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suMMARY

DataobtainedfromtheNACAair-launchedram-jetprogramaresum-
marizedhereinwithemphasisplaceduponthetransonicpropulsivethrust

q potentialoftheengines.Dataarepresentedforboostedandncmboosted

??
engineconfigurationswhichincorporatee eithera single-oblique-shockor
a double-oblique-shockdiffuserdesignedfor criticalinletoperationat
flightMachnuxbersof 1.8and2.4,respectively.Theenginessreeval-

. uatedintermsofflightMachnumber,mass-flowratio,cliffuserpres-
surerecovery,combustion-chamberheatrelease,propulsivethrust,ex-
ternaldrag,sndspecificfuelconsumption.

INTRODUCTION

DuringthepastseveralyesrstheNACAhasinvestigatedtheper-
formancecapabilitiesof a seriesoffree-flightrsm-jetunitswblch
wereair-launchedfroma csrrieraircrsf’tathighaltitude.Thefun-
stabilizedengine,whichhadno guidanceequtpment,followeda zero-
lifttrajectory.Performancedatawereobtainedby meansoftelemeter-
ingandradartracking.

Althoughitisusuallyconsideredthatthesupersonicramjetwould
be rocketboostedto nearlythedesignMachnumber,forsuchapplica-
tionsas air-launchedmissilesitmaybe advantageousfortheramjet
tobe se~-acceleratingfromeithera highsubsonicor a lowsupersonic
speed.Thepurposeoftheinvestigationssunmmrizedheretihasbeento
provideinformationon self-accelerationpotentialitiesforfixed-
geometryenginesby obtainingdataonfull-scslesupersonicenginesat
belowdesignMachnumbers,particularlyinthetransonicrangewh-e
theoreticalcalculationsexequestio=blesndgroundtestfacilitiesfor
burningenginessrenonexistent..

.
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Duringthesetestsfivebasicfixed-geometryengineshavebeen
evaluated fourofthedesignsincorporateda single-oblique-shockinlet
designedforMachnumber1.8,whilethefifthutilizeda double-olXlique- IA
shockinletwitha designpointof2.4. Thislattermodelwasboosted
to approximatelyMachnumber1.5priortoram-jetignition.In addition
to theburningramjets,severaLfullyinstrumentedrocket-propelled
coldmodelswereflownfordetaileddragevaluationattrsnsonicMach
numbers.Specificperformanceresultsofthevariousmcdelssummarized
hereinarepresentedinreferences1 to8.

APPARATUS

A B-29airplsnewasusedfor
subsequentflightswereconducted

Am PROCEDURE

launchingthefirsttworamjets.All
withanF-82airplane(fig.1).

Inorderto obtainmaximummissilevelocityatrocketburnout,it
wasdesirableinthecaseofthedxagmodelsto launchatthehighest
possiblealtitude.Frompersonnelconsiderations,35,000feetwasset
asmaximumsafedropaltitudeforprolongedunpressurizedflight.The

s

launchingaltitudeforthenonboostedrem-jetenginesvariedfrom
28,000to 35,000feet. Theeerlymodelsweremountedundertheright

—
M“

wingoftheF-82@l=ej however,thelongerandheavierMachnumber
2.4modelwasmovedto a center-wingmount,asthismodelmountedinthe
originalmissilelocationdisturbedairflowovertheouter-wingpanel
athighanglesofattack,therebyprovidingmginal low-speedlateral
controloftheairplene.

Thefourmodelswithsingle-oblique-shockinletweredesignated
16-A,B, C, andD, endweredesignedforsuccessivelyhighercombustion-
&amber-inletMachnumbersrangingfrom0.12to0.24attotal-temperature
ratiosT of4.0,5.0,3.9,and3.0,allat af13ghtMachnuniberof
1.6. ModelsA andB usedconvergent-t nozzles,whereasC andD
incorporat&l.straightpipeexits:The
models,whichutild.zeda straightpipe
3.0withcombustion-chamber-inletMach
Machnumber2.0.

Theoblique-shockinletontheA,

double-oblique-shockinletF —
exit,realizeda criticalT of
numbffof0.24atfree-stream

B,C,”andD modelsincorporateda
50°cone;theconewaspositionedto causecowl-lip-shockintersection
ata free-stresmMachnumberof1.8.

—
Thediffuserannuluswasdesigned

withno internalcontraction.Thecowllipexternalsinglewas18°,
whichprovidesforshockattachmentbehindtheconeshockat a free-
streemllachnudberof 1.8, TheF modelengineincorporateda double-
oblique-shockinletwithconeha~-englesof22°end35°. Thecowllip
waspositionedto intercepttheobliqueshocksatflightMachnumber2.4. .

“
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Theram-setunitsconsistof’anoutershellwithfouraft-mounted
stabilizingfinsanda concentricallylocatedbodyinthediffusersec-
tionwhichhousesthetelemeteringequipmentandthefuelsystem.
Cutawayviewsoftypicalrsm-jetunitsareshowninfigures2 and3.
FM-AMfrequency-divisiontelemeteringwasincorporatedinthenosesec-
tion. Atypicaleight-channeltelemeternosesectionis showninfig-
ure4.

A fuelnozzlemanifold(fig.5)andflameholderwerelocatedtit
ofthecentralisland.Eithertheducted-airfoilflameholder(fig.
6(a))orthestartype(fig.6(b))wasusedas indicatedintable1.
Magnesiumflaresprovideda continuousignitionsource.Ont~elater
nmdelsan electricallyheatedsolidpropellantboosterrocketwas
mountedbehindtheflaresholder;therocketcaseis showninfigure3.
Tale I includesboosterdurationandthrht information,thatis,
6-3~0 indicates6 secondsburningtimeand3000poundsthrust.The
spentboosterwasjettisonedfromtheburningmdels. Inorderto re-
ducecombustion-c-er-hletvelocityduringram-jetignition,a burn-
outmass-flowrestrictorwasinstalledintheexit.Theboostercase
remainedinthenonburningdragmodelsandthemissileexitincorporated
a fairedannularrestriction(fig.7) inorderto simulatemassflow
associatedwithheatreleaseinthecontmstionchaniber.

A sketchoftheF modelfuelsystemfs showninfigure8. Fuel
wascontainedina cylindricalcast-aluminumtankwhichincorporateda
freepistonforfueldisplacement.Fuelmeteringwasaccomplishedby
free-stresmtotal-pressureregulationofhigh-pressureheliumrelease.
ModelsA,B, C, andD fuelexpulsionwasobtainedfromhel.iwapressure
whichcollapseda flexiblerribberfueltank.Theenginesburnedun-
leadedgasollne.

TheA,B, C, andD nosesectionshellswereformedfrmnl/10-inch
mildsteel.TheF modelnosesectionwasspunfroml/8-inch52S
aluminum.Combustion-chsmibershellsandnozzleswerel/16-inchInconel
forwardofthefinsandl/8-inchInconelfromthefinleadingedgeto
theengineoutlet.ModelF tiilizeda l/8-inchshellforthelastl+

inchesonly.Aluminumfinsofl/4-inchthicknesswerecantileveredt:
the~aust nozzlewithrivetedandspot-weldedangles;thefinand

attachmentanglesincorporatedthermalexpansionslotsspacedatl+
inchintervalsalongtheentirelengthofthenozzle-finjunction,as
showninfigure9. Enginegrossweightsveriedfrom525to 800pounds.
Individualengineconfigurationdetailsandexternalshellcoordinates
arelistedintablesI andII.

Inorderto obtainstartingandoperationalinformationto e~edi’te
flightdevelopment,an investigationatMachnuuber1.4wasconducted

=’%wmf@i@p,.”.4
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inthefree-jetfacilityattheNACALangleyPilotlessAircraftResearch
—

Station,WsXlops.Island,Vtiginia.Theengineinstallationis shownin ~.
figure9. Theflameholderandcombustionchamberwereobservedtobe
undamagedafterseveral40-secondrunswithcortibustion-chaniber-exit
totaltemperaturenear3000°R. Fortyseconds,whichwasthetesting
durationoftheblow-downfree-jetfacility,wasalsotheapproximate
durationofthemissileflight.

Methodsof calculationanda morecompletedescriptionofapparatus
andinstrumentationareincludedinreferences2,7J and8. Simulated co”
T forthecoldmodelswasdeterminedby calculatingtheheatrelease $
necessar~tocausethesameenginemassflowaswasrealizedwiththe

ml

exitflowrestrictors.Simulatedthrustminusdragwasthendetermined
by mibtractingobservedexternaldrag,exclusiveofbasedrag,froma
hypotheticalinternalthrustwhichwascalculatedfromthepreviously
determinedvalueof simulatedheatrelease.Additive&ag wasdeter-
minedby thesummationofaxialforceonthecenterbodyspikeplusthe
gaininengineairflowaxialmomentumbetweentheinletandfreestream.

SYM801S
d

ThefollowingsymbolB sre usedinthisreport:
-.
.

maximumcross-sectionalarea,1.4sqft

dragcoefficient,D/q&

thrustcoefficient,T/@

drag,lb

fuel-airratio

Machnumber

massflow

massflowinfreestresnttieeqvalinareatoprojectedliparea

totalpressure,lb/sqft absolute

staticpressure,lb/sqft absolute .

dynamicpressure,lb/sqft

thrust,lb

.

.
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t statictemperature,%

Wf fuelflow,lb/ti

%
conibustionefficiency,percent

E
P

T ratiooftotaltemperatureattheeihaust-nozzleoutlettototal
m temperatureat combustion-chamberinlet

Stiscripts:

a additive

c cowl

. f friction

o stationatfreestream
“

4 stationat combustion-chanberinlet

RESULTSANDDISCUSSION

DiffuserPressureRecovery

Thes~ersonicsingle-shockconicalinletwitha sharp-edgedcowl
realizedhighvaluesof stisonicandtransonictotal-pressurerecovery
overa widerangeofmassflowsas showninfigure10,whichrepresents
thecollectiveresultsobtainedinflightfromtheA,B, C, andD
models.Theindicatedvaluesofpressurerecoveryat zeromass-flcsw
ratiosrethosecorrespondingtonormalshock,anddashedportionsof
thecurvesindicateextrapolationofthedatatothesenormalshock
values.Throughoutthetransonicregionsubcriticalpressurerecovery

—

decreasesbecauseof increasingfrictionlossesasmass-fluwratioin-
creases.At thehigherMachnuuibers,thedecreasingdetachedshock
lossesoverbalancetheincreasingfrictionlosses,causingan increase
insubcriticalpressurerecoveryasmass-flowratioincreases.As in-
dicatedbythenesrlyverticalslopesofthecurvesinfigure10,total-
pressurerecoverydecreasesrapidlyasheatadtitionfallsbelowthe
criticalva3ueandtheengineis stijectedtohighnormalshocklosses
insidethedivergingdiffus=.Themaximumva.luesofmass-flowratio

. shownforthevariousMachnunibersarethemaximumvaluescompatible
withfree-streamflowdeflectionbehindtheconicalshockorwithinlet
choking.Themaximummass-fluwratioisequalto unitywhentheoblique
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shockintersectsthecowlatMachnunber1.8. Thetransonfcdatain-
corporatedinfigure10wereobtainedfromboththeburningandthecold
mdels. At correspondingmass-fluwratiosandMachnunibers,thepres-

2

surerecoveryobtainedfortheburningandnonburningenginesagreed
—

within1 percent.Theenvelopecurve,wh~chenclosesthekneesofthe
pressurerecoverycurves,isindicativeoftheoptimummass-flow-ratio
andMachnuribercombinationsforwhichthenormalshockstandsatthe
diffuserinlet.

Figures11 and12 comparemsximumpressurerecoveriesobtainedin in
flightwiththoseobtainedinfree-~etandwindtunneltestsof similar Ii
inletconfigurations.Thesevaluesofpressurerecoveryincludesub- E
sonicdiffuserfrictionloss.Goodagreementbetweenfree-jetandflight
performanceforthesingle-conediffuseris showninfigureXl. Pres-
surerecoveryvaluesobtainedinthe8-by 6-footsupersonictunnel(ref.
9)fallslightlyabovetheflightvalues.Althoughthetunneltests
wereconductedatlowerReynoldsnumbers,thehighertunnelrecoveries
canbe attributedto lowerfrictionlossesobtainedwiththeshortersub-
sonicdiffusers.A similarrelationbetweenflightandtunneldata,in .
thecaseofthedouble-oblique-shockinlet,is showninfigure12. Corn- -
pmisonatMachnuniber1.8indicatesthatthedouble-oblique-shockdti-
fuseryieldsa 5 percentgreaterrecoverythanthesingle-obliq~-shock .
diffuser.Comparisonofthetheoreticalrecoveryforthetwoengines
indicatesthat,inpart,thegreaterrecoveryofthetwo-conediffuser
isdueto a moreefficientsubsonicdiffuser.Theincreasedstisonic
efficiencyinthetwo-coneinletdiffuserwasprobablydueto a more
rapidinitialrateofexpansionwhichminimizedfrictionallossesdue
tohigh-velocityductflow.

At Machnwibersaboveabout1.4,mibstantiallysubcriticaloyeration
wasaccompaniedby diffuserpulsing,whichinseveralcasesappearedto
causeengineblow-out.Transonicdiffuserpulsingwasnotedwithseveral

—

modelsatnear-criticaloperation.However,thisinstabilitycanprob-
ablybe attributedto combustorroughnessdueto lowchsaiberpressures
andoverrichfuel-airratiosortotheunsatisfactoryflsmeholderused
initially(fig.6(a)).

ExternalDrag

Detaileddragdatafromnonburningenginesarepresentedinrefer-
ences6 and7. Itwaspossibleto correlatethesecold-modeldragdata
withthoseoftheburningmodelsby calculatingsimulatedvaluesof
total-temperatureratiosnecessaryto givetheenginemass-flawratios
whichwereobtainedby theuseof cold-modelmass-flowrestrictors. ,

Figure13(a)presentsthesedatafortheacceleratingportionof
oneoftheMachnuniber1.8dragmodelflights.Thecomponentexternal ----
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drags showninfigure13(a)sxethosewhichwouldbe realizedby a
burningremjetwithstraight-pipeexit.Themass-flow-restrictor base

. pressuredragisnotshown,sincethisdragcomponentwouldnotexist
fortheburningengine.As indicatedby thenegativevsluesof cowl
pressuredragcoefficient,cowlsuctionoccursatMachnumberslessthan
1.35atthegivenmass-flowratios.Cowlsuctionnearlyoffsetsaddi-
tivedragtnthesubsonicWch numberregion.Thisresultis to be ex-
pectedsinceinviscidflowtheoryindicatesthat,mibscmically,thesum
ofcowlsuctionandadditivedragshouldeqyalzero.

i
ThepeakexternaldragcoefficientoccurredatMachnumber1.25

withtherespectivemass-flowratioandsimulatedtotal-temperature
ratioof 0.752and4.96.Thefrictiondragisobservedto constitute
73percentofthedragatthispointofmaxtiumexternaldragcoeffi-
cient.Sincethemaxinnnupossiblemass-flowratiowas0.841atWch
nuniber1.25,thediffuserwasoperatingwith11percentsubcritical
spillage.

Comparisonoftheburning(ref.5)andnonburningdragdatafora.
Machntier 1.8modelshowstheburningmodeltohavesomewhathigher
dragcoefficientthanthecoldmodelundersimilsrflowconditions.

. ThediscrepancyIsattributedprhmily to experimentalerrorinde-
terminingtheburningmodeldragcoefficients,whichwereofnecessity
obtainedby mibtractingthrust-minus-dragfromcalculatedinternal
thrust.Inasmuchasthethrustmaybe fourtimesas greatasthedrag,
a smalLerrorinthethrustorthrust-minus-dragcalculationwillre-
sult,percentagewise,inan appreciableerrorindragcoefficient.

Unpublishedram-jetdragdatarecentlyobtainedwitha ~ch ntier
2.4two-coneinletareshowninfigure13(b)formodelF-5. Thepeak
externaldragcoefficientforthisnonburningdragmodelreachesa
valueof 0.465ata Machnunberof1.7. Additivedragis seento com-
prise73percentofthepeakexternaldragcoefficientforthemib-.
criticalF engine,whereasfrictionaccountsforonly24percent.At
thispointofmaximumexternaldragcoefficient,thetwo-coneengine,
designedfora ‘Fof 3.0butoperatingata simulatedT of 4.5,
spills11percentofthecriticalmassflow. Additivedragis somewhat
offsetby cowlsuctioninthetransonicrange,butdueto themagnitude
ofadditivedrag,thesumoftransonicadditiveandcowlpressuredrags
isgreaterthanthecorrespondingdragcoefficientmeasuredona Mch
nunber1.8engine(fig.13(a)).

Figure14 indicatesgoodcorrelationbetweencomponentdragdata
asdeterminedinfreeflightandinthe8-by 6-foottunnel(ref.9).
Bothmodelsincorporatedsimilsrcowlconfigurationsand25°half-angle
conicalinletsdesignedforMachntier 1.8. Fortherangeofmass-
flowratiosInvestigated,thesumof cowlpressuredragandadditive
dragapproacheszeroasMachntier decreasestowardUUi’ty.Aswould
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be expectedat constant
sureandadditivedrags
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supersonicMachnuuibers,thesumof cowlpres-
increasesasmass-flowratiodecreases.

.

.

PropulsiveThrust

Theeffectoffree-stresmMachumber andtotal-temperatureratio
onA, B, C, andD modelpropulsivethrustcoefficientis showninfig-
ures15(a)to (d),respectively.Positivevaluesofpropulsivethrust
wereobtainedovera largerangeoftotal-temperatureratiosforall -g
valuesoffree-streamMachnumberencountered.Duringbothsubcritical
andsupercriticalinletoperation,propulsivethrustincreasedasheat

N

releaseincreased.

If,forthepxrposeofthisreport,transonicis definedasthe
Machnumberrangefrom0.9to 1.3,themaximumobservedtransonicthrust-
minue-dragcoefficientfortheburningmodelswas0.40.Thisvaluewas
attainedby a D modelwitha total-temperatureratioof 5.1anda Mach
numberof0.92.Thehighertransonicvaluesshowninfigure15(c)were a.—
simulatedby a coldmodel.Thesevalueswereobtainedby
describedinAPPARATUSANDPROCEDURE.A maximumover-all
dragcoefficientof0.53wasrealizedbyaD modelwitha
temperatureratioof4.6atMachnumber1.51.

Thethrust-minus-dragcoefficientsobtainedfromthe
conemodelsarecomparedata commonT of4.5infigure
dragriseisresponsibleforthedecreasein slopeofthe
dragcoefficientcurvesasMachnumberincreasestoward1.

themethod
thrust-minus-
total- .

foursingle-
16. Transonic
thrust-minus- .
0. TheA and

B curvesshowa pronounceddipatapprox~telyMachnuniber1.2. The
dipindicatesthatinthisMachnumberrangetheaddedeffectofbase
pressmedragontheconvergentnozzleA andB modelsresultedina
transonicdragincreasewhichexceededtheincreaseinthrust.The
straight-pipe-exitC andD mdels attainapproximatelythessmevalue
of thrust minusdragatMachnmibersneardesign;however,theD madel
wassomewhatsuperiorinthetransonicrange.Thistransonicsuperiority
wasduemainlytohigherdiffuserpressurerecoveryat lowmass-flow
ratios.At anygivenMachumber infigure16,theD enginerealizeda
lowermass-flowratiothantheC engineby virtureof itslowerdesign
T. Sincepressurelossassociatedwitha detachedshockbecomesmore
severeathigher&ch nudoers,thehighlymibcriticalD enginethrust
coefficientispenalizedatneardesignMachntmibersj andthevalueof
thrustminusdragapproachesthatoftheC engine,whichwasoperating
somewhatsubcriticallyatthecommonT of4.5.

Itwaspossibleto compareat T = 3.0(fig.17)thedotile-obliqm-
shockF enginewiththeD engine,whichwasthesuperiorsingle-oblique- .
shockmodelfroma propulsivethruststandpoint.At this T bothen-
ginesareoperatingwithcriticalinletflowata free-streamMachnumber -
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TheF engineis seentoproducea propulsivethrustcoefficient
thanthatoftheD engineat allMachnumbersgreaterthai1.7.

In spiteof a highvalueofadditivedregbelowitsdesignflightMach
number,theF enginerealizedthesanepropulsivethrustcoefficientas
theD engineatflightMachnumberequalto 1.7,primarilybecauseof
thehigherpressurerecoveryandcorrespondinghighthrustcoefficient
associatedwiththedouble-oblique-shockdiffuser.

Inorderto showthehypotheticalaccelerationpotentialitiesof
ug theseengines,D andF modelsea-levelpropulsivethrustisplottedas

a functionofMachmmiber infigure18. TheD curvewascalculatedfrom
thecoefficientsshownonfigure16. TheF curvecorrespondstopropul-
sivethrustcoefficientsat T = 3.0(fig.17). It canbe seenthata
525-poundD modelwillaccelerateverticallyupwardthroughoutthe
transonicMachnumberrangeatlowaltitude.

In orderto verifythatthrust-minus-dragcoefficientincreases
withan increasein T duringoperationwithsubcriticalinletflow,

~ thepropulsivethrustcoefficientof a burningnmdelis comparedinfig-
ure19withthatofthedragmodelwhichusedthegreatestmass-flow
restriction.Thedragmodel(C-14)by virtueofhighersimulatedheat

. releaserealizedsimulatedvaluesofthrust-minus-dragcoefficient
higherthanthoseobtainedintheburningmodel.Bothmodelswere
operatingsubcritical.lythroughouttheindicatedMachnumberrange
sincethetotal-temperatureratiosshownarehigherthanthedesign
criticalratio

Figure20
pulsivethrust

of3.9.

PropulsiveThrust8pecificFuelConsumption

showsthevariationwithMachnuniberof correctedpro-
specificfuelconsumptionandtheinverserelation,

~pecificimpulse;fortheF modelwithapproximatelycriticalT -and
fortheC enginewithslightlysticriticalT. TheA, B, andD engines
showsimilartrends.Thedatawereobtainedovera rangeofatmos-
pherictemperaturesfrom-75°to 100°F andhavebeencorrectedto
-67°F, whichisthestandardtemperaturecorrespondingto thelower
levelsofthestratosphere.

Theminimumvalueofpropulsivethrustspecificfuelconsumption
occursatapproximatelydesignMachnumber.As Machnuniberincreases
throughoutthetransonicrange,therapiddecreasein specificfuel
consumptionisdueto an increasingthrust-minus-dragcoefficientand
an increasingcycleefficiencyasthecompressionratiooftheengine
increases.

.
AlthoughtheF engineis sribjecttohigherdragthantheC model

nearMachnumiber1.8,thepropulsivespecificfuelconsumptionis of
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thesameorderbecausethedo?ible-oblique-shockF
higherpressurerecoveryandbecausetheF engine
ata lowervalueof T.

NACARM E53K17

engineinletreallzes
isdesignedto operate

It isinterestingtonotethatevenatMachnuniber1.0,thethrust-
minus-dragspecificimpulseoftheMach1.8designedramjetsisapprox-
hately500,orabout47percentgreaterthanthebesttheoretical
rocketthrustspecificimpulse(ref.12),indicatingthatforcertain–
applicationssuchas air-launchedmissileswithmoderaterangeandpay
load,requirementstheself-acceleratingramjetmayhavea lowergrOss
weightthana ramjetwitha rocketbooster.

CombustorPerformance

Duetothenumerousvariablesinvolved- fuelpressureandtem-
perature,fueldistribution,fuelnozzlet~e, flare-pilotheatre-
lease,fuel-airratio,andconihstorinletconditions- no specific
conclusionscanbe reachedregsrdingeffectsof individualvariables
on combustorperformance.As showninfigure21,codmstionefficiency
wasquitelowattheminimumcombustorpressuresencountered;however,
at a fuel-airratioof0.042,conibustionefficiencyincreasedfroma
valueof 60percentata pressureof3/4atmosphereto 90percentata
pressureof 4 atmosphereswithcorrespondingconknzstorinlettempera-
turesof 540°to 850°R. Factorswhichprobablycontributetothecom-
parativelylowco?dmstionefficienciesatthelo-r pressuresinclude
poorfuelvaporizationduetotheluwtemperatureofthefuelandlow
codmstioninlettemperaturesaccompan@gthelowpressures.

Withuniformtypefueldistribtiion,a leanconhstorlimitof
approximately0.032wasobservedforallpressuresgreaterthanabout
1/2atmosphere.Richlimitsofabout0.058to 0.08wereobserved;the
actualvaluevariedappreciablywithcombustorinletconditions.

DuringpreflighttestsintheWallopsIslandMachnuuiber1.4free-
jetfac’ility,maximumthrustwasobservedatafuel-airratioof 0.058.
Additionalincrease
Similartrendswere
airratioappearing

infuel-airratioresultedinreducedthrust.
observedinflightwithabout0.055to 0.06fuel-
tobe optimm. .... ,. — .,

SUMMARYOFRESULTS

Flightperformanceobtainedfromair-launchedzero-lifttrajectory
ramjets,designedforoptimuminletoperationatfree-streamMachnum-
bersof1.8and2.4,providedthefollowingresults:

%1.-92Ml!mP
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1.Thesingle-conical-shock-inletfixed-geometry
. demonstratedsubstantialpositivevaluesoftransonic

u

rem- jetengine
thrustminusdrag

andisthereforecapableof self-accelerationthroughoutthetransonic
lhchn@er range.

2.Fromspecificimpulseconsiderations,itappearsthatforsome
air-launchedmissileapplicationstheself-acceleratingsupersonicram
jetmayhaveslowergrossweightthanarocket-boostedramjet.

N
g 3.Thesupersonicconicalinletrealizedhigbvaluesof stisonic

andtransonictotal-pressurerecoverythroughouttherangeof subcriti-
calandcriticalmass-flowratiosencountered.Undersimilsxinlet
flowconditionsatMachnumber1.8,thedorible-oblique-shockdiffuser
total-pressurerecoverywas5 percenthigherthanthesingle-shock-
diffuserrecovery.

A 4.Maximumexternaldragcoefficientfora Machnuniber1.8non-

8 burningengineoccurredatMachnumiber1.25,atwhichpointfriction
&- dregconstituted73percentoftheexternaldrag.Additivedrag

accountedfor73percentofthepeakexternaldragcoefficientforag- nonburningMachnuder 2.4engine.

5.Thetransonicpropulsivethrustcap~ilitiesoftheMachnuniber
1.8enginesare,inp@, dueto negativevaluesof cowlpressuredrag
whichoffsetadditivedragdurings~criticalinletoperation.

6.Theoperablefuel-air-ratiolimitsrangedfrom0.032to approxi-
mately0.08;theactual.valueoftherichlimitvaryhgappreciablywith
combustorinletconditions.

7. Comparisonofavailablefree-flight,free-jet,andsupersonic-
tunneldataforsimtlarram-jetconfigurationsindicatesfatilygood
correlationofpressurerecoveryandexternaldragdata.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,Noveniber18,1953
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TABLE I. -RAM-JETCONFIQURATION8

Moaels Inlet Exit &’m8t

area,exea,
aqft Bqft

A-1to 5 0.270 0.68 None
I I I

B-1 to 5 0.356 1.09 Hone

c-1 to5 0.4481.39 Hone
andC-a

C-13 ]0.448]1.39]14-1OOC

0.419
C-10)U-)14)160.448 to 14-lcmc

0.575
I I I

D-1to 4 10.55311.39 lNone
1 1 1

F-2 10.49011.39 i 6-30(X

F-5 10.49010.52 16-3000

T
Burning Flame holder
or
s-at e

I

.Lq/g

Design
total-
temper-
ature
ratio,

T

conibus-
tion
chamber
aesign
Mach
nuuber,

, I

Bmming C-1aucted I 3.90 1-0.210
C-2,5,8 ster

Burning \ star 4.00 0.210

Simulatea]None I 4.0010.210

Burning 8tar 3.00 0.245

Burning star 3.00 0.240

SinniLate&None 3.00 0.240

,
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-———— ——— ——
/

/

———— -
————

A-Dmodels

/
Stati’onO -

—-

!lIssile
3tation,
h.

o
3.77
4.30
4.82
5.36
6.07
6.55
6.77
7.U.
9.49

10.00
11. Uo
12.00
20.00
30. CXI
40.00
48.00
51.00
53.65
58.77
60.55
70.00
80.00
90.00
97.75

I.lo.m
133.80
136.55
142.50
168.00
189.80

TABLEII.- RAMJET CCORDINATES

Islandou$sideradius

A-D,
in.

o
1.76.
1.98
2.18
2.34
2.48
2.57
2.61
2.64
2.88 -
2.93
3.02
3.12
3.81
4.43
4.98
5.35
5,.45
5.51
5.47
5.42
4.72
3.47
1.64
0

F,
h.

~4°cone
to sta-
tion7.88
70°cone
station
7.88to
10.36

1
5.14
5.38
5.88
6.05
5.98
5.80
5.75
5.69
5.56
5.49
5.12
4.66
4.o1
3.26
0

ShelJoutsideradiw

A,
h.

4.00
4.17
4.32
4.42
4.50
4.55
4.57

Conical

1
7.48
7.58
7.70
7.96
8.06

1
7.68
6.59

B, ‘“
In.

4.56
4.72
4.85
4.94
4.99

:onical

\‘
7.68
7.76
7.98
8.06

I
8.02
7.85
7.19

c,
h.

5.13
5.27
5.43
5.47

conic-al

,
7.84
7.99
8.06

v

D,
In.

5.56
5.72
5.81
5.83
5.85

Conical

f
8.04
8.o6

f

F,
in.

6.65
6.91
7.21
7.32
7.73
7.98
8.06

Y

. . .

.

-. —

● ✎

�
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1. - Ram-JetenginemuntedunderF-82centerwingsection.Ioedingvehicleinplace.
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Figure2. - SketchofnonbostedB mdel Inflight.
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Statlcm metalloem pltOt-
Ctatlc tip, in.

alaticm

5-

1 51.65
2 34.25
3 5a.3a
4 in.w
5 145,81
7 212,cJ5

-2 3

●

—----31.63.

‘R%.75 ~ ‘ 1 ‘~

A-J--441 I f-Fuel 1111 1A
\

II
L
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L
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mzzles

J
EOcbBt case

Pltd+3tati0 tube lenmter drag ring
EzI

ad telmeter Ultimle Sectim

hstnment k~nt -InEtrmeat Measlm9m9nt

1 Axial net aowleratim, xtim (not shown)
2

7 2t0ti0 prewmra h dMfuf3er
Axial net aomlerdicm, negative (not Shcml)

3
a

.Fuelflow, lUU nmge
-o Prewm in dlffucer

4
9 static pm.gmlm iu Mi’fueer

Fusl flow, high mnge IKl
5
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RrOe-6tme.m tcrtclprescure(bhhi ncmml
Ehook)

out-id
11

6 h-stlwm staticpceaum
Totalpresmuu at engine
outlet

~ U? tc

mw=3. --tddmael Fll$9tcm @wchovlngmljcIrIr 05JmEalta, Ilim9ncims,d JIu3trtmmtatim. (All dlmawims S1’e
in *.9. )
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F18’um4. - Ty@xl eight-chanueltelemeternoee eection.
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Figure 5. - Ty@81 fuel-nozzlemmdfol.i.
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(a)Ductedairfoil.

NACARME53KL7

.

.

C-20035

.-,. ----- -. .- ---:. .. .---- _ —.—-. ..-—.—— .. —
--—. .—

---—— . .. . . ..- . . .. . ------.--— .-.—. ——-.. ...--— z. ‘-. 1

.

.

-*=” -.=: —--- .- ----- ‘——-- --C-21694
(b)Star-type.

.Figure6.- Flameholders.
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Figu3?e7.-Exitflowrestrictorincorporatedonnonburning~oosteddragmodels.
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Bleed-off
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Figure8. - Fuel EyFIt@tneed in modelF m-jet mglm.
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Figure10.- Diffusertotal-pressure-recoveryobtainedwith
A, B,C, andD modelsatvariousfree-streamMachnumbers. .
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Figure11.- comparisonofHim-m diffuserpressurerecoveryfors@@-
obllque-shock,50° conical Mets.
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Figure13.- EffectofMachnumberendsimulatedtotal-temperatureratioonmaas-flow
ratioandcomponentdragcoefficients.

.

_—- ..-



26 NACARME53K17

\

.5 1 I I I I I I I
c~o+ CDa+ friction drag cceffiolent,~f

(externaldragcoefficient
/ ~

~ “

.4 /

~ ~
~ ~

—

.3 / ‘
/

/ ~

/

.2~

/ ‘

.1

0

..1
.9 1.0 1.1 1.2 1,3 1.4 1.5 1.6 1.7” 1.8

u
Free-streamMachnumber,Q

—

(b)McdelF.5.

F@ure 13. - Concluded.Effectof Machnumberand eimulatedtotal-temperatureratioon
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.

—

●

✎

.

.

-.

.

—



NACARM E53K17 27

L
bN ““mm=
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(ref.9)
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/
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Free-streamMachnuuiber,%

Figure14. - Mass-flow-ratiocorrelationof componentdragcoefficients.
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3.0 for D andF models.
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