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FREE-FLIGHT INVESTIGATION OF THE ROLLING EFFECTIVENESS
OF A WING-SPOILER ARRANGEMENT AT HIGH SUBSONIC,
TRANSONIC, AND SUPERSONIC SPEEDS

By Carl A. Sendahl
SUMMARY

An investigation of the rolling effectlveness of & wing-spoller
arrangement has been conducted by the use of rocket-propelled test
vehicles in free flight. The results obtalned for the configuration
tested, which probably was not an optimum, indicated that the rolling
effectiveness was a maximm at about M = 0.91, decreased abruptly in
the Mach number range from 0.92 to about 1.0, and continued to decreass
with increasing Mach number to the maximum attained (M = 1.73). Further
tests are indicated I1n ordsr to develop & spoller having improved
rolling-effectiveness characteristics in the Mach number range lnvestlgsied.

INTRODUCTION

The Pllotless Alrcraft Research Divislon of the Langley Memorilal
Asronautical Leboratory 1s now engaged 1n an experimental investigation
of assrodynamlic controls utillizing rocket-propslled test vehicles in free
flight. The exploratory phase of thls investigatlon is being conducted
with the RM-5 test vehicle with which data relating to the rolling capa-
bilities of wing-alleron combinations are obtained. Descriptlons of the
test technique and results obtalnsd previously for the rolling-effectlvensss
characteristics of plain allerons are given 1n references 1, 2, and 3.

Inasmuch as spoller-type controls offer the possibllity of obtaining
control effectiveness with small hings moments, an experimentsl investil-
gation of the rolling effectiveness of a number of wing-spoiler configu-
rations 1s being conducted with the above-descrilibsd technigue. The pur-
poses of the present paper is to present results obtained recently relating
to the rolling capebilities of a wing-spoiler arrangement consisting of a
full-span spoller having a proJection of 2 percent of the wing chord and
located at the 80-percent chord line. The spoiler was atteched to an
unswept wing of NACA 65-009 airfoll section. The present results, which
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were not obtalned for a sufflclent number of different configurations to
permit the evaluatlon of the effectlveness of spoller allercns at transanic
and supersonic speeds, do, however, Indicate the effectlvenesa character-
lstics of a typical spoller arrangemsnt.

SYMBOLS3
pb
o wing-tip helix angle, radiéns
P rolling velocity, radieans per second
b dlamster of circle swept by wing tips, feet (with regard to
rolling characterlstics, this is considered to be the effectlve
span of the three-fin RM-5 models)
v flight-path velocity, feet per second
drag coefficient based on total exposed wing area of 1.563 square
feet
M Mach number
bl dlameter of circle swept by wing +1ps minus fuselage dlameter
Sl exposed area of two wing panels
b,
A exposed aspect ratio —
S1
h spoller projection above wing surface
c wing chord perallel to model center line
B, allsron deflection measured In plane perpendliculer to chord plame

and parallel to model center line

APPARATUS AND TESTS

The general arrangement of the RM-5 test vehlcles used In the present
investigation is shown in figure 1 and the photograph of filgure 2. The
alrfoll section in a plane normal to the chord plane and parallel to the
model center line is the NACA 65-009; the exposed wing area is 1.563 square
feet and the aspect ratic A 1s 3.0.°
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The test vehlcles are propelled by a two-stage rocket-propulsion
system to & Mach number of about 1,8 which corresponds to a Reynolds
number of about T million based on the wing chord of 7.07 inches. The
variation of Reynolds number with Mach number 1s shown in flgure 3.
During & 10 -second period of. coasting flight followlng rockst-engine
burnout, time histories of the rolling veloclty, obtalned with special
radio equipment, and the flight~path velocity, obtalned with Doppler
radar, are obtalned. These data, in conjunction with atmospheric data
obtained with radiosondes, permit the evaluation of the alleron rolling
effectlveness in terms of the paramester -Ié—-s_ as a function of Mach number.
In addition, the varlation of drag coefficlent with Mach number is obtained
by a method involving the differentiation of the curve of flight-path
velocity versus tlme for power-off flight.

The experlimental accuracy ls estimated to be within the following
limits:

-12’——.5_ t0.005 (due to limitations on model constructional accuracy)
%—3 $0.0005 (due to limitations on the instrumentation)
CD 10.003 (&t subsonic speeds)

Cp 10.002 (at supersonic speeds)

M to0.01

It should be noted, as pointed out In reference 1, that owing to thes
relatively small rolling moment of inertia the values of -12)—?_ obtained

during flight are substantlelly steady-state values over the largest part
of the Mach number range even though the model 1s experisencing an almost
continual rolling acceleration or deceleration. Except for ebrupt changs

of 22% wlth Mach number which some conflgurations experlence in the

Mach number range from about 0.85 to 1.0 (for example, model numbsrs 50
and 70, filg. L4) the correction for steady-state conditions is less then

3 percent. For abrupt changes 1n 22% the correction is estimated to be of

the order of 20 percent. Inasmuch as the correctlon to steady-state con-
dltions involves an estimation of the demping in roll which cannot now be
determined wilth sufficient accuracy at transonlc speeds, no correctlon hes

been applled to the measured velues of I;l\; A complete discussion of the
testing techniaue 1s contained in references 1, 2, and 3.
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RESULTS AND DISCUSSION

The results of the present tests are presented in figure 4 as curvse
of 2% and CD_ versus Mach number. :

2V o . . -
Ag shown in figure h, the spoller rolling effectiveness 1s a maximm
in the vicinity of Mach numbsr 0.91 and dscreases abruptly in the Mach
number renge from about 0.92 to about 1.0 and continues to decrease with
increasing Mach number to the maximum attained (M = 1.73). Ths rolling
oeffectliveness at supersonic speeds 1s conslderably lower than at subsonic

gpeeds. For exemple, the rb at M = 1.4 1s about 1/7 the value - _
of b at M = 0.9. For coﬁgarisqn, the rolling-effectivensss character-

v . . L }
istlcs of a plain, sealed, O.2-chord full-span alleron mounted on a wing
of the same plan form and section as used in the spoller teste l1la shown
in figure L.

The relation betwesn the spoller rolling effectivensss and ths
increase 1n wing drag cosfficlent due to spoller projection 1s also shown
in figure 4. At s Mech number of 0.8 the spoiler is effective in producing
roll and the increase in wing drag coefficient due to spoller extension,
taken as thes ratlio of the wing drag coefficlents for modesl numbers TOC
and 50A, 1s of the order of five times, & value which is in agreement wilth
the results of reference 4. At supersonic Mach numbers the spoller
rolling effectivensss ls reduced and the increase In wing drag coefficilent
dus to spoller extension is amall. These resulte Indicate that, at super-
sonlc speeds, the wing boundary layer 18 relatively thicker than that at
subsonic speeds and that larger spoiler extensione and more forward
chordwise locetions would he beneficial.

CONCLUDING REMARKS

It should be realized that the wing-spoller arrangement tested is
in all probabllity not the optimum. Further work is indicated In order
to develop a sgpoller having improved rolling-effectlveness character-
isticse over the Mach number range investigated.

Langley Memorial Aercnautical ILaboratory
National Advisory Committee for Aercnautics
Langley Fleld, Va.
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Figure 2.~

Spoiler model tested.
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