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FOREWORD

This report was prepared, by . Rict.rd M. Iarsey, Visiting
Research Associate of the Ohio State University Research Foundation,
and Dr. Arthur J. Wennerstrom of the Fluid Dynamics Facilities Rer
search Laboratory, Aerospace Research Laboratories, WrIght-Patterson k

Air Force Base, Ohio.

3 The report presents results from a portion of the effort of the
Fluid Machinery Research Goup, supervised by Dr. Arthur J. Wennerstrom
and was conducted under Work Unit 09 of Project 7065, "Aerospace Simu--
lation Techniques Research," under the over-all direction of Mr. timer
G. Johnson.
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F
ABSTRACT

This report describes in detail the aerodynamic design of a
supersonic axial-compressor stage. The principal design-point char-
acteristics of the stage are a corrected tip speed of 1600 ft/sec,.
an inlet hub/tip radius ratio of 0.75,,, a total pressure ratio of 3;0,
and an isentropic efficiency of 82%. Four features distinguish this
stage from other reported stages. A new type of rotor airfoil is em-
ployed. The stator leading -edges are swept 'back from both walls
toward mid-passage. Unusually large and variable fillet radii blend

blades with platforms. Aiso, a new and precise technique was used
to determine Cartesian manufacturing coordinates for the airfoils,
.aerodynamically defined on streamsurfaces. The preliminary design
employed a technique resulting in equilibrium radial distributions of
loss coefficient and flow ahgle which are fully consistent with rela-
tive Mach numbers and diffusion factors for each blade row and on each
streamsurface according to a. prescribed loss model. The detail ,design
,was accomplished using computing stations internal as well as external
to both blade rows and attempted to optimize the axial distribution of
static pressure.
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SECTION I

INTRODUCTION

-A major goal associated with research into and development of
aircraft-related turbomachinery is reduction of the size, weight and
cost of the compressor component. Reductions of size and weight
would benefit many types of equipment, but most particularly aircraft
turbine engines, gas-turbine powered ground support equipment and
vehicles, and other air-transportable turbocompressor systems. Such
reductions may be achieved through increases in specific performance
levels such as pressure ratio per stage and flow per unit frontal
area. Cost reductions accrue through two means. First, a reduced
size and/or number of fabricated parts leads to lower component costs
to meet a particular performance objective. Second, lower component
weight allows higher payloads for associated vehicle systems. In-
creases in specific performance are achieved through increases in
rotational speed and aerodynamic loading levels, normally at the ex-
pense of thermodynamic efficiency. This report addresses itself to
the problem of raising thermodynamic efficiency in axial compressor

*stages designed for high Mach numbers and high pressure ratios.

The design of a heavily-loaded, supersonic axial compressor
stage is described. The stage target performance calls for an over-
all total pressure radio of 3:1, at an isentropic efficiency (based
upon stagnation conditions) of 0.82. The rotor corrected tip speed
is 1600 feet per second, with an inlet hub-to-tip radius ratio of
0. 75:1. This performance level is beyond the current state-of-the-
art. Accordingly, the intent is to produce a stage having the best
obtainable performance, and hence with the maximum potential for
development to the objective performance level.

Axial turbomachine design is generally considered to consist of
first, the execution of an aerodynamic design procedure and, second,
the determination of the geometry of blading that is compatible with
the aerodynamic design and with pertinent mechanical restraints.
These two steps were followed in an integrated manner for this design.
Initially, an aerodynamic design was produced which satisfied the
design o-bjectives and criteria, calculations being made at the blade
leading and trailing edges. This calculation included the use of
selected loss models for the rotor and stator blades. Hence the
results included relative inlet and outlet flow angles and total pres-
sure loss coefficients for the rotor and stator that were consistent
with the design assumptions. Subsequently, further aerodynamic cal-
culations were made at locations both exterior to and within the blade
rows to evaluate possible blading geometries and details of annulus
wall contours within the blading.

The aerodynamic calculations were made using an axisymmetric
flow analysis computed by the streamline curvature technique. This
method is discussed in Ref 1. (The mechanical evaluation of the de-
sign was made separately from the aerodynamic design.)

1
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-a vi% to achieving the previously stated goals, several
nove. f~tur, were hicorporated into the design. A new rotor blade

..i employed, a key characteristic of which is that it con-
tuaiz n, -lU-ontinuitles in surface curvature. This is intended to
miraii~zi tuadary iayer separation, due to abrupt velocity gradient
ctize- in the flow at the blade surfaces. Having designed the blade
- ectluxi, on otreamsurfaces-, an accurate procedure for the determina-
tiozn of Carteitn coordinates for the blade was employed to provide
data convenent to the manufacturing process. A full description of
the L'Lade a-ct'on and the method of determining manufacturing coordi-
nate data iz given in Ref 2. A swept leading edge configuration was
included in the itator blade design. It is hoped that this will re-
duce the .,ensltivity of the stator blades to incidence At elevated

I4ach numbers,_

Subsequent sections of the report describe the various aspects
and phases of the design. The criteria incorporated into the design
are presented followed by details of the aerodynamic evaluation
method. The results of the various design calculations are described,
and then the final stage configuration is given. Finally, the antici-
pated performance of the compressor is discussed.

2
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SECTION II

DESIGN CRITERIA

1. LOADING AND LOSS DISTRIBUTIONS

a. Over-all Averaged Quantities

The target perforinance for the stage (outlined previously)
together with some leading parameters specified at the outset of the
design process, are as follows:

Total pressure ratio 3.0:1

Isentropic efficiency (total-to-total) 0.82

Inlet hub/tip radius ratio 0.75

Rotor tip speed (corrected to SLS) 1600 ft/sec

Inlet Mach number 0.55

Exit Mach number 0.5

Exit swirl zero

An 18-inch diameter was selected for the compressor, resulting in a
design flow-rate (corrected to SLS) of 30.0 lbs/sec. (This dimension
resulted from consideration of power requirements for testing, as an
upper bound, and a practical minimum size for instrumentation as a
lower bound. Aerodynamically, only the blockage allowance attributed
to annulus wall boundary layers is significantly affected.)

b. Radial Distributions

Because maximum design-point efficiency is a principal obj'c-
ti've of this stage, blade element minimum loss values have been used
for each element, consistent with local values of diffusion and Mach
number. Losses, expressed as relative total pressure loss coeffi-
cients, are assumed to be composed of two additive components; a loss
due to diffusion and a loss due to shock waves (where Mach number is
high enough). Then, the over-all blade element loss coefficients for
rotor and stator are defined.

d+ d s (1)

where i is the over-all relative total pressure loss coefficient

id is the contribution due to diffusion losses

and is the contribution due to shock losses.

3
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di ffu. ijn loss component model is based upon the well-known
NiDifA <eorr,;ation pretented in Ref 3. A total pressure loss param-
cter and a diffusion factor are defined by

Cod COS a2c X
P ="(2a)

2a
andA C c -~ IC62

D + Or r (2b)
C 2C

where P is the total pressure loss parameter

is the relative outlet flow angle
zr

o is the cascade solidity

o is the diffusion factor

C is the relative outlet velocity
2

C is the relative inlet velocity

C 02 is the relative inlet whirl velocity

Co0 z is the relative outlet whirl velocity.

The relationship that was assumed between the total pressure loss
parameter and the diffusion factor is shown in Fig 1. This is an
extrarolation to higher diffusion factors of the data given in Fig 203

of Ref 3.

The shock loss component is determined from the loss across a
normal shock, the strength of which is a function of the blade ele-
ment relative inlet Mach number. Different blade profiles were
selected for the rotor and stator (as discussed in the following
section) and hence two different relationships for the shock Mach
number as a function of the inlet Mach number were used.

The profile selected for the rotor blade has almost no cam-
ber up.:tream of the point where the main passage shock will probably
impinge upon the blade suction surface so that, from the viewpoint
of a two-dimenional cascade, the Mach number should be unchanged
relative to the inlet value. Compounded with this are effects in the
meridional (axial-radial) plane. The annulus walls were assumed (at
tisi.; pha:t of the design) to be converged in the region of the rotor
leading edge .7o that significant contraction and hence diffusion of
the 'uperoonic relative flow would occur. The average Mach number
immediately upstream of the shock is assumed to be given by

: ,'



Ms = 1.0 + 0.6667 (,Mr- 1.0) (3)

where M is the Mach number immediately upstream of the shock

A is the blade section relative inlet Mach number.

Then the relative total pres3ure loss coefficient component due to
shock losses is given by

1- y y-! y + [2 ]1 1

+.2

Sw (4N)S[ 2ylMyi
]- 1 + Y - 1 M -1

The double circular arc profile used for the stator had convex

curvature throughout the suction surface, and hence, from the view-
point of a two-dimensional cascade, can be expected to expand a super-
sonic inlet flow to a yet higher Mach number upstream of the main
passage shock. Miller, Hartman and Lewis examined shock losses in
double circular arc rotors and presented (in Ref 1) a simple flow |
model that correlated well with experimental data. A normal shoci i'1
presumed to lie along a straight line from the leading edge of one

blade to a shock-impingement point on the adjacent blade suction sur-
face. The shock-impingement point is fixed by the assumption t~hat
the shock intersects normally a blade mean-line drawn in mid-passage.
The flow Mach number at the shock-impingement point is determined by
a Prandtl-Meyer expansion from the value at blade inlet through the
angle subtended by the suction surface upstream of the shock. by
assuming the shock strength to be given by the mean of the Macn num-
ber at each end of the shock, the shock loss may be determined. For
the current design, it was assumed that the result of the two-
dimensional analysis is further modified by annulus wall effects,
as in the case of the rotor. The Mach number produced by the above
analysis is presumed to be modified according to Eq (3), the elevated
mean two-dimensional shock Mach number replacing the blade section
relative inlet Mach number. Equation (14) is then applied to deter-
mine the relative total pressure loss coefficient component due to
shocks in the stator.,

c. Axial Distributions Within Blade Rows

The averaged quantities and radial distributions discussed
above were associated with conditions spanning an entire bladc row.
The detailed aerodynamic analyses (described in Section III) include
computations made at a number of axial stations intenal to Loth

5



blade rows. For this purpose it is necessary to specify the axial
distribution of total pressure losses along each streamsurface and
within each ,blade row. The quantity chosen to define a distribution
was the ratio of actual-to-ideal relative total pressure on a stream-
surface, referred to conditions at the leading edge of the respective
blade row. Then the (absolute) total pressure at any station may be
determined- from

n1P nr -(idealY

where Pn is the desired total pressure

is the total pressure at blade row inlet

Tn
is the ratio of total temperatures betweenI the point of interest and blade inlet

Pnr
is the ratio of actual to ideal relative

Pnr(ideal) total pressures at the point of interest

The value of Pnr'Pnr(ideal) at the -blade outlet was obtained from

r~ 2 - 1L1a II- 1- M12

P 2r (ideal) [~,(idea Lj
Irwhere

2 2
P2r (ideal) _1 1 U- (7)

P1  2 a 2r

where P is the relative total pressure at blade inlet

P is the relative total pressure at the blade outlet
2 r

r, ,r2  are the streamsurface radii at the corresponding
two points

U2  is the wheel speed at the blade outlet

M is the relative Mach number at the blade inlet

a is the stagnation speed of sound relative to the
blade inlet.
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Equations (5), (6) and (7) are equivalent to-Eqs A2, A6 and A3,
respectively, of Ref 3, page 253.

Although the losses due to the passage shock occur abruptly, th-
shock is not perpendicular to the meridional plane of the corr-.ressor
and hence appears in mean effect as a continuous phenomenon. Art-
trarily, the variation of Pnr/Pnr(ideal) was made linear between vai;ez
of unity at the blade leading edge and the determined value for t"-
blade trailing edge. For the rotor it was convwricnt to a it
linear with axial distance, while for the stator stra~r'u,'ace lenrt
was utilized.

2. BLADE PROFILE AND SOLIDITY SELECTION

a. Rotor Blade

The rotor blade is required to operate (at design point) at
Mach numbers varying from 1.22 at the hub to 1.58 at the casing. At
these Mach number levels a prime consideration in the selection of a
blade profile is the minimization of losses due to shock waves. Thi
rotor design is based upon the concept of achiexing essentially
shock-free supersonic diffusion in the forward portion of the rotor
passage, this terminating with an inevitable strong shock. Then sub-
sonic diffusion to the exit condition occurs.

Supersonic diffusion implies an area decrease. In this design,
the area reduction is achieved by a decrease in the compressor annu-
lus height. The flow angle relative to the rotor decreases by an
amount sufficiently small that the associated flow area increase in
the cascade plane is relatively small. It is assumed that the super-
sonic diffusion will be achieved by compression wavet, propagated fror:
the suction surface of the blade upstream of the shock. The comLpres-
sion waves should occur as the flow is deflected away from the suc-
tion surface, toward which it will tend to move in the presence of
the flow area reduction. (A similar hypothesis leads naturall2 to
the use of reverse or negative camber in the forward region of a
supersonic blade section. A potential advantage of the design method
pursued for this stage is that the amount of positive camber require2.
to achieve a specific outlet angle will cf course be less when it is
not preceded by reverse camber. A comparison of the use of "annulus
controlled" area reduction and the 'S' profile for supersonic rotor
duty is an area for future research.)

In the past, the types of profile associated with this design
philosophy have included multiple-circular-arc profiles, and pro-
files consisting (on the camber line) of a straight line followed by
a circular arc. For this design a new profile is employed. This is
comprised of a polynomial (quartic) camber line, with a thicknes
distribution applied about it that consists of two polynomial (cubi.
curves, one ahead and one after the point of maxImum thicknesFs. By
setting the second derivative of the camber line equal to zer, at

7
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the leading edge, and to one-half of its maximum value at the trailing
edge, a camber line is produced that is initially straight and has a,
maximum curvature forward6f the trailing edge. The second deriva--
tive of the thickness distribution equation is also set equal to zero
at the leading edge-, thus maintaining a small leading edge wedge angle
(assuming a conventional thickness to chord ratio), while preventing
inverse curvature in the thickness distribution. At the p6int or max"
imum thickness, the section thickness and firs t, and second derivatives
of thickness are set equal for the two thickness equations. The re-
sult is a blade section with continuous surface curvature throughout.
Further details of the, profile are given in Ref 2,.

It can reasonably be assumed that the terminal shock in the
rotor passage will be nearly ,perpendicular to the relative flow and
will extend from the leading edge of one blade to the suctibh surface
of the adjacent blade. (Correlations of such a flow model with ex-,
perimental data were made .by Miller, Lewis and Hartmann in Ref 4 as
mentioned before;) The design, philosophy outlined, previously calls
for little camber in the region of the blade between the leading edge
and shock impingement point. This p-laces a lower limit .on solidity'
for the blade profile selected. The leading potation of the blade is
essentially straight, whatever camber is specified being cogncentrated
toward the rear of the blade; As solidity is decreased, the pre-
dicted point of shock impingement moves rearward along the blade suc-
tion surface, so that there is a sol'idity below which the require-
ment of little camber (in the forward re'gion}) is not met. The min-
imum acceptable solidity indicated by this means is about i.7 at all
radii.

I The diffusion factor loss correlation described above also pre-
sents a, method of determining solidity. For a given air-angle de-
sign, the variation of minimum low-speed loss coefficient with solid-
ity may be obtained. Generally, a shallow minimum exists at a
solidity which increases with diffusion factor. Using this ,method,
"optimum" solidities of 1.3, 1.4 and 1.0 at hub, ,mid and tip respect-
ively may be calculated. (These figures are consistent with the
velocity triangle data produced by the final run in the first phase
of the design. Similar figures were calculated from preliminary re-
sults.) Intuitively, these figures appear to be somewhat low,, and
may represent a minimum feasible solidity for low-speed flow.

Mechanical considerations also affect the choice of rotor solid-
ity distribution. The requirement of a high solidity at the tip sec-
tion conflicts with the requirement to keep the ratio of the cross-
sectional areas of the casing and ,hub sections down to such a value
that unacceptable centrifugal stresses are not generated in the rotor
blade.

8



'Taking into account the three factors described above,, the fol-
lowing distribution of rotor blade solidity was derived.

Section Solidity

Hub 2.l172

Mean 1.937

Casing 1.861

Evidence -presented in Ref 5 indicates that no loss attributable
to trailing-edge thic'kness was observed for compressor cascades
having trailing-edge thicknesses up to about one-third of the maxi-
mum blade-elemeht thickness. Therefore, for this design, rotor trail-
ing edges were simply truncated at one-third of maximum blade-element
thickness in 'order to compensate to some extent for the annulus con-
vergence required between rotor and stator in order to achieve smooth
wall contours.

b.. Stator Blade

The stator blade operates (at design point.) at relative inlet
Mach numbers between 1.0 and 1.1. The double circular arc profile
has performed well at this Mach number level. It constitutes a good
compromise between expanding the incoming flow to a yet higher Mach
number, and maintaining a sufficiently large throat width to pass the
design flow without choking. It was therefore select-ed for the s tator
design.

The same considerations applied to the rotor to derive solid-
ities may again be used to obtain solidities for the stator. From.a
two-dimensional viewpoint, emphasis should be placed on minimizing
the expansion of the incoming supersonic flow upstream of the ter-
minal shock. As the blade suction surface is a circular arc, the ex-
pansion is continuously decreased as the solidity is increased-. How-

A ever, the modest inlet Mach number precludes the assumption that an
extreme solidity is desirable. The diffusion factor loss coefficient
correlation may again be used to determine optimum solidities, and
indicates values varying from 1.2 at the hub to 1.9 at the casing.

The final stator solidity distribution was influenced consider-
ably by the use of th6 swept leading edge, described later. However,
the concepts described above guided the selection of the general

solidity level. Fihal stator solidities are as follows;

Section Solidity

Hub 2.393

Mean 1.803

Casing 2.1115

9



3. DEVIATION ANGLES

a. Rotor Blade

In order to relate blade angles to design air angles it is
necessary to have a knowledge of the flow deviation angles that will
occur. This presents a problem for the rotor design as the profile
type selected has not been previously investigated ahd hence a cor-
relation of deviation with camber, outlet angle, solidity, and so
fourth, is ,not available. Fortunat-ely, at the loading level for
which the rotor is designed, a small error in deviatidn angle is not
crucial. An important result from the ,testing of the stage will be
the determination of' the actual rotor deviation angles, achieved.

A, form of Carter"s rule was used to determine rotor blade
deviation angles. Deviation is related to cascade geometry by

6 = me ; (8),

where 6 is the deviation angle

6 is the blade section camber angle

a is the cascade solidity

m is a function of the blade, section stagger angle.

Figure 2 shows the relationship that Was assumed between m and the
stagger angle. (Also shown,are Carter's curves for conventional
-blades having their points of maximum camber at 0.4, and 0.5 of the
chord. These are -taken from Fig 160,, Ref 3.)

In ,order to perform detail design calculations on,proposed rot'or
configurations, it is necessary to have a means of determining-mean
relative flow angles within the rotor blade. This was accomplished
by' using a generalized rela-tionship for the deviation angle (from
the local blade camber line direction) as a function of distance
along the section meridionally- projected chord and the final devia-

tion angle. The relationship assumed i3 shown in Fig 3. The rapid
increase of deviation angle near the blade exit arises from consid-
eration of the physical requirements necessary to satisfy the "Kutta"'
condition at the trailing edge.

b. Stator Blade

The same requirements of knowing final and intermediate devia-
tion <exist for the stator blade as for the rotor blade. However, in
this case the double circular arc profile was specified.

10



Final devlation angles -were calcUlated from Carter's -rule,
which was described above in connection with the rotor blade. In
this case the m/stagger curve for conventional blades having maxi
mum camber -at mid-chord was used-. -Carter's rule has been widely, and
successfully used for double circular grc blade sections.

Within the-stator blade, the same generalized relationship for
local deviation angle was assumed as was described above for the
rotor blade.

-4-. ASPECT'RATIOS, FILLET RADII,
AND STATOR LEADING EDGE FORM

Some novel features ofthe design are related to attempts to
minimize the detrimental effects of secondary flows within the com-
pressor. Conclusions drawn from data presented in Ref 6 inspire
,these attempts. A supersonic radial compressor diffuser of unusually
high performance is described The diffuser is comprised of 'a series
of uniformly distributed circular cylindric passages in a radial
plane, all tangent to a 'circle in that plane. They mutually inter-
sect at the inner radius ,or inlet of the diffuser, forming a series
'of'sharp, elliptical leading edges. The significant features which
may have contributed to the performance of the diffuser are believed
to be the use of a circular (corner-free) passage, and the "swept"
leading edge configuration.

The circular passage concept was applied to both rotor and
stator. It was incorporated by choosing the number -f blades so that
the flow passages- are approximately square when viewed normal to the
flow near the blade row exits. Also large fillet radii were applied
at the rotor hub, and-the stator hub and casing.

The swept leading edge concept has been applied to the stator
biade. Swept -wing theory indicates that se'tion performance is re-
lated to the normal component of the incident Mach number. High
Mach- number operation of compressor-blade sections is characterized
by- reiatively large loss penalties for small variations in incidence
angle away from the optimum., The hub and the casing are regions
where the stator design in'cidence is most likely to be violated.
Accqrdingly, the stator leading edge at the hub and casing has been
swept forward to such an angle that the normal Mach number is approx-
imately'0.4. A simple parabolic form connects the two extremities.

11



SECTION III

AERODYNAMIC CALCULATION METHOD

1. AXISYMMETRIC FLOW ANALYSIS

The principal means used to incorporate the design criteria into
the stage design was an axisymmetric flow analysis. The most impor--
tant assumptions made are that the flow is axisymmetric, and that
there is no transport of mass or energy across streamsurfaces in the
flow. The fluid (air) is assumed to be a perfect gas. Briefly, the
calculation consists of the following elements:

(1) A number of computing stations are located in the flow

(2) The Jccations of a number of axisymrimetric streamsurfaces
are estimated at each computing station

(3) The continuity, momentum, and energy equations are simul-
taneously solved (iteratively) at each station in turn. The conti-
nuity eqUation is satisfied in an integrated sense, that is, the
specified flow-rate at each station is maintained. The energy equa-
tion is satisfied by one of essentially three means. At a station
following a blade-free ,space, the enthalpy, entropy and angular
momentum are constant along streamsurfaces from the preceding station.
At a station within or immediately following a blade row, there may
be specified (for each streamsurface) either the work input down-
stream of a preceding station, or the flow angle relative to the
blade. In both cases, the angular momentum and enthalpy change are
established, directly or indirectly. A number of means of specifying
the entropy rise on each streamsurface exist. For the current purpose,
two alternative specifications were sufficient; an inlet dynamic head
total pressure loss coefficient, or the ratio of actual to ideal
relative total pressure. The solution to the momentum equation,
which may be considered to be the principal equation, yields the var-
iation of velocity, and hence all other undetermined parameters of
the flow, along the computing station.

(1b) The estimated streamsurface pattern used to obtain the
solution described in (3) is refined to more nearly satisfy continuity
on a detailed basis. That is, using the mass flux distributions de-
rived ir. (3), the streamsurface location estimates are revised to
maintain a constant proportion of the total flow in each streamtube.

(5) Trie procedure is re-entered at (3) to obtain an improved
solution to the system of equations. The new solution, differs from
that previously determined because it is a function of the assumed
streamsurface pattern. This is repeated until the desired accuracy
is achieved.

12



The momentum equation used for the above calculations is

dC2  os(y+) tan a d(r tan a) sin(y+ ) dC
d 2 -os2 - -- - + +M]

d rc r d£ C di

2 co Fa H t LS )
dz dS

where Cm is the meridional velocity

Z is the direction of the computing station

a is the whirl angle, defined tan a = 0C/Cm

Ce is the tangential velocity

y is the angle made by the comg.uting station with the radial
direction,, positive values indicating an increase in
radius with axial distance

is the streamsurface slope angle

r. is the. radius of curvature of the streamsurface

in is the meridional streamline direction

H is the enthalpy

S is the entropy

t is the static temperature.

The continuity equation is
case

W,= ubm cos W dA (10)

where W is the flow-rate

w is the specific weight

A is flow area normal to the axis.

13



The energy equation is either

constant along stream-
lines between blade-rows, (ll).

specified value -within
T = or i'mmediately following (12')

a rotor row

or'
Or Un (U,/Cin + tan ar)- U(13)

T + TIgj Cl P1 )

when relative flow angle is specified. In Eq (13)',

T is total temperature

U is blade speed

'j is the acceleration due to gravity

J is Joule's equivalent

C is specific heat at constant pressure
p

n indicates the location where the temperature is derived

1 indicates blade inlet

r indicates relative conditions.

Equations (5), (6) and (7) (given previously) relate total pressure
to total temperature.

2. IT2ERATION PROCEDURE FOR CONSISTENT LOSSES

One of the problems faced by the designer of a compressor (or
turbine) is how to specify losses in such a manner that they are com-
pletely consistent with local values of Mach number and diffusion
along every streamsurface. When using a streamline-curvature calcu-
lation technique, it is convenient to solve this problem iteratively.
The general procedure followed was:

(1) A complete aerodynamic solution was obtained using initially
estimated loss distributions (which could be zero loss throughout)

(2) Mach numbers and diffusion factors were calculated on each
streamsurface for each blade row and new loss coefficients were ob-
tained using Eqs (1), (2), (3) and (4)

14



(3) A new aerodynamiu solution was obtained using the loss co-
efficients obtained' in step (2).

Steps (2) and (3) were repeated until the change in loss coefficients
fell within a prescribed tolerance. For these calculations, comput-
ing stations within blade rows were not employed; only those corres-
ponding to blade-row leading and trailing edge planes and elsewhere
in the compressor were used. The radial distribution of any one of
three parameters could be defined in order to control stage perform-
ance. The three options were to specify:

(1) Stage total pressure ratio at the stator trailing edge plane,

(2) Total temperature rise at the rotor trailing edge plane, or

(3) Relative flow angle at the rotor trailing edge plane.

3. ALTERNATIVE FORMULATION
OF MOMENTUM EQUATION

Some difficulty was experienced in selecting a radial distribu-
tion of work (total temperature or pressure rise) that would yield a
satisfactory velocity profile at the rotor exit when making the com-
putations described in the previous section. An alternative formu-
lation of the momentum equation was therefore derived in which the !
total temperature rise is the dependent variable, and the velocity

profile is specified. The equation to be solved is formed by combin-
ing Eqs (9), (13) and (5), and using the fact that for a perfect gas
we may write

dH t dS gJCpdT t g( dT_ 1 dP (-- - t Pd T : dZ OT dZ 14

Algebraic manipulation yields the following result

d2 cos( +Y) sin-= +y) dCm C +gjc (T-
gjC - C 1  - + - + 2x

dZ r CM dm Jr

d [gjCPT 1 [ P1  PR/P1
- .C + gRt - n - R
dZ _- 1 d (PR/PIR)ideal (15)

dCjm ruC 0 1 + gJC-('T -T
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Thus the total temperature gradient is a function of the meridional
velocity gradient,, the gradient of actual to ideal relative total
pressure (a function of the losses), and other quantities. By choosing
a value of total temperature at one radius, the values at all other
radii may be calculated. The starting point value is adjusted so that
together with the iteratively determined losses, the desired mean
stage total pressure ratio is achieved. This is further described in

Ref 7,

11. ANNULUS WALL BOUNDARY LAYER DETERMINATION

A constant phenomenon in axial compressors is the build-up of
boundary layers of significant thickness upon the annulus walls. The
following simple calculation was included in the computing scheme used,
for the stage design.

Jansen presents a method of estimating the blockage due to annu-
lus wall boundary layers in Ref 8. Boundary layer displacement thick-
nesses are specified at a location upstream of the compressor, proper.
-Here they will generally be negligible. Then the momentum thickness
of each boundary layer is obtained from

rt mn 0.8
6 + 0.006 C - C34 d 16)m
n " mn f m (16)

mi

where 0 is momentum thickness. (Note that units of feet and seconds

are assumed for the dimensional quantities.)

The shape factor is obtained from

H- = 30 n-I + 1.5 (17)

n mn  -1 (17

subject to the restraints 1.1 : H : 2.2 where H is the shape factor.

The displacement thickness is given by

6 =H
n n n (18)-

where 6 is displacement thickness.

The blockage due to the two boundary layers is incorporated into
the calculation by locating the outermost streamsurfaces away from the
annulus walls by the amount of the displacement thickness.

16
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5. USE OF STATIC PRESSURE DISTRIBUTIONS 'TO
OPTIMIZE INCIDENCE ANGLES 'AND ANNULUS GEOMETRY

Given the results of the iterative loss reestimation procedure,
it is possible to determine feasible blade geometries by assuming
incidence angle variations for rotor and stator. The calculatioh
method employed includes the calculation of -conditions., on an axisym-
metric basis, at points within the -blade rows. Hence, within the
limits of the assumptions, it is possible to determine the variation
of any parameter through.the blade rows. A rational method of evalu-
ating various designs was required 'to enable incidence variations and
annulus configurations to be optimized.

The parameter selected for prime consideration was, the static
pressure. The basic concept employed in 'the optimization process was
that the static pressure should rise in a smooth manner with minimum
slope. This minimum was limited by the requirement that the rate of
increase of static pressure with flow,path'length should fall smoothly
to zero at the blade trailing edge. The 'valid'ity of this approach is
debatable for the rotor blade sections, which operate transonically
with a strong shock in the flow. However, the shock is approximately
normal to the relative flow direction and hence, when viewed in the
meridional plane and considered in mean effect, 'appears not as a dis-
continuity but as a region through which conditions change in an
apparently continuous manner.

An implicit result of the intra-blade analysis is a check upon
the maximum or choking flow of the blade row.

6. COMPUTER PROGRAM

A computer program to perform the calculations described above
was created by modifying the program presented in Ref 9, which de-
scribes a program for the analysis of non-axisymmetric flows in axial
compressors. The program is considerably more complicated than the
axisymmetric analysis outlined above requires, and extensive simplifi-
cations were made to the deck. The principal changes made were as
follows.

(1) The system of equations solved was modified to reflect the
assumption of axial symmetry. (The equations, in the modified form,
were presented previously (Eqs (9), (10),. (11), (12) and (13)

(2) The loss estimation procedure described previously was pro-
grammed and incorporated into an overall iteration procedure.

(3) The method of solution of the momentum equation in which the
dependent variable is the total temperature gradient (Eq (15)) was
programmed as an alternative calculation at the rotor exit.

17



(4) One novel feature incorporated into the program 
is that

the station lean angle (Y)" may vary along a computing, station. This

provision was included in order to be able to locate 
calculating

stations along the leading edge of the stator and 
within the stator

biade row at constant fractions of the projected blade 
chord.

I
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SECTION IV

RESULTS FROM DESIGN CALCULATIONS

1 ITERATIVE LOSS REESTIMATIOI PROCEDURE

a, , Path to a Solution

As mentioned in the previous section, several different input
options to the calculation scheme (i.-e., computer program) were avai!-
able that would determine, directly or indirectly, the rotor work dis-
tribution. The criteria for selection of an option for the first
phase of the design are that the mass-averaged total presure ratio of
the stage should be readily controllable, and that satisfactory radial
distributions of the significant parameters of Loth rotor and stator
should be easily obtained. The latter criterion is closely allied to
the rotor exit meridional velocity profile.

Specification of the distribution of either total temperature
rise across the rotor or relative outlet flow angle from the rotor
satisfies neither criteria. Specification of the distribution of
rotor (or stage) outlet total pressure gives relatively good control.
For this stage design, the specification of a nondimensionalized rotor
outlet meridional velocity profile together with a masse-averaged total
pressure ratio was selected, this being thought to be the most direct j
method of achieving the desired result. In fact, the total pressure
distribution is probably as easy to manipulate.

Having achieved a satisfactory aerodynamic result by the above
means, it remains to ensure that the blades implied by the foregoing
calculations are mechanically acceptable, especially in the case of'
the rotor blade. The rotor relative flow angles must vary along the
length of the blade in such a manner that no severe blade twists occur.
In order to achieve this for the current desigr, aerodynamic analyzes
were made for specified relative rotor outlet angle distributions
which were produced by "smoothing" the distributions determined in the
preceding calculations. This resulted in a stage mass-averaged total
pressure ratio little different from the defined value of 3.0:1, and
mechanically acceptable blade shapes.

b. Design-Point Conditions

An important result of the calculations described above was
the over-all stage efficiency produced by the loss model discussed
earlier. Actually, it was originally anticipated that a more op-
timistic diffusion-loss model would be required to produce the objec-
tive stage efficiency. However, this was achieved with the loss-model
described, which is believed to be quite realistic as far as diffusion
loss is concerned, if somewhat optimistic with respect to shock losses.
Some degree of optimism may also be involved in the diffusion loss
model inasmuch as the elevated tip loss incorporated in the NACA model

19
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I

'v-r • ocau,,e the origin of this loss is sus-
- te cntrlfugtng in the, wake region, it was

, , IIvo, loss reestimation procedure for two
* :Lr ' l i.rk-astd tip loss is viewed as a radial re-

iTi ,tli n the gap between blades, it need not
,rotor dezign and its omission would result

I 1riu p 'tritutton of stator conditions. Second,
,," ,,1. t 'i that the stated design objectives of this

L, [ved 'after appropriate boundary-layer control
O t, II "tldld, thoe ,e modifications,, if successful, should
S. :k. and the associated radial migration. A

,, " !i ,on.,id*Eration is that an attempt to compensate for
i, Il, 1, 4J'. ' Ixumod to occur within the rotor can lead to me-

• ut ' .V1r'e [lade twists in the tip region.

'2 o .a.. f' annulus geometry and computing station loca-
i- I Le fiwial computation of this phase of the design. The

"4 ,. . oV t 'mnd out lot areas were determined from the initially
.t , i, l* o,jectivev. The area at the rotor outlet was de-

the ztatic pressure rise across the rotor while
i IL t,3n o satiofactory rotor diffusion levels. This resulted

,1 Vtircr s, tatic pres.:ure rise across the rotor than across
,:Ot L,,,ut the mean meridional velocity rises over 100 feet per

)ni ,, r..'' tfl-o rotor and falls by a similar amount across the
A- k .tlly, from stator leading edge to trailing edge the mean
v. ",octy falls about 180 feet per second because it rises

r, [, t pr L-eeond in the space between rotor and stator.)

Y , .~ , h; le meridional velocity distributions at inlet
i ),t It tne rotor and stator. Figure 6 shows the relative Mach

,, 111t0l,ution- at inlet and wtlet to the rotor and stator.

"1-, nIt- ank' outlet flow angle distributions for the rotor
" ,ol- in InFir, 7. Figure 8 shows the distribution of

futtor. op the rotor and stator and the relati!ve total
ure 1 , coeffIcient distributions are shown in Fig 9. Figures

.i ,i,,w thki distributions of total pressure ratio and isen-
I r 1, ei' ncy at the rotor and stage outlets. The non-dimensional

l zI t t Pt 1 , i ure ri e distribution is shown in Fig 12. The axial
~triUtt; )n:, )f computed boundary layer thickness are shown in Fig 13.

'IL n, <t de.Agn phase consisted of establishing detailed blade
'L:Wiv:. ,imetries consistent with the above results and the

I i.' ;,ijT.c-a. The data extracted from this first phase of the de-
i- flowpath as specified by the annulus and boundary layers

i A.tI-- 1-cadin and trailing edges, and in the inlet and exit,
• , ,' , !. Itributions of relative total pressure loss coefficient
• 1 i I ....' "v, c, flow angle for each blade.

' L,... , r program output from the first phase of the design is
i, (iA d on 1 nc Vollowing pages.
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2. INTRA-BLADE FLOW ANALYSIS

The objective of the intr -blade flow analysis was to determine
details of blade and annulus geometries that were consistent with the
results obtained from the iterative loss re-estimation procedure, and
would also satisfy the design criteria stated earlier. The approach
that was followed consisted of analyzing conditions within the com-
pressor for possible detailed blade and annulus geometries, and then
modifying the assumed geometries until the desired results were
achieved. A somewhat lengthy trial-and-error process is implied and
was indeed necessary.

The input data to the computer program consisted of the annulus
geometry, the performance of the blading, the flow-rate, and the rota-
tional speed of the machine. The annulus geometry is, of course,
specified by giving the radius of the hub and of the casing at each
computing station. Hence this was adjusted by changing these radii
within the blade--rows, the values elsewhere being those established by
the results of the previous design phase. The flow boundaries used
were the inner limits of the boundary layer displacement thicknesses,
previously established. A linear variation in displacement thickness
with length was assumed within the blade rows. The annulus geometry
finally derived and the computing stations used for the calculations
are shown in Fig 14. The performance of the blading is specified by
giving, at each computing station within or immediately following a
blade row, the radial variations of the relative flow angle, the ratio
of actual to ideal relative total pressure, and the blockage due to
the blades. The relative flow angle was obtained from the local cam-
berline direction, the assumed deviation angle at the trailing edge,
and the assumed variation of deviation angle within the blade. These
items were all discussed in Section II. The ratio of actual to ideal
relative total pressure was obtained from the results of the iterative
loss re-estimation procedure and Eq's (6) and (7). The blockage due
to blades is the ratio of blocked to total circumference.

The computer output obtained for the analysis of the configura-
tion that was finally selected is shown on the following pages. Com-
patibility between the intra-blade calculations and the inter-blade
calculations performed with the iterative loss re-estimation procedure
is shown by plots of the meridional velocity profile at the rotor
leading and trailing edges (Fig 15), and the stator leading and trail-
ing edges (Fig 16). Results from both calculations are displayed, and
it is seen that differences are quite small, except at the stator
leading edge. At this computing station in particular, the streamline
characteristics are computed to be significantly different in the two
cases. This is due to details of the annulus wall contours which are
not apparent to the inter-blade calculations.

The static pressure distribution through the stage (which was
considered to be a key criterion) is shown in Fig 17. The established
design criteria regarding the static pressure rise through the blade
rows is reasonably well satisfied. The resulting incidence and devia-
tion angle variations for the rouor and stator are shown in Figs 18
and 19.
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SECTION V

FINAL STAGE CONFIGURATION

1. DESIGN POINT

The following figures are consistent with the data given in,
Section II:

Design speed (corrected to SLS) 20371.4 rpm

Design flow (corrected to SLS) 30.0 lbs/sec

Design total pressure ratio 3.0 : 1

2. ANNULUS GEOMETRY

Figure 20 shows the flowpath including inlet bell mouth, coipres-
sor proper, and exhaust that will be incorporated into the compressor
test facility. Details of the inner .wall (hub) of the compressor
annulus are shown in Fig 21; Fig 22 shows details of the compressor
outer wall (casing). In each of these figures the origin of the axial
coordinates is the same as was used for the aerodynamic design calcu-
lations; that is, the rotor leading edge.

3. ROTOR GEOMETRY

a. Number of Blades

The rotor contains 30 blades.

b. Blade Form

The rotor blade design was produced by determining profiles on
15 streamsurfaces, and then stacking the sections to complete the
blade definition. In order to create data convenient for the-manufac-
turing process, coordinates of plane sections through the blade per-
pendicular to the stack axis were interpolated (and extrapolated) by
a "spline-curve" method. A brief description of the (streamsurface)
airfoil sections was given in Section II of this report; Ref 2 gives
a full description of the section, the stacking procedure, and the
method of interpolating (or extrapolating) the "manufacturing" section
data. A computer program to perform the necessary calculations was
also presented in Ref 2. For this design, it was convenient to use a
slightly modified form of this program. The program was amended so
that the entire blade construction was performed a specified number of
times. Input data to each pass (after the first) was based on the
results of the preceding pass so that the axially-projected chord of
each section would equal the desired value of 2.0 (inches), and so that
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the blade leading edge, at all radii, would lie at the desired loca-
tion, that is x = 0. Changes in the original input data were made to
Ahe stacking point location, the meridionally-projected section chord
lengths, and the x-direction stacking offsets of the sections. Thus
the resulting blade exactly matched the allocated space in the aero-
dynamic calculations. These iterations could have been made "by hand"
using the program as published in Ref 2; the modified program enabled
the desired result to be obtained from one run. Five iterations were
made; in- fact an acceptable result for all practical purposes was
achieved after two or three iterations.

'Shown on following pages is computer program output for the rotor
blade design. All dimensions are in inches. First appear sundry con-
stants and a definition of the 15 streamsurfaces. The streamsurfaces
are defined at eight axial locations which coincide with eight of the
computing stations used for the aerodynamic design calculations. The
origin for the axial locations of the stations is the same as was used,
for the aerodynamic analyses. The input data printout is completed
with a table defining the geometry of each section. A detailed de-
scription of the significance of each input data item is given in
Ref 2, but it should be noted that, in accord with the program modifi-
cation described above, the stacking point location, the section
meridionally-projected chord lengths, and the x-direction offsets are
first-estimates only. Next are shown details of the 15 streamsurface
sections. Only the "normalized" data has been reproduced; the equiva-
lent dimensional data would be derived by scaling the non-dimensional
quantities by the meridional chord of the section (or the appropriate
powerthereof). Finally, details are shown of 11 manufacturing sec-
tions through the blade. These plane sections perpendicular to the
stack axis are spaced 1/4-inch apart, and extend slightly beyond the
blade in both directions. The IZ coordinate is measured along the
stack axis from the machine axis. The origin for the section coordi-
nates is the stack axis. The "X" direction is parallel to the
machine axis, and the coordinate increases in the direction of flow.
The "Y" direction is perpendicular to the "X" direction, and the "Y"
coordinate decreases in the direction of rotation. "XS" and "YS" de-
fine the suction surface of the section, and "XP" and "YP" define the
pressure surface. "XSEMI" and "YSEMI" define the leading edge radius.
The trailing edge is a straight line joining the pressure and suction
surfaces. The data reproduced shows 50 points per blade surface; for
manufacturing purposes the program was run with 120 points per sur-
face specified.

Figure 23 shows superimposed plots of developed streamsurface
sections 1, 3, 5 . . . 15. Figure 211 shows similar views of manu-
facturing sections 1, 3, 5 . . . 11. Extrapolation of the blade to
planes beyond the hub and casing causes the larger changes in section
along the blade that are seen in Fig 24, relative to Fig 23.

63

4tI



c. Location of Scack Axis

The rotor stack axis is located at an axial coordinate of
0.9791 inches, measured from the same origin as was used to define
the annulus geometry.

d. Root Fillet

between points 3/47inch in from the leading and trailing edges
of the blade, the root fillet is a !/4-inch radius, on both sides 6Of
the blade. The fillet is smoothly decreased to 1/16-inch radius at
the blade edges.

64

i



0.

cx 0 -

0;' k
we

00
114
0J co

0* 0

000 - 0

In U.U

we w
tA x-

0oe 0

oS 4-I I r

CC I .

A7. 4A

I. Z -O - t

(A W0 L o0 A x z
m0 4 Nm

* L U. 0LL 6z u
00 0 4 L:

U.= I- X

I. 0 r rz u 4M< -
=mmDWL 0 000 "
7%.Jz tn0 0

'k~* ~00' W5



Ul cc

-d 00 *z .J w

N w we

cc -
V-



o 0 0 0 6 00 0 0 u . 0 0 0 4 0* * 0

S i w
99 z
co -10:C j0x zx xu

.1 N r0 4P 0 0 0 m r D 0 NMr 10r.x Q 0 m V

7 .- z

.- ~ A.67



o ;

10 F

m 0JXc iW

LL. X N-4 Z 4

- I.-.~.t.NU OOO % z
tK .. , Lm S

#A0 ~ ~ Nt~iC- .J C U .~0.N M U '

68 * ,. *.t*



I-u.L

'A, U.
0

)- * **
00000000

ce0

00 "000000

0-0 0 I- .I- 0 O. O

0- 00-000000

0100000000o

o< 00000.000

X0 0000

-0 0 UN 0 - ODin ~== ODPr-4 09 %m
1-0 00000000

0 00000000

1-0 00000000 f.n

x

30 0i 1O C! 0 0

W=. 00000000
0 00000000

' 00000000
W-l 00000000
1-4 00000000

0 N0 ~ ~ ~ ~ > N x

N Z Z
0 tu

I) >

U.~x 00000000

0 x
0 0.

*i I,,%ren I-. I U t 0 lr.

.q 00- 0 O'IM~ 0o41- -w. m4r . -,O I I IY w . 0 fn
ItwP N. 00.'01.UI0a, 'N S.. m n3? P -O *0

. m5 0 t- 0.-N m ~ ll W 04 0 I.mN - D17 N Nm NNNm N

OD0 ~0 ZN t- 0
o 1W kw .t .0 14 1-0t

-1J u -. 4 O 4O'

rg nr



IX

x .4

U. t00 -0tW Y oNW 0C 9

0.4 0.1 0
42 0 0000000000

a- at J CL -i14 010 a, f-4Itot 0 lvN
U.. en 0Ingul W%0W% - M ,In0UV0N

oi -U 04 ev Ir-0.ctc cl D
4 cr zUJ 06 4. 00 0 000N000000000

20I L 0: 46 m 9 - 0
..L Q 0.U. I- z l c 0 *C ;

-1.9 z1 c.4e 61% 0.4 N a in -in w - w

A I.1 0 LI- UN 2. 00 00 00M00000006 -
0.S U. L6 z o --- t0N00Mf4- .

*r tin o 4-. 40 "M4 NO.NM M Mnt00q.Ur
M U 4-04. CI0Onin N0I~.4t~

n* 00 4Ui u -vi O w1L 000000

z0 2 u~i -* cc 0 ot n M 1%0c .1 A..e
x* w .9 4Ui . -4 D C 4Mi *10g Y-.1

404 i u~ 0 0i 0000000~00e

LU c n4 X. -.

*WX 44- 0 x
C * W WO M( 4

OS LUW .WWUxOz 0
'S ....0.0 JO 01 0 x- >. n

46 .. 02U. Z W0 a). 4-4 W in O-'D0% In e(P.0 000- .4
1-0 2Z z-4 4c 40 40 L 0 LU . 0 1010 In W v c r .N M M M "*
LUC 4 44-M OKK.- W CC in 4X 2 W2 .O O10 W0 -4 In 0 IJn C.4 fn
2* '. L-L4 0 0'. I I- I- Nc 0.-.q N N ftfn I * tingA

c x KIW-K.1. I-S LU )( Z -U 000000000000000

LUC s C.JI0 US -1 ":; 0 v4 CJ 39f
OS U.U.J-wx4 u6 <5200000000

LJC xN 1%- 0 0 0. -r Q~~ LU N.I-M0 N0f.4t4 r-4ww u NXWUW- 4* . At 4r t- M Q UN iitec00o"n0 M M 0 14
U.* 00000004% 0j LU 0 0W*o......

)-). - 44 A44 2 OZ 04. 04 1.4..000 8 0 00I.

-Jam ~ ~ ~ ~ ~ ~ ~ 4 z.4 $.- 11 OS -c1 0 .4 .41 04N0V L AV in U

o* ac* -- U= In- N-44 0 0F.0&in 'n0n 0

VnO U.*I 0 0 a
co'O 4 0 ; z 0000000 000000

o W%%ow00 00 IS N .0 W 10 LU An0 040 U.o w - Vt L N M 4 4 n0 P - 0 010 0 N N
oin40.~o~I-C0 0 0N an 4 4 a0.win 0 z~ In.A. I.ONI-4I04-I

in~ ~ * 00-. n00 M LU 000 LU 00 K NN M M M ~4 It It tnin % Q
to'4.@4 JO wn*.1 0*t 000 2 x "40 0 N.J0 00 N4 M00N 40w

00COOO .* S -*.4os 0 0 00 x( 000004-44.4-4NNNNN
40 .4 .1 .4 * 0 00 0 0 - K

S~u~w~u K 0 cc U. c- 0 0 0 0 0 0 0 0
IS a o I K - 0 0 60 4 0 0 0

inS us cc in 0

.J j w 4 w0 2 )-.C U LU 00..M I-Lw
0 w . .LU U. X0 -- . 2 i

in 4x 7 0 of 0 K o.0 t-NnsiO- 0 a,0 MN M 4 i
LUo 0 4 2 49 0 .J 00 4.
cc 2 t -c2 U. 4 0.

w U 4 0 00Ix
.S NU 4 0 w 0

N0cc W 0U 0i LU -. I KL
4 LU 0 0 0 64 - 4. 0W . 21a

M a 0 0 )1. NJ 3- 40 LU 0 W 7 4

70



In 'A .O LA ..4 PN Nl to 0 NO M0i NM inON .4 .0 N 0' N 'r00. coc D N N - ' t- t tNO

..% 4 0 w NA 0-4 10 .0 .0 0 N M LAP I4V a . o00m 04 N. w 41A .0 -a 00' 001

4 rt 0 t-Or- 0A M0t- M0000MM000P t C %- r PI.4 4 % 0 .N-

o..4 NM 4 ... 0 .. 00..I 4 a. MN -v0 0 -01 N 0 4 ' N" 0 -(Vu0 04
cc M fn 01 Y. 0 Y M I % N; 0'4I N'-0 ' Dt -4 o o o0N4r o N 6%40%

o~ w 1- * It. 4 VI .% w q m * 1*. * *4 m A . 0 N M 0, a 0 V a 0 N N N M

zu 0000000800000000000000-

Uon IIA.0o'o'oNNo00000'0'0'000000000000--,

0~ W.O a CI w L ONO** OA * M * -o * r o. *1-UN -*D w a, a* * L

000000000000000000000000000

z 0 0N%46.-t MN4.0W0N't.00N m 10tA - 0 A0 a, 0A 0%

LAI 0 t - 4 M4 00N4 -NLM00 0N0- 'O'.'N W W Q00 M 0 W M U
o -4 4 m N M 0 0 * N * 47 q* * * M Z OI N * *' 0 a- M Z Q . 0 4 . , F. .1
0j 0 N 0 0Y 0 - 00 00 0000l 4 MN0 00 0 00 00 00UN 0 0 M 0 0 0

4- o0o00o0000000000000000000000
L . .U. . . ~ ~ L* ~***aaa

04 NUMw t 00 0 0 0 0 0 0 0 0000000 m0a 0w rf-0m4 0 0m1(.N0 0 It-0
3: o1 -t I- - ; t4 %0U 440?-r

U r IA ' . . 0 N - - U P MN M6 -M UN P- 04MM U% f-'O'M0U -

W ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o f M NO4010.40N.400.NM4a40NaI
0 4 NNNJ NON MIM M0M M0M0MO M M NMW 44r4 I.4 rW

WI, a a a aa * a a. . . a a a aa *. .a * . . 71



r w

2 0

M4 In 11N.0N-00M P
M2 N 0*7 NL

W 00 0; -N ) -t
=cc 1 0 Ow*i0A4'004NFir

0.1 Fc - I NO P. 0-4 m' 0 p- 0N w0 Qn 0 P.
<Cc X< e 0: 1 nF 0 0 I -U& N

M. L6 of 00 00-.4NNnnn

U 0 0 -2 LL u-

.. 4 041 z 0 0 Mr- 4 0 (2 m U')-ItP- -4 M 0
wo A 1.-0 < 0* 2 40n4.0O>..* IaU4 ccO u$ W rW 8 0*1; 0N4F-c.-4 c;nP00'.t.000
4z a4 0* t-a 00000-404u4ccNNNN iLaU UWZ<)& 0 wX 1-. 0N N *0 mw 0 0 m

w . 0 4LL- U x 00 00 00 00 00

* 01 0 - 6~0 0 '1) .-.. n 0* .* 0 -4r0.04w0F-4 NNf-
j0 !J Ua 0ouW 4* 0~f 000-44-INfninNNN. N
x* 00 Uin - 0 'FW 0 0 00 0 0 0 0

we06U. In 2* o., U. Z:0.-iP..O0
cc 02 6U-12 * x

.4* - Incc.7 U 4*S x04nn-Oin.ON.

Z4*0 o n 04I ~ ~ *I 0 0 0 0 0 0 0

WOu.; Wj 0 a.~ .
1-9 0 1)2 Z5 4 6- c I 01 01 .Ww/tN ,V

X 44 -Zn xc o: 0 X

0* W W0-o 0- w x

N- N~00 W JO 0 .L 0w0 0 r- 0 a

ore 0 . . 4 9-'0 0*( .. 4 Wf 04 1- F-0I 4 0 A40 0V4N.4MM
ey 444 02 2. e 0) Inj 0 X2- I 4Z 4O4 00 Q10 4-044F.On

WJ0 uac - 04 N07 * t- NN W2 74 *.c ~ *4 Z0*L - - t...I-x ON t- 4m 00000000000M000
w 00~ 4 2 WM r- - 0N5- e

U. 0 0 0 a Ii W FI~ 40~4 0 0-61 0 W 0 Ul w -i c c m
o -t -0 A t -r 1+wwwinwI-U om M 0 M 0 M 0% 01 (PI~iF . M (7 14OC 0
W% . . .- F. m w 00 0* c7x NN 4 rt %tA0

9n 9000.J 9 , P 0 r.0 0 N 4r I-I- Nw

we ~.j* W4 r 4 . FIn0-00.O4)'
5.-C1 "141 0* cc LL F . Z1 0 ..-- N;ni4

)in 1. of Of 0A 0 *4 c . 4 4 4

F-lA * i w 4 MM z 4 000000000000000u

V) 99.- z-OU 2* r_ W "4 X- W N14 -4 U. t- M 0 N M 400
0'~0'0in l* o 4 z 4 - ont- 4 .41 n-

4*j .4 4' 4' 0 00 00 u cc ... .

< c w W In cc. 0 1
5-C- W U "S F- < xJ u~ u t

wjp 0 0 1* o 1- 2 4 0 .J 0

CL ~ W 0 In0 0 0 u0 F- 0 (L

0*
Z*

72



M'fl-# t 4 0 1- N4 N .M f% o " O' .1% 4 T' 40a 0 VO o% a% - N1 N V% r- N T .0 IT 0 0
NO go - 0 N r- o 01 1% 'C 0Mq 0 4% M N M U 0' a, N M~' '%0 f 0 0 01.. 0' M 4 N
0' 0 0 a. 9!- .1 .4f.- N .O0 N 'r oAl0 4 N 0, .0 N t. - M M M- ~ 00 41. - a%
-. 4 t- 0 Q~' a- 0' -4 Q .0 - " f~''4- V. -4 N r '0 - 0 0 -r o Q 'A.0- 0 07-00 N

0. )1 f f -Mc to' 000 0 1V'(0 0 0 0 0 00 00..-4-

). M* ** * N * 0) o N 0 P* *Z .4 04 G% 0-t **t*4 *e-*4.. 4 ef- 7t j
.c 0OO00OOO000OO0 IrO0OO OO.4.4-44-44--.-44-

0.4NMM -too0 4c 1040 A -T 4 M~NN.40 0''-ou'4 nN-.o 0

0-. M M -t -T 144r -r 0 0 0 0 0 .0 4 0 4 C'0 f- P- - f- z w0 w CC, a a0

o .tO.4r 4'OO Go" M~lOON 4 00O.-4M ot- 0' O-NN4'4 44

AW wq 000 "000 00000ID -Q 0mc NO..4~
X 0000444r 01-t -r - 0 0z4 0I

,c M * *t *D Or** * W* * 4 4 .. ., (), * . * W* *y *

00 O O 0 0 o O 0 OO O 0 0OoO 0 %0 10 0 r 0 MN .0 l w -TM 0cy t- W CJ at-,t NA 0?'- OI
W .v U'.N 10a0 -p - 0w0 aONC 004 0fl41%"?-00 00.0

4 8 C;~0'0 O O0CA4..0'C % ' N 4'
t 1 'l'-CC0CC'u4-'Pf--C'C C0lr UU4 M'N

0 N -OO O0 0 N 0 m0I0t-0 n0 a, NW,0000- 0 0 T N0V0
4 1 4****** 44 ** * *3 0*0 00 - - - - N N N M n M * *r * A 0 o* ,0t

w O r. . a, 0 - N i 4 0 Z 1- 0 04 M 4 o *0 4 M 01 0 N 4 o S a - m O4 *

0 N4 N~ N' N 00 N N% N MA M4 M' M M0- M O -M0 M' 0M 4 o~ 0 .

.J .'4A O'0' 0U0 004
4

0'4 'NOP.04 0'41 -73



x -CC

)4 x
x 0. C

-4 UN m 0a.i~~Mr. I -o-IrioA - 1 0 ermvo

U. WS O I- 04n0N~. m0a,

u 0 ; U. N t- O O 4 -4 co 0N4 ' u% eIa. r
o0 F 0 0 V -r t. 04 ,C F. * c c c".* c c 'D. . .

u 4 LU 0* tj a ' 0000 0N'Qf'0 N00t-0O
2~ w .. Z xc -- z SO - -U 49t N?1 o

1%4 O0.U IL I- CL o 0 0 0 N N I M
u- Iar-0 -C

U. 0 L.c UC u 00 0 0 0 0 0 0
M :l Z. U. I.-

*J 4 2 0 4 Uw za( , c c r N 0 % 0* N 0 I C 4 ' 5 0 tr 0 It
W - 0 0 m 4 . 06 'D 0In'n 1 .4 V% c

V * I n C . Z . 4 *9 QC 0 ~ 0 - I 4N f ' n A e Z i
mW 0 c I-4ZA OS0 us > 1; ; C; 045.In
z C LU U.. 0u Vu -ce U N0 - - -N .~ t4 .~~

IC WO Ud4 t 0 . .. . . . c . .
DC 00 U 4 ui -. N ZLU 0 en 0000 0 0 0

4O U. )en 4 zUL
*U LU 44 e*40:Ntl~0IO0

!:* Z- 0f LL cU~'f 1* in U.a 0 C 'NO"OtflNOO- 'DN

-1 .4Z UC, ' .1 1 V

IC .-- 0c J.. ZC x -

IC I-I-1 z W Z-U 0- -C . - .
I- 44z 0-Z -4 v) u n N* ,tnc 4No(.

0* LUW WWU D 0O'0 4c rO ' %0- 40 4&

x 0 -c. .IO Z.. in 0 0 x -4 In rWC % nr 0f NW
1* L D4OZ - K.. 0*- . -- I n ON4tM .Nm-M

x . w iL - - .22Z 040 4* CV m LU (cc - 0 0 4 r 't r W%

6 ~u 0* ZKW-.4. I- UK7 - 000000000000000

IL * - I..J-4K C 0 U ac 00 0 0 00

0 'ODW Z wU -C .J o cc-u
We 4Z100 U. L -C- M 40 I- QSJ "I 4I0tf44 N -14. 0

QS N N w U 0 C. m c-I' LU 0WN to0 fn M aN4 0 m'D0 a4* xK U W U - I *i ci 0l U) uc 1. 0I ccn -. Q4%'ca
InC 0000 0 U a-eo c o u ca 4 : I-I-. I. 41:
c )I- J .07 >s .1 -t < < Z4 L00'-00.-00I0t nn

o* Q6 CC - 0 to'0 m W0 0O40 CI-.4 0 N ('LUC 4* LU .4 0 .3%M 0-n 0tn4-fn 0I4CAW.4tft

OsC U.C I 0 0 0c * acc.**. a . acc.
< W - 4000000000000000 '

0 0I1 4in 00 C LU C 4 - n 11 co 0f In
0 0c-~t- * NN t- 0 4- wU .0.0 mlfl U. I- &L %V LU w N.4-0000 1-
o m.40 r 0 0 5C 0 0 '~ 0 4 M ? It ' IA 0 z fn -4 t0'4. 0r,0Nn

In~~0 9r w00-- - f 1 '? 000 LU 00 x N N M M M Mr r 4. 0 U n %nflU0,0
tc4tc.. * I - 0 41%* m 000 z x -40 0 N -t'OWOON -t'o 0Nt 0 0

O~O400 0 c0 0 0 - cc .4 ac.. 0 0 00 X 0 00 0 0.4 -4.c--4 .. N NN
p* 0- N1 N * c0 00 000 -: . c c . . . c

cccNI~cNCN * 00 1. I-T 0 0 0 0 0 0 0 0
is t t c it I. cc Ci ccic 0 c

I-C L U. 4 - -- w U K) w

DC~~ 0. 0 wU U (- L -c. 7 In r 70
In 2 7. 0 N 10Q1 0 C, 0- .-. .c~~JI.I~00~Nqfm.t
we 0 4 Z 4 0 4 OD -l4.. 4c

;C F- 4 7U
ce UL I 0 0 0.

* LU cc 4 x 0 -
W4 LU C n 0 0 0J t- .-1 0 4 7-1

UJWJ~~ 0 *.3I 0 LU %n

IIt

74



m M4 N W MU 0 M -c'-ft Q~ 441' ?- 'ON rD U'-0 ft 04 -4 . 0 - Mn 0 M
cc t-N 'C Wn N 0 m N N W0 a '0 0 V N In-4 4 0 w0 t. 0 - It 4 40' 0. m? N4 .4

u'4N' a- 0 n4 0 a 000 01Th ftn'-0 0-4.4 n

4 0 000 000 000 0000................

1' 0- Ift' qI N' M' It IA P' IA LA IA W 4 n N 0 f4m'A0 -00? 4 z In -40 N -'0A

000 00m nMm-r- r 0 0% 0% z 0 000 00 0 00 00Fl - -0 10 ="a CooM a
O 1;0 ;C ; ; Q 0t 0IN 'I I . 40 1 ;1 0?-0 C;1; C;C; ; 0 1;8 C

LA -~-'Ut'4J''00U.-0A 0?U 4~A-4IN4 .

Wj 00 0 0000.00o1 l-m t -~mO=M~ 00W.4............

4 r. '00 NM 0- 0 0 n -4 V 0 4 r 0 0fN-,n4 -m 0O M-D 0 Q.NM-J
. ?-In000 a -t4 OM0.'O 4 NNN?-N - A.-In?- MN= 4

VU 4NNNN44IA'O? mvmt-.N40..4 ZOO-...N mm
? ~ ~ ~ ~ ~ ~ ~ ~ FO 00 4O O'4'00 400NC.'4nL ?0I 'NU IA?O o

00000000000000000000000000000000000

ce

IA

W . a IA 'A 0'O...0OC'''..0'O.0U'UMU'u",Cr W a,
N- NON N0NN N0n0MM0M00 M0 MM MM0-00 t r40 -0 -0 r 4r0J

.~ f . . . . . t ft ftf ft ft f ft ft t ft ft t f ftf ft t f ft t f ft ft f ftt75



7 0

LL Q -2*c %( N ,M4c
K- 0 4 - 1 *4 004 ;

Iw 0*

U. w.. xJ -1 z L 4 ., 4NC 4C4o

o U. 0I.-) 8. . . ..
Z4 *ot - 0 4a O00 0000M0. r%0 w 0N 0

I It 0- 2 S I** 10Cac I 1 rN O% ? -
0 -14 .-04U 00.6 4W%0 M rNOO O- 0 "?NC 4 o

x : o - 10. 0 4 01

s 4 UO ix 7W U Lu0- 0 t-T r-M M w o U ODa- - I U
LU 0 .4 eo 2I 0N 4). 000m4-W4 MM M-4NNN Nn

c~. U U 0 L * -4 M. t* t- .4, U% 0o W . * N t*
U. 0 ~~U. 0 * 0 0 0 0 0 0 0

J* 0 &0 1- z

*) I- o 44 48 X -

0* W -j " o -*U:

1* WO -1 In 0* z .I- .g w(. *- . *, 4A

0 * x3 x U~ I.- -*; x iL 7UJ 0UC.000000000000
9 W W Z4W Us-" 4 4 - 88888C

0* 0..- X<. In x*U cO4t~Mnr

-* I.- In4nU 4* 0 a f-'-4in.0 N
U wCL N4. 4y W S- UN V01 0 0r 4- f- a4NNN M

4* 44 14I0 2 n00000000004Wwox :; -
W* W >-- < 0 U 0 U.U cc <-M

*U 44 w2 *w0 1 00 Z

a:* -... 0ZW - :J w0M1 N10 0 M4 In 0I t

cIm mmo 22 r34 4* t- 0 W V

W*t 44 .-. 80 1 r c 4N o- 0 7 M2 420- ~4NU'~tO
O* W% w-0 00 06 00 T- N MI -- r0I-V%0

0* U..0.fr tA 0 z4 000000 000 000
004-J0 .0ON _J: 4 a, UN OC 4

NI Is o 0 13f 4 ca i
d* z

%A 0*wcc '

.19 w -- Wo( .x u L L0 .
1-s~~ 0* 0i U. X. U- U04)4~ff0tJ
10*~~ z. I 0 or * .7*S* * * *

* 4 0 - M 0 0 0 0 0 0 0
000 1)000 x* .J z -1- 4 -. f.

0.-f 0' 2* I 0 W-4 L W 0 N O U 1 N W 10 0O0 I- 0.
<~4 0 w- w 0 10 0. . N 4 .. U '

t0.oo- * t '0 0 . 1 W 0 W 00 T Q
.. .. . al * 10 w Q w-0 .r ~ 0

10* W 14 In - 0
of 4 - ) 3 (
c3 . 0 2 ))) . 00 -
0* C 0.z . X -. n ..- 7

76 * - t.I0-O-N'1



.0 0~' 00' 00 U% 0' 0'? 4 4 0 N'- 0 0 t-I M P-M0 0 '~ t% NT4 N 0~ ' 702 Dt0 MNC
.0 o' It N ),.A 0 N .0 .0 M N I-. M. - .4 N '.2 0'. V$ r'I- N . 0. 0..3 c 0 0 ' 02-

N M'0."'? 0 t~U 0 NA t1 - ' 0A Z 0 to 0 .4N N, to .0 N m4 .4A U'o

4~ 00OOO00000 ID 0,0 000000.-4........
~~~~~~~0 0 W MUN 0 N U 4 N nU,.

W N'?? NM- -aN % , -U' N4 O O N' 0 O

00

UV7 10U 00I-0 0,- 0 00 100MC 0 mM4t

Wj 0 01;0* 8 C 0; C; 8 1; 1; 1;.~a-~..
u
4% NU '?-00 000 040r r u '0 W-004.0O N 1A-A .4
tL 0N.2 COON,'?M 0 M Nm 4 'or M,-' ' -- A'4U' 0 z N .OOMwOMN 'NO?

W -14N M U N?-U - 3U 'e~0U 4O U' U' -Z z0 0w a " N N, a,
. ~ M N4 0N1U 1NN N N0U4 N00. i..4. 1. 7.

~~'" U' ' ' ' ' 0 0 rM a N00... .000.O 'U U U'4~ NW N4-LI 00000 00000 0000 00000 00000 0000
a-~ ~~~~ N * ** .* ** a* ** aa a* * * *t . *

viMM lWf 000.7 0m00 000o 00 000N0

6% U% 0 '2' N NV A 01 '4' N 0 0 .4 . ); - M NY -4 Nt4' rD A % 0% n.0 N N 0 N 0 '4-

W N00001 M--''P InN N W 0'0 'U'4 M 4 N, 0.r M'
0- '.0'NU'0'. O 'q .0 M "70I~.0 m r' 0 0' .0 N V' w ;4. N

I- w

00-m.O- M V.. NNN NN NNNV. 07r%~%4 4eq6 a l

77



.4

z W

>J

4,.

x-
x . IL

cc W z0 
I t A 0 0 m P-*- 0 t

U. a- U. 0 mI t-

0 W8 . & %m %0* 0Vt - 0 .. a 4 0 m 4q 0t-0N w aIOP.0N

cc~ x -I4 0000000000.

z P - a-# 0 fm-. r* 0 oo o o o o ooo
4 U. 1- o O-f 4A.~f ,W WO

Z)0 00 e Q P04 I.- J -. 0 0 0 00 0 0 0
* ow 0L 4 * a. u cc.i4Nnin

W. of4 zin Ci 2 0 .0 0IN 4 I 4 t- - m 0 104

WO 4 m 0UJI- 0*0 0 0 4 inQ I IN IN IN IN

.9 -9 &4uA I- - olC;C C * ; oooo0ooo o 0oo c;

cc W -j4 Wn .i 4 00 4 N A I O O

we III: W X-i 2* U. N0-N0I44-0A

JOQ WbZ aJi * a .0..onN..a~--
-4.zwl Z9. in4. oiU s- g . t N0 C6 %0 41 4I 4W-

Z. ZA *-.J 4C ZC li 0 It It - 0 eyIN c 0 rNNN

r. ja- : :0 I-.en.- )d -

.,W a-a W A (U 3 3 .
0* 44 L6. Z F--9W"

Clz:~~ WC 0 10 0
,,NI-Uo 0CL Wc ZZZ 4340 W* W 0. , o ~ --4 WN Y0- IN 4

WC 44 x (3 222 u .- 0 £3 (P to 22- 42 4 in NI@N 0 fn 0-0

4*s 0 0C xW w- -C CC Il 0 0 m .J . 40IiNPfl4;.tx~ *0 0 0 a * w1- Cd- 0 j I% q fn .M .9 I. a, l . . .o
~* NN.J--.J.JJ x z* $- 1, mg101 24 4 4 10100 4 4o 0if% V%

0i - 0 2 a 4 a- I-
xe -j 4L a- w9- %. 0 44 U%. # 4f t I 0. Q .49I-.O~~ 4 -4
-qc 0u % -- 0 fP 84vN:A
We .55 W - 9 .j 01044M MIANW40enCOM

inSU.* - 0 0 0 C .9 0 ** C
toCD 4 W - 4 000000000000000

ONIMMMOOM We 1. 1-. 4 t-P- -r* W
o0 M - N PO- 2* 4- x 4 W o I m t14 0 A. a .4 W 0 0 -tN.4 0 , 4 0'r M 40 Q
0 f4N0 It0 0 aUnN IN IA W. W.4 4 %a4.U, 0 x 4'-0Inaa 4-r0 . 5

0,0*o~- AI ~ ~ W 000 W 00 m N N m m m m 4 4 0 UU% 6 I.o.
w iN 9~ **9 ..J* ai W C -0 - W. 000 z W "40 ON44 OONIC.0WON44lw

00.O-,,OOONs .J 0 0 1. 0 -1 4.. 0 0 00 o x 00 0001W..4'.ANN
If - UM% 0 0 00 000 x 0

NI a N N NN U NN 0
INc II a ~ a "n .- 0

a- wj W cc a- - 0 -
.5* j. W 49 W 7 X),- x u W &0.0.- aW~C 0 (3 .J W U. 11 > W - -s -.- W 2
'Ac a. CL 0 . 0 7 I -4 ... I-N m W % 0P-w 00 I .4,
we0 0 4 Z 4 0 .1 M 04.
of. 0 x l 4 z U. 0. z

0* W a0 0 . 0 0 1
I.N e W Z cc a- * w <(3uu

4jU 4a W C) U- 0 (3 F - 4 0 WV C

c

78



4 0000000000000000000-.-4-- -- 11

4 X-

0

0r oo 0oooooo 0oooow ooP oo oooo(Paooo000

.A0 InC: 0
000U O 0 00 - -. 4 .- . . - N

LU W(010Nt-0004-10- 00-0U0000 V P-r00 N .M-4 r 0 - n - -ZCDW ^44C

).U 000000000000000000o00000 000000000

0 4 ro N-NwM -4. NI = rN 0 UO 'O 00,01
TO NO P wo

7 4 o S S SS S 50 5 5 55 5 5 UNSS S.S o Snou NoI 44I t .mMmMNNNNNNN--

*- 44NN4( . 1P ;P o~ 0000,000000N0000M000r- M00 0%0P0N
N rM- rMM0-1 41 r'.00' r"N4MMX -"

.j -WL U- 4of ) o-Wo.Z ( oI fl0 O0 t Lf N NMMMN W aM

0"S 0NN00%00N0000C00..OI-0

cc 4tJ.

I.- U.1f L 4 ~ O .
cc

79



zI

u. 00

0 A
z zo

*a 0*
0f 0W CD00 NNO lNo

U. 000 ct

4E~ o0 W 400

zn d4 z w 0 0*;0Nmf"o r

0 4- :"4- 5:

00 ce uO 
*t.C 0

o. 0. IJ. w U a

00 4 W u- 0M

Z0 LW 4. ~ ~0 14

x 0 4 U .0 l t- Z 0 : 'A

:-o W<I x ZU

ww *UOOUO~q

.. J0 -.1r 
W NWO * 

-4 Q Q 0 ~ . N
Kca 0C vi-Z

at 0 -A Z t 1,~ - U w* 0*0 0 .4 r 0 M U

X 4

Lt. Lt . W .. WO .C % rNt -MN11
0 o o U W W00 

4  
0q I- o . . n1

uj~~ 0. ).) N ''- No

xc 0* w- -W W w c0co W
U.c 0. 01 1 00 0 0'

NS ZZ J 04J J0 M 0 W 0,0, 4 4K
o~ 4 4 4 W W -o -:1 W 0, w 4 4 b-I- 0 r 4A 0 4 N

R Q cc '- . - 0 b r N M 4 a

1*W *10440 w 4j: W, m3C ~e~~C
0w > N N4K..I.W 1-

L 0 cc 4

c o .1 0 10 1 c

WC .- L ~ 0U 0 L on 1 0 co cc -Z4XCW W W - wy - 0 U U co NmmnMrr r00 WI6 4

u.* C 0C 00 4 W 000 Z X eff 0 NN N N N 'T 0 0 "0' D

r-b 000 00 00. C, 0. W 44 0 -

80.4 400004 J:o -,8OO000 000000000~

We .j 11%!.4 1.- l1 f

o0O~.O000 w co* 0o 0 'r 7 .~ U I- & W
1-0 -0 or '3 t- 30 0.3 0 - o

40 0 C, J 0 0 0

uJ C3 -a 0 .S

.4 0 a U. j 0 710
a wL 0'00

SW w to u - 4 0 ~
I-bLL cc 0' .* 1 U U

LUw -1 0 0 .o -1 1'- 4 W a W'

C0 40 11o U. P. ... 4j 0. n

80



O0 -40 0~ M' U' U 0 M, fl 0 -4 -C '0- -t 01 IA N Or 44, 'M0 a0 N 0' - a M0 a
t' -C 0,0 IA 0 Mf 00.4 U' 0 ''~ 0, 0A U, A .4 00 0' U -0 C. e.. W% -r~ - .0a M

00 N NN 40lt- q1 V'.1 0 NMQP~0- 1-D m U' U 0U 0'0' crMU 00.4N NMN N
m r- 0 m 1 0% "4 4 t- 0% N 4 P.-0 a-4 m 0' r-0 Q, N 4 %0 1-00.a4 N q 0" % 0 0
o- . .4 . .0 *~r *-f 0 m 0- =0 01 7 01 a, 00 * 0 *-- S *5 S4 55

4 0 ;C4 OO000000 0004-1;-44.--44;

I0'04 N N M ' M -r '0 4 U' U' N -4 0 0 t-* t- N .0 U' Z MN - 0

LtU N 7 0 0-MU'1 M %Mt- CP M '- 0'M M - M0 N r4 00N 4 D0 0

2 0000MN000000-000 000-4N 00N-0 Q 000000000.4O

Cf. 10,40 0.-Q DMN4U'00-4nm M'D0N1-CN0'-NUt- a-,'I p -
o0 -400N444-TM4040'0NMONMNN - MO '0 W000 -1-A.41- N
0 U' 0' m '* 0N VAQ m 0 0.4 z'wOON 4-t'I- c,0'N m - 1'-w0 00-4 -N

oo00 b U -0 00 0 W0010 0 0 0 00.4 4 -4 -4 N N N

QL LA 0 - T4* tN~-4- 4U'M4 U' 1 PJ-0'P1 0- t 0-,0 M * -N 0P- W 0 N
c ~~ IL4444'A'0-'0.NIA.000...N 0 - , m 100 0 r

0 1f 0 WI P 0N'O N U0 0N4'D N 101 '. 00 w - 0 r-F-t-'mw mNU'1 -C

00000 00 0000 c; C30 00000 0'o0 0 00 0

g. 0.4 U' 00 0 inM MM 444 0 w' M 00N -0 0 0-U W' i- 0 AC. 0 'tO' - m
W ,01 m0w' 1 0 p- 'U'U'U U0 0"0 DU U ND-4 0 a,'Da-, 'U %P IrAIA P-MMU' P

CZ 0 #0O000000000t;00000

mJ 0 U 0 00 0 -0 m r r 4 4 4I0O'mNm4m0N.N1NrNN

Wt 5 *4 M- 4 0 0~ t-- 0 4 -r-: fn W 4% M * t f- N *S * 4 , 0.4 * "N N -4

o4 w r-0 mLn - . NI a 'a, '4m404wM -CUwMM mNN N N

'i 0 a 1 U - 10 1- mU 0-I W4 - .4 0U 0 UN M N cy 1- '0 en4 U' .0 MN 1 6 't
.. r t-4'U,0 - '0 0 0MU'r-0 em0'W'DM0. 0 m '0 .0 f' W-'r

0- 0 0''0-41 01 U. 1 0 04 10 ' 14 .4 N N -N ' m ' m mM4 4 10 0-0 0 a" .0
0 N 4. O000 N -. 0 W0 N I a- 0'4 M' U f- 01 M' IA f- 0 - M' U 1-0'1 -4 M' IA ?- 0

)( M m M MM 4 4 .4U'UU'U% P 0' 0 P-D--- f- - M W M CC 0'0 '10
* ~ ~ ~ ~ ~ C- *; 0, *; 8-1 ;,0 8 C; 0 . 455555 * ; C; 8 C* 1

0N NNN NN N NNNMM'MUM e MM M CAt44 -r4.4? 4-t'
0.2 4

81



.1 W

4>

3..

x - 00

2. 0. w o
0AI 0 - #3 0.fo 0)~~t0.40 A m

- U, 00v
CL. Us OMt^-UONO -ff.-03ONO'

0 0 LL0 t-- Ww N. 0 0 1, )ft. 11) . N m1
0 tz 04 )q N w* f** 01 *4 m* ** * of* w

&L c wL v~ 000000000000000

0- %tu .0 0.9 4-r 00).40N0-IN0NOU%
-~- oo-cc .4 0l- 3-tN3-1-d-0 N0Owmm1'J

cc 04 1ix.24 0.9 W a0NW3-Ol 0 N0 m -0 W t 0 U

w .0 -f L9 g0) . N.400.W-I10 M N O NM 0 N UN
0.90 P-1 0.) -r m 79 0 0 0I1l30 t-NU

oe 3-.1. 0V .L - A . nt 0 0 )-431O N 00m

X9 0- 4.U)4C.. 0: X . * * ** * * * *

..q OW U.W )4) 0.

Lej -.. 0 _jW0 > 9 )) 0 0 0-444.N
0-9 0- II.. 4~ * * 9 9* *

V) 4 4,14 w 0 = I I-) u x :0 00
d< .I- .C.).J 9-

3-9 X11)7 4* 4 O

0*WW *WWujQOm 0*
* wj XZ-.3O~z 4*,- -J00xw0 a . 0 a ~U

0, .J.J30 ZW 3(4- "9 x- - tn1 W 1l.4 t1
4

m Otm N 40,040
4- ZZ74 0<94 49f 0 m t~O- 0 m U% P-0 0 r 4 4 m

W9 <44 -02.?2 o 0 z) w. 71 .17 4 0 m m .. f- 0 Q 4.It 0
x 9 WW )-0- 1- 0x 0 0- I- 3-3 o 4 00 4 N N m m m m-r 'r-.0

0* Z731U-.ZJUw I-$ * W )(Z9 -u O00000000000000
W000 9- 4 W U- 9* 9* 9 * . 9

0 0 070 4. ze D .J 0 Of c I- - o

U* NN-. W 0 0 m. 0 W Nitlo- r CPO00N41N0)-W m
4*x)WWWWWl-.0 0.9 41C - 09 J0Ur4-03'NU.PN

U.9 000000040. 9j W 0 ' 1) -* 1 **** .e9**9I**9 9P
09 > - ot4 of < u * 0. cc. (A1 ;_ NONNNN%-'4-4000 M~

0* N N .. JJ.J..J 0 x 71 0 0- 2*14101 10 -. 10 I0 L4 '0 0C 'C3IA

.J9 W - 4t .J Cot3- 0 N0U'N0co -t Q
at* P - Wj f"t- -4U%'O fWP- 0 I w-4 A WN

Z) * U. ZZ>- 0 0 - PNN34Nft" M .t3I'
0.3 L1. $.- 0 0 09 ~ * * * * *

ry33 a a 0 .- 4 0 0 0 0 0 0 00
0NWci 4 .0 01 M * w. O0N -C 013 4 C
ON'O " 0O0U,% x9 L' (7 a0 .4 W r P- 1.Al00 t0 U. 0 tO 6- 0 a- tO0- U% - Ny0 W t-
o .0 0 en0 0N I-- " 'S 'r x0 1 a,41 4 .0 3r31 0 Z 0 U'.4 r0m 4P0m W -
W% .. 0 0 *e 0 N -4 0Ot- W 000 Wi 00 x
.. NO.. .3 U' * * %. 0 413 . 000 Z r -4 0 0 NIV 0 00 N T4 0N t QW

80ONOOOON -1 N0 - 4 .. 0 0 00 X 0 0 0 0 04-4-'.-'-N NNN N
<* .-4 U)% 3 * c 0 0 00 -1 88 (

C;91931 *; 0 0 U. 1 00 000000000000000
1* .4 9 3 ' I Nl 0 1.99 4 0 0 0

* U -91 u 4 I- c
U)9 W 0.0 U) 0 - . 1-

0- Uj w U x1 >- Lu zJ UM( ~
C. 21 CW x1 x0 - M4 lot Om 0.0.

a.9 LL, W gy 0 2. . -2 N3)1 '-0 0N 
9

.4
w * 0 x L)10 3 0

-d 0' 0eLI f o 0 0 0 9-
-4 I- WJ = W - x U
4it 4 0.40 -1) 01 P. 1 I- a 0u z a

70. W.. 4o >I. L . 4 m U U 0 -

09
7.

82



0- 14 EA~ A .0 C N r1 fn 0. 0 r- 0LA F nA M r-L - L A 0 W WO .00- .0 LA W4

0 MM000.ta0LNOA 040 0001 00 0t 4 0 0 0 0 - 0' 0-f-N N
'P-OON A A 00 L V ON 0 4 nO G '000=0 0I'0- 00VA r .tA.00 0.NN

o. 9 9 9 9 9 . 4* ** * - - - - -- . . .... . >I

z 00000O0O0000000000O.0-4-.4-..-4--.-4,-

uo 0 000 -f. - N- N WA IA 0S a, IA 00 VAV AI ~0 0 I -- A4I " N -400

U4c . l .4 0 0 * W I * 0 M V L, * 0 a- a, * M n * N t- I 0 I 1 - V M I
o: 0 000000r0- - -0U%0A000- M010000070 0' 4N00000 0=C - N

0L ~ 0NNo"N0-IO0 40.loom OMO'N NM 4 A 0'0.

U~~fl 44 0000 4 0000.44-.-- N N

4x 00000000000 00000-4-4-V-0-4-I.-0'.4

4a NNA ~ L 0 44 4 F 0 p
U. -ul I 0L A-N.04N0 '00N N4rrI-IL A0.I 10

10- VA A A.4'00.iNt 9.04

P-O0MOO A N 40 N*.LA N A--4A A 400~rO

00000000000000000000000000000000000

cc

4 -00 L 0 M NL A 0 t- M 04NtN 'r0 0 f. wa C 4 0 t0MO
C Z O L 4 0 0 N N NO 4 O .t4-t0

01 4AAAAAAA04. 44..L L LA A AAt'V I V N

S-U 0000 0000 0000 0000 0000 0000 083



IX

4 w.
-

LL 0 r - o* n. - .

420 0*zczF

9- f- 0* N~ ii i. Mo 0- .c n0 V% in-M 0 W N
Q xCo U -J, .0 w- in MN 10 m- c~l 0i N-i M P--9 U I i- 0- I-. nP OIin.. 7j

2 cc xIi Do P- 000000000000000
U. 0-22L * -.

6 -A c t 2el9%-0t 0*0 C .7W4.4O0q 70
U4W- Z UDO N* Wl 0Nt. .4 0 0, P- tnN.0 0

u . 1. 0 5 4IL 0 ** * * *0 **T CO *olo-ol"00
II 0 4 1.-~ U < 00 0 0 0 0 0

z* a j 4 U u-
i cc Z<4U t-I 0 W'N inC 4 Ir N t'iA UP.00 .3 n X:L N- 4* 10 .- iiOo fInmt..ooLA .Mo.,

Z: WO - o 0 . Os 0 M- tA t C t" UN t- W N
J* x0 UU/ - 0 0- W 0 0 0 00000000000N

we 0 4U. in M* 1- U. cc'-i~~t4n04
or 0 2 JI - 0 0j -in 0N.00 0X

.J ....I 4 M 4W S (A i. 000--.4--N

ins, I-. 0 4W I- X M - CA 00P-c MOP M . ra0z 44 Z-t 0 -C- j CN000 NNN01-MC 4

,. 4 .- C-.9 o - .J X 0 w 0 x x <- In co-.m W 0mom io

Xs WUJ -Z - Or 0*S 0 - I.- V-I C04 - NN M~
0*.X iL--W _.jU.W - W 2L X Z vI 000000000000000

0 a 
42<ZW 

W

w NN 0-j , 1-00 w. 00 0 M- Vi- N 0N'N W000M2f - t-
u* N - we 0 0 0. M0 l r. w 0 0N ITN - w.4ItM .4 0 O..1 xx)WWWWW1-z cc 4 0 _ * * ..J 0iP N 0 A N m 40.IL. 0 COOMOMMOW 'M W. 0 -nPII * * # .* * -.e1% )-- <444 UO 04 1- < 7 P"P~2NNNNNN44.-iOO0Q
M* N N J.J.JJ...J02 2* 1- I I 4 *0 10 O00 O 1 OC.O a00.Oin oo oo)u - 0 z ;2 .4 I
Xs X0 1 W M W 44 -. 0N Cf'M0l-. 4. -N iU% 0.0

4- 0 c - 0 40O IL 2r- U00.4CO 21,0 t- N N.7i

*N. * - w 0 00 0, 0 0- o~ in r. 0- 00000.t"4-.4N o

zn L. U 0 0 N N, M. M* M .r .*0.*
.0c 4 M- c4 0000000 00000000.-00. 1 0 UN in Wt 0. tL 1- NO WD 00'C7N-4M1-irOINO.0n*00 w0 -r r r 0 0 w' W W 00 I N NN( cP~. .. I-oMN 0 m 1000.OOO N "aMC 00'r0 0 2 .05 ON.r.DOONM.OUw.".4U% 0 r t- 0 0-0 w 000 0 MMMMw44 oLI4 9% 0 00 - 000 z F- * *t M *0 Nr 0 M 0 000

vs IIr I N 00*000 - 00 00000000
01 A N 0 4 4 cU.0

V) w Ix cc ' 0
-C u -144 I- :; Xi U cc 4.J W 4X 00 Z X> U W 0.0 CL -W
0* 0 0 -1 w U. )('. Lu z 0 mn--

W 0 0 4 4 0 on 00-
cc 4 LL 2. U.z
* u cc 2 0 0 0.

0* W W 0 - 0
-'N We W 0 W . - 2 WU

.1 d~ CC W 0 0n 0 0 cin a- 4 0
,_I-- w z c -* 4 0 -1 U U u 0 -
wW,. 0, F 0 .1 0 -1 I- 4 L 0 U)2
0.00I-NU 4* 0 n i .P44 0

1*

25

zI



NO .- M a1' a or 0~f- m" N NOI-0'MtMN() '-0 U j'P-om0' c 00 0 4'I- 00
N~~~~~~~ ~~~ N4 rO U0 f- 00 'C N4 N tn 4' NO U" 91 'C C'''O0 ~'O - N 4.

z 00O000O0000000000O000.--.-"-

cc
4 ~ ~ ~ ~ ~ ~ ~ ~ m z. 0O I4 .'Att'IM1 O 0CC '4 Nm"0'00

m 0fN M 'NM~'' 0 ' O 003 '1
N m en n m -r r174 ? m MMt% A N..0 .0 I-P. r Vz O '0. M 0 U 0%

0 W ~ qw wN C.(, Q M rr

ol 'CO rN0Mr OL 000 0 41-t 0 N' -0'CY- M .I'-MN m W 'NM 4 Z .4 01 N 9
0 F O0-t4 4 0 N % 0Or-m t - mN OoN 4flC.N 0 CP 4 4'0cy.
Li M i 'C O 00O 0 -. 4144... NN N N
L . 4 * 9 0 * . OU4* 4 * * *

= owr 4ANN 00 - 0 N '0 N4 M0C O4 0 0 N'C Q rfl1p.0 %r N.

00 00 M 0 0 0 00 000MDW0 0000 O M AN 0 00 00 00 0000

4Z 0000000000000000000000000C300000000

.- . C * * * * * . * .. ** * * 4 * * 4c

l-
0 ' C -MO CNM 'C V% Uo CNN0C 0""' 'T .0 t, 0

w NO4a'N O'C-M~tOM~C0'C 'C'C4a'-4r. a85



x W

cc z
0 1.m041 w 00I m % N

zo C-Zz cc I-

.- Z 0 .- aCi . LL -Ix 0

01 0 8. - c a F- en 00.d440 - 0 a c-t ..t4UMa
X0 0 - 04 t * W- 70 ) .NM n .4.f.N.. ".%

o L, J 0* - 0 00000000NN 0M 00r 1 I W0U
3 0 a 7 0!S U- tn I- - oI

0 -9 7 4A U. z 0 1-4 6% - I fl A-co0 N It 1
x - o a 'I -C Uzi 2 .1%n0 0 0 0~ 0- 0I 0 N1 0ON Nl N

V) EU i (a0' 2* 0 4a*X 4 *8 84 C; ; 05085* 0
0S 4jI U. u- cere j ZO4A ..JO 0 'x'00I~U~N

zO WI J 41Ina 0 0 x- 7* S,.-C, 9

a* .0 1- lf w I1-- . -. LUx z -- I-u 000000000000000
2* OW JLW~l a' 0 U t L cx*0
tD UL F-4x9 CIE4 Wa (D 4C 1-.40-.ttfl C;OC4.l.40 C
70 C,~ UI/ !: 'a 00'N'0U':tz 1N-.000 1.-
.4* L 2.' U1it UC0 LwO 4* 2I, 0-, 0' U% .7 .4 O 01 Qt- W%
o1 N. N 1 W0 0 a I 0 w .I In 0 W%.00 ( m.4I- a, m
ZO X W WW-O o ~ 1 -4. 4 * 8 08-5Am88w8%-Wt ma
WO oU L0 1100 u* 0 9 wL) A A o4 *0 00 006 *

1-0 ~ ~~~ 01l2 4 4 4l
* 4. -. 2 -4 a tP nr -C .

0* LU >WUI.0 I.0*Q4O Nm r t

tA N 0 t co .1 000000000000000I
-0 07 V% M N0 4* WU 0 mU 0N4'-C 4l'0#O'00m

a r P 444 40Fa.- x0 ? 0 w C 0-. * 0 0' w2 42 U 0 N C, - Uft .4 t. m
o f 00 1- % ww e epa 4 oe %n-70-t c 0*% t- -. m- 1-0 r 0.In4NN w 1.

0.1 T2I--.J. (-0 4?- aC 02 .-. x- 0 0 0 0 0
ODNO OO j.U.. -4K4 0'* t 00 U a 00a0 000000000000NN
LUS "..a80 U.S 4 8- W4 U0 w'4-40000-x

4* 0CLWW . "' 14 1- -8 0 ca " *J 0N1U-a2.WU..4

U. 0 0 00 40 L) 01- U -1- WO x )I. ce8 '58

LA4 y 70* NNJJJ..0 m* 8- . N fA 24 '000000000000 0
IA, 0C0'4.J -*z 0 21 Q' 4 .4 8

N* OS UU 0' -- 0.4-0 F- X -41-0
LU a: LU C. 4n .J 0000.0.to'0'.U-

I.- 8- w U

AS w. N" 0 010 j 0 cc* e 8 . 8 s 8

& 0 O OO 8-o w~ 0. 0. N- u' E4.0 m 0 u w V .40
U'~~ ~~ .00- 40 ' O U00 U0 :f~4.UUUu'

.. 4* . * J* ' 8 . 0 0 11 ' 00 7 2 400~t0~N-'acc-'(
4* .4 4S.t 80 0 00 2*8 * 0 *8 *0 ' U.8. 000 0 00 0 00 0

868 8 8 8 - 8 8 8 4 0 8



f' 0 O6%p-- -z 40a, 4 ONUP- 0t O0 % N N 4 0r. - 4 c 4 m '0.d-

UQ W4N0 ..- O Not-Ole% Coo OnO,00
tO f 00 -- It N -t m ' 40 44 4- MN 4.-0 0 JM t- Qom - w 0 0-M~4 -6-0

4'.0 co

cc * 4 * 4 4 4 4 4 * 4 4 44 * 4
cl 0 0 0 0 00 0 0 0 0 0 00 0 0 0 0 0

0 N
L U0 0 N 4 u ~ ~ '

L0 -NOl l 00 =M00 k% W relm O mN000''04 olrW-
o 0 N '0t' N % t t

4 VUW V U % AV tV%04n 0 UN 00 0 UI~ NN W N N r -mmmN N

0 o o V-I 44r *1 4 9 4 4 4 04 Ow44444 -a44444lw444444444 V
W V PWCUMWf D UN4N-MN NMON0 N00 00 0 00 0 r44 - 0,0M-. -

7 10O . On rM 10t ZMU W N-% -oO 4&,e

4 NUOW N0V pJ0U r- T tf mmmO
-tM0 0 -t N 0 - -N o0N N00 1 -? t-0t
Wf. W 1 4mo0N 10-o0 7 ON00Nm1 tmr a*

w( 44 44 4 444 -tm4a4*NzNW f-00( . 1 44M44444N4444It 44N

I00000000000000000000000000000000000

ae 4 4 4 4 4 4 4 4 44 4 4 4 4 4 4 4 4

z . a -r4MrWD * o0- c m4 4, 0P.0 II4 f,4NNN4fNN '
N. N I t -r4-

4~N4 4~.- O ~N'ON 0N~0~4C '87



'uj

-'D
4

x. 0 *

VI) Ce 2*

~~~ 04 .0 1 r U N m 0 0 *0' tA N m44 N M

L0 a 23 w* I- I 4r rI

I- 0~- 0* 2

04 , -a0 r I0t d Fu 04''.4 0 iIoa -r 0 00

4U cc 0~ =* 4t z* w* * N *r0a %r-0Nr

U. 0 II... U: <X 0 0 0 00 0 0 0
0* 4 U. I.- -

-. 4 2040w zJ t- N0441 m t- w0'It-.V'4f-t 0
w -9 0 M-~ 4 4 0 -410'-O i0'J'I% - N 0

Co 4 i-41V 0 Co 0-t0N04WN00o.4 m IV

70 Ow U. <LuV)U u * ix u
i u 24 w w* < 4 ) -TN- -0f-r0m1 n

we 0 4U2 ) 1: 0 LL, N 40 0 0 P -0' z 0I.O.m?'

-. 7" U4. U 4* LL < 0 0 0' 00 10 -tin N - 0 0 ~o0
C3 C 0-. 9O-. 0* 0. 1 4# -041*0144

4* 9 V4 &41: Ca 0 00 000000 000C0 0
cc W0 j . ~ -

4-9- * W : W*K .
i-C 01)422 4 4 U)U

Os Lw *wW0x004 0
* ZZu.40Z4 w w

L-* - .. J0Lu qj 0 0 K 4 U 4 -)" 0o.
x* ..J..J0zW- CC- 0* x- 4'* 1) 'O O0''0NNiNMMMN0''?t
ce WW iL-Z-J. w 0* 0 x ii : 0 N N ~~ ) *

0* w 1.:- .4X.. x -q z a Y-~ 1-u 00 300000000

0* -L.J-K X* W ItMNMPU 4 MC 40 ? 4 0 0 0 00 0 0 0
4 'Oikiw-o aJ0 Urm.*4 10 4 "- w0. -r 00UC0C C 0 ID N

U..< <0C00. o 0 Z CO 604 (A 7. . .. . . .

N* N .J. .j 02 x * m- z I 4 '0'00 0.OO'0 ' 0 10 a 4
x12 O0 0 00 J -. 0U -K -4 0 -mw-i-0U m0 N l

Q4 ee -- 0 ,0-r1 - -Nm01 I

We j 0 1u4.- O 00 N .40 t Co- W% )0Mi-C4)

112*U.*- 0 0 0a4 4 4. 4 4 *
on4 CO - C; C;0C000000 C0000000 ;

O Co It V%4 0 0 - * ., '0 4 Co.- N (n
0.tm 240 0 m * x - '0 m n 44' Cu i-' oa,~ U. w 0.0 Lu 0 w 10 4 N0' 0 o4 N 0 10 N

9j.00- ' en)0 CD CI0 Lu 000 Wj 00 3: N N M f M M7 ?If2L2LIA .A'00
14N.o 1J 0o a .r Co 0 C.2 000 2 x: 0 0N '24Q00 0 r -r oO0N IT -C

01 U" '4' 0 0 0 00NA00 - * *4 - * * C***z*0
NH~~iIIAH Hc w 00 X .I 00 00 0 0 0 0 0

.J2 -J W -C) CD. O Z x x u L .0W- wL 0 4 - ___ 7. 0 (

o1* 1% 7 U0 CI 0 T' 7T
We 0 4 Z 4 0 j. on
cc* x q 7 x: U. < CL

* u Ce 20 M a.
0*: U u cc 0 ;: 0 I-NO Lu L 0 u3 .- 2 Lu0

a cc LU n 'n * 0 0 Co %- 4 0 -.. X
LL--U = c -* : 0 uU 0

WWP' 0U" 0 '1* $ i 1- 41 LU 0 LuZ
0. a Co-m >. t- 4* q 0 CD 2 0 UV) -J IA) 0.

88



o .O4 NfflCM .0 0OUNO0- -r - t-M 'C0N .
'o~om 0JC- omrJ- 'ro 40OV.-"'4I- a, 0

4 M 7%Ar

'C 0 a, 0 m 0 ' 0 10 0 -' m m N N r l a N 4 t% 0 0 0 a 10 0 fn U'% '7 IN w - 00
Ww rA 0 U rw 41 -0 l~~-0t M'0'0'0rO0'O'

o ONON000 CP-w 70
L)E) U00'0C- QCOO' 0.0.0.0.0000 N N NN NN NN NN

,. ** 9 * * * 9* * * * * * *. S*S* 9 * *

CyW 0 0 0 0 M O 0Z 00% 0O00 % W" (1C 0Z MN4 - TF
m -0r -r 1-r0mwU A04I n7m1 '

re 4 $0% A0& 0 , -t ('0 NM4L ' -
M ,' OW0Mnt -M6 -0 -f

N ~ N 0 O 4 0 0 0 ' ~ N t -

WW '0~'.NN 0 4NM01 N 0 W 0 4 Nt' ' M
4Z P IIN M Wmn- ~ V(, c -- m oM 4U

-j %Tb UC ) NNV..4 o
r o- 0 0 P. 00 0 -tm 00 0000D 000000L 00;0C;0w0 0V%0-

W4 W%* *9 S* . * 0* * * %A in * *n *l *SN 0 * It 4 Sr * t4- TI nmme

0 P 0 0 1-0-000t0 00M00LM00NN0M0 0100000LA0%0 0 VN O00M
m %t 0Qr -m00t - m wt 0t y .

m N I - , -(,-NN--a

00000000000000000N ''0000000

cc9-~0 N-O -4-C N N ~ C

- x Q - 0 N l ' N m4 C' L(\ Z' N P- 0 M 0 N' m3 4 Ul Ic f- 7 0 ' N V, 0 - 0 a0'

E ~ 47U~U''U89



X D

-
dQC M

M4 l Q0 r-N0In 4,t2

40. m.N)0000-0NI

W 0 . z UsM* 0 .4.4-00NN0M 0M 4t0I0
z0 Us23 0* 1- I*8co ;1 ;

cl44- 0O4U 0. .1 ft0'O 0 4 -I 0 m 4 W 4
1-U 2 1-0 o0*0Q 4 1 coa yMt

Q A Uou ce w. 0 N r1O'41MIA F- a'N 0 CO 0
4~~~~. X Z 0* 10 00 0.~4.4.4"dNN1~

ac . U .L~ 2* of0 * * 66* 0 0 Q *
LL. A 0 I.4 0- 000000000000000

.4* 40 ZU<QU .J 0 N %)0 I'J.0 cp.WIaa0N m m 0
0 4 c -4W- a,4 m4~l .- N3 0- 0 A0I- 't.U N 0

W* 61 1-0u. 0*)ccz 0 N u t 40 0 c40a,0.0 t Vf"47
Is W U U. 0 ** LU 00-44NN As l m m I 4 ou%

~* 00 of 4) - W.4 8w 8W 0000000000000001;(; ;
36 OW U.W -III Us. 01 1 %0rm ye N t-
We 4 4U.~ ll * X0 u. N 0 . ,0' 0 4ol 0 m0 f)

0 -t *..J 4 l~ 2W. *9 II Z 000000u% - 24 1 U - CPI 0NNNtN

4* A 4 w/29 I X0O Z*U 0 U 000000
QA* W~ 0 U.U '-. 0

* -t 44 W -Z xX
0 s .1* Us W2 We 0 n44

0* aW xWUO 0
LC C-.00W- .J* 0uz -sW a. nQ 0 Q- U) 4Q0 tj* .J UZ ) c3. 0 - . * U 0n 00Il.0 0Oz- .9Z 04 Us W 0 1 0W - 4N- U DNW -Cus A4 I 22. -Cox 0 v) cl W2 42 .t4.-t 0 MU% CO 4 M G 0 N

X* WW 1'-2. cc 0* 0 " s'- s- l- li 0 0 144 4N N N9O~I ~ ayMe m rI
00 Xzl-w'.2..jtLW UsS W KZ --. 1-U 0 (00000000000000
us * .J..0 us 4j- O o -C .4 6* 5 *6St*
0* wI.Uj.-4K4a W: 0 U <2 000000000000000

* 0z0W4cwZ we z . NN I-
Us 0.5z 1-0 c W q I. Qoaw L3 I.tm 0o -00r- o-r 0 -DIo

U* cN m4 WU 0 0 0. A m W 0 V &fl0QA 0 T - 1Um
U-* NxKWWWWW1-0 ow 4 - 0 j r o .J l-0 r nN -4 m 'm 01- m ~a%J. 0000fl004W C W. 0o U 0 .O 0W ... e..e
D* 0 NAl 4444U.10 00 .5 s2 I 4 01 2 o 1011910 10 o10 I% 0 100
v)* 0 00 0. U .*0 z of 4 1-1-X I 3 I.- US 0. W 44 0 0N '0 0 m0 aN m 4 V0.t r
4* 0* u - - 0 0 l W V%00 W m m0 0N -4 m
Us _j w 4 _.j 0 -4 -4Nmm-mmN 010W010N0 m 194

.. 5e1..w as N 4) N00 WN No0 0 r- .4
1.e - 0 m LI. z - 0 00 -- 4 N N N m m 4-tlt v
0o 1- 0 0 0 6* *** * * 6* **

* 4 0 - 4 000000000000
0.4mvLt4-400U We .1 0-1 4 0 P*..t 0/
0 0 I- -'1/ON 2* 0 P- 0 05 Us -40 00.- L. 1- '40 111040'0tOO0t
ot.010000 1-C (.5 V% I. . a NW -q p-Mu 0 2r a 0m0 I5101'0 - P0 m010'
u. * o000r-0 * .1 4) tA 0 ()%-4 Us 000 Us 00 2 NNMMMM10.54S%-ru~4It.'0'

*6110*.. J*'0. . 0.5 ~000 z 2 .- 40 ON4'.t0ON450MON450as
00'ONOOOON ..5 * * . 0 0 00 x 000004-I-I.'.NNNNN

4e UN u. Cs' 00 000 -. 2 .e .. . t.. ..~I h if N 0 If 0 ce ULl . 000 0 0 0 0 0 0 0
Is I I s Is I - Is6 Q If111 4 Is

.4 C z
In U cc a U) *- a
l'- W Us <4 s- >- u. U X) c
.5* .5 W .4 00 z '>. x U W m.0. l'-w

Us 0 4 z 4 0 5 0
c x q 2 U.L 4 0. z

u U c z 0 0 0l.
Ue m 0 .- a

-N we ws 0 W w4 t- z L)
q4 cc U 0 (AO 0 0 m 1. 41 0 ... Z
,-1 W ;l g . .4 0 z U) Us U (11

WuUIjw a 0 s5 . - q Us 0 z2 c
0.O 0~1)-N 4* -1 v)U Il .) .4 0.

90



4 0I 0 14 f- I I- W~ r- r. .. 0m0.0.- N 0 0 m. N0- -r 0. m~ I0 0 0-
m 0 0 0 0N r 4 W0.4N m 0rI W0 N-r0f-0 0

4 0000000000 .4~4~--..4

N 4 00 m m r-V 00 40o-0 4mo4N.0N044'q m 0 O W4WN W low t0

0 040000 4'0 84 4 0 0 4080 C; C; 0
.0~~~ ~~ r- 1- 0~ W M .4 N N M N m N N .' .40~0t 0 m~ 04 0 N W0

cc 4 0 0 4 ~ " 0 N t. 0 N . 0

C;-4. ;E4 . .0 "o o 4000 * 4 44.4

0 f-0 4.0 -6 M000 r N 0 010 N N4PVI N
U") D Q...4 N 0 000 r -oaNP -F -r z 4 0Im 4 0NNNNNm 0P.: r fl3 m

3. 4* * * -r W9 .It* lnooo** *%%*0 10& ~k o0 TIt m9******
W 000000000000oooco0044"-'000

0 .
000N04;4'0 4 0N4 8C; ',008888c 49(8; ~,0

z 0 00nUNW 0 0V%% 0 0 00 0 00 0 000 00 000 0r %r4 4mm m t mN NN4 0-N 4M D r 0Cl ND t -0 P-M 1 0, W t f Q *, f-10,
m~ 0 r 0 ,-m1 - rmm% M %7NWmN0

0 -0 m1 ) %P y - rr 0&* * * m*t . W*** * 9t. ** 9F**** W 1 2

-. 191



0 .1

n: -0
2:0 44

02. zo

VVI- Oz 0

- U.

LL 00 U.: )a .*

cc4 O0 0m -2 Nmm0N 00
m x1- 0

U.e IL UN O~NUuf W0

U. * U a4 4 000000000000000

-N .1. z 0.- .9IL 1 0 0 NOD N O W% 0tP.01.-

uj - X.4 00 .10 4, W N4 N.? U' 0% - 6' 0-. N (v' '

x4 00 I-C 00C0t.4-.-nNNNr

m . 0 %L4 IxC u 00 000 000 00
C 4 O U..WW wt. u

L, rw o x04 U- Nm40 .4Nm40N1
Z U) v 0 w" t0 0 NN 0 )- M40() mU

z0 0) 14U) o 4 m0 P U) .4 mU% t-N4 0 t

00 0 1 " U) 4- 0~ 0 LU O OC0 0 00 0N0N0N

w 0 OW c U.U) , 0 0' w

0 LU"IIA rN4W MOON4

-. 0 2:- U) -9U 40 w 0 00 0 0444"UT- 0 wNt0

x. 0.- O Un-Z w 0 o*- I -I- x 0* *4 .eN*NN0mm*mm I
40 44 xx )4IsxL) to x U) 000000000000000
WO 0 U 0j U.UOX w 0

IL- L S I.- )4Z2 4 * cc 0 )UQ )

w 44 2L 1. 0 0 6NN 0 0mm %a 0 -.
2:0 0 oW : W. Z) 0,044NN47 -Ni t0 r

00 LWwww a:ULUOO 00
0 000-.000WO w.i 0 0 X)- i NU)

>- >. 4 4 404 0 4* W 0cc000.'''4?-')
WO J 444 02A . -' 0 xU II) -1 Q:2 4Z .0 10 .00 0U)0 4 '.tUN

LU, LU05L.52 w .4 LU 02 44- 0 0 MM 0 0 0 r140* O N5 tt

0* U..LI-X 00 mN- %,Q-0 O 42 0 0 0 0 0m00 0
0e >00 U4 Z We .- *J MJ'* N 0- O O0-t

WDzLVZ> ...2.- C 0. N N. I- mN 0n 4~0)'~U. 4 W
00 N -s . 0 V. 0 00 LU .N b- )'0f, 0m?

40 K)LLWL -N 0 0 * *it 4 0 N .0)tf%0 l00N
o F- 0 0 00 0x: LU 6% 0 Uv W. 0 LL N. W -QO r * 90 "% -0 4ul0 (004 N
Oq >>4444400 0 O 4 ' c -0 4 P- (nV .0 0

4
e' V, t-am1 ;lr -0f %M I

0 0OWWWJ 10N0 ; S0 0 -: 4 94-4-0C) 00 0 - N
< 0 't C 30 00 U. 0 . LU 7

-I.- 00 4- 1 0 2: U. 2:> 00-4 "N 11I.~U

-. (j4 0 - 4 to M 4 000000000000000

W)'0tb0 cc0 z CI '0 04 Ct T' N0 4U 0 Z: P-0M 0 M W
U'. ~ u C 0 0 . ) 0 N 4- ON LU3 0 LU 00 2:) NN'f'f-l...UUUU40

.. fl M O*. ccJ .0 = 4 .0 0 U.U Zt0 0 2 : -00N ' W N ? O O ~
40 s

4  
W) '3' 44 0 0 0 0 - 2 4 44 * 9 4 4 9

W4144'444 0i 0 Ct U. w- 000 0 0 00 0 0
45W 4w 44 14 4. 4w 0 4411 z 44

lAO LU Cti U) -e- - 0

W0N 0 0 1- LU U. >( LU '-.-. ' ) -

WO 0) 4j 2: 0 M 00QV) j V)0
0. : 4 2 2 . 402
0 t 2 0CC

092 0 - 0-



0 0 C- N tr -6 N -04 F'7 rA 400 N U%~ U-% M~ -4 N 00 N f- D N 0' C0'P- I.. in N G
mI 0047 - V% N 0 0 N U%. 0 UV% N 0' 0N ma OF- t- 0 1- '0 '0 '0 .- - '0 - m' 4 U'.
o0 W N IV 0P- r- '0 r40'raN 0W(? O0Om M '0 40 '0 - .0041 - IC. 4Un ' L

o UI. '0- 0' 0' 00 m~ M 4 N N0 N N N 1- .4 . 0 0 0 ' w ;; m. '0U p- M N m0p
W N40W0N!-0-4~I1-0-4C'IA10'-4 U'.0~0N'00 N'00

CL0 ~ 4 4' ' ' ' ~ 00 0 0 ' '
4K * * S * S S S S S S * S * S S * *

o w0N0aO000oo i o o0w0rO000w00q0,0mr0NO00oa,00w0OO -,

0 10000000000 00000 - -d4.. ----- - 4-4M-4--N4-4f-m 4 (

w

N Cf O0N4 -V -( n M, rCLL % t00"V Ir0zr , 0N4P m1
oe f P 00- , 00t-I-I-=0 70-NNM - -00"N -C00

K N It 0 0 0 N 4 -D * 0 N r 4 0 S 4 m * P* a m * N r- 0 N4 * 0 M * * l S r f* a,

0 N171N0 10 0000mt-000lW 0 N W0 m01 000W 0000000 0 (P4mQ rw.

w ,amW. ,0a 0 16%0) 0U 0a
4 6 - .N ' N IAF4 0 M1 v-D0 l0'' n q m 0 0 0 Nat-m?'40M
%W tL Am Nu l UN '. 4 A4 0 41OU N L %6%U 0 4I 0' n0 % U'. en 00

11- 0% . %C. )% li 0% 0'0'9'099 i 9 9 9N-f".0.Oi9
5

' C

6A %0 IA 0 0 0 -0 IA 040 4-rNr r4 4 m m m0' N ' N N
W4040'.rNt--0'40'MW4M0'O'00'0'0' oo? '4m-O1-J0

U; 0 0NOW4004 - W0'rNO =04 O 0-rIMOM'N U.4O

O' 0N 'ON 0 0 '. 0 NMt. '0 -"S5 %Ar' - 0 - MU -0 'gM t 0 5 4'0F- P '.0 l

I.- w

ON 4 0 O -NM 4 '0 - 0 N M 1-'. 15' A! - 0 Cl' I 0 1 - N' rA 1- 0 - 1' C, 10
Z 44'0'N0 NN NN NN MM MM MM tVtOt r r r 0 r0

CL . 21 * S S * * * * S S *S S

93



D -j
-3 4
4>

20 cc )
tne

42 to co0
U. 0.

U.b 02L C 00 00.44N

CC C - D -L I- 0 t CO 0.t N 00 0 O I %00tC
0. we 1.

m o I 04 r0 a- . .0N0%.0.0o0% 4 i n
u *9 w0 cc 4 N % a n Of000 0000000 co

ccU.0 uc 0~ x0 -C x I .. 0 01-1"4 N
U. .0 w . 4

4-- U0I. x
4-, Z 0 -U 0

0 rf (.c N 2a42 c 0D0 m-0 00 0 . . 4 N N %0
-9 4 IL 20 4) -r00N.&A U.0 00000M

cc U 4- 0 a:.@ z 1.4 en O0 0 0 It0%00 0 0 0 t000
EC) 49w 0 U. I- 0 0 - 4 ONr 4I %f - U 'Mr
coC ( 4 ZO4 Jo N Otn~ N CY fn f r r N %

* i U) 0-, 4- 40 ;;:O>

LU 4e X-4 .-C 0*u- U -0 0 e0-- m .nN. LA Q. 0
u* LU U- 0 xL L NNo U4U) 0O~- N M t 4 00.t -r QU

u c 0 0cct WL0 U%4)4- 0r en N- 0 0 0% *00 0 o

Z z (A .4W U 0 U) UL 4. "W .Q 4c t1

o W W( 0 0L~ 0) Z IA -. -4,4.-4 N 4 ~ - NCY y
.0 &n Z U ) J $4 4; 0Q 0* 0A' N.0Q

cc0 .- J 4 ZJ0 0l > dLl OO 0~d444N%
20 0 w (11 xC 000 0e0W000

'A 4 4I~ 20 U) boo oooQoo o
zQ L.JI- (f.J- X>0 )(

,- 011) u0 4 404 JU

> 44 'J Z 0 -o -1 0
cd -o - -W o. w) fn 4oN4 4W1 4 0a eC

00 XXW *WWz-UO 00 x S 0000000
0 WC.3t0 W ..3 0 09 K)
* L UZ. .31- A Z w40

uo LU 1 0- vi 00 0 9L UN SIA w 44m. - r.Q %0P
00 zrww-w.-z.juO s- .0bu o o e o o o

We W..10 4W 01 01 44" LU 32 . 0 *0

Ux 7J we CL q 0 0 tC (Al LU ~..m N V% .U)4 P-0 o
%. 00000 0 0 C 0 ) I- UIu W1 m m.900 N00 It0000N0
00jw KNJJJ..O 2* I- 0.. m U% P4 .0 0 .0 0 0 0.w.0 It0

WA 0O0....J 0 0 Z Z. 11 0I-Iof.-1
20e -o 3*5 U0.L 4 0000 0000 0~4-@000

40 0* in 0.. %A 0 O wm r- .9 O r- IA
We 0W. 0 0 P c jr 4 L ..3 LU 4k P- 0~Ip ' 0 m .0 0 m

0. .3o 0 AI00 1 ' 4 4- m LU0 z . 0 0.U1- m 0PrP-0 m 0 .O

0.-'0w0a coo z-x "to0 N %V. 0. 0. N 5-MU 0 2 N0 NO40.d*-$ .4 'G
OC-008 002 . *-' 0 0 U. Z) 000 0 00 x~44AI
4A a. b- N001 0 0 0 co 0 x9 . e 9 0 @ o

ONof 1- 4 .0 of 4 00000000000N

IA.0 0N 0 N 1 w 4 4. 0 t0 OI' x 00 LU 00 (L NN e)f)- wAAI.

40 -1 U" X. * 0 00 00 CO ccc

0 r Z 0 0N I- NH 0 000 4 04 ErR, - 0(0.4 rI
w 0 .9 z 4j1 4 2 4

It LUcCi 0 0 ca f 0l 00 z.d.~.
0-- U w. Z ) L 0 .-

tuW-1 0 0 010 LU 0. 0 -1 70(
b-I-LU o> N 0. .- 0 4o 0 U U U 0 CL

WLUJ 0 0 J .. b 4 U 0LU( 0

94



N~0 Nt IA 0 - t ON U', 6 ON WA 0 N~ N' N N 0 0 .4 0 Q- N ". f- 0' 0NV

IA 0 P ~ ' 00- 0. N- 0 0 0 N4 0 f- 0 00'% 0 M 0 . 0 I4 N M 0

No f. % *l * r N In* 4 mom W * * r- M MN* 4 a, N# * * 4 M *1g or 0

zU0N- Q At P- %1 - T1 OO O O O O O OO O O O O O O M 0N OOO-WI
0-. mmmmq r r00L 01 or -r -t 0 v W M W ' AN'.00 I'Q, 2t0'F 0
ot x . N ' A 0 0 ' ? ~
C fl .0 0'0 O 0 N N N N NN-1, ~v,4 r FO-r-

W 0O0 0 00 0 0 0-I.4. -. 4-

LL 0 000N 0 0 0 00 00N 00 000 0 0 00 00 r0 NU lmP 0 0 0 w

WON 00ONI OW Nr ON4.'I E III'N M 400 ON-
I-U 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0

- * . * * .. 9 * * **.x~~* * * 4 4

WZ 00000000m WV%00000m 400000o 0 00000 M 000 0 00A0t

W TN1 l % M I 0 NA ,. 0 0 mN.0 moIm
4 IA00.IA0 00.0w 0o N0'.0t!a M MI40U

wIz 4 *o m .n 4 *n 4 4 V% *% U * 0 U 4 *- 4 4 *r %r * 4 m m m m m m N N N N
0 0m 00 P r N0'nM .4' N.I0P U'N4 P0 WW00 rNI M.0 W-.OIA'

,OM4NtMO O'0.-I WU'N00 N-r1-40 0 q V~IOA'?P..AW

Z 0f -P 0 00 0 0 0 00 0 000 NN MN MM

00 00mmmm4 r44V N0 0 000 00 0 0 0000000000I- - , 00 000000 , 9

a z

95



.j 9
I >U

4U.

cc U.

a2 .- MO 0nc o-0O-N

-~~ ? .0 N mf' UN .0 P- P- w r- 10 W% en -
LA. U. C 4 NCL0 C0 0 U

o - 0.4 -19> 1- .*9 *. *.

xo~~ ofi '.

110, -1-C 00-u.r in t- t-0 U 00 -. o
s-U ~~~ Z1-4 9..~ ' 0 a 4' CO k%0 t- a' E'

u4 -1 ou ccs LU o cm 'O0 0m UIP- 0 .4 It4 0 a
44It xf :! C) I,-. 0 0 0 0 0 N -.- N0%
ct %L L U4K 0 = 4K 99 0L6 0 U.- 41 00 c~~ oooooeooo084o1;4

-Z* 4 U.
A-I co N' 4 .J9 0 00P. (7. M .-fn f"mcc

oe i 0 *' 4m In 0oU 0, 0 C.4 0 UN ItP.
IX' 0/4 2-.. 4%4 0 C 79 t- a, 0N - o . -0 'O.-

.9 4 %L0. o 0 0 0 ,.ccN t- &A Q. cC 0NoM f.

Z)9 W0. 455249 09 0' In 9i *1 * 0 .9.99.99.9 1 C 1
0. 41u ku~wn a'A cc U

*w % -74 LUC w . 4 N44rUIemU-0

We 0 LLM V% - in in II. NNN~f'' 0. 4.N I

.14n. 4 0'1~ IC x inf 01 0 ;0d4 ;ol1NI'JN1 C

.9WW Ww umt 0*-
!: 9 .J . U'..Joomw 0 J o 0 ;

cc 0 *-? 4 w~ 1.5- 10 : I.; -. - 4 ar.P yI-t 1 Y0g caY

9j0 -4 . 43m a.J 09 A4 44X - % m. a dI .C
x0 LUw W WU2 0*D Y Af

tS. L, --.. oz- o ,jJ .-i 0 X a4) u ,U ;04 l 00 . 0
C, - ' wZ~ 4 0 9 71, It LU J eS 4OQ-9OI-

We 4 0 O 7 .1 . *1 6-6 Q' r- a7 4 UNmO'.0. '.na, -4'ona . r
: x w i w s-z ( - o 6; ' 1p a. 1 -r .4 405 u' 0O- .4-t-N' m n

7)9 0 0 0C Ua0 -4L t -9 LU C3 co 'A IU 0 0000 00 0 0 0 00 0
WI )l- !!I S- -9 -a 0 :4uc L5jr

eyV j' j 90 2 I--4 Ez4U 09 .0 am 14,4.t4 1000mea0NNN--.

.1 M. U -S -t nmV

j o .C 09 N It 10 co 0) 00-- NN m4 4Ue t

LL 5 0 0 099 9 9 9 9 9 .

0 4.4tye 0 -l L j NV 4 00000000in000
0 4 N 4Lt0? x. 0 Ny '0 0, LU 0,0.7 me- - U.L 5 MO-' LLU at O' m O 4m-4 t- %Afn-4 0c.0
0.tNOMOD"0 :- N I-- O' ' M' N'' o f- 'st'. Ca 010 0 -0 m 10 a,.4 4 P.amz 0 .4 IV

W. It .C0e- *o .0 oo x mm4 5/. 0t Wr 007% 0 %A 0 0 044A'sU...

004NOC0CN .5J* V 0 0 0. ro- 4 -0100 14 00000-.9-"-NNNNN
.19 .- 4 c 00 coo - 7.4

99 9 9 9 Ow 0 t r 00 00000000000000
* z 7

9 W U a, z- x - -1 Uw w 5 Ca I.
04 .. j U w 4 L x0 w. K 5 LI W, 0L

0) ci 0 cc LU U. -1) LU x m w' '-.- 70Nwa ' M
We 0 4 7 4 0 0J 07) - ..
a9 x. 7 7 U. 4 CL r

* u 0' 2 0 a

I.- %& I- 0 x 0 -

0 0' >. iL2 - 4 ~

96.



0 LM MA IA14 - N M -Z 04 0- fA M 4. f 0 M ' 0' - -4 MO 4-4 NO 0
0 4g P .4r oA '00 LO 1- 00 0 oA (Y'. NOf r- 10 U W 04 MN.?0 U'

w N'0w'P'O UNI m '. .'o m '0 oON4 m T 0 0'.4w401-O4 w A r
0. C nOOO11L~0OC'444'..NNNMM't

0,0O 4 f- 0 0 0 C0O00 0 0 N N N NUN M MNM'MM M

W4 N.0 O %VM -NM (lN(-4 0 0 -4M40 O0 o4O N - f-Z
U. ft a, ft It Nt .4 Nt -r .4 ot Nt t- N r 4t " M ft ft t ft r- 0t Nt ft t ft ft Nt f a- Nt %A

o 4.4.N'ONN00M:00N-.I4O1O11-A

O) N M 000 N10 M -IA 0 W'O N 0 0N M.4 r-00WNM4IA'O

le f tt* 4 r 0 ftt f nUt V V ft*% tA V% LM ft - t tt -t -t ftft MftMN

.a 0 00=0 O O ~ .4 . . -

)C ft fff U% ttffVtUP ftft* M ft f- T -r t t ft ft MfMfM M MfNtNtNtN

00 0 o 000 0 000 0000 0 0 00 00 000- . ... 4 . .

tIN 0wr nm-or rN0m0 4or- . 0rm
IA MN %0 m 0 m N U-1In.Am lA. NO0NMMM.".41 - 0 m 4 0 ... 0AN

~ooooaoooocoooooeooo~oocooooooooooooo
I-

I: co '0'M'M'4ION 1- 00t4O~t4-.
WW 0'MA1410-0Nf- (Y 0N N 'O-MM00N 0% W M -o 0

. 0M0I.zNM144400PM'A.~IM

w t , ft t 0 ft t f ft ft t f ft ft t f ft ft f ft ft t f ft ft t f ft ft t f ft ft t f9 7



4>

n xS

2:.-f . 0

42 a- 0
0 0a 0. a*~ t=M4 r

" "I- rOa 0 P Ne r4 'Of.10000 I-m
0 ItJ co cm40V 1Mf 4V oN1

U. 0* LLN'0IQ Z'.' W

2 .UJ 0 000000000000000

-u X a'I-0 0*rp M -D QO N
u 4 0300 cce 0 0 N W 0 14 M to - C -4It . 0
-1 c x4Z 0a Pa. 00 0~. .- -NnJe

cc 4. U. u -0:-x.

U2S 41 Z04 C3J 0t U 't- N W%Q.0oM r- 1 0 . --- 4 Q
vi an 0 1 4- 4* at oO nmrMlNOrro-t,00

a'* An . 1l'9 Z $W 0 ' 0 .4r OS 4%t0S tI- U 10 0 0 U% I
W -4 I-qU.2 0* 0" 0 WCOntmI-m 0CON %a0 ,t 0
MS L U-,, 0 u o 0 0 ~N CY MrM t %0AUN %
x * WO 4 t- -l.. 0*' . .* e . e e

0* 00 oetj W I- - 1; 0000 ;0 0 ;00 0 0
z OW W .4 W~ %A u cc

W0 0 -fU.~ Inc 4 .x U. N N N M M - 4 G0 M 10 0 ma0

0 L 4 M-. 4 2W4 fn W% t-~ 000 01 I -4 t-*1. 4 n Q
L 0 nI- C* o * 0** * * * * I

W a- 0) z.a W 0
a' 031 xI J L) z

W - 0 2 45 " 090>/
I-; -x# 4W x -I u * x

- 0 L2:. g LUS x 44
0* LUWJ *LUWLuz I 0

* 2:W..J"O2Z 4* 9
)- n~.JO02W.-0 J. 0 0 x~. I

i' .. WJZLUI- X.- o* 10, 4. f* 0 (P a C N
I- Z2Z4 0o 4Ca * W 0 W0 m @tI10.W.d0 0M09% 1 .S'0

M: WWJ 1Z.. a *0* I-zm .Ie 0: x 0...-N Nf~l91
D* xx2:-LU-2.JU I- LU OC 2 z 6 0.~ 0 0 0 0 0 0 0
Lu. W.J0-02 0 -4 W xx

0*~~~- x..JX a' * 0 2008008008000800000f
*W 000W a'a UJ0 3 00 I

4 _* XXW LLI- W'S4 -. 0 ** . -''I ~~'0?.4.
U.* 00000a n LUW 0 m 0 , 0 'Jr WO M*. . e . @ *4: ~ 8 xx W W S- : .3 - 1t 4 4w40

LL0 acrac n * I- 0j 0 0ce .) 44 4 4U 40 - c -a fm 00 0 0 0 0 0 0
z 0N U A .J.tNN0 T * .3 :49 I ... C <In. 0.41 01 04

1 I-90" O I- St .L U0 -0 a' 0- 44 inU 0- 24 toQ t0 -0-( P
0*%o.u00CC * 0' 1- 49 0t 009 LU 000 LU 00% N: NN11910tt ~0 f 0

*. . .. e .3; .0I . * 0 NJ' a% 000 Z4 en m 0 W a,0N ~o 0N 00
a 0O OO O .3* 1. 190 0 0o 9.. P- 44 0. 0, 0M 00 .4 u000-l Q4fnNt-

89. .. 00 S 0 0 - 0: * * * @ * * * *
WHIINM * 04 ' U. I- 00 000000000000000

0 ~ ~ g ai - Ii 0I I- 1- M W W wIlK04 4 L O t 0 0.* 4-0N t 0 l

01 U N I- N .3 0 N~ -T4
In s' 2 0 Z' 0 0 2if 000 Z X

W*10O OO 0 M9 C; 0 4 0 .3 00 0 0 0 .4- N N N
LU a 0 - 0 0 - M:
a'I .- I 0 0 2:0 0..

0j LU -.. I-

n4a 0U 0 In Cj 0. 0 >. 4 0 M
0--L a a' 0. W 4 W: Ux U4 N M 4 .-. t-O 0 4N(

LujW'. 0 0 .3 1. - 4 LU 0 LU 2 a
0. 0 c M>.I- N- U 4*0 M n U n .3 n 4 a.

98



N N ' o o0't t 'D0 nO%'t 004U o . % F40 4- u '~'~ N 4 0Mt- 0
. r- mffl I . LM~t 'o r- '0 N a- ' 0' m~ ' W a, 040' Wo '0 . tn0' 0 oA 0 N 'A (- m 0-

0qr-.-0$IDcy00'IN0NIA0 'to- 4N? '00- 4NMjU
100. 1 '00. 9 000 0- " N. N

df 00000000~o000-m M m.MN4CO N~ 0 0.-o-dw44 -

M V 91 M M f-00 0~' 0 0 '0 kn 0 4 W M VN W IOC)

N f 1-O0MO0N0 4MOW. '0. t- 0 0000MUM 0' 0'0NM ' 0 P-I-

W 0 1N-IfN MA N04O NOt-t P -t WM"7 N 00O I O'I.0
oo 0 N 4OI1 W N' -& m0. U0A0 N '0r

o N'0GN A '00 M Q.41 0 P . 0 0 0eW IC, Nma,

u M .0 W C0 M.0 010 UNr 0 0 0 -INN6NU N - WW -4 Q % ff

W- 00 0000000000000000000000

4; 8O0 4N1; 08 4 4 4N08 90C; 84 C; 4U 8

U. - 1 MrN 0 04m m0 0 0 r- m m W0 .0sP.

W 1- tmN 00 -1 rmN00r ,N.
74 00 . 00 N UlU 0U A00UN.-. -0Nr t. rm mm0mm mm NN NN
- 0 N Wm mw100 '0 - 0 N-t0 0 0 -0 MN0 0,0M'n

Wc M " *S N U% 0* m 0S 0 * N * r- 0 -r *l S4 W P* P-** (P MS *1 N W VM
0O00? 2 o M0c- &00,4 000. O0 t 0000 444-Mt4-rr 0 00 00 00C

I/ O . 0I~. W 4r1 lNrf mU -a 0r.C %-

0 0 00 00 00 00N N 4 N 4 4

400000000000000000000000000000000000

Z-
0 -.0 ?0 - m r N 1 W 0 -rye IAW'4 - N. C0 J?--M ,

0W M.0M?'0'0-4M't-4 00T00MO00'ON.A-
z. ' N 0 0 0 O . f

wo .. .. .. 4 5 5 .. S * SS ** * S S* S S * * 99



Ww
w w

00.I

NJNN

*~ 4q

ILO an "I n c000C0000000000000000000000000000000
0Lu00.wuji iIi i l s, I I 1 1 ta.s 1 1,s da i l l i iiLWU

fqI c l %A4 NN .4.- -VI L W W WW .4 W - t 0WW W W W W W U W W W L W 0 VulNetaI 0I m- 0c c04
s 00 00 00I .ci0UNMc P r01 U l .O 1 2 t0U -6% AV ,t 7 "m.

040 N tN 0
411 7N 0U 0.. 01 C) 0 . 4".. ,

00 Cie ".9 qt* Oct twwlw wl wwllIIw wlISIItuwlllw ww

IW 0 1-0 0 ow 31T %n11 311rM 01 0 -4r t M 00M4 0000*0M000 It000 M0 40.4 -000 M
:) 0* -9S~I siU %AII II t- 1111 II M 5P 1 N 5M540- tMO0M DW ,, 06 O-

W zwOI0 0 > A4- 400MUNr - - 0MN0M- I 00 WWWW WW0WWWWW W0WW WWMWWNWWUWWWWW

W: 0 o a0 0000004 000N04000000000000000040
Z. '0U iiL44~ui i i i i~ ). ww ww W

W0 .4 -C0 )C.) 0.0 0 , r 1 OO O4M0MU 00M0Mr - r f - y

0 . *O 11- p- ~0 I t-t00 ) ) V% " t'Mt -4N -O A00m 4M4I

0

No %ce 070 NMOD -00 q N40r 0a U) 4 M0 0 0 0 0 N N 4 4 .- 4 4 4-14 V 0

ze we 0
.6 CL O

U)0 ~ 24 Z UCy

coiiuo u ~ uclt g ~ l u ~ I I l I

we zo wI- u0 0 >
I-S 0 U) I4 0- * ** .. 0 .0.. .. .~0 *** * * . *** **

106* 4 20 W



00 0%0 0 10 0 0 4 00000

w w w4 w " -4 W W tU W W W

0000000000000

'0 a- 4 kA-rN '0 - rN'0O0O
m0w m~ 00' 0 fflU N U' fn 0
K~~~tAu 0'0f'N0440

000000000000 0000000000000000000000000000000

w. --- 0 0 0 01- -- - - - -- - -;- - --- -- -4

'A - - - - 4-0 -- am -f w 0 - -N 4 0 4 0 , - - - ' - - - - - - -m -,1 ,
0oNoNoooooooZckAen -a oc-ooowow* oooooooooooo

0N000'000~04 C0'000 000000000 000000-0 "000
NNN'0000Uii -'0'it' wZ ww 0 .'0U w N0U'000'U wwt0. wO'E1 Uw 0

0 N co . 4 r m 0m o o4 1m mc .c oV Wl NU0 ' N N co00N0 t" 40 - o -000' 00
N -c 01 .tf O 0 V% a,0 Vx N U r r 00o n N' 0N C W t0 000nP-- c 0 00O '0n 000% t
I)( 1r 4' #p 'n K N uNNw, %NA1i-tytN r-CY 0 VN o ', - NNq0 - m rN N0NNco10-r

0100

z4



x x

00

00

00 G
to4

44 00000 000 N N N N 444.d00000 000

0 00 c00 00 0 N -N f N r %Q0M00- C0 0 -. M-tZ00 41W0 t o -
o I I I I I I I ? N 4P 4M0 4N4- 00N M 0N0 ( 00 0 'ra. 0 0 Qt-M0

t" M0 o 't4 Q ld M- 0 4MQw"mt %0WNt 00
o0 4rW 0 0 N?' MN 00 NNN.r- am UI4A N

.9N M
.0* 44, .44 )4 Xi- a~0.0A0.(N0~ .N440N CV IAN04N 4-N-4 0u 0'4

N ~~ P M 0' 0 0 - "-i N' NA 0I zI 10 M0 wON N N 4 40 UM 4 N UI0 0' V%. 0N M N "4 M 404 4
cc 111zoo 111188181119111111ON~

.9- .0 -w,0M N MN P r4 w r

* *4W W8. 00000000000000000000000000000000000000

e I-0 0 o ow 0 0 i..4 N M400'I6- =" f -40 0 0 0 a0 , 40.4 0 M -NI 4ta,'Uin MN.4

z9 W I- cm Q 0 -t. IA4MN.40 0N .PN0'.4. 0 0N U% N P40 N W M Y4-r0 q WN 0M f- 0N
UU I.-s " ) * S 5 * * 5 5 45 5 * 5 5 5 * 54 5 5 0 * *

w- W 02 wa0

U: z O> u IL4 00000000000000000000000000000000000000

S.- 4-4 0 z Z4 F- N 4Or P-'O V Pt N 0 -- %N -4 010 - M 4 .. C10 47 Mt0 M
Li L.J 00 5" 0 InO WM 404 M 0 00 4r(N N - N 0'W0 0 0t (O '4 0 N N -d0 N W 4

InP- 0~ 0A N. Wn 0N 0 ' -M1 0 . -. 0. 0 1.M0 0 M4N t-M 0M 1U'4 IA

In 0

0 00

0 0

10



.44 04 M r. 04 - 40 4 c4-

000o 0000000 0

*j .*. .. ww www4****ww w ww w ww w
M 4.0MN 0 00

,a4. .. 4 4.4M4.4.4 w 7.40 a

00 0 0000

0f4 0 .4 0e.4

000 00 00 000 00 00 000 00 00 00

000 0 000 0 t 0f M , f oM(0 It 00Mca000MN0"w0MM00 0000t-00 o , 0 0 0N0
PI 1 11 1 1 MS)I 0N- oI "o,0o -?-mmr r0M Y oM,0Mt

C,~ 0

N m r. 0 1 r- w .. 0 1.- .. N 4-.0.44r 17.4. N M44.0 0 P ..w .4.a4N.M . ..4...4I-.4w c' .4
000000000004 rw . I w0 z 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 11 11 1 31 1 1 1 1 1 1 11 1 1 1 1 1

UJWW WWUJ %IJ WW W WWWW WWW WWWW WWWUWWW UWW103W



00

w WU

00

0

en (A

0 00 00 0 10 0 N N0 M0 00 M0P w 00UN 0m - M 0VS 0 -,t0 0 t 0.0Q

4 .. 0 40 M. 0 .
0 00, flz~ U1N r- O lg'0 0 0Cr 4 0 4 0 01 4 z1 4 VlullV

0: N ON on" No 00000000000000000000000

00

x N 0 0*** 1 ON w c" **N N wNr0 U N C 0 NO NN NC CN N NO4 04r

Nl * OO0.4--

* 1 3 13 1 1 1 11 1 1 1
Ni 0000000000000000000

e-u a 01 N N, m 20 100 00 N MN l%.. - oo NW -"-I.. 4-4.- MZ - en0 '% 0-4 0

Q - -6 0 .00 WW W W W L L W W L W U WW W W L W U W J U W

00 U. lot 2 1 1 1 1 1 1 1 i l i
1. Uz 0- 0 CA, i

*~ ~ UU) 01 *N ON N N4 * , N N N N N N N N NN C** N * ~ *
Z9 0> &0 WOococcooocc0000000

09 D D- :- 0 -L

W- 44 0c #A .1 a 000mt -00NV rU 01,f 1JrNN4 t-

N ! N NO N -N N N N N CM N C N N C4 In M em "I fn nMI

w 0l 0
L, r"

LU 00

04



o 000 00 0 0' m 000m

m tMN'O 4 r OO
fL i m m) N' t-4 Nin 0 0 NV

0. rt- mo -U1

0,0 -4 tA N -- 4-4 0Y

N00C'?WNO

m ~ U% .O r- - , N V, 0 0 N

wwwwwwwwwwww WWWWWWWWWWWWWWWWWWWWWWWWWUUWWW

> rU-'04-4N NN- ' r

----- co co to 0 w Q, CD -o -4-----44444- - - - - - - - -4

000000000000 00000000 000000000000000Co0000000

WtLILULUWWWLULUWLUUJl JJUWL W Wl W W'W W WWILU'J W1 LU LU W. .1 iLU L UUL W LULU i L L

CY N V%4U "0 o 0 Q 4 4 0 -LU W e ' ?0 ? 0 CP 4N - U0" 'N0N WO N 01O'?
cy U 0 nNa,4 .4U) ' Nw04'0 0 0 N N '?'?40 0 '0'

0 00 '

0!l;4 .- li

105



00L

w wj

w wj

*I C

-- 000000000 0000000000000000000000000000
- NIN -NN -M wmwwwwwwLLwwwwwOU.WWWWWWWWWWWWL.WWWWWWWWW
0 00 000 00 O1 O40I M0mN mmO 0- 14N- t1 %C %Q

N l I4r F-2 O -C -N 0 t 00 ~ NC f .

0a NI "0 II l 11"IBIII 00000000000000000000000000000000000000
0. 1 1 1 1 1 1 1 1 gil I iII iI III I

NC0 . 00 0 0 0 N NO W - W r- 0' M ,- 0 .40 4 z0 U 4 c0 0, 0 m 0.0 wmO-a - m~ N '4r 10
t'- CC 44 t- .01 ' 00COU t7 -0"I ' "mm1 M-N"m 4ON o-w

-d K .. xY rlo .00 0~.M0 ,-mo P.0 N0 m0'5 -NMO,00U 0.4 - o w.oICOOC no
ca e xa . .1- 4 , t-- .0t 4 4 C4 10 11 *1 0 7 w 4 7. m N *l m z r 4 00 4n N a, *O 0% * ID

o ' oo -fn a, 0n 0 4N r- m C .* 0 0 N UN . (K)-45 0 C44 N.4.6% NV N Mn P- -1 IA .4D. N

'.4 4
444 z0 000

CC: 4 4 0ce OWWWWLIOUWWWWWWWWWWWWWWWwwWwWWOLLWW
we 0 A r-Nr*--40.N.Oa'0.0N4,Imn NNOr-r-.0000..0I40.-0nn0 N
CD w 4 LL z LWMJ U) N0~r .U 'N .0U5.00'-t-IO NO..40'4N NO44N0'InU5UINO0.r,-Z
Z)z0 0- 0f OW In M~n4Ln-I0Ni V4. tr-Na'0O 'MZ?0 sr00'.0. . ON M-.In O.t.44. 0

20 w 05-

CC oi- W ca

OS: 0> o0 m< 00000000000000000000000000000000000000
sAC 0 0 -u~ ii ll lll iil ili lll ll llllllliillilw'I. I-C( Lt- Uww W W WOJW WWWOW WOw WW WW w wO WW WW

0U 0a WL, U) 0aU. 4o0 N. N 0M0t0 1--0,0a-' P- 0 .4 - .. 4fn0 en 0 tfnt4'.0 " NC0

44 4 1: 4.44s *4 44 *A *1 * *4 9. 4 4 4 4

a ' N 0W t q 5 nqr- C I NN m q UN ON w o"NNNm 4 10r'

0 5-

0 0

106



W UJ LL W LUU W WL W LL; t LI
-r .0 c *'e 0N M ~ -r (N r~- N
p- r .O- M M r- .4r A

CY w. t. 0 M# . *

-0 "1 M..4 0- M~ t' 0- .4 0

0000 000 00000
liii ww ww 1111111ww w ww ww w ww ww w

0 0Np-NMP-0WWr 4 4 A-4N00M -LmO .W0UN1 W0 w4I 4- W
.A -- C rItf .4 NOYC -V 0 9)QC N trM O O4 IN OCr ,-0--

o -- Z.,w-Z00 1Ao 1-00 I(. a00 0a 0 r -4100Ut0r

"4 4 z4 0 4 00 0 0 0 0 00 0 0 0 0 0 0 0 0

I--N 0 4 NzI-.wNNM NZ ) F- 0$' 0Nr4 N MW% -t0 V% n-.4 t P M0 M00.O

m m r- (0I O rnce% N 0- w U'000 4-N . n N4Nu'F-WWWM0O 0
*twMI N O * * 'o** f- p. f- r . .- r- - P. F. .- . r- r . . r. . f. f. r.* *- . . rf..

000000000000 C 000 0 0 00 0 0 0 00 0 0 0 0000

1-- wwww0uMWW% -CDUJ YM- nQP 0 YM nZP UJI0JWW UJN M.?WWWWUJ WP-WWWW0WWWWW

(NCLO ~ . ON

0100



00

M fn

44 0000 0 C)000.-

0 00 000 00 M -MP rM00ZN 10M01 4W0- -000U
o I t I I I I m -WI Wmp0 -00U *4t -"N -01 04 09

I- r-.4 I '.J 0 Z c 0. 0 OM0M01 QrN N 0WM0 00Mr 0 "(19 4 0 M0W - 4 0
z mov P-mc .on 0 - 0I rmN 0U t r- ooo-u Not- 01400 mr-- * - r

N 10 N N -4 0 o 0 * * .* *..

-- -- -- -- ----- ~- - - NN M N N - 4- - ---
00 N I N Nall "if 00000000000000000000000000000000000000

00 1,1111111111111111111 III Ililwll 11111

UN 0 N0 W4 *t 6 N 10 0 N N N 0 *4 N * P- * * N * " * %0 r- -t * %V It000*-VN

xN. L 7 0 N 71 -A (m *- .0. m .3'?. r_ l 0 ' m N r. ' .- 6- .** m * m - - - N N m ~ f .0 a, P3 1t% IA m
w*> 0NWMitnO N 0% 40NMI Ii 1 1 1 1 10 N IIrI f n V 'f D0 MN1

.0U-0 0 0 0 00 0 0 0 0 0 0 00 0 0 0 0 0 0
-4. c z

cc 9 o -sw w w w ww w w w w w w w w w w w

Ln 4- Z; ZO

*uj -O>J u &-d 00000000000000000000000000000000000

0 Z-w

f^ -(x InO1 C 0 Ln W- l I.ooNlr ),CO N- .NO0 0O-W NO
X t I- UI- N M LA *' N * 0 P* M M * NN M 4 * 0'4 *p M N% MNNN N P*NN '0*a'420 WN

UN kW-W .4 4 0 N I t 0 -
z. -~I -I -~ - -W- -W-W-WWWWNv WWWWWWW cW4WNUj N W eWfnWnWWMWWmWnWe

0n.J cc4 0. n0.- 0 0 N ~ N 0 ' 0 ~

0I 0

W I-

0 0i

100



d d.4 4 14 .44

0000 0 0000 0 00
21111U)1111"I

k.0 L' U NO f en 0 Ny - .4 t'..4t m -4.4NU~0 . N Vt

0.r- NM-0
4

-4.0 ,O0m w,?

000000000000

0.0 1.0CO O O -

000000000000000000000000

000000000000 0000000000000000000000000000000

WLUUWUUJWWWW WLULwwLWWLwwwLULwLwLwwwwLwUWLUJwWWWw

LM 44 t0- Z CV t0 0 4 r M 0 0 00 0t0 O- f0 t M f O (n-0 D C t.*%Vn t 0(

... 444.44.44 00 1 ww o 000.-4 .. 4.. 4...40 0. 00....4 o-- 0-Zot4 It -e

000000000000 0000000000000000000000000000000

W11 NW1111 N11 -111NCP W0 D 111 0 0I 1 0-t0 -11 01101N2f1M11W1"N1W11W11
wwwwwwww0f-, M0 r X t M-Uwww0ZM wwwwf-w0U1wLU ,w W O WUN -LUwwNwW- 0MwN?- 0W

P M M- P 0O M W 00'N M- WM. 00MM OWOMO N N O N UN ? O O70 0W O

CL 0.N V 0 6U

0109



Ww

00

0 0 4- -,-w 4 M N 4 " 1 4 41

-~ ~~~~~i NNin Mw w ww w w w w w w w ww w w w w w w w
0~~~~ w00 0 0 4M0QMMt F N0NV 44WMW04 ONI
I~~~~~ tUJ -O -MWN0MMUf - 40 -00 O0
lit~~~~~~~~~. W 'L . M0oMW -A00C-0U 7 At Z W0O 4MoNWP 40-Z o ,P P L W0NVp 7W -oWM0e - . nQ 0a l ww~ 0r - CjP lN(
r- Q" 1 0M - 00T .4 00O NI -0W -0 O 00 %MMt %0NU

4:ON4m i 000000 0000000000000- 0000000-I-00000000004.

-A NN.NN. WWWWW.UWWWWWWWWWWWWWWWWWWWWUJWWJULLWWUUU~wWIW,
0~0 , 00U% 000%*NNr 00 QN M10I 0 O. .4 tO t

OfW00 -r-- 0 0 4gF M. 0. w 0~0 0--rM M0 N 4N 0 Wf4MN r-M
P. IcnC x 'A. 94 *-t 4 ** 9 9 M9 9 4 9 9 . 999)9NI-99MM990P Ut00 %49WN0 -4 41 0-t4

0 >.r OP- I-NM MtIn N N.QNWMMC NN U-- 4M A UIAo r

10 -4 z4 -a a 4 0 .0 4 .4 0 4 .4 a 4 .4 .4 .4 .4 N N N rN .4 .4 .9 .$ 4 44 94 -.4,4
09~ ~ 9 ;;IIII 00000000000000000000000000000000000000

Z -% l'.l u. 0 0 4 f 1O O4-N MD00M MN Nq4 W~-M M ,
W LA .- .- )

I- zZ*'I li W,111 g~i iull iii igigi liiii iLU i i Li

C;94

W in

N0 in W V% 0 00 f rU% -000 M 0.4-.44N N.4 m m ap- m0 -4.N44 tn 10 .4.4

W - W 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0

0 0I
cc 0i

CL 9 -i 0 O 0 .-- 0.uIN4 .4Oru~4.0C1.00 4..N I.
* iI Ip i-* 4 9 4 9 99 9 9 9 9 9 9 4 4 9 9 9 9 9

09 L 4Z iWI WA 0 )IA4 ZO W

110 ~ 0-. LI



00 00 00000 000

- t 0 , O ' UN O
-. m 4 o r fF N m0oo
N0. 0 N0. N.- 0 -

------ 0 N -r 0 4r0.4 0

w .t- N 0 N 0 '0 UN 0~ 0
o 0.- N 0NNt- 41N

W ( , 0 'J% N 04 N
0!** * **4

wwww w
44~- 000 000 000 000 000 000 000 00

co co0.to 0 IV co M 0 Nl0'0F- N 00 N.4.-.

000000000000 00O0OO000O oO0OOOOOOOOOO00o0o0e

WWWWUWWWL .IWW LUw WWLUUJW WWWLUUUWUWLwwwUJWWLLw

x N tA a e0.n x10 O0 N

0. 0.



x

00

L w

00

a NCNC

M Mr M 00 0 0 0 0 00000 000 000 0000 000 00

NM~~~~~~ M.N qM NWW WN WL WWW WWW WW-WW WUq4WW Wv4%LW W
0 00 000" i 00 0N000000000000000M00000000

wuuj U, WWW W. w~.C~t~ Q ....... w~N wu .
1 MN co co 0. We 40W W oWAtA40 A 00F t0o .0 4f

cc fN I.-N MN * 1 fn o 1 N t. ef N W 0 0* N 7-N N N N M N 4 W 0 * 1- NN U. N 0 0 N N N1 N

(D co-a0 L 0 0 i0 l o 4.n"I a~lo MN..-~ - N N M MM-ry I'

-- -- - -- --- - N - ---- - - 4 --

0* ~ U IINICNNN II 00000000000000000000000000000000000000

Ox 40 % x(~00. 0
t Xjww. NN - (

Se < a a N N NN N NN * *N N N NN * N N N * Nu N *N N
N

to0 c 4 L * -. Ot N P 111111111111111111 0 0-tN -rP.CYm
.9 U ra 1 44C Irm0040r % l00. lP

u V ) 4- 20 u

*u -. O> w-C 00000000000000000000000000000000000000

ZN WI- V)0 0c M- a n M0Md -0 r , 10 NMMMt A00-' 0NMUi-MN
ZN 4 1? W 0Nw0 r -m -00t kMt 400I

I-. cc 02: .
UN 2W 2:W

W) OW WLnU

112 ~ .C U



WIWI 1 111 1 W, I
Wr W W W W Lu I- CD 00 C, W

0' o~ 4 U, M4 , J% '.T £4 toO 0

t4, I.4 z mC-4 - 440

LP0 N .007 -4 0A .4 f N N-

U" 
N0O' 

'i 
tI'N

4444444444..w ww www ww ww

WwWWWWUJWWWWW LuuuUwLJw wwW wwwwwWWWWWWW

oo a, , c a 0 O 0 0 0 o-r - 4N -Nt-Nt -V y N4 4 0 0 00mm-00
) No ~ 4' t- 0 m 100 '.%0'0C20 .0'0'N MM" r 0 10 0 r- p- t.- m '00C''

x M 4 *4 4* 4 z .- t44* ** 4 t- p- r* r-* *44 r. 1

UN01 r ..- - oc 4 C 0-4 0Y . .- 4. .4 1( 0 %a ,a a,0 a 0 .a 10

00 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0
Nl uiii ? ii o1 11 1 ig gi ig 1,wa.1P.111r1wm1N1 a -m M 111m1m 1

.WW7 WUW W WUJqWWWWWWWWWWWWW4J cm JWW cj NJ N NWWWWLM W

O'NO .'00t'0 -4 N '?0 0 ~ .J4 0 0 0

f~J~'0 Z 4 4 NN113'



'-i ui

44 c

00

uj In

LU LU00 N "44 4 -P 44 .

co. 
. l 4A 1;.0;'A U

0*hl l gu gHig u Mul lootii

'01 IX (-0N0) M'~ 0.? 0. M ~ 'n 0M N w00 W0rM '1 4VMU 0 4 0 U 9,r-TM

N n '-.0 -4-000

0*UJ I S ii0 0 0 0 0 0 0 0 0 0 0 0 0 00000000000
Wc xIiiIIIi I I Iii Ii I11 1 1 1 1 I il I I I

NS xN. l _1 0'.00Ncli0 wC ItP' -t10N N 0 1?-0 0 0MC'NmU10 014 mO .4 mUQ0 -N 0'r .- 10

u 0 )(.) 00 0. #

z =* * * 0 4** ** M**0O - % "f Y N *o N 4** ** N *y en N en r r tN Nor

II.w 0u a ~O N 00 A .4 " N N M4. 04 N NE ~ .4W " .4.4,C'U
U. ilg 11 1 1 1 1 i

LA
zJ P. )4 UU L iL iWN wwW ,w wwww w w.I ,,
0: 71 S C tm0 P tI r0 -NN to -c c M 0t 44wm . vt

* In
*U I

*r -n LU) LU- 0 Co oN MrooOQ r-W 0 N m Wooof-oooeoNomoooooof-

(O . u i
7: * -u c O ' N 'Cz'?'n??'C ' 0' M 'N?..-'N ' 0~t

ZU U)
N t - n C>

114 t * * * N * N N * * * * N * *



LbU. LLb U. W u LU W Lu L UL

0.7 t- .0 , 0 " N 4t' 0, 0

a - a 1- emC e ' 0 M

.4r - o .4 'r--4n

.1i . Iiul ..

LM 0 .7.-40 N (4 .7 0 m 0
U %*1-ON% i .0 It-4LA

UN 'D '0 P: 1'- r- W 7. 1 ' '14

000000000 000000000000000
ggw g gi I I I w w w w w w w w w w w w w w w

00001-.1- 0 U 00 0000 000000000 00U'U0'J0

I1 1 I1 1 I1 1 II''III'I'lIIIIIIIIII101

tn 4 4 r 0J4r N o1 r4Amo .c

0 0oto0 e0000%P-0en0 0 0l0 0 0,400000m00-0?%AV100-Dr00-0000 W000 000(0O0C O a
IllillNlt X Ir f _ P 1 ,Pf111 f111r 11- 111 111111P11r

.W WjULLJW iWWi WWWWP: . op: . & W0 WW O% LUWWWLUWWWWWW
VNp 0 4 1-r- tN0)- -' w -o l0 y o la ,o l(,a ol0 ,C o l0 y la a o

(n 1 Z4 IUNIU- . . L 07 N -4 .. ' 1-4N1-N'0.7.0N9V 'VN0N'C% NUM

115



4-9

00

I-.-,
In In

0000
wwww w ~u

1 ~ 4 000000o r00 rv N-4NNNNn 1.Op,

-- Q D & w0Nm% -0 N' U r . t,. 'rN .fI WWWNWNWNWWWWWWwWWWWmWW Wft WWWumU m 0.
0. 0000 0

01 1 1 1j I I 1 , 1 1 1 1"I I 'I 'I I I I I 1. 1'1" 1 1 1 1 6 1 1 1 1 1

0 -"W("00N0a0 N To mO~r W~ 0. O N.W N 0 U ' e-
0 N Wu - 4 M N* * 'r.. . *, * . M M M M .. .
0 e cc- "fM =it aO N~ ol1 zo~.1 U r RI %WV Ma .

0::0. :t!1 1 4 414 1 1, LA-- -- - - - T -- -W -----NM-nM -- rhV

05 ~ i AI zoM W 0000 00000 0 00 0 0 00 0 00 0 0 00 0 0

Oe -t. cc wwwwwwwwww~wWwwWwWWWwwwwwwwWW~wwwwwWw

* Xj). >.- IOU% )C 4M ~ 1- o.O Ur m 0 0 r on uk t0m
u* *M*4MMM*.*M*944*M M..MS w

* jU Mu II I I IIIIuuaug uiu
- 0 Z . O

OSZ I w 4 O
W: -z 0> W-I 00000000000000000000000000000000000000

CA 0 4 00 - w I I W I W I I I II WII II WII II II WIW IWWI WIWWI I WI

u U. 00 MN WN 4 N -0 .1 0U 1- - 0 -0Nt.U
w C ui-. 0 o zW A00w 40 cN1- rm0U%0 l W0 mU, N MNML

X. Wt- InO 0 r-M W r0ZNW400NMM4WO 00I 0 0

mO IE 20 WZ P- W P0 Nmr00

-s 0 01 - t
0-S 4 02.
C) S W Z0

20

0 0



.. q co ol .444 .

000000 000 000

Wi 1J 1W w l w w LU I. IW LU

* * * S 54M N 4 t-*S

00000000p-ocll00 0

0.~~~~0 %'0tU'~N

iiiY a,,

0'4 4t LU- f 000N NNNNNNNNNNN0 O010 r---0 OC V%
0 -p -r U -t -t.r -t -r .t -P t- P.~~ t- 'N' ~ ~, . O ,O. 1 0a0 DQ1

000000000000 0000000000000000000000000000000
11111111 1 W1 ii I I I ~ ~ I I ~ i I 111 111 1 1IIIs

WW WUJLUUW WWWWWWW W W W WLU WLWLWWWWW LL)LULUWWLLwLU WU
IM 0N r-,4 m0 Mf0 - 0 f 4 t0100 nN1 r40-P l

4 nMC n0N LA co , 7 0 0 rUN0 wM y'N 0 ,0 4. t t4 n %N r om(
00 N o 4P n0 m"P 0 w -rr "41 N01 1 00I i 4I ot 000 -L

4A P- 0N Lm4P- 0 N V0 0 V) 0 (1 00 N m l 1 UQlo. -- O C 10M
x m w o U% P. *4 t* Il. r-** 25 5 *s ". s P. *s .

N- I"-Nm U.I*w~ I- Wl1 ,0 10 M- 0P rL 1

00

117



xx

cc

00

wi us

Nd N

13

-- ~ ~ ~ ~ ~ ~ ac 0000000000000 00000000 00

:i t $_ 8 f i e t I

0 0 ' 0 ae rM4 C.w - - 6 W aa m a.0r 4a 1- U ). -.v N 0 f . N 1 I %C C
,1 4 4 M V I , - t% ~ t CF " f w

-W% .1 4 -C ****s .4-4 a 0.44.3. 4... 0- .44* v oc GO _O Ol 004 .

VC. i4 Ti- Qv%%. n CIA O O O O O aa- 4oO O oO ,oo* ooo oofomeo

3-cm
a0 se W% a-L b 2m 00 -~r

X3- V% 4 .Pas .1% a .CL.. a... e g.

*9 liii11 VI C:321 l 36 11!

-Se

ILe x4 1. ZO OrcOO o 4..4.4.....44.aN...4 l 4P rrp 4 13p- 3....C4^.4 0
erl _ z0 P-k- - "C.wa,_ 0 00 0 0o O o OO O o o o C ooooonoInoooo L%

XO .9w v 0 . CaV% n 4 0 C. 43-CP. aN . 0 0h-oI% t- O - r-C 4 -C 0QI-2n v -c 040

x4444444444 ...-... (V NV 94N -. -4-4.4 .4.
VISC

I,~ -*- * £L W w 62 U 6 w w u I w w no W w 1 U9 %a w W 3j I w w2 wI 3 w w w w w w
Q.D3P wk- 9. WWW WWftWW w a.4w w I- r P- WWWWt- WWt-L- wa -0nw

oo m4 00 L4 QO 0 01 I In O w a v 0 P_
InL.. 130 mc- '4n4~0 e.a9~a4 m 00-N9rlnf(V0 wom;%4

a, 0111 1131 * C 41111O .11- -.lilts of

140
W40
IL3

2e,4-.(vtU0CO0'S O4Vt1O-

3- £ 2' ~ ( V ~ a F I n

SIBC



000 co .4000

000000000000

vj W. 4 u s W : iit w j, lcU.
0ft C. 0 r - - In N. "7

b'% " " P. W 4 - fmP. N
x C .0 P_ 7. a NO Q~ r

000000000000

N V, 0 0 N P. 0..P 44 4 P. W -rA " .. ; : 0V

4~ Nt" x0 4, W% 4 fl 0%00r%

PC 0 0fP.t 0" "P.p m 04o 0 000

oi occoca aoco 1.4ccocococcoc
00:0 %ft r4 - - 0 -.-. ", ft P- -0 - - -~ 41 - - UN

>r
4 

-C.o s C4 11001. --- 4 ' -4 -

C~ a- r 8 r910 0 P_ =C.f4 Q.- ~ 04 -. ~ d0f U

C 4L

119



00

w,

00,
w WU
400

00

44 000000 00 .4JNN0,C .4.4.44..d.44.4coooc

I4 I I1I3t1I I 1l1-l 1 i mil lit1 UII 1 51 11

0 00 0o0 00 4 0 121-M m a 4 a @4m C r ) ~I-'C 0)%9 ' m- cv.efn 0 0 o k0 0. Q m 9%
. 1 ; U 1 a I I "P m0m 0 01Cl lvzO V N

w wzw wWw ww tnc'(dtNC.W@ %M o0?= Cot- esO4n00o C),W % dlnWOr- =MOO ." Wa
%n. , 0c oW 2 # 0% (Y "A 0.1 md' 0. a.a. ~ . MN W%= m0. a a4 0.4'd " Imm r N.40 i

Wd 10@ a-ON W% -C 3-.Og!4too4N.00464!Oe M too* to0C.4- 0 to1 00*0t

o: Is ali urns* we cocoococo0000000000000000C0000000000
00 a Ii I1 1 1 1 1 1I i 5-1 1132 I ll II13

0%0i iilisi l . 1WW W W WW~W W WLU5W W W WW i
00_4 f -%" Wc m

*f AC S1 4.4P0-I .a P, W Do uW naa-r- -a m40V 1%ILU % 9 o- %f

9 z0 )C>9 tt0. 1. 1;1 *c :C z1 :-1- 044.

90 cc 3a V_ 4 ft ew 9 P. 'C C. _ 0 46 NNN. 9%2f m0N0 N~-~IN 0 r a 4 0I

W I.

0 1- Tul

74 am W UJ.- 0 0000000000000000,000000000000000000~n000
CA 0v 2 1 1 1 1 33 111 1 119 1 1 1 I Ia1-1 3 1 11 1 1

0 ~ ~ ~ f o4ceW W W W WW W W UW W W WW W W &W W W

U.i u-o 4J3 .C. f 0 a a l 0 0 " a 0 e a- CO P. V 0 W l- 0 " 0%. 4 0 z 4 M .0 42

vs W ccO w Z 00 W I0 W 0 M W ,I -" MuW % % % 2 V MUM I-t l-- i

0- W W U.1*rW rAm4q -24 A NN1

~~W 0W.
0 ~ U .4OO OO OO OO OO OO OO CO OO 00 00 00 0

I-4 ' ' V OI C 4 0 C 04 0 4 6 0 4
P- N ir m P0c 0* a4 m W.. vI20 4C'3C~I''4 -- = - m I6.fCDf4a-0 r %W6 4 .0

cr.!t44 C 4CC44~, C .~4 - O ~ ' f C
mOt'C.fOC ~0 0V 0 tC~-6UI04

w- 0 C t ' l 4 4 4 0 I ~ 0 t0IO~

0* * * * 04 . * * 000* *04 5 0 00



II
- 0-000 0 0

tL , .L 'a w~ W u. J , L.%

="0j'p.00'rm-a

1A C3.. tv %ft 0000 .-c~m

lr-. 0r -C0- ---- r- I rrr

-. -. ---- -0

- a-r- "" - . . N U% C. ?Igz 0 0 Ir 0 1-
4 -. . - 0 ol 2 0 -U -Ca- c .0 1 -7. .70 -=.

IO 00 @ - 4 % x - -4- - - - - - -- v m m-r44Wu-IV--

0 S l u I ~ a S a I a g S I I I

CL -- -- C0CL- 4 - - ~ - 4 .



p-C r

5 ,C 4-

X tU r IP-. A A4

<.. MN M . m " ""

V.

a

-A-7

122i I



4. STATOR GEOMETRY

a. Number of Blades

The stator contains 49 blades.

b. Blade Form

The stator blade design was produced by the same process as was
used for the rotor design, but with two differences. First (as de-
scribed in Section II of this report), the double circular arc profile
was selected for the streamsurfabe sections. Second, the sections
were stacked at the trailing edge to complete the blade definition.

The 15 streamsurfaces on which the double circular arc profiles
were designed are defined by the results of the aerodynamic analysis
given in Section IV.2 of this report. The stator occupies stations
11 through 15. Details of each section are given in the following
table. For each section, the ratio of maximum thickness to chord is
.04, and the edge radii are .005 inch.

Camber Stagger
Section Angle Angle Chord
No. (degrees) (degrees) (inches)

1 (Hub) 54.39 18.70 2.349 [
2 541.59 18.541 2.2410

3 54.77 18.38 2.143

4 55.03 18.26 2.060

5 55.33 18.16 1.990

6 55.59 18.o8 1.934

7 55.85 18.03 1.895

8 56.13 18.o2 1.873

9 56.39 18.05 1.869

10 56.68 18.13 1.885
11 56.99 18.28 1.923

12 57.49 18.54 1.984

13 58.35 18.96 2.072

14 60.38 19.81 2.197

15 (Casing) 62.35 20.73 2.365
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The generation of the blade geometry including intbrpoau.,A.
(and extrapolation) of' "manufacturing plane" data was accomplished
using a computer program similar to that used for the rotor blade,
and output from the program is shown on following pages. The coordi-
nates of 10 "manufacturing" plane sections through the blade perpen-
dicular to the stack axis are given. The sections are spaced 1/8 inch
apart, and extend slightly beyond the actual blade in both directions.
The coordinate definitions are the same as given for the rotor blade
above. 'XP' and 'YP' define the pressure surface of the section, and
'XS-' and 'YS' define the suction surface. 'XSEMI' and 'YSEM1' define
the trailing edge radius, and 'XSEM2' and 'YSEM2' define the leading
edge radius.

Figure 25 shows superimposed plots of alternate developed stream-
surface sections. Figure 26 is a similar plot of all of the manufac-
turing sections.

c. Location of Stack Axis

The stator stack axis is located at an axial coordinate of
4.7250 inches, measured from the same origin as was used to define
the annulus geometry.

d. Root Fillet

Between points 3/4 inch in from the leading edge and 1/2 inch

in from the trailing edge, the fillet is 1/4 inch radius on both sides
of the blade at both hub and casing. The fillet is smoothly de-
creased to 1/16 inch radius at the blade edges.
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e. Stator Blade Coordinates

CARTESiAN, COJROIVATES FOR 4ANUFACTJRING SECTIONS

SECTION .Ao . 'Z'= 7,500
PO'IT 10 XP YP xS YS

1 -_2.33265 0.73382 -2o3366 0,7591 .
2 -2o30979 0,75157 -2,31571 0o71564
3 -292860: 072012 -2 29323 0,67388

-2,26130 0,68941 -2,26942 0.63367
5 -2,43537 0,6593. -2z24419 0,59483
6 -2. 0811 0362996 -2.21740 0.55740
7 -2,17936 0.60110 -22 18891 0952114
8 -2,.14894 0257275 -Za15857 0,48601

-. 11667 ),487 -2.92624 0.45195
13 -2-s0240 0,51742 -2,04177 0.41890
i1 -2.04595 0,49037 -2,05500 0.38683
L2 -2,007%6 0.46369 -2*0158a 0.3557)
13 -196593 0,43733 -10.9 740 8  0.32550
14 -1i92229 Otl,4, 4 -1,92983 0.29624,

15 -1.87637 0*3d594 -I, 83336 0,26795
16 -1,82831 O.36092 -I 83 467 0,24067
17 -1,77827 6.3364B3 -1,784600 021444
13 -1,72642 0.31253 -1,73153 0.1,3§29
19 -1667296 0 28927 -1,b7745 0,13527 .
2-0 -Ii 61803 0*25670 -1,62198 0,14240
al -1c561-96 024487 -1,56531 0.12071

2 -19 50481 0322384 -1,50764 0*10023
23, -1.44532 0.20363 - g4491i 0,0809,3
24 -1.38818 0,13430 -±,39011 0.05298
25 -1,12906 0#16586 -1,33061 0.04o23

26 -1269o4 0O14a37 -1.27095 0903076
27 -1,21011 0.13183 -1.21105 0.01655
2 -1,150b4 0si627 -1,15133 0.00361
29 -1,0913-5 O.I0171 -is09185 -0.00803
33 -1 20337 0408815 -1&03270 -0.0:851
31 -0,97379 0207553 -0, 973-99 -0.02772 $

32 -091568 00-.401 -099157.3 -0.03573
33 -0,d5809 0.05343 -0 E5812 -0.04254
34 -0.10107 0*014391 -0, 80104 -0.04819
35 -0a744b2 3.03516 -0,74456 -0.05,271
3* -096S876 0.02744 -0, 6868 -0.05610
37 -0633*.8 0,02064 -0. 63339 -0.05840
33 -0,57875 0.01474 -0,578o5 -0905963
39 -0.52450 0900972 -0,52442 -0.05980
i3 -0.47070 0.00555 -0,47062 -0*05892
41 -0#41728 0.00223 -0,41722 -0o05701
42 -0.36420 -0,00027 -0.36415 -0.05407
43 -0931144 -0000195 -0*31141 -0005011
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POJINT 4) XP ' xs Y

44 -092 996 -0,00282- -0.25894 -0904512
45 -0026673 -0*00290 -0il 0672 0.Oo03910

43 -0.1l5474 -0200219 -0*15473 -0.03207
47 -0.0 1,Z 4 -016C0069 -0,10296 -0.02430
4 3' -0.o0 5 138 0*00160 -0*0513.3 -6.01490

0 o.i-Nr 13- XSEMI YSEMI XSEM2 YSEM2

-0.0052-7 0.00432 -2635719 0.80480
2 -3.00448 0.00431 -2*35735 0.80532

3 -0*00370 0900417 -2.3 5744 0.30592
4 -0.00295 ')*0039'- -2935745 0.60658
5 -0.00226 0.00355 -;2o35739 0.80728

6 -0.00163 3.0030? -29357-25 0.80802
7 -0,00108, 0900250 -2a 35704 0. 80876
3 -0.00063 0.00185 -2.35676- 0.80949

1 -09000"79 Oi00114 -2a35642 028103.9
10 -0.00007 0s,00038 -2,35604 0081085
ii1 0*00004 -0.00040 -2*35561 00.81145-
12 0.00002 -0000113 -2.35515 0*81197
13 -0.00013 -0.00197 -2e35467 0.,81246
14 -0,00039 -0,00271 -,2s,35418 0.81273
15 -0.00C77 -0.00340 -2o35370 0's8 12 9 5

10 -0.00125 -0.00403 -2.3'5323 0 8 1*30a6
17 -0100183 -0-,00457 -2,35280 0'681305
18 -0.00248 -0060501 -2&35240 0.81293
I? -0S0C319 -0.00535 -2935206 0,81269
23 -0.0039-5 -0.00557 -2,35107 0.81234

SECTION NO. 2 IV= 7.625

-------------------------- ;-----------------PUINIT NJ XP' YP XS Ys

1 -2*13'299 0.70408 -2.13661 0.68047
2 -2.10932 0.67395 -2*11473 0.64027
3 -2.08602 0.64467 -2iP09193 0.60175

It -2 aO--13 8 0.61bL4 r-v06805 0.55475
.3 22,0B578 0.58830 -2. 043 01 0.52917

6 -2.00909 .'O -2901668 0.49477
7 -1*96116 0.53449 L1998896 0946159
3 -1. 95186 00,0341 -1.95)72 0.42953
9 -. 9 210 4 0.46284 -1.92883 0,39850

13 -1.88855 0.45772 -11*89o17 0.06845
L 1 -1*8542b 0.43304 -1.86162 0.33936

lz -1,818o4 0.40876 -1.82506 0931117
13 -i.77980 O33488 -l,78640 0.28388
14 -..s73955 0036141 -1374570 0*25749
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POINT NO XP YP XS YS

15 -io9742 0533840 -1,70308 0923Z03
L 5 -oo5353 3o31587 -1. 65967 0920753
i7 -1.60800 0)o29388 -1,61262 0*18400
i1 -1,56098 3o27246 -1,55o50 0.±6149
19 -1,51264 0_2516o -1951625 0o14001
23 -1A46313: 0023t52 -1.46625 0.11960
21 -141260 0.21 03 -is41529 0.10026
22 -1.36124 0,19338 -1,35349 008204
23 -1630918 0917545 -1,31105 0.06493
2 -0.2565q 9.15833 -1.25811 0,04845
25 -1.203bl O.*-I t202 -'%&20483 0.03410
25 -1045039 0412657 -1.-15134 0*02040
27 -1*0970-7 0311i99 -1, 09779 0.007b4
28 -1204378 3.0982) -1*04430 -0.00359
29 -0299063 3.035-.9 -0.99100 -0.01388
33 -0.9371-2 0.07358 -0.93795 -0*0230o
31 -0*88511 0.06257 -0,89524 -0,03113
32 -0.i3286 0.05245 -0.8J291 -0.03812
33 -0378101 0*0431 -0s73101 -004404
34 -0.72-960 0.03484 -0,72955 -060489i
35 -0*67864 3.62732 -02b7957 -0,05275
35 -0.62813 0002057 -0, 62304 -0,05558
37 -0.57807 0.01483 -0,57798 -0.05742
38 -0.52843 0.00981 -0, 52834 -0.05827
39 -0.47917 0.00558 -0,47909 -0o05816
40 -0*43024 0.00214 -0. 43017 -0905709
41 -0.38160 -0.00054 -0.39155 -0.05507
f+ -0.33323 -0.00247 -0#33318 -005210
43 -C,28509 -0.CC0365 -0.28506 -0 00 9
44 "" .23715 -0.004-18 -0.237i3 -0,04334
45 -0.-8941 -0900379 -0.18939 -003753
45 -0.14183 -0900276 -0.14i82 -0.03078
47 -0.09441 -3,30101 -0*09t41 -0.02307
48 -0.04714 0.C0147 -0#04713 -001.441

POINT NI XSEM1 YSE41 XSEM2 YSEM2

1 -0.00531 0.00427 -2,15793 0,72292
2 -0,00452 0.00427 -21,13813 0.72343
3 -0.00374 0.00414 -2,15826 0,7240o
4 -0900299 0oC0389 -2215830 0.72473
5 -0.00229 0.00353 -2,15826 0.72545

-0,00166 0.00305 -2, 15814 09726.9
7 -0001ll 0.00249 -2,15794 0,72693
8 -0.00065 0,00184 -2, 15767 0,72767
9 -0.00030 0.00114 -2,15733 0.72837

10 -0,00007 0.00038 -2 15.39 , 0472903
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P311T i)l SM YSZ-"1 X SE%12 YSEP-2

Li O'0c004 -3*Ca0040 -2 1 =f49 0,572963
1! 3003 -)319-21 5,1 Oa.730 14

13 -00 000'1 -3..01O97 -2015551 0.73057
-0.G3 7 -3.00272 -2*15499 0.73039

15 -C. 00074 -2.30341 -2.,154*S 0*73110
-. 19OL2 2 - .i ) 4 0 4 -2.15398 0,73120

17 -0.UcO179 -'%ou045- -2,15353 O.73113
13 -34,002,t4 -J*0350-t -2,15307 Ov73104
U) -0,60315 -3020538 -21l5268 0.73079
23 -0.00390 -'3t).05 -2,15235 0*73043

SECTI374J* 3 ~I'= 7s750

MIl~T V71xrX- YS
i -lo.95751 1,5340O9 -1595953 0.61116

2 -1092994 09:5)4l 3 -i&93307 (657213
3 -1.90219 3*57526 -1,90599 0*53508
4 -1*87420 0.54747 -1,87853 0.49982
5 -1.84583 O.5206i -1,859f5 0*46619

6 -1. dl71 0*49465 -1.82226 04367 -1.754791 O.4i450 1le7gz-27 0.40330
3 -i.75805 0*4451-v -1.76351 0*37353

4 -1.72143 0*421r+3 -1.73304 0.3zi543
io -1.o9581 0 o393 -1.dz810149 0.3"824

11 -i*66323 0.37590 -1266871 0829200
"1,62925 0335393 -Is 6345w 002fa669

03 -1,5938L 3o33243 -1,59832 0.24229
i ' -1355638 3o 3 12.1 -1* 56L':- 00218761

-5 -1;51950 9,29086 -TL a5 22al 0.1961216 -1.47875 0.27)82 -1.37 0143
17 -1.43773 ;3.25132 -1.44125 0.15357
13 -lo39554 3.21239 -10 39850 0.13368
19 -4.35232 0*214G5 -i*35504 0.11475
20 -1.30818 o 0.34- -1,316053 0.09679
21 -1,26325 3,i7929 -Is 26525 0.07982
22 -1,21766 091*293 -ItZ1934 0*0638-t
23 -1.17154 0,14727 _101U~92 0.04887
24 -1vi2501 t 223 5 -101261.2 0*03491
25 -1.078817 0411313 -1*07Q04 0.02197
25 S - A.11 0910478 -1,03131 0.01004

27 -0.98404 0.09215 -0,98453 -O*000F7
23 -0*93b95 0*03032 -0.S3730 -0.01078

27 -0186995 0.06927 -003870i3 -0.01968
33 -0$34312 3.05903 -0.84325 -0.02760
3i -0*79651 0.04937 -01b79656 -0.03453
32 -Go75O15 00040930 -0,75016 -0.04051
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PIAUT 'VI XP YP xs YS

33 -0470409 0*0333l '-3.70405 -DcG4553
34 -0.6518i3 0.02593 -3*65627 -0,04962
3, 06!2:3 0*01954 -0.61282 -0.0528-336 -0956777 000139:, -Gs56?6-3 -0.0550537 --D. 52-795 0400;10; -0. 52-)88 -0.0564 333 -0*4764 60.O0r9Z -0.47836 -0 *05 69 234 -3e43417 0.00148 -0&43410 -0.00565343 -v.359012 -3.00125 -0.39306 -0*05527

ft1 -e34;527 -3a10329 -0 33622 -0.0531ft
;23D5 -3*00 65 -0.30254 -00059153
43 -34Z5903 -3.06532 -0*25933 -0004630

0.*Z!55i -0C'533 --0021563 -0.041!5q
-Do47231 --34D0366 -0. 172BO -0.035983

40 -Ow12910 -0,303333 -0.12910 -0.0295147 -3*08599 -3.00O*F132 -0*08598 -0.0221643 -3*04.95 0.,00134 -0.04295 -0&01392

PclIT 10 XSEMI~ YS=Sf XEX YSEIM2

I. --90C536 0*00422 -1.%98651 0.652692 '3.O-457 0*00423 -109asaa 0.6z53263 -0.008378 0.O0411 -1.58703 0065393
ff -0.00303 .3.00336 -1.598711 006r-4635 -3.00233 3,,C0351 -im98M1 Oa6553e J6 -3*09169 0.00304 -1098704 0.65610

-%9113 0,002483 -1.96,587 06;86 -0*03657 0000184 -1.098561 0*6575-39 -0.3L%031 OaO00113 -1998626 0*65833313 -0OP00 0000038 _Z6108524 0*6589511 J2,03005 -0.00040 -1,98536 0.6595312 0.00?004 -0019-1-98483 0.6600313 -0.00009 -0.00197 -1.98426 0.6604214 -0.00034 -lot00272 -1.98366 0.66012
15 -0*00071 -0.00342z -1*98306 0.66089is -0.00118 -0,600C#05 -1*93247 0*660951.7 -0.600175 -O.60461 -1,98190 0#66089
13 -0200239 -0.00506 -1.98136 0*65071

-3.06310 -0.00541 -1.p9dO87 0.6604220 -0.00385 -0.00564 -1*98044 0.66002
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SECT134 'Us 4 'l'= 7.875

ONT-3 XP yp x YS

I -1033152 0.58554 -1283267 0*55332
2 -le3S0937 0.e555 76 -1980217 0.52486
3 -1*76917 O.52685 la M733 0,4384--1

4 -le73785 G.49906 -1.74031 0.45394
-1*10637 3.47233 -le.70905 0*42113

5 -I.67457 aek-4652 -13,67753 0.33992
7 -1*64268 0.42168 -1. 645*1 0035019
3 -1.ax033 0.34771 -lv61331 0.33183
9 -1.57755 p3.37458 -1.58053 0.30477

La -1.5l-4425 0.35223 -It 54719 Go.27CI92
L1 -1,5;635 0.33i62 -1*513Z! 0*2542!
i? -i*.4t519 0*309?2 -1a47353 0923059
13 -1,440t49 a.23949 -1.44303 0*20801

-_,044 3.-9 -1,40535 0.18643
15 -1m,36755 0.25399 -1236987 0.,15583

- 1 3,3 01 7 0.23270 -1. 331219 0.14623
17 -1.292C4 0.21506 -1. 29AM5 0.12752
is -. 200331 04,19500 -1. 2549. 0*10978
19- - 1.;-"A40 4 0.13172 -1.21544 000929a

22 -1.17430 ee.1-604 -11,17550 000771i

22 -1.C9354 Oo-13670 -1039448 Qw04815
23 -1.05236 0.12305 -1.05354 0.03506

-! 1.01136 0OU3008 -1,01240 0.022S$
-50.9970-69 00-3761 -0 7i1 0.01161

22 -0.92943 0,303bZ4 -0.92)374 0.00124
27 -0.88811 0.0-7536 -0,3833 -0.00824
23 -0*84678 0.0o516 -0,184692 -0&01683
2 3 -Oe 305-.7 005569 -0, 80556 -0.02454
30 -0.76423 0.04593 -0.76427 -0.03138
.11 -0* 7207 0*03i80 -0o.72305 -0&03736
32 -0*68232 0.,03139 -0,63200 -0.04249
33 -0*64109 0*024t5 -0364105 -00.6~7S
34.G6C028 3.01659 -0.60023 -0.05024

B15 -0.55961 0*01319 -0.55955 -0.0528?
3* -0,51907 9.035846 -0.51901 -0.05469

37 -9,.47867 990043i -0.47861 -0*05569
38 -0.43839 0,00094 -0. 43833 -0.05589
31 -0*39821 -0.00185 -0934817 -0.05529
40 -0.35814 -0.00401 -0,35810 -0.05388

* -0.31814 -0.00554 -0.31811 -0.05168
*2 -047621 -0400544 -0.271 -0.04867

43 -0.223834 -0.000671 -0.23832 -0904486
44 -0.19852 -1900*36 -0.19851 -0.04023
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PSU , Pxs YS

45 -0.15875 -3.30540 -0.15874 -0903480
-3.190 -. 0381-0611931 -0=02855

-0.0793l X}6 -0,07931 -OsOZ147

48 -303954 0*30123 -0,03954 -0.01355

POTSIT 'I3 XSE$!1 YSEIH1 XSE'I2 YSEIi2

1 0.00O540 0*0014 -1. 8b368 0*6043EI

2 -0.-00461 00319 -1,56405 0,150493

3 -000382Z 0*06407 -1. 8 431 0.60565
4 -0.00307i 3.00584 -1. 86448 0160537

-0.00236 0.90349 - 1,66 r5 3 0.60712
6 -0.00172 0.00303 -1. 8644.4 0.60789
7 -0.00115 003024 -1,86413 0.60866

a -0.00069 1300183 -1.86406 0.60940
9 -0.00032 9300113 -1. S6371 0961010

10 -3000008 0.00033 -1,36326 0.61074
11 0.00005 -0.00340 -1,86274 0e61131
12 000005 -0890!19 -1,86216- 0*61179
13 -0.0C007 -3.00197 -1.86-153 0* 61 *'-16
i1- -0000032 -3.0027-7 -1585086 0.61-242
15 -0*600be -1.00343 -1.86018 0*61257
is -3.00115 -3.00407 -1,85950 0.61260

17 -0000171 -0.0046 -1985884 0#61250
13 -3.00235 -0.00508 -1,85821 0.61228

i) -0.00306 -0.00544 -1, 857b3 0,61195
23 -0.00382 -0*03557 -18-8571/, 0.61152

SECTIC0 NO* 5 IV= 3.a03)0

PO'1T 13 XP YP XS YS

3. -1*75813 0,55806 -1*75870 0.5-3567
2 -1.72407 0.52758 -1972484t 0949722

3 -1269003 0*46737 -1,69097 0,46095
-teAt5599 3e47036 -1965708 0.42667

5 -1.62194 0.44349 -1.62313 0*39422
-1.58"764 Ot41769 -1,58910 0.36346

7 -1.55366 0339292 -1.55498 0.33427
8 -1.51937 006913 -195207Z 0.30655

9 -1.48495 3034b27 -1,48630 0.28022
loi -1.45035 0032430 -1,45168 0.25518
11 -1.41554 0,30318 -1.41683 0.23137
12 -1.38048 0.28288 -1238172 0.20874

13 -1.34515 0.26337 -1934632 0*13722

f -1930954 0*24462 -1.31063 0.15677

15 -1*27364 0922661. -1&27464 0.14737
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P014T 13i Xp YP xs Y

15 -1.2?747 0,20933 -1,23333 0112896
17 -1&20105 Jol-3275 1,2Z0186 6611133

1.6339l78 -1*16509 0a0950S

1.1l2749 0.16171 -1612811 0.07951

20 -ioU4041 0*14722 -1,009093 0.06488

21 -1*05315 v0.13341 --ls05359 0.05116

22 -1..01574 9.12027 -1.01610 0*03631
23 -0.97620 0*10?8L -0*97850 0.02633

24f -0294037 0.0-9601 -0.94080 0*01522
5s -0*9e2s5 000-34t6o -00 0303 0.00495

:p -0&8t50S 0.0743 -0.36521 -0.00443

27 -0.82726 0.06454 -0.82735 -0.01309
23 -0.73942 3.05536 -0.76948 -0.00083

24 -975158 3*04681 -03,75161 -0.02786
30 -0,71374 0,03390 -0,71374 -0.023405

31 -O~b7591 0.03163 -0*,)TD90 -0.03944;
32 -006B812 0O 473 -Os.63809 -0.04404

33 -0*60034 0031846 -0,60031 -0.,04-787

34 -0336260 0*0135i -0*54257 -0.0509Z

35 -Ox5Z491 MOM~7 -0.524837 -0.05320
35 -0*48725 0900460 -0. 487Z1 -0.05472

37 -0.44963 0.00103 -0*44960 -0.05548

38 -0a41205 -0.00193 -0. 41202 -0 05548

39 -0337451 -0s,00430 -0.;37448 -0405472
43 -0.33699 -0900507 -0,23597 -0.05320

;1 -0.29950 -3.00724 -0. 29948 -0*05092

42 -0.26202 -3.00782 -0.z6201 -0,04788
43 -0.22456 -0.00731 -0,22455 -0.04407

4 4 -0.18711 -0.00721 -0.18711 -0.03949

45 -0.14958 -3#30601 -0,14967 -0. 03414

!t5 -0*112Z3 -0.004232 -0,11225 -0.,02800

47 -09074d3 -0.00185 -0.07483 -0,02107

49 -0.03741 o00112 -0.03741 -0.01334t

POINT 13f XSEM1 YSEt4l XSEM42 YSEM2

1 -0.00543 0.00414 -1*79287 0.57669

2 -0s00464 3,00415 -1. 79330 0,57752

3 -0.00386 0*00405 -1*79362 0.57821
ft -0900310 0.00382 -1279383 09578)5

5 -0.00239 0*00347 -1.79392 0.57972
6 -0.00174 0030301 -1979389 0.53050

7 -0.00117 0.00246 -1979375 0958128
8 -0.03070 3.00183 -la79349 0.58202

9 -0.00033 O.0O113 -1&79313 0.58272

10 -0000008 0M003 -la792b6 6828335

LI 0.00005 -0.00040 -1*79211 0958391
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PGuIAT V3 XSEM41 YSEMI XS E42 YSEa42
12 000006 -0 ql.79 1 0. 5643713 -000a00 ;~f~97 -1* 79148 .547
1; -0.00030 -3.00 73 -1,7407 Gord4915 -0900066 -390034-+ -1,78333 09 58508is -04.0011,2 -O.0*003 -ID 738 0.5850817 -0*oo16- -0.00464 -1*76764 0.534951s -00002:3 -3000510 -1.78714 Oe5gft7ll193 -3s00302 -a200546 -1.,73649 0.5q43423 -0*0C373 -3,60570 -la 7s5jl 058

SECTly3 hG. 6ZI 3&125

-------------- ---------------POINT q3~ XP yp XS YS
i -1,73559 4s55239 -I* 7' e4 0.529752 -i.7030i 3.52093 -1,7029L 094:10443 -1466654 .495-1.le6546 0&453474 -1.62017 Oo46720 

Go631 04 .8*25 -1,5~S. 3*43458 - o 5 -73 0 .335716 -1.55757 0*40332 -1955771 0.354607 -1.5-153 Oo3d308 -1.52161 00.325178 -1.14854,4 01353)~ -1, 4P555 0,27-7309 -lv44940 0933574 -1,44v-54 00270d.1j -1041333 0*31355 -1,L-1355 O.26t:8711 -1.37739 0.29230 -1,377,53 0*2221712 -1.34141 0I.2196 -l,.3-t1 )a .19-97013 -lo30542 0.2?5248 -1,305b2 0.1784314 -1.26943 0923385 -Z*26962 0&1582915 1.*23341 0,21504 -1,23360 091392'tis a 1973 7 0014901 -1 19755 0.1212417 -1.i6130 0*18276 -1,16147 0*10424[13 -1*12521 0..a6725 -1,12536 ai
1? -1.08903 0*15248 -10921 OO3237- 0*592 Ol3342 -1*05304t 0*0590121 -1cG1673 fie12507 -lcolat,3 0*0457722 -0098052 0,1j240 -0398060) 0.0334023 -0.694423 0*10041 -0*94434 0.021392+ -0090801 0903408 -0*S0807 0a0112325 -0,87173 090784i -OoS7177 0.0013926 -0*83543 00539 -0*835',a -0,00754t27 -0*79912 0. 05900 -01, 79914 -0.01i36,23 -0,.76279 0.,05025 -0&762,31 -0.0232321) -0*72646 090,213 -0,72647 -0,0299530 -0.69013 0303462 -0,69013 -0,0358231 -0.65379 3.02772 -0965379 -0.0409432 -0s61745 0.02144 -0,61145 -0.0452933 -0.58112 0*01375 -0*38111 -0.04889
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POlIT 4a Xp YP xs YS

34 -0954t47a 0*01067 -0,54477 -0.05174
35 -0.50845 0.00618 -0.50844 -6.05385
35 -0.47212 S.00229 -0.47211 -0.05521
37 -0. 43i 79 -3*00102 -0*43579 -0&055--83
33 -0.39947 -0.00374 -093'4946 -0.05571

39 -0.36315 -0.00538 -0.36315 -0.05485
40 -0.32S84 --0.v00744 -0*32683 -0.05324
41 -0.29052 -0*00841 -0.279052 -0.05090
4;2 -0*25421 -0.00380 -0.F25421 -0.04781
43 -0.21790 -9600862 -0.21789 -0.04396
44 -0.18158 -0.00785 -0*18158 -0.903937
45 -0.14527 -0.00551 -0.-14527 -0.03401
46 -0*0895 -0.00458 -0.10895 -0.027188
!t7 -0.01264 -000020a -0.07264 -0.02038
48 -0*03532 0.0Q102 -0 03632 -0.01329

P014T 43 XSEMI YSEH1 XSEH2 YSEH2

1 -0.a05ftr 0,00411 -1,7M66 0.57207
2 -0*00457 0.00413 -1&77703 0.57271
3 -0000388 0.00402 -I*?77739 0.57342
4 ..0000312 0.00380 -1*777&3 0.57418
5 -0.00241 0.00346 -1.77776 0.57497
6 -0.00176 0900300 -1.77775- 0.57576
7 -0.00119 0.00246 -1.77762 0.57654
8 -0.00071 0.00183 -1.77737 0*5?729
9 -0*00034 0.-0011-3 -1r,77700 0*57799

10 -0,S00008 0.03038 -1.77653 0,57362
U1 0000005 -0.00040 -1*,77596 0*57917
12 0.00006 -0.00119 -1977531 0*57962
13 -0.00005 -0000198 -1. 77460 0957996
14 -0.00029 -0.00273 -1*77364 0.58018
15 -0v00064 -0.30344 -1.77305 0958028
16 -0.00110 -0.00408 -1*77226 0.58026
17 -0.00165 -0.00465 -1.77147 0.58011
18 -0.00229 -300012 -hr77072 0*57984

19 -0.00300 -0.00548 -1.77002 0.57946
20 -0.00375 -0.00572 -1,76939 0.57897

1314



SECT10'1 Wei 7 L'O= 8.250

POINT 43 i i xs Y

1 -1.77EZ3 0.5704. -1,77735 0.54703
2 -1.73937 0.53740 1.a73334 0.53579
3 -1*700b9 0950582 -1.69955 oa4S703

*t -iO66218 0.47554 -1166099 0.43062
5 -1.62382 0.44579 -1.62261 .3-4629
6 -1.58553 004IV20 -1.58441 Os3368)
7 -1.54749 0*393230 -1.o546'3: 0,33321
3 -1.05095i Oo3i754 -1, 50842 0.30436
9 -1.47164 1934338 -1. '7062 JoZ769?

10 -1*43367 0.32326 -1.43293 0*2511-1
11 -1.39620 042-9816 -1*395i4 0.2Z660
12 -1.35863 0.27702 -1,35735 Oo2O342
13 -1.32115 0aZ5*82 -1.32045 0.18150

1t -1.28375 0.23752 -1,28314 0.16078
15 -1.24644 0021911 -1*24590 0,14121
i6 -1920921 0.20154 -1,20674 0*14-274
1?7 -1.17206 0.13480 -la17166 0.10534
13 -1013498 0.15386 -1,13464 0.0§897
19 -1*09797 0015371 -1,09763 0.07354
20 -1006102 0,13931 -1*06073 0005913
21 -1.02412 0*12567 -1*02393 De04570
22 -0998728 0o.11274t -0998713 0,03313
23 -G.95049 010053 -0,9503'7 0.0z145 I

24 -0,91275 0*03902 -0O 913o5 0006
25 -0,87704 0.07311) -09 t-7697 0.03063
26 -0.B'tO 3 7 0.06604 -)840B2 -0004

27 -0o80373 0*05854 -0.80370 -0.01675
28 -0.7t6712 0.04969 -0. 76710 -0.02425
29 -0.73052 0.04149 -0973051 -0.03096
3.) -0,-6939-4 0.03342 -0ob939'. -0,0368a
31 -0.65737 0.02698 -0, e57313 -0.04203
32 -0,62032 0.02065 -0*62083 -0.04640
33 -0.58427 0.01494 -0,58428 -0,05001
34 -0354772 J*00984 -0.547-7' -0*05287
35 -0051118 09C0534 -0951120 -03436
35 -0.47465 0*00145 -0.47467 -0.05631
37 -0.43811 -0o00185 -0.43813 -0.05690
38 -0.4015d -3.00455 -0,401*0 -0.05674
33 -0.36505 -0.00666 -09 36506 -0,05564
43 -0.32853 -300bl8 -0a2 35t -090541d
41 -0.29200 -0.00910 -0.29201 -0,05171
42 -0.25E5'.8 -0,00944 -0.25549 -0*048t0
43 -0.2l8)7 -0.00919 -0a21897 -09044o7
44 -0.18246 -0900e35 -0918246 -0.03993
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POINT 13 XP YP XS YS

.5 -0.14596 -0,00693 -0,14595 -0.03452
46 -0.10946 -0.00b91 -0,10946 -0,02828
467 -007297 -OeO230 -0, 07297 -0,02126
47 -0.03648 0.00830 -0.0364B -0,01344

POINT 43 XSEM1 YS=M1 XSEM2 YSEM2

1 -0. 00547 0.00409 -1.81717 0.59174
2 -0.00468 0,00411 -1,81765 0.59240
3 -0200389 0900401 -1 31804 0*59312
4 -o,00313 0,00379 -1,o 8 ,. 0.59389
5 -0.00212 0.00345 -1,81845 0.59469
6 -0,00172 0,00300 -1.81847 0*59550
7 -0,0011 0,00245 -.,81835 0,59629
7 -0,00072 0,00182 -1.81812 0.59704
9 -0,00034 0.00113 -1, 81777 O,53775

19 -o,00003 0.00038 -1.31730 0.59838
1_ 0.000005 -0.000040 -1,81674 0.59893

0.00007 -0.00119 -1,81609 0,59938

13 -0,00004 -0.00198 -1.81538 0.5997>
13 -0,00028 -0,00273 -1,81461 0*59994
15 -0.00063 -0.00344 -1.81382 0,60003

15 -0.00109 -0.00409 -1,81301 0,60000
17 -0.00164 -0.00465 -1,81222 0,59984
13 -0a00228 -0,00512 -1,81145 0,59955
193 -0,00298 -0.00549 -1,31073 0.59916

20 -0,00373 -0.00574 -1,81008 O.59865

SECTION 40- 8 'L'= 8.375

------------------------------xs YS

POINT N3 XP yp - S YS

1 -1.87652 0.61766 -1,87472 0059263

2 -1,83559 0,58172 -&.83333 0.54765

-o79491 0,54748 -1.79235 0.50552
3 -1.79445 0.5478 -1,75172 0.45619

4 -175445 0.51482 -1,71134 0,42911

5 -1971417 0.48362 -1.67118 0,39417

5 -1.67401 0645381 -1. 63119 0.36120

7 -1.633 97 0,42529 -1.59131 0s33004

8 -1,59400 0,39801 -1,55152 0,30053

9 -1.55409 0,37190 -~l7 ,76

1 -1.,i421 0.34690 -1,57179 0.27269

11 -1,47435 0.32298 -1, 47210 0,22630

12 -1,43449 0,30008 -1,43242 0.2213

13 -1,39462 0,27317 -1.39274 0.1970

14 -1.35476 0,25722 -io 35306 0017533

15 -1.31492 0.23722 -1.31341 O.15421
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POINT NO XP YP XS YS

16 -1.27512 0.I814 -lo27379 0.13429
17 -1*23518 0.I )995 -1. 23422 0.11 552
18 -1.19570 0.18265 -1,19471 0.09786
19 -1,15611 0.16620 -1315527 0.08129
20 -1.11661 0a15059 -1,1159i 0.05575
21 -1.07722 0.13580 -1,07663 0*05125
22 -1.03792 0o12182 -1,03745 0.03774

23 -0.99874 0210862 -0,9983o 0.02519
24 -0.95966 009619 -095937 0.01358
25 -0.92070 0.03451 -0,92048 0.00290
26 -0.88184 0.07357 -0a68168 -0.00683

27 -0,84306 0.03335 -0,84295 -0&01579
23 -09804,37 0,05334 -0980431 -0.02382
29 -0o76574 0.0:503 -0,76572 -0.03101
30 -0.72718 0,03690 -0=72718 -0.03735
31 -0.68866 0.02945 -0.68868 -0.04287
32 -0%65018 3*02266 -0.65022 -0.04757
33 -0o61175 0.01653 -0,61179 -0.05146
34 -0,57334 0.01105 -0.57339 -0*0545t
35 -0.53496 0.30521 -0o 53i02 -0,05683
35 -0.49661 0.00202 -0, 49o66 -0a05830
37 -0.45828 -0.00153 -0j,45833 -0.05898
38 -0,41996 -0.00445 -0,42001 -0.05883
39 -0.3d157 -0.00675 -0-338171 -0.05793
4.3 -0,34340 -*9.00841 -0, 34t344 -0 05t)29
41 -0.30516 -0.00945 -0.30513 -0,05380

42 -0,*2;643 -0900986 -0, 6695 -0,05052
43 -0.22873 -0600965 -0o22874 -0,04343
44 -0.19055 -000882 -0319055 -0,04155
45 -0.15239 -0a00736 -0915240 -0c03585

465 -0.11426 -0)0529 -0.11426 -0.02934
47 -0,07615 -0C0259 -0.07615 -0202200
48 -0.03806 0,00074 -0z,03806 -0901383

POINT 43 XSEMI YSEMI XSEM2 YSEM2

1 -0.00547 0.03409 -1,91720 0.64160

2 -0,00468 030411 -191769 0,0 4 228
3 -0.00389 0100401 -1,91808 0.6430?
4 -09003L3 0.30379 -1.91835 0,64381
5 -0.00242 0.00345 -1. 91851 O,64462
6 -0,00177 ,00300 -1.91855 0.64544
7 -0,00119 0900245 -I, 91846 0*6'+625

8 -0*00072 0°30182 -1.91825 0.64703
? -0.00034 3,00113 -1,91793 0.64775

10 -0.00008 0,00038 -1,91750 0.64840
11 0900006 -0.00040 -1.91o97 0.648?6
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POINT 'J XSFML YSEM1 Y S E-42 YSE142

1?- 0,00007 - 0 0 1 1 Q -1,91636 0,64942

13 -0,00004 -000198 -1.91568 0.64977

1 -0.000028 -000273 -1,91495 0.65000

1 3 -0 , 0 0 2 7 36 5 0 1 015 -0.00063 -0.00344,91419 06

i5 -o.00103 -0.00344 -1.91341 0.65005

-0,00409 O~o4993

7 -0.,00164 -0.00465 -1,91189 0.64962
1 -0,00227 -0.00512 0,602

ii -0,0024q -000549 -1,91119 0.64921
20 -0100373 -0,00574 -1.91055 0.64 70

SECTI3N NO. 
9 , 8500

- ---------------------- x Y

POINT 43 XP YP 2 S 0 S

1 -2,04139 0,71864 -2,03774 0,68940

2 -1.99841 0,67669 -1,99372 0.636453 --t.95533 Os63696-I 05 0585

-30.396- -1,90790 0,54182

5 -191373 0,56922 -1,86573 0,49915

~1.71 0 56329 1b28 045909
-183001 0.52902 -1,T8214 0,45109

7 -i,78827 0,49625 -,,74050 0,38575

8 -4,74650 0,46439 -1,69405 0,357

9 -1,70459 0*43433 -1,698 0.35207

]. -1.66249 0,40599 0.28991
I. -1,62011 0.37829 -1,61492 0.261

It 0*37S29 .2612012 -.157739 3*35169 -j.57257
13 _ 1,53428 0,37..-133395

13 -4o5408 0*3013 -1,48683 0,20813

-1*49083 go30160 0.18367

15 -1,44708 0,27310 -i.351 0,16057]15 - 1,40 3 0255.53 -1,39998 013605

16 -1.4033 0.23413 135629 0.113827
17 - .35904 0.23419 - ,31251 0108270

13 -3148 0,2I.378 -1,a6870 0,0192

19 -1,27071 193-1,2 0.0810

23 -1.22659 001598 -1,18117 0,06418

21 -L.18 2 5 7  0.158158 -1i3755 00485-

22 -1.13868 0014215 -1,09407 0,03401

23 -1,09497 0.12568 -1,0507b 0.02060
24 -1,05146 0011214 -1,00763 0.00828

?.5 -0,o07 0,098529 -0,9b4b8 -0,00300

26 -0,96507 0*03579 -0,92190 -0,01325

27 -09221.5 007393 -0,87925 -0,02250

2'3 -0.8798 0 05720 -0,83673 -0.03073

-0.83681 0057 -t79 3  -0103810

33 -0,79433 0,04329 -0,75198 -0,,04447

31 -0,75195 0,03468 -0074 -0.04991-01 M 2684 -0 0 544 3

32 -0,70967 0.0-684 066757 -0.05443

33 -0066748 ,01 9 7 6
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POINT 13 Xp YP XS Y

34t -0*62535 0.01343 -0,62546 -0.05804

35 -0*5P330 0,00784 -0958341 -0,06074

36 -0.54130 0600299 -0,54141 -0.06255
37 -0.49935 -0.00113 -0949946 -0.906347
38 -0,45746 -0*004t53 -0, 45753 -0.06343
39 -0,4.562 -0o00722 -0.41570 -0.06262
40 -0,37382 -0.00919 -0,373-89 -0.06087

ft1 -0.33208 -0,.01045 -0,33214 -0.05823
It2 -0.29039 -oo0U.01 -0.29043 0OoO547i
43 -0.24875 -0.01037 -0,24878 -0.05029
44, -0.20716 -0.01002 -0a 20718 -0.04493

45 -0.16563 -3.00847 -0,16564 -0.03877
46 -0.12414 -030623 -0.12415 -0*0316b
47 -0.08271 -0.00329 -09 08271 -0.02364
4+8 -090&133 0,03035 -0.04133 -0901469

POINT NO3 XSEM1 Ysim1 XSEM2 YSEM2

1 -0.00547 0.00408 -2,08372 0,74820
2 -0.004b8 0,00410 -2,08418 0.74890
3 -030090 0.00400 -2s08455 0,.74 9',
4+ -0900314 0*0037- -2*08482 0,75050
5 -0900242 0900344 -2.08499 0*75135
6 -0*00177 3.00300 -2*08504 0.75222

7 -0400120 0.00245 -290a499 0,75307I
8 -0,00072 0.00182 -2,08483 0,7538-)
9 -0.00034 0.00112 -2e08455 0.75466

1) -0,00008 0,00038 -2, 08419 0.75535
11 0.00006 -0*00040 -2.08374 0.7559i

12 0900007 -3,00113 -2.08320 0#75645

13 -0.00004 -0.00197 -2,08261 0.75683
14t -0.00027 -0.00273 -2903196 0,75709
15 -0.00062 -0.00344 -2*08127 0.75720

15 -0000108 -0.00409 -2908058 0,75719

17 -0.00163 -0000465 -2907988 0.75703

18 -0o00226 -0.000513 -2907920 0*75674
19 -0,00296 -0,00549 -2,07856 0,75633
2.) -0.00371 -0,00574 -2o07796 0.75580
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?1'1i) XP ySvs

1 -2.2&5j4 3e834,24 -2*26q319 Ow.2037

2 -24221 '34 008,3525 -Zka421 0,757314

o -2.17754 03.75703 -2.16957 0.b-9981

4 -2o134s3 0.71I524+ -2912533 0*654-1

5 -2*21 )5736C -2,08270 0053674

5 -2, 04'90 J*63343, -2,039S2 0*55325
7 -2.0O6~d2 14)s1 -1.99727 0*5064zo

-i,3~0 3.5~5?-1,95454 0,4 312
-1 .1152 G94259-3

13 1.~6i5 -).~0 -. ,86302 0c38882
11 lA31 .55 -i.E238S 035343

12 -1,7bC650 o , t",7 Id -1Im77933 0*31982

13 -1,7.432 0, 3 ?fs2 -1,73305 O&Zd77

14 -1.ci9254 u.3,j772 -l.06a26 0,25723
154 -. 'T 37 i0.33VOl -1. 6395 0*22821

16 -Is5S5'a :3*3L2*1 -is 59041 0*20071

17 15461u5 a*2d3676 -1.54161 0.174o4
-1.~t56- 3.2&0 4 49237 0.15014

1 .44 to5 00.)853 -1,44284 0.12705

20 -1*39543 3.2.5l3 -10 3 -317- 0*1052

23 -1.24545 001561. -12,2439'3 0004880

24 -1.9 5 55 3.1334" - 1,19442 0*33263

25 1.0o9b~l 0110:o30 -190;c.21 0,09413

z xG75 3.09135 -1,04745 -03023
g -0.9921 0,07842 -0.988 -0.01949
29 -0*95036 3,36593 -0,95047 -0.02955

-) -0 a9C422 3 3.05451 -0,90221 -Go03645

31 -0,85405 a,944030 -0.85406 -0*046t2b

3 -0.80595 0303441 -0s.aC603 -0.0529o

33 -0,75795 0.02575 -0.75P08 -0,05E53
34 -0.7j0(5 0.0.736 -0*71020 -0.,05311j

35 -02&62?23 lo.0111 -0.66240 -00665-3

36 -0, 6 14 4 q 0. 30511 -u,.1466 -0.00590)
37 -0*56391 -0.03301 -0,55697 -0.07036

38 -0,51909 -3.0042a -0&,51:)--4 -0,07C67

39 -0,,'8'164 -3,00756 -%.471177 -0906993

.0 -0,42415 -003'021 -3942425 -nel.05810
41 -0,.7673 -0001191 -0.37*82 -0,05534

42) -0,32933 -1301276 -0,32945 -0,0-3147

43 -0928210 -0.01277 -0,2E215 -0.05657
44 -3.390 -- 0A50,23493 -0,05061

02140 _ 1U 0 .
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X V, IT ~3 XP Vpxs vs

.r7 -3soDS-73 -It !OJj* 1-ca7 *i 37

Pi.T 203 xst51 y iiii yXSE492

-. aC454 j.I-v
3 3 * -.113-? 1 0:0 )j3
4 -31 S131I '5 Ia:)77 -20 3 :;-. i 38-,1-

5 -,*!Zq3 .3, 133' - .B175 NtY

) -3A.ITO,2 03.i _32 - 20 .3s *; 4

Ui I).tXtO5 -3*3 1M4 -2. 3L1M Sa.873

i ?_ 0* 0233 _)3 131 -2030555 oad 3925
11 -;DzCCD,39 --a* 3 5i53 -2.&303s5 O.89906

20 -A0 00 7 -100335 -ze 36TS7 0684994



SECTION VI

PREDICTED STAZ3E PERORM.ANCE

1 7 A, Z~ !7-' 1- 1 1t ti:: lesZZ C;ttistiC zup~n for
_ or-Aer t- ec'A'nate tre rc-1atle perfcr.arne of the
A%-Z.t-j !Ir:-:' te-Zted. -:e :::efficient ef t .e Mach rnu~er

Zi az izreszea fr:-7- to I .D, wl,.ch ir. eq v~alerst
n., a, r : r--1 z e s : .r: i.- tne rotor at the relative

-- n i In :tw- at. tr~e exande- '-icn surface~

-nt~ eeate2 .i r-tzr tir I .ffi.zlen lct-z a no", intro-
z -- ~- ~ rw ere -a r *-'I tte prrogran, cpticn of speci-

~.r-- :r ~ieexit f!:,; ancles. Rctcr deviaticn ang4ez were
n w _=1-

atteIeI7 fle.w ratl',e of 30. ; ltfZec

F:t--r 'tzta2 prAezzare ratio .3.342

Stagre t:zal presure rat!,:, 2.730

ESta~e ientrcpIc efficienc:y 0.772

:-eridlcnal velocisy at t e rc~or exit or. tne tpsraln ropped
fro ElI f/se ~513.4 ft/zec and boundary layer blockage inl the

rotor ex-It plane rse fror: 0.0208 to D.0268 of the cross-sectional
area. The relative total pressure loss coefficients resulting from
this analysis are shown for the rotor and stator in Fig 27.

2. PREDICTLD IINTRA-LADE-ROW PERFORM4ANCE

The distribur-ons of loss obtained as described above and pre-
sented inl Fig 27 were used for an intra-blade-row analysis in the
identical manner pr-eviously described in Section !V.2 for the original
design. There were two objectives to this calculation. The first
obJective was to determine the choking flow for the stage at loss
levels more likely to occur in an initial test. The second objective
wias to- determine to what extent the inter-nal flow distrlbution might
change under these circumstances.

With respect to the first ob~ective, it was determined that the
st-age would not pass the design flow of 30.0 lb/sec but that it would
Pazz slightly more than 29.0 lb/sec. Thus, i reduction of flow on the
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;.r Jtr ci'f t n - r' ,- , t - :. Ie.;A 7n an t e an t I--i ra ted.- C e., oz i 1
rr-rlze tc rc at tne flrzt catclatScr z'tatcn d-cnstrear. of the

t.lutlcn at d-rzir fr: 1-41 ~ .- cz t:.e r.tzr, ratner trar, tte
.z-ator, contr-ol: s~t! r i.-,cide-,no' anglez orrespon-ding to
tr~e rediuctd lc are Pazrmx,2rate1:;,n dezree :.!*--er than dezign.
Stator incidence zern- are rrrte wl.e t ,n zre degre~e of de-
slon va1uez cn every ztrerzu.face -excert t:. cSt-r Ca: inic, wtere '!-he
predicted value : r. t t ter. c v tz aa!vn .

static pre-:wire wa ecei :7 the rararetz-r for tUor'e de-zign
zhouid te optimized, tte ztatia rrc--zz:re d!:tri, tAtiT = correzcnd Ing
to tte higher Lo:level--~ -? an atcnof T-he de art.iIe
from~ ideal cmdlit-nZ. lfhT 10 vrezerfted In. 771g ZE, -orarrig~
with Fig 17 .'~hprezent:Z t d ezln di: tritutimr., t.-e cr-zied z
dition ef the ,ztatr~r ataznct t- ifcn1:affect the ztator
axial erez.:ure j -radicrnt t-ut lt clan te exrected to auch rctOr to
operate at a ryore thrt e condtirn trnan it-, reax- efftciency oper-
ating point. This wn-o.d tyr-i ally result in a Ztee~er axial pressure
gradient In tte entran~ce rce-icn of tnt rstor follcwed L_., a plateau
as zhown In Fi, 21. 'nti 4tep: arC- fake, to reduce rotcr 'Lossez or
to Increace statCor f1w area, i~t i:-, unllx~el*:: tat t. rotor 'Ail!. t
atle to eperate at it:z pol.-t of -eaik ef'fic~eric at dezign zreed. This
conclusion I7 vredicatea urorn the azzurmticn tat mxinrumn rotor 'effi-
Ciercy t i?,e y t OCCIur 'at or very near tne *throttle point at x'hich
the rotor Just tecoreZ unchoi~ed. TLh'z op eratinr conditIn 2rrezpcnd:
tc the iInI~ium axial ressure crad,*fnt w1 canr. ottair,.d at a
throttle point, near the m~axim~um rotor creosure ratio.
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Fig 1. Assiumed Relationship Between Total Pressure
Loss Parameter and Diffusion Factor
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Fig 2. Relationship Between "m" and Stagger Angle in
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Fig 3. A-sumed Generalized Variation of Deviation Within Blade
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FiC 4. Meridional Velocity Distributions from
Iterative Loss Reestimation Procedure
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Fig 6. Rotor and Stator Relative Mach Numbers from
Iterative Loss Reestimation Procedure
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Fig 7. Rotor and Stator Relative Flow Angles from
Iterr:,'lve Loss Reestimation Procedure

I~ 118



CO

E

0

0 0

0 "- 0

V) CO x 04.)

" 0-

o ta-J

4-)

CI z ° CO '-.t'

""t- "

c
*0o

COz

F--l

ous nF c

D if fu s ion Factor

1.49



cO

0O

0 a R0"

z Cd

a) )

0-

V)- CIJ

rj- I r dJ

to 0
00 0 Q

U _j

0J *Adx 0(a

U ) 4- 0)-
o 4- d

(/) 4- :3 c

L ) U) a)

4-a)

4J HO0

1/ 50

S0 00

150

0 a) 4--



co

CID

0

4-J Coo

1511

4tA

*-" C

0 ,-i

I -r-.u') c} u o

15].0

e-



Va

C34

I A . 9

L Li

ott -oa Isnr i Efiiec



00

c C

~.. 0

c-40

yE

toz

1534

qfa



II ( C

9- xO

00

- r-

r

II •

CI 0

-3: ILI

a 0

In

Displacement Thickness (inches)



r u,

1 '-

4.) (S) 
- .3

4 -
C L

0

4--)

C 0.

0i0

C'l
'.0 eI

1551



810~

-I

U

0800-

4J750 Rotor Exit

-700 -

o 650

,-600 -"---

0S550 final blading analysis

iterative loss reestimation procedure
i ~~500 - -

5006.5 7.0 7.5 8.0 8.5 9.0

Radius (inches)
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Fig 16. Meridional Velocity Distributions for Stator from Final

Blading Analysis and Iterative Loss Reestimation Procedure
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