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NACA RM No, L6J18a CONFIDENTIAL
MATIONAL ADVISORY COMMITTEE FOR AERONAULIC

RESEARCH MEMORANDUM

LOW-SPEFD WIND-TUNINEL TESTS OF A PILOTLESS AIRCRAFI HAVING
HORIZONTAL AND VERTICAL WING3 AND CRUCIFORM TAIL

By N, Mastrocola end A. Agsadourian
SUMMARY

Low—apeod toets of n pllotlesn sircraft were conducted in the
Lengley propeller—resorrch tumel to provrids Jmi'crmntion for the
eetimation of tho longitudin:l ast~bility rnld ~ontrol, to agure
the alloron effoctivences, and te cnlibrute the ridome nnd tho
Machmeter pitot—gtnotic ovifices.

It wan feund that tho modol pogscssed 2 strble varintion of
elevator angie required ror trim threugn~ut the s-eel rouge ot the
dosign angle of ctteck., A ccmparison of tho airnirne with anil without
JATO units end with on nlterncto reocket booster siiowe? that s 0
losaz in longitudinal stabllity and control rosulting from the -dditlien
of the rocket boostor te tho circraft was sufflciont to unmko the
rocket-hoogter asgombly ungatisfacstory s an nltorant r tho JATO wnita.

Rovarsal or the aileron cifectivonoss was ovidont ot neositive
deflectione of the vortlcal wing fian indic:utling that tho rell-
stabllization s;stom would mioduce rorling momonts in a tight right
turn contrary to its design pwrposo.

Vertical-wirg~"lap deflections cavasd Iarge errors in tho ctatic—
pressure rcading obteined by the oI in? ghatic-tube install:tion.
A practicel installetion point on the faelagy wes located wihlch should
Yield reliable moesurcment of the f'ros-stream static precsure.

INTRODUCTION

Low—speod wind—tunnal tests of n niletleasc aircraft having hori-
zontal and vortical wings and o crucifeorm t211 vore mado =t tho
Langloy propollor-rosonrch tunnel., Theae tests were m:de to provide
Information for tho ostimstion eff the lengitudinel stebility <nd
control, to moasure tho alleion effectivenosa, end to ¢alibrate tho
radome and the Machmeter nitot—statis~ corifices.
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The aircraft, powered by rockets located in tho tall, 1is
designed oo that o Machmetor regulates the rockel thrust to moin—
tain tho flight speed at a Mach numbor of epproximotely 0.85. Tho
airplene is intonded to fly at zero rngle af ctirck r0lying on
proesuro differentisle cet up et the radome orlficos to effect
proper changee in tho control surfacea. The crucliorm—tnil ntro
surfucee fulfill the function of both rudder end olevator. Tl
horizontal wing flapo are used to provide 1ift contrel, vherens
the vortical wing fleups rre utilizod for twrns. Allorons are ale
provided for roll stubilization.

The toots reported horein provide information Tor tho estimntion
of the longitudinsl stebility and control of iho mndel with and withe

4

out JATO units. Similer tests were performed with a rockot=bc or
| agoombly as an alterncto for tho JATO units. Date nro prosentod for
" tosts made to ovaluate tho efiectr of compenents of the airerrlt,
Date relative to the clleron effoctivoness, rndore seuro~orificce ’
calibration, and Mochmeter pitot-ctatic orifices c2iidbration ere also
‘ precented.
{
SYMBOLS
Cy, 1ift ~oefficient -—‘-—\ )
907/
c ar £ D
D ag cooalficlent -;l-:;:
Cn piltching-moment ccof'ficient with moment conter at pivot
point (r-.__l.S-)
cmc.g. pitching~moment t-neft‘il\;"on‘ with moment contor at dosign c.g.
of configurrtion | —=tt
9,5¢c .
Cl rolling-noment coefficient
9,°
Cp horizontal—wing-flcp hinge-—mamont/ ccofficient H
Ty g bree?
P =P,
etotic—precoure coofficiont
90
Hep ]
total-pressure coofficiont
%
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L 11t
D drag

M pltching momont sbout pivot point

M .e. pitching rmement about design cent 1 t 3

tioa (Sce table I.)

LY rel

0 ¢! or:ent

H

hinge moment

horizont _,l.<r.( 17 i+

herizontal-wine—"lnn gpnn, tot Fy tw ( . Ly )

cp horizontel-wing—{lnp chord (k.24 in.)

ree~-gtre.m d 1 prescure

froe—at resm gtatic v Th )

H arhfbl*n|-“c--;
2 P locl gtatic proseure
a anglo of attack ef fusoleg enter line, domees
h’f}r horizontal-wing—lan dofloction, ajtive vhen tiriling
edan 13 dofloctod downwnrd, dopre
va vortical—wing—{lap deflection, nositivo when tr:ilin

edre 1s deflectod to tho left, dogreon

8 olevator dofloction, positivo when trailing edwo is
(4]
deflected downward, dercroos

APPARATUS AND 1VSTS

2

Tho airpleno as installed in =n invorted position for tosting

in the propollor-rescarch tunnol is shown in the photogrnphs o
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figure 1. Figure 2 presonts a three—view drawing giving tho principal
dimensions £nd cheractoristica of tho modoel., Although the JATO unite
and rocket-booster assembly were not tested togothor nor aro the
intended to be used in conjunction with one ancthoi, thoy are shown
mounted simultureously for illustrative purposes., Tho tost model

was a full-gcalo production aircroft stripped of its oper=tlon

and propulsive oquipment. Tho fuseluge was of flusk-rivotod choot
aluminum-nlloy congstruction end the wings were nluninum—alloy
oxtrusions. Tho sircrar't hod = production finich for thoso tests.

Somo dotails of the control surfacos are givon 1n figures end I,
No aoredynamic balance 1s incorporated in tho design of oithor the
wing flaps or olevators and the gnpe were unsealed, Tho tail control
surfaces wore deflocted only as elevators during oll the
heroin. Tho nilleronz, consishking to two cmw 1fting surf :]
retractablo into tho tips of the vorticsl wing (f'ig (n) (".".
incorporated an NACA 16-209 airfoil section set nt n !ncldence of
to the wing chord with the nose of the nileron to the lot't. Theso
allerons are port of the roll-stabilizing systom of tho aireraft and
extend individually to countoract any rolling disturbance.

1t reporte

The modol wag inverted during tostro btain the range of anglo

of attack decirod =nd supportod in bnll be:srings at fuselngo stntion 78.7
on o singlo atrut affixod to tho six—omporont balence syetem of the
propoller-resoerch tunnel. Tho motl * tho model in pltch wac
restreinod by 2 "noso" wire (fig. L(~)} which wns nttnched to n acale
to measure pitching moment. A "teil" wiro (fig. 1{(c)) was used for

tho anme purposo during tostas with tho rockot-boocter assomdbly attached.
A moasure of tho rolling momonts during tho niloron~offectiveness tosts
wag obtninod by the use of wires from tho horizontnl wing tips. (Seo
fig. 1(d).) Horizontal-sring-i"lap hinge moments wero momsursd with
electricel struin gages installod on the control linkages; oxcessive
friction in tho tnil—surface benrings, howevar, preventod moacurement

of the elovator hinge moments,

Removal of the upper vortical wing during all tests was necessi~
tated by mounting exiponcios end the wing wttechriont fittings wore
coverod with suitable fairings,

Pitot ond static tubos were provided with the model (flg. —\);
the pitot in tho luwer vortical wing nnd tho static in the upper
vortical wing, Since tho upper vorticel wing wuc removod du»ing
thece tosts, the static orifico wns tostod by replacing the lowor
with the upper vertical wing (aileron-effoctiveness tosts were »lso
made with the model in this condition), Tho fluch strniic—~tube oxit,
modifiod to oxtend 1 inch aft of wing trailing edgo (fig. 5(c)), was
tosted In ~n attempt to roduco the offocts of flz=p deflection on tho
static-pressure measuroment. A swvoy wns made for tho ssme purpose
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to locats a suitoblo fuselsge static—pressure orifice on o longi—
tudinal line 45° from the fuselage-swing intorsection,

To avold soparation that would occur 1n the sbsence of th
rocket Jst, dve to ths blunt fusclage teil, fuseluge tal ne
(fig. 1) wos installed.

The radome consiste of fcurflush ctetic orifis unted
ths nose of the fusslage. The distribution ¢ he orificcs wnicl
are part of the angle—of-—niteck control mechcnism ig irdlicnted in
figue 2.

A summery of the tests, rll of which were mede rnel
airepesd of approximetely 100 miles pa> hour, ziven in toble I,
The range of verirbles teated 1o 732 n f atteck, -
to 10%; wing-flnp angle, —535° t : y Lev ngle, —X

BRESULTS AMD DISCUISION

The test detn, corrected for Jet—boundery und tere dras effaects,

are plotted rs nondimenzione efTiclorta bucod 31 rodynamlc
chord of 1,77 feot. a wing nrez £ 10.90 squeore L d 1 wing epan

of 6.17 foot. Sign conventions rtive to Toreces mente nd

surfnce doflactions used throughout this eport ere given 1in fipguve

and apply tc the madel 1n the upright attitude. Throughout tho fsllowing
discusgsion, tho model ~nd its pononto sre woya roforred to in tas

upright anttitude.

Longitudinal Stebilit nd Control

In the following poctisng, dnta nre prevented for tie ostimation
of the longitudinsl etability and contrel tho airplene with =nd
without JATO units, Similar data are prosoated for = rockot-boogter
agsembly as an aiternnle to the JATO units.

Pitching-momont coefficientc nre pregented cbcut the pivot point
and also about ths degign contor of gravity fcr o-ch coni'iguration,
(Ses fig. 2.) Frired values of Cp, Cp, ond Cp wore used 1in the

transfer of pitching momentc to the center oi" erovit:.

Baczugse all tests wore mado with the upper vertical wing removed,
a wing-tare toest wre mude with ths lowvar verticnl wing in placo snd
removed in crder to ovaluante the eifecta of one-hrlf of the vortical
ving cn tho zerodynemic charncteristics, Theese Aatsn, rresented in

ONFTIDENTIAL
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figure 7, indicate that tho lowor vortical wing had practicsally no
effoct on the pitching-momeni-coefiiciont curve but increasod the drag
coefficient by an amount renging frcm O to 0.03. Tho drsg—coefficiont
incremont resulting from tho ebaonco of the upper vertiecnl wing during
all teuts has not boon correctod for since thore does not rppear to be
a consistont variation of tho increment with englo of atteck or flap
deflection.

Addition of the lower vertical wing produced a small increeso of
tho lift coofficient for all flep englec and nnglos of nttack. (Soe
fig. 7(2).) It 1o uncortain, however, =s to whother tho increasc in
11ft would be logst or doubled with both vertic~l wings in place, saince
the phonomena inducing tho incroase are not understood. For this resson
end bocause the lift—ccofficient incremonta nye of tho same magnitudo
ag the test-point scattor, the 1lift data prosonted horoin heve not bsen
corrected for the abeenco of the upper vortical wing during thie invos—
tigation,

Complote _model.— Tho asrodynamic charactoristicso of tho ailrplane
are shown in figuree 8, 9, 10, und 11 for sovorsl horizontal-wing-flap
and elovator defloctiono. (Soveral curves ond tost points were omittod
when they wore considored to be inconsistent with other rosults.)
Several significent corodynemic characteristics were detormined from
thogo date at tho condition a = 09, gy = 00, ond Bg = 0° and

are tabulated below:

Slope of lift curvo, aCp/da, fimure 8(c) . . .. .. .. . . 0.060
Drag coefficiont (minimu), figaredo) . . . . . . . .. . . . 0.030
Slope of pitching-moment curvo, dCme .. /dCr, figure 11(c) . . -0.36
Elovator effectivoness, dc,,y'dao, figwe 10(c). . . . . . . .~0.039
Horizontal-wing-flap eftoctivennasn, dt‘-l/ds 20 figure 8(c). . 0.012
These charactoristics, with the exception of drag coofficiont, are Y
eosentlally unaffected by horizontal-win:—lap or elovator deflectiion,

Tho variation of elovator doflocti-n required for trim with 1ift
coofficiont for various horizontal-wing-"lep doflections 1s shown in
figure 12. A stoblo veriction of olovator deflection 1s indicatod
throughout tho speod range oxcept for tho hiphesot 11ft coeff'iciont
with afn = 559 whoro tho slope 1s zoro. It 1s nlao notod thet the

highor flnp deflections (Brn = %55, U5) tond to decronso the strblo
variation.

' Model with JATO wnite.- Lift, drag, pitching~moment, end horizontal-
wing-flap hinge-momont coefflcients obtained with tho JATO unite attached

CONFIDENTIAL
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are pregonted in fipure 13 ae 2 function of anglo of attack with
horizontal-wing-flnp dofloction as a prromoter o *.
Pitching-moment coefficients, transferred to the desigm center
of gravity with two londed JATO units, sre prosentod in figure
plotted agninst 1ift coefficient.

1.h

A compnrison of those data with those of figures 8, 9, 10

and 11 indicates that the anddition of the JATO unite to the alr
(et @.=0° and Beg = 0°) cauges 2 decrecso of 0,002 in tho Lift~—

curve slope, a docrease of 0.C02 in the hori:zontrl-wing—flsp ol octive-
ness cnd an increase of 0.048 in tho minimum drog coefiicient. The
slope of the pitching-moment—coefficient curve dJmc /aCy, 1is

of

1

ne

also reduced from 0.36 to 0,1k,

Tho value of dChfu/d'SfH moagured nt a = 0° (fig, 13(c)) 1

v - "

—0.0076 with dCth'/da. at o= 0 varying from O, t By =0
to ~0.0025 at Bp, = 30° and -0.0020 ot 3¢y = 55°. Those valuss

are in general spreoment with those expected from o plain unbalanced
control surface.

Model with rocket—boostor nssembly.— The rosults for the modol
with the rocket-booster rssembly attnched rre givon in igure 15,
while data with the moment center trunzferred to the deeisn center
of gravity (251.h-porcent menn zerodynemic chord ~ft of wing lo~ding
edge) are nresented in iigure 16.

A compericon ol the date with rocket-boostor installed, for a = 0°,
B = 0% nand Rfﬂ = 09, with those for tho model with and without

JATO unite ie given in the followingtnble:

Without JATO With JATO . With rocket
or rocket booeter unit bocater
aCy/da 0.060 0.058 0.054
Cp {minimum) .030 .078 .30
ac ac -.36 ~.1h .35
mc‘.g./ L 3 '
4Cyy fad, -.039 —_——— 0
dcy /a8 .012 .010 .002
ALLE
SNNUR EO—— — - PR S— ]
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In view of the large loss in longitudinal stebility ond control
resulting from the addition of the rockot-booster rasembly,it is
ovident that the boester is aorcdynamically unautlefactory ce rn
elternnte fer the JATO units.

The curves of pitching-moment coefficisnt about the donim
center of gravity (fig. 16) indicate =n unsteble verintlen 1o
obtained for low and negative 1lift coefricionts. Thls Instrblilit
is mainly a result of tho extrome rearw:rd nosition of the contor
of gravity.

The horizental-wing-flap effoctivenese, tho effoct of flap
deflectien en trim, and the olevator offectivenoss for the model
with the rocket boostor are gompared to othor model configurations
in figures 17, 18, e~nd 19, respoctively. Tho docreano in wing"lnp
effectivoness caused by the rockot booster (rig. 17) is ¢ rosult of
adverse load on tho large ares of tho rocke*=booster nssembly which
1s produced by the downwaeh Trom the wing. Th's effoct net only
reduces tho flap efrfoctiveness but nlge Iintroduces luorrse trim chances
when the flaps nre deflected. (See fig. 18.) The lurgo decrecse in
elevetor effoctivenoss (fig. 19) results from tho rdverse pltching
moments produced by the downwash aft of tho tall., Thie lose in
olevater effectivoness combined with the oxcossive trim changes m~do
it impessiblo te trim the aircr-ft with booster nttachod oxcept
pessibly for small herizontel-wing-f'lap deflections.

Because of model symmetry tho pitching-moment coefiiciont with
the boester nttached ot o = O, 8y = 0, nnd th = 0 would bo

expected te bo zero; howevor, the results in figure 16 show a lerge
pitching-mement coefficiont in this condition, It 1g believed thnt
the methed of model support and the relatively weak rocket-boosgter
attechment fitting resulted in -s 1oty botweon the model =nd
boester, :

Effects of Cormonoents

Moda) with tril removed.— Tho aoredynamic characterictics of

the model with the verticzl wing and t=1l assembly removed cre
€iven In figure 20 for seversl herizontal-wing—-fl-op dofloctions.
These data for SfH = 0° are repletted in figure 21 to show the

contribution of the tall to the aerodymemic chor:cteristics. Tho
data for tho configuretion with wings ond tecil reuovod sre nlgo
presented in this figure for comprrison., The tall ascembly cone
tributes n~rn incresso of 0,007 to tho lift-curvo pleve ~nd docranse
ef 0,045 to the pitching roment curve slope (dC;/da).
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The role of the tail in roducinz the trim changee rosulting
from herizoental-flap deflection 1s indicrted in figure 18. The
downwagh changee at the taill,vwhich bring about this reduction in
trim changes,alse cause the over-nll effectivensen of tho win
flaps to be reduced. (See fig. 17.)

Effect of tnil cone.- Lift, drag, ond pitching-mement coef--
ficients for the fuselege aleno with and without the fuselnuo toil
cono fairing (figs. 1(f) and 1(g)) are giver in figure 22 cr
function of angle of attack. These deta indicnte ch:unseco in the
serodynamic charscteristics which wonld result when tho mals cket
power 1s expended. The meet eignificant of these chunges 12 the
increnoce in minimuw drag coefficient amounting te 0.015. There ie
no 1ift change but a elight decrezse in instobility.

Alleren Effectivonesns

Rolling-momont coefficiente fer various winzlrp end aileron
deflection cembinations are ohown in figure 23. Aileron effectivenoss,
determinod as tho difference in rolling-moment coefficient with the
allercn rotrancted ond extended, im shewn in figure 2% ao a function
of verticel-wing-flap engle. Since seme difficulty wes encountored
in measuring these amnll vnluee of ailleron ef'fectivenoszs, cnre should
be exerciced in the quantitative use of thooe datn. Scntter of the
test n~nd check peints (tig. 23) indicnte un aceurscy in rolling—
moment coefficient of epproximately +0.002, Reveroal of ailloren
effectiveness, howaver, 1o alweys evidont at positive desrlections of
the vertical wing flup., This would indicate that tho roll-

atebilization gyatom in . tight right turm  would preoduco rolling momonts

controry te 1ts desisn nurpese. A conaiderntion of the flew at the
wing tip as effected by the vertical wing 'lap provides a quulitative
check of the data,

Pitot-Stetic Calibration

The design purpese of the Machmeter 1m to rerulnte the ailreraft
spoed by controlling the rocket thrust. Tt is important, thorefore,
that the Machmeter pitet—static tubes nccurctely measure the Ireo—
strean total and statlic pressures under 11 ccnditione.

Orieinal dnatnlletion.—- Tetal-pressurs coefficlents obtained

with the wing pitot tube are shown in flgure 25 and the gtntic-

prossure coefficients cbtained with the wing static tube are shown
in figure 26. The total-hoend coefficient dees not ~ttnin the full
value of qp due to the slight variatien ef totanl herd ccrese the
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tunnel nir strecm., The variation of total hezd with angle of sttack,
however, 1a lesa then 0,01 a,-

It cen bo noted in figure 25 thet the vertical-wing-{lap
deflectiona ceused large undesirable changes in the atatic—pressurs
readings: from -0.515q, to 0.175 q, =at @ = 0°. Mecouremonts
made with the medified wing-static—tube exit (included in fig. >6)
show that the modificetion did not sufiiciently remove the oxlt
from the influence of the vertical wing flop.

Fupelpge ntatic—pressure survey.— Bocause the origin:l stctic—
pressure orifice instzllation was shown to be unsuitcble for ita
design purpose, a survey was made to locste o positicn on the Tunclage
which would yield e more relicble moasure of the Iree—stranm static
preasure, The variation of stntic-—prescure ficient, menswwd ot
several fugselage stations, with cngle o” rhtack are shown in figure 27
for various combinations of vorticzl— and hiorizontol—flnp deflections.
The moximun variation of these pressure coeliicionts for the range of
variablea tosted 1s given in figure 28 nlotted aprdnst fuselsge
station. It 18 noted that the varictlon decrezazes ng the distonce
forward of the wing increnses, thot is, ns the influence »f the wing
and wing flepa decreaces. The sm:llest wnximum vericetton was obsorved
et station 54.82 inchos from tho tuselnge nose and is only 0.07 o,
indicating that such o static—tube loc:tlon would yield fairly
relisble moaswre of the free—strecm static prescurc under sll condi-—
tions tostad., With a view towcrd providing n procticel installation
point on the service aircr={t, meusurements were obtnined rt fuselupe
station 52.91 and are shown in figure 29, The meximum variction of
static—presoure ccofficient ot thias point, cbout 0.035 q,. 1ias in

accord with the above und tharefore should nluo yield relindble mensure-—
ment of the froe—stream static pressuro.

Fuselage stations farther forward may provide etill smeller maxi-
mm varistions in static pressure rondings. It sppears, however
that tho pormissible distance i1a very limited becnuse the radius of
curvature of the fuselnpe is decroasins towerd the nose.

Radome Cnlibration

The calibrztion of the radome pressure orifices is glven in
figure 30(2) plotted ngninst nngle of nttsck ond the pressure
difforential available for the angle—ct-nttnck control mechanism
is prosented in figure 30(b). The curves =re foirly linear. There
is no epparent reuson for the differonce betweon the two curvea of
presgure difforenticl; it 1s believed, howovor, that smnll monu-—
facturing irrogularities on the eurface in the regicn of the orifices
may be responaible. '

CONFIDENTIAL
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CONCLUSIONS
1. The airplcne poessessea = gtable variation ovator angl
requirod for trim threugheut the speed ranpge ot the design oned f
attack.

2., The camparicon of the model with and witheut JATO wnits rnd
with the alternate recket-beester assembly showzd thut th e3 in
longitudinal stability end centrol resulting from the ~ddition of
tho booster te the aircraft is sufficient to mnke the rocket—boontor
aggenbly seredynenically uneatisfactory as cn alternate for the
JATO units.

3. Reversol ef the aileron offectivenens wra ovident at positiv ’
doflections of the vertical wing flap indic ns; that —~ctrbilizatlnag
system 1in tight iehit’ turn would ored ilhx to contrer '

to its design purposo.

k, Vertical-wing=ilap deflectlons ined rce changes in the

static—-pressure rezding obtained by th Loy [ ic—tute 1inatalln-
tion.

5. A practical installetien point on the Tue e nt strtion 52,91
weg loczted which should rield rolisble mergu ont of the free—strenn

static pregsure,

Leongley Memorisl Aeronauticnl Laboratery
Natienal Advigery Cormittee fer Aeronsutics
Lengley Field, Vi,
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(a) Lift coefficients,

Figure 7.- Effect of the lower vertical wing on the aerodynamic
characteristics of the airplane. 6, = ), Moment center at
the pivot point.
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Figure 10.- Variation of pitching-moment coefficient with angle of
attack for various horizontal flap and elevator deflections.
Moment center at pivot point.




Fig. 10b

R

P

NACA RM No. Lbjlda

-
i

| CONFID N_T,IA;L
|

A
]
!
N
g

T

4
—I _

F/g

S

E C
;

..’._ &

ﬂg/q . q//ac:(’ Ag,a’eqe
(bl Ay

ure /O Con#mued

; e
]
307,

- 59

-j{._ e r_ ol
T F b ]
ONFIDENTIAL ik "

: .
B

' . 5 : .
“TUNATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA RM No. LG]18a Fig, 10¢

r...._.......i,.._..._i._..,..,_.

T e AL T
e [ T e o : :
AU S — Aﬂyk .?alﬁzgc‘é,.@,dcfg.. i _t- R S,

[ P

] . H
s ) 'NATIONAL ADVISORY . .
: P T i e s OMUITTEE FOR AERONAUTICS —i~-——;
Figure /0 - Continued . . . ' : : Lo

r—.—.—.———.—.—_—..—_,..... {C)_ o




.
\\
%

-}
1

-

CONFIDENT) A f ' ¥ .
T T T ™ 1 v + 3
- | Vo) I & ‘-‘9 | .'?
A’,a?/q' .9/.&/9'9:,{, & g, |

4. 4 -5 '

i ] NATIONAL ADViSony
. | OMMITTEE ¥ ERONAUTICS 1
ure fo'- Continueg ¢ £E FoR Atromautic

:‘z_,;




4
&
: |
>
L
B
L

CONFIDE NTIAL




i.’{.‘(f"/ﬁci “'ﬂ{ (J;

ﬁf'c&}by 4 mama.m!-"

> M
F}'?{A’V{’ /(;,-

CONFIDENTIAL
3 i
4 QP
x,’?»g(ﬁ* . =Y

(f) lL =.70°

Comtin wed

&+

= Hla’ry

Y7
[ . ,
et | §
AN | ]
| \‘ b
NN =7 £
‘\\\‘\"‘v
8 ‘}‘\\\“‘ o) 15
NP
” M WY

NATIONAL ap visony
COMMITTEE Fog

AERONAUT | 577



NACA RM No. L6]18a

|_CONFIDENTIAL

LAY ol R T O R Y R O B
T 1 coNFIDENTIAL
l'"""""*'-'AQ"" S BN S s e e e e e S e e s 20 L1¥
-& -4 a ~<
——tb- —

P _
=t —:--—-‘-—-i—-*—r-—- *-*'45914—014#“%" +—t *

NATIONAL ADVISORY

e =

Frgure O Continued.

+

AEPTE
1 o P "7 COMMITTEE FOR AERONAUTICS

i



CONFIDENT AL

=t~




NACA RM No.,

P

¢ CONFIDENT AL
.‘\‘\
” \\\\
\\\
<] ¢
N e, oo
Z Tl rds
(L] ¥ . |
& |
U N
4 ' |
\
& ( ——— -—---.——-——-—-—-——»--'—n.\—-—-r - ——
“ ~ e
e L S
g d FHN
e
N -p
4
g
9
R
1}
N Y
N
3
- .
N =
[}
P
—.? \_‘_I(LE i
CDNFJB[N"'AL | ﬂl"ﬂ‘.ﬂl ADVISORY
. | | COMAITTEL Fon Atsomaurics
¥ 4 & 3 & 3 4 4

g, | & e :
Ly ¢ eArycl &L, o

(a) & = -550,

H

Figure 11.- Variation of pitching-
coefficient fop various horizont

deflections, M
wing leading ed

oment center at

ge,

moment ¢
al-wing f]
19.8 pere

oefficient with 1ift
ap and elevatop
ent M.A,C. aft of




NACA RM No. L6]18a

Fig. 11b

S
3

] -
)
of

NATIOMAL ADVISORY

COMMITTEL FOR MRORMUTICS

4

b
&

CONFIDENTIAL

S T TR EE IBRE:

Ay ¥ 12

SIOIJIF07 Jusarad - BuTgd]id

e e SEER NSNS T L S o L L.

P

Figure Il .~ Continued




NACA RM No,

L Pilrling-mamenl cocllicieal, Gt
! 5 |

1.8]18a Fig. 11c
| \ CONFIDENTIAL
1] .
i
|
|
i
1
CONFIDENTIAL MATIONAL ADVISORY ™t 4]
COMMITTEL 108 ATRORASTICS =
<6 2 i 4 @ & 4 & - | 0
LR cpeyrycidn/, Cy
Frgure 1l rtirrg




-—

| | | | CONFIDENT 11

A
TR,
.y

S
]
|
+
| §

LTy,

7 mm; R0y
: A 2

-
i
Wy

o)

NATIONAL abvisogy
COmITTEN Fog A RONALT I

CONFIDEN TiAL

&

~4 > i &

} L
Y : i 1
LiTA robsr i oL Ly

) oy, =/5
Frgure If Ontirived.

NACA rRM No.

Lﬁ;lm




NACA RM No. L.6]18a

B

! _'t!iﬁ_'-"*____"'

CONFIDENTIAL |

N

G

Lulrhing - mamenl cocllii ieal, Comprg——t

we 1l

E 4
Lirt co

30

nliniecd

NATIOMAL ADVISORY
COMMITTOE FOR AERONAUTICS

1 4

# 7
ol . 1<

'3

V{*

CONFIDENTIAL

Fig. 1le




.

Fig. 11¢

| i & Y [ 1 1] CONFIDENTIAL | |
0 . | L] |
{ {
=& |

|I . J '

e

ént, ¢,

)

- M | T
) I
LT
;8 | [
;E*-: It
8] |
&
S |

T
-
Ay .

W77y
iy

HHH

t _f I: 1 !

I I!,_.6 ;:' § ‘u
| | { 1

ez, T B
P A H
¥ird caellicient, Gl |

1) 4
Frgure 11, Cerrtineed,

45" CONFIDENTIAL

NACA rRM No. L6

J18a



NATIONAL ADVISORY
COMNITTIL FOR AIRONAUTICS
l{i]’ >y

r—wd
<3
=
. Z 1
w
e
-y |
z
o
o

4 -3
2711 cocllk

CONFIDENTIAL

TEEERAT VESTUNET YEEL VBN Y
. > ,
T M uaryaos fussons-bury ity

- ———— = -

el § D o o

NACA RM No. L6]18a




NACA RM No. L6]18a

Fig. 12
SN ] I (it
FIE b e E R e
e
S o P A A
[ | | L fat tanlie L
s ' i 1 O
| | i B EHIEREM ! ! $ P
' 1R L CONTIDENTIAL 588 S
T
L_u_‘s, | 1 i \} t\ \: N 2SS SN S O S
T EBREERRNEEA N NGHCR”
5 N A NAEP T L 5 S
o . 4599 ||
!%_en,‘ . \l , \0 \7’0\, i\\ i
ENE SR b NN - ——]
EERSSEEESESN MR N IaRsomae
Ny ! + \\\ - N & hir
Fal S | 1 o S e AN
E ] 11 l' " i \\ ! 4
e B e
e s ! gl | e b B3 5 |
L L L L ditt coefticient |c, i A
i ; | { | : Jt i L NATIONAL ADVISORY by
P [z . COMMITTEE FOR AERONAUTICS

Figure 12.-

for several horizontal-wing-flap deflections.

Variation of elevator trim setting with lift coefficient

at 19.8 percent M.A.C, aft of wing leading edge.
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Figure 12.- Variation of elevator trim setting with lift coefficient
for several horizontal-wing-flap deflections. Moment center
at 19.8 percent M,A,C. aft of wing leading edge.
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(a) Lift and pitching-moment coefficients.

Figure 13.- Aerodynamic characteristics of the airplane with
JATO units attached. 6, = 0°. Moment center at pivot point.
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Aerodynamic characteristics of the airplane with
rocket-booster assembly attached. Moment 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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Figure 21.- Contribution of components 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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