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EFFECT OF HYPERSONIC RESEARCH ENGINE INSTALLATION 

ON AERODYNAMIC CHARACTERISTICS OF 0.0667-SCALE MODEL OF 

X-15A-2 AIRPLANE AT MACH NUMBERS FROM 1.75 TO 4.63 

By Ernald B. Graves 
Langley Research Center 

SUMMARY 

An investigation has been conducted in the Langley Unitary Plan wind tunnel to 
determine the effect of the proposed NASA hypersonic research engine (HRE) installation 
on the aerodynamic characteristics of a 0.0667-scale model of the X-15A-2 research 
vehicle. Test Mach numbers ranged from 1.75 to 4.63 at a constant Reynolds number 
of 3.0 x 106 per foot (9.84 X 106 per meter). The angle-of-attack range was  from about 
-5O to 20° and the angle-of-sideslip range was from about -4O to go. 

Test results indicate that the installation of the hypersonic research engine on the 
X-15A-2 research vehicle will not generally produce any significant adverse effects on 
the static stability and control characteristics of the airplane. As expected, there is a 
small drag increase due to the presence of the engine. Shock patterns emanating from 
the leading edges of the wing and landing skid appear to be interacting with the flow field 
forward of the HRE inlet. This interaction would significantly influence the performance 
of the XRE. 

INTRODUCTION 

The Langley Research Center is currently pursuing the development of a hypersonic 
research engine (HRE). As a part  of this project, the X-15A-2 airplane was selected as 
the flight test facility and a wind-tunnel test program was initiated to determine the sta- 
bility and control characteristics of a 0.0667-scale model of the X-15A-2 airplane with 
an HRE model installed. 

The tests, results presented herein, were performed in the Langley Unitary Plan 
Wind tunnel at Mach numbers from 1.75 to 4.63 through an angle-of-attack range from 
about -5O to 200 and an angle-of-sideslip range from about -4O to go at a constant 
Reynolds number of 3.0 X 106 per foot (9.84 X 106 per meter). Results of tests on the 
model with speed brakes deployed are also included. 



SYMBOLS 

The longitudinal and lateral data are presented about the stability and body axes 
system, respectively. The moment reference center is located at the 20-percent wing 
mean geometric chord (24.96 inches (63.40 centimeters) aft of the model nose, see 
fig. l(a)). 

wing span 

drag coefficient, Drag 
ss 

drag coefficient at CL = 0 

Lift lift coefficient, - ss 
lift- curve slope per degree 

lift coefficient at a! = 00 

side-force coefficient, Side force 
qs 

side-force parameter, - per degree 
AP 

Rolling moment rolling- moment coefficient, 

ACl 
AB ' 

effective-dihedral parameter, - per degree 

Pitching moment pitching- moment coefficient, 
qsz. 

pitching-moment coefficient at CL = 0 

control effectiveness parameter, - per degree 
A 6h 

Yawing moment yawing-moment coefficient, 
(2% 

n, per degree directional- stability parameter, - AC 
AB 

wing mean geometric chord 



L/D lift-drag ratio, CL/CD 

M free-stream Mach number 

q free-stream dynamic pressure 

S wing plan-form area 

xac 
aCm aerodynamic center, - 
aCL 

Q! angle of attack, degrees 

P angle of sideslip, degrees 

65 deflection of speed brakes, degrees 

6h deflection of horizontal tail, positive trailing edge down, degrees 

Model nomenclature: 

modified fuselage B11 

H9 horizontal stabilizer 

Brakes deployed 
simultaneously 

upper speed brakes: integral with vertical stabilizer 

JL4 lower speed brakes: integral with ramjet pylon 

Ju2 

N12 hypersonic research engine: simulated open inlet (spike retracted), pylon- 
mounted to aft fuselage underside 

N13 hypersonic research engine: simulated closed inlet (spike extended), pylon- 
mounted to aft fuselage underside 

TI2 tank, spherical helium bottle located aft the upper speed brake well 

T13 fuel tanks: two tanks, one mounted to the lower surface of each fuselage 
fairing 

3 



lower vertical stabilizer vL8 

v u 5  upper vertical stabilizer 

vU6 extended upper vertical stabilizer 

w2 wing 

x1 6 modified side fairings 

y5 ramjet pylon: support for hypersonic research engine, attaches to aft 
fuselage underside, replaces lower vertical stabilizer, incorporates 
lower speed brakes 

APPARATUS AND METHODS 

Model 

Drawings of the 0.0667-scale model of the X-15A-2 airplane used in this investiga- 
tion and of the HRE are presented in figure 1 and a photograph of the model is presented 
as figure 2. Additional information on the X-15A-2 model geometry may be found in 
reference 1. 

The basic test configuration is designated by the code BllX16W2HgT12VU5Y5N13, 
where B11X16W2HgT12 are common to all test configurations. Although there is no code 
designation, a fuselage nozzle was  installed on the model and is a part of the basic con- 
figuration. The removable external fuel tanks T i 3  are an integral part of the X-15A-2 
vehicle and are not a part  of the HRE installation. 

The model ventral fin could be replaced by a pylon for supporting the hypersonic 
research engine. Provision was made for mounting the HRE simulating an inlet open 
position (inlet spike retracted) or an inlet closed position (inlet spike extended). Model 
simulation did not include airflow through the HRE. Unless otherwise noted, the HRE 
simulating the inlet closed position was used for these tests. A vertical tail with an 
extended span and speed brakes housed within the vertical surfaces were also provided. 

Tunnel 

Tests were conducted in both the low and high Mach number test sections of the 
Langley Unitary Plan wind tunnel which is a closed-loop, variable-pressure facility. 
Each test section is about 4 feet (1.22 meters) square and about 7 feet (2.13 meters) long. 
The nozzle leading to each test section is of the asymmetric sliding-block type which 
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permits a continuous variation in Mach number from about 1.5 to 2.9 in the low Mach 
number test section and from about 2.3 to 4.7 in the high Mach number test section. 

Test Conditions and Corrections 

Tests were conducted at Mach numbers from 1.75 to 4.63 at a constant Reynolds 
number of 3.0 x lo6 per foot (9.84 x 106 per meter). The angles of attack ranged from 
about -5O to 20' and angles of sideslip ranged from about -4' to 9'. Forces and moments 
on the model were measured by means of an internally mounted, six-component electrical 
strain-gage balance which was  connected to a sting support system. Pressure in the 
model chamber was measured by means of a single static orifice. Transition strips in 
1/16-inch (0.16 centimeter) bands were affixed to the model 1.2 inches (3.05 centimeters) 
aft of the model and fuel tank nose apexes and 0.4 inch (1.02 centimeters) aft of all the 
airfoil sections in a streamwise direction. No. 60 sand was  used at Mach numbers from 
1.75 to 2.86. No. 35 sand was used at the higher Mach numbers. The test-section dew- 
point temperature was  maintained sufficiently low to avoid any significant condensation 
effects. 

Angles of attack and sideslip were corrected for sting-balance deflections due to 
aerodynamic loads. Angles of attack were also corrected for tunnel-flow angularity. 
The drag-coefficient data presented have been adjusted to free-stream conditions acting 
over the base of the fuselage nozzle and over the base of the fuselage when fuselage nozzle 
is off. No corrections were applied for the pressures acting over the base of the HRE. 

PRESENTATION O F  RESULTS 

The results of the investigation are presented as follows: 
Figure 

Effect of HRE components and fuel tanks on longitudinal aero- 

Longitudinal control effectiveness for BllX16W2HgT12V~5YgN13 (HRE on) . . , . 

Longitudinal control effectiveness for BllX16W2HgT12V~5YgN13T13 

dynamic characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
4 
5 

(HREandtankson).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
7 
8 
9 

10 

BllX16W2HgT12V~5YgN13 (HRE on) with % = -10' . . . . . . . . . . . . . . .  11 

Longitudinal control effectiveness for BliX16W2HgT12Vu5Yg (HRE off) . . . . . . .  

Effect of HRE spike position on longitudinal aerodynamic characteristics . . . . .  
Effect of fuselage nozzle on longitudinal aerodynamic characteristics . . . . . . .  
Effect of extended vertical tail on longitudinal aerodynamic characteristics . . . .  
Effect of speed-brake deflection on longitudinal control for 

Effect of speed-brake deflection on longitudinal control for 
BilX16W2HgT12VU5YgN13 (HRE on) with % = Oo . . . . . . . . . . . . . . . .  
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Figure 
Effect of speed-brake deflection on longitudinal control for 

Effect of speed-brake deflection on longitudinal control for 

Effect of speed-brake deflection on longitudinal control for 

Effect of speed-brake deflection on longitudinal control for 

Summary of longitudinal aerodynamic characteristics . . . . . . . . . . . . . . . .  
Variation of lateral aerodynamic coefficients with sideslip angle . . . . . . . . . .  
Effect of HRE components and fuel tanks on lateral stability parameters . . . . . .  
Effect of horizontal-tail deflection on lateral stability parameters for 

Effect of horizontal-tail deflection on lateral stability parameters for 

Effect of horizontal-tail deflection on lateral stability parameters for 
BllX16W2H[gT12V~5YgNl3Tl3 (HRE and tanks on) . . . . . . . . . . . . . . . .  2 1  

Effect of HRE spike position on lateral stability parameters . . . . . . . . . . . .  22 
Effect of fuselage nozzle on lateral stability parameters . . . . . . . . . . . . . .  23 
Effect of extended vertical tail on lateral stability parameters . . . . . . . . . . .  24 
Effect of speed-brake deflection on lateral stability parameters for 

Effect of speed-brake deflection on lateral stability parameters for 

Roll control effectiveness of the horizontal tail for 

Roll control effectiveness of the horizontal tail for 

Roll control effectiveness of the horizontal tail for 

Summary of lateral stability parameters . . . . . . . . . . . . . . . . . . . . . . .  30 
Schlieren photographs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

BllX16W2HgT12Vu5YgN13 (HRE On) with 6h = -20' . . . . . . . . . . . . . . .  12 

BllX16W2HgT12VU5Y5 (HRE Off) with 6h = 0' . . . . . . . . . . . . . . . . . .  13 

BllX16W2HgT12Vu5Yg (HRE Off) with 6, = -10' . . . . . . . . . . . . . . . . .  14 

BllX16W2HgT12Vu5Yg (HRE Off) with 6h = -20' . . . . . . . . . . . . . . . . .  15 
16 
17 
18 

BllX16W2HgT12V~5YgN13 (HRE on) . . . . . . . . . . . . . . . . . . . . . . .  19 

B11X16W2HgT12Vu5Yg (HRE off) . . . . . . . . . . . . . . . . . . . . . . . . .  20 

B11X16W2HgT12V~5YgN13 (HRE on) . . . . . . . . . . . . . . . . . . . . . . . .  25 

BllX16W2HgT12Vu5Yg (HRE Off) . . . . . . . . . . . . . . . . . . . . . . . . .  26 

BllX16W2HgT12V~5YgN13 (ERE On) . . . . . . . . . . . . . . . . . . . . . . . .  27 

BllX16W2HgT12v~5Y5 (HRE Off) . . . . . . . . . . . . . . . . . . . . . . . . .  28 

BllX16W2HgT12VU5YgN13T13 (HRE and tanks on) . . . . . . . . . . . . . . . .  29 

DISCUSSION 

Longitudinal Aerodynamic Characteristics 

The effects of the HRE components and the external fuel tanks on the longitudinal 
aerodynamic characteristics of the X-15A-2 model are shown in figure 3 . The data 
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indicate that the engine causes a slight increase in C L , ~ = O  which leads to a noticeable 
decrease in Cm,o. These effects, however, decrease with increase in Mach number. 
As expected, installation of the HRE adds to the drag of the model and thus reduces the 
lift-drag ratio. These adverse effects, however, would probably not be as large as shown 
if airflow were provided through the inlet. The large external fuel tanks lead to a signifi- 
cant decrease in the stability level with an accompanying noticeable increase in Cm,o. 
The data indicate marginal stability for the test center-of-gravity location at angles of 
attack in excess of about loo with the external fuel tanks installed. 

The longitudinal control effectiveness of the horizontal tail is shown in figures 4, 5, 
and 6 for the basic, HRE off, and the tanks-on configurations, respectively. The horizon- 
tal tail is effective in producing pitching moment throughout the test Mach number range, 
and there appears to be little effect of the HRE or  the tanks on Cm. There is, however, 
a slight decrease in with increase in control deflection and a significant decrease 
in 

Cm6 
Cm6 with increase in Mach number for each of the configurations, 

There are no significant effects on the longitudinal aerodynamic characteristics due 
to the HRE inlet spike position, due to the fuselage nozzle, o r  due to the extended vertical 
tail. (See figs. 7, 8, and 9, respectively). 

Figures 10 to 12 and 13 to 15 present the effects of speed-brake deflection on the 
longitudinal control of the engine-on and engine-off configurations, respectively, for 
horizontal-tail deflections of Oo, -loo, and -20°. The speed brakes a re  effective in pro- 
ducing large drag increments for the model provided large deflections a r e  used. The 
drag-coefficient increment due to 6J is not linear since a loo speed-brake deflection 
produces only a small ACD in comparison with a 35O deflection, and at the higher Mach 
numbers, the ACD due to  is almost negligible for the loo deflection, Deflection 
of the speed brakes also leads to a slight increase in the stability level of the model. 
Horizontal- tail deflection has little o r  no effect on the speed-brake capabilities. 

A summary of the longitudinal data is presented in figure 16. The familiar decrease 
in C L ~ ,  CD,o, and Cm6 with increase in Mach number may be noted in the figure. In 
addition, there is a forward shift in aerodynamic-center position of about 14 percent mean 
aerodynamic chord from the lowest to the highest test Mach number for the configuration 
without external tanks. 

Lateral Aerodynamic Characteristics 

Some examples of variation of lateral aerodynamic coefficients with sideslip angle 
are shown in figure 17. At an angle of attack of Oo the data are relatively linear; however, 
with an increase in a to 100, the variation becomes nonlinear particularly for the 
yawing-moment coefficients. Data for the ensuing figures showing lateral stability param- 
eters  were obtained from pitch polars at p = Oo and 4O, and although the basic data were 
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not linear through this 0 range at discrete angles of attack, it is felt that the compara- 
tive data are qualitatively correct. 

The effects of the HRE components and the external fuel tanks on the lateral sta- 
bility parameters are shown in figure 18. In general, the HRE installation produces an 
increase in directional stability and a decrease in effective dihedral at all test Mach num- 
bers and throughout the angle-of-attack range. The external tanks, however, generally 
cause a decrease in directional stability and an increase in effective dihedral. This 
decrease in directional stability obviously results from a forward shift in center-of- 
pressure location due to the tanks since Cyp for this configuration is considerably 
more negative than even that with the HRE installed. 

The data in figures 19, 20, and 21 generally indicate that neither the HRE nor the 
external tanks have any significant effect on the directional stability or effective dihedral 
of the model with various tail deflections. 

There a r e  no large effects of the HRE inlet spike position or  the fuselage nozzle on 
the lateral stability parameters of the test configuration throughout the angle-of-attack 
and Mach number range (figs. 22 and 23). The extended vertical tail (fig. 24) however 
leads to significant increases in both directional stability and effective dihedral for the 
model at all test Mach numbers. 

Deploying the speed brakes to an angle of 35O leads to significant increases in 
directional stability at all test Mach numbers and angles of attack. A 100 speed-brake 
deflection produces only a small increase in Cn 

Differential settings of the horizontal tail are effective in producing rolling moment 
at all test  conditions, and neither the HRE nor the external fuel tanks have any significant 
effect on this capability. In addition, differential settings of the horizontal tail generally 
cause a favorable yawing moment to accompany the roll. These results may be found in 
figures 27 to 29. 

(figs. 25 and 26). B 

A summary of the lateral stability parameter data is presented in figure 30. The 
variations of the lateral parameters with Mach number for the various test configurations 
are essentially the same, only the levels are different as previously noted. 

Interference Effects 

Schlieren photographs were taken of many of the test configurations with particular 
emphasis on the flow field in the vicinity of the HRE. From the photographs in figure 31, 
it appears that shock waves emanating from the leading edges of the wing and landing skid 
of the model are interacting with the flow field forward of the HRE inlet. This, of course, 
would significantly influence the performance of the HRE. The need for further study of 
this phenomenon is indicated. In flight tests at the NASA Flight Research Center, 
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Burcham and Nugent noted shock impingement on a pylon-mounted dummy ramjet engine 
mounted under the X-15-2 airplane; thus, the schlieren photographic data presented 
herein is substantiated. 

CONCLUSIONS 

Supersonic tests of a 0.0667-scale model of the X-15A-2 airplane, with and with- 
out the hypersonic research engine (HRE) attached, lead to the following conclusions: 

1. Installation of the HRE on the X-15A-2 model produces no significant adverse 
effects on the static stability and control characteristics of the vehicle. There exists, 
however, a noticeable increase in drag coefficient. 

2. Shock patterns emanating from the leading edges of the wing and landing skid 
appear to be interacting with the flow field forward of the HRE inlet. This interaction 
would significantly influence the performance of the HRE. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., May 12, 1969, 
722-03-00-06-23. 
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Figure 3.- Effect of HRE components and fuel tanks on longitudinal aerodynamic characteristics for B ~ ~ X ~ ~ W ~ H ~ T Q V U ~ .  6h = 0'. 
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(d) M = 2.86. 

Figure 3.- Continued. 
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(d) Concluded. 

Figure 3.- Continued. 
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(a) M = 1.75. 

Figure 4.- Longitudinal control effectiveness for B11X16W2H~T12Vu5Y5N13 (HRE on). 
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(b) M = 2.00. 

Figure 4.- Continued. 
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(d) M = 2.86. 

Figure 4.- Continued. 
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Figure 4.- Continued. 
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Figure 4.- Continued. 
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Figure 4.- Concluded. 
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Figure 5.- Longitudinal control effectiveness for B11X16W2H9T12V"5Y5 (HRE off). 
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(b) M = 2.00. 

Figure 5.- Continued. 
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Figure 5.- Continued. 
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Figure 5.- Continued. 

44 



a ,  
deg 

(e) M = 3.95. 

Figure 5.- Continued. 

. 4  

. 3  

. 2  

. 1  

0 

-. 1 

-. 2 

-. 3 

4 

45 
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Figure 5.- Continued. 
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(a) M = 1.75. 

Figure 6.- Longitudinal control effectiveness for B11X16W2H9T12VU5Y5N13T13 LHRE and tanks on). 
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(c) M = 2.50. 

Figure 6.- Continued. 
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Figure 6.- Concluded. 

5 

4 

3 

2 

1 

0 

-1 

- 2  

4 

54 



. 4  

. 3  

. 2  

. 1  

0 

-. 1 

-. 2 

-. 3 

-. 4 

C m  

4 

C L  

(a) M = 1.75. 

Figure 7.- Effect of HRE spike position (no airflow) on longitudinal aerodynamic characteristics for BllXl6W2H9T12Vu5YY 
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Figure 7.- Continued. 

1 
L ID  

0 

-1 

- 2  

- 3  

4 

56 



3 

2 

1 

2 

3 

4 

(b) M = 2.00. 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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(d) M = 2.86. 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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(e) M = 3.95. 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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(f) Concluded. 

Figure 7.- Concluded. 

3 

2 

L I D  

1 

0 

-1 

-2 

4 

66 



. 4  

. 3  

. 2  

. I  

0 

-. 1 

-. 2 

-. 3 

-. 4 

4 

(a) M = 1.75. 

Figure 8.- Effect of fuselage nozzle on longitudinal aerodynamic characteristics for B1lX16W2H9T,2Vu5Y5Nl3. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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(d) M = 2.86. 

Figure 8.- Continued. 
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Figure 8.- Continued. 
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(e) M = 3.95. 

Figure 8.- Continued. 
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Figure 8.- Continued. 
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(f) M = 4.63. 

Figure 8.- Continued. 



(f) Concluded. 

Figure 8.- Concluded. 

* 

78 



. 4  

. 3  

(a) M = 1.75. 

Figure 9.- Effect of extended vertical tail on longitudinal aerodynamic characteristics for B11X16W2H9T12Y5N13TT13 (HRE and tanks on). 
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Figure 9,- Continued. 
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(b) M = 2.00. 

Figure 9.- Continued. 
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Figure 9.- Continued. 
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k) M = 2.50. 

Figure 9.- Continued. 
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Figure 9.- Concluded. 
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(a) M = 2.86. 

Figure 10.- Effect of speed-brake deflection on longitudinal control for BllX16W~H9T12V~5Y5N13 (HRE on) w i th  6h = Oo. 
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(a) Concluded. 

Figure 10.- Continued. 
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(b) M = 3.95. 

Figure 10.- Continued. 
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(b) Concluded. 

Figure 10.- Continued. 
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(c) M = 4.63. 

Figure 10.- Continued. 

. 3  

.2 

. 1  

C m  

0 

-. 1 

-. 2 

-. 3 

4 

89 



5 

(c) Concluded. 

Figure 10.- Concluded. 
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(a) M = 2.86. 

Figure 11.- Effect of speed-brake deflection on longitudinal control for B,X16W2HsT12VusY,N,3 (HRE on) with bh = -10'. 
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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Figure 11.- Concluded. 
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(a) M = 2.86. 

Figure 12.- Effect of speed-brake deflection on longitudinal control for 6iiXl6W2H9Ti2Vu5Y5Ni3 (HRE on) with bh = -Bo. 
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Figure 12- Continued. 
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Figure 12.- Continued. 
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Figure 12.- Continued. 
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Figure 12.- Continued. 
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Figure 12.- Concluded. 
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(a) M = 2.86. 

Figure 13.- Effect of speed-brake deflection on longitudinal control for  BllX16W2H9T12Vu5Y5 (HRE off) with 6h = 0'. 
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Figure 13.- Continued. 
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(b) M = 3.95. 

Figure 13.- Continued. 
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Figure U.- Continued. 
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Figure 13.- Continued. 
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Figure l3.- Concluded. 
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Figure 

(a) M = 2.86. 

14.- Effect of speed-brake deflection on longitudinal control for BllX16W2H9T12V~5Y5 (HRE off) with 6h = -IO0. 
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Figure 14.- Continued. 
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(b) M = 3.95. 

Figure 14.- Continued. 
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Figure 14.- Continued. 
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Figure 14,- Continued. 
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Figure 14.- Concluded. 
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(a) M = 2.86. 

Figure 15.- Effect of speed-brake deflection on longitudinal control for BllX16W2HgT12V~5Y5 (HRE off) with bh = -ZOO. 
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(a) Concluded. 

Figure 15.- Continued. 
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(b) M = 3.95. 

Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Concluded. 
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Figure 16.- Summary of longitudinal aerodynamic characteristics for BllX16W2tigT12V~p 
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Figure 17.- Variation of lateral aerodynamic coefficients with sideslip angle for B~1X1~W2H9T12Vu5Y~ 
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Figure 17.- Continued. 
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Figure 17.- Continued. 
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Figure 17.- Continued. 

04 

02 

0 

02 

04 

125 



. .  
- 6  - 4  -2  0 2 4 6 8 10 12 14 

B, deg 

(e) ~13T13 (tanks on); 6h = -50; a 100. 

Figure 17.- Concluded. 
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(a) M = 1.75. 

Figure 18.- Effect of HRE components and fuel tanks on lateral stability parameters for B11X16W2H9T12Vu,. 
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Figure 18.- Continued. 
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Figure 18.- Continued. 
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Figure 18.- Continued. 
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(a) M = 1.75. 

Figure 19.- Effect of horizontal-tail deflection on lateral stability parameters for BllX16W2H9T12V,,Y,N,3 (HRE on). 
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Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 19.- Continued. 
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(a) M = 1.75. 

Figure 20.- Effect of horizontal-tail deflection on lateral stability parameters for BllXl6W$I9T12Vu5Y5 (HRE off). 
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Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 20.- Concluded. 
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(a) M = 1.75. 

Figure 21.- Effect of horizontal-tail deflection on lateral stability parameters for B11X16W2HgT12VU5Y5N13T13 (HRE and tanks on). 
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Figure 21.- Continued. 
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Figure 21.- Concluded. 
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(a) M = 1.75. 

Figure 22.- Effect of HRE spike position (no airflow) on lateral stability parameters for B$$v2H9T12V~5Y,. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Concluded. 
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Figure 23.- Effect of fuselage nozzle on lateral stability parameters for B11X16W2H9T12Vu5Y5N13. 
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Figure 23.- Continued. 
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Figure 23.- Continued. 
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Figure 23.- Continued. 
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Figure 24.- Effect of extended vertical tail on lateral stability parameters for B11X16W2H9T12Y5N~ 
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Figure 24.- Continued. 
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Figure 24.- Continued. 
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Figure 24.- Continued. 
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Figure 24.- Continued. 
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(a) M = 2.86. 

Figure 25.- Effect of speed-brake deflection on lateral stability parameters for B11X16W2H9T12V~5Y5N13 (HRE on) with Sh = -loo. 
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Figure 25.- Continued. 
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Figure 26.- Effect of speed-brake deflection on  lateral stability parameters for Bl1x16W~H9T12vu5Y5 (HRE off) wi th dh  = -IOo. 
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Figure 26.- Continued. 
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Figure 26.- Concluded. 
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(a) M = 1.75. 

Figure 27.- Roll control effectiveness of the horizontal tail for B11X,,W2H9T12V,5Y5N13 (HRE on). 
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Figure 27.- Continued. 
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Figure 27.- Continued. 
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Figure 27.- Continued. 
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Figure 27.- Continued. 
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Figure 27.- Concluded. 
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(a) M = 2.86. 

Figure 28.- Rol l  control effectiveness of the horizontal tail for B11X16W2H9T12V,,Y5 (HRE off). 
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Figure 28.- Continued. 
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Figure 28.- Concluded. 
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Figure 29.- Roll control effectiveness of the horizontal tail for 611X16W2H9T12V~5Y5N13T13 (HRE and tanks on). 

181 



(b) M = 2.00. 

Figure 29.- Continued. 
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Figure 29.- Concluded. 
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Figure 30.- Summary of lateral stability parameters for B$16W2HgT1$/"~ 
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(b) Blowup of HRE from above photograph. 

Figure 31.- Schlieren photographs. 
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