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WIND-TUNNEL INVESTIGATION OF THE AERODYNAMIC BALANCING OF UPPER-
SURFACE AILERONS AND SPLIT FLAPS

By CARL J . WENZINGER

SUMMARY

An investigation WM made in the N . A. C. A. 7- bp
10-foot wind tunnel to determ ine the eJ eetioem x8 of
various m ethods of reducing the high control forcm of
unbalanced upper-eurface ailerons and of unbalanced
eplii jlaps. An unu.sue? test inatd laticm was wed in
which a lizrge-chord wiqJ m odel w moun&d on the
regulur balunce between two lurge end pliznes. The teets
included m any dijferent aileron-axis and &p-aria
Lwutti and several arrang&s of aileron and jlap
slots, aU on a Clark Y wing. In addition to the hinge
m om enti, the rolling and t?w yawing m om ents a8 weU m
the lift and drag characttitti of the various anange-
m ents were dderm irwi.
As a reauU of the investigation , a balanced splii j?ap

ww developed that required eonirolforcm about h.df those
of tha unbalanced qlit @p Wh7_L the bahd split J%p
wa8 o?e~ed to give approxim ately the 8am a maxim um
lift. N o entwely 8ati#aetory arrangem ent of ba.?unzed
upper+urfaee ailerons wa8 found hi one arrangem ent
was developed that appeured satlxfadory ezcept for the
stick -force charactenk tice &h d aiLeron dej%etim u
at high angl+xof attack with thejhps neutral. Another
arrangem ent &o apyeared 8a&facio~ for- all jlight
conditiow exeept tti lowed speedt?obtainable &h J ?ap8
newtra.?,in which ease the indiuzted roUing m om en&
were low.

INTRODUCTION

For n wing with fu ll-span split flaps, the la tera l
con t rol may be obta ined by “upper -sur face a ilerons”
formed by hinging the upper por t ion of the split
t r a iling edge and deflect ing it upward. Wind-tunnel
t ea t s (reference 1) of a wing equipped with such a device
indica ted tha t reasonably sa t isfactory cont rol would be
ava ilable below the sta ll with the flaps neutd and
somewhat less sa t isfwt iry con t rol with the flaps down
for high lift .
The main disadvantage of upper -sur face a ilerons

appems to be the high cont rol force required for their
opern t ion in compar ison with the forces required for
simila r ordinary a ilerons having convent iona l move-
ment (reference 2). The a ileron character ist ics a re
affected to a considerable exten t by the deflected split
flaps. The cont rol forces required to opera te the

ls olm 2-37-12

flaps are a lso very high (reference 3); their fu ll deflec-
t ion usua lly requires many turns of a crank.
The presen t t ads were under taken to determine the

effect iveness of var ious methods of reducing the cont rol
forces required for both upper -sur face a ilerons and
split flaps. The loca t ions of the axes of the a ilerons
and the flaps were var ied, and severa l a r rangements of
a ileron and flap slot s were invest iga ted. The effect s
of the a ilerons and flaps on the lift and drag of the wing
were measured and the rolling and yawing moments .
were ca lcu la ted.

MODELS AND APPARATUS

For the presen t t est s it was desirable to use a wing
model with a chord considerably longer than the 10-
inch-chord models customar ily used for tea t s in the 7- by
10-foot wind tunnel in order to enable t ier modi&
ca t ions of the a ilerons and flaps. A large-ohord model
of shor t span was therefore mounted between two end
planes. With such an insta lla t ion it was hoped to ob-
ta in approximately two-dimensiona l flow and so mens-
ure the seot ion character ist ics of the model under test .
The basic wing model of lamina ted mahogany was

built to the Cla rk Y profile and was 20 inohes in both
span and chord. The fu ll-span a ilerons and flaps
were a lso of lt ia t ed mahogany. Circu la r meta l
end pla tes 24 inches in diameter were fastened r igidly
to the t ips of the wing model with the cen ter s of the
pla tea loca ted a t the midchord poin t of the wing chord
line. The a ilerons and flaps were suppor ted a t eaoh
end by rods passing through holes in the end pla tes
and were suppor ted a t their midspan by th in meta l
fixtures a t tached to the wing. The hinge-axis loca-
t ions could be easily and quickly changed. The
a ilerons and flaps could either be locked a t a desired
deflect ion or be arranged to swing freely about any
hinge axis.
The model was mounted a t it s 50-percen&chord

poin t on the regular force-test t r ipod of the N. A.
C. A. 7- by 10-foot open-throa t wind tunnel. (See
referenee 4.) TWO large wooden end planes were
mounted so as to include the model and it s end pla tm
between them. (See fig. 1.) A circu la r cu t -out in
each end plane a llowed the model to rota te freely; any
contact between the end pla tes and the end pianos was
indica ted by the flash ing of a neon bulb.
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Liftand drag forces were read direct ly on the TI+

k wind-tunnel ba lances. EGngemoments were ma
ured by the twist of a long ca libra ted slender st eel I
connected a t one end to the a ileron or flap (be
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swing) and a t the other end to a olamp with pet it
and dia l ou t side the a ir st ream.

METHODS
GENEJ3AL TEST CONDITIONS

The test s a ll were made a t a dynamic pressure
16.37 pounds per square foot cor responding to an a
speed of 80 r ides per hour under standard sea-lev
condit ions. The average Reynolds Number , based [
the test a ir speed and on the wing chord, was 1,218,0[
(twice tha t of the t est s usua lly made in the 7-by 1
foot wind tunnel). The angles of a t t ack ranged, :

genera l, horn 0° to 25°; the n ileron and flap defiect iofi~
ranged in most casea horn neut ra l to 90° up and 90°
down.

PItEUMINARY T=TS

&.r-flow surveys,-Dynamio-pressure surveys wero
made between the end planes a t the model loca t ion to
obta in a ca libra t ion for use with the st a t ic reference
pressure pla tes of the wind tunnel. The wing model
was removed for these test s, and the meta l end pla tes
were ‘a t tached r igidly to the wooden end planes. The
dynamic-pressure dist r ibu t ion between the planea waa
found to be sa t isfactory, and a sta t ic-pressure survey
was then ‘made along the jet cen ter line. The sta t ic
pressure showed a considerable gradien t a long tha t
por t ion of the jet occupied by the model and th is
condit ion waa taken in to account by making a su itable
cor rect ion to the measured drag.
Tare foroes.—It was necesmuy to determine the ta re

forces due to the meta l end pla tes in order to obta in the
net forces. One ser ies of t est s was therefore made with
the end pla tea a t tached to the wing equipped with an
unbalanced split flap, the t est s being made with flap

.Seded wim ~astiche

I l=s~
Abfe:Allc%m&nslonsin ~cent whg chord

FIUIJBE2—UnMancc=i nmerarfam fdkronan d on kola n cod .@lt n ap .

both neut ra l and down 60°. Another ser ies of Wts
ma made with the end pla tes suppor ted on the balance,
the wing being in place but suppor ted separa tely, flop
both neut ra l and down 60° and a small gap being main-
kined between the wing and the end phd.m. The
Mference between the measured forces for the two ser ies
of t est s gave the ta re forces due-to” the pla tas. The
grea test effect was on the drag, in which case the ta re
forces amounted to about 75 percxmt of the min imum
drag of the pla in a ir foil.
A few test s were made with and without the th in

meta l fit t ings used to suppor t the a ileron and flap a t
midspan . & the remd~ ‘showed no consisten t differ -
mces, the effect of the fit t ings was considered to be
Negligible.
Compar ison of two-plane insta lla t ion and standard

t id-tunnel t est s.—Test s were made to obta in a com-
mison between the resu lt s horn the two-plane insta lla -
t ionand the usua l wind-tunnel resu lt s from rectangular
* in the flee jet . The Cla rk Y wing with 0.16c
nbalanced upper-sur face a ilerons and 0.15c unbalanced
plit flap was used aa the basis for compar ison . (See
g. 2.) The gaps between the wing and the a ileron
nd betwean the wing and the flap were kept sea led for
U test s with th is ar rangement because other t est s had
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shown tha t any gap produced an adverse effect on the
aerodynamic cbmacter ist ics.
The hinge moment i of the a ileron are compared in

figure 3 with those for a Ml-semisPan unbalanced upper-
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sur face a ileron on a wing of aspect ra t io 6. The da ta
for the tea t s of aspect ra t io 6 were conver tad horn da ta
in reference 1 for a par t ifd-semispan a ileron . In gen-

era l, the agreement is fa ir and is bet t er for the condi-
t ions with a split flap deflected for maximum lift than
for the flap neut ra l.
Lift and drag coefficien t s of wings with unbalanced

split flaps as obta ined in the two types of wind-tunnel
t est insta lla t ion are shown in figure 4. (Data for teh
of the wing of aspect ra t io 6 are from reference 1.)
None of these da ta were cor rected for effect s of the jet
boundar ies, but cor rect ions were applied for ta res and
for the effect of the sta t ic-pressure gradien t . The
Sta t iwpressuregradien t produces an addit iona l dow&
st ream force on the models, cor responding to va lues of
ACD of 0.0015 and of 0.009 on the small- and large-
fiord wings, respect ively. The values of th is cor rec-
t ion were obta ined in accordance with the methods
given in reference 5.

o! , degrees

lUcmEE4.-Commu ison of IUt an d drag cm tlfden ts of win gs wfth O.lE.Cfoil-qmn
n n ba fan ccd sp lft llqn for twotYL@ ofwin d-tn n n el &t (Unmmected for @nwta
of jet bon n dm iw.)

The maximum lift coefficien t s a re about the same
with either t est a r rangement for the two condit ions of
flaps neut ra l or deflected. In addit ion , the lift curves
are ahnost iden t ica l up to the sta ll. The drag curves
diverge sligh t ly in the region from zero to maximum
lift , the va lues for the wing in the two-plane insta lla t ion
being the lower ones.
Agreement of the lift and drag curves for the two

types of tea t without cor rect ions for tunnel effect s or
reduct ion to a common aspect ra t io w-asunexpected, and
the fact tha t the lift curves did-agree closely could only
be regarded as a coincidence. h order to determine
whether the da ta horn the two types of t est could be
cor rected to a common aspect ra t io, the da ta given in
figure 4 for the flap-neut ra l condit ions were cor rected
for tunnel effect s and reduced to in iin it e aspect ra t io
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for compar ison . The standard jet -boundary cor rec
t ions,

Aa=#LX57.3, degrees

AC~=6~#Lz

where S is the tota l wing area , and C the jet cros s

sect iona l area , were applied to the remh% for the 10.
by 60-inch wing. A theoret ica l va lue of 6= –0.16<
(referauce 6) was taken as most near ly represen ta t ive
of the boundwy effect in the 7-by 10-foot wind tunnel
The induced angle of a t t ack and induced @

coefficien t

.,=-~(l+T) X57.3, degrees

C.,=–g(l+u)
were ca lcda ted for the rectangular wing of aspecf
ra t io 6 using values of 7=0.179 and u= O.054.
The resu lt s of the 20- by 20-inch wing in the two-

plane insta lla t ion were cor rected for the downward
deflect ion of the jet behind the wing and for the induced
curva ture of the flow in the neighborhood of the wing.
(See reference 5.) In th is case

AC~=—0.25~C=9

where c is the wing chord.
h is the height of the jet .

Ca is the pitch ing-moment coefficien t a t zero lift .
Lift coefficien t s aga inst angle of a t t ack for infin ite

aspect ra t io and prcdile-drag coefficien t s aga inst lift
coe5cien t s a re plot t ed in iigure 5. The slope of the lift
curve for the wing tested between end planes is not
quite so grea t as tha t of the rectanguk wing tested
in the ikee jet . Over the st ra igh t por t ion of the lift
curve (up to a lift coefficien t of about 1.0) the slopes
are respect ively 0.096 and 0.101 per degree. The
profile-drag coefficien t s show a good agreement over
the same range of lift coefficien t s, the va lues for the
wing between end planes being sligh t ly lower .
The compar isons made indica te tha t two-dimensiona l

flow condit ions are closely approximated for the wing
between end planes. Consequent ly, the t est da ta may
be cor rected to any aspect ra t io d~ed and compar i-
sons made with other wind-tunnel t est s with a
reasonable degree of accuracy.

CALCULATION OF COZFFICIEfiTS

Because of the close agreement between the resu lt s
from the two types of wind-tunnel t est , it was possible
to ca lcu la te the coefficien t from the two-plane teds
without applying jekboundary cor rect ions and to have

the resu lt s comparable with those from wings of
aspect ra t io 6 ordinar ily test ed in the 7- by 10-foot
tunnel. The measured lift and drag da ta were there-
fore not cor recbd for boundaxy effect s but the cor -
rect ions were applied for the effect of the longitudina l
sta@-prwsure gradien t in the tunnel jet and for the
ta res due to the meta l end pla tes.
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The rewdts are given in the form of absolu te coe5-
ien t s:
Hinge-moment coefficien t ,

c==q~
ThereH is the moment of a semispau a ileron , or of a
ull~pan flap, about the hinge axes, and g is the
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dynamic pressure. Lift and drag coefficien t s are, as
USU~, UL and CD. “
Rolling-moment and yawing-moment coeiiician t s

about the wind axes Cl~md C*’ were ca lcu la ted for a
semisprm aileron on a wing of aspect ra t io 6, u t ikin .g
methods descr ibed in references 7 and 8. The rolli.ng-
moment coefficien t

(-)(7{=; R&.WL

da

where t depends upon the propor t ion of the sern ispan
covered by the a ileron .

dOL
— is the actua l slope of the lift curve.da
ACfi is the change in lift due to deflect ing the

a ileron a t a given angle of a t t ack.
The yawing-moment coefficien t is the sum of two

coefficien t s, an induced yawing-moment coefficien t and
n profile yarn ing-moment coefficien t , o.! = o.i~ + CmPr .
The induced yawing-moment coefficien t

c.:=–@’ CL

where P depends upon the propor t ion of the semispan
covered by the a ileron .

Cl is the rolling-moment coeilicien t computed as.
previously expla ined.

CLis the given lift coefician t .
The profile yawing moment

iV,=IACDo@s

and the coefficien t

Cnv’=~ACDO

where ~ depends upon the propor t ion
covered by the a ileron .

of the semispan

ACDOis me ch~e in profile dm.g produced by de-
flect ing the a ileron a t a given lift .

DEVELOPMENT OF BALANCED UPPER-SURFACE
AILERONS AND BALANCED SPLIT FLAPS

UNBALANCED UPPE=SUEFACB AILERON AND Unba lan ced SPLIT
FLAP

The combina t ion of unbalanced upper -sur face a ileron
and unbalanced split flrLp(fig. 2) is used as the basic
ar rangement for compar ison with a ll the a ilerons and
flaps tea ted. Rolling-, yawing-, and hinge-moment co-
efficien t s of the unbalanced upper -sur face a ileron are
given in figure 6 with the split flap neut ra l and in
figure 7 with the flap down 60°. Lift and drag coeffi-
cien t s for the wing with unbalanced split flap are given
in figure 8. Maximum lift coefficien t s, drag coeilicien t s
and ra t ios of L/ D d maximum lift , a n d h in ge-momen t
coefficien ts for d ifferen t deflect ion s of th e u n h lan ad
split flap are given in figure 9.

BALANCED UPPER-SURFAOB AILBRON AND BAL.K4CB0 SPLIT FLAP

Slot a r rangement 1 (fig. 10)o—An air foil sect ion was
used for both a ilerons and flaps thoughout the t est s
of the balancing ar rangement& (SCS table I.) The
a ilerons and flaps using th is sect ion were of the same
t ie in plan form as the unbalanced upper-sur face
a ilerons and the unbalanced split flaps.
The fit slot a r rangement @stea l of ba lanced upper-

sur face a ileron and balanced split flap with a slot for
each is shown dot ted in figure 10. The flap was kept
neut ra l for the ser ies of t est s with th is ar rangement .
Only hinge moment i were measured for the a ileron with
the differen t axis loca t ions shown in -e 10. These
loc&ions were so chosen tha t , when the axis was moved
back for ba lancing, the nose of the a ileron would just
clea r the flap dur ing deflect ion of the a ileron .
The resu lt s of these t est s indica ted tha t the a ileron

axis should be about 30 percen t of the a ileron chord
back from the leading edge of the a ileron for any con-
siderable reduct ion of the a ileron hinge moment . Th is
loca t ion reqnirea tha t the a ileron axis be about 60 per -
cen t of the a ileron chord out from the upper sur face
because of the geomet r ica l a r rangement of a ileron , flap,
and slot (axis A12).
Slot a r rangement 2 (figs. 10 and 11).-Slot ar range-

ment 2, show-n by the solid out line in figure 10, difler s
from arr~~ement 1 in tha t the a ileron and flap have
smaller slot i. Aileron character ist ics were determined
for axis loca t ions A8, A12, and A14 (flap neut ra l). As
no appreciable differences were found between the
hinge moment i for the two slot a r rangements, a r range-
ment 2 was used for fur ther t est s because of the smaller
slot s.
The lift mnd the drag of the wing, and the hinge

moments of the flap, were next measured with the flap
deflected about axis loca t iom Fl, F12, and F14. The
most prorn is@ character ist ics were obta ined with the
flap deflected 60° about axis FE?.
The a ileron character ist ics were then determined for

axis loca t ion A12 with the flap deflected 60° about axis
loca t ion F12. The resu lt s were not sa t isfactory because
the hinge moments of the a ileron were considerably
overba lanced a t the low deflect ions and the indica ted
rolling moments were in the wro~m direct ion a t mod-
era tely high angles of a t t ack. Both of these condit ions
required improvement .
In order to improve the low lift s produced by the

flap with slot a r rangement 2, the open a ileron slot was
completely sea led with plast icize. Measurements of
maximum lift were made with the flap deflected differen t
amounts a t axis loca t ions F8, F12j and F14. The re-
su lt s with a ileron slot open and sea led are plot t ed in
iigure 11. It will be noted tha t a la rge improvement
was obta ined with the a ileron slot sea led and only the
flap slot open. Th is ba lanced split flap produced a
somewhat higher maximum lift than the unbalanced
split flap. For the fur ther a r rangements of ba lanced
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upper-sur face a ilerons and split flaps with slot s th
a ileron slot was therefore kept sea led to as grea t a]
exten t as was pract icable when the a ileron was neut ra l
Slot a r rangement 3 (figs. 12 to 20).-Slot ar range

ment 2 was changed to ar rangement 3 (fig. 12) becaus
it was desired to reta in the high maximum lift s obta inef
with a closed a ileron slot , and it was thought tha t th
overba lance of the a ileron could be improved a t th
same t ime. The flap character ist ics were obta ined a
axis loca t ions F l, F8, and F12. The most prorn isiq
loca t ions on the basis of high lift and low hinge moment
were FS and F12, a lthough the flap-hinge moment
were somewhat er ra t ic beyond 35° deflect ion a t axi
loca t ion F12.
The a ileron character ist ics were then detmrnined fo

asis loca t ions A12 and AS with the flap deliected 60{

rTAl
-a

b4 $

L-b=i====d
(7 - 5 .00
C= 2 .50
e= 2 .00
n - 1 .75

LJ Nofe:
Dimensionsx,y,and-yin
percenf of oileronor flap

.30 chord- alloiher dim en -
sionsm percenf of fhe

F wing chord.

~QIJEE12-_c&I Up~9XfW3dkmnan d t=akmmdsp lit t ip . s lot -ge
n um t3withaikonan d fip w t&&ed .

about axis loca t ion F12. The resu lt s of these t est i
(figs. 13, 14, 15, and 16) showed only a sligh t improve
ment in the a ileron hinge-moment overba lance. The
rolling- and ymvi.ng-moment character ist ics, however ,
appeared to be very good for the a ileron-axis loca t ions
tested with the flap deflected, the indica ted rolling
moments being much grea ter than for the flap-neut ra l
condit ion .
The a ileron character ist ics were a lso determined for

severa l axis loca t ions with the flap both neut ra l and
deflected about axis loca t ion F8. The resu lt s for axis
Iocnt ion AS are given in figure 17 and for axis loca t ion
A12, in figure 18. It will be seen tha t with a ileron axis
loca t ion A12, flap deflected about ask loca t ion F8, the
a ileron hinge moments are satisfactory up to the sta ll.
The indica ted rolling moments, however , a re somewhat
lower with th is ar rangement than with the flap deflected
about axis loca t ion F12.

The simila r ity of the hinge-moment curves of the
ba lanced upper-sur fwe a ileron a t asis loca t ion A12
(fig. 14) with flap deflected about axis loca t ion F12 to
those of ordinary a ilerons indica ted tha t the over-
ba lanced hinge moments could probably be overcome
by r igging the a ilerons up 10° for neut ra l and using a
dMeren t ia l deflect ion . In th is. manner the favorable
rolling- and yawing-mome?~ character ist ics for axis
loca t ion A12 would be retmned without overba lance
of the a ileron hinge moments.
The a ileron wm then r igged up 10° a t severa l axis

loca t ions, and the effect on the flap character ist ics
waa measured. The resu lt s for the flap a t axis loca-
t ion F8 with the a ileron r igged up 10° a t axis loca t ion
A8 are given in figure 19 and for sirn ilm condit ions
but with the respect ive axes F12 and A12, in figure 20.
The effect of r igging the a ileron up 10° was main ly o
reduct ion in the maximum lift and in the drag a t
maximum lift . Hinge moments of the flap were
pract ica lly unaffected.
Slot a r rangement 3A (figs. 21 to 25),—Because r ig-

ging the a ileron up 10° for neut ra l with slot ar range-
ment 3 left a break in the wing upper sur face, tha t
mrangement was modified as 3A having no sharp break
in the upper sur face. (See fig. 21.) Th is modifica t ion
was accomplished by ra ising the a ileron bodily for it s
neut ra l posit ion and “by changing the slot shape some-
what . Anew &s loca t ion was then used for the a ileron
because of the geomet r ica l a r rangement . The object
w to keep the a ileron and flap axes as close to the
mrface as possible and st ill obta in low hinge moments,
together with other favorable character ist ics.
With the a ileron r igged up 10° for neut ra l a t axis

.oca t ion A9, the flap character ist ics were obta ined for
the flap a t axis loca t ioDE Fl, F8, and F12. The flap
>t axis loca t ion F8 appeared to be the most promising
]f these three, and it was noted tha t , because of the
geomet r ica l a r rangement , a simila r reduct ion in flap-
i.nge moments would be possible with an axis the same
iist ance back from the flap nose but closer to the sur -
~ace. The flap character ist ics were then measured a t
%is new axis loca t ion , F6.
&leron character ist ics of the ba lanced upper-sur face

ileron a t axis loca t ion A9 are given in figure 22 with
he split flap neut ra l and in figure 23 with the flap
ieflected 60° about axis loca t ion F6. The indica ted
Iollingand yawing moments appear to be sa t isfactory,
md no overba lance of a ileron hinge moments occurs up
o the sta ll. Lift and drag coefficien t s for the wing
vith ba lanced split flap a t &s loca t ion F6 are given in
igure 24. M-urn lift coefficien t s, drag coefficien t s
md ra t ios of L/ D a t maximum lift , and hinge-moment
nefficien ts for dMeren t deflect ions of the ba lanced
plit flap are given in figure 25.
Slot a r rangement 4 (fig. 26).—A shor t ser ies of t est s
ms made with slot a r rangement 4 to determine the
t iect of closing the flap slot in a manner simila r to thn t
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f+, degrees
FIGUEB19.—CA-,CDandLIDMLck~, andCHfor dffkmt deflections of M.
and SPlft flap at axis M. Afkon rfgged up 10°at dkrmr axis AS. Slot a rran ge
m en t 3 .
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he a ileron and was det r imenta l to the maximum lift ,
est s were &cont inued.
The range of ba lancing upper -sur face a ilerons now
ppeared to have been su .ft icien t lywell covered but it
~emeddesirable to make a few addit iona l t est s fur ther
> decrease the flap hinge moments and possibly to
mea-se the flap effect iveness.

BALANCED SW.X’I!FLAP

Slot a r rangement 5 (figs, 27 to 29).—The slot and
a lanced split -flap ar rangement shown in figure 27
as obta ined by disregarding the upper -sur face a ileron
nd making the wing upper Surface solid and con-
nuous. Axis loca t ion F6 again gave the grea test
?duct ion in flap hinge moments without loca t ing the
eis a considerable distance out from the sur facs.
Lift and drag coe5cien ta for the wing with the
a lanced split flap a t axis loca t ion F6 are given in
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figu re23. Maximum lift coefficien t s, drag coeflicien t i
and ra t ios of L/ D a t maximum lift , and hinge-momenl
coefficien t s for differen t deflect ions of the ba lancec
split flap are given in @e 29.
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Slot a r rangement 5A (figs. 30, 31, and 32).—A new
axis loca t ion IV’, giving st ill fur ther ba lancing, was
obta ined by making the wing upper sur face th inner

r?412“ 30
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;: j.;c y
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m- 2.00
n= 1.75
r= 0.95

% No{e:
L Dimensions x, y,and
I

4
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—z - 30 in percenf of fhe
F12 Whg chord.

Fmma 33.-Ba lan@ tlp~~w afkmn an d bda lld .@t I%@. Slot a rmn@
man t 4 w ftb afkon an d Cap am tes ted .

and moving the flap axis back, keeping it as close to
the sur face as axis 6 (fig, 30).

Lift and drag coefficien t s for the wing with rmmnge-
ment 5A are given in figure 31. Mminmm lift co-
efbien ts, drag coficien t s and ra t ios of LID d maxi-
mum lift , and hinge-moment coefficien t s for differen t

hGm 25.-&~ CD an d L/D at CL.U, an d CH for dMaran t dellwt lon a of
Man@xl 6PM flap a t a xis F& Afkon rfgged UP 10” ata lloron ads A9 , Slot
~t =.

in flect ions of the ba lanced split flap are given in
ignre 32.

DISCUSSION

In order to facilit a t e a discussion of some of the
wrangements of ba lanced upper-sur face a ilerons and
@mced split flaps, the factors tha t appear su itable
or a compar ison of the difFeren t a r rangements in th is
nvest iga t ion are list ed in table Ill A differen t ia l
deflect ion of the a ilerons was used for most cams,
wmming two semispan a ilerons, one up 30° and the
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other down 10° from a neut ra l posit ion r igged up
10°. The a ilerons are compared on the basis of
hinge-, rolling-j and yawing-moment character ist ics,
a t two angles of a t t ack 0° and 10°, with flaps both
neut ra l and deflected. In the case of the flaps, the
character ist ics of the unbalanced split flap neut ra l and
deflected for maximum lift were used as the basis of

x end-y Ih
percenf of
flapchord

u - 3.7otl
C= 1.63

FIOUREZ7.-Ba lanwd @t lt3P wfth dot fIIr8ngemdh

compar ison . The balanced flaps were then deflected
to give approximately the same maximum lift and
compar isons were made of flap hinge momants and
ra t ios of #Z/ Dat th is mtium lift .
For the same a ileron deflect ion s th e rollin g momen ts

an d th e h in ge momen ts of u n ba lan ced u pper-su rfa ce
a ileron s (fbp n eu tra l) a re h igh er th a n th ose ob ta in ed
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with bnlanced a ilerons. The indica ted yawing mo-
ments appear to be small for the unbalanced upper-
sur frwe a ilerons near the st a ll of the wing; they are
sligh t ly adverse for the condit ion with flap deflected.
Rigging the unbalanced upper -sur face a ilerons up 10C
for neut ra l had very lit t le effect on the a ileron
characta -iet ics.

Of a ll the ba lanced upper -sur face a ilerons, t ested,
J ot a r rangement 3, with the a ileron a t axis loca t ion
!J 2 (r igged up 10° for neut ra l) and the ba lanced split
lap a t axis loca t ion F12, shows probably the best
‘oiling-moment character ist ics with the flap either
leu t ra l or deflected for maximum lift . With the
iap neut ra l, the indica ted rolling moments are about
15 percen t lower than those of the unbalanced upper-
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sur face a ilerons. With flap ddlected, however , the
rolLingmoments are 30 to 60 percen t h igh er . Th e in -
d ica ted yawin g momen t i appea r to be s a t is fa ctory a t
low an gles of a t ta ck bu t a re som ewh a t adveme n ea r
th e s ta ll with fla p deflected .
Th e h in ge momen ts a re abou t h a lf th os e of th e

u n ba lan ced u pper-su rfa ce a ileron s , fla ps n eu tm d , an d
a re in crea s ed to rou gh ly 70 percen t those of the unbal-
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anced a ilerons with flap deflected. On the basis of
rolling moments equal to those obta ined with tho
i.mbalanceda ilerons, the hinge moments of the ba lanced
a ilerons would become about 60 percen t those of the
unbalanced a ilerons, flap neut ra l, bu t only 45 percen t
with flap deflected. A poin t tha t should be noted,
however , is tha t a t h igh angIes of a t t ack, with the flap

x red-yin ~ Nofe: Alldimensions, excepi
percern’ of
flap chord

a = +.69R
c= f:63 17.35 +.

FIGUREw.—Bakmced:splitCapWa lldot armngmmt 5A.

neut ra l, the st ick forces may not be sa t isfactmy for
sma ll a ileron deflect ions because the hinge-moment
curves (fig. 13) indica te no moment over a sma ll range
of deflect ions for the diileren t ia l mot ion weed. With
th is ar rangement of a ileron and flap, the axea are
loca ted 60 percen t of the a ileron or flap chord out horn
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the sur face. On a wing having a chord of 6 feet th is
distance would amount to about 6 inches, which should
be considered in compar isons with other ar rangements.
bother ar rangement of ba lanced upper-sur face

a ilerons and balanced split flap which might be used is
tha t of slot a r rangement 3A with the a ileron a t axis
loca t ion A9 and the flap a t axis loca t ion F6. The

a ileron s in th b ca se have the lowest hinge momen ts of
a n y of th e ba lan ced a r ra n gem en ts tes ted , th e momen ts
bein g abou t 50 percen t those of the unbalanced upper-
sur face a ilerons when the flaps are neut ra l and about
40 percen t when the flaps are deflected. On the basis
of rolling moments equal to those of the unbakmced
a ilerons, the binge moments would become about 66

3mEE-
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FIQUEE 3z-Ck., CD an d IJD at CL--, and CEfor baknoxf SpUt t ip d d ~.
mot arrangement M.

percen t those of the unbalanced a ilerons, flap neut ra l,
and 50 percen t with flap deflected. As regards la tera l
con t rol, the rolling- and yawing-moment chmacter -
ist ics indica te tha t reasonably sa t isfactory cont rol
would be expected a t a ll fligh t condit ions except ing
a t the lowest speeds obta inable with the flaps neut ra l.
Th is poin t , however , may be of sufficien t impor tance to
make the ar rangement unsa t isfactory.
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The balanced split flap a t axis loca t ion F12 with
slot a r rangement 3 gives a high maximum lift with
except iona lly low hinge moments. The hinge mo-
m~nts are only about 50 percen t those of the unbal-
rmced split flap and are the lowed of any of those
tested. The axis loca t ion is 60 percen t of the flap
chord out from the sur face, an it em tha t should be
considered in compar isons with other ba lanced split
@lF.

The balanced split flap a t axis loca t ion F6 with slot
a r rangement 3A also gives a high maximum lift with
reasonably low hinge moment i. These moments are
roughly 76 percen t those of the unbikmced split flap
for a flap deflect ion required to give the same mmi-
mum lift . With th is ar rangement the flap axis is
only 15 percen t of the flap chord out from the lower
sur face.

CON~USIONS

1. A balanced split flap has been developed tha t
requ ires con t rol forces about ha lf those of the unbal-
anced split flap for approximately the same maximum
lift .
2. A gap a llowing flow of a ir from the lower

to the upper sur face of the wing in the vicin ity of a
split flap has an adverse effect on the msximum lift s
a t ta inable.
3. No ent irely sa t isfactory ar rangement of ba lanced

upper -sur face a ilerons was found but one ar rangement
was developed tha t appeared to be sa t isfactory except
for the st ick-force character ist ics with sma ll a ileron
deflect ions a t high angles of a t t ack, flap neut ra l
Another ar rangement a lso appeared to be sa t isfactog
for a ll fight condit ions except the lowest speeds ob-
ta inable with flaps neut ra l in which case the indica ted
rolling moments were low. LL

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADvrsoRY COMMITITEE FOR AERONAUTICS,
LANGLEY FIELD, VA., Augud 20, 19%5.
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TABLE I.-ORDINATES OF BALANCED UPPER-SUR-
FACE AILERON AND BALANCED SPLIT FLAP IN
PERCENT AILERON OR FLAP CHORD
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