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AERONAUTICS

PERFORMANCECHARACTERISTICSOFCANARD-TYREMISSILEWITH

VERTICALLYMOUNTEDNACELLEENGINESAT MACH

NuMBERs1.5 To 2.0

By LeonardJ.OberyandHowsrdS.I&asnow

SUMMARY
Theover-allperformancecharacteristicsofa completemissilecon-

figurationwereinvestigatedintheLewis8-by 6-fretsupersonicwind
tunnelatMachnmibers2.0,1.8,and1.5;anglesofattackfrom0°

to10°; 1°csnard-control-surfacedeflectionsfrom0° to %Z; andata
Reynoldsnumberofapproximately6.9X106basedonwingmeanaerodynamic
chord. Themissilehada canard-t~econtrolsurfacewithnacelle-type
enginesmountedaboveandbelowthefuselage.Thediffuserinletswere
justaheadofthewingshockat thedesignMachnmiberof 2.0.

Theinvestigationindicatedthat,at thedesignMachnuuiberof 2.Oj
theadditionof enginesto theno-engineconfigurationincreasedthe
configurationdragandmovedtheaerodynamiccenterrearwardbutpro-
ducedlittleadditionallift. Control-surfacedeflectionproducedcon-
siderablepitchingmoment,buta lergeportionofthecontrol-surface
liftwaslostbecauseoftheresultantdownwashon thebodyandwing.

At zerosngleofattack,theconfigurationdragwasreasonablywell
predictedby existingthqrywitha body-engiaeinterferencedragexper-
imentallydeterminedfromanothermodel.At angleofattack,although
theconfigurationliftanddragwerealsoreasonablywellpredicted,the
closeagreementbetweentheoryandexperimentresultedfromcompensating
errorsinthepredictionofthecontrolsurfaceandenginelifts.
Control-surfacedeflectionadverselyaffectedthelower-enginediffuser
performancebuthadno effectontheupperengineexceptat thelowest
I&chnumber.

— —-— --
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Theperformanceofthecomponentpartsofanaircraftormissile
r

maybe calculatedtheoreticallyformoderateanglesofattackand
Machnunibers,orobtainedexperimentally.Howeverjthepredictionofthe
over-all performanceofthemissilefromthecomponentdataw!J2.depend .
upontheinteractionandinterrelationof onecomponentoh smother.
Thisinteractionmayiacludetheeffectsoftheflowsroundthebodyon
thediffusercharacteristicsas investigatedinreference1 orthe d
effectsof therelativepositionsofthecomponentsondragasreported 2
inreferences2 and3. Becauseofthecomplicatednatureoftheair N

flow,theinterferenceeffectsshowninthesereferencesareverydiffi-
cultto calculatesmaly%ically.

Therefore}an investigationwasconductedtodeterminethecomplete-
configurationperformanceofa representative-typemissile.Thismis-
silehada canard-typecontrolsurfacewithnacelleenginesnmunted
aboveandbelowthefuselageat a rearwardbcdystation.Thepurposeof
theinvestigationwasto determine(1)theover-all.forceandmoment
characteristicsofa specificconfigurationandto indicatetheeffect
ofeachcomponentontheconfigurationperformanceend(2)thediffuser
perfo~ce oftheenginesasaffectedby themissilecomponents.

Theinvestigationwasconduct&intheIewls8-by 6-footsupersonic
wiredtunnelat~chnunbers2.0,1.8,and1.5througha rsngeofsngl.es &
,ofattack,control-surfacedeflections}@ enginemass-flowratios.
TheReynoldsnuniberof theinvestigationwasapproximately6.9x106basal
onwingmeanaerodynandcchord.

.

SYMBOLS

Thefollowingsymbolsareusedinthisreport:

b wingspan,52 in.

CD drag coefficient,D/q&

CL liftcoefficient,L/q#

CM pitching-momentcoefficientaboutstation58,moment/~%

c chordofwing
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o< meangeometricchordofwing}deftiedby b12 , 17.97in.

D

L

M

P

Y

r’ Cdy
Jo

drag,lb

lift>lb

Machnumber

mass-flowratiojunitywhenfree-streamtubeasdefinedbycowl
lipentersengine

totalpressure

staticpressure

free-streamdynemicpressure,rpO~2/2

totalwingplsn-fomarea,900sqin.

distancealongwingin spantisedirectionmeasuredfromfuselage
centerline

angleofattack,deg

ratioof specificheats,1.4

canard-control-surfacedeflectionfrombcdycenterline,posi-
tivedeflectionssmesenseaspositiveangleofattack

Subscripts:

o freestream

2 enginediffuserexit

% Themodelinvestigatedinthetunnelconsistedofa bodyofrevolu-
tionwitha canard-typecontrolsurface,a wing,anda nacelleengine

.



4 NACAFiMB52E08

mountedata re~ stationintheverticalplane(fig.1). Thesym-
metricalbodyhada length-diameterratioof12 anda maximumdiameter
of 9 inches.

Thewingwasoftrapezoidalplanformwitha totalareaof
900squaretnchesandan exposedareaofapproximately712squareinches,
andhadem aspectratioof3,a taperratioof0.5,andanunswept
50-percentchordline.Theairfoilsectionwasa doublecircular=C
of5-percentthicknessratio.

Thecontrolsurfacewassimilartothewing,withtheexception

●

●✍

N
Oa

P

thatthethicknesswasQcreasedto
turslreasons.Ithada totalplan
15percentofthetotal.wingarea.
aboutits50-percentchordlineand
portionofthebodyadjacenttothe
wasfixedtoanddeflectedwiththe

.

8 percentneartherootforstruc-
areaof3.35squareinches,or
Theall-movablesurfacewashinged
wasreamtelyoperated.Theno’se
forwardhalfofthecontrolsurface _
surface.

Theenginewaslocatedl; enginediemetersbelowthebmiycenter
lime. Itwasdesignedtoachievelowdragchqraqteristicsandwas
identicaltothestraight-taper-cowlen@nediscussedindetailinref-
erence1. Theenginemassflowwascontrolledby meansofa movable
plugmountedindependentlyof the model andthetumnelbalancesystem.

Limitationsimposedby thesupportsystemmade
testdirectlytheconfi

r
ationbeinginvestigated.

actuallytested(fig.2 a]),thecharacteristicsof
figuration(fig.2(b))werecomputed.Theengine-
ofthetestmodel,whenoperatedatnegativeangles

it impossibleto
Fromthemodels
thecompletecon-
strutcombination
ofattackandnega-

tivecontroldeflections,isequivalentto theupperengine- strutcom-
binationofthecompleteconfigurationatpositiveanglesofattackand

/controldeflections.Furthermorejtheexternalcharacteristicsofthe
engine- strutcouldbe evaluatedby subtractingthecharacteristicsof
thetestmodeltithoutenginefromthoseofthetestmodelwithengine
atsaygivencondition.Thesevalueswereaddedtothetestmodelat
theappropriateangleofattackandcontroldeflectionto obtainthe
characteristicsofthecompleteconfiguration.

Instrumentationfortheengineconsistedof static-pressurerakes
locatedat thediffuserexitendinthecombustionchember.Twoinde-
pendentforce-measuringtechniqueswere utilizedintheinvestigation.
Thefirstwasthetunnel-support-scalesystemtowhichthemodeland
supportstrutweredirectlyconnected;thissystemwasusedtodetermine
theliftanddragdatapresentedherein.Thestrutdragtareswere —
determinedexperimentallybymeasuringtheforcesdevelopedbya cmibina- i -
tionofthestrutanda bullet-shapedbodyof
figurationwithoutengines,a slightnegative

Imowndrag.Forthecon-
liftwasmeasuredat *
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a = 0°and 5 = OQandwasbelievedtoresultfroma pressuregradient
developedby thesupportstrutacti& ontheWing. Accordingly,a con-
stant@e ofattackcorrectionwasmadetotheliftW dragdatafor
allconfigurations.A possibilityofdraginterferencealsoexisted
forallconfigurationsbecauseofthesupportstrut;however,thisinter-
ferencewasbe~evedtobe negligibleforallconditions.Reflected
wavesfromthetumnelwallswerebelievedtotouchonlya smd.1partof
thewingat ~ = 2.Ojandat ~ = 1.5,theeffectwasbelievedtobe
limitedtoa smallamountofreflectedupwashonthewing,about0.20
at CL=OOand 8=10°. Difficultiesencounteredinevaluatingthe
struttareformomentnecessitatedusingthesecondmeasuringsystem.
Themodelwasconnectedtothesupportstrutthroughtwolinkslocated
15 inchesapartuponwhichweremountedelectricalstrdngages.Froma
calibrationofthesegages,themomentactingonthemodelwasdetermined
directly.Thezeroliftdragasmeasuredby thestraingagesalso
agreedcloselywiththedragasdeterminedfromthetunnelscales,which
indicatesthatthestruttareswereaccuratelyknown.However,inter-
actioneffectsof liftonthedragstraingagecausedthestrain-gage
datatobe unusableat engleofattack.

M thereductionof thedata,theforcesandmomentsdevelopedby
theengineinternalflowwereremovedfromthemeasuredvalues.The
liftanddragcontributedby theengineinternslflowwere

T
utedfrom

theenginethrust(iacludingtheenteringfree-streammomenlann. Inthe
determinationofthemomentdevelopedbytheengineinternalflow,the
assum@ionsweremsdethattheenginethrustactedontheenginecenter
line~d’thatthemomentumchmgedueto theturnnnoftheentering
free-stresmtubeoccurredat thecowllip. Thustheforcesandmoment
presentedareindependentoftheengineperforngmceandweredeveloped
entirelyby theairflowexternaltothatenteringtheengines.The
massflowthroughtheenginewasdeterminedfromthelmownopenareaat
theexitandthecombustion-chanherstaticpressu&ewiththe.assumption
thattheexitareawaschoked.Thediffusertotal-pressurerecovery
wasdeterminedfromtheknownmassflowandthediffuser-exitstatic
pressure.

DISCUSSION

ForceandMomentEvaluation

Becauseofthemannerof testing,it wasnecessarytodeterminethe
characteristicsofthemodelwithoutengines.Theforcesandmoments
developedbythisconfiguration(wAichmightbe representativeofa
rocket-poweredaircraftor a glidemissile)arepresentedinfigure3 as
a functionofangleofattackforthreeMachnukibers.Thedragofthe
configurationincreasedrapidlywithangleof
ofattackincreasedconsiderablywithcontrol

attackandat a ~ivenangle
deflection.Forcontrol
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deflectionsgreaterthanzerothedragcurvesareasymmetricalabout
a = O W indicatethattheminimumdragfortheseconditionswouldbe *
at somenegativeangleofattack.Theliftcurveswerelinearwith
angleofattack,endtheslopesincreasedwithdecreasingMachnuniber.
At a givenangleofattack,controldeflectionincreasedtheconfigura-
tionlift,althoughnotasmuchasmightbe expectedfromthecontrol-
surfacelift. However,thecontrolwasveryeffectiveinproducing
pltchihgmomentas shownbythelargeincreasein CM withcontrol
deflectionata givenangleofattack.Also,astheMachnumberwas
reducedthecontroleffectivenessincreasedbecauseoftheincreased
controlliftatthelowerMachnunibers.Thelongitudinalstabilityof
theconfigurationIncreasedslightlywithdecreasingMachnumberas
shownby theincreasinglynegativemomentslopes.

Theforceandmomentcharacteristicsofthemodelwithengines
(hereinafterctiedthe completeconfiguration)arepresentedinfig- ‘
ure4 forcriticalor supercriticalengineoperation.Forbothconfig-
urations,itwasassumedthatthecenterofgravitywaslocatedat
station58,andaccordinglythemomentcenterwaslocatedatthissta-
tion. Thiswasalsoasfarresrward as themomentcentercouldbemoved
whilemodelstabilitywasmaintainedatallconditions.As withthe
previousconfiguration,controldeflectionincreasedthedragandpitch-
ingmomentconsiderablybuthada lessereffectonlift;ingenersl,
thetrendsofthecurves=e similarforbothconfigurations.Theaddt- *
tionoftheenginesincreasedthedrag,butatthehigherMachnumiber
verylittleextraliftwasobtainedfromthe engines}as canbe seen
froma comparisonoffigures3 and4. Theengines,however,rovedthe .
aerodynamiccenterrearward,as evidencedby a comparisonoftheslopes
ofthepitching-momentcurvesforthetwoconfigurations.

Thelift-dragratiosforthecompleteconfigurationareshownin
figure5 asa functionofangleofattack.Increasingthecontrol
deflectionreducedthemsxhnumlift-dragratio,sincethecontrolsur-
faceincreasedthemodeldragbya grea+erpercentagethanitincreased
thelift.Also,decreasingtheMachnumberincreasedthemsximumlift-
dragratios.

Theccmponentdragsofthecompleteconfigurationat zero@e of
attackendzerocontroldeflectionwerecalculatedtheoretically,and
theconibinationsofthesecomponentsweredeterminedexperimentally
,(fig.6). ThebodywasoftheHaacktype(minimumdragfora given
lengths& vol~)j thetheoreticalwavedragisgiveninreference4“
forthecaseI body. Thefrictiondragofthebodywasdetermined
fromreference5. As showninfigure6,althoughtheexperimentalbody
dragwassomewhatlowerthanpredicted,theagreementwasquitegoodat
allMachnumbers.Thepressuredragofthecontrolsurface,thewing,

a

andtheenginestrutswasdeterminedfromtwo-dimensionalpotentialflow
theory,andthetipeffectsofthecontrolsurfacesadthewingwere

—
.
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estbatedfromreference6. Thefrictiondragofthesecomponentswas
determinedfromreference5. As shownfromtheincrementaldrags,the

●

control-surfaceandthewingdragcoefficientswereyredictedquite
accurately;andexceptforthelowestWch nuniberthesummationofpre-
dictedbody,control-surface,sndwingdragsagreedquitewellwiththe
experimentelllydeterminedvalues,althoughinterferenceeffectswere
neglectedinthecalculations.Thetheoreticalpressuredragforthe
engineswascalculatedfromreference7;theadditivedragatkch num-
berbelow2.0,fromreference8;andtheenginefrictiondrag,fromref-
erence5. Thesummationofthetheoreticaldragcoefficientswascon-
siderablygreaterthantheexperimentalvalue,as shownby comp~isonof
thedash-3-dotlineandthetriangulardatapoints.Thisdifferenceis
dueinparttothefavorableengine-bodyinterferencedragas shownin
references2 and3. Theinterference-dragfactorwasdeterminedfrom
theexperimentalresultsofreference2,andtheadditionofthisterm
tothetheoreticalsurmationshowsthatthepredictedsndexperimental
dragcoefficientsareinreasonablygoodagreementthroughouttheMach-
numiberrange.Theexperimental.ratherthanthetheoreticalinterference-
dragfactorwasusedinthisreport,because,as is showninreference2,
thetheoreticalanalysispredictsthecorrecttrendsbutdoesnotpre-
dicttheabsolutevalueoftheinterferencefactorwithsufficient
accuracy.

Thetheoreticalvsluesofliftanddragatangleofattackwere
alsodeterminedforzerocontrcldeflectionandarepresentedwiththe
experimentalvaluesinfigure7. Theliftofthecontrolsurfacewas
determinedfrompotentialtheorywithapproximatetipcorrections,and
theengineliftwasdeterminedby themethodofreference9. Thelift
ofthebodyandwingccmibinationwasdeterminedfromreferences10
and11.

Fromthecomparisonofe~erimentandtheory,it isevidentthat
atallMachnumberstheliftdueto controlsurfacedeflectionwascon-
siderablyoverestimatedby theory.Still,thecomparisonisnot
entirelyjustified,since(aswillalsobe discussedlater)thedownwash
effectofthecontrolsurfaceonthebodyandwingis includedinthe
experimentallydeterminedcontrol-surfaceMft. However,sincethat
liftresultedfromcotitroldeflection,itwasusedas suchinthebreak-
downof componentlift.

At a Machnuniberof 2.0,theengineliftwasoverestimatedby the
methodofreference9,anditisevidentthattheliftcontributedby
theenginesis quitesmall. However,at thelowerMachnumbersthe
engineliftwasunderestimated.It shouldbe notedthattheenginelift
asdeterminedexperimentallyincludedslltheliftinterferenceofthe
enginesandbodyandalsothecontributionoftheadditivedragincurred”
atangleofattack,andhence=Y notbe expectedtoagreeexactlywith
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theory.Ingeneral,itwasdeterminedthat
theupperenginehadmuchlowerliftvalues
atthehigherhch nuniberstheupperengine

NAM RME52H08

.

atpositiveanglesofattack
thanthelowerengine,and
evenproducednegativelift. d

Thepredictedvalues(references10andI.1)ofbodyandwinglift
agreedquitecloselywiththoseobtained~erimentally.Thetheory
doesnqtconsideranylossinbodyliftduetotheconvergingafterbcdy
shape;however,asa compensatingcondition,neitherdoesitaccountfor
crossflowseparation,andthetwoeffectsmighttendto cancel.Because
themainliftcomesfromthewing,theseeffectsmaybe rather $
insignificant.

mCu

At allMachnuibers,thesummationofthetheoreticallydetermined
liftagreedquitecloselywiththee~rimental.value.However,atthe
lowerMachnumbersitisevidentthatthecloseagreementresultedfrom
compensatingerrorsinthepredictedvaluesof engined control-surface
lifts● Sincethebodyandwingliftwassucha majorportionofthe
totallift,itismoreimportantthatthisvaluewaspredictedso
closely.

Thetheoreticaldragatangleofattackwasdeterminedfromthe
additionoftheinduceddragto thezerolift-tiagfromfigure6. As
seeninth~theoretical.andexperimentaldragcomparison(fig.7],the
experimentaldragwasunderestimatedforallMachnumbersatthehigher
anglesofattack.Sincetheliftwaspredictedquiteclosely,itmight
be expectedthatthedragwouldhavebeenpredictedevenmoreclosely.
However,thesxl.alforce,whichwasassumedconstantforthetheoretical
$Xilculationsmdequalto thedragat zeroangleofattack,increased
considerablyat angleofattack.It isbelievedthatthefavorabledrag
interferencecreatedby therelativelocationofenginesandbodywas
entirelylostasthemodelwenttoangleofattack.

Aswasmentionedpreviously,thecontrolsurfaceaddedonlya small
s@unt ofliftbuta substantialpitchingmomenttotheconfiguration.
Itwasexpectedthatthecontrolsurfacewasdevelopingconsiderable
liftbutthatsomeofthatliftwaslostbecauseoftheactionofthe
control-smfacedowuwashonthebodyandwing. Thispresumptioniscon-
firmedby thedataoffigure8,whichshowsthattheactualamountof
liftdevelopedby theconfigurationdueto controldeflectionwasmark-
edlylessihanthetheoretical.lift~fthecontrolsurface.As a com-
parisonthecontrol-surfacelift(i.e.,theliftthatthecontrolsur-
facedevelopedwithoutregardtotheresultantdownwash)wasalsocal-
culatedby assumin&that,at zeroangleofattack,alLthepitching
momentofthemissilewasproducedby thecontrolsurface.ItWaS
further assumedthatthecenterofliftwasatthemidchordofthecon-
trol,andthusthecontrol-surfaceliftwascalculatedfromthemeasured
configurationmomentandtheassureddistance.Comparisonofthecon-
trolliftsocalculatedwiththetheoreticalliftshowsgoodagreement
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.
andindicatesthatthepitchingmomentcouldbe calculatedaccurately
fromthetheoreticalcontrol-surfacelift. It is evidentthat,while

. theforwardcontrolsurfaceisa gmd moment-producingdwice,a large
partof itsliftMy be lostbecauseofdownwashonthebodyandwing.

n)m Theminimumenginedragcoefficient(criticalor supercritical
fi engineoperatipn)developedby theupperandlowerenginesandtheir

supportingstrutsispresentedinfigure9. Alsoincludedintheengine
dragisthebody-engineinterferencedrag. Thelower-enginedragcoef-
ficientincreasedconsiderablywithangleofattackbutwasindependent
of controldeflection.At thelowerMachnunibers,increasingtheangle
ofattackcauseda decreasein theu~er-enginedragcoefficient;and
exceptat ~ = 1.5,increasingthecontroldeflectionincreasedthe
upper-enginedragcoefficient.

Theeffectofvaryingtheenginemassflowon enginedragcoeffi-
cientis showninfigure10. Becauseoftheadditivedragassociated
withmibcriticalengineoperation,boththeupper-andlower-enginedrag
coefficientsincreasedwithdecreasedmss-flowratio;butthepercent-
ageincreaseinconfigurationdragwasnotablylessthantheincreasein
enginedrag.Forexample,at ~ = 2.0and a = 3°themassflowfor
bothenginescouldbe reduced13percent(aboutthelimitofthediffuser
stablesubcriticalrange),correspondingto approximately66-percent
increaseinenginedragbutonlya 12-percentincreasein configuration.
drag.Thesedataapplydirectlytotheenginedragat zerocontrol
deflection.Forthetwoconditionsatwhichtheen@nedragwasnot

. independentof controldeflection,thatis,upperengineat ~ of 2.0
and1.8(fig.9),theincrementofdragfromcriticalmass-flowratio
toanydesiredmass-flowratiomaybe addedto theseengine-dragcurves
to obtaintheenginedragatthedesiredmass-flowratiosndcontrol
deflection.Datanotpresentedinthisreportindicatethatchangesin
mass-flowratiohadlittleorno effectontheliftandpitching-moment
coefficientsoftheconfiguration.

Engine-Internal-FlowEvaluation

Thediffusercharacteristicsoftheupperandlowerenginesare
showninfigure1.1.Wcludedforconvenienceinthefiguxeisthe
diffuser-exitMachnumber~. Ataldachnumberof 2.0(fig.n(a)) the
lowerenginewasmoreseriouslyaffectedby mgle ofattackinbothpres-
surerecoveryandmass-flowratiothanwastheupperengine.Control
deflectionalsoadverselyaffectedthelowerengineat thelowerangles
ofattack,buthadno effectontheupperengine.It isnotevidentwhy

● controldeflectionhadno effectontheupper-enginecharacteristics,
sinceitmightbe expectedthatthetrailing-tipvorticesfromthecon-
trolwouldinfluencetheupperengine(seereference1).

.
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At a Machnumberof1.8(fig.n(h)),incontrasttoresultsat the
higherMachrnmiber,angleof attackinfluencedtheupperenginemore
severelytti thelower.It isbelievedthatthisreversaloftrend
resultedfrcmtheshockfromthewingleadingedge,whichremainedahead
oftheinletata l&chnwiberof1.8,butwMch intersectedthediffuser
cowlatMachnumber2.0. At lhchnimber1.8thecompressionshockfrom
theundersurfaceofthewingturnedtheflowtowardthelower-engine
@s andalsoreducedtheMachnuniberaheadOftheinlet.Theupper-
engineinlet,however,wasnotlocatedinthistypeofalleviatingenvir-
onment. At I&chnuniber2.0,becausetheinletswereaheadofthewing
shock,theseeffectswerenotnoted.Againasat a Machnumberof 2.0,
controldeflectionadverselyaffectedthelower-engineperformancebut
hadno apparenteffectontheupperengine.

At a Machmuiberof 1.5 (fig.ll{c)]angleofattackhadrelatively
littleeffecton eithertheupperorloweref@nej but aswiththehigher
Machnunibers,controldeflectionagainhada greateradverseeffecton
thelowerenginethanontheupperengine.It is interestingthatat 7°,
thehighest@e ofattackfortheupperengine,controldeflectiondid
affect theupper-engineperformance.Verypossibly,iftheupper-engine
angleof attackcouldhavebeenincreasedbeyond7°atthehigherMach
nunibers,controldeflectionmighthaveinfluencedtheupper-engine
performszme.

A

SUMMARYOFRISUIU!S
An investigationwasconductedin the8-by 6-footsupersonicwind

.

tunneltodeterminetheperformancecharacteristicsofa complete .—

missileconfigurationatMachnumbers2.0,1.8,and1.5W a Reynolds
nuniberofapproximately6.9x106basedonwingmeanaerodynamicchord.
Themissilehada canard-typecontrolsurfacewithnacelleengines
mountedaboveandbelowthefuselage.Theinletsweremountedcloseto
thebodyendata rearwardstationjustaheadofthewingshockat the
designMachnumberof2.0.

Thefollowingresultswereobtained:

1.Additionofenginesmeasurablyincreasedtheconfigurationdrag
andalsomovedthemissileaerodynamiccenterrearwardbuthadless
effectanliftat thedesignMachnuuiber,

2.Maximumlift-dragratioincreasedwithdecreasing~ but
decreasedwithincreasingcontroldeflection.

3.Thezeroliftdragofthebody,controlsurface,andwingswas .
reasonablywell.predictedby existingtheory.Additionofthe

—
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theoreticalengineandstrutdragandan experimentalengine-bodyinter-
ferencedragtotheothercomponentdragsgavereasonableagreement*
betweenpredictedandexperimentalconfigurationdrag.

4.Theliftofthebcdy-wingconibinationwasreasonablywellpre-
dictedby existiagtheory.Thecomponentliftsof enginesandcontrol
surfacewerenotpredicted,butthecompensatingerrorsinthesevalues
yieldedgmd over-allagreementfortheconfiguration.

Nm 5.At thehighanglesofattack,thedragoftheconfigurationwas
P Werestimated,possiblybecauseofan increaseintheexperimental

axialforces.

6.The~itchingmomentproducedby thecontrolsurfacecouldbe
calculatedaccuratelyfromthetheoreticalcontrol-surfacelifteven
thougha largepart07theliftwaslostbecauseofdownwashonthe
bodyandwing.

7.Controldeflectionhadlittleeffectonthelower-enginedrag
forsupercritical.flow,butat thehigherMachnumbersitdidincrease
theupper-enginedrag. Increased@e ofattackcaused a decreased
upper-engine@g atthelower ~.

8.Control-surfacedeflectionadverselyaffectedthepressure
recoveryandmass-flowratiooftheluwerenginebuthadno effecton
theupperengineexceptat thelowestMachnuniber.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio
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