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RESEARCHCOMPRESSORWITHTWOTRANSONICINi2ETSTAGES

II - PRELIMINARYANALYSISOF OVER-ALLPERFORMANCE

ByRichardP. Geye,RayE. Budinger,andCharlesH.Voit

EWMMARY

An investigationoftheover-alJ.performanceof a 20-inch-tip-
diameter,eight-stageaxial-flowcompressorwasconductedastheinitial
stepinan investigationof theproblemsencounteredina high-pressure-
ratioaxial-flowcompressor~th transonici~et stages”Thecompressor
wasdesignedto obtaina total-pressureratioof 10.26(aroot-mean
total-pressureratioperstageof1.338)withanequivalentweightflow
of 65.0poundspersecond(aspecificweightflowof 29.8(lb/see)/sqft
offrontalarea)atan equivalenttipspeedof 1168feetpersecond.

Theinvestigationwasmadeovera rangeofweightflowsatequival-
ent speedsfrom30to 100percentof designspeed.Themaximumtotal-
pressureratioobtainedat designspeedwas9.90at an equivalentweight
flowof 64.5poundspersecondwithan adiabaticefficiencyof 0.82.
Themaximumequivalentweightflowobtainedat designspeedwasapproxi-
mately65poundspersecond.Thepeakefficiencieswerehighovermuch
ofthespeedrangeinvestigatedreminiu dove 0.85forequivalent
speedsrangingfromapproximately66to 96percentof designspeed.A
minimumpeakefficiencyof 0.73wasobtainedat 30percentof design
speed;asthecompressorspeedincreased}thepeakefficiencyincreased
to a maximumofapproximately0.88between80 and90percentof design
speedandthendecreasedto 0.82at designspeed.Thecompressorsurge
linehada slightkneeat approximately63percentof designspeed;how-
ever,thekneeisofminorproportionsandthehighpart-speedefficien-
ciescouldresultingoodperformance,startingjandacceleratingchar-
acteristicsforanenginerequiringa designtotal-pressureratioand
equivalentweightflowsomewhatbelowthoseforwhichthecompressorwas
originallydesigned.

INTRODUCTION

In orderto studythedesignandoff-designperformanceproblems
high-mass-flow,high-pressure-ratiomultistagecompressorwithboth
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transonicandsubsonicstages,a 20-inch-tipdiameter,eight-stage u
axial-flowcompressorhavingtwotransonicinletstageswasdesignedand –
fabricatedattheNACALewislaboratory.Thecompressorwasdesignedto ,
achievehigherstagetotal-pressureratios(averageof1.338)andspe-
cificweightflows(29.8(lb/see)/sqft offrontalarea)thanthosein

,---

currentuse,whileatthesametimemaintaininghighefficiency(an
—

assumedefficiencyof 0.86wasusedindesign).Detailsofthecompres-
sordesignarepresentedinreference1. _ — ..--—- —-,—

As an initialphaseoftheinvestigation,theover-allperformance
mmc

characteristicswereobtainedovera rangeofequivalentspeedsfrom30 ___K
to 100percentof designspeed.This repor-liscussestheover-allper-
formanceanalysedonthebasisofthefollotingdata: over-alltotal-

—

pressureratio,adiabatictemperature-riseefficiency,averagecompressor-
dischargeMachnumfber,andstagetipstatic-pressureratiodistribution

—

throughthecompressor.Inaddition,theapplicabilityofthecompressor
asan enginecomponentispointedout.

.

Thefollowingsynbols

A frontalarea,

SYMBOLS

areusedinthisreport:

Sqft

“

P absolutetotalpressure,lb/sqft

P absolutestaticpressure,lb/sqft

T totaltemperature,??

w weightflow,lb/see

5 ratioof inlettotalpressureto
pressure

Q ratio-ofinlettotaltemperature
temperature

Subscripts:

n

o

1,3,5,
● . .

2,4,6,
● .*

stationnumber

inletdepression-tankstation

stationsaheadofrotorsoflst,
15

— ..-
—

NACAstandsrdsea-level
-—

toNACAstandardsea-level

2nd,3rd,. . . 8thstages

~
stationsaheadof statorsof lst,2nd,3rd,. . . 8thstages

16
~w-m****
~
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& 17 stationafter8thstator

18 stationaheadof dischargevane

19 stationafterdischsrgevane

20 dischargemeasuringstation

APPARATUS

Compressor.- A pictureofthecompressoris showninfigure1,and
a cross-sectionalviewofthecompressor,theinletbellnouthnozzle,
andthedischargecollectoris showninfigure2. Theaerodynamicde-
signdetailsofthecompressorarepresentedinreference1 andresult
inthefollowingdesignvalues:

j
Total-pressureratio . . . . . . . . . . . . . . .
Root-meantotal-pressureratioperstage . . . . .
Equivalentweightflow,lb/see . . . . . . . . . .

~
Equivalentweightflow,

)
lb/see)/sqft frontalarea

Equivalenttipspeed,ft sec . . . . . . . . . . .
Adiabaticefficiency. . . . . . . . . . . . . . .
Averagecompressor-dischargeaxial~ch number . .
Inlethti-tipratio. . . . . . . . . . . . . . . .

. ..0. . . 10.26

. . . . . . . 1.338

..*.* . . . 65.0

. . . . . . . . 29.8

. . . . . . . .1168

. . . . . . . 0.862

. ...* . . 0.358
● . . . . . . . 0.48

Installation.- Thecompressorwasdrivenby a 9000-horsepower
variable-frequencyelectricmotor.Thespeedwasmaintainedconstantby
anelectroniccontrolandwasmeasuredby anelectricchronometric
tachometer.

Airenteredthecompressorthrougha calibrated,ad@table sub-
mergedorifice,a butterflyinletthrottle,anda depressiontank6 feet
indiameterandapproximately10feetlong. Screensinthedepression
tankanda smoothbeldmouthnozzlefairedintothecompressorinletwere
usedto obtaina uniformdistributionofairenteringthecompressor.
Airwasdischargedfromthecompressorintoa collectorthatwascon-
nectedtothelaboratoryaltitudeexhaustsystem.Airweightflowwas
controlledby a butterflyvalvelocatedintheexhaustducting.The
compressorwasinsulatedwith2 inchesofglasswoolin ordertoreduce
theheattransferthroughthecasing.

Instrumentation.- Theaxiallocationsoftheinstrumentmeasuring
stationsareshowninfigure2. Theinletdepression-tankstationand
thecompressordischargestationhadaxiallocationsthatwereinac-4 cordancewithreference2. As a resultofanaxialspaceofapproxi-
mately1.5inchesbetweentheeighth-stagestatorbladesandtheexit

●
guidevanes,thereweretwointerstatemeasuringstationsbetweenthese
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bladerows: station17,approximately0.25
stators;andstation18,approximately0.25

NACARM E53J06 ‘

inchbehindtheeighth-stage 4
inchaheadoftheexitguide

vanes.Thiswastheonlycaseinwhichmorethanoneinterstagemeas-
uringstationwaslocatedbetweenadjacentbladerows.Radialdistri-
butionsoftotaltemperatureandtotalpressurewereobtainedfrommul-

.-

tipleproberakeslocatedattheareacentersofequal-annularareas.
Theinstrumentsusedat eachstationandthemethodofmeasurementwere
asfollows: —

Depression-tankpressure:
Fourwallstatic-pressuretapsandonetotal-pressureprobe(veloc--“1
ityheadnegligibleatthisstation).

Depression-tanktemperature:
Fourmultiple-tiptotal-temperatureprobes

Compressor-inletstaticpressure:
Fourwallstatic-pressuretapslocatedarouqdthecasingcircum-
ferenceandtwolocatedinthehubapproximately0.5inchup-

W

streamofthefirstrotor —

Compressor-blade-rowstaticpressure:
●--

Fourwallstatic-pressuretapslocatedaroundthecasingcircum-
.—

ferenceaftereachbladerow

Compressor-dischargepressure:
Fourwallstatic-pressuretapsatthetipandtwoatthehub;
three10-ttiecircumferentialtotal-pressurerakes(fig.3(a))
locatedattheareacentersofequal-annularareas.Thecircum-
ferentiallengthofa rakeisgreater...thanthecircumferential_

—

distancebetweenexitguidevanes.

Compressor-dischargetemperature:
Fourspike-typethermocouplerakes(fig.3(b))withthreemeas-
uringstationslocatedat areacentersofequal-annularareas
andoutsideofexitguide-vanewakes.Thesethermocouplesare
connecteddifferentiallywiththedepression-tank

Pressuremeasurement:
Mercurymanometers

Temperaturemeasurement:
Self-balancingpotentiometers

thermocouples.

—

Theaccuracyofmeasurementisestimatedtobe withinthefollowing
limits: temperature,+l.OOF; pressure,+0.05in.Hg;weightflow,+1.5

●

percent;speed,+0.3percent.
3



NACARM E53J06

PROCEDURE

5

Operation.- Thecompressorwasoperatedatequivalentspeedsfrom
30to 100percentofdesignspeed.At 30,50,60,70,80,90,and100
percentspeed,therangeofairflowsinvestigatedextendedfroma max-
imumflowto a flowatwhichincipientsurgewasencountered;at 55,63,
65,67,75,and95percentspeed,onlytheincipient-surgepointwasin-
vestigated.At allspeedsexcept30and50percentof designsyeed,the
inletpressurewasvariedtomaintaina constantReynoldsnuniber(based
onthebladechordatthetipofthefirstrotorandtheairproperties
relativetothetipof theftistrotor)ofapproximately1,000,0~.At-
mosphericinletairwasusedfrom30to 80percentofequivalentdesign
speed,andrefrigeratedinletairwasusedat allequivalentspeeds
above80percentofdesigninordertoreducetheoutlettemperatureand
themechanicalspeedofthecompressor.

Calculations.- At eachflowpointthedischargetotalpressurewas
. obtainedby twomethods:Themeasureddischsrgetotalpressurewasthe

arithmeticaverageofthree10-tubecircumferentialrakemeasurements
takenattheareacentersofequal-annularareas.Thecalculateddis-

V chargetotalpressurewasobtainedby themethodpresentedinreference
2. Withthismethoda uniformdischsrgevelocityintheaxialdirection
wasassumed;andthemeasuredvaluesof dischargestaticpressure,total
temperature,weightflow,andareanormaltothecompressoraxiswere
usedto determinethedischargetotalpressurefromtheenergyandcon-
tinuityequations.Inasmuchastheassumptionsofthismethoddonot
creditthecompressorfordischargevelocitygradientsordeviationfrom
axialdischarge,thecalculatedvaluesofdischargetotalpressurewould
be expectedtobe somewhatlowerthanthemeasuredvalues.Huwever,in
reality,thedischargetotalpressureas determinedby thetwomethods
wasapprox~telyeqyalexceptatthehigh-flowlow-pressure-ratioend
oftheindividualspeedcurveswhereexceptionallylsrgedischargeveloc-
itygradientsexisted.Becauseofthisclosecorrelationbetweenthe
dischargetotalpressuresas determinedbybothmethodsandbecauseof
therecommendationsofreference2,onlythecompressortotal-pressure
ratioas determinedby thecalculateddischargetotalpressureispre-
sentedinthisreport.

Thecalculatedcompressortotal-pressureratiowasusedto deter-
minetheisentrupicpowerinput;andthecompressortemperaturerise,
obtainedby takingthearithmeticaverageofdifferentialtemperatures
measuredbetweenthecompressordischargeandtheinletdepressiontank,
wasusedto determinetheactualpowerinputfromwhichtheadiabatv
temperature-riseefficiencywascalculated.
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RESULTSANDDISCUSSION }

Over-allperformance.- Theover-allperformancecharacteristicsof
thecompressorarepresentedinfigure4 as.aplotoftotal-pressure
ratio,withthecontoursof constantefficiency,as a functionofthe

—

equivalentweightflow. At designspeeda qaximumtotal-pressureratio
of 9.90(root-meantotal-pressureratioperstageof 1.332)wasobtained

—

atan equivalentweightflowof64.5poundspersecond(29.6(lb/see)/Sq
ft of frontalsrea)withanefficiencyof 0.82;a peakefficiencyof
0.82wasobtained.attotal-pressureratiosrangingfrom8.46to 9.90;

mmo
anda maximumequivalentweightflowofapp~oximately65poundsper M
second(29.8(lb/see)/sqft offrontalarea)wasobtained.

Thecompressorsurgelineindicatedin,figure4 hasa slightlyin-
creasingslopeup to approximately63percentofequivalentdesign
speed.At approximately63percentofdesignspeed,probablyasthe
resdt ofthefirststagesremainingoutof stallas swge iSapproached . _
atthisandhigherspeeds(ref.3),thereisanabruptincreaseinthe
slopeofthesurgeline.Thischangein surge-lineslopecausesa slight .
kneeinthesurgeline.At speedsaboveth@ atwhichthekneeOccursl

—

theslopeofthesurgelineremainsnearlyconstant. —
1

Theefficiencycharacteristicsarepresentedinfigure5 withthe
adiabatictemperature-riseefficiencyplottedas a functionofequiva-
lentweightflow.Thepeakefficiencyhasa minimumvalueof 0.73at
30percentof designspeed;asthecompressorspeedisincreased,the
peakefficiencyincreasesto a maximumofapproximately0.88between80
and90percentofdesignspeedandthendecreasesto 0.82at design
speed.Thepeakefficienciesarehighover,muchofthespeedrangein-
vestigated,remainingabove0.85forequivalentspeedsrangingfrom
approximately66to 96percentofdesignspeed.

,—
Inaddition,the

constant-efficiencycontours(fig.4) includea widerangeofpressure
ratiosata givenspeed. .

Theaveragecompressor-dischargeMachnumberispresentedinfig-
ure6 plottedasa functionofequivalentweightflow, Thesurgeline
representstheminimumaveragedischargeMachnunibersatwhichthecom-
pressorcanoperateovertherangeofequivalentspeedsinvestigated.
As thecompressorspeedisincreased,theaveragedischargeMachnumber
atthesurgelineincrease-sfroma valueof,O.17at 30percentof design
speedto a msximumof 0.33at 63percentof.designspeed(thespeedand
weightflowatwhichthekneeoccursinthesurgelineoffig.4). At
63percentofdesignspeed,theaveragedischargeMachnuttiberat surge
reversesitstrendanddecreasesto a valueof 0.27at designspeed.

—

.—

—

Stageperformance.- A typicalcurveof static-pressureratiofor_ “
a single-stagecompressorisplottedinfig~e 7 as a functionofequiva-
lentweightflow.““Thedirectionof increasingangleof attackand

—
-%–
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positivestall.isto theleftofthepeak-pressure-ratiopoint,andthe
directionofdecreasingangleofattackandnegativestallistothe
right.Inmultistagecompressordesign,thebladingforeachstageat
thedesignpointisusuallyselectedto operateatthepeak-efficiency
pointofthestageperformancecurve,as indicatedinfigure7.

7

Therepresentativestageperformancecurvesarepresentedinfig-
ure8 asa plotof stagestatic-pressureratio(basedon outer-casing-
wallstaticpressures)againstequivalentweightflow. Theoperating
rangeofthevariousstagesobtainedat eachspeedcanbe consideredas
a segment,uncorrectedforspeed,ofthetypicalstageperformancecurve
presentedinfigure7. As indicatedinfigure8(a)theinletstageoper-
atesonthepositivestallsideofthepeak-pressure-ratiopointat speeds
up to andincluding60 percentofdesignspeedandnearthepeak-pressure-
ratiopointat 70percentofdesignspeed.At 80and90 percentofde-
signspeed,theinletstageisoperatingintherangeof thepeak-
efficiencypoint;andatdesignspeeditsrangeofoperationhasmoved
downonthenegativestallsideofthestageperformancecurve.

Figure8(b)indicatesthattheintermediatestage(fourth),at
speedsuptoandincluding60percentofdesignspeed,operatesinthe
rangeofthepeak-pressure-ratiopoint(fig.7);at speedsgreaterthan
60percentofdesign,therangeof operationshiftstowardthenegative
stallsideofthestageperformancecurvewiththestageoperatingnesr
thepeak-efficiencypoint(fig.7)at70,80,and90percentof design
speed.

It isapparentfromfigure8(c)thata changeinweightflowat a
givenspeedcausestheeighthstageto operateovera muchlargersegment
ofthecompletestageperformancecurve(overa muchwiderrangeof
anglesofattack)thanitdoesthefirstorfourthstage(ref.4). Up
to 80percentofdesignspeeda reductioninweightflowat a given
speedmovestheoperatingpointoftheeighthstageup thenegative
stall.sideoftheperformancecurvetowardthepeak-pressure-ratiopoint;
at 90and100percentof designspeeda reductioninweightflowmoves
theeighth-stageoperatingpointtothepeak-pressure-ratiopointand
ontothepositivestallsideoftheperformancecurve.

Fromfigure8 itisa~arentthatovera certainrangeof equivalent
weightflowsat 80and90percentof equivalentdesignspeedtherepre-
sentativestagesareverywellmatched(operatesimultaneouslyneartheir
peak-efficiencypoints(fig.7)). As a result,over-allpeakefficien-
ciesofapproximately0.87(fig.5)wereobtainedatthesespeeds.From
a considerationofover-allpressureratio,efficiency,andmassflow
attainable,thebestmatchpointwouldprobablybe at about90percent.
ofequivalentdesignspeedwitha total-pressureratioofabout7.5.
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Comparisonwithdesign.- Thevaluesoftheratiooftipstatic k
pressureateachstationtothecompressor-inlettotalpressure,to-
getherwiththetipstatic-pressureratios-acrosseachstageandblade
row,wereobtainedatthedesign-speedsurgepoint,thepointnearest

—

thedesigntotal-pressureratioatdesignspeed,andarecomparedtith
thedesign-pointpressure-ratiovaluesinfigure9. Theactualvalues

—

oftheratiooftipstaticpressureateach-stationtotheinlettotal_
pressuredeviateby asmuchas 12percentfromthedesignvalues;how-
ever,theactualvalueleavingtheeighthstatorisequaltothedesign
value,indicatingthatthedesignstaticpressurewasattainedatthe m

compressordischarge.Inthecaseofthestagetipstatic-pressure 3
ratios,themaximumdeviationfromdesignisapproximately9 percent
withthefirsttwostageshavingstatic-pre,ssureratiosbelowdesign,
themiddlefourstageshavingstatic-pressyreratiosabovedesign,and
thelasttwostagesbeingapproximatelyondesign.Theblade-rowstatlc-
pressureratiosalsohavea maximumdeviationfromdesignof approxi-
mately9 percent,withthestator-rowstatic-pressureratiosbeingless
thandesigninallbutthethirdstageandtherotor-rowstatic-pressure

.

ratiosbeinggreaterthandesigninallbut.thefirsttwostages.This .
comparisonof static-pressureratiodistri~u.tiongivessomeindication
astotheworkbeingdoneby thevariousstagesnesrthedesignpoint;
butitdoesnotindicatethepositionatwhicheachstageisoperating .
withrespectto itspeak-pressure-ratiopointorhowwellthevsrious

—

stagesarematched,
.-

—

Someindicationofthiscanbe obtainedfromfigure8,whichwas
previouslypresentedinthediscussionof stageperformance.At the
design-speedsurgepoint(solidsymbolinfig.8),thepointnearest
thedesigntotal-pressureratio,goodstage.mtchingwasexpected;how-
ever,it isapparentfromfigure8 thatthefirstandeighthstagesare
mismatchedatthispoint.As a resultofthismismatch,thedesign
total-pressureratiowasnotattainedatdesignspeedandthemaximum

—

efficiencywaslowerthanthatobtainedat 90percentofdesignspeed.

Fromthedataavailableitappearsth,atthemismatchingatthe
design-speedmaximum-pressureratio(surgepoint)wasprobablythere-
sultofthefollowing:(1)improperselectionoftheoptimumangleof_.
incidenceinthetransonicstages,(2)improperassumptionofareacor-
rectionforboundary-layergrowth,and(3)insufficientcsmiberincer-
tainstages. —

Thedesignequivalentweightflowwasattainedat designspeed
(fig.4);thus,thefirst-stagetransonicrotorshouldbe operatingat
theangleof incidenceintendedindesign.However,as seeninfigure
8(a),thefirsttransonicstageis operatingdownonthenegativestalL
sideof itsperformancecurveatthedesign-speedmaximumpressureratio. .
Thisindicatesthatthemeagerdesigninformationavailableatthetime

—

thecompressorwasdesignedledtotheselectionofa lowoptimumangle
of incidenceforthefirsttransonicstageandpossiblythesecond. *–

,F9”.. 4-... .7..
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At thedesign-speedmaxiinumpressureratio,theaveragedischarge
Machnumberwasonly0.27 (fig.6);whereas,theaveragedesi~ dis-
chargeMachnumberwas0.358.Inasmuchas thedesigndischargestatic
pressureandessentiallythedesignmassflowwereobtainedat the
design-speedmaximwn-pressureratio,it isapparentthat>in desim~
therewasan overcompensationforboundary-layergrowththroughthe
compressorwhichresultedinaxialvelocitiesbelowthoseintendedin
thelatterstagesofthecompressor.Consequently,theangleof attack
intheeighthstage(andprobablyotherrearstages)isgreaterthanthat
intendedindesign;andas indicatedinfigure8(c),thestageoperates
onthepositivestallsideof itsperformancecurveatthedesign-speed
maximumpressureratio.

Theangleof attackandcsmiberofthemibsonicrotorbladeswere
selected(ref.1)fromthecascadedesignpoint,andhenceitwouldbe
expectedthatthepeakstatic-pressureratiowouldbe appreciablyhigher
thanthedesignstatic-pressureratio.However,theactualstatic-

y pressureratioobtainedintheeight-stagecompressor(fig.8(c))w

E-
onlyslightlyhigherthandesign.Fromthisitappearsthattheentire
stageoperattngcurve@s beenshiftedto a lowerpressure-ratiolevel
thanwasintendedindesign.Thisindicatesthatthebladinginthis. stagemayhaveinsufficientcambertoprovidetheturningandpressure
risedesiredat a givenangleofattack.

Engineapplication.- Altitudeoperationat cruisingflightspeeds
requirescompressorequivalentspeedshigherthanat sea-levelcondi-
tions;consequently,it isdesirabletomaintainhighefficiencyat
overspeed.Fromthedesign-speedcharacteristicsof thiscompressor,
it isapparentthata turbinematchedat thiscompressorspeedwould
probablyresultinan enginewithpooroverspeedcharacteristics.

Inviewof thisprobabilitythe
producean enginetithgoodaltitude
tobe somewherealongthe90-percent
an efficiencyofapproximately0.87,
proxhately27poundspersecondper
total-pressureratioin therangeof
goodoverspeedcharacteristics.

A typicalengineoperatingline

bestmatchpointfora turbineto
operatingcharacteristicsappears
speedline.At sucha matchpoint
an equivalentweightflowofap-
squarefootof frontalareaj and a

6.5to 7.5couldbeattainedwith

havingitsdesignpointat 90per-
centof &ign speedandata total-pressureratioof 7.5issuperimposed
on theover-allperformancecurvesof thecompressorinfigure10. This
operatinglinewasobtainedby useof thegeneralequationsforcompres-
sorandturbinematching.Theseequationsrequiredthatcontinuitybe
satisfiedthroughtheengine,thattheturbinepowermustbe equalto

. thatrequiredto drivethecompressor,andthatthepressurerisethragh
theinletdiffuserandcompressormustequalthepressuredropthrough
theburner,turbine,andjetnozzle.A limitingturbine-inlettempera-

8 tureof 2150°R wasselectedat theassumeddesignpoint,anda ratioof
jet-nozzleareato turbine-nozzleareawasdetermined.Foroperationat
equivalentcompressorspeedsbelowtheassumeddesignspeed,thisarea
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ratioisheldconstant;foroperationatequivalentcompressorspeeds A
abovetheassumeddesignspeed,thelimitingturbine-inlettemperature
isheldconstant.

Theoperatinglineliesapproximatelyalongthelocusofthepeak-
efficiencypointsandappearstohavesomepressure-ratiomsrginfor
accelerationnearthekneeofthesurgeline.Thus,inspiteofthe
slightkneeinthesurgeline,thehigh-part-speedperformanceprovides
a compressorwithoperatingcharacteristicswhich,whenproperlymatched
witha turbine,couldproduceanenginewithgoodstarting,accelerating, mm
andperformancecharacteristics. E

Compressor-dischargecharacteristicsaresuchthatacceptablecorn-.
busterperformanceshouldbe attainable.Figure11presentsthevaria-
tionincompressor-discharge&ch numberwithcircumferentialandradial
position.Thisfigureindicatesthattherearenoregionshavingex-
tremelyhighMachnumbers,andtheMachnumbervariationwhichexists
wouldprobablybe reducedto somedegreeinpassingthrougha diffuser
totheburner.Combustorresearch(ref.5)indicatesthatcombustor
efficiencyimproveswithincreasingvaluesof inletstaticpressureand
totaltemperatureandwithdecreasingvaluesofvelocity.Alongthe
typicaloperatingline(fig.12)theaveragedischargeMachnunibersare
relatively10WJandwitha practicaldiffuser.toreducetheburnerin-
letvelocitiesstillfurther,thehighstaticpressureandtotaltemper-
atureat theoutletofthecompressorshouldproduceacceptableburner
performance.

Thefollowing
allperformanceof

SUMMARYOFRESULTS

resultswereobtainedfroman investigation
aneight-stageaxial-flowcompressor:_

ofover-

1.Themsximumtotal-pressureratioobtainedat designspeedwas

—
*

.
..

_-

.—

9.90atanequivalentweight”flowof 64.5poundspersecondwithan —
adiabaticefficiencyof0.82.

2.A peakefficiencyof 0.82wasobtainedat designspeedatvalues
oftotal-pressureratiovaryingfrom8.46to 9.90.

3.A maximumequivalentweightflowofapproximately65poundsper
secondwasobtainedatdesignspeed.

4.Thepeakefficiencyremainedabove0.85forequivalentspeeds
rangingfromapproximately66to 96percentofdesignspeed.

5.A minimunpeakefficiencyof 0.73wasobtainedat 30percentof
designspeed;asthecompressorspeedincreased,a maximwnpeakeffi-
ciencyofapproxhately0.88wasobtainedbetween80 and90percentof

-.

.

a-

designspeed.
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6.Thecompressorsurgelinehada slightkneeatapproximately
63percentofdesignspeed.

7.Static-pressuredataindicatedthatthefirstandlaststages
aremismatched(thefirststageoperatingnearnegativestallandthe
laststageoperatingonthepositivestallsideof itspeak-pressure-
ratiopoint)atthedesign-speedmaximumpressureratio.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,October7, 1953

XL
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Figure1. - Ei@t-stsgeaxial-flowcompressor.
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Figure2. - Crosf3-OeothmJ. ?IOWOf eight-stageW-flow ocmpreascm,
inletbd.lmouthnozzle,ad disohsrgeoolleotor.
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(a)Total-pressurerake.

Figure3. - Compressor-tis-ge
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(b)Spike-typetherntomqlerake.
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