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SPEC'F'CAT'ON Revised AUG 1997

Submitted for recognition as an American National Standard Superseding AMS 1428A

JAN 1993

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

1. SCOPE:
1.1 Form:
This spedification covers three types of deicing/anti-icing materialg. each in the form of a non-
Newtoniap fluid.
1.1.1 Classifigation: Deicing/anti-icing fluids covered by this spécification are classified as follows:
TABLE 1
Fluid Anti-icing Aegrodynamic Color
SAE Performance Performance Applicable if
Type Use Table 2 (3.2.4) Use Annex Requested
Type ll I B Water white/paie stragw
Type ill i C To be determined
Type IV [\ B Emerald green
Consul{ aircraft manufacturers Maintenance Manual and Service letters to detgrmine any
restrictipns relating to the use of deicing/anti-icing fluids for the type and mode] of aircraft being
treated| See also ARP4737 (ISO 11076).
1.1.2 Fluids definetd’as non-Newtonian exhibit different apparent viscosity values wh

rn tested at the

same t¢mperature, using the same viscometer and spindle in a predetermined| volume, when

the only variant is the rotational speed of the spindle. Typically such fluids exhibit 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 infringement arising therefrom, is the
sole responsibility of the user.”

SAE reviews each technical repont 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 Engineers, Inc.

Al rights reserved.
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1.1.3 Fluids described as pseudoplastic 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 Application:
These fluids may be used as follows:

Cold and undiluted for anti-icing

Heated and undiluted for delcmg/antu lcmg as aone step process
Diluted with w
Diluted with whater and heated as the deicing stage in a two-step process, usually.wh
the cold and updiluted fluid as step two

en used with

1.3 Precautions:

1.3.1 The lowest gperational use temperature for SAE Type Il lll, and IV fluids shall be determined
for the concgntrate and for each dilution and is the lowest temperature at which thelfluid has
been tested [and certified as acceptable in accordance with the ‘appropriate aerodyrfamic
acceptance test (3.2.5) while still maintaining the 7 C (13 F).degree freeze point temperature
buffer (see ARP4737 [ISO 11076])).

1.3.2 The deicing/anti-icing formulations may be mildly toxic and contact with human skin and eyes
shouid be ajoided. Prolonged exposure to concentrations of vapor or windborne miists should
be avoided. [Consult manufacturer's Material Safety Data Sheet for further informatjon.

1.3.3 Caution sholld be exercised in the use oflglycol-water deicing/anti-icing solutions in and around
aircraft elecfrical/electronic circuitry with-noble metal coated wiring or terminals whi¢h could
make contag¢t with the fluid. Exothermic reactions, which may result in fire have be¢n reported.
This may ogcur where defectively insulated wires, switches, or circuit breakers carrying direct
current are gncountered. Fluids)based on glycols, shall contain an inhibitor to minirpize this
potential fire{ hazard.

1.3.4 Fluids meeting this specification are unique to each manufacturer and may be adversely
affected by rixing with’other aircraft deicing/anti-icing fluids.

1.3.5 Airport authgrities should ascertain the friction coefficient of the runway following cgntamination
with dEiCinglql i ;U;Ily i

1.4 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 processes and to take
necessary precautionary measures to ensure the health and safety of all personnel involved.
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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 date of the purchase order.

SAE Publications:

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

AMS 2470
AMS 2475
AMS 2825
AMS 4037

AMS 4041
AMS 4044
AMS 4376
AMS 4911
MAM 491
AMS 491¢
AMS 5045

ARP4737

ASTM Pu

lications:

Anodic Treatment of Aluminum Alloys, Chromic Acid Process
Protective Treatments, Magnesium Alloys

Material Safety Data Sheets

Aluminum Alloy Sheet and Plate, 4.4Cu-1.5Mg-0.60Mn (2024-T3 Flat|Sheet, T351
Plate), Solution Heat Treated
Aluminum Alloy Sheet and Plate, (Alclad, 4.4Cu-1.5Mg-0.60Mn Alclaq 2024 and
1-1/2% Alclad 2024-T3 Flat Sheet; 1-1/2% Alclad 2024-T351 Plate)
Aluminum Alloy Sheet and Plate, Alclad, 5.6Zn-2.,5Mg-1.6Cu-0.23CH, (Alclad 7075-
T6 Sheet, T651 Plate), Solution and Precipitation Heat Treated
Magnesium Alloy Plate, 3.0Al-1.0Zn-0.20Mn,(AZ318-H26), Cold Rolled and Partially
Annealed

Titanium Alloy Sheet, Strip, and Plate,"6A1-4V, Annealed
Titanium Alloy Sheet, Strip, and Plate; 6A1-4V, Annealed, Metric
Titanium Alloy Sheet, Strip, and Rlate, 8A1-1Mo-1V, Duplex Annealeq
Steel Sheet and Strip, 0.25 Carbon, Maximum, Hard Temper.

L= =

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

Available from ASTM, 100_Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM C §72 Scaling Resistance of Concrete Surfaces Exposed to De-icing Chemicals

ASTM D 93
ASTM D 89

ASTM D 1177

ASTMD

Flash Point by Pensky-Martens Closed Tester
1_<{S8pecific Gravity of Liquid Industrial Chemicals
Freezing Point of Aqueous Engine Coolant Solution

nt \Alatar
Rttt

ASTM D 1331 Surface and interfacial Tension of Solutions of Surface-Active Agents
ASTM D 1568 Sampling and Chemical Analysis of Alkylbenzene Sulfonates
ASTM D 1747 Refractive Index of Viscous Materials

ASTM D 2196

by Rotational (Brookfield) Viscometer

ASTM D 3278 Flash Point of Liquids by Setaflash Closed Cup Apparatus
ASTM D 4052 Density and Relative Density of Liquids by Digital Density Meter
ASTM D 4177 Automatic Sampling of Petroleum and Petroleum Products

ASTME 70

pH of Aqueous Solution with the Glass Electrode

ASTM F 483 Total Immersion Corrosion Test for Aircraft Maintenance Chemicals

-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
ASTM F 519 Mechanical Hydrogen Embrittlement Testing of Plating Processes and Aircraft
Maintenance Chemicals
ASTM F 945 i tami rials
ASTM F 1105/ Preparing Aircraft Cleaning Compounds, Liquid Type, Solvent Based|for Storage
Stability Testing
ASTM F 1110 Sandwich Corrosion Test
ASTM F 1111| Corrosion of Low Embrittling Cadmium Plate by Aircraft Maintenance|Chemicals
2.3 U.S. Government Publications:

2.4

2.5

3.1

Available from

DODSSP, Subscription Services Desk, Building4D, 700 Robbins Ave

Philadelphia, PA 19111-5094.

MIL-P-25690

MIL-P-83310

Plastic, Sheets and Parts, Modified Acrylic¢’Base, Monolithic, Crack Pr
Resistant
Plastic Sheet, Polycarbonate Transparent

APHA Publicdtions:

Available from
DC 200386.

Standard Met

nue,

bpagation

American Public Health-Association, 1015 Eighteenth Street, NW, Washington,

nods for the Examination of Water and Waste Water.

OECD Publications:

Available from
Cedex 16, Fra

Organization for Economic Co-operation and Development, 2 Rue Andre Pascal,

nce.

OECD GuidelimesforTesting-Chemicals
3. TECHNICAL REQUIREMENTS:

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.
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3.1.1 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.

3.1.2 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.

3.1.3 Environmental Information: Formulated fluid shall be tested in accordance with APHA
"Standard-Methodsforthre Examirmatiormrof- Waterand- Waste Water' —Themamgfacturer shall
provide fesults of for not less than the following:

3.1.3.1 Biologjcal Oxygen Demand (BOD) of fluid shall be determined. The test solution shall be
incubated at 20 °C (68 °F) for 5, 15, 20, or 28 days dependent upon-the methpd chosen.

3.1.3.2 Total Oxygen Demand (TOD) or Chemical Oxygen Demand (COD) of the fluid, expressed in
kilograms of oxygen per kilogram of fluid.

3.1.3.3 Biodegradability: This characteristic can be approximated by determining theratio of BOD
and TOD, or COD. The percent of fluid biodegraded-can be calculated by diiding BOD by
TOD gr COD, and shall be reported for all incubation time periods.

3.1.3.4 Aquatic Toxicity: Formulated fluids shall be tested in accordance with EPA (40 CFR

The fluid ¢ i
the specified test methods.

3.2.1 Fluid As Received in Undiluted Form: Shall be as foliows.

3.2.1.1 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.

-5-
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3.2.1.3

3.2.14

3.2.15

3.2.2 Fluid Stabilify"

3.2.2.1

3.2.2.1.1

32212

3222

pH: Shall be within +£0.5 units of the preproduction value, determined in accordance with
ASTM E 70.

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

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

Thermal Stability - Accelerated Aging: Prior to aging, the sample shall be visually examined
to determine freedom from insoluble deposits. Determine the pH in accordance with

ASTM E 70. Determine the viscosity at 0 °C (32 °F), in accordance with 3.2.3.1.2L Determine
the Refragtive Index, in accordance with ASTM D 1747.

Transfef a minimum of 800 mL + 10 of fluid to glass jar(s) filling each jar to 80 1 5% total
volume, [fitted with a well closed screw cap(s), with polyethyléne seal(s). Transfer the
closed jar(s) containing the samples of fluid to a circulating air oven or heated water bath
and eleyate the temperature to 70 °C + 2 (158 °F * 4).and maintain the samples in this
environment for 30 days.

After 30[days, remove the jar(s) containing.the fluid samples from the heated environment
and examine the contents for evidence of separation, precipitation, or insoluble|deposits.
Report any evidence of these factors. Allow the sample to cool to 20 °C £ 2 (68 °F * 4).
invert the container through four complete cycles, remove the lid and retest for Refractive
Index ag in 3.2.2.1 and record the result. If the Refractive Index has been increased 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 yiscosity shall'neither be reduced by more than 20%, nor be increased py more
than 10% from those readings. The pH of the aged fluid, determined as in 3.2.1.3, shall be
within £0.5 units of the unaged sample.

Exposure fto Dry-Air - Stability: The fluid, after exposure to a dry air environment(which
results in @ weight reduction of 20% * 1, shall have a viscosity not exceeding 500 mPa.s,
when measured using the Brookfield viscometer, or equivalent, fitted with the #1 cylindrical
spindle, and guardleg, at 3.0 RPM, with sample at 20 °C (68 °F).
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3.2.2.3 Thin Film, Thermal Stability: The fluid shall be applied to an unpainted aluminum or

3.224

3.2.2.5

3.2.25.1

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, allow 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 119

3 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 determingd at 20 °C

(68 °F), in accordance with 3.2.3.1.2. The fluid shall be tested in accordance
ASTM|F 1105. On completion of the test, the fluid shall be retested for visco

ith
ity as before

and the result 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 within two hours

after the product has been sheared using the laboratory/method as in 3.2.2.5

Pouf 500 mL + 5 at 20 °C £+ 1 (68 °F £ 2) into a straight-sided glass vessel,
diameter, and position a Brookfield counter rotating mixer, or equivalent, so
the blade is 25 mm x 2 from the bottom of the vessel and mix for 5 minutes
3500 RPM = 100 (calibrated in water priotito each test).

1.

B5mm 5
the bottom of
+ 10 seconds at

3.2.2.6 Hard Water Stability: The fluid, diluted1:1 with standard hard water made up as in 3.2.2.6.1
and aged as in 3.2.2.6.2, shall shaw no evidence of insoluble deposit, and thg pH shall not

3.2.2.6.1

3.2.26.2

vary bl more than +£0.5 units ffom a fresh unaged sample. A sample of the fi
water stability testing, shall.be.tested in accordance with 3.2.4 and reported.

Composition of Hard Water: Dissolve 400 mg * 5 calcium acetate dihydraty

(Ca[lC:H30.):.2H:0),- and 280 mg + 5 magnesium sulfate heptahydrate (Mg
of analytical reagent quality, in 1 liter of ASTM D 1193, Type IV, water.

Plage 2400 mL + 30 of the diluted fluid split 800 mL + 10 1 L containers witl

Lid, after hard

304.7""20), both

a polyethylene

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.

3.2.3 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 fiim of the applied fluid to different environmental factors shall
not impair this performance, either by buildup of film thickness due to consecutive applications,

0

r 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

3.2.31

3.2.3.1

3.24

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.

.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 desc 32251 i ; i ontainer
size, shgll be reported, and the results of both methods of determination shall\be reported.
For quallty control purposes, the manufacturer shall specify the typical viscosity|range a
user can expect to obtain from fluid being delivered for use.

.2 Viscosity shall be measured in accordance with ASTM D 2196, Method B, except the

sample g$hall not be shaken, using a Brookfield LV viscometer, or'equivalent, fitted with the
guardled and appropriate spindle for the speed selected. Values shall be taken at spindle
speeds ¢f 0.3, 6, and 30 rpm, at +20, 0, -10, -20, and -30°3C/(68, 32, 14, -4, and -23 °F).

The repqrt shall clearly state the size and type of spindle used.

Anti-icing Performance: When tested in accordance.with Annex A the undiluted flu|d, sheared
as in 3.2.2.5.1 shall form a film which will protect against the formation of frozen deposits
beyond the 25 mm line as detailed in Table 2. Similarly, the fluid when diluted to r{t)ios of 75:25
and 50:50 wiith water conforming to 3.2.2.6.1 and sheared as in 3.2.2.5.1, shall protect as
detailed in Tlable 2. Confirmation shall be obtained from six panels, three panels from each of

two successjve test runs.
TABLE 2 - Minimum Anti-lcing Performance
Hluid - SAE Type WSET HHET
& Dilution Time - Minutes Time - Hours
Il 100:00 30 4
75:25 20 2
50:50 5 0.5
Il <100:00 20 2
75:25 Determine and report  Determine and report
— 50750 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/dm?h, the time for the ice front, or formation of slush, on the
treated plates to reach the 25 mm line shall be reported.
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3.2.5 Aerodynamic Acceptance: |f 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, a minimum of three tests
shall be performed at each temperature.

3.3 Fluid TestedBothrasaConcentrateandBiluted-Solution————

Shall be ab follows, determined on the fluid as received and on a solution made up of

concentrafed fluid diluted 1:1 with ASTM D 1193, Type IV, water.

3.3.1 Freezing Point: Shall be not higher than -32 °C (-26 °F) for the fluid)in the as sypplied,
concentfate 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 accordance with

ASTM O 1177.

3.3.2 Effect on Aircraft Materials:

3.3.2.1 Sandwich Corrosion: Specimens, after testing shall not show corrosion worse than control,
when gontrol panels are run using water conforming to ASTM D 1193 Type |V, determined in

accordance with ASTM F 1110.

3.3.2.2 Total Immersion Corrosion: The fluid, tested in accordance with ASTM F 483, shall neither
show E/idence of corrosion of panels nor cause a weight change of any test panel 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 0.5
AMS 4041 Aluminum Alloy 0.8
3

AMS 403@ Aluminum Alloy 0.
AMS 43 nesiu v, 0.2

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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3.3.25

3.3.2.6

3.3.2.6.1

ASTMF5

19, Types 1.1, 2.1, or 3.1.

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

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.

Similarly fluid shall not craze, stain, nor discolor MIL-P-83310 polycarbonate plastic,

determined in accordance with procedures in ASTM F 484 except the specimens 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 Pginted Surfaces: Fluid, heated to 65 °C £ 2 (149 °F t 4) and appliedto
surface having an initial surface temperature of 22 °C + 2 (72 °F + 4), shall notiprogluce any

3.3.4

streaking, d
by more tha

Effect on Un
produce stre

3.3.5 Pavement C

3.3.5.1

Runway G

coloration, or blistering of the paint film, and shall not decrease paint
n two pencil hardness numbers, determined in accordance with ASTM

painted Surfaces: Fluid, tested in accordance with ASTM F 485, shall
aking nor leave any stains, which require polishing-te remove.

ompatibility:

have a rat|ng not greater than 1 for 50 freeze - thaw cycles, determined in accor:

ASTMC6
ASTMC 6
slump, 38

A25+1%
(concentrg
calcium ch

4. QUALITY ASSU

41

Responsibility]

The vendor of]

72, have a minimum cement content of 302 kg/m> + 4.5 (510 Ib/yd® + 1
mm + 13 (1.5 inches % 0.5).

te) fluid, shall be prepared using tap water, shall be substituted for the

RANCE PROVISIONS:

for Inspection:

the fluid shall supply all samples for conformance testing and shall be

loride. Performing more than one freeze/thaw cycle per day is accepts

A painted

itm hardness
F 502,

neither

oncrete Scaling Resistance: The condition-of the runway concrete surface shall

(fnce with
72, except that the concrete shall be air-entrained with an air content as in

D) and a

by volume solution of the deicing/anti-icing fluid made from the as supplied

specified
ble.

responsible

for obtaining independent laboratory confirmation of conformance to the requirements of this

specification. Each fluid sample container shall be clearly identified with the vendor's name, fluid
name or code number and lot number, and manufacturing 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:

421

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

4.2.3.1

4.3 Samplingland Testing:

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/JAECMA 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 fiuid to a purchaser (except for Storage
Stability 3.2.2.4 WhICh may be walved by the purchaser to permlt entry ofa new product) and
4.4.2, and

For difect U.S. Military procurement, substantiating test data and, when'requested,
preprdduction fiuid shall be submitted to the cognizant agency as ditected by the procuring

Shall be in accordance with 4.3.1 or 4.3.2, as applicable.. A'lot shall be all fluid pyoduced in one
continuous manufacturing process using materials from.the same batches of raw materials and
presented for vendors inspection at one time. Sufficient fluid from a single produgtion lot shall be

taken to perform all required tests.

4.3.1

43.2

4.3.3

4.4 Approval:

441

442

Bulk Shjpments: ASTM D 4177
Drum Shipments: ASTM D 1568

When a|statistical sampling plan-has been agreed upon by purchaser and vendor, sampling
shall be|in accordance with such plan in lieu of sampling as in 4.3.1 or 4.3.2 and the report of
4.5 shall state such plan was used.

Sample|fluid shall-be approved by purchaser before fluid for production use is gupplied, unless
such approvalbe waived by purchaser. Results of tests on production fluid shall be essentially
equivakfnt to 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. |f 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 until full testing and approval has
been received.

-11 -
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4.4.3 Whenever a fluid is to be produced at muitiple 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).

4.5 Reports:

4.5.1

4.5.1.1

4.5.1.2 Subsequent reports covering tests carried out atitwo year intervals shall compare
obtained ffom previous (if any) testing, and to'those referred to in the manufactur

452

4.6 Resampling

Preproducti

shipment a teport showing the results of tests to determine conformance to all the
requirements of this specification. These tests shall be performed by approved ant
independent testing facilities (see 4.2.2). The aerodynamic acceptance test facility
d report the following properties from the sample of fluid submitted fol

determine

Viscosity (3)2.3.1)
Refractive Index (3.2.1.4)

pH (3.2.1.3)

The reports shall include the quantity, lot number, AMS:1428A and manufacturer

identificatipn, and manufacturing location.

A material §

afety data sheet conformingto-AMS 2825, or equivalent, shall be supp
purchaser prior to or concurrent with.the report of preproduction test results or, if t

he initial
echnical
i/or
shall
testing.

s product

the results
er's data.

ed to each

preproduction test be waived by purchaser, concurrent with the first shipment of fluld for
production Use. Each request formodification of the fiuid formulation or change in the

reportable status of any of the raw materials used shall be accompanied by a revis
data sheet fpr the proposed-formulation.

d Retesting:

d material

If any sample|used.in the above tests fails to meet the specified requirements, dispogition of the

fluid may be

nonconforming-sam

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

5. PREPARATION FOR DELIVERY:

5.1 Packaging and Identification:

5.1.1

5.1.11

ased on the results of testlng three addrtronal samples for each orrglna

ents shall be

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

A production lot of fluid may be packaged in several or various containers and be delivered
under the basic approval provided lot identification is maintained.

-12-
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5.1.2

5.1.2.

51.3

6. ACKNOWLEDGMENT:

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

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.

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 saf i i i e and saf ivery.

For dire¢t U.S. Military procurement, fluid shall be packaged, such that it is.adequately protected
from deterioration or physical damage during shipment from the source of.stpply to the
procurement activity, or its designated receiving point, and (except for bulk) for & minimum
storage period of 30 days fro the date of delivery (or a period defined by the purchaser) unless
otherwige designated in the contract or purchase order (see also.9:2).

A vendor sHall mention this specification number in all quotations and when acknowledging purchase

orders.

7. REJECTIONS:

Fluid not copforming to this specification, or to:modifications approved by purchasefr, shall be subject

to rejection,

8. SIMILAR SPECIFICATIONS:

ISO 11078 t 1992 Aerospace-Aircraft Deicing/Anti-icing non-Newtonian fluids, I1SQ Type Il

9. NOTES:

9.2

9.3

The (R) symbol is for the.convenience of the user in locating areas where technigal revisions, not

editorial changes, have'been 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.

For direct| U.S, Military procurement, purchase documents should specify not les$ 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).

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:

A.1.1 This docum amber, and
test proceduyres to carry out anti-icing performance tests according to the current materials
specification for aircraft deicing/anti-icing fluids. The primary purpose for such|a tejst method is
to determing the anti-icing endurance under controlled laboratory conditions.of SAE Type |,

A.1.2 This test mgy involve the use of hazardous materials, operations and equipment. This Annex
does not pupport to address all of the safety problems associated/with its use. Itis fthe
responsibility of the user to establish appropriate safety and healith practices and dgtermine the
applicability|of regulatory limitations prior to use.

A.1.3 The values stated in Sl units are to be regarded as thelstandard.

A.2 REFERENCED DOCUMENTS:

A.2.1 SAE Publicgtions:

Available frqm SAE, 400 Commonwealith Drive, Warrendale, PA 15096-0001.

AMS 4037 | Aluminum Alloy Sheet and Plate, 4.4 Cu - 1.5 Mg - 0.6 Mn, (2024-T3 Rlat Sheet,
-T351 Plate) Solution Heat Treated

A.2.2 ASTM Publications:

ASTM D 1193 Reagent Water

Available frch ASTM,-100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

A.2.3 IS0 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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A3 SUMMARY OF TEST:

A.3.1

A3.2

A33

A.4 EQUIPMENT AND TEST PARAMETERS

A4

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

Type ll, Type lll 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 before 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|involves pouring the unchilled fluid onto an inclined test plate at -5 °C.x 0.5 and
applying|a cooled water spray in air at -5 °C + 0.5. The water spray endurance (s recorded as
the time ffor ice formation to reach the first 25 mm mark at the top of the'test plate under these
conditior)s, when water spray intensity corresponds to 5 g/dm per hour+ 0.2. This is

equivalept to an average precipitation rate of 0.5 mm per hour. It is’\a fundamental requirement
of this tept that the spray impinges onto the surface of the test plate as water drpplets which
freeze of impact. This is verified by observation of the untreated or ice catch plate.

This test involves pouring the unchilled fluid onto awinclined test plate at -5 °C % 0.5, when the
air temperature is 0 °C x 0.5 and the relative humidity is 96% + 2. The high humidity endurance
is recorded as the time for ice formation to reach the first 25 mm mark at the top of the test
plate unger these conditions, when the ice.formation corresponds to 0.3 g/dmZ/VEour, this is

t to a water accumulation rate. (in the form of frost) of 0.03 mm per hotrr. Itis a
fundamental requirement of this test that the RH value is maintained to an accuracy of +2% RH
in the alfsence of any visible precipitation (such as mist, fog, or drizzle). The duration of the
test shall be at least two hours for-SAE Type | and Type I, at least four hours for SAE Type |
and at Igast eight hours for Type {V.

General

A description‘gf the minimum requirements for the environmental test chamber fand associated
test equ pment lncludmg test plate chllllng unlt test plate spray eqmpment humidity generator,

. rformance
requirements for the test equupment is glven in Table A1 Other spray and humidity control
equipment which meet the requirements of this Annex are acceptable.

-15 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=0a539bb856b2f1c1205548a88652bf6b

STD.SAE AMS 1428B-ENGL 1997 MR 7943725 0556034 bTL EM

AMS 1428B SAE AMS 1428B

A.4.2 Test Chamber:

A43

The test chamber used to perform both water spray endurance and high humldlty endurance
anti- lcmg 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. It is 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 test cha TipTTent:

The test chgmber shall be capable of air temperature control in the range 0 to :5 °CG with an
accuracy of p0.5 °C, the temperature sensing device shall be mounted at the exit sjde of the air
recirculating|system and shall be within 0.5 m of the side of the test plate; -but outsigie the direct
line of the spray nozzle when in use. The air exchange rate in the chamber shall correspond to
an average 4ir velocity of 0.2 m/s + 0.05 when measured 5 cm above 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. There shall pe no water
droplets havjng a diameter greater than 4 mm, determined-in accordance with one pf the test
methods degcribed 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 x 0.05, the frost accumulation rate on the test plate
(cooled to -§ °C = 0.5) shall be 0.3 g/dm*hour + 0.05-at the end of the test, if the teist lasts less
than 10 houfs, and 0.3 g/dm?%hour + 0.1 if the testlasts more than 10 hours.

The humidity can be produced using a saturated water vapor generator housed in the exit side
of the air regirculating system and controlled using a suitably calibrated humidity sensor linked
to a control system. When a high humidity 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 to a cgntinuous
pen recordef or electronic data acquisition system as a means of checking the envifonmental
control characteristics of the-test chamber throughout the course of a test run.

Test Plate:

The test plate is éither the upper surface of the test plate chiller unit or removable panels sited
on the face ¢fthe chiller unit. Both the test plate and chiller unit are housed within I|he test
chamber.

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 plate shall measure 30 x 10 cm (area = 3 dm?) and shall be clearly marked as follows:
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A4.3

A.4.4

A4.4.1

(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 fiuid
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 toa temperature ot -5 °C +0.5. The temperature sensrng devrce shall be mounted in

the recire
the heat

electronic data acqmsmon system to check and record the test plate températu

the cour

Spray E

5e of a test run.

uipment:

Generpl Requirements: The spray equipment is used in the- water spray enddrance test to

provid

used,

Avera
range

The ay erage intensity of the water spray produced during a test shall corresp
5 g/dm + 0.2 per hour.

The w

The w
which

The e
test is

15 to 35 um.

ater spray shall beé evenly distributed over the entire area of the test pldg

ater spray shall'impinge on the surface of the test plate in the form of w

xact type and geometry of the spray system used to generate the watei

freeze on-impact when both the air and test plate temperatures are at 5

b the water spray from a nozzle supplied with lowflow water and atomized by
compressed air or by spinning disc, this equipment is-housed in the upper re
chamber above the test plate. The water shall conform to ASTM D 1193, Ty

ion of the test
e 1V, and when

he compressed air shall be clean and oil free. The spray equipment shall be adjusted
in ordegr to meet the following criteria:

je droplet diameter of the water spray shall be 20 pm, with 50% of the groplets in the

bnd to

te.

ater droplets
°C.

spray for the
met.

left to the discretion of the user, provided the foregoing parameters arg

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

A.4.6

A4.7

A5 CALIBRATION OF TEST EQUIPMENT:

A5.1

the respective passage of water and compressed air. The critical dimensions are given in

Figure A1. Typical 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.

Aok
HIGHIR.

Both the air pnd test plate temperatures shall be maintained at the required lgvel us
exchangers connected to on/off temperature control equipment comprising'solid st
temperature|sensor such as a platinum resistance probe (100 ohms at 0.°C), coupl
proportional temperature controller having a minimum resolution of 0.55C.

Humidity Coptrol Equipment:

Relative hu
generator, of equivalent, connected to on/off humidity control equipment comprisin
sensor of th¢ capacitance, resistance or conductivity type capable of covering the r
90 to 100%
water vapor generator heater supply (and therefore the amount of water vapor intro
the air stream).

Air Distributipn System:

Shall comprise of a fan to provide airrecirculation through the main body of the test
and to the he¢at exchanger. Ducting for the passage of air to and from the heat exc
have entry and exit ports positioned to provide good air recirculation throughout the
chamber. The heat exchanger shall be capable of cooling the air and maintaining it
I. The air movement within the test chamber, measured during high h
endurance testing, shallbe as specified. Air flow shall be measured using a suitabl
anemometer or velometer.

ing heat
te
dtoa

idity shall be maintained at the specified ievel.using a saturated water vapor

humidity
nge

H at 0 °C; this in turn is coupled to a controlier capable of regulating the saturated

duced into

chamber
nanger shall
test

at the
Lmidity

=3
-

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 1ISO 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:

ltisa reqmrement of the hlgh humldlty test that the average air velocity in the test chamber,

A.5.4 Water Droplet Size:

A.5.4.1 Water|spray droplet size shall have an average diameter of 20 um'+ 2, with 50% of the
droplegs in the range 15 to 35 um.

A.5.4.2 During the high humidity test the water vapor must not contain any droplet gregater in diameter
than 4{um.

A.5.4.3 The following methods can be used to determinethe droplet sizes referred tolin A.5.4.1 and
A5.4.2.

a. Slide Impact Method: A sample of the water droplets from the precipitation is collected on
an|oil coated microscope slide. Anoil having a viscosity of 5000 mPas at|20 °C, spread to
a thickness of about 500 mm will be suitable. The oil can be either a mingral oil or a

icroscope

AS54.4 blish that even
and reproducible ice formatlon 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

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
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A.5.4.4 (Continued):
b. High Humidity Endurance:
Air temperature: 0°C+05
Test plate temperature: -5°C £ 0.5
Test plate slope: 10 degrees + 0.2 from horizontal
Relative humidity: 96% + 2
Horizontal air velocity: 0.2 m/s + 0.05
Testd for iri m
Frost accumulation: 0.3 g/dm?hour + 0.05

There are

Use three
method, s
difference

Mark the 1
test, scra
the possib

two ways to assess the ice catch.

panels, each 10 x 10 cm in place of each 10 x 30 cm test plate, this is the preferred
ce the preweighed panels can be weighed on completion of test and the
in the recorded weights is the ice catch.

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

In either case the ice catch on each 10 x 10 cm;section shall correspond to 5.0 gm + 0.2 for

each hour
degree of
The same
least once

A6 TEST PROCE

A.6.1 Test Plate Cleanliness:

of the water spray test and 0.3 gm/hour + 0.05 in the high humidity tes]. The
repeatability shall be checked by performing not less than two successive test runs.
performance limits must be achieved in each run. This calibration shal| be run at
every six months or whenever a piece of equipment is repaired or replaced.

DURE:

The test plates shall befree of all visible contamination, smears, or stains, except for the
horizontal lies marked at the 256 mm point from the upper edge of the test plate. Apy
contaminatign shall be removed by washing and then thoroughly drying. Between tgst runs

using the sa

taken to ens

me_candidate fluid, a water wash and dry will suffice. Particular care should be

5’ the tast nlata to divide arface d-d order-to-obviate the

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

A.6.2 Ensure thet

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

A.6.4 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 25 mm ||ne record the tlme of this event When the water
spray orph C , ; ' m section of the
uncoateg panels If the ice catch is within the specified limits for the test being'conducted, the
time for the ice front to reach the 25 mm line is valid for that test. Repeat the test using the
alternatq layout for the test panels to be coated with the candidate test fiuid. If the two
successive runs indicate conformance to the ice catch criteria, the times for thelice fronts to
reach the 25 mm mark shall be recorded on the report.

A.6.5 Reprodycibility/Precision:

The watgr spray endurance and high humidity endurance tests are dynamic by pature, and
small vafiations can be expected. The acceptable variation between the holdover time

averageps of two water spray endurance tests performed with the same candidate fluid is 20% of
the holdpver time average for a Type | fluid and 10% for a Type Il, Type Ill or Type IV fluid.

A.6.6 Report:

The repprt shall state the name and address of the facility conducting the tests,|together with a
statemept confirming the test facility.is autonomous of the manufacturer or vendor of the fluid.
The follgwing information shall also appear on the test document:

Date tedts conducted

Manufagturer or vendor's name and address

Name of reference number of the fluid tested

Type of fluid (SAEType |, SAE Type |l, SAE Type lll or SAE Type IV)

Conditign of fluid - Concentrate as supplied to test facility, or diluted with hard water as defined
inthe s ecmcatlon and subsequently sheared in accordance with specification,|giving the
dilution

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 FLCUID BLCANK FLUID BLANK FLOID BLANK
FOOT NOTE:

(A) Blank panels agt as controls to measure the ice catch after each run.
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B.1

B.1.1

B.1.3

B.2

SCOPE:

Objective:

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 Ac¢eptance and Facility/Site Qualification:
An aircraft ground deicing/anti-icing fluid has acceptable aerodynamic flow-off characteristics if
the fluid |s tested in accordance with this standard and complies with.the acceptnce criteria
described in Section B.8. If results from testing in accordance with'this test method are to be
used to gertify that an aircraft ground deicing/anti-icing fluid complies with the a¢ceptance
criteria described in Section B.8, substantiation that the facility and associated staff and

s satisfy the requirements of this test method shall\be documented and submitted to
rmance Review Institute, 161 Thornhill Road, Warrendale, PA 15986-7527, 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

initially dertified and thereafter biannually in\its undiluted and diluted forms per this standard and
shall continually demonstrate acceptable aerodynamic flow characteristics.

Safety Hazards:

This standard may involve hazardous materials, operations, and equipment. This standard
does not purport to address any, or all, of the safety problems associated with ifs use. Itis the
responsility of the standard user to consult and establish appropriate safety apd health
practice$ and determine the applicability of regulatory limitations prior to use.
SIGNIFICANCE IN-USE:
Aerodynamic acceptance of an alrcraft ground deicing/anti-i |cmg fluid is based on| the air and fluid
BLDT (bot eriencing the
free stream velocny t|me history of a representatlve aircraft takeoff Acceptabmty 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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B.3 REFERENCED DOCUMENTS:

B.3.1

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM D 1193 Reagent Water

ASTM D 1331

ASTM D 1747 Refractive Index of Viscous Materials

ASTM D 21

ASTME 70

B.3.2

Available frgm DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Ay

U.S. Govermment Publications:

Philadelphig, PA 19111-5094.

MIL-A-8243

B.4 GLOSSARY:

B.4.1 Abbreviations:

BLDT boundary layer displacement thickness

cm
Hz
m
mm
Pa
pH
RH
RPM
s

centimeter

he

potential of hydrogen
relative humidity
revolutions perinute
second

Materials by Rotational (Brookfield) Viscometer
pH of Aqueous Solutions with the Glass Electrode

Anti-icing and Deicing-Defrosting Fluid

Surface and Interfacial Tension of Solutions of Surface-Active Agents

nian

fenue,
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B.4.2 Parameters:

b
c

t
S
S.
Ss
P1
P2
PS
Ty
Ts
Ty
\'
Vi
Vm
Vs
&%y
&%

S*ave

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

settling chamber cross section area (Station 1)

test duct cross-section area at Station 2
test duct cross-section area at Station 3
gettling chamber static pressure (Station 1)
gtatic pressure at Station 2

gtatic pressure at Station 3

das temperature (wind)

fluid temperature (deicing/anti-icing fluid)

—t*

arget temperature

gverage wind velocity in flow:core (at Station 2)
idle wind velocity

rmaximum wind velocity

gtart-up wind velocity

ILDT over dry surface (at Station 3)

BLDT perimeter average between 6* and 8*4
8*;value for reference fluid

maximum acceptable value for 8 at 0 °C
maximum acceptable value for 3% at -20 °C

gas density mass per unit volume
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(R)

B.5.2.1

B.5.2.2

B.5.2.3

B.5.2.4

2 mm film
a test run.

B.5.2 TestDuctG

Test Gas:

testing method.

Temperature Range: 0°C to approximately =25 °C; or the test fiuid minimum usal

B.5 TEST FACILITY REQUIREMENTS:

Testing shall be performed in a horizontal duct having the following geometry, flow
characteristics, and instrumentation. [f 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
Performance Review Institute, 161 Thomhill Road, Warrendale, PA 15986-7527, United States of
America to qualify the technical suitability and competency of the test facility. The test facility
shall be qualifj i i itti i
facility, instrumentation, and procedures continue to produce acceptable data. The f«
describes the [facility used to measure the aerodynamic flow-off acceptability of deicir

as Flow Core'Characteristics:

Air, Nitrogen, or suitable gas proven to have no adverse effect on the ¢

that the
pllowing
)g/anti-icing

fluids. In addition, the technical capability of the site/facility also includes the'ability t¢ provide or
procure the dqta required by B.6.2, adequate transducer calibration facilitiesto ensure accuracy
and precision requirements, and trained personnel to effect the test method.
B.5.1 Test Duct Dgscription:
B.5.1.1 Dimensions: Figure B1
B.5.1.2 Tolerances:
Lineal dimensions: <+2%
S./Sa: 0.927% = 1
B.5.1.3 Design Features The test duct floor shall-be horizontal, while the ceiling shall slope upward
linearly 8 mm from Station 2 to Station 3. Test duct surfaces shall be hydraulically smooth,
resulting in a dry BLDT < 3.0 mm at Station 3. Provisions shall be made to uniforrhly apply a

pf test fluid only on the test duct floor and to remove residual test fluid at the end of

pverall

temperature

ble

Temperature Stability: <32 °C of the target temperature with a continuous flow =60 seconds,
except < +1 °C between the 27th and 33rd seconds of a test run

Temperature Spatial Uniformity: <1 °C
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B.5.2.5 Velocity Range: 0=V <0.5 m/s to 65 m/s £ 5 within t = 25 seconds t 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 after 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 <56 m/s.

B.5.2.6

B.5.2.7

Verticg
Longit

B.5.2.8 Relatiy

B.5.3 Test Faq

B.5.3.1

Test O
capab

Turbulence: <0.005 (AU/Ue<)

Velocity Spatial Uniformity:

AUMe £+ 0.005
AU £ -1 m/s/m £ 0.008 Ue/m

1| and lateral:
idinal:

e Humidity: 70% + 30
ility Thermal Stability:

uct: The test duct shall be thermally insulated of.within the test facility
E of being precooled to ensure thermal equilibtium of the test duct stru

test rup.

" B.5.3.2 TestF
charag

B.5.4 Test Fa¢

Drainag

test fluid

B.5.5
B.5.5.1 Temp
B.5.5.1.1

B.5.5.1.2

Test

Test

teristics of Sections B.5.2.

ility Drainage:

and to ensure no fluid-returns upstream to the test duct.

Instruméntation:

erature and-Relative Humidity:

Duct.Gas Temperature: Measured at Station 2 approximately 5 mm b

Fluid Temperature: Measured at Station 3 within the test fluid, approx

acility Circuit: Circuit thermal insulation shall ensure the test duct temp

b shall be provided downsiream of the test duct, in a region of low velod

Circuit flow and

¢ture during a

Erature

ity, 1o remove

elow the ceiling.

mately 1 mm

above the floor.

B.5.5.1.3

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.

B.5.5.1.4

calibrated against wet bulb-dry bulb thermometers.

Relative Humidity: Wet bulb-dry bulb thermometers or equivalent which are regularly
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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

practice

B.5.5.2.2 Inlet Static Pressure, P,: Measured using a 4 mm diameter flush orifice tapped into the
middie of the ceiling at Station 2, free of flow disturbances from the Station 2 temperature

probe.

B.5.5.2.3 Outlet Static Pressure, P;: Measured using a 4 mm diameter flush orifice tapped into the

middle ¢

f the ceiling at Station 3.

B.5.5.2.4 Pressur
pressur

e Sensor: Two pressure transducers are used to measure/(P4 - P,) and (P; - Pg)
differentials. The pressure transducer used for P; - Pz shall have a range of at

least 30p Pa with a +0.5% accuracy. The pressure transducer used for (P, - P3) shall have
a 3000 Pa range and a 1% accuracy. Data stability (time variations less than |0.5%) and
time response (less than 0.1 second delay) shall be achieved by appropriate data filtering
and smgothing techniques. Low pass filtering between 1 and 5 Hz and data s
least twice the cut-off frequency of the filter are recommended. Calibration of t

measur:
(with ac
complet
B.5.5.3 Test Duct

B.5.6.3.1 Velocity

ment system shall be performed over the entire range using a referenc
curacy of £0.25% for (P2 - P3) and 20:5% for (P, - P;)) before and after
e test session.

Gas Velocity and Turbulence:

Test duct velocity is that'at Station 2. Velocity shall be computed fron

measurgments of (P, - P,) and (S,/S,) using Equation B1.

2
V=J§(P1-P2)/[ 1(—2%} ]

mpling at

ne

te apparatus

each

n the

Becausg of possible pressure leaks and losses, a calibrated pitot-static probe srall be
periodicLLy_used_tmLeﬁb/_use_o! Equation B1

(Eq.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 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, via the time signal of the difference between actual

wind velg
upstrean

75 hp col

suggeste

B.6 TEST FLU

B.6.1 General:

Fluids su
productic

been ma
the wate
respect t
about 11
dilutions
tested in
ASTM D
company

B.6.2 FluidIde

The aerd
B.6.2.1 Viscos

6, and
samplg

d facility is shown in Figure B3.

ID REQUIREMENTS:

b the requirements of the water spray,and high humidity endurance tes
ter of the lot is required for one testrun. The fluid shall be tested undil
of 75% neat fluid to 25% water, @nd at 50% neat fluid to 50% water. S
diluted form shall be diluted by the testing facility, using water conform
name, product name, lot-humber, location and date of manufacture.
ntification:

dynamic acceptance testing facility shall identify the fluid by testing for

usable

made for both the undiluted fiuid and all tested dilutions..

B.6.2.2
accord

B.6.2.3

ance with ASTM D 1331.

accordance with ASTM D 1747.

B.6.2.4
ASTM

E 70.

of the settling chamber; a two stage Freon-glycol refrigeration circuit-p
mpressor provides adequate temperature setting (-30 °C). A schematic

bmitted for testing shall be experimental fluids-or fluids which are repre
n fluids being commercially offered as complying with this test method,
nufactured during the previous three months, shall be from the same lo
spray endurance test and the high humidity endurance test, but unsheared with

1193, Type IV. The manufacturer shall mark each fluid sample contair

ty: Viscosity shall be measured by Brookfield LVT viscometer, or equiy
30 rpm with the appropriate spindle in accordance with ASTM D 2196 {
scshall not be shaken), at 20 °C, 0 °C, and in 10 °C increments down {(

placed
owered by a
of the

sentative of
shall have
t submitted for

s. A volume of
ited and in
amples to be
ing to

er with the

the following:

ralent, at 0.3,
except that the
b the lowest
:nts will be

Surface Tension: Surface tension of the undiluted fluid shall be determined at 20 °C £ 3in
Refractive Index: Refractive index of the undiluted fluid shall be determined at 20 °C + 3 in

pH : pH of the undiluted fluid shall be determined at 20 °C * 3 in accordance with
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B.7 TEST PROCEDURE:

B.7.1 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 fiuid 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
increments). Each fluid shall be tested at a minimum of three target temperatures (not
necessarily ffhe exact same temperatures). Three BLDT measurements shall be mjade within
+3 °C at ea¢h target temperature to improve data precision and accuracy. BLDT,

measurements of the dry test duct shall also be made immediately prior to and-after each target

temperaturg sub-set of fluid BLDT measurements. A minimum set of nine-BLDT mgasurements
shall be performed in conjunction with the fluid measurements for a minimum of 3§ BLDT

B.7.2 Test Run S¢quence:

B.7.2.1

B7.22

B.7.23

B.7.24

B.7.2.5

B.7.2.6

measurem
(test run) of
of any fluid

nts. Paragraph B.7.2 describes the test sequence for oneBLDT mea
a fluid; for measurement of the dry test duct BLDT, ensure that the te
and follow the sequence of B.7.2, deleting the steps.involving the fluid.

Select Target Temperatures:

rement
duct is free

Pre-cool Test Fluid: Prior to testing, pre-cooling of the fluid is required to achieve target

temperatyre during the test. However, the fluid should never experience partial f
order to ayoid possible irreversible rheological changes. Consequently, fluid tem

shall be maintained, at all times at a.minimum of 5 °C above the freezing point di

reezing in
perature

ring the pre-
rst, a long

cooling prpcedure. The pre-cooling of the fluid generally consists of two steps: f
storage in|a cold chamber; second, once the fluid has been laid on the test duct
minute sefting period under a‘wind velocity hereafter referred to as idle velocity,
Vi

Pre-cool Test Facility:) Pre-cool the test facility to achieve test gas and structural
stability af the targettemperature.

Measure Fluid. Water Content: Measure the fluid’s refractive index of the fluid to

oor, a five-
nd denoted

thermal

ensure that

the fluid’s water content is within £1% of the fluid manufacturer’s specifications.

Apply Fluid to Test Duct Floor: Pour approximately 1 liter of fluid onto the test duct floor and
level 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 circ
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

uit drain,

the fluid to a

five minute settling period with the test duct gas velocity <5 m/s to obtain gas and fluid

temperatures close to the target temperature. Temperatures of the gas and fluid

shall be

within 2 °C at the end of the settling period. The duct gas flow shall not cause visually

detectable motion of the test fluid.
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B.7.2.7 Subject Fluid to a Simulated Aircraft Takeoff Velocity Time History: Accelera

te the test duct

gas flow as shown on Figure B2 and simultaneously record t, RH, Ty, Ty, (P+ - P2), and

(P2 - P3).

B.7.2.7.1 Start Up: The start up wind velocity, denoted V;, 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 V¢ up to V.
From t = 25 seconds * 2 up to 60 second wind velocity shall remain constant, equal to Vy,.

B.7.2.7.3 Maxjmum Velocity: Maximum wind velocity, denoted Vq, shall be equalto 6|5 m/s £ 5.

B.7.2.8 Termihate Test Run: Attime t = 60 second wind velocity is brought t0'0 m/s as quickly as

possible.

B.7.2.9 Residyal Fluid Analysis: Sample fluid remaining on the test duct floor for water content.

B.7.2.10 Data Processing: Process measured data (See B.7.4).
B.7.3 Test Cautions:
B.7.3.1 Safety Hazards: See B.1.3 concerning safety hazards.

B.7.3.2 Frost:| The formation of frost within the test duct will significantly affect the re
and therefore must be prevented.

Sults obtained

B.7.3.3 Variatjon of Water Content: Dehydration of fluids prior and during testing may significantly

affect|the result obtained and shall therefore be prevented. Consequently, al

fluids shall be

kept in containers suitably.capped to prevent the evaporation of water prior tq being applied to

the test plate. Measurement of the fluid sample refractive index immediately
shall he performed aceording to ASTM D 1797 and the variation of the water
that measured immediately before the test (using a refractive index - dilution
shall e derivedand reported.

after the test
content from
calibration curve)

B.7.3.4 lrregylar BEDT Data: The 8% (t) curve for all the dry runs is carefully analyzed to detect

whetheror not it shows evidence of irregular behavior. Such irregular behav

or results 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,

judgmeptisexercised to decide whetherornot the Tesuit can beaccepted.
B.7.4 Data Procéssing:
B.7.4.1 Test Datq Description:

B.7.4.1.1 Desired Data: A time record of wind velocity (V), dry or fluid BLDT (3*4 or &%), fluid
temperature (T;) and relative humidity (RH) shall be providedfor the 60 seconds duration of
the test] Example is given in Figure B4.

B.7.4.1.2 Desired Average Data: The specific results of a given-test shall consist of values averaged
over the period at the end of the acceleration, i.e, between the 27th and 33rd $econd of the
test. These values are BLDT and fluid temperature.

B.7.4.2 Calculation Methods:

B.7.4.2.1 Velocity: See B.5.5.3.1

B.7.4.2.2 BLDT: [The BLDT on the test duct floor, at Station 3, is evaluated from the measurement of
the two |pressure differences (P1 - P2) and (P; - Ps), recorded as functions of time during all
the test|runs. The average BLDT over the test duct perimeter §*,.. is evaluated at Station 3
using the following relation, obtained are from application of mass conservatior] and
Bernoulli equations-(See Equation B2):

1 (P1 - P2)
&5* = — - .B
ave c [33 SZJ Pr- P2 + (P - F’s)} (Eq.B2)

where:

¢ = duct perimeter at Station 3
S, = area of Station 2
S; = area of Station 3
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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 =3*,.e (with no fluid)

(Eq.B3)

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

and {

&*4 apd &%, the following relation can be obtained (See Equation B4);

whe

wet

* c * C—b *
d =B’|:8 ave_( C_)a d]

duct|lower surface, provided an expression for §*;5has been previously dete
number of "dry" runs carried out without any fluidin the test section. More precisely, these

dry

runs yield the value of *4 and are used to-determine the constant in the

empirical formula (See Equation B5):

-1/5
8= const (—\L)
v

whete:

For

func

\ = tunnel air velocity at Station 2
\ = kinematicwiscosity of the gas

glata reduction of a test with fluid in the test section, Equation B5 is use

Equ?tion B4.

Inde€d 1t assumes a value & on the Iower surface and another value o 4 on Ithe dry sides
op walls. Expressing the previously determined &*,, as perimeter-weighted average of

(Eq.B4)

e b is the width of the bottom flat plate. This relation’is used to derive the BLDT over a
urface, &%, from the measurement of 8*,,. carried out as explained with fluid on the test

mined by a

following

(Eq.BS)

to evaluate, as

lion of the instantaneous velocity determined by (1), the value of 3%, to be used in

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).

-39-

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=0a539bb856b2f1c1205548a88652bf6b

STD.SAE AMS 1428B-ENGL 15997 M 7943725 055L058 03T A '_

AMS 1428B SAE AMS 1428B

B.7.5 Test Bias Accuracy and Precision:

B.7.5.1 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 §*; value from various identical tests performed at temperatures within £1 °C

shall be within 0.3 mm.

B.7.5.2 Dry BLDT Bias: The dry BLDT value will vary with temperatures because of the variation in
Reynolds [Number, but shall be 2.5 mm £ 0.4. The nominal 2.5 mm value correspond to
theoreticaj expected value and the variation from that value can be considered,a$ a general

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

B.7.5.3 Fluid BL

Bias: Since the dry BLDT value is used in the candidate fluid BLDT value, the

related bias on 8% is £0.5 mm. This quantifies the variations which may occur, fdr a given

fluid, between acceptable facilities.

B.8 DE-ICING/ANTI-ICING FLUID ACCEPTANCE CRITERIA:

B.8.1 Fluid Acceptance Criteria:

The maximym acceptable &% value as function of temperature is established according to dry

and referente results (See B.7.1). Values 6*..and 8* are used as that upper limit
se values are:

8*0 = 8*r + 0.71 (8"; - 5*5)0
830 = 8% - 0.18 (5% - 8320

where:

for BLDT

(Eq.B6)

(Eq.B7)

8*, =the referenceBLDT value at 0 °C for Equation B6 and at -20 °C for Equatjon B7,
obtained by.interpolation from a straight line fitting of the reference BLDT palues

measured-at 0, -10, -20 and -25 °C
&*4 =the average of all dry BLDT values measured

B.8.2 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 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 report, (See Section B.10), and the fluid manufacturer informed that the fluid not be

used in
fluid wit

B.8.3.1 Retest
datap
Failur
fluid f

B.8.4 Continu

To main
and ther
shall cor
this stan
with this
of an ori

rior to using the
in the unacceptable temperature range.

ng: If any data point fails to meet the specified acceptance criteria, disposition of the
int may be based on three additional data points for each nenconforming data point.
of any retest data point to meet the acceptance criteria shall be cause [for failure of the
that test temperature. All data points shall be reported:

d Acceptance of Test Fluid:

ain compliance with this specification, the fluid shall be tested when initjally certified
pafter biannually in its undiluted and diluted’ forms in accordance with this standard and
tinually demonstrate acceptable aerodynamic flow-off characteristics. With respect to
dard, a change in fluid formulation oy properties constitutes a new fluid and compliance
standard must be reconstituted. Fluids produced under license from the manufacturer

complia

pinal fluid which complies with this standard shall be required to independently show
ce herewith if the licensed fluid is tendered as meeting this standard. Compliance can

be inferrpd for the licensed fluid if documentation is provided which validates that the original

and licensed fluids are identical.
B.9 TEST RESULTS:
Test results shall consist of the following.

B.9.1 Test Flujd Identification Data Sheet:

A data

eet containing the fluid identification parameters defined in B.6.2 (See Figure B5).

B.8.2 BLDTM

easurement Summary:

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

B.9.3 Test Run Data:

Data fro

m each test run (See Figure B4).
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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 Water Content Variation:

Evaluation ¢f water content variation in the test fluid during the test run shall be regorted. A
cautionary statement shall be issued if the water content variation is in excess of £2%.

B.10 REPORTS:
The report gf the test results shall contain the following:
B.10.1  Fluid Manufacturer's Information:
Manufactyrer's test fluid identification statement described in B.6.1.
B.10.2 Aerodynamic Acceptance Test Facility Information:
B.10.2.1 Test Fag¢ility Qualification Statement: 'if results from testing in accordance with this standard
(R) are to b¢ used to certify that an aircraft deicing/anti-icing fluid complies with the|acceptance
criteria described in Section 8, the'report shall include a statement from the aerpdynamic
acceptance test facility thatthe facility meets the requirements of this standard pnd has

been foynd qualified by the Performance Review Institute, 161 Thornhill Road, Warrendale,
PA 15986-7527, as discussed in B.1.2 and B.5.4.

B.10.2.2 = Test Fagility Autonomy Statement: If results from testing in accordance with this standard
are to b¢ used-to.certify that an aircraft deicing/anti-icing fluid complies with the|acceptance
criteria described in Section B.8, the report shall include a statement attesting
indepengence of the aerodynamic acceptance test facility from fluid manufactwlers, as
discussedi jonB-5: -

B.10.2.3 Fluid Code ldentification: 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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Fluid : R _00_110
At 30 sec: VU = 66.8 w's
T = - 0.4 *C
Delta dry = 2.67\mn
Oelta wet = 635 nn
Dalta® nax =, 14.35 nn
at ¢ = 9.62
1 T | T | R 1
<0 s0 60 70
uv.q.Alc
Time Speed P,~P, P,-P, Delta* T, T,
sec m/s "H,0 "H,0 mm °C °C
27.06 66.0 11.43 0.56 6.82 ~-1.4 -0.2
28.02 66.3 11.52 0.54 6.73 -1.5 -0.1
28.98 66.7 11.67 0.48 6.49 -1.5 -0.1
29.94 67.1 11.7¢ 0.44 6.29 -1.5 -0.2
31.00 66.7 11.87 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
Averages
30.04 66.6 11.62 0.45 6.35 -1.5 -0.2

FIGURE B4 - Example of Data Acquired During Test Run
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FLUID IDENTIFICATION

NUMBER  COMPANY DESIGNATICN GRIEA LABEL RECEIVED

N

TABLE 3 - SURFACE TENSION, pH AND REFRACTIVE INDEX

NO SURFACE TENSION pH RIL
T(°C) dynes/cm T(°C) VALUE T(°C) VALUE
H 20 34.7 20 65.89 20 1.4280
20 39.¢6 20 9.55 20 1.4275
3 20 39.4 20 9.47 20 1.4282

BROOKFIELD VISCOSITY \(wPa s)

TEMPERATURE (°C) 0.3 RPM 6 RPM 30 RPM
Reading F  viscax\Reading F visc. Reading F wvisc.
A i
T20°C 5.2 1000( 3200 3.7 50 1185 61.5 10 615
o°c 7.0 1000 000 37.3 50 1865 99.9 10 999
+10°C 4.5 1000 4500 3.1 50 1355 93.7 10 927
- 120°C 1.5\1000 i500 18.6 50 930 70.8 10 708
125°C 124 ~"1000 1400 18.2 50 910 74.3 10 743
Bl.
f20°C 0.2 200 -3 1.3 10 33 18.4 2 36.8
0°c 6.6 200 P 13.8 10 138 69.7 2 139.4
110°C [.9 200 3350 2.1 10 321 32.5 10% 325
120°¢C 4.2 200 240 §¢.0 10 840 87.8 10* 878
125°¢ 7.6 200 320 32,1 50* 1605 - - -
c. :
+20°C 0.5 200 ¢ 7.6 10 36 18.8 2 37.6
0°C 0.9 200 30 &1 10 14l 70.4 2 140.8
-10°C 1.8 200 <0 30100 13 Ja.1 10* 3¢l
~20°C 4.5 200 » 6.7 10 867 94.5 10* 945
-25°C 7.7 00 - 1.1 S0* 1535 - - -
SPINDLE #2

FIGURE B5 - Example of Test Fluid Identification Sheet
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AERODYNAMIC PERFORMANCE TEST DATA

Test T. T, Rh Vat30s é
Code ‘c C % m/s mm
FPD-212 0.6 42.9 2.78
FP-424 1.0 0.1  45.0 65.9 8.51
FP-425 2.6 0.1 46.0 65.4 8.52
Fp-426 -1.3 -1.7 84 .8 6£5.58 8 .60
FPD-213 -2.2 55.0 2.80
FPD-214 -9.1 70.5 2071
FP-427 -11.0 -10.3  67.3 65.8 8,83
FP-428 -10.8 -9.8  65.2 65.2 9.10
FP-429 -11.6 -11.4 66.4 66.7 8.05
FP-439 -10.6 -9.7  63.1 65.9 8.47
FP-440 -10.0  -10.3  &5.1 65.7 8.43
FPD-216  -12.0 64.8 2.75
FPD-227  -14.4 67.8 2.75
FP-441 -14.7 -12.6  66.7 65.7 9.05
FP-442 -15.7 -13.3  66.5 65.6 9.04
FP-443 -15.9  -14.7  66.8 65.6 9.06
FPD-228  -17.1 56.2 2.82
FPD-217  -21.7 605 2.75
FP-430 -20.1  -20.1 62.6 65.9 8.94
FP-431 -17.5 -19.0 _-%67.4 65.7 8.88
FP-432 -21.8 -21.1 58.7 65.9 9.21
FPD-218  -21.8 53.6 2.76
FPD-222  -26.2 55.2 . 2.77
FP-433 -26.5 . ~24.5  53.2 64.7 9.80
FP-434 -24.4-°-23.6 58.5 64.9 9.55
FP-435 -26.7/ -25.6 54.1 65.3 9.59
FPD-221 -26.4 50.3 2.78
FPD-225 ,~30.0 47.0 2.72
FP-436 -31.4 -29.3  47.8 63.3 10.53
FP-437 -30.4 -28.4  48.8 64.4 10.48
FP-438 -30.7 -29.7  50.4 63.9 10.51
FPD<223 -31.7 48.7 2.73

FIGURE B6 - Example of Test Data Summary
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ANNEX C

STANDARD TEST METHOD FOR AERODYNAMIC ACCEPTANCE OF
COMMUTER TYPE AIRCRAFT GROUND DE-ICING/ANTI-ICING FLUIDS
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C.1

C.1.1

c1.2
(R)

C13

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'kevﬁ-grom'rd-accelemtiuu and-climb:

Fluid Acgeptance and Facility/Site Qualification:

An aircraft ground deicing/anti-icing fluid has acceptable aerodynamic flow off characteristics if
the fluid {s tested in accordance with this standard and complies with the acceptance criteria
describedl in Section C.8. If results from testing in accordance with this test method are to be
used to gertify that an aircraft ground deicing/anti-icing fluid complies with the a¢ceptance
criteria described in Section C.8, substantiation that the facility and associated gtaff and
resources satisfy the requirements of this test method shall be documented and submitted to
the Perfgrmance Review Institute, 161 Thornhill Road, Warrendale, PA 15986-7527, United
States of America to qualify the technical suitability @nd competency of the test site/facility.
Such test sites/tacilities shall be qualified at five year intervals by submitting curtent data which
demonstrate that the facility, procedures, supporting resources, and staff continlie to produce
acceptaljle data. To maintain compliance with this standard, the fluid shall be tested when
initially cprtified and thereafter biannually(in its undiluted and diluted forms per this standard and
shall continually demonstrate acceptable aerodynamic flow characteristics.

This stajdard may involve(hazardous materials, operations, and equipment. This standard
purport to address any, or all, of the safety problems associated with i{fs use. Itis the
responsipility of the standard user to consult and establish appropriate safety and health

Aerodynarmi H r'the air and fluid
BLDT (boundary layer displacement thlckness) 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

C3.2

C.3.3

C.4 GLOSSARY:

C.41

ASTM Publications:
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

g p bnian
Materials by Rotational (Brookfield) Viscometer
pH of Aqueous Solutions with the Glass Electrode

Available from DODSSP, Subscription Services Desk, Building 4D{700 Robbins Ayenue,

MiL-A-8243 Anti-icing and De-icing-Defrosting Fluid
Other Publigations:
"Boundary lLayer Evaluation of Anti-Icing Fluids for Commuter Aircraft’, Louchez, B. R., Laforte

J.-L. and Bguchard, G. (UQAC), prepared for-Transportation Development Centre,|Policy and
Co-ordinatigon, Transport Canada, TP11811E, August 1994

Abbreviations:

BLDT boundary layer displacement thickness
cm  centimeter

RH  relative humidity
RPM revolutions per minute
s second
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C.4.2 Parameters:

b cross section width at Station 3

c cross section perimeter at Station 3

t time

S, settling chamber cross-section area (Station 1)
S, test duct cross-section area at Station 2

Ss test duct cross-section area at Station 3

P, settling chamber static pressure (Station 1)

P, static pressure at Station 2

P static pressure at Station 3

Ty gas temperature (wind)

T; fluid temperature (deicing/anti-icing fluid)

T, target temperature

A average wind velocity in-flow core (at Station 2)
Vi idle wind velocity

Vm maximum wind velocity

Vs start-up wind velocity

%4 BLDT over dry surface (at Station 3)

& BtBFoverfluid-coated-surface-(at-Station-3)

0" ave BLDT perimeter average between 8% and "4

5*, 8% value for reference fiuid
8* 40 maximum acceptable value for 8% at -20 °C
p gas density mass per unit volume
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C.5 TEST FACILITY REQUIREMENTS:

(R)

C.5.1 Test Duct Description:
C.5.1.1 Dimensiops: Figure C1

C.5.1.2 Tolerancds:

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 Performance Review
Institute, 161 Thornhill Road, Warrendale, PA 15986-7527, United States of America to qualify
the technical suntablhty and competency of the test facmty The test facmty shall be qualified at

five year interw -
and procedurgs contmue to produce acceptable data The followmg descnbes the fa ility used to

technical capability of the site/facility also includes the ability to provide or procure the data
required by (0.6.2, adequate transducer calibration facilities to ensure accuracy and precision
requirements| and trained personnel to effect the test method.

Lineal dimensions: <+2%
82/831 0.927% *+ 1

C.5.1.3 Design Features: The test duct floor shall be horizontal, while the ceiling shall slppe upward

C.5.2 Test Duct GQas Flow Core-Characteristics:

linearly 8 mm from Station 2 to Station 3. Test duct surfaces shall be hydraulically smooth,
resulting in a dry BLDT £ 3.3 mm at-Station 3, at 35 m/s. Provisions shall be made to
uniformly ppply a 2 mm film of test fluid only on the test duct floor and to remove fesidual test

fluid at the end of a test run(

C.5.2.1 Test Gas:| Air, Nitrogen, or suitable gas proven to have no adverse effect on the pverall

testing mathod:

C.5.2.2 Temperature Range—0-"Ctoapproximatety=25-°C;orthetestftuid-minimumusable

temperature.

C.5.2.3 Temperature Stability: <+2 °C of the target temperature with a continuous flow >60 seconds,

except < +1 °C between the 17th and 23rd seconds of a test run.

C.5.2.4 Temperature Spatial Uniformity: <x1°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 t 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 <56 m/s.

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

C.5.2.7 Velocity Spatial Uniformity:

Vertical and lateral:
Longitudinal:

C.5.2.8 Relatiye Humidity: 70% + 30

C.5.3 Test Fad

C.5.3.1 Test
capab
test ru

C.5.3.2 TestF
charag

C.5.4 Test Fac

Drainag
test fluid

ility Thermal Stability:

N.

pility Drainage:

C.5.5 Instrumentation:

C.5.5.1 Temperature and-Relative Humidity:

C.5.5.1.1 Test

C.5.56.1.2 Test

AU/Ue < 20.005
AU < -1 m/s/m £ 0.008 Ue/m

uct: The test duct shall be thermally insulated orwithin the test facility ¢ircuit flow and
of being pre-cooled to ensure thermal equilibrium of the test duct structure during a

acility Circuit: Circuit thermal insulation shall ensure the test duct temperature
teristics of Sections C.5.2.

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

Duct.Gas Temperature: Measured at Station 2 approximately 5 mm below the ceiling.

Fluid Temperature: Measured at Station 3 within the test fluid, approximately 1 mm

above the floor.

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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