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NATIONAL ADVISORY COMMITTEE FOR AZRONAUTICS
TECENICAL NOTE NO. 451

WIND-TUNNEL RESEARCH COMPARING LATERAL CONTROL
DEVICES, PARTICULARLY AT HIGH ANGLES OF ATTACK
X, VARIOUS CONTROL DEVICES ON A WING

A

WITH A FPIXED AUXILIARY AIRFOIT

By Fred E., Weick and Richard W. Noyes
SUMMARY

This is the tenth report on a series of systematic
tests comparing lateral control devices with particular
reference to their sffectiveness at high angles of attack.
The present tests were made with two slzes of ordinary al-
lerong and different sizes of spolilers on & Clark Y wing
model having a narrow auxiliary airfoil fixed ahead and
above the leading edge, the chords of the main and auxil-
iary airfoils being parallel. In addition, the asuxiliary
airfoil itself was given angular deflection for the pur-
pose of providing rolling moments for lateral control.

The teste were made in the N.A.C.A. 7 by 10 foot wind
tunnel. They included both force and rotation tests to
show the effect of the devices on the 1ift and drag char-
acteristics of the wing and on the lateral stadbllity char-
acteristics, as well as on lateral control. They showed
that none of the aileron arrangements tried would give
rolling control of an assumed satisfactory value &t all
angles of attack up to the stall except at the expense of
abnormally high deflections and very heavy hinge moments,
Thé most effective combination of ailerons and spoilers
gave satlisfactory values of rolling moment at all angles .
of attack below the stall and the values did not fall off
as rapidly above the stall as with ailerons alone. TWith
an arrangement of this type having the proper relative
proportions and linkage it should be possible to obtain
reesonably satisfactory yawing moments and control forces.
Deflecting one-half of the auxiliary airfoil downward for
the purpose of contrel gave strong favorable yawing mo-
ments at all angles of attack but gave very small rolling
nmoments at the low angles of attack,
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INTRODUCTION

A series of systematic wind-tunnel. investigetions,
one of which is covered by this report, is being made by
the National Advisory Committee for Aeromautics in order
to compare various lateral control devices, The various
devices ars given the same routine tests to show their
rolative merits in regard to lateral controllability and
their effect oun the lateral stability and the performance
of an airplane, They are being tested first on rectangu~
lar Clark Y winge of aspect ratio 6, followed by wings
with different plan forms, wings with high 1ift devices,
end also wings with such variations as washout and sweep-
back, which affect lateral stadbiliity., The first report
of this series (reference 1, Part I) deals with three
sizes of ordinary allerons, one of these a medium-~sized
one taken from the average of—a number of conventional
alrplanes and used as the standard of comparison through-~
out the entire investigation, Other work that has bssn
done in this series is reported in reference 1, Parts II
to IX.

The present report covers the investlgation of varl-
ous of the lateral control devices on & wing arrangement
inesrporating e fixed auxiliary airfoll of the type de-
gscribed in reference 2, The combination wing end auxil-~
iary airfoil has & substantially higher maximum 1ift co-
efficient than the plain wing algna, and therefore at high
anglee of attack the lateral contrel device -must produce
a higher rolling-~moment coefficlent to give the same in-
itial acceleration in roll, The lateral control devices
tested include plain ailerons of two different sizes, the
standard sizZe and a short wide ons; two forms of rear
hinge spoilers used in combination with the ailerons; and
one front hinge spoiler used alone. Pinally, the auxil-
iary airfoll itself was tested as a lateral control de=~
vice by deflecting the right and left halves separately.

APPARATUS -

Modelg.~ To include tests of &1l the control devices
four different wing modele of the same form Were used, A
summary of the design of each model is given iIn the fol-
lowing table:
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Wing Ailerons Spoilers Auxiliary

model — - airfoil

No. 1 Standard A or C Fixed

No. 2~ “Short, wide - e 7 Fi%ed .

No., 3 Short, wide D Fiied

¥o. 4 ~ XNone None " liovable far
lateral
control

The main wing of each of the four models was a 10 by 60
inch laminated mahogany Clark Y airfoil; the auxiliary
airfoil was constructed of aluminum alloy with & chord
14,5 per cent of the main wing chord and had the N.A.C,A,
22 airfoil section. The relative location of thé two air-
folls is given in Figurs 1, and thelr ordinates are given
in Tadble I. The wing model that allowed tue auxiiiary
airfoil to be deflected for lateral control 2ad different
supports for the auxzillary than the otho¥ threé.’ (See

fig. 2.)

The two sizes of ailorons and the three forms of
spoilers are illustrated in Figure l. The ailerons are -
the same as those ftested on the Clark Y wing alone in ref-
erence 1, Part I, and the spoilers are the same as those
of corresponding letter in reference 1, Part V. The
spollers were made of steel plate 1/32 inch thick, and
wore set into the wings in such g manner that the upper
surface was continuous when the spoilers were down.

Wind tunnel.- All the present tests were made in the
N.A.C.,A. 7 by 10 foot open-jet wind tunnel. In this tun-
nel the model i1s supported in such a mgnner that the .
forces and “the moments about the gnarter-chord _point of B
the mid section of the model are measured directly in co-
efficient form., For asutorotation tests, the standard -
force~test tripod is replaced by a &decial mounting thal_
rermite the model to rotate about the longitudinal wind
axis passing through the midspan quarter-chord point, This
apparatus is mounted on the balance, and the roIling-moment
coefficient can be read directly during the forced-rotation
tests, A complete description of the above eqﬁipment is
given in reference 3.

-
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The tests were conducted in accordance with tlhe stand-
ard procedure, and at the dynamic pressure and Reynolds
Number employed throughout the entire serles of investiga-~-
tions o iEXateral control, (Referenge L) The dynamic

bPressure was 16,37 pounds per square foot, corresponding
" $o. an dir-speed of 180 miles per hour -&t standard .density,
and the Reynrolds Number was 609,000, based on the chord
of the main wing section,

Thélregular -force tests weré madecat ‘a sifficient num-~
ber of dngles of ‘attack:té determine the maximum 1ift co-
efficient, the minimum drag coefficient, ~and the drag co-
.efficlent at €y = 0,70, which i1g . used to give & rate- "
-~0f~climb. ériterion, Free~autorotation tests were made to
.determine the . angle -of attack .above which autorotation 'was
self=gtarting with all controls neutral. Forced-rotation
"tests .Were 'also made ¥w:'which .the rolling moment while
rolling was measured at the rotational velocity correspond-

1
ing to %w% = 0,05, the highest rate founrnd to be ¢btalnsed
in gusty'a;r, an@ at ‘angles of ‘yaw of both 0% and -20°,

e ‘The &accuracy -1s considered satisfactory except -in the
vieinity of the stall, The wolling moments at angles of
attack . just above .the.maXimum 1if%t are rolatively unreli-
ablo.owing to thes critical and often unsymmetrical flow of
the ‘burbled air about the wing. - Values oFf the 1ift coof-
ficient are likewlise erratic in this range, dut =2t ai-an--
gle of attack of 30° conditions ars sufficiently stable to
permit an agrsement between the values -af:-.Cy, ' obtained on
the four wings tested within .a total range of & per. cent,

Assumed control movement's.- The force .tests were made
-with a sufficlent number of spoiler and aileron deflec-
tions to give data for the four types ¢f aileron movement
used in the tests with the plaln wing (referenée.l, Part
I): equal up-and-down, average differential (¥o. 1), ex-
treme differential (No. 2), and upward movement only. The
relative displacements of the two ailerons and the spoil-
ers for these arrangements are given in Table I¥. In ad-
dition to these movements the rstamdard . ailerong.when togt-
od alone were given an equal up-and-down deflection of -
50°, the short wide ailerons 40°, and both sizes of aile-
rons an extended differential movement of 50° up and 25°
down. In the cases in which spoilers and ailerons are
used in comblnation, the maximum deflection of the spoil-
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er is taken as 90° and the movement is congsidered propor-
tional to that of the up aileron,

The maximumodeflection of spoiler A used alone was
assumed to be 60, the lncrease in rolling moment obtained
with greater deflection being small,

Preliminary tests showed that with the right and left
halves of the suxiliary airfoll deflected to give lateral
control, moments of the proper sign and magnitude %o give
regsonable action at all anglees of attack were obtained
wlth one type of movement, down only; that is, the trailing
edge of the auxiliary was lowered, which increased the an-
gle of attack of the half of the auxiliary airfoil which
was on the side of the wing on which the 1ift was reduced,
A deflection of 45° was assumed as the meximum because,
although at nigh angles of attack the rolling momentg were
still increasing with increased deflection, at the 0 an-
gle of gttack the rollling moments were glizhtly lower with
a deflection of 45° than with one of 30°,

RESULTS

The force—~test results are given in the form of abso-
lute coefficlients of 1ift and drag and of the rolling,
yawing, and pitching moments: .

_ 1if% -
C; = E.-—S-_ : 5
s, = dzag : - Caem e
D g 5 \
c.1 = rolling moment
[ qQ b S
Cn! = Javing moment
5 g b S
G f = Plteching momgnf
m0/4 q c S

where S 1s the total arsa of the wing and auxiliary air-
foil, b 1is the wing span, ¢ 1s the chord of the main
wing, and ¢q is the dynamic pressure. The coefficients.
a8 given above are not corrected for tunnel-wall effect.
They are obtainsed directly from the balance and refer to
the wind (or tunnel) axes. In special cases in the dis-
cusslon where the moments are used with reference to body
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axes, the symbols are not primed. Thus the symbols for
the rolling and yawing moment coefficients adbout body axes
are 0; and Cpe. Center of pressure, c.Ps., 15 given in
percentage of main-wing chord.

The results of the forcednrotatian fésés are given,
also about the wind axes, by a coefficient representing
the rolling moment due to rolling:

°N =TS

where A 1s the rolling momsnt measured while the wing is
rolling, and the other factors have the usual slignificance.
This coefficient may be used as a measure of the degree of
lateral stability or instability of a wing under variomns
rolling conditions. In the present case, it is used to
indicate the characteristlics of & wing when it is subjJect-
ed to & rolling veloclty equal to the maximum likely to

be encountered 1in controlled flight in very gusty air,

This rolling velocity may be expressed in terms of the
wing span as

1
b - o.05 :
W . . . L

where TV is the alr speed at the center section of the
wing, and p' 18 the angular velocity in roll about the
wind axis.

The results of all the tests are given 1in Tables IIX
to XII in terms of these coefflicients.

DISCUSSION IN TERMS OF CRITERIONS

A series of criterions was developed in Part I (ref-
erence 1) for comparing the effect of various aillerons or
other leteral control devices on the general performance
of an alrplane, on its lateral controllability, and on 1ts
lateral stabllity. The allerons and spollers used in the
present tests with their wvarlous movemsnts are compared
with each other by means of thede criterlons in Table XIII,.
In gddition, values are included from reference 1 for the
standard ‘allerons on a plaln Clark Y wing.
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General Performance

(Controls Weutral)

Wing area regquired for desired landing speed.-~ The
value of the maxlimum 1lift cosfflcient is used as & crite-
rion of the wlng areea required for the desired landing
speed or, conversely, for the landing speed obtainsd with
a glven wing area, The value of Orpgx Was substantial-

ly greater for the wings with auxiliary airfoils than for
the plain Clark Y.

An interesting point happened to have been brought
out by the teste with different fittings supporting the
auxiliary airfoil, From Table XIII 1t will be noticed that
the maximum 1ift coefficients werse approximately the same
for the firet three wings with auxiliary airfoils, but that
with wing No. 4, which had different fittings supporting
the auxiliary airfolil, & higher maximum 1lift coefficient
was obtained, The curves of (p agalnst o are shown
for all four wings in Pigure 3. The first three wings had
wide fittings extending from the upper surface of the nose
portion at the center of the span of the airfoil, whereas
the fourth wing had supports extending from the lower sur-
face. (See fige. 2.) An additional test was made with this
wing (Noe. 4) equipped with a plate similar to those of the
other wings in the center of the #pan, and with this ar-
rangement the meximum 1lift coefficient dropped about half-
way toward the velues obtained with the first threée wings,
which partly exXplailns the discrepancy. The wide fitting
extending from the upper portion of the nose at the cen-
ter of the span apparently induced bdurbling at a somewhat
lower angle of attack and caused the entire wing to stall
at a lower angle. ' o

Crmex
. CDomin _
of merit for comparing the effectiveness of different wings
in giving a large speed range. The value of this ratio

was found to be substantially higher with the wings with
auxiliary airfoils than for the plain Clark Y alone.

Speed range.- The ratio is a convenient figure

Bate of eclimb.~ In order to establish & suiltable cri-
terion for the effect of the wing and the lateral control
devices on the rate of climd of .an airplane, the perform-
ance curves of a number of types and sizes of airplanes
were calculated, and tae relation ¢f the maXimum rate of
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climb to the 1ift and drag curves was studled, Thisg 1n-
vestigation showed that the L/D_ at Cp = 0,70 gave a
consistently reliable figure of merit for this purpose,
This criterion is definitely lower for the wings with aux-
iliery airfolls than for the maln wing a2lone. Reference
to Figure 3 shows tiaet the wing with an auxiliary airfoll
is much more sensitive thean the plain wing to climbing at
angles of attack slightly greater than the best, As the
angle of attack is increased the drag coofficlent in-
creases raridly, which reduces the rate of climd of an
airplane hut which would enable it to make steep glides

at the lower speeds, an advantage iIn landing over obstacles.

Lateral Controllability

(Controls Fully Deflécted)

Rolling criterion.~ The rolliag criterlon upon which
the control effectiveness of each of the alleron arrange-—
ments is judged is a figure of merit that is designed to
be .proportional to the initial accsleration of the wing
tip, following a deflection of the ailerons from neutral,
regardless of the air speed or the wing plan form of an
airplane. BExpressed in coefficlent form for a roctangular
monoplane wing, the criterion becomes

CL .

where (3} is the rolling-moment coefficient about the boedy
axis due to the ailerons. The numerical value of this ex-
pression that has been found to represent satisfactory con-
trol conditions is approximately 0.0756., A more detalled
oexplanation of RC eand its more general form, which ie ap-
plicable to any wing plan form, is given in Pert I.

The comparison of the allerons on the basls of this
criterion is given in Table XIII at four representative
angles of attask; namsly, Oo, 10°. 200, end 30°, The
firet angle O, represente the high-speed attitude; o =
10 repreosents the highest angle of attack at which en-
tirely satisfactory control with ordinary ailerons can be
malntained on a plain wing; o = 20° represents the condi-
tlion of greatest instability iIn rolling for the plain
Clark Y wing, and 1s probably the greatest attalnable an-—
gle of attack with most present~day airplanes in a steady
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glide; and finally, a = 30° 1is representative of the
stalled condition with the combination wing and auxil-
tary airfoil. L

At o = 0° 511 the ailerons gave greater rolling mo~
ments than necessary for satisfactory comtrol, the values
being about the same &as- -those given by the same ailerons
on the wing without the auxiliary airfoil. (Reference 1,
Part I,) Spoiler € 1located directly ahead of the asile-
ronsg reduced the effectlveness of the aileron somewhat at
the o° angls of attack but not enough to be of importance,
Spoller A gave a smaller value of RC than the ailerons
alone or in combination with the other spoilers, but even
so it was nearly 50 per cent in excess of the assumed sat-
isfactory value. The auxiliary airfoll when deflected for
lateral control, however, gave a value of RC which was
less than one-third of the assumed satisfactory one.

At o = 10° %both sizes of ailerons gave values with
all normal movements which were in the neighborhood of
the assumed satisfactory value and which were arproximate-
ly the same as thosse obtained with the same ailerons on
the Clark Y wing alone., The combined allerons znd spoil-
ers also gave satisfactory values of RC in most casses,
but the values were from 4 per cent to 21 per cent laower
than for the same control arrangements on a (lark Y wing
alone, (Reference 1, Part V.) Spoiler A alone gave a val-
ue definitely below the assuned sabtisfactory one and about
20 per cent lower than that obtained on the plain (Clark
Y without an asuxiliary airfoil, All these resulte indi-
cate that the spoilers are less effective in the turbu-
leant wake of an auxiliary airfoil* than in the smooth air
flowing over the nose of a plain wing or behind a Handley
Page slot, _(Referemce 1, Parts V and VII.) The value of
RC obtained from the deflected auxiliary airfoil was
somevwhat higher at an angle of .attack of 10° than at 0°

*It has been shown by means of smoke flow as well as by
separate measurements of the forces on the main wing and
auxiliary airfoil that the auxiliary airfoil is stalled

at angles of attack of thé main wing above about 5°, indi-
cating that the increase of COrmax obtained with an aux-
iliary airfoil is due largely to the effect of the turbu~
lent wake from the auxiliary airfoil which tends to scour
away the boundary layer over the main wing.
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but was still less than half of the assumed satisfactory
value,

At a = 200, which 1s 8tlll bPelow the stall with the
auxiliary airfoll, the values of RC for the ailerons
alone were somewhat higher with equal up-and-down deflec-
tion but lower with the extreme differential movements
than for the same ailerons on the Clark ¥ wlng alone which
wag definitely stalled at this angle of attack, None of
the values for the alilerons alone operating on the wings
with auxiliary airfoils were satisfactory dbut, as in the
cass of the plain wing, the clcsest approach was made
with the short wide aileron. To find whether satisfacto-
ry values could bs obtained with greater deflection, at
the expense, of course, of much higher control forces,
larger deflections were assumed as follows: eoqual up-and-
down 50° with the standard size ailerons and 40° with the
short wide ailerons; average differential movement (No. 1)
with 50° up and 25° down for both sizee of ailerons; the
criterions for these deflections which have been added to
Table XIII show that satisfactory values of RC were ob-
tained at 20° angle of attack with the short wide aile-
rons but not with the standard size ailerons,

Combining spoiler ¢ with either size of alleron
definitely improved the values of RC at the 20° angle
of attack with the equal up-and-down and the average dif-
ferential movements, the movements, it will be noticed,
in which the maximum deflection of the up eileron is not
great, The value of RC with spoiler ¢ combined with
the short wide allerons having equal up-and-down deflec-
tion was only 5 per cent below the satlisfactory value, a
difference which is well within the limits within which
the satisfactory value can be established., Spoller D
combined with the short wide ailerons gave satisfactory
velues of RC with all aileron movements egcept the up
only. ©Spoiler A used alone, as at the 10" engle of at-
tack, gave a valus about 20 per cent below that obtalned
without the auxiliary airfoll or about 63 per cent of the
satisfactory valwe, The value obtained by deflectingothe
auxiliary airfoil was higher than that obtained at 10
but still only about 55 per cent of the satisfactory value.

At o = 30°, which 18 above the stall of all the
wing combinations, the ailerons alone gave values of RC
much higher than the values obtained on the plain Clark ¥
wing but still well below the satisfactory value. The
highest value obtained with the short wide allerons with
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the extreme differential movement was 63 per cent of the
essumed satisfactory one. The same value was obtained
with the average differential movement having the deflec-
tions increased to 50° up and 25° down. With the stand-
ard size ailerons the increased deflections gavs lower
values of R(C than the original doflections, the highest
of which was 43 per cent of the satisfactory value, and
was obtained with the average differentlal movement, The
addltion of spoiler € to these ailerons increased this
value to 52 per ¢ent of the satisfactory one. TWaen com=
bined with the short wide ailerons spoiler ¢ increased
the value of RC slightly for equal up~and-down and av~
erage differential movement but reducsed it for the othsr”
two movements. The addition of spoiler D +to the shor}
wide ailsrons had practically no effect gn the values of
RC obtained at an angle of attack of 30", Spoiler A
alone gave a very small value of RC at this angle. It
should be kept in mind thet all the above-montionod con-
trols were mounted on wings 1, 2, and 3, which worse well
above the stall at an angle of attack of 300._ The de-
flected auxiliary eirfoil on wing Ho. 4, wihich was Jjust
definitely above the stall at this angle of attack, hold
up falrly well with an RC as high as that obtained at
an angle of attack of 10° but, like the values obtained
at all the other angles of attack, it was but a small
percentage of the assumed satisfactory valune.,

Lateral control with sideslip,- If a wing is yawed,
a rolling moment is set up that tends to ralse the forward
tip with a moment that may be greater at very high angles
of attack than the available rolling moment due to aile-
rons, The limiting angle of attack at which the ailerons
can balance the rolling moment due to 20° yvaw is taken eas
a criterion of control when the wing is yawed since this
amount of yaw represents conditlons in a fairly severe
sideslip. This angle is tabulated as a criterion of con-
trol with sideslip. :

Not all of the control combinations were tested in
the yawed condition because some did not seem to be of
sufficient interest. TFor the short wide milerons alons
the limlting angle of attack ranged from the stalling an-
g€le with equal up-pnd-down deflection of 25° to about 15°
above the stall with the extreme differential and up-only
movements., The angle was slightly higher with the same
ailerons combined with either spoiler ¢ or D, For spoile
er A alone the limiting angle was 5° above the stall,
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Yawing moment due_ to ailerons.- The desirable yawing
moment dune to allerons variles to some extent with the type
of elrplane that is being considered. ZFor a highly maneu-
verable military or acrobatic mechine, complete independ-
ence of the coantrols as they affect the turning moments .
about the various body axes is no doudbt a desirable fea~
ture. ' On the other hand,  for lerge transport airplanes
and for machlines to be operated by relatively inexperi-
anc¢ed pllots, a favorable yawing moment of the proper nmag-
nitude would probably be an appreclable aid to eafe flying.

With the ailerons .alone the yawing moment coefficiants
were not greatly different from those for the samec aile-
rons on the Clark Y wing alons. The adverse values above
the sbtall were slightly lower but were still very serious
except with the extreme differential and up-only movements,
The ‘addition of either spoiler ¢ or D eliminated the vb-
Jectionable adverse yawing moments iIn practically all
cases except for the 30 angle of attack which was well
above the stall where tho spoilers seemsd %o have but a
small effects It 1is probably safe to say that any desiroed
yvyawing moment can be approximated at all angles of attack,
including a few degrees Deyond the stall, by the proper
combination of ailerons and spollers.

Spoiler A used élone gave large f%vorable values
of COpn at all angles of attack up to 30~ where a negative
value of negligible magnitude was measured.

The deflected guxiliary airfoil gave large favosable
values of COn at all angles of attack up thromgh 30°.

Lateral Stability

(Controls Neutral)

Inasmuch &as all four wing models tested were of the
same form within the 1limits of accuracy of construction
with the controls neutral (except for the fittings support-
ing the auxiliary airfoil), the rotation testse on the lat-
eral stability factor, damping in roll, were made with
wing No. 1 only.

. Angle of attack above which sutorotation 1§_§eif—-
starting.- This crlterion is a measure of the range of an~
gles of attack above which autorotation will start from an
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initial condition of practically zero rate of Tofation,.
The limlting angle of attack of the wing with the auxil-
iary airfoll was 22°%, or 1° below the stalling angle.
For the plain wing this angle was 19 or 2° above the
stall, e e R

Stability sgainst rolling caused by gusts.- Test
flights have shown that in severe gusts a rolling veloc-

ity such that g 3 = 0,05 may be obtained, Gonsequent—
ly, the rolling moment of a wing due to rolling at this

' . . _
value of %—% gives a measgurs of 1ts stability charac-

teristics in rough air, In the present case, the angle

at which this rolling moment becomes zZero is used as a
more severe criterion than the prevliously mentioned angle
at which autorotation is self-gtarting, to indicate the
practical upper limit of the useful angle-of-attack range,
With 0° vew, the angle of attack for initial instability
was the same as that found for free autorotation, 28°

With 20° yaw ghis angle, as in the case of the plailn Clark
Y wing, was 7 lower.

The above criterion shows the critical range below
which stability is such that any rolling is damped out,
and above which instability exists., The last criterion,
maximum (), 1indicates the degree of thils instability.
The valus of () depends in a very critical way on the
exact shapes of airfoil, and varies over a wide range for
different alrfoil models built to the same snecified di-
mensions. With 0° yaw, wing No. 1 with the suxillary
airfoil had a maximum value of C) about midway between
the extremes of the range found for several Clark Y wings
alone., (Ses reference 1, Part I.)

The maximum autorotational moment with 20°‘yaw is of
importance only in the condition in which the alrplane is
skidded and the forward wing tip is rolled upward or the
rear tip downward by a gust. With 20° yaw the maximun
value of () was somewhat smaller for the wing with auxil-
lary airfoil than for any of the plain Clark Y wings testad
to date,

Control Porce Regquired

The hings moments were not measured in the tests with
the auxiliary eirfoil because it was thought that they
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would not differ greatly from the moments for the same ai-
lerons anéd spoilers on the plain wing, This conclusion was
based on the assumption that the distribution of load over
the wing was essentially the same for the plain wing and
the wing with auxiliary airfoil at angles of attack below
the stall of the plain wing, and that the only marked dif-
ference in the flow was that the aillerons and spoilers on
the wing with the auxiliary alrfoll were operating in more
turbulent air over a greater usable range of angles of ak-
tack than with the plain wing. The resulte for the vari-
ous control devices tested on the plain wing (referencs 1,
Part V) indicate that with the proper combination of
spollors and ailerons it is possible to obtaln very small
control forces.

CONCLUSIONS

l. The general performance of the wings with auxil-
iary airfoils was .substantially better in regard to maxi-
mun l1ift coefficient and spsed range than that of the main
wing alone, but was slightly poorer with respect to climb.

2. The control systems tested in which only ailerons
were used did not glve rolling control moments of an _as-.
sumed satisgfactory magnitude at all angles of attack up
to the stall except at the expense of abnormally high de-~
flections and very heavy hinge moments.

3. The most effective combination of ailerons and
epoilers, the short wide ailerons combined with spoller D,
gave satisfactory values of the rolling control criterion
RC at all angles of attack below the stall, and the val-
nes &id not fall off rapidly as the angle of attack was
increased above the stall, With control arrangements of
this type hawving the proper relative proportions and link-
age, it should be possible to obtain reasonably satisfac-—
tory yawing moments and control forces as well as satis-
factory rolling moments,

4, The spollers were found to be less effective on
the wing with fixed auxiliary airfoil than on a wing with-
ocut an auxiliary airfoll.

5, Deflecting one~half of the auxiliary airfoil
downward for the purposé of control gave strong favorable
Yawing moments at all angles of-attack, The rolling mo-
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ments were low at low angles of attack but increased to
about half the assumed satisfactory value near the stall,

Langley Memorial *Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va,, January <28, 1833,
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TABLE I

AIRFOIL ORDINATES

(A1l Values Given in per cent of Chord)

Clark Y Auxiliar# airfoil
Chord = 10,00 inches Chord =.1.45 inches
Station sgggzze s£;¥229 Station sggggze ;Siggzzé
0 3.50 3.50 0 _2.88 2.88
1.25 5,45 1,93 1.25 5,40 1.09
2.50 6450 1.47 2.50 6.48 +65
5,00 7,90 «93 5,00 8.02 .28
7450 8.85 «63 7.50 9.11 .08
10,00 9.60 42 10,00 9.96 o
15,00 10.69 «15 15.00 11.34 12
20,00 11.36 .03 20,00 12.239 44
30,00 11.70 o 30,00 13.385 1.46
40,00 11,40 0 40,00 13.42 3.08
50,00 10.52 0 50,00 12.60 4,78
60,00 9.15 0 60,00 1i.123 5,63
70,00 7.35 o) 70,00 9,15 5.79
80,00 5.22 0 80.00 6,68 4.68
90,00 2.80 0 90.00 3.95 2.67
95,00 1.49 0 95,00 2.51 1.32
100,00 .12 0 100,00 1.13 o]
L.E, radius = 1,50 - L.BE, radius = 2,00
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TABLE Il

ASSUMED SIMULTAWNEOUS AILEROX¥ AND SPOILER DEFLECTION

Aileron =nd Spoiler Angles are leasured from Neutral

Equal up and down

Aileron | Aileron | Spoiler
up down up
degrees | degrees | degrees
10 10 36
20 20 72
25 J 25 90
Up only
Aileron Spoiler
up up
degrees degrees
10 15
20, 30
30 45
40 60
50 75
50 g0

451 i8
Average differential
e (Wo. 1)

Aileron | Aileron | Spoiler
up down up
degrees | dezrees | degrees
10 8.5 25.7
20 13 51.4
30 15 77.1
35 15 90
Bxtreme differential
(Mo, 2)

Aileron | Aileron | Spoiler
up dowan up
Degrees | Degrees | Degrees
10 7 18
20 12 36
30 14 54
40 11,5 72
50 7 -90
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FORQT TESTS.
35 FER QF
R.X. = €09, 000

II1

SLI

Velool.ty = 80 a.p.h. *

Taw =

0°

TABLE
OLABI T 'IIG WITH AUXILIARY ATRFOIL (WING XO. 1)
BY 40 PER QENT b/ LERONS

Tables 3, 4 & B

55 | 3% | 0o | 5 | 10° | 180 | 180 | 00 | &m0 | 230 | ako | ae° | 880 | 300 | 350 | 40° | 50 | 600

-
g& g: L5! Allerons neutral . .
D : .
[ oﬂ 09 0°7)-.0 0.947 [0.986 [0.879 [0.858 |0, 761 ]0.6;
of 4021 00 (0o | ,oas .Bas| .E84| .eas8| .742| .e23t]1.084]
x4l 0°| 00 100 [~.048 ,037| .088| .031| .013|-.017|-.041
¢.D.| 0%} o° |o® . .5j 33.6| 33.0| 3%.9| 38.8{ 24.
07 ' [10° [100 [ 00 .007| .008| .008| .003
0p' [200110° | 00 =,008 [=.008 (-.007 |-.008
07! |20°|30° | 0° .009| .018| .031| .018
0, ' 300300 | O° |-.031]-.017}-.021 |-.021
o 7402400 T0° .010T .011T .033T .023
' 140° 1400 |00 .031 |=.017 |-.0233 |~.038
v |50° | 500 | 0° .008| .005| .007| .005
' |80 |50° | 0 -.0%1|-,018 [~,031 |-.081
tigoof170 {00 -.008} .017| .014] .00
&- 200179 | 09 -.081|-,014|-.015{~.014
o 28.9 0° .019| .021| .018
On! +ao° |23 o[ 0° F -.038)-.017|~.018|-.018
Jo, 1 J400Tas® To° .014T .018T .023T .024
0,' {40° (280 | 0° -.027|~.014|-.018|~.031
1 [500 (280 { 0° .0207 .021( .010] .00
Op' |50° (350 |09 -.087[~.015{=.014 [~.014
0; ' [100] o0 [0° .017 .018 .017 .014{ .cos| .005(-.030( .007| .005( .001
0n' [209| 0° | 0@ .000 -.004 -.008 -.007 {-. —.006 [-.005 [-.005 |=.004 |~.002
0;130°| 00 | o° .030 035 .038 .oz1| .o18{ .018| .010| .018( .022( .00B
ok + [ace| oo j 00 .001 -.008 -.011 ~.013]-.012 |-.013 |~.008 |~.009 |-.007]~.008
113097 09 7.00 .040 NI .048 48] .038T .034]-.003] .023] .017] .014
1300 00 [ 0o .004 -.004 -.013 -.014(-.017 |-.016 |-.016 |-.011 |~-.011|~.00%
1 1400f 00 |00 L0481 .063 054 .063| .0%3| .035| .008| .0323| .018| .033
n }400_ oo loo .008 -.003 -.010 -.o:.a_L-.on |-.014 |~ ,014]~.009 |~.008[~.012,
o7t J60°T 0° Ta° .05 .080 083 .057T .0387 .043] .018] .017] .007] -008
On' |B0%| 00 |00 .010 +000 ~.010 -.018{~-.014~,013]~.007 |~.008 | ~.005]|-.008
1 (@02} 0° |00 .082 .088 .068 .083| .045| .049| .019| .014| .004| .00B5
1 [80°| 00 |00 .01¢ .003 -. -,010|-.013|-.011 |-.012|~.006 |-.005|~.005
: TABLE IV -
FORGE TESTS. OLARK Y WING WITH AUXILIARY ATRFOIL (nm ¥0. 1)
10 FER QENT o BY 80 PER ORRT b/3 SPOILER 4
R.X. = 809,000 Velocity = 80 m.p.h. Yaw = 00
Spoller A alone
o0 | 0°] 0° |20° 0.003 0.004 0.005 0.001 |-, 005 |-, 006 |-.040 |-, 003 |-.001{0.000
g,tt 09 0° | 200 .001 .001 .03 .003! .001]| .601] .003| .00L| .001| .002
1| oo oo |ago .012 .024 .033 .034| .008| .005)-.001}-.008)-.003)|~.004
11 60t 0o | 200 .005 .04 .000 .001| .001] .000}-.002] 000} .00L| .002
0 '] 0°7 00 T40° .029 . 081 .081] .044] .037( .004] .001|-.005[-.008
Ont| 0%} 09 | 400 .008 .007 -.003 -.004|~.008 |-.006 |-.003|~.003| .000| .002
o' | 0°) 0° |8oe .035 .055 .0 .075| .088| .0B0| .013| .004|-.005|-.008
n'] 0°1 0° {800 .013 .008 .000 -.004]-.007 [-.007 |-.005|-.004] .001] .002
;' | O°T 0° J?89 .075 .0811 .085
Oy' | 00 0o | 7BO .003 - -.008
TABLE ¥
FOROE TESIS. OLARK Y WING WITE mxn:m AIRFOIL (um ¥0.1)
35 FER GLNT o BY 40 FIR OENT b/3 AL
7 PER OEN? o BY 40 PER QCET b/3 SPOIIZR O
R.X, = 609,000 Yeloocity = 80 w.p.h. Yaw = 00
Allerons and spoller O - Up-only )
0| 0o 0° | n00 0.004 0.010 0.043 0.081/0.033[0.028)0.000]0.001{0.000/~.001
0n'] 02/ 09 | 80° .001 .003 .001 -.001(-.001| .000({~.001 .000( .001
o {20°| 0° (=200 .028 .04l .087 .081| .046] .048| .014( .014] .010| .007
[0, |30°1 09 | 800 .003 -.003 -.008 -.008/-.010}-.008 }-.007]~.008]~.007|~.007
17400] 00 T300 .043 .045 .080 .084] .0477 .051] .017] .031] .018] .033
11409( 0% | 300 .007 .003 .008 -.008(-.008]-.007 |~.007|-.008|~.008|~.018
o7 |eoe| 00 | 300 .054 .058 .088 .088| .052( .083( .017| .010[-.001| .004
lon* {800 09 | 20° .013 .004 -.003 -.006|-,008|~.008 |-,005]~-. }-.oos__—.
0 '] 0°T 00 T40° -005 .038 .050 0887 .048) .041T .0087 .003[-.00LT .00 ¥
Og' | 09 00 [ 409 004 .007 .003 -.001|-.003|-,008}~.003|-.008|-.001| .000
G |20°| 0° | 40 .023 .048 .088 .073| .os8| .085! .023{ .017| .008| .008
l'o" Po° | 0° {400 .004 .003 -, 004 -.007)-.008] -.oos_%—.o:.o__—.om_*-.om -.007
o' T40°7 0° Hog .033 .048 .087 .0757 .088) .088T .023] .033] .0177 .023
05! (403 ] 09 | 40 .007 .004 -.003 -.005(=.007|=.007|-.008|=.009|~. -.013
o 80| o° | 400 .048 .087 .089 .073| .0B7| .08¢| .013| .009| . .
On'160°2] 00 | 40° .013 .007 -.008 -.004| -, 008 [~.008 |-.007[-.007]~.006] -,
or't TacoT 0o Teod .028 .050 .070 .077] .080] .088] .028] .083] .01S| .031
0y' [402] 00 |80° .008 .008 -.003 =.005|=.008|=.008 |-.010}-.010}~.008}{-.013
07't [80°] 00 | €00 |. .037 .057 .073 .074| .057| .083] .014| .010| .003] .00B
0, 802 | 0° | 800 .01, .008, -.003 - ~-.008 |-, -.007)-. =.005] .00t
07 ' [4007 00 T900 .029 .OBL .089 .075] .080] .oaq .03a] .03a] .01 .08
Oy ' [40°| O° |80° .000 .008 -.003 .007|-.009|-.008|~.018]-.011|-.008]|~.018
gl' 80°( 0% |00 .088 .058 .068 .070| .053| .084| .o018| .0cel-.008| .003
o' |80° ® |50 .013 .008 -.008 =.008/=.008|=,007|=.008|=.008]=,004] -, 005,




TADLE VI. FORCE TRBTS.

25 FER CGENT o BY 40 FER CENT b/2 AILERONS

E.X, = 809,000

Yelooity = 60 m.p.h.

Yow = ~30°

OLARK Y WING WITH AUXILIARY ATRFOIL (WING §O. 1)

a -0 [ 20| o0 [ 50[20° 1% | 16° [ 00 [ 20 [ 28° | a4® [2e° [ 7e° | 5o® [35° [ 40° | 600 [ &0° |
g; g.:. 58 Alsrons and spoller neutral
o, 09 | 09] o° | -0.088[0.628| 0,595 [0.623] 0,870 [1.133| 1. 870 1. 364|1.410] 1. 450 |1, 507 [1. 51B| L.1¥5| 1,084 [1.018]0.866| 5, 765] 0. 37|
o° | o°| 0o | .om4| .oma| .o26| .o48| .11s| .200| .2se| .2ve| .347| .s76| .417| .476| .BS8| .s82| .870| .73 .8885|1.030
g.n, o° | oo| 00| —.coz| .ooo| .000|-.003(-.00@ (- 013|-.016|~.021|~.023|-.0221-.068 |-.070(-.071{-. 080 |~.047|~.048| ~. 031 ] ~. 027
a,'| 00 | oo 00| lool| .oo2| .ooa| .co1f .00B| .007 .0l0{ .0D3| .0)M6| .0MG| .017| .020, .083| .032| .03| .040| .087| .041
Allesrons alons - Egqual up-eund-down
g, '| s0e{ 50| 0O 089 J0%4 .008 .088| .084] .0@e[ .o77] .057] .018] .01B
0, 50° B0°| 00 -.008 -.021 -.027 -.041|-.039 [-.041} -.044| -.048 |-.035]-.088
Allerons mlons - Averags differential
o, 1| eo°] 26°| oo .08z .088 L0901 .004| .0B3| .oe4| .077] .0B1] .01B] .01B
1| soo| 260 o0 .008 -.013 -.035 -.030}-.0%0}-.033| -,038| -,035 |-,032|-.030
Mlerens mlons Up—only )
1| aoo| 00| @@ .06 .0B8 077 Joe1] .107] .077] .073] .0B2] .0@8] .013
&- &0°| 0| o° .013 ,003 -.008 -.013|~.015|-,018| -, 021 -, 022 |-.017|-. 010
Allsrons and ppoiler ¢ -~ Up-only
o] so®| oo}e0® .06 085 080 .088] (114 .0ea] .oe3| .oso[ .ose] .01
&n- goo| 0o|so® .018 .011 000 ~.004 |~.008)-.010] -.011| -.020 |-. 020| -.010
8poller A - Alona
o,'| 0o | o°la0® .15 034 .ova| .101| .096] .080| .02 .013|-.004
¢, oo [ 0°laoo .a1a .013 004 -.00L|-.002| .001|-~.008|-.014-.011| .00O
PABLE VII. ROTATION YESTS. OLARK Y WIRG WITE AUXTLIARY ATRFOIL (WING FO. 1)
25 PER GENT o BY 40 PER OENT b/3 ATLERONS 62T KEUTRAL
0, 18 GIVEN POR WORORD RoTATION A7 BB . 0.06 m AIDING HOTATEON
gi'fg, VALUES ARE FOR FREE ROTATION (=) DAMFING ROTATICH
R.K. = 809,000 Velooity = 80 m.p.h.
a | 00 |10 [180] a0 [ mo| a0 [ aze | ae0 | ame | am0 [ o | 260 [ 200 [ 30° [ mw0 | 36° [ 4 [ 500
Yoy = O°
+ Rotation ¢, | --033]-.020] .02 .00} -. 018} 0.005 0. 005( 0.0250,031| 0.035( 0,036/ 0. 024 0. 015/ 0.016 '0.008 (0,000 -, 001
{0Lockwlee) %‘% .080{ .mal .3s3| .=e9] .3e0 373 .298| .488| .a58| .49%|0,088
~ Rotation -.033 |~.030| —.019{ -.018( -.0L{ ~.003| .00 .013| .015| .o18| .osa| .o3s| .0u3[ .cx4| .o13| .ono| .oo0s
(Oounterolookries} BB 201 .32 .344| .ma8 L3854 .358) .3a3| .489| .av9) .17
Yaw = -30°
+ Rotation o,[--033]-.032 —.048 —.043 —.031 —.0d9 —.048 ~.050|-.048]~.03a |-.043
(Olockwioe
2 Rotstion 0,|-.007 [-.c03 .010 042 .04a .064, ,058 ,oea| .080| .0es| .043
(Oounterclockwiso) :

T9% "ON @40 TRITUNORL "Y' 'D'Y°K

L ¥ 9 BeTQE]




TABLE VIII. rumtonm. OLAYX T WING WITH AUXILIAHY ATRFOIL (WING WO, 3)
R.T. = 603,000 VYelopity = 80 m.p.h. Tow = Q

[P [ P ] |0 | [ |0 || & o0 | 0 | [0 | o

8% *OoX 840 TECTUUOSL "Y' D YK

]
o

[+

n

& ﬁ?ﬁ'&ss‘sis_:ess
3

a
g@ g-xl‘ 5g Allsrong nautral
o°| o°[ o® | -0.0%1| 0.128 | 0.538 | 0.691| 0.083 | 1.340| 1.386| 1.%83 | 1.557 | 1.587 | 1.117 | 1.087| 0.983 | 0.063 | ©.Ba7 | 0,847 | 0,748 | 0.635
o°| a°| o° .083| .e| .024| .om| .139| .2%9| .2965| .3%.| .403 .433| .48 | .460]| .538( .57 .e63| .voL| .98%| 1.004
o o9 o® | -.050|-.0%]-.008| .0m| .o87| .os8| .ovB| .oBL| .087| .083| , .036| .084| .084| , ,010 | -,0t7 | -, 048
o B 85.8| #8.8| #0.8] =1.3| 0.4| 16.8| 19.6| 10.6| 19.8| 23R4 233.7| 3.9 &.9| .6]| 84.0! 3.5| 28,7
Equal vp-end-4cwm )
Q140 [ b
| % ol | -0 030 | (0% | 058 | -iogo h e fnomn [ioae| |00
8P| 280 | o? .on 077 078 .om| .048( .03ar| .0a8| .o@2| .c14| .o0@
as"}_as'-"__o" -.008 -.038 -,033 -.042 | -,038 | -,053{ -,03) | —,085| ~,0L7 | ~.080
2001 30° TR .08l 084 .08 .083| .066| .04 .0ax| .o34| .0a7| .o11
30| 300 | @ ~.008 ~.0835 - 044 -.040 | -,040 | ~,038 -, 05¢ | -,087| -, -
400| 40° | 0° .080 .008 .008| .088| .043| .03} .o24| .083| .018
4P| 400 | 6@ ~.008 -, 035 -.046 -,083 | ~.041 | ~.038| ~.037 | -,028 | -,026 | -.080
"Bo?T 502 ToP .100 .108 100 .098
5°| B0° | of -, 006 ~.020 =041 T
Avarage dlfferenvial
v [10°|8.5° | 0 031 , .053 .08 0251 .o17| .oon| .oos| .009| .oo&| .00
at 109|8,5% | 0 - .003 -.014 -.016. -,014 | -.013| -.008 | —-.010{ —~.004 | -, 007
q' |80 13° |00 .053 QBB 081, 060 . .018| ,007| . L010 | 007
op'_| 200 13° | 0° - -.018 ~.038 -, 085 | -, - - -.017| - -.012
Y[ 300T 18° |'a2 .0 073 071 087! .06@| . 084 | .089] .o18| .04
v | 20P| 18% | 0° . -.013 -.038 - - -.0a7| -.0a7| ~.031| -.004 | -, 017
o |360 152 (02 - 078 . 076 | .080( . 081 036 . .018
' | 35°] 18° | 0° .004 -0i0]. -.086 - ~.087| -.033| -,033 | ~,088) -.018 | -,
Extrems diffarensial
v |08 +°]o® 089 029 1088 .085| .or7| .ooo| .on0| .coe| .ood| .003
g'n- 1P Pl -.002 -, 007 -.013 -,013 | -, 018 [ -.013| -.018| ~-.000{ —,004 | -,007
o' |a®| 1w lof 081 .06k . .047| .035| .;mB| .oo7i .ouB{ .010| .008
}_01,'_ 00| 120 | o° --003 ~.018 - -.084 | - 082 | ~,028| -.021 | ~.007| ~.010 | -012
o' T PT 142 TP 084 0707 .010 ,068 | .omz} .os4] .o023| .o@®| . L0LE
Op' (300 14° (07 R -, 011 -.084 -,0a8 | ~, -086| «,088| =081 -.004 | —.018
a' |aPl11.5% o 071 .0az .08t oval _oas| .o4s| .oze| .oxs| .ome| omo
|Gt | 407( 110 0° .00% -.00B -.080 -.033 | ~.088 | -.024| .04 | —.om.| —_018 | ~.018
o[ 60° o° . . 090 080 | .o74| .ose| .0w@]| .043| .0%8| .0%8
op'. | 80°] 7 |0° -013 003 ~.013 -,017 | ~,018 | -.018] -.080| -, 007 -.011 | -.007
Op-only
v [0® o° 0o 017 .018 08| .o17i .o18| .o11|*.013 b".m .008 .003
v 110°] o°|o? 000 -, 004 -007 | -, -.008 | ~,007 |*-.007|P-,007 | —.008 -
v | ao® 0°|0° .033 .038 .0% | .o%4| .o034| .o3y| %.028{ .0B5| .01 .
20 00)0° 001, =.004 -zl -.02! ~.03| -.03l- mslb-mz] - 010 =007
sl o .047 ~0BL 085 .063| .082| lomt| ™oa3| B.ouz| oav 01
v | 00| o°|o° 008 -.005 - ~,015| -, 018 | -, 018 |*~.008("~,0018 | -, 014 -.010
v 40°] 0000 .058 .087 070 .088| .080| .os8| . .038] .038] .09
1 |400] 00|00 .01} 003 =011 =014 | -, 004 | -, -.008 | -, 008 -.010 | -.018
T s0eT 0T oR 0BT 074 088 .080| .083| .068( .047| .040 .Q35! .
v | soP| o0 |0f 014 ) - =01l | ~,010| -.018| -, ~.013]| -.008 | -.013
v |eoe| ©°)a® 081 073 .088 .086| .071| .o70| . 043 .ms|" .
' | 80% ©° 0P 018 . -.004 ~ 013 | ~-. - -.013| -.013{ -,006| -.010
o0

B oTqeL
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TABLE IX )
FOROL TESTS. OLARK Y WING WITH AUXILIARY AIRFOIL (WING ¥O, 3)
40 PIR OLNT o BY 30 PER OENT b/3 AILIRONS - 7 PER OLNT o BY 40 PER OENT b/3 SPOILER O

Tables 8 & 10

R.N. = 809,000 Yeloolty = 80 m.p.h. Yaw = 0°
o -5°|-a°|o°|5°|1o°|ao°|aa°|aa°|24°|ae°|aa°]so°|35°|4o°|5o°|eo°
64 |54 |68 '
! Ailerons and spoiler ¢ ~ Up-only
Up |Dn
0! 0°] 09 30° 0.004 0.013|0.047 0.06B(0.035/0.030 0,004 (0.003|0,004|0.003
On' 0°] 09f20° .003 .004{ .001 -.003(-.001|-.001| .000(-.001| .003(-,003
g;'| =209 0°f=20° .033 ~043| .0B9 .044| .043| .o038| .019; .018{ .009( .007
iCn' L 20°| 0°]|30° . -.001{-.008 1-.007] ~.007!-,008]~,008]~,008 |-, 004 ~.007
o' | 40° 0°[30° .080 .083| .080 .083] .083] .053] .040] .037] .030[..030
On' | 40° 30° .011 .008|=,007 -.010|-.008|-.011(-,013}~.016|-,009|=-.013
o' | 60° 0°f30° .059 .073( .093 .084( .098( .089] .047| .038| .014| .018
|0n' | 680°1 0°]30° .019 .013[-,003 -.008[-.010|-,007|-.010(-.013|~.005{-.010
07! 0°] 0°40° .0086 .018| .0B3 .083[ .03¢] .023| .013[ .oo8] .003| .004
On' 0°] 0°)40° . .007{ .003 .000|~.001}|-.003|~-.003(~.004| .003|-.003
' °| 0%} 40° .033 .060| .085 .048| .047| .038| .033| .019( .008| .008
10n' .} 80°] 09} 400 .004 .003}~.008 -.008|-.010/-.00[-,013}~,014|-,008[~.0L0
' o° .047 .oes| .083 .08 .088] .084] .041] .038T .033[ .030
On' | 40°| 0°f40° .013 .008|-.005 -.008|-,008|-.010(-.012|-.015|-.010{~.0L4
g ' | 80° oo .053 .078| .093 .08g| .0es| .088| .044| .035| .0l4| .020
[On' | 6091 0°|40° .018 .013|-,003 -.007|~.008/ -.008 [~.010]~,013[~.006]~.010,
o; | 40°[ 0°[e0° 048 .087| .084 .087T .083] .0867] . .0377 .033[ ,019
Cn' | 40° o° .012 .007|-.004 -.008|~.007|~-.009 |-,013|-,015|-.020|-,013
v | 80° 0°|80° .050 .078{ .083 .084| .0688| .087| .044| .0Z3| .012| .018
On' | 60°) 09 ec° .019 .013(~,003 -.008} ~.008|-,008}~.009|-.011 |-,006] ~.010
g, 40°T o°[e0? . .08g| .083 .088] .085] .084T .044] .0387 .019[ .O17
n' | 40°| 0°80° .011 .007|-.008 -.009{-.008|-.009|~.014|~.016|-,010(~,013
1| e0°| 0°]90° .049 .073| .091 .084| .067| .087| .041| .031| .011| .O17
&- 60°| 0°|s0° .018 .011|-.008 -.007| ~,008|-,008 |-.010|-.013|-,005|-,010
TABLE X
FORCE TESTS. OLARK Y WING WITH AUXILIARY AIRFOIL (WING NO, 3)
40 TER OENT o BY 20 FER OENT b/3 AILEROKS - 15 FER OENT o BY 10 PER OELNT b/2 SPOILER D
R.N. = 609,000 Velooity = 80 m.p.h. Yaw = 0°
o 5 |3 | 0 [ 5 |10 [#0 |28 |35 | a4 |88 [=8 |30 |38 |40 |60 |80
6, | 64 &g
tp | Dy Ailerons and gpoiler neutral
o, 0°| 0° 0°|-0.047[0.111 [0.324 [0.888}0.969 [1.480 [1.574}1.621|1.130{1.073|0.980{0,983/0,889| 0,850 0. 755 (0.635
op o°| oo oo .oa7! .ols| .024| .053{ .139| .345| .408| .434( .488| .488| .5 .5 .849! .748| .933[1.080
Omo/4| 02| 09| 09| -.083|-.043 [-.007 | .034| .031| .070) .073| 075/ .037/ .03B| .0a3| .019| .01 .004 [-,033 |-,051
o.p. | 0°] 0°| o° . | 63,7| z0,3| 21,8| 31,8| 30,3 | 30.4| 20.4| 38,8| 23.8| 35.0| 33.3| 23.8| 24,8 .9] 38.1
Allerons and spoiler D -~ Up-only
o' |10°] 09[182 .019 .033( .048 .033 .013| ,008| .008| .005 .003
on' |10° | o°l1s° . -.003|-.008 -.008 -.008|-.008|~.008 | -. 004 ~.004
ot 00! 30° .030 .035( .051 .083 .o17| .007| .008| .005| .003
o' 1209 0°]30° .00 -.001|~,008 -.010 -|-.009]~.008-,006 |-, 005 -.004
o+ |30371 odf 209 .038 L0BL| .089 .089 .033] .01B6] .017T .010f .007
On! | 02} 303 .002 -.003{~,011 -.015 -.014(-,013|~,011|-.009]-,008
0! 109 03463 .030 .043| .054 .083 .018)-,003( .008| .008| .002
10n'__|30° | 09|48 .001 -.001{-,008 -.010 -.00§|~,010| -,006 |-, 005 -.004
0y~ 23007 0°f48° .038 .067| .073 .070 .034[ .013[ .o18 .008] .006
On' |30°| 0°]48° .003 -.003|~,012 -,015 -.016|-,016|=-,013|-,008|-,008
G ' |[30°} 09450 . .070| .088 .0es .051| .028| .037| ,018| .013
On'__| _Fo° 45° .007 .000{-.013 -,018 -.018{~,030{-,014}-.011{-,010
[o; " a0° T 0°ea® .028 .05¢| .073 .073 .035] .031] .019T .0O8[ .007
&. 00 [ 0°| 80° . -.003 (-, 011 ~-.01l5 -.015]~,016(~.011|~, -.008
o' [40°] 0%|80° .063 .080| .103 .101 .064| .041| .039| .0823| .0L7
On'__|40° L 0% 80° .013 .003|-.010 -,018 -.017|~.020[~.016}~,013| ~.013
70, '~ [80° T 0°]60¢ .063 .088] 111 .114 .0787 . 0441 .018] .018
On' |80° | 0°[80° .019 .010}{-,003 -.008 -.011|-,014|-,013]-,.009|-,009
g,- © | 09| 20° .016 .028{ .038 -.014 .008| .001| .001( .003|-.001
0! _ | 09 09800 . .008| .001 -.001 -.001|-,001~,001|~.001] .000
0; '~ |88°T 0°780° .080 .084| .078 .058 .043] .ogs8] .033] .013] .008
on' [28°( 0°|80° 007 -.003(-.012 -.018 -,017|=.014|~,013|~,010| ~.009
0;' |as°| o°|80° .087 .079( .091 .084 .088| .038| .033| .020{ .015
lon'__|36° ] 0°]80° .013 .001(-,012 -.017 -.018|-,017!-.018 |~,0123] -,013
' me° T 0°90° . .085| .104 .09¢ .073] .049] .0437 .034[ .023
On' |50°{ 0°|80° .018 .007|-,008 -.011 -,014]~,018|~-,013(~.011|~,013
80° | 0°| 80° . .087| ,108 .095 .078| .0B3| .045| .018] .017
n' |80°] 0°[80° .081 .011|-,00% -,008 -,010{=-,011|-,013|=,009} -, 009
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FOROL TESTS.
40 FER
R.H. = 609,000

TABLY XI
OLARKE Y WIRG WITH AUXILIARY
QOLNT

Veloolty = 80 m.p.h,

o BY 30 FER QENT b/2 ATLERONS

Tables 11 & 13

AIRFOILS

Yaw = —20°

. -5 | -3° ] ©0° [ 8% [ 10° [18° [ 18° | 20° | za° [ as° 38° | 50° | 38° | 40° | £0° [ 80°
151: gt‘ 1] Allerons and spoiler neutral (wing No. 3)
o | 0] o° 0% 1-0.027[0.113(0.316(0.636 0.877 (1.131 [1.285] 1. 368 1.244[1.275/1.280[ 1.318 [2.086[ 1. 081[1. 001 [0.878 0. 758 [0.628
op | 03| 05| 0S| .o024| .031f .027| .o48| .1m| .1se| .357| .308| .368| .Z05| .423| .495| .E48| . .663| .738| .883(1.038
01| 02f 0%} 09 -.004|-,003|-,008|~,006 |~.010~.018 |-.019| ~.083| -.058 | -,083} ~,066| ~.041 |-.080| -, 058 -, 037 | -, 048 ~. 031 [~ 028
cp'| 0°f 0°} 0°| .oo1| .oox| .001| .003} .004] .008{ .013| .o1s| .ois| .ol . . .030] .033| .039| .048| .035| .03
Allerons alons - Equal up-and-down (wing ¥o. 3)
o+ [as°|as® | o° .07 076 .01 .080{ .o88| .035| .037| .037|-.007| .013
On' |38°|359| 0° -.005 -,023 -.038 -.034|~,035| ~,041 |-, 040} =,038] ~.030|~. 032
&! 40°[40°| o° . .103 103 .089] .087| .053| .08% .058{ .013| .07
1 40° |40° | 0° -.003 -.024 -.048 -.048|~.045| ~.053}~,051] =, 061} ~,034 | ~.035
lerons alone ~ Average differential ng Ho. 38
o |sa° |1s° o° .077 .081 .078 I .073 .ovo| -038] .o/ .osof .007] .016 T
On' |38°118°] 0° .008 -,010 -.0388 -,038 -.033|~.037| -.026 |-.088
Llerons slone - Lxtrewms differential (wi.ng lo. a
—l | 0° .073 .088 078 .089 .o 7 '
L,, o° 017 -.015 .019 -.0 -.031}-, 084
J.le::ons alons - Up-only (wing !o.
0! o0 | .08 .086 .108 .108 .1oa .077( .089 043
on- o° o° .019 13 -.001 -.008|-,010{ -,030|-,023 -.oae -.ozz -,021
~ Allerons and spoiler 0 - Equal up-and-down (wing ¥o. 8)
1 |28° [25° [90° .072 .087 .028 134 .091 .053] .035{ .003 I
v |35° |38° 9o° .003 -.013 -.028 -.028 -,088 |~ —.031 -.087]=,020
Ailerons and spoiler O — Average differsntial (wing !lo.
0, ' |38° |18 eo°| [ .078 | .080 .100 .138 101} .101| .o088 I .o:.—l I
10n! [36° 15° 90° .013 .000 -.018 -.033 -.038 .029 =021 ~.032 | -.023
Allerons snd spoiler 0 - Extrems differential (wing ¥o. 2
50° 086 104 .118 I [ .116 7 oea .083 .oasl ‘
an- 80° 7° ao° .030 .04 -,008 -.012 -.018 |-.033{~. -.033|-.02¢
Ailerons and spoiler 0 — Up-only {wing ¥o. 3)
1 so° 02 1g03 .058 .087 .110 .18l .11 l .003| .108 .103| .074| 044 I
Oy’ |60°] 0°|e0 .035 019 .003 -.004|-.006|-.018|-~.01%]|~.015| ~.0232|~.023
— Allerons and epoiler neutral (wing No. 8)
or | o°| o°| 0°| ~.038 .393}" .883 1.358(1.438/1.363(1,374/1.31911,337|1,0685/1.004; .871| .770| .638
Op | 091 09| 02| .03%7 .026 .118 . 3 478! .B18| (881 .887| .719| .B74| .96
o o° o° o° -.003 -.003 -.010 -.033{-,027|=.066|=,084|-,072|-.077|~.055| -.088]|~.088|~.033 |-.031
&y 0° 2001 2001 ~003 -018] 017 .023] .035| .048| .043| .045| .041] .045
Allerons and spoiler D - Equal up~and-down (wing Ho. 3)
ng
MRS ‘ .o71 ‘ . sl | l .080 .098 .07} .cea| .osal .13 .OOII T
@n- 35 | 380 [80° -,008 -.018 -.030 -,088 |~,0%8 |- -.088
Ailerons and gpoller D - Avwdutareuﬂﬂ wing Ho. B,
38° |52 |80° 078 .086 .088 .108 .078! .077| .08BO} .0BL .011
u‘n- 35° |15° [90° | ‘o0 ~.008 -~.038 -.033 | -, 038|~.084| -, 042] -.034|~.033
B Allerons and spoiler D — Exbrems differentisl (wing ¥o, 3)
PHES —leo"—r T { 087 | .1o4| l .109[ | 111 l .104| .103| .078| .055[ .030 I
| 50° .016 -.013 -.015}~,018!-,087|-.034 |-.035
Allerons and gpoiler D - Up-only (wing No. 3

g,' go°| o [90° .088 .118 .183 .118 1ao oes .075
n' [60°] 0 |80° az L0138 ~.003 -.005|~,009 -.088 |-
TABLE XII
FORCE TE828. OLARY Y WING wnn AUXILIARY AIRFOIL (WING ¥O. 4)
AUXILIARY AIRFOIL MOVABLE FOR OONTROL
R.X, = 808,000 Velooity = 80 m.p. 'h. Yaw = O°
g -5°|-a°|o°|5°|1o°|15°|ao°|a4°[5° 26° 28° | 30° 50° | 80°
5, ©r uxiliary airfoll neu.t:
or, |0°] 0°/-0.033/0.120[0,344|0.708|0.985(1,345(1,4982.6585|1.686 .708(1.733 {1.030|0.880 {0.903 [0.849 |0,7680{0.631
0p 0°| o°| .03t| .o18| .024| .058) .138| .324| .348| .485| .493 [ .538| .557| .839| .877| .887| .750| .033|1.083
Onmg/4|0%| 09| -.054)-.038(~.004 | . . . .078]| .0e8| .oes | ,088| .o0e9| ,0L7( ,0p7| .013} .003|-,038|-.0865
e.p. |0°| 0°] 180.0} B8.6{ 39.1] 21.0| 81.8| 20,7| 20.1| 30.0| 20.1| 20.1} 20.1| 35.5| 23,6| 23.8| a4.7| 37.0| 39.4
Right suxllisry airfoil up

ot 00109 .078 ~.038 .04k 157 -.07%

Gnt ]0° |10 ,000 -.008 -.008 -.008 -.005

ot |0°|-30° 013 .003 .000 .140 1010
On' |00 |-30° .008 -.008 .013 -,014 -.024

Right auxlilisry airfoil down
t jo%| g .003 .004 004 .008 -.008

& o| Bo

On' [00) B .000 .00 .003 .003 .003

o' |oof1g° .009 010 014 .017 .002
05t__J0%1 18° .004 .005 .008 .007 .004

o ' 1097 3° .013 031 041 .088 .033

on' [0°] Z0° .008 .01l .0L3 .007 004

81' Q% 45° .008 .033 .070 089 - .037

o' |0°] 48° 007 .013 013 007 i 003
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GRITENTORS BEOWLNG EELAYIVE MEEITS OF AEVERL CONTROL SYSTOMS ON A OLIN T VING WITH ATXILIARY AIRYOLL
i PLATH OL4RT Y QLAFE Y WING WITH ADKTLTAHY ATHFULL
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Shandprd A1lsToNM Staniard Alleroms Hnrtl;l.h.lﬂ.guu ar 0
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- | GRI-
moy | teRTow  |weesd| Daf.]| Dif- syexa| Dit-| Dag- mvand| DAf-| Dif- pie-| Dig-
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Note: Hinge axis of gpoilers A snd C
0.947c below wing surface.

10.00"

v—14.5%c"

N 30.00"
*‘-302%—*1
}
40$7:c 502‘;
u__4oz%——a = ‘102%
Spailer C . Spoiler D

3
—

.

Spoiler C -7 \Spoiler A

Figare 1.-Clark Y wing model with auxiliary eirfoil, two
gizes of ailerons and three types of spoilers.
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Mid-gemispan fixtures (3 used) 1/33" steel

e ————————

(o)

Intermediate fixture looking quadrant (4 used)

Intermediate fixtures (5 on 10" &’s.) 1/32" gteel

Tip fixtures (2 used) 1/32* steel

-~ IR
- ——
——

Figure 2. Auxiliary airfoil mounting fixtures. (a) fixed euxiliary. (b) movable auxiliary.
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Figure 3.- Lift, drag, and center of pressure charscteristics of different wing models with
fixed auxiliary airfoils.
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