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VIND-PUNIEL DEVELOPMENT OF &4 PLUG-TYPE $POILER-SLOT
AILERON FPOR A WING WITHE A FULL-SPAN SLOTTED FLAP
AND & DIsCUSSION OF ITS APPLICATION

By Francis . Rogallo and Robert 5. Swanson

SUMMARY

An investigation was made in the WaCh 7- by 10-foob
wind tunrel o several arrangerents of a plug-type, spoilerw-
slot alleron on sn IACA 235012 airfoil with a fullespan
slotted flap, One arranzement was also tested on a wing
with a fall-gwan split flap, The plug-type aileron is eg-
sentially a tapered plug that fits into a slot through the
wing so as to conform to the origiaal external wing cone
tour when in the neutral position, When deflected, the
plug projects from the upper surface of the wing as a
spoiler, =t tho same time leaviang 2 slot through the wing
behind the spoiler, The static rolling, yawing, and hinge
moments were Actermined and nre presented for several an-
gles of ottack spnd flap deflectiong,

Tas results indicated th~t ~ »nlvg-type, spoiler-slot
aileron probably has negligible drng in the neutral posie-
tion and will proviie satisfactory laternsl control for air-
planes enuipped with fullesvan slotted flaps. The ailzron
when locatcd as tested was uwasatisfectory for use on a wing
with a fullespan split flap dut may be satisfactory if up-
rigged about 10° when the flap 1s deflected or if locoted

nearcr the trailing edge.

The application of this alleron to a pursuit-type air-
planc is considerced -~nd the resgultant characteristics arc
estimated, TFlight tests of the deviee on an airplane with
a full~span slotted flap are rocommended,

INTRODUCTION

\

Tho TACA has recently undertaken an extensive investie
gation. for the »urpose of developing lateral-control de-
vices primerily for use with fulle~span trailing— edge high-
lift devices, In til3 present investigation o spoiler-slot



aileron has been developed for use on a wing with a fullw
span slotted flap, Several different basic shapes of the
aileron wvere tested ~% a single angle of attack of an aire
foil with & flap neutral and deflceted 409; and some pr—
rangements of the device were tested at several an§les of
attack with the flap neutral and deflected 20°, 30%, and
40°, Static rolling, yawing, and hinge moments were deter—
mined-. Lag tests were not considered necessary because
previous tests of similar devices (reference 1) indicated
that the lag will probably be acceptable when the ¢devices
arc located relatively near the trailing edge of the air-
foil,

APPARATUS AND HETEODS

All tests were made in the BXCA 7~ by LO-foot closed-
throat wind tuvnnel (see references 1 and! 2) a%t an air speed
of about 40 miles per aour, corresponding to an effective
Reynolds number of approximately %wo mi.lions. The tost
set—up is shown schematically in figure 1, The aileron
was installed in the outer 0,37 v/2 of a 4~ by 8-foot
HACA 23012 airfoil with a 0.2866c¢c full-span slotted flap,
The slotted-flap installation was the installation desig-
nated 2-~h in refercnce 2 and the flap was overated along
the recormended ontimum path, One aileron arrangement was
tested with a 0.20c full-span split flap deflected 60°.
The airfoil was suspended anorigzoatally In tae wind tunnel
with the inboard end- attached to the tunnel wall so0 as to
sinulate the semispan of a 16~foot winz., The attachment
at the tunnel wall restrained- the wirfoil in pitch dut not
inroll or yawve The forces neccessary %o restrain tho outm
board cnéd of the airfoil were determined by nmeans of the
regular balance system. The lift of the airfoil with the
aileron neutral was computed from the vertical outboard re-
action and the assumption that tae lateral center of pres-
sure of the semispan was 0,45 %/% from the »nlsne of syunes
try, The rolling noment was computed from the difference
between tho vertical reactions at the outboard end of the
airfoil with the aileron neutral and deflectcd; the yawing
moncnt was doterminced similarly from thce horizontal rcac-
tions.

The aileron was manually operated by means or" a crank
outside the tunnel wall necar the inboard end of the model..
The aileron hinge noments were determined by mcans 0f a
callibrated torqguc rod connccting the aileron and the crank.



The

plug-typo nilcron is essentially a tapercd plug

that fits into a slot through the wing so as to conform to
the original external wing contour when in the neutral po-

sition,

¥hen deflected, the plug projects from the upper

surfece of the wing as a spoiler, at the same time Leaving
a slot through the wing behind the spoiler. The two ailer-
on arrangements most completely tested are shown in figure
2. Sketches of other arrangements, which were preliminary

steps in
given in

the development of those shown in figure 2, are
the figures that present the test results.

RESULTS AND DISCUSSION

In the presentation of results, the following symbols

arc: used:

1ift coefficient (L/qgS)
rolling-moment coefficient (L'/qDbS)
yawing-anoment coefficient (N!'/qb8)
stick deflection

aileron deflection

stick force in pounds

aileron hinge moment, inch-pounds at 40 miles
per hour

airfoil chord

twice tho lift on the half-span model

®

twice tho area of the half-span model
twico the span of the half-sgan model
rolling moncnt about wind axis
yawing moment about wind axis
dynamic proessure Of alr strean

uncorroctcd angle of attack



A positive value of L' or ©;' corresponds to a do-

crease iu lift on the model and a positive value of I
or Cn’ corresponds t0 an increase in drag on tho model,

A downward dcflection of the ailerons is considercd posi-
tive, as is the case of conventional ailerons., Twice the
actual 1ift, area, and span of tho rodel were usesd in the
reduction of results becsuse the model represents half of a
complete wing, as previously stated. Yo corrections have
been made for the effect of the tunnel walls although it is
believed the corrections may be rather large for this set-

up -

The results of preliminary tests in which the basic
shape of the plug-type spoiler-—slot aileron was varied
over a fairly wide range, including spoilers without slots
(retractable ailerons), are presented in figures 3 to 6.
These tests were made with the airfoil set at 8° angle of
attack and with the flap neutral and deflected 40°,

Aa opening INn the lower surface of the airfoil without
o slot completely through the airrfoil (a condition true at
aileron deflections belew 54° for the device of fig. 3) had
little effect on the rolling- and yawing-moment coeffi-
cients. (See fig. 3.) At aileron deflections above 54°,
where a Slot wsas =actually opened through the airfoil, an
increasc IN rolling-moment coefficient was noted-, The
rolling-noment charncteristics of the devices shown in fig-
ure & arce considered unsatisfactory because of ineffec-
tiveness at low ailceron deflections, particularly with the
slotted flap deflected. The hinge-moment characteristics
are unstable and %t rerefore considered unsatisfactory.

A slot open throuzn the ~irfoil at all negative (up)
deflections of the aileron caused a marked increase in tho
rolling-noment coefficient, as shown in figures 4, 5, and 6,
especially at low nileron deflections where the spoiler
alone is slown %o be ineffective, In a previous iavestiw-
gation of such spoilers (reference 3) this region of in-
effectiveness was not detected because the low deflection
range was not investigated, In figures 5 an? 6 a varia-
tion of siot width from 0.030c¢ to 0.015¢c was effected by a
removal of tho rear half of the plug and a lengthening of
the lover rear 1ip of the slot so that in all cases the
slot wos closed when the aileron was neutral or deflected
downward, The rolling- and the yawing-nmoment characteris-
tics of these spoiler-slot coubinations were considered
genercally satisfactory but their hinge-moment characteris-
tics near the ncutral position were not, The narrowest
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basic shape (see fig, 4) was chosen for further develop-
ment because it had tho lowest hinge noments and its
rolling- and yawving-nroment characteristics were consid-
ered asS satisfactory as those of the thicker ailerons,

Sone detailed aileron alterations that were mnade
solely %o improve the hinge-nonent characteristics are
shown In figure 2, One of the nost inmportant alterations,
two forms of which are shown in figure 2, was to provide
air vents in the spoiler with inlet openings that project-
ed below the lower surface of the airfoil when the aileron
wag deflected positively, The purpose 0of these vents was
to increase negatively the hinge nonents of the aileron
when at positive deflechions by increasing the pressure in
the chanber bnohind the spoiler, In ordser to illustrate
the c¢ffcctiveness of the vents in the range betwoen

8, = 5% end s, = 15%, (in which range the mocdifications

to the top of the plug had negligible effect, as shown in
fig, 7) the hinge-nonendt curves of figure 4 nay be ¢ 5 rared
with those of figure 8,

The wlates on the uvper surface of the gspoiler on ar-
rangerents A and B (see fig., 2) were tilted and bent, re-
spectively, so that the trailing edge projecbted slightly
above the airfoil contour when the aileron was neubtral,
This nodification, wirtich increased the hinge uouents pose
itively at nogatlve (up) deflections as shown in figure 7,
could easily be rade as an adjustrent in a practical in-
stallation. If the platce were Linged and its angle varied
by neans of a sulitable linkage the hinge-uonent charactore
isticeg could be further nodified,.

§
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f
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The slots or gap G through tho top of the spoiler

(fia. 7(a)) were provided t0 clinminate the bunp in the
hinge-noient curve at very small negative defltetions. L%
the Slot: arc wade appreciably larger than those shovn in
figure 2, however, they will docrease the cffectivencss of
the aileron at low dcflecitions,

In order to determine the effeet of more quickly ex-
posing the vent when the aileron 1S deflected downward
the plate P (fig. 7(b)) was recmoved, Although removing
this plate was congiderced beneficial to tho hinge-nonent
charnctcristics, it was thought best to leave the plate iIn
place to avoid increasing the drag of the airfoll wit . the
aileron neutral,

Rolling-, yawing~, and hinge-ronent characteristics
of the aileron arrangenents shown Iin figure 2 are presented,



in figures 8 and 9, In general, the characteristics of
these wrrangcuents of the plug~type spoiler-slot aileron
were sinmilar and wore considered satisfactory at all an-
gles of attack anda flap deflectioas tested, although the
olling-nonent coefficient obtained on the plain airfoil at
Cr, = -0.8 was snall and the corresponding hinge-xmoment
curve indicated that the systen would be overbslanced., It
should be noted also that when the Flap was deflected- 40°
and the angle of attock was —-6°, the rolling-nmonent coef-
ficient wog slightly negative for swall aileron deflec-
tiong, This characteristic is thought to be acceptable
becoruse It did not occur at other flap deflections or an-—
glcs of attaclk,

Moasurcenents showed that the increment of drag due to
these spoiler—slot ailerons when in the neutral posgition
was very snall, as would be ewpected, because they entail-
little departure fron the original contour of the airfoil,

The aerorynamlc characteristics of ailerons of the
type digcussged Iin this aaper ere very largely dependent
upon theilr chordwise location anﬁ npon the type of trailingw
edze high-1ift device enployed. Ilovenent of uhe aileron
forward 1n tae wiag is tuougnt to be detrineatal, whereas a
rearward movenent tay be beneficial, Arrangenent A (sce
fig. 2{a)) in its present location, (rear edge located at
0,6%7c) was cousidered unsatisfactory wher used in cgﬁblna~
tion with a 0,20c fullespan split Flap deflected 60 [see
figz. 10) because of ineffectivensss at low deflections,
but it might have been satisfactory if it had been located
farther rearward, as is possible with such a flap installa-
tion, In this connection, it is well to note tkat a re-
tractable aileron locate-at 0.077c (0,10c¢c behind arrange-—
nent A) has been teste3 in flight (see reference 4) on a
wing with a full-span split flap and was considered satis-
factory by the test pilots, 3XZven in the position tested
the plug-type, spoiler-slot aileron would be considered
satisfactory on a wing with a full-span split Flap if the
ailerons were uprigged about 10° when the flap was do-
flected,.

APPLICATION

In order to give some indication of the stick-force
charactertstics of the plug-type spoiler-slot aileron on
an actual airplane installation, an aileron control system
was designed and 1ts characteristics were estinated for a
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typical pursuit airplane, {(These computations can also be
direct 1y conpared with the counputations of tae charactor-
istics of other lateral-control devices TOr use on the sane
wing with full-span flays, as given in references 5 and 6.)
The general arrangerent of the wing is shown in figure 11.
A full-span slotte@ flap of 0.20c¢c is indicated although the
flap oa the wind-tunnel nodel was about 0,25c, It was as-
suned that aileron characteristics at a given flap deflec—
tion aad lift coefficient are independent of flap chord
over tiae range O0f flap chords from C,20c to 0,30c, Each
aileron has a span of 115 inches or 0,514 b/2, as shown in
figure 11, OCross sections at the inboard and the oufboard
ends of the ailerons arc shown INn figure 12; notice the al-
ternate sugge stiong for plug construvction, INn either de-
sien tue rear cpenings 0f the vents should be witiain tiae
wing contour with the aileron full down and tie upper plate
should b»e free to be beat up. A schematic diagram of the
aileron operating linkage is shown in figure 13; the angu-
lar deflections and the necihanical advantages of the ailer-
ons relative to the stick are chown in figure 14,

Tae connuted aerodynamic ciaracteristics of the ailer-
on systen (sce fiz, IS) are base? on tihe siaple but approx-—
inetely correct assumption that the rolliing- and the yawing-
nouent ccefficients fue to the ailerons vary direct ly with
the aileron span, i=a pel-cent of wing semispan, and with the
distance frowm the aileron axis to the downstrean edge of
the top fsce, @ distance approximately proportional to the
projection at any given aileron deflection, in percentagse
of the wing chori at the aileron. The section hinge moment
was assuned to vary directly with the width of the top face
and- with the distance fron the aileron axis to the down-
streamn elge of the top face; this variation wasindicated by
an analysis of the hinge-rnoment data of figures 4, 5, and
6. The alleron-control characteristics presented cover the
range of lift coefficients estimated for the wing in %he
tunnel. (See Apparatus arnd Methods for lift— coefficienl
estization.) This lift range was probably greater than
could. be realized on the airplane, even if the chord of the
slotted fTlap were increassed to 0,25c.

The aileron-coatrol characteristics given in figure
15 nay be directly conpared with those given in references
5 and 6 because the same airplane was assumned in the three
sets of comnputations, Although the naxinun stick Ceflec-
tion IN degrees was slightly altered, the stick travel in
inches was the same. At a lift coefficient of 0,17 with
the slotted flap neutral, the stick forces on the spoiler-



slot aileron were estinated to be less than those of the
0.10c plain aileron for rolling-nouent coefficients, C,',

loss than 0,022; at higher values of ©C3! the spoiler-

slot aileron has tho higzher stick forces, The stick forces
due to tle spoiler—slot aileron appear to be no higher than
for systers with »lazin ailerons of about 0,15c¢ (see refer-—
ence 6) and thesc forces may be further reduced by a2 de-
crease in the width of the plug; if may be recalled that
one of the objections to a thin-plate retractable aileron
wasthe almost conmplete absence of aerodynanic hinge momente.
(See referecnce 4,) It should be pointed out, however, that
as tke spoiler-slot aileron thickness is reduced, the slot
widtkh iIs reduced anéd the, device becores nores nearly a re—
tractable aileron, a device that wind-tunnel tests have
shown to be ineffective at low aileron deflections. Thick-
ness variations over the range 0f the present tests (see
fizs., ¢, 5, a.d 6) 2aid not show aay reduction of aileron
effectiveress with plug thickness (or slot width) at low
deflections, If the device is to be aprlied to very large
os very fast airvlanes, additional tests sould be nade on
ailerons desizned to give small stick forces.

Except for tac somewhat high stick forces at Ligh
spoed, the sp01ier—glot aileron gppears to be serodynanice-
ally as good or better than any of the plain and the slot-
livo alleron conbinations discussed in reference 5. Hechan-
ically, the spoiler-slot aileron allows an aileron lirkage
systen far siupler than any discussed in reference 5. The
structural design aay present sone prodleums not encountered
in the design of conventional trailing-edge devices, but
the Cifficulties do not appear to be serious.

BRecause the nl- ~-type aileron must displace sone air
from the slot in moving downward fron neutral, i1ts action
is sicilar to thau of a viscous danper or dashpot. There-
fore, 1t -ay So inaercntly free of aileron flutter. Until
flight tests show i% tcC be unaecessary, however, nass bal-
ancl & IS recomnrended =

The danger of icing of the spoiler-slot aileron has
been voiced as an objection, If the device proves to be
otherwise acceptadle, however, it IS felt that It u.ay be
na;e reasonably frece 0f any i1cing hagzard by the application
of heat or of de~icing fluid or by =akiag so.ze O the ai-
1nron parts of flexible material SO that the ice will be
broken off by contact.



CONCLUDING REMARKS

The results of this investization indicate that a
spoiler-slot aileron will provide satisfactory lateral
control on airplanes equipped with full-span slotted flaps.
Because the aileron reqaires no large slots or openings in
the wing when it is in the neutral position, it should bo
acceptable for use on modern high-performance alrplanesSa
The spoiler—slot aileron located as testcd was considerecd
unsatisfactory for uvse on a wing with a full-span split
flap unless the aileron is uprigaged when the flap IS de-
flected, but it may be satisfactory when located nearer
the trailing cdge., TFlight tests of the device on an air-
plane with a full-span slotted Tlap are recounmended.

Langley lMenorial Acronautical Laboratory,
National Advisory Committeo for Aeroncautics,
Langley Field, Va,.
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Figure 7. The effect on the hinge moment characteristics of tilting or bending the upper
surface vlate of an 0,37 b/? spoiler slot aileron on an NACA 23012 wing witn
a 0.2566:: full span slotted flap Arrangement B, a« ,19, C; ,0.15 Flap neutral.
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Figure 11.- Wing arrangement of the spoiler-slot aileron control
system for a pursuit-type airplane.
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Figure 14.~ Spoiler-slot ailleron-control linkage character-

_ istics for a pursuit-type airplane, Effective stick
length,2] inches; maximum stick deflection? 24°,
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