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WIND-TUNNEL TESTS OF A PIST ON-TYPE OONTROL BOOSTHER
ON AN AIRFOIL AND AILERON MODEL

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

Measurements of control moments were made in the
NACA stability tunnel to determine the operetional char-—
acteristics of a piston—type control dbooster on an aile-—
ron, The tests were made on a 6—~foot—span and 4—-foot—w
chord airfoll which extended completely across the 6—foot-
square test sectlion, The chord of the aileron was 31 per—
cent of the alrfoll chord and the alleron span was one—
half that of the alrfoll,

The booster was so constructed and installed that
pressgures picked up from the air stream below the wing
acted on a palr of plstons, The resulting force was
transmltted from the pistons to the aileron by a system
of linkages and gears in such a way that the moment pro-
duced by the boester increased almoet linearly with alle-
ron deflection in opposition to the hinge moment of the
alleron,

The data are presented in the form of curves of pres—
sure coeffliclents acting on the pistons, hinge—moment coef-—-
ficlents, and booster coefficients plotted against alleron
deflection, The results of the lnvestigation indicate that
falrly good balance of alleron hinge moments should be ob-
talned by the use of this type of booster,

INTRODUCTI O

With the advent of the high-speed airplanoc and the
increascd damend for higher rolling velocities, some means
must be provided to keep stick forces within the 1limit of
the pllotte strength, Several devices for attaining this
condltlon are in present nse, such as ¥rise ailerons, horn
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balances, lnternal belances, tadbs, and beveled alleron
tralling odges, but most of these devices have varlous
difficultles which limit their use,

A new device, the piston—-type control booster, has
been suggested as a method for obtaining aileron hinge—
moment balance, Thils device utilizes the force produced
by the action of alr pressure on a -pair of pistons, The
pressure 1s to be obtalned from a palr of ports, one fac—
ingz forward and the other rearward, which are suitably
located in the alr stream, If the plstons are connected
to the aileron with a system of linkages and gears, the
booster can be made to supply & counteracting moment that
varles with aileron deflection in almost any desired manner;
for ' the present serles of tests a booster linkage producing
practically a straight line varietion of moment with allseron
deflection was chosen, This esystem would nake feaslble the
use of plaln sealed alleorons with the consequent low drag,
simplicity of construction, and high acrodynamic efficilency,
Bocause the aileron—balence area forward of the hinge would
be unnecessary, the loads on the hingses and alileron struc—
ture would be less .and thus allow the use of lighter con-—
struction than 18 required with most conventlonal balances,
The:plston-type balance apparently’could be hare easily
nanufactured to give a given hingé—-moment coefficitent than
the-conventional aerodynamic balances, and the-adjustments
requited ‘to obtain and ‘mailntnin a closs balance of hinge
moments’ on- sach ailéron could be sombwhat -reduced,

The present investigation was made to determine the
characteristics of a plston—-type control booster that was
designed to be approximately the correct-slze for balancing
one alleron on a.large modern pursult airplane,” Tests wore
made at two angles of attack and two alrspesds for the con—
ditions' of the alleron.with booster, the alleron alone, and
the. booster alone, The datm are presented in the form of
curves of presgure coefficiénts acting on the pistons,
booster—-moment coeffleients, and hinge—moment coefficlents
plotted agalnet ailetron deflection,

APPARATUS AND MODELS

A 48-inch—chord alrfoil model of Approximate NACA
23012 airfoil contour equipped with.a plain.sealed-aileron
wvas fastened betwéen the walls of the €-~féot—squere test
section of the NACA stabllity tunnel as shown 1n flgure 1,
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The airfoll was maje of laminated pine with cutaway por—
tions on the upper surface for the altleron-linkage and
was covered with a.moetal plate rolled:.to the contour of
the uppor surface, The alleron was made of sheet dural
end was designed with a stfalght taper from the -hinge --
line to the trailing edge; because ®f d&ifficulties .en—
countered in construciion, the aileron had a slightly
turned down tralling edge, No great care, howevar, was
maintained to have the alleron or airfoil conform to the
designated airfoill contour becaube 'of the intention to
represent allerons ln general,

The alleron was connected by means of a shaft to a
calibrated epring and ‘sector hinge~moment balance,. wvhich
was rotated for changes in aileron deflection, This
ghaft was geared to the control booster, which converted
pressures obtained from two ports located belew the alr-
foll in the tunnel into moments opposing the hinge ‘mo-
ments produced by the alleron, The positions of the
ports, one facing upstream and one downstream, are shown
in figure 2, The method of connection of these ports to
the booster ie shown in figure 3,

The control boaqster, which was designed to give
sufficient boost td balance approximately one dlleron on
the P—47 airplane or two allerons on the P-51 airplane,
consists of a palr of plstons mounted in two diametri-—
cally opposed cyllnders and conndected by a system of
linkages; thus, the force acting on the pistons 1is con—
verted into a moment which varies almost linemrly with
alleron deflectlion, The booster was connected to the
aileron shaft by means of spur gears that gave a ratio
of booster motion to,alleron motion of 2,4, The booster
was installed with the pistoné at the outer extremities
of thelr travel when the alleron deflection was zZero,
With this installatlonh, the booster gave no moment with
Zzoero alleron deflection, Figures 3 and 4 show the de—
talle of the booster mechanism,

SYMBOLS
The hinge moirents and pressures were reduced to

standard coefficients, which are definsd as follows:

Chg alleron hingo—-moment coefficient (Ea/dbacaa)
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€, Dbooster—moment coefficient (Mp/Ppgad)., For the
particular ratio of wing and aileron dimensions
to booster dimenslons used for these tests,

94,9
0 =< °>c
b h
Pp a

resultant pressure coefficlent (Ap/q)

Ap pressure difference across elther piston 1n dooster
E allsron hinge moment

My becoster moment about ailaearen hinge line

by alleron span

Cg alleron chord

a cross—gsectional area of one booster plston -

d length of center booster link (2,19 in, ae eshown
on fig, 3)

q dynamic pressure of alr stream (%py‘)

Y free—-stream veloclty

) density of air (mass per unit voluymse)

a angle of attack

8a alleron deflectlion relative to wing; positive when

tralling edge 1s down

TESTS

Measurements of moments were made for the conditions
of alleron alone, booster alone, and alleron—booster com—
bination for control disk angles correspondlng to a range
of alleron deflections from —16° to 18°, Pressures to the
booster were measured for the booster alone and for the
alleron-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
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speeds of approximately 100 and 1623 miles per hour,
Measurements of the moments prodyced by the boostar
alone were algso made with thege conditions, but with
alleron angles of -0, 1° and 10,1° for anglea of attack
of 0° and 9,59, respectively, Because the moments pro-—
duced by the booster were large, unstable, and there-
fore difficult to measure, the range for the high—-speed
oondition was limited,

The alleron hinge moments and the dboosier moments
were measured by m epring and seator balance, and the
pressures were read from an alcohpl wanometer, Because
of the large amount of frictlon 4n the booster, the
moments were measured by approaching, from each direc—
tion, the angle corresponding to the desired alleron
deflection, Figure 6 shows a typical variation in the
booster-moment coefficient 0y obtalned oy so approach-
ing the angle setting, The average of the two moment
readings was used in computing the coefficlents pre—
sented,

It 13 belleved that a large part. of friction in the
booster was caused by the cup seal used between the pis—
tons and the oylinder walle; much of this difficulty
could be avoided, however, bty the use of a cloae—fitting
pleton or a packing seal that would not expand with pres—
sure, Another factor contributing to high friction was
the dependence of thae piston alinement upon a perfect
fit of the connactor links, Pley in the links and un—
equal friction aroiund the piston periphery caused the
plastons to assume an oblique position in the ecylinder,
which caused dlnding on the rod passing through the cen—
ters of the ptatons, During this investigation, an in-
crease in tunnél speed was fqund to increase appreciably
tha friction in the dooster,

REBULTS AND DISCUSSION

For convenlence, the results of the aerodynamic
characteristics of the aileron—boostsr combination and
of the booster alone are discussed separately,

Characteristice of aileron alone ang_gileron:boogter
combingtion.— The hinge—moment coefflclents, uncorrected
for tunnel—wall and blocking effects, are given in fig.

ures 6 and 7 for the atleron alone and the alleron--booster
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combination, At each of the two angles of attack used
in the teats the alleron floated upward, as shown by

tho position at which the curve of the alleron alone
crogses the zero khinge—moment ordinate, The large
floating angle was caused by the 1l1ft on tho wing and

by the turned-down tralling edge on the ailaron, With
booster connected, the floating angle of the alleron
reached a very large value because the poaltlon of the
booster linkage for zero booster moment 4id not corre—
spond to the poslition for gero aerodynamlc moment of

the alleron, The booster linkage could have been set
for zero bovst at the floating angle of the alleron

for any chosen angle of attack, but this positlion would
not correspond at other angles because of the change in
alleron floating angle with angle of attack, If the
linkage had been Het to correspond to the floating ahngles
for the angles of aftack tested, the principal result
would have been an upward shift of the curves of tooster
alone and of ailsron—booster combination, When the ver—
tical location of the hinge—moment curves 1s neglected,
the curves compare favorably with the hinge—moment char—
acteristios of some of the balanced allerons now in use,

An inherent ¢haracteristic of the booster is that,
vhen fhe pressureé to the booster is held constant, bhe
moment suppllied by the booster 1g a functlion of alleron
deflection and not of alleron Ringe moment, Because the
pressure—inlet ports of the boester were located below
the wing, a change in 1ift caused & change in local- pres-
sure, with the result that the moment produaced by the
booster was a functlon of angle of attack and alleron
deflection as well as of the angular position of the
boosier linkage, The variation in pressure supplied to
the bcoster caused by changes 1n angle of attack and in
alleron deflection 1s shown in figure 8, The pressure
decreased with an increase in angle of attack or in aille-
ron deflectlon, Tho decrease in pressure caused by =an
increese in angle of attack 1s advantageous because the
pilot experiences additional "fesl! at low speeds where
the usual control has a tendency to be light, The de-
grcase in pressure caused by alleron deflection may or
may not bo advantageous, depending on such factors as
tho pressure—port location and thd type of llinkage used
between the allorons,

The curves of pressurs coefficient at a = 0°(fig, 8)
differ by approximatsly 5 percont for the two values of
dynamic pressure used in the tests, It i1s poesible that
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a large portion of the difference was caused by scale
effect; however, investigatlion of the exact cause of
.this difference was not consldered important ‘because
these pressures would not be the samée for an .actual
installation in an airplaene,

The location of the pressure ports would prsessent
a different probiem for each airplane, The determina-
tion of the most suitable.location would necessltate
‘surveys to select a locatlion having.the most desiradle
pressures throughout the flight range, . Thig logcation
should, if poesidle, afford a maximpum differenece in
presaure coefflclent across the booster gnd yet have a
favorable relative decrease ln pressure coefficient at
low speeds to retaln an appreciable amount of ¥feel®
in the control, One desirable loucatlion for the presw
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 ocounteract the
increment of pressure caugsed by aileron deflection,
If such a locatiou sould be found, 1t would keep the
actuating pressure almost constant, except for tha
favorable decrease 1n pressure caused by change in angle
of attack,

Characteristics. of booster along.,—~ Because the mo-
ments produced by the booster mlone are dependent only
on 1ts dimensions and the pressure avallable, the re—
sulte obtained with the booster alone are presented in
terma of & moment coefficient Op, which is based on
the area a of one piston, the length 44 of one center
booster link, the coefflclent of the pressure difference
Pp @across either plston, and the dynamlc pressure g,

Por the particular aileron-~booster combinatlon used in

g4, 0
thls investligation Cp =( : >°ha,- For any other com-
R

bination, however, the relation would be different,

The booster—moment coefficient Op, &as computed
from the test results and from the dimensions of the
booster, are plotted against 85 1in figure 9, The gear
ratio between the booster motion and the alleron motion
is 2,4 to 1, A theoretical curve, computed from the
booster dimensions, that has an almost constant varia—
tion with 845 1is presented for comparison, Some of the
expsrimental curves have a sllightly greater slope than the
theoretical curve and all have a step near zero deflection,
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An acoumulation of factars such as misalinement of
the baoster .linkage with 8,5 = .00, friction and ‘play
in the hooster mechanigm probaBly cdntributed to the
failure of the experimental curves .{to agree with the
theoratical curve, Play in the booster gears and link-
age allowed the booster linkage to move through a small
anglo with no movement of the control dliek, In operatien
this movement, which causes a sudden change in ‘boastor
moment with no change 1in control—disk angle, would occur
near the zero—moment poeition of .the hooster .linkage
where the moment exerted by the :boaster changes sign,
The .result.of ‘thie movement is shown in figure 9 by the
step in the curves at approximately the .zere booster—
moment position,

A comparlson .of the .exparimental results _with. theory
indicates that the.monente produced by the booster can be
conputed fairly cloeely and, that the difference between
experimant and theory ‘'would decrease with a decrease in
friction and 1oet motion in ths booster, The elight dif-—-
ference in slope of same of the experiqental curves and
the theoretical curve is probadly due to logseneans in ‘the
linkage, which effactively causes & elight change in the
ratio of the lengths of the links,

CONCLUDIKG RREMARKS

The investigation .of the aperational characterlstics
of a piston—-type control Booster indicates that falrly
good balance of aileron hinge moments should .be ontalned
br use 6f this booster, Attainment of a clése balance
ogf aileron hinge moments may Ye difficult however, be—
cause the booster mcment 1's not directly dependent upon
the siloron hinge moment, Changes in local pressure
about an alrplane for different flight conditione=make
it necessary to.choose the ldcation for booster pressure
ports carefully, the most suitaebio location on a partic-
ular alrplane being determinocd dy tests,

Langley Memorial Asronautieal Laboratory,
¥ational Advisory Committee for Aeronautice,
Langley Field Va,
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NACA . Fig. 3
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Figure 3.~ Schematic diagram of piston-~type control
booster.
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NACA Fig. 4

Figure 4.~ Photograph of booster mechanism.
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NACA Fig. 5
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