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AERODYNAMICCHARACTERISTICSOFTEENACARM-10R3XMRCHMISSILE

INTHEAME31-BY ~OOT SUPERSONICWINDTUNNELN0.2-

PRESUREANDFORCEMEAS~ ATMACH

NuMBERSOF l.% AND1.98

By EdwardW. Perkins,ForrestE.Gowen,
andLelandH. Jorgensen

An eqerimentaltivestigationoftheaerodynamiccharacteristiccsof
a fir+etabilizedbodyofrevolution,designatedas theRM-10,wasmade
IntheNACAAmes1–by +foot supersonicwindtunnelNo.2. Pressure
distributionsandforcecharacteristicsweredeterminedforthebody
aloneatMachmuibersof 1.52and1.98. Forcecharacteristicsofthe
body-tiilccmibinationweredeterminedat a Machnumberof 1.98. Dataare
presentedforReynoldsnunibersof8.6 and17.4millions,basedonbody
length.

Of thethreetheoreticalmethodsusedforpredictionofthezer~
liftpressuredistributionforthebodyalone,thelinearizedtheoryof
JonesandMargolis(NACATN 108I.)wasinbestagreementwiththeexpe~
imentalUstributionovertheforebody.Oyertheafterbody,themagni–
tudesoftheexperimentalpressurecoefficientswereingenerallessthan
pretictedby theory.Ezceptfortheaftleewardregionsofthebody
whereflowseparationoccurredathighanglesofattack,thedistribution
ofliftingpressurewas
example,NACATNP044.)
foredragincrement,and
accuratelypredictedby
potentialtheory.

adequatelypretictedby inviscidtheory,(See,for
Thevariationwithangleofattackofthelift,
cente=f—pressurepositionweremuchmme
themethodofAllen(NACAmA9r26) thanby

Comparisonoftheexperimentallift,foretiag,andpitc~ng~ent
characteristicsofthebodyalonewiththeresultsofa similarinves-
tigationintheLewis8-by &foot supersonicwindtunnel(NACARME5OD1O
andNACAKME50D28)shuwsthatforMachnumbersof1.52and1.98thereis
littleeffectofReynoldsnuniberonthesecharacteristicswithinthe
Reynoldsnuniberrangeof8.6 to 30millions.Similarcomparisonsforthe
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body-tailcombinationfora M&ohnumberof 1.98showthat,withthe
exceptionoftheminimumforedrag,theeffeotontheforoeandmoment
oharacteristiosoftheincreaseinReynoldsnumberfrom8.6 millionto
30millionis Hmll. Themindmumforedrag inoreasesapproximately
16percentwithan inoreaseinReynoldsnumberfrom17.4millionto
30million.

INTRODUCTION

As a _gartofan integratedprogz%mtoassesstheeffectsofReynolds
nuniberonaerodynamicoharaoteristicsat supersonicspeeds,testsare
beingconductedatvariousNAOAflightandwind-tunnelfacilitiesona
fi=tabilizedbodyofrevolution,designatedastheI3L1O. Thefirst
publishedresultsofwind-tunneltestsofanRM-10modelwereobtained
inthe8-by 6-footsupersonlowindtunnelat theLewisLaboratoqata
Reynoldsnuniberof30millionandforahlaahnumbermnge of1.49to
1.98(references1and2). Thepresentinvestigationwasoonduotedin
theAmesl-by 3+?ootsupersonhwindtunnelNo.2 withanRM-10model
atReynoldsnumbersof8.6 and17.4millionsandforMachnunibersof
1.52and1.98forthebodyaloneand1.g8forthebody-tailcombination.

Thepurposeofthisinvestigationwastodetemninetheaerodynadc
characteristics
Reynoldsnuniber
withtheoryand

oftheR&10 conflgumtionwithintheMaohnumberand
-e availableandto oomparetheseexpertientalresults
withotherexperimentalresults.

NCYIUTION
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uc% foredragcoefficientat 0°angleofattack
eo

incrementofforedragcoefficient
[~- f$!a]

liftcoefficient
()
lift
~

pitchi~+omentcoefficientaboutthestationofmax-

bodydiameter(pitchingmqnent)
\

pressurecoefficient

pressurecoefficient

()P-PO~

at 0°angleofattack

Ufting-yressuzecoefficient
[ c,- @)G-.]

lengthofthebody,

axialdistancefrom
diameterstation,

inches

thebodynosetothemaximumbody
inches

free+treamMachrnniber

localstaticpressure,poundspersquareinch

free-streamstaticpressure,poundspersquareinch

free-streamdynemlcpressure
squareinch ($PO ~’)~ ‘0- ‘r

localbodyradiusata stationx distancefromthenose,
inches

maximumbodyradius,inches
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free-streamReynoldsnmiberhasedonbodylength

cross+ectio~lareaofthebaseofthebody,squareinches

distancefromthenosemeasuredalongthelongitudinalbody
axis,inches

distancefromthenosetothecenterofmomsnts,inohes

distancefromthenoseto thecentroidofthePlan+orm
area,inches

totalvolumeofthebody,cubicinches

angleof

ratioof

ratioof
finite

attack,degrees

thespecificheatsofair,tskenas 1.40

thedragcoefficientofa circularcy~nder

. —.

of
lengthtothatofa cylinderofinfinitelength

bodycylindricalcoordinate,degrees

ATPARATUS
i

ThisI?rvestigationwasconductedintheAms 1-by 3-footsupe~
sonicwindtunnelNo.2,whichisan intermittent-operation,nonreturn, k
variable~ressurewindtunnel.Thehigh-pressureairisobtainedfrom
theAmB 12-footwindtunnelat a pressureofaboutsixatmospheresand
isexpandedthroughthenozzletotheatmosphere.A changeinReynolds
numberisobtainedby varyingthetotalpressureby meemsofa butterfly
valvebetweenthetwotunnels.Thenozzleisequippedwithflexibletop
andbottomplateswhichcanbe shapedto givetest-sectionMachnu@ers
intherangeof1.2to4.0. Thestrain-agebalanceandothertunnel
instrumentatictnusedinthisinvestigationaredescribedindetailin
reference3. Huwever,forthisinvestigationthepitchingmomentswere
measuredby meansofa straingagemountedonthesupportingstingrather
thanby thsmethoddescribedinreference3.

A sketchofthel/12-scaleRM-10missile,givingtheimportant
modeldimmwionsandtheequationfortheparabolic-arcprofile,isshuwn
infigure1. Thefinenessratiooftheclosedbodyofrevolutionis15;

—

hawever,to providefortherocketjetinthefree-flightmodelsand
stingmountingofthewind-tunnelmodels,thebasewascutoffatthe ●
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81.~rcent+lengthstation,whichresultedina finenessratioof12.2.
Thetwomodelconfigurationstestedwerethebodyaloneandthebody–
tailconibinationshowninfigure1.

TESTS

Thetestingprogramwasdividedintothreeparts,andthetest
conditionsforeachofthesepartsarelistedinthefollowingtable:

AverageRe
Test % (millions) &

Pressuredistribution, 1.52 8.6 oto15
?mdyalone 1.52 17.4

1.98 8.6 0: >1/2

Forcetests,bodyalone‘ 1.52 8.6~ 17.4 0 to14
1~98 . oto14

Foroetests,body-tail 1.98 8.6and17.4 oto6
conibination

Thestatic-pressuredistributionsweremeasuredat 30°incrementsin
circtierentialanglewitha singlelongitudinalrowof orifioesonthe
modelby rotatingthemodelaboutitsaxis.Foro+testresultsforthe
body-tailcoribinationata Machnuniberof 1.52havenotbeenpresented
becauseofunknowninterferenceeffectson thetailstiacesduetothe
shockwavefromthestingsupportandthereflectedbowwave.

REDUCTIONOFDATA

CorrectionstoExperimentalResults

Alloftheexperimentaldatahavebeenreduoedto coefficientform
andhavebeenciorreotedfortheeffectsof thenonuniformflowconditions
existinginthewindtunnel.Thefree+treamstatic-pressurevariations
intheemptytunnelhavebeenappliedas correctionstothebodypressurb
distributiondataby simplelinearsuperposition.Correctionsto
pressure+listributiondatadueto theeffectof stre~le variation
werewithinthelimitsofaocuraoyofthedataandhavethereforeteen
negleoted.

—
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Thecorrectionstotheforcetestshavebeencalculatedby the
methodofreference4, inwhichthestreamangleandpressuredistribu-
tionintheverticalplaneofsymmtryoftheemptytunnelareused.
Theaveragemagnitudesofthetotalcorrectionsto ~, Cm,and~ due
to streamfluwnonuniformitiesaretabulatedasfollows:

Mach
nuniber Coefficient

1.98 CL
Cm
%

Body=tail
Bodyalone conibination

0.02 ---
.002 ---
.007 ---

.02 0.03

.002 ,01

.009 .003

PrecisionofResults

The~ecisionoftheexperi~ntaldatawascalculatedfromesti-
ma.tesoftheuncertaintyorpossibleerrorintheindividualmasure-
?n?mtswhichenteredintothedeterminationoftheangleofattack,the
streamcharacteristics,andthe‘aerodynamiccoefficients.Theprobable
uncertaintyinthefinalresultswasdeterminedby themsthodgivenin
reference5. Theuncertaintiesinthelift,pitc~ nt,foredrag,
andpressurecoefficientsaretabulatedas follows:

Body=tail
Coefficient Bcxiyalone codxlnation

CL M.018 M.030
Cm *.010 *.012

%? k.00(5 *.006

Cp *.CQ5 ---

.

1

Theerrorintheangle-ofattackmasuremsmtsisnotgreaterthan
w.15°. Thefree-streamMachnumber,~, isknownaccuratelywithin
+0.05ata givenpointinthestream;however,thevariationofl&ch
nuniberalongthebodyaxtswasasmuchas&O.02.Duetothefairlyhigh
rateofdecreaseinwind-tunnelstagnationtemperaturewithtunneloperet-
ingtipe,thevariationinReynoMsnuniberduringeachrunwasapproxi- .
mately@.7 X 106atbothMachnu)xibers.
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Thetheoreticalandexperimwxtallongitudinaldistributionsuf ~es-
surecoefficientforthebodyaloneat zeroangleofattackareshownin
figure2. Theexperimmtaldatafromreference1 areincludedforCO*
parison.Threetheoreticalcurvesbasedonthelinearizedtheoryof
reference6,thesecondmrdertheoryofreference7, andthemethodof
characteristics(see,e.g.,reference8)arealsoshownforcomparison.
Itwasnotedinreference1 thatthee~rimentalresultsobtainedin
that investigationwereingoodagreemmtwiththedistributionpredicted
by thetheoreticalexpressiondevelopedinthereport.= Forthepresent
investigation,thedistributionpredictedby thelinearizedtheory
(reference6) isinbestagreemmtwiththee~rimntal distribution
fortheforward50percentofthebodylength.Overtheafterbodythe
magnitudesoftheexperimmtalpressurecoefficientsare,ingeneral,
lessthanpredicted-bysnyofthetheories.Dueto inherentexp3rim3ntal
uncertaintiesinvolvedinthedatafroxnbothsources(thepresentinves-
tigationandreference1),andbecausethedifferencesinthetheoretical
resultsaresmall,no statemntcanbe madeastowhichofthetheories
isthebestforallofthetestconditions.

As predictedby theory,an increaseinMachnumberresultsina
decreaseinpressurecoefficientovertheforward30percentofthebody
length.Aftofthe30-percentpoint,althoughtheorypredictsa decrease
inthemagnitudeofthepressurecoefficientwithincreaseinMachnuriber>
no conclusioncanbe drawnfromtheeqerimntaldatainthisregion
becauseoftheuncertaintyintheindividualpressuremeasurements.

Thetheoreticalemdexperimentalcircumferentialdistributionsof
Iift-essure coefficientforthreeanglesofattackandsixaxial
lengthstationsarepresentedinfigure3. Thetheoreticalcurvesshown
inthisfigurearebasedonthesecond+mdertheoryofreference7.2
Forstationsforwardofthemaximumthickness,andatanangleofattack
of5.5°,thetheoreticalpressurerecoveryovertheleesideofthebody
issmall,andtheagreementbetweentheoryandexperi~ntisgocd.As
theangleofattackis increasedto ll”orto 150,thetheoreticalpres-
surerecoveryincreases,atithee~rimmtal datashowa pressure
recoverysomwhatlessthsmtheory,indicatinga lage regionof

%he expressionforthezero-liftpressuredistributiondevelopdinde-
pendentlybyLuidensandSimoninreference1 is identicalwiththe
resultpresentedinreference7.~

2Theequationsforlifti~ressuredistributionobtainedfromrefep
ences1, 7,sad9 areidenticaltotheordera2.
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.
separatedflowontheleesideofthebc@Y.Torstationsaftofthe
=imum thickness,thetheoreticalpress&erecovery
thebodyislargeandthee~rimentaldataindicate
separatedregionevenatanangleofattackof5.5°.
regionbecomsprogressivelylargerwithincreasein
distanceaftofthe~imum thicknesspoint.At the
tion,theseparatedregionexterdsevenpastthe90°
wardsideofthemodel.(Seefig.3(f).)

ontheleesideof
thepresenceofa n

Thisseparated
angleofattackand —
nmstrearwardposi-
pointtothewind-

Thelifting-pressuredistributionresultsofreference1 arein
goodagree~ntwiththoseofthepresentinvestigation;hawever,noneof
thedatafromreference1 havebeenincludedinfigure3 asthosedata
wereobtainedat slightlydifferent~les ofattackanddifferentx/L
stations.SincethetestsofthatreferenceweremadeforthesameMach
nuxriberrsmge,butfora Reynoldsnumberofapproximately30millionas
comparedto8.6 million forthedataofthisinvestigation,itmaybe
concludedthatanyeffectsofReynoldsnuniberontheliftingpressures
sresxmllwi~hinthe9° angl~f-attackrangeforwhichcomparisonscsn
be made. Ithes‘been’showninreference2 thatthereisan incregmein
liftwithincreaseinkch ndber;huwever,thepress~istribution
dataofreference1 andthepresentinvestigationdonotshuwaqyc-
sistentchangeinlifteessure coefficientswithlkh nuniber.This
anomalyprobablyresultsfromthefactthatwithinthislawangle-of-
attackrangetheincreaseinliftissmall,andconsequentlytheaccom-
=g~nge in local pressurecoefficientiswithintheuncertainty

. However,itcannotbe concludedfromthesecomparisons .

thatthereareno appreciableMachnwibereffectsonlocallifti~
pressurecoefficientatanglesofattackabove9° because,aswillbe
shuwnlater,theeffectofMachnmiberonliftincreasedmarkedlyabove

v

anangleofattackof10°or12°forthetestconditionsofthepresent
investigation.

Body+iloneForceTests

Thevariationsoftheaerd.ynamiccoefficientsandcentemf–
pressurepositionwithangleofattackforthebodyalonearepresented
infigures4 through8. Forcomparisonwiththesee~rimmtal results,
theoreticalcurvesbasedonthelinearizedpotentialtbory ofrefep
ence10andthetheoryofreference11areshown.

Thelinearizedtbsoryneglectsanyeffectsofviscosityandcon-
sidersonlythepotentialflaw.Thetheoryofreference11hasbeen
developdconsideringtheleffectsofviscosityonthecrossflowfor
inclinedbodiesofrevolution,andtheresultingequationsfortheaerc-

.

-c cOeffiCiOntsatmoderateanglesofattackareasfollows:
.
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(1)

(2)

Thefirsttermineachequationisthelinearizedpotentialtheory
result,andthesecondtermisthecrossforceresultingfroma consider-
ationoftheeffectsofviscosityontheflowperpendicularto thebody
axis. Intheseequations,thenumricalvalueof q dependspri~rily
onthelengt&tMiamter ratioofthebodyandwasessentiallyconstsmt
(TI= 0.7)forthetestconditionsofthepresentinvestigation.The
valueof c~ dependsontheReynoldsnuniberandMachnunbernor~l to
thesxisofthebodyofrevolution;therefore,thedependenceof cdcon
free+!treamReynoldsnumberand%ch numberisthroughRe sincc and
MO sincc.FortheReynoldsnunibersofthisinvestigation,no effectof
Reynoldsntier onthecross-flowdragcoefficienthasbeenconsidered.
Forthetestsata Machnuniberof1.52,theMachnmribernormalto the
axisofrevolutionwasalwayslessthan0.4;hence,inthecalculations
c
9

wasconsideredconstantandequalto 1.2throughouttheangleof
at ackrsnge.However,forthetestat a Machnumberof1.98,thenormal
Machnuniber(% sina) exceeded0.4at an angleofattackofapproxi-
mately12°. Therefore,thevalueof O& usedinthecalculations
increasedfroml.2at 12°to 1.35at 15°. (Seereference11.) Within
thisangle~f%ttackr~e, 12°to 15°,thedifferenceintheVdW of
c% forthetwodifferentfree+treamMachnunibersresultsinthedive~
genceoftheforcecharacteristicsshownbythetheoreticalcurvesin
figures4, 5, 6, and8.

Lift.-Theexperimentalliftresults(fig.4) forthebdy alone
show~onable agreenentwiththecurvepredictedby thetheoryof
reference11. However,throughoutmostoftheangl~~ttack rangethe
mgnitudeofthee~rhental.liftisgreaterthanpredicted.At 12°
angleofattack,theliftis8 percentand13~rcentgreaterthanthe
theoreticalvaluesatMachnumbersof1.52and1.g8,respectively.At
thisangleofattack,potentialtheo~ underestimatetheliftby approxi-
~tely 70 percent.Forsnglesofattackgreaterthan12°ata Machnum-
berof1.98,thee~rirentaldatashuwan increaseinliftwithincrease
in MO sincc aspredictedby thetheory,althoughthemgnitudeofthe
increaseisgreaterthempredicted.

A compmisonofthedatafromreference2 withthatofthepresent
investigationindicatesthatata Machnuhiberof1.98thereisno

—
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Reynoldstier effectintherangeof8.6 million to 31.1million.
However,fora Machnuniberof1.5,thereisa decreaseinliftwith
increaseinReynoldsnunberfrom8.6 millionto17.4millionbutno &
therchangewithintheReynoldsmuiberrangeof17.4millionto29.1mil-
lion. Inthehigherangl=fattackrange,above12°,the&ch nuniber1.5
resultsofthspresentinvestigationindicateaneffeckoppositetothat
notedinthelawerangle-f-attackrange,thatis,an increaseinlift
withaa increaseinReynoldsnuniberfrom8.6millionto17.4million.

Pitchingmcmnt.-Contrarytotheresultsobtainedby comparisonof
thetheoreticalandexperimentalliftcharacteristics,potentialtheory
yieldsa pitchimmnt curvewhichisincloseragree~ntwithexperi-
mentalresultsthanisthecurveforthetheoryofreference11. (See
fig.5.) Eowever,sinceboththeliftand,aswillbe shuwnlater,the
centerofpressureareunsatisfactorilypredictedby potentialtheory,
itisapparentthattheagreemmtofthepitchingmomentsmustbe cow
sideredfortuitous.

—.

Thedataofreference2 wereobtainedfora Machnuniberrang&of
1.49to 1.98at a Reynoldsnumberof30.million.Forthoseteststhe
criticalcross%lowReynoldsnumberbasedonthemaximumbodydiameter

—

wasexceededatanangleofattackofabout4°. Thecriticalcross-low
Machnumberwasnotexceededsincetheangl=fattackrangewaslimit=d
to 9° and ~ sins wasthereforelessthanO.h. Thee~rimentaldata
obtainedfor thesetestconditionsdidnotshowsmyoftheunusualvaria-
tionsintheaerodynamicforceswhichmighthavebeenexpectedasa v
resultofexceedingthecriticalcross-luwReynoldsnumber.Thedata
ofthepresentinvestigationwereobtainedfora rangeoftestconditions
whereinboththecriticalcross<lowReynoldsnumberandcriticalcros6-

k

fluwkch nunberwereexceeded.Sincethetheoryofreference11pre-
dictsvariationsinpitchingmomsntdueto eitheroftheseeffects,it
mightbe exgectedthatcertainunusualvariationsfnpitchingmommt
couldresultwhenbothwereexceeded.Thsexperimental.trendsshownin
figure5 cannotbe explainedonthebasisofthesimpleeffectsofeither
cross~lowReynoldsnuniberor cross+lowhch nuniber.ItshouldbeMn-
tionedthata combinationofMachnumberandReynoldsnunibereffects
appeartohavean influencedifferentfrom-thatpredictedby theory
(referenceI-2).

In contrasttotheresultsfromreference2,experimxxtalresults
from the testsofthisinvestigationshowan increaseinpitchingmoment
withincreaseinMxh nuniberat angles ofattackaboveabout4 . At
anglesofattackbelow4° a~ effectsdueto Wch nunlberarewithinthe
experimmtaluncertainty.

Centerofpressureo-Thsvariationofthepositionofthecenterof
pressurewithangleofattackforthebodyaloneis showninfigure6.
Comparisonbetweentheoryandexperi~ntindicatesthatthecenterof

.

f.
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pressurepredictedby potentialtheoryisobviouslyinerroratall
anglesofattack.Muchbetteragreemntwithexper-nt isobtained
fromthetheoryofreference11. Thecenterofpressurepredictedby
thislattertheoryisabouttwobodydiamtersaheadofthee~rimental
centerofpressureoveranangle-of%ttackrangeof3°to 14°,whereas
potentialtheorypredictsa qenterofpressurewhichdoesnotvarywith
angleofattackandis13~odydiamtersaheadofthee~ri~ntal posi–
tionat14°angleofattack.Thee~rimentaldatashowno discernible
M&h nunbereffectbutdo,however,showa forwardshiftofthecenter-
of-pressurepositionwithincreaseinReynoldsnuniberinthelowangle-
of-attackrange.

Theeqerinxmtaldatafromreference2 axeingoodagreemntwith
thecente~f-pressuredatafromthisinvestigation,buttheresultsof
thatreferenceindicatea smallrearwardshiftofcenterofpressure
withincreasing&oh nsuiber.

Foredrag.–Theforedragresultsforthebodyarepresentedin
figur~_rim3ntal valuesofminimum~essuredragandskin<riction
dragat0° engleofattackarepresentedinthefolluwingtableforcow
parisonwithcorrespondingtheoreticalresultscalculatedlyseveral
differentmthcds.

Minimumforedrazresults

Machnuniber
Reynoldsnumber-mi~ions
1.Exprimentalmininmm~

Pressuredragcoefficients
2.Lineartheory
3.Methodof &acteristics
4. Experinwnt

SkirMrictiondragcoefficients
5.Laminarincompressible
6. ‘l?urbulerdjc~ressible

(vonlWrman, reference13)
7. Turbulentcqessible

(Wilson,reference14)
8.E~rimnt [(1)-(4)]

1.52
8.6
.115

.051

.045

.050

.016

.084

.096

.o&

1.52
17.4

.126

.051

.045

.Oxl

.012

.074

●o@
.076

1.98
8.6

●115

d;

.043

.016

.065

.087

.072

A comparisonoftheexperimentalandtheoreticalpressuredragson
thebodyshuwsthattheexperimentalvaluesofthepressuredragagree
withlineartheoryat a Machnumberof1.52.However,ata Mch nmiber
of1.98thepressuredragcalculatedfromlineartheoryisabout10pep
centtoohigh.

Thetheoreticals~iction dragcoefficientsshownintheabove
tablewerebasedonflat-lateskin~rictioncoefficientsandwere

-..—J
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calculatedwiththeassumptionthatcompletelyIaminerorcompletely
turbulentboundary-layerfluwexistedonthebody. Theexperi~ntal
skin-frictioncoefficientwasobtainedasthedifferencebetweenthe
experimentalforedragandpressure-dragcoefficients.Forthelower
Reynoldsnunibertestsata Machnumberof1.52,itisapparentthata
I.aminarboundarylayerexistedoveranappreciableportionofthebody
surfacesincethemostoptimistictheoreticalestimateoftheturbulent
skin-frictiondragcoefficient(referance13)wascmsiderablygreater
thamtheexperirmntalresult.An increaseinRepoldsnuniberatthis
&ch nuniberwasaccompaniedby an increaseintheskin-frictiondrag
coefficient.Hadtheboundarylayerbeencompletelyturbulentatthe
lowerRemoldsnubiber,theskin-frictiondragcoefficientwouldhave
decreasedwithincreasingReynoldsnuniber.Hence,theincreaseinskin-
frictiondragcoefficientthatwasobservedmusthaveresultedfrom
upstreammovewmtofthetransitionpoint,withtheresultthatat
higherReyuoldsnumbersa largerportionof.thebodysurfacewassubject
to turbulentboundary-layerflow.No conclusioncanbe statedwith
regardtothecorrecttheoreticalvaluefortheskfn+t’rictiondragcoef-
ficientnortheReynoldsnumberoftransitionbecauseoftheunknown
effectsofthefre~treamturbulencelevelemdthenonuniformitiesof
theairstream.Sinceitisbelievedthatanappreciableamountof
laminar-boundary-layerflowexistedonthemodelforthehigherReynolds
nunibertestsata Machnumberof1.52,theagreementofvon?&m&ts
turbulent,compressibleskin-%rictioncoefficientswithexperimentis
consideredfortuitous.Otherinvestigators(e.g.,Wilsoninreference14)
havefoundthatthevaluesof skin%rictioncoefficientobtainedfrom .
vonK&rm&n~sturbulentco~essibleflowequationarelowerthanexp8ri-

—

mentalvalues. .

Thee~erimentalresultsofthepresentinvestigationshownoper-
ceptiblechangeinminimumforedragcoefficientwithincreaseinkch

—

nuuiber,butaswouldbe expectedwithpertlylamina~fbwconditions
therewasu increaseinminimumforedragcoefficientwithincreasein
Reynoldsnumberfrom8.6 to 17.4millions. Compariscmoftheseresults
withtheresultsfrcmreference2 fora Reynoldsnuniberof30mil.lfon
showsno differenceinminimumforedragcoefficientatReynoldsmuibers
of17.4and30Id~iO?lS.

Thetheoreticalandexperimentalresultsfortheincrementoffore-
dragduetoangleofattackarepresentedinfigure8. As ex~cted,the
agreemntbetweenthetheoreticalad experi-ntaldragrisewassimilar
tothatobtainedfortheliftinfigure4. Theseresultsarealsoin
agreemmtwiththeforedrag-riseresultsfromreference2.

r
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Body-TailCo?ibinationForceTests

13

Lift.-Theexperimentalandtheoreticalliftcharacteristicsfor
this~iguration areshowninfigure9. Thetheoreticalliftofthe
bo&tail cotiinationwascalculatedlyaddingtheliftduetothebody
alonetothatdueto thetailalonewithno considerationbeinggivento
interferenceeffects.Theliftdueto thebodyaloneandthetailalone
wascalculatedby -themethodsof references11and15,respectively.
Twotheoreticalcurvesareshown.l’hecurvewhichpredictsthehigher
liftwasobtainedby assumingtlwareaofthetailenclosedwithinthe
bodytobe fullyeffectiveinlift,~ thesecondtheoreticalcurve
resultsfromassumingonlytheexposedsurfacestobe effective.The
dataoffigure9 showthatneitherassumptioniscorrect;however,the
experimentaldataisbracketedby thesetheoreticalcurves.

Theoryindicatesa sma~ increaseinlift<urveslopewithincrease
inangleofattack,butthee~imntal lift-urveslopewasessentially
constantthroughouttheangle-of~ttackrange.Theseliftresultsfor
testReynoldsntiersof8.6 million and17.4millionareinagree~nt
withtheresultsfromreference2 ata Reynoldsnuniberof30million,
withtheexceptionthatthedataofthatreportdo shuwa sma~ increase
inlift-curveslopewithincreasingangleofattacksimilarto thatpre-
dictedby theory.

Pitchingmomnt andcenterofpressure.–Thevariationsofpitching
moment centerofpressurewithangleodattackareshowninfigures
10and11~ Theoreticalvaluesofthepitchingmomntwerenotcalculated
becauseoftheuncertaintyofthecenternf-pressurepositionforthe
tailsurfacesinthepresenceof the body.

Theslopeofthepitchemnt curveoffigure10 is constant
throughoutthesngl~f-attackrange.Thecenter+f-pressureposition
(fig.11)isconstantforallanglesofattackandislocated10.3diam-
etersbehindthenoseofthemissile.Theseresultsareingoodagree-
mentwiththedatafromreference2,andanydeviationsinpitching
momentor centerofpressurearesmallandwithintheuncertaintyofthe
data.

Froma comparisonoftheresultsof thisinvestigationwiththose
fromreference2 itmy be ccmcludedthatenyeffectsofReynoldsnuniber
aresmallwithintherangeofReynoldsnunibersfrom8.6 mii.lionto
30million.

Foredrag.–Thevariationsinforedragcoefficientandincremmtof
foredragcoefficientdueto angleofattackareshowninfigures12and
13. Thetheoreticalriseinforedragcoefficientdueto liftwascalcu-
latedinthesam mannerasthetheoreticallift-that is,by addiqgthe
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componentduetothebodyalonetothatdueto thetallalone.As
before,thecomponentswereobtainedby thezsthcdsofreferences11aud
15withthesameass-ions regardingtheeffectivetailareabeing
mda. Inthisinstance,theassu@im thatonlytheexposedtailsur-
facesereeffectiveinliftfieldsa goodapproximationforthedrag
rise.Thedataoffigures12and13 indicatethatanyeffectsof
Re~oldsnuniberwithintherangeof8.6million to 17.4millionare
smallandwithintheuncertaintyofthedata.However,comparisonof
thedragdataofthisreportwiththatofreference2 indicatesthat
thereisa Reynoldsnunbereffectonminimumforedragintherangeof
Reynoldsnuuibersfrom17.4millionto 30million,sincetheminimumfore-
dragcoefficientobtainedinthatreferencewasabout16~rcenthigher
themwasobtainedinthepresentinvestigation.Ithasbeenpreviously
shownthatthereisno apparerdReynoldsnunibereffectonthebody-alone
minimumforedragcoefficientinthisrange;therefore,the increasein
minimumforedragcoefficientmustresultfroma Reynoldsnumbereffect
onthetailfinse@/orthezer-lift interferencedrag. Theincrease
intheskin-frictiondragwhichwouldaccompanya changefromlaminarto
turbulentflowonthetailfinealoneis ofthesameorderofmagnitude
asthemasuredclifferenceinminimumforedrag.

An investigateIon

SUMMARYcmRESULTS

ofthepressuredistributionovertheRI$%1Obody
md theaerodyn&icforcecoefficientsforthebodyalonesadthebody=
tailcombinationwasmadeatRemoldsnunibers,basedon.bodylength,of
8.6millionand17.4million.TIMtestMachmniberswere1.52and1.98
forthebodyaloneand1.98forthebo~ail conibination.

,

c

Thetestsforthebcdyaloneindicatethefollowimgresults:

1. At zeroangleofattack,thelineartheoryofNACATN 1081
showedgoodagreementwiththeexperimentalpressuredistributionover
thefirst50percentofthebmlylength.Overthereminderofthebody
thema~itudesofthepressurecoefficientswere,ingeneral,lessthan-
predictedbyanyofthetheories.

2. Exceptfortheaftleewardregionsofthebodywhereseparation
effectsareimportantathighanglesofattack,inviscidtheory(seey
e.g.,NACATNZ@&) wasingoodagreemntwiththeexperimentalIiftiw
pressuredistributions.

3. Foranglesofattacklessthan9°,a comparisonofthelifti~
pressuredistributionresultsofNACARM E~10 withtheresultsofthis
investigationindicatedthattherewereno appreciable.Machnumiberor
Reynoldsnumbereffectsdueto em increaseinMachnuMberfrom1.52to

*

r
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1.98oran increaseinReynoldsnuniberfrom8.6millionto 30million.

4. Fortheforcetestsonthebodyalone,thetheoryofNACA
RMA9126showedbetteragreementwiththeexperimentalresultsthandid
linearizedpotentialtheory.Thesetheoreticalresults(lWCARMAPI%)
agreedwellwiththeexperimentalliftandforedragincrementata Mach
nuder of1.52,butunderestimatedbothat a Machntier of1.98. This
theoryoverestimatedthepitchingmo~nt atbothMachnunibersbutpre-
dictedthelocationandaftmovementofthecentemf-pressureposition
withangleofattackmuchbetterthandidpotentialtheory.

5. Foranglesofattacklessthan9°,a comparisonofforcedata
fromNACARME50D28withforcedatafromthisinvestigationindicated
thatanyeffectsonforcecharacteristicsdueto a changeinRe~olds
numberfrom8.6millionto 30millionweresmall.

The%estsforthebody-tailcofiinationindicatethefollawing
results:

1. Fortheangl=fattackrangeofthistest,theliftandpitch-
ingmomentwerelinearfunctionsoftheangleofattack;hence,thecenter
ofpressureremainedata ftiedposition.

2. Comparisonoftheresultsofthisinvestigationwiththeresults
ofNACARME50D28indicatesthat,withtheexceptionofminimumforedrag,
theeffectofReynoldsnunberonforceandmomentcharacteristicswas
smallintherangeofReynoldsntirs from8.6millionto 30million.
Theminimumforedragincreasedapproximately16~rcentwithan increase
ofReyuoldsnumberfrom17.4millionto 30million.
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