA 19111-5094.

MIL-A-8243 Anti-icing and De-icing-Defrosting Fluid
C.3.3 OthernPublications:

"Bourjdary Layer Evaluation of Anti-lcing Fluids for Commuter Aircraft", Louchez, P. R., Laforte
J.-L. and Bouchard, G. (UQAC), prepareddor Transportation Development Centre, Policy and
Co-ordination, Transport Canada, TP11811E, August 1994

C.4 GLOSSARY:
C.4.1 Abbrgviations:

BLDT| boundary layer displacement thickness
cm centimeter.

Hz hertz

m meter

mm | millimeter

Pa Pascal

pH potential of hydrogen

RH relative humidity

RPM revolutions per minute

s second
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C.4.2 Parameters:

b

c

Vi
vm
Vs
84
&
8"ave
8%

*
.20

cros

s section width at Station 3

cross section perimeter at Station 3

time
settl
test
test
settl
stati
stati

gas

ing chamber cross-section area (Station 1)

duct cross-section area at Station 2
duct cross-section area at Station 3
jng chamber static pressure (Station 1)
C pressure at Station 2

C pressure at Station 3

temperature (wind)

fluid t¢mperature (deicing/anti-icing fluid)

target
ave

idle

temperature
age wind velocity in flow cofe (at Station 2)

wind velocity

maximum wind veloCity

stan

BLO

-up wind velocity

T ovér dry surface (at Station 3)

BLC

T over fluid-coated surface (at Station 3)
7

BLDT perimeter average between &*t and &*4

8% value for reference fluid

maximum acceptable value for &% at -20 °C

gas

density mass per unit volume
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C.5 TEST FACILITY REQUIREMENTS:

Testing shall be performed in a horizontal duct having the following geometry, flow
characteristics, and instrumentation. If results produced by a test facility are to be used to certify
that a deicing/anti-icing fluid has been tested in accordance with this standard and complies with
Section C.8, substantiation that the facility is autonomous of fluid manufacturers and complies
with the following requirements shall be documented and submitted to the Transport Committee
Project 218-4, Aerospace Industries Association of America, Inc., 1250 Eye Street, N.W.,
Washlngton DC 20005 Unlted States of Amerlca to qualify the techmcal smtablhty and

of the site/facility also includes the ability to provide or procure the data required by C.6.2,
adequdte transducer calibration facilities to ensure accuracy and precision requirements, and
trained|personnel to effect the test method.
C.5.1 Test Puct Description:
C.5.1.1 Dimensions: Figure C1

C.56.1.2 Tolerances:

Ling¢al dimensions: <12%
Sg/ 3. 0.927% + 1

C.5.1.3 Degign Features: The test duct-floor shall be horizontal, while the ceiling shall slope upward
lineprly 8 mm from Station 2.to Station 3. Test duct surfaces shall be hydraulically smooth,
resgilting in a dry BLDT_£:3.3 mm at Station 3, at 35 m/s. Provisions shall be made to
uniformly apply a 2 mm,film of test fluid only on the test duct floor and to remove residual test
fluid at the end of a'test run.

C.5.2 Test Puct Gas Flow Core Characteristics:

C.5.2.1 Test Gasr Air, Nitrogen, or suitable gas proven to have no adverse effect ¢on the overall
testing method.

C.5.2.2 Temperature Range: 0 °C to approximately -25 °C, or the test fluid minimum usable
temperature.

C.5.2.3 Temperature Stability: <12 °C of the target temperature with a continuous flow 260 seconds,
except £ +1 °C between the 17th and 23rd seconds of a test run.

C.5.2.4 Temperature Spatial Uniformity: <+1°C
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C.5.2.5 Velocity Range: 0=V <0.5 m/s to 35 m/s + 3 within t = 17 seconds + 1, following a constant
acceleration of 2.1 m/s® (measured at Station 2) with a minimum flow velocity of
35 m/s + 3, 30 seconds after start, and maintained for 30 additional seconds (See Figure C2.)
Prior to the flow acceleration, the duct flow shall be capable of a five minute settling period
with a velocity <5 m/s.

C.5.2.6 Turbulence: <0.005 (AU/U<)

C.5.2.7 Velocity Spatial Uniformity:

Vertical and lateral: AU/Ue < +0.005
Longituding: AU < -1 m/s/m £ 0.008 Ueo/m

C.5.2.8 Relative Hymidity: 70% + 30
C.5.3 Test Facility Thermal Stability:
C.5.3.1 Test Duct: [The test duct shall be thermally insulated or within the test facility circuit flow and

capable of being pre-cooled to ensure thermal equilibrium:of the test duct structure| during a

test run.

C.5.3.2 Test Facility Circuit: Circuit thermal insulation shall ensure the test duct temperature
characteristics of Sections C.5.2.

C.5.4 Test Facility Prainage:

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

C.5.5 Instrumentation:

C.5.5.1 Temperature and Relative Humidity:

C.5.5.1.1 Test Duct Gas, Femperature: Measured at Station 2 approximately 5 mm below the ceiling.

C.5.5.1.2 Test Fluifd Temperature: Measured at Station 3 within the test fluid, approximate|Iy1 mm
above thefioor:

C.5.5.1.3 Temperature Sensor: Copper constantan thermocouples of a 0.2 mm diameter wire with a
measuring junction of about 0.5 mm®. (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.

C.5.5.1.4 Relative Humidity: Wet bulb-dry bulb thermometers or equivalent which are regularly
calibrated against wet bulb-dry bulb thermometers.
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