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SPOTL.ER-SLOT-DEFLECTOR COMBINATION ON AN
UNSWEPT NACA 65A006 WING

By Raymond D. Vogler
SUMMARY

An investigation was made in the Langley high-speed T- by 10-foot
tunnel to determine the effectiveness of a spoiler-slot-deflector com-
bination in producing rolling moments in the transonic speed range at
angles of attack as high as 24°. By use of the transonic bump a Mach
number range from 0.62 to 1.20 was obtained. The wing had an aspect
ratio of 4, a taper ratio of 0.6, an unswept quarter-chord line, and
NACA 65A006 airfoil sections. Forces and moments on the semispan model
were obtained with a 5T7-percent-semispan outboard spoiler-slot-deflector
combination located between the 55- and TO-percent-chord lines. For
comparison, data were also obtained with spoiler vented and unvented and
without a deflector.

As was previously found at lower speeds, & spoiler-slot-deflector
combination was more effective at transonic speeds than a spoiler alone
in producing rolling moments over a greater angle-of-attack range. At
positive angles of attack up to about 12° the spoiler and the spoiler-
slot-deflector combination suffer some loss in effectiveness in and above
the .transonic speed range, but at high angles of attack both configura-
tions show increasing effectiveness with increasing Mach number in the
region near M = 1.0. The rolling effectiveness of the spoiler-slot-
deflector combinstion is approximately proportional to the projection
for the range investigated.

INTRODUCTICN

The spoiler used as & lateral-control device has been the subject
of considerable investigation at low and high speeds, and on both swept
and unswept wings (refs. 1 to 3). Recent investigations of spoilers used
as lateral-control devices have shown that on thin wings with small
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leading-edge radii the unvented spoiler loses effectiveness rapidly as
the angle of attack is increased above 8° (refs. 2 and 3). However,
investigations at low and high subsonic speeds as reported in refer-
ences 3 to 5 have shown that this loss in effectiveness at the higher
angles of attack could be substantially reduced by using a slot in the
wing behind the spoiler that would allow the air to flow through the
wing from the lower to the upper surface when the spoiler was deflected.

The purpose of this investigation was to extend through the tran-
sonic speed range previous low and high subsonic speed investigations
of spoiler-slot-deflector devices for lateral control. The investigaetion
was made in the Langley high-speed T- by 10-foot tunnel using the tran-
sonic bump to obtain Mach numbers from 0.62 to 1.20. The angle-of-attack
range was -4° to 24°. Rolling, yawing, and pitching moments, and 1lift
and drag were obtained with spoiler alone, spoiler-gap lip combination,
and spoiler-slot-deflector combination.

SYMBOLS AND COEFFICIENTS

The forces and moments measured on the model are presented about an
orthogonal system of axes whose origin coincides with the point of inter-
section of the root chord line and the quarter-chord line. The longi-
tudinal axis is parallel to the free air stream and the lateral axis
coincides with the quarter-chord line.

Twice semispan 1ift

CL 1ift coefficient,
gS
AC, increment of 1ift coefficient produced by the control
Cp drag coefficient, Iwice semicpan drag
qaS
ACp increment of drag coefficient produced by the control
Cn pitching-moment coefficient, Iwice semispan pltching moment
asec
LCH increment of pitching-moment coefficient produced by the
control
Cy rolling-moment coefficient produced by the control,
Rolling moment

qSb
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Cn yawing-moment coefficient produced by the control,
Yawing moment
gsSh
pv2
q dynamic pressure, 5 lb/sq ft
p mass density of air, slugs/cu ft
\'s free-stream air velocity, fps
S twlce wing area of semispan model, 0.125 sq ft
b twice wing span of semispan model, 0.707 ft
c local chord, ft
c mean serodynamic chord of wing, 0.1805 ft
M Mach number
R Reynolds number of wing based on ¢
o angle of attack, deg
BS spoiler projection, negative when projected from upper
surface of wing, percent chord
B3 deflector projection, positive when projected from lower

surface of wing, percent chord
MODEL AND APPARATUS

A drawing of the model and pertinent information are given in fig-
ure 1. The solid steel wing had NACA 65A006 airfoil sections parallel
to the free air stream, an unswept quarter-chord line, an aspect ratio
of 4, and a taper ratio of 0.6. The lateral-control devices investigated
included a spoiler, a spoiler-gap-lip combination, and a spoiler-slot-
deflector combination (fig. 1). The spoilers and deflectors were made
of 0.02~inch-thick steel plates. The leading edge of the spoiler was
inlaid flush with the wing surface. Spoiler projections were obtained
by raising the rear edge of the plates and bending them along the
55-percent-chord line of the wing. Deflector projections were obtained
by bending the plates along the TO-percent-chord line. For the spoiler-
slot-deflector configurations, a slot was cut through the wing between
the 55- and TO-percent-chord lines, except for two chordwise ribs which
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were left for stiffness (fig. 1). The lip was made of & thin piece of
metal extending from the rear of the slot forward along the original
contour of the wing lower surface. In the spoiler-gap-lip configuration
part of the 0.15c slot was filled with a fairing leaving a gap of 0.025c
between the fairing and the lip (fig. 1). The lip and the deflectors
had sharp leading edges. Each of the control configurations had a span
of 0.5Tb/2 and extended from 0.40b/2 to 0.97b/2.

The model was mounted on an electrical strain-gage balance enclosed
within the bump. The wing was attached to the balance mount through a
wing-profile cutout in the turntable in the surface of the bump. Air
flow between the wing root and the cutout was restricted by a sponge
rubber seal attached to the wing butt within the balance chamber. The
forces and moments were measured similitaneocusly with calibrated recording
potentiometers.

TESTS AND CORRECTIONS

The model was tested in the flow field of a transonic bump mounted
on the floor of the lLangley high-speed T- by 10-foot tunnel. The Mach
number range was from 0.62 to 1.20 and the angle-of-attack range from
-40O to 240, Investigations were made of the spoiler alone, spoiler-gap-
lip, and spoiler-slot-deflector configurations with the spoiler projected
various smounts up to 10 percent of the local wing chord. On the spoiler-
slot-deflector combination the ratio of spoiler projection to deflector
projection was 4 to 3.

The variation of mean test Reynolds number, based on the mean aero-
dynamic chord, with Mach number is given in figure 2.

No corrections to the data have been applied. The usual wind-tunnel
blockage and Jet-boundary corrections are considered negligible on account
of the small size of the model. Reflection-plane corrections to the
rolling moments were dispensed with since this investigation was con-
cerned primarily with the effects of angle of attack and Mach number on
the relative effectiveness of spoiler-type controls having the same span
and the same spanwise location. From experimental and theoretical con-
siderations, it is believed that the magnitude of the rolling-moment data
as presented is approximately 15 percent too large at the lowest Mach
number but at a Mach number of 1.0 or above is approximately correct.
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RESULTS AND DISCUSSION

Presentation of Data

The 1lift, drag, and pitching-moment coefficients of the plain wing
are presented in figure 3, and the increments of lift, drag, and pitching-
moment coefficients produced by various controls are shown in tables I
to III, as a matter of general interest, along with the yawing- and
rolling-moment coefficients. ©Since the investigation was concerned pri-
marily with lateral control, only the rolling-moment data of tables I
to III have been plotted to show the effect of important parameters on
the rolling effectiveness of the controls.

Lateral Control Characteristics

An inspection of the tabular values of rolling- and yawing-moment
coefficients of the spoiler alone shows the values to have the same
algebraic sign in most cases which means that the yawing-moment coeffi-
clents are generally favorable or small if unfavorable. However, with
the spoiler-slot-deflector combination there are some adverse yawing
moments at high angles of attack.

The variation of rolling-moment coefficient with angle of attack
for various projections of the controls for the three configurations
investigated is given in figure 4. At subsonic speeds the effectiveness
of spoiler alone decreased rapidly as the angles of attack were increased
above 8° resulting in near zero rolling-mcment coefficients at angles of
attack from 16° to 20°. The variation of effectiveness with angle of
attack is similar to but less abrupt than that shown for the swept wings
of references 2 and 5. At supersonic speeds the decrease in spoiler
effectiveness with increase in angle of attack was more gradual than at
subsonic speeds. The addition of & 0.025c gap in the wing and a sharp
1ip behind the gap along the lower surface of the wing improved the
effectiveness of the spoilers at the higher angles of attack at all Mach
numbers. Considerably more improvement throughout the angle-of-attack
range and Mach range was obtained by increasing the gap to 0.15¢c and
adding a deflector behind the slot on the lower surface of the wing to
direct more air through the slot. A ratio of deflector proJjection to
spoiler projection of 3 to 4, previously found effective throughout the
angle-of -attack range (ref. 5), was used in this investigation. The
improvement in rolling effectiveness obtained with the slot and deflector
is typical of the results obtained in previous investigations of swept
wings at subsonic speeds (refs. 3 and 5). At low supersonic Mach numbers
the improvement results in rolling-moment coefficients that were fairly
constant throughout the angle-of-attack range.

S
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Figure 5 shows the effect of Mach number on the rolling-moment coef-
ficients of the spoiler alone and the spoiler-slot-deflector combination.
Both configurations show decreasing rolling-moment coefficients in and
above the transonic speed range at positive angles of attack up to about
120, but both configurations show increasing values at the higher angles
of attack in the region near M = 1.0.

The variation of rolling-moment coefficient with projection is given
in figure 6 for the spoiler alone and for the spoiler-slot-deflector com-
blnation at O° and 16° angles of attack. The increased effectiveness of
the spoiler-slot-deflector combination through the brojection range at
low and high angles of attack is indicated. The effectiveness of the
controls "is approximately proportional to control projections, although
the spoiler alone has lower effectiveness in the projection’ range near
one percent. B

CONCLUSIONS

A wind-tunnel investigation was made to determine the effectiveness
of a spoiler-slot-deflector combination in producing rolling moments in
the transonic speed range through an angle-of-attack range from -4©
to 24°. As a result of the investigation the following conclusions are
made:

1. As was previously found at low and high subsonic speeds, a
spoiler-slot-deflector combination is more effective in producing rolling
moments over a greater angle-of-sttack range than an unvented, spoiler alone
at Mach numbers through the transonic range up to 1.20.

2. At positive angles of attack up to about 12° the spoiler and the
spoiler-slot-deflector combination suffer some loss in effectiveness in
and above the transonic speed range, but at high angles of attack both
configurations show increasing effectiveness with increasing Mach number
in the region near M = 1.0. ’

3. At Mach numbers from 0.62 té 1.20 and angles of attack from ~40
to 24°, the rolling effectiveness of the spoller-slot-deflector combina-
tion is approximately proportional to the projection.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October T, 1953.
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Wing Data
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Taper ratio 06
Section NACA 654006
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T
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Figure 1l.- General arrangement of model and controls.
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Flgure 2.- Variation of measn Reynolds mumber with Mach mumber.
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Figure 3.- Aerodynemic characteristics of the plain wing.
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NACA RM I53J21
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Figure 4.- Continued.
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Figure k.- Continued.
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Figure 4.- Continued.
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Figure 5.- Variation of rolling-moment coefficient with Mach number et
various wing angles of attack for :the spoiler alone and the spoiler-
slot-deflector combination. &g = -0.10c; 83 = 0.075c.
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Figure 5.- Concluded.
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Figure 6.- Vgriation of rolling-moment coefficient with projections of the
spoller alone and the spoiler-slot-deflector combination. 8g = -0.75%5.

o s

A

CONFIDENTTAT,




NACA RM L53J21 -

04 e (a3)

i o 0 -
o /6 — Spoiler

0 O\____ Spofler, slot,

o2 e R
_ e 8 / 6 and deflector

i i i
o
04
M=107
fesi] ::= =4
o2 e
0
04
G M= 12
oz
& i i
o
04
M=120
.02 i
EEEEEE § sl [,
HT HEH i B
0 G 2=

-/0 -8 -6 -4 -2 0
Ss , ércent chord

Figure 6.- Concluded.

e



