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SUMMARY.

The resultsofanInvestigationMrectedatdetezmintigtheeffac-
tivenessofVa@ousamountsandspamlseexbentsofconicalceniberon
theaerodynamiccharacteristicsofa wing-body-tailcmbinatimemploy-
inga triangularwingofaspectratio2.2 =e presented.Thesurface
shapesinvestigatedweremodificationsofthosederivedfromlifting
surfacetheoryforaMachnumberof1.0.

Fivecsnhredwingsweretested,allofwhichweredesignedfora
Machnumberof1.0.Thewingstestedwerecsmberedavertheoutboard

● 10percentofthelocalsemispanfordesignllftcoefficientsof0.10and -
0.20andova theoutboard15percentofthelocalsemi~m”fordesign
Mft coeffickntsof0.10,0.20,and0.30.A planewingwasalsotested

. toprovidea basisforcomparison.Thelift,drag,andpitchingmoment
wereobtainedfora Machnmiberrangefrom0.70to1.X ata constant
Reynoldsnumberof3.0millionandforanglesof attackfrcm-4°to+~”=

Theexperimentalresultsshowedthata moderateSmolmtofcsm)er
resultedInsignificantreductionsofdragofthewing-body-tailccuubi-
nationatmibsonicandtransonicspeeds;atlowsuperscmicspeeds,how-
ever,onlysmallreductionsofdragme. realized.Theuseof~eater .
smxmtsofcsmberproducedlargereductionsIndragatlli’tcoefficients
above0.20forhighsubsonicandtransonicspeeds.AthighSUpe3WOIliC
speeds,however,thebenefitsofm= areconsiderablyreduc&iandgen-
erallyrestrictedtoliftcoefficlentsof0.30andabove.“In-se of
thespamlseextentofthecdberedE&eafrm 10to15:percentofthe
localsemispangenerallyresultedinsmallreductionofthemodeldrag
fora designliftcoefficientof0.20.Theliftandpitchingmome?xt.
werenotsignificantlyaffectedbythecsmber.
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&e oftheprimaryprerequisitesInthe.,tisignofanaircraftis
theachievementofthelowestpossibledrag.Foraircraftthatflyat
subsonicspeedsth$srequirestheminimizati~ofthefrictiondragend
ofthedragduetolift.Forairplanesthat:flyatsupersonicspeeds
anothersourceofdragmustbeconsidered-wavedreg.

Thepresentreportpresentstheresultsofanexperimentalinvesti-
gationdirectedatreducingthedragduetoliftatsubsonicandlow
supersonicspeedswhereitislargelyvortexdrag.Ithasbeenshownh
reference1 thata surfaceshapecouldbederivedhavingaerdynemic
characteristicswhichapprahatetheconditionsnecessarytoattainthe
minimumvortexdragfortriangularwings,nemely,thatthespan1-
distributiona~roximateanellipseandthattheequivalentofthetheo-
reticalleading-edgethrustberealized.Theexperimental.studiesof
references1 and2 shuwthata modificationofthesurfaceshapedesig-
natedascomicalcamberresultedinhrgereductionsinthedragdueto
liftVdUeS Of suchWi~S . The data also showed,however,thatatsuper-
sonicspeedsanIncreaseinthedzagnearzeroliftresultedfrautha
camber.Subsequentstudieshaveindicatedthata smalleramountof
camberthanoriginallytestedmightbeadvantageousinthatthezero-
liftdragpenaltieswouldbereducedatsupersonicspeedswithlittle
detrimenttothedragreductionsatsubsonicspeeds.

A studywasundertaken,therefore,todeterminetheeffectiveness
ofvariousamounts-endextentsofconicalcemberontheeerodynemlccharac-
teristicsofa low-aspect-ratiotriangularwing.Thetestswereconducted
ona mcdelofa fighterairplanehavinganaspect-ratio-2.2wingoftri-
angularplanformconicallycamberedovertwodifferentspanwlseextents
forseveraldesignliftcoefficients.Thepyesentpaperpresentsa
comparisonoftheexperimentaldataobtainedforthemodelwiththeplane
andcamberedwings.SanecomparisonsarealsomadebetweenexperhentaJ
drsgresultsandthetheoreticalvaluesobtainedforfullandnoleading-
edgesuction.

a

b

SYMBOIS

ratiooftheslopeofa rayfrcmthewingapexdefiningthe
inboardextentofthecamber totheslopeofthewing
leadingedge

localspan,measuredata streamwisestationx
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c local chord,measuredata spanwisestationy
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meanaerodynamicchord

sectionliftcoefficient,

rootchord

dragcoefficient,$:

dragcoefficientofplane

sectionlift
qc

wingatzerolift

incrementindragcoefficientduetocamber(dragcoefficient
ofCsnlberedwtngminusdragcoefficientofplaneWing)for
ccmstantMft coefficient

Ilftcc@ficknt,,*

designMft coefficient

liftcoefficientformaximum#

pitching-manentcoefficient,‘itcMW ‘rent,referredtoanqsa
axis0.0166abovethelateralaxiswhichpassesthroughthe
meanaerodynamicchordat0.2755

CL
lift-dregratio,

%
maximumlift-dragratio

slopeofwingleadingedge,cotA

free-stresmWch number,

free-streamdynamicpressure

plan-formareaofwing,Includingthatportionwithinthebody
formedbyextenMngtheleadingandtraildngedgestothe
planeofsynmetry

Cartesiancoordinatesinstremse, s~tise,* vertlc~
directions,respectively
(Theoriginisatthewingapex.)

angleofattackofwingrootchoti,*8

angleofsweepbackofwinglaad@ edge,*8
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THEORETICALCONSI~RATIKINS
*

Inthetheoreticaldevelopmentofreference1,Itw shownthata
conicallycembered.surfaceshapecouldbede:rived.whichsatisfiedthe
tworequirementsnecessarytotheattainmentoflow~%! dueto~ft f~r “- ~
tingshavingsubsonicleadingedges,~1-y, thatthesP= loadflstri-
butionapproxhateanellipseandthattheequivalentofthetheoreti~ ~
leading-edgethrustbedeveloped.Thetheo=ticall.yderivedcember
extendedavertheentirewing;hgwever,asshownInreference1,most

—

ofthecemberwasconfinedtotheoutbcards’ectionsofthswing.Itwas
concludedthereforethat,inordertosimplifyconstruction,thewingcould
bemadep~ overtheinbti 80percentofthelocalsemispanwithout
significemtl.yalteringthespanwlseloaddis-tributionortiverselyaffect-, _
ingthedevel~entoftheequivalentthrustforce.Thiswzsverlf’ied.
experimentallyinreference2whereinitwasshownthatatsubsonicspeeds

.

thewingsincorporatingthemodifiedconicalcamberrealizedessentially
thedragduetoliftassociatedwitha planewinghavingelliPtfc~sPan ~
loaddistributionandfuU leading-edgesuction.

.=.=

Inthedesign”ofairctittheextentofthewingwhichcanbecem-
beredisoftenlimitedbystructuralconsiderations,sothatitisof

L

interesttodeterminetheeffectsofvariousextentsanddegreesof
conicalcamber.Thewingsutilizedforthepresenttivestigation,there-

---

fore,cmtainedmodificationsinadditiontothosedescribedaboveto
petitvariationoftheextentanddegreeofcember.Thedegreeof
camberordisplacementofthewingleadingedgewasobtaineddlrectl.y

—

frcmthedesignchqrtsofreference2 for~ properdes~ ~ft coef—_ - j_
ficientandMch number.Sinceitwasdesiredtocamberoversmaller

._..——

percentsofthesemispauthanths0.20valueforwhichthedesigncharts
ofreference2werederived,anapproximationtotheshapeofthecember ●

linewasnecessary.A parabolicvariationofthecamberlinewasarbl-
trarll.ychosenframthewingleadingedgetq..W.fib- -tent~ @_ ..___.;
camberandisshowninfIgure1. Alsoshowninfigure1 forcanparison
aretheordinatesofthemodifiedtheoreticalsurfaceasobtainedfran
thedesignchartsofreference2 fora designl&chnuuiberof1.0. The
paraboliccamberlinehadasitsvertexthepointoftangencyofthe
camberedsurfaceandtheplanesurfaceandisdefinedbytheequation_

.-

shownInfigure1 fora designMachnmberof1.0.Sincethebasic
req,ulrementnecesssrytotheat~nt oftheequivalentleading-edge
thrustforce,thatIs,thatthewingleadingedgebecembered,hasnot
beeninvalidatedbythesemodifications,itisreasonabletoexpectthat
aneffectiveforceinthethrustdirectionwouldstilJberealized.The
questionarises,however,asto“whateffectthesemddf’icationswould
haveontheotherrequirement,theSpaIllo~- distribution.An-iS
basedonthelinearliftingsurfacetheorywasmade,therefore,todeter-
minethespanloadingfortheprecisewingsluwes that w--= tested. The ~

coNFIrx3NTIhL. .- ..—

.
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resultsofthisstudyareshowninsketch(a)whereitcanbe seenthat
thetheoreticalspanbadingforthewtngscsmheredoverboth10and15
percentofthesemispan=e notgreatlydifferentfromtheelliptical.
Itwouldbe expected,therefore,thatatthedesignconditirmsthebag
duetoliftofthewingswitha psrabolicvsxlationofthecemberMe
wouldcloselyapproximatethemin3mumdragduetoliftforawingofthis .
aspectratio.

GG=&

2
Gamberedover10-peroant!?J

Sketch(a)

APPARATUSANDMoDEIs
.

TestFacility

b.
The~erlmentalstudiesreportedherein

IS-by6-footsupersonicwindtunnel,whichis

2
Gambaredaver15-percent~

+

wereconductedintheAmes
oftheclosed-circuit,

variable-pressuretypeutilizingan-asymmetricadjustablenozzleto-obtain
a ~ch numberrangecontinuousfrom0.7to2.2.Thetransoniccapabilities
aretheresultofrecentmodificationsprovidingperforatedupperand
lowertest-secthnwalls.A partofthebomdarylayerisremovedthrough
theperforationstoimprovethestreamcharacteristics.~ upwardexten-
sionoftheBkchnumberrangewasobtainedbytheuseofinjectorflaps
downstreamofthetestsectiontoreducethereqtiredcompressionratio
acrossthenozzleandtobettermatchtheweightflowclm?acteristicsof
thenozzletothoseoftheccmrpressor.

Anextensivesurveyofthewind-tunnelstreamcharacteristicswas
9 undertakenuponccanpletionofthemodifications.~is oftheresults

ofthesurvey,althoughincomplete,aresufficiently
thefactthatthestresmimperfectionsdonotaffect

. resultsofthepresentinvestigation.

comrmNTIAL
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Thepresentresearchprogramwasdirectedprimarilytotheinvesti-
gationoftheeffectsofvarfousamountsandextentsofconicalcamber
onthedragcharacteristicsofa wingoftriangularplanform.Forthis
purposea canpleteconfigurationcmprisinga triangularwing,indented
bdy withopeninlets,ad a verticaltail,similartothatofa con-
temporaryfighterairplanewasused.Figures2 and3 showthetestmodel.
ThetriangWbrwing,whichwasofaspectratio2.2,wasfittedwith
removableleadingedgesinordertopermitrspidchangesIntheSmount
ofcamber.TTWwingsxea,leading-edgesweep,andaspectratiowere
unchangedbythecambermodificationstotheleadingedge.

Fivecamberedwings,allofwhichweredesignedfora l&chnumber_
of1.0,weretested.Twoofthewingsincorporatedcsmberoverthe
outboard10percentofthelocalsemispanandthreeincorporatedcamber
overtheoutboard15percentofthelocalse@.span.Thedegreeofcamber
incorporateduvertheoutboard10percentcorrespondedtodesignlift
coefficientsof0.10and0.20.Thedegreeofcsniberincorporatedover
theoutboard15percentcorrespondedtodestgqMft coefficientsof0.10,
0.20,and0.30. The designofeachofthecqmberedsurfacesconformed“~
withthemethoddescribedunder“Theoretical.Considerations.” A plane
wingwasalsotestedtoprovidea basisforcomparison.Thethickness
distributicmusedforboththeplaneandthecamberedwingsistabulated
intableI andwasamodifiedNACA0003.9-65.section.

TESTSAND PRocEDm

RangeofTestVariables

ExperimentaldatawereobtainedduringtheInvestigationavera Mach
numberrangefran0.70to1.90andaveras@de a range of attitudesas
waspossiblefr= structuralconsiderations.Ingeneral,anglesofattack
from-4°to+12°werethelimitsoftherangeofthisvariable.Data
wereobtainedfora Reynoldsnwberof3.0miUionbasedonthewingmean
aerodynamicchord.

AtthelowReynoldsnumbersatwhichtestsareconductedinmost
windtunnels,thelocationofthetransitionfrcma leminartoa turbulent
typeofboundarylayerisinfluencedbyUt coefficient.Inorderthat
theccanparisonsmade,particularlyofthedregcharacteristics,befor&
consistenttypeofboundary-layerflowthroughoutthelift-coefficient
remge,sanemeansofmaintainingtransitionatthesamelocationforall
liftc~fficientsisnecessary.Theresultsofreference3 havelnU-
catedthatturbulentfluwonwingscanbeobtainedbytheuseofwires.
Thewiresizerequiredtoprmuoteturbulentflawisdepen&ntontest
kch mmberandtheReynoldsnumberbasedonthemeanaerodynamicchord9
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tithebasisoftheseresultsthedataofthepresentinvestigationwere
v obtainedwithO.010-inch-dismeterwireftiedonthebody,verticaltail

andonthewingsneartheleaUngedges(seefig.3).

ReductionofData

ThedatapresentedhereinhavebeenreducedtostandardNACAcoef-
ficientform.Thepitching-mmentcoefficientswerereferredtoa lateral.
axiswhichpassesthrougha pointat0.2’756behindtheleadingedgeof
thewingmeanae~ c chordandO.QL5cabovethemeanaerodynamic
chord.Thedragcoefficientswereadjustedtotakeaccountofmeasured
internsldregandare,therefore,externaldragcoefficients.Factors
whichaffecttheaccuracyoftheresultsarediscussedinthefollbwing
paragraphs.

Streamvariations.- Extensivesurveysofthestreamcharacteristics
weremadeintheheS 6- by6-footwindtunnelthrou@ut theavaibble
Machnumberrmge. Thedatashowedthatoverthemodellengthessentially
nostresmcurvatureexistedinthepitchplaneofthemodelandthatthe
axialstatic-pressurevariationswerelessthanflpercentofthedynamic
pressure.Forthemodelsinvestigatedhereinthisstatic-pressurevtia-
tlonresultedinnegligiblecorrectionstothedragduetolongitudinal
buoyancy.Therefore,nocorrectionstothedataforstreamcurvatureor
static-pressurevariatimsweremadeforthepresentinvestigation.

. A strewnanglewasfoundtoexistIntheverticalplaneinthetest
section(thepitchplaneofthemodel)whl.chvariedwithMachnmber.
Testofthem&el ofthepresentinvestigationInbothnomnalandinverted

. attitudescorroboratedcloselythemagnitudeofthestreamangleobtained
frana conesurvey.Thedatapresentedhereinhavebeen~usted forthe
stresmanglewhichwasasmuchas0.25°dmnfluwata Machnumberof1.0.

Support Interference .- Theeffectsof modelsupportinterference
ontheaerodynamiccharacteristicswereconsideredtoconsistprimarily
ofa changeinthebasepressureofthemodel.Thebasepressurewas
measured,therefore,andthedragdataweread@stedtocorrespondtoa
basepressureequaltothefree-streamstaticpressure.

Tumnelwall interference.-Inordertoestablishtheusefulnessof
the6- by6-footwindtumnelasa testfaci~ty,particularlyattran-
sonicandlowsupersonicspeedswherereflecteddisturbancesmighttiect
theresults,thetunnelcalibrationtestswereatendedtoillCIUdeMO&U

8 of varioussizesandplanforms.Theseunpublisheddataindicatethat
asa resultoftheperforatedfloorandcelWng,rel..labledatacouldbe
obtainedthroughouttheIkchnmberrangeofthefacilitywithcertain

. restrictionsonmdel sizeandmodelattitude.Althoughthemodelgeo-
metriccharacteristicsandrangeofmodelattitudesnecessarytoobtain
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interference-freedatahavenotbeenccanpletelydefined,sufficientdata
areavailabletoindicatethatfortheconfigurationofthepresent
investigation,thedataobtainedattransonicandlowsupersonicspeeds
aresufficientlyfreetiwallinterferenceefYectsthatconclusionsdrawn
wouldnotbetiected.Thus,nocorrectionforthiseffecthasbeenmade.

RESULTSANDDISCIBSION

TheccmpleteresultsofthisinvestigationaretabulatedintableII.
Theportionofthedatawhich=e analyzedarealsopresentedgraphically.
Infigure4(a)thedragresultsobtainedforwingscsmberedoverthe
outboard10percent& thelocalsemispanfor.desfgnMt coefffcfentsof .. :.
0.10and0.20arecanparedwiththoseobtainedfora planewing.Fig-
ureJ(b)showsa similarccmparismforwingsc=iberedover~ outb~ - “~
15percentofthelocalsemispanfordesignMft coefficientsof0.10,
0.20,and0.30. Figures5 through8 aredevqtedtofurtherccauparisons”
ofthedragresultsobtainedfrm theplaneandcamberedWings.Idft
andmomentdataarepresentedinfigures9,10,andU.

—
— ...

DragCharacteristics

Theeffectivenessof thev=iouscambersinredmingthedragdesult-
ingfromliftforthemodelofthepresentinvestigationcanbeseenin _ -.
figure4. A reductionofthedragresulting.?runliftissho~to=fst b:
throughoutthetestBkchnmberr=ge forallthec=~red tiWS,~tho~ _
a dragpenaltywasincurrednearzeroliftforthemodelhavingwings
csmberedfordesignliftcoefficientsof0.m.@ 0.30.~ model~th - .,
thewingcaberedfora liftcoefficientofIl.10,however,exhibited
equal.orlesszero-liftdragthanwiththeplanewingatMachnumbers
lessthan1.9. Whenthereasonsforthereductionofdragatzerolift
areconsidered,itisnecessarytorealizethatforboththecaribered
andtheplanewingqzerowinglift(wheredragduetowingliftwaszero)
occurredatsanenegativemodelliftcoefficient(seefig.10)asa result ‘=
ofthecamberedbodyandwing-bmlyinterfe-ceeffects.Therefore,at
conditionsofzero.totallifta finiteamountofpositiveliftwascarried
bythevingsandthepossibilityofa reductionindragforthecaibered
wingsfranthatof.-theplanewi~.existedduetothedevelupnentofan
effectiveleading-edgethrustforthecsabea wing.

Todemonstratemorecle=lythereductionindragresultingfran ,
theeffectiveleading-edgethrustdevelopedBythecemberedwings,a
canparisonisshowninfigure5 ofthevariationof~ coefficient~th m .
Machnumberfortheplaneandcamberedwingsatseveralliftcoefficients.
A comparisonoftheresultsobtainedforthewingscamberedfora lift .
coefficientof0.10withthosefortheplanewingshows&t significant-.
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reductionsindragatliftingconditionswererealizedbythecsmbered
wingsatsubmnicandtransmitspeedswithessentiallynopenaltyin

w zero-Mftdrag.Ihthesue speedrangethewingsIncorporatinggreater
amountsofcamberrealizedevenlargerdragreductionsforUft coef-
ficientsabove0.20butattheexpenseofanincreaseddragatzerolift.
Althoughthebeneficialeffectsofthecsaiberedlea edgesweregreat-
estatsubsonicandtransmitspeeds,itappearsthata portionofthe
effectiveleading-edgethrustwasalsorealizedatlowsupersonicspeeds.
Atthehigher~ersonicspeeds,however,thebenefitsofcaniberare
considerablyreducedandarerestrictedtoldftcoefficientsof0.30and
above.Theunusualvariationofthedragcoefficientinthetransonic
speedrangenotedh figure5(a)forthewingcsniberedfora liftcoef-
ficientof0.10isnotconsistentwiththeresultsoftheotherwings
andisnotclearlyunderstood.

TheprecedingresultshaveshownthatWge reductionsindrag
coefficientscanberealizedatmibsonicandtransdnicspeedsona tri-
~w wingwithvarioussmountsand~ents ofconicalcamber.The
resultsshowninfigure6,whichpresentstheincrementaldragcoeffi-
cientsduetoceaiberasa functionof&signliftcoefficientatseveral
Machnumbers,areincludedasa guidetoindicatetheSmountofCaniba
necessarytoachievethemostdesirableoveralldragc-acteristics.

Examinationoftheresultsshowninfigure6 indicatesthatsane
amountofcsriber(ordesignliftcoefficient)canusuallybechosen
beyondwhichfurtherreductionsofdragwillnotberealizedforthe
usualcruiselift-coefficientrange.Itmustberemembered,hawever,

. thatthetestliftcoefficientsshowninthisfigurearenotthoseof
thewingbutthoseofthecoqletemodeland,hence,thedragincrements
shownarestrictlyapplicableonlyforthispsrticulemmodel.It iS

. evidentfromthesedatathatforflightliftcoefficientsupto0.20the
csmberemployedshouldnotexceedthatcorrespondbgtothedesignlift
coefficientofabout0.20.Forflightliftcoefficientsabove0.20the
resultsoffigure6(b)showthatgreatersmountsofcsaberresulted~
largereductionsin&ag atsubsonicspeeds.However,suchincreasesin
amountofcauiberwereaccompaniedby increasesinthezero-liftdrag
throughoutthespeedrange.

TheeffectsofthespanwL6eextentofthecsniberm thedra charac-
?teristicsmaybe seenby comparisonoffigure6(b)withfigure6 a). For

desl~liftcoefficientsof0.10therewaslittledifferenceintheresults
obtainedforthewingsceniberedover10and15percentofthelocalsemi-
span.Fordesignliftcoefficientsof0.20,however,thedatatidicate
thatthewingcsmberedaverthe15-percentsemispanhadsmewhatsuperia
dragcharacteristicsthandidthewingcamb=edoverlopercentofthe& semispan.Thisisapparentlyduetothesmallerpenaltyindragatz~o
liftthatisassociatedwiththemoregradualcontouringofthewing
camberedover15percentofthesemispan..

CONFIDENTIAL
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Topermit assessmentoftheeffectsofconicalcembercmthelift-
dregcharacteristicsofthemodel,figure7 presentsa ccqarisonof
lift-dragratioasa functionofliftcoefficientforthemodelwiththe
planeandcsmberedwings.Thebeneficialef7ectofthecamberisagatn
evidentforMch numbersupthrough1.2andlfurthermore,itisshown
thatthiseffectexistsforalltestliftcoefficientsaboveabout0.10.

#

r

Infigure8,themsximumlift-drsgratiosmeasuredfortheplane-
wingmodelandthemodelswiththevariouscamberedleadingedgesare
summarizedasfunctionsofMachnumber.Fodcomparativepurposes,curves
areslsoshowncorrespmdingtothefullandnoleding-edgesuction
casesfora wingofthisplanfom calculatedfrcmthevaluesofzero-
liftdragmeasuredforthemodelwiththeplanewing.Inasmuchasthese

—

experimentalzero-liftdrsgsdonotcorrespondtoconditionsofzero
wingliftthesecurvesarenotstrictlyapplicabletothetestwing-body-

—

tailcombinations.Theypresent,however,anappraimatemeansofca-
peringtheproportionsoftheavailablelead@g-edgethrustsobtained
bythecsmberedwings.

—

Ifthecalculatedcurvesareassumedtobelimitsoftheeffectof
leading-edgesuction,themosthighlycsmberedwing(C

3
= 0.30)canbe

seentohaveattaineda valueofmaxlmmlift-dragrati approaching
thatforfullleading-edgethrustata -h nwberof0.70(seefig.8(b)). ~
Althoughscmewhatlowerthanforthewingcamberedfora liftcoefficient
of0.30,theMimum lift-dragratiosforthewingscamberedfordeslq.,
liftcoefficientsof0.10and0.20wereeq~ toorhigherthanthose
fortheplanewingforMachnwbersUPto1.5. llvenfora Machn~ber
of1.9onlythewingcsmberedovertheoutboard10percentofthelocal ●

semispanfora liftcoefficientof0.20~rienced a measurablereduc-
tionofmaximumlift-&agratiobelowthatfortheplanewing.Ingen-
eral,increasingtheextentofthecamberf- 10-to15-percentsemispan

..
resultedinonlyslightchangesInthemaximumlift-dregratio.Asa
pointofgeneralinterestitshouldbementionedthattheunusualvaria-
tionofmaximwllft-dragratioattransonicspeedsforthewingcambered
fora liftcoefficientof0.10showninfigure8(a)isnotclearlyunder-
stood.Itresults,however,franthetiorementioneddecreaseindrag
atllft shuwnforthisconfigurationinthisspeedrange(seefig.5(a)).

Inordertoshowtheeffectsofcamber“ontheMft coefficientfor
maximumlift-dragratio,figure9 IsIncludedwhichpresents%@ as
a functionofMachnmber. Thsresultsare@ interestInthattheyshow
thatthecmberedwingsrealizethe~um lift-dragratioatlift
coefficientswhichaxenotgreatlydifferentfra thatoftheplanewing.

—

.

CONFTIYENTTAL
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LiftandMomentCWacteristics

Duringthisinvestigation~erimentalresultswerealsoobtained
showingtheeffectsofconicalcamberontheUft andmcmentcharact~-
isticsofthetestmodels.Theliftandpitching-momentcurvesshownin
figures10and11forthecsmberedwingsareessentiallyparallelwith
thosefortheplanewinganddisplacedonlyslightly.A smallpositive
shiftintheangleforzeroliftwhichisduetoeffectivewashout
resultingfromcaniberisoflittlesignificancebutthepositiveshift
inpitchingmomentshouldresultina smalldecreaseintrimdrag.

CONCLUSIONS

An qer~tsl investigationwasmadetodetezminetheeffective- ‘
nessofvsriousamountsandextentsofconicalcamberinreducingthe
dragresultingfrcmliftona triangulexwingofaspectratio2.2in
combinationwitha bodyandverticaltail.Theresultsofthisinvesti-
gationshowed:

1. Theuseofa moderateamountofconicalcamberresultedin
significantdragreductionsthroughouttherangeofpositi’veliftcoef-
ficientsformibsonicandtrausonicspeeds.Furthermore,sanereduction
ofdragatliftingconditionswasachievedatsupersmicspeedswith
essentiallynopenaltyindragatzerollft.

. 2. Theuseofgreat=amountsofcsmiberproducedMge reductions
ofdragathighliftcoefficientsforsubsonicandtransonicspeedswith
littlepenaltyindragatzerolift.Thecsauberwaseffectiveinreducing
thedragathigh~ersonlcspeedsonlyatMft coefficientsof0.30azld
above.

3. -W theextentofthecambered=ea ficm10percentto
15percentofthelocalsemispanresultedinslight~rovementsindrag
ckacteristicsfora designliftcoefficientof0.20.

4. Theliftsadpitching-momentcharacteristicswerenotsignifi-
cantlyaffectedbythecsmber.

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,Calif.,Jan.10,1957

confident



12

REFERENCE

NACARMA57A10

1. IIall, CharlesF.: Idft,DregandPitchingMomentofIaw-Aepect-Ratio
WingsatSubsonicandSupersonicSpeeds.NACARMA53A30,1953.

.-
“

.—

3. Winter,K.G.,Scott-WIWcm,J.B.,andDavies,F.V.: Methm of
Determinationandd FixingBoundary-LayerTransitioncmWindmel
ModelsatSupersonicSpeeds.R.A.E.TMAero.2341,British,
Sept.19. —

C@%FIDENTIAL

●

.



NACARMA57A10 CONFIDENTIAL

TABLEI.-THICKNESSDISTRINECION

13

OFWTNGS

~
o

.0050
●0100
.0250
.0500
.1000
.2000
.3000
.4000
.5000
.6000
.7000
.8000
.gooo

1.0000
L.E.R.=

.

.

z/c
o
*.0038
*.0052
*.0077
*.0100
*.0128
*.0159
*.0178
*.o188
*.0194
*.0192
*.0177
*.0136
*.0070
0

).0017C

commIAL



14 CKmmmlTIKG HACARMA~AIO

TABIXEII.-AERODYNAMICCOEFFICIENTSFORMODELHAVINGA TRIANGULARWING
OFASPECTRATIO2.2,3.9PERCENT~CK; ~ = 3.OXl@

(a)UncemberedWing

Iia&
-4.32
-2.07
-:g

1.20
2.34

z
.53

6:$
9.04

-4.61
-2.32
-1.23
-.03
1.04
2.21
3.43
4.51
6.80
9.20

-4.&
-2.47
-I.36
-.20
.@
2.o4
3929
4.42
6.65
9.U2

%

-0.229
-.122
-.072
-.023
.026
.o&l.
.138
.192
:%

-.274
-.153
“.097’
-.041

.Cn.2

.070

.134

.195

.330

.473
-.300
-.170
-.UZ!
-.052

.007

.067

.136

.203
,342
.498

0.0261.
.o154
.o132
.0123
.o1.25
.o139
●o173
.0233
.04ti
.0717
.0321.
.Ola
.0146
.0130
.0130
.0144
.m83
.0247
.0470
.o&26
.0371.
.0204
.Ol@
.0142
.0137
.0147
Q@
.0261
.0488
.W

0.024
.014
.008
.004

-.000
-.(x%
-cm
-.016
-.026
-.034

.038
::;

.009
●003

-.004
-*o12
- .(x8
-.034
-.051

..054

.033

.024
●U
.006

-.003
-.W
-.022
-.041
-.066

M

1.00

1.20

1.X

t

C&
-4.90
-2.55
-1.45
“*29
.&l.

1.97
2:$
6.56
9.01

-k.&l.
-2.45
-1.35

-.19

2:%
3.32
4.45
6.70
9.03

-4.43
-2.12
-1.03

●u.
1.20
2.30
pJ

6:87
9.17

-0.308
-.l?l
- .IL3
-~053

.003

.063

.136

.206

.349
●W7

-.281
-.151
-.094
-.032
●W
.a
.155
.Zlg
.348
.475

-.213
-.ILO
-.062
-.010

.038

.090

.14g

.200

.3Cm

.398
I

M & % % -
1.90-4.56

-2.31
-1.21
-.04

.94
2.09
3.27
4.32
;.$
.

-0.170
-@m
-~053
-.010
.025
.064
.108
.144
.21.9
9293

coNFIntlm

0.0366
.026Q
.0231.
.(xn8
.0217
.0234
.0267
●0312
.0438
.0628

AL.

%

0.034
.Olg
.OU.
.003

-.004
-.ol$!
-.oa
-.028
-.043
-.058

.

?0

0.0454
.02’70
.0235
.0208
.0203
.0203
.0244
.0320
.0528
.0943

.0486
●0325
.0283
.0258
.0254
.0271.
.0318
.0389
.0608
,0934

.0408

.0283

.0253

.0240

.0243

.0265

.0314

.0378

.0562

.0&2g

%

0.061.
.037
.027
.018
●w
.Oo1

-. OI.I.
-.022
-.044
-.07’7

.069

.042
●030
.oI-8

-:3
-.020
-.033
-*059
-.*

.051

.029

.(XI.9
●W

-.oo1
-au
-.024
-.035
-9055
-.076

,

.

..

.

.—
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TABLEII.-AEZ3ODYNAMICCOEFFICIEL!N!SFORMODELHAWNGA TRIANGULARWING
QFASPECTRATIO2.2,3.9PERCENT~CK; R = 3.0)dOe- Continued
(b)Wingcambereduveroutboard10-percentoflocalsemispan,

CT = 0.10atM = 1.0

M

0.70

0.90

0.95

&
-4.31
-2.05
-:::

1.14
2.26
3.44
4.56
6.66
0.97
13.52

-4.64
-2.32
-1.24
-.05
1.03
2.18
3.33
4.49
6.66
9.06
u.28

-4.83
-2.49
-1.44
-.22
.m

2.02
3.13

~::

10:U

%

-0.251.
-●U9
-.086
-.034
.cu6
.(%6
.120
.174
:%8

.634

-.301
-.173
-.sL6
-.053

:F7
.115
.174

8:;
.515

-.3=
-.190
-.130
-.064
-.005
.053
.U4
.176
.m
.469
.*

u

3.0316
.o18y
.0L53
.m32
.03.25
.0128
.@8
.Olyy
.W
.0610
.1449

.0385

.oZn.4

.OI.68

.OI.37

.-

.o132

.o160

.094

.0368

.O’E3

.og44

.0421

.0233

.0183

.o145

.0126

.m

.01A6

.0179

.0372

.C@14

.0959
—
M

1.90

%

0.027
.017
.012
●W
.002
-.002
-.007
-.o12
-.m
-.031
-.045

.045

.Ce8

.m

.o13

.006
-*CXX
::g:

‘.W
-.044
-.052

.058

.038

.031.

.Olg

.009

%J

-.033
-.059
-.067
—

&
-4.54
-I.25
-2.30
-Xl
.94
2.06
:.;;

6:41
8.6I.
13.05

M

1.00

1.20

1.50

-0.180
-.065
-.103
-.024
.o13
.053
.094
.=3
.-
.283
.418

tgg

-4.9
-2.6
-1.4
-.
.;
1.9
3.1

::;
8.9
U.3

-4.9
-2.3
-1.3
-.

.;
2.ti
3.2

::2

1%:

-4.5
-2.lJ
-1.(I
.0!1.1!
2.3]
3.!34.61
6.6

1%::

r

0.0396
.0249
.02a
.=53
.0226
.0234
.0261
.03m
.0414
.0591
9-3

%

-o.331
-.194
-.=
-.067
-.008
●m
.U3
.180
●33
.484
.@
.3CX3
-.168
-.106
-.043
.014
.074
.140
.205
●335

:%
-.224
-.120
-*m
-.(X.9
.031
.083
.136
.18a
.289
●3W
.563

%

0.036
.Olk

:Z
-.002
-.009
-.a8
-.026
-.041
-.056
-.083

%

o.0519
.0317
.0251
.0221.
.-3
.o165
.olg8
.0245
.0454
.0838
.1326

.0544

.0353

.@%

.0264

.m
9@57
.-
.0342
.0531
.0858
.1745

.0444

.0300

.0262

.a241

.0240

.-

.-

.0348

.m7

.0765

.1458

T
0.067
.043
.032
.-
.012
.003
-.0(%
-.014
-.041
-.W
-.099
.074
.047
.034
.W1.
●W
-.003
-.(IL6
-.030
-.056
-o@
-.132

.054

.032

.022
●011

-:E
-.020
-.OQ
-.053
-.073
-.11o

CmmmmAL



16 CONFIDENTIAL. NACARMA57A10

TABLEII.-AER~C COEFFICIENTSFOR= HAVTKGA -GUI&l WING
OFASPECT.RATIO2.2,3.9PERCENTTHICK;R = 3.0xl#9- Continued

●

(c)Wingcamberedoveroutboard10percentoflocalsemispan,
CLd= 0.20atM = 1.0—

..—
---

w—
.—

M d~g % % cm M ~g % % %

0.70 -4.47 -0.276 0.0398 0.030 1.(M ::% -::~k O:aa; 0.072
-2.09-.155.0235.03.9 .047
-1.02-.103 ●01.91.OI.4 -1:52-.Mg .0308.037
.U -.047.o161 -*35 -.@ ;~b :%
1.17 .003 .01h5:3 .76 -.022
2.24 .054 .o144 0 1.g2 :% .021g.007
~.~ .1.13.0155-.006 3.10 .0223-.W3

.162 .0175-*OJ.J. 4“.21.168 .0247-*OM!
6:63 .263 .0256-.019 :.2 .307 .0380-.034
8.90 .380 .0451-.029 .470 .0739-.067

U-:25 .61A .I.203-*W

C).go-4.74-.323.- .04 1*~ ::.: -:g :g; :%8
-2.37-.193.0272.032
-1.24-.132.0212.024 -1:42-●W .0336.039
-*W -.072.Oln .o17 -*29 -.060.0292.026
.95 -.o15.0153.009 .M :% .0272●~3
2.16 .045 .o.149.C#2 i.gg .-
3*37 .107 .OMSO-.ti 3.22 .131 .0298-.01:
4.45 .163 .0186-.CLI.2 4.38 .194 .0345-*m
6.63 ●279 ●W9 -.@4 6.59 .39 .0506-.051
9.04 .415 .0581-.039 .450 ●0’7m-.078

%3 .687 .1650-.3.28

0.95-4.94-.351.0520-A%; 1.X -4.49-.234.0493.056
-2.58-.21.3.0301 -2.24-.134.0341.035
-1.44-.149.oe32.034 -log -.084.0295.025
-.26 -.084.o184.023 .05 -.032
.84

.0267.015
-.022.0162.03.3 1.16 .020 .0261.-:%

3.22 .108 .0178-.006 E.32 .071 .0272
2.00 .043 .0156.003 :.g .3-26.0305-.oI.8
4.33 .168 .CUgg-*W .178 .0358-~w
6.51 .292 .0333-.030 6:83 .276 .0508-.049
8.89 .430 .0624-.044 9.14 ●377 .07k3-.070

# I 1 #
M

l.go

d%g

-4.61
-2.32
-1.25
-.19
●W
2.02
3.13
4.28
6.35
B

-0.186
- .Ilo
-.073
-.034

.003

.042

.083

.122

.195
A

%

.W5

.0248

.-3

.0276

.03U

.0414
m

cm
0.037

.023

.016

.008

.001
-.c06
-.015
-.022
-.037

S?zi

.
●

✎

.

.

coN??Immrm
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TABLEII.-AERODXNAMICCOEFFICIENTSFORMODELHAVINGA TRIANGULARWING
OFASPECTRATIO2.2, 3.9_CENT~CK; R = 3.0X106- Continued
(d)Wingcamberedoveroutboard15percentoflocalsemtspan,

.

M

0.70

0.90

0.95

cLd= 0.10 atM = 1.0

L&g

-4.36
-2.10
-1.03
.14
1.19
2.2-7
3.43
4.54
6.67
9.02
M3.16

-4.6g
-2.30
-1.20
-.04
1.04
2.18
3*33
4.49
6.72
9.09

-4.83
-2.s4
-1.38
-.22
2.02
3.13
4.35
6.56
9.01
10.15

%

-0.248
-.134
-.084
-.030
ala
.064
.IJ_8
.169
.282
.41J
.462

-.s9
-.167
-.11.1
-.051
.003
.056
.113
.173
.300
.443

-.3=
-lag
- .H
-.061
.053
.IJ.3
.178
.314
.W
.537

% I cm

0.03210.025
.o185 .oI-6
.o151 .(XU
.Ol$?g .006
.o125 .COl
.0130 -.002
.OI.48-.0CY7
.0179 -.012
.0323-.022
.o&L6~.Oy.
.0783 -.031.

M

1.00

.0399 .043 1.20

.0220 .026

.o173 .om

.0146 .012
SXL38 .005
.o142 -ml
.u61.-.007
.0200-.o14
.0383-.028
.0720-.044

.0430

.0242

.o184

.0146

.o137

.0152

.0196

.0390

.0746

.-

.057

.038

.028

.017
0

-.009
-.017
-.035
-.056
-.067

1.50

M

1.90

da % I %
-4.97
-2.58
-1.53
-.31
.78
1.94
3.10
k.28
;.g

11:30

-4.87
-2.49
-1.43
-:%

2.07
3.25
4.43
6.69

1;::

-4.56
-2.17
-1.12

.04
1.14
2.35
3.48
:.(x&
.

1%?

-0.329
-.1$)0
-*m
-.064
- .w6
.053
.Iu
.178
.324
.484
.627

-.298
-.166
-.107
-.045
.012
.075
.140

%
.463
.756

-.228
-.120
-.074
-.021
.030
.083
.137
.190
.291
.391
.570

0.0512
.0293
.0252
.021.o
.0183
.Olee
.0203
.0243
.0434
.0821
.130g

.0540

.0350

.0298

.0265

.0251

.0260

.0285

.0341

.0538

.@353

.lm

.0450

.0302

.0265

.0242

.0239

.0254

.02gl

.0349

.0519

.0775

.14$6

d2?‘pkl %1%
-4.&l -0.183 0a3g 0.036
-2.31 -*W3 .0=
-1.26 -.068 .0246 .o15
-.17 -.028 .0225 .W7
.@ .O11 .Ce21- .ml

2.00 .049 .0231 -.w8
3.18 .@l .0257 -.016
4.30 .lg .02s5 -.025
6.43 .206 .0411 -.040
8.66 .282 .0591 -.056

13.02 .& .Ilol -.084

coNmmlmL

%

0.066
.041
.031
.020
.O11
.002

-.005
-.o14
-.038
-.070
-*W7

.073

.046

.034

.021

.010
-.003
-.016
-.030
~:og

-.150

.054

.032

.022

.012

- :%
-.021.
-.032
-.053
-.074
- .I.u
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TABLEII.-AERWYNAMICCOEFFICIENTSFORMODELHAVINGA TRIM?GUIARWING
m’ ASPECTRMTO 2.2, 3=9 p~cm =W R = 30~@ - c~tfi~d

M dad % %) cm M If& % %) %
1.70 -h.hl -o.26g 0.03900.028 1.00 ~~.g -0.349 o:Od& 0.070

-2.1o -.152 .0232.o17 -.21.2 .046
-1.05-.

E
.o187.013 -1:51-.147.0300.035

.12 -. .o155.008 -.34-.081.0245.024
1.18 .007.OIAo.003 .76 -.020.0215.o14
2.34 .056.0138-.001 1.92 .042
3.42 .U3 .0153-*W 3.08 .10I.:%% -:Z
4.54 .163.o174-.o11 4.25 .167.0239-.012
;.: .264;~7 -.020 6.2 .309.0381-.037

*377 -.02g 8.90 .467.0739-.068
13:50 .@- .1349-.044 u.23 .6U .1202-.093

).90-4.69-.323.0479.0481.20-4.94:;~l :% .m
-2.36-.188.m .02g ;;.{: .050
-1.24-.128.a8 .022 -.122.0332XXI:
-.08-.067.OI.80.014 -:29-;~8 .0283
1.01.-.Uo ●W .00’7 *m .0267●m
2.16 .048.o154.(XU l.gg .063.0262-.000

●W .o16g-SK% .127.0286-.OI.3
?:E .164.olg5-.o13 ::g .Igl.0328-.026
6.68 .280 .0305 -.025 6.64 .320 .0494 -.052
9.02 .422.0dL8-.040 8.99 .453.0779-.079

10.24 .492 JX13 -.047 13.67 .689 .1653-.128

).g5 -4.83 -.349 .0524 .066 1.50 -4.52 -.234 .0490 .056
-2.59 -.207 ;~8 .W -Q.19 -.134.0336.035
-1.44-.145 .030 -log -.084.0291.Ce5
-.29-●m .ol& .OZ1 .05 -.033.0261.013
.84 -Sllol.*ol.55.~ 1.10 .018.0252.004

1.g5 .o149 .002 .qo .0259-.Oc%
.104.o160-.007 ;:E .0293-.018

?:: .168.0192-.~6 4.57 :?6 .0342 -.028
6.50 .290.0308-.031 6.76 .274.049-.*
8.98 .446.0659-.053 9.08 .376 .0728-mm

10.15 .518.0865-.062 13.62 .560.1407-.I.lo
I 1 1 t I 1

M

1.90

C& %
$$ -ool&

-.u.l-1:29-.074
-.14 -.034

.003
l:E .042
3.16 .084
4.27 .124
:.2; .lgg

●275
13:(X3.415

%1%

I0.0435 0.037
●W3 .023

.016
:x .008
.0239 .001
.0245 : S&
.0268
.0301 -.023
.0408 -.038
.0577 -.053
Jo59 -.082

.- . . . . .w-

.

.

.

.

.-

com’nmmAL
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TABLE II. - AERODYNAMICCOEFFICIENTSFORMODELH4VINGA TRIANGllIARWING

OFASPECTRATIO2.2, 3.9PERCENT~CK; R = 3.0x106- concluded
(f)Wingcemberedoveroutboard15percentoflocalsemispan,

%d = 0.30atM = 1.0

M I& % % % M ag % % %
0.70 -k.b -o.2go 0.04400.032 1.W -5.@ +.370 O.@ o.076

-2.12 -.173 .0266 .021 -2.73 -.232 .0424
-1.10 -.IJ9 .0215 .(n6

-.063
-:::: -.169 .0336 :%%

.03 .Olm .Ou -.103 .0279 .02g
1.15 -.008 .o149 .W6 -.040 .0235
2.28 .045

.Olg
.o141.W2 l:g .~

3.41
.0219

.103
.O1o

.0142-.004
4.52 .o162

3.06 .W .Oa.l.
.155 -.009 4.24

6th
.0229-.4

.255 j)2a& -.a17 6.44
8.92

:3 .0351-.031
.364 -.026 8.82 .446 .O@ -.(%l

u.18 .496 .0741-.038 IJ..26 .&Jo .llu -.ogo

D.go $:; -.349 .0548 .055 1.20 -4.91 -.329 .0652 .Oal
-*=3 .0324 .035 -2.56 -.200 .042’7 .055

-:::: - .J51 .0254 .Oq -1.50 -.139 .0358 .042
-.088 .0202 .Olg -.28
-.028

-.076
●97

.0304.02g
.Olm .012 .84 -.U .0275.016

.033.o162X04 2.01 .050.0265
;:: .096

.003
.o165-.003 3.15 .u6 .0276

.156.fflb 4.37
-.010

-.OI.O
;::

.183.0318-.023
-.023 6.56

:% :%%
.306.0469~:g

-.034 8.91 .436
11:41

.Om
.553●m -.055 13.60 .678J-557-.126

).95-4.97-.371:% .m 1●5O -4.54:A;
-2.58 .Q527.059

-.= .048 -2.25
-1.4 -.M := :%8

.0363.038
-1.12-.096.0309.028

-.30-.lm .03 -.044
●75

.0272
-:%7

.o17
.o16g.cn6 1.13

1.97
.0258.008

.0156.007 2.28 ;$ .0262-.002
Z:g

.W .o1-55-.003 3.45 .0291

.158
-.OI.5

.ol&-.012
6.54 .-

.168.0337-.026
.W% -.027 % .267m# -.047

8.91 .414.0539-.041 .367 -.067
11.32 .575.1oI.6-.070 1;:; -552.1347-.lq

I 1“. I 1 I I

1.90 -4.59
-2.40
-1.32
-.16
.&

2.02
3.14
4.25
6.35
8.65

13.(IL

-0.192
- .U7
-.O&l
-.041
-.m
.034
.074
.U3
.lgi
.268
.408

O.ow 0.038
.0332 .024
.0290 .o17
.0259 .009
.0247 .002
.0247-*W
.0267-.013
.0297-.m
.0398-.037
:% ::%
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