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REPORT No. 343

EFFECT OF VARIATION OF CHORD AND SPAN OF ATLERONS ON ROLLING AND
YAWING MOMENTS AT SEVERAL ANGLES OF PITCH

By R. H. Hearp, D. H. STROTHER, and B. H. Moxisx

SUMMARY

1 Commerce and the National Advisory Committee

This report presents the results of an exension to ; for Aeronautics, for the purpose of furthering the

higher angles of attack of the mrcmgahon described in
Reference 1, qf the rolling and yawing moments due io
ailerone of rarious chords and spans on two airfoils having |
the Clark Y and U. S. A. 27 wing sections.

The measurements were made at rarious aﬂgles of |
piteh but at zero angle of roll and yaw, the unng chord

being set at an angle of +4° fo the fuselage axis. In ;
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the case of the Clark Y airfoil the measurements have
been extended to a pitch angle of 40°, using ailerons of

span equal to 67 per ceni of the wing semispan and |

chord equal to 20 and S0 per cent of the wing chord.
It is planned later to extend the intestigation fo hinge
momenis of the ailerons for the conditions corvered in
the rolling and yawing momeni tests.
The work was conducted in the 10-foot wind tunnel
of the Bureau of Standards on wing models of 60-inch
" gpan and 10-inch chord.

INTRODUCTION

The work was continued through the cooperation
of the Aeronsutice Branch of the Department of

. Imowledge of the rolling and yawing moments due
to conventional asailerons on some represenfative
American wing sections.

=

Frouex 2—Profflss and coordinates of Clack ¥ and U. 8. A. 27 wing sectlons
DESCRIPTION OF APPARATUS AND MODELS

A detailed description of the apparatus and models
is given in Reference 1 and & dimensioned sketch
of the model is shown in Figure 1. The profiles and

\\ )’aw balonce

A, Ibllmammfarm-aﬂﬂ
B, Yow ~ = 200/
C. Oe'n‘a-ofrafaftan

FIGURE 3.—Axonometric drawing of model in tunnel, lnelnd-
Ing eketch of resolution of forces
coordinates of the wing sections used are given in
Figure 2, and & sketch of the method of mounting
the model in the tunnel in Figure 3.

ARRANGEMENT OF BALANCES

A sketch of the balance arrangement is shown in
Figure 3. The model was supported in the tunnel so
that the leading edge of the wing was vertical and the
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rolling and yawing forces read on belances of the pen-
dulum type. The roll and yaw force wires were kept
normel to the wind stream.

METHOD OF OBSERVATION

As before, simultaneous measurements of the tension
in the roll and yaw balance wires were made at speeds
of 40, 58.7, and 80 feet per second (respectively, 27.3,
40, and 54.5 miles per hour). Observations were made
at a sufficient number of aileron angles to determine the

Pty v e

F16URE 4.—Photograph of model set at 12° pitch In tunnel

characteristics of the curves. The ailerons were set to
the desired angle by the use of metal templates and
were secured by thin metal strips on the top and bottom
of the wing (fig. 4), as it was found that the stiffness of
the pins was not sufficient to prevent & change of the
aileron angle under the wind pressure.

REDUCTION OF OBSERVATIONS

Small rolling and yawing forces, which appeared to
be due to the drag of the balance wires and to a slight
asymmetry of the model, were noted at zero aileron
anglein all cases. Correction was made for these forces
in the reduction of observations.
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The results are expressed in the usual absolute
coefficients, namely: !

Cum Efs;and a,,-gg
where C;, and Cj are the absolute rolling and yawing:
moment coefficients for one aileron.

L and N are respectively rolling and yawing mo-
ments in pounds-feet.
g=¥%pV*=0. 001189 V*
b=wing span in feet
JS=distance from center of rotation of model to end of

tail. (Norm.—This distance was chosen as closely
representing the distance from the center of gravity
of the airp]a.ne to the leading edge of the elevator)
§=wing area in square feet (chord length X span)
V=wind speed in feet per second
p=air density=0.002378 slug per cubic foot at 15° C.
and 760 mm. pressure

The results are reduced to body axes as reference
axes and the directions are conventional, a moment
tending to produce & clockwise rotation as viewed
from the pilot’s seat being considered positive. The
longitudinal axis is the exis of the fuselage, the axis
of yaw is perpendicular to the longitudinal axis and
to the spen of the wing, and the pitch axis is parallel
to the wing span. The reduction to body axes is
made as follows:

Refe'ﬁ'ing to Figure 3, the roll force resolved parallel
to the axis of yaw is Tx cos 6, where T is the net
observed tension in the roll wire and @ is the angle
of pitch. The rolling moment is A7 cos 8. Because
of he inclination of the roll wire to the pitch plane, a
component T’ sin 8, having an arm A, enters into the
computation of the yawing moment. The yawing
moment, therefore, is seen to be —BTx+.4T sin 6.
Note that an increase in the yew balance reading
corresponds to a negative yawing moment aocordmg
to the convention adopted; hence the minus sign.

BESULTS

The signs and values for one aileron given in the
tables and plots are for a single aileron on the right
wing tip. The combined values were obtained by the
direct summation of the velues for corresponding
aileron. settings and are for the condition of right
aileron up and left aileron down. The reference axes
are body axes with the origin at the center of rotation
of the model.

Investigation having shown the scale effects within
the speed range of these tests to be small, the use of
faired curves through all poinis representing observed
velues seemed justified. The values of C:, Cy, and
N/L given in Tables I-XVI and Figures 5-47 were
read from the faired curves.

I Note that the cosffclants are based on wing dimensions which are held constant

throughout the investigation: {, e.
T Crg thnes 8 constant=20.83 Org

and
N=Cug tlnes a constant= 8.08 Cyg
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ROLLING MOMENT COEFFICIENTS FOR A SINGLE
AILERON

In Reference 1 attention has been called to the fact
that when the fuselage axis is horizontal (angle of
attack of wing +4°), the rolling moment produced by
& given angular displacement of the aileron upward is
greater than that produced by the same downward
displacement. British tests (Reference 2), in which a
biplane cell was used, show the same tendency but to
a lesser degree. Figure 47 shows that the loss in rolling
moment of the down aileron is considerably greater than
that of the up aileron as the angle of pitch is increased.
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Figuves 5, 15, 25, and 35 show that the rolling
moment due to an upward displacement of the aileron
increases as the chord of the aileron is increased. The
effect of the wing section is not great at an angle of
pitch of 8°, but af 12° the same aileron displacement
gives & much greater rolling moment on the U. S, A.

*27 wing section, presumably because the Clerk Y wing
section burbles at a somewhat lower angle of attack
than the U. 8. A. 27 section. The rolling moment
caused by a given upward displacement decreases
greatly as the angle of pitch increases. (Compare fig.
47.) Figures7,17,27, and 37 show the effect of increas-
ing the span of the aileron. The effects are of the same

nature as for increasing chord, except that for the
smaller span the difference between the curves for the
two wing sections does not eppear.

Figures 6, 16, 26, and 36 show the effact of the chord

of the aileron on the rolling moment when the dis-

placement is down instead of up. The same aileron

gives & greater rolling moment on the U. S. A. 27 sec- _

tion, Figure 6 shows that an increase of aileron angle
beyond 24° has little effect on the rolling moment at
an angle of pitch of 8° for the Clerk Y section. Figure
26 shows that the limit is as low as 8° when the angle
of pitch is increased to 12°. 'The limitations are not as
great for the U. S. A. 27 section, again presumably

‘because of the difference in the burbling angles of the

two sections. Figures 8, 18, 28, and 38 show the effect
of span. The general impression of the whole family
of curves is that the downward motion is much less
effective than the upward motion in the production of
rolling moment.

The points for the aileron of 20-inch span and 2.5-inch
chord show a tendency to lie below the curve indicated
by the remaining ailerons in Figures b, 8, 15, 10, 25, 26,
85, and 36. It is believed that this 1rregulanty in the
results is to be attributed to the combined effect of
asymmetry in the model and asymmetry in the tunnel
girflow. It will be recalled from Figure 1 that this

a.llemn (a member of the variable span group) is on the

opposite wing tip from the variable chord group. The
rolling moment produced by a given angle of the aileron
varies rapidly with the angle of pitch, as shown by
Figure 47, end a difference in angle of attack of the
wing tips of approximately 1° would account for the
observed results. It is known that there is a small
rotation of the air stream in the tunnel in the proper
direction to account-for the observed irregulsrity.

YAWING MOMENT COEFFICIENTS FOR A SINGLE
AILERON

The yawing moment coefficients are shown in the
same figures as the rolling moment coefficients. Thus
Figures 5, 15, 25, and 35 show the yawing moments
produced by upward displacements, Figures 6, 16, 26,
and 36 by downward displacements for the variable

chord group, Figures 7, 17, 27, and 87 show the yawing

moments produced by upward displacements, and
Figures 8, 18, 28, and 38 by downward displacements

for the variable span group. The curves show an ap-

proximately linear increase in yawing moment coefli-
cient with increasing chord or span. In all cases the
yawing moment coefficients for upward displacements
are considerably less than for corresponding downward
displacements. For a large range of aileron angles the
upward displacement produces a negative yawing
moment, corresponding o a decreased drag on the wing
tip, after which the yawing moment becomes positive.
The maximum negative yawing moment coefficient
observed is of the order of 0.010. (Fig. 25.)
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The angle of the aileron at which the yawing moment
coefficient produced by the upward displacement is
again zero decreases with increasing aileron chord for
a given angle of attack of the wing and increases with
angle of attack for a given aileron. (Tables I, II,
III, IV, IX, X, XTI, and XI1.)

The general impression derived from the yawing
moment curves is that the upward displacements
produce much smaller yawing moments than the down-
ward displacements.

RATIO OF YAWING MOMENT TO ROLLING MOMENT
FOR A SINGLE AILERON

The ratio of rolling moment to yawing moment pro-
duced by the ailerons is often called the efficiency of
the silerons. In order to avoid infinite values, we
prefer to invert the ratio and use the ratio of yawing
moment to rolling moment. The most effective aile-
rons in the sense of producing the least yawing moment
for a given rolling moment are the ones having the
smallest value of this ratio.

Figures 11, 12, 21, 22, 81, 32, 41, and 42 show values
of this ratio for the single aflerons. It is seen that the
ratio is greatest for the downward displacements and
that the values increase in general with increasing
chord and span of the aileron, with increasing angle of
the aileron, and with increasing angle of attack of the
wing. For upward displacements the values change
sign and are in general small. Thus the upward dis-
placement gives greater effectiveness.

For angles of attack below the angle of maximum
lift the decrease of effectiveness (increase of the ratio)
for downward displacements is greater for increasing
chord than for increasing span. At large angles of
attack the differences are less marked than at low
angles.

The effectiveness decreases more rapidly with in-
creasing aileron angle at the higher angles of attack.

COMBINED COEFFICIENTS

From the tables and curves the coefficients for any
combination of displacements of ailerons on the two
wing tips may be computed. The values for equal
displacements, with right aileron up and left aileron
down, are given in Tables V, VI, VII, VIII, XIII,
XIV, XV, and XVI, and in Figures 9, 10, 19, 20, 28,
30, 39, and 40.

The increase of the chord of the ailerons for the
purpose of increasing the rolling moment has less
and less advantage as the angle of attack is increased.
In the. neighborhood of the angle of maximum lift
the effect of increasing the aileron chord 2.33 times
ab 20° gileron angle is to increase the rolling moment
only 40 per cent in the case of the Clark Y airfoil
and 88 per cent in the case of the U. 8. A. 27 sirfoil.
The maximum yawing moment coefficient observed
is of the order of 0.050.
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Tables V, VI, VII, VIII, XIII, XTIV, XV, and XVI
also contain values of the ratio of yawing moment

to rolling moment for the silerons combined and

Figures 13, 14, 23, 24, 33, 34, 43, and 44 show these
velues. The values are somewhat irregular, but the
effectiveness of the same aileron is clearly greater on
the U. 8. A. 27 section. For both wing sections the
effectiveness in general increases with increasing
chord of the aileron at an angle of pitch of 8°, while
at an angle of pitch of 12° the effectiveness reaches
& maximum for the aileron of 3-inch chord. In the
varieble span group the effectiveness tends to decrease
with an increase of gpan. -

MEASUREMENTS AT ANGLES BEYOND THE ANGLE OF
MAXIMUM LIFT

The observations have been carried to angles of
pitch up to 40° in the case of the Clark Y airfoil,
using ailerons of 20-inch span by 2-inch and 3-inch
chord. Figures 45 and 46 show & part of these results,
namely, the rolling and yawing moments produced
by an aileron displacement of 20° for an upward
displacement of one aileron only ‘and for equal upward
and downward displacements of both eailerons. It
will be seen that the value of the rolling moment
coefficients reaches values between 0.010 and 0.020
at an angle of pitch of 40° (angle of attack of wing,
44°), Figure 47 shows the results for the 20-inch
span by 8-inch chord aileron. Table XVII gives the
values plotted in Figures 45 and 46.

SUGGESTED USE OF UPWARD DISPLACEMENTS ALONE

The results of the investigation indicate very definite
serodynamic advantages in the use of upward dis-
placements alone—i. e., the use of & cam or other
mechenical device whick would retain the normal
down moving eileron in the neutral position while dis-
placing the other aileron upward. While not to be
compared to the use of the slot-and-aileron Iateral con-
trol in effectiveness, the mechanical complications are
not as great.

Figures 45 and 46 illustrate the very great reduction
of the undesirable yawing moment. Quoting from Ref-
arence 3: “The yawing moment is of importance not
only because it must be balanced by the use of the rud-
der if a straight course is to be maintained, but also be-
cause the yewing action of the aileron hes an indirect

effect directly opposed to that of the rolling moment

from the same source. If, for exemple, the right wing
of an airplane is low, the normal meneuver in raising
it and restoring the wings to the horizontal is to pull
down the right aileron and pull up the one on the left,
giving a negative rolling moment. In general, how-
ever, this movement of the ailerons produces & posi-
tive yawing moment, tending to cause the machine
to turn to the right; and if unopposed the resulting
turn to the right will create & positive rolling moment
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proportional to the positive value of L,, the rolling
moment due to yaw. L, has & positive value, it will
be remembered, because of the difference of lift be-
tween the two wing tips moving at different speeds
when the machine is turning.! This yawing action
becomes especially important at high angles of attack.”
When upward travel only is employed, the yawing mo-
ment is greatly reduced, and with a sufficiently large
aileron travel (20° to 30° at stell, 30° to 35° beyond stall)
can be reversed in direction so as to assist the turn.
As against this very great advantage there are, of
course, certein disadvantages. The rolling moments
due to upward travel alone are less than those due
to two ailerons combined, and it is necessary to use
larger eailerons or greater aileron travel, or possibly
both. For purpose of illustration, let us suppose that
the aileron of 10-inch span by 2.5-inch chord on the
Clark Y wing section is regarded as satisfactory when
used combined in the conventional manner with a
travel of +32°. Table VI shows thaet the rolling
moment coefficient at maximum travel at an angle of
pitch of 8~ is 0.0690, the yawing moment coefficient
—0.0225. The rolling moment coefficient at 12° pitch
(Table XIV) is 0.0445, the yawing moment coefficient
—0.0260. Table X shows that a rolling moment
coefficient at 12° pitch of 0.0500 could be obtained
with the upward travel of one aileron of the same chord
and moving through the same angle, but of 20-inch
spen, with a yawing moment coefficient of -0.0010,
i. e., reversed in sign. The yawing moment coeffi-
cient does not exceed —0.0095 in the range of travel
of the sileron. At 8° pitch under the same conditions

the rolling moment coefficient is 0.0662, the yawing

moment coefficient +0.0082. . (Table II.)

From the same tables it can be seen that an aileron
of 15-inch span by 2.6-inch chord at the same upward
displacement will give at 12° pitch a rolling moment
coefficient of 0.0460 with a yawing moment coefficient
of +0.0010 and at 8° pitch a rolling moment coefficient
of 0.0560 with a yawing moment coefficient of +0.0088.
This aileron would give satisfactory roll at 12° pitch
and 80 per cent of the desired rolling moment at 8°
pitch, both with a yawing force which will tend to help
the rolling force.

Other possibilitiee suggest themselves from the
tables. It is necessary to study the hinge moments,
and measurements of hinge moments are now in
progress. The use of the upward motion alone is not
suggested as a remedy for all the disadvantageous

11t has been pointed cut that thiy moment is due not only to the difference in
speed between the two wing tips resiting from the yewing motion, bat also, and
in larger measure, to the changs in loeding along the span which ocours at large
angles of sttack whep the wing is displaced in yaw.
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features of the usual control, but as a step in the
direction of better control at low speeds which is
worthy of study on full-scale airplanes.

CONCLUSION

It is not possible to trace general relations which are
appliceble to both wing sections at all angles of attack.
For this reason no detailed statements of the effect
of varying chord and span, of angle of attack, of wing
section, etc., is attempted. YWe do wish to mention
that while one aileron of a given chord and span at a
given angular displacement gives almost the same roll-
ing and yawing moment on the Clark Y and U. S. A. 27
wing Bections, the differences are sufficiently great and
add up in such a menner that the ratio of rolling mo-
ment to yawing moment produced by the usual com-
bination of two ailerons is from one and one-half to
two times as great on the U. S. A. 27 section as on the
Clark Y section. Finally, the use of ailerons which
move only upward presents advantages which make
this type of control worthy of further study. The
design of a mechanism which will give motion of
the proper aileron upward with absolutely no motion
of the opposite aileron is a difficult matter and in
practice it would be easier to combine a large upward
movement of one aileron with & small downward
movement of the other. The result is an extension
of the well-known differential aileron to as large ratios
of up travel to down travel as may prove feasible
mechanically. While this type of control is not quite
as advantageous as one in which there is no downward
movement, it still has advanteges over the conven-
tional control.
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TABLE IL—CLARK Y WING SECTION—C,, Cx, AND N/L FOR ONE AILERON
[Verying span of afleron. Angls of pitch of alrplane, --8% angls of atiack of wing, +12°; angls of yaw, 0°; angle of roll, 0°}
[NoTz.—The values apply to elther right or left alleron; the aigns refer to the right alleron, AJLm0.417 Ox{C 1]

AILERON CHORD, 2.5 INCHES (26 PER CENT OF WING CHORD)

AILERON 8PAN, 10 INCHES (33 PER OENT OF WING SEMISPAN)

Alleron up . Alleron down
3 Ci Cx NIL [ Cr Cx. NIL
)] [ o* o | 0 |
® +-. 0008 -, 0018 -0, 114 4° . 0058 - 0035 -0, 252
[ )4 0181 —. 0081 -—. 080 8° -, 0110 . 0071 -, 263
12 . 0108 -, 0040 - 08 | 12° ~, 0160 . 0108 - 274
16° ~0285 —. 0034 -, 006 16° -, 0200 <0140 - 202
an . 0330 —. 0018 -, 023 [ —, 0938 0177 —. 310
u* . 0395 +. 0002 +.002 | 4° —. (0908 .0210 -
ane « 0300 0038 .07 28° -, 0300 - 048 —. 352
e . 0388 . 0051 .055 | a3° 0308 . 0276 - 877
26° m 0080 .07 | 38° —. 0310 . 0303 -, 406
40° . L0119 .108 | 40° —. 0319 0342 ~. 47
“° 0455 0147 L1358 | 44° -, 0311 L« 0878 -
- 1

ATLERON 8PAN, 15 INCHES (50 PER OENT OF WING AEMISPAN)

Aflexon up Afleron down

[ Cr Cx NIL 3 (2,3 Cx NIL

g 0 ] g° '] 0

4° =+. 0008 -, 0038 bt | 4° —. 00BS +. 0031 -0, 1a%
8 . 0190 -, 0040 . 088 8¢ —. 01566 .0073 -, 104
13° N -, 0040 -, 000 15 -, 0312 . 0130 -, 338
16° - 0870 -, 0030 - 034 16* -, 0358 0175 —. 380
€0 <0480 —, 0015 . 014 €0 -, 0290 0202 - 334
b . 0640 . 0008 008 | M° -, 0810 . 0283 - 37
9° . 0580 “~. 0085 a‘f 8° -—, 0331 . 0330 — £10
° 0560 . 0068 051 | 33 —. 0355 . 0970 -, 435
3° . 0588 0108 015 | 38 -, 0390 . 0403 —. 441
40° . 0830 <0148 . 005 4a0° -, 0400 - 0431 —. 450
“ue 0660 . 0190 .1%0 “u* -, 0420 - 0458 - 450

AILERON SPAN, 20 INCHES (7 PER C'!EN'I‘ OF WING SEMISPAN)

Afleront up Alleron down

3 CL Cx NIL & Ci Ox NIL

(14 (1] 0 [1d 0

©° -.0103 ~ 0008 | 014 4 -, 0110 +.0042 | —0.150
8° - 0206 —.% - 122 8 -, 0168 « 0065 -, 208
13° . 0820 - - 004 | 15° -, 0288 « {188 -, 351
16° <0420 -—. 0060 - 000 [ 18° —. 0308 . 0218 —. 308
xn <022 —. 0032 - 058 | 20° -, 0330 0578 -, 351
u* . 0828 [ He -, 0348 0383 -, 390
»* . 0040 +. 0038 +.025 | 28° —. 0381 - 0387 -, 447
Eo . 0062 o 082 | A .—.% 0438 —. 4
®° « 0720 0138 OB | 38 -_ . 0488 -, 541
@“° <0778 <0101 108 | 4 - 0870 . 0531 -, 508
“«° « 0830 <0256 108 | 440 —. 0856 0578 —.071

——

-
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EFFECT OP VARIATION OF CHORD AND SPAN OF ATLERONS

__ J A A

U. 8. A. 2T WING SECTION—C;, Cx, AND N/L FOR ONE AILERON

TABLE III

[Varying chord of afleron. Angle of pitch of alrplane, 48° angls of attack of wing, +15*; angls of yaw, 0%; angle of roll, 07}

[

[Norx.—The values apply to elther right or lelt afleron; the signs refer to the right allsron, NJL==(.417 C/Cr]

ATLERON SPAN, 20 INCHES (67 PER CENT OF WING SEMISPAN)

ATLERON CHORD, L5 INCHES (15 PER CENT OF WING CHORD)

NIL

Cx

mmmmmmummmm

Ci

——
mmmmmmmmmmn

srrrrrreerry

bYbhbRukbkiy

NIL

88388 83dab
Friffes’

Cx

28283 HEsEd

Ce

mmmmmmmmmum

b¥bhbhakikby

AILERON CHORD, 2 INCHES (0 PER CENT OF WING CHORD)

Afleron down

o mmmmmmm Rk | w | |ERARRIERCER | g [ [3RARASRASIG
A I ) Bl e g I A
[=]
[+]
5 | BE330808663 m §|o| SU%GE30E B | g o | 2EcHASS3NE:
8 [
2] o
.| wsamezaage | 3 |4 [, | coumenavemn | | 1|, | covemenm
SIITIrierens | & SErrerririry | 8 : erfrrrrirens
o - |
i R e R R
8
a | (3838 338883 | w L _mm 28388353 3 _mmmmmmnmmm1
= 4___o+ | % _4_u+ i b & _aﬁﬁa T
& T a S R
» | 8338 mmmmmm clalgl B8 mmmmmmmm 5| g || BEBEE2NRINE
O lerities ] m Sleties™ " | & ottt
5 ; -
«o | SeEdeEEmee =\ 7| CHEEERERAER 5\ ) ) g336034R8%
=] 2]
— :
< | BrRhbRRRERE: . < | BubhhRukhiiy < | Bbhbhakiki:
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TABLE IV.—U. 8. A. 27-WING SECTION—Cy, Cyx, AND N/L FOR ONE AILERON

[Varying span of alleron. Angle of pitoh of airplane, +8°; angle of attack of wing, £13°; angle of yaw, 0°, angle of rull, 0")
[NoTE.—Ths values refor to either right or left afleron; the signs refor to the right aileron. N7L=0.417 Cx/C?]

AILERON CHORD 2.5 INCHES (25 PER TENT OF WING CHORD)

AILERON 8PAN, 10 INCHES (38 PER CENT OF WING SEMIBEPAN)

Afleron up . Afleron down
] L CL Cx ' ML L : [+/] Cx N]Ic

e 0 .0 0 I 0

4 +.0068 —.0015 | —0.002 4° = +.0013 | —~0.008

g§° 0130 —. 0020 —.004 I, 8 = 0034 ~, 135
12° .0108 ~.0018 —.038 § 19° | - .0088 —. 158
16° . 0208 (I 0 160 | "l + 0088 —. 188
0 083 +.0022 +.07 (| %° -+ 0115 - 312
u° <0415 + 0045 <048 %" -+ 0258 0180 —. U5
28° . 0408 0070 2 ° —. 0280 0184 -2 | -
a2 0400 L0002 | .09 | 83° ~—. 0300 0219 —. 204
3q° <0430 0118 J18 )| 38 +. 12 0362 - 387
40° «0400 0141 .18 40° Q289 —. 374
“° 0490 .0106 J | 0 .0ax2 —.413

. 11': .

AILERON S8PAN, 15 INCHES (50 PER CENT OF WING SEMISPAN)

Afleronup © + Afleron down
5=
& CL Cx NIL 8 C&. Cx NIL
e o
o 0 D] ’ - Q
4° +. 0000 —, 0030 —0.098 g E.-6175 +.0082 -0.178
M om [ o | o | g | g, .m0 | —id
12 e | —00%0 | —.0é8 ‘2 ! iy
18° . 0368 -, 0010 -, 011 14 —_ 0100 - 357
€N - JO4T0 =+. 0090 =+.018 20° —_ 0200 - a7
n° 0500 0052 043 %: - =40 — 2
u° . 0530 . 0088 009 >, 0280 - 317
82° 0062 0122 081 az° -, i .318 —. 530
36° .0000 0160 1L 88° | . -, \ <0348 —. 345
40° 008 0300 .19 40° —. 0445 . o878 —. 354
“"° <0005 . 0965 AT “° —'Qﬂl ‘ .om - 358

AILERON BPAN, 20 INCHES (07 PER CENT OF WING SIMISPAN)

Afleron up *- Aflaron down
1 o

a a O o 3 Cn NI
| o 0 P £ o
S| Lo | 2oom [=awm] &1 S o T8GR
8 ‘dt | Zoms | Zom ) & | 2ok | TEm | s
15 ‘80 | —om8 | —om || 1w | = oms | —es
160 ‘030 | —0020 | —oig | 180 | — s | s
20° 0680 | 4001 | 08 || 20 | — s ) —am |
26 - 0885 *0045 o | e | = “0280 "7
2g° *0680 0088 || e | —loo M0 | .38
90 “0675 ‘0130 w0 || 3 | s 2 | .87
30° “0785 10180 am e | Clmn o | ez
. J07s ] : w | - L0480 it
“ - 0855 “000 el e | S toss | —.se




BFFECT OF VARIATION OF CHORD AND SPAN OF AILERONS 191
TABLE V—CLARE Y WING SECTION—COMBINED VALUES OF C:, Cx, AND N/L (RIGHT AILERON UP,
LEFT AILERON DOWN)
[Varying chord of afleron. Angles of pitch of alrplans, +8°; angls of attack of wing, --13°; angls of yaw, 0°; angle of roll, 0°]
[NoTE—~NJL=0417 Cx{Ci] !

AJLERON SPAN, 20 INCHES (67 PER CENT OF WING SEMISPAN)

AILERON OHORD, L5 INOHOES ATLERON CHORD, 2 INCHES ];n
PER CENT OF WING CHOR PER OENT OF WING CHORD)
8a Ce [+ | NIL L 43 Cr NIL
o [ 0 o 0 0
| +rous | —o0ss TIF | | +uw | —om [ —0isa
8 o2 | —ous | .14 | 8° on0 | —o013 | —In
1 030 | —@m | —ue | 12 0488 | — 0180 | —.154
T w570 | —.o18% | —.183 | 1&° 0643 | —006 | —134
20° -0e31 s | —.14 | W° ong | —om | —.18
T oS | —os | — 188 | W lors | —0280 [ —.138
=0 o738 | —0%8 | —10 | = 07 | —om | —1I38
2 cores | —o02 | —.100 | 32 L0300 | —0387 | —.138
e losa | —036 | —.I85T | 30° o2 | —0s0s | —.138
©° oms | —osw | —ua | W Jo0E2 | —.03: | —137
il J00dT | —032 ! — I3 | u° Giom | —omE | —187
AILERON CHORD, $ INCHES ATLERON OHORD, 3.5 INOHES
PER CENT OF WING onong'I PER CENT OF WING anonnf‘
'R Cr Cr NIL & Ct Cx NIL

1)
o [ o [
4| +.om5 L0088 010 | 4 | +.02m o082 | —0.135
g . —.0168 | —1d8 | & 0475 olss | —.138
Page -0058 oas | — 17 | 1 ogss | —.0215 | 181
T 03 | —om | —1m | 180 080 | —o0%e8 | -1
P ‘2 | —ome | —10 | 2° SISt | —.os08 | —.LI8
[ 24° 1180 —. 0287 ~ 08 | M° 1978 —. 03 —.108
- cimo | —ozos [ —i4 | = c1a15 | —0385 | —106
32° J1esd | —ot | —.I08 | 3 Jiasg | —.0m5 | —104
2° 1300 | —0825 [ —lo4 | 3e° (i | —oMI [ —Im
i0* J1340 oas | —.101 | & [0 iy —.07
g 72 | —omm | —oor | &° 1% —.080

TABLE VI—CLARK Y WING SECTION—COMBINED VALUES OF Ci, Cr, AND N/L (RIGHT ATLERO
A LEFT AILERON DOWN) ~ /L (Bl N UP

[Varying span of afleron. Angls of pitch of alrplans, 8% angle of attack of wing, +13° sngle of yaw, 0°; angle of roll, 0°]
[Nore.—NJL=0.417 Cp/Ct]

AILERON CHORD, 2.5 INCHES (26 PER CENT OF WING CHORD)

b

—

¥

i

¢
1

ATLERON SPAN, 10 INCHES ATLEBON SPAN, 15 INCHES AILBRON SPAN, 20 INCHES I
PER CENT OF WING SEMIBP. PER CENT OF WING SEMISP PER OENT OF WING BEMISP.

& Cr ML [ Ci Cx NIL L 18 Cr ML

o 0 0 14 ‘0 (] (4 [ 0

! Jos | —oo8 [ 1 | 4| 4.0 | 008 | -1 | 4° | +.0213 | —.0077 | —O.IBL

g° 041 —0im | —17 | & 035 ous | —135 | & L0400 | —.0188 | —.162
e J038 | —.0m45 | —.188 | 122 0402 0180 | —.136 | 12° 0568 | —o0ms | —.165
18° 0485 —0174 | —.178 | 1e° .00%6 | —o0%8 | —.137 | 16° 0728 | —omb | —.15

06ss | —.0108 | —148 | 2° o0 | —.027 | —13m | 20° o8 | —0sl [ —.182 ;

% coesl | —.0x8 | —.131 | 850 | —oo7d | —.135 | 2° S00Ts [ —.0833 | —.183
25° J0680 | —.0220 | —.136 | =° L0881 | —.0m8 | —I4I | 2° 21007 | —.0%0 ~.145 |
w 0000 | 0225 | —Is8 | & 0015 | —.0802 | —I3 | 2a° L1082 | —.0308 | —14d
3e° 736 —028 | —120 | &° . 0065 —0207 | —.128 [ %° 1005 | —.0351 - |
“®w coist | —0280 | —.138 | 40° .1020 039 | -—.18 | 4«° JIdE | —om0 | -1
“* o768 | —0m8 | —I14 | 4f* -1080 —0203 | —102 | 44° Jnss | —.o81s | —.12 i

1 i.':itii.

li
ly
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TABLE VIL—U. 8.’A. 27 WING BECTION—COMBINED VALUES OF C;, Cy, AND N/L (RIGHT AILERON UP,
LEFT AILERON DOWN) '
[Verying chord of alleron. mumum,w:mam«m +-12%; angle of yaw, 0°; angle of roll, 0°
[NoTe.~NJL=0.4LT Cx/Ci]
AILERON SPAN, 20 INCHES (67 PER CERT OF WING SEMISPAN)

AILERON OHORD, 1.5 INCHES (15 | AILERON CHORD, % INOHES
FEE CENT OF WING CHORD PER CENT OF WING CHORD)

& CL Cr - N’L [ Cu Cx M.E
® 0 0 N 0

4° +. 0168 —. 0045 —0.112 £ . 0162 —. 0066 —0. 144
8° . 0332 ~. 008 - 107 8° . 0835 —, 0106 - 151
»e « 0400 —. 0120 -, 102 120 0510 —. 0143 -7
1e° . 0620 —. 0130 - 101 16° . 10710 —. 0108 —. 0
0 . - 0008 -, 0176 —. 108 » 0880 ~—, 0180 -—. 085
u* . 0750 —. 0190 -—. 108 e . 1008 -, 0100 -. 079
»° . 558 - 0100 —.100 | 28° 1050 ~—. 0105 - 077
e . 0805 —. 000 —. 08 83° - 1080 —. G190 - 0
e . 0074 ~. 0203 —-.087 | 3¢° . 1178 —. 0202 —-.073
40° « 3040 —. 0200 —. 080 & 1358 - 0303 —. 07
44° « 1083 —. 0108, —. (78 “®° <1348 —. 0203 —, 003

AILERON OHORD, 3 ]NCHEggO AILERON CHORD, 3.5 INCHES (25
PER OENT OF WING OHORD) PER OENT OF WING CHORD

3 CL Cx NIL 8 G Cnx NIL
EXd
Q° 0 0 (124 B 1)
4 4. Q270 -, 0082 -0, 1437 4° 0270 —. 0062
8° . 0530 - 0130 - 104 8 T . 0585 -, 0128
, 12 . 0745 -.0162 |* —.00L 12° 0~ —. 0180 008
|18 o058 | —loes | —oes | 10 7 * —Ew [ -
L o4 . 1141 - 0314 - 078 e L~ -1100 -, 0240 084
I o . 1386 -, 0229 — 080 ue - 1400 —. 0245
a8° . 1348 - 0223 —. 089 a8° ] —. Q43 -, 071
°° .1363 —. 0305 -—. 063 e :ﬂiﬁ -, 0281 —. 064
30° s | —oise | o—oer | s | 7L —0180 | —o&
140 - 0120 - 082 .| 40° s - 0145 .
“° . 1636 -, 0138 -, 038 “° 1727 -, 0110 -, 027

TABLE VIIL—U. 8. A. 27 WING SECTION—COMBINED VALUES OF @;, Cx, AND N/L (RIGET AILERON UP
LEFT AILERON DOWN) ~ /L ® RON U

[Varying span of afleron. Angis of pitch of alrplane, +8°% anghe of attack of wing, --12°; angle of yaw, 0°; angls of roll, 0°]
[NOTR.—N7L=0.417 C/Ct]
AILERON CHORD, 2.5 INCHES (25 PER CENT OF WING CHORD)

AILERON SPAN, 10 INCHES AILERON SPAN, 15 INCHES (50|AILERON SPAN, %0 INCHES (87
PER CENT OF WING SEMISP, PER CENT OF WING SEMISFAN) | PER CENT OF WING SEMIBPAN)
% Ci cr |'NME | W] @ Crx NE | & Cr Cr NIL
% -|9 T wi| & -|'3 0165 0 oonz 0 s 49 oo | oo (5T
& 0235 | —o0s4 [ —o0o6 | & .m0 | —oem | - 8 030 | —.0108 | —1
13° g | o | - | o o | —018 | —1 | 1 068 | —o01 | —us
16° 04 [ — —07% | 10 0025 | —.010 | —113 | 180 0733 | —.o188 | —108
2 0062 | —.0pes | —.0oe | 2° o8 | —.0180 | —006 | 2 08 | —.0204 | —.098
3° 0070 | —o108 | —o085 | 24 i | -0 | 0w | e (088 | —oz: | —.068
380 088 | —011 .00 | 28 %08 | —.0i —.080 | 2 Jl080 | —.os84 | —o08
e 0700 -0 -, 070 e 0087 -, 0161 -, (83 3 . 1087 -, 0202 - 101
3° o2 | —om4 | —om | 8 —~.0188 | —.0m8 | 30 47 | —.0200 | —.008
40° .08 -, 0148 - 079 £0° 1003 —. 0178 -—. 008 @° 1107 -, 0245 ]
e 0818 | —.o18 080 | &° 3170 | —.0187 | —.088 | 4d° o | —.0m8 | —.0%

0

'i.: B
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TABLE IX—CLARK Y WING SECTION—C., Cx, AND N/L FOR ONE AILERON

[Varying chord of afleron. Angis of piich of airplane, +15° ;angle of attsck of wing, +16°; sngle of yaw, 0%; angle of roll, 0°]

1

[Kore.—The values refer to either right or left alleron; the signs refer to the right afleron. N/L=0AIF Cx/Ctl

AILERON SPAN, 20 INCHES (67 PER CENT OF WING SEMISPAN)

e

(R R LR L R

f__.;_ i —_ M- 1 __ T_._

B AR

ATLERON CHORD, 1.5 INCEES (i PER CENT OF WING CHORD)

BeRREEY | s388zRRE | _ BERGIEELTNS | 2885388A33x: |
s SRR (g | (3| BT (g |B| BTTREEE |G| |B| [hiee
B m B
BN AR AR
P £ B
m o | 2833%Es5EeE | m o | BEEIEIIZEE | O m o | B83B3nsmEsE | o m o | BBE3E88EEEE
erricrrreres m SIfrrrrreinre | & TPErrerered m effreferrrer
(4] 0 [3) .
j ]
| veenupabsy (B || ¢ | senhmRukkESY m < | seenbianty | B || 2 | eeonsbabas
o | nsmcozsnes | | | o [[gsesemssens |z | || [gnemsmsase g | || |owescesesss
Z FErCrireri$ m = Fereririe”’ m & Frerrie "’ m 3 FereireT
A =7 & - A
. | §E3ggEdasEs |-~ | .|| 9e@@sdesmEes ||, |, | EGEEEEEE3SR | < | , |, | ES9S3EEREEE
m O lerrreririits | 8 m SlerfriiiiiET | & m offfere+ """ | § m O leriifri£ T
[=] [=]
B T g i
o | SO50GRGRERE |- | | | E3GGRGESNSR | x| 7| .| ANESERAEE3 . | T || E9s94%%00%
2 | BebhbRAkhksYy m < rwmwawmww« m < | bYbhbRxkhkiy m < | Bubhbhxkikey
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TABLE X.—CLARK Y WING SECTION—C;, Cx, AND N/L FOR ONE AILERON
[Varying span of afleron. Angls of pitch of alrplans, 1-13°; angle of atteck of wing, +-16°; angle of yaw, 0°; angle of roll, 0°]
{Nore.—The values apply to elther right or left alleron, the signs refer to the right alleron, N/Lm0.417 CxfCr1]

AILERON CHORD, 2.5 INCHES (25 PER CENT OF WING CHORD)

AILERON SPAN, 10 INOHES (33 PER CENT OF WING SEMISPAN)

Afleron up ) Alleron down
3 Cr ox NIL & | Ce crx NIL
1o

e 0 0 4 0 [ I SHe——
4° +. 0048 -—. 0025 -0. 232 4° | _ —.0038 +. 0040 —0. 433
8° 0098 —.0040 - 178 8° —. 0050 0080 —. 508
12° + 0145 —. 0045 - 139 1° —. 0069 .0110 —. 538
16° -0200 —. 0048 —-.004 | 16° =. 0100 .0180 —.638
« 0200 —. 0040 —.064 | 20° —. 0110 .0182 —. 600
ue . 0818 —. 0080 —-.0d0 | o —. 0115 0218 -, T80
8° 0323 —. 0010 —.018 | 328° - 0117 0248 884
a 0830 +-. 0020 +.028 | 12° —. 0118 -0280 | -1.018
3 <0850 . 0050 .000 | 36° -. 0110 0810 | —L178
«“@° 0873 0075 08¢ | 40° —-.0102 L0340 | —L390
«“° 0400 0100 104 | 44° —. 0085 0878 | —1.830

AILERON BPAN, 15 INCHES (30 PER CENT OF WING SEMISPAN)

Alfleron up Alleron down

[ cL Cr NIL LN [+ ] Cx NIL
(4 0 0 [ I} 0 S
' +. 0082 —. 0045 =0.303 49 -, 0085 - 0050 —0.37%
8° 0130 -, 0078 -, 250 8¢ -, (108 .0100 -, 307
15° 0188 -, 0003 - 197 12° | . =012 . 01588 —. 404
18° 0270 - 0000 -—. 130 18* —. 0131 « 0305 - 082
%° . 0350 -, 0070 -—. 083 0 —. 0108 . 0288 -, 988
e . 0435 —. 0080 -, 048 M° -~ 0090 . 0300 -1, 300
8° <0448 -, 0021 -, 020 8 -, 0080 . 0048 -—1.800
e « 0480 +. 0010 +. 000 e -, 0080 . 0380 -2, 028
38° .0480 « 0048 080 36° -—, 0085 « 0429 —3.108
“@* - 0408 « 0000 078 40° - N —2.281
“° « 0515 . 0188 «100 “®° -, 0080 « 0805 -2, 630

AILERON BPAN, 20 INCHES (¢7 PER OENT OF WING SEMISPAN)

Aflleron up Alfleron down

‘I CL c}' ML '. C‘:. C, NIL
o (1] 0 [ . (]

© . 0078 —. 0040 02 4 | - =005 =+-. 0000 500
8° . 0150 -, 0078 - 200 8 | . —.0088 0118 -, 558
18* -0830 —. 0000 -—. 163 e —. 0110 0170 -, 645
18 - 0306 -, 0008 -, 130 16° -, 122 .0238 - TI0
2° .0382 —. 0008 -4 | 20° -, 0122 - 0280 - 08
M » 0400 ] - 078 | u° -, 0111 L0888 | —13%
8° - 0480 —. 0048 040 | 328° —. 0102 0301 -1 500
ase - 0800 <+.0010 008 | ° -, 0007 07 § =192
8s° 0580 . 0088 043 | 36° ~, 0001 0503 | -2300
0 . 0856 . 0090 007 | 40° -, 000% L0568 | —2.530
“* (885 0118 082 | M4° ~, 0008 0013 | —2.000

sl 10
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TABLE XI.—TU. 8. A. 27 WING SECTION—C,, Cx, AND N/L FOR ONE AILERON
[Varying chord of sfleron. Angle of pltch of airplane, +-12°; angle of attack of wing, --16% angls of yaw, 0°; angle of roll, 0°)
[Norx.—The values refer to elther right or Jeft alleron; the signs rafer to the right alteron. NJL=0.417 Cw/Cr]
AILERON SPAN 20 INXCHES (67 PER CENT OF WING SEMISPAN)

AILERON CHORD, 1.3 INCHES (i PER OENT OF WING CHORD)

Afleron up . | Afleron down

3 Ci Cx NIL L (% Cr NIL
[: 4 0 0 [ 0 0

42 . 0063 —. 0030 —0.128 | - 4° —, 0055 —. 0035 +0. 288
8° .0128 —. 0040 13 8° ~. 0100 . 0080 -3
12° <0178 —. 0068 —-136 | 13° —.0140 . 0120 — 307
16° .0238 -, 0085 - 120 | 18° ~. 0168 0185 —. 385
26° .0240 —. 0040 00 €0° . 0100 0198 — 48
24 . 0258 —. 0018 —020 | M° —. 0308 .0230 —. 481
a8° 0977 +-. 0008 . n° - . 0288 —. 401
- . 0301 - 0082 . 2° —. 0233 - 0300 —. 08T
38° .0333 . 0060 . 38 —. 0240 . 0831 —. 578
40° .0378 0080 - 40° - . 0352 -, 534
“° . 0430 . 0000 . “e -—. 0235 . 0398 - 782

AILERON CHORD, 2 INCHES (0 PER OENT OF WING CEORD)

Afleron up | Afleron down
ba Ce Cx NI | L R Ci Cr l NIL
- I

| o 0 0 0
& | o0 | —om |G | 4| —oom | +ome Tare
]g: 0185 —.mm —. 110 lg: —.mons .mm'ﬂ —. 200
16° B | Thom | T | ik | =0 7 i e
20° or | —oom | —oes | 20 [ —omo tom | —a
Mu° « 0415 -, 0048 —, 045 M - 0213 - 0300 —, 588
3 m | —om B | —ms ‘oz | —em

o8 | 008 | 014 | B | —oms ‘w0 | —710
% 10480 - 0080 i T S0440 | oo
b -0570 ~oudn . P — 05 > o008 i oy

AILERON CHORD, 8 INCHES (3¢ PER OENT OF WING OHORD)

Alleron up Afleron down

& Ci Cr NIE & Ce Crx NIL

o 0 0 ——— o 0

4° =+. 0105 —. 0052 -0, 07 * -, 0085 -+. 0058 —0. %0

8 .0310 -, 0078 — 158 8 -, (180 012 — 348

12° 03930 —. 0085 -1 | 12° ~, 0ISL 0214 — 483
I 18° .0430 — 0070 - 068 18° -, 0107 0298 - 625
| a° . 0540 —, 0033 —. (30 xN° -, 0201 - 0380 ]
[ - 0850 +-. 0022 +.014 He -, 0208 0490 —. 558

»n° . 0085 <0082 - 049 28° -, 0201 0478 —. 885

o° . 0730 « 0145 -083 g —. 0100 . 0028 -L 115

ag° N « 020§ 110 38 —. 0188 - 0878 -1 378

4@0° - 0850 0207 181 “@e - 0177 . 0825 —L.473
B . 0010 « 000 <151 £4° —. 0163 0670 -—L 710

AILERON OHORD, 3.5 INCHES (35 PER OENT OF WING GHORD)

! Afleron up Alleron down
I G Cx NIL [N Ce Crx NIL

| o [ 0 e 0 0

- 40 . 0088 —, 0043 ~0. 306 4° -, 0088 -. 0000 -0, B4
g .0200 — 0088 -, 144 8° -, (155 . 0135 - 353

B - 0366 ==, 0070 -, 080 e -, 0187 (236 -, 04 i

T 180 .0500 -, 0040 —. (83 i8° -, 0193 0830 —, 004

| %0° - 0830 =+ 0010 +.007 n° - 0190 0385 -, BOT

" M° .07%0 - 0088 030 ° —. 0188 0480 ~-1, 080

T 80 0788 0130 <060 a8 -, 0180 0530 —L.237
e . 0836 » 0188 « 087 g -, 0172 0890 —L.430
8° . 0885 -0300 . 123 3 -, 0160 . 0880 ~L 804 {
40° 0083 . 0835 149 4i0° -, 0148 - 0708 -1.988 H

i 4“4 - 0085 - 0410 <174 “° -, 0130 .00 —ﬂ-‘BSJ

41680—81——14

il

i
I

Ul il L

A

g ey
il ” '|-|II-|. R
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TABLE XII—TU. 8. A. 27 WING SECTION—C.,Cy, AND N/L FOR ONE AILERON

[Varying span of allaron. Angle of pltch of airplane, -19°; angls of attack of wing, --16% angle of yaw, 0% angle of roll, 0°}
[NorE.—The values apply to either right or left alleran; the signs refer to the right afleren. NJLm0.417 Cw/Ci]

AILERON CHORD, 2.5 INCHES (25 PER CENT OF WING CEORD)

ATLERON SPAN, 10 INCHES (33 PER CENT OF WING EEMIBP.A-.N')

Alleron up Afleron down

[ Cr, Cx NIL & Ct Cr NIL
o] o 0 el a 0

g | +.o0m | —ooe0 ["Z0HTT| 40 | 0085 | o000 "oim
g 0105 | —oom | —108 | s | ~.00m | .00 | —.am
130 o0 [ —o0m | —138 | 1 [ = o087 00 | —.e:m
18 a0 | —oom | —m | 180 | —oml o8 | —.
200 o4 | —ooss | —oes | we | —.0528 i T
240 0830 | —oo2s | o | 20 | — o1 ‘o5 | —70
280 %8 | o ) # | —om0 s | —eod
420 08 | .00 | +ome | 30 | —lomw0 ‘I | —L18s
3¢ <0880 - 0080 08 | %0 | —.om 07 | —L318
0° <0008 +0090 08 | w00 | — ‘o7 | —Laor
i 10400 ~0100 104 | &40 | —o138 oo —1ml

AILERON SPAN, 15 INCHES (50 PER OENT OF WING SEMISPAN)

Afleron up Alfleron down

[ Cr Cx NIL 8a Ct, - Cn NIL
[ 1] 0 o° 0. 0

L\ +.0078 -.0040 | —0.214 4° e, 0045 +.0050 | —0.463

1 g 015 -—. 0072 -, 198 8° . 0045 0110 | —1.020
12° 0236 -. 0082 -.151 | 19* —, 0030 0178 | ~L.870
16° L0390 ~. 0080 - 111 | 16* ~—, 0035 ,0225 | —%.680
20° . 0375 -, 0050 -. 088 20° —, 0042 .0260 —2. 562
MH° « 0450 —.0030 -, 019 i -, 0003 . 0300 -2 £08
28° 0458 . 0015 +.014 | 28° -, 0063 080 | —2.288
" . 0400 .0050 048 | 3%° - 0280 | —2.903
38° 0458 .0078 071 | M° —.0072 0418 | —2.4%0
40° 0473 0105 008 4“0 -, 0076 0435 —2496
“* 0830 0130 10 | u° "=, 0073 .0460 | —3.800 .

AILERON BPAN, 20 INOHES (87 PER CENT OF WING BEMISPAN)

Afleron ap Alleron down
EN Cr Cx NIL & Cr Cx NIL
o° 0 0 o° 0 0
£« +.0085 —. 0085 | —0.288 4 -, 0038 +.0068 —0.740
8* 0138 -, 0006 -, 187 8 -, 0068 . 0130 -
0318 ~-, 0070 - 150 | 120 —, 0070 012 | =Ll
16* 0310 —. 0072 -.007 | 18* ~, 0078 -L
.0400 -, 0070 —-073 | 20° =, 0082 0305 | —Ls&
Hn° .0430 —. 0083 -.080 | NM° -—. 0088 ~L1. 745
28° . 0440 -.0020 -018 | 28° -, 0000 L0405 | —L.878
o° . 0450 +.0018 +.017T | 8° ~—~.0080 JH40 | —2080
%° 0800 0085 004 | 36° ~. 0000 475 | —21.200
@0° . 0858 .0112 .084 | 40° —. 0000 0522 | —5.418
“° . 0620 0188 J04 | 4M4° —..0090 0585 | —8.710




EFFECT OF VARIATION OF CHORD AND SPAN OF ATLERONS

ATJLERON DOWN)

[Varying chord of afleron. Angls of pitch of strplane, +-12%; angle of attack of wing, +15°; angle of yaw, 0°; angle of roll, 0°]

[NoT®—~N]L=0417 Cy{CL]

AILERON SPAN, 20 INCHES (67 PER CENT OF WING SEMISPAN)

AILERON CHORD, L5 INCHES
PER CENT OF WING CHORD

AILERON CHORD, 2 INCEES
PER OENT OF WING cmom?))

| a Cr Nz | & a cs | ML
| o0 ] 0 0

& f.0005 | —.ooa s | 4 | +.ous | —ooo [—oam
g | .on95 | —oMT [ —314 | 8° ooty | —as | —.%6
120 i 20206 | —o:3 | —30l 08 | —omo | —3s
e | oo | —ox0 | —3e | e | —307
20° ! lass] —mm | —mm | 2° B | —ome | —am
22 o | —os0 | —3 | e 10508 [ —.03eE | —.300
28° ! .04 | —.040 | —3m | % os7 | —ome0 | —09
a° - o8 | —.ou5 | —7 | os5 | —oe10 | . —3l
3° e | —.oim8 | —al0 | 38 s | —oa5 | —.%08
€ olss | —o0 [ —e2 | w0 088 | —o0a1 | —33
W0 oem | —omo | s | owe 03 | —oits | —r0

ATLERON CEORD, $ INOHES AILERON CHORD, 3.5 INCHES
PER CENT OF WING cnomg" PEER OENT OF WING CHOR

L Ce Cx l NIL [ A C. Crx NIL

| [ ') 0 o ]

I +.0147 - 0117 1332 4° +.0138 —, 0145 —0.450
8¢ 0270 —.0211 -_ §° .0333 —. (0300 —. 487
120 . (388 —. 0204 - 12° 0385 —. (350 -, 438

i 18° . 0502 —.0362 |, —.201L 18* .0480 —. 0430 —. 54
€ 0825 -—. 0410 — 174 €0° 0836 —.4BF -—. 318
24° 0752 —0d22 | — 234 M 0780 —, 0000 —Xid
3° 0700 -0 K6~ | B K. ] -, 0500 —. HT
”w° .0822 —. 0420 - 118 33° - 0004 —. 0510 —. 338
30° . 0888 —, OAST -—.218 36° 0003 ] -—. 355
“®° . 0043 —. 0515 —. 328 @®° 0042 —. 0000 -, 288
“©* 1011 —. 0085 - 374 “° 0090 —. 0600 —. 06

LEFT AILERON DOWN)

[Varying span of afleron. Angle of Ditch of alrplane, 415°; angle of attack of wing, +16% angle of yaw, 0°; angle of rall, 0°]

[Notx.—N/L=0.417 Cx/Ci]

AJLERON CHORD, 2.5 INCHES (25 PER CENT OF WING CHORD)

AILERON 8PAN, 15 INCHES

ON BSPAN, 20 INCEES

ATLERON SPAN, 10 INCHES ATLER

PER CENT OF WING SE PER CENT OF WING § PER CENT OF WING BE
EPAN) EPAN)

l [N | @ Cx ML | 2 C Cx NIL | & G Cx NIL

1

(N 0 [ 4 0 [ [} 0
€| +oms | —wes [ oaE | & | 4@z | — —omt | | -hoss | —o00 [ —034
8° -019L -, 0120 - 311 8° 0235 - 316 8° . 0226 -, Q187 — 381
n° o | o—ouss | —zm | 10 T —38 | 11° o0 | —emo | —a19
16* 0300 - 7195 - 301 1s* 0401 - 37 16° . 0427 —. 0850 - 312
2€0° 0370 -, 0222 —. 3288 0° . 0458 325 -, 208 0° 0504 -, (878 — 310
n* 0430 -, 0245 -] P N 0350 - 28 M . 0571 —. (418 -, 305
F . 0440 -, 0258 —. 45 F . 0538 036 - 290 n° . 0653 - (43T - 313
e « 0445 -_ — M [~ . 0540 -—. 0870 - 203 m° . 06T —, i37 -, 308
a8 « 0400 -—, (280 - 135 a8 - 0565 0384 - 384 n° - 0021 —, 047 - 300
40° .Oﬂa -, 0285 - 333 4° . 0583 . 0376 —. 208 @0° -0648 —, 0468 -, 301
4° . l - 0273 -, 235 “° 0508 - 0870 —. 380. 4° - 0653 -, 0487 —. 303
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TABLE XIIIL.—CLARK Y WING SEGTION—I(‘JOMBINED YALUES OF C;, Cy, AND N/L (RIGHT AILERON TUP,

TABLE XIV.—CLARK Y WING SECTION—COMBINED VALUES OF C:, Cx, AND N/L (RIGHT AILERON UP,
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TABLE XV.—TU. 8. A. 27 WING SECTION—COMBINED VALUES OF Ci, Cy, AND N/L (RIGHT AILERON_UP, LEFT
AILERON DOWN)

REPORT NATIONAL ADVISORY COMMITTER FOR AERONAUTICS

[Varying ohord of afleron. Angls of plich of airplane, +-14%; angle of attack of wing, --16°; angle of yaw, 0°; angle of rolt, 0°]
[NOTE.—N/L=0.417 Cx/Ct]

AILERON SPAN, 20 INCHES (67 PER CENT OF WING SEMISPAN)

TABLE XVI—TU. 8. A. 27 WING SECTION—L

ATLERON CHORD, 1.5 INOHES
(I8 PER CENT OF WING CHORD)

AILERON OHORD, 2 INCEES
(0 PER CENT OF WING CHORD)

LS Cu Cx NIL & Cu Cx NIL
o 0 [] o ] []

4° +.0123 —. 00586 —0. 186 £° +.0170 —. 0000 =0, 147
8° .0238 —. 0120 253 8° 0810 -—. 0194 -, 167
12° .0318 -, 0178 - 35 12¢ 0418 -. 0108 -—. 198
16° 0353 -—. 0220 . 383 16° . 0500 -, 0257 — 214
20° 0430 -, (235 228 | 20 0870 -—. 0810 - 237
e . 0463 —.0248 —. 338 e .0638 —. 0345 - 229
n° . 0502 —. 0357 —. 213 3° 0878 —. 0374 - 21
38° 053 ~.098 | -—.200 2° 0710 —, 0384 -. 908
w° .0078 - 0371 -, 197 ° . 0700 —. 0380 -—. 28
40° .0613 —, 0383 —. 192 “* . 0780 -, 0378 -, 207
“u° . 0655 -, 0308 - 104 4“* .0815 ~, 0368 -, 187

AILERO

N OHORD, 8 INOHES AILERON CHORD, 3.5 INCHES

(0 PER OENT OF WING OHORD) | (3§ PER CENT OF WING CHORD)
& Ci Cx NIL 3 Cr ‘Cx ML
(24 1] 0 o 0 0

9 +.0100 —. 0107 4 +.0178 —.0102 | —0.244
8° . 0300 —. 0303 25 8° 058 —. 0308 —. 230
e 0501 —. 0209 1° .0803 —. 0308 —. 330
1g° .0027 ] -3 | 16° . 0002 —. 0360 -7
x° 0741 —.0993 xr . 0810 ~. 0335 —. 198
M .0853 —. 0398 - 105 | W .0018 - 0204 —.178
2° 03068 —. (383 —. 188 | B . 0062 —. 0400 —.174
8%° . 0038 —. 0380 -171 | 32° . 1007 —. 0205 - 104
30° 0078 —. 0570 —.18 | s6° <1045 —. 0000 —. 158
40° . 1037 —. 0868 — 48 | 40° . 1083 —. 0370 —-.142
H“4° 1078 —. 0340 132 | «° 1118 —. (850 —.131

COMBINED
EFT AILERON DOWN)

VALUES OF C., Cy, AND N/L (RIGHT AILERON UP,

[Varying span of afleron. Angls of pitoh of alrplane, --12° angle of attack of wing, -}-18% angle of yaw, 0% angle of roll, 0°]
[NoTe.,~NJL=0.417 Cx/C1]

AILERON CHORD, 2.5 INCHES (25 PER CENT OF WING CHORD)

ATLERON EPAN, 10 INCHES ATLERON SPAN, 15 INCHES AILERON SPAN, %0 INCHES (&7
PER OENT OF WING BEMISP PER CENT OF WING SEMIBP. PER CENT OF WING SEMISPA
[ 5 Cs Cx NIL [ [+3 Cx N|L [ Ct Cx NIL
0 0 0 0° 0 o e 0
©| +.0087| -—.000 85| 4| .01 —.0000[ 0.305| 4°] +.000e] —.omwe|[ —0/i7
g 0108 —oi3s| —8%0| &° 0107 —0mBg| —388| s° 08| —se)] —4M
e 7| —oma| —7| 190 o8l —oamr| —ad| 1 o8| —lose2| -3
18° o8 | —lomwm| —ame| 1s° o —oe | —.30| ot s —oam| —ue
20° 03| —oMs| —am| 2° oar! —os —310} 200 oz | —osrs | —au
e 0680 | —ozro| —aa5| e om0z | —oam| —ses| e oms |  —od12]| —3m
° 0488 | —.0283| —.981| 28° 0817 |  —.ca%s| —.2e3| /° 0530 | —.0d88 | —.384
330 068 | —w0| —.3e0| 8 0830| —osM| —%00| 080 | —oams| —328
° 00| —o387| —.944| %e° 050 | —.0e0| -—.268] 3° 0%0 | —.04l0| —.200
@ o515 —.o288| —.3;| e o8| —am | —e ) an 0045 | —o0610| —2m5
“° OR8] —oss| —;| «° Oom| —| —mMe! & g | o0 | —~2m




HEFFECT OF VARIATION OF CHORD AND SFAN OF ATRLERONB
TABLE XVII—CLARE Y WING SECTION—Cr AND Cx FOR ONE AILERON

[Nore.—The valnes refer o elther cight or left afleron, the signs refer to the right afieron}
AILERON SPAN, 20 INCHES (67 PER CENT OF WING SEMISPAN)

[Aflercn set at 20°. Angle of yaw, 0% angle of rall, 0]

Afleron chord, 2 inches (20 par cent of wing chord)

Aflgron up Afleron down
A Cu Cx " : a | o
; ]
i 8 | +o.0600 | —o.0008 | &° , —oms | 0.7
| e m | —omo | 1 | —om . 0200
x° o | —ooss | 0 | —.00%0 02
2° oss [ —oom | %* | —oom ‘o133
we | o | a0 — 00 ~mor

Afleron up Afleron down
da Cr Cr & Ci Cx
8° 040 0038 8* ~0. 0350 0305
we | Pl | 0l | o | e | ThRm
e .0289 —. 0145 0* - 0077 -0y
ag° 0187 —. 0088 80° —. 0087 0240
40° 0124 —.0110 | 40° e 0282
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