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ByWindsorL.ShermanandKennethMargolis

Thematerialgiveninthisreportcompletesthepresentationof
resultsobtainedfroma generalinvestigationoftheeffectsof sideslip
ontheaerodynamiccharacteristicsofthinsweptbacktaperedwingswith
sideedgespsrallelto thesxisofwingsymmetry,themajorphaseofwhich
wasreportedinNACATechnicalNote2@8.Bymeansof expressionsderived
therein,spsnloaddistributionshavebeencalculatedforseveralfamilies
ofwingssideslippingatanangleof attack.Threebasiccombinationsof
Machnumberandplanformhavebeentivestigated,eachbeingsubjecttothe
conditionsthatthe~tingtipsareparalleltotheaxisofwingsymmetry
andthetrailingedgeis supersonic,andto oneofthefollowingleading-“
edgeconditions:(a)bothleadingedgessubsonic,(b)oneleadingedge
subsonicandoneleadingedgesupersonic,and(c)bothleadingedges
supersonic.Inadditiontotheusuallimitationsoflineartheory
andtheMachnumberrestrictionimposedby thesupersonic-trailing-edge
condition,therestrictionthattheMachlinefromtheleadingedgeof
thewingtipmaynotintersecttheoppositehalf-winghasbeenimposed.
Therolling-momentcoefficientCz andthecorrespondingstability
derivativeCz havealsobeendeterminedforwingswithtype(b)and
(c)leadingedges.

Resultssregivenintheformof chartswhichpresentthespanload
distributionforvaluesof sideslipan&leup to 10°. Variationsofthe
rolling-momentcoefficientCl withsideslipangleandofthestability
derivativeC2P withMachnumberarealsopresented.

INTRODUCTION

A lmowledgeofthespanwiseloaddistributionis ofimportancefor
bothaerodynamiccalculationsandstructuralconsiderationsin order
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thattheaerodynamiccharacteristicsofthewing@ be determinedand
thestructuralintegrityoftheairframeassured.

References1 and2 presentdetailedchartsof spanloaddistribu-
tionsduetovariouswingmotionsforsweptbacktaperedwingswithside
edgesparalleltothesxisofwingsymetry(thereintermedstreamwise
tips). Themotionsconsideredcorrespondedto constantangleofattack,
steadyrollingvelocity,steadypitchingvelocity,andconstantvertical
acceleration.Reference1 considersELM_fourmotionsforwingswith
subsonicleadingedgesandsupersonictrailingedges,whilereference2
treatsthefirstthreeforwingshavingsupersonicleadingandtrailing
edges.Thepresentpapercontributesthespanloadingdueto finite
sidesllpforthissamegeneralclassofwings.Thetingsareside-
slippinGatan angleof attackandmaybe ditidedintothreegroups:
(a)bothleadingedgessubsonic,(b)oneleadingedgesubsonicandone
leadingedgesupersonic,and(c)bothleadingedgessupersonic.The
mainrestrictiononthepermissiblecombinationsofMachnumberandplan
formisthatthetrailingedgeis.supersonic.A minorrestrictionis
thattheMachlinefromtheleadingedgeofthewingtipmaynotinter-
secttheoppositehti-wing.

Thematerialgiveninthisreportcompletesthepresentationof
resultsobtainedfroma generalinvestigationoftheeffectsof sideslip
on theaerodynamiccharacteristicsof thinsweptbacktaperedwingswith
sideedgesparalleltotheaxisofwingsymmetry,themajorandbasic
phaseofwhichwasreportedinreference3. Thespanloadingsforwings
withbothleadingedgessubsonicwerecomputedbymeansoftheload-
distributionequationsderivedinreference3. Thespanloadingsforthe
othertypesofwingsconsidered(i.e.,thosewithoneorbothleading
edgessupersonic)wereobtainedby a numericalinte~ationofthepressure-
distributionequationspresentedinreference3. Thiswork,aswellas
theadditionalnumericalintegrationsrequiredtoobtaintherolling
moments,wasperformedby theNationalBureauofStandardsComputing
Laboratoryon theSEAC(Standsrds’EasternAutomaticComputer)whichis
a digital-typecomputer.

Resultsoftheinvestigationarepresentedintheformofcharts
forthespanloaddistributionforvariousvaluesofMachnumber,side-
slipsngle,andgeometricparameters.Correspondingvariationsofthe
rolling-momentcoefficientwithsideslipangleandofthestability
derivativeCZB withMachnuniberarealsoshown.Forpurposesofcom-
pleteness,resultsforthecaseofbothleadingedgessubsonicpreviously
reportedinor obtainablefromreference3havebeenincluded.

.
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SYMBOLS

Cartesiancoordinates(seefig.1)

free-streamvelocity

densityof air

free-streamlfachnuniber,V/Speedof sound

coefficientofpressuredifferencebetweenupperandlower
surfacesofwing,positive

wingspan

wingrootchord

10Cd Wing chord

averagewingchord,E@

wingarea

aspectratio,

taperratio,

b2/S

Tipchord/Root

inthesenseof lift

chord

sweepbackangle

semiapexangle,

lift

ofleadingedge

11—-
2A

liftcoefficient,I
L&V%

sectionliftcoefficient

angleofattack

*L
lift-curveslope,

()X U+O

ro~ng moment

rolling-momentcoefficient,
I

L’$V?Sb;positivedirectionof
momentindicatedinfigure1

— .———.—— —.—— .—.—
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P angleofsideslip;positiveasshown

()

&z
Clp= —

& p-o

Subscripts:

o evaluationfor f3= O

TE trai13ngedge

LE leadingedge

Allanglessremeasuredinradiansunless

RESUIZ’SANDDISCUSSION

NACATN~ti

infigure1

otherwiseindicated.

Thegeneralplanformandthesystemofaxesareshowninfigure1.
TherearethreebasicMachllneconfigurationsconsidered;theseare
showninfigure2. Thewingswillbe referredto astypeA (bothleading
edgessubsonic);typeB (oneleadingedgesubsonicandoneleadingedge

.

supersonic);andtypeC (bothleadingedgessupersonic).Thebasic
analysisused(ref.3)is subjecttotheusualrestrictionsof linearized
supersonic-flowtheoryasappliedtouncmiberedwingshavingvanishingly
smallthickness.Inadditionto theserestrictionsthereis a Machnum-
berlimitationimposedthatrequiresthetrailingedgetobe supersonic.
A minorlimitationonthepermissibleconfigurationsisthattheMach
linefromtheleadingedgeofthetipmaynotintersecttheoppositehalf-
wing. Undertheabove-notedrestrictions,theexpressionsforthespsm
loaddistributionsfortypeA wingsandthepressuxe-distributionexpres-
sionsfortypesA, B, andC wingswerederivedandpresentedinreference3.

FortypeA wingstheexpressionsgiveninreference3wereused
directlyto computethespanloadingsandrollingmoments.~mch
as itwasdesiredto “normalize”thespan-loadresultsforpresentation
inthispaper,a multiplicationfactorA/(C~)o W* app~edtothe
appropriateequationsofreference3.Thatis:

Czcy A Clcy=

(%)
cav(CL)o C oh

(1)

(4Valuesof C o,thelift-curveslopeforzerosideslip,requiredin
equation(1)areobtainablefromreferences4 and~.



FortypeB andC wings,theappropriatee pressure-distributionequa-
tionsgiveninreference3weresetup ontheSEACcomputerandthe
pressuredistributiondeterminedat19pointsalongthechordandfor
60 spanwiselocations.Numericalinte~ationswerethencsrriedoutin
orderto obtainthespanloadingandrolHngmoment.Theseoperations
msybe representedasfollows:

and

(2)

(3)

(Theminussignineq.(3)has_b~efintroducedtomainttintheususl
stabilitysignconventionfor .

Spanloaddistributionsforseveralsideslipangles(including
$ = O forreference)arepresetiedinfigures3to 8 forvariouscom-
binationsofaspectratio,taperratio,andleading-edgesweepback.
Forconvenience,snindextothesefiguresisgivenintableI. It
shouldbe notedthatthespsnloaddistributionshavebeennormalized
withrespecttotheliftcoefficientforthezero-sideslipcondition.
Consequently,fora givenwingandMachnumber,comparisonofthetite-
gratedloaddistributionfor ~ = O withthatfora finitevalueof j3
givesa directmeasurementofthechangeinliftdueto sideslip.

Variationsoftherolling-momentcoefficientCl tithsideslip
angleforseveralwingsatvariousMachnumbersarepresentedinfig-
ures9to’12.Sincesomenonlinesritieswe knownto occurin CZ
(especiallywhenedgeconditionschange),thepointsatwhichthevalues
of Czwerecalculated-areindicatedonthefiguresby anappropriate
Synibol. ThedashedcurveswerefslredthroughzeroE@3thesepoints.
No synibolsare.shownat j3=0 sinceCZFO for ~=0.

Oncethevariationoftherolling-momentcoefficientCz islmown,
thestabilityderivativeCl

P
canbe obtainedfortypeB andC wingsin

accordancewiththefollowingequation:

.,

(
——. —.— ---- ——— -.—
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(4)

Thevaluesof Czp fortypeA wingssreobtainablefromthechartsin
reference3.

VariationsofthestabilityderivativeCZP withMch numbersxe
presentedinfigures13and14forwingsofaspectratio2.0and4.0,
respectively.As showninreference3,thevaluesof Czp arenega-
tivefortheMachnuniberrangecorrespondingto subsonic-leading-edge
conditions.AstheMachnumberincreases,thevalueof Cl

B
becomes

lessnegativeandforsomewingsactuallychangessignandbecomesposi-
tiveinthesupersonic-leading-edgerange.(Thiseffectis,of course,
alsoevidentfromanexaminationofthecurvesfortherol13ng-moment
coefficientpresentedinfigs.9to 12.) Inanyevent,an abruptdis-
continuityisapparent(shownby dashedlinesinfigs.13and14)at
theMachnmibercorrespondingtothesonic-leading-edgecondition.

Someinsightintothiseffectmaybe obtainedby consideration
froma theoreticalviewpointofthechsmgesinwingloadingthatoccur
whentheleadingedgenesresttheMachconechsagesfroma subsonicto
a supersoniccondition.Whenthisedgeis subsonic,theoretically
infinitepressuresareconcentratedalongtheedge.WhentheMach
nuniberreachesthevalueforwhichtheleadingedgeis sonic,the
infinitepressuresarereplacedby finitepressures.Theneteffect
ofthissuddenpressurechangeisnotonlyto introducea discontinuity
intheslopeoftheroll@g-mcmentcurve,butalsoto reducesomewhat
theabsolutevalueoftheroldingmoment,thatis,theresultingrollhg
momentis lessnegative.Theprqssuredistributionovertheentirewing
surfaceis,ofcourse,alsochanged;thischangealsocontributesto
thereductionoftheabsolutevalueoftherollingmoment.Infact,
forsweptbackwingsoftaperratiozero(nofinitetip)thereduction
intheabsolutevalueoftherollbgmoment(thatis,theincreasein
thepositivedirection)isalwsyssufficientto causea reversalin
signfor Czp.(Seeresultspresentedinref.6;note,however,that
theresults”aspresentedthereinindicatesomewhat“modified”discontinui-
ties.)Whenthewinghasfinitetips,suchasthoseconsideredherein,
theinfinitepressuresactingontheleadingtip(whichactsasa
leadingedge)persisteventhoughoneorbothleedingedgesproperhave
becomesupersonic.Thus,forthefinite-tipcaseoneeffectis still
presentwhichtendstomaintaina negativerolJ3ngmomentwhereasthe
othereffectsdiscussedabovetendto causetherol.33ngmomentto change
towarda positivevalue.Theresultingtotalrolllngmomentisthus
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dependentonthe
dependentonthe

W@tudes oftheOPPOSiUeffectswhichareinturn
winggeometricparameterssuchss aspectratio,taper

ratio,andsweepback.Thesomewhatdifferentresultsshownforthe
stabilityderivativeClp infigures13and14,thatis,reversalin
signof cl forwingsof aspectratib4.0andlackof reversalfor

P
wingsof aspectratio2.0,arethereforenotinconsistent.~ connec-
tionwithfigures13and14.,dataforthesubsonic-leading-edgecases
havebeenincludedwherepossible(resultstakenfromthechsrtsof
ref.3).Thesedataareeasilyidentified;theyme ontheleft-hand
side(lowlhchnuniberrange)ofthedasheddiscontinuityline.Forthe
higherMachnunioerrange,calculatedpointsareindicatedby circles;
thecurveswe fairedthroughthesevslues.

‘Itshouldbenotedthatthevaluesof CZB hereindeterminedwith
.

respectto a bodysystemof axesmsybe useddirectlyin stabilitycalcu-
lationswithoutrecourseto trsmsformationformulasinasmchasthe
derivativehasthesamevaluewithrespectto eitherabody ora stability
systemofsxestothesecondorderin a.

CONCLUDINGREMARKS

BymemsoftheexpressionsdevelopedinNACATechnicalNote2898,
thespanloaddistributionsforfamiliesofthinsweptbackwingsside-
slippingat anangleof attackhavebeencalculated.Variationsofthe
rolling-momentcoefficientCZ withsideslipanglesadofthecorre-
spondingstabilityderivativeCZ~ withMachnuuiberarealsopresented.
Theresultsareapplicabletopl& formsforwhichthewingtipsare
paralleltothewingaxisof synmetryand,ingenersl,atsupersonic
speedsforwhichthetraillngedgeis supersonic.

Ian@-eyAeronauticalIaborato~,
NationalAdvisoryCommitteeforAeronautics,

~ey Field,Va.,August28,1953.

.,
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A, deg A A Machnuuiberrange Figure

2.0 0.>0 1.4tO3.2 3
30 4.0 .25 1.1 4(a)

b.o .50 1.1 tO3.2 4(b)to (g)

2.0 .50 l.ltO3.2 5
45 4.0 ●25 1.2 6(a)

4.0 .50 1.4tO 3.2 6(I))to (f)

2.0 .25 1.2to 1.6 y(a)to (c)

60 2.0 .50 2.0 tO3.2 7(d)to (g)

4.0 .50 2.0 tO 3.2 8

.4

.

TABLE I

llJDEXTOCHARTSFORSPliNLOADDISTRIBUTIONS

_ . —.—.— — ——— .———-
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Figure1.-Symbols and pertinent data associated with general NIng plan fem.
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(a) M=l.k.

Figure 3.- Spsn loadings for various sideslip sngles. A = 30°;A = 0.50;
A = 2.0.
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(b) M=,2.O.

Figure 3.- Continued. G
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(e) M= 3.2.

Figure 3.- Concluded.
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(i’)x = 0.50;M = 2.8. \

Fiwre k.- Continued.
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(C) M=l.4.

Figure 5.- Oontlnwd.
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(d) A=o.50; M=2.L.

~gure 6.-continued.
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(d) A = 0.50; M = 2.0.

Figure 7.-Continued.
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