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HAVINGINTERI!WCONTRACTION;MACH

NJ3!8ER3OF 0.63AND1.5TO 2.0

ByArthurA.AndersonandMayn=d1.Weinstein

SUMMARY

A studywasmadeto determinelocationsofpressuresensorsfor
controllingthespikepositionof a blunt-lip,axisymmetricinlethaving
internalcontraction.TheinletperformancewasdeterminedatMachnum-
bersof0.63and1.5to 2.0forairflowschedulescorrespondingto those
ofa giventurbojetengineovera widerangeof smbienttemperatures.

Theuseoftheratioofa throatstaticpressureto eithera local
totalorthespike-tiptotalpressureprovideda signalthatcouldset
nearlymaximumpressurerecoveriesatmch numbersof 1.7to 2.0and
within6 percentofmaximumrecoveryatMach1.5.

Foronespecificairflowscheduleat zeroangleof attack,thera-
tioofthroatstaticpressureto spike-tiptotalpressueindicateda
spikesettingthatwouldresultina thrustminusdragwithinl+percent

ofthemsximumatMachnumbersfram1.5to 2.0.

Themaximumpressurerecoverieswere0.90,0.945,and0.96atMach
numbersof 2.0,1.8,and1.5,respectively.

INTRODUCTION

To obtainoptimumperformanceof a supersonicpowerplantinstalla-
tionovera widerangeofflightMachnumbers,somefo~+.of..variablein-
letgeometryusuallymustbe employed.Onesuchformisthatofa trans-
latingspike(refs.1 and2]. However,theuseofvariablegeometry
requiresthat,foroptimumperformance,somemeansof controllingthe
spikepositionmustbe found.References3

~~~

and4 presentcontrolsystems
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usingshockpositionto definetheoperatingpointforinletswithoutin-
ternalcontraction.Thecontrollingactionwasaccomplishedby sensing
thepressureriseacrossa normalshockandtherebypositioningthespike
tomaintaintheshockatthesensorstatiori(atthecowllip).

Onspikeinletswithexcessiveinternalcontraction,thenormal-
shockpositionisaheadofthecowllipatcriticalflowandmayvaryso
widelywithflightMachnumberandambienttemperaturethatit isdiffi-
cultto usea singleshock-positioningpro~eororificetomaintainmaxi-
muminletperformance(whichgenerallyoccursnearcriticalflow).An
AirForcecontractorproposedthatthepressureriseatthethroatwith
subcriticaloperationcouldbe usedtoprovidethespike-positioning
signalthatwouldmaintainan internalcontractioninletat criticalflow.
Thisinvestigationwasmadeto studysucha controltechnique,usinga
bluntlip,over-contractedinletwitha remotelycontrollable250half- ,
anglespike.Thestudywasdirectedtowardsfinding-theinternalloca-
tionofthepressuremeasuringstationsthatwouldprovidesuitablecon-
trolsignals.Kl_soincludedwasan evaluationofthe,pressurerecovery,
drag,andstabilityoftheinletatMachnumbersof0.63and1.5to 2.0.
AlthoughdataweretakenatanglesofattackfromOO_tO10°)thegreater
partwastakenat3°. Thestudywasconductedinthe
6-footsupersonicwindtunnelata Reynoldsnumberof
foot.

SYMBOLS

A area

NACALewis8-by
about5X106per

Ac inletcapturearea(verticsltangentat lip),0.323sqft

‘2 flowareaatthecompressor-facestation,0.284sqft

CD dragcoefficientbasedonfrontalareaof0.535sqft

D full-scalepressureplusadditivedrag,lb

F enginenetthrust,lb

% free-streamMach

m2
mass-flowratio,

6

P totalpressure

P staticpressure
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AP differencebetweentimum andminimumtotalmressureat
engine-facerake

AP/P2 distortionparameter

v velocity

correctedairflowrate

s

-4

b“

v

w airflowrate,lb/see

a angleofattack,deg

perunitarea,lb/(sec)(sqft)

5 ratiooftotalpressuretoNACAstandardsea-levelpressure
of 2116lb/sqft

e ratiooftotaltemperatureto NACAstandardsea-leveltemper-
atureof518.7°R

ez spike-positionparameter(anglebetweeninletcenterlineand
a linefromthespiketipto theverticaltangentatthe
cowlM.p)

P density

Subscripts:

a,b,c,d,epressuresshowninfig.3

i

o

2

The

ideal

freestream

compressor-facelocation(20.6in.fromcowllip]

quarter-scale

APPARATUSANDPROCEDURE

ModelDetails

translating-spikeinletmodel,schematicallyshown
infigurel(a),was strut-mountedfromthesupportsting. Airflow-through
theinletw&svariedwttha renmtelycontrolledplug. & showninfigur~
l(b),thetranslatingportionofthecenterbodyconsistedof a 250half-
angleconicalspikethatwasfairedintoa cylindricalsection.Thespike
positionwasremdelyvariable.
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Figurel(c)showsthegeometricdetai~oftherounded-lipcowl;
theaxialreferencestationforthecowlcoordinatesfisthevertical
tangentatthecowllip. Alsoshowninthisfiguresrethelocationsof
thestatic-pressureorificesfromwhichthecowldragswerecomputed;
themodeldidnotincludea forcebalance.

Thediffuser-areavsriationforvariousspikesettingsis shownin
figure2. As showninthesketch,thespike-positloriparametere~ is
theanglebetweena linefromthespiketiptotheverticaltangentat
thecowllipandthemodelcenterline.Themaximumspike-positionparam-
eterposition(63.60)representsthespikefullyretractedforflightat
subsonicsndlowsupersonicspeeds.

A numberof inletrakesthatincludedstatic-andtotal-pressure
probeswereinstallednearthethroatto studypressurevariationwith
spiketranslationthatcouldprovidesignalsforspike-positioncontrol.
Examinationofthedatafromtheserskesshowedthatthemostpromising
controlsignalscouldbe providedby therakeshowninfigure3. Data
fromthisparticularrakeonlysrepresentedinthereport.Therake
wasmountedinsidethecowlinthehorizontalplane~d includedone
pitotandonepitot-staticprobe.Ratiosofpressuresthatarediscussed
inthereportintermsof controlperforr@hcearedesignatedA,B, C,and
D andsreshowninfigure3. —

Massflowthroughtheinletwascomputedfromthemeasuredstatic
pressureat a station34.Oinchesdownstreamofthecowllip(fig.l(a))
withtheassumptionof isentropicflowtot~eknownareaatthechoked
exit.Total-pressurerecoverywasobtainedfromtheaveragedreadings
of40total-pressureprobeslocatedatthecentroidsof equalflowarea
at station2,thefull-scalecompressor-facestation.Theinnerand
outerradiiofthetubesusedforcomputingdistortionswere,respective-
ly,37 and95percentofthemaximumradiusat station2. (Thehub-tip
ratioatthatstationwas0.32.)A dynamic-pressuretransducerlocated
justdownstreamof station2 wasusedwitha recordingoscillographin
determiningtheinletinstabilitycharacteristics.

Procedure~~

Theexperimentaldatawereobtainedby translatingthespikewhile
simulatinggivenengineairflowswithfixe.d,~sitionsoftheexitplug.
Theairflowschedulesof the enginefor whichthe inletwas designedare
shownInfigure4. (Aconstant-of2.3
hasbeenaddedtotheenginevaluesin
totalfull-scaleflowintotheinlet.)
threeairflowschedulesshown:

._

—

—
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—
lb/(sec)(sqft)forauxiliaryair
orderto simulateproperlythe
Dataweretakento includethe
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(a)AirForcestandardcolddayabove

(b]lJACAstandarddayative35,332feet

56,800feet

(c)A structural-limitconditioninwhichthetotaltemperatureat
thecompressorfaceis limitedto 710°R. AtMachnmiber2.0,thisair-
flowcorrespondsto theNACAstandardday,butinthelowerflightMch
numberrange(1.7andbelow),thiscurvefollowstheAirForcestandard
day. TheairflowsettingsfromMachnumbersof 1.8to 1.9donotcorre-
spondto any“day”condition,butareIntermediatebetweentheMICA
standsrddayandtheAirForcehotdayatmospheres.

Themajorportionofthedatawasobtainedat3° angleofattack,
thedesigncruiseattitudeofthenacelle.Limiteddatawereobtained
at @, 60,and10°anglesof attack.

RESULTSANDDISCUSSION

InletPerformance

Inletperformancecharacteristics(total-pressurerecoveryanddis-
tortion,massflow,anddrag)atMachnumbersof 2.0,1.8,and1.5sre
shown,respectively,infigures5, 6,and7 asa functionofthespike-
positionpsrameterfortheairflowconditionsgiveninfigure4. Total-
pressuredistortionswerecomputedby dividingthedifferencebetween
maximumandminimumpressuresattherakestationby theaveragetotal
pressure.Onthepressure-recoverycurves,criticalflowis indicatedby
an arrowjsupercriticaloperationisto theleftofthearrow,subcrit-
icalistotheright.Theseperformanceregions=e alsoindicatedon
themass-flowplots.Herethedashedlinesonthefiguresarethesuper-
critical(ormaximum)mass-flowratiosas obtainedby vaqdngthespike
positiontiththecontrolplugatthewide-openposition.Thedifference
betweenthedatapointsandthedashedlinethusrepresentsthesubcrit-
icalspillagewithintheaccuracyofthemass-flowdata.

Cowlpressuredragswereobtainedby a pressure-meaintegration
betweenthelimitsof (1)theassumedstagnationpointonthelipand
(2)themaximumcowldiameter.(Withtheinstrumentationavailable,
dragscouldbe computedforzeroangleof attackonlyandhenceforma
limitedportionofthedata.)Thesummationofpressuredragandaddi-
tivedragis alsogiveninthedragplotsoffigures5 to 7. Additive
dragwascomputedby thetechniquesgiveninreference5.

Inbrief,thebasicsupersonicperformancewithoutengine-matchi~
considerationsmaybe summarizedasfollows:
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(1)At lowanglesofattack,total-pressuredistortionsnearcriti-
calflbwgenerallywereontheorderof 10percentandtendedto increase
on eithersideof criticalflow. In a fewinstances,distortionsat
criticalflowwereashighas 20percent.

(2)Maximumpressurerecoveriesat zeroangleof attackwere0.90,
0.945,and0.96atMachnumbersof 2.0,1.8,and1.5,respectively.In
general,peakrecoveriesoccurredtiththeinletslightlysubcritical.

(3)Maximummass-flowratioswere0.89>”0.81,and0.74atMachnum-
bersof 2.0,1.8,and1.5,respectively.At”thetwoh~glierMachntibers,
retractingthespikegavea peakedcurveof@ass-flowratiobecauseof
thedecreasedoblique-shockspillageandthenthesubsequentoverriding
spillagedueto theinternalcontraction(seediffuserarea,fig.2).

(4) Minimum(cowlpressureplusadditive)dragcoefficientswere
0.15,0.20,and0.23atMachnumbersof 2.0,1.8,and1.5,respectively.
Thesevaluesareappreciablyhigherthanthosereportedinreference6
foraninlethavingtheseinelipshape(anda capture“=eaabout10per-
centsmaller).Thedifferencesresultmainlyfromthefactthatthe
greaternumberoforificesonthepresentinletpermitteda moreaccurate
integrationof cowlpressures.

Subsonicmass-flowpressure-recoverycharacteristicsoftheinlet
(MachO.63)areshowninfigure8 forfourspikepositionsincludingthe
fullyretractedcase.Subcriticalpressurerecoverieswereabove95per-
centandessentiallyindependentof spikePositionj criticalmassflow
increasedwithspikeretractionbecauseoftheincreaseinthroatarea.
Atmsximumspikeretraction(spike-positionparameter,63.6°)thecor-
rectedairflowat criticalinletoperation(37lb/(sec)(sqft)}corre-
spondsto anambienttemperatureofabout110°F; anylowertemperature
resultsin supercriticalmatching.As showninfigure8,thesupercrit-
icalmatchingfortheNACAstandarddayconditionsabove35,332feet
resultsin a lossinrecoveryof about10percentagepointsbelowthe
criticalvalue.

Engine-InletMatchingConsiderations

Thevariationofthethrust-minus-dragparameterwithspikeposi-
tionisshowninfigure9 forairflowswheredragdatawereavailable
(i.e.,at zeroangleof attackfor(1)theNACAstandarddayatMachnum-
bersof 1.5to 2.0and(2)atMachnumber1.8,thestructurallimitand
AirForcecoldday).Thespikepositionsforpeakandcriticalpressure
recoveryandminimumdrag(fromfigs.5 to 7)are~ked by snows onthe
curves.At anyMachnumberandambienttemperature,thespfkeshouldbe
setatthepositionformaximumthrust-minus-dragperfommnce.However,
becauseofthelimitedamountofdragdata,qostofthecontroldataof

r

i
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thisreportwillbe presentedwithregardtotheabilityto set-imum
pressurerecovery.Justificationforthisexpedientis showninfigure
9 by thefactthatpeakpressurerecoveriesandminimumdragsoccurvery
nearto eachotherandveryneartothemaximumvalueofthe’thrust-minus-
dragparsmeter.

As ummsryofthepeakpressurerecoveriesforthethreeairflow
schedulesis showninfigure10forMachnumbersof 1.5to 2.0atan an-
gleofattackof3°. Forthestructural-limitandNACA-stan*d-day
schedules,peakpressurerecoveriesaregenerallywellabove0.90but,
fortheAirForcecolddaytemperatures,thepeakvaluesareonly0.83
to 0.88.Thesepoorrecoveriesatthelowtemperatureemphasizethedif-
ficultyof sizitian inletforhighperformanceovera widerangeofam-
bienttemperatures(ref.7). Theproblemcanbe furtherillustratedby
thefollowingtable,whichcomparesinletoperatingconditions(atpeak
recovery)fortheextremesof ambienttemperatureatMachnumber2.0.
(Datasrefromfig.5(b).)

t,~ayn Corrected Mass-flow
airflowrate, ratio,

(<)we %2
6A ‘ G

lb/(sec)(~qft)

JSACAstandsrd 30.7 0.82
AirForcecold 36.1 .89

T_otallSpike-position
pressureI parameter,
recovery,

P2 ‘2’
deg

~

0.90 38.5
.83 41.0 !

Althoughthemassflowisincreasedatthelowertemperature,theInlet
isnotlargeenoughto avoidthereductioninpressurerecoi~rynecesssry

to supplythelargercorrectedweightflow~=f(~~~= Data=e
available
numberof
infigure
temperatureoperation-would,of course,penalizeperformanceathigher
temperaturesbecauseofthegreaterspillagesrequired.

tomskea comparisonintermsofthrustminusdragat a Mach
1.8jthepenaltiesincurredatthelowertemperatureareshown
9. Thelargerinletthatwouldbe requiredto improvethelow-

Stability

The effectof spiketranslationon inletstabilityis showninfig-
ure11foranglesofattack0°,3°,and6° at a Machnumberof 2.0,and
foranglesofattack0°and3° atMachnumbersof1.8and1.5. Two
stabilityboundarylinesareshownat eachangleofattack,oneforno
oscillation(startofpulsing)andtheotherforhalf-smplitudestatic
pressurefluctuationsatthediffuserexitequalto 2~percentofthe



8 NACARM E57D15

free-streamtotalpressure.Thedatawereobtainedby forcingtheinlet
farintotheinstabilityregionata givenspikepositionandthenin-
creasingtheweightflowuntilstableflowwasreached.Theminimum
matchingairflowforeachMachnumberisshownastheupperhorizontal
lineon eachsetof curves;airflowsbelowthisline~e outsidethenor-
maloperatingregionoftheinlet.Thus,if”halfamplitudesgreatertham

1

~ percentofthefree-streamtotalpressurearearbitrarilycalledbuzz,

theinletwouldappeartobebuzz-freeatallMachnumbersforanglesof
attackbelow3°. At a Machnuniberof 2.0,buzzcouldoccurat 6°angle
of attackforvaluesofthespike-positionparameterlessthanabout
43.5°.(Peakpressurerecoveryoccursat400.)

SchlierenPhotographs

.

.

Schlierenphotographsof criticalinlet.operationat3° angleof
attackarepresentedinfigure12forthethreeengineairflowschedules.
A widerangeofnormal-shockpositionswithMachnumberandweightflow
is shownnearcriticalflow.Thevariationtnnormal-shockpositionwith
spikeretractionforNACAstandarddayatMachnumber2.0(fig.13]shows
theincreaseinnormal-shockspillagethataccompaniesa decreasein
oblique-shockspillage.

FlowContoursatEngineFace

Total-pressurecontoursattheengine-facestationareshowninfig-
ure14 at criticalflowforthethreeengineflowschedulesat3° angle
ofattack.Thedistortionsatthisangleof attackwereprimarilyradial.
Thetendencyforthedistortionto increaseata givenMachnumberwith
an increaseincorrectedweightflow(decrea”seinambienttemperature)
maybe attributedtotheentranceintotheinletoftheoblique-normal
shockvortexsheet(schlieren,fig.12)andto thehigherMachnumbersat
theengineface.

SpikeControlSystems

Aspreviouslydiscussed,themaximumthrust-minus-dragperformance
atanyMachnumberandambienttemperatureisobtainedwiththespike
at a positionclosetothatforpeakpressurerecovery=Theschlieren
viewsinfigure12indicatethata singleshocksensingprobecouldnot
be usedto setthespikeforcriticalflow(norpeakpressurerecovery)
becauseofthewiderangeofnormal-shockpositionsatthecriticalflow.
Thisproblemdoesnotexistforinletswithoutinternalcontraction;the
normalshockpassesthecowllipat critical,E’lowand,hence,a cowl-
mountedsensorcanbe usedto setcritical,oranydegreeof subcritical,

—

.-
M
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flow(refs.3 and4). ‘Thus,forinletswithexcessiveinternalcontrac-
. tion,othertechniquesforspike-positioncontrolmustbe explored.In

thepresentstudy,thefunctioningofthecontrolwasbasedonthefollow-
ingapproach:

Whentheinternalflowcontractionistoogreatforflow-stsrting
(fig.2),thethroatMachnumberis 1.0at criticalflowanddecreases
asthespikeretractsto thesubcriticalpositions.Forstarted-flow
conditions,thethroatMachnumberat criticalflowis slightlygreater
than1.0. In eithercase(startedornot),theratioofthroatstatic
to totalpressurerisesfroma valueof about0.528asthespikeretracts
fromthecriticalflowposition,reg=dlessofthelocationofthenormal
shock.Thus,thepossibilityexiststhatthedesiredsubcriticalspike
positionscanbe setovera tiderangeofflightconditionsbymaintain-
inga giventhroatpressureratiosomewhatgreaterthan0.528.In addi-
tiontoforminga ratiowithlocaltotalpressure,thethroatstatic
pressurecouldbe usedas a ratiowith,forexample,thespikestatic
pressurenearthetipor thespike-tiptotalpressure.

Withsucha controltechnique,it isnecessaryto tryexperimentally
a numberofpositionsandtypesof static-andtotal-pressuresensors
witha giveninlet,since:(1)thethroatpositionvarieswithspike
positions;and(2)largestatic-andtotal-pressuregradientscm exist
neartheinletthroat,especiallyatangleof attack.Thetwotypesof

u pressureratioreportedinthefollowingsectionsare: (1)throatstatic
pressureto localtotalpressure,and(2)throatstaticpressureto spike-
tiptotalpressure.

“d
Ratioof statictototalpressureatthroat.- Thethroatrakewhich

providedthethroatpressuredataofthisreportis showninfigure3.
RatiosA andB, formedfrantwocowlstaticpressuresandtworaketotal
pressures,arealsoshowninthefigure.ThevariationofratioAwith
spikepositionis giveninfigure15. Herethecharacteristicrisewith
subcriticaloperation(increasingspike-positionparameter]is shown.
Markedontheabscissaaretheanglesatwhichthemimum pressurere-
coveriesoccur(figs.5 to 7). Measuredpressureratioshigherthana
givenvaluetobe usedasa controlwouldcallforforward movementof
thespikeandviceversa.

Theperformanceoftheinletwitha valueof 0.63forcontrolpres-
sureratioA (correspondingto a localMachnumberof 0.84)is shownin
figure16(a)asa functionoffree-streamMch numbersfrom1.5to 2.0.
Theordinateisthepressurerecoverythatwouldbe setby thecontrol,
expressedasthepercentofthemaximumpressurerecov=yobtainableat
thatMachnumber,weightflow,andangleof attack.(Fig.10 summarizes

M thesemaximumvaluesfor3° angleof attack.)Thevalueof 0.63showed
themostpromisingcontrolactionforpressureratioA intermsofpres-
surerecovery.By usingthispressureratioattheanglesof attack

*
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investigatedforthethreeairflowschedules,itis showninfigure16(a)
thata controlsystemcouldsetthemaximumavailablepressurerecoveries
atMachnumbersfrom1.7to 2.0,andthat,ata Machn.uiberof 1.5,pres-
surerecoverieswouldbe within94percentofthemaximumvalues.

Figure16(a)alsoshowsthatthecontrolperformanceatthelower
Machnumberscouldbe improvedoverthatofratioA b-yusingcloserto
thethroata static-pressuresensingstationthatmovesdownstreamwith
thespikeretractionrequiredatthelowerMachnumbers.Thus,near-
maximumpressurerecoveryisindicatedatMachnumbers1.5and1.6by use
ofratioC (fig.3),formedfroma static-pressurevaluemeasured3.35
inchesfromthelip(thethroatisabout4 in.downstreamofthelipat
Machnumber1.5,as showninfig.2). However,theperformanceaboveMach
number1.6withratioC (notshown)dropssherpl.ysothatgoodperformance
overtheentireMachnumberrangecouldbe o%tainedonlyby addingcon-
trolcircuitsforswitchingthesensingpressuresat aboutWch number
1.7.

Inletperformanceis giveninfigure16(b),witha valueof0.60for
controlpressureratioA, to showthesensitivityto less-than-optimum
pressureratio,thatis,A = 0.63.Poorerperformance(comparedwith
thatoffig.16(a)),by 1 to 2 percentofthemaximumavailablepressure
recovery,isshownovermostoftheMachnumberrange.

Thepressurerecoveriesthatwouldbeprovidedby useoftheoptimum
value(0.61)ofratioB arepresentedinfigure17. Essentially,the
performanceisthesameasthatforthebestvalueofratioA (fig.16(a))
exceptfortheAirForcecolddayconditions,wheretherecoveryis
slightlylessatMachnumber2.0andsomewhatbettera%thelowerMach
numbers.Pressure-recoverysensitivityto less-than-optimumvaluesof
ratioB wassimilartothatshownforratioA.

Ratioofthroatstaticpressureto spike-tiptotalpressure.- The
ratiooftheinternalstaticpressurec (fig.3)tothetotalpressure
atthespiketipis designatedas controlratioD,which,ata valueof -
0.70,indicatedgenerallybetterpressurerecoveries(fig.18)thanthose
obtainedwithratiosA orB. Pressurerecoverieswerewithin1 percent
ofthemaximumavailableforallconditionsexcepttheN4CAstandardday
andAirForcecolddayatMachnumber1.5,wherea lossof generallyless
than3 percentisshown.

Thrust-minus-dragperformancee. - InletperformancewithratiosA and
D as sensingsignalsis showninfigures19(a)and[b),respectively,in

termsof F -D—, thenetthrustparameter.Fi Dataarepresentedforzero

angleof attackattheNACAstandarddeyflightconditions.Valuesof
thenetthrustparametersetby thecontrolsignalsarecomparedwith
themaximumobtainablevaluesoftheparamet=(fig.9).
formanceisattainedwithratioA atMachnumbersof 1,8
19(a)).Forthisratio,datawerenotavailableatMach

Maximumper-
and2.0(fig.
number1.5for

.

.
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zeroangleofattackbut,basedonthepressurerecoveriesat anangleof
30,thenetthrustwouldfallwellbelowthemaximumat
Thecontrolsettings

in $percent ofthe

Machnumberrange.

withratioD (fig.19(b))indicate

maximumthrustminusdragoverthe

thatMachnumber.
performancewith-

entire1.5to 2.0

SUMMARYOFRESULTS

A translating-spikeinlethavinga bluntlipandinternalcontrac-
tionwasstudiedto determinethelocationof sensorsusableforspike-
positioncontrolovera widerangeof engineairflows.Thefollowing
observationscanbemadefromthedata:

1.Suitablecontrolsignalsapparentlymightbe suppliedby static
pressurenearthethroatusedasa ratioeitherwitha localtotslpres-
sureorwiththespike-tiptotslpressure.

2.Theratiousingthespike-tiptotalpressureindicatedslightly
betterpressure-recoveryperformancethantheratiousinglocaltotal
pressureovertheMachnumberrangeof 1.5to 2.0. Bothratiosshowed
promiseof settingverynearlythemaximumobtainablepressurerecoveries
atMachnumbersfrom1.7to 2.0andwithin6 percentof-mum recovery
atMachnumber1.5.

3.Intermsofthrustminusdrag,useofth~ratioofthroatstatic
to spike-tippressureshowedperformancewithin1%percentofthemaximum
availableatMachnumbersfrom1.5to 2.0foronespecificengineairflow
scheduleat zeroangleofattack.

4.Theinletperformancewithoutengine-matchingconsiderations
showedmaximumpressurerecoveriesof 0.90,0.945,and0.96atMachnum-
bersof 2.0,1.8,and1.5,respectively.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,June14,1957
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