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PERFORMANCEOFAN IM?UISE-TYTESUPERSONICCOMPRESSORWIZHHMTQRS

By JohnF. KlapprothjGuyN. Unman,andEdwardR. Tysl

SUMMARY

An @ml.se-typesupersoniccqessor rotorwithstatorswastested
inFreon-12overa rangeofequivalenttipspeedsandweightflows.A
stagepressureratioof 1.83and.anefficiencyof84.7percentwere
obtainedat 69.1percentofthedesignspeedof1604feetpersecondin
air. Efficiencydecreasedrapidlywithincreasingtipspeedto a value
of66.8percentata pressureratioof2.6at 96.6percentdesignspeed.

DHfusionto stitorexit~chnumhrs belaw0.6wasobtainedwi.th
thestatorssetata negativeangleofattackfordesignspeedoperation.
Forthisstatorsettingangle,allspeedsexcept110.6percentdesign
gavecontinuousoperationas theshockwasforcedfrm statoraloneto
shockinbothrotorandstator.StatorexitMachnumbersbelow0.57
wereobtainedforallspeeds.~essurerecoveriesabove90percentwere
obtainedacrossthestatorsforstatorentranceMachnumbersup to 1.2,
withrecoverydecreasingrapidlyforMachnumbersabove1.4.

Thelimitingratiooftheflowareaenterhgthestatorstothe
statorminimmnsectionareaapparentlydependslargelyonthemixing
lossesbetweentherotorandthestatorandonthebo~ layerat the
statorminimumsection.Onthebasisof Limiteddata,additional
restrictionsrequiredforstartingthesu~ersonicflowthroughthesta-
torsappeartobe lesscriticalthanthosecoqutedbyone-dimensional
theoryfara diffuserhavhg a normalshockaheadoftheinletpriorto
starting.

INTRODUCTION

Theoreticalconsiderationsbasedona one-dimensionalanalysisof
severaldiffmentconfigurationsforsupersoniccaqmessors(reference1)
indicatedpossiblehighstagepressureratiosfortheimpulseorshock-
in-statortypecompressor.Thesupersoniccompressorutilizesa high
axialinletMachnwiber(approximately0.7)anda relativelyhightip
speedtogivesupersonicvelocitiesrelativetotherotor.Therotor
passagesoftheimpulse-typecompressoraredesignedfora largeturn-
ingwithsupersonicflowthroughout,avoidingstrongshocks.Theflow
entersthestatorswithsupersonicvelocitieswhereitisdecelerated
throughsonicvelocityandturnedtotheaxialdirection.
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TO investigatethecharacteristicsoftheimpulse-typesupersonic
compressor,a rotorwasdesigned,built,andtestedattheNACALewis
laboratory.Therotorwasdesignedfara moderatepressureratioof
approximately3:1,assumingan 85percentefficiencywithanairequiv-
alenttipspeedof1604feetpersecondandanaverageturningof47°h
therotorpassage.Theperformancecharacteristicsof.therotorasa
separatecomponent,testedinIYeon-12(dichl.orodifluoromethane),a
commercialrefrigerant,me reportedinreference2.

A setof statorswasbuiltforthedesigndischargeconditionsof
theimpulse-typesupersoniccompressorrotorofreference2,andthe
performanceinFreon-12oftheccmqmessorasa completestageispre-
sentedherein.AnanalyBisoftheperformanceofthestatorsismade
forthestatorbladesettinganglewherestatorexitMachnunbersbelow
0.6wereobtainedforallspeeds.

ST!AYORDESIGN

Thedesignofthestatorswasbasedontheestimatedrotorexl.t
conditions.Thedesignvectordiagramfortherotorpitchsectionis
shownLafigurel(a).Witha 10percentlossofthetotalpressure
relativeto therotorassumed,thecomputedexitMachnuuiberat themean
radiuswas1.79at ansingleof27°. Sincetheestimatedsugleenter~
thestatorsvariedonlyfrom29°to 25°fromroottotipandtheMach
nmhr variedfrom1.55to 1.79,thestatorswere designedona two-
dtiensionalbasisusingconditionsatthemeanradius.

Thestator~assagesweredesignedsuchthattheflowenteredpsr-
alleltothesuctionsurfaceattheleadingedge(fig.l(b)),withA
leading-edgewedgesqle of10°. Thewavepatternwascontainedinside
thebladepassagewiththeflowturnedsupersonicallytotheaxialdirec-
tion. Theminimumsectionareawasdeterminedfromtheentranceareaand
theI@ntrowitzcontractionratioforair(reference3)atthedesign
entranceMachnuniber(1.79).Aftera shortconstant-areaminimumsection,
thesubsonicportionofthebladedivergedsuchthatthepassagearea
increasedata ratecorrespondingto a 5° diffuserconehavingan equiv-
alentminimumarea.Theest=ted exitMachnunber,whena 10percent
boundarylayersndwakeallowmceandnormalshocklossesattheminimum
sectionMachntierwereassumed,was0.48.

Thebladeheightwasconstantat 1.02inches,witha chcmdlength
of5.29inches.The25bladesata meandiameterofM inchesresulted
ina solidltyof2.8. Theleadingedgeofthestatorswasplaced
approxhtely2 inchesdownstreamofthetrailingedgeoftherotor.A
photographoftherotarandstatorsbeinginstalledinthetestunitis
showninfigure2.

—

.

.

—

—
.
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APPARAWSANDIN6TRUIENTATION

Therotorsadstatorc~inationwasinvestigatedinFreon-12using
thevariablecmonent testrigdescribedinreference2 andshown
sthematicallyb figure3. Thecqressorwasdrivenby a 3CXXlhorse-
powervsriable-frequencymotortitha speedcontrolof*O.5 ~ercent.A
recirculatingsystemwasusedinwhichtheFreoninlettemperaturew%
maintainedby passingthehotgasesthroughtwincoolerassemblies.

Theover-all.ratingofthecompressorwasobtainedasrecommended
& reference4 usb.gtheim.strumen-tionintheentiancetankandthat
at station5 (about8.75in.downstreamoftherotoror1.5in.down-
streamofthestators). Theexittemperatureat station5 wasmeasured
by twocalibrated3-pointtotal-temperaturerakes.

Total-pressuremeasurementsat station5 wereobtainedby 15
shieldedtotal-pressureprobes.Theannularsegmentbehinda single
statorpassagewasdividedtitoM equalareasby fivecircumferential
andthreeradialincraentswiththetotal-pressureprobeslocatedat
theareacenters.Theprobeswerespacedaroundtheannulush corre-
spondingpositionsbehindthestatorpassagessuchthata msx- of
twoprobesfellbehindanyonepassage.Total-pressuremeasurementsat
station4 betweentherotorandstatorsweremadeby 3 shieldedprobes
locatedat thecenterofthreeequalannularareas,3/4-inchdownstream
oftherotor.Total-temperatureandtotal-pessureinstrumentswere
setatan averagesingleas determinedby testsad wereinsensitiveto
angleovertherangeencountered.

A probeactuatorwitha cone-typecmibinationprobe(reference2)
wasusedat station4 todetermimetherotordischargeconditions.Wall
staticpressuresweremeasuredontheinnerandouterhousingsatthe
instrumentstationsandalongthestatorpassage.

Theweightflowwasmeasuredby staticpressuresontheinletfair-
ingnozzle,whichwascalibratedagainsta knownadjustableorifice.

Ova-all
binationwere

PROCEDURE

perform&cedatainFreon-12fortherotorandstatorcom-
obtainedovera rangeofbackpressuresfromopenthrottle

to stau at sevenwheelqpeedsfrm 1.10.6P=centto 55pcent ofthe
designequivalentspeed(1604ft/seetipspeedinair). Forthesedata
theinletstagnationpressurewasmaintainedbetween30and32 inchesof
mercuryabsolute,andtheinlettemperaturewasmaintainedbetween100°
and130°F. Frequentmeasurementsofthetest-gaspurityweremade
duringtheruns,withthepuritybeingmaintainedat 97percentor
better.ThecomputationmethodsaresimilartothoseusedinappendixB
ofreference2,wheretheyareconsideredinmoredetail.

&mmmmEG:.
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Compressorrotorspeedh Freon-12.- ThedesignspeedinFreon-12
wascomputedsoas to obtaimthedesi~relativeentranceMachnuniberat
therotortip(fig.4). TheresultingdesignequivalentspeedUt/@’
inFreon-12isthen772feetpersecondcomparedwith1604feetper
secondforstandardupstreamconditionsinafi. (Thesyuibolsusedherein
aredefinedintheappendix.) Withtheguidevaneturningprcihminga
spanwisevariationintheabsoluteentrsmcevelocity,itwasimpossible
tomatchexactlyforFreon-12therelativeinletMachnumbersatall
otherradiibecauseoftheslightvariationinthevelocityofsound
arisingfromthedifferentvaluesof y forairandFreon-12.

WeigQtflow.- TheweightflowofFreon-12wascalculatedby useof
thestandardnozzleequations(reference5) andstaticpressuresmeas-
uredintheinletsection.Theapproximateairequivalentweightflow
wascalculatedas describedb appendixB ofreference2 andisusedb
presentingthee~erimentalresults.

.

i

the

the
the
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for
the

Pressureratio.- Theover-allpressureratioswerecomputedusing
inletstagnationconditionsmeasuredintheinletdepressiontank

—

an sreaweightedaverageofthetots3-pressureprobesdownstreamof
stators(station5). Onlyconditionsof subsonicvelocitiesleaving
statorswereusedb plottingtheover-all.performancemap. .-

Theaveragetotalpressurebetweentherotorsndstator(station4)
obtainedby correctingtheaveragedreadingsoftheshieldedprobes

w

normalshocklosses.TheaverageMachnumberwasdeterminedfrom
averagedinnerandouterwallstaticpressuressmdtheobserved ._

totalpressuresusing therelation.fortheMachnuniberasa functionof
thestaticpressureupstreamoftheshocktothetotalpressurebehind
theshock.

Adiabaticefficiency.- Thetotalconditionsattheentranceand
exitwereusedto determinetheenthalpyrisefora constantentropy
processandfortheactualprocess,usingthethermodynamictablesof
reference6. Theratiooftheenthalpyriseunderthesetwoconditions

—

wasusedastheadiabaticefficiency.Whencomparedwiththeefficiency
obtainedusingtheobservedtotal-pressureratioandtemperatureratio,
andanaveragey, theefficiencyusing thethermodynamictableswas
about2 potitsluwer. Theadiabatiqefficiencymd total-pressureratio
arereportedasmeasuredinRreon-12.

RESULTSANDDISCUSSION

StatorsatDesignAngle

Thestatorswereinstalledat thedesignangleandperformancewas
obtainedovera rangeofspeeds.Withthedesignstatorsettinganglej
diffusionfromMachnuniberM4 of0.75to ~ of0.55wasobtained

~$’

.

.,
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acrossthestatorsat55pffcentdesignspeed.Supersonicvelocities
enteringthestatorswerenotobtatieduntil89.6percentdesignspeed,
whereMffusionfroma l&chnuniberof 1.3.3to 0.74occurred.At this
speed,aswelLasthelowerspeeds,thecompressorweightflowcouldbe
variedwithchangesinthrottlesetting.

Fcma rotortipspeedof96.6percentdesign,a supersonicKch
numberof 1.5wasobtainedenteringthestators.At theopenthrottle
(lowbackpressure)condition,supersonicvelocitieswereobtairied
throughoutthestators.As thebackpressurewasincreaseda shock
patterncouldbe forcedintothedivergingportionofthestatorpassage,
as evidencedly staticpressuresmea~uredontheinnerandoutercasings.
Thisshockpatterncouldbe forcedupstreamintothestatmpassage
untiltheinczeasedbackpressurewasfeltinthestatorminimumsection.
Anyf@her increaseinbackpressurecausedthecoqresscmto surge.
TheminimumstatorexitMachnuniber~, obtainedwiththeentranceMach
nunberof 1.5,was0.84.At a rotortipspeedof104.4percentdesign,
thestatorentrmceMachnunberwas1.63,withsupersonicvelocities
occurrimgthrough- thestatorpassage.Forthisrotorspeed,a shock
couldnotbe forcedintothedivergingportionofthestators,withthe
minimumobtainableexitMachnunhrbeing1.41inthefreestream.Any
at-t toreducethisexitMachntierby increasingthebackpressure
resultedin compressorsurge.

Thus,wtththestatorsat thedesignbladesettingangle,cliffusion
to theestimatedexitMachnti~ of0.48wasnotapproachedforrotor
speedsneardesign.Comparisonofthebladesettinganglewiththe
observedflowanglesleavingtherotorindicatedthatwhilethelow
p?essuresurfacewaswithin2° ofthemeasuredmidstreamflowMrection
at designspeed,theangleof attackattherootandtipsectionswas
approximately+8°.

Astherotorspeedwasreducedfrom
berdecreased.Supersonicflowintothe
theselowerMachnwbersanda shockwas

design,therotorexitMachnum-
statorscouldnotbe obtainedat
formedsheadofthestators.

therebyihposinga backpressureontherotor.Thisbackpressurefaced
a shockto occurintherotor,whichincreasedthedensityleveland
decreasedtheaxialvelocityattherotordischarge,resultinginlarge
absolutedischargeangles134witha correspondtiglylargeangleof
attackonthestators.

Toreducetheangleofattackonthestators,thebladesetting
anglewasincreasedby 7°and1.2°.Theconfigurationtiththestator
angleincreasedby 12°yieldedthebestobservedperformanceandper-
mitteddiffusiontoreasonablestisonicvelocities.Theover-allper-
formanceofthecompressorandan analysisofthesta.torperformanceat
the12°increaseinanglearepresented.
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Performanceat IncreasedStatorAngle
.

Total-pressureratioandefficiency.- Thetotal-pressureratioas
measuredinFreon-12overa rangeofequivalentspeedsis showninfig-
ure5 plottedagainsttheapproximateequivalentweightflowinair.
Thepressureratiois showninfigure6 plottedagainstefficiency.
Theefficiencyimreasedwithbackpressureuntilitreachedam=dm?m
value, thendecreasedwitha furtherincreaseinbackpressureforalJ-
except110.6and104.4percentdesignspeed,wherethemaximumefficiency

m

occurredatmaximumbackpressure.~ generaltheefficiencydecreased !$
rapidlywithrotorspeed,forexample,from84.7percentata pressure
ratioof1.83forthe69.1percentdesignspeedto an efficiencyof
66.8percentata pressureratioof2.6at96.6percentdesignspeed.
Theincreaseinpressureratiowasveryslightingoingfrom96.6percent
to 110.6percentdesignspeed.

StatorexitMachnunibers.- TheMachntiersobservedatthestator
exit ~ basedonanaveragetotalpressureandu averagestaticpres-
sureat station5 areshowninfigure7 plottedagainstthestagepres-
sureratio.Forthespeedsinvestigated,supersonicstatorexitveloc-
itiescouldbeobta~d at openthrottlejhowever,thedataarepresented
onlyforconditionsofsubsonicexitvelocities.Statordischarge~ch
nunbersbelow0.57wereobtainedat alloperatingspeeds.

Rotordischargeangles.- Therotordischargeanglesmeasuredin
.

themidspanposition3/4-inchdownstreamoftherotorareshownb fig-
ure8 plottedagainstweightflow. TheUmitingMne ofminimumdis-
chargeangleis shownforoperationwiththestatorsaswellasforthe

.

rotoralone(reference2). Thestatorsettinganglemeasuredtangentto
thelowpressuresurfaceatthestitorbm~ lead- e~e iSalso
indicated.

For96.6,104.4,and110.6percentdesignspeedtheminimumrotor
dischargeangle(whichoccursat lowback~essures)remainedfairly
constant.Forthesespeedsthecompressoroperatedwithsupersonicflow
throughouttherotorpassages,as indicatedbythestaticpressureon
theoutercasingsndthemeasuredconditionsat station4. Thedis-
chargemgleswerewithin1°oftheobservedangleswithoutstators.

Forspeedslowerthah96.6percentdesign,thepresenceofthe
statarsappreciablyreducedtherotordischargeanglefromthatobserved
whenoperatimgwithoutstators.As anticipatedinreference7,whenthe
rotorspeedwasreduced,theMachnuniberenteringthestatorswas
decreasedandtheare-arestrictionofthestatorsforceda shockpattern
toformattheexitofthecompressorin orderto increasethedensity

x

levelandtherotordischargeangle.As therotorspeedwasfurther
reduced,thestatorrestrictioncausedtheshockpatterntomove
upstreamthroughtherotorpassage.At 69.1percentdesignspeed,where -
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themax- weightflowisslightlylessthanthatobtainedintests
oftherotoralone,theshockconfigurationoccurredjustat the
entrancetotherotorpassage.(TherelativeMachnumberat therotor ‘
entremceM3’ forthisspeedwasapproximately1.24.)A reductionin
maxhumweightflawfrom20.5to 18.1poundspersecondwasobserved
at 55percentspeed.

Thestatorisseento operateat a negativeangleofattackfor
speedsabove89.6percentdesign.Forthisanglesetting,a 10°com-
pressionwaveformsatthelow~essuresurfaceofthestators.This
co~ressionwaveforneardesignspeedsfalJsjustinsidethestator
passage.Thusa stistantialreductioninMachntier is obtainedJust
atthestatorpassageentrance,asrecamendedinreference7. However,
theflowwasobservedtobe steadyfora rangeof~chnunbers (1.6to
1.8)andcouldbeestablishedwithouttheuseofa variablegeometry
stator.

Statorperformsmce..-Theeffectivenessofthestatorsmusttake
intoaccounttheamoun$ofdiffusionobtainedacrossthebladerowas
wellas thetotal-pressurerecovery.~ orderto indicatebothofthese
factors,thestatorentranceMachnmiberisplottedagainstthestator
dischargeFkchntiersforeachoftherotorspeeds(fig.9). The
total-pressurerecoveryacrossthestators(ratioofdownstreardtotal
pressureto upstreamtotalpressure)isthenindicatedby recoverycon-
tours.For55percentand69.1percentdesignspeed,therecoverywas
vay goodevenfortheconditionof lowwei@t flowwheretheangleof
attackenter~ thestators(measuredtangentto lowpressuresurfaceat
theleadingedge)isupto 15°.

Forrotorspeedsof82.8percentdesignandhigher,We Machnmkmr
enteringthestatorsis supersonic.ThestatorentranceMachnumber
remainsconstantwithincreasingbackpressure(decreasing~) until
theshockisforcedupstreamofthestators.Thisreducesthestatcrc
entranceMachntierby alterlngtheshockpatternalreadyexistingb
therotorfor82.8percentand89.6percentdesignspeed,orby forcing
a shocktntotherota passageforthe.higherspeeds.A reductionh
thestatorentranceMachnuuibercouldbeobtainedforallspeedsexcept
110.6percentdesignspeed.Thustheshockpatterncouldbecontrolled
by thedownstreamthrottleto existh thestatoraloneorinboththe
rotorandthestatorwithnobreakintheperformance.Forcimgtheshock
upstreamofthestatorsimprovedthestatorrecovery(principallyby
reducingtheMachntier enteringthestators),butthedropinperform-
anceoftherotoratthiscontition(reference2) causeda netdecrease
intheover-allefficiency.Ingeneral,therecoverywasabove
90percentindiffusingfrom~ch numbersupto 1.2,buttherecovery
decreasedveryrapidlyforl!achnmibersabove1.4(fig.9).

Flowlimitationimposedby stators.-An indicationoftheeffect
ofthestatorsonthemaximumuss flowat lowerthandesignspeedmay
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be obtainedby consideringtheobservedflowcontractionratiofrom
upstreemofthestatorstothestatorm3nimumsection.Byplottingthe
rotordischargeangles(fig.8)againsttheexitMachnumber M4

(fig.10),a curveoflimitingangleagainstMachntier canbe obtained.
Up to 96.6percentdesignspeed,thenubdmumsectionofthestators
imposesa limitontherotordischargeconditionsatmaximumweightflow.
At 96.6percentdesignspeedandabove,thestatorswillpassthemax-
imumweightflowoftherotorfarthedesignconditionofno increaseb ‘-
densitythroughtherotor,aadtherotorfixesthedischargeangle. g

Sincetheminimumsectionareaofthestatorpassageisknown,the
contractionofthestreamttieofwidth (2Yrr/N)cos134upstreamofthe
statorsto theminimumsectioncanbe determined.The33mitingcurveof
figure10 is showninfigure11asa ratioofentrancetominimumarea
plottedagainstthestatorentranceMachntier. Theobservedvalues
showninfigure11areapproximatesincethecomputationsarebasedon

—

anglemeasurementsmadeatthemidspanposition.A completelyaccurate
solutionwouldrequirea massweightedaverageoftheangleandMach
nunberdistributionacrosstheannulus andcompletedataforthiscom-
putationwerenotavailable.Forcomparisonpurposestheisentropic
contractionratioto a Machrnmberof1.0andtheKantrowitzratios

—

(reference)forFreon-12arealsoshcmn.

.

.

ForMachnumbersupto 1.0,thedifferencebetweentheisentropic .
andobservedvaluesshowninfigureXlreflectsthemixinglosses
betweenstation4 andtheminimumsectionandtheboundary-lay=dis-
placementthicknessintheminimumsection.Forsupersonicvelocities

.

thedMferencereflectsanyshocklossesthatoccurbetweenstation4
andtheminimumsection,themixinglossesjandtheminimumsection
boundarylayer,aswellaspossiblelimitationsonexearatiosneces- -

—

saryforthestartingofthesupersonicflowthroughthestators.The
observedcontractionratioIsseento divergefromtheisentropicratio

.—

withincreasingMachnumbers;however,forMachnwibersbetween1.0and
1.6,therateofdivergenceislessrapidthantheI@trowitzcon-
tractionratio.Abovea Machnumberof1.63theflowangleintothe

—

stataswasdeterminedonly
remainednearlyconstant.

Thedataindicatethat
extentonthemixinglosses
boundary-layerthickaessat

by therotorandtheratioof &t/&~

theklmitingarearatiodependstoa large
betweentherotorandthestatorandthe
thestatorminimumsection.Theadditional

restrictionsinthesupersonicregionforthestartingofthesupersonic
flowthroughthestatorsdonotappeartobe sosevereasthatcomputed
by one-dimensionaltheoryfora diffuserhavinga norml shockaheadof
theinletpriorto starting(reference3).

.

.
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SUMMARYOFRESULTS

An impulse-typesupersoniccompressor(rotorandstators)wasinves-
tigatedinFreon-12fora rangeofrotorspeedsandbackpressures,and
thefollowingresultswereobtained:

1.A stagepressureratioof1.83withan efficiencyof84.7per-
centwasobtainedat 69.1percentdesignspeed(alesigntipspeedwas
1604ft/secinairor722ft/secin~eon-12). Theefficiencydecreased
withincreasingwheelspeedto a valueof 66.8percentat a pressure
ratioof2.6at 96.6percentdesignspeed.

2.Machnudbersbelow0.57wereobtainedatthestatorexitforall.
speeds.TheMachnumbersenteringthestatorsincreasedwithrotor
speedfrom0.7to 1.79.Total-pressurerecoveriesabove90percentw~e
obtaimedamoss thestatcmsforstatorentranceMachnunbersupto 1.2.
Therecovery,however,felloffrapidlyforstatorentranceMachnumb~s
above1.4.

3.Thelimitingratiooftheflowareaenteringthestatorsto the
statorminimumsectiondependsto a largeextentonthemkinn losses
betweentherotorandthestatorandontheboundarylayerat thestator
minhm section.Additionalrestrictionsnecessaryforstartingofthe
supersonicflowthroughthestatarssreapparentlynotso criticalas
thoseobtainedby one-&hnensionaltheoryfora diffuserhavinga normal
shockaheadoftheinletpriorto starting.

4.Fordesignspeedoperation,diffusiontoMachnunibersbelow0.6
wasobtainedwiththelowpressuresurfaceofthestatorbladealined
so astoforma compressionwaveattheleadingedgecompressingthe
flowatthestatorpassageentrance.Forall.speedsexcept110.6percent
design,continuousoperationwasobtainedastheshockwasforcedfrom
thestatoronlyto shockinboththe

LewisFlightPropulsionLaboratory
HationalAdvisoryCommitteefor

Cleveland,Ohio

rotorandthestator.

Aeronautics

.

.
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Thefollowingsyuibokareusedinthisreport:

area,sqft~
.

absolute14a6hnunber,ratioofabsolutefluid
velocityofsound

A

M

M’

N

P

r

T

u

w

P

T

8

~ad

e

. —
,“

velocityto local
N

relativetorotor 8relativeMachnuuiber,ratiooffluidvelocity
to localvelocityof sound

nuniberofblades

absolutetotal,or

compressorradius~

totaltemperature,

velocityofrotor

stagnation,pressure,lh/sqft

ft

OR

(2mrN)atradiusr, ft/sec

andabsolutefluiddirection,deg

weightflow,lb/see

anglebetweencompressoraxis

ratioof specificheats .
-.

ratioofactualinletpressureto standardsea-levelpressure,
P~2116

adiabaticefficiency

ratioofactualinletstagnationtemperatureto standardsea-level
temperature,T~518.2

Subscripts:

1 entrance

2 aheadof

ofnozzle _tankupstream

guidevsnes

—

3 rotorentiance

4 rotorexit
.

5 downstreaminstrumentstation

~ -“

.
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t tip

z sxialcomponent

e tangentialcomponent

mco+
Cu 1.

2.

3.

4.

5.

6.

7.
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$4’.160

(a)DaOignveotordiagram
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(b)l)esignstatorpassage.

Figure1.- Compressordesign.
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Figure2.-16-inchImpulse-typesupersoniccompressorrotorand stators.
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M3’= 1.8A

‘L’
~ = 0.683

/
M3 = 0.721

/
Passage-entrance

Ut . 16(34ft/sec
Mt = 1.507 %,9

(a) Designfor air.

#$%J= 120
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