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SUMMARY

A methodforcalculatingtheaerodynamicloadingona wdngincombi-
nationwitha bodyispresented.Themethodis similartothatusedby
Fal.lmerforwingsinincompressibleflow,exceptthatthepresentmethod
directlyrelatesthedownwashveloci~to thelifton thewingina com-
pressiblemediumforanyMachnumber.

.

Calculatedresultswe comparedwithexpertientaldatafortwowing-
Wdy confi~ationstlwoughouta rangeofMachnmnberw to 1.0. Both
wingsweresweptback45°withanaspectratioof4. Oneof thewings
hada taperratioof 0.6andNACA65AO06afifoilsectionsandwastested
withandwithouttwist.Theotherwinghada taperratioof 0.15and
NACA64A206,a = O airfoilsectionatthefuselageboundary,fairingto
an NACA64A203,a = 0.8(modified)airfoilsectionatthemidspan.The
sectionsofthewingfromthemidspantothetipwereNACA@tA203,a = 0.8
(modified).

Themagnitudeandthedistributionof spanwiseloadingofthecal-
culateddataareingoodagreaentwithexperimentupto a Machnwber
of 0.%, andforthehighlytaperedwingtheagreementofthecalculated
spanwiseloaddistributionwiththeexpertiental.distributionisstill‘
goodup to a Machnmnberof0.98.

INTRODUCTION

IILrecentyearsthecalculationof spanloadingonwingsforwing-
bodycombinationshasbecomeof increasingtiportanceforairplane
designers.The~eat numberofairplaneswithwidelydifferenttypesof
planform,designedtoflyathighMachnunbers,makesitvirtually
impossibleto obtainexperimentaldataontheaerodynamiccharacteristics
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overthecompleteflightrangeforallwingsof interest.!Ems,there
hasbeenconsiderableinterestincalculationmethods,particularlyin
thecalculationofthedistribution,or shape,ofthespanloading.

Thepurposeofthisreportisto showtowhatdegreespanload
distributionsascalculatedby linesrtheoryagreewithexperimentally
measuredspanloaddistributions,particularlyh thespeedranges
approach-sonicconditions.Inmakingthisstudy,calculatedspan
loaddistributionsarecomparedwithexperimentallymeasuredvaluesfor
somethinwingsforwing-bodycombinationsthroughouta Machnumberrange
UPtoMo = 1.0.

Themethodusedinmakingthecalculationsforthepresentstudyis
similartothatusedbyFalknerinreference1 fortreatingwtigsin
incompressibleflowandtothatusedinreference2 fortreattigoscil-
latingfinitewingsinsubsoniccompressibleflow. Thepresentmethd
directlyrelatesthedownwashvelocitytotheliftonthewingina
compressiblemediumforanyMachnumberw to M = 1.0. As inFalkner’s
methodforincompressibleflow,theloadingisassumedtobe expressible
asthesumoftermsinvolvingcertainunknowncoefficients,appesring
intheliftdistribution.E&assmdngthedownwashtobe knownatan
appropriatenumberofpoints,a systaof linearalgebraicequationsis
obtainedfromwhichtheunlmowncoefficientscanbedetermined.

inorderto calculatetheloaddistributionsofthewingficombina-
tionwitha bodyusewasWe ofthemethodsuggestedinreference3,
whereintheboundaryconditionsonthefuselageareassumedto be ade-
quatelysatisfiedby a vorteximagesystem.

SYMBOLS

A aspectratio,4s2/s

%,m coefficientsinexpression

CL liftcoefficient,L/qS

c sectionchord,ft

Cr rootchord,ft

s
averagechord,Cav ZP ‘t

fo4lift
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tipchord,ft

sectionliftcoefficient

sectionmomentcoefficient

fuselagediameter,in.

arbitrarydistance,ft

totaldownwashfactor

downwashfactorsfortrailtigvortex

downwashfactorsforboundvortex

chordwisereplacementload

kernelfunction

lift,JZ dy,lb

sectionlift,
J
AZ dx,lb

liftat anypoint,lb

moment,ft-lb

free-stresmMachnumber

tangentof angleof sweepof

tangentofangleof sweepof

localchordline

midchordltie

dynamicpressure,& V2,lb/sqft

rsdiusofan infinitecylinderrepresentingbody,ft

dimensionlessradiuswithrespectto ~

wingarea,sqft

wingSemispan,ft

semispanofvortex
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v

w

x

X,y,z

Z,y

%>Ym

Xcp
c

(3

Xcp
cr wb

a

airstreamvelocity,ft/sec

inducedvertical.velocity,
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.

ft/sec L

distanceof liftpetit
% - Xb

longitudinal,lateral,

frommidchordlinealongX-axis,

andverticalcoordinates,respectively

dimensionlesscoordinates,$’” &

coordinatesofpointsalong.midchordline

wingsectioncenterofpressure

longitudinalcenterofpressure-forwing-body

angleof attack,deg

v
~dimensionlesscoordinate,~

configuration .

●

e = Cos-1 xm
A taperratio,ct/cr

A sweepangleof qmter-chordline,positiveforsweepback,
deg

P densityofair,slugs/cuft

Subscripts:

a indexof

b indexof

Superscripts:

(i) downwash

1 downwash

controlpoints

liftpointorvortex

factorof

factorof

imagevortex

vortexlocatedatpoint(~,-Yb)

b-

v
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METHOD

Themethodusedinmakbg thecalculationsisasfollows:

Figure1 showsa wtigdiagramandthecoordinatesystememployed.
Tnreference4 theboundsry-valueproblemfortheliftdistributionon
a finitewingisreducedtoan titegralequationoftheform:

Jrw(xa,Ya)=& Az(x.)Yb)K(xa-x~>Yb-ya)~b@b (1)

‘tiisqress’on ‘(~~y.)representsthedisplacementvelocityat
(a’ a)

anypoint x y , orthelocaldownwashvelocityatpetit x y , and
(a’ a)maybe assumedtobe known.ThevalueAl representstheunknownlift

distributionsndthekernelK representstheknownverticalveloci~,
ordownwash,atpoint(~,ya)associatedwitha pressuredoubletofunit
strengthlocatedat anyotherpoint(xb>yb).b thecaseof incompressible
flow, K isfoundtobe a functiononlyofthedistancesXa -

(
( xb)ti

yb - Ya)* Inthecaseofcompressibleflow, K isa fuctionnotO-

(of thedistancesXa - xb)and(yb- ya)butalsooftheMachnumber
Theintegalequationforthiscasemaybe writtenas (seeeq. (15),
ref.4)

M..

dyb

where S denotesthesurfaceof
Theproblemnowistodetermine
Forarbitrarywings,itdoesnot

(2)

thewingprojectedontheXy-plme.
Az(xb#b) soasto satisfyequation(2).
appearpossibletoobtainexactsolutions

to thisintegzaleq&tion;therefore,approximatemethodsmustbe resorted
to. Themethodemployedisto assumethatthelift Az,(xb,yb)canbe
expressedh theformofa seriesof loadtigtermshavti’g-bothspanwise
andchordwisevsriables,as

—-
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where

( ~b yb2sinf3a )l,O+; ‘l,l+T al,2 “ “ ● +

( Ybsin26a
yb2

)]
T. . . . . .

2,0+; a2,1+T ‘2,22

Xm - Xb
Cos0 = =

c/2

as showninfigure1. Thevalue 6 = O

(3)

x
T (,S +
C2

correspondstopointsonthewtig
lesdingedgeand 0 = m correspondstopointsonthewingtrailingedge.

Ihequation(3), s denotesthesemispanofthewingsothatthis
expressionfortheliftdenotesan elliptictypeof loadingwithmciiifi-
cationsgivenintermsofthevariableyb. Thefirsttermofthedis-

tribution,cot~, impliesa —
$x

typeof singularitys%thewinglesiiing

edge,andeachtermoftheseriesgoescontinuouslyto zeroatthewing
trailingedge.Substitutingtheexpression_fortheliftgiveninequa-
tion(3)intotheintegalequation(2)expressesthetotallocaldown-
‘ash ‘Pa~ya) asa sumoftermsinvolvingthecoefficients~,m as
theurdmownswithallotherquantitiesintheequationlmown.For
example,

( Y~ Yb2
‘h eal,o+~al,l+7aL2 + -•) ‘s1n2e120+’a21

1[‘+ ’2’2+ “ “ “ (Yb: y.), ‘+ J(xa 1-x~~:~(Y~-Ya)2‘h
+

0dO

.

b

.

—
.——

●

v
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)1Q2%!,2+””””””
[

-x~

(% ~Y*)Z‘ + ~ ‘a2
1si13 e de (4)

(XQ-@ + EJ2(Yb-Ya)’J

where

equation(4)inorderto
noted,however,that

Theproblanowisto evaluatethe.integralsin
determinethecoefficients~jm. Itshouldbe.
equation(4)consistsofa seriesof ellipticintegralswhichcsmnotbe
evaluatedinclosedform. Theintegralscanneverthelessbe accurately
performedby approximateornumericalproceduresforanypreassigned
‘alues‘f (xa~ya)-SincethetotaldownwashvelocityW(XajYa)h
assum~tobe known,itw be seenthattheintegrationsyieldequations
for ‘(~2Ya) intermsoftheunknowncoefficients~,m appwing in
theliftdistribution.Thus,by assumingthedownwashvelocitytobe
knownat anappropriatenumberofpotits,called“controlpoints,”a
systemoflinearalgebraicequationsisobtainedfromwhichthecoeffi-
cients~,m csmbedetermined.Itissignificanttonotethat,when
a isdetermined,theliftis expressedb a perfectlycontinuousform
exceptfortheallowablesingularityalongtheleadingedge.

TheSpanwiseIntegrationoftheDownwash

Inevaluatingtheintegralsin equation(4),eitherthechordwise
or thespanwiseintegrationmaybe perfozmedfirst.Theprocedureherein
beginswiththespsnwiseintegration;thatis,withan evaluationofthe
integral
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(5)

where Xaj ya> Mo) md 0 are assumed to tiefixed.Inordertoevaluate
theintegralalonga curveofconstant0,letthiscurvebedivided
intosmallarclengthsM by dividingthespanlength2s intosmall ,
elementsof span,ofwidth 2SV,andlet y,Yp representthemidpoint
ofthepthspanelementas indicatedinthefollowingsketch.

x I I

Theintegral,equation(~),maynowbewrittenasa sumofintegrals,

Theapproximationismadeontheassumptionthatt@e
width 2SV canbetakensmallenough,comparedwith

(6)

elmentof spanof
thesemispans,-- ‘

. .-—

w
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\
thatthevalueofthe

A adequatelyrepresents
loadingAZ(O,YV) at themidpointof
thevalueatanypointoftheelement.

9

theelement
Thisspan-

wiseapproximationmaybe carriedoutto anydesireddegreeofaccuracy
sothatinthelimitthefeatureofa cont&uousloaddistributionis
retained.

Thus,thevalueof ~ maybe approximatelywrittenas

ti

9

where

(7)

(8)

Theintegrationrequiredto obtainthefunction
canreadilybe carriedoutwiththeresultsexpressed
distances~a-~) ~d(YP-ya) mdthe free-stream
(See,forexsmple,ref.5 wheretheexpressionfor E
a differentnotation.)Thevalueof E is identical
functionassociatedwitha horseshoevortexwherethe
length2W withitsmidpointlocatedat Xv,yu.As

E in explicitform
intermsof the
Machnumber~.
isderivedby using
withthedownwash
boundlegisof
willbe discussed

later,it isnecessarytoapplya correction-to-thedownwashdueto the
boundlegofthehorseshoevortextoaccountfortheincreaseh vertical
velocitycausedby thefuselage.Forthisreasonthecontributions
associatedwiththeboundlegsandtrailinglegsareemployedseparately.
Thederivationof E inthisseparatedformisgiveninappendixA.

TheChordwisetitegrationoftheDownwash

Afterhavingperformedthespanwiseintegration,thenextstepis
to effectthechordwiseintegration;thatis,
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*
Itmustbe rememberedthattheliftdistributiongivenby Al(e,YV)

inequation(9)isu unknownquantity,involvingcertaincoefficients
~,m ~ich havetobe determtied.Theintegrationsinequation(9)may ‘ ~
be effectedby evaluatingtheintegrandforftiedvaluesof xa) Ya> ‘o)
and y at smallintervalsof 0 andthenmakinguseof somecurve-

V
fitting&chemeof integrationsuchasSimpson~srule. Itshouldb,enoted)

—

however,thatsinceE isequivalenttothedownwashfunctionassociated
witha horseshoevortex,equation(9)isthebasicequationofFalher’s
procedurefortreatingtheliftingsurface.Fallmer,inlieuofusfig
smallspacingsinthechordwisedirection,deviseda schemeto approximate
theintegrationthatinvolvesevaluatingtheintegrandinequation(9)for
onlya fewdiscretevaluesof 0. l?alknerusedthemethodforthecase
ofa steadywingin incompressibleflow,butthemethodcaneasilybe
extendedto steadywingsincompressibleflowandto oscillatingwings
ineithercompressibleor incompressibleflow. (See,forexsmple,ref.2.) - ‘-
Themethodofc,hordwiseintegration,asdevisedbyFalkner,consistsof
expressingAz(e,Yp) intermsof ~,m foronlya fewdiscretevalues
of 0,denotedhereinby ev (v= 1,2,3,... Q) andemployingweighting
factors~,v associatedwitheachvalueof
apparentjustificationforusingthismethod
MO= 1,calculationshavebeenmadeforthis

Themethodofdeterminingtheweighting
inthenextsection.

v. Althoughthereisno x
ofchordwiseintegrationfor
conditionherein. *
factors~,V isdiscussed

Itisconvenientto locatethe control points so that they fallalo~
fixedpercentagespanandchordpositions;thatis,alongconstant~ and
constant0 curves.Thespanwiselocationsofcontrolpointsarecho-sen
sothattheyliemidwaybetweenthelegsof thehorseshoevortex.The
chordwiselocationsarechosensothatthecontrolpointsfall.midway
betweenthelinesofconstant0,whichmeenstheremustbe at leastone
morediscretevalueof 0 thanchordwisecontrolpoints.Sinceoneequa-
tionisformedat eachcontrolpointthere-shouldbe thessmenumberof
controlpointsas coefficients~,m retainedintheequationforlift.
Inthepresenttreatment,thenumberof.bothspanwiseandchordwisecontrol
pointsaremadetoequalthenumberof spanwiseandchordwisetermsretained
in’theseries,nine.

Now,atanycontrolpointwithcoordinatesXa,ya,let Gn,v repre-
senttheweightingfactorforthenthtermofthespanwiseloadingdistri-
butionandthevthvalueof 0. Thepthintegralinequation(9) maythen –
bewritten

.

w‘“
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m
“ Determinationofthe

. TheweightingfactorsGD,V are
fora two-dimensionalwingby setting

11

WeightingFactors

determinedwiththeuseoftheory
up a systemofalgebraicequations

fortheliftahdthedown%shinvolvfi-thesefactors.‘Eachcho~dwise
termintheliftseriesrequiresa systemof equations;buteachsetof
equationsisobtainedinthesamemanner.Thedetailsaretherefore
presentedonlyforthe n = O tezm;thatis,forthetermcontaining—

cotA2
Thefirstequationto be consideredequatestheintegralofthe

conttiuousloadtigto thesumoftheweightingfactors;namely,

c J3-(

‘O,v= ‘Ojl+ ‘0,2 ~stiede=~““”+G0,Q=oc0t2 (11)
v=

& Eachoftheother(Q-1)equationsinthesystm involvesonechord-
wiselocationofcontrolpoint(midwaybetweenlinesofconstantO)smdall
thediscretevaluesof 0. Theseequationsarederivedby theuseofthe. two-dimensional‘kernelordownwashfunction.Thedownwashat thecontrol
pointinvolved,asproducedby thesumof theloadson eachdiscretevalue
of 0 isequatedtothedownwashpraiucedby thecontinuousloadingh
two-dimensional flow;thatis,if xl, x2 , . . . X(Q-l)denotesthe

(Q- 1) chordwisecontrol-pointlocation(x ismidwaybetweenlinesof
constant0),thenfor x = xl

= Y@ (12)

TheseequationsareindependentofWch numberand,therefore,areiden-.
ticalto theequationsfortheincompressiblecase. Theweightingfackors
forvariousvaluesof Ov havebeentabulated.(Forexsmple,seeref.1.)

w
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equationsforthefirsttermoftheliftseries(theterm

cot~’)forfourvaluesof e correspondingtothe12.5-,
2/

62.5-, and87.5-percent-chordlinesare

.&‘o,1 + ‘0,2+‘0,3+ ‘0,4 2

8G01-8G02-QG iiiGo4=fi
3 9 30,3-5 ,

~Go,1+8G02 -@03 -~Go,4=fi
9 $

tiG +fiG~ 0,1 3 0,2+ 8G0,3- 8“G0,4‘“fi

3941

w
con-

37.5-, ,;

(13)

Similarly,foureqyationstodetermineGn,V foranyothervalueof n *
e ineqwtion(1.1)areobtainedbyreplacingtheloadtermcontainingcot~

by thetermcontainingsinnf3.Theweightingfactorsaretabulatedin _. “ .
tableI forfourvaluesof f3correspondingto the12.5-)37.5-}@.13-~
and87.5-percent-chordlines.

DeterminationoftheDownwash

After Gn,V isdeterminedfora givenchoiceof e-values,the
expressionforthetotaldownwashatanyparticularcontrolpointis
givenwiththeuseof equations(9) and(10)as

—

Sincethetotaldownwashislmownatthechosen
tion(14)leadstoa systemoflinearalgebraic
coefficient~,m Cm be d.eterm~ned.o

controlpoints,equa-
equationsfromwhichthe
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=
An exampleshowingthe

~-vortexpatternwithfour
.

Effect

u

formationofthedownwashequationsforthe
El-linesisgiveninappendixB.

ofPresenceofFuselage

W theanalyticaltreatmentofthewing-fuselage combination,the
fuselageisrepresentedby sm infinitecylinder,whichisreplacedby
theimagesofthewingvorticesplacedinsidethefuselageas suggested
inreference3. As indicatedinreference3,theboundaryconditions
axesatisfiedexactlyonlyinfinitelyfarbehtidthewing. Thevortices
usedtorepresenttiefuselageinducea downwashonthewingwhichmust
betslsenintoaccount.Thisadditionaldowmwash maybe approximatedby
a correctionto thedownwashduetotheboundvorticesasdiscussedb
reference3. Thecorrecteddownwashisthengiven

(

Correcteddowmwash= DownWash1 +

MODELS

as

~2

-)Ya2

Calculationshavebeenmadefortwowing-bodyconfigurations.One
wing,designatedtigA, wassweptback45°,withanaspectratioof4,
a taperratioof0.6,andNACA65AO06airfoilsectionsparallelto the
planeof symmetry.DetailsofwingA incombinationwiththebodysre
giveninfigure2. ExperimentaldatausedinthecomparisonsforwingA
wereobtainedfrm testsmadeintheIangley8-foottramoni.ctunnel.
Bothexperimentalandcalculatedresultswereobtainedforthistiing
withouttwistandforthewingwitha spanwisetwistvariationfrmnthe
fuselageboundszytothewingtipasshowninfigure3. Thisspanwise
variationwasproducedby twistingthewingsectionsaboutthewing
quarter-chordlineinplariesparalleltotheverticalplaneof symmet~.
Inmakingthecalculationsthebdy inallcaseswastreatedas an infi-
nitecylinder,asindicatedby thedashedlinesinfigure2.

Theotherwing,designatedwingB,wassweptback45°,withan aspect
ratioof4, a taperratioof0.15,andNACA64A206,a = O airfoilsections
atthewingmidspan,fairingintoNACA6kA203,a = 0.8 (modified)airfoil
sectionsatthe0.5semispanandretainingthesesectionsfromthemidspan
to thewingtfp. DetailsofwingB incombinationwithtiebodyaregiven
infigure4. Thesecalculateddatasrecomparedwithunpublishedexperi-

k mentaldataobtainedintheLangley8-foottransonictunnel.

.—

9



14 NACATN3941

COMPARISONOFEXPERIMENTALANDCALCULATEDRESULTS

Figure5 showsa comparisonofthecalculatedspanwiseloadingof
wingA alonewiththatofthesamewingincombinationwitha body. The
detailsofthewing-bodyconfigurationsreshowninfigure2. Thecal-
culationsareforanangleofattackof4.0°. Figure5(a)showsthe
resultsforincompressibleflow(~ = O) andfigure5(b)showstheresults
forcompressibleflowfor ~ = 0.9. Theonlysignificszrteffectofthe
bodyistoreducetheloadingonthewingadjacenttothebodyendfor
thesetwocasestheeffectwaslessat ~ = 0.9 thanfortheincompress-
ibleflowcase. Theloadingsonthemoreimportantoutboardsectionsare
notsignificantlyaffected.InallremainingcalculationsWe effectof
thebodyisincludedforcomparisonwithexperimentallymeasureddata
sinceno experimentaldatahavebeenobtainedwiththewingalone.For
theseandallsubsequentcalculations,thewingisassumedtohavea
fixedgeometry;thatis,nodeflectionorbendingunderload.Forthe
wingstestedinthisreport,deflectionsunderloadwereverysmallat
a =4.0°,sothatanydiscrepanciesintroducedinthecalculationsdue
todeflectionorbendingweresmall.However,inmsmycases,thiseffect
isimportant,&mdif so,mustbe includedinthecalculations.

Figure6 showsa comparisonofthecalculatedande~erimentally
measuredspanwiseloadingplottedagainstthewingsemispanforMach
numbersof0.6,O.~, and1.0forwingA incombinationwitha body.
Thedataexeforanemgleofattackof4.0°andforthewingwithout
twist.Thespanwisedistributionof lift,onwhichthewingspanwise
shearsandbendingmomentsdepend,aregenerallyingoodagreement,both
tishapead magnitude.Itmaybenotedthat,for ~ = 1.0,thereis
a dropinthemeasuredliftadjacentto thebodyandalsoan increase
nesrthetipwhichresultsina changeintheshapeoftheloadingcurve;
thatis,anoutwardshiftinthelateralcenterofpressurewhichisnot
foundinthecalculatedresults.

Figure7 showsa comparisonofresultsforthessmewing-bodycon-
figurationandthessmeMachnumberrangeas showninfigure6; however,
inthiscasethewingsectionsweretwistedaboutthequarter-chordline
toproducethespanwisetwistvariationshowninfigure3. Thesedata
arealsoforan sngleofattackof4.0°
fromthebodycenterUne.

, theangleofattackbeingmeasured
Theagreementoftheoryandexperiment,here

again,isgoodandthesametrendswithMachnumberas infigure6 are
noted.Itthusappearsthatthechangesin spanloadingwhichresult
fromtwistingduetoaeroelasticbendingorwingdeflectionscanbepre.
dietedattheseMachnumbers.

.

.

Figure8 showscalculatedandexperimentalspanwiseloadtigcoeffi-
cientsforwingB. !Daedetailsofthewing-bodyconfigurationareshown

m

infigure4. Theresults are foranangleofattackof4.0°andareshown
w
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*

forMachnumbersof0.80,0.9, 0.98,and1.0. Theagreaentbetween
theoryandexperimentforMachnumbersof 0.80andO.A showninfig-

. ure.8(a)andfor ~ = 0.g8 showninfigure8(b)isverygood.This
wingwasnottestedata Machnumberof1.0,thehighestMachnumberfor
whichcalculationshavebeenmade,butexperimentallymeasureddatawere
obtainedat ~ = 1.03. Theseexperimentaldatafellbelowthecurve
for ~ = 0.98 andtherewasno appreciableclifferencebetweenthe
experimentaldatafor ~ = O.X and ~ = 0.98. Theshapeordistri-
butionoftheloadingforthecalculateddataat ~ = 1.0 wasessen-
tiallyinagreementwiththedistributionoftheexperimentalcurvesfor
~=0.~ and ~= 1.03. Thusitappearsthatforthiswingthereisa
anappreciableincreaseinthemagnitudeoftheloadingon goingfrom
~=o. g8to Mo= 1.0 forthecalculateddatathatwouldnotbe found
experimentally.

Forthecasesthathavebeencalculateditmaybe concludedthat
themagnitudeandthedistributionof spanwiseloadingcalculatedfor
thethinwingsunderconsiderationarein goodagreeuentwithexperiment
q toa MachnumberofO.%, andforthehighlytaperedwing(wingB)the
agreementisstillgoodup toa Machnumberof 0.98.*

Figure 9 showsa comparisonofthecalculatedandexperimentally
. measuredchordwisecenter-of-pressurelocationforseveralspanwisesec-

tionsforwingA overtherange ofMachnumbertestedandfigure10 shows
similarresultsforwingB. Theexperimentaldatainfigure9(a)forthe
untwistedwingfor ~ = 0.8 and M. = 0.9 weretakenfromreference6.
Onbothwingstheagreementovertheinboardsectionisgoodupto a Mach
numberof1.0. However,thereisa sharprearward shiftinthechordwise
centerofpressurelocationshownatthe0.8andO.% semispanstaticms
fortheexperimentaldataoccurringbetween~ = 0.95 and M. = 1.0
that is notindicatedby thecalculateddata. Withregardto thechord-
wisepressuredistributiongoodcorrelationwouldnotbe expected,pm-
titularlyovertheoutboardsectionswheretheremightbe a tendencyfor
theflowtowashouttowardsthetip.

Figuren(a) showsa comparisonofthecalculatedandexperimental
longitudinalcenter-of-pressurelocationrelativetotheleadingedgeof
therootchordversusMachnumberforwingA withbodywithouttwist.
Thecalculateddataarefora constantsngleofattackof4.0°. The
calculatedliftcoefficients,varyingfrom CL =0.260 at ~ =0.8 to
CL = 0.306at ~ = 1.0 areshownonthefigure.Theexperimentaldata
areforliftcoefficientsof0.2and0.4. Thecalculatedlongitudinal
centerofpressureforthewing-bdycmnbinationisapproximatelyatthe
trailingedgeoftherootchordforthiswingwithouttwistandisseen
to shiftslightlyrearwardwithsn increaseinMachnumber.Theshift
inthelongitudinalcenterofpressurefortheexperimentaldatais
somewhatgreateras ~ approaches1.0. Thisgreatershiftinthe
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longitudinal center of pressure for the c~lete wing wouliibe expected
fromthesharprearwardshiftinthechordwisecenter-of-pressureloca-
tionfortheoutboardsectionsshownin figure9.

FigureU(b) showsa comparisonsimilartofigureU(a) forwingA
withbodyandwithtwistinthewing.Againthecalculateddataarefor
a constantangleofattackof4.0°andthecalculatedliftcoefficients
forseveralMachnumbersme shown.Ingeneral,thesametrendsare
shown,excepth thiscasethelongitudinalcenter-of-pressurelocation
fortheexperimentaldataat CL = 0.4 wasabout7 percentoftheroot
chordbehindthatfora CL of0.2. Otherexperimentaldataforthis
configuration,notpresentedherein,showedno appreciableshiftinthe
center-of-pressurelocationsforliftcoefficientsof0.6and0.8frcm
thatat CL= 0.4.

Figure12 showsa comparisonofthe~alculatedandexperimental
longitudinalcenter-of-pressurelocationrelativeto theleadingedge
oftherootchordagainstMachnumberforowingB. Thecalculateddata
arefora constantangleofattackof4.0. Theexperimentaldataare
onlygivenfora liftcoefficientof0.4s.ticethecalculatedliftcoef-
ficientswerenear0.4. Thesanetrendsasnotedinfigure11areshown
forthiswtng-bodycombination.

—
.-

.-

.P_

.

CONC!LUDINGREMARKS

A detailedmethodforcalculatingthespanloaddistributionofa
wingincombinationwitha bodyispresented.A comparisonofthe
calculatedloaddistributionswithexperimentalresultsindicatedth~t, ‘- - =
forthelimitednumberofcasescalculated, themaaitudeanddistri-
butionof spanwi.seloadingcalculatedforthesethinwingsareingood
agreementwithexperimentup toa Machnwhberof0.95andthatthespan-
wiseloadingcalculatedforthehighlytaperedwingisingoodagreement
withexperimentuptoa Machnumberof0.98.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Langl@Field,Vs.,June11,1~~.
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AmENDIxA

DERIVATIONOFDOWNWASHFAC’IQRE

Itwaspointedoutinthetextofthereportthatthemethodof
effectingthespanwiseintegrationof losdingemployedledto a system
ofhorseshoevortices.Mom considerationsinreference3, thewing-
bodycombinationisrepresentedby a setofvorticeslocatedonthewing
withtige vorticeslocatedinsidethebody. Sincea correctionis
appliedto thedownwashassociatedwiththelegofthevortex,as out-
linedinreference3, itisdesirableto calculatethecontributiondue
tothetrailinglegsW boundlegseparately.Thedownwashinthis
sepsratedformiscalculatedwiththeuseoftheBiot-Savartlaw.

Thecontributionofthetrailinglegsofthevortexat (xb,yb)and
ofwidth 2% tothedownwashfactoratpetit(xa}Ya)isgiv~ by

1

—[ 4 1-

(%- ‘b)+ J(X*- ‘b)2+ ~2(yb- Ya + sv)2
‘bja= yb -ya+sv

(‘a - xb)2+ ~2(yb- ya~ sv)2

1 W’b%)‘Xb+ ‘a-x )2+ p2(yb- Ya - ‘v)1(Al)
Yb- Ya - Sv x= - ‘b)2 + ~2(yb‘ Ya - sV)2

orreferringalldistancesto the vortex semispansv

Thecontributionoftheboundlegof.
. 2SV tothedownwashfactoratpoint

“ ()
—

factor1 + ~ (seeref.2) isgiven
F

the vortexat
~,ya which

by

(-d andofwidth
is increasedby the
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Thecontributiontothedownwashfactoratpoint(~,y~ duetothevortex

at (~>-yb)fora wingwith
iSgivenby

symmetricalloading,‘A%(~;yb)= AZ(xb,-yb),

and

(A5)

Eachdiscre$evortexlocatedonthewingisconsideredtohavean
imagevortexofthesamestrengthinsidethefuselagethatmustbe con-
sideredinsumningup thedownwashatanycontrolpoint.A horseshoe
vortex of Width Y2 - Yl locateiLoutsideofa cylinderofradiusr has

()r2 2
an hage horseshoevortexofwidth— - ~ withinthecylinder.Then

Y~ Y2
thecontributiontothedownwashfactoratpetit(~~Ya)dueto the*fJe
insidethefUSel~eoftievortexat xbyyb ~ given~

.

“



.

. 1

1

Ya -+-
Y~ - 1 L

and

1 r +Y-a-=?A+l
*

1

(A7)

Thecontributionto thedownwashfactoratpoint ~,ya dueto theimage
theVortexat xb,-yb isinsidethefuselage

.

(A8)

+Fa+_
yb-l

1
$Fa+_

yb+l
“

4
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1
Thetotal downwashfactoratpoint xa>ya duetothevortexat

xb,yb,itsco~~ion vortexat xb,-yb (ona symmetricalwing),and
theirimagesinsidethefuselagearegivenby

(A9)

where

E
()

‘Fb,a+%,al+~

1 (i) + +:’
‘bja= ‘bja+ ‘b,a+ ‘bja J

(Ale)

(i) (i)‘
%,a = %,a + <,a + %,a + %,a
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APPENDIXB

AE!?ROlClMlT13INTEGRATIONINTEECHORDWISEDIRECTIONAND

FORMATIONOFTEEl13WNWASHEQUATIONS
.

U theformationofthedownwashequation,theremustbe onecontrol
POintforeachequation.Thelocationofthecontrolpointsonthewing
dependson thelayoutused,sndthenumberaddoptimumlocationsofthe
pointsmustbe determinedby experience.Falknerfoundthe84-vortex
patternwithninecontrol’pointslocatedas showninfigure~ tobe
satisfactoryh computingtheloaddistributimofa symmetricalswept-
backwinginincompressibleflowwiththe328-vortexpatterngivingonly
slightlybetteraccuracy.~erefore,the84-vortexpattern,orthe
equivalent,forthewing-bodycombinationwhichdividesthewinginto
intervalsof0.1semispanandfourchordwiseloadlineshasbeenused
forallcalculationsinthisreport.Itsho~dbe noted,however,that
itisquiteprobablethatplacingthecontrolpointsnearerthe%railing
edgewouldgivebetterresults,particulsr~as Mo~l.O. Eoththe
spanwiseandchordwisedistributionofcontrolpotitsarethessmeas
thespanwiseandchordwisetermsretatiedintheequations.

Theeqyationsfordetermining~,m arefo~ed as follows:

Thecoefficientfor a. o correspondingto the cot~ termfor9
the84-vortexsolution
tableI forvaluesof

(controlpoint
%,,)

1,fig.U.)isgivenby (see

o.0703~ E5/8Jc# + 0.0391

wherethesubscripts1/8,3/8,5/8,and7/8
tothevorticesonthe12.5-,37.5-,62.5-,
respectively.

onthedownwashfactorsrefer
and87.5-percent-chordlines,
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.
Thecoefficientfor al,o correspondtigto the sine teI’IUiS

givenby .

●

Thecoefficientfor a2,0 correspondtigtothe sfi2e te~ iS
givenby

0s0732~ ‘@m ‘ 0“038’~ ‘3/8~ -

Formorethenthreechordwisecontrolpointsit
includetermsof sinne where n+2.

wouldbenecessaryto

Additionalspanwisetermsintheequationaredeterminedby adding
furtherspanwiselosdingfunctions.Thecoefficientfor a0,2 corre-

e
spendingtothesecond z termisgivenbycot-

Similarly, thecoefficientsfortheotherunknownscorrespondhgtothe
e

cot2J the sin0,andthe sin2e termsarefound,Foreachequation

formedthedownwashvelocityisequatedto thelocalslopeofthewing
section;thatis, w/V isequatedto tana or,forthewingdivided
intointervalsof0.1SmiSPU, eachequtioniSseteqwl to0.025to
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.
allow for the

. fortheother

23

2sratio—= 40. Tna similarmanner,equationsarefotied
‘v

controlpoints,and,forthecaseofthewingWtiouttwfit
or camber,alleqpatio=sfor-allcontrolpointsaresetequalto0.025,
~ twistor csmberis incorporatedinthewing,theconstantforeach
equationwilldependonthetwistor csmberattheparticularcontrol
petit;thatis,thelocalslopeofthewingsection.

Forthewing-fuselagecombinationtheeffectiveangleofattack
mustbe correcteddueto theverticalvelocitycomponentinducedby
thefuselage.U itisassumedthatthedownwashinducedby thebound
vorticesh theplaneofthewingis increasedby thefactor1+~,

Ya
as inreference3,theeffectiveangleof attackofthetig isequalto
thegeometricangleplustheangleinducedby thefuselage

.

or

aeff ()
+ JL 2ati

= ageom ya

aeff= ageom ()

1.++
Ya2
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AImITmxc

AERODYNAMICCHARACTERISTICS

Thelift(seeeq.3)foranypointisgivenby

(sine’ 2
1,0 )

+Wll+ny,’””” +Y
1

( u‘h 20“,o + ~a’,l+ ~’=’,’“ “ ‘ + “ “ ●

or thetotalliftatmy chordis ●

2=QQfst’na1 qc J-2j~jljoti$3,0 +~ao,l +-n2ao,2+ . . .)+

(sti eq,o+ vql +n2q,2 )+...-l-

(‘in‘e“,o + ~a’,l+ q2a2‘ )1+...+...(3X9
but

x =~cOi-3e

and

dx= -~stiede

Then

Jc/2

1’

0
Cot$ax =-$

-./2
cOt$stiede=$

?c

(cl)

.
(c’)

.

.

.

.
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.

and

Jc/2
Sinedx

-c/2

1

c/2
sin20dx

-c/2

Therefore, equation (C2)fora symmetrical

.

.

r[ 68pv% tana 1- ’12g 0,2
4

+ ~2ao,2 )+ v ao,k +

or

fi=-
4

. 0

wingbecomes

f(al,o + ~2%,2 1+~4%,4’)
orthesectionliftcoefficientis

Cz .8pV’kna

$V2C
sJGf$o,o + ,2..,2 + ,4..,4)+

(al,o 1+ #y, # + 74a3,4

butthetotalliftonthewtigis

J

s
L= Zdy

-s

s
r

Z dq

CL = -1

$V2s

25

(C3)

(C4)

.
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and
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.

CL [(=4Atana~~ao,o+5a
)(

+~g
4 1,0 )82 ‘0,2+ $ ‘1,’ +

(

lrYf ~a
]z5ao,4 + 4 1,4 I

Then
.

‘2* a 16a + 8.CL =—
(

i-4a +2. +2. +a
9

(c6)
16 0,0 1,0 0,’ 1,2 0>4 b

Theslupeoftheliftcurveis

dCL

(
‘2 16ao,o

Z-=r + %,0 )
+ 4.0,2+ 2aL,2+ 2ao,4+ a1,4 (CT)

Theratioofthesectionliftcoefficientcl at anysectiony tothe
totalliftcoefficient~ ,is

CL S(X

(SQo + #%,2 + ~4%,4 (9+ .10 + V2al2 + ~4~,
=

[ 1

(c8)
~6a + 4a + 2a0,0 0,2 0,4+& +2a1,0 1,2+ al,4

.
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Thesectionmomentcoefficientaboutthemidchordisgivenby

27

cm = “’cy”m%~ -(1

1

(

2 4
z! a2,0

]‘n a2,2 ‘q a2,4

andthecenterofpressureofamy

Xcp cm—=—
c Cz

(C9)

sectionis givenby

_%J1-(- ]~,1 h)? aoo+q2~,z+ q4~,4) +*@2,0+ V2%,2+V4a2,4)

2C

[(
2 ao,o+72ao,2+~4ao,

U
4

+ al,o JJ+~2al)2+q al,4
t

(Clo)

Themomentforthecompletewingabouta linethroughtheleading
edge(x= O)ofthecenterchord(minoraxis)isgivenby

ti
1

G= 8pv2s2
J’!o

;+.,,s) J%)(ao,o + n2ao,2 +

~kao,1
al o+*+q 2a12

11
4 ‘%,4 dq-*+n2

1
&’V262

f[[ gl-
0

(1-NJJ=7(:)(%,0 + T2%,2+

(Cll)
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wheremi isthetangentofangle

NACATN3941

.
of sweepofthemidchordline,or

($%W$32,2+ (*-A%,, )1
but

m -$$ * b~spao,o + %,0 + 4ao,2 + %,2 + ‘0,4 )z- + al,4

Thelongitudinalcenterof

4a02+2a12+2a04+a14
) ) } >)

pressure is at

(C12)

()‘x %%,()+%%,2+‘3%,4+l%al,O+3.~ . 32cF 81,2+ %1,4 +92,0~k8a2,2+92,4
Cr Wb 16a00+%,0+bao,2~‘1,2+2%,4+%,4>

(c13)

where

~d ~, k3, k4, ~, ~, ~, k& and kg arethecoefficients

‘f ao,2’ ao,4’ al,o’ al,2’ %,4’ a2,0’ awl’ ti a2,4Yrespectively,

inequation(C12). -

.
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TfmLEI

LOCATIONANDMAGNITUDEOFWEIGHTINGFACTORSK)

REPRESENTCHORDWISELOADING

Ch”;::g,,y;y’ %,V Gl,v G2,V

O.2~3~ 0.04880.0732
% .1172 .0762 .0381
62.5- ●0703 .0762 -.0381
87.5 .0391 .0M38-.0732

.

.

.
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Figwe 1.-Wingdiagramandcoordinatesystem.
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