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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RESEKRCHMEMORANDUM

PRELIMINARYFREE-FLIGHTSTUDYOFTHEDRAGANDSTAULITY

OFA SERIESOFSHORT-SPANMISSIZK

M?lWICHNUMBERSFROM0.9 TO1.3

By JamesRudyard

A preliminaryfree-flightstudyhasbe= madeofthedragand
stabilityofa seriesofshort-spanmissileconfigurationsemploying@o)
85°, and90° offinleading-edgesweep.Increasingthefinsweep
decreasedthedragmarkedly.TIEcofii~tio~ empl- 80°~d 85°
offinleading~dgesweepwerestablewitha centerofgravityat 54
and52percentofthebodylength,respectively.Theseconfigurateions
mayhavebeenstablewithevenmorereaward center-of~avity locaiions.
Theconfigurationemploying90°ofleading-edgesweepwasmarginally
stablewiththecenterofgravityat43percentofthebodylength.The
Machnumberrangeofthetestswasfrom0.9to1.3andtheReynoldsnumber

range(basedonmodellength)wasfrom4 X 106to9 x 106.

INTRODUCTION

ThesearchforMgheraircraftspeed

“

hasemphasizedtheneedfor
internalstowageofs.rmamdntduetotheperformancepenaltiesoften
associatedwithexternallycarriedarmsment.Inparticular,themounting
ofmissilesbeneaththewingsoftransonicandsupersonicfightertype
ofaircraftcanproducesevere*W andstabilitypenalties.A possible
methodofeMminatingthisshortcomingisto launchthemissilesfrom
tubescarriedinternallymuchthesameas sdxnarinetorpedoes.Sucha
techniquewould,ofcourse,requireminimumsizetubes,andmissilecon-
figurationsthatcouldbemadestableby finswhichcouldpassthrough
thetubes.Suchfinswouldhavetoberetractableorofthelowaspect-
ratiovanetype.Therequirementfora se~-containedsolid-fuelrocket
motorfurth=complicatesthestabilityproblembecauseofthe‘~dditional.
weightattherear.ThePilotlessAircraftResearchDivisionox’the
NationalAdvisoryCcmmitteeforAeronauticshasundertakena briefstudy
ofa fsmd.lyofconfigurationswhichmeettherequirementsenumeratedabove.
Theexperimentswerecarriedoututilizingthe6-inchheliwngunatthe
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LangleyPilotlessAircraftResearchStationatWaKLopsIsland,Va. The

Reynoldsnmbervsriedfrom9 x 106ata Machnuniberof1.3to 4 x 106
ata Machnumiberof0.9 (Reynoldsnuuiberbasedonmodellength).
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acceler~tion,ft/sec2

dragcoefficient,~
qs

accelerationofgravity,32.2ft/sec2

Machnuuiber

dynamicpressure,lb/sqf%

frentalareaofbodyalone,o.m7E!6Sqft

weight,lb

flight-pathangle,deg

A sweepangle,deg

EXPEWMENTUCONFIGURATIONSANDTECHNIQUE

Sketchesofexperimentalconfigurationsemployedarepresentedin
figure1. Thebasi;fuselageinco~orateda po-titedparab~licnoseof
finenessratio3,a cylindricalsectionoffinenessratiounity,anda
parabolicafterbodyoffinenessratio2 leadingintoa cylindrical
sectionoffinenessratio3 (basedonmaximumdiameter).Theoverall
finenessratiois9. Thefuselagecontourisintendedtobe a practicable
armament-missileconfiguration.Thereduced-diameterrearsectionis
intendedtohousea solid-fuelrocketmotor.Spaceisprovidedforthe
stabilizhgfins(foldedorotherwise)intheannulusbetweentherocket-
motorhousingandtheprojecteddismeterofthemainbody. Theleading
edgesofthefinsintersectthefuselageata distancefourdiameters
fromthenoseandaresweptback80°,85°,and90°givingthreebasic
configurationsdesignated1,2,and3. The~“ and85°sweptfins
presmbly couldbeconstructedtotelescopeandsobe launchablethrough
tubes.

..— ——— .



NACARML55J13 3

.

A m.miberofmodelswithdifferentcenter-of-gravitylocationswere
constructedofeachbasicconfigurationas showninfigurel(a).These
wereusedto evaluatethestabilityortoverifythatnotrimchanges
(indicatedby dragvariations)tookplacewithmovementofthecenterof
gravity.Differentmodelsofthesameconfigurationaredesignatedby
suffixingletterstotheconfigurationnumber(forexaurple,modelsl-a
andl-b)-.

Inadditionto experiments
experimentswereconductedwith
showninfigure”1:

withtheabovebasicconfigurations,
thefollowingmodifiedconfigurations

Configuration4: An 8Q0swept-finconfigurationwitha fullypara-
bolicafterbodyfromtherearofthecylindricalcentersectiontothe
base.

Configuration5: ThenoseoftheX“ swept-finconfigurationwas
roundedto a radiusequalto halfthemaximumradius.

Confi$uration6: we parabolicafterbodyofthe90°swept-fin
configurationwasreplacedby an extensionofthecylindricalsthg.
At thessmetimethefinswereincreasdinspanto 1.4inches.

Configuration3-d: Thebasic90°swept-finconfigurationwas
launchedfroma specialsabotat 10°angleofattackto determineifthe
confi~ationwouldrecoverfromsuchan initialmgle ofattack.The
mostforwardcenter-of-gravitylocationwasusedint~s test.

Theconfigurationswerefabricatedfithbrassnosesandwithalmdmnn
alloyormagnesiumafterbcdies.Thenoseswereboredsothatleadballast
couldbe addedto shiftthecenterofgravitybetweenapproximately4.1
inchesand5.81inches.Typicalphotographsoftheexperimentalmodels
areshowninfigure2.

ThemodelsweretestedbyfiringthemfromtheLangley6-inch
heliumgun (ref.1)locatedattheL&ngleyPilotlessAircraftResearch
StationatWallopsIsland,Va. Inoperation,a modelisplacedina
6-inch-diameterbalsasabotinthebreachofthegun. A pushplate
behindthesabotbearsagainstitandthemodel.A quick-openingvalve
admitsheliumtothegunbarrelunderabout200paundspersquareinch
ofpressureacceleratingthesabotassemblydownthe23-footbarrelto
supersonicvelocities.Whentheasseniblyemergesfromthebarrel,the
threesegmentsofthesabotandthepushplatepeelaway,fallingto
earthwithin50yards.Themodelcontinuestodeceleratealonga
ballistictrajectoryduri’hgwhichperioda continuousvelocityhistory
isobtainedby meansofCWDopplervelocimeter.Atmosphericconditions
aloftwereobtainedby radiosondemeasurementsfromanascendingballoon
releasedatthetimeoftheexperiment.Themodelflightpathwas

.
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obtainedhy integratingthevelocityalonga ballistictrajectory.The
modeldecelerationwascomputedfromthevelocityhistorycorrectedfor
theeffectsofwindandthecoefficientofdragwascomputedfromthe
relationship

Theaccuracyofthedragandlkchnunibermeasurementswaswithin
to.010~d *0.cK18,respectively.

An indicationofthestabilityofthevariousconfigurationswas
obtainedby ftiingidenticalmodelswithdifferentlocationsofthecenter
ofgravity.Thestabilityofthemodelswasassessedby inspectionof
thevelocityhistoriesandby comparisonofthedragmeasurementsof
similarmodels.A smoothdecelerationwastakento iruplya stable,zero-
liftflight.Agreementofthedragmeasuredfortwoidenticalmodels
wasadditionalevidenceofa stablezero-liftflight.Intheexpertients
withthe90°swept-finconfigurationsa marginal-stabilitycasewas
determinedwhereinthemcdelexhibitedintermitteritlyhighandnormal
valuesoflongitudinaldecelerationindicatingthatthemodelwasoscil-
ldingtolargeanglesofattack.

Calculationsandsubsonicwind-tunneltestsindicatedtheneutral
pointofthe80°and85°swept-finconfigurationstobe toofarrearward
forthecentersof~avitytobe placedthereby modelbal&stingifthe
requiredforwardlocationsweretobe attainedwiththessmeconfiguration,
sincetherangeofvariationofthecenterofgravitywaslimitedby
structuralconsiderations.Itwasdecidedthatstation5.80(4.83diam-
etersfromnose)representeda practicablerearmostcenter-of+yatity
locationfortheseconfigurations.Provisionwasmadeformoving
centerofgravityforwardby ballasting.

RESULTSANDDISCUSSION

Drag

Thedragcoefficientsmeasuredfortheconfigurationstested
presentedinfigures3 to 6.

the

are

Configurationshaving80°sweep.-Infigure3 goodagreementexists
betweentheresultsforduplicatemodelsl-aandl-bindicatingthat
essentiallyzero-liftconditionsprevailedatthetimeofthesemeasure-
ments.Model4 (fuUypsrabolicafterbmly)exhibitsunexplainablyhigh
subsonicdrag;however,thedragriseofmodel4 isingoodagreement

A@#E~
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withtheresultsofreference2. Thereduceddragriseisattributable
tothedecreasedpressuredragontheafterbody.

. configurationshaving85°sweeQ.-Infigure4 goodagreementexists
betweenduplicatemodels2-aand2-bindicatingthatessentiallyzero-
liftconditionsprevailedinbothflights.

Configurationshaving 90°swee2.-As showninfigure5,thedrag
coefficientsofmodels3-a,34, and5 areingeneralagreement.The
disparityinthetransonicregionmaybe duetorandomoscillationsat
transonicspeedsarisingfromthelowstaticmrgin ofthesemodels.
As reportedinreference3,roundingthenoseofmodel5 tohalfthe
bodyradiusgaveno significantchangeh dragfortheMachnumiberrange
investigated.Thedragcurveofmodel6 exhibitsa considerablyhigher
levelduetotheadditionalbasedraginducedpr~ilyby theannul.us
areabehindtheforebody.Dragcurvesformodels3-band3-carenot
presentedbecausetheirstabilitywastoolowto obtainzero-liftdrag
records.

Effectoffinleading-edgesweepo-As showninfigure6, increas~
thefinsweepfrom&)”to 850reducedthedragofthebasicconfiguration
msrkedly.An additionalsmilerreductionwasobtainedby increasingthe
finsweepto 90°. Thesedragreductionsareduetoreductionsinwetted
areaandtrailing+dgebaseareawith4creasingsweep.

Stability

As notedpreviouslyunder“ExperimentalConfigurations
an indicationofthegrossstabilityofa configurationcan

andTechniques,”
be obtained

fromthevelocityanddraghistoriesofmodels~hichareidenticalexcept
forcenter-of-gravitylocation.Theresultsofsuchobservationsareshown
inthefollowingtable.Alsoshownareresultsoflow-speed(M= 0.1)
wind-tunneltestswhichweremadeby successivelypivotingeachconfigu-
rationaboutverticalaxes1/4in~ apsrtuntilthepointatwhichthe
modeldivergedwasdetermined.

.
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Center-of~avity Sibsonicneutral Stability
Model A,deg location,percent point,percent observedin

ofbodylength ofbodylength free-flighttest

l-a 47.1 70.2 Stdble
l-b 2 53.6 70.2 Stable
2-a 85 44.8 64.6 Stable
2-b 85 52.2 Stable

37.9 E:: Stable
;: z 42.5 48.o Marginal
3-c 90 50.9 48.o Unstable
3d g 37.9 48.o Stable
4 49.8 70.2 Stable
5 90 39.0 48.o Stable
6 90 38.0 57.0 Stable

All modelswerelaunchedat zeroangleofattackexceptmodel3-d
whichwashunchedat 10”singleofattack.

“ Theaboveresultsshowthatconfigurateions1 and2 werestablewith
thecenterofgravityat54and52percentofthebodylength,respec-
tively.Itshouldbe notedthatthesearenotnecessarilythemostrear-
wardpositionsforwhichstabilitycouldbe preserved,theyaresimply
thosecenter-of-gravitylocationswhichcouldeasilybe obtainedwiththe
presentmodels.Configuration3 wasstablewiththecenterofgravity
at38percentofthebodylengthfor0°and10°angle-of-attacklaunching
conditions.Thesameconfigurationwasmarginallystableandunstable
withthecenterof~vity at43and51percentofthebodylength,
respectively.

.

COIWLUDINGREMARIG

A seriesofshort-spanmissileconfigurationsemploying80°,5°,
and90°offtileading-edgesweephavebeentestedinfreeflight.The
dragwasmeasuredandanindicationofstabmty wasobtainedovera
Machnumberrangefrom0.9to 1.3anda Reynoldsnwberrsngefrom4 x 106

to 9x 106. Increasingthefinsweepfrom80°to 90°decre=edthedrag;
thelargestreductionoccurredbetween80”and85°. Theconfigurations
having80°and85°offinsweepwerestablewiththecenterofgavity
asfarresrwsrdas~ and52percentofthebodylength,respectively;
themostrearwsrdcenter-of-gravitylocationforwhichstabilitywas
preservedwasnotdeterminedfortheseconfigurations.Theconfiguration
having90°ofleading-edgesweepwasstable,Hg=ly stable,md

~
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unstablewiththecenterofgravityat 38,
length,respectively.

LangleyAeronauticalLaboratory,

7

43,and51percentofthebody

NationalAdvisoryCammitteeforAeronautics,
LangleyField.,Vs.,October21,1955.
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4.800
Sta 3.600

10.832
o

Parabolicnose Cyl.

2.618

l–a l–b
L.E. bevel=lOO

ConfigurationI T.E. bevel=2°

I (Semi-angles)
‘%

85°

x
1.650

2–a 2–b

Configuration2

\
90°

3–a 3-b 3-c

Configuration3-d identicalto 3-a, but launched
at 10° angleof attack.

Configuration3

(a)Basic configurations.

Figure1.-Configurationstested.Symbolandlettersidenti~location
of centerofgravityofmodelsshown.Alldimensionsme in inches..
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3.6
Parabolic nose

9

10.832
0 4.800

I

10.800
Parabolic afterbody 1)

o

P80°

Configuration 4
e

L,
— max. radius2 Configuration 5

T
1.400
_J-

Configuration 6

.

.

(b)Modifiedconfigurations.

Figure1.-Concluded.
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