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SUMMARY

This report coveTsthe twel!h of a se%s oj system atti
te8t8being conducted by the ~dio?ud Advisory Comm ittee
jor Aeronuuiti to com paredi~ereni tied control devictx
m “th partim dar ri$mm .w to their e$ectwene+wat high
angles of attack . The pres.m i tw!a were m a& in the 7-
by 10#oot wind tunnel with two sizes of upper-surface
aileronx on rectangulux Clark Y wing m odeik equipped
with fwiL8pan split jlaps. The upper+urface aileron-s
wereford jrom the upper potiti of the qii.t trai.liq
t?d@21Oj tti Wi7198. The t txt s showed the e~ect oj the
upper-surface aikron$ and oj the splti jhzp8 on the gen-
eral perform ance characteristicsof iY i4wing8, and on the
lateral COntrollaln liiyand 8tabiMy charactenk tics. The
rewdt8are com paredwiih tlwszjor plain wings wriihordi-
nu~ aiikrorwoj sim ilur 8ize3.
Wdh@ps @d, the upper-eurfm e aibrorw with up-

om !y m ovem ent gave rolliq m am a at angb oj aitack
behw the 8td thd were ream nubly close to an assum ed
satisfacto~ valwe. The yawi~ m om ents (wind a.xa)
were positive (javorable) wiih @rge aileron dq%tiom
bti, ai all except the lowed angles of attack , they we
slightly negalwe (adverse] with sm all dq%cti.cww. The
control jorces were mwch greuhm than tho8e oj ordinu~
ai.lerow oj tim i.lur siza havi~ convm ti.onulnwvemm t.
Wtih t?wjilzp8 dejlectedfor m axim um lift, t?w upper-swr-
fa.ce aikrons gave contTolm om ents cmwidedly below the
value am um ed to be sdi.sfactoq. The magni.tud .aoj tb
positive (favorabb) yawing m om enh were em al& than
thQ8ewith j?Izp8 &T(d ad 9WgdVt? ((Z&MTS e)ones
occurred with sm ull aileron o?q?ectiow & all angles of
aitazk . Above the 8taU,j%ps neutral or dejlected , both
siza oj upper-eurjace aiLeron8indicated poor contTol.
The autorotaiw chura.a%-isticsof the wings with the

@p8 okjkzted were 8om4?whuikxsjaaorabl.e thun wiih the
ji’aps retracted .

INTRODUCTION

A ser ies of systemat ic wind-tunnel invest iga t ions,
one of which is covered by th is repor t , is being made by
the Nat ional Advisory Commit tee for Aeronaut ics in
order to compare var ious la tera l cont rol devices. The

var ious devices are given the same rout ine test s to
show their rela t ive mer it s in regard to la tera l cont rolla -
bility and their effect on the la tera l stability and on
airplane per formance. They are being tested t it on
rectangular Clark Y wings of aspect ra t io 6, followed
by wings with diiferen t plan forms, wings with high-
lift devices, and a lso on wings with var ia t ions tha t
a ffect the la tera l stability. The ii-a t repor t of th is
ser ies (reference 1, par t I) den ls with three sizes of ordi-
nary a ilerons, one of which is a medium-sized aileron
taken from the average of a number of convent iona l
a irplanea and used as the standard of compar ison
throughout the ent ire invest iga t ion . other work &at
haa been done in th is ser ies is repor ted in reference 1,
pa r t s II to XL
The presen t repor t covers an invest iga t ion of “upper -

sur face” a ilerons, which appear to be one of the sim-
plest devices for la tera l cont rol of a wing tha t obta ins
high lift by means of split flaps a long the ent ire t ra iling
edge. Upper -sur face a ilerons are formed from the
upper por t ion of the split t ra iling edge of the wing,
which is h inged and deflected upward for cont iol.
The split flaps increase both the lift and the drag of the
wing, enabling slower speeds and steeper glides. Refer -
ences 2, 3, and 4 give aerodynamic character ist ics of
wings equipped with such flaps.

APPARATUS AND TESTS “ ‘

Models,-The model wings tested were equipped
with medium-sized and with long nar row upper -sur face
a ilerons, together with fu ll-span split flaps having
medium and nar row chords, respect ively. The main
por t ion of each of the two wing models was made of
lamina ted mahogany and the split t ra iling-edge por -
t ion was made of a luminum alloy. The wings had the
Clark Y proiile and were rectangular in plan form with
a chord of 10 inches and a span of 60 inches.
The nar rowwhord upper -sur face a ilerons were 15

percen t of the wing chord wide and 60 percen t of the
wing semispan long. This wing model was fit t ed with
a fu ll-span split flap a lso 15 percen t of the wing chord
wide. (See fig. 1.)
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The medium-chord upper+ur face a ilerons were 25
percen t of the wing chord wide and 40 percen t of the
wing semisprm long. A full-span split flap 25 percen t
of the wing chord wide was used in conjunct ion with
them ailerons.
Both the a ilerons and the flaps were mounted on the

wings in such a manner tha t they could either be locked
r iggdly a t any desired deflect ion or a llowed to rota te
freely about their respect ive hinge axes. The gaps
between the a ilerons or flaps and the wing were made as
small as pract icable, and then sea led with a light grease.
Wmd tunqeL-All the presen t test s were made in

the N.A.C.A. 7- by lo-foot open-jet wind tunneL In
th is tunnel the model is suppor ted in such a manner
tha t the forces and moments a t the quar ter -chord poin t
of the mid-sect ion of the model a re measured direct ly
in coefficien t form. For the test ing of the wings in
rota t ion , the standard force-tea t t r ipod is replaced by
a specia l mount ing tha t permit s the model to rota te

I If A

~--’” ‘/2 ,;
:

i I “(l

about the longitudina l wind axis pawing through the
mid-span quar ter -chord poin t . This appara tus is
mounted on the ba lance, and rolling-moment coefficien ts
can be read direct ly dur ing forced-rota t ion tea t s. A
complete descr ipt ion of the abov~mcmtioned equip-
ment k given in reference 5.
Test s,-The test s were conducted in accordmce with

the standard procedure, and a t the dynamic pressure
and Reynolds Number employed throughout the ent ire
ser ie9 of invest iga t ions on la tera l cont rol (reference 1).
The dynamic pressure ~aa 16.37 pounds per square
foot , cor responding to an air speed of 80 miles per hour
a t standard density, and the average Reynolds Number
was 609,000, based on the wing chord of 10 inches.
The regular force test s were made with severa l flap

deflect ions and a t a st icien t number of angles of a t -
tack to determine the maximum lift coefficien t , the
minimum drag coeliicient , and the drag coefficien t a t
CL= 0.70, which is used to give a ra te-of-climb cr ite-
r ion . The force test s -were a lso made with a st ickgt
number of a ileron deflect ions, with flaps both neut ra l

and deflected var ious amounts, to give da ta for the
a ileron rolling- and yawing-moment coefficien ts. Be-
cause of the large effect of yaw on the la tera l st ibility,
t est s were made not only a t 0° yaw, but a lso a t an angle
of yaw of 20° , which represen t s the condit ions in n
fa ir ly severe sideslip.
Hinge moments of the a ilerons were meaaured by

means of the ca libra ted twist of a long slender torque
rod extending along the hinge axis from the a ileron to
the ba lance frame outside the a ir st ream. These mo-
ments were obta ined for var ious a ileron deflect ions
with the flaps both neut ra l and deflected diiTerent
amount&
Free-au torota t ion teds were made to determine the

angle of a t tack above which autorota t ion wna self-
sta r t ing with a ilerons neut ra l. Forced-rota t ion tea t s
were a lso made in which the rolling moment while rolling
was measured a t the rotdiona l velocity cor rwponding
~ p’b

~V= 0.05, the highest va lue likely to be obta ined in

gusty a ir , and a t anglm of yaw of both 0° and –20”.
The accuracy of the resu lt s presen ted in th is repor t

is the same as tha t obta ined in par t I of the ser ies. It
is considered sa t isfactory a t a ll anglea of a t tack except
in the burbled region between 20° and 25°, where the
rolling, yawing, and hinge moments are rela t ively
unreliable due to the cr it ica l, and often unsymmetr ica l,
condit ion of the burbled air flow around the wing,

RESULTS

Coefficien ts,-The force-test resu lt s a re givcm in
the form of absolu te coefficien ts of lift and drag nnd of
the rolling and yawing momentm

c.. !$

u: rofi:;;ment
~%,- yawing moment

!zb~

where i3 is the tota l wing area , 6 is the wing span , and q
is the dynamic pressure. These coei3icien ts a re ob-
ta ined direct ly from the balance and refer to the wind
(or tunnel) axes. The resu lt s as given am not cor rected
for tunnel-wall effect .
The rewdta of the hinge-moment te9ta are given

~bout the a ileron hinge axis by:

c.= hinge moment
qcs

where c is the wing chord. A posit ive sign of 0“ de-
motes a moment tending to make the t ra iling edge of
the a ileron move downward, and a negat ive sign indi-
~a tea the reverse. A posit ive sign is given to the
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downward deflect ion of a ilerona horn neut ra l, and a
negat ive sign to the upward deflect ion .
The resu lt s of the forced-rota t ion test s a re given,

a lso about wind axes, by a coefficien t represen t ing the
rolling moment due to rolling:

CA+

where x is the rolling moment m-ured while the
wing is rolling, and the other factom have the usua l
significrmce. This coeilicient is used to indica te one of
the cr it ica l la tera l-stability character ist ics of a wing
when it is subjected to a rolling velocity equal to the
maximum likely to be encountered in cont rolled ilight in
very gusty a ir . This rollin g velocity may be expressed

‘b
%in terms of the wingspan as ~ E 0.06, where Vis tie air

speed a t the center sect ion of the wing and p’ is the
angular velocity in roll about the wind axis.
The resu lt s of a ll the tea t s, in terms of the foregoing

coefficien ts, a re given in table I to VIH and in &urea
2t09,

DISCUSSION IN TERMS OF CRITERIONS

. For a compar ison of the differen t la tera l cont rol
a rmngements, the r txndts of the test s a re discussed in
terms of cr iter ions, which are expla ined in deta il in
par t I of reference 1 and br iefly in the following par -
agraphs. In a few casea it has seemed advisable,
a s the rcsuh of flight teds, to modify the or igina l
form of the cr iter ion , and where th is has been done
the changes are noted. By use of the cr iter ions a com-
par ison of the effect of the difleren t cont rol devices
on the gener rd per formance, the la tera l cont rollability,
and the la tera l stability may be made.
The a ilerons used in the presen t test s a re compared

with each other by means of the cr iter ions, under the
condit ions with flaps neut ra l and with flaps deflected
in table IX. In addit ion , va lues are included horn
par t I for the standard (medium-s@ed) and the long
nar row ordinary a ilerons on pla in rectangular wings.

GENERALPERPOEMANCE

(.4mnoNt3 NIJ um fi)

Wing area required for desired landing speed,—The
value of the maximum lift coefficien t is used as a cr i-
ter ion of the wing area required for the desired landing
speed, or ccnveraely for the landing speed obta ined
with a given wing area . The value of the maximum
lift coefficien t was pract ica lly the same for both wings
tested with flaps neut ra l as for the wings with the
ordinary a ilerons. The maximum lift coefficien t was
incrensed from 1.27 to 2.05 with the 15 percen t c flap
down 60°, and from 1.26 ta 2.09 with the 25 percen t c
flap down 46°, (See @s. 2 and 3.) These va lues are

about what would be expected from the resu lt s of pre-
vious test s with split flaps (reference 2).
Speed range.-The ra t io OLJOD=,R is a convenient

figure of mer it for compar ison of the rela t ive speed
range obta ined with var ious wings. The value of the
speed-range ra t io was slight ly grea ter for the wings
&tad with flaps neut r il than for the wings with ordi-
nary a ilerons, the difl!erences probably being due to
slight var ia t ions in the models with in the accuracy of
const ruct ion . With the 15 percen t c flap down 60°
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the value was increased about 61 percen t , and with the
25 -percen t c flap down 45° the increase was about 66
percen t .
13a te of climb,-In order to establish a suitable cr i-

ter ion for the t iect of the wing and the la tera l cont rol
devices on the ra te of climb of an a irplane, the per form-
ance curves of a number of typca and sizes of a irplanes
were ca lcu la ted and the rela t ion of the maximum rata
of climb to the lift and drag curves was studied. This
invest iga t ion showed tha t the L/ D at CL= 0.70 gave a
consisten t ly reliable figure of mer it for th is purpose.
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The numer ica l T&le of th is cr iter ion was about the
same for the *._with flaps neutml m for the wings
with ordin~ ailerons. The values were grea t ly
reduced, however , with the split flaps deflected for
maximum lift , and they were lees for a ll flap deflec-
t ions &ted than for the flap-neut ra l condit ion .

LATERALCON’YROLLAB~Y

(CONTROLS FULLY DEFLECTED)

Rolling cr iter ion ,-’l%e rolling cr iter ion upon which
the cont rol effect iveness of each of the a ileron ar range-
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ments is judged is a figure of mer it tha t is designed to
be propor t iona l ta the init ia l accelera t ion of the wing
t ip, following a deflect ion of the a ilerons from neut ra l,
regardless of the a ir speed or of” the plan form of the
wing. Expressed in coeEcient form for a rectangukw
monoplane wing, the cr iter ion as used up to the
mxent has been

where Cl is the rolling-moment coeilicient about the
body axis due h . the a ilerons. It appears de&able a t

COM&UTTElil FOR AERONAUTICS

th is t ime, as the resu lt of numerous flight observa t ions
(reference 6) obta ined since the cr iter ion was fir st
established, to a lter the form of RO slight ly so tha t in
th is repor t

RC’+
L

where Cl’ is the rolling-moment coefficien t about the
m“nd amk due to the a ilerons, and onIy changes appre-
ciably in value from 01 at high anglea of a t tack. The
genera l form of RC, which is applicable to rmy wing
plan form, may be found in par t I of the ser ies.
The numer ica l va lue of the cr iter ion tha t is assumed

to represen t sa t isfactory cont rol condit ions is appro.si-
mately 0.075, the value given by the standard ordinary
a ilerons with the assumed maximum deflect ion of
+25° a t an angle of a t tack of 10°. (See par t I, refer -
ence 1.) As a resu lt of some recent flight test s (ref-
erence 7), it appears tha t a somewhat lower value of
RC’, 0.040 to 0.050, might be sa t isfactory under
ordinary flight condit ions. Under other condit ions,
par t icu lar ly when cont rolled flight is a t t empted a t
slow speeds in ext remely gusty a ir , it is possible tha t
even the value of O.O75 might not be high enough for
ent irely sa t isfactory cont rol. Fur ther flight informa-
t ion would be of dist inct va lue in clear ing up presen t
uncer ta in ty as to what const itu te sa t isfactory cont rol.
The a ilerons are compared by means of the cr iter ions

given in table IX for four represen ta t ive angles of
~t tack: 0°, 10°, 20°, and 30°. The 0° angle repre-
sen t s the h igh-speed and cruisiig a t t itudes; a = 10°
represen t s the highest angle of a t tack a t which sa t is-
kwtory cont rol with ordinary a ilerons is obta ined on
pla in wings; a= 20° is the condit ion of grea tea t la tera l
instability for the Clark Y wing, and is probably about
the grea test angle of a t tack obta inable in a steady
#ide with most presen t -day a irplanes; and fina lly,
z= 30° is given only for a compar ison with cont rols
For possible fu ture types of n irplanes. The com-
pxisons are based on an up-only deflect ion of 70°,
the highest likely to be used, but which gave rLsome-
mhat lower rolling-moment coefficien t n t an angle of
~t tack of 10° than the standard a ilerons with an
3qual up-anddown deflect ion of 26°.
At a= 0°, flaps neut ra l, both eizca of a ilerons gave

values of RC~ grea t ly in excess of tha t considered
necessary. With flaps deflected for maximum lift ,
the va lues were reduced to slight ly below tha t assumed
M sat isfactory.
At a = 10°, flaps neut ra l, both sizes of upper -sur face

ii.lerone gave somewhat less than the assumed sr&-
;actory value of RC1. With flaps deflected for maxi-
mmm lift , the va lues of RC’ given by the u pper-su rfa ce
t ieron s were abou t 60 percen t of th e a s sumed sa t is -
!a ctcn y va lu es . It should be noted tha t , with flaps
low-n , bet ter rolling cont rol could be obta ined by
inflect ing the opposite a ileron down in addit ion to
he up-a ileron (@e. 4 and 5). An equal up-and-down
m a different ia l mot ion of the a ilerons could be used.
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At a= 20°, flaps neut ra l, the va lues of RC’ given
by th e u pper-su rfa ce a ileron s were lW th an h a lf of
the assumed sa t isfactory value, bu t were slight ly
higher than the vahms given by the ordinary a ilerons.
With flaps deflected for masimum lift the va lues of
RC’ were so low as to make the a ilerons ineffect ive
as a source of rolling moments.
At a= 30°, flaps neut ra l or down, the va lues of RC’

given by th e u pper-su rfa ce a ileron s were p ra ct ica lly
zero. Th e lon g n a r row ord in a ry a ilm on s with equ a l
u p-an d-down deflect ion , u sed on th e p la in recta n gu la r
win g, gave a h igh er va lu e of RC’ than any of the other
ar rangements. (See a lso par t I.)
La tera l cont iol with sideslip.-If a wing is yawed

appreciably, a rolling moment is set up tha t t ends to
ra ise the forward t ip. The magnitude of th is rolling
moment is a lways grea ter a t very high angles of a t tack
than the available rolling moment due to ordinary
a ilerons. The highest angle of a t tack a t which the
a ileron can balance the rolling moment due to 20°
yaw has been tabula ted for a ll the a ilerons tested, as
a cr iter ion of cont rol with sideslip. As previously
ment ioned, 20° yaw represen t s the condit ions in a
fa ir ly severe sideslip. The upper -sur face a ilerons
(flaps neut ra l) gave rollkg cont rol aga inst the effect
of 20° sideslip up to a .qlcs of a t t ick 10 or 2° lower
than for the ordinary a ilerons of similar sizes. With
flaps deflected for maximum lift , the argle of a t tack
a t which the upper -sur face a ilerons gave cont rol
aga inst the sideslip was 2° lower than when the flaps
were in the neut ra l posit ion .
Yawing moment due to a ilerons.-The magnitude

and oven the direct ion of the ymving moment de&able
from +lerons have not been defin itely determined up
to the presen t t ime. It w-as thought in the past ,
par t icu lar ly with reference to acroba t ic flying and
probably a lso with reference to most ordinary ma-
neuvem, tha t to the pilot the maneuvem would seem
as if they occur red about the a irplane, or body, axes.
For a highly maneuverable or acroba t ic a irplane,
therefore, it was thought tha t complete independence
of the three aerodynamic cont rols about the body
axea would probably be a ddrable fea ture. Recent
flight test s made in an invest iga t ion of severa l la tera l
cont rol devices (reference 6) indica te tha t the yawing
act ion of the a ilerons as observed by the pilot is tha t
which would be expected from the yawing moments
occurr ing about the wind axtx, not those about the
body axea . It is hoped tha t a cont inua t ion of th is
invest iga t ion , in which some of the most promising
a ilerons and spoilers developed in the ser ies of wind-
tunnel test s on la tera l cont rol devices are being tea ted
in flight , will give st icien t informat ion on yawing
moment i to set t le the que9t ion as to the amount of
yawing moment dmirable for var ious flying condit ions.
The indica t ion is, a t the presen t t ime, tha t zero or

very sm a ll yawin g momen ts abou t th e win d axes a re
de&able for a croba t ic flyin g an d pos s ib ly for flyin g in
gen era l, bu t th a t yawin g momen ts of su ch a sen se
th a t th ey ten d to reta rd th e low win g in IL tu rn defi-
n itely improve th e la tera l con trol a t a n glea of a t ta ck
above th e s ta ll. From th e remdts of th e above-m cm -
t ion ed fligh t tes ts , it is believed des irab le in th e p res en t
repor t tQ give th e yawin g-momen t coefficien t in th o
cr iter ion tab le abou t th e win d axes (0 .’), r a th er th a n
abou t th e body axes (Cn ) a s in previou s reporh of
th is s er ies . Th e yawin g momen ts a re often n ega t ive
with respect to th e win d axes bu t a t th e sam e t i&e
pos it ive with respect to th e body axes . Th e s ign s of
th e ymvin g-momen t coefficien t a s given in th e tab lea
an d figu w a re in agreem en t with th e N. A.C.A no-
mencla ture in which yawing moments tending to
produce clockwise rota t ion are regarded as posit im.
The concept of posit ive yawing moments as momeuts
tha t a id the roll (genera lly termed “favorable”) nnd
negat ive moments as those tha t oppose tho roll (gm-
eraUy termed “adverse”) is a lso used throughout
except as regards the a ileron when deflected down-
ward. The aileron being a t the r ight wing t ip then
tends to produce roll in a counterclockwise direct ion
and the coefficien ts therefore have signs opposite to
those of the up-a ileron a t the same t ip.
At anglw of a t tack below the sta ll both sizes of uppor -

sur face a ileron9 (flaps neut ra l) gave posit ive (favor-
able) yawing moments with large a ileron deflect ions
but a t medium and high angles of a t tack they gave very
small negat ive (adverse) moments with small deflec-
t ions. J ust above the sta ll the yawing moments were
negat ive (adverse) even with large deflect ions. Them
character ist ics a re defin itely bet ter than those of cor -
responding sizes of ordinary a ilerons. With flops
down for maximum lift , the magnitude of the posit ive
(favorable) yawing moments were smaller than those
with flaps neut ra l, and negat ive (adveme) yowing
moments occur red with small a ileron deflect ions a t
pract ica lly a ll angles of a t tack.

LATZEALSTASILITY

(AILERONSNEUTRAL)

Angle of a t tack above which autorota t ion is self-
sta r t ing,-This cr iter ion is a measure of the range of
angles of a t tack above which autorota t ion will sta r t
from an init ia l condit ion of pract ica lly zero ra i% of
rota t ion . With the split flaps neut ra l the limit ing
angle of a t tack was the same as for the wings without
flaps, bu t with the split flaps deflected for maximum
lift the limit ing angle was reduced 3° to 4°.
Stability aga inst rolling oaused by gust s.-Tost

flights have shown tha t in severe gust s a rolling veloc-

ity may be a t ta ined such tha t ‘lb =0.06. Con-
2V

s equ en t ly, th e rollin g momen t of a win g du e to rollin g
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at th is due of@~V gives a measure of one fa ctor

a flect in g la tera l-s ta b ility ch a ra cter is t ics in rou gh a ir .
In th e p res en t ca s e, th e an gle of a t ta ck a t wh ich th is
rollin g momen t becomes zero is u sed a s a more s evere
cr iter ion th a n th e previou s ly m en t ion ed an gle a t
wh ich au torota t ion is s elf-s ta r t in g, to in d ica te th e
p ra ct ica l u pper lim it of th e n sefd an gle-of-a t ta ck
ra n ge. As in th e ca se of th e an gle of a t ta ck above
wh ich au torp ta t ion was s elf-s ta r t in g, th e an gle of

p’b
instability while rota t ing with — =0.05 was the same

2V
for th e win gs with sp lit flrLps n eu tra l a s for th e win gs
with ou t fla ps . With flaps deflected for maximum lift
r t t 0° yaw (fig. 6), the angle of a t tack for in it ia l instabil-
ity wna 4° lower than for the wings with flaps neut ra l.
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FK3UXEO.-Rollfn g-mom@ csdk len t du e ~ m lb a t ~-o.~ fa wfw wfth
0 .16c fn lkpm sp ilt 136Pnent ra l,an d wftb fip down . W yaw.

With 20° yaw, the wingg with split flaps neut ra l,
like the wings with ordinary a ilerons, had an angle of
a t tack for in it ia l instability 6° or 7° lower than tha t
with 0° yaw. With the wings with split flaps deflected
for maximum lift , the angle for in it ia l instability was
sh ifted to negat ive va lues so tha t the wings showed a
dist inct tendency, a t a ll normal angles of a t tack, to
increase an init ia l ra te of rota t ion in roll when the
direct ion of mot ion of the roll and the yaw were of the
same sign . (See fig. 7.) This character ist ic might be
mpectcd to impair the la tera l stability of a irplanes
equipped with split flaps.
The precading cr iter ion shovm the cr it ica l range

below which the stability is such tha t any rolling. is
damped out , and above which instability exist s. The
remaining la tera l-stability cr iter ion , maximum G,
indica tes the degree of the maximum instability. All
the rota t ion tea t s showed somewhat unsymmetr ica l

condit ions in the two direct ions of rota t ion , and the
maximum value of CXfound with any angle of a t tack
in either direct ion of rota t ion is used as the cr iter ion .
At 0° yaw, the wings with split flaps neut ra l had the
wme mtium tendency to autorota te as the wings
with ordinary a ilerons but , with split flaps down for
maximum lift , th is tendency was increased somewhat .
The maximum autorota t iona l moment a t 20° yaw is

of impor tance for the condit ion in which the a irplane is
dr idded and the forward wingt ip is rolled upward or the
rear t ip downward by means of a gust . This au torota -

Angle of affack, degrees, d

Fmwm7.-RoUin g-momen t cn a tTJ .en t du e to rollfn g a t~O.OS for wfn g vd tb

0 .15CfUU4P3nsplitfillIMIItd,an d with fh p down . –W YP.W.

t iona l moment , which is la rge for the wings having
split flaps neut ra l and for the wings with ordinary
a ilerons, increased slight ly with the nar row-ohord
flaps deflected for maximum lift and decreased slight ly
for the medium-chord flaps.

CONTEOL FORCE BEQUIBED

The hinge-moment coefficien ts Ior the two sizes of
upper -sur face a ilerons are plot ted in iigures 8 and 9 for
both the flap-neut ra l and flapdeflected condit ions. A
cont rol-f orce cr iter ion , with which the var ious la tera l
cont rol devices are compared in regard to the cont rol-
st ick force required to a t ta in the asanmed maximum
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deflect ion s , is based on a cont rol-st ick movement of
+ 25° and is independent of a ir speed. This cr ita r ion
is

I

ment are about three t imes m grea t as those of ordi-
nary a ilerons of cor rwponding sizes with equal up-
anddown movement (split flaps neut ra l). Compared
with the ordinary a ilerons having an up-only move-
ment of 70°, however , the va lu es of CF for th e u pper-
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Fm IJ RE&—Hin ge-momen t c@30fen ts of 0 .16c n ppw+a rfam a ikon wfth splitfla p n en t ia l, on d with :lh p down .

where F is the force applied a t the end of the cont rol
lever of length 1, and &/25 is the gmr ra t io between
the a ileron and the cont rol lever .
Values of CF are given in the table of cr iter ions

(table IX) for the two sizes of upper -sur face a ilerons

sur face a ilerons are about the same. (See par t I,
reference 1.) These va lues are much too high for
pract ica l opera t ion , and an invest iga t ion of methods for
reducing the hinge moments of upper -sur face a ilerons
is now under way in the 7- by 10-foot wind tunnel.
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FIGURE9.—Hfngem0meatu wlliden ta of 02S c n ppa ram ffme a fleron wftb sp lft t ip n eu tra l, a n d with ffap down

with split flaps both neut ra l and deflected for maxi- One possible method of reducing the cont rol force
mum lift , and for the two cor responding sizes of ordi- might be to r ig the upper -sur face a ilerons up o small
nary a ilerons. At a=OO and CZ=lOO, the va lues of amount when neut ra l and to provide them with an
CF for th e u pper-su rfam a ileron s with u p-on ly move- ord imq d ifferen t ia l m ovem en t , a lth ou gh th is m igh t
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cause a small increase of minimum drag. A pre-
lim inmy in ves t iga t ion in d ica ted th a t th is m eth od
was n ot very prom is in g an d oth er a r ra n gem en ts
wh ich appea r more s a t is fa ctory a re bein g in ves t iga ted
in th e win d tu n n el.
With the split flaps deflected for maximum lift ,

the va lues of OF for the upper -sur face a ilerons a t
a==OO rmd 10° are reduced to near ly the same ss
those of the ordinary a ilerons with equal up-and-down
movement , on account of the reduced speed a t the
same angle of a t tack.
It will be noted tha t for approximately the same

rolling cont rol the va lues of CT’ are considerably
smaller for tho long nar row ailerons than for the
medium ailerons.

CONCLUSIONS

1. With the split flaps neut ra l, the upper -sur face
a ilerons gave values of the rolling cr iter ion R(?’
rea son ab ly close to th e a s sumed sa t is fa ctory va lu e a t
a n glea of a t ta ck below th e s ta ll. With th e fla ps
deflected for m aximum lift , th e rollin g con trol wa s
con s iderab ly below th e a s sumed sa t is fa ctory va lu e,
bu t m igh t be s t icien t u n der ord in sxy fligh t con d i-
t ion s . Above th e s ta ll, lit t le or n o rollh g con trol
wa s in d ica ted with th e fla ps eith er n eu tra l or down .
2 . At an gles of a t tack below the sta ll both sizes

of upper -sur face a ilerons (flops neut ra l) gave posit ive
(f~vorable) yawing moments with large deflect ions
but with small deflect ions a t a ll except the lowest
angles of a t tack they gave small negat ive (adveme)
yawing moments. J ust above the sta ll the yawing
moments were negat ive (adverse) even with large
deflect ions. With the flaps deflected for maximum
lift the magnitudm of the posit ive (favorable) yaw-
ing moments were smaller than those with flaps
neut ra l, and negat ive (adverae) ones occur red with
small a ileron deflect ions a t a ll angles of a t tack.
3, The cont rol forces required to opera te upper -

sur face a ilerons with up-only deflect ion would be too
grea t for pract ica l use.
4. The autorota t ionrd tendencies of both wings

were somewhat grea ter with the flaps deflected than
with them ret racted. With the flaps deflected and
the wings yawed, a tendency to rota te in one direc-
t ion was shown throughout the ent ire usable angle-
of-a t tack range, a character ist ic tha t might be ex-
pected to resu lt in some impairment of the la tera l
stability of a irplanes equipped with split flaps.

IJ ANGLHY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADVISORY CO~~ITTEE FOR AERONAUTICS,
LANGLEY rrELD, VA., J une 8, 1934.
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–. m l

a 0321
. W19
.Om J
.m
.m

.m

–. m l

o.ml
I

o.mto
.m .CuM
.0319 I .Wz2.mf2.m llo
.m . a l12

.m . Wlo

o –. m l

0:g:

–.C&’
o

0.0s21 CLcKr& 0.UQ7
. 0 )18 .fxB5
.CO?3 . Wlo . W14
. m l .am
o

.m
o 0

TABLE V.—FORCE TESTS. CLARK Y WING WITH 0.2.% BY 0.4~ UPPER-SURFACE AILERON AND 0.26u l?ULL-

SPAN SPLIT FLAP

(va fnm am gfvmfor m e a fkon a t ligh t Wfn g t ip )

12 .N..oW,~. VeJ od ty-&l m .pk Yaw-cP

a –W –MY I —5” -4” –v w b“ Iv I& I 14”m 1Plr 18” w 2P W w 4P

8A AILERON AND FLAP NEUTRAL

CL w —
CD

\ ~7 l.. :% 11~ O.soa
.7X

RIGHT AILERON UP—FLAP NEUTRAi

G{. ] $ 1 :=:::: ~=::. a% -----– -–-–- ag ~z::: a rm -–--.– -------- CLooal.-.-.--l.-_--~.....-l Il,lyo I.... J CL Oql l-a 016
------- ----—

KF --_.--- --––—
.am ------ –: 3 ::::: _;:: _-:-

------- —.-— .012 ------ . —-—— .a
KF ------- — ------- ----—
w -–----- ._ L:- ------- ——— .aM ------ :0?2 .—–– -----– :0
w ______ .-—– -.—. — --.—. .W2 ----- –: g –—– .-.–— –. a
* .-.._ .- .__.- _- —- -——
w --––.. -—---- -.——- ------
w . ------- ----

:% -:::: X&3 .~:: +:;z –: E :::::: .:::: ::::::: –: & j 1:::::::1 z;
--—--- ---

w ..–---- --–----
—- -— .a32 -..... - . . . . . . . .-...-.

--—. — -..—— . on -----–
m .—---- -------- ----- -----

.C03 .—.-.. -—_– .Uml -–.-- --.-..- .-..---
.W8 ----— .On ------ --—--~m. m . ------- —---

.W -–... - . ----- . . . . . . .
. (u+ ----- _____ .019 -----– .U!3 –.----- --–-.-- .MQ ------ ------- . . . . ..- . m ------- –. m l , .W1

RIGHT AILERON UP-FLAP DOWN F

t
–. lm -.010

–:K .:::::: -.004 . Mli
.ot2 . . . . . . . .Qos -.cn l

0s1 .Om

CL%

,am
#cm
.mo
.Cw
.Olm
.Cm
.O111
. ml
.Wo
.W

cL

1 II

w ..––.. -&COO anl -.-.--- ------ a 701 :c9J L402 LSSJ J
cD v -.–.--- .W.9

L 691 1-~ L W ‘ . . . . . . L 418 1::1 1 :~ 1:g CLta J a~

cl’
.am .----.- ------ .078 .I&9 .213 .X3

m .—.-.. .OM ------- ---.--- -------
.290 .--..-- .3Z

.039 -.- . . . . .0 s –-----. .010 -1?-------- ------ . . . . . . .
w --_.-.-

.G20 . . . . . . .
. of2 ------- -–.-.. -----

.027 –. Mil -: z
.m ------- –. m l ------- –.a lt -------- ------------- ------- –. m ------- -. m ;g . m l

%’ 7W .-–.-.. .073 ------ ------ _____
G’ m .--.--–

.074 ------- .0 s5 ._-----
.031 _-.--- ----- ----

.0 s3 . -------------- . . . . . . ------- .Oto . . . ..– .012 .Wo
.016 ------- .QM ------- . W . ------ .--–– . . . . . . ------- –. m l . . . . . . . -. m -. m l .m

RIGHT AILERON UP-FLAP DOWN ?&

cL I

4

v -a% M&I a fire .-_.._ ----- a973 L344 L713 L843 L~
CD .117 .—-— ---––

1

LW . . . . . . . . . . . . . . L402 L@XI LGW l.% :g C$.E#
cl’ G .-..––

. W .217 .=
.047 ---—– ----- -----

.2 -M . ..-. -..-. –.. .416

c.’
.042 -----.- .0 t4 ._:?- _l?- -------- ------------- .–..-.

m .-.-–
:Z ..::!!.

.010 —.–-. ------ -..-.–
.Wo

. m l -—--- –. @It -------- -------- -------- ------- ------ ------- –: ~ . . . . . . . –: E ;c#
. m l

$ ------- . a 31 --..--– —--- .–.-.. .077 -------
-. m l

z<
.a37 -------- ------- -.... -.. ------ ------ -.- . . . . . . . ..-. .W

----—. .0%3 -------- ------- ----- .014 -------
-. m l

.Wr2 -—–– .-.---.- -------- ------------- ------- . m l . . . . ..- -. m -. m l -. m l

RIGHT AILERON NEUTRAL-FLAP DOWN 45°

cL IllW-agUJga em ---------- <;~ : h o LE23 LW :@& l.% l.. l.. L 176
CD v .am –.––---–– .3s7

: ;OJ L 100
.47

L 1!25
.024

cl% 0.816
. 7U .724 #w
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TABLE V.—FORCE TESTS. CLARK Y WING WITH 0.25c BY 0.4($ UPPER-SURFACE AILERON AND ().%c FULL-

SPAN SPLIT FLAP—Co;t inued

a —16° —lo” -6” 4“ -& w b“ l!?’ @ 14” Is ” lef ‘ v w m 22’= 25” W w

RIGHT ~ERON UP—FLAP DOWN W

Ct
cm ’
cl’
c.’
Cf
c“’
Cf
c“’
01’
c.’
cl’
c.’

.. .. ----.-...............-....-..-....-..-.......-......---------------.................... ----

.. --.... ... ---- ........------ . ...... -----1--------..--------------------.......---------------..-—---......---------------...----.M93
.013
. WI
.U23
.033
.Oa

“ )11.mo-..:-----------------.070---------------------.017. . . . . . . . . . . . . . . . . . . . . .
.CC32 . . . . . . . . . . . . . . . . . . . ..-
.025 ----------------------

O.cm . ------
.Cm -------
.014 . . . . . . .
.ml -..-...

–: E

--l.cm _--:
.M6 -------
.m .-.--.-
.07a .L_-
.015 -..... -

2 -------- ------- ------ ------- —. a
) --------

1 111’

.013 -------- ------- -...-..---.--- .a
d -------- –. mt -------- ------- . . . ----------- -. a ll -------

I . ------ .027 --.----- .am -------. ------- -------------- . U31 .------ :E .031 .(
. . . . . . .

9 1..----..1.--. ---1-.-.-..1 .0t3 ------- –. W5-------- –. an -------- .-.-... ------ ------- -m l ------- –. m l
. yl .--.----

.W1 –.(
.040 -------- ------- ....-.------.- .COt -....-. .* .flll .000
‘-3 . . ..--.. ------- . . . . . . . . . . . . . . –.a -
1 -------- ------- ------ . ------ .0101-.--1 . aQ I

! l--------l--–---l-------l-------l o-oa 0)7 -------- a m ‘ I I I I
–:~; --------–.~
–.c-

a cm–. m
.O-JJ

~c& _a~
. a ll :mo
.Om –. ml

%’!

xl::;%’, ,
w -----------------------------
.CrM -----------------------------
! l--------l-------l-------l-------l -“ !2

021--.4 .Lnml

CR -------
. u 16 -------
.032 ------- I

–.m
–:%

:Cim .Ct i
.m :g
.m
.0)2 .W1
.ml .m

RIGHT AILERON DOWN—FLAP DOWN 46”

Ct

1

n “ -------- -o. Wt9 -------- . . . ---- . . . . . . . -0 . Im9 ------- –. m7 --––.. -a m . . . . . . . . . . . . . . . ------- . . . . ..- am ------- 0 .m l a~ clc&
c.’ b“ . ..-..-. .m .-.----- ------- -------
c l’

. Ixll -------
1 .5” . -------

.031 -------- .001 -------- ------ -..-.-- ------- .WI ------ –. 001
-. a lt -.- . . . . . ------- ------- –. m4 ------- –. am -------- –. 011 --------------- ------- .-–...

c.’ 16” . . . . . . . . .m ..-.. -.. . ------ -------
. m l -------

. 0 )1 . ------ .0 )7 -------- . OM --------------- ------- ------- . W1 ------- –: E
. m l
. m l

.m

.m

TABLE VL—FORCE TESTS. CLARK Y WING WITH 0.25c BY 0.40 ~ UPPER-SURFACE AILERON AND 0.25c

FULLSPAN SPLIT FLAP 4

(va lues we gimn fer one d lenm atr igh t win g t ip )
R.N. =IWI,OII. Veld t y-Sl m .p .h . Yaw- –~

- t ‘
8.4 AILERON AND FLAP NEUTRAL

0“ . . . . . . . . .-.- . . . . a om a~ a o% C&& :$ 0 .W7 I.@&
%

L 116
$ .-..-... -------- .Om

L 14S L 1.53 L 173 L 181 1.17W am aw.6 0.’%2!4
Cf

I
-:$$ –: ~ –: E

.119
. ------- . . .. —-

C.’
-: ~ -: ~ -. m

w . ..-.-.. ------- .m
–: g -: HO -: g –: ~ –; # –: ~ -: ~ –:: –: ;;;

.Ixe
-: %

.033 .am

a m3

–: E
.M3

RIGHT AIZERON UP—FLAP NEUTRAL

cl’ w .. .. .. . . .. . ..-. ao54 -------------- awa ------- am -a ----...- .- . . .._ a o76 -------------- ------- 0 .074 a cu 9 _____ a au –~g
cm ’ m . . . . . . . . -------- .021 -------------- .017 ------- .007 -------- ...----- .W1 -------------- --.---- .am -.m7 –..--.. -.012

AILERON NEUTEtA&FLAP D OWN 4P

aL @ +. ;~ 0:~ am ------- ------- : p2 I. 3?s L 042
cD w .16$ . . . . . . . -.- . . . .

L 74S L849 LW7 L833 L 543 L 2Q5 L220 1.Ea 1 .lz L036 am

cl’ w –. 012 -.016 -.ola ..-.-.. ------- –. 019 -: % –: E -: %?
c“’ w . 0 )7 .m

I
–: %’J -: #4 –: g –; g –: g –: g -; g –: E -: % –: ~~

.02s -.... -. ------- .Om .0a3 .010 .011 .049 .m

RIGHT AILERON UP—FLAP DOWN 46°

cl’ w -------- a on ---------------------- 0 -070 ------- a o77 -------- s on -------- ------- a a33 ------ awo ------ am a 010 -aw
c.’ w . . ------ .027 ---------------------- .Om ------- m -------- .Oot -------- ------ . m l ------- -. m ------ –. cot –. w -.012
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TABLE V1l—ROTA’IT.ON TESTS. CLARK Y WING WITH 0.2S0 FULW3PAN SPLIT FLAP

Cl is given for formalmta t fon at *~[~] ‘t it i~&~&im

Aflemn n en trd

R.N. -@Eylb3 . Veloeity-W M.p .k

a —10” –’9 v 10” H? 14” Iv IT I& w n“ * 24” w w 4(Y

1

IFLAP NEUTR&YAW-V

---1- -1= ~1=-1= ~ ~ ~ = ‘------ m ‘------- m -W1 =

(+) RO~~OU (d~) c, ------– -.–-.--.-am ------- -0 .019 -0 .016 -o. m ------ &w O.aw . . . . . . . . 0 .04s -------- Owl -a m -o. m

(_ay @=@-
C, ----

FLAl? DOW 4&-YAW-iY

(+) Rota t ion (Ckkwfs e) Cx

i

-a m —------ -0 .027 -&oin –am

H

a 0L5 0.047 s ou l a o14 0 .W4 -------- ..-- . . . . am . . . . . . . . 0 -a m l

‘-J O&%;--.––
on (mnn ter-

C1 –. 031 ------- –. Ola –. 016 –. 016 .021 . a s 7 .0a3 .011 .m7 -------- -------- .UM -------- .m .001

FLAP NEu TRAL-YAW= –W

d= =1----- ’014 ‘------- m l i“, ‘------ ~ m ------ ~ - > ~ =

(+) Ro~~On (d-) Cl -------------- -am ------- -0 . m -aoio -a o.is –-.-.. -am -a 007 -------- -a 07s . . ..-.-. -a ag2 -aom -0. 06s

FLAP DO- W—YAW-–W

(+) Rota t ion (dm lm rke ) cl -0.0’42–a WO–a 040 –a 044 -a044 -a 047 -a 076 ------- -o. aw -0 . m -0 .078 -a 076 -a m . . ..-.-. -a W -a O&l

(-J ay (m Im ter- C
—.-— 1 –. a t7 .W2 .037 .011 .011 .Cr20 .m ------ .a34 .am .CrW .m .m . . . . . . . . .071 ,065

TABLE VIII.-HINGEhfOMENT COEFFICIENTS. CLARK Y WING WITH 0.26c BY 0.40 ~ UPPER-SURFACE

AILERON AND 0.25c FULL-SPAN SPLIT FLAP
.

(C. is given for on e a tkon a t rfgh t win g t ip )

RX.. W,@33 velocity-al mph Yaw=w

8* W 6“ w I –P –m –w -wI –30=’ –W I –7P

I

al FLAP NEUTRAL

w ..--– . . . . . . ..-.-------- am a CU24 aam

W’ . . . . . . . . . . . . ------------ . 0 )10 .C4m .m

m ’ ..--. -..-.– --------.--- .OxM . (W3 .0330

w ---------- .-__. ----- –. m .m . Wlo
w ---------- ---------- –. 0m4 ------------ –. m o
w ..–.- . . . . . . ----------- –. m –. m –. m –. mm –: E

FLAP DO~ W

amn
.C041
.m40
.m
–: z

am ta

.M4s

. Wi’a

.W29

. Wfl
–. m l

am am aml1$ –. Im3 a 0014 a CO: am am

T

aw aml Cl@&l
–. m –:% .Im13–: E .0)19 .C#9 . ml

!$
o

–. Cu !5 –. m –. Om s
.0m7

–. m l
. a l14

–:%
.WM :E . m l

?# –. m l –. m l –. mm –. m l
.0314 .-..6------- . . . . ..Gi.

–. m l –:% –: M o
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TABLE 1X.—CRITERIONS SHOWING RELATIVE MERITS OF AILERONS

Ailerm.. 0.15s by 0 .60b / 2 Aikrom O& by 0.40 bfi I

‘W& U!J#&hifnary Ordfmry

Snbjed Crfterlon ?@down
469)

cm8eu-

u p .#Y

Flap#w

up#y

maaleu’

up-OJYstandard
w u p ,
mdn .

Mndard
Zb” u p ,
26”b

u IM#Y

2(I37
1SS6
%s2

:E
.014
.an
I&

CL015
*—.m l
.mz

J _. r@
.m

4—.~
o
0
I@

–%

aos7

:E
.010
.012
0

WIDE am or rnfnfnmm9p+d- %u
sped ranga.--_.-_... ____ %#$cD.f*

P
Aim--------------------------

Ra te of t im e ------------------ L4D 8t cL=0 .70

{

Rc a-w-------------------------------------
La tm a l cn n tmRablUty_.. ---- gz ::~:------------------------------------

— — ------------------------------ .
RC u= W--— ------------------------------

La t era l con t il wftb a ldeMp-. - M&mW~;Aat whlob8fIemnawfRbalancaC{ dtu

L n4
8&3
M. 4
. lm
.bw

–: E
lm

Zam
w. o~~
.070
.0!3
.W
o

16”

L270
~;

:0%
.m
.a?a
w

.---- .-— .
–o. m

----------
-. Ols

----------
-.023

--------- .
-.015

lx ’

17
11”

O.OLS

i%
.m
.m
.W7

LZ57
81.6
16 .9
. 18s
.f@a

–:%
la”

a 019
0
.m

&_. ~
. m l

.—. ~
b.m

.------—-
Ir

K

O.ws
.W3
.&&
.016
. Ols
. m l

aOla
o
.W.?b—.~
o

e—- ~

. . m
o w

arm
b—. ~

----------
<—. @-j7

o
b—. ~

.-- —-----
.—. ~~

M“

:~

o.M
.101
.fm
.m s
.m
o

. . . . ...
bk%%eri%%cf*w). 1momon ts Cij a -@--------------------------------------

f~) Eve . . . . . . ..-. -... -----
amble------------------ cm J a=lw -------------------------------------

c.A~ U=w-------------------------------------

---------
-0.036
---------
J—. 0]4
..------
–. 019

l\c.Afa=w------------------------------------- ---------
–. 023

18°

Yaw-@ ..------. -.--; -----------------------
Yaw= W------------------------------

if&xfrn umu n s ta b le C’aa t @b/2 V-O.M
~aw.lY-------------------- ------------

btdd

Con trol

a ta b illty (#L-OO)_

am
:Ml
.m
.m
.MQ

am
.an
.027
.fm
.m
o

Yaw= T-----------------------------------
-..J (:$ ::~------------------------- . . .. —------------ ------------------ .force reqn fre”i.-.

P
CF a=w--------------------------------------
CF a=w-— --------------------------------


