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HIGH SUBSONIC SPEEDS OF A l/30-SCALE 

MODEL OF THE MX-1554A DESIGN 

By Vernard E. Lockwood, Arvo A. Luoma, and Martin Solomon 

SUMMARY i J 

:, 
An investigation has been made in the subsonic speed range to .. 

determine the stability and control characteristics of a l/30-scale 
model of the proposed MX-1554A design. (The design is an interceptor 
airplane employing- a triangular wing and triangular stabilizing and 
control surfaces.) The tests were performed on a sting-supported model 
in the Langley high-speed 7- by lo-foot tunnel over a Mach number range 
from 0.40 to 0.95. The results of a low-speed investigation of a 
l/lo-scale model of this design are reported in NACA RM SL53AO5. 

The present paper contains the results of a relatively complete 
investigation of the stability and control characteristics of the model 
in a high-speed flight configuration. Some data are also presented on 
the effect of speed brakes, tanks, and fences on the longitudinal char- 
acteristics. The results include some corrections which can be made to 
the longitudinal-force coefficient for internal flow as determined from 
some unpublished data on the same model configuration in the Langley 
8-foot transonic tunnel. 

INTRODUCTION 

An investigation has been made at the request of the U. S. Air Force 
on a l/30-scale model of the MX-1554A airplane design to determine the 
stability and control characteristics in the high subsonic speed range. 
This investigation was conducted in the Langley high-speed 7- by lo-foot 
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tunnel over a Mach number range from 0.40 to 0.95. The results of a 
low-speed investigation of the preliminary design are reported in 
reference 1. 

The present paper contains the results of a stability and control 
investigation of the model in the high-speed configuration. This paper 
also contains the results of the effect of fences, tanks, and speed 
brakes on longitudinal characteristics. The results of surveys of the 
internal flow within the duct while the model was in the Langley 8-foot 
transonic tunnel are incorporated in the paper. In order to expedite 
the publication of these data no analysis has been made. 

SYMEiOIs 

All data are referred to the stability axes as indicated in figure 1. 
The moment center was located on the model reference line at 36 percent 
of the wing mean aerodynamic chord as is shown in figure 2. The coeffi- 
cients and symbols used in this report are defined as follows: 

CL 

CX 

ACX 

CY 

Cl 

cm 

cn 

X 

Y 

2 

L 

M' 

M 

N 

lift coefficient, Lift/qS 

longitudinal-force coefficient, X/qS 

incremental longitudinal-force coefficient 

lateral-force coefficient, y/qs 

rolling-moment coefficient, L/@b 

pitching-moment coefficient, M'/qSS 

yawing-moment coefficient, N/qSb 

longitudinal force along X-axis, lb 

lateral force along Y-axis, lb 

force along Z-axis (lift equals -Z), lb 

rolling moment about X-axis, ft-lb 

pitching moment about Y-axis, ft-lb 

Mach number 

yawing moment about Z-axis, ft-lb 
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q free-stream dynamic pressure, &/2, lb/sq ft 

S 

C  

wing area, sq ft 

wing mean aerodynamic chord, ft 

b wing span, ft 

V free-stream velocity, ft/sec 

P mass density of air, slug/cu ft 

a angle of attack of fuselage reference line, deg 

it angle of incidence of stabilizer with respect to fuselage 
reference line, deg 

6 control-surface deflection in a plane perpendicular to hinge 
line, deg 

P angle of sideslip, deg 

Lateral-stability parameters: 

ac2 C$ = - 
3P 

@n Cn =- 
P a3 

Subscripts: 

a aileron 

r rudder 

t tail (horizontal) 

L left 

3 

ii-- Y___. _ 
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APPARATUS AND METHODS 

The model used in the present investigation was a sting-supported 
l/30-scale model of the MX-1554A design with the forces and moments 
being determined with a six-component strain-gage balance. The wing 
and stabilizing surfaces have notched delta plan forms. The physical 
characteristics of the model are presented in figure 2. The model was 
of steel construction throughout. 

Two wings were supplied for the investigation; one was of solid 
construction and the other with controls was equipped with flaps and 
ailerons. During this investigation, however, the flaps were never 
deflected. Most of the investigation was performed on the control wing 
which had a fence on the top surface between the aileron and the wing. 
Two fences, the details of which are given in figure 3, were tested on 
this wing. 

The model was equipped with internal ducting leading from the air 
scoop or inlet which is situated on the bottom surface of the fuselage. 
The inlet could be closed when desired by placing a faired plug in the 
mouth of the duct as shown in figure 4. The internal flow was tldumpedH 
around the sting within the fuselage at a location behind the strain- 
gage balance yd approximately five inches from the end of the fuselage. 

Some internal-flow measurements were made by means of a rake 
attached to the sting. The tubes of the rake were distributed about 
the sting (l/16 of an inch behind the fuselage exit) so that the 
average flow through the duct could be determined. Additional pressure 
orifices were located in the sting to determine pressures at different 
locations in the duct. 

The model was also equipped with wing tanks and speed brakes which 
were furnished by the manufacturer. 

TESTS 

The tests were conducted in the Langley high-speed 7- by lo-foot 
tunnel on a sting-supported strain-gage balance system which allows 
pivoting of the model about the tunnel center line. (The pivot point 
for this model was on the model reference line at 36 percent wing mean 
aerodynamic chord.) With the bent-sting arrangement shown in figure 5, 
an angle-of-attack range of -3’ to 23' was possible. For the investiga- 
tion of the characteristics in sideslip, the model was rotated 90°. 
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The Reynolds number variation with Mach number for these tests is 
shown in figure 6. The Reynolds number is based on a wing mean aero- 
dynamic chord of 0.498 foot. The average temperature at a particular 
Mach number was used in computing the Reynolds number of these tests. 

Most of the tests were made with the duct inlet open and, except 
where noted in the figures, this configuration exists. 

CORRECTIONS 

No blockage or jet boundary corrections have been applied to the 
data as calculations have shown these to be negligible for this size of 
model. Corrections were applied, however, to the angle of attack and 
sideslip angle as a result of balance and sting deflections. 

The magnitude of the longitudinal-force coefficient of the con- 
figurations with internal flow as presented herein appears to be con- 
siderably greater than would be expected for a model of this design. 
These data have not been corrected for the internal drag of the model 
and for the pressure drags resulting from the deviation of the pressures 
in the strain-gage-balance chamber and at the end of the fuselage from 
the free-stream value. The corrected longitudinal-force coefficient is 
obtained from the equation 

CX corrected = "measured + Mx 

where the term ACx is in turn obtained from the equation 

MX = cDi + CD, + c% 

The new symbols introduced herein are defined as follows: 

'Di internal drag coefficient, g(" - vd cos U) - Pd F cos U 

where 

m mass flow in model duct 

vd velocity of internal flow at end of fuselage 

pd pressure coefficient of internal flow at end of fuselage 

I - 
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Aa 

cDC 

where 

AS 

PC 

% 

where 

Ar 

The 

D 
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area of duct at end of fuselage 

As strain-gage-balance chamber drag coefficient,. -P, - cos a 
S 

cross-sectional area of sting within fuselage 

pressure coefficient within balance chamber 

base drag coefficient, 'Pd + cos a 

area at end of fuselage enclosed by inner and outer walls of 
fuselage 

correction term ACx as obtained from tests of the same model 
in the Langley B-foot transonic tunnel is shown plotted against angle of 
attack at a Mach number of 0.96 in figure 7(a) for the complete model 
and for the complete model less the horizontal tail and plotted against 
Mach number at an angle of attack of O" in figure 7(b). (The results 
of some unpublished data indicate that the variation of AC!, with a 
at other subsonic Mach numbers is similar to that shown for M = 0.96.) 
The internal drag coefficient CQ at an angle of attack of O" (data 
not presented) was approximately 0.008 throughout the Mach number range; 
an increase in angle of attack increased the internal drag coefficient Qi 
up to a value of approximately 0.010 at the highest angles of attack. The 
balance chamber drag coefficient CD~ was approximately 0.008 at a Mach 
number of 0.40 and decreased with Mach number to a value of approximately 
0.004 at a Mach number of 0.98. The base drag coefficient CD, was 

negative and was less than 0.001 in magnitude at all conditions. 

When there is no flow through the model (that is, the inlet is 
closed), the correction to the longitudinal-force coefficient becomes 
the usual base-pressure correction. For the complete model at a = O", 
this base-pressure correction is negligible up to M = 0.92. At M = 0.94, 
the value of Cx should be increased by -0.0003 and at M = 0.96, Cx 
should be increased by -0.0007. 
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PPESENTA!TION OF PFSULTS 

The results of the investigation of a l/30-scale model of the 
MX-155&A design are presented in the following figures: 

Description Figures 

Aerodynamic characteristics in pitch: 
Effect of Mach number. ..................... 8 
Effect of fences ........................ 9 
Effect of negative angle of attack .......... ; .... 10 
Stability and control: 

Fuselage and tail ...................... 11 
Complete model (no fence) ................... 12 
Complete model (fence A) ................... 13 

Effect of inlet closing .................. 14 and 15 
Effect of speed brakes .................. 16 and 17 
Effectoftanks ......................... 18 
Lateral control ......................... 19 

Characteristics in sideslip: 
Stability parameters ...................... 20 
Effect of model configuration ................. 21 
Directional control ...................... 22 
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The flagged symbols in figures 8 and 14 are check tests made 
approximately three months later than the original investigation. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., October 29, 1953. 

Vernard E. Lockwood 
Aeronautical Research Scientist 

Arvo A. Luoma 
Aeronautical Research Scientist 

-& 
Martin Solomon 

Aeronautical Research Scientist 

Approved: 

Thomas A. Harris 
Chief of Stability Research Division 

c@ L 
ne C. Draley 

Chief of Fu -Scale Research Division 
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R e lu t ive  w in d  

F igu re  l.- Sys tem o f axes  a n d  c o n trol sur face d e flect ions. Posi t ive 
d i rect ions o f forces,  m o m e n ts, a n d  ang les  a r e  ind ica ted  by  ar rows.  
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PhYSiCUl charactef is  tics 

/-lorkonfol foil 
Aspect ratio 3.4 
Area [total) O./O/ sq ff 
Airfoil section PJACA 65 A003 

& 
Vertical fail 

Area (exposedj .079 sq ff 

5.978 + rMA2 wing 
Aspect rafio 3.2 
Area ftofalj 0.446 sq ft 
Airfoil section NACA 65AOO3 
Mean aerodynamic chord 0.498 f t 

Speed brake 

Airfoil section NACA 65AOO.3 
I +24./96-4099-j 

t- 14.326 --+ 

I 

30.73 / 
Center of ro tation’ 

F igure 2.- Threg-view drawing of mode l tested. All dimensions are in inches. 
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Fence A 

. Loco/ wim chord at femt? 

Fence 8 

&&mK$zJffme 

Local win0 chord at feme 
-I I 

- -- -4 OflId- 

:\,I 

Fuse/age /ine ___ -I 

Figure 3.- Details of the two flow fences used. All dimensions are in 
inches. 
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Solid linesindicofe 
plug outline 

--e---q=- 
Figure 4.- Detail of plug for internal ducting, showing profile and bottom  

view of the exposed part. 



L-79965 01 
Figure 5.- 1/30-scale model of MX-155&A design mounted for testing in 

Langley 7- by lo-foot high-speed tunnel. 
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Figure 5.- Concluded. 
L-79966.1 
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I.0 
4 .5 .6 .7 .8 .9 l.0 

Mach number 

Figure 6.- Average variation of Reynolds number with Mach number for the 
model. (Reynolds number based on a mean aerodynamic chord of 0.498 foot.) 
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(4 E, against u; M  = 0.96. 

Figure 7.- Variation of incremental longitudinal-force coefficients Cc, 
with angle of attack and Mach number. (From internal flow measurements 
of the model in the Langley 8-foot transonic tunnel.) 
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0 ffor izonful fdoff 

4 .5 .6 .7 .8 .9 l.0 
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b) K, against M; a = 0'. 

Figure 7.- Concluded. 
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.84 

.80 

.70 

40 

-2 0 2 4 .6 .8 LO /.2 
CL 

.7 (4 a against CL. 

Figure 8.- The effect of Mach number on the aerodynamic characteristics 
in pitch. . . No fence; it = O". 
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(b) C, against CL. 
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0 .95 

n .93 

fl .90 

n .88 

A .84 

0 .80 

0 .70 

0 .40 

Figure 8.- Continued. 
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-.2 0 2 4 .6 .8 /.o L2 

(a) Concluded. 

Figure 9.- Continued. 
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-2 0 2 4 .6 8 

(b) M = 0.80. 

Figure 9.- Continued. 
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-2 0 2 4 .6 .8 lI0 P 
CL 

(b) Concluded, 

Figure 9.- Continued. 
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-4 72 0 2 4 .6 .8 l.0 e 

(c) M = 0.84. 

Figure 9.- Continued. 
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-4 -2 0 2 4 .6 .8 
CL 

(d) M = 0.90. 

Figure 9.- Continued. 
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F igu re  9 .- C o n tin u e d . 
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v-.4 72 0 2 4 .6 .8 LO LZ 

(e) Concluded. 

Figure 9.- Concluded. 
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M 

0 .95 

A .84 

0 .70 

(a) a against CL. 

Figure lO.- The effect of Mach number on the aerodynamic charac teristics 
in pitch at negative angles of attack. Fence A; it = 5O . 
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M 

0 .95 

A .84 

q .70 

Figure lo.- Concluded. 
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-4 0 4 8 12 16 20 24 
%deg 

(a) M = 0.70. 

Figure ll.- 
teristics 

The effect of stabilizer incidence on the aerodynamic charac- 
in pitch. Fuselage, horizontal- and vertical-tail combination. 
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-4 0 4 8 /2 16 20 24 
a,@ 

(b) M = 0.84. 

Figure ll.- Continued. 
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0 ml-off- . 

7/z 

~08 cx 

704 
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-2 
-4 0 4 8 12 /6 20 24 

0, deg 

(c) M = 0.90. 

Figure ll.- Continued. 
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.I4 0 4 8 /2 16 20 24 
a, w 

(d) M = 0.95. 

Figure ll.- Concluded. 
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’ -2 0 2 4 .6 .8 LO 12 L4 
CL 

(a) M = 0.40. 

Figure l2.- The effect of stabilizer incidence on the aerodynamic charac- 
teristics in pitch. No fence. 



Y P 
2 CD 
IT . I 
cl 
2 P 
z 
g . 



II 
0” 0 LR 
$2 
2 l 

s 

% 
*m 

.  

1 
I 

$ 
g 
2 

I 

E I 

f I 

( 

1 





NACA RM SL~3JSl2a 

4 .6 .8 l.0 /Ii 

(c) M = 0.80. 

Figure 12.- Continued. 
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. 
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-4 2 0 2 4 .6 .8 lo I.2 
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(c) Concluded. 

Figure 12.- Continued. 
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-?I -2 0 2 4 .6 -8 LO /.2 
G 

(d) M = 0.84. 

Figure l2.- Continued. 
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-4 72 0 2 4 .6 .8 l.0 1.2 

(d) Concluded. 

Figure l2.- Continued. 
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-4 -2 0 2 4 .6 .8 f.0 /.3 
CL 

(e) M = 0.90. 

Figure l2.- Continued. 
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0 2 4 .6 .8 l.0 12 
CL 

(e) Concluded. 

Fi@;ure l2.- Continued. 
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(f) M = 0.95. 

Figure l2.- Continued. 
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(f) Concluded. 

Figure l2.- Concluded. 



NACA RM SL53K12a 

-2 0 2 4 .6 .8 f.0 /.2 

(a) M = 0.70. 

Figure 13.- The effect of stabilizer incidence on the aerodynamic char 
teristics in pitch. Fence A. 
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CL 
(a) Concluded. 

Figure 13.- Continued. 
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-4 -2 0 2 4 .6 .8 f.0 /.2 
CL 

(b) M = 0.80. 

Figure 13.- Continued. 
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(b) Concluded. 

Figure 13.- Continued. 
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C X 

-4 . -2 . 0 2 4 .6 .8 LO 

(c) Concluded. 

Figure 13.- Continued. 
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-2 0 2 4 .6 .8 I.0 

(d) M = 0.90. 

Figure 13.- Continued. 
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(d) Concluded. 

Figure 13.- Continued. 
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(e) M = 0.95. 

Figure 13.- Continued. 



NACA RM SL53KL2a 

0 .2 4 .6 .8 I.0 /.2 

(e) Concluded. 

Figure 13.- Concluded. 
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-.I 4 . .5 .6 .7 .9 IO . 
M 

(a) Fuselage alone. 

Figure lb.- The effect of closing the inlet on the variation of the aero- 
dynamic characteristics with Mach number. a = o". 
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CL 0 

-*I 4 .5 .6 .7 .8 .9 10 . 
M 

(b) Complete model; no fence; it = 0'. 

Figure 14.- Continued. 
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M 
(c) Complete model; fence A; it = O". 

Figure lb.- Concluded. 

.6 .7 .8 .9’ LO 
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Figure 15.- Concluded. 
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0 

” 4 .5 .6 .7 .8 .9 I.0 
M 

Figure 16.- The effect of speed brakes on the variation of the aerodynamic 
characteristics with Mach number. Fence A; it = 0'; a = 0'. (Survey 
rake in place.) 
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Brakes 
hOO A 0 Off 

cf6d On 

0 

0 

CL 
(4 a against CL. 

Figure 17.- The effect of speed brakes on the aerodynamic characteristics 
in pitch. Fence A; it = 0'. (Survey rake in place.) 
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.90 
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Figure 18.- 'The effect of the tanks on the aerodynamic characteristics 
in pitch. Fence A; it = 0'. 
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Figure 18.- Concluded. 
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F igu re  lg.- T h e  e ffect o f left a i l e ron  d e flect ion o n  th e  a e r o d y n a m i c  char -  
acteristics in  pitch. F e n c e  A ; it =  O ". 



NACA RM SL53Kl2a 

-4 0 4 8 12 I6 20 24 
we? 

(a) Concluded. 

Figure lg.- Continued. 
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aNa7 

(b) M = 0.84. 

Figure lg.- Continued. 
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-4 0 4 8 12 16 20 
a,&7 

(b) Concluded. 

Figure lg.- Continued. 
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(c) M = 0.90. 

Figure lg.- Continued. 
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(c) Concluded. 

Figure lg.- Continued. 
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(d) M = 0.95. 
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Figure lg.- Continued. 
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(d) Concluded. 

Figure lg.- Concluded. 
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(a) M = 0.70. 

Figure 20.- The effect of the vertical fin on the variation of the lateral 
stability parameters with lift coefficient. Fence A; it = -50. 
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(b) M = 0.84. 

Figure 20.- Continued. 
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(c) M = 0.95. 

Figure 20.- Concluded. 
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(a) M = 0.70. 

Figure 21.- The effect of model configuration on the aerodynamic charac- 
teristics in sideslip. Fence A; it = -5 ; a = 0’. 
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(a) Concluded. 

Figure 21.- Continued. 
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(b) M = 0.84. 

Figure 21.- Continued. 
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(b) Concluded. 

Figure 21.- Continued. 
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Figure 21.- Continued. 
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Figure 21.- Concluded. 
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Figure 22.- The effect of rudder deflection on the aerodynamic charac- 
teristics in sideslip. Fence A; it = 5’; a = 0'. 
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(a) Concluded. 

Figure 22.- Continued. 
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(b) M = 0.84. 

Figure 22.- Continued. 
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(c) M = 0.95. 

Figure 22.- Continued. 
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Figure 22.- Concluded. 
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