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LOW-SPEED CHARACTERISTICS IN PITCH OF A 34° SWEPTFORWARD
WING WITH CIRCULAR-ARC AIRFOIL SECTIONS

By D. William Conner and Patrick A, Cancro .

SUMMARY

An investigation was conducted in the ILangley 19—~foot pressure
tunnel to determine the 1ift, drag, and pitching-moment charac—
teristics of a 3ho-sveptforward'wing tosted alone and with various
combinations of extensible round-nose leading—edge flaps, trailing—
edge split flaps, and a representative fuselage., The wing had
circular—arc airfoil sections,. an aspect ratio of 3,9, and a taper
ratio of 0.625, The fuselage had a finecness ratic of 12 and was
tested in low—wing, midwing, and high-wing combinaticns, Test
Reynolds mubers ranged from 3,100,000 to 9,50C,000,

The maximmm 1ift coefficient of the basic wing was 0,78 and
unstable changes in pitching moment occurred just below maximum
1ift. The addition of leading-edge flaps to all fuselage—off
configurations prcduced substantial increases in maximum 1ift
coefficient but caused undesirable veriations in pitching moment
below the stall, The addition of the fuselage to the plain wing
produced a destabilizing effect by increasing the longitudinal-
stability peramster de/dCL by 0.16 in the low-lift range, redvced
the undesirsble variaticns in pitching moment in the high-l1ift
range, and increased the maximum 1lift coefficient by an amount
which varied from 0.14 to 0,19, depending on fuselage position,
The addition of full-span leading-edge flaps to the midwing-—
fuselage combination increased the maximum 1lift coefficient
to 1.30 without seriously decreasing the longitudinal stability.
With this combination and for an assumed sinking speed cf 25 feet
per secend, the glide speed would be 112 miles per hour for a wing
loading of 30 pounds per squere foot. For all combinations, half-—
span split flaps did not appear promising as a means of increaging
lift because of large changes in trim and large unstable deviations
in longitudinal stability near the stall, A variation of Reynolds
number from 3,100,000 to 9,600,000 had no appreciable effect on
the aerodynamic characteristics of the wing. :
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. INTRODUCTION

Tt has been demonstrated that wing sweep moderates the large,

undesirable. aerodynamic changes encountered at transonic speeds
and reduces wing drag at high speeds. Theory indicates that the
shock drag at supersonic speeds is considerably less for sharp—
noge airfoils than for conventional sections. Thus, for operatlons
at supersonic speeds, en advantage is obtained by the use of sweep
and sharp leading edge. Previous investigations have indicated,
however, that both wing sweep and. sharp-nose airfoils can engender
serious detrimental effects with respect to the low--speed longi—
tudinal stability, the attainable maximum 1ift, and the stalling
characteristics of a wing. It was considered desirable, ‘therefore,
to investigate the low-speed characteristice of a swept wing having
sharp-nose profiles, Tests were made 1ln the Langley 19-foot pres—
sure tunnel of such a wing in both sweptforwa*d and sweptback
arrangements, . Pests of this wing sweptback 42° are reported in

reference 1., The asrodynamic characteristics in pitch of the
wing having the leading edge sweptforward 34° are presented herein,
~The wing has clrcular—arc airfoil SGCCLODS, an aspcct ratio of 3 9,
and taper ratio of 0.625, :

_ Tests of the plain wing were made alone and in combinatlon

w1th various high-lift and stall-control devices including half-

~ sran split flaps, extended round-nose leading—edge flaps, and

upper surface flaps. A representative fuselage was tested in high-wing,
midwing, and low-wing positions, Most of the tests were conducted at
Reynolds number values of 3,100,000 and 6 900 000,

COEFFICTENTS AND SYMBOLS.

~ The data are referred to the wind axes, Pitching moments are
referred .to the quarter—chord point of the mean aerodynamic chord
located in the wing-chord .plane as indicated in figure 1., The:
dimensions and area of the basic wing are used in reducing all
data to coefficient form, - .

Cr, - | lift coefficient (L/aS)

Cy  dreg coefficient (D/qgS)

Cy pitching-moment coefficient (M/qSG)
‘R Reynoldé numbér‘~(pV6/ﬁ) |

M Mach number (V/a)'
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angle of attack of WLng-chord plane

rate of change of pitching-moment coefficient with
11ft coefficient . . -

et N S C

. drag

pitching moment -

wing area

meen aerodynamic chord measured parallel to plane of-
Vb /e ’

symmetry § J c? dy
: 0

distance from leading edge of root chord at ﬁiéne of ‘
symmetry to quarter—chord pcint. of mean aerodynamic

o b/2
chord g‘l) cx &y
v

0 /

‘_longitudinal distance, parallel to plane of symmetry,

from leading edge of root chord to quarter—chord
point of -each section:

local bhord messured parallel to piane of symmetry.
ﬁing span a | |
spanﬁise coordinate

free—-stream dynamic pressure (%pvz) .
freé—stfeam\velocity

mass density of air, slugs per cubic foot ‘

_coefficient of viscosity

velocity of sound
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MODEL,

The plan and elevation of the wing and fuselage are shown 'in
figure 1. The wing has an aspect ratio of 3.9% and a taper ratio
of 0.625, Each wing panel was fabricated Ler a s0lid steel blank
by making both the upper surface and the lover surface a section
of a cylinder with a radius of 83.26 inches, The leading end
_trailing edges of the wing ere sections of the ellipse formed by
the intersection of two cylinders, -the axes of which intersect at -
the proper angle %o produce the desired taper ratio. The maximum
deviation between the leading end trailing edges and the straight
lines cormecting the leading and tralling edges of the root and
tip chords is about 0.4 inch. The leading—edge sweep angle of
—-33.87° is defined by the straight line’ comnecting the leading edg&;'f
of the root and tip chords. The line of maximum thickness (fig. 1)
lies in the plane containing the axes of the cylinders. In planes
perpendicular to this line, the root and tip sections are 10— and
6.4b—percent thick, respectively. In a plane parallel to the model
plane of symmetry the sections at the root and tip are 7.9— and
Se Q—percent'thick, respectively. The wing tips start at the O, 97)9

\

station and are rounded both in plan form ‘and in cross\seotion.

The fuselage has a fineness ratio of 12 and circular cross
sections, the maximm diams’er being LO percent of the wing root
chord (flg. 1). The section of the fuselage intersected by the
wing has a constant diameter. The vertical lovation of the.wing
with respect to the fuselage axis is defined in terms of the
-fuselage diameter, Three positions were investigated: 40' percent
below, O percent, and 40 percent above, thus simulating the low-
wing, midwing, and high-wing types of alrplanes. No fillets were
used at the wing-fuselage Juncture, Both the steel wing and the
laminsted mahogany fuselage were lacquered and sanded to obtain
aerodynamicelly smooth suriaces.

The various flaps are dstailed in figure 2 and are shown mounted
on the wing in figure 3. The split flaps extend over the inboard
50 percent of the wing span. To simplify the fuselage- -installation
a section of the split flaps (12.3 percent of the wing span) was
removed at the wing center for the fuselage—on tests. The flap
ohord is 20 percent of the wing chord and the flaps are deflected
60 below the wing lower surface as measured in a plane normal
to the 8O-percent chord (hinge) line. The extended leading—edge
flap is a flat sheetmetal plate faired tangentially to a

%-—inch diemeter tube to form a round-nose leading edge. The
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flap has a constant chord amounting to 0.,13% as measured parallel
to the plane of symmetry. As measured in a plane perpendicular to
the wing leading edge, the upper surface of the flap is deflec~
ted 37° below the wing chord. Two spans of the leading-edge flap
were tested, one extending from the wing center 1ine to the

0. 80— station and the other extending to the O 97#— station, The
area (unprodected) of the 0,975b flap amounts to 13 percent of the

- wing-area, The half-span split flaps were also tested as upper—

surface flaps (fig. 3(b)), being deflected =30° from the wing uppor
surface as measured in g plane normal to the flap hinge line.

TESTS .

Tests were made in the Langley 19-foot pressure- tunnel

. with the wing mcunted or a two-support system as shown in fig-

ure i, Lift, drag, and pitching moment were obtained at zero
angle of yaw through an angle—of#attack range for values of
Reynolds number and Mach number as follows:.

: R ‘ ' »Mo
13,100,000 - | 0.07
5,300, 000 ‘ .12
6,900,000 ' 15
9,600,000 .22

Test results of the plain wing combined with the various high-
1ift flaps are given for R = 3,100,000, R = 6,900,000, and also
for the split-flap configuration, R = 9,600,000, The data pre-
sented for the fuselage—-on combinations were obtained from tests
at R = 6,900,000 except for the configuration with upper-surfacse
flaps which was limited to R = 5,300,000 because of the high
stresses .in the support systen..

Stall characteristics were studied by means of tufts attached
to the upper surface of the wing behind the 20-percent chord line,

CORRECTIONS’TOiDATA

The data are corrected for the effects of Jet boundary, air—
stream misalinement and tare and interference effects of the
support system.

%
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The Jet—boundary corrections to the angle of attack end drag
coefficient calculated from the jet—boundary induced vertical
veloclties given in reference 2 are as follors.

Lo,

097701, B
'0.0147¢;2

LCp
The correction to the pitching-mement coefficient due to the
tunnel-induced distortion of the loading is:

ACy = 0.003C;,

The dynamic pressure used in determining the aerodynamic coef-
ficients was corrected for wake blockage, a function of model
profile drag,by the following equation’

q = quncorrected 1 + 0O, 062 D~ Cp, )'

where the induced drag coefflcient CDi was approxlmated by the
equations:

Cp, '0.079§CL2 (split flaps off)

"

Opy = 0.07960;% ~ 0.0049 - (split flaps on)

RESULTS AND DISCUSSION

The stall characteristics of the plain wing alone and in com—
bination with leading-edge end trailing-edge flaps ere.shown in
figure 5, The 1lift, drag, end pitching—moment data for these
configurations are presented in figures 6 and 7., The results of
- the wing-fuselage investigation are presented in figures 8 to 11,
Figure 12 presents the longitudinal stability paremeter - de/dCL

as a function of 1lift coefficient for various configurations of
figure 11. .Using a constant sinking-speed value of 25 feet per
second, the relation of the glide speed to the wing loading wes
calculated from the lift~drag variations for two~of the configure~-
tions of figure 1l and is presented in flgure 13.
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together with the previously discussed large trim change accompanying
split—flap deflection preclude the application of such split flaps

as a high-lift device for this wing. The large change in pitching
moment accompanying split—ilap deflection for all values of 1ift
coefficient suggests the poss1billtj of us 1ng split flaps as a pitch-
control device.

In order to determlne pltch-contvol eiflectivensss for a
negative flap deflection, the midwing-fusSelage combinaticn with
leading-edge flaps was tested with the split flaps mounted on the
- wing upper surface. The displacement. in’ pitching-moment coefficient

of 0,10 at zero lift (fig.'ll(a)) decreased with increasing 1ift
coefficient and was insignificant above a 1lift cocefficient of 1.10,
The decreased effectiveness was associated with the flap operating
in a region vwhere the flow gradvally separated as the 1lift coeffi-
cient increased.- :

With split flaps oif, the longitudinal stability characteristics
" of the fuselage leading—edge flap combination were almost as good as
those previously noted for the fuselage combinations without any
flaps. This nay be seen in Tigure 12{a) where the values of

de/de _belew the stall ‘ranged from 0.05 to 0.25 with leading-edge

flaps on and from 0.08 to 0.16 with leading-edge flaps off.. At
the stall the values became decidedly negative for toth conditions.
Extending full-span leading-edge flaps on this midwing fuselage
combination appears to be an atiractive means of increasing the
meximum 1ift coefficient from 0,97 to 1.30 (fig.. 11(a)) without
seriously decreasing the longitudinal- stability.

- The drag” cnaracterlstico of the various combinations shown in
figure 11(b) indicate moderate drag values in the low--1lift range.
The flight study of reference 4 indicated a maximum safe vertical
velocity Tor the landing approach to be 25 feet per second. Using
this value of sinking speed, the variation of glide speed with wing
loading is given in Tigure 13 for the split—-flap—off configurations
of figure 1l. With leading-edge flaps extended on the midwing-
fuselage combination, the glide speed would be 112 miles per: hour
for a wing loading of 30 pounds per square foot at an attitude . of
16° angle of attack.  This would be about 120 percent of the minimum
gliding speed as shown by the lift-drag polar of figure 11(b) on
which has Dbeen superimposed a grid of sinking speed and indicated
glide speed for a wing loading of 30 pounds per square foot., .

Full-span leading-edge flaps appear to be a satisfactory high-
1ift device for this sweptiOrward wing—fuselage combination from
the following considerations: (a) extending the leading-edge flaps
would cause llttle cnange in trim; (b) there would be a falr degree
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Fuselage~On Combinations-

Split flaps off and on,— The. stall dlagrams in figures 8(a)
and 8 s bresented for the midwing combination only, are also
1epresentative of the flow patterns observed for the low-wing
and the high-wing fuselage combinations., The region of initial
stall on the plain wing was blanketed by the fuselage and the
stall progr6081on on the exposed area was ahout the,same as that
observed on’the wing alone with split flaps either off or on. A
The results of figures 9 and 10 indicate that the fuselage increased.
the maximum 1if%t coefficient by inciements varying from 0,14 to 0.19,
the increments being about in proportion with the amount of wing
‘upper-surface area enveloped by the fuuelane in sach of the three -
combinations, .

The addition of the fuselage produced a destabilizing effect,
amounting to an increase in dCW/duL of 0.16 at zero lift for tne

flaps~off condition, This large destabilizing effect of the

Tuselage was a result of the forward losation of the fuselage

with respect to the wing, an arrangement which is typical for designs
incorporating sweptforward wings. No undesireble pitching-moment
changes occurred in the high-lift *egvon with the fuselage combined
with the unflepped wing (fig. 9(a)). Deflecting éplit flaps with
fuselage on, however, causcd large unstable changes in center of -
pressure (fig, 10(a)). With fuselage off, removing the center
sectlon of the split flaps shifted the pitching-moment coefficient
-about 0,05 throughout the lift range. (Compare figs. 6(a) and 10{a).)
As the wing arrangement was changed from the low-wing to the highe
wing pOSlthn, the center gap of the flaps was consicerebly reduced,
and tais probably caused the large changes in pitching moment
attributed to fuselags position observed especially near the maximum
lift, .

Midwing fuselage with leading—edge flaps.~ As shown in flgures .
8(c) and 8(a), the stall progression.of the Wwing with O, 975 - span

leading-edge flaps and midwing fuwelego vas gradual as contraoted
to the stall without a fuselage, This stretching out of the stall.
progression with the leading-edge flap configurations not only
brought about improved longitudinal stability characteristics by
decreasing the abrupt undesirable changes in pitching moment
(fig. 11(a)) but also eliminated the premature flattening of the
1ift curve previously noted with spllt Tlaps on and Luoelage off

(flcs T(®)).

With split flaps on, the longﬂtudlnal—stabilwty parameter
ac, /dCL rangea from below zero to values in excess of 0.40, the

upper limit of the graph (fig, 12(b)). This wide range of dCy,/dcy

-
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The veriations of drag and pitching-moment coefficient with lift
coefficient and the effect of Reynolds number were consistent with
thoge of the flap neutral configuration.

leading-edge flaps.— Root stell still occurred on the wing

after leading—edge flaps were installed, but the characteristics

of the s>all and the stall progression were different. The addi-
tion of Full-span leading-edge flaps eliminated leading—edge inflow
throughout the sngle-of-attack range (fig. 5(d)) and-only mild
inflow existed at the treiling edge at angles of attack below 15°,
Then the zir flow eiruptly separated at the wing root section in a
sherply defined region. As the angle of attack was increased, the
gradual spanwise spread in the area of separated flow extended over
the entire wing chord in contrast with the flow patteris roted for
the pleain wing, where the arca of geparated flow fanned out pre—
dominately along the wing leading edge. Removing the outer sections
of the leading-etge flaps caused cross flow and local areas of '
stall to occur at the outer end of the flaps (fig. 5(c)). No
basic change in the root stall was noticed.

The addition of leading-edge flaps increased the maximum 1ift
coefficient to about 1.20 for eitlier the 0.802 span or the
0.9752 gpan flap (fig. 7(a)). Ieading-edge flaps effected a

destabilizing rotation of the pitching-moment curve in the low-1ift
range and ceused irregular variations in pitching moment when
initial separation occurred (figs. 5(c) and 5(d)). Tae first
variation was a negative break in pitching moment which 1s
unexplained since root stall would normelly be expected to cause
the pitching moment to become more positive on sweptforwvard

wings. When leading-edge fleps were extended, the drag coeffi-
cient was increased at 1ldw eangles of attack, probably becesuse the
flaps spoiled the flow over the lower surface of the wing; but
above & lift coefficient of 0.3, the drag coefficient was reduced

(fig. 7(c)).

Ieading—edge_flaps and split flapas.— Adding split flaps to

the leading—edge—flap combinations caused more severe aerodynamic
changes. The stall progressions, though not presented, were
similar to those of figures 5(c) and 5(d) with split flaps off,

The 1ift curve flattened at an angle:of attack of 169, remained
flat for LY, and then continued upward (fig. 7(b)).  The flattening
of the lift curve below maxinum 1ift was more severe than that
obgervec when cither ilap was tested independently on the wing.

The pitching-mcaent veriations associated with initial separatidn
end the flattening of the lift curve were extremely large and
unstable, ' C
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Wing-Flap Combinations with Fuselage Off

e 1 et

as the angle of attack was increased, inflow developed over the
wing, especially near the wing leading edge. Any region where
the direction of {low had a forward component was interproted .
as being a stalled region., Stall was first noticed- near the
lezding edge of the wing root at a low angle of attack (6°).

As the angle of attack was increased, the region first spread
rearvard and then gradually fenned out along the wing leading
edge until at maximum 1ift only the rear portion of the outer
half of each wing panel was unstalled. '

The slope of the lift curve dC;/da’ from figure 6(a) wes

only 0.0k near zero 1lift but increased appreciably with increasing
angle of attack until it reached a value of 0,057 at an angle of
attack of 8°, The expanding region of sevarated flow on the wing
caused a gradual decrease in the slops at higher angles of attack,
resulting in a flat lift—curve pesk. The maximum value of 1ift
coefficient was only 0,78 at an angle of attack of 220,

[ .
The pitching-moment coefficient, which was slightly positive
up to a lift coefficient of 0.6, became decidedly positive as the
gstalled arca at the wing root section caused the center of pressure
of each wing panel to move cutboard and therefore ahead., At maxi-
mum 1ift the stalled areas along the ‘leading edge had spread far
enough outboard to reverse the direction of the pitching-moment
curve, Such large changes in center of pressure are considered
undesirable. ' B

The drag coefficient (fig, 6(b)) increased rapidly at moderate

values of 1lift coefficient and became extremely large at maximum
lift, The data of figure 6 indicate that the effect of Reynolds
number was negligible for the range of Reynolds nvmber of these
tests. The characteristics of this wing from the standpoint of
the low value of maximum lift and negligible effect of varying
Reynolds number were in general agreeuwent with the characteristics
noted in two—dimensional tests of biconvex sections (reference 3).

Split-flaps.~ Adding split flaps did not change the stall pro—
gression, though the same stall patterns occurred at slightly lower
angles of attack (fig. 5(b)). The lift coefficient was increased
about 0.3 throughout the angle-of-attack range, in contrast with
the decreasing flap effectiveness with increasing angle of attack
noted in the test results of this wing sweptback (reference 1).

The large displacement in pitching moment of -0,17, waich
accoumpanied the flep deflsction, would cause large changes in trim,
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>
of longitudinal stabllity for a center-of—gravity-location at
?or ahead of) the leading edge of the mean aerodynamic chord; and
{c) the glide speed would not be excessive for a moderate wing
'loading and a safe sinking speed. Also, as for all configurations
tested, the allerons would always operate in unstalled reglons at
the wing tips.

"CONCLUSIONS

The main results and conclusions from an investigation of a
3h sweptforward wing with biconvex sections were as follows:

1. The maximum 1lift coefficient of the basic wing was 0,78
and unstable changes in pitchlng mament occurred Just below maximum_
£,

2, ‘The, addition of leading—edge flaps to all’ fuselage—off
configurations produced substantiasl increases in maximum 1ift
coefficient but caused undesirable variations in pitching momert
below the stall,

3. The. additlon of the fuselage to ‘the basic wing produced a
destabilizing effeoct by increasing the long1tud1nal~stabillty
parameter dCp/dCy by 0.16 in the low-lift range, reduced the-

undesirable variations in pitching moment. in the high—-1ift range, .
and inoreased the maximum lift coeffioient by -an amount which' '
varied from 0,1 to 0,19 depending on fuselage positlon.i .

L4, Full-span leading-edge flaps added to ths mldwing-fusélage
combination increased the maximum lift coeflicient to 1.30 without
seriously decreasing the longitudinal stability. With this com—
bination for an ascsumed sinking speed of 25 feet per second, the
glide speed would be 112 miles per hour Tor a wing loading of
30 pounds per square foot,

5, For all combinations, half--span split flaps did not appear
promising as a means of increasing 1ift because of large changes
in trim and large unstable deviations in longitudinal stability
near the stall,



.‘: ..E E .E E .:. .:. E.E ..E ..: .:E :.E
12 ' NACA RM No, L7FOka

6. A variation of Reynolds number from 3,100,000 to 6 900 000
had no appreciable effect on the aerodyna.mic characteristics of the

wving.

Langley Memorial Aercnauticel Iaboratory
.National Advisory Committee for Aeronautics
Langley Field, Va,
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Figure 1— Sketch of sweptforward wing and fuselage. Wing area, 4728 square
inches; mean aerodynamic chord, 35.31 inches; aspect ratio,3.94. All dimensions

in inches. N
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| ——cwhnuols flap- fuselage off

6825

34/3

zﬂap cutout - fuseloge on

?/ Dia.

Section A-A Secton B-8
Leading -edge fldp Spht  fhap

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Sectron B-8B (alternate)
Upper surface flap

Figure 2.— Installation of the various flaps on the swepfforwdrd

All dimensions

in

inches.

wing.
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(b) Side view of upper surface flaps.

Figure 3.- Flap installation on 34° sweptforward wing with
midwing fuselage,

15
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(b) Front view. Low-wing fuselage combination.
Flaps off.

Figure 4.- Concluded.
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Figure 12.- Variation of longltudinal-stablility parameter




NACA RM No. Lot " i Lil. i IiLLE g5

o

5]
s’
8

s
[
]
g
@

T

TT

e
T

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

¥ ) 1T

T
11T
T
mui
T
T
I

1
I

Figure 135.- Varlation of glide speed with wing loading at a constant sink-
ing speed of 25 feet per second for a 34° sweptforward blconvex wing
with and without full-span leading-edge flaps. Midwing-fuselage com
bination. Split flaps off.







	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36



