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MMI?S0’MASS-FLOWCONTROLMl!MACH NUMBERS

(IF 1.5,1.8}snd2.0

By GeraldC.Gorton

~ orderto checkthepracticabilityofa translating-spikeInlet,
animestigationwaeconductedinthe8-by 6-footsupersonicwindtun-
nelm a 500conical-spikeInletatMachnunibersof1.5,1.8,md 2.0
overa rsngeofangleofattackfrm 0°to9°.

Theadditive-drag penaltyassociatedwithinletmass-flowspillage
wassigniftcantlyreducedbyusinga translating-spikeInletrather
thana fixed-gemetryinlet.Howeverjthetotal-pressurerecmeryof
thistranslatl.ng-spikeinletwithobld.queshockspillagewaslessthan
thetotal-pressurerecoveryofthefIxed-geometryinletattheseinemass-
flowspillage.

Indicationsoftheimprovementinperformanceofa turbo~etinstsl-
ktionbymeansofmass-flowcontrolwiththisspecificVariable-geome$ry
InletareIncluded.

Rrl!RaDucTIoli

Whenturbojetenginesareoperatedovera rangeofaltitudes,
enginespeeds}andfllghtMachnumbers,sme formofvariable-inlet
gecmetryisneededtoefficientlymatchthemass-flowrequirements
oftheenginetothealrdeliveredby theinlet.Onepruposedmatching
methodprescribestheuseofanInletwitha translatingspikewhich
wmld alluwthereq@redamountofmassflowtobe spilledwitha mini-
mumofadditivedrag.Additionalmesasofmass-flowcontrolaredis-
cussedInreferences1 and2.

A preMmlnaryinvestigation(ref.3)ofa translating-spikeinlet
hasbeenmade,buttheavailableInformationisIJmitedtointernal
flowperformanceat zeroangleofattack.Theob$ectofthepresent
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investigationwastoascertainthepracticabilityofa translating-spike
inletasa meansofmass-fluwcontrolandto obtaintotal-pressure-
recoverydataatangleofattackenddrag*ta at zeroangleofattack.
Theover-all gain inperfomance.of~,e~e equippedwitha
translating-spikeinletisdeterminedlythe,combinationof changesir-”
total-pressurerecoveryanddragrelativetothevaluesobtainablewith
a fixed-spikeinlet.Thisinvestigation~conductedat the27ACALe’w!.s
laboratory.
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SYMBOLS

Thefolhwingsymbolsareusedb thisreport:
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flowarea,sq ft —.—

inletcaptureareadefinedby CUW1lJp,sqft -.

maximumexternalcross-sectionalarea,sqft

external-dragcoefficient,D/~ -_ .

additive-dragcoefficient,D~q&

dragforce,lb

additive-dragforce,lb

dragforceduetomass-flowspillage,lb

thrustat operatingtotal-pmmwregecave~,lb

thrustat100percent”t@al-pressure.recove~,lb

lengthofmodel,excludingconical-spikeprojection,in.

lhchnumber

massfluw,slugs/sac

massfluwthroughstreamtubedefinedby cowllip,slugs/see

totalpressure,lb/sqft

staticpressure,lb/sqft

dynamicpressure,TpM2/2,lb/aqft -
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x - distanceduwnstreemofcowlUp, h.

a angleofattack, deg

Y ratiooft3peciflcheatsforair

eg cowl-positionparameter(anglebetweenSXISofdiffuserandline
jolnlngapexofconetocowllip),deg

9 theoreticalobl.lqzeshockaugle,deg

~scripts:

o freestream

3 planeofsurvey

4 diffuseroutletstation,6tingin

4,1 diffuseroutletstaticm,stingout

x axialStatlml

APPARATIJ8m PRCKZZluRE

Thesting-mounted8-inch-di.ame~ermodelwasinstklledinthe8-by
6-footsupersonicwindtunnelwhichwasoperatedatMachndbers Mo of
1.5,1.8,and2.0. TheReynoldsnuniberduringtheinvestigationwas
Wproxhately3.4X@, basedonthemaximumexternaldiameterofthe
model(8.125in.).

Themodelwasinvestigatedwiththreeinlets,oneofwhichwason-
designata free-streamMachnumber~ of1.5,oneat1.8,andoneat
2.0. Theseinletsweredesignedsuchthattheconeshouldersoftheirre-
spective50°conicalspikeswerepositionedatthecowl-lipstation.The
coneshoulderisthatportionofthespikewherethecontourdwlatesfran
a straightconicaltaper.Theinletsdesi~edfor Mo = 1.5and1.8were
investigatedatzeroeagleofattack.Theinletdesignedfor I@ = 2.0was
usedinconjunctionwithfairedspacerstoobtainspiketranslation
ti ms tivestimted at angles of attiti f~ 0° to 9°. Thespacers

madepossiblethepositioningoftheccmicalspikeat cowl-position
parametersez of54.1°,45.8°,43.0°,39.3°,36.5°,and34.1°.The
firstthreevaluesof ez allowtheobliqueshockgeneratedby the
conetofallatthecowllipat Mo= 1.5,1.8,and2.0,respectively.

@!!!En!
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At ~ = 2.0,thelastthreevaluesof ez cause9,19.5,and27.5per-
centmass-flawspillage,respectively.Hereinafter,thesespacercon-
figurationswilJbe referredto asthetranslating-spikeinlet. ---

TheprincipaldimensicmsandnotationfortheVUIOUSconfigura-
tionsarepresentedintable1,andthecoordinatesofthecowls,cord.-
calspikes,andfairedspacersaregivenintablesIIandIII. A sche-
maticdiagramofthemodelIncludingdetall,softhefaired-spacerassem-
blyIsgivenin figure1. Thediffuserare&variationcurvesarepre-
sentedinf@re 2 alongwitha schematicd~gr@uofthemodelonwmdh -
thepertinentstationsareindicated.

Theinstrumentationconsistedofa static-pressurerakeat the
plane of survey(station3),a three-ccmpomentstrain-gagebalance
withinthemcdelcenterbcdy,a movableplu~.attheoutletofthemodel
to controlthemassflow,a direct-readingangle-of-attackindicator,
anda dynamic-preseurepickuplocatedslightlydownstreamfmm the
planeof survey.Thedynamic-pressurepicl.wpwasusedh cmjunctim
with schlierenapparatustodetermineinlet-flowinstability.

TheMachnumberattheplaneofsurvey”wasdeterminedfroman isen-
tropicone-dimensionalarea-ratioexistingbetweentheplaneof survey
endthechokedoutlet.ThediffuseroutletMch number%,1 fS
definedas thatlkchnumbercalculatedlyisentropicallyexpandingthe.
flowto theinternal-ductarea,at station4 tiththestingremoved.

Themass-flowratiopresentedistheratioofmassflowthrough
themodel m3 to thatofa free-streemtubedefinedby thecapture
areaoftheinletcowl.Themassflowattheplaneof surveywas
calculatedby assuminga chokedconditionat theoutlet-nozzlethroat
&d usingthemeasuredaveragestaticpresswreandthecalculated dff-
fuserMachnumberatthephne of survey.An outlet-nozzleflowcoef- -
fl.cientof0.98wasused.

Total-pressurerecoveryistheratioofthetotalpressureJ?3)
determinedfrcmthemeasuredaveragestaticjpressureandthecalcu-
latedMachnuniberattheplaneof survey,to themeasuredfree-stream
totalpressure,Po.
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DragW* werecmrputedfromaxial-forcereed-s Ofthethree- - ..-.—— _
componentstrati-gagebahnce.

DISCUSSIONOFRESOIJTS ---.

Effectof spiketranslationat zeroangle ofattack.- Total- ““
pressurerecovery,diffuseruutletlkchnumber,andexternaldrag
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coefficientarepresentedinfigure3 asa functionofmass-flowratio
forthetranslating-spikeinletat zeroangleofattack.Theseperfozzn-
mce characteristicsat criticaloperationare,sumarizedinfigure4
a functionofthecowl-positionparameterez. Additionaldata,not
presentedinfigure3 arealsousedinmakingthesummaryplotsof
figure4.

Thetotel-p=ssurerecaveryismaximumfor ~ = 1.8and2.0at

‘z = 43.0°& decreasesas thespikeistranslatedto eitherhigher
orlowervaluesof el. The&qp intotal-pressurerecoveryfor

as

GZ<43.00~ises fra-theflow~ansion overtheconeshoulderupstream
oftheCawllip. (Seefig.5(d),forexample.) Thedecreaseintotal-
pressurereccrveryfor ~Z>43.00isa res~t oftheno- shockbeing
forcedoutsidethecowllipbecauseofexcessiveinternalcontraction
(seefig.5(e)) andthefactthattheobliqueshockmavesdownstream
as 01 increases.Bothconditionsincreasetheamountofmassfluw
passingthrougha nomal shockatfreestreamMachnudbers.

At ~ = 1.5,theinletappearstqbe lesssusceptibletolosses
intotalpressureassociatedwiththeexpanded-flowregionoverthe
shoulder.However,theinletdoessuffera dropintotal-pressure
recoveryfor 62>G.80 becauseof excessiveinternalcontraction(see
fig.5(1)).

ThevariationofdiffuseroutletMachnuniberwithspiketranslation
at zero-e ofattack,as shuwninfigure4, resultsfromchangesin
total-pressurerecaveryandmass-flowratioat criticaloperationofthe
transl.sting-sptieinlet.

Variationofthetotaldragwith 19zis mst pramnced at
~ = 1.8and2.0withtheminimumvaluesoccurringwhere 13Zequalsthe
theoreticalobliqueshockangleq. Theincreaseintotaldragfor
6~<Q istheresultoftheadditivedragassociatedwithmass-flow
SP~ dmtre- ofan obliqueshock,whereastheincreaseintotal
dragfor 62>Q is dueto spiUagedownstremofa no- shock=~s
spillagedownstreamofthenormalshockresultsfrcminabilityofthe
inletto swallowthenormalshockbecauseof internalcontraction.The
totaldragat ~ = 1.5is essentiallyconstantovertherangeof ~z,
withtheeffectsof internalccrntractimmostnoticeableat ez= q.

Analysisindicatesthatan inletcanbe designedwhichwillkeep
theconeshoulderdownstreamofthecowllipfortheentirerangeof
spiketranslation,withoutinternalcontraction.It isexpectedthat
sucha designwouldretainthehighercriticaltotal-pressurerecov-
eryofthefixed-spikeinletthroughouttherangeof translation.

9
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However,theredesignedinletrequirestheInternalcuwl-lipangleto
be increasedfrom7°to18°,therebyIncreasingtheCUW1pressure-drag
coefficlentfrcmapproximately0.035to 0.056basedonthemaximum
externalcross-sectionalareaasdeterminedfra linearizedpotential
the!oIy.

Effectofspiketranslationat angleof.atta_pk.- Theto’tal-
pressurerecoverycharacteristicswiththespikeadjustedfor ez=q
andalsoextendedto ez= 39.3°,36.5°,and34.1°(correspondingto
9,19.5;and27.5percentspll.lageat ~ = 2.0)arepresentedinfig-
ure6 asa functfcmofmass-flowratioforthevariousanglesofattack
investigated.Thecriticaltotal-preseur~recoveryandmass-flowratios
forthetr~slating-spikeinletaresumnerLzedInfigure7 as a function
ofangleofattack.

Thetotal-pressurerecuveryandmass-flowratiosat criticaloper-
ationdecreasetithincreasedangleofattackforthevariousspike
positions,ti, ingeneral,thesametrendin criticaltotal-pressure
recoveryandmass-flowratiowithspikeprojectionis obtainedat
anglesof attackaswaspreviouslyindicated,figure4, forzeroangle
ofattack.

Performanceccnparisenoftransl.ating-spikeInletwithfixed-
epikeinlet.- Thetotal-pressurerecuveryanddragofthetremlatlng-
splkeInletat critical.operation1s ccmqmred(fig.8)totheeubcritf-
caloperationofthefixed-spikeinlet,2,0-43.0,fortherangeofMach
mucibersinvestigatedandzeroangleofattack.Thisparticularfixed-
epikeInletwasselectedforthecomparisonbecauseitisa hlgh-
performanceInletat Mo = 1.5and1.8aswellas theon-designMach
gumber,2.0.

As showninfigure8, total-dragwasreducedby obtainingspillage
witha translating-spikeinletat criticaloperation.!lh3.sreduction
resultsfrcmtheluweradditivedragassociated~th obliquesho~ IUSSS-,
flowspillageas ccmparedtotheinletno- bhockmass-flowspillage
ofa fixed-spikeinletforcedto operatesubcriticall.ytomatchthe
enginerequirements.

Thetotal-pressurerecoveryofthetranslating-spikeinletwith
supersonicspillageislowerthanthetotal-presmrerecoveryofthe
fixed-spikeinlet,forthesameamountof,mass-flowspll@ge,through-
outtherangeofMachnraibersinvestigated.Huwever,thismaybe char-
acteristicofonlytheparticulardesigncsnprmniseselectedfor,,thes,e
inlets.

Thepropulsivethrustofa turboJetengineequippedwiththe
translating-spikeinletwuuldtendtobe increased,relativetothat
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● ofa fixed-spikeInlet,asa resultofthedecreasedspllhgedrag,but
tendtobedecreasedasa resultoftheluwertotal-pressurerecovery.
@ me b ~er~ perfo-ce 16thec-W effectofdragandb total-prpseurerecuvery.An exampleofthismaybe seenin reference4,
wherea comparlsawasmadeby slzimgboththefixed-spikeinletan&the
translating-spikeinlettoa turbo$etengineat ~ = 0.85andoperating
at ~ = 1.5,1.8,and2.0. Thisengineexblblteda gainineffective

Fn - Ds
L\-

f

thrust—
Fn,i

of2.5percentat I@ = 1.5,6.5percentat ~ = 1.8,

and2.5percentat I@= 2.0whenthe%remhting-spikeinletwasused.

cal.lpari.mnof experimentaladdltlvedragwiththeoreticalpredic-
td.one.- TheaforementionedanalysisIndi.catedthatanygatnInturboJet
_ Perfo~ce, whena translating-spikeInletisusedto obtalmthe
mass-flowspillagenecessaryforengine-inletmatching,mostprobably
tillresultframreductionsintheadditivedragoftheInle$.A theo-
reticalmeansofpredictingadditivedrag(ref.5)isccmparedwiththe
esqperhentalvaluesoftblsinvestigation.

TheoreticallmletnormalshockadditivedragIscmzparedinf@-
ure9 withthe~erimentalvaluesforinlets2.0-43.0,1.8-46.9,and
1.5-54.5attheirrespectivedesi~Machnmibers.Theexperimental
inletnormalshockadditivedragisdefinedasthedifferencebetween
theepiUagedragandthechangeIncowl-pressureandfrictimdragas

b theinletgoessubcritical.Thepplllagedragisthetotaldragata
givenmass-flowratiominusthetotaldragwithzerospiUage.ConflgLG
rations1.8-46.9and1.5-54.5experiencedcriticalmass-flowspillage,

● andthedragcurveswereextrapolatedtounitymass-flowratio.Data
fora similarconfiguration(ref.6)wereusedtoestimatethechangein
cuwl-pressureandfrictiondragwithdecreasingmass-flowratioat
~ = 1.8and2.0.

Thetheoreticalcurvesforinletnormalshockadditivedragwere
calculatedfrcmequatla(8)ofreference5 byuseoftheassunpthns
thatthesubcriticaltotal-pressurerecaveryandthestaticpressure
alongtheconesurfaceremainedccmstant.Thecorrelationbetweenthe
theoreticalandtheexperbntaladditivedragat ~ = 1.8and2.0is
excelMnt.Experimentalcowl-pressure-dragdatawerenotavailableto
makethecorrelationat Mo= 1.5.

Alsoindicatedinfigure9 isa caupsrisauofthe~erimental.ob-
llqueshockspillagedragandtheoreticalobliqueshockadditivedragof
thetranslating-spikeinlet.The~er*ntal obliqueshockspillage
dragisdefinsdasthetotaldragatcriticaloperationfora given

. sptkeprojectlonminusthetotaldragatcriticaloperationwiththe
spikepositionedforzerospilJsge.TheInternalcontractionwithccm-
figuratlons2.0-45.8and2.0-54.1causedthenormalshocktoposition

m
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Itselfupstreamofthecowlllp(seefigs.5(e)and5(i))and.madeit
necessarytoextrapolatethetotal-dragcuivetoud.tyream-flowratio.

Thetheoreticalcurvestakenframfigure7,reference5, showrea-
sonablecorrelationwiththeexperimentaldata,withthebestagreement
atthehigherMachnumbersandthehighermass-flowratios.It i.S
doubtfulIfbettercorrelationcouldbe e@ected,sincethetheoryIs
basedona conicalflowfieldatthecowllip,whereasthe”experhnental
valuesarefromconfigurattmswithanexpandedflowfieldoverthecone
shoulderandupstreamofthecowllip.

SUMMARYOFRESULTS

Thefollowingresultswereobtainedinaninvestigationofa spe-
clfictranslating-spikeinletusedasa me- ofmass-flowcontrolover
a rangeoffree-streamWch numbersfrcan1.5to 2.0andatanglesof
attackfran0°to9°.

1.Thedragpenaltyassociatedwithinletmass-flcrwspillagewas
significantlyreducedbyusinga translating-spikeinletratherthana
fixed-geanetryinlet.However,fortheparticulardesigninvestigated,
thegatnInengineperformanceresultingfrjanreducedadditivedragwas
partiallynul.llfiedbya decreaseinthem~ical total-pressurerecav=
eryofthetransl.at~-spikeInletrelative.tothesubcriticaltotal-_
pressurerecuveryofthefixed-gemetryinletfortheseinesmountof
mass-flUWspillage.

2.Thetranslating-spikeInletexperimceda decrea$eintheCrltz
Icaltotal-pressurerecoveryandmass-flowratiowithincreasingangle
ofattackforanyonespikeposition,sim~ toa fixed-spikeinleton-
desigu.Also,ata givenengleofattack,theeffectofspiketransla-
tiononcriticaltotal-pressurerecoveryandmass-flowratiowas,in
general,similartothatofthezeroangle-of-attackperformance.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,July20,1953 .-
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TABLEI. - PRINCIPALDIMENSIONSANDlWYZATKINSFOR

CCUW’IWRATIONSINVESTIGATED

[Maximumexternalcross-sectionalarea,
0.360sqft;maximumdiffuserflow
area,0.289sqft;over-alllength,
55.875in.;lipradius0.005in.;

3titem lipangle,7°:

Inlet Inletcapturearea,Externallipangle,
configuration Sqft deg

2-54”.1 0.1545
2-45.8 .1545
2-43.0 ●1545
2-39.3 ●1545
2-36.5 .1545
2-34.1 .1545

1.8-46.9 .1422

12
12
12
12
12
12
XL

1.5-54.5 .1290 I
‘+=ui$=

I

aFirstniuiiberreferstodesignfree-stream&ch num-
ber,secondnuniberto cowl-posttionparameter.
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TMLE II.- COORDINATESFOR COWS ANDCCNICALSPI!BSP(XZCONFIGURATIONSINVESTIQAW
[NI dimanmiomgiveninlnehes~

cowl._43KEtJ2r
1.5-54.5Inletde8ignedforobliqueshooktofallat

00W1lipat Mo . 1.5 withaoneshoul~
at 00W1-UPetatlon.

1.S-46.9Wet deeignedfor oblique ehooktofallat
cowllipat MO - 1.8 withooneshoulder
at cowl-lipstation.

2.0-43.0Inletdeeignedroroblique shooktofallat
00W111Pat ~ - 2.0 w~thconeshoulder
at oowl-lipetatlon.

(a)1.5-54

x Y a
-1.70Coniod o
0 0.s0 1.0
.10 .84 1.25
.20 .88 1.50
.30 .91 1.75
.s0 2.00
1.00 1:: c

7

oal
1.50 1.24
2.00 1.36
2.50 1.48 6.80
3.00 1.59 7.00
3.s0 1.69 7.20
4.CwJ 1.79 7.40w

x Y a b o
-2.41CODj.oal o 2.55 2.55
0 1.12 4.60 3.12 3.24
.1 1.16 5.60 3.22 3.34
.25 1.21 7.60 3.29 3.41
.40 1.26 8.60 3.32 3.44
1.10 1.42 8.67 3.35 3.47
2.10 1.64
3.10 1.84
4.10 2.03
5.18 2.21

b la
2.43 2.43
Conloal 2.62

I

2.67
2.72
2.75
2.79
conloal

1
3.38

::Z 3.40
3.29 3.42
3.31 3.43
3.32 3.44
3.33 3.45
ConioalConioal

I 1
S.35 3.47

(0)2.0-43.0.

x
-2.66
0
.2

::

$::
3.0
4.0
4.94

m
1.39 .50
1.45 1.00
1.51 2.00
1.61 3.00
1.84 4.00
2.01 5.00
2.14 6.00
2.24 7.00

2.69 2.74
2.73 2.79
2.60 2.89
2.93 3.04
3.04 3.16
3.13 3.25
3.20 3.32
3.25 3.38
3.30 3.42
3.33 3.45
3.35 3.47
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TABLEIII.- FAIREDSPACERSUSEDTO’SIMULATETRANSLATING?-SPIKEINLET

[Alldimensionsgl.veninlnches~

y+===

ConfigurationI c
2.0-54.1
2.0-45.8
2.0-43.0
2.0-39.3
2.0-36.5
2.0-34.1

0.43
1.08
1.36
1.76
2.12
2.44

[ 2.0-54.1I 2.0-45.8 I 2.0-43.0I
x I Y I x I Y I X I Y

o 14.47 0 14.47 0 14.47I
.504.55 .50
1.004.61 1.00
1.254.69 1.50
1.504.76 2.00

4.55 .504.55
4.61 1.004.61
4.70 1.504.68
4.76 2.0 4.73

II1.794.80 I I2.444.80 I II2.5 4.78
2.724.80

I 2.0-39.3 I 2.0-36.5 I 2.0-34.1I

*
1.004.61
1.504.67
2.004.73
2.504.74
3.124.80

x
o
.50

1.00
1.50
2.00
2.50
3.00
3.48

m
4.71 II2.00 4.71
4.74 2.504.74
4.77 3.004.76
4.80 I I3.504.79

3.804.80

. .

.

.
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