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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WIND-TUNNEL TESTS OF A PISTON~TYPE CONTROL BOOSTER
ON AN AIRFOIL AND AILERON MODEL

By J, D, Bird and Robert A, Mendelsohn
SUMMARY

Measurements of control moments were made in the
JACA stability tunnel to determine the operational char—
acteristics of a piston-type control booster on an aile-
ron, The tests were made on a 6—foot—span and 4—foot—
chord airfoil which extended completely across the 6—foot—
square test section, The chord of the aileron was 31 per—
cent of the alrfoil chord and the aileron span was one—
hali that of the sirfoil,

The booster was so constructed and installed that
pressures picked up from the air stream below the wing
acted on a pair of pistons, The resulting force was
transmitted from the pistons to the aileron by a system
of linkages and gears in such a way that the moment pro—
duced by the booester increased almost linearly with aile—
ron deflection in opposition to the hinge moment of the
aileron,

The data are presented in the form of curves of pres—
sure coefficients acting on the pistons, hinge—moment coef-—
ficients, and booster coefficients plotted against aileron
deflection, The results of the investigation indicate that
fairly good balance of aileron hinge moments should be ob-
tained by the use of this type of booster,

INTRODUCTI OW

With the advent of the high-speed airplanc and the
increascd demand for higher rolling velocities, some means
must be provided to keep stick forces within the 1limit of
the pilot's strength, Several devices for attaining this
condition are in present use, such as Frise aillerons, horn



balances, 1internal belances, tabs, and beveled aileron
trailing odgﬁs, but most of these devices have various
difficulties which 1limit their use,

A new device, the piston—type control booster, has
been suggested as a method for obtaining aileron h1nge~
moment balance, This device utilizes the force produced
by the action of air pressure on a pair of pistons,  The
pressure is to be obtained from a pair of ports, one fac
ing forward and the other rearward, which are suitably
located in the air stream, If the pistons are connected
to the aileron with a system of linkages and gears, the
booster can be made to supply a counteracting moment that
varies with aileron deflection in almost any desired manner;
for the present series of tests a booster linkage produciug
practically a straight line variation of moment with ailesron
deflection was chosen, This system would make feasibl° the
wge, of plaln ‘sealed allcronv'w1th the consequent low drag,

simplicity of construction, and high acrodynanic efficiency,
Bacause the'aileron—balanee area forward of the hinge would
be unnecessary, the loads on the hingées and aileron struc-—
ture would be less and thus allow the use of lighter con—
struction than is required with most conventional balances,
The: piston—type balance apparently‘could be’ more easily
manufactured to give a given hingé-~moment -coefficient than
thg conventional a'rodynamlc balances, and the- ad justments

equired ‘to obtain end maintain a close balance of hinge
moments on each ailéron could be somewhat reduced,

The present investigation was made to determine the
characteristics of a piston—-type control booster that was
designed to be approximately the correct: size for balancing
one aileron on a.large modern pursuit airplane, Tests were
made at two angles of attack and two airspeeds for the con—
ditions of the alleron with booster, the aileron alone, and
the booster alone, The data are presented in the fprm of
curves of pressure ceoefficients acting on the pistons,
booster—moment coefficients, and hinge—moment coefficients
plotted against aileron deflection,

APPARATUS AND MODELS

A 48-inch—chord airfoil model of &pproximate NACA
23012 airfoil contour equipped with,a plain-sealed-aileron
vas fastened between the walls of the E—~féot—square test
section of the NACA stability tunnel as shown in figure 1,



The ‘2irfoil was made of laminated pine with cutaway por-—
tions on the upper surface for the aileron-linkage and
was covered with a metal plate rolled to the contour of
the upper surface, The aileron was made of sheet dural
and was designed with a straight taper from the hinge
line to the trailing edge; because »f difficulties en— ‘
countered in construction, the aileron had a slightly |
turned down trailing edge, No great care, however, was ‘
maintained to have the aileron cr airfoil conform to the |
designated airfoil contour because of the intention to w
represent ailerons in general, |

The aileron was connected by means of a shaft to a
calibrated spring and sector hinge—moment balance,. which
was rotated for changes in aileron deflection, This
shaft was geared to the control booster, which converted
pressures obtained from two ports located belew the air—
foil in the tunnel into moments opposing the hinge ‘mo—
ments produced by the aileron, The positions of the
ports, one facing upstream and one downstream, are shown
Inisfi oure 20 The method of connection of these ports to
the booster is shown in figure 3,

The control booster, which was designed to give
sufficient boost t60 balance approximately one dileron on
the P—47 airplane or two ailerons on the P-51 airplane,
consists of a pair of pistons mounted in two diametri-
cally opposed cylinders and connécted by a system of
linkages; thus, the force acting on the pistoas is con—
verted into a moment which varies almost linearly with
aileron deflection, The booster was connected to the
aileron shaft by means of spur gears that gave a ratio
of booster motion to.aileron motion of 2,4, The booster
was installed with the pistons at the outer extremities
of their travel when the aileron deflection was zero,
With this installation, the booster gave no moment with
zero alleron . deflection, Figures-3 and 4 show the de—
talls of the booster mechanism,

SYNBOLS

The hinge moments and pressures were reduced to
standard coefficients, which are defined as follows:

Chy @aileron hinge—moment coefficient (Ha/qbacaz)




Gy booster—moment ccefficient (Myp/Prgad), TFor the
particular ratio of wing and aileron dimensions
to booster dimensions used for these tests,

= 2-——.-——4‘9\ (]
0 \ Py / hy

PR resultant pressure coefficient (Ap/q)

Ap pressure difference across either piston in booster

E, gilcron hinge moment

M1 bcoster moment about aileron hinge line

U, aileron span

Cia aileron chord

a cross—sectional area of one booster piston -

d length of center bocoster link (2,19 in, as shown
on fig, 3)

q dynamic pressure of air stream (ipyz)

v free—stream velocity

P density of air (mass per unit volume)

lod angle of attack

85 aileron deflection relative to wing; positive when

trailing edge is down

TESTS

Measurements of moments were made for the conditions
of aileron alone, booster alone, and aileron—booster com—
bination for control disk angles corresponding to a range
of aileron deflections from —16° to 18°, Pressures to the
booster were measured for the booster alone and for the
aileron—booster combination, Tests were made at angles of
attack of 0° and 9,5° and at dynamic pressures of 25 and
65 pounds per square foot, corresponding, respectively, to




speeds of approximately 100 and 162 miles per hour,
Measurements of the moments produced by the booster
alone were also made with these conditions, but with
aileron angles of —0,1° and 10,1° for angles of attack
of 0° and 9,5°, respectively, Because the moments pro—
duced by the booster were large, unstable, and there-
fore difficult to measure, the range for the high—speed
condition was limited,

The aileron hinge moments and the booster moments
were measured by a spring and sector balance, and the
pressures were read from an alcohol manometer, Because
of the large amount of friction in the booster, the
moments were measured by approaching, from each direc—
tion, the angle corresponding to the desired aileron
deflection, TFigure 5 shows a typical variation in the
booster—moment coefficient (1, obtained ny so approach-
ing the angle setting, The average of the two moment
readings was used in computing the coefficients pre—
sented,

It is believed that a large part of friction in the
booster was caused by the cup seal used between the pis—
tons and the ¢ylinder walls; much of this difficulty
could be avoided, however, by the use of a close—fitting
piston oxr & packing seal that would not expand with pres—
sure, Another factor contributing to high friction was
the dependence of the piston alinement upon a perfect
fit of the connesetor links, Pley in the links and un—
equal friction around the piston periphery caused the
pistons to assume an oblique position in the cylinder,
whicn caused binding on the rod passing through the cen—
ters of the pistons, During this investigation, an in-.
crease in tunnél speed was found to increase appreciably
the friction in the booster,

REBULTS AND DISCUSSION

For convenience, the results of the aerodynamic
characteristics of tqe aileron—boostéer combination and
of the booster alone are discussed separately,.

Characteristics of aileron alone and aileron—booster
combination,— The hinge—moment coeffic1cnts uncorrected
Row tunnel—wall and blocking effects, are given in fig-
ures 6 and 7 for the alleron alone and the aileron—booster




combination, At each of the two angles of attack used
in the tests the aileron flcated upward, as shown by
the position at which the curve of the aileron alone
crosses the zero hinge—momweht ordinate, The large
floating angle was caused by the 1ift on the wing and g >
by the turned—down trailing edge on the ailaron, With

booster connected, the floating angle of the aileron

reached a very large value beéecause the position of the

booster linkage for zero booster moment did not corre—

spond to the position for zero aerodynamic moment of

the aileron, The booster linkage could have been set

for zero boost at the floating angle of the aileron

for any chosen angle of attack, but this position would

not correspond at other angles because of the change in -~

aileron floating angle with angle of attack., If the

linkage had been set to correspond to the floating angles

for the angles of attack tested, the prihncipal result

would have been an upward shift of the curves of tooster

alone and of aileron—booster combination, When the ver—

tical location of the hingse—moment curves is neglected,

the curves compare favorably with the hinge—moment char-—
acteristics of some of the balanced ailerons now in use,

An inherent characteristic of the booster is that,
when the pressure to the booster is held constant, the
moent supplied by the booster is a function of alleron
deflection and not of aileron Ainge moment, Because the
pressuré—inlet ports of the boester were located below
the wing, a change in 1ift caused a change in local pres—
sure, with the result that the moment produced by the
booster was a function of angle of attack and aileron
deflection as well as of the angular position of the .
booster linkage, The variation in pressure supplied to ‘
the bcoster caused by changes in angle of attack and in
aileron deflection is shown in figure 8, The pressure
decreased with an increase in angle of attack or in aile—
ron deflection, The decrease in pressure caused by an
incrcase in angle of attack is advantageous because the
pilot experiences additional "feel! at low speeds where
the usual control has a tendency to be light, The de—
crcase in pressure caused by aileron deflection may or
may not bc advantageous, depending on such factors as
the pressure—port loV@tlon and the type of linkage used ¥
between the ailerons, :

The curves of pressure coefficient at a = Oo(fib. 8) .
er by approximately 5 percent for the two values of
mic pressure used in the tests, It is possible that
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a large portion of the difference was caused by scale
effect; however, investigation of the exact cause of
this difference was not considered important because
these pressures would not be the same for an actual
ingtallation in an alrplane,

The location of the pressure ports would present
a different probiem for each airplane, The determina—
tion of the most suitable location would necessitate
surveys to select a location having the most desirable
pressures throughout the flight range, This location
should, if possible, afford a maximum difference in
pressure coefficient across the booster and yet have a
favorable relative decrease in pressure coefficient at
low speeds to retain an appreciable amount of 'feel'
in the control, One desirable location for the pres-
sure ports might be on the lower surface of the wing
ahead of the aileron in such a position that the incre-—
ment of pressure due to rolling would counteract the
increment of pressure caused by aileron deflection,
If such a location eould be found, it would keep the
actuating pressure almost constant, except for the
favorable decrease in pressure caused by change in angle
of ‘attack,

Characteristics. of booster aloneg,— Because the mo—
ments produced by the booster alone are dependent only
on its dimensions and the pressure available, the re—
sults obtained with the booster alone are presented in
terms of & moment coefficient -Cp, which is based on
the area a of one piston, the length d of one center
booster link, the coefficient of the pressure differentce
PR &across either piston, and the dynamic pressure q,

For the particular aileron—-booster combination used in

: 94,0
this investigation Cy = (~——— 'Cha- For any other com—
X Pg 7

bination, however, the relation would be different,

The booster—moment coefficient Cyp, as computed
from the test results and from the dimensions of the
booster, are plotted against 85 in figure 9, The gear
ratio between the booster motion and the aileron motion
aisi2 g o o A theoretical curve, computed from the
booster dimensions, that has andl almost constant varia-
tion with 85 1is presented for comparison, Some of the
exparimental curves have a slightly greater slope than the
theoretical curve and all have a step near zero deflection,



An accumulation of factors such as misalinement of
the booster linkage with &8, = 09, friction, and play
in the booster mechanisgm probably contrlbuted to the
failure of the experimental curves to agree with the
theoretical curve, Play in the baoster gears and link-—
age allowed the booster linkage to move through a small
angle with no movement of the control disk, In operation
this movement, which causes a sudden change in booster
moment with no change in control—disk angle, would occur
near the zero—moment position of the booster linkage
where the moment exerted by the booaster changes sign,
The .result of ‘this movement is shown in figure 9 by the
step in the curves at approx1mate1y the .zero booster—
moment position,

A comparison of the experimental results with theory
indicates that the moments produced by the booster can be
conputed fairly closely and, that the difference between
experiment and theory would decrease with a decrease 'in
friction and lost motion in ths booster, The slight dif-
ference in slope of some of the exner1mental curves and
the theoretical curve is probadbly due 'to looseness in the
linkage, which effectively causes a slight channe in the
ratio of the lengths of the links,

CONCLUDING REMARKS

The investigation .of the operational characteristics
of a piston-type control booster indicates that fairly
~ood balance of aileron hlnye moments'ghould .be obtained
by use of this booster, Attainment of a close balance
of aileron hinge moments may Ye difficult, however be—
cause the booster mcment is not directly dopendent upon
the aileron hinge moment, <Changes in local pressure
about an airplanc for different flight conditions make
it necessary to.choose the location for booster pressure
ports carefully, the most suitable location on a partic—
ular airplane being determincd by tests,

Langley Memorial Acronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,
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Figure 4.- Photograph of booster mechanigm.
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