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q
g sU14MRY

L.K1.mn

Severalmethmlsof straighteningdiffuser-exittotal-pressure
profilesproducedby a typicalhalf-conicaldouble-shocksideinletat
a free-streamMch numberof3.05wereinvestigated.Thesemethodsin-

-’.3 eludedtheuseof (a)longersubsonicdiffusers,(b)constant-areamix-
ingsectionsatthediffuserexit,(c)internalscreens,(d)a rapid

* accelerationoftheflowat thediffuserexit,(e)internalbleed,and
(f)a changeininternal-flowpassageshapeobtainedby raisingthein-
ternalcenterbodyfairingfromthefloorintothediffuserduct.

Eachofthemethodsinvestigatedwasfoundtobe effectivein re-
ducingdistortion.Increasingthemodellengthwasfoundtobe quite
effectiveinreducingthetotal-pressuredistortion.Inparticular,the
additiono?lengththroughtheuseof constmt-areamixingsectionsat
theendofthediffuserreducedthedistortionwithlittleorno loss
inpressurerecovery.Increasingthebasicsubsonicdiffuserlengthwas
alsoeffective,andthelongeroftwosubsonicdiffusermodelsyielded
thelowerdistortionat thediffuserexit.

Theuseof screensandthechangein centerbodylocationreduced
thedistortionat theexpenseofpressure-recoverylosses.On theother
hand,theuseofbleedfrcmtheinletthroatoran accelerationofthe
flowat thediffuserexitreducedthedistortionwithno lossin
pressurerecovery.

INTRODUCTION

. Largetotal-pressuredistortionshavebeenmeasuredat thediffuser
‘. exitsofairinletsfeedingturboJetandram-jetengines.Althoughthis

problemhasbeenknownforsometime,onlyrecentlyhasmaterialpertain-
d ingtomethodsofreducingthesedistortionsappearedintheliterature.

Impetushasbeenprovidedbytherequirementofflightathigherspeeds‘
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andathigheraltitudes.Nonuniformflowenteringtheturbojeten-
ginehasnecessitateda deratingoftheenginesirior-der.toprevent
turbineburn-outandalsohaslimitedhigh-altitudefrightbecauseof-
inducedsurgeandstallphenomenon(e.g.,ref.1). ~

Causesofflowdistortionaresomewhatdepend.ent-..uponflight
speed.At subsonicflightspeedsair.generallyeritersthei@et with;
littledistortion.Eveninthiscase,however,f~ow?Hstortionsmay
resultwhentheflowisturnedordiffusedtoorapiidly”;Forexample,~_
operationatangleofattackoratlargemass-flowratiosmaycause
localseparationfromtheinletlip. Insidethediff~ser,separation
mayresultfrantoorapida diffusionrateormayoccfilocallyin
regionswherethewallrateof curvatureistoolarge,-Thesesepar-
atedregionstendto spreadastheflawtraverses‘the-diffuser.Bas-
ically,then,theproblemofthediffuserinthesubscmicspeed
rangeistomaintaintherelativelylowdistortionthatexistsim-
mediatelyupstreamoftheinlet.

In contrasttothesubsoniccase,flowdistortionsgenerally
existattheinletthroatat supersonicflightspeeds.=Thesedistor-
tionsarecausedprimarilybynonuniformsupersonicc~presslonwhich
mayoccur,forexample,becauseofinteractionbet{reeri’theinletter-
minalshockandthecompression-surfaceboundaryl~yer;becauseof
operationatreducedmass‘flowwithsubsequentent;%nc%”ofa vortex
sheetintotheinlet,orbecauseofoperationat &leZ’Ofattackor .“
yaw. : —.

At leasttwogeneralsolutionstotheproblaof~btaininguni-
formflowatthediffuserexitareevident.l?irst,meansmaybe em-
ployedtoprovidemoreuniformflowat theinlettfioat.Forexample,
removaloftheboundarylayerattheinletthroat~ith”-aninternal
scoopor slotshouldminimizeshock- bounds-y-laydrifiteractionef-
fects.Second,thedistortedflowat theinlett~oat–fiybemixed
inthesubsonicdiffuser.Inpreviousinvestigati~ns‘[e.g.,refs.2 -
to4)mixinginthesubsonicdiffuserhasbeenforcedby theuse of
suchdevicesas screens,vortexgenerators,andfreely--rotatingblade
rows.Althoughdistortionreductionhasbeenachfe’vedj-lossesin ~_.
total-pressurerecoveryhavebeensuffered. ,. .—

Itmightalsobe expectedthatincreasingthe‘Mffiserlength
wouldreducedistortioninasmuchas theadditional>engthwouldaid
naturalmixingandperhapsincursmallerpressurelosses.Thepres-
entinvestigationwasconductedattheNACALewislaboratorytode-
terminetheeffectofmixinglengthontotal-pressure&stortionat
thediffuserexitofa typicalsideinletata Machinunherof3.05.

.
,-

.—

—
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Additionalmethodsofmixingstudiedforcomparisonincludetheuse
-a of (1)screens,(2)anaccelerationoftheflowat thediffuserexit,

(3)a changeindiffuserflowpassageshape,and(4)internal
~ boundary-layerbleedfrcmtheinletthroat.-

A
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APPARATUSANDPROCEDURE

Testswereconductedinthe18-by 18-inch14Ach&mber 3.05
tunnel.Thetunneltest-sectiontemperaturewas&air@inedat150°F,
whilethetotalpressurewasapproximatelyatmospheric.Thedew
pointoftheairwaskeptat -200F orlowertom~~t~e ~ondensation–-
effects.

Model.- Themodelusedforthesetestswasa ha~f-conicalside
inletwithexternalcompressionprovidedby a 19.8°-34.40double-
shockspikedesignedto capturea fullstresmtube~oftiirata Mach
numberof3.05. -=

Exceptformodificationstothesubsoriicdiffuser,themodelwas
thesameas reportedinreference5. ‘Themodificatio?asincluded.(1)
a reductionofthediffuserarearatiotoprovide!am&e realistic
diffuser-exitMachnumberfora turbojetengineoperatingnearfree-.
strewnI&chnumbersof 3 and(2)a reductionofcenterlineoffset
frominlettodiffuserexit.Theinletwasinvestigatedasa nose _.
inlet(thusassumingcompleteexternalboundary-layer-removal)at
zeroangleofattackandyaw. ,

Preliminarytestsindicatedtheneedforroughnessonthespike
tip. Withoutroughnesstheconeboundarylayerbfidg=dthejuncture
betweenfirst-andsecond-cone,compressionsurfaces,resultinginan
additionalweakshockonthefirstconeandmisloc;ati6nofthesecond
strongshock.Inordertohavea shockconfiguratlion=rnorelikelyto
be encounteredinflight,a l/8-inch-tidestripo~No.100Carbo-
rundumdustwasaddednearthetipofthefirstcope.-Theconebound-
arylayerthenremainedattachedandthecompressi.bnshocksmetat the - .<

inletlip,approximatingcloselythedesigncondition=.Thisr-bugh-
nesswasusedforalltests. —1

Schematicdrawingsofthemodelsinvestigated!a=presentedin
figure1. Twobasicconfigurationswereusedand~il~bedesignated
hereinastheshortandlongdiffusermodel%.Withth>shortdiffuser..
model,expansionto thefinaldiffuserareawascogple_tedatmodel
station14.28.Theremainingmodellength(tosta$iog21.97)wasal-
lottedfora constant-areamixingsection,equivd$nt_inlengthto3.5
diffuser-exitdiameters.Forthelongdiffuser,ekpai-sionwasnot
campleteduntilstation18.68.Theremainingmodellength(1.5exit
diameters)wasagainusedas a constant-areamixingsection.Stations_..
withintheconstant-areamixingsectionsforbothmodelswillbe given
intermsoftheconstant-areamixing-lengthparsmeter~-L/D,where D
isthediameterofthesection. -,

Withtheshortdiffusermodel,twointernalcente–rbodyfairings
wereinvestigated,as indicatedinfigurel(a).Fbrt>emajorityof
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thesetests,thecenterbodyfairingwaslocatedalongthefloorof
themodel.Fora limitednumberoftests,however,thecenterbody
fairingwasraisedofftheinletfloorintothediffuserductpassage.

Theeffectsoftwoadditionalmodificationsto theshortdiffuser
modelwerealsoinvestigated,nimnely(1)theeffectofa rapidaccel-
erationof theflowatthediffuserexitand(2)theeffectofinter-
nalbleedintheregionof theinletthroat.Thesemodificationsto
thebasicdiffuserareillustratedinfigure2.

As indicatedinfigure2(a),accelerationoftheflowwas
achievedby theinsertionofa wocdencontractionsectionat thedif-
fuserexit. Contractionofthediffuser-exitdismeterfrm 2.2to
1.8incheswasachievedby an arbitraryfairingbetweenmodelsta-
tions14.28and15.28.A constant-areamixingsectionwasmaintained
betweenmodelstations15.28and18.28.

Internalbleedwasachievedby bleedingairwithfourrowsof
holesthroughtheinletsplitterplatebetweenthecenterbodyandthe
inletcowl(fig.2(b)).Thetotalareaofthebleedholeswas0.092
squareinch.

Theconstant-areamixingsectionswereenclosedwithinterchange-
ablesleevesuponwhichscreensofvariousblockageareaor solidity
weremounted.Thus,thescreensolidityandscreenlocationwasread-
ilyvaried.Screenswerelocatedintheconstant-areamixingsection
andalsointhedivergentpartofthediffuser.A photographofthe
screenswhichweremountedintheconstant-areamixingsectionispre-
sentedinfigure3. Whenthescreenswerelocatedinthediverging
partofthediffuser,thescreenswerecontouredtofittheinternal
flowpassage. ...

Threeconibinationsof screenmeshandwirediameterresultingin
approximately23-percentsoliditywereinvestigatedforoneconfigu-
ration.Howenr,unlessotherwisenoted,the23-percent-solidity
screenutilizedforthemajorityofthetestshada wiremeshof 2 and
a wiredismeterof0.062inch.

Subsonic-diffuserareavariationsforthetwobasicmodelsare
giveninfigure4. Theinitialdiffuser-areaexpansionwasdetermined
by usingthecriterionof constantproportionalitybetweenthestatic-
pressuregradientandthelocalstaticpressure(ref.6). Thearea
distributionfortheremainingdiffuserlengthwasanarbitraryfair-
ingwhichreducedtheexpmsionrateat thedownstreamendofthedif-
fuser.Theareadistributionfortheraisedcenterbodymodelwasnot
changedfromthatofthebasicshortdiffusermodel.

yqww.? ‘“
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Instrumentation.- Twototal-pressure-rakeswereutilizedasshown
infigure1. Theprimaryrake,whichwas–longit~din~ll.ypositionedby u-
remotecontrol,wasusedtodeterminethetotal-@es~tiredistortionand
total-pressurerecoveryatanystationL .withiqth~..constant-areamix-,

--

ingsection.Thesecondaryrakewasusedinthe;cal%”ulationof-inlet. —
massflow,Withtheassumptionofa chokedexitplug:_Locationsofthe_
tubesinthe’primaryrakearegiveninfigime5.~Withtheexceptionof

.—

thecentertube,eachofthe25total-pressuretules=waslocatedat the
-.

centroidofequalareas.Whenthecontractings~ctionwasinstalled). “-~
theoutermosttubeof eachrakesegmentwasremo~edS@the constant- m
area-sectionradiuswasreducedtothatindicated.by~he dashedline. “g
Theremainingtubeswereagainlocatedat thecen.troidsofequalareas.
Thesecondaryrakewassimilarlyconstructedbutwascomposedof40
tubes. , . ———. —

Additionalinstrumentationincludedsttitic-QresW.metapslocatedin
.:

theinletcowlthroughoutthethroatregionandipth~constant-area
mixingsection.Thecowl-lipstatic-press~etap;sw~e-usedto.,aidin ___ __~
positioningtheinletterminalshock,whereasthe;st@ic-press~etap”s. _:
inthemixingsectionwereusedtodeterminethepreRmrelossacross— . .
thescreens.

A total-pressurerakewasalsoinstalled
*ionO at thebeginningoftheinvestigation.
however,wasremovedfortheremainderofthe

.- += .

intheinletthroatat sta- _v_
ThisQMmunentation,
tes“ts.

—-
-.—

..
DISCUSSIONOFRESULTS ~ .;

=
Anynumericaldefinitionofflowdistortion}s {?coWletebY itseM~ ..

sincetheeffectsofdistortionsentering<hec~pre~~or(ortheram-jet
ccmibustionchaniber)dependnotonlyonthepercentagedistortionbutal-

.-

souponthedistributionsoftheflowdistortion.!~_us~radialandcir- “=”
cumferentialdistortionsmayhaveentirelydiffer@t@ffectsuPoncc% ..

.—-

pressorsurgeandstallcharacteristics.Hence,Total-pressureor ve-
-

locity contoursareneededto completelydefineflbw~istortion.
.-

.—

However,forthepurposesofthisrepurta d~fi~>tionofdistortion
bywhichtheseverityofa distortedflowisrepreseritedby a single
numberisuseful,sinceitprovidesa convggient~asisforcomparison-of
themethodsofdistortionreductioninvestigated.:Otherspecificcon+
siderationsoftheresultantdistortionscanbe obtainedfromthereport-’
ed total-pressurecontours.Flowdistortion,asdisgussedherein,is
definedas themaximumtotal-pressurevariationobtainedfromtheyitot
tubesoftheprimaryrakedividedby theaveragetotalpressure,or

,_
.=

-

.

. .-

(L )
.—

Al? - ‘Z,min ~ 100- %,max .-Percentflowdistortion=7 ~loo=’ .-
9

av av
-.

.-

-.. - .—-
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Distortionat inletthroat.- Duringtheinitialphaseofthe
d investigation,theflowin theinletthroatwassurveyedwithtotal-

pressurerakes,andtheresultsarepresentedinfigure6 forthe
maximum-pressure-recoverycondition.Largetotal-pressmedistortions
wereobserved,as evidencedby thelowpressuresinthecornersofthe
inletandtherelativelyhighpressuresat thetopoftheinlet.The
low-pressureregionis causedby anaccumulationofthecompression-
surfaceboundarylayer.Presentedforcomparisonis thetheoretical
shockpressurerecoverybasedonflowthroughthetwoobliquecom-
pressionshocksandtheinletterminalshock.Rressurerecoveries
measuredacrossthetopof theinletwerehigherthanthistheoreti-
calvalue,presumablybecauseofthepresenceofadditionalweak
shockscausedby shock- boundary-layerinteractionwhichwerenot
accountedforby thetheoreticalvalue.

Effectofinletoperatingconditions.- Themajorityofthetest
datawereobtainedwiththeshortdiffusermodel.Thepressure
recoveryandthemass-flowperformanceofthismcdelar;presentedin
figure7 forseverallongitudinallocationsoftheprimaryrakein
theconstant-areamixingsection.Smallchangesin subcriticalinlet.
operationwerenotedas theprimaryrakewasmovedrearwardinthe
constant-areamixingsection.Thesechsmgesmayhavebeenduetothe

J pressure-weightingtechniqueused,althoughthecowl-lipstatic-
pressuretapsindicatedthata branchedorlambdaformofthenormal
shockmovedfartherforwardintotheinletthroatas theprimaryrake
wasmoveddownstream.Inanycase,thevariationsinthedataare
probablywithintheexperimentalaccuracy,andit is clearthat
littleorno lossinpressurerecoveryoccurredthroughuseofthe
constant-areamixingsections.Thesupercrtticalinletmass-flowra-
tiowas0.996,whiletheaveragemaximumpressurerecoverywasabout
62percentofthefree-streemvalue.Theaveragemsximumpressurefor
thisandotherconfigurationsinvestigatedis summarizedintable1.

Total-pressurecontoursobtainedat rakestation14.28(L/D= O) ~
arepresentedinfigure8 forseveralvaluesofthe‘averageMachmm.

()Pz ~beraheadoftherake. Thelineslabeled— - indicateisobars
Pav

oftotalpressuresexpressedinpercentaboveorbelowtheaverage
pressurerecovery.Forexample,fora rakeMachnumberof0.197,a
high-pressurecore10.2percentlargerthantheaveragepressurere- ‘
covery(0.615)wasmeasured.Likewise,totalpressures6 percentbe-
lowtheaveragepressureweremeasuredwiththeraketubesclosestto
thediffuserwall. Thus,thetotaldistortionwasabout16.2percent.

.
Thecoresofhigh-pressureairindicateincompletemixingofthe

distortionwhichexistedintheinletthroat(fig.6). Changesin
~ inletoperation(i.e.,rake&ch number)didnotchangeappreciably

thelocationofthesecoresintheductpassage.
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Theeffectofmodeofinletoperationonthetotal-pressuredis-
tortionat thediffuserexitissummarizedinfigure9. Disto&ion
andtotal-pressure-recoverydataaregivenas a functionoftherake
Machnuniber.Operationoftheinletinthesupekcriticalregimein-
creasedthedistortionconsiderablyoverthatob~ainedforcritical
inletoperation.Subcriticalinletoperationre$ucecl=thedistortion
onlyslightlybelowthatobtainedat criticalin+etoperation.me ‘-’
total-pressureplotatthetopofthefigureind+catesthat--themini-
mumdistortionpccurredatthemaxhum-pressure-recfierycondition.

Effectof constant-areamixingsectionson~lw.distortion.-
Theeffectofincreasingtheeffectivemodellen&thby theaddition
of constant-areamixingsectionsattheendoft% M–ffuserispre-
sentedinfigure10. Forallinletoperatfigcoridit~onsthetotal-‘“

—.

pressuredistortiondecreasedwhenthelengthof!the-constant-area‘“-
mixingsectionwasincreased.Theadditionofm+i~’ length,however,
wasmosteffectivewhentheenteringdi-stortionleve~”washigh. This--
resultsfromincreasedmixingduetothehigherShearofthebadly
distortedprofile.Thedistortionlevelwaslowdstforinletopera-
tionatthem&i.mum-pressure-recoveryconditionforAllvaluesof L/D.
Thedistortiondatafortheremainderofthisreportwereobtainedat
themaximum-pressure-recoverycondition.—

Effectofdiffuserlength.- A ltiitedntier o~testswererun
withthelongdiffusermodel.Distortiondataf& t~ti’modelare”pre-
sentedas a functionofmodelstationinfigure1:1agdcomparedwith
correspondingdatafortheshortdiffusermodel.At.thebeginningof
theconstant-areamixingsectionthelongdiffuseryfeldedthelower
distortion,presumablybecauseofthelongermixing~engthofthe ‘-”
longdiffusermodel.However,theadditionof constfit-areamixing“
lengthtotheshortdiffuserrapidlyreducedIts‘distortionsothat
fora comparableover-allmodellengtha lck?erd<sto@ionwasob- —.
tainedwiththeshortdiffuser.Thelncreasedmixi~obtainedwith
theshortdiffusermodelplusconstant-areasectionisprobablydueto
theloweraverageMachnumberandhencetncrease~,shearoftheshort
diffusermodel.A somewhatlowerpressurerecovery~s obtainedwith
thelongdiffusermodel.AdditionalinvestigatimIsneededtodeter-
minetheoptimumcombinationofdiffuserpluscon~st~=~-arealengthto’--
arriveat a minimumdistortionwithoutincurring,an@“xcessivetotal-;
pressureloss.

Effectof screens.- Severalccmbinati”onso~ screensolidity,-
mesh,andlocationintheductpassagewereInvetitigatedwiththe
shortdiffusermodel.onlylimitedscreendata,‘how&er,wereob-
tainedwiththelongdiffusermodel. -, _

Inletperformancedataoftheshortdiffusermodelwithseveral
screenslocatedatmodelstation14.28areprese~ted–infigure12..— ,. _

— .-.

.
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As waspreviouslymentioned,smallchangesin subcriticalinletoper-
ationwerenotedas thepositionontheprimaryrakewaschanged.The
averageperformancedataoffigure7 forthemciielwithoutinternal
screenhavebeenaddedto thescreendataoffigure12 forpurposesof
comparison.Theadditionof inteinalscreensincreasedthesubcrit-
icalstabilitybutdecreasedthemaximumpressurerecoveriesby less
than1 percentforthe10-and23-percent-solidityscreensandby
about2 percentforthe40-percent-solidityscreen.

Total-pressurecontoursforthescreenconfigurationsarepre-
sentedinfigure13 forthemaximum-pressure-recoverycondition.A
comparisonoftheprofilesmeasuredat L/D of0.46withthoseob-
tainedwithoutscreens(fig.8) indicatesthatthehigh-pressurecore
didnotmovefromitslocationintheupperpartoftheductas the
airpassedthroughthescreens.However,thetotal-pressuredistor-
tionwasreducedconsiderably.Themovementofthesurveyrakefar-
therdownstreamintotheconstant-areasectionindicatedfurtherre-
ductionsindistortionandshoweda tendencyforthehigh-pressure
coretomovetothelowerpartoftheduct.

Theeffectof screensontotal-pressuredistortionis summarized
infigures14(a)and(b)fortheshortandlongdiffusermodels,re-

* spectively.Theeffectivereductionofdistortionby theadditionof
screenblockageandmixinglengthis quiteevident.Thedataoffig-
ure14(a)showthatwithoutscreenblockagea constarrb-areamixing
lengthofabout3.2diffuser-exitdiameterswouldbe requiredto re-
ducethedistortionto5 percent.Byusinga screenof40-percent
solidity,thenecessarymixinglengthcouldbe reducedto0.6diam-
eter.Eachof thesetwoconfigurationssufferpenaltiesin orderto
attainthe5-percentdistortionlevel.Inthecaseof thescreen,a
pressurelossisencounteredandoperationalproblemssuchas icing
willoccur.Fortheconstant-areamixing-lengthconfiguration,added
weightandvolumearerequired.

Theeffectsofvaryingthescreenmeshanddiameterwhilemain-
taininga solidftyofabout23percentaregiveninfigure15. The
effectof screenmeshwasnotnegligibleinasmuchas theover-all
changeindistortionwasaboutasmuchaswasfoundin figure14(a)
fora changein solidityfrom10to 23percent.However,themaxtium
pressurerecoverywasnotchangedappreciablyforthec-e in screen
mesh. Additionalstudyon theeffectsofscreenmeshisrequired.

In ordertodeterminetheeffectof screenlocationondistortion,
screenswerealsolocatedintheexpandingsectionofthediffuserat

. station11 anddownstreamofthebeginningoftheconstant-areamixing
sectionat station16.28intheshortdiffusermodel.Theresultsof
thisccmrparisonarepresentedinfigure16. Whenthescreenswerelo-

*“ catedat thesestationsratherthanat theendofthediffuser,scme-
whatlargerdistortionsweremeasured.
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Total-pressurelossesacrossthescreensfortheshortdiffuser
modelaresummarizedandcomparedwithpredictedlossesfromrefer-
ence7 infigure17. Total-pressurelossisplottedgsa.functionof.
screensolidityforaverageflowMachnumbersahe$.d@ thescreenof
0.20s.ud0.34.TheseMachnuniberscorrespondto thoseaheadofthe
screenat themaximum-pressure-recoverycondition’forscreenslocated
atmodelstations14.28and11.00,respectively. .~

Whenthescreenswereinstalledat station14.28,thetotal-
pressurelossesweresomewhatlargerthanhadbeenp@dicteci._These._
losses,whichweredeterminedby’takingthedifferencebetweenmeas-
uredraketotalpressureswithandwithoutscreens,agreedtiththe
lossesdeterminedfrmnthemeasuredstatic-pressureriseacrossthe
screens. ___

—

.-

.-

v ““
—
—

—

4..

.-“”.- — :.

Ina stiilartestof screensfora w--root inlet(ref.2),the
agreementbetweenactualandpredictedlosseswasnot.so goodasthat
obtainedherein.Apparently,inasmuchasthedatqof.reference7 -
wereobtainedwithnearlyuniformflowapproachingthescreens,the
betteragreementofthepresentdataisprobablydue.toa moreuni-
formprofileapproachingthescreenthanwasthecase_withreference2.

“

Whenthescreenswereinstalledintheexpan~ingsectionofthe
diffuser,themeasuredscreenlosseswereexpected.trincreaseasa
resultoftheincreaseinapproachl&chnumber.However,as indicated
infigure17,increasedlosseswereobserve~only~for.-the40-percent-
soliditwscreenandeventhislosswaslowerthanbd beenpredicted.
Theanticipatedlossesduetothehigherfl~ MELCQnu@er a~pearedto - ._,~
havebeenoffsetbymoreoptimumsupersoni~compre,ssi~nasevidenced ..
by thecowl-lipstatic-pressuretaps.This..resul~mayhavebeendue
to differencesin spiketiproughnessbetweenco@iguyations.

It shouldbe notedthatforlowerfree-stresniMachnunibers,the
diffuser-exitMachnumberwouldbehigherthantha,tobtainedwiththe
presentmodelinorderto satisfytheweight-flow;reqiiiretientsofa .
turbojetengine.WiththesehigherductMachn~ers,”thelosses

,. acrossthescreenswouldbe largerthanweremeasuredherein.—

Effectofaccelerationatdiffuserexi%i- Inadditionto
constant-areamixinglengthandforcedmixi.~devi:ces-~othermethods
havebeenproposedaspossiblemeansofreducingf~W..~i@@rtion...one~- ._
ofthesemethodsconsistsoftheuseofa rapidack”elerationofthe
flowatthediffuserexit(ref.4). To determinethe-effectofsuch
an acceleration,a woodencontractionsectionwasfittedintothe
sleevesectionattheendofthediffuser(fig.2(a]).

Theperformancecurvesofthecontracteddiffuserconfiguration
arepresentedinfigure18. T.otal-pressve.profiles~ormaximum-
pressure-recoveryoperationarepresentediu.fiwr.el?-$Qrseveral “. ...
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constant-areamixinglengths,andthedistortiondataaresummarized
v infigure20. An appreciablereductionindistortionwasachieved

withnolossofpressurerecovery.

Effectof changeinflowpassageshape.-“Anothermeth~ ofdis-
tortionreductionis associatedwithshock- boundary-layerinter-
actionanddistortionsarisingfromlocalseparationswithinthedif-
fuser.An exampleofthisapproachwasusedinreference8,whereit
wasfoundthattheadditionoffi31etsinthecornersofa sideinlet
reducedthedistortion.In thepresentinvestigationtheeffectofa ‘
simplechangein internalgeometryobtainedby raisingtheinternal
centerbodyfairingfrcmtheductfloorintotheductpassage(fig.1)
wasdetermined.

Total-pressurecontoursarepresentedinfigure21forseveral
valuesof L/D. Contoursat increasingvaluesof L/D indicatea
clockwiserotationofthehigh-pressurecore,suggestingthatthe
centerbodymaynothavebeenalinedwiththemodelaxis.

Distortiondatafortheraisedcenterbodymodelaresummarized.
andcomparedwiththeoriginalmodelinfigure22. A considerable
reductionindistortionwasachievedby raisingthecenterbcdy,al-

2 thougha total-presswelossof0.04wasincurred.Thislossmight
havebeenreducedby redesigningthecenterbodyfairingsothatits
tipwasmorenearlyat thecenterlineoftheexitduct.

Theinsttiationof screensat station14.28reducedthedistor-
tionoftheraisedcenterbcdymodelto evenlowervalues.Thesedata
arepresentedinfigure23. Withthe40-percent-solidityscreenin-
stalled,a minimumdistortionofabout1.4percentwasobtained.
However,additionalpressurelosseswereincurredwiththescreen
configurations.

Effectofinternalthroatbleed.- Pressureinstrumentationat
theinletthroatindicatedthepresenceofboundarylayerinthecor-
nersoftheinlet(fig.6). Removalofthisboundarylayerwouldre-
ducethedistortionenteringthediffuserandthereforeshouldreduce
thedistortionattheexitofthediffuser.Boundary-layerremoval
wasthereforeprovidedbybleedingatthefnletthroat(fig.2(b)).

Inletperformancewiththisinternalbleedispresentedinfig-
ure24. Duringsupercriticalinletoperationa spillageofabout2
percentmassflowoccurred.Whentheinternalnormalshockmovedinto
theregionofthebleedholes,thesmountofbleedincreasedtoabout
8 percent.Themsxhmmpressurerecovery(64percent)wasobtained.
withthisconfiguration.
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Thedistortiondataofthebleedconfigurationarecomparedwith_
theoriginalconfigurationinfigure25,fo~jthem@x@um-pressure-
recoverycondition.Internalbleedeffe”ctitielyreduc-~dthedistor-~
tionandalsoincreasedthemaximumpressurerecotie~;

Generalremarks.- Ithasbeendemonstratedt+hat_distortedtotal-
pressureprofilescanbe tiprovedby mixing..w? fixingcm ~~t~ir.-,-
be obtainedby alloti~sufficientpassage.lengthor,~iflengthis
notavailable,mixingcanbe forcedby scre@s. ~ach.method,however,
isnotwithoutpenalty.Excessivelylongductsrequi~eadditional
weightandvolume.Theuseof screensinc~.spen+ti~~in thefoti..
ofpressurelossesandintroducesoperatingproblems.I

Apparently,thebestwayto reducedistortionwouldbe toreduce
itat itssource,thatis,neartheinletthroat.It.wasdemonstrat-
ed thatbleedingfrcmthethroatsectionreduceddistortionandat
thesametimeimprovedtheover-allpressurrrecovery;Theeffects
offlowpassageshapesandlocalsurfacec~qturesmaybe equally
important. - .—

If excessivedistortionstillexistsandif spaceisavailable,
thedistortioncouldpossiblybe reducedby ”overex~midingthedif-
fusertoa lowMachnuniber.Theuseofa screenfoll@wedby a rapid
accelerationoftheflowshouldthenpermitlowf:ow&.stort}onswith
littlelossinpressurerecovery. I “-..

SUMMARYOFRESULTS .x ..

Severalmethodsof straighteningdiffuser-ex+tt~tal-pressure
profileswereinvestigatedusinga typicalside-~et..modelat a Mach
numberof3.05.Themethodsstudiedinclude(a)~ong~rsubsonicdif-
fusers,(b)constant-areamixingsections_(c)in~ernelscreens,(d)
a contractionsection,(e)internalbleed,and(f),a ckge ininter-‘
nalflowpassageshape.Theresultsofthisinvestigationmaybe
summarizedasfollows: ,:= -=.-

1. Increasingthediffuserlengthwasfoundtob~quiteeffective
inreducingthetotal-pressuredistortion.._Thus,~+ncieasingtheef-
fectivemodellengthby theadditionof constant-~ea”@x~~”sec~ions–
at theendofthediffuserwasfoundtobe-effectivewithlittleor
no losstnpressurerecovery.Also,increasingtb.ebasicdiffuser
lengthwaseffective,andthelongeroftwosubso&cdiffusermodels
yieldedlowerdistortions.at the;ndofthediffusingsection.

2. Theuseof screensasforcedmixingdevice,seffectively
duceddistortionattheexpenseofa lossinpressure__recovery.
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.

3.Theuseofeithera contractionsectionat theendofthe
-.u diffuserorinternalbleedfrcmtheinletthroatregionreducedthe

distortionwithno lossinpressurerecovery.

OJ 4.Raising%hecenterbodyfairingfromtheinletfloorintothe
mm diffuserductreducedthedistortioneffectively;however,there.

ductionwasobtainedat theexpenseofa pressure-recoveryloss.
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TABLE 1. - SUMMARYOF MAXIMUM-PRESSURX-RFICOVERYDATA FOR ALL COKFIGORATIONS

?

Ill

asic diffuser Alteration to basic model Screen Screen mesh Wire Average ma.xhmzn
location, (numberof diameter,total-pressure

model stationwires per in.) in. recevery
,.

hort diffiser -------------------------- ----- --- ----- 0.620
10-Percent-solidityscreen 14.28 5 0.010 .616
23-Percent-solidityscreen 14.28 2 .062 .61J.
40-Percent-solldityscreen 14.28 7 .031 .599
23-Percent-solidityscreen 14.28 4. .031 .613
25.Percent-solidityscreen 14.28 2.7 .051 .611
10-Percent-solidityscreen 16.28 5 .010 .618
23-Percent-solidityscreen “16.28 2 .062 .614
40-Percent-solidityscreen 16.28 7 .031 .60S
10-Percent-solidityscreen 11.00 5 .010 .619
23-Percent-atilfdityscreen 11.(XI 2 .062 .616

I I ,1: : :!2%%!3% ‘cre~ :::? ~-~ J::? ::%
Internalbleed ----- --- ----- .635

~Dng...fmsms~r.–.--------=------------------------ -------- ---- -.---k 0.600
10-Percent-soliditysc,reen 14.s5 5 0.010 .594

,,+:i;! ,,. q .2*p&ceM-saiJdfty &&&n ,:,J,,’141&j!l’l II! p~f”illi l;~r P! 1,.062 : .592

40-Percent-solfdityscreen 14.s5 .7 .031 .564

Short diffuser-------------------------- ----- --- ----- 0.579
with raiaed 10-Percent-solidityscreen 14.28 5 0.010 .575
centerbody 23-Percent-solidityscreen 14.28 2 .062 .572

40-Percent-solidityscreen 14.28 7 .031 .562

1
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Figure5. - Detailsof primaryrake. (Alldimensions
arein inches.)
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Figure13.- Effectofinternalscreensontote&pressurecontoursatprimaryrake.8hort
diffusermodel~screenslocatedatmodelstation14.28.
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