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SUMMARY

The aeroelastic effects on wing-aileron rolling effectiveness and
drag of thin flat-plate delta wings with 450 swept leading edges and
plain constant-chord ailerons have been investigated. This investiga-
tion has been carried out over a Mach number range of 0.7 to 1.6 by
means of rocket-propelled test vehicles in free flight. The results
show a near-linear decrease in lateral control effectiveness with a
decrease in the wing torsional stiffness. An aileron-effectiveness
reversal was experienced with the more flexible delta-wing models.

INTRODUCTION

In the course of a continuing program by the Langley Pilotless
Aircraft Research Division to determine the effects of aeroelasticity
upon some of the most promising wing-control configurations for high-
speed flight, an investigation was conducted by using simplified models
to determine the fundamental aeroelastic characteristics of flap-type
controls on delta wings. Because of the laborious methods now
involved in predicting aeroelastic effects on delta wings, these data
are presented without analysis or comparison with theory in order to

make them immediately available to designers. The trends observed from

these data should be applicable to many delta-wing aircraft and missile
designs.
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SYMBOILS

b diameter of circle swept by wing tips (with regard to rolling
characteristics, this diameter is considered to be the
effective span of the three-fin models, see fig. 2), feet

P rolling velocity, radians per second

\' flight-path velocity, feet per second

pb/av wing-tip helix angle, radians

CDT total drag coefficient based on exposed area of three wing
panels

R Reynolds number based on a wing chord of 0.521 foot

(oY deflection of each alleron in a plane perpendicular to aileron

hinge line, degrees

12 concentrated load applied on 17-percent-chord line at 0.88b/2

o} bending deflection of test wing along 17-percent-chord line
under load P, inches

q dynamic pressure, pounds per square foot

m concentrated couple applied on wing at O.86b/2 in a plane

perpendicular to wing-chord plane and parallel to model
center line, inch-pounds

e} angle of twist in plane of m due to m, radians

0/m wing torsional-stiffness parameter, radians per inch-pound
B/p wing bending-stiffness parameter, inches per pound

Y distance to 17-percent-chord line measured perpendicular from

model center line, feet

MODELS AND TECHNIQUES

The general arrangement of the models used in this investigation
is shown in the photograph which is presented as figure 1 and in the
sketches presented as figures 2 and 3.
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Each model had three flat-plate delta wings with 45° swept leading
edges. The aspect ratio for all models was 4; other model information
is as follows:

Model Ba Wing material Average wing thickness, in.
il 2.87 |Solid steel 0.125
2 2.72 | Solid aluminum <125
3 2.56 | Solid aluminum +125
L 2.36 | Solid magnesium iz
5 2.50 | Solid magnesium -

The wing material was varied in order to determine the effects of
wing flexibility on the aileron rolling effectiveness. Each of the
test vehicles had constant-chord plain trailing-edge ailerons obtained
by beveling the aft section of the wing (see sketch in fig. 3).

These test vehicles were propelled by a two-stage rocket-propulsion
system to a Mach number of about 1.6. Time histories of the rolling
velocity obtained by special spinsonde radio equipment and flight-path
velocity obtained by Doppler radar were recorded during a 12-second
period of coasting flight following sustainer-rocket burnout. These
data, together with atmospheric data obtained by radiosonde measurements,
provided information for the computation of the rolling-effectiveness
parameter pb/2V and the total drag coefficient Cpp as functions of

Mach number. Detailed descriptions of the flight testing technique can
be found in references 1 and 2. The range and variation of Reynolds
number with Mach number for the models flown are shown in figure L.

ACCURACY

The wing torsional-stiffness parameter 9/m was accurate to within
+5 percent. The experimental error is estimated to be within the
following limits:

Subsonic Supersonic
e T AR AR~ o I8 ¢ o +0.003
CDT 3 A T oo GO e e S A TR SRR e S +0.005 2:{0)-[6/0)5]

R - g . ol R R +0.005 +0.005
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The sensitivity of the experimental technique is such that much smaller
irregularities in the variation of pb/QV with Mach number may be
detected.

RESULTS AND DISCUSSION

The variation of the rolling-effectiveness parameter per degree of
aileron deflection (pb/2V)/dg with Mach number for each of the models
tested is presented in figure 5. The corresponding values of the dynamic
pressure are shown in figure 6. Figure T presents cross plots of
(pb/2V) /5,4 against wing torsional stiffness.

The results of structural tests made on the models are presented
in figure 8 wherein the variation of the flexural and torsional charac-
teristics is shown as plots of 8/p and G/m as functions of the non-
dimensional span station y/(b/2). It is noted that the recorded deflec-
tion in bending 8/p for similar wings of different material is not
inversely proportional to the material modulus as would be expected, a
probable explanation being that the root mount distorted and caused the
wing to rotate about its root which was not compensated for in the
curve in figure 8.

Figure 5 shows clearly the effect of wing flexibility on the rolling
effectiveness of these delta-wing models. The more rigid steel wing
model had the highest values of (pb/2V)/ds throughout the Mach number
range; lower values were obtained for the more flexible aluminum wing
models; and the magnesium wing models, which had the most flexible wings,
had the lowest values of (pb/2V)/8,. An aileron-effectiveness reversal
occurred for the magnesium and aluminum wing models at Mach numbers of
about M = 0.98 and M = 1.2, respectively.

The cross plots of figure T show the delta wings of this investiga-
tion to have a near-linear decrease in rolling effectiveness with a
decrease in wing torsional stiffness; this result is in keeping with
the predictions of reference 3 for more conventional wing plan forms.

The rigid-wing values presented in figure 5 of this paper were
obtained by extrapolation from cross plots of pb/2V against wing
torsional stiffness. This extrapolation was Jjustifiable since the
values of q at any given Mach number for all of the models were
essentially the same; therefore, the wing torsional stiffness remains
as the primary variable producing a deviation from the rigid-wing
rolling effectiveness of otherwise similar models.
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Figure 9 presents the total drag coefficient against Mach number
for the models of the present investigation along with the estimated
supersonic body drag coefficients for these models.

CONCLUSIONS

Wing-aileron rolling effectiveness was obtained over a Mach number
range from 0.7 to 1.6 for thin flat-plate delta wings. From these data
the following conclusions are drawn:

1. The effects of aeroelasticity upon delta wings are similar to
those previously experienced with more conventional plan forms; that is,
the control effectiveness had a near-linear decrease with a decrease in
wing torsional stiffness.

2. Aileron-effectiveness reversal was experienced for the more
flexible wing models of this investigation.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Figure 2.- General arrangement of test models.
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Figure 3.- Plan form and section of test wings.
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Figure 4.- Range and variation of Reynolds number with Mach number.

Reynolds numbers based on a mean exposed chord of 0.521 foot.
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Figure 5.- Variation of rolling effectiveness per degree of flap

deflection with Mach number.
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Figure 9.- Variation of total drag coefficient with Mach number.
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