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PLATN SPOILER ATL.ERONS AT SUBSONIC SPEEDS

By Relph W. Franks
SUMMARY

A method is described for predicting the subsonic rolling effective-
ness at zero angle of attack for plain spoiler ailerons. The spoilers
consldered were of constant-percent-chord heilght and mounted normal to

.- the wing surface along the TO-percent-chord line. An extension of the

- method to include additional types of spoiler ailerons appesrs possible.
. A gimplified lifting-surface theory developed for flap-type ailerons is
- used together with two-dimensional-spoiler data and an empirical correc-

tion for the effective spanwlse location on swept wings. A comparison
is made of the predicted rolling moments with experimentally obtained
values for a series of models, and the agreement is shown to be good.

INTRODUCTION

As a result of the current interest in the application of retractable
gpoller ailerons as lateral controls on high-speed aircraft, & considersble
number of tests have been made using various types of spoller configuras-
tions. The results of some of these tests are presented in references 1
to 10, and reference 11 contains a bilbliography of spoiler information.

The great number of wing-plan-form-spoiler comblnations possible,
however, creates a need for a method of predicting spoiler rolling-moment
effectiveness which accounts for as many of the variables involved as
possible. 1In references T and @ are presented the results of two attempts
to predict spoiler effectiveness. ZEach of these methods is based on the

) gpplication of a flap-effectiveness theory. The agreement of experimental
—- and predicted results is good for unswept wings. For a swept wing, how-
ever, the method of reference 9 1s ingpplicable since the method was
developed using the antisymmetrical span loading of unswert wings only.
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Reference 7 described an empirical modification to this method toc account
for the effects of sweep; however, a comparison,of the predicted and
experimenta] spoller effectiveness shows the predicted wvalues to be too
high for spoilers on swept wings.

It 1es the purpose of this yeport to describe z method of predicting
gpoiler rolling-moment effectiveness based on the simplified lifting-
surface flap theory of reference 12. To apply this flap theory to spoil-
ers, it was necessary to obtain test data of spoilers on itwo-dimenslonal
wings, and to employ an empirical, correction when predicting the effec-
tiveness of partial-span spoilers on swept wings. The results of apply-
ing the present method to the conflgurations described in references 1
to 8 (see table I and fig. 1) and the comparison with the experimental
data are presented herein,

NOTATTON

The coefficients and symbols used in this report are defined as
follows:

A wing aspect ratio
b wing span, measured perpendicular to plane of symmetry, ft
Csy rolling-moment coefficient, roll;ggﬁmoment

Clex rolling moment dbﬁained experimentally

Czt rolling moment predicted by application of theory

Cig rolling moment due ta sileron deflection, %%% (from ref. 12),
per radlan

c wing chord (measured parallel to plane of symmetry), ft

H height of spoller sbove wing section mesn line, measured normal
to mean line, ft

h height of spoller sbove wing surface, measured normal to wing
surface, ft

M Mach number

q free-stream. dynamic pressure, lb/sg £t

R Reynolds number, based on the mean serodynamic chord
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wing area, sq ft
maximum airfoil section thickness, Tt

distance from wing leading edge to spoller, measured parsgllel to
plane of symmetry, £t

distance from model center line to edge of spoller, measured
perpendicular to plane of symmetry, ft

ordinate of airfoil section at spoiler location, Ft

angle of attack of the wing-chord plane with reference to free
gtreasm, deg

prefix denoting an increment

effective change in angle of attack due to deflection of spoilef,
measured at Cp = O, radians

angle of deflection of full wing-chord control surface (from
ref. 12), radians

dimensionless lateral coordinate, %%E
Ys8inboard

spanwise location of inboard end of spoiler, s

Y8
spanwise location of outboard end of spoiler, ——93§29§£Q
b/2
angle used 1n determining empiricel correction factor, deg
angle of sweepback, deg
(Subscripts denote line referred to: c/4%, quarter chord;
s, spoiler; t, trailing edge.)

wing taper rstio

DEVELOFMENT OF METHOD

The spoller configuration chosen for analysis was g plain spoller

alleron located on the wing upper surface along the TO-percent-chord line
and of constant-percent-chord height. This configuration was selected
because more experimental data were available for this type than for any

other single type.

L
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The procedure used in obtalning theoretical values of the spoiller
rolling effectiveness was similar to that used in references T and 9.
Values of CIS ocbtained from a flap theory weré multiplied by s value

of Aag, representing the effective change in section angle of attack
due to spoiler deflection, to give the predicted rolling-moment coeffi-
cient. For the present investigation, however, reference 12 was used to
obtain values of C3_  because this theory wes developed for use with

antisymmetrical control deflections on wings of arbitrary plan forme, and
it has given good results with flap-type controls. '

The values of Aag, used were obtained by testing a serles of Sym=-
metrical airfoll sections ranging in thickness from 6.0- to 16.3-percent
chord and measuring the change in angle of attack for zero 1ift caused
by spoilers of various heights and chordwise locations on the airfoil.
The tests were made in a 2- by 5~foot two-dimensional wind tunnel at a
Reynolds number of 2 million, Plotting of these values of Aag; against
H/c resulted in a single curve for each chordwise location of the spoll-
ers, The curves are reproduced in figure 2. Some data for trailing-
edge gpollers are given in reference 10. -

A comparison of the rolling-moment coefficlent predicted as des-
cribed above with experimentally cobtained values showed that while the
characteristics with full semispan spollers on swept wlngs and both full-
and partial-semispan spoilers on straight wings could be predicted with
good accuracy, the predictions with pertial-semlispan spoilers on swept
wings were not acceptebly accurate. It was suspected that the inaccura-
cies in the prediction for partial-semispan spoilers on swept wings were
caused by the spanwise flow of the spoller wake in an outhoard direction

as described in reference 8. _ -

In order to account for the effect of this spanwise flow of the wake
on the effectiveness of spoilers on swept wings, an empirical correction
was developed. The experimental velues of C; for models 1, 2, 3, and 12
(described in table I and fig. 1) heving spoilers of 1lO-percent-chord
height, mounted =slong the TO-percent-chord line, and extending inboard
from the wing tip to various values of ﬁ were compared with the theo-
retical values of C; obtalned by application of the flap theory of ref-
erence 12 as described above. The values of 1y effective, which would
yield a theoretical C; equivalent to the experimental were Then deter-
mined and laid off on the wing trailing edge as shown in flgure 3. The
average sngle, 8, obtalned for each wing studied was then determined, and .
its veriation with sweep of the spoiler is shown in figure bL. Limitea
data indicated that these values of 8 could be used for spoilers extend-
ing outboard from the wing center line. The correction was applied as
shown in figure 5 to the remainder of the spoiler configuretions tested
on models 1, 2, 3, and 12, and also to the spoller configurations tested
on the remainder of the models listed in table I.
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For models 9 and 12, the calculations of Czs included the compress-
o)

s of the theory of reference 12.

APPLICATION OF METHOD

The procedure in obtalning & value of C; for a particuler wing-
spoiler configuration congists of first determining a value for the effec-

tive location of the inboard end of the spoiler, NMlefrective’ and for the
effective location of the outboard end of the spoiler, Moeffective® Using
thege values to locate the effectlve spgiler location,; the Czs is obtained

from reference 12.

In determining fNefpectives &Ny which is the difference between the
actual end of the spoiler and the effective location, is computed as
shown in figure 5. Adding An to 1 gives Tgppectives BOWEVer, if
noeffective exceeds 1.0, as would be the case for the spoiler extending
almost to the wing tip on a highly swept wing, the CZB corresponding to
Mo = 1 should be used.

The values of Cy for full chord flaps cbtained from reference 12

can be used in conjunction with Aag +to obtain (€3 since Aag i1is equiv-
alent to 8. In the present report, it is considered that a spoiler is
deflected on one wing panel only, and therefore one half the value of

Cz glven in reference 12 should be used since the values therein are
for two controls antisymmetrically deflected.

To 11lustrate the applicaetion of the method, a sample calculetion
is outlined below.

Asgumed wilng characteristics:
A=1L
K O.&

Ag 4 = 140.18°

Airfoll section, NACA 6LAOIO (streamwise)
Assumed spoiler characteristics:
0.15 b/2
0.60 b/2

ni

No
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: = o A5lizce
h/e = 0.08
xg/ec = 0.70

Calculastions:

The airfoil section ordinate at T0-percent chord is 3.127-percent

chord; therefore, H/c = h/c + 0.0313 = 0.1113, From figure 2,

A(Is = 0.]—28-
From figure
Ang
ang
Ano
Ano
Mefrective
Noeffective

Applying equation (26) of reference 12,
b [0.75 - (1 = Z8)) 4y
= b 1 LIS Q BN 3y
= 0.75064
Ag = 36.89°
40,75 1-A
tan Ay = tan Ay, - d AT ) <; + A/ 0.66854
At = 33.76°
5 : )
_ 1 -0.70) (o cos 33.8° sin 30.5°
o) [1 - (0.38)(0.15)] cos €5.3°
= 0.170
wg Q0 o
¢! -_.0.79) _ cos 33.87 sin 30.5
4{(1.62) (L (0'38)(0'60)]_ cos 64.3°
= 0,139
=ng + Mg = 0.15 + 0,170 = 0.320
=Ny + Mgy = 0.60 + 0.139 = 0.739

WL, UNCLASSIFIED
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Assuming C; 1is desired at a low enough Mach number so that

,/l - & 1.0, the following value of CZS is obtained from reference 12:

Cz Ci. = 0-369

at 14 = 0.080 and at 1q

effective 5 effective S}

Ci. = 0.289

o]
Since this example involves a spoiler deflected on one wing panel only,
this value is halved

C;. = 0.289/2 = 0.145

&
Using the value of Aag obtained sbove:

C; = (0.145)(0.128) = 0.019
DISCUSSION

In order to evaluate the results obtained by the application of the
method described sbove, the predicted rolling-moment coefficlents at zero
angle of attack for a number of models having various wing-spoiler config-
urations were plotted against the rolling-moment coefficients obtained
experimentally from references 1 through 8. These plots asre presented in
figures 6 to 19. In most cases the asgreement is good, and no systematic
variation has been found for differences between predicted and experimen-
tal values; however, in many cases the increment of Cj., obtained by
the addition of a spoiler segment from 71 = 0.80 ton = 1.00 to a spoiler
extending outboard from the fuselage (or wing center line) was greater
than would be predicted.

In computing the values of Cjy used to obtain the theoretical
rolling-moment coefficients the effects of compressibility were taken
into account according to the method discussed in reference 12. The
effect of applying this procedure is shown in figure 15 where rolling-
moment data teken at three Mach nurmbere are presented. While the pre-
dicted values of (C3; are about 10 percent lower than the experimental
values reported in reference 6, the effects of compressibility seem to
be adequately accounted for by the method.

Although the bulk of the avallsble data are for spoilers mounted
along the TO-percent-chord line, figure 8 shows the results of applying
the method to spoilers along the 60~ and 80-percent-chord lines on
model 2, The effective spoller spanwise location was determined using
8 obtained from figure h_and calculated according to the equations
shown in figure 5, The sgreement of predicted and experimental results

UNCLASSIFIED
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In the development of the method, as descrlbed above, it was found
necessary to correct for the spanwlse flow of the wake behind the spoiler
on sweptback wings by an empirical correction. It is of interest that
the data of reference 8 indicate that the computed effective spanwise
locetion of the inboard end of the spoliler on this model coincided with
the point at which the separeted area behind the spoller on the upper
surface reached the trailing edge of the wing at zero angle of attack.
At this point the spenwise loading indicated & decrement of 1ift due to
spoller action. At the outboard end of the spoliler the flow behlind the
gpoiler was separsted to the wing tip as would alao be predicted by the
computed spanwlse correction.

In the present method, the rolling-moment coefficient 1s predicted
only for zero angle of attack. While two~dimensional spoiler data gave
no indication that spoiler effectiveness would vary with angle of attack
for angles less than those at which separation begine shead of the spoiler,
the three-dimensional wings generally exhibited an Ilncrease of rolling
moment with angle of attack at low angles. Figure 20 shows typical vari-
ations for four of the models considered in this report. The large effect
of a change .of ailrfoil section on model 2 should be noted. (The airfoil
sections used are described in detail in reférence 1, and consisted of a
thin symmetrical section which was modified by the addltion of a drooped
leading edge of increased radius. Both sections were identicgl aft of
LOo-percent chord.) This large variation is in contrast with the negli=
gible differences in rolling moments produced at zero angle of attack
for & given spoiler configuration on each of the two wings. Because of
the meny varisbles involved, gefieralized curves of the varlation of C;
with angle of attack for various wing-spoiler combinations haeve not been
developed, and the curves of figure 20 should not be used as such. Since
this increase of (C; with angle of attack occurs for almost all config-
uratlions studied, the predicted value of C; at zero angle of attack
can be consldered to be conservative up to the angle of attack at which
separation begine on the wlng without a deflected spoiler.

The range of plan forms considered by the theory of reference 12
included any arblirary plan form having a straight quarter-chord line
across the semispan. While both straight and sweptback wings having a
varlety of taeper ratios were studled 1n the present report, no date exist
for spoilers on sweptforward wings.

The method as described above was developed for a particular type
of spoiler aileron; however, it is believed that the method can be
extended to other types of spollers if values of  Aag and An can be
determined. While only spollers of constant-percent-chord helght were
studied in this report, it is believed that spollers of constant height
could be dealt with as is done with’ constant chord flap-type controls in
reference 12,
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CONCLUDING REMARKS

The low-speed rolling-moment coefficient produced at zero angle of
attack by plein spoilers of constant-percent-chord height and located on
the wing upper surface slong the TO-percent-chord line can be predicted
by a method based on the simplified lifting-surface theory of reference 12,

Agreement between experimentally obtained wvaslues of the rolling-
moment coefficient and those predicted by this method is shewn to be good.

Although the type of spoller investigated was that for which the
most data are presently available, it 1s believed thht the method can be
extended to apply to other types of spoller ailerons.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Field, Calif., Aug. 26, 195k
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TABLE 1.~ GEOMETRIC CHARACTERISTICS OF MCDELS

Teat
Configu= Adrfoll section Bpoller spenvias
Model | ration | & "g;;’ A (pmaitices | Reter]  (stremewise unless axtent
{x) Eﬁir‘" | otherwise indicated) min | Momax
Modified Aiamond
1 ¥ 3.00115.9%§ 0.bo 9.7 {0131 1 e ¢ 1.00
- ™ 0.0k2
2 W+B 3.00 | 40.£0] JHO 9.7 JA3) 1 EgACA GMADOS 10.31e L1488 | .00
3 WB+Y | 2.99] 4s5.00] 0 12,8 A3 1 NACA 0005 mod. L1488 | 1,00
Root:; WACA 0012.6h
L[ wBv | 578(33.000 2| Ta7| a3] 1 Tip: NACA OOLL-G4 .10 1,00
mod, 20.2%¢
5 v hoo1|ko.18] & 6.8 J6| 2 FACA 647-212 00.273¢ | O .98
Hexagonal
6 W43 2.5 | 5.28] & 7.6 J5) 3 (tm ) 20 .95
""'é—' - 0006
Lj 3.11 ] W8.77] .50 1.3 J3] 0k NACA 6% 012 0 1.00
WB 3.4 [ ks.00] WAL L.k 07 5 NACA 8l -A112 10.2%¢ J2 .98
Iho
9 W+B 40 (P61 .60 2.0 gg 6 HACA €5A006 139 539
10 W %131 © 1.00 2.2 260 7 NACA §hAD10 376 976
1 L 2,13| 0 1.00 3.1 26] 7 NACA 6EAQLO 3% 9%
12 v 2.09| 45.0 | 1.00 3.1 26 7 NACA 6hA010 10,250 0 1.0
#3 W4B 3,98 w50 | .61 5 Lol 8 RACA 654006 1k 87

*oonfiguration designations: W, wings B, fusalage; V, vertioal tail.

Rrmin model wea also tested with a section modified by the ajdition of a drooped leading adge of increaged
radiua.

3Tt ghould be noted that the smpailer reported on in wefsrence 8 was curved end, therefore, noh entiraly
noymel to the wing surface; however, einoe the deflsction is meapured normsl to the wing surface and
the curvature is small, thess data sre included in this weport. ':@7
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Figure 1,~ Summary of wing plen forms of models. (Model numbers correspond to those used in

‘teble I.)
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Spoiler

. YR ﬂ
ﬂieffecﬁve
Figure 3.~ Determination of @ for a spoller extending inboard from the
tip.
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Figure 4.- Variation of ¢ with angle of sweepback of spoller at
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4('-—"55-)1' 1 cos Aysin®
Tiettective= M ¥ All+X) J_l' (l‘)\)ni., cos{Ar+8)
X
a(l-g) cos Arsin®
\ Toettective= 10 (1 EN) E"‘“"“%] “os(A-Te)

Flgure 5.- Method of determining effective spanwise extent of an arbi-
trarily located spoiler aileron.
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Figure 1l.~ Experimental and predicted rolling-moment coefficients for model 5; —— = 0.70C.
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Figure 12.- Experimental and predicted rolliing-moment coefficients for

model 6; =& = 0.70; & = 0.06.

.02

Cy

t° 0.20

o
0.40
0.60
0.80

6

4

2

1.00

>ao poOPOo

Figure 13.~ Experimental and predicted rolling-moment coefficients for
model T; =& = 0.70; % = 0.05.
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Figure 1h.- Bxperimental and predicted rolling-moment coefficients for model 8; %? = 0.704
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Flgure 15.~ Experimental and predicted rolling.moment coefficients for model 9; %"- = 0.70;
N1 = 0.139; Mo = 0.630.
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Figure 16.- Experimental and predicted rolling-moment coefficients for
x
model 10; 'EE = 0.70; ny = 0.34; 1, = 0.9k,
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Figure 17.- Experimental and predicted rolling-moment coefficients for
b'4

model 11; —cﬂ =“o.7o; ni =q‘ﬁLE§o = O.?l.
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Figure 18.- Experimental and predicted roliing-moment coefficients for
model 12; 28 = 0.70; £ = 0.08.
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Figure 20.- The ratio of rolling-moment coefficient at various angles of
attack to the rolling-moment coefficient at zero angle of attack;

2 - 0.10; %8 = o.70. . :
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