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EFFECTS OF RATE OF FLAP DEFLECTION ON FLAP HINGE MOMENT
AND WING LIFT THROUGH THE MACH NUMBER
RANGE FROM 0.32 TO 0.87

By Thomes R. Turner
SUMMARY

An investigation has been made to determine the effect of rate of
flap deflectlon on flap hinge moment and wing 1ift at Mach numbers from
0.32 to 0.87 with the Reynolds number varylng from approximately 1.0

to 2.3 x 106, The wing had an aspect ratlo of L, a taper ratic of 0.6,

NACA 65A006 sections, and zerc sweep of the T7S5-percent-chord line. The

wing waes fitted with a 25-percent-chord full-span plain flap. The flap-
deflection rate varied from 0° to 1.17° per chord length of travel.

For the rate of fiap-deflectlon range investigated the hinge-moment
coefficient was practically independent of rate of flap deflection. The
1ift coefficient was practicelly independent of rate of flap deflection
with two exceptions; namely, at a Mach number of 0.52 at 12° angle of
attack and at a Mach number of 0.72 at 8° angle of attack.

INTRODUCTION

The present-day airplane with ite high control forces has compelled:
the designer to resort to boosters to ensble the pllot to control the
airplane. The ablility of these boosters and simlilarly the ability of
missile control mechanisms to deflect control surfaces at rather high
rates has raised the question of the effect of rate of control deflec-
tion on control characteristics. This effect could become especlally
important 1f the main 1ifting surface were at a relatively high angie
of attack and the rate of deflection influenced the formstlion of sepa-
rated or stelled air flow. It is concelvable for this condition that
the hinge moment could get large enough to cause damage to the system
before the mechanism had time to reverse and reduce the load.
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There are conslderable static control force and control effective-

ness data available throughout the subsonic Mach number range; however,
there 1s very little dynamlc control force data avallable throughout
this Mach number range.

It is the purpose of this paper to present the data obtalned in

an investigation of the effect of rate of flap deflection on flap hinge
moment and wing lift. The wing used had an aspect ratio of 4, a taper
ratio of 0.6, NACA 65A006 secticne parallel to the plane of symmetry,
and had zero sweep of the 7H5-percent-chord line.

The investigation covered a Msch number range from 0.32 to 0.98

Por static condition of the flap and 0.32 to 0.87 for dynamic condition
of the flap, with the Reynolds number verying from approximately 1.0

to 2.3 X 106. The angle-of-attack range was from 0° to 20° and the
flap angle veried from approximately O° to approximately 60°. The rate
of flep deflection varied from 0° to 1.17° per chord length of travel.

COEFFICIENTS AND SYMBOLS

1ift coefficlent, L/qgS
hinge-moment coefficient, h/q2M'
1ift, 1b

hinge moment, ft-lb

ares moment of semligpan flap rearward of hinge line about
hinge line, 0.0080L ft3

twlce area of semispan model, 1.003 sq ft
twice span of semlspen model, 2.000 ft

mean aerodynamlc chord of medel, 0.512 ft
dynamlc pressure, Egi, 1b/eq £t

average Mach number over span and chord of mocdel
Reynolds number of wing based on <C

free-stream veloclty, ft/sec
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(0 sngle of atteck, trailing edge down positive, deg
e flep deflection, treiling edge down positive, deg

dﬁf/dt rate of flap deflection, deg per sec

=\ /dB
(9)<——£) flap-deflection parsmeter, deg per chord length of travel

V/\dt
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MODEL AKD APPARATUS

This investigation utilized a semlspan model mounted on a reflection-
plane plate that was installed on one of the test-section side walls of
the Langley hlgh-speed T- by 10-foot tunnel.

The model was constructed of steel with the TS5-percent-chord line
perpendicular to the plane of symmetry, and had an aspect ratio of 4.0,
a taper ratio of 0.6, and NACA 65A006 sections parallel to the plane of
symnetry. The sweep of the quarter-chord line was 7.13°. The model
was fltted with a full-span 0.25-chord plain flap attached to the wing
with four hinges with a fiep gep of 0.05 percent of the wing chord.
Theee and other detalls of the model are shown in figure 1.

The 40.5-inch by 60-inch reflection-plane plate with circular-arc
camber was supported 4 inches from the tunnel side wall to bypass the
tunnel-wall boundery layer {(fig. 1)}. This particular plate gave the
best Mach number gradients of three different curvature plates inves-
tigated. The streamwise velocity gradient over the center line of the
plate surface is shown in figure 2. The spanwise Mach number gradient
was approximately 0.01 iIn 12 inches, the semispan of the model. The
test Mach number was the average Mach number over the span and chord
of the model.

The model was mounted to a balance designed to measure instantesneous
1ift, hinge moment, and flap deflection (fig. 3). The 1ift part of the
balsnce consglsted of a 1ift platform comnected to & heavy base plate with
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two parallel flexure plates deslgned to allow the lift platform to move
approximetely 0.002 1nch for 500 pounds 1lift. The natural frequency of
the 1ift platform thus mounted was approximately 500 cycles per second,
a frequency well above the flap oscillation frequency. The 1ift plat-
form was connected to an electrical displacement gage through a mechani-
cal multiplier arm glving several sensitivities to the 1lift measuring
gage. The wing was bolted to the 1ift pletform in such a manner that
the angle of attack could be chenged by loosening two bolts and rotating
the wing about the flap hinge axls. The flap was made with a 3-inch-
long T/lG-inch-diameter shaft extending from the root end of the flap,
an extension of the hinge axis. This extension shaft, through which
the flap was driven, had a 1/2-inch-long section near the center turned
down to 9/32-inch diameter. An electrical strain gage indicated hinge
moment by measuring the twist in the reduced diameter section of the
shaft. The position of the flap was measured by means of the slide
wire shown in figure 3. The flap was forced to oscillate at the desired
rate by a motor-driven cam designed to give zero acceleration for
approximately h5° of a 61° total deflection with equal dwell periods at
the upper and lower limits of deflectlion. This cam was designed for a
previous Investigation; however, 1ts type of motion was thought to be
satisfactory for the present investigation. The cam and motor drive
detsalls locaeted on the underside of the balance base plate are shown

in figure L.

The data were recorded by means of a recording osclllogreph. A
trace of the tunnel dynamic pressure was recorded simltaneously with
the other data in order to get the magnitude of the change 1n dynamic
pressure ag the flap was deflected through 1ts cycle. The type of flap
oscillation and a sample of the recordings with and without alr flow
are shown in figure 5.

The hinge-moment coefficients presented have been corrected for
the wind-off variation of hinge moment with flep deflection shown in

figure 5.

The model and reflection plane installed in the tunnel are shown
in figure 6. The balance was mounted to the side of the tunnel in an
airtight box to minimize the effect of leakage around the root of the
model. To reduce the leakage further, a sponge rubber seal was placed
between the butt of the wing and the back of the reflection plane
turntable.

The variation of Reynolds number with Mach number for this investiga-
tion 1s presented in figure 7.
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RESULTS AND DISCUSSION

The verlation of 1ift coefficlent and hinge-moment coefficient
with flap deflection is presented in figure 8. In general, rate of
flap deflection had very little effect on the variatlion of 1ift coef-
flclent with flap deflection; however, there are two exceptions that
ghould be noted. At a Mach number of 0.72 and an angle of attack of 8°
(fig. 8(g)), the 1ift-coefficient curve for the static flap condition
decreases about two-tenths at about 46° flap deflection. The flap in
the dynamic conditioms gave two Cj curves, one essentially agreeing
with the static curve, the other somewhat lower and fairing into the
static curve beyond the break. It appears that this combination of
model, Mach number, and angle of attack permits two flow conditions
and that the resulting 1ift curves might fall along elther the upper
or lower curves shown in figure 8(g). The original record of the flap
oscillating through several cycles for this condition is shown in
figure 5. The second exception is at a Mach number of 0.52 and an
angle of attack of 120 where the 1ift coefficient 1s a function of the
rate of flap deflection, the 11ft coefficlent increasing with incressing
rate of flap deflection for most of the flap-deflection range (fig. 8(1)).

Flap hinge-moment coefficient for all conditions wes independent
of rate of flap deflection for all practical purposes {fig. 8). In
the two cases 1n which the 1ift was considerably Influenced by rate of
flep deflection and flow conditions (figs. 8(g) and 8(i)), the hinge-
moment coefficient curve was unaffected by these same conditions.

A typical plot showing the 1ift coefficient and hinge-moment coef-
ficient as the flap is deflected through a complete cycle 1s presented
in figure 9. There is some difference between the curves for the
extending flap and the curves for the retracting flap.

The curves of 1ift coefficient plotted against angle of attack
(fig. 10) show an incresse in Cy Wwith Mach number up to & Mach
number of 0.87 and a decrease with further Increase in Mach nunber.
Mach number had very little effect on.'CLmax up to & Mach number of

0.87 but had considersble effect above a Mech mumber of 0.87, in that
CL incressed with increased Mach number. These results are in

qualitative agreement with results for a similar wing reported in
reference 1.

The hinge-moment parameter Ch6 increased with Mach mumber from
-0.0095 at M =0.32 to -0.0L75 at M = 0.87 (fig. 11). The flap
effectiveness parameter Clg 1increessed from 0.032 at M = 0.32 to
0.0 et M = 0.72 then decreased with further increase in Mach number.
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These slopes were taken through & = 0° for «a = 0° and = static
condition of the flap.

CONCLUSIONS

Results from wind-tumnel tests at Mach numbers from 0.32 to 0.87
of an aspect ratio 4, taper ratio 0.6 wing, with the O.75-chord line
unswept, fitted with a full-span 25-percent-chord plain flap have indi-
cated thet:

1. Flap hinge-moment coefficlent was practically independent of
rate of flap deflection from 0° to l.17° deflection per chord length
of travel.

2. Wing 11ift coefficient was practically 1ndependent of rate of
flap deflection with two exceptions: (a) At a Mach number of 0.52 and
angle of attack of 129, the 1ift coefficlent increased with increased
rate of flap deflection for most of the 11ft range; (b) At a Mach
number of 0.72 and an angle of attack of 8° ; 1ift curves of different
slopee and two different maximum lift-coefficient values were cbtained,
indicating the existence of two different flow patterns.

Langley Aeronsutical Laboratory,
Rational Advisory Commlttee for Aeronsutics,

Langley Field, Va.
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Fi 4 .- Photograph of flap oscillat mechanism. X
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