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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF THE EFFECT OF BALANCING TABS ON THE
HINGE-MOMENT CHARACTERISTICS OF A TRAILING-EDGE
FLAP-TYPE CONTROL ON A TRAPEZOIDAL WING
AT A MACH NUMBER OF 1.61

By Douglas R. Lord and Cornelius Driver
SUMMARY

An investigation has been made at a Mach number of 1.61 for a

Reynolds number of 3.6 X 106 to determine the effect of 10-percent con-
trol area attached tabs on the hinge-moment characteristics of a trailing-
edge flap-type control on a trapezoidal wing having a 23° sweptback
leading edge, aspect ratio of 3.1, and taper ratio of O.4 . Contral

hinge moments were measured over a control deflection range from 509

to 30° at angles of attack from -12° to 12° with tab deflections of
approximately 0°, -10°, and -20°.

Theoretical calculations based on linear theory considerably over-
estimated the incremental hinge moments due to the tabs, but under-
estimated the large ratios of tab to control deflection required to
balance the hinge moments due to control deflection. The configuration
having a geared tab located inboard on the sweptforward control trailing
edge was more effective in balancing the control hinge moments and main-
tained considerably more control effectiveness than the configuration
having an equal-area tab located outboard.

INTRODUCTION

As part of a general program of research on controls, an investiga-
tion is under way in the Langley 4- by L-foot supersonic pressure tunnel
to determine the important parameters in the design of controls for use
on various types of wings at supersonic speeds. Tests have been made
on a trapezoidal wing of aspect ratio 3.1, taper ratio of 0.4, and
having 23° of sweep of the leading edge. Control effectiveness and
hinge-moment results for the wing equipped with various partial and
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full-span trailing-edge flap-type controls were reported in reference 1. j
In an attempt to reduce the hinge moments of the full-span control of 1
reference 1, attached tabs were tested at the inboard and outboard ends |
of the control trailing edge. The results of these tests are presented
in this paper. The results of some preliminary tests of tabs designed
to reduce the hinge moments of unbalanced controls at supersonic speeds 1
were reported in references 2 and 3.

The present tests were made at wing angles of attack from -12° to |
12° for control deflections from -30° to 30° and for tab deflections of f
approximately 0°, —lOO, and -20°. The free-stream Mach number of the |
tests was 1.61 and the Reynolds number, based on the wing mean aero-
dynamic chord, was 3.6 x 106. |

SYMBOLS
j
M stream Mach number
q stream dynamic pressure J
a wing angle of attack
o) control deflection relative to wing chord plane, perpendicular

to the control hinge line, positive when control trailing
edge is down

B tab deflection relative to control chord plane, perpendicular
to the control trailing edge, positive when tab trailing :
edge is down

S control plan-form area (excluding tab)

control mean aerodynamic chord (excluding tab)

ol

MHL tab-area moment about control hinge line

H control hinge moment about hinge line

Ch control hinge-moment coefficient, H/qST

ACh increment in control hinge-moment coefficient due to presence
of tab
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Slope parameters:
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o) ChBT
ACy,
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By, = 5%
aACh

APPARATUS

Wind Tunnel

This investigation was conducted in the Langley 4- by L4-foot
supersonic pressure tunnel, which is a rectangular, closed-throat,
single-return type wind tunnel with provisions for the control of the
pressure, temperature, and humidity of the enclosed air. Flexible
nozzle walls were adjusted to give the desired test-section Mach number
of 1.61. During the tests, the dewpoint was kept below -20° ¥ so that
the effects of water condensation in the supersonic nozzle were negligible.
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Model and Model Mounting

The model used in this investigation consisted of a trapezoidal
wing having a full-span trailing-edge flap-type control (configuration 4
of ref. 1). The control plan-form area was 25 percent of the wing area.
A tab having an area 10 percent of the control area and a span 25 per-
cent of the control span was attached at the control trailing edge,
first at the inboard location and then at the outboard location as shown
ins i onres 1.

The basic wing had a 520 sweptback leading edge, a root chord of
15.88 inches, a tip chord of 6.17 inches, and a semispan of 17.02 inches.
The wing section was a modified hexagon having a ratio of thickness to
chord of 4.5 percent based on the local chord. The flat midsection
(fig. 1) extended from 30 percent chord to 70 percent chord and the
intersections of the flat midsection to the leading- and trailing-edge
wedges were rounded. The control hinge line was unswept and was located
at the T4.6-percent-chord station.

The wing and control were constructed of steel and the tab was
constructed of l/l6—inch stock brass. All screw holes, pits, and mating
lines were filled with dental plaster and faired smooth. The semispan
wing was mounted horizontally in the tunnel from a turntable in a steel
boundary-layer bypass plate which was located vertically in the test
section about 10 inches from the side wall as shown in figure 2.

TESTS

The model angle of attack was changed by rotating the turntable in
the bypass plate on which the wing was mounted (see fig. 2). The angle
of attack was measured by a vernier on the outside of the tunnel, inas-
much as the angular deflection of the wing under load was negligible.
Control deflection was changed by a gear mechanism mounted on the pres-
sure box which rotated the strain-gage balance, the torque tube, and
the control as a unit. The control deflections were set with the aid
of an electrical control~position indicator mounted inside the wing at
the hinge line and were checked with a cathetometer mounted outside the
tunnel. Control hinge moments were determined by means of an electrical
strain-gage balance located in the pressure box (fig. 2) which measured
the torque on the tube actuating the control.

The tests were made for nominal tab deflections of 0°, -10°, and
-20° at angles of attack of 0°, *6°, £12°. Hinge-moment measurements
were made at 5° increments over the control-deflection range from -30°
to 30°. The tests were made at a tunnel stagnation pressure of
13.0 pounds per square inch absolute at a Mach number of 1.61,
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corresponding to a Reynolds number based on the wing mean aerodynamic

chord of 3.6 x 100. Throughout the tests a 3/16-inch strip of mno. 60
carborundum spanned the model 1/4 inch from the leading edge, to insure
a turbulent boundary layer over the model.

PRECISION OF DATA

The mean Mach number in the region occupied by the model is esti-
mated from calibration data to be 1.61 with local variations being
smaller than #0.02. There is no evidence of any significant flow angu-
larities. The estimated accuracy of other pertinent quantities is:

B SRR R RE Y o B St SRR TR SRR R R Ok s P T D ISV 08 (05
BRI e v sy o SR ek e B e Ma e a et i e ket e RS
e i S T e TR G S S g et L
Ch o e TR R e T R - MR o IR

THEORETICAL CALCULATIONS

The theoretical calculations of the incremental hinge-moment coef-
ficient slopes AChST’ AChS, and ACha were computed on the basis of

linear theory, after making the simplifying assumption that the tab tips
were streamwise, rather than normal to the control trailing edge as
tested. The method followed was the same as that used in reference U,
in that the two-dimensional regions and the triangular segments of the
conical-flow regions, caused by deflections of the tab, the control, or
the wing, were considered independently. The average pressure ratios
and center-of-pressure ray locations for the conical-flow regions were
determined from references 4 and 5. For computing the loadings due to
control deflection and angle of attack in the conical-flow regions at
the outboard tip of the inboard tab and at the inboard tip of the out-
board tab, it was assumed that the loadings were the same as those used
in computing the loadings due to tab deflection for the isolated tab.
After determining the loadings on the conical-flow regions and on the
two-dimensional regions for each particular case, the contribution to
the control hinge moment of the portion of the loading that was on the
tab could be obtained.
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RESULTS AND DISCUSSION

Hinge-Moment Coefficients

The variations of control hinge-moment coefficient with control
deflection for the basic control without a tab and for the six tab con-
figurations are presented in figure 3. In general the curves are
approximately linear, except near the largest control deflections,
where the slopes tend to decrease. This occurs for both the basic and
tab configurations and is in general agreement with the pitching-moment
results of reference 1, which showed a decreased pitching-moment effec-
tiveness for the large control deflections. This decrease was attributed
to flow separation ahead of the high-pressure side of the control causing
a forward shift in the center of pressure and a reduced loading on the
control. The addition of the tab to the basic configuration at either
location causes increased slopes of the curves of control hinge-moment
coefficient with control deflection (fig. 3) as would be expected.
Changing the tab deflection from approximately 0° to -20° caused little
change in slopes, as predicted by linear theory, and as was shown in
the tip control-tab tests of reference 2.

Cross plots of the curves of figure 3 are shown in figure 4, where
the variations of control hinge-moment coefficient with tab deflection
are plotted for the inboard and outboard tab locations at o = ¢ 'The
curves at the other angles of attack are very similar and are therefore
omitted. The positive tab deflection values for this analysis were
obtained by assuming symmetry of the data for opposite angle conditions.
The curves of figure 4 are linear and parallel over most of the range,
except for the largest control deflections and tab deflections, where
the tab effectiveness is reduced.

Tab Parameters

Both the inboard and outboard tabs are the same size; however, due
to the taper of the control, moving the tab from the inboard to the out-
board position reduces the moment arm of the tab about the control hinge
line, and therefore, reduces the effectiveness of the tab as a balancing
device. The theoretical and experimental incremental hinge-moment coef-
ficient slopes have been plotted in figure 5 as functions of tab-area
moment about the control hinge line. The variations of AChST with My,

are approximately linear, indicating that the moment about the tab
leading edge of the 1lift due to tab deflection is unaffected by spanwise
movement of the tab. The variations of ACh6 and ACha with Mgy, are

not linear because of the relatively large losses of 1lift near the wing
tip due to control deflection and angle of attack. In the case of AChS,
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there is no corresponding loss on the inboard tab since the hinge line
is unswept and the bypass plate acts as a reflection plane. In the
case of Cp_, there is some loss on the inboard tab due to the conical-
flow region from the wing apex; however, this loss is indicated by
theory to be small in relation to the loss in the tip region.

The theoretical curves of figure 5 show the proper trends of the
variations with tab-area moment, but considerably overestimate the effec-
tiveness of the tabs on each of the parameters. It appears that the
thickness and viscous effects near the wing trailing edge which are
evident in the unpublished pressure distributions make it impossible
to predict with any degree of accuracy (by the linear theory method)
the characteristics of attached tabs. The tests of reference 2 showed
similar results.

The theoretical and experimental ratios of tab deflection to con-
trol deflection required for Ch6 = 0 are plotted in figure 6 as func-

tions of angle of attack for the two tab locations tested. Within the
range of angles of attack tested there seems to be little change in the
experimental values obtained; however, the experimental ratios of -6

and -8 are large when compared to normal subsonic and transonic values.
The tests of reference 6 showed values of ST/B near -3 for a 15-percent

area attached tab at M = 1.0 and values near -2 for subsonic conditions.

The theoretical curves of figure 6 show that the theory considerably
underestimates the tab-control deflection ratios for balanced hinge-
moment curves. This at first seems contradictory when considering the
approximately equal percentage differences between the experimental and
theoretical values of AChBT and AChﬁ shown in figure 5. : In refer-

ence 1 it was shown that the linear theory predicted approximately
76 percent of the experimental Ch6 value for the basic control

without tab.

Since

Cha (with tab) : Chﬁ(no tab) + Ach6

5 ChﬁT AChST

and the absolute value of Chs(no tab) is considerably greater than that
of Achs’ the numerator of the equation is predicted much better than is

by the theory is of greater significance and results in a much smaller
value of &7/6 than is obtained experimentally.
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The smaller experimental value of ST/S for the inboard tab than
for the outboard tab is predicted by the theory and would be expected
from the tab-area moment relation. On an equal tab-area moment basis,
such as would exist for equal size tabs on an unswept trailing edge,
the outboard location would probably be more effective in reducing the
econtrol hinge moments due to control deflection, since AChST would be

the same at either location and ACh6 would be smaller for the outboard
location due to the loss in 1ift in the tip region of the control.

Control Effectiveness

In the present investigation it was impossible to measure directly
the control effectiveness as affected by the balancing tabs. In order

to complete the analysis of the balanced hinge-moment condition (?hﬁ = O>,

it would be desirable to know the control effectiveness of the complete
configuration. Inspection of unpublished pressure distributions made
on the control ahead of the tabs indicated that for the range of tab
angles investigated herein there was little if any influence on the
pressures ahead of the tabs so long as they were deflected in opposi-
tion to the control deflection. Since the increment in hinge moment
from the no tab to the tab condition could be assumed to be entirely
due to the load on the tab, it was possible by further assuming a uni-
form tab load distribution, to determine the 1ift on the tab and there-
fore on the complete tab-control configuration.

This analysis showed that for the tabs investigated, the inboard
tab configuration was the most successful in maintaining the control
effectiveness of the basic unbalanced control configuration, while
balancing the control hinge moments due to control deflection. The
inboard tab-control combination geared for Ch5 = 0 suffered approxi-

mately a one-third reduction in lift effectiveness, a one-tenth reduc-
tion in root bending-moment effectiveness (indicative of rolling-moment
loss), and a one-half reduction in pitching-moment effectiveness about
the midchord of the wing mean aerodynamic chord. In contrast, the out-
board tab-control combination geared for Ch6 = 0 lost approximately

one-half the 1lift effectiveness, gave reversed bending-moment effective-
ness, and lost about two-thirds the pitching-moment effectiveness. From
the overall viewpoint, it, therefore, appears that the inboard location

of the tab is the most advantageous.
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CONCLUDING REMARKS

An investigation has been made at a Mach number of 1.6l to determine
the effect of 10-percent control-area attached tabs on the hinge-moment
characteristics of a trailing-edge control on a trapezoidal wing. Theo-
retical calculations based on linear theory considerably overestimated
the effect of tab deflection on the control hinge moments and the effect
of the undeflected tab on the hinge-moment coefficient slopes with con-
trol deflection and angle of attack.

The experimental ratios of tab deflection to control deflection
required to balance the hinge moments due to control deflection were
large and were underestimated by the theoretical predictions. The con-
figuration having a geared tab located at the inboard end of the swept-
forward control trailing edge was more effective in balancing the control
hinge moments and maintained considerably more control effectiveness
than the configuration having an equal-area tab located at the outboard
end of the control trailing edge.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 9, 1954.
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Figure 1.- Sketch of model configurations. All dimensions are in inches.
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Figure 2.- Sketch of typical test setup.
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(a) Basic control (from ref. 1).

Figure 3.- Variation of control hinge-moment coefficient with control
deflection.
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Figure 6.- Variation with angle of attack of the ratio of tab deflection
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