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1.

1.1

SCOPE:

This Aerospace Information Report relates considerations for design test procedu

evaluation fqg

Purpose:

The purpoge of tire spray deflection devices)is to prevent ingestion of water or s
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r qualification of tire spray deflection devices.

res and test data

ush into engines,

or to limit il]gestion to non-hazardous quantities. A further purpose may be to ptevent impacting

of the defl
manner. 7

parts of the aircraft. Considerations shouid cover all applicable ground operatin
including yse of reverse thrust,"and be extended to cover possibie damage to
systems, gniennae or pitot and static ports.

Ingestion
precaution
operation.

Past aircrd

cted spray into pusher propellers or upon other parts of the aircraft in

a harmful

modes

hese devices may be a part of the tires, or installed on the landing g:}?r or upon other

f tire defletied water or slush has caused powerplanis 1o lose power

echanisms,

when no

were taken. Certification requires establishment of safe and accepiable air vehicle

lity of aircraft to

operate safely from runways having standing water or slush over all or parts of the surface.

SAE Tec_hnicai St_andag’ds Board Rules prgvide 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 particutar use, including any patent infringement asising therefrom, is the
sole responsibility of the user”

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

Copyright 1997 Society of Automotive Engineers, Inc.
All rights reserved,

QUESTIONS REGARDING THIS DOCUMENT: (412} 772-8510
TO PLACE A DOCUMENT ORDER: (412} 776-4970

Printed in U.S.A.

FAX {412) 776-0243
FAX {412) 776-0790


https://saenorm.com/api/?name=4912cfe1132f4817b8bb6d841735eb5e

SAE AIR1904 Revision A

FAA Advisory

2. REFERENCES:

Circular No. AC 91-8

NASA Technical Note D-552 dated September 1960 “Studies of the Retardation Force Developed

on an aircraft t

ire rolling in siush or water”

FAA Regulation FAR 25.1091 (¢} {2) and (d} (2) “Turbine Engine Air Induction L.ocation”

FAA Regulatigm FAR25-1323(d) “Airspeetrdicating Systerm~FPorttocations
ness Regulations JAR Code 25.1091

Joint Airworthi
Advisory Circy
Validation Not
HISTORICAL
Engineers rec
wheels of airc
to solving proy
developed to
It was found th
stayed clear o
the ideal.

In several inst
that had not el

Recent develd

lar Joint 4CJ25.1091 (3) (2)
e No. 3, Special Condition 9 “Take off from Precipitation Covered Rur
REFERENCE:

pgnized safety implications in jet engines being faced with materials t
aft early in operation of such aircraft. Various studies and engineerin

lems so related began evolving. Chineitires were one of the most co
elp prevent landing gear propeiled water from entering engines.

f engines and other sensitivé items. Design to purposefully accomplig
ances, the process-of “stretching” an airframe has introduced an inges

xisted in originalmodels. Figure 1 llustrates this possibility.

pments in4gar mounted propelier driven aircraft have opened a new

parameters to

to such aircraft,
those concerngs will-be covered by revisions or supplementary efforts.

be considered in water deflection. Portions of the following documen
but-at present publication no specific efforts have been so directed.

ways”

nrown from the
g approaches
mmon devices

at some aircraft have fortunate geometry and whee| deflected water and slush

h this end is
stion problem

et of

It may well apply

Hopefully,

DESIGN CON

(Consider the

SIDERATIONS FOR SPRAY SUPPRESSION:

effect of spray in all likely modes of operation.}
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4.1

4.2

Deflection of Spray Necessitated By:

a) Engine performance (surges, loss of thrust, inlet blockage)
b) Static port performance (icing, blockage})

¢) Mechanisms {impact damage, clogging, freezing)

d) Landing (in case of thrust reverser performance)

e) Takeoff performance (slush drag)

A loss of takeoff performance when operating from slush-covered runways has bgen recognized
as evidenceq! by Federal Aviation Administration (FAA) Advisory CirculatNo, AC 91-6. Jet
transports, with high takeoff speeds and low acceleration characteristics can be exposed to drag
forces that may inhibit takeoff. The term “slush drag” is used to ehcompass eithef slush or water
drag. Research into the problem showed that slush, or any othien fiuid which can femain on a
runway in syfficient depth, causes drag on the aircraft in two ways. First, there is p direct drag on
the wheels gs they displace fluid from their path, while second, the intense spray formed by this
process causges drag by impingement on the aircraft structure. National Aeronaut{cs and Space
Administration (NASA) research and experience show.that the total impingement ¢irag can be
great enough for certain airplane types to cause marginal takeoff capability in 1 inch of siush and
to cause takgoff refusal in 1.5 to 2 inches depth-o¥slush. See Figure 2.

Generally, the slush drag effects on the tiresincrease parabolically up to the tire hydroplaning
speed, and then drop off as the tire rides up on the water or slush during total hydroplaning.
While it might seem that total slush drag on the aircraft would lessen at this point, [such may not
be the case.| The amount of impingement drag on the airframe caused by the intgnse spray that
is sent up fram the hydroplaningtires may exceed the tire drag, and thus the acceleration of the
aircraft could be reduced appreciably at this point. These factors may place a large responsibility
on the desigh of tires and landing gear to be able o deflect water and slush clear pf the airframe.

f) Erosion ¢r structural damage to rear mounted (pusher) propellers,

Spray Geometry:

Current technology to compute spray geometry is not recognized. Research has been started at
NASA which may form the basis for such tools. Since spray geometry cannot be determined by
analysis it must be demonstrated by test. Preliminary design should consider previously
demonstrated aircraft and make allowances for adjustments that may be required from test
resuits.

Design should consider geometry of spray related to:
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4.2 (Continued):

a)} Engine capabilities (compare to engine manufacturer’s limits)

1. Tire bow wave {(usually predominant at lower speeds)

2. Tire side spray

3. Tire “rooster tails” {usually predominant at higher speeds) (see Figures 3 and 4)

4. Slug
Engi

NOTE: Sp

5 of water or slush. (Concentrated versus evenly dispersed ingested
nes are not certified for concentrated ingestion.)

ray geometry is affected by hydroplaning and should be examined at

grqund operating speeds.

b) Airplane
1. Airpl

2. Tire

parameters to consider in design.
ane velocity effect on tire shape (centrifugal forees on tire)

pressure

3. Tire wear and fire tread profile design

4. Tire
fusel

hge, ete.

5. lLocagion of critical ports and mechanisms relative to spréy'pattérns

6. Fligh
7. Aircr
c) Water/st

1. May
all.

t deck visibility effects
nft loading4atiations

ish depth to be certified for safe operation.

naterial.

hli certified

position in relation to other aircraft components, engines, wings, empgnnage,

hegreater for some missions than others - requires a variety of devict

Es to cope with

2. Based on AC81-6 and FAR 25.1091, FAA will certify water depth for which testing has
been shown to be safe for all operating conditions.

3. Also of interest may be Advisory Circular No: 20-XX, title “Water Ingestion Testing”, which

FAA

is preparing but is only in draft form at this writing.
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4.3 Placement of Spray Suppression Devices:
a) Depends on source, type and severity of spray problems
b) Must maintain reasonably constant relationship to tire/runway interface

¢) Must accommodate strut deflections and changing aircraft geometry relationships; such as,
wing flaps, spoilers and thrust reversers :

d) Must considerasrodyrantc effectand stowage space i stowed—————
1. Consider possible inlet distortion (power plant airflow) impact

2. Asgure space in wheel wells for safe gear operation - or otherairframe of equipment
clearances

4.4 Devices Should Consider:
a) Chine fres:
1. Shape and placement, compatibility with tire.technology
\.) 2. Effects of centrifugal forces {may change shape of chine)

3. Chine to runway clearance variations due to loading changes (tire deflegtion affects chine
effectiveness)

4. Campatibility with normally expected variations in tire rolling radius due {o variations in
tirg pressure, loads, tread wear, growth and manufacturing tolerances

5. Tije profile definition by airplane manufacturer so that multiple procurement sources may
be approvablé’on the basis of similarity (may control recapping also)

6. Campatibility with recapping procedures

7. Caompatibility with maintenance methods

8. Compatibility with tow bars, spotting dollies, and other ground support equipment

9. Specifications for tires may be prepared to control variables and eliminate the need for
qualification water testing due to different vendors and/or minor product changes. There
is precedent for this procedure.

10. Both single and dual chines may be considered - single chines normally accompany dual
wheel assemblies.
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4.4 (Continued).

11. Some aircraft may be towed with nose gear torgue links disconnected allowing greater

than normal turning angles. Chine/deflectors should clear obstructions in

b) Deflector:

4.5 Consider Operational Compatibility for Either-Chine or Deflectors:

1.

2.

6.

7.

Any corrjering constraints?

Effect of[runway contact; such as, chine damage effect on tire balance
Damage|sources

1.
2.
3.

4.

Proper shape, size, placement and strength

Capgbifity of being Tetracted- (i applicabtey

such cases.

Compatibilities with normally expected variations in tire relling radius due tp variations in

tire gressure, loads, tread wear, growth, manufacturing tolerances, flat tirg
with geflector)

Reagonable accessibility for jacking, tire changes, eic.
Minipum drag
Compatible with icing conditions

Easdq of instaliation and maintenance

Almpagrt equipmentoverruns

Forelgn objects

Pavement drop-offs and steep ramps

Carrier deck hardware; cables, deck grooves, platheads, etc.

(interference

Positive assurance of inability of a damaged device to jam gear in wheels-up configuration.

Consider effect of both grooved and ungrooved runways (if satistactory on ungrooved runway
probably okay on grooved runways). Tests are normally run on ungrooved surfaces.

Loss of steering effectiveness due to hydrodynamic lift (if used on steerable gear).

Compatible with uplocks, downiocks, and sensitive items around the fanding gear.

-10 -
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4.6 Stlush Versus Water Deflection:

Testing in specially prepared facilities where ice has been shaved into a {est trough to create a
thick slurry or slush has been done. The Civil Aviation Authority (British) and Canadian
Department of Transport have experience in this area with research and/or certification
requirements placed on airframe manufacturers.

Reference to NASA Technical Note D-552 may be useful in regard to slush effects. That study
focused on drag and indicates that water and slush have similar effects. Comments from

airframe mjmmmmmmmmﬂwmmm
water will adlequately demonstrate performance for an equal depth of slush. It s

conditions it
provisions t

5. QUALIFICAT

Test procedu
and evaluateq

5.1 United Statg
FAA 23.109
FAA 25.109
FAA 25.132
FAA Advisol
“Water, Slus
Some comn

qualification
limit recom

1 water are more controllable due to the temperature effects on-siush
b shave ice and manufacture slush.

ON REQUIREMENTS:

e must be defined; test data acquisition procedure established. Test
| {reports, film editing). Test data presented for gaalification.

s Hequirements:

1(c}2) Turbine Engine Air Induction Lecation

1{d){2) (Same as above)

3(d) Airspeed Indicating System - Port |_ocations

ry Circular AC91-6 Basis for 1/2 inch depth most commonly used

sh and Snow on(the’Runway”

nercial opefators have found a need for operation in fluids deeper tha

and safe operation must be provided for up to a maximum operation
nended:

that testing in
evident that test
and the

data reduced

n 1/2 inch. Then
| fluid depth

Current indiistry effort to standardize water testing is reflecting the following thinking:

Water Depth:; Airplanes should be capable of operating on wet runways with areas of standing
water without creating adverse engine and APU operating characteristics due to water ingestion.
FAA Advisory Circular 91-6A recommends that takeoffs should not be attempted when standing
water, slush, or wet snow greater than 1/2 inch in depth covers an appreciable part of the runway.

The following water depth test criteria may become the standard for demonstrating compliance

with §§ 23.1

091(c)(2) and 25.1091(d)(2):

11 -
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5.1 (Continued):

(i) Heavy turbojet powered airplanes. Turbojet powered airplanes with maximum gross weights
over 75,000 pounds (typicaily Part 121 operators) generally operate at larger airports with well
maintained runways where puddling of water is not normally a problem. One-halif inch water
depth would be the required test criteria for this class of airplane.

(i) Light turbojet powered airplanes. Turbojet powered airplanes with maximum gross weights of
75,000 pounds or less (typically Part 91 operators) often operate at smailer airports with

runways fhaf are nof as well designed and maintained. Puddle depth may van} to a larger
degree ddie to runway unevenness. Three-quarter (3/4) inch water depth may become
required {est criteria for this class of airplane.

An applicant seeking an airworthiness approval may demonstrate thg airplane’s capability by
testing in[standing water of the required depth for his/her class of-airplane. Uppn a
successfil demonstration, the airplane would be approved without an operating limitation on
runway depths. i the airplane can demonstrate successfully.enly at some shallower water
depth, then the shallower depth would become a limitation on that airplane’s operation.

Military rgquirements may differ from commercial policy depending on aircraft ¢pperating role
and missipns.

5.2 United Kingdpm Requirements (and Other Nations Recognizing Joint Airworthinesg Regulations (.
(JAR) Codes}: '

JAR 25.1091|gives requirements for aircraft exceeding 12,500 pounds gross weigit, See
Advisory Cirgular - Joint (ACJ) 25.1091(3)(2), Aerodrome Licensing for water shedgding (13 mm
depth basis).| See also Validation Note No. 3, Special Condition 9, “Take off from Precipitation

t1]

Covered Runways”.

6. TEST AIRCRAFT CONFIGURATION AND INSTRUMENTATION:

6.1 The aircraft being tested must be equivalent to the configuration intended for proddiction with
consideratior| giveti-to the following:

6.1.1 The effect idary tests - if a
critical or most adverse configuration is found, that should be the test configuration. It is
advisable then to publish information on the effects in the flight manual.

8.1.2 Tire and shock strut pressure servicing tolerance should be reviewed for significant effect on
water trajectory, if any.

6.1.3 Tires representative of those being certified for use must be used in test. Small variations have
been found to be significant.

6.1.4 Minimize variables to be tested for economic reasons, i.e., tire pressure and wear effects
probably can be eliminated from testing by rationalization or test planning. l@

-12 -
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6.2 Test Aircraft Instrumentation;

A movie or video camera, on the aircraft and trained on the critical engine iniet, is often used for

certification information. During development it may be useful to install a camera at the
following locations: 1. Above and outboard of the tire; or looking down at the tire, or looking at
the engine from the tire area. 2. Ahead of the wheel looking aft at the tire. 3. On top of the
vertical stabilizer, looking forward and down. Spray shapes and paths can then be studied to
assist in designing deflection devices.

where powerplant anomalies occur.

e Measuring Unit has been found useful in correlating aircraft pdsition

airplane testing shows that water is entering the engine inlet, powerp
s, including power variations should be recorded. Records of engine
should be compared with engine manufacturer’s data'to determine w

agis.

in the test run

ant operations
power
hether or not

they reprgsent harmful excursions or shorten engine life, provided no other detfmental aircraft

8.2.1
6.2.2 A wheel speec
6.2.3 A Distanc
6.2.4 When the
paramete
variations
performan
NOTE: /
y
6.2.56 The recor
powerplar
paramete
6.2.6 Theuse o
that are w

record bef

7. TEST SITE REQUIREMENTS:

7.1 A stationary
pattern duti

ce is experienced.
\ test track of sufficient length to stabilize power indications has been
vater ingestion occurs.

t instruments to determine if those instruments are accurately indicat
s when spray ingestion is acourring.

necessary when

i of powerplant operations should be compared to responses of the arplane

ng engine

ore and after each-test run followed by repainting has been found hel

high-speed movie or video camera tape should be used to record thg
ng aircraft passes. This camera can record water being ingested as ¢

steam being

f water-soluble “paint” ¢.g., a colored cleanser paste, painted onto pafts of the aircraft
ashed by the spray,is valuable in determining spray pattern and den{ﬁy. A photo

ful.

water spray
videnced by

egpelled. Care should be exercised in concluding that spray which z

ppears in line

with powerplants is actually ingested. Cross-checks with film from the cameras looking at the
inlet from different angles may verify that the spray enters or clears the engine inlet.

7.2 Test Trough:

Width of the test trough should be sufficient to assure the aircraft can be kept in the trough during
test runs. A very narrow trough could deflect spray giving false information. Wider troughs may
aggravate the problem of water depth control measurement. Testing may inciude the necessity
for including both the main and nose gear at one time, in which case the trough should be wide
enough to keep both nose and main gears in the water during test runs.

-13 -
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7.2

8. TEST PROCHDURE;

8.1

{Continued):

The trough length should be sufficient to stabilize the spray pattern for all speeds and test
conditions. it should be noted that for speeds below 150 knots, a 20-foot long trough has been
found adequate in cases where all spray from each individual gear is deflected clear of hazardous
contact with the aircraft. Again, the longer trough aggravates water depth control due to wind and
possible pavement slopes. Soft flexible cross dams in the trough may be used to help control
water depth variation due to slope variations and wind. Recent testing has tended to longer
troughs - 100 to 150 feet is common practice in current certification. (FAA indicates a desire for
trough iengths that will alfow the aircraft to be in the water for approximately one decond.) If
water ingesfjon is present a trough length of 400 to 500 feet may be required to-&llow power plant
stabilization [at high speeds.

The most cgmmon water depth is 1/2 inch. This is due to the practice inreference to the FAA
Advisory Cirpular AC91-8, that allows certification without aircraft operating restrigtion if testing in
1/2 inch is spiccessful. As indicated earlier, other factors may dictate a greater or |esser water
depth. As irldicated earlier, other factors may dictate a greater or lesser water depth.
Measurement of water depth can be a very difficult element.of*gualiification testing since test
surface flatness tolerances of +.25 inch are not easily located. Runway slope, crgwns and wind
all affect degth in any specific area. It is suggested thatwater depth should be stipulated along
the path of the tire in test (as determined by trough entry and exit observations) anpd one foot
either side of that line. The depth recorded for test'should then be an average algng this path.
No depth algng the path should be less than 1/2that average. Depth variations of £0.10 inch
have been fpund to be critical. Water depth Control may be a very significant factor in successful
testing. Nedr zero wind conditions are often sought for testing.

NASA has cpnstructed a water test facility at Wallops Island which has been used to some
advantage fgr the ingestion Certification Testing. A runway has been provided wilh provisions to
trap controllgd water depths overlong distances (500 - 1,000 feet). Arrangementi can be made
there for technical assistance, recording equipment and runway and service acce$s. This facility
has not been satisfactorywimail known instances but surely is to be considered as p test site.

Runs Through-Trough:

Certification testing involves run through the above described water trough at speeds ranging
from 10 knots to a speed beyond the maximum approved Vi (high altitude, hot day). Testing
usually is done in speed increments of 10 to 20 knots in order to determine the speed range for
any hazardous quantity of water ingested into the engine or other ports and critical areas. 1n
addition to normal airplane attitudes, any special handling techniques likely to be used if likely to
be affected by spray, should be tested; such as, the effect of max/min elevator authority, etc.

In cases where the aircraft being tested demonstrates clear margins for deflected spray, the
spectrum may be abbreviated.

-14 -
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