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SUMMARY

RogersThompson

In orderto provideinformationon thedragcharacteristicsof
airplaneconfigurationsandtheircomponentpartsat transonicspeeds
theNationalAdvisoryCommitteeforAeronauticshas conductedseveral
seriesof testsof bodiesandwing-bodycombinationsby the free-fall ,
method.

As part of one series,dragmeasurementsweremadenearzerolift
fortwowing-bodyconibinationsconsistingof a fineness-ratio-~body* of revolutionhaving45°sweptbackwingslocatedat differentpositions
on thebody. ‘Theresults,presentedin NACARM L7101,indicatedthata

. lsrgefavorableinterferenceeffecton dragoccurredwhenthewingwas.
locatedbehindthemaximnmbodydiameter. ,,.,

In an effortto verifytheexistenceof the favorableinterference
effectandto obtainmoredetailedinformationthatmightexplainits
source,two similarmodelswereconstmctedanddropped.Thesetwomodels
includedimproveddragmeasuringinstrumentation,andone includedpres-
suremeasuringorificeson thatpartionof thebodythatwas expected@
be tiluencedby thepresenceof thewing. Resultsof thesetestsare
presentedherein.

Thetestson thesetwomodelsfailedto confirmtheexistenceof the
favorableinterferenceeffect. Thedragof thebodyin thepresenceof
thewingwas foundto be larger(approximately100percentat M . 0.99 ‘
and18 percentat M . 1.05)thanthatof thebodyalone. Thepressure
distributionon thebodyof the configurationhavingthewinglocated
behindthemaximumbodydismeterwas foundto be shilar to thedistri-
butionon a similsrbodytestedwithoutwings(NACARM L9J27)but with

u am additionalpressurefieldsimilarin shapeto thatexpectedat the
rootof a sweptwingsuperimposeduponit. Theprincipaleffectof the
additionalpressurefieldwas a reductionof the criticalMachnumber
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of thebody. Therestitingbodybag riseoccurredin a msmnersimilsr
to thatof thebody-aloneconfigurationof NACARM L9J27but at a lower
Machnumberbecauseof the lowercriticalMachnumberof thewing-body
combination.Comparisonof theresultspresentedhereinwithpreciously
publishedresultsfora similarmodelhavingthewingmountedforwardof
themaxbnumbodydiametershowedthatthelongitudinalpositionof the
wingon thebodydidnotaffecttheunfavorabledraginterference
appreciably.

INTRODUCTION

In orderto provideinformationin thetransonicspeedrange(where
theoryis largelynonexistent)theNACAin 1944instituteda programof
measurementsof thedragnearzeroliftof wing-bodycombinationsand
theircomponentpartsby thefree-fallmethod. One seriesof testswas
conductedon bodiesandwing-bodycombinationsconsistingof a bodyof
revolutionof finenessratio12 andwingsof varioussweep,aspectratios,
thicknessratios,andtaperratioslocatedat severaldifferentpositions
on thebody.

Resultsarepresentedin references1 and2 fortw modelsof this
serieswhichhad47° sweptbackconstant-chordwingswithNACA65-009
airfoilsections(measuredperpendicularto theleadingedge)anddif-
feredonlyin thelocationof thewingson thebody. Theseresultsindi-
catedthat,forthemodelreferredto hereinas model B + WAl (basic
bodyplustingsmountedaftof themaximumdiameter,modelnumber1),
thedragriseoccurredat a higherMachnumberandthatthedragat low
supersonicspeedswas appreciablylessthanthatof model B + WFl the
wingof whichwasmountedforwardof themsdnnxnbod y-tiameter.These
results,whencomparedin reference1 withresulteforthebodywithout
wings,indicatedthatthedifferencein dragwasdueto a favorableinter-
ferenceeffectof thewingon thebodyandthatthedragof thebodyof
model B + WA.1was lowerthemthedragof thebodytestedwithoutwings.

Additionalinformationon wing-bodyinterferenceeffectshasbeen
obtainedin free-falltestsof otherconfigurationssimilarto those
discussedherein(wingslocatedbehindthemaxinnxnbodydiameter).Inter-
ferenceeffectson thebodydragare shownin reference3 whichare
unfavorablebelowandfavorableabovethe speedof soundforconf@ra-
tionshaving9- or M!-percent-thickuntaperedwingssweptback35°. How-
ever,forconfigurationshavingtapered12-percent-thickwings,either
sweptbackor sweptforwsxd35°, theinterferenceeffectswerelarge
andunfavorablethroughouttheMachnmiberrange. Resultsof testsof
a canardconfigurationderivedfrommodel B + WAl providedsomeevidence
of thepresenceof a favorableinterferenceeffect(ref.4);however,the

.
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. datawereobtainedonlyunderliftingconditionsendextensivecalcula-
tionswererequiredto estimatethe zero-liftdrag. Also,resultsof
testsof rocket-poweredmodelshavingdifferentbodyshapes(ref.5). indicatedthatin thetransonicspeedrangethewingpluswing-body
interferencedragis reduced“bya chsmgein thebodyshapewhichplaces
themaximumbodytismeterforwardof thewingandreducesthe slopeof
theafterbodysurface.As thewingdag wasnotmeasuredseparately,
theresultsof reference5 do not indicatewhetherthe fiterferencedrag
on thebodywas favorableor unfavorable.

As a meansof investigatingtheflowphenomenaproducingthe favor-
ableinterferenceeffecton thebodydragindicatedby theresultsof
reference1, pressuresaddragmeasurementsweremadeon twomodels. The
firstmodel(modelB) was thebasicbodywithoutwingsandtheresults
obtainedsrepresentedin reference6. The secondmodel(model B + WA2)
was similsrto model B + WAl,differingonlyin thatit incorporatedm
airspeedboomandhadpressuremeasuringorificeslocatedon therear
halfof thebody. Thedragandpressme resultsforthismodeldidnot
confirmthefavorableinterferenceeffectfoundin theprevioustests.
Subsequently,a modelexternallysimilarto model B + WAl (model B + WA3)
but withonlydragmeasuringinstrumentationwastestedto verifythe drag
resultsobtainedformodel B + WA2.

Presentedhereinsretheresultsobtainedformodel B + WA2 (pres-
. sureanddragresults)andmodel B + WA3 (dragresultsonly). Thedrag

resultssrecompsredto thosepreviouslyobtainedfor similsrwing-body
combinationsandtheircomponentpartsin orderto il.lwtratethenature

. of wing-bodyinterferenceeffectsat transonicspeedsandtheeffectsof
winglocationon theseinterferences.Thepressure-distributionresults
execomparedwiththoseformodelB andwiththetheoreticalpressure
distributionforthebody.

Theconclusionsof reference7 whichevaluatethetrmmonicdrag
characteristicsof a Mge wingfilletsrereexaminedin the lightof
theresultspresentedherein.

APPARA5JSANDMETHOD

Testconfi.guration.-Models B + WA2 and B + WA3 sreexternally
similarto model B + WA.1 (ref.1) exceptthatthepressure-distribution
model(B+ WA2)incorporateda noseboomwithprotisionforthemeasure-
mentof staticandtotalpressure.Thegeneralarrangement,details,and
dimensionsof the configurationssre shownin figure1. Figure2 is a

h photographof model B + WA3 whichis alsorepresentativeof models B + WAl
and B +WA2. The coordhtes of thebodysurfacesregivenin tableI
endthecoordinatesof thewingsectionsregivenin tableII.
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Measurements.-Measurementsof the flightpathandthe quantities
velocity,over-alldrag,wingdrag,andtaildragwereaccomplishedas
describedin references1 md 2. Theover-alldragwasmeasuredby an
improvedthree-stepaccelerometerthatgeatly Increasedthe accuracyof -
thedragparameters(particularlyat thelowerMachnumbers)overthat
obtainedin thetestsof models B + WA.1and B + WT1. Model B + WA3
did not includeinst~ntation forthemeasurementof taildrag.

Model B + WA2 containedadditionalinstrumentationwhichmeasured
the staticandthetotal-headpressuresat thenoseboomcontinuously
throughoutthedropand ssmpledthepressureat the 18 bodyorifices(the
locationsof whicharegivenin table111)approximatelythreetimesper
second(abouttwiceper0.01chemgeinMachnumber). Thepressureat
thoseorificeswasmeasuredwithrespectto the staticpressureat the
airspeedboomas describedin reference8. Thissystemhastheadvantages
of providingsufficientaccuracy,low@, anda continuouscheckon the
tiiftof thetelemeteringsystem.

Precisionof measurements.-Theestimatedmaximumuncertaintyof the
telemeteredmeasurementsis of theorderof *1 percentof thefullrange
of the instrumentandtheuncertaintyof theMachnuder determinedfrom
theflightpathmeasurementis lessthan@.01. Basedon thesevalues,
theestimatedmaximumuncertaintiesof thedragpememetersdetermined
fromaccelerationandforcemeasurementsaregivenin tableIV. Thevalues
fortotaldragandwing-dragcoefficientssrereferredto thetotal@w
plansrea;whereasvaluesforbodyandtail-dragcoefficientsarereferred “
to thebodyfrontalarea. Theestimatedmsximumuncertaintyof thevalues
of thebodypressurecoefficientsareof theorderof to.026at a Mach .
nuniberof 0.95and&3.007at M . 1.24.

RESULTSANDDISCUSSION

PressureData

Thebasicpressuredataformodel B + WA2 in coefficientformare
presentedas a variationtithMachnuniberin figure3. In thisfor-m
detailsof changesin pressurecoefficientthroughoutthecompletetest
Machnumberrangeme illustratedforeachof theorificelocationsfrom
whichsempleswereobtained.

For a detailedstudyof theflowoverthebody,thebasicdataof
figure3 arecrossplottedin figurek in theformof pressurecoeffi-
cient P againstorificelocationx/1 for severalMachnuuibers.The
fairingsshownapplyto the0° orificeplanedesignatedin figure1
(perpendicularto theplaneof thewing). Thepressurecoefficients
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obtainedfromorificeslocatedin planesotherthan0°
pointsto showtheradialvsriationof pressureon the
shownmay differslightlyfromtheactualdistribution

5

sreincludedas
body. Thefairing
becauseof the

limttednumberof orifices;it is thought,however,thatthe fairedcurves
showthe salientfeaturesof thepressuredistribution.In orderto
illustratethe changein pressurecoefficientson thebodydueto the
presenceof thewing,thepressurecoefficientson thebodytestedwith-
outwings(modelB) andthepressurecoefficientscalculatedby theoretical
mesmsareincludedin figureL. ThevariationsLabeled“bodyalone”were
takenfromreference6. Thepressurecoefficientcorrespondingto the
localsonicvelocity()P~r is alsoindicatedon eachpartof thefigure.

Pressuremeasurementsformodel B + WA2 wereobtainedonlyon the
rearhalfof thebody;however,as thewingis locatedbehindthemsximum
bodydismeter,thepressurepatternforthefronthalfof thebodymaybe
assumedstiilmrto thatshownin figurek forthebodywithoutwings.

A discrepancyis etidentin figure3(d)in thatthepressuresin
the0° andl&1°planesdisagreeby an amountlargerthsntheestimated
uncertaintyof themeasurement.No explsmationof thedifferencehas
beenfoundalthoughit shouldbe notedthatthisdifferenceoccursin
theregionof msximumrateof pressurechange(seefig.4). Thisdif-
ferenceis notbelievedto be dueto angleof attackas themodelsurfaces
werecarefullyalinedat 0° andthe staticmarginwas large(centerof

wavity approximately1* chordsaheadof thewingmesnaerodpsmicchord).

Subsonicdistribution.-In figures\(a)andk(b)themeasureddistri-
butionat M . 0.75 andO.~ me comparedwiththemeasuredandtheoreti-
caldistributionsforthebodywithoutwings. Thepressuxedistribution
of thewing-bodyconfigurationis seento be similsrto thepressuredis-
tributionof thebody-aloneconfigurationwitha pressurefieldsimilsr
in shapeto thatexpectedat therootof a sweptwingsuperimposedupon
thebodypressurefield.

The interferenceeffectof thewingon thebodypressuredistribution
is Umited longitudinallyto theregionof thewing-bodyjuncture;a rapid
returnto a normalbody-slonepressuredistributionforwardandaftof
thisjunctureis obsermd. Theinterferenceeffectdoes,however,extend
radiallyaroundthebody;thenegati~pressureregionnesrthetrailing
edgeof thewing-bodyjunctureextendsradiallywithlittlevariationto
theplane$0°to thewing.

No sepsratedwakeon thebodydueto thewinginterferenceexisted
as thefullpressurerecoverypredictedby thetheoryforthebo~y-alone
configurationwas realized.Thepressurerecoveryon therearof-the
bodyagreedwellwiththetheoreticalresultsbut wasnot as greatas
obtainedby thetestson thebody-aloneconfiguration,mdel B. This
crepancywillbe discussedsubsequently.

~

was
dis-
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Transitionfromsubsonicto supersonicdistribution.-Becauseof
the influenceof thewingpressurefieldon thebodythe criticalregion
on thebodyof model B + WA2 wasnearthetrailingedgeof thewing-
bodyjuncture.Althougha localsonicMachnumberwasattained(see
fig.3(d))in thisregionatMachnumber0.g2,no appreciablechangein
pressuredistributionwasobserveduntila Machnuuiberof 0.95was
reached.NeerthisMachnumber(seefig.3(e))a shockformsnearthe
trailingedgeof thewing-tidyjunctureandwithfurtherincreasein
Machnuaiberthisshockmovesrapidlyrearward. It is thisrapidrear-
wardmovementof theshockwiththeassociatedabruptdecreasein pres-
sureovertheregionof meximumrateof changeof cross-sectionalarea
thatproducestherapiddragriseof thebody. As the configuration
approachessonicvelocitythe shockcontinuesto moverearwsrd(fig.3(e)
to (h))untiltheregionwhererapidpressurerecoverynormdl.yexists
at subcriticalspeedsis reached.A6 the shockreachesthisbodyloca-
tionit leavesthebodysurfaceand standsoffthebody. Confirmation
thattheshockstandsawayfromthebodysurfacehasbeenobtainedfrom
schlierenphotographsof similarconfigurationstakenrecentlyin tran-
sonicwindtunnels.

Thetransitionfromthesubcriticaltypeof pressuredistribution
to the supersonictypewas similarto thatobservedforthebody-alone
configurationbut,becauseof theinfluenceof thepressurefieldof the
wingon thatof thebody,thecriticalMachnuriberwas lower. Thus,the
resmmrdrmvementof theshock(whichwas showninref.6 to be directly
associatedwiththedragrise)occurredat a lowerMachnumberthanfor
thebody-aloneconfigurationandthetransitiontookplaceovera slightz
lsrgerMachnumberrange.

In the trsmonic speed range the interference effect of the wing on
the body pressure distribution is not llmi.ted longitudinally to the wing-
body juncture region as in the subsonic speed range but extends slightly
aftof thisregion.Also,a largevsriationin radialpressuredistri-
butionwasmeasuredin theregionof thetrailingedgeof thewing-body
juncture.

It is apparentfromfigure3(a)thata shockpassedovertheorifices
xat—= O.~ (aheadof thewing)at a flightMachnumberof about0.99.
1

Thisshock,whichdidnotoccuron thebodytestedwithoutwings,is
believedto be thedetachedwing-rootbow-wavewhichoccursin thelocal
supersonicregionof theflowoverthebody. No explanationhasbeen
foundforthehigherlocalvelocitiesobservedin theplaneof thewing
comparedto thoseon theplaneof symmetry.

Supersonicdistribution.-Thelongitudinalpressuredistributionof
thewing-bodyconfigurationat supersonicMachnumberswas similarto the

d

,

r

.
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. theoreticalsupersonicpressuredistributionsforthebodyalone,as
predictedby themethodof reference9, but witha pressurefieldsimilar
in shapeto thatexpectedat therootof a sweptwingsuperimposedupon

. it. The interferenceeffectof the sweptwingmovesslightlyaftof the
wing-bodyjuncturewithincreasein supersonicMachnuniberbut theradial
variationof the interferenceeffectbecomeslesswithincreaseinMach
number.As at transonicspeedsa largeradialvariationin pressurewas
measuredby theorificesnearthetrailingedgeof thewing-bodyjuncture
at supersonicMachnuaibers.

Thepressurerecoveryon therearofthe subjectmodelagreeswith
thatpredictedbytheory(seefig.k(g)to (k))at supersonicspeedsas
wellas at subsonicspeedsthusindicatingthatno appreciablemmunt of
flowseparationoccurred.Thisagreementwiththeoryto someextentcon-
firmsthe suspicionpresentedin reference6 thatthe levelof thedis-
tributionstherepresentedwas somewhatuncertain.However,thepresence
of w.1.ngson the subjectmdel precludeda definiteconclusionconcerning
thelevelof theresultsof reference6.

DragData

Thebasic&ag resultsformodels B + WA2 and B + WA3 arepresented
in figure5 as thevariationwithMachnwiberof thetotaldragcoefficient
obtainedfromtheretsmlationmeasurements.The contributionsof the com-
ponentsto thetotal&ag (obtainedbysubtractingthemeasuredwingand
taildragsfromthetotaldragandascribingtheremainderto bodydrag
amdinterference)srealsoshownin thefigure.As previouslynoted,the.
taildragwas notmeasuredformodel B + WA3 (fig.5(b)). Thissimpli-
ficationwas considered@.stifiedas thedragof identicaltailson several
othermodelshaveagreedwithinlessthantheestimateduncertaintyof the
measurements.It is etidentfromfigure5 thatthe initialdragrisefor
bothcompleteconfigurationsstartsat a Machnuniberof about0.9 because
of theunswepttail. Thedragrisebecomessteepernesr M . 0.95 where
the&ag risesof boththewingandbodybegin. Theabruptdragrisesof
allthecomponentsarecompletedas the speedof soundis reached.The
totaldragcoefficientcontinuesto increaseslowlyas theMachnurriberis
increasedaboveunityas a resultof the continualslowticreasein wing
drag. Thedragof thebodyandtailarenearlyconstsmtabovethe speed
of sound. At supersonicspeedsthewingcontributesabout40 percent,
thebody45percent,andthetail15 percentof thetotaldrag.

Comparisonof similsrmodels(B+ WAl, B+WA2, and B+WA3).-
VariationswithMachnmiberof thetotalandcomponent&ag coefficients
formodels B + WAl, B + WM, z@_ B -i-WA3 arecompsredin figures6
to 9. Thesemodelshave45° sweptbackwingslocatedaftof themaximum6 bodydismeteranddifferexternallyonlyin thatmodel B + WA2 was
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fittedwithan airspeedboom. Resultsfordifferentconfigurations
(modelsB + WFl andB) arealsoincludedin figures6 to 9 andare
discussedsubsequently.

Examinationof figure6 revealsthatthevsriationof totaldrag
coefficientwithMachnumberformodels B+WA2 and B+WA3 agree
closely;themaximumdiscrepanciesarewithintheestiuatedmaximum
uncertaintiesof thedragandMachnuuibermeasurements.The sameclose
agreementbetweenmodels B + WA2 and B + WA3 is evidentin thecom-
ponentdragsas shownforthewingin figure7, thebody-tailcombina-
tionin figure8, andthebodyin figure9. Theuncertaintiesof the
lattercomponentsare,of course,largerthanthoseof theformerbecause
of themannerin.whichtheyme computed(i.e.,bodydrag. totalhag -
wingdrag- taildrag). Thetaildragof model B + WA2 wasusedto
computethebodydragformodel B -I-WA3. Theagreementbetween
models B + WA2 sm.dB + WA3 isbelievedto be representativeof the
qualityof theresultsobtainableby thefree-fallmethodusingthe
mostrefinedinstrumentationsmdtechniquescurrentlyavailable.

Thecurvespresentedin figures6 to 9 formodel B + WAl are in
allcaseslowerthanthoseformodels B+WA2 and B+WA3. Thewing
andtaildragsshowa delayin dragriseandlowerdragscomparedwtth
theresultsforthelatermodelssmdthetotaldragdatashowa somewhat
lergerdelayin thedragriseand considerablylowerdrag.

Boththetotal-dragandspeeddatapresentedin reference1 were
obtainedfromthetelemeteredlongitudinalacceleration,thetotaldrag
directlyandthespeed(andflightpath)by integrationof thevariation
of accelerationwithtime(consideringtheflightpathangleandgravi-
tationalacceleration).A checkon theresultsthusobtainedwasmade
by comparisonwiththeflightpathmeasuredby radm andphototheodolite
equipment.As pointedoutin reference1, however,partialinstrumentation
failureoccurredinthephototheodoliteequipmentwhichreducedthe
accwacyof the checks.Reevaluationof thedataof reference1 revealed
no significantmistakesbutit is of interestto notethatif thedrag
variationwithMachnumbermeasuredfortheselatermodelsis assumed,
theflightpathcomputedforthemodelof reference1 is inbetteragree-
mentwiththeradar-phototheodoliteflightpaththanthatcomputedfrom
theoriginaldata.

Althoughtheavailableevidenceimpliesthatthediscrepancybetween
thedragsof models B + WA.1and B + WA2 mayhaveresultedfroman
unexplaineddriftand/orsensitivityshiftof thetelemeteredaccelera-
tionsof model B + W&i,thepossibilitythatthedragsweredifferent
cannotbe eliminated.Differentdragsmightresult,forexample,from
differentsurfaceroughness,trim,release,atmosphericconditions,etc.
(orcombinationsthereof). Themodelsurfacesandwingandtailaline-
ments(0°)werecarefullycheckedandmaintainedbeforethe flightson

..*
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. whichthemodels were dropped. Damageor deterioration of the surface
or alinementmighthaveoccurredduringthe climbor release,however.
Theatnmsphericconditionsandthetimesduringwhichthemodelswere
exposedweresimilsrforallmodels.

Additionalconfirmationof the internalconsistencyof the later
resultscsmbe obtainedby useof thepressureanddragdataforthe
body-aloneendwing-bodycombinations.To thisendthevsriationwith
Machnuder of theinterferencedragon thebody (definedas thebody
dragin thepresenceof thewinglessthebag of thebodyalone)is
plottedin figure10. Variationsereshownformodels B + WAl and
B + WA2 obtainedfromtheaccelerationendforcemeasurementsand for
model B + WA2 fromintegrationof themeasuredbodypressuredistri-
butions.It is irmnediatelyappsrentfromfigure10 thattheresults
obtainedby thetwo (relatively)independentmethodssre in substantial
agreementformodel B + WA2 andthatbothdiffergreatlyfromthat
obtainedformodel B + WA1.

It appesrsfromtheevidencepresentedthattheresultsfor
models B + WA2 and B + WA3 shouldbe consideredmorereliablethan
theresultsformodel B + WA1.

wing-bodyinterference,wing-aftconfi~ation.- In tiewof the
discrepemcybetweentheresultsof reference1 andthosepresented
herein,it is necesssryto reexaminethe conclusionstherepresented.*
Thewing-bodyinterferencecharacteristicsof the configurationmaybe
obtainedby comparingresultsformodels B+WA2 and B+WA3 with

* resultsformodelB, thebasicbody-tailcotiinationtestedwithout
wings. ThevariationwithMachnumberof thedragcoefficientof the
body-tailcombinationof models B + WA2 and B + WA3 (obtainedby
subtractingthemeasuredwingdragfromthemasured totaldrag)is
presentedin figure8. Comparisonof thesecurveswiththatformodelB
showsthatthedragis higherin thepresenceof thewingthroughoutthe
transitionfromsubcriticalto supersonicspeeds. Thus,the interference
effecton thebodydragdueto thepresenceof thewingis unfavorable
andreachesa mex- jut belowthe speedof sound. Abovethe speedof
sound,theunfavorableeffectdecreaseswithincreasingMachnumberand
is negligibleaboveabout M = 1.17. Thedifferencesbetweenthevarious
curvesbelowthe initialdragrisearenot consideredsignificantin tiew
of thefactthatin thisregionthemeasurementuncertaintiessre,as
shownin tableTV, largecomparedwiththemeasureddrag (lowspeed,high
altitude).Thetailhags of modelsB and B + WA2,shownin the lower
psrtof figure8, agreeclosely; thisagreementindicatesthatthereis
no interferenceeffecton thetail&ragdueto thepresenceof thewing.

-, ThevariationwithMachnumiberof thebodybag coefficientis
presentedin figure9. Becauseof theequivalenceof thetaildragsof
modelsB and B + WA2 thetrendsdiscussedaboveareagainindicated,

.



10 “@w==NTuE- NACARM L53C31

althoughtheeffectof thepresenceof thewingon thedragriseis .
shownmoreclemly. Thedragriseof thebodyof model B + WA2 began
near M = 0.95 wherethebodyshockformedandstarteditsrearward
movement(seethe sectionentitled“PressureData”). Therapidincrease -
in bodydragis concomitantwiththeresrwsrdmovementof the shockand
it is appsxentthatthemechanismof thebodydragrisein thepresence
of thewingis similarto thatof thebodywithoutwings(describedin
ref.6) but occursat a lowerMachnumberbecauseof thelowercritical
Machnumberof thewing-bodycombinationin thepresenceor thewing.
Thus,theunfavorableinterferenceeffecton thebodydragdueto the
presenceof thewingoccursprimarilyas a resultof thelowercritical
Machnumberof thecombination,and secondarilyas a resultof thehigher
dragassociatedwiththeflowpatternaboutthebodyafterthe&ragrise.
Thissecondpartof the interferencedragdecreasesrapidlywithincrease
in supersonicMachnumber.

Themagnitudeof theinterferenceeffectof thewingon thebody
dragshownin figures9 and10 reachesa maximumof 0.1at M = 0.99
anddecreasesrapidlyto about0.03near M = l.0~ (increasesof about
100percentand18 percent,respectively,of thebasicbodydrag). The
interferencedragcontinuesto decreasewithincreaseinMachnumber,
becomingnegligibleaboveabout M = 1.15.

Effectof wingpositionon wing-bodyinterference.-In reference1
results obtainedformodel B + WAl arecomparedwiththosefor
model B + WFl (whichdifferedonlyin thatthewingwaslocatedfor-

4

wardof ratherthanbehindthemaximumbodydiameter)to showtheeffect
of winglocationon thebodydrag. In orderto reexaminethiseffect, .
resultsformodel B + WFl areincludedin figures6 to 9 forcomparison
@th theresultsfornmdels B + WA2 and B + WA3. It is immediately
apparentfromfigures6 and 7 thatthetotalandwingbags of
models B + Wl?l,B + WA2,smd B + WA3 agreegenerallywithinless
thantheestimatedmaximumuncertaintyof themeasurements;theonly
remarkablepointbeingthe “bump”in thewingdragof model B + WIU
whichappearsbetweenMachnumbersof 0.96and1.01. Thisbumpis not
reflectedin thetotaldragcurveandtherefore,as maybe seenfrom
figures8 and9, causesa peculisrdip in thedragcurvesof thebody
andbody-tailcombination.In viewof theearlystateof development
(andconsequentUurgeruncertainties)of thetelemeter systemat
thetimeof thetestof model B+ WIU (1946)andtheabsenceof an
explanationof thedip inbodydragfromotherconsiderations,the
existenceof thebumpin wingdragis regardedwithsomeskepticism.
Thus,withintheuncertaintyof themeasurementsthereappearstobe
no appreciableeffectof winglocationon wing-bodyinterference,the
interferencebeingunfavorableandof thesameorderof magnitudefor
bothof thewinglocationsinvestigated.Thisresultis substantiated
by theresultsof reference8 whichpresentsdragandpressuredatafor
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a configurationdifferingfromthoseconsideredhereinonlyin thatthe
wingis taperedandthetidchordpointat thewing-fuselagejunctureis
located5 incheseheadof thebodymidpointcomparedwith15 inchesahead
of andbehindit formodels B + WFl and B + WAl, B + WA2,and B + WA3,
respectively.Resultsforthismodel(modelB + WC1)are comparedwith
resuitsformodels B + WIU, B, and B + WA2 in figure11 whichshows
thevariationof body-dragcoefficientwithMachnumber. It is apparent
thattheunfavorableinterferenceon model B + WC1 (thedifference
betweenthebodydragsformodel B + WC1 andmodelB) at supersonic
speedsis ~eater thanthatof models B + WFl and B + WA2 by an
amountof themme orderas theestimateduncertatityof themeasurement.
Thistrendis logicalin viewof thefactthatthewingof model B + WC1
had9 percentmorewreat~ thoseof nmdels B + WFl and B + WA2. Also,
it was shownin reference3 thatforE!-percent-thicksweptbackwings,
taperhad an unfavorableeffecton thebody&rag. Thedifferencesin the
body-dreg-riseMachnumbersformodels B + WFl, B + WA2,and B + WC1
areonlyslightlygreaterthantheuncertaintiesof themeasurements;
however,theyfall.in logicalorderwiththedrag-riseMachnumiber,
increasingas thewingis movedforwardon thebody. Thisorderis ccm-
sistentwiththedreg-risemechanismpresentedin the sectioncalled
“FressureData”andthepressuredistributionof thebodywithoutwings
givenin reference6 (alsoshownin fig.4). Thepressuxedistribution
on thebodywithoutwingsshowsa smallincreasein localMachnumber
fromtheforwsrdwingpositionto theaftposition.Thus,superposition
of thewing-rootpressuredistributionat theaftpositionshouldresult
in a slightlylowercriticalMachnumber(andearlierdragrise)forthe
combinationthanwouldsupe~ositionof the samewing-rootpressuredis-
tributionin theforwardposition.Wtid-tunneltestson a configuration
simik to model B + WC1 weremadewiththewingin twodifferentposi-
tionson thebody (ref.10). Theresultssubstantiatethe conclusionsof
thepresenttestthatchangesin winglocations(withintherangesof the
bodylocationtested)on thebodydo notproducesignificemtchangesin
thetotaldragof the configuration.

Effectof wingfilleton whg -bodyinterference.-Dragmeasurements
fora modelincorporatinga Iaxgefilletat thewing-bodyjuncture
(modelB + WA(F))werecomparedtithresultsfor~del B + WAl in
reference7 in orderto determinetheeffectsof a filleton wing-body
Interferenceeffectsat transonicspeeds.As theresultsof thepresent
testdo notagreewiththeresultsof reference1, the comparisonof the
wing-aftmodelandthe filletmodelis reexa@nedhereinby theuse of
datafromthepresenttest. Model B + WA(F) differedfrommodels B + W&
B + WA2,and B + WA3 onlyin thata filletof cticulsr-ercplanform
was fittedtangentto thewingleadingedge15 inchesoutbosrdof thebddy
andtmgent to thebodysurfaceat a point10.5inchesaheadof theorigins:
wing-leading-edge-bodyjuncture.‘Thesectionof thefilletwas fafred
fromthebasicwingsection(NACA65-oo9perpendicularto thewingleading
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edge)to anNACA63-039sectionin theplaneof thebodysurface.The *
trailingedgeof thewingwasunchanged.Thefilletadded7.3 percent
to thetotalfrontalmea of themodeland4.7percentto theexposed
wingplanarea. Model B + WA(F) alsoincorporatedan airepeedboom .
identicalwiththatof model B + WA2. ThevariationwithMachnumber
Of thetotaldr~ coefficientformodel B + WA(F) is comparedwith
thatformodel B + WA2 in figure12 and it Is evidentthatthe curves
differonlyinminordetails.It shouldbe notedthatbothcurvesare
basedon the samewingarea(thatnot includingtheareaof thefillet),
and theaverageincreasein dragabovethe speedof Bound(althoughof
the sameorderas the sumof theestimateduncertainties)is aboutthe
sameas the increasein areadueto thefillet. !#lU8, it iS concluded
thatthefilletdoesnotappreciablyaffectthewing-bodyinterference
characteristicsof theconfigurationinvestigatedandthuscouldbe used
to provideeithera strongerwingstructureor volumeforfuelstorage
withoutincurringan excessivedragpenalty.

Compsxisonof resultswith“axialdistributionof cross-sectional
area”concept.-Resultsme presentedin referenceU whichindicatethat
thetransonicdrag-risecherracteristicsof thin,low-aspect-ratiowing-
slender-bodycombinationsat zeroliftsreprincipallydependenton the
axialdistributionof cross-sectionalsreanormalto theairstream.Thus,
theconceptimpliesthatthedrag-risecharacteristicsof a wing-bodycom-
binationshouldbe similarto thatof a bodyof revolutionhavingthe
samesxialvariationof cross-sectionalarea. In orderto examinethe
results presentedhereinin theli@t of thisconcept,theshapesof bodies “
of revolutionhavingthe sameaxialvariationof cross-sectionalareaas
models B + WAl, B + WA2,and B + WA3, B + WFl,and B + WA(F) we
comparedin figure13 withthebasicbodyshape(modelB).

.

It is apparentthatthe effectof thewingin theforwsrdposition
is to adda ratherabrupt“bump”to the centerof thebodywithan
appreciableincreasein maximumareaandthatthewingin theaftposi-
tionincreasesthemaximumsreaa smalleramountoverthatof thebasic
bodybut increasesthe slopeof therearof thebodyappreciably.inas-
muchas it hasbeenshown(refs.6, 12,and 13), thattheinitialpart
of thetransonicdragriseoccursprincipallyon therem portionof
thebody (reductionof finenessratioof theresrpsrtof thebodycorre-
spondingto moreabruptinitialdragrises),it wouldbe expectedthat
thedragof thewing-aftconfigurationswouldrisemoreabruptlythan
thatof thewing-forwardconfiguration.However,a compensatingeffect
on thedragof thewing-aftconfiguration(whichwouldbe estimatedto
be of considerablysmallermagnitude)wouldbe presentbecauseof its
smallermaximumcross-sectionalareacomparedto thatof thewing-forward
configuration.The seconderypartof thedragrise,thatoccurringon
thenoseof thebodyandtheeffectof thenoseon thebag of thetail, R
wouldbe expectedto reducethedifferencebetweenthedragsof thetwo
configurationsas theMachnumberis increasedbeyondthat-atwhichthe
initialpsrtof thedragriseoccurs.

‘-3
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Thus, it appesrsthatstrictapplicationof the“arearule”concept
to the subjectconfigurationswouldindicatethatthewing-aftconfigura-
tionmightbe expectedto havea somewhatlargerinitialdragrisethan
thew5ng-forwardconfiguration.Theexperimentaldatapresentedin fig-
ures6 and12show,however,thatwithinrehtivelycloselimits(the
sameorderas theuncertaintiesof themeasurements)thedragrisesof
the configurationsarethe same. In theabsenceof experimentaldata
forthebodyshapesshownin figure13,evaluationof the “arearule”
in the lightof the subjectresultsmustof necessitybequalitative.
A possibleexplsmationof thediscrepancy,however,is theeffectof
?dngtapershownin theresultspresentedin referenceU. Goodcorrela-
tionwasthereshownbetweenthedra riseof pointed-wing-slender-body#configurationsandtheir“equivalentbodiesbut discrepanciesof the
orderof 20 percentwereshownfora winghavinga taperratioof 0.6.
Thewingsof the subjectmdels sxeuntapered.Highlytaperedwings,
whichhavetheprincipalpartof theiraxialdistributionof cross-
sectionalsrealocatednesrthebodycenterline,obviowlynmreneerly
fulfillthe slender-bodyrestrictionof reference11 thanuntapered
wingswhichhavem appreciablepartof theircross-sectionalarealocated
muchfsrtherawayfromthebodycenterline.

CONCLUDINGREMARKS

Dragandpressure-distributionmeasurementshavebeenmadeby the
free-fallmethodfortwo~-body combirmtionsconsistingof a bodyof
finenessratio12 anda 45° sweptbackwfnglocatedbehindthemsximum
diameterof thebody. Themeasurementsweremadeto investigatea
favorableinterferenceeffecton dragfoundin a previoustestof a
similarconfiguration.The interferenceeffecton thebodydragdueto
thepresenceof thewingwasfoundto be unfavorable.Thus,theresults
do not conffmnthepretiousresult(presentedin NACARML7’101)which
indicateda favorableinterferenceeffectto be present.Theresults
presentedhereinexe consideredto be themorereliable.

Thepressuredistributionmeasuredon thebodyof thewing-body
conibinationwas similarto thatmeasuredon thebodywithoutwingswith
an additionalpressuredistributionsimilarto thatexpectedat theroot
of a sweptwingsuperimposeduponit. As thewingwas locatedin a
regionof smallbodyslope,theadditionalpressuredistributiondidnot
affectthedragdirectly,but reducedthe criticalMachnuder of the
body. Thedragriseoccurredin the ssmemannerdescribedin NACARML9J27
forthebodywithoutwingsbut at a lowerMachnuniberbecauseof the lower
criticalMachnumberof thewing-bodycombinationcomparedwiththatof
thebodywithoutwings. Thedragof thebodyin thepresenceof thewing
was greatlyincreased(about100percentat M . 0.99) at Machnumbers
duringandafterthedragriseof theting-bodycombinationbutbefore
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thedragriseof thebodywithoutwings. Afterthehag riseof the *
bodywithoutWiIlgS, thedragof thebodyof thewing-bodycombination
was stillsomewhathigherthanthatof thebodywithoutwings(about
18 percentat M . 1.05)anddecreasedslowlywithincreaseinMach .

number.TheInterferenceeffectbecamenegligibleat a Machnumberof
about1.15.

Comparisonof resultsforthe configurationsreportedhereinwhich
hadthewingslocatedbehindthemaximumbodydiametertithresults
previouslyreportedforsimilerconfigurationshavingotherwingloca-
tionsindicatedthattherewasno largeeffectof wingpositionon the
unfavorablewing-bodyinterferencedragforthe configurationsinvestigated.

Reexaminationof theconclusionpresentedin NACARM L8F08- that
useof a largewingfilletresultsin a largedragpenaltyat transonic
speeds- indicatedthattheconclusionshouldbe revised.It wasfomd
uponcomparisonwithresultsof thepresenttestthata filletof the
typeinvestigatedproducedno significantchangein thetransonicdrag
characteristicsforthewing-bodycombination.

LangleyAeronauticalLaboratory,
NationalAdvisoryComnitteeforAeronautics,

Im@ey Field,Va.
.

.
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TABLEI

COORDINATESOF FINENESS-RATIO-12BODY

~ose radius,0.060ti~

17

●

✎

Y?2 in. <: &

o 0 48.00 4.876

.60 .277 54.00 4.972

.% .358 60.00 5.000

1.50 .514 66.00 4.955

3.00 .866 72.00 4.828

6.00 1.446 78.00 4.610

9.00 1.936 eh.oo 4.274

12.00 2.365 90.00 3.754

18.OC 3.112 96.00 3.031

24.oo 3.708 102.00 2.222

w .00 4.158 108.00 1.350

36.00 4.489 114.00 .526

42.00 4.719 120.00 0
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—
TABLEII

WING-SECTIONCOORDINATES, NACA65~09 SECTION

prww -sectioncoordinatesewein inchesandaremeasured
perpendicularto theleadingedg~

x Y x Y

o 0 k.E!o 0.540

.06 .083 5.40 .537

.09 .102 6.00 .520

.15 .127 6.60 .493

●W .171 7.20 .W8

.60 .235 7.80 .398

*w .205 8.4o .342

1.20 .328 9.00 .2&)

l.m .396 9.60 .216

2.40 .447 10.20 ●151

3.00 .486 lo. fb .088

3.60 .51.2 sL.40 .033

4.20 .531 u .00 .Ooo

Leading-edgeradius0.066
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TABLEIII

[
Juncture

LOCMKEONOF ORIFICES

of wingleadingedge

ON EODYOF MODEL

smdbodysurface

B+WM

xat-= o.554;2 1

junctureof wingtrailingedgeandbodysurfacea; ~ = O.69~

Fractionof body Distancefrom Radialdisplacement,
lengthfromnose, nose, deg (wd-nglocated

x/2 in. in %0, 270°plsme)

O*5O 60.0 0°, $K)”

.592 71.o 0°

.642 77.0 00

.683 @ ●0 0°, 450,lm”

●733 88.0 0°, 45°

0°, 45°, ~“, 270°.758 91.0

.833 100.0 0°, 45°, 90°

●852 103.5 0°

.92 108.3 0°

3Orificediameteris — -inch32

.
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TABLETV

ESTIMATEDMMIMUM UNCERTAINTYOF DRAGPARAMETERS

‘~~ coefficientsCD arebasedon thetotalwing-planarea;
&ragcoefficientQf arebasedon bodyfrontalarea

Model B + WA2

Machnuder
Dragparmneter

0.83 0.95 1.05 1.24

CD total m .0010 m .0007 M .0009 m .om7

%- f.oou *.0007 i.~6 *.0004”

CDf tail *.007 A.005 *.004 *.002

G* body *.o~ *.020 +.017 f.oog

Model B + WA3

Machnuniber
Dragparameter

O.m 0.95 1.05 1.20

CD tOt&d m ●0o1l a .mo7 tO.0006 fo.0007

%* *.~14 *.007 +.co06 * .0004

cDf body f.o* i.018 **oy2. *.010
and
tail

.

-a ‘+E%’-’
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Figure l.- Details and dirwmiom of models te6ted. Dimermions me fi
inchefiuriles8otherwise 8pecified. Coordinate of the body surface

, and wing section are given m tables I and II, respectively. The
location of pressure orifices (rmiel B + WA2 only) are given in
table III.
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Figure3.- The variationwithMachnumberof thepressurecoefficientP
measuredat eachorifice.Linescorrespondingto thelocalspeedof
sound Pcr axealsoshown. The juncturewiththebodysurfaceof the
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respectively.
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Figure3.- Concluded.
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Figure4.- V=iationof pressurecoefficientP withorificelocation
expressedas a fractionofbodylength x/2 for severalMachnumbers.
Experimentalandtheoreticaldistributionsfora similarbodywithout
wings(takenfromref.6) sre includedforcomparison.Pcr is the
pressurecoefficientcorrespondingto thelocalspeedof sound. The
winglocationindicatedis thatof thewing-bodyjuncture.
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Machnumber

(a)Mo~el B + WA2.

tcv
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al

o

(b)Model B + WA3.

Figure~.- VsriationwithMachnumberof totaldragcoefficientfor
mdels B + WA2 and B -t-WA3 showingthedivisionof dragamong
the componentp~ts.
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Figure6.- Comparisonof resultsformodels B + WA2 and B +
resultsforsimilarmodelstestedpreviously.V=riationof
dragcoefficientwithMachnumber.
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Figure7.- Comparisonof resultsformodels B i-WA2 and B + WA3 with
resultsforsimilarmodelstestedpreviously.Variationof wingdrag
coefficientwithMachnumber.
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Figure8.- Comparisonof resultsfor
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models B + WA2 and B + WA3 with
previously.VsriationwithMach
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Figure9.- Comparisonof resultsformodels B + WA2 and B + WA3 with
resultsforsimilm modelstestedpreviously.Veriationof bodydrag
coefficientwithMachnumber.
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Figure10.- VariationofMachnumberof thebodyinterferencedragcoef-
ficientformodel B + WA2 obtainedfromtwo independentmeasurements.
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Figure11.- Comp=isonof variationswithMachnumberof bodydragcoef-
ficientfor severalconfigurationsillustratingthe effectof wing
positionon wing-bodyinterference.

Figure12.- Compsrisonof variationswithMachnumberof totalbag coef-
ficientfora wing-bodycombinationwith (modelB + WA(F))andwith-
out (modelB + WA2)a largewingfillet.



Figure 13.- Comprison of the shapes of bodies of revolution having the seineaxial distribution
of cross-sectional area as wing-lxxiyconfig-matiom B+WAl, B+W&?, B+W3, B+.~1,
and B + WA(F) with the basic body shape (mdel B),

,


