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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RESEARCHMEWK)RANDUM

AERODYNAMICCHARACTERISTICSATTRANSONICANDSUPERSONIC

SPEEDSOFA ROCKET-PROPELIEDAIRPLANECONFIGURATION

HAVINGA 52.5°DELTAWINGANDA LOW,

SWEPTHORIZONTALTAIL

By AlanB. Kehlet

SUMMARY

A flightinvestigationovera Machnuniberrangefrom0.79to 1.83
hasbeenconductedinorderto determinetheaerodynamiccharacteristics
at lowliftof a rocketmodelof an airplaneconfigurationhavinga
52.5°deltawingof aspectratio3.08withNACA65AO03airfoilsections
inthestresnmi.sedirectionanda low,swepthorizontaltail. The
lift-curveslopessndstaticlongitudinalstabilitywerenonlinesrwith

. liftcoefficientovermostoftheMachnumberrangesndincreasedwith
increasingU&k coefficientovertheMft rangecovered.Theminimum
dragcoefficientincreasedfrom0.016to 0.035throughthetransonic. speedrange.

Themodeldampingcharacteristicswereirregulsrsndalteredfor
thetwotailsettingsovertheMachnumberrsngecoveredwiththehigher-
lifttailsettinghavingthegreaterdamping. ..

Themeasuredperiodsof thelateraloscillationswereof thessme ,~
orderofmagnitudeasthelongitudinalperiods,butapparentlywerenot
sffectedby liftcoefficient.Themodelexhibitedstablestaticdirec-
tionalch=acteristicsthroughouttheMach

INTRODUCTION

Aspartof a generalresearchprogram

numberrangetested.

investigatinglongitudinal
stabilityofwingshavingvariousplanformsandthiclmessratios,a
rocket-propelledmodelof an airplaneconfigurationhavinga 52.5°delta. wingof aspectratio3.08hasbeenflown.Thebasicfuselage-empennage
configuration(ref.1)hsdswepthorizontalandverticaltailswiththe

.
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all-movablehorizontaltail
flight,thehorizontaltail
betweenO.1OOand-3.2°.

Themodelwasflownat

=J=mmmA NACARM L54A26

mountedin a lowposition.Duringthe
wasdeflectedina squsre-waveprogram—

theLangleyPilotlessAircraftResemch
StationatWallopsIsland,Va.

—

SYMBOLS

Cjf

C(J

CL

CD

c~

%

an

aZ

El

q..

P

M

R

s

‘E

b

w

normal-forcecoefficient,& w/s
gq

al WAchord-forcecoefficient,-—
gq

liftcoefficient,CN cosa - CC sina

dragcoefficient,Cc cosa + CN sina

liftcoefficientatminimumdragcoefficient

pitching-momentcoefficientaboutcenterof gravity

normalaccelerationdeterminedfromaccelerometer,ft/sec2

longitudinalaccelerationdeterminedfrom
ft/sec2

accelerationofgravity,ft/sec2

dynamicpressure,0.70PM2

free-stresmstaticpressure,lb/sqft

Machnumber

A.—

——

. .

—

acc-elerometer,— .

.

-—

.

.-

Reynoldsnuniber,basedonwingmesmaerodynamicchord

wingarea(includingareaenclosed~yfuselage),sqft

wingmesmaerodynamicchord(M.A.C.),ft

wingspan,ft —

weight,lb .—

—

“

.



NACARM L54A20 3

.

A

r

x

1

P

T1/2

a

5

e

P

cm ‘
q

c% =

C%*

cross-sectionalarea,sq in.

equivalentradiusof cross-sectional nsrea, in. A YC

longitudinaldistancefromstation0, in.

lengthofmodel,in.

periodof oscillation,sec

timetodsmpto one-halfamplitude,sec

angleof attack,deg

controlpaneldeflection(measuredfreestresmnormalto
wingchordplane),deg

_ Ofpitch,radisns

angleof sideslip,deg

effectiverateof changeofyawing-momentcoefficientwith
sideslipangleperd;gree<deri;edas inref.7)

dGD _ dCD

‘CL2 ‘CL- CLO)2

Subscripts:

w wing

f fuselage
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a 1 da——

77.3dt

—

.—

de
~ =—dt

Thesymbolsa, &, q, 5, and P* usedas subscriptsIndicate
thederivativeofthequantitywithrespectto thesubscript;for

dCL
example,c~ = ~. .-

MODELAIDlINSTRUMENTATION

Model

A three-viewdrawingofthemodelisshowninfigure1. Thenon-
dimensionalequivalentbodyandareadistribution,pre~kntedfor
possibledragcorrelationpurposes,areshowninfigure2. Photographs
of themodelareshowninfigure.3.

Theempennagehasa verticalfinofwoodandaluminumwiththe
quarter-chordlineswept600andNACA65AO03airfoilsectionsinthe
stresmwisedirection;a horizontaltailofduraluminwiththe uarter-

2chordlineswept45°with20°negativedihedralandNACA65AO0 airfoil
sectionsinthestreamwisedirectionperpendicularto t&echordplane.
Thefuselageisdescribedinreference2.

Thesteeldeltawingof aspectratio3.08hada leading-edgesweep
of52.5°andNACA65AO03airfoilsectionsinthestreamwisedirection.

Eachpanelof t.behorizontaltailwasdeflectedinan approximate
square-waveprogramby a separateservo-controlfedby a commonpressure
systemandregulatedby anelectricmotor-drivenselectorvalve.For
thepresentinvestigation,thestoppositionswereO.l”.,and-3.2°

.-

measuredparallelto themodelcenterlineandnormalto thewingchord-
plane. -.

Themodelweighed118.75poundsandhada momentof inertiain
pitchandyawof8.21and8.31slug-ft2,respectively.-Thecenterof
gravitywaslocatedat0.26ofthewingmem aerodynamicchord.
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tistrumentation

ThemodelwasequippedwithanNACAtelemeteringsystemwhich
transmittedcontinuousmeasurementsofnormalaccelerationatthe
centerof gravity,normalaccelerationat a referencenosestation,
angleof attack,longitudinalacceleration,trsmsverseacceleration,
controlposition,totalpressure,andreferencestaticpressure.

Flight-pathinformationwasobtainedfromtrackingrsdarand
atmosphericconditionsat altitudefroma radiosondereleasedimmediately
aftertheflight.ktion-picturecsmeraswereusedtophotographthe
launchingandfirstportionoftheflight.

TESTSANDRATAREDUCTION

preflightTests

Priorto instrumentation,themodelwasplacedina profilemachine
andmeasurementsweremadein thestresmwisedirectionof theairfoil
sections,perpendicularto thechordplanesof theverticalandhori-
zontaltailsandof thewing. Thesemeasurementswereusedto check
constructiontolerances.

Priorto flighttestingand.withtheinstrumentsinstalled,the
modelwassuspendedby shockchordssmdvibratedby anelectromagnetic
shaker.Thefollowingmodelnaturalfrequenciesandties ofvibration
weredetermined:

First Second
bending, bending, Torsion,

Cps Cps Cps

Horizontaltail. . . 100
Verticaltail. . . . 57
wing . . . . . . . . IL6 164 370

WingModes

Firstbending Secondbending Torsion
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FlightTests

Themodelwaslaunchedatanangleof a~proximateIy600fromthe
horizontalby meansof a mobilelauncheras‘showninfigure3. Two
6-inch-dismetersolid-fuelABLDeaconrocketmotorsboostedthemodel
tomsximumvelocity.Allmeasurementsusedweretakenduringthe
deceleratingportionoftheflight. —- —-

DataReduction

Theresponseofthemodelto deflectionsof anall-movablehori-“-
zontaltailinanapproximatesquare-waveprogrsmwasanalyzedby the
methodof reference3. Theindicatedanglesof attackwerecorrected
to anglesofattackatthemodelcenterofgravityby t-hemethodof –
reference4. Thetwo-accelerometermethodforobtaininginstantaneous
totalpitching-momentcoefficientswasusedasdescribedinreference2.

ACCURACY

Theabsoluteaccuracyofthemeasuredquantitiesis impossibleto
establishbecausetheinstrumentcalibrationscannotbe checkeddtiing
or aftertheflight.Mostoftheprobableinstrumentationerrorsoccur
aserrorsinabsolutemagnitude.Incrementalvaluesor slopesshoti.d,
ingeneral,be moreaccuratethantheabsolutevalues.-An indication
ofthesystematicinstrumenterrorspossible”is given
table,basedon an accuracyof*1percentofthefull

M CN cc
I

by thefollowlng
ftitrumentrange:

1.7 *o.00490 *0.00122
1.0 * .02251 t .00563
.8 *.04180 *.O1O4>

TheCWDopplerradarunitiSbelieyed.tobe accuratetobetter
than1 precentfornonmaneuveringmodels.TheMachnumberatpeak
velocityshould,therefore,be accuratetoLpercentorbetter.Since
theMachnumbersubsequenttopeakvelocitywasdeterminedfrom
telemetricdata,itprobablybecomesles”saccurateastheMachnumber
decreases. -.

Furthererrorsintheaerodynamiccoefficientsmayarisefrom
possibledynsmic-pressureinaccuracieswhich.areapproximatelytwice
asgreataserrorsinMachnumber.

. .

c-

-.
—

.-

—

.

.-
.

.
.

.
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indicationof randomerrorsencounteredmsybe notedfromthe
of datapointsshowninthefigures.Errorsin angleof attack

andcontrolpsneldeflectionareindependentofdynsmicpressureand
arenotlikelyto vsrywithMachnuniber.Thehorizontal-taildeflec-
tionsareestimatedtobe accuratewithin*O.lOOad theincrementsin
angleof attackwithin+0.20°.

RESULTSANDDISCUSSION

DyuamicpressureandReynoldsnniberobtainedduringthef~ght
areshownin figures4 and5, respectively.A t~icaltimehisto~at
thehigherMachnumbersof someof thequantitiesmeasuredis shownin
figure6. Hereafter,in orderto distinguishthetwotailsettings,
thedeflectionofO.1°shallbereferredto asthelow-~fttailsetting
andthedeflectionof -3.2°asthehigher-lifttailsetting.

LongitudinalTrim

Thevariationsof thetrimliftcoefficientandtrimangleof attack
atthetwocontrolsettingsas functionsofMachnumberareshowninfig-
ure7. At transonicspeedsandwithincreasingMachnuniber,themodel
exhibiteda trimchangeof approximately1°nose-upinthelowlift
range;whereasatthehighertrimmedIf.ftcondition,a nose-downtrim.
changeof approximately2° occurred.

.
Lift

Thevariationof theliftcoefficientwithangleof attackoverthe
Machnumberrangeis shownin figure8. TheULft-curveslopesrepre-
sentedby thefairedlinesin figure8 arepresentedas functionsof
Mch numberinfigure9 forbothtailsettings.Includedin figure9
forcomparativepurposesarethelift-curve-slopedatafora wind-tunnel
modeltitha’similarting-fuselagecombinationhavingno horizontaltail
(ref.7). fiviewofthedifferencesinmodels,theagreementbetween
therocket-modeldatasmdthewind-tunneldatais consideredgood. It
isindicatedin figure9 thattheliftcoefficientdoesnotvaryMne-
arlywiththeangleof attack,particularlyatthelowerMachnumbers;
however,referencetothetrimliftcoefficients(fig.7),whichare
indicativeoftheliftrangescoveredby thetwotailsettings,shows
thatthelinearityof theEft-curveslopespresentatthehigherMach
nunibersmsybe duetothelowliftrangeofthehigher-llfttailsetting
andnotentirelyto a Machnunibereffect.Theincreasein lift-curve
slopewithincreasingliftcoefficient,wherenonlinearityoccurs,is.
believedtobe dueinpartto a decreasein thedownwashfieldoverthe
lowhorizontaltailwithincreasingangleof attackofthemodelandto

. a nonlinearityintheIift-curve#lopeoft~elongnosesectionof the
fuselage.
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Drag .. .

ThevariationofdragcoefficientwithQft coefficientcorresponding
to theliftrsngesof figure8 is showninfi~e 10. _~e maximumlift-
dragratiosthatcouldbe measuredfromfigure10 sndl$ftcoefficient
atwhich (L/D)ma occursareshowninfigure11. Begauseofthe
reducedamplitudeoftheoscillations,themodelneverreacheditsmsxi-
mumlift-dragratiosathkchnunibersgreater-than1.12;”-valuesof
(L/D)W and CL for (L/D)ma obtainedathigherMch numberswere
extrapolatedfromthedataforthedragdueto lif~ rd@numdrag‘coef--
ficient,andliftcoefficientatminimumdrag. Athighsubsonicspeeds,
themaximumvalueofthemaximumlift-dragratiosobtai_.edwasabout9,
decreasingto about6 atlowsupersonicspeedsmd to ~bout4* atthe
test’slimit;thevalues“ofliftcoefficientcorrespondingtothese
valuesareabout0.25,0.40,and0.30,respectively.

Theminimumdragcoefficientsndtheliftcoefficientat.minimum
dragcoefficientobtainedfromfigure10are~resented.asa function
ofMachnumberin figure12. Theflaggedsymbolson theminimum-drag--
coefficientcurveindicateextrapolatedpointsfromthehigher-~ft
tailsetting.Itshouldbe notedthat,as indicatedby thebasicdata

—.—

offigure10,thevaluesoftheminimumdrsgcoefficientcorrespond
closelytothevaluesofthezerolift-dragcoefficientthedragpolar6
atthelow-lifttailsettingareflataroundzeroliftcoefficient,and
thevaluesoftheliftcoefficientatminimumdragcan]edetermined,
withanydegreeofaccuracy,onlybelowa Machnuniberof 1.3. At all
Machnumbersforthehigher-lifttailsetting,no liftcoefficientat
minimumdragcsmbe obtained.

By usingthevaluesoftheMft coefficientat~g!mumdragcoeffi-
cient(fig.12)forthelow-lifttailsettingandby interpolating
valuesforthehigher-lifttailsetting,theeffectof>ft ondragas
a functionofMachnumberwasdeterminedandispresentedinfigure13.
As indicatedby thedataof figure13,themodeletiibitedpoorleading-
edgesuctionovertheMachnumberrangewhere..theeffeqtof liftondr~
couldbe determined.As statedbefore,priorto inst-ntation,measure-
mentsoftheairfoilsectionsweremade. Thewingairfoilsections,as
determinedfromthesemeasurements,revealeda leading-edgeradiussome-
whatsmallerthanthetrueNACA65Ao03airfoilsection.Theresulting
rathershsx’pleadingedgeisbelievedtobe pgrtofthqrcauseof the
lackof leading-edgesuctionobtained.

LongitudinalStaticStability

Themeasuredperiodsofthelongitudinaloscillationsforboth
tailsettingsas a functionofMachnumberandthelongitudinal-static-
stabilityparameterC% determinedfromtheseperiodsarepresentedin

.

..

#
>.

.

.-

—

--n

--

-v——

.
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figures14and15,respectively.Aswiththelift-curveslopes(fig.9),
thenonlinearitypresentin thedatadecreasedwithincreasingMachnum-

- ber. Wherenonlinearityofthedataoccurred,thehigher-lifttail
settinghadthegreatervalueof staticstabilJty.Again,however,the “
linearityatthehigherMachnumbersmsybe duetothedecreasingtrim
liftcoefficientratherthanto theincreasingMachnumber.

Thevariationof thestatic-stabilityparsmeterisreflectedin
theaerodynamic-centerlocationforthetwotailsettings(fig.16). “
Thedataatbothtailsettingsexhibiteda rearwardmovementofthe
aerodynamiccenterup to a Machnumberof about1.5withthehQher-
lifttailsettinghavingthegreaterstability.Above M = 1.5,a
forwardmovementoccurs.

Thevariationofthetots.1pitching-momentcoefficient,obtained
fromthetwo-accelerometermethod(ref.2),withliftcoefficientis
showninfigure17. Althoughsomescatterispresent,particularlyat
subsonicspeeds,thedataagree,ingeneral,withtheslopesindicatedby
theperiodmethodandthetrimdataof figure7 whicharealsoshown
infigure17.

A measureofthehorizontal-taileffectivenessinproducingmoment
sndabilitytoproduceMft, as obtainedfroman averageof C% for
thetwotailsettings(fig.15),thetrimangleof attack(fig.7),and

. anestimatedtaillength,ispresentedinfigure18. Bothparameters
exhibitthesamegeneralshapeasthelift-curveslopes(fig.9),that
is,increasingwithMachnunberto M = 1.0 andthendecreasingwith

. increasingMachnumiber.At thetestlimit(M= 1.83),a decreaseof
approximately50percentof thatat M = 1.0 isnotedinbothpsram-
eter$.Includedin figure18 forcomparativepurposessre C@ and
Cm, obtainedfrom C& fromtheexposedduraluminwingof reference2
(extrapolatedC& atthehigherMachnumbers)andcorrectedfor
dihedraleffects.

Althoughthevsluesobtainedfromreference2 areapproximately
20percenthigherthroughouttheMachnumberrage covered,it should
be pointedoutthattheduraluminwing C% usedwasnotcorrected
forthesmallgapthatexistsbetweenthefuselageandhorizontal-tail
panel.me effectsof a smau gapin a nonviscousflow(ref.6) can
be large,reducingthelift-curveslopeby asmuchas 40percent.By
usingan averagegapof0.076inchand C~ fromreference2, anesti-
mateoftheeffectofthegapat M = 1.00 wasmade. Thegapreduced
theparametersby about30percent(about15percentlowerthanthe
modelvalues).However,since@e flowisviscousand,therefore,the

. effectivegapis smallerthanthemeasuredgap,thetailparameters
obtainedfrom C~ of reference2 andcorrectedforaneffectivegap
should,ingeneral,be closeto thevaluesobtainedfromthemodel.,-
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DsmpinginPitch
.

—

Thevariationsoftheamplituderatio(theratiooftheamplitude
fromthetrimlineof successiveoscillationsto theinitialoscilla-
tion)withtime,forbothtailsettings,areshowninfigure19. The
timeto dampto one-halfamplitude,representedby the-timerequired
forthefairedlineto cross0.50amplituderatio(fig,19),as a
functionofMachnumber,smdthepitchdsmping-moment$actorsareshown
in figure20. Aswiththelift-curveslope-~dperiod_data,nonlinearity
withthetrimliftcoefficientwasalsopresentinthe..timetod- to. _
one-halfamp~tudeoveralJbutthehigherI&chnumbers.Wherenon-
linearityoccurred,themodelexhibitedirregulardampingcharacter-j
isticswiththehigher-lifttailsettinghavingthegreaterd~fngo
Since,fortheconfigurationusedinthisinvestigation,dsmpingis .
primarilyduetothetailandwouldbe expectedto dec~easeasdomwas~
overthetaildecreases,and,since,inthediscussionof lift,downwash
wasbelievedtodecreaseoverthetailwithincreasingangleof attack,
themodeldampingatthehigher-lifttailsettingwoul@be expectedto_
be lessthanthedampingatthelow-lifttailsetting.Thereasonsfor
thealtereddampingcharacteristicsarenotknownattljistime;howeverf
si~cethemodelexhibitedbothlongitudinal-andlater=oscillations,
thepossibilityexistsof couplingbetweentheseoscillations.The
effectof couplingisbelieved.totendtoreducethe@el damping.

DirectionalStaticStability

Althoughtheprimarypurposeofthemodelflowninthisinvestiga-
tionwaslongitudinalstability,lateraloscillationswerepresentand,
therefore,wereinvestigated.Theseoscillationsarebelievedtobe
causedby someasymmetryinthehorizontal-tailstopsthatcouldbe
presentemdcauselateraldisturbances. —

—

.

-—

.

-.
—

.

Thevariationofthemeasuredperiodsofthelateraloscillations
as a functionofMch nuniberandthestatic-directional-stabilitycoeffi-
cient(derivedas inref.7) asdeterminedfromtheseperiodsarepre-
sentedinfigures21and22,respectively.ThroughouttheMachnumber
rangethemeasuredperiodsofthelateraloscillationqreof thesame
orderofmagnitudeasthemeasuredperiodsofthelongitudinalosci~- ‘“......
tionsandappeartobe unaffectedby liftcoefficientoverthelift
rangecovered.Althoughsomecoup~ngbetweenthelongitudinaland
lateraloscillationsisprobablypresent,theeffectofthiscoupling
isbelievedtobe smallon alltheaerodyn~cparameterswiththe
exceptionofthedampinginpitch. .-. —

Thestatic-directional-stabilitycoefficientexhibiteda decrease
of about30percentfromthehighsubsonicto thehighestsupersonic
Machnumbers.Flexibilitybecomesincreasingly@ortant ~th increasing~____
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Jkchnuniber,andthedecreaseinthestatic-directional-stabilitycoef-
ficientisbelievedtobe dueinpartto flexibilityofthevertical
tail.Referenceto thetableofnaturalfrequenciesindicatesthatthe
verticaltailisratherflexible.At theMachnumberscovered,however,
themodelexhibitedstablestaticdirectionalcharacteristics.

An estimationof theapproximatemaximumempl.itudesoftheangle
of sides~povertheMachnumberrangecoveredhasbeenmade. Atthe
highsubsonicMachnumibers,msxinnunamplitudesofA2°smd*3°occurred
forthehigher-andlow-~fttailsettings,respectively;theseampli-
tudesdecreasedto abouthalfatthetrsnsonicandsupersonicMach
numbers.

CONCLUSIONS

A f~ght investigationoftheaerodynamiccharacteristicsat
transonicandsupersonicspeedsof a rocket-propelledairplanecon-
figurationhavinga 52.5°deltawinganda low,swepthorizontaltail
indicatedthefollowingconclusions:

1.AttrsnsonicspeedsandwithincreasingMachnmber,themodel
exhibiteda trimchangeof approximately1°nose-upinthelowlift
rangesnda 2°nose-downtrimchangewhiletrinmedatthehigherlJft
condition.

2.TheMft-curveslopeswerenonlinearin thetrsmsonicandlow
supersonicMachnumberrangesmdincreasedwithliftcoefficientover
theU&t rmge covered.

3. Theminimumdragcoefficientincreasedfrom0.016to 0.035
throughthetransonicspeedrange.Theminimumbag coefficientwas
closeto thedragcoefficientat zerolift.

4. OvertheMachnuniberrangewhereit couldbedete~nedjthe
modelexhibitedpoorleading-edgesuction.

5.TheaerodynamiccentermovedrearwardwithincreasingMachnum-
berup to a Machnumberof about1.5,withgreaterstabilityat the
higherlifts.

6. Themodeldsmpingcharacteristicswereirregularandaltered
forthetwotailsettingsovertheMch mmiberrangecoveredwiththe
higher-lifttailsettinghavingthegreaterdamping.
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7. Themodelexhibitedstablestaticdirectional.=characteristics
overtheMachnuder andliftrangescovered.

.

LangleyAeronauticalLaborato~,
NationalAdtisozyCommitteeforAeronautics, ‘

LangleyField,Va.,Ja.nuaxY7, 1954.
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