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PATIOMAL ADVISORY COMITIEE FOR AXRORAUITOS

TECHICAL WOIE No, 1k09

TNVROTIGATION OF A SPOIIER-TYI® LATERAY, CONTROL SYSTEN
ON A VING VITH FULL-SPAR FIAPS IN THE
TANGIEY 19-¥OOT PRESSURE TUOGIEL
By Owven J. Doters and Rotert T. Russell

SUMMARY

Testn of a partial-spen model of a lerge bomber~type alrplane
were conducted to determine the serodynamic charecterietios of the
wing eqiipped with full-span flaps and a2 retractable sproller and
aileron laternl control eystem. The crrangement consisted of
(1) a double elotted fimp extending over approximately 56 percent
of the ving semispan, (2) a 20~percent conatent-percentage-chord
aileron extending from the outbocrd end of the flap to the wing tip,
end (3) a retractable spoiler, loceted ot the 55-percent wing-chord
station and extending from approximstely 63 percent of the wing

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, a slot or cut-out along
the lower edge of the spoller, and cpolilers of various spans.

With full-span fleps deflected and with the 2-porcent vent open
or closed the initiel ntalling of the wing occuwrred at the tips, dbut
with the vents cloced there probably would be no appreciable loss in
lateral control until meximum 1ift wus eeched. ‘fhe l-percent vent
increaced the rolling effectiveness of the spoiler at smull spoiler
deflections, pexticularly at high angles of attack with flapse
deflected. With flaps deflected the 2-percent vent caused a laxge
reduction in both the wing lift and rollirng effectiveness of the
spoller at large angles of ajiteck. However, at smmll anglee of attack
the 2-percent vent increased the rollingy effectivenocss of the spoiler
et small spollexr defloctions. The sirmltzneoun operation of the
epoiler and vent (in comirast to a vent fixed in the wing) would result
in 2 large increase in the effectivenesas of the spoiler and wculd
avoid any lose in wing 1ift as in & fixed vent arrengement.

The tests of the spoller rodifications revealed thet (1) the
epoiler verforetions reduced the rolling-moment and yawing-moment
coefficients dbut caused the spoiler hingo-moment coefficients to
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pitching-moment, rolling-moment, and yaving-mcment cocefficients apply
to a center-of -grevity location 95 percent of and 5 percent delow
the mean corodynamic chord in the plane of symmetry.

The coefficients and symbols used in this report are defined
as follove:
L ]

cp 11£+ coefricient (..Tx.)
qS

dreg coefficient (E%)

pltching-moment coefficient (L)

qSe

Q
-

rolling-mment coeffiolent (%.b)
g

«
-]

yawing-mcuent coefficient ( N )
asb,

spoller hinge-mcment coefficient
qcst sbs

s

ailercn hinge-mcment coefficient |-
a%

bETS
dreg
pitching moment

L
D
M
L

rolling moment

yawing moment

spoller hinge mament, positive vhen tending to produce a
more positive spollexr deflection’

g0 =

alleron hinge moment, positive when temding to produce a
more positive elleron deflection

dynamio pressure (%pva)
wing epan
wing area

(-]




mean seroiynemie chord
alrspecd

mass density of air
volocity of sound
viscosity of air
alleron chord

wing chord

b
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Segment 1

spoller thickmess, normal to spoiler svxface
spoiler-segment spen

inboard end of spoiler secment
outboard end of spoiler segment

spoller mean radius (fig. 8)

product of alleron root-mean-square chord squared and
&ileron gpan

angle of attack of root chord, degrees
fwll-span-flap deflection, degrees

indoard-flap deflection, degrees

outboaxrd-flap deflection, dogrees

spoiler deflection, degrees, negative when spoilexr is
deflooted wp A

sileron deflection, degrees, positive vhen treiling edge
is moved down o
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AYPARATUB AND TESTS
Model ard Installation

The model simlates the outboard 9%.5 percent of the left wing
& projected lavge bomber-type airplans. The instellation of the
in the tunnel and the general dimensions of the mcdel are

in figures 1 to k.

A small gap {0.09 $0.03 in.) wus maintained constant between

winz and reflection plane by an outcmatic telescoping section in

root end of the model. This mechanism was inoverative for most

the testz of the spoiler and aileron, during vhich the gap was
approximately 0.53 inch. However, this increase in the size of the
gap vould not be expscted to have any measuradble effect on the rolling-
mament, yawing-moment, or hinge-ncment characteristics resulting from
deflection of the spoiler and aileron.

The aercdynamic forces and moments cn the wing model were
meapsured by means of a six-component simultanecusly recording balance
system. The hinge moments of the spoiler and aileron vere measured
dy means of electric ctrain geges.

¥ins:.~ The wing model was not a true semispen but represented
that part of the airplanes wing outboard of the wing-fuselage Jjuncture
of the mrojected airplane. The aspect ratio and taper ratio for the
airplanc wing are 11.09 and 0.25, respectively, vhereas the partial~
span model mownted in conjunction with the reflection plane simulated
& wing of aspect retio 10,84 and taper ratio 0.25. The airfoil
sections were the NACA 63(k20)-422 at the root and the NACA 43(%20)-517
at the tip. The wing hed 12,15° sweepback of the quarter-chord line,
2° dihedral, and 2° aerodynamic washout between the root nnd tip.

¥ing yenk.- The dimensions and geometry of the wing vent are
shown in figure 4. The vent width could be adjusted to a value of
either 1 percent or 2 percent of the wing chord.

un?_mn.- The full-span double slotted flap consisted of an
inboard (from wing root to outboard nacelle) constant-chord flap and
an outboard constent-percentage-chord flap. Typicel sections of the
inboard and outboard flaps are shown in figures 5 and 6, respectively.
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Spgiler. - The spoiler was of the retractable circular-arc type,
and the arrangerent and details are shown in figures 4 and 7 to 9.
The spoiler, located at the 35-percent wing-chord station, was
composed of five separate segments. The spen (perpendicular to the
plane of symmetry) of each zegmsnt and its identification are given
as follows, begimming with the outboard segment:

Spoiler aspan
Spoiler segment |(percent camplete
wing semispen)

4.8

3.5

O-l

T+0
T4

e )

The Adistance Yetween each svoiler eegrent was approximately

0.0 percent of the camplete wing semispan, thus the spoliler wvas
epproximately 32.6 percent of the complete wing semispan. Each

eegment vas etinched to a comon actuating ehaft through vhich the -
deflections of the spoiler wero renotely controlled. Any segmeat oxr
ooumbination of segments could be detached from the actuating shaft

and fixed in & neutral position (flush with the upper surface of the
wing). The spoiler could be deflected in a negative (upward) direction
only; the relation beiweon the dellection of the spoiler and its
projection above the upper surface of the wing is given in figure 8.

Spoller modifications.= The modifications to the spoiler
consisted of perforations in the spoiler plate end & small cut-out in
the lower edge of the spoilor 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 removable (0.C18-in. thick) plate
fixed to the forward face of the basic plate. The hasic plate
contained both of the modificaticns (perforetions and slot); and
removable plates were provided vhich contained eithor of these
modifications, or both, or excluded them. By caubining the verious
removable plates with the besic spoiler plate. mocifications to the
spoller vere effected. A further modification to the spoiler
consisted of a bevel on the upper surface of the spoiler as shown in
figure 9.

Alleron.- The aileron was & 20-percent constant-percentage-chord
ailercn having an internally sesled aerodynamic belance of 45 percent
of the alleion churd benind the hiinge. The ailercn extended from the
outboard end of tie flap to the wing tip as shown in figure 4. 'The




.(?_.; x

'gf?ﬁ.‘ﬁ*f“%‘%w

493

L

n

KACA TN ¥o. 1509 T

aileron upper and'lower surfaces wexe straight sided as shown in
figure 10, The installation of the alleron strain gage at the
ihbostyd end of the allorom prevented tho internal balance from
eaxtending over the inboard end approximatley 4 percent of the allexon
span, As a result of leaknge at the inboard onmd of the balamcs the
full effectivensss of the balance was prodably not obtained.

Tosts

The tests of the wing were divided into two groupe: (1) the
teosts to determine tle lifL, dreg tching-mament ard stalling
oharnoteristics of the wing, and (2) the tests to detemmine the
rolling-moment and yawing-mcment characteristics of tho wing and
the hinge-noment choracterictios of the spollor and ailsron,

. The dynamic precsure for ths toste, oxcluding thoss for scale
effect, was approximately 105 pounds por oquare fcot which corresponds
t0 a Reynolds rnumbsr of approximately 3,900,00C and a Mach mmber
of approximately 0.18, The density of ths atrmosphere was mainteined
at appruxinmatoly o.c(»go slug per cubio fooi. Ths range ol angles
of attack was frum -4° through the angle of maximum lift. The
rangs of deflections of the alleron was £20° and of the apoiler,
0° to =57.5° (vhioch corresponds to a maximm projeotion of 0.097c).

CORRECTIONS AND ACCURACY

The oorrections to the measured characteristice were determined
by the methods of refsrencs 2. Although the methods of reference 2
were derived for couventional ailerone, no appreciable error is
introduced by thuir applicetion to epoiler controls, Tho corrections
to the uncorrected coefficients werc obtained from the following
relationships:

- 0.014€c;2
% cD\maomoted * L

o = Gungorrected * 092601

On - c“mwomotod + 0.03440y,

Cy = 0,814 (clum tod ™ 01m)
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The values of lift, drsg, and pitohins-moment coefficient have
not been corrected for the tare and interforence eflects of the
Ircremental velues

swpport strut system and therefore are not exact. )
of these coefficients as well as the absoluts valves of rolling-
nament, yewing-mcment, and hinge-moment coefficient are considered
to be accurate. She estimated limits of accuracy for the test data
presented herein were as follows:
10.01

10.0002
10.003
40.001
40 .0005
104015
0.1
to-l
*105
+1.0

ML.II...Q..

RESULTS AI'D DISCUSSICN

The results of the tests are presented in figures 11 to 33.

The aerodynamic characteristice of the wing with fulle-span double~
slotted flaps are presented Iirat followed by tho characteristics

of the wing for various confisurations of the spoiler and aileron.

Aerodynamic Characteristics of the Wing with

Full-Spen Doubls-<Slotted Flaps
+= The asrodynamic characteristics of

the ving for various configurations of the flap and wing vent are

given in figure 1l. Deflections of the full-span flap produced no .

atnormal changes in the aerodynamic characteristics of the wing.

3
P I—:.L\\ -‘.
LA

N
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The effects of opeming the 2 vent were small at angles
of attack lose than approximately U°. The lift coefficient wes
decreased, the drag cosfficient (for a given 1ift coefficient) wus
incressed, nnd the pitchin;-mcment coefficients became lese negative.
At angles of attack greater then 8° these changes in 1ift, dreg, and
pitching-mcment coefficient resulting from the vent were grestly
incrensed, particularly ror large flap deflectiome.

The increments in maximm lift ccefficient bdetween the flap
neutrel, venteclosed configuration,and various flap and 2-perocent
vont configurations are given in the following table:

Flap 2+~percent-
deflecticn|vent condlition
(deg)

20 i losed

0f particular interest is the lerye decrease in maximngm lif+V
cosfficient (C.22) saused by the vent with tl:ps deflected 50°.

teristiss .- e characteristics of the wing stall
for eeveral confisursticng of the full-span flap and 2-percent vent
are given in fijure 12. With {lups neutrul ard vent closed the stall
bagan at the cutboard nacelle, spread rorwerd and toward the tip, and
gradually enveloped the spoiler and aileron. The stall over tho
indboard part of the wing Icllowed that over the outor panel. With
flape deflected the genera) stall pettern remained the sawe dut the
stall over the outer wing ranel osccurred abruptly at maximum 1ift;
.the inboerd part of the wing rémrired unsialied uwntil after meximum
1ift wao reached. Cpening the 2-percent vent cansed the wing to stall
at a much lower ungle of attack in the re;ion behind the wpoilext.

Because of the ebrupt stall of the wing with full-spun flape
deflected and vent closed there would probably be no appreclable loss
in latersl control watil maximmm 1ift vas reached. dince the wing has
a moderate emount of eweejback, the losa in lift due to atalling of the
wing tips would be detrimental to the longitudinal stability of the
airplane. ) )

ot e

Py N,
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Aesrodynamic Charecteristics of the Ving for Various

Configuretions of the Spoiler and Afleron

One of the main objections to epoiler control arrangements has
Yeen the time delay or lag between the deflection of the spoiler and
the development of the resulting rolling moment. Gther objections to
epoilers of the circular-arc type are their inoffectivensse at small
projections (narticularly with fleps deflected) and small hinge
mcements. Because of the relatively high speeds of the projected
bember ajrrlane and the rearvard location of the epoiler (65-percent~
chord eta.ticn), lag ie not expected to te & eerious problem. At low
epeeds, however, same lag may occur. JIn order to reduce the lag end
ineffectiveness of tie enciler at low speeds a vent (between the upper
and lower surfacee of the wing) wes located immediately behind the
spoiler. This vent wculd tend to open only as the spoiler deflecta.
The effects of c vent in improving; the spoiler lac and ilneffectiveness
are demonstrated in references = and k. Althovsh it was not poseidle
to deternins the spoiler lag in the presont teets, the effects of
vents of 1 percent end 2 percent of the wing chord on the cerocdynamic
characterietice of the win; and eljoiler were deteimined. 7The ailercn
at the tip wrs Intendcd to reduce tho l2g and increcse the effectiveness,
as well as to iuprove the hinge-moment characteristice of the system.
The tests of the perforations, slot and epoilor bevel were made to
provide furiher means of improving the characterictics of the epeciler.

In the arrengement of the ai’eron and spoiler, the aileron was
operating in the wake of the spoiler. This condition could cauvse .
serious buffeting of the ailercn and teste were made therefore to
determine the characteristics of the spoiler with that part of the
spoiler directly in {ront or the aileron removed.

Characteriotice of the »loin spoilor.- The charscteristics of the
plain epoiler, with flaps neuntial and deflected,are shown in figwres 13
and 1k, With flaps neutral, the variation of rolling-ucment coefficient
with epoile:r dsflection was avnroximately linear. With flaps deflected,
a marked increase in the rolling effectivenees of the spoiler cccurred
between spoiler deflections of -5° and -10°. Ae the epoiler deflection
was increesed beycnd =-10°, the rolling-mcment ccefficiente continued
to Increase but the elove oi' the curve was greatly reduced. At low
anglee of attack with either fla» configuration the yawing-moment
cosfficients were favorable (of the eams eign ae the rolling-moment
cosfficient) end varied linearly with epoiler ceflection. At high
englee of attack the yawing-morent ccefficients were adverse at low
spoiler deflections, particularly with flaps deflected. The adverse
Yyawing-mouente occurred vhen the advorse induced yawing mament due
to the change in induced diag with deflection of the spoller exceeded
the favoreble yawing moment caused dy the change in profile drag with
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deflsction of the spoiler. Thus, at high angles of attack where the
induced yaving moment vas large (since it was dependent upon the
wing 11ft as vell as the rolling effectiveness) the *otal yewing
ncaent wvas adverse. This condition wes more pronounced with flaps
deflected as indicated by the largo increase in rolling effectiveness
at spoiler deflections botween =5° and ~-10°. Vith flsps neutrel, the
rolling-manent and yawing-moment ceefficients decreased as the angle
of attack was increased; however, vith flaps deflected, the yewing-
mament coefficients decreased but the rolling-mmment coefficients
increased as the angle of attack was increased.

The aileron hingoe-moment coeffisients became more negative as the
spoiler was deflected from 2.5° to approximetsly =10° but remained
approximately constant with further spoiler deflection. This change
in the aileron hinge mcments resulted from the increase in the negative
pressure over the aileron when the spciler was deflected. The change
in the hinge-moment coefficients wue greatest at small anzles of attack
and large flep end aileron deflections.

In general for all coniijurations the variation of epoiler hinge-~
mament coefficient with epoiler deflection was irsegular and the values
of the coefficients were negative (tending to produce greater spoiler
deflections). However, at high angles of atteck the mngnitude of the
coefficients and the irregular variation were reduced.

Effect of the l-percent vent.- The effect of the l-percent vent
on the charsctorietics of the plain spoiler was determined from a
camparison of figures 13 and 15 for flaps neutral end figuree 1h
and 16 for flaps deflected. Vith flups neutral the vent aslightly
increased the rolling effectivenees of the spoiler at small epoiler
deflections (leee than =10°) and decreascd the eifectiveneee at large
deflections. With flaps deflected the increase in spoiler effectivenees
at small deflections was much groater, particularly at hich anglee of
attack, wvhereas the reducticn in effectiveness at large spoiler
deflections was negligible. The vent had no effect on the yawing -moment
coefficlents.

As wae the case for the plain spoiler configurstion, the aileron
hinge maments usuwally became more negative.ae the apoller deflection
was increased. The incremental c. e in the aileron hingenoment
coefficient (with spoiler deflection) was & me<sure of the increase
in the negative pressures in the region behind the cpoiler. The effect
of the l-percent vent was to reduce the chznge in nileron hinge-mcment
coefficient resulting from dellection of the spoiler. Thie effect of
the vent (which indicates & reducticn ir the negative vressure behind
the spoiler) occurred, in general, et guoiler deflections lege than -10°,
and vas cansietent with the increezse in cffectivencee of the epoiler
at small defloctioms. It should be noted, however, that the ailsrom

© e - X
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hinge-nment coefficients were an indication of the conditions
exiating behind the outboard section of the epoiler only, snd were
not necessarily roureeentative of the conditions over the ontire
spoiler.

The l-percent vent had no appreciable effect on the hirgo-
moment characteristics of the spoiler.

Effect of the 2-percent vept.- the effect of the 2-percent vent
wes determined from a comparison of fi-nres 13 and 17 for flaps noutral
and figwes 1k and 18 for flaps deflocted. At low angles of attack
with flaps neutral and deflected the effect of the 2-percent vent on
the rolling-mcment and yowin. -memont characteristics was similar to
that produced by the l-percent vent. However, at smell epoiler
deflections, the 2-percent vent wec more effoctive in increasing tho
rollin;<wment ccefficients than wes the l-percent vent. At high
engles of eattack, particularly with flaps 2eflocted, the 2-percent
vent greatly reduced the rollin- -moment end jowing-moment coefficients.

The aileron hinge-moment charecteristicn with the 2-porcent vent
were similar to those of the l-vercent-vent configuration. At high
angles of attack with fleps nevntrel or deflected the region behind the
vent was etalled and consequently the chance in the aileron hinge=
mcement coefficient with spoile: deflection was small,

The 2-percent vent hed no anpreciable effect on the spoiler
hinge -moment coefiicients with flaps noutral. In the flap deflected
configuration, however, the spoiler hinge-mcuent coofficients becamo
:!lightly more nositive at smel) spoiler deflections a&s a result of

vent.

gommlta oLe l_the ppolle - -)8
mtoe= In fijures 15 to 18 the data were ined for
an arrangement in which the vent is fixed in the wing. ‘hen ths vent
is not fixed but opens as the spoller dcflects, the loss in lift
caused by tho vent will occws only over tho wing penel on vhich the
epoiler is deflected, thus au renting the rollin; cffectiveness of the
epoiler. The data for this arrangemont ¢ve showm in figuve 19, in
vhich it is asswied that the 2-percent .ent wowld open instantaneously
as the spoliler bezan to deflect. It should be noted that the rolling-
moment coefficients indicated at noutral spoiler deflection would not
be obtained in a practical cose becaude the vent would not open
instantaneously but at some finite rate as the spoiler dorlected. The
effect on tho rolling-mament and yawing-mcment charecteristics of the
2-porcent vent in this arran;ement was determined by a comperisen of
figures 13 and 19(e) for fla)s neutrel, and Tigures 14 and 19(b) for
flaps deflected. At all anjles of attack end flap.and spoiler
deflections the rolling effectiveness wes incressed. The greatest
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increess occurred at high anglee of attack with flaps deflected
vhere the lorge loss in lift as a result of ‘the vent (as shown in
figuro 11(a)) greatly increesed the rolling effectivensee at emall
spoiler deflections,

Tnasmich cs the effect of inatantanecus operation cof the vents
cen teo represented as a conatont increment of rolling-mement and
yawin; -moment coefficient the characteristics for the l-percent
vent are not presented in figure form; however, the increments in
rolling-mment and yawing-mcment coefficients produced by both the
l-percent and 2-percent vents are presented in tie following tabdle:

Flep Angle
deflection| of Ll-percent vent {2-peicent vent
3¢ attack

deg a
(2eg) (cos)

3.5 =0.0032 | ~0.0001] =C.0054 | -0.,0004
13.2 =033 =-.Co0k| -.cCCO 0005
L Y4 =.0012 ~.0002} =~ 00050 G 00005
12.3 =002 | =004 -.0345 | -.0013

oy | Ao, | oeg o

The increments in rolling-moment and yawing-mcmernt coefficlents
produced by the 2-percent vent were conasidersbly pgreater than thoee
produced by the l-percont vent perticulerly at high angles of attack
with flaps deflected.

It 1s evident from these data that a vent behind the spoiler
must operate in conjunction with the apoller in crder to avoild increasee
in drag and serious losees in both the 1ift of the airplane and rolling
effectiveness of the spoiler. These efiects have been demonstrated
in reference % vhere the slmultanecus operation of the spoiler end
vent wae accamplished by the vse of a plu,-type spoiler.

Effect of the cpolle: perforations.- The effect of tke
perforations on the snoilor and elleron characterictiics was determined
from a comparison of figures 13 end 20 for flaps neutral and figures &
and 2) for flans deflected. With rlaps noutral and deflected the
perforations penorally decrenced the rolling-roment and yewlng-moment
coefficlenta.

The aileron hinge-moment ccefiicients were not greatly affected
by the pe:-i‘;orations. At spollexr deflections preator than approxi-
mately =25° the aileron hingo-monent coefficients were elightly leas
negative for the perforated spoiler.
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The spoiler hinge-moment charecteristics were greatly improved
as & result of the perforations. The effect of the perforations
vere (1) to reduce greatly the errmatic variation of the hinge-moment
coefficients with epoiler deflection, and (2) to reduce the hinge-
mament coefficients at small deflecticns and to produce pogitive
hinge-moment coefficients at large spciler deflectioms.

Effect of the svoller plot.- The effect of the spoiler slot on
the characteristics of the spoiler and ailercn were determined from
a comparison of figures 13 and 22 for flaps neutral and figures 1k
and 23 for flans deflected. The effect of the slot on the rolling-
moment and yewing-moment characteristics was generally small; the
rolling-mcment coefficients were slightly reduced at the maximum
deflection of the spojler. The elot had no notadle effect cn the
aileron hinge-moment coefficients.

The spoiler hinge-moment ccefficlents were, in general, wnaffocted
by the slot at spoiler deflections less than =40°. At spoiler
deflections ebove =4OC the hinge-mcment ceefficients became more
positive.

EfLoct of cowbinstions of venta, erforaticha, 2nd slot.~ The
effect of the nerforations and l=-percent vent on the characteristice

of the spoiler and alleivon are determined from a comparison of
figures 13 and 24 for flaps neutrel and figures )4 end 25 for flaps
deflescted. The combined eiffect of the perforation, l-psrcent vent,
and slot ere determined fron & comparison of {igures 13 and 26 for
flaps neuntrel and figures 1 and 27 for flape deflscted. In general,
the effects of the modifications on ths rolling-moment, yawing-moment,
and hinge-mcment characteristice of ths spoilsr and aileron were
edditive. That is, the individunl sffects of each modification
discussed previously add to form the characteristics of the spoiler
and ailercn for ench of the various cembinations of the l-psrcent
vent, perforations, and slot.

Effect of the spoiler bevel.- Ths effect o the l7° bevel on the
characteristics of the snoilar and allercn ere determined from a
comparison of fijures 25 and 28(a) with flepa neutrnl and figures 27
and 28(b) with the flapa deflected. Tho significant effect of the
spoiler bevel iras an apprecisble reduction in the apoiler hinge-
nament ccefficients at large ceflections of ths svuoiler. The reduction
in the spoiler hinge-mcuent coefficients Lecame ;reater as the anglo
of attack increased and smounted to approximately 35 percent at.ths
higheet angle of attack. JYwther reductions could be made by placing
bevels o ths »erforation holes, perticularly those near the upper
edge of the spoilor.,
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Spoller characteristics for two altaxnate fian configuraticos.-
The characteristics of the spoiler with full-span flaps deflected 20°
and vith partial-spen flape deflected 50° ave presented in figure 29,
With full-spen flaps deflected 20~ the rolling-moment and yawing~
noment coofficients were considerably greater than with flaps neutral.
The charecterietics of the spoiler with partiale-spen flaps were
epproximately the same as with the flape neutral. Thus the increase
in spoiler effectiveness with increased flap spen appears to be
directly dependent on the 1lift over that part of the wing epanned by
the spoiler.

Inaszuch as the rolling effectiveness of the spoiler for either
flap configuration is not appreciadbly increesed by ths aileron, the
effectivensss of the spoiler with flaps deflected might be greatly
improved by extending the spen cf the flap to the wing tip (providing
the aileron can euccesefully be eliminated). A further advantage of
such an arrangerent would be an incresse in the maximugm 1ift .of the
ving.

Effect of spoiler sven.=- The characteristice of the epoiler and
aileron with the two outboard segments (directly in front of the
ailercn) removed are given in figure 30 for flape neutral and in
figure 31 for rflaps doflected. The characterietics of the spoiler
and aileron for verious cambinaticns of epoilsr ceguents with flaps
neutral and deflected are preeented in rigures 30 and 31. The
rolling-movent and yawing'moment coefficients were reduced epproxie=

mately in propertion to the reduction in snoiler epan with flaps
neutral. In the flap dsflscted configwration the reduction in rolling
and yawing effectiveneee was a much smaller percentage of the total
rolling-moment and yeawing-mcment coefficients. The epoiler hinge-~
naent coefficients became more negetive at emell spoiler deflections
and more positive at large dellections. The upfloating tendency of
the ailercn resulting from deflection of the epoiler was practically
eliminated.

The characterietice of the spoiler and aileron for various
combinations of spoiler ssgments with {laps neutral and deflected
are preeented in figures 32 aud 33, respectivsly. The effect of
progressively removing the spoiler eegments from the inboard erd of
the epoiler (fi;3. 32 and 37) was to reduce the rolling-mcment and
yaving-moment coefficients produced by the epoiler. The reduction
in effectiveness of the epoilsr s a result of removing sach ssgument
for all configurations was spproximately proportional to ths epan of
the segment with the exception of the two outboard segments in the
flap-deflected configuration whore the reduction was considerably
smaller as noted previously.
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The aileron hings moments becsme more positive at emsll
spoiler deflections and more negative at large deflections es &
result of progressively reducing the spoiler span, perticularly in
the flap-deflected configwration.

Except for the outboard segment alone the spoiler hinge-moment
coefficients gensrally becane more negative as the spoiler spen vas
progressively reduced. The hings-mcment characteristics of the
outboard segment alone were rather erratic.

SUMMARY OF RESULTS

The significant test results of the spoiler-pilot-ailercn -
errangsment installed on the model of a large domber-type airplane
may be surmarized as follows:

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

2. The l-percent vent increased the rollingz effectiveness
of the spoiler at small spoiler deflections, particvlarly at the
high engles of attack with flaps deflected. :

3. With flaps deflected the 2-percent vent caused a large
reduction in both the wing lift and rolling effectiveness of the
spoller at large engles of attack. However, at small angles of
attack the 2-percent vent increased the rolling effectiveness of the
spoiler at small spoiler deflecticns.

4, The simultanecus operction of the spoiler and vent (in
contrast to a vent fixed in the wing) would result in a large incresse
in the effectiveneas of the spoiler and would avoid any loss in wing
141ft such as resulted with the fixed-vent arrengement. e

%5« Tho spoiler perforations reduced the rolling-moment and:
yaving-moment coefficients but ceused the spoiler hinge-moment
coefficients to become more positive, particularly at large spoiler
deflections.

6. The spoiler slot (located on the lower edge of the spoiler)
hed no apprecisble effect on the rolling-moment and yewing-moment
characteristics of the spoiler but produced more positive spoiler
hinge noment coefficients at large spoilsr deflectioms.

i e Sy . &
RS ottt o

e 22N
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7. The effects produced by the individusl spoiler modifications
were additive vhen various modificaticns were cambined.

8. In general, progressively decreesing the spoiler spen by
removing the segments from ths inboard end of the apoiler caused
a decresse in rclling effsctiveness that was approximately mroportional
to the span of the segment.

Iangley Memorial Aercnsutical Iaboratory
Naticnal Advisory Coamittes for Asronautios
Iangley Field, Va,, June 20, 1947 -
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(a) Front view.

(b) Rear view.
al-span

Figure 7.- r with perforations at the partl
wing model.

The outer-panel spoile
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"1

Relling- mement coefficient, C,

40 -40 -30 -20
Spolier daflection, B,

(b) B, = 50°,
Figure 19.- Effectiveness of the plain spoiler for instantaneous operation of

the 2-percent vent at various angles of attack; aileron neutral;
R ¥ 8,900,000; M % 0.18,
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