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‘lZETHEORETICALCHARACTERISTICSOFTRIANGULAR-TIE’

CONTROLSURFACESAT SUPERSONICSPEEDS

MACHLINESBEEUNDTRAILlliGEDGES

By JulianH. KainerandMpryDowdKing

By meansof linearizedtheory,generalizedexpressionsinclosed
formhavebeenobtainedforthecharacteristicsdueto control-surface

(deflectionCL~, CZ8, CWY ~d Chb) ~d duetowingangleof

(attickC%) forwingplan formshavingtriangular-tipcontrolsurfaces
at supersonicspeeds.Theanalysisconsiderswingtrailing-edgesweep,
control-surfacegeometry,andMachnumberforthedeflectioncharac-
teristics.For C% theeffectsofwingleatig-edgesweepandaspect
ratioarealsoincluded.Theanalysisislimitedto configurations
wherethetmilingedgesaresupersonicandwheretheinnermostMach
linefromtheleaUngedgeofthecontrol-surfacerootchorddoesnot
intersectthewingrootchord.

Chartsarepresentedforthedeflectioncharacteristicsforcon-
figurationshavingthesweepofthewingandcontrol-surfacetrailing
edgesequalandforthelocationofthehingelineforbalancedcon-
trols.Tablesofcalculationsaregivenforconfigurationsinwhich
thewingandflaptrailingedgesareunequallyswept.

Theresultsoftheanalysisshowthattheeffectsofwingtrailing-
edgesweepon C~> ‘%5)ad c% .aremoresignificantthantheeffects

of control-surfacetrailing-edgesweep(Cha isnotaffectedlythewing

)trailing-edgesweep. Aileronreversalmayoccurforcertainconditions
whenthecontrol-surfaceleatigedgesaresubsonic.Maximmrolling
momentsareobtainedforcontrolsurfaceshavingsupersonicleadingedges.

By means
developedfor

of linearized
thestability

INTRODUCTION
\

theory,generalizedexpressionshavebeen
derivativesofa widevarietyofwing

——— —--.-.—-——.- .. ..—



2 NACATN 2715

configurationsat supersonicspeeds(references1 to 10). Withthe
rapiddevelopmentof supersonicaircraftandmissileconfigurations,
muchinteresthasbeenfocusedontheproblemof control.Several
papershavebeenpublished(referencesU to 14)whichpresentexpres-
sionsforthetheoreticalcontrol-surfacecharacteristicsof specific
wing- control-surfaceconfigurations.By meansof linearizedtheory,
thepresentanalysisextendstheseinvestigationsby consideringthe
effectsofMachnumberandgeometryonthetheoreticalsupersonicchar-
acteristicsofa widevarietyof configurationshavtigtriangular-tip
controlsurfaces.

Thepresentpaperconsiddrsboths~sonicandsupersonicwingand
control-surfaceleadingedgesbutisrestrictedto casesinwhichthe
trailingedgesofthewingandcontrolsurfacearesupersonic.Atten-
tionisgivento configurationswherethecontrol-surfaceandwing
trailingedgesaresweptbothequalamounts(hereinafterreferredto
as thebasicconfiguration)andunequalamounts.In additionto the
inherentlimitationsofthelinearizedtheory,theassumptionismade
thatthefiermostMachlinefranthecontrol-surfaceleading-edgeapex
doesnottitersecttherootchordofthewing. Theresultsareappli-
cableto configurateionshavtigsweptforwardor sweptbackleadingand
trailingedges.

Theresultsarepresentedintheformofequationsfortheevalua-
tionof CL5, CZ5, C%, ad Chb,chartsfortherapidesthationof

thesequantitiesforthebasicconfigurations,andtabulatedcalcula-
tionsforconfigqrationghavingunequallyswepttrailingedges.In
addition,generalizedequationsaregivenfortheevaluationof C~.
A specificillustrationispresentedfora wingconfigurationhaving
equallysweptsubsonicwingandcontrol-surfaceleadingedges.

SYMBOIS

Free-streamconditions:

T velocity

M Machnuniber

P

Machangle(s+)
massdensityofair

..— ..— ___
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q

Winggeometry:

b/2

hl

Cr

A

A3

m= cotA

m3 = cotA3

a

3

()dynamicpressure*F

\

StiS@Il includingfbp span (hl+ bf)

distancefromwingrootchordto control-surface
rootchord(consideredaswingsemispan)

rootchord

leading-edgesweep,degrees

trailing-edgesweep,degrees

angleofattackin streamdirection,radians

Control-surfacegeometry:

bf span

Cfr rootchord

Al lea&hg-edgesweep,degrees

A2 trailing-e*

‘m q~~-;~

ml = cotAl

m2 = cotA2

% = cotA~

Sf

Af

8

Xh

sweep,degre”es

sy$epofbasicconfiguration,degrees

area

aspectratio (bf2/Sf)

deflectionanglein streamdirection,radians

hinge-linelocation

.
——— .—..—.— — .——



4 NACATN 2715

%Xh’= —cf~

(%’)B
ii
Parametersusedin

—!
x

PYa
ta=—

%

Sf

@(x,Y)

Forcesandmoments:

L

L’

H

CL

%’ forbalancedcontrolsurface

arbitrarymomentofareaof controlsurface

analysis:

CartesiancoorMnatesof systemofaxesti”thorigin
at leatigedgeofwingrootchord

Cartesiancoordinatesof systemofaxeswithorigin
at leadhgedgeof control-surfacerootchord

coordinatesof centerofliftof infinitesimallift
triangle

normaldistancefromcenterof liftof infiniteshal
lifttriangletohingeline (Z- Xh)

areaof integration

velocitypotential

lift

rollingmoment

pitchingmoment

htigemoment

liftcoefficient(L/qSf)

rollbg-momentcoefficient(L?/qbf~)

pitching-momentcoefficient(M’/qcfrSf)

— __——.. .— — — — — ..— -- .



NACATN 2715 5

.

Ch htige-momentcoefficient(~/2@fcfr~

() 1cL~f
lift-coefficientderivativeexcludingliftinduced
onwingby controlsurface

(c%>

AP pressuredifferentialexistingacrosssurfacesof
. flatplate

Formulaparameters:
7

Al>‘2> . ● W>J45I
kl} ‘2 \ functionsofwingandcontrol-surfacegeo~try,

71, 72
I

definedwhereused

R

v J
E(~~2) completeelliptic

‘=mJ

Subscripts:

bandu

f

o

integralof secondkindwithmodulus

(~’’2wdg

refertopartialderivativesofeachcoefficient
withrespectto 5 and a,respectively;for

==@, c%=: (Ch)
refersto controlsurface

referstoan ori@n locatedat root-chordleading
edgeof Codroi surface

.

.

.
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6 NACATN 2715

ANALYSIS

Scope

Thepresentanalysis,basedonthesolutionofthelinearized
equationforsteadysupersonicflow,employsthemethodsofreferences15
to 20to deriveexpressionsforthecontrol-surfaceChamcteristicsdue
to deflectionCL5, Czb, %5, and Chb andduetowingangleOf

attackC~. Thisinvestigationincludesbothsubsonicandsupersonic

leadingedges(fig.1)butisrestrictedtowing- control-surfacecon-
figurationshavingsupersonictrailingedges.In additiontothefunda-
mentallimitationsoftheltaearizedtheory,theassmptionismadethat
theinnermostMachlineemanatingfromtheroot-chordleading-edgeapex
ofthecontrolsurfacedoesnotintersecttherootchordofthewing
(fig.1). Fu@hermore,thegapbetweenthedeflectedcontrolsurface
andthetig isassumedtobe completelyfreeof leakage(thuseffects
beyondthescopeoflineartheoryarenotconsidered;seereference19).

BasicConsiderations

(%ThedeflectionchamcteristicsC ,
)CZ5J cmb~‘d Cha ‘d

thecharacteristicduetowingangleofattack(~) canbe derived
whentherespectivelifting-pressuredistributions&e known.The
linearizedlifting-pressure-coefficientdistribtiionisgivenby

(1)

where @(xjY)isthepetibationvelocitypotentialontieqpersur-
faceofthecontrolsurface.Thispotentialdueto control-surface
deflectionmaybe determinedlytheuseofreferences15 to 17 ormay
be obtaineddirectlyfromreferences19 and20. As a consequenceof
theuseof linearizedtheory,thewingistreatedasbeingat zeroangle
ofattackand,hence,thepressuredistributionsforthedeflectedcon-
trolsurface(tableI) areindependentofwinggeometry.

Thepressuredistributionsduetoangleofattackinthevicinity
ofthewingtiparederivedforconfigurationsinwhichthecontrol-
surfaceandwingleadingedgesareunequallyswept(fig.1). These
pressuredistributions(tableII)havebeenderivedbymeansofrefer-
ences15 to 18 forbothsubsonicandsupersonicleadingedges.Thederiv-
ationsofthepressuredistributionsfortheconfigurationshavingsuper-
sonicwingandcontrol-surfaceleaUngedgesarestraightforward;whereas

—-—— — —.



NACATN2715 7

fortheconfigurationshavingsubsonicwingandcontrol-surfaceleading
edges,anappro-tion (inwhichtheeffectsofthesecondaryMach
reflectionsareessentiallyneglected,reference18) totheexactline-
arizedtipvelocitypotentialisapplied.Thisapproximationreduces
theintegrationofthedisturbancesintheforecone(OBPE)ofa pointXjy
(Zig.2) toan integrationovertheparallelogr-.(APCD).13vvard
(reference38) hasshownthat,forcertainlimitingcases,theparal-
lelogramrepresentationreducestolmownexactlinearsolutions;how-
ever,itisapproximateforthecaseswheretheMachlineslieahead
oftheleadingedges.As thea~glebetweentheMachlinesandthe

f
leadingedgesdecreases

U
m~~, theerror@ theapproxhationapproaches

P
zero.Moredetailedinformationre~dtig theapproximationmaybe
foundinreference21.

Evvard(reference18) comparedthepressuredistributionsona
thinpointedwingderivedbytheapproximateandexactlinearsolutions
forthevelocitypotentialandobservedthattheydifferedonlyinthe

constitofproportionality.TheerrorbetweentheconstantK =
1 &)

oftheapproxhatelinearizedsolutionand- L

(

oftheexact
Em

linearizedsolutionincreasesfromO toabout 7 percentasthecom-
ponentofMachnumbernormaltotheleadingedge(mP)decreasesfrom1
too. Whentheapproximatesolutionforthevelocitypotentialis

modifiedby replacingK by L , the
E(~~~

exactlinearizedsolutionforthelimitingcase

that K and 1 areidenticalat m

E(m)
isno guaranteethatsuchgooda~eementmaybe
ditions(ml# m),themodifiedsolutionwillbe

resultreducestothe

m=ml
(
notealso

)
1=—.
$

Althoughthere

expectedforallcon-
usedhereinto obtain

c&. For~ kore”thoroughdiscussionregardingtheconstantofpropor-
tionality,seereference18.

‘aivation‘f c%’CZ5’cmb’%’‘d Cha

ThegeneralformsoftheexpressionsfortheChamcteristicsdue
to control-surfacedeflectionandwingangleofattackare

(2)

. . . --- -- - –——-- -—— .-.— -—. ..— ——.. —.
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9
JJ

#A~MtChb= -
2bfcfr2Sf q8

(3)

(4)

(5)

(6)

wheretheintegrationincludestheregionof tiducedliftinaddition
tothecontrol-surfaceareaforequations(2)to (4)andincludesonly
thecontrol-surfaceareain-equations(~)and (6). Thefactorby which
thehinge-momentcoefficientsweremadenondimensionalincludesthe
root-mean-squarechordofthecontrolsurface.

Sincethepressure-coefficientdistributiondueto control-surface
deflection4/q isconical(seetableI),theintegrationsindicated
by equations(2)to (>)maybe convenientlyaccomplishedbymeansof
polarintegration.ThedetailsandUmitsforpolarintegrationare
presentedb figure~,andtheresultinggeneralizedequationsand
specificcasesarepresentedinappentiA forthesubsonicandsonic
leadingedgesandinappenUB forthesupersonicleadingedges.

Theformofthepressurecoefficientduetowingangleofattack
@/q iscoficalforthesupersonicleadingedges(table11),and
hence,polarintegrationisalsoapplicableinthiscase.
dixC.) However,dueto thenonconicalformof @/q h
forthesubsonicleadingedges(table11),integrationis
CartesiancoordinatesinappendixD.

Control-SurfaceParameters

(Seeappen-
thetipregion
performedin

Therolling-moment-andpitching-moment-coefficientderivatives
havebeenobtainedabouttheaxesofa Cartesiancoordinatesystem
locatedattheleadingedgeofthecontrol-surfacerootchord(fig.3)
andmaybe transferredtoanyconvenientreferenceaxesby meansof

. ———
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(7)

(8)

wheretheasteriskedquantitiesinequations(7) and (8) referto the
transferredquantitiesand X and Y representthehorizontaland
verticaldistsmcesbetweenthepresentaxesandthedesiredones.“

Thehinge-momentcoefficient~weremadenondimensionalbydividing
thehingemomentby themomentofareaoftheentirecontrolsurface
whichincorporatedthecontrol-surfaceroot-mean-squarechord.If
thesecoefficientsaretobe referencedaboutanothermomentofarea,~

thenthecoefficientsgiven

where~ isthenewmoment

Sincethehinge-moment

alfcfrd
hereinaremultipliedbytheratio _

x
of area.

coefficientsarelinearlydependentbon the
nondimensionalhinge-linelocationxh’,theresultsarepresentedin
termsof thehinge-momentparam6terabouttheorigin(independentof

Xh’) (%),80 andthemomentof liftlon thecontrolsurface
@L@)f’

where Cha~>

()
CL5~. The

me~s ~h Or Ch and
a .6 ~’a,b)f ‘ems ~La)f or

assenibledhinge-momentcoefficientis

Fora balancedcontrolsuxface,%,6 mustbe zeroandhencetheloca-
tionofthehingelineforthisconditionis \

(1:)

%e liftreferredto ticludesonlythe”lifton thecontrolsur-
faceandexcludestheliftinducedonthewingby thecontrolsurface.

J

. .——. -—- - -— —-— —------- - .—-—--- —— ..-—. .—.— —-—.——. .-— -. —-—. -— -
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It shouldnotbe assumedfromequation(10)thatthebalanced
htige-linelocationis identicalforcontrol-surfacedeflectionand
wingangleofattack.Onthecontrary,thisconditionisdifficultto
incorporateinthedesignbyvirtueof themanygeometricalvariables
affectingthequantitiesontheright-handsideof equation(10).How-
ever,thelocationofthebalancedhingelinefora configurationin
whichthewingisata angleofattacka andthecontrolsurfaceat
an angle a + b maybe obtainedby applyingequation(9) for 5 and
for a andwritingtheresultsintheform

and

(11)

(12)
u- -

where ‘h’ isthedesiredbalancelocation.If equations(11)and(12)
areadded,theresultingexpressiongivesthehinge-momentcoefficient
ofa planforminwhichthemlngsectionisat anangleofattacka
andthecontrolisdeflectedatansingleof a + 5. Ifthisresultis
setequaltozero(thatis,thenewconfigurationisbalanced),

xh* .

W&n a/b iszero,equation

(13)

fb)f + F’a)f;

(13) yieldsthehinge-linebalanceposition
fordef~ectionobt&nablefromequation(10),and,when a/5 is infinite,
thecorrespon~ positionforangleofattackisobtained..

RESULTSANDDISCUSSION

AppendixesA andB presentthedetailsandresultingexpressions
forthecontrol-surfacedeflectioncharacteristic=forconfigurations
havingmibsonicandsupersoniclea-g edges,respectively.me formti
numbersfromappendixesA andB fortheexpressionsdevelopedfrom
equations(2)to (6) correspondingto everypossiblecombinationofthe
control-surfaceparameters(mlf3and m213)andthemgpa~eter (mSP)
withinthescopeofthepresentpaperarepresentedintableIIIfor
convenientreference.

—. ————. .-— - ——— — .——---.—__ —— ——--— --
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Thedetailsandformulasfor Cha arepresentedinappendixesC
andD forsupersonicandsubsonicleadingedges,respectively.These
resultsincludetheeffectsofwinglead@.edgesweepandaspectratio
aswellasMachnuder andcontrol-surfacegeometry.Inaddition,an
illustrativecalculationispresentedinappendixD forthecasewhere
thecontrol-surfaceandwingleading-edgesweepsareequal.

Designchartsarepresentedforthedeflectioncharacteristicsfor
thebasicconfiguration(aconfigurationhavingequallysweptwingand
control-surfacetrailingedges)tifi~es 4 to 8. Figure9 isa plotof
thelocationofthehingelinesforbalanceddeflectedcontrolsurfaces.
Calculationsforconfigurationsinwhichthewingandcontrol-surface
trailingedgesareunequallysweptaregivenintableIV.

AnalysisofthecalculationspresentedintableIVfordeflected
controlswhen-eitherthewingor control-surfacetrailing-edgesweep
isheldflxedwhi~etheotherisvariedindicatesthatmoresignificaa.t
changesin CL5> c2~J ad Cm5 frmnthebasicvaluesoccurforvaria-

tionsh wingtrailing-edgesweepthanfor‘similarvariationsinthe
control-surfacetrailing-edgesweep.

A studyoffigures4 and5 suggeststheuseof slightlyswept
supersoniccontrol-surfaceleadingedgesinorderto obtaingreater
liftandrolling-momentcoefficients.Whenstructuralrequirements
demandthelocationofthehinge-linebalance.position(fordeflection)
inthevicinityofthemidchord,thecontrol-surfacetrailingedges
shouldbe eitherunsweptor slightlysweptforwsrdandthelea@g
edgesshouldbe sweptback(fig.9(b)). Generallythecenterofpressure
of thehingeforcesforangleofattackistotherearoftheposition
forthedeflection-alonecase.Thevalueof (q’)B (fig.9)for
deflectionmaybe movedrearwardbydecreasingthesweepofthecontrol-
surfacetrailtigedgeor increasingthatofthecontrol-surfaceleading
edge,thelatterbetiglesscriticalthantheformer.Duetothemany
variables(wingandcontrol-surfacegeometry)affecting(xht)Bfor
angleofattack,itis suggestedthat,fora specificconfiguration,
theeffectofanychangeh thecontrol-swfacegeometryon (~’)B be -
investigatedandtheresultcomparedwiththevaluefordeflection.
However,itispointedoutthatfora configurationhavingsupersonic
wingandcontrol-surYa~elea~ingedgeswheretheMachwavefromthewing
root-chordapexdoesnotintersectthewingtip,thevalueof (% ‘)~
forangleofattackismerelya functionofthesweepofthewingand
control-surfaceleadingedgesandthecontrol-surfacetmiltigedge.
Forthiscase,a shorttrial-and-errormethodofobtatiinga better
valueofthewingleading-edgesweepthanthegivenvaluemaybe used
to obtaina valueof (q’)B for~gle ofat~ckwhi~~y be more
satisfactory.

.- . . .. ... -. —.—_____ .-. —_— .-. .— ..-— ..———- --- - --- .—. -—— ----- —- ---



12 NACATN 2715

Anotherreasonforchoostigsupersoniccontrol-surfaceleadlng
edge”sistopreventthepossibilityofaileronreversal(seefig.5)
inherentundercertainconditionsforsfisonicleadingedges.

In theprecedingdiscussiontheroleofthewingtrailing-edge
sweeph thedesignof controlswasnotspecificallymentioned.Since
theresultsinfiguresk to 8 areforbasicconfigurations,thewing
trailing-edgesweepm3~ hadthesamevalueas thecontrol-surface
trailing-edgegweepm2B. In an actualdesigaproblemwherethewing
trailing-edgesweepishewn, a basicco~igurationisnotnecessarily
desiredsticethisrestrictioncouldfixthecontrol-surfaceleading-
edgesweepat someundesirablevalue.However,ifthewingtrailing
edgeis sweptforwardsli@tly,sucha basicconfigurationprobably
wouldbe desired.If thebasicconfigurationisnotthedesiredone,
designwouldproceedasfollows(consider~ = 1):

(1)Forlowvaluesof sweepforwardofthe‘controi-surfacetrailing
edge m2Y c2~ doesnotvarymuchwiths~ersonicleading-edgesweep.
However,a fewinvestigatorycalculationswithdifferentvaluesof m2
and ml (constantm3)maybe desirable,where

1 1

(2)Havingobtainedthecontrol-surfacegeomet~(winggeometry
hewn),thelocationsforbalancedhingelines (xh’)Bfordeflection
andforangleofattackareobtainedfromequation(10).If these
valuesareacceptable,~ problaisanticipatedinlocatingthehinge
line.However,ifthetravelof thehinge-linebalanceisgreater
thandesired,themethodofreducingthetravelshouldbedictatedby
thepositionsof (xh’)Bfordeflectionand (xh’)Bforangleofattack.
If thevalueof (m’)B fordeflectioniSmoreforward~ desired,
itmaybe movedrearwardaspreviouslydescribed,andifthevalue
of (q’)B for~gle O+at~ck iS~easo~bq rearward,a systematic
trial-and-errormethodinvolvingwinggeometryis suggested.

CONCLUSIONS

By meansof lineartheory,generalizedexpressionsin closedform
havebeenobtainedforthecharacteristicsdueto control-surface

.

.———-—— .——-.— .._.-
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(deflectionCL5j CZ~J C%, and @b) andduetowingangleofattack

()Cha forwingplanformshavingtriangula~-tipcontrolsurfacesat
supersonicspeeds.

Chartsarepresentedforthedeflectioncharacteristicsforbasic
configurationshavingthesweepofthewtagandcontrol-surfacetrailing
edgesequalandforthebalancedcontrol-surfacehinge-linelocations.
Tablesof calculationsaregivenforconfigurationsinwhichthew$ng
andcontrol-surfacetrailing,edgesareunequallyswept.Fromthese.
resultsthefollo~dngconclusionsaremade:

1.Theresultsoftheanalysisindicatethatcharacteristicsare
notgreatlyaffectedby varying-either
trailing-edgesweep;however,a change
edge~~ affectCL5, cl~?and C%
spon”dingchangeinthecontrol-surface

)tedby thewingtrailing-edgesweep.

thewingorthecontrol-surface
in sweepofthewingtrailing
moresignificantlythana corre-

trailingedge(Chb isnotaffec-

2.Theleadlngedgesofthecontrolsurfacesshouldbesupersonic
inorderto obtainthelargestpossiblerollingmolmntsandtoprevent
thepossibilityofaileronreversalinherentundercertainconditions
forconfigurationshavingsubsoniclead3ngedges.

3. Unsweptor slightlysweptforwardcontrol-surfacetrailingedges
combinedwithsweptbackleadingedgesaresuggestedifthehinge-line
bal.ancepositionforcontroldeflectionistobe inthemidchordvicinity
ofthecontrol-surfacerootchord.

LangleyAeronauticalLaboratory
NationalAdvisory-CommitteeforAeronautics

LmgleyField,Vs.,January25,1952

c“

.--—. —--- — —— - .- —- -.—- ~- ...— - .. ___ . ..——. ——— .- --- — —- --—-.
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GHEWWUED

APPENDIXA

AIJDSPECIFICFORMULASFOR C%, CZ5j Cmbj

~ %8 FORSUBSONICANDSONiCLEADINGEDGES

Thegeneralizedformulasforthederivationofthecharacteristics
CL~j CZSj Cw> and ch6 forsubsonicandsonicleadlngedgesare:

16(m2- m1)2p2

3YI”22@(l+ “1P)‘3rc
1m33Jg-a (m; :)3

a

1

a(m3Pdt)-ta J3

dta

(%B-tJ2

ta dta

(K@-%)3

dta

(~~ - ta)3

!-

1-

+

(Al)

(A2)

(A3)

—. .-. —.-— . .——— — ——. . ———. ——. — . ...-. ————- -.. -——. -,. .. . . ... —
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Forthebasicconfiguration(m2= mj = ~)j the
characteristicsresultingfrome4uations(Al)to (Ah)

4pwTE
c“=/(%-“l)(wm~+‘)

-u

+ ly(~ )( )-ml ~13+lml

~l%2(%@ - m~p+ 3)

Chb ()
= Chb~ + xh‘(CL&

(A4)

formulas
are:

(A5)

(A7)

(A8)

.-

(1+qP)(qP- J+IIII@- 3)fq
(A9)

—. .-— .-- —- —— -= ---- -—,----— —.—.-—. —. .. .. ..—.. -.———. -—.+
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— —

Ii+w- JmJ(%EP+l)q

(1+ ml~Al
-1- 7

configurateions
1 < lm2j31< w and m313

+(%-ml)(w++-lj

d

equations

CL5=

where

(Ale)

and map= 1,thefor&lasforthecharacteristicsresultingfrom

rm32 1—+
ml - ms ‘3

1-

(All)

(Al)to (A4)are:

[

8ml(ml ) m22- mp

Iuq2(l+ mlP) ‘1 - ‘2

\

—
(1 -t-mlj3)A2 —

k+
/(29- )(ml ~~ + l)ml

— —

(1J m113)A3
1[

1?

[1mlm3P+ al - ms
A3 = tEXI-l 1“x-—2

)(2 (ms- ml m3J3+ l)ml

(A12)

(A14)

———.————. ... ——-—.—.———-— — -—- - —— -—---- ----
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—1 --I-kml- 9)A2

/(2m2- ml)@#3+ l-ml
A

m33 r@lm3B+ 2M1+ m3

(ml - m3)2~3p+ l]L ‘3

(1+—1 -ml~)(mlp- 4DJZ9- 3)A2

ma3
—

2ml+ mlm3fl- 4m3% - m~
+

m32
—

(AI-6)\

.

.

__— — ——- ----- —--’—-. - -- ——. . ..+-. ——— ——. ----
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3mp#
()ch50=-

[

al+ nl~m@- 4n#B- m2
+

2
fi(l+ mlB)(%P + I)(ml- %2) m2

- -

I

2/(n9- mJ(m@ + l)m-J

. .

Forconfigurations

forthecharacteristics

having 1

resulting
< lIII@l< m ad m3j3= w, theformulas
fromequations(Al)to (A4)are:

/-

m’,L,=!242A 92A+ 1 + mlp)~ 1+741+ml13)ml - q ‘2
(

2m2- ml)(%~+ l)ml

where

()-1 1A4=-2 tan —
@

(A19)

(A20)

—..—..——___.——.. ..— -—— .—..—.——.
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()ChbO

{,

.3%s- “3 [
3“1”2$+ 2“1+“2

+
3TUn22(l+mlP) (ml- “J2(m# + 1) “2

(l+ Iy3)(’Lyn#+4-npnJA2 +@+l+u

~1(”1 - %2)r
}

q3
“< I +

ml)(%~+% A
3“1”22

.

“22

(A2’)

—

1—+m2

(1+ mlj3)A2 –

. . —

‘(A24)-

..-. —.. . . ___ ._. __— — —— -.— —- — —— ..—- ..— -—
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Forconfigurationshavingm@ = m and 1< Im$l<rn

and m3f3= 1,theformulasforthedmracteristicsresulttig

equations(Al)to (Ah)are: .

r
t%l~

c% .
{
1 + (1+ m113)(A4

YC(l+ m1j3)

[

’32 1
ml -m3G

P

L.
)+3-(+

1’5

or qp

from

J
m33 r31m3P+ 2u11+ ms

(ml -m3)2(m3~+ l)L ‘3 “

1(1 + mlP)(A4+ fl) *

J-
hnl

‘%=- {[
22+

34 + m-p)

m33

[

mlm$3+ 2ml- 4m3%- %3

(ml - m3Y(m3~+ 1)’ m32 +

1 + mlj3mlt3- 4m3PJ

- ml ‘1])(m313+ l)ml

(A26)

(A27)

.

—.. .—. ——— . . . — .——. ——. - --—— -— --~
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.

a

(A28)

(A29)

Forconfi~ationshavingm2~. m ~d rn3~.
m,theformulasfor

thecharacteristicsresultingfromequations(Al)to”(A4)bre:

I

.

(A30)

(A32)

(A34)

. .— .,. ..__ . . . . . ._. .J_._ ___ -..~_ -:T- -— _. .._ -._. .= ----- ___
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Forconfigurationshavingm2~= 1 and

resultingfromequations

/ NACATN 2713

map= m,thefonmlasfor

1

[

(1+ m113)A5–
1+

1- ml~ 2&Z-

(A;)to (A4) are: *

(A35)

A5=$+ tan

~ -’~{=~

4(m1B- 1)2

{[

1 1(l+ml~)-1)A5~C26= 5m1p+l+
31-rp(l+ m113)2(m~P- 1)2 2/- -

3qB -l- 1(1 + IuIP)(3M@- 1)A4

f

hnl(l- mLj3)

{

1
c –-
% - 37c(1+ mlp) 2(1 - ml!3)2

L

-)

3(3 - ml~) +

—

2~+@&3hj}
L

d

21f(l-m12132)

(A37)

(A38)

1(1+qB)(7 - qP)A5
3(3 -

‘“) + 2@z)
(A39)

—
.

(4
Mnllc f=

11(1+m1j3)
(A40)

——.—.— .— ---—— -——— — -— -. — . - -— — .-.— . . .
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For

2TL5

configurations
and m3p= 1,
tions(Al)to

%5

23 “

havingm# = -1 and 1< lm3~l<CO or Lce= .1
theformulasforthecharacteristicsresultingfromequa-

f
12

L r’32 1 (1 +@A3
+ —+ml - ‘3 ‘3

1}. 2~m3 - m~)(m3P+ l)ml

(A41)

{

h(l+mlp) lfhl

31-( 3(li-m~~)2 -

m3
3

[

3qm3B+ al + m3

(

+
ml-m 3)2@3P+ 1) ‘3

(1+Inf)(+py+~ -
- q) (m3P+ l)ml“g

{

‘1 8(YF+Q + m33

[

mlm3B+12m1- b32B - %3
c%’=-

3fi3(l+m~P)2 $~-m3)2(m3B+l) 2
+

m3

I

, ~ _ %(md +’3)(%) --
( )

2fil+m113

(A43)

.—.. ____ _ —.. <.- —- -...
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Forconfigurations

forthecharacteristics

NACATN 2715

havingm2~= -1 and m3~= m,thefprmulas

rektit~ fromeqUBtiOnS(Al)to (A4)are:

- —

1-t%q 2

=l+ml~

,

-1-

1-

%8=-$
[

k.Le4-22+
3(l+m~j3)2 .
.

1}(1+.qP)(3qP-1)A4
+

2~

,h80.-!!@@() II(1+m1j3)2

.

(A47)

(A48)

(A49)

(A50)

——— .—.——— . -.——————. .—.. .- - .—--- .. ... . . . . .
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~pENIHXB

~ ANDSPECIFICFORMULASFOR CL5, CZ5> CmbJ

~ Qlb FORSUPERSONICLEADINGlIDGZS

Thegeneralizedformulasforthederivationofthecharacters.
tics CL5, C252

c%’
and Ch~ forsupersonicleadingedgesare:

—

Lq 2

JD’c”s-f-)(%:.a,z+—

m32
Ccos-’L-)&]

m33[ coa-~-j*]

(Bl)

(B2)

(B3)

—-—— — —. —.—— —.
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Chb= .

NACATN

Forthebasicconfigurationm, = m
( , = ~), theformulasfor

characteristicsresultingfromequations(Bl)to (B4)are:

(B4)

~ . %2(y%EP2-*2(32+1)

3/2
3(ml- d (~2B2 - 1)

Cha= (ch5~0+ ‘h‘(c~)f

2715

the

(B5)

(B6)

(B7)

(B8)
. . . .

———— -— ———...— . ..
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()ch50=-

.

%E2 T( ()qml - *)cos-l-&

%E2

.

%&+&- 1)
1

For.
formulas

configurationshaving1 < lm2pI< m and 1< lm3Bl< m, the
forthecharacteristicsresultingfromequations(Bl)to (B4)

are:

I

,{=cos-l[&’.j-

’32
ml - m3

—

‘1 ()–.0s-1~ -
‘3 ml~
—

1

m12B2- 1
Cos ()-1 1

22ma p-l q
‘ (Bll)

—.—— —— —— -— -———. .—— —.—.———
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f

(ml-%2)(%2P2-,)

[

m12cos
()

-1 1

m33 q

ml-m 3 ‘3(ml -m3) -

-!-

m32~2-“ 1

1

.S&_2_.&fm=+-y.l-.i}
(ml -

c%= - 4(ml-%2)
3nm2/-

d

—

(mlml -
()

-1 121Q)COS —
mlP

%2(ml )- ma
—

m1m@2 - 1 -

[

2m22132m12P2-1

( i

-—-

(W - %)(%2~2 - ‘) ‘22P2- ‘ ‘Os-’ ‘p——

[

m33 q(q - 2m3)cos-’(&) . ~Fi
ml - m3 m32(m1- m3) m3(m3%2- 1)-

- 23)(m32~2$/~cOmlm3P + 1 -

(ml-m

, J==
&%2P2-1)+

-— .——. —— -.—.—— ---——-
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()ch50=- 3“22
[
%(5- %)’0”-’(+).

@ - %)&m “22 +

Forconfigurationshaving1 < lm@l < . and m3j3. ~,theformulas

forthecharacteristicsresultingfromequations(Bl)to (B4)are:

ml cos-’($)-$-} (B16)

4(m1- IL-J2

{[

93 2 -’($) m
ml cos

CZ6=
3%%2- = ‘(m’ -‘) - “22~2- ‘ +

7 .

J

— .——.-—. . .. —..—— _ _ ———— ..
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{—co+.’.+.+m~@2+1- +22132q2P2-1
(%-%)(+2%2- 1) III& -1

-1

‘v”,-’($)-;W=+
(%)c ~=-

I&%= +
m2(m22j32- 1)

(B18)

(B19)

Forconfigurationshaving1 < lm2~l< m and m3P= 1,theformulas
forthecharacteristicsresultingfromequations(Bl)to (B4)are:

(B21)

..— .—— — ——. --- -—---.



Y.

+

“2*P2-1

(“1;-lri’2c0’-’(ia

1

2

(1- 14m113)/~1
3P

A

{[

,% = - _KA- ’23“(%-‘J..s-l(+ -

31un2Jii‘1 - ~ “22(”1 - %) “1P

L

(B22)

( )[1
mlfl- 1

2 ml(2- m~p)co.-’($)+

r

.

(B23)

1

(B24)

.

——--— ———
——. ——.-
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()CL5~

For

NACATN 27’13

.

configurationshav5n.gm,p= w and 1 < lm3pl< rn,theformulas

forthecharacteristicsresultingfromequationa(Bl)to (B4)are:

L

-.#+q.L)-/=& (B26)

(

[

m12cos
()

-1 1
m33 q

ml - m3 m3(m~- m3)

~~2P2+q - 2m1

(ml
~-cos-,(+}

- m3)(m32f32- 1) m3 f3 -1

._— .-.— ——-———
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.

f

p’y.-’(ia+;ia=a=

1ml 2m3- mlm33 ( )——
ml - ‘3 m32(ml- m3) ()~o& 1—-

ml$

m

+

m3(m32132- 1)

k’ (]=08-1 1

(ml-m 3)(m32P2- 1) m32j32-1 @

(’%)0=-~b-~-’(+) +$Li%=—

k

resulting from

[

ml cos
()

-1 1
mm

“m- ‘1’-’

equations(Bl)to (B4)are:

Forconfi~ationshavingm@ . ~ and m3B= 1,theformulasfor
thecharacteristics

CLb= +-JF7=

(B30)

(B31)

f

‘(B32)

— —— — -——— .—
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Cmb= - JW=q-

b). =-++$ --1(*)+H-q (B34)
0

(B35)

Forconfigurationshaving~~ = ~ and In3~. ~,theformulasf.r
thecharacteristicsresultingfromequations(Bl)to (Ilk)are:

%

8=-—
3P

()ch50=-4A~,cos-l(.)+;$~i

()CL5f = 3
()‘~chbo

(B36)

(B37)

(B38)

(B39)

.

——— .——— —
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Forconfigurations
forthecharacteristics

having m@ = -1 and 1
resultingfromequations

< lm$l<M, theformulas
(Bl)to (B4)are:

1

35

ml - ‘3 ~3

4(1+m113)2

(B41)

—

[

m12cos
m33 -1(+) ~i +

ml - m3 m3(ml- m3) m32P2-1

al - m3- mlm32p2

(
ml-m

,/-coS-l&j]
3) (m32P2-1 m32~2-1

f

4(1+ mlp)

{ )[

2
1Cmb= .

( ) -’($)+mlml~+ 2 cos
31&~i 1 + ml~

a’;;5fFK-il- ’33

i== ,

(m3m32j32- 1)

—

( ) ()ml ~3 - ‘1 ~08-11
—-

m32(ml- m3) ml~
L

(B42)

—— .—. _—. .— _ —— —— ——— ——–-- —
--- .—— .——
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—

(B44;

Forconfigurations

forthecharacteristics

(B45)

havingm2j3= -1 and m313= 1,theformulas

resultingfrom equations (Bl)to (B4)are:
\— —

8(1 -I-mlp)
CLS= J@ - 1),,2y3cos-1(+).

r r- 1

%n8=

—1(kml$+ l)$ii
3f3

>

‘J

4(1 -1-rap)

{( )[ ()
s.- *2 “(m”+ 2)c0s-1 + +

\ .—

(aqfl -

1}

5)&%=l
3P

(B48)

—.—_. ___ .—
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2

(B49)

““)’=& ~lcos-f+)+

Forconfigurationshavingm2P= -1 and

thecharacteristicsresultingfromequations(Bl)to (B4)are:

& J

formulasfor

ml cos-’(.) +$--

7

()-1 1m12cos — -
mlP

(B51)

—l-(l.mlp+ l)&%=
3B2

-1

4(1+ mlp)
cm~=-

~ )[ u
3.- ‘1”+ ‘ 2 ‘l(ml’+ 2)c0s-1% +

(B52)

‘(B53)

——— ---..— —. .- —.—
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()ch50=- 3i--[( ) -1($)+*L+5-1mlmlf3+ 2 cos

I-c(l+ mlp)m12P2- 1 (B54)

1

“5)’=+2$=~cos-l(:)+;l.i%=-j (B55)

.

A

-.——. —-——. —— ——
_. ___ ..—. ..—
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. A,PmNmxc

.
DERIV&lIIONANDFORMUG&SFOR C% FORSUPERSONICLEADINGEDGES

Jv

\
\

— — — — Machlines

\ \
\ \

cro
\ \

\
\
\
\ A3
\ L / \

r a
x~~ <1

PYa
ta=—

%3
t fJY=—

x
Cf

)r

J.

‘a

Thegeneralizedformulafor ~ forsupersonicleadingedgesie

(d (%)
Cha=c O+xh’c f (cl)

— _.. ._..— —.— -.. — -— —.- — -— __ _-.. —_... .



.
where

‘4a=

#

%(% - “1)’g

-+

(C2)

.

‘(’

—- .—_— .—– -
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I
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NACATN 2’i’I-5

and

‘“r‘“’-’c@--:;)(w:,)3a

[[,1.COB-1 1- ‘1~2 k)CO*.l-1_
1 )=-
2 (%p-mm;)~-“%2“

,

<

(==
In@ - *P2 -1)

lm@2-%2,2 +l(-cos-l&)-
“(m-%)2(&’2-J‘2p

(*)+-’E=5TCO
‘2‘rcos-tl~““a’‘““- ‘q@ - ta) 3

>

—

ml@2 ~;lc””-:(-ii%)-~2p2+ 1 m~2!32-1

(m,- %)2(%2~2 -‘) —

.

(C4)

(C5)

‘L . . . -— —. ---- --------- -—— ---—— -.— -—.--.-—- - .—
.—— ——..-— ... —- ....— — ..- ---— -—-
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.

●

-1 +
—

1

{

(-aDll#2+2m#-3)fimf3
=—

2 (m2P- l)2(m- m2)2 -

[

2
cos.-ll-m~~

(%’)
2

-v j3(m- V) —J--1 1 + mj32v
+ Cos

v)

2m2/(1- P2v2)(m2132- 1)

(m- %)(m + %2)(%2- Mm22~2 - ‘)+

[1-1 1 + mP2v
Cos

$(m+ v)

(m+‘2)2

[

~os-l 1 - mp2v
P(m- v)_

(m - m2)2

k==
[
mul#+ all@32-1

+

(m22P2-1)3’2(m+’42 -
●

m@2
1 [1]-agpa+1 -11- I@%

(m-I& CosB(V- Iq)

1v =
1 Cro
—+—

.+

(c6)

‘3 “ hl

.

—. —–-— . ..-. ——— — —--- —- - ——. —.—. ———.——. .. —-.—.——-—-. ..— .—
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(c8)

B6 =

,

~s-.(.l_.l_)

fi(mp- 1)

(mpp- l)(m- m,)-

(l-

(]-ll+n@t dt
+ Cos —

m~+t
(In,p- t)2

1 ~.-l~(:;’:J+co:~y}-cO’-:rSlre p-v

[1

~o,-l 1 + mp%
P(m+ V)

+

(Clo)

.—-—-—--—. .=-— —- . . . . ..—.. .———___ __. . —.— ——— ___ .—..— .__. .
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.

,

1- —

= fi(l - mj3)
m.

L

.

()(m COS-l-$ m -

1 r22-1mf3

m- m2 m22@2- 1

(m- ~)(% - ‘J

‘Oa-l(l+f--y%q

()ycos-1-$

++2- @

-J

(Cll)

r ()-1 1Cosm12~2- 1 -q

q2P2-1 ‘1-%

(C13)

.
.

.—— .—. . .C _______ ———— .— ——— ..— —.-.——..— ..-.—.—— ___ ..___ .. .. .
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1“

I

,

I

WhentheMachwavesfromthewhg root-chord

thewingtipchord,m3B~
1
cr J andequations-1 0

J- .-
Phl

to

j3mm22(m2-@
L

}

42(%2-q)B2
‘m

If,inaddition
tions(C14)and

; -1

apexdonotintersect

(c2) and (c3) Si.@ify

%2(?%- q)B1

~d== +

(C14)

%(% - ‘L)B8, 9%(% - ‘~B9 (C15)

to thiscondition,A = Al (~t iS, m = ml),equa-
(Cl>)arereducedto

‘Calf”=& (C17)

.. .- —-— -- —–—.—--——- .-———— .- -----—.-——- .— —-.--— ——— —.——____ .. .. .. . _ . . .. . _ . ._
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WhentheMachwavesfromthe.

(b)c ~=-

.

%2(”2 - “1)

‘m=

whg root-chord
= Al,equations

‘@ -=9L+%!-(%-‘i

+

apexintersectthe
(C*)and(C3)become

.

3
3

‘3 6(~-m~B4)( )
r. .—-

m5?2
La@K-11

mJn%*-1

‘(%-m)~+3f%]2?6-““)f=&+Jqz=

hl 2

)( )
[ 12m— B7 9(~-m)m+~(l-mP)

Cfr r

m2(m# - 1)~m2~2- 1

(c18)

(Clg)

.

—.. .. .—————-— —— .——— — .—___ .
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APPENDIXD

.

DERIVATION’ANDFORMULASFOR C% FORSUBSONICLEADINGEDGESAND

ILLUSTRATIVECALCUIATIONSFORCONl?IGURATIONHAVINGA =Al

Iv
* b —. —Mach lines

x

Formulasfor C
ha

forSubsonicLeadingEdges

Theformulafor C& forsubsonicleadingedgesis

(ha) ()Cha= C O+xh’c
&f

where

1

Cfr)

(Dl)

.. —-— —. —. ——-— —— —.-.... ——— — —-_.. .. . ... . . . . . . . . . . .
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.

‘Jzz7&=”’ ‘ (D2)

(D3)

Solutions to equations (D2)and(D3)are

h- -— Iri_fkl .+2hl
+— +
R1— c’

r
.

.(Equationcontinuedonnextpage)

,,

—— ..— —— —— _______ ..—. —.. . ._.._____— _.— _ ___ ._—. . . .
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3

()
‘14m13—
Cf~

rtanh-l m . -
3(m+ mJ(ti~)3’2

1-. I

1-a~m+Cfr

- (“) 1!5miFa

49

,-

[IE-(+W+2+(+,
(D4)

●

I

,

. ..— . ..— — ——
—

-. ._ ._. .>. —. —-. — --
. ..-. — ..—

. . . . . ----- .—--— — —--- —-- .— - —----
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where

(D5)

where

k,=.,(’&+l)+~-l)(m+~) (D7)

e

(D8)

(D9)

.—— — - .—. .. —_-—. ———- — .. . . ..—— ———..—. —.
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:-

*

I

.

hl
72 = 10EIIR— -Cfr ~l~&-ly-3(m+mJf-Yl-~)

r

IllustrativeF&ample

(Dll)

It isdesiredto calculate@a andthetravelofthehingeline

forthefollowingconfiguration:

M=2 A =Al = 70° Hingeline

‘2 = -30° ml = 0.364

% = 1.732 A3 =00
+V //////7

hl
—= 0.6986 Af_bf

—= 0.6062
=f~ T–cf

r

Xh t = 0.582 E(i) = ,.,,7

.

I

_.—. ... ______ ________ ,______..-. ..—.. -—. —— .— -——. — . ..—....-— –—---
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Fromequations(D7)to (Dll),

R= 0.9039

kl = -1.832

q = 2.ko6

71 = 3.6ea

72 = -0.2687

.Fromequations(Dl),(D4),~d (D6),

&=-0.235+0.582(0.322)= -0.0473

where Cha isbasedon a indegrees.
thetravel(xh’)Bforangleofattack
is,

. 0.235..

<

Forthegivenconfiguration,
isobtatiedwhen Ch_e O; that

(~’)B= —-= 0.73
0.322

Shilarly,thetravel (xh’)BforUflection

Chb-O; thatis,

aloneisobtainedwhen

(#B 0.0508= —= 0.593
0.0857

Hencethetravelofthehingelineis 13.7 percent of the control-surface
root chord.

—-—. —.. . -—.. ——.——— _.— -— —— -—- — ——— -— ——.—.—-
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TABLEI.- T!T7,1mFORMULASFOR @/q DISTRIBUTIONSFORA
0

CONTROLSURFACEAl?CONS’l!ANTSTREAMWISEDEFLECTION

— — — Machlines
J v

I

.,

w%

Subsonicleadingedges Supersonicleadlngedges

Region
(seesketch)

Formulasfor Ap/q contributedby constantb

Subsonicleadingedges

1

8(m1P)3/28OAB

r

~ + BYa
OBc

@(1 + mlB) mlp~ - PYa

Supersonicleadingedges

4mlb
m

m

}
OAB , 1 %

.; r)

~os-la - ‘1P a
OBC

ml~~ - BYa12P2- 1

—...-—. —-- .—--— —---—-—- ——. — - .._ ——— _ -....— . . . . . . ... ..



— —— Machlines

\

\
Hingeline

/
/ +

\ +
A3 //

\ +4
\ 4A B

\ e P \

\ 1

\

\ ? /A B

!.

b— h. -’$ b,-
X

%

Supersonicleadingedgessubsonic leawng edges

Region Tonmilasfor4/q contributedbyconstanta
(seesketch)

i
&ih30nic leadingedges

Supasonic leadingedges

i&

1

/ 1

*
22-1

“flap

2

I ()4 ()+4--*
q region1 q region2 ()

q “*
13

.
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mBr.EIn.-LccATIollOFmFMow,Ff2RmlBIlEFmmIm-mAwmmIcs Fort

ALLGmMEmIccamIlluRATIm~ TErEscaPEoFTHISPAPER

%!3 m#
a Fonnuhs

(a) . (a)

Subaonlcand sonic1- edges
(aceappendixA)

b% ‘m3=%CE b% .n3=~ (A>)b (All)

l<lrqfll<e 1 <p3Bl<m’ (Au)to(Am

l<lI@l <m m3$= m (A19)M (X24)

l<lm.-#]<m ms~= 1 (w) ta(m8)

q$.m l<ln13pl<- (A25)h (A29)

~P=m m3fl= 1 (w) b.(A29)

+B=m m313= - (A30)to(A34)

*$.1 l<m3131<m (w) -&(N8)

*$.1 m+ . 1 (u) to(A18)

!+2$=1 m+3. 02 (A35)to(A~)
m# =-1 1< lm3Dl< w (Akl)to(A45) ‘

E@ = -1 m3B= 1 (A41)to(A45)

l?2B= -1 m$ . ~ (Ak6)b (Am)

Supwwlicleadlnged@3s
(seeappenUxB)

b%=y=% b%=5. k (B5)to(B1O)

1 < Imapl<~
I1 <’m3Pl<m (BU)b (B15)

l<lm.2Pl<m rn+. w (B16)tO(B20)

l<]Jr@31<m m3B= 1 (B21)t.a(B25)

WP=. 1< ]m3Bl<M (B26)b (B30)

m#.. m+ E 1 ‘ (B3)to(B35)

%P=. m3P= - (B36)h (BkO)

m2P- -1 1 < Jm$31< m (Bkl)to(B45)

qP = -1 m3p= 1 (Bk6)Im(Bin)

m2P= -1 m3~=m (Bfl)Im(B~)

>FJ or rn+= 1 refersto swaptbacksonictraillng edges;
q~ or m3B= -1 referstosueptforward,90nictraiMngedges;and
q13 or map=m referstoeitherurmwepttraillngedgesor hf . . .

?msic configuration.
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!lYiBIEIv. - cmcmATImsOFDEFmcMai ~SI’ICS FORUNIQUALLY

.

0.10
.10
.10
.10
.10
.10

.10

.10

.10

.10

.10

.10

.20

.20

.2Q

.20

.20

.20

.20

.2Q

.20

.20

.20

.20

.30

.30

.30

.30

.30

.30

.30

.30

.30

.30

.30

.30

.40

.40

.40

.ti

.40

.40

:.E
.40
.40
.40
.M1

2.0
2.0
2.0
2.0
2.0
2.0

az.o
6.0
~6.o
-16.0
-6.0
-2.0
2.0
6.0

a16.0
-36.0
-6.0
-2.0

16.0
16.0
16.0
16.0
16.0
16.0

2.0
6.0
16.0
-16.0
-6.0
a-2.o

-2.0
-2.0
-2.0
-2.0
-2.0
-2.0

-16.0
-16.0
-16.0
-16.0
-~6.o
-16.0

2.0
6.0
16.0

*-16.O
-6.0
-2.0

SWEFTWINGANDCOIWROLSURFACETRAIHNGEWES

*2. O
6.0
16.0
-16.0
-6.0
-2.0

2.0
2.0
2.0
2.0
2.0
2.0
16.0
16.0
16.0
16.0
16.0
16.0

2.0
6.0

*16.O
-16.0
-6.0
-2.0

-2.0
-2.0
-2.0
-2.0
-2.0
-2.0

2.0
6.0
16.0
-16.0
-6.0
a-2.o

2.0
6.0
16.0

a-16.0
-6.0
-2.0

-16.0
-16.o
-16.0
-16.0
-16.0
-16.0

%asicconfiguration.

—.

1.0596
1.1630
1.2054
1.2637
1.3265
1.6406

1.0596
1.0740
1.0785
1.0840
1.08.56
1.1036
1.~023
1.7355
1.7464
1.7597
1.~
1.838$3

Lfin
1.W3
1.7464
1.&08
1.8961
2.2880

2.5946
2.6851
2.7152
2.75e3
2.7840
2.8@3

2.c@o
2.1583
2.=8
2.3130
2.4054
2.8@3

2.3036
2.4415
2.4987
2.5&37
2.6639
3.1OI2

2.5257
2.551J.
2.5635
2.5E07
2.5967
2.6567

—.——

-0.058858
-.og7g87
-.U697
-.14679
-.18070
-.42404

-.058W3
-.064936
-.066870
-.06g2~4
-.om88
-.077623

-.062599
-.087745
-.095850
-.loy32
-.m.25
-.14217

-.oaxii8
-.071279
-.095880
-.13kg4
-.17932
-.49969

-.2~k5
-.39421
-.43489
-.48518
~:p;~

.020Q25
-.052935
-.0883S0
-.14478
-.20896
-.67416

.lT378

.lzKm3

.091k28

.045879
-.0060274
-.38350

.17564

.mmk

.075753

.ok587g

.om436
-.064698

%

5.67543
-.76579
~:mg

-.93136
-1.3399

-.67543
-.67567
-.67594
-.67637
-.67682
-.67878
-1.1718
-1.1602
-1.1582
-1.1567
-1.1%1
-1.1578

-.9!W4
-1.1089
-1.1582
-1.2328
-1.3133
-1.82kg

-2.log2
-2.E26
-2.1325
-2.1473
-2.1618
-2.2193

-1.2015
-1.3356
yfw;

-1:5%1
-2.2193

-1.4616
-1.5815
-1.6356
-1.n~
-1.8%8
-2.3i%0

-1.8999
-1.7691
-1.7427
-1.p~
-1.7017
d.6741

‘t%
-0.75582
-.75*
-.75=
:.75*
-.75*
-.75582

-.75%
-.72955
-.72177
-.Tw69
-.70533
-.68295
-1.5125
-1.4032
-1.3726
-1.3379
-1.3105
-1.23=

J.3726
-1.3726
-1.3726
-1.3726
-1.3726
-1.3726

-2.29b2
-2.0359
-1.9681
-1.8!333
-1.8357
-1.6766

-1.6766
-1.6766
-1.6766
-1.6766
-1.6766
-1.6766

-2.3916
-2.3916
-2.3916
-2.3916
-2.3916
-2.3916

-3.1249
-2.6391
-2.5197
-2.3916
-2.2958
-2.Okxl

1.0949
1.0949
1.0949
1.0949
1.0949
1.0949

1.0949
1.0820
1.0781
1.0735
1.0698
1.0581
2.1096
2.0568
2.0414
2.0237
2.0094
1.9667

2.0414
2.0414
2.0414
2.0414
2.0414
2.0414

3.0704
2.9484
2.9144
2.8737
2.8452
2.7566

2.7566
2.7566
2.7566
2.7566
2.7566
2.7566

3.6479
3.6479
3.@179
3.6479
3.6479
3.6479

3.993
3.7744
3.7146
3.6479
3.5962
3.4X)3

—.-
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TABLE Iv. - cxlcmATIm OF DEFLECTIONCHMWIWUSI’ICSFORUNEQUAILY

.

.

0.60
.60
.60
.60
.&)
.60

.&)

.60

.&

.60

.60

.63

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.&

:2

:E
.&l

.80
-m

:K

::

::

:~

:Z

.W

.90

:$
.90
.W

4#

-16.0
-16.0
-16.0
-16.0
-16.0
-16.0

2.0
6.0
16.0

a-16.O
-6.0
-2.0

-2.0
-2.0
-2.0
-2.0
-2.0
-2.0

2.0
6.0
16.0
-16.0
-6.0
a-2.0

16.0
16.0
16.0
16.0
16.0
16.0

2.0
6.0

a16.O
-16.0
-6.0
-2.0

2.0
2.0
2.0
2.0
2.0
2.0

%.0
6.0
16.0
-16.0
-6.0
-2.0

WING AND CONTROL-SURFACETRAILINGElX2ES- Ccmtinuad

my
——

2.0
6.0
16.0

a-16.O
-6.0
-2.0

-16.0
-16.0
-16.0
-16.0
-16.0
-16.0

2.0
6.0
16.0
-16.0
-6.0
a-2.o

-2.0
-2.0
-2.0
-2.0
-2.0
-2.0

2.0
6.0

a16.O
-16.0
-6.0
-2.0

16.0
16.0
16.0
16.0
16.0
16.0

a2.o
6.0
16.0
-16.0
-6.0
-2.0

2.0
2.0
2.0
2.0
2.0
2.0

2.8TL0
ylcl~

3:1416
3.2233
3.6549

3.2063
3.1419
3.1384
3.1416
3.14g6
3.2oci)

3.0795
3.24g4
3.3X)2
3.4219
3.5253
4.0734

3.0678
3.8358
3.8537
3.8869
3.%z6
4.0734

3.3970
3.512.&
3.5611
3.6335
3.7012
4.07&

3.87kg
3.@21
3.5611
3.5292
3.5143
3.ZLT3

4.1779
4.2427
4.2698
4.3097
4.3484
4.5591

4.1779
3.7104
3.6318”
3.56zI
3.399
3.4517

0.49597
.43733
:W371
.36303
.31089
-.070052

.6n42

.46244

.41727

.36303

.31751.

.16755

.5303

.43365

.38632

.31076

.22444
-.40734

.72405

.37T76

.26582

.m

.ooTL8a
-.4Q734

.96318

.91656

.89376

.85733

.815P

.51053

1.z?gk
.963TL
.89376
.813T
.74921
.54TL8

1.6247
1.6Q6
1.6021
1.5503
1.5767‘
1.4~2

1.6247
1.2883
1.210a
1.lzqo
L0626
.87676

-1.8227
-1.9393
-l.=
-2.0726
:2.1601
-2.7273

-2.6644
-2.2274
-2.1469
-2.0726
-2.0254
-1.9388

-1.7186
-1.8659
-1.9327
-2.0346
-2.1455
-2.8665

-3.5364
-2.9917
-2.9183
-2.8653
-2.8436
-2.8655

-2.2869
-2.3872
-2.4328
-2.x24
-2.5782
-3.0719

-3.6539
-2.6026
-2.4328
-2.2813
-2.mm
-2.0108

-4.2623
-4.3184
-4.3440
-4.3830
-4.4255
-4.703

-4.2623
-2.6991
-2.4619
-2.2F3
-2.1193
-1.8&12

P&l
-3.2539
-3.2539
-3.2539
.-3.2539
-3.2539
-3.2539

-5.0439
-3,.7’891
-3.5230
-3.2539
-3.0629
-2.5963

-2.e075
-2.W75
-2;8075
-2.&)75
-2.e075
-2.W/5

-6.Eu33
-4.3482
-3.%3
-3.6311
-3.3855
-2.elm

-k.~
-4.4297
-4.4297
-4.42YI
-4.4297
-4.42~

-7.5618
-4.9032
-4.42~
-3.9789
-3.6751
-2.9855

-9.Q21
-9.1921.
-9.l$m
-9.1921.
-9.1921
-9.l$x?l

-9.ly?l
-5.45&l
-4.-855
-4.3o11
-3.9363
-3.1363

P%
5.m47
5.0047
5.0047
5.m47
5.0047
5.m47

5.8217
5.2789
5.1466”
5.0347
4.8983
4.6138

5.I.072
5.1072
5.I.072
5.1o72
5.I.072
5.m72

6.7487
5.9754
;.g:

5:4693
5.I.072

6.4109
6.4109
6.4109
6.4109
6.4109
6.4w

7.70P
6.6436
6.4109
6.1708
5.9966
5.55=

8.TL45
8.TL45
8.TL45
8.7145
8.TL45
8.TL45

8.~45
7.28m
6.993
6.6@)
6.48&I
5.9586

%aeicconfiguration.
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TAmE Iv. - CALCULMTONS OFDEFLKWIONCHARACTERISTICSFORUKEQUAUY

SWEPTWINGANDCONTROIAURFACETRAILINGEWES - Continued

mlP 9 %y % ‘c% ‘c% (’%)0 (’%),
1.0 2.0 a2. o k.6188 2.05s -5.1320

6.0
-1.l.lgg9.7930

Lo 2.0 4.67582.0407 -5.1813-Il.1% 9.7930
1.0 2.0 16.0 4.69962.0347 -5.2038-xl..l$p 9.7930
1.0 2.0 -16.0 4.73382.0252 -5.2381-Il.lgg 9.7930
1.0 2.0 -6.0 4.76872.olk3 -5.2756-u.lgg 9.7930
1.0 2.0 -2.0 4.w 1.9344 -5.5203-11.lgg 9.7930

1.0 6.0 2.0 3.96181.5791 -2.9314-6.01627.9151
1.0 6.0 a6.o 4.05671.5454 -3.0136-6.01627.9151
1.0, 6.0 16.0 4.0x4 1.5289 -3.0510-6.01627.9151
1.0 6.0 -16.0 4.1535Lye -3.1d12-6.01627.9151.
1.0 6.0 -6.0 4.21171.4723 -3.1706-6.01627.9151
1.0 6.0 -2.0 4.521.11.2503 -3.5-785-6.01627.9151

1.0 16.0 2.0 3.85641.4781 -2.6316-5.2693
1.0 ~6.o 6.0 3.96321.4354

7.5531
-2.7241

a16.O
-5.2693

l.o 16.0 4.00781.4145
7.5531

-2.7662-5.26937.5531
1.0 16.0 -16.0 4.07211.3i311 -2.8305-5.26937.5531
1.0 16.0 -6.0 4.13751.3429 -2.90M -5.26937.5531
1.0 16.0 -2.0 4.4857L0619 -3.3597 -5.26937.5531
1.0 -16.D 2.0 3.76341.3715 -2.3731-4.60077.1!341
1.0 -16.0 6.0 3.88451.3167 -2.km -4.60077.1941
1.0 -16.0 16.0 3.93501.%8 -2.5256-4.60077.1941
1.0 -16.0 a-16.O 4.0!m3 1.2469 -2.5985-4.60077.1941
1.0 -16.0 -6.0 4.08201.1978 -2.6781-4.60077.1941
1.0 -16.0 -2.0 4.4766 .83691 -3.1982-4.60077.1941

1.0 -6.0 3.P69 1.2y2 -2.21w -4.17266.94ZI
1.0 -6.0 R 3.83991.2252 -2.3301-4.17266.9421
Lo -6.0 16.0 3.89541.19S3 -2.38s -4.17266.94a
1.0 -6.0 -16.0 3.97531.1410 -2.4626-4.17266.g421
1.0 -6.0 a-6.O 4.05671.0818 -2.5~ -4.17266.9421
1.0 -6.0 -2.0 4.4900 .6k672 -3.1210-4.17266.9421

1.0 -2.0 2.0 3.6=9 1.O@ -1.9143-3.26436.zL@
1.0 -2.0 6.0 3.7’829.95619 -2.0623-3.26436.32B
1.0 -2.0 16.0 3.8%3 :9030 -2.1237-3.26436.3289
1.0 -2.0 -16.0 3.9570 -2.2326-3.26436.3239
1.0 -2.0 -6.0 4.0617 .71922 -2.3450-3.2&3 6.3289
Lo -2.0 a-2.o 4.61830 -3.0792-3.26436.3289

1.E 16.0 2.0 3.90631.4019 -2.~lo -5.76128.0485
l.n 16.0 6.0 3.97-791.3863 -2.81@ -5.76128.0485
l.m 16.0 a16.O 4.007’81.3786 -2.8412-5.76128.0485
l.~ 16.0 -16.0 4.05101.3663 -2.8844 -5.76128.0485
1.n 16.0 -6.0 4.09511.3522 -2.9317-5.76128.0485
l.~ 16.0 -2.0 4.33041.2484 -3.2424-5.76128.0485

l.~ 2.0 16.0 4.63301.6125 -14.382-32.27110.289
l.m 6.0 16.0 4.@06 1.4412 -3.3224-6.97328.4105
1.n a16.O 16.0 4.00781.3786, -2.8412-5.76128.0485
1.n -16.0 16.0 3.95411.3019 -2.4915 -4.81937.6994
1.n -6.0 16.0 :.%0$ L2366 -2.3065-4.27367.4375
1.~ -2.0 16.0 . 1.0168 -2.0292-3.23626.8242

%aSlcconfiguration.
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TAELEIv:- cAIcuLmI@W OFDEFLW!CICFJCHARACTERISTICSFOR-ALU

,.

t

.

1

SWEPTWINGANDCONTROL-SURFACETRAILING-S - Concluded

DIP %$ m+ B% !3CZ5 w% (~cdo PC%)*
4.0 -16.0 2.0 3.896 1.3262 -2.3102-4.88338.2293
4.0 -16.0 6.0 3.95301.3190 -2.3564-4.88338.2293
4.0 -16.0 16.0 3.97551.3154 -2.37-75-4.88338.2293
4.0 -16.0 8-16.04.00781.3C97 -2.m -4.88338.233
4.0 -16.0 -6.0 4.* 1.3032 -2.4455-4.&3338.z33
4.0 -16.0 -2.0 4.21821.2548 -2.6800-4.88338.2293

-16.0 ---— —----- —-—— —--—— --A---
::: ::: -16.0 4.on3 , 1.3709 -5.4619-12.146-8.9503
4.0 16.0 -16.0 4.02731.3@6 -~.1419 -6.74588.5883
4.0 *-16.O -16.0 4.00781.3097 -2.m -4.a933 8.2293
4.0 -6.0 -16.0 4.01261.2673 -2.1549 -4.1297
4.0

7.9773
-2.0 -16.0 4.11.y3L0961 -1.9178-3.02127.3641

5.0 -2.0- 3.87911.1930 -1.6339.2.9* 7.4681
22.0 :; 4.00311.1553 -1.7409-2.9W9 7.ml

;:: -2.0 16.0 4.05511.136g -1.-&xl -2.94897.4691
5.0 -2.0 -16.0 4.13021.1072 -1.8652-2.94897.46?31
5.0 -2.0 -6.0 4.!20691.0732 -1.9477-2.9k897.4691
5.0 -2.0 *-2.o 4.6188 .82u2 -2.4927-2.SW 7.4691

5.0 2.0 -2.0 ---— —---- -------—----- -------
5.0 6.0 -2.0 4.08611.3592 -9.5402-21.3399.0544
5.0 16.0 -2.0 4.11861.3353 -3.4224-7.17808.6924
5.0 -16.0 -2.0 4.191.1L2737 -2.5943y3@& 8.3333

-6.0 -2.0 4.2725L1981 -2:4140 8.0814
;:: *-2.o -2.0 4.6188 .82H2 -2.427 -2:94897.46!31

7.0 16.0 2.0 3.98691.3435 .3.6975.8.232% 8.-82W
7.0 16.0 6.0 4.00161.3429 -3.7103-8.23288.8200
7.0, 16.0 aI.6.O 4.00781.3427 -3.7162-8.23S 8.8XQ
7.0 . 16.0 -16.0 4.01691.3423 -3.7252.8.232% 8.8200
7.0 16.0 -6.0b 4.02601.3418 -3.7351 -8.23288.8200
7.0 16.0 -2.0 4.07541.3383 -3.8004-8.23S 8.8200

-16.0 3.9368L3267 -2.1664.4.66968.5030
::: -16.0 ;:: 3.9718L3239 -2.1965-4.65968.5030
8.0 -16.0 16.0 3.98661.3225 -2.2105-4.66968.5030
8.0 -16.0 *-16.O 4.00731.3202 -2.2318-4.66968.5030
8.0 -16.0 -6.0 :.W& 1.3176 -2.2552~~68 8.5030
8.0 -16.0 -2.0 . 1.@5 -2.4098 8.5030.!

-2.0 2.0 3.92331.2163 -1.5306-2.77037.6712
;:: -2.0 6.0 4.04381.1856 -1.6302-2.77037.673.2
9.0 -2.0 16.0 4.09231.1705 -1.6763-2.77037.6712
9.0 -2.0 -16.0 4.1623L1463 -1.7461 -2.77037.6TL2
9.0 -2.0 -6.0 4.2339LL185 -1.8231-2.77037.6712
9.0 -2.0 *-2.o 4.6u38 .91235-2.3327-2.77037.673.2

9.0 16.0 -2.0 4.047 L3384 -4.4470 ~ p%? 8.8954
9.0 -16.0 -2.0 4.13751.3025 -2.3623 8.5364
9.0 -6.0 -2.0 4.23171.2453 -2.1634.3:74128.WA
9.0 a-2.o -2.0 4.6m .9=35 -2.3327-2.7-7037.6TL2

%9ic configuration. .
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Figure l.- General configurationswLt.hh the scope of the present paper.
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Figure3.-Illustrativedak forpolarintegration. .
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basic configuration.



,.

I‘.

}’

)

:.

,.

~:.

1“

.
i:,.
I

I

~.

I

i.

:.

. .

.“

/
I

——. -—— ——— ——— ——— -—_ ——- ——_ —_ ——.

I

——-—-- P cot~ = 16

——— p cot% -.2

0 1 2 3 4 5 6 7 8 9 10 .ll K!

B cotAl

(b) Subsod,c and ~rsotic leading edges.

Figure ~.- Concluded.



4.0

3.0

2.0

1.0

0

-1.0

$cotf~.2 I
——— ———

—— —

Bcot~=16

pcot~=-2

f3COt ~ = -16

H

o .1 .2 .3

(a)

Figure >.- Variation of

.4 .5 .6 .7 .8 .9 1.0

Subsonic leading edges.

~Z8 ~~ ~ CQt Al and p cot AWE for the

T_-
basic conf’igrlration.



.—— — ——$cot~ =16
. —.—~, pcot~. -2

—. —— B cot% = -16

——
-. =. -— = - . ---- — — +*W—— ——

/
y

+ .— —

/

—
/

—

/ /’

\-“/
=s=

0 1 2 3 4 5 6 7 8 9 10 U E

,B cot A1

(b) Subsonic and supersonic leadng edges.

F’igme ~.- Concluded.



0 .1 .2 .3

(a)

Figure 6.-Variation of

.4 .5 .6 .7 .8 .9 1,0

p Cot Al

Subsonic leading edges.

K% with P cot Al and f3cot ~ for the

baaic configora%lon.

.



roH
I I ‘1

——— ———-pcot~. l’

——pcOt~ .-2 [ I
——-— s cot~ .-16 I

/

/

/

/

. “
/

/
-/ ,

//”

—.— —

1

0 1 2 3 4 5 6 7 8 9 10 11 12

B cotAl 2
%

(b) Subsonic and supersonic leading edges. ;

u
Figure 6.-Concluded. G



,-

i.

1,
i.

1“
1:

I

‘“r

-8

-6

-h

-2

0

0 .1

19cot~-2

————— ~ ~cot~=16

——— B cotf@ = -2

———— p cot ~ .-16

/

/A
/

/ / -

/ // .~
/

.2

/

/ -

/
//

_—

.3 .4 .5 .6 .7 .8 .9

(a)

Figure 7,- Variation of

~ cotAl

Ehh30nic lead~ edget3.

()~Ch8 ~ with B cot Al and 19cot ~E for the

1,0

-3basic configuration,



-1ru

—————-- P cot~ E 16
—— — 13c0t ~-.2 /

—.. — P cot ~ = -16 //~

./~”
/. -

/-

.-— -
//- -—
— —— — — —— — — I
——. — — — .

1

1

I

I

B cotAl

supersonic leadhg edges.

I
(b) Subsonic and

Concluded.Figlme7.-



I

{

.

10

8

6

4

2

0
/

I

+

,Bcot~=2

.—. — ——— pcot~=16

—. — pcot~. :2 .

——— — P cot ~ = -16
‘- .>

/ /
/

T

0 .1

Figure 8.-

.2

Variatlou

.3 .4 .5

$ CotA~

(a) Bubsonic leading edges.

basic

.6 .7 .8

with f3cot Al and 13cot @ for the

coru?iguration.

.9 1.0



,

I

‘2+

g
- 10

8
L

o 1

——————— B cot ~ = 16

,BcOt~. .2

———— p cot ~ . -IJ5

.— .—— ——
——-— — —/ —— ——

./
,/--

~
— —

—

/

2 3 4 5 6 7’

i3 cot Al

(b)Subsonicad supersoniclea~ edges.

Figure8.- Conoluded.

8 9

_— —— ——-
—— ——

— ——

=5s=
10 El 12

-3
G



1.6

——————— P cot ~ .16

1.2 —— —

———— P cot ~ = -16

.8
—— —— —— —— — —

—

— —

.4

T
0 L I 1 I I I I I I /

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

p cot Al

(a) Subsonic leading edges.

Figure 9.-Pariatiouof (%1)B with j3cotAl and ~ cotAm fortie

basicconfiguration.

d



I

,

Ig

IL
a

2.0

3..6

F

.8

E

\

.4

0

———————P cot% .16

———p cot% .-2 /
————B cot% --16 /

/
/ ‘

/
/

/ ‘
/ /

./-”
----

_-
—

——- -—-
-— — — — .— — ——
-- ——

0 1 2 3 4 5 6 7 8 9 10 11 u?

p cot Al

(b) Subsonic ind supersonic lead!ng edges.

Figme 9.- Concluded.

.


