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1.1 Purpose:

The purpose of {ire spray deflection devices is to prevent ingestion of water or slush nto engines, or

to limit ingestion

deflected spray

to non-hazardous quantities. A further purpose may be to prevent i
nto pusher propellers or upon other pafts of the aircraft in a harmful
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other parts of th
including use of

systems, antenn

Ingestion of tire

were taken. Cer
flooded and slus

need to substan

e aircraft. Considerations should-cover all applicable ground operat
reverse thrust, and be extended-to cover possible damage to mech
ae, or pitot and static ports,

h covered runway-conditions. Past aircraft operations have shown
tiate the capability of aircraft to operate safely from runways having

Heflected water or slush has caused powerplants to lose power when
ification requires establishment of safe and acceptable air vehicle operation under

mpacting of the
manner. These
Ng gear or upon
ng modes
Anisms,

no precautions

that there is a
standing water

or slush over all|or parts ofithe surface.
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2. REFERENCES:
FAA Advisory Circular No. AC 91-8A Water, Slush, and Snow on the Runway, dated May 24, 1978.

FAA Advisory Circular No. AC 20-124 Water Ingestion Testing for Turbine Powered Airplanes,
September 30, 1985.

FAA Advisory Circular No. AC33-2B Aircraft Engine Type Certification Handbook, June 30, 1993.

NASA Technical Note D-552, Studies of the Retardation Force Developed on an Aircraft Tire Rolling in
Slush or Water| September 1960.

NASA Technicg
Water Spray, JU

| Paper 2718 Measurements of Flow Rate and Trajectory of Aircraft| Tire-Generated

ly 1987.

FAA Regulation
FAA Regulatiorn

FAA Regulation

FAR 23.1091 (¢) (2) Air Induction System, January 1,-1998.
FAR 25.1091 (¢) (2) and (d) (2) Turbine EngineAir Induction Locat

FAR 25.1323 (d) Airspeed Indicating System - Port Locations.

Joint Airworthiness Regulations JAR 25.1091 Air Intake.

Advisory - Joint ACJ 25.1091 (d) (2) &(e).

Validation Note
SAE Technical

Royal Aircraft B

No. 3, Special Condition.9-Take off from Precipitation Covered Run

Paper 861626, Flow Rate and Trajectory of Water Spray Produced

stablishment of\Ehgland Report, The Measurement of the Effects of

on Aircraft During Takeoff.

HISTORICAL R

Engineers reco

EFERENCE:

on.

vays.
by an Aircraft Tire.

Slush and Water

gnized, during the early days of jet-powered operations, that there v

vere safety

implications for jet engines subject to foreign object ingestion from materials thrown from the wheels
and tires of these aircraft. Various studies and engineering approaches to solving the problems
associated with the ingestion of water spray from operations on flooded runways began evolving in
those early years. Chine tires were one of the most common devices developed to help prevent
landing gear propelled water from entering engines.

Some aircraft have fortunate aerodynamic geometries such that wheel and tire deflected water and
slush plumes stay clear of engines and other sensitive areas. Aerodynamic designs to purposefully
accomplish this end are the ideal.
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3. (Continued):

In several instances, the process of “stretching” an airframe has introduced an ingestion problem that
had not existed in original models. Figure 1 illustrates this possibility.

Recent developments in rear mounted propeller driven aircraft have opened a new set of parameters
to be considered in water deflection. Portions of the following document may well apply to such

aircraft, but at present publication no specific efforts have been so directed. Hopefully, future revisions
or supplementary efforts will cover those concerns.

4. DESIGN CONSIDERATIONS FOR SPRAY SUPPRESSION:

4.1

Deflection of

a. Engine performance (surges, loss of thrust, inlet blockage)

A loss of
has been

Circular No. AC 33-2B. Paragraph 53 (c) of this AdvisoryCircular stipulates {

water, ice

inducting
at both fli

The para}raph also says that the ability of the engineo safely accelerate ang

b. Static port performance (icing, blockage)
c. Mechanigms (impact damage, cloggifg, freezing)
d. Landing performance (effect on thrust reverser performance)

e. Takeoff performance (slushdrag)

A loss of

as evideniced by Federal Aviation Administration (FAA) Advisory Circular No.
transports

forces th

drag. Resesate

Spray Necessitated By:

sustained engine power or thrust under the influence afjingestion of
recoghized by the Federal Aviation Administration(FAA) as a safety

or hail may not cause sustained power loss orthrust loss or require

mixture of at least 4 percent water by weight of engine airflow mus
ht idle and takeoff power settings.

akeoff performance when operating from slush-covered runways ha

water, ice, or hail
issue in Advisory
hat ingestion of
engine shut down.
| decelerate while
t be demonstrated

s been recognized
AC 91-6. Jet

withthigh takeoff speeds and low acceleration characteristics can b
t may |nh|b|t takeoff. The term’ slush drag is used to encompass ei

e exposed to drag
her slush or water

can remain on a

runway in sufficient depth causes drag on the alrcraft in two ways. Flrst there is a direct drag on
the wheels as they displace fluid from their path, while second, the intense spray formed by this
process causes drag by impingement on the aircraft structure. National Aeronautics and Space
Administration (NASA) research and experience show that the total impingement drag can be
great enough for certain airplane types to cause marginal takeoff capability in 1 inch of slush and
to cause takeoff refusal in 1.5 to 2 inches of slush depth. See Figure 2.
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FIGURE 1 - Typical Aircraft Model Configurations
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FIGURE 2 - Effect of Slush Depth on the Takeoff Distance Required for a Four-Engine Jet
Transport Operating at 210,000 Ibf Gross Weight With 13,000 Pound Thrust Engines
(From NASA TN-D 552)
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4.1 (Continued):

Generally, the slush drag effects on the tires increase 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 airfframe caused by the intense spray that
is sent up from the hydroplaning tires 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 design of tires and landing gear to be able to deflect water and slush clear of the airframe.

f. Erosion or structural damage to rear mounted (pusher) propellers.

4.2 Spray Geomatry:

Current knowledge of water spray geometry is very limited. Research conducted at NASA Langley
Research Cepter in the mid 1980’s forms the bulk of this information. These tests|were conducted at
the Hydrodynamics Research Facility, an enclosed 2900-foot long water tank. The tests were
conducted with a 6.00 X 6, TT, 8-ply rating, Type Il aircraft tire typical of a nose dear tire for a 6000
pound class fwin-engine, general aviation aircraft. A few testsdvere also conducted with 26 X 6.6
tubeless, 12-ply rating, Type VIl aircraft tires of bias-ply and radial belted design.| A 22-tube X
22-tube watef collector array shown in Figure 3 was used.{o'collect water from the tire water spray
plum. Each thibe was 1.625 in. inside diameter. Tests were conducted with the water collector array
located 31-, 416-, and 199-inches behind the test tire <A schematic of the water cgllector array
locations is shown in Figure 4. Results from thesetests are reported in NASA Te¢hnical Paper 2718
and SAE Technical Paper 861626 and will be simmarized here.

4,21 BowWave and Rooster Tail Trajectoriesi~As an aircraft tire rolls through a body of standing water

on a flooded runway, the water in the path of the tire must be displaced if the tire velocity is below
the hydroplaning speed.

The majority of the water alongthe tire path is displaced laterally. However there is a small amount
of water that exits the tire path in a “bow wave” ahead of the tire, and some addjtional water that is
expelled fram the rear,ofithe tire in a “rooster tail” plume as shown in Figure 5. |Extensive high-
speed photpgraphy ofithe bow wave and rooster tail plumes from the NASA tests indicate that the
amount of water inithese plumes is relatively small and quickly atomized into small droplets. As a
consequenge, these two plumes may contribute very little water spray for ingestipn into the engine.
It should be noted, however, that the water in these plumes may cause damage to antennae or
other sensitive systems if they are located in an impingement zone of the airframe.
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FIGURE 4 - Test Runway,_Nose-Tire, and Water Spray Collector Measurement Positions
All Dimensions in Inches
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e Side or firehose spray
e Sprays out from side of tire
e Dense, concentrated stream of water

e Bow wave
e Sprays out from front of tire

Usually a fine mist
Spray angle diminishes as hydroplaning speed is approached

Bow wave disappears above hydroplaning speed
LY P N | R | A oL N T ot

e Rod

A
1V1UDL D\JVL/[\J Cll, Ul UVIVUVY 51Uuuu Dypuu UILIJU NITUWS

ster tail, dual wheels

e |Caused by impingement of two side sprays on each other from glosely spaced

'wheels

¢ [Dense stream of water

e Rod

Rooster tail

ster tail, single wheel

Generally higher speed ranges

Characteristically splashes off airplane and may be redirected into engine

Side
spray
oc
6 wave (x

Caused by adhesien of water to tire and thrown out of grooves by centrifugal force
Wide spray.angle
| .ighter consistency

ogster tail

Sid¢ spray

FIGURE 5 - Definition of Water Spray Types and Patterns
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Side Plume and Wake Trajectories: The rmajor contributor of water for ingestion into the engine is
the laterally displaced water from the tire path. There are two sources of water associated with this
lateral displacement. The first source is, of course, the side plums of water displaced directly from
the tire footprint. As this water moves laterally, it interacts with the initially undisturbed water
outside the tire path. This collision of laterally moving water with the adjacent water creates a wake
or lateral wave to form in the initially undisturbed water. The NASA tests indicate that there is
enough energy in this wake action to throw a considerable amount of additional water into the air.
The volume of water associated with this wake action can be from 5 to 10 times the water volume
directly in the path of the tire. A photograph and sketch depicting this wake induced water spray
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plume is sh

Figure 7 sh
NASA tests
an initial az
plane. The
the lateral

aircraft velgcity.

Effects of Vlarious Test Parameters on Water Spray Plumes from NASA Tests:

summary p
plumes for
flow rate is
top of each

Figure 8(a)

different logations aft of the test tire. Theseests were conducted at a speed of

2500 pound
slopes of th

behind the test tire suggest that there' is a fairly complicated interaction betwee

associated
tire wake.

The effect qf speed onthe water spray side plume is shown in Figure 8(b). The
conducted at a tire load of 2500 pounds force, a tire inflation pressure of 35 psi,
of 0.625 inghes. /The water collector array was 199 in. aft of the test tire. The ¢

indicate th

range of speeds tested. These data also indicate a tendency for the water spra

own in Figure 6.

initial speed of water leaving the footprint was about 66 f/s., Note th
lume shown in Figure 7 has a forward velocity componentthat is gr

ots of curves depicting the most concentrated.regions of the various

shown in (inslmin/inz). The ending flow rate for each test condlition i
curve.

shows the variation in plume intensity as the water collector array is

s force, a tire inflation pressure of 35 psi, and a water depth of 0.62
e three curves depicting-the centroid of the water spray plume at va

with the water displaced from the tire footprint and the water thrown

the,intensity of the spray plume increases with increasing ground s

conducted at an aircraft velocity of 40 f/s. The trajectory shown imfhe figure exhibits

ows an analytically derived schematic of the lateral water spray plume from a series of
muth plume angle of 43 degrees and an angle of 11 degrees forward in the ground

at the trajectory of
pater than the

Figure 8 presents
water spray

everal different test conditions. At the base.of each curve, the ma)Ximum normalized

5 also shown at the

positioned at three
50 f/s, a tire load of
5 inches. The

rious distances

h the side plume
upwards from the

5e tests were

and a water depth
ata in the figure
speed over the

y plume to move

inboard as the speed increases.

The effect of tire load on the intensity and trajectory of the water spray plume is shown in Figure
8(c). These tests were conducted at a speed of 60 f/s, a tire inflation pressure of 35 psi, and a
water depth of 0.625 inches. The water collector array was 199 in. aft of the test tire. The data in
this figure indicate that for the 6.00 x 6 tire, heavier tire loads tend to cause the spray plume to
move inboard relative to the lighter tire loads over the range of loads tested. The lighter loaded tire
tends to concentrate the most intense portion of the water spray plume closer to the ground,
whereas the heavier tire loads tend to throw more water higher into the air.
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FIGURE 6 - Photograph and Sketch of Water Wake Phenomenon
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4.2.3 (Continued):

The effect of water depth on the intensity and trajectory of the water spray plume is shown in
Figures 8(d) and 8(e). These tests were conducted at a speed of 60 f/s, a tire load of 2500 pounds
force, a tire inflation pressure of 35 psi, and at water depths of 0.5 and 0.6 inches. The water
collector array was 199 in. aft of the test tire in Figure 8(d) and 76 inches aft of the test tire in Figure
8(e). The plumes for the two water depths tested were essentially the same at a position of 199
inches aft of the test tire. At a position of 76 inches aft of the test tire, the shape of the two
trajectories were similar but the intensity of the water flow for the plume generated at a water depth
of 0.6 inches was about twice as high as the plume intensity observed at a water depth of 0.5

inches.

The effect g
X 6.6 bias-p
45 psi, tire |
radial-belte
collector ar
intensity of

Fuselage ef
fuselage in
pounds forg
collector ar
trajectory of

of a fuselage. The intensity of the two plumes’is about the same, however.

A series of
wing on the
these tests.
was 45 incH
test tire. TH
pressure of
the test tire
deflected u
which a pof
effects.

f tire construction on the water spray plume is shown in Figure 8(f)-
ly and radial-belted tires were used. The speed was 60 f/s, tire\inflg
oads were adjusted to give the bias ply tire a vertical deflection of 1
] tire a vertical deflection of 1.9 inch, and the water depth was 0.623
ay was 199 in. aft of the test tire. For the test conditionis shown, the
the spray plumes for the two tires were similar.

fects were simulated by conducting tests with.afuselage present ar
Figure 8(g). These tests were conducted at-ayspeed of 60 f/s, a tire
e, a tire inflation pressure of 35 psi, and awater depth of 0.625 inch
ay was 199 in. aft of the test tire. The presence of the fuselage ten
the water spray plume slightly outboard the trajectory generated wi

ests were also run to determine the effect of the presence of both a
water spray plume. Figuré9 is a schematic of the fuselage and win

Two different wing positions were used. In the wing forward positi
es behind the test tire. |n the wing aft position, the wing root was 99
ese series of tests were conducted at a tire load of 2500 pounds fo
35 psi, and awater depth of 0.625 inches. The water collector arra

The wingforward test condition caused the majority of the water s
nder the wing. The wing aft test condition resulted in an altered spra
tion ofthe water spray was deflected upward, apparently due to win

For these tests 26
tion pressure was
8 inch and the

b inch. The water
trajectory and

d without a
load of 2500
es. The water
s to move the

thout the presence

fuselage and a

 geometry used in

bh, the wing root
inches behind the
ce, a tire inflation

y was 199 in. aft of

pray plume to be

y trajectory in

g aerodynamic

Figure 10 summarizes the NASA water spray flow rate data originally presented in Figure 8. The
data in Figure 10 are from an internal Boeing (formerly McDonnell Douglas) document. In Figure
10 the non-dimensional flow rates for tests that did not involve the general aviation wing and
fuselage are plotted as a function of non-dimensional velocity squared. These results indicate that
the intensity of the side-spray flow rates increases with velocity over the range of test conditions
examined during the NASA tests.
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Nose Tire

A A O Fuselage
45

' / Wing in forward position
99 \

Wing in aft position

— Water-collector position

NOTH: This configuration is applicable to a specific test. Modifications should be
antictpated for each airframe and tire combination.

FIGURE 9 - Schematic of Fuselage, Wing, and Water Collector
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FIGURE 10 - Relationship Between Spray Flow Rate, Aircraft Speed,
and Water Depth for NASA Tests
4.2.4 Flight Testing Conducted‘at the Royal Aircraft Establishment of England (RAE) land the Boeing

Company (formerly thé’McDonnell Douglas Corporation): Over the years aircraft manufacturers
and researg¢h organizations have conducted aircraft flight tests on flooded runways to establish the
water spray characteristics for specific airplane applications. Figures 11 and 12|summarize limited

flight test data from the Royal Aircraft Establishment of England (RAE) and the [Boeing Company
(formerly tht_McDanneU_DaugJasLaLpaeﬂan)_and_p:eseanmpadsans_afJMer spray plume

angles from these tests with the NASA data. Table 1 provides additional data on the range of test
parameters for the three data sets.
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TABLE 1 - Spray Ingestion Test Parameter Ranges

Tire pressure, (psi) Water depth, (in.) Velocity, (f/s)
NASA 35-45 0.6-0.625 40-80
RAE 68-106 0.58-2.0 68-186
McDonnell 105-170 0.5-1.0 196-208
Douglas
60 L McDennell Douglas data
NASA RAE data
data
Water sprgy - 50 ,\ffffffffffffff /e
angle, 9, W
degrees _ \
40 % E | |é _— Water spray angle, 6
Front elevation
30 | ! | | |
30 60 90 120 150
Tire inflation pressure, psi
FIGURE|11 - Comparison of Side Spray Angles, 6, Obtained From Three Different Sources
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2% L RAE data N
McDonnell Douglas
N data
24 - \
2 / )
Water spray Water spray angle, o
angle, «, \ /
degrees 20— k £
w A/ i v = S
i Side elevation
18 Water depth, in,
< O %
| O %
16 k S
14 | | ! | l l |

60 80 10 120 140 160 180

Tire inflation pressurerpsi

]

FIGURE 12 - Comparison of Side Spray.Angles, «, Obtained From Two Different Sources
4.2.4 (Continued)

During the 1960’s the RAE conducted flooded runway flight tests with three different airplanes: a
Canberra, an Ambassador, and-a Viscount. These tests were conducted on th¢ RAE runway in
Bedford, England. McDonnell'Douglas conducted flooded runway flight tests wlith both the DC-9
and DC-10 pircraft. Thesetests were run at the NASA Wallops Island Flight Test Facility in Virginia
and in Roswell, New Mexico respectively. In Figure 11 lateral water spray angle|0 data from NASA,
RAE, and MicDonnell-Douglas are plotted as a function of tire inflation pressure| Comparisons of
the data from théAhree sources suggest a tendency for the lateral water spray angle to increase
slightly with increasing tire inflation pressure. It should be noted, however, that|{the perceived tire
pressure effectin riywc H-cottdalsobe-theresultof vciuuity andfor-waterdepth differences
among the three data sets depicted in Table 1. The range of lateral water spray angles 6 for all the
tests shown in Figure 11 is from 40 degrees to about 52 degrees.

In Figure 12 water spray angle o data from the RAE and McDonnell Douglas are plotted as a
function of inflation pressure. The range of water spray angles for the two sets of data range from
about 15 degrees to approximately 26 degrees.
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4.2.5 Analytical Models of Water Spray Trajectories: Landing gear specialists at Boeing (formerly the
McDonnell Douglas Corporation) developed a system of differential equations and initial conditions
to predict the water spray trajectories developed by aircraft tires on flooded runways. These
equations and initial conditions and comparisons between the measured and predicted trajectories
are presented in the following paragraphs.

y

A

\ m A Water spray angle, 0
N

3
>

front elevation

X

FIGURE 13

The governjng differential equations and initial conditions in gréund coordinateg (x, y) are:
dy _ dx _
dt dt

dv
at

pu®  dd pu’ e
=—g—BC' 2 a_—BC’ 2

Att=0:

= V,cos6,,

u
Eq. 2
y=Y v = V,sin6, (Fa.2)

Where:

waterispray velocity in x direction, f/s

water spray velocity in y direction, f/s
density of air, slugs/f°

gravitational acceleration, f/s? C.. A
lumped ballistic coefficient, equal to ( 2 j
drag coefficient

projected area of water spray, 2
: mass of water, slugs

Xjand yj: initial coordinates of water spray at tire-ground interface, f

B

>POWQD < ¢C
o0

3
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4.2.5 (Continued):

Vi: initial velocity of water spray, f/s
Oy initial water spray angle (front elevation), degree

Water spray angle, o

Y
<—m
side elevation X
FIGOURE 124
Y(t) = Y(t) +,
Xt =U-t+x
Where:
u: aircraft velocity, f/s

A comparispn of a measured and predicted water spray-trajectory from the NASA tests is
presented in Figure 15. In the figure the water spray-tfajectory height is plotted as a function of the
outboard displacement of the water spray plume from the nose-gear tire. For the NASA test the
initial velocity of the water spray was taken as 66 f/s, the initial water spray ang|e was assumed to
be 43 degrges above the horizontal plane, and‘the ballistic coefficient was assigned a value of 203.
The analytical prediction and measured water spray trajectories, as viewed from a front elevation
are in good|agreement up to the point of maximum water spray height. The maximum outboard
displacement of the spray plume was)about 10 feet as measured during the NASA test and the
analytical model predicts a maximum outboard displacement of about 11 feet.

A comparispn of the measured and predicted water spray trajectory from a McPonnell Douglas
flight test is|presented in Figure 16. In this figure the water spray trajectory height is plotted as a
function of distance aftthe nose-gear tires. For these flight test conditions the initial water spray
angle was taken as43 degrees and the ballistic coefficient was assumed to be [130. The initial
water spray veloCity was approximated by the ratio of initial aircraft velocity to velocity of the NASA
test and was set to 320 f/s for these test condltlons The analytical predlctlon and measured water
spray traje - greement up to the
point of maX|mum water spray helght (about 14 feet for this test condition).

The fact that the ballistic coefficient was assigned two different values in Figures 15 and 16 to
approximate experimental data suggests that additional research is needed to establish the effect
of test parameters such as tire pressure, aircraft velocity and water depth on the ballistic
characteristics of water spray plumes.
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Test conditions:
Speed, 40 f/s
Tire pressure, 35 psi
Load, 500 Ibf
Water depth, 5/8 in.
Definitions:

BC = Ballistic coefficient:
BC = CpA _ 203

Cp = drag COGfﬁCielllt
A = projected-area] f°
m = mass of water, slugs

| O

7
6|k Test data
Analytical model
5 -
. 411
Height, f A A
3 -
A A
21T A
LT A
| | | | A |
0 2 4 6 8 10

Distance outboard of nose-gear tires, f

FIGURE 15 - Comparison of Water Spray Trajectory Prediction and Experimental
Measurements from NASA Tests
V,, = 66 f/s; 6,, = 43 degrees
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Test conditions:
Speed, 194 knots
Tire pressure, 152 psi
Water depth, %2 in.

Definitions:
BC = Ballistic coefficient:
BC = CpA _ 130
m
C. = dvon- cacfficiont

Crr—=drag coefficient

: 2|
A = projected arca, P
m = mass of water, slygs

Height, f

0 20 40 60 80

Distance aft of nose-gear tires,

FIGURE 16 - Comparison of Water Spray Trajectory Prediction and Experimental
Measurements from DC 10-10 Flight Tests
V,, = 320 f/s; 6,, = 43 degrees
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4.26 Consideration for Engine Capabilities (compare to engine manufacturer’s limits):

o=

Tire bow wave spray.
Tire side plume.

Tire “rooster tail” plumes.
Slugs of water or slush. {(Concentrated verses evenly dispersed ingested materials. Engines

are not certified for concentrated ingestion.)

NOTE: Spray geometry is affected by hydroplaning and should be examined at all certified ground
operating speeds.

4.3 Airplane Parg

Airplane \
Tire press
Tire wear
Tire posit
Location ¢
Flight deg
Aircraft lo

@moo0Tw

4.4 Water/Slush
a. Maybheg

b. Basedon
has been

c. Also of inf
Powered

45 Placement of|

a. Depends

b. Must mai

meters to Consider in Design:

elocity effect on tire shape (centrifugal forces on tire)

ure

and tire tread profile design

on in relation to other aircraft components, engines,wings, empenn
bf critical ports and mechanisms relative to spray patterns

k visibility effects

ading variations

Depth to be Certified for Safe Operation:

eater for some missions than others=requires a variety of devices

AC91-6, FAR 23.1091, and FAR'25.1091, FAA will certify water dep
shown to be safe for all opetating conditions.

erest may be Advisory Circular No. AC 20-124 Water Ingestion Tes
Airplanes.

Spray Suppression Devices:

on source; type and severity of spray problems

ntain reasonably constant relationship to tire/runway interface

age, fuselage, etc.

o cope with all.

th for which testing

ing for Turbine

c. Must accommodate struf deflections and changing aircraft geometry relafions

flaps, spo

ilers and thrust reversers

d. Must consider aerodynamic effect and stowage space if stowed

1. Consider possible powerplant-inlet airflow distribution

hips; such as, wing

2. Assure space in wheel wells for safe gear operation - or other airframe or equipment
clearances
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4.6 Considerations for Water Spray Suppression Devices:

a. Chine tires:

1.

Shape and placement, compatibility with tire technology

Effects of centrifugal forces (may change shape of chine)

Chine to runway clearance variations due to loading changes (tire deflection affects
effectiveness)

Compatibility with normally expected variations in tire rolling radius due to variations in tire

Proper shapey.size, placement and strength

oo o oTY

rofile definition by airplane manufacturer so that multiple procureme
ved on the basis of similarity (may control recapping also)

atibility with recapping procedures

atibility with maintenance methods

ications for tires may be prepared to control variables and eliminate
cation water testing due to differentyrendors and/or minor product ¢
Hent for this procedure.

ingle and dual chines may be-considered - single chines normally 2
assemblies.

aircraft may be towed with nose gear torque links disconnected allg
| turning angles-Chine/deflectors should clear obstructions in such

ilityof being retracted (if applicable)

ht sources may be

atibility with tow bars, spotting dollies, and éther ground support equliipment

the need for
hanges. There is

ccompany dual

wing greater than
cases.

Compatibility with normally expected variations in tire rolling radius due to variations in tire
pressure, loads, tread wear, growth, manufacturing tolerances, flat tire (interference with

2.

3.

4.
press
5. Tirep
appro
6. Comp
7. Comp
8. Comp
9. Specil
qualifi
prece
10. Both s
wheel
11. Some
normg
b. Deflector:

1.
2. Capal

3.
deflec

4.

tor)

Reasonable accessibility for jacking, tire changes, etc.
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4.6 (Continued):
5. Minimum drag
6. Compatible with icing conditions
7. Ease of installation and maintenance

4.7 Consider Operational Compatibility for Either Chine or Deflectors:

a. Any cornering constraints?

b. Effect of Hunway contact; such as, chine damage effect on tire balance

¢. Damage sources

1. Airpont equipment overruns
2. Foreign objects
3. Pavement drop-offs and steep ramps

4. Carrigr deck hardware; cables, deck grooves, plate heads, etc.

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

e. Consider effect of both grooved and ungropved runways (if satisfactory on ungrooved runway
probably pkay on grooved runways). Tests are normally run on ungrooved suffaces.

f. Loss of steering effectiveness due-to hydrodynamic lift (if used on steerable gear).
g. Compatible with uplocks, downlocks, and sensitive items around the landing gear.
4.8 Slush Versus|\Water Defleetion:
Testing in spgcially prepared facilities where ice has been shaved into a test trough to create a thick,
slurry or slush hasbeen done, The Civil Aviation Authority (British) and Canadian Department of

Transport haye-experience in this area with research and/or certification requirerr||ents 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
manhufacturers indicate that water and slush are dynamically similar and that testing in water will
adequately demonstrate performance for an equal depth of slush. It is evident that test conditions in
water are more controllable due to the temperature effects on slush and the provisions to shave ice
and manufacture slush.
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