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INTEEMACHNUMEER

As DETERMINED

VEHICLES “. ...

ByWilliamM. Bland,Jr.

SUMMARY

An experimentalinvestigationemployingrocket-propelledvehicles
infreeflighthasbeenmadeto determinetheeffectof thefuselage-
diameter- wing-spanratioon thedamping-in-rollcharacteristicsof
deltawingsof aspect’ratio4 with&percent-thicksymmetricaldouble-
wedgeairfoilsectionsintheMachnumberrangebetween0.6and1.6.
Resuitsof thisinvestigationshowthatthedamping-in-rollderivative

. wasdecreasedwhenthefuselsge-diameter- ~-spa ratiowasincreased
fromO to 0.4andthento 0.6. Furthermore,itwasshownthatthe
changesnotedintheexperimentaldsqing-in-rol.lderivativewhenthe
fuselage-diameter- wQ3-sP= ratiowaschangedagreed~th thechanges
predictedby theoryforwingswithsubsonic,sonic,andsupersonic
leadingedges.

INTRODUCTION

Mostofthetheorydescribingthedsmping-in-r&Lcharacteristics
ofvariouswingplanformsintheMachnumberregionabove1.0hasbeen
derivedforwingswithoutfuselages.hasmuchasmostairplaneand
missileconfigurationsconsistof a wingincombinationwitha fuselage,
a methodof determiningthefuselageeffectandapplyingittothewing-
sloneresultsisessential.Theoreticalresultsshowingthevariation
of dampinginrollwithfuselagediameterforvariouswings,including
deltawings,arepresentedforwingswithsubsonicleadingedgesin
reference1 andforwingswithsupersonicleadingedgesinreference2.
b orderto investigatethisproblemfurther,theL=@_eypflotless

b AircraftResearchDivisionhasconductedan investigationto determine
theeffeetoffuselage-diameter- wing-spanratioonthe’damping-in-roll
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characteristicsof deltawingsof”aspectratiok with~percent-thick
symmetricaldouble-wedgeairfoilsectionsparallelwiththefree-stresm
direction.Inthisinvestigation,testswereconductedinthehigh-
subsonic,transonic,andsupersonicspeedrangeswitha t-estingtechnique
(ref.3) whichutilizedrocket-propelledvehiclesinfreeflight.During
thisinvestigation,experimentaldatawereobtainedintheMachnumber
rangebet~en0.6and1.6andintheReynoldsnumberrangebetween
0.9 X 106and~.2 x 106(basedonthewing-center-linechord).Allflight
testswereconductedattheLangleyPilotlessAticraftResearchStation
atWsllopsIslandjVa.
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d/b

P

v

M

*z
dsxuping-in-rollderivative,—J-L\

rolling-moment

wing-tiphelix

Lcoefficient,—
qsb

angle,radians

rollingmoment,ft-lb

dynamicpressure,lb/sqft

total includedwingarea,obtxdnedby extendingleadingW
trailingedgesofeachsemispanwingtothecenterline,
Sqft

Wingspan,ft

aspectratio,,b2/S -

maximumfusel&gediameter,ft “,

fuselage-&meter- wing-sjanratio
,.

rolin velocity,.radians/sec

flight-pathvelocity,ft~sec

“Machtier ~
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cZp
ratioof thedamping-h-rollderivativeof a configuration

()
c~
-pW to thedamping-in-rollderivativeofa configurationwith

.

CONFIGURATIONS‘I!ESYED

Theconfigurationstestedduringthisinvestigationhadgeometri-
callysimilarplanardeltawingsof aspectratio4,leading-edgesweep-
backanglesof45°,andb-percent-thicksymmetricaldouble-wedgeairfoil
sectionsparalleltothefree-streamdirection.

()

Configuration1 didnot
havea fuselage+ = O andconfigurations2 and3hadpointedcylindrical

(fuselages $= )0.4 and0.6, respectiwlyas showninthephotographs
presented& figure1.’k figure2 arepresentedthemoreimportant
geometricdetailsof theconfigurationstested.Thewingswerecare-
fullygroundandpolishedafterbeingmachinedfromsteelplateandthe
fuselageswerefabricatedfroman aluminum~oy..

TESTPROCEDURE

Eachconfigurationtestedduringthisinvestigationwasattached
tothesting-likeforwardsectionofa testvehicle(fig.3). This
forwardsectioncontaineda torsionbalancetomeasuretherolling
mamnt generatedby thetestconfigurationas itwasforcedtorollby
thetestvehiclewldchhadtwistedstabilizingfins. Duringfli$jht,
timehistoriesoftherollingmoment,rol.limgvelocity,andflight-path
velocitywereobtainedby telemetry,radio,andradarandwereusedin
conjunctionwithradiosondemeasurementsof atmosphericconditions
encounteredtopermitevaluationof thedsmping-in-rollderivativeas
a functionofMachnumber.A descriptionofthistestingproceduremay
be foundinreference3. ‘

ACCURACY .
.,

Themsximumpozsiblesystematicerrors;dueto limitationsofthe
measuringsndrecor~” systems,in’thevaluesof CZ

P
presentedfor “
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configuration
areestimated

1,whichwas
to be within

NACA

testedearlier than configurations
thef01.lowinglimit s:

M Errorin C2P

0.8 ti.okl

1.2 *.017

1.6 I *.010

RML52E13

2 and3,

However,inreference3 theresultsobtatiedforne=ly identicalcon-
figurat~onsshowbetteragreementthantheesttiatedm&imumpossible
errorsindicate.Themeasuringsystememployedduringthetestsof con-
figurations2 and3 wasimproved;accordingly,themsxhumpossible
systematicerrorsh thevaluesof Czp presentedfortheseconfigura-
tionsareestimatedtobe withinthefollowinglimits:

M Errorin Czp

0.8 +0.o~

1.2 *.010

1.4 *.008

ThemsximumpossibleerrorinMachnumberisestimatedtobe *O.01.

RESULTSANDDISCUSSION

Experimentalresultsshowingtheeffectof thefuselage-diameter-
w’@-sPanratioonthevariationof thedsmping-ti-rollderivativewith
Machnumberforconfigurationswithdeltawingsof aspectratio4 sre
presentedinfigure4. Alltheconfigurations,whichhadwingswith
4-percent-thicksymmetricaldouble-wedgeairfoilsectionsparsllelwith
thefree-stresmdirection,aregeometricallysimilar,clifferingonlyin
thefuselage-diameter- wimg-spanratio.L figure4,thedataobtained
fortheseconfigurationsshowthatthedsmpinginrollwasdecreasedin
thesubsonicandsupersonicregionswhen d/b wasincreasedfromO to
0.4. Also,itis shownthata muchgreaterdecrease”indampinginroll

.
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wasobtainedthroughout
wasincreasedto0.6.

fr-
5

the

Alsoshownin figure4

/( 1
by applyingtti CZP c~pw

()
PA>landinreference2 — =4

Machnumberrangeinvestigatedwhen d/b

are Cl~ valuesthathavebeencalculated

ratiospresentedinreference1
()
~+o

to theexperimentalresultsobtain~d;or

()dthewingalone~=0. Theexperimentalresuitsobtainedforconfigura-

“on2($=‘JmdCodiwa’ion3(:‘ 04‘bwgood‘eemnt‘ith.

‘A >0 refersto somevelocityatthecalculatedvalues.Thevalue 4
whichthewingleadingedgesarehighlysweptbackrelativeto theMach ‘
cone,takentobe M = l.0~ inthispaper.Itisinterestingtonote
thegoodagreementbetweentheexperimentalresultsandthevalues
predictedby thelinearizedtheoryatthistrsnsonicMachnumber.The

value~ = 1 refersto thevelocityatwhichthewingleadingedges

becomesonic,M = 1.414 forsllthewingsincludedinthisinvesti-
gation.WhentheMach’coneis sweptbackmorethanthewingleading

~ = 1.1,equivalentedges,-~A/4 becomesgreaterthan1. A vslueof 4
to M= 1.485,whichisnearthemaxhumMachnumberforwhichdatawere
obtainedforconfigurations2 and3, wasusedastheconditionforcom-
paringthedamping-in-rollvaluesobtainedfor@rigswithsupersonic
leadingedges.

Curves,predictedby theory,showingthemannerin wtitithentio
ofthedampinginrofiof a delta-wingandfuselagecombination

()
Q>O
b

()tothedampinginrollof a deltawingalone~ = O varies.withfuselage-

ti~eter- whg-spanratiofor
13Ay+o> ~ = 1, and ~ = 1.1 arepre-

sentedinfigure5 withvaluesdeterminedfromtheexperimentalresuits
presentedinfigure4. Whencomparedwiththeory,theexpertiental

dvaluesshowgoodagreement,withtheagreementbestfor – = 0.4.
b

Alsoincludedinfigure

obtainedfora configuration

differedfromconfigurations

5sxe

with

1, 2,

someexper’tintelvalues

d– % 0.2 (ref.3). This
b
and3 in d/b ratio,in

.
., -—

/( )of cl cl
P pw

configurateion

fuselage

.— —— ——..— .-—



——..——.———. ———

6 NACARML52E13.

profile,andinhavinga constant-thicknessHexagonalairfoilsection
thatwas3.kpercentthickattherootsndincreasedto 7 percentthick
attheoutboardendoftheflatsection.Eventhoughthevaluesof

clp
dobtslnedfortheconfigurationwith ~ X 0.2 weredividedby vslues

of
()
cl obtainedfora wingthathada differentairfoilsection

(confi&tion1),theratio C2p/(CZp)~ agreesverywellwiththeory

undertheconditionsof &=l. md J3A
4 — =’1.1 sndinticates,llke4

theory,anincreaseindampingh rollundertheconditionof y+o.
Thisssmetendencyfor Clp to increaseatv&y lowsupersonicMach
numberswasindicatedby thedatainreference4 whenthefuselage-
dimeter- wing-spanratiowasincreasedfromO to0.191forconfigura-
tionswithstraightandwith45°swepthackwings with NACA65AO09air-
foilsections.

CONCLUSIONS

Theresults
rocket-propel.led

of eminvestigation,madewitha techniqueutilizing
vehicles,to determjnetheeffectof fuselage-diameter-

wing-spanratioonthedamping-in-rollcharacteristicsof deltawingsof
aspectratio4 intheMachnumberrangebetween0.6 snd1.6indicatethe
followb.gconclusions:

1. Thedampinginrollwasdecreasedinthesubsonicandsupersonic
regionswhenthefuselsge-dismeter- wing-spanratiowaschangedfromO
to0.4anddecreasedmuchmorethroughouttheMachnumberrangeinvesti-
gatedwhentheratiowasincreasedto 0.6.

2.Experimentalresultsshowedessentiallythesamechangeindamping
inrollwithchangesinfuselage-dismeter- wing-spanratioaspredicted
by theoryfortheconditionwherethewingleadingedgesarehighlyswept
backrelativetotheMachcone,theconditionwherethewingleadingedges
aresonic,andtheconditionwherethewingleadingedgesareslightly
supersonic.

LangleyAeronauticalLaboratory
NationalAdvisoryCommittee

LangleyField,Va.
forAeronautics
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(a)Configuration1.

Figurel.-Photographsof configurationtested. 1
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Configuration3

Reynoldsnumber
Configumtion, s. d/b range

1’ 0.188 1.4to5.1x ld
2 .271 0:4 1.5to5.2x M+
3 .120 .6 .9ta3.6X 106

Figure2.-.@ometr,icdetailsof configurateionstested. T
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Telemeterseotion

Rocket motor

Figure3.- Testconfigurationmountedontestvehicle. T
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