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TECHNICAL NOTE NO. 129’+

IIWFSTIGATION or EFI"ECT OF SPAN, SPANWISE LOCATION, AND
CBORDWISE LOCATION OF SPOILERS ON TATERAL CONTROL
CHARACTERISTICS OF A TATERED WING

By Jack Fisghel and Vito Tamburello
SMMARY

_ A wind-tunnel invectigation was made of the effect of spen,
spanwise location, and chordwise location of spoilers on the
lateral control characteristics of an unflapped semispen wing
equipped with a simpie spoller having a projection 5 percent of
the chord., In dotermining the effect of spolier span and spanwise
locatlon, the epoiler was mounted at the T7O-percent—chord station
with the spoller span increasing from 10 percent of the semispan
to 100 percent of the semispan. The chordwise investigation
involved moving a 50-percent-semispan spoiler from the 50-percent—
chord station to the 80-percent-chord station. _

Curves are presented showing the variation of rolling-moment
and yawing-moment effectiveness with spoiler span. The results
indicated that the varistion of rolling-moment effectiveness with
gpoller span showed a trend similar to that of allerons for a
gecametrically similar wing. This similarity suggests the possibility
of employing aileron design data in the preliminary deslgn of
spoilers at low angles of atback., For a more exact estimation of
the spoller rolling moment expected at large anzles of atteck,
howaver, considerstion should be glven to the change in effectlvensss
with angle of atteck, The epanwise yawlng-mortent effectiveness for
allerons -and spoileis showed the same trend with spanwise location;
but because the spoilers gave favorable yawing moments, the spoller
data differed in sign from the aileron data., When the S50-percent—
semispan spoller was moved rearwerd from the 50-percent~—ohord station
to the &C-percent-chord station on the unflapped wing, both the
rolling-moment and yswing-moment coefficients were reduced.,

INTRODUCTION S - —

The use of spollers as lateral—ocontrol devices has long been
a subJect of research for the Wational Advisory Committee for
Aeronautics. Some noteble merits of spollers, such as control at
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high angles of attack, fsvorable yawing moments, and the practicable
use of full-span flaps with spoller arrangemsnts, have been known

for some time. In additlon, it has been found that spoilers

gensrally provide greater rolling moments when full-span flaps are
deflected, particularly when the spoiler moves through an opening
(spoiler slot) in the wing. These and other aerodynamic character—
istics of spollers, such as spoiler lag, have been gtudied and
presented in numerous papers. (See references 1 to 5.) Several flight
investigations have been made to illustrate the practicability of
employing spoilers on airplanes equipped with full—span flaps in

order to secure lateral control. (See references 6 to 8.) An investi-
gatlon reported in reference 9 suggests the use of spoilers in front
of ordinary allerons in order to increase the rolling moments and to
decrease the aileron hinge momente in high-apeed flight.

The present investigation was mads in the Langley 300 MPH
T~ by 10--foot tumnel to ascertaln the effect of sranwise and
chordwise location of spollers on spoller effectiveness. An attempt
is made to determine whether present aileron design data (such as
found in reference 5) can be used to design spoiler-~type ailerons,
Teosts were made with a semispan wing of a 50-percent—semispan
gpoller varying in position from the SC-percent—chord station to
the 80-percent~chord station, whereas other tests included spoilers
mounted at the TO0~percent—-chord station with the spoiler apan
increasing fram 10 percent of the semispan to 100 percent of the
semispan In lO-percent lncrementa. Additional tests were made to
study the effect of gape between spoiler. segments.,

MODEL, AND APPARATUS

The semispan wing was mounted in the Langley 300 MPH 7- by l0-foot
tunnel as a reflection-plane model, that is, with 1ts root chord
adjacent to one of the tumnel walls (fig. 1). The wing was supported
entirely by two struts which, in turn, were mounted on the tunnel
balence system. There was a gep of approximately 1/16 inch between
the tunnel wall and the root end of the model.

The semispan wing model was bullt to the dimensions shown in
figure 2 and had an NACA 420 airfoll section et the root and an
NACA 4410 airfoil section at the tip. The spoilers were of triangular
cross section and were mounted on the wing as shown in figure 2
with the front face of the spoilers approximately normal to the
wing surface, The height of all the spoilers meassured 5 percent of
the airfoil chord, and the spoilers were cut into segments 10 percent
of the model semispan, :
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TESTS

Most of the tests were run at & dynemic pressure of 99 pounds
per square foot, which corresponds to a veloclity of about 207 miles
per hour or a Mach number of 0.27 under standard sea-level cbndit%one.
This veloclity corresponds to & Reynolds number of about 2.69 X 10
based on a mean aerodynamic chord of 1.604 feet. Additional tests
were made with Mach numbers ranging from 0.13 to 0.39, corresponding

to Reynolds numbers of 1.40 X 106 to 3.7h X 106, respectively.

The angles of attack for all tests ranged from about -6° to the
stall. Tn the spanwise investigation, three systems of testing were
employed with the spoiler mounted at the TO-percent-chord station.
The first system involved increassing the spoiler span in l0-percent
Increments with the outboard end of the spoiler Ffixed at the wing
tip. For simpilcity, these spoilers are hereinafter referred to as
"outboerd spoilers.” The second system involved the same process;
however, *he intoard end of the spoiler was fixed at the wing root.
Thess spoilers are referred to as "inboard spoilers.” In the third
gyrtem, ceveral isolated spoiler spans were tested (some with large
gapas hetween spoller segments) and are referred to as "isolated
spoilers.” Complste data are not presented herein for the inboard
and isolated spoilers, but reference will be made- to the rolling-
nmoment data for these two types of spoilers.

For the chordwise investigation a 50-percent-semispan outboard
spoller was used and tested at the 50-, 60-, 65-, T0-, T5-, and
80-percent-chord stations.

Some additional tests were made with the 50-percent-semispan
outboard spoller mounted at the TO-percent-chord station. These
tests involved cutting the spoliler into five equal parts in order
to provide gaps of O.l4-, 0.54-, and 1.08-percent semispen between
spoiler segments (fig. 25. : _

SYMBOIS AND CORRECTICNS

CI. 11t coefficient (% where L is twi'ce 1ift of semispan mode])
aQ . .

Cp drag coefficient <-]28->
Qs

Cnm pitching-moment coefficient (ag-é where M 1s twlce pitching

moment of semispan model)
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rolling-moment coefficient L

aSh

yawing-moment coefflcient A -

asb/

wing mean aerodynsmic chord (M,A.C.), feet

/
(8" =)
S
\ 0

local wing chord, feet

distance from plans of symmetry, feet
twice ares of semispen model, square feeot
twlce spén of semlgpan model, feet

twlce drag of semispan model, pounds

rolling moment due to spoller measured about wind axis in
plane of symmetry, foot pounds -

yewing moment dus to spoller measured gbout wind axis in
plane of symmetry, foot pounds

angle of attack with respect to chord line, degreses

free—atream dynamio pressure, pounde per square foot <Jé=p\f2)
free-stream veloclty, feet per second
mess density of alr, slugs per cublc foot_ _ -

agpect ratio
Fip chord

taper rstlo | .
Root ohord

control deflectlon, degreess

change In effective angle of attack caused by control
deflection; alleron effectiveness factor

change in effective angle of atback, degrees
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M Mach numbsr

R Reynolds number .

C P _ —_

2 rolling-moment coefficient due toc a2 wnit change in effoctive -

Lo engle of attack over part of wing span occupied by control
surface; rolling-moment effactiveness parameter .

c

Zg yawing-moment coefficient Guve to a wmit change 1in effective

angle of attack over psrt of wing span occupled by control
surface; yawing-moment effectivensess parameter

The forceg and moments. are. presented about the wind axes with
the origin at the 30-percent point of, the root chord on the chord
plane.

The rolling-moment and yawing-moment coefflicients represent the
asrodynemic .moments on a complete wing due to the deflection of the
spoller on one semispan wing., The 1ift drag, and piltching-moment
coefficients represent the aserodynamic effects that occur on the
complete wing as a result of the deflection of the sboilers on bhoth
semispan wings. .

Jet-boundary corrections were appliod 4o the test data with the
use of reference 10. The effects of the jet boundaries became
magnified for model configurations having spoiler spans near the
reflection plane. .Blockage corrections wers also applied to ‘the test
date by methods of reference 1l. The data were not corrected for
the tare and interference effecta of the model support system.

" DISCUSSION . - . L

Plain-iing Characterietics

Lift, drsg, end pltching-moment characteristics of the plain
wing ars bresented in figure 3. The value of the 1lift-durve L
slope dCr/de (0.089) agreed very well with the theoretical _
value (O 090) for a wing of the seme aspect ratioc as thqt of the
present wing.. (See reference 12.)

Spanwlse Investlgation

Characteristice of outboard spoilers.- Results of the outboard-
spoller investigation (fig. 4) indicated that increassing the spoiler
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span increased the rolling-moment coefficients for spoiler spans up
to 0.90b/2 at angles of attack of about 0° and indicated that these
incremonts in rolling-moment coefficient decreased with the larger
gpoiler spans. The rolling moment produced by a given spoiler
remeined fairly constent over & large part of the a.ngle—of-—-agta.ck
range but began to decrease at an angle of attack of asbout 67, at
which point-flow separation is believed to ococur. Beyond that
point, the rolling moment produced by a given spoiler span was
groatly diminished.,

The yawing-moment coefficlents produced by the spoilers were
favoreble (having the sams sign as the rolling-moment coefficienta)
and increased with spoller span. As the angle of attack increased,
however, the yawing moments approached zero for all cases.

Ags 1ndicated in reference 2 for rearward spoller locations, the
presence of spoilers produces stalling moments. Figure I indicates
that the stability (as indicated by the slope of the pitching-moment—
coefficiont curve agalnst angle of attack) increased as larger
spoller gpans were used. '

Drag was found to vary linearly with spoiler span. This variation
wes also generally true of the pitching-moment and 1ift coefficients.
Pigure 4 also indicates that the effect of spoilers on pitching moment
and drag decreases as the angle of attack increases.

Variation of spoiler effectiveness with spanwise location.— In
order to determine the possibility of preparing one-design chart of
spoiler effectiveness for various spanwise locations from data
obtained by the three systems of testing spoilers employed in the
present Investigation, the rolling-mecment coefficients for given
spoiler spanwise locationa as calculated from the data for spoilers
extending inboard from the tip (outboard spoilers) are comparod
in figure 5 with the measured rolling-moment coefficilents of spoilers
extending outboard from the root (inboard spoilers) or mounted in
isolated locations along the span (islosted spoilers). The rolling
momonts calculated from the outboard-spoiler data were obtained by
intorsubtraction of the rolling-mcoment—~coefficient data of figure %
for the spoller span and spanwise location concerned. The data of
figure 5 show rather close agreement between the values of c,

obtained from inboard and isolated spollers and the values of C,

calculated fram outboard—spoller date for the same spoiler location
and Indicate that the rolling effe¢tiveness for various spoiler
spanwlsge locatlons may be computed from one design chart.

SBuch a deslgn chart showing the variation of rolling-moment
effectiveness parameter and yawing-moment effectiveness parameter
Cy/Ax. and Cp/A, respectively, with spoiler span and spanwise
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locatien is presented in figure 6. The rolling-esffectiveness curves
wore cobtained from both the inboard-spciler and the outboard—spoiler
data, whereas the yawing-sffectiveness curves were obtained only
fram the outboard-spoller data. The data for spoilers of any span
aro computed by the following eguationsi

c
G, () ' 7'pe.rtiafl.--—span gpoiler
— =X =
ba oo, full-span spoliler zfull—span spoller
C, /C ©
“n (Zg_) Dartial-span spoiler
Lo e’

full-span spoiler Cnfull-—span spoiler

The curves of fipure 6 show the rolling-moment and yawing—
moment coefficlents produced by a unit change of angle of attack
over the part of the wing spanned by the spoiler. Although the
curves show that Cz/Aa increases gomewhat. with angle of attack

for a given spoller span and projection, the change in effective
angle of atteck Aa over a given gpoilsr span producsd by a

spoliler depends on the wing angle of atteck so that the final
rolling-mament coefficient may become less as o increases. In

the prescnt investigetion Ax was found to decrease as a increased.
The yawing-moment coefficients are seen to decrease with an increase
in angls of attack, which tends to make the yawing moment less
favorebls, '

Comparlson of effectiveness parameters Cy /M and Cnﬁ&m

between spoilers and allerons for various spanwise locations.— The
effectiveness paramsters Cz/Am and Cn/Aa of a wing equipped with

ailerons (reference 5) and having the same geamotric characteristics
as the present wing are compared in figure 7 with the effectiveness
parameters obteined with spoilers in the present investigation.

The rolling—effectiveness curves for both the ailerons and the
spoilers show the same %rend with spanwise location but differ
slightly in magnitude. It should be noted that the aileron rolling
effectiveness parameters are theoretical, and the discrepency shown
in figure 7 between spoller and aileron rolling effectiveness parameters
18 no greater than that shown in reference 5 between expsrimental and
theoretical aileron data, Inaemuch as the values of Cy/Aa over the

span of a wing should be independent of the type of control surface
inducing the change in effective angle of atbtack and, hence, the
roll, it is believed that conventional-aileron design data can be
uged for preliminary design of spoiler-type ailerons provided the
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wing angle of attack ls small., Tor e more exact estimation of the
rolling-moment coefficient expected at large angles of attack,
however, the present spoliler data should be used for a wing having
the same plan form oy congideration should be given to the effect

of o on Cp/ba for other wing plan forms, As previously indicated,

the spollers provided favorable yawing momente, whereas ailerons
provide unfavorable yawing moments; therefore, the curves of cn/m
for the two types of control differ in sign but show the same trend
with spanwise control location. In addition, the spoller yawing-
noment data represent the total yawlng moment produced by spoilers,
vwhereas the alleron yawing-moment, data represent only the induced
yawing moment produced by allerons. (See reference 5.)

In calculating the rolling-moment or yawing-moment coefficlents
of wings with allerons hy means of the aforementioned charts of
Cy/to. and Cp/Ac, the ailercn effectiveness factor Aa/AS

multiplied by the control deflection 8 is utlized to obtain the
change in effoctive angle of attack /v and, thence, the values
of Cy; and Cp. Spoiler design data cannot employ this simple

method of obtalning Aax, however, since the data of reference 8
and of other investigatlione appear to indicate that &a for
spollers is & complex function of the wing angle of attack, the
spoiler projectlon, the wing-spoller configuration employed, and
the chordwise spoiler locetion. Therefore, values of Ao as a
function of spoliler proJjection for the particular wing-epoiler
cambination considored should be obtained from section data for a
aimilar configuration in order to sliminate three~dimensional
aerodynamlc effects,

Effeoct of gap between spoller segments.— The presence of & gap
between spoliler segments apparently had an effect only on the rolling—
moment coeffioclents and the drag coefficients (fig. 8). Gaps of lees
than 0,0054b/2 produced no noticeable effect on the rolling moments,
whereas the largest gap decreamsed the rolling moment about h—% percent

over moat of the range of o. This loss in rolling moment is aboub
1/2 as much as would have been predicted from figure 6.

Chordwise Investigation

Aeorodynamic characteristics.— Results of the chordwise investi-
getion of spollers are presented in figure 9. A rearward movement
of spoller location on the wing produced large decreases in the
avellable rolling moment. The rate of decreasée of rolling moment
with rearward shift of spoiler location changed throughout the
angle-of-attack ranze so that the minimum rate occurred at the most
negatlive angle of attack, whereas the maximum rate occurred at the
largest angle of attack tested. It may be noted that at the most
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forward location C; increased with angle of attack over part of

the rangs < «, vhereas at the most rearward location there is
a continuous decrease in C, with increase in angle of attack.

This beneficial sffect on the rolling moment resulting from
moving the spoller forward on the wing is also accompanied by the _
adverge effect of increased lag in the rolling response of the wing.
Previous results (reference 13) indicate that epollers located behind
the 60--percent—chord station have negligible lag, bul the lag increases
as the spoiler is moved forward and would become scmewhat objectionable
for spoiler locations as far forward as the 50-percent—chord station.

Movement of the spoiler resrward (fig. 9) decreased the favorable
yawing-moment coefficients almost linearly, In additlion, the yawing—
mement ceefficients increased positively (became less favorable)
with increase in angle of at'back.

Linear increments in drag cocfficient resulted from moving the
spoiler location chordwise, The pitching-moment coefficienisbecame
more pesitive as the spoiler location was moved rearward. .

Comparison of available yawing-mawent and rolling-—moment data o
for various chorawise locablons Of Spollers.- The rolling-moment and
yawing-moment data for varioue chordwiss spoiler locations obtalned
from reference 2 are compared in figure 10 with similar data obtained
from the present investigation. Since the data of refersnce 2 are
uvncoryrected and were obtained for & wing under different conditions
than those for the present wing, the figure is intended to reveal
. the qualitatlve characterilstics of the two wings.

The same general characteristica for the two wings are indicabed
as follows: As the spoiler was moved forward, the favorable yawling
moment became greater for both the low and high angle of attack and
the rolling moment became greater for the large angle of attack.

No forward chordwise location, however, was reached in the present
investigation where a decrease in rolling moment occurred for the

low angle of atback as indicated for the gpoller at the 0.30¢ station
in reference 2. As indicated In reference 2 and shown In figure 10,
the rolling mcment increased at the forward locatlion with increase

in angle of attack.

Scale effect.— Figures 11l{a) to 1l{c) show the effect of the
variation of Reynolds number and Mach munber on the rolling-moment
and yawing-motment coefficlents for three chordwise spoller locations
fG.GOc, 0.70c, and 0.80c). For the low Mach number rangs covered

0.13 to 0.39), no perceptible effect was produced on the yawing
momente; however, there was a smell inconsistent variation of rolling
moment with Mach number in all three locations.
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CONCLUSIONS

Wind—tunnel results of a spanwise and chordwilse investigation
of plain spollers of 0.05-chord projection on a semispan wing without
flaps led to the following conclusions:

1. The spanwige rolling-moment effectiveness obtained fram
gpollers showed a trend similar to that of ailerons for a gecmetrically
gimilar wing. This similarity suggests the possibility of employing
alleron design data in the preliminary design of spoilers at low anglgs
of attack. For a more exact estimation of the spoiler rolling moment
expected at large angles of attack, however, consideration should be
glven to the change in effectiveness with angle of attack,

2. The spanwilse yawing-mcment effectiveness for ailerons and
spoilers showed the seame trend with spanwise location; but because
the spollers gave favorable yawing moments,-the spoiler data differed
in slgn from the aileron data.

3. When the 50-percent—semispan spoiler was moved reerward from
the 50-percent—chord station to the 80-percent~chord station on the
unflapped wing, both the rolling—mdment and yawinghmoment coefficients
were raoduced.,

-k, Variation of the Mach number between 0.13 and 0,39 produced
no perceptible effect on the yawing-moment coefficients but produced
a small inconsistent variation of the rolling-mcment coefficients.

Langley Memorial Aeronauticel Laboratory
Nationsl Advisory Coamittee for Aeronautics
Langley Field, Va., March 18, 1947
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