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NACA RM No. LTDO3 CONFIDENTIAL
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

AN INVESTIGATION OF THE LOW-SPEED CHARACTERISTICS CF
TWO SEARP-EDCE SUPERSONIC INLETS DESIGNED FOR
ESSENTIALLY EXTERNAL SUFERSONIC COMPRESSION
By Jom 8. i)ennnrd

SWMARY

An investigation of two eharp-edge ennuler inlets with conjcel
centrel bodies has been conducted at low eirepeeds-in the Langley.
propeller-research tumol to obtain prsliminsry information con-
cerning the surface-preesure, drag, &nd preesurs-rocovery ciaarac-
teristics of auch inleta in the subecnic flight regime. Inlet A,
vhich was dssigned for eupersonic flight Mach numbere between 1.0
end 1.2, was eseontially similar to the NACA trsnsonic eir inlet
deecribed in NACA Ressarch Memorsndums Noe. L.6JOL and L7A06 sx-spt
that 1t had e eherp-edge inlet lip. Inlet B, wiich was designed
for eupersonic flight Mach numbers up to sbout 3.0, was rspresents-
tive of the inlete deecribed in NACA Resesrch Mezorendum No. L6J31.
Sirface -prsseure meaeurewcnts end surveys of the pressurss in the
internal and external flow were obtained et angles of attack of 0°
end 6° for e wide rsnge of inlet-velocity retic.

It appeere that the sharp-edge lipe of euch inlsts will operste
vithout eerious prsesure pesks only over a narrow range of inlet-
velocity ratio. Flow eeparation from such cowling lipe occurs out-
side of this renge, on the external surface et lower inlet-velocity
ratios snd on the internal eurface at higher inlet-velocity retios.
This esparation is at firet larsely confined to 2 "bubble" near the
leeding edge vhich doee not initiete larze total-preesure loeses
over a fairly wide rsnge of inlst-velocity ratio.

Internal lossee for both inlets teeted wers of the sems order
as those for the prsvicuely tested NACA transonic inlet below an
inlet-velocity ratio of 1.2. At inlet-velocity ratiocs above thie
velus, the pressurs rscoveriss wers lower than that for ths NACA
trensonic inlet. Similarly, 1t is indiceted tat the external drag
for inlste A end B will be higher then thet for the NACA trenmsonic
inlet, sepecislly et low valuee of inlst-velocity rstio.

{ CONPIDENTIAL
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The external lip eurfece for euch inlets cen be designed for

a deeired critical Mach mumber (eubeonic) through the use of exieting
data for the NACA l-seriee r.ose inlets.

INTRODUCTION

- In refercnce 1 a eharp-odge supersonic ncse inlet ie described
) in vhich the conical shock from the extended conical central body )
5 4 ie utilized to obtain external eupereonic compreesion and reduced

-

flow velocities in the vicinity of the inlet. It appeers that euch

an inlet will efford high preseure recoveries and smooth operating
cheracterietice over e wide renge of supersonic flight Mach numbers ‘l
and cen be designed for a dreg only slightly greeter than thet for ’ o

an inlet with completely internal supereonic c:upression. Beceuse

of the greet intereet in the eubject inlete, the preeent inveeti-
x getion hae been conducted in the Langley propeller-reseerch tunnel
to obtain preliminary information concerning the eurfece-preseure,
drag, end pressure-recovery cherecterietics in the eubsonic flight

\ regime vhere the sherp inlet lips might ceuse serious separation
‘ effects.

The two test inlete were designed in eccordsnce witi the deta
conteined in reference 1. Inlet A, which was designed for flight
Mach numbers up to 1.2, wae eesentielly similer to the NACA trensonic
. I ' eir inlet except for the conventional round-edge lips of the trensonic »
‘ inlet. (S8e¢e referencee 2 end 3.) Eowever, as sharp-edge irlets have
been proposed frequently for this flight regime, tests of this con-
t

figuretion wore made to obtein data for e preliminary campariscn of
the two types of lip shepes.

Inlet B, which was dvsigned for superecnic flight Mach numbers
up to 3.0, ie representative of the inlets reported in reference 1.

Surface preeeures were meaeured over the top perts of the noss
cone, inner end outer walls of the diffuser, end externel cowling
surfece. Pressure eurveys were made in the inlete end in the dif-

fusers of both cowlings. Boundary-layer totel-preesure eurveys were
made at the rear of the external cowling surfaces.

SYMBOLS

total preeeure, pounds pw w eobt

sverags total pressurs, pounds per square foot

g FLiens
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Ny predicted critical Mach nwmber

) ) static pressure, poundas per aquars foot -

frea-stream stetic pressura, pounds per aguare foot
free~stream dynamic pressure, pounds per quaro'rootll
average velocity of flow et inlet, fset per ioéon;l -
free-stream velocity, fast per sascond

angle of attack, degreas

boundary-layar thickness (defined as diltahco ﬁm'Mau

- Po

to point where = 0.95), inches

MODEL ARD TESTS

. 'Line drawings of the two inlata teated ara preesuted ss figure 1.
It 1s noted that the shepes of tha diffusers and covlings for the
two inlets were naceesarily dissimilar dus to the differances in

. nome engle, cowling position, and inlat-1lip engla. The trensition
between tha nues and diffuser surfece of iniet A wea 8 bend of smsll
redius aa contrastad to tha long smcoth transition for inlet B. A
simple radius waa used in inlet A to fair betwsan the wedge-shape
11p sactlon end thes maximum thickness of tha test body; & portion
of the extsrnel chapa for an NACA 1-77.5-050C nose ‘nlet (rafercnce 4)
waa used for the correaponding transition feiring for inlat B. (See
detail, fig. 1.) 1Inlat aresa were 1.106 square fect for inlet A
end 0.695 aquars foct for inlet B. Inlet A used the esms conicel
nosa and had epproximataly tha same inlat ares ea the NACA annuler
transcnic sir inlet tessted in reférenca 2.

The generel errangement end over-sll dimensiong of the modal
are preeentad as figura 7, and photogrephe of the modal with the two
inlets inctzlled are shew: as firurea 3 through 6. The internal-flow
system included e 25-horsepover axial-flow fan, which wvas necassary
to obtain the higher inlst-velocity rastioce. Control of the flow
quantity wes obtained by varying the rotaticnal speed of the fen
and the position of the butterfly-type shutters. Intarnel-flow
quantities were measured by mesns of the total- and static-pressure
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tubes ot the throat of the venturl end checked by a rake et the
exit. A thermocouple sttecin=d to ths sxit raks was used to mesdure
the tempsrature riss through the fan.

Prior to the tunnel tests, ths venturl in ths tail of ths model
wae calibrated to assurs thc accuracy of ths Intsrnal flow quentity
meapurements. It was found that accurate measursments ~ould be
obtained 8o long aa the fan did not intrcducs appraciable rotation
in the flow through ths throat of the vanturi. It vas uls> detsy-
mined that such rotation could be svoided for any desired rlow
quantity by simultansnus adjustment »f the tan rotaticnal spesd and
the position of the flow-control shuttars. Duriag the tunnsl tests,
ths existencs of a uniform static-prossurs distribution in tne
venturl throat, which waa indicative of the svcidanca of flow rota«
tion, was cstablishsd for sach test conditicn by visusl observations
of a multitubs manometer.

Surfacs presaures wers measured by means of 52 orificas installed
at the tops of the noses, diffusar surfacss, and sxternal cowling
surfaces. Inlet prassurs survays were made at tae bottom and right
side of ths annulua for inlsts A and B,l Inch anf 1/€ inch, raspsc-
tively, downatream of the inlet. Survers were nlao mads of ths
pressures st the top snd left side of the diffusera efior on arca
expension of 11.5 percent {ctatiors 12.4 and 11.8 for inleta A and B,
respactivaly). Inlst A hed an additional rake located halfway between
the other two diffussr rakes. A typical rake may he 3esa in figure 6.

Prassure awrvays wera conducted at anglss of attack of -6°, O°,
and 6° for ten valuss of inlst-velocity ratio ranging betwean 0.25
oend 1.65. Prassurs aurveys for the parta of ths model dismstrically
opposits to ths instrumentation were obtained by the expedient of
testing at the numsrically squal nagative angls of attack. A tunnel
apesd of 100 milcs per hour, vhich correaponds tc a Mach numbar
of 0.13 and a Reynolda number of abecut 2,000,000 baced on the
maximum cowling diamster, was used fur tsats at inlet-velccity
ratios up to 0.9 for inlet A end up to 1.7 for inlet B. For the
remaining tests, they turnsl speed wes rsduced to shout 70 milsa per
hour in order to cbtain the higner inlst-velocity rstios with the
available fan power.

RESULTS AND DISCUSSION

»= Surface-pregsure distri-
butions over the noee snd inner surfacs of the diffuser of each of
the two inlets are prosentsd as figurs 7. At en angls of attack
of 0°, flow velocities over the surfaces shead of the inlets wers
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subetream et inlet-velocity ratice below unity. Ae would be expected,
the velncitiee on the noss of inlet B were much lower than thoee for
inlet A beceuee of the greeter cone engle. Increesing the engle of
etteck increeeed the flow velocities et tha upper forward parte of
the nose cones end the bottcm of the inlete (es indicated by the

date for o = -6°) “‘and reduced the valocitiee at the tope of the
inlats. At tha lcweet test inlet-velocity ratios, the eurface pree-
eure dietributions indicate boundery-layar sereretion from the tcp
eurfecee juet in front of the inlets for a« = 6°.

The eurface preeeures at the inlete of both configurations
et a = 0° (fig. 7) were elwaye mora negetiva then correeponding
eetimated valuee based on ths inlet-velocity ratio becaise tha
inlat-valocity dietribution was nonuniform due to tha boundery
layere on the nosee end elso beceuse of the curveturs of the noae
cone neer the plene of the inlet. Meximum valocitiae on the centrel
bodiee of both confipursticne occurred eft of the inlet for ell test
conditions despite the fact that the minimum duct eree occurred et
the inlet. This phenomenon cen, for the higher inlet-velocity ratioe,
be partly ettributed to e small reduction in the effactive erea aft
of the inlet ceused by eeparation of the flow frcm the sherp-edge
inlet lipe; ee will appeer later, euch eeparetinn was more pronounced
for inlet B than for inlet A for the eeme inlet-velocity retio. The
effoct 18 also due to the fect that the center of the curved trenei-
tion region between the ccne and the inner wall of the diffuser
occure eft of the inlet, perticulerly for nose B. In generel,
velocity tende to be a maximum near the center of e curved trensi-
tion ragion batween two etreight eurfacee. J ]

Inlet lips.- Preesure distributione over the lips of the teet
inlete for & = 0° (fig. 8) show that large negative pressura peeks
occurred on the outsida eurfaces juet behind the laeding edgee et
the lowar inlet-velocity retioe end on the ineide eurfacee Just
behind the leeding edges at the higher inlet-velocity ratios; hence,
theee inlate operete without high preseure peeks only in e narrow
renge of inlet-velocity ratio. The ehapee of the preeeure distri-
buticns indicete that eeparetion bubblae axisted at thase pointe
in conjunction with these praeeure pesks. The eeparetion bubble on
the external murfece of inlet B wae emeller than thet for inlet A
beceuse of the greater camber of the lip. At the top of the inlat
the effect of increseing the angle of etteck wee to broaden end
increese the .ln'?xitudp of the external pressure peaks snd to decrceee
the magnitude of the internal preesure peeke; the date for a = -6°

gﬁgt c)) indicete oppoeite trends exieted at the bottoms of the
8.

Totel-pressure surveys in the boundery layer neer the rear of
the cowlings are presentsd in figure 9. A Dlot of the boundary-layer
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thicknessee corresponding to thses dsta egainst inlst-velocity
ratio (fig. 10) shows that et a = 0° severe seperetion from the
1ips of either cowling did not occur ebove inlst-vaslocity ratioa of
ebout 1.0. Bslow thie inlet-velocity ratio inlet B ehowed only e
slight thickening of the boundary layer wvhersea inlet A showed
rapidly increeeing boundary-lsyer thicknese. A camperison of the
data in figure 9(a) with compareble dete in figure 16 of rsfarsnce 3
also indicates that for inlet A the boundary layer on ths extsrnsl
11p surfecs is much thicker and therefore the external drag would
probably be higher than that for the NACA trensonic inlet of rsfer-
ences 2 end 3 for most of the useful remge of inlet-velocity retio.

It ie noted that et the higher tsst velues of inlet-velocity
ratio, the preesure distribution ovsr the extsrnal part of the lip
of inlet B (fig. 8) was fairly flet ee is characteristic of the
rressuro dietributions for the NACA l-series nose inlsts of rsfer-

v

ence . At a = 0° and v—i = 0.9, the critical Mach numbsr for
o

this surfecs predicted eccording to refersncs 5 was 0.74, a value
of the seme order as that sstimated for the NACA 1-77.5-050 noee
inlet which was used as ths basjic transition shape. This rssult
indicetss that the trensition fairing aft of the weige-shepe 1lin
eection can bs dssigned for sny desired critical Mach number up to
abcut 0.9 by uss of tho sxisting date for the NACA l-serles nose
inlets.

The negative pressurs peaks on the internmal lip surface of
inlet B in generel wers scmewhat higher end brosder than those for
inlet A for squel inlet velocity ratics. (Bes fig. 8.) This result
indicetes that, es previously deduced, the size of the separation
bubble on the inside of ths 1lip of such inlets tsnds to increase ee
the camber of tha lip is increesed. Howaver, the flovw returned to
the ewrfecs quickly in both cesss. Subesquent results show that
the intsrnal sepsration lossse were not oxcessive for either inlet

v
up to ;—1- = 1.2, but were larger for inlet B than for inlet A at
o

the higher valuss of inlst-velocity ratio.

Minimum eurfecs pressures and critical Mach numbers.- The minimum
eurfece pressuree measured at the top.of ths modsl for angles of stteck
of -6%, 0°, and 6° ars given in figure-ll; correeponding criticel Mach
numbers predicted eccording to reference 5 are eumarized in figure 12.
The deta for a = -6° may be regarded aa bsing applicabls to ths
bottom eection of the inlets for K « = 6°.

T i o
e rengp &

.- - e e T
bt

) & .

fo ey R




CONPIDRNTIAL

frelauz'uurvexs in inlcts,- Pressure Surveys g¢ the inlets of
VO teet configmtions ere Presenteq in Pirure 13. a¢ an engle
0%, the boundary loyer on the conicel noge of inlet A
to bs 8cparateg 8t the -velocit,y retio apg

wae mych thickep then ty

retioa, The eftect of increpgy

the inletwelocity retio at wyy

the inlet and to Produce the

velocity retios op ebout G.9

8ttack or 60 4,

rolpectivoly. ]

vere essentiall,y th

* Presgure Surveye in the dif-
iong apyep en sres ©Xpansion of
* At the lower inlat-velocity

8808 ot the innep Surface (f the g

The averegoe, chb
Yecoveries in the direy
Sented in ficure 15 a
angleg of atteck of go
Wre over 90




CONFIDENTIAL NACA RM No. L7DO3

smaller boundery layer st ths inlet. Abovs Bn inlst-veloci‘ty retio
of ebout unity the pressure recovery for inlet B was less then thst
for inlet A becsuse of the more scvere eeperation from the 1ip of
inlst B.-

A comparieson of ths data contained in figure 15 with corre-
sponding preesure recovcries for the NACA transonic sir inlet (after
17 percent ares expansion, reference 3) shows tiat the presaure
rocoveries for the twc inlets were of the same order below en inlet-
velocity ratio of ebout 1.2. Above this inlet-velocity rstio much
higher pressure recoveries were obtained with the NACA trensonic eir
inlet due to the avoidance of separation from the inrer surface of
its inlet 1ip. The KACA trenscnic inlet would be expected to exhibit
o much higher pressure recovery in ths climb condition.

CONCLUDING REMARKS

A wind-tunnel investigation has been made to dotermine the low-
speed characteristics of two sharp-edge supersonic air inlets designed
for osscntielly external supersonic compression in eccordance with
the investigation of NACA FM No. L6J31. Inlet A, vhich was designed
for rlight Mach numbers up to 1.2, was e configurstion similar to
the NACA trsnsonic inlet investigsted in the tests of NACA RM No. L&JOL
snd NACA RM No. L7A06 snd thsreforc provides a comperison bstween a
sherp-edge end o conventional (subtsonic) cowling. Inlet B, which was
designed for supersonic flight Mach numbers up to sbout 3.0,was reprs-
asentative of the inlet used in ths tests of NACA RM No. L6J31. The
results of the investigntion eére summarized cs follows:

1. Sharp-edge cowlings of this typs will operste wittoui high
pressure posks only in e narrow renge of inlet-velocity ratio. Sharp
Prescury peeks with stoep edverse gredjents appesr cutside of this
renge on the external surfsce et lower inlet-velocity retios and on
the intsrnal surfece st higher inlet-velocity ratioce.

2. The separstion csused by the severs prsssure peeks on such
sherp-sdgs cowling lips 1s at first lsrgely confined to a "bubble"
neer tho lseding edge; however, totel-pressure losses due to the
sepereticn ere reasonably low for e feirly wide renge of inlet-
velocity retio. -

3. Internal losees for both inlets tested were of the scme
order es thoee measured for the NACA trensonic inlet of NACA RM
No. LTAO6 below en inlet-velocity retio of 1.2. At inlet-velocity
roetioe ebove this value the NACA trensonic inlet, with its rounded
11p, evincee e higher preesure recovery. Similarly, it 1s indicated
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that the external drag for inlste A end B will be higher than that
for the NACA transonic inlet, sspecially at low valuss of vilvo.

k. Por eubascnic flight speeds, inlet B would be expscted to
choks before sny local supersonic spsed appearsd on the nose cone.
The date for inlst A indicate approximately this same conclusion,
although the margin of safety is considerably lese then for inlet B.

5. The desirable flat pressurs distribution over tie external
cowling surface mey be obtained by using the NACA l-seriess noss
inlet as a transition fairing bstween the sherp leading edps and
the maximum cowling diamster. It is possible by use of this method
to design sherp-edge inlets which will hsve criticel Mach numbers
up %o about 0.9 in the subscnic flight regime.

Langley Memorial Asronsutical Laborstory
Hational Advisory Committee for Aeromautics
Lengley Field, Va.
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Figure E.- Detail view of Inlet A.
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