
REPORT No.

WIND-TUNNEL RESEARCH COMPARING

419

LATERAL CONTROL DEVICES,
PARTICULkt tLY AT HIGH ANGLES OF AWl!ACK

I—ORDINARY AILERONS ON RECTANGULAR WINGS

By FRRD E. WDICE an d Cm J . WBNZIXGDE

SUMMARY

l’h -is report ‘is the jirst of a s erh in w hich it ti in -
tended to compare the rehz tw e ~“ts of a.?-!ord inary
and s om e s pecia l form of ailerorw and other latem .!
con trol d evica in regard to their ejlw t on tied con-
trow ity , k ted 8hzbi?d y , and airplane performance.
5%3 cornparimns are ba8ed on w im i%unnii te8 t du tu ,
a ll tb conhol d%ictx being jlted to mod -d w ings k ing
the 8am8 epan , area , and airfoil 8ecii0n , and being
eubjected to tha s am e s eriee of force and rotuibn W8.
In th is particndurreport the resu lts are given for ord i-

nary ailerons of th ree d i$eren t eim . The m ed ium -eiz ed
a ilerons , w hich w ith @ w pw ard and dow nw ard dq?ec-
iion are w ed a8 a s tandard for comparis on , had a
chord fi6 per cen t of the wing chord and a span @ pm
cent of the sem is-pm of the wing. Of the other two
sizes, ona was long and narrow and the otlwr 8hort and
w id e. TLs red ts are @en for @e d@rent aileron
77LOV8?WTltS: one w ith qtud Up-iZ71d -dOW7Ldejection ,
one m“th average and ow w ilh tzd renu d i~eren iiu .1 hw -
tion , one w ith upw ard dq?ed ion mdy , and one w ith the
a ilerons arranged to jfoa t &h res pect to the w ing.

The res u lts s how ed that a lthough the a ilerons of
med ium s iz e w ith either th .s guul up-and -dow n or the
commonly us ed d i~eren iia l m otion -s ga .oe very un .s ti-
factory con trol above the eta l.1 , s a tis j%dory con trol w
obta ind w ith tlu 8h0rt, w id e a il.em?w w ith upw ard d eflec-
tion on ly , and m clo8ely appro& by tti s am e
ailerons w ith d rem e d iferen tiu .1 motion . 17w s hort,
w id e and the m ed ium aiJeroru w ith upw ard dejection
on ly aLs o gave pow erfu l y aw ing monw n& w hich at a ll
angl-a of a itack w ow ld aid the rolling, a .!th .ough w ith
8??d de$ t?d ti abOVe the 8t& 8@#d W?OW8e y dq
moments occurred . 17w only a ilerons w hich gave no
aa%ers e y aw ing nw men.i% at any dq%ction or angle of
attack w ere tti s hort, w id e ow e arraq@ to jloa i.

INTRODUC’ITON
GENRRAL

One of the most promising methods of increasing
the safety of a irplanes is the provision of adequate.
la tera l con t rol and la tera l st abili~ a t the low speeds
and high angles of a t t ack. Convent iona l a ilerons as

used a t the presen t t ime are sa t isfactory for the usua l
fligh t range up to angles of a t t ack just below tha t for
maximum-lift coefficien t (the sta ll), bu t they are very
poor a t the ~angles above the sta ll. Th is condit ion
is one of the grea test dangers in prcaent iay flying,
and is often the cause of a irplamwfalling out of con t rol
and in to spins. At the rela t ively low angles of a t t ack
below the sta ll the iligh t -pa th angle in a glide is usua lly
not as steep as is desirable for a shor t approabh to a
landing. The t ligh t pa th can be made staeper by
flying a t a higher angle of a t t ack; hence it is dt iable
to fly and to have good la tera l con t rol and stability
a t the higher angles of a t t ack.
Many devices, such as slot s and floa t ing W@-t ip

a ilerons, have been devised for improving the la tera l
con t rol a t these high angIes. While most of these
devices have previously been tested in individua l
isola ted cases, it is not possible to get a good com-
par ison between them because the individua l t est s
were made under dMeren t condit ions in severa l
differen t wind tunnels or in isola ted fight t est s, and ,
with var ious degrees of completeness.
& par t of a genera l invest iga t ion of safety in fligh t

the N. A. C. A. has under taken a ser ies of t est s in
which it is hoped to compare a ll types of la tera l
con t rol devices which have been sa t isfactor ily used or
which show reasonable promise of being effect ive.
It is planned fir st to t est the var ious types of a ilerons
and la tera l oont rol devices on rectangular wings of
aspect ra t io 6. La ter the best con t rols a re to be
tested on wingg of diileren t , shape. Throughout the
en t ire invest iga t ion a ll the devices are being subjected
to the same ser ies of wind-tunnel t ea t s which , it is
hoped, include a ll the factors direot ly connected with
la tera l con t rol and la tera l st ability tha t oan be sa t is-
factor ily handled in a rout ine manner in a wind
tunnel. These t est s cover the rela t ive mer it of the
var ious cont rol devices in regard to la tera l con t rolla -
bility, la tera l st ability, and genmal usefu lness. They
include regular 6-component force t est s with the
a ilerons, or other con t rol devices, both neut ra l and
deflected var ious amounts, rota t ion test s in which
the model is rota ted about the wind-tunnel axis and
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the rolling moment is measured, and free rota t ion
tea t s showing the range and ra te of au torota t ion .
Because of the la rge effect of yaw on the stability in
roll, the tea t s a re made not only with an angle of
yaw of 0°, but a lso with one of 20°, which represen t s
the condit ions in a fa ir ly severe sideslip.
Throughout the en t ire invest iga t ion it is in tended

in so far as possible to use model wings having a span
of 60 inches, an aspect ra t io of 6, and the Cla rk Y
air foil sect ion . The fit wing has a ilerons of medium
dimensions (25 per cen t wing chord by 40 per cen t
semispan) represen t ing the average found from a
number of convent iona l a irplanes and, with the
average maximum deflect ion of + 25°, w ill be taken as
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PR=ENT PORTION OF INVESTIGATION

Th is par t icu la r repor t descr ibes the t est s on three
rectangular model wings with ordinary a ilerons of
d.iiferen t sizes. Test s of th is same gener il na ture
have been previously made a t the Bureau of Stand-
*. ~eferen~ 3,4, ~d 6.) They do not , however ,
include a ll of the factors included in the presen t
invedgat ion .
In addit ion to the t it wing with medium-sized

a ilerons, which will be used as the standard of com-
par ison , a . second was provided with long, nar row
ailerons and a th ird with shor t , wide ones, both pro-
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the standard with which a ll the others wiJ l be com-
pared. Since it has been found through simple fligh t
t est s made for the purpose (reference 1) tha t a ilerons
of th is size and form will ordinmily give sa t isfactory
la tera l con t rol just below the st ill, t ill of the other
a ilerons and cont rol devices will be designed to give
approximately the same amount of con t rol under those
condit ions.
Because of the la rge number of factors involved in

th is invest iga t ion , a clea r and complete compar ison
of the var ious devices is difEcult . To facilit a t e th is
compar ison a number of standard cr it er ions will be
used throughout the en t ire invest iga t ion . All the
tea t s will. be made in the 7 by 10 foot wind tunnel of

por t ioned to give ap-
proximately the same
rolling moments as the
medium ailerons, with
the same deflect ion a t
angles of a t t ack below
the sta ll. The resu lt s
a re given for severa l
differen t kinds -of a ile-
ron movement ; namely,
equal up-anddown de-
flect ion , two differen t
differen t ia lmovements,
upward movement
only, and one with the
a ilerons ar ranged to
floa t . Cont rol forces
have been computad
from the Bureau of
Standards tea t s (refer -
ence 6) and are given
with the presen t rwmlt s.

APPARATUS
Model wings.-The

model wings were made
of lamina ted mahogany
and the ordina tes were
held accura te in con-
st ruct ion to with in
+0.005 inch of those

mecified. The sizes of the a ilerons are shown on
l&@re 1. The medium ones are 25 per cen t of the
wing chord by 40 per cen t of the semispan . The long,
nar row ones are 15 per cen t of the chord by 60
per cen t of the semispan and the shor t , wide ones
are 40 per cen t of the chord by 30 per cen t of the
sern ispan .
The a ilerons, w-hena llowed to floa t , were both r igidly

mounted on a shaft suppor ted in bear ings in the wing.
For the floa t ing condit ion they were const ructed so as
to ba lance sta t ica lly about the hinge axis, by means of
a ba lsa-wood t ra iling edge and a brass nose piece.
Wind tun .nel.-The 7 by 10 foot wind tunnel has rm

open jet and a single closed return passage. The tpnnel,
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the ba lances, and auxilia ry appara tus are descr ibed in
deta il in referenca 2.
For ordinary force tea t s the model is mounted on a

ver t it i spindle a t tached to a rectangular fhne sur -
rounding the test sect ion of the a ir st ream. The
ba lances are ar ranged to measure a ll six components
of the aerodynamic forces and moments about the
tunnel axis direct ly in coefficien t form. For the tea t s”
with floa t ing a ilerons an opt ica l sigh t ing device is
used to J neasure the angle 8AE?jat which the a ibrons
floa t .
For both the free-au torota t ion and the forced-rota -

t ion test s the models are mounted on an appara tus
which replaces the force-twt model suppor t . The ap-
para tus consist s essen t ia lly of a sh ielded shaft mounted
on ba ll bear ings a t the cen ter line of the a ir st ream.
This shaft is either a llowed to rota te freely or is dr iven
through reduct ion gear ing by an elect r ic motor . The
rolling moment due to rolling is meaaured direct ly
in coefficien t form on the regular @li.ng-moment
ba lance.

TESTS

All the t est s were made a t a dynamic pressure of
16,37 pounds per square foot , cor responding to an a ir”
speed of SO miles per hour a t standard sea-level
a tmospher ic condit ions. The Reynolds ~umber was
609,000.
Mleron movements.-Four difTeren t a ileron move-

ments were invest iga ted mth the r igid a ilerons. One
of these was with equal up-anddown deflect ion , one
with average and one with ext reme dif&ent id move-
ment , and one with upward deflect ion only. If t est ed
individua lly the severa l dHerent movements would
have required rLvery la rge number of t est s. It seemed
tha t a grea t many of these could be elimina ted by
tast ing the a ilerons individua lly with up-and-down
deflect ion separa tely, and then adding the resu lt s to
get the combined effect . Although theory indica tea
tha t th is is not a r igorcua ly accura te procedure, be-
oause of the dit leren t wing-load dist r ibu t ion , prelimin-
ary test s were made which showed good agreement
with in the accur4cy of the invest iga t ion . The fina l
t est s were made with the a ilerons deflected equal and
opposit e amounts, and a lso with one a ileron a t a t ime
deflected fir st upward and then downward. The
moments for the difi%ren t ia l deflect ions were then
computed from the resu lt s of the t est s with one a ileron
deflected a t a t ime.
The medium differen t ia l a r rangement was taken

from a study of severa l ‘convent iona l a irplanes, the
maximum aileron deflect ions averaging 35° up’ and
15° down. The ext reme differen t ia l movement was
selected to give as near ly as possible the up-only
movement which seemed desirable from previous test s.
With the assumed maximum deflect ion for th is diiler -
en t ia l movement one a ileron is 50° up and the other
is 7° down. Table I gives the rela t ive deflect ions of

149900-33-24 .

the r igh t and left , a ilerons throughout the range of
displacement with the two diileren t ia l a r rangements.
These are illust ra ted in Figure 2, -which a lso shows the
wsumed linkage systems used for m~~ cont rol-
force computa t ions for a ll the a ileron movements.
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Force test s.—Complete ser ies o! force and moment
t est s were made on each wing model with the a ilerons
neut ra l and with the a ilerons deilected var ious
amounts, both while a t tached r igidly to the wing and
while floa t ing with respect to the wing. The a ileron
deflect ions tested in the t ied copdit ion were:
(a) Left a ileron deflected downward and r igh t

deflected upward 0°, 10°, 20°, 30°,40°, 50°.
(b) Left a ileron deflected downward 0°, 10°; 20°,

30°, 40°; r igh t a ileron OO.
(c) R~ht a ileron deflected upward 0°, 10°, 20°,

30°,40°, 60°, 80°; left a ileron OO.
When floa t ing wi* reference to the wing, the tota l

deflect ions of one a ileron with respect to the other ,
left a ileron down and r igh t up, were 0°, 20°, 40°, 60°,
80°, 100°.
The angl=f-a t tack rm.ge for the force t est s with

the a ilerons neut ra l was from – 10° to + 60°, and with
the a ilerons deflected, from 0° to 40°. A complete
ser ies of t ea t s was made a t both 0° yaw and —20° yaw.
In the yawed test s the a ilerons were deflected in a
manner to oppose the rolling moment due to the yaw
of the wing.
Rota t ion test s.-A ser ies of free au torcta t ion test s

was made on each wing model with the a ilerons neut ra l,
&a t in the fixed condit ion and then floa t ing. The
reduct ion gear ing was disengaged so tha t the model
could rota te freely about tho tunnel w&. Star t ing
well below the sta ll, the angle of a t t ack was increased
in small st eps unt il the model would just st a r t to
rota te when given a sligh t impulse by hand. This
angle of a t t ack denoted the sta r t ing poin t of auto-
rcta t ion . The whole range of au tcrcta t ion was then
wwered and the angles of a t t ack and ra tes of rota t ion
were noted. These t est s were made only a t 0° yaw
because the rota t iona l velocit ies became excessively
high a t 20° yaw, with possibilit ies of damage to the
test ing appara tus.
A smies of rcta t ion test s to obta in the coefficien t of

the rolling moment due to rolling was made on each of
the wings with the a ilerons neut ra l, both locked and
floa t ing. The angle-of-a t tack range was from 0° to
40°, and the tea t swere made a t both 0° and – 20° yaw.
‘ Rota t ions in both clockwise (+) and counterclock-
wise (—) direct ions were made a t a ra te represen t ing
the maximum rolling mot ion likely to occur in fligh t
in gusty a ir -when the pilot is a t t empt ing to hold the
a irplane level. Th is maximum ra te of rolling was found
by specia l t est iligh t s to be such tha t the coefficien t of
rota t ion has the value

%2 ‘b=o.05
where p is the angular velocity in radians per second,
b is the span of the wing, and V is the velocity of
advanca .

Accuracy.-The dynamic pressure was main ta ined
constan t to -with in +0.25 per cen t . The angle of
a t t ack was accura te to with in + 0.10, and the angle
of yaw to + 0.2°. The minimum-drag VfdUCS, which
are the averages of severa l readings, a re thought to
be accura te with in + 3 per cent . The lift may be
relied upon to with in + 1 per cen t and the rolling and
yawing moment coefficien t s, in genera l, to with + 3
per cent .
The foregoing accuracy applies to anglea af fit t ack

up to and through the sta ll and a lso to angles abovo
25°. At some of the angles between 20° and 26°,
however , cr it ica l flow condit ions apparent ly exist in
which burbling does not occur with exact symmet ry
over the wing. This dissymmet ry somet imes causes
two or more differen t va lues of the rolling and yawing
moments to be obta ined. The resu lt s a re consequent ly
ra ther unreliable for the angles of a t t ack between 20°
and 25°. The same turbulen t condit ion probably
exist s a lso in fligh t a t the cor responding, anglea and it
cm not be cer ta in there either tha t the same cont rol
moments will be obta ined repea tedly with in the abovo
rfmge of angle9 of a t t ack.
Oscilla t ion of floa t ing a ilerons.-Alt liough a ll the

a ilerons were const ructed in such a manner as to have
sta t ic iner t ia ba lance about their h inge axes, when
a llowed to floa t they fluctua ted or wavered sligh t ly a t
cer ta in speeds and deflect ion set t ings a t cer ta in angles
of a t t ack above the sta ll. The oscilla t ion was not
violen t and in most caws was not steady, apparent ly
being associa ted with the turbulen t a ir flow over the
wings. However , it is a condit ion which might be un-
desirable in fligh t a t cer ta in angles of a t t ack above the
sta ll.

RESULTS

Coefficien ts,-The force-test r esu lt s a re given in the
form of absolu te coefficien t s of lift and drag and of
the rolling and yawing moments:

CD - dr lr~
qs

(JZf - rolling moment
qbs

c.’=~ awing moment
qbS

where 5’is the tota l wing area , 6 is the wing span , and
q is the dpamic pressure.
The cceflicien t s as given above are obta ined direct ly

from the balance and refer to the wind (or tunnel) axea .
In specia l cases in the discussion where the moments
are used with reference to body axes, the coefficien t s
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am not pr imed. Thus, the symbols for the rolling and
yawing moment coefficierh about body axes are ~
and On.
The resuhk of the rota t ion tea t s a re green , a lso about

the wind axes, in t erms of the rota t ion coefficien t $#

and an absolu to coefficien t of rolling moment due to
rolling,

where X is the rolling moment measured while the
wing is rolling, and the other factors have the usua l
sign ificance.
Tables.—Tables II and Ill list the coefllcien t s of

QL,CD, 0,’, and C.’ fOT0° and –20° yaw, respect ively,
obta ined from the force t est s on the wing with medium-
sized a ilerons (25 per cen t chord by 40 per cen t semi-
span) having the a ilerons both neut ra l and deflected
and in both the locked and floa t img condit ions. The
angles a t which the left a ileron floa ted with respect
to the wing chord are a lso tabula ted, the negat ive sign
denot ing a ileron up and the posit ive s;gn denot ing
a ileron down. Table IV gives the va lues of CX at

‘b-
%~~= 0.05, and values of ~ over the free-rota t ion range

for the same wing a t 0° yaw with the a ilerons neut ra l
in both the locked and floa t ing condit ions. Table V

list s the va lues of Oi a t ~~= O.O5obta ined a t – 20”

yaw. Tables VI to IX, inclusive, give the resu lt s
cor responding to the above condit ions for the wing
with long, nar row ailerons (15 per cen t chord by 60
per cen t semispan); and Tables X to XIII, inclusive,
list the resu lt s for the wing with shor t , wide a ilerons
(4o per cen t chord by 30 per ceh t semispan).
F igures.-The test resu lt s a re a lso given in the form

of curves for the wing with medium-sized a ileronsJ
these a ilerona represen t ing the st rmdard of compmison
for the en t ire invca t iga t ion . The curves for the other
a ilerons are not given because the shapes of the cor re-
sponding curves for the three wings are roughly simila r
and the essen t ia l r esu lt s a re a ll compared in a table of
cr it er ions.
F iiu re 3 gives the curves of the lift and drag co-

efficien t s aga inst angle of a t t ack for the wing moth
a ilerons neut ra l, bot l locked and floa t ing, and for both
0° and – 20° yaw. llolling and yawing moment co-
efficien t s for the a ilerons locked with equal up-cnd-
down deflect ion and 0° yaw are plot t ed aga inst angle
of a t t ack in Figure 4. F igure 5 gives the roll@ and
yawing moment coefficien t s for a ilerons locked with
the r igh t a ileron neut ra l and the left , deflected down
dit Ieren t amounts a t 0° yaw. Simila r coefficien t s with
the left a ileron neut ra l and the r igh t deflected up
differen t amounts a t 0° yaw are given in Figure 6.
F iir es 7,8, and 9 give the rolling and yawing moment
coefficien t s for the cor responding condit ions, but a t
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– 20° yaw. Rolling and yawing moment coefficien t s
for the a ilerons floa t ing, r igh t a ileron up and left down
var ious amounts, a re given aga inst angles of a t t ack
for 0° yaw in Figure 10, and for –2Q0 yaw-in Figure 11.

Curve9 of free au torota t ion , *; aga inst angle of

a t t ack, for the wings with a ilerons neut ra l, both in
the locked and floa t ing condit ions, a re given for 0°
yaw in Figure 12. Coefficien t+ of rolling moment due

to rolling a t !#J = 0.05 are given in Figure 13 for the

wing with a ilerons neut ra l, both locked and floa t ing
a t 0° yaw, and in Figure 14 for —.?OOyaw.

CRITERIONSFOR COMPARINGRELATIVEMERIT OF
AILERONS

A number of cr it er ions are used for compar ing the
effect of the var ious a ilerons on the genera l a irplane
per formance, on the la tera l con t rollability, and on the
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la t era l st ability. These are expla ined below and the
va lues are list ed in Table XIY for the 15 a ileron
combina t ions tested.

GENBEALPERFORMANCE

To compme the rela t ive mer it of the a ilerons in
rqywd to their effect on a irplane per formance charac-
t er ist ics, th ree simple cr it er ions are used.
Wmg area required for desired landing speed.—The

t it cr it a r ion is the maximum lift coefficien t CL~S
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which is used as an indica t ion of the wing area required
for the desired hiding speed.

Speed range .—The second is the ra t io ~~ which

is an indica t ion of the speed range and which , for a
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given min imum speed, shows the su itability of the
wing for high speed.
Ra te of climb .-The th ird genend per formance

cr it er ion , which is an indica t ion of rela t ive mer it in
climbing t ligh t , is the ra t io L/ D t aken a t a value of the
lift coefficien t CL= 0.70. Ii a ser ies of per fommnca
computa t ions made for a irplanes with a number of
differen t wing loadings and power loadings, and with

both pla in and slot t ed wings, th is cr it er ion was found
to be sa t isfactory throughout the en t ire range.

LATERALcoNTRo~Y
Rolling miter ion .-The rolling-moment coefficien t

accompanying maximum aileron deflect ion could be
used as a simple cr it er ion of the la tera l con t rollability,

a
FIOU8E 14.-I3 I7 .W of fka tfn g 26 pa r can t oh ord a l.lem ru on rOll&momen t

OMMan t wh ile m Ilin g a t ?#duM. Atkom n ew -ZW yew

.

-.
but it does not include a ll the factors involved and it
is not independent of the a ir , speed nor the angle of
a t t ack. A cr it er ion is desired which expresses the
ability to roll an a irplane quickly a sligh t amount
while a t t empt ing a smooth gliding course in gusty a ir ,
par t icuhdy a t the angles of a t t ack required for landing.
z%& requirement is differen t from tha t of good maneu-
verability in tha t maneuverability depends main ly on

●
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the ra te of roll obta ined through large angles, while the
cont rollability as used here dependa on the accelera t ion
with which the rolling is in it ia ted. Th is accelera t ion
exist s throughout a displacement in roll of 5° to 20°,
depending on the type of a irplane, a fter which the ra te
of roll is approximately constan t . @teference9 6, 7,
and 8.) The accelera t ion obta ined a t the sta r t has
therefore more effect on the cont rollability than has
the iina l ra te of roll.
Consider ing these poin t s, a cr it er ion of la tera l con-

t rollability has been chosen to represen t the tangent ia l
accelera t ion a t the wing t ip for a given a irplane regard-
1sss of the speed of advance. Th is accelera t ion is
dependent upon the mass moment of iner t ia of the
whole a irplane about it s longitudina l, or X axis, as
well as upon the rolling moment due to the a ilerons.
The mass moment of iner t ia is, of course, not ava ilable
for use in a genera l cr it er ion , but it is a lmost en t irely
due to the wing, and if a constan t weight per unit
a rea is assumed for the wing st ructure, the area moment
of iner t ia of the wing about the longitudina l axis cm
be used with reasonable accuracy. Th is method then
takes in to account the plan form of the wing.
A rolling cr it er ion 1? C iilling the above requirements

may be expressed by the formula

R C=*

where Ci is the coefficien t of rolling momant due to
a ilerons with respect to the body axis (which axis for
the wing alone is taken as the midapan chord line),
and I, is the a rea momen t of iner t ia abou t th e mid-
span chord line.
As an illust ra t ion of the effect of plan form, if a

wing has the est reme amount of taper possible, the
t ip being a poin t , the value of L is half tha t of a
rectangular wing having the same area and span , and
0, need be only ha;f as la rge to give the same value of
R (7 or the same cont rollability in roll. The factor
12 in the denomina tor of the above formula is in-
ser t ed so tha t for a rectangular wing the value of

~ becomes unity and the rolling cr it er ion becomes

Sim;ly
c,

R C-FL

I?rom another viewpoin t $; gives the posit ion of the

la tera l cen ter of prwsure in terms of the span; since
for steady fligh t the lift is a lways constan t and prac-
t ica lly equal to the weight , the above ra t io is a lways
propor t iona l to the actua l rolling moment , and there-
fore to the tangent ia l accelera t ion of the wing t ip,
regardless of speed, either above or below the sta ll.
Va lues of the la tera l con t rollability cr it er ion are

given for four represen ta t ive angles of a t t ack: 0°, 10°,
20°, and 30°. The 0° value represen t s the condit ion

for high speed. The 10° value represen t s the highest
angle of a t t ack, just below the sta ll, a t which presen t -
day a ilerons give sa t isfactory la tera l con t rol on con-
vent iona l a irplanw. An angle of a t t ack of 20° is well
above the sta ll with the Cla rk Y air foil and represen t s
approximately the worst r~~e in regard to turbulence
and instability. The 30° t ingle is included here main ly
for compar ison with la ter t est s on wings and cont rol
systems which are sa t isfactory a t h igher angles of
a t t ack.
A recen t survey of a number of convent iona l a ir -

planes showed tha t most of them had a ilerons with
equal up-and-down deflect ion , and tha t the average
m&nmm deflect ion was about 25°. A maximum de-
flect ion of + 25° has therefore been assumed for the
da ta on a ilerons with equal up-and-down deflect ion in
Table XIV. For the othel a ileron movements the,
mt iu rn deflect ions have been selected to give sub-
stan t ia lly the same rolling cont rol as the standard
a ilerons a t an angle of a t t ack of 10°.
La tera l con t rol with sideslip.-The a ileron cont rol

in a sidedip is impor tan t because the sideslip it self
causes a rolling moment which , in a ll ordinary cases,
will overpower the a ilerons a t very high angles of
a t t ack. The cr it er ion -which has been taken to cover
th is condit ion is the maximum angle of a t t ack a t
which the a ilerons can balance the rolling moment
due to an angle of sidedip, or yaw, of 20°. Above th is
angle of a t t ack th is amount of side-slipwill cause the
a irplane to roll aga inst the a ilerons a t their assumed
m&mnm deflect ion .
Ya&g moment due to a ilerons,-In the idea l case

in which the rudder , the eleva tor , and the a ilerons
per form their main funct ions independent ly and
without mutua l in ter ference, the a ilerons should give
only a rolling moment about the body axis and no
tendency to yaw or pitch the a irplane. The pitch ing
moment is ordinar ily negligible, but the yawing
moment due to the a ilerons is often la rge and in such
a direct ion tha t it t ends to make the a irplane take a
yawing mot ion aga inst tha t which would normally
accompany the roll given by the a ilerons in a turn .
Th is yawing mot ion causes a rolling moment oppos-
ing tha t due to the a jlerons, and in some cases, par -
t icu la r ly a t high angles of a t t ack just above the sta ll,
th is rolling moment due to yawing becomes st ronger
than tha t due to the a ilerons, and the a irplane rolls
in the opposit e direct ion .
If it is unavoidable tha t the a ilerons cause some

yawing as well as rolling moment , it is desirable tha t
it be in such a direct ion tha t the secondary rolling
ef%t a ids the a ilerons instead of opposing them. In
fact , for genera l flying, it is probably advantageous
to have an appreciable yawing moment accompmy-
ing the a ilercn deflect ion , if it is in the direct ion tend-
ing to a id the a ilerons and make the a irplane turn in
the proper direct ion to avoid sidwlip. A yawing
moment of the opposit e sense, however , is alw ay s
undesirable a t high mgles of a t t ack where it can
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often overpower the rudder and induce a rolling
moment -which will make the a irplane roll aga inst the
a ilerons themselves, somet imes sta r t ing in to a spin .
Th is yawing tendency, if presen t , can be overcome

only by the rudder , and the cr it er ion used for it is
simply the yawing moment cdicien t with respect
to the body axes C=. The value of th is coeflkien t
on any par t icu la r a irplane is approximately propor -
t iona l to the rudder deflect ion required to overcome
it , r egardless of the angle of a tkck or the a ir speed.
It is essen t ia l tha t the yawing moments be taken about
the body axes, for they are often negat ive with respect
to the wind axes but a t the same t ime posit ive or
favorable with respect to the body axes, these being
the only ones upon which the pilot bases h is mameuvers.
The values of C, given in the table of cr it er ions
(Table Xl?l) a re with respect to the ver t ica l body
axis, t aken as perpendicu la r to the midspan chord
line and one-four th of the chord back t im the leading
edge. They are given a negat ive sign if the secondmy
rolling eflect opposes the rolling moment due to the
a ilerons, and a posit ive sign if the secondary rolling
moment a ids the a ilerons. For acroba t ic purposes it
is de&able tha t th is yawing moment be zero, but for
ordinary flying it is likely tha t a posit ive yawing
moment would be desirable.
The yawing moments do not a lways increase m the

a ileron deflect ion is increased, but somet imes reach
a maximum negat ive value with par t ia l deflect ion ,
a fter which they may become posit ive befora the as-
sumed maximum deflect ion is reached. For these
cases both the posit ive value a t maximum deflect ion
and the maximum negat ive value a t pa r t ia l deflec-
t ion are given in Table XIV, and if the deflect ion is
other than the maximum it is indica ted by let t er s and
footnotes

LATERALST~

In fight the la tera l st ability is dependent upon many
factors, but the presen t wind-tunnel t ea t s a re con .iined
to the tendency L%roll caused direct ly either by rolling
or by sidea lip. Ordinmily, wings a t anglw of a t t ack
below the sta ll when rota ted about the longitudina l
axis a re subjected to a damping moment tending to
stop the roll. At the higher angles of a t t ack beyond
the sta ll they tend to rota te by t l.mmselveswith the
sligh test distu rbance, th is of course being autorota t ion .
&le of a t t aok above which autorota t ion is self-

sta r t ing.-The cr it er ion tha t is used to compare the
var ious ranges of au torota t ion is the angle of a t t ack
below which the wing is stable with respect to rolling
in tha t it will not st a r t to roll by it self. Below th is
angle of a t t ack the la tera l stabili@ is sa t isfactory, but
above it the wing is unstable in roll, which is an
unsa t isfactory fligh t condit ion .
Stability aga inst rolling caused by gusts.-If given

a rota t iona l mot ion to sta r t with , the wing models will
somet imes cont inue to auwrota te a t angles of a t t ack

sligh t ly lower than those a t which they will st a r t by
themselves. As sta ted previously, ~ht t est s have
shown tha t under ext remely gusty a ir condit ions, even
though an a irplane is held as level as possible, it is

likely to roll to the exten t tha t ~~=0.05. Th is has

been taken as the worst case likely to be encountered;
in the presen t igvhgat ion , t est s have been made in
which the wings have been forced to rota te a t such a

p’b “ra te tha t ~V= 0.05, and the rolling moments due to

rolling have been measured. Asecond and more severe
la tera l st ability cr it er ion obta ined from these t est s has
been taken as the angle of a t t ack below which the
rolling moment tends to damp out the rolling.
~ This cr it ica l angle below which the wing is stable is
a lso used as a cr it er ion for the condit ion of 20” yaw and

The above-ment ioned angles show the cr it ica l range
below which the stability is such tha t any rolling is
damped out and above which the range of instability
may be la rge or small, and the instability weak or
in tense. In order to show the degree of th is insta -
bility, the mt ium unstable rolling moment while
rolling, Oil which occurs a t any angle of a t t ack and in
either direct ion of rota t ion is given as a cr it er ion for

‘b
%both 0° and 20° yaw, a t z =0.05. The m&nmm

values of CAoccur a t angles of a t t ack just above the
sta ll and are grea t ly influenced by very sligh t imper -
fect ions. in the form of the models, They should
therefore be taken as indica t ions only, ra ther than as
absolu te va lues.

CONTROLFOFtCEBEQUIRZD
A coefficien t represen t ing the force required on the

cont rol st ick has been computed from the resu lt s of
previous t est s on hinge moments (reference 5) made
with a ilerons of difFeren t a ims on a Cla rk Y model
wing. On account of the fact tha t var ious type9 of
linkage are required for the differen t differen t ia l ‘
a ileron movements, the hinge moments could not be
used direct ly to indica te the rela t ive vahms of the
cont rol force required, and it was necessary to assume
cer ta in con t rol linkages. The linkages chosen are
shown in Figure 2. The cont rol force cr it er ion is then
given by the equat ion

I’xl
*~=qxcxsxoL

where F is the cont rol force required and 1 represen t s
the length of the cont rol lever . As in the case of the
rolling cr it er ion , the CL in the denomina tor gives the
value9 of the coefficien t the proper rela t ion regardless
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of the angle of a t t ack or a ir speed, steady fligh t being
assumed. Valuea of the cont rol force coefficien t a re
given for the assumed maximum t ieron deflect ion ,
the top of the cont rol st ick being given the same
maximum travel in a ll caaea .

DISCUSSIONOF RESULTS
GBNBEALPERFORMANCE

Refer r ing to Table XIV, it will be noted tha t the
maximum lift coefficien t s for a! th ree wings with
locked a ilerons are with in 2 per cen t of the average
value, 1.25. The sligh t diilerence-s are due to exper i-
menta l er ror s in the const ruct ion and test ing of the
models. The min imum drag coefficien t s with the
a ilerons &ed neut ra l have the same value throughout ,

UL I=, is fJSO essen t ia llyand so the speed-rmge ra t io, —
CD tin

the same throughout .
With the a ilerons a llowed to floa t the lift coefficien t

fa lls off from 6 to 14 per cen t , the grea t drop be~
with the shor t , wide a ilerons. With the medium and
the long, nar row ailerons the min imum drag a lso is

CL mns1sss with the a ilerons floa t ing, so tha t the ra t io ~
Dm

is about the same as with the fixed a ilerons. With the
shor t , wide a ilerons a llowed to floa t , however , the min i-
mum drag is appreciably grea ter and the speed-range
ra t io fa lls off substan t ia lly.
The ra te-of-climb cr it er ion is a lso the same for a ll

th ree wings with t ied a ilerons. It is sligh t ly higher
for the mediur !nand narrow ailerons ar ranged to floa t ,
but is somewhat lower for the wide floa t ing a ilerons.

LATERALCOtiRO~
Rolling or iter ion .-It has been found from fligh t

exper ience with severa l convent iona l a irplanes tha t
with average-sized a ilerons having equal up-and-down
deflect ions the la tera l con t rollability is adequate up to
angles of a t t ack just below the sta ll, bu t tha t a t the
higher angles of a t t ack it is unsa t isfactory. Upon th is
basis the value of the rolling cr it er ion ~ C for the me-
dium-sized a ilerons of the presen t t est s, with a maxi-
mum deflect ion of + 25° a t an angle of a t t ack of 10°,
is taken as a basic standard value represen t ing the
min imum value of the cr it er ion for sa t isfactory con-
t rol. l?or these condit ions, 0,=0.079 and B C= 0.076.
For the other a ileron chords the spana were selected
to give about the same value of R Cat the 10° angle of
a t t ack. As is shown by Table XIV, the shor t , wide
a ilerons give a value about 3 per cen t h igher and the
long, nar row ailerons a value about 6 per cen t lower ,
a ll of these being taken with the smne maximum
deflect ion , + 25°.
Although the va lues of Cl are reasonably constan t

for the var ious angles of a t t ack below the sta ll (fig. 16),
the effect ive rolling cont rol as shown by R C is much
grea ter for an angle of a t t ack of 0° (high speed) than

for 10°; tha t is, ~ is 0.076 a t 0°, compared with 0.079
a t 10°, while R O is 0.204 a t 0°, near ly three t imes it s
va lue of 0.075 a t 10°. Thus, the actua l rolling con-
t rol is much grea ter than necessmy at the high speed
or 0° angleaf-a t tack condit ion .
& sta ted previously, the angle of a t t ack of 20°

represen t s the condit ion of maximum instability. It
a lso happens to be about the highest angle of a t t ack
which can be main ta ined in a glide with convent iona l
presenbday a irplanes having sligh t ly ’more than aver-
age longitudina l con t rol. The la tera l con t rollability
is in every case leas a t an angle of a t t ack of 20° than
the sa t isfactory va lues obta ined a t 10°.
The highest va lue of R C a t an angle of a t ta ck of

20° was obta ined with the shor t , wide a ilerons with
upward t ravel only which have with in 3 per ce~t of the .
sa t isfactory value a t an angle of a t t ack of 10°. The 20°
angle of a t t ack does not happen to be a good represen-
ta t ive angle for these par t icu la r a ilerons, as can be,seen
from Figure 16, which gives the var ia t ion of R O with
angle of a t t ack. Between the angles of 20° and 23°
the rolling cont rol is in excess of the assumed sa t is-
factory value: Between 10° and 20°, however , it
fa lls about 15 per cen t below, a lthough even th is va lue
is probably sa t isfactory with in the accuracy of our
knowledge of what is required.
The peculia r increase of the va lues of R U with angle

of a t t ack which occur red with the shor t , wide a ilerons
with up-only deflect ion iE evident to a lesser exten t
with the diileren t ia l movement9 of the same ailerons.
It is a lso not iceable but of very small magnitude with
the medium-sized a ilerons. It is not apparent in the
case of the long, nar row ones.
With the shor t , wide a ileronE, the ext reme differ -

en t ia l movemaut was the next best a t a= 20°, followed
by the floa t ing ar rangement , differen t ia l movement
No. 1, and iimilly by the equal up-anddown move-
ment which gave a rolling cr it er ion only 59 per cen t of
the ahmed sa t isfactory value a t an angle of a t t ack
of 10°.
The long, nar row ailerons gave the poorest con t rol-

lability a t an angle of a t t ack of 20°, the va lues of B C
with the var ious movements being around one-th ird
of the sa t isfactory value. The standard, or medium-
sized, a ilerons gave values in between those of the
ext reme sizes. The best va lue was found with the
ext reme differen t ia l movement and was about three-
four ths of the sa t isfactory standard value.
Wk% all the a ilerons the equal up-anddown move-

ments gave the poorest rolling moments at an angIe
of a t t ack of 20°, and in each case the best moments
were obta ined with the ext reme differen t ia l and np- .
only movemauta . & previously sta ted, a t the high
angles of a t t ack above the sta ll, pa r t icu la r ly those
between 20° and 25°, the a ir flow over the wings was
very turbulen t , which makes the accuracy of the da ta
somewhat doubt fu l.
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At the 30° angle of a t t ack, which was included
main ly to enable la ter compar isons with slot t ed wings,
etc., the va lues of R C were very low for a ll the a ilerons.
The highea t , st rangely, occur red with the long, nar row
ailerons having equal up-and-down deflect ion , a l-
though these gave the lowest va lues a t an angle of
a t t ack of 20°.
La tera l oont rol with sideslip,-The order of mer it of

the var ious a ilerons with respect to the lrn%ra lcont rol-
lability a t an mgle of a t t ack of 20” and with 20°
sideslip is approximately the same as without the
sidea lip a t the same angle of a t t ack. The shor t , wide
a ilerom with the assumed maximum deflect ion gave a
rolling moment suf6cien t to overcome the rolling
moment due to an angle of yaw of 20° up to an angle of
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a t t ack of 25° with upward movement only, 24° with
the a ilerons ar ranged to floa t , and 22° with the ext reme
differen t ia l movement . The medium-sized a ilerons
with upward movement only and the ext reme differ -
en t ia l a r rangement me next in order . Above the sta ll
none of the a ilerons with the equal up-anddown or
with the ordinary differen t ia l movements gave an
appreciable amount of con t rol aga inst 20° sideslip.
Below the sta ll, a ll the a ilerons have an increased
margin of excess con t rol moment as the fmgle of a t t ack
is reduced.
Yawing moment due to a ilerons.-It is in terest ing to

compare the yawing moments due to a ilerons with the
average vilues which can be obta ined with rudders on
convent iona l a irpkmes. These rudder valuea range
horn Cm=0.005 to 0.015, the average value being about
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0.01 for the angles of a t t ack below the sta ll and 0.007
for an angle of a t t ack of 20°. & shown in Table XIV,
negat ive (or undesirable) yawing moments are obta ined
with a ll th ree sizes of a ilerons with the equal up-and-
down deflect ions, and a t the angles of a t t ack just above
the sta ll they are grea ter than can be obta ined with the
average rudder . With the average diileren t ia l move-
ment (No. 1) the condit ions are somewhat bet ter , but

I

.3m
o———— E~ual up-and-down
o----------- Lltf ferenti?l No. I
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~ Up-only
v——- Floofing

.320 8
1

1
.230 ‘

I

.30 I

.*

RC
$

.160

.Ck90

h
.040

} ./

0 10” 20° 30- 43°
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mO= 10.-RollM aitakq 40w csntcby 80 w mn t btl oIIwrm with
varfon9movomarlts

there are st ill some ra ther la rge undesirable negat ive
Vahlea .

.

The a ilerons of a ll th ree sizes with ext reme differ -
en t ia l movement i gave very st rong posit ive ymving
moments with fu ll deflect ion , but with par t ia l a ileron
deflect ion a t angles of a t t ack above the sta ll they gave
negat ive yawing moments about equiva len t to those
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obta ined with an average rudder . The a ilerons with
up-only movement gave very st rong posit ive yawing
moments below the sta ll with a ll th ree sizes, and a lso
well above the sta ll with the medium and the shor t ,
wide a ilerons. The grea test yawing moments were
obta ined with the shor t , wide a ilerons, and a t an angle
of a t t ack of 20° these reached values about four t imes
tha t obta ined with the average rudder . The a ilerons
with up-only movement when deflected about 10° had
small negat ive or adveme yawing moments a t angles of
a t t ack above the sta ll, bu t had posit ive va lues with
fu ll a ileron deflect ion . Th is condit ion suggmts the
possibility of elimina t ing the negat ive yawing moment
en t irely by r igging the a ilerons with about 10° upward
deflect ion to sta r t with and then giving them upward
movement only or possibly an ext reme differen t ia l
a r rangement .
. The only a ileron condit ion tested which gave no
adverae yawing moments a t any angle of a t t ack was
tha t with the shor t , wide a ilerons ar ranged h floa t .
The pos@e yawing moments were small a t the low
angles of a t t ack cor responding to high speed and
cru isiig fligh t , but were high above the sta ll, whore
they should be a grea t help in obta in ing good cont rol.
The medium and the long, nar row floating a ilerom.had
rela t ively sma ll posit ive and negat ive yawing moments
a t a ll angka of a t t ack, even above the sta ll.

LATERALST~
Angle of a t t ack above which autorota t ion is self-

sta r t ing.-The angle of a t t ack for in it ia l instability
in rolling, tha t is, the angle a t which the a ir foil will
st a r t to rota te by it self if mounted on a ball-bear ing
spindle para llel to the a ir flow, was very near ly the
same for a ll the a ilerons tested. Ii every case, a llow-
ing the a ilerons to floa t reduced both the ra te and
range of au torota t ion , the effect being grea test with
the wide, shor t a ilerons. The wing with the nar row
floa t ing a ilerons was stable up to an angle of a t t ack
2° higher than with fked a ilerons. The wing with the
widest floa t ing a ilerons had only a weak rota t ion
throughout two small ranges, 19° ta 21° and 28° to 31°.
Stabili~ aga inst rolling caused by gusts.—The angle

of a t t ack above which the rolling moment due to

rolling ~ is unstable with a rota t ion such tha t #=E 0.06

is a more severe cr it er ion of the la tera l stability, and
the va lues are sligh t ly lower . In each case the range
of stability was ra ised sligh t ly by a llowing the a ilerons
to floa t . Th is effect was small, however , and it may
be sta ted with sufficien t accuracy tha t a ll cases test ed
were found b be stable aga inst rolling below the sta ll
and unstable above. With 20° yaw, the angle of
a t t ack a t which ~ becomes unstable is 5° to 7° lower
than with 0° yaw.
The maximum unstable v&e of Cl a t ~~- O.O5is

ra ther high with a ll the fixed a ilerons, the valuea
differ ing sligh t ly for the differen t wing models on
account of sma ll imper fect ions in form. These
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unstable va lues were reduced b less than half by .
a llowing the, medium ailerons to floa t , and to one-
four th by a llowing the shor t , wide a ilerons to floa t .

p’bAt 20° yaw and ~= 0.05 the maximum’unstable value
of ~ is grea t ‘k one direct ion in every case, being
appreciably grea ter than the value of Cl~ due to the
a ilerons. The maximum unstable valuea of a occur
a t very high angles of a t t ack, hofiever , and could be
overcome up to angles of a t t ack of a t least 20° by the
shor t , wide a ilerons with ext reme differen t ia l move-
ment , upward movement only, or ar ranged to floa t .
With the floa t ing a ilerons the unstable value of ~ is
reduced approximately to half.

CONTROL FORCE REQUIRED

In genera l the cont rol force required to deflect the
a ilerons the assumed maximum amount is la rgea t for
the a ilerons having the widest . chord. It is about
th ree @nes as grea t for the shor t , wide as for the long,
nar row ones, md is near ly twice as grea t for the shor t ,
wide ones as for the medium onca . For any par t icu la r
size the cont rol force is grea tor for the up-only, ext reme
differen t ia l, and floa t ing ar rangements than for the
ordinary diileren t ia l and equal up-anddown systems,
both of wiib.ichhad about the same values.

S~Y OF RESULTS

Compa rison of th e bes t iileron s .-Th e mos t p rom is -
in g a ileron s a re compa red with referen ce to th e s ta n d-
a rd on es h avin g a ch ord of 25 per cen t and equ a l
u p-an d-down deflect ion . On e of th e ou ts ta n d in g
fea tu nw of th e s ta n da rd a ileron s is th a t a t angles of
a t t ack of 20° to 30° the .va luss of the rolling cr it er ion
R C are only 50 per cen t or less of the assumed mini-
mum sa t isfactory value which is obta ined a t an angle
of a t t ack of 10°. They have good cont rol aga inst 20°
sideslip a t low anglea of a t t ack, but th is con t rol de-
creases as the angle of a t t ack goes up unt il a t an mgle .
of 20°, or just as the wing becomes well st a lled, the
a ilerons just ba lance the rolling moment due to yaw.
Above th is angle of a t t ack the a ilerons are overpowered
by 20° y aw . The y aw ing moment due to the standmd
ailerons is negat ive or unfavorable a t a ll anglea of
a t t ack, and for the assumed fu ll deflect ion a t angles of
a t t ack above the sta ll the yawing moments due to the
a ilerons are grea ter than the yawing moment which can
be obta ined with the average rudder . J ust below the
sta ll the yawing’ momenta are about one-half of the
value of those obta ined with the average rudder . The
la tera l st ability as shov by the tendency to damp
out a rollh ig mot ion is sa t isfactory a t the low angle9
of a t t ack, even with sideslip as grea t as 20°, but above
the sta ll the wing is very unstable and tends to roll a t
a rapid ra te. The cont rol force required for the stand-
ard a ileron may be taken as a sa t isfactory average
value for a irplanes of medium size and speed. Th is
con t rol force is more than twice as grea t a t h igh speed
as it is near the sta ll, bu t completa deflect ion is not
ordinar ily required a t the high-speed condit ion .
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Ailerons of about the standard size are frequent ly
used with a differen t ia l mot ion simila r to the No. 1
movement in th is ser ies of twts. ‘With th is differen-
t ia l movement the a ilerons are somewhat bet t er than
the standard in regard to cont rollability a t the high
angles of a t t ack but a re nedy as bad in their unfavor-
able yawing moment i. At the low speeds where
cemplete deflect ion is often necessmy, the cont rol
force required for the assumed complete deflect ion is
sligh t ly less than tha t required for the equal up-and-
down movement .
If su itable opera t ing mechanism were developed,

the best a ll-a round a ilerons of those tested for ligh t
and small a irplanes are probably the shor t , wide ones
with upward deflect ion only. Th is combina t ion gives
except iona lly good cont iol a t the high angles of a t t ack,
the value of B Cat 20° being 97 per cen t of the sa t is-
factory value a t 10°.. With maximum aileron deflec-
t ion the yawing moments have st rong posit ive yaks
a t a ll angles of a t t ack, the only adverse va lues being
small and occur r ig with sma ll a ileron deflect ion .
Also, the cont rol aga inst sideslip is the most powerfu l
of any of the a ileron combina t ions tested, it being
effect ive up to an angle of a t t ack of 25° as compsmd
with 20° for the standard a ilerons. The forces re-
quired on the con t iol st ick a t medium and low speeds
-a re sligh t ly more thsm double those for the standard
(25 per cen t chord) a ilerons with equal up-and-down
deflect ion .
li’or somewhat la rger a irplanes the shor t , wide a ile-

rons with ext reme differen t ia l mot ion are probably the
best of those tested. With th is ar rangement the force
required on the cont rol st ick a t low speeds is about the
same as tha t with the standard a ilerons. The yawing

. moments are main ly favorable, the adverse negat ive
va lues being codi.ned to small a ileron deflect ions and
the rolling cont rol a t h igh angles of a t t ack is rela t ively
good, the value of R U a t 20° being 88 per cen t of the
value a t 10°.
For an acroba t ic a irphme, in which case it is desir -

able to have each cont rol independent and therefore
to have zero yawing moment due to the a ilerons, the
medium or the long, nar row ailerons ar ranged to floa t
would probably meet the requ i.mments bea t . Con-
sider ing angles of a t t ack below the sta ll only, very
small yawing moments are produced by the long,
nar row ailerons with the average differen t ia l movement
(No. 1).

CONCLUSIONS

1. Ailerons of average size with the commonly used
differen t ia l and equal up-anddown movements gave in-
adequate con t rollability a t angles of a t t ack above the
sta ll, the rolling moment i being only one-half to twc-
th irds of the assumed min imum sa t isfactory value.
2. At angles of a t t ack above the sta ll, rolling mo-

ments closely approaching the min imum desirable were
given only by the shor t , wide a ilerons, either with ex-
t reme d.iiTeren t ia lmovement or with upward movement
only. .

3. The only ar rangement with which no adverae
yawing moments were obta ined was with the shor t ,
wide ailerons ar ranged to floa t . These gave ra ther
la rge favorable yawing moments a t the high angles of
a t t ack and very small ones a t the low angles of a t t ack.
4. The a ilero~ giving the smallest posit ive or nega-

t ive yawing moments a t a ll angle-sof a t t ack were, in the
order named, (1) the medium-sized floa t ing a ilerons,
(2) the long, nar row floa t ing a ilerons, and (3) the
medium&md ailerons with the average differen t ia l
movement . These la t t er medium-sized a ilerons with
the average differen t ia l movement , a t an angle of
a t t ack of 20°, gave an adverse yawing moment equal
to tha t which can be obta ined with an average rudder .
5. Laxge yawing momenta a iding the rolling were

given with the assumed maximum deflect ion by the
shor t , wide and the medium-sized a ilerons with up-
ward movement only. Small a ileron deflect ions a t
angles of a t t ack above the sta ll, however , gave small
adverse yawing moments.
6. The resu lt s indica te tha t the adverse yawing

moments could be ent irely elimina ted by r igging both
a ilerons up about 10° for the neut ra l posit ion and then
giving them m upward movement only or an ext reme
differen t ia l movement . It is recommended tha t fur ther
&ts with these condit ions be made.
7. When floa t ing, the a ilerons gave a substan t ia l

improvement in the la tera l stability, the effect being
grea ter with the shor t , wide a ilerons. “
8. Allowing the a ilerons to floa t reduced the muci-

mum lift coefficien t but sligh t ly improved the cha imc-
tmist ics in regard to climbing per for rmmce with a ll
except the widest chord a ilerons.

LANGLEY MEKIORIAL AERONAUmCm LABORATOIZY,
NATIONU ADVISORY Commmm FOR AERONAUTICIS,

LANGLEY FIELD, VA., Decendwr 10,1981. .
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TABLE VI ,
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ROTA!lXON TESTS. 10
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TABLE XI
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TABLE XII

ROTATION TESTS. 10 BY 60 IN. CLARK Y WING WTTH PLAIN AILERONS 40 PER CENT C BY 30 PER CENT b/ 2
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TABLE XIV

CRITERIONS SHOWING RELATIVE MERIT OF AILERONS
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