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SUMMARY

Results are presented of an experimental investigation conducted in
the Langley high-speed T- by 10-foot tunnel of the damping-in-roll char-
acteristics of a series of wing plan forms at angles of attack up to 13°
and Mach numbers to 0.91. Included also is the spanwise load distribution
obtained on one of these wings while rolling.

The results indicate that a large loss in damping occurs at succes-
sively lower angles of attack as the Mach number is increased. For swept
wings which are subject to pitch-up tendencies, loss of damping occurs at
about the angle of attack for pitch-up and those devices which alleviate
pitch-up are similarly effective in improving the damping. A procedure
is given whereby a satisfactory estimate of the spanwise load distribu-
tion can.be made if the measured pressure-distribution data in pitch are
available.

INTRODUCTION

A considerable amount of effort has been expended in the past on
experimental investigations of the damping-in-roll characteristics of
various wing plan forms. These investigations have been largely confined
to the variation with angle of attack at low Mach numbers (for example,
refs. 1 to 7) or the variation with Mach number at low angles of attack
(refs. 8 to 20). An indication of the range of these data is presented
in figure 1.

Recently an investigation has been conducted in the Langley high-
speed T- by 10-foot tumnel of the characteristics in roll of several
wings. Results for an angle-of-attack range from 0° to 13° were obtained
at Mach numbers up to 0.91. For one of the wings, pressure distributions
were measured during roll. Since some of the results obtained in the
investigation are regarded as being very significant, the present paper
was prepared in order to summarize some of the more important findings.
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COEFFICIENTS AND SYMBOLS

The coefficients and symbols used are defined as follows.

C1, 1ift coefficient, perpendicular to relative wind, Lift/qS
Cm 'pitching-moment coefficient, Pitching moment/qS¢
CZ rolling-moment coefficient, about an axis parallel to the

relative wind, Rolling moment/qSb

A aspect ratio

S wing area, sq ft (2.25 sq ft for all models)
b wing span, ft

c local wing chord, ft

c wing mean aerodynamic chord, ft.

Cav wing average chord, ft

q dynamic pressure, %pve, 1b/sq ft

v free-stream velocity, ft/sec

P air density, slug/cu ft

M Mach number

o angle of éttack, deg

A sweep angle, deg

pb . . . .

5V wing-tip helix angle, radians

P rolling velocity, radians/sec

ch local section normal-force coefficient
'y spanwise distance from plane of symmetry, ft

P R
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MODELS AND TESTS

The models tested included an unswept wing, two swept wings, and
one triangular wing each in caombination with a common fuselage. The
principal geometric characteristics of the wings are given in table I.
Ordinates of the fuselage are presented in reference 21. The models
were tested on the Langley high-speed T- by 10-foot tunnel forced-
rotation apparatus (ref. 22). The Reynolds number range covered for each
of the wings is presented in table I.

A pressure-switch assembly and eight electrical pressure gages were
installed in the fuselage to transmit the pressure-distribution data from
the rolling wing. The electrical signals from the pressure gages were
taken through the slip rings and brushes of the forced-roll apparatus.
Because of the limited number of slip rings, it was necessary to use a
gang of special pressure switches geared together to connect the pressure
orifices in the wing to the electrical gages in sucessive groups. The
pressure data were recorded on a multiple-channel recording galvanometer.

CORRECTIONS

The angle of attack of the model has been corrected for the deflec-
tion of the support system under load and for the effects of boundary-
induced upwash by the method of reference 23. The blocking corrections
which were applied to the dynamic pressure and Mach number were determined

by the method of reference 2k.

DISCUSSION

Measured Damping Characteristics

The damping-in-roll characteristics of the 45° swept wing (fig. 2)
indicate that a serious loss of damping occurs at successively lower
angles of attack as the Mach number is increased. At the lower Mach num-
bers (the data for M = 0.2 were obtained from ref. 25), the loss in
damping does not occur until after the angle of attack for maximum lift
has been considerably exceeded. At the higher Mach numbers the loss in
damping occurs at angles of attack below the meximum 1ift.

Figure 3 shows results for several wings of various plan forms at a
Mach number of 0.85. As can be seen, the results indicate poor damping
for all the wings in about the same angle-of-attack range. Note also
that for the swept plan forms maximum 1ift has not been reached when this
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loss in damping occurs. As would be expected, however, the loss in
damping for the unswept wing occurs at an angle of attack slightly above
that for the peak in the 1lift curve.

In the region of instability or very low damping, the variation of
rolling moment with rolling velocity was found to be rather erratic, and
it is difficult to determine what the effective value of the damping
coefficient should be under such conditions. Some typical variations of
rolling-moment coefficient C; with wing-tip helix angle pb/2V are

shown in figure 4. At zero angle of attack the variation is quite linear
and a stable slope is shown for all wings. These favorable character-
istics, however, are maintained only up to an. angle of attack of 6° or 8°.

At an angle of attack of 11° the unswept-wing data exhibit a pro-
nounced hysteresis. The data points for the curve were taken in the
direction shown by the arrows. It should be remembered, of course, that
the angle of attack of 11° for this wing is above the stall at the Mach
number selected. For the other wings however maximum 1ift is obtained
at an angle of attack considerably above 11°.

The 32.6° swept wing shows a definite instability over a wide range
of rolling velocities. Of the wings tested, this plan form showed the
most instability and the instability covered the largest ranges of Mach
number and angle of attack.

The 45° swept wing shows a very large reduction in damping, but no
hysteresis, at an angle of attack of 11° and a ‘Mach number of 0.85. As
was shown in figure 2, a slight instability was obtained at a Mach number-
of 0.91. This instability occurred only at small values of pb/2V.

The 60° triangular wing shows a small region of hysteresis with a
stable slope at the higher rolling velocities. These nonlinearities
through zero and the hysteresis loops may not be too troublesome with
regard to controllability where large rolling velocities are reached ;
however, they may cause undesirable dynamic stability characteristics.
The hysteresis loop would also complicate the design of any automatic
stabilizing equipment planned for such an airplane. It might also be
expected that the instabilities shown may bear some relation to the wing-
dropping problem under maneuvering conditions.

Effect of "Fixes"

Since a loss in damping in roll is known to be strongly associated
with tip stalling - which also causes pitch-up for some wing plan forms -
tests were made to determine whether devices which are known to alleviate
pitch-up would also improve the damping in roll. One such device, a
leading-edge notch of 0.02b/2 width and 0.08c depth, located at 0.60b/2
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was tried on the 60° triangular wing and the results are shown in figure 5.
This device effectively eliminated both the pitch-up and the damping-in-
roll instability within the test Mach number range (M= 0.7 to 0.91).

The effect of fences on the 45° swept wing is shown in figure 6.
The fences extended the length of the chord and were located at the
0.65b/2 station. As can be seen, at a Mach number of 0.85 the fences
delayed the pitch-up by some 50 and materially improved the demping. How-
ever at a Mach number of 0.91 the effectiveness of the fences on either
the damping or the pitch-up decreased considerably.

Span-Load Distributions in Roll

In an effort to better understand the forces and distribution of
forces contributing to the damping in roll, pressure-distribution measure-
ments during roll were obtained on the 45° sweptback wing. The results at
a Mach number of 0.85 and at angles of attack of 0° and 13° are shown in
figure 7. Comparisons of the measured and estimated values of the span-
wise load coefficient due to roll are given in the upper part of the fig-
ure for o = 0°. A similar comparison but applied only to the increment
due to roll for a = 130 is given in the lower part of the figure. 1In
both cases the agreement between measured and estimated results is quite
good. The estimation involved use of measured pressure distributions in
pitch, which can be obtained by a relatively simple technique and for
which considerable published data are available (refs. 26 and 27). The
measurement of pressure distributions during rolling, on the other hand,
requires the use of complex equipment. Numerous possibilities for errors
or leakage exist and, at best, the precision of the resulting data is
only fair.

The procedure for making the estimation is illustrated in figure 8.
The local section normal-force curves are presented for spanwise stations
of 40, 80, and 95 percent semispan. The increment of angle of attack due
to roll at any spanwise station is given by

pa = 57.3 B2 L
513 5 o2

where K, the correction factor which takes into account the difference
in aerodynamic induction for the angle-of-attack and rolling conditions,
was derived from reference 28 and is given by the expression

2

2+\’1++ A2
cos“A

2

b\ 16 + =2
cos2A

K =
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The veriation of the value-of K with taper ratio, as well as the
spanwise variation of K, has been investigated by using unpublished
symmetrical and antisymmetrical loading data computed by the 15-point
method of Weissinger (ref. 29). The effects of taper and the spanwise
variation of K were found to be small and it therefore appears that
the equation given here can be used for all plan forms.

The anglé of attack for the wing at zero rolling velocity and for
the upgoing and downgoing wing panels at a rolling velocity equivalent
pb '

to 57 = 0.06 are indicated in figure 8. The increment of spanwise load

coefficient due to rolling is merely the difference in section normal-
force coefficient (multiplied by the appropriate chord ratio) between

the angle of attack for g% =0 and g% = 0.06, as indicated in figure 8,

As is shown in figure T this procedure yields results that are in
good agreement at both low and high angles of attack. Because of the
difficulties of obtaining pressures in roll, it is felt that an estimation
procedure of the type outlined may be the more practical approach in most
instances.

CONCLUDING REMARKS

An investigation of the damping-in-roll characteristics of four wings
at Mach numbers up to 0.91 and at angles of attack up to 130 indicates that
a serious loss in damping generally occurs at successively lower angles of
attack as the Mach number is increased. For swept wings which are subject
to pitch-up tendencies, loss of damping in roll normally occurs at about
the angle of attack for pitch-up and those devices which alleviate pitch-
up are similarly effective in improving the damping in roll. Also, the
increment of span load distribution due to roll can be satisfactorily
estimated if measured pressure-distribution data in pitch are available.

Langley Aeronautical Laboratory,
-National Advisory Committee for Aeronautics,
~ Langley Field, Va., June 25; 1953.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODELS INVESTIGATED
Sweep Aspect Taper Airfoil Reynolds number

angle, deg ratio ratio section based on ¢
3.6at c/b| L 0.6 654006 1.8 x 106 to 3.0 x 106

32.6at c/b | k4 0.6 65A006 1.8 x 106 to 3.0 x 100
45 at c/b | b 0.6 65A006 1.8 x 106 to 3.0 x 106
60 at L.E. | 2.31 0 65A003 3.1 x 106 to 5.2 x 106
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Figure 3.- Variation of the damping-in-roll derivative Czp with angle
of attack. M = 0.85.
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