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SUMMARY

A configurationhavinga bodyof finenessratio16.6, anunswept
horizontaltailof aspectratio2.7,anda highlysweptverticaltail
wasaeropulsedcontinuouslyinpitchduringfreeflightwithandwith-
outa sustainerrocketmotoroperating.TheMachnumiberrangecoveredn
by thetestwas0.8to 2.3andthemdel angleof attackdidnotexceed
●6.5°. Zero-lift-dragand&rag-due-to-liftdatawereobtainedduring

:> coastingflightofthemodel.Normal-force,pitching-mo~t,andstatic-
stabl~tydatawereobtainedwithandwithouttherocketmotorthrusting.

CorrelationofpQwer-offnormal-force-qndpitching-moment:curve
slopeswiththeoretical.estimatesbasedon slender-bodytheoryaspre-
sentedinNACARM A52D2$lgivesgoodagreementwithexperiment.The
reciprocalofthenormal-force-curveslopecloselyapproximatesexperi-
mentaldrag-due-to-liftvalues.Thesmplitudeoftheangle-of-attack
oscillationsduringfllghtwithpoweronwasapproximately50percent
smallerthentheemplltudeduringcoastingflight,andthenormal-force-
andpitching-moment-curveslopeswereeffectivelyhigherduringpowered
flight. Theabovedifferencesbetweencoastingandpower$d-f13ght
valuesmaybe large3ydueto cross-couplingeffectsinducedby opera-
tionofthesustainerrocketmotorandtheasymmetryof thecruciform
tail.

INTROIXJCTION

Aspartof a generalprogrsmtodeterminetheaerodynamicchsrac-
. teristicsofting-bdy-tailconibinationsat supersonicspeedssmd

moderateanglesof attack,a body-tailconfigurationwasflight-tested
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attheLangleyPilotlessAircraftResearch’Station,WallopsIsland,Va.
Theaeropulsetechniqueaspresentedinreference1 anda lsrgesoHd- e
fuelsustainerrocketmotorwereusedto obtainlift,drag,andstatic *
stabilityofthemodelatMachnumbersfrom0.8to 2.3andanglesof
attackup to*6.5°.Themodelconsistedof a bodyof finenessratio16.6

7

withanunswepthorizontalpulsingtailof.aspectratio2.7anda highly
sweptfixedverticaltailof aspectratio1.08.Thehorizontaltailwas

●

aero@mmicallyactuatedbetweenstopsettingsof+2.0°in approximately
a squ-&e-wavepatternwitha frequencyof
Thebasicaero~smicparametersinpitch
responseofthemodelto thetailmotion.
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SYMBOLS

from2 to5 cyclesa second.
weredeterminedfromthe -—.—

normal-forcecoefficient,% Wls
gq
% w/schord-forcecoefficient,- ~ — —

q

dragcoefficient,Cc cosa + CN sina *

1$
pitching-momentcoefficient, ~

57;3qSd A—

normalacceleration,ft/sec2 :

longitudinalacceleration,ft/sec2 —

accelerationduetcsgravity,32.Zft/sec2 .—

dynsmicpressure,lb/sqft ‘.

Machmmiber

Reynoldsntier,wherethereferencelengthis 1 f%

bodycross-sectionalarea,0.267Sqft

bodydiameter,0.583ft

eagleof attack,deg

angleofpitch,deg

—

.-
—

. .
—
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+ angleofyaw,deg

P rollrate,radians/see

5 all-movablehorizontal-taildeflection,*2.0°

E effectiveupwashatthetail,deg

Iy momentof inertiaaboutY-axis,slug-ft2

Ix rnwentof inertia*out X-axis,slug-ft2

% momentof inertiaaboutZ-axis,slug-ft2

P rocketchsaiberpressure,lb/sqin.abs

T rocketmotorthrust,lh

t time, sec

x distancefromcenterofpressuretomodelbase,in.

L nmdellength,~6.13 in.

m modelmass,slug

Subscripts:

g ground

f flight

Note: Oneandtwodotsoversymbolsdenotefirstandsecondtime
derivatives,respective~.

MODEL

.

--

A two-viewdrawingofthetestconfigurationis shownin figure1.
Thefuselagewasabody of revolutionof finenessratio16.6. Ordinates
definingthenoseshapearegivenintableI. Thegeometricandmass
characteristicsarelistedintableII,md photographsareshownin
figure2. Themaximmbody-dimeter-tail-spanratiowas0.350forthe
verticaltailand0.315forthehorizontaltail. Thehorizontaltail
wasmass-balancedandpivoted*2.00aboutthe0.55-e~osed-mean-
aerodynamic-chordpoint.
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Themodelwasofmetalconstructionandcarrieda solid-fuel
.

sustainerrocketmotorinadditionto eneight-channeltelemeterwith
angle-of-attack,pressure,smdaccelerometerinstruments. 14-

Themodelanditsboosterarepicturedinthelaunchingattitude
infigure30 Totalimpulsewasapproximately17,000lb-seeforthe
solid-fuelDeaconboosterand7,660lb-seeforthesustainermotor.

TEST .

Datawereobtainedafterthemodelseparatedfromthebooster.
Duringflightofthemodelalone,a square-wavepulsewascontinuously
generatedasthetailautomaticallyflippedbetweenstopsettingsdue
to a reversalindirectionofthetaillift.

Thequantitiesmeasuredby thetelemetersystemwerenormalsnd
longitudinalaccelerations,angleof attack,horizontal-tailposition,
free-stresmtotalpressure,andsustainer-rocket-chsmberpressure.The
angle-of-attackindicatormountedontheverticaltailbecameinopera-
tivebeforesufficientdatacouldberecorded.Thevelocityobtained
fromDopplerradarwasusedinconjunctionwithtrackingradsxand
radiosondedatato calculateMachnumber,Reynoldsnuniber,anddynamic
pressureexperiencedbythemodelduringflight.Thevariationof
ReynoldsnumberperfootlengthanddynamicpressurewithMachnumber
areshowninfigurek. The modelexperienceda coastingperiodbefore
andaftertheperiodofflightwiththes~qtainermotorthrusting. .—

Aerodynamiccoefficientsweredeterminedforcoastingandpower-on
flightconditions.Dataata particularMachnuniberwereobtainedonly
duringconstanttaildeflectionsof*2.0°.Coefficientsme basedon
thebodymsximumcross-sectionalareaof 0.267squarefootandonthe
bodydiameterof0.58foot.A detailede~lanationof dataanalysis
is giveninreference1. Pitchingmoment_wasdeterminedfromthedif-
ferenceinnormalaccelerationsmeasuredatthenoseandnearthecenter
of gravityofthemodel.

.—

.

..

=.

——

.-

..

Therandomerrorinthedatais indicatedbythescatterof the
experimentalpointswhichisgenerallymuchlessatthehighestMach
numbers.Themaximumabsoluteaccuracyof a quantityobtainedfroma .

singleinstrumentisusuallybetterthan2 percentofthetotalcali-
bratedinstrumentrange.Theprobableerroris”approximately1 percent. .
Presentedon thefollowingpagearetherangesofthetelemeterinstru- ‘ -—
mentsusedinthetestmodel:

-=< ‘-<.F-
—

.
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Noseangle-of-attackindicator,deg . . . . . . . . . . . . . . . . *8
Normalaccelerometeratthenose,g-units. . . . . . . . . . . . . +8
Normalaccelerometernearthecenterof gravity,g-units. . . . .*2O
Longitudinalaccelerometer,coasting,g-units.-. . . .
Longitudinalaccelerometer,poweron,g-units”. . . . .
Rocketchsmberpressure,Ib/sqin. . . . . . . . . . .
Free-stresmtotalpressure,Ib/sqin. . . . . . . . .

An additionalsourceof inaccuracyinthefinal.results
coup~ngeffectsof inducedrolMngmd yawingmotion.
isdiscussedmorethoroughlyina latersection.

RESULTSANDDISCUSSION

Modelpitchingresponse.-Typicalportions
ofthemodelareshownin figures5, 6, and7.

. . . . lto -7
● . . -5 to 60
. . . 0 to 1400
. . . -5 to 11.5

msybe cross-
ThiS possibility

of thepitchingresponse
Figure5 showsa psrtof

thedeceleratingflighttimehistoryofthefirstcoastingperiodand
indicateshowthenmdelsngleof attack,normalacceleration,andMach
numbervsriedasthetailmovedinan approximatesquare-wavepattern
of*2.Oodeflection.Figure6 showsportionsofthesngle-of-attack
telemeterrecordthroughoutthefllghtof themodelafterseparatio~
fromthebmster. Theaeropulsemotiondevelopedimmediatelyafterthe
modelbecamefreeof thebooster.Theoscillationsduringthefirst
coastperiodwereuniformlysymmetrical.Therecordshowsthatthe
angle-of-attackindicatorat thetailstatedtovibrateatMachnum-
ber1.2andthenceasedto function.Therecordalso shows that the

amplitudeofthesinusoidaloscillationswassuddenlyreducedandvaried
afterthesustainermotorstartedthrusting.Figure7 showsmorecle~ly
thattheamplitudeoftheangle-of-attackoscillationswasreduced
approximately50percentduringoperationofthesustainermotor.After
sustainerburnouttheoscillationsincreasedin smplltudebutwere
asymmetricalduringtheearlypartofthesecondcoastingperiodand
irregulardurimgthelatterpart.

CrosscouplJ~.- Thecuriousvariationsthatoccurredinthemgle-
of-attackresponseofthetestnmdelmaybe lsrge~dueto cross-coupling
effectsof rollingandyawingmotions.Suchmotionsmayhavebeen
instigatedby operationofthesustainerrocketmotorandamplifiedby
theasymnetzyofthehorizontal-tailsndvertical-tailplanformsand
horizontal-taildeflectionsof*2.0°.At thetimeof sustainerignition,
itisestimatedthatthrustmisalinementh yawcouldhavestarteda
yasiingmotionwithan initialmaximumyawangleof approximatelytwo
timestheanmuntof sngularthrustoffset.A thrustoffsetof approxi-
mately0.4°inpitchis estimatedfromthetrimoffsetindicatedby
figure7. Fromreference2 itmy be determinedthatthevalueofthe
rollingparameterUp/a forthehorizontaltailofthetestmodelis
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smallcomparedwiththatfortheverticaltail.
foremayhaveexperiencedanaerodynamicrolling
anglesofpitchandyaw. Thisisdifferentfrom

NACARML54C04

.
Thetestmodelthere-
momentat combined
thecaseof a symmetri.- -—

calcruciformmissileforwhichtherollingtendenciesof theindividual
tailsurfaceswouldcsncelat anglesof attackup to about6°,as shown
by theexperimentaldataof reference3. .

An investigationoftheeffectof steadyrollingon longitudinal
anddirectionalstabilitywasreportedinreference4 wherethestability
wasstudiedbymesnsoftheEulermogentequations.Inparticularthe
equationforpitchingmomentM = Iye- (Iz- I.x)h showstheterm
introducedby thecombinationof rollingendyawingvelocity.This
momenttermmsyhaveaffectedthepitchingmomentmeasuredby the
accelerometersofthetestmodel.Theaccelerometermeasuringnormal
forcemqyhavebeensimilarlyaffectedby a termcontainingtheproduct
ofyawangleandrollvelocityas shownby thefollowingexpression .—

z= mV(&- 6) - mV@ .

Calculationswerethereforemadeto determinethepossibleeffect
of crosscouplingonthetransientangle-of-attackr~sponseofthetest
model.Themethodof calculationis given-inappendixA. Theresults
ofthesecalculationsareshowninfigure8 andindicatethatforreason- .
ablevaluesof rollrateandini;ialyawingvelocitycrosscoupling
probablycausedtheasymmetricalpitching.oscillationsofthesecond d
coastingperiod.Crosscouplingmayalso,havebeenlsrgelyresponsible .
forreducingtheamplitudeof oscillation,duringpoweredflight.Addi-
tionalcalculationsmadewithoutcross-couplingtermsshowthatduring
thesecondcoastingperiodwhenthetailsettingwas-2.0°theexperi-
mentaloscillationcanbe veryexactlymatchedby thecalculationmefhod
ofreference1. Duringpartofthesecond_coasti~period,therefore,
theeffectof crosscouplingonthepitchi~motionwasapparently- .

negligible.
.—.— —

Sustainermotor.-Operationofthesustainerrocketmotorinflight
wasnotappreciablyaffectedby thehighlongitudinalandnormalflight
accelerationsencountered.Thisisshowninfigure9 wheretherocket
chamberpressureobtainedduringa static,~ound.testiscomparedwith
thechsmberpressuremeasuredin flight.Thrustduringflightwas
calculatedfromtheexpressionTf s Tg(pf/pg)whereth@values~e~
occurredatcorrespondingburningtimesd~ingthegroundandflight
tests.Thrustcorrectionsto accountfor.differencesinbackpressure
duringthegroundandflighttestswerenegligible. .— ,-

Theeffectof thethrustliftcomponentT sina ontheamplitude
ofthepitchingresponseduringpoweredflightwasalsoconsidered.

,,..-_

Themethodof calculationisgiveninappendixB. Thecalculation
..— — .—..

~-
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showsthatthethrustMft co~onentprobablyreducedthepower-on
pitchingsmplitudeapproximately14percentbelowthesmplitudewithout

. thrustacting.

Angleof attackat zeronormalforceandattailfUp .-Figure10
showstheangleof attackat theinstantthemodelpitchedthroughzero
normalforceduringcoastingsmdpoweredflight.Thedashedlineis
interpolatedfora tailsettingof0° andliescloseto zercangleof
attackinthelowsupersonicrange.As theMachnuniberapproached2.0,
theangleof attackfor C

%
= O changedapproximately0.7°. Theangle-

of-attackindicatorhada 0 deltasurface.Itisprobablethatthe
indicatorchangedtrim”astheflowvelocitynormaltotheleadingedge
oftheindicatorsurfacechangedfromsubsonicto supersonicvelocity
atMachnuniber2.0. Thetrimeffectof smallpressuredisturbances
arisingfromminuteimperfectionsintheconstructionoftheindicator
wouldprobablybe different,dependingonwhethertheleadingedgewas
subsonicor supersonic.

Theangleof attackattheinstantthatthehorizontaltsllstsrted
to flipfromonestopsettingto theotherispresentedinfigure11.
Assumingthatatthisinstanttheeffectiveangleof attackat thetail
waszero,theeffectiveupwashat thetailcanbe approximatelyestimated
fromtherelation.

--- 6 = -%rlip- ~
.

Theaverageeffectiveupwashoverthetailobtainedfromthetwotail
settingswas1.1°at smaveragesagleofattackof 0.9°overtheMach
numberrangeof thetests.Thisis greaterthanwouldbe expectedfrom
two-dimensionalpotential-flowtheoryandtheexperimentaldataof fig-
ure30 ofreference~. Thehighupwashindicatedbythetailflipping
maybe dueto thedegreeofmassbalanceofthetailwhichcouldaffect
thestartofthetailflipping.

E?&”- A typicaldragpolarispresentedinfigure12. Thepolsr
iscomposedofdatafromoneoscillationtithttilsettingsof*2.0°.
Thedragcharacteristicssresummarizedin figure13whichshowsthe
variationof zero-liftdraganddragdueto liftwithMachnuniber.The
zero-liftdragcoefficientreacheda peakvaluedf0.52atMachnum-
ber1.0forthisconfigurationanduniformlydecreasedathigherMach
numbers.Thedragdueto lifthada mininmmvalueof0.046atMach
number1.0andincreasedwithincreasingMachnumber.Thepar-

1eter is in goodagreementwithdrag-due-to-liftvalues.
57w3CNU

Normalforce,pitchingmoment,andtaileffectiveness.-Figures14.
to 18presenttypicalplotsofnormal-forceandpitching-momentcoefficients
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andsummarizethevariationofthenormal-force-andpitching-moment-
curveslopeswithMachnumber.Theunusualvariationof thenormal
forceandpitchingmomentwithangleof attackexhibitedinfigure15
fora tailsettingof 2.0°occurredduringtheasymmetricaloscillations
ofthesecondcoastingperiod.Thechange.inslopeofthesecurves
betweenpointsB to D mayhe dueto cross-couplingeffectsof induced
rollingandyawingmotionsduringthisportionoftheo~cillation.
SlopesobtainedbetweenpointsD toE andF toAwereusedinprepara-
tionof figures16and17. Figures16 and.17showthatthenormal-
force-andpitching-moment-curveslopesdueto angleof attackwere
effectivelyhigherduringpoweredflightthanduringcoastingflight.
Theincreaseintheseslopevaluesbetween,poweredandcoastingflight
isofthesamemagnitudeasthatindicatedbyregionsB toD offigure15.
Itappearsthereforethatthecross-couplingterms mV@ and (Iz- Ix)$P
discussedpreviouslymsyhavecausedthedifferencesbetweencoastingand
powered-flightvalues.

Figure16 also showsthetaillifteffectiveness.No difference
betweenpower-onandpower-offvaluesofthisparsmetercanbe determined
becauseoftheratherlargescatterofthe:data.

Figure18presentsa comparisonofnormal-force-curveslopeand
taileffectivenesswiththetheoryof reference6. Verygoodagreement
isnotedforthenormal-force-curveslopeatallKch “numibersandthe
taileffectivenessatthehighestMachnumbersofthetest.

Modelaerodynamiccenter.-Figure19showsthevsriationofmodel
aerodynamiccenterwithMachnuniberforbothpower-offandpower-on
flightconditions.Thereisverylittledifferenceduetopowereffects.
Themostrearwardpower-offlocationoftheaerodynamiccenterat21per-
centbodylengthfromthebaseoccurrednearMachnumber1.0. Athigher
Machnumberstheaerodynamiccentermoveduniformlyforwardasthetail
effectivenessdecreased.Figure20comparesaerodynamic-centerlocation
calculatedby themethodof reference6 withtheexperimentalcurveof
thepresenttest.Usingthefirst-ordertheoryof reference7 to deter-
minethenosecontributionratherthanslender-bodytheorygivesvery
goodagreementbetweenthecurves.

InducedJet=ffect.-Thepossibilityof inducedjeteffectson the
powered-flightvaluesof CNa, ~, andaerodynamic-centerlocation

wasalsoconsidered.However,reference8 showsthatinducedjeteffects
ontheafterbodyof a rocketmodelwouldnotbe expectedto occurabove
a Machnumberof 1.4. BelowMachnuniber1.4strongjeteffectswould
probablynotextendmorethan1 basediameterforwardofthejetexit.
Thehorizontaltailofthetestmodelwaslocatedoverlbsse diameter
aheadofthejetexit.Furthermore,ifinducedjeteffectsatthemodel
tailhadcausedthe CNa and ~ slopedifferencesshowninfigures16

.

.—

—
—

.

.

_.

.

.—
—
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and17, thenthemodelaerodynamiccentershouldhaveshiftedfarther
rearwardthanthesmallsmountshowninfigure19. Itseemsprobable.
thatlargeinducedjeteffectswerenotpresent.

CONCILJSIONS

An investigationof Uft, drag,andstabilityof a rocket-propelled
body-tailconfigurationbetweenMachnumbersof 0.8and2.3withand
withoutthesustainermotoroperatingleadsto thefollowingconclusions:

1.Duringcoastingflight,thedragdueto Uft increasedwith
increasingMachnumberthroughoutthesupersonicrangeof thetestand
wasslightlyhigherthanthereciprocalofthenormal-force-curveslope.
Theliftandaerodynamic-centerlocationwereaccuratelypredictedby
use of theinterferencefactorsderivedfromslender-bodytheory.

2.Themgplitudeofthepitchingoscillationswassmallerduring
poweredflightandthenormal-force-andpitching-moment-curveslopes
wereeffectivelyhigherthanvalu~sobtainedduringcoastingf~ght.
Thesedifferencesmaybe largelydueto cross-couplingeffectsinduced

* by operationof thesustainerrocketmotorandtheasymmet~of the
cruciformtail.

-.
.

LangleyAeronauticalLaboratory,
NationalAdvisoryCotitteeforAeronautics,

LangleyField,Vs.,February18,1954.
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APPENDIXA

EFFECTCFCROSSCCUYLINGONTRANELCENIAJ!7GIiECIFATTACK

Thecalculationoftheeffectof crosscouplingonthetransient
angle-of-attackresponseto a stepinputtaildeflectionofthetest
modelwasmadeinthefollowingmsnner.Inorderto simpkL!?ythecalcu-
lations,onlyangularmotionsinpitchsndy-awwereconsidered.Aero-
dynsnicdampingwasneglected.Theaerodyn&d.cmaientsforequalE@Ies “-
ofpitchandyawwereassumedequal.The~el inertiaaboutthelon@-
tud~nalaxis;asassumedzerom-d
momentequationsinpitchsndyaw
to

&La-_#Pi
57*3 .

12 .. IZ

57.3 v + 5793

rollratewasassumedconstant.Th;
withaxes.fixedinthemodelreduced .

- &aqSd = C%5qSd
.—

or,since Iy = 12 forthetestmodel,

and ~rim = -

a(t)= %rim +

A&-B$-Ca=k
A~+B&-llJ=O

g B
c andp=x. Thesolutiori-withnodampingis

2Cla14- 2c3a12+2C5c~s57 3a~t+
,

5a~4- 3C6a12+ CT

2C2a13- 2C4a1
sin57.3alt+

5a14- 3C6a12+ C7

2c2a#- 2c4~
sin5703a2t

5a24- 3C6a22+ C7

,.,
.

●

.—

—

2clq4- 2C3a22+ EC
Cos57.3a2t+

5a~4- 3C6a22+ c7

.
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where

2
{()

C6 C6 2al .—.
F

- C7

.22=; +~~-

c!~=a(0)

C2=a(o)

IL
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APPENDIXB

EFFECTOFTERUSTLIFTCOMPONENTONMAXIMJM

NACARM L54C04

AEROPULSEANGLEOFATTACK

TheeffectofthethrustliftcomponentT“sina onthemaximum
aeropulseangle-of-attackresponsewascalculatedusingthelogarithmi~. ‘
chartof figure21. Thechartwasoriginallyderivedby Mr.”RobeitL.
NeUon oftheNACALangleyPilotlessAircraftResearchDivisionandis
basedontheequationsof longitudinalmotionwithfreedominpitch
aboutthey-axisandtranslationinthez-direction.Inthederivation
ofthecharttheassumptionsof instantaneoustailflippingandequal
butoppositeslopesat succeedingtimes,tQ;” tl, . , c, of ttil f~p .
sre made.

Thesolutionforthemaximumaeropulse,responseis

&= 1- (1-*J=b%&sin5~.5atm+ CO. 5~.3atm)-

=)(1 + $)e
-b(Gu+tlj6in~7.3a~ sin57.3at11-

1 + :btl(COS5703atl- ~ Sin57.3atJ

and

where .—

.-

.
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[( )]c~~57.3C@2 1/2
57.3@s.=. =Y ~d + - b2

2mv2

b=
[

57.3@cNa

1

(~+ %).2
—-

2 mV 2vIy

-bb~in~7.3atle
t~ = * tan-~

1 + e-btkos57.3at1

Notethat tl isthetimeatthetailflipfollowing
mumamplitudeatthetime ~.

13

thepreviousmaxi-

.

.
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TABLEII.-CEARACTERISTICS(Ii?MODEL
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