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INVESTIGATION OF A SPOILER-TYFE IATERAL CONTROL SYSTEM
| ON A WING WITH FULL-SPAN FIAPS IN THE
IANGIEY 1G-FOOT PRESSURE TUNNEL

By Owen J. Deters and Rotert T. Russell
SUMMARY

Tests of a partial-span model of & large bomber=-type airplane
were conducted to determine the aercdynamic characteristics of the
wing equipped with full-span flaps and a retractable spoller and
aileron lateral control system. The arrangement consisted of
(1) a double slotted flap extending over approximately 86_percent-
of the wing semispan, (2) a 2C-percent constant-percentage-chord:
gileron extending from the outbozrd end of the flap to the wing tip,
and (3) a retractable spoiler, located at the 55 -percent wing-chord
station and extending from evproximately 634per¢ent of the wing
semispan to the wing tip. In addition, teste were made of a wing
vent (of 1 and 2 percent of the wing chord located directly behind
the spoiler), perforations in the spoiler, & slot or cut-out along
the lower edge of the. spoller, and spoilers of various spans.

With full-span fleps deflected and with the 2-percent vent open
or closed the. initial stalling of the wing occurred at the tips, but
with the vents closed there.probably would be no appreciable loss in
lateral control until maximum 1ift was reached. The l-percent’vent
increased the rolling effectiveness of the spoiler at smal) spoiler -
deflections, perticularly at high angles of attack with flaps ’
deflected. With flaps deflected the 2-percent.vent caused a large
reduction in both the wing lift and rolling effectiveness of the
gpoiler at large angles of atteck. However, at small angles of attack
the 2-percent vent increased the rolling effectiveness of the spoiler
at small spoiler deflections. The simultaneous operation of the
spoller and vent (in contrast to a vent fixed in the wing) would result
in & large increase in the effectiveness of the spoiler and would
avoid any loss in wing lift as in a fixed vent arrangement.

The tests of the spoiler modifications revealed that (1) the
spoiler perforations reduced the rolling-moment and yawlng-moment
coefficients but caused the spoiler hinge-moment coeffilcients to
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become more positive; (2) the spoiler slot haed no notable effect on
the rolling-moment and yawing-moment characteristics but produced:

a positive increage in the spoiler hinge-moment coefficients at

large spoiler deflectxons, (3) the effects produced by the individual
modifications were additive when the various modifications were
combined. In general, progressively decreasing the spoller span by
renoving the segments from the inboard end of the spoller caused a
decrease in rolling effectiveness’ epproximately proportional to the
span of the segment. .

INTRODUCTION

As the speed and size of airplanes have increased, the problem
of providing satisfactory control systems has become.increasingly
difficult, particularly in the case of lateral controls. As a
solution to this problem, a lateral control system consisting of a
spoiler and & short span (guide or pilot) aileron has recently been
developed (reference 1). The spoiler pilot-aileron control system is
composed of & circular-arc-type spoiler as the principal control
and an ailsron at the wing tip. An advantage of the spoiler pilot-
aileron arvangement is that full-span flaps can be uscd.

~The spoiler pilot-aileron arrangement was tested on a model of
a projected large bomber-type airplane to provide data for this
type of lateral control system. The arrangement consisted of (1) a
retractable circular-arc-type spoiler located at the 6)-percent-chord
station and extending over approximately the outboard 40 percent of
the wing semispan, (2) a 20-percent'cOnstant-percentage-chord aileron
extending from the outboerd end of the flap to the wlng tip and having
an internally sealed aerodynamic balence, and (3). a double slotted flap
extending over epproximately 86 percent of the wing semispan.

Tests of various modlflcations to. the wing and spoiler and of
various arrangements of the spoiler were made to determine. their
effect on the rolling-moment and yawing-moment characteristics and on
the aileron and spoiler hinge-moment cheracteristics. In .addition,
tests- to deterwune the lift drag, and pitchlng-moment characteristics
of the wing were made. .

' COEFFICIENTS AND SYMBOIS

The measured @erodynamic forces and moments . were reduced to
standard nondimensional coefficients and corrected so that all
coefficients presented herein apply to the complete wing. The
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pitching-moment, rolling-moment, and yawing-moment coefficients apply
to a center-of-gravity location 25 percent of and 5 percent below
the mean eerodynamic chord in the plane of symmetry.

The 'coefficients and symbols used in this report are defined

as follows:

1lift coefficient (lé.)
as

drag coefficient (2.)
as

pitching-moment coefficient (o)
gSc

rolling-moment coefficient l;',) A
\gSb/ .

yawing-moment coefficient (_N_
« AasSb/ -

spoiler hinge-moment coefficient é-—§->

cstsb _
aileron hinge-moment coefficient (-H-al—§
t . \‘qbaE—a
1lift
drag

pitching momén'b
rolling moment
yawving moment

gspoiler hinge moment, pdsitive when tending to _'prodizce a
more positive spoiler deflection

aileron hinge moment, positive when tending' to produce a
more positive eaileron deflection

dynamic pressure @pvz)
wiﬁg span

wing area
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mean aerodynamic chord

airspeed

“mass density of air

velocity of sound
viscosity of air

aileron chord

wing chord
s
‘Segment 5 0
= 5 't,,CC, d.bs
Segment 1 bsi ,

spoiler thiclkmess, normal to spoiler surface
spoiler=-segment span

inboard end of spoiler segment
outboard end of spoiler segment

spoiler mean radius (fig. 8)

product of aileron root-mean-square chord squared and

aileron span

. angle of attack of root chord, degrees

fvll-gpan-flep deflection, degrees

inboard-flap deflection, degrees

outboard-flap deflection, degrees

spoiler deflection, degrees, negative when spoiler is

deflecte@ up

aileron deflection, degrees, positive when trailing edge

is moved down
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1
R Reynolds nunber (ﬁg.c..>

M Mach number (g),

APPARATUS AND TESTS

Model and Installation

The model simulates the outboard 9.5 percent of the left wing .
of a projected large bomber-type airplane. The installation of the
model in the tunnel and the general dimensions of the model are
shown in figures 1 to h

A small gap (0.09 #0.03 in.) was meintained constan® between
the wing and reflection plane by an automatic telescoplng section in
the rodét end of the model., This mechanism was inoperative for most
of the tests of the spoiler and aileron, during which the gap was
approximately 0.53 inch. However, this increase in the size of the
gep would not be expected to have any measurable effect on the rolling-
moment, yawing-moment, or hinge-moment characteristlcs resultlng from
deflection of the spoiler and alleron.

The aerodynamic forceﬂ and moments on the wing model were'
meesured by means of a six-component simultaneously recording balance
system. The hinge moments of the spoiler and aileron were measured
by means of electrlc strain gages.

, Ving.~ The wing model was not a true semispan’ but represented
that part of the airplane wing outboard of the wing-fuselage Jjuncture
of the projected airplane. The aspect ratio and taper ratio for the
airplane wing are 11.09 and 0.25, respectively, whereas the .partial-~
span model mounted in conjunction with the reflection plane simulated
a wing of aspect ratio 10.8: and taper ratio 0.26. The airfoil
sections were the NACA 63(420)-L22 at the root and the NACA 63(420)-517
at the tip. The wing hed 12.15° sweepback of the quarter-chord line,
2° gihedral, ‘and 20 aerodynamic washout between the root and tip.

Wing vent.- The dimensiéns and geometry of the wing vent are
shown in figure 4. The vent width could be adjusted to a value of
elther 1 percent or 2 percent of the wing chord.

Wing .= The full-span double slotted flap con81sted of an
inboard (from wing root to outboard nacelle) constant-chord flap and
an outboard constant-percentagerchord flap., Typical sections of the
inboard and outboard flaps are shown in figures 5 and 6, respectively.
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Spoiler.- The spoiler waes of the retractable circular-arc type,-
and the arrangement and details are shown in figures 4 and 7 to 9.
The spoiler, located et the 65-percent wing-chord station, was
composed of five separate segments. The span (perpendlcular to the
plane of symmetry) of each segment and its identification are given
as follows, beginning with the outboard segment: .

: . Spoiler span
Spoiler segment |(percent complete
. wing semlspan)

1 4.8
2 5.5
3 \ Ool
4 7.0
5 Tk

i

The distance between each snoiler segment wes approximately

0.44 percent of the complete wing semispan, thus the spoiler wes
epproximately 32. 6 percent of the complete wing semispan. Iach

segment was attached to a comon actuating shaft through which the
deflections of the spoiler vere renotely controlled. Any segment or
combination of segments could be detached from the actuating shaft

end fixed in a neutral position' (flush with the upper surface of the.,
wing). The spoiler could be deflected in a negative (upward) direction
only; the relation between the deflection of the spoiler and its
projectlon above the upper surlace of the wing is given in figure 8.

§p_;ler modlxlcatlons. The modlflcatlons to the sp01]er
consisted of perforations in the spoiler plate and a small cut- -out in
the lower edge of the spoiler plate which formed a slot between the
spoiler and the upper surface of the wing at full deflections of the
spoiler. The dimensions and location of these modifications to. the
‘spoiler are shown in figure ¢. The spoiler was constructed of a
basic (0.051-in. thick) plate and a removeble (0.018-in. thick) plate
fixed to the forward face of the basic plate. The basic plate
contained both of the modifications (perforations and slot); and
removable plates vere provided which contained either of these
modifications, or both, or excluded them. By coublning the various
removable plates with tae bagic. spoiler plate, modifications to the
spoiler were effected. A further modification to the spoiler
congisted of a bevel. on the upper surface of the spoller as, shown in
figure G. : , . .

Ailleron.- The aileron was & 20-percent constant-percentage-chord
ailleron having an internally sealed aerodynemic balance of k5 percent
of the aileron chord behind the Ainge. The aileron extended from the
outboard end of tie flap to the wing tip as shown in flgure k. -The
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alleron upper and lower surfaces were atraight sided as showm in
figure 10, The installation of the elleron gtrain gage at the

" ihbodrd end of the aileron prevented the intermal balance from
extending over the inboard end approzimatley Y4 percent of the aileron
span. As a result of leakage at the inboard end of the balancé the

~ full effectiveness ofi the balance was probably not obtalned.

Tosts

The tests of the wing were divided into two groups: (1) the
tests to determine the 1ift, drag, pitching-moment and stalling
characteristics of thie wing, and (2] the tests to determine the
rolling-moment and yawing-mcment characteristice of the wing and
the hinge-moment characteristics of the spoller and aileron.

. The dynamic pressure for the tests, excluding those fcr scale
effect, was approximately 105 pounds per square foot which corresponds
to a Reynolds number of approximately 8,900,000 and a Mach number
of approximately 0.18, The density of the atmosphere was maintained
at approximately 0.0ogo,slug per cubic foot, The range of angles
of attack was fram -L~ through the angle of maximum 1ift. The
range of deflections of the alleron was +20° and of the spoiler,
0° to =57.5° (which corresponds to a maximm projection of 0.097¢).

COREECTIONS AND ACCURACY

The corrections to the measured characteristice were determined
by the methods of reference 2. Although the methods of reference 2 -
were derived for conventional ailerons, no appreciable error is
- introduced by their application to spoliler controls., The corrsctions
to the uncorrected coetficients were obiained from the following
relationships: o o

Cny = C + 0,0148C12
D Duncorrected Ll

-

o = “uncorrec'bc_ad + 0'926CL

. =0 .+ 0.034hCy,

m Iyncorrected S

Cy = 0.81k (?zuncorrected -'Cztar;>;

o . -c — 0.0410C,C
n Cnuncorrected Baze ~ O+0HPIL
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The values of 1lift, drag and pitchlno-moment coefficient have
not been corrected for the tere and interference effects of the
support strut system and therefore are not exact. Incremental velues
of these coefficients as well as the absolute values of rolling-
moment, yawing-moment, and hinge-moment coefficient are considered
to be accurate. The estimated limite of accuracy for the test data
presented herein were as fo1loms.

BOL v e v vt v et e e e e 10001
ACD"""“""“""'T‘""""“,'AJ‘O‘OOOQ,
Acm».-....-....."_..‘.".'..'..._...._..‘...._to.oo3
Cy e e 00001
ntoooos
B+ vt e e e e b 40,015
chs 0.1
o, degree .f. L T T L T T +0.1
8y, degrees .« . . o . . ; R NN BN +1.5
Ba, ABETEO » v o ¢ v e e et u e e e s e e e e £1.0

RESULTS AND DISCUSSION

The results of the tests are Uresented in i"ures 11 to 33.
The aerodynamic characteristics of the wing with full-span double-
slotted flaps are presented first followed by the cheracteristics
of the wing for variocus configurations of the spoiler and aileron.

Aerodynemic Characteristics of the Wing with
‘Full=Spen Double-Slotted Flaps

Effect of the flap and vent.- The aerodynamic characteristics of
the wing for various configurations of the flap and wing vent are
given in figure ll. Deflections of the full-span flap produced no
abnormal changes in the aerodynamic characteristics of the wing.

-
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The effects of opening the 2-percent vent were small at angles
of attack less than approximately 8°. The lift coefficient was.
decreased, the drag coefficient (for a given lift coefficient) was
increased, and the pitching~m0mentocoefficients became less negative.
At angles of attack greater than 8~ these changes in lift, drag, and
pitching-moment coefficient resvlting from the vent were greatly
increased, particularly for large flap deflections.

. The increments in meximum lift coefficient between the flap
neutral, vent-closed configuration,and various flap and 2-percent
vent configurations are given in the following table:-

Flap- | 2-percent- : ,
deflection|vent condition ACL ' \
(deg) - o Tmex
20 .| Closed 0.55
20 . Open 50
50 Closed 1.15
50 ~ Open .93

Of particuvlar interest is the large decrease in maximum 1ift
coefficient (0.22) caused by the vent with flaps deflected 50°.

Stalling characteristics.- The characteristlics of the wing stall
for geveral configurations of the full-span flap and 2-percent vent
are given in figure 12. With flaps neutral and vent closed the stall
began at the outboard nacells, spread forward and toward the tip, -and
gradually enveloped the spoiler and aileron. The stall over the
" inboard part of the wing followed that over the outer panel.. With

flaps deflected the general stall pattern remained the :same but the
stall over the outer wing panel occurred abruptly at maximum 1ift;
" the inboard part of the wing remained unstalled until after maximum
lift was reached. Opening the 2-percent vent caused the wing to stall
at a much lower angle of attack in the region behind the spoiler.

Becauge of the abrupt stall of the wing with full-span flaps
deflected and vent closed there would probably be no appreciable loss
in lateral control until maximum 1ift was reached. Since the wing has
a moderate amount of sweepback, the loss in 1lift due to stalling of the
wing tips would be detrimental to the longitudinal stability of the
airplane. _ ,
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Aerodynamic Cheracteristics of the Wing for Various
Configurations of the Spoiler and Aileron

One of the main objections to spoiler control arrangements has
been the time delay or lag between-the deflection of the spoiler and
the development of the resulting rolling moment. Other objecticns to
spoilers of the circular=-arc type are their ineffectiveness at small
projections (particulerly with flaps deflected) and small hinge
mements. Because of the relatively high: speeds of .the projected
bomber airplane and the rearward location of the spoller (65-percent-
chord station),lag,is.not expected to be a-serious problem. At low -
speeds, however, some lag may occur. In order to reduce the lag and
ineffectiveness of the spoiler at low speeds a vent (between the upper
and lower surfaces of the wing) vas located immediately behind the
spoiler. This verit would tend to open only as the spoiler deflects.
The effects of a vent in improving the spoiler lag and ineffectiveness
are demonstrated in references 3 and L. Although it .was not possible
to determine the spoiler lag in the present tests, the effects of
vents of 1 percent and 2.percent of the wing chord on the aercdynamic
characteristics of the wing and spoiler were determined. The aileron
at the tip was intended to reduce the lag and increase the effectiveness,
ag well as to improve the hinge-moment characteristics of the system.
The tests of the perforations, slot and spoiler bevel were made to
provide further means of improving the characteristics of the spoiler.

In the arrengement of the aileron and spoiler, the aileron was
operating in the weke of the spoiler. This condition could cause
seriouvs buffeting of the aileron and -tests were made therefore to
determine the characteristics of the spoiler with thet part of the
spoiler directly in front of the aileron removed.

Characteristics of the »nlazin spoiler.=- The characteristics of the

" plain spoiler, with flaps neutral and deflected,are shown in flgures 13
and 14. With flaps neutral, the variation of rolling-moment coefficient
with spoiler deflection was approximately linear. With flaps deflected,
a marked.increase in the rolling effectiveness of the spoiler occurred
between spoiler deflections of =50 and -10°. As the .spoiler deflection
was increased beyond -loo,.the rolling-moment coefficients continued

to increase but the slope of the curve was greatly reduced.'- At low
engles of attack with either flap configuration the yawing-moment
coefficients were favorable (of the same sign as the rolling-moment
coefficient) and varied lineerly with spoiler deflection. At high
angles of attack the yawing-moment coefficients were adverse at low
spoiler deflections, particuvlarly with flaps deflected. The acdverse
yawing-mouents occurred when the adverse induced yawing moment.due

to the change in induced drag with deflection of the spoiler exceeded
.the favorable yawing moment caused by the change in profile drag with
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deflection of the spoiler. Thue, at high angles of attack where the
induced yawing moment was large (a:nre it was cependent upon the

wving 1ift as well as the rolling effectiveness) the hotal yawing

moment was adverse. This condition was more pronouvnced with flaps
deflected as indicated by the lalrge increase in rolling effectiveness

at spoiler deflections between -5° and =-10°. With flaps neutrel, the .
rolling-moment and yawing-moment cecefficients decreased as the angle

of attack was increased; however, with flaps deflected, the yawing-
moment coefficients decreased but the rolling-moment coeffvcients
'1ncreased as the angle of autack ves increased.

- The aileron hinge-moment coefflulents became more negative as the

spoiler was deflecied from ‘2.) to approximately =-10° -but remained
approximately constant with further spoiler deflection. -This change
in.the aileron hinge moments resulted from the increase in’ the negetive
pressure over the aileron when the spoiler was deflected. - The change
in the hinge-moment coefficients was greatest st small angles of attack
- -and- large Tlep and aileron 6ef790+ions. > :

In general for all confiMuratlons the variation of spoiler hinge-
moment coefficient with spoiler deflecticn was :rxafuTar and the values
of the coefficients were negative (tending to proouce greater spoiler
deflections). However, at high angles of attack the mugnﬁtude of the
coefficients and the 1rvegular variation were reduced. .

Effect of the l-percent vent.- The effect of the l-percent vent
on the characteristics of the plawn spoiler was determined from a .
camparwson of figures 13 and 15 for flazps neutral and flgurep 1k
-and 16 for flaps deflected. With flemns neutral the vent slightly
increased the rolling effectivenesas of the spoiler et small spoiler
deflections (Jess then -109) and decreased the effectiveness at large
deflecticns., With flaps deflected the increase in spoiler effectiveness
at small deflections was much greater, particularly at high sngles of
attavk whereas the reduction in effect*vepecs at large spoiler’
deflectlons was negligible. The vent hed no effect on the yawing -moment
coeffic;ents. C

As was the" case for the plai spoller configuration, the aileron
hlnge moments usuwally became move negatlve as .the spoiler deflection
wes increased. The incremental change in the aileron hinge-moment
_.coefficlent (with spoiler deflection) waes a measure of the increese

“in the negative pressures in the region behind the spoiler. The effect
of the l-percent vent was to reduce the change in aileron hange-moment
coefficient resulting from deflection of the spoilér. This effect of
-the vent (vhich indicatés a reduction in the negative pressure behind
. the - spo*ler) occurred, in general, ‘at spoiler deflections less than -lOo
and was consistent w1th the increase in effectiveness of the gpoiler

at small &ef1ect10ns. It shoula be noted, however, that the aileron
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hinge-moment coefficlents were an indicailon of the conditions
existing behind the outboard section of the spoiler only, and were
not necessarily representative of the condltlors over the entlre
sp01ler. ' ‘ S

The l-percent vent had no anpreﬂlable effect on the hinge~
moment’ characterlstlcs of the apoiler., -

Effect of the 2-percent vent.~ The effect of the 2-percent vent
was determined from a comparison of figures 13 and 17 for flaps neutral
and figures 14 and 18 for flaps deflected. . At low angles of attack
with flaps neutral and deflected the effeci of the 2-percent vent on
the rolling-moment and yawing-moment characteristics was similar to
that produced by the l-percent vent. However, at small spoiler
deflections, the 2-percent vent was more effective in increasing the

‘rolling-moment coefficients than was the l-percent vent. At high

angles of attack, particularly with flaps deflected, the 2-percent
vent greatly reduced the rollings-moment and yawing-momgntvcoefficients.

‘The aileron hinge-moment cheracteristics with the 2-percent vent -
were. gimilar to those of the l-percent-vent configuration, At high
angles of attack with flaps neutrael or deflected the region behind the
vent was stalled and consequently the change. in the aileron hinge-~
mcment coefficient with spoiler deflection was smell,

The 2-percent vent had no appreciableteffect on the spoiler
hinge-moment coefficients with flaps neutral. In the flap deflected
configuration, however, the spoiler hinge-moment coefficients became
slightly more n081tlve at small spoiler deflections as a result of

the vent.

Effect of simultaneous operation of the spoiler and l-percent
or 2-percent vents.- In figures 15 to 18 the data were obtained for
an arrangement in which the vent is fixed in the wing. When the vent
is not fixed but opens as the spoiler deflects, the loss in 1lift
caused by the vent will occur only over the w;ng panel ‘on which the
spoiler is deflecued thus avgmenting the rolling effectiveness of the
gpoiler. The data for this arrangement are shown in figure 19, in
which it is assumed that the 2-percent vent would open instantaneously
as the spoiler began to deflect. It should be noted that the rolling-
moment -coefficients indicated at neutral spoiler deflection ¥would not
be obtained in a practical case because the vent would not open

-Instantaneously but at some finite rate as the spoiler deflected. The
-effect on the rolling-moment and yawing-mcment characteristics of the

2-percent vent in this arrangement was determined by a comparison of
Tigures 13 and 19(a) for flans neutral, and figures 1k and 19(b) Tor

flaps deflected. At all angles. of at;tack ‘and. flap and spoiler

deflections ‘the rolling effectiveness was increased. The greatest
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increase .occurred at high angles of attack with flaps deflected _
where the large loss in 1lift as a result of the vent (as shown in
figure 11(a)) greatly increased the rolling effectiveness at smail
spoiler deflections.

wnasmuch as the effect of instantaneous operation of the vents
can be represented as a constant increment of rolling-moment and -
yawing-moment coefficient the characteristics for the l-percent
vent are not presented in figure form; however, the increments in
rolling-moment and yawing=-moment coefficients produced,by both the
1-percent and 2-percent vents are presented in the following teble:

Flap Angle : .
deflection of l-percent vent [2-percent vent
OS¢ attack :
(d_eg) a ACZ . ;ACn A .AC,.L_ ACn
_ (deg) : _
0 3.5 ~0.0032.| -0.0001] -0.005% | ~0.0004
0 13.2 -.0033 | ~.000%| -.0050 .0005
50 b7 -.0012 | ~-.0002} =-.0050 | =-.0005
50. - 12.3 -.0032 | -.0004 -.0346 | =-,0013

The increments in rolling-moment and yawing-moment coefficients
produced by the 2-percent vent were considerably greater than those
produced by the l-percent vent particularly at high angles of attack
with flaps deflected.- 4

It is ev1dent from these data that a vent behind the spoiler _
must operate in conjunction with the spoiler in order to avoid. increases
in drag and serious losses in both the 1lift of the airplene and rolling
effectiveness of the spoiler. These effects have been demonstrated
in reference 5 where the simulteneous operation of the spoiler and
vent was accouplished by the use of a plug-type 59011er.

Effect of the spomler Derforations. The effect of the
perforations . on “the spoiler and aileron characteristics was determined
from a comparison of figures 13 and 20 for flaps neutral and figures 14
and 21 for flaps deflected. With flaps neutral end deflected the
- perforations generally decreasea the rolllng-moment and. yawing-moment
coefficients. .

The aileron hinge-moment coefflclents were not greatly afzected
by the ner%oratlons. At spoiler deflectlons greater than approxi-
mately -25° the aileron hinge-moment coefficients were sllghtly less

negative for the perforated spoiler.
/
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The spoiler hinge-moment characteristics vere greatly improved
as a result of the perforations. - The effect of the perforatlons

~were (1) to reduce greatly the erratic variation of the hinge-moment

coefficients with spoiler deflectlon, and (2) to reduce the hinge-
nmoment coefficients at small deflections and to produce positive
hinge-moment coefficients at large spoiler deflectionss .

Effect. of the spoiler slot.- The effect of the spoiler slot on
the characteristics of the spoiler and aileron were determined from
a comparison of figuves 13 and 22 for flaps neutral and figures 1k

and 23 for flaps deflected. The effect of the slot on the rolling-

moment and yawing-mcment characteristics was generally smellj the
rolling-moment coefficients were slightly reduced ‘at the maximum
deflection of the spoiler. The slot had. no- notable effect on the
aileron hinge-moment coefficlents. .

The spoiler hinoedmoment ccefficients were in general unaffocted

" by the slot at spoiler deflections less than -hoo At spoiler

deflections above -ho° ‘the hinge-moment coeflicients becamne more
positive.

_Effect of combinations of wvents, perforations, and slot.- The
effect of the perforations and l-percent vent on the characteristics
of the spoiler and aileron arc determined from a comparison of
figures 13 and 24 for flaps neutral and figures 1% and 25 for flaps
deflected. The combined effect of the perforation, l-percent vent,
and slot are determined from a comparison of figures 13 and 26 for '
flaps neutral and figures.ll and 27 for flaps deflected. In general,
the effects of the modifications on the rolling-moment, yawingrmoment,
and hinge~moment characteristics of the spoiler and aileron were
additive. That is, the individual effects of each modification
discussed prev1ously add to -form the characteristics of the spoiler. .
and sileron for each of the various combinutlons of the l-percent
vent, perforations, and slot.

Effect of the spoiler bevel.~ The effec» of the 17 bevel on the
characterlstlcs of the spoiler and aileron are determined from a
comparison of figures 26 and 28(a) with flaps neutral and. figures 27
and 28(b) with the fleps deflected., The significant. effect of the ,
spoller bevel was an epprecizble reduction in the spoiler hinge- .
moment coefficients at large deflections of the 8001ler. _The reduction
in.the spoiler hinge-mouent coefficients became greater. as the angle
of attack increased and emounted to approximately 35 percent at the
highest engle of attack. TFurther reductions could be made by placing
bevels on the perforation holes, particularly those near the upper
edge of the spoiler.
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Spoilexr characterist*cs for tvo alternate flap confignurations.-
The characteristics of the sp01ler with ful1-span flaps deflected 20°
and with partial-span flaps deflected 50 are preﬂenued in figure 29.
With full-span flaps deflected 20° the rolling-moment and yawing-
noment coefficlents were considerably greater than with flaps neutral.
The characteristics of the gpoiler. w1th partial-span flaps were
approximately the same as with the flaps neutral. Thus the increase
in spoiler effectiveness with increased flap span appears to be
directly dependent on the lift over that part of the wing spanned by
the spoiler.

Tnasmuch as the rolling effectiveness of the spoiler for either
flap configuration is not appreciably increesed by the aileron, the
effectiveness of the spoiler with flaps deflected might be greatly
improved by extending the span of the flap to the wing tip (providing
the aileron can successfully be eliminated). A further advantege of
‘such an arrangement would be an increase in the maximum 1ift of the

w1ng.,

Effect of spoiler spen.- The character;stlcs of the spoiler end
aileron with the two outboard segments (dlfectly in front of the
aileron) removed are given in figure 30 for flaps neutral and in
figure 31 for flaps deflected. The r‘ha.r‘etctea_rus.z‘&:"c:s of the spoiler
end aileron for various combinations of spoiler segments with flaps
neutral and deflected are presented in figures 30 and 31.  The -
rolling*moment and yawing-moment coefficients were reduced approxi=-
mately in proportion to the reduction in spoiler span with flaps
neutral. In the flap deflected configuration the reduction in rolling
and yawing effectiveness was a much smaller percentage of the total
rolling-moment and yawing-mcment coefficients. The spoiler hinge=-
mement coefficlents became more negetive at small spoiler deflections
and more positive at large deflections. The upfleoating tendency of .
the aileron resulting from deflection of ‘the spoiler was practically
eliminated.

- The characteristics of the spoiller and aileron for various
combinations of spoiler segments with flaps neutral and deflected
are presented in figures 32 and 33, respectively. The effect of
progressively removing the spoiler segments from the inboard end of
the spoiler (figs.. 32 and 33) was to reduce the rolling-moment and
yawing-moment .coefficients produced by the spoiler.. The reduction
in effectiveness of the spoiler as a result of removing each segment
for all configurations was approximately proportional to the span of
the segment with the exception of the two outboard segments in the
flap-deflected configuration where the reduction was considerably
smaller as noted previously. ST
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The aileron hiﬁge moments became more positive at small
spoiler deflections and more negative at large deflections as a
result of progressively reducing the spoiler span, particularly in

" the flap-deflected configuration.

Except for the outboard segment alone the spoiler hinge-mcment
coefficients generally became more negative as the spoiler spen was
progresgively reduced. The hinge-moment characteristics of the
outboard segment alone were rather erratic.

SUMMARY OF FESULTS

The significant test results of the spoiler=-pilot-aileron
arrangement installed on the model of a large bomber~type airplane
may be sumarized a8 follows::

1. With full-span flaps deflected and with the vent (located
directly behind the spoiler) open or closed, the initial stalling,
of the wing occurred at the tips, however with the vents closed,
there probably would be no appreciable loss in lateral control
until maximum 1ift was reached.

2. The 1l-percent vent 1ncreased the rolling effectlveness
of the spoiler at small spoiler deflections, partlcularly at- the
high angles of attack with flaps deflected.

? With flaps deflected the 2-percent vent caused a large :
reduction in both the wing lift and rolling effectiveness of the.
spoiler at large engles of attack. However, at smell angles of
attack the 2-percent vent increased the rolling effectlvenees of the
spoiler at smell spoiler deflections. :

L., The gimulteneous opération.of the spoiler end vent (in
contrast to a vent fixed in the wing) would result in a large increase
in the effectiveness of the spoiler and would avoid any loss in wing
1ift such as resulted with the fixed-vent arrangement.

5. The spoiler perforations reduced the rolling-moment and
Yawing-moment coefficients but caused the spoiler hinge-moment -
coefficients to become more positive, particularly at large spoiler
deflectlons. ,

6. The'spoiler-slot (Located on the lower edge of the spoiler)
had no appreciable effect on the rolling-moment and yawing-moment
characteristics of the spoiler but produced more positive spoiler
hinge-moment coefficients at large spoiler deflections.
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7. The effects produced by the ‘individual spoiler modifications
were additive when various modifications were combined.

8. In genereal, progressively decreasing the spoiler spen by
removing the segments from the inboard end of the spoller caused

a decrease in rolling effectiveness thal was approximately proportional
to the spen of the segment. o

Langley. Memorial Aeronautical Laboratory
National Advisory Cammitiee for Aeronautics
lengley Field, Va., June 20, 1947
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NACA
LMAL44438

(a) Front view.

NACA
LMAL44439

(b) Rear view.

Figure 7.- The outer-panel spoiler with perforations at the partial-span
wing model.
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Fig. 11a,b
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Figure 19.- Effectiveness of the plain spoiler for instantaneous operation of
the 2-percent vent at various angles of attack; aileron neutral;
R x8,900,000; M % 0.18.
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