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A gb-SCALE MODEL OF THE CONSOLIDATED VULTED XB-53 ATRPLANE
WITH A FULL-SPAN ILEADING-EDGS SLAT IN
THE LANGIZY FREE-FLIGAT TUNNZL

By Charles V. Bennett
SUMMARY

An investigation of the low-speed; power-off stability and control
characteristics of a %b-scale model of the Consolidated Vultee XB-53

airplane equipped with full-span leading-edge slats has been con-

ducted in the Langley free-flight tunnel. In this investigation it

was found that the full-span leading-edge slat gave about the same
maximum 1ift coefficient as was obtained with the ouvutboard single slotted
flap and Inbosrd slat. The stebility and control cheracteristics were
greatly lmproved except near the stall where the characteristice with

the full-span slat were considered wmsatisfactory because of a loss of
directional stability and a slight nosing-up tendency.

INTRODUCTION

An Investig~tion of the low-speed, power-oIff stebility =nd control
characteristics of a £5~scale mo%gl of the Consolidated Vultee XB-53

airplane has been conducted in the Langley free-flight tunnel. The
XB-53 is a jet-propelled, sweptforward, tallless homber design.

Force- and flignt-test deta of the flaps-up and fleps-down configu-
rati-ns vere presented in reference 1 and indiceted low direciional
stebility, large adverse yawing moments due to ailerons with flaps
down, and large negetive dihedral which resvlted from the extreme
dihedral change caused by the outboard flap which was designed for the
eirplane.
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In an attempt t» eliminate the outboard flap and its undesirable
characteristics, tests were made in the Langley free-flight tunnel
vsing a fvll-span leading-edpe slat instead of the outboard single
slotted flap and inboard leading-edge slat. The results of these tests
ere presented herein.

SYMBOLS

6]

wing area, square feet

ol

mean aerodynamic chord, feet

c wing chord, feet

b wing span, feet

Cg glat chord, feet

q dynamic pressure, pownds per sguare foot

o eir density, slugs per cubic foot

a angle of attack, ﬁegrees

B angle of sideslip, degrees

Cy, 1ift coefficient (Lift/qS)

Cp drag coefficient (Drag/qS)

Cuy piltching-moment coefficient (Pitching moment/qST)

Cn yawing-moment coefficient (Yawing moment/qShb)

c, rolling-moment coefficient (Rolling moment/qSb)

Cy lateral-force coefficient (Lateral force/qS)

CYB ) rate.of change of lateral-force coefficient with angle of

sideslip, per degree (3Cy/oB)

Cn rate of change of yawing-moment coefficient with angle of
g sideslip, per degree (®C,/3B)

ClB rate of change of rolling-moment coefficient with angle of

sideslip, per degree (&C;/58)
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Vind Tunnel

The investigation was made in the Langley free-flight tunnel which
was designed o test free-flying dynamic models. A complete description
of the tunnel and its operation is given in refercnce 2.

The force tests, made to determine the static aerodynemic character-
istics of the model, were made on the free-flicht-tunnel six-component
balance which is described in reference 3. This balance rotates in yaw
with the model such that all forces and moments are measured with respect
to the stebility axes. A sketch showing the positive directions of the
forces and moments and the definition of the stability axes is given in
figure 1.

Model

The El-scale model used in the presen}t investigation was the same
model used in the tests of reference 1. For the present tests it was
fitted with a full-span leading-edge slat of ;,0.15 chord and a stall-
control vane which were used in place of the outboard single slotted
flap and Iinboard leading-edge slat. A three-view sketch of the model is
shown as figure 2, a photograph of the model is shown =8 figure 3, and
the locatlon and pertinent dimensions of the full-span slat and stall-
control vane are shown as figure L.

TESTS

Force Tests

A1l force tests were made on the free-flight-tunnel balance at a
dynemic pressure of 3.0 pounds per square foot which corresponds to
about 34 miles per howr at standard sea-level conditions and to e
test Reynolds number of 309,000 based on the mean acrodynamic chord
of 0.961 foot.

Force tests were made to determine the 1ift, drag, and pitching-
moment cheracteristics of the model with the full-span leading-edge slat
and the stall-control vane on for an angle-of -attack range from -8°
to 20°. Force tests were also made over the same angle-of-attack range

et t5° yaw to determine the lateral stability characteristics of the
model with the full-span slat on and with various svanwise locations
of the stall-control vene.
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Flignt Tests

Flight tests with the full-apan leading~edge slat extended and the
stall-control vane located at O.Sg.were made over a lift-coefficient

range from Cp, = 0.75 to 0.9%. All flight tests were made with the
extension on the verticel tail described in refcerence 1.

ReSULTS AND DISCUSSION

Force Tests

The results of force tests made to determine the longitudinal and
lateral stability characteristics of the model eguivped with the full-
span leading-edge slat are presented in figures 5 to 8.

The 1ift, drag, and pitching-moment characteristics of the model
equipped with the full-span leading-edge slat and the siall-control

venes at a spanwise location of 0.5% are presented in figure 5 along

with corresponding data from reference 1 for the flap-retracted and flap-
deflected configvrations. These data indicate that about the same
maximum 1ift coefficient was obtained with the full-span leading-edge
slat as was obtained with the outboard single slotied flaps, but that

the maximum 1ift coefficient occurred at a higher sngle of attack with
the full-span slat. The high angle of attack at which maximum 1ift

is obtained might be objectionable for the airplame in that a longer
landing gear might be required.

The data of figure 5 also indicate that the full-span slat
eliminated the large change in pitching moment obtained with the outboard
flap. About the same static margin was provided by the full-span slat
configuration at high 1ift coefficients, but there was a slight nosing-
vp tendency at the stall with the fvll-span slat.

The resulis of tests made with the full-span leading-edge slat off,

but with the stall-control vane located spanwise at 0.53 are presented

in figure 6 along with data of reference 1 for the flap-retracted
configurstion with the inboard .slat on and off. These data indicate
that the vane was not as effective as the inboard leading-edge slat in
providing longitudinal stability at the stall.

Presented in figvre 7 ere the results of tests made to determine
the most promising spanwise location of the stall-control vane from the
standpoint of directional stability. These data indicate that of the

three spanwise locations tested, the 0.5% position resulted in the
directional stebility Cpg holding up to the hichest angle of attack.
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Presented in figure 8 are the variations with angle of attack of
the directional stability perameter an, the effective dihedral

parameter -Czﬁ, and the effective side area parameter -CYB for the

free-flight-tunnel model equipped with either the full-span leading-
edge slat or with the outboard single slotted flap. These data indicate
that the use of the full-span leading-edge slat eliminated the large
negative dihedral caused by deflecting the outboard flap. These data
also show that at low angles of attack more directionel stability was
obtained with the full-span leading-edge slat than with the outboard
flap- At high angles of attack, however, there was & sharp reduction
in directional stability with the full-span slat, whereas with flaps
down there was an increase in directional stability at higher angles of
attack. The use of the stall-control vane with the full-span slat
delayed the drop off in directional stability to a higher angle of attack
but did not eliminate the drop off.

Although no aileron effectiveness tests were made with the full-span
leading-edge slat, it is believed that the aileron yawing moment would
be approximately the same as was reported in reference 1 for the flaps
retracted configuration and therefore much less adverse than with the
outboard flaps extended.

Flight Tests

The flight tests made with the full-span leading-edge slat and
stall-conkrol vane and with the vertical tail extension on indicated
that at low and moderate 1ift coefficients the flight characteristics
of the model were good when aileron and rudder control were used together
for lateral control. When the allerons were used as the sole means of
lateral control there was some adverse yawing, but the yawing motions
were very small compared to the increasing yawing motions which resulted
in crashes in the flap extended, aileron alone flights. As a result
of these tests it appeared that at low and moderate 1lift coefficients
the full-span leading-edge slat and stall-control vane configuration
was definitely better than the outboard flap configuration because the
adverse alleron yawing moments were less, the directional stabillity was
greater, and the dihedral characteristics were better.

The flight tests Indicated unsatisfactory stability neer the stell.
The model yawed to large angles and had a slight nosing-up tendency that
resvlted in a stall in which the model yawed, pitched, and then rolled
off out of control. This behavior is probably associated with the
loss of directional stability at the stall as shown in figure 8 and the
reduction of longitudinal stability at the stall as shown in figure ©.
The stall of the model with the full-span leading-edge slat was very

S ee—
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similar to that obtained with the flap-up configuration without the
inboard leading-edge slat that vas reportsd in reference 1.

CONCIUDING REMARKS

The results of the free-flight-tunnel stability and control

investigation of the gb-scale model of the Consolidated Vultee XB-53

airplane with a full-span leading-edge slat and stell-control vanes
mey be summerized as follows:

1. The full-span leading-edge slat gave about the same meximum 1lift
coefficient as the outboard single slotied flaps although the angle of
meximun 1if't was greater with the slat =nd there was a slight nosing-

up tendency at the stell. Y

2. The use of the fvll-span leading-edze slat eliminated the large
negative dlhedral associated with the outboard single sletted flap.

3. At low angles of attack more directional stebility was obteined
with the full-span leading-edge slat than with the outboard flap. At
nigh engles of attack, however, there was a sharv reduction in directional
stability with the fvli-span slat, whereas with flaps down there was an
increase in directional stability at high angles of attack.

L. At low end moderate 1ift coefficients the flight characteristics
were satisfactory. At high 1ift coefficients the flight chzaracteristics
were considered wnsatisfactory because the yawing motions resulting
from low directional stability combined with the nosing-up tendency
resulted in a stall in which the model yawed, pitched, and then rolied
off out of control.

5. The flight characteristics nesr the stall might be made
satisTactory by use of a more effective stall-control device than the
vane vsed in these tests so that the directional stebility would be
maintained at a satisfactory value through the stell.

Lengley Memorial Aeronauvtical Leboratory
National Advisory Committee for Aeronautics

Lengley Field, Va. ﬂé,ﬁ 2 Jrdtf

. Charles V. Bennett

Aeronautical Engineer

Thomas A. Harris
Chief of Stability Research Division
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Figure 1.- The stability system of axes. Arrows indicate
positive directions of moments, forces, and control-surface
deflections. This system of axes is defined as an orthogonal
system having their origin at the center of gravity and in
which the Z-axis is in the plane of symmetry and perpendicular
to the relative wind, the X-axis is in the plane of symmetry
and verpendicular to the Z-axis, and the Y-axis is perpendicular

., to the plane of symmetry.



NACA RM NoGL7IL.17

A

3.84° -

Figure 2.~ Three-view sketch of the 1/20-scale model of the
Consolidated-Vultee XB-53 alrplane. :



Figure 3,- Photograph of the 1/20-scale model of the Consolidated Vultee XB-53 airplane
as tested in the Langley free-flight tunnel.
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Figure 4.~ Sketch of full-span slat and gtall-control vane
installation on the 1/20-scale model of the Consolidated-

Vultee XB-53 airplane.
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