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INVESTIGJWIONOFTHEEFFECTSOFBODYCAMBERANDBOW

INDENTATIONONTHELONGITUDINAL~TICS

OFA 60°--WDTG-BODY

,ATAMACH NUMBEROF

By JohnR. Sevier,

SsJMMmY
An investigationhasbeenmadeinthe

COMBINATION

1.61

Jr.

I@gley4-by L-footsuper-
sonicpressuretunnelto determinetheeffectsofbodycmiberandbody
indentationonthelongitudinalcharacteristicsof a delta+dng-body
ccmibinationata W numberof1.61. Tn combinationwith“a.3-percent-
thick60°deltawing,thefollowingthreebodiesweretested:(1)a
basicparabolicbody(Sesrs-Haack),(2)a bodyindentedsoastohavean
improvedwing-bodyareadistributionata Machnmiberof1.8,and(3)a
bodywhichwasbothindentedandcanibered.h thecaseofthelatter
configuration,theeffectofwingincidencewasalsoinvestigated.
Resultsinticatedthatneitherbodycanber,bodyindentation,norwhg
incidencehadanyappreciableeffectat a Machnumberof1.61onthe
minimumdragormsximmnlift-dragratiosoftheconfigurationstested.
Therewas,however,a significanteffectofbodycmiberindisplacing
thepitching-momentcurveina directionfavorableforthereductionof
trimdrag.All
Reynoldsnuniber

Oneofthe

testswereconductedata l&chnumberof1.61anda
of3.01 x 106basedonthe

D71RODWION

~ mesmaerodynamicchord.

keyelementsin attdniqghighlift-dragratiosisthe
reductionofdregdueto lift.A possibleapproachsuggestedby Mr.
RichardT.WhitcotioftheMngleyAeronauticallkborato~involvesthe
useofbodyc~er inan effortto redistributetheliftloadingof a
wing-bodycorribination.Resultsofthefirsttestsofthisschemeinthe
-ey 8-foo*tr~~c t~el Wcated thatattrsnsoticspeedsthere
wasessentiallyno effectondragdueto liftasa resultofbodycam-
bering.Therewas,however,thepossibilitythatthemethodwouldprove
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2 NACAFM L56A03

moreeffectiveat supersonicspeeds.Forthisreason,aninvestigation
wasmadeintheLsmgley4-by u-footsupersonicpressuretunnelofthe
ssmemodelstestedintheLangley8-foottransonictunnel.Thefollowing ‘
threebodiesweretestedinc@inationwitha 600deltawing: (1)a
parabolicbody(Sears-Haack),(2)abodyindentedusin.gthesupersonic
arearule(ref.1) soastohavean improvedwing-bodyareadistribution
at a Machntier of1.8,and(3)a bodywhichwasbothindente”dand
csnibered.

AILtestsreportedhere~weremadeat a Machnmiberof1.61snda
Reynoldsnixnberof3.01x 10bbasedonthew3ngmeanaerodynamicchord.
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CL

S-YMBo?s

Spsn

chordparalleltoplaneof symetry

“ rb’2AY
meanaerodynamic

incidenceangle,

do
chord,

b/2

J Cdy
o

measuredfrombalancesxis

spanwisedistancemeasuredfromplsneof symnetry

wQ3 mea extendedthroughthefuselageto
0.8499sqft

liftforce

dragforce

pitch@jmoment“shouta line
symnetryandpassingthrough
tionofthemeanaerodynamic

free-streamdynamicpressure

liftcoefficient,L/qS

perpendicular

thecenterline,.

to theplaneof
theone-quarterCho;dposi-
chord
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CD

%

%

C%in
L/D

(L/D)H

a

e

hag coefficient,D/qS

pitching-momentcoefficient~out theone-qusrterchord
positionofthemeanaerodynamicchord,m/qSZ

vslueofpitching-mmentcoefficientat ~ = O

minhumvalueof

lift-dragratio

nuzdmmmvalueof

angleof attack,

angleof rollof
(Cutthgog:ue

atO=

dragcoefficient

lift-dragratio

measuredfrombahnceaxis

model,usedinobtaininnareadevelopments
isperpendiculartoplaneof symmetry

MODEISANDTESTS

Models

,
wing.-Generaldetailsofthewingtestedareshowninfigure1.

Aspectratiowas2.31smdtbicknessratiowas0.03.AnNACA65AO03air-
foilsection(uncwibered)wasoriginaUyusedinthe8-foottransonic
tunneltests,butdueto leading-edgeseparationatthehigheranglesof
attack,theoriginalwingwasmo~fiedby droopingtheforw&d1.2inches
oftheairfoilas showninfigurel(d). Thismodifiedwingprovedtobe
effectiveinalleviatingtheseparationandwasthereforeusedforthe
remainderofthisinvestigationinthe8-foottransonicandh-footsuper-
sonictunnels.

Bodies.-Thethreebodiestestedin combinationwiththe~ove-
described~dngconsistedof’thefollowing:(1)a parabolicbody(Sears-
Haack)of circularcrosssection,(2)a bodyindentedsoasto obtainan
improvedwing-bdyareadistributionata Machnuniberof1.8,snd(3)a
bodywiththesameindentationas (2)butwhichwas.canibered,.Thetwo
indentedbodieshavecircularcrosssectionsovertheforwardpartofthe
model,ellipticalcrosssections(majoraxisinthevertical.plane)in
theregionoftheindentation,andreturnedto a circularcrosssection
nearthebase.

‘j:~ -.;.=&-- . . . ,; .
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4 MACARM L56A03

Detailsofthemodelsareshowninfigure1, andareadistributions
areshownh figures2 and3. BodycoordhatesaregivenintableI .
andthebodycsmberlineisdeftiedintale II. Thecontourofthe
csniberedbodywasobtainedby layingoffthemajoraxislengthsperpen-
dicularto thecmiberline.

Forthetwouncanberedbody-wingccmixkations,a wingincidence
angleof @ wasused. Forthecamberedbody,however,sincethetici-
denceofthebodytitheregionwherethewingwasattachedwas5°,the
wingincidencewasmadetobe 5°,measuredtithresnecttothebalance
ads. h
of30 was

addition,throughthe&e of 2°wedges,& incidenceangle
alsotestedonthecanberedconfiguration.

TestsandAccuracy

Alltestswereconductedat a llachnuaiberof1.61anda”Reynolds
numiberof3.01x 106basedonthewingmeanaerodynamicchord.Tunnel
stagnationpressurewas13psiaandstagnationtemperaturewas100°F.
Dewpointwasmaintainedata levelwherecondensationeffectswouldbe
negligible.

Forcesandmomentsweremeasuredby meansof aninternalstrain-
gsgebalancehousedwithinthemodel.Correctionswereappliedto all
datasothatthebasepressurewasadjustedto free-streamstatic
pressure.

Q testsreportedhereinarefornatursltransition.Reynolds
nunlberwassufficientlyhightoprecludethepossibilityofhavingexben-
siveregionsoflaminsrflowonthemodel.Resultsofprevioustestson
wihg-bodycofiinationshaveindicatedthatfitidgtransitionatthese
Reynoldsrnmibersmerelycausesa slightincreaseindragwitha corre-
spondingdecreaseinlift-dragratio.Forthepurposeof comparingone
configurationwithanother,however,theeffectoffixingtransitionis
believedto‘benegligible.FromtheUmitedinvestigationofreference2,
it isindicatedthatthereisno systematicinfluenceoffixingtransition
ontheeffectivenessofbodytidentationinreducingwavedrag.

Themsxhunrerrorinthecoefficients,basedonbalancecharacter-
isticsandrepeatabilityofdata,isbelievedtobe thefollo~:

.CL. . . . . . ..’...... .. *.**

%“”””””*”**.=*.*.****
%“”””””””””””””””””””

. . . . . . . . . . to.od+

. . ...*. . . . *O● 0005

. . . . . . . ..~ &o.003
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Machnuder vsriation+athetestsectionwsaapproximatelyiO.01snd
theflowsinglevsxiationintheverticalsndhorizontalplaneswas
approximate.y*O.lO.

PRESENTATIONOFRESUEPS

Bssicdatafortheconfigurationstestedsxepresentedinfigures4
to 6 asplotsof CL, ~, and L/D sgainstangleof atta&,andin
figure7 where ~ ispresentedas a functionof CL. Thedatahave
beengroupedin sucha mannerasto showmostreadilytheeffectsof
bodyindentation(fig.4),bodycmiber(fig.5),andwingincidence
-e (fig;6). Forconvenience,L/D snd CD arereplottedasfunc-
tionsof CL infigures8 sndg.

RESUEC5AND DIECUSS~ON

EffectsofIndentation

Infigure4 areshowntheliftsnddragcharacteristicsofthe
basicpsrdbolicbody-w3ngandtheuncaniberedindentedbody-whg.Wing
incidenceangleforbothconfigurationswasOO. Examinationoffigure4
indicatesthatfortheparticularindentedbody-wingtested,therewas
essentiallyno improvementin Cm or (L/D)W aa comparedtothe

psmbolicbody-wingatthetestMachnwiberof1.61.Figure8 shows
thattherewasno chsngeinliftcoefficientfor (L/D)H betweenthe
twoconfigurationsandfigwe 7 showsthatthepitching-momentcurveis
unaffecteddueto indentation.Unpublisheddatafromthesesameconfig-
urationsfromthe8-foottransonictunnelindicatethatthessmeresults
asmentioned@eve wereobtainedintheMachnmiberrsmgefrom0.80
to 1.15.

EffectsofBodyCauiber

Examinationof figure5 indicatesthattheccmibtiedeffectofbody
caniberandchsngingthew3ngincidenceangleresultedh a slightficrease
inminhumdrag,andalsoa slightincreaseinlift-curveslope.The
shiftinthecurves(fig.5) is,of course,mainlydueto thechsngein
wingincidencebut-be partlyduetothebodycaniberitself.Figure8
showsthattherewasessentiallynochangein (L/D)H or.liftcoeffi-
cientfor (L/D)_. ~ fi~ g>Were CD isreplottedas a function
of CU it canbe seenthatthecombinedeffectsofwingincidenceand

ah
,, &w\,,_
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bodycder result,ina smallreductionh dragduetolift;forlift
coefficientsdove 0.10,thehags ofthecsmberedanduncemberedcon-
figurationsarqthesame.Transonictestsindicatedthattherewasno
effectofbodycaniberonliftanddragcharacteristicsintheMachnum-
berrsngefrom0.80to 1.15.

Themostsignificanteffectofbodycauiberinboththepresenttests
andinthetransonictestswasto displacethepitching-momentcurvein
sucha directionasto reducethecontroldeflectionrequiredfortrim
(fig.7)andtherebyreducethetrtidrag.Forexamgle,ata liftcoef-
ficientof0.20,thepitching-mment”coefficient(*outtheone-qusrter
meanaerodynamicchord),requiredtotrimtheuncsnberedconfirmation
isO.~, whilefortheca@eredbody-wing(with3° incidence)the
pitching-momentcoefficientrequiredis only0.021(fig.7). Thus,the
reductionindragtobe reslizedisthedifferenceindragbetweenthe
tworequiredcontroldeflectionsfortrti. Sincethepresenttestsme
onlyfora wing-bodyconibination,it is somewhatinappropriateto tis-
cusstrimdragintheabsenceofelevensor a horizontaltail;however,
a similarshiftinthepitching-momentcurveduetobodycaniberwouldbe
~ected to applyto a completeairplaneconfiguration.

Movingthemomentreferenceaxisforwardorresrwardoftheone- .

quartermeanaerodynamic
aboutthe CL = O p?tit
a given CL)duetobody
be realizedthroughbody
of-gravitylocations.

Thesignificanceof

chordmerelyrotatesthepitching-momentcurve
anddoesnotchamgetheincrementin ~ (at
cauiber.Thuz,thereductionsintrimdragto
caniberwouldbe expectedto applyatall.center-

the
%

shiftobservedforthecanberedbody

canalsobe discussedframthestandpointof increasedmaneuverability
at supersonicspeeds.Present-dayaircrsftdesignedforhighaltitude,
highllachnumber(1.6to 2.o)operationusemuchoftheavslldlecdn-
troldeflectionmerelytomaintaintrimedconditionsleavinglittle
marginformaneuvering.Thecenberedfuselagewouldslletiate-this
problemto.someextent.Unpublisheddatawhichsubstantiatetheresults
ofthepresenttestshavebeenobtainedononemantiacturer’.smodelin
whichthecsxiberedbodyschemewasusedintheformofanupsweptafter-
bodytoachievea favorableshiftin ~. Further.agreementwas

obtainedfroma secondmanufacturer’stestsinwhichthecanberedbody
schemeconsistedofplacingthenosesectionat-apositiveangleof
incidenceinorderto shift .

%

—. .—— — ——. — .——... ..—. —
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EffectofWingticidence

Forthetwoincidenceanglesconsideredhereinonthecaiberedbody-
wing,therewasessentiallyno effectofwingincidenceonminimm drsg,
lift-curveslope,or~ lift-dragratio(figs.6 and8). Although
favorableshiftsh C& wereexhibitedby thecamberedbody-wingfor

bothincidenceanglestested(fig.7),evengreatershiftswouldhave
resultedwiththewingatloweranglesof incidence;however,dueto
modellimitationssuchconfigurationscouldnotbe obtainedinthese
tests.Ofthetwoincidenceanglesconsidered,theconfigurationwith
the3° incidence(measuredfromthebslanceaxis)causedthegreater
Shifi in % andwouldthereforeresultinthe-greaterredu~tionin

trhndrsg.

It isrecognizedthatnegativewingincidencewillcausea favor-
dle shiftin C~ fortheuncsaiberedbody-wingjustasthelessposi-

tivewingincidence(comparethe5° and3° cases)causeda favor~le
shiftin ~ forthecsnberedbody-wing.Suchimprovementsin ~

fromnegativeincidenceontheuncarberedbodywouldneedbe weighed
againstthedisadvants.gesofnegativeincidenceinlandingandtake-off
conditions.Thedbovementionedconfigurations,alongwithcontrols-
deflecteddatashouldbe thesubjectoffutureinvestigationandwould
needtobe carried-outbeforea finalevaluationofthecaniberedbody
schemecouldbe made.

CONCLUDINGREMARKS

An investigationhasbeenmadeintheIamgley4-by q-footsuper-
sonicpress~ tunnelto determinetheeffectsofbodycaniberonthe
longitudbalcharacteristicsof a wing-bodyconibtiationata Machnum-
berof1.61.A 60°deltawingof aspectratio2.31havingNACA65AO03
airfoilsectionswastestedin codxbationwiththefollowlngthree
bodies:(1)a basicparabolicbody(Sesrs-Haack),(2)a bodyindented
fora Machnumberof1.8,and(3)a bodywhichwasbothindentedsnd
csmbered.

Resultsindicatedthatbodycaniberhada significanteffectindis-
placingthepitching-momentm+rveina directionfavor~leforreduc~
thecontroldeflectionrequiredfortrim,therebyreduc~ thetrimdrag.
Fortheparticularconfigwationstestedat M
no effectonminimumtisgormsximumlift-drsg

= 1.61, bodycaiberhad
ratio.A comparisonof

. —. . .——. .—. —.— — —- —.. -——--— —-. — .—— ——— ———.
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thebasicpar@olicbodyandthe
indentationhadno effectonthe
bodycombination.

LangleyAeronauticalLaboratory,
NationslAdvisoryConmittee

uncsniberedindentedbodyindicatedthat
longitudinalcharacteristicsofthewing-

.

forAeronautics,
Ls@w Field, Va.,December21,1955.

lwFEmNcEs

1. Wbitconib,RichsrdT.,sndFischetti,ThomasL.: Developmentofa
SupersonicAreaRuleandanApplicationto theDesignof a Wing-
BodyConibinationHa- HighLift-to-DragRatios.NACAW L53H31aJ
1953.

2.Ioving,DonsldL.: A TranscmicIlmestigationofChsnghgbdentation
DesignMachNumberontheAerodynamicCharacteristicsofa 45°
Sweptback—W@-BodyC@inationDesignedforHighPerformance.
NAC!ARM L55J07,1956.

— _.— —— —-—.———-—-—-----—-— —.-——-



;H
NACARM L56A03

. .

(a)Forebo@

Fuselage
station

o
.5

1.0
1.5
2.0
2.5
3.0
395
k.o
4.5
5.0
5*5
6.0
6.5
7.0n
8.5
9.0
995

10.0
10.5
U*O
1.1.5

E:;
13.0
13.5
14.0
14.5

Radius,
h.

o
.165
.282
.378
.460
.540
.6I2
.680
.743
.806
.862
.917
.969

1.015
1.062
1.106
1.150
1.187
1.222
1.257
1.290
1.320
1.350
1.380
1.405
1.430
1.452
1.475
1.492
1.510

%ajor andminor
axesof eUipse. Major

. axisisinthevertical
plane.

.

Wa@%agm
TABLEI

BODYCOOFUXTUTES

Fuselage
station

15.0
15.5
16.0
16.5.
17.0
17.5
18.0
18.5
19,0
19.5
20.0
20.5
a.o
21.5
22.0
22.5
23.0 ,
23.5
24.o
24.5
25.0
25.5
26.0
26.5
27.0
27.5
28.0
28.5
~.o
%:
30.5
31.0
31.5
31.7

(b) Afterbodv

Basic-body
radius

1.527
1.542
1.556
1.568
1.578
1.587
1.594
1.599
1.603
1.605
1.606
1.606
1.604
1.601
1.596
1.589
1.%1
1.572
1.562
1~547
1.533
1.517
1.500
1.482
1.462
1.441
1.417
1.392
1.364
1● 335
1.303
1.273
1.233
1.199
1.185

tidentedbody

a*

1.527
1.542
1.556
1.569
1.578
1.587
1.594
1.599
1.603
1.605
1.606
1.606
1.604
1.601
1.596
1.589
1.%1
1.572
1.562
1.547
1● 533
1.517
1.500
1.482
1.462
1.441
1● 417
1.392
1.364
1.335
1.303
1.273
1.233
1.199
1.185

1.515
1.494
1.454
1.399
1.337
1.207
1.204
1.163
1.136
1.130
1.157
1.189
1.232
1.268
1.302
1.328
1● 339
1.340
1.335
1.331
1.327
1.322
1.316
1.310
1.302
1.294
1.289
1.285
1.283
1.281
1.278
1.263
1.233
1.199
1.185
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‘1

x

x H

o 0.913
0.50 .904

1.00 .896

1.50 . B87

2.00 .878

2.50 .869

3.00 .061

3.50 .852

4.00 .843

4,50 .834

5.00 .826

5.50 .817

4.00 .806

6.50 .800

7,00 .791

7.50 .781

6.00 .767

0.50 .747

9.00 .726

9.50 .697

[0.00 .661

x H

0.50 o! 670

11,00 .570

11.50 .520

!2,00 .463

12.50 .400

13.00 .327

13.50 ,250

14.00 .170

14.50 .080

15.00 -.015

15.50 -.113

16.00 -.208

16.50 -.288

17.00 -.353

17,5 0 -.396

sla 00 -.422

18.50 -.434

19.00 -.437
19.50 -.426

20.00 -.409

x H,
20.50 -0.391
21,00 -.374

21.50 -.3S6,

22.00 -.339

22.50 -.321

23.00 -.304

23.50 -.286

24.00 -.269

24.50 -.251

25.00 -.234

25.50 -.216

26.00 -.199

26.50 -.182

27.00 -. [64

27,50 -.147
28,00 -.129
28.50 -.112

29. 00 -,094
29.50 -.077

30.00 -.059

m
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CL

15

Figure4.- Effectofbody
1

a, deg

indentationonthe
at M= 1.61.

m~ t-.fl~~

liftanddragcharacteristics
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CD

CL

a, deg

me 5.- Effectofbodycamberontheliftandhag ctiacteristicsof
thevariouswing-bodyconfigurationsat M = 1.61.
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CD

.

“=10-8-6-4-202 46
a, deg

Figure 6.- EPfectofwingticidenceontheliftanddrag
at M= 1.61.
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me 7.- Pitching-momentcharacteristics
at M= 1.61.
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Effectof kdwtolion Effect d camber Effect of inddme

FWIW 8.- Mfi-drag ratios o; =Wl piouE configurations bated at
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me 9.- Variationof drag coefficientwith liftcoefficient
the confl.gwationateBted. M = 1.61.
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