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suMMARY

Measurementsofaverageskin-frictioncoefficientshavebeenmade
on sixrocket-poweredfree-flightmodelbby usingtheboundary-layer
raketechnique.ThemodelconfigurationwastheNACAFM-lQ,a
1..2.2-ftieness-ratioparabolicbodyofrevolutionwitha flatbase.

Measurementsweremadeovera
P

chnumberrangefrom1 to 3.7, a
Reynoldsnumberrangefrom@ x 10 to 170x 106basedon lengthtothe
measurementstation,andwithaerodynamicheatingconditiotivaryingfrom
strongskinheatingto strongskincooling.

ThemeasurementsshowthessmetrendsoverthetestrangesasVan
Driest’stheoryforturbulentboundarylayeron a flatplate..Themeas-
uredvaluessreapproximately7 percenthigherthanthevaluesofthe
flat-platetheory.‘

A compsxisonwhichtakesintoaccountthedifferencesinReynolds
numberismadebetweenthepresentresultsandskin-frictionmeasurements
obtainedonNACARM-10scalemodelsintheLangley4-by 4-footsupersonic
pressuretunnel,thekwis 8-by 6-footsupersonictunnel,andtheLangley
g-inchsupersonictunnel.Goodagreementisshownatallbutthelowest
tunnelReynoldsnumberconditions.

A shpleempiricalequationisdevelopedwhichrepresentsthe.meas-
urementsovertherangeofthetests.

INTRODUCTION

A considerableportionofthetotaldragoftypicala~lane and., missileconfigurationsat supersonicspeedsisdueto slcbfriction,and
theaccuratepredictionoftheskin-frictiondragcoefficientat super-

U sonicspeedsis of ~ort=cez especi~ ~th reg~d tothe_it@e~~ :.,_,-..%
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ofthedecreasewithincreasingMachnuaiber.Severaltheoriespredict
dissimilarreductionsintheskin-frictiondragcoefficientwithincrease
inMachnumber,andexperhentaldatafromwhichtheaccuracyofthe
theoriescsnbe evaluatedareverymeager.Theeffectof aeromc
heat= ontheskin-frictioncoefficientisalsopredictedtobe appre-
ciable.Sinceairplanesndmissilefllghtconditionsnormallyinclude
variableaeromc heatingconditions,theaccuracyoftheprediction
is important.

Inordertoprovideexperimentalskin-frictiondataovera wide
rangeofMachnumber,Reynoldsnumber,andaerodynamicheatingconditions,
theNationalAdvisoryCommitteeforAeronauticshasconducteda rocket-
propelJ_edfUghttestprogreminwhichaverageskin-frictioncoefficients
weremeasuredon a parabolicbodyofrevolution(NACARM-10)by usingthe
boundary-layerraketechnique.Thefirstresultsofthisprogramwere
publishedinreference1. Severaladditionalflighttestshavebeen
conductedwhichrefinedtheinst~ntationandextendedtherangeof
thetestconditions.Resultsofthesetestsarereportedherein.The
Machnumberrangecoveredwasfrom1.0to 3.7,theReynoldsnumberange
(basedonbodylengthtothemeasurementstation)wasfrombx lo8
to 170x D6, andtheaerodynamicheatingconditionsvaryingfromstrong
skinheatingto strongskincooling.Thetestswereconductedatthe
_eYpflotless ~uti ResesrchStationatWalhpsIsland,Va.

Cf
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Cfi
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Cfvm ~iest
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SYMEOIS

averageskin-frictioncoefficient
aheadofmeasurementstation

aversgeskin-frictioncoefficient
formula

basedon

computed

wettedarea

frome@tiical

ticompressibleaverageskin-frictioncoefficient

measuredvaluesofaverageskin-frictioncoefficient
frompresentinvestigation,basedon areaaheadof
measurementstation

averageskin-frictioncoefficientcomputedfromVanDriest’s
theory

altitude,ft

Machnumber.

Machmmiberatouteredgeof

,~~-:,.y:~>:?xca

boundarylayer
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RX Reynoldsnumberbasedon axialdistancefrom,noseof
model

t time, sec

T temperature,OF abs.

Taw a&abaticwalltemperature,‘F abs.

Tw representativetemperatureof skh aheadofmeasurement
station,‘F abs.

Y distancenormalfromsti, in.

!l?a~
wallheatingpsrameter, - Tw

Taw - Tl

Subscripts:

1 free-streamconditions

MODELSANDTESTS

Figure1 slowsthedimensions.ofthemodelstested,andfigure2 is
a photographofa modelanditsboosteronthelauncher.Themodelcon-
figurationisdesignatedNACARM-lO.Thebodyisapsrabolicbodyof
revolutionwitha basicfinenessratioof 15. An actualffinessratio
of 12.2resultsfromcuttingofftheresrportionto forma baseaea
forrocketexhaust.Thebodyis146.5incheslongwitha 12-inchmaxi-
mumdiameter.Fourfinsareequallyspacedaroundthebase. Theyare
untapered,have60°sweepback,andhavea lo-percent-thickcircular-arc
profilenormaltotheleadingedge.Themode~ wereconstructedofmag-
nesiumalloyexceptfora steeltiponthenoseandsteelleadingand
trailingedgesonthefins,whichwerenecessazytopreventmeltingof
theneedlepetitandlmifeedges.Thecastftiswereweldedtothecast
resrsectionofthebody. Thebodyaheadofthefinsectionwasspun
fromO.09-i.nch-thickmagnesium,witha 6-inchsolid-magnesiumnosepiece.

Sixjointswerenecesssryfortheconstructionandassemblyofthe
model,threeofthesebeingpermanentjoints.Thesteeltipwaspressed
permanentlyonthesolid-magnesiumnosewhichwasfastenedpermanently
tothespun-magnesiumbodyat station6. A permanentrivetedjointwas
locatedat station90,thestationofmaximmdiameter. Thesepermanent
jointswereverycarefully polishedtomakethesurface

.
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junctureas smoothaspossible.Threadedjointswerelocatedat sta-
tiOns 23, En, =d 127. Thesejointswereverycsrefullyconstructedand
fitted,butsurfacediscontinuitiesoftheorderof0.005inchatthe
station-~jointcouldnotbe e13md.natedbecauseofthelargedismeter
andthinwallconstruction.Stiffe~ ringswerelocatedonlyatthe
jointsof stations23,&l,90,andU?>,andtheseweredesignedtoprevent
changesinbodyco~tourdueto theexpansionca~edby aerodynamicheating.
Thecontourofthefinishedmodelsvariedfromthedesigndimensionsby
a maximumof0.25percentofthelocaldiameter,andthesurfacero@-
ness,exceptforjoints,waslessthan60microinchesfrompeaktovalley
asmeasuedwitha Brushsurfaceanalyzerwitha 0.0C05-inch-radiusstylus.

ABLDeaconrocketmotorswhichhavea totalimpulseof approximately
18,4oopound-secondswereusedforpropulsion.A boosterconsistingof
twoDeaconmotorsburningsimultaneouslyacceleratedthemodelto a Mach
numberofapproximately2.0. Atburnoutoftheboosterrocketmotor,
theboosterdrag-separatedandthemodelcoastedfora predeterminedtime
beforeignitionofthetiternallycarriedDeaconsustainermotorwhich
acceleratedthemodeltomaximunMachnumber.Dataweretelemeteredfrom
themodelcontinuouslyandwereatiomaticaUyrecordedattwoground
receivingstations.Themodelsweretrackedby a CWDopplervelocimeter
fromtake-offuntilapproximately5 secondsaftermaximumMachnumber.
Thevelocitytimehistorythusobtainedwasextendedby integrationof
thetelemeteredaccelerations.Positionofthemodelinspacewasobtained
fromanSCR584radartrackingunit.Atmosphericdataweremeasuredby
meansofradiosondes,whichwereautomaticallytrackedby radarto supply
windvelocityanddirectionat altitudes.Figure3 isa drawingofthe
~oundary-layertotal-pressurerakewhichwasusedtomeasuretheaverage
skin-frictioncoefficientsforthebodyaheadoftherakestation.Fig-
ure4 isa photographoftherakeinstallationonmodel4. Sixmodels
wereflighttestedinthepresentinvestigation.Therakewasmounted
at station12~onmodels1 to 5 andat station@ onmodel6. Figure5
showstypicalthe historiesof altitude,aerodynamicheatingparameter,
Reynoldsnumber,andMachnumberforthetests.Onlythetrajectoryfor
model5 differssignificantlyfromtheexample.Thefirstcoastperiod
formodel5 endedatapproximately8 secondsresultinginhigherReynolds
numbersat comparableMachnumbers.AMo shownisa curveof skin-friction
coefficientcomputedforthetestconditionsshownusingVanDriest’s
flat-plateturbulentboundary-layertheory(ref.2). Duringtheftist
coastafterboosterseparation,MachnumberandReynoldsnumberdecrease
asthemodelslowsdown.Sincetheskintemperaturehasnotyetreached
adiabaticwalltemperatureatboosterseparation,thetemperatureparam-

!r - Tweter aw ispositiveatthebegti~ ofthecoastperiod.The
Taw - Tl

decreasingspeedduringcoastcausesTaw to
however,isincreasingbecauseof aerodynamic

decrease.Walltemperature,
heatingandatapproximately

- - . . ... . -—<z:?== .-,. -,:.-.. G.....-.%---- ..*..-
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midwayof thecoasttheybecomeequal,makingthetemperaturepsmmeter
equalto zero.Walltemperaturethenbeginstodecrease,laggingTawj
andthetemperatureparsmeterbecomesnegative.Duringpoweron, Taw
increasedandbecsmemuch
psmmeterto againbecome
oftemperaturevariations

higherthan Tw,thuscausing.thetemperature
positive.During
occurssimilarto

thesecondcoast,a sequence
thatdur~ thefirstcoast.

Averageskin-frictiondragcoefficientsweredeterminedonthe
NACARM-10bodyby meansoftotal-pressurerakesurveysthroughthe
boundarylayerandmeasurementsofthestaticpressureandskintemper-
atureatthemeasurementstation.Thetotal-pressureandstatic-pressure
measurementswereusedto obtainMachnunibersfromwhichMachnumberpro-
filesthroughtheboundarylayerwereobtainedby fairing.Figure6 shows
threetypicalMachnumberprofilesfrommodel5plottedas M/l&jagains%
distancefrom6M. Themeasuredpo@ts areshownby symbols.Thesymbols
areshownatthe y distancecorrespondingtothegeometriccenterof
thetube. Someinvestigationshaveindicatedthatthegeometrtecenter
ofthetotal-pressureprobedoesnotcorrespondto theeffectivecenter
ofpressurewhenmeasurementsaremadeina pressure~adientacrossthe
ttiemouth.An esthateforconditionsofthepresenttestsindicates
theshifttobe negULgible.TheMachnumberprofileswereusedalong
withtheequationforthetemperaturedistribtiionthroughtheboundary
layer,whichwasgivenby Croccoinreference3,toobtainvelocityand
densityprofilesthroughtheboundarylayer.Thevelocityanddensity
profileswerethenusedinthemomentumequationto obtainaverageskin-
frictiondragcoefficientsfortheareaaheadofthemeasurementstation.
Thereductionprocedureforthedatareportedhereinisthessmeasthat
describedingreaterdetailinreference1,exceptforthevalueofthe
temperaturerecoveryfactorinsertedintheCroccotemperatureequation.
Inreference3 a temperaturerecoveryfactorof0.88wasused,whereas
inthepresentreporta valueof 1.0wasused.Althoughthevalueof0.88
satisfiestheboundaryconditionfortemperatureoftheskinatequilib-
rium,thevalueof 1.0wasfoundto givebetter~eement oftemperature
profileswithtitheboundsrylayerwhencomparedwithprofilescalculated
by usingmeasuredvariationsofrecoveryfactorwithintheboundsrylayer
fromreference4. Fortheconditionscalculatedforcomparison,the
effectof changingtherecoveryfactorfrom0.88to 1.0smountedto less
than2-percentchangeinaverageskin-frictioncoefficient.

Inthepresentpaperthew@l heatingconditionisexpressedby a
T

dimensionlesstemperatureparameter@ whichisdeftiedas @ = Taw
-%

aw - T1.

— .. ———. –————
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Thisparameter,whichistheratioofthetemperaturedifferencebetween
theadiabaticwaU temperatureandtheactualskintemperaturetothe
temperaturerisewhichwouldbeattainedon an insulatedwaU.,hasthe
addedsignificanceof indicatinggeometricallysimilsrnondimensional
boundary-layertemperatureprofilesforequalvaluesof @. A complete
derivationanddiscussionofthisparameterisgivenintheappendixof
reference5. Thevalueof Tw usedinthepsrameterwastakenasthe
temperatureoftheskinattheaverageareastationaheadoftherake.
Thisisthestationwhichdividesthemodelsurfaceareaaheadofthe
measurementstationb half. Skintemperaturemeasurementsmadeat sev-
eralstationsontheNACAR&lo bodyduringtesttrajectoriessimi.lsrto
thosehereinshowthatthetemperatureisnotconstantalongtheskti,
witha maxhumdifferenceofl&)oF betweenstations18and122occurring
shortlyafterpeakMachnumber.Theskintemperatureattheaveragearea
stationisbelievedtorepresentbesttheheatingconditionaffeetingCf.

KESULTSANDDISCUSSION

PresentationofResults

Showninfigure7 areplotsof averageskin-frictioncoefficients,
Reynoldsnuttiber,andtemperaturepsnmeteragainstMachnumberforeach
ofthesixmodels.Models1 to4 allhada similardelaytime(ftist
coast)ofapproximately10 seconds.ThecurvesofReynoldsnunibersfor
thesemodelsshowthatshilarrsngesofReynoldsnumberwerecovered
duringfirstcoast,poweronandsecondcoast,withconsiderablydiffer-
entMachnumbersoccurringat comparableReynoldsnunibers.TheReynolds
numbervariationofmodel5 wassimilartothatofmodels1 to 4 except
thata slightlyhigherReynoldsnumberwasattainedatpeakMachnumber
becauseof itsshorterdelaytimeof 5 secondswhichcauseditsmaximum
Machnumberto occurata loweraltitude.TheReynoldsnumbersofmodel6
wereproportionatelylowerthsmthoseofmodels1 to4 asa resultof
havingitsmeasurementstationat @ inchesinsteadof 125inchesason
theothermodels.

Thetemperaturepsrameterformodels1 to 4 covereda simi~ range
duringfirstcoast,poweronandsecondcoast.Thetemperatureparameter
formodel5 differedonlyh thatittidnotbecomenegativeduringthe
firstcoastbecauseof itsshorterdelaytime.

Themeasuredaverageskin-frictioncoefficientsareshowninfig-
ure7 alongwitha curveofVanDriest’stheoryforturbulentskti-
frictionona flat-plateatthetestconditionsofMachnumber,Reynolds
number,andskintemperature.Theexperimentalpointsshowa changein
sld.n-frictioncoefficientoffrom~ to@ percentoverthetestrange.
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VanDriest’stheoryforskinfrictionona smoothflatplate,computed
forthetestconditions,showsa verysimilmtrend.

ComparisonWithFlat-PlateTheory

A comparisonofthemeaswedskh-frictioncoefficientsfromthe
NACARM-10bodywiththeflat-platetheoryismadeinfigure8 by plotting
oneagainsttheother.Dataareshownforthefivemode~ onwhichmeas-
urementsweremadeatstationI-25,Thedashedline,fairedthroughthe
datapoints, is 7 percent abovethe line represent@ Cfmem= Cfvm Diest.

Thebanddrawn*5percentaboutthefairedlineincludes66percentof
thepoints.Althoughthereis scatterh thedatawhenplottedinthis
manner,“referenceto figure7 showsthatthecauseisnotrandomscatter
inmeasurementsfroman individualmodelbutisthedifferenceinthe
sgreementbetweenmeasurementandtheoryfrommodeltomodel.Thereason
forthisvariationh agreementat similsrtestconditionsisnotunder-
stood. A possiblecausemaybe verysmallmodelflighttrimangles.
Reference6 showssmaU differencesbetweenboundary-layerprofilesmeas-
uredatdiametricallyoppositepointson a bodyofrevoltiionina wind
tunnel.Thedifferenceisattributedto verysmallmisaHnement(afew
tenthsof a de~ee)ofthemodelaxiswiththeundisturbedstreamdirec-
tion. Similarly,inthepresenttests,smaU misalinementofthefins
mayhavecausedthemodelstotrimata verysmallangleof attack.

Althoughtheextentof ~ boundarylayerwhichmayhaveexisted
overthenoseof’thebodyisnotknown,thedataarecomparedwiththeory
forfuld.yturbulentflowoverthenmdel.Threereasonstobelievethe
comparisonisvalidsxeasfolJows:(1)sldn-temperaturemeasurements
madeat station18ontheNACAKM-10bodyshowturbulentheat-transfer
coefficientsatthisstationatalltimesduringtesttrajectoriessimilzw
tothoseherein;(2)calculations,basedon considerationofthesmaU
areaofthenoseunderlaminarflowsndtheshorteningoftheeffective
lengthofturbulentrun,inticatethatlaminarflowbackto station20
wouldcauseonlya 1.5-percentreductioninthemeasuredaverageskin-
frictioncoefficient;ad (3)theleveloftheagreementwiththeorydoes
notchangebetweenthedatatakenatthehighestReynoldsnumibersandthe
lowest. Ifthelengthoflsminarflowincreasedsignificantlyatthe
lowerReynoldsnumbers,thelevelofthedatawouldhavebeenlowered.
At thehigherReynoldsnuaiberconditions,transitionmustoccuraheadof
station20 orthetransitionReynoldsnumberwouldbe unreasonablyhigh.

Figure9 showsthe data fromrakes at station &j frommodel6 of the
present tests andfrommodel2 ofreference1 plottedagainstCfvanDriest
fcmthefMghttestconditions.Thedatafromreference1 area~roxi-
mately10percenthigherthanthedatafrommodel6 whichscatterabout
thelevelof
limiteddata

theVanDriest
fromthesetwo

theory.No conclusionisdrawnfromthe
modeh.

—.——
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ComparisonWithTunnelMeasurements

Skin-frictionmeasurementshavebeenobtainedontheNACARM-10body
shapeintheLangley4-by 4-footsupersonicpressuretunnel(ref.7),
thelkwis8-by 6-footsupersonictunnel(ref.8),andthe~ley 9-inch
supersonictunnel(ref.9)byboththeboundary-layerraketechniqueand
thedrag-componenttechnique.Reference10presentsa compilationof
thesedatafromMachnumbersof1.49to 2.41andatReynoldsnumbers
below@ x 106. Theturbulentskin-frictiondataofreference10axe
usedforcomparisonwiththeresultsofthepresentinvestigation.How-
ever,itwasnecessaryto converttheskin-frictioncoefficientsfrom
thepresentinvestigationtotheReynoldsnumberandzeroheatingcondi-
tionforwhichthetunneldatawereobttied.

b orderto evaluatetheeffectofMachnumber,skin-frictioncoef-
ficientswerereadfornmdels1 to 5 fromfigure7 attheconditionof
zeroheating.Thesevaluesweredividedbytheticompressibleskin-
frictioncoefficientforthesameReynoldsnumberandwereplottedagainst
Machnurtiberinfigure3.0.Theincompressiblevaluesof Cf wereobtained
fromreferencelJwhichreportsincompressibleCf measurementsonthe
full-scaleNACARM-10bodyfromtowingtanktests.Theresultsfrom
referenceU showthattheincompressibleCf ontheNACAR&lo body
agreeswiththeVonK&man‘ -Schoenherrcurve(ref.12)for Cfi. Also

showninfigure10 isthevariationof Cf/CfigivenbyVanDriest’s

theoryatReynoldsntiersof10,60,and170x 106. Thesetheoretical
lines showthat this wide rangeofReyuol.dsnumbermodifies the relation
of cf/cfi with Machnumberby only6 percent at a Machnumberof 3,
andlessatlowerMachnu@ers. Mostoftheexperimental.pointson fig-
ure10srefora Reynoldsn

P
erofapproximately60x 106. Thetheo-

reticalcurvesfor170x 10 and10x 106areshownsincetheycoverthe
upperMmit ofthepresentdataandthelowerMmit ofthetunneldata
usedforcomparison.As h figure8,thelinerepresent-thefairing
ofthedataisapproxhately7 percentaboveVanDriest’stheoryatthe
correspondingReynoldsnumber(60x 106).

FigureI-Oisusedto converttheresultsofthepresentinvestiga-
tionforcomparisonwiththetunneldataofreference10. Valuesof
cf/cfiwerereadfromtheexperimentalcurveatthetunnelMachnumber,

andmultipliedby Cfi atthetunnelReynoldsnumber.VanDriest’s

theorycurvesindicatea maxhumcorrectionof 2.5percenttothe
CflcfivaluesbecauseoftheReynoldsnumberUferencesbetweenthe

exper@entalcurveandthetunneltests.Thesesmallcorrectionswere
made.
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Thecomparisonofthedatafromthisinvestigation,convertedas
indicated,withthetunneldataisshowninfigureU_. FigureI.l(a)shows
thecomparisonwithdatafromtheLangley4-by 4-footsupersonicpressure
tunnelandtheLangley9-inchsupersonictunnelata Machnumberof1.6
overa rangeofReynoldsnumber.Tunnelmeasurementsme shownforcon-
ditionsofnaturaltransitionandfortransitionfixednesrthenose.
Fornaturaltransition,Q islowatthelowReynoldsnumbersbecause
ofthegreaterproportionof laminar“flowoverthebody. Resultsofthe
presenttestssreinverygood~eement withthenaturaltransition
tunneldataabovea Reynoldsnumbe?of 32x 106. Theagreementwiththe
fixedt?%nsitiondataisverygoodat RX. 28x 106 andis within 8 per-
centatthelowerReynoldsnumbers.FigureU(b) shows’thecomparison
withtheresultsfromtestsintheLewis8-by 6-footsupersonictunnel
for ~“ ~x 106 overa Machnumberrangefroml.49to 1.98.The
differenceislessthan4 percent.Figuren(c) showsthecomparison
withdatafromtheLangley9-inchsupersonictumnelfor Rx= 8.5x 106
atMachnumbersfrom1.62 to 2.41. Thetunnelmodelhadtransitionfixed
nesxthenoseandthetunneldataarefrom5 to 13percentbelowthedata
fromthepresenttivestigation.In summary,thecomparisonofthepres-
entdatawiththatfromthethreetunnelsshowsgoodagreementat allbut
thelowestReynoldsnumbers.

Inorderto
friction,~ues

Developmentof@irical Equation

definetheeffectsofheatingonthemeasuredskin
of cf/cfi havebeenplottedagainstMachnumberin

figureU forseveralvaluesofheatingparameter.Valuesof Cf were
readfroma fatiingof Cf datafromfigure7 forconstantvaluesof @
andweredivldedbyCfi forthesameReynoldsnumber.In figure12(a),

theexperimentalcurveforzeroheatingfromfigure10 isreproducedand
a straight-linefairingisshownasanalternatefati~ aboveM = 1.0.
FiguresU?(b),(c),and(d)showpotitstakenfroma fairingofthe Cf
datafromfigure7 at constantvaluesoftheheat~ parameter@ with
a straighthe falrhgdrawntorepresentthepoints.Foranyspecific
valueofthetemperatureparameterthefairin.gdoesnotinallcases
appesrtobe”thebestpossibleone;however,
withvariationoftheheatingparameterseem
curvesobtainedfromfigure12.

Theempiricalformulaforthevariation
fromthestraight-linefairingsoffigure12

thetrendsofthedatapotits
to justifythefsmilyof

of cf/cfi asobtained
is

- 1.0)+ 1.0.

——— .= ——— — —. .
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me valueof Cfi maybe selectedfroma plotoftheK&r&n-Schoenherr
\

(equationi.e.,o.2k2_

)
log@~f at thevalueofReynoldsnumberfor

m
computationof Cf,or theequationCfi= 0“0977, whichrepresents-

~xo.1405

theK6.rn&Schoenherrequationwitti 1 percentfrom RX= 20x 106
to 200x 106,maybe substitutedh theempiricalformula.Theresultant
empirical.equationthenbecomes

Cf= 0“

“n[

Taw
0.075

- Tv

)1

0.15(M- 1)+1.0
RXO.1405 Taw- T1

TheemptiicslequationisvalidonlybetweenMachnumbers1.0and3.5.
VsJ.uesof Cf ~eaterthan Cfi wouldresultifusedforMachnumbers

fromOto 1.0. Theemptiicalequationispresentedprimarilyto show
thegroup- ofparametersinabomparativelysimpleformwhichrepre-
sentsthepresentdatawithintheaccuracyofthemeasurements.

ComparisonofDataWithEmpiricalEquation

Figure13 showsthepresentdataplottedagatistthevaluesof Cf
fromtheempiricalequation.ThelineexpressingCfma = Cfew con-

stitutesa goodfatringofthedata. Sincea *5-percentbandincludes
66percentoftheexperimentalpoints,theempiricalequationisbelieved
tobe a goodrepresentationofthemeasurements.Alsoshowninfigure13
aredatafromreferences1 and~. Datafromreference1 arefromrake
dataat stationX25ontwoNACARM-10flightmodelsandareasmuchas
25percenthigherthanthefairedlineofthepresentdata.No good
explanationforthisdifferencehasbeenfound,althoughcontributing
causesmaybe thepossibilityof smallangleof attackasmentionedpre-
viouslyandthefactthatthemodelsreportedinreference1 werethe
firstflightmodelsusingtheraketechniquewhichwasimprovedin several
smalldeta- inlaternmdels.Thedatafromreference5 arefromrake
dataat stationX24ononeRM-10flightmodelsndagreeswithin5 percent
withthepresentdata.Theagreementofthepresentdataissimilarto
thatshowninfigure8 betweenthedatapints andtheline7 percent
aboveVanDriest’stheory.Thereasonforthisisshowninfigure14
where Cfem iS plottedagainstCfvmniest. ThePotitsShO~ ~e

computedfortheexperimentalconditionsoftwomodelswhichweretypical

_——
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ofthepresenttests.Thepointsliewithh
Cf =-1.07cfvm~iest“
emp

0

6.,l-l

W percent of the line

CONCLUSIONS

l?Ughttests of six W-scale NACARM-10rocket-propelledmodels
havebeenconductedformeasurementof averageskh-frictioncoefficients.
Measurementsweremadeovera Machnumberrangefrom1.1to 3.7,a

6 to 170x 106, andwithaerodynamicReynoldsnumberrange from40x 10
heating conditiom ~ fromstro~ skin heating to strong skin cooling.
The following conclusionsare presented:

1. Overthe contitio~ of the tests, the measuredvalues showthe
sametrends as VanDriest’s flat-plate turbulent theory. Themeasured
values are approdnately 7 percent higher thanVanDriest’s theory.

2. By Plott@ the data as the ratio of averageskin-frictioncoef-
ficientQ totheincompressibleaverageskin-frictioncoefficientCfi
~d UMMZing “Ij’he experimentalcurveof ~i obtatiedfortheNACA

RM-10bodyinNACARep.II-61,a comparisonismadebetweenthepresent
resultsandskin-frictionmeasurementsobtainedonRM-10scalemodelsin
theLangley4-by 4-footsupersonicpressuretunnel,theLewis8-by 6-foot
supersonictunnel,andtheLangley9;inchsupersonictunnel.Ageementat
tunnelReynoldsnuuibersfrom25x 10bto 40x 10bwasgood
numbersfrom8 x 106to 25x 106the agreementwith tunnel
for transition fixed near the nose, waswithin 13percent.

3. A shple empirical equationwasdevelopedfromthe
sent the measurementsover the range of the tests.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronatiics,

LangleyField,Vs.,June29, 19%.

andatReynolds
measurements,

datatorepre-

—— —
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