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SUBSONIC STABILITY, CONTROL, AND PERFORMANCE OF
A SHUTTLE CONCEPT WITH A BLENDED WING-BODY

By Charles H. Fox, Jr., and Delma C. Freeman, Jr.
Langley Research Center

SUMMARY

An investigation has been conducted in the Langley high-speed 7- by 10-foot tunnel
to determine the longitudinal and lateral-directional aerodynamic characteristics of a
model representative of a high-cross-range orbiter with a blended delta wing-body at
subsonic speeds. The model had a leading-edge sweep of 67.5° and tip fins having 5° toe-
in and 15° roll-out. The model was tested over a Mach number range from 0.4 to 0.88 at
angles of attack from approximately -4° to 20°.

The results of the investigation indicate that at low-subsonic Mach numbers the
model, with the moment center at 66.7 percent of the body length, is stable up to an angle
of attack of 110, where a slight pitch-up occurs. Increasing the Mach number to 0.8
delays this pitch-up until an angle of attack of 18° is reached. Large elevon deflections
were required to trim the model because of the large negative values of zero-lift pitching
moment and the low elevon effectiveness. The resulting values of trimmed 1ift and
trimmed lift-to-drag ratio were undesirably low. Removing the fuselage boattailing
and tip-fin camber decreased the negative zero-lift pitching moment slightly; however,
there was no net gain in performance. The model was directionally stable and had posi-
tive effective dihedral at the lowest Mach number, but increasing the Mach number to 0.8
resulted in a loss of directional stability.

INTRODUCTION

One of the current goals of the National Aeronautics and Space Administration is
the development of a space transportation system capable of 'placing large payloads in
near-earth orbit. As part of this general effort, wind-tunnel tests of a scale model of
a typical high-cross-range orbiter concept with a blended delta wing-body, have recently
been made at Langley Research Center. The present investigation conducted in the
Langley high-speed 7- by 10-foot tunnel consisted of tests to determine the basic sub-
sonic longitudinal and lateral-directional aerodynamic characteristics of the model.

The model was tested over a range of Mach numbers from 0.4 to 0.88 corresponding to
Reynolds numbers, based on body length, of 5x 106 to 8 x 106, respectively, and at angles




of attack from approximately -4° to 20° at 0° of sideslip. The model was also tested at
angles of attack of 0° and 9° through a range of sideslip angles from -4° to 10°,

SYMBOLS
The longitudinal data are referred to the stability system of axes, and the lateral-

directional data are referred to the body system of axes. (See fig. 1.) The moment ref-
erence center was located at 66.7 percent of the body length.

b reference wing span, 35.66 cm
Cp drag coefficient, D(:: g
Cpp base-drag coefficient, §3§§§(—i§§-
Cy1, lift coefficient, -I‘(;l—lélE
C 11 t coefficient, —X
Z rolling-moment coefficient, o
cp s . My
Cm pitching-moment coefficient, el
Cm,o pitching-moment coefficient at Cy, =0
. . . Mgy
Ch yawing-moment coefficient, —%
qsSb
Cy side-force coefficient, Side force
as
D drag force, newtons
Fvy side force, newtons
L lift force, newtons
l - body length, 66.26 cm
M Mach number
My rolling moment, m-N



AC;

ACy

Subscripts:
L

R

pitching moment, m-N

yawing moment, m-N

dynamic pressure, N/m?2

total planform area, 0.121 m2

body reference axes

coordinates along X- and Y-axis, respectively

angle of attack, deg

angle of sideslip, deg

incremental rolling-moment coefficient due to control deflection
incremental yawing-moment coefficient due to control deflection
incremental side-force coefficient due to control deflection
elevon deflection, positive when trailing edge is down, deg
rudder deflection, positive when trailing edge is deflected to left, deg

angle of yaw, deg

left control surface
right control surface
stability axes

DESCRIPTION OF MODEL

The model tested was an approximately 0.013-scale model of a high-cross-range
orbiter concept. The general arrangement of the model is shown in figure 2(a); wing




cross section, afterbody details, and vertical-tail cross sections are presented in fig-
ures 2(b), 2(c), and 2(d), respectively. A photograph of the model mounted in the test
section of the Langley high-speed 7- by 10-foot tunnel is presented in figure 3. The
model had a leading-edge sweep of 67.5° and outboard-mounted fins having 5° toe-in
and 15° roll-out. Elevon surfaces functioned both for pitch control and roll control,
and rudders on the tip fins functioned for directional control.

APPARATUS, TESTS, AND CORRECTIONS

The present investigation was conducted in the Langley high-speed 7- by 10-foot
tunnel. Forces and moments were measured with a sting-supported, internally mounted,
six-component strain-gage balance. Tests were made at Mach numbers from 0.4 to 0.88
corresponding to free-stream Reynolds numbers, based on model length, of 5 X 108 to
8 x 106, The angle-of-attack range was from approximately -4° to 20° at a sideslip angle
of 09, Tests were also run at angles of attack of 0° and 9° through an angle-of-sideslip
range from approximately -4° to 10°. The data have been corrected for blockage and jet-
boundary effects by the methods of references 1 and 2. Angles of attack have been cor-
rected for the effects of balance and sting deflection due to aerodynamic load. Chamber-
pressure measurements were made for all configurations, and the corresponding base
drag was computed and is presented in part (c) of figures 4 to 7 and 9; however, the basic
data presented in part (b) of figures 4 to 7 and 9 are uncorrected for the effects of base
drag. For the configuration with the modified afterbody, base-pressure measurements
were made in addition to the chamber-pressure measurements and were included in the
base-drag calculations presented in figure 9(c). All tests were made with transition fixed
on the model by means of a 0.254-cm-wide strip of No. 100 carborundum grit located
2.54 cm behind the leading edge of the wing and 2.54 cm behind the nose. (See ref. 3.)

PRESENTATION OF DATA

Eifect of Mach number on longitudinal aerodynamic characteristics of

model. B =00 . . . . L. e e e e e e e 4
Effect of Mach number on longitudinal aerodynamic characteristics of

model. &g = -30°
Longitudinal-control effectiveness. M=04 . ... ... ..... e e e e e e e
Longitudinal-control effectiveness. M=0.8 . . . . .. ... ... .........
Trim-performance characteristics of basic model. M = 0.4

..................................

wW -3 O W,

............

Effect of afterbody and tip-fin modifications on longitudinal aerodynamic
characteristics of model. 8 =0% M=0.4 . .. . .. . ... 9



Figure

Static lateral stability characteristics of model. 6=0° . . ... ... ...... 10
Roll-control effectiveness, asymmetric elevon deflection for roll control . . . . . 11
Combined roll- and yaw-control effectiveness . . . . . .. ... .. ... .. .. 12

RESULTS AND DISCUSSION

Static Longitudinal Stability and Control

Effects of Mach number.- The longitudinal aerodynamic characteristics of the model
with the elevon surfaces undeflected are presented in figure 4 for the test Mach number
range from 0.4 to 0.88. These data show that the model was statically longitudinally stable
up to about 11° angle of attack in the low Mach number range; however, increasing the
Mach number to 0.80 resulted in the longitudinal stability being maintained up to an angle
of attack of 18°, where a pronounced instability occurred. The longitudinal instability at
angles of attack above 18° for the highest Mach number probably resulted from changes in
the lift distribution over the wing-body combination due to trailing-edge separation, The
data of figure 5 present the results of tests to determine the effects of Mach number on
the longitudinal aerodynamic characteristics with the elevon surface deflected upward 309,
The trends of these data are similar to those of the data of figure 4. It should be noted,
however, that a comparison of the data of figures 4 and 5 indicates that as the Mach num-
ber is increased, the longitudinal-control effectiveness is reduced. This effect is not
uncommon for trailing-edge controls on relatively thick wings. The presence of the ver-
tical fins at the wing tips would be expected to further aggravate this problem, such as the

case of reference 4.

Longitudinal-control effectiveness.- The data for longitudinal-control effectiveness
of figures 6 and 7 show that large elevon deflections are required to trim the model
because of the large negative values of Cm,o and low values of elevon effectiveness. A
similar effect was noted in reference 5. The values of (L/D)ipiy 2nd (CL)ipiy, are
presented in figure 8. These data show that the largest deflection tested was required to
trim the model at the higher angles of attack and resulted in very low values of (L/D)ipiyp
and (CL)trim'

Effect of afterbody modification.- The data of figure 9 present the results of tests to
determine the effects of altering the afterbody (see fig. 2(c)) on the large negative Cm,o
and, therefore, on the low (L/D)tpiy, Of the model. The data show that altering the after-
body resulted in a small decrease in the negative Cm,o, but any reduction in the trim drag
was offset by an increase in base drag so that there was probably no net gain in (L/D)rim

and (CL)trim'

o




Static Lateral Stability and Control

Lateral stability characteristics.- The static lateral stability characteristics are
presented in figure 10. These data show that for the two angles of attack tested (0° and
99) for a range of sideslip angles of about +4° the lateral coefficients were linear. The
data for a Mach number of 0.4 (fig. 10(a)) show that the model was directionally stable
and had positive effective dihedral at both angles of attack tested. Increasing the Mach
number to 0.8 (fig. 10(b)) resulted in a loss of directional stability and an effective dihe-
dral of near zero. This result has been observed in previous tests (ref. 4) and is asso-
ciated with the loss of the effectiveness of the tip fins because of trailing-edge separation
on the wing.

Lateral-control effectiveness.- Data showing the effectiveness of asymmetric elevon
deflection for roll control are presented in figure 11. The data measured at a Mach num-
ber of 0.4 (fig. 11(a)) show that the elevons were effective for roll control even at a trim
deflection of -40°, Increasing the Mach number to 0.8 resulted in a slight increase in
roll-control effectiveness; however, there was some adverse yaw at this Mach number.

Data for coordinated lateral-directional control are presented in figure 12. The
rudder was deflected in combination with the roll control in order to eliminate any
adverse roll associated with the rudder deflection. The data show that the rudder was
effective for yaw control throughout the test angle-of-attack range, and at the highest
rudder deflection (-20°), an elevon deflection of 10° was more than adequate to eliminate
adverse roll. At the highest Mach number (0.8), no adverse roll was associated with the
rudder deflection,

SUMMARY OF RESULTS

The results of an investigation to determine the subsonic aerodynamic characteris-
tics of an orbiter with a blended delta wing-body may be summarized as follows:

1. The results of the investigation indicate that at low-subsonic Mach numbers the
model, with the moment center at 66.7 percent of the body length, is stable up to an angle
of attack of 110, where a slight pitch-up occurs. Increasing the Mach number to 0.8
delays this pitch-up until an angle of attack of 18° is reached.

2. Large elevon deflections were required to trim the model because of the large
negative values of zero-lift pitching moment and the low elevon effectiveness. The
resulting values of trimmed lift and trimmed lift-to-drag ratio were undesirably low.

3. Removing the fuselage boattailing and tip-fin camber decreased the negative
zero-1ift pitching moment slightly; however, any decrease in trim drag was offset by an
increase in base drag.



4. The model was directionally stable and had positive effective dihedral at the low-
est Mach number, but increasing the Mach number to 0.8 resulted in a loss of directional
stability and nearly zero effective dihedral.

5. Asymmetric elevon deflections were effective for roll control at both Mach num-
bers about pitch-trim deflections as high as -40°,

6. Overall, the results indicate that this configuration has undesirable aerodynamic
characteristics.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., June 25, 1971,
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Wind direction

Azimuth reference

Figure 1.- System of axes used in investigation. Arrows indicate positive directions of
moments, forces, and angles.
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Top and side views

Top boattailing removed

Body cross-section station x/1 = 1.00

(c) Body boattailing details.
Figure 2.- Continued.

Side boattailing removed

11
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Cambered section

(d) Vertical-tail cross sections.

Figure 2.~ Concluded.
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