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ALTITUDE ~ND I ()NAlEL- ttSEARCfI 
J,y Will .FIe..".,:'" ~ 

"...1 •• coaatructed t or r...areh on tull-scal. 
tallatioDi .t. altit.1ICle tlight condit.iana . ' plan yi" 

1 .. it.. t.cWti_ 18 shown i n t.h. !ft:.t. t!e•. ~ c,' 7") 
ace- 04at.e tull-ecal. eD&iM nac.u.. in theAlt1t.1ICl. -ind f Ig. ~ 

cu. ..... 20 teet iJl d1&8eter and 40 t ..t lo~. 
_ ..... i .. t.allatloD.l w.re to be i.e.tipt.ed .t airapeed. 

Nt... II» ... ,00 Jdle. per Dar, it - .. Dlcesl&J7 to inet.al.l an 18,000 
.....,.. .lectri c .tor whicb elroY• • 32-toot cl1uaet.r propeller. 'fo 

alt.1taM ODIIdlt.iooa reqaired both a reduc.d pre..ure an<l a r educed 
ntar. witlaS.a tIM taMl. ilducUoa ot the pr••sure. in t.he tunnel 

NeIll"" toar nciprocat.1D&-t.JPI .....t..r unit.s -hicb tog.th.r abeorb 7000 
..,..,..,..r. W.t.101l ot the t.a.per.tar. iJl t.be t.UDDIl, t.o sialat.• 
........111'1. _ooaat.eNCl at. Meb altitude night. coDd1t.i0D8 , require. a 
21,000 hor.-pGII.r Ntl'ipr.t.ion .,et.ea tor coolinl' t.he twm.l air. Bec.uae 

.ap.. nhautecI clirectlT into th. t.unn.l t.st s.ctioa, this .eant that. 
air withiD the t....l bad t# be conatant.l,. chanted•. Air.t. ataospberic 

pJ'NftN i. ctrlecl, r .tripr.t.ed, and tben bled into t.h. t unnel to r .plac. 
till _ned ,&I ab...ted b1 tb••D«iDl. I nduction ot this additional .ir 
NqUire. that the uhauater capac1t1 DOt onlT be great .nough to aaintain 
t.be deared test . l tltud. but that tbe exh.uster. allO bay. suffi ci.nt 

it.1 to haDdl. th. freeb air bled into the tunnel. 

Work has been daDe in t.he altitude -ind tumel on both reci procating 
IDd jet ' !lline.. s.. ot thl.e baYe been inY.atigateeS with COIIplete win 

IU" or ru.el.,. 1utal.latloaa. Oth.r .ngine. ba.,. been installed i n 
8J)ecial DMlll•• cODitnacted . t thi. 1.bor.tol7. Recent work in tb.I altitude wiD4 tannel b.. been aL.o.t co.pl .tel,. deToted to ~.sti!atioDl) . fit .,art... tJPI' ot jet • ",in... 

Operatioaal IIld pertormanc. data ot the .ntire engine .re ~.t.r.s.ned 
at ..arlou altit ude tll!bt condition., .. well as the pertormance ot th 
..ari•• ,.s.- cc.poDlDt. operatin& in the .ngl_. Engine operational data 

I , 	 
ot pbue.,1Dcl1lS• • _ber ~ operating range ot tbe engine is established 

at ...ria.. alUtud.. ,and it 18 d.tendned wbeth.r the operatin! ranee i.
I llId.ted b7 Id,b t UJ'bine t.peratare, tault,. cOlibustiOD, 6r other r eason•• 
J 	 !be w1.DdCll1BS clr" ot the .ngiae is also detenllned j that i., t he dr.g 

of All ' nellae 1Ib1cb i. iDOper.the am which i , all.cJIIIed to winda111 whil. in1 tl1&bt . at.arUDI all .ccel.ration charact.ri.tic. ot the engine are det.r i __cl at all altitu4. am t he _xi __ altitude .t whieb it is poslible to
I -. 	 n.art the eaclne i •••tabUsh.d. IDYesti!atioDS.re IUd. to test the abill t7 

of the eaciDe t.l .,et- to COIIpeuat. tor cha~. in altitude and air speed, 
1a .........1' .. to .a1ntaiD • twd .ngin. SpaId tor a giYen t hrott.le 
_t.lna at all tllpt CODIl1tiOll.. Figo 73 

oper.tbll r anp ot a tJPical turbojet(~!1ne tor a rq. ot .altitudes 

I 
50, 000 t eet 11 1Ibo.. 1.D tll. 1!~~1~') '!'hi. n!UN i. SOllll!lwhat 

.s..ll.ar to one wtd.c:Il - .. abowD bJ the USloo Rue.reb Branch . This 
lipn, _1ftI', i. the operatioaal 1ia1te ot the entire engine tested at 
altitacle tllpt condit ioM, -h.r.. the CUJ"Y' pre.ented bJ thI Combustion 

IU'ch Branch w .. ODe tor _ 1Dd1Y1clual COIIbutlon chamber operating atI • 

I 
t1aae d.alat1n& tho.. within AD .nt!ne in tUt.ht at hi!b altitude• • 
 

'- IUd be IIDtecl that .t "'1'1 h18b alti lue. the ooeratirw raNl. ot the 
 
'RIp- ... sn.tl., reduced. tra. that .t lower altitudes. 
 

<6~I 	 

http:hrott.le
http:IDYesti!atioDS.re
http:suffici.nt
http:r.tripr.t.ed
http:i.e.tipt.ed


\ 

TM wirricallllng drag of a turbojet engine in f light is presented i n tbl 
 
lhlrd n~.~ Her e the windJllilling drag i s presented in t eras ot perc.nt ot 
 
~ Mt thrus t o! the engine . U t he airspeed is railed, the winch1ll1n& 
 

, drag increas.s quite r apidl, . At a speed ot 500 Idl es per hour, the drag 
 
ot the engine is 12~ percent ot the rated engine thrust a t that flight 
 

.. . condit ion. 
 

Becauae t he t r end in aviation is to t17 at .,Yell-increasing speeds, the 
J!',A i s conducting a r esearch prograa to incr.... th. thrust ot Yarioul tJP8' 

ot ,iet en€ine s • . Some t1Pi cal per fo r mance data obtained in the altitude wind 
twmel .,ich coyer one phase of thi s pr ogr all are presented i n t he next two • _ 

- tigures. I n the Lourth n&l!..t is pre~ented a calparison ot the net thrust Ii~. 7~ 
per unit f r ontal a r ea obt ained w1 th a t urboj et engi ne, a turbojet eriline 

, 	 wi th tail-pipe burning , and..a r am jet engi ne. The CUJ"f'. shows t hat the 
thnust of t he t ur bojet engine increase. on!,. slight l,. as the airspeed il 
raised; hOllever, t he t.hrust of t he turbojet engine with tail-pipe burning 
i ncreases qui te r api dly, and a t an a1 rspeed o! 600 llil.r per hour the 
thrust with tail- pipe burni ng is twice t hat obtained wi th the saM turbojet 
ellfine and no tail-pipe burning. Thr us t of the r_ j.t engi ne is consid.rab17 
10lier than t hat of t he turbojet engi ne or that of tbe turboj.t engine with 
tail - pipe burning at low airspeecia . floweYer , at airspeeds above 500 Idle. 
per hour t he th rus t ot t he r ail je t increuel quite ~apidl1 ani tbe r.. jet 
thrust equals that of t he t urbojet engine at about 6)0 1I11es per hour , and 
equals t hat of t he t ur bojet engi ne 'With tail-pipe burning at a flight speed 

... ot about 920 IIile . per hour . 	 Fjq.71o 
. To complete t he comparison of t he thr~~eng1nel' the specific tuel 

consu:nption is presented in the ntth !.1(Ur,. This t I&ure ShOli S that the 
specific fuel aonsUilpti on tor the turbojet engine increases slight!,. with 

""i 	 air speed and is !Oller than t hat of either the r am jet rI the turbojet. with 
 
tail-pipe burning at all air sp'eds . The specitic tu.l consuaption ot th. 
 

, . turbojet e ngine wi th tail-pipe ~i. ~what highe r thaD that ot thl 
turbojet engine at all a1rspeedl,:it'l.r at low airspeeds, aM reaainilll 
unito:r-. at airspeeds above about 300 ailes per hour. The .pecitie t ..1 
consuapU on tor the raa jet is very high at 10,. "'I".~ed. and deere.... 
rapidl7 as t he air speed is raised. At speeds as higb as 1000 ail•• pel" 
hour , hdllever, the specific t ue1 cons\aption ot the rea jet 11 considerab17 
higher t han t hat of the turboj et or turbojet with tall-pipe burning. 
Iaproyementl ot collbusti on etncienC1 in the raa jet engine and the turbojet 
eD«ine t ail-pipe burner will turther lower the specific tuel eoft8l11pt,ionl 

'ot these engine s • 

• A. Flecing :koc 
 
October 8, 9 , 10, 1947 
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