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AIRCRAFT OPERATING PROBLEMS RESEARCH 

Part I - Jet Aircraft Crash Fire Res ear ch 

by 1. Irving Pinkel and Solomon Weis s 

During the last NACA inspecti0n at Lang l ey, the Lewis Labora.tory 
described its full-scale research aD the origin and development of 
crash fires conducted with aircraft powered by reciprocating engines. 
Today we shall describe an extension of this work t o turboj et aircra£t o 

In the full-scale phase of this work~ a fully i ns t rumented air~ 
plane is accelerated from rest under its own power and guided into 
a crash barrier where damage is imposed typical of a land.ing or ' 
take-off accident. This kind of accident is studi e d becaus e it 
occurs at low airplane speed and the chance for human surnval of 
the crash impact is higha The orash~ in s l ow motion, i s shown on 
the first moving-picture sequence. (Show firs t movi e sequence aB 
in Langley inspection.) 

The work with the reciprocating engine aircraft; sh owed us how 
the airplane combustibles, on, fuel, and hydraulic f l uids spill in 
a crash, the movement of the spilled combustibles t o the i gniti on 
sources, and when and where these ignition sou r ce s ar e 1:l.kel y '1;;0 
appear 0 Much of what was learned applies to turboJ et aircraft with 
some additional considerations. Because the turbojet has no pr opeller 
to strike the ground and bring the engi ne to r est, i t continues to 
run after crash and draw large volumes of ai.:r' int o the engirle i.n1.et . 
Crash-spilled combustibles can be sucked into the engine inl et wit h 
the air and be ignited explosively wit hin the en gine • 

This explosive ignition was studied in detai l wi th a t urbojet 
engine on the test stando In the next motion pict ures you will Bee 
the flames that is sue from the engi ne fo llowing igniti on of fue l 
sucked into the engine inlet. (Motion p ic tures of t he pi t ." ,sh owin g 
engine inlet .. ) This is the inlet of the operating tes t stand engi ne. 
Fuel is being sprayed into the ai r entering the engine. Her e is t he 
explosive ignition. Scraping of the compress or b lades on the c om= 
pressor case provides these f l akes of magnesium burning in t he f l a.lning 
fuel. The flames that also appear at the engine tail p i pe are shovrD . 
in the next motion-picture sequence. Here are the f lames accompany ing 
the explosive ignitiono The flames is s ui ng from the engi ne i n let an d 
tail pipe can reach fuel spilled around the c rashed air-plane and s et 
the airplane on fire. 

The test stand studies showed t hat the combus t i b l es sucked i nto 
the engine can be ignited by the continuous f l ame i n the engine com~ 
bus tors or by the hot metal of the engi ne i n teri or f or a. shor t t i lP..e 
after the combustor flame is extinguished 0 
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To check these results in an actua l crash s t urbojet engines 
were pylon-mounted to the wings of a c argo ai r plane t o s imula t e 
one type of jet bombero The reciprocating engines were removed" 
The operating jet engine powered the airplane into the crash barrier 
and the airplane damage and fuel spillage was produced shown in the 
next motion-picture sequenceo Arrangements were made to stop the 
fuel flow to the engines at the moment of crash :i.rupacto The flame 
in the engine combustor is thus extinguisheds l eaving onl y the hot 
metal of the engine as the ignition sourceo (Moving pictures of 
crash T-l.) The action here is 1/5 normal speedo The engines 
are mounted under the wings at. these locations 0 When. i mpact occur Sl) 
the fuel flow to the engines is stoppedo The sp illing fue l is dyed 
red; there is no fire yeto See the fuel enter the engine y then the 
flame at the tail pipe D and now the fire at t he engine inle t ,o These 
results duplicate those obtained with the tes t->stand engl.neo Flames 
at the engine inlet and tail pipe ignite the fuel spil ling from t he 
wing to give this major fireo 

Test-stand studies showed that ignition of spilled combustibl es 
by the hot metal of the engine inter i or occurs only at those hot 
surfaces where the local velocity is lowo El sewhere ,9 where the air 
velocity is highs the contact time between the hot surfaces and the 
combustibles sucked into the engine is too short to produce 19 rrl.t iono 
Since these ignition zones are snall,9 it proved f' easib le to cool 
them by water streams applied directly to the sur.f'aces o The s team 
generated by the water evaporating from the wetted h.ot surf.ac e s 
protects against ignition while these surfaoes s.re cooled t o safe 
temperatures 0 Because the external surface of t he t.ai l p i pe can 
ignite combustibles~ wa.ter fs sprayed on thi.s surface o A st ai nles s 
steel screen wrapped around the tail pipe maintains the water i n 
contact 'wi th the tai 1 pipe and promotes coolingo 

In crash study of this use of water for preventing ignition by 
the engine 9 the water was car ried under gas pressure and dis charged 
upon crash impact~ The water system emp loyed i s illustrated her e 
in full scaleo {Point to engine cutaway at r i ght of atageo ) This 
engine carries a complete water sys tem fully chargedo A separat.e 
charged water container is set on the hangar f l oor t o provi de a 
clear view of the water sprayo When t hts airplane strikes the t B.rge:t; 1) 
simulating crash i.mpact» a cra,sh~sens:i.tj,ve switch di s oharges both. 
systems 0 (Releas8awinging airpl ane model into t arget at r i ght 
center to set off crash sWitcho ) 

In four crashes of the type shown previously with the engines 
carrying this water systemj) no fires were obtained.o Two of the s e 
crashes will be shown nowo In the flr st of these the airp l ane gr ound= 
looped and was heavily damaged& In the sec ond D one eng ine was pulled. 
off the wing by arrangement and caused to t umble in the fuel spra.y 
suspended behind the crashed airp laneo (Show crash T=2 and T~5 
without interruption between themo Poi nt out interes t:i.ng features 
of the acti one ) 

http:interest:i.ng
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Further study of the crash-f i r e i gnition hazard provi ded by a 
variety of aircraft gas turbine eng ines ~ including thos e of high 
compression ratio 9 is part of the fu ture programo The mechani cal 
condition and cleanliness of the engine will be among the factors 
covered. 

And now let us consider t he compani on prob l em of safely 
absorbing loads imposed on personnel i nvolved in a cr a sh o This 
subject will be discussed by Mre Pesmano 
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Part II - Abs orption of Crash Impact Loads 

by Gerard Jo Pesman and Duga l d 00 Bl ack 

Experience shows that passengers who br eak awa.y f rom t he i.r 
seats and are thrown a.bout while an airplane i s crashing gener ally 
are more severely injured than those rema ini ng i n t hei r seats. The 
question then ar i ses ~ How can a pa s senger -be he l d in h i s seat 
during a crash and safely absorb the foroes tra nsmi tted t o h i m 
thr ough the airplane structure ? 

During crash- fire research the cargo airplanes used were: instru~ 

mented to give a continuo"\ls r ecord of the cra sh f orces 0 This rec ord 
provides a partial answer to the que stion concer n i ng loa ds trans 
mitted to passenger compartmentso Of part i cu l ar interes t are the 
data obtained in a crash i n which the f ore- s t r uc t ure of the f usel a ge 
collapsed completely~ l eaving living space i n t he rear of the fuse
lage only. This crash is shown in sl ow moti on in t he foll()w:i . I~ 

motion-picture sequence. 

(Movie, crash Y-7 , stati on 130 Make appropriat e descri pti ve 
remarks.) 

The impact speed i s about 100 ~tles per hour 
Accelerometers for measuring crash forces ar e l oca t ed on t he 

rear floor 
The angle between t he airplane' s path and t he ground i s 15° 

Now, let us assume that a 200~ pound passenger was se cu r e l y 
fastened to a seat in th.e rear of the f us elage during this crash. 
The following slide (CS~ 889l) shows a t i me history of the forc es 
the passenger would have imposed on his s afety belt and 'che s eat 
structure. Here we have plot ted t he :i.mpos ed seat force 'V"er sus t ime. 
Notice that the passenger and his seat woul d have been sub j ected to 
a succession of jolts as the airp l ane h i t various ob stacles o This 
action is similar to that resul t i ng when an automobile h i t s various 
obstacles in a highway acci dent Q The f or ce of s averal of thes e jol ts 
is over 1600 pounds o Such l oads may br eak a passenger away f rom his 
seat by breaking the s afety belt o If the safety belt h olds .? t hen the 
seat may break 6Way from the 1'1 0 01"& The for ces be l ow 1000 p o'~ds 
are within the ultimat e s t r eng t h of mos t sea.ts o I t i s rec ognized 
that the modern pressurized trans port airp l ane is s tronger. t han t he 
unpressurized cargo airplane upon which these dat a were obta i nedo 
The transport maYll therefore" transmit l arger l oads to the pas senger • 
However, these data serve to es t a b l i sh an approximat e order of 
magnitude for the loads in a sev ere trans por t crash o 

A passenger may a lso be injured by striking adjacent seats" 
passengers, and airplane s truct ure !} a s h e f l exes over the s afety 
felt. It was desirab l e .\> therefore.? to ob tain s l ow'~moti o:o, p ictures 
of this passenger moV'ement e This 'Was done wit h dummie s seated in 
light airp lanes < 
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Here is an airplane with the dummies in place as it appr oa ch es 
~ .;. 

the crash barrier , (0-35937) 0 Acceleromet ers for measuring t he f or ces 
imposed on the dummy are car r ie d. in its head and chasto Force s were 
also measured at the seat pan and the f loor o ( Poini; to seat pan and 
floor. ) 

The following slow~motion pic ture wi l l shaw B. crash wi th only 
the rear dummy in place . The dummy i s he l d by a s af ety belt alone. 

~ Notice how the dummy's body will swing f orward a s i t f lexes over 
the belto (Movie~ 1,-.3 Fastax sequenceo ) The dummy's a ction sh(JWs ., . 
that a passenger can swing f orwar d and s t rike the s eat ahead of him 
during a severe accidento Seats must then. permit b ody b lows without 

~ 	
inflicting severe injuryo 

The crash loads mea.sur ed i n these studie s and th ose shown 
previously from the cargo airp l ane are wit hi n the t olet<able h'UlTlS. n.. 
limits established by aeromedic a l res earch o As previc·us l y s tated, 

,... 	 however, pressurized transport a i r p l anes may transmit l arge!' crash 
loads to the passengers than the cargo air p lan.es studiedo Als o, 
because of increased l anding and take ,~off speeds p ac c idents :may 

If become more severeo Future seats mus t , therefore s b e de~ i.gned t o 
safely absorb these larger crash l oads o On t he b a S' is of t he data 
obtained, the following seat design r equirements are apparentg .

10 	 Seat and passenger f:j,tta chments should be strong enough 'to 
hold the passenger in p l a c e .. 

2. 	 The seat shoul d be capab l e of cons:J.,der able elasti c defor.~ 

mation in order to a,bsorb the shock ~ peak loads 0 Ou .. . this schemat:i.c model of a s eat these rubber. bands prmri de 
the elasticity (center.o f r ont of stag& ) 0 

3. 	 In order to keep the elastically dei 'orme d sea.t fr om 
rebounding and subj ecting the pas s 811ger to an additional 
blow after the c r ash l oads sub s :i.det) considerable mechanica I 
damping is requiredo (Illust r a t e wi t h seat model . ) On 
this model the fr i c t i on surt'ace s be'm een these two slidIng 
sur faces D provi.des the mechanical damp i ng 0 This dampi ng 
also prevents the s eat f r om shak:ing in rough ai1" o 

4. 	 Since the airplane may swing around in a crash and str"ike 
objects whi l e mO'ring s :i.deways or b ackward p the seat sho'uld 
be able to def'orm i n any direct i on . On this model a 
crash blow from the rear f orces the s eat baok t ;o t i lt .. .-. forward and preventsthe passeng er f~om sliding up and 
over i t . 

5. 	 If seats break, the structural compcJnents s h ould n ot:; 
present sharp or pointed objects against which a passenger• may strike" (Illustrate all of th is with seat mode l o) 

• 

/-.1 
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To determine whether these requireme nts can b e met, en experi 
mental seat was built for study under crash condi tions o ( Seat is 
on crash swing, off-stage right.) The seat pedestal was made 
according to the principles just mentioned. The pas s enger is held 
in place with a strong safety belt of standa.rd desi.gn. All t he 
structure above the s eat pan is made enti.rely of s elf'-supporti ng ll 

air-inflated members that are safe for head or body blows o The seat 
back is designed to tilt forward and prevent passengers from sliding 
up and over it. This experimental seat, however , is n ot sui ted for 
aircraft use since it incorporates features of constructi on necessary 
for research. 

The experimental seat, with t he 
forward-facing passenger arranged to 
is mounted on this swing. (Point to 

dummy in 
rece i ve 
swing 0 ) 

a 
place {repres anti:ug a 
b l ow f r om the rear) , 

Upon rel ease the swi ng 
will strike this target on wheel s and imp os e a moment ar y 4000-·pound 
stopping load on the s eat.. Watch for the deformation (pull swi ng 
back) of the pedestal and the movement of the dummy int o the pocket 
formed by the tiiting back (release swing)o 

Now let us see how this event appear s to t he s l ow- motion camer a. 
(Film sequence. Make other appropriate remarks dur i ng f ilm.) 

ThiS approach to seat des:i.gn j us t described will b e evaluated 
in full-scale airplane crasheso 

Up to now we have discussed prob l ems of surv'ival i n t h e event 
of crash. Now let us consider an area of work de vot ed t o r educing 
the chance of crashing. Mr. Preston will now discuss s ome int er s sting 
aspects of jet thrust reversal as a means for shortening the ground 
run of landing airplanes. 

http:des:i.gn
http:standa.rd


i 

... .. 
• 

• 
. ~ 

, 

,-. ,. 

. ~ 

..,.... T" 

• 

~ 

""" . 

, 

, 

" 


-- "f 

.. 

.. 


... 

- 7 	 

Part I II ~ Jet Thrust Reversal 

by G. Merritt Preston and Rober·t; Co Kohl 

Airplanes landing on i c y runways exp eri ence t he s ame d!ff i culty 
trying to stop that automobil es do on icy roads . Many of today ' s 
transports are equipped wit h revers i b l e pit ch pr opellers tha t change 
the normal forward thrust of t he pr ope ll.ers to a.. rea rward f or ce o 
This force slows the l anding airplane and reduces the gr ound r un 
required to stop the airplane o Becaus e the turbo jet has DO 
propeller, the braki ng of t'..he airp lane l anding run has t o be don.e 
by redirecting the exhaust j etl' that normally i ssues rear ward f rom 
the engine, to a forwa.r d di recti on o This reversa l of the e:i.hau.st 
jet produces an airplane retardi ng f orce . 

The data on the next slide (CS8894) shows how the r eversa l of' 
the jet thrust shortens the required l and ing r un. . The leng~h I~.r 

the bar graph is proportional to t he r equired la..'1.ding r un.o When a 
jet airplane lands wit h the engines idl i ng v some f orwl:ird thrust is 
exerted on the airplane by the engines e Without a thrust reversal 
device the wheel brakes hav'e to overcome th i s f orward thrus t i n 
addition to slowing the mass of t he airp l ane. The r equired s t oppi ng 
distance for a jet bomber or t ransport with only wheel brakes and 
idle power on the engines is about ll ~ OOO feet on icy runway s and 
about 6000 feet on dry runways 0 Even if the thrus t i s zero during 
the landing run" the stoppin.g d i stance is 8000 f eet on icy runways 
and 4500 feet on dry runways. In order f or aircraft t o stop safely 
on runways of existing llIcljor airports D the groun.d run should b e 
reduced to about 4000 feet . This means that the reverse th:rust for 
a jet bomber or transport must exceed 35 per cent when l anding OD, 

icy runways and 10 percent when l anding on dr y runways o 

In addition to being effecti ve and reliable ~ t he thrust reverl!er 
must also 

1. 	 Be light 
20 	 Have litt le effect on a irplane or engine p erf'ormaIl.ce in 

flight, and 
3. 	 Must not allow the high~temperature ga.s of the revened 

jet to strike airplane c omponents t ha t may b e c1aIn.a.ged 
by the heat c 

Thrust reversal devic es stud l ed here and elsewhere f all into 
three broad types. The target t ype , wh i ch has undergone consider able 
development, can be illustr ated with this model . (Model on. b a ~~kdrop 9 
left of stage.) Consider t hi.s t ube to be the tail pipe from whic h t he 
high speed exhaust jet issues toward the rear of the ajrp l ane o When. 
thrust reversal is desir ed , this cup~sha.ped target is placed ~ qU8.rely 
across the exhaust jeto (Speaker ins talls transparent tail pipe 
thrust reverser and turns on a i r b lower o) See how the exhaust turns 

http:perf'ormaIl.ce
http:e:i.hau.st
http:forwa.rd
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from a rearward to an almost f orward di.rection (points t o tufts at 
exhaust outlet). The reversir~ f orce acts on this cup which mus t 
be rigidly attached to the a i r plane o If the cup is too small (hold 

-<r ~ 	 up small cup alongside tail pipe ) ~ litt l e roversa l of the j et is 
accomplished and the reverse thrust i s reducedo If the cup is 
larger than necessar:r, i t i mposes an undue wei ght penalty on t he 
airplane. If the cup is t oo c l os e to the ta.i l pipe (move cu.p clos e 
to end of nozzle), the gas ,flow through the engi ne is t hrottled 

• down and the reverse 	thrust drops (poi nt t o t ufts) 0 When the target 
i, . 	 is too far from the tail pipe, some of the gas flows a round the 


target and is not reversedo Good des ign requires a t arget t o have 

a diameter and spacing f r om the tail pi pe of approximately l~ to 2 

tail-pipe diameterso 


When not in use, ta.rget type r ev ersers are retrac'ted i nt o .1 adjacent airplane or engine nace lle s truc t ureo (Remove target t ype 
thrust reverser mode l o Pi ck up and ins t a ll ri,ng type thrus t rever s er . ,. 
modelo) 

A second type of thrust rever ser us es a series of rings l i ke 
this (pick up and display a typica l metal r I ng ) arrang ed behi nd t he 
engine tail pipe to form a sys t em of t ur ning vanes (pull v-anes i nt o 
extended position). In use, the em aust gases mUel t engage 'the vanes 

" .. y '" and be directed forwardo One f orm of t h i s devic e developed by the 
French uses an air blast dire ct ed upstream to for cebhe eXhaust 
gases to move outward through t he 'vanes. (Plug air hose in fitl;ing 
in panel.) When the 	air b l ast i s turned on , tile exhaust gases an, 
diverted laterally i nto the v anes and rever s e thrust is ob t ained o 
(Point to tufts. Remov'e air hoseo) I n a second f orm o,f thi s devIce- . developed by the Swiss p a s e t of r adial vanes i8'';: located ill the t a il 
pipeo When these vanes are given an angu l a r s et;ting with r espect 
to the gas flow (adjust blades nanua,l1y ) ~ t he gas swir ls 0 The 
centrifugal action on the swirling gas moves i t th rough t he t u rning 
vanes and the thrust r~vers es o 

, '~ In flight, the cascade is retracted t o t his position o (Push 
vanes into collapsed position over nozz l e o) However, the swi rl 
vanes or the blast ~be remain in the j e t stream and reduce the 
thrust somewhat. (Remove r l ng type thrus t r e'Ve r ser a.nd install 
NACA type.) 

In a third type n ow und er s tudy at t h e NACA I) two sets of t ur'ning 
vanes are s t owed in the engi ne t a i l p ipe (point to b lades nes 'ted 
along axis of tail pipe ) . When not in use they have t he pos i t i on 
and arrangement a l ong t he tail p i pe s hawn here o When thrus t revers a l 
is desired this tail- pipe section sp lits into two half cy 1i nders , 
each having one set of t urning vanes o In contr as t t o the p rev:i vus , .. 
device, these vanes are set ·s quarely acros s the tail pipe D and no 
auxiliary device is r equired to nake t he f low engage the vanes o 
However, because these vanes are stowed with in the tai l pipe when 
not in use, the~ to~ impose a thrust l os s in f l i ght s imil ar to the 
previous device (point to t uft s i ndi c ating r everse ai r f low) " 
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Because the reversed exhaust gases appear as separate jets on each 
side of the engine" the hot gas in the re'V'ersed flow oan be directed 
beneath the airplane tail sur face, which usually cannot tole rate 
heat from the exhaust gases. 

... " 

.. (Hangar doors are opened as engi ne in F=84 is started o) 

As a demonstration of thrus t revers a l ., we hav e equi pped an 
F-84 airplane with this type of thrus t revers ero The airpla.ne i.s 
located outside the Hangar doorso (Si de of canopy i s opened t o l et 

.. . t. 

audience move toward open hangar doors o) When t h i s demonstra.t ion is 
given, notice the re'V'ersed jet issuing from the tail p i pe and 
flowing beneath the horizont al stabilizer ,9 als o no t ice the r earwa.rd 
movement of the airplaneo Following "this demonstration you may 
inspect the airplane and the other exhibits in the Hangar t ha t 
pertain to the three subjects we have dis c'Ussedo 
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