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FOREWORD |

This report was prepared by dr. Richard M. hearsey, Visiting
Research Associaté of the Ohio State University Research Foundation,

and Dr. Arthur J. VWennerstrom of the Fluid Dynamics Facilitiec Re- %
search Laboratory, Aerospace Research Laboratories, Wright-Patterson ‘3

Air Force Base, Ohio. i

The report presents results from a portion of the effort of the i

T'luid Machinery Research Group, supervised by Dr. Arthur J. Wennerstrom 4

¥ and was conducted under Work Unit 09 of Projcct 7065, "Aerospace Simu- ;
Fos lation Techniques Research," under the over-zll direction of Mr., bklmer 3
i3, G. Johnson. ;
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ABSTRACT

This report describes in detaill the aerodynamic design of a
ouperson*c 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. Also, a new and precise technique was used
to determirnie 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 éach 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. FPFirst, 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 axlal compressor
stage is described. The stage target performance calis for an cver-
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. Accerdingly, 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 »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.)

N e




Wirn a view to achieving the previously stated goals, several
nove i features were incorporated into the design. A new rotor blade
seellon was employed, a1 key characteristic of which is that it con-
tulne ne Hicontinuities in surface curvature. This 1s intended to
minim. e t cundary ilayer separation due to abrupt veloeity gradient
chanyges in the flow at the blade surfaces. Having designed the blade
sgctions on streamsurfaces, an accurate procedure for the determina-~
tion of cartesian coordinates for the blade was employed to provide
data convenieat to the manufacturing process. A full description of
Lhe Llade section and the method of determining manufacturing coordi-
nate data ls glven in Ref 2. A swept leading edge configuration was
included in the stator blade design. It is hoped that this will re-
duce the sensitivity of the stator blades to incidence at elevated
lach 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 1s given. Finally, the antici-
pated performance of the compressor 1s discussed.,
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SECTION II
DESIGN CRITERIA

1., LOADING AND LOSS DISTRIBUTIONS

a. Qver-all Averaged Quantities

The target performance for the stage (outlined previcusly)

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 zZero

An 18-inch dilameter 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 efficlency is a principal obj~c-
tive 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-
clents, 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.

wE By B (1)
where 0 is the over-all relative total pressure loss coefficlent
Gd is the contribution due to diffusion losses
and 0 is the contribution due to shock losses.
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T diffucion loss conponent model is based upon the well-known
HACA correlution presented in Ref 3. A total pressure loss param-
cter and o diffusion factor are defined by

(I)d cosS G.zp

P o= T (2a)
and .
D=1 - Cop 4 Coarr = Coon (2b)
er zclrc
where p is the total pressure loss parameter
LI is the relative outlet flow angle
o is the cascade solidity
D is the diffusion factor
C2 is the relative outlet velocity
C1p is the relative inlet velocity
o) is the relative inlet whirl velocity
0, iz the relative oubtlet 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,

Thie 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-dimensional 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
this phare of the design) to be converged in the region of the rotor
leading edge co that significant contraction and hence diffusion of
the cupersonle relative flow would occur. The average Mach number
immediately upstream of the shock is assumed to be given by

TR T P T s R BT
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MS = 1,0 + 0.6667 Oer -1.0) (3)
where MS is the Mach number immediately upstream of the shock
‘Mzr is the blade section relative inlet Mach number.

Then the relative total pressure loss coefficient component due to
shock losses is given by
2 : . 1 2
: (:;/+l»)MS" ;%i' ) 'Yl-rA 1l ———
| y-1M2 + 2 24MZ - (y-1)

] 1+ gz ot
b 7 e | 7

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-dimensicnal cascade, can be expected to expand a supepr-
sonic inlet flow to a yet higher Mach number upstream of the main
passage shock. Miller, Hartman and Lewis examined shock losszec in
double circular arc rotors and presented {(in Ref &) a simple f{low
model that correlated well with experimental data. A normal shoek is
presumed to lie along a straight line from the leading edge of cnhe
blade to a shock-impingement point on the adjaceni blade suction sur-
face. The shock-impingement point is fixed by the assumption that
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 Mach 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 kq (3), the elevated
mean two-dimensional shock Mach number replacing the blade section
relative inlet Mach number. Equation (U) is then applied to deter-
mine the relative total pressure loss coefficienl component due to

shocks in the stator.,

c. Axlal Distributions Within Blade Rows

The averaged quantities and radial distributions discussed
above were associated with conditions spanning an entire bladec row.
The detalled aerodynamic analyses (described in Section 1II) include
computations made at a number of axial stations internal Lo toth
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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 choser vo define a distribution
was the ratio of actual-~ to-ideal relative total pressure on a stream-
surface, referred to conditions at the leading -édge of the respective
blade row. Then the (absolute) total pressure at any stationh may be
determined from

P \ (5)

Gk o ) Nr«‘V\Q‘N

T iy P
- p Y1 ) ‘ar
o ()

nr (ideal)

T

s N T

R A T By

et Ak e S e e

where Py 1s the desired total préssure

é P, is the total pressure at blade row inlet
E

Tn

T is theé ratio of total temperatures between

1 the point of interest and blade inlet
PDI’
P is the ratio of actual to ideal relative

nr(ideal)

total pressures at the point of interest

The value °f'Pnr/Pnr(idealﬁ at the ‘blade outlet was obtained from

Y

5‘ ) Pzr < 1 @ . ( 1+ Y-1i M 2 >- Y-1 |
: , =1 - : - > M 1 &
‘ Par (ideal) [sz»(ldeal)] 2
i > P
3 where lr
; 2 2 Y
: P, . Y"] U2 . Y“l " Bemey
g 2r (ideal) _ 1+ 2 1 -2 Y-1 (7)
) Pip 2 a5, i)
i where Plr is the relative total pressure at blade inlet
: 2 is the relative total pressure at the blade outlet
; ror, are the streamsurface radil at the corresponding
! two points
é u, is the wheel speed at the blade outlet
1 er is the relative Mach number at the blade inlet
a is the stagnation speed of sound relative to the

01r blade inlet.
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Equations (5), (6) and (7) are equivalent to-Eqs A2 ; ,
AG
respectively, of Ref 3, page 253 q > and A3,

Although the losses due to the passage shock occur abruptly, th-
shock 1s not perpendicular to the meridional plane of the compressor
and hence appears in mean effect as a continuous phenomenon. Arbi-
trarily, the variation of Pnp/Pnr(ideal) was made linear between val .iso
of unity at the blade leading edge and the determined value for the
blade tralling edge. For the rotor it was convenicnt to maxe it
linear with axlal distance, while for the stator streamcurface lengt..
Was utllized, ‘

2. DBLADE PROFILE AND SOLIDITY SELECTION
a. Rotor Blade

The rotor blade 1s required to operate (at design point) at
Mach numbers varying from 1.22 at the hub to 1.58 at the casing. Az
these Mach number levels a prime consideration iIn the selection of a
blade profile 1s the minlimization of losses due to shock waves., Thi:
rotor design 1s based upon the concept of achieving essentially
shock~free supersonic diffusion in the forward portlion 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 thls design,
the area reduction i1s achleved by a decrease in the compressor annu-
lus height. The flow angle relative to the rotor decreases by an
amount sufflciently small that the assoclated flow area lncrease in
the cascade plane 1is relatively small. It is assumed that the super-
sonle diffusion will be achleved by compression waves propagated fron
the suction surface of the blade upstream of the shock. The comprec-
sion waves should occur as the flow 1s deflected away from the suc-
tion surface, toward which it wlll tend to move in the presence of
the flow area reduction. (A similar hypothesis leads naturall) to
the use of reverse or negative camber in the forward reglon cf a _
supersonic blade sectlion. A potential advantage of the deslgn method
pursued for this stage is that the amount of positive camter requirec
to achlieve a specific outlet angle will cf course be less when 1t is
not preceded by reverse camber. A comparlson of the use of "annulus
controlled" area reduction arid the 'S' profile for supersonlc rotor
duty 1s an area for future research.)

In the past, the types of profile assoclated with this decign
philosophy have included multiple-circular-arc profiles, and pro-
files consisting (on the camber line) of a straight line followed
a circular arec. For thls design a new profile is employed. 7This
comprised of a polynomial (gquartic) camber line, with a thickness
distribution applied about it that consists of two polynomial (cubic
curves, one ahead and one after the point of maximum thicknessz., By
setting the second derivative of the camber line egual to zerc at
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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 forward -6f the trailing edge. The second -dériva<
tive of the thickness distribution equation is also set equal to zero
at the 1eadiqg edge, thus maintaining a small leading edge wedge angle
(assuming a conventional thickness t6 chord ratio) while preventing
inverse curvature in the thickness distribution. At the ‘point of max=

imum thickness, the section thickness and first 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 suction surface
of the adjacent blade. (Correlations of such a fiow model with ex-
perimental data were made by Miller,>Lewis and Hartmann in Ref U as
mentioned berore’) The design philosophy outlined previously calls
fof little camber in the region of the blade between the leading edge
and shock impingement point. This places a lower limit .on solidity
for the blade profile selected. The leading portion of the blade is
essentially straight, whatever camber 1§ specified being concentrated
toward the rear of the blade: As solidity is decreased, the pre~

dicted point of shock impingement moves rearward along the blade sue~-

tion surface, so that there 1s a solldity below which the require-
ment of little camber (in the Torward region). is not met. The min-
imum acceptable solidity indicated by this means is about 1.7 at all

radii.

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

Sect;on Solidity
Hub 2.172
Mean 1.937
Casing 1.861

Evidence presented in Ref 5 indicates that no loss attributable
to trailing-edge thickness was observed for compressor cascades
having trailing-~edge tnicknesses 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-élement
thickness in order to comoensate 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 désign 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 selected for the stator
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 deéreased as the solidity is increased. How-
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
indlcates 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 thé 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 2.145
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3. DEVIATION ANGLES
a. Rotor Blade

In order to relate blade angles to design air angles 1t is
necessary tc 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 and hence a cor-
relation of dev¢at;on with camber, outlet angle, solidity, and S0
fourth, is not availablé. Fortunately, at the loadlng level for
which the rotor is designed, a small error in deviation angle 1is not
crucial. An important result from the ‘testing of the stage will be
the déetermination of the actual rotor  deviation angles achieved.

A form of Carter's rule was used to determine rotor blade
deviation angles. Deviatlon is related to cascade geometry by
§ = mo Yy 1/0 (8)
where $ is: the deviation angle
6§ 1is the blade section camber anglé
o} 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 rotor
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 relationship for the deviation angle (from
the local blade camber line direction) as a functicn of distance
along the section meridionally-= proaected chord and the final devia-
tion angle. The relationship assumed is 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
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Final deviation angles were calculated from Carter's rule,
which was described aboveé in connection with the rotor blade. In
this case the m/stagger curve for conventional blades having maxi-
mum camber -at mld-chord was used. -Carter's rule has been widely and.
successfully used. for double circular arc blade sections.

Within the stator blade, the same generalized reiationship for
local deviation angle was assumed as was described abcve for the
rotor blade.

4, ASPECT RATIOS, FILLET RADII,
AND STATOR LEADING EDGE FORM

Some novel features of the design are related to attempts to
minimize the detrimental eéffects 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 1s described:. The diffuser is comprised of a series
of uni:formly distributed circular cylindric passages in a radial
plané, all tangent to a circle in. that plane. They mutually inter-
sect at the inner radiuSzor 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 of blades so that
the floW passages are approximately square when viewed normal to the
flow near the blade row exits. Also large fillet radil were applied
at the rotor hub, and the stator hub and casing.

The swept leading edge concept has been applied to the stator
bYade. Swept wing theory indicatés that section performance is re-
lated to the normal component of the incident Mach number. High
Mach- number operation of compressor-blade séctions is characterized
by relatively large loss pénalties for small variations in incidence
angle away from the optimum, The hub and the casing are regions
where the stator design incidence is most likely to be violated.
Accordingly, 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
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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 assumplions 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 filow

(2) The Yccations of a number of axisymmetric streamsurfaces
are estimated at each computing station

(3) The coatinuity,; momentum, and energy equations are simul-
taneously solved (iteratively) at each station in turn, The conti-
nuity edquation 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,
twe 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,

(4) 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) Tne 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
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The momentum equation used for the above calculations is

-
dc? lcos(y+¢) tan « d(r tan a) sin(y+¢) dC_
— = 2 ¢os?aC?® - ‘ — + (o
dg m | r r de C, dm

€9)

[

where is the meridional velocity

£ is the direction of the computing station

o is the whirl angle, defined tan a = Ce/cm

g 1s the tangential velocity

Y is the angle made by the computing 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

ct

is the static temperature.

The continuity equation is
case
W = C
hub

cos ¢ w dA (10)

m

where W is the flow-rate
W is the specific weight

A is flow area normal to the axis.
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The energy equation is eilther

T = constant along stream-
lines between blade rows. (11).

specified value within
T = or immediately follewing (12)
a rotor row
or
U, (uﬁ/cmn + tam ag,) - U,Ce,
gJd. Cé '

T, (13).

when relative flow angle is specified. In Egq (13),
T is total temperature
‘U is blade speed
4 is the acceleration due to gravity
J is Joule's equivalent
c is specific heat at constant pressure
n indicates the location where the temperature is derived

, 1indicates ‘blade inlet

r indicates relative conditions.

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

2. ITERATION PROCEDURE FOR CONSISTENT LOSSES

One of the problems faced by the designer of a compressor (or
turbine) 1s 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 1is 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 numhers 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 (&)

14
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(3) A new aerodynami. 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 elsevhere
in the compressor were used. The radial distribution of any one of
three parameters could be defined in order to control ctage 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 eqguation 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 o yds e dT _t_( gl__l_gp_)
de " tar T 9% - T \9% g br d (1h)

Algebraic manipulation yields the following result

X

m 2

ac dT { 2 [cos(¢+Y) N sin{oty) dcm] . U Cq, * 9iC, (T-T))
p a7 - ) Py

rc Cm dm wr
d gdCyT d P PR/P R 7
— [———E—L - rlcel] + gRt — £n !Y ! -
de w d —_— (PR/PIR)ideal

Y-1 (15)
.

r

dcm} / [u,Cq, + gIC,(T - Tl):l

Cn "EZ‘ /// L U2
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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 T.

4, 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 fhe compressor: proper.
‘Here they will generally be negligible. Then the momentum thickness
cf each boundary layer is obtained from

my, 10.8
6 = &, + 0.006 C '“*[f C"dm]
n -mn m \- (16)

Aml

where 6 is momentum thickness. (Note that units of feet and seconds
are assumed for the dimensional quantities.)

The shape factor is obtained from

0, -,en—l

" My - mn-l
subject to the restraints 1.1 < H £ 2.2 where H is the shape factor.

The displacement thickness is given by

§ =H_86
n nn (18)

where § 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




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

Given the results of the iterative 1loss reestimation procedure;
it is possible to determine feasible blade geometries by assuming
incidence angle variations for rotor and stator. The calculation
method empleyed 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 basié concept employed in the optimization process was
that the static pressure should rise in a smooth manner with minimum
slope. 'This minimum was limiited by the requirement that the rate of
increase of static pressure with flowzpath length should fall smoothly
to zéro at the blade trailing edge. The 'valldity 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 iIn the
meridional splane and considered in mean effect, appears not as a dis-
continuity but as a region through which conditions change in an

apparently ccntinuous 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 §, 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 (Egs (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.
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(4) One novel feature incorporated into the program is that

the station lean angle (y) may vary along

provision was included in order to be able
stations along the leading edge -of the sta
blade row at constant fractions of the pro
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SECTION IV
RESULTS FROM DESIGN CALCULATIONS

1. ITERATIVE LOSS REESTIMATION 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 avail-
able that would determine, directly cor indirectly, the rotor work dis-
tribution. The criteria for selection of an option for the firct
phase of the design are that the mass-averaged toutal precsure ratic of
the stage should be readily controllable, and that satisfactory radial
distributions of the significant parameters of Loth rator and stator
should be easily obtained. The latter criterion is clesely allled to
the rotor exit meridional velocity profile.

Specification of the distribution of elther total temperature
rise across the rotor or relative outlet flow angle {rom the rotor
satisfies neither criteria. CSpecification of the distribution of
rotor (or stage) ocutlet total pressure gives relatively good control.
For this stage design, the specification of a nondimensionalized rotor
outlet meridional velocity profile together with a mass-averaged total

pressure ratio was selected;, this being thought to be the most direct

method of achleving the desired result. In fact, the total pressure
distribution is probably as easy to manipulate.

Having achleved a satisfactory aerodynamic result by the above
means, it remains to ensure that the blades implied Ly the forcgoing
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 a2 manner that no cevere blade twicts occun.
In order to achieve this for the current desigr, aerodynamic analyses
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 1s 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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‘ Yoottty Loavepr, becauwre the origin of this loss is sus-
seefniey=laver centrifuging in the wake region, it was
e Hreprive loss reestimation procedure for two
s U the Ynereased tip loss 1s viewed as a radial re

Sooetoor T goscs oo within the gap between blades, it need not
co o St ey tue potor dectipn and its omission would result
o0l e medttai pedivtritution of stator conditions. Second,
ot sntdelpnted that the stated design objectives of this
C roen, ke nenleved after appropriate boundary-layer control
2T o v aye e edded, these modifications, if successful, should
oot e U aale tnlekness and the assoclated radial migration. A
Captis e et Tt eonslideration is that an attempt to compensate for
o st e e ascumed to occur within the rotor can lead to me-
Svaalc tor aede s irable tlade twists in the tip region.
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Shows Fhe agnnudus peometry and computing station loca-
the I'inal computaticen of this phase of the design. The
mper oo dniet and outlet areas were determined from the initilally
tat riotesd b ol ob Jectiver.  The area at the rotor outlet was de-
et b pmximtaing the statlce pressure rise across the rotor while
i aadntaintnye satisfactory rotor diffusdon levels. This resulged
ettty hirher statle pressure rise across the rotor than across
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toee iator, byt the mean meridional velocity rises over 100 feet per
ool ceror. the voter and falls by a similar amount across the

e VArtually, from stator leading edge to trailing edge the mean

. \
ttopa] velocelty falls about 180 feet per second because it rises
o et per cecond in the space between rotor and stator.)

TR
Froar o U shews the meridional velocity distributions at inlet
St oat ot te tne potor and stator. Figure 6 shows the relative Mach
inlet and aitlet to the rotor and stator.

it flateitntione at
coeoak bt tye inler and outlet flow angle distributions for the rotor

Stuter are chewn in Fig 7. Figure 8 shows the distribution of
t1rtuston factors for the rotor and stator and the relative total
e loar coefiicient distributions are shown in Fig 9. Figures
t} wuow the distributions of total pressure ratio and isen-

The non-dimensional
*otal temperature rise distribution is shown in Fig 12. The axial

distritati ns of computed boundary layer thickness are shown in Fig 13.
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tropie o fficiency at the rotor and stage outlets.

the next design phase consisted of establishing detailed blade
ara sanale, eonetries consistent with the above results and the
deob cviteeia, The data extracted from this first phase of the de-
uo. tre flowpath as specified by the annulus and boundary layers
oot boade legding and trailing edges, and in the inlet and exit,
o the distributions of relative total pressure loss coefficient
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wcb e o Twe ot et flow angle for each blade.
e eopnater program output from the first phase of the design is

e odased on the following pages.
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2. INTRA-BLADE TLOW 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-
verline 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 IIL. 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 inftra-blade calculations and the inter-blade
calculations performed with the iterative loss re-estimaticn 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 rovor and stator are shown in Figs 18
and 19.

35




A NS AT ST A TR TR T TV TR WSIET T PN R RIS RAY X ARG Y AT R TREIITTN N W TV RTINS SO P R AR TR Y T T T R T T R AT T T O T T T T TR Y T 0 e A R o g T R T

7 U et gt

*0>= IN31D13350) ALISOISIA GNOI3S

*0-= AN3121d44300 ALISGISIA 1Selzd

000%2°0 = 1Vv3H Z1d1D34S

COZE*ES = LKNVISNOD Sv9

0005 *0 = BAH NO 39V>2014 13INI 30 ANOIL3vad
TOCO®0 = JIINVELIILL ALINNTINCD !

031413345 S3dAL NOLINIOS CONv SITISNV NVIT NOILIYLIS~ T OJINOSHUNS SNOILRI0S TIVCLHOI¥IN SNOGILYVLIS I37Vv- 0) 1 = 3dAlsl
(IACEV u0d L1MIRSWINI) T = JY4OIN]

tG3ANIY¥d ST VIVQ 3ISNYIud ALI13073A HOIHM CNJUNG SSYd 1Sd13) "I€ = LIuMN

L (3ACHEY 03 LIN3W4BINE) T = CdINI

tOIINIAd ST SISATVMNY 50VISVI HIIHM SNIWNG $SVd 1S414) 1€ = 1C1dN

(NQ11d0 IVRYCN- 2  SHNOTLIVvH3LL ONI¥NA SIILIZCIIA IV LMIYd~ ) T = ¥4511

(G21¥INITVI *T°¢ TIVAM SATINNNV- 2 SINTVA VIV 1V CI3H S9¢HICT- () T = Tgd1

0t = AMDAT UEZd SASSVI IC BAGWNN Wlin XV

{T40wl1STl = INIOIN'SINTITWVILLS *D°S®T- TCIN® °*2%3°5- T} T = dwiS4l

T = 110vY viv( NOMIAONCT 13INT 20 ¥3annN

ST = 110VY¥ VIVC ONIGVId 2L %IgnrN
ST = SAINIIVIELS =l LIUWON

L1 = SNOILIViS 3C #3uwnn

SISATVYNY MCTI3 30vIE€-VeINI TVUNIZ 42 3SVhe = 37114 wCr -

RRAAA I T T L R Y L I T T Ty Y
EHHY WVdO0D¥d HOSSIUCAND IVIXY Fav




IO EUR AN A eaew W TR Fig

R

A R S N

3 T BONUTIIY b Shaweinhin Nasvaie s Aagi RO

LA e M L S o Siea o

K S

e

81001 °0
62201°0
LEHOT®O
49901 %0
12601°0
8tel1*0
29611°0
%L8T1°0
$1271°0
2€6921°0
6LTE1°0
gelLel®o
$LEYT*0
YLIST*O
»1291°0

NO11Dv¥d
39VI0H

oSNt LS AN S S £ Sl T

2 = (1)dHINV
4506 °0 865 °09 - 29s8°8
$e26°0 €92 °09 - 162L°8
15€6°0 €T6 "65- Le09°¢
L2%6°0 265 %6S~- 90l4°6
18%6°0 082 *6S - Lsse*8
8ES6°0 656 *8<~ 12¢2°8
4856 °0 619 °6C~ 4801 °t
9296*0 942 °8S~ L4986°L
4996°0 6LE°LS- L098°L
6596°0 025°L5- 8GELL
1€L6°0 €81°L5~ 2019°L
I9LECD 698 *9G6 - 2e8y°*L
83L6°0- LLS %96~ cyseL
€1¥6°0 662 °99 ~ €eezoL
9€86°0 %20°%9¢~ wse*L

viNLd 3AILVISY . 3TNV

wv3ar/wniov M3 3A11vI3d snlav

!

d

C= TA2Y¥JE 0= O¥ddI 0= ISAI] 0=°S0IwI] »= SSGII 0= NASYII O HOVWil 0= XvIdl O= TIHI4D (= zvis¢el

Wdd *T2€02 1V ONILVIOYW ONV ONIMOINOd 3KL A8 038133520 20VTIE v SMCTICHd 9 NCILVLS

9L2L0°%0
L04%L0°C
166L0°0
61LL0OC
616L0°0
15180°0
2€480°0
40L6€C°0
24060°0
60460°0
%%8€0°0
95€01°0
26601°0
68,110
6€821°0

NDILDVYd
39v%7078

T = (I)¥FINV
2256°0 €65 %99 1€26°%%
8196°0 S92 %96 - 09LL®8
9L96°0 896 °¢C- 20€9°8
H(L6°0 €LS °€9— 858%°6
SHLECO T17°eS- oZ%€°8
0LL6°0 05t %eo- 1861°%8
€616°0 L8 °25~ AT 0]
»186°0 025 °25- S2i5°L
€€86°0 9LZ 29~ 869L"L
1586°C 956 16~ 0L29°L
1986°0 SHL°19= i98%°L
1886°0° 025 °19-~ £0%€°L
€686°0 61€ °19- 0L6TL
L1066 °C 61T°19- 2250°%L
6166°0 206 °C9- 990€ S

vi0Ld 3ALLVI3Y 370NV
IV3Al/valdv MCI2 3SAIIVI3E snlav

1

-]

C= TA3¥=] 0= d40¥d4l O= ISAT41 0= w041u~ 4= SSOTI O= NA3¥4I 0= HOVWd4l 0= XVI3] 0= ZIkiil 1= 2vi3el

HdYd Y°T1LE0Z

1v SNI1VIOH ONV INIMOTI04 3HL AS 03VI¥ISZA 30vae v

39vdS 39¥d 20vie ¥
39vdS 3344 30v78 V
39v4S 3393 3ICVIE ¥

SNHL 0381vJS3¥d 2V

SMOTI04 §
SMET103 &
SML0d €
SMGI0d 2

SIINVHI NOI

e 3 Ve

NOILVLS
NOILV1S
NOILVLS
NOILVLS

1viS-0L-NGILVIS

ek i

iR e Sacd ey v =y ™

-

PAKO Oy T

i ma e g v 5o AL S Lt o ..l!"oz'lr
vty




TSN T Tromn — - T—— N
R T AR P e il at g T A s F 5 S B et S WP DA AL AR T A St TR T Syvy ~ py - e

39vXI078 aviel/vnidy 8074 JALiIV3Y SNIoVY
C= TTAS¥21 O= dJ0uddl O= ISATH] O= SCIUWwII %= SSCII 0= NASYII 0= HIVWHl O= XvIJl 0= Tikid1 1= 2vi3¢l

Wdd ¥*U1L2E€0T IV ONILVICY ONV ONIRKCTI04 3HL AQ G38I¥ISZ0 30vi6 v SMCIIC3 & NCI1VLS

& = (1)dHINV]
L659C*0 6018°0 189 °24~ €2ZL®S
€ELIOO 9L48°0 ole *2y- 9919°¢
59890°0 0L %0 Tl6°1y- £915°8
S00L0°0 0988 °0 8ly iy - €6ty s
191L0°0 18680 €00°1s~ Ly2¢€°8
QEELQ®0 18060 999 *0% - 12c2°8
94SL0°0 €L367%0 068 °6¢~ €EI71%8
0%210°0 L326°0 S82°6¢€- 92s0°g
286L10°0 YEE€E°C 4€9 *BE ~ 6596°L
1£280°0 20%6°0 w96l - oIss°L
¢1580°0 19960 602°LE~ »86L°L
SE860°0 $266°0 09%°9¢ - 6LTL°L
12260°0 6LS6°0 LEL®SE~ 2S5E9°L
61L60°0 §296°C eIT°sE - 8255°L
91%01°%0" €L96°%0 L2L %€~ 6L8%9°L
NOT1JV¥3 vi0Lld 3A1LVI3Y IISKY
3HVAICTE IV30I/IVNLDY M0I3d 3Alivi3d SnIcvy

O» TASYdl O= J0¥ddl O= ISATII Ox SOTwAI %= SSOI1 0= NAJUII O= HOVALI 0= XVIJI O= CZIHI4I T= 2Vi3€l

Wdd 4*TL€02 1v ONILVIOYW ONV ONIMOTI04 3IHL AG Q38I¥ISZC 3AVIE& v SM0T04 8 NOILVLS
€ = (1)8FINVY

€¥260°0 1858°0 62€°ES~ %68L°8
94460°0 6588°0 Y26 25— LsL9°8
$€960°0 8206 *0 025°25- 6995 %%
9€860°0 4916 °0 €21°25- €959°8
65001°0 ¥£26°0 2eL 1S~ i6ve°s
Z1€e01 0 £0€6°0 962°1S~ 0E%Z*s
90901°0 8LE6°0 »¥8°05~ 6LET®E
$9801°0. ‘T9%6 °0 L9E*CS~ 6EE0°8
00211°0 8646°0 SLBC6Y~ 80€6°L
T951T1°0 1656 °0 08E "6y - »828°L
62611°0 6656°0 268 °89- &92L°%L
19€21°0 €996°0 €y %8y~ 8s29°L
€9821°0 €896°0 9861y - L925°L
€69€71°0 12Le °0 $09 LYy~ 2e2y L
§2E4T*0 $SL6 %0 0Ze Ly - woze L
NOILDVY¥d TviCld 3AILVIIY EREX )

EDL plelvl:] Y301/ NADVY MUTS  3ALLVI3E SNIQvy

Cc A3tI1 O= 40%d441 O= 1SATLT Ow SCIWIE 4= SSOTI1 O= NAIWII O HOVWII O= X¥Id41 O= CIHI4E T= ZTvi3de]

Wdd 4°TL€02 L1v ON11ViIO¥ GNV ONIMOTI04 3HL A4 0381dISZ0 3Qv18 v SMOTI03. L NOILVLS

38

S g S masat e S et 5 R A s L e v




R I R LA T g e o (e g vl

Ndd O 1V ONJLVIOY¥ ONV ONIMOTTI0d 3HL A8 03H1IWIS30 50VI8 vV SACIT0d 2T NOJLVLS

39

€515 °2 %1199
1666 °2 6z25°¢
969L *2 109% 8
2448 *2 $29E%b
S66% *2 €.62°8

09€6 2 Z912°8
164962 L24%1%€
Co%6°2 OELC®8
292¢€ *2 64%00°8
40€g °2 18€6°L
2048 °2 ozl8°L
Z9LL 2 £608°L

€669 °¢ iYLl

LTI15 ¢ $989°L

e2ls e 2L29°%L
[y SNIGYY

st = (1)AN39I

39vdS 33dd4 3GvI8 ¥V SMOTI0Jd TT NOLLVLS

0sgce *2 0009°8
00s¢€ *2 000%°6
080% °2Z 0002°F
Cs6¢ 2 0000°®
OSEE 2 ooo08°L
0sce 2 0009°L

oZs sniavy

S = {1)ON36&1

3JvdS 53¥d 3GVYIe v SMUTIO3 OT NOILVLS
€ = {IJduHINVI

99120 °0 2€9L ©0. 161 °6E- 9559°8
1€220°0 4608°0 SLL®°GE- 9LSS "%
88220°0 £8€8°0 L29°s¢t~ 1994%°8 )
¥4€20°0 $L68°0 8S€ °SE- 2gLe®8 ’
€0%2C°0 §2L8°0 L6 *ye- G262°8
8949200 2988°0 L9y ®ye - 2602°8
249520°0 9968 °0 958 °€€E~ 9LZ1°8
90920°0 2L06°0 85T et~ €8%0°¢
16920°0 L916°0 0g€ *2€~ Z1L6°L
. €LL20%0 ¥526°0 884 °1€- 2968°L
09820°0 $£€6°0. 1G4 °0€~ 9tzeL
L$620°C L0%6°%0 HTE®62~ SESL®L
'L90€0°0 SL%6°0 260°92- o9ye L
202¢€0°0 SES6°0 T8 °92- 6029°L
6L€€0%0 16560 219°¢2~ $8G5°L
NOTidved Wi0Ld 3AILVI3N 3TNV

KA SRS SV LET) 22 S S L S (o SIS PR g ANCR et e dn s e MY At s

SAAZEAS T i o cams e b g




B TR o 34 W i » Ml e s o T e Pt e S e et S I R N R O R L A S L R i A A A R o R e i i e S S T R i i M A o

TIIEPAIT

629L0°0 §456°0 199°L1 6.21°9
ZLSL0%0 %256°0 959°L1 9870°8
18L20%0 1056°0 129°L1 %010°8
£9080°0 6L96°0 8CLLY 8ES6L
£1980%0 0946 %0 16L°L1 8568°L
61860°0 29%6°0 9 19.°L1 9548 °L
28260°%0 91%6°0 £06°LT Zv6LL

i 00860 *0 £8€6°0 566°L1 LyvleL
NOI1OV¥3 IVA0Ld SAILVINY 318y

: 39v %2076 TVaRI/ WLV RGId  3IATLVIIY sniavy ‘

C= TA3¥SF1 0= A0¥od1l O= ISATII 0= SGINI1 ¥= SSOT] 0=-NAIYJI 0= HIVKI]l O= Xv331 0= TIHIdI 1= 2Vi201

Wdd  °0 1v ONILVIOH: ONY 9NIMOTT03, 3HL A6 G3E147S30 30VIE vV SMLIIGI €T NOLLVLS
8490 *€ €95 *¢
ss11€ XTI ad
A 1829°.
vH1C %€ SEIE*S

099¢€ ‘€ 9662 °¢
§18¢€ °¢ §9c2°8
1E5€ °C 92L1°8

8Cet °¢ 12116
ESLEE 0590°8
Ie9€ ‘€ 2LESL

s11c %€ 0Tv6*L
¥€62 € 6988°L
1902 %€ SEEBSL
1041 %€ €29L°2
€590 °€ 92EL L

it splavy
¢l = (1)0N391 :

T = (I1)YHINVI
T18€0°0 828€ 70 SLT%E 8E9S °8
90180°C 1286°0 (13 8431 £66%°8 !
o8sLO°C €286°0 »21°2¢ L8CY°E
192L0°0 4186°0 g29°1¢e SEIES
490L0°0 €0856°0 €2e*1¢ $6562°¢ '
49620°0 £6L6°0 4% §4 £ SIE2*E
19690°0 €916 °0 056 °0¢t GYLICE
100L0%0 €LLO*G 068 °0€ 7118
ee120%0 29L6°0 6§12 °0¢ 0$50°8
BECLO®O 05L6°0 €LL°0% 2Lb6"L
209L0°%0 09L6°0 esl "0t 0l
QZ6L0°0 0ELE*0 €€L 0L $988°/
LOEB0°0 12L6°0 12 704134 9ctg "L
GsLeC5C €0L15°0 ~6L°0¢ €28L°L
*4260°C 2656°0 (320411 ezZeLtL
NCILOVYs  TviCid SAILVI3Y 3TCAY
39v%J078 W301/WPLV Ful3  3ATLVI3Y snieve

C= 1AZ¥4] 0= 40¥dd1 0= ISATIL 0= SVWIl %= SSQII 0= NAFYII O= HIWWID 0= x¥3dl O= DIkldl 1= 2ZVIS€l

40

Sk et e S Y D tion K el S M B




s PN I G SR LR Db e

. 61 = (1)aNTel ,
&

€ = (131dHINVI
96190 °0 »8%6°0 8€9°9 L5L5°8
$SRSC 0 2846%0 €LE*9 0% ic*g
11€50°0 0L%6°0 gv1 %0 s8Y% 8
LE®S0®0 €996 °0° 800°9 scue g
92€50°0 01%6°0. LT6°S L8LE®B
2L25C°0 €LEG®D 99¢ *¢ Z9s2Z°8
.21250°0 6%€6°0 LYE *S 0051°%
€2€50°0 81€6°0 858 °S $921°8 |
$2550°0 @82620 +£68°G €EF0°H
£1550"0 1525°0 256 %S 2000 *¢
L9LSG®0 632640 620°9 26€E6°L
€£0090°%0 15160 e1T1*9 L8LB*L
06290 °0- 2916°0 022°9 cotEL
$6590°0 4216°0 €EE"S £19L°L A
1969020 5L06°0 9% 9 LS0L"L
NOIL1JVed VICLd: SA1LVIZd ERDIN
39v %2018 avaal/wniodv MG1d 3A11vI3d snicvy

C= TAS¥d! 0= J0U4dl 0= ISAT4I 0= SOINII = SSOTI 9= NA3¥I1 0= HIVWd] 0= XVI4I O= ZIHI3] I= 2videl &
wdd  *0 IV 9NILVIOY ONV “ONIMOTINS 381 A€ N3ISIYISSC 20VIE vV SMCIIG3 %1 NOILVIS
2029 °¢ z0L5°®

126946 5405 *8
€SHLE LoEY s
S48L % 85LE®S
€218 % 9Z1E e
S62% °¢ 10526
OLEE *E £961°y
SSE€6 °¢ 6L2L°y
ss2¢ ¢ 9890 °¢
L108°E %010°¢
5282 %€ §ES6%,L
906, *€ 8868 °L
711 95942 ,
+896 °¢ 2o6L°L
6819 °€ LywLeL

320 sniavy

$T = (1)ON3 8L

¢ = (I)YHINVI
1%680°0 9596 *0 g2s %61 20L5°8
19€80°0 §596%0 49681 §40S °¢
§£620°0 $4%6°0 89e°81 L6EY °E
LY920%0 8296 °0 TL0°e1 BSLE®E
€94%L0°0 9096 °0 668°LT 921e*6
0L£20°0 9866 °0 9LL"LY 1062°8
09¢€L0*0 9966 *0 S0L*LT G861°8
T R R e




d R T

PES i v s e B0

T

S e e S o
T —

33vdS mw&u.mcaJm Vv SMC TG4 LT NOILVIS

mw<am 33¥3 3QV1Ie Vv SMOTI0I 91 NOILVLS

% = (1)°dHINVI
£9800°0 Z1£6°0 *0 1685 °%
0L800°0 01€6°0 *0- 0€25°8
12800°0 €6256°0 0 0LGY°8
¥8800°0 1625"0 *0- Z10E°E
168000 €126°0 *0 4G2E°R
85800°0 1L16°0 *0 €662 %€
§0600°0 ZE16°0 *0- 9g61°8
21600°0 1606°0 *0 0821°¢
61600°0 L%06°0 0 €290°€
92600°0 200640 °g- ZL66°L
££600°0 4568 °0 ° €2€6°L
6E600°0 1268 °0 *0- 2898°L
99600 "0 £998°0 0~ 1508 %L
25600°0 £€88°0 *0 1EvLeL
65600°C L9L8°0 *0 £189°L
NGI1OVYS TWLDLd IATLVIY ER TN ’
39V3201%9 q¥301/3VN10Y mpo1d  3A11VI3Y SN10vY

Ce TA3¥4] 0= dJOY¥4dl 0= ISATS1 0= SOTWdl »= SSCII 0= NA3¥dl 0= HIVWdl 0= XvId1 0= JIHIJI 1= 2vi38l

wd¥ °0 1V 9N11Vi0¥ QNY OSNImMOT103 3pl A8 O3G1¥2S30 5CViE V SMCI102 ST NOILVLS
G2LT*Y L6LS %€
G802 *4 05TS €
15€2 % [3: LA
8962 "y LECE 6
LEG2 Y Letv e
cLie*y 24628
o182 *Y 00t 1°8
€0E2 *% 49 1°8
€SL2 %Y €€90°8
sacz*y  6000°8
QESZT % 26€5°L
8LEZ Y LYL8®L
Ls12 % s618°L
L961°% g19L°L
02L1*y 1s0L"L
Y snicvy

42

N e SRS

T S T T O

AT



. 0000°1
$1LS°0 0005°*0 982%°0 1L6€°C 1S

0 0°9112 or°els 0000°T
319Ny 3¥NSS3¥d  J¥NRLVY3dm3l
‘%OTd viol Ivi0L sniavy
SNCILIONCD 13N
9826 *0 12580 LS821°0 €v1L%0 62990

82 °0

€er12°0 6291°0

21L0°0 °0

INITWVIRLIS FIVI ONV 8NH N33M138 J57TINI 40 SNO1LJvud

o- *0- *0-

o- *0- so-

0- *0- *G-

o- *0- *0-

0 *0- *0-

o~ *0- *0-

o- *0- *0-

Ou.l *0 0

o~ *0- *0-

o- *0- *0-

o- *0- *0-

o- °0- *0-

1 °Q- *0-

] *0~ *0-

o *0~ *0-

0 °0- *0-

0 *0 “0
{3INOS¥3dNS~ T JINGSHNS--0) 3ov- 379NV
IHOVWI 018, NV
SYOLVIIONT

085 %
1686 °8
1685°8
L6L5%
z€95°3
8€SS °8
119
61298
55598
S22L%%
»68L%
2958°8
1€26°8
0066 °8
0050°
0060°
0060

SNIgvy
INISYD

0289 °L
6189 °L
6189 °L
L20L°L
194L.°L
92eL °L
2L29°L
0485 °L
‘6885 °L
5L8%°L
LozZe*L
1180°2
9906 *9
99s2°S
9109 *9
SHLE *G
9890 *9

snigvy
8nH

00C0°L
000%°s
0s2L Yy
0002 *%
000L°E
0001 °¢
000g *2
0002%2
0000 *2
‘0009 °1
oogz*t
0o0ce *0
000%°0
*0
QocCy Q-
0000°1-
0008 °1~

NOILVZCT
IVIXY

GO®0E = ML

L1
91
ST
%1
€1
21
1
ol

NN O~OO

u39hNN
NOILVLS

34A1 NOILNADS ONV NOILVIid123dS ABLI3WO39 SNINNAY

43




T vy oy

T T

o

St 2CL0°0 O0&°01- °0 *0 0LTH*0 I¥°2281 Q0°9112 £°108 LeR1S *0 [ 14 s34 G2G%LSY 00€0*6 Si
41 0C20%0 o©0¢°*21- 896 *0- °0 64%24%°0 00%°6981 00°9112 9°Cos L°81S *0 9LE *56Y 51846949 $98€ *6 LA¢ .
€1 B8650°0 4H2°61-~ I%%°0 *0 21€4°0 $6°1981 0G®*9TY2 1°008 L8119 0 66L 'CLY €5L°2LY #5869 €1
21 LEG0*0 F£L481~ 8L6°1 °0 Y9EH*0 1$°9681 00°9112 L%66% L*81S *0 €LO°ELY €L0°8LY ©L8v '8 ci
11 9690°0 12°€2- 509°¢ *0 00%%*0 T9°2¢81 0G°®9112 5669 L°81s *0 9zZ8 *18% 9Z8*18Y 2iezs 1t
R 6$560°C 06°*62- 262°s e ¢] €2HH*0 110481 00°*911e 26y L°81S *0 €22 *98% 228y 9960°8 o1
6 $680°%0. S6'%E~ 020°L °0 HEHH*0 S8°8481 00°911e T1°€6% L*61S *0 SHE 58y CoHGEn TE06 L [
8 GEGS0°Q G124~ 39L*B *C 9EHH*0 068461 00°*9112 T1°66% 1°81¢ *0 099°s8% 09G°58% €012 L &
L §€660°0 §£2°06- 925°01 *G 0EYL°0 9264981 00°971%2 1%66% L°81S *0 €€0 °969 £€0°S8Y 1618°L L
9 GEF0*Q £G5°KG-~ age el °0 814%*0 99°0¢8e1 00°9112 2°658% L*81s 0 169 €8> 166 %E8% Lrze L 9
s S$690°0 EL°0L~- 9£0*» 1 ¢ 0044 %0 99°2681 00°911¢ Y664 1°81S *0 SLL*16% cLL*TEY OLET 2 S
Y $560%0 CEese- eLL®et °0 LLEY®O LT1°6581 00°9112 9*66% L®°61S *0 6SE°6LY ECEOLY H994¢ %G 9
€ L690°0 €L°8071- 984°LY °0 QSE4*0 01°8681 oc*9iie 8E6Y 1°61s *0 EES LY EES LY 68619 t
r4 BESC®0 EE*SHTI- ELT®61 0 0Z2€4%°0 SE*198% 00°9112 1°00s L°61S. 0 6LEELY ELE®ELY 16¢¢ ¢ 2
T E680*0 $5°502- MMQ0ON 0 8324*0 8129981 00%9112 € *00S L°81S *0 820 "0OL% g20°0Ly 9vLE 9 1
NOIL- ALISNIQ *Z:iAND 3TONV 219NV ¥SEWNN  D11Y4S awicL 211v1S avliol *IIN3ONVL °INCIY3W  EZLAI0SEV NOTL
¥367 ZI1viS. d4CeGVY 24078 TYIHM HOVH $3¥NSSJed S2ANLVYIdWIAL =131 12073 A snigvy vaCa
S¥ILANYYYd MGI3 IVYINIO
TR R RENR
2 NOILVLS
sl 6020°0 ‘0 0 °0 TCEE®0 61°€067 ce*siie 2°¢€08 L*81S *0 0e0 *1¢” 080°1¢tY €060 %t ST
61 6CLC*D 0 996 *°0 °0 T2EC®0 61°€061 00°9112 2°¢cas L*61s °0 080 *1e% ceo’tey EYiE'8 1
£l 6CLO®0 ‘o €46 1 *C (CEE®D 61°E06T 0Cc*9t1¢ Z°t0S L8719 *0 080 °*TE> 080°1IEYy AT ] €1
b4 60L0°0 ‘c L6%"* *c Tc6€°%0 61°E061% oc*st1ie 2*€08 Lo°81S *0 080 *1¢y 080°1¢Yy g29% 't 23
11 60L0°0 MY 266°Y *0 I2EE*0 51°€061 00°*9112 2°e0s L*°61S *0 030 *1¢€% 08 CG*TE> £92<°t X
o1 60L5*0 ‘c G660 *9 °0 TTEC*0 6T1°€06T (11742 & ¢4 2°¢co0s Lee1s 0 080 *1€% CRO*1EY 1110 s c1
& 60L0°0 ‘0 ogs*L 0 12¢E®0 61°€061 06°91<1e Z°€0s L°81S *0 oyQ “1t% c80°1¢€% QsertL &
e 60Li0°0 °0 [ 4 A *0 TCEE®0 H61°¢067 00°9 112 Fad 141 Lo°H1S 0 080 *1€% cg0*iE> £61G°L &
L 60L0°0 e 06601 *0 T0EE*0 61°€061 [s1hic R & &4 2°e0s L°6 16 0 080 °1¢c~ G30°'1EY SESE L L
S 60L0°G ‘0 189°¢1 *0 T2€e°0 6172061 00*911e TUE0S L*6 1S *0 080 *1tY cecC*itey crelitL S
S 60L0°0 *0 TLE% 1. *0 1268°0 6L°£061 009112 2°£0S F 2 2 4 *0 090 *1€7 080°IE> £Te649 S
4. 6CL0°0 " 050°91 ‘0 TCEL 0 61°€061 [e]2d" 08 ¥4 Z2°%€0% Lee ¢ *0 080 °*1t~ 0e0°*lee 191L°9 9
£ 60L0°%D *0 0Ly *C 12€€£°0 61°€061 [s]eRd-D 2°¢0s L6 1S 0 080 °*1€% 080°1¢» 2006 S %
2 ecLcto M gegc*o61l 0 T26€°0 61°C0€T, 00°5112 Z°€0S L°¢1s *0 080 °1¢ Y 0g8C 1> £7ecC ‘9 <
1 60L0°0 ‘0 2€6°02 ] mNmMoO 6T-°¢061 os*s112 Z*€0s L6 1s hd¢] QR0 *ieYy 0BQC*TLYy $860.2 1
NOI1  ALISNIQ fITRALNI  IAIONV 2798V 43ERON  DIUVIS wvicl 211v1S wilcCl *JINICKYL *INCITIW  ZUCI0SEYV [N}
307 311vis  4Cceavy 3¢0S BY-2121.1 H3vn S3UNSSIud S3dniveadw3l §$21112073A snlgvy va01
SY3L1IRVEVY BOTd IVEINSD
*seseRRs D
{ NOILviS
PEESAXAERR A ETOER X <
02 SSVd wCx3d 1hidinl <
&
s fgd SR AL A N I R U LA T (Lo R DR X S g gt T I DT S e e T e e Sl % :.tnh:w . b AT T R T 0l A a L s e B S Nk oA 3 ..v




T TR s v i G
) |
. ST L6S0°C L0*%Z-  €10°6- *0  $665°0 S6°0TLI  00°9Ti2  2°88%  L°®1iS *0 LEL°S09 LELS05  0UEE°S st !
YT ©c60°0 %4%2-  €01%9- *0  L[196°0 85°00LT OC*9TIZ €°28% L°SIS 0 28019  280°%19  ¢clea’s 1 |
€1 £650°0 LS'€H-  CRE'E- °0  0L15°0 BL°C6ST  0CG*9TTZ  8°98%  L°81S 0 91519 9IE*615 6959°8 £1 |
21 259C°0° €E&°8A- 928 %0- *0 16160 O£°0691 00°9112  6°G8%  L°81S 0 6LZT %229  €L2°229  GEEY 8 21
IT  1S50%°0 20°S»12- %6S°T *0  26.S%0 »L°6891 O0C°9112  +°98% [*€1S *0 9ZL°229  H2L°229  S2EE°S 13 #
01 25500 S1°5T1  868°C *0  LYLG°0 E9°I6SY  00°S112  9°98%  L°8TS 0 Zze*izy 2ze*l12s  92Li*B ci |
6 £690°C §%*19 S0T*9 "0  9TLSC*0 4G°S681 O0*9YIZ  6°98% L °GIC *0 Z1I°819 2Ti*6l9 €€10°8 6
8  GSOD*0  12°%4% tzze8 *0  €196°0 50°T0LT 00*9IIZ  Y°184 L°*BiS *0 9i9°E19 9LS"EIS  058§°L &
L 1550°0 16%5E  -L12°01 *0  9156°0 00°8021 00°9112  6°18% L°E1§. *0 92109  9ZT*909  2L6G°L L |
9 £650°0 LE*7E 152%21 *0  SSSS°0 96°SILT  OG*91TZ  9°88y  L°*8:S *0 889°109 685°i0S  96ES°L 9
s 1950°Q 2T°1€ L8151 *0  L845°0 €5°%2L1 00°9112  €£°%8%  L°L1S * 26965  869°%6S  HZTEEL s \,
5 £690%0 rg°s¢ 26261 *G  L1%G®0 QI®CELT 00°*9T1Z  0°Cs¢  L°¢1§ *0 €66%28S  €6S°l8S  $627°L ”
€ 9550°0 £E°6S 69 °L1 *0  €SES°0 €I°T¥LT  00°9T12  9°06% L°81S 0 100165  100°185  2650°%L £ P
. z 1990°0 §4°€l1-~ L2€°61 *0  2065°D O%°2%L1 O00°STITZ 1°16% L°81S g 96L°GLS  S91°626  ZETE 'S 2
1 §990%0 6L%12- 69802 *0 L2570 1I9°0S21 O0C*STIZ  +°Tey  L*RIS 0 10 °ELS  ILOELS  98SL°9 1 _
NDI1 ALISN2G °*3:IATND  JI9NV  2IONV  HIGRAN  JILVLS 9101 911V1S V104 *TINSOAVE *INCIT3a  II16GT0SEV NCI2 P
Vo0 311VIS  SCeCvy 34075 THIHM  HIVW $3¥NSSTud S3UNLVYSIWSL S$Z11120173A snigvy  %3C7 |
SYII3IhVHVE MOTd TVH3INED ,
RS EEREREE i
v NOILvV1S [
s1 88500 271°¢- 95999~ *0  2595°0 8S°SZBT  00°9T(Z  £°L6%  L°LIS *0 £€2°L05 €ET°L0S  00S0°%6 st i
»1  660°0 25~ L9ESH~ *0  L61%°0 9L°1061 00°9112 6°S6%  L*81§ 0 944 %€25  Gh=°€2S 6188 »1
€1  0890°0 SL*11- @v1%2- *0  906%°0 20°S6LT 00°9TI2  6°%6%  L°81S ‘0 906 *vES  90B*4ES  €EL9°8 £1 _
21 §4%50°0 42°ST-  900°0 "0 6L64°0 9€°98LT 00°9IIZ 2996y  L91S * 05245  G0%°2%S  SH6%°E 1
IT  9L90°0 99922~ %01°2 *0  4206°0 SO*IALT  00°91TZ  ®*€64  L°61S *0 950 .55  SG0°LnS  212i*s 1t ,
0T 9LS0°C 12°2€- €S1°% *0  9505°0 I%*6LLT 00°9T1Z  9°€6%  L°61S *0 IVEEHS  GHEHTS 65T R 01 _
6 §750%0 HG*Lb~  091°9 *0  0S05°0 96°LLLT  00°911Z  §*E6%  L°B1S “0 BEL*6HG  BEL®b%S  8TL6°L 6
8 9150%0 zS*%i-  121°8 *0  6E06°0 82°6LL1 OC*S11Z L°E6%  L°'81§ “ 266855  265°89S 066171 8
L 1190°0 PE*0ETI~ €%0°OT: “0  ST0G°0 20%28L1 00°9TIZ 6°€6% 1°51S§ *Q 212°9%S  912°9%G 01368 L
9 8150°0 25662~ O0£6°1T *0  €66%°0 L8°GBL1  00°9TIZ  2°%6% L°P1s *0 L6829  LSB°Z9S €Sy L 9
S 6290°0 €5°0619- 181951 *Q  »9€4°0 95°06LY OC*9TIZ 6§69  L°BIS “0 SL°8ES  SHL*BES €482 s
> 0890°0 +40°%6E€  L09°S1 0 8eg€%°0 16°56L1 O00%9112 0°S6% L°GTS 0 €20 *»€S  £20°%E€S  SEIIL 5
€ 2890%0 ©2°4L1  22v°LY *0  8484°0 98°T08T O00°SIIZ  4°S6% . L°EiS *0 bEL82S  HEL*8ZS  1€46°S <
2 58500 6&°66 152%1 *0  06.%°0 S5°808T 00°911Z 0%96% L1615 . EL*22S  HEL®22S  €2LL°9 2
1 $890°0 OS*€Y 91T *0  22.%°0 2%°9TET 00°91I2 9°96% L°8T1S *0 8T9°STS  8TS*SIS  9105°9 1
NOIQ ALISNZG 3xLAWND  IIONV.  3TINV  HIGWAN  I1UVIS vi01 911vi§  IWA0L °*1INIONVL *INCI¥Iw  S1rI0SEV NOIL
V207  J1lviS d4Ce0ys  3d0TS  WIWM  HIYW $33NSS3d S3¥NLVYIdhIL $331112073A sniovy  vaed
S¥31IWvEVE MOT2 IVEINID f
SEEABERERN
€ NOTLVLS J
i sttt o o s ST it IR o A Sl
o st e e et SRR it s ek Lt 8 2 = o

o gt o n e o st S g il




Jj R PO e T * e i gy ML L rioro oy et Lo e vs wiaias i T T e ey o
) £ L " e Lo 2 K ™ 2y T LN T R AT T T M.H!g:.a.f..xaqw QL it o otz g v ios o S oes RS L g i e g o 2
w

€1 E°9RGT 2'06S1 0290°C *0 $26°0 S190°% s219°1 9819 °1 082°6LST £cT460LT 25G°%9- €42 69~ st X
%1 Z2°09¢l  €°8981 1290%0 °0 $26°C $090°0 gSeE"T oLss 1 €EY*8GST  LE2 89T 94T°v9- L1789~ 41 |
€T $°4€G6T 699€51 9ILO°O °c 926°0 S€v0°C 2Lie°1 749€6 °1 99T *9tsT 1268591 6%67€9- 2L0°89~ €1

21 §°80S6T 6°640S1 €S10°0 °0 L26°0 16£0°0 €Lse°T 0115 °1 O0GT°EIST 6%T1°EEFT S5L9°€9- €09 L9~ <1

1T €7CEYT  £°18%Y  £610°0 *0 126°%0 %¢€€0°0 9%eel €984y 1 66426841 L1SP*9091 HIHY®E9- 661719~ 11

01 6°LEH5T 6°26%T €€80°0 0 126°0 62t0°0 osle’l €19% * 1 €C1°9691 601°085T €S1°EY- 698°69- Ccl

6 42¢4T 9%492»T 1880°0 *0 L3670 8620°C e2¢zl 19ev Y 190°04%%1 T6B'2SST ¥LE%ZI- H%56°99- [

8 0°L04%T. #»°S6El 8260°0 °0 L26°0 €L20° 26%2°1 0014 *1 ETE*STHT S1€°G25T 9L5°29- LL29S9- 8

I3 L*IBET -$*09€1. 6.60°0 “0 L26°C 0§20°0 25921 »eRe°l 0E8*LBET €19 °L6%T 612°29- 6£0°99-~ pA

S €°CcSEY c°0%1 9€01°0 ‘0 926°0 8220°0 %022°1 4ese°1 0lG*09€T ¢€T*6I%L 666°13~ 628 °59- S

S 6°0EET 21T 86010 0 $256°0 8020°0 69€1°Y ge2e*1 416 °2€el 869 ‘0%»T 8%L°19- €29°59~ S

k4 £°GOET $°4821 L911°C ‘0 +26°0 1610°0 2891°1 €20€ *1 655°%0¢€1  L£5°2T21 22S°19- 619 9~ &

€ LO°€L2T L°GS521 €%21°0 0 2260 2L10°0 9241°1 96L2¢1 956°9L21 S1c*y8ETl 6TIC*19- 86159~ €

4 f°ESLT 0%€cel 62170 °0 616°0 9ST0%C 8611°1 1592 °% #L6°9%2T 6S1°LSET 021°19~ 86b°45— [4

1 a*r2zr s*°102Y 82%1°0 ‘0 S16°0 04%10°0 2680°1 66221 920°LTZT 2LT*IEET C06°C9~- 10S *49- 1
INIT=  13271rC  K3°N1 € NOdN  ¥O1DVZ ¥ZERAN 43303 127400 13N 1300 437N 13713nC 13N °N]°*Ld0 NI~

WY 3ULS $Q@324S 3avi8 d Y1130 SNJIJIC IIVH 30 SSOT  S°ON HIVW 3IAILVI3¥  S31L112CI3A IAILVIIY SSTONVY SVO 3AILVI3Y Wv3uls
*Wd¥ ¥°T2€02 L1V ONILVIOY MCH 2QVI8 V¥V 20 1IX3 3Wl fv SI 5 NCIlVLS

s GELO®0 GS°ESL9Y S69°%°%~ &L2°€T 9£9°0 99°1%0C L2°€592 9°02s 0°19s Ze1°091 985 °8L3 622°L69 1£26°9 sl

%1 LELO®C €9°0E1- 685°9- E00°C1 S229°%0 €5°1+402 8€£°0592 AL %41 »°eS5S G€E»*9s1 SSTLL? 000°569 $9LL°8 %3

€1 6€L0°Q GE°G9T1- 021°c~ T98°21 %0¢9°0 €4L°0%0¢ 6€°5%9¢ 2°81s 1°8s5 S¥0°4S1 589 °%L9 1L%0°269 11€9°¢ €l

21 6€L0°0 11°29¢ 626°0~ L6L°CT 2L19°0 41°0402 S6°LE92 o°L1S 0vLsS 12%°¢st 040*129 €e 1869 1L€%°8 EA ¢

(4 0%10°0 1E°*8¢ o9L°t LIL®21 4£19°0 96°0%02 €€°0£92 2°LlS 0°%5S LFT1°1sT 619 °9¢9 4%5°€89 9eEvE ‘e 11

ot 1420°0  12°82 Q0% % 618°2T T1605°0 9¢*2402 9B €292 6°S1s 2655 2595°061 1L995°199 €LS°8L9 900¢c °¢€ 01 !
& €4L0°0 <sB°L1 $e6*? S26°ct  1406°0 25°9%0¢ °g°6192 6°915 Q%3G 6L9°0S1 665°959 S* F3°€EL9 sLs0°8 6 !
g $9L0°0 G0°€Y SLE®S 40T1°€T €009°0 '85°25028 658152 0°L1s rAL {14 2¥9°1<€T 692159 S9E°899 8%16°L 8

L 15L0°0 1%°01 €TL®TT 29€°€T ©565°0 09°0902 65°8192 e*Lls £°ESS 607°¢s1 895 °6%9 SL%°€9S c2LL®L a2

9 06L0°0 Te&°’8 €G6°€T L29°€T1 ©Q68S°0 0€£°0L02 6126192 L2LYS L*€5S 898°451 228 g €9 92E'LS9 2625 °L 9

S €510°0 €€l 050°91 ¢€%6%€1 8285°0 €2°1802 1e*6192 2°81e % ®Lss 60L°9S1 €6 *0E9 s01°069 298%°L S

b4 15100 S2°%L €86°LT  TOE*»1 TSLSTO 26°2600 9L°8192 6°81S T*ESS LL5°861 060227 CS6°149 L2ye L 4

€ 08100 £L°S €161 ¢<99°%1T 865S5°0 68°4012 L2°L192 €619 8°2aes €Ge°091 08€°219 200°¢€ES %861 °L €

[4 €G20¢C <&°% L81*12 e4%0°cl 0855°0 95°*9112 €2°4192 1°626 €*25% STE*1S1 992209 259°el9 0€s0*L 4

1 ?9L0°0 T2°9 $2C*2C BEHY®ST S6HST0 LECLZTC 66°T7192 2°02s 1259 €95°¢91 6L2°25S €245%°919 9906 *9 1
NOI1 ALQISNZC *2¥1A20D  3IONY 3T9NY  ¥IBWON  D14viS = IVICH 211vis, IVIOL  °TIN3IOKVL *IINCIE3W  Z1RT0SEV NO1L
¥303 Oilvis dJdivavy 34078 TEIHA HIOVW S3¥NSS3ud S$2uNIVu3Idn3l SE111207%7T3A sSnIGvyY V3G

SY313IwVHEVdE KOS TvY3INSH

i
TESRFEBEER i

S NOILvV1S
0
-
em——
AD e TR TN A T R T TS e .
haiahindiili ST TR LR P x L ¥ i - - o I ey . s
sl Sl e Dot o b b S o s et e ok b bk e ek ot




A AL R R T G A AT T T P T TR T IT,

sl 96CTI*0 2H°9LLT €8%%6- 120°5% 6099°0 9G°LSHE Y8°5€9%
%1 6501°0 %6°¢€2-~ DLT%L~- T9€Hy SLE9°0 LE®tHyE €1°c05%
€1 8501°0 ll°*21- TIL*H~ 020°%% 64969°0 11°¢€eHe 8% °%95%
21 650T°*0 126~ 2L1%2Z~ €46B8*°CH HIGI9°0 €8°L6CE SETETSY
1S 1501°0 €6°L- iev 0 €1L®*ey 0699°0 LL°89¢cc 09°L9%%
01 S401°0 1g°c- 880°¢ 655 %€ LY¥9°0 Y6°9¢€€¢ 18°2149%
[] 6€01*0 $§69- S6L°% EI¥°E» 6149°0 2L*€0€E 1coLsey
e £€ECT®0 £6°5- Z€c*g 692°%EH GHEC*0 ig°0L2¢ L8°20¢€Y
L 2201°0 €l°%1~- 062°T1 €L1%€%7 €9€9°0 €Z°6E2¢ 2€*0s2%
S 22C1*0  10°C1- 090°%»T 181°cy 8I€9°0 €6°012= 0T1°102%
S 410T7°0 S2°L1~ 618°GT Q2€°Ey 6L25°0 1€°L81€E $6°951%
4 »ICT*0  TH°892~ B8SG°6T CSE€£I9°CH HEZD*Q €9 °691¢ 29°811%
€ 2I01°0 S6°s1 a42%22 €Q1%Y% G619°0 68°6S1IE 1€°980Yy
< Zi1C1°0 0°2 L9€%*¥2 000°cy €£19°0 0L°SS1¢E 02°L50%
1 21C1*0 0y L9€®LZ L2T°9% 0809°0 12°091¢ €0°950%
NOI1 ALISN3Q “3:iADD 39NV 3TOKNY  YIOWNN  JI1VIS aviel
vio1 SI1vis  dC°Gvd 3dGIS T8IRM HOVRH $3¥NSS3vd

£€€6°0
90L0%0
8142°1
NOILVIS<0L-13N1

££06°0
90L0°0
g14¥2°1

0°% 19
8609
9°909
6°€09
€°i109
8°86¢
€©°965
8°€hHS
s*16%
%685
9°L8S
2°58¢
2°689
9°*°48¢
% *98S

211Vl
S3dn

$%L99
§*2%%
S *859
1°6959
6°149
ceY9
€649
2°249%
C®6€9
S °9€9
6°€ES
L°1€9
6°62¢9
6°829
g229

< viocl
1vs3dW3l

SU3L13WVYVE MOTd TVYINSO

*AJI13d3 °N3SI1
2 NO 1 V1130
01ivVyr 3YNSS3ud
NOIIV1S-DL-NOILVIS SUILIWVUVI NVIW

CRRTIR

L2 2222 2422

9 NO

11vis

6L18°0

8
4
6

1480
L98°0
628°0

s068°0
€668 °0
0806°0

k4

9160

44260

1

2E6°0

16€6°0

1

s$%6°0 -

2156°C

A

9656 °0

2196°0

AIJN3121433
J1d0¥IN3ST L vin3ad
SYI 1INV UVA-NOILVES-0L—-13INT

9180°0
48100
6510°0
6€10°0
0210°0
50L0°0
£650°0
$850 *0
6150°0
$150°0
6950°0
£960°0
$590°0
2590°0
5490°0

1 Ne

186°LSS
692°9SS
216°8%¢
859°E9s
991°8ES
208°2¢eS
215°L2S
086225
02t°gig
16¢e°%1S
€0L°11S
LO%%071S
L86°019
808°€ 1S
ESZ°61S

*TINIONY
S E

6€52°1
XA {
2082°1
19%2°1
levec 1
00%2°1
18€2°Y
LT XA
slee°T
€LEZT
€igee 1
sree°l
(XL T A
gee2 °t
RAT T A

erive
TNSS=Yd

SUIISWVEVE 3INVWE0LY3Id TIVYIA0

NI - RS

Porrerrierreerir N «
et a5 TR T N TS

ERREA SO b i S i o) i it ice e v w7
AT L
~
s
LST*L9S umenmcw 29588 st
108 *6 6S 966°S61 S62L°Y 21
620 *89S oomJ@wh 6906 *38 €1
§99%59S G245°98L 1L08%°8 21
918 *29S LEL*SLL YL6€°8 11
€01°09¢s 2y07elL 2e2’s 01
€LS LSS 29€°L9L LO0TT S [
§561°66S 124292 2L66°L -]
€41 %26S 2L1°LSL €£€98°L L
vH1 '89S s02°1s¢L 48el L S
9EQ *ZHS 1668°5%L L215°L 1 ‘.
92€ *SES GGG °6EL Y569 L v
T8L *SZS 081°€EL 6SSESL €
908 '€ 15 €€S5°92L €€22°L [
G12%¢&Yy S0€*02L 1,80°L 1
1 ®INGI¥3W Z1r°0Sev NOIL
14 13073A SNicvy ¥oCc
6L138°0 9180°C 6€52°1 St
€L78°%0 48210°0 g2s2°} 51
2.198°0 €5L0°0 205e°*1 €1
6618°0 6€L0°0 L9921 4
S066°0 02L0°0 Tev2*t 1t
£668°0 S0LO0®0 uo%2°t [v3}
0806°0 £690°0 I8€2°1 6
29T6°0 sgs0°0 sLe2*t -3 -
29260 6L50°0 SL€2°1 L
12c€°0 %L 50°0 8i€2°1 9
16€6°0 6950°0 6LE€C T ]
15%¢°0 %990°%0 9LEZ T A4
21856°0 8550°0 69t2°1 13
#956°0 23s0°0 €GET°1 2
2196°0 c290°0 29v2°1 1
AIN3]I 31433 1 NO Ciivy
J1d04IN3ST L V113G 3J¥NSS3¥d NI~

SUSLINVEVI-NCIAVIS~CI-NOL1LVIS WV3¥LS

Sair b A -



$9€640
£€92°0
52042

NCGILY1S-01-12701

~MNNENONDT

ELS i
hv3%ls

vealaX
6°1561
L6251
1°.057
L9647
AL R
6°ToHT
66141
E*L65T
IALTRS
€eesel
L*°0Eel
LoL0fT
1*%621
6*Ec2y

1294nC
SQ33d%

€985
2095t
yo%9¢51
820051
g€eERYT
6°leyl
HezZeEnl
0°L041
Le18€ET
€966€EY
&*0EET
€°€0ET
L6221
g*eget

weLeet.

137N}
El Rl

»T86°0 *AC1dES

81910,

5269°

860€°0
L1€°0
€62€°0
TEEC®0
20%¢€°0
994%€ *0Q
925€°0
6LGE 0
6€9€ %0
L69¢ 0
ELLE®D
2LEED
1004 *0
oLt *0
LBE~»*0

0 NOdN
d Y1130

1 0Ilvy 3¥

NGILVIS~OL-NOILiVIS Su3ILIRVEHY

0 1€L°0
"0 9EL*O
°0 8€L 0
"0 6EL°0
“0, 0%L°0
‘0 T4L°0
¢ 44L°0
0 $4L°0
0 84L°0
0 05.°0
*0  15L°0
0 15L%0
6 B¥L°0
0 €41°0
0 €£€L°0

¥0Lovd  YIORAN
SN3310  1IVH 30

*N3S1

1 NO 2 VY1730

rSS3vd
d NvIw

svy18°0
4968 °0
50160
1615°0
8926°0
62€6°0
$8€6°0
9E46 %0
4396°0
6256°0
2LS5%0
51960
%596 0
2696°0
82L6°0

AJN3121d

2140YIN3ST & Vi13C
SY3L13WVYVI-NCGILVLIS~0L~L3IN]

0L82°0
. 2LL2%0
9692°0
1€92°0
L952%0
£052°0
19420
18£2°0
%212°0
9422%0
1222%
61120
£412%0
L112°0
65020

43. 1 NO

LOET®2
45212
TL61°2
sse1e
(133 824
6€8G°C
<Es0°2
GEE0°2
1800°2
£586°1
9996 °1
$¥S9671
12€6°1
1226°1
89T6°1

OILvy

§606°0
8526°0
£9€6°0
0E%5°0
08%6*0
$256°0
2966°0
L6560
6296°0
6596°0
8396°0
61L6°0
9%L6°0
SLLE*0
£055°0

AINATOIA

3TNSSEdd  ZI4CYLINI

SHILIWVIVA JONVWUO Y34 T1IVE3BAL

2121°0
1001°0
L980%0
18L0%0
$120°0
8590°0

L0900

855070
4190°0
2L.20%0
£EY0°0
26€0°0
65€0°%0
92€0°0
16200

34300
ssul

5156 °0
$L96°0
6260
16826°0
0LT6°0
6506°0
65680
GEER 0
9148
18580
0E£%€E*0
9528°0
€508°0
318L°0
1461 %0

1231n0

9Z14°1
65e€ 1
eLLE®T
LG "1
L9€EE°*1
ts1€°1
L17€e2°1
4692 *1
€592 *1
»022°1
(21384
6691 °1
92911
tsTI®1
26801

131

€ee*ss 1l
4G99 1T
5¢IvEDT
LS9°LTTT
£%6°1011
9E£*9601
10£ %0401
§90°5501
L6S*8€0T
$66°0201
2041001
6555646
¥Ze*956
§40°926
16£°¢68

12710Q

vee6Lls T
8oL'*ess 1
0049 %9¢€51
gLaeley
20C68Y 1
802594 (
6210941
€9E 91y T
€6€°°L3EX
€65°09¢€1
#e6teeel
€09 *40¢e 1
6lé°cLel
LE6%9921
66€°LTI21

13N

'SSON HOVW 3AILVI3W  SIAILID0T3A 3A1LVId

*Wdd ¥*12¢0T 1V ONILVIOn POY¥ 30VIH V 30 LIX3 3HL Av SI 9 NCOILIVAS

6691°0
$5%81°0
0081°0
29L1°0
€2L1°0
0831°0
SEGT*D
8851°0
: 19s1°0
$64%1°0
$5491°0
cz%1°0
95€l°0
siel®0
S9€1°0

43 1 NO

TL9L°y
s9¢eL°1
462L°1
TerLei
§966°1
8189°1
1€99°1
cEHNS°1
2e29°1
0409°1
6968 °1
LaLs*t
1296°1
7655 °1
6285”1

0liva

SI 1 V173G 3J3dNSS3Yd
SUILIWVYVY-NCI IVLS~CI-hOILIVIS KV3YLS

B6G¥09 - 4S5 *H9~-
©952°09 - 842 *£9~
S16%65 - 256 °€9~
G65°65- LL9 *€9~
£62°05- 91% €0~
£96%6G~ S51°€9-
[29%65~ G518 %29~
252°85 - SLG°29~
G88°15- 082429~
925°L5 - 660°19-
681%L5- 6%L°19~
ELE*9S5 - €26 19~
086%95+ 51€ 19~
10£°¢5 = 0Z1°19-
#20°65- €06 °09-

13711N9 137NI °*NI°1dG
S3ICNY SV 3AIivI3Y

—_EREOSBO~NDC

NI~

SO OGN NGO

IN1T-
Wv38lS

20
<t




s1 §°2¢ST  4°4LGT 99C1°0 0. 958°0 16LY°0 246L1°0 9146 *0 661 °886 8696611 62€%€a- S05°C9-
+1 €°24671 £°198T 92210 ] 2LA°D 64%1°%0 01180 9146 °0 8L2°000T 1469911 426%¢5- 132°09-
€3 92261 Le6esl €121°0 *0 €60°0 9821°0 £4918°%0 16€6 *0C DLEO00T €SE*ETIT 02G%C5- 226°%65~
2% €°€0S6T L*l0ST 8YI2T°0 *0 068°0 0911°0C §218°0 €826 °C €16°766 9L6LTITIT 'ET(°Z5~- T09°65~
11 €°4%641 L958%T TI€2Y°0 ‘0 96870 6901°%0 L608°0 2LT6 °C g91s°L86 EHTCOTT E22L°15- 662°65-
0T 6°S94%1 G*€9y1  6421°0 *0.  106°0 9869°0 €408 %0 1906 °0 €34 °6L6 2169801 8H2°15~ 696 °8S~
é B HT  6°T9vY  &9Z2T°0 0> L06°0 1T60°0 0002 *0 05¢8 *0 SOL°1L6 €96 '0L0T SY8°06- 929 °8S-
8 €°824T 6°6T»T si21°0 *0 »T6%0 2480°0 096L°0 9€88 *0 92996 €ELT*SSOT 69E°05~ 9GC *°HS--
3 0°01+1 6*L6€T 4L21°0 *0 1260 8LL0°0 1eeL0 §148°0 SE0°LSS Y19 °8€0T ©48°6%- 8UG*LS~
9 eeT6ET  L°SLEY 452170 *0 I€6*0c L1L0°0 $8UL 0 1868°0 2%0°0%6 CE6°020T 48EEY- LES°*LS-
<. GrELET. €°€SET 2I2T°0 ‘0 295°0 0990°0 S%8L%0 0EYR %0 LS6°2%6 CC% %3001 968°6H~ 68T1°15~
% §°GSET L*0EET 2H1T1%0 *0.  8%6°0 9090°0 T08L°0 952820 [0 g3 1] Cec*6Ll6 92y°BYy~- 2LB°G5—
€ BELEET L*LORT 10O *0 1L6°0 6650°0 64LL*0 €506 *0 901°L26 94E 956 686°LYy - LLS*5G-
2 L°6TET 'T*H821 6060°%0 ‘0 166°0 %0S0°0 %8GL%0 6 18L °0- 0G€ L 16 6464526 09°LYy~ LEZ G5~
1 HOT0EY  6*£S2T  L9L0°0 *0 €10°1 8§5%0°0 SESL®0 04sL°0 T€1°606 YET%Ce8 02€®%Ly~- 610 °65-
ANIT=  ASUFC  127NW1 D NOdN WCL3Ivd:  ¥3IERAN 44300 137UNn0 A3WI 1z7in0 12 W] i13ira 13°dE °NI*1dC
WV3YlS $333dS 30VI8 4 V1130 SNAd41G 1IVH 30 SSO0T  S*ON HIOV¥A 3AILIVI3Y S31112073A 3ALLIVIY SIICKNVY 'SVI 3AILVIIY
*WdY¥ &°1LEOT LV ONILVIOY KGY 3QvIE ¥ 4O LIX3 3HL Av ST L NOJAVLS
s1 €117°0 26°ATETI~ 88%%~ 005°2S T26L°0 €0°E0BE ‘£6°%69% 9°0%9 [-3g:2 92 065 °69L L25 %065 Ly0°0L¢E 2661 °6
41 4117°0 €6%e2~ 990 %0~ &86°05 BGLL*0 0G9*ElLLE 16°1298 S°LES €°60L 11959l $%0.°€09 s20'8%6 LSL9 "8
€1 911T*0 €L°91~ 01€°*9~ GSE€Y®05 TELL®0 ¥6°09LE 66°2656 %629 S°€0L €T6°62L LIL %609 €55°696 0895 ‘6
F44 €1T1*0 €071~ G6E Y- 9I9"EHY 669L°0 LE°GOLE CLHL oS §°429 9 *869 S¥1°81L €98 °019 §61°2496 $56%°8
11 8011%0 22%6- 2HE 2~ CY2°%% OLSL®0 (L*B99¢C 12 T49s 6°029 6°€69 LST°60L  62L°119 545°9¢6 Y54 € Y
ot SCT1°a €91~ 1%~ 998°8¢ »9GL°0 £9°62%9¢€ &G YEYES FeLT9 L% 5% €7¥°10L 929219 BY6°0£6 YE%2 8
& 960T°0 &2°9~ L61°2 169y 2291%0 18°BUGE 8H°2L2S €519 4.°4989 SL2°E6S 165°€19 £8L°%s26 %8c1°8
6 B880T*0 CH*g- 289°%y  SOT%HY Y0910 29°99St 62°102% 1°119 L*169 0192689 85019 €30°126 SYED*8
L 18CT*0 HL°H-~ 02€ L YTLoLy L8GL*0 LE®EO0SE 69°6219 6°L09 8eLLS 101828 YeL°9 19 419°916 SlesL
9 €LCT°0 €£2°%9- 12T°0T &HTECLY CLSL®0 95°6S%C L9%LS50% 84C9 0%L9 2u5°CLS L9%°819 c12°21é €62t L
S 6901°0 66°¢c- LB0®ET 82699 25SL%0 86°G14¢ 6€75086% L°109 €e0L9 L11°€99 ZE6 %6 19 $9L*L0¢ gr2LL
& LSO0T*0 CGe~ €22°9T €£L1S5°SY T€6L°0 €9°tLCC LBoETHY 8°86S L°999 Y€8°55S 16L %02y €¥C°€06 1925°L
€ 64%01°0 €49°c- 0ES*6T 0B8Z°9% 4HO0SL®0 Y6%EECE TL°E%8Y 1968 2%€99 L69°849 %6%°029 161°,68 S682s°L
4 2407°0 <€'¢- 100*€2 ¢L0°9% 89%L°0 22*862¢ LE®SLLY g°€6s L°6%9 SEI®2%G w0519 s9s*{e8 LEZY L
1 9€0T“0 (l€°c- 119992 S20°9% STHL°0 22*89eE 6E°80LY 2°16% $ %959 0%6°5¢S 165 *F 19 €69°c88 L02¢L
NOIL ALISNZQ *2%1AWMND  3ITINY 30NV ¥dgkON  35LIVLS avicy J14v1S WL0L  CIUINISNVE *INGIYE3IN  5ENT0SAS
vio 21ivls  dCCowd 340718 TuIHA HIYK S$3¥NSS3Yd $3¥NLVIIdNIL S 11L1L3073A snlovy

SY213WVYVd MOT3 TVYIN3O

LEE ST ET L2
L NOILviS

PP o am R e

WA e e wv e e

O

=N1T-
WV3yl1s

AOIL
VoG




€ NI 4 A oM ake g et -1 e Lo S

st 99TT°0 60°E6L9T 56%°6~ LO¥°09 9426°0 @2°p41¥ 16°s02L 9*1l3% $*I8L 609°LTI0T O0€0°BLS €89°0LIT 522L°6 sl

%1 T411°0 66°18Le 12%°8~ 0GB°LSE 4%915°0. L5°10TY 96°090L 6%9¢9 2%19L Liv®yL6 6844219 LLE®0STT €915°6 41
€1 TLTITI®0 SY*HTT- 880°L~ TE€9°9S 9T16°0 €6°L50H 92°6%69 67699 €*LS2 106°8% T0L°%629 CEQBETT 6519 °6 €1
21 .8911°0 1le°6t- L9 "5~ 009°¢5 2806°0 95°ST10Y 2€°1569 L°99% 018 ITH*2¢€e 9Yy'8E9 4S0°0€EIY 681v°8 21
It #9TT%0 €2°12~ HOI%H~ €LE*YS [S06°0 08°2L6C Y8°65L19 €°0%9 <5yl 6096 1€ L95 %949 S0CPEZTIT €42€°6 T1
o1 8ETI*0 U1S°ET- 664°2= €H%%HS TH06°0 OL"826E.  %S°EL99 2%929 1*0%L 521%60€ 88 %649 SOSCLITT Lit2*s 0l
6 2STT1°0 8%%6- 9180~ 806°€S 2ZE06*0 IS°ZE8SE L6°8859 € °2€9 €°s¢el 682°6¢ 299 °659 TE6°CITT 60%1°9 é
8- 9311°G 40°L- S%6°0 E4E°ES <0L06°0 26 %EEIE 1L %9059 €°6829 L%0¢L TL3%68 €01°299 L9T1°60TT .2250°8 ]
3 GE11%0 6G4°5- €6L°Z 09125 9£06°0' 20°23LE 05°1249 %429 £°92L 128°089% 009°699 C84°901T SS96°L L
9 9211°0 S€'%~ L% 0¢T22S 16C6°0 69°9ZLC lé*LEe9 $°029 TeeeL 960°2L8  €£2°8L9 98L°%0TT 1096°L 9
S 9111%0 SSoC- 008°9. 99%*1Ss LLO6°0 T4°L99¢E €9°%629 §$*519 0°81L 009%€96 $82 %9869 62e°%0T11 2862° S
4 #CT11°0 62~ 066°8 €69°05 OITE"0 CB°E09¢E 9C €919 €®ct9 6*eTL 28L%y52 208 ‘669 0L*%0TT L2Ti°L v
€ 16010 05°2- 62¢°11 098°% 6%T6°0 19°SESE 66°LL0Y 0°809 8°0L 280°54€ 849 %21 69495011 £6€9°L €
2. 9.CT%0 .S1¢2- S498°€T 296°8% €OV6°0 2L Z9%¢€ 20°6L6S S°€09 €°50L 2LGEER 680 *92L €99°6011 829¢°L 4
1 0%01°0 631~ §6S%9T  LZE°LYy . L6T6E?0 99°S8EC 62 °1585 6°4bS 1°00L 699°618 8E0 ‘6EL €06°20TT eL3%°L 1
NOI1L ALISNIG “3LAINT  3TT9NY 3IONV  ¥IEWNN  D11VIS viol J11vis Tvi0l.  CTIN3ONVE *INGITIW  Z1NT0S8s NOIL
Y303 J14viS dC*Cvy 340718 TEIHN HOVK S3dYNSSIvd S3UNLYYIdW3L T ST 11123073 A sniavy %361

SYI1IMYAVI ‘K0TS IYYINSO

BREVES R AEH
2  MNOLLVLS

S948°0 098E°0 41£9°Z 1L8L%0 6920°  sazz°*t st | _
£€.8%0° GBYED  1969°Z $128°0 sTL0°0  2122°1 91 |
406820 29G£°0  €429°7 §E¥8*0 2630°0  99tze1 €1 {
610670 S9+€°0 8166°2 »996%0 1990%0 9€1Z°1 21 _
6016°0 SLEE®0  LPG52 SEL8%0.  9490°0 611Z°1 11 \
4876°0 L&ZE0  £525°2 $%86°0 SESG*0  601Z°1 o1 ~
£526°0 612E°C L1692 1$68°0 $Z90%0  T0TZ°T 6 M
81€56°0 251€°0  1eS%°2 28%06°0 5190°0  880Z°1 s |
SLE6°0 BIVE'C  292H°Z G€16°0 4090°C 6902°1 z ;
9E96%°0 6662°0  1CHESZ 5126°0 0650°0 ©BE02°l 5 |
9896*0 €262°0 0SSE°Z %826°0 $150%°0  9661°1 <
9€66°0 £582°0 ITE%C 09€6°0 #6550°0. TEST°Y e ;
6L56°0 S$8.2°0 1682°2 LBE6%0:  $250°0 8%8I°l €
£296°0 6122°0 €9S2°2 ££76°0 15%0°0  TeLic1 2 :
2996°0 95920 2522°2 LSYE*D 0940°0 6091°1 1

102640 £588°0 *A31343 *N3S]

112€%0 61900 1 NG 1 vi730 AONIIZIN43 1 WO olLvy AINITI1 343 1'NO  -OLiVY

yGLy*2 ssozet OILVY¥ 3enSSIud 2140YIN3SI 1 V1130 2¥NSS3¥d DJIJO¥IN3SI 1 Vvi130 3unSSZ¥d  EAI1-

NOIAV1S-01~13TA1 KOILVIS~OI=KOIAVIS S¥IL1Iw¥evd NYIN SYILINYUY-NOILVAS-CL~13IN] SUILIWVUVA-NOILVIS-CL-NOIIVAS WY3¥LS

CHILINVAVE JINYREOJUId TIVYIAD

e M TR e s MNed b MO TAes Mo AR XSSV we  amedas sved e S STt S N P Amea T g v nwe T e ez oo -




LML

11160
98140
LEED*E

NOILVLS-01~-L3INT

"t (NG N0 OO

anil-
AV V1S

9905467
6°1esl
ECETST
199651
gesLsl
V€9 T
20951
§°1E5Y
109141
0°16%T.
€°98ET.
o*2Lc?
1°86¢Y
seHheT
FARS Y 3

13AC

$3033dS

866850
LELD°0
2252°1
NDI1VAS~0L=NDILVLS
502051 95L1°0 %
€9246T  L091°0 0
942261, ZSS1°0 *0
CeC05T 6EST®0 “
£048%1 29G1°0 *0
SU594T £551°0 .
g cHeT 1950 0
£e92%1 2951°0 .
00141 25610 0
g716€1 €251°0 g
B*CLET 8991°D 0
8¢S5ET  SLET®O 9
BeLEET 1421°0 0
LUEIET  4%01°0 0
$°10€T 2240 0
13INI D NOdN  ¥D19Vd
0v18 ¢ VL1380 SNIII0

2L28°0  $905°0
SLSB®0  062%°0
IL18° 0194°0
2068°0 6L4%%0
9006°0  L$£4°0
£606°0 €924°0
%.16%  9L1%%
6926°0  980%°0
61€6°0. €00%°0
€8€6%0  126£%0
1996°C  Z¥BE0
S6%6°0  %9LE°0
1456%0  €89€°0
€656°0 LESE®0
SE96°0  864E°0
AINSI31433 1 NO

2140¥4N3ST 1 w1730

£50%°¢
L9s€*C
In82eE
6LET %
94961 °C
s€ST°¢C
6ETT%
I¥L0°¢
LEEO®E
25662
€556%2
45162
Y2L8°2
LEZ8 *C
€59L°2

O1ivy
2INSSIYd

SYJ 1IWYUVI-NOILVLS-0L=L3N]

SY3LIWVEVE IINVWUOIU3d TIVIE3AC

*A21d33 °N3SI
L NO L V17130
011V 2H¥NSSHYd
SY¥3LIMYUVA NVIH
‘66L%0 2SE€2%0
£2R°0 4551°0
S58°0 26910
L52°0 2€5%°0
699'°0  9051°0
208°0 LOE1%0
6L8°0 11210
L82°0 2211°0
968%0 6€01°0
£06°0 1560°C
916°0 0680°0
0£6°0 1280°0
1560 $510°0
895690 1690%0
£66%0 0€90°0
¥IERFN 3430
wH 30 SSOM

1129%0
%6590
€2L9°0
6489°0
88€5 %0
01690
5€69°0
%969°0
0000
9%0L°0
£01L°0
SETL°0
96220
»L€L%0
86%L°0

13700

1L6L %0
6018 *0
€518 °G
$218 *0
18090
2508.°0
0008 *0
196L °C
2e6LvC
S86L *C
S98L°0
FOETR
051270
$89L°0
S65L°0

131

S*ON HOVH 3ALLVIIY

062°S8L
a12 e
LET*9+48
8F 13¢50
9LO°yS8
05314958
10€*»s8
16€£°558
251%Lse
610098
EE 1958
060*0L8
18€E°LLR
185°.L88
602°668

12711n0

*hdd 2°TL€0Z LV -ONILVA0OW MO 20vIQ Vv 30 LIX3 3HL iv SI ©

9661

2EET*0
5958°0
12248°0
5585°0
£968°0
1L06°0
1916°0
0926°0
6£56°0
80%6°0
12%6°0
ZE56°0
9156°0
6196°C

AINII1 4
I 1d0YINT

RS K e T s S M e vl e b s e

€980°0  €592°1
1080°0  09$2°1
ILL0°0  41s2°t
25,020 .£6%92°1
6€10°0  9892°Y
.+ 1EL0°0  6892°1
$210°0  16%2°1
6T20%°0  9Cs2°1
S1L0°0  81§2°T
€120°0 2¢€52°1
1120°6  9452°1
EQLCS0  552°%
€0L6°0  §9s52Z°l
0690°C 21521
$990°0  LZv2°*%

43 L NO allvy
SI 1 V1130 3¥ASSZUd

51

“NOS IO OO

HYRE

SYILIWVEVAE-NCILVviS~CL-NOILVLIS WwV3¥LS

025 °€86
241°0001
2520001
2TE *966
1544186
(-3 R VA
€L 16
12€ 596
S1T*L56
441°056
120 *€%6
205 '5€6
202°126
£€44L16
161506

131

SIILI30T3A 3ATLVIIY

NOTLYLS

189°2%- 42€ €S~
60£°2%~ 816725
606*T%- S15*Z5-
Li%°Ty~ 611°25+
100°T7- 02L°15~
994°CH- 962 °15-
888 °6E~ 948 *C5—-
292°6t < {LE°05~
1£9°6€~ 268 6%~
296°LE- 6BE *69-
L0Z*LE~ 206 *GY%~
6S¥°SE- 2E7 *8Y-
LELOSE - %66 LY
61T°cE~ T19°Lw-
L2 oHT= H2E iy~

1374F0 13701 *NI*1d0
S3ISNY 5V9 3ATLVIZY

Lo At AR R ol s A o)
Lo

N1~
KV3b1S

[ [




aNI-
WY3u1S

13 4
21
€1
21

HNNFN DD OO
-

NO12
vanl

T

BERTE CER ADA )

1°8€51
241251
6°40S51
£°6341
o414
26541
Loy9s1
9°0€41
6*3151
9°€0%?
L°0€ €T
EoeLEY
€%99€1T
845EY
LoE9El

13urc
sa3z2ds

1601°0
%011%0
Z111%0
9111°0
8111°0
&£111°0
6111°0
L1110
S111%0
Z111'0
L011°0
ZCTIT1%0
$501%0
6ECT*0
08C1°0

T

9°0541
8°1€ST
6°€151
Leseyt
BoELYY
HoE99Y
EATAAD
S IIEYY
T*9T1%1
0°%0%1
€°s0¢ct
0°2LET
T°86E1
S*ovel
2°1eeY

13-N1
agvin

&2%S
£0°G
sLes
i
85°L
564
e0’cy
£6402
L0°66
1€ L -
g0°12~
sCe21-
2¢eg~
156~
€495~

ALISN3C °*2:1AIND

211viS

dCeavy

Y

1222°6- “0 $86°0 9682°0
€€871°0~ *0  900°T 96€2°0
09510~ *0  210°T 0602°0
B9E{ 0~ *0  £10°1 95681°0
291T°0~ 0 TT0°T 8%L1°0
0660°0~ ¢ 010*1 €291°0
1280°0~ 0 800°T 60S1°0
1590 °0~ 0 900°T 00%1*0
€L50°0- 0  £00‘T 0010
€0€0°0~ *0  666°0 9021°0
© 1210°0~- 0 566°C LITT*0
$900*0 0 166°C 2EOT®O
¥520°0. “0  S86°0 0560°0
2990 °0 *0  616°0 GL80°0
© 2%90°0, *0  €£15°0 0080°0
0 NOAN  ¥013¥d  ¥IEROAN' 23309

d v1130 SN3310

1IWH 30 SSOY

*WdY¥ H*TLEOZ LV ONILVIOY

s219%0: 0129 *0
25¢9%0 €659 "C
€189°0 2LL9°%0
25€69°0. 849890
2869°0 1889 %0
€669°0 0169 °0
00GL*0 SCES %0
0T0L*0 4969 °0
1EOL°0 000L °C
LEGLYO. 9%0L *0
19CL°0. €01L°0
#60L°0" 9LIL®*D
6€TIL°0 l92L°C
€61L0 ‘SLEL®C
092L°0 cosL®0
iznneo 1381

geYvLL
LEE®EER
460 °958-
204°298
981°€98
-628°298
02% 158
L9% %098
6€9°658
095658
861°098
440 °298
80€ °s9¢
155698
€9z°sL8

1372n0

541 °98L
cLC *828
£10 948
1904268
€00 458
201°758
cay *Ha8
L6€ *558
S61°L68"
120°098
&£52 ‘Y9
8612028
180 °8L8
£18 1,98
cYE 668

131

S*CN HO¥N 3ALLYIISY  SIATLIJO0ISA 3ATLVIZY
MOod 3avI8 v IO LIX3 3HL Lv SI 6 NOTLVLS

T6L*5E~- 0L9 *2y-
GLL*SE~- 8522Y—
929°5E- 006°1%~
SSEISE~ 699 1y~
196%HE--965 0%~
299%%€~- 199 0y~
058 °€E€- 988 *6E~
[SE°€EE~ €82 *6E~-
2LE2E - HEYBE~-
8LY%12- LY6°LE-
25%%0€E~-612% e~
90€*€C - B9y *9E~
§80°682--84L°SE~
8€9I92- 1ET 5t~
219°62- 6EL *9c-

137URC

L3N *NI®1d0

SITONV SVO 3AILVIZY

252°8~ 156°6S 2266%0 LL°ELSE a1°ssal g g9 8°96L 066°*5801. 9€2°829 €T19°%52T 9ss9°®
BEY*9~ QZE*SE H9BE®0 H8°998¢ 2e“551L S°EQY §°08L 8590 SOTI°9LY 6L6%se21 1165%®
L81%°G~ OD%E*sSs €286°0 BE*OEBE €ET0TL 29999 67022 LY%°90CY 698 *SE9 EBGERCT 95598
HET*Y = S09°%S 9916°0 01°918¢ 542190 Y o199 1°9%L L22706¢ €09 °c0L SHL°yT2T €Lic®®
SEI®C~ 9EL*HG 99L&°0 6%°008¢C LE°C00L YOLES £ °85L 9ET*6LH €58 °L0L s02°g021 llec*e
IyT®2- HLLOES 9SL6°0 8%°2RlL 80%0569 0°%€9 S*9GL S90°1L6 L07°T1L 2LL%E02T 2802°%
OET®1~ L%9°tS 1T9L6°0 LL*T9LE 0695269 L°0€9 L°08L 146496 609 °S (L g12°1021 19<1°s
211°%0- I11°Es 6L26°0 OE*8ELE 9E*9EET Y*129 €*Llvl $80°CS6 119 0L LTE°0C21 %190°¢
€160 €08°25 6086%0 LB8°1llLE 8+%179 €29 €°4L 2eac*9ce L%0°%92L G96°0021T €0LE*L
2961 $84°26 SSB6°0 lE*eeIC 10°495¢9 2°12%9 8*19L YELOHSE €96 °C<L (954€021 €G€8°L
s10°¢€ 19192 2266°0 19°699¢ 91°9489 1°01¢9 Lo%6CL 0%9°456 1€8 *T%2 €06°6021 6226°L
20T % 120°TS 600C°T 6Z°ET9¢ SOPLYES 0°s1e 1%€EL 2LT°9SE 6L ISL €829 e2sle L
992°*S 1i%*TS  TTT0°1 YyoclLse QCRSES 8119 69t 9L ESE LIy "EoL S»S°6221 9%89°L
8Os 9 TTT°1s  %2e0°1 LI°0ESE LECCGES §°609 L°stL 266156 6687811 LIESE2T  L0eSeL
888 L €2L%05 2%€0*1 06°E8%¢C 19 *9<89 2°509 Lo5€L T1£0°59¢ 292 8L 0EL%9%c1 'S865°L

398y 379Ny d3URAN D11VLS wvici J14%I1S Ivi0l  *UN3ONVL *INGIY3m  Z1RT0SES

34078 TSIHM HOVin S3eNSS3vd S3YNLVYIANIL $SET1 L1203 A shigve

SY3ILINVAYd MO TVYINZD

SRR RES N
6 NOILviS

HYRE
-Wv3vulS

TR TR R N . o

NI
vaLn




NOIL ALISNIO

L24¢ SBLOS— O0T%*6S. 6200°1 S1°928C  B1°SS2L  S7€99 B*96L 0S0%6FOT LL1%%9  SE6°5921 €L29°® st
185 6LL%E~ O0Z€°95 €965°0 GE®008E€  %6°SSTL  2°159 S°08L 60C°ZE0T “B2°169  €%€°$¥27 CEES*E 0%
2e"e SyhvZ— TIS°4S 2ZLEGY0 6%*49LE  €S°10TL O0°E4%9  B°0LL  S$06°5001 2%E°61L  f60%%E21 ECov'y €1
£2°01 S64°T~ G9%%ES 2666°0 FESTELC  S$9°L40L  €°LE9  1°99. BET*266  2080°GEL  18L°7€21 %ISE'S 2t
ARG GEL*0~ O0LL®°25 066370 L9°20LF€ LE*N00L L%2¢€9 6°%°652 8L%%086 gEo ‘5oL €29 1E21 H062°8 1!
20T ST0°0- 122°2¢ LOOO®T Z°419€ 800969  LYEZ9 S°hGL  226°T.6 9%2*€EL  6$5%221 LI0Z°¢ ot
0E447 28590  9€B°1S LT00T OB°IS9C  06°S269 €°629 1°0S.  201°S9L  26%°BSL  €64°L221 0§z1°8 €
es6T €61°1  295°15 T1200°T SB°YE9E  96%9689  H°229 '£°L%L L99°Gt SIS'T9L  §60°5221 60508 g
SE*9T  ZTIS®T  T0%*IS 2200°T %6°029€  BL*TLEY 6°619 E€%99L €99°G56 268 *2SL  8.°2221 GLL6°L L
84T SY%°2  RIE®TS 1200°T OL%609€  10°%589  L°.19 8°lh. 6E2°ESe  L02°€9L  S2(°1221 OLO6°L g
1821 BET®E  992°IS 5%00°T 0B%LESE BU°9469  $°6T9  L%EL 0L9°ZS6 6LI%OL  062°1ZIT €HEE°L s
96991  H06°E  OLZ®TS 2Z200°T 20%28SE  GO°L489 L°C19  1*BEL 9LL°ES6 996°%SL  €£5°2221 9lLL°L Y
0.1  108°%  O00E°IS SOTO0°T I¥*926C 8S°ES89  6°119 8°9€L  6S6°556  998°69L  IT6°%221 O0LOL*L £
#8491 SU6°  E2E°TS 9910°T I5°29S€  LGCS89  T1°0T9  L°SEL  898°856  #29°L9L  S31°'4221 %949°L 2
28°%6 $6E°L  62E°TS 26T0°T GL°9%SE  1S°9989 €809  L°EL  9%L°196  169°%GL E€ZETEZT G985 °L 1
*3LIAIAT  3TONV 319NV UIGNAN  DTLVLS WI0L  JIAVIS  IVIOL  *INIONVL SINCGIEIW  SLAT0SEY nO1L
4C°0vY 34015 THIHA  HOVW $3d¥NSSINd. STUNLVYEIAN3L 'S 21419201734 salave  vaC1
SYILINWVEVd MOTd IWHINZO
L2 1241 f 24173
01 NOILVLS
9LBL®0  19€S°0  YEEH°C S6I1°0  2610°0 €8G0°I st
S$28°0  8905°0  5S8E°C €292°0  SL10°0 6%10°1 »1
0058°0 096%°0 195€°€ 0E9€%0 1L10% 6120°1 €1
9698°0 2€19°0 SOEE°E 6199°0 SL10°0  5820°1 21
9618%C 1€9%°C  €BOESE 85%5°0  »310°0  95£0°T 11
9068°0 L%<h*0  €€8Z°C 9029°0 $610°0 62%0°1 ot
8006°0 %l4%°0  1€L2°C §%89°0  0120°0 T150°Y 6
9016°0 BOY%*0 H652°E 129L%0 1220°0° €£090°1 5
2615°0 0SE%"0  Suv2°€ 2882°0 820°0°  10.0°1 L
€L26°0 TOEY“0  Te€2°E £928°0 £220°0 +180°1 5
8%€6°0 1929°0 4SEZ°E ‘€€92°0 €0€0°0  9960°1 s
B196°0 0€29%0 ‘6SET°C 6166°C  GEEQ*0  6E0T°T +
4846°0 5024°0 EBEZ°L 5516%0 18€0°C 9221°1 £
2956°0  99T4°0  4T%2°C 2€E6°0 2€%0%0  €6%1°% z
2656°0 €910 1542°€ £846°0 £690°0  SELT°1 1
8STL°0 *A21443 °NIS1 \
0520°0 IS K0T L va330 AIN313§343 L NO  GILWY AINIEO1d43 1 NO  Olivy
0990°1 ciivy 3YNSSIUd JIdOVINSST 1 VA5G, 3uNSSIYd SIMOMANZST 1 .w1130 33NSS3kd  =AIT-
NOILY1S~01=-43NI NOILVIS—0L1-NOIAVIS S¥31Iwvivd NY3NW SUILIWVUVE-ROTIVIS-01~-13IND SUITLIWVEVA-NCILVLS-CL~-NOILVLS K¥3ulis

SHILIWVHEYd JINYWUGIHIE TTIVHIA0

53

A - - - v - -
- A L . W WIS wA W e L AR L L X RV s A0 A N R S ke MO RROETR R NS W MR e n Y LT aa e q W o gy bt e Wt D AL el WIS o~ ava =




T e e g SAFT T AR TR R e Py AT R TR TN TR ‘
A o T AT G LA R T AR T RN e B N AT R TR e EITTVCREI N g w0 Th RRle T o7 BT TR W R R O T R TR T e A X ST R A e T

. e s o i S Ml WA R e BT N C o iy L cucy . v.«»ﬂ bt o
ST T611°0 6L°S 061%2— GLI*4E 650°0 »0°iT4%  22°0%TL  9°%69  8'96L  6£0°€20 129916  1S1°6011 6E9S '8 s1
41T %0271°0 -€5°L 2060~ BHI~EE 4%cP*0 HI°TLE»  96°150L 2°169  G°08L  Liveles  €l8'v16  069°2601 846% '8 %3
€1 £121%0 SL°0Y 650°0 &IT°2€ 6L98°0 82Z*65€%  LI®GLl69  6%CL9  B%0«L 8O%*ELS  S19°ET6 159°8.01 8L2Y°8 €3
21 0227°0 [L2°61 166°0 E6TS°TE ~0%8°0 BL°SCEH  G2°9T169 99699  1°99L  HOL°8SE  E€LH°L06  2L.9°6901 H2GE %6 2t
JT  6zZT°N 25°€€l  2€L°1 6IE°IE BLFB®0 BO°ISEH  SE°29R9  €°999  6°BSL  E92°F4S §S0 %106  LuLl*ySDT 48BEZ®S 1t
01  .1221°0 +S°6Z- 06%°7 GET®IE 1628°0 L6°6EE»  C6°51I89  E€°€99  SWSL  ZEEIvS I£€°968  STT%%01 4cEze*s o1
6 £22190 O0L°1T- L60°C 686°0¢ %826°0 €6°61€+  16°5LL9  2°099 .L%0SL  ZEO-LES TLI%968  990°€%0T 9EL1"S 6
8 §Z21°0 &5°L- 699°€  €88°0f 00€6°0 S4%062% CE°0HL9 69959 €LYl OLI®5€G BBSHE8  LH%°24%01 CETl‘S 8
1 0221°0 €8°G- 1L1°%  L18°0€ O0%EB°0 %6°252% <21*80L9 S°€69  £Tv4l  T22°GEC 842 °LES $5L°9%01 1%50°8 L
Q $12T°0 20TH- 019%  2LLT0E GOYE°0 LE®°B0Z%  95°2€99 0°GS9  8°I%L 0Z2PLES  €61°206 £20°0S0T  %9&6°L 9
S L02T7°0 12°%- €66%» €SL%0f €6%8°0 ST*191y 018999 §°9%9 1°*6€L  T180°14S .LBE*606 481°8501 €0%6°L S
4 0CZ21°0 48°E- oceve  CELYOE .Z6S8°0 £4TSITHY  T1°2599 2°€49  T°9EL  .BOL®SHS  L98UT6  L1E8°1901 8SEE°L 4
€ €671°0 0S°*E~ £59%c  GHL°0E T698°0 S6°ILO%  O0E°2Z999 270%°  B°9€L  #€B0SS  ¥E€I’926  9957LLO1 1EEE L €
I L911°0 L4%E- 126°5 S6LYCE O0LLI*0 &6°9E0%  IH°C99S  L°LE9  L°SEL  £Ec’sss  (retees 612°6801 026L°L 2
1 €811°0 Ta°¢- ELI%9  648°0C %218°0 LE®O0TI0% C1°§599  L°SE9  L®9EL  %L0®6SSs  S20%9E6 ‘8L2°060T 92EL°L 1
NOIL ALISNIO *3¥LAND 3I9NV  3IWONV  dIEWIN  JNLVIS IvioL 214viS, V101  *UN3SKVL *INCIX3IH  S1NT0SEV . NOI1L
v307  SILVIS 4CP0vY  3¢01S  WIHM  HOWNW S3UNS ST ud S3uNLVYIdWIAL $311130173A4 SHIoYY  va0d
‘SYIAIWVEYY MOTF TIVEINIO
BERRES SRR
2T NOIAVIS
ST  6901°0 B82°CT- 2ZEL°C- O0ES°8S S9TO®T 90°S9LE  8YS92L  4°099  6°96L 192°160T €929899 9%0°0821 4119°8 s1
91  6S0T%0 §2%42- 282°Z- 408%ES €9€0°L T¥e229€  £E°SSIL -9°2%9  $°08L  128°6€01 €0Z°09L  L92°2821 §025.°8 41 !
€1 6401°0 10°9L- $90°T- L62°15 L0S0°T Z6°ZESE  €S°TOIL  S°IE9  8°0LL  S69°6001 21008 628*€62T %8Ey°B €1 :
21 ZHCY*0 S84l 650°0  168°6% 66S0°T 60°L99E  SH°Ls0L 0°929  1°%9L  602°266 LID®9EB  66%4°L621 SOSE’S 21 *
1T S€01°0 8€°S2 0Z1°T  600°6% TS90°T ¥9°2Z¥C LE®000L L°819 6°8SL  S¥8%L6 SIG°IS8  2yi*d6zl ©g§2°¢8 131
0T 9€a1°0 €5eST €21%Z SL¥*8BY OL9C®T Z6°Y6EE 80069 L°H1%  S°9SL  €IS°0L6  L6E’ESS.  S2TE996Z1 y212°%8 ot _
6 9€0T°0 %E°YT 290°C OLI®fYy ¥990°T 65°GBEE  06°G269' L°II19  L%06L . LSTU€96 L06°T98 0052621 2T%1°€ 6
8 GEOTI%G 1% 2€6°C  1%0°Gy GEI0°T ¥ZULLEE  96°9€89 S$°%09 €'l%L  €2T°LS6  0LE‘098 286°9821 81.0°% e
L 4407°0 £€°L €CL*y  180°8% ¥6S0°T SI°COEE SL°TL89 0°609 €°9%9L  195°256 050 °sse 110°0821T 6€E00°8 L
9 0501%0 20°2L LS9°G  9LZ°8Y -BESO°T TZL6EE  10°¥SE9  T°209 8°I9L £19%%6  ¥08°9%8 BEESZL2T SLE6SL 9 ,
[ L60T%0 45%9 621°9 409°8% LL+0°T 65°814€  81°9989  L1°909 L%EL TLG%G4¢  SOT°9€S 6694921 9218°L s
4 G901°0 S€°9 ©92°9  0L0O6% 60%0°1 €8°9%%E  SOSLY89 12509  1°6€L GG2%%6 SYT®EZ8  SH9T9GET 2608°L &
13 SLOT%0 .0%°9 YBESL 259°% 4CE0°T @0°199E  BS®ES89  2°L09  BSEL  LZO®Is6  LIL°LO8 2L8%L%2T 2Lt €
, 2 98C1°0 S0°2 10T°8 9S€°0G B¥ZO®T L€°02S€  L6°09E9 1609 LSSE€L  LLS°ES6  OCL°0&L €LE®"BEZT S9ES°L 4
1 9601°0 16% €91° 90TSIS 09T0°% 24°096C 19°9989 0°609 L*YE€L  J9I®9Se  LIv°LLL §05°8221 2L29°% 1
NOIL ALISN3G *3u1A¥II. JTONVY 319NV YIGKAN I11ViS wiol 314viS  VI0L  *IIN3SAVL *INGIE3IN SLRT0SEY NOXA
¥207  J1L¥ES S0°av¥  3497§ THIHM HOVM 'SIYNGSIVS: S3WNLVYIANIL $§3111301T3A SNIGYY  vIG1
SY3LIWVIYD KOTI TYEINID
*RS9SS S0 %
11 NOILViS =
T T T T T T L . .




1€28°0 reg
1ES%°0 0
£L12°¢ 9LLE%0

NOJ1V1S-D1-127N]

2 G

INIT-
‘WY3INLS

0 “0 9981°0 *0
0 *0 20120 0
*0 i) R1€2°0 9
0 *0 2842°0 *0
*0 *0 $652°0 0
*0 °c 15920 .0
.°, .o omON.o .°
*q 0 5652°0 *0
0 0 2692°0 0
0 “0 94€2°0 90
“c 0 99120 0
. 0 . €961°0 0
0 *0 ZsLIC 0
0 0 L9ST1%0 *0
“0 *0 19€1°0 ‘0

13nC 13RI b NOdN. A0LDVI
$Qg33dS IAVI8 4 VL3I0 SNIII0

“dy  *0

- T

*AJ1443 *N2SI
1 NO L vivao
GIiVE JUNSSIUd

9980
6%8°0
4€g*0
126 %0
€18°0
‘808°0
208°0
0l12%0
5150,
5280
L£8%0
05840
©98*0
9280
188°0

NO11IV1S—01-NO11¥YLS S¥ILIAVEVI NY3IH

SYLL®O
S11870
Z5¢8°C
$058°0
2298 °0
28’
2188°0
L606€°0
1268 °0
8£C6°0
2016°0
1916°0
91256°0
0926°0
86256"0

19€5°0
8405 °0
058%°0
2ELY %0
1E9%°0
L¥E% %0
blau°0

20%4 %0

0SEY°D
T0EY*D
192%°0
0E£2Y°0
G029 %0
*814°0
€91%°0

AONZIZ1333 1 NO

2140YAIN3ST 1 vi3g
SYILIAYVVI-NDILVLIS~0L-213IN]

YoLE o€
0§2E €
1962
$992°¢
1£92 %
1122°€
0zn2 €
9581
zoL1c
TS1%€
€IS1°¢
s801°C
SUYTE
LIYT*E
1243

Cilvy

34NSS3ud

SYILIHVYVY FONYWYOIUIs TIVHIAGC

L5€0%0
0$€0°0
26€0°0
99€0°0
98€0°0
»0%0°0
#290°0

59490 0"

69%0°0
96%0°0
0250°%0
$950°0
1950°0
0090°0
0450°0

TIBRON 34300

7IVH 30

$S07.

69580
4958°0
6148°0
9048°0
8€€8°0
1628°0
98280
00£8°0
0y€8 %D
$048%0
€648°0
26$8°0.
16980
0LLS 0
%2880

12700

$910°1
€9%0 1
+L0S0°1
6650 °1
1590°3
o0Le0°Y
4990 °7
€€90°1
46501

-8€S0°1

LI%0 Y
6040 °Y
4€€0°1

‘8420°1
-0910°1

131

15146011
0€S *Z601
159°8L0%
21925901
LyLvs01
STI°LY0T
940 *EY0Y
L5%22%01
95L294901
8200501
48198901
L£8°4901
#55°L201
6125801
8L2°0601

137400

AION3I21d33 4

1409 4N3ST

*0  8286°0
"0 1286°0
0 €286°0
9 %186°0
¢ €£086°C
Q0 €6L6°0
0 €816°0
0 €LL6°C
0 Z9L6%0
°0  05L6°0
°0 09460
0 0£L6°C
0 12Le%0
0 gOL6%0

*0 2696%0

NO Orivy

1 91713G 3¥NSSZdd

55

MmN nh oo

NI~

SBILINVEVA-MNOIIViS~-CL-NOILVIS NWV3INLS

$90°0821
L162°L927
928 €627
664 °Le2T
2918627
62c 9621
€06 *2621
2863821
4100821
6ec2L2
664 %9921
SH%*9821
L8yl
€L€ *BE2T
806 ‘8221

FER 3!

SOON -HIVW JATLVI3Y  SIIIIJCIZN IATIVIIY

LY 9NILVLIOY AOY 3C¥IE v 30 LIX3 3HL 1v SI'ZT1 NOILVAS

SLI®HE
24 T°€E
411°Z€
619°1€
6Tc*iE
eIr°1E
686 °0€E
688 *0€E
L18°0€
Z1L°0E
€5 °0€
£€2°08
€41 °0E
$6L°0¢€
698 °0E

137100.
S3TONY

0€s5 °8s
406 °tS
L62°1s
188 °6»
600 °6%
[ 7R A 24
LT °8Y
L2906y
180 °%8Y
9L2°8Y
406 *84
.0L0°6%
269°6%
95t *035
9011

13°A1 *AI°1d0
SVO IAILVIIY

28171~
LA ELT 8




ST *0 0.
%1 *0 *0
€1 *0 *g
21 0 0
it 0 0
01 *0 *0
6 0 *0
8 0 *0
L *0 *0
9 *0 *0
s g 0
+ .0 0
€ *0 *0
2 *0 *0.
1 . g
3NIT~ 137ENC 137N
WV3¥lS  S032dS 30V
ST 8921°0 L1%5S
Y1  2621°0 02°€21l
€T LOET*0 66°2%1-
21  9IET1°0 05*Re-
11 €261°0 <£5°92Z-
0T 92€1°0 2L'61-
6  OEETI*0 €6°%1-
8 1E€1°0  0°21-
L 0gf£I*o oO1°0l-
9 L261°0 €1°8-
§  22ET°C S2%l-
4 ST CO*L-
€  QO0ET%0 Z5°S-
2 LE2I'C SO°S~
1  S82T*0 .lLl°S-
AQIL  ALISNZQ °31ATND
v307  SILVIS 4C°0vw

8091 °0. Q0 288°0 4#TL0°0° :86452°0 €858 40 295°'8L6 16T*601IT 026°61 <€LI%%C
GEBT®0 *0 86870 6£90°C 482L°0 #4958 °0 S€C 896 0602601 6t6°81 8%1°€C
8561°0 * 658°0 50L0°0 251L°0 6L%E*0 8819926 166801 L9€°61 v11°2€
6402°0 0 266°0 2€LO%O Q20L°0 ©0%8 *0 820°806 2i65°5901 2i10°81 o19°1¢
€120 *0 5%8°0° 1TLL0°0 11660 g€ee *0 914168  LYL°»S0T 068°L1 61£°1iE
8022°0 “0 6€8°0 8080°0 2289°%0 L62¢°0 20€*8L8 STT1°L%01 8LL°LT O€T1°1i€
18220 *0 ‘€EE8°0 LY80°0 L529°0 4828 °0 8EY 8986 9%0°€40T SOL*LT .80 °0E
¥S5€2°0 *0 L28°0 T680°0 91L9°%0 00£6 °0 £<9¢198 LY *2%0T L99°LT 688°C¢C
€1y2*0 *C 128°0- LE60®0 86959°0 09€8 *0 <98°LS8 96L %9901 959°LT L18°0E
L6492 °0 L18°0 6860°0 0tL9%0 5048 *0 6SL°LS8 820%sS0T 1i9°LT 2LL°0¢
99420 0 sI8°C 04%01°%0 85.9°0 €698 *0 162°298 £81°8S0T LCQL®°LT €SL°CE
9EHYZ °0 0 918°0: L8OT*0 496§9°0 2648°C Tsc*1LA LEQL90T O0SLSLYI €€i°CE
29€2°%0 °0 028°0 €€iT%0 L569°0 1698 °0 BLGEEB HSS°LL0T 218%LI €£9L°Ce
4220 M 928°C L6i1%0 920L°0 0118 °0 6€EL%968 €12°5601 GOE°LI S56L°CE
26020 *0. SE8%0 6LC1°%0 861L0 4286 °0 $50¢016 6L2°060T 166°LY 698 °0t
O NOdN ¥04IVi ¥IGWIN 33500 137400 131 137400 13N 13c0 137N °NI¢1d0
d v1730 SNd44IG 1TVH 30 SSOT  S°ON HOVW 3AILVISY  SIILIT0I3A 3ALLVASYE SITONV SV SALLVIIY
*Wdy 0 1V ONTIViOd MDY 30VI8 ¥ d0 LIX3 3HL 1LV SI €1 NCOILVIS
928°%0 0cS %6l -85%L°0 2G°096Y 9¢°S10L IIL a*9eL €66°92¢ L6€ %22 29 G6°8L6 2666 ‘8
s60°1 6€6°81 482L°0 02°198% €9°8169 L°50L $°08L 252°L0% 206 968 €e2%8%6 0%C%°8
sL2°Y L9E®6T 2STL°0 95°1LEY {1%0589 €°669 §°0LL o0e0*ce2 9L5%6L8 8BL*°326 s6CH 8
89€°1 2L0*8T 920L°0 %5°088% TE*56L9 §°569° A°99L 61L9°182 9€2°€98 €20°806 £sle‘8
10€°1 068°LY 1T169°0C 02°9688% 9G9°492L9 8°269 [-34:3-72 828 ELe’ LIE Y8 914 °T6€E OE1€°8
H1e°t 81L°L1 2269°0 EL°908% 60%2199 €£7C69 So95L 991°€9?2 €9€ *9€8 SUE’RLE £0s5c*8
1LT°1 SOLOLT LS19°0 41%086% 16°5299 0°889 L.°06L 501°99¢ S0E*L28 6E%®B98  EEE1%h
196 %0 L9%°LT STL970. 09°998% 6€*E6S59 5%489 coL9L S69°19¢ €e6°028 €26°198 (37
0690 0G9°LT .85669°0 61°Syes 569959 1°€99 €°99L Le1%06¢ 169218 2GE°LSE $690 °8
TLE®O  T29°L1 OVL9°0 31916~ 62°2169 9°0&9 €°14L L9€E°092 882 °L18 ESLLSY %110°8
120°0 LOL%LT 8Se9°0 2H°6LLY LL°68%9  6°LL9 L6EL 692°%262 20%°*128 162°29¢¥-  &%3¢6°L
YEC®0~ OSL®LY 9%€9°0 C1°GELY BG*LLYS 6419 1 34372 €10%597? 9LLE28 192°1LS 00C6°L
089°0- ZIR®LT .LS€9°0 ‘SBCFI% 49S°TLY9 €°TLY 8°G¢€L Q62%°0L 222196 €Ll5°€E3b 0L78°L
€00%T~ 006°iT 3LOL*0 LE®929% EG*CTHS 8°899 LeseL sto°sLe LEC *ese €T L9568 €9ELL
S0E°T~ T66°LT BLIL®0 €9°CSSY 06°E9%9. L'*699 Lo%EL L80°t82 659698 $SC*016 L99L %L
AT9NY 2I9hV- ¥3enNN JDLILIVLS avicL J11viS IVLDL CTUINIORVL CINCIXIAW  ELAT0SEY
340718 TUIHA HIVR S5¥NSSdud S33NLVYuldnwil SEZ111207T3A SAIGVY

S¥3i3wvdVd MOT3 TVEINZD

ARREBRERERE
€1 NOILVLS

=NI -
wV3Yls

%1
[ 34
[
11
o1
[
3]
L
9
17
k4
€
2
1

ACI 1
vJ01

56




A e M S S S AR v

SR N S AT

g e L o R T s B o S A g o v S B V5 ks At

AR o

57

51 YIET*0 129092~ ¢g0°t 8€9*q 9899%0 89°2¢ (s 0E*0689 §e2€L 896l 185°101 evg *2L8 €EL®BLR L6L58 st
kdd BEEI'0 61697~ 9B0°1 18€*G YE499°0 9L°EHTS LL*%6L9 6%02L 5%008L  LBO®%6 €0C 148 69 <99 SH1% *y ¥1
X €SET0  £€*SST-  260°¢ 261%9 98TIY0 LB *ESTS 6€°5249 2°49TL 8*GLL 612°8¢ 02s ‘818 09c°e2¢ SEHy g €1
et 26C1%0 22°SLI~ 220°7 010°9 8ET9°0 09*191s 04°6599.  9*0yL %92 L%5°¢E 05ctlel LS2°70% 0SEE *8 21
1X 6YEL*0 cHRy2~- 088°0 €16°%5 %665°0 05°1915 L6°L8S9 1°60L 6°usl €09%0¢ e SLLL €E9*I8L S0z it
ot YLEY*°C €5°5511- 49%+D L9845  S9RG*0 YB°121S ?L0L259 0*50L §°498L 9054 TLD 4L TLG%E9L is¢2's 439
6 Qi€T°0 06°9F2 .BLE*n 14845 25LS%0 5L*YLTS 20°ql49 <°50L Lroess 902°3L 221% 9L 210852 61¢€1°s 6
° 2CETQ  649°907 0£0°0 1L68°S 8295°0 H%*9L1S 12°L299 S°C0L €2LYyL €98°42 »SL®62L €es°gel 2621¢%¢ €
4 SGET*0 s52°2¢ LLE®D~ 268°S 1455°0 18°9L1¢ 62°18E9 2°102 €562 0%6°¢s 599 1L 092%02L iss0°g L
9 LEET'O0 T4 F£8°0~ 056°S 99455°0 18°5L1¢ L2°THE9 0*00L 8°T4L £99%¢L S26 ‘0L €25 80L %200 9 ¥
S BBET0 GS*ue 2EEPT-  120°9 HO0%S*0 SE*ELIS 10°21€9 6°¢69 Lo6EL 29s°cL 92L ‘969 665°00L L09€*L S
L4 S8ET*0  S562 €98°Y~ 61T°c BLES®D LZ%691s 19°£629 8269 1°6¢L 2L LY2°26¢% C81%909 2088 %2 4
€ 06ET1°0 42°62 #SET~  LIZ°9 LSES®0 S4°E91S 16%6L29 L%969:  8*9EL  421°GL TL9 %689 CSL€69. 2128% €
< 6BETI*D  sEgY 1682~ o2E°0 EHES*0 29°581S £8°0929 0%969 .1°S¢L 0el°9y %0% ‘989 £15%069 LESlL €
1 L9ET*0 2%%¢2 69E°E- SH¥H°9 F0£5°0 9E°5H1S 1L °2¢€29 $°5¢S L*YEL Lie®sL %29 189 §521°589 LLCL®L 1
NOIL ALISNZQ “3viAIND 379NV IIONY  UIOWNNN  DILVLS Ivi0L 31LVES  IVAOL  *IUINSEAVL *INGI BIW slelosey ACIL
vanl J1ivis doeavy 3d07S TUIHA HOV W $3¥NSSIAud SUNLYYIdNIL S231321%3073A solavy vIG1
SYIL3WVYVd ROT4 TYY¥INSD
Liad 2 222 1]
%1 NOl1lvis
219L°%0 19€5°0 ESTE®E *0 *0 §286°0 s1
SLéLloy 8405 °0 2692°% *0 0 $286°0 %7
<028°0 096%°0 ‘ClE2°¢ 0 0 0286°0. el
f4€8°0 (474 Ad1] 4902°¢ ‘0 *0 vtgs*o cl
8448 *0 1€94%0 .08L1° "0 0 66L6°%0 11
9€58°0 LySy*0 2ESYE *0 0 6846°0 (1) ¢
$198%0  HL%%%0 1353 8¢ *0 0 6446°0 -]
, 5898 °0 80440 <litee *0 *0 L9L6°0 8
L%18°%0- 0S5E£Y%0 1€60%€ 0 0 L5L6°%0 L
1088 %0 10€4°0.  9.10°% ‘0 *0 59460 g
1588°0 1924 %0 0290 °¢ *0 *0 €CLE°0 S
6692°0 0¢ge4*0 2190°¢ o “0 g2le®0 Y
%68 0  $029%0 $850°¢ *0 °Q »1L6°0 €
€1L68%) 4g15°0 Y€50°C ® 0 00L6°C 4
2668°0 €91%°%0 €590 "¢ *0 *0 £896°0 1
62580 *0 *A21343 *N3ST R .
LES%*0 *0 1 .NO 2 V1730 AdNI121443 4 RO Olivy AON31J1443 J NO 0llvy
GEdTE TLL6°%0 CIivY 3uNSSI¥d J1d0¥LNIST 1 Vi130, 5NSS3Yd  IICOMINSSI £ %113Q 3 YNSS3Iud 3NET-
NO12V1S~0L=137N1 NOIAVLIS—-DL~NOILVLS SYIL1InWWNVY NVIW SYIS3WYUVI-NDILYLIS-0L~13IN] SEILINVIVI-NOIIVLS-0L-NOILIVLS WV3uis

SYALANVAVE JINVHUOSHIY TIVSIAD




[ B L A I A
S W HTE TR S G AR Y N L eysun 1 e g o P e a2

A T N T
IS -~ R M Ak S iaco 'y LSRRG =4 e c s DN SR

,Jui\.:?sf R O P I o P TIEYS
/
8LYL®O 19€c*0 €562 € °0 *°0 2286°0 sl
2€8L°0 8%05*0 T132°¢ *0 0 1286°0 41
1508 °0 0984y °0 €8LI%E *0 0 8186°0 €1
1818°0 ZELY O cgH1°¢c 0 °0 6086°0 21
2L28%0 1€9%°0 L3584 °0 0 L6L6%0 11
9% €8 °0 LS540 0680 °¢ *0 *0 28L€E°%0 01
2i48°0 YL&2 %0 €090 °¢ *0 0 YLLE®D 6
0L%¥9 %D 8O Y *0 21E0°E *0 0 €9L6°0 g
6168 "0 0S¢y *0 0910°¢ *0 *0 1546°0C L
6658°0 10£4%*0 €666 °C °0 *0 LELE?D S
9698 °0 19249 °0 cga6°2 0 *0 92L6°0 S
2€98°0 CE7% %0 €E9LE *2 0 ] 9T1L6°0 b
2994 *0 S029°0D 81L96°2 0 €0 20L6°0 €
OR98 *0 4814 °0 8€C6°2 0 ‘0 069€°0 <
0893°%0 €31%*0 €cH6°2 Q0 *0 219670 1
£2¢ce*n *0 *A31443 °*N3S!T
LESY O *0 1 NO L wvid30 AN IDI443 1 NO olivy AIN31D]1343 1 NG 0olivd
9cLo*E 99L6°0 Cllve 3unSS3yd JIdOYINIST L VL3¢ SwNSS3¥d  JIMOMINISE 1 v1730 ZeNSS3Yd NI~
NOIIYIS-0L~21300T AQLIVLIS—O0L-NOIIVIS SUIIZhVEVd NVIW SUI LIV eVd=-NOILVLAS~CL—13TN] SEILIAVEVL-NCILVIS-CL-NOISIVIS WV3uLS
SYZ13Wvdve JONVWEUIAEIJ TIVBRIAC
1 °0 °0 SO0ET*0 °0 €6B*C TLOT*O 92590 8G%L 0 €El*gLe 296 '8L6 8¢9 *9 02g°*61 ST
21 °c ‘0 ELET’0 0 £€68°0 6%01°0 SE2G 40 992L *0 844694y SET ‘BYO 18E°9 6e6°*81 -1
€1 0 °0 LZvt*0 ‘0 882°0 4s01°0 9429 °0 2s1L*0 0G2*E2H 8€L*926 261°9 L9 '€ €1
21 A1) 0 9Lv1°0 ‘0 €88°0 $60Y°0 8e19°0 s20L *0 LSL*108 820806 o100 2L0'8T 21
11 0 °c 82¢1°0 *0 L18°0 €511°0 $665°0 1162 °C €€9°T8L Slv 168 6€16°S 06€ *LT il
01 *0 °Q L6S1°0 o 69€°0 €I2T1*0 S985°0 2289 °0 2LS°EIL og *sLe L98°%S sLL*LT 824
[ *0 °c 8891°0 0 19€°%0 0L21°0 2945°0 15L9°0 216G *8%4L €€% *896 L2e*S soL*it €
€ °0 ‘c 9081%0 ‘0 T58°0 SEET®O 89550 s129 %0 €85°€CL €29 *198 L158°S L95L1 8
L 0 *6 1561°% 0 0%8°0 SO0%T°0 1$55°0 §696 °C 092°02L 2566 °LSE euf ¢ 989 L1 L
s *0 °0 [ &Ad1] *0 G2R*0 €8%1°0 99450 [sh ¥R} €99 °80L €E5L LS8 086 °S Te9 L1 S
< *0 ‘0 €0EZ°0 *0 €18°0 8551°C 80%¢*0 8519 %0 665 °00L 1524298 L20°% toLr Lt S
% 0 *c 26%2°0 *0 €6L°0 €291°0 BLES 0 4989 °0 061969 TeztiLe I o6L*L1 L)
t ‘0 *0 €892°0 °0 S8L°0 10L1°0 €9€5°0 L569*0 06L4€69 6LE 'e8E Li2®°¢ A S RFAS €
2 hds] °0 $882°0 0 ©0lL*0 96L1°0 2%€5°0 9L0L°C €16%0¢9 6€L “968 62€°*, 206°L1 2
X *0 *c $60¢°0 *0 46L*0 L£161°D 90€S 0 es1L*o 8sL 589 Q€0 ‘016 §9%°9 166 LT 1
ANIT~ L3U0C 13N O NOdN ¥O0lJVd YICNAN 44303 13711no0 13IN1 13710e 12IN1 13710 137N1 °N1°1d0  ENIT-
WY 3ULS $A3=4% 3I0vI8 d ViN3g Sndd4IC TIVH 30 $SO07  S°ON HOVYW 3JAILVIZY  S3I1LIDJ0L73A SA1LYI3N SITMONV SVO IAILVIIY Wy3uis
*ndd %0 AV 9ONIL1V1i0Y #0% 30VIH ¥ 40 LIX3 3HL Iv ST 47T NOILVLS
©
wy
A
- — —
e
-k



e mas T s AEte STm fRimer v eeosr ) R R L LI T o O P DU

DR Ui LN o8 iy el et 1o s o it ol an s i S T Y e el

-
-3
e
st °0 0 12L0°0 *0 L26°0 8Z41°0 2019°0 9299 °0 SL6°Y18 teLgLe 0 8€9°S sl
21 *0 °c 0L90%0 *0 6260 L6ET1°0 2965°0 €49 °0 $9c%98L 895 %948 *C- 18t °S 5T
el ‘0 “0 6090°0 ‘o CE6*0 '9041%0 4185°0 9829°0 I8y °S9L csToezs MY 26T1°¢ €1
21 ‘0 *0 09s0°0 0 626°0 1941%0 21550 6E19°0 918 °9 4L 1514108 *0- 010°9 2X
Tt °0 °c 0250°0 0 L26°C BEST®0 L265°0 4665 *C 09e*y2L €€9°18L ‘0 616 °S 11
ot *0 0 16%0°0 *0 $26°0 <191°0 16€5°0 $785 °0 0157502 2L9 9L *0- LIB°S ot
s °0 °c %L4%0°0 *0 026°0 %69Y°0 9925°0 25.15°0 162989 410°89L *0 198 S €
£ ¢ °0 €L¥0°0 “Q SI6% 61L1°0 £4915°0 8495 *0 1S% 1LY E8S°CEL 0~ 1S8°S ;]
L *0 ‘0 16%0°0 °0 606°0 91810 9105 °0 16550 9GL %959 co2°02L *0 266 °S L
9 0 *0 0€50°0 *0 106°0 LL161°0 L68%°0 5945 °0 Tiv°8E9 €% '80L 0~ 0S6°S S
S by *0 8850°0 *0 268°0 0602°0 S6L%°0 2046 °0 568 °929 €€S°00L °c L20°S 1
¥ ‘0 0 L990°0 0.  €88°0 2L12°0 02,40 8LES °0 €608 *%19 081 969 *0- 911°9 4
€ *0 *0 69L0°0 “0 €L8°0 6922°*0 256%°0 €9€5°0 1LL°509 0cL *€69 *0 L12°s €
< °0 *0 2060°0 *0 098°0 L6£2°0 6559 °0 2yes°C €5L°C6S €19 059 *0- 62¢€°S <
T °0 0 2LOT®0 *0 i¥8°0 15520 §2%%°0 9050 698°9LS 651 's89 °0 S99 °9 1 . 3
ANIT- 13NC  E3INI D NO¢nN ¥01OVd 39RIN 33300 437100 13N1 L3110 1371 13100 13781 °N1°*1dC NI
‘HY3¥1S $3334S 3avid d VL1386 SAJ41G 1IVH 30 SS0T  S°ON HIVNW 3AILVI3Y S3ILIT0T3A 3AILIVIIX S3ITIONV SVO SAILVI3Y RYIULS
‘Wey 0 1V ONILV1OY MOY 30VI8 v 40 LIX3 3HL 1v SI ST NOUILVLS
st OEETI®0 99°*sc~ LES 0 °0 L019°0 ¥%°652S YE*SILY $°19L G °96L °0 SL6°718 SL6*%18 16858 st
»1 29E1°0 c8°HE- 485 °0C °c 2%65°0 4E*»628 ®5°TL99 1%62L S *06L °0 652989, $52°98L Lez2s e 41
€T 49C1°0 99°4e- 209 °0 0 »185°0 LS°6%2S 086699 o*2eL 8°04L °0 129°59L 184°592 €064 °8 €1
eI 0LET°0 20'l¢c- €85°0 *0 2L56°0 81°*S%2s 05°4249 081l 1°992 *0 918 *H9L 2 8:00 473 826¢ *6 21
It SLETY0 6E*T9- %25 °0 *0 L26S5°0 0% 1429 12°05%9 €°5TL €°8S5L *0 OYe*HeL 0%€°92L TL2e*s 11
(124 BLET®0 €495~ 22%°0 0 T6€5°0. E¥°8ECS 08°€8E€? 1°clL S*%5L ‘0 015 °s0L 016502 tl192°e ot
] 16ETT0 42°G8~ ¥82°0 *o0 9926°0 LYy °*9£2S 0% °52¢€9 €°T1L L°0SL *0 162 *£89 162889 €561°8 6
8 EET*0 L2°%82- €01°0 ‘0 €Y 16 %0 Z29°5E2S §9°0L2% 8°60L €Ll ‘o T5H1L9 199°1L9 s6218 6
L 90ET°0 L6691 260°0- *0 9105 °0 S6°5€25 9% LTS 1°80L €°99L *0 99¢€ *4S9 99546y Le90°8 L
9 88£Y°0 10°09 €2€ 0~ °0 LERY 0 €5°LE2S T9*CLTS 6°L0L 8“t9L ‘0 T14°8€9 i1%°8e9 Te66°L 9
s C6€T°0 @8T°SE 196°0- °0 §629%0 Z2E°0%2S 2543138 2°L0L Lo%6EL °0 S8 *y29 558°929 QEE6*L s
4 CGET*0 -£C°s2 908 %0= *0 02L%°0 62°9%2S €2°8C19 L°90L 198€L °c 608 *4 19 €04 %519 2898 °L *
€ 4%6€71°0 B8TI°6T 150°T~- MY 25990 -€E*692¢ 02°8809 €902 8°9¢L *0 TLL *S09 LL®509 »S08 *L €
(4 S6ET°0 OL°*SY 852t~ °C 65¢4%*0 B2°552S 62°090¢ 4°902 LoGEL *0 €9l °€6S €ESL*C6S cesL L 4
X 96€T°0 HTreX €Ly Y~ *o0 924%*0 L6°192s 6°6109 o*LoL Lo%€EL *0 698 °9LS 696°9LS 61892 1
NOIL ALISN20 °*3xiAND  2TONVY 279KV ¥3IEWNN  J1LVIS avaor J11v¥1S IVL0L  CUINIEAVL *INOLlLIW  zir0Sen NO12
Y301 Ayivis Jc°gve 3¢07S: TYIHN HIVk $3¥NSS3ud S3YNLVYIdHIAL SSI11LY307T3A snigcvy v3C1

SUILIRVYVE MOTS IYY¥3INID

EEBEEEBES L
ST NOlivis




“ N PUREN . ; » . . - -~ P N " ~ . < - 2 _

-

91 2E€1°0  LS*€8€0S 000°0~ *0 §809*0 $8°?892S ¥E°951L9 6°19L 8°96L 0 981218 981218 168658 sl i

&1 $SET°0 T6°*126t- €20°0 *0,  L06S°0 1€°89Z5 45*TL99 Le62L S°084 *0 L8 *18L “L8°19L 1»2¢ e 41 .
€3 L9ET*0 04%EGEZ~- 6£0°0 *0 99L5°0 9L°892S 08°6659 ge22L g°0LL *0 665%6SL 655°65L 8B SY S €l |
21 SLET*0 €2'6981~ 0SO0°0 *0 21956°0 69°8925. 0544259 6°81L 1°9%9L *0 98E *LEL SBEeLEL SE6E 'S 1 :
11 6LET*°0 1€°51TL1~- §50°0 €0 9645 %0 29°892¢ Y2°0549 €eoIL 6°8sL 4 cIs°stL €16°sTL €Lz e 1T !
otr EOET"0  £5'961T- €50°0 *0 11€S°0 45°932S 06°cES e IL S°9sL *0 66% 5569 €649 %569 12628 0l
K] L8€Y°0 66°2T12- S%0°C *0 6LTS*0 B8H®R92S  .0H°G2€9 9°cIL LeosL *0 96c *LLS 96€E°LLS 0961 °8 [}
8 06E£1°0 62%2662~ %E£0%0 °0 160€°0 %%*892% $3°0L2% TTlL €eLyL *0 L10°099 LT0€09% €6c1's 6 !
FA 26€£1°0 T€“9€09~ °9 °0 €26%°0 €4°29Zs 9%°L 129 a*CiL €299L ‘0 LL*CH9 2LL2%S 099C °g Lz |
9 46EY°0 4G°62€4%€ 100°0- *0 90E4°0 19°892S 19°0L%9 1°60L g°TyL °0 €21°%.29 €21%Ley 1856 °L S i
s G6ET*0 66°191s STO°0~ *0 Tl *0 99 °892s T1°€€19 € °a0L L%bEL *0 LLE WY LLE®HTS 8ZEE L S .
A4 OEET*0 96°TL22€ 920°0- 0 1%5%°0 L%°B92S €y°801% 9*L0L 1%€6L *0 2194509 €L9°509 €868 °L A4
€ B6EY®0 6€£°9262 620°0~ ‘0 €6€%°0 15°692¢ 02°8809 0°L0L ~B°9tL *0 £e7*865 €€ °86S 0508°L €
[4 CELETC LE°S59CHY  120°0- *0 B15%*0. %5 °892¢ 62°0505 6°904L LoSElL 0 166 *6€5 1ec*889 e2HL L 4
1 LE6ET*0 90°ceclt 100°0~ *0 10%%%0 55°8925- 96°610% 2°L0L LoyEL *0 8EZ *HLS 6E€2°9LS 6165 L 1 .
NOIL ALISNEG °*2ulAXI 219NV 2TONY  ¥IURON  DILVIS wiol 21Lvis IL01  *UUN3IOoKYL *INCIT3W  SLCI0SeN NOT S
¥301 Clivls  JCavy 34078 TYTHE ROV S3YNSS3nd SANLvEIIWIL SEZ1L112073A snigve viC1

. SY313hVEVd ACTId IVEINTD

LHEEEN VRN
91 NOLlaVLS
2%¢L*0 193c*0 2Lo61°¢E °0 0 61650 st
8HSL %0 k905°0 (345 24 0 °0 6186°0C 1
L6€L°0 096%°0 oelicg °0 °0 €186°0 el
5108 °0 2ELY 0 $€80°¢ *0 >0 €086°0 2i
2608°0 TEFY*0 €8%0°¢ *0 0 1eL6%0 Tt
€518 °0 L45%°C £510°¢€ 0 °0 &LL6°0 01
Q028 °0 L4940 £685%2 *0 °0 89L6°0 [
2528°0 $04%% %0 289€ %2 “0 0 96L6°0 ]
6828°0 Ucer 0 €8€6°2 *0 0 €2L6°0 L
11E8°0 1640 T916°2 Y °0 lcL€e0 9
9L €80 192%°0 4£64 °¢ °0 °0 L1L6°0 14
8s€n*0 0£2%°0 89882 °0 *c 90L5°0 9
2L€8 %0 502%°0 cLL3%C *0 °0 5696°0 €
6LE8 0 281%°0 0496 *2 °0 ] 0896 °0 2
15€8°0 €91v*0 0s%3 %2 0 0 6596°0 1
51180 *0 ‘*AJR432 *NISI
LESH®Q *0 1 NO 1 V1130 AIN3 121433 1L NO - OlivY AON3II1432 1 NO Gllvy
. 02€6%2 65L€6°0 GllvYe 3¥rssS3ud J1d0¥AINIST L VIT30 3¥NSS3¥d  JIJOYIN3ST 1 wx13G JenSSsud SN
NOILVIS-0L~1STN1 NOTIVAS—0L~NOILVAS SUSLIZAVEVD NVIW SYI LIWVEYd-NOILVIS-0L—13IN] Se313hVuVvd-NCILIVIS-LI-NOLIVIS WVIYLS

SHILIWVYVd FINVREOIU34 TIVUIALC
o
b




Sea

NOIlviS-01~13N1

“ NN O~ DT

NOI L
v201

41180
LESH 0
GLEG?

CEET®O ‘0
$SET°0 *0
L3ET1°0 ‘0
SLET*O ‘0
62€Y°0 0
£8€1°0 b

L8€T°0 *0
68€%°0 ‘0
26€1°C °0
€6€T1°0 °G
S6EL"C ‘0
96€1°0 *0
L6€T1°0 Y
GEET®0 0
L6ET"0 ‘0

AlISN3T *3riArend
J11viS  d0°0vY

~ o

°0
L
0000°1

+00 ®0--
€00°0-~
€000~
200°0-
200*0~
100°0~
000~
100°G-
°0
0Q0*0
100°0
200°0
2000
€00°0
400°0

ERbl g
34018

NOI1v1S-0L-KO1LVIS

.~°v
MY
*0
*0
.0
*0
*0

39NV
TdIKM

“AJ1435

*N2S T

1 NO 1 V1750
011VY 3¥NSS3ud
SYILIWVYVY NVINW

L809°0
6065°0
892570
2196°0
LS54SO
21¢6°0
0815°0
260%°0
»26%*0
106%°0
2il%°0
8594 "0
264 °0
615%°0
8044%*0

¥y3IghnN
HIYN

B T i T R N L .-

22EL®0 19€5°0
889L°0 8405 *0
e8L°0 098%°0
s108°0 2€L%°0
2608°0 1€9¢°0
€618°0 L%6%°0
§028°0 L4540
2528°%0 80%%*0
s828°%0 0SEY°0
11€49°0 10€%°0
H€€9°0 13240
§5€8°0 0€2v°0
8LEG*0 s02%°0
6L€8 °0 %814 %0
L5¢8°0 €91%°0

AIN3 101343 1 NO
J14041IN3ST 1 Vi3I0
SY3LINVEVI-NOILVLIS-Ci-13IN]

2L61°C
€281 °¢
0€11°C
2€80°¢
€890°€
€S10°¢
€666°2
9£96 2
£6€6°2
19162
“269°2
8982 °2
eLL8 %2
C49¢°2
csHv3 g

O1ivy
SuNSS2%d

SuILIWVYYYd 3INVWUOLYIE TIVI3ZAL

064292 YE*SS5L9
06°L925 26°1L99
Z€°L92s 06 °6659
€6°LSES 05%42S%
Y6°1923S 12°0549
$6°L92S 08°C8E9
96°L92S 09 °62€9
LE°L925 §9°0L29
86°.92S 9% *L129
66°L92S 14°0L1S
00°892S T1°€E1s
10°692S €4°8C19
20°892¢ 0Z2°8809
20°892s 62*CS09
£0°892% 96°6109
J14vis WwicL
$38nSS3y¥d

6°19L 8 "0l
9°¢2L S*08L
L1°22L 8°0LL
6°81L 1ee6L
€91l 6°85L
£yl S®9s5l
§*°21L L°0SL
1°118L €eLYL
6°60L | AL 422
0°60L 8o1IsL
€°80L L%6EL
GeLOL 1°8¢€L
0*L0L g°9¢el
6°60L L°SEL
2°L0L LoEl

J11vis Ivios
S3YNAVYEIdNIL

SE313IRVYVd MCIJ TVE3INID

*EETBREERE
L1 NOlLVLS

*0
MY
0
*0
*0
°0
‘o0
*Q
0
0
*0
*0
*0
°0
*0

*IINIONVL *INGI 3N

S

AON3IJI3d33
2140d1IN3SI

697 °218
3u1e2eL
218°6SL
LZISLEL
CELSTL
L69°569
SLELLY
181°069
£€6 29
6L2°L29
6ES *H 19
9498 %509
129645
26L 885
8uy LG

1 NO

0000°1
0000°1
000¢°1
000C"°1
0000°1
ouuo*Y
0000°1
0000°1
0000°1
0000°1
0000°1
000C*°1
0000°1
0000°1
0000°1

Olivy

1 %1730 3:wpSS3ud
S¥ILIwVEYI-NNILVLIS-CL-NOILYLS KWV3¥LS

§94%°21¢y
e21°28L
£€13°%°6S4
12S%LeL
EEL2°S12
LoG 4569
SLS*LLS
181°099
£EH°24HG
€L2°129
6ES*YIg
544°509
29868
26L.°88S
g% %% LS

SANI0SEY

111207 3A

(13- -
c%2<°8
685% "8
StEE Y
6L2ES
0292°¢
65618
eeetee
049508
i86¢€ 2
82z6°L
€EESE°L
15082
0E%9L L
0289 °L

SNIGvY

61

- O

HY o™

wn
[

-t NS
[ Rl N

-t

sV OO

NOIL
v2C1

s

R ]

R

v mArTN N v

-

—




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 1lbs/sec
Design total pressure ratio 3.0 ¢ 1

2. ANNULUS GEOMETRY

Figure 20 shows the flowpath including inlet bell mouth, coimpres-
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)
airfoll sections was given in Section II of this report; Ref 2 glves
a full description of the sectlon, 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, 1t 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 zll radii, would lie at the desired loca-
tion, that is x = 0. Changes in the original inpuf data were made to
the stacking point location, the meridionally-projected secticn chord
iengths, 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 "uy hand"
using the program as published in Ref 2; the modified program ensbled
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 défined at eight axial locations which coincide with eignht of the
computing stations used for the aercdynamic 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-
sceription 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
power thereof). 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 "Z% 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 sucticn
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. TFigure 2% shows similar views of manu-
facturing sections 1, 3, 5 . . . 11l. 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.
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e. 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/b-inch in from the leading and trailing edges
of the blade, the root fillet is a 1/b-inch radius, on both sides of
the blade. The fillet is smoothly decreased to 1/16-inch radius at
the blade edges.
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4. STATOR GEOMETRY

a. Number of Blades

OMSAL IR 2R RTE W Ca

The stator contains 49 blades.

b. Blade Form

Pr et Vb A s SN

The stator blade design was produced by the same process as was .
useé for the rotor design, but with two differences. First (as de- 3
scribed in Section II of this report), the double circular arc profile
was selected for the streamsurface sections. Second, the sections
were stacked at the tralling edge to complete the blade definition.

N v WA et D D0 e

The 15 streamsurfaces on which the double circular arc profiles

vere designed are defined by the results of the aerodynamic analysis é
given in Section IV.2 of this report. The stator occupies stations 3
11 through 15. Details of each section are given in the following X
table. For each section, the ratio of maximum thickness to chord is e
.0k, and the edge radii are .005 inch. 3
Camber Stagger é
Section Angle Angle Chord 3
No. (degrees) (degrees) (inches)

1 (Hub) 54,39 18.70 2.349

2 54.59 18.54 2.240

3 54.77 18.38 2.143

b 55.03 18.26 2.060

5 55+ 33 18.16 1.990

6 55.59 18.08 1.934

1 55.85 18.03 1.895

8 56.13 18.02 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 intérpolatisn
(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-
rates 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. 'YSEM1' and 'YSEM1' gefine
the trailing edge radius, and 'XSEMZ' 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.

¢. 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/l 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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Stator Blade Coordinates

CARTESIAN COJRDIVATES FOR MANUFACTURING SECTIUNS

S W e P D S B S T T S TS U M A T T G S e Gl D e S T e e T D o TP D st S, B AP D W

POINT NO

U AU RXVORY - SR N AN IR A O N

= e s et
w

SECTION NUo

- e P S S P o B .y T . P — ——— - "

XP

=2433265
~2e 30979
~2428605
—24£6130
~Z+23537
-;%ZOBII
-2517936
~2e 14896
-2¢11657
-2408240
-2604595
-h500716
~1,96593
-1:92229
-1e87637
~-1,82831
-1.77827
“1572642
-1587295
-1461303
~1e56195
~1e 50481
-132445632
-1,33818
=10 23729056
-=1a26%c%
-1,21011
~1,12054
-4 09135
~1.053237
~0.57379
-0s91568
~05 35809
-0460107
00744062
~0o 68870
~0e 63348
-0e457875
-0052450
-044%7070
-0e41728
—0q036420
-0e31144

0-73382
0.75157
0,72012
Ne 63941
0:+55633
3162995
0650110
0,57275
Y53 %4867
0,21742
0247037
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weridicnal velpeiry 2t the ro.or exit on tre tip streamline dropped
fprom 613.1 ft/sece to 513.4 ft/zec 2nd btoundary layer tlceckage in the
rstor exit plane rcse from 0.020% to 5.0268 of the cress-sectional
area. Tne relative total pressure less ccefficients resulting frenm
trnis analysis are shown for the rotor and stator in Fig 27.

2. PREDICTED INTRA-BLALCE-RGW FERFORMANCE

Tre distritutions of loss obtairned as described above and pre-
sented in Fig 27 were used for an intra-blade-row analysis in the
identical menner previously described in Section IV.2 for the criginal
design. There were twc cbjectives t€o this calculation. The first
stjective was tc determine the choking fiow for the stage at loss
levels more likely to occur in an initial test. The second objective
was to determine to what extent the internal fiow distribution might
change under these circumstances.

%ith respect to the first objective, it was determined that the

age would not pass the design fiow of 30.0 1lb/sec but that it would
>s slightly more than 29.0 lbo/sec. Thus. 2 reduction of flow on the
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Static Pressure (pounds per square foot)
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Fig 28. Static Pressure Distribution through Stage
from Analysis with Increased Loss Coefficients
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