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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-188

AN EXPERTMENTAL INVESTIGATION TO DETERMINE THE EFFECT OF
SPEED-BRAKE POSITION ON THE LONGITUDINAL STABILITY
AND TRIM OF A SWEPT-WING FIGHTER AIRPLANE®

By Robvert T. Tgylor
ABSTRACT

A 0.10-scale model of a swept-wing fighter airplane was tested in
the Langley high-speed 7- by 10-foot tunnel at Mach numbers from 0.60
to 0.92 to determine the effects of adding underfuselage speed brakes.
The results of brief spoiler-ailileron lateral control tests also are
included. The tests show acceptable trim and drag increments when the
speed brakes are installed at the 32.7l-inch fuselage station.

INDEX HEADINGS

Controls, Spoiler - Complete Wings l.2.2.4.2
Stability, Longitudinal - Static 1.8.1.1.1
Control, Lateral 1.8.2.2
Airbrekes 1.8.2.4
Control, Hinge Moments 1.8.2.5
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-188

AN EXPERIMENTAL INVESTIGATION TO DETERMINE THE EFFECT OF
SPEED-BRAKE POSITION ON THE LONGITUDINAL STABILITY
AND TRIM OF A SWEPT-WING FIGHTER ATRPLANE®

By Robert T. Tegylor
SUMMARY

A 0.10-scale model of a swept-wing fighter airplane was tested in
the Langley T- by 10-foot high-speed tunnel to determine the effect of
speed braekes under and at the sides of the fuselage On the longitudinal
stability and trim over the airplane Mach number range. The results of
brief lateral control tests concerning (1) the effect of a plain spoiler
mounted shead of the aileron and (2) the effect of blunting the aileron
trailing edge are included also.

An adequate drag increment with an acceptable pitch lncrement was
obtained when both the side and underfuselage speed brakes were extended
500 and with the underfuselage brakes mounted in their most forward
position.

The addition of spoilers ahead of the alleron, when lccated at the
inboard station, reduced the aileron hinge-moment characteristics.
Blunting the aileron trailing edge changed the effectiveness only slightly
and reduced the aileron hinge moments by approximately 4O percent.

INTRODUCTION

Interest in a particular mission for a swept-wing fighter airplane
dictated the use of additional speed brakes on the underslde of the fuse-
lage. Inasmuch as negative trim angle-of-attack changes accompanying
speed-brake deflection are objectionable, 1t was considered desirable to
determine experimentally the speed-breke hinge-line location which would
give zero or slightly positive trim engle-of-attack changes under full
brake application. An investigation was therefore made in the Langley

*Pitle, Unclassified.
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high-speed T- by 1l0-foot tunnel to assess the effect of varying the under-
fuselage speed-brake hinge-line location. Brief lateral control tests
were also made to determine the effects of installing a spoiler shead

of the aileron hinge line and blunting the alleron traeiling edge. The
results of these wind-tunnel tests are presented herein.

SYMBOLS

The direction of positive forces, moments, and angles is shown in
figure 1.

A area moment of aileron normal to hinge line, cu ft

b wing span, ft

c wing chord, ft

c wing mean serodynamic chord, ft

Ca aileron chord, ft

Cp drag coefficient, %

Cp alleron hinge-moment coefficient, %

Cha, rate of change of hinge-momengccoefficient with angle of
h

attack, taken at a = 0°, b

Cr 5 rate of change of hinge~-moment coeffigé.ent with alleron deflec-
a
tion, taken from &g = 0° to =59, —h
35,
Fy,
Cr, lift coefficient, =
C1 rolling-moment coefficient, ?1%
CZS rate of change of rolling-moment coefficient with aileron
e
deflection, teken from &, = 0° to =59, —t
e,
Cm pitching-moment coefficient (moments taken sbout %), %‘g
Q
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(§§%> increment in pitching momegt due to deflecting underfuselage
C1=0.2 and side speed brakes 50~ at a 1lift coefficient of Cy, = 0.2
Cn yawing-moment coefficient, %éﬁ

Cy side-force coefficient, q—é

Fp drag, 1b

Fr, 1ift, 1b

FY side force, 1lb

M Mach number

My aileron hinge moment, ft-lb

MX rolling moment, ft-1b

MYw pitching moment, ft-1b

M, yawing moment, ft-1b

q free-stream dynamic pressure, % pV2, lb/sq ft
R Reynolds number

S wing area, sq ft

A free-stream velocity, ft/sec

a angle of attack, deg

bg aileron deflection, deg

toTe} speed~brake fuselage gap, in.

&g side speed-brake deflection, deg

5, underfuselage speed-brake deflection, deg

P free-stream density, slugs/cu ft



b AN

APPARATUS AND TESTS

A 0.10-scale manufacturer's model of a current jet fighter airplane
was used in the investigation. The model consisted of aluminum wings
and tail surfaces mounted on a steel fuselage core. The fuselage core
was covered with wood, which formed the exterior fuselage shape.

Photographs of the model mounted for testing in the Langley high-
speed T- by 10-foot tunnel are presented as figure 2. Flgure 3 shows
pertinent model geometry with sketches of the speed brakes and controls
tested.

As is shown 1in figure 5(&), the model was tested with the underfuse-
lage brakes at four longltudinal stations at several brake deflections
and brake-fuselage gaps. Detalls of the underfuselage brakes are shown
in figure 3(b). Lateral control tests were also mede with the originsl
conventional aileron and with a blunt-trailing-edge aileron suggested
by the manufacturer, with and without 0.05Z% spoilers mounted in the
various positions shown in figure j(a). Typical alleron cross sections
are shown in figure 3(c).

The model was installed on a six-component strain-gage balance, the
output of which was fed to recording potentiometers. Aileron hinge-moment
data glso were recorded with this equipment.

Tests were made in the Langley high-speed 7~ by 1l0=foot tunnel at
Mach numbers from 0.60 to 0.92. The variation in test Reynolds number
as a function of Mach number is presented in figure 4.

CORRECTIONS

The data presented have been corrected for the effects of tunnel
blockage at zero 1ift by the method of reference 1. The effects of
stream constraint have been accounted for by the method of reference 2.
The effects of base-pressure drag have been eliminated; that is,\hll the
drag data have been corrected to conditions of tunnel free-stream static
pressure at the model base. Corrections to the angle of attack due to
sting and balance deflectlon under load alsoc have been applied:

The tests made with the spoller mounted shead of the aileron do not
include the rolling moment, yawlng moment, or side force due to the
spoiler since an identical spoliler was used on the opposite wing at the
inboard station. (See fig. 2(a).)
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PRESENTATION OF RESULTS

The results obtained are outlined in the following table:

Figure

Effect of underfuselage speed-brake deflection . . . . . « « - . 5
Effect of fuselage side brakes . . « + « « « v ¢ o o ¢ o « o 6
Effect of underfuselage speed-brake gap .« « + « « ¢ ¢ « o o T
Effect of underfuselage speed=-brake longitudinal position 8
Effect of fuselage side brakes on effectiveness of the

underfuselage Drakes « « « « o o ¢ o o+ s o s o 4 e s s . e o 9
Effectiveness of conventional aileron . .« « « « & &+ ¢ « o o ¢ & 10
Aileron effectiveness in presence of inboard spoiler . . . . . . 11
AMleron effectiveness in presence of outboard spoiler . . . . . 12
Comparison of conventional and blunt trailing-edge alleron

effectiveness .« ¢ « o o o o o o o o o 4 4 e e 2 e e s 2 s e 13
Summary of gitch increments due to deflecting all speed

Prakes 507 o v o o o o 4 e v e e e e e e e e e e e e e e e 14
Summary of aileron effectiveness including the effect of

blunting the aileron trailing edge and of installing

spoilers ahead of the alleron at two spanwise locations . . . 15

DISCUSSION

The data are presented with a minimum of discussion; however, it
should be pointed out that an increment in dreg ACp of about 0.02 wes

obtained, due to deflecting the underfuselage brekes 50° throughout the
Mach number renge investigated (figs. 5 to 9). The pitching-moment
increments due to deflecting side and underfuseleage speed brakes 50°

are sumarized in figure 1l4. With the underfuselage brakes located at
fuselage station 32.71, the most forwerd location, an acceptable (slightly
positive) trim change is present.
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The results of the lateral control tests are summerized in figure 15.
AMdition of the blunt tralling edge to the aileron decreases the sileron
effectiveness slightly and decreases the hinge-moment-curve slope approxi-
mately LO percent. The addition of a spoiler shead of the aileron at the
inboard station decreased somewhat the rolling moment due to the aileron
and tends to improve the aileron hinge-moment cheracteristics at the
deflections tested. The spoiler installation at the outboard station
also decreases the rolling moment due to aileron but has a much less
favorable effect on the asileron hinge moment. No dynamic data were
taken with spoiler or speed braske extended.

CONCLUDING REMARKS

Results of an experimental wind~-tunnel investigation to determine the
optimum location for underfuselage speed brakes on a current Jet-fighter
model have been presented. The most forward location tested provided the
least objectionable trim change and still yielded essentially the same
increment in drag coefficient.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., August 26, 1959.
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Figure 1.~ Sketch showing direction of positive forces, moments, and
angles.
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(a) General arrangement.

Figure 3.~ Model details. All dimensions are in inches.
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(b) Sketch of underfuselage speed brake.

Figure 3.~ Continued.
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(c) Typical aileron cross sections tested.

Figure 3.~ Concluded.
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