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~le Watson or Cbarles 7 . llall 

Although tho proper design ot air intama alva,.a bas been 

1Jrr.portantt tho attention gi.Ton to this phase of aer~oe has 

increased sroatl7 during the put :rev years . ~1• added interest 

has been due to a nev tY,Pe ot propulsion and to the rapid increaoo 

:lit t.l:le nax1mUill speed ar our airplanes . l\ is vell.1 there:rore1 to 

reYiev briefl1 the effectS that Jet propulsion and hish speeds baTe 

an the deaian ot air intakes . 

In the jot engintt lar~ quantities of intake air must be 

eXhausted at h1gb. Telocitiee to create the propUlsiYe force . 1bis is 

in contrast to the reciproca'bing engine and propeller cacb1Dation for 

vb~ch onJ.r eu!.f1c1ent air for the cc:abuation ot the fuel is required 

in the engine . In this chart (tig. 9(b)') the 8l)heres represent tho 

q-uantities ot air requ!Nd 1n the canbuation chambers or reciprocating, 

turboJet and ram-Jet ona1nea at 16.0,000 teet altitude. Bxternal cooling 

air is not considered. Woto that tho qwmti"t7 ot air required b,- the .. . 
turbojet eng.tns is about eight tilnee gr&ater than that required b7 the 

reciprocating engine . The inlet !or the combustion cllat:tber air tor 

the turboJet engine 1a therefore JIUOh lar9'r than tbat required b7 the 

roe1procatin8 engine. 
.. 

RopreeentatiTe speeds ot ab'plan&s ua1ns these engines toda¥ are 

1nd1~ted b7 the looat1cm ot those dots vith respect to this axi • 
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SUBSOliiC AIR DtE1B 

Warren Anderson or Norman Martin 

Both subsonic and supersonic air-induction problems may be 

classified into two S')neral. diVisions; the first consistins of intakes 

ut1li~1ng the free-otroam air only, and t he second being t hose intakes 

J.ocated in a region of considerable boundary layer. 

Inlets in tho f i rst category, or those Which CCI:le in contact v1th 

the froe-etream air aro shown Q!l your left; the Wing leadinEt-edse 

in1:.all:&, the nose inlet on a nacelle, and t he cooltns scoop on tho 

P-?1. This lat te,.. type may be placed 1n either division, depending 

upon wbet her the scoop projects far enough frODl the b ody to be outside 

the influonoe o£ the boundary layer . 

The proble:os invol.ved in the design of V1ns leading-edep inle ts 

which meet the :free-tJt reem air and so are lUlB.f'fected by boundary-

layer phen cmena are analogous to those encountered 1n the develo nt 

of airfoils . Such an inlet must be designed not onl.7 to give hi gh 

rm!t-i>reseure recoveries bu10 also to cause no deterioration of the lift 

and drag characterist ics of the ··wing itself . Since What is ~~ficial 

:for ximutn lift is often harmful to the higb-flpeed drag, meeting 

these requirements involves a compromise of the eeametrical design 

parameters . As an exm:J.ple, prevent ing separation of the flov over 

the duct lips requires s uch features as large nose radii and thick 

lip sections. Risb critical spood, hwever, demands small noso radii 
. 

and thin lip sections . 
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0811 bo lDOt"e • tb&m on o1iber t.Jpoa ot iDl& • ~ 1a ._...>Q""

~ tba tn ana1a or air flar e.s it a 

tactCI:'& 

attect1ns tb8 obaraoter1st1ce or 1rhl8 ~ inloto have 

bocm ads ~. 'lho ettec or or tactan., aJl31e af 

attack and lmle.r-Up (!S)r, aro an the t1riJt c _..(fie. 9(o)) . 

pre,amill'O recovery 1a sham as ~ o£ at alt. . 

Jlotke that With no eta 011 Up. a ·~ 

duct1an 1n ure reocmtr7 a$ ~.aN' 

about 2'>. Such a 8Df3,1.e-of'-ette.ek fOJ!' e;ood pre \U"O 

recOV0%7 vou1d prohibit uso or ts tnl&t.. lfcMn'er, r1ns 

lip reolJlts So aatlo:t ta..~ c 

up to angle ot attack or ~. in, h er, 

h v1U a loea in mald.:ml.D lttt ~ 

tum would resul.t in inhritr po~ durins 

t.aJr&.ott aD1 ltin41ng. 

1b8 o.ttects ot Up ra41 and inlet veloct em 11ft c ter

iattca at vs.ns t1cm. 111 vbtch tbo inlet is lacod are shown m 

DUt ohart (ng. 9(4)) . Boro aoctial moxtmm;s l1f"t coof'flciont is 

shown ao a f'tmctl.an ot lip ~uo... n mq oaon tbat ei r 

~ina 1nlat wl.oc1 , ar 1nc &me the Up radius, ar a 

cCDbmat1 at b , oecti r-rbmn lit~ cocff1c1ent. 
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tba v1ns-£w:dlaae Jtmeturc end the in!'luonce or t!la vin8 3ho::k vavcs 

on the flw near the r.u:elase . · nwoo data indicate tJwt th1D inl.ot 

ohoul.d be placed a• tram 

of · wing. 

In thia short d1scuao1on ·or ail· illletG tor ail-plo.noo tl.1tog 1n 

tho subsonic apood ranso• it haa beoil posaiblo to tOl.Wb ~ the 

mirfaca of oxtona1vo reaoarch program conducted b.7 tho !lAtA. · A 

lar pro.r;~;rma 1a alo.o boing conducted f mloiw o be u.ood at c~rsonicc 

epeeda end • ......,__ w1l.l. 4180UBD tbo htgbU~ of the FOSI"D• 

Mr------.,.;.. • 
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p:Wltecl cut, tbe at c lo dwt 

to tb fiisbt speed. An e.1rpl.arle f"l71tJa a.t 500 mph 

~1B~au, 

which i equivalent to GCI:mremdca -mtto tta!'* tn :ata:ccS Ue 

c~. A~2000 tb18 tio to 36. 

.~tldng~ 

aU'cm.tt t c:m1c apeedtJ mquh'e Ulat atr be pp11od to 

t .lo';.t Telco!tJ w1 h1ah 1"'eeCmJZ7. 

to be cc1 tar upancrdc aSrcrat"~ an. to C%9C)OJ.Cft._t.e 

!r ettie1ento:q c to 

UQ(~w;a;to it et.!lJ.1"ul'theJo DO that it 

'l.be tlnt l*"'b 1a ecap1.1catod by tbe teot 

8 ca:dc W £nllJCC11dC epeeda gerJICI!Ii~ +Al~I!!W'I plAOO tmt:~n.l.)l 

ueh a. t. !a pa!'IJirll41oular narml. to tbe et:r!GO!:I 

rm4 1n it,' OCGm"C 

a1r t ot We DOfZI8l. 

ot ~;wQ._. la:rse ~ !n 

subacmia o._._,_ to 

SU 

~ll'ef'Ol'e t.be problot:l 1D: 

to cfece'ler3 lew' ~lo Cll"9 

1t .the JlCl':::u.J. ~~hook • 

.· 
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'l'vo g era1 methods tar acca~plishtng th1a supersonic decelerat1 

hAft used suee stull.7. The duct illl.et ahown here (tta. 9(8)) 

consiate ot a cc:mver~t toll by a 41wr&:.> oect1oa.. 

au;peraanic tre fiovina into this coa g1Jla eage 18 CDOOthl7 

deeelo...-a this is U1 direct contrast to subsonic tlov, ore a 

convera1Da paaaas causes an increase 1n speed. At the point ot 

JDS:IiiiiLD coatract!m, t 1r 1e maT!ng at a lov a~eraanic -ntloc1t7• 

It is abrtlptl7 d.oeelcrated tbroush a normal aboek wvo to subsonic 

speed Gild saes on 4ovn the exp aubaonic dittusc:tr. This t,-pe 

ot induction IJ18t operatca 11 e.t C111JJ t11sht Teloc1t;r end 

enable throttle settil:ag. If the tligbt Tel.ooit7 or the 8 fiow 

into "the 1Jilet is reduced, the shock-waft 'freD a point ot lov 

supersonic spoed. (DDICAB) to a point ot high oupersODic apeod 

causing iDatabUity ot operation an4 a sreat loss o~ et:ticieno7. 

To atab111&e the normal shock " and i.JI.prove the pert ce 

o~ the inlet, perforattcma in the valls ot c::m"'W' :t oecticm 

hale becm found to be effective. The perforations pt"O'ride esc 

ouUeto tar part of tbe entering air. ~ al.l.ova tho shock 

severe tluetuat1 

1n r pressure reco'tW%7 curo. 

'l'ho seoODd method of decelere.tins air f"raa h1&h &Up$1'8cnic to 

lov supereCDic apee48 1a to pus it through dol1beratel.7 created 

eboolt Y&'fH tl:lat ere obliq to the stre 41rection. The oblique 

wa caused.b7 the n e c::cmo ot the conical shock 1Dlet (f1g. 9(h)) 

doe not cause tnmsiti to suhaODic epeecl1 but 1DIBr8l.7 d.ecroQsea · 
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lm:lodiate~ ahead at the duct ent.rauae the a1r encounters an 

oblique ahook ow oanaed by a. ramp and is lleoelel'ated sudden17 to 

a lov au.perlW01c vpeed.. 'l'rans1t1on to subooa1e veloci'tzy' OCO'UrS 

thraush woe.k r:t:Ol."..IBl shook vave near the oeoop enia'ancG. It wa.a 

found t.hat slot.D 1n the oeoop s1dtMUl.s t.IJ.low tho hish prossure 1n 

tb& 4uct to .toroo the boun4a.t7 lt\ye.r out. Diverting tho 'bou1l4a.ry 

~ 1n this 1DI!m!l9r perm1to higher preoaure reeovwiea and Also 

stAbillzea the 1nl.~ partar:canco over a large or opeft.tiDB 

oondJ.t1ons . 

Subsonic 1r.Uh t1cm SJDte:Ds n.~to.1n. eccpre.sa1an raUos w:ttb1n 

4 ar 5 pc!iltoont of the mx1rnxm - tbeoret1cal.q attaim.bl.o duo to 

ram. At· ouperscmio Ms.oh nuo'bera belov about 1.5,. c~lo ram 

prossuro recoveries t1re poaaibls vith .the indllrition aye deocribed. 

At bhch nu:mbere h1gb,er tban 1.5, p.rGIISUX'e lo a tbrouah the ahock 

vavoo and 1n tho ·d"UO"ts oau.ae tho ram ca:apresoion ratio ot the nose 

~ 1nlets to ~ by nea:r}T 15 ~t a.t ~1e-o tho npoed. 

or sound and laO ~tat .a !lboh nu:mbor at 3. Scoop 1nlot 1nduct1oo 

ys are not read1l7 ada~ at t"llS}lt · bch numbers a two 

b~ the los s &DtJOCiated w1th f'C1"6boeq bee prohibitift. 

IIowever, by prupo;r use at bolllld8r7~ca.~ control DC80UrC side 

ocoopa can be used. even 1n thio :ral)ge. 

'rho tb:ree 'tJ'peo or inleta wo ve diacus are 111ectJ.i£ed 

designs t shcnr the trmld ot research beinS carried on to obtain 

f'unMrontal 1ntcrrmat1on on 1nleta that wUl o-perate etf'icient.Q- . t 

~'II."''J'>ttor.:l:f,c speoda. ~ d1ccU3s1cn. boen llm.ted. to CC~D&1 t1 

at ].ll"NSUl'e recorel7 a.loo;e . P.m.etical. aypl.1~t1Qll ot tboao BiBDS 
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{b) Fi"rst chart. 

(c) Second chart. 
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(d) Third chart. (e) Fourth chart. (f) Fifth chart. 

~·Figure 9.- Continued· 
NATIONAL ADVISORY COMMJTTH FOil AERONAUTICS 

AMES AERONAUTICAL LABORATORY,~ f!RD, CALl'. 



(g) Sixth chart. 

Figure 9.- Concluded. 
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(h) Seventh chart. [ 
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(i) Eighth chart. 

NATIONAL AOVISOIY COMMITT& FOil ADONAUTIC5 
AMES AERONAUTICAL LAIOIATOllY, MOfRTT flllO, CALIF. 




