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EXPERIMENTALINVESTIGATIONAT SUPERSONICSPEEDSOF

SIDESCOOPSE&OYEiG BOUNDARY-LAYERSUCTION

By ShermanS.Edwards

SUMMARY

Thepressure-recoverycharacteristicsofa modelhavingtwoscoops
situatedontheaftportionofa longforebodyandconnectedthrough
diffuserstoa commonsettlingchamberweredeterminedatMachnumbers
between1.36 and2.01 andReynoldsnumbers(baseduponthelengthofthe
modelaheadoftheinlets)between2.6 ad 3.4 million.Theboundary
layerpresenton theforebodyofthemodelaheadofthemainscoopswas
removedbymeansofboundary-layersuctionscoops.Totalpressureand
massflowinthemainandboundary-layerductsweremeasuredintestsin
whichtheapproachtotheinletsandthemodelangleofattackwere
varied.Theeffectsof interactionbetweentheflowinthetwoair-
inductionsystemsandofvaryingthemassflowthroughtheboundary-layer
scoopswerestudied.

AtMachnumberslessthan1.8, i.t wasfoundthat,by properly
designingtheapproachto theinletsandneglectingtheenergyexpended
inboundary-layerremoval,total-pressurerecoverywithin0.05ofthatof
noseinletscouldbe maintainedovera largerangeofmas-flowratios.
By full-scaleextrapolationof thedata,itwasestimatedthattheenergy
requiredforremovaloftheboundarylayerwasequivalenttoa lossin
totalpressureofapproximately0.04ofthe-measuredrecoveryinthe
mainscoops.Thetotal-pressureratiowasfoundtodecreasewith
increasingpositiveanglesof
recoveryoccurredat singleof
respecttotheductinlets.

attack.An improvementinthepressure
attackwhentheforebodywasdroopedwith

INTRODUCTION

Inreference1 itwasfoundthatthetotal-pressurerecovery
obtainedwithscoopinletscomparedfavorablywiththatobtainedtith
noseinletsovera relativelylargerangeofmas+flowratioandup to
fre&streamMachnumbersofabout1.70.Theresultsindicatedthat
improvedpressurerecoverydependedprimarilyuponboundary-1.aye=ontrol
measuresdesignedbothtormove low-energyairfromtheductsandto
preventprematureseparationoftheboundarylayeraheadofthescoops.
Inthemodelstested,theboundarylayerwasdivertedthroughslotsin
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thescoopsidewallsimmediatelybehindtheinletandcontiguousto the
modelforelmdy.Fromtheseresults,itappearedreasonabletoassume
thatboundary-layercontrolbymeansof slotscouldbereplacedby
suctionscoopsandthatequallyhighpressurerecoverymuld result.The
lattermethodofremovingtheboumkrylayerpossiblywouldhaveadvan-
tagesofarrangement,reducedexternaldrag,andreducedeffectsof
boundary-layershock-wawinteractionaheadof theinlets.

It isthepurpose@ thepresentreporttodescribetestsofa
specificconfigurationwhichemployedboundary-layercontrolbymeansof
suctionscoopsandto investigatemodificationsinthemodeldesignedto
improvethemaximumpressurerecovery.No studywasmadeoftheexternal
dragcontributedby theinlets.In selectingan optimuminletdesign,
thisimportantvariablewuld havetobe consideredfurther.

EVM1301S

A area,squareinches

H totalpressure,poundspersquarefoot

M Machnmiber

m rateofmass,flow,poundspersecond

R Reymoldsnumber

a angleofattack,degrees

5 boundary-layerthickness,Inches

ii2/Ho ratiooftheaveragetotalpressuret position2 tothefree-
n=

[<
streamtotalpressureHJ~=~ 1(H2/%)n ~n ,

where n referstoareadivisio%~andtubelocations

(&/Ho)e equivalent:otal-pressureratioatposition2,thedifference
betweenH2/~ andtheenergyexpendedinboundary-layer
removal

dmO ratio ofthemassflowenteringthematnscoopstothatwhich
wouldflowthrougha tubeofthesameinletareainthe
freestream

%/% ratioofthemassflawenterhgtheboundary-hyerscoopsto
thatwhichwouldflowthrougha tubeofthesameinletarea
inthefreestream

.
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Thefollowingsubscriptsindicatethepositionatwhichthequan-
titiesweremeasured(fig.1):

o

1

2

s

4

5

freestream

entrancetomainscoop

surveypositionimmediatelydownstreamofmai~scoopentrance

settlingchamber

entrancetoboundar~layerscoops

surveystationinboundary-layerremovalduct

APPARATUSANDMODEL5

Thetestswereperformedinthe.Ames8-by &tnch supersonicwind
tunnelatMachnumbersbetwe~1.36 and2.01andReynoldsnumbers,basal
uponthelengthof themodelaheadof theinlets(3.934 in.), of2.6 to
3.4 million.Flowthroughtheboundary-layerremovalductswasexhausted
totheatmospherethrougha vacuumpump. A descriptionof theequipment
andwindtunnelcanbe foundinreferences2 and3.

Themodel(seefigs.1 and2)wasbuiltto simulatetheforward
portionofthefuselage=d theductsofa possiblesupersonicairplane
designedtoflyinthespeedrangeup toa Machnumberof2.0. In
designingthescoopstwovariableswerecompromised:First,to supply
efficientlytheairconsumedby enginescapableofdrivingtheairplane
at thesespeeds,largeinletareaswouldbe requiredbelowa Machnumber “
ofabout0.5, andsmallareaswouldbe requiredinthesWerso~c r=u3e;
and,second,largeleadi~dge radiiwouldbe desirabletopreventthe
flowfromstallingontheinsidesurfaceofthelipsat subsonicspeeds,
andsharpleadingedgeswouldbe desirabletodecreasethewavedragat
supersonicspeeds.Thesesituationswerecompromisedbychmsingthe
inletarealargeenoughsothata normalshockwavewouldformaheadof
theinletat allsupersonicspeeds.Thus,by choosingtheinletareas
sufficientlylarge,auxiliaryinletswouldbe unnecessaryinthesubsonic
range.Furthermore,largeleading-edgeradiiwouldbe permissiblesince
theflowbehindthenormalshockwavealwayswouldbe subsonic.At
supersonicspeeds,thelargeinletareawouldresultinspillingofthe
airaroundtheinletsat theexpense,of course,of increasedexternal
drag.

Conicalsubsonicdiffuserscommonlyusedat lowspeedshavea severe
adversepressuregradientneartheirentraucewhenoperatedat highinlet
Machnumbers.Itwasassumedthatdecreasingthisgradientwouldreduce
thetendencytowardseparationoftheboundarylayer; hencetheinternal
shapeofthemainductswasdesiguedtohavea constantstatic-pressure
gradientfromtheinlettoa stationapproximately20percentofthe
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diffuserlengthaftoftheinlet.Downstream
sectionalareasof eachductwereadjustedto
ofthecommonsettlingchamber.

ThemodeldimenEicnsaregiveninfigure
modeltestedisshowninfigure2. Themodel
-r @ crosssecticm,andthescoopswere

NACARMA9129

ofthispointthecross-
arriveat thecrosssection

1,anda photographofthe
forebc@ywasroughlytri-
locatedaftofthepilot

enclosureina positiontoutilizetheobli~eshookwavesorigir&ting
fromtheenclosureforexternalcompressionoftheairstream.Aftof
themaininlets,theexternalshapeof themodelwasfairedtoadaptit
toa cylindricalsettlingchsmber.

Theoriginaldesign,hereafterdesignatedconfiguration,andfive
modificationstothisdesignweretested.Inc(mfigurationsB, C,andD
themodelcontoursh thecriticalregionneartheentranceto thescoops
weremodifiedas showninthelinedrawingsof figure3. ~ confi~
tionsE andF, thecontoursinthevicinityof theinletwereidentical
tothoseof configurationD; however,themodelforebodywasdrooped
withrespecttotheductinlets.As notedinfiaure1. themodelwith
thefore~odyincidencereduced2° isdesignated
reduced

In

6’3isconfiguration.

.

general,ananalysisof theperformance

&nfi&.’ationE and-tat

oftheductinletdesign
testedisconcernedwitha studyof thefollowingsixVarlablesttotal=
pressurerecovery,free-streamMachnumber,massflowthroughthemain
scoops,massflowthroughtheboundary=layerscoops,angleofattack,and
theinlet~scontributiontotheexternaldrag. Inthepresentteststhe
lastvariablewasneglected,andthetotal-pressurerecoverywaschosen
as thedependentvariable.Thus,theperformanceofthemodelwas
studiedby Investigatingthetotal-pressurerecoveryasa functionofthe
remainingfourvariables.

Variationinthemassflowintothemainscoopswasobtalnedby
changingthepositionoftheplugat therearofthesettlingchsmber
(fig.1). Thetotal-pressureratioacrosstheexitplugwassufficient
tomaintaina sonicthroatat thednimumareaatalltimes.Thisfact,
togetherwiththeknownstagnationtemperaturetidmeasurementsofthe
averagetotalpressureinthesettlingchamber,allowedtherateofmass
flowthroughthescoopstobe calculated(reference1).

Variationintheflowintothebounda~layerscoopswasobtained
bymeansofa valveinthelineleadingtothevacuumpump. Thetotal
pressurerecoveredintheboundary-layerscoopswasmeasuredby a pitot
tubelocatedat position5 as showninfigure1. Therateofmassflow
throughtheboundary-layerscoopswasdeterminedbymeasuringthetotal
pressureat thecenterendstaticpressureatthewallofa S/k-inch
pipelocatedoutsidethetunnelandby assuminga velocityprofilecorr+
spendingtothatforfullydevelo~edturbulentfluw.Becauseitwas

.

.

.

.
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impossibleto
modelof this

simnd.atefull-scaled.uctinginthesuctionsystemwitha
scale,moreprecisemeasurementsofthesequantitieswere

notmade. Thesedataareprobablymostvaluablefortheirqualitative
significance.

Measurementsofthetotalpressureinthesettlingchaniberwere
madeat threeequallyspacedcircumferentiallocationsat theposition
indicatedinfigure1. Thearearatiobetweenthetotalscoopentrance
areaandthecross-sectionalareaofthesettlingchamberwas0.07which,
forisentropicdiffusionfromsonicvelocity,wouldcorrespondtoa
settling-chamberMachnumberofabout0.04.Withthisdegreeofdiffi
sion,itwasconsideredunnecessarytoattempta furthersurveyofthe
totalpressureotherthanthataffordedby thethreepitottubes.This
asswnptionwassubstantiatedby thefactthatthedifferenceintotal
pressuremeasuredby eachofthethreetubeswaswithin2 percentof the
averageofthosetubesat everyrateofmz%ssflow.

Inordertodeterminetheeffectof thesubsonicdiffusersuponthe
valuesof totalpressuremeasuredinthesettlingchamberof themodel,
thetotal-pressuredistributionatposition2 yasobtained.Theaverage
computedMachnumberat thispositionwasapproximately0.50atmass-flow
ratiosatwhichthenormalshockwavewasaheadoftheinlets.Measur+
mentsof thetotalpressureweremadeinbothductswiththemodelat an
angleofattackofOO. Themeasurementlocationsareshowninfigure4.
As $ndicatedinthefigure,eachlocationwasnumberedandtheductcross
sectionat thispositionwasdividedtoobtaina weighteda~erageof the
total-pressuremeasurements.Properlyweightedvaluesof E2/Ho would
havebeenbaseduponthemassflowthroughtheareadivisionsshownin
figure4. Sincemeasurementsof thesemassflowswereimpossiblebecause
of themodelscale,theweightedaverageswerebaseduponthea&e8s.

RESUZTSANDDISCUSSION

Theresultswillbe discussedintwoparts. In thefirstsectionj
testresultsat an angleofattackof0°arediscussed.Inthissection,
modelmodificationsdesignedto improvethepressurerecoverythroughout
theMachnmiberrangeareinvestigated,andtheeffectsofvariationsk
theparametersml/~ and m4/~ uponthetotal-pressurerecoveryof
thebestconfigurationarediscussed.Also,inthissection,thepe~
formnceof tliebestmodelisanalyzedwithrespectto thetotal-pressure
distributionwithintheducts,interactionbetweenductsystems,and
estimatedenergyexpendedinboundary-layerremoval.Finally,inthe
secondsection,theeffectsofvariationsinengleofattackaretreated,
andmodificationsdesignedto improvethepressurerecoveryatangleof
attackarediscussed.
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AngleofAttackof 0°

EffectofMachnuuiberonpressurerecovery.- Maximumtotal~ressure
ratios (I&/Ho)H as a functionof thefree-streamMachnumberare
presentedinfigure5 forthefour inlet configurations,A, B, C,andD,
thatweretestedatan singleofattackofOO. Fromanexaminatimofthe
curvesinthisfigure,itisapparentthatthechangesintheinlet,
showninfigure3, improvedthepressurerecovery.Examinationof
schlierenphotographsoftheflowaboutinletconfigurationA indicated
thaian expansionregionoriginatingat theleadingedgeoftheboun~
layerscoopextendedintotheflowimmediatelyaheadofthemaininlet.
Thisexpansionwascausedby improperalinementoftheoutersurfaceof
theboundary-kyerlipwiththefluwonthepilotenclosure.In order
toeliminatethisexpansioninconfiguration,thelipoftheboundary-
layerscoopwasshapedto forma 5° anglewiththesuzfaceofthe
coclqpitenclosure,andtheheightoftheboundarplayerscoopwas
increasedto insurecampleteremovaloftheboundarylayer.Withthis
modification,theexpansionaheadofthemainscoopwasreplacedby an
obliqueshockwaveanda greaterpressurerecoveryresulted.By further
increasingtheangleformedby theoutersurfaceoftheboundary-layer
scoopandthecockpitenclosureinconfigurationC,thisobliqueshock
wavewasstrengthenedandthetotal-pressurerecoverywasimproved.
However,thepressurerecoveryat thehighestMachnumbertestedwas
stillthesameas thatofconfigurationB. Thedecreaseinpressure
recoveryat ~ equalto2.01apparentlywascausedby thefactthat
theintersectionofthestrongerobliqueshockwaveandthenormalshock
wavewasinboardof thelipofthescoop.Thus,theairthatentered
thescoopneartheouterlipsufferedlargerlossesintotalpressure
througha strongnormalshockwavethanwasexperiencedby theairthat
passedthroughbothan obliqueandnormalshockwave.

Highesttotal-pressurerecoverywasobtainedwithconfiguration.
Infigure3 thisconfigurationisshowntobe similarto C!,exceptthat
theleadingedgeoftheboundary-layerscoopwasextendedfartherahead
ofthemaininlet.Thepurposeofthismodificationwastoretainthe
obliqueshockstrengthofconfigurationC andtoenabletheoblique
shockwavetoextendacrosstheinletata Machnumberof2.0. Schlieren
photographsandlinedrawingsoftheshock-wavepatternsaheadofthe
inletsofthisconfigurationareshowninfigure6. At a fre+stream
Machnumberof2.0theobliqueshockwavefrcmtheleadingedgeofthe
boundary-layerscoopisshownto intersectthenormalshockwaveata
pointslightlyoutboardofthescoop.Thus,alltheairthatentered
theinletsunderwentcompressionthroughtheobliqueshookwavebefore
encounteringthenormalshockwave.

Sincetheflowinthesettlingchamberofthemodelvasdiffusedto
a MachnumbermuchlowerthantheusualintakeMachnuniberat thecm+
pressorofa turbojetaugine,themeasuredvaluesof (~/~)-
includediffusionlossesthatwouldnotoccurinauairplane.

.

—

.
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Thetotal-pressuresurveysatposition2 weremadeina sectionofthe
ductwherethecoqputedaverageMachnuniberwasapproximately0.5,=d
thesemeasurementsrepresentmorecloselythepressurerec~verythat
wouldexistat thecompressorintake.Thevariationof (H2/~)
with ~ forconfigurationis showninfigure5. ThelossesWto&l-
pressureratiobetweenpositions2 and3 amountedtofrom0.015to 0.030.

Sincethenos+typeductinletisgenerallyaccepted,atpresent,as
a designinwhichthehighestpressurerecoverycanbe realized,the
pressurerecoveryof typicalnoseinletmodels(reference4) isalso
showninfigure5. A comparisonoftheseresultswiththoseofthe
presentmodelindicatesthat,atMachnuxiberslessthanabout1.8,total-
pressurerecoverywithin0.05ofthatofnoseWets WSWat~tiedtith
thepresentdesign,withoutconsideringenergyexpendedinremoving
boundary-layerair.

Effectofmass-flowrationJ% onpressurerecovery=-Thevaria-
tionOf H@o and ‘&/& with m~/Mo ispresentedinfigure7 for
configurationD atem angleofattackof OO. Intherangeofmass-flow
ratiostidicatedby thedashedcurves,schlierenphotographsdemonstrated
thattheboundarylayeraheadofthescoopswasseparated.Thefactthat
thetotal-pressureratio H~/

9
remainedhighat 1.36Machnumber

possiblyuascausedbya condiioninwhichthelossesaheadof theinlet
werecompensatedforby reducedlosseswithinthesubsonicdiffueorsat
theselowmas~flowratios.Apparently,as theMachnumberincreased
theenergydissi~tedinturbulenceaheadoftheinletincreasedad
=Usedreducedvaluesof H~~ notedat thehigherMachnmibers.

Maximumvaluesof ~2/~ occurredat largermas-flowratiosthan
thoseatwhich (HS/Q- wasrecorded.Thisdifferencean be attributed
tothesubsonicdiffuserefficiencybetweenthetwoposifihns. Theattai~
mentofa constantrateofmassflowthroughtheair-inductionsystem
indicatesthatsupersonicflawintotheinlethasbeenestablished.

Effectofmas+fl.owratiom4/mo onpressurerecovery.- Thepre-
viouslydiscussedresultswereobtainedwiththemaximumrateofflow
through theboundary-layerscoops.Intestsofthemodelwithinlet
configurationD, reductionsinthemassofairflowingthroughthe
boundary-layerscoopsinfluencedtherecoveryoftotalpressureinthe
settlingc-er as showninfigure8. A nearlylinearvariationof
(%/%)- ‘~th %/MO oc~red at fre-str= ~ch n~~rs of 1=36~d
1.70. However,for ~ equalto 2.01,a reductionin ~/~ fromthe
valueatwhichtheflawtitheboundary-layerductwaschokedcausedthe
ma-coop flowtobe unsteadyend H&/H. todecreasemarkedly.

ForconfigurationD withchokedflowintheboundsry-layerducts,,
themass-flowratio ~/~ of theairenteringtheboundar~layerscoops
andthetotal-pressurerecovery~/@ inthestingarepresentedin
figure9 as functionsof m=/mo.At mas+flowratiosatwhichseparated
flowoccurredaheadofthemainscoops(seefig.7),thereducedpressure

.-
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recoveryandmassflowintheboundary-layerscoopEIind~catethatthe
bou@arylayerseparatedaheadof theboundary-layerscoopsaswell. In
thetestswiththemaximumrateofflowthroughtheboundary-layerducts,
thepressureinthestingH5 wasmaintainedat thehighestvalueat
whichno adverseinfluenceonthemainductsystemwasnoted.Therela-
tivelylowvaluesof H5/Ho canbe attributedtopressurelossesinthe
boundary-Iayerductsinadditiontotheenergydissipatedintheboundary
layeralongthemodelforebody.

Total-pressuredistributioninduct,-Thesurveyofthetotal
pressurewithintheductat position2 affordsa meansofestimatingthe .
asyimnetryinthetotalpressureoftheairflowthatwouldbe supplied
toa compressor.Thisfactorisimportantwhenconsideringcompressor
performanceortherepeatedstresseslikelytobe imposeduponthecom-
pressorblades.Infigure10,thepressuredistributionacrossthe
heightandwidthofoneductisshownforthreevaluesof m=/~ and
Machnumber.Theoccurrenceofgreaterasymmetryinthepresswedis-
tributionas thefrec+streamMachnumberwasincreasedpossiblywas

—

causedby thegreaterintensityoftheeffectsofboundary-layershock-
waveinteractionwhichwouldresultinthickeningor separationofthe
boundarylayer.T~talpressuresnearthefloorof theductwerecon-

.-

sistentlylowatallMachnumbersandmass-flowratiosindicatingthat,
inthepresenceof theadversepressuregradientat theentranceto the
scoops,theboundarykyer thickensrapidlyfromtheleadingedgeof the

.

boundary-layerscoop.Themaximumvariationintotal-pressureratio
occurredata Machnumberof2.01,in’whichcasethedifferencebetween
themaximumandminimumpressurerecoverywasapproximately40percent

w

oftheaveragetotal-pressurerecoveryatposition2. Thisvariationis .
large,butatfullscalea smallervariationcouldbeexpectedbecauseof
themuchgreaterReynoldsnumberandreducedviscouseffects.

Interactionbetweenductsystems.-An interactionbetweenthe
f’lows~he twomaindiffuserswasmanifestinmeasurementofthetotal
pressureat position2. Withdecreasingvaluesof ml/~ fromthatat
whichseparatedflowoccurredaheadoftheinlets,thepressurerecovery
at thispositioninthetwoductsdivergedaboutanaveragevalueapprox-
imatelyequalto H~/Ho.Itwasimpossibletopredicttheparticular
ductpassageinwhichthepressurerecoverywoulddivergeaboveorbelow
theaverage;however,oncetherecoveryin onesideoftheinduction
systemhadbeenestablishedabovetheaverage,itcontinuedtodiverge
inthisdirectionwithdecreasingvaluesof ml/~. Thisresult
indicateda possiblereversalofflowinoneductat thiscondition.

To observetheeffectsuponthepressurerecovery andflowstability
ofsingl+ductoperation,testswereperformedwithoneductsealed,The
boundarylayerwasremovedaheadof theclosedductinordertoreduce.
thepossibilitythatthisflowwouldinfluencetheflowin theopenduct.
Resultsof thesetestsindicatedthatseparationoccurredat about10-
percent-lowervaluesof ml/~ and2-percent-highertotal-pressure
ratiosH~/Ho thanareshowninfigure7.

----
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EstWte oftheenergyexpendedinboundarylayerremoval.- The
equivalentpressurerecoveryobtainedby subtractingtheenergyrequired
forboundary-layerremovalfromthemeasuredrecoverydoesnotprovide
a completelyadequatecriterionfortheworthofthissystem.In CO*
sideringa specificapplication,theadvantagesofarrangementthatmay
resultfromuseof sidescmpswithboundary-layercontrol,possibleuses
oftheboundary-layerairsuchas inenginecooling,andtheresultsof
a detailedanalysisoftheeffectsof theinletsupontheexternaldrag
wouldalsohavetobe considered.In orderto obtainan indicationof
theeffectiverecovery,”houever,theenergyexpendedinthebound&ry-
layerscoopswassubtractedfromtheenergyrecoveredinthemainscoops
inordertoam_iveat an equivalentvalueofthepressurerecoveryat
position2, (H&)e .

Thetablesofreference5 wereusedinthesecalculationsandthe
experimentalresultswereappliedto full-scaleflightat analtitudeof -
35,000feet. Itwasassumedthattheenergyrequiredtoremovethe
boundarylayerwasequalto thatnecessaryto compressisentropicallythe
massflowintheboundary-layerscoop~ fromthetotalpressureafter
diffusionEs toa totalpressure& correspondingtoa 50-percent
decreaseinthefree-streamkineticenergy.Thelatterassumesa turb-
lentboundarylayerat theentranceto theboundary-layerscoops-andthat
theenergycontainedintheboundarylayerisequalto thatofthefree
streamdepletedof50 percentof itskineticenergy.Theresultsof
calculationsmakinguseof theprecedingassumptionsareshownin
figureIL Valuesof (%=/&)e werecalculatedwithintherangeof
mas+flowratioatwhichtheflowintothescoopsof configurationD was
steady.A comparisonof theseresultswiththemeasuredpressure
recoveryatposition2 indicatesthattheenergyrequiredto removethe
boundarylayerwasequivalenttoa lossintotalpressure=2/H0 of
approxinxately0.08.

Theextensionof thedatatofullscale,however,requiressome
considerationof theeffectof themodelscale,whichwastakenas 1.4
percent.Inestimatingtheinfluenceofthem&del
assumptionsweremade:

1. Theboundarylayerat theentranceto the
mS turbulent.

2. Theboundary-layerthicknessonthemodel

scale,thefollowing

boundary-layerscoops

andat fullscale
variesas

(8/X)mo&~

(5/X)f@l *tale [ 1(RX)WI scale1~5=
(Rx)model

where x isa characteristiclength.(Seereference6.)
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3. ThemaSS-flUWratio~/~, requiredat
thesamepressurerecoveriesaswererecordedin
equalto

NACARMA9129
.

fullscaletoproduce
themodeltests,was

.

(m4/m)~el(m4/dm scale =
[ (Rx) ful.1 scale/(Rx)mdel]l/5

Theresultsofapplyingtheseassumptionsregardingtheinfluenceof
themodelscaletothepreviouscalculationsarealsoshowninfigure11.
Inthiscasetheenergyreqtiedtoremovetheboundarylayerwasequi~
lenttoa decreaseinthetotalpressureratio~2/Eo ofapproximately
o.ok.

AngleofAttack

ConfigurationD.- Thevariationoftotal-pressurerecoverywith
massfluwisshowninfigure12forconfigurationD atsngleofattack.
An examinationoftheseresultsindicatesthat (~/&)w decreased
withincreasingpositiveanglesofattack,andthattherangeofnmss-
flowratiosinwhichlargevaluesof H~/Ho couldbematatainedwas
markedlyreduced.Theschlierenphotographsoffigme 13 indicatethat
thethiclmessoftheboundarylayeralongtheforebodyaheadofthe
scoopincreasedas theangleofattackofthemodelwasincreased.z
Thustheboundary-layerscoopswereapparentlyinadequateinhsmlling
thisthickerboundarylayer.Thegreaterbounda~layerthicknessat
angleofattackmayhavebeencausedbya secmdaryflowintheboundary
layerduetothepressuredifferencebetweentheupperandlowersurfaces
of theforebody.Thelowvaluesof thetotal-pressurerecoverymeasured
atposition3 probablyaregreatlyinfluencedby thepresenceofthis
boundarylayerinthesubsonicdiffuserat angleofattack.Inall.tests
of themodelatangleofattack,themassflowintheboundary-layer
scoopswasmaintainedat thechokedcondition.

Forebodyincidence.-To improvethepressurerecoveryat angleof
attacktheforebodywasdrooped20 and6° withrespecttotheinlets.
(Seefig.2.) Msximumvalues of Ha/Ho as functionsof M. arepresented
infigure14forconfigurationsE andF atvariousanglesofattack.The
valuesof (%/%)max meas~ed‘~ testsof Confi ationD ‘e alsosh~
forpurposesof cmrparison. rIrnprovenentsin (% Ho)- occurredIn
testsofE andF;however,thetotal+pressurerecoveryat 60and9°angle
ofattackstillwaslowwhencomparedtothatat OO. In figure14,
configurationF at 6° angleofattackdidnotgivethesamepressure
recoveryas configuraticmD at 0°angleofattackdueto thefactthat

lln-thesephotographsthemodelisbothatanangleofattackandsid+
slipbecauseitwasn~cessarytorotatethemodelaboutitslbngit~
dinalaxisinordertophotographtheboundarylayerontheforebody+
aheadofonescoop. a
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themodelswereslightlydifferent.In configurationF,anexpansion.
occursat station2.681whichprob@lychangedtheshock-wavepattern
immediatelyaheadof theinlet.

11

Thevariationof H3/Ho with ml/~ measuredintestsofconfig-
urationsE andF isshowninfigures15and16. Comparisonofthese
results withsimilarcurvesof configurationD, showninfigures7 and
12,indicatesthat,atan angleofattackof0°sadat a Machnumberof
2.01,droopingtheforebodyof themodelimprovedtherangeofmass-flow
ratiosoverwhich H3/Howasmaintainedatrelativelyhighvalues.A
similarimprovement,buttoa lesserdegree,canbe notedat angleof
attack.

FromtestsatMach
numbersbetween2.6and
aheadoftheinlets)of

CONCLUSIONS

numbersbetween1.36and2.01andR~olds
3.4million(baseduponthelengthofthemodel
severalconfigurationsofa duct-inletmodel

—

havingsidescoopsandemployingboundary-layersuction,thefollowing
conclusionsaredrawn:

.
1. Forthebestconfigurationdevelopedintheinvestigation,it

wasfoundthatthearrangementadvantagesofsidescoopscanbe utilized
withtotal-pressurerecoverywithin0.05of twt ofnoseinletsneglect-.
ingtheenergyexpendedinbouqdary-layerremovalat fre~streamMach
numberslessthan1.8.

2. Thetotal-pressuredistributionwithintheductswasnonuniform,
andthevariationincreasedwithfre-streamMachnumber.

3. Theenergy,expendedinremovingtheboundarylayerat full-scale
flightconditionswasestimatedtobe equivalenttoa reductionofapprox-
imately0.04ofthemeasuredtotal-pressurerecovery.

4. Thetotal-pressurerecoverydecreasedwithincreasingpositive
anglesofattack.Droopingtheforebodyofthemodelwithrespectto the
inletsimprovedthepressurerecoveryat aagleofattack,andtherange
ofmass-flowratiosinwhichhighpressurerecoverycouldbe maintained
wasincreased.

.’
AmesAeronauticalLaboratory,

NationalAdvisoryCommitteeforAeronautics,
MoffettField,Calif.
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(a)a,-3°.

(b) a, 30.

(C) a, 6°.
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Figure13.– Schlierenphotographsoftheflowaboutthe
modelwithinletconfigurationA at MO=I.70andvarious
anglesofattack.
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