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AERONAUTICS

LIFT,DRAG,ANDPIT(IEUNGMOMENTOFLOW4SPECT~I0 WINGSAT
SUESONICANDSUPERSONICSPEEIS- TWISTEDANDCAMBEKEDTFU-

ANGUIARWINGOFASPECTRATIO2 WITHNACA0003-63
TECCKNESSDISTRIBUTION

By CharlesF. HallandJohn

SUMMARY

A wind-tunnelinvestigationhasbeen

C.Eeitieyer

performedat subsoticand
supersonicMachnudersto determinetheaerodynamiccharacteristiccs
ofa wing-bodyccmibinationhavinga triangularwingofaspectratio2.
Themeansurfaceof thewingwastwistedandcmiberedto supporta
nearlyellipticalspanloaddistributionat a Machnuniberof 1.53and
a liftcoefficientof0.25. TheNACA0003-63thiclmessdistribution
wasusedin conibinationwiththetheoreticallydeterminedmeanlinesto

m makeup thestreamwiseairfoilsections.Thelift,drag,andpitching
momentof themodelarepresentedforMachnumbersfrom0.60to 0.90
andfrom1.30to 1.70at Reynoldsm.uribers

INT’RODUCTION

A researchprogramisin progressat
Wboratorytoascertainexperimentallyat

of 3.0 millionand7.5 million.

theAmesAeronautical
subsonicandsupersonicMach

nunibers&e characteristic=ofwingsif interestin thed&ign ofhigh-
speedfighterairplanes.Theeffectsofvariationsinplanform,twist,
csmber,andthicknessarebeinginvestigated.Thisrepro%is oneofa
seriespertainingto thisprogramandpresentsresultsof testsofa
wing40dyconibinationhavinga triangularwingofaspectratio2 with
NACA0003-63thicknessdistributioninstreszmriseplanes,andtwisted‘
andcamberedto supporta nearlyellipticalspanwiseloadingat the
designconditions.Resultsof otherinvestigationsinthisprogramare
presentedin references1 to 7. As inthesereferences,thedataherein
arepresentedwithoutanalysisto expeditepublication.
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NOTATION
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.

wingspan

“ n/2

()

$ c2dy
meanaerodynamicc chord 0

$b’=ed~
o ,,-

localwingchordprojectedinthewingreferenceplanel

rootchord

lengthofbodyincludingportionremovedtoaccommodatesting

lift+iragratio

maximumlift-dragratio

Machnumber

~ cot(angleof sweepbackof leadingedgeofconstan+lcad
sector)

$ cotA

arbitrarypositivenumber

pressuredifferencebetweenupperandlowersurface,
insenseofa lift

free-stresmdymamicpressure

Reynoldsnuniberbasedonmeanaerodpamicchord

radiusofbody

nmximumbodyradius

.—

—

—

--
.

.

positive

lWingreferenceplaneisdefinedas theplaneperpendiculartotheplane
of symmetryandcontainingthewingchordintheplaneof symmetry.
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totalwingarea
ma enclosed

.~

3

projectedinwingreferenceplane,including
by fuselage

Cartesiancoordi~tesinstreawise,spmwise,andvertical
directions,respectively,andwithorginlooatedat wingapex

longitudinaldistancefromnoseofbody

longitudinaldistancefromwingleadingedgeinwingreference
plane=

verticaldistancefromwingreferenceplamel

angleofattackofthebodyaxis,degrees

~M2-1

angleof sweepbackof leading

valueof x at theMach

sectionliftcoefficient

cone

edge,degrees

in the z=O plane

( )sectionlift
q.c

dragcoefficient
()
~
qs

()
liftcoefficient~

designliftcoefficient
.

pitching+oment

thewingmean

coefficientaboutthe2>percentpositionof

aerodymuuicchord
(

pitchingmament
qm )

slopeof theliftcurvemeasuredat zerolift,perdegree

slopeofthepitching+nomentcurvemeasuredat zerolift

%eefootnote,page2.
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sloyeofthetheoreticalliftingsurface,tithrespectto a

IT

L

s

ax horizontalplane

Sub~cripts

uppersurfaceofwing

lowersurfaceofwing

superimposedconstant-loadsolution

TEEORY

Thewingdesignof thepresentinvestigationisthe
theoreticalstudyoftriangularwingsperfomnedwithtwo
mind:

—
.

—

resultofa
objectivesin

(1) Theattainmentof lowdragdueto liftat a givendesign
condition.To realizethisobjective,presentknowledgeindicates
thatthewingshouldhaveellipticalspanloaddistributionandfor-
wardcamber. .

(2) Thedevelop~ntofwingcontourswithattendantaerh
@uamiccharacteristicssatisfyingitem(l),yetyieldinglarge

—.
areaswhicharecapableofbeinggeneratedby straightlines.

ThetheoreticalanalystswasbaseduponlinearizedIlfting-surface
theory,forwhichtheprincipleof superpositionof solutionsayplies. — _
Thewingdeveloyedby thepresentinvestigate.onwasobtainedtheoret-
icallyby thesuper~sitionof constant-loadsectorsofthetypederived
inreference8. Theslopeandordinateofa sectordevelopedfrom

—

reference8 aregivenas

(1)
x

z =
f

&Jc
E

(2)

— - “*
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h
It canbe seen
symmetry(y=O).
singularityin

~“ 5

froman examinationof equation(1)thatat theplaneof
theterm cosh-l x

m
becomesinfinite,resultingina

theslopeandordinateoftheconstant-loadsurface.
Thissingularitymaybe removedby superimposingan itiinitenumbe;of
solutions,descriledby equation(1),ofsuchloading(Ap/q)aniapex
angle(m)thatthesummationoftermseliminatesthesingularity.One

()mP/~relationshipbetweentheloadingof ~ch superimposedsector—
andtheapexangle(m)is dm

o
d%

.- ~ CLdes&n
dll ~(n+l) - (3)

Thevalueof n in equation(3)determinestheshapeofthespanload
distribution.Figure1 showsvariousspanloaddistributionsobtainable
forsevezzilselectedvaluesof n. Forthepresentinvestigation,a
valueof n=3 waschosensincetheresultingspanloaddistributionis
neerlyelliptical.(Seefig.1.) Thefollowingintegralrelationfor
n=3 definestheslopeofa Mftingsurfacewhichhasno singularityat
theplaneof symmetryandwhichsupportsa nearlyellipticalspanload
distribution:

dz—=
ax 5“%s [%? (coshA ,;H, +

.1 x+n@3 )1Cosh ,Py-l .-

X+by
+ cosha—

)IPY+IIIXIb
(4)

Thetraceina vertical@.aneperpendicularto theflightdirectionof
theleadingedgeandtrailingedgeofthewingplanformof thepresent
investigationdesignedfora liftcoefficientof0.25ata Machrumiber
of 1.53isshowninfigure2(a).

To satisfytheprecedingitem(2),thetheoreticalsurfacewas
altered.Themodificationconsisted,first,of renmvingthecurvature
ofthecamberedsurfaceoverthecentral8&percentlocalsemispan
region..Thismodification,forallspanwisesectio=,isthesameas
thatshowninfigure2(a)forthetrailing+dgesection.Thesurface

. wasthenalteredfurtherby shearingallstreamd-sesectio~downward
a distancepropofiiomlto thespanwisedistancefromtheplaneof

.
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symmetryinordertobringallelementsofthe
wingpanelsintooneplane.Linearizedtheory
changefromsucha modification.Thedistance

NACARMA31J301 —

#
centralportionofboth
wouldpredictno load ‘“
thesectionsmustbe ““ ‘ w–

——

sheeredisexpressedby thefollowingequation:

Az=- ()0.1466 ~ Cr (5)

Forthewingofthepreeentinvestigation,thedesignliftcoeffi-
cientwas0.25andthedesignMachnumberwas1.53.An NACA0003-63
airfoilsectionwasusedas thethicknessdistributionincombination

—

with.themeanlinesofthemodifiedandshearedwingtomakeup the
stresmwiseahfoilseations.Thestreamwisesectioncoordinatesfor
thiswingaregivenintableI. .—

—

APPARATUS

WindTunnelandEqui~nt

TheexperimentalIrrvestigationwasconductedintheAmes6-by 6-foot
supersonicwindtunnel.In thl.swindtunnel,theWch numbercan%e
variedcontinuouslyandthestagnationpressureregulatedtomaintaina
giventestReynoldsnumber.

.
Theairisdriedto preventformationof

condensationshocks.Furtherinformationonthiswindtunnelispre-
sentedinreference9. ““

Themodelwasstin&-mountedinthewindtunndl,thediameterof
thestingbeingabout73percentofthediameterofthebodybase. The
pitchplaneofthemodelsupportwashorizontal.The&-inch-diam.eter.

J.

four-c;mponent,strain-gage-
enclosedwithinthebodyof
dynamicforcesand~ents.

~alance,describedinreference10,was-”- ‘
themodelandwasusedtomeasm?etheaero-

.

Model

A photographofthemodelisshowninfigure3. A planviewofthe
modelandcertainmodeldimensionsaregivenInfigure4.’Otherimpoti

—

tantgeometriccharacteristicsofthemodelareasfollows: —

.

.
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wing

Aspectratio–---–––– -–--- –– -–-–-– 2
Taperratio -------------- ------- 0
Thicknessdistribution(streamwise)---–– NACA0003A3
Totalarea,S, squarefeet------------ 1~.014
Meanaerodynamicchord,E, feet -- ------- 1.~8
Incidence,degrees---- --––--––--–––- O
Dietance,wingreferenceplanetobodyaxis,feet -- 0

Bcdy

Finenessratio(baseduponlength,1,fig.4) --– 1.2.5
Cross-sectionshape---– --–--–––––- Circular
Maximumcross~ectionalarea,squarefeet — — — — O.Zok
Ratioofmaximumcross-sectionalareatowing
area———————-- -—-——--———— —- 0.0509

Thewingwasconstructedof solidsteel.Thebodysparwasalso
steelandcoveredwithalmnirrumtoformthebodycontours.Thesurfaces
of thewingandbodywerepolishedsmooth.

TESTSANDPROCEOURE

RangeofTestVariables

Theaerodymimiccharacteristicsofthemodel(asa functionofangle
ofattack)wereinvestigatedfora rangeofMachnumbersfrom0.60to 0.90
andfrom1.30to 1.70atReynoldsnumbersof 3.0millionand7.5million.

ReductionofData

Thetestdatahavebeenreducedto standardNACAcoefficientform.
Factorswhichcouldaffecttheaccuracyof theseresults,togetherwith
thecorrectionsapplied,arediscussedin thefollowingpragraphs.

Tunnel-allinterference.–Correctionsto thesubsonicresultsfor
theinducedeffectsofthetunnelwallsresultingfromliftonthemodel
weremadeaccordingto themethodsof reference11. Thenumericalvalues
ofthesecorrections(whichwereaddedto theuncorrecteddata)were

. obtainedfrom

.
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m= 0.93 CL

NACARMA51J301

.

A% = O.016~L2

No correctionsweremadetothepitching+nomentcoefficients.

Theeffectsof constrictionoftheflowat subsonicspeeds%y the
tunnelwallsweretakenintoaccountby themethodofreference12.
Thiscorrectionwascalculatedforconditionsat zeroangleofattack
andwasappliedthroughouttheangle+f+ttackrange.At a Machnumber
of0.90,thiscorrectionamountedtoa &percentincreaseintheMach
numberandinthedynamicpressureoverthatdeterminedfroma cal-
ibrationofthewindtunnelwithouta modelin place.

Forthetestsat supersonicspeeds,thereflectionfromthetunnel
wallsoftheMachwaveoriginatingat themse of the%odydidnotcross
themodel.No correctionswererequired,therefore,fortunnel-wall
effects.

Streamvariations.-’Testsof thepresentmodelat EIu%sonlcspeeds
inboththenormalandtheinverted~sitiona@ve indicateda slight
streamInclirmtionandcurvatureinthe@tch planeofthemodel.
Resultsofthesetestsiticatethata O.0~ streamangle,anda stream
curvaturecapableofproducinga pitching+omnentcoefficientofA.002,
existthroughoutthesubsonicspeedrange.Theslopeparameters
dCL/duand d~/d~ wereunaffected,however.No COrreCtiOIIS,for
theeffectofthestreamirregularities,weremadeto thedataofthe
presentinvestigation.At subsonl.csyeedsthelongitudinalvariationof
staticpressureintheregionofthemodelisnotknownaccuratelyat
present,buta preliminarysurveyhasindicatedthatitislessthan
2 percentofthedynamicpressure.No correctionforthiseffectwas
made.

A surveyoftheairstresminthewindtunnelat supersonicspeeds
(reference9) has showna streamcurvatureonlyintheyawplaneof the
model.Theeffectsofthiscurvatureonthemeasuredcharacteristics
ofthepresentmodelarenotknown,butarebelievedtobe SWL1las
judgedby theresultsofreference13. Thesurveyofreference9 also
indicatedthatthereisa static-pressurevariationinthetestsection
of sufficientmagnitudetoaffectthedragresults.A correctionwas
addedtothemeasureddragcoefficient,therefore,toaccountforthe
longitudinalbuoyancycausedby thisstatic-wessurevariation.This
correctionvariedfromasmuchas -0.0008 ata Machnmiberof 1.30 to
+0.0009.at a Machnumberof 1.70.

0

—

-—

.

—

—
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Supportinterference.-At subsonicspeeds,theeffectsof sup~rt
interferenceontheaeromc characteristicsofthemodelarenot. known.Forthepresenttaillessmodel,it isbelievedthatsucheffects
consistedpri~rilyofa changeinthepressureat thebaseofthemodel.
In an effortto correctat leastpartiallyforthissu~~rtinterference,
thebasepressurewasmeasure-dandthedragdatawereadjustedto cob
respondtoa basepressureequalto thestaticpressureofthefree
stream.

At supersonicspeeds,theeffectsof suppartinterferenceof a body-
stlngconfigurationsimilarto thatofthepresentmodelareshownby
reference14 to be confinedto a changeinbasepressure.Thepreviously
mentionedadjustmentof thedragforbasepressure,therefore,was
appliedat supersonicspeeds. .

RESULTS

Theresultsarepresentedinthisreportwithoutanalysisin order
to expeditepublication.Thevariationof liftcoefficientwithangle
ofattackandthevariationofpitching+omentcoefficient,drag,coeffi-
cient,andlif-ag ratiowithliftcoefficientatReDoldsnumbersof
3.0millionand7.5millionandatMachnumbersfromo.60to 1.70are
showninfigure5. Theresultsoffigure5,fora Reynoldsnuniberof

●

7.5million,havebeensummarizedinfigure6 to showtheimportant
parametersas functionsof’Machnumber.Theslopeparametersinthis

w figurehavebeenmeasuredat zerolift.

AmesAeronauticalLaboratoq,
NationalAdvisoryCommitteeforAeronautics,

MoffettField,Calif.
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TAME 12.- COCROINATESIN II?CEESQFTEEAPPROXIMATELYELLIPTICAL
sPm LOAD,TWISTEDANDCAMPEREDASFECTRATIO2 TRIAEGUIARWING

StattonO Station3.4 station6.8
x z % % ‘L % % % ‘L ‘L

o 0 0 -0.1420
.425

-0.1420 +3. 284 0 -0.284
.161 .314 .061

.850
.349-.194 .225-.Ill .268-*299

.222 .655 .149 .681-.210 .475-.028 .538-.291
1.700.302 1.340 .2391.350-.245 .983 .oe6 1.019-.27k
2.551.357 2.025 .2852.025 -.285 1.493 .1591.52~ -.269
3.401.398 Q.706 .3182.706-.3182.006 .2112.025-.2(%
5.101.455 4.o67 .3644.067-.3643.031 .2733.037-.263
6.801.488 5.428 .3905.428
8.502.505 6.788

-.3504.055
.4046.7EB

.2934.055-.292
-.4045.077 .3015.077-.305

10.2Q2 .510 8.149 .4098.149-.4@ 6.099
11.903.5o6 .4059.510

.3046.o99-.308
9.510 -.4057.121 .3017.121-.305

13.603.49310.871 .39510.871-.3958.142
17.CQ4 .45013.593

.2988.142-.301
.36013.593-.36010.le6 .27110.186-.272

20.404.38816.314 .31016.314-.31012.229 .2321.2.229-.233
23.805.31219.036 .25a19.036-.25014.273 .18714.273-.187
27.205.22321.757 .~Ta21.757 -.17816.316 .13416.316-.134
30.607.12324.479 .09924.479-.0$)918.359 .07218.359-.072
32.30’j’.06925.(WO .055’25.@+O-.. g.g .04119.381-.041
34.007.O1.127.200 .00827.200 . .Cn%m .403-.OCK
L.E.radiua= L.E.radius= 0.027 L.E.radiue= 0.020

0.034

Stat~
%%

o
.145
.308
.642
.978
1.317
1.996
2.678
3.360
4.043
4.726
5.410
6.774
8.138
9.503
10.867
12.231
12.914
13.596

-0.4z?6
-.302
-.233
-.132
-.057
-.(X)1
.0%
.140
.174
.195
.202
.198
.leQ
.156
.M

:%
.027
.004

1 10.2
~

o
.182
.350
.684
1.017
1.352
2.023
2.697
3.373
4.050
4.729
5.410
6.7’74
8.138
9.503
.0.E@
.2.231
.2.914
.3.596

A
-0.426
-.425
-.406
-.370
-.340
-.317
:g

-.23.0
-.214
-.204
-.198
-.leo
-.156
-.125
-.@l
-.049
-.027
-.004

T
o
.069
.151
.315
.481
.649
.986
1.326
1.665
2.00!s
2.3h6
2.689

?:%
4.’j’42
5.387
6.u3
6.456
6.799

Static
.%

4.568
-.508
-.463
-.38
i?-.33

-.298
-.EY26
-.172
-.124
-.084
-.oy5
-.032
.004
.022
.031
.032
.025
.015
.002

o +.568
.054-.571
.178-.548
.346-.515
.513-.482
.681-.455
1.016-.4Q6
1.352-.363
L6E!9-.325
2.026-.2&3
2.366–.2%
2.703-.230
3.382-.178
4.063-.134
4.746-.094
5.389-.057
6.Ki3-.024
6.456-.013
6.799-.002
.c07

Tr
.033
.073
.156
.238
.490
.659
.829
●W
1.169
1.340
1.683
2.025
2.369
2.7=
3.056
3.228
3.400

Station15.3——
zu xL——

-.654
-.619
-.594
-.560
-.529
-.445
-.404
-.367
-.331
-.306
-.282
-.242
-.207
-.180
-.154
-.140
-.134
-.126

L.E.radiua=

o
.048
.081
.176
.258
.511
.6&
.848
1.016
1.186
1.355
1.694
2.034
2.375
2.TL5
3.058
3.229
3.400

y

-0.654
–.648
-.638
-.618
-.593
-.534
-*m
~:g

-.407
-.381
-.3?2
-.285
-.243
-.199
-.165
-.148
-.I.24

.003L.E.radiua= 0.014 L.E.radius=
Station17.0 X=o .Z=-0.710
2Locationofstations=e masuredininclmsfromplaneofsymmetry.

T

.

.

.
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Figure /.- The spun loud dlsfrltwflons, correspondingto various
valuesof n, os compareo’ to an elliptical spun load distribution.
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.04
Leadingedge-

,02 ,
/

. >
/

0 ~

-.02

-.04
Mo~fied

froihg edge---# ‘
4~

/
0

-,06 Theoreficc7/
-troi/hg edge

-, /0 /

- 19
,,k

o .2 .4 2Y .6 ,8 /.0
b

[a) Theoretics/wingondmodifiedwing.
o

-.02

-.04
z

~ -.06

-.08

-Jo

-. /2

-./4

Sheered8 modifiedA
t~Oi/inQ8~g8

o .2 .4 2y “6
T “840

(b) Modifiedond sheeredwing.

Figure2.- Trocesof the Ieodingedgeand of the froilingedgefor the vorious
wings.mo,0.577i CL~ti~,0.25~
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Figure3.- Photographof themodelinan inverted position.
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Equation of fuselage radii~

All dimensions shown in Inches

— x’ -4

1=21.12— t-
34,0~

-—

—

60,44 0

I 1=76.50

(
(

I

‘-----,

Figure 4.-Planview of the model,
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++

A&O.6PI t
II 0.8~

/ /.53 ~
NACA 0003-63 1

Cambered.9 twisted r
for diptical spanload 1 f L7p

O R.3.Omillioh
D R. 75 million

I M
13)3

/ v f ‘
v

? o.9#i f A

J ‘

?
d a

a Y
} d

1’ d m-
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Figure5-Continued.
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Figure 5-Continued.
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