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RESFARCH MEMCORANDUM

EFFECT OF A WING LEADING-EDGE FLAP AND CHORD-EXTENSION
ON THE HIGH SUBSONIC CONTROL CHARACTERISTICS OF A
SPOILER-SLOT-DEFLECTOR CONTROL LOCATED
AT TWO SPANWISE/POSITIONS

By Robert F. Thompson and Robert T. Taylor
SUMMARY

An investigation was made in the Langley high-speed T7- by 10-foot
tunnel to determine the effects of a wing leading-edge modification on
the effectiveness of & spoiler-slot-deflector control. The control wes
tested on one semispan of a sting-mounted wing-fuselage model having a
wing of aspect ratio 4, taper ratio 0.3, 450 sweepback, and NACA 65A006
alrfoll sections. The wing leading-edge modification was the optimum
configuration from a previous investigation and consisted of a chord-
extenslon over the outboard 35 percent of the semispan in combination
with & full-span leading-edge flap deflected 6°. The spoiler-slot-
deflector control having equal spoiler and deflector projection was slso
chosen on the basis of a previous investigation. The control spanned
Ik percent of wing semispan and was tested at two spanwise locations.

A few comparative tests were made with the spoller part of the control
used as an unvented flap-type spoller. Control projections up to 10 per-
cent of the local wing chord were tested through an angle-of-attack range
vhich varied with Mach number and a Mach number range from O0.40 to 0.94.
Complete results are presented in tebuler form as increments in aerody-
namic coefficients due to conbtrol projection. A representative part of
the data is presented graphically, and results are discussed on the basis
of these data.

Modifying the wing leading edge generally had a beneficial effect
on the static lateral control characteristics. On both the plain and
modified wing, the spoiler-slot-deflector control was effective in pro-
ducing rolling-moment coefficients over a greater angle-of-atteck range
than the plain flap-type spoiler and, in general, both types of controls
were more effective when located at the inboard spanwise position. Except
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for pitching moment, the increment in aerodynamic coefficient varied
fairly regularly with control projection and the general shape of the
curves was little affected by wing leading-edge modification.

INTRODUCTION

Detailed wind-tunnel investigations have shown that, for certain
thin sweptback wings, leading-edge separation .combines with a spanwise
pressure gradient to create a vortex-type flow over most of the 1lift
range. This flow can result in undesirable static longitudinal stability
characteristics for certain aspect ratios and can lead to the objection-
able characteristic termed "pitch-up" found in meny current airplane
designs having thin sweptback wings. A detailed discussion of this flow
phenomenon 1s given in reference 1. Outboard leading-edge chord-extensions
have been effectlve in improving the longitudinal-stability characteristics
of wings of this type (ref. 2). In addition, appreciable improvement in
the lift-drag ratio for thin sweptback wings up to Mach number of 0.90
was obtained with a deflected leading-edge flap (refs. 3 and 4). The inves-
tigation of reference 5, therefore, was made to determine to what extent
these gains in longltudinal stability and lift-drag ratio could be com-
bined at high subsonic speeds. For the model investigated, a leading-
edge chord-extension over the outboard 35 percent of the semispan in
combination with a full-span leading-edge flap deflected 6° gave best
results from overall considerations of stablility and performance. The
purpose of the present investigation was to determine the effect of this
wing leading-edge modification on the control characteristics of a spoiler
control.

The control tested was chosen on the baslis of the investigation made
in reference 6. Results of reference 6 indicated that for speeds up to
a Mach number of 0.91, a flap-type spoiler-slot-deflector control was
effective in producing rolling moments over a greater angle-of-attack
range than an unvented spoiler alone. Since flap-type spoilers are desir-
eble on thin wings from a physical standpoint, the present investigation
was made primarily with this flap-type spoller-slot-deflector control.
A few comparative tests were made with the spoiller part of the control used
as a plain flap-type spoiler.

The present investigetion was made on the wing-fuselage model used
in reference 5 to determine the effects of the optimum wing leading-edge
modification obtained in reference 5 on the control characteristics of a
flap-type spoiler-slot-deflector control located at two spanwise positions.
The wing had an aspect ratio of 4, a taper ratio of 0.3, 45° of sweepback
of the quarter-chord line, and streamwise NACA 65A006 airfoil sections.
Tests were made in the Langley high-speed 7- by 10-foot tunnel through a
Mach number range from 0.40 to 0.94% and an angle-of-attack range from -20
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to 24° at the lower speeds and -2° to 10° at a Mach number of 0.9k4.
Complete incremental force and moment coefficients due to control projec-
tion are listed in tabuler form and a representative part of the data

is presented graphically. )

SYMBOLS

The forces and moments measured on the model are presented about
the wind axes which, for the conditions of these tests (zero yaw), corre-
spond to the stabllity axes. The origin of the axes was in the plane of
symmetry at a longitudinal position corresponding to the projection of
the quarter-chord point of the wing mean aerodynsmic chord (fig. 1).

All force and moment coefficients presented are based on the plan
form of the basic wing without chord-extensions. The area of the chord-
extensions was 3.8 percent of the basic wing area. Incremental effects
due to control projection were produced by a control on only the right
semispan of the complete wing.

Cr, 1lift coefficient, Lift/qgS

Cp drag coefficient, Drag/qS

Cn pitching-moment coefficient, Pitching moment/qSc

Cy rolling-moment coefficient, Rolling moment/qSb

Cn yawing-moment coefficient, Yawing moment/qSb

Cy 1a¥eral—force coefficient, Lateral force/qS (positive to right)

A prefix signifying increment of coefficient due to control projec-
tion .

q free-stream dynamic pressure, %pve, 1b/sq £t

S wing area before leading-edge modification, 2.25 sq ft

b wing span, 5 ft

¢ mean aerodynamic chord of basic wing, 0.823 ft

c local wing chord of basic wing, ft

h local maximm height of control above wing surface, ft




4 @@j@ NACA RM L54T09

R Reynolds number based on C

M free-stream Mach number

v free-stream velocity, f£t/sec

p mass density of air, slugs/cu ft

i spanwise location of inboard end of control, measured perpendic-
ular to plane of symmetry, £t

5 control projection, h/c

a angle of attack of fuselage center line and wing-chord line, deg

Subscripts:

8 spoiler, part of control deflected from upper surface

d deflector, part of control deflected from lower surface

avg average

MODEL AND APPARATUS

A drewing of the wing-fuselage model is given in figure 1 and a
photograph of the model mounted in the tunnel is shown as figure 2.
Ordinates of the fuselage are given in table 1.

The wing had 45° of sweepback referred to the quarter-chord line,
an aspect ratio of 4, a taper ratio of 0.3, and NACA 65A006 airfoil
sections parallel to the plane of symmetry. The wing was made of solid
aluminum alloy and the stiffness was reduced 1n providing for the leading-
edge flap and the slot for the control.

Provision for the wing leading-edge modification was mede by cutting
the wing along the 20-percent-chord line, and leading-edge flap angles
of 0° and 6° were obtained with preset steel inserts. After setting a
desired flap angle, the groove in the wing was filled and finished flush
to the wing surface. The chord-extension was made by using a larger
insert to extend the nose section forward 0.10¢. The two segments of the
airfoil (nose and trailing-edge sections) were joined by a smooth fairing.
Angular distortion of the flap and chord-extension under load was checked

analytically and found to be negligible.
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The spoiler-slot-deflector control consisted of the following: a
£lap-type spoiler with the hinge -line along the upper-surface 55-percent-
chord line and extending 15 percent of the wing chord rearwvard, a flap-
type deflector with the hinge line along the lower-surface TO-percent-
chord line and extending 15 percent of the wing chord forward, and a
chordwise opening (slot) between the two hinge lines equal to the spoiler
and deflector in span except for a narrow stiffening web at the midpoint
of the control. For the plain flap-type spoiler, the deflector was set
at zero projection and effectively sealed the slot through the wing. The
controls spanned 44 percent of the wing semispan and were tested on the

right wing at spanwise stations of Y& = 0.25 and 0.47. Control projec-
b/2

tion was obtained with interchangeable plates preset to the desired
spoiler or deflector projection. At zero projection, the spoiler and
deflector maintained the original alrfoll contour. The leading edge of
the deflector was sharpened to facilitate flow through the control slot
at low projections. Spoiler projection was approximately equal to deflec
tor projection for all tests with the spoiler-slot-deflector control.

CORRECTIONS

Blockage corrections were determined by the method of reference T
and were applied to the Mach numbers and dynamic pressures. Jet-boundery
corrections, applied to the angle of attack and drag, were calculated by
the method of reference 8. The angle of attack has been corrected for
deflection of the sting support system under load. The basic model data
(fig. ‘4) were obtained from reference 5 and therefore have the corrections
of reference 5 applied.

Control projections were measured in the wind-off condition and were
believed to be little affected by aerodynamic load.

TESTS

The sting-supported wing-fuselage model was tested in the Langley
high-speed 7- by 10-foot tunnel. Data were obtained for each model con-
figuration by setting the tunnel Mach number and then rotating the model
through an angle-of-attack range. Tests were made through a Mach number
range from 0.40 to 0.9%. The angle-of-attack range varied from -2° to
approximately 240 at the lower test speeds and from -2° to about 10° at
M = 0.94. The angle of attack at the higher Mach numbers was limited by
tunnel choking conditions.
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The spoiler-slot-deflector controls were tested with essentially
equal spoiler and deflector projections, through a projection range up
to about 10 percent of the local wing chord. The plain flap-type spoiler
was tested only at about 8-percent-chord projection.

The variation of average test Reynolds number with Mach number based
on the wing mean aerodynamic chord is given in figure 3.

PRESENTATION OF DATA

Incremental aerodynamic coefficients due to control projection for
the complete investigation are presented in tabular form as follows:

Spanwise location
Table Type of ¥ M | s, | «
control of control, i h/c

(x) b/2

2 Spoiler-slot-deflector 0.25 0.4%0 |Range | Range
3 .60

L .70

5 81

6 .85

T .90

8 A\ 4 ~N/ \ . 9’"’ v (7

9 .| Plain flap-type spoiler .25 Range |0.08 | Range
10 Spoiler-slot-deflector A7 140 |Range | Range
11 .60
12 .70
13 81
14 .85
15 .90
16 NP 9k Vv \J
17 Plain flap-type spoiler A7 Range | .08 | Range

*Parts (a) of the tables present data for the plain wing and parts (b)
for the wing with the modified leading edge.

Lift, drag, and pitching-moment characteristics of the model with the
control undeflected are presented in figure 4. These data were obtained
from reference 5 to show the model characteristics with and without leading-
edge modification since only incremental effects due to control projection
-Wwere obtained in the present investigation and are presented without
discussion.
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A representative part of the test data is plotted in figures 5 to 1l
to present grephically the general results of the investigation. The
relative roll effectiveness of the spoller-slot-deflector control is
compared with the plain flap-type spoiler in figure 5.

The effect of modifying the wing leading edge on the spoiler-slot-
deflector-control characteristics is presented in figures 6 to 9. Fig-
ures 10 and 11 present tlhe effect of spanwise location on the aerodynamic
effectiveness of the spoller-slot-deflector control on the wing with the
modified leading edge.

The values given for angle of attack agyg in figures 6, 7, and 10

are averages of the angles of attack at which the test points were obtained.
The absolute magnitude in angle-of-attack difference between any two appro-
priate test points is small, as shown in the tables, and results from the
Jet-boundary and sting-deflection corrections.

RESULTS AND DISCUSSION

Results of this investigation are discussed on the basis of data
presented graphically in figures 5 to 1ll. These data were arbitrarily
chosen as being representative. It should be emphasized, however, that
complete results are presented in tables 2 to 17.

Comparison Between Plain Flap-Type Spoiler
and Spoiler-Slot-Deflector Control

Results presented in figure 5 for 8-percent control projection at
M = 0.8 indicate that on both the plain and modified wing and at both
spanwise positions the spoiler-slot-deflector control was effective in
producing rolling moments over a greater angle-of-attack range than the
unvented spoiler alone. These results for the plain wing are in general
agreement with reference 6. At both spanwise positions, the spoiler-slot-
deflector control produced increments in rolling-moment coefficient through-
out the test angle-of-attack range, whereas the plain flap-type spoiler
was relatively ineffective above o = 10°. Modifying the wing leading
edge increased the effectiveness of both types of controls, especially at
angles of attack greater than about 4°. In general, both types of controls
gave higher static roll effectliveness when located at the inboard spanwise
position.’
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" BEffect of Wing Leading-Edge Modification on the
Variation of Control Characteristics With Control Projection

The effect of modifying the wing leading edge on the variation of
incremental aerodynamic coefficients with spoiler-slot-deflector projec-
tion is given for the two spanwise control positions in figures 6 and 7.
Modifying the wing leading edge had little effect on the general shape of
the curves except for drag and pitching-moment coefficient at the higher
test angles of attack.

Rolling-moment coefficient.- The control produced increments in
rolling-moment coefficient that were in the proper direction for all test
conditions and, in general, AC; increased fairly regularly with control
projection (see figs. 6(a) and T(a)). Control static roll effectiveness
was generally increased by modifying the wing leading edge and, in general,
the increment in AC; due to leading-edge modification increased with

increasing control projection within the test range. Mach number had
little effect on the control rolling-moment coefficient.

Yawing-moment coefficient.- Incremental yawing-moment coefficient
due to control projection was generally in a favorable direction, and
the variation with control projection was fairly regular for angles of
attack less than about 16° (figs. 6(b) and 7(b)). Modifying the wing
leading edge generally had little effect but in some cases caused a
small increase in AC, with control projection. Above « = 160, results
were somewhat erratic and, in general, there was little variation in
X0, with control projection. Mach number had little effect on the control
yawing-moment coefficient.

Lift coefficient.- Incremental 1ift coefficlent, in general, decreased
fairly regularly with increasing control projection, and the magnitude of
X7, for a given control projectlion was, in most cases, little affected by
modifying the wing leading edge (figs. 6(c) and 7(e)). The increment in
negative 1ift coefficient due to control projection was generally larger

for the inboard control (& - 0.25).
b/2 .

Drag coefficient.- Incremental drag coefficient increased fairly
regularly with increasing control projection for angles of attack up to
about 120, and above o =~ 12° the variation was somewhat erratic (figs. 6(d)
and 7(d)). Modifying the wing leading edge had little effect on ACp due
to control projection at zero angle of attack and generally increased the

_drag coeffictent due to control projection at angles of attack greater
than zero. .
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Pitching-moment coefficient.- Projecting the control generally gave
a positive increase in pitching-moment coefficient, and AC, wusually

increased with increasing control projection although the variation was
somevhat erratic throughout the test range (figs. 6(e) and T(e)). Modi--
fying the wing leading edge had a learger effect on the pitching-moment
characteristics of the outboard control, and, in general, the effect was
to increase the incremental pitching-moment coefficient due to control
projection. Increasing the Mach number in the angle-of-attack range from
about 4° to 80 resulted in a large positive increase in ACy for certain

inboard control projections.

Effect of Wing Leading-Edge Modification on the Variation
of the Control Characteristics With Angle of Attack

The effect of modifying the wing leading edge on the variation of
incremental rolling- and yawing-moment coefficients with angle of attack
is presented for one control projection and the two spanwise control
positions in figures 8 and 9. Modifying the wing leading edge did not
change the general variation of AC; and AC, with angle of attack and
had only a smell effect on the absolute magnitude of incremental yawing-
moment ccefficient. Incrementel rolling-moment coefficient was generally
increased by leading-edge modification with the increase being larger in
the angle-of-attack range from about 6° to 16°. The variation of £C,

and AC, with angle of attack was such that for both control spanwise
positions the ratio of AC; to AC, was much larger at the higher angles
of attack.

Effect of Control Spanwise Position on the Variation
of Control Characteristics With Control Projection

The effect of control spanwise position on the variation of incre-
mental aerodynamic coefficients with control projection on the wing with
the modified leading edge is shown in figure 10. The general shape of
the curves of AC; and &0, with control projection was little affected

by spanwise position, but there were erratic effects on the variation of
X’m  with control projection. Generally speaking, at zero angle of attack
the effectiveness of the control in producing increments in rolling-moment
coefficient was not affected by control spanwise position, whereas in the
angle-of-attack range from approximetely 4° to 12° the inboard control

(zi_ = 0.25> was more effective. The outboard control (Xi_ = 0.%7)

b/2 b/2
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gave larger increments in yawing-moment coefficient for a given control
projection throughout the test range. In general, the outboard control
also produced larger increments in pitching-moment coefficient although
an increase in Mach number tended to reverse this effect in the angle-of-
attack range from about 4° to 8°.

Effect of Control Spanwise Position on the Variation

of Control Characteristics With Angle of Attack -

°

The effect of control spanwise position on the variation of AC,

and ACpn with angle of attack for one control projection on the wing with
the modified leading edge is presented in figure 11. The general variation
of AC; and A0, with angle of attack was unaffected by control spanwise
location. The largest effect of control spanwise location on control
rolling effectiveness was in the angle-of-attack range from approximately
4O to 14° where the inboard control was more effective. The outboard con-
trol produced higher increments of yawing-moment coefficient throughout
the test range.

CONCLUSIONS

A wind-tunnel investigation of a wing-fuselage model was made through
an angle-of-attack range to a Mach number of 0.94%. The purpose was to
determine the effects of a wing leading-edge modification on the incre-
mental aerodynamic coefficients due to control projection of a spoiler-
slot-deflector control located at two spanwise positions. A comparison
wag also made Wwith the sgpoiler part of the control used as a plain flap-
type spoiler. Results indicate the following conclusions:

1. Modifying the wing leading edge generally had a beneficial effect
on the static lateral control characteristics of both the spoiler-slot-
deflector and the plain flap-type spoiler controls.

2. On both the plain and modified wing, the spoiler-slot-deflector
control was effective in producing rolling-moment coefficients over a
greater angle-of-attack range than the plain flap-type spoiler and, in
general, both types of control gave higher roll effectiveness when located
at the inboard spanwise position.

3. The incremental yawing-moment coefficient due to spoiler-slot-
deflector proJjection was generally in a favorable direction and higher
for the outboard control.

3 .
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L. For the spoiler-slot-deflector control, there were some fairly
large erratic changes in incrementel pitching-moment coefficient with
either wing leading-edge modification or control projection.

5. With the exception of pitching moment, the increment in aerody-
namic force and moment coefficlents varied fairly regularly with control
projection, and the general shape of the curves was little affected by
wing leading-edge modification.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., August 27, 195k.
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TABLE 1.~ FUSELAGE ORDINATES

[Basic fineness ratio 12, actual fineness ratio 9.8
achieved by cutting off rear portion of body|

- 1 = 49.20 in. -

Ordinates, percent length
Station Radius
0 0
.61 .28
.91 .36
1.52 .52
3.05 .88
6.10 1.h7
9.15 1.97
12.20 2.40
18.29 3.16
2k.39 3.TT
30.49 4. .23
36.59 k.56
42.68 4.80
48.78 k.95
54.88 5.05
60.98 5.08
67.07 5.0k4
73.17 k.ol
79.27 4.69
85.37 L34
91.46 3.81
100.00 3.35
Leading-edge radius = 0.00061
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Table 3. Concluded.
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(b) Modified leading edge.

Table 4. Concluded.
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(a) Plain leading edge.

81
AC,

2542:225 M=
A4Cp

b7
T

Table 5. Incremental aerodynamic coefficients,
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. Concluded.

() Modified leading edge.

AC,

Table 5
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(@) Plain leading eage.
Table 6. /ncremental aerodynamic coe'ff/’c[enfs.% o =25 M
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ac,

(b) Modified leading edge.

Table 6. Concluded.
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(a) Plain leading edge.
Table 7. Ilncremental aerodynamic coeff

% 2225 M=90
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(b) Modified /eading edge.

Table 7. Concluded.
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(b) Modified leading edge.

Concluded

Table 8.
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@) Plain leading eage.
Table 9. Incremental aerodynamic coéfficients. };/b o =25
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(a) Concluded

7able 9.
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(b) Modified /eading edge.

lable 9.

continued
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(b) Concluded

Concluded.
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(a) Plain leading edge.

47 M=.40

Table /0. /ncremental aerodynamic coefficients. be/z
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{b) Modified leading edge.

Table /0. Concluded.
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(@) Plain leading edge.

47 M=.60
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(b) Modified leading eage.

7able /1. Concluded.
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Table /2. Incremental aerodynamic coeff
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(b) Modified leading edge.

Table /2. Concluded.
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(a) Plain leading edge.
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NACA RM 154109
AC, ACn AC, AC, AC,

ac,

(a) Plain leading edge.
Table 15. [ncremental aerodynamic coeff/b/énfs.%/g =47 M=90
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NACA RM L54T09

(b) Modified leading edge.

AN
Table 15. Concluded.
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(@) Plain leading edge.

t5. Vb0 =47 M =94
AC,  AC,

/i

cren.

Table /6. /ncremental gerpdynamic coeff
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(b) Modified leading edge.

Table /6. Concluded.
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ke

clren

/i

/ncremental aerodynamic coeff,

(a) Plain leading edge.

Table /7.

5. y/b/z =47
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(a) Concluded.

Continued.

Jable /7.
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(b) Modified leading edge.
Table /7. Continved.
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(b) Concluded.

Table 17. Concluded.

zﬂCap ZﬂC;n zﬂC} ZﬂC;7 Aﬂ(:y
M

AC,

S

8l

MUV NV AN DNO
ARAR MMV~ OARY
AHdOO00000OrerdM
0000000000000

® e 0 s o 0 v o s 0 s 0 »

HONQRNOAMNHON T
CVVNAOO00O0HMO
[=)-3-Y-Y-Y-Y-¥-Y-¥-T-7-1-)
[=X-Y-7-¥-Y-¥-¥-1-Y-F-Y-¥-)
[

VNOTNONODODANT
Qe-aaunddod
HerdHdHdrdOO0O0O0O0O
0000000000000

L I I S e A A R

ODOAMYT-0ONYOOHDR
OATAQNDOVONNH
NN N AV HOH00
0000000 OOOLO0O
o 6 0 s 0 0 4 s e e e

HHHOOMNKMTOLRT D
CTNDDDHTNQRON T
HHHOOODOOOOOO
0002000000000
e s s e e s e e

I I B A

DOND-NTVAVIOY
MAGQEAUEOAN O™
A TIRONOQOO
0002000002002
P S R R

(S O Y T N T A IO I O |

TARINOVOITN-NOO
HODAMNTHL-DLI N
L R L N R I B R
Q@ NvTVvOooRToDON

AN
[

000000000 QOD0
D020 000OO0DO0D
0000000000000

L T T T I

Ardcddrdrdrdrddddd
DOV ODOODODOD
QOVO200QCO00000

4 o s s s s s e e e

85

h

CONRNATTTNTNTO
nNMEOVoTVN~ONA
ArdrHOO000OrH®
[=f=NoYoRalogotalul=Fale)
4 e s s s 0 s e s

NovrmaaohdROn
FOOVHNROODHOH
obooroooocooo
SYY=-R-X-X-I-X-I-X-X-7-1
c e e et e s e e s

TONMNANNSSORT T
MmeTordeTnNEOO
AMORANHOOOOOO0
000000000000

D B S Y

AOHATE-NWND
N OVRAVDTNY
QAAMNMNNOOHANHOO
[oXeNeaYoJoRofatatoYoka)y)
LR S Y S RPN

r

DNNORHNDONOWN
NEYNAASOMAN-M
A0 0000000
OCO000O00000O000
R

N+ OOMOAMN TN
THIPAOMTUVDION
HRIOVOYVMNOFMNOrH
020000000200
DR S A

T rrt

OMNOTNDADTNOO
HOANMNT NODON
L R A S
QN RYVOVONTOVDO

At A
L]

000000000000
220000000020
QOOO0O0O0000O000

D S A N

Arrddrdrdrddddd
DVDDOVDOODDDODD
DOO0O0QODO0OO0D

R A I B R N

M =90

VOOR-ATHWN
neuoOMdnMno
HHNROOOO00O
000000000
DR S ]

PRNHODOTN
N> O0NAHO00O0
000000000
Qooocoo00Oo
e e s e e e

OO TO=-t-TO
VAR OTHMINDY
HrrdQHO0O0
QQO0O0O00000

s 0 0 a0 00

ONAVITRAY T
ARSI
anmeTMnaNoae
COO0000000

PR R RN B

ONDATURE T
TINMQEOOHY
L T-Y-1-Y-L1
co0o0000000
[

OORANHNANO

HANTTTO AN
DI229090925°000
TR S

VNIV AHOHD
AOHNND S0~
o s 8ta s s s e s
Q@ NRTOVOoNT

e
[

.

000000000
OOO0DO0OD00
0QO000ODD00

P A

Arrdddrrded
DODODDODD
00000 D000

DR SN S

SNODANHON

94

nTnuoownm
TONOMNAHY
HArdd0000
0000000
Te s e e s e s

SN O-0QO
et~V HO
0000000
0000000

QEM~ON®O
rODOROWN
AR HO
0000000

6 0 o 0 0 0

AVANHD W
aAnVornYT
MAMN T T
c00O0000

DR A

nNH~c-OHN
YN0 oI
ArrdHdHOO
[=Yel=foleReoRa)
s a e e e

VO NUTO™
tOAS>OW
"N TTTn
00QDODQ
e e s e

NHNRRNHOOO
HOMaAMYT N
v e e s e

Q@ NCOVDO
ot

0000000
S2000CO0OCQ
00QOQOQO

S

Hrerdeddvd
VOOV O®R
Q2000000

DR




NACA RM 154109

50
b5¢ ~ 70¢
JO¢ leading-edge L / .
chord-extension — -, -
9%
Origin of axes  —— 65%
Y 3600
S5e
986
8, 70e 86(€)
Section through control plain
leading edge.
(ot fo scale)
4£/6
3.';/ = /[0 25¢
550 % Wing Physical Characteristics
) _,)_/50 Span,tt J0
i~ | J0E ~ Mean aerodynamic chord, ft 823
go —\2oct 70¢ jfea, jqfi; _ 225
Section through control with Spec m © 40
leading-edge flap deflection and Taper ratio azo
JO¢ chord-extension. (not to scake) Airfoil section NACA 654006
Sweep 25¢ 45°

,-.\— —_—
,L —~ 4920
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deflector projection.



NACA RM ISLTO9

Agyg.=0° Qg =4.2°

X
¥
ki

L/
17

N

B

{

/\K){

v

\
X

T

AN L L L
X

X[ X

SA\
\

0 0O4¢

1
q

0 023

AG,

q

| (TN LML

F R R el 1w

L o

Y, -
=97

Flagged symbols
denofe modified
leading edge

Qg =[67°

g =23.7°

Al Lt J.\ X

=3
0.045 e

AC,

-
N
N
0.02 53— M{ b—babe

Qe

0 0
85)% 85{%

(v) Yewing-moment coefficient.

Figure T.- Continued.

94

90

85

8/

70

.60

90

85

81

70

60

40

61



@ayg.=0° Aayg=42° Cavg. = E4°
2 i ] T\&Nﬂﬁt_é% ﬁ );%
0 & 7 Pt
' Na ) £§=3&=\5£¥;§ A
o = R f
0 L\ ) y 1,

Sy AU ‘ ~\\ﬂ~:%:::#=§%
0‘%%\%“%_k’ﬁ%:>>\s%!
0.2 —org, [E\E&QEL\\, [T

: e \ﬁ%tig
46 5 B
-2
Zavg= [26° e
y agged symbols
0 'lf = /ﬁ,é 47 denote modjfied
o Povg =167°  Jeading edge
N
0 = PTEEER 4,723
&£ \ 3
0 e \ o~ v : Es :
0 ; St < et
0 ZJ A I AN T AN Y
A N TR
L D - :
40, 0 <L To= "==\8:_o~ JS Y| o 3
-2
] Y, ¥/
0 851/7/6' 0 0 851/7/0 0 0 851% 0

(e) Lift coefficient.

Figure T.~ Continued.

90

85

8/

70

60

40

90

85

8/

70

60

40



NACA RM I54T09 “ '

G =0° 8y, =42° gyg=24°
P :
=i = >
0 b= e B o=
N ;B’/‘} =" )4':
A\ / A
0 ] )5/ A ’ﬁ&ﬁ/ ﬁf% e
- \ LA o [
o L= LA ]
1 7 -
0.08¢ 2 ' i} o a.
.= . B
ACDOZ'H}/D:'/ . HP_%; ~> LDt
N 4 — ¥ Yo 0
P O i O'éﬁ/ < /)ég
am-'-‘/ZGO
/\?} }}b/z= 47 Flaggéd symbols
o e = 16.7° a’eno;"e modified
, H = | N > leading edge
aayg :2\3.70
Y
o D N R =
008 b=t | L2 gy
N \14 o Do D .
palo, Ogb_bx D bpete LN NN
8 o ] |~ | :
G = |
0 NN, 0 O 10
é\g, /}c 6‘3; //76 35’ /7/0

() Drag coefficient.

Figure T.- Continued.

94

90

85

8/

70

60

40

90

85

8/

70

60

40

63



7o ~0 Zavg =4.2° %’iﬁa
= QB 4
o A 2B
0 =4 D L/’;? L a/// N
Y P o
32 22 B
0 ‘ék _)(q [/ / H; [ [ X
N ‘ ){X ‘ B ? \
Z%X 2 / \ Y P/—qh
o = S
b BN X
o %ﬁ \ /,?;g Aé% .
X
0.08 < L
A T
0,04 Le a:‘7//'3;;0/ |
AC‘mO & i /)d 1
y(“%’\ 02 =67° Flagged symbols
/>}/’°’ )p- avg. 4L ,*d‘ denore modified
¢ | X/ /eaa'/'ng edge
3 { < =) @y 223.7°
. P e v . \
0 & 5
N N % T4
7§‘:ﬂ//' Y _‘Q—&—r“/ X
o &= Sy | |
S [kt e =
i > [ /%‘ .
57174:ff/,n/)§; | _ )} 5?::31: i
46, Pl Lo | e | K’ﬁ; |
. mo L] é P BN >
i w— —
0 85,% N7, 6‘5, /. 0 0 85110 70

(e) Pitching—moment’coefficient.

Figure 7.~ Concluded.

¥

94

90

.85

8/

70

60

40

.90

85

8/

70

60

40



Y

Flagged symbols denofe modified leading edge.

¥
Yo =25
8 =096 &, =103

=N

— N ‘ 94

i
XA

, {5 SN o
o *’% %{ @H 85
0 o/\ j’_l;\i:\ sz\’_% 81 a
0 04 ‘ﬁ/}é:i\\;%\* g 70°

0 022 Pt 60 &

46

-4 0 4 & /12 6 20 24
a,deg

(2) Rolling-moment coefficient.

Figure 8.- Effect of wing leading-edge modification on the variation of
incremental aerodynamic moment coefficients with angle of attack for
the inboard spoiler-slot-déflegsor.control.
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Flagged symbols denofe modified leading edge
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(b) Yawing-moment coefficient.

Figure 8.- Concluded.
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Flagged symbols denofes modified leading edge
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(a) Rolling-moment coefficient.

Figure 9.- Effect of wing leading-edge modification on the variation of
incremental aerodynamic moment coefficlents with angle of attack for
the outboard spoiler-slot-deflector control.
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Flagged symbols denote modified leading edge
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(b) Yawing-moment coefficient.

Figure 9.~ Concluded.
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(a) Rolling-moment coefficient.
Figure 10.- Effect of control spanwise location on the variation of

incremental serodynamic moment coefficients with spoiler-slot-deflector
projection on the wing with the modified leading edge.
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(b) Yawing-moment coefficient.
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Figure 10.- Continued.
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Figure 10.- Concluded.

(¢) Pitching-moment coefficient.
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(a) Rolling-moment coefficient.
Figure 11.- Effect of control spanwise location on the variation of

incremental aerodynamic moment coefficients with angle of attack
on the wing with the modified leading edge.
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(v) Yawing-moment coefficient.

.Figure 11.~ Concluded.
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