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FREE-FLIGHT INVESTIGATION OF CONTROL FFFECTIVENESS
OF FULL~-SPAN 0.2-CHORD PLATN ATLERONS AT HIGH
SUBSONIC, TRANSONIC, AND SUPERSONIC SPEEDS
TO IETERMINE SOME EFFECTS OF SECTION .
THICKNESS AND WING SWEEPBACK

By Carl A. Sandahl and Alfred A. Marino
SUMMARY

A rocket-propelled test vehlicle to be used in an experimental
investigation of aerodynamic control effectiveness at high subsonic,
transonic, and supersonic speeds hes been developed. The test
vehicle (RM-5) and the instrumentation are described and the first
date cobtained are presented. These data indlcate some of the effects
of section thickness ratio and wing sweepback on the rolling effective-
ness of plain full~span O.2-chord allerons deflected 5°. For the
straight wings tested, decreasing the section thickness ratio from
0.09 to 0.06 dycreased the severity of the loss of control effective-
ness at transonic speeds. Wing sweepback eliminated the sudden loss
of control effectiveness experienced by the straight wings at
transonic speeds.

INTRODUCTION

At the present time, there exlsts a need for experimental
information which willl assist in the design of adequate asrodynamlc
controls for use at high subsonic, transonic, and supersonic speeds.
Wind tunnels, which heretofore have been the main sources of sero-
dynamic data, are at the preésent time incapable of providing reliable
aerodynemic data over the entire transonic speed rangs. Furthermore,
supersonic wind-tunnel datae. to date have usually been of very small
scale. A source of experimental aerodynamic control information
other than wind tunnels would appear to be required. Wing-flow tests
(reference 1) are one such source; however, the small scale of such
tests and the limited supersonic speeds attaineble present possible
limitations to this technique.
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As a result of the foregoing considerations, the Langley Pilot-
less Aircraft Research Division has undertaken a program to determine
experimentally control characteristices in the speed range from high
subsonic to supersonic by means of rocket-propelled test vehiclea.

The exploratory phase of the program is being conducted with the

RM-5 test vehicle with which data relating to the rolling capabililties
of wing-control combinations are obtalned. The RM~5 consists of a
pointed cylindrical body at the reax of which are attached wings
having preset fixed aileron-type controls. In flight the rolling

'velocity produced by the allerons is measured by means of speclal

radio equipment. The rolling velocity msasurements, in conjunction
with Doppler radar flight-path-velocity meassurements and atmospheric
data obtained with radiosonde, permit the evaluation of the aileron

control effectiveness in terms of the customary paremeter g;- as &

function of the Mach mmmber. The testing technique and the measure-
ments obtained permit the direct evaluation of the rolling capa-
bilities only of the control.as part of a wing~aileron combination;
however, it is possible to obtain general qualitative information
with regard to control effectiveness.

The purpose of the present paper is to describe the RM-5 test
vehicle, the instrumentation, and the testing technique and to present
data obtained to date. These date indicate some of the effegts of wing
sweepback and section thickness ratio on the effectiveness of plain~
flap Egpe controls over & Mach number’ range from approximately 0.75
to 1.ko.- .

SYMBOLS
%g wing~-tip helix angle, radiens
P rolling velocity, rad;éns per second:
b diemeter of clrcle swept by wing tips, feet
v o flight-path'velocity; feet per second

Cp ° '_drag coefficient based on. ‘the total exposed W1ng area of
1.563 - ‘square: feet

;Mach number

A wing sweepback
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2
A aspect ratio (;l /é%)

by diameter of circle swept by wing tips minus fuselage
diemeter

Sl expcsed area of two wing panels

c . wing chofd in free-stream direction

5, control deflection measured in free-stream direction

Iy moment of inertia about longltudinal axis

mer ‘ wing torsional stiffness parameter (reference 2)

- b3 1g1d wing 22
¢ ratio of ??nrigid wing 7 to rigid wing =7

TESCRIPTION OF TEST VEHICLE

Genseral

The general arrangement of the RM-5 is shown in figure 1. The
models are constructed mainly of wood for ease of construction and
lightness. The body is of balsa except at the wing attachment where
spruce is used. The wings are constructed of laminated spruce with
steel stiffeners inlald into the upper end. lower wing surfaces to
provide the required torsional rigidity. The torsional rigidity
of the wings is such that the loss of rigld-wing rolling effectiveness
due to wing twist does not exceed 20 percent at a Mach number of 0.8.
This criterion is considered to be adeguate for the purposes of these
tesgts .

A standard 3.25-inch sircraft rocket motor is used for propulsion.
This motor was chosen because it provides the speed range required
for these tests and is readily available.

Present Tests

In the present tests, the body shape, aspect ratio (3.0), exposed
wing area (225 sq in.), taper ratio (1), and the control (0.2¢c full-
span plain flap, 5& = 50) were held constant. At zero sweepback

NACA 65-009 and NACA 65-006 airfoil gections were tested. The NACA
65-009 section was also tested at h5° sweepback. The airfoll sections

i--I— Ao nﬁ
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and the control deflections were always takén iﬁ the free-stream
direction. Photographs of the models tested are shown as figure 2
and a sumpary of the model configurations tested is given in table I.

Measured wing stiffnesgs values 'me' end the corresponding

rolling effectiveness ¢ expressed in terms of the rigid-wing
rolling effectiveness, computed for a Mach number of 0.8 according
to reference 2, are glven as follows:

Model mer .¢
' (in.~1b/radien)
50 3.05x 10k 7 0.81
51 2.66 .76
53 3:39 .82

The aforementioned wings ere considered to possessadequate torsional
stlffness for the purposes of these tests.

The maximum Reynolds number attained in these tests was of the
order ,of 6,000,000 based on the wing chord in the flight direction.

INSTRUMENTATION :

Rolling-VelocitynMeasuremsnte

The time history. of the rolling displacemsnt of the RM-5 during
flight is obtained by means of a smell radio transmitter or “spinsonde"
housed in the Plexiglas noge of the model. The spinsonde provides
a continuous-wave redio frequency field which is epproximately plane
polarized in & plane normal to any radius drawn from the center of
the antenna and of nearly spherical field strength pattern. In flight
the polarized fleld rotates with the model about the longitudinal
.axis. The receliving antenna on the ground ie polarization sensitive
and as the polarized:field rctates a low freguency signal is produced
at the output of the receiver. The frequency of -this signal represents
twlce the relative angular velocity of the model with respect to the
recelving antenna. The spinsonde signal and timing and synchronization
date are recorded on a film type recorder permitting the reduction of
the rolling-velocity data and correlation with the flight-path-velocity
measurements.
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Acknowledgment is hereby made to the Langley Instrument Reasearch
Divislion for the development of the technique for measuring the
rolling velocity of the test vehicle in flight. This work by the
IRD in a large part made possible the tests described herein.

Flight-Path-Velocity and Atmospheric Measurements

Thne velocity along the flight path is measured hy meanes of
continuous wave Doppler radar using the technique described in
reference 3. Radlosonde obssrvations of the variation of density
and temperature with altitude are made at the time of firing.

. ACCURACY

The measurements shown in table I indicate the accuracy of
model construction. Some of the differences obtaeined in the results
of firings of duplicate models can be attributed to the physical
dlfferences in the models. :

The accuracy of the results 1s estimated to be within the
following limits:

Wing-tip helix angle, %3 e et e e e e e e e e .t 002

Dr&.g COeffiGient, CD . . . . . L] . . . . » . L] . . . . . s io -00’-‘-

Mach mumber, M « . ¢« & o v ¢ v ¢ ¢ o ¢« o v s o o« 5+« 0,01
EVALUATION OF RESULTS

The measurements made in the investigation provide time histories
of flight-path velocity, Mach number, and rolling velocity. Typical
curves of these quantities plotted against time are shown in figure 3.
These data, for the coasting flight after burnout, are then used o

obtain curves of wing-tip helix angle g% against Mach number.

The results obtained for the models covered in this report are

presented in figure 4. The drag coefficients, also shown in figure L,
are computed by e method involving the differentiation of the velocity- -
time curve.

It will be noted that the values of g_s of figure 4, computed

directly from time-historyita (such as shown in fig. 3), are not
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steady-state values owing to the time rate of change of rolling
velocity the model 1s experiencing, and the rolling moment of inertia
of the model. With the assumptions that, at the same forward speed
and Mach number, the aileron effectiveness and the twisting of the
wing are unaffected by small changes in rolling velocity and that

the damping moment in roll is proportional to the wing-tip helix

angle g%, the following relationshlp between the steady-state and
measursd values of %; can .be developed.:

. ]
pb) S ( p‘o) e * at
v steady-state measured Lp

where %% is the time rate of change of rolling velocity, I

X
is the rolling moment of inertia of the model, and Iy 1s the demping
moment due to rolling at the measured value of 22. By use of estimated

B ' v
&
Iy 5%

values of the damping moment,.the factor 1 + was evaluated

Ip
for model 50a (rectangular wing plan form) in coasting flight. Except
for the transonic speed range the factor was'negligible, being a
meximum of about 1.03 in the supersonic speed range and 0.98 in the
subsonic speed range. At transonic speeds, where the greatest chenges
in rolling velocity are experienced, this factor (although not strictly
valid in this speed range) was roughly estimated to be 1.2 at the
greatest positive rolling acceleration’ (time, 2.6 sec, fig. 3) and

0.8 at the greatest negative acceleration (time, 2.k7 gsec, fig. 3).

The changes in rolling velocity cited in the above example are probably
the most severe which will be encountered in the course of the investi=
gation. It ls considered that the effects of inertia do not seriously
influence the interpretation of the date. '

It is pointed out that values of gg .even when corrected for

inertia effects are not direct measures of the control effectiveness,
that is, the 1lift produced by unit control deflection. Equilibrium

values of %%- are determined by the equilibrium between the rolling

moment supplied by the deflected control end the damping moment dues to
the ensulng rolling motion. Changes in the values of %% may occur
by a change in either of these aerodynamic characteristics. For this’
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reason the measurements of %% are directly applicable only to the

evaluation of the rolling capsbilities of wing-control combinations.
It is possible to determine the effectiveness of a particulsr control
only by meking certain assumptions with regard to the damping. For

example, it 1s ressonable to attribute the ebrupt loss in %% measured

for configuration 50 (fig. 4) at trensonic speeds to loss in control
effectiveness, since avallable information indicates that the damping
doss not increase at these speeds.

DESCUSSION

The abrupt logs in control effectiveness at transonic speeds
for straight wings determined also in previous investigations’
(reference 1), is clearly illustrated in figure 4 (models 50 and 51).
The loss of effectiveness for the 9-percent-thick section (model 50)
occurs at a Mach number of sbout 0.86 and for the 6-percent-thick
section (model 51) at a Mach number of 0.88. A reduction of the
section thickness ratic was beneficial in that the loss of effectiveness
is less severe and occurs at a slightly higher Mach number. The

relatively'iarge values of %%% obtained for model 51 are due in part

to the fact that the alleron deflection was inadvertently slightly
larger than for models 50a and 50b (table I). No attempt has been

made to correct the %%‘ data to comparsble aileron deflections because

the effectlveness may not be linear with aileron deflection and because
the deflections were checked at only one section on each wing panel.
Wing sweepback (model 53, A = 45°) eliminated the sudden loss of

effectiveness measured for the straight wings; the values of %%

decrease comparatively gradually in going from subsonic to supersonic
Mach numbers. It is noted that, in both the transonic end superscnic

speed ranges, the values of .%g' obtained with the.sweptbaék wing

ars conslderably greater than for the stralght wing of the same thick-
ness; however, in the subsonic range the values are comparsble.

Examination of the drag data presented in figure 4 shows that
the Mach numbers at which the sudden loss in control effectiveness
occurs for the straight wings is very near to the Mach numbers at
which the sudden rise in drag coefficient occurs. It is also inter-
esting to note the apparent relationship between the severity of the
control loss and the amount of the drag increase. For the 9-percent-
thick straight wing, for which the control loss was greatest, the drag
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rise ls greatest; for the 6-percent-thick straight wing, the control
loss was less severe end is accompenied by a smaller increase in
drag. For the sweptback Wwing, for which the loss of control in the
transonic range was. gradwal, the drag rise is least. These relations
indicate that the drag rise and loss of control effectiveness have
the same origin.

CONCLUSIONS

The following conclusions are indicated from the tests reported
herein: .

1. An abrupt loss of control effectiveness occurred with the
gtiraight wings in the transonic apeed range.'- : ) o

‘2. For the straight wings reducing the seetion thicknegs ratio
from 0.09 to 0.06 decreased the severity .of the loss of control
effectiveness and increased the Mach number at which the losa occurred.

3. Wing sweopbaokﬂof'hsq-eliminated the sudden loss of effective-
ness in the transonic speed range. The values of 'gg obtainéd for

the sweptback wing were greater than for the straight wing of the
same thickness in both the transonic and supersonlc speed range
investigated.

Langley Memoriasl Aeronautical Laboratory
National Advisory Committee’ for Aeronautics
Langley Field, Va.
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TABLE 1

=]
Fa
GENERAYL. CHARACTERYSTIC3 OF MODELS TESTED (=
&
Actual model messurements =
Aspect Section | Trailing- Alleron L
Modsl | ratio, | Sweepback | Taper ratio| Nominal | thickness | edge engle | deflection Ly \B
; A (aeg) section | ratio {deg) (deg) slug-Ptel
(a) (a) (@) | \Puett)
50a 3.00 o} 1.00 65-009 } 0.098 10.0 4.5 0 .1095
095 10.0 b3
l097 9 03 h’ -5 8
50b 3.00 0 1.00 65-009 .096 10.0 3.7 1110
093 10.0 4.7
090 9.0 3-7
5la | 3.00 0 1.00 65-006 | 065 b5 5.7 2095 |
064 L3 5.6
D64 h.3 k.0
53a 3.00 h5 1.00 65-009 093 10 .5 6.0 110
|Q92 3-0 IO ll' l9
090 9.0 6.0
53b 500 hs 1.00 65-009 093 9.7 L5 1250
088 8.2 5.3
087 8.2 50
BSections et mid-aileron span in free-stream direction for each fin of each model.
NATIONAL AINISORY P

COMMITTEE FCR AERONADTICS
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Figure 2,- Model configurations tested.
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