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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RF&mNH MEMORANDUM

BASICPERFORMANCECHARACTERISTICSOFSEVERAL

SUBSONIC-DIFFUSER-BYPASS-DUCTCOMBINATIONS

l?ORUSEWITHSUPERSONIClXLE?TS

By CharlesC.Wood
.

SUMMARY

Inconnectionwiththeproblemofmatchinginletandengineair
flows,thebasicperformancecharacteristicsof severaltypesofdesigns
ofsubsonic-diffuser—bypass-ductcombinationsweredeterminedforbypass
flowsupto one-thirdofthetotalflow. Themodelswereofthedirectly
connectedtypewhereinthedesiredboundsry-layerconditionupstream
fromthebypasswasobtainedby controllingthe~ch numberoftheshock
downstreamfromthediffuserthroat.Itwasfoundthata bypass-duct
designprocedure,wherebya holeis cutinonesidewallof a diffuser
anda scoopi~erted,isgreatlyoversimplifiedandthatsatisfactory
performancecannotbe obtainedbecauseoftheextremeadversepressure
gradientdownstreamfromthescoopestablishedby suddenremovalof
relativelylsrgequantitiesofaircombinedwiththedivergingwallon
thedownstreamfaceofthescoop.A bypassarrangementdesignedtopro-
duceatMsMmumbypassf!th?a minimumofadversepressure@adient
betweenthescooplipandtheenginefacestationproducedsubstantially
betterperformance.Theperformqmceforsucha desi~wasfoundtobe
satisfactoryforthevariousinletboundary-layerconditionsexamined.

.,

INTRODUCTION

ThethrustandgeneraloperationofturbojetpropulsionsystemEsre
directlydependentontheperformsmceof theinletandassociatedducting.
Theperformanceorrelativeefficiencyof suchductsystemsisusually.
gagedby thehag, pressurerecovery,uniformityof theexitvelocity
distribution,andstabilityoftheflow.A currentprobleminthedesign
of internal-fluwsystemswhichsignificantlyaffectstheseperformance
indicesisthatofmatchingtheinletandcompressorairflows.(Me
solutiontothisproblemistheuseofa bypassduct. Theinletis sized
forthemaximumrequiredengineairflow,andforoperatingconditions

.-
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wheresurplus airflowis takeninby theinlet,theexcessisbypassed
aroundtheengineanddischargedelsewhere.Thisprocedurepermitshfgh ,
pressurerecoveryandlowdragby maintaininga nor@ shockposition
justdownstreamfromtheminimumareasection.

Dataonthebypasssubjectareavailableinreferences1 to4. Ref-
erences1 to 3 containtotal-pressurelossanddragdataon complete
inlet-b~ass-ductconfigurations.Themodelswereconicalspike-type
supersonicinletswhichdifferedin designprincipallyin thedirection
ofdischargeofthebypassairandinthecircuml?erential.locationofthe
b~ass. Conclusionsfromtheseinvestigations,forwhichflowwasremoved
througheitheroneortwolimitedsreasectorslocatedupstreamfromthe
diffuserexit,arethatsignificantdragreductionsrelativeto other,
matchingtechniquesarepossiblewithoutreducingthetotalpressure
recovery.Detaildesignoftheductsintheregionwheretheair-flow
divisionoccurswasnotconsidered.Reference4 isa preliminaryreport
onpartofthedatacontainedherein.Additionalinformationontotal-
pressurelossesinbranchductsisavailableinreference5.

Thepurposeofthepresentreportistopresentcomprehensivedata
showingtheeffectsonbothtotal-pressurelossand@ffuSer eXi_bVelOC-
itydistributionresultingfrombypassingairflowfroma subsonic
diffuser.Otherfactorsofinteresttobe treatedhereinconcernthe

.

effectsonbypassdiffuserperformanceof shock—boundary-layerinter-
actionandtheestablishmentofthebasicperformancechsz’acteristicsof k
severalgeneraltypesofbypass-ductdesigns.ALldataarefromdirectly
connectedducttestswithsomeimportanteffectsofsupersonicinlet
operationobtainedby operationwitha stsmdingnormalshockinthesub-
sonicdiffuser.Up to 35percentofthetotalflowwasbypassedfrom
oneof thesidewallsnearthediffuserexit. MaximumMch numberin
theplaneofthebypasswas0.55. Thecor~espondingReynoldsnumber

basedonthehydraulicdiameterwas1.97X 106.

SYMBOLS

H totalpressure “

P staticpressure

M meanMachnumber(seesectionentitled‘PerformanceParameters”)

% Machnumberoftheflowin thediffuseratwfichtheshockoccurs

u localstreamvelocity
*
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u maximumvelocityina velocitydistributionata givenduct
station

x distancefromthediffuserwalloppositethebypassside

w ductwidthinthesameplaneasdhension.x

m pressuredifferencebetweena specificwallorificeanda wa.lJ-—
orifice

A barovera

Subscripts:

o reference

at stationla

symbolindicatesthatthequantityismassweighted.

stationat inletbell

la,lb surveystationsupstreamfrombypasslocation

2,2a,2b surveystations
station

3 surveystation

4 surveystation

for

for

A diasamofthetest

atlocationscorrespondingto engineface

total-pressure

total-pressure

APPARATUS

recoveryofengineairflow

recoveryofbypassairflow

TestEquipment

setupis showninfigure1. Airflowfroma
blowerpassedintoa 30-inch-diameterduct,an inletbell,andthedif-
fusermodel,whereitwasdividedintotwostresms(theengineairstreem
andthebypassstream).Venturimeters(stations3 and4) followedby
dischargediffuserswerelocatedattheendoftheengineairandbypass
ducts.

DiffusermodelI wassimplya conventionalstraight-walleddiffuser
witha lowexpansionangleandwiththebypassscoopmountedon oneside
wallnearthediffuserexit. Thediffusercrosssectionwasrectanguk
at,theinlet,andthetopandbottomwallswerepsrallel.ThesidewalJ.s
eachdivergedatanangleof3.1° toproducebetweenstationsO and2 an
arearatioof2.0:1.fiterceptionof thebypass-ductcenterlinewith
thediffusercenterlineoccurredat a 300angleat a point61percent
ofthetotaldiffuserlengthfromthediffuserthroat.Theb~ass-duct
heightandwidthwereconstant,andthebypass-ductheightwasequalto
thediffuserheight.



4

Fourdifferentscoopextensionsweretested(fig.2)varyingfrom
theflushQpe (number1)tothetype(number4.)extendinga sufficient
distancetointerceptapproximatelyone-thirdofthediffuserflowat
an inletvelocityratioof1. Scoopsnumber2 end3 titerceptedina
similarmanner10 and20percentoftheflow,respectively.

EffortsweremadetoimprovethediffuserflowofmodelI by the
useofvsriousflowcontroldevices; a typicalconfigurationisshownin
figure3. ‘I!hisconfiguration consist= oftwosheet-metalvaneslocated
intheimmediatevicinityofthescoop(number2)andfourvortexgener-
atorslocated12~inchesupstresmandonthedivergentwalloppositethe

4
scoopside. !thisconfiguration,performancewise,wasthebestofthree
whichweretested.Vanespacingwastheonlyvsriable.

Drawingsofa secondmodeltested(modelII)areshowninfigure4.
Model11wasobtainedby alteringmodelI ad differsinthefolhwing
respects:

(1)Twointerchangeableductsectionswerelocateddownstreamfrom
theinletbellinordertoprovidedifferentminimumareasand,conse-
quently,twonominal~ch numberlevelsat station2bof 0.4and0.7
formodelsIIaandIIb,respectively.TheseMachnumbersbracketcurrent ‘
operatingMch numbersforturbojetcompressors.

(2)Theductmgwasaltereddownstreamfromthescoopleadingedge w
sothat(a)thediffuserexit,stationlb,(station2 formodelI)was
locatedjustupstreamfromthescooplipandthediffuserexitarea
includedthescoopinleterea,thusproducinga splitter-typeconfigu-
ration;and(b)theengineairductcontractedslightlydownstreamfrom
thescoopleadingedgeinsteadofexpandingrapidlyasformodel1.

Proportionsofmodels1,IIa,and133maybe comparedinfigure~,which ““ -
consistsof scaledrawingsofthethreemodels.Thediffuserexitmea
formodelsIIaandIIbwasabout50percentofthatformodelI.

tistrumentation
.-

WalJ.staticorificeswerelocatedalongthediffqserwald.opposite
thebypassside,andatthemidpointsofthe top,bottom,andtwoside
wallsat stationsO,lb,3, smd4 (figs.1 and4). Thereferencetotal
pressureend.temperatureweremeasuredinthe30-inchduct Upstreamof
theinletbell. Total-pressuretraversesfromeachwallweremadeat
stationlbforthepurposeofcalibratingflowconditionsimmediately
upstreamfromthebypass..Thesesurveytubeswereremovedfordownstream . .
surveys.Similarmeasurementsweremadeat station3 tiodeterminethe
engineductrecovery.A singletotal-pressuretraverseonthehorizontal

.



centerlineat station2 formodelI andstations2a and2bfor
modelsIIaandIIbwasmadeto obtainflowdistributions.Threetotal-
pressuretraversesweremadeacrossthenarrowdimensionoftheductat
station4 to obtainbypass-ductrecovery.AU surveydatawererecorded
by usingcommercialtransducerpressurecellsinconjunctionwithelec-
tronicdataplotterswhichlimitedthefrequencyresponseto 10 cycles
or lessandgavea continuousplotofthepressure.Datainallcases
wereobtainedtowithin0.05inch

TESTPROCEDUREAND

Test

of eachwall.

BASISOFDATACOMPARISON

Procedure

Total-pressuresurveysat stationlbweremadeforthepurposeof
calibratingpressurerecoveryandflowdistributionat stationlbwith
thediffuserinletchokedandshocksinthediffuserintheMachnuniber
rangefrom1.0to 1.6. Forthesetests,thescoopswereremovedandthe
bypss ductclosedad fairedsmooth.Similarmeasurementswereobtained
withvariousspoilerconfigurationsupstream.Witha normalshockof
sufficientstrengthstandinginthediffuser,theflowseparatednaturally,
fromoneortheotherofthedivergingwalls.Furthermore,fora given
configurationtheseparationalwaysoccurredonthesamewall. This
resultmayhavebeendueto smallconstructioninaccuracies.Inasmuch
astheconfigurationsunderinvestigationwereasymmetricalbecausethe
bypasswas,ononesidewall,incertaininstancesitwasdesirableto
forceseparationonthewalloppositeto thatchosennaturallyby the
flow. Spoilerslocateddownstresnofa stsadingnoimalshockwereused
intheseinstsmcesto ftitheseparation.Aftercompletingthecalibration
at stationlb,thesurveyrakesweremmed to downstreenstationsand
similarmeasurementsperformedto obtainbasicpressurerecoveriesand
flowdistributionstithoutthebypassscoopsinplace.Scoopswerethen
insertedandtestsmadewhilebypassingair. Butterflyvalves(figs.1
and4)wereusedtoregulatetheflowemdpermittedtestingat a constant
referencetotalpressure.

PerformanceParameters

Parametersof interestinthisinvestigationareexit-velocitydis-
tributions,total-pressurelossinboththeengineairandbyyassducts,
exittotal-pressuredistortions,longitudinal-wallstatic-yressuredis-
tributions,bypassairflow,audMachnumber.Velocitydistributionsof
mostinterestarethoseatthediffuserexitwhichwouldcorrespondto
thecompressorinlet~station2 formodelI)andstation2a or 2b for
modelII. Surveyswereobtainedattwoexitstationsformodel11to
evaluatetheeffectofa constsm.tareaductattheexit. Distributions
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are presented

pressure-loss

hi’ NACARML5@Sl

●

astheratioof localvelocitytomsximumvelocity.Total-
Edatawe presentedasa coefficient~ whichistheratio b

%1
ofthedifferenceinmass-weightedtotalpressurebetweenstationlband
somedownstreamstationtothemass-weightedtotalpressureat stationlb.
It ispossibletoobtainnegativevaluesofthiscoefficient-foreither
theengineairorthebypassductsundercertainconditionsbutnotin
bothsimultaneously.A negativevaluemayoccurwhena disproportionate
shareofhigh-energyairat stationlbpassesthrough>itherthebypass
ortheengineairduct.Total-pressure-lossdataare~so presentedas

E
lb-3J4tiichisobtainedby massweightingtheenginea coefficient
ii~b

air-andbypass-duct-losscoefficients.Thiscoefficientshouldbe
positive;otherwisem increasein.totalpressureis tidicated.The
total-pressuredistortionfactoristheratio.ofthedifferencebetween
themaximumandminimumtotalpressurefora givendistributionat

.-.

(’H2- ‘)

- H2tin
station2,2a,or2btothemass-weightedtotalpresstie

E3
at station3. In determiningthisfactor,5 percentof thecross-sectional
areaadjacenttothetwosidewallswasignoredinorderto allowfora
nominalboundary-lsyerthickness.Staticpressuredistributionsarepre-
sentedasa coefficient ZSe whichistheratioofthedifference

ii~b- P~a
inpressurebetweena wallorificeatstationsdownstreamofstationla
andthewallorificeat stationlatothedifferencebetweenthemass-
weightedtotalpressureat stationlbandthestaticpressureatstati~nla.
Bypassairflowisexpressedasa ratioofthemassflowthroughthebypass
ductasdeterminedfromsurveysat station4 tothetotalairflowpassing
throughthediffuserthroatasdeterminedfromtheinletbell. MeanMach
numberspresentedhereinweredeterminedfroma one-diinensionalrelation-
shiputilizingtheus flow,duct cross-sectional.arek,thetotal“te~era-
ture,andthestaticpressureoftheflow.._ ..—

RESUIICSANDDISCUSSION

ModelI Results

Inlet ‘conditlons.-Velocityprofilesat stationlbarepresented
infigure6 forthreedifferentoperatingconditionsintendedto simulate
bothonandoffdesigninletoperation.Measurementspresentedwerein
themidplaneofthedivergingsidewallsandperpendi.culsrtothevertical
planethroughthemodelcenter.Boundsz’y-layercondition1 wasestab-
lishedby chokingthediffuserthroatandpossessedthefollowing

.

—

.—
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characteristics:symmetricalflow,a boundsry-layerthichessateach
wallequalto 2Qpercentofthediffuserwidth,velocityratiosof0.4
inproximityofthewalls,valuesof Mlb and M2 of().39and0.31,
respectively.Boundary-l~ercondition2 wasestablishedby chokingthe
diffuserthroatandestablishinga shockinthediffuserata Machnumber
of1.43.Boundarylayer2 possessedthefollowingchsxacteristics:a
badlydistortedvelocitydistributionwithzeroflowina regionextending
over10percentoftheductareaadjacentto thewalloppositetheb~ass,
thinboundarylayerandhighvelocityairinproximityofthebypasswall,
Mlb and ~ valuesof0.55sad0.40,respectively,andsignificantly
higherlocalMachnumbersthan Mlb nearthediffusercenterat stationlb.
Boundary-l~ercondition3 waspracticallya reflectionofboundary-layer
condition2. Theswitchinflowwasinducedby mountinga spoileronthe
bypasswall. Stationlbvelocityprofilesmadeperpendicularto the
psrallelwallsofthediffuserweresymmetricalforthethreeboundary-
layerconditionstestedandvelocityratiostiediatelyadjacenttothe
wallswere0.5orgreater.

Longitudinalwallstatic-pressuredistribution.-Static-pressuredis-
tributionsarepresentedinfigure7 forboundary-lsyercondition1. The
static-pressurerisebetweenstationslaand2 obta~edwiththeflush
scoopandthetheoreticalriseas determinedby one-dimensionalrelations
arepresentedinfigure8 asa functionofpercentoftotalairflowby-
passed.Thebasicconditionwithscoopremovedandbypassopeningsealed
produceda static-pressurerisecoefficientofabout0.4betweenstationla
andstation2. (Seefig.7.) Thisvalueisabout@ percentoftheideal
pressureriseindicatedinfigure8 andistypicalfordiffusersofthis
arearatio,expansionrate,andinletdistribution.Theblockageeffects
resultingfromthepresenceofthescoopswe indicatedby thereductions
inpressureriseinfigure7 anddependontheamountofflowbypassed
sndthescoopprojection.Theextremeconditioninthisrespectwas
obtainedwithscoop4,whichchokedtheflowwithnobypass.flow(data
notshown).At designbypassflow(32percent)blockageeffectswere
minimizedandthepressurerisewasaboutthessmeasforthebasiccon-
dition,yettheidealpressureriseis65percentgreaterthanforthe
O-percentbypasscondition.Bypassingati”flowfroma diffusersubJects
thedownstremndiffusersectionto additionaladversepressuregradients,
themagnitudeof suchpressuregradientsdependinguponthepercentage
oftheflowbypassbd.

Exitvelocitydistributionsandtotal-pressuredistortions.-Station2
velocitydistributionsandtotal-pressuredistortionssrepresentinfig-
mes 9 and10,respectively.Forboundary-layercondition-lthemodel-
withscoopremovedandopeningsealedproducedat station2 a velocity
distributionalmostidenticaltothedistributionat stationlb (fig.6)
indicatingthepressurerisebetweenstationslband2 notedinfigure‘/
hadlittleeffectontherelativesizeoftheboundsryl~er. The -



distributionfortheflushscoopandnobypassflowisrelatively~ifo~j
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however,flowdoesnotexistinproximityofthebypasswall.Progressive
increasesinflowdistortionoccuronthescoopsidewithincreasingscoop u
extensionandnobypassflow,probablyduetotheincreasingangleof
attackatthescoopleadingedgeandhighdiffusionanglesontheback
sideofthescoop.Forintermediatebypassflows(18percent)low-energy
aironthebypasssideisremoved,andhighangleofattackatthescoop
lipisrelieved;thus,novelocitydeficiencyexistsonthescoopside

—

exceptforscoop4. Scoops1,2, and3 havelargedeticfencyregionson
theoppositewallresultingfromlsrgeadversepressw-egradientssetup
bybypassingflowasnotedinfigure8. Forapproximately31-percent
bypassflow,distributionsforthefourscoopsarepracticallyidentical;
regionsofvelocitydeficiencysreonthediffuserwalloppositethebypass
andoccupyaboutone-halftheductsrea.Practicallyno flowexistsadja-
centtothewall. It istobe concludedforthistypeof configuration

—

thatuniformandacceptabledistributionscannotbe obtainedforthebypass-
flowremgedesiredbecauseoftheblockageeffectsfromprojectedscoops
andthehighadversepressuregradientssetupbybypassingflow.Pro-
filesobtainedwithboundarylayers2 and3 showshilartrendsaspro-
filesobtainedwithbounderylayer1 but,ingeneral,aresomewhatmore
distorted.

Forboundsry-layercondition1,total-pressuredistortions(fig.10)
.

producedby scoop4 wereextremelyhighatlowbypassflowsduetothe
highblockageeffectandresultingpoorvelocitydistribution.Distor-
tionsfortheother”scoopsarefairlysmall(about7 to 10percent);

●

thesesmallerdistortionsaredueto superiorvelocitydistributionsas
wellas lowerMachnumberlevels.Distortionsforboundsz’ylayers2 and
3 arelarger(about15to 27percent”)thanforboundarylayer1,dueto
lessuniformvelocitydistributionsandhigherMachnumberlevels.

Total-pressureloss.-Total-pressure-lossdataareshowninfig-
ures11to 13. Iossesintheengineairduct(fig.11)indicate,for
inletboundary-layercondition1,thatscoopswhichprojectedthegreatest
distancesintothediffuserproducedthehighestlosses,scoop4 producing
about20-percentlosswithnobypassflowfidscoops1 smd2 onlyabout
1-to 2-percentloss.Thebasicdiffuserlosswithno scoopandthebypass
openingsealedwasabout1 percent.Theadverseeffectsof increasing
amountsofbypassedflowonperformance(notedinfig.9 forstation2
velocitydistributions)arenotparticularlynoticeablebecausetheactof
bypassingtheboundarylayerorlow-ener~partoftheflowat stationlb
ineffect,increasesthemeentotalpressure-oftheairenteringtheengine— \

( )~lb-~ .airduct an effectnot accountedforby Inaddition,asthe
~lb

bypassflowincreasestheengine-duct&aamicpressure.decreases,thus
tendingtoreducetheabsolutelossek.

.
Higherlosses.wereobserved?or

R
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boundsry-layerconditions2 and3 thanforboundarylayer1 aswouldbe
expectedfromthehigherbasiclossvalues.Trendswithincreasingb~ss
flowwereaffectedlythelocationoftheretsrdedvelocityregionat
stationlb. Forinstance,forboundarylqyer3 thetotal-pressuredefi-
ciencywasonthebypassside;therefore,increasingthebypassflow
raisedH3.

Total-pressure-lossdatainthebypassduct(fig.12)showthatfor

( ~~b-ka given scoopthelossesindicatedby —
)
sreentirelydependenton

~lb
thetotalpressureoftheairenteringthebypassduct;thus,bypass-duct
lossesareinflu..nced>ythefollowingfactorsinthe
(1)ThelossesH~b-

mannernoted:

( E4)decreasewithincreasingbypassflowbecause
theproportionofah takenfromthehigherenergypsrtoftheboundary
layeris increasing; (2)thelossesdecreasetithincreasingbypassflow
becausetheadversepressuregradientupstream fromthescoopdecreases
asbypassflowapproachesthedesignvalue;(3) thelossesincreasewith
increasingtotal-pressuredistortionoftheflowat stationlb. R=
recoverywasobservedto improveasthescoopextensionwasincreased,
especiallyfordistortedupstresm-flowdistributions.

Meantotal-pressurelossesfortheengineair-andbypass-ductflows

()

‘lb-3~4 iS a truecombinedareshowninfigure13. Thelossfactor
Elb

measureofthetotal-pressurelossesbetweenstationlbandstations3
and4. Themagnitudeandtrendsofthelosscurvesare,ingeneral,the
sameasfortheengineairductpreviouslydiscussed.

Effectofflowcontroldevicesonengineair-ductperfo~ce.- me
effectsof controldeviceson station2 velocitydistributionsandenzine
air-ducttotal-pressurelossessreshowninfig&e 14forboundkryl~-er1.
@rovementsinvelocitydistributionswererealizedinregionsadjacent
to thediffuserwalloppositethescoop,especiallyathighbypassflows;
however,theimprovementswereattheexpenseofthelosscoefficient,
whichmorethandoubled.Velocitydistributionsobtainedwerenotsuffi-
cientlyuniformforpracticalconsiderationsalso,thevanespacingand
locationswerefoundtobe criticalandtheperformancewouldbe affected
significantlyiftheinlet-boundsry-l.ayerconditionschsnged.

MethodsofEliminatingModelI DesignDeficiencies

ThemodelI design,whichconsistedessentiallyof a
diffuserwhichwasmodifiedby cuttinga holeinonewall

conventional
neartheexit
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andmountingprojectingscoopsonthewall,produceda performancewhich
indicatesthefollowingbasiccharacteristics:

(1)A scoopprojettingintothediffuserproducesunsatisfactory
performanceat lowb~ass flowsduetothehighangleofattackonthe
scooplipandtherapidexpansioncausedby thedivergingwallonthe
downstreamfaceofthescoop.

(2)Bypassingappreciablemountsofflow(20to35percent)from
onewallofthediffuserproducesunsatisfactoryperformancebecausethe
adversepressuregradientssetupby bypassingtheflowdistorttheboq
layerontheoppositewall.

(3) The extendedscoopsproducedappreciablegainsinthersmrecovery
ofthebypassedair,especiallyfordistortedupstream-flowdistributions.

(4)Someimprovementsintheenginefacevelocitydistributionssre
obtainablethroughuseofvanesandvortexgenerators;howeverfthe
investigationindicatedthatvae placementandalinemntwereUitical-. .

TheadversecharacteristicsofthemodelI designcouldbe reduced
by bypassingflowfromtheentireperipheryofthediffuser.Sucha
designwouldbe complicatedmechanicallyandstructurally,butwould

.

offerno internalaerodynamicproblemsforthefollowingreasons:

(1)Theemgleof attackatthescoopleadingedgeandexpansion
.

angleonthebacksideofthescoopwouldbe automaticallyreducedbecause
thescoopinletareawouldbe spreadovera longertiear distance.

(2)Withappreciablebypassflow,alltheboundarylayerwouldbe
removedby thebypass”duct;thus)theenginefacevelocitydistributions
wouldbe lessaffectedby adversepressuregradientssetupbybypassing
theflow.

Anothersolutiontotheproblem,whichavoidsthe
bypassingfromtheentireperiphery,consistsofusing
tomodel11. Thecharacteristicsexpectedfromsucha

—

complexityof
a designsimilar
designfollow:

(1)me blockageeffectsoftheextendedscoopwouldbe eliminated
by movingthescoopinletbacktothediffuserexitandincreasingthe
diffuserexitareaby theamountofthescoopinlet=eaj thus,no diffu-
sionwouldoccurintheengineductdownstreamfromthescooplip. In
fact,model11wasdesignedwitha smallsmountof contractioninthe
engineairducttopermitthescoopliptohandlehighangle-of-attack
flowat lowbypassflows.

.-

(2)Adversepressuregradientsoverandabovethoseofthebasic
diffuserdesignwouldbe eliminatedexceptforbypassflowscorresponding
tobypass-inlet-velocityratiosgreaterthan1.0.

.

k
. . .



(3)Thebypassrsmrecoverywouldbe a msximum.

NACARM@@l IL

(4)Otherfactorsbeingequal,themodelIIdesignswouldrequire
morediffuserlengthdueto increasingthediffuserexitareaby an
smountequaltothebypassinletarea.

ModelIIResults

Inlet condition.- Velocityprofilesatstationlb arepresentedfor
modelsIIaandIRIinfigure15. Themeasurementspresentedweretaken
inthemidplaneofthedivergingsidewallsandperpendicularto the
verticalplsnethroughthemodelcenterforthreedifferentboundary-
lsyerconditions.Theflowconditionswereestablishedina manner
similarto thatformodelI. Forboundarylayer1 forbothmode~ the
flowwassymmetricalwiththeboundaryl~er ateachwalloccupying
approximately30percentoftheductsxea. A velocityratioof approxi-
mately40waspresentinproximityto thediffuserwalls.Thevaluesof
~ch ‘Wb= ‘lb were0.23md 0.31formodelsIIa-d IIb,respectively.
Forboundsrylayer2,theflowwasbadlydistortedbyshock-boundsry-
layerinteractionwitha lowvelocityregionadjacentto thebypasswall
formodelIIaandadJacenttotheoppositewallformodelIIb. A thin
boundarylayerandhighvelocityflowexistedinproximityto thewalls
oppositethosehavinglowvelocityflow. ThevaluesofMachnuniber%b
were0.34and0.43formodelsIIaandID, respectively.hbdelcenter
lineMachnumbersat stationlbweregreaterthanthe ‘lb values.For
boundarylayer3, theflowwasagaindistortedwiththelow-velocityregion
on thesideofthespoiler,thebypasssideforbothnmdelsIIaandIIb.
SimilsrflowdistortionsandMachnumbersasforboundarylayer2 were
observed.InthecaseofmodelIIa,thespoilerwasonthediffuserwall
fromwhichnaturalseparationoccurred,whichpermitteda comparisonof
theresultswithshock-boundsz’y-layerinteractionwithandwithouta
spoiler.Measurementsperpendicularto thepsralleldiffuserwallsindi-
catedsymmetricalflowwithvelocityratiosadjacenttothewallsof0.5
orgreater. L

Resultsoftotal-pressuresurveysat stationlbwiththescoop
installedsrepresentedinfigure16. Datawereobtainedforbotk
modelsIIaandID forboundarylayer2 forvsriousbypassflows.The
total-pressuredistributionformodelIIa,themodelwithlow-energyair
initiallyonthebypassside,wasnotsignificantlyaffectedby thescoop
orby bypassingflow.FormodelIIb,themodelwiththelow-energyair
initiallyonthesideoppositethescoop,thepresenceofthescoopfor
lowbypassflowsforcedthemainflowto liftoffthebypassside”wall
andattachontheoppositewall,thusthescoopsignificantlyeffected
thedistributionaswellasthequantityofairbypassed.Thedistri-
butionsforthescoopinstalledand30-percentbypassflowandforthe

?gy3#&m2F~— -----
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.
scoopremovedaxeapproximatelythesame.Mass-weightedtotalpressures
forstationlbwerenotappreciablysffectedby thesechangesin
distribution.

Longitudinalwallstatic-pressuredistribution.-Static-pressure
distributionsformodelIIaforboundarylayers1 and2 srepresentedin
figures17(a)and17(b},respectively.Since,withnobypassflow,the
flowmustcontractfromthefulldiffuserexitareatotheengineduct
srea,a lergepressure-dropcoefficientforboundarylayer1 (favorable
forproducinguniformdistributions)ofabout1.1was-obtained.As the
bypassflowapproacheddesignvalue‘(3!2yercent),theyressurecoefficient
approachedzero.Thus,fortherangeofbypassflowsexsmined,nonet
pressurerisebetweenstationslaand2awasobtainet.Distributions
forboundsry-l~rconditions1 sad2 weresimilar,butboundary-layer
condition2 producedsomewhatlesspressuredrop(flowacceleration)and
a netpressureriseforbypassflowsinexcessofabout16percent.Thus,
a retsrded-velocityregiononthebypasssidecausedtheareacontraction
tobe lesseffective.DatafGrmodelIIb,notincludedherein,followed
similsrtrendsandleadtothesamegeneralconclusions.

Exitvelocitydistributionandtotal-pressuredistortions.-Velocity
distributionsat station2a arepresentedinfigure18,andtotal-pressure
distortionsat stations2aand2bformodelsIIaandl.Tbarepresentedin
figu2-e19. FormodelIIaandboundaryleyer1,theprofileforzero
bypassflowis synunetrical,theboundar~layerthickness,lessthan25per-
centoftheductwidthandthevelocityrationesrthewalls,greaterthan
0.80.Thedistributionwassubstantiallybetterthanat stationlb.
Bypassingflowremovedtheboundarylayerohthescoapside;theboundary
layerontheoppositewallthickenedduetothereductioninfavorable
pressuregradient(fig.17) &d thevelocityneartheoppositewall
decreased.For31-percentbypassflow,thedistributionwasstill
superiortothedistributionat stationlbandvastlyimprovedrelative
tomodelI (fig.9). Distorted flows at stationlb,boundsry-lsyercon-
ditions2“”md3, hadlittle effect on the fistributiofi at station 2a”-” -
Velocity distributions at stations lb and2a for boundarylayer 2 were
similarto thoseobtainedforboundary-l~e.rcondition3, indicatingthat
thepresenceofthespoilerhadlittleeffect.Thevelocitydistribu-
tionsat station2aformodelsIIaandIn wereSimil-mforall three
boundary-l~erconditions.Eventhetestconditionh&ing distorted
flowonthediffuserwalloppositethebypassside(boundary-layercon-
dition2)didnotmateriallyaffectstation2avelocity.distributions.
It istobe concludedfromtheforegoingdiscussiont~t thevelocity
distributionsformodelIIwerevastlysuperiortothoseofmodelI,and
thattheeffectsofdistortedflowsandengineair-ductMachnumber
levelonthedistributionswerenotsignificant.Furtherrefinementsin
thebypass-ductdesignshouldbe possibleinapplicationsto specific
configurations;forinstance)providinga small.samuntofsreacontrac-
tiononthewalloppositethescooporfavoringthewalloppositethe

—.

.

-.

—

.

.
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scoopby accountingforthemajorityoftherequiredwalldivergencewith
theremainingwallsor a combinationofboth. Velocity distributiorisat
station2bforthessmetestconditionsasforthedataoffigure18
leadto identicalconclusions.Velocitydistributionswereslightlymore
uniformat station2bduetondcuralmixingintheductsectionbetween
thetwostations.

Severaltrendsareapparentfromthetotsl-pressure-distortiondata
offigure19. Bypassingflow,distortionsoftheflowupstresmofthe
scoop,engineair-ductMachnumber,andthestationofmeasurement
(stations2a and2b) allinfluencedthemagnitudeofthetotal-pressure
distortions.Forexsmple,boundary-layertotal-pressuredistortionsat
station2awereapproximately4 and7 percentformodelsIIaandIIb,
respectively,as compsredwithdistortionsof8 to 10percentformodelI
whichwasat a lowerMachnumberlevel.Fordistortedflowconditions
intheupstremdiffuser,modelIIadistortionsvaryfrom8 percentat
zerobypassflowto 12percentat33-percentbypassflow. b a like
manner,distortionsformodelIIbvaryfrom11to 18percent.Thedis-
tortionsformodelIIbwerehigherthanformodelITabecauseofthe
higherMachnumiberlevelintheengineairductofmodelIIb. Distor-
tionsat station2bwerelessthsadistortionsat station2aforidentic-
al upstreamconditionsbecauseofnaturalmixingin-theshortapproxi-
matelyconstant-areaductsectionseparatingthetwostations.

.
Total-pressure 1OSS.-Figure20 showsthatformodelIIatheloss

intheengineairandbypassductsdecreasedwithincreasingbypassflow.
ReasonsforthedecreaseinlossarethesameasformodelI discussed
previously.Theengineair-ductlossesweresmall;Iossvalues forthe
threetestconditionsrsmgedbetween0.002and0.02at zerobypassflow
andbetweenO and-0.@lat27-percentbypassflow.Forreasonsdiscussed
previously,datapresentedinthisformmayhavenegativevalues.The
smalldifferencesinthevelocityprofilesat stationlbforboundary-
layercondition2 (riaturaldistorteddiffuserflow)and3 (artifici~~
distorteddiffuserflow)wereresponsibleforthesmalldifferencesin
total-pressurelossoftheengineairductforthetwoconditions.The
largevariationsinby-passductlossesforthethreeboundary-lsyercon-
ditionsresultfromlargedifferencesintotal-pressurelevelsofair
onthebypasssidewallofthediffuser.(Seefig.15,)

llossesinbotalpressure in the engine andbypassducts for modellXb
(fig.21)aresimilsrto lossesinfigure20formodelHa. Engineair-
ductlossesweresmall,ranging,forthethreebounder-y-layerconditions
from0.006to 0.015at zerobypassto valuesfrom0.02to -0.03atapproxi-
mately~-percentbypassflow. Anexceptionto theusual trendof
decreasinglosswithincreasingbypassflowistheengineductlossfor
boundarylayer2 whichincreasedwithincreasingbypassflowintherange
from10-to 30-percentbypass.Thisresultwasobtainedbecausethetotal-
pressuredeficiencywasonthediffuserwalloppositethebypass,the
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reversefromothertestconditions.
.

Thelossundoubtedlywasalso
tifectedbychangesinthestationlbtotal-pressuredistributioncaused
by thescoopandshownonfigure16. Thesefactorswouldlikewisesffect -
bypass-ductlosses. -—

Meantotal-pressurelossesfortheengineandbypass-ductairflows
combinedareshownonfigure22. Thesedatawe a measureoftotal-
pressurelossesfortheentireflow.Thelossesfor’bothmodelsIIaand

IIbweresmall,generallylessthanl~percentofthestationlbtotal

pressure,andtheyrepresentapproximatelya 75-percentreductionrela-
tivetomodel1,scoop1 (thescoopproducinglowestloss).Bypassing
airhada favorableeffecton lossesduetothefollowingfactors;a
reductioninangleof attackatthescooplip,theeliminationofthe
deadairandturbulentregionsinfrontofthebypassandscoop,and
theeliminationoftheadversepressuregradientinthebypassflowin
thevicinityofthescoop.

CONCLUSIONS

In connectionwiththeproblemofmatchinginletandengineair
flows,thebasicperformancecharacteristicsof severaltypesof designs
ofsubsonicdiffuser-bypass-ductcombinationsweredeterminedforbypass
flowsup to one-thirdofthetotalflow.Directconnectedductnmdels

—

wereemployedwiththehportanteffectsof supersonicinletoperation
(shock-boundary-layerinteraction)obtainedby positioningnormalshocks
inthesubsonicdiffuser.TheMachnuniberlevelintheengineairduct
rangedfromapproximately0.2to 0.8. Thefollowingconclusionswere
derived:

1.A bypass-ductdesignprocedurewherebya holeiscutinoneside
ofa diffuseranda projectingscoopinsertedisgreatlyoversimplified.
Forsucha design,regardlessofscoopextension,itwasimpossibleto
obtainsatisfactorydiffuser-exitvelocitydistribut~onsoverthera&e

—

ofbypassflows.Total-pressurelosseswerealsoexcessive. —

2.Extremeadversepressuregradientsdownstreamfromthescoops
establishedby suddenremovalofrelativelylargequantitiesofaircorn-‘-
binedwfththedivergingwallonthedownstreamfaceofthescoopswere

—.

responsiblefortheperformancedeficiencies.

3. Abypass sz’mmgementdesignedto produceat .yadmumb~assflow
a minimumof adversepressuregradient betweenthe s_cooplip andthe
engine face station producedsubstantially better performance. Exit
velocity distributions were reasonablyuniform} andtotal-pressure losses

.

.
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of theengineairductforalltestconditionswerelessthan2 percent
ofthetotalpressure.

4.Velocitydistributionsforthelatterdesignwerefoundtobe
relativelyunaffectedby distortedflowobtaine?lby shock-boundary-
I.syerinteractionintheupstresmdiffuserandtobe unaffectedlychanges
intheengineairductMachnumberlevelfroInO.27to 0.81.

LangleyAeronauticalLaboratory,
NationalAdvisoryComitteeforAeronautics,

LangleyField,Va.,October16,1956.

.
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