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SUMMARY

A periodic-average flow measurement technique involving a
hot-wire anemometer system was used to measure the periodically
unsteady and three-dimensional fluid velocity field between blade rows
in the first stage of a low-speed, multistage, axial-flow research
compressor. These data suggest that the fluid flow through the
imbedded rotor and stator rows are appreciably unsteady, in a periodic
fashion, in portions of the compressor annulus. Illustrative examples
of periodic-average fluid flow field variation with rotor blade
sampling position in stop-action sequence are presented for different
locations in the compressor. A simple, first order approximation
physical description of the blade wake flow transport and interaction
process largely based on experimental data interpretation is proposed
to organize and to help explain the observations made. Blade span
variations of flow data reflect end-wall effects. Inlet guide vane

exit flow data involve some unusual unsteady flow effects.
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SYMBOLS AND NOTATION

cross section area, m

unit vector along hot-wire sensor (Figure 8)

effective cooling veloecity/actual velocity ratio correlation
coefficients

blade chord length (Figure 3), meters

linearized anemometer bridge voltage, volts

local acceleration of gravity, 9.8026 m/s2

conversion factor, 1.0 kgm/st

height of barometer mercury column, meters

effective cooling velocity equation constants (Equation B-9)

constant hot-wire probe turning measurement angle increment
(Figure 9), degrees

barometric pressure (Equation B-1), N/m2

percent passage height from hub (Equation B-4), percent
Venturi metered volume flow rate (Equation B-5), m3/s
radius from compressor axis, meters

gas constant, Nm/kgoK

cable resistance, ohms

probe holder resistance, ohms

probe lead resistance, ohms

cold resistance read off anemometer deck, ohms

sensor operating resistance anemometer deck setting
(Equation 17), ohms

rotor rotational speed, rpm

compressor coordinate system (Figure 10)
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max
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vl

X,¥52

YO

BB T LN

circumferential space between blades, blade pitch
(Figure 3), meters or degrees

temperature, %k

barometer ambient temperature, °k

blade section maximum thickness (Figure 3), meters
rotor blade velocity (Equation B-6), m/s

calibration nozzle jet velocity (Equation B-7), m/s
absolute velocity (Figure 10), m/s

relative velocity (Equation B-17), m/s

hot-wire effective cooling velocity (Equation 5b), m/s

axial component of fluid velocity (Figure 10; Equation B-15),
m/s

tangential component of absolute fluid velocity (Figure 10;
Equation B-16), m/s

tangential component of relative fluld velocity
(Equation B-17), m/s

hot-wire probe coordinates fixed to probe (Figure 8)
circumferential traversing position, degrees
circumferential blade row setting position when Y is equal
to zero, circumferential distance from the probe traversing
measurement stations to blade stacking axis, positive in

the direction of rotation, degrees

sensor yaw angle, angle between the velocity vector and
hot-wire sensor (Figure 8; Equation 4), degrees

approximate tangential flow angle (Figure 9), degrees
radial flow angle (Figure 10; Equation B-13), degrees

absolute tangential flow angle with respect to axial
direction (Figure 10; Equation B-12), degrees

relative tangential flow angle with respect to axial
direction (Equation B-19), degrees

blade stagger angle (Figure 3), degrees




a,b,c

IGV
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xiii

specific weight of water (Equation B-3), N/m3
specific weight of mercury, N/m3

differential pressure between calibration nozzle plenum
pressure and atmospheric pressure, meters of water

differential pressure across venturi, meters of water

hot-wire sensor angle with respect to a plane normal to
the probe axis (Figure 8), degrees

measurement off-set angle (Figure 9)
probe pitch angle (Figure 9), degrees
probe yaw angle (Figure 8), degrees
density of air (Equation B-2), kg/m3

venturi flow coefficient (Equation B-8)

Additional General Subscripts

hot-wire probe measurement positions
annulus inner surface, hub

inlet guide vane

offset

rotor

stator

annulus outer surface, tip




1. INTRODUCTION

Modern design systems for turbomachines rely on, to a great
extent, empirical correlations to reflect real fluid flow effects.
This state of design competence often leads to good machines.
However, more often than can be afforded, the resultant hardware
involves undesirable deficiencies that can be related to insufficient
knowledge about the fluid mechanics involved. For example, mis-
understanding of the substantial relationships between the unsteadiness
of turbomachine flow and the efficiency, aerodynamic and aeroelastic
stability, and noise production of such machines can result in costly
disappointments. Mikolajczak [1] suggests that further significant
improvements in turbomachine technology should be sought through
better understanding and control of the unsteady flows involved.

Progress in fluid flow measurement has resulted in the develop-

ment of a variety of techniques (see, for example, References 2-27)

for observing the unsteady aspects of turbomachine flows. Precise
coordination of data acquisition with rotor sampling position has made
possible the extraction of the periodically unsteady flow (periodic-
average flow) data from the entire collection of information. The
periodic-average flow is important because of the role it plays with
respect to forced blade vibration, discrete frequency noise generation,
and turbomachine energy transfer. Data yielding detailed information
about the sequential variation of periodic-average flow with rotor
sampling position are rare [14,15,16,24,26].

In this report are offered detailed periodic-average,three-




dimensional flow data for the first stage of a low-speed, multistage,
axial-flow research compressor that demonstrate flow field variation
with sequential change in rotor sampling position. A physical
description of the complicated fluid mechanical processes involved

is proposed.




2. RESEARCH COMPRESSOR FACILITY

The research compressor facility of the Iowa State University
Engineering Research Institute/Mechanical Engineering Department
Turbomachinery Components Research Laboratory was used for the
present study. Briefly reviewed below is the research compressor and

related equipment and instrumentation. For more detailed information

see Reference 28.

2.1. Axial Flow Research Compressor

Figure 1 is a sketch of the entire research compressor apparatus.
Figure 2 depicts, in more detail, the compressor portion only. The
inlet guide vane (IGV) row and three identical rotor-stator stages
were within an annulus having constant hub (0.284 m) and tip (0.406 m)
diameters. All stationary blade rows had the same number of blades
(37) and were mounted on separate ring assemblies which could be
moved independently or in desired combinations. The rotor blade rows
each included the same number of blades (38) and were assembled
together so that all of the respective blade stacking axes were aligned
axially. All of the blades were constructed of a plastic material
(Monsanto ABS) with British C4 sections reflecting a free vortex design.
Blade characteristics are summarized below:

Number of blades per row IGV and stator rows - 37

rotor rows - 38

Blade span (constant) 6.10 cm (2.4 in.)

Blade chord (constant), c 3.05 em (1.2 in.)
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Figure 2. Research compressor with probe measurement stations.




Blade section maximum thickness/ 10%

chord ratio, t /c
max

Blade geometry details are tabulated in Table 1 with associated
variables defined in Figure 3. Measuring stations in the compressor

were positioned "in line'" axially and spaced apart as shown in Figure 4,

2.2. Stationary Blade-Row and Probe Actuators

Individual or combined stationary blade-row motion was accomplish-
ed with the circumferential actuating system. The actuator consisted
of a rack and gearmotor-driven circular-arc dovetailed slider moving
within a sturdy base. Slider travel was monitored with linear
potentiometer output voltage correlated to motion by a linear least
squares fit. In this fashion, the slider motion could be adjusted to
within 0.05°. The slider was connected to the movable IGV and stator
blade row rings with adjustable linkages so that a variety of stationary
blade row positioning schedules could be achieved. Scales on each
blade-row ring and the outer compressor casing were used for ascertaining
the precise location of each blade row. The scales were calibrated in
terms of degrees, positive in the direction of rotation. A reading of
0.0° corresponded to the stacking axis of a predetermined reference
blade in each row being "in line" with the measurement stations of the
compressor. Any circumferential distance of a reference blade stacking
axis from this zero location was denoted as YO, its circumferential

position. Throughout these tests, IGV and stator blade row rings

were positioned for minimum sound as follows:

SR i




Figure 3.

Blade nomenclature.

Table 1. Geometric blade tables for ICV, rotors, and stators at several
radial locationms.
Blade Angles
Fensune Inlet Outlet C amb:
Blade P;ixgﬁu};t’ Solidity Stasger & # g
1 2 1 2
Row PHH c/S

degrees degrees degrees degrees
0 1.263 20.35 0.00 42.10 -42.10
10 1.21% 20.05 0.00 40,77 -40.77
20 1.164 19.69 0.00 39.47 -39.47
30 1.121 19.25 0.00 38.23 -38.23
> 40 1.080 18.65 0.00 37.08 -37.08
S 50 1.041 18.15 0.00 36.05 -36.05
60 1.004 17.63 0.00 35.02 -35.02
70 0.971 17.05 0.00 33.93 -33.93
80 0.940 16.45 0.00 32.92 -32.92
90 0.913 15.65 0.00 32.10 -32.10
100 0.887 14.15 0.00 31.40 -31.40
0 1.299 -20,54 -42.40 3.90 -46.30
10 1.250 -24.39 -44.76 - 2.84 -41.92
20 1.205 -28.11 -46.85 - 9.51 ~-37.34
30 1.164 -31.70 -48.53 -15.96 -32.57
b 40 1.123 -35.15 -49.82 -21.88 -27.94
o 50 1.078 -38.47 -50.81 -27.06 -23.75
2 60 1.035 -41.66 -51.77 -31.64 -20.13
70 0.999 -44.71 -52.90 -35.78 -17.12
80 0.968 -47.63 -53.98 -39.26 -14.72
90 0.939 -50.41 -54.82 -41.91 -12.91
100 0.909 -53.07 -55.50 -44.10 -11.40
0 1.263 40.24 54.80 26.70 28.10
10 1.211 39.32 53.48 25,67 27.81
20 1.164 38.39 52.36 24,68 27.68
30 1.121 37.46 51.43 23.74 27.69
& 40 1.080 36.54 50.25 22,77 27.48
g 50 1.041 35.61 48.56 21.72 27.84
& 60 1.004 34.68 47.13 20.76 26.37
70 0.971 33.75 46.65 20.01 26.64
80 0.940 32.83 46,36 19.34 27.02
90 0.913 31.90 45.59 18.62 26.97
100 0.887 30,97 44.50 17.85 26,65

B
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Inlet Guide Vanes YOIGV/Ss = 0.00
First Stator YolS/SS = 0.17
Second Stator YOZS/SS = 0.56
Third Stator Y03S/Ss = 0.77

The relative positioning of some of these blades may be seen in Figure 5.
As will be explained later, the circumferential actuator was the key
to providing the means for measuring the blade-to-blade variations
of flow in the compressor. Since the probes used could not be
% actually traversed in the circumferential direction, the stationary

and "sampled" rotor blades had to be moved circumferentially relative

to a fixed probe. 1
The probe actuator (L. C. Smith Company model 6180) was used

with the control indicator (L. C. Smith Company model DI-3R) and J

actuator switch box (L. C. Smith Company model DI-4R-SB) to vary the

probe yaw angle and immersion depth. Probe angles and positions in 1

the compressor annulus were monitored by observing mechanical digital

counter readings and linear potentiometer output voltages. Each

otentiometer's output voltage was correlated with motion with a linear
P P g

least squares fit which allowed probe angles and immersion positions

to be measured within 0.05° and 0.15 mm respectively.

2.3. Pressure and Temperature Measurement Instrumentation

All working fluid pressure measurements were made with precision
water-in-glass manometers (Meriam type Incl.) which were calibrated

with a micromanometer (Meriam type Micro.). Room air temperature was

- srenns

-
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1)

measured with mercury-in-glass thermometers, while working fluid

temperature was measured with a copper-constantan thermocouple and

a precision millivolt potentiometer (Leeds and Northrup model 8686).

Barometric pressure was measured using a mercury-in-glass barometer

(Princo Instruments, Inc. model B-222).

2.4. Periodic-Average Measurement System

The periodic-average measurement system, shown schematically

in Figure 6, was composed of the following components:

(1)
(2)

(3
(4)
(5)
(6)
)]
(8)
9

Single slanted hot-wire probe (Disa model 55P02 Modified)
Constant temperature anemometer (Thermo-Systems, Inc.
[TST] model 1010A)

Linearizer (TSI model 1072)

Periodic sample-and-hold circuit

Photoelectric triggering circuit

Signal averaging circuit

Digital scanning voltmeter (Hewlett-Packard model 3480D)
Desk-top calculator (Hewlett-Packard model 9821A)

Oscilloscopes (Tektronix Inc.)

The hot-wire probe involved a 5 um diameter platinum-plated

tungsten wire with a 1.25 mm sensing portion centered on the probe axis.

The wire was copper and gold plated at the ends and positioned at

an angle of 54.7° from the probe axis. The hot-wire anemometer and

linearizer were used to produce a linear relationship between air

velocity and output voltage. The periodic sample-and-hold circuit was
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13

phase locked with the compressor rotor by the photoelectric pickup
which was triggered by a slot in a disc rotating with the compressor
shaft. The photoelectric pickup was connected to the stationary

blade row actuator with an adjustable arm so that any desired rotor sam-

pling position, YOR, could be obtained. The rotor sampling position
was measured, in degrees, from the line of measurement stations, with
the stationary blade rows set as indicated earlier (see section 2.2.).
Figure 5 shows the relative position of the stationary blades and
several rotor sampling positions. The sample-and-hold circuit was
designed and constructed by the Iowa State University Engineering
Research Electronic Shop to obtain a 5 usec* sample with each revolu-
tion of the rotor shaft, Two scribe marks, one on the rotating
portion of the hub surface and the other on the stationary portion of
the hub, were used to set the rotor phase lock reference position
YOR/SR = 0.0. Once the reference condition was established, other
rotor sampling positions were obtained, by moving the photoelectric
pickup with respect to the stationary blade :ow actuator and by
observing the amount of movement with mechanical scales. The reference ]
setting was checked daily and set with an electronic time delay
provision in the sample-and-hold circuit. The periodically sampled
signal was electronically smoothed with the signal averaging circuit,
subsequently read by the digital voltmeter, and finally arithmetically
averaged and stored in the calculator for further reduction and tape

storage.

*
The typical rotor wake period is 1.1 msec.
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A desk-top calculator and an associated multiple channel
scanning digital voltmeter were used to read, store, and reduce data.
The interfacing between the calculator and voltmeter enabled the
calculator to selectively read different channels and store readings.
The calculator possessed over 1400 memory registers. Additionally,
with tape cassette capability, the calculator could be extended to
store permanently on tape any data and programs to be recalled at the
user's convenience. The plotting and tabulating of results were done
with the Iowa State University Computation Center computing system

(IBM 360/65, 370/158).

2.5. Calibration Nozzle

An air nozzle was used for the calibration of hot-wire sensors.
The nozzle has a throat diameter of 25.4 mm (1.0 in.) and a contraction
ratio of 144 to 1. The flow at the nozzle involved a uniform velocity
profile for values of velocity from 0.0 to 50 m/s. Regulated compressed
air provided the supply air and a variable-current heater, blower, and
heat exchanger arrangement was used for air temperature control. A
special probe holder permitted the sensing portion of the probe to
remain in the same position in the nozzle flow while the probe yaw and

pitch angles were varied. A telescope was used to visually align wires.

L
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3. EXPERIMENTAL PROCEDURES AND DATA REDUCTION

All measurements presently involved were obtained with the periodic-
average measurement system described earlier. The compressor operating
point was held constant at the condition indicated in Figure 7
(1400+1 rpm, 0.42 flow coefficient) with frequent monitoring and
adjusting.

The standards for velocity, pressure, and temperature instru-
ment calibrations were provided by the calibration nozzle, the
micromanometer, and mercury-in-glass thermometers. Calibration of
all electronic equipment was performed by the ISU Engineering Research
Institute Electronic shop.

The desk-top programmable Hewlett-Packard calculator was used
extensively for calibration, data acquisition, and data reduction.
Programs were used to control step-by-step data acquisition, to make
preliminary calculations, to print out data and preliminary results,
and to record on tapes for further data reduction. Data reduction
programs acceptod the preliminary results and produced final results.

A list and brief description of each data acquisition and reduction

program used may be found in Appendix A.

3.1. Periodic-Average Sampling Technique

The hot-wire anemometer output signal is composed of a periodic
component and a random component. With controlled sampling and
data averaging the random fluctuation influence can be made as small

as desired, depending on the number of samples taken [4,7,18,23,25,




T

/
0.5 //
5 /
£ ;i
u -
- e
&
3
™ 0.3
P,
]
o
»n 0,.2—
@ 2 o 1400 rpm
a <>~ OPERATING POINT
&
2 0.}—
>
< t
0 | | | |
0 0.1 0.2 0.3 0.4 0.5

AVERAGE FLOW COEFFICIENT, ¢

Figure 7. Research compressor performance curve and
operating point.
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26,28]. With the system used presently, electronic and arithmetic
averaging of data could be accomplished. The electronic averaging
was done with a low pass filter having a time constant of 1 sec.
Schmidt and Okiishi [28] found the arithmetic average of 180 samples
of electronically-smoothed data to be approximately equal to the
arithmetic average of 1200 unfiltered data points. More current data
indicated that 180 samples of electronically-smoothed data were
sufficient to make the random component of the unsteady flow negli-
gibly small except at the IGV row exit where 360 samples were needed
because of the separated flow activity involved.

The data sampling system was triggered by a photoelectric pickup, i
connected to the circumferential actuator slider, and by a single-slot

disc rotating with the compressor shaft. The photoelectric pickup

could be moved relative to the stationary blade rows so that periodic-
average ''snapshots' of the flow field could be obtained for each of 1
several time sequenced positions of the sampled rotor blades. Thus,
periodic-average flow field changes could be measured for various
sampled rotor positions. This kind of measurement was accomplished
by moving the stationary blade rows and the photoelectric pickup
relative to the stationary probe so that the probe was effectively

made to traverse the flow field over one stator blade pitch spacing.

3.2. Single, Slanted Hot-Wire Three-Dimensional

Velocity Measurement Technique

A single, slanted hot-wire was used to obtain three-dimensional

flow field parameters. Before the measurement technique can be
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discussed, some relationships linking probe geometry and hot-wire
cooling velocities must be presented.

3.2.1. Probe Geometry

The hot-wire sensor, the probe coordinate system, and a general

velocity vector are shown in Figure 8. The coordinate system is

fixed to the probe with the x-z plane lying on the sensing portion

of the probe and the probe axis and with the y-axis perpendicular to
the x-z plane and centered on the sensor. The wire is slanted at an
angle, 00, to the x-axis. The velocity vector, 6, can be resolved
into orthogonal components along x, y, and z for each orientation of
the wire. When the probe and its coordinate system are rotated
about the z-axis, the projected yaw angle, ey, changes by the amount
of turning, whereas, the pitch, ep, remains the same. The sensor
yaw angle, a, was defined as the angle between the intersection of
the probe sensor unit vector, K, and the velocity vector, V. To
obtain a relationship between a and eo, ep, and ey, the dot product

of the two vectors is taken:

> >
A = cos eOI+sm 8y K (1)

3 = -~V cos 0 cos 6 I ~ Vcos 6 sin § 3 - V sin © ﬁ (2)
P y P p p

; AV = lKl!?l cos(180 - o) = -‘§| cos 6, cos ep cos ey

—IG] sin 90 sin Up (3)

Socos a = cos 0, cos § cos 8 + sin 6. sin 0 (4)
0 P y 0 P




Figure 8. Hot-wire configuration relating velocity vector, '\;, to
hot-wire sensor and prebe ceordinates x, y, z.
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3.2.2. Effective Cooling Velocity Ratio

The hot-wire anemometer output was correlated to fluid velocity

with a fourth-order fit so that the anemometer signal could elec-

'

!

|

|

tronically be linearized. This linearized signal, El’ was correlated !
|

to velocity with the sensor angle normal to flow to obtain |
1

2

- 5
V=K +KgE +KE (5a)

1 2 3

where V is the absolute fluid velocity. The constants Kl, KZ’ and K3

were determined with a least squares fit. Whenever the probe is
oriented to the flow at other than a sensor yaw angle, a, of 900, the
velocity read can be considered an effective cooling velocity, Ve,

where

1 i 2
V5K +KR + K2 (5b)

The presently used velocity measurement technique was based on knowing

a precise relationship for the effective cooling velocity/absolute
velocity ratio, Ve/V, for various orientations of the probe in the
flow stream.

Experiments conducted by Schmidt and Okiishi [28] showed this
velocity ratio was strongly dependent on sensor yaw angle and weakly
dependent on pitch angle and velocity level. The recommended correlation
is as follows:

2 2 &

Ve/V = b0 + bla - bzep . b3V + baa + bsep o b6V

+ b7aep + bsaV + b99pV (6)

The coefficients b0 through b9

fit of data as described in the calibration procedure section (see

were determined from a least squares

section 3.3.3.).

S RS e 1

S s
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3.2.3. Measurement Technique

The wire was rotated in the flow field to three different positions

denoted as a, b, and c (see Figure 9). These probe positions relate to

yaw angles of § :« 8 , and 8 which were set as indicated below:
y,a Y’b ysc
] =0
Soa y (7)
¢) =0 - 8
y,b y mb (&)
0 = 0 - m (9)

y.C y c
where mb and mC are probe turning angle increments from the a location.
For each orientation of the wire, effectively 1200 samples were taken
| and electronically and arithmetically averaged to obtain a time-average
effective cooling velocity for that particular probe position. For
each periodic-average velocity vector measurement, a total of six
equations like Eqs. (4) and (6) were obtained for the orientations of
the wire. These equations are:

For position a

b 2 2
Ve,a/V = b0 + blaa + bzep + b3V + bbaa + b56p
2 |
+ b6V + b7aaep + bsaaV + b96pv (10) 5
cos o = cos 8, cos 8 cos © + sin 6. sin © (11) |
a 0 ) ysa 0 P
For position b
2 2
ve,b/v = bO + bl“b + bzep + b3V + b4°b + bsep
+ b6V2 + b7ub6p + bsabV + bgepV (12)
cos a = cos 90 cos ep cos ey,b + sin 60 sin ep (13)

-

A s




DOTS REPRESENT
LONGEST PRONG

WIRE
POSITION b

WIRE
POSITION a

WIRE
POSITION ¢ AXIAL
DIRECTION

Figure 9. Hot-wire measurement positions and nomenclature,
viewed from above along probe axis.

i




23

For position c

b 2 2
ve’c/v bo + blac + bzep + b3v +B8 " * bsep
+ b6V2 + b7ac6p + bBaCV + b96pV (14)
cos a_ = cos eo cos ep cos ey’c + sin 60 sin ep (15)

By substituting Eqs. (7), (8), and (9) into Egs. (11), (13), and (15),

the six unknown variables aa, ab, ac, Bp, By, and V remain in the six

equations, (10) through (15). These equations were solved simul taneously
using the Newton-Raphson method. The three-dimensional velocity vector
is completely described with the variables ep, ey, and V known

relative to the probe position, a.

To set the three wire orientations, a minimum effective velocity
angle, smv’ was obtained as shown in Fiure 9. From this minimuw
effective velocity angle position, the probe was rotated to positions
a, b, and c according to the following schedule:

o

0 20

a,off 2

(o]
L R

) -20°

c,off »

From Figure 9, it can be seen that

D
[}
D
R
|
N
o
(o}

and

it i St
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This positioning of the probe was done for each velocity vector
obtained. For all of the measurements, the probe was positioned so
that the longer wire support was downstream of the sensing portion

of the wire to minimize prong interference.

3.3. Calibration Procedures

The calibration nozzle was used to provide a uniform velocity air

stream for velocity calibration. Plenum pressures were observed with

inclined water-in-glass manometers. Velocity was calculated using the

following equation:

,Zg Y AP
vV = [ H;O n (16)

V = velocity, m/s

where

g, = gravitational constant 1.0 kg m/Ns2

Yi,0 = specific weight of water, N/m3
o = density of air, kg/m3

AP = differential pressure between plenum pressure and
atmospheric pressure, meters of water

Calibration programs were used with the desk-top calculator.
Sufficient warm—up time was allowed to obtain steady state conditions.
Fluid temperatures, barometric conditions, and test conditions were
entered into the calculator before and after each calibration. Three
hot-wire calibrations were made: 1linearizer velocity calibration,
second order velocity calibration, and effective cooling velocity ratio

calibration.
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3.3.1. Linearizer Velocity Calibration

The linearizer was used to approximate the anemometer output with
a fourth order polynomial. The "zero" degree term of the polynomial
was set equal to zero, and coefficients were determined by a least
squares curve fit, thus producing a linear relationship between velocity
and anemometer output with the wire positioned normal to the flow of
the calibration nozzle.

The wire was optically positioned 6.35 mm (0.25 in.) away from
the nozzle exit plane. Wita the air velocity set close to the average
value of the range of velocities anticipated, the cold combined
resistance of the sensor, cables, and leads was measured, Rs,c,d' The
operating resistance of the sensor was calculated with an overheat
ratio of 1.8. Because the cable and lead resistances were not involved
with the overheat calculation, they were subtracted from the cold
resistance reading at the anemometer deck and then subsequently added

back on as demonstrated in Eq. (17).

Rs,op,d Yo (Rs,c,d = Rcb _ Pph " Rpl)
TR Rph + Rpl 17
where
Rs,op,d = deck setting of sensor operating resistance, ohms
Rs,c,d = deck reading of combined sensor, cable, and lead

resistance, ohms

Rcb = cable resistance, ohms

Rph = probe holder resistance, ohms

Rp1 = probe lead resistance, ohms




Probe holder and cable resistance were measured with an impedence
bridge while the probe lead resistance was taken as furnished by the
manufacturer. The linearizer calibration system included the hot-wire,
anemometer, DVM, and desk-top calculator only. The linearizer was
correlated over a range of nozzle air velocities (0.0 to 23 m/s) in
fifteen increments. The linearized polynomial velocity was compared

to the actual nozzle velocity. The acceptance criterion for the points

was that the error should be less than or equal to 1%. Linearizer
calibration was performed with every effective cooling velocity ratio

calibration.

3.3.2. Second Order Velocity Calibration

A second order correlation, Eq. (5), between the linearized
anemometer output and velocity level with the wire normal to the flow
was performed before and during effective cooling velocity calibration

and data acquisition to avoid error due to electronic equipment drift.

The second order calibration was done with the wire positioned

normal to the nozzle flow. Any other wire yaw angle does not indicate

L )

an absolute velocity but rather an effective cooling velocity, Ve.

The second order calibration system included the probe, anemometer,
linearizer, DVM, and desk-top calculator. Fourteen points were

taken for each calibration for air velocities ranging from 4 to 23 m/s.
Acceptable error was confined to less than 17 in the velocity working
range.

3.3.3. Effective Cooling Velocity Calibration

The effective cooling velocity calibration was performed to

obtain the coefficients in the effective cooling velocity ratio equation:




2

2
&
ot bla + bzep b3V + baa + bsep

V/V=0>
e

2
+bgV" + b0, + bgaV + bgo v (6)

The calibration was made over the range of expected compressor yaw
and pitch angles and velocities.

The probe was positioned in the nozzle jet stream in the same
manner as for the linearizer calibration. For a particular velocity
level, the probe was set at each of six pitch angles and rotated

from 0 to 90° in yaw angle increments of 5°. This procedure was

continued until data for all of the velocity levels (11.6, 15.2,
19.2, 22.3 m/s) and pitch angles (-9 to 60, in increments of 30) were
acquired. This procedure was also used for probe yaw angles of 0 to
-90° because of the lack of perfect symmetry wire response to yaw

angle. Thus, during data reduction, two sets of coefficients (b0 through

b9) were used depending on the yaw orientation of the wire. Positions
a and b involved the 0 to -90 calibration coefficients while position
c used the 0 to +90 calibration coefficients.

* After all the data were taken, the coefficients were solved using
a least squares method. Acceptable error was limited to being less

than 2% with the majority of the errors less than 1%.

3.4. Data Acquisition

The data acquisition system used was presented earlier in schematic
form in Figure 6. Prior to taking data, equipment and room temperature
equilibrium were established, inclined manometers zeroed, cold resis-

tance of the wire at the deck set, flow coefficient set, linearizer




coefficients adjusted, second order calibration performed, probe
actuator positioned in the compressor, and radial location set. After
setting and adjusting the time delay device for YOR/SR = 0.0, the
desired rotor sampling position could be set by adjusting the photo-
electric pickup position relative to the stationary blade rows.

With the probe sensor positioned at 90° (normal to the compressor
axis), a trace of the blade-to~blade variation of effective cooling
velocity was made with an x-y storage oscilloscope where x was the
potentiometer reading from the circumferential actuator, and y was
the time-averaged hot-wire sampled signal. This survey was made by
moving the stationary blade rows and photoelectric pickup relative
to the probe. By using this procedure, the probe was effectively made
to traverse the flow field for one stator blade pitch. From this
x-y trace, the position of the wake could be detected and test points
appropriately scheduled. The circumferential actuator system was
then set back to zero, Y/Ss = 0.0, for the first test data point. With
another x-y storage oscilloscope, a trace of effective cooling velocity
against probe yaw angle was repeatedly obtained by rotating the probe
about its axis. In this fashion, a minimum effective cooling velocity
angle, Bmv’ could be discerned. From this minimum angle position, the
probe could be appropriately positioned to locations a, b, and c,
discussed earlier (see Figure 9). After periodically sampled data
were obtained, with the probe at each position (a, b, and c), the
circumferential actuator was shifted to a new position, Y/Ss. and the

above described procedure was repeated. Thirty velocity vectors from

blade-to-blade were measured for each test run. After the last velocity




vector of a set of thirty was measured, the acquired data were stored

on tape for further reduction. The probe was then removed from the
compressor and a new second order velocity calibrgtion was made. Second
order velocity calibrations were performed before each set of thirty

velocity vectors was measured.

3.5. Data Reduction

Data reduction programs for the desk-top calculator were used to
accept and reduce stored data. The six equations, Eqs. (10) through
(15), were solved simultaneously with the Newton-Raphson method.
Usually, less than five iterations were necessary for convergence.

The compressor coordinate system is shown in Figure 10. The R
coordinate direction is positive outward from the hub, while the 6
coordinate is positive in the direction of rotation. The Z-axis is
aligned axially, positive in the direction of fluid motion. Also
shown are the sign conventions relating to Be, Br’ Vr, Vz, and Ve.
With the probe immersed in the compressor annulus, the probe coordinates
x and y (see Figure 8) are always in the same plane as Y and Z of
the compressor coordinate system, and z from the probe coordinate

system coincides with the R compressor coordinate direction.

The calculated pitch angle and radial angle are related by:
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The values of R and ©
mv a

were known from data acquisition.
soff

other flow parameters calculated are presented below:

(1)
(2)
(3)
(4)
(%)
(6)

Axial velocity, m/s, Eq. (B-15)

Absolute tangential velocity, m/s, Eq. (B-16)
Radial velocity, m/s, Eq. (B-14)

Relative velocity, m/s, Eq. (B-17)

Relative tangential velocity, m/s, Eq. (B-18)

Relative tangential angle, degrees, Eq. (B-19)

A complete list of equations used appears in Appendix B.
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4. PRESENTATION AND DISCUSSION OF DATA

The test results are presented and discussed in this section.
Primary flow variables involved are tabulated in Appendix C. Velocity
and flow angle compcnent variation graphs (scalar plots) are used to
present the periodic-average data (see Figures 11, 12, and 13). The
scalar plots include axial, tangential, and radial velocities supple-
mented with tangential, radial, and, when useful, relative tangential
angles. Uncertainty and accuracy are previously discussed by Schmidt
and Okiishi [28]. To reflect and facilitate data interpretation,
blade-to-blade plane flow plots (cascade plots), c.owing the periodic-
average location of blade wake flows at different radii for several
distinct orientations of the rotor blades, were constructed (see
Figure 14). The procedure used to construct the cascade plots is
explained in detail below. A physical explanation of the wake trans-
port and interaction effects involved is proposed.

4.1. Construction of Cascade Wake Plots

Stationary blade section profiles were positioned on the plots to
scale according to the minimum sound schedule (see section 2.2.).
The rotor blade sections were located at their periodic sampling
positions.

The obvious wake region locations suggested by the periodic-average
flow data were drawn on the cascade plots first. It should be noted
that periodic-average flow data collection was limited to thirty points

along the broken lines connecting crosses between blade rows, Y/SS -
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(a) First rotor exit flow at
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Figure 12. Blade-to-blade distribution of periodic-average
flow-field parameters. First rotor exit flow.
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YOR/SR = 0.0

tm————t |

YOR/SR = 0i32

\
assage height from hub.

%
(a) Cascade plots for 10%

Figure 14. Periodic-average cascade wake interaction plots for the
first stage of the research compressor for minimum sound.
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Y0p/Sg = 0.0

Y0p/Sp = 0.34

(b) Cascade plots for 30% passage height from hub.
Figure 14. (Continued).
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YOR/SR = 0.42

YOR/SR = 0.69 /
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(b) (Concluded).

Figure 14, (Continued).
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(c) Cascade plots for 50% passage height from hub.
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Figure 14. (Continued).
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YOR/SR = 0.50

(c) (Continued).
Figure 14. (Continued).
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0.0 to 1.0 (see Figure 14). Behind the IGV blade row, the IGV wake
regions were easily identified and located on the scalar plots for

all radial span locations and rotor sampling positions. Behind the
first rotor, the rotor wake regions were easily identified at all radii
and rotor sampling positions, but the IGV wake regions were more
difficult to see and were discernible at some span locations only.
Behind the first stator, the stator wake regions were clearly identi-
fiable, but the rotor wake and IGV wake effects were not clearly
distinguishable in all cases. At the stator exit, the rotor wake
region could often be identified by noting the characteristic predominant-
ly-outward radial flow involved, for example, as seen in Figure 13(a)
for YOR/SR = 0.0 near Y/SS = 0.2. Rotor wake effects behind the stator
row were connected to corresponding rotor blades consistently with

the time-average data reported in Reference 28. In order to ascertain
which IGV blades caused the IGV wake effects observed behind the first
rotor and the first stator, an experiment, inspired by Smith's [29] dye
source analogy, was conducted as described below. The sensing of
heated air, flowing in the wake of a pen-type soldering iron held
upstream of the IGV row, with a thermocouple immersed downstream of

the first rotor row and the first stator row revealed the match between
downstream wake effect with upstream wake production. It was assumed
that in a time-average sense, the heated soldering iron wake flow
behaved like the IGV wake flow, and, thus, the IGV wake "avenues",
which can be described as stationary paths within which the chopped

wakes move downstream, were conceived to be parallel to the heated air
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flow paths (see Figure 15). The procedure described above resulted

in cascade plots in skeletal form only. Completion of the cascade plots
involved careful interpolation between cascade wake plots for the same
radii and different rotor sampling positions and cascade plots for the
same rotor sampling position but different radii. By using a wake
template involving an increasing wake width, the wake thickening effect,
suggested in References 2 and 3, was approximated. The chopped
segments were caused to reflect Smith's [29] chopping effects by rotat-
ing each bounded wake segment (bounded either by blade surfaces or

wake regions) around its center. The usefulness of these cascade plots
should become evident as the test results are discussed in the next

section.

4.2. Discussion of Data

The results of the periodic-average measurements made behind the
IGV row are presented in velocity and angle component form in Figure
11 and will be discussed first. The two plots of axial velocity
variation from blade-to-blade at 507 passage height from the hub (PHH),
for two different rotor sampling positions, indicate that the rotor
potential flow field could influence the flow at the IGV row exit
measurement plane. Walker and Oliver [3] suggest that 3% to 4%
potential flow effect can be expected for this particular axial spacing
between blade rows. The present data are in close agreement with this
observation. Rotor leading edge locations, as seen in Figure 16 for

rotor sampling positions, YOR/SR = 0.0 and 0.34, relate to the axial




62

*9pEdSED UT UOTIBDO0] SNUIAE IFe pajeay a8eiase-auy]

*GT 2an8y1g

. /
\ /
\\ \ \ 401V1S

T
A
+ y +* 31dN0JOWYIHL
P \\I,I
\\ > ¥0L0Y
¢
AR
\\ P4 i
INIAY M1V QavaH —=/ /T =
x x A9l
+ +
394N0S E:ILw”..Mu

e =2 PR

P A




+

| SaE T

EESSES

(a) Rotor sampling position YOR/SR = 0.0.
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(b) Rotor sampling position YOR/SR = 0.34.

Figure 16. Relative locations of IGV and rotor blades for two
rotor sampling positions at 50% span.
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velocity deficit locatioms, Y/SS = 0.5 for YOR/SR = 0.0, and Y/SS = 0.3
for YOR/SR = 0.34. The rotor upstream effect is more apparent in

the tangential velocity and angle variations from blade-to-blade for
rotor sampling position, YOR/SR = 0.34. Radial velocities and angles
do not reveal any rotor upstream effect when the rotor leading edge

is located in the freestream portion of the IGV exit flow (YORISR
0.34). However, a general increase in outward radial flow of the IGV
wake fluid is evident when the rotor leading edge is downstream from
the IGV trailing edge (YOR/SR = 0.0). Examination of the IGV exit

flow fields from hub to tip for rotor sampling position, YOR/SR = 0.0,
only, suggests that these wakes become narrower from 10% to 90% PHH.

At 70% span, the IGV wake is curiously only half as deep as the wakes
at 507 and 90% PHH. There is a general decrease in freestream axial
velocity for 90% PHH, indicating an outer wall boundary layer effect.
It has been observed that for rotor sampling position, YOR/SR = 0.0,
the rotor leading edge is directly downstream from the IGV trailing
edge. Also, the rotor leading edge is closer, axially, to the IGV exit
measurement plane at 10% PHH and is farther at 90% PHH (see Figure 4).
Tangential velocities follow a predictable and systematic pattern of
smaller tangential velocities in the IGV wake. Tangential angles, on
the other hand, generally tend to decrease, suddenly increase, and then
decrease again in proceeding from the suction side to the pressure side
of the IGV wake. Radial velocities and angles generally exhibit a
curious outward flow in the wake, except at 50% and 70%Z PHH. Irregular
separated flow activity was observed on the suction side of the IGV

wake during data acquisition. There did not appear to be any difference
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in separated flow irregularity from hub to tip. To obtain meaningful
periodic-average data, approximately 2400 instead of the usual 1200,
effective samples were obtained for each orientation of the wire.

First rotor periodic-average exit flow parameters for 50% span
are presented in Figure 12(a) for six rotor sampling positions and
will be discussed next. Corresponding cascade plots are displayed
in Figure 14(c). Note that the rotor wake regions shown in the sequence
of Figure 12(a) are not from the same rotor blade but rather are
from two adjacent rotor blades. This fact may be verified by following
the time-sequential movement of the rotor blades in the cascade plots
(Figure 14[c]). The chopped IGV wakes seen in the cascade plots
follow a fixed avenue. Within this avenue, the wake segments move
downstream, as indicated in Figure 14(c). Periodically, the rotor wake
region can occupy the same portion of the measuring plane between
Y/SS = 0.0 and 1.0 as the IGV wake avenue. The deepest rotor wake
region measured was for a rotor sampling position of YOR/SR = 0.69.
For this rotor position, the cascade plot (Figure 1l4[c]) indicates
that the rotor wake/IGV wake interaction occurs slightly upstream
from the measurement plane. For this rotor position, the circumferential
variation of flow parameters in the rotor wake region is characterized
by larger deviation and absolute flow angles and by smaller absolute
tangential velocities and axial velocities than observed in the rotor
wake regions associated with other rotor sampling positions where the
rotor wake/IGV wake interaction occurs closer to, at, or downstream
of the measurement plane, When the rotor wake/IGV wake interaction

occurs slightly upstream or at the measurement plane, the wake region
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will hereafter be called an "interacted wake region." When the rotor
wake/IGV wake interaction occurs downstream of the measurement plane,
the wake region will hereafter be referred to as a '"noninteracting
wake region.'" The dependence of rotor wake region behavior on rotor
sampling position is explainable in terms of the physical reasoning
proposed by Kerrebrock and Mikolajczak [2] which involved the

: relative flow of chopped stator wake fluid moving toward the rotor

} pressure surface due to slip (see Figure 17[a]). Such flow in a

chopped IGV wake would tend to result in locally reduced axial velocities

and increased deviation angles on the rotor suction surface side and
in an accumulation of more slower-moving fluid on the rotor pressure
surface side. The mechanism for these interaction effects is best
explained in this way: The collected IGV wake fluid "builds up"

a surplus of fluid on the pressure side of the rotor blade, while on
the suction side of the rotor blade, fluid is drawn towards the rotor
pressure surface of the adjacent blade. Thus, a narrower wake region,
larger deviation angles, and smaller axial velocities occur at the
measurement plane when the suction side wake interaction effects
predominate there, as for YOR/SR = 0.69. For YOR/SR = 0.69, the
smaller absolute tangential velocities and larger absolute tangential
angles are explained with the help of a velocity vector diagram

(Figure 18), where three velocity triangles are drawn, one each for

free stream, noninteracting wake, and interacting wake regions, For
rotor sampling position YOR/SR = (.83, the rotor blade pressure
surface side interaction effect is stronger at the measurement plane,

resulting in a wake zone spreading effect. For YOR/SR = 0.0, both
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(a) Slip velocity of IGV wake fluid through a rotor row.
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(b) Slip velocity of rotor wake fluid through a stator row.

Figure 17. Velocity triangles showing slip velocities.
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INTERACTED
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FREESTREAM

Figure 18. Plane velocity vector triangles for fluid in an interacted
wake, noninteracted wake, and free stream for the first
rotor exit flow at midspan.

%
¥
p




69

4 pressure and suction surface interaction effects are noticeable at
the measurement plane, the result being a broad shallow wake region.
Radial velocity and angle distribution change trends for different
rotor sampling positions are not apparent from the data.

Prior to measuring the details of the flow behind the first rotor
at other radial locations in the compressor annulus, approximate
periodic-average hot-wire oscilloscope traces of a combination of
axial and radial velocities were studied to determine which rotor
sampling positions should be selected to show the largest changes in
periodic-average flow due to rotor wake/IGV wake interaction. For
radial locations 107 and 907 PHH, the appropriate rotor sampling
positions to use were not obvious because the approximate data were

not definitive enough. At the other radial positions, more reasonable

rotor sampling position selections could be made with the approximate
data.

The rotor exit data for 107 PHH for four rotor sampling positions
are shown in Figure 12(b). The related cascade plots are displayed
in Figure 14(a). Unfortunately, the data involved only rotor wake/
IGV wake interaction at the measurement plane for rotor sampling
positions, YOR/SR = 0.0, 0.32, 0.34, and downstream of the measurement
plane for YOR/SR = 0.69. Data for interaction occurring slightly
upstream of the measurement plane, which might have indicated a com—
paratively deeper rotor wake region, were not obtained. The information
shown is consistent with data already discussed.

The periodic-average data for 30% PHH are shown in Figure 12(c)

for rotor sampling positions YOR/SR = 0.0 and 0.42, which represent
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interacted and noninteracted wake regions respectively. The cascade
plots (Figure 14[b]) indicate that, for rotor sampling position

YOR/SR = 0.0, a characteristically deeper interacted wake region is
produced with the rotor wake/IGV wake interaction occurring upstream
of the measurement plane. The flow parameters exhibit the same charac-
teristics as did the rotor exit flow for 50% span, YOR/SR = 0.69,
namely, reduced axial velocities and absolute tangential velocities

and increased deviation angles and absolute tangential angles in the
interacted wake region.

First rotor exit flow component plots for 70% PHH and two rotor
sampling positions, YOR/SR = 0.0 and 0.53, are shown ir Figure 12(d).
The corresponding cascade plots (Figure 14[d]) reflect an interacted
rotor wake (interaction occurring upstream of the measurement plane)
for YOR/SR = 0.53 and a noninteracted wake for rotor sampling position
YOR/SR = 0.0. For YOR/SR = 0.53, the rotcr wake/IGV wake interaction
effects are typical of a deeper interacted rotor wake region except for
the tangential angles whici are slightly smaller in the interacted
wake region than in the noninteracted region. This inconsistency is
probably due to the fact that the interacted wake region for YOR/SR =
0.53 is not the deepest possible and, thus, does not totally possess all
of the characteristics exhibited by such wake regions.

The data for 90% PHH rotor exit flow at two rotor sampling
positions, YOR/SR = 0.0 and 0.63, are shown in Figures 12(e) and 1l4(e).
The rotor wake/IGV wake interaction occurs at the measurement plane for

YOR/SR = 0.63 and slightly downstream for YOR/SR = 0.0, The rotor




wake region corresponding to interaction upstream of the measurement
plane was not observed. The trends indicated by the present data
are consistent with similar measurements made elsewhere in the
compressor annulus.

Rotor exit flow data for seven radial positions but only one rotor
sampling position, YOR/SR = 0.0, are presented in Figure 12(f).
Axial velocity variations indicate a general decrease in wake depth
from hub to tip and a circumferential shifting consistent with change
of blade twist (see Figure 19) except at 95%. The curious circum-
ferential shift at 95% PHH is not clearly explainable, but it possibly
is due to tip scraping and clearance leakage effects. Radial velo-
cities and angles show tip scraping and clearance leakage effec£s at
90% and 95% PHH. The outer casing boundary layer extends to 957 PHH.
A hub boundary layer is not apparent in the velocity data for 5% PHH
although radial velocities and angles do indicate the preéence of
secondary flows. At 10% and 30% PHH, deep interacted ;ake regions are

observed while shallower noninteracted wake regions are seen at 70%

and 90% PHH. IGV wake effects seem to be more apparent toward the

tip, possibly due to the smaller amount of rotation of the chopped IGV
wakes involved there.

First stator periodic-average exit flow data for 50% PHH and six
rotor sampling positions are presented in Figure 13(a) with associated
cascade plots in Figure 14(c). It is obvious that the first stator
exit flow is much more complicated than the first rotor exit flow
because of the stator, rotor, and IGV wake interactions involved. The

stator exit flow variation with rotor sampling position will be discussed




—— 0% P
——50% PHH
4_

Figure 19. Compressor rotor blade sections at hub, midspan,
and tip locations.
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first. As mentioned by Kerrebrock and Mikolajczak [2], the chopped
rotor wake fluid tends to move from the stator suction surface to
the pressure surface because of the slip motion in the wake (see
Figure 17[b]). Such flow in a chopped rotor wake would tend to
result in locally-reduced flow and increased deviation angles on the
suction side of the stator blade with an accumulation of more slower
moving fluid on the pressure side. The deeper stator wake regions are
those corresponding to rotor sampling positions YOR/SR = 0.0, 0.69,
and 0.83, with the deepest wake region being associated with YOR/SR =
0.83. For rotor sampling position, YOR/SR = 0.83, the larger tangential
velocities of the chopped rotor wake fluid appear to cancel the
smaller tangential velocities of the stator wake fluid with the result
being only a small amount of circumferential variation of tangential
velocities. Also, the outward radial flow of the chopped rotor wake
fluid cancels the inward flow of the stator wake fluid. The flow angle
tendencies of both the chopped rotor wake and the stator wake seem to
add together. For rotor position YOR/SR = 0.5, the stator wake is
least affected by other wake fluid as it is most like an isolated
stator blade wake. Whenever the chopped rotor wake is clearly discerni-
ble at the measurement plane, YOR/SR = 0.0, 0.69, and 0.83, it is
interacting with IGV and stator wake fluid, and thus, its distribution
tends to be characteristically spread out and shallow. For rotor
position YOR/SR = 0.34, little of the chopped rotor wake fluid is iden-
tifiable at the measurement plane.

First stator exit flow data for 10% PHH are shown in Figure 13(b)

with related cascade plots in Figure 14(a). As the rotor blade passes
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in stop-action sequence from YOR/SR 0.0 to 0.69, the effect of chopped
rotor and IGV wakes on the stator exit flow may be clearly seen. For
rotor sampling position YOR/SR = 0.0, a nearly isolated (noninteracted)
stator wake region and a separate and distinct rotor wake/IGV wake
interaction region are present at the measurement plane. For YOR/SR =
0.34, the stator wake region is slightly deeper with a wake sequence

of stator-rotor-IGV for Y/SS = 0.0 to 1.0. The rotor wake/stator wake
interaction occurs just upstream of the measurement plane, and thus,

the stator wake region is of the interacted variety. For YOR/SR = 0.69,
the wake sequence is stator-IGV-rotor, with an appreciably different

flow pattern from the ones for YOR/SR = 0.0 and 0.34. For YOR/SR = 0.69,
the large axial velocity deficit at Y/SS = 0.6 is the result of an

IGV wake region. The rotor wake/stator wake interaction occurs downstream
of thevmeasurement plane. The rotor wakes are easily identified in the
tangential angle plots.

Stator exit flow data for 30% PHH are shown in Figure 13(c). The
deepest stator wake region occurs for rotor sampling position YOR/SR =
0.69. The corresponding cascade plot indicates strong stator wake/
rotor wake interaction at the measurement plane. The least influenced
stator wake region occurs for rotor position YOR/SR = 0.34. 1In this
case, the velocity and angle data reflect expected trends for a
noninteracted stator wake region. For all of the rotor sampling
positions, the tangential angles are the most sensitive indicator of
rotor wake location at the measurement plane.

Stator exit flow data for 70% PHH are presented in Figure 13(d).

The rotor wake broadly influences the stator exit flow and makes crisp
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delineation of effects difficult. The deepest stator wake region is
measured for a rotor sampling position of YOR/SR = 0.0, consistent
with the cascade plot (see Figure 14[d]). For this rotor sampling
position, the stator wake/rotor wake interaction is occurring just
upstream of the measurement plane. Radial velocities show classical
outward rotor wake flow and inward stator and IGV wake flow.

Stator exit flow data for 90% (Figure 13[e]) indicate broad
influence of the rotor on the stator exit flow. Thus, as at 70% span,
wake interaction effects are relatively difficult to sort out. Deeper
stator wake regions are associated with stator wake/rotor wake inter-
action just upstream or at the measurement plane. Tangential angles
are again good indicators of chopped rotor wake influence location.

By looking at the stator exit flow from hub to tip for three
rotor sampling positions, namely, YOR/SR = 0.0, 0.34, and 0.69 (see
Figure 13[f-h]), several observations can be made. Boundary layer
growth has extended to 90% PHH behind the stator, compared to only 95%
PHH behind the rotor. An upstream effect of the second rotor on the

flow at the first stator exit measurement plane is not noticeable,

although small (less than 4%) upstream effects are probably present.
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5. CONCLUSIONS

Summarized below are the conclusions reached after studying the
periodic-average flow data acquired to date. Further data analysis
and acquisition are being continued.

The IGV suction surface flow is separated at all radial locations.
1 The separated flow appears to involve unusual unsteady effects that
deserve further observation. The IGV exit flow is also complicated by
noticeable first rotor upstream effects at the measurement plane.

The chopped IGV wakes move downstream within fixed avenues.
Imbedded rotor and stator periodic unsteadiness was found to be
appreciable in portions of the compressor annulus, depending on the
extent of wake interaction involved at the particular location considered.
The concept of chopped wake fluid flowing in the general direction of
the slip velocity appears to be verified by the present data. Chopped
wake interaction with the suction side fluid of a blade section typi-
cally resulted in locally large deviation angles and small axial
velocities. As a result of wake interaction, tangential and radial
velocities were observed to cancel, while tangential angles added.
Behind the rotor, large differences in flow fields could result from
rotor wake/IGV wake interactions. Behind the stator, stator wake/rotor
wake interactions did not lead to as much variation in flow fields.

Stator wake/IGV wake interaction effects were difficult to discern,

even though IGV effects could be seen at most spanwise locations. ‘

Secondary flow effects were noticeable in some cases near the hub, while

leakage and scraping effects were discernible near the tip. Outer
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casing boundary layer growth was evident from the first rotor exit
flow to the first stator exit flow.

In general, the periodic-average flow was orderly and explainable
with consistent wake transport and interaction plots and physical

reasoning.




10.
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7. APPENDIX A: CALCULATOR PROGRAMS AND STORAGE

Calculator data acquisition and reduction programs used in the
present study are listed in this section. All programs and data are
stored on cassette tape and are labeled and indexed as specified
below:

Flow coefficient program: Calculation of overall flow coefficient from
flow rate venturi meter data. Cassette 4C, file 16.

Actuator position correlation program: Linear least squares correlation
between actuator potentiometer voltage readout and actuator
motion for probe and circumferential positioning actuators.
Cassette 4C, file 3.

Hot-wire effective cooling velocity/actual velocity ratio calibration

program: Calibration of hot-wire with respect to sensor yaw angle,
pitch angle, and velocity for the determination of the ten
coefficients in Eq. (6); consists of two parts: 1) calibration
data acquisition, and 2) least squares calibration data corre-
lation. Cassette 8B, files 8, 9, 11-13.

Hot-wire linearizer velocity calibration program: Velocity calibration
to determine the four polynomial coefficients required by the
anemometer linearizer through a least squares correlation of cali-
bration data. Cassette 11B, files 2-4.

Hot-wire second order velocity calibration program: Velocity
calibration to determine the three coefficients in the second
order velocity calibration Eq. (5) through a least squares
correlation of calibration data. Cassette 11B, file 5.

Periodic-average hot-wire data acquisition program: Acquisition
of hot-wire, periodic-average, three-dimensional, circumferential
survey data. Cassette 11B, files 5-7. 4

Periodic-average hot-wire reduction program: Reduction of periodic-
average hot-wire data to obtain three-dimensional point flow-field
parameters. Cassette 11B, files 8-18.

Periodic-average hot-wire data: Storage of periodic-average hot-wire

data obtained with the single inclined hot-wire sensor in the

research compressor. Cassette 11B, files 57, 58; data cassette
#1, files 1-40.
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8. APPENDIX B: PARAMETER EQUATIONS

The equations used in the periodic-average measurement system
for the calibration procedures and the acquisition and reduction of
data are presented below. Symbols and notations are presented on page
xii, while sign conventions are generally shown in Figure 10.

8.1. General Parameters

8.1.1. Basic Fluid Properties

; 2
Barometric pressure, N/m :

h

Patm = hg@t [1.0-0.0018 (tbaro-273'ls)] th@273°K (B-1)

baro

Density of air, kg/m3:

Patm
P=Re (B-2)

Specific weight of water, N/m3:

v. =5 [ 996.86224 + 0.1768124 (= t - 459.67)
H20 8. 5
- 3. 64966 % 10~ c% t - 459.67)2
56 -9 3
+5.00063 x 107° & t - 459.67)7] (B-3)

8.1.2. Blade~Element Quantity

Percent passage height from hub:

r-0.14224

PHH = ( 0.06096 ) x 100 (B-4)

8.1.3. Miscellaneous

Venturi volume flow rate, m3/s:

28cYHZOAPvent
Qv = 0.05229 (B=5)

(o]
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Blade velocity, m/s:

e

Calibration nozzle jet velocity, m/s:

chYHZOAPn
V= presiigehn g (B-7)

Venturi flow coefficient:

U=

Qv
cbv = —A—lt (B-8)

8.2. Three-Dimensional Periodic-Average Hot-Wire Parameters

Effective cooling velocity, m/s:

V =K, +K
e

1+ KE + K3E12 (8-9)

Sensor yaw angle relationship (see Figure 8):

cos o = cos O, cos 6 cos 6 + sin 6. sin O (B-10)
0 P y 0 P

Effective cooling velocity/actual velocity ratio:
2

2
Vé/V = bO + bla + bzep + b3V + baa + bsep

2
* b6V 5 b7a9p - b8aV + bgepV (B-11)

Absolute tangential flow angle (see Figures 8 and 9), degrees:

e ™ P * Y ote™ %0 (B-12)

Radial flow angle (see Figure 8), degrees:
Br = —ep (B-13)
Radial component of fluid velocity, m/s:

V_=7Vsin g (B-14)
r r
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Axial component of fluid velocity, m/s:

Vz = V cos Br cos Be

Tangential component of absolute fluid velocity, m/s:

Ve =V cos Br sin Be

Tangential component of relative fluid velocity, m/s:
]

Ve =Y = Ve

Relative fluid velocity, m/s:
2 2
g '
v J(Ve) + (Vz)

Relative tangential flow angle, degrees:

f sin~ 1 vy 1Vy)

(B-15)

(B-16)

(B-17)

(B-18)

(B-19)




! 9. APPENDIX C: TABULATION OF PERIODIC-AVERAGE HOT-WIRE DATA

The periodic-average circumferential survey data are tabulated in
this section. The data represent flow field parameters downstream from
the IGV row (station 2), first rotor row (station 3), and the first
stator row (station 4). Each vector is completely defined by velocity
magnitude, tangential flow angle, and radial flow angle. The computer
headings are defined as follows:

Y/SS = circumferential spacing, Y/SS

V = absolute velocity, V, m/s

BETA Y = absolute tangential flow angle, B6, degrees

BETA R = radial flow angle, Br’ degrees

PHH = percent passage height from hub, PHH

YOR/SR = circumferential ratio blade sampling position, YOR/SR




gv2°®l 060°*%12 2e.°*S1 000°1 S96°1 vLL°%°12 3065°ST 000°:% SB80°1 O0v9°S2 £00°91 000°1
162°0 #»eE®12 SIe*Sl 9.6°0 22.°1 932°12 6683 °S1 2146°0 2261 2.21°S2 £SL°S1 9L6°0
gre®l Gegg8®lZ 099°Sl 156°0 622°2 I8e®2Z 1EL°S1 S26°0 890°*2 69.L°S2 v1L°S1 S26°0
OES®T LE9®12 19v°S1l S526°0 95g*2 206°22 109°S1 668°C 0.G°1 L0O%°S2 1.S°ST v.8°0
, I1IE*2 862°12 1s2°*°Sst 106°0 »90°€ 116°22 SlIEL°S1 #.8°0 £96°1 66S°S2 68E°ST 898°0
605° 9.8%22 BvI°®*SI v.8°0 9EG®E 60c®£l 161°SI 898°0 €£0°2 916°S2 LS0°ST 228°0
955G %2 £L2°E2 EElL®wI 6%8°0 0L6°E EVO®EC wiB°v1l 226°0 200°2 269°32 e8L°vl 96L°0
S28°2 w9222 8S0°vl 228°0 v15°y 221°92 62S°H1 96L°0 BEV®2 L6S%°32 2vi®vl 124°0
16S°5 9L.%°12 859 °21 964°0 IvE®S BSL°G2 6SI*wI 122°0 #99°1 6.9°52 L29°El SvLi®C
1£8°9 198°31 82.4°01 122°0 095°9 08S°92 "61°ETl SHL °0 102°v 8g8°12 S50°21 022°0
gv3°l~ [E3°12 S¥1°01 Svl°®0 L98°% 959°g2 B806°11 02.°0 v06°0 660°cE2 908°1I1 ¥59°0
EEB®L- 20E®w2 968°8 024°0 008°9 2L6°9C Si5°5 €69°0 219°€ OLI®E2 ££2°01 899°0
2L9°S 680¢S2 906°4 v63°0 888 *® 8222t 21 ®*8 €99°0 LCE®S L.L0°WC ¥2%°€E cv9°0
266 %S 605°%°22 995 %€ €990 020°8 £26°92 vEE ®8 299°0 9Sv°01 S2E°®S2 S66°° L19°0
28c°®9 [L02°%22C £2v°Il 2%9°0 LEE®2T1 6£L°C2 STL°8 L19° L96°8 0S0°L2 5€0°6 16S5°0
vEe®2 B8SE®LT S6S5°El 919°0 EEO0*91 S.6°81 2EP*6 16S°D 906 °0T1 LES®IZC LI9¥*S S9S°0
OE6°Tl Z22n7°Sl 6L1°%1 26S°0 115°01 668°%°21 SIS®°Il S9S°0 ISv®6 $8BE®I2 E£ESE£°01 0¥S°®0
L19°1 O9ES®3T 229°viI S95°0 S2z°%. 626°%°.1 601°E1l 6£S°0 688 °,L 292°32 LvL*1Tl »1S°*0
8vlI°0~- 112° 1 9v8°vI O0»S°®0 892 <418°81 292°v1 »1S°0 144%L €£29°%2 £€£L.°2C1 e89°0
212°C- 00v°®21 9%6°»1 S1IS°0 s591°2 131°51 2Sv*°pl 884 °0 14L°2 0gE®SZ TLE®HT 23veC
96 °0 G0S°31 698°9l 29%°0 6E9°l 001°02 B9 °*Y1 9% °0 S0S*E 9fES®°E2 B829°%1 €L v°0
P cL2°0 v56°31 661°S1 1Iv®0 ¥90°1 I16£°02 LL6°%1 T1v°e0 SSv°®1 w68°% 2 0ST*Sl 1Iv°®0
] > 050%0~- 696°31 1Sv°*°Sl 09E®0 069°0 O0v2°®12 0S2°*Stl 19c°0 LS2°1 11s8°E2 I1S°Sl 09E°0
ESP®0 £.5°31 CEV°®ST 50£°0 I42°1 L04°02 v62°S1 BOE®O t62°1 090°v2 219°S1 LOE®O
2650 296°31 LS55°GS1 LG2°0 SLS®0 0Sc®i2 0SS °®°Sl Ls2°0 L2S°*1 QE1®°H2 2<S9°St LS2°C
c06°) vSS®*51 L2L.°S1 S02°0 APL®0 LL1°12 2EL°Sl S02°0 29S°1 <c29£°v2 6.9°ST 902°0
29S°0 68.°51 1e8°ST »S1°0 ¥85°0 O019°12 24.4°ST »51°0 L02°1 ©88G°92 v2B8°CSl ¢S1°0
8L6°0 929°51 9£L°St 20t1°0 vEECT 8TI1°I2 9.9°ST £01°0 810°1 oOve8®v2 2£8°Sl €01°0
790°l 60£°02 v2L°S1 1S0°0 civ®l 68£°12 2C€C9°S1 2S0°0 L18°1 229°%v2 2%9°Sl £50°C
2c6v°l o18°s51 89S°ST 000°0 205°1 684°12 i3Sl 100°0 809°1 9%0°S2 885°S1 000°0
00° 0=4S/¥0A CO®°0=4S/7H0A 00°0=¥S/¥0A

00°0S=HHL 00°® 0E=HHI 00°0 I=HHd

930 930 S/NW 934 9347 S/NW 930 920 S/nW
8 vi38 A v.38 A SS/7A ¥ Vi3I8 A visd A SS/A ¥4 vi3d A Vi3S A SS/7A
2 NOlivisS
*UOFITPUOD ISTOU WNWFUTW I8 PoYyjlaw Juaw

~-2anseam 33eIdAB-DTPOTIad 9yl YIFM PAUTEIQO BIEP L9AINS TETIUSISJUNDITD 3ITM JO0H °T-D 2Iqel




v6E®l- QE2°31 19v°H1 100°1 752°0 viZ2*6t S13°G1 OGOl S9f°*l Gcz2L*22 58L°S1 000°1
Q8L2°0~- ©52°L1 %86°El L.6°0 9IE®0 B89v°61l 66v°ST LL6°0 £ElL°1 Lv9°22 92L*ST 9.6°0
80 *f—- BO09®LT LS0°wI 0S6°0 9€1®0 I5€°02 2E2°®°S1 S26°0 795 ®2 959°22 08S°®°SI 156°0
LES®T- 9.Lp®31 €18°Cl S26°0 Tv2°0- 820°12 461 °ST 006°0 £SB®1 6C25°EC 2S4°ST 926°0
196 °0~- vE6°B1 HOS*ELl 668°0 660°0~ #6.°12 S6B8°¢1 ¥.8°0 SveE*l LS9°22 v98°Sl 668°0
8v¥9°1- 6£8°31 SS50°ETl #.8°0 SYE®D BIS®I2 995 °vl 8vE8°HD 90S*2 B8€8°22 249°S1 w.8°0
SE9®Z~- £E2°B1 £42°%°21 898°0 28%°0 TTr®te sSss5°¢l 228 °0 60L°F 1.0°22 902°S1 8v8°0
¥95°0 LLiv°®31 £16°01 228°0 GHE®Y GSS2°02 €06°21 9€L°*D 028°*l v26°22 0OEO°®ST 228°0
£1e°2~- B8EI®°PI £20°6 964°0 2L ®0~ L92°% T 3IBLCTIL 1LL°0 8S8°0 6Iv°1I2 S9S°El 96L°0
888 °¢t LLv®02 2ES°L 124°0 EpLoE~ C6L2°12 LBO°TIT S¥L*0 8iv°l= OTT1°61 TSL°1Tl 1.2°0
€2I% ©vSE®HP2 SE0°6 9920 86S%°2~ L06°12 E£E6S°0T 02L°0 SEB®E- GE6°02 21L°01 Svi°0
8979 OlvwelZ 1L0°1I1 02L°0 910°0 Iyv®2c 028°01 ¢vE9°D ov2®2- Sv9°81 801°6 02L°0
ST10°6 ©SL°91 S9v°21 %69°0 i8v°1 GSvS°02 SS5°11 899°0 L9S°*°Z 602°61 LEL®8 959°0
8v.°S 808°S1 60v°Cl 6399°) 822°1 186°81 Ll ®El 2v9°0 8v2®2 G62°1lC £0S°01 899°0
600°S 929°S1 SESC®ELl 2¥9°0 £8S®°0 0.L8°%1T %90°»1 L19°0 B0L°Y ©v96°L1 6.6°11 299°0
gle®y 1S9°S1 289S°EL L19°0 £00°0- 6v¥8°.1 99E°pl 1€S5°0 0S9°2 G9G°*°31 BLS®°El B819°0
IE0®Y 282°91 O0%9°El 995°0 691°0 B832°%1 0vy°*°y1l S9G°0 80c®t CEP®ST 2LL°v1 265°0
T0L®E 269°.L1 ¥89°El £1S°0 G21°0- B826°L1 9eS vl 6£5°0 S2e*0 6c29°bl 526°v1 S3S°0
803 °¢ I182°%L1 9ELC®ET 29v°0 LB0°0 88.°81 82L°v1 vIS°®0 229°0 220°91 v20°St 0vS°0
686°0 98%°LY 662°%1 1Iv°®0 L21°0 L61°8B1 LSL°v1 68Bv°*0 °%0°0- 600°ST 680°S1 vIS°®0
ESE®C O0vg°.Ll SsO0c*v»l 09z°0 919°0 9s6°L1l 1SL°*%l £9¢v°0 088°0 ©8S8°S1 »I10°ST £9v*0
ee v.9°0 Lv1°31 8L45°91 80£°0 047°0 £v2°8l 610°St 21Iv°®0 SBE®0 ©810°91 L88°%1 (lv°0
o 026°%0 GS22°%°81 289°vl .2S52°0 g98°0 SI8°®.L1l 221°ST 09€£°0 I21°1 »69°L1 2L2.°vl 09E°O
985°0 2¢1®L1 0ES®°Hl S02°0 LO0T®*0 6950°81 09%°CS1 60E°0 S29°0 €£40°B1 508°%I B80E£°0
PS8 °0 9HveLl SiIvevl »S1°0 G8E®0 Suve8l Q€SS LS2°0 8S0°1 009°3% 6S8°v1I .1S2°0
20E®0 GS9S°.L1 1I8S°»l £01°0 L22°0 .Lv2°8l vl13°ST 902°0 8.S°0 022°02 180°Sl So02°0
O9& *0—- 665°%°L1 96v°»1 8.0°0 19t°0 v91°81 229°S1 »S1°0 SETI®T 295°02 L61°ST »S1°0
6ET®0 SOL°LY l£2°91 1S0°0 SES®0 E0v°Bl 2E®°ST EOT®0 092°T ®dLE°02 £SC°ST £01°0
688°0~- 2lc*2l BEC®wl G20°0 26t1°0 698°R81 9lE °St 2S0°0 S16°0 J81°%°22 LES®ST1 2S0*C
005 °0~ Ot2°21 O010°%I 000°0 901°0~- Sv6°61T S22°ST 000°0 822°1 Z228°12 B809°ST Q00°0
00°0=H¥S/30A 00 *0=¥S/¥0A 9£°0=2S/¥0A
00°06=HHd 00® 0L=HHC 00® CS=HHd
: 9340 530 - S/W 930 934 S/N 930 930 S/N
” ¥ VI3E A vi38 A SS/A ¥ V1368 A vi3d A SS/A ¥ V138 A vVi38 A SS/A
8 2 NOIlV1S
*(penuriuoy) °*1-D 3rqel




92

ciz*e vEE®6L Lc20%2¢ 000°1 GSSH*0— LEL°LY 214°12 000°1 290°1 EBE®LY S5Sv°12 100°1
006G °¢ LLB®EL 12p®22 LLi6°0 9I1°0—- 200°L% 6GL° 12 GL6°0 v2ZL°t I0C®.v 3Lv°1C 9L6°0
so2*t LEBCEL GwHp o222 0S56°0 SEH°*O 862°9% 196°12 S26°0 €gc°l ovEe*By 1C00*22 926°0
95 *0 JIBE®S9 14522 925 °0 £€82°0— ¥SL°LY vHS°22 GL8°0 £16°1 sEv6°8Y lu2®2e vie°*0
899°0- E£c6°%S S6£ °22 658 °0 €€B8°0- 200°8Y ©9.L°22 v¥28°0 gcvel SSvesy 10L°22 228°0
155 ®0- 252°cS BG2°22 SL8°0 G2G°*0—- 69S°.L¥» £16°22 2cL.°0 cel*t 048°0S 568°2¢2 22.4°0
891¢I- »31°8Y 085°12 8v8°*0 G66°0- L6S°*°8H v92°fZ 02.4°0 0oegs°*1 L12°15 126°22 02L*°D
835G %°0- LEI®LY 6083°12 228°0 880°0 6%¥0°6% G96°22 893°0 996 °1 668B®° 1S L60°E2 049°0
61I8°1l- EET®.Lh BLE®ZCZ 1LL°0 £v0°0 SvS*°6Y 18g°e2 029°0 0scsec £6E°cCS 2v0®f2 919°0
666°1- H5E®°.% L23°22 61L°0 6se°*1 2E9°6Y Sv6°22 Cc6S°0 %91 °FE 98 °Hs Iv6*22 S9S°0
EG2®1- SE€S®Ln Hivp®2C 899 °0 6%6°1 9L6°0S v#v2*°E£2 S9S°0 1G2*¢ Y78°SS £ 00°E2 O0vS®0
EST®Il= IS1%:.» Liw®22 L19°0 12g*¢ 212°2S 1ev®°€2 6£S°0 BE6*Y 20%LS tvS*2e viSs*0
L05 %)= 0985°%.imn 205°22 99S*0 9c0°*Y GOE°*HS GG2°f2 ¥vIcC°*°0 621°S vivea8S 99v*22 €8v°*0
S6E®*D0- 01L.%*9v 980°22 v1G°*0 926 °*S »EB*I9S 298°22 88¥°*0 €£L6°S v2e®19 32E°2¢2 29v°0
S22V 0= 2G.°8% 125 °22 v9+h 0 #61°9 v60°6S 8f£G*22 S9¥°0 £21°®°8 2ZS1°%9 8HhE®* 12 9EVP*O
98t *0 n2Z2*s8hy v88°12 2Ilve0 6G2°8 2l2°€9 906°12 LEV°O 98L °8 ISB8®°39 =Zc0*22 2Iv°0
£ECE D Ve OLY 96L°%°1C 6SE °0 680°6 9€1°89 6912 1i1v°0 YGSE®0T Olve2L 284°%12 SPE®O
264°0 987 °E% IS5 °12 BOE *0 9c20o°8 co0v°0L 622°12 S8E°O SEr®ll LSS°S. B68B®°IZC 29t °0
YA ¢ 6vhe8Y L2L°12 £8BZ2°0 6SE*9 09S°*°£L 122°12 09€°0 BCO0°TI1 ©.8°%°% s 1.6°12 SEE®O
9gs 1 0L6°%5Yy LiB3®°1c LGP °0 £LE®D £19°%L GL2°02 %¢£E€°0 cYE®6 ©v26°6L cES*IZ2 60E£°0C
22v°2 chh°*2S wv8 12 1EC*0 298 °2 £21°EL 4L€£0°12 60€E°0 6SS °¢ 2ec®ila SgEc*1e 2eec*o
9GS %Y LS0°nS LsE®L2 S0c¢°®0 I01°0— 261°%9 191°12 €82°0 EEE ®c—- [98°SL v9l®le2 LSZ2°0
53.L°S 016°9S L82 °12 081 %) 829°0 Gl18°2S .85°02 €52°0 6SH°S—- ¥B8S5°H3 9012 £2*0
SYP6°9 E£90°19 061°12 vST®°0 1.L6°0- S28°6Y 82S° 12 1£2°0 S06°S- T£0°®9S Se£2°lc 902°0
I167°6 ©%B89°E9 .85°02 821°0 6%9°1- 62£°8% 8.9°1Ic 902°0 920°®E~- 855°6v 201®°12 I81°0
L3E°0T1 25e°69 €£1°12 £E01°0 066°0- 9EL*LY £€25°12 081°0 TI8°l- 190°5Yy Z2.1°I2 »SI°0
158°6 8H2°2L SSH®12 LL0°0 $99°0- 2f£f0°8Y% 24G°12 SST1°0 SL9°%0—- 222°%°5%v 9%2°12 621°0
Sel®s ISE®LL 12L°12 1S0°%0 6L2S*1- 220°8%Y g8egg°*° 12 £01°0 SOt ®°0 £29°6v [.L1°te 201°0
6LL®S 2O0E®LL wEHB®C2 S20°0 sg82°o0 GG9°.L% 10%°12 2<0°0 oze°t 2ic®*s5y OEE*I2 €50°0
2IE®°E 668°c,. 628°22 000°0C OIS°*°I- /LSE£°*°8% vEHe22 000°0 £L0°%1 OvS®°Ev SE6°12 000°0-
ZEO=8S/H0A 00°0=HS/7H0A 00°0=¥S/780A
Q0®°01l=HHd 00°0I=HHJI 0C®S =HHo
934 9340 S/N 930 2330 S/Nn 934 33 S/N
¥ Vv1i38 A vi38 A SS/A 8 V133 A V138 A SS/A ¥ Vi38 A vl138 A SS/A
£ NOIL1viS
*(penuy3juo)) °T1-D 3Tqel




SEZ®l 8cB°SY 103°I2 6566°0 ¢87°0 0OvZe®8v £6v*22 000°1l €E%°01 B818°2¢ c15°12 000°1
€S2°1 weS°SH 113°12 9.5°0 985°0 <cle*Bv 9Iw®2Z SL6°C BIB®°01 6H0°SL 2S0°22 Li5°0 .
102°T vi1°%9% &9L°12 926°0 L26°1 GEB8°BY S06°22 ST6°0 SS5°01 529°3L 82L°12 255°0
LOE®T E29°SH £22°12 ve8°0 S6E °2 0GB®°5v SE€E6°Z22 668°0 LL2°L BYP®EL EE6°12 $26°0
1€8°0 GEO°*SY 86L°12 228°0 v668°2 615°0S £96°22 SL8°0 L9LC®°E 059°39 IE9°12 668°0
Z6E®T 819°SY 803°12 1..°0 6ET®Y ©vp9°2S 902°EC 6¥8°0 LIT®0- 230°35 L1I3°12 v.8°0
“ S0E®1 826°Svw 125°12 SYL*0 I659*p $20°SS B8CY*EC 228°0 9IL®0- 0vS°8v B8LL°12 B898°0
] 0.6°0 ¥28°S® 9vv°®l2 02.°0 166°S <cTHl®LS £S2°E2 96L°0 SEI®LU SEB®9Y £29°12 228°0
L09°0 800°9v 26&°I2 559°0 £L8°L SE9°6C 099°22 <TLL®0 3BL5°1- G2S®Lv 182°22 954°0
og2el 66E£°LY 296°02 899 °0 Yev S LEL®P9 388°22 SvL°0 192°1- v06°Iv SBI®22 12.°0
10n°T 832°% 1£9°02 2v9°0 I81%9 €£2.°99 ZES®ZC 02L° (21°l~- SYE®3v SLE®2Z 02L°0
22E®E 2v6°2S 269°1 S19°0 6L1°9 €98°0L 91v°22 ¥59°0 I£8°0- 6E6°SY [2v°22 899°0
991°E £08°9S L.49°%°61 155°0 £95°S ZIE®ZL 65S0°22 €99°0 IL2°0- 818°9% 0c2°22 L19°0
EVS®S 201°29 96981 S95°0 150°S 96S°hL LS1%°22 299°0 9E2°0~ 22v°®3Iv LEZ2®22 S95°0
¥SE®8 S2L°99 8ll°B1 O9Se0 SHYB°p» £SS°SZ vEY*IZ L19°0 VOE®O0- SS6°9v ISi®°22 viIS°O
I1.°8 (S9°89 €20°61 S1S°0 E91°E L.LE6°0L 692°12 15S°0 Svl°0 0220°Lv 258°1I2 £99°0
20S®L L12°83 L0t °S1 06v°0 910°0 08S°09 121°12 S9S°0 <200°0- 506°I¢ wil°®l2 1lIv°0
681°E L18°19 613°81 29v°0 cre®l- L16°0S £66°02 6ES°0 ©.42°1 €£48°3% £Iv®1l2 09£°0
828°0 6.8°%°25 1E5°E1 9€EV°0 10C®2- 0€61°% v £69°12 vIS®°0 6&HE°l 128°3t £35°I2 BOL°0
62£°0 GSL°L% wll°®°81 11v°0 800°2—- CE£C®°Iv ZvL®IC €3v°0 +wIS®l 2L.°L% 108°12 8S2°0
£91*1- 668°SY 00S°61 9€¢€ °0 208°1- 679°SHy 599%12 £9v°0 993°1 +vIS°5v 82812 2€2°0
o SSp 0= SE0*SH 2EL%61 03ESO 122%1- 996°%yy 2Z9E®IC I11v°0 wELI®2 9I8E°l5 E£10°22 S02°0
L3 1€8°0~ BEG®SY £60°02 vEE*D 212°0~- 9S1°*3%» 622°1C 09£°0 B9E°E Ev5°ES 996°12 081°D
9.1°0 1Iv.L°S® S81°02 80E°C EEE®0 8YESLY £62%1c BOE®D SE9°Y =212°I5 £26°12 »SI°0
952®i 08G°Sv 162°02 L52°0 VEC®T HOE®LY £€0°12 LS2°0 SES®S CP9°5S 25L°12 621°0
EYY°0 LTL°S® %25°02 S0Z°0 6SE®T GBY°LH 822°1C S02°0 OLE®3 S2v°29 v63°12 »01°0
982°0 252°9%» 281°12 SS51°0 0GS®1 CEI®L% ISE®TIZ $S1°0 L3L°01 £31°33 tevpeiZ L10°0
v21°1 1L0°97 v2E°®1Z SO1°0 OET1°®1 2GS®.% 5eL°1C E€01°0 BEZS®ST 648°39 £e2°l2 1S0°0
0%0°1 980°9% 98v°l2 150°0 OTL°1 126°.%v v88°I2 2S0°0 9vI®tl £0v°2L ESveIZ2 920°0
OEL®0 LS5°%S? B5E£L°12 000°0 Svy®l .25°8% SvI®°22 000°0- Cv8°0T 05I°Y. 9E0°22 000°0-
00°0=dS/HO0A 6£9°0=5S/30A YE®Q=YS/¥0A
00°0€=HHd CO0°®0I=HHd 00°0 I=HHd
|
930 ©30 S/W 234 934 S/W 930 930 S/k |
¥ vi3E A v138 A SS/A ¥ vi3s A vi3g A SS/A ¥4 v1i39 A vi3e A SS/A .
€ NJILV1S
*(panurjuo)) “°T-D ITqel




94

S6C°0 0E€0°*2» ££9°02 000°1 9LT1*0- %13°2%» €£€08°02 000°1 Sol° LL1°59 BSI®22 000°1
v6c*°C SEvE° 1y 9S*°QCC 946°0 313°0— £€8L2°2H% 099°02 2.6°0 Ivs°l v58°19 608°22 946°0
vEE*O €E69°1% 91€°02 S26°0 06%°0— 626°2% 691 °02 S26°0 25t *0 2aveps L1L°22 0S6°0
010°*0- €€Z2®*2% 161°02 S28°0 L88°J— 8¥0°EH 920°02 668°0 Y90 ®0- 65.°6v 959°22 S26°0
102°0- »1€*2Y% viIe*61 228°0 602°0 G62°EY 214G °61 ©v.i8°0 9LE *0 vovveIe IET®22 668°0
66v°0- L0S*CH GBI*61 12.°0 969°0- L66°FCH 109°61 8v8°0 868 °0- Bl.L°Sy Ivce®2cZ »i8°0
2S2°0- 221.°%°cEH» BE9°*61 S¥%.L°*°0 £€G2°*0 €20°9H» 9Hvv *°61 S28°0 S6E ®°0- LV0°Sv £88°12 8v8°0
£60°0—- 1SC*%H /¥9°61 612°0 899°0 LSY*L% 222°61 L6.°0 155°0~- 20L4°py 855°12 228°0
S¥0°0 CS13°Hy 9GL°*°61 ¥69°0 1€0°1 961°6% 92G°61 €£€24°0 £2E®°0- v00°vYy 6.5°12 L6L°0
19€ *0 322y HHL°*°61 699°0 QG2 2 26S°0G 202°61 9v2°0 Ov0°®°l- £38®°z-v SES®IC T1.°C
2gc°*l1l PE0°SY L£6°61 2H9°0 v02°S S¥S°1S 029°61 £22°0 699 °0- SB8v°zv Ivi®lZ 61L°0
2ng *0 C56°SH 99£°02 L19°C £20°6G 00%¥°€S 10S5°02 v69°0 2583°0- 212°h% £10°12 899°C
igcé 64S°3% L92°02 265°0 402°5 082 °ES £€£8°02 899°0 031 °0 Sve®evb 2vS°02 819°0
S00°fE LLE®IY 69%°*02 S9G°0 6G2°*S 182°%S 981°12 £€%9°0 I185°0 8v6°cy vcl®02 S9S°0
glg°*2 LE0°*°8Y 0O¥B8®°0C 6£S°0 69c2°*Y LBE®9G g£S*12 L19°0 CELI®0- 950°5Y 60E°02 ¥vIS®0
G684 °C L1C*°5% 8C6°02 9IS°*0 G882 *F LSCE°*¥S £l2°*°12 26S°0 850 *°0 vv9°Sy 10E°*°02 E€E9v°0
10€ °¢ LB6°1S €€V 12 6€%°0 66¢°2 089°0S L€£6°02 S9S°0 0S1°0 6S1I°3¢v (3£°02 21Iv°*0
£6C°*S 0LH°*°%S €80°12 €9%°0 92 *0 €Iv°9% IST*12 C¥E®0 gige*l 00v®3y 250°0C 6SE°0
c61°S CEE®IC 6SE* 12 6EH°0 ve2E°*o 882°EfY S99 °02 SIS°C IvS®2 L1I2°3v 9ES5°®°61 BOE *°0
689°S 630°5S5 HH2*12 11Iv°C BLE°0—- 09.4°2% 8CL°02 68%°0 £61°%v 0GS®0S 459°561 LS2°0
806°2 1GE®2C 29S*12 28£°0 60C°*0 860°2% 89 °02 29%»°0 6L8 °E 69S®25 B2c®02 2t2°*0
%96 °0 SY0°9%H 12G°*12 HKSC*O ggo°0 82L.°1% 6£€°02 11v°0 clveg 2is®*»s 11012 S02°0
£ve°C 1L6°%h £€RE°12 YEF°O 2Lc*0 12€°2h» £€8E£°02 6S£°0 12v°S £E62®*3S 9v0°®°1i2 0SI°®0
LE€EL®T #G6°2%7 0%¥6°02 60EL°0 24S%°0 s02°2% 16S°02 80€°0 18v *s BtE®*3S BeS®I2 vSI°®0
286°0 eIC®cYy H2c6°02 LG2°0 48 Eadh | %0.°1y 81v*02 2S2°0 £58°S £29°09 t120°c2 s82i°*0
g0c°1 ¥9S°2% L12°02 902°0 6%2°0C 960C°*2Z% 20S5°02 902°0 63c°L v68°25 S90°22 £01I°C
c€2o°*1 SiLE*2% 6S9°02 GST°0 960° 1 I»2°2%» 2€S°02 #»S1°0 61V °S LES®YI O1v®22 240°0
£I1°T L68°1% 129°02 €£01°0 920°1 299°2y» 8S9°02 £01°0 SO08 °*Y L58°:9 cEg®2ce 1S0°0
090°0 L91®°2y S2.°02 1S0°0 o1c°o0 64S°1y G09°02 2€0°0 satlee 8v¥E°®*5S 095°22 S20°0
L2€°0 ¥S8°1H» 0¥9°02 000°0C- 29£°0— 8¢Z6°1H» G9¥S5°02 100°D I0OE®0 506°%S 908°22 000°0
LT1°0=8S/740A 00°0=US/7H0A cv*0=8S/530A

00°0S=HHJ 00°0S=HHJ 00°0E=HHO

34 930 S/NW 930 930 S/N 920 933 S/N
4 VL3868 A vi38 A SS/A ¥ vi38 A vVli38 A SS/A ¥ V138 A vi38 A SS/a
€ NOIiVLlS

*(panujiuo)) “T-D ITqEl




S*°02 000°1
9°02 9L6°0
v°02 926°0
1°02 %.8°0

vee v RI0°2G 208°LT 000°1 199°0 A16°Ey 160°61 000°1 89€°0 6S5°2% 80
P
1
S
10°02 #%28°0
¢]
6
0

8

£61°9 E€99°8S 622°L1 LL6°0 662°0 G88°1ly £2%°61 9.6°0 £20°0 8L0°Ev 1

€€9°C 2.9°19 L29°L1 0S6°0 £SH*0 O%TI°IHv $G9°61 0£6°0 260°0—- 8LE°TY 9

6S9°S ¢28£°29 H26°L1 SZ6°C %60°0 86S°IHy H»S6°61 #.8°0 811°0 «224°2v 1

1 620°€ 1.%°8G SHH°81 668°0 €ESH°0— HH1°2%» 9v6°61 228°0 S40°I- 869°2Yv S
606°61 T.L.°0

£

c

£

2SE*2 9L.L°0S S19°8T1 #.8°0 N18°0— L80°2H» E£%8°61 1.L°0 22%°1- £€89°2Yy
9°6! 02.4°0

906°0 61S°SHy IGSI1°61 9#¥8°0 22€°0—- 988°1y SEV*61 612°0 S98°0—- SO0E°E£Y
1£40°0- I99°1% $99°61 228°C v¥9G°0- 61€°2y »2.°61 899°0 01£°0- 688°FEY 8°61 699°0
6%1°0 €02°0% LI.S°*°61 162°0 691°0- £S59°2% L#%8°61 L19°0 v62°0—- €SL°%Y 12°02 819°0
¥96°0- 8S0°1IYy 166°61 14.°0 820°l €09°1%» 61I8°61 S9S°0 LIG*0—- £€10°vy 212°02 16S°0
61€°0—- 9IvEC*1ly 610°02 S¥vL°0 1€2°0 001°€y vES°02 v1IS°0 CIT*T 861°%vy HL1°02 99S°0
Y»1°0 O0S.°1% 698°61 024°0 9ST°1 28S°Zy% HLE°02 £9%°0 200°1 GSS.l°%y 9IS°02 6£S°0
¥0.°0- 8E£0°EY SS6°61 899°0 Sl9°1 #HIE°2Y 1vE°02 LEV°O £86°1 €£G9°%y 96£°02 SIS*0
GHS°0— 2€6°2% 0%6°61 219°0 %06°0 L10°E% S%¥9°02 1Iv°0 892°1 GSOI°SHY 969°02 €e8v°0
cofF°*C Svg°*2Hy S21°02 S95°0 0L%°1 L21°2H 9L9°C2 SBE°O ¥49°1 ©€98°G¥ 66.°02 €9%°0
»S2°0 #%Hc6°2H 28¥°02 ¥»IS°O £GL°T 2Egl°CEY 669°02 09E£°0 G8S°1l 9€6°9y £10°12 9t v°0
0g8°*0 11S°1H» 00%v°*02 €£€9%°0 £EV el 0L0°€h» 866°02 ¥»EE°0 L6L2°%°2 125°2% 021°12 TIv°0
66€£°1 26E£°1Y 61%°02 vIV°O S8.L°0 €£€98°€Y I8y °12 60E£°0 Y0€°Y T1.2£°0S 040°12 SBE°O
609°0 2S1°2% 999°02 09€°0 £O0E*T 202°%y ¥€9°12 €82°0 16£°S 29S°1S 2S6°02 19€£°0
60g°1l 1£2°2y €29°02 11€°0 co02°*2 126°9H 99S°12 2G2°0 O®1°S $H2S°9S 21S°12 SE£€£°0
£..°0 S8fI1°EH 868°02 LG2°0 662°2 G9S°9% 609°12 1€£2°0 LSE°*S %v8°9S 60%°12 60€E°0
29%°0 61G°2% LSO0°*12 L102°0 vg92*y 21€°0c 261°12 S0C°0O PES*HY 6HE°ES £¥2° 12 £82°0
6%8°0 99S°2v 2Z1°12 08I°0 661°S €£18°2S €28°02 181°0 £40°2 2%9°6Yv L1Iy°12 852°0
vp1°0 €19°2% 692°12 #SI°0 891°S /9»1°9G 28S5°02 9S1°0 »18°0 892°SY S80°12 1£2°0
£22°0- SG6°2% 8€£°12 221°0 8¥8°E 990°.S 69%°02 621°0 0l €61°vY £56°02 902°0
91C°*0 622°tEY £S0°12 SO1°O Iv0°% 2.8°2G6 0S8°61 £01°0 220°1 9w%9°€Y SL.°02 081°0
6ve*l 0f2°SHy H92°02 L.20°0 662°1 9.L%°8% 990°02 L.20°0 20£°0 69%°tEY vee°02 9S1°0
6%0°1 12o°6% 150°02 2S0°C »SS*0 £22°%y HL1°02 £S0°0 220°1 %00°€Ey 209°02 »01°0
2172°S (%2°2S 019°81 S20°0 0e2°0 $%SO0°€v #HH2°02 L20°0 229°0 ¢261I°Cy £€8v°02 £€S0°0
pE1°E 221°3S £06°81 000°0 400°0- 392¥%°*2y BOL*°02 000°0- H10°0- G22°®°2v Si.°02 000°0

95

, 69°0=US/50A 0S *0=uS/Y¥0A : 82°0=YS/HO0A
] 00° 0S=HHJ 00° 0S=HHd 00°0S=HHd
1
930 9:2a S/W ©3a ©3qg S/W 93a o3a S/W
¥ vi28 A vi3e A SS/A ¥ v139 A vi38 A SS/A ¥ vi38 A vi38 A SS/A
v £ NOILiV1S

*(panurpjue)) “°1-) 219l

ettt !




96

T

Z260°0- 1£1¢0Y% 996°81 000°1 £se 1 L.8°SY 9v8°81 000°1 9G1°1 vo8°/LYv 988°81 C0O0°1
€EE0*0 9290t 100°ET 946°0 GL®°0 S0 .LY %90 °61 9.6°0 SEv 2 9cS*8h 19S°*81 926°0
BL2®*0= LEE®TIY GSUE®BT S26°0 19 *1 LEB*SY 2SL°81 1GS6°0 o911 vi8°6Y SE£B°B1 1S6°0
€920~ 2Se®ly LEE*8B1 SL8°0 886 °1 1v%°GH 608°81 826°0 161°¢ SI¥°0S 6S€E°81 S26°0
2i1S*0- ££¢8®°1Yy 6e8°%€1 228°0 (o} W of 10S*9% L02°61 668°0 gyt 069°€S v22°81 006°0
LOT®0~ CEE*TY GUE®BT 2LL°0 Sqr1°1t 192°9% 10€°61 G.28°0 680°9 124°.GS 81S°81 £28°0
LEE *0 2eEsS®iy 2161 61L°0 s62°2 PHS*9y BEE *°61 8¥8°0 LY6°9 680°6S 686°81 6v8°0
[ XA 6090 9CE®*61 8399°0 291°2 IG2°*.%» 125°61 28°0 82e°*9 ?$6°09 010°02 228°0
66C°*1 50Ty 59G°€el L19°C 191°y 6L6°8Y 18G°61 96 °0 £61°8 SfzZ2*8c £.0°02 L6L°0
LET%T S19*5E 11G%*51 S3S5°0 Q06 °¢ IvR*1S 696°61 12.°0 £20°9 22G°GSG 939v°02 12.°0
gcc*1l Q.L2°5E CvSe6T #1S°0 L6E°C S62*ES C8BL°S51 SvL°0 cgee°’t 166°2S ££0°®°12 Sv»2°0
£40°1 GLl®°5E LES®*H6T £9317°0 gLt 16%°*%C S8Z2°02 022°0 096°0 126°9¢v 1v¥8°02 €1.°0
240°1 OGE®BE 2%9°%°61 9¢ % °0 9vy9°2 6.6°2S 902°02 %¥69°0 £2S5°0 v02°€Y 929°02 %69°0
LPE*0 €ELL*EE Z1L%°€ET ClneC v16°1 LY1*°6% 6£0°02 899°0 822°0- £90°I% 0¢Z9°02 0L.9°0
LIt e} 2€L®BE L29°61 S3E°0 £GG*0 £10°9% B8EO *02 2¥9°0 6.2°0 24.°0% 8%E®°0C 2¥9°0
609°1 2GS®5E $L0°61 09€£°0 cog 0 8BS *EY 2L °*°61 L19°0 68E£°0—- S68°1Yy 96£°02 L19°0
Sof °¢ S05°2H vi6e®Ll vEE®O 9y 1°1 ay8*EY 299°61 H6S°0 061°0- 222°2% L.2°02 S9G°0
I 16 °¢ L1528 S10%41 60€°0 998 °0 BEVYCEY L0L°*°61 GS9G°*0 £S1°0 902*2y 02E®°02 vI1S°C
ovo et 2S6¢1S H$E9°ST 282°0 24G6°1 191°*°2% $G5°61 1%#S°0 IS1°*°0C 22l1*°2y SS9°02 »9%°0
Scg °2 CST°2S L90°LT LS2°0 ol 2 gu8*2y 66%°61 S1S°0 L XA %06°*1v 0SS°02 1liv°0
R AR €©2L°2S J1v®°Ll lEC®O Sortr°1 80G*2y 10S°61 %9H°0 occ*1 108°1y S€9°02 19¢°0
LO6E®0 EwI®CS £8L®°LY L02C°0 122°1 2G2*%1% 202°61 11%°0 CEE°1T 12Z2°1v £9S°0Z €0E°O
162 °0- CSLt®%vYy Bol®lL1l 081°0 gcL®1 £6S* 1y 2%1 °61 0O9fF °0 681°1 896° 1% 62.°02 LS2°0
£60°0~ 06L¢CY §cB8*L 1 SS1°0 [oPA= Rl { yEl*2Hy» 201°61 60E°0 260°1 19¢€°2v S92°0¢2 90c2°0
0SL*0- £€8G°%cL »H#1°Q1 €21°0 658°0 6G6°2% 9€2°61 L2S2°0 IET*t 929°2% €£18°02 »S1°0
BSS®0- 962°6C 2<S°*B1 £01°0 ceT1°1 o»S*2y 601°61 602°0 9%2°0 £08°2Y 6v0°12 £01°0
cvcet vl0°5C £C€°81 L20°0 vog°* 1 I#S*cYy 220°61 #S1°0 804°0 9Gge*°2y vI0°12 2.0°0
61[1°0~ ¥S2°Cvy 0G2°81 250°0 986 ° 0 999°Gy E£E€T°61 €01 °0 6¥S°0- L6V°EY ST1*12 1S0°0
868 *°C LEEC®CY 1S8°81T 920°0 g8v°1 LT12°%Yy [62°81 1SC°0 gvc*1 ey0°2y 9%v°02 920°0
£8¢C *0 $80°1iHv» 3.0°61 000°0~- 1€0°1 0Z€°SH» 289°€1 000°0—- 610°0 £08°%y 11€°02 CO00°0—-
£S*0=85S/7H0A 00°0=4S/H0A £8°0=8HS/Z7H0A
00®*0L=HHC 00°04L=HHd 00° 0S=HHJI
930 ©33 S/N 993G 93Q S/NnW 934 930 S/W
¥ v1i3e A vi3e A SS/ZA ¥ V133 A vl38 A SS/A ¥ vi38 A vi38 A SS/A
€ NOI1V1S
*(penuyju0)) °T-D °Tqel

PRI —

il L




£J5°%°8 L61°SH £29°91 000°1 9lz®l- 901°%° v 292°91 000°t Svg8°y O01S°0% 9€6°L1 000°1
SS8°L 898°%y 08I®°LIl 9L6°0 Sly*0= 221°1S B8SS°B1 946 °0 £EB80°9 ZLE®HBE 9¥6° LI SL6°0
ovw®L 6L1®°EY L25°%°1 0G6°0 LES®Z 6B1°1S 691°81 1S6°0 O11°*3 @8%.2°*°3Bf SO0E®*BT1 1S6°0
8Sv®8 216°cw 22S°L1 S26°0 986 °c tBl®° v IcT®B1 S26 ° 8¥L°S $24°1% £€99°81 926°0
S02°*9 556°3p 91L°L1I 668°0 682°y vvE®9Y OvE°*81 668°0 606°%Y £28°FCY $£0°61 5668°0
808°6 2L9°3% 6£0°L1 %L8°0 998°G Sv2®cwv LS65°81 £L8°0 690°S Z299°vH 616°81 S.8°0
857°. 991°pS .S8°91 898°0 612°S 1S6°6c LL5°6 1 £9E°0 9€EB8°Y GUE°9HY L.28°8T7 8%8°0
vES®0 SBEC®I9 519°L1 228°0 SIS®9 Lll®ge Lev®°61 228°C £G9°2 L6GS°6% €S1°61 228°0
682°h 652°73 B809°91 96.L°0 64L9°9 JSE®BL CEE*61 142°0 OEE°0 €28°1S S2E€°61 264°0
=69°1l £86°%°L9 £23°91 1.42°0 L2249 12l E BEDO®61 61.%0 OvZ2°l - HSE°GS 2L9°61 12.°0
J IEC®0- 696°%°39 203°91 9vL°®0 98 l1®Ss Li2*sc 6[8°*°81 399°0 £€C°0 2.2°2¢ 0£2°61 9%2°0
30v®c S500°.L9 £02°91 [2L.°0 cecey 109°9 22z °81 219°0 Sy *1l- 1S9°0S L£9°61 61L°0
51S5°T 201°32 J220°L1 899°0 £S56°2 ©8S8°%°.L: 152°61 S95° 90.°0 LO6°SH HLS*°61 969°0
£00°S 90.4°%.S 829°91 919°0 IP8°l 62v°BE »12°B1 H1S°0 £42°2 %99°S¥ 609°61 699°0
290°5 €2z°53S 0L6°S1l S35°0 6Pb°*l LEZ2°6E E£L5°L1 %9%°D v0L°C S9%»°SH 902°02 2+9°0
SIS®. #35°5S5 255°Sl viIs®0 080°1T 9iv®ly 9851 21v°0 00L°2 €%4°vy LB8E°61 L19°0
£80°11 890°5% £92°ST 299 °0 949 °0 1LE®BY £SI %L T 03€E °0 ch€E*l 826°vYy 11S°*°61 16S°0
£25°,L 256°3% L9L°ST T1v°0 I96°1 9L9°2S vi6% L1 60£°0 621°CE 999°EY VYEE®°H61 295°0
6%21°3 229°3% 1L4°S1 03£°0 €29°1 915°G5 065°61 £€82°0 6LE*Y L60°2% G20°61 0%S°0
£05°S 2E9°5v 22s°Sl 0lIe°®0 2r9°®l 0%92®sS 515°81 2520 Siv*e v10°2%» SvYI1°61 91S°0
LI1°y 1B81°5% £59°Sl 852°0 £12% E21%°9S c4v°®°61 1e2°0 6.6°Y O0%.2°5¢ 209°81 €9v°0
S»2°2 61S°3% LL1°ST v02°0 899°0C S»S°9s S¥1°02 902 °0 LLS°E G62°0% SSv°8T1 11I%°0
> »52°1 2S8°3n 632°ST 081°0 cec®l 9ve°*yS 139 °02 081°0 0ce*E 228°0% 0S0°81 S9£°0
230°0 041°0S 159°S1 €S1°0 £53°1 $56°2S $65°02 SS1°0 IS2°E +$.40°0%v 06S°L1 50£°0
8S1°0 L99°0c 998°S1 621°0 £88°2 090°8% 0283 ° 1 821°0 S99°1 O010°0% 8%%°2L1 2G2°0
JL1°S 330°3p LS1°ST 201°0 L11¢0- £09°9% ¢E5°61 €01°0 l66°1 H¥2°2% 120°21 <S02°0
L2E° 050°5% 62L°S1 LL0°0 L09°®1= HwEli®hn 62CL®ST LL0°0 618°0 6SL°tEYy 2E0°21 %STI°0
L597°9 SOveLw 2e2°91 1S0°0 €S5L°1=- 0Cc.*S» 30£°61 2S0°0 CET®C 1.9°EY €80°L1 201°0
93E£®3 SEL®3P L3IB®°IT 920°0 ozZv el 169%Ly S0S°81 9200 2I%°E L0£°Ev 28%°.1 £350°0
e08®8 LS59%L% 9h2°Ll 100°0 159°C ©629°% 7 cO1°61l CCC°C- %6L°% €0.°2% BET°E1 COO0°O
00°0=4S/H0A c9°0=4S/780A 00°0=4S/4H0A
00°®S6=HHd 00°®05=HHJ 00° 06 =HHC

930 933 S/NW 93d 913a S/N 930 933 S/W
4 8 Vi38 A vi38 A SS/A 8 V138 A V.38 A SS/A a VL3E A V156 A SS/A

£ NCILVIS

*(panupjuo)) “°I1-D A[qel




L2c®s rw2B*Bt Iyc*9l 000G*1 2nB8°0~ LS8°9E SST®91 0CO°*1 669°0 LEY®SE L.6°91 000°1
€E08°®v 102®°6E SEO®LT 9.6°0 LZ9°%1~ H5S®LE 2v9°91 LLE°0 v.8°0- 2Iv*HEe £05°L1 926°0
£0E°S HOES®6E 28£°L1 S26%0 CI9°1- COB°®YE EEO*L1 G26 °0 6L °c~= S6C°vE L0B°L1 926°0
9039 *S ©B6E°07 BEN®LI ¥.8°0 2lC®%z - (LSO6°EE vlive®Ll wle°®0 Tv6®2— I9Z®vE CcEGeL1 928°0
cec®z 00z°lv S6veLl 228°0 68v°y= 130°c E£G9°LI 228°0 gll°2- 1£0°5¢€ 90E*L1 228°0
619°1- 0.L1°6€ 906°L1 2L4°0 269 °9= BIO0®EE L195°.LT1 124°0 Q6+°0- L1I8¢SE O0GI°LT 122°0
706°L~- 982°SE SET®LL 02L°0 269°G= »I8° 2 0.8°91 0Z.*0 €20 198°9f £06°91 02L°0
28S%E- BEE®HE HB8BB°9T $¥59°0 iB82%= LECE®IE OEB®°91 899°0 v20°®°2 99S*°2E 21591 £99°0
EvS®Il- S86°CE 1¢B®Sl 659°0 R.LB8®0- 229°0t 118°91 LIG°0 So£ %2 L%0°E EY0°91 cvI°0
#1S°0~ CEOCPE 94L4°S1l EH9°0 239 ®0 6H2°%Cc LB80°%°21 S$S9S°0 PSECT O06C°BE LSS®°ST L19°0
e9c*1 169°HE S0S°S1T L19°C 608 ° 82l %<t 165°1 viceC 0Sv°®*1l OS.L1°3¢€ v0O0°ST ©65°0
Sl10®2 B8IS*5E 0CL®*S1 165%0 €5¢ *S Til®%: S20°91 689%°0 91E*l €2£°BE 96%°91l S95°0
LSv*S 680°3¢ 861°S1 S95°0 EQE®9 2%.°9t 189°S1 29v°0 S6£®c e0e*3t gel*vl 1vS°0
$S0°®L 1I81°%SE Z9€°ST S *0 062°%2. G9L%.c LS2°ST BE®®0 60vee 10.°3t T12°vl 9»15°0
cel®sS ¢EgL*°cE L81°91 viIS*0 D2S°6 %20°8f GSS®HT 11+°0 060°Y L69°BE SE0®°H1l 06v°0
#G2°%2 696°2¢€ 9G2*L1 £9%°C LS1%L (LEC*6E IIEL*H1T 98E*0 19SS °c L29C°S5¢E ££1°%1 £9%°C
¢00°*1 #0BUCE 2629%1 21v°%0 602°8 £065°%°6t 0SS °*v1 09f °0 89S®y <c21° i cel°cl 21%°0
165°2 26E£°%EE 989°L1 03¢£°0 £69%,. 50E°0V 2%L°p1 vEE®O PL2°C SEvCLE 28BE®ST (0SECC
8..°% B9E®EE c282%°L1 80€ %0 £2£°*°8 env0°®8t vSS5°»1 BOE®O 841°1 6&i2%°9¢& 902°L1 OIE®O
6E£C*9 £.9°GE 196°%91 L52°0 €I1% 9L0®6E 982 °*°ST £8C*0 96S5¢C— £26°SE 1..°L1 1S2°0
v16%L E£25°%€ SLv*91 2E2°0 010°6 B8CO®BE £05°S1 LS<C°0 096°*1- 2ev®vE G G%L1T 1£2°0C
680°CT £L1°% € £52°ST 902 °0 2lE®c 2e9°2f 60S5°91 90c°0 1E9¢%2- €4%%vE 041%°L1 S02°0
895%9 8.5l 664°ST 181°0 630°1 61t 0ES°91 081I°0 £8E®C- Otl®cE S02°91 081°0
692°Y 0%2°52 H».L1°ST ¢$51°0 glLvee— 100°2€ 9€5°6T »S1°0 ESE*C- 0FCc*ZE cc2*Sl ¥s1°C
L22°1 OEL*0€ 868°vl 821°0 2S6°y- 2el®veE 202°S1 621°0 0L6°0~- SIv*EE OZ1*vl 621°0
21S¢0- 1£2°CZ ££9°p1 £01°0 16T1°c~- SL1°9c E9v°»1 £01°0 2l10°1 SS9°vE 122°€1 %01°C
&6v2°0- E6E°SE TZ2E°wl LL0°0 9€8°*1- 88v°% . C9B®ELl LL0°0 LS5 °2 HOE°YE BES®ELl LL0°0
SO0c®l 5iv®LE £eEv®*vl 150°0 2392°0- 1S 1°@t 090°»1 1S0°0 v2l*2 vSE*LE £9€E°P1 1S0°0
L99°2 %Hi6°5: 25991 G20°0 S6E*T  L0Z2°*°BE Z9v vl S20°C vIveE H20°LE 9€e*vl S20°0
918°*y 1lev*0nv 860°ST 000°0 SIc®l 290°LE 8S2°ST 000°C gl1®2 8SE®°9FE L00°9T 0CO°O
€9°0=xS/7d0A YE *0=0S/d0A 00®0=xS/40A

CO°®C 1=HHd 00®01=HHCJ 00°0 I=HHCc

934 933 S/W 9340 933 S/W 930 220 S/K
¢ vi38 A vi3e A SS/A 4 V128 A V.38 A SS/A ¥ V138 A vi3e A SS/ A
% NOILlvisS

*(penurjuo)) °T-J 2TqEl




BURERBIEE

99

£SS%0- 601°%C »OI®°ST 100°L  OIc°®0 106°Sc LI2°L1 000°1  &S1%C <Z9I°SE I82°91 000°1
$Sv*0- Y6E°EE B8G0°S1 926°0 065°0 Hv6°vE SSS®LI 926°0  ETE®I  0SL°PE 221°91 2160
GES®0- Y6S®EE TO0¥°ST S26°0 v.v°0 O2v°SE O0iv*ll S26°0 €%2°l 8I9°CE 26D °9i 1S6°0
188°0- 020°EE S..°Sl $28°0 2uv°®0 LOT®IE £25°L1 v28°0  %32°1 9J0E°w: $S1°91 S26°0
SL.°0- 19L°2E 601°91 228°0 v5.°2 118°SE »I2°Ll 228°0 92:°2 E10°%E %S3°ST ¥.8°0
£SS%0- LB86°2€ S62Z°91 T.L°0 »0:L°2 129°3% J15941 Yi2%0  220°1 1.5%6c 92°91 22890
£9Z°0 ©v6°2F LLE®OT 61.° .69°2 GS28®LE E£L1°L1 02.°0 086°0=- 6v9°ZE LLI°9T 1.L°0
90G%0 OIS®EE 52S°91 899°0 608°t 660°3:c SE0°LI 699°0  925°C= 9LES2E 2v.L°91 222°C
$EO0®T 22S°Ef S99°91 L19°0 L9%°y ©v9°3c 1L8°91 L13°0  JGE®0  L.S°IE 066°S1 899°0
»v6*1 O23°EE 225°91 69S°0 £99° OIL®SE 925°91 995°0  Z92°I=- BILCIE 299°L1 219°%0
»21° O9E*YE SEL®OLl $IS®0 622° LE2*°3E E£01°Ll E£1S°0  Z290°0- SE6°1E 66S°L1 S9S°0
992%E LGL°YE 06Y°9l 29v°0 S65S°2 ¥5L°LE 6BE*LLI 687°) T21°1- L61°2E€ 960°81 $1S°C
GEZ*y ©68B°vC ZIE®OT PEY*0 »EQ®Z 98S®LE EEV®LI £99°0  SGE®0~ BOZ2°EE BL2®31 £9v°0
80z T16°9C B9E®91 ZIH®°0 S60°c 250°IC E£SH°LY LEPSO  989°1 O0S9OSEE 2v0°Bl 1I9°0
bp8°H OPI®SC HEZ®9T SBE®0 S00°2 62E°IE 229°L1 IIv°0  21S°2 L6L®ZE SSL®°L1 LSE°0
S22°9 E0L°CE 6S8°S1 09E°0 891°2 SO09°HE 822°.1 9B8BE°0  £68°Z GSL°2E L1L°L1 09E®0
62£°S LOB®YE ©¥E6°SI SEE®0 200°0- E£51°vE £28°L1 6S£°d 122°y E€12°2E€ SBZ*L1 EE 0
LS9°S E€6H°EL 69S°S1 BOE®O HL0%0- LL9°ZE [12°L1 vEE®0  €2.°2 8L9°62 £25°91 BOE *0
Ovb®S €G6°CE IGI®ST 282°0 VvEv®c- I9&°PE ¥60°L1 BOE*0  21.°1 966°P2 L1Z2°91 £82°0
Lv0%v L29°1IE 152°vi .S2° 1i%®y— OE9C®EE 2%0°91 £82°0  27.%0- 622°%°62 <c®®Sl LS2°0
92.°1 915°2€ GLS®El 2E2°0 £10°h— vYIZ®EE 224°vl 2S2°0 L.l6°1I- 69i°lE £0L°%1 2E2°0
110°0 190°%E L%.°21 902°C €3c°¢- 139°9L OLI®vl 2E€2°0  965%0 LLES2E PYI°E1 902°0
9121~ 6S9°5€ SHES2I 08I1° 908°2- I.8°If 168°El 902°0 I100°T- 096°CE $69°C1 081°0
2i8%C~- BIPSLE v6v°21 »SI1°0 129°0- vEB®3: 6983°E1l 0€1°0 107°0 02.°SE L9S5°ET SSI°C
2SE®T- S9b°9Z 98%°El 821°0 900°0 LLI®SE 6%5°pT »S1°0  79€E°0- 2ES°9E 22191 821°%0
LEB*0 GO¥®9E 220°%1 vOT°0 2L9E°0 2.9°LE B8S1°S1l 92I°0  92v°0~- 0Z6°SE 993°vI ¥0I°0
9€8*0 Z10°SE 92.°v1 8L0°0 SS6°0 O918°.E 0L8°ST vII°0  21S°C EE2°9E »21°SI 84040
L2v°1 6.L6°E€ 2.2°S1 1S0°0 820° 6.1°9¢ 8S5°91 8.0°0  BES®0= 957 °LE 902°Sl 1S0°0
801°0 LEE®EE S08°SI L20°0 180°0 SIc*9c I9v°91 250°0  LST®0=- S62°9S £05°G! 920°0
GIE®0- ISH*HE S61°91 000°0- €45 °0= L3IE®Ic 632°L1 J00°0  BLY®O- OE2°SE 612°91 000°0
69°0=ES/HOA PE*0=¥S/H0A 00 *0=xS/¥0A

00® 0£=HHd 20 0€E =HHdJ 00°® 0L =HHd

934 93a S/W 93a 930 S/wW 93Q 930 S/w
4 VI36 A Y138 A SS/A ¥ V138 A vi3gd A SS/A ¥ V138 A viIE A SS/A
%7 NCILVLS

*(panuriuc)) °1-D 3TqEl

i L 2 e e g




100

it e e

|2E 1 £62°1€ v06°.L1 000°1 9/.2°2 O0SS°ff vELl*81 000°1 2€2°2 O0SH°1If€ 016°21 100°1
weE*l 92S°*1f 126°4L1 %26°0 2eE0°2 L1E€°EE 0L20°81 2L6°0 £v1°2 6€£2°1€ 006°21 226°0
CETI*1 86L°2€ 2€8°L1 S26°0 YED 2 292 °EE wiL L1l S26°0 SG0°*2 GSE®O0Ff 889°L1 S26°0
GL6°0 122°2¢€ CE€S®L1 €48°0 091°2 CO6°1E 9% °L1 H.8°0 2€S°1 821°62 v1v°21 £28°0
¥Sl1°®°2 GfgB*1lE 801°L1 2¢28°0 #S6°1 $29°2E v2v°L1 228°0 9%S°0 868°82 2.42°L1 228°0
6E6°T Z2%2°0€ 9L8°91 24.°0 642°1 9L2°1E€ 090°LT $2.°0 8.2°0 GS%¥9°62 286°91 1..°0
6GL°1 622°)Ff 918°91 022°0 £19°0 02%°1E L£6°91 12L°0 91S°0~ $€1°0f 92€°91 12.°0
v68°1 916°62 »lv°*°91 69°2°0 ¥€0°0- #€6°0€ B809°91 2.9°0 99€° 0~ $91°2f 8SE°91 €99°0
€22°0 0ES°0€ 802°91 129°0 60S°0 €2£°1IE 622°91 L19°0 €12°0 9€6°2f 1S0°91 219°0
€CeEVT*T 9S%*0f 90£°91 S95°0 668°0 €£60°CcE 668°S1l L9G°0 %GL°0 92%°€Ef 606°S1 99S°0
260 °*1 Z%2°0€ £91°91 O0%S°0O SB8B8°0 [L9S°fEf 868°S1 L21S°0 2EO0°®2 161°EE $.9°S1 91S°0
4310 | £E8I°1E 200°91 %iIS°C 268°0 9vE€6°€C 0GB °S1 68%°0 #G1°*2 2%S°2f 8I1L°S1 16%°0
Slg*l Lvv°1lf€ 806°S1 68%°0 £S6°0 GE6°2E LL9°S1T 29%°0 80S°*°2 8%¥5°2f ¥v9°Sl 29+%°0
oLv°1 199°0€ €£€€2°S1 239%°0 8L1°1T €16°2€ 92G°S1 LEV°O Yv9°T 681°2Ff €£82°GS1 8EV°0
vE€EY°*T <210°0f 662°Cl L£%°0 S6¥°0 068°0f 061°ST 11%°0 v60°1 6%.°0f %S9°S1 £1v°0
L% °0 20€°*°H2 9e6°H1 L1Iv°O £S2°1- 9£S°*°0L 828°H1 L8E°0 ?»90°0~ S8G°6<2 I8Z2°Sl 98€£°0
EEv*1- 600°52 SHS°vl S8E°0 LF88°€—- 0%v°0E 693E°v1 09€°0 S8I°1~- S9¥6°62 89L°%1 09£°0
91S*E—- £€G°82 09Z2°f1l 13€°0 SHy2°e— 220°0f L9S°El S€£€°0 02c°1- cv»e°*°62 ¥SO0°v1 SE££°0
SBE*E— 11L°52 8%2°Ffl ¥EE°O 662°1—- LS1°2E 2S2°E1l 60£°0 864 °2~ 90£°2f S69°F€l 80L£°0
£8E 22— 1£1°2¢ 662°FE1 80€°0 T9F*°0—- 9f£S°fE BCSH°E1l SB82°0 892 °1 199°%€ OT10°€1 282°0
99g9°1- 082°LEL 929°F€l €82°0 C61®1l LZ2C€°%E 6C6°E1l LS2°0 810°2 $24°9€ 692°€1l .G2°0
YEC°1- HOP°EE €6V°P1 LG2°0 61.L°1 212°9F€ 0Owvv°%1 2£2°0 SOv°E 68v°SE v10°v1 2£2°0
982 °0 SH1°2g c68°v1 2€2°0 v36°HY $02°HE 268°%1 L02°0 21.6°2 0.9°%E SSO°S1 S02°0
ZY9°Eg 900*°2f %1IS°*CSl L02°0 v19°H 0G2°SE [99°S1 061°0 SYE£°E BES°YE 6Vv1°91 081°0
€02°2 966°1L 00%°91 1I81°0 LYYy SG2°GE 96E£°91 8SI°0 228°2 E98°EEf 9S6°91 $SI1°0
SY0 °€E 1IS6° 1€ S89°91 GS1°0 86S°% <22S°wE S21°L1 621°0 2EI®*1 BIE®EE 2S6°L1 621°0
gcce*e 2l10°ce S92°L1 621°0 092°2 <c6v%°vE 696°L1 201°0 661°1 181°2f 042°81 201°0
10€°2 B8BE6°1IE L%9°Z21 201°0 £G2°®°2 G9C°*HE 1G2°81 LL0°0 10€°1 129°1€ 682°81 220°0
1tee*t1 1v0°2f 260°€1 €S0°0 ¢88°2 B8O0S°*EE L€£2°81 2S0°0 8£0°2 $66°0f 991°81 250°0
£46°1 09G°1€ S£fe°81 000°0 L0011 616°FEF 999°81 000°0- 094°0 #¥8°0€ 8c»*°81 000°0
%E€°0=8S/7H0A 21 °0=8S/7¥0A 00°0=US/YUO0A
00° 0S=HHd 00°0S=HHd 00° 0S=HHd
934 933 S/W 2240 230 S/N 930 930 S/W
¥ Vi38 A V138 A SS/A ¥ vi38 A v138 A SS/A ¥ vi38 A vi3e A SS/A
¥ NOIl1lvVlS

*(penuyjuc)) *T-) *TqEl

PRAESE R




1
,
.
|

101

£EV°0—- 68.4°32 1€8°2T1 000°1 L61°0 GL6°82 £%S° 4
SErie- seLir sEenit oemiy  felin seelwtfwilseen sinis Zuie doeid seend
- °LT 926°0 8S2°0- 96%°0€ £.v°L1 SZ6°0 . "
$¥20°1- 008°62 18v°L1 $.28°0 E2° 11— 99»S°IE 0GS°L1 o8 0~ $60°2E GLL L1 %L8"0
. S28°0 698 °0— 966°2¢ o o
S16°0- ¥838°0€ H01°.I %¥28°0 296°0- €H8°1lE 291°L1 2 $56e21 26°0
- c8°o 002°0- €£84°2f 290° %
G28°0- SSl°2E #18°91 2.L.°0 €60°0 %89°2£ 169°91 ¢ 0" 51 %140
3 c LL4°0 10€°0 LOS°EE $98° ”
8L4°0- L1L.°2€ 6£S°91 122°0 S00°0—- BEE°EE 9GSV °9l £2.° e o1 0526
6S%°0- 218°€E L2€°91 899°0 021°C 899°€E€ 962°91 5540 76L°0 Coivee 25891 655°0
% 899°0 L64°0 Se2lL°C2¢E il =
gl1°0- 291°%E 090°91 L19°0 £ES°0 L2T°EE 660 °91 ALY %Y. t15'D
v 419°0 6£9°0 009%°I1¢€ " %
S00°1l ®8L°FEE 9SS°SI 995°0 8£8°0 /.28°2E B812°91 e2e01 9920
145°0 ££9°1 €0S°IE 4 .
820°1 G92°nE 998°S1 €15°0 £2s°1 12e°2€ v22°9l coceot £18°0
715 °0 0€ES°*1 0g2°2¢ fE* >
L90°1 6C€0°EE 21e°ST 88%°0 26£°*2 LSO0°Ef 802°91 $5ieot cov0
e 2 68% °0 86E°1 G2f°2g u1° .
€20°0 €£E£%°HE 2BZ2°91 »9%°0 G2c®2 909°€f 68E£°91 € : 6L 6T L6470
: £ 9%°0 IGT1°2 2£9°1€ 86L° &
9%9°1 G61°CE 666°S1 LEV°O 1€9°2 L01°HE 881°91 [€v° o 0521 Tiveo
4SS °T v21°%E 980°9T1 €£1v°0 £€G°2 $28°EE 210°91 N—Qoo Oom.— Vo8-0F 999°n1 9GL=0
EPE®S 092°2€ 9SS°St 98€°0 162°2 G96°2£ 16%°S Zet0 809" 892-62% 122°c1 206°0
4 € 1 L8£°0 S86°T— 8¥.L°6C > "
892°1 8l19°F€f 090°Sl 6SE°O 2ST°1 GE£O°EE »3S°v1 W ” 165°21 ve€*0
19G°0 SlI8°*vE SEE°HI $EEC°0 SHH*0- 090°SE 2HL* et 0 06t f- Cvo-T¢ Lo2°21 BOE%0
3 e = €1 %€€£°0 06E°E~ SHY9°IE * =
€91°0- 909°SE 99£°E€1l B80E£°0 P10°1— 64€°CSE 182°21 8 t56-51 £o2°0
e = o€ °0 991°0- SO0%°0€ 198° 2
S0G°0- €£18°L€C €E1°€T1 £€82°0 €L.°0 9SL°SE S09°21 S €1 seze0
8c°0 €99°1 2GL°TE 6£S°E "
£681°0 1I86°38E SLI°El 092°0 Z1S°0 %02°€C€ SLEC®EL 6 1 Y620
d c2°0 €EY°E 6£S°0C = %
6£8°0 %00°8f 126°FEl 1€2°0 998°1 9g22°1lg 2€2°vl ¢ 26721 902%0
£2°0 92¢°0 O0E8°0E 86.L" o
902°1 .88°%E £L6°%1 S02°0 82G°*2 20.°62 202°S1 G0c*° 291 09140
< C (o] 016°0 6€£9°0€ Scc° %
s6n°l 02€£°2¢€ 1.6°S1 181°0 S60°0— 01£°62 9€v°91 I81° > See91 v 10
€£22°0 2S0°1€ 298°91 SSI°0 €80°0 19.°82 26L°91 o 9051 267-1¢ 0co-of 821-0
SS1°0 S904°1 LETI°IE OE9°® ®
IS1°0 26%°52 612°L1 CEL°0 $90°0 €890°82 SI0°.LT 621° = 6221 9010
20L°0- SS1°62 989°21 £01°0 02£°0— 9G6S°82 L8l °.L1 MNn o 781-1 209-1¢ Tossil 2200
1°0 Z81°1 289°1¢€ T62° 3
9%1°0 SBE£°*°82 ¥0S°2T1 L10°0 9€0°0— 088°82 60E° ¢ 6ce11 £60°0
: 2 LY 2L0°0 ¥92°0 1€2°2€ €£€6S° -
6S8°0- #02°52C SL8°4LI 1S0°0 10T°0 4HTIT1°62 11v°L1 1 25t 9200
sUs S0°0 196°0 092°2¢ IGL*® B
942°0- 0£1°82 TI.L°.L1 000°0 661°0 8¥1°0€ 00S°LTI 000°0- GSO0°0 <Z2lIS°cCE OWMoM« NMM.%
£8°0=US/7H0A 69°0=4S/7H0A il 3
so5be 4 0S° 0=dS/d0A
0S d 00°0S=HHd 00°0S=HHd
93cC 230 S/NW 930 91340 S/N 3
* < = 920 93a S/K
vi3e A vi3e A SS/A 4 vi3e A vi38 A SS/A ¥ vi38 A vi3s8 A SS/A
% NOILV1S
*(penuriuo)) “T-) 2ATqel




102

999 *0- Sro®le =323°CS1 000°1 ,L31°0- %BL®°0E 159°GS1 000°1 CED®S cgvee2 90=°91 10C*1
cvel EIvelE LLE®w] €£L6°C 6ES %1~ LBE®IE 2EQ®IT 946°0 vi8*0 vS6 %82 399 °91 926 *C
9i2°0 ©LH°CE €2E°S1 925°0 ve5°0- 0B8®°Jt £EBD®°91 G26°0 902°0~- 104°82 50S°91 526°C
650°1 TIE®S: 9UpeSl £29°0 9IS ®0— LYv®52 622°91 £.L8°0 Lv56°0 59852 9S1°91 H.2°%°0
146°%°0 O021°%t £54°S1 228°0 291°0~- 90E®52 08BI®°91 228°0 feqo°t 0EH*0E 28L°S1 22°0
LL20°%% SIv®CE 020°91 242°0 595°C - 096°32 SS¥°91 1..°0 16592 c2l®lc 689°St 1.24°%°0
£O1*0 oOve°*le 229%°31 61L°0 £01®0 682°52 L2E°91 6140 L5%°%2 Sib5°2f 915°G1 02L°
SEC®0- E£90°27 H59L2°91 699°C CET AR £16®32 881°91 899°0 P80 °E 89E v £/L0°91 £99°0
9G1*0 928°0:= £8.L°S1 £99°0 cs0°l 0i0°®°52 212°91 L19°0 1 WSS IEB®EE Cv1®°91 819%0
569°0 120°0€ 2€4°91 219°0 959°1 6BE®5Z LL1°91 06S°0 £EBI°E Ov2°pr t0Ov°*31 26S %0
489°C L58%3: 2S0°%°L1 16G°0 2os°l O0EB®32 SS0°91 S35°0 T12°%¢ 09 3°EE L6E°91 S9CS*0
g2 *C ve2 e #cl®ll €95°0 nZs5°t 5£2°32 les5°S1l OwS°®0 SIvey 0L5%28 £6£°91 0OvS*0
LB1%2 241°%°0& 62€°31 6£5°0 SLL°D ggwe32 1IS6°StT H1IS°C v8he2 1,L6°eE 06L°91 SIS0
€12t 061%5C w20%°21 vIS°0 S21°0- 326°%°L2 BIL®°ST 68B%°0 085°2 GEE®CE L68°91 38v*0
208 °*C GEL®2C IT3°3IT 68%°0 85S®l- LB88°92 1I66°vl Z29%°0 +Iv°t 889 °®°I: 69L°51 ¥3v°*0
LEC®1- 2v2®el v98°®°S1 29v°0 ge3°®c= L11°pe L68°cEl 9ED°®S £59°2 GLE®OFE 9S1°91 LeE»*0
EV6°E—- 9C2%L2C ILS°%pi LEDCO £1d0°%°% - 216°5¢2 4Zv1°cl 11%°0 otvrel €93°*°82 ¥E8°vl 1Iv°*0
261°%2~- L19%.2 €c9°%°Ctl 21v°0 182 °0 S£2®32 0L9°21 98BE°*0 L99°%°2= /B8G®2E L15°E1 LBE*C
LBV %E~- L9.°%°32 122°E1l 98E°C 858 °2 B24%°J0c I.8°21 09£°0 viE®l 11€°S S6T1°1 6SE®O
Fov°c= £21°52 LL38°E1l 65E°C 804 °C 90€°®IE EVI9°ELl vEE®D £29°®% ©BEL®: 69yn®El VvEE 0
LEC®0- w0E®LZ LOS®*Hw1 vEE°®0 805 °¢E 52¢2*2: 88E°vl 8IOE®QD clle*s vE6LE vHL *ET BCE *0
611*1 00c®*32 1.2°S1 S8O0EC®O 810 °Y Iv0®lec 2S0°S1 2e2°0 0.9°3 cBl°St IvI°ST £82°0C
S6v°1 L91°32 626°S1 £82°0 Og2°1l ISECIE LBO0°91 LSZ2°0 (R PAS G2 1°2E S99 *°S1 LS2°0
20v°®l GGE°®Ic 9291 LS2°C 104°0 c09°ce L2 °31 ZEZ2°0 ci5*y 159°0c C265°31 CEC*VU
£90°0 200°L2 19c°*31 2e2°C ».5°1 L6Z°pE ECP®I1 G020 wivel l5.%°62 6%E°L1 SO02°0
9920 992%LZ vES°®Gl 902°0 2El®l Ov6°CE EL%°91 081°0 v99°l +4c.°8BC SST°L1 oeleC
6v9°0 L%5%*92 I£E®9T HST°0 L5E %] 2£9%:r 989°9T H»STI°0 scl1°1l sEYv®E2 60cC®21 9S1°%0
G8C*0 6Hes5°Cc 351°91 £01°0 OLE®D—= SLE®HE vL9°91 £01°0 PSE®C 208°87 SL1°LT £01°%0
LT1T*T Slo®2t Si9°Gl1 1S0°0 og2°0 8L3°2€ 0L1°39T £S0°0 £SY°0=- 052°2 LLE°%1 250°%°0
€LE°C £98°CE £9£°CS1 000°C 8.2 °%°1l- 60E°2E $99°91 000°0 9c+®°C- GEeL®°62 210°.L1 CCl*0~-
c9%0=¥S/ H0A PE®O=XHS/SH0A D0 ¢*0=4S/HCA
CO0®Cl=HHC 00°® 0L =HHJ 00°®0sL=HKC
933 ©34 S/NK 934 934 S/N 930 933 S/Nn
3 Vi36 A VL1is6 A SS/ZA ¥y v139 A vl13E A SS/A & Vi=8 A Vi3E A SS/ZA
» NOILV_.S
*(panurluo)) °T-) °Iqel




103

v00°t SPS®LE TES®ET 000°1 £EEL ®0 20L4°%°1E vHv°nl 000°1 Lve °¢ E66°2E L90°%T 000°l
act1e2 83S®9C €96 °CE 1 GLE®OD L VWS 0GS2%0% 9vL®vl 9.26°%0 €89 °*1 LH2®vs 61T °ST 2196 °0
£FO0®2 6H5S6°9c L9L°vl S26°0 L45.°1 162°32 ££9°ST S25°0 ISE®E  1S9°bE S90°ST 326°0
66G°T S0°SE 619°GT 9.8°0 $9.°2 v29°52 181°91 v.i8°0 686°Y EOV®SE GLE°ST S.E°0
€Z1°E 920°LE 2.0°91 228°0 29v°2 9v0°52 HIE°®°91 228°0 S9L®E 212°LE Sw.L°ST £28°0
1682 O9I°C: L8S°91 2L4L°0 £65°2 81.°32 2ST*°I1 1.LL°0 89E°E 2IV°®BE 165°ST 02.°0
II8°E 982°vE .L59°91 61.°0 92l1°y 822°32 L8%°S1 02.°0 %09°S $BL°6S 089°ST 61L°0
95902 w21°2c 129°91 S69°0 [LBC°C B899°0f 912°Sl 899°0 SL2°S L1H°0% 5953°S1 $69°0
g9 2 gn8 It GSE ®°9T1 899 °0 089 *y £I99°EE OIB8®°H»T 919°0 29c ec ELL®°0Y £25°S] 899 °0
010°2 ®H6°1E 291°31 £E#9°0 895°2 GS9°2E 806°%1 165°0 S10°S 122°6f S1L°S1 2990
115°¢C JEB®IE LOv°®ST 819°0 €l °S 1o ®2c 95E°®’wl S9S°0 oce g ISv°0v B831°91 L1S°0
66E°E 850°1c »wI1°GT 16G°0 660°S 968°nwE 292°%wl 0vS°0 6EL°2 1v6°8E 123 °C1 1550
080°¢ B329°I: Bl1°ST S9S°0 9»5Z° 0LL°% & 212°wl »1S°®C EOV®E BLS®°BE £25°ST 995°0
£50°%y O05%°0Z 033°»1 19¥S°C E6H°y 262°2& 6L9°El 8817 °0 £96°Z GSyuv®Li €SV ST 6£S°0
/89°E O»B°CE LIL*pPl SIG®0 L0.° 621°li 2SS5°21 £3v°0 900°E %20°9F vEL *vl £15°0
235592 192°2 %ES°ET 86%°0 [89° LIB®IE 8SHeIT LS»®0 117°0- BLE®SE B80Z°%l E6»°0
I96°T Enl®°g2 L52°21 €900 CE1° H.L1°2c L8%°01 21Iv°0 EIC*C- SY6°YE 295 °21 29V °0
LEE®T 26S°E2 99L°1l LEY®0 £wB°l LI2°vE 0S¥*01 S8E°0 G228°1 Cv0°SE 229°I1 Liv®°C
50S°y £.1°82 598B°0T 21%°0 8.2°1 S91°SE 28E°Il 6SE°0 69S®S E£8.°GE S25°01 2Iv°0
2/E°% CE0°E2 880°1T 98E°0 ©»9®E 2S2°2€ O01S®°21 HEE®O 29T°T1 YBR®EE 2ZwE°ll 98¢E °C
29L°Y IZ9°0€ v95°I1 [G6E£°0 <255 °¢ 87S°%°1lc 9L ®°El 60E°0 L90°1T LET®°EE 62v°21 09E°0
22t1°s 32 °0c B05°21 veEE®0 g8l 2 G99°®[lE £90°HwT £82°0 WA A= 856 %2 061 °91 wEE°0
pGGey 22v°0f 669 °E1l S80£°0 £09°0 C09°1E OBE*Hl 8S2°0 LS8°S SIv°Ii 292°v T 60% *°0
£i8 %L SSL®°0E S22t *°H1 £€€2°0 Sive0 236°lc 262°v1l 1e2°0 LoV} 936°%2e LL0°ST £82°0
G29°t 9n5%62 12:- %yl ©62°0 2v5°l- vIE®2: SES°vl 902°0 664°1 STO0®2E 3983°91 LS2°0
IC2°2 €62°1E 09.°»1 S02°0 611°l=- S1S°22 £c¢e°vl 08I°0 "9S°0 E62°EE 298°H1 S02°0
86%%2 GSE9°%2E 069°v1 vSI1°0 2IE®2- 29G°2E EES°*vl SG1°0 96G°1 BBV®EE SLv®°H] SGI°0
SEC®l ZSE°HE 85 °hT £01°0 1561°I- 120°IE 61E°wl Z01°0 59£°T  12S°HE BESS*vl ©01°0
19S*1 00S°S: 506°HI 1S0°0 6K60°0- HSS®0E 212°%1 150°0 Ev8°0 10¥°vE SSB°»I 2S0°0
co1°0- 9€1°GE AIT*GT 100°0 cEvel 198°J3c 696°%1 000°0- 9cse1 IveE®Se 680°ST 000°0~-
69 °0=4S/50A nE *0=4S/H0A 00°0=4S/50A

00°®°06=HHJ 00®°06=HHd O00®*05=HHC

930 933 S/N 930G 934 S/N 93C 933 S/n
¥ vi38 A vi33 A SS/A ¥ v1i38 A V138 A SS/ZA ¥ VL1368 A V126 A SS/ZA
% NOIL1lVlS
*(penurjuo)) °T1-D STqEl

.




