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SUMMARY

conductedona superchargerinletelbow
●

An investigationwas
designedby theNACAtohavea uniformvelocitydistributionatthe.
outletwitha minimumpxessurelossthroughthebead. Theeffects
ofa vane,installednormaltotheplaneofthebend,an hnpeller-
shaftbusing,andthecmibination~fthetwoontheoutlet-velocity
distribution andthetotalpressuredropthroughtheellxwwere
determined.Inedditian,tkeeffectof streemliniqthetmjeller- .—..—
shafthousingandthe effectof carburetor-throttleposftiononthe
flowcharacteristicsat theelbowoatletwere’invest@ated.

..._
Theresultsshowedthattheoutlet-velocityprofilewasuntform

andthetotal-presqure-dmpfactoroftheelbowwasapproximately0.05
at a Machnumberof0.28as ccmp~edwith0.5forthebestconventional
elbowpreciouslytested.Theadditionof thevaneintheelbowwithout
thehousingandcakmretorimprovedtheoutlet-velocitydistribution
andloweredthetotal-~ressure-dropfactoroftineelbowfromapproxi-
mately0.05to 0.03at a h??chnmnberof 0.28. Theinstallationofthe
impeller-shafthousingintheelbowwithoutthevaneandcarburetor
slightlydistortedtheoutlet-velocityprofileandcausedan increase
inthetotal-pressure-dropfactorfrcmappro~tely 0.05to 0.08at a
Machzmmiberof0.28. Streamliningtheshafthousingsomewhatreduced
thisflawdisturbance.Theadditionof thevaneto~heelbowwiththe
streamlinedhausingandwithoutthecarburetorimprovedtheoutlet-
velocityprofilebutincreasedthetotal-pressure-dropfactorofthe
elbowfromapproximatelyO.0~to 0.1at a I@chnumberof0.28. The
distortioncausedby thethrottlecontinuouslyincreasedas thethrottle
wasclosedfromthefull-openposition.Theadditionofthevanein
thecarburetor-elbowassetilyhada detrimentaleffectupontheoutlet-
velocft~profile. —
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INTRODUCTION —. *..

As a re~ultofithedemandforincreasingthepowerandeconomy
ofaircraftengines,an intensivestudyto impravetheaver-all
superchargerperformanceandthodls-tributlonofthefuelandcharge
airtothecylindarsisbeingcontiuctedby theLNACAClevekndla3e-
ratory.An ?mpmtsntphaseofthisstudyisconcernedwiththe
effectofthemprcharger inletelbawm theover-allperfwmancc
oftheengine.A ~ooi-l~ design@inletelbowwillprGducea dis-
tortedvel~cityprofileat thetmpellorinletandwI1.1havoa high

.

prsesure10SS,A distcrto~velocftyprofileat the‘tmpollerwill ..
notonlylowerthssuperchargerefficiencybut,becausothoimpeller
bladeaanddiffuser“vanestwd toprcn%ntmixinganda resultant
equalizationofflaw,thedi.startJdvelocityprofilemayresultin ●

poordistributionofthofuelandcharguairamongthecylindersof
radial.aticraftengines.TM pwssurolossthroughtheelbowis
importantincmsideringenginopowerbe”caumItwill,Incffoct, <“
lcr,wrthemanifoldpressureby en amountequaltothoproductof
thefnlet-elbowpressvraleasandthesuperchargerpressureratio.

..

Inan effortto ofi%inan inletelbowwitha uniformvelocity
distributionat theoutletanlwitha minimumpreseurelossthrough
thebend,a setofd~si.gn?r~nctplesTrasassembledby tkoComQreasor
andTurbineResearchDiti.aicn.By theuseoftheseprinciples,a
suporckrgerinletelbowwasd~sl~x?dWithtnthelimitationsonth~
~hapeoftheinletandoiitlet,thosize,andtheaxialkngth imposed
m an elbowfora con’ventflonalradiala~craftengine.Fi”ovisione
weromadofcra streamlinedi.mpeller-ehafthousinganda remo~~ab].e
vanethatf:>llowedthecenterli~eof thepassageandwasperpend~.c-
ulartotheplaneofthebend.

.=

Flowtestswereconductedonthiselbowtodeterminethe
effectivenemofthedesignprinciplesinproducingan elbowwith
g~ti.flowdistributimat theuutletanda I.OWpressureloss. ‘ksks__
werealsomadetodeterminetheeffectof carburetorthmt’blesetting
ontheoutletvelocitydistributi~n.A finalseriesofsurve3awas
madetodeterminetheeffectofstreamliningthehousingon the
velocityprofileattheelbowoutlet.

NACA-DZ&HXtEDSUPERC33AR(23RlXLETELBCW
.

PrinciplesofM-CADesign

A static-pressuregradientacrosstheflewpathianecessary ●

ta providethef.rcenormaltotheairstreamrequiredtoturntine
flowarmnda bend. Th~.spressuregra3ientdoesn+ equallzefor
anappreciabledistancedownstream~ftheelbowbecausetfieturning ●
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oftheairstreamisnotcmpletedat theelb~woutlet.A distmted
velocitydistribut~onwillthereforeexistat theelbowoutletwitln
highvel~cityflowat theinsideofthebendandlowvelocityflow
at tineoutside.h ordertomintiizethepressuregradienttith
itsresultantvelocitydistortion,a largeradtusof curvatureof
theflewpathisdesirable.InstallationMnite onaxialle~=.h,
hOWGVer,severe~yrestrictthepermissibleradius.

Anothereffectortheformationofthepressuregradientacross
theflowpathistheformaticncfadversepresimregradientsalong
theflowpath. In ordertoformtinepressuregradientacrossthe
flowpath that is required to turn the flow, thestaticpressure
alongtheoutsidesurfaceofthebend,inan slbawof constantcross
section,mustincr.~asefrcmtheinitialvalueupstreamofthebend
to a ma~um at thepointwherethecurvatureoftheairstreamIs
greatestanithendecreaseto thedownstreamvalue.Conversely,
thestaticpressurealongtheinsidesurfacemustf-irstdecrease
fromtheupstreamvaluetoa minimumat thepointwhtirethecurvature
oftheairstreamisgreatestandthanincreasetothedowrmtrmm
value.Thus,itoanhe seenthatpressuregradicm.tsinopposition
to theflowaresetup intworegionsalongtheelbcwboundaries.
Iftheseadversepressuregradientsaresufficientta overccmmthe
momentumoftheairstreamintheboundarylayer,flowsepal%%ion
andpossiblebackflowwillresultwiththeirconsequentlossesand
detrimentaleffectontheoutletvelocity-profile.It ispossible,
by usinga passageofhighaspectratio(ratioofwidtht>thickness),
toreducethesepressursgradientsbecausethedecreaseddistanw
betweenthe?hsideandoutstdewallsresultsina smallerpres”suzze
differentialacrosstheflowpassage.Inaddition,ina h@h-aspect-
ratioolbawthesecondaryflowlossesarereducedby thenatural.
restrictionofthisflowt~therelativelysmallregionsalongthe
aidesofthepaseage(reference1,pp.84-87).In supercharger
inletelbowsa highaspectz%tioisgenerallypossibleattheGlbow
inletbecauseoftheshapeofthecarburetorfian@. As +KSdlapc
oftheelbowoutletisdeterminedby thegeometryof thesuper-
charger,theuseofa highaspectratiothroughtheenttrelendis
prohibited.ThGrefore,inwd.x totakeadvantageof thebenefits
thatcanbe dorfvodfromtheuseofa high-aspect-ratiopas~e,
itisdeairablothata maximumpartofthebendingtakeplacenear
thecarbvrctoroutlet.

..—

Theadversepressuregradientalongtheoutsidasurfaceofthe
bendneartheinletisnotcriticalbecausetheincrea~ed-radiusof
curvatureandincreasedpathlengthresultina reducedvelocity

—

gradientalmg theoutsidesurface.Theactionofsecondaryflowis
ofbenefitinpreventingthethickeningofthebaundarylayerat
theoutsidesurface.Theadversepressuregradientexistingat the
insidesurfaceneartheoutletofthebendjhowever,isverycritical ‘“”
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becauseoftheact!onofthessccndaryflowinthickeningtkeb-~und-
arylayerinthisregion.A suff:ciontrductioninflowareafrzm
theiniettotheoutletoftheelbow‘bakesitpoesible,by properly
proportioningtheareac-e throughtheelbow,todecreasethe
averagestaticprasmreenoughto com~ensatef’..mthisincrease,ln
prewsureocm!l?rlngalongtheinsideeurfaceofthebend.

Provisionsweremadeforseveral modificatlans.oftheelbow
whichwouldemabl.eittobe usedforeitheran in-linetia conven-
tionalradial aircraften@ne. Ttmsemodificationsconsistedofa
vaneandtw~designsof impellerdrive-shafthousings.

Applicationofthel?4CA-DesignPrinciples

A fairlylargeareareductionwasavailablettiwghtheeibow,
whichha~an inletwithanaspectrattoofapproximately3.2d an
‘areaof0.377squarGfc,atanda roundoutletwithan araaof3.235
uquarefoot.A perspectivecutawayillnstxationshowingthe
carburetor-elbawassenbl~withthevaneand.streamlinedhousing
indalledispr~sentedinf@re 1.

TheprafileofKM!iasidewailof&e bend,~eingthemost
critical,wasthefirstelemuniafthaelbowdeuigntobe laidoat.
Thissurfacewasso shapedthatthez%diu.eof curvaturerapidly
dec?eawdfromtilestra@M secti~nattheinlet.antthengradually
increasedtothestraightnactionatthec’utlet.Thus, mostofthe
bendfngtookplacetithehi@-as~act-ratioregionneartheinlet
andno sharpchargeincurvatureoccurrd in thecriticalregion
neartheoutletofthebend. l?kaprofileoftheoutsidewallwas
?btainedby fair~ a smoothcurvobetweentheinletandcutlettif
theelbow.Theareavariationbetweentheelbowirletandoutlet,of
eoctiansnormaltothecmtcmlinaofthebendwasass’umed.FKml
theassumedareavariationanda plotOZthepotsntialflowstresm-
linm throughthepe.ssege(reference1,g.22);thevelocityandthe
etatic-pressure~adlentsalongtheinsideandoutsidesurfaceewore
obtained.Onthebasisofthisinfcwmation,theareavariation
throughthepassagawasmodifiedinordertoellminatetheregions
elo~ theinsideofthe“oendwherea vel~citydecrease”or-a pressure
increaseoccurred,whilehsurir~thatna shargchangetn curvature
occurredintheplanenormalto theplaneofthebend, 1%was.found
thatalloftheregionswherea velocitydecreaseoccurredcouldbe
ol.iminatedfrcmthecrit~calinsidesurfaceaxce~tfura shortdie-
tanceat theoutletwherathevatecf changeofareamustbe zero
to&voidanycrittcalchangeof eectionattheImpellerinlet.
Detailsoftheffnalelbcwpassageareshowninftg~e 2,”Theareas -
giveninthetableaiefortheelbcwpassagewithoutthevaneor
houelnginstalled.

.

.—

r

--J. .-

● ✍
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Theexternaldimensionsoftileelbowaresuchthatitmaybe
usedineitheren in-lineora radialengine.Ina conventional
radialaircraftengine,theinqeller-shafthousingextendsacross
thepassageto thefaceoftheimpelier;thereforea streamlined
housirg(fig.1)wasmadefortheelhw t~ stiulatethiscondition.
A roundhousingwasalsomadetodeteminetheeffectofthesta?eam-
lininganthevelocityproftleattheelbowoutlet.A sharpchange
lh sectionattheendofthishousing,whichwouldnotexistinan
actualengineinstallation,waseHmina%edby ccmt+inuingthehousing
toa pointappxoxtitely14 inchesdownstreamoftheellmwoutlet.

TheeffectOYa singlesplitter-t~evaneontheflowthrough
theelbowwasdetermine~by installinga vane(fig.1)thatfollowed
thecenterlineofthepassageperpendiculartotheplaneofthe
bend. Thisvane
pointofbending
cm.1.dbe removed
elbow.

A schematic

etiendsfrom1$ inchesupstremofthet.ni%ial-
totheelbowoutletandwassodestgnedthatit
~#.thoutalterlngtheinteriorsurfaceofthe

TESTMMRATUS

diagramoftheduct-ccmponenttestrigusedfor
theflowinvesti~tions of theelbowandtheCarburetor-elbw”
assemblyIsshcmninfigure3. Theairwassuppliedto tiletest
sectionoftherigthrougha 12~-tichinside-diameterductand
transitionsection.A ~traigllt,sedion of ductwas plac6d between
thetransitionsectionandtheunitbeingteste~toe&l.owany
veiocitydistortimsproducedby thetransitionsectiontobe dis-
sipatedbeforeenteringthetestunit. Theair”=s-”exhauste~to
thea.@ospherethrougha straightductof thesm. crosssection
andareaas theoutletofthe,elbow.

Airwassuppliedat 40 inchesofwateraboveatmosphericpres-
sure.Theweightflowofairwascontrolledby a butterflyvalve
locatedapprox+bately40 die.mete~upstreamofthetestsectionand
wasmeasuredwi~aa calibratedpitot-statictubeatthereference
stationimmediatelyupstreamofthetestsection.Tkemethodof“-
calibratingthepitot-statictubeanda completedescriptionofHie “- ‘“

-——

instrumentationarogiveninreference2.

VelocitxEwuweysweretaken,oneat a the, atthethreesurvey
staticnsshowninfi@re 3. SurveysA,B, andC at station2 were
madeto determinethevelocityprofileof theflowenterimgtheunit
beipgtested.SurveysA,B, C,andD weretakenat theelbowoutlet
(station3)and6 inchesdownstreamoftheelbowoutlet(station4).
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At these-twostatio~surveysA
center.lineandsurveysB andC
inplanes
eurveysB
extending

paralleltotheplane

NACATN NO.1148 .

andD were2 inchesfromtheGlbcw .
werel/2-inchfromthecenterlLuQ.
ofthebend. Thesurveytubein

andC wereaccommodatedby cuttingslotsinthehou%ing
downstreamoftheplaneof survey.

TESTSANDCALCULATIONS
.-

A completeseriesof’testsata constantmaps.~lowof,air_ws
conductedontheelbowalone,cntheelbo”w‘%iththevane”Jonthe-

---
..

elbowwiththehousing,andonthdelbowwithboththevaneand
housing.Twoseriesoftestswerealsoruntodeterminetheeffect
ofcarburetorthrottlesettingonthetiutletvelocityprofile.In

.-.

thefirstseries,thehousingalonewasinstalledinthe~elbowand
4.

inthesecondserieeboththehousingandthevanewereused.A
f~nalseriesoffoursurveyswastakenatthefull-opencarburetor

—

throttlepositionwitha roundhousingh placeofthestreamlined
*

oneandwithoutthevanetodeterminetheeffectof streamlining
thehousingonthevelocitydistributionattheelbowoutlet.
Velocitysurveysfortheelbowwithoutthecarburetorweretakenat
stations2,3,and4 (fig.-3).Othersurv$ygweretakentodetermine
theeffectofvolumeflowonthetotalpressuredropthroughthe
elbow.

Theteststodeterminetheeffectofthecarburetor”throttle
positiononthevelocityprofilewererunwiththestaticpressure
et etatton1 maintainedat 30 inchesofwateraboveatmospheric
pressure.Thesurveysat station3 weretakenwith-thecsxburetor
throttlessetatfullopenandat 15°,30°)45:,and55°closed.
No surveysweretakenforanythrottleanglesbeyond55°closod
becausetheflowbecamesosmallthatreliabledatacould-notbe
obtained.

Thebenefitsintheflowdistributionattheelbowoutletpro-
ducedby streamliningtheshafthousingweremeaIXmedbyroplaclng
thestreamlinedhousingwiththeroundcmeanddeteziuiningthe
resultingvelocityprofile.Foureurveysat station3 werotakm
withthecarburetorthrottlefullopen~ withthestaticpressure
at etation1 maintainedat30 incheeofwateraboveatmospheric
pressure.

Theresultsofthevelocity-distributionsurveysarepresented
asnondimensionalplatsof ‘/VaV aga”lnst2/L where V/Vav Is
theratioofthevel~cityata givenpointtotheaverage-velocity
computedfromtheweightflow,thearea,andtheaveragedensityPav

I
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at thesurveystationti Z/L 3stheratiooftiiedistanceofthat
pointfromtheinsidewalloftheductto tinetotallengthofthe
traverse-nfthatsurvey.

Thepressure-&opdatafortheelbowtith~utthecarburetor
arepresentedasa nmdimenstonalratioofthetotalpressuredrop
betweenwbatims2 and4 to theaverageciynsmi.cpressureat st.=a-
tion4. A definitestaticpressureandvelocitygradientexist*–
at station3 andthepressurelossd’~eto theequalizationofthese
gradientsshouldbe chargedto theelbow.As thisstatic-pressure
gradientwasverynearlyequalizedaheadof statiori-4”~asthe
pressurelossduetowallfrictionwasconsideredn@igib16 inthe
6 inchesbetweenstations3 and4, thetotalpressurGlossWnmugh
theelbcwwastakenas thetctalpressuredrop-betweenstations2
and4. Thetotalpressureat eachstationwasdeterminedfromthe
sumofthestaticpressure@ theaveragedynamicpressure_ %T
where .-

.

%v=~pm (vav)2 —

Thevelocitiesencounteredduringtheteets,wqrelqwenough
toassumeirmompressi.bleflow. Thedifferencebetweenthetotal
presmresat stations2 and4 (A~2-4)dividedby theaveraged-it
pressureat station4 (~) resultedinthetotalpressure-drop‘

—

‘factorAi?T2-4/~fartheelbcnr.

EFFECTOFVANZANDSTIUMMLINEDIMPELLER-SHHTHCUSING

ONFLOWTHROU73HNACAELBOWWITHOUTCARBURETOR

Thevelocityprafile~bteinedat station2 isshmn infigure4
andisrepresentativeoftiieflowentevingtheelbowfcmallthetests
withoutthecarburetor.Theflowwasunifozmandhada typical
turbulent-velocityprofile. .-..

Elbowalone.- SurveysA,B, C,andD takenat station3 are
presentedh figure5(a)andshowthata fairlyuniformvelocity
prafilewithno septiationexistsatthisstation.Thehigher
valuesof V/Vav inthevelocityprofileobtainedneartheinside
ofthebendaredaeto thepressuregradientbuiltup inturningthe
airstream.Thevelocityprofileat station4 ispresentedin

.—

figure5(b). Althm.@a smallvelocitydistortionexists&L&g the
insidewallofthebenddueta theadversepressuregradient
existingalongtinewall,thevelocityprofileisveryflatati
regularandn~ separationwasobserved.
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Elbowwithvane.- The
that,withtheexceptionof

NACATN M. 1148

surveysat station3 (fig.6(a))ehw
thewakebehindthevane,a veryuniform

velooityprofilewithno separationexistsat thiestation.The
effectofthevanewastodividetheelbowintotwopassages,each
ofhighaspectratioandeachturningapproximatelyone-hamthe
airstream.Thecharacteristicpeakinthevelocityprofilenear
theinsideoi’thebendwaspresentinbothhalvesof’theelbow.
Themaximumspreadbetweenthehigh-velocitypointat theinside
ofthebendandthelow-velocitypointattheoutsided thebend
wasreducedfromapproximately2S~ercentfortheelbowaloneto
approximate ercentfor theelbow . At station4

thevaneJ&s , exceptfora
t theinsideofthe= at surveysB andC,a

veryuniformvelocitydistributionwasobtained(f~g.6(b)).

.

.

.—

Elbowwithstreamlinedimpeller-shafthousinq.- Theeffect
ofthehmsingonthevelocityprofileat station3 is shownby
surveysA,B, C,andD (fig.7(a)).SurveysA andD aresimilar
tothoseobtainedwiththeelbowalone(fig.5(a))exceptthatthe
velocitiesaresl@htlyhigherattheinsideofthebendand
slightlylowerattheoutside.Therelativevelocityoftheflow
betweenthehousingandtheo~tsidewallofthebendat surveysB
andC rapidlydropsoffandislowerthanthatobtainedfromthe
elbowwithoutthehousing.At station4, theveloc~tydistortions
foundat etation3 havebeennearlyeliminated(fig.7(b)).Con-
siderabledistortion,however!occursintheflowbetweenthe
insidewallandtheh“Jusing.

.

.

Elbw withvaneandstreamlinedimpeller-shafthousim.’-The
velooityprofileat station3 withthevaneandhousinginstalled
isshwn infi.gure8(a).SurveysA andD aresimilartothose
obtainedwiththeelbowandvane(fig.6(a))exceptthatsurveyD
isslightlyhigher.Inaddition;thewake-causedby thevanehas
beengreatlyreduced.ThisreductionIsdueto thedecreased
boundary-layerthicknessofthehighervelocityair causedby the
presenceofthehousinginthepassage.ThevelocityprofileIs
fairlyflatacrosstheduct6 inchesdownstreamoftheelbowout-
letat mxrveysA andD andbetweenthehousingandoutsidewallat
surveysB andC (fig.8(b)).Betweenthehousingandtheinsideof
thebend,however,thereisa largedistortionsimilartothat
obtainedinthetestoftheelbowwiththehous~ alone(fig.7(b)).

Outletvelocitydistributionof conventionalelbowusedto
determinelimitingdimensionsofNACAsuperchargerinletelbow.- As
a basisforcmnparison,theoutlet-velocityprofileobtainedfrom ,
theconventionalelbow,thelimitingdimensionsof’whichweretaken
as a basisforthedesignoftheNACAelbow,ispresentedinfig-
ure9. Theprofileisverydistorted,witha largewakebehindeach .
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ofthethreevanesand
shafthousingandboth

9

considerabledistortionbetweentheimpeller-
theinstdeandoutsidewalls.

Total-pressure-dropfact~~.- Infigure10thevariationin
total-pressure-dropfactoroftheairstream~~.4/q4 withVOIUIIle
flow,expressedIntermsofYachnumberat station4 M4, is pre-
sentedforthefourconditionsatwhichtheNACAelbowwastested
withouta carburetor.Farcomparison,thepressure-dropfactorfor
theconventionalelbowhavingthelowestpressurelossof several
conventionalelbowswhichhadbeenpreviouslytestedis-alsogiven
infigure10. Thepressure-dropfactorofthiselbowisapprati-
mately5 timesgreaterthanthatoftheN4.CAelbow.Insufficient
datawereavailableto obtaina curveofthepressure-dropfactor

. fortheconventionalelbow,thedtiemionsofwhichwereusedto
determinethelimitationsontheshapeof inletandoutlet,the
size,andtheaxiallengthoftheNACAelbow.T’Qelimiteddata”--“’–

. available,hcwever,indioatedthatthepresmre-&p curveforthis
elbowwould%e considerablyhigherthanthecurvef’orthebestcon-
ventionalelbowpreviouslytested.

Thelowesttotalpressuredropwasobtainedwiththevaneand
withoutthehousingmountedintheelbow.Althoughtheskinfric-
tionincreasedduetatheadditionofthevaneintheelbow,the
improvementinthevelocityprofilewiththeconsequentdecreasein
mixinglossesIsgreatenoughtoresultina lowerpresshredrop
throughtheelbowwhenthevaneisused.Theadditionofthe-hotiking
causesa considerabledecreaseintheareaat theelbowoutletwith
resultanthighervelocitiesanda highertotxalpressureloss. W
addition,thepresenceofthehousinggreatlyincrsasestheturbu-
lenceandmixinglossesthroughtheelbow.!Thehighesttotal-
pressure-dropfactorwasobtainedwithboththevaneandthehousing
intheelbow.b thiscase,thevaneforcesa greateramountof the
airstreamaroundthebaseof thehousing.Theconsequentinorease
intheturbulenceandmixinglossesthereforeresults in a greater
press”uredropthanisencounteredwiththehousingalone. ‘‘

,“

EEFEC!TOFCAMNRETOR-TKROTTLJ3FQSITIONONFLOW

CHARACTERISTICSAT EQ60WOUTZE?T

IMringtheinvestigationtodeterminetheeffectofthe
carburetor-throttlepositiononthefluwthroughthebenl,theNACA
elbowwastestedwiththestreamlinedhousingandwithboththe
streamlinedhousingandthevane.Thevelocltyprofileobtained
at theentranceto thecarburetoratfull-openthrottlei.sS-hcira .
infigure11. Theflowenteringthecarburetor-elbowassemblywas
fairlyuniformexceptthatthevelocitywasslightlygreaterat
theoutsideof thebendthanat theinside.
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,

Elbowwitinstreamlinedimpeller-shafthousi=.- At full-open
throttle,thevelocitydistributionat theoutletof thecarburetor-
elbowassemblywiththehousinginstalledwasuniform,althoughthe
velocityratioV/Vav attheinsideofthebendwasslightlyhigher
thanattheoutside(fig.12). Comparisonoffigure12withfig-
ure?(a)showsthattheoutlet profileobtainedatfull-openthrottle
wasvarysimj.larto thatobtainedwithno carburetor.Theprincipal
effectof closingthethrottlefromfullopentothe30°position
wasto increasethevelocityratioat theinsideofthebendandto
decreasethevelocityratioattheoutside.Theincreaseinthe
velocityrationeartieinsideofthebendasthethrottlewas
closedwasantirelydueto theeffectofthecarburetorthYottle
cmtheflow. Asthethrottleclosee,thetrailingedgemovestoward
theinsideofthebendandpraducesa cmvergentpassage,causinga
highvelocityJetalongtheinsideofthebend. Conversely,the
flowalongtheoutsidesurfacepasseathrougha divergentsection
beneaththethrottle,witha consequentdecreaseinvelocity.Thus,
theneteffectof clasingthethrottleisto increasetherelative
velocityat theinsideof thebendanddecreaseitat theoutside.
As thethrottleisclose?ibeyondthe30°position,thevelocity
profileat theinsideofthebendbecomesVei+y distorted.Inaddi-
tion,theaverageYelocityrationeartheinsideofthebenddecnases
andattheoutsideofthebendit increases.Thisreversalintrend
issimilartothatfaundintheflowtestsofthesuperchargerinlet
elbowrep~rtedinreference2, It isap:arentfromthesetestsand
tinetestsreportedinreference2 thattheuseofa carburetorwith
singlebutterfly-typetlx-ottleaimmediatelyupetreamofan elbowwill
havea detrimentaleffectonthevel~cityprofileat theelbowoutlet.

Elbowwithstreamlinedimpeller-shafthousingandvane.- In the
teststodetermi~e~eeffectofthecarburetorthrottlesettingon
thevelocitypr~fileat theoutletoftheelbowwiththevaneand
housing(fig,13),therelativovelocityneartheinsideofthebend
increasedasthethrottlewasmovedfromthefull-opento the30°
position.Closi~thethrottlefurtherproducedthesamerevereal
oftrendthatwasfoundinthetestsoftheelbowwiththehous~
alone(fig.12). At thehi@er throttle.angles,thevelocityprofile
at theinsideofthebendbecameverydistortedandtheaverage
velocitydecreased,whereasatthsoutsideofthebendtheaverage
velocityincreased.

.

d

.

—

—

Thevelocitydistortionat theoutletoftheelbowwiththe
housingiS
open)than
vane.The
alsotends
createdby

,

muchlessforallthrottleanglestested(exceptfull
at theoutletoftheelbowwithbatlnthehousingandthe
vanenotonlyproducesa wakeat theimpellerinletbut -
toretainthroughtheelbowanyvelocitydistortion

,

thecarburetorthrottle.Thus,it isapparentthatthe
.
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.

KACA

vane
type

TN No.1148

hasa detr+hentaleffectifa
throttlefiislocqtedd’meetly

11

carburetorwithsinglebutterfly-
upstreainoftheelbow.

A cmmxxriscmoftheeffectofround andstreamlined3mpeller-
Shes?tIlollsti.- ‘TheVelocttymrcdileat theoutletoftheelb~
=hout the&e andwith:h&~oundinpeller-shai?thousinginstalled
inplaceofthestreamlinedhousingtspresentedinfigure14(a).
I&cmthesecuzwmsit canbe seenthata regionoflow-velocltyflow
existsimmediatelybehindthehous~. A comparisonoftheseC-S
withthoseobtainedtitlQthestreemilinedhousinginstalled(fig.14(b))
showsthatstreamliningthehcm.singeltiinatesthisregionoflow-
velocityflowandproducesa moreuniformprofileat thehupeller
i-nlet.

SUMMRY02?RESULTS

Theresultsofflowtaststode-tezminetheeffectofa vane
andtwodif?erectshapesofkpeller-shafthousingsontheoutlet-
veiocftydistribut~.onmd tketotalpressuredropOYan NACA-designed -—-”-
superchargerInletelbow,aridtheeffectofthecarlmretorontine
outlet-velocityprotileaftheelbowwereasfollows:

1.A fairlyunL”ornvelocityprofileexistedattheoutletof
theNACAelbowwithouttlzevane,thehousbg,orthecarburetor;the
pressurs-dropfactorfo=theelbawwzsapproximately0.05at a Mach
nwnberai’0,28,as ccnparedwitin0.5fm tiaebestof severalcmven-
ticmalelbows~retiousl~tested.

2.Theadditicnofthevaneto theellmwtitiiowtthehousingand
thecarburetwimprovedtheoutlet-velocitydistributionandlowered
thetotal-pressure-dropfactorofthee~bn fromapproximately0.05to
GCQ3at a~chn~ber @ ().28. .-.

3.Theadditionofa streamlinedinrpeller-shfthousingtothe
elbowwithoutthevaaeandthecarburetorsli@ly distortedthe
outlet-velocityprofileandaauseda mall increasein”thetotal-
presmre-dropfactoroftheelbowfromapprcx’mtely0.05%00.08at
a Machnumbercf().28.

4. TheadditionofVleme tmtheellmwwiththehousingand
withouttinecarburetor‘~ved theoutlet-velocitydistrihution%ut
increasedtheta’kl-pressure-dropfactorof theelbowfrcma~oxl-
mately0.0Sto O.Lat a Machmmher of0.280

--—

..,

5.Thedistmtionofthevelocityprofileattheoutletofthe
elbw continuouslyincreasedas the~btireim-throttlewasclosed
fromthefull-openpositim.

.-
.-—
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6.Theadditionofthev=e tothecarlx.u”etor-elbowassably
resultedina moredfstortedout?.et-valocityprbfilebecausethe
vanetendedtoretainthroughtheelbowthedistortedflowatthe
carburetoroutlet.

*

.

7.StreaUin’ingtineimpeller-drive-shafthousingeliminatedthe
reCionbf lowvelocityflowfoundbetweentheroundhousingandthe
outsidewall.

CONCLUSION

Ifa relativelyuniformflowexistsat theinlet,a supercharger —
inlet elbow havirg a verylowpress-ure10SSanda relative2.yuniform .

outlet-velocityprofilecanbe designedby apglyingtheNACAdesign
principlesd by takingadvantageOf the.relqttwlyhim aspect
ratioat theinletand.theareadecreasethroughtheelbow,whichare

.-
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