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INVESTIGATION OF HORN BATLANCES ON A 45° SWEPTBACK HORIZONTAL
TAIL SURFACE AT HIGH SUBSONIC SPEEDS

By Harold S. Johnson and Robert F. Thompson
SUMMARY

An investigation was made in the Langley 300 mph and high—speed
T— by 10—foot tunnels of the aerodynamic characteristics of a L5° gwept—
back, semlispan, horizontal tail surface equipped with a horn-balanced
25—percent—chord elevator. The effects of horn size and horn inboard—
edge falring were determined at low speed and one of the configurations
was investigated through a speed range to a Mach number of 0.89.

The studies at low speed showed that the horn was effective on a
swept horizontal tail and that a given change in horn size was about
five times as effective in balancing the variation of hinge moment with

deflection Ch5 as the change of hinge moment with angle of attack Chm'

Fairing the horn inboard edge reduced the effectiveness of horn in
balancing the hinge moments caused by elevator deflection.

Although the particular arrangement investigated through ths speed
range was overbalanced at moderate and high speeds, it is believed that
modifications such as a decrease in horn-balance size or a reduction in
elevator tralling-edge angle may make the horn type of balance satis—
factory up to high subsonic speeds.

The change in 1ift coefficient with elevator deflection CL6

increased slightly as the horn size became larger and was unaffected by
changes in Mach number for the speed range investigated.

INTRODUCTION

The necessity of providing a means of reducing the high—speed control

forces of the faster, more heavily loaded airplanes currently in use or

being designed while retaining sufficient control for landing and take—off

has presented a problem to airplane designers. Even though a control
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system incorpcrates a power boost, it is desirable to balance aero—
dynamically as much of the control force as possible. It has been found
that the use of a horn balance is one method of reducing the aerodynamic
hinge moments at low speeds (references 1 to 4). In addition, the horn
type of balance provides a convenient attachment for counterbalances to
statically balance the control. In order to provide additional infor—
mation on the characterigtics of balanced control surfaces suitable for
high subsonic speeds, an investigation is being conducted in the
Langley 7— by 10—foot tunnels. This report presents the results of an
investigation of a 45° sweptback, untapered, semispan, horizontal—tail
model equipped with a horn-balanced elevator.

In order to determine the effects of horn size and of fairing the
horn inboard edge (normal to hinge axis) on the hinge-moment parameters,
three sizes of horns were investigated at a low Mach number (M = 0.30).
One of these configurations that appeared satisfactory at low speed was
investigated through a speed range up to a Mach number of 0.89. The
effects of fixing transition were also studied at several Mach numbers.

MODEL AND APPARATUS

The semispan horizontal—tail model used for the investigation had
an NACA 0012 airfoil section perpendicular to the leading edge, an aspect
ratio of 3.00 (based on the full-span dimensions), a taper ratio of 1,
45° of gweepback, and was equipped with a 0.25c' unsealed, horn-balanced
elevator with a radius elevator nose. The model was constructed of
hardened steel to the plan form indicated in figure 1. The radius tip
and the horn filler blocks were constructed of wood. The horn balance
was triangular in shape and the horn inboard edge was perpendicular to
the elevator hinge axls. The model was so constructed that the size of
the horn could be changed by attaching filler blocks to the inboard edge
of the horn or to the wing. Three amounts of balance (table I), referred
to in the text and on the figures as the small, intermediate, and large
horn, were tested; in addition, the intermediate horn was tested with a
rounded inboard edge, referred to herein as the faired horn. The dimen—
gsional characteristics of the four horns are presented in figure 2 and
table I. Structural calculations indicated that more than two hinges
would be necessary. Reference 5 indicates that for elevators having
three hinges the hinge—moment increments resulting from distortion can
be an appreciable fraction of the total hinge moment. To avoid the
inclusion of these structural hinge—moment increments, the elevator was

constructed in two spanwise segments and the i%~inch gap between the two

halves was unsealed- The elevator hinge moments were measured by

calibrated beam—type electrical strain gages mounted within the stabilizer.

The elevator deflections were varied by changing the strain-gage yokes
attached to the elevator.
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The semispan model was mounted vertically in the‘Langley 300 mph and
high—speed 7— by 10—foot tunuels as shown in figure 3 with the root chord
adjacent to the tunnel ceiling which thereby acted as a reflection plane.
The model was supported entirely by the balance frame so that all forces
and moments acting on the model could be measured. A small clearence was
maintained between the model and the tunnel ceiling. A metal end plate
was attached to the model to deflect the air flowing into the test section
through the clearance hole in order to minimize the effect of this air flow
on the flow over the model. Provisions were made for changing the angle of
attack of the model while the tunnel was in operation.

Most of the tests were performed with transition free on the model.
For the tests with transition fixed, 0,008—inch—diameter carborundum
grains were sparsely spread over both the upper and lower surfaces of the

model at the 10—percent—chord station in %—inchqdde strips.

The Langley 300 mph and high—speed 7— by 10—foot tunnels are closed—
throat, single—return tunnels. Turbulence measurements made in the 300 mph
tunnel indicated that the turbulence factor is very close to unity. Though
the turbulence of the high—speed—tunnel air stream has not been determined,
it is also thought to be low since both tunnels have large tunnel—contraction
ratios (about 14 to 1).

COEFFICIENTS AND SYMBOLS

The coefficients and symbols used in this paper are defined as follows:

Cr 1ift coefficient (L/qS)
Cp drag coefficient (D/qS)
o pitching-moment coefficient (M/qSc')
lovat - fas,%)
Cy elevator hinge—moment coefficient (H gbcy
L twice 1lift of semispan model, pounds
D twice drag of semispan model, pounds
M twice pitching moment of semispan model, measured about the low—

speed asrodynamic center (1.63 ft behind root—chord leading
edge), foot—pounds -
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H twice hihge moment of semispan model elevator measured about the
elevator hinge line, foot—pounds

S twice area of semispan model, 9.21 square feet

£ area of semispan model elevator behind hinge line, 1.15 square
feet

Sg : area of model horn, square feet (See table I.)

b twice span of semispan model, 5.26 feet

c! mean aerodynamic chord, 1.77 feet

Co root—mean—square chord of model elevator behind hinge line

(measured perpendicular to hinge line), 0.31 foot

Ce average chord of model elevator behind hinge line (measured
perpendicular to hinge line), 0.31 foot

CH average chord of model horn (measured perpendicular to hinge
line), feet (See table I.)

B balance coefficient VSHCH/SeCe)

lod angle of attack of model with respect to chord plane, degrees
Se elevator deflection relative to stabilizer, msasured normal to
the elevator hinge line (positive when trailing edge is down),
degrees
M Mach number (V i a)
v free—stream velocity, feet per second
q free—stream dynamic pressure, pounds per square foot <;5W§
(2
o) mass density of air, slugs per cubic foot
a gspeed of sound, feet per second
Ly
Ch = S——
a &1, 56
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The subscripts outside the parentheses indicate the factors held
constant during the measurement of the paramsters. The slopes were
measured in the vicinity of o =0° and &, = 0°,

CORRECTIONS

Jet—boundary corrections were applied to the angles of attack and to
the drag—coefficient data in accordance with the following equations which
were determined by the method of reference 6, using unpublished values of
boundary—induced upwash computed for swept wings:

e
|

= 4+ “QE553°C
M Ly

+ 0.0083 c. 2

Iy

OCn=0C

Dy

where the subscript M indicates measured values. The Jet—boundary
corrections to the 1lift, pitching-moment, and hinge—moment data were
congidered negligible and hence were not applied.
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Al]1 coefficients and Mach numbers were corrected for blocking by the
model and its wake. The blockage corrections were computed by the methods
presented in reference 7.

The deflection of the model under load is believed to have been small,
and, therefore, to have a negligible effect on the aerodynamic character—
istics of the model. Corrections to the elevator angle due to deflection
under load, though of small magnitude, have been applied at a = 0°, “Ho
attempt was made to correct for the air flow through the gap at the root
of the model or between the two elevator segments.

TESTS AND TEST CONDITIONS

For the model equipped with the faired and the large horn balances,
test data were obtained for ten values of elevator deflection covering a
range of from 0° to —30°. TFor the model with the small and intermediate
horng, the elevator deflection range was limited to —7 8°. The tests
were made through an angle—of—attack range of from 0° through the positive
stall and from 0° through the negative stall except for conditions where
tunnel power limitations restricted the angle—of-attack range. The model
with the faired horn was tested at eight values of Mach number covering
a range of from 0.30 to 0.89. The tests of the model equipped with the
small, intermediate, and large horns were made at M = 0.30 in the
Langley 300 mph 7— by 10—foot tunnel. For clarity on the figures, not all
of the test data are presented. All the test data were used in the determi—
nation of the various parameters.

Tests were made at several representative Mach numbers to determine
the effects of fixing transition.

The choking Mach number of the high-speed tunnel, based on one—
dimensional—flow theory and the dimensions of the present model, was
estimated to be about 0.92. With this choking Mach number, experience
has indicated that the data would be valid up to the highest Mach number
(0.89) obtained during the tests.

The variation of test Reynolds number with Mach number for average

test conditions is presented as figure 4. The Reynolds numbers are based
on the mean serodynamic chord (1.77 ft).
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DISCUSSION

Effect of Horm Size

The variation of the aerodynamic coefficients C;, Cp, Cp, and Cy

with angle of attack at a Mach number of 0.30 is presented in figures 5
to 7 for the three sizes of horns tested. The hinge-moment coefficients
presented are for the complete elevator, (the summation of the hinge
moments of the two spanwise segments).

The effect of horn size on the hinge-moment parameters Cp,, and Cha

is shown in figure 8 and table II where the horn size is expressed by the

term balance coefficient B = SgCH/SeCe» Which previous analyses have

shown to be a good indication of balance effectiveness. (See references 2

to k. ) “As expected, Ch and Ch8 increased positively with increasing
a

horn size. Ch6 changed more rapidly than Cha for a given change in

balance coefficient, the ratio being about five to one. This is much
larger than for the horn balance on unswept surfaces where the ratio was
more nearly one. The elevator was overbalanced for balance coefficients
greater than about 0.31. The rate of change of hinge—moment coefficient
with angle of attack became positive at a balance coefficient of about 0.38.

The effect of horn size on the 1lift parameters is shown in figure 9
and table II. As expected, the rate of change of 1lift coefficient with
angle of attack CIu, was relatively unaffected by changes in horn size.

As the balance coefficient was increased, the rate of change of lift coef-—-
ficient with elevator deflection CL and thereby the elevator—effectiveness
o)

parameter oy I1ncreased slightly. The numerical increases in CL5

and ag are attributed to the increased area of the elevator.

Effect of Horn Inboard-Edge Shape

Additional tests were made with the flat inboard edge of the inter—
mediate horn faired (fig. 10). Failring the inboard edge of the intermediate—
size horn resulted in a large decrease in Ch8 (from 0.0025 to —0,001k)

and eliminated the overbalanced condition (fig. 8 and table II), but had
little effect on Cha' Reference 4 shows a similar effect of horn nose
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shape on the hinge-moment parameters for an unswept tail surface. These
results indicate that the inboard edge of the present horn acts as a
leading edge and that varying the horn nose shape provides the designer ,
with a powerful tool for adjusting the balancing characteristics of a
control surface once a satisfactory value of rate of change of hinge—
moment coefficient with angle of attack is obtained.

The horn inboard—edge shape had little or no effect on the control—
surface 1lift characteristics. (See fig. 9 and table i)

To provide the small control forces and the control response desired,
Ch% should have a small negative value and the value of Cy should be
(04}

near zero. On this basis, the model with the faired horn leading edge
exhibited the most desirable hinge—moment characterisgtics at low speeds.

Effect of Mach Number

The aerodynamic characteristics of the faired horn through the speed
range up to M = 0.89 are presented as figures 11 to 18. The variation
of the hinge—moment parameters Cp and Ch5 with Mach number (fig. 19)

(o

shows that Ch8 decreased negatively (or increased positively) with

increasing Mach number, and the elevator was overbalanced at Mach numbers
greater than about 0.63. The change in Ch8 with Mach number is fairly #

linear up to a Mach number of about 0.80; for Mach nﬁmbers greater
than 0.82, Ch8 increased rapidly with Mach number. A study of the

hinge—moment characteristics of the inboard and outboard portions of the
elevator (data not presented) shows that the Ch6 values for the inboard

segment of the elevator d4id not vary with Mach number. Since the inboard
portion of the elevator exhibited no variation of Ch6 with Mach number

and the effects of spanwise control—surface location on the hinge—moment
parameters of unbalanced surfaces at low Mach numbers are small (refer—
ence 8), it is believed that most of the positive increase in Ch5

with Mach number may be attributed to the fact that the balancing power
of the horn becomes more effective at higher Mach numbers. The param—
eter C increased positively with Mach number, more rapidly at the

h
Q
higher Mach numbers, and attained a value of about 0.0016 at M = 0.89.
Tn addition, a study of figures 11 to 18 reveals that both Ch and Ch 2
(o 5

generally increased negatively as the angle of attack is varied from a = 0%,
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Because of the overbalancing tendencies shown at high Mach numbers,
the results indicate that the horn tested was too large. Decreasing the
horn size would reduce or eliminate these overbalancing tendencies although
the low—speed stick forces would be increased. These overbalancing ten—
dencies at the higher Mach numbers would probably be eliminated by using
a horn balance on a control surface having a small trailing—edge angle.
(See reference 9.)

The variation of the 1lift parameters CLm and CIG and the elevator -

effectiveness factor oy with Mach number is shown in figure 20. These
data show that C;  increased with Mach number, and that for the Mach
(o

number range tested the rate of increase of -CL with M was more rapid
a

at the higher Mach numbers; the values of Cg, increased from about 0.043
a

at M =0.30 to 0.051 at M = 0.89. Also presented in figure 20 are
values of C;  determined by the method of reference 10. Though the
a

theoretical values are high, the variations of the lift-curve slopes with
Mach number obtained experimentally and theoretically are in very good
agreement. The theoretical values would be expected to be high since the
method of reference 10 is based on a section lift—curve slope of 2x per
radian.

The parameter CL5 did not vary with Mach number and had a value

of 0.015 for the speed range investigated (fig. 20). However, at elevator
deflection greater than —10°, the 1ift coefficient for a given deflection
decreased with speed (fig. 21), the decrease becoming more marked

as the elevator deflections were increased. This decrease in 1ift
coefficient as M was increased for elevator deflections of greater

then '-10° 1g probably due to the fact that the critical speed of the tail
surface is reached at lower values of Mach number with large elevator
deflections.

Because of the aforementioned changes in C;  and CL5 with M, the
a

elevator effectiveness ay decreased from a value of 0.35 at M = 0.30 +to
about 0.29 at M = 0.89 (fig. 20).

The variation of 1ift and drag coefficients with speed at Bg = 0o,

is presented in figure 22. These data show that for a given angle of
attack, the 1ift coefficlent increased with Mach number, and this effect
became more pronounced as the angle of attack was increassd within the test
range. At 86 = 09, increasing the Mach numbsr produced no effect on the
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drag coefficient for angles of attack of less than about 50. For greater
angles of attack, Cp increased with Mach number, and this increase became

more pronouncgd ag the angle of attack was increased. For an angle of
attack of 10, the drag coefficient increased from about 0.035 at M = 0.30
to 0.095 at M = 0.89.

Effect of Transition

The model with transition fixed at the 10—percent—chord line was tested
at four representative Mach numbers. The effects produced by fixing tran—
gition were generally the same at the four values of Mach number tested and
figure 23 is presented to show the effects of fixing transition on the
aerodynamic characteristics at M = 0.75. The test data indicate that
fixing transition generally had a very small effect on the model
characteristics.

CONCLUSIONS

An investigation was made in the Langley 300 mph and high—speed
T— by 10—foot tunnels of the aerodynamic characteristics of a 45° gweptback,
semigpan, horizontal tail equipped with a horn—balanced 25—percent—chord
elevator. Tests were made of the model at low speed (M = 0.30) to
determine the effects of horn size and horn inboard—edge falring. The model
equipped with the horn that gave the best low—speed hinge—moment character—
istics was tested through a speed range (M = 0.30 to M = 0.89). The
results of the investigation led to the following conclusions:

1. At a Mach number of 0,30, the rates of change of hinge—moment
coefficient with angle of attack and with elevator deflection C, and Ch8
(0]

increased positively as the horn—balance area was increased. For a given
change in horn size, Ch8 changed approximately five times as much as ChCL

2. The rate of change of 1lift coefficient with angle of attack CLu

was unaffected by changes in horn size. The rate of change of 1lift coef-—
ficient with elevator deflection CL5 and the elevator—effectiveness

parameter oy increased slightly with increasing horn size.

3. Fairing the horn inboard edge had a pronounced unbalancing effect
on Chb. The changes in ChOL and in the 1ift parameters were negligible.
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, 4. Although the particular arrangement investigated through the speed
range was overbalanced at moderate and high speeds, it is believed that
modifications such as a decrease in horn-balance size or a reduction in
elevator trailing-edge angle may make the horn type of balance satisfactory
up to high subsonic speeds.

5. The increase of lift—curve slope with Mach number is in good agree—
ment with theory. The rate of change of lift coefficient with elevator
deflection was unaffected by changes in Mach number for the speed range
investigated.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE TI.— HORN DIMENSIONS

Horn Average
span, chord, Area, Balance
Horn (in.) (in.) (sq in.) coefficlent,
(a) () =

Large T.42 4,06 30.13 0.4k
Intermediate 6.42 3055 22.66 .36
Faired 6.42 3.53 22,66 .36
Small 5.42 2.99 16.20 .28

@Measured parallel to hinge line.

b

Measured normal to hinge line.
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TABLE II.— SUMMARY OF THE AERODYNAMIC CHARACTERISTICS

[ - 0.30]

% o) ¢
Horn B Ny h'5 CL@ LS s }
Large 0.4 | 0.0012| 0.0075 |0.044O | 0.0195 | 0.L443
Intermediate| .36 | -.0003 .0025 | .0430 | .0165| .38k p
Faired .36 0 —.0014 | .0430 | .0165 | .394
Small 228 <.00101 5068k | .0L3D] (0160 | 378
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Figure 1.- Drawing of the 45° gweptback semispan horizontal-tail model

equipped with the large horn. (All dimensions are in inches.)
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Figure 3.- Photograph of the h5o sweptback horizontal-tail model mounted in the Langley T- by
10-foot high-speed tunnel.
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Figure 18.- Aerodynamic characteristics of the 45° sweptback horizontal-

tail model equipped with the faired horn. M = 0.89.
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