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LOW-SPEEDWIND-TUNNELTESTS OF A I?IZOIZESSAIROW3T EAVIN2

HORIZONTALAND VERTICALWINGSAND CRWZFORM TAIL

By N, Mastrocolaand A. Assadourtsn

IsuMMARY

Low-speedtmstsof a pilotlessaircraft
Langleypropeller-resemchtunnelto provfde
estimation of the longitudinalstabilityand

were conductedin the
informationfor the
control,to measure

the aileroneffactiveness,and to calibratethe radomeand the
MachmeterpitOt-StEltiC 01’ifiCeS.

It was foundthat the modelpossessaia s+xiblevariationof
elevatoranglerequiredfor trim throughoutths s~ed ran~ at the
designangleof atteck. A comparisonof the airplanewith and without
JATO unitsand with an alternaterocketboostershowedthat a large
loss in longitudinalstabilityand.controlresultlngfrom the additicn
of the rocketloosterto the aircrsftwas sufficientto make the
rocket-boosterassemblyunsatisfactoryas an alternatefor the JATO units.

Reversalof the ailerone!?fectivenesswas evidentat positive
deflectionsof the verticalwing flap indicatingthat t-heroll-
stabilizationsystemwouldprcducerollingmomentsin a tightright
turn contraryto its designpurpose.

Vertical-wing-flapdeflectionscausedlargeerrorsin the static-
pressurereadingobtainedby the origipalgrtatic-tu%,e instalh.tion.’

,.Apracticslinstallationpoint on the fuselagewas locatedwhich should
‘yieldreliablemeasurementof the free-streamstaticpressure.

INTRODUCTION

Low-speedwind-tunneltests of a pilotlessaircrafthavinghori-
zontaland verticalwings and a cruciformtail were made at the -
Langleypropelle%researchtunnel. These testswere made to provide
informationfor the osthuationof the longitudinalstabilityand
control,to measurethe aileroneff&t3.veness,and to calibratethe
radomeand the Machmeterpitot-staticorifices.
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The aircraft,poweredby rocketslocatedtithe tail,is
deafgnedso that a Machmeterregulatesthe rocketthrustto main-
tain the flightspeedat a Maoh num%erof approximately0.85. The
airplaneis intendedto fly at zeroangle@ s,ttackrel.yi.ngon
yressuredifferentialsset up at the radomeorii’ioesto effeet
properchangesin the controlSurfaces. The cruciform-tailcontrol
surfacesfulfillthe functionof both rudderand elevator. The
horizontalwing flaysare used to providslift control,whereas
the verticalwing flapsare utilizedfor turns. AiJ.eronsare also
providedfor roll stabilization.

The testsreportedhereinprovideinformationfor the estimation
of the longitudinalstabilityand controlof the modelwith and with-
out JATO units. Similartestswere performedwith a rocket-boostor
asseniblyas.an alternatefor the JATO units. Data are presentedfor
testsmade to evaluatethe effectsof ooqonents of the aircrsft.
Data relativeto the aileroneffectiveness,radom pressure-orifices
calibration,and Maohmeterpitot-staticorificescalibrationsre also
presented.
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pitchingmomentaboutpivotpoint

pitchingmomentaboutdesigncenter
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rollingmoment

hingemoment

horizontal-wing

horizontal-wing
M.A.C.

horizontal-wing

3“

of gre.vityof,configura-

erea <10.9sq ft)

chort (1.77ft); alsoman aerodymmic chord,

SP= (6.17ft)

horizontal-wing-flapspan,totalfor two, (54..8’jin.)

horizontal-wing-flapchord (4,24in.)

free-stresmd-c pressure

free-stresmstaticpressure

localtotalpressure

localstaticpressure ., ,,.

angleof attackof fuselege.centerlin6,degrees

horizontal-wing-flapdeflection,positivewhen trailing
edge is deflecteddownward,degrees

vertical-wing-flapdeflection,positivewhen trailing
edge is deflectedto the left,de~ees

elevatordeflection,positivewhen trailingedge is
deflecteddownward,”degrees

,“

APPARATUSAND TESTS’”-.

The airplaneas installedinan invertedpositionfor testing
in the propellex=research~gmelis shownin the photographsof

‘---
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figure1. Figure2 presentsa three--viewdrawinggivingthe principal
dimensionsand characteristicsof the mdei. Althoughthe JATO units
and rocket+oostarassemblywere not testedtoGethernor are they
intended.to be used in conjunctionwith one amothe~they are shown
mounted.simultaneouslyfor illustrativepurposes. The testmodel
was a full-scaleproductionaircraftstrip~edof its operational
and propulsiveequipment.The fuselagewas of flush-rivetedsheet
aluminun+alloyconstructionand the wingswere alumin~l.loy
extrusions.The aircrelthad a productionfinishfor thesetests.

Some detail~of the controle~faces are givenin figures3 and 4,
NO aerodynamic balance is incorporatedin the designof eitherthe
wing flaps“orelevatorsand the gapswereynsealed. The tail control
surfaceswere deflectedofiy as elevatorsduringall the testsreported
herein, The ailerons,consistingto two smallliftingsurfaces
retractableintothe tips of the vertical,.wlng(figs.~(a)and 7(c))3
incorporatedan NACA 16+09 a$rfoilsectionset at an incidenceof !
to the wing chordwith the nose of the aileronto the left. These
aileronsare part of the roll-stabilizingsystemof the aircraftand.
extend.individuallyto counteracte,rxyrollingdisturbance.

The modelwas invefiedd~ing teststo obtainthe rangeof emglo
of attackdesiredand supportedin ball bearingsat fuselagostation78.2
on a singlestrutaffixedto the six-compo”nentbalancesystemof the
propeller-researchtunnel. The motionof ,themodel in pitchwas
restrainedby a “nose”wire (fig.l(a))whichwas attaohedto a sc~e. ‘.
to measurepitchingmoment. A “tail”wire (fig,l(c))was used for
the samepurposeduringtestswith the rocket-boosterasaemblyattached. -
A measureof the rollingmoments during& aileron-effectivenessteds –
was obtainedby the use of wiresfrom the“horizontalwing tips. (See
fig. l(d).) Hori.zontal-wing-flpphingemomentswere measuredwith
e).ectricalstratigagesinstalledon the controllinkages;excessi~e
frictionin the tail-surfacebearings,howsver,prevente&measurement “-
of the elevatorhingemoments.

Removalof ‘theuppervert~ce.1wing duringall testswas necessi-
tated,by mountingexigenciesand the wing attachmentfitti.ngawere
coveredwith suitablefairings.

.—

Pitotand statictubeswere providedwith the model (fig. 5);
the pltot in the’lowerverticalwing and the staticin the upper
verticalwi~. ,Sincethe upperverticalwingwas removedduring –
thesetests,the staticorificewas testedby replacingthe lower
with the upperverticalwing (aileron-effectivemsstestswere also
made with the’mbdelin this condition).The flushstatic-tubeexit,
modifiedto etiend1 inchaft of wing trailingedge (fig.7(c)),was
testedi.nan attemptto reducethe effectsof flap deflectionon the
static-premuremeasurement.‘A surveywas made for the samepurpose

.—
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to locatea suftablefuselagestatic-pressureorificeon a longi-
tudinalline 45? from the,fuselagy+wingintersection.

---- ,.,..........”
To avoidseparationthat“wciildOCCW, .$n.ihe’a%senceof the

rocket.~et,due to the bluntfyselageta$l,.-a “fus”e~gq’tail cone
(fig.l) was installed. . ‘ :; ~, .,,. . .‘.

,’ ~..

The radomeconsistsof’~ourflushstaticorffi~eq,“mounted“on -.
the nose of the fuselage. The distributionof the orifIceb which
are part of ,theangled-attack controlmechanismis indicakd in
figure2’. .,

.. .

A summaryof the tests;E&(-of whichwere made at.& tunnel
airspeedof approximately100 milesper hour, is givenin table1.
The rangeof variablestested 3.sas follows: aqgleof attack,-6°
to 10°;wing-flapangle,-55° to 55°; &, elevatorengle,-20° to 20°.

KESU13SAND D3XKZJSS1ON ,,.
.

The test data,correctedfor jet+oundaryand tare drag effects,
are plotted.as nondimensionalcoefficie~tsbased on a mean aerodynamic
chordof 1.77 feet,a wing area of 10.90 sq~e feet,and a wihg span
of 6.17feet. Sign conventIonsrelativeto forces,moments,“and
surfacedeflectionsused throughoutthis reportare given”infigure6
and applyto the model In the uprightattitude. Throughoutthe following
discussion,the model and its componentsare alwaysreferredto in tine
uprightattitude. ,.

LongitudinalStabilityand”Control

In the follc%ingsections,
,.:

data are presentedfor”tk”e%thnatfon
of the longitudinalstabilityand controlof the airpl~e with and
withoutJATO untts~ Sitilsrdata are presentedfor a rocke&booster
assemblyas em alternateto the JATO units.

Pitching+uomentcoeffi.cien~$.-.are presentedaboutthe pivotpoint
and also aboutthe tisQn cente~.,ofgravityfor each configuration.
(Seefig. 2,.) Fairedvaluesof Cm,. CL, and ~ were used in the

tremsferof”pitchingmomentsto the centerof gravity.

Becauseall testswere made with the upperverticalwing removed,
a wing-taretest was made with the lowerverticalwing in placeemd
removedin orderto evaluatet-heeffectsof oti-hdf or the vertical
wing on the aerodynamiccharacteristics.These data,presentedin
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figure7, indicatethatthe lowerverticalwing
effecton the pitching+nmmxct+oefficient curve

HACA~ HO. tin8a

had practIcallyno
but tncreased.the drag

coefficiently an amountrengingfromO to 0,03. The drag+oefficient
increment resultingfmm the absenceof thq qp.Wrverticalwing during
all test~has not been correctedfor sincetheredoesnot appearto be
a consistentvariationof the incrementwith angleof attackor flap
deflection.

Additionof the lowervertical.wing produceda smallincreaseof
the lift coefficientfor all flap anglesand anglesof attack. (See
fig, 7(a).) It ts uncertain,however,as to whetherthe increasein
Mft wotdd be lost or doubledwith both verticalwings in place,since
the phenomenainducin@the increaseare not understood.For this reason
ma becausethe lift-coefficientincreunts are of the scmemagnitudo
as the test-pointscatter,the lift datapresentedhereinhave not been
co-cteil for the absenceof the upperverticalwing &uringthis inves-
tigation.

ComLete mods1 The aerodynamiccharacteristicsof the airplane
are shownIn figure;-8, 9, 10, and 11 for severalhorizontal.-w!ng-$lap
and elevatordeflections. (Several curves end test pointswere omitted
when theywere consideredto be inconsistentwith otherresults.)
Severalsignificantaerodynamtocharacteristicswere determinedfrom
thesedata at the condition a = 0°, bf = 0°, ~d be = 0° ti

H
are tabulatedbelow:

dSlope of lift curve, dC da, figure8(c) . . . . . . . . .. O.O6O
Drag coefficient(minti ), figureg(e) . . . . .“. . . . . . . 0.030
Slopeof pitching+aomcntcurve, dCW, g. d~L figuren(c) . t -o. %

w

/
Elevatoreffectiveness,d d?ie$fQjure1O(C). . . , . . . ,-fJ.039
Horizontal-wing-flapeffectiveness,

4
ac d~f=, figure8(c). , 0.012

These characteristics,with the exceptionof drag coefficient,are
essentiallyunaffectedby horizontal-wing-flapor elevatordeflection.

The variationof elevatordeflectionrequiredfor trimwith lift
coefficientfor varioushorizontal-win&flapdeflectionsis shownin
figure12. A stablevariationof elevatordeflectionis indicated
throughoutthe speqdrangeexceptfor the highestl~ft coefficient
with ~f= = 55° wherethe slope.iszero, It is alsonotesthat the

higherflap deflections (8fH=~55, 47) tad to decreasethe stable
variation.

W*1 ‘with J!lTOunit& Lift,drag,pitching+nnentjand horizontal-
w@-flap hhge+ommt coe~~icientsobtainedwith the JA~O unitsattached

. .
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are presentedin f Igure 13 as a function of angleof attack”with..
horizontal-wing-flap deflection as a parawter at be = 0°.

Pitchin@oment coefficient~,traneferre~to the designcenter
of gravitywith two loadedJATO units,~re presented,in figure14
plottedagainstlift coefficient. .

A comparisonof thesedatawith thoseof figures8, 9, 10,
and 11 indicatesthat the additionof the JATO unitsto the air~lane
(at a. 0° and, r)f== 00) causesa decreaseof 0.002in the lift-

curve slope,a decreaseof 0.002 in”the hor~zontal-wing-flapeffective-
ness end an increaseof 0.048 in the minimumdrag coefficient.

.-
The

slopeof the pitching-mcment+oefficientcurve dCq,g,f% is

SJ.SOreducedfrom O.36 to 0.14.
,“

/
Thevalue of dC “

%H, ‘~fH
measuredat a = 00 (fig.

-o.~76 with dCh
f~I

da ,at a = 0° varyi~ngfrom 0.006at

13(C))is

8fH = 00

to 4.0025 at, &f= ~ 30° and -0.0020at 5f= = 55°. These v~ues

are in generalagreementwith thoseexpectedfrom”aplainunbalanced
controlsurface.

Modelwith rocket-?)ooster.assembly,.-The resultsfor the model
‘withthe rocket-boosterassemblyattachedme givenin f’i&ure15, .
while datawith the momentcentertransferredto the designcenter
of gravity(251.&percentmean aerodynamicchordaft of wing ~emiing
edge)we presentedin figure16. ,.

A comparisonof the datawith rocket-boosterinstalled,for a = 0°,
ae = ‘OO,and 8fH

= 00, with thosefor the modelwith and without

JATO units is givenin the followingtable:

--

WithoutJATO With JATO With rocket
or rocketbooster unit .“ booster

—...,

dCL/da 0.060 0.058 .. 0.064
CD (minimum) .030 .078 . .234

-.36 -.14 :36dc~mg./&cL., ,..’,
dCm/d8e -.039 .-’----- ‘“0

dcL/deif= :.012 : .010 .002
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In view of the largeloss in longitudinalsta%ilityand control
resultingfromthe additionof the rcjcket-boosterassembly,it is
evidentthat the boosteris aerod-tally unsatisfactoryae M
alternatefor the JATOunits.

The curvesof yitching+nomentcoefficienta%otithe design
centerof gravity(fig.16),ind3catean unstablevuiation is
obtainedfor low and negative“liftcoefficients.This instability
is mainlya resultof the extremerearwardpositionof the center
of gravity.

The horizontal-wing-flapeffectiveness,the effect’offlap
deflectionon trti,and the elevatoreffectivenessfor the model
with bhe rocketboosterare compmd to othermodel.,conf3gurati.oPs
in figures17, 18, and 19, respectively.The decreas~inwing-f’lap
effectivenesscausedby the rocket“coos@r(fig.17) is a resultof
adverseload rjnthe largearea of the rockat+oosterassemblywhich
Is producedby the downwashfrom the wing. Th3s effectnot only

.—

reducesthe flap effectivenesshut also introducedlargetrim changes
-.

when the flapsare deflected. (Sqefig. 18.) The largedecraasein
elevatoreffectiveness.(fig.19) resultsfrom the’sadversepitching
momentsproducedby tb,,downwash aft of the tail. This loss @

—

elevatoreffectivenesscombinedwith the excessivetrim changesmede
it impossibleto trim the aircraftwith boosterattachedexcept

.

possiblyfor s@l horizontal-wing-flapdeflections, .‘ .—

&cause of model ayrmuetry.the -pitching-momentcoefficientwith
P

the boosters.ttachedat u = O, 80 = O, and ~f = O woul~bb
H

expectedto be zero;however,the resultsin figure1.6 showa large
pitching+cmentcoefficientin this contitbn. It is believedthat
the methodof model suppotiand the relatlyelyweak rocket-booster
attachmentfltti.ngresultedin m-try betweenthe modeland ,.
booster. .

Effectsof Components

Modelwith te.ilremove?.-The aerodynamic‘charahtdtiisticsof
the modblwtth the vertical.wing end.tail assemblyremoyedare
givenin figure20 for severalhorizontal+ii.n~flapdef>ectlons.

—

T&se data for 5fH = 0° .- replottedin figure2J.to showthe

contributionof the tail to the aerodynamiccli~acteristics.The
datafor the confi~ation withwings and tail removedare alsp ‘ =
presentetlin”thisfigure for comparison.The tail assemblycon’–
tributes an increase of 0.00’7to the lii?t~umo slops and c.decrease:
of 0,045’tothe pitchin~omel$ curve slope

m. LA?Ew&——

(aqJai). *
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The role of’thetail in reducingthe trim changesresulting
.fromhorizontsl-flapdeflectionis indicatedin figure18. The
downwashchangesat the tail,whichbring aboutthis reductionin
trim changes,alsocausethe over-alleffectivenessof the.wing
flapsto %9 reduced. (Seefi.g.17.)

Effectof tail cone.-Lif’t,drag,and pitching+nomentcoef-
ficientsfor the fuselagealonewith and withoutthe fuselagetail
cone fairing(figs,l(f) and l(g))are givenin figure22 as a
functionof angle of attack. These data indicatechangesin the
aerodynamic“characteristicswhichwould resultwhen the &in rocket
power is expended. The most si~ificant of thesechangesis the
increaseinminimnzndragcoefficientamountingto 0.015. There is
no lift changebut a slightdecreaseininstability.

..
AileronEffectiveness

Roll.ing+nomentcoefficientsfor variouswing-flap-andaileron
deflectioncombinationsare shown in figure23. Aileroneffectiveness,
determinedas”thedifferencein rolling-momentcoefficientwith the
aileronretractedand etiended,is shownin figure24 as a function

. of vertical+wing-flapangle. Since somediffictitywas encountered
inmasuring these smsllvaluesof aileroneffectiveness,care’should
be exercisedin the quantitativeuse of.thesedata. Scatterof the

w test end checkpoints (fig.23) fidicatean accuracyin rolling–
momentcoefficientof approx@ately&O.002. Reversalof aileron
effectiveness,however,is alwaysevidentat positive:deflectionsof
the verticalwing flap. Thig wo@d indicatethat the roll=
sta%ili~ationsystemin”o.tightrightt~n wotidp“rodu~ero~?-i~malmnas ‘
contraryto its desi~ purpose’.A considerationof the flow at the
wing tip as effectedby the verticalwing flap -providesa q,ualita.tive
checkof the data. ,,

,. ,
.“

Pitot-StaticCalibration ‘ , “,,

The designpurposeof the Machmeteris to regulatethe aircraft
speedby controllingthe rocketthrust. It is important,therefore,
that the Machmeterpitot-shatictulesaccuratelymeasurethe free-
streamtotaland staticpres~,~esunderall,conditions.

‘Tota+prqssurecoefficients obtai>ed.,
with the wing pitot.tube&- &h&n in f3g@e ,25and,””theStatib “...
pressurecoefficientsobtai~d,with.thewing st,atic”tube“&reshown
in figure26. The total-heal.cceffictent,.doesnot Rttatithe f~l
v4ue of q. due to’theslight.~.aria,tionoftotal.he,~d’acroksthe.. .

. . “ :.,
. . . .. .

:,. .+,.+



tunnel air stream. The variationpf total
however,is lessthan 0.01 ~.
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headwith angleof attack,

.

.

It cm be noted In figurq26 that t,he vertical-wing-flap
deflectionscausedlargeundesirablechengesin the static.-pressure
readings:f’rom.40515 ~o to .0.175q. at, cc= 0°. Measurements
made with the modifiedwing-statiic-tube‘exit(includedin fig. 26)
showthat the modificationdid not sufficientlyremovethe exit
from the influenceof the vertical.wing flap.

Fuselagestatic-pressuresury~.- Beccqzsethe”originalstatic-
pressureorificeinstallationwas shownto be unsuitablefor its
designpurpose,a surveywas made to locatea positionon the fuselage
whichwouldyielda more reliablemeasureof the free-streamstatic
pressure. The variationof static-pressurecoefficient,measuredat
severalfuselagestations,with angleof attackare shownin figure27
for variow canbinationsof vertical-@ horizontal-flapdeflections.
The maxtmumvariationof thesepr@ssurecoefficients:f,orthe rangeof
variablestestedis givenin figure28 p30ttedg~ins.tfusela~
station. It is notedthat the variat+ondecre&&esas the.distance
forwardof the wing increases,that is, as the influenceof the wing
and wing flapsdecreases.The smallestmaximumvaris,ti.onwas observed
at station54,82tithesfrom the fuselagenose and is only 0.05 ~, ● “

Indicatingthat sucha static-tubelocationwouldyielda fairly
—

reliablemeasureof the free-streamstaticpreBsureunderall condi-
tionstested. With a view towardprovidinga practicalinstallation P

pointon the serviceaircr@, measurementswere obtained.at-fusela~
station52,91and a,~ shownin figure29: The maxinnmvariationof
static-pressurecoefficientat this point,a~o@ 6.035qo, is in

ac’coydwith the aboveand thereforeshouldelsd”yieldreliablemeasure-
—

ment of the free-stre,smstaticpressure.

Fuselagestationsfartherforwardmay providestillsmallermaxi-
mum variationsin staticpressureroedings, It appears,however,
that the permissibledistanceis very limitedbecausethe radiusof
curva~ureof the fuselagqis decreastn~~owe,rdthe nose. .— —,. —

RadomeCalibration

The calibrationof the radomepreseureorifices is gitven’.in
figure30(a)plottedagainstangleofjattackemd the pre&.rrb
differentialavailablefor the angle-of+ttackcontrol”iuechanisrn
is @eserited”infigurq30(b),.The curves,arefairlylinear. There

.

is no apparentreasonfor the difference”betweenthe two’curvea”ok
pressure“differential;it is believed,however,that smallmanu-
facturingirregularitieson the surfacein the re~ionof the orifices

.

may be responsible..
●

~l%%b
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CONCLUSIONS

1. The airplane possesses a stablevariationof elevatorangle
requiredfor trim throughoutthe speedrangeat the designangleof
attaok.

2. The comparisonof the modelwith.sndwithoutJATO unitsand
with the alternaterocket+oosterassemblyshowedthat the loss in
longitudinalstabili.ty and contrclresultingfrom the additionof
the boosterto the aircraftis sui?-ficientto make the rocket~ooster
assemblyaerodynamicallyunsatisfactoryas an alternatefor the
JATO unitS .

3. Reversalof the aileroneffectivenesswas evidentat positive
deflectionsof the verticalwing flap indicatingthatrG1l-stfihilizntLm
eystem in a ti@.tright”turn wouldproducerolli~ monentscontrary
to its designpurpose.

4. Vertical-wing-flapdeflectionscased largechangesin the
static-pressurereadingobtainedby the ori@nal static-tubehstslla-
tion.

v

5. A practicalinstallationpoint on the fusekge at station52.91
was locatedwhich shouldyieldreliablemeasurementof the free-stream
staticpressure.

LangleyMemorialAeronatitcalLaboratory
NationalAdvisoryCommitteeFor Aeron~utics

LangleyField,Va.
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(a) Complete mcdel.

Figure 1.- The airplanemounted intheLangleypropeller-researchhnel, tiverted
and withtheupperverticalwing removed,
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(b) JATO unitsattached. ~

Figure1.- Continued.
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~ (c) Rocket-boosterassembly attached.

F’igwxe1.- Continued.
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@we 1.- Cont&ued.
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(g) ~wer verticalwing,horizontalwing,tailassembly,and ~
fuselagetailcone removed (fuselagealone). .

Figure1.- Concluded.
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Figure 9.- Variationofdrag coefficientwithangleof attackforvarious
horizontalflapand elevatordeflections.
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Figure 10. - Variationofpitching-moment coefficientwithangleof
attackfor varioushorizontalflapand elevator deflections.
Moment center at pivotpoint.
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NACA RM No. L6J18a Fig.lla

(a) ~fH = -55°.

. .

Figure 11.- Variation of pitching-moment coefficient with lift
coefficient for various horizontal-wing flap and elevator
deflections. Moment center at 19.8 percent M.A.C. aft of
wing leading edge.
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Fig. 12 NACA RM No. L6J18a
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Figure 12. - Variation of elevator trim setting with lift coefficient
forseveral horizont.al-wing-flap deflections. Moment center
at 19.8 percent M.A.C. aft of wing leading edge. —
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(a) Liftand pitching-moment coefficients.

Figure 13.- Aerodynamic characteristics of the airplane with
JATO units attached. de = OO. Moment center at pivot point.
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Figure 14. - Variation of pitching-moment coefficient with lift coefficient for the airplane with
JATO unite attached. Moment center at 19.8 percent MJLC. aft of wing leading edge,
16.7 percent below fuselage center line. Ge = OO.
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NACA RM No. L6J18a Fig. 15a

(a) ~e= -20°.

Figure 15. - Aerodynamic cha~acteristics of the airplane with
rocket -booster assembly atti~oment center at pivot point.
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Figure 16. - Variation of pitching-moment coefficient with lift
coefficient for the airplane with rocket -booster assembly
attached. Moment center at 251.4 percent M.A, C. aft of wing
leading edge.
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Fig. 20a NACA RM No. L6J18a
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(a) Lift coefficients.

Figure 20. - Aerodynamic characteristics of
ver~ical wing and tail assembly removed.

the airplane with
Moment center at

—

pivot point, —
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NACA RM No. L6J18a Fig. 21a

(a) Lift coefficients.

Figure 21. - Contrib.utimi of co~onents of the airplane to the
aerodynamic characteristics; all control surfaces neutral;
upper vertical wing removed. Moment center at 19.8 percent
M.A.C. aft of wing leading edge.
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