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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

LATERAL CONTROL CHARACTERISTICS OF TWO
STRUCTURALLY SIMILAR FLEXIBLE WINGS WITH 45° SWEEP:
A SWEPTBACK WING AND A WING WITH M PLAN FORM

By Rodger L. Naeseth, Delwin R. Croom, and John W. McKee
SUMMARY

A low-speed wind-tunnel investigation was made to determine the
static lateral control characteristics of flap-type and retractable
spoiler-tyne ailerons on a rigid sweptback wing, a flexible sweptback
wing, and a flexible M-wing. A few tests were also made with a half-
delta tip control on the flexible sweptback wing. The semispan wing
models were of aspect ratio 6.0, taper ratio of 0.6, and had NACA 65A009
airfoil sections parallel to the free-stream direction. The quarter-
chord lines of the wings were swept 45° and the break in the M-wing was
at the half semispan location.

At low angles of attack, flap-type ailerons and retractable spoiler-
type ailerons lost effectiveness with increase of dynamic pressure on tcth
the flexible sweptback plan-form wing and the M plan-form wing. Spoilers,
however, tended to maintain a greater percent of rigid-wing control effec-
tiveness. An inboard location of the controls was better than a location
near the tip, and the M-wing was better than the swept wing in maintaining
effectiveness.

The theoretlcal variations of fraction of rigid rolling-moment coef-
ficient retained by the various spans of flap-type ailerons on the swept-
back plan-form wing agreed well over the test range with the experimental
values; however, higher reversal speeds were indicated by theory.

INTRODUCTION

The use of thin swept wings in airplanes and missiles being designed
for high-speed flight has led to a need for greater knowledge of the
effects of wing flexibility on the wing aerodynamic characteristics.

Also, it has been suggested that wings of M or W plan form be investigated
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2 CONFIDENTIAL NACA RM L54C19

because these plan forms may possess advantages over straight swept wings.
Reference 1 presents the results of an investigation to determine the
aerodynamic characteristics in pitch of three semispan flexible wings of
sweptback and composite (M and W) plan forms and a rigid wing geometri-
cally similar to the flexible sweptback wings.

The present paper presents the results of an investigation to deter-
mine the variation with dynamic pressure of the lateral control charac-
teristics of the sweptback wings and the M plan-form wing of reference 1
equipped with flap-type and spoller-type aillerons of various spans and
spanwise locations. A half-delta tip alleron was also investigated on
the flexible sweptback wing.

COEFFICIENTS AND SYMBOLS

The forces and maments measured on the wing are presented with
respect to the wind axes which, for the conditions of these tests (zero
sideslip), correspond to the stability axes. (See fig. 1.) The origin
of axes was the 25-percent-chord point of the mean aerodynamic chord
projected in the plane of symmetry.

The rolling-moment and yawing-moment coefficients presented repre-
sent the aerodynamic moments on a complete wing produced by the deflec-
tion of the aileron on only the left semispan of the wing.

Twice semispan 1ift

Cy, 1ift coefficient, o

Cy rolling-moment coefficient, L/qSb

ACI increment of rolling-moment coefficilent

Cn yawing-moment coefficient, N/qSb

L rolling moment resulting from control
deflection, ft-1b

N yawing moment resulting from control
deflection, ft-lb

q free-stream dynamic pressure, pV2/2, 1b/sq ft

S twice wing area of semispan model, sq ft

b twice span of semispan model, ft
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mean serodynamic chord of wing using theoretical
b/2
tip, af c2dy, ft
SJo

local wing chord, ft
lateral distance from plane of symmetry, ft

span of alleron, ft

free-stream velocity, ft/sec

mass density of air, slugs/cu ft

angle of attack of wing root chord, deg

aileron deflection angle relative to chord plane of
wing, deg; measured in a plane perpendicular to
alleron hinge axis and positive when trailing edge
is down

Young's modulus of elasticity, 1b/sq in.

shear modulus of rigidity, 1b/sq in.
moment of inertia in bending, in.Y

torsional stiffness constant, in.l+
dimensionless scaling factor (note that units of

linear measurement used in q, b, E, and I
must be consistent)

measured near 8y = 0°

inboard end of control
outboard end of control
root

flexible wing

rigid wing
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4 CONFIDENTIAL NACA RM L54C19
MODELS

Flap-type and retractable spoller-type allerons were investigated
on three semlspan wings: a rigid sweptback wing, a flexible sweptback
wing, and a flexible M plan~-form wing. Geometric characteristics of
the wings and ailerons are given in figures 2 and 3.

The three-foot semispan wings were of aspect ratio 6, taper
ratio 0.6, and had NACA 65A009 airfoll sections parallel to the free-
stream direction. The quarter-chord lines of the wings were swept 450
and the break in the M-wing was at the half-semispan location. The
spanwise variation of EI and GJ, EI/GJ ratio, and the torsional-
axis location were chosen to be reasonably representative of the char-
acteristics of conventional construction. The wing bending and torsional
strength were concentrated in a single spar along the 0.40c line of the
wing with the profile of the wing formed by a series of balsa segments
attached in such a manner that they did not alter the structural char-
acteristics of the spars. (See fig. 3.) The slots between segments
were filled with grease. The variation of EI and GJ with span for
the wings 1is given in figure 4. A complete description of the wing
design is given in reference 1. A rigid sweptback wing of the same
gecometry as the flexible sweptback wing was constructed of mahogany
reinforced with steel.

Plain 0.25c sealed ailerons and 0.10c projection retractable spoiler-
type ailerons (referred to as spoilers hereinafter) of the various spans
and spanwise locatlons listed in table I were tested on the three wings.
The method of hinging the segments which were deflected to make up the
various aileron spans is shown in figure 3. This method was used to
keep the added weight to a minimum; however, some reduction in the flutter
speed resulted. The spoilers were of 1/32-inch aluminum and were broken
between each wing segment with sufficient clearance provided so that there
was no change in wing stiffness. A half-delta tip aileron (fig. 2) was
tested only on the flexible sweptback wing. The half-delta tip control
was attached to the spar of the wing by an angle fitting so that the
hinge line was normal to the plane of symmetry. The span and area usegd
in computing the coefficients of the half-delta tip aileron included the
span and area of the half-delta tip control.

Throughout the present paper the models are referred to as the
A~ and M-wings and the subscripts R and F are used to differentiate
between the rigid and flexible wings.

CONFIDENTIAL
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APPARATUS

The investigation was made in the Langley 300 MPH 7~ by l0-foot
tunnel. In order to test the semispan models in a region outside the
tunnel boundary layer, a reflection plane was wounted about 3 inches
from the tunnel side wall as shown in figure 5. The reflection-plane
boundary-layer thickness was such that a value of 95 percent of the
free-stream dynamic pressure was reached at a distance of 1.7 inches
from the surface at the balance center line for all test dynamic pres-
sures. This thickness represents a distance of 4.7-percent semispan
for the models tested. A 1/8-inch-thick metal end plate was attached
to the root of the model to cover the slot cut in the reflection plane
for the wing butt (fig. 5). Data were obtained bty using a strain-gage
balance mounted outside the tunnel wall.

TESTS

Tests were performed at dynamic pressures from 4.7 to 30 lb/sq ft.
Dynamic pressure for the Ag-wing tests was 11.7 lb/sq ft. Reynolds
numbers based on the mean aerodynamic chord of the models varied

from 0.4 x lO6 to 1.02 X 106. Angles of attack and dynamic pressures
were limited by the maximum 1ift of 24 pounds and the flutter speed of
the flexible wings.

Lateral-control tests were performed through an angle-of-attack
range at constant 10° and 20° aileron deflections, -0.10c spoiler pro-
Jection, and -8° and -27.7° half-delta tip-aileron deflection.

CORRECTIONS

Jet-boundary corrections, determined by the method of reference 2,
have been applied to the angle of attack. Blockage corrections were
found to be negligible. No corrections were applied to account for the
effects of the end plate attached to the root of the model. The same
reflection-plane corrections to rolling moment (table I) were applied
to both the alleron and spoller data; however, no correction was applied
to the half-delta tip-aileron data.
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RESULTS AND DISCUSSION

Swept Wings

The variations of rolling- and yawing-moment coefficients with angle
of attack are presented in figure 6 for the various spans of ailerons,
and in figure 7 for the various spans of spoilers on the Ag-wing. Corre-
sponding plots for the Ap-wing are given in figures 8 and 9, respectively.
Figure 10 is a cross plot at « = 0° showing C; against %5 for A-wing
allerons.

Rigid-wing characteristics.- The Ag-wing was tested primarily to

give a rigid (q = 0) point for the flexible-wing tests; however, because
there is not a great amount of lateral-controcl data available for wings
of this plan form, a brief discussion of the Ag-wing results is included.

The results of figure 6 indicate a reduction in aileron effective-
ness, Cl/5a: with angle of attack for all spans of ailerons. An exami-
nation of the data of figures 6 and 10 indicates a reduction of aileron
effectiveness as &y 1s increased from 10° to 20°, « = 0°. Decreasing
the span of the outboard ailerons from O.80b/2 to O.§9b/2 almost halved
the alleron effectiveness. Moving this control inboard resulted in

somewhat better effectiveness with an intermediate position the most
effective.

No rigid-wing tests were made for the half-delta tip aileron; how-
ever, a rigid value of Cls of 0.0013 was obtained by extrapolating
8

the flexible-wing results of figure 8(e) to q = O.

The results of figure 7 indicate that spoiler effectiveness increased
with increase in span of outboard control. A spoiler of about O.hb/2 span
vas considerably more effective when moved inboard, Yy, = 0.61b/2 or

Yo = 0.82b/2. The 0.82b/2 location of the outboard end of the spoiler

was somewhat better for angles of attack up to 4°, A1l spoilers showed
rapidly decreasing effectiveness above 4O angle of attack that was more
pronounced than the loss of effectlveness of the plain ailerons. This
loss is typical of unvented spoilers on swept wings and can be alleviated
by using a slot through the wing behind the spoiler (ref. 3). As is
characteristic of plain spoilers, favorable yawing-moment coefficlents
were shown over most of the angle-of-attack range.

Aileron effectiveness computed by the methods of references 4 and 5
agreed well with experimental values as shown in table II. “
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Effect of wing flexibility.- The flexible-wing data were limited in
angle of attack for the higher dynamic pressures; however, it is shown
that the reduction in C; with angle of attack for the plain ailerons

is generally not as great for the AF-wing (fig. 8) as for the Ag-vwing

(fig. 6) and the values were nearly constant over a greater range of
angle of attack as q was increased. Effectiveness was maintained to
higher root angles of attack because wing twist reduced the effective
angle of attack of the wing.

The C; against &, curves, tigure 10, indicate that, although
flexibility reduces alleron effectiveness, flexible-wing ailerons gen-
erally maintain their effectiveness to higher values of &y than do
rigid-wing ailerons. The principal effect of wing flexibility on the
spoiler aileron, figure 9, was to delay the loss in effectiveness with
angle of attack to about 8°. Even so, the flap-type allerons maintained
a more nearly constant rolling moment over a greater range of angle of
attack in that they did not show a loss at low negative angle of attack
and had a less abrupt loss at high positive angle of attack.

As an aid in assessing the degree of flexibility present in a wing
and the magnitude of aeroelastic effects, it is helpful to examine the
variation of serodynamic characteristics with a nondimensional ratio that
includes the major factors influencing deformation of the wing shape.
Similar flexible wings (where similarity includes the EI/GJ ratio)
will have similar spanwise deflection curves if the dimensionless scaling

factors qb“/EI are equal. The test results are plotted against this
scaling factor using the root value of EI; however, if a comparison is
to be made with another wing having a somewhat different variation of EI
along the span, using the root value of EI +to determine the scaling
factor may be misleading and some other spanwise station might be chosen
for closer average agreement of qb“/EI over the wing span.

The results of figure 11 indicate that all controls lose effective-
ness with increasing scaling factor. Because bh/(EI)r is a constant
for a given wing, the variations of C; and CIF/blR with qb)"/(EI)r

are similar to plots of these values against q. Of the O.hb/2 span
controls, the most inboard location was least affected by gq, and an
aileron deflection of 20° and a spoiler projection of -0.10c yielded
almost identical results. Although this inboard location was not the

best for qbl*/(EI)r = 0, it did produce the greatest rolling-moment

coefficient of the O.hb/a span controls at the higher values of scaling
factor.

Reversal was indicated for the outboard O.4b/2 aileron at
q_bu/(EI)r ~ 52 to 56, whereas the spoiler results for this control
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location indicated a much higher rcversal speed. Over the range inves-
tigated, the O.2b/2 to 1.00b/2 ailerons and spoilers maintained the larg-
est C;. The half-delta tip control had a large loss in C; over the

low range of qbl*/(EI)r but maintained a small value over the remainder
of the test range.

Effect of Plan Form

The variations of rolling- and yawing-moment coefficients with angle
of attack are presented in figures 12 and 13 for the Mp-wing allerons and
spoilers, respectively. The rolling-moment coefficients for a =~ 0° are
plotted against &g 1in figure 14 for the ailerons.

Rigid-wing characteristics.- Rigid-wing values for the M-wing were
obtained by extrapolating to zero q. The extrapolated values are given
in table II. A comparison with the Ag-wing for the 0.20b/2 to

l.OOb/2 allerons and spoilers indicates a somewhat greater effectiveness
for the M-wing.

Flexible-wing characteristics.- The q = 4.7 ailleron data of fig-
ures 8 and 12 show a relatively abrupt loss in C, at an angle of attack

of about 12° for the Mp-wing as compared with the more gradual variation
with angle of attack for the Ap-wing. At &, = 20°, some erratic results
were obtained at a = 4° for controls including the outboard 0.25b/2 of
the wing. (See figs. 12(a) and (b).) For a = 0°, the plot of C;
against 6& (fig. 14) indicates a generally linear variation.

Spoiler ailerons on the Ap-wing and on the Mp-wing (figs. 9 and 13)

showed a generally similar variation of C; with angle of attack. How~

ever, some effectiveness remained at an angle of attack of 20° (q = 4.7)
for the Mp-wing; whereas for the Ap-wing, effectiveness was essentially

zero at an angle of attack of 16°.

The spoilers and ailerons on the Mp-wing had similar losses of
rolling moment with angle of attack in the high positive range and the
spoilers showed a much greater loss in C; 1in the negative range of angle
of attack. The variation of C; with scaling factor qb%/(EI). for the
Mp-wing (fig. 15) indicates that inboard controls were little affected
by an increase in q; however, the outboard controls showed a consider-
able loss in C; with gq. A 0.20b/2 to 1.00b/2 aileron deflected 20°
is shown to be nearly equivalent to a spoiler projected -0,10c with the

alleron showing a greater tendency to lose effectiveness with increase “
of dynamic pressure.

CONFIDENTIAL
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Effect of Control and Plan Form on Varilation

N
of ch/clR With qb /(EI)r

The variation of CzF/ClR with scaling factor is given in figure 16

for combinations tested at o = 0°. The Ap-vwing spoiler controls

(fig. 16(a)) exhibited a somewhat different behavior than the ailerons
with scaling factor, but generally lost effectliveness at about the same
rate as the allerons, except that the use of spoillers was indicated to
be advantageous for outboard-control locations. The spoilers showed a
trend to higher reversal speeds than did the allerons.

The Mp-wing spoilers (fig. 16(b)) showed considerably less loss in
rigid rolling-moment coefficlent with scaling factor for the O.20b/2
to 0.75b/2 and 0.20b/2 to 1.00b/2 locations, but showed about the same
large loss as the aileron for the 0.50b/2 to 1.00b/2 location and were
about the same as the ailerons for the 0.20b/2 to 0.50b/2 location where
both types of controls showed a small loss.

Over the Mp-wing test range, all controls on the Mp-wing showed
less loss of CZFfCZR than was shown by controls on the Ap-wing.

Theoretical values of CIF/CIR computed for the swept-wing aileron

by the methods of references 6 and 7 are presented in figure 16(a).
Agreement of theory and experiment was reasonably good over the test
range; however, higher reversal speeds were indicated by the theory.
Values of aileron effectiveness parameters ag (wving-section angle of

attack equivalent to unit aileron deflection) of 0.53 and Cmg (wing-

section pitching moment caused by unit aileron deflection) of -0.38 were
used in computing CZE/CZR by the method of reference 6.

CONCLUSIONS

On the basis of results of tests in the Langley 300 MPH T7- by
10-foot tunnel of three wings (a rigid sweptback wing, a flexible swept-
back wing, and a flexible M-wing), numerous comparisons are possible of
the effect of the following varisbles or combinations thereof on the
effectiveness of allerons: wing plan form, wing flexibility, type of
control, span and spanwise location of control, and angle of attack.
Some of the effects noted are presented as follows:
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1. Flap-type allerons maintained effectiveness better than unvented
spoilers on the swept rigid wing through the angle-of-attack range. Wing
flexibility helped to reduce the variation through the angle-of-attack
range.

2. On the swept flexible wing, spoilers and ailerons lost effec-
tiveness with increase of dynamic pressure, with inboard controls least
affected. In an outboard location, spoilers maintained effectiveness

better than ailerons did. A half-delta tip control lost effectiveness
rapidly.

3. The controls were less sensitive to dynamic pressure on the
M-wing than on the swept flexible wing.

4, Spoilers were more effective than aillerons on the M-wing at high
angles of attack.

5. The theoretical variations of fraction of rigid rolling-moment
coefficient retained by the various spans of flap-type ailerons on the
sweptback plan-form wing agreed well over the test range with the experi-
mental values; however, higher reversal speeds were indicated by theory.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 1, 195k.
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TABLE I.- REFLECTION-PLANE CORRECTIONS

NACA RM L5kC19

Correction
%}E i°2 factor
(*)
0.20 1.00 0.88
AR and Ap .61 1.00 .95
ailerons .20 .61 .78
4o 81 .89
0.21 1.00 0.88
AR and Ap .61 1.00 .95
spoilers .21 .61 .78
A1 .82 .90
0.20 1.00 0.88
M .50 1.00 .94
ailerons .20 .75 .83
.20 .50 .71
0.19 1.00 0.88
M .50 1.00 .9k
spoilers .19 .76 .83
.19 .50 .71
*Cl =C, x correction factor
measured
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TABLE II.- RIGID-WING VALUES OF ROLLING-MOMENT COEFFICIENT

a0y
Ji |Yo_ |Span,
T Theory
b/2 b/2 b/2 Experiment
Reference 4|Reference 5
0.20/1.00}0.80 0.0200 0.0207 0.0204
AR aileronms, .61/1.00} .39 .0099 .0106 .0101
& = 10° 20| .61 .41 .0107 .0101 0103
& Aol .81 L1 .0122 .0116 o124
0.21[1.000.79 0.0327 | mmmmee | memme-
AR spollers, .6111.00{ .39 0119 | =--e-= | -emee-
-0.10¢ projection| .21| .61] .40 0176 | mmmeee ] eeeme-
A1 .82 W4 o} Ke) 'R IR
0.2011.00/0.80 0.0210 | we;mmee | mmeea-
M ailerOSS, .50[1.00]| .50 K03 153 K (R R —
&g = 10 .20| .75| .55 L0160 | -eemem | emeee-
.20( .50| .30 L0060 | eemeee | ameea
0.19(1.00(0.81 0.0385 | commee | emeee-
M spoilers, .50/1.00| .50 0186 | ememee | -
-0.10c projection| .19| .76] .57 L0318 | emmmee | mmmee-
.19 .50 .31 0070 | mmmmem | emeea

Note:

CONFIDENTIAL
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Figure 2.- Concluded.
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Figure 4.- Spanwise variation of bending and torsional rigidity for
fNp- and M-wings. Values for sections normal to axis of spar.
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Figure 6.- Variation of lateral control characteristics of Ag-wing with
angle of attack for various spans of ailerons.
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Figure 7.~ Variation of lateral control characteristics of AR-wing with

angle of attack for various spans of spoilers.
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Figure 8.- Effect of dynamic pressure on variation of lateral control
characteristics of Ap-wing with angle of attack for various spans

A of ailerons.
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Figure 8.~ Concluded.
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Figure 9.- Effect of dynamic pressure on variation of lateral control
characteristics of Ap-wing with angle of attack for various spans

of spoilers.
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CONFIDENTIAL




NACA RM 154C19

CONFIDENTIAL

29

0 | |
C; -p2 ~:$::<QE
q
O 47
o /7
¢ 209
A 30/
7 # e
0 ::E§¥t===-i§35= ‘
Cn -01
-02
/6

(c)

a,deg

y y
L o213 2% _o.61.

b/2 b/2

Figure 9.- Continued.

CONF IDENTTAL




30 CONFIDENTTIAL NACA RM 154C19
0 9
- E _ L
q
O 47
o /(7
¢ 209
a 30/
0 O
//r
Cn -.0/—%=@=ﬂ=¢r— ~ =

024

-8 -4 o 4 8 12 /6
a,deg

(@) YL - ou; Yo o o.80.

b/2 b/2

Figure 9.- Concluded,

. CONFIDENTIAL
;"




31

NACA RM LShCl9 CONFIDENTTIAL
q
47
—— 7
—_— - 209
———— 30/
——————— (4,Wing)
2 X Y, . J
020 K =l v, =061 o/ =100
04
/J/
Vd
@ oz - } i —
/7// /5'7‘
N ==k Zr -
0 /10 20 0 /10 20
80 80
Y 020 Y% =061 Yy 2040 %/ =081
%" % %" %y
04
C A
. .02 =
:::"ififj //57';:;;:'———‘
o [
ot ot S G
0 A’H L é"'“/
0 /10 20 0 /10 20
dq Sa

Figure 10.- Effects of dynamic pressure on variation of rolling-moment
coefficient with aileron deflection for various spans of ailerons

on A-wing at a = 0°.
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Figure 12.- Effect of dynamic pressure on variation of lateral control
characteristics of Mp-wing with angle of attack for various spans
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CONFIDENTIAL




NACA RM 154C19

CONFIDENTTIAL

35

02
5 C} ria&:::iﬁ%:é E:JaE;
=/0°
g C’() , q el O
o 47
0 94
O 14/
A /90
04 ,
%% i
02 2 ~3
@
& AN
80 :200 \O\
0
0l
]
Cp O ‘M-@-qp—«b—#ﬁ@_@%\
8, =10° ¢ Lo
-0/
0O/
o N
Cy Ot H=rmg—t.
8a=20° - o)
-0/
-12 -8 -4 0 4 12 /16 20
a,deg
(c) 0.20; %-‘/’-2- = 0.75.

Figure 12.~ Continued.

CONFIDENTTIAL




36 © CONFIDENTIAL . NACA RM L54C19
02,
o— iy >
8y =/0°
- q
O 47
0o 94
O 14/
o a 190
'“L\‘i‘Laa -
T ] Cr\-..\\)\‘
¢ O
6‘0 :200
-02
.0l
Cn 0—&@—&—@—4:—5—«5—@_
8a =/0° " 1
-0/
O/
Cn O—F—7=¢ ey
8y 220° I S O i ©)
=0/
-12 -8 -4 o 4 & /12 /16 20
: a,deg
§
5 (@) X - 0.20; 22 - o.50.

b/2 o b/2

Figure 12.- Concluded.
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Figure 13.- Effects of dynamic pressure on variation of lateral control

characteristics of Mp-wing with angle of attack for various spans
of spollers.
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Figure 13.- Continued.
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Figure 14.- Effects of dynamic pressure on variation of rolling-moment
coefficient with aileron deflection for various spans of aillerons
on the Mp-wing at a = 0°.

CONFIDENTIAL

e bt s e o




4o CONFIDENTIAL NACA RM L5LC19
04
S
w ‘02:: T —)
:\0- [ ] s, e s sy Ailerons
S 0 - _ - J X,
(} ()
%
020 1.00
06 50 1.00
—_—--— 20 .75
g _——— 20 50
= =t
0% 04 S ——
1) == Q L
o 02 R
S e == == Spoilers
9 Y, %
()
Y
< — 0./9 /100
& N1 — — 50 100
S S L T L -— /9 76
3.’ -
Q § m -1 .= /9 50
Q S =
Q Q [—I= =T -
¢ o
0 & 16 24 32 40
qb*

1),

Figure 15.- Variation of rolling-moment coefficient with scaling factor
for ailerons and spoilers on Mp-wing at a = 0°.
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Figure 16.- Variation of ratio CZF/CZR with scaling factor for ailerons

and spoilers on A- and M-wings. Cp 1s given for level flight; bending

stress 1s 15,000 lb/sq in.; bg = -8% for half-delta tip control;
5g = 10° for ailerons; -0.10c projection of spoilers.
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16.- Concluded.

CANFIDENTIAL

o Rl RLE. ool ahm o, w

Aileron

Y, %
e b

0.20 050

20 75

20 100

S0 100

NACA RM L5kC19

Spoiler
)
/b/z /%

019 050

19 76

19 100

.50 100

Aileron

— —— Spoiler

NACA -Langley - 4-26-54 - 300



TVILNIAINOD
\\«m«ﬁ

610¥ST WY VOVN
‘M uyopr ‘99YONW

"H utmpag ‘wool)
‘] 198poMd ‘Y19saeN
£J10135€8 30193y

(6°1)
zz°8°1)
Te1aiE] ‘10JU0D
€v-zren)
s3urp 31dwo)d
- JqRAONW-IIY ‘S[0J1U0)
(2%-z'z 1) s3urm aard
-wo) - J3tods ‘sjoauo)d
(1v-2°2°1)
s3urp 2131dwmo)
- adfL-derg ‘syoajuo)
(z°z°z°1) satqetaep udts
-a(qg - ajordwo) ‘surm

TVIINIAANOD

A.uw,wov uoydulysey 'yOVN wodlj sqeureiqo satdo)

3SEBIIDUT YIIM SS3UIATLIIB]I 1SO] 010 jo s3dA) Yloq
‘yoene Jo s3adue M0l IV oGk 1dams azam s3um ay
JO Saul paoyd-aajrenb ayl, ‘uolIdBIP WEIXIS-III)
ay) 03 1311eaed SUONI33S [10]11E 600V SY VIVN PRy

pue ‘g0 Jo onex xade) ‘Q°g orjer 10adse Jo a1am sguim
3yl cHuwm yoeqidams 31qrxar) ayy uo (o1uod diy enap
-J1BY B Y)}IM 3pBW OSTE 3I3m SIS M3J V ‘Juim-W
aqrxaq) e pue ‘Jumm yoeqidams 3yqrxayj e ‘Juim yoeq
-jdoms pu31a e uo suolajie adLj-1ariods pue adA-deyy
JO SOUISLI3IOBIRBYD [NJIIUOD [BIIJE] JNIBIS Ay} SUTWIIL3P
0] 9PEBW SEBM UOTJEIISIAUY [Juun)-puim paads-mol ¥

TVILNA@INOD
(610¥51 WY VOVN) °sqey g ‘"ojoyd ‘“‘siderp
‘dpy  "pS6I 1MV "33OW "M Uyop pue woold 'y

uta(aQg ‘yIasaeN 7 193pod "WHOL NVId W HLIM
ONIM V ANV ONIM JOVHLAAMS V dIIAMS oSP
HLIM SONIM JTAIXTTd UVTINIS ATIVHRLONYLS
OML 10 SOILSTHILOVHVHD TOHLNOD TVHILVI
*SOTINBUOIIY 10} 3JIWWIO)) LIOSIADY |BUONIEN

610¥ST WY VOVN

TVILNIAANOD
TN

PR S

610¥ST WY VOVN

‘M UYOL ‘33YOW

*d utmiag ‘'uool)

'] 193poYy ‘yi1asaeN

(6°1) Ayonseraoray

(z'z'e'1)

1e1aie] ‘toJuo)d
(ev-2:z°1)

s3ury 3j91dwo)

- 3qRAON-1IV ‘S[OJu0)

(z'¥-2-z71) sdurm aard
-wo) - J3jtods ‘s101u0)
(1v22°1)

s3urp 3a1dwo)
- adA1-derq ‘stioxuo)

(2'2°2°1) sajqerrep udrs

-3q - 3e1dwo) ‘surm

TVIINIAIANOD

‘m
it

(1340) uojBuiyses ‘yIYN Wolj ajqeureiqo satdo)

3SETIIOUT YIIM SSIUIATIVIJJI 1SO] [0Ju0d Jo sad4) yjoq
‘Yoeye Jo SIIZUE MOL IV “oGh 1dams a1am s3uim ay)
JO saul| pioyos-xajrenb ay] -uonoalp weaiys-23aj
3y} 0} 13[1eded SUOIIDAS [10JITE §O0VSY VIVN PBY

pue ‘g’g Jo onjex xade) ‘g°g oryer 103dse jo 31am sFTuwm
3yl -suwm jyoeqidoms IIqIX3() 3y} uo [oluod diy ey3p
-Jiey ® Yiim IpeW OS|E 3.I3m S)S3) M3] ¥ "Bum-W
31qIxal) e pue ‘Juim Ydeqidams 3qrxay} e ‘Suim yoeq
-ydams prdrx e uo suoaaire adAy-rarrods pue adLy-dey;
JO SOTISTIIBIBYD [0IIUOD [BIIE] I1IBIS AY) AUTW.IIIP
0} apew sem uolIe31ISaAUl (auun)-pula paads-mo) ¥

TVILNIAIANOD
(61DVST WY VOVN) 'sqel gz ‘"ojoud ‘‘siderp
‘dpp  "pGeT 11IAY "9 OW M UYOP puE WOoOI) 'Y

urm(aqg ‘yIasaeN 1 133pod "WHOS NV'Id W HLIM
DONIM V ANV ONIM MOVHLdIMS V dITIMS oSt
HLIM SONIM JTdIXATd HVTINIS ATIVHALONHLS
OML 4O SDOILSIHILOVYVHO TOHLNOD TVHIALYT
*SO1INEBUOIIY 10] 3NWUWO)) AIOSIAPY [EUONIEN

610%ST WH YIOVN




TVILNIQAANOD uoiBurysem ‘VOVN WOoJJ I{qeureno satdo) TVILNIAANOD uolBurysem ‘YIVN Wolj I[qeureqo saido) . ‘,

~7 VIVN ™ n\\ﬂu\uﬁ 1

‘Buim ydams ay) uo asoy; uey) Japaq ‘3uim ydams ay) uo asoyy uey; 1aj39q

SS3U3A1103))3 pautejutew Juim- 3y} UO S[OIIUOD $53U3A1I03])3 pIuTEUTRW Fuim-] 3Y) UO SIOIUOD

pue ‘drj ay3 1eau uoned0] E ury; 13313Qq 8eMm UoIIEI0] pue ‘dn ay; 1eau uonedo] ® uey) J3N9q sea uoryedol
[0I3U0D pIBOQUT UE {883UIATIDIJJA [OIIUOD Buim-p131a [0U0D pIeoquY UE [BB3UIATIOAJJA [OIJUOD Buim-pBirx
Jo Juaoxad 1ajeaild e urejurew o) papuay ‘Janamoy Jo uad13ad 131913 v urejurew o PIpuad} ‘1asamoy
‘s13r10ds  -s3uim 31qIXa[} ay) uo ainssaxd Srureudp uy ‘s1drrods  “s3um a1qrxayy ayy uo aanssard drwreudp uy

TYLINIAANOD 610¥ST WY VOVN TVYLINIAINOD 610%ST WH VOVN




TVIINAQINOD
" WIVYN ™

61D¥ST INH VOVN

‘M Uyop ‘adOW

‘g utMidg ‘wool)

] 138poM ‘yiasaeN

(1) fyonsersoray

(2-z2'8°1)

Teldye] ‘J0aju0)
(€v221)

sguip aRrdwo)

- qEAON-IIV ‘S[0I0)D

(¥ 2°2'1) s8uim aja1d

-wo) - Jafrods ‘stonuo)
(1v-2°2°'1)

s3urm 9jardwo)

- adi]-dery ‘sjoajuo)

{2°2°2°1) salqetIep udrs

-3Qq - a9dwo) ‘sBurm

TVIINIAANOD

TVILNIAANOD
VOVN

610¥ST WY VOVN

‘M uyor ‘33ONW

‘H a3 ‘wool)

-1 X93poy ‘yasaeN

(6°1) £y1onsET2013Y

(z'z'8°1)

e1aje] ‘1oJ3uo)d)
€v221)

s8uip 33a1dwo)

- AqQEAON-[IV ‘S[0I3U0D

(z'v°z'2°1) sduim 9rd

-wo) - I2|10dg ‘S102U0D
1yz21)

s3urp djerdwo)

- adf1-derd ‘stonuod

(2°2°2°1) sa1qersep uls

-9 - ajardwo) ‘sBurm

TVIINIAIINOD

‘Al
‘oI

1
1
‘9

S

"Al
m
)
‘1
‘9

°S

(1aa0) uojdurysey 'y IYN Wolj ajgeureiqo saido)d

ISEIIIUT YIJIM SSIUIATIIB]JI IS0 [0JJu0d Jo sadky yioq
9[0EINe JO SI[BUE MO IV ‘oGh ¥dams auam s3uim ay)

TVILNIAANOD

OIN

PEASER AL S

Auw\.cv uojduiysey ‘YIVYN Wolj ajqeureqo satdod

3SEAIDUT YA SSIUIATIDAJJI 1S0] [01JU0D jo s3dL) yjoq
‘HOBNE JO S3[3uUE MO] IV  “,Gb 1dams a1am sFuim ayy

JO Saul| PI0YI-13jaenb YL °UONIIIIIP WEIIIS-3aJ) 610%ST WH VOVN Al Jo s3u1y p1oyd-Iairenb Yl ‘UOVIOIITP WEIIIS-IaAT]
ayy 01 [a1eaed SUOLIIIS [I0JATE GOOVSY VOVN PEY M uyopr Howvtz ‘1 3y} 0] [d1(ered SUOTIIAE [10JITE GOOVSO VOVN pey
puUE ‘g0 Jo Oujes 1ade) ‘9'9 ONel joadse Jo aram SIUIM g uImpaq@ ‘woolxd C°I1 pue ‘g Q jo onjex yade} ‘g g olyes 1d3dse jo aiam sJulm
ayL ‘Suim yoeqidams arquxayy ay) uo joxuod diy B[P "1 333poy ‘yiesaeN 1 3yl ‘dumm yoeqydams JQIXalj Ay uo 10IwWod diy eN2p
~JTBY ® YA IpBW OS[E 213M S1S3) M3} vV "Juim-I (6°1) fyouseorsy U9 -JIBY € Y)IM 3pRW OSJE 3JaM S§i83) M3] ¥V "Bumm-W
a1qixayy e pue ‘Suim ¥oeqidams aqrxay) € ‘Suim ¥ovq @z'8°1) a1qrxayj e pue ‘Julm yoeqidams dqrxay] € ‘Guim yoeq
-ydoms pu3tr ® uo suoaaqte adAy-1ar10ds pue ads)-deyy 1erate] ‘foruod °g -1dams p1d1a e uo suoaarre ad4)-aariods pue adk)-deyy
JO SONISTIIOBIBYD [OIIUOD [BIIIE] OIIRIE Y3 JUTWIIIIP (e'vzzr) JO $O1IS1J310BIBYD [OJIUOD [EIINE] DIIEIS IY) IUTWII3P
0] 3pEW SEm UOTJEATISIAUT [aUUN}-pUTM paads-mol ¥ sdurpy ajardwo) 0} 3pewl SEM UOIEZNISIAUT |aUUN]-pUIM padds-mor ¥
- 3|qRAON-1IV ‘s[onjuo)d

IVIINIAANOD (z'v-z2-¢1) sduim ajerd TVILNIAIANOD
(61DVS'T W¥ VOVN) 'sqe) z ‘ojoyd “sagerp | WoD - 13[tods ‘sjonuo)d g (610%ST WH VOVN) ‘sqey g “-ojoyd “siderp
‘dpp 'pG6T 1AV 39MOW "M uyof pue wooxd 'y | (T17PTTTT) dpp  'pGel 113dY  “a9MOW "M UYOf pue Wo01) Y
utMrag ‘y1asaeN ] 123pod "WHOJ NVId W HLIM surp ajardwo) um[aQg ‘y1esaeN T 193pod “WHOJL NVId W HLIM
DNIM V ANV ONIM YOVELJAMS V :daamS ogp |, - 23AL-deld ‘stonuod -7 ONIM V ANV ONIM NOVELIIMS V dIIMS oSh
HLIM SONIM TTAIXTTd HVIINIS ATIVHNLONHLS | 8 T 1) 83lqeitep uds HLIM SONIM TT9IXT T4 MV TIWIS ATIVHALONYLS
OML 10 SHOLLSINALIOVHVHD TOHLNOD TVHALV] -aq - a@rdwo) ‘s3uim 'y OML 40 SOILSIHILOVHVHD TOYLNOD TVHILY1
*§31INBUOIIY JO] 3INTW O] AJOSTAPY [EBUOTIEN *8IVNBUOIAY 0] 3aRtwwro)) AJOSIAPY [BUOTIEN
6IDFST WY VOVN IVIINIAANOD 610%ST WH VOVN
{13a0) uojdutysem ‘yIVN wouj ajqeurerqo sarde) TVILNIAIANOD (1340) uoiBuiysess ‘YIVN wolj ajqeureiqo sartdo)

! sy
2SEAIOUT YIIM SSIUIATIIVII 1SO] [011u03 Jo s3dKy yloq | Nﬁwd‘z ™ JSBIIDUT YIIM SEIUIATIIIJIS 180] [04IU0D Jo sadA} yjoq
“oeNe JO $AIZUE MO IV "oGh 1dams aram s3uta ayy ‘Hoene jo sajdue Moy ¥  ",Cp 1doams aiam sFuim Ay
JO sautl paoyod-1ajrenb 3yl ‘uondallp wWeans-aaij 61J¥ST WH VOVN Al JO S3U| pIoYd-I3jrend YL "UOTIDAJIP UIBIIIS-III]
ay) 0 [a1Tered SUONIO38 [10JTE §OOYSY VIVN PEY "M uyor ‘3N I 3y} 0} 1211ea8d SUOIIIAS [10JITE 600YSO VOVN pEY
puE ‘g°0 Jo one1 1ade) ‘0°g OEL 123dSE Jo 21m SBUTA ‘g uimiag ‘woolr) °Iy pue ‘g°0 Jo onjex 1ade) ‘Q-g ones joadse jo asam sIula
syl ‘3uim yoeqdams 2[qrXayy 3y uo {0ajuod diy EIIAP "1 133p0Y ‘WISAEN [ ayL 3uws yoeqidams 31qIXa) Yy uo j0au0d dul ENIP
-JIBY © Yjim 3peul OS[E 3I3m 8]83) M3] V “Suim-W (6°1) Anonsesoray ‘g -JIBY B YiiM apewl OSYE 319M SS9} M3J ¥ ‘Bumma-W
aqixaj} ® pue ‘Suim yoeqidoms I[qQIX3Y; € ‘Juim yOEq (z'z'81) alquxay) e pue ‘Futa yoeqidams ajqrxay) B ‘3urm yoeq
-1doms pdix € uo suozajte adk)-Iartods pue adA)-dey 1exdaje] ‘fonuol g -1dams prdts e uo suoarre adAy-1arods pue adsy-~deyy
JO SONISTI9JDEIBYD [0IIUOD [ELIVE] DTIB}S Y} FUTULIIIIP {evzzn JO SONSLIIIOEIBYD [0JJUOD [EIIIE] JNILIS Y} JUTWINIP
0] IpEW SEM UOTIEIIISIAUL [JUUN}-PUTM paads-mol vV sdurp aa1dwo) 0} 3pEW Sem UOIIE31ISaAUY [JUUN)-pulA pPaads-mo| V
- 3|qeRAON-TIY ‘Sfo1mO) P

IVILNIAANOD {z'vzrz ) sdum anad TVILNI@WANOD
(610VST WH VOVN) "sqey g ‘rojoyd ‘‘saderp ‘wo) - 13yt0dg ‘sjonued g (61DVST WH YOVN) 'sqey g ‘-ojoyd “siderp
‘dyy pg6l 1ady  "33NOW ‘M uyof pue wooxd 'y (F¥°Z2°2°T) ‘dpy  "pG61 114dY  "33OW "M UYOP pUT WO0ID Y
utm[ad ‘y3asaeN 1 133pod WHOL NV'Id W HLIM sduipm ajardwo) utmi3Qg “§I3saEN 1 JaBpod ‘WHOL NV'Id W HLIM
DNIM V ANV ONIM MOVELdIMS V dIAMS osp  , - 2dAL-deid ‘sjonuoy -z DNIM V ANV ONIM MOVEALIIMS V dIIMS oSk
HLIM SONIM ATdIXATd HVTINIS ATTVHNLONYLS ©2°2°2°1) saqerrep udrs HLIM SONIM 3TAIXTTd HVINIS ATIVHALONYLS
-3q - apdwo) ‘surm ‘[ OML 40 SOILSIHILOVHVHD TOHLNOD TVHILY]

OML A0 SOILSINILOVHVHD TOHLNOD TVHALVT
*8J1INBUO.IAY JO) 33)IWW0)) AJOSIAPY |BUOIIEN

610%ST WY VOVN

TVIINIAANOD

*§INNBUOCIAY JOJ 3PTWUWO)) AIOSIAPY JEUOTIEN
610¥ST WH VOVN




TVILNIQMANOD

" VOVN ™

TVIINIAIANOD

TVILNIAANOD

7 VIOVN ™

TVIINIAAANOD

voidurysem ‘YIVN Wod) ajqeurexo sardo)

‘Buim 1dams ay) uo asoyj uey) 1a3aq

SS3UIAT}II]]3 paurejulew Juim-W ayj uo s[oIuod

pue ‘d1) ay) Ieau UOIIEDO] B UBY) J3))3Q SEM UOTIED0]
1013U0D pIEOqUY Ut ‘88IU3ATINAJJD [OIJUOD Juim-pratl
Jo adxad 131ea13 ® urRUTEW O) PAapuad] ‘I3Admoy
‘s13110ds "$3uIAm A1qQIXal) Y} uo xnssaad drureukp uy

610¥ST WH VOVN

uoBurysEM ‘YOYN WOJj 3[qeuieiqo satdo)

*3uim 1dams 3yj uo asoy) ueyj 13)aq

SS3UIATIDI]JD pauTEIUTEW JUIm-W 3 {) UO S[OIOCD

pue ‘dr) ay) 1E3U UOTIEDO] E UBY) I3NJA(Q SEAM UOJIEIO]
1043U0CD PIEOQUY UE (8S3UIATIIBJJS [0IJU0D Fuim-p13Ta
Jo Juad13ad 1212313 ¥ uTRjUTRW O) PApUI) ‘JaAImOY
‘grar10dg  "s3uim 31qTX3]) ay) uo unssaxd oyweup uy

610%ST WH VOVN

TVILNIAIANOD

VOVN

AVILINIAANOOD

TVILLNIAANOD

N\)«m«zv

TVIINIAANOD

uoBuTysem ‘VOVN WoJ) Jqeureqo $aydo)

*Buim ydoms ay) uo asoy) wey) 13Peq

SS3UIATIDIJJI pauTeulewl 3ulm- W 3Y) UO SIOIWOD

pue ‘dn) ay) Jeau uoYIEdO] B URY) 13))3q SEM UOTIEI0]
TOIJU0D pIeOoquUT UE ‘§E83UIATINI}JD [OIUOD Buim-pIBLI
JO ua513d 1912313 ¥ UrBJUIBWI O] PAapUd) ‘JIAIMOY
‘s1arrods "sJuim aqrxar) ay) uo axnssaid oyureudp uy

610¥%ST WY YOVN

uojButgses, ‘VIVN Wodj alqeureiqo sajdo)

‘8uim jdoms ay) uo Isoy) uey) 133aq

SSAUIALIDI]]I paurejutewl Suym- 3y} Yo B[OIUOD

pue ‘drj 3y} IE3U UOTIED0] B UBY) J3NIq BeM UO[Iedo]
[03)UOD pIeOoquU] U ‘8SUIATIDIIJI [OIJUOD Sum -p1d1a
J0 uad1ad 131313 T urejUIEW 0) PIpua) ‘I3A3m0y
‘saarrodg  s3uim QX3 Iy} uo aanssdxd dywreudp uy

610¥ST WY VOVN




Js.—.z.en.wﬁm—.wzou
~ <u<ﬂf/

61D¥ST WY VOVN

"M uyop ‘aay ol

‘H utmiag ‘wooa)

T J23poy ‘yasaeN

(6°1) Ayonseraozay

(2281

retareT ‘torjuon
€¥z27)

sdurpm aja1dwoy

- 9IqRAOK-11Y ‘S[0J3uU0)

(Z'¥2-2°1) sdum ayard

~wo) - 1310dg ‘sioayuo)n
(Te-zz21)

s8urpm aja1dwoy

- add1-dery ‘sioxjuoy

(2'2°2°1) sarqerrep udis

-3q - aj91dwo) ‘sfurm

TVLINIALINOD

As.ernmfhan
" WIVN ™

610¥ST WY VOVN

"M uyopr ‘aajJow

‘H utmiag ‘wooi)

1 133poy ‘yiasaeN

(6°1) f1on8eraoaay

(28°1)

rexare] ‘toxnyuo)
(€¥v22°1)

s3uip 3j91dwo)

- JIqBAOW-[1V ‘S10djU0)

(ey-z2'1) s3uIm agerd

-wo) -~ 13jr0dg ‘stoliuo)
ayzz1)

s3uip aja1dwon

- ?d41-derq ‘storyuon

(2°2°2°1) sarqerrep ugis

-3 - a91dwo) ‘s3urm

TVIINIAINOD

‘Al
m
11
T
‘9

'S

{1940) uoydutysem ‘yoyyn wolJ) arqeureiqo savdo)

ISTAIOUT YIIM SSIUBANI0I)Jo 1SO1 1913U02 Jo sad4) yjoq
“2ENE jo sardue mop 1y ‘oSt 1doms azom sFuim aY)
Jo sau1 pioya-aayrend ayyp UOTJIAI TP Weda)s-3aa)

941 03 [arrered suonIas 10141 600VS9 VOVN pey
pu® ‘g°0 jo onea iade; ‘0°9 O1Iex J03dSE Jo a1am s3uim

YL -Juim joeqiydams d1qrxa[j ayy uo [oxjuod dyy Bl19p

~JIBY B ylIm IpeIu oste aram s359) MIJ Y Jumm-W
31qIxayy e pue ‘Juim yoeqydoms 1qrxayy e ‘Buim yorq

-1dams p1dur e uo SuoI3yre ad43- 1arrods pue ad4)-deyy

Jo sonsuIaaeIeyd [00U0) TBI3J®] DHeIs ay) sutwaalap
0} apew ses uonednsaaur duury-puim paads-moy y

TVILNIAINOD
(61DVST WY VOVN) ‘sqey g ““ojoyd ‘sxerp
drp  poeT ady 9O *m uyop pue wooa) -y
UIAlaq ‘N1283eN 1 198pod WMOL NVId W HLIm
ONIM V ANV ONIM JOVHLdAMS V dITMS oSP
HLIM SONIM FTHIXT T HVTINIS ATIVHALONY LS
OML 10 SOLLSIMALOVEVHD TOYINOD TVHALYT
.woC:N:0.~0< J0j3 wG:_EF-OU hhomwbv< ~m:o:&2

610¥ST WY VOVN

TVIINIAIINOD
e
NN

P AR/ N

610VST WY VIOVN "Al

‘M uyop ‘aayom

‘H umiag ‘wooi)

1 193poy ‘ylasaen

(6°1) Louseraosay

(zz8'D

1e13ie] ‘fonyuo)
(ev-z271)

s3uim 9y31dwon

- qBAOW-11V ‘S104ju0)

(2922 ‘1) s3uim ajard

‘wo) - 13110dg ‘storjuc)
xvzzm

s3urm ardwoy

- adA1-derd ‘sroajuon

2°2°2°1) saqerrep ugrs

-3q - 3131dwo) ‘sSurm

TVIINIAANOD

m

I
1
‘9

'S

Ahw.»Ov uoyBuiysey ‘'YOVN wolj arqeutexo satdo)

ISBIIDUL Y3IM SSIUIATIVAJII 1S0] [04ju0D Jo sadk) yioq
‘yoene jo sajdue MOT IV " Gp 1dams azam sTuim ay)
Jo sautp paoys-13ajaenb ayy UOIIIAIIP WeINS-3aa)

Yl 01 1311exed suondas [ojare 600VS9 VOVN pey
pu® ‘g°Q Jo onjea tade; ‘0°9 o1)eJ oadse JO 31am sduim

YL -duim yoeqidams 21AMX3J 2y1 uo Joxuos dny eyap

“JTBY ® Yl BpeIu OS[E 2194 5153} MIJ Y Juim-W
2[1q1X3]J & pue ‘Juim yoeqydams 31qIXay} e ‘Juim joeq

-ydams p1dis e uo suocxaire ad4j-iarrods pue ad£;-dey;

Jo sonsLIaleIRYD [013U0D [RIATE] dNjElS 31 uTwI)ap
0} apew sem uonedrsaaur 13uum-puta paads-moy y

TVLINIAQIINOD
(612¥ST WH VOVN) 'sqer ‘rojoyd ‘-sagerp
by poeI 11ady  aayOW ‘m uyof pue wooi) 'y
utmiaQq ‘y1asaeN T 138pod ‘WHO4 NVTId W HLIm
ONIM V ANV ONIM AOVALdIMS V :d3Tms oSP
HLIM SONIM T9IX3 T4 HVTINIS ATIVHNLONYILS
OML 40 SOILSIHALIVHVHD TOYLNOD TVHA LY
.moC:mcoho< 10] wwu:EEQU zhom_>v< leuotjeN
612%ST WH VOVN

TVILNIAANOD
S
GO
610¥ST WH VOVN
"M Uyor ‘aay ol
"H ummiag ‘wooa)
1 138poy ‘yiasaeyn
(6°1) fnonseraniay
(z'z'8°1)
rexa)e] ‘toxjuon
(€v-zz)
s3uip 2191dwo)
- S1qRAOW-1IV ‘SloIjuo)
@v'z:z'1) s3uim arard
-wo) - J31rodg ‘sjoajuo)
(rp-zz:1)
s3urp ajardwo)
- ad{1-derd ‘sjoxjuopn

(2°2°2°1) salqelsep udrs

-3q - aardwoy ‘sIurm

TVIINIAIINOD

(x3A0) uojdutysey ‘yovn woJlj ajqeute)qo sardo)

OSTILIUT YIIM SSIUIATIIBJ)D IS0 1013u02 Jo sadA) yjoq
‘“FoeNne Jo sajdue MOLIV  “Gp 1dams asam sFuim ay)
Jo saurf proya-1ayrenb ayj, ‘UOLIDIBIIP WEIIIS-9aa)

3yl 07 1311e1ed SUOIAS [10)aTR 600VS9 VOVN pey
pue ‘g*g jo onjea 1ade; ‘g*9 onjea 103dse jo asam s3um

YL -Juim yoeqydoms 1QIXayj ayj uo [oxuos dn eyap

~JTBY B U3Im dpew oste as1am 51593 M3] Y Bum-p
21qIX3[J € pue ‘Buim yoeqidams 3qrxa(} e ‘Buim yoeq

-1dams p131a ® uo suoJtarre ad4y-1arrods pue adsy-deyy

Jo s21IsTI315RIBYD [013U0D [BI21€] JNIBIs ayy autwaa)ap
0} apewl sem uorjelnsasul [auun)-puim paads-moj v

TVILNIAIANOD
(610¥5T WH VOVN) ‘sqe; g ‘ojoyd “-sagerp
‘dpy  "pGel 111dy  *3aNOW - m uyop pue wooin -y

uImIaq ‘yiasaeN 1 Ja3pod ‘WHOJ4 NV'Id W HLIm
ONIM V ANV DNIM JOVALIIMS V *dAIAMS oSk
HLIM SONIM TTHIXA TS HVTINIS ATIVHNLONYLS
OM.L 40 SOLLSIMALOVHVHD TONINOD TVHILVT
"SdUNBUOIAY J0y aanTwwo) K108S1ApY 1euonen
610vST WY VOVN

(1340) uodutysem ‘vIVN wosj ajqrutergo satdor)

ISEIIIUL Y)Im SSIUIATLII)a 1801 1023u02 jo sadA) yjoq
‘Hoene jo satdue mop 1y "oGh 1dams axam s3uim ay)
Jo sauyy pioya-1ajzenb ayy "UONDIIIP Weaas-3ag)

3 0) 1arjered suonoas Jiojare 600VS9 VOVN pey

PUE ‘g°Q Jo onjex radey ‘0'9 onjes joadse JO 313m s3uim
3yl -duim yoeqidoms 21qXayy ayy uo joxjuod dyy e)op
-JTeY ® Yitm apew ose arom 5iS9) M3J ¥ ‘Bumm-p
21qrXaly € pue ‘uim yoeqidams 3qrxayj e ‘Buim yoeq

-1dams pida e uo suoJarre ad4j-ayiods pue adA)-dey;

JO SoUSsLI3)dRIRYD [O4U0D TBI3E] D1ieI8 ayy autwaajep
0} apew sem uonednsaaug 1auum)-purm paads-mo] y

TVILNAAIINOD
(610FS'T WH VOVN) ‘sqe; 2 ‘rojoyd “-sagerp

by bGeI (11dY  aaqOW M uyop pu® wooi) -y
uIM[3aq ‘y1asaeN 1 1a3pod ‘WHOJ NV'Id W HLIm
ONIM V ANV ONIM MOVALJIMS V dITAMS oSk
HLIM SONIM J19IX3Td HVIINIS ATIVHALINYLS
OML 40 SOILSIMALIVHVHD TOHLNOD TVHALVT
"SOUNBUOIIY J0j IdNTWMWO) LIOBIAPY reuonyen
61J%ST WY VOVN




TVILNA@MINOD

S NIVN ™

TVIINAIMANOD

TYILNIAANOD

VIVN-

TVIINAAANOD

volduryses ‘YOVYN Wolj afqeureqe satdo)

‘Buim 1dams ay) uo asoy) uey) 1333349

SS3UIATIDIID pauteuTewWw Fulm-W 3Y) UO S{OIWOD

pue ‘dn) ay) JE3U UOTIEDO] B UBY) 13))3q HEM UOTIEIC]
{0J1UOD PIBOQUY UB {§82UIATII3]Jd [OIIU0D Suim-pIBLt
Jo Juadaad 137€343 v urejurew 03 papual ‘I1aAamoy
‘s1ar10ds "sBuim 31qrxay) ayy uo aanggaid drureudp uy

610¥ST WH VOVN

uo)dutysem ‘YIVN Wwodj Iqeuieqo satdo)

3uim jdoms ayy uo asoyy uey; 13yeq

SS3UIATIIDIJI3 pauTejureWl Juim- W IY) UO S{OIJUOD

pue ‘dy) 8y) JBAU UOIIEDO] € UEY) 13}33Q SEAM UOYIEIO0]
10JIUOD pJeOqUI UR {883U3A1103JJ3 [0JJU0D Buim-prda
JO JuadIad 133313 ® urejurew 03 papuay ‘I2A3MOYy
‘sxafiods -s3uim 31qrxay) ay) uo axnggaxd oyureudp uy

81J%ST WH YOVN

TVILNIAIANOD
VOVN

TVIINIAINOD

TVLINIAINOD

" IVN ™

TYLINIAANOD

QeSS

uoUTYSEM ‘VIVN Wosj d[qeutego satdo)

‘3uim ydoms ay) uo asoy) uey; 13339q

SS3UBATIDIJJ3 paurejuTeW Juim- ) UO S[OIJUOD

pue ‘dr) ay) 13U UOIIEDO] ® UBY) I13})3q SEA UOTIEI0]
[0J3U0D pIeoqul UE {883UIA1IDB]}3 [0IU0D Burm-pritx
Jo adJad 1312313 v urejurew 03 papua) ‘IaAamoy
‘s1aftods "s3ulm I1qQrxal] ay} uo arnssaxd drureudp uy

6107ST WM VOVN

uoydurysem ‘VOVN Wodj ajqeuteqo saydo)

‘Suim jdoms ayy uo asoy) ueyy 1aaq

SEIUIATIDIJII pAuUTRUTEW Juim-} Y] UO STOIJUOD

pue ‘dij ay) 1Tau UOIEI0| ® Ury) 197)9q SEA UOTIEI0]
101JUOD pIeOqUT U {883UIATIDI}}S [0IIU0D Bula-priry
JO ua013d 131243 ¥ urejurEwW O) Papud) ‘IIAdMoy
‘grarrodg sIuim Aqrxay) ay) uo aanesaxd srureudp uy

610¥S'T WY VOVN




