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Transport Canada Holdover Time (HOT) Guidelines.

Prior to the publication of this ARP, fluids were tested under similar conditions, in
environment, tp generate the data from-which holdover time guidelines were form
laboratory methods had evolved over. several years and had been tacitly accepted
peer-reviewed|SAE publication. This.ARP provides peer reviewed written documsg
laboratory endprance time testing for freezing fog, freezing drizzle, light freezing r
on cold soaked wing. Frost holdover times are currently based on high humidity e
described in AB5901. A new-frost test is being developed and will be included in f
of ARP5485.
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review and

approve, in future version of this ARP, laboratory snow tests that are at this time under

development. The current outdoor snow test procedure is included in this ARP.
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1. SCOPE:

1.1 Purpose:

The purpose of this SAE Aerospace Recommended Practice (ARP) is to provide the
sample selection and endurance time test procedures, for SAE Type I, lll, and IV aircraft
deicing/anti-icing fluids, required for the generation of endurance time data of acceptable

quality fo

1.2 Examinai
Periodics
data of a
endurang
fluid hold
endurang

precipitation both in time and space to generate or adjust heldover time guid

1.3 Limits:

This ARH
and rain

tests. Other forms of freezing/frozen precipitation are not addressed in this A

1.4 Testing A
1.4.1 Indepe
manufg
1.4.2 Role of
sample

1.4.3 Sendin

r review by the SAE G-12 Holdover Time Subcommittee.

o of Endurance Time Data:

lly, the SAE G-12 Holdover Time Subcommittee examines endurar
rcraft deicing/anti-icing fluids SAE Type Il, Ill, and IV and validates
e time data, if such fluids can be used in conjunction with’'SAE Typ
over time guidelines.
e time data, it will take into consideration the effects of natural vari

provides laboratory simulation of freezing fog, freezing drizzle, ligh
bn cold soaked wing. It also describes test conditions for outside na
gent(s):

ndence of Testing Agents:
cturer or fluid vendoer.

A testing agent shall be independent o
the Testing Agent: The testing agent shall coordinate activities re
selection procedures (Section 3).

g Samples: Fluid samples for testing shall be sent to a testing age

verifica

ﬂ}on under the sample selection procedures.

ce time test
based on the
e Il, lll, or IV

As the SAE G-12 Holdover Time 'Subcommittee examines

hbility of
elines.

it freezing rain
tural snow
\RP.

f the fluid

lated to the

ent for

In turn the testing ag

nt, if the

requirements of the applicable sample selection procedure are fulfilled, shall send the

sample

s to the facility/site for endurance time testing.

1.5 Test Facility/Site:

1.5.1

Independence of the Test Facilities/Sites:

of the fluid manufacturer or fluid vendor.

1.5.2

Role of the Test Facility/Site:

The test facilities/sites shall be responsible

the endurance time tests (Sections 4 to 11).

The test facilities/sites shall be independent

for performing
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The values stated in Sl units are to be regarded as the standard.

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

esses and to

take necgssary precautionary measures to ensure the health and safetycof-gll personnel

1.6 Units:

1.7 Safety:
familiarit
involved.

2. APPLICA

2.1

LE DOCUMENTS:

The issues| of the following documents in effect on the date of.the purchase order form a
part of this|ARP to the extent specified herein. The suppliermay work to subsequent
revision of @ document unless a specific document issue.is specified. When the referenced
document has been canceled and no superseding document has been specified, the last
published issue of that document shall apply. In the‘event of conflict between the text of
this documient and references cited herein, the text-of this document takes prgcedence.
Nothing in this document, however, supersedes;applicable laws and regulatiohs unless a

specific exemption has been obtained.
SAE Publications:

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

ARP4737

AS5901

AIR9968

Aircraft Deicing/Anti-icing Methods with Fluids

Water Spray and High Humidity Endurance Test Methods for SAE
AMS 1424 and SAE AMS 1428 Aircraft Deicing/Anti-i¢ing Fluids

Field Viscosity Test of Thickened Aircraft Deicing/Antiticing Fluids

AMS 1424

AMS 1428

AMS 4037

AMS 4041

Deicing/Anti-icing Fluid, Aircraft, SAE Type |

Fluid, Aircraft Deicing/Anti-icing Fluid, Non-Newtonian
(Pseudoplastic), SAE Types I, lll, and IV

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

Aluminum Alloy, Alclad Sheet Plate. 4.4 Cu 0.60 Mn (Alclad 2024
and 1-%2% T3 Flat sheet, 1-12% Alclad 2024 T351 Plate
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2.2 ASTM Publications:

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

ASTM D 1193 Reagent Water

2.3 ISO Publi

cations:

Available from International Organization for Standardization, Case postale 56, rue

Varembda, CH-121t,Switzertand:

ISO 1001

2.4 Transport Canada Publications:

2 Quality assurance requirements for measuringequipment

Availablg from Transportation Development Center, Transpaft Canada, 800, boul. René-
Lévesqu¢ Ouest, 6" Floor, Montréal QC H3B 1X9, Canada.
Validation of Methodology for Simulating a Cold Soaked Wing. Transport Canada

Document TP 12899E.

Aircraft G
for the 2(

2.5 Other Dacuments:

Godard, L. (1959), Procédé pour. déterminer les dimensions des goutteletteg
ou de nupges, Bulletin de l'ebservation du Puy de Déme, pp.11-13.

Godard, B. (1960), Mesure des gouttelettes de nuage avec un film de collar
I'observation du Puy,de Déme, pp. 41-46.

01-2002 Winter. Transport Canada Document TP 13991E.

round De/Anti-icing Fluid Holdover@ime and Endurance Time Tesling Program

de brouillard

pol. Bulletin de

3. SAMPLE JELECTION PROCEDURE FOR SAE TYPE Il, lll, AND IV FLUIDS:
3.1 Requirenenis:
3.1.1  Normal Batch and Viscosity Reduction: The sample shall be fluid taken from a

production batch and its viscosity may be reduced by the manufacturer by some process

subseq

uent to manufacturing.
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3.1.2 Water Spray Endurance Time (WSET): The WSET (measured according to AS5901
but without shearing) of the sample must be (a) equal to (within experimental error,
approximately £10%) or less than the WSET of the neat sample (100/0, neat fluid/water)
on which certification WSET in 4.2.3.1.1 of AMS 1428 was done and (b) must not be
less than 30 minutes for Type I fluids, not less than 20 minutes for Type Il fluids, and
not less than 80 minutes for Type IV fluids.

3.1.3 Viscosity: The sample 0.3 rpm 20 °C viscosity must be equal to (within experimental
error, approximately £10%) or less than the 0.3 rpm 20 °C viscosity of the neat sample
(100/0, i i ification water spray
endurapce time (WSET) in 4.2.3.1.1 of AMS 1428 was done.

3.1.4 Fluid Manufacturer's Documentation: The fluid manufacturer shall\send the AMS 1428
certificates of conformance of the fluid to the testing agent.

3.2 Testing Agent Duties:

3.2.1 Run and Report WSET: The testing agent shall runn WSET (without sheafing) and
the manufacturer prior to running any endtirance time testing.
3.2.2 Run and Report Viscosity: The testing agent shall run the viscosity of thg unsheared
at 0.3 rpm 20 °C according to AIR2968 and report to the manufacturer prior to
any endurance time testing.
3.2.3 Check Lertificates of Conformance: The testing agent shall ensure that it has on hand
1428 certificates of canformance for the fluid (to make sure it is flilly certified).

3.2.4 Check WSET: The testing-agent shall ensure that the requirements of 3.11.2 are met
before proceeding to the'next section.

3.2.5 Check Viscosity: <Ihe testing agent shall ensure that the requirements of|3.1.3 are met
before proceedinhg to the next section.

3.3 Authorization:to’Proceed with Endurance Time Testing:

3.3.1  Manufacturer's Authorization to Proceed: After reviewing the reports sent by the testing
agent, the fluid manufacturer (if desirous of proceeding with endurance tests) shall send
to the testing agent authorization to proceed.

3.3.2 Final Check: The testing agent shall proceed with endurance time testing upon
successful completion of 3.2.3, 3.2.4, 3.2.5 and 3.3.1 by sending the sample to the
testing facility/site.

-10 -
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3.4 Condition of the Sample to be Tested:

3.4.1

The neat sample shall be tested without shearing.

3.4.2 The 75/25 and 50/50 dilutions of the sample shall be made with hard water and shall be
tested without shearing.

3.4.3

3.5

3.6

4. ENDURANCE TIME TEST - GENERAL:

4.1

Composition of Hard Water: Dissolve 400 mg + 5 mg calcium acetate dihydrate
Ca(C,H30,),.2H,0 and 280 mg £ 5 mg magnesium sulfate heptahydrate MgS0O,.7H,0,

both ofmwmmmmmmwml If calcium
acetatd dihydrate is not readily available, use calcium acetate monohydrate or

anhydrpus calcium acetate of analytical reagent quality and ensure the ha
82.6 mg/L Ca™ by atomic absorption (or equivalent method).

Recertifiq

If a fluid manufacturer submits a sample which has a 0.3ppm 20 °C viscosity

that doeg
endurang

certificat¢s of conformance under 4.2.3.1.1 (including all subparagraphs a, &

AMS 142
Viscosity|

Viscosity,

size compination as used for the AMS 1428 certification (most current).

Purpose;

This sectjon of thé ARP establishes the general minimum requirements for t

and test

deicing/ainti-icing fluids under freezing fog, freezing drizzle, light freezing rai
cold soaked'wing conditions. The primary purpose for such a test method

ation:

d water has

or WSET

not meet the requirements of 3.2.4 and 3.2.5,.the sample may be submitted for

e time testing provided that prior to testing,the manufacturer subm
8 demonstrating that the sample meets the requirements of 3.2.4 3
Measurements:

in this section shall be determined using the same Brookfield sping

brocedures used to carry out laboratory endurance time tests of air

its new
and c) of
nd 3.2.5.

le/sample

est equipment
craft

N and rain on

s to determine

endurance time for these conditions under controlled laboratory conditions for SAE Type

I, 11l and

IV fluids.

This section does not apply to natural snow testing performed outside (Section 11) except
where noted otherwise.
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4.2 Summary of the Tests:

Fluids to be evaluated are applied to test plates exposed to freezing fog, freezing drizzle,
light freezing rain and rain on cold soaked (simulated) wing. Endurance times are
evaluated by measuring the minimum exposure time before a specified degree of freezing

occurs.
4.3

This gen
condition
requirem

44 TestFac

Substant
requirem
methods

This reqy
4.5 General

451
plate, t

any).

4.5.2
formati
plate tg

45.3 Data A

shall bg

recordi

Air Temperature Sensor:

Lighting: The test chamber shall be equipped with artificial lighting facilitd

General Versus Specific Requirements:

g

s (except where otherwise noted). Sections 5-10 establish the spe
ents for each precipitation condition.

lity/Site Documentation:

ation that the testing facility and associated staff and resources sa
ents of this endurance time test method including ealibration and m
shall be documented. Such documentation shall be kept for 3 year
irement (paragraph 4.4) is applicable to/Section 11.

Environmental Chamber Equipment:

The air temperature sensor shall be in proximit

pically within 1.5 m of the side of the test plate, but outside the spr|
The distance and position,of the sensing device shall be reported.

bn observation but-positioned such that it does not interfere with ain
mperatures.

cquisition System: The air temperature, plate temperature and hu
 linked\{o an electronic data acquisition system as a means of che
ng.theenvironmental characteristics of the test chamber and test p

through

poratory
cific

isfy the
easurement

S

D.

to the test
ay area (if

ting ice
, fluid and

midity sensors
tking and
ates

out the course of a test run.

454

Temperature Control Equipment:

The air temperature (for all conditions)

and test plate

temperature, if required by the test protocol, shall be maintained at the required level
using heat exchangers connected to temperature control equipment comprising solid
state temperature sensor such as a platinum resistance probe (100 ohms at 0 °C),
coupled to a proportional temperature controller having a minimum resolution of 0.5 °C.
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4.5.5 Air Distribution System: The air distribution system shall be comprised of a fan or fans
to provide air recirculation through the main body of the test chamber and to the heat
exchanger. Ducting for the passage of air at both the inlet and the outlet of the heat
exchanger shall have entry and exit ports positioned to provide good air recirculation
throughout the test chamber. The heat exchanger shall be capable of cooling the air and
maintaining it at the specified temperature level. Airflow shall be measured using a
suitable anemometer or velocity meter (see also 4.6.4).

4.5.6

4.6 Calibratic

4.6.1

46.2

4.6.21

4.6.2.2

46.2.3

Water Supply for Nozzles:

Water supplied to nozzles shall conform to co

4409

nform to

ASTM

Calibra
electro
mainta
standa
months
suspec

Icing Intensity Measurement Methods:

the san

Icing
caseq

fluid @and some of the precipitation will fall off the test plate preventing the

the td
estab

ice-catch plates or pans-placed adjacent to the test plate and weighing t

preci
apprd
pans
exam
inten

T L 4 1 ! £l 4l ann BPI |
U 1T1TIJO0 TYPC TV Wall Ul a T1dlTUulicss Ul'ICss Uidll oUU ppuIit Tepurtcu

n and Measurement Methods:

fion of Standard Measuring Devices:
hic balances, anemometers, velocity meters, and timing devices sh
ned in a known state of calibration in accordance with recognized i
ds such as ISO 10012, by calibrating each instrament at least once
or whenever a piece of equipment is repaired;replaced, moved, o
k. A written record of the calibrations shall*be kept available.

The_following methods are intend
ne results.

Intensity Methods Using Reference Ice-catch Plates or Pans (Meth
b the icing intensity on a test plate with fluid cannot be measured di

tal precipitation for the duration of the test. Icing intensity is gene
lished by catching the' precipitation with a specified number so-call4

pitation for the.duration of the test period. At least one example of
priate icingiintensity measurement method using reference ice-cat
is given injthis ARP for each of the conditions listed (Sections 6—11
ple forseach condition is called method A to differentiate it from oth
ity imethods.

as CaCOs.

All temperature sensors, humidity sensors,

Al be
hternational
every six
- otherwise

bd to produce

od A): In most
rectly as the

e weighing of
rally

bd reference
he amount of
an

ch plates or

). This one
Bricing

Icing Intensity Using Regression Analysis (Method B): An alternative way of measuring
icing intensity is to catch the precipitation a number of times at the very position of the
test plate before and after the test and average the results. Furthermore at least two
tests with fluid are performed and endurance times determined at each of the targeted
rates. The results are analyzed using regression analysis to determine the endurance
time at the targeted rates of precipitation. Examples of the icing intensity using
regression analysis (method B) are described in Sections 6, 8, 9 and 10.

Other Icing Intensity Measurement Methods: Icing intensity measurement methods
may differ from methods described in 4.6.3.1 or 4.6.3.2 depending on the specific
configuration of the equipment (e.g., number of ice-catch plates or their geometry)
used to create the various precipitation conditions.
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4.6.2.4 Documentation: Each facility/site performing endurance time tests shall
document appropriate icing intensity measurement methods for each pre
condition to ensure that the test conditions are within the specified limits.

develop and
cipitation
Reports

issued by the facility/site shall describe the icing intensity measurement methods and

their results.
4.6.3 Icing Intensity Variability Across Test Plates Measurement Methods:

4.6.3.1 Intensity Variability Across a Test Plate Measurement Method (used with

specified limits.
each|test plate can be established by periodically replacing the test\plat
specified number of preweighed ice-catch plates, weighing the precipita

method A): It
rm and within

The icing intensity variability (uniformity or lack of unifgrmity) across

s with a

jon, and

calcujating the range. The range is simply the highest value minus the Jowest value

and i$ a quantitative representation of the variability of precipitation data
plate] This range must not exceed limits that are specified for each tes

across each
condition.

The measurement of the icing intensity variability across’a test plate shall be run at

least jevery six months or whenever a piece of equipment is repaired, ref
or otherwise suspect.

4.6.3.2 Intengity Variability Across All Test Plates Measurement Method (used w

laced, moved

ith method B)

is degcribed in 6.2.2.3. The measurement of the icing intensity variability across all

test pglates shall be run every time experiments are run.

4.6.3.3 Other Icing Intensity Variability Across Test Plates Methods: A facility/site may have

specific equipment that requires'a method for estimating the icing intens
acrogs test plates other than in'4.6.3.1 or 4.6.3.2. Such other methods
acceptable if they are shewn to be equivalent or more demanding.

4.6.4 Horizontal Air Velocity Measurement: Horizontal air velocity shall be meg
above the surfaceofithe test plate using a velocity meter or anemometer.

4.6.5 Water Droplet-Size Measurement: Several methods are available to detg
water droplef'size (median volume diameter). Table 1 lists several accepte
as a function of droplet size. A description of the methods of follows:

ty variability
are

sured 50 mm

rmine the
ble methods

a. Slide Impact Method with Oil: A sample of the water droplets from the precipitation is
collected on an oil coated microscope slide. An oil having a viscosity of 5000 mPa.s

at 20 °C, spread to an appropriate thickness will be suitable for certain

droplet sizes

(see Table 1 for appropriate thickness). The oil may be either a mineral oil or

silicone oil. The droplet size is determined by direct observation under

a microscope

using an eyepiece with the appropriate graticle, or from enlarged photographs of the

slide.
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4.6.5

(Continued):

b. Slide Impact Method with Colloidal Silver: A sample of the water droplets from the
precipitation is collected on a microscope slide coated with a colloidal silver solution.
A thin film of 95% water and 5% colloidal silver is brushed over a microscope slide.
Once the film is dry (about 30 seconds) it is exposed to the water spray, where it
becomes permanently marked with the droplet imprints. The droplet diameter is
one third of the print diameter measured under a microscope using an eyepiece with
the appropriate graticle or from enlarged photographs of the slide.

c. Lader Diffraction Method: Using a laser diffraction particle analyzer;ingorporating a
low|power laser transmitter and photo detector, the size of the dropletg can be
meagsured as they fall towards the surface of the test plate. Aaqalysis ¢f the
difffaction patterns gives the size and the distribution of the droplets. [Some
eqyipment is capable of achieving this in real time.

d. Dye Stain Method. Prepare discs by dusting filter¢paper discs with a yater-
activated very finely divided powder form of methylene blue dye. The grepared discs
are|manually positioned under precipitation for*afixed time in order to acquire a

droplet size pattern. A calibration curve is thén used to convert from J‘he measured

diafneter of the droplets on the pattern to the experimental median voliime diameter.

TABLE 1 - Examples of Water Droplet Size Measuring Methods

Slide Impact with Qil Slide Impact with
Droplet Size || (Required Qil Thickness) Colloidal Silver Laser Diffraction | Dye Stain
5um X
20 um X (500 pny) X X
200 um X (1000 pum) X
1000 um X (2000 um) X

X means recommmended-

4.7 General Test(Procedures:

4.71

Test Plate Cleanliness: The test plates shall be free of all visible contamination,
smears, or stains, except for markings used to estimate ice coverage. Between test
runs, any contamination shall be removed by washing with hot water immediately
followed by an ethanol rinse. If the same fluid is tested on the same plate for two or
more consecutive tests, it is not necessary to clean the plates with ethanol before the
second test; a hot water rinse is sufficient. Allow the plates to dry after rinse and
ensure they are at the appropriate temperature before use.
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4.7.2 Appearance of Frozen Contamination: Failure is called when 30% of the
covered with frozen contamination. Appearance of this frozen contamina

4.7.3

4.7.4

butis n
a. lce
b. Ice

ot limited to:

front

sheet

c. Slush, in clusters or as a front

plate is
tion includes,

d. Dis
e. Fro
f. Cle
g. Snc

Delaye
run, an
coverin
percen
must be
invalida
an ice

contact
frozen

considg

Report

seminated fine ice crystals

st on surface

ar ice pieces partially or totally imbedded in fluid
w bridges on top of the fluid

g Crystallization: Delayed crystallization may occur during the cou
d is defined as a sudden (within 30 seconds) appearance of frozen
g a large surface area of a test plate. .\ If this sudden coverage exc
age of the test plate area that is considered to be a failure, the test
p repeated. In the case of suspected delayed crystallization, if the
ted three times, the plate may‘be seeded at the center top edge of
rystal to initiate crystallization. Seeding consists of putting an ice
with the fluid by means(ofa chilled metal rod (below 0 °C). If upo
contamination area suddenly exceeds the percentage of the plate 3
red to be a failure,the test is invalid.

The report shall include:

a. Namne and address of the facility conducting the tests.

rse of a test
contamination
eeds the

is invalid and
test has been
the plate with
crystal in

n seeding, the
rea that is

br or vendor of

b. Stajenient confirming the test facility is autonomous of the manufacturg
thelfluid.
c. Date(s) tests conducted.

d. Manufacturer or vendor's name and address.

e. Name or reference number and lot number of the fluid tested.

f.  Type of fluid (SAE Type Il, Il or IV) and concentration of the fluid as received and as
tested. Examples: received SAE Type IV neat, tested neat; tested diluted 75:25
and 50:50 with hard water.
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4.7.4 (Contin

ued):

g. Quantity of fluid applied to test plates, if different from the norm.

h. Summary of test results and the icing intensity results for each test.

i. Icing intensity measurement method including ice-catch raw data.

j-  Method of estimation of failure area.

k. Des
of t

[. lcin
and

m. Dis

n. For

5. ENDURAN
This sectio]
6. ENDURAN
6.1 Freezing
6.1.1 Enviror

in4.5, ¢
endura

cription of appearance of frozen contamination. For natural snow-r
ne snow according to Figure 11.

g intensity variability across test plates measurement method, its re
date when performed.

ance from test plates and location of air temperature sensor.
natural snow tests, orientation of the test stand and direction of thg
CE TIME TEST - FROST:

n to be inserted in future versions of this ARP.

CE TIME TEST - FREEZING FOG:

Fog Test Equipment.and Test Parameters:

mental Chamber Equipment and Plates: In addition to the requirg

environmentalichamber and associated equipment requirements fo
nce time testing are given in Table 2 and in the following paragraph

bport the form

sults (range)

wind.

ments given
r freezing fog
S.
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TABLE 2 - Requirements for Freezing Fog Test Equipment

Test Parameters

Requirements

Environmental Chamber

Minimum volume

7 m?® for each 300 mm x 500 mm

test plate

Air temperature range

0 °C to at least -25 °C

Minimum temp

erature sampling rate

1 datum per minute

Horizontal air velocity <0.4 m/s

Relative humidity >40%

Test Plates

Material Aluminum alloy AMS 4037-or 4041

Test plate dimg¢nsions 500 mm long x 300 mm wide x 3.2 mm thick

Angle 10.0° £ 0.2°

Surface finish Average surfacewoughness: Ra< 0.5 ym

Temperature gt start of test Within 0.5 °C of-air temperature

Number of tes{ plates 2 per fluid tested

Fluid applicatign temperature Withim3’°C of the air temperaturne

1 Ice-catch Plates

Ice-catch plates 100 x 100 x 1.6 mm thick

Number of refg@rence ice-catch plates 8 surrounding each test plate

Number of ice{catch plates for measuringfcing | 12 per test plate

intensity varialjility across test plates

Spray Equipment

Water supply temperature Adjusted to produce supercooled water
droplets

Water droplet jnedian velume diameter 22um=z+5

T Method A

6.1.2 Test Plates:

6.1.2.1 Each test plate is removable and placed on a support that is housed within the

environmental chamber.

6.1.2.2

of or embedded within the plate.

Each test plate shall be equipped with a temperature sensor located on the underside
This sensor shall be capable of measuring to an

accuracy of £0.5 °C and shall be linked to an electronic data acquisition system.
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6.1.2.3

6.1.2.4

6.1.3 Spray Equipment:

6.1.3.1

6.1.4

6.2 Freezing|Fog Measurement Methods:

6.2.1

6.2.1.1

Method A: The test plate support is set-up in such a way that it can accommodate 8
ice-catch plates per test plate. The ice-catch plates shall be adjacent to, but not in
contact with, each test plate. The test plate support face shall be inclined from the
horizontal as specified in Table 2. The test plates are placed on the support such that
the fluid can freely flow off all edges of the plate. The test stand should be designed
as to minimize the contact between the test surface and the support.

Method B: The test plate support is set up in such a way that it can accommodate 6
test plates. The test plate support face shall be inclined from the horizontal as
specifredtimTabte2—Thetestptatesareptacedonthesupportsuchthatithe fluid can
freely flow off all edges of the plate. The test stand should be designed.-gs to minimize
the copntact between the test surface and the support.

It is 4 fundamental requirement of this test that the spray:impinges onto the surface of
the tgst plate as supercooled water droplets that freeze on impact. This is verified by
obsefvation of an ice-catch plate.

The equipment used to provide the water spray-comprises a low flow nogzle supplied
with Water of quality described in 4.5.6. This‘equipment is housed in the upper region
of thg test chamber above the test plate.¢, The exact type and geometry|of the spray
system used to generate the water spray for the test is left to the discretion of the
testing facility, provided the requirements of Table 2 and Table 3 are me}.

Exampl|e of Spray Equipment: ~An example of a suitable spray system is as follows: the
nozzle comprises two sections, outer and inner units for the respective pagsage of water
and compressed air (Figure<t). The nozzle reciprocates to provide even pnd

reproducible coverage of.the test plate at the specified water spray intensity.

Icing Irll:nsity Measurement Methods:

For general requirements see 4.6.2.
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FIGURE 1 - Example of Spray Nozzle for Freezing Fog
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6.2.1.2 Method A: Each test plate is replaced with 12 ice-catch plates which in turn are
surrounded by 8 additional reference ice-catch plates (examples, see Figure 2). All
plates are weighed before and after a run made without fluid (so-called calibration

run).

The ice-catch is recorded for each plate. The average ice-catch

of the 12 ice-

catch plates replacing a test plate and the average ice-catch of the reference plates
are calculated. The ratio of these 2 averages is calculated using Equation 1.

For a

run without fluid (calibration run):

wherg:

I
R

The 1

only the reference plates are available:> The ice-catch is measured on t

plate
on th
inten

For a

wherg:

=t 1 I
nNauv = |p|ate/|ref

D
C

Ratio = ratio of the ice-catch over the plates replacing the‘test plate
D the ice-catch on the reference plates

late = @verage ice-catch on the ice-catch plates replacing the test pl

of = average ice-catch on the reference icé-catch plates surround
late

atio is used to estimate the ice-catch;intensity during a test run with
5 and averaged. This averageis multiplied by the ratio calculated
e test performed without fluid:™ The resulting value is reported as t
ity over the test plate.
run with fluid:

Ip|ate = RatiO X Iref

D
C

biate =-reported intensity of that plate

(Eq. 1)

with respect

ate

ng the test
fluid when
he reference

above based
ne icing

(Eq. 2)

I
t

ref

he run with fluid

Ratio = see above

= average ice-catch on the reference plate surrounding the test plate during
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(Rl 11 M ] [Bas (4] ey | 51 IR [BRBs
[T e | A3 el B B2 3 I vl [Eps
sz | e B 1B S — Eaz
[ L) 2l [ras L3 SET T P . e
RAl RA2 EH1 RE2

RAS ALl AR Al3 Bl1 Hr2 B13 E

ELad | AZI AZZ AT B2l B2z BZ3 | RBE4

BEAS Al AT 433 i%]] B3z B33 HB3

for plate A and

RB1 o RB& inr plat& B} -&a-::h surrmndng ihe 12 II:E-I:-EH:I'I ﬂatas r&placlng the test plates (A11
to A43 for test plate A and B11 to B43 for test plate B).

FIGURE 2 - Arrangement of Ice-catch Plates and Reference Ice-catch Plates
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6.2.1.3 Method B: Icing Intensity Measurement: Initially, place ice-catch pans (27.7 cm x 54
cm) on the test plate support at each test location (typically 12 locations). Each pan
is marked with a number identifying the collection location on the test plate support.
The individual pans are weighed prior to exposure to precipitation and the weights are
recorded. At the start of the ice-catch period, the exact time (hh:mm:ss) is recorded.
The pans are then placed on the test plate support for a period of at least 10 minutes.
The pans are re-weighed following this period and the ice-catch rate for each pan is
calculated (R1).

—(‘v"v'a1 =Whr )/f'-\l cq-uf-pal |*(Ta1-Tb1 ) (Eq. 3)

o4
AL

where:
V.. = eight after of the 1°' measurement

V1 = weight before of the 1% measurement

T.1 = time at the end of the 1% measurement

To1 = time at the beginning of the 1% measlirement
The pans are then weighed and placed.an the test plate support for a second
collegtion period and the second ice-catch rate calculated (R2). A fluid jtest begins
following the second ice-catch rate collection period. Following the faildre of a test
plate| an ice-catch pan placed atthe plate location for at least 10 minutes and the third
ice-catch rate is calculated (R3):"Another ice-catch is done to get a fourth ice-catch

rate (R4). More ice-catch runs before or after a fluid test may be performed at the
discretion of the experinienter.

The rpte of precipitation (icing intensity) for any location on the stand is galculated by

averdging at least_fwo rates measured immediately prior to the test (morg than 2 rates
may be run) and at least two rates measured immediately following the test (more than
2 rates maybe run). In order for the test to be valid, the average rate angl the standard
deviation;muast be within the limits shown in Table 3.

At a given temperature, two tests are conducted at the lower icing intensity (e.g.,
FOG -A) and two tests are conducted at the upper icing intensity (e.g., FOG-B). If the
endurance time at one of the icing intensities lies outside +10% from the average, two
additional tests are run, for a total of 4 data points at that icing intensity. All the data
points are used for the regression analysis - no data points shall be rejected.

The endurance times are obtained by producing a best-fit regression curve using a
power law transformation based on all the data collected at the lower and upper rates.
A minimum of four data points are required to generate the regression curve for any
fluid, at least two at each icing intensity.
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6.2.1.3

6.2.2

6.2.2.1

6.2.2.2

6.2.2.3

Icing Intensity Variability" Measurement Methods:

(Continued):
The equation used to treat the data is as follows:

t=cR® (Eq. 4)
where:

t = time (minutes)

R = rate of precipitation (g/dm?/h)
a, c = coefficients determined from the regression

The upper and lower fluid endurance time values are determined from the points at
which the best-fit curve intersects the lower (e.g., at 2.0-gldm?h for FOG-A) and upper
icing jntensity (e.g., at 5.0 g/dm?/h for FOG-B).

Continuous Rate Monitoring: During a test, rates are continuously monitored to ensure
that i¢ing intensity remains within specificatiom:‘©One continuous monitoring pan is
requifed when conducting 1 to 6 fluid tests,\and two continuous monitoripg pans are
requifed for 7 to 12 tests. For this purpose, ice-catch pans are weighed and placed on
each|designated location. The continuous monitoring pans are re-weighed at 15
minufe intervals during the test and'the icing intensity calculated (called RC1 for the
first 15 minute interval, RC2 for. the'second 15 minute interval, etc.). Fqgr any given
test tp be valid, the continuous rates of the selected monitoring position (including R1,
R2, dll the RCs, R3 and R4 ‘at this position) must be within 1.5 times the[standard
deviation limits in Table-3;

For general requirements see 4.6.3.

Variapility-Across a Test Plate Measurement Method (used with method|[A): The icing
intensgity/variability across a test plate shall be the range of the icing intensities
measured for the 12 ice-catch plates in 6.2.1.2 and shall conform to the value "Icing
intensity range across a test plate” in Table 3. It shall be done for all test plates.

Variability Across All Test Plates Measurement Method (used with method B): With
method B the variability is not measured for a single (divided) plate as is with method
A, but it is measured across all the (undivided) plates for a given period of time. The
icing intensity variability across all test plates shall be the range of icing intensities for
all R1s (R1 for position 1, R1 for position 2, etc., for all positions) defined in 6.2.1.3.
The range of all R1s shall conform to the value "Icing intensity range across test
plates” in Table 3. Furthermore, the range of R2s, R3s and R4s shall also conform to
the value "Icing intensity range across test plates” in Table 3. Results from positions
not fulfilling this requirement shall not be used.
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6.3 Freezing Fog Test Conditions:

Test conditions for freezing fog are in Table 3.

TABLE 3 - Freezing Fog Test Conditions

Test Condition FOG-A | FOG-B FOG-C FOG-D FOG-E FOG-F
Type II, lll and IV, neat Yes Yes Yes Yes Yes Yes
Types Il and IV, 75/25 (neat Yes Yes Yes Yes No No

fluid/hard water)
Types Il and IV, 50750 (neat Yes Yes \[¢) NO Nb No
fluid/hard \yvater)

Air temperatute, °C -3+05 | -3+05 |-14+0.5]|-14+0.5¢ =25} 1 -25 +1
Air temperatufe standard +0.3 +0.3 +0.3 +0.3 +05 +05
deviation
t Icing intensity, g/dm?/h 20+02[50+£02]20+02|50£02]|20402|50+0.2
I Average icing intensity, 20+03|50+£04|20+£034¢%0+£04|20403|50x£04
g/dm?h
1 Icing intensity standard <0.3 <0.4 <0.3 <0.4 <013 <0.4
deviation
T Icing intensity range <04 <0.6 <04 <0.6 <04 <0.6
across a test plate, g/dm2/h
I Icing intensity range <1.2 <1.7 <1.2 <17 <12 <1.7
across all tesf| plates,
g/dm?h
T Method A
1 Method B
6.4 Freezing|Fog Test Procedure:
6.4.1 Test Plate Cleanliness: Clean test plates according to 4.7.1.
6.4.2 Tempeflature/Verification: Ensure the test chamber, fluid and test plates are at the

requirefd demperature.
6.4.3 Failure Time: Pour 500 mL of fluid onto each test plate (if more fluid is required, record

the quantity of fluid actually used).

As soon the fluid has spread over the plates (up to

30 s for Type I, lll and IV fluids), expose to precipitation and start the timing device.
Observe the plates and, when the failure occurs (defined in 6.4.6), record the time as the
endurance time.
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6.4.4

Icing Intensity: After all the plates have failed, shield the ice-catch plates from

precipitation, and weigh the ice-catch on each ice-catch plate and using a method such
as described in 6.2.1, estimate the icing intensity for each test plate. If the icing intensity
is not within the specified limits Table 3 for the test being conducted, the time recorded

is not valid.

6.4.5 Delaye

6.4.6 Failure

6.4.7 Reproducibility/Precision:

d Crystallization: See 4.7.3.

Criterion: Failure is called when 30% of the plate is covered with frozen

contan
can be
at 150

6.4.7.1 Repr

variafions can be expected. If the range (highest value’minus lowest va

endu

averdge as the endurance time for that condition’If not, repeat testing

addit

disca
that dondition.

6.4.7.2 Repr

incor

6.4.8 Report

7.

8.

8.1

8.1

ENDURAN

LABORAT

This sectio

ENDURAN

Freezing

.1 Environmental Chamber Equipment and Plates:

matiom—Frozenmcontamimation s described 4 72— Pernmmarks
used to estimate the area of failure. For instance, a line drawn.ac
mm from the top edge will delineate an area corresponding te 30%

bducibility/Precision for Method A: The test is dynamic by nature, a
rance time is less than 10% of the average anti-icing endurance tim
onal plates, for a total of four data points-¥he highest and lowest p
rded, and the average of the two remaining points shall be the end
pducibility/Precision for Method:B: With this method, data is not re
borated using regression analysis. See 6.2.1.3.

See 4.7.4.

CE TIME TEST~'SIMULATED SNOW TESTS PERFORMED IN A
DRY:

h to be inserted in future versions of this ARP.

CEVHME TEST - FREEZING DRIZZLE:

DN the plate
ross the plate
of the plate.

nd small

lue) of the

e, report the
pn two

oints shall be
irance time for

jected but

Drizzle Test Equipment and Test Parameters:

In addition to the requirements given

in 4.5, environmental chamber and associated equipment requirements for freezing
drizzle endurance time testing are given in Table 4 and in the following paragraphs.
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TABLE 4 - Requirements for Freezing Drizzle Test Equipment

Test Parameters Requirements
Environmental Chamber
Air temperature range 0°Cto-10°C
Minimum temperature sampling rate 1 datum per minute
Horizontal air velocity <1.0 m/s
Relative humidity > 40%
Test Plates
Material Aluminum alloy AMS 4037 or 4041
Test plate dimgnsions 500 mm long x 300 mm wide-x’3.2 mm thick
Angle 10°+£0.2
Surface finish Average surface roughness: Ra = <[0.5 ym
Temperature gt start of test Within + 0.5 °C of airtemperature
Number of tes{ plates 2 per fluid tested
Fluid applicatign temperature Within 3 °C of'the air temperature

1 Ice-catch Pans

Ice-catch pan glimensions 100.mMmm x 100 mm x 0.8 mm thick wjith all around
rim*15 mm high

Number of refg¢rence ice-catch pans 8 surrounding each test plate

Number of ice{catch pans for measuring 12 per test plate

icing intensity yariability across test plates

Spray Equipment

Distance betwg¢en nozzle and test plate 7mz=0.5

Water supply temperature < 2 °C just before the nozzle
Water droplet median velume diameter 300 um = 100

T Method A

8.1.2 Test Plates:

8.1.2.1 Each test plate is removable and placed on a support that is housed within the
environmental chamber.

8.1.2.2 Each test plate shall be equipped with a temperature sensor located on the underside
of, or embedded, within the plate. This sensor shall be capable of measuring to an
accuracy of £0.5 °C and shall be linked to an electronic data acquisition system.
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8.1.2.3 The test plate support is set-up in such a way that it can accommodate eight 100 mm x
100 mm ice-catch pans surrounding, but not in contact with, each test plate. The test
plate support face shall be inclined from the horizontal (see Table 4 for the angle).

The test plates are placed on the support such that the fluid can freely flow off all
edges of the plate. The test stand should be designed as to minimize the contact
between the test surface and the support.

8.1.3

8.1.4 Spray Fquipment:

8.141 ltisa
the tg
obse
8.1.4.2 Thee
with v
regio
spray
the tg

8.1.5 Examp
section
and prd
used, 4
nozzle.
(on/off)
control

8.2 Freezing
8.2.1

catch p
Table §

Ice-catch Pans:

5, an outer unit holding two inner-units.

ed oscillation of thesnozzle.

Icing Intensity Methods:

The ice-catch pans are described in and Figure 3.

fundamental requirement of this test that the spray impinges.onto
st plate as supercooled water droplets which freeze on impact. Thi
vation of an ice-catch pan.

quipment used to provide the water spray comprises a low flow no

The exact type and ge
system used to generate the water spray forthe test is left to the g
sting facility/site, provided the requirements of Table 5 are met.

The hydraulic nozzle shown in Figure 4 cd
Water is stored in a press
vides the flow to the nozzle. *The water droplet size depends on t
nd of the settings on a pulse;system which controls the flow of wats

The icing intensity is ¢ontrolled by selecting the opening and clos
of the pulse system. -An even distribution over the test plate is ac

e of Spray Equipment:

Drizzle Measurement Methods:

The methods are the same as in 6.2.1 except th
lates are'replaced by ice-catch pans in 6.2.1.2 and that Table 3 is 1
throughout.

he surface of
5 is verified by

yzle supplied

vater of quality described in Table 5. This equipment is housed in the upper
n of the test chamber above the test plate.

pmetry of the
iscretion of

mprises three
Lrized tank

he nozzle

er to the

ing times
hieved by a

at the ice-
eplaced by

8.2.2 Icing In

tensity Variability Across Test Plate Methods:

The methods are the same as in

6.2.2 except that (a) the ice-catch plates are replaced by ice-catch pans in 6.2.2.2 and

(b) Tab

8.3 Freezing

le 3 is replaced by Table 5 throughout.

Drizzle Test Conditions:

Test conditions for freezing drizzle are in Table 5.
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15.

FIGURE 3 - Ice-catch Pans
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FIGURE 4 - Example of a Hydraulic Nozzle for Freezing Drizzle
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TABLE 5 - Freezing Drizzle Test Conditions

Test Condition ZL-A ZL-B ZL-C ZL-D
Types Il lll, and IV, neat Yes Yes Yes Yes
Types Il and IV, 75/25 (neat fluid/water) Yes Yes Yes Yes
Types Il and IV, 50/50 (neat fluid/water) Yes Yes No No
Air temperature, °C -3+05 | -3+05 -10+0.5 -10+0.5
Air temperature standard deviation, °C +0.3 +0.3 +0.3 +0.3
T Icing intensity, g/dm?/h 5+0.2 | 13£0.5 5+0.2 13+0.5
t Average icing intensity, g/dm?/h 5+04 [ 1305 5+ 04 13+ 0.5
¥ Icing intensity standard deviation <04 <0.7 <04 <0.7
1 Icing intensity range across a test plate, <0.6 <14 <0.6 <14
g/dm?/h
T Icing intensity range across all test plates, <14 <22 <14 <22
g/dm?/h
T Method A
1 Method B

8.4 Freezing|Drizzle Test Procedure:
8.4.1 Test Plgte Cleanliness: Clean test plates-according to 4.7.1.

8.4.2 Temperature Verification: Ensure‘the test chamber, fluid and test plates are at the
requirefd temperature.

8.4.3 Failure[Time: See 6.4.3 except that failure is defined in 8.4.6.

8.4.4 Icing Intensity: After allthe plates have failed, turn off the water spray, and weigh the
ice-cat¢h on each i¢escatch pan and using a method such as described in|8.2.1,
estimate the icing\intensity for each test plate. If the icing intensity is not within the
specifigd limits-for the test being conducted, the time recorded is not valid.

8.4.5 Delayefl@Crystallization: See 4.7.3.

8.4.6 Failure Criterion: See 6.4.6.
8.4.7 Reproducibility/Precision: See 6.4.7.

8.4.8 Report: See 4.7.4.
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9. ENDURANCE TIME TEST - LIGHT FREEZING RAIN:

9.1

9.1.1

Environmental Chamber Equipment and Plates:

Light Freezing Rain Test Equipment and Test Parameters:

In addition to the requirements given

in 4.5, environmental chamber and associated equipment requirements for light freezing
rain endurance time testing are given in Table 6 and in the following paragraphs.

TABLE 6 - Requirements for Light Freezing Rain Test Equipment

Test Parameters

Requirements

Environmental Chamber

Air temperaturg range 0°Cto-10°C

Minimum temperature sampling rate 1 datum per minute

Horizontal air yelocity <1.0m/s

Relative humidity > 40%

Test Plates

Material Aluminum alloy AMS 4037 or 4041

Test plate diménsions 500 mm long x 300 mm wide x 3.2 mm thick
Angle 10> 0.2

Surface finish Average surface roughness: Ra £ 0.5 ym
Temperature gt start of test Within + 0.5 °C of air temperature
Number of tes{ plates 2 per fluid tested

Fluid applicatign temperature Within 3 °C of the air temperature

1 Ice-catch P3ns

Ice-catch pan glimensions 100 mm x 100 mm x 0.8 mm thick with all

around rim 15 mm high

Number of ice

catch pans

8 surrounding each test plate

Number of ice-
intensity variak

catch pans for measuring icing
ility\across test plates

12 per test plate

Spray Equipment

Distance between nozzle and test plate

7m=0.5

Water supply temperature

< 2 °C just before the nozzle

Water droplet median volume diameter

1000 um + 100

T Method A
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9.1.2 Test Plates:

9.1.21

9.1.2.2

9.1.23

9.1.3

9.14

9.1.41

9.14.2

9.1.5

9.2 Light Frepzing-Rain Measurement Methods:

9.2.1

9.2.2

Each test plate is removable and placed on a support that is housed within the

environmental chamber.

Each test plate shall be equipped with a temperature sensor located on the underside

of or embedded within the plate.

This sensor shall be capable of measuring to an

accuracy of £0.5 °C and shall be linked to an electronic data acquisition system.

The {
100 mm ice-catch pans surrounding, but not in contact with, each testpl
platesupport face shall be inclined from the horizontal (see Table/6.for t
The test plates are placed on the support such that the fluid can{freely fl
edges of the plate. The test stand should be designed as to minimize the
betwg¢en the test surface and the support.

Ice-cat¢h Pans: The ice-catch pans, described in Table'6 and Figure 3, g
evaluate the ice-catch.

Spray Equipment:

It is 4 fundamental requirement of this test that the spray impinges onto
the tgst plate as supercooled water droplets which freeze on impact. Thi
obsefvation of an ice-catch pan.

The equipment used to provide the water spray comprises a low flow no
with Water of quality described in 4.5.6. This equipment is housed in the
of thg test chamber above'the test plate. The exact type and geometry
used to generate’the water spray for the test is left to the discreti
facility/site, provided the requirements of Table 6 and Table 7 arg

Example of Spray)Equipment: See 8.1.5.

ight 100 mm x
ate. The test
ne angle).

bw off all

b contact

re used to

he surface of
5 is verified by

yzle supplied

upper region
of the spray

on of the
met.

Icing Intensity Methods:

The methods are the same as in 6.2.1 except that the ice-

catch plates are replaced by ice-catch pans in 6.2.1.2 and that Table 3 is replaced by

Table 7 throughout.

Icing Intensity Variability Across Test Plates: The method is the same as
except that (a) the ice-catch plates are replaced by ice-catch pans and (b)
6.2.2.2 is replaced by Table 7.

in6.2.2
Table 3 in
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9.3 Light Fre

ezing Rain Test Conditions:

Test conditions for light freezing rain are in Table 7.

TABLE 7 - Light Freezing Rain Test Conditions

Test Condition LZR-A LZR-B LZR-C LZR-D
Types Il 11, and IV, neat Yes Yes Yes Yes
Types Il and IV, 75/25 (neat fluid/hard water) Yes Yes Yes Yes
Types Il and I\, 50/50 (neat fluid/hard water) Yes Yes No No
Air temperaturg, °C -3+0.5 -3+05 | -10+£09 | -10+0.5
Air temperature standard deviation, °C +0.3 +£0.3 +0.3 +0.3
t Icing intensitly, g/dm?/h 13+05 | 256+1.0 [08+0.5( | 25+1.0
t Average icin§ intensity, g/dm?/h 13205 | 25+1.0¢[7"13+0.5[ | 25+1.0
¥ Icing intensity standard deviation <0.7 <15 <0.7 <1.5
T Icing intensity range across a test plate, <14 <3.0 <14 <3.0
g/dm?/h
T Icing intensity range across all test plates, <20 <4.0 <20 <4.0
g/dm?/h
1 Method A
T Method B
9.4 Light Frepzing Rain Test Procedure:
9.4.1 Test Plate Cleanliness: Cleantest plates according to 4.7.1.
9.4.2 Temperature Verification; ) Ensure the test chamber, fluid and test plates are at the
requirefd temperature,
9.4.3 Failure[Time: See 6.4.3 except that failure is defined in 9.4.6.
9.4.4 Icing Intensityr After all the plates have failed, turn off the water spray, and weigh the
ice-cat¢hion each ice-catch pan and using a method such as described in|8.2.1,
estimatetheicing Or each test plate. within the

specified limits for the test being conducted, the time recorded is not valid.

9.4.5 Delayed Crystallization: See 4.7.3.
9.4.6 Failure Criterion: See 6.4.6.

9.4.7 Reproducibility/Precision: See 6.4.7.
9.4.8 Report: See 4.7.4.
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10. ENDURANCE TIME TEST—RAIN ON COLD SOAKED WING:

10.1 Rain on Cold Soaked Wing Rain Test Equipment and Test Parameters:

10.1.1 Environmental Chamber Equipment and Plates:

In addition to the requirements given

in 4.5, environmental chamber and associated equipment requirements for rain on cold
soaked wing endurance time testing are given in Table 8 and in the following
paragraphs.

TA

-8 —Requi TR o oi-Soaked i -FestEqui

ent

Tlest Parameters Requirements
Environment3dl Chamber
Air temperaturg range 1°C
Minimum templerature sampling rate 1 datum per minute
Horizontal air yelocity <1.0m/s
Relative humiqity > 40%
Test Plates
Material Aluminum alloy AMS 4037 or 4041
Test plate dimg¢nsions 500-mm long x 300 mm wide x 3.2 mm thick
Angle 10>% 0.2
Surface finish Average surface roughness: Ra < (.5 ym
Number of tes{ plates 2 per fluid tested

Fluid applicatiq

n temperature

Within 3 °C of the air temperature

1 Ice-catch Pa

ns

Ice-catch pan

limensions

100 mm x 100 mm x 0.8 mm thick
rim 15 mm high

wvith all around

Number of refe

rence ice-catch pans

8 surrounding each test plate

Cold Soak Bo

X

Material

Aluminum-alloy-AMS 4037 or 4044

Material Thickness

1.6 mm

Dimensions

430 mm x 300 mm x 75 mm

Coolant in box

65 % propylene glycol, 35 % water

Spray Equipment

Distance between nozzle and test plate

7m=0.5

Water supply temperature

< 2 °C just before the nozzle

T Method A
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10.1.2 Test Plates:

removable test plate centered on the face of the cold soak box (Figure 5).
removable test plate is used, a 65/35 propylene glycol/water solution is spread between
the cold soak box and the test plate to improve thermal conductivity between the cold

soak box and the test plate.
surrounded by eight reference ice-catch pans.

box are housed within the test chamber.

10.1.3

plate.
and red
soaked
plate is
10.1.4 Spray B
flow no
housed
and ge
the dis
9 are n

10.1.5 Examp

10.2 Rain on

10.2.1 Icing Intensity<Methods:

catch p
Table 7

Cold Soak Box:

of measuring the temperature of the test plate with anyaccuracy of
within the test plate, 150 mm from the top and 150¢mm from the s
This temperature sensor shall be linked to a data*acquisition syste
ord the test plate temperature throughout the-eourse of a test run.
box face shall be inclined from horizontal (seé Table 8 for the angl|
positioned on the box so that fluid can freely flow off all edges of th

Fquipment:  The equipment used.teprovide the water spray comp
zzle supplied with water of quality-described in Table 8. This equi
in the upper region of the testtchamber above the test plate. The
bmetry of the spray system used to generate the water spray for thg
retion of the testing facility/site, provided the requirements of Tablg
et.

e of Spray Equipment: See 8.1.5.

Cold Soaked Wing Measurement Methods:

The methods are the same as in 6.2.1 except th
lates-are replaced by ice-catch pans in 6.2.1.2 and that Table 3 is

Each test area is either the upper surface of the cold soak box or a

If a

During the course of a test run, the test plate is
Both the test plate and the cold soak

Before starting the test, the cold soaked box (Figure 5) must be filled

erature (see
hnt or circulate
temperature.
polystyrene

The box shall be equipped with a temperature sensing device

+0.5 °C and

de of the

m to check
The cold

e). The test

e plate.

ises a low
bment is
exact type

p test is left to
8 and Table

at the ice-
eplaced by

throughout.

10.2.2 Icing In

tensity Variability Across Test Plates: The method is the same as

in6.2.2

except that (a) the ice-catch plates are replaced by ice-catch pans and (b) Table 3 in

6.2.2.2

is replaced by Table 9.
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.

TE.0i mm

FIGURE 5 - Cold Soak Box
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10.3 Rain on Cold Soaked Wing Test Conditions:
Test conditions for rain on cold soaked wing are in Table 9.

TABLE 9 - Rain on Cold Soaked Wing Test Condition

Test Condition RCSW-A RCSW-B
Types Il lll, and IV, neat Yes Yes
Types Il and I\, 75725 (neat fluid/hard water) Yes Yes
Types Il and I\, 50/50 (neat fluid/hard water) No No
Air temperaturg, °C 1+05 1+05
Air temperature standard deviation, °C +0.3 +0.3
Test plate temperature at start, °C -10+ 1 -10 £ 1
Pre-start coolant temperature, °C 12 +£1 12 +1
Water droplet median volume diameter 300 wm-+100 1400 pm £ 150
t Icing intensitly, g/dm?/h 5.0 0.2 715.0 £ 3.0
t Average icing intensity, g/dm?/h 5:0x 0.4 15.0+3.0
¥ Icing intensity standard deviation <04 <4.5
T Icing intensity range across a test plate, <0.6 <9.0
g/dm?/h
T Icing intensity range across all test plates, <1.2 <15
g/dm?/h
T Method A
I Method B
10.4 Rain on Cold Soaked Wing-Test Procedure:
10.4.1 Test Plate Cleanliness: Clean test plates according to 4.7.1.
10.4.2 Temperature Verification: Prior to the start of a test, ensure the test chamber and fluid

are at the required temperatures. Ensure the cold soak box and its coolant are at the
pre-start‘temperature. Place both paper towels and a cover over the test[;)Iate and the

ice-catch pan to prevent any accumulation of ice.

10.4.3 Failure Time: Wait for the temperature of the test plate (or cold box upper surface if no
test plate is used) to be at the start temperature. When the start temperature is
reached, remove the paper towels and cover. Continue as in 6.4.3 except that failure is

defined in 10.4.6.

10.4.4 Icing Intensity: After all the plates have failed, turn off the water spray, and weigh the
ice-catch on each ice-catch pan and using a method such as described in 8.2.1,
estimate the icing intensity for each test plate. If the icing intensity is not within the
specified limits for the test being conducted, the time recorded not valid.
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