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SUMMARY

A methodispresentedbywhichthepressuredistributionona
plender,arbitrq bodyofrevolutionmovingat supersonicspeOdsat
zeroangleofattackmaybe calculatedwithanappreciablesavingof
timeascomparedwiththatrequ3@dby othermethods.Themethodwas
developedfromthelinOsrizedpotential-fluwrelationsgivenby Jones
andMsrgolisinWA M lb.I-081andisessentiallya graphicalcomputing
techniquebasedontheaashmptlonthata bodymaybe representedsatis–
factorilyby a relativelysmallnumberofpointsourcesandSW. An
exampleispresentedto illustratethecomputationalprocedme. .

Themethodgivesresultsforparabolicbodiesinexcellentagreement
withresultsobtainedbythemethodofJonesandMargolis.Itwasfound
thata parabolicbodyoffinenessratio6 couldberepresentedsatis–
factorilyby asfewa 10 sourcesandsinks.

I?reseuredistributionscomputedfortheGermsnmissileA4WU? ~
atMachnumbersof1.87and.1.56arecomparedwithwind-tunnelmeasure-
mentsandwithresultsof calculationsby thecharacter~icsmethods
ofSauerandToll?mintoprovidesomeinformationontheaccuracyand
reliabilityofthemethodpresentedhereinwhenappliedto arbitrary
shapes. AlthoughthebodyoftheA4VlYissomewhatmorebluntthan
wouldbe desirablefortreatmentby linearizedmethods,themethod
~esentedreproducesthesalientfeaturesofthomeasuredpressure
distributiontithcampsratIvelysmalldiscrepancies.

INTRODUCTIO19

Theproblemofcomputingthepressuredistributionona bodyof
revolutionmovingat supersonicspeedshasbeentreatedby several
authors(references1 to 6)withvaryingdegreesofapproximation.
References1 to 5 presentmethodsbasedontheisentropiclinearized.
potential-flowequationftiqtappliedtotheproblembyTon”E&m&n
inreference1. A morerigorousmethodbasedonthemethodofcharacte~
istlcsisalsopresentedinreference5 andisgeneralizedbyFerri
inreference6 to includenonisentropicrotationalflows.Theusefulness
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ofthesemethodsforthedesignof
beenseverelylimited,however,%y
the computations.

JonesandJ&rgolis(reference
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supersonicaticraftormissileshas
theexcessivelabortivolvedin

k)”a@ Light& (reference3)have
shownthat,forcertainmathemat.ic&lbodyshapes,thepressuredistribution
meybe obtainedintheformofrelati-velysimpleequations.b general”,
howevw,thedesignercemnotuti13zethesesimglemathematicalshapes
exclusivelybecauseofotlerreqtiementsofthedesign;fortmample,
yrovidingvisionforthepilotorseeker,t-e spaceequallydistributed
aboutthecenterofgravity,andshapechangesto allowstileror
strongerconstruction.h a$dition,thepossibilityexiststhatbody
shapesotherthqnthosespectiiedby sim~emathau&icalrelationsmight
havethelowestdrag,perticularQWherithese.shapesareccmibinedwith
wingstoforma practicalairplaneormissileconfiguration.Theneed
ofa rapidmethodforcomputingthepre&zredistributiononarbitrary
bodiesistherefcu?eevidemb.

An approxhatemethodforcamyutingthe~essuredistributiotion
slender,arbitrarybodiesofrevolutionmovingatsupersonicSyeedsand
zeroangleofattackispresentedherein.Useofa graphicalcomputing
techniqueallowsthepresstiedistributiontobe obtainedatana~eciable
savinginthe as coqxmedtithothermethods.Themet~d (whichiS
referredto hereinafterasthe“yoint-sourcemethod”)wasdeveloyedfr~
theresultsofJonesandMergolis(reference4) andisbasedona
simplifyingamnmqljionconcerningthesourcedistribtiionusedtorepresent
thebody.Thevalidi~ofthisassumptioninthecaseof~abolic bodies
isexaminedby comparisonofresul& obtainedbythe~in%ource method
withresultsobtainedbythemethodofJonesandMargolis.

Althoughresultsobtainedby thepoin+sourcermthodaresubjectto
theuncertaintiesinherentintheMneerizedyotential-f1~ equations
d to additionaluncertaintiesduetotk”~phicd appromtidns used
inthecommutations,themethod.isbelievedto providea quickanduseful
meansforccqsrjngthesupersoniccharacteristicsof slender,arbitrary
bodiesofrevolution.Someinformationconcernhgthereliabilityof
theresultswasobtainedby ccmputionofpressuredistributionscomputed
bythe~in~ource methodwithcalculaticmsby thecharacteristicsme~od
apdwithwind-tunnelmeasurements~resentedinreferences7 and8 fohthe
GermanmissileA4V3J?.

Thecomputational&ocedureforthepoint-sourcemethodis
illudzratedby enexemylq.

SYMBOIS

P pressurecoefficient

x,r cylindricalcoordinates

I
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Q

Ax

n

k

M

P =

abscissaofso~ce orsiti(.mess-dalongx-s)

rateofchange

radiusofbody

finenessratio

of~ourcestrength(withx)

ofbo&

half.angleofcone

pressurefunction(ft(3)AK)

intervallength

yositiveinteger

constant

Machnumber

c1

SubscriptsWcate thatthevalueoftheqtiti~ybeingconsidered
istakenatthat~icular point.Subscripto referatothenoseof
thebody.

IWVELOPMENI’OFME3!HOD

Jnreference4 JonesandMargolisshowthata slenderbodyof
revolutionmovingat supersonicswed withzeroangleofattackq be
armroximatedby an infipitenuder ofsourcesorshim locatedonthe
Iiasofthe
onthebody

bo-&endthatthepressurecoefflcie?rtP atanypoint x
surfaceisgivenby

where fi(~) is“thefirstderivativeofthefunction”

(1)

[(d!]f(~)= R = (2)
E

Explicitrelationsmaybe.easXlyobtainedfromequations(1)and(2)for
thepressuretistiibtiion-onconesandonparabolicbodies.Forarbitrary

I
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bodies,thepressuredistributioricanalsobe computed“directlyfrom
equations(1)and(2)(providedthat f(~) isa continuousfunction
of x)by eitheranalyticalorgrayhicalprocedures;however,the
graphicelapproachinvolvesextensivecomputationanda separategraphical
integrationforeachpointconsidered,andtheanalyticalapproach
involvestheapproximationofthebodyshapeby a suitableexpression
and(exceptinspecialcases)clifficultandtediousintegration.

Equation

whereeachof
aheadof (x–
Comparisonof

It isevident

(1)meybewrittenas

LJ.n
2Qi

2X =
i.~ (x– Ei)2– (mx)p

(3)

the n ~ointsourceslocatedontheaxisofthebody
f3Rx)represent6a sectionofthebodyoflengthAx.
equation(3)withequation(1)showsthat

Q= ft(~)& (4)
. .

that,ifthearbitrarybody’msybe adequatelyrepresented
by a relativelysmallnumberofyointsomces,,thepressuredistribution
maybe calculatedrapidlybyuseofequation(3). Thecomputationis
greatlyfacilitatedby thedirectproportionalitybetweenthepressure
coefficientandthevalueof Q fora singlesomce. (Seeequation(3)
for n = 1.) Thisdirectproportionalityallowsthepressurefieldfor
a singlesourcetobe computedonce.as,a functionof ~r andusedfor
q sourceorsinkat aq Machnumberwithinthelimitationsofthe
basicequations.Thisumlversalpressurefieldmaybe conveniently
plottedasa “grid”oflinesofconstantpressurecoefficienton
thex,~rplene.Valuesforthisgridcomputedfromequation(3)
(for n = 1, Q = 0.01,~= O;thatis,a singlesourcehavinga convenient
valueof Q andlocatedattheoriginofthegrid)srepresented
astableI. The~id isplottedinfigure1. Thepressuredistribution
overthebodydueto a s3nglesourcerepresentinganysectionofthe
bodyoflength& m& be-readilyobtainedgraphicallyby superimposing
theoriginofthegridatthesourcelocationona drawingofthebody
shape(plottedas ~R againstx),andreadingthepressureshownby
thegridata numberofyointsonthebodysurface,andthenmultiplying “
thesepressuresby theratioofthe Q forthesourcebeingconsidered
to thevelueof Q forwhichthegridwasprepered.Theprocessis
repeate~foreachsourcenecessarytorepresentthebody,andthepressure
coefficientat my pointisobtainedby addingthepressuresatthe
pointdueto eachsource.

Ifthebodyistobe satisfactorilyrepresentedby a smallnumber
ofdiscretesources,thelocationofa sourcewithinitssectionofthe
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bodywill be tipmt.ent.Itwasfound(see
shouldhe locatedontheaxis A@ ahead

append&)thatthe
ofthereerendof

5

~ointsource
thesection

ofthebodyoflengthAx whichitrepresentedandthe Q forthe
sourceshouldbe computedfromthera~us andslopeofthebodysurface
atthesourcelocation.Withthissourcelocationandstrength,the
pressuresonthe_bodysurfaceat andbehindtheintersectionoftheMach
linefromtheaxl.sattheendoftheintervalwiththebodysurface
closelyapproximatedthepressuresobtainedfroma continuousdistribution
of sourcesalongtheaxisofthesection.As thepressuresonthebody
dueto a numberof sourceseres-d onlyattheintersectionofthe
Machllnefromtheendofeachintervalwiththebodysurface(see
appendix),theinfinite~essureswhichequation(3)givesfor x = ~ + ~r
(alongtheMachlinefmm eachsource)areavoided.Thevalidityof
resultsobtainedbythepoint-source&thod and
proceduresusedsredemonstratedby an ex6mple.

thecomputational

Computationofa ~essuredistributionby thepoint-sourcemethod
@ accomplishedinthefollowingsteps:

(1)Divideselectedbodyshapeintosectionsanddetemdnesource
locations.

(2)Graphicallycqute pressuresonbodydueto sourcesof Q = 0.01
by successivesuperpositionofgridon bodyshapeplottedas ~R againstx.

(3)~w~e tab- formforrecordingvalues.
.

(4)Dete-” valueof Q foreachsource.

(5)Coml-?utewe-me on %odydueto eachsource.
(6)Sumpressuresdueto eachsourceto obtaindesiredpressure

distribution.

A peralolicbodyoffinenessratio12waschosenforthisexample
asrepresentativeofbodiessuitablefortreatmentbythelinearized
theoryandbecaueeitcouldbe easilytreatedby themethodofJones
andMargolis(reference4) forcomparison.Thepressuredistribution
wascomputedata Machnumberof1.41.

Body.–Thebodyshayeisspecifiedby ~

R = # - 4X2) (5)

Equation(5)descri%esa parabolicbodyofunitlen@h symmetricalabout
Itsmaximumdiameterwhichislocatedat x . 0. ThebodyWas arbitrarily

... . -.. _ . . . ----- . .. . . .. .. .. . ... .. . . . .. . . ._
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dividedinto20sectionsofequallen@h (Ax= 0.05),and,asdescribed
intheprecedingsection,a sourcelocationwaschosenAx/k aheadof

t,

theendofeachsection.

Graphicalcomputations.—The successivesuperyositidnofthegrid
ori@n atthechosenmlues of 5 isaccom@ishedby plottingt@ grid
andbodyshapetothesamescaleonseyaratesheetsof semitransysrent”
coordinateyaperandmatchingthetwosheetsona @s surfacelighted
fromhehindoA convenientsizeforthegridformostproposeshasbeen
foundtobe 10by 15 incheswiththe ~r-scale10timesthe x+cale.
Thegrid(fig.1) shouldbe plottedcsrefullyfromthedataoftableI
andcan,ofcourse,beusedforallbodiesandMachnuuibers.Thebody
shale(plottedintheform j3Ragainstx) isshowninfigure2 with
thegridorigtisuperimposedonthesowce g = 4.2625 whichrepresents
thesectionofthebodybetweenx = -0.30 and x = -0.25.

.

Table.–A convenientformfortabulatingthevaluesobtainedinthe
coqhztationispresentedastableII. Theabscissasofeachofthe
20sourcesaresrrangedverticallyintwosetsontheleftofthetable
andtheveluesof P usedforthegridsreusedforcolumnheadings.
Thevaluesof x atwhichthelinesofconstantP ofthegridcross
thebodysurfacearerecordedintheappropriatecolumnh theupperpart
ofthetable.~orthecaseshowninfigure2 (g= 4.2625)thevalues
of x intableIIareunderlined.

ThelastcolumnintheupperpartoftableII,headedxfigivesthe
valuesof x atwhichthepressuresdueto eachsourcearetobe summed.
Thesevaluesareobtabd by super~osingthegridoriginattheend
oftheintervalandreadingthevalueof x onthebodywtiret~
lineof P . ~ (Machline)crossesthebodysurface.Forthetiterva
justmentioned(~= -O.2625),thegridoriginissetat x = -0.25 and
thev~ue foundfor XX is~. =6.

),
Determinationof Q foreachsource.–Int~ examplethev~~s

of 0.foreachofthe20sourcesmaYbefoundeasilybyuseof
equa(ions(2),(4),and(5). ~ the”moregenerellcaseof thearbitrary
bodywithw~ch thispaperisconcerned,however,thevalueof Q for
eachsourcemustbe detemninedfromtheordinatesofthebodybyme
ofthedilfferentislformsofequatio~(2)and(4)as shownh figure3.
Anyconvenientincrementmaybeusedto deteminethevariation
of R(dR/dx)with x fromthevariationof R with x (lwerP*
offig.(3)).However,asthevalueof Q mustbe detemrLnedatthe
sourcelocation,A[R(dR/dx)]istakenfromthemidpointtotheendof
theintervalandmultipliedby 2 (upperpertoffig.3). Theratios
ofthevalueof Q detezmdnedforeachsourcetothevalueof Q used
to preparethegrid(O.01)aretabulatedinthelastcolumnofthelower
partoftableII oppositethevalueof ~ foreachsowce.

Computationofpressuresonbo&ydueto eachsource.–Thedatatithe
upperpartoftableIX isthepressuredistributimoverthebodyifal-l-

1
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thesourceshave Q = 0.01.Asthe pressureat anyyointdueto one
sourceis&ectly proyotiionaltothevalueof Q,theactualpressure
distributiononthebodyduetothesourceisdeteminedbymultiplying

QE
thevalueof P headingeachcolumnby theratio —

%yId
particularsourcebeingconsidered.TheresultingP is
lowerpertoftableII. Forexample,forthesomce 5=

Q6
ratio — is-O.01L8andthepressurecoefficientat

%rid

forthe”

enteredinthe
4.2625,the

x = -o.210

(upyerp&t oftable,Ih E= – 0.2625,cokm P = 0.5)is
P= -o.0118(0.5)= -0.0059(bwerpartoftable,line ~ = -0.2625,
columnP = 0.5).Forthessmesourcethepressurecoefficient
atx= -0.132(upperw%, I.ti g = -0.2625,COI_m P = 0:16)
is P= -0.0n8(0.16).= +.00IsI(lowerpart,~ ~ = -0.2625,
columnP = 0.16). ThesevalueserebracketedintableII.

Summationofpressuresdueto eachsource.-Thepressurecoefficients
foreachsourcetabulated,inthelowerpxrtoftableII areplottedagdmst
thecorrespondingvaluesof x atwhichtheyoccur(up~eryartoftableII)
infigure4. Thelogarithmicordinatescaleisusedsothatthepoints
areseperatedatlowvaluesofthepressurecoefficient.Curvessre
fairedthroughthepointsforeachsourceandallofthecurvessreadded
atthesunmationpointspreviouslydetermined(lastcolumn,upperpart
oftableH). Thesesumsandthevsluesof xx atwhichtheyoccurare .
thedesiredpressuredistributiononthebody. Thepressurecoefficient
atthenoseofthebodyiscomputeddirectlyfromequation(Al)
(seeappendix)undertheassumptionthattheextramenoseofthebody
approximatesa cone. .

ComputationforclifferentMachnumbers.–In orderto computethe
pressuredistributiononthesamebodyata differentMachnumber,the
bodyshape(intheform ~R againstx)mustbereplottedandthedata
intheupperhaH oftableIIredetermined.ThedatainthelowerhaH
oftableII srenotchangedandthepressuredistributioniscompwbed
fromthenewtableexactlyas Intheprecedingexample.

Timerequiredforcomputation.–Oncethegridhasbeenprepared,
computationofa 2&pointpressuredistributionforanarbitr&ybody
bythismethodrequiredabout8 man40ursend,fortheseinebody,rqsults
my be obtainedfora differentMachnurtiberinabout4 additional~
hours. Forparabolicbotiesonlythesamenuuiberofpointscanbe
computedbythemethodofJonesandMergolis(reference4) insomewhat
lessthanhslfthistire. .

I
.
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EVM2?MTIONOFmoD

Compsrison,withresultsbymethmlofJonesendMargolis.–The
pressuredistrilnrtiondeterminedintheexample(fig. isxeprodu~ed
infigure5 togetherwiththepressuredistributionccmputedforthe
samebodybythemethodofJonesandMsrgdis(referencek). The
expressionforthispressuredistributionmaybe obtainedfrom
equations(1),(2),-and(5)andis(seereference4)

PX=A
{-
[M& ()‘-%1 + 6(PRX)2]cosh-l_~2 PRx

[+6(x–xo)– (x- X& – (jmx)p
}

(6)

Examinationoffigure5 showsthatthepressuredistributiondetezmdned
bythepresentmethodagreeswiththatofJonesandMsrgolisexceptfor
a smallandapparentlyrandomscatterwhichapproximatelycorresponds
totheuncertaintyofthegrayhicalandnumericalcomputations.

In orderto investigatefurthertheuncertaintiesintroducedby the
approximationstivolvedintheyoint-sourcemethod,thepressuredistri–
btitionwascalculatedfora parabolicbodyoffinenessratio6.
Inasmuchaslargepressurecoefficientsandgradientsareencountered
forthebodyoffinenessratio6 at M = 1.41,discrepanciesshould
bemoreeasilydiscerniblethaninthecaseofthebodyofffiness
ratio12. Theresultsofthiscalculationfor10and20 intervals
(Ax= 0.10andO.05)arecomparedh figure6 withresultscalculated
fromequation(6). ThisfinenessratiowaEchosenbecauseitapproxi-
matesthelowerLimitoffinenessratioforwhichthelinearizedtheoq
givesa completelysupersonicflowfieldaboutthebodyata Mach
numberof1.41. It isinterestingto note,howeyer,thatrecentresults
obtainedbytheNACAwzhg-flowmethodshowedthatpressuredistribtiions
ofthetypepredictedby JonesandMargolisoccurredfora bodyof
finenessratio6 ata muchlowersupersonicMachnumbereventhougha
lsrgesubsonicregionwaspresentatthenose.

Figure6 showsthatoncemoretheresultsofthepresentmethod
.1

agreecloselywiththoseofJonesandMargolis.Thescatterofthedata
infigure6 (bodyoffinenessratio6)appearstobe somewhatgreater
thanthescatterofthedatainfigure5 (bodyoffinenessratio12).
Sucha resultmightbe exyectedbecauseofthesteepergradients
encounteredonthebodyof finenessratio6. Littledifferenceis
evidentinfigure6 betweentheresultsf6rthetwodifferentintervals.

.- —— — —-— . —–y —. —z .-~ .- ...— —— -——- .— —
,, .,. -,,
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As additionalcomputationsforthe’intervalsof0.02(m sections)near
thenoseofthebodyshowedno sigdficantdifferencefromtheresults
presented,itisconcludedthattheresultsobtainedarenotappreciably
affectedby theintervalsize(withintherangeinvestigated)andthat
a parabolicbodymaybe satisfactorilyre~esentedby asfewas10 sources.
Themethoddoesnotrequirethata constantintervallengthbe usedand
forarbitrarybodiesitisrecommendedthatshorterintervelsbeusedin
regionswherethebodycrosssectionischangingyapidly..,

Thesmalldiscrepanciesbetweentheresultscomputedby thep&nt-
sourcemethodandthemethodofreference4 arenegligibleb comparison
withtheuncertatitiestitroducedintobothmethodsbythe

T
Sumptions

involvedh thelineartheeryfromwhichequations(1)and 2)aretaken.
Thelinear-theoryresultshave%eenshownby severalauthors(for
example,reference2)to be inerrorby asrmzchas 20percentat some
Machnumibersh thecaqeofa 10°cone.

Canparisonofresultsby point+ourcemethodwithresultsby
characteristiccsmethodsandwithwind–tunnelmeasuraents.–Some
informationontheusefuhess andreliabilityofthepoint-sourcemethod
maybe obtainedby comparisonofresultswithresultsofcalctitions
by thecharacteristicsmethodandwithwind-tunnelmeasuraientsfor
theGermanmissileA4~ presentedinreferences7 and8. l?ressure
distributionsmeasuredatMachnunibersof1.56and1.87arepresented.
inreference7 andthesemeasurementsarecomparedwithcalculationsby
thegraphicalcharacteristicsmethodofTolJmeinandthecomputational
characteristicsmethodofSauertireference8. Thebodyshayeof
theA4~ isnotperticular~suitedforcalculationby linearized
methodsbecauseofthebluntnessofthenose(ogivalnosehavinga nose-
lengthtomadmmmdiameterratioof 3.5,nosehaM angle15.90.However,
theA4VlPistheonlybodyforwhichrelativelycompletee~erimentsl
dataareavailable,andthecoqarisonshouldindicatetheaccuraoywith
whichthemethodpretictsthepressuredistributiononsuchrelatively
bluntbodies.

Themeasuredpressur-stributionpoigtsandfairing(solidline)
reproducedfromreference7 exeshowninfigwe 7 togetherwiththe..-.
resultsobtainedby themethodpresentedherein(dashline).Exm@tion
ofthisfigureshowsthatthepoint-source~.m.ethodsatisfactorw repoduces
thesalientfeaturesofthemeasuredpressuredistribtiionbutshiftsthe
sharpbreakswhichoccuratthebeginnj-ngandendofthecylindrical
sectiontowardtherearofthebody. Themagmitudeofthemexhmmyositive
andnegativepressuresarealsosomewhate~erated.

Thefairing?ftheexperimentaldataandthepressuredistribution
celcilzrtedbythepoint-sourcemethodshowninfigure7 arereproduced
infigure8 wheretheyarecompmedwithcalculationsby thecharacteristics
methodsofSauerendTollmdn(reference8). l?igure8 showsthatSauerts
calculationsagreecloselywiththeexpertintalresultsandTo13meinis
agreelessclosely,particularlynearthemiddleofthenoseandon the

—...—. . . . .. . . ..—+_. . . . ... ... . . .. ., +._._- -_ .._ ___ .- ._. - ______ .___. .____
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cylindricalsectionofthebody.Thecalcul.ationby thepoint-sowce
methodagreescloselywiththatofTolJmeinnearthenoseofthebody,the
mostob’wiousdiscrepancybeingtheexaggerationandreerwerdshiftof
t@ mhhmmlpressurepeaknearthebe@nningofthecylindricalsection
previouslymentioned.

A comparisonsimilartothatshownb figure8 ispresentedin
figure9 fora Machnumberof1.56.In general,thiscomparisonshows
theseineresultsasdoesfigure8;however,theoverestimationofthe
pressuresonthenoseby the@eracteristicsmethods9whichwasberely
visibleinfigure8, isincreaseda~preciablyatthelowerMachpuniber.

Itwillibenotedthatnoneofthecalculatedpressuredistribtiions
agreewiththemeasurementsonthe reerogiveofthemissile.Reference7
states”thatthepressuresinthisregion&e greatlyaffectedbythe

~ fourlergestabilizingtailfinswhichwere in placewhen the measurements
weremade.Mao, thesepressurescouldbe subjecttolsrgeboundary-
layereffects.

ThesherpbreaksinthepresswedistributionsfortheA4~ are
characteristicoftheclassofbodieshavingcylindricalcentersections
fairedintoa curvednoseand/ortailsectionsothatthesecpnd
derivativeoftheradiustithres@ectto x isdiscontinuous.It is
apperent,however,thattheminimumpressurepeakcomputedfrom
equations(1)and(2)alwaysoccursata distance~R %ehindthe
beginningofthecylindricalsectionratherthanatthebeginningof the
cyltidricelsectionwheretheexpermntalresultsandrigoroustheoretical
treatmentshowitmustbe located.Theoccvence oftherearwardshift
foroneclassofbodiessuggeststhatsucha shiftmaybe presentinthe ,
pressur-tributionresultscomputedfromequations(1)and(2)for
othertypesofbodies.l!h&ensiveexperimentalpressure-distribution
measurementsarerequiredtoverifytheexistenceoftheshiftfor
arbitrarybodies,however.

Inasmuchastheappro~tions involvedinthelinearizedtheory
becomemorerepresentativeasthebodybecomesmoreslenderandbecause,
ingeneral,slenderbodieserebettersuitedforaerodynamicpurposes,
themethodpresentedheretiis telievedto providea usefulmeansfor
rapidestimationofthepressuredistribtiionon slender,arbitrary
bodiesofrevoltiio~suitableforuseassu~rsonicaircraftormissiles.
Insufficientexperimentalevidenceisavailableto establishdefinitely
theLkLts ofapplicabilityofthemethod;however,itappearsdoubtful “
thatresultsofusableaccuracycouldbe obtainedforbodiesmoreblunt
thantheA4VlTusedasanexampleherein.“

Illudnationof changeinpressuredistributionr&lting froma
moderatechangeinbodyshape.–In orderto illustratethemagnitudeof
thechangesinpressuredistributionwhichresultfrommoderatechange
inbodyshapethepressure~tributioncalctitedforthetestbodyof
ftienessratio12usedh the~ey I?re+m Testl’rogr~isshown

I
.—.—x— .— - —.-.. . .... ..,.—, . —- _- .-— ..——
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infigure10comparedwiththatfora parabolicbodyofthe,mmefineness
ratio.Thebodyshapesarecomparedinthelowerpsrtofthefigure.
Thefree-falltestlodywasderivedfromanNACAlow-dragairfoiland
hada cuspedtailfatiedintoa tailboomanda relativelybluntnose.

Someindicationoftheover-allaccuracyofthepressureUstribution
calculatedforthefree-falltestbodymayle obtainedby comparison
ofthedragcoefficientobtainedby integratingthepressuredistribution

. withtheerperiment~measuredvslue.‘1%?computedvalue(O.080)is
ingoodagreementwithexper~ntalresultsifa skin%rictioncoeffi–
cientof0.003basedon surfaceareaisassumed.Examinationof
figure10showsthatthefree-falltestbodyismorecriticalthanthe
parabolicbodywithrespectto flowseparationbecauseofthesteep
adversegradientencounteredneartheresrofthebody.

CONCLUDINGREMARXS”

A methodispresentedbywhichthepressuredistributiononan
srbitrarybodyofrevolutionmovingat supersonicspeedsmaybe calculated
rapidly.Themethodwasdevelopedfromthelinearizedpotential-flow
relationsreyortedby JonesandMsrgolisinI’W~ATIWIIo.1081andby
otherauthors.

Themethodisessentiallya graphicalcomputbgtechniquebasedon
theassumptionthata bodymayberepresentedsatisfactorilyby a
relativelysmellnumberofpointso~cesandsinks.Pressuredistri–
butionscomputedforparabolicbodiesby thismethodwereinexcellent
agreementwiththeresultsofJonesandMsrgolis.& fewas10 sources
andsinkssatisfactorilyrepresenteda parabolicbodyoff@eness
ratio6.

ComparisonofpressuredistributionscalculatedfortheGerman
missileAkVIPwithwind-tunnel.measurementsshowedthatthe~oid-source
methodreproducedthesalientfeaturesofthemeasured‘pressure
distribution,butthatthemidmumpressurepeakwasexaggeratedand
shiftedtotheresr.

PressuredistributionsfortheA4~ a+Machnumbersof1.87and1.56
computedby thepointiourcemethodweresomewhatlesssatisfactory
thanthosecomputedby thecharacteristicsmethodsofTolhetiorSauer.
However,asthettmsreqxlredto computea pressuredistributionby
thepoint-so~cemethodisappreciablylessthanisrequtiedby either
ofthetwocharacteristicsmethodsandasthesalientfeaturesofthe
pressuredistributionaresatisfactorilyreproduced,thepoint-source

I
- --- ---------- .— ..- , . . ... . . . —.-.,...- -.-%- ------- -— .-..-. .—- -,—--— —-.——
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methodisbelievedtoprovidea usefulmeam forrapidestimationof
thepressuredistr}btiiononslender,arbitrarybodiesofrevolution
suitableforsupersonicaircraftormissiles.

LangleyAeronauticalbboratory
NationalAdvisoqCommitteeforAeronautics
. _W Field,Vs.,September23,@d3
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.

IAXATIONOFA SllK$IllSOURCEEQIINAXENTTOA CONTINUOUS

DISTRIBUTIONOFSOURCESWITHINA FIKECElI?TEKVAL

lhthelinearizedtheoryof supersonicflows(references1 to ~) “
bodiesofrevolutionsreassumedto berepresentedby a continuous
distributionofsourcesandsinlmalongtheexis‘ofthebodyandthe
pressuresresultingfromthesesourcesandsinksereassumedtobe
propagatedonlywithintheMachcones.Thus,ifan intervalof.
length& extendingfromthevertexofa semi-$nf’inite,coneis
considered,it isappsrentthatonlyattheintersectionIotit(the-.
intersectionoftheMachcone’fromtheaxisattheendoftheintervgl
withtheconesurface) isthepressureinfluencedby sll.ofandoplyby
thatpsrtofthecontinuoussourcedistributionwithintheinterval.As
therateofchangeofsourcestrengthf~(!.j) isconstaptfor,a cone,
thelocationof a s@le sourcewhichcausesthesamepressureatthe
intersectionpointasdoesthecontinuousdistributionofso~ceswithin
theinterval.maybe determinedinthefollowingmaqner. . ‘

Thepressurecoeffic~entonthesurfaceofa cone~ofsemivertex
angle t3dueto a continuousdistributionof sourcesalongthesxismay
be foundfromequations(1)and(2)tole constantandequalto

,,.

( ),P = !2tE&eCosh–1 y’ -
,.

(Al)

Thepresswbcoefficientonthesurfaceoftheconeataq point x
dueto a singlesoprcelocatedat 3 is“(seeequation(3)for n = 1)

,,

1? ‘2Q ‘ ‘
x ‘.

k - E)2- (p# ‘

(A2).

As forthecone(withvertexattheorigin)

R =Xtane

.

thenfromequations(2)and(k)

Q= Axtan%

--. ..—.__. .. . . ----- .__, ._ . ... ...___ ____,—. .—— —..—. .. . . .. _– ___ .. -—._ __ —_. . . . . .
-,,-
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Equatingthepressurecoeffieientsgivenby equations(Al)and (AZ?)
at the4tersecticm~ointand eqxeessingthe locationofthesourceahead
oftherearendoftheinterval

(
5 =k - Cot8

)~, T=~ gives

as a fractionoftheintervallength

-l+,/(J=+’F+.
8 v\COsh-LT)
—=
Ax. (A3)

T— 1’

Computationsfromequation(A3)forvaluesof -rfrom1.01to 10.0
showthatthera%io 5/& isappro~tely equalto 0.25.Themaximum
Yariatiwigthisrange,whichcomespontito ccfnean@es of 5°to 45°
at w= 1.41 (or Machnumbers%mm 1.15to 5.75fora 10°cone),is
lesstlmn&l pOrcentof Ax.

An expreestonforthepressuresonthesuxYace oftheconebehind
theintersectionpointdue to the continuousdistri’lnkionof sources
withinthe tvtervalmay be obtainedfrom equation(1)by use of appropriate
kbits of integration.The veriationofpressurewith x givenby this
expressioniscloselyapproximatedby equation(A2)forthesource
locationjustd@emdned. k“

.

It isthereforeevidentthatthe~essureonthesurfaceofa cone
at Wd behindtheintersectionpointdueto a continuousdistribution
of s~urgesalongtheaxiswithinan intervalk f%omthevertexis
closelyapproximatedby a singlesourcelocated&/4 aheadoftheend
oftb interval..Furthercomputationalongthesellneshasindicated
thatthisprinciplew be aypliedto an intervallocatedinanypart
ofa conicalorparabolicbodyofrevolutionwithreasonableaccuracy,
providedthatthepressurefunctionQ iscomputed(equations(2)and (4))
fromtheradiusandslopeofthebodysurface‘atthesourcelocation.
Itappemgreaso~bleto assw, therefore,thatwithinthegeneral.
limitationsoftheMnesrtheory,theprinciplemaybeappliedto
arbitrarybodies. ~

.“,

‘1
,,
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TABLEI

TALUIISFORGRID(FIG.1)OFIJIi12SOFCOIS’lMNCPRESSTJKECOEFFIC13!X?T
.

IN x,prPLANE~ FROMEQUATION(3);SOURCEAT mGII?;

PRHSURE FIJHCTIONQ = 0.01

P

m

2.00

1.00
.70

.50

.30

.20

.16

.10

.08

.05

.03

.02

0 0.01 0.02 0.03 0.05 0.09
t

1

.0100

.0200

.0286

.0400

.0667

.1000

.1250

.2000

.2~

.4000

.6667
L:0000

0.0100

.0141

.0224

.0303

.ok12

.0674

.1005

.12*

.2002

.2502

.mol

.6667
1.0000

0.0200

.022k

.0283

.0349

.0447

.0696

.1020

.1266
●2010

.25Q8

.4005

.6670

L.oo&2

x

).0300

.031.6

.0361

.0414

.o~o

.0731

.1044

.w%

.2022

.2518

.401J-

.6674
!:OO@

c).Oylo

.0510

.0538

.0576

.0640

.0834

.m8

.1346

.2062

.2550

.4031

.6685
1.0012

3.0900

.0908

.0922

.0944

.0995

.ImO

.1345

.l~o

.2193

.2657

.4100

.6727
1.0040

.

I
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TAHmxI

IWRMFQ2~TXLlES(lF P OITSORRACECIF’I!QDYD’OETOEACHBOURCEAED’VAL-OF X ltTWBICE

TEET WcoR. EnM2m: ~BODYOFKUUE4?SRMZ0 J2ATAML!2HIKMBI%ROFL41

m 1.0 [0.q 0.3 0.2 Ij.llj-0.1o 0.Q90.05:O.a
\ Ep

4.4625
–.kz?5
-.3625
-.325
*
–.1625
–.=
---
-.0125
.0375
-M75
.l~
.m’5
.2375
.*5
.3375
.3m
.4375
.4&5

lx

0.204
-275
.305
.355

+:55----
----
-...
.-L
—.
----

-0.441
-.$33
-326
+ 270

O.bm
-357
-..

-_zJp
-.l~
-.3.24
--m
-.020

%J

.175

:%
.314
.353
.403
.445
-m

41.441
-.%
-.33
–-277
+&
–.33.9
–.069
-.oti
.031
.@?
.ly)
.179

:j$

~g

.460
.-----

0.421.
--%8
–-35
–.264
–.ZLo
-.19
–.107
-.056
-.C05
.042
.093
.141
.lgo
.23a
.285
.334
;;$

.478
.—---

[

0.394.@
-.342-.30g
-m –.293
–.238–.208

~~
-.

0.335
–J2e4
-.233
-.X33

%?$
-.030
.Olg
-my

..167
.217
.266
.35
-363
.414
.464
.---—
.-——
.--_--

-r[-0.260 .253. .062
- ZLo-.160 -.010
-J% -In .040
-Jlo -A&l .@o
-.OEQ.O1o ~
–:AOJ -mE .lgo

.f?w .240
.090.140.Xa

1
-.0++-M5
-.017.046

-@
R .14!+
.164.193
.=3 .243
.261-m
-.309.339
.356.3X
.405.43a
.455M8
------—-—
.---—--—

II

.141 .lg3 -339

.lE!8.237.386

.240.289.436
:28J.3s -~

.* % ‘--

.&36.W --~~~:

.492-----------
—--— -------.---

.233

.2&
--—-
---- \
—---
----
-----
-----
—:-

:i&
.456

------
.-

--— t--–- 1-----
,.

.-_&-E ‘P

m
.
m
.
.
.
m
m
m
.
.
m
w
.
.
m
m
.
m
.

0.0+6o.o’a~o.olyk
,. .o145.Oti
.Ollg.02&J.C&4
.0034

,-.
-.o142-.0095-.0076
-.Cl@–.0119-.ocg5
-.019–.0132–.olo6
-.020!?-.0138.O11.1
-.om~-.0137-.Olcg
–.0190-.W -.o1o1
—.oMl -.cuq -.C096

la -.om -.O&4
%67 -.0044-.0036
0 0 0
m .0051.(X)41
:Ol& .Ou.1———
----—-—-------—
-A-- -------------

0.0+2
.0362

o.l&5
.W25
..,0398
.01L2

f-.ollq
--.035

5X’
+34

“ :&a
‘.@z+
-.om3
-.0633
-.0537
-.0403
-.0222
0,

JM’f&
-.4125
-.3625

~g
-.1625
-.IJ.25

0.108:
.W=5
.039E
.OI.12

-.ue
_.og~
-.0475
–v@
–.M&
-.06!X
_.~:
_.og3~
-.0537
–.ti~
-.0222
0
.W
.055:

:%

.Olgg

.m$
~.w5g
-.01$
-.0238
-.0336
–.034-6
-.034.2
-.0316
-.026E1

-.012.5
.o~
.f=75
.1375
.18’75
.2375
.2$75
.3375
.Y375
.435
.4875

-.o111
0
.01.28
m276
.04XI
.------

.—

,’
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