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A WIND-TUNNEL INVESTIGATION OF THE USE OF SPOIJXRS FOR

OBTAINING STATIC LONGITUDINAL S’2KBIHTY OF A

CANARD-MISSILEMODEL IN REVERSE l?lXGBT

By Herman S. Fletcher

An investigation has been conducted in the Langley stability tumel
of the use of spoilers for obtaiming static longitudinal stabi3ity of a
model of a canard missile in reverse flight such as that occurring when
the missile is bunched rearward from an airplane. The low-speed static
longitudinal stability characteristicswere determined for forward f13ght
of the missile tithout spoilers and for reverse flight of the missile
with spoilers attached normal to the main supporting surface. The spoilers
were 10, 20, ~, ~, and ‘jOpercent of the wing chord in total height and
protruded equal distances beyond the upper sad lower surfaces of the wing
along the entire span of the trailing edge of the.~~.

.,

At angles of attack up to 6°, 8°, andll.” W@ for the low &eed range
of these tests, stable pitching-moment slopes were obtained for reverse
flight of the canard-type missile having rectangular surfaces by the use
of spoilers having total heights of ~, 40, or ~0 percent of the wing
chord, respectively; however, reverse-flight stability was not obtained
by the use of spoilers having total heights of 10 or 20 percent of the
wing chord for any portion of the angle-of-attack rahge “fnv’e%tigated.The
increase in drag that attended the increases in spoiler height was about
proportional to the exposed height of the spoiler. .

INTRODUCTION

Attacks of one airplane on another are frequently delivered from the
rear in order to avoid firing deflection shots that are less accurate than
shots fired from a rearward approach. This fact and the recent interest
in the use of air-to-air guided missiles for the defense of aircraft
(refs. 1 and 2) make the launching of missiles in this direction from
defending aircraft of considerable importance. One means of launching
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missiles involves dropping properly fused missiles from the airplane as
required. In this application the missile would be pointed to the rear
and hence flying in the reverse direction when first dropped and in the
normal direction when self-propelled.

The basic requirement for statically longitudinally stable canard
missile is that the restoring moment caused by the rearward Jlfting sur-
faces be hrger than the destabilizing moment caused by the forward
lifting surfaces and the body. This requirement is usually met for
nomal flight by proper proportioning of the lifting surfaces and asso-
ciated moment arms.a One means of obtaining static stability for the
canard missile in reverse flight is to eliminate the lift acting on the
forward lifting surfaces. This objective might be accomplished by the
use of spoilers which would be designed to fall away when the flight
direction becomes normal.

The purpose of this investigation, then, was to determine by wlnd-
tunnel tests the feasibilia of obtaining static stability in reverse
flight by the use of spoilers for amissil.e that is stable without
spoilers in normal flight. A model of a canard missile having rec’tan-
- ~t~ sWfaces of aspect ratio 2was chosenas a suitable config-
uration for this work. Tests were made to determine the static stability
of this model in normal.flight without spoilers and in reverse fld.ght
with flat-plate spoilers of five different heights. These spoilers had
total heights, measured from belowto above the wing, that varied from
10 to 50 percent of the chord of the wing. The spoilers were attached
perpendic~ to the trailing edge of the wing in normal flight along
the entire span. ih order to determine the influence of the spoilers
on the aerodynamic characteristics of the wing aloned tests were also
made on a proportionally larger wing.

SYMBOLS

KU forces and moments are given with respect to a system of whd
axes (fig. 1) which has its origin at the center of gravity of the model.
The coefficients for the isolated wing were based on an equivalent body
propotiionately larger than that of the complete missile model. The
coefficients and symbols used herein are defined as follows:

CL lift coefficient, L/q+

CD drag coefficient, D/q+

% pitching-moment coefficient, M/q~d

L lift, lb
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Subscripts:

10, 20, m,
40, 50
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drag, lb

pitching moment, ft-lb

frontal area of body of model (0.0873 sqft for complete
missile data, 0.502 sqft for isolated wing data)

madmum diameter of body of model (0.33 f% for complete
missile data, 0.799 ft for isokted wing data)

-C pressure, 5$, lb/sqft

mass density, slugs/cu ft

free-stream velocity, ft/sec

angle of attack of wing, deg

wing chord, ft

thiclmess of wing in percent of wing chord

total height of missile spoiler in percent of wing chord

isolated wing

spoiler

indicates total spoiler height, ~

MODEL AND AJ?F’ARATUS

A canard-missilemodel consisting of a body, a wing, and a canard
surface was employed for these tests. Details of this model are given
in figure 2 and table I. The body of the model was made of mahog~ to
the dimensions given in figure 3 and the lifting surfaces, which had am
aspect ratio of 2, were flat plates made of plywood. The canard surface
had beveled leading and trailing edges, whereas only the leading edge
of the wing was beveled. The traifing edge of the wing was not beveled
in order to provide a sufficiently thick and flat surface to which the

spoilers could be easily attached. The spoilers were made fran
&-ti&

DursJ.uminsheet and were bolted to the wing so that they protruded equal

~==..av .. --.
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distances above snd below the wing-chord plane. These rectangular-shaped
spoilers were shilar to the spoilers shown in figure k, extended along
the entire span, and had total heights varying from 10 to 50 percent of
the wing chord.

The isolated wing used in this investigation was also a rectangular

flat plate of aspect ratio 2 made fran ~ -inch plywood. The spoilers

used on the ~ were rectmgular 1 inchflat plates made fran —-
16

Duralumin sheet. Dtiensions are given infigme 4.

The missile-model tests were conducted h the 6- by 6-foot test
section of the lk.ngl.eystability tumnel and the isolated-wing tests were
conducted h the 6-foot-diameter rolling-flow test section. The models
were attached to a s--strut support system which was fastened to a
sti-component balance system that measured the forces and moments acting
on the models. The missile model was attached to the support strut at
the same mounting point (an assmned center of gravity which was
28.61 inches frcm the nose) for nomal sad reverse flight. The isolated
wing was mountedat the wing quarter chord.

TESTS

Tests were made at a dynsmic pressure of ~ lb/sqft to detemine
the static longitudinal stability of the missile model in normal and
reverse flight without spoilers snd in reverse flight with spoilers of
various heights for an angle-of-attack range frcun-4° to about 32°.
Tests were also made to determine the aerodynamic characteristics of
the isolated wing without spoilers and with spoilers of various heights
for an angle-of-attack range from -2° to about 30°. Tests ~th the 30~
h(l,and x percent wing-chord spoilers on the isolated wing were made
at a dynsmic pressure of 25 lb/sq ft because of the excessive buffetm
which occurred with the larger spoilers at a dynamic pressure of
ko lb/sq ft.

The test conditions for the various
the following table:

configurations are given in

___ .-
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Configuration -c pressure, Reynolds number, based on
lb/sq ft wing chord

Missile 40 7.31 x 105

w 40 1.75 X106

w -1-Slo 40” 1.75 x 106

w i-S20 40 1.75 X106

w + Sjo 25 -1.38 x 106

w -1-s~ 25 1.38 XI.06

w + S50 25 1.38 X106

CORREC?IT.ONS

No jet-boundary or blockage corrections were applied to the missil.e-
model data. It was-determined-that these correctio= were negligible
because of the small.volumes snd areas of the body and lifting surfaces
of the model as compared with the area of the tunnel cross section. No
tare corrections were app~ed to the model ~ and ~ data because

previous tests of a similar but larger model had shown the tares to be
too small and erratic for application to the data. Howe&r, a tare cor-
rection of 0.382 was subtracted from the ~ data to correct for the

drag of the exposed portion of the support strut.

The following jet-boundary corrections,
were added to the data for
spoilers of various sizes:

the isolated~

& = 1.057CL

q = O.owl-c-f

No blockage or tare corrections were app~ed
wing-spoiler data.

determined frti reference 3,
sndthe isolatedwingwith

to the-isolated-wing or

_.--——— ———. — _ .-—.
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IWSULTS AIIDDISCUSSION

The static longitudinal stabi~ty data of the missile model in
reverse flight with and without spoilers and in nomal f~ght without
spoilers are presented in figure ~. The results show that the spoilers
with heights greater than 20 percent of the wing chord ~roduced large
favorable changes in the pitching-moment characteristics of the model in
reverse fllght. The spoilers having total heights of 30, kO, and 50 per-
cent of the wing chord reduced stable pitching-mment slopes up to angles
of attack of only 6°, 83, and no, respectively; huwever, it should be
noted that restoring moments were present up to 13°, 18°, and 22°,
respectively. The model without spoilers and with the 10- and 20-percent
wing-chcml spoilers bad unstable pitching-moment slopes throughout the
angle-of-attack rsmge. The model in normal flight without spoilers had
a stable pitching-moment slope that extended to 20° and restoring moments
were present for the entire angle-of-attack range.

The isolated-wing data of figure 6 are presented to aid in under-
standing the nature of the model pitcldng-moment results. Tbe reverse-
flight pitching-mment data of figure ~ show amsrked similarity in
shape of the curves to the wing-spoiler lift data of figure 6. It appears
from this fact that the loss in lift caused by the spoilers was the pre-
dominant factor in producing the restoring moments that increased the
reverse-flight stability.

Figure 7 presents the variation of ~ with exposed height of the

spoiler. These data show that MD is proportional to the exposed height
of the spoiler at 0° angle of attack and that the increase in drag caused
by the increase in spoiler size was greatest at low angles of attack.
The drag of the larger spoilers should be beneficial.in decelerating the
missile and thus in aiding in the reverssl of flight.

It was observed in the static-stabilitytests of the isolated wing
that the larger spoilers created a condition of violent buffeting at a

-C Press~e of ~ lb/sqft which couldbe eklminate dbyreducing
the dynamic pressure to 25 lb/sqft. Although the missile-spoiler con-
figuration tested at k(llb/sqft was free from any buffeting caused by
the larger chord spoilers, it is thought likely
spoilers would cause the buffeting condition to
pressures encountered in actual launchings.

CONCLUDING REMARKS

??romthe results of this investigation, it

that the larger chord
appear at the high dynamic

can be seen that obtaining
stable pitching-moment slopes of a canard missile in reverse flight by the

—
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use of spoilers is feasible
speed range of these tests.

7

at angles of attack up to Il” in the low
However, tests at high subsonic speeds for

providing information relative to buffeting and dynamic stability calcu-
lations and experimental studies involving aerodynamic disturbances, such
as those occurring when a missile is launched rearward from an airplane,
are necessary before the practicality of these spoilers for use in
obtaining stabi14ty in reverse flight can be definitely established.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronauticsj

Iangleyl?ield, Vs., April 27, 1954.
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TABLE I

GEOMETRIC CHARACTERISTICS OF CANARD-MISSILEMOIIEL

Body:
Length, in. . .
Dismeter, in. .
Fineness ratio .

Wing:
Aspect ratio . .
Taper ratio . .
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Figure 1.- system of wind axes. FUTOWB Indicate wsltlve direction of
forces, moments, and agles.
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