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HINCGE-MOMENT CHARACTERISTICS FOR A SERIES OF CONTROLS
AND BATANCING DEVICES ON A 60° DELTA WING AT
MACH NUMBERS OF 1.61 AND 2.01

By Douglas R. Tord and K. R. Czarneckl
SUMMARY

An investigation has been made to determine the control hinge-mament
characteristics at Mach numbers of 1.61 and 2.01 for a series of 18 con-
trols, including the effects of various tebs and fences, on a 60° delta
wing. Tests were made at a Reynolds number of 4.2 x lOé (based on the
mean aerodynamic chord of the wing) and covered ranges of angles of attack
from 0° to 129, control deflection from -30° to 309, and tab deflection
from 0° to -20°,
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The hinge-moment-slope paresmeters for the basic tip controls corre-
lated satisfactorily with the ratio of balance-control area to total-
control area at a Mach number of 2.0l1. The experimental hinge-moment-
slope paremeters for the trailing-edge controls were 70 percent as large
as those of the theoretical predictions. Increasing the tralling-edge
thickness on a tralling-edge control increased the hinge-moment-curve
slopes. A parting-line fence forward of the hinge line on a closely
balanced tilp control resulted in improved hinge-moment chearacteristics.
A detached tab was more effective than an inset or attached tab on a tip
control in balancing the hinge moments due to control deftection. An
attached tab on a full-span trailing-edge control had more balanclng
effect when located outboard then when located inboard. Paddle balances
on & full-span tralling-edge control decreased the slope of the hinge-~
moment-coefficient variation with control deflection.

INTRODUCTICHN

As part of a general progrem of research on controls, an investiga-~
& tion is underway in the Langley 4- by Lb-foot supersonic pressure tunnel
t0 determine the important parameters in the design of controls for use
on a 60° delta wing at supersonic speeds. The results have been obtained
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from two series of tests by means of pressure dlstributions end direct
measurements of the hinge moments. The first series_was conducted at a
Mach number of 1.61 and included primerily tip controls, some fence
configurations, and a trailing-edge control with and without a spoiler
mounted on the wing Just shead of the control. Many/of the control
hinge-moment and effectiveness results and some illugtrative pressure
distributions from this series have been presented in references 1 to 5.
The second seriles included tests of several tralling-edge controls, two
gdditional tip controls, and several tab and fence configurations, each
at a Mach number of 1.61, and four of the tilp controls at a Mach number
of .2.01.

The purpose of this report is to present the hinge—moment data and

analysis which have not previously been reported for the 18 configurations o

end to compare the results obtained with those already presented. The
tests were made for s wing angle-of-attack range from 0C to 1209, for a
control deflection range from -30° to 30°, and, where appliceble, for a
tab deflectlon range from 00 to -20°. All configurations were tested at
a Reynolds number of 4.2 x 106 based on the wing mear aerodynamic chord of
12.10 inches.

SYMBOLS -
¥ o cﬁ‘
Cn hinge-moment coefficlent of control (trailing edge _
controls), H/q2q : -
Cn,1 hinge-moment coefficient of control (tip comtrols), H/qSE
c mean aerodynemlc chord of control
H hinge moment of control
M Mach number -
Mg tab area mament about control hinge line - o
Q area moment of control surface behind hinge line gbout hihge
line (excluding tab, where presént)
a . stream dynemic pressure -
S plan-form erea of control (excluding tab, where present)

Sy plan-form ares of control ghead of hinge line
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a wing angle of attack

3] control deflection relative to wing (positive when control
trailing edge is deflected down)

O tab deflection relative to control (positive when tab tralling
edge is deflected down)

A prefix indicating increment due to tab or fence

Subscripts:

a slope of coefficient variation with «

3] slope of coefficient veristion with &

Oy, slope of coefficient variation with &y

(A1l slopes were teken at o = 0°, & =0°, & =0°.)
APPARATUS

Wind. Tunnel

This investigation was conducted in the Langley 4- by 4-foot super-
sonlc pressure tunnel which 1s & rectangular, closed-throat, single-
return wind tummel with provisions for the control of pressure, temperas-
ture, and humldity of the enclosed alr. Flexible-nozzle wglls were
adjusted to give the desired test-section Mach numbers of 1.61 and 2.01.
During the tests, the dewpoint was kept below -20° F; so that the effects
of water condensation in the supersonic nozzle were negligible.

Model and Model Mounting

The model used in this investigation consisted of a semispan delts
wing with interchangeable controls and various associated control adapters
(or replacement sections) that were required to fit the control to the
baslc wing component. The control confilgurations are presented in fig-
ure 1 and are grouped according to whether they are tip controls
(fig. 1(a)), tip controls with tabs or fences (fig. 1(b)), or trailing-
edge controls (fig. 1(c)).

The basic wing had a 60° sweptback leading edge, a root chord of
18.14 inches, and a semlspan of 10.48 inches. The wing had a rounded
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NACA 63-series sectlion extending 30 percent of the root chord back from _
the leading edge, a constant-thickness center sectlon with a thickness-

chord ratio.of 3 percent based on the root chord, and a sharp trailing v
edge. (See fig. 1(a).) Near the wing tip, the nose section Jolmned

directly to the tapered tralling edge without a flat midsection. Con-
figurations J-1 and J-2 had thickened tralling edges as shown in the

sketches of figure 1(c).

The basic wing and controls were constructed of steel. (For details
of construction, see ref. 1.) The paddle balances of configuration J-3,
the tab of configuration E-1, and the inset and detached tabs on confiligu-
retion E were also constructed of steel. The tabs on configurstion J and
the fences were constructed of 1/16 inch stock brass. -

The semlspan wing was mounted horizontslly on a turntable in e
steel boundary-layer bypass plate which was located vertically in the
test section epproximately 10 lnches from the sidewall ag shown in fig-
ures 2 and 3.

TESTS R -

The angle of attack of the model was changed by rotating the turn-
table in the bypass plate on which the wing was mounted (see fig. 2) and
was measured by a vernier on the outside of the tunnel, inasmuch as the
anguler deflection of the wing under loed was negligible. Controls were
deflected by a gear mechanlsm, mounted on the pressure box, which rotated ©
as a unit the strain-gage balance, the torque tube, and the control. The
control deflectlons were set approximately with the aid of an electrical
control-positlion indicator mounted on the torque tube near the wing-root
and were measured under load during testing with a cathetometer mounted
outside the tunnel.

Hinge moments of the controls were determined by means of an elec-
trical strain-gage beam located in the pressure box (fig. 2), which
measured the torque on the tube actuating the control surface. Inter-
changeable strain-gage beams with various load ranges were used to obtaln
greater accuracy for the closely balanced controls.

Tests were made over an engle-of-attack range from 0° to 12° at

increments of either 50 or 6°. The control-deflection renge was from

-%30° to 30° at increments of 5 and the tabs were tested at deflections
of 0°, -10°, and -20°., The teste were made at tunnel stagnation pressures
of 15 and 17.5 pounds per square inch absolute and at Mach numbers of 1.61
and 2.01, respectively. The stagnation pressures and the Mach numbers
correspond to a Reynolds number of 4.2 X 10° based on the wing mean aero-
dynamlc chord of 12.10 inches. Although no attempt was made to fix tran-
sition on the model, the surface roughness was probably great enough to M

cause a turbulent boundari‘m,
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PRECTSION OF DATA

The mean Mach numbers in the region occupied by the model were egtl-
mated from calibration to be 1.61 and 2.0l with local variations smaller
than £0.02. There was no evidence of significant flow angularity. The
estimated accuracy of other pertinent quantities is as follows:

Ly, ABE & ¢ v st i e e e s e e e s e e s e e e s e s e s e . . EO0.05
By GBE + & & ¢« ¢ 4 v 4 4 4 e e e e e e e e e e e e e e e e .. EO.L
Bt’ deg s 4 s e & & e & e s e e e e ® s« 8 e e ® s e e 8 e s 0.1
Ch (measured AireCtly) + v v « v & o ¢ 4 4 4 e e« 4 e e 4 « . . T0.005
Ch,1 (measured A1rectly) « v v« v v ¢ ¢ 4 e 4 e e e e« 4 o . . . E0.005

RESULTS AND DISCUSSION

Basic Varigtions of Hinge-Moment Coefficlents

The basic hinge-moment-coefficient variations with control deflec-
tion are presented in figures L4 through 14 in the order that the con-
figurations are shown in figure 1. In additlon to the baslc curves
obtained from the straln-gage measurements, the curves determined by
integration of the pressure distributions over the controls are shown
for comparison. The description of the pressure-orifice installstion
and the tebulated pressure data can be obtsined from reference 5. No
integrated results are presented herein for the tab configuratlions or
the paddle-balance conflgurstion, because there were no orifices on the
tabs or paddles and no integrated results are presented for configura-
tion K, which had no orifices on the tip control.

In genersl, the hinge-moment curves obtained by Integrating the
surface pressures show the same trends as those obtained by the direct
measurements. Sizable differences occur for many of the configurations,
however, because of the lack of sufficient orifices to define more pre-
cisely the chordwise and spanwise distributlions of loading. As was pre-
viously shown in reference 1, the more closely bglanced tip controls
exhibited regions of overbalance (for exemple, figs. 4(c) and 5(b)). At
the largest angle of attack, many of the controls glso produced very non-
linear varistions of hinge-moment coefficient with control deflection.
(For example, see Tigs. k(c), 5(a), and 5(b).) The trailing-edge controls
indicated a greater effect of viscoslty as evidenced by the sharp decrease
in slope of the hinge-moment curves at the largest control deflections.
(For exemple, see figs. 10, 13(a), and 13(b).)
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Tip Controls

Effect of Mach number.- A comparison of the varlations of hinge-
moment coefficient with control deflection at M = 1.61 and M = 2.01
is shown in figure 15 for conflgurations A, E, F, and G. The data at
M = 1.61 were teken from reference 1. In general, the shapes of the
curves are very similar at the two Mach numbers, and the€ primary effect
of Incresging Mach number 1s to cause considerable decrease in the
slopes of the curves for configuretions A and E, and scifie small decrease
in the slope for configuration F. The change in slope near o = 0° and
5 = 0° was negligible for configuration G.

The theoretical and experimental variations of <Ch,l>5 end (Ch,l)a
with Mach number for configurstions A, E, F, and G are shown in figure 16.

The theoretical values of (ch,l>5 for all the configurstions and of
(Ch,l)@ for confilgurstion A were obtained from the linear-theory equa-
tions given in references 6 and 7. The theoretical values of (Ch,l)

o

for confilgurations E, F, and G were obtalned by integrating the theoreti-
cal pressure dlstributions which, in turn, were computed from the equa-
tions given in reference 8. The variations of the experimental hinge-
moment-slope parameters with Mach number are generally in agreement with
theory although considergbly more positive. Configurations F and G, the
most nearly balanced of the aforementioned four comntrols, exhibit little
change in hinge-moment-curve slope with Mach number in this range.

In reference 1, correlgtions of the hinge-moment-slope parameters
wlth the ratio of control balance area to comtrol totel area were
obtalned for a series of tip controls on the present wing at M = 1.61.
Figure 17 presents similar correlations obtaeined during the present
tests at M = 2.01 for four of the tip controls. These correlations
agaln show that a balanced tip control with desired low-angle hinge-
moment slopes may be obtained by proper selection of the ratlio of
control balance area to total ares.

Effect of offsetting tip control.- Configuration H is the control of

configurstion F with 1ts torgque tube inserted in the hinge-line hole of
configuration E. The effects of offsetting the tip control with respect
to the mein wing on the hinge-moment charascteristics are shown in fig-
ure 18 where the hinge-moment-coefficient variastions for configuration H
are compared with those for configuration F. Offsetting the control had
little effect on the variation of hinge-moment coefficient with control
deflection but caused some increase 1ln slope of the hinge—moment-
coefflcient curves with angle of attack.
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Effect of control plan form.- In reference 1, 1t was shown that

configurations D and ¥, each wlth ratlios of control balance area to
total area of 0.36, had approximately the same hinge-mcment character-
igtlics. Both configurations had tip controls; however, configuration D
had a more forward hinge-line location, and same of the tralling-edge
portion of the control had been removed. Silnce plan form seemed to have
a negligible effect on the hinge-moment charascterlistics, configuration K,
wlth a rectangular overhang but agein with a ratio of control balance
area to total area of 0.36, was added to the present tests.

In figure 19, the variations of hinge-moment coefficient wilth con-
trol deflection and angle of attack are presented for configurations D,
F, and K. From these curves, it is evlident that the plan form of con-
figuration K does not alleviate any of the hinge-moment problems pre-
sented by the other closely balanced controls. Both the nonlinearities
and regilons of overbalance are present in the varigtions with control
deflection for configuration K. At angles of attack, the balancing
effectiveness in the negative control-deflection range is greater for
configuration K than for configurations D and F. In the variations of
hinge-moment coefficlent with angle of attack, configuration K produced
increased slopes at the negatlive control deflections because of the
strong balaencing in this range.

Effect of inset and detached tabs.- The varlations of hinge-moment

coefficient with control deflection for configuration E with the inset
or detached tebs, shown in figures 6 and 7, respectively, indicate that
tab deflection caused a general shift in the curves and di1d not alter
the slopes of the variations with control deflection or angle of attack.
The incremental hilnge-moment-curve slopes due to the addition of tabs
to the basic configuration E are plotted in figure 20(a), together with
the values obtained from the attached-tab tests of reference 2, as a
function of the tab-ares moment about the control hinge line. The
variation of hilnge-moment-coefficient slope due to tab deflection with
tab-ares moment shows an increasing trend greaster than that of the
linear variation found for attached tabs on a sweptforward trailing
edge as in reference 9. Thig effect is contrary to the effect which
would be anticipated theoretically since the inset tab should produce
some additional hinge moment from the load induced on the adjacent con-
trol surface.

The curves of incremental hinge-moment-coefflcient slope with con-
trol deflection and angle of attack due to the addition of tabs
(fig. 20(a)) show that, as anticipated, the inset tab causes no incre-
ments. The detached tab caused considerably more change in (Ch,l)
led
than did the attached tab but caused only slightly more change in

Ch’l 6-
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In order to evaluate the various tabs as devices for balanclng the
control hinge moments, the ratic of tab deflection to control deflection
required for (Ch 1)5 = 0 is plotted in figure 20(b)} as a functlion of

angle of attack for the inset and detached tabs of the present tests
and for the two sizes of attached tabs of reference 2. From these curves
it 1s evident that the detached tab was the most effectlve device in
balancling the hinge moments due to control deflection.  The detached tab
would probably cause the least reduction 1n control effectiveness but
the largest penalty in drag of the three types of tabs listed.

Effect of fixed tab on a boom.- In reference 1, the detrimental

effects of closely balancing the hinge moments due to control deflection
vere the increased nonlinearities 1n the curves and regions of overbal-
ance. Configuration E-1 was designed by adding a fixed tab on a boom

to the control of configuration E. The tab size and locatlon were
selected so that configuration E-1 had the same net control-area moment
gbout the hinge line as configuratlon F had. The hinge-moment-coefficient
variations with control deflection and angle of attack Tor configurations
E-1 and F are presented in figure 21. At the positive control deflec-
tlons, the two configurations are very nearly alike; however, at the low
and negatlve control deflections with the wing at angles of attack, the
tab configuration exhibits more negative hinge-moment coefficlents _
apparently because of a strong downward force imposed on the tab by “the
very complicated flow fileld through which it operates.

Effect of fences.- A comparison of the effect of the three fences on

the hinge-moment-coefficient variations with control deflectlon and angle
of attack for configuration F are shown in figure 22. Configuration F-3
is apparently the most benefilicial fence conflguration because it reduces
the hinge-moment coefficient due to control deflection at low engles of
attack and decreases the nonlinearities at the higher angles of attack.
In order to compare the effect of fences on the hinge-moment character-
istics of configuratlion F with the effects previously presented in ref-
erence 2 of simllar fences on a more unbglanced control confilguration E,
curves of the incrementsl hinge-moment coefficlent due to the fences with
control deflection are plotted in figure 23._ In figure 23(a), the full-
chord fences are compared and in figure 23%(b), the partial-chord fences
are compared. The incrementgl hinge-moment-coefficlent variations are
very much alike for similar fences on the two configurstions. Analysils
of the pressure distributions (tabulated in ref. 5) indicates that the
differences shown in figure 23 for similar fences can be explained on the
basis of the hinge-line movement and the elimination by the fences of the

induced crossflows present at the parting line in the basic configurations.
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Tragiling-Edge Controls

Effect of span and location.- Comparison of the hinge-moment-
coefficlent variations with control deflection and angle of sttack for
configuration I of the present tests with those for configuration A of
reference 1 and configuration J of reference % is made in figure 2k,
Configurations I and J exhiblt marked decreases in hinge-moment-curve
slope with control deflection at the highest control deflections, whereas
the curves for configuration A are generally linear throughout the test
range. This decrease in slope probebly can be attributed to a greater
viscous effect over the inboard stations of the wing because of the
change in airfoil section. Over the span of the inbosrd control, the
trailing-edge wedge is preceded by & flat section, whereas over the span
of the outboard control, the rounded leading-edge section is followed
immedistely by the trailing-edge wedge.

In general, the curves show considerable effects of both span and
spanwise location of the trailing-edge controls on the slopes of the
curves with both control deflection and angle of atteck. These results
are contrary to the results shown in reference 10 for trailing-edge
controls on a trapezoldal wing wherein (Ch>6 was relatlvely unaffected

by changes in span or spanwise location. The effects found herein are,
however, in agreement with the trends predicted by the linear theory
method of reference 6. Table I shows that the experlmentel parameters
sre approximstely 7O percent of the theoretical values as was the case
in reference 10, but the differences in the experimental slopes with
changes in control span or location are in the same direction as the
theoretical predictions. Configuration J, with the largest amount of
essentially two-dimensional flow, produced the greatest (Ch>6’ and con-

figuration A, with the least amount of two-dimensional flow produced the
least (Ch>6' Configuration A, operating in the region of high loading

near the leading edge due to angle of attack, produced the greatest (Ch)@
and configuration I, operating wholly inboard, produced the least (Ch>@'

Effect of spanwise location of tabs.- The hinge-moment-coefficient
variation with control deflection for the inboard attached tab on con-
figuration J (fig. 11) shows little effect of tab deflection. The
slopes of the hinge-moment curves with control deflection are the same
for the inboard teb (fig. 11) as for the outboard teb (fig. 12). Cross-
plots of the hinge-moment coefficients with tab deflection, however, show
that the outboard teb is more effective in producing hinge moment with
tab deflection. The ratio of tab deflectlion to control deflection required
for Ch,a = 0 is plotted against angle of attack in figure 25 and shows

that the net result i1s a lower value of Bt/S for the outboard tab. In
reference 9, it was predicted that an outboard tab would be more effective

T ety o TR
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as a balancing device on a control wilth sn unswept tralling edge, but
1t 1s interesting to note that the reasons given therein do not coincilde
with the experimental effects found in the present investigation. It
was enticipated that Ch 5 would be the same for the two tabs and _

Ch s Wwould be smaller for the outboerd tab, whereas the present tests
showed equal values of Cth and greater values of fgh,bt for the

outboard tab. The discrepancy ls undoubtedly ceused by the difference
in wing plan form and the large spanwise varilation in the strength of
viscous effects on the delta wing.

Effect of trailing-edge thickness.- The variations of hinge-moment

coefficlent with control deflection and angle of attack for the thickened
trailing-edge configurations J-1 and J-2 are compared with the variations
for the sharp trailing-edge configuration J from reference 3 in filgure 26.
As the control trailling-edge thickness increases, the slope of the hinge-
mcment coefficient curves with control deflection increases. At & = 0°,
-15 , and —500 the slope of the hinge-moment-coefficient curves with
angle of attack also increased with increasing trailing-edge thickness.
The increases in hinge-moment-curve slopes with increasing trailling-edge
thickness are approximately linear. These incregses are 1in sgreement
with the theoretlcal prediction of the effect of increasing control
trailing-edge thickness shown in reference 10 and with the experimental
pressure-distribution analysis of reference 11. It _should be mentliconed
that increasing the control tralling-edge thickness algo increases the
control effectiveness. (See ref. 10.)

Effect of paddle balances.- The hinge-moment-coefficient variatlons

with control deflection and angle of attack for configuration J-3 with
the paddle balances and the varlatlons for the basic configuration J from
reference 3 are presented in figure 27. The paddle balances were effec-
tive in reducing the hinge moments due to control deflection but had
1ittle effect on the curve slopes of the hinge-moment coefficient with
sngle of attack. This effect 1s in agreement with the results previously
obtained on paddle bslances 1in reference 12.

CONCLUSIONS —

An investigation has been made at Mach numbers of 1.61 and 2.0l to
determine the hinge-moment characterlstics for e series of 18 controls,
including the effects of varlous tabs and fences, on a 60° delte wing.
Tests were made at angles of attack from 0° to 129, for control deflec-
tions from -30° to 30°, and for teb deflections from O° to -20°. The
results indicate the following primary conclusions:
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1. Correlations of the hinge-moment-slope parsmeters with the ratio
of the balance area to the total area of the control were obtained for a
series of tip controls at a Mach number of 2.0l similer to those corre-
lations previously obtained st a Mach number of 1.61.

2. Varistion of the hinge-moment-slope parameters for tralling-edge
controls wilth span and spanwise location were similar to the theoretical
predictions; however, the absolute values of the experimental hinge-
moment-slope parameters were gbout 70 percent of the theoretical values,

3. Increasing the tralling-edge thickness generally increased the
hinge-moment-slope parameters on the full-span trailling-edge control.

I, A parting-line fence forward of the hinge line on a closely
belanced tip control resulted in improved hinge-moment characteristics
similar to the lmprovements previously found in tests of more unbal-
anced tip controls.

5. A detached tab on a tip control was more effective in balancing
the hinge moments due to control deflection than elither an inset or
attached tab.

6. An attached tab on a full-span trailing-edge control was more
effective in balancing the hinge moments due to control deflectlon when
located outboard than when located inboard.

T. Paddle balances on a full-gpan trailing-edge control decressed
the slope of the hinge-moment-coefficient varilation with control deflec-
tlon but had little effect on the slope of the hinge-moment-coefficient
varigtion with angle of attack.

Langley Aeronautical Laborstory,
National Advisory Committee for Aeronsutics,

Langley Field, Va., January 11, 1957.
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TABLE I.- HINGE-MOMENT-COEFFICIENT SLOPES
FOR THREE TRAILING-EDGE CONTROLS
Ch, o) Ch) @
M Configuration

Experiment Theoxry Experiment Theory
A -0.0168 -0.023%9 -0.0240 -0.0341
1.61 I -.0182 -.0260 -.0127 -.0158
J -.0196 -.0275 -.0147 -.0233%
2.01 A -.013%0 -.0187 -.0180 -.0295
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full-spen trailing-edge control. M = 1.61.
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Figure 27.- Concluded.
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