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RESEARCHMEMORANDUM

.
WIND-TUNNELINVESTIGATIONOFTHE

AERODYNAMICCHARACTERISTICSINPITCHANDSIDESLIPAT HIGH

SUBSONICSPEEOSOFA WING-FUSEIAGECOMBINATIONHAVINGA

TRIANGULARWINGOFASPECTRATIO4

By PaulG. Fournier

Theresultspresentedinthepresentpaperarepartofa program
conductedto investigatetheeffectofwingplanformon theaerodynamic
characteristicsinpitch,insideslip,andduringsteadyroll. This

. paperpresentstheaero@amic characteristicsinpitchandsideslipat
highstisonicspeedsof a wing-fuselagecmibinationhawinga triangular
wing.ofaspectratio4, a leading-edgesweepangleof45°, andwithan

. NACA65Ao06airfoilsectionparallelto theplaneof symmetry.Therange ‘-
ofMachnuniberwasfrom0.40to O.~ at a rangeofReynoldsnuuiberfrom
2.4X106 to3.9x106.

.—

Theresultsindicatethattheeffective-dihedralparametercz~CL
.-

determinedat lowliftcoefficientsforthewing-fuselagecombinationis
considerablyhigherthanwouldbe expectedfromavailablemethods-
particularlyintherangeofMachnumberfromO.75to0.92.

Thewing-fuselageconibinationwaslongitudinallyunstableat lift
coefficientsfromapproximately0.50to 0.70andatMachnumbersfrom
0.40to 0.80. At Machnumbersabove0.80,thehigh-liftstability
appearedto improve.

INTRODUCTION

A systematicresearchprogramisbeingconductedin theLangley
high-speed7-by 10-footwindtunneltadeterminetheaerodynamicchar-
acteristicsofvariousmodelconfigurationsinpitch,in sideslip,and
duringsteadyrollup to a Machnumberofabout0.95.

● Thedatapresentedinthispaperwereobtainedfromtestsof a
wing-fuselageconibinationhavinga tritmgularwingof aspectratio4 with ‘--
leading-edgesweepangleof45”and NACA65AO06airfoilsectionpar-.
allelto theplaneof symmetry. d sideslipdataforthe
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fuselagealonearepresentedinreferences.1 ‘and2,re~pectively.The
rangeofReynoldsnumberforthesting-supportedmodel.testedvaried .

from2.4x 106to 3.9X1(+.
..

Inorder-to&xpeditetheissuanceof the ““
::

restits,onlya limitedanalysisof someof the moresQnificantchar-
acteristicsispresented.

.

COEFFICIENTSANDSYMBOLS —

Thestabilitysystemofaxesusedforthepresen~tionof thedata
togetherwithan indicationof thepositiveforces,moments,andangles
arepresentedinfigure1. Allmomentsarereferredtothequarter-
chordpointof thewingmeanaerodynamicchord.

—

liftcoefficient,Lift/qS
..-

dragcoefficient,
_.

Drag/qS

pitching-momentcoefficient,Pitchingmoment/qS5 ?

rolling-momentcoefficient,

yawing-momentcoefficient,

lateral-forcecoefficient,

drag

base

drag

duetolift,

pressure-drag

at zerolift

Rollingmoment/qSb .

Yawingmoment/qSb

Lateralforce/qS

—co- cDc~o

coefficient

-. -.-. —

lift-dragratio,%/% —

dynamicpressure,p$/2, lb/sqft

massdensityofair,slugs/cuft
.—

free-streamvelocity,fps

Machnumber ,,. ●

.
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C2P=

c% =

Cyp=

C%(J-L

aJ3

Reynoldsnumber,pVE/p

absoluteviscosityof air,slugs/ft-sec

aspectratio,bqs

wingarea,sqft

span,ft

localchord,ft

J’b/2meanaerodynamicchord,60 C%y, ft

spanwisestation,ft

angleof attack,deg

angleof sideslip,deg

lift-curveslopeperdeg, %@

perdeg

perdeg

~erdeg

aczp
—per deg

= aCL

._

.-
--

MODELANDAPPARATUS

Thewing-fuselagecombinationtestedis showninfigure2. Thewingj
madeofaluminumalloy,hadanNACA65AO06airfoilsectionparallelto the ‘

w p~e of symmetryandwasattachedina midwingpositionto thealuminum
fuselage.Theordinatesof thefuselagearepresentedinreference1.
Thewingaspectratiois4 andtheleading-edgesweepangleis450..

~~
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Themodelwastestedon thesting-type
ures3 and4. Withthissupportsystemthe
atedthrougha 28°anglerangeintheplane

NACARML53G14a

supportsystemshowninfig-
modelcanBe remotelyoper-

●

of theverticalstrut.By
meansof couplingsinthesting,themodelc-anbe rolledthrough900so
thateitherangleof attack(fi’g.3) orangleof sideslip(fig.4) can

.

be theremotelycontrolledvariable.Withthemodelina horizontal
position(fig.3),couplingscanbe usedto supportthemodelatangles
of sideslipofapproximately-k”and4°whilethemodelistestedthrough
therangeofangleof attack.Thedatawereobtainedby useofan inter-
nallymountedelectricalstrain-gagebalance.

The testswere
windtunnelthrough
of themodelcaused

TESTANDCORRECTIONS

conductedintheLangley-high-speed7-by 10-foot
a rangeofMachntier from0.4-0to 0.95.Thesize
thetunnelto chok$at a_correctedMachnumberof ____ —

about0.96. Theblockingcorrections,whichwereappli~”to thedatawere
determinedby thevelocity-ratiomethodofreference3. .

Jet-boundarycorrections,whichwereappliedtoangleofattack,
lift,anddrag,werecalculatedby themethodofreference4. Thecorrec- -
tionstopitchingmoment,lateralforce,yawingmoment,androllingmoment
wereconsiderednegligible. .

Sting-supporttaresweredetermined,butwerefoundtobe negligible
fora wing-fuselageconibinationexcept.fordrag. Thedragtare results
fromtheinfluenceof thestingon theexternalmodelpressure- particu-
larlyneartherearwardend. Thistarevalueamountedtoa drag-coefficient
incrementofabout0.002throughoutthetestrangesof-angleof attack
andMachnuniberandshouldbe addedto-thedrsgdatapresented.The
correctionhasnotbeenappliedas som&umcer~intyexi-stsregardingits
exactmagnitudeandalsobecausethecorrect~rnwas“obtainedafterthe -
resultsof someinvestigations(forex&mple,..ref.1)wh–icharerelated
to theresultsof thepresentinvestig&tionhadalrea~”beenpublished.
Theangleofattackandangleof sidesliphavebeencorrectedforthe
deflectionof thesting-supportsystemandbalanceunderload.

Thedragdatahavebeencorrectedto correspondtoa pressureat
thebaseof thefuselageequaltofree-stremstaticpressure.Forthis
correction,thebasepressurewasdeterminedby measuringthepressure-

—

—
.— .. .
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insidethefuselageat a pointabout9 inches.forwardof thebase. The
followingcorrectionswereaddedto themeasureddragcoefficients: ...__.._

M ‘%p

0.40 0.0022
.60 .0022
.80 .0027
.90 .0032
●95 ● 0033

.-

No correctionsweremadefortheeffectsofaeroelasticdistortion.
Experiencewithotherrelatedplanformsindicatethattheseeffects
wouldbe small.ThevariationwithMachnuniber
numberbasedon thewingmeanaerodynamicchord

RESULTSANDDISCUSSION

of
is

the meantest Reynolds
presentedinfigure5.

Theresultsofthepresentinvestigation
lowingfigures:

arepresentedh thefol-

Figures
Basicdata:
Longitudinal.. . . . . . . . . . . . . . . . . . . . . . . . . . 6
Lateral. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

summaryplots:
Effectsofl&chntier. . . . . . . . . . . . . . . . . . . . . . 8
Dragduetolift. . . . . . . . . . . . . . . . . . . . . . . . . 9
Effectivedihedralparameter. . . . . . . . . . . . . . . . ...10

Thebasiclongitudinalandlateraldataforthefuselagealonewere
previouslypresentedinreferences1 and2,respectively.

Thebasicpitching-momentcharacteristics(fig.6(b))indicate
longitudinalinstabilityof thewing-fuselagecotiinationat a rangeof
Machnumberfrom0.40to 0.80andat a rangeof liftcoefficientfrom
approximately0.50to 0.70. Therearwardshiftin low-liftaero@amic-
centerpositionwhichbeginsatabout0.80Machnuniberseemstobe accom-
paniedby a someht @roved high-liftstabili~.

Thebasicdataof figure7(a)alsoshowthatathighliftcoeffi-
cientsthevaluesof CZP areconsiderablylargerathighsubsonicMach

.
numbersthanat lowspeeds.TheeffectivedihedralparameterclP%

.
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determinedat lowliftcoefficientstlp?oughtherangeofMachnurberis
presentedinfigure10.

●

me experimental.valuesarec@paredwiththe.
theoreticalvaluescomputedby themethodof reference>andcorrected”

+

fortheeffectsofMachnumberby theinethodofreference6. Theexperi- .-
mentalvaluesareconsiderablyhigherthantheestimatedvalues,partic-
ularlyintherangeofMachnumberfrom0.7~to0.$?2.._Forthewingtested,

exhibiteda rapidreductioninpagnitudewithl@chnumberabove
C%CT, - -.
theforce-breakMachnuniber.

—

‘Someof themoreimportantstabilityderivativesarepresentedin
figure8. Theexperimentalvaluesof CL showfairagreementwiththe
wing-alonevaluescalculatedby themethodofreference7. Theexperi-
mentalmaxhumlift-dragratiois comparedwithtwotheoreticalcurves.— ..

r

dTheuppercurve(ref.8), ~ —
2 %cko’

wasobtainedfromtheexperimental

dragat zerolift CDcbo andtheinducedi&agfactor..forpotential

flowforan ellipticalloading.l/KAandrepresentstieconditionof
theresultantforcenormaltothelocalrelativewind(fullleading-edge

.

r

57.3c& .
suction).Thelowercurve,

*,.

* CDCbo
>wasobtained‘&omtheexperi-

..
meataldragat zerolift CjjCkoandth”eexperimentallift-curveslope

C& andrepresentstheconditionoftheresultantforceduetoangleof—
attacknormalto thewingchord. ,

.

Forthepresentwing,theexperimentalvaluesof (L/D)mx lie

betweenthetwotheoreticalcurvesup toa Machnumberofabout0.85,
thenapproachthecurvewhichisbasedon theassumptionthatthe
resultantforceisnormaltothewi~”chord;Thedecrease”inexperi-
mentalvaluesof (L/D)m abovea ~ch n@er of O.8~-isduetoa
higherdragduetoliftat thehigher+l!ach~mibers(fig.9).

—.
.- -.

CONCLUSIONS

Theresultsofthepresentinvestigationoftheaerodynamicchar-
acteristicsinpitchandsideslipatl+i@subsonicspe%dsofa wing-
fuselagecombinationhavinga trianqarwi* ofaspectratio4, a
leading-edgesweepangleof45°,andtiithanNACA67A0–06ai,r$oilsection

.=+“
parallelto theplaneof symmetryindicatethefollowfigconclusions:-.
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1.Theeffective-dihedralpamneter Clp% determinedat lowlift
.

coefficientswasfoundtobe considerablyhigherthanwouldbe expected
fromavailablemethods- particularlyintherangeofWch numberfrom
0.75tO 0.92.

2. Thewing-fuselageconibinationwaslongitudinallyunstableat
liftcoefficientsfromapproxhnately0.50to 0.70andatMachnumbers
from0.40to 0.80.At higherMachm.mibersthehigh-liftstability
appearedto improve.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,July1,1953. ——
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Figurel.-Stabilitysystemofaxesshowingpositivedirection
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Figure 2.- Drawlng of triangularwing of aspect ratio 4. ~
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angles OI?attack shoWU at 0° angle of sideslip.
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Figure 5.- Variation of meau Reynolds numbm with test Mach mmber based
on wing mean aercdynmlc chord.
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Angle of uttuck, CC,deg

(a) Lift.

M
v .93
6 .92
Q.9/
h.85
h80
A ,70
0,60
11.50
0,40

Figure6.- Longitudinalstabilitycharacteristicsofa wing-fuselage
combinationhavinga triangularwingofaspectratio4. Dataare
notcorrectedforaeroelasticdistortion.
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—

(b)Pitching-mmnentcharacteristics.

Figure6.-Continued.
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(c)Drag. Dragdataarecorrectedforfr_ee-streamStaticpressure
atfuselagebase,butnotforsting-interferencetere.

Figure6.- Continued.
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(d)Lift-dragratios.Dragdataarecorrectedforfree-streamstatic
pressureat fuselagebase,butnotforsting-interferencet=e.

Figure6.- Concluded.
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(a)Rollingmomentdueto sideslip.
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M

0,95 ~

.94 v

93 v

,92 Q

9/ o

~5 o

.80 h

,70 A

.60 0

,50 n

.40 0

.

.

Figure7.- Lateralstabilitychsxacteristicsofa wing-fuselagecombination ‘
havinga triangularwingofaspectratio4,-Dataare..notcorrectedfor
aeroelasticdistortion.Flaggedsymbolsrepresenttestsinwhichangle
of sideslipwasvaried.
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(b) Yawingmomentdueto sideslip.

Figure7.-Continued.
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Mach number, M Mach number, M

.W.gure 8.- fkmmary of effects of Mach nuniberon aerodynamic characteristics
of a wing-fuselage combinationhaving a triangulm wing of aspect ratio 4.
Dragdata sre correctedfor free-streamstatic pressure at fuselage base,
but not for sting-interferencetare.
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Figure9.- Dragduetoliftat severalMachnumbersfora wing-fuselage
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combinationhavinga triangularwingofaspectratio~. -
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