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SUMMARY 

Experimental values of the damping in roll of three triangular wings 
have been obtained at Mach numbers of 1.62, 1.94, 2.22, 2.41, and 2.62 
over a range of angle of attackfrom approximately 00 to 130. The aspect 
ratios of the wings were 1.46, 2.31, and 3.35. 

Angle of attack had no large effect on the damping in roll for the 
angle-of-attack range investigated. 

For all angles of attack, fairly good agreement between the exper-
imental and theoretical damping in roll was obtained when the wing 
leading edges were well behind the Mach cones emanating from the wing 
apexes. When the leading edges were in the vicinity of the Mach cones, 
the damping in roll was generally overestimated by theory, this over-
estimation being greater for the higher angles of attack. When the 
leading edges were well ahead of the Mach cones, the damping in roll 
varied from somewhat higher than theory for the lower angles of attack 
to somewhat lower than theory for the higher angles of attack. 

INTRODUCTION 

One of the more important stability derivatives which must be eval-
uated in order to predict the dynamic stability characteristics of air-
planes and missiles is the damping-in-roll derivative C 1 . References 1 

to 10 present some of the experimental and theoretical work that has been 
done to determine C IP at supersonic speeds both for complete airplane 

configurations and for isolated wings at zero angle of attack. The pur-
pose of the present investigation was to determine the effects of angle 
of attack on C 1 for isolated triangular wings.
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The damping in roll of three sting-mounted triangular wings was 
obtained in the Langley 9-inch supersonic tunnel at Mach numbers of 1.62, 
1.91I, 2.22, 2.41, and 2.62 over a range of angle of attack from approx-
imately 00 to 130. The damping in roll was obtained by a forced-roll 
technique. The wing plan forms were selected to provide a range of 
leading-edge sweep angle such that the leading edges passed from behind 
to ahead of the Mach cones emanating from the wing apexes. The wings 
had aspect ratios of 1.46, 2.31, and 3.35. 

The symbols used in the present paper are defined in the following 
list. The rolling moments are referred to the stability-axes system, 
with the origin at the calculated mass center of gravity of the wing. 

A	 aspect ratio, b2 /S 

b	 wing span, in. 

= 1/M2 - 1 

C	 rolling-moment coefficient, Mx/Sb 

damping-in-roll derivative, 
^C 2[,pb 

p 

M	 angle of attack, deg 

€	 semiapex angle of wing, deg 

Mx	 rolling moment about longitudinal stability axis 

M	 free-stream Mach number 

p.	 Mach angle, sin	 , deg 

p	 angular rolling velocity, radians/sec 

pb/2V	 wing-tip helix angle, radians 

q	 free-stream dynamic pressure 

R	 Reynolds number based on mean aerodynamic chord of wing
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S	 wing area, sq in 

V	 free-stream velocity 

Cr	 wing root chord, in.

APPARATUS


Wind Tunnel 

All tests were made in the Langley 9-inch supersonic tunnel, which 
is a closed-circuit, continuous-operation type of tunnel in which the 
stream pressure, temperature, and humidity can be controlled at all 
times during tunnel operation. Different test Mach numbers are provided 
by interchangeable nozzle blocks which form test sections approximately 
9 inches square. Eleven fine-mesh turbulence-damping screens are 
installed in the settling chamber ahead of the supersonic nozzle. The 
turbulence level of the tunnel is considered low, based on past 
turbulence-level measurements. Throughout the tests, the moisture con-
tent in the tunnel was kept sufficiently low to insure that the effects 
of condensation were negligible. 

Models, Support, and Rolling-Moment Balance 

The pertinent wing characteristics are presented in table I. All 
wings were made of 1/8-inch-thick steel sheet. The leading and trailing 
edges of the wings were beveled symmetrically at an angle of 50 in a 
direction parallel to the root chord. (See sketch in table I.) A pair 
of wings was made for each seiniapex angle; and each pair was very nearly 
identical, except that the center portion (portion near the root chord) 
of each wing of a pair was modified in a different manner to fit a dif-
ferent type of mounting sting. 

Two types of steel mounting stings were used in the tests. The 
first type consisted of an ogival nose and a cylindrical afterbody, and 
had a longitudinal slot cut at the desired angle of attack. The wing 
was mounted on the sting by being inserted into the slot and secured by 
lock screws and pins. This type of sting was used to obtain angles of 
attack of approximately 0 and. 3.50 . The second type of sting was cylin-
drical throughout its length, and the nose end was beveled at the desired 
angle of attack. A flat plate shaped to fit a recess in the upper wing 
surface was silver-soldered to the beveled surface. The wing was attached 
to the plate with screws. This type of sting was used to obtain angles 
of attack of approximately 6.7 0, 9.70, and 12.80 . Photographs of wings 
mounted on both types of stings are presented in figure 1.
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Transition strips of aluminum-oxide particles were placed on the 
upper and lower surfaces near the leading edges of the wings. These 
strips were 1/8 inch wide and approximately 0.006 inch thick. They may 
be seen in the photographs of figure 1. 

The exposed surfaces of the wings and stings were ground and pol-
ished to a smooth finish. The gaps at the wing-sting junctures and 
spaces above screw heads were filled in with plaster. 

Photographs of the damping-in-roll test apparatus are presented in 
figure 2. The model sting was inserted into the spindle of the rolling-
moment balance and secured by a Woodruff key and setscrews. The spindle 
was rotated at various constant rolling velocities by means of gears and 
an electric motor outside the tunnel. The rolling velocity was measured 
with a Stroboconn frequency indicator which was modified to indicate 
revolutions per minute by means of a generator attached to the rear of 
the spindle. The rolling moments were measured by strain gages mounted 
on the spindle downstream of the model and were transmitted through slip 
rings and brushes to a self-balancing potentiometer outside the tunnel. 

TESTS 

The damping in roll of three triangular wings was obtained at Mach 
numbers of 1.62, 1.94, 2.22, 2.41, and 2.62 at nominal angles of attack 
of 0°, 5.50, 6.70, 9.70 , and 12.80 . In each test the angle of attack 
was corrected for deflections of the models and support system under 
load. The Reynolds number ranges of the tests, based on the mean aero-

dynamic chords of the wings, were as follows: 0.92 x 106 to 5.22 x 106 

for the wing with € = 200; 0.98 x 106 to 2.1 x 106 for the wing with 

€ = 500; and 0.75 x 106 to 1.82 x 106 for the wing with € = 1o°. All 
tests were conducted with transition strips on the wing leading edges 
in order to insure transition at the same point on the wing surface for 
all angles of attack and to simulate boundary-layer conditions encoun-
tered at higher Reynolds numbers. 

The wings and stings were designed so that, when a model was 
installed in the rolling-moment balance in the tunnel, the roll axis 
intersected, the midchord plane of the wing in the plane of symmetry at 
the calculated mass center of gravity of the wing.
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PRECISION 

The maximum probable errors in C 1 and pb/2V are given in the 

following table: 

M Error in	 C 1 Error in	 pb/2V 

1.62 ±0.00031 10.00056 
1.9 ±.00034 ±.00030 
2.22 ±.00O42 1.00025 
2.41 ±.00021 ±.00021 
2.62 ±.00028 1.00020

The probable errors in C 1 may be attributed to errors in the 

strain-gage indication. The errors in pb/2V were caused by the esti-
mated error in the measurement of the rolling velocity and the surveyed 
variation of ±0.01 in each of the free-stream Mach numbers. 

The angles of attack were accurate to within ±0.10. 

The rolling-moment balance was calibrated statically before and at 
intervals during the testing to ascertain that there were no changes 
in. the strain-gage constant. 

RESULTS AND DISCUSSION 

The variations of rolling-moment coefficient with wing-tip helix 
angle for the three wings tested are presented in figures 5 to 7. 
Within the accuracy of the data, the values of C 1 varied linearly 
with pb/2V. Therefore, the values of C 1 , obtained by taking the 

slopes of the variations of C 1 with pb/2V, were, inmost instances, 

independent of rolling velocity. 

The variations with angle of attack of the damping in roll of the 
three wings are presented in figure 8. Within the range of angle of 
attack of the tests, these variations showed no significant effects of 
angle of attack on C1E, However, there was a general trend toward 

reduced damping with increasing a., especially for the two wings with 
the higher aspect ratios. The general levels of the variations of 
damping in roll with a, decreased slightly with increasing Mach number. 
In general, the damping in roll increased with increasing aspect ratio. 
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However, for the wings of larger aspect ratio, most of the increase in 
damping with aspect ratio may be attributed to a closer approach to the 
condition of shock attachment to the leading edge, as will be discussed 
subsequently. 

The experimental and theoretical damping in roll of the wings are 
compared in figure 9. The experiinental values of C 	 are plotted in 

a manner which allows the theoretical predictions to be represented by 
a single curve. The abscissa is the quantity tan e/tan t, which 
describes the position of the leading edges relative to the Mach cone 
emanating from the wing apex. Plotted as the ordinate is the quantity 
3C j . The values of OC Z obtained for the three wings at all five 

Mach numbers at approximately the same angle of attack are presented in 
one plot. The theoretical predictions of PC Z are for isolated wings 

at zero angle of attack and were obtained from reference 8. 

Over the range of tan e/tan i of the tests, approximately the 
same agreement between experiment and theory was obtained for a. 00, 

3.5°, and 6.70. (See figs. 9(a), 9(b), and 9(c).) That is, fairly 
good agreement was obtained when the wing leading edges were well behind 
the Mach cones (tan e/tan t 0 . 70 ); the damping in roll was generally 
overestimated by theory when the leading edges were in the vicinity of 
the Mach cones ( 0. 70 tan €/tan ji i.--o), and the experimental 
damping in roll was in most instances higher than that predicted by 
theory when the leading edges were well ahead of the Mach cones 
(tan €/tan p i' 1.40). Figures 9(d) and 9(e) show that, as the angle 
of attack was increased, to approximately 9.7 0 and 12.80 , respectively, 
the damping became less than that of theory when the leading edges were 
well ahead of the Mach cones (tan e/tan t 

It is interesting to note in figure 9 that, at values of tan €/tan 
greater than 1.60 for which most of the values of damping were higher 
than those of theory for a. 00 , 3.50, and 6.70 and lower than those 

of theory for a. pu 9.70 and 12.80 , the leading-edge shock waves were 

attached for a. 00, 3•50, and 6.70 and were detached for a. 9.70 
and 12.8°. (For all other experimental values of tan €/tan	 and a,, 
the leading-edge shock waves were detached.) A decrease in dampingmight 
have been expected when the leading-edge shock wave became detached at 
high angles of attack because of spillage over the leading edge. 

The results of the present investigation for a. 00 are in fair 
agreement with the results for triangular wings obtained in references Ii., 

5, and 6; however, in the present investigation the damping in roll of 
wings with leading edges well ahead of the Mach cones (tam €/tan ji > 1.60) 
was higher than theory, whereas it was lower than theory in the investi-
gations of references 5 and 6. The damping in roll of triangular wings
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with tan e/tan i > 1.30 was higher than theory in reference 4. These 
differences may be due to the fact that, in the investigations of ref-
erences 5 and 6, the wings were mounted on relatively large bodies of 
revolution; whereas in the present investigation and in that of refer-
ence Ii., small mounting stings were used. 

A wind-tunnel investigation of the damping in roll of three trian-
gular wings was made at Mach numbers of 1.62, 1.9 2 2.22, and 2.62 
over a range of angle of attack from approximately 00 to 130. 

Angle of attack had no significant effect on the damping in roll 
for the range of angles of attack investigated. 

For all angles of attack, fairly good agreement between the exper-
imental and theoretical damping in roll was obtained when the wing 
leading edges were well behind the Mach cones emanating from the wing 
apexes. When the leading edges were in the vicinity of the Mach cones, 
the damping in roll was generally overestimated by theory, this over-
estimation being greater for the higher angles of attack. When the 
leading edges were well ahead of the Mach cones, the damping in roll 
varied from somewhat higher than theory for the lower angles of attack 
to somewhat lower than theory for the higher angles of attack. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 


Langley Field, Va., May 28, 1956.
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TABLE I 

WING DIMENSIONS AND PARAMETERS 

Sketch of wing
€, b, cry S,

A deg i n. i n. sq i n. 

20.0 3.63 4.98 9.02 1.6 

A

30.0 5.78 5.00 13 2.31 

4o.o 6.28 3.75 11.6 3.35



(a) a.	 350 
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(b) a 9.70.	 L'.'93529 

Figure 1.- Photographs of wings mounted on different types of stings. 
€ = 300.
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(b) Interior of rolling-moment balance. 	 L1'1894O9 

Figure 2.- Concluded.
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Figure 3-- Concluded.
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Figure 4, Concluded.
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Figure 7 . - Concluded.
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