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SUMMARY

A wind-tunnel investigation was made through a Mach number range
of 0.30 to about 0.94 to determine the rolling characteristics of a
three-winged free-flight type of test vehicle having untapered h5° swept -
back wings of NACA 65A009 airfoil sections and equipped with 0.20-chord
ailerons having various spans and spanwise locations. The aspect ratio
based on the area of two wings was 3.7.

The wing-tip helix angles, rolling-moment coefficients, and damping-
in-roll coefficients were generally only slightly affected by Mach number
variations for the range covered in the investigation. A partial-span
aileron was most effective when at a midsemispan location and least
effective when located at the wing tip. The aileron effectiveness
parameters and the damping-in-roll coefficients were in good agreement
with theory. The results are in good agreement with data obtained by
the free-flight rocket-propelled and transonic-bump testing techniques.

INTRODUCTION

The need for lateral-control design data in the transonic speed
range has led to the establishment by the National Advisory Committee
for Aeronautics of an integrated program for transonic research. The
experimental data for this program are being obtained through the use
of different testing methods, each of which has its limitations with
regard to such factors as Mach number range, Reynolds number, and type
and size of model. One testing technique consists of firing free-flight
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rocket-propelled test vehicles having preset deflected ailerons. From
transmitted records of the flight, the variations of wing-tip helix
angle and drag coefficient with Mach number are obtained.

This paper presents the results of a wind-tunnel investigation of
such a test vehicle made to determine the effects of aileron span and
spanwise aileron location on the rolling characteristics and, in addi-
tion, to compare the rolling effectiveness of three of the aileron con-
figurations with corresponding data obtained by the free-flight testing
method. The three-winged test vehicle was mounted on a free-roll sting
support in the Langley 300-MPH and high-speed 7- by 10-foot tunnels.

The investigation covered a Mach number range of from 0.3 to about 0.9k,

COEFFICIENTS AND SYMBOLS

pb/av wing-tip helix angle, radians

Cy rolling-moment coefficient (L/qSb)
Cy
C damping-in-roll coefficient -
lp ping ob/2V
L rolling moment resulting from aileron deflection, foot-pounds
P rolling velocity resulting from aileron deflection, radians
per second
b diameter of circle swept by wing tips (with regard to rolling
characteristics, this diameter is considered to be the
effective wing span of the test vehicle), 2.18L4 feet
S total wing area (wings assumed to extend to model center line),
I.951 square feet
\Y free-stream or flight-path velocity, feet per second
V2
q dynamic pressure, pounds per square foot (75—
mass density of air, slugs per cubic foot
M Mach number (V/a)
a speed of sound, feet per second
O average alleron deflection of three wings relative to wing-

chord plane, measured perpendicular to aileron hinge axis,
degrees
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O twice average aileron deflection (equivalent to the total
deflection of the opposite deflected ailerons on a conven-
tional wing configuration), degrees

¥ spanwise distance from model center line to inboard end of
aileron, feet
¥y spanwise distance from model center line to outboard end of
aileron, feet
b, aileron span measured perpendicular to model center line, feet
C =
lg ~ gg;

MODEL AND TESTING TECHNIQUE

The dimensional characteristics of the test vehicle used in the
investigation are shown in figure 1. The model consisted of a pointed
cylindrical wooden -body at the rear of which were attached three
aluminum-alloy wings of NACA 65A009 airfoil section (measured parallel
to model center line). The three-wing arrangement is used to provide
free-flight stability for this type of test vehicle. The wings were
untapered and swept back 45°, The aspect ratio (based on the area of
two wings measured to model center line) was 3.7.

The interchangeab%e 28-per8ent-chogd ailerons, having deflections
of approximately O0~, 27, , 107 and 207, were constructed with joints
at three spanwise locations so that various spans of ailerons at
various spanwise locations could be investigated (fig. 2). There was
no gap between aileron segments when two or more segments were tested
in combination. The ailerons were sealed with no surface discontinuity
at the hinge axis. The ailerons were deflected simultaneously on all
three wings.

The rocket motor was replaced by a steel sting (fig. 1) which
extended behind the test vehicle into a free-roll sting support located
downstream from the test section. For the high-speed-tunnel tests, the
sting support was attached to a vertical strut which was part of the
tunnel balance system. Both the strut and a part of the sting support
were shielded from the air stream by a fairing. A photograph of the
installation is shown in figure 3. The high-speed-tunnel rolling-moment
data were obtained from tunnel balance measurements with the sting
restrained in roll. For the tests in the Langley 300 MPH T7- by 10-foot
tunnel, the sting support was mounted on a vertical strut which was




L NACA RM L51B16

attached to the tunnel floor and ceiling. The rolling moments were
measured by a calibrated electrical-resistance strain gage with the

sting restrained in roll by the strain gage. In both tunnels the
rolling velocities were electrically recorded. A more complete descrip-
tion of the high-speed-tunnel free-roll testing equipment is given in
references 1 and 2. From the measured data, rolling-moment coefficients,
wing-tip helix angles, and damping-in-roll coefficients were obtained
for a Mach number range of from 0.30 to about 0.94.

The angle of attack was 0° for all tests. The aileron deflection
range investigated was from 0° to about 20° at a Mach number of 0.30
but was limited to 50 or 10° for Mach numbers greater than 0.30. In
addition to the full-span aileron (ba = 0.8092), three partial-span
outboard ailerons (yo = l.OOO% , three partial-span inboard ailerons

(yi = O.l9lg>, and the O.h05g aileron at the midsemispan location

(vo = 0.7982, ¥y = o.393§) were tested. (See table I and fig. 2.)

The variation of Reynolds number with Mach number for average test
conditions is shown in figure 4.

CORRECTIONS

The rolling-moment coefficients, wing-tip helix angles, and Mach
numbers have been corrected for blockage by the model and its wake by
the method of reference 3. The coefficients have not been corrected
for the effects of tares. Tests of other sting-supported models in the
high-speed tunnel have shown the tare corrections to rolling-moment
coefficients to be negligible. The rolling velocities have been cor-
rected for the small bearing-friction losses. No corrections have been
applied to the data to account for the effects of wing distortion under
load; however, a discussion of these distortion effects is included in
following sections of this paper. The change in aileron deflection
resulting from load was negligible. The model had a small amount of
wing incidence and twist and initial aileron deflection resulting from
constructional limitations. The data were corrected to a wing inci-
dence of 0° and no twist by subtracting the data obtained with the
ailerons at the initial deflection from the data obtained with the
ailerons deflected. The aileron deflection given is the incremental
difference between the deflected aileron and the aileron at the initial
deflection.
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RESULTS AND DISCUSSION

Presentation of Data

The effects of aileron span and spanwise location on the variation
of the rolling characteristics pb/2V, C;, and CZP with aileron

deflection and Mach number are presented in figures 5 to 9. Also shown
in figures 6(a) and 6(b) is a comparison of theoretical and experimental

values of C; - A comparison of the experimental values of g L with
T

Y
those obtained from free-flight rocket-propelled tests of similar models

is shown in figure 10. The effects of aileron span and spanwise loca-
tion on the aileron effectiveness parameter Cla are presented in fig-

ures 11 and 12. A comparison of the experimental and estimated Cis
values is shown in figure 13. The experimental CZS values are com-

pared in figure 14 with those obtained for a similar model by using the
transonic-bump testing technique.

Wing-Tip Helix Angles

For all spans of ailerons at the various spanwise locations inves-
tigated, the variation of pb/2V with aileron deflection was very
nearly linear for values of 8y of less than about 10° (figs. 5 to 8).
The pb/2V values generally decreased slightly with increasing Mach
numbers and this decrease became more pronounced at the higher Mach num-
bers (M > 0.85). These Mach number effects were less pronounced when

the aileron was at the inboard @q_= O.l9l§) location. The variation

of pb/2V with aileron span was generally nonlinear (figs. 5 to 9)s
Throughout the Mach number range investigated, the outboard 0.202%

aileron was less effective in proportion to span in producing pb/2V
than the larger span outboard ailerons. At low Mach numbers, the

inboard 0.2022 aileron was also less effective in proportion to span

than the larger-span inboard ailerons. This variation of pb/2V with
b, became less pronounced as the Mach number was increased and was
very nearly linear at the highest Mach numbers investigated (fig. 9).
A study of figures 7 to 9 indicates that partial-span ailerons located
inboard on the wing semispan were more effective than ailerons located
at the wing tip and this effect of spanwise location generally became
more pronounced as the Mach number was increased. The data for the

b
O.h05§ ailerons show the midsemispan location to be the most effective
(figs. T and 8(a)).
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A comparison of the rolling effectiveness of the test vehicle

equipped with inboard and outboard O.h05§ and full-span ailerons with

that obtained from free-flight rocket-propelled tests of similar models
(reference 4) is shown in figure 10. The rolling effectiveness is
pb/2V
o7
and the parameter represents the helix angle resulting from a 1° tofsl-
aileron deflection (the summation of the opposite deflected ailerons)
on a conventional two-wing configuration. The change in interference
effects resulting from the three-wing arrangement has been neglected.
(See reference 4.) The comparison shows that the results obtained by
the two testing techniques are in good agreement. The wings of the
test vehicle used in the wind-tunnel investigation were approximately
twice as rigid in torsion as those of the free-flight vehicles. Com-
putations by the method of reference 5 show that wing distortion
accounts for most of the difference between the tunnel and free-flight

data for the outboard 0.4052 and full-span ailerons. At M = 0.9, the

computations for the full-span ailerons indicate that the test results
are about 6 and 15 percent less than those for a rigid wing for the
tunnel and free-flight models, respectively, and the corrected results
agree within 0.0002. For the inboard ailerons, the correction for wing
distortion would increase the discrepancy but, because the aileron-
moment arm is short, the corrections are very small and the maximum
difference between the corrected values is about 0.0003.

expressed as because the aileron deflections were not identical

Rolling-Moment Coefficient

The data of figures 5 to 8 show that the effects of aileron deflec-
tion, aileron span, and aileron spanwise location on the rolling-moment
coefficients are generally similar to those on the wing-tip helix
angles. The rolling-moment coefficients were less affected by Mach num-
ber variations than the pb/2V values for the range covered in the
investigation.

The aileron-effectiveness parameter Cjg was relatively unaffected

by Mach number variations for the range investigated (figs. 11 and 12).
Partial-span ailerons were more effective when located inboard on the
wing semispan than at the outboard location (figs. 12, 13, and 1k4) and

the 0.405% aileron was most effective when at the midsemispan location.

The agreement between the experimental and estimated (reference 6)
values of 018 for the various ailerons investigated is good, although

the estimated values are slightly lower than the experimental values
for the ailerons having inboard locations and are generally slightly
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higher for the outboard ailerons (fig. 13). The data of figure 14 show
that the sting-model results generally agree with the results of an
investigation of a similar model utilizing the transonic-bump testing
method (reference 7). The bump-model data of reference 7 show a more
marked reduction of CZS with increasing Mach number than was shown by

the sting-mounted-model data.

Calculations and loading tests of similar wings have indicated
that the loss in rolling-moment coefficient due to distortion under
load is about 8 percent at the highest Mach numbers for the model with
the full-span ailleron deflected 5°. The reduction in rolling moment is
greater than the reduction in pb/2V since the root bending moment is
not zero as is the case when there is no restraint in roll.

Damping-in-Roll Coefficients

For all the aileron configurations investigated, the damping-in-
roll coefficients generally increased slightly with increasing Mach num-
ber and this increase became more pronounced at the higher Mach numbers
(figs. 6 and 8). Although the variations of CZP with aileron deflec-

tion, span, and spanwise location were generally within the experi-
mental accuracy, CZP generally decreased as the aileron deflection and

span were increased and also when a partial-span aileron was moved
inboard from the wing tip (figs. 5 to 8).

The comparison with the theoretical curve of Czp against Mach

number, as determined by the method of reference 8, shows that the
magnitude of the experimentally determined Czp values and their varia-

tion with Mach number are in good agreement with those predicted by
theory (figs. 6(a) and 6(b)). Since wing distortion under load causes
a larger decrease in C; than in pb/2V, the experimental Czp values

are lower than rigid-wing results. The decrease due to distortion is
estimated to be about 3 percent for the test vehicle with the full-span
ailerons deflected 50 at a Mach number of 0.9.

CONCLUSIONS

A wind-tunnel investigation to determine the effects of aileron
span and spanwise location on the rolling characteristics of a three-
winged test vehicle having untspered h5° sweptback wings through a Mach
number range of 0.30 to about 0.94 indicated the following conclusions:
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1. The wing-tip helix angles, rolling-moment coefficients, and
damping-in-roll coefficients were generally only slightly affected by
Mach number variations for the range covered in the investigation.

2. A partial-span aileron was most effective when at a midsemispan
location and least effective when located at the wing tip.

3. The experimentally determined aileron effectiveness parasmeters
and the damping-in-roll coefficients were in good agreement with
theoretically determined values.

4, The results are in good agreement with data obtained by the
free-flight rocket-propelled and transonic-bump testing techniques.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I
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DIMENSIONAL CHARACTERISTICS OF THE VARIOUS 0.20-CHORD AILERONS

Configuration

e s s

Aileron spanwise location

Ailer%n‘ span, 7] Y
o b/2 b/2
0.809 0.191 1.000
(full span)
.607 .393 1.000
.Lo5 .595 1.000
. 202 ° 798 1. 000
.607 <191 .798
.Lios 191 595
«202 191 393
.Lo5 393 798
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Figure 1.- The test vehicle used for the investigation. (All dimensions
are in inches.)
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b .
% 13.107
g Fuselage outline
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Figure 2.- Details of the wing and ailerons. (All dimensions are in inches.)




Figure 3.- Photograph of a typical installation in the Langley high-speed
T- by 10-foot tunnel.
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Figure 4.- Variation of average Reynolds number with Mach number.
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Figure 5.- Effect of aileron span on the variation of the rolling charac-
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Figure T7.- Effect of spanwise aileron location on the variation of the

rolling characteristics with aileron deflection.

M = 0.30.
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Figure 10.- Comparison of the rolling effectiveness as determined by wind-
tunnel and free-flight testing techniques.
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Figure 11.- Effect of aileron span on the variation of the aileron
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Figure 12.- Effect of spanwise aileron location on the variation of the
aileron effectiveness parameter CZ& with Mach number.
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Figure 14.- Comparison of the aileron effectiveness parameters as determined
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