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SUMME!RY

Twodifferentaxisymmetricspike-typeinletswereinvestigated
withandwithouta thinsplitterplateinsertedthelengthofthesub-
sonicdiffuser.Fressure-recoveryandmass-flowdatawereobtainedat
Machnumbersfrom1.5to 2.0at zeroangleofattack.

Oneinlet,whichhada nearlyconstant-areathroatsection4.28
hydraulicdiameterslong,experienceda pressure-recoverylossofabout
1 percentbecauseoftheadditionofthesplitterplate.Thislosswas—
attributedtofrictionontheincreasedsurface
hada diffuserflow-areaincreaseof30percent
licdiametersoflength.Thepressure-recovery
splitterplate”forthissecondinletwere5 and
atMachmuibersof 1.8and2.0,andlessthan1
1.5.

INTRODUCTION

area.Theotherinlet
inthefirst2.3hydrau-
lossesincurredby the
6 percent,res~ectively,
percentatMachnumber

Fressurerecoveriesobtainedwithsideinletswherefuselagebound-
arylayerwasremovedhavebeenasmuchas5 percentlowerthancompar-
ablesymmetricnoseinlets.Generally,a side-typeinletisdifferent
fromitsnose-inletcounterpartin severalrespects.Thesedifferences
includesubsonicdiffuserductbendsandoffsetsand,sometimes,a
diffuser-shapetransitionfromthatatthethroat.In addition,the
inletislocatedina flowfieldusuallydifferentfromthatoftheun-
disturbedfreestreamwithrespecttolocalMachnumber,totalpressure,
andflowangularity.Eachofthesefactorscancontributetolowered
performance.

A preliminaryinvestigationwasconductedintheNACALewis8-by
6-footsupersonictunneltodeterminetheoriginoftheseemingly
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lossin sideinlets.A symmetricalconical-
spikeinletwastestedwithandwithouta thinsplitterplateinserted
thelengthofthesubsonicdiffuser.Thus,back-to-backside-typeinlets
withoutductturningorduct-shapetransitionweresimulated.Theflow
fieldoftheinletswasthesameasthatofthenose-t~einletobtained
whenthesplitterplatewasremoved.Presenceofthesplitterplatecan
introduceflowdisturbancesnotoccurringinnoseinletssuchas corner
effects,whichwerefoundtobe detrimeirkalinreference1;thepossi-
blegenerationof secondaryflowsjanddifferencesinboundary-layer :growthandshock- boundary-layerinteractiononthecompressionsurface
andsplitterplate;andsoforth. m

Twoinlet-diffusercombinationsweretested.Oneinletwasde-
signedfora mass-flowratioof1 atMachnuniber2.0andhada long
constant-sreathroatsection.Theotherinletwasdesignedforabout
lo-percentconical-shockspillageatMachnumber2.0. Thesubsonicdif-
fuserforthissecondinlethada rapidincreaseinflowareadownstream
ofthethroat.Datawereobtainedovera rangeofmass-flowratiosat
Wch numbersof1.5,1.6,1.8,and2.0at zeroangleofattack.Splitter
plateshatingsweptbackandstraightleadingedgeswereinvestigated.
Variousattemptsweremadetovisualizetheinternalflow.

SYMBOIS

A

%

H

L

M

m

%

Thefollowingsymbolsareusedinthisreport:

flowarea,sqft

hydraulicdiameter,~tted~ertietir(computedat cowlleading
edge)

totalpressure

lengthofsubsonicdiffuser,in.

Machnumber

massflow

mass-flowratio,massflowthroughinlet
Povo%

velocity

longitudinalstation
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e~ cowl-positionparameter,angleformedbetweenmodelcenterlineand
linefromconetiptangentto cowllip

P massdensityofair

~ meanturningangle

Subscripts:

2 cowllip

x longitudinalstation

o freestresm

1 leadingedgeof cowllip

3 diffuseretit,36.67in.fromcowllipforinletA

4 static-pressuremeasurementformass-flowcalculation

5 maximumdiffuserarea,46.9in.fromcowllipforinletA

Pertinentareas:

Al inletcaptureareadefinedby cowllip(measured),0.155sqft

4 maximumdiffuserarea,0.289sqft

APPARATUSANDPROCEDURE \

A schematicdrawingofthemodelisshowninfigure1. Thecon-
figurationconsistedofan external-compressionsingleconical-shock
inletandanannularsubsonicdiffuser.A l/32-inch-thicksplitter
plateextendedfromthecone-tip(sweptbackplate)orthecowllip
(straightsplitterplate)to slightlydownstreamofthediffuserexit.
Thesplitterplatewas&linedwithonepairofthecenterbodysupport
strutsandaddedabout10percenttothewettedsurfaceareaofthe
diffuser.

A geometriccomparisonofthetwoinletdiffusers(designatedas
inletsA orB hereinafter)isshowninfigurel(c),andthediffuser-
areavariationsarecomparedinfigure2. Additionofthesplitter
platehada negligibleeffectonflowarea.InletA was des@ned fora

M-x&i&&&&@,m-r-

—- . -.—- — .——— —.— —— ————— —— —.—_ . . . .
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mass-flowratioof1 at’Wch number2.0. Internalandexternalcowl-lip
angleswere8°and12°,respectively(fig.l(b)).Thesubsonicdiffuser -
hadabouta 4-percentincreaseingeometiicflowareainthefirst3.5
hydraulicdiametersoflengthwithoutthesplitterplate,andin4.28
hydraulicdiameterswith.thesplitterplateinstalled(fig.2). Inlet
A wasbasicallythesameas inletB ofreference2 withtheexceptionof
thesplitterplate.InletB hada conetipprojectionforabout10-
percentconical-shockspillageat14ach,nuniber2.0. Internalandexter-
nalcowl-lipangleswere17.5°and220,respectively(fig.l(b)).The
subsonicdiffuserforinletB hada flow-areaincreaseofabout30per-
centinthefirst2 hydraulicdiametersoflengthwithoutthesplitter
plateandin 2.3hydraulicdismeterswiththesplitterplateinstalled
(fig.2). Theremainderoftheareadistributionissimilartobut
displacedrelativetothatforinletA. “Theareadistributionofinlet
B wasnotintentional,butwasa resultoftheseriesof conepositions
simulatedinreference3. Additionofthesplitterplatedecreasedthe
equivalentconicaldiffuseranglefrom5.5°to 4.7°,1 hydrauQcdiam-
eterdownstreamofthecowllipforinletB; forinletA thischange
wasinsignificant.InletB was1.34incheslongerthaninletA (fig.
l(c))andwasthesameasthe39.1°cowl-positionparameterinletof
reference3, exceptforthesplitterplate.Bothinletshad25°half-
angleconesandequalcowl-lipanddiffuser-exitdiameters.Theexter-
nalandinternalcontoursoftheoutershellareidenticalforthetwo
inletsdownstreamofthecowl-~unctionstation(station8.67forinlet
A): (Stationnumbersrefertonumberofinchesfromcowllip.)The
meanturningangleexperiencedby theflowat eachstationvsrieswith
thesxial-distanceratioas isshowninfigure2. InletB hasa more
rapidrateofturningasa resultofthesteeperinitialcowl-lipangle.

Wss-flowratioisthemassflowpassingthroughthemodeldivided
by thatofa free-streamtubebasedon cowlcapturearea.Massflow
throughthemodelwascomputedusingthemeasuredstaticpressureat
station41,a mass-flowcontrolplugflowcoefficientof0.99,anda
I&chnumberdeterminedfroma one-dimensionalfientropicarearatio
betweenstation41andtheminhum-flowareaatthemass-flowcontrol
plug. Total-pressurerecoveryandaverageflowMachnumberat station
36.7werecomputedbymeansoftheflowarea,measuredstaticpressure,
andmass-flowratio.Thisprocedureaccountedforlossesduetothe
rdcebodiesthatsupportedthestatic-pressureinstrumentation.Since
thestaticpressuxesfromeachsideoftheinletcantiteractbetween
theendofthesplitterplateandthecontrol-plugsonicpoint,the
possibilityforunequslductflowexists.Regionsofunequalductflow
orpulsing(onlyh-phasepulsingofbothsidesoftheinletwasencoun-
tered)areindicated.However,mass-flowratioandpressure-recovery
valuesarenotpreciselycorrect,sticethemethodof calculationdoes
notpermitlargeammntsofaqmunetricorunsteadyflow.

In
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Variousflow-visualizationtechniqueswereusedoninletA. These“
methodsconsistedofinjectingquick-dryingdyenearthecenterbody
splitter-platejunctionat station1.0,a comparativetotal-pressure
surveyat station2.0nearthesplitterplateand90°awayfromthe
plate(fig.6),andtheinstallationofa Pyrexcowlbetweenstations
5.0and14.0inorderto observea patternofthreadtuftsonthecenter-
bodyandsplitterplate.FordataobtainedwiththePyrexcowlandthe
inlettotal-pressuresurveyrakeinstalled,thecowl-lip-positionpa-
rameter13zwas42.3°comparedwith43.4°forthepressure-recoveryand
mass-flowdatapresentedfortheremainderoftheinletA tests.

Patternmaker’sleatherfilletshavinga radiusof1/4inchwere
installedinallthesplitter-plateinner-andouterbodycornerjunc-
tionsforpartoftheinletA tests.Thesefillets,whichextendedthe
lengthofthediffuser,hada shorttaperedmetallicleadfromthe
splitter-plateleadingedgeto thebeginningofthefillets.InletA
wastestedasa noseinletwithoutthesplitterplate,whereasdata
fromreference3 were
splitterplate.

Thevariationof
numberwithmass-flow

usedfortheperformanceofinletB tithoutthe

RESUZTSANDDISCUSSION

total-pressurerecoveryanddiffuser-exitMach
ratioisshowninfigure3 forinletA withvar-

ioussplitter-platecombinationsforMachnumbersof1.5,1.6,1.8,and
2.0andzeroangleofattack.SimilardataforinletB witha swept-
backsplitterplateareshowninfigure4 forMachnumbersof1.5,1.8,
and2.0. Ineachcase,theperformanceoftheinletwithoutthesplitter
plateisincluded.

The’pressurerecoveriesobtainedwithinletA,whichwerenotpar-
ticularlyhigh,werereducedabout1 percentby additichofthesplitter “
plate.Thislossislargelyattributedto increasedfrictionbecause
ofthe10-percentincreaseinwettedsurfacearea.Neitherchanging
thesplitter-plateplanformfromsweptbackto straight(flushwithcowl
leadingedge),northeadditionof cornerfilletshadanysignificant
effectonperformance.Thestablesubcriticalmass-flowrangewasnot
appreciablychangedby additionofthesplitterplate.

ForinletB thepressure-recoverylosswasabout6 percentatMach
number2.0,5 percentatMachnumber1.8,andlessthan1 percentat
Machnumber1.5. ForthisinletatMachnuniber2.0,thesplitterplate

. didnoteffectanyincreasein stablesubcriticalrangeand,infact,
resultedinreducedstabilityata Machnumberof1.8.

Thereasonforthesplitterplatecausinga significanttotal-
pressurelossforinletB butnotforinletA canbe explained,inpart,
by examiningtheflowvisualizationandinternaltotal-pressuresurvey
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results obtainedoninletA. Photographsofflowpatternsresultingfrom
dyein~ectionsreshowninfigure5 forinletA. Thetypeofdyepattern
obtaineddependedto someextentonboththeamountofdyeandthepar-
ticular,splitter-plateconfigurationused. Sincethedyewasinjected
ontheportsideofthemodel,thedyepatternonthestarboardside
isa resultofleakagebetweenthesplitterplateandconicalsurface.
Thesimilarityofthetwopatternsdemonstratedthattheinjection
sprayhadlittle,ifany,disturbingeff,ectontheflow.Thedataare
ofa qualitativenatureandsimplydemonstrateflowdisturbancesinthe
formofsecondsryflowsnotordinarilypresentinannularsynmetric
inlets.Secondaryflowsoflow-energyboundary-layerairarea result
ofradial-pressuregadientsduetoturningor shock- boundary-layer
interaction,orboth. Flowpatternssimilartothedyepatternspre-
sentedherehavealsobeenobservedintwo-dimensionalcascades{ref.4).

Thetotal-pressuresurveytakenat station2.0(fig.6)indicates
noappreciabletotal-pressuredefectinthestreamornearthecorners,
in spiteofthegraphicdemonstrationsof secondaryflowatthethroat.
Atmass-flowratioslessthan0.86,low-energyairisfoundatthecor-
ners,particularlynearthecenterbody.Thesecornerlossesoriginate
interna13.y,sincethedataareforthestraightsplitterplate,which
doesnotprotrudeexternally.However,theeffectonover-allpressure w
recoverywiththisinletisverysmallas showninfigure3. Theregion
ofpressurerecoveriesofabout0.95onprofiles(figs.6(a)and(b))is
attributedtothehigherpressurerecoveryofa lambdashockcausedby
a shockboundary-layerinteraction.

A typicalschlieren- tuftphotographofinletA isshowninfigure
7. Observationofthesetuftsdidnotrevealanypronouncedflowdis-
turbances,suchas separationareasor secondaryflowinthestablesub-
criticalmass-flowrange.

Thus,forinletA, flowdisturbancesduetothesplitterplatewere
indicatedby meansofdyepatternsat theinletthroatandwerenotdet-
rimentalto over-allpressurerecovery.Thesedisturbancesseemedto
dissipatedownstre~ofthethroat,asevaluatedby a total-pressure
surveyandobservationoftufts.

ComparisonofthesubsonicdiffusersforinletsA andB suggestsan
explanationforthedifferenceinlossescausedby additionofthe
splitterplate.ForinletA, entrance-flowdisturbancesassociatedwith
thesplitterplatemayhavebeeneffectivelymixedby the4.28-hydraulic-
diameternearlyconstant-areasectionbeforetheflowwasdiffused.
Thus,onlytheexyectedfrictionlossesoccurred.Thesubsonicdiffuser “
forinletB, however,hada 30-percentincreaseinflowsreainthefirst
2.3hydraulicdiametersoflength.Thisdiffuserwasmoreefficientthan
thatofinletA, as indicatedby therelativelybigherperformanceob-
tainedwithoutthesplitterplate.However,withsplitter-plateflow

Int-ucom



a
0)
&

NACARME55126 7

disturbancespresentatthe inletthroat,thesubsonicdiffusionprocess
wasnotas efficientasthatobtainedwithouttheplate.Thiseffectis
largelyattributedtotheinabilityof thisdiffusertoremoveorreduce
suchdisturbancespriortodiffusion.An alliedeffectwasdemonstrated
inreference5,whereflushslots,ramscoops,orareasuctionwereused
toremoveabouthalfofthecompressionrampboundarylayernearthe
diffuserthroat.Thisresultedinsubstantialpressure-recoveryin-
creases.Removalofsuchlow-energyairwould,inpart,improvethe
entrance-flowprofileandpermitmoreefficientsubsonictiffusion.

Theresultsofthisinvestigationsuggestthatsideinletswithout
additionalflow-conlmolmethodsmayinherentlyhavelowerperformance
thancomparablenoseinlets.At leasttwopositivemethodsofflow
controlforhigherperformanceareavailable.Onemethod,whichhas
beendemonstratedelsewhere,istheremovalofportionsoftheboundary
layerinthethroatregionwhereshock- boundary-layerinteractionsand
secondaryflowsoriginate.

Theothermethodisusinga longconstant-areathroatsectionto
promotemitingofflowdisturbances.Ineithercase,improvementofthe
flowprofilesinthethroatregionpriorto diffusionpermitsthesub-
sonicdiffusertomaintainhighefficiency.However,theremovalof
low-energyflowusuallyincreasespressurerecoveryinadditionto
maintainingdiffuserefficiency,whereasa constant-areasectionde-
creasespressurerecoveryslightlybecauseof increasedfriction.

SUMMARYOFRESUIITS

A thinsplitterplatewasusedto divideantisynunetricspike-type
inletintohalves.Theresultinginletsareconsideredas simulated
idealsideinlet-diffuserswithoutductbendsor shapetransition.Two
differentdiffusergeometrieswereinvestigatedatWch numbersfrom1.5
to 2.0. Thefollowingresultswereobtained:

1.No significantdecreaseinpressurerecoverywasobtainedother
thana frictionlossofabout1 percentattributedto increasedsurface
areaforinletA,whichhadabouta 4-percentincreaseinflowarea’in
thefirst4.28hydraulicdiametersoflength.Thisinletdidnothave
highcriticalpressurerecoveriesevenwithoutthesplitterplatebut
didhavesubstantialsubcriticalstabilityineithercase.

2.Total-pressurelossesof5 and6 percentwereobtainedatMach
numbers1.8and2.02 respectively, withthesplitterplateinstalledin
inletB, whichhadabouta 3&percentincreaseinflowareainthefirst
2.3hydraulicdiametersoflength.AtMachnumber1.5,a frictionpres-
surelossoflessthan1 percentwasobtained.Thisinlethadcompar-
ativelyhighcriticalpressurerecoverieswithoutthesplitterplate.

——-——. —...————— ——-—..__ ________ __
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Thesubcriticalstabilityrangeforthisinlet,whichwasappreciably
smallerthanthatoftheotherinlet,wasreducedatMachnumber1.8
whenthesplitterylatewasinstalled.

LewisFlightPropulsionLaboratory

1.

2.

3.

4.

5.

NationalAdvisoryCommitteefor
Cleveland,Ohio,September

Aeronautics
23,1955

8

REFmEmEs

Valerino,AlfredS.: EffectsofInternal
Recovery- MassFlowCharacteristicsof
sonicInlets.NACARME52J10,1952.

CornerFilletsonPressure
Scoop-TypeConicalSuper-

Beke,Andrew,andAllen,J.L.: ForceandPressure-RecoveryCharac-
teristicsofa Conical-TypeNoseInletOperatingatl&chNunibers
of1.6to 2.0andatAnglesofAttackto9°. NACARMJi52130,1952.

Gorton,GeraldC.: Investigationat SupersonicSpeedsofa
Translating-SpikeInletEmployinga Steep-LipCowl.NACARM
E54G29,1954.

Herzig,HowardZ.,Hansen,ArthurG.jandCostello,GeorgeR.: A“
VisualizationStudyofSecondaryFlowsin Cascades.NACARep.
1163,1954. (SupersedesNACATN2947.)

Obery,LeonardJ.,andCubbison,RobertW.: EffectivenessofBoundary-
LayerRemovalNearThroatofRamp-TypeSideInletatl?ree-Stresm
I@chNumberof2.0. NACARME54114,1954.

.

.

,.-.&.&_oy%53@mJ

.——. -.—



CE-2 SZ8!2

Station O

JrDetail A0.032 rA ‘;h(’7”2’&%:&me 1[%%7 .,
Splitter pla

H

%

230 &LU?-
mgl.e oone

w

(a)Cotiiguration.
I

O.CW I&d j-- ,
~ Approx.

21*.4:5@q
.-._._
Inlet A Inlet B

Inlet B

p- ‘-” -:r

—.. =— —__
~----= ——= - ——

/ ,. -—————— ---
/

//
/ ,~ Inlet A

N<~/

/ -~

(b)I&bail A.

Hgme 1. - Sohemgtio
from UOW1 lip.)

ISectionA-A Section 2-B ate.tion o :::7 /::2 :11

(C) Comparisonof inletsA and B with
s~tik eplitterplatee.

d%rwll of model. (All cllmmeim in inohes; statio.ememd



P
o

hid-distanceratio, x/L 5
Cn

H-gum 2. - Bubwmlc dlMmm-8.rea andman tumlng angleverintion.
H

N

3825



1

I

!

I

I

6plitterplate
.85 -o- mm

O Sweptimck
a Sbalght

< 4 at~ghtwith

?J

fillets

.80 4

, $

Type of Eymbol Flow

,75
Open 6t*le
tilid Rllatng
Tailed&ml Minimumstable
Tailedup unequalduct •o~

.7c-

,30

.22

# ]
P- A

,14
<

.50 .% .66 .74 ,82 ,90 .96 low
MMs-flou ratio,@~

(a)Fll@ Mach nmbr, 2.0.

Mgure 3. - Perfomance of inletA with wwloue @.itter plates at zero angleof attack,

I



.

I

.s5

I
I

.90

,85

.80

EF@.itterplate

Q tiraightvith
fllletm

*

,30

% o

)

.22
w’

* ‘

,14 a
,Ea .58 .66 .74 .82 .90 .9B

Mass-flow ratio,~~

(b)Fll@ Mach number,1.8.

Figure 3. - Cantinud. Performanceof inletA vith vmiouE flplitterplatea at zero angleof
attack.

PI
N
O-J

3825



1

I

I

I

I

.9L

8plltterplate

?
u + Hone

4
0-%- d

o &eptba&
0 Straight

.90 A
w

&

4 St.ralghtwith
fillets

85 A *

a

.80

.3G

a 2
4>

.22
●

Y

w -

.14
4

.50 .56 .66 ,74 .82 .S0
Mm-flow ratio,mJ~

(c)Flight Mach nuuibar,1.6.

Figure 3. - Continued. Peflormame of inlet A with v81’Iou8aplltterplate6 at zero
angle of attack.

E/

‘d



Splitterplate

~ 8we@back

.90 8traightwith
fillets

.85

,80

.30

,22

.14. a
.40 .48 .56 .64 .72 .80 .88

Ma9s-flowratio,~~~

(d)Fllght Mach number,1.5.

Figure 3. - “Concluded.Performuce of inlet A with VU’IOUEsplitterplates at mm angle of .
attack.

P
A



NAC!ARME55126

1

u)
1%to

.

+?
.

15

Loo

.95
/ --- .—. .-
+

-UnequaldUct flow V \

.90
FlightNachnumber, (> I

/ r%
u ,“

/

2.0 dF
.85— 8 1.80 4

No pla~~s(re~.3) !

1# !
Typeof Flow

m — Symbol #---

I I
IT Tailed Unti duct

——— Pulslng

Open Stable
Solid Pulsing I

‘‘ ‘-”*

.
.75-

.70

.65

.60

.34

.26

.18

H-

In
,

A
d

c:

---
,30 .38 .46 .54 .62 .70 .78 .86 .94

Mam3-flowratio,m~~

Figure4. - Effectof mieptbacksplitterplateonoperformanceof inletB at zero
angleof attack. Cowlpoai.tionparameter,39.1 .

.——-—— -—— —. .——z ——— —



.

SzEE



\

\

\

\

\

\,

\
\

\,



I

(0) 6-tdbma EiaOjm--m injaOtim.

HgRm 5. - ConolMed. Dya traoeafor hlet A, mptbaok qlittarplatewitkaut
fil.le’ta.FIMt W& mmib~, 2.0;ue,ee-fl.ovratio,0.92;zeromgle of a-tkok.



MACARME55126

.

.

(

,

.

1.0

.5

0

(c) Ms8-flmw Ht.lo, 0.86;dlffMer-Oxlttital.~mrn-a remvm-y, O.Eli.

-----—— — —.



I


