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RESEARCH MEMORANDUM

LATERAL~CONTROL INVESTIGATION AT TRANSONIC SPEEDS
OF DIFFERENTIALLY DEFLECTED HORIZONTAL-TATL
SURFACES FOR A CONFIGURATION HAVING A
6-PERCENT-THICK 45° SWEPTBACK WING

By Chrig €. Critzes
SUMMARY

An investigation has been conducted in the Langley 16-foot transonic
tunnel to determine the lateral-control effectiveness of differentially
deflected horizontal-tail surfaces mounted behind a u5° sweptback wing-
fuselage combination. Both the wing and the horizontal tail had an
aspect ratio of 4.0, a taper ratio of 0.6, and NACA 65A006 airfoil sec-
tions parallel to the plane of symmetry. The ratio of the span of the
horizontal tail to the span of the wing was 0.427. Force data were
obtained for the basic tail-off configuration and for horizontal-tail
surfaces mounted at an angle of symmetrical incidence of -4°.  Data were
also obtained for the horizontal tail at an angle of differential inci-
dence of 20° with and without the vertical tail. The Mach number ranged

from 0.80 (Reynolds mumber of 5.4 x 106) to 1.05 (Reynolds number of
6.4 x 106> for an angle-of-attack range of approximately 0° to 20°.

The effectiveness of the differentially deflected horizontal tail
as a lateral-control device was found to be essentially independent of
angle of attack and Mach number even in the transonic region. The rolling-
moment coefficient C; showed about 15-percent variation from a value of
about 0.0075 except at a Mach number of 0.94. At a wing angle of attack
of 2°, the rolling-moment effectiveness of the horizontal tail deflected
differentially corresponded to that for a 30-percent midspan aileron at
a total deflection of about 6° for Mach numbers up to 0.96 and to as high
as 15° at Mach numbers between 0.96 and 1.05. Considerable favorable
yawing moment was indicated at low angles of attack and the yawing moment
decreased appreciably at higher angles of attack. Removing the vertical
tail had negligible effect on rolling moment, although the yawing-moment
and lateral-force changes were significant.
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INTRODUCTION

The loss of effectiveness of conventional flap-type ailerons at high
subsonic and at supersonic speeds has necessitated the consideration of
other lateral-control devices with more favorable high-speed character-
istics. At present, other types of control being investigated for use
at high speeds include spoilers and differentially deflected horizontal-
tail surfaces. The effectiveness of spoilers as lateral-control devices
at subsonic and supersonic speeds has been previously reported (for
example, refs. 1 and 2). However, although data are presently available
on the lateral-control effectiveness of differentially deflected horizontal-
tail surfaces at low speeds (refs. 3 and 4) very little data (ref. 5)
exist for high subsonic and supersonic speeds. To obtain additional infor-
mation on the applicability of differentially deflected horizontal tails
as high-speed lateral-control devices, a short investigation has been con-
ducted in the Langley 16-foot transonic tunnel of the effectiveness of a
horizontal tail deflected differentially +10° from a constant mean angle
of incidence behind a 6-percent-thick-sweptback wing over a Mach number
range from 0.80 to 1.05.

This paper presents the rolling-moment effectiveness obtained for
the differentially deflected horizontal tail and includes a comparison
with flap-type ailerons. The effect of the vertical tail on the rolling-
moment effectiveness of the horizontal tail is also evaluated.

SYMBOLS

All coefficients are referred to the stability system of axes with
the origin at the quarter-chord of the mean aerodynamic chord.

b wing span

(& local wing chord

c wing mean aerodynamic chord

Cp drag coefficient, Drag/qS

C, lift coefficient, ILift/qS

Cy rolling-moment coefficient, Rolling moment/qu
Cm pitching-moment coefficient, Pitching moment/qSE
Cn yawing-moment coefficient, Yawing moment/qu

T
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Cy lateral-force coefficient, Lateral force/qS

M free-stream Mach number

Py, base pressure coefficient, EEL&—EQ

Pp static pressure at base of model

Po free-stream static pressure

a free-stream dynamic pressure

R Reynolds number, based on c

T fuselage radius

S total wing area

X longitudinal distance, positive rearward of fuselage nose

[od angle of attack of fuselage center line relative to air flow
ACy, AC), ACY incremental coefficients produced by addition of or

changes in deflection of control surfaces

APPARATUS

Tunnel

The tests for the present investigation were conducted in the
Langley 16-foot transonic tunnel, a single-return octagonal slotted-throat
wind tunnel. A detailed description of this tunnel is presented in ref-
erence 6. As indicated in this reference, the maximum variation of the
average Mach number along the test-section center line in the vigcinity
of the model is about *0.002.

Model

The wing-fuselage combination used in the present investigation was
similar, except for fuselage dimensions, to that used for a general
research program on a 45° sweptback wing-body combination at transonic
speeds (see refs. 1 and 7). The aluminum-alloy wing had NACA 65A006 air-
foil sections parallel to the airstream, 45° sweepback of the quarter-
chord line, a taper ratio of 0.6, and an aspect ratioc of 4.0. Ordinates
for the NACA 65-A series airfoil sections may be found in reference 8.

M-*"‘«'ml
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The wing was mounted in a midwing position on the fuselage and had no
geometric incidence, dihedral, or twist. The fuselage consisted of a
cylindrical body of revolution, an ogival nose, and a slightly boattailed
afterbody. The fineness ratio of the fuselage was 10.95 and the ratio

of the base diameter to the maximum diameter was 0.66. The horizontal
tail was geometrically similar to the wing and was mounted in the midfuse-
lage position. The ratio of the span of the horizontal tail to the span
of the wing was 0.427. For symmetrically deflected tail-surface tests
the angle of incidence was -4° and for differentially deflected tail-
surface tests, the tail surfaces were deflected +10° from a constant mean
angle of incidence of -4,  The horizontal tail was bolted to the fuse-
lage and all gaps were filled and faired smooth for each tail-on config-
uration. The geometric details of the model, including a table of fuse-
lage ordinates, are given in figure 1. A photograph of the model mounted
in the Langley 16-foot transonic tunnel is shown in figure 2.

Model Support System

A single swept cantilever strut supported the sting-mounted model
for the present tests. This support system, described in detail in
reference T, held the model near the tunnel center line throughout the
angle-of-attack range. A 50 coupling between the sting and the model
permitted variations in the angle from 0° to 20°.

TESTS

The present investigation consisted of measuring the aerodynamic
forces and moments for each model configuration through a wide angle-
of-attack range at Mach numbers of 0.80, 0.90, and 0.9%. The maximum
angle of attack was limited by wing root stresses to 20°, 16°, and 14°,
respectively, for Mach numbers of 0.80, 0.90, and 0.94%. At Mach numbers
of 0.96,°0:98, 1.00, 1.05, and 1.05 data were generally obtained only up
to 10° angle of attack.

Forces and moments were measured by a six-component electrical
strain-gage balance mounted within the fuselage.

The Reynolds number for the present tests, based on a mean-
aerodynamic-chord length of 1.531 feet, ranged from 5.4 X 106 to

6.4 % 106. The variation of Reynolds number over the speed range is
presented in figure 3.
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CORRECTIONS AND PRECISION

Force-Data Accuracy

The data presented herein were not adjusted for sting and tunnel-
wall effects since these effects are known to be generally negligible
within the present Mach number range. Neglecting these possible sources
of small error, the accuracy of the force and moment coefficients, based
on balance accuracy and repeatability of data, is believed to be within
the following limits:
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Angle of Attack

The model angles of attack relative to the tunnel center line were
obtained by use of a pendulum-type strain-gage inclinometer mounted
within the model and were corrected for tunnel flow angularity. Based
on repeatability of data, the estimated maximum error in angle-of-attack
measurements is +0.1°.

Base Pressure

Lift and drag data were adjusted to the condition of free-stream
static pressure at the model base. The variations of the base pressure
for all configurations which were measured by three orifices located
2 inches inside the base of the model are presented as functions of -
angle of attack for the Mach numbers of the present investigation in
figure 4. Repeat points obtained for the differentially deflected
vertical-tail-on configuration indicated a maximum scatter in the base
pressure coefficient of 0.014% occurring at M = 1.00 and a = 189,
which amounted to a drag-coefficient increment of approximately 0.0003.
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RESULTS AND DISCUSSION

Data obtained in the present investigation for the basic tail-off
configuration and for the symmetrical tail-on configuration are pre-
sented without discussion in figures 5 and 6. TFigures 7 and 8 compare
the effects of differentially deflecting the two halves of the tail
surfaces and of removing the vertical tail. Figure 9 presents the
incremental lateral forces and moments resulting from deflecting the
tail surfaces differentially with and without the vertical tail. Fig-
ure 10 presents the deflection of a 30-percent-chord aileron which will
produce the same rolling moment as the differentially deflected hori-
zontal tail.

Effects of Differential Deflection of
Horizontal-Tail Surfaces

Rolling-moment coefficient.- Lateral-control effectiveness of the
differential tail showed little variation with angle of attack and Mach .
number, and agrees in this respect with the data of reference 5. This
effectiveness was essentially constant with angle of attack at a value
approximately 0.007 at the lower Mach numbers, except at Mach number
of 0.94 for a small angle-of-attack range, and increased to about 0.009
at Mach numbers of 1.03 and 1.05 (figs. T(c) and 9(a)).

Figure 10 presents the deflection (obtained by interpolation of
data of ref. 9) required of a 30-percent-chord flap-type aileron to
produce approximately the same rolling moment as the differentially
deflected horizontal tail of the present tests. These deflections
were obtained for a O.43-semispan aileron located outboard on a semi-
span reflection-plane model that was smaller but geometrically similar
to the model of the present tests. The equivalent deflection of the
single aileron at an angle of attack of 2° was about 6° for Mach numbers
up to 0.96 and approached 15° at the highest Mach number. These values
may also be considered to be total aileron deflection inasmuch as the
rolling effectiveness of reference 9 was essentially linear through
positive and negative aileron deflections at least up to 107,

Yawing-moment coefficient.- At low angles of attack, considerable
favorable yaw was indicated which tended to increase somewhat with Mach
number, but to decrease with angle of attack (figs. 7(d) and 9(b)).

Side-force coefficient.- The differential tail produced a positive
side force at all angles of attack and Mach numbers of the present tests
(figs. T(e) and 9(c)). The side force decreased, however, with angle of
attack in the same manner as the corresponding yawing moment.

GONE kNI TAR:
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Other coefficients.- Figure T(a) shows that deflecting the horizontal-
tail surfaces differentially generally decreased the value of 1ift coeffi-
cient developed at a given angle of attack, particularly at the lower Mach
numbers, with little or no change in the initial lift-curve slope.

Deflecting the horizontal-tail surfaces differentially increased
significantly the value of drag coefficient over that of the symmetrically
deflected model (fig. 8(a)). The drag-coefficient rise was approximately
0.01 and remained essentially constant throughout the angle-of-attack
range at all Mach numbers.

There was no significant change in longitudinal stability (figs. 7(b)
and 8(b)), although the results indicate the model trimmed at slightly
lower 1lift coefficients for the differentially deflected configuration.

Effects of the Vertical Tail

Figures 7 through 9 also present the effect of the vertical tail on
the aerodynamic characteristics of the model with differentially deflected
horizontal-tail surfaces. Since for the present tests the left-half sec-
tion of the horizontal tail was deflected nose down and the right-half
section was deflected nose up, the loads on the vertical tail would be
expected to be positive on the left side and negative on the right side,
producing positive incremental side forces and negative incremental
yawing moments. The results of the present tests for the vertical tail-
on configuration, which show a positive shift in the side forces
(figs. T(e) and 9(c)) and a negative shift in the corresponding yawing
moments (figs. 7(d) and 9(b)) compared to the vertical tail-off config-
uration, indicate that the expected loads on the vertical tail were
realized. Such loads on the vertical tail would also be expected to
produce positive incremental rolling moments which, for the present
model, would decrease the negative rolling moment produced by the differ-
entially deflected horizontal tail. The results, however, show generally
negligible changes in rolling moment (figs. T(c) and 9(a)) which indi-
cate that the positive rolling moment produced by the loads on the verti-
cal tail were cancelled by the simultaneously increased rolling effec-
tiveness of the differentially deflected horizontal tail or that the
center of pressure of the loads on the vertical tail was located very
near the horizontal axis of the model.

The positive pitching moment for the differentially deflected tail
model is shown to be reduced by the addition of the vertical tail at low
angles of attack throughout the Mach number range (figs. 7(b) and 8(b))
which indicated that the vertical tail increased the negative pressures
more than the positive pressures on the upper surfaces of the aft portion
of the model.
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Figure T(a) shows little, or no, effect on the 1ift coefficient
due to the vertical tail throughout the Mach number and angle-of-attack
ranges of the present tests. Figure 8(a) shows an increase in the drag
coefficient of about 0.002 due to the vertical tail which was essentially
constant throughout the tests. This value was about twice the expected
increase in drag coefficient due to skin friction.

It should be added at this point that, in the absence of simulta-
neously obtained pressure data, the aforementioned analysis of the
effects of the vertical tail on the rolling moment and pitching moment
is based primarily on deduction. A complete understanding of the in-
fluence of the vertical tail on lateral characteristics would require
further study.

CONCLUSIONS

Results of an investigation to determine the applicability of dif-
ferentially deflected horizontal-tail surfaces as high-speed lateral-
control devices lead to the following conclusions:

1. The effectiveness as a lateral-control device of a horizontal
tail deflected differentially from a constant mean angle of incidence
was found to be constant or to increase slightly with Mach number up
to a Mach number of 1.05.for angles of attack up to 20°.

2. The rolling-moment effectiveness for the differentially deflected
horizontal tail compared with that for a single 0.43-semispan, 30-percent-
chord outboard aileron deflected to approximately 6° on a geometrically
similar wing for Mach numbers up to 0.96 and to as high as 15° for Mach
nunbers between 0.96 and 1.05.

5. The differentially deflected horizontal tail produced consid-
erable favorable yawing moment which decreased appreciably with angle
of attack at all Mach numbers of the tests.

k. With the horizontal tail deflected differentially, the addition
of the vertical tail increased the side force and yawing moment and had
little or no effect on rolling moment.
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5. The drag increment due to control by differential deflection of
the horizontal tail was essentially constant with angle of attack and
Mach number at a value of approximately 0.0l.

Iangley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 9, 1955.
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Figure 1.- Diagram of the model configuration including dimensional details
of the horizontal- and vertical-tail surfaces. A1l linear dimensions
are in inches.
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Figure 5.- Continued.
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Rolling-moment coefficient, Cy
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