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SERIES OF WING-BODY COMBINATIONS HAVING CAMBERED 

WINGS WITH AN ASPECT RATIO OF 3.5 AND A 

TAPER RATIO OF 0.2 

EFFECTS OF SWEEP ANGLE AND THICKNESS RATIO ON THE STATIC 

LATERAL STABILITY CHARACTERISTICS AT M = 1.60 

By M. Leroy Spearman and John H. Hilton, Jr. 

SUMMARY 

An investigation has been conducted in the Langley Ii.-. by Is--foot 
supersonic pressure tunnel at a Mach number of 1.60 and a Reynolds 

number of 2.7 x 106, based on the wing mean aerodynamic chord, to deter-
mine the effects of sweep angle and thickness ratio on the static lateral 
stability characteristics of a series of wing-body combinations having 
cambered wings of aspect ratio 3.5 and taper ratio 0.2. The wings, 
tested on a body of revolution, had quarter-chord sweep angles of 10.80, 
350, and 470 with a thickness ratio of Is- percent, and thickness ratios 

Is. Of , 6 1 and 9 percent with a sweep angle of 470 . The effects of a 
nacelle installation on the 6-percent-thick 470 swept wing were also 
investigated. The results of these tests show the effects of sweep, 
thickness, and the nacelle installation on the static lateral stability 
characteristics.

INTRODUCTION 

A research program has been in progress at the Langley Aeronautical 
Laboratory to determine at subsonic, transonic, and supersonic speeds, 
the effects of thickness and sweep on the aerodynamic characteristics 
of a series of wing-body combinations with cambered wings having a taper 
ratio of 0.2 and an aspect ratio of 3.5. The effects of thickness on 
the longitudinal characteristics of a 470 sweepback wing-body combination 
at subsonic and transonic speeds are presented in reference 1. The
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effects of sweep and thickness on the longitudinal characteristics for 
the series of wings at a Mach number of 1.60 are presented in reference 2. 
The results of tests of several nacelle installations on a I70 sweptback 
wing are presented in reference 3. 

As a part of this research program, the present paper reports the 
results of an investigation made to determine some effects of sweep and 
thickness on the static lateral stability characteristics of this series 
of wing-body combinations at a Mach number of 1.60 and a Reynolds number 

of 2.7 x 106 based on the wing mean aerodynamic chord. The wings had 
quarter-chord sweep angles of 10.80, 350, and 470 with a thickness ratio 
of 4 percent, and thickness ratios of Ii-, 6, and 9 percent with a sweep 
angle of 470. In addition, the effects of a nacelle installation on 
the 6-percent-thick 470 sweptback wing were investigated. The results 
are presented without analysis to expedite issuance. 

COEFFICIENTS AND SYMBOLS 

The results of the tests are presented as standard NACA coefficients 
of forces and moments. The data are referred to the stability-axes 
system (fig. 1) with the reference center of gravity at 25 percent of 
the wing mean aerodynamic chord. 

The coefficients and symbols are defined as follows: 

Cy	 lateral-force coefficient (Y/qS) 

Cn	 yawing-moment coefficient (N/qSb) 

C-1	 rolling-moment coefficient (L/qSb) 

CL	 lift coefficient (_Z/qS) 

CX	 longitudinal-force coefficient (X/qS) 

Cm	 pitching-moment coefficient (M'/qS) 

X	 force along X-axis 

Y	 force along Y-axis 

Z	 force along Z-axis 

L	 moment about X-axis
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M t	 moment about Y-axis 

N	 moment about Z-axis 

free-stream dynamic pressure 

S	 total wing area 

b	 wing span 

E	 wing mean aerodynamic chord 

M	 Mach number 

t/c	 thickness ratio (Wing thickness/Wing chord) 

a	 angle of attack of body center line, degrees 

angle of yaw, degrees 

A	 angle of sweep of wing quarter-chord line, degrees 

Cy	 lateral-force parameter, rate of change of lateral-force 
coefficient with angle of yaw (Cy/) 

directional-stability parameter, rate of change of yawing-
moment coefficient with angle of yaw (Cn/r) 

Cj	 effective-dihedral parameter, rate of change of rolling-
moment coefficient with angle of yaw (Cj/4r) 

APPARATUS AND MODELS 

Tunnel 

The tests were conducted in the Langley 4- by 4-foot supersonic 
pressure tunnel. This tunnel, described in reference 4, was originally 
powered by a 6000-horsepower drive motor. Recent modifications to the 
tunnel have increased the horsepower rating to 47,000. The additional 
power has resulted in an increase in the maximum stagnation pressure 
from 0.3 atmosphere to about 2 atmospheres. The design Mach number 
range of 1.2 to 2.2 remains unchanged. At a Mach number of 1.60, the 
test section has a width of 4.5 feet, a height of 4.4 feet, and a region 
of uniform flow which is 7 feet long at the flexible walls. An external 
air-drying system supplies air of a sufficiently low dew point to prevent 
moisture condensation in the test section.
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Models 

The models used in these tests were composed of an ogive-cylinder 
body and various midwing configurations with a ratio of body diameter 
to wing span of about 0.094. The models were designed to accommodate 
solid steel wings with integral cylindrical sections simulating corre-
sponding sections of the body. This design permitted interchange of 
wings with minimum delay. The wings were positioned so that the quarter-
chord point of the mean aerodynamic chord was always at the same body 
station. The wing airfoil sections had an MACA 65A-series thickness 
distribution with mean line ordinates one-third of MACA 230 plus (a = 1) 
for CL = 0.1. The airfoil coordinates are given in table I. Details 
of the models are shown in figure 2. 

The models were sting-supported and had a six-component internal 
strain-gage balance in the body. The model and sting are shown in 
figure 3. The models, balance, and indicating systems were furnished 
by a U. S. Air Force contractor.

TESTS 

Test Conditions 

The conditions for the tests were: 

Mach number ...........................1.60 

Reynolds number, based on wing mean aerodynamic chord . 2.7 x 106 
Stagnation dew point, degrees Fahrenheit . . . . . . . . . . . . <-25 
Stagnation pressure, atmosphere ..................1 
Stagnation temperature, degrees Fahrenheit ............110 

A limited calibration prior to those tests has shown that the flow 
in the test section is reasonably uniform. The magnitudes of the 
variations in the flow parameters are summarized in the following table: 

Magnitude 
Flow parameter

(deg) 

Mach number ±0.01 

'Flow angle in horizontal plane 

Flow angle in vertical plane
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Test Procedure 

Tests were made through an angle-of-yaw range from -2 0 to 100 at 
an angle of attack of 50 and through an angle-of-attack range from _20 
to 120 at angles of yaw of 00 and 5. 

Corrections and Accuracy 

The angles of attack and yaw were corrected for the deflection of 
the balance under load. The estimated accuracy of both the angle of 
attack and angle of yaw was ±0.10 . No corrections were applied to the 
data to account for the flow variations in the test section. 

The estimated errors in the force data were as follows: 

CL .............................. ±0.005 

CD .............................. t.00l 

Cm	 .............................. ±•001 

Cy .............................. ±.003 

Cn	 ................................ 0003 

C 1	 ................................ 0002

The base pressure was measured and the drag data were corrected 
to correspond to a base pressure equal to the free-stream static pressure. 

RESULTS 

The results are presented in this paper without analysis in order 
to expedite publication. The aerodynamic characteristics in yaw for 
various configurations at a 50 are presented in figure 4• The 
effects of yaw on the lateral characteristics in pitch for various 
configurations are shown in figure 5. The static lateral stability 
characteristics of the various configurations at a = 50 are summarized 
in table II and are presented as functions of sweep angle and thickness 
ratio in figure 6. 

Although these data are presented without analysis, some general 
remarks can be made. Both Cy* and Cn are essentially invariant 

with lift coefficient. The effect of increasing the sweep angle or 
thickness ratio is to increase the positive value of Cy and decrease 

the positive value of Cn. The effective dihedral Cj, although quite 

small, appears to change from negative to positive as the lift coefficient 
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increases. The effect of the nacelle installation is to increase the 
positive value of Cy and Cn and to produce a negative value of Cj. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va.
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TABLE II 

SUMMARY OF STATIC LATERAL STABILITY DERIVATIVES 

(deg) t/c Nacelle Cy 

10.8 O.O4 Off 0.0012 0.00057 -0.00010 

35 .0018 .00046 o 

4 .O .0020 .00040 .00003 

47 .o6 .0022 .00030 -.00003 

11.7 .09 .0026 .00017 -.00011 

47 .06 On .0076 .00122 -.00020 

Body alone .0015 .00055 .000011-
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Figure 1.- System of stability axes. Arrows indicate positive values.
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Body axis and 
wing chord plane 

Ogive nose —\	 20 R. 

Sting /	 i	 6.47

- 

Cylindrical section	 L-_ 6.61 
25.12 

(a) Wing-body arrangement. 

Figure 2.- Details of model configurations.
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I/cr .04	 .04 

Aspect Ratio 3.5 

Taper Ratio 0.2 

Span, inches 24 

Area, sq. feet 1.143

f/cr .04	 .04 

40% Semi span 

/ 

	

f/cr .04	 .04	 .04 

	

.06	 .06	 .06 

	

.09	 .09	 09 

(b) Details of wings. 

Figure 2.- Continued.
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Strut section NACA 65A — 005 in
streamwise direction 

2.25[4--5.3	 0- i .0 5. 

=

9.27 

(c) Details of nacelle installation on A = 47°; . = o.o6 wing.

Figure 2.- Concluded.



unnel wall 
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50 

Top view of installation

(0 
c'J

Side view of installation 

Figure 3.- Details of model sting support. All dimensions in inches 
unless noted.
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Angle of yaw, 'ii, deg 

(a) Body alone. 

Figure II-. - Aerodynamic characteristics in yaw for various configurations 
at ct = 5°. M=1.60.
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Figure L- Continued.
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Figure 4, Continued.
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(c) Concluded.

Figure Ii.... Continued.
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Figure 1. - Continued.
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Figure L- Continued.
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Figure 4, Continued. 
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Figure 5. 7 Effect of yaw on the lateral characteristics in pitch for 
various configurations. Flagged symbols are values from yaw tests. 
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Figure 5.- Continued.
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Figure 6.- Summary of the static lateral stability characteristics of
various configurations at a = 70 M = 1.6o. 
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