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MWIOHAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

LOW-SPEED WimVTUNNEL TESTS OF A PILOTLESS AIRCRAF1' HAVING 

HORITONTAL AND VERTICAL WITCG" AHD CRUCIFORM TAIL 

By N. Maetrocola rnd A. Assadourlan 

SUMMARY 

Low—apeod toste of n pllotless aircraft wore conductor in the 
Langley propeller—reao'rch tunnoi  to provide  frii'crmntion for the 
estimation of tho lonflitudira.l otability and •••"nt.i'ol, to raonsure 
the oiloron effoctivenoaa, and to erllbrute tho r;.domo and tho 
Machmeter pitot-etr>tic orifices. 

It wus found that the model possessed a at'.ble variation of 
elevator angle required for trim throughout tlio a-oed nnfe pt the 
design angle of attack.   A conw riaon of tho simians with and without 
JATO units and with an alternate rocket booster siiowe*  c.h-';fc '-. large 
loss in longitudinal stability und control ivsu.ltlng fror th9 •dditicn 
of the rocket booster to tho aircraft was sufficient to mako the 
rocket-booster upsombly unautlafactor/.' r;s .in alternate fur the JATO units. 

Reversal of the aileron cVfoctironese was evident at positive 
deflections of the vertical wing flip indicating that the roll- 
stablllzatlon system would produce ro.üinp momonta in a tight right 
turn contrary to its de3lgn purpose. 

Vert leal-wing-flap deflectlonc cnuo'jn largo errors in the static- 
pressure reading obtained by thn orlginr.?  ol-.atio-tubo install:'.tion. 
A practical installation point on the f'iselago w>e located which should 
yield reliable -•aoesurcment of the free—stream static precsure. 

I 

INTRODUCTION 

Low—apeod wind—tunnel tests of a nilotlosc aircraft hnvinf hori- 
zontal and vortical wings and ;-. cruciform tall wore mado at tho 
Lnngloy propoJlor—research tunnel.    These tests wore m-de to provide 
information for the ostinu.tion of the longitudinal stability -md 
control, to measure the aileron effectiveness, end to c-slibrate the 
radome and the Machmeter pltot-stp.ti? orifices. 

CCNFID3NTTAL 
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The aircraft, powered fcjf rockets located In the tall,  le 
designed so th?.t a Mnchraeter regulates tho rocket thrust to mr.ln— 
tain the flight speed at a Mach number of approximately 0.8?.    The 
airplane la Intended to fly at zero rngle of cttp.ck ro.1yin# on 
pressure differentials set up at the radon» orifices to effect 
proper changes In tho control eurfacoe.    The cruci?orra-tal]  control 
surfaces fulfill the function of both rudder and elevator.    The 
horizontal wing flaps are used to provide lift control, whereas 
the vertical, wing fliips rre utilized for turns.    AiJorons «re also 
provided for roll stabilization. 

The tests reported herein provide Information for the estimation 
of the longltudlnr.1 stability and control of the model with and with- 
out JATO units.    Similar testa wore performed with a rocket-booetor 
assembly as an alternpto for the JATO units.    Data are presented for 
tests made to evaluate ehe effeefcp of components of the aircrcft. 
Data relative to the cilcron effectiveness, redone nressure-orificce 
calibration, and Machrceter pitot—ctatlc orifices c.-libration ere also 
presented. 

SYMBOLS 

C«C.R. 

P ~Pn 

H-P„ 

lift coefficient 

drag coo ."fie lent 

pitchlng-monent coefficient with moment conter at pivot 

point 

pltchlno-moment coefficient with moment center at dosign e.g. 
/Mc  \ 

of configuration I .  • 1 

rolling-moment coefficient [ - 
Sb/ o "/ \9rsi 

horizontal-wlnß-flf;p hlnge-momont coefficient 

static—pressure coefficient 

total-*prossure coefficient 

COHFIIKJMTIAL 
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L lift 

D drag 

M       pitching moment about pivot point 

Mc»    pitching nomont about design center of gravity of configura- 
tion (See table I.) 

!•'      rolling aio:.:ent 

H hinge moment 

S horizontal-wing rrcn (10.0 eq ft) 

o hcrizontal-wii:g cho-d  (J.77 ft); also me.-Ji aerodyn«jnlc chord, 
M.A.C. 

b horlzont-.l-wing np:>n (6.17 ft) 

b*. horlzontal-wlng—flan span, total  for two,  (5k.8j in.) 

c. horizontfll-wiuf-flap chord (k.Hk  in.) 

q free—etre-jii d;ynamic pressure 

p0 free—stream static pronsmx? 

H local tot->l pressure 

p local static pressure 

a angle of attack of fuselage center lino, defreea 

3/. horizontal-wing—fl"-v dofleetlon,  Tiaitlvo when trilling 
edge 13 deflected downward, decrees 

6fv vertical-ving-flap deflection, nositive when trailing 
T edgo Is deflected to the left, decrees 

80 elevator deflection, positive when trilling edgo is 
deflected downward, derroeo 

APPARATUS ANT) T''.&F3 

The airplano as installed in :;n invortod position for testing 
in the propeller-research tunno! is shown in the photographs of 

c:OffiiTDJ0riT.t1L 
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figure 1,    Figure 2 presents a three-view drawing giving the principal 
dimensions end chrractoristics of the model.    Although the JATO units 
and rocket—booster assembly were not tostod together nor are they 
Intended to be used In conjunction with one anothor, they are shown 
mounted simultaneously for Illustrative purposes.   The teat model 
was a full-scale production aircraft stripped of it3 operational 
and propulsive equipment.    The fuselage was of flush-riveted shoot 
aluminum-alloy construction end the wings wore aluainum-alloy 
extrusions.   The aircraft had a production finleh for those tests. 

Some details of the control surfaces ere given In figures 3 and h. 
Wo aerodynamic balance is Incorporated In the design of either the 
wing flaps or elevators and the gaps wero unsealed.    Tlio tall control 
surfaces wore deflected only as elevators during all the tests reported 
heroin.    The aileronc, consisting to two snail lifting surf-ires 
retractable into the tips of the vertical wine (flgr. ^(a) :.nd 5(c)), 
incorporated an HACA 16-20^ airfoil section set at    n Incidence of 4° 
to the wing chord with tho none of the aileron to the }01"t.    Those 
ailerons are part of the roll-stabilizing system of tho aircraft and 
extend individually to counteract any rolling disturbance. 

The modol was inverted during tepJ-p >.o obtain the range of angle 
of attack desired ?nd supportod In ball bo- rings at fuselage station 78.?. 
on a single strut affixed to the six-coi-.por.ent balance system of the 
propeller—research tunnel.    The moti^ti of the model in pitch was 
restrained by a "nose" wire (fig. 1(a)) which was attached to a scale 
to measure pitching moment.    A "tall" wire (fig. 1(c)) was used for 
the some purpose during tosts with the rocket-booster assembly attached. 
A measure of the rolling momonts    during the alloron-offectivenees tests 
was obtained by the use of wires from the horizontal wing tips.    (See 
fig. 1(d).)    Horizontal-wing—flap hinge moments wero metinured with 
electrical etrnin gageu Installed on the control linkages; excessive 
friction in tho t- 11-surface bearings, however, prevented measurement 
of the elevator hinge moments. 

Removal of the upper vortical wing during all tests was necessi- 
tated by mounting exigencies and the wing attachment fittings were 
covered with suitable fairings. 

Pitot and static tubes wore provided with the model (fig.  •%); 
the pltot in tho lower vortical wing and the static in tho upper 
vertical wing.    Since tho upper vertical wing wac removod during 
these tosts, the static orifice was testod by replacing the lowor 
with the upper vertical wing (aileron-effectiveness tests wero also 
made with the model in this condition).    The flush static-tube exit, 
modified to extend 1 Inch aft of wing trailing edge (fig.  5(c))., was 
tested In an attempt to roduco tho effects of flap deflection on the 
static-pressure measurement.    A survey was made for the some purpose 

COHrauuMl'TAI, 
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to locate a suitable fuselnge static—pressure orifice on a .longi- 
tudinal line 1*5° from the fuselage-wing intersection. 

To avoid separation that would occur in the absence of tlio 
rocket Jet, due to the blunt fuselage tail, a fuselage tail cone 
(fig. 1) was installed. 

The radon» consists of fourflush ct?tic orifi^o.-;   mounted on 
the nose of the fuselage.    Tho distribution of the orifices   which 
are part of the nngle-of-attack control raechcjiism is indicated In 
figure 2. 

A summery of the tests, oil ot* which were rif.de at a tumo! 
airspeed of approximately 100 miles per hour,  is given in tcblo I. 
The range of variables tested   is  as follows!    -rig.1© of attack, -6° 
to 10°; winw-flap angle, -55° to *>*>"; •; i elevator rngle, -::0° to 20°. 

RESULTS AND DISCTJ.^TON 

The test data, coTefted for Jet-boundar;" -..nd t-i-nt dri,'. effects, 
are plotted as nondiraenslonal coefficients basod on •• ne-ir. uerodynanlc 
chord of 1.77 feet    a '.ring area of 10.90 square feet,  -'nd a wing enan 
of 6.17 feet.    Sign conventions rolrtive to forces. ..-loments,  .^nd 
surface deflections u3od throughout this report iro given in figure 6 
and apply tc the model in tho upright attitude.    Throughout the following 
discussion,  the model "nd its components are a ivys referred to in the 
upright attitude. 

Longitudinal Stabillt.r t nd Control 

In the following sections, data are presented for the estimation 
of the longitudinal stability and control of the airpjpne with rnd 
without JATO units.    Similar data are orosented for a rocket—booster 
assembly as an alternate to tho JATO units. 

Pitching-moment coefficients are presented about the pivot point 
and also about the design center of gravity fcr each configuration. 

%> and (See fig. ?.) Faired values of C„ 

transfer of pitching moments to the center of gr^vit.- 
":> woro ueod In tho 

Because all tests were made with <-.he upner vertical wing removed, 
a wing—tare te3t was made with the iovar vertical wing in place end 
removed in order to evaluate tho effects of one—half of the vortical 
wing on the aerodynamic characteristics.    Those data, -presented in 
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figuro 7, indicate that the lower vortical vinn had practically no 
effect on the pitching-moment-coefflclent curvo but lncreaood the drag 
coefficient by an amount ranging from 0 to 0,03. Tho drag-coefficient 
lncromont resulting from the aboonco of the upper vertical wing during 
all teats hna not been corrected for since thoro does not appear to be 
a consistent variation of the increment with angle of attack or flap 
deflection. 

Addition of the lower vortical wing produced a email increase of 
the lift coefficient for all flap angles and angles of attack.    (Gee 
fig. 7(a).)    It la uncertain, however, as to whether the Increase in 
lift would bo lost or doubled with both vortic.".! wings In place,  since 
the phenomena Inducing the increase aiw not understood.    For this reason 
and bocauno the llft-coo^ficient increments are of tho name magnitude 
as the teat-point scatter, the lift data prooonted herein have not boon 
corrected for tlie absence of the upper vortical wing during this inves- 
tigation, 

Ccflpje+.r» model.— The aerodynamic characteristics of the airplane 
are shown in figures 8, 9, 10, and 11 for oovorrl horizontal-wing^flap 
and elevator deflections.    (Several curves and test points were omitted 
when they were considered to bo inconsistent with other results.) 
Several significant aerodynamic characteristics wore determined from 
those data at the condition   a • 0°,    5f    « 0°,    and.   ft„ « 0°    and 

•H 

are tabulated below: 

Slope of lift curvo,    dCr/da,    figuro 8(c) O.060 
Drag coefficient (minimum), figure9(e) O.03O 
Slope of pltchlng-momont curvo,    dCmc.g,/dCr    figuro 11(c)  .  . -O.36 
Elevator effectiveness, dC„/do9, figuro 10(c) -0.039 

Horizontal-wlng-flap effectiveness,    dCj/d6~  ,    figuro 8(c).   . 0.01S 

These characteristics, with the exception of drag coefficient, are 
essentially unaffected by horizontal-wlmj-i'lap or elevator deflection. 

Tho variation of elevator deflect! :m required for trim with lift 
coefficient for various horizontal-wing—"lap doflections la shown In 
figure 12.    A stable variation of elevator deflection is indicated 
throughout tho speed range except for tho highest lift coefficient 
with   Sfg = 550   whore the slope Is zero.    It Is also notod that the 

higher flap deflections    (8fH •= ±55, U5) tond to decrease the stable 
variation. 

Model with JATO units.- Lift, drag, pitching-moment, end horizontal- 
wlng-flap hinge-moment coefficients obtained with tJio JATO units attached 

CONFIDENTIAL 



1CACA RM No. L&U81 CONFIPENTIIL 

are presented In figure 13 aa a function of angle of attack with 
horizontal-wing-flap deflection as a pai-araeter it    *e = 0°. 
Pitching-momont coefficients, transferred to •he deeim center 
of gravity with two loaded JATO unito, are prosentod in rigüre Xk 
plotted against lift coefficient. 

A comparison of those data with thoeo of fibres 3, 9, 10, 
and 11 indicates that the addition of the JATO unito to the alml-;ne 
(at    a = 0°   and    Bf_ = 0°) causes a decrease of 0.002 in the lift— 
curve slope, a decrease of 0.C02 in the horizontal-win/j-fJat) effective- 
ness and an increase of 0.048 in tho minimum dr.ig coo.Vicient.    The 
slope of the pitching-momei.t-coeffioient curve     dC_     ( /dCL     is 

also reduced from O.36 to O.lfc. 

Tho value of   dC h.. *h \*r measured at    o (fig. J3(c)) io 

. 0° -O.OO76 with   "dCjj     /do   at    o=0      varying from 0.005 at    8f 

to -O.OO25 at    8f   • 30°   and -0.0020 at    8-    = ^°.   These values rH B 
are in general eßreement with those expected from r. plr>in unbalanced 
control surface. 

Model with rocket-boootor assembly.- The rosults for the model 
with the rocket-tooster assembly attached nro given in figure 15, 
while data with the moment center tranaferred to the ilooi<>n center 
of gravity (2."51.H-porcent mean aorodyncmic chord ?.ft of wing le-dlng 
edge) are presented in figure 16". 

A comparison of the data with rccket-boostor installed, for   a • 
8e « 0°,  and    flf    =» 0°,    with tlK'se for tho model with and without 

JATO units is given in the following table: 

• 

0°, 

Without JATO 
or rocket booster 

With JATO 
unit 

• . With rocket 
boostor 

dCW do 
Cp (minimum) 

dC»c.g./dCI< 
dCB/d6e 

dCL/dPfH 

0.060 
,030 

-.36 

-.039 
.012 

O.CJS 
.078 

.010 

0.051, 

.36 

0 
,002 

... - ,    .      .   , ,    1 
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In view of the large loss in longitudinal stability and control 
restating from the addition of the rocket-booster rsserably, It is 
ovident that the booster is aerodynamically unsatisfactory as an 
alternate for the JATO units. 

The curves of pitehing-noment coefficient about the deolßn 
center of gravity (fig. 16) indicate an unstable variation io 
obtained for low and negative lift coefficients.    This instability 
is mainly a result of tho extreme reaiv.rd position of the center 
of gravity. 

Tho horlzontol-vlng-flap effectiveness, the effect of flan 
deflection on trim, and the elevator effectiveness for the model 
with the rocket booster are pompared to other model configurations 
in figures 17, 18, and 19, respectively.   The decreaso in win#~flap 
effectiveness caused by the rocket booster (fig. 17) is i  result of 
adverse load on the large area of the rocko*-booster assembly which 
Is produced by the downwaoh from the wing.    This effect not only 
reduces tho flap effectiveness but also Introduces larre trim changes 
when tho flaps are deflected.    (See fig. 18.)   The Uirge decrease in 
elevator effectiveness (fig. 19) results from the adverso pitching 
moments produced by the downwash oft of the tall.    This Ions in 
olevator effectiveness combined with the excessive trim chances m-'.de 
It impossible to trim the aircr-ft with booster attached except 
possibly for small horizontal-wing-flap deflections. 

Because of model symmetry the pltchlnl-'-moment coefficient with 
the booster attached at    a = 0,    5    » 0,    and    fV 'u 0   would be 

expected to bo zero; however, the results In figure 16 show a lsrj» 
pltching-mcment coefficient in this condition.    It io believed that 
the method of model support and the relatively weak rocket-booster 
attachment fitting resulted in osyfflnetry   between the model snd 
booster. 

Effects of Components 

Model with tall removed.- Tho aerodynamic characteristics of 
the model with the vertical wing and tail assembly removed ere 
given In figure 20 for several horlzontal-wine-flap deflections. 
These data for 6f. a .ire replotted in figure 21 to show the 

contribution of the tail to the aerodynamic characteristics.    Tho 
data for tho configuration with wings and tall reaoved are also 
presented In this figure for comparison.   The tail assembly con- 
tributes «r. incronse o<  0.007 to tho li^t-curvo slope and a docroaso 
of 0.0U5 to the pitching--momeHt curve slope    (dCM/da). 

C0HFIPENTIAI. 
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The role of the tall in roducin/» the trim changes resulting 
from horizontal-flop deflection la lnr'iopted In figure 18.    The 
downwash changes nt the tail, which brinfl about thl.8 reduction In 
trim changes, also cause the ovev-nJ.1 effectiveness of the win;.; 
flaps to be reduced.    (See fig. 17.) 

Effect of tall cone.- Lift, drag, and pltching-moment coef- 
ficients for tho fuselage alone with and without the fuselage tail 
cone fairing (flps. 1(f) and 1(e)) are giver. In flcure ?2 aa a 
function of angle of attack.    These data Indicate ch'nfoe in the 
aerodynamic characteristics which would result w'ien tho my in rocket 
power la expended.   The most aifnifleant of those chunks ic the 
increase In minimum drag coefficient amounting to 0.015.    There is 
no lift change but a slight decrease In Instability. 

Aileron Effectiveness 

Rolling-moment coefficients for various wln,7-flap and alleren 
deflection combinations are shown in figure 23.    Aileron effectiveness, 
determined as tho difference In rolling-moment coefficient with the 
aileron retracted and extended. In shown in f1.j;ure 3k as a function 
of vertical-vinp-flap angle.    Since some difficulty was encountered 
in measuring these email values of aileron effectiveness, c.rre should 
be exercised In tho quantitative use of those data.    Scatter of the 
tent nnd check points (fig. r?3) Indicate tux accuracy in roJ ling- 
moment coefficient of approximately +0.0OP.   Reversal of aileron 
effectiveness, however, lo always evidont at positive deflections of 
tho vortical wing flap.   This would lndloate that the roll- 
stabilization oyntom in n tight fight tura    wouJ.d jvroduco rollln.r acmonts 
contrary to Its dosign ourposo.   A consideration of the flow at the 
wint tip us effected by tho vertical win," flap provides a qualitative 
check of tho data. 

Pltot-Gtatie Calibration 

The design purpose of tho Maehmeter lo to ro?ul;!te tho aircr-ift 
speed by controlling tho rocket thrust.    It is Important, therefore, 
that the Maehmeter pltot—static tubes accurately measure the free- 
stream total and static pressures under all conditions. 

Orlginnl  inat.ri li-.t.iim.- Total-pressuro coefficients obtained 
with the wing pltot tube nro shown in figure 2J und tho atrtic- 
pressure coefficients obtained with the wln& static tube are shown 
In figure S6.    The total-head coefficient does not   -ttain the full 
value of   q0   due to the slight variation of total head ecroae the 
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tunnel air stream.   Tho variation of total head with angle of attack, 
however, Is leoo then 0.01 q0. 

It con he noted In figuro &S   that the vertlcal-vine-flap 
deflections caused large undesirable changes In the static-pressure 
readings: from   -0.515 q<j   to   0.173 q^,   at   a = 0°.   Measurements 
made with the modified wlng-static-tube exit (included In flg. 3*i) 
show that the modification did not sufficient!;- remove the exit 
from the Influence of the vertical wing flap. 

Fuselage ntatlc-^pressure survey.— Because the original stctlc- 
pressure orifice Installation was shown to be unsuitable for Its 
design purpose, a survey was made to locate a poslticn on the fiinelnge 
which would yield a more reliable measuro of tho free—stream ct-itic 
prossuro.    The vorlatlon of static—pressure coefficient,  measured ~.t 
several fuselage stations, with angle of attack are shown In figure 27 
for various combinations of verticil— and Iiorlzontr.!—flap deflections. 
The maxlmim variation of these pressure roef.rieionts for the rnnpa of 
variables tostod Is given In figure 20 plotted ar,r.lnnt fuselage 
station.    It is noted that the variation decrease« no the distance 
forward of the wing increases, that <s, no tho Influence of tho wing 
end wing flaps decreases.   The smallest maximum variation was observed 
at station "jk.Qp. inches from tlie fuseJa^je nose and is only 0.0" q0, 
indicating that such a static—tube location would yloid e fairly 
reliable measure of the free-stream static pressure under all condi- 
tions tested.    With a view toward providing a practical installation 
point on the service aircrpft, measurements were obtained at fuoelsipe 
station 52.91 and are shown in figure ?9.    Tho maximum variation of 
static—pressure coefficient at this point, cbout 0.035 q0, is in 
accord with the above and therefore should also yield reliable '/»«sure— 
ment of tho free—stream static pressure. 

Fuselage stations farther forward may provide still smeller maxi- 
mum variations In static pressure readings. It appears, however 
that tho permissible distance is very limited because the radius of 
curvature of the fuselage is decreasing toward the nose. 

fiadome Calibration 

The calibration of the radorae pressure orifices is given in 
figure 30(a) plotted against angle of attack and tho pressure 
differential available for the angle-of-ettoek control mechanism 
is presented in figure 30(b).    The curvos ?:re fairly linear.    Thore 
is no apparent reason for the difference between the two curvos of 
pressure differential; It Is believed, however, that small manu- 
facturing Irregularities on the surface in tho region of the orifices 
may be responsible. 

CONFIDEKTOlI. 
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CONCLUSIONS 

1. The airplane possesses a stable variation of elevator tingle 
required for trim throughout the speed range at the design angle of 
attack. 

P.. The comparison of the model with and without JATO units and 
with the alternate rocket-booster assembly showed that tho Toes In 
longitudinal stability and control resulting from tho addition of 
tho booster to the aircraft is sufficient to maJoe the roc':©t—booster 
assombly aerodynamlcolly unsatisfactory an an alternate for the 
JATO units. 

3. Reversal of the aileron offoctlveneon ws evident at positive 
deflections of tho vortical wine: flap lndicatine that roll-stfibllization 
system   In i. tifht rlpht turn   vmild oroduro rolJ in." momenta contrary 
to its design purpose. 

h. Vertical-vlng-flap defloctJ^ns n meed l".r,^e changes in tho 
static—pressure reading obtained by the original static—tube installa- 
tion. 

5. A practical installation point on the fuselage at station 'J?.01 
was located which should yield reliable mer-euroraont of tho free-stream 
static pressure. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Vv.. 
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Figure 7. - Effect of the lower vertical wing on the aerodynamic 
characteristics of the airplane. Ö = 0°. Moment center at 
the pivot point. 
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Figure !•».-   Variation of drag coefficient with angle of attack for v 
horizontal flap and elevator deflections. 
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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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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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Figure 13.-   Aerodynamic characteristics of the airplane with 
JATO units attached.   6e - 0°.   Moment center at pivot point. 
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Fig. 13b NACA RM No. L6J18a 
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NACA RM No. L6J18a Fig. 13c 
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Figure 15.-   Aerodynamic characteristics of the airplane with 
rocket-booster assembly attached.   Moment center at pivot point. 
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NACA RM No. L6J18a Fig. 15a cone. 
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Fig. 15b cone. NACA RM No. L6J18a 
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Fig. 15b cone. NACA RM No. L6J18a 
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NACA RM No. L6J18a Fig. 15c cone. 
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Fig. 16a NACA RM No. L6J18a 
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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. 16c NACA RM No. L6J18a 

••"• r i   i   i          i          ' J2 I±1    "• t          n ; 
CONFIDENTIAL 

. . 
1           /i       's s^£'"            •*; v 

v l/                                |      >Th         «Ifl ttu" 
1 £i\& i/*" 
1 

•^i*ft/ ^ "*] 

1 t-J — -1        I.       i       .iu"          'T                  | 
1 

^_^_ 

,"? /ö ,( / ,          '   ^>n-         V -tj-Ä ,     ..j.„4     I 
VJ 

> ->^T           4-1 ' 
i^e 5   r . 

-J-iJ- • i                       1 ? 1 1 „._i_           f       .... ,      _    •  , 
' 

Ski II n j   i"          r 
i R , 
. § . 

-if . 1         i                    ,                    ,          ; 
1 ,                ^^„^^-.^^^^                          1 

•f'    ; J_  *—' "l                                            i                     ^T-         /*             i 1 • 1-—1--1 1       1              [         •    p" 7  | 

'    ö III-,    H              I              j                             i                             1                             j 
\u •?                Vä* /?   '         '.-4'-   1  ]   i •£             •/,? ; / jSt rin**/ie. rfr-jL/,, <j    i                    1         , 

1 
. CONFIDENTIAL 

f  T   |   i   i 1                  |                  ( ! ~. X l    ft life *JSQ*                                           '   NATIONAL ÄOVISOPV 

i • fty •-/If    |45i ~ < ^* rr/'/rf&^i                              COMMIT«! FOt AfMMMUTICS 

f 1 1     
j.  

i. 
i__ ' 

•' .71     —..... ,    . 1    i   , i 
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Figure 20.-   Aerodynamic characteristics of the airplane with 
vertical wing and tail assembly removed.   Moment center at 
pivot point. 



NACA RM No. L6J18a Fig. 20b 

——1—• —T  • I 1 ! l 1    L"| , 

?J» CONFIDENTIAL -pH*- 1 • ^T^ 
/     JIT 
* 1 _r 

Jl 1 j    .* r 1        1.«» 
/ / 

1 

*y 

1J^  

T / 
  

./ i 

h* 20 i / 
<* R > - i* y 

[H 1 ! > 
"*• • I > ,. i i > / 

• 5J 1—J^   - -"H i^ '                          fc 

! •« Nc l/T 

,s jS • <- *3 <f, 7 
q     ii LJ 

/ i i . 
*>   -f f i j 

nL . VI i ;  / 
T X 

fc» 
• (    4 ? 

. 
| Q* i L/*1 \f 

. 
q 

^v. j 1 ' /:\ Xl rp 7 
f.. 

, i      i 
tr-i^T 1 n«»P^ 

/ rf « i—| 1 
< !— • •• 

CZ.. 
'      | 

i i 
"4^ r4- 

HUTIONAI   lovivno 1 ! COMMITTEE FM •EMMUTK s 
A 1 !    1 i  i,_, 1 1 

-A 3 i 1 
< 1   t ! / * 

I                              An<?t&   i    hfl if-tticH .i wi> dso. Tfflpi vb . ca ef/ielek+i' 
9 

FJäuleA X/l\-Kak 1 rl&t IJ tt/J 

CONFIDENTIAL 
..., . 

| ••! — 

N 1 i 



NAC* *M NO. L6jl8a 



NACA RM No. L6J18a Fig. 21a 

1 •••'• 
— -._, — a~p- •—|——«-.-.- »_. .~T - ...  ... ...-.j. r...p-.7...... 

--cöNhiENTiAi,  "üfr^Z m&y   w/*r<} 
• •).!•• _ — — £k/  |             ^yj              1 xil* 

           -Jl_ "             I**? 
-^•r- ' .. aC1"     _-.« XL         d^i 

,.,..,.,,      ,»jr         <» f           off 

J_     ~ -                      Z' 
U    LU 

 *;    ...,.  .. 
__._ u. »•: _ T ^£? • 

i •   y2z_ j  

_H   .sT'I^II" 
•       -     -,£•- lt-,25 - -\ /,' > 

-t-j >s 
J  ^^ •'•• 

,    , ,                           V• ,                
//y 

% 
/ 's 

L   ~~   Jit   -Si ~~~_ " 
«1 2£   ^         LE^2- 

A>     ,  .2d         *«>£ 
•».        «K             " . rrrftz^... _r""_        If • i   

--* ^> 

-J? ]7-<' , 

V 
r 

NATIONAL ADVISORY f 

..,, *^r.  COMMITTEE FW «MMMU7 KS 

^r    ^ "1 '         ..,.<'                       •                     ^ ' A* 
I     I             , 

Annff      7^    if,fach'   oc    ifev? i .. '   ,         i ! 
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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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Figure 22.-   Aerodynamic characteristics of the airplane, fuselage 
alone.   Moment center at pivot point. 
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