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SUMMARY

Thig report is the ninth oh & series of systematle
tests in which various lateral coantrol devices are com—
pared, with particular reference to theilr effectlveness
at hligh angles of attack, The present tests were made
with ordinary flap-type allerons on two wings with dif-
ferent amounts of taper, one medium and the other extreme.
On sach wing both medium-sized tapered silerons and short
wide tapered ailerons were tested and, in addltion, on the
wing with the extreme taper, medium and short wide alls~
rons having a constant chord were tested,

The tests, which were made in the N.A,C.A., 7 by 10
foot wind tunnel, showed the effect of the different plan
forms on the general performance and lateral stability
characteristice of the wings, as well as the effect of the
different aileron shapes on the lateral controllablility.
It was found that the rolling control given by the aile-
rons on the wing with medium taper was about the same De-
low the stall as that for corresponding ailerons on rec-
tangular wings, but above the stall the rolling conitrol
was somewhat lower than on rectangular wings and well be-
low an assumed satisfactory value. At angles of attack
below the stall the yawing moments caused by the ailerons
were somewhat lower on the wing with medium taper than on
a rectangular wing, but just above the stall the adverse
yewlng momente were greater, The allerons on the wing
wlith extreme taper gave better lateral control at angles
of attack below the stall in regard %o rolling, yawing,
and hinge moments than corresponding ailerons omn rectangu-
lar wings or on the wing .with medium taper, but just above
the stall the rolling momentg fell off almost completsely
and adverse yawing moments of great magpnitude occurred.
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INTRODUCTION

A geries of systematic wind-tunnel investigations,
one of which is covered by this report, is being made dy
the National Advisory Committee for Aeronautics in order
to compare various lateral control devices. The various
devices are given the same routine tests to show their
relative merits in regard to lateral controllabdbility and
their effsct on the lateral stability and on airplans per-
formearice. They are being tested first on rectanzular
Clark Y wings of aspect ratio 6, and then on wings with
different plan forms and also wings with such variztions
ag waghout and sweepback, which affect lateral stabllity.

Fart I of thig series (reference 1) dealt with three
different sizes of ordinery ailerons on rectangular wiags.
One of.-these gilerons was of medium size taken from the
average of a numbher of conventional airplasnes, ons was
extremely short and wide, and the other was extremely long
and narrow.  All the ailerons were proportioned to give
epproximately equal controllability at angles of attack
below the stall with equal up~snd—~down defleoction. The
resultg were analyzed_ fq.show the relative merits of the
three slZes of ailerons when set in the above manner and
aleo when set with two differential movements, and with
upward movsément only. The narrow-~chord ailsrons were
found to . be definitwly inferior to the medium and wide
ones in regarﬂ to rolling moments st_the bigh angles of

attack, - ° . e e -

e = IR - -

Parts II and III lreference l) deal with other forms
of ailerons and lateral control devices on rectaagular
wings. - Part VIII covers. tests of medium and wide conven-
tional allerons on wings with rounded tips, and the pres-

ent report dﬁglﬁ_with conventional ailerons on tapered
wings.. Mpdel wings with medium and extreme %taper were
used, the first having the ¢center~chord length five~thirds
- that of the tip chord, and the second having the center-
chord length five times that of the tip chord. Since nar-
row-chord ailerons _had given very low rolling moments at
high angles of .attack pon a rectangular wing, the tapered
wings were tested with medium chord and wide chord aile-
rons only.
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APPARATUS

Wind funnel.~ The N.A.C.A. 7.by 10 foot wind tunnel,
which is being used throughout the entire investigation,
has an open jet and a single closed return Hassé@gs. The
tunnel, together with the regular balance and associated
apparatus, is described in detail in reference R«

Models.~ The tests were mads with flap type ailerons
on two wings, one wing having a 5:3 tapsr and the other a
5:1l. Both wing models were constructed of laminated ma-
hogany, with spans of 60 inches, aspect ratios of 6, and
Clark Y airfolil sections along the entire span., The wings
had equal taper of the leading and trailing edges, and the
maximum ordinastes of all sections were in a horizontal
plane on the upper surface, On each wing both medium-
sized tapered allerons and short wide tapered ailerons
were tested and, in addition, on the wing .with 5:1 taper,
medium and short wide ailerons having a constant chord
were tested. Inasmuch as previous tests (reference 1) had
shown that the moments caused by bath right and left aile~
rons could be found separately end added together to give
the total effect of both with a satisfactory accuracy, the
present tests were mads with the right aileron only. Hach
wing model was equipped with a removabdle tip portion as’
shown in Figures 1 and 2, and a different model of this
portion of the wing was made for each of the ailerons.

The tapered allerons were tapered with the wings, the
chord of the medium-sized ones (A, figs. 1 and 2) at any
longitudinal section being 25 per cent of the wing chord
at the same section, and the chord of the short wide ones
(B, figs. 1 and 23) being 40 per cent of the Wwing chord at
any section, The ailerons with constant chord (¢ and D,
fig, 2) had the same chord dimension- as the averagse chord
of the tapered ailerons on the wing with 5:1 taper. Thése
constant chord allerons on the tapered wing were of the
nature of skewed ailerons on rectangular wings, - The alle-
ron spans were all selected to gilve approtimatelv the same
rolling control at angles of attack velow the stall as the
megium allerons on a rectangular wing. (Part I, reference
1. ' o
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TESTS

The tests were conducted in accordance with the stand-
ard procedure, and at the dynamic pressure and Reynolds
Numberr employed throughout the entire series of investl-
gatiolns on lateral control., (Reference l.) The dynamic
pressure was 16,37 pounds per square foobt, corresponding
to an air speed of 80 miles per hour at standard density,
and the Reynolds Number was 609 000, based on the average
chord, o o L ) e .

cmm o W w . - LR

TABLE I _ S

IMULTANEOUS AILERON DEFLECTIONS WITH ASSUMED
o DIﬁFERENTIAL MOVEMENTS

v -

Anglas Measured about Aileron Axis

Averags differential (No, 1) Extreme differentlal (No. 2)

Upward Downward Upward Dowaward
flisplacement displacement fisplacement displacement

Degress - Deégrees Degrees Degrees
0 i 0 . 0 .. 0
10 8.5 10 7
20 .. A 13 20 12
30 15 : 30 . 14
35 . LoLAs o 40 . IR ' 9% >
- ] : %o T

: - : E S B

e e

The regular force tests were amade, at 0° yaw, with a
sufficient number of angles of attack to determins the
meximuan 1ift coefflcient, the minimum drag coefficlent,
end ths drag coeffilicient at 07, = 0.70, which is used to
give a rate—of~cllmb criteriqp.t Becausge of the large sf-
fect of yaw on the lateral stability, tests were mada not
only at O yaw, but also with an angle of yaw of 20°
which represents the conditism®s in a fairly severe side~
slip. TFree—autorotation tests were made to determine the
angle of attack above which autorotation was self-start-
ing with ailerons neutral., PForced-rotation tests werse
also made in which the rolling moment while rolling was
measured at the rotatiomnal velocity corresponding to
%l% = 0406, the highest rate likely to be obtained in
gusty air, and at anglsess of yaw of both 0o and ;zo°.
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Aileron movements.~ From tests with the single aile-
rons deflected upward and downward varlous amounts, data
were obtained from which the resulits were computed for
four aileron movements: the equal up-and-down, average
differential, extreme differential, and up~only movements,
These movements were the same as those used in Part I,
(Reference 1,) The relative up-and-down digplacements
with the two differential movements are gilven in Table I
and the assumed linkages to obtain all of the movements
in Figure 3. The deflection ¢of the allerons was measured
in a plane perpeandicular to the hinge axis, and is slight-
ly greater than the projscted angle of deflection in a
longitudinal plane.

Accuracy.~ The accuracy of the results presented in
this report is the same as that obtained in Part I. It
is considered satisfactory at all angles of attack except
ian the burbled region between 20° and 25° when the rolling
and yawing moments are relatively unrelliable due to the
critical, =2nd often unsymmetrical, condition of the dbur-~
bled alr flow around the wing, '

‘RESULTS

Coefficientgs.~ The force~test resulis are given in
the form of absolute coefficients of 1ift and drag and of
the rolling and yawing moments: .

= xift
Cy, e 8
op = drag
q S
cy! = tolling moment
q b S
c.! = ¥awing moment
a g b 8§

-where S5 1s the total wing area, b 1s the wing span,
and q is the dynamic pressure. The coefficients are
obtained directly from the balance and refer to the wind
(or tuanel) axes. In special ceses in the discussion
where the moments are used witn reference to body axes,
the coefficients are not primed, Thus the symbols for the
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rolling “end yawing moment coefficients about body axes arse
Cy and Op. The results as glven are not corrected for
tunne]~wall effe—%

o= [rr [— _

r1he results of the forced rotation tests are glven,
aleso about the wind axes, by a coefficient representing
the rolling moment due to rolling:

2. -

il
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where L is the rolling moment measured while the wing is
rolling, and the other factors have ths usual slgnificance.,
This coefficient may be used es a measure of the degree of
lateral stability or instabllity of a wing under varlous
rolling conditions. 1In the present case, it is used to
indicate the characteristics of a wing when it _is subject-
ed to E‘rolling velocity equal to the maximum likely to be
encountered in controlled flight in very gusty air, This
rolling velocity may be expressed in terms of the wing

span as

e

== = 04,05
27V

whers .V is the air speed at the center sectlon of the
wing, and p! 1is the angular velocity in roll about the
wind &IiB. Y R u:n =W BT 5..-.— gfigg_t-— Saom y
Tables.— The results of the tests are glven in Tables
II to XV. Table II gives values of O, Cp, Gz agd Cp!

for all alleron deflections (one aileron only) at 0 yaw
for the wing with 5:3 taper, and and medium aileron. Table III
contains similar data for the same wing and gileron combi-
nation, but with -20° yaw. Tables IV and V are similar to
II and III, but contain the data for the short wide alle-~
rong on the same wing, Table VI contains the rssults of
the rotation tests for the same wing, Similarly, Tadles

VII to XV give the results for the wing with 5:1 taper,
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DISCUSSION IN TERYS OF CRITERIONS

For a comparison of the different lateral control ar-
rangements, the results of the tests are dlscussed in terms
of criterions, which are explained in dstail in Part I and
briefly in the following paragraphs. By use of these cri-
terions a comparison of the effect of the different con$rol
devices on the general performance, the lateral control-
lability, and the lateral stability may be made. The values
of the criterions summarizing the results of the present
tests are given in Table XVI, and the values for the stand-
ard and the short, wide ailerons of Part I (rectangular
wings) are 1nc1uded for comparison.

General Performance

(Ailerons Neutral)

Wing area required for desired landing speed.- The
value of the maximum 1ift coefficient is used as a criter-
lon of the wing area required for the desired landing speed,
or conversely for the landing speed obtained with a given
wing area. The value of the maximum 1ift cosfficient was
nearly the same for .the tapered wings as for the rectangu~
lar, but the wing with 5:3.taper had a very slightly higher
value than the rectangular wing, and the wing with 5:1 ta-
per had a very slightly higher value than that with 5:3 ta-
per. ) i ) -

»

Speed range.~ The ratio GLmax/CDmin is 2 convenient

fignre of merit for comparison of the relative speed range
obtained with various wings. The valué of the speed-rangse
ratio was slightly greater for the wing with 5:3 taper than
for the rectangular wing;, and was still greater for the
wing with 5:1 taper. It wae about the same for the wing
with 531 taper as. for the straight wing with long rounded
tips tested in Part VIII. (Reference 1.)

Rate of climb.- In order to establish a suitable gri-
terion for the effect of the wing and the lateral control
devices on the rate of climd of_an airplane, the perfor-
mance curves of a number of types and sizes of asirplanes
were calculated, and the relation of the maximum rate of
climb to the 1ift and drag curves was studied. This in-
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vestigation showed that the L/D at Cp .= 0. 70 gave a con-
sigteatly reliable figure of merit for this purpose. The
nunerlical value of this criterion was slightly lower for
the wing with extreme- taper than for the wings with either
5:3 tapsr OF féétanguiér form. -

¥ = e e T -

Lateral Controllabllity

(Maximum Assumed Aileron Deflection3

* - - . - R ST LRI

aolllng criterion.- The rolllng crIFerlon upon wh{ch

the control effectiveness of each of the aileron mrrange-
ments is judged is a figure of merit whith ig designed to
be proportional to the initial acceleration of the wing tip

hat Tollows instantaneous deflection of the ailerons from
neutral, regardless of the air speed or the plan form of
the wing. Expressed In coéfficient form, this rolling cri-
terion is

- - 2
12 op 1,

where CL "is the coefficient of roliing momént T0e to Etke
ailerons with respect to the body axes (which axis for the
wing alone is taken as the midspan chord line), _and

is the srea momént of inertla of the wing about the mi&span
chord Ilne. X mdre detailed explanation of the derivation
of RO and the assumptions wupon'which it is baae& 1s gIven
in Part I, reference 1.

The numerical vaTue of this criterion that i1s assumed
to represént satisfactory confrel conditions is approxi-
mately 0.075, the value given by the stmmdard ordinary
aillerons with the assumed maximum deflection 6f +25° at an
angle ©f aEEacE‘of“lﬁ (See Part I, reference T.)

The COmpariscn of the criter?cns for tha vaFicus aile-
rons and movements is given in Teble XVI for four Jrepre-
sentative angles of attack: 0°, 10°, 20°, and 30° The 0°
angle Tepresents the high-speed attitudes; o = IUO repre~
sents the highest angle of attack in which entirely satis-
factory control with ordinary ailerons 1s obtalned; a = 20°
is the ¢ond@ition of greatest lateral instabllity and is
probadbly about the gredtest obtainable angle of attack in a

s

)

A a1k
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steady glide with most presént-day airplanes; and finally,
@ = 30° is given only for a comparison w1th controls for
possible future types of airplanes, -

At o = 0° all the ailerons give values of RC greatly
in excegs of that considered necessary, the values for the
wing with the 5:1 taper belmng about one-~third higher tha=n
those for the wings with the 5:3 taper or rectangular forms.

At o = 10° the ailerons on the wing witn 5:3 taper,
as well as those on the rectangular wings, gave values of
RC reasonably close to the assumed satisfactory value, but
the ailerons on the wing with the 5:1 taper all gave values
substantially higher - ,0a the average &bout one-fhird high-
er. Thus, all tke ailerons on the wing with 5:1 taper had
spans too great, although they were proportioned, to give
the same rolling control as the médium ailerons on'fde rec-
tangular wing at angles of attack below the stall. "9his
condition favors-ihe @ileTons on the wing with ertreme ta-
per in the comparisons of Table XVI, but inasmudh as these
ailerons, even with their large size, give very poor c¢Oh~
trol moments at high angles of attack, the comparisen'EErves
the purpose of the present investlgatlon Teasonably well.

- == — ¥ s s i

At o = 20° the ailerons on the wing with 5:3 taper
gave definitely lower values of RC than the corresnonding
ailerons on rectangular wings, and the values for tne alle~
rons on the wing with 5:1 taper were in most casés so low
as to make these.ailerons useless for lateral control. The
short wide ailerons with both the extreme dlfferential and
the up-only movements gave the highest values, those for
the tapered ailerons with constant percentage chord belng
higher than those for the straight ailerons ha¥ving con-
stant absolute chord, bdut the highest was Only &@boul &0 pser
cent of the assumed satisfactory value. ¥None of the aile—
tional equal dp-and-down and ordinary differential move-
ments. These tests indicate that ailerons on tapered wingcs
give excellent rollihng-control moments at angles of attack
below the stall, but that these mdments decreasé VBFT TEDH~
idly as the stalling angle is exceeded €0 iﬁat the confrol
above the stall is very poor. Raose—~2 a8

At o = 30° the ailerons on the tapered wings gave
higher values of R(C .than those on the rectangular wings,
but for the wing with 5:1 taper this fact means lLittle, for
the values were very low and in some cases nebative for tne.
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angles of attack between thet for the etall and 30°

- Lo o -

lateral coutrol with sideslip. If a w1ng 13 yawsd ap-

“preciably, a rolling moment is set up that tends %0 raise

+the . erward tip. The magcnitude of this rolling moment is
always greater at very high.angles of attack than the avail-
able -rolling moment due to ‘ordinary aile;ons. The higzhest
angle of attack at which the aileron. can balance the rolling

.moment- due to 20° yaw is tabulated for all the arrangements

tested &s -3 criterion of :control with sideslip. 4s pre-
vipusly mentioned, 20° yaw represents the conditions in a
fairly-severe sideslip. The rolling control against the
effect of 20° sideslip for any of the ailerons on the ta-

" pered winzﬁ was from 1% to 392 lower.than for the’ correa-'

:

-spondina ailerons on rectan ular wings.'_fd

o Yawing moment due to ailerons. The desirable yawing
moment due to ailerons depends ‘to.-some extent upon the type
of airplsne that 1is being considered. It is obvious that a
yawlng moment tendinb to retard the high . winb when the air-
plane is banked is never desirable. For hiﬁhly maneuverable

.military or acrobatic mechines, complete independénce of the

controls as they efféct turning moments about the varilous
body axXes is probably a desirable feature. On the other
hand, at high angles of attack a yawing moment of the proper
magnitude tending to - ‘retard the low wing would, under cere-
tain circumsfances, be an appreciable aid to safe flying for
large wransport airplanes or for machines to be operated by
relatively. inexperienced pilots. The yawling moments caused
by the.ailerons on the wing with 5:3 taper vere. slightly

. smalle:r below the stall than those for the corresponding

ailerons on rectangular wings, but just above the stall at
an angle of attack of 20° the s dverse yawing momeénts were
greater. than for the corresponding ailerons om rectangular
wings. In fact, for all the aileron deflections exceépt the

.up-only, the adverse yewing moments above the stall were

gresbter than could be overcome bv an average rudder._

- RPN -

Oun. the winb with 5:1 taper at an angle of attack of 0°
the ailerons produced smaller values of the yawing moment
coefficient than the ailerons on elther the rectangular or
5:3 tayered wings, and they produced no adverse yaving mo-
ments of serious magnitude., At o = 10° no adverse yawing
moments of apprreciable magnitude were produced by any of

.the. aillerons on the wing with 5:1 taper, reﬁardless of the

form of movement. *Jhst above. the stall, at o = 20° , how-
ever, all the ailerons with all. of the qugmgnte except the
up—only gavé enormous adverse yawing moments, the values

he Bl
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being from three to four times those produced by an average
rvdder.

Lateral Stability

(Ailerons Neuntral)

Angle of attack @bove whick autorotation is self-
starting.~ This criterion is & measvre of the range of an-
gles of attack above which autorotation will start from an
initial condition of practically zero rate of rotationm.
The limiting angle of attaclr was 3° lower for both of tha
tapered wings than for the rectangular wings.

Stability against rolling caused by gusts.- Test -
flights have shown that in severe gusts a rolling velocity

such that %L% = 0,05 may be obtained. Consequently, the

rolling moment of a wing due to rolling at this value of

1
g—% gives a measure of 1its stability characteristlca 1n

rough air. In the present case, the angle at Which this
rolling moment becomes zero is used as & WMOTE severs BT i-
terion than the previously mentioned angle at which autoro-~
tation is self-starting, to indicate the prattical upper
1imit of the useful angle-of-attack range. With 0° yaw the
angle of attack for initiml instability is also 30 lower
for either of the tapered wings than for the rectanbular.
The actual value of the 1imit1ng angle is 14°, which it is
interesting to note is 2 telow the angle of attack for
maximum 1ift. With 20° vyaw the limiting angle for the wing
with 5:3 taper was.about the same as that for the rectan-
gular wings, dbut for the wing with 5:1 taper the limiting
angle was 39 higher, and had the same value as for 0° yaw.

The above criterion shows the critical range Delow
which stability is such that any rolling is darped out, and
above which instability exists. The criterion, maximum (),
indicates the degree of this instabpility. With 0° yaw both
of the tapered wings had maximum values of €, "wWhich come
within the range found for wvarious rectangular wings teated.
The range of these values is fairly wide becausé they de-
pend in a very critical manner on the exact dimensions of
the airfoil, and are affected by variations which sre well
within the ordinary limits of accuracy of construction for
wing models.
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The maximum autorotational moment with 20° yaw is of
importance only in the condition in which the airplane 1s
skiddesd and the forward wing tip is rolled upward or the
rear tip downward by a gust. With 20° yaw the value for
the wing with 5:3 taper was about the same as those for the
rectangular wings, dbut with the wing having the 5:1 taper
this autorotational moment had only one-half the value of
those for the other wings. o

B : - -
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.9°n??9? Force Required

"he hinge moments of the ailerons on the tapered wings
were no0t measured in this investigation dbut were computed
from the results of previous tests on hinge moments. Using
data Ffrom reference 3 as & basis, the effect of wing taeper
on the hinge moments of the required shapes of allerons was
determnined, assuming that the hinge moments varied as the
square of the aileron chord and directly as the alleron
span., -The hinge moments of the allerons on rectangular
wings, reported in Part I, reference 1, were computed from
referenée 4, since those tests were made on similar wings
under Eimilar test conditions. The actual hinge moments of
the ailerons on the present tapered wings were calculated
using the moments of the aileromns on the rectangular wingse
as a standard, and the effects of taper as determined by
the atove method.

A-coef%icient repTE?Eﬁtin? the force required on the
coatrél ‘stick was then computed in accordance with the fol-

lowing formula:

*“ i

T LB = F Xl
chXSXGL

where ¥ ig the control force required, and ¥ represents
the length.of the control lever. Similarliy to the rolling
criterion, the © in t he denominator gives the value of
the. coéfficient the proper relation regardless of the angle
of attatk or air speed, gteady flight beilng assumed. Al-
though the testg described im reference 3 were made at &
relatively low Reynolds Number, the control forces &s com—
puted are believed to be accurate within about 10 per cent.
Values of the coefficient are given in Table XVI at 0°% and
10° angle of attack for the assumed maximum aileron deflec~-
tions, the top of the control stick being given the same
meximum travel im all cages.

T

_H h'r l".’
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It will be noted that the control forces for ailerons
on the wings tapered 5:3 are reduced by adbout 32 per cent
of the values for corresponding aillerouns on rectangular
wings. The control forces for the tapered~chord allerons
on wings tapered 5:1 are reduced by about 57 per cent and
the forces for the constant-chord ailerons are reduced by
about 65 per cent of the valwues for the corréegponding aile~
rons on rectangular wings.

CONCLUSIONS

1. The general performance of the tapered wings was .
slizhtly better than for the rectangular in regard to spesed
range, but was slightly poorer in regard to climb, the ef-
fects being greater for the wing having 5:1 taper fthan for
that with 5:3 taper. )

2. The rolling control given by the ailerons on the
wing with 5:3 taper was about the same below the stall as
that for corresponding ailleromns on rectangular wings, but
above the stall it was somewhat lower than for the rectan-
gular wings, and also well below the assumed satisfactory
value., At the angles of attack below the stall, the yawing
moments caused by the ailerons were somewhat lower than
with the rectangular wings, dbut just above the stall the
adverse yawing moments were greater. ’

%3. The ailerons on the wing with 5:1 taper gave hetter
lateral control at angles of attack below the stall {a re-
gard to rolling, yawing, and hinge moments than the corre-
sponding ailerons on rectangular wings or on the wing with
5:3 taper, but just above the stall the rolling moments fell
off almost completely and adverse yawing moments of great
magnitude occurred.

4., The autorotational tendencies of both tapered winys
were about the same magnitude as those of tue regctangular
wings, but started at an angle of. attack about 37 lower taan
for the rectangular wings and about 2° below that for maxi-
mum 1lift coefficient.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 16, 1232.
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No. 444, N,A.C.A.,, 12932, by Fred E. Weick
and Thomas A. Harris.

2. ml Sdek eewies asha e v

qu\*?-"fo.' Handley Pabe Tlp and Full-Sparn lots with Aile—-
" 7 roéas &nd Spoilers. T.N. ¥o. 443, ¥.a.C.A.,
ST 1933 by Fred B. Weick ana Ca:l J 1enz1ngar.

VIIiI. Straight and Skewed Ailerons on Wlngs with
Rounded Tips. T.N. ¥o. 445, ¥.,4.C.a., 1933,
by Fred E Weick and Josepk A. Shortal.

s ESET s T R ¥t ¥y EET T _
2. Harris, Thomas A.. The 7 by 10 Foot %Wiana Tunael of the
:National Advisory Committee for seromautics. T.R.

—¥o. 412, ¥.A.C.A., 1931.

3. Hoot, H. I.: The Effect ofAirfoil Thickness and Plan
Form of Lateral Control. T.R. Wo. 189, ¥.a.C.d.,
1923,

4. Monish, B. H.: Effect of Variation of Chord and Span
of Allerons on Kinge Moments at Several Angles of
Piteh. T.R. No. 370, N.&a.C.A., 1930,

e ‘L_-_L—-__ -_ﬁ-—__: ——— e man o e

s -

PR T

[l
[N 2



¥.4.0.A. Technical Note No. 448

TABLE II

JORCL TIST8. OLARK Y WING
'ITE TAPERED CHORD MEDIUX AILEROX

R.X. = 809,000 VYelogity = 80 m.p

AFPERED 5
OXE ATLEROW on!)

343

Tables

< -Ts°|4°l-§5|6"|35|1o°|13°|14o|?5|1s°|17°|1a°|so°|aaclas°|so°|4o°|so°|eo°
6‘ Alleron looked and nsufrel
0, | 0° |0.007[0.077|0.148|0.383 0.728|1.080 [1.183 (1.349 am 1.376 [1..3302.193{1.086 [1.028 (0.741 [0.753 |0.7480.700(0.580|
0° | .o18| .018| .017| .081| .047} .088{ .107} .138 .163 | .178] .197| .337 [ .268| .383| .480| .688| .8E8[1.018
Right aileron up .
0! 0.018 0.017| -.001 0.005| .003
[ -.001 -.004 ~.0058 ~.005 |-.008
o .03 “loasf- .009 .013| .008
(oA . -.005 -.009 .008 |-.009
P .038 .040T— 0.029 0,034 6.037] .01%[0.0080.014| .018] .013
o, . -.004 -.007 -.008 -.010{=-.011 |-.010{~,008|-.010 {=.011
i) .04k L0468 — .01
o' .004 -.003 -.011
ot 048 049 T= .045 042 .034{ .018
9, 005 -,003 -.004 -.008 -,008|-.008
ot 063 = 085 .034
g,' .008 -.001 | -.008
g{‘- .060 .084 .083 .087 .048( .033
' .008 .003 -.003 - -.008| -.007
o 084 .088 .088 .084 .0583| .028 |
o, .013 005 .00 |, -.001 -.004|-.005
Bight alleron down w"
o7 .010 -.010 . 009 -.008 ~-.003| ~.003 [0.001 |~.001}~.003 |~.001
0 .001 .003 .003 .003/ .003 .003| .00x| .001} .c03| .003
Pl 54 -.013 -.011 -.004 ~.003 |~.003|
(-] ..00L .003 .004. .Q03] .00%
of j10° ~.016 ~-.013 |— ~.004 ~.00% |-.001
gpt 102 | .003 004 004 -004| .003
oFr 11 -.018 -.018 -.004 -.003 [~,003
o' 1189 .003 005, 0085, . .004/
ot i -.019 ~.017 -.008 ~.003]-,003
o' [133 .003 .008 .008 . .004
o 13 -.031 -.017 -.003 -.003|-.003
Q. [13° 003 008, 008, .004| .004
of 140 -.023 -.018 -.003 -.003|-.001
0, ' (140 .003 .005 006 .005| .004
o [18° -.033 -.01% .017 -.014 ~-.008{ -.002| .00%|-.003|~.005{-.00L!
Q' |18° .003 .008 008 .007 .008{ .008| .003| .004| .00B| .005
o [202 -.028 -.024[~ : -.003 -.004|-.003!
o, 200 . 008 008 . ~ 1 .008 .007| .0Q7
o |as® -.033 -.0%8 - -.013 -.004! .001]| .006|-.003|-,003]|-.001]
Q,' |82 .007 011 .011 .00, .013| .009] .007|. .008] .008| .008
e |30° -.087 ~.081T— ) 001 ~.004]-.001
0, [20° .008 L0138 011 .011| 011
o |260 -.040 =031} — .008 -.0038( ,001|
¢ ' [38° 011 .01¢ .011 . .011
$ABLE III
FOROL TESTS. OLARK Y WING TAFERED 5 : 3
WITH TAPERED OBCRD MEDIGM AILERO¥ (ONE ATITRON ONLT)
a | -so 0] ]0° {& |10 13°[u.°|1s°|1e°|17°|1e°ﬁo°|aa°|za°|ao°]m°|so°fso°
6, Aileron locked and nsutT.l  30° yaw
g |0° {o.008 0.135/0.333 [0.845(0.943 [1. ou 1.181 -l1.180 1.1761.155/0.887[0.849[0.883]0.783 [0.723 [0.600
oy |02 | .017 .017| .020| .041| .078 q112 120 81| .313| .348| .404| .485] .653| .$38/1.003
o' |0° | .00B .008| .008| .010| .01¢ .017 .033 .038 .070| .105| .110| .084| .076] .054| .047| .044
0,' | 0° |-.c03 ~.008{-,003 -.003|~.008 |-.007 }~,008 -.013 ~.014 |=.083|~.030{~.040 |~.043 | =041 |~.048 {~.084
Aileron locksd and nsutral —20° yaw
o° |0.001 0.123]0.312(0.625/0.929 [1.083|1.105 1.167 1.181/1.173[0.857|0.854}0.838]0.788 [0.730[0.620
L 10° | .020 .018| .021| .043| .078| .095| .111 .131 .181) ,207| .539] .401| .483| .658| .849(1.017
t]0° |-.008 =.007|=,009 |~.018| =,016 |~.050 |~,015 -, 033 ~.041(-.086}-.083|-.093|~,083| =.0B4 |~.047 |~.044
0, 00| .00l . .001| .008| .006| .008| .008 012 .014| .015| .038] .037| .043| .038| .044} .082
Right aileron up =20° yaw - -
gt 0.038 0.039 0.040 0.041 0.0440.045/0.028/0.031[0.011]0.610
0. E° .003 -.004 -.007| -.008 -.010|=.013|~-,031|-.018|~.013|=,000
o .OBL .053 .0 .0B4 .057| .088| .040| .038 .018
o, [358 .005, -.002 - - -.010|-.013| ~.024| ~.022 | --017| -.011
o 059 .087 .08 .088] | .O71| .078| .048| ..044| .03%; .0C4
0! .010 .003 -.003 -.0Co -.007|=.010| -,034| =.031 |{~.017|=.009
of' 1800 .081 .073 .078 077 .080| .083| .058| .048! .0 .008
0,' j80° .013 .008 .00 -, 001 -.004{~.007|-,02%{-.030{~-.018|-.008
Right aileron down 20° yaw
ot 70 =.008 -.008 -.008| , |-.008 -.005[-.003] .000|-.001]|-.00%]~.001
o' | 7° 001, .003 .00% | .003 .003| .008| .003| .003| .003| .003
o 280 -.018 -.014 -.01 ~.014] -.013(-.008|~.003| -.004| .00Y| .007
ot 180 .004 .008 . .008 .008) .008| .005| .008| .00B| .006
0P (289 -.038 022 ~.031] -.020 -.018{~-.014{ -, -.006| -, 003} -,003
0,' (s8° .008 .010 .0 .010) .010{ .011| ,015 .010[ .009| .010
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TABLE IV
FORCE TESTS. OLARK Y WING TAPERLD 5 v
WITH TAPERCD CHORD SEORT WIDE umox (omx u:mnr oNLY)
R.X. = 809,000 Veloolity = 80 m.p.h. aw = O
« -fj.ﬂi-ﬁ’ o°L 1o°‘13°[1«°l1a°]1s°l17°|:.a°lao° 33°Tas°|so°|4o°lso°leo°
B N 41leron locked and neutral
0
0.074 [0.146(0.3¢8 |0.716 [2.065(1.168 |1.247|1.273( 1.283|1.245| 1.180]1.108|1,033{ 0. 740{ 0. 785|0. 750 ee 575
8,‘,' 80 o o1or°1;l .o1el .oa:.L.og] .088| .108| .186] .137| .153)| .178] .197| .2a7| .384] .393] .481
Right alleron wp :
* 1100 0,017 |~ 0.018 0.004/0,003
On' [10° -.001 . =004 ~,004
v [20° .03 034 010| .007
an' [a0° 001, -, 004, .000| .001
* |as° .0387~ L041 0.038 0.037]0.033] 0.038 0.010{ .013| .010
On' |28° 003 -, 003 -.008 =.007 |=,008{ =.008 - -.008|~,008|~,010
0; ' {30° 043 - - 048} - . 38 .017| .Gl4
On' |30° .006 -.001 0 ~.010]-.013
oy ' 389 047 .083] - 050 <048 .038 015 .018] .017
on! |38° .007 .000 -.003 -.004 -.007 . ~,010|=,011}~.013
o' |40° 0B3 088 7 .033| .023
O [40° .010 .003 -.011|-.015
o [80° 080 .08g’ «089]0.068 .o067| . .084| .048 .034| .018{ .028
Cn' |80° .014 .007 .004| .003] .002| .001}-.008 008 -,007|=.018
o' [80° .08% .078 .078 .078| .073[ .088 .030! .017| .020
Oy [80° .018 .010 .007 .006[ .008/ .003 3 Q04| -,008}-.011
Right aileron dowmn " : -
1 ~.013 -.009 - .009 -.010]-.003] -.004]0,000/0.003| 0.000|~; 003} -.00L
&- 0 .003 .003 N .004| 004 .004| .004| .003 .003| .003| .004
o' [o%° -.018 -.011 -.003{-,001
On' [8° .008 .004 .005 . .
o ' |10° - 0L~ |~.013]— .COL -.001{~-.001
Gn' (102, .008 .005 . .005¢ .
ot i1 -.0230 -, 026 .002 -.001]-.00L
On! |1 003 .008 .008 .005{ .
o |13 -.018 -.018 .008 -.003|~,001
Gn* [13° .003 . .008 . .
o) 13° —.8632 "8%3 .ggg =.003|-,001
&“l 4° -,08L -.018 001 -,003{=,001
Cp' [24° .004 .007 . .007 . .007
Q' |18° -.083 -.018 -.018 -.018|-.008( -.008| .003| .007} -.002|-.00%| .000
On' |18° .005 .008 .008 .008] .010] .008®| .007) .00B{ .008} ,007| .007
ot |20° -.037]= -.0331 - .001 .000} .000
Cyn! [20° .007 .00 008 .008| .010
o' jas® -.030] - -.037] -+ |-.037 -.083)-.,013] -,621| .00 .008| .000| .001/ .00L
On' [35° .008 L0135 014 .018| .015 .04} .011| .008] .008| .0L0{ .011
0 ' |30° -.034[— = .004 .003| .003
Op! |30° .011 5] - .013 .012] 013
[ -.037 -.030 .003| .
0g' [28° .013 .016 018 .013[ .014
TABLE ¥

FORCE TESTS. OLARK Y WING TAPERED 6
WITE TAPERED OHORD 8HORT WIDE AILERON (ONE AII-IPO! oxLY)

3 = [ 4°L0°r5°|10°'13°|14°l15°l:LB°|17°[1W|ﬂ°|85°|30°i40°l50°|30°
8, Alleron logked and nsutxral -

, | 02 }6.003 0.130(0.318 |0.839 |0.840(1.048 [1.128|1.150{ 1.161 [1.178] 1.178(1.170]1.128} 0.853} 0.837|0.785 |0. 737 |0.510
cp | 02| .o1? .017| .031| .041} .077| .0e3| .113| . .130) .43 .180; .208| .263| .408} .485| .e58) .ez9!1.003
o' 02| .008 .008| .008| .010( .O018| .015{ .ui9| .023f .032| .047| .068{ .103| .117| .094| .075| .083] .049| .n4S
0.'| 0° |-.008 -.003|-,003|-.003 [-.005| ~.008 |~;008| -.010{ —.011 |~ .0L8} ~,014|~,020|-.086| —.040|~.043| -.040 |~.045|-.054

' Alloror lonked end neutral  -20° yaw

o [ 62| .000 .180) .308( .e25[ .e168{1.035 1.1566/1.168(1.170 0.830|0.783 o.vaa 0.620

op | | .018 .0L7! ,081| .041| .078| .083 .139( .188( .303 .398| .485| ,8E3| .861[1.018

ot 0°|-,008 =-.007|-.008=,010 |~,018|-.01% -.034| ~, 048! -,085 ~.073|-.0851 |-.048 | -. 048

on'| 0°] .002 ,001| ,001| .003| .008| .008 013} .013 38| .041) 038/ .045} .083
Right aileron up  -30° yax

c, v[as° 0,038 o.osv 0.037 0.038(0.038(0.037|0.041 [0.098] 0.029|0.040|0.001

Cn' | 38° ) .004 - ~.006 -.007|=.Cc08/~.008|~,011 }~,021) -.020|~,

oy t| 350 .05¢ K .054 . .058] . .043| .045] .030] .00%

Op! | %80 .008 .000 - - ~.008|~.012|~,036| -, 035 |~, 019 |=.011

0 *| 503 | .08l .078 081 .083 .088} .0%0| .071| .088| .043| .030

On' (509 .018 . .008 -.003|=,007|-,033| -.035{~.031 |~.016

6; ' | 60! .080 .077 .088 .091 . .108| .0es| .0e0| .053

On' |60° ,019 013 .010 . .004)=,001|=-.017| =, ~.018]-.016
Right aileron down  20° yaw

o'l 7° . 008 -.010 ~.008 -.008 ~+007|=,005 [+.008| ~.003 |-~,001 {-.001

cn!| 7° .003 . .004 004 .003| .003] .008| ,003] . .

G ' |18° -.008 -.019 - -.017 ~.015}-,010 |-,011}-,003 [-,003| 000

On'’|18° 004 007 .008 008, . 007 . 007} 005! .008

o ' |28° -.030 -, 037 ~, 035 -.084 ~.033(-,015|-.010|~,006 |~.001

On' |38° . .013 014 .018 .013| .013| 012/ .011| .009| ,0L0
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ROTATION TESTS.

TABLE VI
OLARK Y WING TAFERED 5 :

0, 1s glven for ‘forded rotation ab H = 0,05 E*;

R.X, = 808,000

Yelooity = 80 m.p.h.

alding rotation
dauping rTotation

Tables 8 & 7 -

I l 9. |10°T:ua° l 140 L:.s:l 18° |:.ao l 300 Im.o 23° le aaolae" | 2° rw’ } WJ 38° | 400
Allerons nsutral Yaw = O°
(+) Rota-
(,,,J,iin e, |-0-0a3 -.019|-.018{-.003| .000| .020| .028| .038 .000 1003 |-.00%|-.003 | ~.008 |-.003-.003
88
(=) Rota-
(mun:"“- Oa| -.0m1 .o11| .003| .ox?| .033| .034| .045( .040 . 004{ .004| .00L| .000 | .000 | .000| .000
clockwise)
Allerons nsutral Yax = -30°
(+) Hota- J
on B
,(01901):- 0, | =-028|-.0z8-030 ~.068~.078 |~. 064} =, 048 [~.087 |-.074 {073 ~.085|=,084 (~.081 |-.047 [-.043
wise .
(=) l::t&-
on - - - - - - - - L. -.08% |~ - - -
(coursen. | —-013|-.00% .004 .038 |~.089 {~.071(-.084 [-.084 |-.0% o3 .087|~.08L |~.058 |-.044 |~,037
oloockwise )
TABLE VII
TES?S. OLARK Y WI
. WITH !umn OBORD NEDIUK umon u umm. o¥LY)
R.X. = 809,000 VYeloolty = 80 m.p.h. Yaw = 0°
a -a°|-4°l-s°lo°J lm°im‘*l14°|1e°l17°,1s°\ao°‘sa°las|3o°|40°rso°|eo°
8‘ Aileron loocked and neutral -
o, | 0° | -0.010[0.061/0.123|0.238 [0.685]|1.005]1. 11 1.314(1.278/1.388} 1. 37311 an 0.970{0 0.705 |0.718/0.866 |0.553
| o° .017| .018| .018| .021| .045( .cel| .20 .133| .144| .163] .1 .338 91 .488| .6BL| .843(1.004
Right sileron up
o, '} 10° .017 .0L4 .004 .004| .004
0, '] 100 -.001 -.003 -.003 -,004 |-, 004
& ago .031 Q31 .008 . .009
0° Y 30° .001, ~.003 -.007 -.007 |-.009
of| 360 .038 038 .033| .087 .018] .010{-.011 -.%gl .015( .013
a,'| 28° .003 -.003 =.004 |~.005 «.008|=.007|-.015{~.003 - ~.011
0| 30° 041 .040 .014 .017| .017
o'l 300 008 -,003 -.008 -,009 |-.013
ofif 260 b 045 .45 .040| .030 .017| .010|-.007| .00l .020] .03
o ! 252 .003 -.003 -.003 |-.004 ~.008|~.008 |~.0L5}~.004{ ~,010 |-.014
o] 40° .050 .080 .008 .012| .017
1) 400 .008 .001, . -.008 -.008-.011
| 8a° .088 .058 .053| .048 7] .oss| .o08|-.017|-.010| .007} .013
o[ &8 .008 .003 .000 |-.008 -.005|=.005|~.012{ .000| -.008 -,
o e0® .0e3 .084 .080| .063 035/ .013|-.014|-.011f .007| .011
q,'| 80° 011 008 .003| .001 ~.003| ~.006(~-.013|~.010} ~.006 |-~.008
j Right aileron down V'
e ~.011 -.008 -.008 |-.007, -.001{~.002|~.003 -.oﬂ-.ooa -.002
o'l 10 001 .003 .003] .003 ,003} .003| .003| .004/ .003| .003
g{‘- a=° 015 -,011 -.003 -.003-,002
n'| 8%° .001 .003 .003 .003| .003
0, '] 10° .017 013 .003 %:15 -.00%
o, 1| 10° .003 .00 .004 00L| .004
2 {.oos
o' 1130 ~.019 -.015 ~.003 .004 |-.003
0, ' 1140 .003 .003 .00 .001] .005
ofif 1 .018 .016 003 -%g -.003
o ' 12° .003 .003 .005 l%g .008
¢, !| 13° -.030 -.018 ~.003 -003|-.003
0,'[ 230 .003 004 .005 .003| .008
oY 140 g -.031 -.018 .018 .003| .003
0,!| 140 .003 +004 014 .004| .008
0y !f 188 -.033 -.01% =.015}-. -.003] .017|~.006]~-.030| .00%5|-.003
0.!| 18° .003 .004 .004| .00 .003{ .018| .ooB! .oos| .oc03| .007
o 86° -.038 -.034 016 .003 |-,003
on'| 90° .004 006 016 . .
0.1 85° -.038 -.037 -.019}~,01 -.003| .015}-,008)-.033] .008|-.003
o, '| as° .008 +008, .008f . . 018§ . 013} .008| .010
0| 309 -.039 ~.031 .01 003 [~.003
Op'| 20 .008 .008 .030 .008| .011
oy 280 ~.034 -.030 014 . 005 |-.008
0, 8° .008 011 .031 .011] .04
7
[4
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TABLE VIII

JORCE TESTS. OLARK Y WING TAPERED 5 : 1
WITH TAPERED OHORD MEDIUX AILEROX (ONE AILIRON X)
R.X. » 809,000 Yeloclity = 80 m.p.h. Yaw = I 80°

> « 89 | 40| -3° | 00 [ 8% [10° [ 129 [24° 10 [2v® [ 26°] 20° [ aa°® [ a5% [ 300 | 40° [ e0® [Te0®
. SA A1lezon looked and nsutral 200 yaw
0y, |09 [-0.00¢ 0.117 [0.2680.8030.693[0.950 [1.083]1.188 1.278[1.200[1.213[0.918]0.783[0. 757] 0684 [0.E768
o® | .ois .o15| .o18) .038| .073] -css| .104| .1ve \188) .a08| .2e4) .3ee) .481) .e38| .830| .e87
"[oS | 008 .coe| -610] .013{ .o19| .om| .033| .029 048] .084| .095| .040( .0B3| .08L| .048| .04¢
c'fo° | -looa ~.003 |~.001 |-, 002 -.004{ -, 0O {-.008 |~.008 -.001 -,008{~.003|~.031 |-.023| ~,033{ ~.039 [-.048
Alleron 1doked and neutral -30° yaw
o, | | -.c0 .108] .ze4] .se1] .u73| .973f1.0881.137 1.188)1.268{1.288| .923| .778] .783{ .708| .583
e | lo17 ‘o17| -031| -o39| .o7al oas| .104| 133 (187| “J20¢| .2eal .ze6| .481| [sio| .83&[1.000
Yoo | <008 -.008 |-.009 |-.014}~.018{ =081 |~.038 |-. -.080| -.068)-.072]~.080|-.068| ~.060| —.048 |- 045
oy 1| o 002 .001{ .001] .003| . K K ~008 [000| .001( .007| .037| -038| .c3a] .038| .043
Bight alleron up _ ~30° yaw
o, 'f 80 033 0851 031 .0%0 .029| .02a( .o0@9]-.008| .c03| .01
. '} 36° L0038 -.003 -.004 |-.008 ~.008| -.007|~.015}-,003|-.008| ~.0L1
1| 380 048 K K 037 .037| .0za| .039| . .008| .03
' 38° .00 -.001 003 (-.004 ~.008(-.009 -~.013|-.029 | -.008 | ~.0LE|
1| B0 .088 .as8 .083| .0RL R 048} .o47] .o10]| .o1s| .ol
o.'| 509 001 .003| 008| 007 - .001| .00B| .0@5| .031| .033
of] 08 L0861 ‘o8 ‘080} .oE8 .os8] .o54| .043| .oa8] .o11] .0n4
ot 1} 8o KF .008) 1003 .o0L -.001| ~.004~.007]-.084 |- .008] -.010
Right alleron down  30° yaw
1[0 ~.008 ~.008 [, 008 =.006] ~.005] -, 004]-.0038]~.002[ ~.008
1} q0 K ~008 . ‘00 .004] .004| .003} .003| .003| .
1} 189 .01 o1 =014 [-.00: ~1008| -.008 | ~.008|-.008 |-.005| - .008
1116° 00! Q04 .004| .OL . .008| .007| .007| .008{ .007
&) 360 - 02 --020 |00 -.010| -.010/~.010|--008 | - 008| -.00¢
o;'| 2z K 1007 K o1 o1e| [o13| .011| . .0%8| .
. ' TuBLE IX

TORGE TESTS, OLARK Y WING T. 51
WITH TAPERED QRHORD SHORT WIDE ATLLRON (ONE AILEROY og&n
R.¥. = 808,000  Velcoliy = 80 m.p.k., Yaws=

e | P [ [ [ [30° [i0 [ [16° [1% | 260 [ o0 [ a0 [ a80 | 50 | &° | &9 | &6°

6y Aleron locked and meutral
o, 103 [-0.0110.088] 0.131]0.533]0. 883 1002 1.218]1.965 [1.a85] 1.373]1.202]1.060]0.823]0,700] 0. T18[0. 687 [0 587
o5 | s01&| .o15| .o18{ .o0a0| .o44| .08 193] .148 [ .164 .188| .235 .333] .400| .488| .sm| .s47|1.002
Right allsron up
T1008 .08 018 003 .003] 004
8;- 10° ~.001 -.003 -.004 -.004| ~.008
&% I e 008 CH ]
o] 250 1040 1041 038 .03 .o17 .010{-.010{-.008 .c08| .0i3
o) 289 003 -.003, ~.005{~.008 -.008] ~.011|~.018| ~.003 |~.008| -.012
M o0k 008 ] i
g- 3s° 048 .0%3 .o4a| .08 .028| .018]-.002{~.001| -027} .08
1| 360 008 £000! -.003 |-.00¢ =007} ~.018{-.018] ~.008 |~.010| -.008
ol 400 051 <08 L0882 .018] .08B
&n: 495 1007 008 S -.010 -.009} ~.016
50 1080 1087 .0e3| .0e0 048 .oz{ .003|-.020{ .010| .030
G,t| 803 ‘611 ~008| .003| 003 ~.003] ~,008 | -.018]~,003 |~.207] ~.014
1| 80 084 074 .073] loa? .oz8] . 008 | .007| 017
1 go® 014 008 ‘007| [008 2003 ~.004|~.014|=.001 [~ 2008 |~.002
Right aileron down Vv~
G 'j7° -.010 -.007) -. 085 )=, 001 ~.001) =,001}=.001|=.00 {_gf 000
€a'] 7° .001 .002 00a{ .003 .002{ .003| .003( .003} .003| .08
o | ek® -.0L% -.009 -.002 £:00| .000
o 1003,
ERI .001 003 003 F.% .004
g 100 -.01% -.008 .016 'Ea: -.001
op[10° .00 008 .01 fggg .004
o *| 1189 -.015 -.010 . .018 X X8| .00
cp'f 229 008 .003] .013 r 2007|008
o) 12° -.015 -.010) .o18 qifxﬁ -.002
e, '|12° 003 003 012 {gg; 005
3 . . . K .

. ~006
g2 -.017 -.011 o8 :0061.-.001
o,'|12° .008 004, .013 1003|3008

QO

' 140 -.018 -.012 .018 2004 -.001
1] 140 . 1004 - 013 .004] .008
1 -.019 -.013 -.008 .000 ~.001| -017{~.003|~.008( .004{-.00L
Sa| 282 1003, 1904 004 ‘cos) 01| 005 007 003l 1008
51;' 200 ‘005 ~007 l L0156 ‘00| looe
'| 26° ~.02¢ -.009) ~.008 cml 90 .018} .000|-.010) .004| .000
0q'| 26° .008 008 008 010 027| .o17] .oce| .o11] .007| .00@
1] 30° ~.028 -.018 : .030 .008| .003
gi' 309 .008 .010 .28 K 018
D ~.02 -.019 .08L K 1004
o] 25° .010 1013 ) 1020 .aaf .03
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TABLE X

YOROE TESTS. QLARK Y WING TAPEIRID B
QHORD

R.¥. = 609,000 Velooisy = 80 m.

1 WITH

.p.h.

TAPERED

SRORT WIDE AILEROX (ONE umon DILY)
Yaw = § 20°

Tables 10 & 11

« REEEREEER IR 20° [ a0 [as [ 300 [ 400 [m00 [ a0 | | |
6 A{leron locked amd peutral  30° yaw
o, | 0° |-0.0e80.288 |n.803}0.887 1.0781.184 1.174|1.187|1.207 [0.928 [0.783 |0, 758 10.893] G, 873
02 | ".018| .030| .0%a| .073 .137 17| g1l .39 | 369 .481| .6365| .835| .s8
v} o2 | .coaf .o11] .013 .o18 .oaa 087 .042| .oe2| .o7s| .033| .083| .0E3} .048| .
0,' | 0° | -.002|-.003 |-.003{ -.00B =.007}-.007 -.001|«.005|~.008 {~.020 |~.038 [~.033 |~.038/ .04 |
Adleron locked and neutral  -3C° yaw )
o, | 0 | -.013] .2ea| .sae| .ses 1.088]1.1. 1.183[1.163[1.135| .025] .7ea] .762| .703] .589
0o | .o1?} .030) .038] .071L .108} .128| am .mal 961 .397| .483] .646 .m .986
v} o® | -.008|~.008|-.015 -.018 -.037|-.084/ ~.0B5|-.071 |-.078 |-.084 [~.083 [-.049 {~.048|~.04
0y} 0° | .003| .002{ .003| . 008! .008| .001] .001| .007| .029| .031] .033| .O37} .043
) Right aileron up ~-80° yaw
c, * [389 .037 .036 .c38| .038 .03! 038! .038] .007] .001| .000
0,' {282 .03 - -.004 | ~.008 .00?|-.011[~.015 }-.018 [-.008 [-,013
op |36° 048 ot 04| .049) 048] .047]| .040| .006| .cc8| .018
On' |35° .007 001 ~.003{~.003 .007|-.011]-.0137~.030 [~.011 |~.016
ot |B0° 080 .089 .070] .070 .08s| .oea| .oe0| .019| .018 .C34
on' G138 .007 .004 .003 .001]~.007}=.013 {~,035 [-.012 [-.018
c;* |80° .080 .o78 .078| .080 .078| .078] .071 | .029| .038| .020
a,* |8a° 018 013 .008] .00 1003} -.002|-.00% {~.031 |-.01L |-.013
Right ailsron down  80° yaw
KR [-.010 -.008 —.008 | -.004! ~.008] —.004 |-, 004 [-.003 [~.002 [~.001
o' | 70 001 .003 .003| .003 .003| -oos| .003] . .003| .004
o (182 -.017 -.015 -.010( .00Y ~.004 |=.007{~.007 |~.004 [~.001 |~.081

' g 004, .008 . .007 ,007} .007| .007| .008! .004| .005
&' 052 .024 ~.018 -.015] .00 «.008{-.010|-.010 |~.005 |-.002 |~.00L

1 |aso | 007 -009 | .011| .016 .012] .o11} .ox1| .o11] .007/ .008

TABLE XI
JURCE TESTS. OLARK Y WIXG n?m 5 : 1 WI?H CONSTANT :
: GHOHD MEDIOK AILERON (OXT AZLZROX OMLY)
R.X. =~ 809,000  Volooity = €0 m.p.h.  TYaw = O° e
—go| 40 5] oof 9 10°] 14°] 18°] 17 o] 3| 2 | ase | 30° | 40%{s0°] ec°
T v ]
§ N Adleron locked and nsutral
o, [ o° [-.co7 .aas 688[1.013] 1.217 [T. aeo 1. 387 1.377[1.830 | .967 7L 710 .718 |.688
ch | oo | .08 .o:.s .oa:. .083| . aa .180| .33¢ | .349 .385 455 €43 |.848 .007
Right ailezon up

0 ' [162 .020 .018 .00L .00%
Oy [10° -00L -.003| -.008 -.004
& 300 001 1004 2009 007
(4 . e e - -

1 |35 .040 .041| .037| .033 .018{ .010 | -.010 .013 .013

' |aso .00L ~.004] -.005 |-.008 -.008]-.008 | -.017 -.208 ~.008

s [300 RIS .045| 007 .018
c,' }300 .003 -.003 ~.008 ~.009
o't 1389 048 .050| .043| .028 .019) .008 | -.008 018 019
cp' |36° 004 ~.003] ~.004 |-.008 -.006|-.008 | -.01B - ~.008
ot [400 ..oasj .053 .008 .00%

On' 400 .005 .000 -.007 ~.005
o |8oo .080 .08z} .057| .0%0 .030} .013 | -.00@ 509 .008
0p' [E00 008 -003| —.0C1 [-.003 —.005(-.007 | -.018 ~.005 ~.008
g,- 809 .088 .089| .084| .088 .03g| .01s | -.007 .0104.018 012
n! (80° .01 .005| .003{ .00L -.003|-.006 | -.014 -.004 ~.007
Right aileTon down
o'} 7P [~.013 ~.009] =.008 [~.008 -.003| .019 | .011 .008 | .004&-.003 [ -.003
on' [ 70 .003| .002| .0O3 .003| .013 | .008 ~.001 | .003% . .003

v |gko -.014 -.011 .019 -.003 | -.008 |

* (st 03 | .003 013 .002 004

' |10 018 -.012 .018 .08 | -. ao%

' 1109 .003 .003 .013 .003 .

* [11%0 ~018 -.014 .018 .003 | -,008
& 11 .003 ] .004 013 .003 .005
o Jazo -031 -.015 .018 .003 | -.003
G, |18° .003 .004] .013 008 0068

' 1130 ~031 -.0 018 002 | -.003
%- 130 .008 D04 .013 .003 .008

' |14 -~0a3'} -.0186] .019 001 | -,006
3‘- 140 .003 004/ .04 003 .008
&P liso - 033 =.018 =.016 |-.009 -.004|-.019 | .008%.013 .007 | .000%,.015 | -.004
0! ggg .{).vggT -908) .00 006 .008 '8%: 009 _t L0035 _| 88: %z

- - . ! -
&- 20° .008 .007? 018 7| .008 009
o |as® ~033 -.037{ ~.020 |-.010 .038] .019 | .016&.008 .oxu.om 001 | -.00¢
o' 380 .008 K . .016 031 .o18 | .011 003,007 | Q08 .011
g ' |300 ~. 033 -.038 .019 .000 | =~.004
' |30° .007 -010| .018 .009 018},
0" {380 038 -.038 017 ~001 |-
o' |380 . +0); .02L 011 014
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TABLE XII
FORCE TEGTS. OLARK Y WING 1 WIZH QONSTANT
! OHORD MEDIUK AIL!EOI' AILEBOI ONLY

AN, = 609,000  TYelooity = 60 m.p.h,  Yaw = i 20°

Tables 13 & 13

« -5°|-4.°l-3° ‘~o°|5°|1o°.|14°|1s°l17°|1a°|ao°|aa°|as°] 20° |to°|so°leo°
5, Aileron locked and neutral  30° yew
o, |0°|o.000 0.208]0.613[0.902|1.080(1.158 1.182]1.187|1.304|0.880] 0.781 0.754]0.700 |0.676
| .08 .018| .038| -.073| .105] .138 Jes| .213| .283| .397 .4B8 .e3a8| .31} .080
1|0 | .008 .010{ .014| .o18] .084| .030 048] .084| .088| .054 083 .050| 047 .
g,' | 00 |-.C32 ~.001]|-.003| =.004|=-.007|~.007 -.001|~.003|=.008|-.028| ~-.033 -.033]-,038 |-, 044
Alleron locked and meutrTal -30° yaw
oy, | 0° | -.008 .293] .e01] .888|1.0%8|1.154 1.1711.187]|1.278| .938 .788 80l . .583
op j0°| .o18 019 .023| .073| .104| .133 .388| .208] .a71| .403 .488 .646| .833| .897
et | 02 |-.008 ~.008|~.018] -.017|-.086}~.031 -.061|-.073|-.071|~.038 -.080 ~.049 | -.047 |-.045
e,'| 0°] .003 .001| .003| .0o4} .008| .007 .001| .000{ .008] .01 .030 081} .0 043
Right aileron up ‘-20° yaw
o' 258 .0%3 .035] .o0ze( .033 .031] .031] .088| .00% .003 .018
og [238 .001 -.003|~.005|=.008 -.007|~.008{~.0123|-.008| ~-. -.013
oy |38° .C43 JO44| .044( .043 041 . . .008 007 .
oy |38° . -.001|=~.n03!-. -.008|-.008}-,018|-.087{ _ -.007___}~.018
ol (=00 .08 .087| .o58| .0B4 084 .0 .048|-.00! .
0y {203 R .003|-.001]-.003 -.004|-.007|-.011 |~. -.008 -.013
oy : 087 .083| .084| . .08l .08 . .003 011 .031
o, |60° .013 .008} .003| .013 -.001|-.004|-.007}|~.023] -.008 -.008
. Right nileron down  20° yaw
o] 7° -.012 ~.008[-.009] .000 —.004|—,004| ~.005|~.008| =.011 &-.004|-.00L
Op' | T .00 .003| .003{ .008 .004| .003| .003| .003 . .003
o' [18° -.081] «.016|=.017]=.008 -.007|~.008|-.008|~.004{~.008 &-.008|-.003
o' 1B6° .003| 095! .008| .018 o0a| .oo7| .007| .0l0| .008 & .o08] .007
o [252 -.0 -.024(~.010|-.008 -.008|-,011}~.018|-,008] -.004 -,008
ot |36° .008 .o0e| .018| .017} J014| .013| .031| .010 .008 .010
TABLE XIIT
FORGE TESTS. OLARK Y WING TAPEZRED 5 : 1 WITK QOKSTANT
OBORD SEORT WIDE AILERON (OME unsaor ONLY)
R.N. = 608,000  Veloolty = 80 m.p.h.  Yaw= o°
« -5°l-4°!-3°| ootsc|1o°|u°|1e°i11°‘-1e°‘|ao°|ae°]su°| 80° |4o°]so°|so°
1Y " Aileron locked and neutral
oy | 0° [-0.005]0.085|0.138| 0.340 0.689]1.0138[1.216]1.285 1.390(1.265{1.165|1.115/0. 347 0.758 0.720]0.670{ 0,555
op | o° ‘o017| .o18| .018| .03L| .046| .084| .133| .147| .183| .185) .356 519 .3 .488 .B51] .848/1.013
Right alleron up
-ty v 1109 .030 017 -.018 .013 .004
gn' |10° .001 -.003 -.011 ~.005
oyt |202 034 034 -.0L .018 009
0. |20° .001 ~-.003 -.013 | -.009__{ -.
of |3s° J .040 .043| .040| .038 080/ —.008|~.003| .008] .017 .013 '
0,! 360 003 ~.003] -.004|-.008 -.010|-.016!-.016{-.013) -.010 -.012
of |36 . 047 -.006 081 017
0, |30 004 -.001 -.018 { -.013__1| ~.018
o1 |s80 .048 .085| .oBL{ .043 .031| .oo1| ooe| .01 .023 .023
g, |380 .008 .001{ ~.003|~.00¢ «.008|~.017|-.016{-.005 ~-.013 -.018
1 |400 .083 .088 .002 .037 .028
o' |09 .006 .002 -.016 | ~.013__} -.0L%
o |80° .080 .089| .ce9| .083 .o49| .014| .003| .03 .084 .083
o, |80° .012 005/ .003| .001 -.004|-.014|~.014|-.013] -.010 -.01¢
ot {e0d 088 .o73| .076| .088 .ose| .033| .008| .015 .034 L0185
o' [60° .04 .009] .co8| .00B -000{~.010{~.014|~.008| ~-.008 -.013
Right Aileron dcwa
o =.011 ~.007]-.006]-.006 —.003]-.001] .000] .004| .006 &.014] -.201
o.t| 70 .001 .003| .008| .00 001! .003| .004|-.003{-.003 &.000| .003
oft gko -.013 - - ‘ ~013 &.008| -.013
cp' |64° .002 003 .005 -.00L &+,001 .004
o' |10° -.018 -.013[ -.00% 013 & 00B] -.003
a0,* 209, .003 . .000 .008
gl v[124° -.016 -.013 - .013 &.005| -.001
n' |214° .003 .008 000 &.003| .006
g‘l LIy -.017 018 -.004 .01a -.003
AT .003 .004 u 000 .008
g; 11139 ~.018 -.014 -.004 .013 -.003
1130 . .005 . . ] .008
g;‘- 140 -.030 .018 -.00 .012 -.003
! |342 .003 .005 .6a7 .00L .007
o [18° -.031 ~.017| -.013|~.008 .014|-.004! -.003] ~.004| .013 -.003
q,'[18° .003 .008| .008| .005 .013| .008| .cos| .000] 001 | .007
g‘l 20° ~.034 -.0189 -.003 011 -.003
1362 .005 .008 . .003 .008
Dt | 250 -.028 =.030| -.013| .01 015 =.005| =,004 | =.003 .011 -.001
1| 380 K . .009| 017 .017| .008{ .009| .004] o008 __| .0l
+ | 309 -.030 -.020 -.002 —.013 .000
! 1300 .010 .013 .008 L0
11380 -,0338 -.021 -,001 012 .001
- | 38° .010 .0 014 . .01%




¥.A.0.A. Techulcsl Note No. 449 . Tables 14 & 15
TABLE XIV

!OROE !IBTB. OLARX Y WING TAPERED 5 : 1 WITH QQNSTANT
BORD 830aT WIDE AIEIRQI (oNE ALLTROX ONLY)

R.X. = 809,000 Velooity = 80 m.p.h. Yar = & 20°

a 50 |40 [-2° [ o® [ & Jaoe [ae0 Taeo [are [ 280 [ 200 |32 | 3e0 | soo—[stm [ eo0
8‘ Alleron looked ad neutral’' 20° yaw
o, |00 0.308[0.808[0.888]1.088 [1.147 1.1738[1.285]1.308 [0.928]0.835|0.755]0.898 [0.578
op | o° 018 o8| .o3s| .ovi| l107| 135 ‘1se| .3:0( 369 | .287| .47G| .e38| .818| .867
6 | 00 { -098 .o10{ .o23| .ou7| .c23| .0s1 .044| .043| .os3{ .053| .083| .061| .047] .045
6" | 0° |-.003 =.001|~.008} «. 004 |~.008 [-.003 -.003 |~.011 |{~.008 [~,037|~.038 |=.035|~-.038 [~.044
Alleron locked and meutral  =30° yaw
o, ] 00 |-.008 7883] .891] .880]1.060]1.138 1.166]1.170]1.186]1.088] .788] .76a| .708| .563
of {o° | ‘o8 ‘os1| (040 .o73| [1%5| .12 ‘iea| .308| .367| .368| 483 (e43| l833| 593
01| 00 1:-% -.008| -.014] -.018| -.036 |~.033 -.058|-.090]=-878| - 045 -.053|~.080| -.048 | -.04
N » .
og' | 09 [ 001 .coo| .ooo| .coz| .oos! .007 -.003(-.007{ ‘398! .12 .ozs| .03| .o037( .04
' Rightraileron up  -30° yaw
O-,_'_Fs" .038| .034| .034{ .031 .os1| .030{_:933| .c00| .00a| .010
o' [28° .004, -.001{-.003|-.008 -.007|-.010{=:3351-.010{-.009|~.023
d -
o' fes® | . .048 .o40| .048| .047 .o4e| .oe8{ ‘08| .010| .u00| .18
3
Op' (380 .008 .001|-.001 [-.00¢ -.008|~,011{>-917 |- 031 |-.013|-.018
0y {BOO ] .05% .0e8| .ces| .oes .0es| .oee{ ‘9811 .c07| .oz0| .024
-
0" [50° .018 .008| .004| .co1 -.001|-.008{7:050 | -.018 | - 015 ~.018
oy lao® "088 .on| .o7e| .07 -o%8| .076] ‘28! o5 .0%| .o028
0, [60° . .018 .o18| .008| .008 .003|-.0024=:81L|~ 018 |-.013(~.014
Right aileron down 236° yaw
o] 7° -.007 ~.007[-.008( .003 —-.00a|-.004 |-.005[-.008[ .018[-.003
ont | 7° -00%, .00a| .003| .004 ‘00| ~004| .003| .003|-.005| .004
o 1189 -018 ~2015] =.008 |~.008 ~.068 {-.008 [-.008 [-.008 |-.015/-.003
on' 118° .004, .008| .011| .008 .008| .007| .007| .008]-.003] .00
o [aso ~.085 -.021|~.007 |-.004 -:007|-~.010]~.011(~.008| .008|-.001
0! lf*"" .007 ‘010 .oie| .013 .01 .013| .ola| .011| .005| .010
_ TABLE XV
- ROTATICN TES1S. OLARE Y WING TAPERED 5 : 1
L +] si¢ing rotation
0, is given for forosd Totation at BB = 0.08 {4 aicing rotstion
R.¥. = 608,000 Velocity = 80 m,p.h.
“Ta] & T 20° [a4® [2e° [ 280 280 [28° [20° [m° [ 38° [a0 [ae® [ 37 [30° | 40° |
Allerons neutral  Yaw = O°
{$)
Rota-
tion | ,|-0.022 |-0.016 |0.001 (0.050|0.027 |0.038|0.041 [0.014 0.0130.008 2.004) 0.001|-0.003
CloC. K= .
wise)
(=) .
Rota~
tion
(ooan—
ter- | 0 | -.018|-.032)-.008| .008| .0%1| .035| .035| .038 | .o18| .om1 .0 .000| .003
clock~
wise
Allerons neutzal Taw = -20°
(+)
Rota~
don | 0] -.020) -.015)-.0L4 .. 017 =.008 |-.010 [-.008| ~.008|~0.000]  [-0.017|-.087| -.0%0
o - "
wige
(=)
. |Rota=-
tion
{ooum- | o,| -.013 | ~.010] .%01 .011 .028 | .034| .oa2| .0m| .030 .028| .037| .04
GT= :
clock-
nis
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Figure 1. ~Clark Y wing with 5:3 taper
and plain allerons.
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Clark Y wing wich 5:1 taper and plain ailerons.
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Figure 3.-Aileron linkage systems-assumed maximum deflections.




