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SUMMARY 

An investigation was made at low speed to determine the static aero
dynamic forces and moments on a canard missile model during simulated 
launching from the midsemispan and wing-tip locations of a wing-fuselage 
combination having a 450 sweptback wing. The results indicated that, 
when the missile was mounted under the wing at the midsemispan location, 
changes in chordwise position generally produced large changes in missile 
forces and moments, with these changes becoming larger as the angle of 
attack was increased. Free-air conditions were approached when the mis
sile was moved forward to a location about 1.0 to 1.5 wing-chords dis
tance ahead of the leading edge of the wing-fuselage combination. The 
influence of the wing fuselage was reduced as the missile was moved 
downward, and the degree of reduction depended on the longitudinal loca
tion of the missile. The effects of three degrees of incidence of side
slip on the static aerodynamic forces and moments of the missile relative 
to the wing-fuselage combination generally were small in comparison with 
the effects of either longitudinal displacement of the missile Or angle 
of attack of the wing-fuselage combination. When the missile was mounted 
at the wing tip, the changes in missile forces and moments with changes 
in chordwise position were generally smaller than the changes noted with 
the missile mounted under the wing. However, because of the presence of 
the wing-tip vortex, the missile rolling moments were considerably larger 
for the tip location. 

INTRODUCTION 

The National Advisory Committee for Aeronautics is conducting inves
tigations to determine the nature and origin of the mutual interference 
effects experienced by various wing-fuselage models and various types of 
external stores. Previous investigations (refs. 1 to 3) have shown the 
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existence of these generally objectionable interference effects, and 
reference 4 has shown that, at low speeds, they are primarily due to the 
nonuniform flow field generated in the vicinity of the model . The sever
ity of these induced effects on the force and moment characteristics of 
a conventional missile model (with the tail located aft of the wing) has 
been reported in reference 5 . 

This paper presents the low - speed static aerodynamic forces and 
moments on a canard missile model during simulated launch from the mid
semispan and wing -tip locations of a wing-fuselage combination having a 
450 sweptback wing . The effects of changes in missile incidence and 
sideslip angle relative to the wing- fuselage combi nation are also shown. 
In order to expedite publication of these data only a brief analysis is 
presented . 
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SYMBOLS 

missile normal force, lb 

miss i le pitching moment, ft - lb 

missile axial force , lb 

miss i le side force, lb 

mi ssile yawing moment, ft - lb 

miss i le rolli ng moment, ft - lb 

missile normal - force coefficient, N/qS (m) 

m miss ile pitchi ng-moment coeffi cient, 
qS (m)d(m) 

_ A_ missile axial- force coefficient, 
qS(m ) 

miss i le side -force coefficient, 

missile yawing-moment coefficient, n 

missile rolling-moment coefficient, 
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Subscripts: 

(m) 

(w) 

lift coefficient of wing-fuselage combination, 

free-stream dynamic pressure, lb/sq ft 

free-stream velocity, ft/sec 

Lift 
qS 

3 

missile body maximum cross-sectional area, 0.0131 sq ft 

exposed area of two missile wing panels, 0.0357 sq ft 

wing area of wing-fuselage combination, 6.25 sq ft 

span of missile wing , 0.384 ft 

span of wing-fuselage combination, 5 ft 

maximum diameter of missile body, 1.55 in. 

local wing chord of wing-fuselage combination, ft 

chordwise distance from leading edge of local wing chord 
to missile center of gravity, positive aft (fig. 1), ft 

spanwise distance from fuselage center line to missile 
center line (fig. 1), ft 

vertical distance from wing-chord plane, positive up 
(fig. 1), ft 

fuselage length, 7.61 ft 

angle of attack of wing-fuselage combination, deg 

angle of attack of missile center line (fig. 2), deg 

angle of incidence between missile center line and 
wing-chord line, deg 

angle of sideslip between missile center line and fuse
lage center line, deg 

missile body 

missile wings 
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MODELS AND APPARATUS 

The wing of the wing-fuselage combination used as the test vehicle 
had a 450 sweptback quarter - chord line, an aspect ratio of 4.0, a taper 
ratio of 0 . 3, and employed NACA 65A006 airfoil sections parallel to the 
free - stream direction . The fuselage consisted of an ogi val nose section, 
a cylindrical center section, and a truncated tail cone . A two - view 
drawing of the wing- fuselage combination as part of the test setup is 
shown in figure 1 and the fuselage ordinates are presented in table I . 

The canard missile model used in this investigation employed a 
cruciform arrangement of its wings and canard fins and is shown in fig 
ure 1 as part of the test setup. Details of the missile model are shown 
in figure 3. Figure 4 is a photograph of the test setup with the missile 
model i nstalled at the midsemispan location . The missile was internally 
instrumented with a six- component strain-gage balance and was supported 
from the rear of the wing - fuselage combinati on by a sting that was adjust
able in the longitudinal, lateral, and vertical directions (fig . 1) . The 
missile center line was located at the one -half semispan station at sev
eral vertical heights and at the 1.04- semispan station with its center 
line in the plane of the wing chord and parallel to the wing - tip chord. 
A series of chordwise positions was investigated for both spanwise loca
tions . The effects of missile center-line incidence angle and sideslip 
angle on the static aerodynamic forces and moments were investigated with 
the missile at the midsemispan location for several chordwise positions. 

TESTS 

The tests were made in the Langley 300 MPH 7- by 10-foot tunnel at 
a velocity of 125 mph, which corresponds to a dynamic pressure of 40 pounds 

per square foot and a Reynolds number of 1 .1 x 106 per foot of a typical 
dimension. Measurements were made of the static aerodynamic forces and 
moments on the canard missile during simulated launchings from the mid
semispan and wing- tip locations of a wing-fuselage combination having a 
450 sweptback wing . The investigation included the effects of changes 
in missile incidence and sideslip angle at the midsemispan location, 
relative to the wing-fuselage combination. The angle - of-attack range 
extended from _80 to 200 • 

The missile was tested under the left wing and at the left wing tip 
of the test vehicle, which was inverted so as to avoid support-strut 
interference (fig. 4). The directions of positive forces and moments are 
as shown in figure 2. 
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CORRECTIONS AND ACCURACY 

Blockage corrections were applied to the dynamic pressure by use of 
the method of reference 6, and jet-boundary corrections calculated by the 
method of reference 7 have been applied to the angle of attack. In addi
tion, an angle-of-attack correction of 0.20 was applied to account for 
the tunnel free-stream misalinement angle. 

A study of the missile model strain-gage-balance calibrations and 
the general repeatability of the test data indicated that the accuracy 
levels o~ the various force and moment coefficients are approximately as· 
follows: 

Component 

RESULTS AND DISCUSSION 

Accuracy 

±0.25 

~0.25 
~0.05 

±0.25 

±0.25 

±0.005 

The aerodynamic characteristics of the isolated missile at low speed, 
as determined from breakdown tests in the free stream, are presented in 
figure 5. The basic data of the missile model when it is in the proximity 
of the wing-fuselage combination are presented as a function of angle of 
attack in figures 6 to 9, and are presented as a function of chordwise 
position in figures 10 and 11. The lift characteristics of the isolated 
wing-fuselage combination are presented for orientation in figure 12. 

Figures 6 to 10 indicate that changes in chordwise position of the 
missile at the midsemispan location produce large changes in the forces 
and moments of the missile in both the longitudinal and lateral planes. 
As would be expected, the changes in the static aerodynamic farces and 
moments of the missile induced by the wing-fuselage combination, diminish 
as the missile is moved ahead of the wing. When the missile center of 
gravity ~eac~es a distance of 1.0 to 1.5 wing chords ahead of the leading 
edge of the wing-fuselage combination, the missile forces and moments 
approach those of the isolated missile (see figs. 5, 6, and 10). 
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The effects of changes in the vertical position of the missile are 
also shown in figures 6 and 10. As the missile is moved away from the 
wing-chord plane, the changes induced by the presence of the wing-fuselage 
combination are seen to be generally reduced, and the degree of reduction 
is a function of the missile longitudinal location. 

As the angle of attack is increased, the induced effects also are 
increased. This increase can be explained (ref. 4) by the increase in 
wing circulation strength which results in strengthened and expanded 
downwash- and sidewash-angularity fields in conjunction with a nonuniform 
dynamic-pressure field. 

The effects of increasing the missile incidence angle (fig. 7) or 
the missile sideslip angle (fig. 8 ) to 30 , relative to the wing-fuselage 
combination, was small in comparison with the effects of changes in 
either the longitudinal displacement of the missile or the angle of attack 
of the wing-fuselage combination. 

When the canard missile is located at the one-half semispan location, 
the trends of the static aerodynamic forces and moments of the present 
investigation agree Qualitatively with the forces and moments of the con
ventional missile (with the tail located behind the wing) reported in 
reference 5. 

When the missile model was mounted at the wing-tip location of the 
wing-fuselage combination (figs. 9 and 11), changes in the missile forces 
and moments were less severe than those of the missile at the midsemispan 
location, with the exception of the rolling moment which was greatly 
increased due to the effect of the wing-tip vortex (figs. 6, 9, 10, and 11). 
As the missile center of gravity was moved ahead of the wing leading edge, 
the missile forces and moments generally diminished and approached the 
isolated missile values between 1.0 and 1.5 wing chords ahead of the wing 
leading edge. 

CONCLUSIONS 

The results of an investigation at low speed of the ntatic aerody
namic forces and moments on a canard missile model during simulated 
launching from the midsemispan and wing-tip locations of a wing-fuselage 
combination having a 450 sweptback wing, indicate the following 
conclusions: 

1. When the missile was mounted under the wing at the midsemispan 
location, changes in chordwise position generally produced large changes 
in missile forces and moments, and these changes became larger as the 
angle of attack was increased. Free-air conditions were approached when 



NACA RM L55Al2 7 

the missile was moved forward to a location about 1.0 to 1.5 wing-chord 
distance ahead of the leading edge of the wing-fuselage combination. The 
influence of the wing fuselage was reduced as the missile was moved down
ward, and the degree of reduction depended on the longitudinal location 
of the missile. 

2. The effects of three degrees of incidence or sideslip on the 
static aerodynamic forces and moments of the missile relative to the 
wing-fuselage combination generally were small in comparison with the 
effects of either longitudinal displacement of the missile or angle of 
attack of the wing-fuselage combination. 

3. When the missile was mounted. at the wing tip, the changes in 
missile forces and moments with changes in chordwise position generally 
were smaller than the changes noted with the missile mounted under the 
wing. However, because of the presence of the wing-tip vortex, the mis
sile rolling moments were considerably larger for the tip location. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics_, 

Langley Field, Va., January 4, 1955. 
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TABLE I. - FUSELAGE ORDINATES 

1o--oIIf------ L == 91. 268 in. --------1 .. ~1 
~---- • 7534L ----~-I 

. 2958L, 

Ordinates, percent length 

Station Radius 

0 0 
3.28 ·91 
6.57 1.71 
9.86 2.41 

13·15 3·00 
16.43 3·50 
19·72 3·90 
23·01 4.21 
26.29 4.43 
29.58 4.57 
75.34 4·57 
76.69 4·54 
79.98 4.38 
83.26 4.18 
86 ·55 3·95 
89 .84 3·72 
93 ·13 3.49 
96.41 3.26 

100.00 3·02 
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Figure 2 .- Positive direction of f orces and moments as measured on missile 
model. 
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Figure 5.- Aerodynamic char acteristics of isolated missile at low speed 
and missile component characteristics. 
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Figure 6.- Missile aerodynamic char acteristics a t one-half semispan sta 
tion as affected by wing-fuselage combination. 
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Figure 7.- Effect of incidence on missile aerodynamic characteristics at 
one-half semispan station of wing-fuselage combination. 
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Figure 8.- Effect of sideslip on missile aerodynamic characteristics at 
one-half semispan station of wing-fuselage combination. 



NACA RM L55A12 

5 

CN 0 ' I 

-5 

.5 

CA 

-. 
-/0 -5 0 

31 

-C'375~ _ <t ft,. 
o -.145 0 

~----=--- -----+ o--------J45 3° 

.. 

5 /0 /5 20 25 
a,deq 

(b) x/c 
Figure 8.-

Cy 

Cn 

0 

( 

~. 
-5 ' ,. 

.I 

0 

, 
~/ . 

t 
-/0 

= 0.375. 

-5 

Continued. 

I 'tt 
:~ 

' t 

::!±: t "ttl: l"'-.Q, '4. ill 
ctti :ttl .::: :: 'lHl±iii 

.. 

o 5 /0 1'5 20 25 
a,deq 



32 

o 

l_ 

Cy 

5 /0 /5 20 25 
a,deg 

(c) x/C = 0.15. 

NACA RM L55A12 

Z-1; .8m 
o -./45 0" 
0--------./45 3" 

-5 o 5 /0 /5 
a,deg 

Figure 8.- Continued. 



B 
NACA RM L55A12 33 

-5 0 5 /0 /5 20 25 
a,deg 

-/0 -5 0 5 /0 /5 20 25 
a,deg 

Cd) X/C = o. 

Figure 8.- Continued. 



34 

em 

-/0 -5 0 

NACA RM L55A12 

?'C ,8m 
o -/45 0° 
0------- -.145 3° 

-/0 -5 0 5 /0 /5 20 25 
o,deg 

(e) x/c = -0.15. 

Figure 8.- Concluded. 



NACA RM L55A12 35 

em 

- 5 o 5 /0 /5 20 25 -/0 -5 o 
a,deg 

(a) x/c = 0.43. 

Figure 9.- Missile aerodynamic characteristics at wing-tip location of 
wing-fuselage combination. 



I 
~ 

~ --=us-:: 0--- z~ 

o 5 /0 /5 20 25 
a,deq 

-/0 -5 0 

(b) x/c = 0.105. 

Figure 9.- Continued. 

NACA RM L55A12 

5 /0 /5 20 25 
a,deq 



NACA RM L55A12 

-5 0 5 /0 /5 20 25 
o,deg 

5 .. 

5 :L -l 

I:. 

c. O :~ .-bf 
n .11 

Ii:! f8:: m I[l Lfm lfl! 
1m .. iII IfI· HE:llll![ 

37 

2
:§ 3: ttlttt : IfHllmlffl rU11t! .If 

;. I: I~ mlHrn itlilliHill.tr j im: ~ 
/ :13 : ~tn~.::+1 . tic: :::l:-;:,kt ~ 

o ':1$1 :, • t l1tl~ B E ~11ffi1 :,tllfffl ' 
1I:IE l-l- it 1M I ;fu i 1i' iiii ii l!ill ~. 

o .'"" m /IU 4;111 00 ltM ~~ 
.I J5~4 + Itml~ I :: it; :,l~Tm ;;=t $00 
-/0 -5 0 5 /0 /5 20 25 

o,deg 

(c) X/C = -0.22. 

Figure 9.- Continued. 



38 NACA RM L55A12 

J r ~=-545 z/c .:2 ~ __ I 0--- 0 

-/0 - 5 0 5 /0 /5 20 25 
a,deg 

-5 0 5 /0 /5 20 25 
a,deg 

Cd) x/c = -0.545. 

Figure 9.- Continued. 

., 



----- --. -- --~ .. ---

NACA RM L55A12 

/0 

5 

CN ., 
0 

-5 

Cm 0 

-5 

-/0 -5 0 

3 . 

Cr 0 

-5 ... 

Cn o · 

Z.1; 
0---0 

39 

5 /0 /5 20 25 -5 0 5 /0 /5 20 25 
a ,ci:g a,deg 

(e) x/c = -0.870. 

Figure 9.- Continued. 



40 

C:C=-/29-j 

~- -b ---I~ I ~-

o 5 /0 /5 20 25 
a,deq 

Cy 0 

-5 

Cn 0 

(f) x/c = -1.20. 

Figure 9.- Continued. 

z/c 
0---0 

a,deq 

NACA RM' L55A12 



NACA RM L55A12 41 

~ 
0--0 

-/0 - 5 0 5 /0 /5 20 25 -/0 -5 0 5 /0 /5 20 25 
a,deq a,deq 

(g) X/C = -1.525. 

Figure 9.- Concluded. 



CNO 

-5 
Isolated missile 

Cm 0 

-5 

CA .5 

o 
-20 -15 - /.0 -:5 0 .5 

Missile e.g. location, 11: 

% 
o ---~/45 

o ----- -290 

¢ ---435 

Cn 0 

-5 

o 
Cl 

-./ 

-.2 
10 -20 

(a) a.=-8°. 

-15 -10 -.5 0 .5 
Missile c.g. location J # 

Figure 10.- Chordwise summary of missile static aerodynamic character
istics at one-half semispan location. 

10 

+=
rD 

~ 
f) 
:x> 
::u 
:s:: 
S; 
V1 
:x> 
t-' 
rD 



CN 0 

-5 
Isolated miss;/e 

5 

~ 
o -./45 

[J -- -- - -.290 

¢ ---435 

Cn 0 

-5 

CAJ ~lrlllllllllllll"llllll l 
Cl 0 

-:/ 

• 

-20 -1.5 -/.0 -:5 0 .5 10 -20 -/.5 -/0 -.5 o 
Missile e.g. location J x;f Missile c.g. location, ~ 

(b) a, = _4°. 

Figure 10.- Continued. 

.5 10 

~ o 
~ 

~ 
;3:; 

S; 
\J1 
~ 
t-' 
I\) 

+" 
\.)I 



CN 0 

-5 

CmO" 

-5 

~ 
o -:145 
o ------ -:290 

¢---435 

Isolated missile 

CA:III~IIIIIII_IIIIII I 
-20 15 -10 -.5 0 .5 /0 

Missile eg. locationJ ~ 

5 

Cy 0 

-5 

5 

Cn 0 

-5 

.I 

0 0 

-.. -:/ 
-20 

(c) a. = 0° 

Figure 10.- Continued. 

-I="" 
-I="" 

-15 -/0 -.5 0 .5 /.0 ~ 
0 

Missile eg. location J ~ 
:t> 

~ 
S 
V1 
:t> 
t-' 
f\) 



~ c 
o -:145 
0----- - -.290 

0---- -435 

CN:lllllllllllllitllm .. 111111 1 

em 
o 

-5 

isolated missile 

CA:I ~IIIIII~IIIIIIII._IIIIIII I 
-20 -15 -/0 -.5 0 .5 /.0 

Missile e.g. location, ~ 

c: 0 n 

0 0 

-./ 
-20 

(d) a. = 4°. 

Figure 10.- Continued. 

-15 -10 -.5 0 .5 10 
Missile e.g location J % 

~ 
~ 

~ 
5i 
\J1 
~ 
r-' 
f\) 

+" 
\J1 



L~ 

Isolated missile 

~ 
o -:145 

o -- - -- -.290 

¢-- -435 

C
m :11_1 .. 111111 1' 

O'IIIIIIIIRlillllllm _ _ 1111111 1 en 
-51111111111 11111111111111111111 ] 111111111 1111111111 1111111111 1 

CA; I~III I II~jlllllll~llllllllll l i o J~IIIIII~IIIIIIIIIII.IIIIIIII I 
-20 -15 -/0 -.5 o .5 1'0 -20 -15 10 -.5 o .5 /.0 

Missile c.g./ocation, ~ Missile e.g. loco t ion, ¥c 

(e) a, = 8°. 

Figure 10.- Continued. 

+=" 
0\ 

~ o 
::t> 

~ 
~ 
\J1 
::t> 
~ 
f\) 



CN 5 

o 

~ r: 
o -;/45 

[J ------- -.290 

0-- -435 

Isolated missile 

CA:l~IIIIII~IIIIIII."IIIIII~ 

Cn 0 

-5 

o 0 

-./ 
-20 -15 -10 -.5 0 .5 10 -20 -15 -10 -.5 o 

Missile e.g. location, ~ Missile eg. location, ~ 

(r) a, = 12°. 

Figure 10.- Continued. 

.5 10 

~ 
~ 

~ 
S 
\J1 
~ 
t-' 
f\) 

+" 
--l 



,-

CN 5 

o 
'Isola ted missile 

Cm 5 ti. 

o 

-2.0 -15 -10 -.5 0 
Missile e.g location" ~ 

-I 

.5 10 

z,? c 
o -./45 
o - -- -- -.290 
0--- -.435 

Cn 0 

-5 

o 
J~IIIIIIIIIIII.". 
-20 -15 -10 - .5 0 .5 10 

Missile e.g. location" ~ 

(g) Ct = 20°. 

Figure 10.- Concluded. 

.. 

+" 
():) 

s; 
o 
:x> 
~ 
:s:: 
S; 
\J1 
:x> 
r-' 
I\) 



o 
o 

NACA RM L55A12 49 

o J ++ 

-l= 
l+ 

-

\ soloted missile 

Cy 

-5 

5 

Cn 

0 

-5 0 '" \ t --.-

.511_ 11 CA 

o -2 
-2.0 -15 -/.0 -.5 o .5 -20 -1.5 -/0 75 o .5 

Missile c.g. location//[: Missile e.g. location, ~ 

C
N 

01111111111111 CyD!DI!llllll a !IIIIQIIII :eIIIIIiEl lllllellllla lllllel 

isola ted missile 

Cn 0 

Cm 0 -5 

-5 

.511_11 CA 

o 

0 -./ 

-:-2 
-20 -15 -/.0 -.5 o .5 -20 -15 /.0 75 o 

Missile e.g. location, -% Missile e.g. location,-% 

Figure 11.- Chordwise summary of missile sta tic aerodynamic character
istics located a t wing tip. 

.5 



I 

I 

I 

I 

I 

L 

50 

CN 511_11 
o 

~solated missile 

5111_11 Cm o 

CN ;111,_11111111111-
Isolated missile 

C
m :1111111l1li 
CA 

.511 __ 
o IIIIJI I II I I1II L I I 

-20 -15 -/0 -:5 0 .5 
Missile e.g. location, ~ 

NACA RM L55A12 

5 __ Cy 

o 

0 __ 
Cn 

-5 

.III_III o 
o , 
-20 15 -10 -.5 0 .5 

Missile e.g location, ~ 

5111 __ Cy 

o 

011 __ Cn 

-5 

-20 -15 -10 -:5 o .5 

Missile e.g. location, ~ 

Figure 11.- Continued. 

--------------- --- - ----- -



NACA RM L55A12 51 

5 •• ':+ • eN t =1= 

o 
Isolated mIssile 

5 tm =1=~ 

cy:1111111111111111111111111111I 

cn :_1111111111111 
Hl: 1t '++ o t+' ~ 

o .I 
CA .5 __ _ 

CA 

o 
-20 

o 

5 

o 

-/.5 -/.0 -.5 0 
Missile c.g. location //c 

'Isolated missile 

< 

-n 

.5 

CJoof' 

* 

o 
-2.0 

, , L 

-1.5 -/.0 -:5 0 
Missile c.g. location/Yc 

.5 

c
y JIIIIIIIIIII. 

.5 __ _ 

o 
-20 

o .I 

o 
-15 -/.0 -.5 0 

Missile c.g loco tion, ~ 
.5 

(
\0 

f) a. = 12 • 

-20 -/.5 -10 -.5 0 
Missile e.g. location J ~ 

Figure 11.- Continued. 

.5 



/0 111 11111 I! 1IIIIIIIII IIIJJlHfftHQ 11111 11111111111 

CN 5 

0 

Isola ted missile 

51 111111111 1 111111111 1 111111111 1 11111111J~ 
Cm 

0 1111111111 1111111111 1111111111 1111111111 1111111111 1 

CA 

o 
-2fJ -15 -/.0 -.5 o 

Missile c.g. location, ~ 
.5 

i ii iii' [' I i i I iii i; I I I I I I I I I [I I I f I [I I I I, I I I I .".,. I r-r . 

0 

Cy 

-5 

5 
Cn 

0 

.2 

o 
-20 -15 -10 -;5 o .5 

Missile c.g. location , ~ 

(g) CL = 20°. 

Figure 11.- Concluded. 

\J1 
f\) 

~ o 
:t> 

~ 
~ 
\J1 
:t> 
t--' 
f\) 



NACA RM L55A12 

/.0 

.8 

.6 

.2 

o 

-4 

- .6 
-/0 -5 o 5 /0 

a, deg 

/5 

53 

20 25 30 

Figure 12.- Lift characteristics of isolated wing-fuselage combina tion. 

NACA-Langley 


