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SUMMARY

An investigation of a semispan-wing—fuselage model having a
60° delta wing with an aspect-ratio-8.2 blunt trailing-edge flap-type
control was conducted in the Langley 9- by 12-inch blowdown tunnel.
Control hinge-moment and effectiveness characteristics were obtained
over an angle-of-attack range of +10° at control deflections up to 90°.
At the highest deflection the control could be considered as a spoiler.
Data were obtained at Mach numbers from 0.72 to 1.96.

The control showed positive effectiveness in 1ift and rolling mament
throughout the Mach number, angle-of-attack and control-deflection range
of the investigation. At small deflections the effectiveness (based on
control moment areas) was at least as great as that of a more conventional
aspect-ratio-l.4 sharp trailing-edge control. At moderate angles of
attack with the controls acting as ailerons deflected to produce a given
roll rate, the magnitude of the hinge moments for the high-aspect-ratio
control were much smaller than for the aspect-ratio-4.4 control of NACA
RM I54G12a at all speeds and showed less change with Mach number at tran-
sonic speeds. This result was in agreement with the theoretical analysis
of minimum hinge-moment controls presented in NACA TN 3471 and also
illustrates the advantage of using small controls with large deflections
to obtain low hinge moments for a given rate of roll.

INTRODUCTION

At supersonic speeds the magnitude of control forces on airplanes
and missiles is such as to require large power-boost systems that add to
the size, weight, and complexity of the aircraft. A need therefore
exists for reduction of the control forces by aerodynamic means. One
approach to a solution of this problem has been made in reference 1
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wherein various unbalanced trailing-edge controls were analyzed theoreti-
cally to determine those having minimum hinge moments due to deflection
at supersonic speeds. This analysis indicated that, when the required
control size and plan form is not restrictive, maximum ratios of ISRERTE
hinge moments are obtained with untapered high-aspect-ratio controls.
Also, for a given control shape the lmportance of using small controls
with high deflections for obtaining large ratios of rolling moment to
hinge moment was illustrated. At transonic speeds, experimental evidence
(ref. 2) has indicated that small chord controls may have hinge moments
less affected by compressibility than the more conventional types. In
order to obtain information on these premises, a 60° delta wing equipped
with an aspect-ratio-8.2 untapered control has been investigated at tran-
sonic and supersonic speeds in the Langley 9~ by 12-inch blowdown tunnel.
The control was located at the wing trailing edge and had an unswept hinge
line.

Hinge-moment and effectiveness characteristics of the control were
obtained for an angle-of-attack range of +10° at Mach numbers from 0.72
to 1.96. Control deflections up to 90o were investigated to determine
the behavior of the control as a trailing-edge spoiler. The average

Reynolds number of the investigation varied between about 2.4 X 106 and
3.0 x 100,

SYMBOLS

The measured aerodynamic forces and moments were reduced to standard
nondimensional coefficients and were referred in all cases to the wind
axes.

A aspect ratio

b wing span, twice distance from rolling-moment reference axis to
wing tip

be control-surface span

(o local wing chord

c mean aerodynamic chord of wing

Cp control chord behind the hinge line

Ce mean aerodynamic chord of portion ‘of control behind hinge line

Ce 1 value of cp for control of reference 3
J
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Cp

ACp

W a E =

wl

Dra

drag coefficient,
adS

increment in drag coefficient due to angle of attack and/or
control deflection

Hinge moment
qbsCe?

control hinge-moment coefficient,

increments in gross rolling-moment coefficient, 1ift coef-
ficient, and pitching-moment coefficient, respectively,
due to deflection of control surface

gross rolling-moment coefficient (rolling-moment reference
Rolling moment
2qSb

axls shown in fig. 1),

lift coefficient, ligi
q

pitching-moment coefficient (pitchingfmoment reference axis

lodated at '0.055), ~Sitching noment
gSc

projection of control trailing edge from wing surface at
hinge line in direction normal to wing-chord plane (positive
trailing edge down)
Mach number
maximum deviation from average test-section Mach number
free-stream dynamic pressure

Reynolds number based on mean aerodynamic chord of wing

semispan wing area (including area blanketed by half-body
of revolution)

3 =D
deflection work, 2qbf3f2\jp Chd( 2 > +\/\ Chd(_jl_>
0 57-5 0 57.5

chordwise center-of-pressure location of ACy

angle of attack measured with respect to free stream

control-surface deflection measured perpendicular to hinge
line from wing-chord plane (positive trailing edge down), deg
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Subscripts:

a partial derivative of coefficient with respect to «
o) partial derivative of coefficient with respect to B
if flap

DESCRIPTION OF MODEL

The principal dimensions of the semispan-wing—body combination
are given in figure 1. The wing had a delta plan form with 60° leading-
edge sweepback and a corresponding aspect ratio of 2.31. The main wing
panel, exclusive of the control surface, was of solid steel and had
4 -percent-thick hexagonal airfoil sections modified at the leading and
trailing edge by a small radius. A body consisting of a half-body of
revolution together with 0.25-inch shim was integral with the main wing
panel for all tests.

The constant-chord partial-span control surface was located at the
wing trailing edge such that the control inboard end was adjacent to the
fuselage and the control extended spanwise to about O.65b/2. The control
was machined of heat-treated steel and had a constant thickness of
0.0084C. The control was hinged to the main wing panel by a 0.04O-inch-
diameter steel pin at the outboard end. At the inboard end, a 0.109-inch-
diameter shaft machined integral with the control surface was supported
by a bearing within the test body and restrained by a clamp.

TEST TECHNTIQUE

The semispan model was cantilevered from a five-component strain-
gage balance which mounts flush with the tunnel floor and rotates with
the model through the angle-of-attack range. The aerodynamic forces
and moments on the semispan wing-body combination were measured with
respect to the body axes and then transferred to the wind axes. The
0.25-inch shim was used to minimize the effects of the tunnel-wall bound-
ary layer on the flow over the fuselage (refs. 4 and 5). A clearance
gap of 0.010 to 0.020 inch was maintained between the fuselage shim and
the tunnel floor.

Control-surface hinge moments were measured by means of an electrical-
strain-gage beam which formed a part of the clamp restraining the control-
surface shaft and which was contained within the test body. For all tests
the Mach number and control deflection were preset and the angle of attack
was varied.
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TUNNEL AND TEST CONDITIONS

The tests were conducted in the Langley 9- by 12-inch blowdown
tunnel which operated from the compressed air of the Langley 19-foot
pressure tunnel. The absolute stagnation pressure of the alr entering

the test section ranged from 2 to 2% atmospheres. The caompressed air

was conditioned to insure condensation-free flow in the test section
by being passed through a silica-gel drier and then through banks of
finned electrical heaters. Criteria for condensation-free flow were
obtained from reference 6. Turbulence damping screens were located in

the settling chamber. Four interchangeable nozzle blocks provided test- -

section Mach numbers of 0.70 to 1.20, 1.41, 1.62, and 1.96.

Transonic Nozzle

A description of the transonic nozzle, which has a 7- by 10-inch
test section, together with a discussion of the flow characteristics
obtained from limited calibration tests is presented in reference 3.
Satisfactory test-section flow characteristics are indicated from the
minimum Mach number (M =~ 0.7) to about M = 1.2. With the tunnel clear
the maximum deviations from the average Mach number in the region occu-
pied by the model are shown in figure 2(a). Limited tests indicate
that the stream angle probably did not exceed +0.1° at any Mach number.
During tests the test-section flow was maintained within *0.005 of the
desired Mach number by an electronically modulated device. The variation
with Mach number of the average Reynolds number of the tests is given
in figure 2(b).

Supersonic Nozzles

Test-section flow characteristics of the three supersonic fixed
Mach number nozzles, which had 9- by 12-inch test sections, were deter-
mined from extensive calibration tests and are reported in reference 7.
Deviation of flow conditions in the test section with the tunnel clear
are presented in the following table:

Average Mach number . . . 2 Sl g S TR - TR 1.62 1.96
Maximum deviation in Mach number § AN B o S +0.01 +0.02
Maximum deviation in stream angle, deg . . . 10.25 10.20 10.20

Average Reynolds number (approximate) . . 3.0 X 106 - (% s 106 2.4 x 106




6 NACA RM L56J17

ACCURACY AND LIMITATION OF DATA

An estimate of the probable errors introduced in the present data
by instrument reading errors and measuring equipment errors are presented
in the following table:

Variable Error
Cy, 10.005
Cy +. 0005
Cn 001
Cp 001
Cr o OL
a, deg =
5, deg +£22

The error in & is the estimated error in the no-load control
setting. Corrections for the change in deflection due to control hinge
moments were determined from static hinge-moment calibrations and applied
to the measured no-load control setting.

Corrections are not available for the transonic nozzle to allow for
jet boundary interference and blockage at transonic speeds or for
reflection-plane effects at high subsonic speeds. Furthermore, shock
and expansion-wave reflection interference exists at low supersonic speeds.
This imposes certain limitations on the data, particularly the loadings
due to angle of attack, which are discussed in references 3 and 8. In
general, however, the wing and control characteristics due to angle of
attack with the exception of drag are believed to be reliable except
between Mach numbers 0.94 and 1.04, whereas the control characteristics
due to deflection are believed to be reliable at all Mach numbers pre-
sented. For detailed discussion, see references 3 and 8. In the fixed
Mach number nozzles (M = 1.41 and higher), the models were clear of
wall-reflected disturbances.

RESULTS AND DISCUSSION

Aerodynamic characteristics of the semispan model are presented in
figures 3 and 4 as functions of the flap deflection for Mach numbers
from 0.72 to 1.96. The rolling-moment coefficients and increments in
1ift and pitching-moment coefficients due to flap deflection obtained
from the figures are plotted in figure 5 for a few representative Mach
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numbers. The basic hinge-moment data are plotted against flap deflection
for all Mach numbers in figure 6 and cross plotted against angle of attack
in figure 7 for the selected Mach numbers. For these figures the data
were obtained at control deflections from -5° to 90° at both positive and
negative angles of attack. For convenience of presentation, the signs

of the test values of angle of attack, control deflection, and model

force and moment coefficients obtained at negative angles of attack have
been arbitrarily reversed. This reversal was permissible by reason of
model symmetry.

The zero-lift drag values of the present tests have little value,
principally because of the presence of the boundary-layer shim on the
test body and have therefore been subtracted from all drag coefficients
presented in figure 4. The values of the incremental drag coefficients
due to angle of attack are of questionable reliability at transonic speeds
because of boundary-interference effects (see ref. 8); the drag-coefficient
increments due to control deflection, however, were believed to have been
unaffected.

No corrections are available to allow for reflection-plane inter-
ference at subsonic and low supersonic Mach numbers. Consequently some
error in the absolute values of C;, ACy, and AC, indicated for dif-

ferentially deflected ailerons is introduced. The error in differences of
comparative values, however, is believed small.

Flap Characteristics

Flap effectiveness.- As shown in figure 5 the control was effective
in producing rolling moment, lift, and pitching moment to high deflections
and moderate angles of attack throughout the Mach number range from 0.72
to 1.96. The slopes of the curves were a maximum at zero deflection and
generally decreased to zero at 90° deflection as would be expected. At
subsonic speeds deflecting the control from 0° to 20° caused approximately
a 50-percent loss in 1lift and rolling-~moment-.effectiveness (rate of change
of coefficient with deflection). At supersonic speeds, although the
initial effectiveness was much smaller, the control could be deflected
from 0° to 30° or 4O° before a 50-percent loss in effectiveness was
dnenrred .

The effect of Mach number on the initial control rolling effectiveness
(CZS at & = OO) is shown in figure 8. Figure 8 shows a rapid loss in

effectiveness at transonic speeds followed by a more gradual reduction
in values of CZB at supersonic speeds to about 10 percent of the sub-

sonic values. Also shown in figure 8 are values of CZ& obtained from

reference 3 for a similar unbalanced control on the same wing-fuselage
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model as that of the present paper. The control of reference 3 had the

same span and spanwise location as that of the present paper but differed

in having approximately twice the chord (half the aspect ratio) and a -
6° trailing-edge angle as compared with O° for the present flap. In the
discussion to follow the control of the present report will be referred

to as the high-aspect-ratio control or flap. Figure 8 shows that the

larger control (A = 4.4) had larger values of CZS throughout the speed

range. However, normalizing the values of Cl& on the basis of control

area (the span and moment arm were the same for both controls) would
increase the effectiveness of the high-aspect-ratio control relative to
that of the A = 4.4 control by a factor of 1.9. On this basis, the
effectiveness for the A = 4.4 control would be TO percent of that of
the A = 8.2 control at M = 0.80, 75 percent at M = 1.0, and essen-
tially equal effectiveness at Mach numbers from 1.2 to 2.0. The decreased
trailing-edge angle of the full blunt A = 8.2 control undoubtedly con-
tributes part of the increase in effectiveness throughout most of the
speed range but particularly at the transonic speeds (ref. 9). At super-
sonic speeds comparison of experiment with linear theory (not including
thickness effects, ref. 10) shows approximately the same relative values
at M= 1.3 for both controls with experimental values sbout 7O percent
of the theoretical values. At the highest Mach number, the experimental
values of CZB have decreased to 65 percent of theory for the A = k.h

control but have decreased to nearly 55 percent of theory for the high-
aspect-ratio control. Thus, at the highest Mach numbers part of the
advantages of the high-aspect-ratio control predicted by reference 1 are
not realized.

Flap hinge moments.- The variation of hinge-moment coefficients with
flap deflection was linear with negative slopes over a range of control
deflections that varied from about +20° at subsonic speeds to about £10°
at supersonic speeds (fig. 6). At slightly greater deflections a moderate
decrease in lift-curve slope followed by a less rapid decrease in slope
with increasing deflection up to the maximum of the tests occurred. The
most rapid changes in slope occurred near a Mach number of 1.0. It is
noteworthy that maximum hinge-moment coefficients are not, in general,
necessarily approached in all cases as the deflection approaches +900.

In fact, at subsonic Mach numbers the slope of the curve of the hinge-

moment coefficient plotted against the control deflection was still

negative in sign and of appreciable magnitude at t900. This behavior

suggests three possibilities: (l) stagnation conditions were not fully
established on the forward face of the control at 90° deflection, (2)

the blunt tralling edge of the control was contributing actively to the

hinge moments at deflections near 90° and larger, (3) aeroelastic effects -
produced bending and twisting deflection of the flap. Although the
narrow chord of the flap relative to its span would make the third expla-
nation appear feasible, the hinge-moment curve slopes at 90° are less
negative or zero at higher Mach numbers where the dynamic pressure was
greater.
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The variations of hinge-moment coefficient with angle of attack
(fig. 7) show some nonlinearities at negative flap deflections throughout
the speed range of the tests. At positive deflections, however, the
variations were nearly linear with negative slope for most of the speed

range.

Figure 8 presents the hinge-moment parameters Cha and. Ch6 as a

function of Mach number for both the present control and the lower aspect-
ratio control of reference 3. Values of Cha’ however, were slightly

larger in megnitude for the high-aspect-ratio control than for the A = L.4
control at subsonic and transonic speeds. Close agreement is shown in
values of Ch6 for the two controls. Linear theory shows slightly greater

values of Cpy for the A = 8.2 control at supersonic speeds. This is

not entirely borne out by experiment; however, the differences are of the
order of magnitude of the experimental accuracy. The possibility of small
chord controls having less effect of compressibility on control hinge
moments was not realized. It appears, therefore, such effects noted in
reference 2 for an inset tab were due to other factors, possibly the sweep
(forward) of the control hinge line and trailing edge.

Evaluation of control effectiveness.~ Figures 9 and 10 are presented
to aid the evaluation of the characteristics of the high-aspect-ratio
control under practical conditions. The upper plot of figure 9 presents,
as a function of Mach number, the values of C; estimated to be required

to produce an arbitrary roll rate of the subject wing of 3.5 radians per
second (a 30-foot wing span being assumed at an altitude of 40,000 feet).
The values were calculated by use of theoretical values of Clp from

references 11 and 12. The lower plots of figure 9 present the experimental

2
c
values of Cy ——i;E against Mach number for equal up and down deflection

g N B
o
of opposite ailerons which would produce the calculated required rolling
2

C
moment. The parameter Cy, 5 is used in this figure to afford a

o

£ L

direct comparison of the hinge moments for the aspect-ratio-8.2 control
of the present paper and the aspect-ratio-4.4t unbalanced control of ref-
erence 3. Data are shown for the steady roll and static cases. Data for
the static case are representative of the condition in which the controls
are fully deflected before the aircraft starts to roll. The analysis by
which the data were obtained is discussed in detail in reference 13.

Values of the hinge-moment parameter of figure 9 are shown for the
aspect-ratio-8.2 and aspect-ratio-l.} controls at o = 0° and o = 8°.
These data indicate smaller values of hinge moment throughout the speed
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range for the higher aspect-ratio control. The incremental change in

the hinge-moment parameter at transonic speeds was of the order of twice
the subsonic value for both controls; however, the magnitude of the incre-
ment was smaller for the high-aspect-ratio control. At supersonic speeds
the data support the analysis of reference 1 which indicated that high-
aspect-ratio untapered controls would possess maximum ratios of rolling
moment to hinge moment. In general, the data illustrate the advantage

of using small controls with large deflections to obtain low hinge moments
for a given rate of roll. Correspondingly less torque would be required
to be available at the control and the strength and weight of the actu-
ating mechanism could be reduced.

The work required to overcome the hinge moments due to deflection
is also an important consideration, since it determines the amount of
energy which must be supplied to the power-boost system. A comparison
on the basis of deflection work for the two controls producing the above
roll rate is presented in figure 10 at angles of attack of 0° and 8°.
These data show little difference in the deflection work for the two con-
trols throughout the speed range at both angles of attack. These results
indicate no penalty for using the larger required deflections for the
smaller control to produce the stated roll rate.

Spoiler Characteristics

Figures 11 to 13 present the aerodynamic characteristics of the
aspect-ratio-8.2 control as a function of the projection of the control
normal to the wing surface. In these figures the control is assumed to
behave as a spoiler since at an up or down deflection of 90° the control
may be considered as a spoiler located at 94.8 percent C or as a trailing-
edge spoiler. In either case no surface exists downstream of the spoiler
to carry loading of opposite sense to that desired. In order to avoid
confusion, the spoiler notation employs the same sign convention used
for trailing-edge flaps throughout this report; that is, the deflection
is positive when the trailing edge is down (spoiler projecting from the
wing lower surface).

Figure 11 shows :hac the curves of the variation of rolling moment
and increments in 1lift and pitching-moment coefficients with projection
approach a parabolic shape at subsonic speeds. At supersonic speeds the
curves generally become more nearly linear with projection. Conversely,
the hinge-moment-coefficient curves are nearly linear at subsonic speeds
but show larger changes in slope with projection at supersonic speeds.

As previously noted, the hinge-moment-coefficient curves show some effects
of control thickness near maximum projection at subsonic speeds.

The chordwise centers of pressure of the incremental 1ift due to
projection were calculated from the force and moment data and are shown
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as a function of angle of attack for three Mach numbers in figure 12.
Data are shown for the control deflected 10° (h/€ = 0.01) and 90°

(h/c = 0.052) to indicate the differences in wing loading due to flap-
type and spoiler-type controls, that is, for the cases of nonseparated
and separated flow on the wing ahead of the control. It should be kept
in mind that the incremental-lift values in each case were, of course,
different and also that the control trailing edge was 0.04C farther
downstream at 10° deflection than at 90° deflection. The variations of
center-of-pressure position with angle of attack are nonlinear for both
the flap-type and spoiler-type loadings. The spoiler centers of pressure
were approximately 0.06€ farther forward than those for the flap. This
is shown more clearly in figure 15 which shows the variation with Mach
number of the center-of-pressure location of the incremental 1ift due

to deflection at angles of attack of 0° and 8°. 1In general, the same
trends are shown as in reference 14. At an angle of attack of 0° the
chordwise centers of pressure moved rearward much less rapidly at tran-
sonic speeds for the spoilers than for the flap. At an angle of attack
of 80, however, the center-of-pressure shift was as abrupt for the spoiler
as for the flap. The center-of-pressure locations for the spoiler were

6 to 10 percent forward of that for the flap at all Mach numbers. Data
at positive deflections and low supersonic Mach numbers were not obtained
because of load limitations on the balance.

CONCIUSIONS

An investigation of a 60° delta-wing—fuselage combination with an
aspect-ratio-8.2 constant-chord blunt trailing-edge control in the Langley
9~ by 12-inch blowdown tunnel at Mach numbers from 0.72 to 1.96 indicated
the following conclusions:

1. The control showed positive effectiveness in 1lift and rolling
moment throughout the range of the investigation including angles of
attack of t10° and control deflections up to 90°.

2. Comparison with a more conventional aspect-ratio-li.4t control,
having twice the chord length and a sharp trailing-edge angle, showed
that the rolling-moment-coefficient effectiveness (based on the control
moment areas) for the full blunt high-aspect-ratio control was greater
at subsonic and transonic speeds and equal to that of the lower aspect-
ratio control at supersonic speeds.

5. At moderate angles of attack with the controls deflected to pro-
duce a given roll rate, the magnitude of the hinge moments for the high-
aspect-ratio control was much smaller than that for the aspect-ratio-i.l4
control of NACA RM I5L4Gl2a at all speeds and showed less change with
Mach number at transonic speeds. This result was in agreement with the
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theoretical analysis of minimum hinge-moment controls presented in NACA
TN 3471 and also illustrates the advantage of using small controls with
large deflections to obtain low hinge moments for a given rate of ol

l. Comparison of the two controls on the basis of deflection work
for the same roll rate showed no penalty for the smaller control because
of the larger required deflections.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 28, 1956.
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