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SUMMARY

Theresultsof testsof a slender
theNACARM-10havebeencompiledfrom

Zero-liftdragdataarepresented
about1 x 106to 40 x 106fromseveral

12 X 106to 140X 106fromfree-flight.
include1.5 to 2.4for thewind-tunnel

bodyof
various

IN FLIGHT

revolutiondesignated
NACAtestfacil~ties.

fora Reynoldsnumberrangefrom
windtunnelsandfromabout

tests. TheMachnumberscovered
dataandO.@ to 2.5forthe

flightresults.Thewind-tunnelmodelsweretestedwithandwithout
. 60CIsweptbackstabilizingfinsandtheflightmodeh weretestedwith

stabilizingfins.

Comparisonof thedataobtainedin the severalwindtunnelsfor
thebodyalone(withoutfins)showsgoodagreementbetweenthedifferent
facilities.Thereareunexplaineddifferenceshoweverbetweenthewind-
tunnelresultswithfinsattachedandflightresults,as wellas differ-
encesbetweenfull-scaleandhalf-scaleflightmodels,whichcannotbe
explainedas an effectof Reynoldsnumber.

Theresultspresentedarecompiledin thepresentpaperto facili-
tatethecorrelationof resultsobtainedin

mODUCTION

Duringtheearlydevelopmentperiodof

othertestfacilities.

wind-tunneltesting,itwas
foundthattestdatafromdifferentwindtunnelsfrequentlyshowed
importantdiscrepancies.Manyof thesedifficultieswereresolvedby
a cotiinationof improvedtechniquesandequipment,togetherwiththe
applicationofwalland supportinterferencecorrections.In an effort
to reducefurthertheuncertaintyof comparisonsbetweendatafrom
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varioussources,itwas considereddesirableto maketestsof thesame
modelinmanydifferentwindtunnels.In 190 theBritishAeronautical
ResearchCommitteeinstituteda programof internationalscope(ref.1)
wherebythe sameNPLairshipandwingmodelsweretestedin themajor
facilitiesof theworld.

Sincethattimethesubsonicwindtunnelhasbecomea reliable
sourceof aerodynamicdata,andthereasonsforthediscrepsmciesthat
remainarefairlywellunderstood.In recentyearsmanysupersonic
windtunnelshavebeenbuilt,andthetestresultshaveshownin some
casesa lackof agreementtoolargeto be ignored.An interesthas
accordinglybeenexpressedin a testprogramforthesupersonicspeed
rangesimilarto theearlysubsonicprogram.

DuringtheDecember1952Romemeetingof theAdvisoryGroupfor
AeronauticalResearchandDevelopmentof theNorthAtlanticTreaty
Organization,itwas decidedto encouragesucha programof testsin
supersonicwindtunnels.Oneconfiguration..selectedforthispurpose
was a slenderbodyof revolutiondesignatedtheNACARM-10,forwhich
thezero-liftdraghadbeenmeasuredin severalNACAwindtunnelsand

A

r ..

.—

in flight.

Thepurposeof
resultsof thedrag
to maketheresults
wouldbe Interested

thepresentpaperi.Bto.compileandpresentthe
measurementsfromthevsrioustestfacilitiesand
generallyavailablein a conciseformto thosewho

-

inmakingcomparabletestsin othertestfacilities.

Thepresentpaperpresentsa briefdescriptionof themodelinstal- . _
.

lationin eachof thetestfacilitiestogetherwitha descriptionof the
modelinstrumentationandthemethodsusedto reducethemeasureddata
to drag-coefficientform.

Theresultspresentedcovera Reynoldsnumberrangefromabout
12 x 106to 140x 106for thefree-flightmodelsand1 x 106to 40 x 106
for thetunnelmodels.TheMachnumberscoveredinclude0.85 to 2.5 in
flightandabout1.5 to 2.4 in thewindtunnels.

Theresultspresentedhereinhavebeengatheredfroma numberof
independentNACAinvestigationsandin somecasesdescriptivematerial,
sketchee,or descriptionsof data-reductionprocedurearecreditedto
theoriginalinvestigators.Thefollowinglistcontainsthensmesof
NACAstaffmemberswhoseworkhasbeenpresentedherein.

L. E. Hasel 7
A. R. Sinclair
C. V. Hmnilton

}

4- by J-foottunnel
K. R. Czarnecki LangleyAeronauticalLaboratory
J. E. Marte I
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F. T. Esenwein
L. J. Obery
C. F. Schueller1

E. S. Iove
D. E. Colletti
A. E. Bromm }

E. F. Perkins
F. E. Gowen
L.3. Jorgensen)

H. H. J_acksOII
C. B. Rumsey
L. T. Chauvin
J. D. Loposer }

8- by 6-foottunnel
LewisFlightPropulsionLaboratory

g-inchtunnel
LangleyAeronauticalLaboratory

1-by 3-foottunnel,No. 2
AmesAeronauticalLaboratory

Rocketprop?il-ledmodeltests
PilotlessAircraftResearchDivision
Ian@ey AeronauticalLaboratory

SYMBOLS

bodyfrontalarea

basedragcoefficient,DB/qA

forebodyfrictiondragcoefficient,Df/qA

forebodypressuredragcoefficient,~/qA

totaldragcoefficientwithor withoutfins, DT/qA

specificheatat constantpressure,7.74 Btu/lb/°Ffor air

bodybasediameter

stingor stingshielddiameter

accelerationdueto gravity,32.2ft/sec/sec

mechanicalequivalentof heat,778ft-lb/Btu

basicbodylength.
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Mch nuiber

dynamicpressure,1 2 lb/sqft@3v ,

radialdistemcefrombodyaxisto smypointin boundarylayer

radialdistancefrombodyaxisto bodysurface

Reynoldsnumber

distsmcefromnoseto anypointon bodysurface

adiabaticwalltemperature,‘F abs

stagnationtemperature,OF abs

temperaturejustoutsideboundarylayer,OF abs

temperatureat bodyskin,OF abs

ratioof maximumfinthicknessto”finchordperpendicularto
leadingedge

veloci~ insideboundarylayer,ft/sec

velocityjustoutsideboundarylayer,

free-streamvelocity,ft/sec

axialdistancefromnoseto anypoint

normaldistancefrombodyskinto

angleof attack,deg

free-streamdensity,slugs/cuft

airdensityjustoutsideboundary

wallshearingstress,lb/sqft

ft/sec

on bodyaxis

pointin boundary

layer,slugs/cuft

layer

.
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APPARATUSANDRANGEOF TESTS

RM-10Missile

A sketchof theRM-10missile,givingtheimportantmodeldimen-
sionsas a fractionof basicbodylength,ispresentedin figure1. The
profileof thebcdyis suchthatitsmeridianssreparabolicarcswhose

coordinatesaregivenby theequationrw
‘&k”” -:)” ‘e ba’ic

finenessratioof thebodyis 15. To providefortherocketjet,how-
ever,thebasewas cutoffat the81.33-percent-len@hstation,which
resultedin a finenessratioof 12.2. Thefourstabilizingfins,spaced
equallyaroundthe stern,hadan untaperedplanform. Thefinswere
sweptback600and incorporated10-percent-thickcircular-arcairfoil
sectionsnormalto theleadingedge.

Mostof thewind-tunneltestsweremadeon thebodyalone(without
tailfins);however,finswereaddedin someof thetunnelteststo
afforda comparisonwiththeresultsof flighttests.

Detailsof themodelstestedin thevarioustestfacilitiesand in
flightarepresentedunderthedescriptionof thetestsetupin each.
testfacility.Someof thepertinentnmdeldetailsarealsopresented
in tableI.

.
Figmre2 showsthedetailsof thebasesectionsof thevarious

tunnelmodelsandthedetailsof theflight-mdelbasesareshownin
figure3.

4- by k-FootSupersonicTunnelandModel

TheIangley4- by h-foottunnelis a rectangular,closed-throat,
single-return-type,variable~ensitywindtunnel. Theresultsof the
testsreportedhereinwereobtainedon threemodelsoneof whichwas
~0 inchesin lengthamdtwowere42.Ojincheslong.

The~0-inchmodelwas stingmountedin thetunneltestsection
(seefigs.2(a)andk(a))andwas usedto measuretotalbodydrag,base
pressuredrag,andskinfrictiondrag.

The42.0~-inchmodelswerealsostingmountedandwereusedto
obtainthebcdypresswe drag,and totalandbasedragof thebodywith
finsinstalled.

.
M3delconstruction.-The50-inchmodelwas constructedof steeland

Duraluminin foursections.Theoriginalsurfacerougbnesseswereabout
.



6 NACATN 2944

6 root-mesm-squaremicroincheson thesteelandabout14 root-mean-
sqwe microincheson theDuraluminpartswithmaximumpesk-to-valley
roughnessesof 12 and~0 microinches,respectively.Mostof thetests
weremade,however,withthemodelpainted,ssmded,waxed,andpolished
so thattheresultingsurfaceroughnesswas lessthanthoseof the
originalsurface.

Oneof the42.05-inchmodelswas constructedto producea light-
weightmodelforsomespecialwire-supporti_dtestswhicharenot included
herein. ThiBmodel,‘however,was alsotestedas a sting-supportedmodel
withtailfinsattachedand theresultsof theseforcetestssrereported
in thepresentpaper.

Themidsectionof thelight42.05-inchforcemodelwas formedby
gluinga l/4-inch-thicklayerof balsawoodarounda load-csrryingstruc-
ture. Thebalsawoodwas thenwrappedwithglass-fiberclothandimpreg-
natedwitha thermosettingplasticwhichwas stableandreadilymachined.
Magnesiumnoseandbasesectionswereattachedto thebuilt-upmidsec-
tion. Thismodelwasusedto obtaindragdatawithfinsattachedto the
body. Thefourfinsweremachinedfrommagnesium.

Theother42.05-inchmodelwas constructedof steelandwasusedto
obtainthepressuredragof themodelforelmiy.

Modelinstrumentation.-‘Theforce-measurementmodelsweresting
mountedendthetotaldragwasmeasuredon an electricalstrain-gage
balancemmntedwithin themcdel(fig.k(a)). Rasepressuresweremeas-
uredby fourtubesplacedon thestingwiththeopeningsin theplaneof
thebaseat 90°intervalsaroundthesting(fig.2(a)). Boundary-layer
profilesweredeterminedby meemsof a rakeshownin figure2(a). The
rakewas clampedto thestingso thatboundary-layerprofilesweredeter-
minedaboutl/@+inchaheadof themodelbase. For theboundary-layer-
profilemeasurementsthebaseof themodelwasblockedrigidlyagainst
theGtingwithwoodenwedgesto preventmy relativemovementbetween
themodelandtherake. No othermeasurementsweremadeduringthese
test~.

Forebodypressuredragwasdeterminedfromtheforebo-dylongitu-
dinalpressuredistributionwhichwasmeasuredby 140orificeslocated
in 4 rows90°apart.

For someof thetestsconductedin the4- by 4-foottunneldata
wereobtainedwiththeboundary-layertransitionPofntf~ed ne= the.
modelnose. In thiscasetrsmsitionwas fixedby meansof a circumfer-
entialringof No.60 Carborundumgrainslocated1/2inchbackfromthe
modelnosesadabout1/4inchwidein thedirectionof flow.

.

w

.

.
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Theratioof thestingto basediameterforthe50-inchmodelwas
0.579. Thisratiofor the!2.@-inch forceandpressuremodelswas
0.36and0.60,respectively.

Rangeof tests.-Totaldragof thebody,basedrag,and thebody
skinfrictiondragweremeasuredon the>0-inchmcdelat a Machnumber
of 1.6fora rmge of Reynoldsrumiberfrom2 x 106to 40 x 106. The
testsweremadeat zerosngle01 attackwithnaturalandfixedtrm-
sitionwithouttailfinsattached.

Thetestswiththek2.@-inchbodyconsi5tedof measurementof the
forebodypressuredistributionat a Machnumberof 1.59forReynolds
numbersbetween1.8x 106and4.5 x 106. The42.@-inchmodelwas also
testedwithtailfinsattached.

8- by 6-TootSupersonicTunnelandModel

The~wis 8- by 6-foottunnelis a rectsmgular,closed-throat,
nonreturn-t~ewindtunnel.Theresultsreportedhereinwereobtained
on twomodel-swhichhadbd.ylengthsof ~ inches.Onemodelwas used
to obtainstrain-gagemeasurementsof totaldragamdwas instrumented
to obtainbasepressuremeasurementswithandwithoutthestabilizing
finsattached.Thesecondmodelwas usedto obtaintheforebodypres-
suredragandskinfrictiondrag.

Mddelconstruction.-Themodelbodieswerespunfromaluminumsheet
andthenosesof thebodieswerebluntedby removing1/4 inchfromthe
paintedtip. Therewas somedeviationof the actualpressure-model
contow fromthecalculateddimensionsof tienmdel. Thedeviationwas
relativelylarge(0.032inchundersize)at a station20 inchesbehind
themodelnoseandwas of theorderof 0.01inchovertheremainderof
thebodyexceptfora smallportionnesrthebasewhichwas 0.02Inch
undersize.No surfaceroughnessmeasurementsareavailablefor these
models.

Mdel instrumentation.-Onemcdelwas rigidlyconnectedto a three-
componentstrain-gagebalancelocatedinsidethebodyandthebalmce
was attachedto thetunnelsting-strutcombination(fig.4(a)). The
strain-gagebalancemeasuredthetotaldragof themodel.

BasepressurewaEmeasuredat orificeson themodelhse located
at i45° to eachof therowsofbodysurfacepressureorificesandat a
radiueof 1.624 inchesas showninfigure2(b).

. Thepressuremodelwas stingmountedon an internalcammectiism
whichallowedthemodeltobe remotelyrotatedto determinethecircum-
ferentialvariationof thepressuredistribution.

— —
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Theforebodypressuredragwas determinedfromthepressuredistri-
butionmeasuredby twodiametricallyoppositerowsof pressureorifices

.

consistingof 23 orificeseach.

Boundary-layerprofilesweredetermined
rakesextending12 inchesintothestreamin

4

Theratioof stingto basediameterwas

.
by diametricallyopposite
theplaneof themodelbase. —

0.66.

Rangeof tests.-Thetestswereconductedat valuesof Reynolds

numberof 29.1,29.2,29.5,and31.1x 106forMachnumbersof 1.49,
1.39,1.78,and1.98,respectively.

9-InchSupersonicTunnelandMbdel

TheLangley9-inchtunnelis a rectsmguler,closed-throat,closed-
circuit-t~e,vwiable-densitywindtunnel.Themodelstestedhad
over-all.bdy lengthsof 9 inchesand7.325inches.

Modelconstruction.-Threemodels,twoof whichwereidentical
exceptfor constructiondetails,weretestedinthe 9-inchtunnel.

Themeasuredordinatesof themodelswerewithin0.001inchof
thecalculatedcontour,andthesurfaceroughnessof themodelwas
7 root-mean-squaremicroinches.Thesetwomodelswere9 inchesin
length.

A thirdmodel,7.525incheslong,was constructedto incorporate
tailfins.

Modelinstrumentation.-Totaldragmeasurementsweremadewitha
strain-gagebalancelocatedin thestingsupportexternalof themadel
as shownin figure4(b). Thestingsupportwas shieldedto eliminate
anytareforceson thesting. Theshieldextendedjustinsidethe
modelbase,as shownin figure2(c),andwas arrangedso thatthepres-
sureinsidethebalancehousingwas equalto themodelbasepressure,
permittingthedeterminationof themodelbasepress~.eby measurement
of thepressureinsidethebalancehousing.

Boundary-layer-profilemeasurementweremadeby meansof a probe
mountedthroughthetunnelwall.

Foretmdypressuredragwas determinedfromthelongitudinalpres-
suredistributionswhichweremeasuredby a singlerowof 27 orifices.
A distributionof pressurearoundthemodelwas obtainedby rotating
themodelaboutitslongitudinalaxis.
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Someof thetestswererunwiththeboundary-layertransitionfixed.
nearthenoseof thenmdel(9-inchmodel). Transitionwas fixedby
placingCarborundumstripsas nearthebodynoseas ~ssible. These

. stripswere3/16inchwideandin onecasethestripwas 0.007inch
thickusingNo.180Carborundumgrainsandin anothercasewas 0.017inch
thickwhenNo.60 grainswereused. Thedatashowedthatthethinstrip
causedtransitionsatisfactorilyandalsoshowedthatperhapsthedrag
of thelargergrainsaffectedthedragresults.As a consequenceonly
thethin-stripdatahavebeenincludedherein. Tne 7.325-inchmdel
(withtailfins)was testedwithnaturaltransition.

me ratioof stingto basediameterforthe 9-inchmodelswas
0.589,andthatforthe7.325-inchmodel,0.49.

Rangeof tests.-Thetestson thebodywithouttailfinswerecon-
ductedat Machnumbersof 1.62,1.93,and2.41overa Reynoldenumber
rsmgeof approximately1 X 106to 11 x 106at eachMch number.

at a

.

. wind

Thetestswithfinsattachedto the7.325-inchbodywereconducted
Machnumberof 1.62anda Reyaoldsnumberof 2.66x 106.

1- by 3-FootSupersonicTunnelandlbdel

TheAmes1-by 3-foottunnelNo.2 is an intermittentblow-down
tunnel.Themodeltestedin the1- by 3-foottunnelwas

12.208 inchesin over-allbodylength.

Modelinstrumentation.-~e totaldragof themodelwasmeasured
by an electricalstrain-gagebalancemountedin thestingsupport
externalto themodel. The stingsupportwas shieldedto eliminate
anytareforceson thesting(seefig.2(d))andwas arrangedso that
thepressureinsidethebalancehousingwas equalto themodelbase
pressure,permitttigthedeterminationof themodelbasepressureby
measurementof thepressureinsidethebalancehousing.

Skinfrictiondragwas obtainedin the1- by 3-foot-tunnelinvest-
igation indirectlyby subtractingtheforebodypressureandbasedrag
fromthetotaldrag.

Measurementsof thebodysurfaceroughnessarenotavailablefor
the1- by 3-foot-tunnelmodel. Forebodypressuredragwas determined
fromthelongitudinalpressuredistributionon thebody,whichwas
measuredby a singlerowof I-2orifices..Thecircumferential
vsriationwas measuredby rotatingthebody.

.
Thetestsconductedin the1- by 3-foottunnelweremade

naturaltransition.
.

pressure

with

>,.!.
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Rangeof tests.-Thetests

8.6and17.4x 106andforMach

NACATN 2+4

wereconductedat Reynoldsnumbersof

numbersof 1.52and1.98forthebody
aloneand1.98 forthebodywithtailfins.

FlightModels

Theresultsobtainedin freeflightwereobtainedon ninerocket-
poweredmodelsof thesameconfiguration.Fiveof themodelswere
146.5inchesin over-allbodylengthandaredesignatedas flight
models1, 5, 6, 7, and 8. Model1 was usedto obtainbasepressure
measurementsandmodels5, 6, I’, and8 wereusedto obtainthetotal
dragmeasurements.Theotherfourmodelswere~.25 inchesin length
andaredesignatedas modelsA, B, C, andE.

Modelconstruction.-Themodelswereallmetalin construction,
utilizingspunmagnesium-alloyskinsandcastmagnesium-alloytail
conesto whichthetailfinswereattached.

Allmodelscarrieda sustainermotorinternally;one146.5-inch
modelandallthe~.25-inchmodelsalsout_ilizedvariousbooster
rocketmotorsto obtainhighMachnumbers.

Thebodycoordinatesof themodelswerewithin0.020inchof the
computedbodycontourandthesurfacesweresmoth andhighlypolished
at thetimeof launching.

Modelinstrumentation.-Thedata
wereobtainedduringthedecelerating
afterrocket-motorburnout.

presentedfortheflightmodels
portionof theflighttrajectory

.

.

.

.

VelocityandtotaldragwereobtainedfromtheCW Dopplerradar.
Also,totaldragandbasedragwerereducedfromdatatelemeteredto
thegroundreceivingstationby instrumentationincorporatinga longi-
tudinalaccelerometeranda pressurecell. Atmosphericdatawere
obtainedby radiosondeobservations.

Basepressurewasmeasuredinsidetheafterbodybetweentherocket
nozzleandtheskinby an open-endtubelocatedin themodelsas shown
in figure3.

Rangeof tests.-!TheMachnumberrangewas fromapproximately0.85
to 2.5andtheReynoldsnumberrangewas from12 x 106to 140x 106.

.

.
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DATAREDUCTION

Totaldra~.-Totaldragis definedas thebag of themodelswith
or withoutfinsas determinedfrommeasurementsobtainedfromthe
strain-gagebalmce in thecaseof thewind-tunnelmodeltests. The
totaldragof theflightmodelswas determinedfrommeasurementsof
themodeldecelerationafterrocket-motorburnoutby Dopplerradarand
telemeterapparatus.

Basedrag.-Basedragwas determinedfrompressuremeasurements
madeat thebaseof themodels. Thepsition of thepressureorifice
at thebaseof eachof themcdelsis shownin figures2 and3. Base
bag is definedas thedifferencebetweenthepressuremeasuredon the
modelbaseand thefree-streamstaticpressuretimesthemodelbase
srea.

Forebodypressuredrag.-Forelmlypressuredragis definedas the
axialforceexertedon themodelbodyby thepressuresactingon the
modelsurfaceexcludingthemodelbasesurface.Thevalueof forebody
pressuredragwas determinedby integratingthemeasuredpressuredis-
tributionoverthebodysurfacewithrespectto thebodyfrontalarea.

Skinfrictiondra~.-Skinfrictiondragcoefficientsweredetermined
by meansof rakesurveysof thetotalpressurethroughtheboundarylayer
and static-pressuremeasurementsat therakelocation.Skinfriction
dragwas determinedin the1- by ~-foottunnelby subtractingthebase
andforebodypressuredragfromthemodeltotaldrag. Resultsfromthe
4- by 4-footand9-inchtunnelswereobtainedby bothrakesurveysand
subtraction.

Reductionof therakepressuremeasurementsto obtainskinfriction
dragrequiresa Iamwledgeof thetemperaturethroughtheboundsrylayer
whichwas determinedby usingthetheoreticalrelationgivenby Crocco
in reference2 whichgivesthetemperatureas a functionof velocity.
Thisrelation,whichassumesa Frandtlnumberof 1.0and steady-state
conditions,wasmodifiedby theinclusionof therecoveryfactor 13 in
orderto obtainadiabaticwalltemperatureratherthanstagnationtemper-
aturewhentheheattransferis zero. Therelationusedis then

W2T=a+bu-—
2Jgcp

Taw - T5where P ‘Ts-Tb
and a and b me constants.
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Evaluatingtheconstantsfromtheboundaryconditions,T=T5
atu= U5and T=Tu, and introducingthedefinitionof adiabatic
walltemperature

&
Taw = ‘b + 2Jgcp

give

() p(uaz - L?)
T= T5+ (~- %fW -:+ 2Jgcp

A valueof p = 0.88,an approximationforbothlamfnarandturbulent
boundarylayers,wasusedin thereductionof the4- by 4-foot-tunnel
data. Theresultsfromthe 9-inchtunnelwereobtainedby usinga
valueof ~ = 0.88 for~ar flowand p = 1.0 forturbulent
boundary-layerflow.

Theintegratedformof theboundary-layerequationfromrefer-
5 canbe writtenas

By taking dx = ds,whichcausesnegligibleerrorfora slenderbodyof
revolution,lettingr = rw + y, and integratingwithrespectto x,
theaverageskinfrictiondragcoefficientis givenby

Thevariationofboundary-layerthiclmesswithexialdistancealong
thebodywas assumedtobe linearfroma valueof O at thebodynoseto
thevaluedeterminedat themeasurementstation.‘Ibisestimationof the
boundary-layergrowthwasusedin thedeterminationof theskinfriction
dragcoefficientsfromthe4- by 4-foot-tunneland8-by 6-foot-tunnel
tests. Theerrorinvolvedinusingthisassumptionof linearboundary-
Ia.yergrowthamountsto lessthan5 percentof theskinfrictiondrag
coefficient.Thecoefficientsfromtheg-inch-tunnelpressuresurveys
havebeendeterndnedfroma calculationof theboundsry-layergrowth
alongthebody.
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Forcecoefficients.-Alltheforcecoefficientspresentedherein
arebasedon thefree-streamdynamicpressureandthemaximumcross-
sectionalareaof thebody.

Corrections.- Thewind-tunneldatapresentedhereinhavebeencor-
rectedforthebuoyancyeffectson thedragcoefficientsin allcases
wherethe correctionswererequired.In someof thetunnelteststhe
static-pressuregradientthroughthetunneltestsectionwas sufficiently
smallthatthecorrectionsto thedragvaluesfellwellwithintheexper-
imentalaccuracyof thedata. b thesecasesno buoyancycorrections
wereappliedto thedragdata.

Theresultsof investigationsto determinetheeffectsof sting
diameterand lengthof stingbehinda boattailedbodyhaveshownthat
stinginterferenceeffectsarenegligiblefortheratiosof stingto
basediameterandof lengthof stingto basediameterusedin the
presenttests. Stinginterferencecorrectionsare thereforenotneces-
saryforthedatapresentedherein.

Theresultsof thewind-tunneltestspresentedwereobtainedin
allcasesunderconditionsof temperatureequilibriumbetweenthemcdel
bodyandfreestream.

Alsoin all casescondensation-freeflowwasmaintainedduringthe
tests.

.

RESULTSANDDISCUSSION

Presentationof results.-Theresultsof thedragtestsin the
variouswindtunnelsand in flightarepresentedin figures5 to 9. Ml
theresultsarepresentedfor zeroangleof attackandarepresentidas
plotsof CDT,

c%’ %’ - cDf
againsteitherl@chnumberor

Reynoldsnumberdependingon whichquanti& was variedduringthetests.
Thesynibolsin figures5 to 9 indicatethetestpaintsobtainedin the
vsriousfacilities.Figures5 to 7 presenttheresultsof thewind-
tunneltestsof thebodywithno finsattachedfortheconditionof
naturalsmooth-bdyboundary-layertransitionandfortransitionfixed
nearthebcdynose. Theforebodypressuredragcoefficientspresented
in figure5 weredeterminedfrommeasurementsmadeon the42.05-inch
bcdyin thel+-by k-foottunnelat rehtivelylowReynoldsnumbersfor
conditionsof laminarandturbulentboundarylayers.Thevaluesof
forebodypressuredragcoefficientdeterminedfromthesetestswere
O.~1 fora laminarboundarylayerandO.~ fora turbulentboundary

. layerattainedby fixingtransitionnearthemodelnose. Thevaluesof
forebodypressuredragcoefficientpresentedarebasedon theassumption

.
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thatthevaluesdidnotvarywithReynoldsnum%erexceptto changefrom
laminarto turbulentvaluesin theReynoldsnumberrangenear10 x 106.
Thisrangewas chosenon thebasisof skinfrictionand_boundary-layer-
profileresults.Inactualitythetransitionin forebodypressuredrag
coefficientwillnotbe so abruptas assumed,but thedifferencebetween
thecoefficientsis verysmall.

Valuesof totalandbasedragcoefficientfromthewind-tunnel
testsforthebodywithfourfinsattachedarepresentedin figure8.
Thetestsof themodelwithfinsattachedwereconductedwithnatural
transition.

Inthecaseof theflighttestswhereReynoldsnumberandMachnum-
bervariedsimultaneouslyduringtheteststhevariationof Reynolds
numberwithMachnumberis presentedin figure10 fortheninemodels
tested.Threecurvesareshownforthe146.5-inchmodels,twodepicting
thevariationfortheunboostedmodels1, 5, 6, 7, and8 andthethird
fortheboostedmodel6. Thethreecurvesshownforthe ~.25-inch
modelsrepresentdifferencesin thethreetypesof boosterrocketsused
forthetests. Thevalues,of Reynoldsnumberattainedin thewind-
tunneltestsof themodelwithfins,whichwereconsiderablylowerfor
the4- by 4-foot-and 9-inch-tunnelteststhanthevaluesforthebody-
alonetests,arespottedon theflightcurvesof figure10 to afforda
readycomparisonof therangecoveredin theflighttestsand thewind-
tunneltests.

.
Comparisonanddiscussionof results.-Theresultsof thetestsh

theseveralwindtunnelshavebeencomparedinfigures11 and1.2for
conditionsof naturalandfixedtrsmitionwithno finsattachedto the
body. Thedragcomponentsarecomparedin figure11 for twovaluesof
Machnumber,nsmely,1.6and1.93,fora rangeof Reynoldsnumber.Fig-
ure12 showsa comparisonof theresultsforthreevaluesof Reynolds

6nuder, 3 x 10 , 8.6 x 106,and30 x 106,fora rangeof Machnumber.
Thevaluesof MachnumberandReynoldsnumberchosenforthe comparative
plotswereselectedas valueswhichaffordtheopportunityof comparing
themajorityof thedata.

Theresultsof theflighttestsandof thetunneltestswithfins
attachedto thebodyarecomparedin figure13 as a plotof totaland
basedragcoefficientagainstMachnumber.Theflightdataarepresented
as a band,theextremitiesof whicharetheextremitf.esof thedatapre-
sentedin figure9. Crosshatchinghasbeenusedto distinguishthe
resultsof the146.5-inch-modeltestsfromthoseof the73.25-inch-model
tests.

Comparisonof thewind-tunneldataforthebodyalonein figuresl-l
and12 showsexcellentagreementin thehighReynoldsnumberrange
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betweenthedatafromthe 8-by 6-foottunnelandthe4- by 4-foot
tunnel.In thelowRe~oldsnmiberrsngethe~eement in thetrend
of thedatafromthe9-inch-and4- by 4-foot-tunnelresultsas shown
3n figuren(a) is goodalthoughtherearesmallUscrepsnciesin the
dragvaluesobtainedin thetwofacilities.Withrespectto the
9-inch-tunnelresultsthetotsl&ag valuesfromthe4- by 4-foot
tunnelarelowerforbothnatural.andfixedtransition.Neglecting
thedifferencesin theindicatedReynoldsnumberof tramitionbetween
thetwotunnelsthemagnitudesof thebasedrsgresultssrein good
agreement.No suitableexpbmationhasbeenfoundforthedifferences
in msgnitudeof thetotaldr~ results.The comparisonof skinfric-
tionvaluesin thelaminarrsngeshows,ti general,goodagreement.

Thefrictiondragresultsshownin figureXl forthe1- by 3-foot
tunnelindicatethatboundsry-layertrsmsitionin thisfacilityappar-
entlyoccurredat muchlowerReynoldsmmibersthanin the4- by 4-foot-
or 9-inch-tunneltests. Thisdiscrepancycanprobablybeattributedto
thedifferencesinwind-tunnelturbulencelevels.

Thevsriationof skinfrictiondragfromthe9-inchtunnelwith
Machnmiberat constsm.tvaluesof Reynoldsnuder of 3 x 106snd
8.6x 106,shownin figuresX2(a)=d 12(b),showsa risein skinfric-
tiondragcoefficientwithincreasingMachnmiberforthebodywith
naturaltramition. Therisein skinfrictiondragcoefficientwith
Machnmnbershownin figureW(a) fora Reynoldsnwiberof 3.ox 1.06
is slightandistithintheexperimentalaccuracyof thetests. The
steeperrisein frictiondragcoefficientshownin figureU(b) fora
Reyuoldsnumberof 8.6x 106canbe attributedto theforwsrdmovement
of thetransitionpointwithincreasingMachnumberwhichis etident
froma comparisonof theresultspresentedin figures7(a),7(c),and
7(e). ThesefiguresshowthatthetransitionReynoldsnuuiberwas approxi-
mately8.8,7.5,and6.ox 106forMachnunibersof 1.62,1.93,and2.41,
respectively.Theeffectof increasingMachmmiberin decreas~ the
Reynoldsmnnberof transitionis appreciablebut is in agreementwith
theoreticalresultsconcerningboundsry-layerstabilityforthe caseof
zeroheattransferbetweenthebodyandtheairstream.

A comparisonof thetestresultsforthetwodifferent-sizedflight
modelsis shownin figure13. Theresultsof tunneltestswithfins
attachedto thebodyerealsoshownin figure13 forcomparisontiththe
flightresults.

As shownin figure10 theReynoldsnumberrangeforthe smaller
~.25-inchmdel is forthemostpartcontainedwithintherangeforthe
lsrger1~.~-inchmodels. Therefore,thedifferencesin thedragcoef-
ficientsforthetwo sizesof modelsshownin figure13 arenotreadily
explainableon thebasisof Reynoldsnumber.
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Examinationof thebasedragresultsin figure13 showsthatthe
basedragof thesmallermodelsis abouthalfthatforthelsrgerflight
modelandthatthisdifferenceaccountsalmostcompletelyforthedif-
ferencein totaldragforthetwpsetsof flightdata. It doesnot
appesrlikelythatthesedifferencesaredueto an errorinmeasurement
sincethetotaldr~ andbasedrsgweremeasuredindependently.Further-
more,the smallermodelresultswereobtatiedfromseveralsepsrate
flightssmdthelargermodelbasedragresultsagreewithvaluesobtained
in threedifferentwindtunnels.Thislatteragreementwouldbe expected
sincetheboundarylayerat thebasewasprobsblyturbulentforallthese
modelsbecauseof thepresenceof thefins. Thebasedragforthesmaller
flightmodelsappearsto below forsomeas yetunknownreaeon.

.

Tnetotaldregas measuredin the 8- by 6-foot-tunneltestsappears
to agreecloselywiththedragof thelargerflightmodelsat M = 1.5,
but thismaybe fortuitousin viewof thedifferencesinReynoldsnuaibers.
It haabeensuggestedthatthedifferencesin slopeof the8-by 6-foot-
tunnelem.dtheflightdrsgcurvesmaybe explainedby thefactthatthe
Reynoltinumberof the8- by 6-foot-tunneltestswasessentiallyconstant
whilethatof theflightmodelsincreasedwithincreasingMachnuniber.
Thisdoesnotseemcorrect,however,sincetheReynoldsnumberrange
obtainedon severalmodelsat a givenMachnumiberis considerablylarger
thantheReynoldsrnmiberchangeingoingfromMach?mmiber1.5 forexample
to 2.0. If thetotaldragof the smallerflightmodelswereadjusted

.

by themount requiredto bringthebasedreginto~eement withthat
forthelager model,itwouldbearthessmerelationshipto the8- by
6-foot-tunneltotaldragresultsas do thedragdataforthelarger

.

models.

Thediscrepmciesnotedin theforegoingdiscussioncouldpmsibly
be dueto behaviorof thefindm.gas influencedbothby Machnumberand
Reynoldsnumber.Thereis insufficientinformationavailable,however,
to allow@myconclusionsto be drawnregardingthispossibility.

Withregardto thedatain figure13 fromthe4- by 4-foottunnel
andthe9-inchtunnelit canbe notedthatthedataforthemodelswith
finewereobtainedat Reynoldsnuuiberslowenoughto permitlmdnar flow
overmostof thebody, Thetotaldragwouldthusbe expectedto be
lowerthanthatfortheothermodelswhichweretestedat muchlarger
Reynoldsnumbers.Theagreementthatapparentlyexistsbetweenthe
totaldragdatafromthesetwotunnelsandthedataforthesmaller
flightmodelsmustthereforebe regsrdedas fortuitous.

.
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CONCLUDINGRIMARKS

Theresultsof m extensiveinvestigation,oneobjectiveof which
wasto forma basisforcomparisonof testresultsfromvarioustest
facilities,havebeencompiledandsrepresentedin thepresentpaper
forthepurposeof mskingthedataavailableto otherresesrchagencies
interestedin correlationof theresultsobtainedin theirtestfacilities
withthoseobtainedin NACAtestfacilities.

Itromcomparisonof thedataobtainedin NACAfacilitiesit is
observedthatforthebodyalone(withouttailfins)thetotalandcom-
ponentdragcoefficientsmeasuredin the severalwindtunnelswerein
goodagreementwhenproperconsiderationis givento thestateof the
bodyboundarylayer. IYee-flightresultson thefinnedmodelsshowa

>

consistentdiscrepancybetweentwogroupsof modelsof differentsize.
Thisdiscrepemcyis undoubtedlydueto a realdifferencein dregbetween
thetwoWOups of modelsbut Is notexplainablewiththeinformation
available.Therearealsoobservedcertaindifferencesbetweenwind-
tunnelandflightresultswhichcannotbe completelyaccountedforat
present.

NACAHeadqusxters,
Washington,D. C.,April16,1953.
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TESTCONFIGURATIONS
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(a) Internal strain-gage balance; 4- by 4-foot tunnel (representative of
arrangement “m 8- by 6-feat tunnel).
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arrangement in 1- by 3-foot tunnel).

Figure k.- Sketch of model mounting ELM internal e.mlexternal balance
system .
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