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DETERMINATION OF THE AIR SPEED 
REQUIRED TO CONTROL LANDING GEAR FIRES 

INTRODUCTION 

One type of fire which occurs rather 
frequently ln air carrier arcraft 1s the 
landmg gear fire which usually results from 
excessive b r a k, n g or from hydraulic fluld 
leaks or a combmatmn of both 

It has bee” the practice of some pllots 
when confronted with such a” emergency to 
apply power to the engine directly ahead of 
the bur”,“g landing gear after the amplane 
has c”me to rest This procedure has the 
effect of controllmg the flames so that they 
do not damage adJoInIng parts of the arcraft 
It 1s a” effective procedure for keeping the 
f 1 I e under control unt,l external apparatus 
can be brought in to effect extmgulshment 
However. the procedure has not been wdely 
adopted because too httle has been know” 
a bout the air speed requxed, the length of 
time such a procedure can be safely used or 
what other factors. of any, are mvolved 

The Techmcal Development and 
Evaluatmn Center conducted a short series 
of tests for the purpose of studymg the landmg 
gear fire problem To do this, a landmg 
gear complete wlthwheel and tire was mounted 
I* the fire test chamber at the Center where 
full-scale fire tests are bemg conducted “n 
the XR60-1 power plant The engine and 
propeller of this power plant furnIshed the 
air blast for the tests 

The air s p e e d s encountered “ear the 
landmggear were determIned and fires were 
started at a “umber of locatIons along the ex- 
tentof the landing gear to observe the nature 
of such fires and the effect of the propeller 
air blast on the”, 

WIthout the use of the propeller, the 
nature and course of a fire at the landing gear 
depended on the wnd, but th,s usually was “at 
sufflclently strong to keep the flames from 
rls,“g and dolngdamage to other parts of the 
aircraft structure 

The a,r blast of the propeller, when 
turnmg at slow speed, caused the flames to be 
b 1 own backward from the landing gear and 
tore, but not w,th sutflclent force to prevent 
damage to ddJo,“l”g structure As the 
speed of the propeller was Increased, the 

flames tended to form Into a ball At ap- 
proxm,ately 70 mph air speed at the landmg 
gear, the flames were under control Higher 
speeds reducedthecross sectmnandelongated 
the ball of flame. hut eve” at 140 mph the 
fire was dlfflcult to dislodge from the gear 
and tire 

Smce la r ge portmns of the tire were 
enveloped I” flame. It was desirable to de- 
term,“e both the t,me a t,re could resist such 
flame, and the nature of the ultimate tire 
falure A tire carrymg 47 ps1 a11 pressure 
was sub,ected to a fire I” a 15 mph wmd 
The tire exploded at the end of 2 ml” 16 l/2 
sec. causing little damage I” this particular 
,“sta”ce However, under certam condltmns, 
s UC h a” evplosm” could have serious con- 
sequences for nearby personnel 

TEST APPARATUS 

The study of landing gear fires was 
undertake” while a” 1 n v e s t 1 g at 1 on of fire 
hazards was bang conducted on the power plant 
of the XR60-1 Constltutmn. which 1s powered 
by a Pratt & Whitney R-4360 engine This 
e”g,“e swings a 16 l/Z-foot diameter pro- 
peller at a gear rat10 of 0 381 The con- 
flguratmnof alandlng gear ~“lowered posltmn 
was simulated by mountmg a large landmg 
gear strut co mp 1 et e with tire beneath the 
n a c e 11 P I” approxxnate1y normal pobltlo” 
This was done easily since no obstructmns 
exIsted beneath the power plant test mstal- 
latlo” except at the s,des where the wing was 
supported by columns. the clear space be- 
tween columns bemg 19 feet For nwunt1ng 
purposes. It was necessary to erect a chan- 
nel be t w e e n the columns and to attach the 
strut to this channel When the landmg gear 
was I” place, It was located 18 feet aft of the 
propeller and 21 I” to the left of the center 
1,“e of the nacelle The posltm” off center 
was used to remove the gear from the direct 
path of the engine exhaust See Fig 1 

Apparatus for measuring the air flow 
at Y a r , o u s pants ln the same plane as the 
strut was Installed This consisted of a 
mounting bracket extendmg between the strut 
and the left hand supportIng column to which 



F,g 1 Landmg Gear m Place Ready for Tests 

copper tubes of small dmmeter were fastened 
for measur,ng the am flaw The bracket 
could be raxed up to the full height of the 
strut The tube ends were spaced at selected 
p o I n t s outward from the strut and all were 
pmnted upstream to record total head pres- 
5ures The tubes were connected to a 
multiple water manometer whlchwas balanced 
agamst the static air pressure I” the test cell 

Spark I g n 1 t e d hydraulic fluld from a 
spravnozzle provided the fire A pump sup- 
plled regular AN-VV-O-366b hydraulic fluld 
to the spray nozzle at 3/4 gpm under a pres- 
sure of 9OOps, at the pump whxch was located 
40 feet from the fue The spark for the 
lgnltorwas supplledbya 15,OOOvtra”sformer 

A DC-3 wheel complete with Inflated 
t,re and tube were used for the destructmn 
test carried out I” the third phase of the XI- 
“estlgatlon 

TEST PROCEDURE 

The Investlgatmnwas d,vlded Into three 
parts, VIZ , 

1 A,r flow measurements adJaCe”t to the 
landmg gear 

2 Study of fme p at t e r ns III connectm” 
with air flow 

3 Study of the durab,hty of a bur “,“g 
t,re 

The determ,“atm” of the air flow 1x1 the 
reg~o” adJaCe”t to the landmg gear strut, I” 
a plane perpendicular to the center line of 
the nacelle, was conducted I” the followmg 
manner Startmg at a height above the floor 
correspondmg to the center lme of the landing 
gear wheel and, at each 6 I” level above that, 
up to the full exposed height of the strut, a 
serxes of readings were take” at each level 
The dmgram I” F,g 2 Illustrates the extent 
of coverage obtaIned Each locatm” 1s 
numbered consecutwely from the lowest to 
the hlghestposltmn, and, eachvertlcal series 
IS Ident,f,ed by a letter The system of 
“umberlng corresponds to that used I” Table 
I, which gives the converted air speed at 
eachlocatmnin rmles per hour. for a number 
of different e”g,“e speed sett,“gs These 
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Fig 2 Locatmn of Am Speed PIckups 

speed settmgs were used merely to change 
the speed of the propeller by uruform amounts 
for each readmg 

The distance from the propeller to the 
landmg gear strut was 18 feet m thm particular 
l”stallatlo” If the strut had been closer to, 
or more remote from the propeller, the air 
speed furrushed by the propeller m each case 
would have dlffered Therefore, the engme 
speed cannot be used as a gude m attemptIng 
to establish a procedure for controllmg 
landmg gear fmes I” other types of arcraft 
Only the air speed at the landing gear of the 
arcraft to be protected has any slgmficance 

The h,gh speed air leavmg the propeller 
moves hke a contmuous c y 11 “de r hawng a 
slightly larger diameter than the propeller 
See the propeller trace, Fig 2. for an ap- 
prommate 11” e of demarcation OutsIde of 

the bounds of this cylmder. the air speed was 
relatively 1 “we r and ,n some areas the a,r 
flow was reversed Such areas are noted on 
Table I by an asterisk Near the strut, how- 
ever, suffmently high air flow could always 
be o b t a 1” e d with thx engme and propeller 
combmat~onatthe dmtance estabhshed I” the 
tests to control the fires 

At the completmn of the air speed survey, 
fires were lgmted at each of the locatmns on 
the strut correspondmg to Al through A6 and 
Dl through D5, Fig 2 When the fire at 
any partxular location appeared to be under 
control, the air speed was noted A f,re was 
consldered to be under control when It had 
been reduced in size to such an extent that 
the flames did not lmpmge upon surroundmg 
structure such as the wing, flaps or nacelle 
skm The appearance ot the fire under such 



Fig 3 Destructive Wheel Fire Fanned by 15 mph Wmd 

condltlons was a large ball attached to the 
leeward side 01 the strut and tire 

Wlthout the use of the propeller, a fire 
might take any dIrectlo” dependmg on the dl- 
rectlon of the wmd This 1s Illustrated I” 
F‘lg 3 where the fire was not under control 
and, although the pxture does not show the 
full length of the flames, the Ilre was entering 
the 011 c o o 1 e r flaps m this lnstallatmn and 

ur,pl”gmg on parts of the nacelle and wing 
As s “on as the propeller was started, the 
flames were blow” backward and away from 
the adJol”l”g structure However, the pro- 
peller rotating at ldlmg speed was mcapable 
of preventmg the fire from domg damage to 
adJoml”g structure Fig 4 shows the change 
ln flame pattern as the air speedwas Increased 
from ,dlmg to maximum 
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Fig 4 Landmg Gear Fire Durmg Progressively Increasmg Air Flows 



Fig 5 Chart Showmg Approximate Air 
Speed Required to Keep Landmg 
Gear Fires Under Control W,th 
the Propeller 

In the fxst stage, Fig 4A. th? fxe as 
vlewedfromthe side has no partxular shape, 
It s imply clmgs to the tire and part of the 
gear As the air speed ~xreases. the flame 
area appears to be circular and fmally assumes 
an elllptlcal shape. as shown m the second 
and tbrd stages, Figs 4B and 4C respectively 

When the fire ln each test of tis par- 
tlcular series was consIdered under control, 
the air speed was noted The speed was 
usually on the order of 60 to 80 mph Allowmg 
somemargmfarerror mobservatmn, 70 mph 
seemed to be a good average air speed to 
mamtamatthe strut for the size of fire used 
See Fig 5 When the engine speed was m- 
creased to 2.800 rpm (140 mph air speed at 
the strut), the fxe occaslanally could be 
blown out 

It should be rI o t e d that the quantity cf 
hydra&c fluld feedmg the fxre m these tests 
was 3/4 gpm, whxh may well be more than 
that usually encountered m actual lme breaks 
Also, the p r e s sure of 900 psi at the pump 
was cont,“uous wh,le n, actual hydrauhc leaks 
the pressure would undoubtedly dlmmlsh 
rapldly Thus, an actual fxe on an airplane 
m servzce mlghtbe conslderably smaller than 
the te s t fl r e s and thus requ,re less than 
70 mph to be brought under control On the 
other hand, even If the fire 1s smaller, dlf- 
flculty may be experienced m blowmg It out 
as long as the hydraulic flu,d continues to 
flow I” any quantity Experience has shown 
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that flames on the leeward side of an ob- 
s t r u c t , n g member are always dlffxult to 
blow out 

It 1s well to pomt out also that m the 
test mstallatmn the landmg gear was 18 feet 
behlnd the propeller, w h 1 c h 1s undoubtedly 
a g r e ate r d,stance than 1s usually found ,n 
operat,ng arcraft A lesser dxtance would 
of c “u r s e be advantageous m creatmg and 
mamtammg a 70 mph air blast 

The sever 1 ty of the fires observed 
durmg the tests made It desirable to deter - 
mine how long an Inflated txre could be sub- 
Jetted to such heat and still remam mtact 
In order to obtam the desmed mformatmn. the 
mvestlgatlon was expanded to mclude a third 
phase dealing specIfIcally with this aspect 
of the problem 

A wheel, c o mp 1 et e with mflated tire 
and tube, such as 1s nor-mally used on DC-3 
type aircraft. was erected manupright 
posltlo” on a concrete surface The same 
nozzle operatmg under the same condltmns 
as m the prevmus tests was attached “ear 
the rim of the wheel When the hydrauhc 
fluld flowmg fro”. the nozzle was Ignited. the 
flumes lmpmged on the rim, entered through 
holes near the center of the wheel, and en- 
veloped nearly one-half the t,re Although 
the tire was mitlally fllled with ax to 47 psi 
pressure, the heat generated by the fire un- 
doubtedly c aus e d the pressure to mcrease 
g r e at ly as the burnmg contmued No air 
blastfromthe propeller was used m this test 
Howver. a 15 mph wmd whxh happened to 
be blowmg at the t,me performed a slmllar 
functmn 

Under these condltmns. the tire re- 
mamed Intact for 2 rnx, 16 l/2 set Faxlure 
occurred near the bead of the txe where the 
adJacent metal had already started to dls- 
Integrate F a xl u r e was accompamed by a 
defmlte explosmn Although no wdespread 
effects were noted mthls partxular Instance, 
It 1s well known that tire blow-outs can be 
dangerous to near-by personnel The ex- 
plosmn did not extmgulsh the fxe. 

CONCLUSIONS 

1 The average safe air speed required to 
control a landmg gear fire IS on the order 
of 70 mph at the gear 

2 An air speed of 70 mph 1s easily obtam- 
able with the propeller located directly 
ahead of the landmg gear 
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Landing gear fires occasmnally can be I 
b lawn out by a very strong blast of air 
from the propeller 
The length of trne that a burnmg tire can 
remain Intact ~111 depend on the size of 2 
the fire, but ,t can be expected to rupture 
wlthln as little a5 two to five mmutes 
It 1s h,ghlydangerous for exposed person- 
nel to approach any closer than 25feet to 3 
a burn,ng t,re pr,or to the tnne the tire 
explodes 

4 
RECOMMENDATIONS 

It 1s recommended that 

Measurements be made near the landmg 
gear of various types of arcraft to deter- 
mme what engme speed (rpm) vnll pro- 
duce an air blast of 70 mph at that locatlon 
If condltmns pernnt the propeller dxectly 
ahead of a burmng landmg gear be kept 
rotatmg at sufflclently high rpm to pro- 
duce a blast of 70mph at the landing gear 
If condltlons p e r m, t, the propeller be 
operated at high rpm ln an effort to blow 
out a landmg gear fire 
Personnel i-emaln at least 25 feet away 
from a burmng tire pr,or to the t,me the 
tire explodes 
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