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AN INVESTIGATION AT LOW SPEED OF A 51.30 SWEPTBACK
SEMISPAN WING EQUIPPED WITH 16.T7~—PERCENT—CHORD
PLATN FLAPS AND ATLERONS HAVING VARIOUS
SPANS AND THREE TRATILING—EDGE ANGLES

By Jack Fischel and Leslie E. Schneiter
SUMMARY

A wind~tunnel investigation was performed at low speed to determine
the aerodynamic characteristics of a 51.3° sweptback semispan wing
equipped with 16.T7-percent—chord plain flaps and ailerons having various
spans and spanwise locations, and with one span of aileron having trailing—
edge angles of 6°, 14°, and 25°. Lift, drag, pitching-moment, and flap
hinge-moment data were obtained for the wing equipped with several spans of
sealed and unsealed flaps deflected up to 60°, and rolling-moment, yawing—
moment, hinge—moment, and aileron—seal—pressure data were obtained for the
various combinastions of aileron span and trailing—edge angles. In addition,
the wing aerodynamic characteristics were determined for a spoiler—type
alleron configuration having a span of 60 percent of the wing semispan and
a projection of 5—percent wing chord in conjunction with a 92.5—percent—
gpan flap deflected 0°, 30°, and 60°,

The results indicate, in general, that changes in the wing angle of
attack, flap deflection, flap span, or flap spanwise location produced
trends in the wing 1ift, drag, pitching-moment, and flap hinge—moment
characteristics that were similar to, but of different magnitude from,
the trends produced on unswept wings, except possibly at large angles of
attack near the wing stall. Also, changes in the wing angle of attack,
aileron deflection, aileron span, or alleron gpanwise location generally
produced effects on the swept—wing lateral—control characteristics that
were similar in trend to, but differing in magnitude from, the corresponding
effects produced on unswept wings. Notably, the data indicated that a
given percent—span aileron would be most effective in producing roll when
it spans the center portion of the wing semispan.

At values of wing angle of attack below approximately 14°, the rolling
moment produced by the spoiler—eileron configuration generally increased
with increase in the angle of attack, and the yawing moment was favorable;
also, in this angle—of—attack range, the spoiler aileron generally produced
larger rolling moments with flap deflected than with flap undeflected.

RESTRICTED



2 NACA RM No, L8H20
INTRODUCTION

The plain—flap type of control device is being considered and
incorporated in the design of high—speed aircraft having swept wings.
The design engineer on such aircraft is greatly hampered, however, by
a lack of data upon which to base estimates of the various 1lift and
lateral—control design parameters. In order to help alleviate this
difficulty, the National Advigory Committee for Aeronautics 1s currently
investigating flap—type controls on swept wings with the ultimate obJjective
of obtaining flap and aileron design criterions similar to thoge available
on unswept wings (references 1 to 6).

The data presented and discussed herein are the results of a low—
speed 1ift and lateral—control investigation of 16.7-percent—chord plain
flaps and ailerons having various spans, spanwise locations, and trailing—
edge angles on a tapered low—drag semispan wing having a leading-edge sweep
angle of 51.30. The present investigation, which was performed in the
Langley 300 MPH 7— by 10—foot tunnel, is an extension of the investigation
reported in reference 7. The model used in the present investigation and
that reported in reference 7 were essentially the same, differing only in
the plan form of the wing tip. The characteristics of the wing in pitch
were determined through a large angle—of-ettack range for various flap
deflections with the flaps sealed and unsealed. Rolling-moment, yawing—
moment, hinge-moment and internal-seal—-pressure characteristics of the
various span ailerons were determined for a large range of aileron
deflections and angles of attack with the allerons sealed. The effect
of aileron—end treatment (inboard end of aileron cut off parallel to the
plane of symmetry rather than normal to the aileron hinge axis) on the
lateral control and hinge—moment characteristics of one of the aileron
configurations was also investigated. In addition, the lateral—control
effectiveness of & spoiler configuration (previously developed on another
sweptback wing, reference 8), investigated in conjunction with a full-—
span plain unsealed flap deflected various amounts, was determined.

Included herein is a comparison between the aerodynemic and lateral
control characteristics of the subJject wing and the raked—tip wing of
reference 7.

SYMBOLS

The forces and moments measured on the wing are presented about the
wind axes, which, for the conditions of these tests (zero yaw), correspond
to the stability axes. The X—exis is in the plane of symmetry of the
model and is parallel to the tunnel free—stream air flow. The Z-axis is
in the plane of gymmetry of the model and is perpendicular to the X—exis.
The Y—exis is perpendicular to both the X— and Z—exes. All three axes
intergsect at the intersection of the chord plane snd the plane of gymmetry
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} s of the model at the chordwise location shown in figure 1. This position
corresponds to the aerodynamic center of the plain wing and is located
r at 29.9 percent of the mean aerodynamic chord.
o T T <Twice 1ift ogssemispan model>
} ACT, increment of 1lift coefficient
Cp drag coefficient (D/qS)
Cm pitching-moment coefficient
<Twice pitching moment of semispan model about Y—axis\
€ qST /
ACy increment of pitching—ioment coefficient
Cy rolling-moment coefficient (L/qSb)
J B yawing-moment coefficient (N/qSb)
. Ch flap or aileron hinge—moment coefficient (H/EqM)
| . 12 seal—-pressure coefficient :
J Pregsure below aileron seal — Pressure above aileron sea
| q
‘ D twice drag of semispan model, pounds
L rolling moment, resulting from aileron deflection or spoiler

projJection, about X—exis, foot—pounds

N yewing moment, resulting from aileron deflection or spoiler
projection, about Z—exis, foot—pounds

H flap or aileron hinge moment, foot—pounds
M area—moment of flap or alleron rearward of and about the
hinge axis, cubic feet (see table I)
q free—stream dynamic pressure, pounds per square foot <%0V2>
{ B S twice area of semispen wing model, 18.90 square feet
b twice span of semispan model, 8.05 feet

} 1 A aspect ratio of wing, 3.43 (p2/3)
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wing mean aerodynamic chord (M.A.C.),

b/2
2.49 feet § c2 ay
0

c local wing chord, feet

al

distance along X—exis from leading edge of root chord to
leading edge of mean aerodynamic chord,

[l

/2
2.20 feet % cx dy
0

y lateral distance from plane of symmetry, measured parallel
to Y-exis, feet

X longitudinal distance from leading edge of wing root chord
to wing leading edge at any spanwise station, measured
parallel to X—exis, feet

be span of flap, measured parallel to Y—exis, feet

by : span of alleron, measured parallel to Y-exis, feet

) free—stream velocity, feet per second

o] mags density of air, slugs per cubic foot

a angle of attack of wing with respect to chord plane at

root of model, degrees

B¢ flap deflection relative to wing chord plane, measured
perpendicular to flap hinge axis (positive when
trailing edge is down), degrees

alleron deflection relative to wing chord plane, measured

a
perpendicular to aileron hinge axis (positive when
trailing edge is down), degrees

¢ flap or aileron trailing—edge angle, measured in a plane
approximately perpendicular to flap or aileron hinge
axis, degrees

A wing sweep angle, angle between wing leading edge and a
line parallel to Y-exis, degrees

Czﬂﬁa rolling-moment coefficient produced by 1° differehce in

angle of attack of various right and left portions of a
complete wing (reference 5)
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Aa/ﬁ& effective change in the angle of attack over the flapped
portion of a wing produced by a unit change in flap
deflection

o <aCh>

hd' Ba, bl
e S
2 0% .
a’q The subscripts 8, and « indicate the factor held
3 > constant. All glopes were measured in the vicinity
Cya < CZ> of 8, = 0° and a = 0°.
Og 8,
oP
PSa = [ &—
s ) :

Subscripts:

i inboard

o] outboard

3 flap

a aileron

max max imum

The subscripts 1 to 5 have been used with the seal—pressure
coefficient P to indicate the spanwise station at which the pressure
coefficient was measured. (See fig. 2.)

The 1ift, drag, and pitching-moment coefficient data presented
herein represent the aerodynamic effects of deflection in the same
direction of the flaps or spoiler on both sgemispans of the complete wing.
The rolling-moment and yawing-moment coefficient data represent the
aerodynamic moments on a complete wing produced by the deflection of the
aileron (or projection of a spoiler) on only one semispan of the complete

wing.

CORRECTIONS

A1l the test data have been corrected for Jet—boundary and reflection—
plane effects. Blockage corrections, to account for the constriction
effects produced by the wing model and wing wake, have also been applied
to the test data.
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No corrections have been applied to the data to account for the small
amount of wing twist produced by aileron deflection or the tare effects of
the root—falring body.

APPARATUS AND MODEL

The semigpan—sweptback-wing model was mounted vertically in the
Langley 300 MPH 7— by 10—foot, tunnel, as shown in figure 3. The root chord
of the model was adjacent to the ceiling of the tunnel which served as a
reflection plane. The model was mounted on the six—component balance
syetem in such a manner that all forces and moments acting on the model
could be measured. A small clearance was maintained betwsen the model
and the tunnel ceiling so that no part of the model came in contact with
the tunnel structure. A root fairing, consisting of a body of revolution,
was attached to the root of the model in order to deflect the spanwise
flow of air that enters the tunnel test section through the clearance
hole between the model and the tunnel ceiling,

The model was constructed of laminated mahogany over a welded steel
framework to the plan—form dimensions shown in figure 1. The model was
sweptback 51.3° at the leading edge, had an aspect ratio of 3.43 and a
taper ratio of 0.4k4, and had neither twist nor dihedral. The wing
gections normal to the 50—percent—chord line of the wing when in the
unswept condition were NACA 65-012., Transition was fixed at the leading
edge of the wing in order to duplicate more nearly full—scale conditions.
The transition strip, consisting of No. 60 carborundum grains, extended
over the forward 5 percent of the wing chord on both the upper and the
lower surfaces along the entire span of the wing model. The carborundum
grains were sparsely spread to cover from 5 to 10 percent of thils area.

The semispan-wing model was equipped with plain radius-—nose control
gsurfaces (which were used either as lift—flaps or ailerons) that were
20 percent chord normal to the 50—percent—chord line of the wing when
in the unswept condition and 16.7 percent chord parallel to the plane of
gymmetry of the swept wing, The flaps or allerons were constructed
sround steel spars with Joints (cut normal to the hinge axis) at
three spanwlse gtations so that various spans of flap or aileron, occupying
various spanwise locations, could be obtained (fig. 1 and table I). The

modified plan form of the O.hOh% outboard aileron (table I) had the

1nboard end of the aileron cut parallel to the plane of symmetry (fig. 4.
The three mahogany flap and aileron profiles used had trailing-edge angles
(in & plane approximately normal to the hinge axis) of 6° (true contour of
trailing edge of NACA 65-012 airfoil), 14° (straight sides from hinge line
to tralling edge of wing), and 25° (beveled trailing edge), and were built
to the sections shown in figure 5. Except as noted, the various 1ift
flaps did not have a seal across the gap ahead of the flap nose, whereas
the various ailerons were sealed. The seal consisted of a plastic
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impregnated cloth attached to both the wing and the control surface,
across the gap ahead of the control—gsurface nose, except at the point of
attachment of the flap or aileron actuating mechanism and at the control—
surface support bearings. The seal extended and was attached to the
bearing housing at the end of each flap or aileron chamber, and it is
believed that the seal in each chamber was fairly complete. Pressure
orifices were located above and below the seal in the wing block ahead
of the alleron at the spanwise locations shown in figure 2. Two pairs
of pressure orifices were located in each of the two center aileron
gsections, whereas only one pair of orifices was located in the inboard
alleron section.

The spoiller-eileron configuration consisted of six spoiler segments,
each having a span of o.1o% and a proJection of 0.05c, attached to the

upper surface of the wing in a stepped fashion with the span of each
gsegment normal to the plane of symmetry (fig. 6). The midpoint of each
spoiler segment was on the 0.70c line of the wing end the spoiler

b b
extended from 0.202 to O.80§.

A remotely controlled motor—driven flap—ectuating mechanism was
used to obtain the various flap and aileron deflections employed in the
investigation. The control-sgurface deflections were constantly indicated
on a meter by the use of a calibrated potentiometer which was mounted on
the hinge axis near the outboard end of the aileron. A calibrated
electrical resistance—type strain gage was employed to measure the flap
and aileron hinge moments.

TESTS

All the tests were performed at an average dynamic pressure of
approximately 20.5 pounds per square foot, which corresponds to a Mach
number of 0.12 and a Reynolds number of 2,200,000 based on the wing mean
aerodynamic chord of 2.49 feet.

Wing angle—of-attack tests with the unsealed flaps deflected various
amounts from 00 to 60° were made through an angle—of-ettack rangs from —10°
to the wing stall angle, whereas corresponding tests with the sealed flaps
at zero deflection were generally made through an angle—of-attack range
from —10° to 10°. Additional 1ift, drag, pitching-moment, and hinge—
moment coefficient data presented herein, for both the retracted and
deflected conditions of the sealed flaps, were obtained in the course of
obtalning the lateral—control—test data.

Lateral—control tests, with the various span ailerons having the
various trailing—edge angles, generally were performed through an aileron-
deflection range from —30° to 30° at constant angles of attack ranging
from —4° to 28° in 4° increments.
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Tests of the spoiler configuration were performed through an angle—
of-attack range from —10° to the wing stall angle with the maximum span

ungealed flap (ff = O.925%> deflected 0°, 30°, and 60°.

RESULTS AND DISCUSSION

Wing Aerodynamic Characteristics

The static aerodynamic characteristics of the wing in pitch for several
deflectiong of 0.521% and 0.925% unsealed inboard flaps are presented in

figure 7, and corresponding data for several deflections of sealed flaps
heving various spans and spanwise locations are presented in figures 8

and 9. The incremental values of 1ift coefficient and pitching—moment
coefficient resulting from flap deflection are shown in figures 10 and 11,
respectively, for the flaps in both the unsealed and sealed conditions.

In addition, the effects of flap span and spanwise location on the values
of 1ift coefficient and pitching-moment coefficient obtained on the subject
wing with the sealed flaps deflected 300 are shown in the summary figures
presented as figures 12 and 13.

Lift characteristics.— The data presented 1in figures 7 to 10 and 12
show that increase in either the flap span or the flap deflection, within
the range investigated, generally resulted in an increase in the 1lift at
any given angle of attack and also in the maximum 1ift obtainable. The
incremental 1ift produced by unit flap deflection tended to decrease as
the flap deflection or the angle of attack increased and was generally
larger st a = 0° than at other angles of attack.

The values of ACL obtained with the 0.5212 and 0.925% unsealed

flaps deflected 60° were, respectively, approximately 0.33 and 0.43
at a = 0°, approximately 0.29 and 0.35 at a = 12°, and approxi—
mately 0.07 and 0.21 at Cg (figs. 7 and 10). The low value

of ACT shown here for the 0.521% flap as compared to the
value of AC; for the 0.925% flap has been noted previously in

other investigations of partial—span and full—span flaps on swept—
back wings and is thought to be associated with a premature stall
occurring over the inboard portion of the wing when a trailing—

edge flap is deflected. This phenomenon is more clearly illustrated
by a comparison of the lift curves of figures 7 to 9, which reveals
that the values of ACy, tend to decrease more rapidly for inboard
flaps than for outboard or full—span flaps, as the wing stalil is
approached. The decrease in the values of AC; produced by given

flap deflections as o increased (figs. 7 to 10) was also noted in the
swept—wing investigation reported in reference 7, but was not noted in
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the investigations of unswept wings reported in references 1 and 2, and
is therefore thought to be a phenomenon associated with sweptback wings.
The data presented herein were obtained at a moderately low value of
Reynolds number; however, the results of other wind—tunnel investigations
have indicated that the rate of increase of (g with Reynoldsg number

is less for sweptback wings than for unswept wings in the critical range
of Reynolds number snd is almost negligible when transition i1s fixed on
the wing leading edge.

In addition to the increase in wing 1ift with flap span previocusly
noted, figures 8, 9, and 12 also show that, at angles of attack below that
for. COr , the 1ift effectiveness of a given percent—span outboard flap

was less than that of a corresponding percent—span inboard flap. This 1s

in excess of the effect that could be attributed to the larger ratio of

flap area to wing area obtained with inboard flaps than with outboard flaps
and agrees with corresponding results obtained on unswept wings (referencea 1
to 3) and with the results obtained in the swept—wing investigation reported
in reference 7. It will be noted that with the flap sealed, the ratio of

Lno 0
ACLbf:O.521§rACLbf=o_925% is almost constant at a« = 0°, 129, and

at Cg (figs. 8 and 10), but with the flap unsealed, this ratio is

almost constant only at o = 0° and 12° (figs. 7 and 10). Moreover,
a comparison of the 1ift data of figures 7, 8, and 10 shows that, at
angles of attack pelow that for Cg , the values of AC;, obtained

with flaps sealed or unsealed were generally quite similar (£1g. lO),
thereby indicating that the bemeficlal effects on AC; of sealing the
flap obtalned In previous investigations on unswept wings were not
obtalned on the subJject wing,

Drag characteristics.— Increase in the flap span or the flap
deflection of either the sealed or unsealed flaps generally produced
larger values of drag coefficient at low given values of Cy and
smaller values of drag coefficient at high given values of Cg,

(figs. 7 to 9). A comparison of the 1lift—drag ratios L/D obtained

at the various flap deflections indicates that at values of C; above
approximately 0.6, a flap deflection of 30° provides almost the optimm
value of L/D, and any increase In flap deflection does not improve
this ratio, although it does increase the 1lift coefficient (fig. 7).
Because of the importance of the L/D ratio for take—off and landing
(as well as for cruising flight), and because of the increase in
pitching moment with flap deflection (as will be discussed in the
following section) it may be advantageous to limit the flap deflection
to a moderate value on sweptback wings.

Sealing the flap produced no significant changes in the values of
drag coefficient at given values of 1ift coefficlent for a given percent-
span flep (figs. 7 and 8).
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Pitching-moment characteristics.— At values of 1lift coefficient

above approximately 0.65, the subject wing had an unstable variation

of pitching-moment coefficient with 1ift coefficient regardless of the
flap span, flap deflection, or the condition of the flap—nose seal

(figs. 7 to 9). Increase in either the flap span or the flap deflection
generally produced negative increments of pitching-moment coefficient ACH
over the entire lift—coefficient range (figs. T, 8, and 11). The values
of ACp reflected only a small effect of sealing the flap at large flap
deflections, but sealing the flap produced about 20 percent less negative
values of AC, for the 0.9252 flap at low flap deflections. The values
of ACp obtained at o = 0° varied almost linearly with flap deflection
at values of 5¢ between 0° and 30° (fig. 11), although the variation of
pitching-moment coefficient with flap deflection Cm6 tended to decrease

as the flap deflection increased (figs. 7 and 8). For outboard flaps, or

flaps having their outboard end at 0.9902, the data of figures 9 and 13

indicate that a nonlinear variation of Cp with flap span exists and
that, for a given percent—span flap, AC, was largest for a flap located
over the center portion or the outboard portion of the wing and was
almost negligible for a short—span flap spanning the inboard portion

of the wing. Almost similar trends are shown by the variation of Cmsf

with flap span, although such data are not presented herein. Thig effect
is associated with the longitudinal distance rearward of the aerodynamic
center of the loading produced by flaps on swept wings.

Flap hinge—moment characterigstics.— As would normally be anticipated,
the hinge—moment data of figures 7 to 9 show that the values of the flap
hinge—moment coefficient became more negative with increase in the 1lift
coefficient (or the angle of attack) of the wing, and also with increase
in the flap deflection. Only slight, and in some cases, inconsistent
effects on the values of hinge-moment coefficlent were produced by
increasing the flap span, varying the spanwise position of the flaps, or
sealing the flaps.

In general, changes in the wing angle of attack, flap deflection,
flap span, or flap spanwise location, produced trends in the swept—wing
1lift, drag, pitching-moment, and flap hinge—moment characteristics that
were similar to, but of different magnitude from, the trends produced on
unswept wings, except possibily at large angles of attack near the wing
stall.

Aileron—Control Characteristics

The variation of the aileron lateral control characteristics with
alleron deflection or wing angle of attack for each of the combinations
of aileron span and trailing—edge angle investigated is presented in
figures 14 to 21. The lateral—control parameters CZB&’ Chﬁa’ and Cp ,

determined from the data in figures 14 to 17, 20, and 21 (for ailerons
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having y. = 0.9902), are shown plotted against the position of the

Inboard end of the alleron in figure 22 and against aileron trailing—
edge angle In figure 23. A summary chart, presenting the values of the
aforementioned lateral-control parasmeters and the values of the seal—
pregsure parameter Psa obtained with each of the aileron combinations

tested, as well as the values of the total rolling-moment coefficient
produced by #30° deflection of each alleron, 1s given in table II.

Rolling-moment characteristics.— The data of figures 14 to 21 show
that the curves of roiiing—mcment coefficient agalnst alleron deflection
for a given alleron configuration are fairly linear and are almost
ldentical for values of a at and below 8.3°, but that these curves
generally become less linear and the values of C; at given aileron
deflections decrease with increase in a above 8.3°. The magnitude
of the reduction in C; (as a increased) appeared to increase as
the span of an aileron having Yog = 0.990% (outboard ailerons)
increased, and is particularly large for the 0.513% (center—span)
and O.SElﬁ (inboard) ailerons. This phenomenon is thought to be
associateg with the premature stall that occurred when control surfaces
were used on the inboard portion of the wing (mee fige. 7 to 9) and
indicates that an aileron on the subJject wing would retain the greater
part of its effectiveness through the a range when it is located
near the wing tip.

Ag an indication of the maximum rolling effectiveness of the
allerons, agsuming an aileron system with no differential linkage, the
values of the total rolling-moment coefficient for *30° gileron deflec—
tion at constant values of « - have been computed for each of the aileron
arrangements investigated and are listed in table II. Because the trends
exhibited by these values of total C; for &g = £30° are similar to

the trends exhibited by the values of the aileron—effectiveness
parameter Cla for each of the ailleron arrangements, only the variations
a

of the parameter 015 with aileron span, spanwise location, and trailing-

a
edge angle will be dealt with in the following discussion of rolling—
moment characteristics.

The variation of the alleron—effectiveness parameter 015 with
the position of the inboard end of the aileron, for ailerons
having" ¢a = 14° ana T = 0.990% and with aileron trailing-edge
angle, for outboard ailerons of O.hohg3 is shown in figures 22 and 23,
respectively. As would be normally anticipated, 018 increased with

increasing aileron span and decreased with increasing&aileron trailing—
edge angle. (Corresponding effects have been determined previously on
unswept wings (reference 4).) The variation of Cy5. With aileron

8,
gpan was nonlineer, and the data of figure 22 and table II indicate that
a given percent—span alleron would be most effective when spanning the
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center portion of the wing semispan and least effective when gpanning the -
inboard portion of the wing semispan. A comparison of the values

of Cza measured with the 0.513% center—span alleron and with
a
the 0.521% inboard aileron (table II) with the values of Cyy
a

estimated for these ailerons from the Ci;5  curve of figure 22
a

obtained from figure 22 by taking the difference between the values
of Cy5  at the inboard and outboard ends of each alleron. Because of
a

thisg excellent agreement between the measured and egtimated values
of Czﬁa’ it 1s indicated that the 0163 curve of figure 22 could be

used to estimate accurately the alleron—effectiveness parameters of
allerons spanning various portions of the wing semispan on wings having
plan forms similar to the wing investigated.

In the investigation reported in reference 9, the subject data and
date obtained in other investigations have been analyzed and a method of
computing control parameters for sweptback wings has been developed, .

|
|
|
|
!
|
|
\
\
!
r
|
!
|
\
|
|
r
indicates excellent agreement. The estimated values of CZS were

a

|
|
\
\
|
\
\
|
{
|
r
|
/
[
which, for the subject wing, is represented by the relationship |

Cy =

21 Aq 2n
8, ~ Ba b5 °°°

The varlation of C1s_~ With alleron span calculated from this relation—
a

=)

|
|
\
|
|
|
|
gship is shown in figure 22. The variation of Czﬁﬁa with aileron span
| uged in these calculations was obtained from reference 5 for a wing of
| aspect ratio 6 and a taper ratio of 0.5; these values approximately
| correspond to the gecmetric characteristics for the wing of the present
’ paper when it i1s unswept. A value of 0.4} was used for Aa/AS which
| corresponds to the value for a sealed aileron of 0.20c (normsl or
| approximately normal to the hinge line). The theoretical curve of Clg
a
|
|
|
|

| is in excellent agreement with the experimentally determined curve (as
was shown in reference 9), except for short—span aillerons located near the
wing tip, where the experimentally determined curve provides slightly
smaller values of 016 s

a

Yawing—moment characteristics.— The total yawlng—moment coefficient

|
|
|
resulting from equal up and down deflection of the ailerons was generally ’
adverse (sign of yawing moment opposite to sign of rolling moment) for
|
|
|
|
\
\

all combinations of aileron span and trailing—edge angles tested (figs. 1k

to 21). The magnitude of the adverse yawing-moment coefficient increased "
as the angle of attack increased, in one case becoming as much as

8Lk percent of the total rolling—moment coefficient. The ratio of adverse

yawing moment to rolling moment was considerably larger for the subject
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wing than the corresponding ratio obtained for unswept wings. Reference 10
indicates that these large adverse yawing moments would tend to reduce the
rolling power of the allerons and that these adverse yawing moments, when
coupled with the low aileron effectiveness encountered at high values of
1ift coefficient and/or low airplane directional stability, may be quite
deleterious. As would be expected, the yawing moment produced by any

glven equal up and down deflection of the aillerons increased with
increasing alleron span. Variatlion of the ailleron trailing—edge angle
caused no pignificant changes in the yawing moments produced by

the O.hOh% outboard aileron (figs. 16, 20, and 21).

From considerations of elther the total yawing moment or the ratio
of yawing moment to rolling moment, there appears to be no advantage t0
be galned in the use of ailerons spanning the center portion or the

inboard portion of the wing semispan. The center—span aileron (0.5138),

while producing more rolling moment, also produced more adverse yawing
moment than would probably be produced by a comparable span alleron
located at the wing tlp; however, the ratio of yawing moment to rolling
moment was almost ldentical for all configurations.

Ailleron hinge-moment characteristics.— Hinge-moment—coefficient data

obtained on the various spans of aileron (figs. 1% to 21) show that the
values of the hinge—moment coefficilent Cys, &at glven aileron deflections,

generally became more negatlive as the wing angle of attack increased. The
data also show that a fairly linear variation of Cp with &g was

obtained for the 0.925% aileron at low angles of attack. The variation
of Cp with Bg, for the up—going aileron, generally beceme less as

the value of a increased, as the alleron span of outboard silerons
decreased and, for the 0.%04% outboard allerons, as the alleron trailing—
edge angle increased.

The values of the aileron hinge—moment parameters Chu and Ch8
a

were only slightly affected by changes in the span or spanwise location

of the aillerons (fig. 22 and table II). For allerons having Jag = 0.990%
and @, = 14°, Cp,  and Cha exhibited a slight shift toward more

negative values as the aileron span was lncreased, and for the O. 5l3§ center—

gpan alleron and the 0.5212 inboard aileron as well as for the O.h0h§ out—

board aileron, the data indicated a slight shift toward more negative
values of both ChCL and Ch&a when the spanwise position of the aileron

was moved inboard. In addition, for outboard ailerons of O, hOh— Chy,
and Cps, exhibited large changes toward less negative (or more positive)

values a8 the aileron trailing—edge angle was increased (fig. 23). Corre—
sponding effects on the values of Cha and ChSa produced by change in
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aileron trailing-edge angle have been noted previously in other investi-—
gations on swept and unswept wings (references 7 and k4, respectively).

Internal seal—pressure characteristics.— The internal seal—pressure
data obtained on the various span ailerons having a trailing-edge angle
of 140 (figs. 14 to 19 and table II) show that the most linear variation
of P with B8, end the highest value of P at any given value of 84

were invariably obtained on each alleron at the spanwise station located
nearest the inboard end of the aileron. In addition, for each span of
aileron, the values of P for given aileron deflections and the values
of Pga generally decreased in proceeding from the inboard pressure—

orifice stations to the outboard stations. Increasing the wing angle of
attack had an inconsistent effect upon Psa but generally produced a

shift of the pressure curves toward more positive values of pressure
coefficient. For a constant aileron span (ba = O.hOhB), increasing the

aileron trailing—edge angle generally produced slightly smaller values
of Py, and produced only negligible changes in the values of P at

given aileron deflections (figs. 16, 20, and 21 and table II).

The seal—-pressure data indicate, in general, that sealed internal

balances will provide hinge—moment balancing effects on a highly sweptback

wing through a moderate aileron—deflection range and a large angle—of-—
attack range up to and through the angle of wing stall. Calculations of
the balancing moments of various sizes of sealed internal balance made by
the methods and data presented in reference 11 and the data presented in
the present paper showed that an internal balance which would permit

1000 gileron deflection on the wing investigated would provide considerable

balancing effects through the wing angle—of-ettack range; however, this

would algso limit the rolling power of the ailerons, which may be serious at

low speeds. In order to increase the deflection range of the allerons
gbove ¥20°, and thereby the available rolling moment, the size of the
overhanging balance would necessarily be shortened with an accompanying
loss in available balancing power of the internal balance.

Characteristics of the modified O.hOh% aileron.— As has been previously

noted, and as shown in figure 1, the allerons tested in the main part of
this investigation were formed by segments the ends of which, with the

exception of the ends at the 0.065% and 0.9903 stations, were cut

perpendicular to the alleron hinge line. In order to determine the
effects of aileron end treatment or changeg in ailleron plan form on
aileron control characteristics, the O.hOhg outboard aileron having a

trailing—edge angle of 6° was modified by cutting the inboard end of the
aileron parallel to the plane of symmetry (fig. 4). A comparison of the
data for the modified aileron configuration with that of the original
sileron configuration (figs. 2% and 25 and table II) shows that the
modification resulted in approximately & 9—percent reduction in the
rolling power of the aileron, no notable change in the yawing-moment
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characteristics, and a negligible reduction in the value of the hinge—
moment, parameter Cha' The main effect of the modification was a

reduction in the variation of hinge moment over the ailleron deflection
range; this reduction amounted to approximately 55 percent in the value
of Ch6 v

a

Spoiler Control Characteristics

The aerodynemic and lateral control characteristics of the wing
equipped with the spoiler configuration shown in figure 6 and with

the 0.925% unsealed flap deflected 0°, 30°, and 60° are shown in

figure 26. As has been previously noted, the spoiler configuration
used for these tests 1s similar to one of the more satisfactory
configurations developed in the investigation reported in reference 8.

A comparison of the asrodynemic characteristics of the flapped
wing—spoiler configuration with the characteristics of the plain flapped
wing (fig. 7(b)) shows that the addition of the spoiler configuration on
both semispans of the complete swept wing (for possible use as a speed
breke or a glide—path control) generally produced the same effects on
the values of Cy, Cp, Cp, and Cy at values of a below approxi—
mately 16° as are produced on unswept wings. Addition of the spoiler
configuration to the swept wing reduced the values of C over the
entire angle—of-attack range; in addition, the values of Cp were
increased, and the values of Cp and Cp generally became more
positive (or less negative) at low angles of attack, and opposite trends
were exhiblited by these coefficients at large angles of attack. The
gpoiler configuration produced only small changes in the incremental
values of Cy, Cp, Cp, and Cp resulting from deflection of the flap.

The varlation of spoiler—aileron rolling-moment coefficient with
angle of attack was irregular for all three flap deflections; the values
of C; generally increased with increase in a at values of a below
approximately 14° and tended to decrease with.increase in a above
a = 149, Except in the high angle—of-attack range, the values of C3

produced by spoiler projection generally were greatest with the flap
deflected. The yawing-moment coefficients produced by spoiler projec—
tion were favorable over most of the angle—of-attack range but became
adverse at angles of attack greater than approximately 12°.

It is rather difficult to make a direct comparigon between the
relative effectiveness of the one spoiler configuration investigated
and the effectiveness of the ailerons investigated, principally because
the spoiler was tested at only one projection and the configuration
tested may not be optimum for the subject wing. -However, considering
the variation of the rolling-moment characteristics over the projection
range of this spoiler configuration on another wing (reference 8) —
which would probably be quite similar on the subJject wing — it appears
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that the present spoiler configuration at a maximum projection of
approximately 0.08c would probably provide as much rolling moment

over the angle—of-attack range as the O.MOM% outboard aileron (which

represents a fairly typical aileron configuration) deflected +20°
(to allow for adequate internal balancing). A comparigon of this
nature 1s not complete, however, because the gpoilers exhibited more
favorable yawing-moment characteristics and would have more favorable

stick—force characteristics than the O.hOhg-aileron, particularly at

high speeds. It should be remembered that the comparative analysis of
the effectiveness of the two lateral control devices is based on data
obtained only at low speed and, as such, is not intended to apply in the
transonic speed range wherein wings of this plan form are designed to fly.

Effect of Wing-Tip Shape

Reference 7 presents the results of an investigation, similar to
that reported herein, performed with essentially the same wing model
as the present model, except that the wing model of reference T was
equipped with a raked tip. For purposes of identification, the wing
of reference 7 will be referred to in the ensuing discussion as the
"raked—tip wing" and the wing of the present investigation will be
referred to as the "swept—tip wing."

Comparison of wing aerodynemic characteristics.— The variation of
the wing angle of attack and drag, and pitching-moment coeffilcients with
1ift coefficient for the raked—tip wing with the largest span of flap
tested at 0° and 30° deflections were almost identical to the corre—

gponding characteristics of the swept—tip wing with the 0.925% flap at

similar deflections. This rather complete lack of significant changes
in the wing aerodynamic characteristics as a result of changing the tip
gshape has been noted previously in several unpublighed investigatlons.
This phenomenon, plus the fact that the aspect ratios of the swept—tip
and raked—tip wings under discussion were about the same, leads to the
belief that any major changes in the wing aerodynamic characteristics
resulting from a change in the wing—tip shape are the result of changes
in +he wing aspect ratio. In addition, it is considered somewhat
surprising that the variation of the increment of 1lift coefficient with
flap deflection produced by the largest span flap on the raked—tip wing

was almost in perfect agreement with the results for the 0.925% flap on

+he swept—tip wing, because the ratios of area and span of the largest
gpan flap on the raked—tip wing to the area and span of the raked—tip
wing are smaller than the corresponding ra*ios for the swept—tip wing.

Comparison of aileron lateral control characteristics.— In general,
the Cj3, Cp, Cp, and P data obtained on the swept—tip and raked-—
tip wings were quite similar and exhibited the same trends with change
in aileron deflection and wing angle of attack. Also, in general, the
effect of variation of the wing—tip shape on the variation of the lateral—
control parameters ChSa’ Cha: and Czaa with aileron trailing—edge
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angle and on the variation of Ch8 and Cha with aileron span was

negligible. For any given span of aileron the rolling-effectiveness
parameter 016 for the swept—tip wing was slightly greater than
a

the C15 values for the raked—tip wing. This effect seems logical
a

when one considers the comparative spans and spanwise locations of the
ailerons tested on both wings. From a comparison of these low—speed
data, 1t appears, therefore, that the wing with the swept tip would be
preferred because the wing with this tip has, for equal aspect ratio
and taper ratio, more physical length of trailling edge upon which to
install ailerons and high—1ift devices than the comparable raked—tip
wing, and because it would provide more satisfactory performance (as a
result of its larger area) for an airplane.

CONCLUSIONS

A wind—tunnel Investigation was performed at low speed to determine
the aerodynamic characteristics of a 51.3° sweptback semispan wing
equipped with 16.T7-percent—chord plain flaps and ailerons having various
spans, spanwise locations, and trailing-edge angles. In addition, a
spoller—eileron configuration was tested on the semispan wing in conJjunc—
tion with a 92.5-percent-span flap. The results of the investigation
led to the following conclusions:

1. In general, changes in the wing angle of attack, flap deflection,
flap span, or flap spanwise location produced trends in the swept—wing
1ift, drag, pitching-moment, and flap hinge—moment characteristics that
were similar to, but of different magnitude from, the trends produced
on unswept wings, except possibly at large angles of attack near the
wing stall. In the low and moderate lift—coefficient range, a seal
installed across the 0.5-percent—chord gap ahead of the flap nose
produced no significant changes- in the 1ift, drag, pltching-moment,
and hinge—moment characteristics of the wing obtained with the flap
unsealed.

2. The incremental value of 1ift coefficient AC; obtained
with 52.1-percent span and 92.5—percent span unsealed flaps deflected 60°
were, respectively, approximately 0.33 and 0.43 at zero angle of attack,
approximately 0.29 and 0.35 at an angle of attack of 12°, and approxi—
mately 0.07 and 0.2]1 at maximum 1ift.

3. As would be normally anticipated the effectiveness of the
allerong, as shown by the variation of rolling-moment coefficient with
aileron deflection 015 , 1increased as the aileron span increased and

a

decreased as the trailing—edge angle of a given aileron was increased.
The data indicated that a given percent—span aileron would be most
effective when spanning the center portion of the wing semispan, but
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would retain the greater part of its effectiveness through the angle—
of—-attack range when spanning the outboard portion of the wing semlspan.

4. The total yawing moment, resulting from equal up and down
deflections of the ailerons, was generally adverse for all combinations
of aileron span and trailing-edge angle tested and became more adverse
as the wing angle of attack or the aileron span increased. Variation
of the trailing—edge angle caused no significant changes in the yawing
moments produced by a given span of aileron.

5. The values of the aileron hinge—moment parameters Cha and Ch6
a

were only slightly affected by changes in the span or spanwise location
of the ailerons; Cp  and Cpg exhibited a slight shift toward more
a

negative values as the aileron span was increased toward the wing root

section and as the sgpanwise location of a given span of alleron was

moved inboard. In addition, for a given span of aileron, Cha and Chg
a

exhibited large changes toward less negative (or more positive) values as
the alleron trailing-edge angle was increased.

6. Increase in the wing angle of attack had an inconsistent effect

on the variation of seal—pressure coefficient with aileron deflection P5a

but generally produced a shift of the curves of the pressure coefficient
against aileron deflection toward more positive values of pressure
coefficient. Increase in the aileron tralling—edge angle generally
resulted in glightly smaller values of Pga but had a negligible effect

on the values of pressure coefficient obtained at given aileron deflections.
The seal—pressure data indicate, in general, that sealed internal balances

will provide hinge-moment balancing effects on a highly sweptback wing
through a moderate aileron—deflection range and a large angle—of-attack
range up to and through the angle of wing stall.

7. Data obtained on a 40.4—percent~span outboard aileron modified
by meking the inboard end of the aileron parallel to the plane of
gymmetry (+he original aileron had its inboard end normal to the aileron

hinge line) shows that the only notable changes resulting from the modifi-
cation were an approximately 9—percent reductlion in the rolling effective—

ness of the alleron and a 55—percent reduction in the parameter Ch6 .
a

8. The rolling moment produced by the spoiler—eileron configuration
generally increased with increase in wing angle of attack a at values
of o below approximately 14° and, in this o range, generally was
greater with the flap deflected than with the flap undeflected. Also,
in the aforementioned a range, the spoiler aileron produced favorable

yawing moments.
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- 9. A comparison made between the data obtained on the subject swept
wing and data obtained on a raked—tip version of the subject wing indicated
no major differences existed in the trends and magnitudes of the coef—

o ficients obtained.

Langley Aeronsutical Leboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE T.— DIMENSIONAL CHARACTERISTICS OF THE
VARIOUS 0.167c FLAPS AND ATLERONS TESTED
ON THE 51.3° SWEPTBACK WING
Flap or alleron spanwise location
Flap or M
aileron span Jgy OF Jay Tty O Ta. (£t3)
0.9258 0.0653 0.9902 0.2131
6362 3042 9903 11399
hou% 586% .990% L0637
.173% .817%- .990% .0225
b b b

5217 0655 5865 . 149k
5132 .30&% 8173 L1117k
a.houg .586% .990% .0561

8odified by cutting inboard end of aileron parallel to plane of

gymmetry .
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TABLE II.~ SUMMARY OF THE LATERAL CONTROL CHARACTERISTICS OF 0.167c ATLERONS

OF VARIOUS SPANS ON THE 51.3° SWEPTBACK WING

Aileron g Pﬁa Total C; for &g = #30°
span, ( L ) Claa Chaa Chy
by |\CeE Sta. 1/|Sta. 2|Sta. 3|Sta. 4{Sta. 5|las 0°|a & 8.3% a & 12.5°|a as 20.8°
0.925% 1% |0.00118]—0.0064 |~0.0024|0.025 |0.033 |0.030 |0.033 [0.027 [0.057Tk| 0.0562 | 0.0495 0.0436
686121 1% | .00105| —.0060| —.0015}|-===-- L0833 ] 031 | '.033 | 08T |- .0514 0503 LOL1k L0417
.ho)ﬂe-’ 14 | .00057| —.0057| —.0011|-=cccn|~mmmen|-mmuu- ,030 | .02k | .0299| .0298 | .0250 .0240
1738 | 1h | .00022|--monon |omooon |omommn mmen oo oo oo oo .0139| .013%4 .0129 .0096
52112l 14 | .00063| —.0067| —.0025( .02k | .026 [ .023 [-=-==- [-=c-e- .0323] .0315 .0265 .0190
.513% 14 | .00081( —.006k| —.0011{~~-==~ 031 | .0o27 | .028 | .023 | .0433} .Ok25 .0358 .0308
.uol% 25 | .00048| —,0035| .0015[-==mee|occcac|acmeea- ,027 | .021 | .0276| .0243 | .0268 | .0255
=
.uol% &l 00059 . 00600 =015 [Edecnilicieintlacarus ,030 | .026 | .0310| .0276 | .0276 .0242 <E
2
a.uo% 6 | .00054| —.0031| =001k cmemee|ommmmn|ammmme fommmee oo oo [ e | oo =
8 Modified by cutting inboard end parallel to plane of symmetry. té
3
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Figure 1.- Sketch of the 51,3° sweptback semispan wing model, S = 18,90 square feet; A = 3.43;
taper ratio = 0.44. (All dimensions in feet, except as noted.)
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Figure 3.- The 51.3° sweptback semispan wing mounted near the ceiling in the Langley 300 MPH 7- by

10 -foot tunnel,
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Figure 5.- Sketch of the flap and aileron contours tested on the 51.3° sweptback
semispan wing model. (Contours and dimensions shown are in a plane
normal to the 50-percent-chord line of the wing in the unswept condition or
approximately normal to the aileron hinge line.)
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(a) @ = 14° over flapped portion of wing; @ = 6° over remainder of wing.

Figure 9.~ Effect of flap span and spanwise location on the aerodynamic .
charactgristics in pitch of the 51.3° sweptback wing. Flap sealed;

6f=30-

|
|
|
|
|
[
|
|
A
oY |
4 |
: =~ |
T |
Lt 5 |
W |
i 4 |
W $ f
/';p 3 X ;
- W 3 |
; chY |
: 2 |
Yl § |
g5 153 |
32 & B |
28 s x |
SR ] s
;o i *
24
o 0817 09% 1A |
o A 586 .99 E(?; |
20 o 304 .990 77 |
; o 065 .99 e |
8 4 O Plain wing(6:=07) 5@ ; |
<o A !
S )/ }
B 8 o ,O/ }
s 174 ;
= 5 74 |
é oA 11
0 o, Y |
PG ' *
A ﬂ.y_cér i ;
¥R ;
|
|
|
|
\
|
|
\



39

NACA RM No. IL8H20

Yo <yuaa1 44202 Juawoul—~abuit

e N o = 0

3 [ I |

LA . nM
3 o0 B S
N B NEEN
/j //// x ;
x P N JAM/ff R M
| M -~ J \ o W ,% m
M_ 0000@% mw h \ m M S
H o RT3 ! B8 8 °
o B
8 O WY -8 M (@)
i ERaELAE | IR
@_A_“ ©0<9po a 11 T = Wo
/ i

K ,H e 7,~

=

)

S e TR e

r 7 I
Wy Quaiaig jaod Juswow-buIyoyly



A9 ‘tusroijyeo0o boag

O L2) _ 27 ) g o

NACA RM No. L8H20

!
|
|
\
|
,”
|
,
|
,
|
|
‘
!
]
|
|
|
|
|
f

I |
S |
%% TH——= \
, T ~ 2
7m[u : Ec/ : |
G X |
/&//nr //ZD B & |
L X e no |
Y Y =~ L HER |
6] -+ o) ,
/M7Wm wigs 80 |
§ S //M.A/ S |
= :

g NN %, o |
: o338 3 RS Sut *
&l i 3 YN £ el |
L uﬁb_éﬂwﬁﬁ AN = |
N RN |
oD« @ 4 o |
N |

k H_2 N N = ~ Q N o Nt

bap ‘@ ‘yooiio go sjbuy

L0



L1

99 Yusi0144800 quswow -36uy

O e LR, W ©)

I8H20

ST _M

L)
=

W Yus(2144909 fuawow -buryssly

” : ”
,

ﬁ | Iy ”

,

| |
O =] 1 g

| B /o &Wé{/ 3 W

| < 553 = -~

W m\ﬁ h@l/dr. |

| : A ./. OOCL

W fﬁ (ﬂ/g/ i «Mw-

| * 9

| F \ Wis s g n

, s Es

W % : fie St

| . o 5 4Mu m

| $ S

| ~ o Q& & o | & o

ﬁ . See 838 € T S

| S B < s

, ,.D&r b3 m—// a0

W ! S g3 3 I

| M

W o4 a : i

|

m ¥

,_ Q s

|

|

!

,

,

NACA RM No.



b
4 1 , T T T T T F/J/U ‘W”)_'i
= L %
ACimax | Gy 0 N ° 45/ |
| 1 e a I 1
e g MMM
) =0 i A D AR =
6 | | a:0 §
—a Flap span b &0
o A2k e
= — | : = = £ \:\
: | } L /:;;ggq,—r"““-—r——:——:: 928 /\)\V\ '\/./4
. - | o
Z F - T
e L - T

0 0 20 30 40
Flap deflection b, deg

S/ 0 e~ "kl J0
Flap deflection 5, deg
(a) Flap unsealed. (b) Flap sealed,

Figure 10.- Variation of increment of 1lift coefficient ACL with flap deflection for the 51.3° sweptback
wing. yg = 0.0652; g = 14° over entire wing span.
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Figure 11.- Variation of increment of pitching-moment coefficient ACm with

flap deflection for the 51.3° sweptback wing at a = 0°, Ve = 0.065%)—;
@ = 14° over entire wing span. 3
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Figure 14.- Variation of lateral control characteristics with aileron deflection

on the 51.3° sweptback wing. b, = 0.925-;’-; Vag = 0.9908; @, = 14°.
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Figure 25.- Comparison of the variation of lateral control characteristics with
aileron deflection for the original and modified ailerons of b, = O.404§ on
the 51,3° sweptback wing. a = OO; ¢a = 60; y
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