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1.

1.1

1.2

1.3

SCOPE:

Objective:

This SAE Aerospace Standard (AS) establishes the aerodynamic flow-off requirements for SAE AMS
1424 Type | and SAE AMS 1428 Type I, lll and IV. Fluids used to deice and/or anti-ice:

a.

exceed ap
the High S

and/or

Commuter
the aircraft
60 knots. (

The objective
anti-icing fluids
acceleration a

Fluid Acceptar

An aircraft gro
fluid is tested i
Section 6. If re
aircraft ground
substantiation
method shall b
Road, Warren
reviewers, to g
facilities shall
the facility, pro|

proximately 100 to 110 knots. (The procedure for this type of aircraft
beed Ramp Tests).

type aircraft while on the ground and when no compehsating meas
The procedure for this type of aircraft is referred{o as the Low Spesg
bf this standard is to ensure acceptable aerodynamic characteristics
nd climb.

ce and Facility/Site Qualification;

ind deicing/anti-icing fluid.tias acceptable aerodynamic flow-off cha
N accordance with this standard and complies with the acceptance c
sult from testing in accordance with this test method are to be used
deicing/anti-icing fluid complies with the acceptance criteria descrik

e documented and submitted to the Performance Review Institute,
Hale, PA #5086-7527, United States of America, or equivalent qualif
ualify the technical suitability and competency of the test site/facility
be qualified at five-year intervals by submitting current data, which
cédures, supporting resources, and staff continues to produce acce

Large transport type jet aircraft while on the ground where the takeoff rotation speeds generally

is referred to as

Lires are taken in

takeoff procedure where the takeoff rotation speeds-generally exceed approximately

d Ramp Tests.)

of the deicing/

as they flow off aircraft lifting and contrél*surfaces during the takeaff ground

acteristics if the
iteria described in
to certify that an
ed in Section 6,

that the facility and associated staff and resources satisfy the requir¢ments of this test

161 Thornhill

ed third party

. Such test site/

emonstrate that,
table data. To

maintain compliance with this standard, the 1luid 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 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 its use. It is the responsibility of
the standard user to consult and establish appropriate safety and health practices and determine the

applicability of

regulatory limitations prior to use.
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1.4 Significance In Use:

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.

2. REFERENCES:

2.1

2.1.1

2.1.2

Applicable Doguments:

The following publications form a part of this document to the extent ‘specified herein. The latest

issue of SAE publications shall apply. The applicable issue of other publications sh
effect on the dpte of the purchase order. In the event of conflict between the text ¢
and references cited herein, the text of this document takes-precedence. Nothing
however, supgrsedes applicable laws and regulations unless a specific exemption

obtained.

SAE Publica

AMS 1424
AMS 1428

ASTM Publig
19428-2959,

ASTM D 119
ASTM D 133
ASTM D 174
ASTM D 219

ions: Available from SAE, 400 Commonwealth Drive, Warrendale,

ations: Availablefrom ASTM, 100 Barr Harbor Drive, West Consha

o~ =W

Deicing/Anti-icing Fluid, Aircraft SAE Type |
Fluid, Aircraft Deicing/Antiticing material, Non-Newtonian (Pseud
Types Il and IV

Reagent Water

Surface and Interfacial Tension of Solutions of Surface-Acti
Refractive Index of Viscous Materials

Viscosity Measurements and Rheological Properties of Non

all be the issue in
f this document
in this document,
has been

PA 15096-0001.

pplastic), SAE

hocken, PA

e Agents

-FNewtonian

ASTM E 70

Vaterials by Rotational (Brookfield) Viscometer
pH of Aqueous Solutions with the Glass Electrode
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2.1.3 Reference Fluid:
TABLE 1

Component Percent by Weight
Propylene Glycol 88.0
Water 9.0-10.0
Dibasic potassium phosphate (Ko,HPO,) 0.9-1.1
Sodjum di-(2-ethylhexyl) sulfosuccinate (100% active) 0.45-0.55
Sodjum salt of tolytriazole 0.50-0:60

214

2.2 Glossary:

2.2.1

The fluid shg
Other Public
“Boundary L
Coordination

Aerodynamig
D6-55573, P

Abbreviation

BLDT
cm
Hz

m
mm
Pa

btions:

S!

centimeter
hertz
meter
millimeter
Pasedl

pH

Il be homogeneous and completely miscible with water.

hyer Evaluation of Anti-Icing Fluids for Commuter-Aircraft”, Louchez,
and Bouchard, G. (UQAC), prepared for Transportation Development Center, Po
, Transport Canada, TP11811E, August 1994

b Acceptance Test for Aircraft Ground-Deicing/Anti-icing Fluids, Boe
repared by Renton Division Aerodynamics Engineering, August 199

boundary layer displacement thickness

potential of hydrogen

P.R., Laforte, J.L.
licy and

ng Document N°
2

RH
RPM
S

relative humidity

revolutions per minute

second
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2.2.2 Parameters:

b cross-section width at Station 3

c cross section perimeter at Station 3

t time

Sy Settling chamber cross-section area (Station 1)

Sy test duct cross-section area at Station 2

S3 test duct cross-section area at Station 3

P4 settling chamber static pressure (Station 1)

Py static pressure at Station 2

P3 static pressure at Station 3

Tg gas temperature (wind)

Ts fluid temperature (deicing/anti-icing fluid)

Ti target temperature

V average wind velocity in flow core (at Station 2)

V, idle wind velocity

Vin maximum wind velocity

Vg start-up wind velocity

&y BLDT over dry surface (at Station 3)

% BLDT over fluid-coated surface (at Station 3)

O ave BLDT perimeter average between 3% and 6*4

o, &*f value for reference fluid

& maximum acceptable value.for¢*; at 0 °C

& 20 maximum acceptable value-for 6% at -20 °C

p gas density mass per unit volume

3. TEST FACILITY|REQUIREMENTS:

Testing shall be performed inra-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 tgdsted in-acCordance with this standard and complies with Section 6 ¢f this document,
substantiation that thelfacility is autonomous of fluid manufacturers and complies with the following
requirements shpll-be documented and submitted to the Performance Review Institute, 161 Thornhill
Road, Warrendale, PAT5086-7527, United States of America, or equivalent qualified third party

reviewers, to qualify the technical suitability and competency of the test facility. The test facility shall be
qualified at five-year intervals by submitting current data, which demonstrate that the facility,
instrumentation, and procedures continue to produce acceptable data. The following describes the
facility used to measure the aerodynamic flow-off acceptability of deicing/anti-icing fluids. In addition,
the technical capability of the site/facility also includes the ability to provide or procure the data
required by 4.2, adequate transducer calibration facilities to ensure accuracy and precision
requirements, and trained personnel to effect the test method.

3.1 Test Duct Description:

3.1.1 Dimensions: See Figure 1.
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3.1.2 Tolerances:

Lineal dimen

sions: <+2%

S,/S;: 0.927 +0.010

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

3.2 Test Duct Gas

3.21

3.2.2

3.2.3

3.24

3.2.5

a. for High Speed Ramp Tests duct surfaces shall be hydraulically smooth, resulting in a dry

BLDT <3

b. orLow S
<3.3mm

Provisions s
to remove re

Test Gas: A
method.

Temperature
Temperature
except <1 °
the 17th and
Temperature

Velocity Ran

a. For High

0 mm at Station 3.

peed Ramp Tests duct surfaces shall be hydraulically smooth,)resul
at Station 3, at 35 m/s.

nall be made to uniformly apply a 2 mm film of test fluid‘only on the
sidual test fluid at the end of a test run.

Flow Core Characteristics:

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

Stability: <2 °C of the target temperature with a continuous flow >
C between the 27th and'33rd seconds in for a high Speed Ramp Tes
23rd seconds for a ltow Speed Ramp Tests run
Spatial Uniformity: <t1°C

ge:

Speed’Ramp Tests:

inginadry BLDT

est duct floor and

overall testing

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

60 seconds,
ts run or between

Velocity

ange: U =V .0 m/s 1o bo m/s £ 5 within 1= Z5 seconds * Z, 10llov

ving 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 2). Prior to the flow
acceleration, the duct flow shall be capable of a 5 minute settling period with a velocity <6 m/s.

b. For Low

Speed Ramp Tests:

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 3). Prior to the flow
acceleration, the duct flow shall be capable of a five minute settling period with a velocity

<5 m/s.
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3.2.6 Turbulence: <0.005 (AU/U<9
3.2.7 Velocity Spatial Uniformity:

Vertical and lateral: AU/Ue<+0.005
Longitudinal: AU <1 m/s/m £ 0.008 Uedm

3.2.8 Relative Humidity: 70% %+ 30%

3.3 Test Facility Thermal Stability:

3.3.1 Test Duct: Tlhe test duct shall be thermally insulated or within the test facility cirguit flow and
capable of being precooled to ensure thermal equilibrium of the test duct-during @ test run.

3.3.2 Test Facility:| Circuit thermal insulation shall ensure the test duct temperature characteristics of
3.2.

3.4 Test Facility Drainage:

Drainage shallbe 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.

3.5 Instrumentatiop:
3.5.1 Temperature and Relative Humidity:
3.5.1.1 Test Duct (5as Temperature: Measured at Station 2 approximately 5 mm below the ceiling.

3.5.1.2 Test Fluid Temperature: Measured at Station 3 within the test fluid, approximately 1 mm above
the floor.

3.5.1.3 Temperature Sensor: Copper-constantan thermocouples of a 0.2 mm diameter wire with a
measuring|junction of about 0.5 mms3. (Thermocouples T: range -180 to +400 °[C, sensitivity 0.1
°C, accurafy-+0.5 °C.) Thermocouple calibrations should be performed at the heginning and end
of a sequence of test runs.

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

3.5.2 Test Duct Gas Pressures:
3.5.2.1 Total Pressure, Py: 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.

3.5.2.2 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 probe.

-10 -
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3.5.2.3 Outlet Static Pressure, P3: Measured using a 4 mm diameter flush orifice tapped into the middle
of the ceiling at Station 3.

3.5.2.4 Pressure Sensor: Two pressure transducers are used to measure (P4 - P5) and (P, - P3)
pressure differentials. The pressure transducer used for (P, - P3) shall have a range of at least
300 Pa with a £0.5 % accuracy. The pressure transducer used for (P4 - P5) shall have a 3000 Pa
range and a £1% accuracy. Data stability (time variations less than 0.5 %) and time response
(less than 0.1 second delay) shall be achieved by appropriate data filtering and smoothing
techniques. Low pass filtering between 1 and 5 Hz and data sampling at least twice the cut-off

frequency
performed
P3) and +0

3.5.3 Test Duct G4

pf the filter are recommended. Calibration of the measurement systs
over the entire range using a reference apparatus (with accuracy)of
.5% for (P4 - P5,)) before and after each complete test session:

s Velocity and Turbulence:

em shall be
+0.25% for (P5 -

3.5.3.1 Velocity: Test duct velocity is that at Station 2. Velocity shallbe computed from the

measurem

Because o
periodically

3.5.3.2 Turbulencs
accordanc

3.6 Example Facil

ents of (P4 - P») and (S,/S4) using Equation 1,

2 82)2
V= [S(Py-Py)/ |12
*\/P( ! 2) [ (31 }
f possible pressure leaks and losses; a calibrated pitot-static probe
used to verify use of Equationc,

e with commonly accepted wind tunnel practices.

ty:

An example fa

ility consists:of a closed circuit, refrigerated wind tunnel with a 0.5

section. The tgst duct igTifiserted in the test section of the wind tunnel. The test du
with a short inlet convergent to achieve required maximum speed, and a long diffu
power losses dueto'wake effects. The facility has a settling chamber fitted with hg
grids and a 9:1 €ontraction ratio separates this chamber and the wind tunnel test s

shall be

: Turbulence may be measured using hot wire or film sensors or other means in

m x 0.5 m test

ct may be fitted
ser to avoid large
neycomb and/or
ection entrance in

order to provide good airflow quality. A 50 hp fan drive motor with variable RPM is controlled, by
computer, via the time signal of the difference between actual wind velocity and required value.
Refrigeration is obtained via a heat exchanger placed upstream of the settling chamber; a two stage
Freon-glycol refrigeration circuit powered by a 75 hp compressor provides adequate temperature

setting (-30 °C

). A schematic of the suggested facility is shown in Figure 4.

-11 -
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4. TEST FLUID REQUIREMENTS:

41 General:

Fluids submitted for testing shall be experimental fluids or fluids which are representative of
production fluids being commercially offered as complying with this test method, shall have been
manufactured during the previous three months, shall be from the same lot submitted for the water
spray endurance test and the high humidity endurance test, but unsheared with respect to the

requirements (

lot is required

for one test run. Samples to be tested in diluted form shall be difute

facility, using water conforming to ASTM D 1193, Type IV. The manufacturepshall
sample contaiper with the company name, product name, lot number, location and date of

manufacture.

4.2 Fluid Identificati

on:

The aerodynainic acceptance testing facility shall identify the-fluid by testing for th

4.21 \Viscosity: V
30 rpm with
shall not be
temperature
undiluted flu

scosity shall be measured by Brookfield{LVT viscometer, or equival

identified by the fluid manufacturer. Viscosity measurements will be
d and all tested dilutions.

4.2.2 Surface Tengion: Surface tension of\the undiluted fluid shall be determined at 2

accordance

4.2.3 Refractive In
accordance

424 pH: pH ofth

vith ASTM D 1331,

vith ASTM D:1747.

e undiluted fluid shall be determined at 20 °C + 3 °C in accordance

f the water spray and high humidity endurance tests. A volume of gbout 1 liter of the

by the testing
mark each fluid

e following:

ent, at 0.3, 6 and

he appropriate spindle in accordance:with ASTM D 2196 (except that the samples
shaken), at 20 °C, 0 °C, and in 10 3€’increments down to the lowes{ usable

made for both the

D°C+3°Cin

dex: Refractive.index of the undiluted fluid shall be determined at 20 °C + 3 °C in

with ASTM E 70.

-12-
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5. TEST PROCEDURE:

5.1

5.2

5.2.1

522

5.2.3

524

5.2.5

Test Requirements:

Boundary layer displacement thickness (BLDT) measurements shall be made of the test fluid, of the

dry test duct and

a. the reference deicing fluid as described in 2.1.3 for the High Speed Ramp Tests.

b. the reference deicing fluid as described in 2.1.3 diluted 75% fluid and 25% water for Low Speed

Ramp Tests.

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,thah -20 °C in 3
°C increments). Each fluid shall be tested at a minimum of three tfarget temperature
the exact same temperatures). Three BLDT measurements shall be made within 4
target tempeﬂ‘ture to improve data precision and accuracy. BLDT measurements ¢

ade immediately prior to and after each target temperature sub-set
measurementg. A minimum set of nine BLDT measurements shall be performed i
the fluid measyurements. Paragraph 5.2 describes the test sequence for one BLDT
(test run) of a fluid; for measurement of the dry test‘duct BLDT, ensure that the test
fluid and follow the sequence of 5.2, deleting the steps involving the fluid.

shall also be

Test Run Seqyence:

Select Targef Temperatures:

Pre-cool Test Fluid: Prior to\testing, pre-cooling of the fluid is required to achiev
temperature|during the test."However, the fluid should never experience partial fi
avoid possibje irreversible rheological changes. Consequently, fluid temperature
maintained, @t all times at a minimum of 5 °C above the freezing point during the
procedure. Tlhe pré~cooling of the fluid generally consists of two steps: first, a lon
chamber; sefond, once the fluid has been laid on the test duct floor, a 5-minute

pproximately 10

s (not necessarily
3 °C at each

f the dry test duct
of fluid BLDT
conjunction with
measurement

duct is free of any

e target

eezing in order to
shall be
pre-cooling

j storage in a cold

setting period

under a wina velocity hereafter referred to as idle velocity, and denotes Vi.

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

the target temperature.

Measure Fluid Water Content: Measure the fluid’s refractive index of the fluid to 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 circuit drain, spreading the

excess fluid to avoid fluid build up at the exit of the test duct.
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5.2.6 Subject Fluid to Settling Conditions: Secure the test duct and circuit and subject the fluid to a five
minutes settling period with the test duct gas velocity $ 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.

5.2.7 Takeoff Velocity Time History: Subject fluid to a simulated aircraft takeoff velocity time history.
Accelerate the test duct gas flow as shown on Figure 2 for High Speed Ramp Tests or as shown on
Figure 3 for Low Speed Ramp Tests and simultaneously record t, RH, Ty, Tg, (P4 - P2), and (P, -

P3).

5.2.7.1 Start Up: The start up wind velocity, denoted Vg, shall range from 0 to 5 mis

5.2.7.2 Acceleration:

a. For High Speed Ramp: From t = 0 seconds to t = 2 seconds %2, wind velogity shall increase
to V. from t = 2 seconds + 2 to t = 25 seconds + 2, wind«velocity shall incrgase from Vg up to
V- From t = 25 seconds + 2 up to 60 second wind velecity shall remain cqnstant, equal to
Vi

b. For Loy Speed Ramp: From t = 0 seconds to £='2 seconds % 2, wind velogity shall increase
to V. from t =2 seconds + 2 to t = 17 seconds * 1, wind velocity shall incrgase from Vg up to
V. From t = 17 seconds + 1 up to 60 second wind velocity shall remain cqnstant, equal to
Vi

5.2.7.3 Maximum elocity:
a. For High Speed Ramp: Maximum wind velocity, denoted V,,, shall be equgl to 65 m/s +

5mf/s.

b. For Loy Speed Ramp:\Maximum wind velocity, denoted V,, shall be equallto 35 m/s + 3 m/s.

5.2.8 Terminate Tgst Run: Attime t = 60 second wind velocity is brought to 0 m/s as quickly as possible.

5.2.9 Residual Flujd Analysis: Sample fluid remaining on the test duct floor for water ¢ontent. Using
refractive index-comparison.

5.2.10 Fluid Elimination:
Type I: No requirement.

Type ILILIV: Fluid elimination shall be calculated from determining the average thickness of fluid
remaining on the lower plate of the tests section. Measurements shall be taken within 5 minutes of
the end of the test at THREE locations along the flat plate as follows:

1. on centerline 1400 mm + 10 mm from leading edge of plate
2. on centerline 750 mm = 10 mm from leading edge of plate
3. at750 mm = 10 mm and 2.5 mm % 0.5 mm from front long edge of plate
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5.2.11 Data Processing: Process measured data (see 5.4).

5.3 Test Cautions:

5.3.1

Safety Hazards: See 1.3 concerning safety hazards frost.

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

5.3.3 Variation of

the result ob
containers s
plate. Measy
performed a

immediately

and reported.

5.3.4 Irregular BLI

not it shows
5.3.4.1 Increasing
the tunnel
would resy

5.3.4.2 Constant B

Vater Content: Dehydration of fluids prior and during testing may si
ained and shall therefore be prevented. Consequently, all fluids\shz
litably capped to prevent the evaporation of water prior to being’apy
rement of the fluid sample refractive index immediately after-the tes
ccording to ASTM D 1797 and the variation of the water. content fror
before the test (using a refractive index - dilution calibration curve) §

DT Data: The &4 (t) curve for all the dry runs is-carefully analyzed to
evidence of irregular behavior. Such irregular behavior results from

BLDT Data: A BLDT increasing with.time during the last 30 second
velocity is constant, indicates a progressive roughening of the test s
It from a progressive deposit offrost on test section walls.

LDT Data: A constant value of BLDT

a. with ti

b. with tinpe during the last 40 seconds of a dry run for Low Speed Ramp Tes

but significantly larger.(more than 20%) than that for all other dry runs, indicate
some roughening of-the test section walls by frost deposit or spurious fluid acc
irregular bghavior.isnoticed, the results of the following tests with fluids are dis
must be repeated for all the wet runs backed by two anomalous dry runs. In ca
runs is brapKeted by a normal (acceptable) initial dry run and an anomalous (u

e during the last 30 seconds of a dry run for High Speed Ramp Tes

gnificantly affect
Il be kept in

lied to the test

t shall be

n that measured
shall be derived

detect whether or
the following:

s of the run, when
ection walls, as

ts
S

s the existence of
umulation. If such
carded and tests
se a series of wet
nacceptable) final

dry run, the Tast wet runs are questionable while the initial Tuns 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 result can be accepted.

5.4 Data Processing:

5.4.1

54.1.1

Test Data Description:

Desired Data: A time record of wind velocity (V), dry or fluid BLDT (&*4 or &%), fluid temperature

(T¢) and relative humidity (RH) shall be provided for the 60 seconds duration of the test. An
example for a High Speed Ramp Tests is given in Figure 5 and for a Low Speed Ramp Tests in

Figure 6.
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5.4.1.2 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 second of a High Speed
Ramp Tests, or between the 19th and 21st second of a Low Speed Ramp Tests. These values
are BLDT and fluid temperature.

5.4.2 Calculation Methods:

5.4.2.1 \Velocity: See 3.5.3.1.

5.4.2.2 BLDT: The BLDT on the test duct floor, at Station 3, is evaluated from the measurement of the
two pressuyre differences (P4 - P,) and (P, - P3), recorded as functions of time |during all the test
runs. The @verage BLDT over the test duct perimeter 6*,,¢ is evaluated@t-Statjon 3 using the
following relation, obtained from the application of mass conservationzand Bernoulli equations
(See Equation 2):

o _1e (P1-Py)
Bave = C{Ss Sz/\/(P1 —P2)+(P2—P3)J (Eq.2)

where:

=|Duct perimeter at Station 3
S, F Area of Station 2
S3 F Area of Station 3

When no fluid is present on the bottom flat plate, all four tests section walls arg in the same dry
state and the previous expression (2) yields the value of the BLDT on a dry w4ll;

8y = 8,6 (With no fluid) (Eq. 3)

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. Indeed it
assumes g valué & on the lower surface and another value §*4 on the dry sides and top walls.
Expressing the/previously determined &, as perimeter-weighted average of 5*4 and &%, the

following rélation-can-be-obtained(See-Equation4):

b = £[owe—(52)81] (Eq. 4)

Where b is the width of the bottom flat plate. This relation is used to derive the BLDT over a wet
surface, &, from the measurement of §*,, carried out as explained with fluid on the test duct
lower surface, provided an expression for §*4 has been previously determined by a number or
"dry" runs carried out without any fluid in the test section.

-16 -



https://saenorm.com/api/?name=d4127540e72bd231f865babd85decdef

SAE AS5900 Revision A

54.2.2

(Continued):

More precisely, these dry runs yield the value of 8"y and are used to determine the constant in the
following empirical formula (See Equation 5):

where:

. -1/5
Oy = const(y)
\Y

\Y
v

For data rg
function of

Tunnel air velocity at Station 2
Kinematic viscosity of the gas

duction of a test with fluid in the test section, Equation & is'used to
the instantaneous velocity determined by 1, the valueof §*4 to be u

(Eq. 5)

bvaluate, as
sed in Equation 4.

re: Data produced by calibration of the thermocouples (see 3.5.1).

5.4.2.3 Temperatu

5424

5.5 Test Bias Accu

5.5.1

5.5.2

5.5.3

Relative H
3.5.1.4).

General Acc
Expected ac
taking into a

various idenfical tests performed at temperatures within £1 °C shall be within £0

Dry BLDT Bi
Reynolds Ny
mm for Low
expected va
facility, gene

Iimidity: Data produced by calibration of the'wet bulb-dry bulb thern

racy and Precision:

lracy: A measure of accuragy of the overall procedure is provided
curacy on o value (at a given precise temperature) is about £0.1 m
ccount the temperature sensitivity of the results (about 0.2 mm/°C),

as: The dry BLDT value will vary with temperatures because of the
mber, but shall*be: 2.5 mm = 0.4 mm for High Speed Ramp Tests a
Speed Ramp Tests. The nominal 2.5 and 2.8 mm values correspon
ues and-the variation from that value can be considered as a gener.
rally dle to the initiation condition of the boundary layer.

nometers (see

y test duplication.
m. Consequently,
the &% value from
3 mm.

variation in
nd2.8 mm+04
i to theoretical
Al bias of the

Fluid BLDT Bias—Since thedry BEDT vatueis usedimthe candidate ftuid BED T

value, the related

bias on &% is £0.5 mm. This quantifies the variations, which may occur, for a given fluid, between
acceptable facilities.
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6. DEICING/ANTI-|

CING FLUID ACCEPTANCE CRITERIA:

6.1 Fluid Acceptance Criteria:

a. For High Speed Ramp Tests:

The maximum acceptable &*; value as function of temperature is established according to dry and
reference results (see 5.1). Values &*_.5g and & are used as that upper limit for BLDT values.

These valy

where:

&", = Reference BLDT value at 0 °C for Equation 6 and.at 20 °C for Equat
ation from a straight line fitting of the reference BLDT values measured at 0, -10, -20
and -2% °C

interpo

8*d = Al

b. ForLow S

The maxim

reference flesults (see 5.1). The valués 6* 5 is used as that upper limit for BLO

values is:

where:

* -
=R
referen

CTo alv.

8y = 8, +0.71(5, - 8y),

6120 = 6: - 01 8(8: - 6;)20

verage of all dry BLDT values measured

beed Ramp Tests:

um acceptable &% value as.function of temperature is established ac

8y = 1.128, - 0.19(8, - 83) 00

ce BLDT values measured at 0, -10, -20 and -25 °C

S*d = Ave

(Eq. 6)

(Eq. 7)

on 7, obtained by

cording to dry and
T values. This

(Eq. 8)

pference BLDT value at -20 °C, obtained by interpolation from a straight line fitting the

raaoe-o
IUU\J v
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6.2 Fluid Acceptance Criteria Background:

6.3 Fluid Acceptar

6.3.1

6.3.2

6.4 Continued Acceptance of Test Fluid-

a. For High Speed Ramp Tests:

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.

For Low S

For more d
on two dim
of aircraft g
attendant &

Initial Testing
independent
meets elimin
average of th
which the flu
statement of|
such findings
manufacture
manufacture

Retesting: fif
point may bg
any retest dag
test tempera

peed Ramp Tests:

etailed information on the correlation between this standard-and the
ensional typical small aircraft wing models tested to determine lift Ig

ibliography.
ce:

: A deicing/anti-icing fluid is acceptableat’a test temperature if non

ation requirement of AMS 1428 for @ype 11,11l and IV. This test temp

the report. If a fluid specimen’is found unacceptable over a range

I informed that the fluid.not be used in that temperature range or th
I be consulted priorto using the fluid within the unacceptable temps

based on‘three additional data points for each nonconforming data
ta point.to/’meet the acceptance criteria shall be cause for failure of
fure.Allrdata points shall be reported.

work carried out
ss due to the use

round anti-icing/deicing fluids, see Transport Canada@ocument TR11811E, and its

e of the

BLDT measurements is greater than the acceptance criteria as defined in 6.1 given it
brature is the

e three lowest temperatures of the'acceptable data points. The temperature ranges at
d and its dilutions are found to*be acceptable shall be reported in the fluid qualification

temperatures

5 shall be explicitly stated in the prescribed report (see Section 8) and the fluid

t the airframe
rature range.

any data point.fails to meet the specified acceptance criteria, dispogition of the data

point. Failure of
the fluid for that

To maintain compliance with this specification, the fluid shall be tested when initially certified and
thereafter biannually in its undiluted and diluted forms in accordance with this standard and shall
continually demonstrate acceptable aerodynamic flow-off characteristics. With respect to this
standard, a change in fluid formulation or properties constitutes a new fluid and compliance with this
standard must be reconstituted. Fluids produced under license from the manufacturer of an original
fluid that 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 for the licensed
fluid if documentation is provided which validates that the original and licensed fluids are identical.
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7. TEST RESULTS:

Test results shall consist of the following.

Test Fluid Identification Data Sheet:

A data sheet containing the fluid identification parameters defined in 4.2 (see Figure 7).

pptance Data:

bment Summary:

nmarizing the BLDT measurements for each fluid with the cofrespor
ements (see Figure 8).

h test run (see Figure 5 for a High Speed Ramp\dests and Figure 6

entation of the test fluid, reference:ffdids, and dry test duct BLDT m
fluid acceptance criteria described in 6.1 (see Figure 9 for a High S
for a Low Speed Ramp Tests).
pptance Statement:

n the aerodynamic acceptance test facility regarding acceptability of

respect to reqlirements of Section 6.

Variation:

vater-Content variation in the test fluid during the test run shall be re
cautionary sta‘ement shall be issued if the water content variation is in excess of 4

ding dry wall

for a Low Speed

basurements,
beed Ramp Tests

the fluid with

ported. A
2%.

71
7.2 BLDT Measursg
Tabulation sun|
BLDT measurs
7.3 Test Run Data
Data from eac
Ramp Tests).
7.4 Test Fluid Acc
A graphic pres
along with the
and Figure 10
7.5 Test Fluid Acc
Statement fron
7.6 Water Content
Evaluation of v
8. REPORTS:

8.1

The report of the test results shall contain the following:

Fluid Manufacturer’s Information:

Manufacturer’s test fluid identification statement described in 4.1.
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8.2 Aerodynamic Acceptance Test Facility Information:

8.2.1 Test Facility Qualification Statement: If results from testing in accordance with this standard are to
be used to certify that an aircraft deicing/anti-icing fluid complies with the acceptance criteria
described in Section 6, the report shall include a statement from the aerodynamic acceptance test
facility that the facility meets the requirements of this standard and has been found qualified by the
Performance Review Institute, 161 Thornhill Road, Warrendale, PA 15086-7527, as discussed in

1.2 and 3.4.

8.2.2 Test Facility
used to certi
described in
aerodynamig

8.2.3 Fluid Code |
acceptance 1

8.2.4 Test Results
9. KEY WORDS:

Aerodynamic ac

109

As discussed in Section 7.

Autonomy Statement: If results from testing in accordance with-this
y that an aircraft deicing/anti-icing fluid complies with the acéeptange criteria
Section 6, the report shall include a statement attesting independerjce of the
acceptance test facility from fluid manufacturers, as discussed in Section 3.

Cceptance, aircraft ground deicing/anti-icing, deicing/anti-icing fluids,

standard are to be

jentification: Manufacturer’s product name crosss<referenced with the aerodynamic
acility reference.

fluid flow-off

P, Ty Ps
ey AT ol
¢ Fluid 110¢

< >
1500
@ dimensions in mm @
STATION STATION

Ts

FIGURE 1 - Test Duct Schematic
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FIGURE 2 - Takeoff Ground-Acceleration Simulation for High Speed Ramp
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50

Low Speed Ramp

45 -
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TIME (s)

FIGURE 3 - Takeoff Ground:Acceleration Simulation for Low Speed Ramp
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FIGURE 4 - Example of Facility Schematic
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