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SUMMARY

The lateral-control characteristics of two spans of spoiler and
flap-type ailerons on an unswept wing with an aspect ratio of 2.5 and
hexagonal airfoil sections are presented. The tests were conducted at

a Reynolds number of T.6 X 106 and a Mach number of 0.15. Measurements
of rolling moments, yawing moments, aileron hinge moments, normal forces,
and balance-chamber pressures were made for various configurations of
the wing with sharp- and thickened-trailing-edge ailerons, and droop-
nose and plain flaps in combination with a fuselage.

In the low-1lift range, the spoilers (which projected 0.06 chord)
produced rolling moments equivalent to 6° of total aileron deflection
for the unflapped wing and 12° for the wing with droop-nose flap deflected.
The rolling moments due to the spoiler and flap-type ailerons were
reduced at angles of attack above 7° and 12°, respectively, for the
unflapped configurations. The lift range through which the ailerons
and spoilers remained effective was extended by deflecting the droop-
nose flap.

The rolling moments due to the flap-type aileron were increased
by about 30 percent and those due to the spoilers by approximately
100 percent when the span was increased from 40 to 75 percent of the
semispan.

The aileron with trailing-edge-thickness ratio of 0.25 had a slightly
higher value of aileron effectiveness through a small deflection range
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than any other degree of trailing-edge thickness tested. At high
deflections, however, the aileron with trailing-edge-thickness ratio

of 1.00 was the most effective. The hinge-moment parameters became

more negative with an increase in trailing-edge thickness. Calculations
showed that the amount of balance chord required for complete balance in
a steady roll in the low-1lift range increased from 60 percent of the
aileron chord for the sharp-trailing-edge aileron to 90 percent of the
aileron chord for the aileron with trailing-edge-thickness ratio of 1.00.

Calculations indicate that the hinge-moment parameters in a steady
roll would be smaller than those for the static condition when the droop-
nose flap is not deflected.

Values of pressure-fluctuation amplitude and frequency at 10 percent
of the aileron chord behind the aileron hinge line, which could be asso-
ciated with buffeting, were attained at the angle of attack of initial
stall. The average value of pressure fluctuation was independent of
aileron deflection.

INTRODUCTION

In order to minimize drag at supersonic speeds, thin wings of low
aspect ratio and relatively sharp leading edges have been proposed. A
tapered wing of this type with an aspect ratio of 2.5 and thin hexagonal
airfoil sections was investigated at low speed in the Langley 19-foot
pressure tunnel. The results of the lateral-control investigation of
the wing equipped with 0.75-semispan and 0.40-semispan flap-type and
spoiler ailerons are the subject of the present paper.

The lateral-control characteristics were determined for the ailerons
with several combinations of fuselage, droop-nose flap, and trailing-
edge flaps. Inasmuch as the results of references 1 and 2 have indicated
that improvements can be made in the rolling effectiveness of flap-type
ailerons at transonic and supersonic speeds by thickening the trailing
edges, the lateral-control characteristics of the 0.40-semispan aileron
were also investigated on the wing with the trailing edge modified to
three different thicknesses. In addition, the tests included measure-
ments of the instantaneous pressure differential between the upper and
lower surfaces at four spanwise stations.
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SYMBOLS AND COEFFICIENTS

The data are referred to the wind axes with the origin at 25 percent

of the mean aerodynamic chord. Symbols and nondimensional coefficients
used are defined as follows:

wing span, feet

spoiler span perpendicular to plane of symmetry, feet
drag coefficient (Drag/qS)

1ift coefficient (Lift/gS)

rolling-moment coefficient (Rolling moment/gSb)
pitching-moment coefficient (Pitching moment/qST)
yawing-moment coefficient (Yawing moment/gSb)

aileron hinge-moment coefficient cﬁinge moment/2M3d>
rate of change of C with Sa at . e =10

ha a
rate of change of Cha with B, at Ba =80

rate of change of Ch with 6a when wing is in a steady
a
roll

-

rolling-moment coefficient due to rolling
rate of change of CZ with 6a at 6a =0
aileron normal-force coefficient (Normal force/qS%)

local wing chord parallel to plane of symmetry, feet

b/2
mean aerodynamic chord %\jﬁ cgdy
0
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aileron chord aft of hinge line and perpendicular thereto,
feet
agileron balance chord forward of hinge line, feet

section lift-curve slope

balance-chamber pressure conversion factor
<Pressure difference across seal

Pressure difference across vents

moment area of aileron aft of hinge line, taken about hinge
axis, cubic feet

magnitude of resultant pressure fluctuation (difference between
pressures on upper and lower surfaces), pounds per square
foot

Pressure below seal - Pressure above seal
Kq

cozyerted balance-chamber pressure coefficient

rate of change of PR with o at Ba =10

rate of change of PR with Sa at Sa =N0

rolling angular velocity, radians per second
dynamic pressure, pounds per square foot <;V%/é>
wing area, square feet

aileron area aft of hinge line, square feet

ratio of trailing-edge thickness to aileron thickness at
hinge line

free-stream velocity, feet per second
angle of attack of root-chord line, degrees

effective change in angle of attack caused by rolling velocity,
degrees 7
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o} alleron deflection measured in plane perpendicular to hinge
line, positive when deflected down, degrees

sum of equal up and down aileron deflections, degrees

at
6f trailing-edge-flap deflection, degrees. (The 0.75-semispan
and 0.35-semispan flap-type ailerons are referred to as
flaps when both of a pair are deflected downward together.)
Sn droop-nose-flap deflection, degrees
Aa equivalent change in angle of attack per degree flap deflection
AD (two-dimensional data)
trailing-edge angle, degrees
o} density of air, slugs per cubic foot-

MODEL AND APPARATUS

The details of the wing and fuselage are shown in figure 1. The
model was constructed of solid steel, painted and polished to a smooth
finish. The wing had an aspect ratio of 2.5, a taper ratio of 0.625,
and neither dihedral nor twist. The symmetrical airfoil section was
hexagonal with leading- and trailing-edge angles of 11.42°. Between
the 30- and TO-percent-chord lines the surfaces were parallel and the
wing had a thickness of 6 percent chord. The fuselage used for some
of the tests was of circular cross section and fineness ratio 8 to 1.
The wing root-chord line was on the center line of the fuselage.

Details of the lateral-control devices are shown in figure 2. The
chord of the flap-type aileron was a constant percentage of the wing
chord (0.25c). The aileron extended from 0.20b/2 to 0.95b/2 on the left
wing and was divided at the O.55b/2 station so that the outboard portion
could be deflected alone or in combination with the inboard portion. In
various parts of the investigation the inboard portion and both portions
were deflected 50° in combination with corresponding portions on the
right wing to simulate high-1ift flaps. The trailing edge of the wing
was modified to 0.25, 0.50, and 1.00 of the wing maximum thickness for
some of the tests of the O.hOb/E flap-type aileron. The leading edge
of the flap-type aileron was of circular-arc contour with the center
at the hinge line and was provided with a flexible seal (fig. 2). The
balance chamber was provided with orifices for measuring pressures
above and below the seal. The aileron was attached to the wing by means
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of four strain-gage beams (two on each portion). The strain gages indi-
cated electrically the aileron hinge moments and the component of the
aileron force normal to the aileron-chord line. In addition, the
magnitude and frequency of pressure fluctuations over the aileron

were measured by means of four miniature inductance-type pressure

cells installed in the sharp-trailing-edge aileron at a distance of

10 percent of the aileron chord behind the hinge line and at the span-
wise positions shown in figure 1. The measurements were transmitted
electrically to a recording galvanometer.

The spoilers (O.MOb/E and O.75b/2) were mounted normal to the wing
surface and proJjected 0.06 chord (see fig. 2). Dimensions of the 0.75b
leading-edge droop-nose flap are shown in figure 1.

A two-support system was used to mount the wing alone or the wing-
fuselage combination in the tunnel. A photograph of the model mounted
in the tunnel is shown as figure 3.

TESTS AND CORRECTIONS

The tests were conducted in the 19-foot pressure tunnel with the
air compressed to 33 pounds per square inch. The Reynolds and Mach

6 and 0.15, respectively. %

numbers of the tests were 7.6 x 10
The lateral-control characteristics of the flap-type and spoiler
ailerons were determined by measuring the forces and moments through
a range of angle of attack from -4° through the stall with the flap-
type ailerons set at various deflections. Aileron hinge moments, normal
forces, and balance-chamber pressures were also measured. The 0.75b/2
sharp-trailing-edge aileron was tested both with and without the fuselage.
The 0.40b/2 and 0.75b/2 sharp-trailing-edge ailerons were tested with
the wing leading-edge droop-nose flap deflected 30° and the fuselage on.
The 0.40b/2 aileron was tested in conjunction with the 0.30b flap, with
and without the deflected droop-nose flap. Both spans of spoilers were
tested with the fuselage on, with and without the deflected droop-nose
flap, and with and without the 0.75b flap. The test configurations are
listed in table I.

The 1lift and pitching-moment coefficients have been corrected for
support-strut tare and interference as determined by tare tests with an
image support system. The angles of attack have been corrected for air-
stream misalinement as determined during the tare tests. The Jjet- Y,
boundary corrections to the angle of attack and drag were calculated by
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the method of reference 3. Jet-boundary corrections to the rolling and
yawing moments were found to be negligible. Slight rolling and yawing
moments were found to exist at zero deflection due to the small air-
stream misalinement across the tunnel. Corrections have been applied
for these effects.

A calibration of the balance chambers indicated leakage through the
seal; the pressure differences measured across the seal were only 0.80
and 0.56 of the pressure differences across the vents for the sharp and
blunt ailerons, respectively. The factor was smaller for the blunt
ailerons than for the sharp aileron because smaller vent openings were
used with the blunt ailerons (see fig. 2). The same seal was used for
all aileron configurations. Using the two conversion factors K, the
measured pressure differences across the seal were converted to pressure
differences across the vents which approximate balance-compartment pressure
differences with a perfect seal. This approximation neglects the effects
of the leakage on the vent pressures.

RESULTS AND DISCUSSION

Lateral-Control Characteristics

Spoilers.- The characteristics of the plain wing (fig. 4(a)) are
indicative of the type of flow associated with unswept wings that have
sharp leading edges and low aspect ratio. The rolling-moment coefficients
due to the O.hOb/Q spoiler obtained in the low angle-of-attack range
were about 0.0l, and an increase in spoiler span to 0.75b/2 doubled
this value. At angles of attack above 4°, however, the rolling moments
decreased, and above 8° the longer span showed no appreciable advantage
over the shorter. At angles of attack close to 70, separation occurred
near the wing leading edge (fig. 5) and the loading shifted toward the
tips (reference 4). These changes in the flow are probably responsible
for the abrupt reduction of spoiler rolling moments and the rearward
shift in center of pressure. Because of the separated flow conditions
that existed, an increase in spoiler projection would probably have
little effect on the rolling moments in the high angle-of-attack range.
In the low angle-of-attack range the spoilers produced small, favorable
yawing moments.

At a Mach number of 1.9 (reference 5) the spoilers produced rolling-
moment coefficients of about half the value presented herein. The
O.75b/2 spoiler at a Mach number of 1.9 (reference 5) produced yawing-
moment coefficients which were favorable and of greater magnitude than
those of the present investigation.
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By deflecting the 0.75b droop-nose flap 309, the rolling moments
due to each spoiler were increased and the angle-of-attack range for
which the spoiler remained effective was extended considerably (fig. 4(b)).
The deflected droop-nose flap changed the flow over the wing so as to
delay leading-edge separation (fig. 5). The delay of separation by the
droop-nose flap enabled the rolling-moment coefficient due to the spoiler
to increase with 1lift coefficient. The yawing-moment coefficients became
adverse for this configuration with the 0.75b/2 spoiler (fig. 4(b)).

With the 0.75b flap deflected 50° in combination with the deflected
droop-nose flap, the rolling moments due to the spoller were increased
in the angle-of-attack range up to the stall (fig. 4(c)). The rolling
moments obtained with this configuration were greater than those of
either of the other two configurations. With the 0.75b flap deflected,
the yawing moments became adverse at an angle of attack lower than that
with the flap neutral. The yawing moments produced by the O.75b/2
spoiler were more adverse than those of the 0.40b/2 spoiler (fig. 4(c)).
With the 0.75b flap deflected, the adverse yawing moment reached about
0.0225 as compared with 0.0075 for the configuration with droop-nose
flap alone (figs. 4(c) and 4(b)). At high 1ift coefficients in a roll,
the yawing moments would tend to become even more adverse.

Flap-type ailerons.- The aerodynamic forces and moments produced
by the deflected ailerons for the various configurations are presented
in figures 6 to 16. The aileron effectiveness Cl6 was obtained from
cross plots of these data and is presented in figure 17. The effective-
ness of the O.hOb/E aileron on the plain wing for each trailing-edge-
thickness ratio is presented in figure 17(a). For all degrees of
trailing-edge thickness, the control effectiveness was gradually reduced
throughout the 1ift range and a large reduction occurred near maximum
1ift. The reduction in aileron effectiveness due to an increase in
trailing-edge thickness was only about 10 percent at low angles of
attack. References 1 and 2 show that an increase in rolling effective-
ness with increase in trailing-edge thickness is obtained at transoniec
and supersonic speeds.

The aileron effectiveness parameter CZB for the O.hOb/e aileron

was calculated according to the method of reference 6. The values of

section lift-curve slope and of flap effectiveness Aa/AS for the sharp-

trailing-edge aileron were obtained from the experimental data of

reference 7. Values of Aa/AS and section lift-curve slope for the

thickened-trailing-edge aileron configurations were obtained by cor-

recting the values of the sharp-trailing-edge aileron for differences

in trailing-edge angle according to figure 19 of reference 8. Values

for (C, > were obtained by calculating the values of C16 for
calc
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t = 0 at given values of 6. The following are the calculated and
experimental values of CZS for the various degrees of bluntness:

) A c C ‘>
t (deg) JAte “lq, ( ZS>calc ( 'g exp
0 13.7 | 0.k02 | 0.096 0.00133 0.00140
.25 10,5 o .097 .00139 .00145
50 6.9 .L4o8 .099 .00146 .00139
1.00 0 .50 LA0T .00157 .00135

Of course, this comparison does not account for the effects of finite
trailing-edge thickness but it shows that trailing-edge-angle concepts
cannot be used to predict effects of trailing-edge thickness. 1In the
present investigation, the data indicate that after a certain degree
of trailing-edge thickness was reached, the aileron effectiveness was
reduced. Other effects, such as might be caused by flow around the
base, might counteract the effect of a decreased trailing-edge angle.

The O.MOb/E aileron on the wing with the high-1ift devices showed
the same general trend of effectiveness through the 1ift range as it
did on the plain wing. Extending the span of the aileron O.35b/2
inboard increased the effectiveness by about 30 percent in the low-1ift
range (figs. 17(a) and 17(b)). The calculated and experimental values
ol CZS for the wing with the O.75b/2 aileron were 0.00213 and 0.00205,

respectively. The slight increase in CZ due to the addition of a
o}

fuselage (fig. 17(b)) might mean that the fuselage acted as an end
plate to increase the effectiveness of the inboard aileron. The data
of references 9 and 10 indicate that at transonic and supersonic speeds
the value of Clg for the plain wing and fuselage decreased until at a

Mach number of 1.9 it reached about half the value obtained at a Mach
number of 0.15. This was true for both aileron spans (fig. 18).

Deflecting the partial-span flap reduced CZ& in the low-lift

range (fig. 17(c)). Deflecting the droop-nose flap extended the 1lift
range in which the aileron remained effective (fig. 17(d)); this effect
was due to the postponement of separation around the sharp leading edge
until higher angles of attack were reached. Increasing the aileron

span resulted in an increase in effectiveness which was about the same
whether or not the droop-nose flap was deflected (fig. 17).
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The rolling-moment and yawing-moment coefficients produced by a
total aileron deflection of 30° (15° equal and opposite) and, in some
cases, 500 are presented in figures 19 and 20. Figure 19(a) shows the
effect of various degrees of trailing-edge thickness. These results
are quite different from the results shown by the CZB curves of

figure 17(a). The difference is a result of the nonlinearity of the
curves for CZ plotted against ©. For the aileron with t = 0.25,

the slope CZ6 through zero deflection is higher than that for the
aileron with t = 1.0, but the slope decreases at higher deflections.
With the full-blunt aileron (t = 1.0), CZ& has a lower value through

zero deflection but it is more nearly constant at higher deflections.

For the other configurations, the trends shown by the rolling-
moment coefficients for a total aileron deflection of 30° are the same
as those shown previously by the variations of C

ls

The yawing moments produced by the deflected aileron tended to
become more adverse as the 1ift increased up to the stall (figs. 6 'to
16 and fig. 20). For the configurations without the deflected droop-
nose flap, most of the adverse yaw was contributed by the downward-
deflected aileron. This effect of the downward-deflected aileron is
attributed to the difference in induced drag of the two wings. The
downward—-deflected aileron increased both the 1ift and the induced drag
of its wing.

Comparison of spoilers and flap-type ailerons.- The rolling moments
produced by the spoilers (which projected a distance of 0.06c) are
compared with the rolling moments for several total aileron deflections
in figure 21. On the unflapped wing (fig. 21(a)), the rolling moment
due to the spoiler is seen to be equivalent to that for a total aileron
deflection of 6°. Increasing the span of the spoiler to O.75b/2
increases the rolling moment to that obtained with a total aileron
deflection of 10° (fig. 21(b)). At a Mach number of 1.9 (references 5
and lO), the effectiveness of the 0.75b/2 spoiler was found to be
equivalent to the same total aileron deflection as that found in the
present investigation. Deflecting the droop-nose flap 30° makes the
spoiler as effective as a total aileron deflection of 11° or 12°
(figs. 21(c) and 21(d)). A similar comparison of spoilers and ailerons
may be made in terms of flying qualities. The rolling effectiveness

g% for the plain wing was calculated from the equation

pp  Cy
Eo.
oy 0
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A value of -0.22 for CZp was interpolated from the theoretical curves

given in reference 6. The value of gg for the 0.40b/2 spoiler varied

from 0.043 at zero 1lift to 0.009 at maximum lift (a = 12°), whereas the
value for a total deflection of 30° of the O.hOb/E flap-type aileron
varied from 0.181 at zero lift to 0.151 at maximum 1ift. For the O.75b/2
aileron, the values were from 0.1 to 0.0l4 for the spoiler and from 0.30
to 0.24 for a total flap-type-aileron deflection of 30~.

A comparison of the yawing moments produced by oppositely deflected
ailerons with those produced by spoilers for the configurations shown

in figure 21 are presented in figure 22.

The foregoing comparisons of spoiler and aileron effectiveness must
be restricted to the low-speed range because of the following factors:

1. At higher speeds the aileron effectiveness is greatly reduced
by wing twist (reference 11). The effectiveness of a spoiler is not
reduced as much because the twisting moments due to a spoiler are of
lesser magnitude for a given rolling moment.

2. The rigid-wing spoiler effectiveness increases with speed in the
subsonic range (reference 12).

3. The higher control-force characteristics of ailerons are partially
accounted for by power-booster systems.

4., In the moderate to high-lift range the yawing moment due to the
deflected control is more adverse for ailerons than for spoilers (fig. 22),
which would reduce the superiority of the aileron over the spoiler.

Aileron Hinge-Moment Characteristics

Blunt unbalanced ailerons on the plain wing.- The hinge-moment
parameters Ch6 and ChCL are presented in figures 23 to 25. The

effects of seal leakage on these parameters have been neglected. With
increasing trailing-edge thickness the hinge-moment parameters increased
negatively (fig. 25). As shown in reference 8, a decrease in trailing-
edge angle also results in more-negative values of the hinge-moment
parameters. The effects of trailing-edge thickness and trailing-edge
angle were similar except that the degree of unbalance was not so great
with the thickened trailing-edge as would be expected for the same
reduction in trailing-edge angle on a sharp aileron (reference 8). The
difference is no doubt due to the change in pressure distribution brought
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about by the flow around the blunt end. At angles of attack beyond the
stall, the trailing-edge thickness had little effect on the hinge-
moment parameters.

Sharp unbalanced ailerons with high-1ift devices.- The negative
value of Ch6 was increased by the addition of the fuselage to the wing

with the 0.75b/2 aileron, whereas the value of ChOL was essentially

unchanged (figs. 23(b) and 24(b)). These effects are associated pri-
marily with the load changes over the inboard portion of the aileron

due to wing-fuselage interference. A similar effect was noted when the
aileron span was increased with the fuselage on (figs. 23(e) and 24(d)).
In the moderate angle-of-attack range, however, both parameters increased
negatively with a.

Deflecting the 0.35b flap 50° added a negative increment or an
unbalancing moment to the outboard aileron. Deflecting the droop-nose
flap 30° had little effect on Ch6 but considerably reduced the neg-

ative value of ChCL and extended the angle-of-attack range for reason-

able values of both parameters (figs. 23(d) and 24(c)).

The effect of several amounts of internal balance on the hinge-
moment parameter Ch was calculated for the steady rolling condition.
o}

The effect of a steady roll proportional to total aileron deflection
may be approximated by the following equation from reference 8 Sat

in the present paper has the same definition as Aﬁa in reference é):

The values of 2(Aa)R/Sat were estimated from the data given in
reference 8 to be _173C16 for the O.75b/2 aileron and —2&2.201

o)
for the 0.40b/2 aileron.

The effect of a sealed internal balance on the hinge-moment
characteristics was taken into account approximately by means of the

following relations:
1 Cp\2
€ = (¢ + = P =
( h@)bal hy 2 Ra(}a)
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and

)
s 1 ‘b
(Ch§>ba1 =% * 3 PR8<Ca)

where the subscript bal refers to the aileron with an internal nose
balance, and cb/ca is the balance-chord ratio. The measured hinge

moments are assumed to be for an aileron with a perfect seal; thus the
effects of the seal leakage on the hinge moments were neglected.

The values presented beyond the stall should be viewed. with caution.
2(Aa)
e D
P 6at
at -0.22, whereas in reality it would tend toward zero at the stall.
The positive values of ChB' beyond the stall are therefore somewhat

The value of C used in determining was assumed constant

L

too high. The trends presented, however, are considered indicative of
the effect of balance. The results of these calculations are presented
in figure 26. A comparison of figure 23(a) with 26(a) shows that rolling
had a slight balancing effect, reducing Ch6 by about 0.001 in each

case. The amount of balance chord required for balance in the low and
moderate 1ift range increased from about O.6ca for the sharp aileron to

about O.9ca for the ailerons with t =0:500 and™ it =80

The addition of a fuselage tended to balance the 0.75b/2 aileron
for cb/ba = 0, but did not affect the balance chord required for com-

plete balance (fig. 26(b)). Rolling had little effect on the aileron
hinge-moment parameter Ch6 when the droop-nose flap was deflected.

The aileron balance chord required for balance was about 0.65 at
O.85CLm . With the droop-nose flap deflected, an increase in aileron
ax

span increased the degree of unbalance with no balance chord but did
not change the O.65ca balance chord required for balance at O.BSCLm
ax

(fig. 26(c)). The values presented are more nearly applicable in the
low-speed high-1ift range, since increasing the Mach number has a
tendency to increase the degree of unbalance (references 8 and 136y
An estimate made from the results of reference 8 indicates that to
balance the aileron at a Mach number of 0.8 would probably require a
balance-chord ratio about 0.1 higher than the ratios presented in
figure 26.
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Measurement of Pressure Fluctuation

A sample of the records obtained with the recording galvanometer
of the pressure fluctuation over the aileron is shown in figure 27.
Certain amplitudes may be considered average (see, for example, that
designated AP/q in fig. 27) and they are plotted against angle of
attack for several spanwise locations and two deflections of the O.hOb/2
aileron in figure 28. The curves of figure 28 indicate that the ampli-
tudes of the pressure fluctuations increase with angle of attack and,
beyond the stall, attain values approximately equal to the dynamic
pressure.

Figure 28 may give an indication of the stall-warning characteristics
of an airplane equipped with this type of wing. According to the
correlation of pressure pulsations with flight buffeting (reference 1k4),
when the amplitude of the fluctuations reaches 0.15q, buffeting will
be encountered. This value is reached at an angle of attack of about
6.5° in all cases (fig. 28). This is also the angle of attack at which
the pitching moment breaks in a stable direction (fig. 4) and the
separated flow spreads rearward over the wing (fig. 5).

CONCLUSIONS

The results of the lateral-control investigation of two spans of
spoiler and flap-type ailerons on an unswept wing with an aspect ratio of
2.5 and thin hexagonal airfoil sections lead to the following conclusions:

1. In the low-1lift range, the spoilers (which projected a distance
of 0.06c) produced rolling moments equivalent to 6° of total aileron
deflection for the wing without flaps and 12° for the wing with droop-
nose flap deflected.

2. The rolling moments due to the spoiler and flap-type ailerons
were reduced at angles of attack above 7° and 120, respectively, for
the unflapped configuration. Deflecting the droop-nose flap extended
the 1ift range in which the ailerons and spoilers remained effective.

3. The rolling moments due to the aileron were increased by about
30 percent and that of the spoiler by approximately 100 percent, by
extending the spans from 40 to 75 percent of the semispan.

4. An increase in trailing-edge-thickness ratio from O to 1.0
resulted in only a 1l0-percent change in aileron effectiveness.
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5. The amount of balance chord required for balance in a steady
roll has been calculated to increase from O.6ca for the sharp-trailing-

edge aileron to 0.9cyg for the thickened-trailing-edge aileron.

6. A steady roll did not reduce the magnitude of the aileron hinge-
moment parameters with the droop-nose flap deflected as it did when the
droop-nose flap was not deflected.

(. The amplitude of average pressure fluctuation at 0.10cg behind

the hinge line increased with angle of attack and attained values approxi-
mately equal to the dynamic pressure. The amplitude of the fluctuations
at which flight buffeting may be obtained (0.15q) were attained at the
angle of attack of initial stall.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Figure 1.- Plan and sections of model.
28 sq ft; taper ratio 0.625.
otherwise noted.

Aspect ratio 2.5; wing area
All dimensions are in inches unless
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(c) Spoilers.

Figure 2.- Diagrams of lateral-control devices.




Figure 3.- Model mounted with fuselage on two-support system in
Langley 19-foot pressure tunnel.
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Figure 6.- Variation of Pg,
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NACA RM L52B15

.8
i .0l
4 e = T
—r X X 0 & A - b w.
o == —4?:§E§f G P Pma L
‘ G N S S g "
R o -0/
I | v
=4 c:’l’*kﬂq v/w/l 5,
L | (deg)
Y
! e 3
: i
. .
6 ff o
) 3_41-——4——4—— Eﬂ:va&%ﬁ W =15
.4 7
i h——m——b——»{x—ﬁ/“ﬁ“ /”?D
e ,A.ng
6, T 1L b 1ThA,
a. B S o oA
0 i A2
q [ == e
_2 1 f/ W/K .08 3
L i s r—1
O~
-4 .04 | _ i
: ‘Z:oﬁg\ Ny
0 A
C : —~-L P~
E R S ME SN EN
P - a -04 S LN A
oz oY | % ixlx
it YN b | MR
0l 3 E LR o8 A\\X\
S *—Q*g:4k\‘ L Qijkﬁkﬂ [ s
—h—— o 0
L N : b | R
0 q = ~ U_8_~§_ & ﬂ\_a\ \Q
-0/ »—:2 § 6 (7"0"8/,«/@‘ /6 Z\%\R\
61_( I’)—-'v% 8 o | }\fy \ L\?
4 TR A
-02 4 ] -20 y N
‘iquna,pr ;Y
03 =24 i
-4 0 £ 8 lE8 /6 -4 o = 8 E
@, deg a, deg

Al

Figure T7.- Variation of Pg, CNa’ Cys Cp, and Cha with o; plain

wing, 0.40b/2 aileron,

it = 0,25, 0.00lc vent,

Bz Dy

8, = O.



28

NACA RM 1L52B15

.8 J .0/
4 1 N e e i 0 d W
! ! L_..‘i e I3 it C” g G*%"”—j"grb—
o == =0/
Po 1 o L
-4 { l ‘5//6/ )7‘
& C/(g/(:/(‘ x_//)7
=& i e A = & 5q
(deg)
&
~12 A6
8 g 3
a 2 -2
e
6 “ -
]7—‘1-/'1’(% o1 NEA v &g
4 V
4 Kvkkwgﬂﬁ
| 45, .20
2 bl Lol
VN e S e et /(I P
a : ' = ' 3
o et e
f¢ h V}/C:O/-Q/X/ f 12 4 N i
>—1 A
-2 < b—1° - 10— » )\C\“ X
> 7
e i 2 o
) A
* 5 [ [k
1 ™
-6 Ve
o N
=8 oS
.03 o
N
02 d——— b‘ﬂ\g\
p =
_0, SRR NN
01 ) — A_T__g\ { "\0\19\
>~ == o1
0 4 & ] - = o IG
q b oy = a¥ay/¢
T 0/ = & : : ; B 20
02 - Lﬁ . 24
_03 _25 1 1 1 | oy
-4 o 4 8 12:0 016 -4 0 4 & 12 16
@, deg @, deg

Figure 8.- Variation of Pg, CNa’ Cys Cp, and Cha with a; plain

wing, 0.40b/2 aileron,

t = 0.50, 0.00lc vent, &p = 0, &, = O.




£9

NACA RM 1L52B15

o ,a_| 1> | +—d | < o0 2O i |~ )
iR AR L e s
, WP P EPEP & !
1 / LA T H
[1 ] 4 ANaAaANa ]
ARBVREFF.F S S s A
g AR ATAFAT AR |
4 AL g L |
S © 3 B, @ A R R R A el e
Cﬂ.. - . B 4 g P.Jﬂﬂ_. e T (i s . ', ).
w L 3 #/m 2O .
wMﬁMWMN B ,7mmm ¢MMd,NMAHMLﬂ/
LR IR NIYENER
9 4 L IAVTA] Ty TR YNNIV ER
NN )\ ) NN NN : [
LI I TN AN &
| A AN VLAY Y il L |
Y SUNAVELY ANNIR S
MW 1A\ b 3 3 3BR R4 b & il B o[ ] o
GV A T 1 VI RAAAAY DT AN
RS 2 TR S N2 am e N o NN G iDL e eI im0
P” 1 1 PVN 1 1 ' . . .CQI. B e el

12 "¥l6)

&
@, deg

6

2

@, deg

with «o; plain

a

Figure 9.- Variation of Pg, CNa’ C15 Cp, and Cp

3 = 0,

s

1.00, 0.001c vent

t:

wing, 0.40b/2 aileron,



F.hl./
%
_U/
z
Mnu
& oo 5 la| | o o . o] R
i H % AT o] ﬁv\\b\ ot ] »\\e m,m.
: = ] A v | K | 4
b R i
W L P v, i O W S| O VR X le
v 7 AmmIER P ea
i AR mEEE/REE R 331 A NEEEL
= H I A | g M% / g -
S oy o ¥ § € ¥ 8 o ¥ & v ey ¥ I N
S Cﬂ " 1 . 5 ona_ 1 [ 1 12 ' " _6
B SRR = NN .
2\ J h NN N 5 A
T B IR ENAANANN VA AAF AT L AN S
] i EFE AR I AR AR IIBED 8
R R R EEENY IS , il THEE T ;
AR RN I L TN T ] N
ELEYRIN e R AL .
e PP R A e HED
OO O T T AL T
®© % oo v ® o ®m o ¥ N O N Y e IIJIJ IS YIS
Dmﬁ. ' N N CMO | 1 1 i 5 . Sk ) \ Ve NS

30

with «o; plain

Cph, and Cp

C1,
0, 0.005¢c vent,

CNa’

Figure 10.- Variation of Pg,

W =

wing, O.75b/2 aileron,




NACA RM L52B15 i

(dgg)
o
N )
A 10
.
(@) 0
§ 2
O -10
el O
D -25
.05 .01 2
f——pt 1ol 1o | N P 2 5
04 & h I+ - 0 4 i 5 T
7 NEREZ o B~ | » ﬁl&é
S < §"BF—T7‘I*\NX \K < 5 €k\r\ TR |
03 b OF i
U 1\ g
oz ===l N\ 02
)
o, = Podtd /2
| - oo 1}] S\ Lo -
— 2 oo | lo B o | RS
) Q 8 i oA
Cy 3 e = ‘% N\\‘B/f,ﬁ-’\ﬂ
3 T V’my ~""[}"Q——HK\~L [é»O’o
Y oY ?{) Fp = : i }??Jfg
pr=s Bl
| \/m,-h—’p/h/ : \4—4/ 3’//0/'0)\
2 A Al ——r— b
<03 | = i -4 f—X::P_- 5 "’&75/‘f22;
A N 0 P B ?gﬁ
104 4— ~ [ 1/; -8 = :__ﬂ//
b ] b :
D ;I "'—Lr/l W—
05 -l.2 = nim
-4 o 4 & (26 -4 0 4 & /12 /16
@, deg a, deg

(a) Variation of Pg, Cj, and Cp with a.

(]

Figure 1l.- Variation of Pg, CNa’ Ci, n, and Cha with o; wing-

fuselage combination, 0.75b/2 aileron, t = 0, 0.005c vent, &¢ = O,
5, = O.




NACA RM L52B15

32

SE

oA A LA Je bt Jodat™| £ T8
e LT b e | L e Lol S
AT | T o oot dh " 1 T e
st LT TIA A VAN LA TL T IRL ]
e i, PR Y z
L1 17 AEPEFER SN IR . .
N 4 / [l : NP |
I/ i [ | R
I [ IRIANR(B Y ENEED, ]
A Tyl M /1]
S ¥ 8§ L ¥ % ¥ o.¥ & ¥ e § ¥ R m
] : ; : : : & v e - 5 g = & b
&WM Mﬁ\ R G _f._v/,v(/. NV A_AW./
ARAVEENRINERS
% YR RIS e
B o moomonoanon ST TR AN MY Y N
"% 4949000 60dBI REFEIERE NRYEAN
T
WaR A B
QR ® © ¥ N o N v 0 9 Q
S _ _ _ _ _

/12 16

&
a@,deg

/2 16

g

a, deg

wath, L.

a

(b) Variation of Cp, and Cy

Figure 11l.- Concluded.




NACA RM L52B15

12
% Ll L ot
i S . i S P
=) I P S v = K
A, o
R Mg Ve
0 &= t
T "
—r— h—— o
-4 é/v__‘
==
=1
10
= ]
8 Pt e
A=
4 = (o
2 SN Ap
L >V T | =t /PN
—G— lo1 ;f el
R Pal
CNU _’__O_,.O/' ) A
-2 I ] S ;/K b
b W 4
bl 1 A
1 T | J/ﬂ)ﬁ
-6 A//Lﬂ
' h— |
-8 7)‘7/f
=10
.04
10|
.03‘ 3\3\ a/ TB\
.02 : 2
o DRy,
.0/ R
St s
@5 R b o I3 Q
B o o
=0 ) - Z—m——ﬂ'é'@/ﬂ,;
oA
=02 M%é
.03t T
-4 o 4 & /206
a deg

o/
V/pyan
o e
c, ¢ e
=i i L
-o1 —
(0
SNACA 7
(B
28T~
24
"
1204/ ’\‘ X
| A
z}\M
16 i
L~ y
12 Y -
.08 ¢ - ]\2
L 1N
M ) —
C%a ] Y
1) G—o | :F}\G\G\ M N ;
9 NaENYL
-.040—< e e T L
o K\NQ'
|
-.08 S
L AR
RNRLEL
= /6 \ \ }i
N AL
RN ZAERNNE
TN
=24 O \\t‘
28 N b b N & N
X ;
5 N

32
-4 0 4 & (2 16
@ deg

QNI D0 000D DD

33

Figure 12.- Variation of Pg, CNa’ Cy, Cp, and Cha with o; wing-

fuselage combination, 0.40b/2 aileron,

() -

5 = (0), 0 010)57e eiang

of

0,



3k NACA RM I52B15

68
(deg)
g %
v 2 .0/
o 6
5 3
d o
R Cn
o |
% 255 =0 s ]
03 ; T 7 %\ 94
i =
o2 = 16
aj O——=
’\_(»\_—@_-Gs_-.o__g_\ﬁ
.0/ ot N 7% o 12 ]
o= 0 e P " T A7 i
0 n - - Q - 8 C 8 — VTN % -
I & LN B A : V’}——Q——-O——"Q" /é}/ 5
— - ;k /%@ FPo — 1 | §NM
- > O—0—O] X;% 2 0 : T@/{g/ ,d/ﬂ_
5 8] ] a— g 5 :
i i o - A j/a/ 1 L A{]zz}l
: 7 = =4 S e L
i | C”;E’tﬁzﬂ:%ﬁ;
~04 -8
-4 o 4 8 12 16 -4 0 4 8 12 [6
@, deg oc,deg

(a) Variation of Pp, C3, and Cp with a.

Figure 13.- Variation of PR, Cy , C;, C,, and Cha with «; wing-
a

fuselage combination, O.hOb/Q aileron, t = 0, 0.005¢c vent, 8¢ = 502
(0.35b flap), &, = O.




35

NACA RM L52B15

T e e e L L P
LT | e A= e Lot | b Lo
L L T4 LT AR A b T IR |
& CEE WA Er G
i 0 7 A R I
] ) . b

{ N4 AErEE ) I ! \

“ / ’ P )| / J L
el / R / o %
o e SE AR S B o TR AR T T

ﬂu.ﬂd.. e ' ' e e '- = -

o A5 s |
IARESRSSAR N ENE N
SRR N AEREGNENANERNEN
NN R E R B P
%wﬁmmwzaewmwma y « ﬂ M A & k R‘ A
Y L N
i RN E RNV

J gl & .yi}w, AR T

df W4 bR N Y T

U RT AT TSR R T BT AT |

e So e B B it e

S (S i L

-4

16

&
@, deg

8 1235 8/6
a, deg

4

and CN with «.
a a

(b) Variation of Cy

Figure 13.- Concluded.



I A

934948 e NN ONERNERY I
A R AEERR AR AU 8 e oa)
EEEIREVETL AFE IR SRR IR L I
U RTINS T T R Y R RIRTS Y % a8
LI EE LR ILEIE IR R SR LYY P B
BT Nl AEERT RN YRR EE LR -
SRR REEEREIIIN R S
1] i SRR TR BN { B

S N A I ELYEVTE R B W S -
SANAUY IR YR WA Wl S
ST RSN RN waarim s n

Il % bbb Il L ] LR
NN DSSORSERER O , f

© ¥ ® ¥ o v o ¥ ¥ n © ¥ N O & ¥ © o -
= = & ) ' = & 5 ' ! ' > O

B = 30°.

(0.35b flap),




NACA RM I52B15

a
(deg)

Q< D0 DDP>OO0
1 L)
o

28
24 i
N
.20 _
.16 1 B e e S P P A\:(
™M
/12 = % \A\ \
" S | Lij \/1\ [L
N
08 | | Attt .
\0\\ -
seEETE T > z\\
o S o R BN \21
0 {k\a”T~“ = '\\b\ oy Q\\
Nl | ol ] SR 1]
qén94 i e ZL»fk#zk u\\a\ N K k}
008 LW LT Ee 1 \K\
= a PR ] : A
N 5
o PR
SR RIREES
K Tl
=16 : ’
D ‘Nv L\%‘e\:
: Nl
=20 \\ \u *.@—PO—\QKB
-24 e 5\
N gaN
N R
- 28 . -
- op Somm o \
N
o]
s 48 [
=36
-4 0 4 8 12 16 20 wZg

@, deg

(b) Variation of Cha with «.

Figure 1k4.- Continued.

3




NACA RM 152B15

38

—

W NO LNOO KO KW O NS

o O [
5..02211 U

T o064 a0od PN

"
i
D

N AA

.0/

fio : . ﬁmf\u?\
I 4_ A L o] L
L \ Sd LA
1L LN L : Nr%
2 S
SRS 3 3 3 S 9 S 3

16 20 24

/12
a, deg

&

with «.

and Cn

(c) Variation of Cy

Figure 1lk4.- Concluded.




NACA RM I52B15 39

R 12
/G/_a—--—é}——
L1 ¥
¢ 8 = B i
L j//ﬂ/{{ e
/"r
4 LA ] Lo ot O
é,, | L O] _D/,{—,.”{:H
I ef— LoO—-0O0—1
0 & - ool e
PR Q A &:0 9———’—0——‘_()’
e e L L oo .
é\‘g"d 1 ¢ ;(,é_,é»ff?‘ “f:’
= a2
-8 DL\wL——rr’CL/V// é‘ i‘;
A 10
&6
3 3
L& o -3
Qo -6
A -10
v -15
1.0 —. D55
]
Y
8 g ot
g ﬂ/// =
& (/(il/‘, ] e ]
" ‘¥ d %
6/0,1 At
: i : :
£ P T
0O ¢« ' 9_—?——0, o _O/—o/
e
3 \/40/
J | |
72 d =ty — Q\Q*-G/u/
‘4 kT HTNK-L PR Ly
it o
== I i j/o
d 7
MJN"-—C 7——47\k ﬂ/
P~ 17
=& L S NACA "

-4 {0 4. -85 iz W6 & 8
@,deg

(a) Variation of PR and Cy, with a.

Figure 15.- Variation of Pg, CNa’ Cy, Cp, and Cha with «; wing-
fuselage combination, O.hOb/E aileron, t = 0, 0.005c vent, & =0,
B =307,



Lo

NACA RM I52B15

o
o

(deg)

-
oo O

QDG D o0 00> DD
BT

NNHE 1L
1OV O OWN OW

.28
24 T 9
.20 -//ﬁ 7
e S B e N
.16 ! J/A/A\k \
e et \4\3& j\
'08 \7\( e L ‘i\[“‘!
I n— N
'04€ = Sl u\ﬁ\ \gk
= O, i
o ST TR
%h, = D\v\w\o\ N
-04 o e 0 N S A 1
- y_O‘%X\o\. o (k\- : \\
- 08 s P~h P~ e e \}i& \
A\E\\ YX\%k:Z:ﬁk\§&\b
o i N
12 ‘t>\h\h\ | ‘R - \L\\(x
-/16 "‘\ A\AX&\ =
" e
=20 4 e i \K\B\ﬁr*féf\kwg
-24 \\r FL \
*“E\ <\Zk\ 2 .
- 28 Ek\ n\d~ﬁ'ﬁ#ﬂ QX
NI \g
3 1 J{L{g\i
:36 ot L
-40
-4 0 4 8 |12 |6 20 24

@, deg
(b) Variation of Cp, with a.

Figure 15.- Continued.




L1

NACA RM 152B15

6w

YRITHIE $ AR
[ et | TH[
R u
ﬁa : o
4 D> -\A_Wu
@m MB r m %4\9
iy VIR
%ﬁ_ |

SR 1

e i ||
1t 1T
S 3 8 s &

16 20 24

2
a, deg

&

4

(c) Variation of C, and C, with a.

Figure 15.- Concluded.



L2 NACA RM I52B15

12
o i LA W
g e B
¥ =T ] )
coai L FETEY
P L ot
g E:/r‘:: = J——'/;’a" P ! i
H‘ﬂN\{\__ ‘__MMA”MA ;—
=] -
-8 \E'\[‘}——f]}““]}/\ o
=/ I 6a
(deg)
s 7 5
/ v 15
a 19
0 6
10 pl 8 3
=i 7 - 2 %
= =
8 743/ T Z"“"‘\A-(I/n; / 8 :Sg
6 /”Y/r i L I '7ix
L D
T T
£ e T e
L_T}.‘T}-’O/ AJ'D/AJ/ :
e G el
C"‘(?—Zi%ljﬁJ__ J__g,a-d‘/ ‘J
-2 B /0~
by ﬁ}{ 1
e =l
A ‘/fg
i ~d i A A
' o] T P—>—o—o] o
. D\ﬁ\_{}_‘Lh___j:D: 1 SNACA
-4 0 o 8 12 /16 20 24

a, deg
(a) Variation of Py and CNa with «a.

Figure 16.- Variation of Pg, CN,> Ci» Cn, and Cp  with o; wing-
a

fuselage combination, 0.75b/2 aileron, t = 0, 0.005¢c vent, B&p =0,
Bar=00




NACA RM 152B15

28
| q/rn——k.
24 ry/AT/,
o X
2059 \__‘
i e i “\Q é\
N
9
A2 2 Y Y o o ) \
KL
.08 R ) \6\}1 5,
S (deg)
N e
.04 | NN 2 2
C/, < i o) 10
2 4 o b, X \[® B
° b “mmu\'qﬂ\x\é S 3
) S A -
P—b._ | e AREL
Gt L‘\; Pf)‘*a- A O\V\»\N:’:\O\ }‘\2{_ § :éé
pel N MY it X}?\\LL—
) \ .m‘ﬁﬁ\ = K?qu
L. R\ Y
E\ <\W\\v\ Na Qi&\
-16 v
o N Aty
: ]
20 [N~ T T
\ J\Z]\ \5&|
=24 ¥ N S
5 P Sy A/’A/’A\f&\ -
=28 2 v
reo b .J/*K_Q\\gthzgggg;;7
~ 32
-4 0 4 & 12 ¢ " 16, 80 S
@, deg

(b) Variation of Cy - with .
a

Figure 16.- Continued.




L

NACA RM I52B15

.03
02 , %:E%}igﬁ
Epfﬁ’af .\
01 =z
E AN
0 « > S N LN R N g
2"~ v
E > - 'V\\K \"4
-.0/ AR oA 7}7\<
Gs I~ :
s V,Z i
-.02 Sl )
-.03 68
(deg)
D 29
=04 a e
;
3
105 o 2o
a -6
D R 15
o4 AL | M [ L] 8
2] ; \
03 /1&7——3\ <z %4\ & a
; % EaCANENVE
s e g S
.02 I %?f . -"INW%
o H,,.pf——-g—’@ﬁ O— V19 "g“‘o\\g c;ﬁj "
: I o o "g
G 0 g D R B la —r 5 2
l E [T —0— ‘= kﬂ
3 ] i 8 A /ﬂ
=0l ¢ ” 5 =
| i A AT,
-02 "4 b K i
13 3 fzﬁ
AL h 24 [
03 Tttt R
g Pe j
o
=04 T a— o F
Lot
’ ' ;-—1 m— e e S_NACA
=05 o
‘ -4 0 4 8 12 16 20 24
a@, deg

(c) Variation of Cj

and C, with «a.

Figure 16.- Concluded.




NACA RM 152B15

= TR
c "__-_ == = = F '\“H\'\\
18 .00/ Vents t N
0:005c M0
2001 025
001050
0 200%c. 100 —-—c
(a) Effect of blunt ailerons; plain wing, 0.40b/2 ailerons.
.002 = == s
Tuselage on  —=—| \
013 .00/ Fuselage off —
(b) Effect of fuselage; O. 75b/2 aileron,
= 0, 0.005¢ vent, ©of =0, Opn = O.
.002
_/"’_—_ = Ti '
] 4 (P B W \\
G, 001 == -
51‘ =0
3, = 500 ===~
o
(c) Effect of O 35b flap; fuselage on, 0.40b/2 aileron,
= 0, 0.005c vent, 6, = 0.
.002
= 7 T==
= \ R
L =
Gy 001 —— 5
bn =0
0 6, = 300 -~~~
(d) Effect of droop-nose flap; fuselage on, 0.40b/2 aileron, t = (o}
0.005¢c vent, 0.35b flap, ©&p = 50°,
002 B = = TE
5 9
L
C, T 3 S ey sl I\
20 .00/ y
3
0.40 b/2-span aileron S
:NACA;
0 0.75b/2 span aileron — — —— : i |
-4 0 4 & 2 16 20 24
@, deg
(e) Effect of aileron span; fuselage on, =0, 0,005¢c vent, & =0,

6, = 502

W5

Figure 17.- Effect of various leading-edge and trailing-edge devices on
the aileron effectiveness parameter Cy




.003

002

.00/

O Present investigation
O Reference 9

¢ Reference 10
/—‘_l /-‘_
F__——— |1 10.25¢
, == A
/ e \l ougseyee |
= ‘{g_\.\l"\f 1\?\\~\~L
13\63\_\\
o e .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0

Mach Number

Figure 18.- Variation of aileron effectiveness parameter CZS with

Mach number. Reynolds number varies from 106 to 7.6 X 106.

Ul

GTdcST WY VOVN



NACA RM 1L52B15

.06 B
oot il | \
' \
\
05 i
\
- i o \
gdi= = et P
3 ) L x \
\ /
G \i\ \ \
\\ \
03 \ :
\
Vents t \\\ o \\
5& =P ——
02 o.oglc 1.00 —--— \ t \‘\
.00lc 0.50 — -—
.001c 0.25 ————— \‘ Gat = 500 . \\
.005¢ 0 by \
'CJ/ (a) Plain wing, blunt ailerons (0.)0b/2), (b) Fuselage on, ©&f = 50° (0.35b flap),
Bay = 30°. 5, = 0, 0.l0b/2 aileron, t =0,
0.005¢c vent.
09
08—+ T
™~
N
.07 .
) \
.06 | MEECLS b
\‘ -5
// \
.05 : 7 \
\ \
\\ p )
|
.04 > N
c; i |
L T
.03 | .
| L N
= 30° \ 5. = 30°
02 Gat e ag )
B oof Byy = 507 g \
O .
o

|
4 0 4 8 [P 4 04 oF RETS oI
a, deg @, deg
(¢) Plain wing, 0.75b/2 aileron, t =0, (d) Fuselage on, ©&f = 50° (0.35b flap), ©&pn = 300°,
0.005¢ vent, ©&pf =0, ©Op = 0. 0.40b/2 aileron, t = 0, 0.005¢c vent.

Figure 19.- Rolling-moment coefficients for total aileron deflections
of" 30° and 50°.




|

NoJ) T

——— 0 ~_ i —— sat =209
c o s| e =
1 == e ~. / ag -

e —-—1.00 e -
S
== e aibee

—_——

=0/

(a) Plain wing, blunt ailerons (b) Fuselage on, ©O0f = 50° (0.35b flap), ©&p = 0,
(0.50v/2). 0.40b/2 aileron, t = 0.

.0/ -
Sar = 502, S = = 30°
%‘\ - - = - aat - 500. ;\\\\ s éat SOO
Cn \\‘\\ \\‘ -
i >\.\_ ‘\\\ == ——T
TC?/ S C P \\\‘\
\\"// \‘\ -
=02
-4 o 4 g 12 -4 o 4 8 & 16 20 24
@, deg a, deg vm
(c) Plain wing, 0.75b/2 aileron, t = O. (d) Fuselage on, &p = 50° (0.35b flap), ©&p = 30°,

0.40v/2 aileron, t = 0.

Figure 20.- Yawing-moment coefficients for total aileron deflections
of 30°.snd 50°.

8h

CT92GT WY VOVN



NACA RM 1L52B15 | 49

™™
: 04 =t
B ™
ki b
03 \
.02
Cl L N ol _;,_/—' a2 Fa S Y N
E
o/ :$f—%} iy o 3—HT/H’/ ] T\A‘
-‘ ‘El\ ﬂ\ \\ xul\\
0 1=\ {
0.40v/2 spoiler e
Ba, = G e 0.L0b/2 spoiler o
0.40 b/2 aileron {68 = 30%m—
0.40 b/2 aileron {éat = 12: =
6at =50 =
(a) 6¢ = 0°, &n = 0°, (¢) 6p =0, &= 30°
.07
06 ]
- . NGRS s
\
.05 \\
.04 \
\
\ <
03 \ 4
C 3 2 e [T T s
. e I o S S e R
02 ez 1 - e =Ty
= A 3 N
\\ x 3
.01 = \c
Xon \
0 \K | . Il L
= 0 4 8 e " ~4 o 4 & 12 16 g0 2%
a, deg w, deg
0.75b/2, spoiler (S
- 0.75b/2 spoiler e éat e bt e
e FET = o — . —
0.75 b/2 alleron {:at i 1‘20 0.75 b/2 aileron Zat 3 ;20
» A ag
2 = g g S G G =l e S

Figure 21.- Comparison of spoiler and aileron rolling-moment coefficients
for various configurations. Fuselage on, t = 0, 0.005c vent.



50 NACA RM 1I52B15

0/
e : —— =am
0 1 e DN.B\‘B\Q o o= > E'\El\“m\- o /D'E
== =1 = 7 v 228
0[7 ™ o / I~ =L | ST,
=l / ™~
-0/ [t \
'\‘
=08
0.40v/2 spoiler — e 0.40b/2 spoiler = e
S = . Sap = Q20—
0.40b/2 aileron {2:: _ gzo 0.L46b/z aileron {6:2 = 300
(a) &, =0, &p = 0. (b) 8p = 502, 5f = 0.

.0/
IS

'S C\‘:KHK e
o ié*’ = B i Wi S =
T N 7
e / ~ o\_o___o.t»g e
-01 P
Cn RN L
N kK
=02 =
\\ \
-03 b1
~04
42 0 4 8 12 U6
e, deg -4 0 g g 1z 16 20 24
0.75b/2 spoiler e w,deg
aileron f8at = 20° 5 2 spoiler S —
0.75b/2 atil |8ay, = 30° Z.ZZZ;Z qfliion {5at = Tan R
(le) &y =0, ©0p = 0 ’ ba; = 300

(d) & = 30°, &p =0.

Figure 22.- Comparison of spoiler and aileron yawing-moment coefficients
for various configurations. Fuselage on, t = O. i



NACA RM L52B15 il

-.004
— /
- ] 7L i) ;
e O e T 1 o |
e G e e
hs P TN R B e e e i E
nOlg +
Vents b , 5, =0 —
piife 0 e ‘\ GEE= o
.001c W25 — ——-
~0/6 onlc B (50
.00lc  1.00 —--— PRI ki 10 #
.04 e BN R
=] P Ll \ \
Pﬁa = == /i\ s \
=t | = e e N
B v T+ !
08 [Ffrmt—per——tee=er
0 (a) Effect of blunt ailerons; plain wing, (d) Effect of droop-nose flap; fuselage on,
0.40b/2 ailerons. 0.40v/2 aileron, t = 0, 0.005c vent,
0.35b flap, ©&p = 50°.
=004
i e ] ) (O L
e i e e
-008 e
Ol & !
Fuselage off ----
» FPuselage on —_—
-0/6
04 S :
e Bk e
02 .
(o) Effect of fuselage; 0.75b/2 aileron,
t = 0, 0.005¢ vent, ©&f =0, 65 = 0. NACA
‘2
~004
Ch
8 \\\ F-—f - d_ _ \'\ -—-\‘//‘
-008 e O A i =t e L e
) H4-=4-. /
o /
e 0.40b/2 atleron
—0/2 6 =0 = o.;sbéz alleron ===
6, = 50° (0.35b/2 £lap) ---—
.04 e T
. T e 17| [
RS ] // I~
.02
-4 o < & 12 16 0 4 8 2 16 . 20 &%
.
a, deg a, deg
(c) Effect of 0,35b flap; fuselage on, (e) Effect of aileron span; fuselage on, t =0,
0.);j0b/2 aileron, t = 0, 0.005c. 0.005¢c vent, &f =0, ©6n = 30°,

Figure 23.- Aileron deflection hinge-moment parameters and resultant
balance-chamber pressure-coefficient parameters for various
configurations.



92 NACA RM I52B15

004
~
0 S| 2
~N
— I\
ch-.004 T TN .
: \ N
e NAVA) Y
l \ K \
'.0/2 Vents T \\\\\ ‘; \ ’, \
0.005¢ 0 A\ - ’
o=l AN P
-.0/6 \ \ T .00lc 1.00 ‘,'\ \ 5= 30——7 T 04
-.020 LN i /1] R \ =
' || vzl 1A -
N o e 2
-024 z . | p
e \ 0z
-’02 £ = H selage on -'
® o loioN e e 6, Bloasi vemt, ™
004
0 Zas IS I /’*\\
-.004 \\\ >\\:~AL/-\
004 Faselage on —+\\ \\ 812 2i%i:§2> }\%
har | [} ruselage orr W=
-.016 \ \ \ // 5
\\ \\ | \\ Pre
/
=020 \\ }' / ' 02
g i\ = .._r,/:" S D LJ_/#,}’/"' ) (] P
-~024 = s 2 S . )y

-4 o 4 8 2 -4 0 4 & 12  I6 20
a, deg @, deg

(o) Effect of fuselage; 0.75b/2 (d) Effect of aileron span; fuselage on, t =0,

aileron, t = 0, 0.005c vent, 0.005¢ vent, ©&6p =0, & =0.
6 = 0, &p = 0.

Figure 24.- Aileron angle-of-attack hinge-moment parameters and resultant
balance-chamber pressure-coefficient parameters for various configurations.



NACA RM 152B15 53

o
B
\\
~004 — 5
6/70 ’ C/?é\ e
\
~.oo8
LOHE
(&) "a =197,
o
=004 Wi
@, C N\\\\~§‘h~~‘“‘*“~——-_~__ Ch
/70’ /73 \ a
SO
~00¢& \——Mx\\
\\\ Chc‘)
ware L I
(9] e .4 .6 8 1.0

Aileron tralling-edge thickness ratio ¢t

(b)  a = a5,

Figure 25.- Effect of aileron trailing-edge thickness on aileron hinge-
moment parameters. 0.40b/2 aileron, plain wing.



54 NACA RM I52B15

.006
Cp/cq / §
004 0?8/’_\\ )
1 Al
i .,002 o % 1
hs o ) o //
i e 1/
44 = &///, /
-004 i /A~ I~/
004 | I T /
) 0 . e /
-.006 u-”//, =
2 }///
00 t = 0, 0.005¢c vent ; i 0.50, 0.00lc vent
006 /
/ i
.004 op/ca 4 N I
1, O[] J e .
002 1.0
Chg 7// //
¢ e Bl
- 002 Fil é[/ 8 i
) b / i
004 //; 6 T -
J 1 . /
-.006 I I s et 7
o —— ams //
-008 [ — e
==
-0/10 : ==
-4 0 4 8 /12 16 -4 o 4 &L V2306
@, deg a,deg
t = 0.25, 0.00lc vent t = 1.00, 0.001c vent

(a) Effect of aileron trailing-edge thickness; 0.40b/2 aileron, plain
wing.

Figure 26.- Aileron hinge-moment parameter Chg' in a steady roll for

k.

various balance-chord ratios.




NACA RM 152B15

55

.008
006 =y /"\\
/ ol s W \
.004 cn/cq / 0.8 \
81 N 7
.002 /
% 17 M
%5 [/ i\
= // LA e ”
.6 = .
002 /// : //
I/ /
004 = =
N ]/ ) // / /
- 7/
2
~008 )
Fuselageﬁgfﬁ,o?.'?g:/i gileron, F‘uselagecin; 8;75\gr<2=aéleron,
.004 —
cp/eq // \
s ]
'002 0.8 >
0 o.8—1 |
1 Y
-002 | & \ it
Cabé;' .6 A
-004 _— p—— A
L —] = /
M= /1\ i \\// //
006 r =i 2 T T
el A o Bl
“!I'II!E!"I"4
=010 i
-4 ) 4 8 12 -4 o 4 8 & /16 20
@, deg «, deg

6, = 0, fuselage on, 0.l,0b/2 aileron,
8¢ = 50° (0.35b flap)

&n = 30°, fuselage on, 0.L0b/2 aileron,

8¢ = 500 (0.35b flap)

(b) Effects of a fuselage'and droop-nose flap; 0.005c¢c vent.

Figure 26.- Continued.



56
.008
006
.004
.002
Qh'
=002
~004
-~006

010

.008

NACA RM 1I52B15

! 45\\
Ba\
o ] 11/1\
0.8 == / /
[
L]
6 ////”‘~\\“‘~*_J
' Il
h i
B e B e
= - I/

0.40 v/2 atleron, fuselage on, &6, = 30

/ RN
/ | / e [T AN
_ —1 | / 0.8— [
b/ B / N
0.8— | / / \
[/ [
HENAY i ) |
i 1 I/ / ‘
= [ u nl
[/ //
NUEENE [ = /
2 |
s

| = . el

o 4 g 12 16 20 244 o 4 8 vz 6

0.75 b/2 aileron, fuselage on, &, = 300

@, deg . @, deg o

0.40 b/2 atleron. fuselage on, &, = 0°

(c) Effect of aileron span; 0.005c vent, &¢ = O.

Figure 26.- Concluded.



NACA RM L52B15

WA A AN AP AR A P AN SN S MW AT Nty Va1 ) WIS My A S

\Jl
=

ok
w
£

T

|
o
.
n
S£O

~—0,1 sec—=

A At w’;‘-\,f\,’A;,,'\_u-,,.-..‘,\l‘w\,u\/ A WA A A AT 1"' 2 AN o .,"/V".u:‘\ﬁ"fﬂl’.-- Pra

AP/q

b

-

o

.
N
QO

gl ’.J\).w.r’.\\.\:,‘-_%. ‘\\«,‘\.«w*\- N e AN w‘“\/',.'..":- St .-m‘:'w\' ,,‘N_,‘\(,\'--,k- "\'/‘\-'.‘"‘\J N V-."".'.\*\ “\"“"-A\""":"\M'

1

(a) a = 8.59°.

h.

" £ 4
” o, " A \ p f ~ /. S ~
WY A AR bt i LAVATIN W .’.-.« 0.5q
: - AR
A = F i ~' t .-'-. o 7 o B 3 O . 5q
Y, .
\‘ 4 o . x A i __L.
=4 A, L i a7 VA 3 A A AN "
AV W / I A ANV Y 0.5q
g i % 0.5q
~ Y ey,
AL . \‘ - v . \ \
et W, A 4 la A . i - “N T
N S . 7 - .- s e '

(ibisar =t 798

Figure 27.- Time history of fluctuating pressure

and lower surfaces; plain wing,

By =157,

differential between upper
t = 0,1 08005 VertS



58 NACA RM I52B15

4

1.0 * /)\‘

NS
-
i

N
R

<
\ e
M~

N
N
e

e ’/r:;7/___/
=
0
(a) 8 =L4°
/' 2 Orifice
=
1.0 7/
92b/2 —--—
’ f—1
8 /I//.» =
o
AP 4&5 b
b
R/
4/
4 # //
e
7
b4 2 ;ﬁﬁi/
] H = A
= :NACA;
0 -] 1 L 1

0 2 4 6 8 /10 12 14
‘ @, deqg

(b) 5& = 150.

‘ Figure 28.- Average fluctuation of pressure at 0.10cg behind aileron
hinge-line (0.40b/2 aileron deflected); plain wing, t = 0, 0.005¢ vent:

‘ NACA - Langley Field, Va.



