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SUMMARY

Th.s renort covera the effects of bird swikes dirositly into the
inlet of an Allison =55 turbine engine, The wesls wers ccadagied i
colpesa cn with the 2llisca Division of Generel Mctors Corporatlon,

e /fll.aca engins, az originally preaented for the tests,
gtvurturally will withatena bird cirikes at speedd wp %o a) proxilnataly
20U miles per hour {mpa}, 4he erglne, as vevlsed, will Tithatend bird
strikes al speeds up tv ejp-cxamoiely 290 mpa.

During ell fests on lke running zogine a momeatary blockage of
the englne inlet duct exisled upon Zmpoct cacveiag cither a fleme~ovt o
exceaalve turbine inles lemperaturea, Mo [lane-cab ccndition was esfo-
clated primarily with the higa=r speed ilmpaces. 1n edditzon, the monca-
wary 1nle: hlockepge condition was furtner aggravated during tests in whach
no flame-oub oscurred by tre semi-pesmaxnziav nlockage of the a’t atages of
the compressoy wilh a frhrous maces.al which collecizd on the leeding
edges of the rovor ard slalor bLlades,

INTRODUCTION

The bird ingesilon tests of an Allison T-56 turbine engine were
conducted at the Civil Aeronautice Administral-on, Technical Development
Center, Indienapol.s, Indiams, from Auguet 8 to September 13, 1956, and
from Octeber 11 to Oclober 17, 19556,

The purpose of the tests was *o determine the effecta of bird
impacts on the structurel components of & turbine-type engine if the bird
strikes directly into the ergine intake,

The 4irats were conducted with the aessistance of Mr. George V.
Bienchini, special test projecis engineer fer the Alliscn Division of
General Motor Corporation.



TEST INSTATLZATION

The teets were conducted on arn Alliscn Mocel T-56 turbine engine,
a military version cf “he Allison Model 50L-D13 engine. The Mcdel T-56
engine incorpcrates a ii4-slage axial flcw coppressor, & camnul&r-sype CoOnm-
bustion chamher, and a feur-stage axial flew turbine couvpled directly to &
gear box wnlch in turn drivcs a propeller, Iu 1e a ccruacant speed enpgine
with a turbine rating of 13,820 revolutions per minuke (rpm} a*t cruaise
power, The propelle~ is geared dowm to & novmal prepeller operating speed,
The Model 501-D13 engirz 18 essencially the sams as the P=56 engine, except
for feavures which allos the iwrbine spesed to be reduced to 10,000 rpm for
ground 101ing, The moc-.awr horsepover .ating for the Model 7-56 englne is
3750 equivaleni shaft horrRepowsr fezhp). TFor ell “e3ts the sngine wes aup-
ported on a weldsd chanpel 3irusturs bullit up from and Dol%ed securcly to
tke test cell floer es show. in Fig., 1.

A comprecsed a:r gun having a berysl 42 feet lorg with an ineglde
lameter cf six inches was ured to propel freshiy hililed chicken carcrssss
w2lgling very close fop four pounds in.o toe engins, This gun, having
ey lrawve muzzle velowity coatrol, a capable of propeiling four pound
chicken carcessee cver a wide range of wizzle veioslsy. To date tis gun
has been calibrated up t9 a mazals velocity of 625 mph.

During the 1aitial tz29ts e dumay engine insorporatizg a produciion
gulde-vane ring wes tested. Tala gLlde-vans ring, as damaged 1n :n. :25la,
is shown in Tig. 2. The bird cercass velocily at which failure of {his
egpembly occurred was used &5 a factorr 11 determining the meximum olrd
carcana veloclties fer the running-engine teets, For the runring-engine
testa an exterral supply cf cil *ogether with a cooling unit wes used, The
JP-4 £:21 wes stored in an exkorasl 20C-gallon tenk and wae delivered at a
pressarc of 20 to JC pounds per gquare inch (psi) to the engire through
3/4-1nch copper wubing. A *urbine-engine ground-otarting unil wes utilized
In the tests, Figure 3 sho's the compleie engine test arrangement. Tae
engine appears at the laft while ihco barrel of the compressed air gun for
propelling the chicken carcasses into the engine appeavs et the right. The
control panel end exngipe instrument errangemen:s are saowa In Fig, 4,

TEST FPROCEDURE
Treshly killed chizcksn carcesses weve propzslled into the intake

of the e¢ngine by means of the compressed air gui. For cach teet the chicken
carcess was centained in a heavy paper bag, backed up by a Styrofoam plestic
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plug 6 inches in Aiemeter and % inches in length, This arreagement gives
the eppearance of a projeckile epproxumately 12 izches in length and 6
inchea 1n diesmeter. A cuk-open vlew of the prolect.le 18 enown in Fig. 5.
The plastic plug was slised lopgliudinally, reerly 1ta full lezrngih, In'o

32 equal parts 80 Lnat 1% would breek vp readily upca vroali. The com-
bined welght of the chieren, plug, and beg was 4 pounds pius or minus 2
ounces, The weighi of the plug aad beg was sacuc 2 ounres, Pounis of
impact in the enmine inlet dusl were determined by sighting tarough the gun
tarrzl av the iargst through "peep signts" temporarily pleced Irgide the
bar»el for this purpose.

On the duwmmy engine,. the point of impacl chosen corresporded
ganerelly Vo the upper right quadrari of the englrne inlet as viewed from
tne Trom% of the engice, Th2 furat 16 tests wire comducwed on thls engine,
Foiloving Teat No. 3 the inlew air duch was remceved and the bird carcasces
ware propelled directly intce the compressor inle:.

On the rumming sngiae, tests were made with tne cenvsr of ixpact
et the right hand sect.on of the inlet duct as viewsd from the front of
the ezpie.e The a1niet air duct was ins+alled on the engine for ell of
these tests, Tests Nos, 17 to 27 incluaive. Velooity measurements were
obtained by tne bird carcass breaking two peirs ol fine sieel wires arser
leaving the muzzle of the gun. One pelr of wires was connecied %o a dire.t-
readiny couwnviag cnronograpk, while che otler palr was connested to &
recording oscillograph, A -aird . mewe .2eneat of velocity was cbielned
through use of & hipn apeed camera., This photographic method was used %o
determine the speeds for Tests Nos, 13, 16, 17, 18, 20, 2k, and 27, bece.se
at high speeds in particular, tane paper bag coataining the bisd carcass and
Btyrofoam plug failed partially, and thersz was an appareni braak-up or
scme separation of partes of the progectile inside the gun harrel. This
produced erronecus veadings {rom ~he chronograeph end oscillograph,; neces-
g1taling the use of the high speed film along for obtaining bird carcass
velociticse,

It was found recessazry to rcmove the upper and lower casing of
the compressor section after Tests Nos. 17 and 18 in order to remove the
fibrous material clogging the stator vladss. In subseq.znt tests the
engine was cleaned by intreducing crushed walnut shells into the intzke
duct with engine rotaticn motivated by the ground eterting un:t, The
sbragive aclion of the crushed shells cleaned the engine to the extent that
the turbine inlet temperature was reduced t5 operational limits.

After Teat No. 18 4he operational engine was returned to the
Alligon plant for repiecement of demaged parts snd for cleaning, At that
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time the inlet pulde-vane assembly wss repleced by ancther producition
easembly which hed teen lrproved by betisr quaiity ccatrol, 1In addition, the
1% ptator blade assemtllies wer=s rep.aced by rew assemblics which were
strengihened by the employment of a betier meikod of brezing the encs of

the sdator bledes tc thz amner and outer relainirg rings.

TEST RESULTS

The econdlticns and results of the irdividwal 1mpazt teste are as

follows:
Tesd Noe, Daie Projectile Projectile
(Dumry =T ne Velocily Weight
TeoTh) - (mph}
1 to 16 zncl. 8/15/36 €5 tc 390 4 1bs, #2 oz.
pte)
8/29/56

These tects were performed cn a dummy engire to determins the
velocity ab which pronibitive struciural daczage wows” oecur Lo the inizt
guide vanes., It wes feourd *kat & dxrezt hit would cauge prohibitive dameze
in the velocity range of 335 to 380 mgh, It was decided thet tests on the
running engine ehould be limited wo velocitres under 320 mph tc prevent
excesslve damage to {he cowpregscr section which couvld result I pizecs of
the inlet gulde vooes were foceed through toe compressor gectiom. IE was
found, furthermore, that a bird strike directly into the air inlet duct of
this engine at epeeds of 320 mph or greater will deform ihe duct considera~
bly, necessitating repnirs. This air inlet duct is not an engizne part,
but is a part furniched by the airfreme manufecturers, The results of two
testa at a carcasa veloclty of 330 mph eare shown 1n Flge. 6 ard 7., Figure 8
showa the results of & test av a carcass velocity of 360 mpa.

Test No, Date Progectile Frojeetile
(Gngine Velociiy Weight
Operatingz) (mph)
17 0/6/56 177 k 1bs, 1 oz,

The carcass wae propelled 1nto epproximately the right hand section
of the engine inlet as viewed from tne froni of the engine. The engine
flemed-out due to air pessags blockege. The rear edges of 6 inlet venes from
the 12 o'clock %o the 2:30 o'vlock positions of the imiel were beat clockwise,
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Seversl firsi~stage rotor blades were damaged slightly (micked et ihe
leading edpe) and tne edges toward c¢he ouier ring were bowed elightly, One
inlet vane at a positlion of 11 o'alock was bowed,

The engine wes zcerted hut excesslvs iemperaturs at cie lurbine
iniet was experienced dwxing the run-up, Th= cover was taken off the com-
preasor zectlon to determine <he cauvse of tne excessive teaperalure, The
stator blades of che last Ut stages which have o higa aclidity faccor were
found to bte clogged near the cesing with a filbrcue materiel made up of
chichien pin feathers, grease, ard oll matied tngetier, A considerable
amount of this maierlal wes found clinging to ire lesdirg edges of the
statcr blades. Morecover, all of uhe rotor blsdes except those of the
first ecvage, were coated on lhe wmdar side with the fibrous material,
Reculis of this teet are ohowa 22 Fige, 9, 13, 11, anrnd 12. Figure 9 ie
tyoleal of vhe iniet air duct ciockege encountered In lazee tests.

Teav No. ale Prolestils Progectile
(Engine Velocity Welght
Operating) (ph}
18 9/13/56 713 3 1bs, 3 oz,

Upon impact by iae chicken carcass the engine "torcked" (flamed-
out and ralighted iteelf in raplid succession), The engipa then was stopped
by the opera+or, rather thsn allowing is ic "flame-cut” as in Tsst No. 17.
MaJor damage *o tne upper set of firet-stage compressor stacor blades tan
apparently cavsed by the solld parits of tne bird collecting in the arce
between the firsht-stage rolor end stetor blades, The entiance vanea and
Tirst-csiage rotor hlades were not demsged appreciebly bheyonrd the damage
caused ty the previous teats, It sppeared that the upper-half esection of
the first-gtage stavor blades had atrempted to rotate alorg with the rotor
blades, Some demage was delescied between the second-stage rotor and stator
blades to the extent that the trailing edges of & few cf ~he rolor blades
were bent counter-clocawise and the leadling edges of a few sitstor blades
were bent clockwise as viewed from ilhe front of the ergine. Views of the
erglne following this test are shown in Figs, 13 and 1%, TFigure 13 shows
typlcal eir duet blockage encountered in these tests,

Test No. Dais Projectile Projectile
(Engine Veloclty Weight
Operaiing) (mrh )

19 10/11/56 150 4 1vs, 0.5 oz.
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The engine did not flame~out upon impact of the blrd carcass but
waa ghut down due to excesslve tamperacure in the turoine Inlet, The trail-
11g edges of the eatrance blades were bent clockwise in three sectors., The
leading edpes of ihe Pirst-stage rotor biades were bent couanter-clockwisce
at the tips, The resulta of this test ere showe in Pig. 15. This wes the
Tirst test on the improved iniet guide-vane assembly,

Test No. Date Progeciile Projectlle
(Cngine Velocity Welght
Operating) {mph)
20 10/11/56 166 4 1bs, 1.5 oz,

The engine {lemed-cubt upoa impast by the bird cercass. o
increased damage 1o the engine over that of previovs vasts w28 noted, A
view of ihe enmine through ize air inlet dust folliowing ikis tesy 1s shown
in Fig. 16,

Teet No, Date Projectiie Projectile
{(Engine Velocity Weight
Oparating) {mph)
21 10/16/56 143 4 1ba. 1.5 oz.

The engine d1id not flame-cuti, but waz shut down due to excessive
temperature in the turbine inlet. Thaerz was slight structural damage io the
inlet wvanes near the 2:30 ofclock position as viewed from the front of the
engine, The chicken and plug blocked off two sectors of the air inlet duct
of the engine without flsme-oui. A view of the engine through the alr
Inlet duct following this +test is shown in Fig, 17.

Test No, Date Projectile Projectile
(Engine Veloc1ty Welght
Operating) {mph)
22 10/16/56 184 3 1ba. 15.5 oz,

The engine flased-out upon impact of the chicken cercags. The
damage to the engine progressed rearward to the Ffirst-siage siator blades.
The tips of the Tiret-stage rotor blades were bent further in tne counter-
clockwise éirection as viewed from the front of %The engire. Crushed welnut
Bhells vere used to clean the engine. A view of the engine through the air
inlet duct following thas test is shown in Fig. 1.8.



Teat No. Date Projectile Projectile
(Engine Velocity Weight
Operating) (mph)
23 10/16/56 162 4 1bs. O oz,

The engine dld not flame-ouk upon wmpact of ile chicken carcass,
but wes shut down due to excegsive temperature In the turbine inlest, The
demage to the first-stage stator blades arnd the firste-siage rotor blades
wvas 1hcreasced over the previous tests. The ewtranse vanes also suffered
additronul damage. See Fig, 19.

Test Mo, Taie Prosectile Projectile
(Engane Velocity Welght
Operating) {mph}
2l 10/16/56 212 2 oz,
(S tyrofoan Plug
and Bag Only)

The erglne &id no% flame-out upon impact of the projectile, but
was ghut down due to excessive iemperalure za the burbine inlet, The engine
mgested all of the Styrefoam plig end paper bag with no apparent increase
In strusitwral dauage over trhal of previous testa. See Fig. 20.

Test Mo, Date Projectile Progectlle
(Engine Velocisy Weight
Opereting) (mph)
25 10/17/56 35 4 1b, O oz.

{chicken only)

Tollowing the impaci of the chizken cercass, exresslive temperature
was approached and the engine was shut down., No furiher damage to the engirne
wag observed. BSee fig. 21,

Test Ho, Date Frojectile Projectile
(Engine Velocity Welpht
Operailng) (mph)
26 10/17/56 103 L 1bs. L oz.

The engine did not flame-out after impact of the chicken carcass,
but was snut dovm due to excessive temperature in the twbine inlet. Ho
Turther domapge to the engine was observed, BSee Flg. 22.



Test No. Datke Projectile Projectile
{Engine Veloclty Weight
Operating) (wpk }
a7 10/17/56 237 I iba, 2 oz,

The engine flamed-cut shortly af'ter wmpacht of the chicken carcasa,
The first-stage stator bledes 1in the upper sactipa cil were bowed into e
U-shape at the center indacating that ile hiades attempied io rolste with
ihe first-stage rotor tlades. The tlps of the sezond-stage roitor blades
were Dboved siightly ana toe leeding edges of *he mecound-stage stator bladee
were rolled back slightliv., I 1s doubiful whether the engine couid have
been restacted after tnis +est, S=ze Flg. 23.

CONCLUSIGNS
Ag a regu’ b of tne dummy-engine tests 15 1s concluded that:

1. The inlet gi."de venes of the dummy engine are not able to withsiand
a dir.ct wmpacl of a k-pound chicken carcass at speeds in excess of 320 mph
without ezppreciable deformation. AY & speed of apprux.mately 335 mph a
direct hit on the inlet vaves can reault in failure of one or more of ine
venes il such & way that pieces of the vanes are likely to be driven lato
lae compressor erea of the eagine. W.ih dhe air iniet Quet inscalled, a
direct impact of <he gu.de-vans assembly .8 highly improbable dus o the
curved contour cf the duct,

2, The a1 inlet duct will be deformed appreciably by the ilmpact of &
L-pound chickan carcass at a velocity of 320 mph or greater. I% le belileved
that <he delormalion experienced at thia velocity will nob necesearily cause
an 1mmediate hazardous cond:iZion in flight; thils has not been sukstantiated
definitely, however, by euy flignt tests,

A8 a result of the Junniageengine tesis, 1t 18 concluded thet:-

1. The Allison T-56 engine, as originally tested, can ingest a L-pound
chicken carcase at speeds up 1o 200 mph without excessive structural demege
to the engine itself, At speeds oves 200 mph structural damage requiring
the replacement of the first-stage rotor and stalor-blade essemblies
probably will r=sult.

2, 'The Allison T-5¢ engine, as modified during these teste by
ingtallalion of an amproved inlet guide-vene assembly and higher strength
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etator-blade mesemblies, can inges: & 4-pound chicken carcess at speeds up
to 290 mph without excessive struaciural damage to the =ngine, At sreeds in
excess of 290 mph two Tactors are involved which may prove critiecal; *hat
1g, necessitate a shut-down, The firat 1g manifestied by faisly severe
trucbural demage to the first-stage roter and stator-blade esssmhlies,

The second comsideratien 15 manilfested bv the probebillity of complete
failure of a guide vane, Thls type of lasiwxe would resulf in severe
damage to ihe compressor and would undoubiedly require a shul-cown of the
engine,

3. A conditiom of exeessive temperaturs in the turbine Inlet area
can occur upcn lmpact, o* all opeeds tested, vhich would necessiizte an
inmediace shut-down of 7ae 2ngines The high lalet ilemperatvre 1s cauped in
part by monentary blockoge of the 1alet ailr duc., end in part by the
coilection of fibrous materlal on th2 under side of *tnz roitcr blades ard in
th> latter stages of the comrcresscr etatcr-~blads agsemblies, Boilh of these
condlvions cause compressor gtall with che eccorpany.ng rise in turbine
inlet tenperatirs. Tha aaimailc control of the compressor bleed valves
and fuel/mir retio in an operational eircraft would help slleviate this

gitunbion,

e tests deseribed in this repory are cons.dered to be aulie
geverz because 1t 18 Imprcbable that 2 bird would enter the air duct witlh-
out beirz brecken up to some exwveni by the propeller during actual flight
conditionsa,
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Fig. 3 Engine Test S*etup
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Fig. 6 Test No.3 - 8/16/56 - Projectile Velocity 330 mph



Fig. 7 Test No. 13 - 28/56 - Projectile Velocity 335 my
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Test No. 19 - 10/11/56 - Pr@jecﬁ]éVelocity 150 mph
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Fig. 16 Test No. 20 - 10/11/56 - Projectile Velocity 166 mph



1 - 10/16/56 - Projectile Velocity 143 mph
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Fig. 17 Test No.
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Fig. 18 Test No, 22 - 10/16/56 - Projectile Velocity 184 mph
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Test No. /17/56 - Projectile Velocity 35
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No. 27 - 10/17/56 - Projectile Velocity 289 mph



