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- SYMBOLS AND NOTATION

,::: A compressor flow passage annulus area, m2 ::::_'
SO c blade chord length, m '-:‘.:
Fcc comparison of integrated and venturi flow coefficients ‘@.
R {Eq. 12.34), percent
:": 2 :.
) g local acceleration of gravity, m/s o
\-l '.“‘.
o e
) 8. gravitational constant, 1.0 kgm/Ns2 o
1@

3 p
H total head with respect to barometric pressure (Eq. 12.5 -~
’ or 12.48), Nm/kg Yy
'.'; o
b h static head with respect to barometric pressure, Nm/kg ey
hhg barometric pressure, m of Hg "
= o
- hw annulus outer-surface end-wall static head with respect to

RN barometric pressure (Eq. 12.9 or 12.10), Nm/kg -
e i incidence angle (Fig. 12.1; Egs. 12.25 or 12.27), deg .'-'::
4 . 2 9
5 atm barometric pressure (Eq. 12.1), N/m :‘:-;i‘
:::f Pt total pressure with respect to barometric pressure, m of f—:‘
water o
>y :}
Pw annulus outer-surface static wall pressure with respect to i J
R barometric pressure, m of water \'-:.
,::f PHH percent passage height from hub (Eq. 12.4), percent -':':-
=
' Qa integrated volume flow §ate at probe-traversing measurement
. stations (Eq. 12.32), m™ /s ';
N . 3 -
-~ Qv venturi volume flow rate (Eq. 12.30), m /s
~
2: R gas constant, Nm/kg®K -"‘
‘e 7.
£ r radius from compressor axis, m '@
R e
L RPM rotor rotational speed, rpm "
'_;: S circumferential space between blades, blade pitch, :::
n m or deg e
@ @
DK T compressor drive motor torque, Nm ‘_:-;:
'; :._:
‘.:l_. ‘-‘\
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X . 7
4
-4
t temperature, °K :d
1
tb barometer ambient temperature, °K !‘
aro o
t blade section maximum thickness, m ij
max ..:4
U rotor blade velocity (Eq. 12.14), m/s n
X
v absolute velocity (Fig. 12.1; Eq. 12.12 or 12.13), m/s !ﬁ
V! relative velocity (Eqs. 12.21 or 12.22), m/s ::
-
v tangential component of absolute fluid velocity (Fig. 12.1; ::
y Eqs. 12.17 or 12.18), m/s ia
\'A tangential component of relative fluid velocity (Eqs. 12.19 5?
y or 12.20), m/s -]
Vz axial component of fluid velocity (Fig. 12.1; Egs. 12.15 or
12.16 and 12.47), m/s
Y circumferential traversing position, deg
B absolute flow angle with respect to axial direction
y (Fig. 12.1; Egqs. 12.7 or 12.8), deg
B! relative flow angle with respect to axial direction o
y (Eqs. 12.23 or 12.24), deg n
Y o specific weight of water manometer fluid (Eq. 12.3), N/m3 :ﬁ
2 ]
Y specific weight of mercury, N/m3 .
Hg .[’
differential pressure across venturi, m of water N
vent 3
6 deviation angle (Fig. 12.1; Eqs. 12.26 or 12.28), deg ::
5
"
n hydraulic efficiency (Eqs. 12.42, 12.43, and 12.44) ]
K blade angle, angle between tangent to blade camber line and -
axial direction (Fig. 12.1), deg .
p density of air (Eq. 12.2), kg/m3 i
1 ]

o blade row solidity
¢ flow coefficient (Eq. 12.29) %

¢ integrated flow coefficient at probe-traversing measurement
stations (Eq. 12.33)

¢ venturi flow coefficient (eq. 12.31)
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xi A
a ¥y head-rise coefficient (Eqs. 12.36 through 12.41 and 12.49, -
! 12.50) .1
23 Ty
k}f w total-head losss coefficient (Eqs. 12.45 and 12.46) gi:
o o3
b .- AR
N Additional General Subscripts 22y
'‘®S
h annulus inner surface, hub ~
i ideal ,
me mechanical o
19
overall overall compressor i
pm torque meter based performance parameters E:
RS
R rotor o
S stator
stage stage
t annulus outer surface, tip
1 blade~row inlet
2 blade-row outlet .
1R first rotor R
K
2R second rotor ﬁt
_ R
1S first stator N
.._:-
28 second stator -
hd
Superscripts e
' relative to rotor :;:
O
_ average; blade-to-blade circumferential average value !Lﬂ
:i N mass-averaged in the radial direction :}H
o --_.:1
'}: - cross-section average uﬁq
Ty "
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1. INTRODUCTION

f: A significant portion of the inefficiency of axial-flow turbo- i?{
;S machines is associated with viscous and turbulent flow phenomena in .ttw

y the boundary layers which develop on blade surfaces and on annulus hub ﬂ‘j
;E and casing walls. For example, large secondary flow losses can f;;
ﬁ; accompany the complex, three-dimensional flow patterns of annulus-wall ;E;
‘; boundary layers passing through blade rows. This behavior affects ;;é
{: both local work transfer and the management of the flow in subsequent :;;5
; blade rows. It can be appreciated, therefore, why there has been &EE
. considerable interest in the possibility of reducing axial-flow turbo- ééi
S: machine stationary-blade-row secondary and end-wall flow losses by ;Eq
S W
SS incorporation of unusual blade configurations (e.g., Mitchell and ;i;
" Soileau [1]; Wisler [2]; Senoo, Taylor, Batra, and Hink [3]). :ﬁw
iz In order to initiate a local program of research to provide a ng
; clearer understanding of the potential for better controlling the 53:
" secondary and end-wall flows in axial-flow turbomachines, a suitable ;;i
$ baseline research compressor was required. The existing three-stage, :;%
o .
. axial-flow compressor [4] of the Iowa State University Turbomachinery .ff
%’ Components Research Laboratory was evaluated for possible service in ;é!
3 this capacity. It was decided that the best course of action would EEE
; involve the design and fabrication of new blades which would be more i;:
J representative of conventional compressors. However, much of the ;::
i rest of the existing compressor rig such as drive system, inlet flow ES;
A\ SN
2 path, and flow-rate control and measurement duct could be used with ﬁzf
‘é the new blades to form the baseline compressor. The design of the new ;;;>
: 3
f', 'f:;Z

.-
I3

q :
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baseline blades was accomplished with the aid of a NASA computer code

[5] and included the following considerations:

1. Higher blade-chord Reynolds numbers than were previously
attainable with the three-stage compressor blading.

2. A better blade material which would be more durable than
that already available.

3. Conventional blade-section shapes.

4. A favorable ratio of number of rotor blades to number of
stator blades.

5. Elimination of inlet guide vanes.

In order to use as much of the existing compressor rig as possible
while also achieving a significantly higher blade-chord Reynolds number,
a two-stage configuration without inlet guide vanes was selected.
Fiberglass blades were fabricated and fitted into specially made flow-
path rings to form the baseline compressor.

This report is intended to document in detail important aspects
of the design, fabrication, and aerodynamic testing of the baseline
compressor configuration. Subsequent reports will deal with specific
stator blade modifications for possibly improved control of end-wall

and secondary flows as well as related tests and comparisons of data.
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3
{’ . 2. RESEARCH COMPRESSOR FACILITY >
:if The axial-flow research compressor and data acquisition system of "
R ..
}i} the Iowa State University Engineering Research Institute/Mechanical ﬂ=
} Engineering Department Turbomachinery Components Research Laboratory b
.jnj were used to accomplish the research described in this report. The
N
;~; compressor, instrumentation, data acquisition system, and calibration
._»_‘.\. -
\ equipment are described in this section. | &
[ .
A
N .
;}? 2.1. Axial-Flow Research Compressor -
-“" -
_ b4
R Aerodynamic considerations mentioned earlier led to the design o
:f?: of a new two-stage, baseline, axial-flow research compressor configur- n
- ation. An existing three-stage axial-flow compressor [4] was modified ;
L !
s to form the baseline compressor. Much of the existing compressor such -
A -
{2{ as the drive system, inlet flow-path, and flow-rate control and "
DA measurement duct were incorporated into the current system. A schematic N
) 1/
“5‘ of the baseline compressor rig which indicates the extent of the re- ff
7y .7
-:C? designed section is shown in Figure 2.1. :
N N
Iy . . ~
[ 2.1.1. Aerodynamic Design R
t{{ Aerodynamic design of the two-stage baseline compressor was X
\’.’- )
‘:{{ accomplished with the aid of an axial-flow compressor design code [5] “
..‘.‘ ‘e
'nfﬁ developed at NASA Lewis Research Center. The aerodynamic portion of f
"y the code assumes steady, axisymmetric flow and uses a streamline N
-_.:-', ) :
U curvature method for the iterative solution--between blade rows--of -
A
> h
T the property, continuity, and momentum equations with empirical )
or
SN subsonic flow viscous loss correlations provided by the user (see Ry
L4 R
» X
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Appendix A). Coupled with the aerodynamic solution iterations, is a ;;
o1

blade design procedure which constructs blade elements on specified K
conical surfaces and then stacks them on a user defined axis (see ;ﬂ
Reference [5]). These blade elements are positioned in the flow with f}a
L B

incidence and deviation angle correlations selected by the user (see -
4

1

Appendix A). After aerodynamic and blade design solution convergence

has been achieved, blade fabrication information consisting of coor- T
N ®

dinates for several blade sections--formed by the intersection of -

planes perpendicular to the radial direction and the blade at differ- A

ent radii--are provided by the code. Blade sections between elements -
are obtained by interpolation. Examples of such blade sections at
three spanwise locations are shown in Figure 2.2, for the baseline

rotor blade, and Figure 2.3, for the baseline stator blade.

:““.
! »

The baseline compressor was designed to have high reaction stages

typical of transonic compressor configurations. Further, a uniform

« o
2

el
0

spanwise distribution of total pressure was prescribed for each rotor

exit. The stators were designed to discharge fluid axially and inlet
guide vanes were not used.
The coordinates of the annular flow path for the existing

compressor were retained in the baseline compressor to allow use of the

existing inlet and exit flow sections. A rotor speed of 2400 rpm was “

selected as it was considered to be the maximum safe level obtainable

with the existing equipment. A mass flow-rate of 5.25 1b/s (2.29 Kg/s)

was established from preliminary design trials with a simple radial

equilibrium based computer code [6] developed by Detroit Diesel Allison

for NASA. An overall compressor pressure ratio of 1.0125 was obtained




T ELIITSERTATNTL T Y

P
bl

b

48

2.00} 0.80| MID-SPAN

'I.OOL 0.40—

0.00r— 0.00

TANGENTIAL DISTANCE, cm
in.

-1.00~ _o. 40 BLADE MOTION

+

-2.001= _o.80t~
FLOW —
'3.00— -].20_
-1.60 i I 1 1 I ®
-0.80 -0.40 0.00 0.40 0.80 e
in. R
L | ] | J o

-2.00 -1.00 0.00 1.00 2.00
AXIAL DISTANCE, cm :

Figure 2.2 Representative rotor blade sections at three spanwise
locations, o
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with the codes--with the rotor tip diffusion factor limit specification

of 0.4 being the only aerodynamic limit reached during the design
process. Circular arc blade-elements were selected as they were con-
sidered suitable for the low Mach number service involved. For the
baseline configuration, blade chord and leading and trailing edge radii
were held constant across the span. The blade maximum thickness to
chord ratio was varied linearly from 0.1 at the blade root to 0.06 at
the other extremity. In order to maximize the blade chord Reynolds
number, the rotor chord length was made as large as possible while
still allowing two stages to fit within the predetermined flow path.
The selected rotor chord length, 2.39 in (6.07 cm), coupled with a
reasonable value of rotor tip solidity (1.0) yielded 21 rotor blades.
At design point, the blade chord Reynolds number was on the order of
1.8 x 105. To achieve a reasonable ratio of number of rotor blades to
number of stator blades, the acoustics-related guidelines of Reference
[7] were used which set the number of stator blades at 30. A stator
chord length equal in value to the rotor chord length resulted in a
reasonable stator solidity (1.4 at the tip) and was thus adopted. The
aspect ratio of each blade row was 1.0. A radial stacking axis through
the center of gravity of each blade element was considered appropriate
for the baseline rotor and stator blades. Additional blade parameters
and blade fabrication coordinates are given in Appendix B. Annulus-wall
blockage factors (see Appendix B) were estimated, keeping in mind that
specifying smaller than anticipated blockage is conservative. 1If
blockage is higher than specified, the flow in the mid-span region will

be accelerated and loading will be relieved. On the other hand, if
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blockage is less than specified, the flow in the mid-span region will ;j
tend to be accelerated less and loading will increase. Tabulated :ﬁ
velocity diagram output from the NASA aerodynamic design code are i§
provided in Appendix B. E%
2.1.2. Mechanical Design .j
Except for the blades, all machining and fabrication of the base- :f
line compressor was performed in the Iowa State University Engineering :j
Research Institute Machine Shop. The geometry of the baseline compres- %?
sor as well as improvements in the original compressor mechanical i%
design are described in this section. ;;
A meridional-plane view of the redesigned portion of the compressor !]
rig is shown in Figure 2.4. The basic components of the baseline com- ES
pressor consist of eleven independent rings which facilitate disassembly ;g
and reassembly of the compressor flow-path. The five inner rings :
(MH201 to MH203) which make up the hub flow path are mounted on the :
original rotor drum and are held in place by friction. Four indepen- ;
dent circumferentially and radially interlocking rings (MH101 to MH104) :
make up the outer casing of the baseline compressor. The two stator ;
blade row supporting rings (MH105) are mounted in circular tracks in E:
the outer casing, formed by rings (MH101 to MH104), to permit independ- g;
ent circumferential positioning of each stator blade row about the com- ii
pressor axis of rotation. The stator blade rows can, thus, be moved fi
circumferentially during tests by means of a circumferential motion g{
actuator which is mechanically linked to each stator blade row mounting ;;
ring (MH105) through slots provided in the outer casing rings. Cylin- ;;
drical trunnion holes were used in each stator and rotor support ring ?ﬁ

.
------
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(MH105, MH201) to facilitate blade attachment and to simplify readjust-
ment of blade setting angles. For the present study, both rotor blade
row rings (MH201) were positioned circumferentially during assembly

so that the blade stacking axes for each rotor row were in line axially.
Since no discernible difference in compressor aerodynamic noise level
was noticed for different relative circumferential positions of the
stator rows with respect to each other it was decided that, for this
study, the stator blade rows would also be aligned so that their
stacking axes were in line axially. Probe traversing stations were
arranged in line axially and positioned upstream of the first rotor
blade row, downstream of the second stator blade row, and between all
other blade rows. The axial location of each probe measurement station
relative to adjacent blade rows is shown in Figure 2.5. Static pressure-
tap holes, spaced 90 degrees apart circumferentially, were also provided
at each probe hole axial location.

Several improvements to the original compressor were achieved
during the redesign effort and are described herein. Binding and
sticking during circumferential rotation of the stator rows was
avoided in the baseline compressor with the aid of teflon pads. The
teflon pads were placed around the full circumferential extent of
both vertical edges of each stator blade row supporting ring (MH105).
Ten equally spaced teflon pads were also attached to the outer cylin-
drical surface of each stator blade row supporting ring. The teflon
pads eliminated metal-to-metal contact on all sliding surfaces which

resulted in smooth operation of the stator blade row support rings

during circumferential positioning. Some of the binding problems
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experienced in an earlier build were attributed to poor radial and
circumferential positioning of the outer annulus rings. This problem
was eliminated by matching the outer annulus rings so that each ring
interlocked both radially and circumferentially with adjacent rings
(see Figure 2.6). Reference marks were provided at each coupling
point to insure proper circumferential positioning of both stator and
rotor blade rows.

Anticipated tests of blade-fillet geometry effects on stator
performance required that at least one of the stator blade rows be
provided with a stationary flow path at the stator tip. Since the
rotor drum surface is the annulus hub, it was necessary to extend an
aluminum skirt upstream from the outlet duct hub contour in order to
provide a stationary hub surface for the second stage stator. Both
the rotor drum and outlet duct hub contour were provided with a
circumferential recess to allow for adequate running clearance between
the rotor drum and the aluminum skirt, and to insure sufficient con-
tinuity of the hub contour. The circumferential recess in the down-
stream rotor ring (MH203) is shown in Figure 2.4.

The probe access holes were designed to facilitate mounting and
dismounting of the probe actuator assembly. A keyway configuration
(see Figure 2.7) was chosen since it provided minimal intrusion into
the flow path and yet permitted insertion of all anticipated probe
configurations.

2.1.3. Blade Fabrication and Installation

Fabrication of the blades for the baseline compressor was per-

formed at Dayton Scale Model Company, Dayton, Ohio. Several materials
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Figure 2.6 Radial and circumferential interlock design of outer ring
assembly.
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such as aluminum, plastic, and fiberglass were considered for possible

use in the construction of the blades. Molded blades constructed with
a fiberglass reinforced epoxy resin material were selected as being
most appropriate for this application.

Rotor and stator blade section coordinates at eleven different

radii (see Appendix B) were generated from the design code for use in

FLPCPLIGN T

construction of a master rotor blade and master stator blade. These

coordinates were also used to produce ten times size drawings of each
blade section, on mylar, for use in checking the shape of the master
and actual blades. The master blades, constructed of aluminum, were
used to manufacture molds for both the rotor and stator blades. The
fiberglass reinforced epoxy resin material, in sheet form, was cut to
the general shape of the blade and stacked in layers in the mold
bottom, sandwiching a spine which protruded from the trunnion base for
the blades (see Figure 2.8). Each fiberglass layer was stacked so that

the glass fibers of adjacent layers were perpendicular. The mold top

was then put in place and the entire mold assembly was placed in a

’;% press which slowly applied pressure while also heating the fiberglass

AR

:?Ei to an appropriate temperature to insure complete filling of the mold

:;éi and bonding of the fiberglass laminates. Upon cooling, each blade was

:E%EE removed from the mold and the leading and trailing edge radii were

:iii checked under a microscope and dressed if necessary. Ten times size
.

"-_;3 "eyelash" profiles (see Figure 2.9) of each blade section, correspond-

Eééé ing to the blade sections of the mylar drawings, were produced at each

%Eiz step of the manufacturing process. These eyelash drawings of the

o

master blades and a few representative finished blades were compared
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Figure 2.8 Schematic of ltlade fabrication showing laminates sandwichin

trunnion spline.
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to the mylar drawings to insure precision control. The maximum devia-
tion from the mylar drawings was less than 0.005 inches (0.127 mm)
along the entire blade surface. The trunnion base for the blades was
a machined cylindrical plug with an extended flat spine on one end to
which the fiberglass blades could be formed around, and a threaded
stud on the other end for attachment to the blade mounting ring (see
Figure 2.8). This simple trunnion design allowed for easy adjustment
of blade setting angles and facilitated blade attachment to the
mounting rings. The length of the trunnion base was made slightly
less than the depth of the corresponding holes in the blade mounting
rings to prevent any intrusion into the flow. After all stator and
rotor blades were attached to their respective blade mounting rings,
specially made gauges were used to insure correct adjustment of blade
setting angles. The blade setting angles were checked at the blade
root and mid-span and found to be within 0.25 degrees of the design
setting angles for all blades. The stator blade mounting rings and
the rotor drum assembly, with rotor blade mounting rings installed,
were placed on a lathe and a high speed grinding tool was used to
grind the blade tips to an appropriate radius. The grinding insured
that the blades would conform to the curvature of the end-walls with a
mean clearance of 0.034 inches (0.864 mm) (1.4% span) for each blade
row. Silicon rubber glue was then used to fill in the gap between the
rotor root section and rotor hub in order to provide a smooth transi-
tion between the blade and the rotor drum surface. A caulking com-
pound, Mortite (Mortell Company, Kankakee, Illinois), was used to seal

the gap between the stator blade root and stator blade mounting ring.

Cmmia s
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N No attempt was made to provide a particular fillet radius, however,

the fillet was made as small as was practical. The entire rotor drum

.’ -
(X ..
P

a
bl

s

%

)
:.:{ assembly was dynamically balanced for smooth operation up to 3600 rpm.
A
\':-."
P .:"
) 2.2. Probe and Stationary Blade Row Actuators
Nt
-'.":'-:
i*it A circumferential motion actuator [4] was used to control circum-
-
-
ferential positioning of the stator blade rows during testing. The
\
I'.: actuator was connected to each stator blade row mounting ring through
TR
e an adjustable hand-screw link. Each blade row mounting ring could
ol
*
A$?Jk then be moved independently or simultaneously. The circumferential
e position of each stator blade row was determined from calibrated scales,
SRS
éﬁ:} marked in degrees, which were attached to the outer casing. The scales
.l.:-.:
j“ ? were marked such that positive circumferential angles were in the
L\
;cﬁi direction of rotor rotation. The zero degree circumferential position
RN
/ \':.'
Ry was set with the aid of reference scribe marks on the stator blade
- .
L.
'\ 5‘ » 3 . 2
- mounting rings and outer annulus rings such that the probe was posi-
Q?a: tioned circumferentially in the flow midway between two stator stacking
i?lf axes. The circumferential positions of the actuator were determined by
A
WK
e monitoring the voltage from a linear potentiometer. The potentiometer
:{:3 was calibrated to indicate the circumferential position of the
"
S actuator through a linear least-squares fit. The circumferential
i;fj position of each stator blade row was ascertained by recording the
4
A
TN circumferential position of the actuator in degrees as determined from
» e
’\._:.
TN the potentiometer voltage and by knowing the circumferential position |
J'__-'\ q
C L Y -
;;: of each blade row when the circumferential position of the actuator was d
=
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B
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s at zero. The actuator system could be used to determine the circum- —ad
01
:, ferential position of the stator blade rows to within * 0.05 degrees j;:
<3 -
LS - L
! (Y/SS = 0.004). S
":' ‘- "4
» A probe actuator (L. C. Smith Company model BBS-3180) was used for T
i B
) probe yaw-angle and immersion positioning. Mechanical digital counters - -]
al -
) as well as linear potentiometers were used to determine the probe yaw- }i;
- '
X angle and immersion positions which were calibrated to indicate the
{
b~ extent of their respective motions using a linear least-squares fit.
f: The probe actuator could be used to set the probe yaw-angle and immer-

.

sion to within * 0.05 degrees and * 0.1 mm, respectively. A probe

actuator control indicator (L. C. Smith Company model DI-3R) and probe

® ey
R B

alets e
L TR ]

actuator switchbox (L. C. Smith Company model DI-3R-SB4) were used to

. o

control the probe actuator.

»
A

oa g 0t
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2.3. Pressure and Temperature Sensing Instrumentation

¥

A scanivalve pressure-port selector actuator system (Scanivalve
l"
! Company model 48D3~1) including a strain-gauge pressure transducer
~
~1
..'

(Scanivalve Company model PDCR22), a signal conditioner (Endevco model

‘ »
TR

4470), and an amplified bridge circuit conditioner (Endevco model

T

LN

4476.2A) were used to obtain all quantitative pressure measurements.

A scanivalve actuator control box (Scanivalve Company model CTLR2/S2-S6)

..l

was used to control and monitor selection of up to 48 separate pressure

)

ports. Transducer voltage was correlated with pressures from four

-

separate reference columns using a linear least-squares fit. A pre-

cision micromanometer (Meriam model 34FB2) was used as a standard for

.« » 8 a ‘.l l.
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calibration of all pressure measurements. All pressure probes, static

pressure taps, etc., were connected to the pressure-port scanivalve. A !*

cobra probe (United Sensor type CA-120-24-F-18-CD)--capable of measur-
ing flow angle and total pressure--was considered to be most suitable
for use in the baseline compressor and was relied on for all slow-

f?i response (time-averaged) measurement tests. A Kiel probe (United

< Sensor type KBC-24-L-22-W) was used as a standard of calibration for
all total-pressure measurements. A depth micrometer was used to insure
correct radial positioning of the probe in the actuator. The probe
yaw-angle was set by placing the probe actuator assembly in a uniform
nozzle flow and insuring that the side-port pressures balanced when

the actuator yaw-angle counter read zero. Annulus-wall static-pressure
taps were provided at all probe axial measurement locations. Static-
pressure taps were also located at the inlet and throat of the venturi.
Copper-constantan thermocouples were used to measure room air tempera-
ture, compressor inlet temperature, and venturi throat temperature.

Precision mercury-in-glass thermometers were used to calibrate all

N
?F} thermocouples. A mercury-in-glass barometer (Princo Instruments, Inc.
‘.s:‘l
::i- model B-222) was used to measure atmospheric pressure. {;
- ’
N
"\
2.4. Computer Control System N
-
A desk top computer (Commodore PET model 2001-32) and digital ;r
voltmeter (Hewlett Packard model 3455A) were used in conjunction with :ﬂ
a multiple channel voltage scanner (Hewlett Packard model 3495A) to ;-
provide automatic control of the data acquisition process. A schematic ;
-~
M
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~

LA

'@
‘ .




SUSAERCACAERE SLACSLRE S A O A s L B Rt A R e e R RS R h e L R

£
.

13

»

- ¥ -

YRS
LA
‘l .I
2t

¥ {5

23

> vy
’~ l‘. . ‘

3%
LAY
o

o

»

of the data acquisition system is shown in Figure 2.10. The computer

;:5: controlled data acquisition system was used to control probe and :
E;& circumferential motion actuators, to control the scanivalve pressure- 3
S NG
L:;: port selection actuator, and to allow automatic reading of individual ;
4
[m thermocouple voltages and all pressures. The data acquisition system .i
EE;E also allowed for on-line calibration of the pressure transducer used :z
o for all pressure measurements. A tape cassette and printer were inter- ‘3

faced with the computer to record on tape and paper all pertinent data.

ety

Y A.- R
el

The computer was also interfaced with a central disk-storage unit (UNIX)
where all pertinent data and computer programs were also stored.

Because of limited printing and plotting capabilities of the desk top
computer, the Iowa State University Computation Center computing system Eﬂ
(National Semiconductor AS6) was utilized for data reduction, tabula- i%

tion, and plotting.

=
z
2.5. Calibration Equipment o
’
An air nozzle, described in detail in Reference [4], provided a Dy
~
uniform nozzle exit velocity suitable for checking probe yaw-angle and {d
total-pressure calibrations. A pressure reference system [8] was used !’
N =
R;;- to enable on-line calibration of the scanivalve pressure transducer 1
e
LS
&'ej used for all quantitative pressure measurements. The pressure reference ;
.\‘.'..
Sy N -
@ system consisted of four columns of water, balance scales, and glass (3
S . o
e . . .
F\i tubes inserted to an arbitrary depth in each column. The glass tubes q
534 <
I*' ! . . . -
b\j were connected with tygon tubing to the scanning valve. The pressures, ;ﬁ
I 1
Y€
1 L in volts, from each column were read individually and correlated, using
e
»"‘a"
D
e
e,
Vo,
S P
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a linear least-squares fit, with the true column pressures. A pre-
cision micromanometer was used in conjunction with the balance scales
to calibrate, using a linear least-squares fit, the pressure of each
column with its corresponding weight. Correlation coefficients of

0.99999 or better could be achieved consistently.
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3. EXPERIMENTAL PROCEDURE AND DATA REDUCTION

The objective of the experimental procedure included: 1) gener-
ating an accurate overall performance map in order to establish the
operating characteristics of the baseline compressor over a large
operating range, and 2) obtaining spatially detailed time-averaged
measurements of total pressure and flow angle between adjacent blade
rows, at one flow rate (design condition), in order to determine
pertinent velocity triangle information for comparison with the values
associated with the compressor design code.

The time-averaged measurements were obtained at several span
locations between blade rows, using appropriate probes, with the
compressor operating at the same design point used in the compressor
design code; i.e. 2400 rpm, with a flow coefficient of 0.587 as shown
in Figure 3.1. The rotor speed was maintained to within #*1 rpm. The
flow coefficient was calculated from equilibrium venturi flow meter
data and ambient conditions. Adjustments of the flow to maintain the
reference flow coefficient value were made by moving the throttle plate
at the exit of the diffuser section. Using this procedure, it was
possible to maintain the flow coefficient to within #0.0005 of the
reference value.

A data acquisition program was written for the PET computer to
control the step-by-step procedures of the experimental tests. Data
were either entered into the computer by the operator or read by the
computer through an interface from the digital voltmeter. The data

acquisition program consisted of seven major parts as shown in the
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logic diagram of Figure 3.2. These parts were:

5 1. Set flow coefficient and measure test conditions. j
tfﬂ 2. Input probe survey position parameters. fiﬁ
3. Position probe radially and in your plane. i:é

4. Determine circumferential survey parameters with oscilloscope f;i

wake trace. 3?}

Y,

5. Yaw-null cobra probe in free-stream portion of flow. ;éi

6. Measure cobra probe pressures and shroud end-wall static ;fj

pressures. ;SE

7. Print out data and store data on magnetic disk. ;:g

»

o=
Ly '.
f

o

In addition, data reduction programs were written for the mainframe

e s

A
[}

computer (National Semiconducter AS6) to accept data and preliminary

e
T
S

results recorded on disk, and to perform the calculations required to

@
A

obtain final results. All data and computer programs stored on tape f3:

o

D

(cassette or reel) are listed in Appendix C. e

3

3.1. Calibration Bt

A micromanometer and a mercury-in-glass thermometer were used :

respectively as standards for pressure and temperature calibration.
Calibrations of all electronic components used in this experimental .

investigation were performed at the Iowa State University Engineering -

S

Research Institute Electronic Shop. Before each test, approximately

viah
l'-l.‘|~

. \
~, one hour of running time was allowed for the electronic instiumeutation Py
8 W\
g \
3 . e
sj to warm up and for the laboratory and compressor fluid temperatures to X
:¢ N
@ reach equilibrium values. ‘04
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All time-averaged measurements of total pressure and flow yaw-

:f: angle were obtained using the cobra probe. Extensive total-pressure

}ti; and yaw-angle measurement calibrations with the cobra probe in a uni-

::§ form nozzle exit flow have already been documented in Reference [4].

{jé This section will, therefore, deal only with verifying cobra probe

SEE measurements in the compressor. Kiel probe data were used to validate

;ii the cobra probe measurements. The Kiel probe provides accurate total-

s‘ﬂ pressure information for probe yaw-angles within *45.0 degrees of the
j§ true flow angle, see Figure 3.3.

e

ft' 3.1.1. Cobra Probe Yaw-Angle Calibration in Free-Stream Portion of Flow
e Since total-pressure measurements using the cobra probe are

:;; sensitive to flow angle, it is necessary to determine how accurately the

;;: probe yaw-angle must be set in order to achieve accurate total-pressure

iﬁ? measurements. A comparison of cobra probe and Kiel probe total-pressure

Sié measurements from -45.0 degrees to +45.0 degrees of probe yaw-angle is
”? shown in Figure 3.3. The test was made behind the first stator,

:?:: station 3, 50% span, Y/SS = 0.0 (free-stream) operating at the design

;E: point flow conditions. The results indicate that the cobra probe will

E?l give fairly accurate total-pressure measurements, *2.0 Nm/Kg, (+0.45%),

:}. if the probe yaw-angle is set within *5.0 degrees of the true flow angle.

;i: 3.1.2. Cobra Probe Calibration in Wake Portion of Flow

:2; Using the cobra probe to measure total pressures can be very

:f: inaccurate if the probe yaw-angle is set too far from the true flow

ig angle (see Figure 3.3). This can be a significant problem in regions

Eﬁ of high total-pressure gradients, such as in stator wakes, where the

ﬁ:j cobra probe cannot be used tc accurately determine the true flow angle.
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In order to circumvent this problem, the cobra probe yaw-angle in the
wake region is set to the integrated-average free-stream flow angle
measured by the cobra probe. A comparison of the cobra probe and Kiel
probe measurements--with the Kiel probe set at the integrated-average
free-stream flow angle--is shown in Figure 3.4. This comparison test
was made behind the second stator, station 5, 50% span, operating at
the design point flow conditions. The results show very good agreement
in the free-stream regions, 15.0 Nm/Kg ($+0.6%). The wake region data
also show good agreement in total-pressure levels, but some slight
shifting of the wake position is evident.

3.1.3. Spanwise Calibration of the Cobra Probe

A spanwise comparison of cobra probe and Kiel probe total-head
measurements are shown in Figure 3.5 for flows behind the first rotor
and first stator. The results show fairly good agreement between the
cobra probe and Kiel probe measurements, less than 10.0 Nm/Kg (1.7%)
difference, except near the end-walls where the difference was as much
as 17 Nm/Kg (4.5%). The larger error near the end-walls was suspected
to be due to wall effects. Total-head measurements behind the first
rotor were generally better than behind the first stator.

3.1.4. Scanivalve Pressure Transducer Calibration

On line pres:ure-transducer calibration was accomplished using a
pressure reference system consisting of water columns and triple-beam
balances. The pressure reference system is described in detail in
Reference [8]. The system provides four reference pressures against

which the pressure transducer can be calibrated. The pressure trans-

ducer is calibrated every time the flow coefficient is to be readjusted

:'n';' .'{-‘("‘ : :'. '.c..-.‘.. n" ‘.
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LIRS SN VO A vy

prior to taking any total-pressure measurement. Periodic on-line
recalibration of the pressure transducer helps reduce thermal drift
and other transient errors inherent in strain-gauge transducers of

this type. Tests have shown that the reference pressures can be deter-

mined with resolution better than 0.003 inches (0.076 mm) of water.

LFSPE 7Y LRSI N SISy

All pressure reference columns are calibrated using the precision micro-
manometer. Calibration of the pressure reference system is performed

once every three months or more often as needed.

C g e u’ | NI LN

An additional water column is used to provide a back pressure to

the scanivalve transducer in order to insure that the pressure trans-

| o

ducer is always displaced from zero. This eliminates errors from
having the transducer pressure fluctuate around zero. On-line cali-
bration of the pressure transducer consists of a linear least-squares
correlation of transducer output voltage versus the known reference
column pressures. The reference column pressures are determined from
linear least-squares correlation equations entered into the computer
which have been previously determined from a calibration of column
pressure versus column weight. Therefore, it is only necessary to
weigh each column prior to testing in order to determine the reference
column pressures. During on-line calibration, each column pressure
and transducer voltage recorded is referenced to one of the columns,

the same column each time. Again, this is done in order to reduce

errors due to thermal drift as well as other transient errors between

«* ..'::,
:x:s successive readings. JIn addition, it helps insure that the linear
te
ﬁ}:: correlation goes through zero, as it should. As mentioned earlier,
o; !

this procedure consistently provided a linear correlation coefficient
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of transducer voltage versus column pressure of 0.99999 or better. The

calibration is repeated if this correlation criterion is not met.

3.2. Data Aquisition

The data acquisition procedure consisted of obtaining two types of
information: overall performance data, and spatially detailed time-
averaged measurements of total pressure and flow angle between adjacent
blade rows. The details of obtaining both types of measurements are
described below.

3.2.1. Overall Performance Map

The overall performance map parameters are based on compressor
drive motor torque meter measurements (to establish the compressor
ideal head rise), static-head measurements at the compressor exit (to
estimate the actual head rise), and venturi flow rate measurements (to
determine the compressor flow coefficient). The above procedure was

used to quickly and accurately establish a performance map for the

4
.
L)

baseline compressor. The method for establishing the compressor exit

a s
'»

’.".d

total head relies on the stator exit swirl being zero and, therefore,

—:\rﬂ“u
b

the static head at that station being a constant across the span. The
venturi-measured flow rate was used to determine the average axial
velocity at the compressor exit which, since the swirl is zero, is also
the fluid velocity. Using the measured circumferentially-averaged
static head and the computed average fluid velocity at the compressor

exit, the compressor exit total head was determined. The actual head

rise delivered to the working fluid could then be determined by
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referencing the compressor exit total head to the total head at the
compressor inlet (atmospheric conditions, zero velocity).

The measurements involved in establishing the performance map were
obtained as follows. With the compressor operating at 2400 rpm, the
diffuser exit throttle plate was adjusted to provide incremental con-
trol of the compressor flow rate. At each flow rate, venturi flow
meter measurements, torque meter measurements, and compressor exit
static-head measurements were recorded along with other pertinent
data related to the operating and ambient conditions. The torque meter
measurements were obtained with the compressor drive motor floating on
air bearings while various weights were added to the torque arm in
order to balance the drive motor torque. A calibrated meter employing
an incremental load transducer consisting of a solid-state gauge bridge
on a cantilevered beam was used to resolve torque arm loads to within
#0.0125 Kg. The meter was calibrated to read from 0.0 Kg to 1.0 Kg full
scale. Meter fluctuations due to motor vibrations and minute torque
fluctuations reduced torque measurement accuracy to within %0.25 Kg.
Static-head measurements at the compressor exit were obtained from four

equally spaced (circumferentially) outer annulus-wall static pressure

taps. The measurements were made while decreasing the flow rate from

2 maximum flow rate until stall occurred and then repeating the measure-

ments from stall to the maximum flow rate. The stall limit was

[ 4

NI
g{f: accurately established by adjusting the flow rate until a slight
'ﬂfjj disturbance at the diffuser exit would instigate a full span stall,

which was audibly detectable. Once the stall flow rate was determined,

wyrrs
«
.
el

Q..

measurements were made just before and after stall.
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3.2.2. Time-Averaged Measurements

e mtle. L‘_‘_— '._..h.>;.~. N

Time-averaged total pressure and flow angle data variation in the

radial, axial, and circumferential directions of the compressor flow

T

A Bh A

field were obtained with the cobra probe set at five passage height 3
locations of 10%, 30%, 50%, 70%, and 90% of span from the hub--ahead of té
and behind each of the rotating and stationary blade rows--at several ;E
circumferential positions over one stator pitch. In addition, outer ig
annulus-wall four-hole-averaged static-pressure measurements were made ,;

at each axial measurement location. The steps followed to obtain these

data are described below.

Prior to testing, several preliminary setups were accomplished.
The cobra probe was mounted in the probe actuator and the probe yaw-
angle zero was set by balancing the side-tube pressures with the probe
immersed in the calibration nozzle jet. The probe radial positioning
was set using a depth micrometer. The probe actuator mechanical -

counters were set to read zero yaw-angle for compressor axial flow and

5.6 inches (14.22 cm) for contact with the hub surface. Thus, the -

counters would indicate true probe angular and radial positions. All

a

calibrations were performed through the data acquisition system with

the PET computer controlling the calibration procedures. Before each

T
e e

.
a0,

test, the scanivalve pressure reference system columns were refilled N
N

with water to predetermined levels and each column was reweighed. The 'i
)

reference column ice bath was checked and reiced if necessary. ﬂ
)

The following miscellaneous data were recorded by the computer for :E

each test to insure the attainment of intended measurement conditions. A
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1. Probe axial measurement station number, (see Figure 2.5)

2. Compressor rpm

2 -

3. Static pressure difference across venturi throat, N/m -
4. Barometer ambient temperature, degrees Kelvin ;j
.'1
5. Barometric pressure, N/m2 o
..'l
6. Temperature at compressor inlet, degrees Kelvin -
. . 2
7. Static pressure at venturi throat, N/m )
x k
. , X
R 8. Temperature at venturi throat, degrees Kelvin
el
P 9. Date
il
-~
e 10. Time

The circumferential surveys were made by moving the stators
circumferentially past a stationary probe located at one of the probe

axial measurement stations at the proper depth of immersion. Figure 3.6

RO shows, to scale, the axial position and extent of each circumferential

~~

}}:: measurement window as well as the circumferential survey coordinate

- direction. A qualitative trace of total pressure versus circumferential
.

':¢} position with the probe set at the approximate average flow angle was
-

A

*:f‘ recorded on an X-Y storage oscilloscope screen from the electrical

s

e

A signals of the strain-gauge pressure transducer and the circumferential

motion potentiometer. The trace was used in selecting the spacing of

e v

circumferential measurement points and in determining the extent and

B

e Al O e

position of the wake and free-stream regions. For each survey,

|

r
w_

measurements were made over one stator blade pitch. The circumferen-

¢
oA

Lo {
2 n

tial measurement positions in the wake and free-stream regions were

determined by the computer, based on the number of free-stream circum-

] M-S0

Y

ferential measurement positions desired and the circumferential measure-
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Figure 3.6, Blade cascade showing cicumferential measurement window.
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ment increment desired in the wake region. Flow angle measurements
were made by balancing the cobra probe side-tube pressures through a
computer controlled algorithm or by manual over-ride with the aid of a
U-tube manometer. Flow angle measurements were made at every flow
field measurement point behind a rotor blade row and at free-stream
measurement positions only behind stator blade rows. The circum-
ferentially-integrated-average free-stream flow angle was then
determined with the computer acquisition program and this flow angle
was used when making total-pressure measurements in the corresponding
stator wake regions of each circumferential survey. The probe yaw-
angle, circumferential position, and total pressure were recorded at
each circumferential measurement point. After the last measurement
at each circumferential survey was taken, the miscellaneous data,
flow-field data, and measured circumferentially-averaged static head
were printed out and stored on magnetic disk for reduction at a later

time.

3.3. Data Reduction

Preliminary reduction of the time-averaged data was performed
during data acquisition and consisted of determining primary flow-field
values of total head, static head, and absolute flow angle. These
primary values were then read into the data reduction program where
other flow-field parameters such as absolute velocity, relative
velocity, incidence angle, deviation angle, etc., were calculated along

with their circumferentially-averaged values. Finally, overall rotor,
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stator, and stage performance parameters such as ideal head-rise (Euler :;
,. '3
O turbine equation based values), actual head-rise, efficiencies, and o
S N
{:f losses were determined. The flow was assumed incompressible for all ']
.:::.: -.4
Y calculations as the velocities involved Mach number levels less than ?:
) X
AN 0.2. Integrated values were computed using a spline-fit integration -]
) e
\-'. -J - - . -, . 3 .-
e [9]. A complete list of all quantities and equations used in reducing o
\'j o .
N the data is presented in Appendix D. i?
{ i
e 3.3.1. Flow-Field Parameters .
N »
o The total head was determined at each flow field measurement point 'ﬁ
S .
DNA N . 4
f{f- from the cobra probe measured total pressure. Circumferentially- -
)
averaged values of total head and absolute flow angle were determined ?
.9
for each radial position at every axial measurement station. All :ﬂ
circumferential averages except for flow angle averages behind stator ‘f
{
A blade rows were determined by integrating over one stator blade pitch.
AN
;\5 The circumferentially-averaged absolute flow angles behind stator blade
-\ 1.
"N . .
MR rows were obtained by integrating over the free-stream portion only.
1)
::ﬁ The static head was assumed to be circumferentially constant, and the
5
N -
xf: radial distribution of static head was determined at each radial posi-
E
A
- ’.
2> tion for every axial measurement station by solving the radial equi-
R librium equation in the following form:
o
._-:..- L2 = = -
e dh 2 sin By(H-h)
T v ar - = , (see Reference [4]) 3.1
o
- *-.". o . ~ . . .
N using the Runge-Kutta numericai technique [10]. The circumferential-
O
‘u )
?.3 averaged outer annulus-wall static head was used as an initial value,
'x:- and the solution was obtained by marching radially toward the hub at
N
R
’.I.il
)
a®a
o
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'.'.{:,
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increments of 5% of passage height. The circumferentially-averaged
values of total head and absolute flow angle required at each step of
the Runge-Kutta solution were obtained by a second-order Lagrange inter-
polation of their measured radial distributions.

From the radial distributions of total head, absolute flow angle,
and static head; the circumferentially-averaged absolute velocity was
determined at each radial position for every axial measurement station.
With the circumferentially-averaged absolute velocity and the flow angle
determined, the following circumferentially-averaged variables were
calculated at each radial position for every axial measurement station.

1. Axial velocity, m/s, Eq. 12.16

2. Absolute tangential velocity, m/s, Eq. 12.18

3. Relative tangential velocity, m/s, Eq. 12.20

4. Relative velocity, m/s, Eq. 12.22

5. Relative flow angle, degrees, Eq. 12.24

6. Blade incidence angle, degrees, Eq. 12.25 and Eq. 12.27
7. Blade deviation angle, degrees, Eq. 12.26 and Eq. 12.28
8. Flow coefficient, Eq. 12.29

In addition, for each axial measurement station, an annulus cross-
section integrated flow coefficient was calculated for comparison with
the flow coefficient determined from venturi flow meter data. In
determining the annulus cross-section flow rate and corresponding flow

coefficient, the axial velocities at the hub and shroud end-wall

surfaces were assumed equal to zero.
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3.3.2. Performance Parameters

The actual and ideal (Euler turbine equation based) head-rise
coefficients and their ratio (hydraulic efficiency) were determined at
each of the five radial positions for both rotor rows, stages, and for
the overall compressor. Total-head loss coefficients were also deter-
mined for each rotor and stator blade row. 1In addition, radially
mass-averaged values of each of the above quantities were determined
for both rotor rows, stages, and for the overall compressor (see
Appendix E). The above parameters were calculated from spatially
detailed time-averaged measurements and circumferentially-averaged
values of the previous section.

Performance map parameters and mechanical efficiency were calcu-
lated from motor torque-meter measurements and the overall head-rise
across the compressor. The overall head-rise for the performance map
was determined from the measured venturi flow rate and the circumferen-
tially-averaged static head at the outer annulus-wall of the last axial

measurement station.
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4. PRESENTATION AND DISCUSSION OF DATA

The results of the torgue meter related performance measurements
and the slow-response (time-averaged) data are presented and discussed

in this section. Comparisons between these measured results and cor-

;{: responding calculated values associated with the design code are also
> presented and discussed. The design code results are tabulated in ]

Appendix B. The experimentally determined data are tabulated in 3'%
Appendix E. In graphing the results, all data variation curves--except i{:i

~ for the performance curves--were drawn with interpolated curves through S

the actual data points. Smooth curves were drawn through the per-

Tt e
DRt I e | "
P

formance map data using a least-squares fit. All measured data points

»
PR )

are graphed with a symbol marking the actual data point. The design ot

[

code results are represented with continuous curves. a

4.1. Error Analysis e

Measurement errors associated with the primary measurement quan- ;ii
tities and flow-field parameters are presented in Table 4.1. Repre- ;is
sentative values of each primary measurement quantity and flow-field ”i:_
parameter are presented, along with their estimated uncertainty and i&:
percentage of error. The uncertainties of the flow-field parameters iiig
were determined using the procedures of Kline and McClintock [11] based ;2;1
on the estimated uncertainties associated with the primary measurement 1?;
quantities. The estimates of the uncertainties of the primary measure- f;ﬁ

ment quantities were based on the repeatability of the measurements S

and comparisons with the Kiel probe in the case of total pressure

at et ey
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2
}“4 Table 4.1. Uncertainty estimates of measurement parameters.
P
?: Typical Estimated Uncertainty
- Flow Parameters Symbol Values (20-to~1 odds)
Primary measurements
g Temperature t 299 deg. K 0.25 deg. K (0.08%)
Transducer pressure Pt 52.0 mm Hg 1.2 mm Hg (2.2%)
- Absolute flow angle B, 20.0 deg. 1.0 deg. (5.0%)
o Barometric pressure Pom 735 mm Hg 0.03 mm Hg (0.003%)
N
.ff Torque T 4.0 Kg 0.03 Kg (0.6%)
"f Flow field parameters
_f% Absolute velocity \ 30.0 m/s 0.3 m/s (1.1%)
3: Axial velocity Vz 28.0 m/s 0.4 m/s (1.3%)
E' Absolute tangential
L velocity Vy 10.3 m/s 0.5 m/s (4.9%)
~
e Relative flow angle B; 50.0 deg. 0.6 deg. (1.1%)
B Performance parameters
;fi Actual head-rise
¥ coefficient ¥ 0.17 0.004 (2.3%)
;3 Ideal head-rise
& coefficient Wi 0.19 0.02 (8.7%)
o Hydraulic efficiency n 0.88 0.07 (8.0%)
'5: Rotor total-head loss
’fﬁ coefficient we 0.05 0.03 (60.0%)
A Stator total-head loss
- coefficient wg 0.06 0.02 (33.0%)
2 Ideal work coefficient ¥, = 0.4 0.005 (1.3%)
. ’
® Mechanical efficiency nme 0.75 0.01 (1.8%)
.
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N
A
;v measurements. The uncertainty levels given in Table 4.1 are generally
i
%Z; consistent with the random scatter observed in the results. It should
EEE be noted that the uncertainty levels tend to be higher near the end-
e
i‘f walls (see Figure 3.5).
Of the primary measurement quantities, absolute flow angle Lf
‘ measurements have the most uncertainty, primarily because of the total- ‘ka
. pressure gradients affecting the cobra probe yaw-angle measurements. ;;
\f Behind the stator blade rows, ascertaining the circumferential extent :;
%&; of the free-stream--particularly near the end-walls--was difficult. :;
::I Comparisons of total-head measurements obtained using a cobra probe iz
?ji: and Kiel probe were presented in section 3.1. These comparisons Er
E;i show that even with the uncertainties of determining the absolute flow E
5ﬁ; angle, the cobra probe gives a fairly accurate measure of the total
.ﬁi head. Performance parameters based on the Euler turbine equation ideal
:g; head-rise, however, are highly dependent on the accuracy of the absolute
-
.f. flow angle measurements (see Table 4.1). It would be reasonable to
:E: conclude, therefore, that very little confidence can be afforded the
~°
:?: Euler turbine equation based performance parameters. The effect of
N
¥ torque measurement accuracy on the torque based performance parameters
et
.2§% is also given in Table 4.1. The torque based efficiencies are more f
?i; reliable than the Euler turbine equation based efficiencies, but only ‘i
o 5
;;; as an indicator of relative measure. The torque based efficiencies ‘}
f:ﬁ were very repeatable, but were highly dependent on the mechanical ;z
;:E characteristics of the compressor and drive motor which affected the ;:
. N
1;; absolute measure of the efficiencies. Since the torque meter based ;ﬁ
:iﬁ efficiencies were affected by bearing friction and other mechanical Ez
RN =
N n
‘Eﬁ K
5 X
DRI SRR gEANR

2SN Nt
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Nl losses, they are not reliable as an absolute measure of efficiency.
e However, with precautions they are a reasonable indicator of relative e
':‘:.: .. ' ]
- measure of efficiency.
oo X
ili All time-averaged measurements were obtained with the throttle -3
NN plate adjusted so that the venturi flow coefficient was within * 0.0005 f:
™ -9
N
> of the desired flow coefficient of 0.587. An integrated average flow .
3
ﬂ
coefficient based on the spanwise distribution of circumferential-mean -#
. :-4
axial velocity--as determined from cobra probe measurements--served ;ﬁ
as a check between venturi based and cobra probe based flow coeffi- i?

cients. Comparisons of the integrated flow coefficients and venturi

e
.clii

flow coefficient for each axial measurement station are given in
Table 4.2. The integrated flow coefficient was obtained by two dif-
ferent approaches; 1) using the extrapolated circumferential-mean !

axial velocity at the end-walls, and 2) by considering the circum-

ferential-mean axial velocity to be zero at the end-walls. A spline- {q
fit integration routine [9] was used to perform the integration. Even !E
with only five spanwise measurement locations, the integrated-average 23
flow coefficients--based on zero axial velocity at the end-walls-- E?
compared very favorably with the venturi based flow coefficients. The g?
integrated flow coefficients--based on extrapolated circumferential- ;T
mean axial velocity at the end-walls~-were consistently higher than the ;i
venturi based flow coefficients.
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Table 4.2. Flow coefficient comparison between venturi and integrated

. measurement station flow coefficients. o
Vz extrapolated to endwall Vz = 0.0 at endwall T

Flow Flow -
Coefficient Coefficient o
e Comparison Comparison -
;nj Station Percent Station Percent T
A i~

o 1 6.0 1 1.0 :

{

A 2 4.4 2 -0.2 e
L 3
- 3 2.5 3 -1.9 S
- >
L 4 3.4 4 -1.0 ~
i ®
e 5 0.8 5 -2.9
“..l . 'l
O3 r-
.'.'}'. ~<.
{ ®
.i}: 4.2. Overall Performance Map o
:'t' ] "_..
A The results of the torque meter related performance tests are L
~n presented in Figure 4.1. Overall compressor head-rise coefficient, f:
I,‘ ..--
§§- work coefficient, and efficiency variations with flow coefficient are -
~ -
ot N
“ea plotted. The curves were obtained by recording venturi flow rate, P
\d !
o compressor exit (station 5) shroud static pressure, and drive motor N
: \-_.: ::
AN torque. The venturi flow rate was used to determine the average axial -l
A -
SN velocity at the exit of the compressor. Since swirl was virtually non- .

B
S

existent at the compressor exit, the static pressure was presumed

“4_
¢

S A
.l

2
R

constant across the span; thus making it possible to determine repre-

LTI SN

O T
e f 4.

(3

Cet )
P
0

.
.

sentative total pressures and subsequent head-rise coefficient at the

compressor exit. The torgue meter measurements were used to determine
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the work coefficient from Equation 13.50. Also noted in Figure 4.1

:&ff are the design point overall head~rise coefficient and hydraulic
?ii efficiency as determined from the detailed time-averaged measurements
:T? and Euler turbine equation based ideal head~rise, as well as the design
;i& point overall hydraulic efficiency and head-rise coefficient predicted f;
o C
:&: from the design code. Both measured efficiencies corresponding to the <
e S
P design point flow coefficient are significantly lower than the pre- E;
t;} dicted efficiency. The reason for this discrepancy will be explored gi
-~ o .
:SJ further in a later section (4.4. Comparisons of Circumferential-Mean i}
’:f Data with Design Code Predictions). .?
f;:: As mentioned in the previous section, the Euler turbine equation- gj
‘£§£ based performance parameters are highly dependent on the accuracy of :%
;i?: the absolute flow angle measurements and are, therefore, unreliable ;;
‘i}; measures of compressor performance. Although the relative character- E.
E“; istics of the performance curves depicting work coefficient and i
RS o~
\;?: efficiency variations with flow coefficient proved to very repeatable, t'
:Q; the absolute values of each curve were sensitive to the mechanical %
.l S
?g; characteristics of the compressor, such as bearing friction. These E
:2& mechanical effects appeared as shifts in the absolute magnitudes of 3
- the torque measurements which tended to move the level of the work !‘
coefficient and efficiency curves, but did not significantly affect ;
the relative aspects of each curve. The head-rise coefficient curve
was consistently repeatable and compared favorably with the design ':
point overall head-rise coefficient determined from the detailed time- ;E
averaged measurements, thus lending credence to the procedure used in ;'

determining the head ricse versus flow coefficient performance curve.

e
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Because of the effects of bearing friction on torque measurements, the

performance curves could not be used for absolute predictions of the

compressor performance. Thus, no means were available for comparing

the design program efficiency predictions.

To obtain an accurate performance map which could be used for

‘

o

v
oo

absolute as well as relative measures of efficiency, the compressor

T
LN

R

L S )
Py
!

should be run without blading to measure the tare torque; thus obtain-

&x)\ ing corrections for bearing friction and other mechanical effects. K
N R
f{%& Without regreasing the bearings and with the blades reinstalled, a new :2
0Ny .
,:i: performance map could be generated from which the tare torque is sub- 2

- tracted. This procedure was not attempted because of insufficient
time.

The curve of compresscr efficiency variations with flow coeffi-
?\f\ cient shows an uncharacteristic flat portion where the efficiency is
g;% essentially constant over a range of flow coefficient values. The flat
?5? portion of the efficiency curve may be due to the fact that blade
z{é losses were constant over a range of incidence angles. However, there
Esi may also be some over-riding effect that is causing slight improvements
>,

ot in efficiency to be "washed out." For example, Wisler [2] shows a con-

siderable Reynolds number effect on compressor efficiency for a low-

5
"’ l.“

SERENPR
.".'.'..'.- tt
a_p A K w’

speed four-stage axiai-flow compressor. Wisler's results show a

Frer B
\‘.‘.‘-I . L

; R

i e
::i flattening of the efficiency curves as the Reynolds number is decreased. '4
o . . 5 5 Y
o~ The Reynolds number range examined by Wisler was 1.0 X 10” to 4.0 x 107. =
Iy N
:%: The Reynolds number for the baseline compressor is about 1.8 X 105. \j
A -
:f: Further discussion of the constancy of compressor efficiency over a f€
o b
! range of flow rates may be found in Reference 12. -
N .
> -
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4.3. Spatially Detailed Time-Averaged Measurement Results

Detailed time-averaged aerodynamic data were obtained in the fi

baseline compressor at numerous circumferential positions for 10%, 30%, :?

50%, 70%, and 90% span locations--measured from the hub, ahead of and i
behind each blade row. The axial measurement locations and circum- 23

ferential survey windows relative to each blade row are shown in E?

Figure 3.6 for one spanwise location. Figure 3.6 should be referred ;n

to when analyzing the figures in this section. All total-head measure- ;?

ments presented in this report are referenced to atmospheric conditions. Et

Graphs of the blade~to-blade distribution of total head for all spanwise ii

locations at each axial measurement station are illustrated. Figure 4.2 :;

is for flows behind the first- and second-stage rotors, and Figure 4.3 ;3

is for flows behind the first- and second-stage stators. The data for '

flow behind the second rotor (Figure 4.2) indicate a peculiar pattern i;

involving two regions of lower total head. This unexpected trend is ;

explained in Reference 12. The detailed time-averaged measurement data b

were used to obtain circumferential-mean values of total head, flow g

angle, and absolute velocity. The spanwise distributions of these lk
circumferential-mean quantities are shown in Figure 4.4, for r1 ws !.

behind the first- and second-stage rotors, and in Figure 4.5, for flows i

behind the first- and second-stage stators. The graphs of the spanwise Ez

distributions of circumferential-mean total head and axial velocity D'

J behind each blade row (Figure 4.4 and 4.5) show significantly lower a
‘gs total head and axial velocities at the 90% from hub measurement loca- i
Tb\ tion indicating higher losses near the shroud end-wall there. Evidence ;
= =
N2 2
\::: ;
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of hub end-wall effects appears behind the second rotor and stator as
seen by the appreciable decrease in total head and axial velocity levels
there.

Circumferential-radial plane contour maps of total-head variation
at each axial measurement location are presented in Figure 4.6.
Figure 4.7 shows the locations of the actual data points used in con-
structing the contour map for station 3. The single-stator pitch data
actually acquired were repeated over two stator blade pitches in order
to afford better visualization of the flow pattern. The abscissa and

ordinate correspond to fraction of blade pitch, Y/S and percent span

S?
location measured from the hub, PHH. The actual data were taken
between Y/SS = 0.0 to Y/SS = 1.0. In order to provide a smcother repre-
sentation of the flow pattern, a data enhancement option provided by

the contour plotting program was utilized. The data enhancement option
was only employed in the radial direction since there were an adequate
number of points available in the circumferential direction. For each
contour map, an additional five enhanced data points between each pair
of actual data points in the radial direction were requested. For the
contour map of station 3, there were five circumferential survey line
segments consisting of an equal number of data points--for this case
51--therefore, the total number of enhanced data points was ((5-1)*5%51)
= 1020. The data of station 3 without enhancement are shown in

Figure 4.8 for comparison with enhanced data contours of Figure 4.6(b).

The contours with enhanced data are a slightly smoother representation

of the flow field. Trends, however, are not significantly altered by

the enhancement process.
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(b) FIRST STATOR EXIT STATION 3
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(c) SECOND ROTOR EXIT STATION 4
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(d) SECOND STATOR EXIT STATION 5
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Figure 4.6 concluded.
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FIRST STATOR EXIT STATION 3
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Figure 4.7 Locations of actual data points used in constructing the
contour map behind the first stator.




v
- P N ST R S
L S UL T s

79

FIRST STATOR EXIT STATION 3
TIP

FRACTION OF STATOR PITCH

KEY

CURVE CURVE

LABEL VALUE

.150000E 03 Nm/kg
.200000E 03 Nm/kg
.250000E 03 Nm/kg
.300000E 03 Nm/kg
.350000E 03 Nm/kg
.380000E 03 Nm/kg
.410000E 03 Nm/kg
.430000E 03 Nm/kg
0.450000E 03 Nm/kg
0.470000E 03 Nm/kg

—

OO0 OCOOOO

Figure 4.8 Contour map of the distribution of total head behind the
first stator (¢ = 0.587 at 2400 rpm). No data enhancement.
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The contour map of total-head variation behind the first rotor,

*
s ale
P

Figure 4.6(a), indicates a fairly uniform total pressure level distri-~

(]
.

.

l. -'. '-

oY bution with some evidence of an end-wall loss region (lower total head)
ifg from about 70% span to the shroud end-wall. The majority of the span

s
s
s

from about 10% to 70% span is at about the same total head level,

¢

FrTaT s
e
ol

a

#

N except at about 30% span where there is a core of slightly higher

hd
-
T

»
ola
'y '»
.
s s

total-head fluid.

The contour map for flow behind the first stator, Figure 4.6(b),
shows very well defined stator blade wakes involving steep gradients in
total head and the lower total-head values. Again, the shroud end-wall
region from about 70% span to the shroud end-wall consists of lower
total head fluid associated with end-wall related losses. The highest
total head--as for the first rotor exit flow--occurs at about 30% span.

The second rotor exit contour map, Figure 4.6(c), involves a very
nonuniform total head variation in contrast to the fairly uniform total
head distribution found behind the first rotor. Zierke and Okiishi
[13] discussed the large influence of rotor/stator wake interaction on
rotor exit total-head distribution when stator wakes are chopped and
transported through a downstream rotor blade row. Evident from the

contour map of flow behind the second rotor, in Figure 4.6(c), are two

)
LA

53
&;;S regions of lower total-head fluid (as mentioned earlier in discussing
E?ﬁ Figure 4.2) along the span. Several possible explanations for the

5 occurrence of these two regions of lower total-head fluid were investi-

:E gated. The wakes of upstream struts used to support the inlet bell

ﬁ? housing were eliminated as a possible cause of this trend since they

[
8

remained stationary relative to the probe during any circumferential
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i{“{ survey and, thus, would not show up as a circumferential variation of .
-;:) total pressure. Only those compressor components which moved relative
_5;% to the probe were considered further. Potential flow effects upstream

35;: from the second stator leading edge were considered next, although they
;{;_ seemed an unlikely cause; no evidence of this kind of effect was ob-

;?E served behind the first rotor. Subsequent tests with the first stage

22: stators held stationary during a circumferential survey demonstrated

\iq that as the second stage stators only were traversed circumferentially

Ei} relative to the probe, the first rotor exit flow total-head remained

SN

. essentially constant with no evidence of either region of low total-

}tk head fluid appearing. Similar tests, with the second stator held

O

-iﬁ: stationary while the first stator was circumferentially traversed

o

:3; relative to the probe, resulted in both regions of low total-head

E f fluid appearing. Both regions of low total-head are, thus, quite

Eig: clearly related to the first stator blade row. This unusual observa-

"?' tion has been studied further. Heated first stator wake fluid was

Sjﬁ tracked through the first rotor row and a logical explanation of the

Eiﬁ appearance of the two regions of lower total-head fluid behind the -
N first rotor may be found in Reference 12. :i
E;k The second stator exit contour map, Figure 4.6(a), shows the same

E;: end-wall loss region near the shroud end-wall region--from about 70%

:;{ span to the shroud end-wall--and the same core of high total-head fluid

‘:i. at about 30% span as found in the other contour maps. The unusual wake

iﬁ: contours were studied further (Reference 12). Adjustment of the contour

NS

:2 plotting procedure resulted in more conventional wake contour lines.
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-Zf The core of high total-head fluid at about 30% span, apparent at

%j:_ all stations, suggests that there was no significant radial migration %
jzgi of fluid. This is to be partly expected because the hub and shroud :i
:iii end-walls are parallel. Further, the rotor and stator boundary layer %
\;g) flows were probably not substantially separated from the blade sur- .;
iﬁ?’ faces and, thus, as was demonstrated by Dring, Joslyn, and Hardin [14],

;gi little radial migration of blade surface flow should have been antici-

&_k' pated. Hub end-wall loss regions could only be detected in the second- ’
;éfi stage contour maps. The difference between the extent of hub and shroud

3;;} loss regions indicates that the shroud losses are higher as discussed

;?j further in the next section (4.4. Comparisons of Circumferential-Mean

.éii Data with Design Code Predictions).

‘j;; Comparisons of the spanwise distributions of the measured rotor

g-s~ and stator incidence and deviation angles for both stages are shown in

iiis Figure 4.9. Analysis of this figure indicates that the rotor deviation

3?3 angles are about the same for both stages; whereas, the first rotor is

A operating with greater negative incidence. The first-stage stator is

;;E also operating with slightly more negative incidence and its deviation

:E;E angles are considerably greater than for the second-stage stator.

.?;; Although the stator exit circumferential-mean absolute flow angles are

e

i:&f difficult to determine accurately, the difference in stator deviation

;fi angles are much larger than the estimated uncertainty of the absolute -
AR flow angle measurements (see Table 4.1). The negative incidence angles i
:SE experienced by both stages resulted in the compressor not operating at E
;SE optimum efficiency--a consequence already seen in the overall perform- -

NS ance map results (see Figure 4.1). Table 4.3 shows head-rise coeffi-




-~ e
.
'R
a'a

a a0,

AN N
.

T,
.- b \ ‘. . a

INCIDENCE ANGLE, DEGREES

83

4.00

0.00—

-4.00

ROTOR

L

1 L ] | L

4.00

0.001—

-4.00

O FIRST STAGE STATOR

O\ SECOND STAGE

1 1 L ] |

0.00

20.0 40.0 60.0 80.0 100.0
PERCENT SPAN FROM HUB

(a) INCIDENCE ANGLE

Figure 4.9 Comparisons of measured circumferential-mean incidence and

deviation angles for both stages (¢ = 0.587 at 2400 rpm).
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Table 4.3. Rotor, stator, stage, and overall performance parameters. . 01
h$

First Stage f;;j

e

PHH WR wstage “r Ys R nst.age .i{j
LT j

10.0 0.179 0.167 -0.016 0.055 1.042 0.969 = ¥
30.0 0.183 0.171 -0.014 0.054 1.040 0.971 *
50.0 0.178 0.165 0.018 0.060 0.949 0.878 e
70.0 0.176 0.160 0.035 0.075 0.893 0.811 ';Q
90.0 0.170 0.133 0.078 0.0193 0.769 0.599 f,f
Mass .-.i
Averaged 0.178 0.160 0.025 0.083 0.926 0.833 ey
.::.::

e

Second Stage R

PHH wR ll,stage YR Ys nR nstage
10.0 0.156 0.141 0.120 0.070 0.728 0.658
30.0 0.172 0.158 0.067 0.063 0.830 0.760
50.0 0.173 0.163 0.049 0.044 0.864 0.815
70.0 0.176 0.163 0.049 0.059 0.858 0.796
90.0 0.194 0.168 0.048 0.136 0.870 0.752

Mass
Averaged 0.175 0.159 0.063 0.071 0.833 0.760

Overall

PHH ¥ n

overall overall

10.0 0.307 0.796
30.0 0.329 0.857
50.0 0.328 0.846
70.0 0.323 0.803
90.0 0.300 0.676

Mass
Averaged

(=}

.319 0.795




cient, blade losses, and hydraulic efficiencies for both stages and for
the overall compressor. The performance parameters are based on the

Euler turbine equation ideal-head rise and are subject to large errors

(see Table 4.1). Even considering these large errors, the first stage

is apparently operating more efficiently than the second stage.

4.4. Comparisons of Circumferential-Mean Data with
Design Code Predictions

Comparisons of the velocity triangles for the circumferential-mean
measurements and the design code calculated results are presented in
Figure 4.10 (for flow behind the first rotor), Figure 4.11 (for flow

ahead of the second rotor), and Figure 4.12 (flow behind the second

rotor). Inspection of these velocity triangles shows very good agree-
ment between the measured and predicted rotor exit relative flow
angles, except near the end-walls. This indicates apparent success of
the rotor deviation angle prediction option. Also apparent, is the
higher axial velocity level of the measured data and the poor agreement
between measured and predicted absolute flow angles for almost all
cases shown. It is suggested that the differences in measured and
predicted absolute flow angles behind the rotors are primarily due to
the differences in predicted and measured axial velocity levels. Since
the axial velocity levels can be related to the end-wall blockage esti-

mates, this observation indicates that poor blockage estimates were

3

1 4
P

used in the design process. From the calibration tests in section

PN A
IJ.IJ.IJ.I

3.1, the cobra probe was found to be able to accurately measure the

total pressure as long as the probe was yawed to within % 5.0 degrees
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he of the true absolute flow angle. The estimated uncertainty in the
absolute flow angle measurement for 20-to-1 odds is *1.0 degrees (see
Table 4.1). Static head measurements were found to be constant across
the span as expected, and were estimated to be accurate to within

+5.0 Nm/Kg for 20-to-1 odds (see Table 4.1). Since absolute velocity
is a function of the difference between the total and static head, it
is estimated that the uncertainty in absolute velocity should be no
more than *0.34 m/s for 20-to-1 odds (see Table 4.1). Given these
observations, if the rotor exit absolute flow angle was truly in error
by a significant amount, this error should also be evidenced as an
error in the rotor exit relative flow angles. Since this is not the
case, the large differences in measured and predicted rotor exit
absolute flow angles must be predominantly due to the axial velocity
discrepancies. Inspection of Figure 4.10--first rotor exit at 90%
span--shows good agreement between the measured and predicted axial
velocities and, as expected, also shows good agreement between the
measured and predicted absolute and relative flow angles. On the other
hand, discrepancies between measured and predicted relative flow angles

at the inlet of the second rotor were due to errors in measured absolute

flow angles as well as differences in axial velocity levels. As men- w

tioned in section 4.1, the difficulty in ascertaining the circum-

T g :Ja}/’

ferential extent of the free-stream and wake regions behind the stator

9 o

3
blade rows adversely affects the precision of those circumferential- i;
mean absolute flow angles determined from the measured data. E:
W

Figure 4.13 shows a comparison between measured and predicted é}
circumferential-mean axial velocities ahead of and behind each blade ;S
B
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row. The measured axial velocities are higher than the predicted
axial velocities except near the shroud end-wall. As shown in the
contour maps of the previous section (see Figure 4.6), there was a
loss region (lower total-head fluid) near the shroud end-wall. The
lower total-head fluid corresponded to lower axial velocities. In
order to achieve the design point flow coefficient, the actual midspan
axial velocities would have to be larger to compensate for the lower
axial velocities near the shroud end-wall, thus explaining the higher
measured midspan axial velocities. Subsequent tests using tuft probes
showed that the flow was separating at the shroud lip of the compres-
sor inlet bell housing. This behavior contributed to a larger shroud
end-wall boundary layer than might be expected normally. Subsequent
tests with a new inlet have all but eliminated flow separation at the
inlet of the compressor.

Spanwise distributions of the circumferential-mean values of total
head, incidence angles, and deviation angles are shown for the first-
and second-stage rotors in Figure 4.14, and for the first- and second-
stage stators in Figure 4.15. The comparisons of the measured and
predicted spanwise distributions of circumferential-mean total head
behind both rotor and stator rows (Figure 4.14 (a) and 4.15 (a)) show
significantly lower measured total-head levels than predicted by the
design code, and less measured energy addition per stage as well as
less overall energy addition than predicted by the design code. As
mentioned earlier in connection with the velocity triangle plots
(Figures 4.10, 4.11, and 4.12), the measured axial velocities were

generally higher than predicted by the design code (also see Figure
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Figure 4.14 Comparisons of the measured and predicted spanwise
distributions of circumferential-mean data for the
first and second stage rotors (¢ = 0.587 at 2400 rpm).

[P e
LI N L
L R

. .‘-.“\"‘-



S~ T S LA IRV R Tl

T L e e R

PalC

TV

MY

ng NN

o falk Nt

AN KA LAMAES

e
..

e

95

.

......

BRI A
L4

e
AN
s

—
!
1] z
- —
= o
o
& <
S e —g
& 2 -
— &
2 m
|79
<
o =
@
o0
=
T
oo 5
®5 i
2= <
25 123
wi & O a
Fa 7
o, =
(%]
&
Ca
o
(- o
<
—-1o
o~
o
S
1 ] | o
g 3 8 8 e 3
< = < o o
'} 1
533930 ‘IINY IINICIINI z<u:-g<n»zu¢uuzau¢—u
. ...J-J.

(b) INCIDENCE ANGLE

Figure 4.14 continued.




A At AP P adr e AT i i i A v e VT TN ~ N b N
AR -4
{ '1': o
b ..J'A }A
o 96 %
- j
~ . - " 9
o -~
]
L ¢
AN r
‘. i. “a

’
.
A
1
:
L&AL_.“LLL_' *

)
»e

3
’
‘e

.
e

RO )
8.00 N
i " FIRST ROTOR EXIT "4
A v

NILSEY [- 4 .
fe T (L]

S w

o

i ui 4,00

S <o .

- x

- <<

- ES |_
: E . )
(o = 0.00 | 1 | | | K
S = g
= 8.00
N = QO MEASURED SECOND ROTOR EXIT .
- > —— PREDICTED .
( X '
- <
Nl — .
Lty E -
| Sy - h
A & 4.00 “
':-."_\ % 7
MEGRY g R

|‘ G .
e 0.00 1 | L | | -
e 0.00 20.0 40.0 60.0 80.0 100.0 -
N PERCENT SPAN FROM HUB ;;

XY (c) DEVIATION ANGLE -

O ]
i Figure 4.14 concluded.

..
-
<,
‘e
P
L

A}

»
4

~ .




.
v
’
0

.
‘
v
'

PR RO

v,
P

o7 97
o,

.
[} . I.v L . . ot
a'a 2 2'a AxAA' . e

oo
)

» e
el

~ 5.50
FIRST STATOR EXIT

|

)
-

o 4.50 |-
3.50 [~

2.50 | | ] 1 1
11.00

SECOND STATOR EXIT

10.00 p—

~

2yt " .
Jraalel
NN

»
a s,

- G

9.00 |~

CIRCUMFERENTIAL-MEAN TOTAL HEAD x'IO'z. Nm/kg

»

A T L)

[N S

O MEASURED
—— PREDICTED

a’a

.'1 \. "- .'- “l '\‘_\

8.00 [—

14

¥

"

l‘ l. 4, l'
= s

7.00 ] ] | | |
0.0 20.0 40.0 60.0 80.0 100.0

PERCENT SPAN FROM HUB

(a) TOTAL HEAD
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distributions of circumferential-mean data for the
first and second stage stators (¢ = 0.587 at 2400 rpm).
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4.13). The higher measured axial velocities resulted in less measured

AR
Lt

v .

flow turning than was predicted. With less measured flow, turning the

r

measured energy addition would be less than predicted, as is shown in

)

Figure 4.14 (a) and Figure 4.15 (a). The measured circumferential-mean
total head is consistently lowest at the shroud which again shows
effects due to the higher shroud end-wall losses as a result of the
flow separation at the shroud lip of the inlet bell housing. The
measured total head behind the second rotor and stator is also low

near the hub which is due to hub end-wall effects beginning to appear

there.
.f; As found from inspection of the velocity triangles, the first-stage
:F:.:.
; rotor measured and predicted deviation angles (Figure 4.14 (c)) compared
s
-
p)

favorably. Flow behind the second rotor exit shows slightly poorer
agreement between the measured and predicted deviation angles. The
poorer agreement between the measured and predicted deviation angles
for the second-stage rotor is due to the fact that the second-stage
blade angles for the actual compressor and design code are different
(see Figure 4.16). For economic reasons, both stages of the actual
compressor were designed based on the first-stage blading of the
design code. The actual second-stage rotor exit blade angles are

greater than the design code blade angles, and since the measured and

Y

predicted relative flow angles were about the same this resulted in

“ -‘p .‘l

smaller deviation angles than predicted by the design code. Figures

.
L

4.16 and 4.14 (c) show that the design code blade exit angles for the

T’
- s s

first rotor are greater than those for the second rotor, and that the

design code deviation angles are slightly greater for the second rotor
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than for the first rotor. The actual blade exit angles for the first
s and second rotors were the same, and the actual deviation angles for

the first and second rotors were about the same. The good agreement

between measured and predicted deviation angles indicates that the

.
.

deviation angle prediction correlation used in the design code (see R

Y .
L

Appendix A) is quite good. Measured incidence angles (Figure 4.14 (b)) .

»

RN

P

were lower than desired for both rotors. However, these incidence

angle differences did not result in appreciable deviation angle differ-

TR
A .-
RO
AT
.
P

v
’

ences. Measured stator incidence angles (Figure 4.15 (b)) show poor

F

¥
.
a

v -
o
]

. agreement with predicted stator incidence angles. Comparisons of the .."
:E measured and predicted stator deviation angles (Figure 4.15 (c)) also
.,:_' show poor agreement. The reason for the poor agreement between
'::: measured and predicted stator deviation angles in contrast to the good .
:.: agreement between measured and predicted rotor deviation angles is ,?:t:"_
f: partially due to the greater uncertainty in absolute flow angle measure-
'::‘ ments behind a stator blade row (see Table 4.1). However, not all of ..
::.‘ the difference between the measured and predicted stator deviation angles '.‘f;:'
\ can be accounted for by the measurement uncertainty. No satisfactory ;
explanation has been found for the additional differences in measured ~;
*i and predicted stator deviation angles, except to blame the deviation N
-3 i
;': angle prediction method used. A comparison of the stator blade angles
.‘ for both stages is shown in Figure 4.17. ft'-:
:'.; The spanwise distributions of the measured and predicted blade H
loss coefficients for each blade row are shown in Figure 4.18. The :\
N XY
j'. difficulty in accurately predicting blade losses is evidenced by the ;
’ large discrepancies between the measured and predicted blade losses. :
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(a) ROTOR LOSS
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Although the uncertainties in the measured loss coefficients are quite
large, the design code blade loss predictions are generally lower than
the measured losses. Thus, it seems the blade loss correlation used in
the design code (see Appendix A) is inadequate. With the lower pre-
dicted losses and higher predicted overall energy addition, the pre-
dicted overall efficiency would be expected to be much higher than the

measured overall efficiency, as is shown in Figure 4.1 (c).
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5. SUMMARY AND CONCLUSIONS

A two-stage baseline research compressor has been designed which .

has resulted in: -

1. Higher blade-chord Reynolds numbers than were previously i_
attainable with three-stage compressor blading. E:
2. A better blade material which would be more durable than i;
that already available. ;

3. Conventional blade-section shapes. N

4. A favorable ratio of number of rotor blades to number of O

stator blades.

5. Elimination of inlet guide vanes.

Y S )

This baseline compressor can provide a suitable means for evaluat-

-

ing specific stator blade modifications for possible improved control

- -

of end-wall and secondary flows. The data acquisition system and
computer programs developed during this research program are expected

to aid in the acquisition and reduction of associated time-averaged

- R LA JL P

measurements.

[ N

Some limitations of the design code used to design the baseline
compressor have been observed. The blade loss prediction correla- )
tions (see Appendix A) were shown to be inadequate. The deviation o

angle correlation (see Appendix A) proved to be quite accurate for

predicting rotor but not stator blade deviation angles.

e
oy

A curious pattern of total head distribution was observed down-

v
.

-
v

stream of the second rotor. The relationship between the observed
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distribution of rotor exit total head and the interaction between
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- upstream stator wakes and the rotor has been studied further and is

discussed in another report (Reference 12).
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6. RECOMMENDATIONS FOR FURTHER RESEARCH

The next phase of research included tests of a specific stator
blade geometry designed for improved control of end-wall and secondary
flows (see Reference 12). A stator blade geometry, designed for
improved control of end-wall and secondary flows, was selected and

tested in conjunction with the baseline compressor described in this

”~ o

report.
Yo
-“ - . I3 >

Ly Relative to the compressor design code used to design the baseline

A
>, "

- .‘ 3 0 . 3 - .
§n2~ compressor, it is clear that improvements in stator blade deviation

NS
o

angle and rotor and stator blade loss prediction correlations are
required. These correlation methods were developed in the 1950s from

two-dimensional cascade tests of fairly conventional blade sections

( (i.e., parabolic, circular arc, double circular, etc.). Periodically
LAY
L]
~ . .
_\ib unsteady effects due to blade wake chopping, transport, and interaction
':;1 should also be investigated further to help explain the unusual total-
s head distribution behind the second rotor of the research compressor.
[ ..! ),‘-
A
AN
N
-'_:-u':
. ~'\
LRI
e
2
o R
o
S
-3



.
~

LA

P

P

1 s &
.“r":" R

P 2ueC I O S S S AR S MAC v

(5]

---------

115

7. REFERENCES

Mitchell, W. S., and Soileau, J. F. "Turbine Exit Guide Vane
Program." AFAPL-TR-77-75, November 1977.

Wisler, D. C. "Core Compressor Exit Stage Study, Volume II-Data
and Performance Report for the Baseline Configurations.'" NACA
CR~-159498, November 1980.

Senoo, Y., Taylor, E. S., Batra, S. K., and Hink, E. "Control of

' Gas Turbine

Wall Boundary Layer in an Axial Compressor.'
Laboratory Report No. 59, Massachusetts Institute of Technology,
June 1960.

Schmidt, D. P., and Okiishi, T. H. "Multistage Axial-Flow Turbo-
machinery Wake Production, Transport, and Interaction." ISU-ERI-
Ames-77130, TCRL-7, November 1976.

Crouse, J. E., and Gorrell, W. T. "Computer Program for Aerodynamic
and Blading Design of Multistage Axial-Flow Compressors.' NASA
Technical Paper 1946, 1981.

Bryans, A. C., and Miller, M. L. "Computer Program for Design of
Multistage Axial-Flow Compressors.'" NASA CR-54530, 1967.

Sofrin, T. G. "Aircraft Turbomachinery Noise, Fan Noise.'" Notes
from the Course in the Fluid Dynamics of Turbomachinery, Iowa

State University, Ames, Iowa, 1973.

Morgan, B. D. "A Water Column Balance Pressure Reference System."
Unpublished Report, Department of Mechanical Engineering, Iowa

State University, Ames, Iowa 1979.

Greville, T. N. E. Theory and Applications of Spline Functions.

New York: Academic Press, 1967.

ORI A A A S e s i b A Yl e Aol AR i . a0 gl oR MAIC e AN ARt st Tt e da A Ted B ek S0}

PREVIOUS PAGE ¥
1S BLANK

atx s

I1

»
alaltal

el Al A

Lalals




<<<<<

116

Wylie, C. R. Advanced Engineering Mathematics. New York:

McGraw-Hill Book Company, Inc., 1975. f;

Kline, S. J., and McClintock, F. A. '"Describing Uncertainties in s

Single Sample Experiments." Mechanical Engineering, 75 (1953), iﬁ
3-8. 2
Tweedt, D. L., and Okiishi, T. H. "Stator Blade Row Geometry _j
Modification Influence on Two-Stage Axial-Flow Compressor Aero- i:
dynamic Performance." ISU-ERI-Ames-84179, TCRL-25, December 1983. Fa
Zierke, W. C., and Okiishi, T. H. '"Measurement and Analysis of ]
the Periodic Variation of Total Pressure in an Axial-Flow i#
Compressor Stage.'" ISU-ERI-Ames-81121, TCRL-18, November 1980. ;i
Dring, D. P., Joslyn, H. D., and Hardin, L. W. "An Investigation :%
of Axial Compressor Rotor Aerodynamics.”" Transactions of the ASME, ij
Journal of Engineering for Power 104, No. 1 (January, 1982): E;
84-96. :

Johnson, I. A., and Bullock, R. 0., eds. 'Aerodynamic Design of

Axial-Flow Compressors.'" U.S. NASA SP-36, 1965.



B e ani ol 2 - B A nr i e St s e s St 3 TRV A A B A A AS S8 RIS A A A0 B S en SFa L e A4y Ses ot BAST
IACALCAITACL S et ST AL s A e et e i e " lef I et St BAUS Sl A A s R A DA PASRAS I AN U I A AT I R B S A Y
o ~ - - - . . - . - - - - T - - . A - SamLt o Toe T .t -

.
.
R

o PN

117

RS
sl x s

]

8. ACKNOWLEDGMENTS -]

)y

x

We would like to express our appreciation to our colleagues of the -

Iowa State University Engineering Research Institute/Mechanical :j
Engineering Department Turbomachinery Components Research Laboratory ;;

¢

g for their assistance and encouragement, in particular, Daniel L. Tweedt

o g g

for his help in obtaining and reducing data and George K. Serovy for
his helpful comments. We are also grateful to Leon Girard and Kurt
Ante for their dispatch of related machining, and to the staff of the
Iowa State University Engineering Research Institute/Office of Edi-
torial Services/Technical Illustration for their patience and expertise
\C- in editing the text and in helping to prepare the many figures and
tables in this report. Finally, we acknowledge the support of the Air
Force Office of Scientific Research (James D. Wilson - Contract Monitor)

throughout.

A
a3 N

LR N Y

ety

.'g!

L v
R S F I I N
D N T

- ~‘

. AT I . s _-.'_.. -.. ._~ . _. e
S e e - B - ce . e e e Te et -.'-,- \_-"‘.
PRSP S I T TS A I Y Al ‘....._L_L \‘Le_s.\lL‘_ 2




O ~
-

‘l“'l‘
[

P e
A e s

N
[y

A -
rre
4, 4

7/ e i_ L N

119

9. APPENDIX A: USER-DEFINED CORRELATIONS USED IN NASA DESIGN CODE

Advanced compressor design codes frequently require the user to
input various empirical correlations of blade profile losses and
incidence and deviation angles, and annulus-wall blockage factors. The
various user-defined correlations required as input to the NASA design
code are presented in this section. The actual tabular input to the
design code is given in Appendix B. The variables used in the correla-

tion parameters are defined in the symbols and notation section.

9.1. Blade Loss

The blade loss correlations used are illustrated in Figure 9.1.
The loss curves are typical of annular cascade tests of double-circular-
arc blades as used in the baseline compressor. The correlating param-

eters are:

—_— ]

wcosf
e Loss parameter = 2 = approximate measure of blade wake
momentum thickness to chord ratio.

where o =c/s

! rV - (rv
MG RIRRC SN
e D-factor =1- — + ;
\ o(rl + r2)V1

e Percent span from hub

The trends shown are similar to those indicated in Figure 203 of

Reference {15].
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9.2. Incidence and Deviation Angle

The design code provided several options for the incidence and
deviation angle correlations. A two-dimensional incidence angle cor-
relation was considered suitable for the baseline compressor design.
Carter's rule was selected for the deviation angle correlation. Both
correlations are described below.

The incidence angle correlation is described in Chapter VI of

Reference 15 in the form of:
i=1i +n6
o
vhere n is obtained from Figure 138 of Reference 15 as a function of

O and Kl

-]
1l

blade camber angle

i = (K.) (K,) (i) = incidence angle for zero camber
) i i o
sh t 10
where (io) is obtained from Figure 137 of Reference 15
10
(Ki) = 0.7 for double circular arc blades
sh

(Ki) is obtained from Figure 142 of Reference 15 as a
t

function of t___/c
max

The deviation angle correlation (Carter's rule) described in

Chapter VII of Reference 15 is

where m_ is obtained from Figure 160 of Reference 15 for circular arc

blades.
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10. APPENDIX B: NASA DESIGN CODE RESULTS

output from the NASA design code is presented in the following
Table 10.1 lists all input parameters and user-defined corre-

in tabular form, required for the design code analysis.

Table 10.2 lists the aerodynamic output (e.g., velocity triangle in-
formation, blade element performance, etc.) for 11 streamlines at each
axial computation station. The NASA design code gives the streamline
radial positions as a percentage of the blade span measured from the
shroud end-wall, whereas, the convention used for all data figures in
this report is percent span measured from the hub end-wall. Table 10.3
lists the stage and overall mass-averaged aerodynamic performance param-
eters. Table 10.4 and Table 10.5 list the manufacturing coordinates at
17 spanwise locations for the rotor blade and stator blade, respectively.
Only the first stage stator and rotor blade manufacturing coordinates
generated from the NASA design code are given as they were used for

both stages of the baseline compressor. Figure 10.1 shows representa-

tive rotor and stator blade sections and associated manufacturing

coordinate nomenclature.

.inini.i;:‘i.
P P ]
l,l [ I R )

w
e

.}‘l." -I‘. [

PREVIOUS PAGE
1S BLANK

v v
LRAN
P RN RS 4

LA
[" L "’."A .Lr L"' A ‘,’3

. .-
ey

“‘
_<
<
>
)3
.
-3
]
P,
L

]
ol

@
DASONEAENT g o

PR
’



. ey ) PPN I o ol
ai . O XA

- 0*0 9691 009*81S 1t

; 0000°1 ot 0°0 3690 v} 009°816 ot

v 0006°0 6 0°0 969°1 009°091s 6
0008°0 ] 0°0 969°v1 009°dtg %
0002%0 z 0°0 969°v1 009°@1§ L
0609° 0 9 0°0 96991 009818 9
0005°0 s 0°0 969°v1 009215 H

_ 000%°0 v 0°0 269°v1 009°81¢ v

4 000£°0 € 0°0 969°v1 009°81S €

v 0002°0 z 0°0 969°v1 009°9 1S 2

e 00010 1 0°0 969+41 009°0 1§ 1

'4

vy €33s$/14) (YISa) (*y *930) Qv

(] NOLLOVEd ROTM4 *ON ALIJOI3A 3HNSS d 3WNivaddaas BNIIWVS LS

B 0NARYIULS 38NAWY3IYLS JEIHA L3NG IvA0L 13°INT IVL0L A3NE

v .. JENAIWY3IVIS B0 INIIWVYIVLS A8 SNOILNGINLISIO iNaNT

v

. =

g !

-‘ 4

ﬁ.. Sesis 0°0 + vssis 0°0 + fesis 0°0 + 2s%ls 0°') ¢ 1= 0°0 ¢ 00 QOL6£2°0 = oD

w.n WyOd ONIMDTIOS 3ML NI SI IVINONATOD LV3IW D141339S 3MHL

W\ '

;

y . CSNOLILVYLS BYWINNY £ LV ONV S3I903 30V 3IML dv 30Ywm 3@ 1A SNOIAYIND YD

_w.

¢ *SADY 3QYI@ ¥ SVH HOSSIuaWDD ML *SINITMY381S 11 NO O3WuO04¥Id 33 TIIA SNOILVINIIYD

b

: * L8°8T S1 L1HOIIM ¥YINIIION 3HL * 610°1 S1 DJivy IUNSSIug HOSSINANID 0IBISIC 3HL

' *(23S/87) 0G2S S1 34ivY ROT4 LIWI INL ‘Hol 0°00¢Z2 ST G33IJS VUNOIAVLIODYE HISS INENOI IFHL

3

]

“ 64d3SY WSBOO¥Z SSOY B9¥2°d 9E-dS/M ISYS IOVLS-2 ¢ NSV¥L NSI/¥S504v

ﬂu *es WYHOON NOIS3IC MOSS3IYAWOD ¥O4 VIVE LNGNI wes

w.‘“ ‘s1332weaed Induy 3pod uByse’y T QT °IqEL

—
R Nt

>,



AEEAEEL (e RN IO BogrMaEMMCITIES bASNLISPAATALI b AAMEMPAOMMENNS | AORNTMRTI S 4 JPMM T RUR A A a LA Eh M. 4 4

. [ ’
. - PR - . P2 B ] -

»

00%0°0 0004 °0 0£20°0 0009°0 09100 000$°0 0£10°0 000%°0 0600°0 0000 "
8 0Cv0° 0 0004°0 042C°0 0009 °0 0910°0 0005 *0 0£10°0 000%°0 0600°0 000€ *0 ot
1. 00%0°0 0004°0 0420°0 0009°0 0910°0 0006°0 0€10°0 000%°0 0603°0 000€°0 6
.. 00%0°0 0004 *0 02200 0009°0 0910°0 0005°0 0£10°0 000%°0 0600°0 000£ *0 8
b 00%0°0 0004°0 0420°0 0009°0 0810°0 0065 *0 0£10°0 000v°0 0600°0 000€°0 2
. 00v0°0 000Z *0 0420°0 0009°0 0810°0 0005°0 0€10°0 000¥°0 0600°C 000£°0 9
F 00v0°0 0004°0 0£20°0 0009 *0 0810°0 0005°0 0£10°0 000¢°0 0600°0 000€ *°0 s
: 0090°0 0004°0 0420°0 0009°0 0810°0 0006 °0 0£10°0 000¥*0 0600°0 000E°0 v

00%0°0 0002 *0 0220°0 0009°0 0810°0 006$°*0 0£10°0 0009°0 0600 °0 000€°0 €
¥ 0690°0 0002°0 0420°0 0009°0 0810°0 00050 0c10°0 0009°0 0600°0 000€°0 z
g 0cv0°0 00640 0220°0 0009°0 0@10°0 0006 °0 0€10°0 000%°0 0600°0 000£°0 3
w-.. *Wyavd SSOY ¥OLDV4I-O ‘WYHYd SSO ¥01lDV3I-Q *WYdYd SSOTT HOLDVHE-Q *WYHYd $SO7 ¥O1DOvi—-Q *WYdYd SSOT d§01DV4-Q INIINYIVYAS
T; *¢ 2 °ON 378YL $507 3IVI40Nd e
s
X

0Cv0° 0 0004°0 0420°0 0009°0 0810°0 0005°0 0£10°0 000%°0 0606°0 000€°0 u
' 00v0°0 0004°0 0£20°0 0009°0 0810°0 00¢5°0 0€10°0 000v°0 0600 °0 000E*0 o1
. 00v0°0 0002 °0 0£20°0 0009°0 0810°0 0005°0 0£10°C 000v°0 060G *0 00CE*0 6
3 00¥0°0 0002°0 0420°0 0009°0 0810°0 0006 °0 0E10°0 000¥°0 0600°0 000£° 0 8
-, 00v0°0C 0004 °0 0220°0 0009°*0 0810°0 000$°0 o£10°C 000%°0 0600°0 0606E£°0 i
» 00v0° 0 000.°0 0420°0 0009°0 0810°0 0005°0 0£10°0 0009°0 0600° 0 000€ *0 9
s ocvoco 0004 °0 0420°0 0009°0 0810°0 0005°0 0£10°0 000v°0 060370 000E*0 s
7 0090°0 0004 "0 0420°0 0009°0 0810°0 0005°0 0E10°0 000v°0 0600°0 0COE*0 v
. 0£80°¢C 000Z°0 04560 0009°0 09£0°0 0005 °C 0§70°0 000¥°0 0600°0 000E°*0 £
r, 0221°0 000L*0 0880°0 0009°d 0650°0 0005°0 0¥EO0® 0 000%°0 0022°0 000€E *0 z
% " 0v91°0 000Z°0 00£1°0 0009°0 046C°0 00C5°C 0990°0 coov*0 0BED "0 000£°0 t
s, o~

e
! *WYNVd SSOT HOLOIVA-G  *WYdYd SSO7  HOLOV4=O  *WVNVd SSOT HOLOVI=O0  *wYdvd SSO7  ¥01dVi-C ¥vd $S27  HD1DVI-G INIMWVINLS
wA «% T *IN 37@vi SSO07 3V1408d =%
P
L ]
2 (YWO1540°2)/(V13E)SOI(HVE)IVOINI ~ S3TIBYL SSOT 317 408d ININT 3HL
-
X
.
.
«n 000°9 000°41
.. 000°8 ocs°01
p 009°S 000°21Y 000°8 005°L
ses:s sege easid HH]
-

. 009°S 00v°E~ 000°9 000°1
F. 009°s 000°S~ 000°% 0°0
1 009°S 001°9- 081°8 054°1~
- 050°9 001°6~- 0€0°6 00T1°v~
¥ os1*® oEseti1- 00S°01 000°9~
.
., (SIHINT ) {S3IHINT) (SIHINT ) (SIHONT)
P sniava 31VN1QH00) sn1ava 31¥N10¥00D
vw-. -] AVIXY BNH dii avixy dll
X
T
o *SHNIINDD GNH ONV dli ¥04 SINIOJ VAV LNdNI
Ay
v‘
't ‘penurluo) T°Q0T7 3Tqrl
.
A
;
.
a
r,




126

0°0

33378 SSYNW

o°¢c

a3378 SSYN

[\Ad]

3378 SSVYN

0°0

J3378 SSYW

09C0°0

H0LOva 3JOVNO0T8

%

0900°0

W04D¥ 4 3DVYXNIGS

0€00°0

#04dvd 3OVYVNI0I8

*E

0°0

¥OALDVd 3IOVNDI08
e

0900°0

anH ¥04ADVYd 39ViD018
NOI LYLIS JdYINNNY NY SI ¢

0900 °0

and ¥OlOVvd 39vxO018
NOILVIS BVYINNNY NV SI €

0E00°0

anH ¥JI1dv4 39vyxD010
NOILViS HYTINNNY NV SI 2

9*0

N B0LOVYd4 39Y»O078
NOILYLS 3VINNNY NV ST 1

0009°1~

{S3HONT)
dil NOT1iVI0TY WWIXY 80H

*ON L3S LNdNI =

00S6° v-

(SIHONT)
dli NOILYI0 IVIXY 8N

*ON 13S LNaNI ss

00SE° 6~

(S3HONT)
a1l NOTLVI0Y AVIXY 8NW

*ON 135S LNdN1 s

000%* 11~

({S3HIONI)
dll NOILVD01 VIXY anH

*ON 13S L1NdNI ==

ses YIVQ NOILVLS LNoNl 40 LNOINIHG s*¢

N AN AN R 257 0 A RAnARN] JIVRRIYIFI EAAR

00Gv* 1~

(SIHINT)
NOILAVIOY WIXY dIL

000G €~

(S3HINT)
NOILVI0 IVIXY dIi

00SL v~

(S 34INI)
NOILVI0 WIXY dllL

00$6°5~

(SIHONI)
NOILY30 WIXY dla

‘penuTIU0) T°QT °Tqel




00CotI*0 3NON *ld °SNvdL Juv ¥y WNILHED ¥V d@vINOu1D 3Ny Sy518vD Q-2

tese(NI)/OY NIONYW ANIOG AN1Od OIlvy 3ISNY 3TONY
ALISN3C vId3lvw 56vIE ANOHD SSINIDIIHL *XV¥N NOJI LISNVYUL 34v8 ONINBNL NOILVIAZO 3ON3QIDNI

% SNOILJO NOILINTA30 AN3W3 T3 3QVIE LNdN]L =

JIANINGD

2118VYND

0°G 180D

0°0 0°*0 211v3QvYNO
0°0 00v0°0 YYINIT
0090°0 AINV1ISNOD

IYNSSIYd 137UND ¥0LI0YW LIEF]

CHCHD oll/7QUOHD QHOHD/SSINNDIHL *XV¥w QdIHO/SNIAYY *3°L QHOHI/SNICYY *3°7Y

* ONIAOIIA IHL ¥O4 SINVASNOD IWIRCNATOG »

000s°0 12 42001 0°0 000v°0
($33493Q)
13vad AQCy ADU5N3 WND S30v 8 40 H3ISWNN ALIQINOS dlIl LINIT 39NV AOTV4 BNH LIWIN ¥04Dvd O 4l
0°0 0600°0 08100 o°¢e 1

(S334930)
93378 SSVYN 13UNO 39V¥D0071€ 8NH 43771N0 IOVNI0I8 dIL L3N0 3ONY L1711 30ve a3asn 13$ SsSO

0*0 06¢0*0 0600°0 00EB°*1 00€8° 1

(S3IHONE) (S3HONT)
d3378 SSYN L3N] 39¥Y%207€ 8NH 13INI 39¥3D2078 JdIli 13NI NOILVYO0T IWIXV *9°) gNW NOTAVICT AVIXY *5°D dgli

* 30vI8 SIHL 802 Q3¥IS3Q IUVY HONNG NOISIO ~ 440 Ld3IX3 SNOILDD MYHOONo TV »

#& 1  *ON 010 SI § °*ON 135S LNdN] =s

‘panuriuo)  T°0T °1qel




3NON *ld °SNViL BV HYINOUID QuVY d¥vINdYId 370G Su3Luvd ag-2

NIDHYR ANIOd AN1Od oILivy IONY ATONY
IN0OHD SSINMIIHL °*XV¥YNW NOT L] SNVYY¥L 34vY ONINUNL NOILVIASQO 30N 2CIOND

* SNOILJO NOILINIIIO ANINITI IOVYVI6 LANDN] =

0°0 0°0 00 0°*0 J18nd
0°0 0°0 0*0 0°0 0°¢ 21.1vdOVYND
o°0 00v0°0~- 0°0 0°0 cC YYINIT
cQot°*0 0010°0 0010°0 o°0 INVASNOD

0°0 ISYIANI

0°0 *OS°ANI

CUCH) dILl/QHOMD QBOHI/SSIAINNIIML *XVYN QYOHD/SNIAYYE *3°L QuOKO/SNAICYY *3°7 (9)A 1371N0 ¥OLVLS wWy3L

®= ONIMOTIO4 IHL Y04 SANVASNGD TVIWONATIDG »

128

0 ] (1 veev*1l 000s°0 0006°0
MNASADN ANLIS3IIN S3Av8 340 YIAWNN ALIQINOS dll LINIT MOVYW 8NN L3NNI LlmI 2019vd Q 8NH
0°0 0810°0 oet10°0 €0 4
(S33uD30)
G3379 SSYW 1371N0 39V¥AI07E6 8NH 13TLN0 39vX0018 dIL 137UNn0 FTMONY L1 3ave g3sn 13s ssOM

0°*0 0600°0 09100 0092°S 0092°S
{S3IHONT) (SIHONT)
Q3379 SSVYW L3TINI 3OV2207E 9NH L3NNI 39VHO018 dlli L3NNI NOIAVYD0T TvIXY *9°D 8NH  KNOIAVI0D IVIXY °*9°*D dIL

¢ 30VI8 SIHL YO0y Q3YIS30 I8V HONNG NOIS3T -~ 3340 1030X3 SNOILJO hVuODHd 1V ¢
*% HOLVLIS WO 3INVA 30IN9 v SI S °*ON U13S LINAN] =»

*8% VAVQ NOILVLIS LNGNI 40 LNOUINIY¥D =2

‘penutluo) T°QOT ITqel

R
0O



“..JJ.JJ > AR

‘ -

r.

g

]

r..

"

-.

t.

»

[’

Wu 000010 aNoON *1d *SNvHL Suv ¥Y NI Suv ¥vININ1D 3Ny su31HYd a-2

b Ces(NI)/B NIDHYR INTOd iIN10d o1avy 379NV 319NV

. ALISN3G 7vid3lyw 30vW 3INOHD SSINGOIIHL *XVMW NOT L1SNVas Siva ONINBNYL NOTLVIA 3G 35N301N1

L + SNDILJO NOILINIJ3Q IN3W3T3 30vI6 LAGNT @

Wv 0°¢C S1ININD

. 0°¢ 3114vND

N 00 0°0 0°0 0°0 0°0 316003
c*0 0°0 0°0 0°0 0°0 >I1vaavnd

b 00 00v0°0 00 00 0°0 ¥V3NIA

L 0090°0 0010°0 0010°0 INVLSNDD

w‘ CYOHD oll/7QH0OHD OYOHD/SSINMNDIHL *XVYN QUOHI/SNIOYY *5°) auOMO/SNIGYY *3°0 3uNSSI¥d LITANC 0L [3-EFY

. o

. & + ONIADTIIDS 3HL ¥0d SINVLSNOD IVIRONATDG @

) —

|

v, 0000° 1 12 L2001 00 000v*0

. ($338530)

' 1OVdd gay ADS¥3IN3 WND S30V8 40 Y3EWNN ALIQINOS dllt LINIT 3TMONY ARAOTI BNH 4Imlt ¥YOLOVS O dIL

m 0*0 0810°0 0226%0 0°0 1

. (S338930)

n 03378 SSYW L3N0 39¥%2076 8NH 137UN0 29v¥>078 dll 1371n0 379NY 1711 30v7e a2sn 13s sson

13

. 0*0 oe10°0 0810°0 00229 00428

b . (S3IHONT ) (S3HONT)

i @3378 SSYN 13INI 35Y%207M8 8AH 13N 29¥%3078 ali 13N1 NOILVO0T IVIXY *9°3 @AM NITAVIOT AVIXY °9°3 dit

R

* 30Qv78 SIHL Y04 GIVIS30 IUVY HONND NOIS30 - 340 Ld3IX3 SNOTLJO WMVEOONd 1V &

*% 2 °ON ¥010¥ SI 4 °*ON 13S iNdNI s

bl

‘penurauo)d T1°0T ATqel

-

s
-

L

-

e 44

-

AP A

AT

A

A0

=




A AAREL AR SV B A S BT AR

Larl o

. o°0 0s20°0 L2200 000S eI 000S° 91

{SINONE) (SIHONT)
NOILDYMI G338 SSYW ¥CLOVYd IDVYND0E 6N BOLOYS 3IO¥NI0I8 dfi NOT1¥IDI IVIXvy BNH NOJ1 D7 Wiy ol

*$ NOILVLIS WVINNNY NV SI 6 °"ON 13S ANdN1 se

—

<

*%¢ YIVQ NOJLVLIS LNANI 40 LNOLANIYG ses

ANON *ic °*SNVML %Y yvINOB1D VY ¥YINduID I S¥JFLAVD a-2

NIDMYR ANIOdo AN1OQd Orivy 3I9NY 3 IONY
AM0HD SSINMDITIHL *XVYNW NOILISNVHL 34vYd ONINuNL NOI L¥IA3Q IONIAQIONIT

* SNOILOD NOILINIJ3Q IN3WITD 30YI8 LNANIT #

0°c 00 0°0 0°0 180
G*0 0°0 00 0°0 0°0 511vyaQV¥ND
o coc 00%0°0~ 0°0 0°0 0°0
= 00010 0010°0 Qo10°0 a°c ANV ISNDD
— 00
o°¢c *55°ANI
CMOHD c11/0¥OHD QUOHI/SSINNDIRL *XVm QUOHI/SNIAVY *3ey QUOMD/SNIAYYE *3°7 (6)A 1371N0 ¥OiviS YET
*= ONIROOIOSI 3INL NOS SANVISNOD IWINONATWo »
¢ 0 o€ vZeeet 000S°0 000$°0
MASAIN WASIIN S30Y8 40 YISNNN ALIOINOS 911 LINIT HOVYW 80K L3 WNL LINIT 8OLOv3 O 80W
00 02200 0£20°0 0%0 z
($334930)
03378 SSYW L3N0 Z9YX¥307€ 8NH 137400 3o¥vxd07@ dil L371N0 379NV 1711 30vIe Q3SN 135 sSON
00 0810°0 0420°0 000L° 11 0004° 1t
(SIHONT) (SIHONT)
033718 SSYN 1 3INI 3I9YN2078 8NH LI3INI JOVNI0TE dIl LIINI NOTLIYIOT WWIXY *9°*% gnn ADILWI0TY WVIXY °*5*) oIy

# 3Qv78 SIML ¥0d C3¥IS3Q 3¥Y WONNG N9IS30 =~ 340 Ad50Xx3 SNOTLJO AVHOOUc TW
*% 0LVLIS M2 3NVA 3CINS v SI € *0ON 135 ANON! e

$24 VIVQ NOLLIVLIS LNoNI 20 LNMOINING wee

‘penuIluo) T°Q1 3TqEL

R IE TP X
A ..--\fn- ' \A. \A-.-A-




B » L ol anl R el ol Rl Y .
000C*Y! = 214Ovd 60s2*t = tiOvd
99922 G005°91 St 89922 0006591 St st
9992°*2 0006°S1 vl 9992°2 000G °S1 vl vl
9SSt 1 000S°v1 €1 9GSES T 000G° vt [ €t
14601 cgezeet 21 12601 ogze°2t et 21
1i8v°% 1294°01 11 14091 1294°0¢ 1t 1
Gi62°Y 90226 ot YX-T-A4 90226 o1 ot
s561°2 SOveL 6 SS61°2 SOove L 6 6
egit°et 188E°*9 8 g8l 188E°9 e 8
i4916°1} 122€°v 2 L4918°1 12ze v 2 4
GZig*1 808L°2 9 s2iE°tl €08L°2 9 9
9SE6*0 £000°1 S 9GSE6°O £000°1 S S
£0E6°0 [41-33 30 5d v €0E6°0 cBls 1~ v v
— ocsvety €061 v~ € o2se 1t £061°v~ € €
@ 69691 SYEC 9~ e 5969°1 134394 0 [ 14
— 0°0 L9698~ 1 0°0 Ly6v°8~ 1 1
uv (re1)z 1 yv (hr1dl)Z 141 1
0°*0 0420°0 0420°0 000S5°91 000$°91
(S3IHINI) (S3HONI)
AOILOVYs Q3376 SSYN 4040Vd 3TVvXOGIE eNnH BWOLOVd 39v>XD078 dli NOI1VI0T TIvIXY 8NH NOILVYDO0TY WVIXVY dId

4 NOLILVYLIS YYINNNY NV ST Tl °ON 135S LNdNI *s

c*o 0deo0* 0 0e20°0 0008°S1 000S8°St
(SIHONI) (S3HONIT)
NOIADYUYY G337 SSYNW Y¥CLOVd ISVYNO0TE BNH ¥0iDV3 3IOVYNI0TE dlld NOIiVI0T VIXY &6MNH NOILVYI0T WIXY dld

s8¢ NOLILVLS YYIWNNY NY S Cl °*CN 43S AiNGN] »s

‘PepPNIOU0)  T°0T 3Iqel

X\ A

LAY -4 BN XN N

A g ulay i P NPT T C s
- KA ...\.q__u.,_nm.....r.a ﬂ..\\w.w. ,



«® e

-‘- - bv-.-“.

‘:,“F .'.""“7

Mg

-

%

0

R I A P

Ay
-

"B

g

A St Tt I

o,

.

132

56°8

ONeON
teeton
es s s v
VOVODD®
o ot ot ot
nn Doy

<@
mnnn
X
QOD
-
(1"

£
1€°gts

(*¥°93Q)

9v°*8lS
SY*81S

(*¥8°93Q)
“dwii
J11vas

1691

i99°v1
tviSd)

*s$s3ud
311viS

069°vl

18991

{viSd)
*S$S3ad
J14vas

09°gl1s 969°v1
09°81¢ 96901
09°81s 969* vl
09*gls 969°¥1
09°gls 959°* %1
09°91s 969°¥%1

09°81s 969° V1
09°81S 969°vi
09°°91s 969°v1
09°916 969° %1
09°gls 959°v1

(°¥°930) (¥1Sd)

‘dh31 *5S3dd
WwvioL aviol

s SATNNNY

09°*81S 969°v1
09°81s 969°v1
09°81s 969 %1
09°*91s 969° %1
09°91s 969° Vi

09*81S 969l

(*y¥°930) (visd)
‘dw3) *SSI¥d
vioL Ivi0L

8e2¢0 vio51 -
691°0 9ve31-
i2t°0 wL61 =
s01°0 s6°12~
260°0 €S°Ee-
980 °0 9s°s2Z-
980°0 29°Le-
6800 0L*62~
$60°0 29 1E-
*01°0 66° e~
L4110 yZ°9€~-
{*NI/*1)  t930)

*AuNd 3d071s

*WY331S  °WVY3daS

NY ST HOIHA *Z  SNDILVLS LV S3INIWY3IYLS NO SY3LINVEVD

0S0°0 69°5v-
8%0°0 SE°IE~-
2v0°0 S$9° vE~
g9€0°0 [:3.54 % 3t
SE€0°0 90°¢cE~
vE£0°0 08*EE~
*E£Q 0 LO*GE~
SE0°0 0L°9E-
LE00 8S°9E~
ov¥0*0 89°09-
*%0°0 26°2v-
(°Ni/s*1)  (93Q)

*ANND 3407

SNV3IYLS °WNY3NLS

-2-X-1-X-7-X+-7-F-7-7-]
XXX
[-2-2-2-1-1-7-1-1-Y-1-1

(9530)
39NY
a073°sav

(939)
3TONY
ADI4°sAY

*ON HOVYNW
*sav

*920°0

*ON HOVYHW
*say

(2335/13)

*3A
*sav

0z~4i2 0°0 (3334 00°*61
B§°sL2 0°0 e L2 E9* 12
8t *82 0°0 e9c 82 YECEZ
29* 62 0°0 29°*62 62°v2
wietg 0°0 vi®1E 0192
vg°2¢€ 0°0 ¥8°2€E 6Z*L2
*9 g 0°0 *9° ¥E SE*G2
1S°9¢ 0°*0 16°9¢€ L2°62
ov*RE 0°0 ov°8E 20%0€
ZE° 0% Qg (45404 950t
*Z2°2¢ oo vZeze 16°0¢€
(235/14) (I3S/714) (D3$/14) (23S/1d)
*3A °3A L *A3A
*sav CONVYL *Qu3n hi204

[+] 1£°ve i45%°22
Q°g Sg° 1€ vi°62
0°0 [ 38833 LZ°vE
0°0 ec oV SS°LE
0°0 89°EY SC*Ov
0°0 6G° 9" £0°2v
a0 S26% Iy
0°0 94° 15 96 vy
0*0 0Z° S S0°9v
0°o0 29°9S v6°9v
(A4 ] 90°6S £E9°Ly

€33S/714) (235744) (D3AS/Li3)
*3A *3A *I3A
*ONVL *Qy¥3n vixy

40 S3NWA s

*% SNINNNY NV ST HOIHG 1 *NOILVLIS LY S3INIWMVY3IYLS NO SHILINYNVY 40 SINTVA &»

0SE* @~
VEE Q-

*au00>
vixy

00e* 11~
o0 11~

Wwixy

=P ¢

°
~
©
.
[
“-UMeNOMDRO D

6S¥°6  dIL

SNIQvY °*ON
INIWVYIYLS

100°8 @
to0°8
61c*@
2c9°9
168

X

i

»

o
“-NMeNONDOO~

SNIQvYy °*ON
ININYINLS

‘s1239weled JTwWeULpoide JO SUOTIOIpaid apoo uBysaqd Z°OT 219el




Y YT

. TR Y N .
.
.
v
»
a2
»
s
‘
f)
4 .
)
’
»
; 009° 1~ 009°G Nk
. 96°L1S £E9* ¥l 09°81S 969°vl 810°0 €2°0~- 0*0 $320°0 65°L8 0°0 65°L8 es°L8 6651~ 5290°S 11
'\ S6°L1sS 2E9° vl 09°81S 969°v1 220°¢ €2°1- 0°0 C6L0°0 61°89 0°0 61°8€ stegg 08G* 1~ 9£6°S ot
6Ll 1£9°v1 09°815 969° %1 620°0 LL°2- 0°0 1620°0 86°* 08 0°*0 88°eg - 78¢8:1"] €96° 1~ 82z2*9 6
. €6°L1s oEocvwl 09°816 969°v1 8€0*0 SL°C~ 0°0 ¥080°0 2L°68 0*0 2.°68 £€S* 68 9v§° 1 - $05°9 -]
. 16°415 829° vl 09°91§ 969°v1 490°0 v9° v— 0°0 £180°0 12°06 0°o 14°06 14°06 1€6° 1~ 89L°9 i
06°L1S E9°* %l 09°81S 969°v1 LS0°0 vo°S— 00 €2680°0 98° 16 0°0 98° 16 Sv°16 91G°1- 610°L 9
28° 21§ 2Z2orel 09°81S 969°%1 490°0 Y1°9= 0°0 SEBO0 0 L1°€6 0°0 L1°E6 926 20S6° 1~ 8sZ2 S
- S8°L1S 2zZ9°vl 09°81S 969° %1 220°0 SL*9- 0o°*0 8v80°0 vo°*v6 0*0 Y9°*v6 66°E6 gge* 1~ 98veL A4
. £8°L1S Q29°vl 09°81S 969°v1 480°0 92°L~ 0°0 £980°0 82° 96 0°0 82°96 16°S6 Siv*i- Y0L°d £
. 0g*21s L19°%} 09* 815 969°+¢1 860°0 89°L~ 00 6280°0 60°86 00 60°86 1246 £y 1~ 216°2 4
. 42418 vio°vl 09°81S 969°v1 601°0 £0°9- 0*0 1680°0 90°001 0°0 90001 80°66 1Sy 1=~ 1171°9 1
A osv 1~ e8z1°g dlii
. (*58*930) (viSa) (*y4°*953Q) (visd) (*°NI/* 1) (939) (930) (23S/14) (D3S/1d) (D3S/id} (23S/1i3I) (*NI) (*NL)
hC-LEFY *SSIud . LEDY *S$$3d¥a *A¥ND 340775 3TONY  *ON HOVNW *EA *3A *3A *33A *Qu00> SNiQvy *ON
, e J214vLes JIivis V1oL IVLIO0L  "WNVY3dLS *NV3IY1S mOI4*SAY *say *sav *ONVYL *Qu3aw avixy avIxy ANIWYIVLS
o
.
— ¢ SNTINNNY NV SI HOIKM *v  *NOILVLIS LV S3INITIWVYIAULS NO SHILIWYEVYD IO SINTVA s»
.
!
009°S GNM
‘. £E€°B1S 699°v1 09°*8B1LS 969° %1 85$0°0- 4543 0°0 80S0°0 69°9% 00 69°9S 19°9S 929°S 1t
2E*81S 899°vwl 09°81S 969°v1 900°0~ 91°E~- 0°0 £250°0 0" 8S 0°0 ov*8S 1£°8S £60°9 o1
0€°*81S 999°+1 09°91S 959°v1 920°0 0S°L~ 0°0 ovS0°0 0E£°09 0°0 0E° 09 6465 006°9 6
82*81s v99°vi 09°81S 969°¢v1 4%0°0 *@°01~- 0*0 8GG0°0 8e°2z9 0°0 |eZe29 i11°19 Y98 °9 e
* 92°*81s 299° vl 09°8ts 969°¥%1 +90°0 09°Cl~ 0°0 92S0°0 £E°v9 0*0 £C* 99 €529 S61°L 4
g2 81s 099°vl 09°81& 969°v1 640°%0 00°*91~- 0°0 5650°0 Y9°99 0°0 Yv°99 L8°E9 00S°2 9
12°81s 159°%1 09°81S 969°%1 £60°0 91°81~ 0°0 §190°0 29*89 0°0 29°89 0259 2eL°2 S
8181y S59°v1 09*81S 969°v1 201°0 9t1°*0e~ 0°0 SEQ0°0 98°0L 0°0 98°02 25*99 *o0° @ v
Si*91ls 259°v1 09°81S 969°*v1 121°0 90°2e~- 0°*0 9$90°0 61°CL 0°0 [- 3354 73 €849 062°9 €
. 21°81ls 6¥9° vl 09°81S 969°vt 9€1°0 06°€2- 0°*0 8290°0 29°SL o*0 e9°SL v1°69 226°9 2
60°81ls ¥l 09°@ls 969°v1 1S1°0 wese- 0°*0 0040°0 L4192 0°0 L1°8L £Ev*04 MNM.““ “
’ dli
- (°¥°930) (VISd) (°¥°930) (VISd) (°NI/°1)} (932) (930) (23S/714) (23S/713) (I3S/13) (>23S/14) {*N1) t*NI)
. NCLEDN *SS3ud *dNIL *S$S3¥ag * AHND 3dOS JIONY  *ON HOVYW *I3A °3A *3aAa *I3A *Qu 00D SNIGVYY *ON
. J14vLS J14viLsS IVLIOL aviol *WY3ULS “WY3YLS ROTVI*SEY *sav *Sgy *ONV L *qu3m AvIXy wixy 3ANI WY3NLS
s® SNINNNY NV ST HOIHA *€ SNOILVAS 1V S3INITWVYINILS NO SHILINYEVD 40 SINTIVA ss
.
. ‘ponuiluo) ¢°OT °Tqel

......,J, -I.JJJ
-.‘-1-'-1\ .--f.-n-.- « nu\-(- nl. P

’ . e 4




£060°0- 2880°0 €102°c 86€£S5°0 209¢°0 8S651°0 Z4°81 L0°6E 20°6¢ 8s°8y iS°8v €S L~ 149°1 06°86 1t
0640°0- 28£0°0 Tgeiee 21080 886¢°0 »E0Z°*0 1esLl 6%°1v 6v°1ly Zl*CsS 11°0S 61°L~ 691 92°48 o1
€890°0- 0°0 8yv0°E te9v°0 6SES*0 sotz*o v0° 91 09°€v 09°ce 9v° 1S iLv*ls e 9~ yE“L 91°92 6
89650°0~ 0°0 4046°2 £62v°0 411S°0 2.12°0 16°v1 9v°Sy 9¥°Sy 149°2S 4928 8y °9- 12°1 £S5°S9 ®
ZES0*0 - 0°0 v106°*2 LEGE®* O €£909°0 SE€22°0 88°E1l 01°2% T1ely 9L*ES LL°ES €1°9- 60°1 EE€°SS 4
1690° 0=~ 0°0 sotgee 009£°0 00%9°0 £622°0 s6°21 8568y 53344 1L°9S LL°S 6L °S- 86°0 0S°Sv °
6Y¥0°*0~ o*0 €6L4°2 242€°0 8229°0 69€2°0 1121 16°6% 26°69 1L°SS 1L°SS 99 °S~ L8°0 10°9¢ S
92v0°0- 0°0 2etre 1562°0 6%0L°0 00v2°0 vE* 11 vl°1S Y115 85 °9S 85°9g 21°S- 4L°0 £8°92 v
12v0°0- o*0 9L499°2 LE92°0 €9€EL*0 £5%2°0 02+01 vZ2*2S ¥2*2s Lv°LS 9v* LS v v— £9°0 16%41 €
1990°G~- o*0 £€S9°2 gege o 2994°0 2€52°0 12°01 G0°€S SO0°ES 0L°8S 0l°8s *6° V- 2t°o €2°% Z
602Z21°0~ [ Rl ] 6899°2 €i02°0 126L°0 tiL20 65°21 91°€s 21°¢S t1*t9 t1*t19 €2°9~ @61~ 2270 T

b, HO0/680¢8  *NYHD*AOD NISHYNW *S*s 40 *s°s 40 NO11VD0 (530) (230} (930) $930) (930) (930) (930) nves

Ft ®AN3ID*HWID NI*DJ0*1d vV Aovdd SY  LOVHd SV NDOHS IV *NYD*S°S 39NV 3I9NV°* I8 AT9NY 3 ONY 3ONY 3TI9NY *1D0d *ON

. 3903°3°T  °MHDI°NIm SHHDONIW *NVHDI®ADD  *J071°HS “ON HOVW *93S5 ASI 13S°018 *id°Nvyl 30YT8°NI 3IAVIE*NI °*ONI°S°S *ONI 3NIMY3UAS
. FHEELIEPAE 4430094934240 3 0444400044484 INOD LNOAVT FEEEPFEILE B LRI I 444449498444 o= INIINYIHLS LI W] ~ee

. 6669°0 @nH
m. 00°0- 0000t 00050 000S°0 0001°0 0010°0 6%85°0 £8°211 v2E1°0 9Z*ES1 £3°211 s2°0s 2€02°0 11
., S1°0- 0000°1 0005 °0 00050 €566 °0 0010°0 8v85°0 69°£21 vivico 08°251 69°E21 19°15 18EL°0 OF
62°0- 0000°1 0005°0 0005°0 4060°0 0010°0 €585 °0 L2°621 ¥Sv1°0 22°291 L2628 16°25 *142°0 6
[’ 19°0- 0000°1 00050 0005°0 99040 0010°0 1985°0 19°¥€1 Y6¥1°0 v9°991 19°wC T 89°€S €£08°0 ©
o 2S°0- 0000° 1 0005 °0 €00S°*0 2280°0 0010°0 0485°0 SL*6E1 ZEST*0 06°021 SL°6E1 96 °9S 6££8°0 ¢
4 290~ 0000°1 0005°0 0005+ 0 2020°0 6010°0 6485°0 69°vy1 69S1°0 S0°s21 69°vel Sl°SS vE99°0 9
; 2L°0- 0000°1 0005 °0 000§°0 ¥920°0 00100 9886 *0 v 6wl S091°0 80°641 9v*6vl 1S°9s 6168°0 S
1 1820~ 0000°1 0005°0 6005 °*0 9020°0 0010°0 0685 *0 80°¥S1 0¥91°0 66°281 30°051 SE°LS S616°0 ¥
g < 26°C~ 0000°1 0005°G 000S° 0 0290°0 0010°0 0685°0 95°851 *L91°0 82°98 1 95°851 ol-gs €9v6°C ¢
S ! 66°0~ 0000°t 0005 *0 0005 °0 S€90°0 0qta-q €885°0 £6°291 20217%0 vve061 £6°291 28 °8s €216°0 2
. — LLo0- 00001 0005°0 000s°0 0090°0 0010°0 128S°0 81°491 6€L1°0 86°€61 81291 25765 1266°0
. 25°191 0000+ 1 al 1
» e (£30)  31VHNNNL  GHOWD/ QuOHD/ (33s/14) (33S/14) (23S/14)  (930)
L "ONY_3NGD> 1NO/NI~  NOILYI01 *307°1g Q¥OHD/ QHOHD/ *3302 Q33ds YIEWNN S33A *73ACONVL 39NV dIiu/y "ON
. LNOAVY  AINIWOIS  “LA°NVIL *HL*XVN  °HLi*XYN  *dvy*3°7 (RN J33IHR HOVNS PN =3y *738  ADISTI3Y INTMVINLS
{
.
5 096°0 009°S  @nK
. 08°L1S  L19°%¥1  09°BIS  969°%1  §00°0- 12°0 0°0 €180°0  10°@6 0°0 10°86 10°96 2v6°0 929°S 1§
b 08°21S  219°91  09°8IS  969°%1  000°0 £1°0- 00 8LB0°0  00°86 0°0 00°86 00°86 126°0 906°s 0%
. 08°2315  .L19°vl  09°81S  959*wl  £00°0 LE°0- 0°0 6480°0  60°86 0°0 60°86 60 °06 166°0 2L1°9 6
3 00°21S  L19°%1  09°8IS  969°¢1  S00°0 vS°0- 0°0 0880°C 2266 0°0 2z2°86 zZz°86 1zo-1 L2v°9 @
. 6.°21S  919°vl  09°8I5  969°¢1  900°0 99°0- 0°0 2880°0  BE£°06 0°0 SE°86 4£°86 2vo°1 219°9 2
N 6.°21S  919°vl  09°81S  969°¢1  900°0 SLe0-~ 0°0 £880°0 E£S°86 0°0 £5°86 2586 290°1 806°9 9
. 6L°L1S  919°9l  09°81S  969°%¥l  ¥00°0 08°0- 0°0 v880°0  S9+@6 0°0 $9°86 v9°g6 080° 9€1*L g
6L%41S  919°¥l  09°8IS  9$59°%1  100°0 £€8°0- 0°0 $880°0  12°96 0°0 12°06 04°96 260°1 Ls£°L ¢
64°21S  919°¢l  09°8IS  969°¢1  £00°0-  Sg*d- 0°0 S8P0°*0  1.°86 0°0 1L g6 04°86 €111 115°L €
6,°21S  919°vl  09°81S  969°%l  ©00°0- £8°0- 0°0 $880°0  09°@6 0°0 09°86 65°96 ezi1 6Lt 2
62°L1S 919wl 09°81S  969°v1  Z10°0- §9-0- 0°0 2880°0 8E*86 070 8€° 86 LE°96 £yl zeers 1
wvicg 100°8 ali
(;8°930) (VISd) (°¥°930) (VISd) (°*NI/*1) (930) (930) (338/14) (338/14) (DIS/LA) (D3S/14)  (*NI) (NI )
*aw3l *SS3yg toM31  *SS3¥d  *AHND 3d0TS  JIONY  *ON HOVW  *I3A *3A *J3A *3A *Qu00d SNIQvY "ON
JIl¥is  JIlvis Wwios WL0L  *WY3INLS  °WY3ISLS AOTII°Say  °sav *sgv *ONVL *qu3an R 178 1" WIxy 3INI WMY3NLS

¥ 1 ‘HIOWNN HOL0H HO 13IINI 3HL SI HOIHA g *NOILVLS LV SINITWVYINLS NO SHILIWNVYHYD 40 SINTIVA se

PANUFIVO)  Z°0T 2Tqel

N

‘-

.",

m”.

W.

&

rv\ - - r v r
AT SA

- %)
Y ..--. ...s\_ 4...\\...... fy




TSRS P A N AN P R - SO/ - ARE - A et aml W) -
L
T«
,
\
. .
R
W.

. 1EET ¢ 0005°0 55°62 vs 6z 29w 0010°0 €1vI®0-  1811°0 929°5 ££69°1 BI6E°Z  6100°1  2900°1 06°86 1t
[ 8110 0005°0 igreg i18°2€  ig°v 0010°0 6.c1°0-  2421°0 £06°5 299.°1  816£°2 6100°1 2900°1 Sv*i8 01
: ¥voleC 0005°0 visse SL°SE  Si*v 0010°0 0BE1°"0-  GSET*D 891°9 »S¥B°1  BI6E°Z  6100°1 2900°1 15°9. 6
- $26C°0 0005°0 vZ°9E 92°8E  S6°F 0010°0 2BEL°0- O¥¥1*0 12v°9 2126°1  GI6GE®Z  6100°1 2900°1 20°99 @

1280°C 00C5°0 Se° 0V 9v°0v  l2°C 0013°0  8E1*0~  21S1°0 $99°+9 166°1  B16£°2 6100°1  2900°1 £6°SS .
s £920°C 0005°0 ovezy Tvezy  29°F 0010°0 98€1°0- 2651°0 006°9 e¥90°2  616E°Z 5610G°1 2900°I 61°9% o
2890°¢C 0005°0 Eic vy vi*ey  gv°f 0010°0 28€1°0- E£991°0 921eL Z2€1°2  616€°2 6100°T  2900°1 62°9€ &
, 9090°C 00CS°0 0L°SY 1.°Se  se°f 0010°0 S@E1*0~ 2E21°0 ovE*L 6461°2 616£°2  6100°1  2900°1 69°2¢ &
2226 ¢ 0005°0 20°iv €C*Lv  62°F 0010°0 $6EI1°0- ¥6.1°0 65S°¢ 9192°2  616£°2  6100°1  2900°! 98°81 £
. €121°0~  0005°0 ovely 8€°Lvy  08°F 0010°0  2151°0-  2081°0 19.°4 9gZE*Z  616£°2 1200°1 2900°1 #2%°0%1 2
v 84E€°C-  000§°0 zzesy LISy  20°9 0010°0  1S61%0- £v91°0 £46°L $S8E°2  616E°Z  B8200°T  2900°1  v5°i i
,
. ) QuOHI/ (930) (930)  (930) (NI/S87) (NI/SET)  (*NI) (°NI) (*NI1) NVdS
<, IN3D*dID  *207°1ld 3IoNY 379NV STONY  QHOHD/ *SNVL  IVIXV MD3 SNIO¥S  ONIDVAS  QHOWD 211vy OILYY  °13d _*ON
. 3903°3°1 *GWVI°XVYW 3aYI8°1N0 3QVI3°AIN0 *A3Q  *AVH eIy $35404 30vI8 OO0 NY3W *ou3v *aW3i  °SS3wd  3INIWMVIuLS
L +44 3NDD 1N0AVY ++ ——— INTINVIHIS 137100 —-=
'
K 0002°0 BNH
602v°1 0°0 ¥SE0°0  6ICE"0  20L6°0  »112°0  2961°0 2ZE6S°0 €8°Z11  9.01°0  21°021 *0°L9 91°vE €€04°0 11
2vse et 0°0 LEE0°0 €12€°0 ©626°0 SI12°0 4961°0 O0£65°0 6S°E21 @I1L*0  £@8°%21 v5e5e v2eLE 9IEL°0 O
. 1962°1 0°0 02£0°0 OIIE*0  S626°0 ©O11Z°0 4961°0 I£68°0 60°621 0911°0 ¥5*621 60°€8 06 *6€ v0L2°0 6
, 6vee | 0°0 SOE0°0 OI0E°C  2626°0 OI1Z°0 L9610 £E65°0 O9E*¥El  20Z1°0  12°¢El 91°06 12°2¢ 6108°0 ©
. N v661°1 0°0 1620°0 ©162°0 1626°0 2112°0 2961°0 9€65°0 E¥*6E1  E9ZI°0  €8°8EY 58°96 E2 VY 22€8°0 4
s 98c1*1 0°0  1120°0  2262°0  1626°0  LI12°0 2961°0 1¥6G°0 EE*®el  8Z1°0 SC°Ewl g1°£01 £0°9% vige*0 9
. — 81211 9°0  ¥920°0 ££.42°0 2626°0 L112°0 4961°0 L¥6G5°0 SO0°6%1  ¥ZE1°0  98°Zvi £2°601 29°Lv 9688°0 S
£980° 1 0°0  S¥20°0  I¥92°0  SIE6*0  TIUZ*0 2961°0 .$66°0 E9°ESl  ©9EI1°0  E°2SI 60°S11 90°6% 6916°0 ¥
: 9150°1 0°0  6520°0 2852°0 0526°Q 9212°0 L1961°0 B8S66°0  20°8S1  00¥1°0  9I£°9Gi vE-0zt 2€ *0S YE¥6°0 €
-, £620°1 0°0 98950°0 €622°0 6E¥8°0 OEE2Z*0 L961°0 985°0 00°291  vOWI*0  4Ll°9Gl st-221 61°1s ce9s0 2
2200°1 0°0  891°0 2ELE*0  1BE9°0 2ZBOE*0 L961°0 +ISS°0 ©82°991 O02E1°0  E£¥*2e1 sEovll 61°15 58670 1
°. 0000°1 diIit
’ - 4303 (335/14) €335/44) (D3s/14)  (930)
AL10170S  SSOI *3302 01OV 3 * 333 » 430D 4305 * 430D 03305 u3IGwnN *33A°  *73A®SNVL 319NV JILB/Y *ON
X ININ3T3 XOOHS $SD7 NOISN3310  °*EvIAY GY3IH 1v3aI dvaH #0713 q33WA  HOYWSI3M  e3y ©13¥  M074°713n  INIINVIBLS
g
*
f
, vigez 009°S  anu
, $5°81S  S9°vl  6S°61S  L@L°%l  200°0- SI°D- 39°92 9660°0 ¥¥°Ill  6F *0S ove66 0v°66 018°2 929°s 11
1S°815  289°%1  6S°61S  484°%1  000°0 2170~ 0B°$2 6860°0 B8E°CIT  +0°8¢ 8E° 66 8£°66 sez°2 106°S Ol
6S°816  B899°¥1  66°61S  .84°%v1  100°0 v1°0- v8°¥2  1860°C 15°601 00°9% 8E*66 8E*65 €vec2 €91°9 6
09°81G  689°%1  6S°61S  282°%1  200°0 61°0- L6°€2  $260°C 08°601  0Z°wy 1v°66 1v°66 €142 Sty*9 8
19°61S  169°%1  65°618  48.°¢1  £00°C ¥2°0- §1°CZ 6960°0 02°601  6S°2v Lv*66 1%°66 989°2 is9*9 2
29°816  169°v1  6S°61S  23.°¥1  S00°0 1€°0- $¥°22 $960°C 12°201  ei°le $6°66 $5°66 0992 168°9 9
€9°816  269°%1  68°615  182°%l  900°0 8E°0- 82°12 1960°C 2E°Z01  E£8°6E 99° 66 99°66 L69°2 T EY
£9°818  £69°vl  65°61S  iB4°¥1  ©00°0 99°0- 11°1Z  9560°0 00°.01  ¥S°8E 28766 28°66 5E9°2 SEE°L  *
$9°61S  £69°¥1  6S°61S  284°vl  010°0 S5°0- 04°02 9560°C €£4°901  22°4F v9°66 £€8°66 965°2 iv3°. €
G2°81%  ¥69°¥1  69°61S  i84°¢1 E£10°0 29°0~ r2°22 1560°C 61°901 S2°0% 92°86 92°@6 s8G*2 vsi°. 2
11°61S  S69°%1  ¥0°02S  48°%¥l  ©10°0 S¥°d- 2E€*6Z 6¥60°0 96°S01  68°1S ovezs ov°z6 $65°2 €952 1
165°2 000°8 dIL
(*8°930) (VISd) (°¥°93Q) (VISd) (°NI/*1) (93d) (934) (03$/14) (535/14) (23S714) (335784)  (°NI) (*NI1)
P TEN *SS3ud *gm3l  *SS3ud  *AEND 34075 3NV *ON HOWW  *I3A *33A *I3A *33a *Qu00d SNIAvYy *ON
JI4Vis  D11vis W0l IV10L  *WY3H1S °WV3IN1S MOII*SEY  *sav *sgv *ONV L *qu3n Wwixy Wixv INIWY3ULS
s 1 *y3IOWNN MOLIY 40 L137UN0 IHL SI HOIHA *9 SNOILVIS AV S3INIINY3NLS NO SHILINVEVG 40 SINTVA o8

S

‘penurluvoe) 70T 2T19el




AR EN DA fqd\ DO

NI I IR e .. .
)
N
N
-
-
'y,
-n-
. I.
f
v...
-d;
y
-

"., 2001°0 43 FA) £96S° v 918L°¢C *281°0 9221°0 09°61 9101 steot 61°*52 9t*se 99°2- 06°1 16°86 1
o $660°C ocgezZ°o S08S° v 0084°0 0€81°0 06110 2961 12°6 oL*6 22 v 02 v 13 28 2 0oz°1 ovez@ o1
.. *160°0 ceteo (-3 Y334 4824°0 9E81°0 4G11°0 6961 2E°*6 1E£°6 etece 9L e2 (-2 84 Al 2s°t €9°9L (-3
h 6980°*0 20€€°0 2E€9S°y SL4L°0 ov81°0 9211°0 6L°61 46°9 269 €922 z9*22 Si°v~ 2€°1 *6°59 e
f. $640°0 O®¥E*D SYSS°y $942°0 2810 9601°*0 16°61 99°8 S9°8 9612 $6°12 LES - £2°1 98°SS 4
. 6%.0°0 L9S€°0 29vS° e 454L4°0 £981°0 490t°Q ¥0°02 L€ 8 LE*8 seg* 2 Ye" 12 S6°S- o1+t S1°9y 9

¥240°0 Q€90 tecs v 2SLL°0 2v81°0 1€01°0 8102 118 1354 6L°02 8L°02 159~ 66°0 44°9¢€ S
£990°*0 £04E°0 962S°y 2S2L°0 1€81°0 €001°0 o€ 02 9L S84 £2°02 2202 0L~ 68°0 6922 v
1200°0- 682£°0 £125°v EE£LL"0 8¢81°0 2460°0 s5°02 oL°L 69°4L 16°61 16°61 L&t Al 08°0 68°91 E
£242°0~ 648E°0 o2vsS°e E2S5L4°0 110290 2201°0 co*22 o298 829 9612 es°12 10°9- t£%0 i2* 0t -4
9tveL* 0O~ vE£82°0 0SLi°v 8949°0 v092°C €021°0 v0°L2 9011 90°11 11*62 s0°62 99 g~ €E"0 es°1! 1
dQ/80%h  *NYHDI*ADD NIDUVYNW *S$*S 40 *S°*s 40 NO1LVI0D (930) {930) (93Q) {93Q) (93a) €930} (930) NvdS
. ®ANIDI*YID N1°D01°1d v3yy 1dvdd SY 1JVHd SY  MNIOHS 1V °WYD*Ses JIONY_ ITIONV°I8 3TNV ITONY IIONY 3ONY  *4Dd “ON
’ 3903°3°71  *MHD*NIN *HHO®NIW °"NYHD*°ADD °*D01°HS *ON HDVW °93S 1St 13S°QT8 *L1d°NYY¥L 30VIB°N] 30V °NIl °"INI*S°S oy ANTWVY3ulS
. FAFEFHA P12 PE PR TR IR E I I I H I 442334 INTD UNOAVYT 4334440043443 4 3443340494443 242094 === INIIMVYINIS LIWI ==-

6669°0 AN

¥9°0 0000°1 000$°0 000$°0 0090°0 00%0°0 9E *vE 9688S°0 2€04°0 11

0s°0 0000°1 0005°0 000S°0 49900 0010°0 €L 906S5°0 8L€£L°0 01

oveo 0000°1 000%°0 00050 2690 °0 00to0°0 §$5°6¢ 026%°0 40420 6

EE*0 0000°1 000S°0 000S°0 S$€40°0 0010°0 2eezey 1€65°0 1200°0 ®

82°0 0000°1 000§°0 000S$°0 4420°0 0050°0 12°%y 196S°0 ¥2€8°0 &

O S2*0 0000°1 000§°0 000S°0 4180°0 0010°0 85°sy 69660 st98°0 9
o £2°0 0000°1 0005°0 000S°0 S$680°0 00t10°0 9SS Ly 866$°0 L688°0 S
— €20 0000°% 000s =0 000S°0 £680°0 0010°0 006V 89650 6916°C ¢
vZ*0 0000°1 000S°0 000$°0 6260°0 0010°0 42°0S 9966°0 EE¥6°0 €

12°0 0000°1 0005°0 000$°0 ¥960°0 00100 Stets 89850 2696°0 2

10°0 0000° ¥ 000S°0 000S*0 000t*0 00100 9z*ts 105S°0 ¥666°0 1

{930) 3ILV3°NYNL QHOND/ QUOHD/ (930}
*ONVY 3NOD ANO/NI NOI1YODY *D07°id QuOHD/ QUOHD / 3TONY * 4300 diis/y *ON
LNOAYT  IN3IWO3IS CLdONYHL  "HL1® XYW *HL® XYW *O¥B¥*3*TY ADII*3Y L F] Ml wvamas

SOt*y 009°s @NH
15°81S 989°v1 6S°61S i8L°%1 S10°0 €E€*0 90°L2 2660°0 42°011 6E *0S 9° 96 v9°86 *01°y 929°S 18
8s°81S 1489°%1 65°615 L9L°vt 010°0 42°) 06°s2 S860°0 20°011 SO0°8v 16°86 16°86 10i°v 206°S o1
65°815 889° vl 66°615 i8L°v1 800 °0 zz*o 68°92 6460°0 9€°601 20°9v 12°66 1255 560°y S91°9 6
09°81S 689°vl 65615 i48L°v1 400°0 81°0 66°€2 v460°0 64°801 €£2°vy B6E*66 6E°B6 960° ¢ iLiv*og ®
19*81sS 069wl 65°615 181291} 9000 v1°0 8tece 04600 62°801 £9°2¢ S%°66 56 °66 ¥60°y 6599 4
29°81S 169" %1 65°615 i8L° %1 900°0 21*0 sveze 9960 °0 48°L01 [ 18854 0L°66 0L°66 £60°y 268°9 9
£€9°81$ 269°¢1 65°615 i48L°v1 900°0 o1°0 42°12 £960° 0 16°401 88 *6¢C *8°66 *@3°56 i150° ¢ 2112 S
£9°81S 269°¢1 65°61S 48L°v? 9000 60°0 1rete 09860°0 61°401 098¢ 00°001 00°00t¢ 060°v $ECL v
v9°81S £69°v1 6$°616S 434"l 900°0 ot+o 12°02 4560°0 149°901 82°L€ L6° 66 L6°66 680 19SS %2 £
SL°81S ¥69°v1 69°615 175441 %00°0 cteo 62°22 2560°0 242°901 tE€°0e ZE* 86 2E°*86 £60°Y YolL°2 4
T1°615 S69° 1 v0°02% i8L°¥1 S00°*0~ 2t1°0 ge*62 L¥60°0 8L°G01 68°1S 126 gt*26 h—"uv £96°2 “

121°y 000*e dli
(*¥°930) (visd) (*¥*930) (v¥1Sd) (°NI/"1} (93]} {930) (33S/14) (D3S/14) (23S/L44) (D35/14) {*NT) {*N1)
*an3l “SS3ud “dh3l °SS3yd *A¥ND 3d07s 3I9NY  "ON HOVW *I3A *3JA *I3A *I3A *Qu00O SNIQVY *ON
211wLs J11visS Lol IVLI0L  *WY3INLS  CHWYIYLS MO SaY *sav *sayv SONYL “QHIN vixy v Ixy AN WYINLS

*2 1 ‘UIGNON 3OVLS 30 T *HIOWNN BOLVLS 40 L3INI IHL ST HOIHA %2 SNOILVLIS 1V SINIINYIYLS NO SHILINVHVG 20 SIN WA sse

‘pPenuTuo) 7°01 3Tqel




(e N 4 4 i3 B BN e b e

16£0°0~ 0006°0 68°v- g3 v~ 88y 0010°0 2001°0 geeoo 6£9°S 28°L 11
96€£0° 0~ 000S°0 28 v~ 1g°y- 19°y 0010°0 8460°0 1120°0 Z16°% 96° 38 ot
€£2E0°0~ 000S°0 SLov- Si°v- SL°Y 0010°0 6160°0 2020°0 £21°9 9l*Sd 6
9620°0- 000S$°0 oL*Y— [ 758 &ud oLy 0010°0 6460°0 $610°0 vZe°o 8g °S9 e
€220°0~- 0006°0 S9°v- S9° 9~ SS9y 00100 0860°0 8810°%*0 $99°9 6E£°SS L
¥520°0~ 000S5°0 19° o~ 19° o~ 19°y 0010°0 0860°0 18100 168°9 €£L°5" 9
29200~ 000S°0 45°% -~ iS* v 25°" 00l0°0 0860°0 $210°0 221%L SE °9E S
8020° 0~ 009S8°0 [ 00 Aud 28 v- 25y 0010°0 B8i60°0 6910°0 ovE*L 1€°L2 v
6900°0~ 0005°0 25°%~ ZS°v- Sy o010°0 £860°0 4910°0 ISS*L 0631 [
£220°0 000S°0 00°S~ 00*S~ 00°S 0010°0 S901°0 4510°0 854°L 16°6 2
4490°0 000S°0 00°24~ 66°9~ 66°9 00t10°0 SL€1°0 yoE0° 0 £96°L £s°t 1

¥0/60d QYUOHD /7 {930) (930) (930) (NI/S8T) (NI/S8T) (°NI1) NVYdS
ANID°HIO *J01°Lid 3IONY 3 TONY 3NV QuOMI/ *ONYL WIXY 804 Snlavy *13d *ON
3903°3°1 °*OwVO XYW 30YVI8°LIN0C 3IQVI\B°LNOD *A3C "gvye3=L $323404 3av78 TWI0T INTWMYIAYLS

+44 3INOD LNOAV +4 =—~= INITINVYIHIS L13UND =-=-—

0004°0 ONH

o111 168x°2 6220°*2 0°*0 60200 6£02°0 9806°0 1900°1 6666°0 v112°0 1261°0 ¥009°0 $902°0 11
€9€2°1 068E° e £626°1 0°0 S616°0 65002°0 0016°0 1900°1 66660 stiz=o 52610 686S°0 €0vL°0 01
~ og6e"1 068£°2 2298°1 0*0 c810°0 $451°0 £I116°0 1900°1 6666°0 g112°0 e261°0 0865°0 i242°0 6
o ySee°t o68L*2 9SLLt 1 0°0 QL10°0 E¥61°C ¥Z16°0 1900°% 6666°0 9112*0 1E61°0 £16S°0 8£08°0 B
~— 6S6E°1 068t°2 vili®y 0°*0 0910°0 vi61°0 vE16°0 1300°1 6666°0 4112°0 £EBL1°0 89650 BEEB8°0 2
voec 1 068c° 2 8£59° 1 0°0 1510°0 0681°0 y¥16°0 1900° 1 6666°0 Z112°0 9E6l1° 0 £965°*0 82980 9
i6v°1 oéBE* 2 9109°*1 0*0 €¥10°0 0481°0 €S16°0 1900°1 6666°0 L1t12°0 LEST°0 656S°0 8063°0 S
€LEG° 1 0o68E*2 0¥SS°*1 0°0 SE10°0 0581°0 £€816°0 1900°1 6666°0 1112°0 6E£51°0 ¥$65°0 1816°0 »
gtes 1 068E°2 S01Ss°1 0*0 1€106%0 ova1°0 »216°0 1900°1 6666°0 Qzi1z°¢C ovb6l*0 066%°0 SY¥6°0 £
av29°1 068€°2 €E0L0°1 0°0 4€10°0 2161°0 22E8°0 1900°1 6666°0 QEE2°0 6E£61°0 £965°0 £046°0 2
8499°1 068E*2 vZE®* 'l [+ R 62100 g€tge o 9929°C 1900°1 66660 <80t 0 1e61°0 £€6S°0 QWWO-O 1
0000°1 dii
{*NI) (*°NI) *©4302
ONIDVdS QYOHD AL1Q100S $S0Y ©433D SSOT  d40ADVS *443°0v  011V¥°0Od OliV¥°Od * 4300 * 4302 * 4300 diia/¥ *ON
NY3N *043v AN3INI3 WDIOHS ¥OLVLS NOISN4d10 39v4S 39V1S ¥OLVYLS Qv3K vaal avid A0 3ANIImvY3ALS

LS°9 009°S ONK
SL°9LS 202°v1 65°61S SaLvl 9t0°0~- 92Z°0 0*0 1060°0 19°001 9°0 19° 001 19°00t LSv°9 72%9°S A3
SL°916 20s° 91 65°61S seL°vl 110°0- 920 00 6680 °0 SE°001 0°0 SE*001 sg-oo0t L5%°9 €26°S ot
SL°81S c0z°vl 65°61S 98L el 800°0~ *2*0 00 1600°0 0z°001 o°o 02°00% 02°001 L1569 2881°9 6
924°91S £02°%1 65°61S 8L vl 400°0~ 120 0°o0 9680°0 0t°001t 0*0 oteoot o1°001 L5%°9 1cv°9 -]
9L°81S £02°vl 6S°61S 98L° vl 900°0~ 810 0*0 9680°0 10°001 0*0 10°001 10°001 L$59°9 149°9 i
9L°91S €02} 65°61S 984 °v1 900°0~ 910 0°0 $680°0 £6°66 00 £6°66 £5°66 45%°9 206°9 9
9.°91% v0Li°wl 65°615 0L v} 900°0~ S$1°0 Q0 ¥680°0 $8°66 o*o 58°66 $8°66 L5¢°9 212 S
9L°81S vo2°vl 6$°615 9Ll $00°0~ 910 0°0 £690°0 84°66 00 84°66 84°66 L15v°9 SYEL v
LL°91S 1.2 304 6%°61% 932wl $00°0- 61°0 0*0 £680°0 14° 66 00 1466 0L°66 459°9 966G L €
9€°*91s v04°¥1 69°61S 98Lc vl £00°0~ ez°0 00 2690°0 65°66 0°0 6566 6% ° 66 859 29L%L e
Z2*61s vo2°el v0°02S EL vl »00°0 010 0°o 0680°0 €v°66 00 €v°66 £9°66 1999 £96°L t

29v°9 000°9 d1I1
(°4°930) (vISd) (°*¥°930) (viSd) (°NI/°1) (930) (930) {33S/744) (D23S/714) (D23S/74d4) (1235/13) {°NI) (*NI)
MCLEDS °SSIud *dw3ii *$S3y0 *ABND 390 ITIONY  *ON HOVN °I3A *I3A “I3A *3A *gy00> SN1avy *ON
J11Vv4S J211vis W10k WAOA  *WY3NAS  *WY3INLS ADTs°SeV °sav *sav *ONVL *Qu3N wvixy Ivixy INITWMYIWLS

es [ HIAWAN IOVLS 0 *1  ‘uIGNNN 301viS J0 L3N0 3IHL ST HUOIMA *3 *NOJIVIS LV SINIWMYIYIS NO SHILINVEVY JO SINIVA se

‘panutIu0c) Z°0T T9qel



B
|
‘»
N
a
r
K

]

2680°0-

26v0°0

P £iv5*0 48Sv* 0 0661°0 »2°61 6Z*8¢g 62°08¢g £EC 8y *c g veLr L~ Svel
9080° 0~ 0*0 SS60°F LE0G*D £96¢°0 £902°0 2Lt 12°0¢ 1L°Qv 6L°6" 6460 L3¢ 5 ezt
r €2LC"C~ 0*0 8020°€ €900 L2€S°0 €€tz 0 969t v8°Ze 92y 211 2l*1s 90° 4~ €1°1
.. ¥S90°C- 0°0 2256°2 61Ev°0 199S°0 [-1-1%-24"] 1£°51 EL°%°0y £i°%wy ve*2s *E*2S 0L°9~ 66°0
> L650° 0~ 0*0 s888°2 SL6£°0 S209°0 09220 azevl 1%°9y 1v*9y S¥*€S 9v°cS SE* 9~ 880
. £660°0~ 0*0 6828°2 6EIE" O 19£9°0 61E2°0 o€ €1 £6°LY £6°Ly 1G5 vS 25" vS 10°9~ 9L°0
’ 12500~ [ 3] o2LL"e ticeo 68990 9LEZ* O €52t QE°60 0E°6y 0§ °SS 0§°Sg L9°G~ 99°0
' 8640° 0~ Q*0 68122 6852°0 11040 QEY¥2°0 [YRA S 96°0S 9%°0G Y9~ 9S *¥* 95 vC G~ 950
. *iv0*0- 00 4899°2 9L32°0 ¥ZEL*D »892°0 *1°11 69°1¢ 69°1s SE LS 9E*LS £0*5~ *®*0
Ve LESO® O~ 0*0 19992 86E2°0 2Q9L%0 $9582°¢Q oset1t €225 g€2*2¢ 19°9S L9°8S 15 #0°0~
¥ 8520° 0~ 0°0 06042 922z o YedLitv0 giLz*0 28°vl1 12*1s 12°18% oy 19 09319 E9* 9~ o0°2~
i
T. HO/00#2 TNYHI®ADD NIDYVYN *$*S 40 *S*S 43 NOITLv>0Y (930} {930) (930) {(930) {930) {93a) ¢53C)
CAINIDMID NI®J0°Lid hELLS 4I0V34 Sy LOVHS SV IOHS Ly ‘HYD*S*S IONY  ITONY* 6 ITIONY 3IONY IIONY ITNY
‘L 390337 NHICNIN S WHINIA *NYHDI®ADD *DD1°HS *ON HOYN *53S ISI 135°07% *ldNYYL IAVIE*NI IAYWE*NI *OINI*S*S “INI
FHEVIP L4100 9 42403440204 444200 430+ INOD LOOAVYT 4449343444340 9 404844444444 443444 —mm— ANIINVYIULS LIIN] ~=e
4
b
ﬁ- 10°0 0000°1 0005 "0 0305°0 0001 °0 0010°0 EL6%°0Q 9t g1l |88€EL*0 20°s51 8g 811 6L °60
. 20°0~ 0000°1 000S°0 000S*0 €560°0 0J10°0 2866 *0 207921 g2ZvlieQ 6v°661 L0921 L40° 1§
b’ ¥ "0~ 0000°*1 0005 *0 000S°*0 8060°90 0010°0 S865°0 6v*621 L49%1l %0 8L g9l 68 °5621 *22s
N 90° C~ 0000"1 0005°0 000S$°0 $980°0 0010°0 S966 *0 [ T34 19] %058 °0 £6%291 0L eCy €E*ES
2 80°0~- 0000°*t 0005°0 000S°0 ¥280°0 0010°0 £86%°0 12%6£1 ovS1e0 961411 32°5€) YECPS
- 2t°0~ Q000" 1 00050 000S*0 ¥840°0 0010°0 846560 SSCerl Si5t°0 i48°g2 1 SSTeeY 82 °SS
41°0~ 0000°1 0006° 2 0005*0 $%40°0 0010°0 14660 ¥Z2601 6091°0 89°621 *Z5%1 N *9§
& o)
: o S2*0~ 0000°*1 QQQs*a 3QQ5*Q L0400 00100 19650 08*ESt Zv91 0 SE*EB 1L 0B*EST 00 LS
b’ ~— 9E° 0O~ 0000*1 200G "0 000S*0 1490°*0 00100 L9650 2Z*as1 ¥i¢9t°0 86°981 22°3s1 08 ¢S
1$°0~ 0000°*1 0005°0 00050 SE£90*0 0010°0 €269 %0 »G°291 80210 Sv°061 S8°29T7 65 °QS
b 2L 0~ 0000°3 000s°0 000S*0 00900 0010°0 498%°0 MM-OM" AL TART] LL°ES6T 82991 Ov°6S
. .
e’ (S3C) 3ivy*NaNL A¥OND/ QYOHD/ (33%/714) t33s/14) (238714) (930)
: *ONY 3INOD> 1NO/NI NOIA¥I0Y *509°1d Q¥OHY/ aY¥0H)/ *4300 a33ds YIGWNN *A3A *A3ACONYY IINY
LNOAYTY  IN3WD3S C1d°NYYHL *H1I*X¥YN CHLI*XVYN ‘Qvy -3 A0Vd 3IHA HOVYNW® 13y 3y * Y3y A3F 3N
0LE*L
SL°81S 2049} 65°615 S8L° V1 »00°0 S0°0- 00 9680°0 80°001 0°0 80°001) 20001 LEL
S4°€91S 204wl 65°61S SeL°vl 000°0~ ¥0°0- 00 8680°0 €2°001 0°0 £2°001 £2°001 yovoyL
ke SL°81S 204 vl 65° 61§ 9L vl £00°0~ 10°0~ 00 8680°0 62001 00 62001 62°001 62v* 2
) ' SL°BIS EOL*¥1 65*61¢ 8L YT 00°0~ 2t*o~- 90 8680°0 62°001 0°0 62-001 62°00¢ f4-3 A}
- 75428 OFAS 21 6S°61% YL vl S00°0~ 110~ 0°*0 8680 *0 s2°001 00 S2+001 s2°001 weiveys
y SL°81S €0L°V1 65°615 9BL" V] 400°0~ E2*0- 0°0 24680 °0 41001 e d <] 41°001L L2°001 oy L
b 9L°81S Z0L°%01 6S°61S 9BL" ¥t 600°Q~ 1€*0=- 0°0 9680°0 $0°001 o*0 S0*0aQt S2°001 216,
. IL"BLS YOL*vY 65 615 8L V1 210°0~ 8g°0~ 0°0 *680°0 88°6S 0°0 88°66 88°66 0£S° 2
44°81S ¥O0L* w1 65°61S 93L°v1 Sl0°0~ 490~ 0o*‘o 2680°0 v9°656 9°0 *9°566 956 995° L
18°81S SOL vt 69°61S 99L vl 020°0~ 50~ [ 3 68800 $2°65 0°0 $2° 66 S2°66 2982
£2°61S 3041 0025 gLl 020*0~ L8 AR 0*0 £860°0 S9°85 0*0 5986 *9°86 %bmoh
8s°*L
{*2u°9530) (YISd) (°¥°930) (vISd) {*N1/°D) {930) {230) €(33S/14) (D3S/13) (D38/743) €I3S/14) C*NI)
*dw31 *S834d *dW3L *SS3vd * AQND 3dOs JIONY  *ON HOVW °3A *3IA *3A *I3A *Guo0>
JI4vas J14ivisS W10l viD) "WY3HLS *WYINLS MQI4°Sgy *sgy *say *ONY1 *oy3Nm IVIXY wIixy
*¢ 2 CYIAWNN ¥OL0d8 40 L3IINI 3IHL ST HOIHA *6  SNOILYLS LY S3INIWNY3¥LS NO SY3LINVYEYYD O SANTIYA &=

<)

~

-

Y

L.

o

MASSS

-

~NF EeNONDVOO~

NVYdS
*1da *ON
INTWYIYILS

000.°0 8

H
1
1

[2l
1
Q
(-3
e
ra
°
S
»
€
-4

<
0
*
>

3
o
-

0000°1 oI1

dlidsy *ON
ANIINYIYLS

009*s @

-l

SNMENONDOO~D

cli

SNIQvy *ON
INTINVYIULS

‘penuyrjuo) Z°0T °1qel




N T
b,
5
bw
2
y
1.
.
:
_.
1.
.
..
1..
. Slgl*¢C 00030 ¥2°82 £2°82 *6'v 0010°0 .
W) SLE1ls o8ose b3+ gz.9t T8t . 415t OH 6£21°0 £589°g 2169°1 199€£°2 0230°1 S9 °1
: M SR @ fne sn gme Bnod MR GHE 4 mEr s mmn o
[, *LE 82y 0010°0 8iLvl 0~ 051 * - £9%:% £399.1 rrat s
ﬁ . osbol? 09088 30943 199643 4994 00108 1 ! o] 1€v°9 Qv26*1 198€°2 0200°1 $900°1 £v*39
A 2a8008 00088 3443 3443 (994 So18: y¥RJ oOI £8S1°0 049°9 SS66°1 iogg*2 o2d0*1 $900°1 . ¢
3 £840.¢ 0903 N M et OO—M'O Se¢vl oOI 6591°0 006°9 F490°2 198£°2 Qzo0°1 S900°1 MWouw $
A sgLold 39958 (134 838 S48 oo—o.m VL9110~ 1€41°0 £21*2 £1E€1"2 198€°2 0200°1 S900° omc 2
Tego 20610 ooe- . . 00° 1 29°9¢ S
1 . 4498 ee0ae9 59844 E399-44 o2.t 09199 iv : £*4 19612 199€°2 0220°1t S900°Y s9°L2
A T529.3. 335081 33944 o vivl*Q- WaL*0 [3-1-2 % 58622 199€°2 e :
1 . gectlec 000ss 855y MO-W" MM”N MM——W“N N“WV—“WH .h@nno vEL%L 102€°2 Z298E£°2 MWW”." MW“W”“ MW”W“ M
". 2z 8991°0 662 464€°2 298f£°2 €200°1 $900°1 2ge2 1
Iy, ¥a/00% Y QUOHD / t930) t930) o
-.. hZUUnm—U *J07°1ld 3 ONY IISNY Mﬁ“(v GUOHD/ AQWAmMJu .Zn\mmdv 15023) ove S annd Yres ]
. 3903°3°1 *ANYI°XVYWN 3IAVIE°LND 30vIa°in0 °*A3Q *Qvy*3*y WWUGO“(%M«JMQA(UWD—Q(G M as Saae QLY EEEW s - A :
+e+OINDD 1A0AYT 49 ooy Bnidovaa3d ne 3t o9 NV 3w *0Ou3y *dnN3ilL *SS3Ud 3ANI WVYINLS vt 3
601wl 0®*0 *9€0°*0 Y8YE* QD 506"
PR B8 NS I gemens emene sumno gmesis scn wano sen e s 9080 N
. hd 892c°*0 S626°0 ¥222°0 . . z . : 29t feees v94s
1 0%t 9.8 o . 49020 6465°0 L¥°621t vSstit1°0 * g u
oy £0*0 9SIE*D S626*0 1222*0 +902°0 hd . 8582y I3 63843 424828 ¢
PS¢ oo 2608 44 ¢ . 286S5°0 99°¢vE1 S611°%°0 09°EE 1l vE 38 .
X Ay F34308 44 4 9626 °0 A t-1-2d"] 29020 86865 °0 99°6¢€1 * . vty 482338 ¢
oeo.0 ez dezard 12200 . L€21°0 oe*ecl ¥0°36 SY°Ee 9¢ce
. hl ceitel oed 1 b 3499 0902°0 $665°0 eyorel 2421*0 £EL* S5
45398 21528 32923 N . 4 £L2*2¢1 ov*101 42°Sv £298°0 9
W. aSg0et o9 L399 AN P 2055, Z 5009°0 1601 L1E1*0 oZ°Let S9*201 28 *9e .
: 440 39 35908 34304 34309 O-NNoo Omo.\no 4109°0 S59°€St LGETI"O S9°1G1 62°C1Y vE'BY —omﬁoo H
v g5t 53 952928 0059 FO"Q.O ONON-Q MWON-O 1£09°*0 £0°8S1 S6E1°0 16°SS1 24°*311 656y —N-@co g
j $9201 33 aoa0sd £252. v 20 9502°0 0509°0 L2291 80v1°0 SE*LST . 3408
w.. o [} e2£9°0 S92€°0 9902°*0 2409°0 B8E *991 evc1*0 08°0S1 MM-WW" MM”W“ WMWM”W m
[ 4
§ 0000°1 dIi
ALIOINOS $Sa1 * 4302 401dovd * 443 ~4302 . $I355L 235410 tesH A Ly
4 AN3IN3N3 MDIOHS SS0Y NOISN441Q *gvlag 3990 - 933¢as EE i ] "an] 3
. v ovan av3as i 3 TIA®IONYL STONY dlid8/78 *ON
vﬂ [ 1o 1 I33Hm HOVYW* I3 3y *3d A0 3*13y INIIMVY3ALS
A
95°615  §l2°%l  £9°02§ 238wl *0- - es2-6 .
: SIS BIN INGE B See s jer omeie s g cmoo e Bes MG N
: 92025 Z3e*el  200°0 l1e0-  22°G2  s660° . t-a0t Zeite teies o
f fo-6is  feieny  £3:9% eyt ze0%0 S1i30 3tisz seeoto  grsitt  pzemw L1°00%1 21-001 261°6 2819 &
. 29:61S  201°¢t  €9°025 238°¥l $00°0 0z°0 2950:0  os-001  S5eav Se-001  fe-oot ei- .
A e - 86°€2 28600 08°601 4 . 2.8 43444 by
), £9°61¢ £0L2%91 €9°02$ Z38°v1 900°0 92°0 - 12 5384 £eeo% R3S R A48 S
A $3.818 o £3.928 EE-394. 383:3 2229 34 X4 8460°0 0E°601 g0 cYy Sv° 001 Sv* 001 .
| - is*ee €460 °0 1680 . . S90-e 6e9c? 2
? »9°61¢ Wiyl 29°02% Zc38° vl 010°0 Z29°Q=- . } Saay to-001 1o.o01 759 esel H
] b439-431 oaLl 23,92 gaait 21828 3498 ND.-N 2460°0 6S°801t 4LE°0V 18°001 18001 *90°6 1344
V $o:81¢ 54 £9.922 04 £ : s H s$2°12 0L60°0 **°801 1£°6F 90°101 90°101 *90°6 2 n-h b
3 R UANOHRSE O omiN 48 @ir g gmens onEd mily BUS et nee g
. *2°10t 9L0°6 *e6°¢ )
, t*¥*930) (vi1Sd) (*¥*°930) {viSd) . 1 i
. AT BEE WD s CMED Qa0 e L, O30e Olae oisas osas Te Sag O
v. ) AVLS WLOL vi0L *NY3INLS *WY3IY1S AQNJ*SAY *sgy *sav *ONV)L 0O“W” MU—W”( om«“W Wu"mhﬂupwu
: e 2 SUIINON
v. 3 0108 40 13VINO 3HL ST <431HA ‘01 *NOILAVAS LV SINITINVYINAS NO SHILINYNVE 40 SINTIVA s
y
» ‘
.
3 panuijuo) z°Qr 21qel
!
y
¥
X
3
-
l-.
z
1
A A o
,A\N.-.. .ﬂ.nv.-.h«




ICataraian £ sty s gepusnons 4 I sor o a g gn poguy. r SO 4

“., 2ETLI*0 iv02°0 ' T48 38 4 YeLLto Z2881°0 e921°0 4002 ov* 01 Sv*01 L46°S2 ¥6°S2 i19°2- 881 28°L6 11
9010 S$652°0 066%° Y f€LL*0 9981°0 tez2t-o 40°02 66°6 5666 96°v2 v6°92 1854 5 691 8s° 98 ot
. 1960°C 1062°0 8Q6¢° ¢ 02LL*0 6891°0 461%°0 1102 886°6 35°6 e0°*v2 90°vZ ol°v~ 2s°1 9B 5L 6
. 2680°0 82lc*0 028v°y 11L2°0 1681°0 S9I1°0 6102 22°6 22°6 62°c2 e2°¢ge L 234 & 9€E*1 65°59 -]
A v£80° 0 10€c°0 CELO* Y ¥0LlL*0 16810 *€11°0 92°02 [3-34 68°8g 6s*22 8s*2e 9€E° s~ €2°1 1L°G5 é
s S8L20°0 SEYE®Q Svov vy 869L°0 0681°0 ¥011°0 (3424 09°8 09°9 9612 s6° 12 %6 °G - otl°1 02*7¢ 9
1$40°0 Ye5£°0 v95Sv° Y ¥6324°0 8881°0 S401°%0 €s*o02 EE*Q ££°8 LE* 12 i1€°12 05 *9~ 66°0 66°9¢€ S
0690°0 €E£9E°0 74 X A 4 *69L°0 £8981°0 £v01°0 v9°02 L0y L0°8 08°02 09* 02 £0%4~ 668°0 80°82 v
. S900°0- 9%.LE°0 6LEV Y 989L°0 segl o 11010 £8°02 L8 18°L BE*02 8E* 02 £S°L~ 080 £v°61 €
. 1962° 0~ S98k° 0 v650°y 0LvL*O +¥502°0 9s01°0 2ge2e - 344 388 1122 11°22 00°*8~ 0L °0 S6°01 2
L66L°0~ 49520 tveiev 9€39°0 60420 48210 1622 €9 11 £€9° 11 £9°0¢ $s°0¢g L Z 84 220 2€-2 1
.
e ¥Q/0Q«d °*NYHD*AQD NIDNYN *S°S 40 *S*S 43 NOI11vD0D (930) (930) (930) (930Q) {930) {9349) (930) Nvds
. *INID°MID NI*J0T°1d v3uv AoVdd4 SY  LOV¥d SY  NI0HS LY °*WVYD°S°*S IWNY  ITONY* I8 39NY FIONY ITONY IONY  °1D4d *ON
R 3903°3°*7T  *HHD*NIN  *HHO"NIWN °*NVHDI®AOD *J07*H3 *ON HOVW *93S AS1 L13S°070 °*L1d°NVY1 30YI8°NI AV NI *DONI*S°*S *DNJ ANIWY3HLS
- FHEELFFITIEEITIPF L3424 422204449 INOD LNOAYT 4344390324433 3 4243404444934 4944044 === INITWVYIHLS LIIN] -—=
‘..
Y 000L4°0 8NH
. £€9°0 0000°1 000§°0 00050 0090°0 0010°0 61°¢ce L4L65°0 $90L°0 1%
1s$°0 0000° 1 0008°0 000S°0 4990°0 0010°0 £2°3¢C 666%°0 €0VvL*0 Ot
. £€v°*0 0000°1 000S°) 0005°0 2690 °0 0010%0 98 “g¢t ¥v109°0 v2LL°0 6
LE°Q 0030°1 000S°0 000S°0 S€40°0 0010°0 L2588 22090 £€09°0 ©
» €E€°0 0000°1} 0005°0 000S°0 9LL0°0 0010°0 61°cy 9£09°0 62€8°0 ¢
(] (124} 0020°1 0005°0 0005°0 9180°0 0010°0C 00°5y *909*0 *198°0 9
Al ~r 62°0 0000°1 000§°0 000%°0 $$80°0 0010°0 19°9% 1509°0 06838°0 S
. — aZ°0 4000"* 1 0008°0 00050 26900 0010°0 80°3v 6509°0 8s16°0 v
.- e2°*0 0000°1 0C0S°0 0005°0 8260°0 0010°0 i1v°6v 6$09°0 L41%6°0 E
s2°0 0000°1 0005°0 0005°0 ¥960°0 0010*0 1E°0S 0865°0 1£496°0 2
. 100 0000°1 0005°0 0005°0 0001°0 0010°0 42°0S 1256°0 0£66°0 1
0000°1 dIi
! (930) ILvH*NENL GYOHD/ aNoHD / (930)
. *ONY 3NDD LNI/NI NOILVIOY °*D207°*Lid GHOHD/ Q40HD/ 39NV *4300 d1Ld4/78 °ON
7 iN0AVYT AN3A93S *Ld*NVYuL SH1°XVYNW *H1*XYW *Qgvy*3*l AOJI*I3Y RO INIWY3INLS
s
.
. 0$$°01  009°S 6NH
95*61S LL*V £9°02S 288 vl S10°0 62°0 €822 £€101°0 S2°€1lt 932 st°00t st°0o0t 645°01 269°S Tt
8s*61s IP¥AS 2] £9°02S eg8g° vl 010°0 22°0 £9°92 9001 °0 *v°21l1 0ov°0S 26°001 1§°00°T 9vS* 0t 226°S o1
65°61S gLdi*vl £9°025 400°0 sSZ*2 8s*se 0oo0t*0 2L°t1t v2°8e 42°001 44°001 £¢5°01 081°*9 6
09°61S 08L°vi £9°02S 900°0 22°*9 S?*ve *660°0 60° 111 8444 26%001! 46°J01 15°01 92y 9 e
19°616 182°v1 £9°02S s00°0 029 19°€2 6860°0 £S°011 29°ve €1°101 g€r1°101 6ES° 01 €99°9 i
296153 734 4 £9°025 $00°0 61°0 30°€2 $860°0 $0°011 0 EY 92°101 92°101 4E€$°01 168°9 9
29°61S (- 758 A £9°02S +00°0 61°) 9cree 1860°0 29°601 691y eE* 101t gcrliotl SES* 01 2iteL S
£€9°615 €8L Y1 c9°02s +00°0 02°0 6912 8L60°0 9Z°601 LE°OY £€S°101 €s°10t1 ¥es°01t 92€°4 b4
¥9°616S v8L°v1 £9°02S5 Y00°0 €2°0 388 %4 *L60° 0 98°801 2T"6F 1s*10¢% 16101 £E€S° 01 vES°L €
S9°61S - VAR A 28°02S 200°0 S2°0 1g*22 4960°0 S1°801 €6°1y 69°66 69°56 4ES* 01 LEL"L 2
09°02S 8LV L5128 298° vl ©v00°0- 1] S+ ] L2°0€ 2960°0 49%201 60°SS 1$°26 1826 ¥9S$°01 *96°L 1
2L48%01 000°*8 dIs
(°¥°930) (VISd) (°¥°93Q) (vISd) (*NI/*1) (933) (930) (D3S/L4) (J3S/7L44) (2357L4) (DI3S/714) (°N1) {("nNE)
MCLEDS *S$S3ud *dW31 *$S3Y¥0 *AdMND 3d4071S 3TIONY  *ON HOVA °*3A *3A *13A *3A *Oo¥00> SNI1avy *ON
JLLViS J11ViS Wi01 IVLI0L  *WY3NLS *WY331S MmONI°SBY *sav *sayv *INVL *gy3IN wvixy wvixy INT WMYINLAS

#¢ 2 CYIGWNN 39VLS 40 1 CYIGRNAN BOLYLS 40 L3IINI IHL ST HOIHA *TL *NOTAVLS LV SINITWVYIHLS NO SH3LINVEYYE 40 SINTIVA &=

‘penutiu0) Z°0T 2T9el

.- .\\s.\\
)

RNV . .lf o
OARKAL , Yk .q..\.”v .....u..

-

L
]
o




e PPN P~ O I I R Y YNNI T A SRR AT ™ S I
,
X
L,
r
P
.
P
()
f,
F
-,.
%
ﬁh.
P
ré,
v.“.
r
vh.
1-
P €0v0°0~  0005°0 20°5- 90°s 0010°0 $201°0 9v20°0 599°5 v°96 11
e, 99£0°0-  0005°0 66° - 85° v 0010°0 6¥01°0 £€20°0 £E€6°S 02°s8 Ot
r 2EE0°0~  000§°0 26" v- 26" 0010°0 8v01°*0 £220°0 g81°9 21°sL 6
o) YOEQ* O~ 0005°0 98 *v- 98 °v 00t0°*0 4901°0 *120°0 vE®*9 S$6°v9 e
P 0820°0-  000§°0 19 v- [T144d 0010°0 9v01°0 90200 019°9 Ssl°ss 2
‘, 0920°0~  000S°0 9L°v- Sy 0010°0 9v01°0 66100 2368°9 @9°sy 9
4 9¥20°0-  0005°0 12°v- Ty 0010°0 S%01°0 2610°0 CIa? 0S°9€ S
") S$220°0-  €305°0 99°v- 99° v 0010°0 Ev01°0 $810°0 2EE L 1922 v
P 9%00°* 0~ 0005°0 "3 - y9°y 0010°0 2y01°0 1810°0 6ES°L 96°91 €
P YESO0°0 0005°0 £1°G~- *1°g 0010°0 9c110 €120*0 Zvi*e £5°01 t-4
L 26€1°0 00050 CIR 6€°L 0010°0 18v1°0 06€0°0 Sv6°L og-2 1
.
P, 4O/ 008y Q4IHI/ t930) (930) (NI/S87) (NI/S81)  (°NI) NV QS
. AN3D*¥1D “D07°1d IIONY 3IIONVY Q¥0HD/ *ONVL WIXV y0d  SNlaovy *1dd “ON
r 39503°3*1 *SWVOCXVW 3AVIB°LINO0 3aQv W LINO *A30 *oVYy¥*3* ) $305404 3av8 YO0 NI WY3ulsS
+43+ INOD LNOAYY 44 ==« INITIWVYIULS L3TUNO -—-
0004°0 aNH
99681°1 Sg8e*e 8800°2 0°0 8220°0 49120 2406°6C ¥900°1 86660 62220 ge0e*0 8209°0 8604°0 11
92ve=1 SEBE*S 28t6°1 0*0 1t2o*0 92120 5$806°0 *300°1 6666°0 iLzzz*0 £€20e°0 49090 62vL°0 Ot
"y 19621 vEBE2 68681 0°0 961090 £802°0 0016°0 *900°1 6666°0 wvZez*o ¥202°0 1909°0 9%LL*0 6

. SLPES vE8E®S 88941 0°0 €810°0 1v02°0 vi16°0 ¥900° 1 6666°0 1222°0 v202°0 8509*0 2598°0 ©
w-. 696£° 1 vERE® 2 2904°1 0°0 1210°0 2002°0 6216°0 +*900°1 6666°0 8izgz* o0 seoe*o 9609°0 9¥L3°0 2L

. - Iveeel veBE®S 96991 0°0 1910°0 8961°0 2vi16°0 +¥300°1 6666°0 s$122°0 S202°0 ¥S09°0 0E98°0 9
. ~r 06¢° 1 YEQE®Z 186S°1 0°Q 2s1Q°Q LESTLe0 9516°C *300° % 65660 z2i22*0 92020 £509°0 $063°0C S

— 9GES"1 vEBE" 2 1266°1 0°0 vo10°0 0161°0 1816°0 ¥900°1 6666°0 L022°0 9202°0 1509°0 2L16°0 v
ke 1626°1 VvEBEST *60S°1 0°0 4LEL10°%0 $831°0 0216°0 ¥300°*1 6666°0 or1ee*o 9202°0 5v09°0 1EV6°0 €

. s129°1 vEBE® 2 869v°1 0°0 2v10°0 §651°0 S4£8°0 *900°1 6666°0 oz2v2*0 2020 £%09°0 v896°0 2
ﬁ. 6£99°1 vEBE*S L 214 A 0*0 6810°0 66£2°0 60290 ¥900°1 6666°0 s$92€°0 L2020 2€09°0 1E66°0 1

. 0002°1 dIa
Pe (*ND) (*NT) *330D
= ONIDVaS QYOHD A110170S $S071 * 4302 SSO7 HOLOVS *343°Qv  OJLv¥*0Od Olivy*Od * 430D *430D0 * 4300 dlly/9 *ON
. NY3INW *0u3v AN3W3T3 AD0HS ¥OLVLS NOISN43dI1Q 39vas 3IoViS H01vlS QVv3H v301 av3a4 RO S 3NImvV3uLs
b

., *68°21 009°S dnH
ﬂ. Le*61S E6L*YL £9°02S 089°* 61 *10°0~ SE*Y 0°0 1160°0 €810t 0°0 €8°101 £€2°101 ¥6e* 2t 949°S 11

. LL°61S voi°wl £9*02S ogecvl 600°0~ e 0 0°0 6060°0 $9°101 0o S9°101 S9°101 vE8°21 £96°G o1
¢ 42°615  w6i°%l  £9°02S 038"l  100°0- 62°0 0°0 9350°0  §S5°101 0°0 S$§° 101  S§°107 v60°21  [61°9 6
b 2L°61S S6L°v1 £9°02s o088 vl S00° 0~ i42°0 0°0 8060°0 0S°101 Q°0 05°101 0S°101 6821 Tvv*9 e
. L44°61S S64°v1 £9°02S 088° vl ¥00°0- ¥2*d 0*0 8060°0 9v°*101 0°0 9v* 101 ov°101 v68°21 419°9 4

. LL°61S S6L°v1 £9°02S 0gg vt *00°0- 22*9 9°0 4060°0 *oci01 00 oo l0t yoc 101 v68°21 v06°9 °
I LL°61S S6L°%l  €9°025  188°1  ¥00°0-  02°0 00 1060°0  Z¥*101 2°0 2v*101 2101 v68°21  v21°2 S

: 92°616  S62°%1  29°02S  186°¢1  +00°0- 61°0 0°0 4060°0  6€£°101 3°0 6€°101  6E£°101 ¥69°21  @EE°L ¢
I 22°61S  S6L°%¥1  £9°02§  188°¥1  $00°0-  11°0 0°0 £060°0  9£°101 0°0 sE 1ol eeriol v68°21  S¥S°L €

. 46°61S  56.°vl  28°02S  188°¥1  %00°0- 21°0 0°0 9060°0  9z°101 0°0 10t 9zZ*1o0tl $66°21  iwiL 2
I 247025 G6L°%1  LS°125  088°¥l  100°0 20°0- o°0 £060°0  90°101 2°0 20101 6-101 006°21  Ss%6°L

. 106°21  000°8 ol
. (*u*930) (VISd) (°¥°93a@) (VISd) (*N1/°1) (930) (93Q) (335/44) (D35/754) (D3S/14) (338/714)  (°NI) (*NT)

i N *SS3ud *gW31  °S$S3¥g  cAuM 3d0T1S  3IONV_ °ON HOVR  *13A =I3A *I3A °13A * guo0d SNTOvY _*ON
... JS1avas Jl1vis Wi0L AWVLIOL  °WVY3NLIS °NY3I4LS AROII°SEV *sev *sav *ONVL *OU3IN IvixXy wixy 3N1 WY3uis
3
r. e 2 *uIANNN 39VAS 40 1 CHIAGWNN HOLVYLS J0 L1371N0 FHL SI HOIHA *21 *NOIAVLIS LV SINIYIMLIS NO SHIALINVYEVAL 40 SINTWA s
L
) ‘panurjuc)  7°0T ATIqel
3
L)

.

r.
4
S
g

ﬂ-
b
<4
p -




005°91
S6L° vl €9°02S os8°v1

S62° vl €£9°025
S6L°v1 £9%02S
S6L4°%1 €902
S6L°v1 £9°02s
564wl €9°02s
s6L°0l €9°02$
S6L° vl 29°02S
S64° vl £9°026
S6L°v1 Zecoes v9°101
S6L° vl i4s8°128 000°*0 9ve 10t

e T

000000000
e )
NMENONDRO=)

1
diL
(°¥°930Q) (VISd) (°¥°930) (VISa) (°NI/°i) (930) (D3S/14) (33S/44) (D3S/13) (D35/153)
tdn3l *S$S3yd *dN3L *S$3ud *AYND 3dOS *ON HOVN *3A *A3A *I3A *33A SNIJvy *ON
J1ivas JI1vis wioL VLOL  CWY3NLS  "WY3IHLS MOd4°SAv *sav ‘say *ONVL *qu3aIn vixv IVIXY NI WY3uLS

*¢ SNINNNY NY SI HOIHA *St *NOILVLS LV S3INITWYIHLS NO SEILINVHEYY 0 SINIVA es

364°v1 £9°025 osgg° vl ¥060°0

-—¥

NMENON DO O =D

0°tot
1°101
2101
£*101
v°101
G108t
S°101
910t
910t
9101
‘101t

- ot 4 gt o0 ot g 0 e ot

S6L° 01 LG°125 o8B b1 00*0~ 140600

v
S
9
S
€
o
9!
1
9
£
9v

1
dii
(*¥°930) (VISd) (°¥°930) (VISd) (°NI/°1) (930Q) {930) (23S/14) (D3IS/134) ¢D3S/L4) (I35/14)
*dw3i *SsS3nd *dN3L *S$S832d °*AYND 3d0S 3TONY  "ON HOVaA *3A *33A *3A SNIgvy *ON
J1ivis 211ViS wvi0oL TYLIOL  *WVYIHLS °WY3YLS mOId°Ssev °*s8v *say *Quaw IvIiXy avIXY SNIWmMY3uLs

®% SNANNNY NY ST HOIHM “®1 *NDILVLIS LV S3INIWYINLS NO SYILIMYHYA 40 S3INTIVA ss

[ 134 A
£9°02S 038°%1 £Q60°0 00G° ¢l
£9°02S

00G* ¢l
£9°02s 00S° vl
MW”WMM 000G v}

£9°02s

”
.
-

-t

wo
no

.
-

20°0
10*9
00°0~
10°0- €9°*1
1L°02s S62° 91 i8°128 (-1 A 24 000°0- 00°0 L060°0 sv* 101l

<

[ n

o <

.. .

-— -
Q000000000

P gt
o0 00 0a8s 000
NMeNnOrDQPO~2

ot 4y ot ot ot

= 00000000000
PP P PP e gy

1
dl1
(°¥°930) (VY1Sd) (*¥°930) (VISd) (°NI/*t) (930) (J23S/44) (23S/44) (D3S/134) (D3S/14)
*dw3lL *SS3dd e LEDY *SS3ud *AYND 3d407S 3IONY  *ON HOVNW *I3A *3A *I3A *A3A *ON
J11ves Jl1vis Wi0s IVLO0L  *WYIBLS  *WY3IYLS mOIdesav *sav *sav *ONVL *qu3aw Avixy wvixy INT WYINLS

** SNINNNY NV ST HOIHM *£1 *NOILVLS LV SINIWYINIS NO SHUILINYYYD J0 SINTIVA e

‘PApNTOUO)  Z°0T 3Tqel




RRA RN

«

AN

-

.: Rt A

a2 10°21- yve8°0  2989°0  9L¥v°0  9S6£°0  0v00°1  SZIO°l  69°02s 08P G2°G WoiviS 2

0000°%1  €°F 9148 91 9268°0 926870  9IVP"0  ¥66£°0  0%00°1  LZI10°l 69°025 Z@E°¥l GzeG 40108 2
I £6°5- v¥88°0  £083°0  IWOIZ°0 E£E£61°0  0200°1 1900°1  29°61S 93L°vl §2Z°g HOLviS U
N seev o  28°1 66°¢ 992 9668°0  S668°0  981Z*C  L961°0  0200°1l  2900°1 29°6IS  L3L°vl  SZeS 401048 %
T... 09°81S  969°¥1  G2°§ L3IWD 1
. (aH) (s871-14) (S8 (*y¥ *930) (VISd) (d3sssa7)
e A9u¥3N3 A1SNYHL * 443 ° 343 © 430> *4302 oILvy oIivd  *dm3l *s53dd R0V 3dA1L _°ON
. 1OvNy FEL R 3NDHOL  °XY *¥O4  *A704 *v1av Qv3A 1vaay gvad *dwW3L  °SS3yd V10l VIOl 1HOI3A  3IGVI8 39VLS
w..

+4 SHILINVUVY DINVOAGOH3Y 3IDVLIS ONY HOLOY QIDOVHIAV SSYR 40 SWNS IALLYIWND ¢

1
. ™
ﬁ., ~r £20°0 $00°0 LeET~ 10°1 vv88°0 €v38°0  1200°1  ¥900°1  06Z2°0 $202°0 6665°0 dOLVLS 2
% — 16°1 ity ¥€0°0~  8£0°0 8s° ¢ tor1 5006°0 ¥006°0 12001  $900°I 0622°0 2302°0 G965°0 &0M08 2
e 220°0 $00°0 65 €1~ 00°% v938°0 E¥88°0  0200°1  1900°! 9812°0 £261°0 0166°0 MHOLVIS 1
e ze*1 66°¢ €€0°0-  9E0°0 99°2 00°1 9668°0 S668°0  0200°1  2900°1 98120 2951°0 2£856°0 0104 1
A
r, (dH)  (SE8Y-13) (S87-14) (S8-1d) (sev)
P SONVL  °XY °u34 FELT olivy * 443 *933 Ollvy o11vd  *430) * 3302 *430D  3dAl  "ON
fa ¥3IMO<d  3INDOHOL SINIWDOW ONION3B SVD  *XV *¥0d 1D3dSV *A90¢ *viav *de3L  *SSD¥d QVIH *al  OvaH MD13  30vIe 39VaS
e
T % SHILINVEYY DINYNAQOHIV 3IDVLIS ONV HULOHN GIDVHIAY SSYW a8
v
[
,1.. #+ 0S5 1a/33S/567 28°2 S1 AOY 30V7W iS¥I4 3HL 40 IOV A3INI 3HL LV VIAV HVIANNY ONISYD 42 LINM 834 MOTJIHOLIIM Q31538800 IHL es
.4

*es WY *0°00vZ *d40 033dS TYNOILVION V ¥04 SHILINVEVA NOIS3IO HOSSIYANGD QILNNOD ses

”.. ‘suot3orpeid
g aouemao3jiad [Teaaao pue 98e3s apod udysad ¢£°0OT 219el



a’

[ N4

«

.
!
~

Atat et st e

. -

ovZ0°0 ov20°0 veBE’e 6E20°0 6£20°0 £88€°2 4€£20°0 4£20°*0 c88E*e ¥E£20°0 ¥£20°0 289€°2
S8v0°0 0000°0~ €£v9E°2 £68¢0°0 0000°0 0344384 08¢0 °0 0000°0~ Sv9€°*2 84v0°0 0000°0~ 9¥9¢€°2
86S0°0 6000°0- 2J00E°2 86500 1000*0 000£°*2 *190°0 ©8200°0 0Q0E °2 4590°0 8400°0 oooE*2
29L0°0 1200°0- o0002°2 +940°0 2000°0 ooo02°2 §$0€0°0 +900°0 ogooz*e 40600 +*810°0 00o0z°2
2160°0 1€00°0- 0001°2 ¥160°0 c000°%0 000t*2 $260°0 £600°0 (12 341 s2t11°0 12200 goo0t*2
4901°0 6£00°0~ 0000°2 L4008 °0 1000°0 0000°2 22110 9110°0 0000°2 »1€1°0 £9£0°0 0000°2
4911°0 9¥00°0- 0006°1 S911°0 0000°0 0006°1 1521 °0 £210°0 0006°1 S4v1°+0 T0v0°0 0006° ¢
eLeito 1S00°0- 0008°1 8921°0 1000*0- 0008°1 19€1°0 9v10°0 0008°1 1191°0 LY%0°0 0008°1
Z29e1°0 §500°0- 0004°1 SSET°0 2000°0- 000Q2°1 eSv1°0 9s510°0 0004°1 €241°0 28v0°0 00041
LEYL*O 4500°0~- 0009°1 4291 °0 2000°0- 0009°1 8261°0 €910°C 000%9°1 1181°0 8060°0 00091
L6¥1°0 4500°0~ 000G°1 *8v1°0 2000*0~- 000S°1 S8S1°0 §910°0 00081 eL3t1°0 9250°0 0006°1
tvstieo 4500°0~ 00Q0v*1 92580 1000°0- 000%°1 W29t 0 0410°0 ooov* ! ET61°0 9€50°0 000%°1
0451°0 §500°0~- 000"t 26S1°0 0000°0 000€°1 1591 °0 1410°0 000€E°t g¥51°0 6E£S0°0 000€"1
& £851°0 2500°0~- o0002°1 £951°0 2000°0 0Qo2°1 8591°0 1210°0 0002*1 £€561°0 LESO*O o002zt
~r 09§1°0 8v00°0~- 0001°% 6551°0 ©*000%0 0001°1 0s91°0 6910°0 00011 8€61°0 8280°0 0001°%
— 0951°0 €000~ 0000°1 6EST1°0 4000°%0 0000°1 9291°0 5910°0 0000° ¢ v061t°0 v150°0 ooco°t
$251°0 8E00°0~- 0006°0 €061 °0 6000°0 0005°0 38S1°0 0910°0 0006°0 1681°0 *6¥0°0 0006°0
€Lv1i®0 €£00°0~- 0008°0 I1S¥1°0 1100°0 0008°0 42610 vS10°0 0009°0 6441°0 69%0°0 0008°0
v0v1°0 4200°0- 000L°0 €8E1°0 v100°0 0004°0 YS¥1°0 SviQo*o 000L°0 9891 *0 L€%0°0 0002°0
IEl* 0 1200°0~- 0009°0 6621°0 S100°0 00090 €9€1 *0 y£10°0 0009°0 SL51°0 66€£0° 0 00090
st21°0o 9100*0~ 000S°0 6611°0 9100°0 0005°0 Ss21*o 1210°0 000S°0 2ovico €£S€0°0 00050
S601°0 1100°0~ 000®°0Q 1801 °0 910C*0 000v°0 6211°0 +010°0 000v°¢C g821°0 00€0°0 000¢%°0
4560°0 9000°0- 000£°0 4960°0 S100°0 000E*0 $860°0 £600°0 000E*0 t1t1°0 9€20°0 J00£°0
2080°0 €000°0~- 0002°0 56L0°0 11000 0002°0 €280 0 8500° 0 00cz2*o 5060°) Z2910°0 ©002°9
6290°0 1000°G~ ©0001°0 9290°0 90000 0001°0 6€90°0 8200°0 0001°0 1890°0 $400°0 0001°0
S$8v0°0 00000 ov20®0 S89%0°0 0°0 ov20°*0 S8¢0°0 0000°0 0v20°0 68v0°0 0000°0 Cv20°0
0920°0 0v20°0 0°0 0920 °0 0%20°0 0°0 Gv20°0 o%¥20°0 0°0 ov20°*0 0%20°0 0°0
(*NI) (*NI) (°NI) {°NI) (°ND) {(*ND) (°NI) (°NI) (°NI) (°NI) (°NI) {*°NI)
SH dH h SH dH ] SH dH T SH dH I
S3LYNIQyO0D ¢ °*ON NDILD3S S3LYNIQN0OD € °*ON NOILD3S S3L1YNIQONMO0D 2 °*ON NOILD3S S3LIYNIOHO0D ¢ *ON NOT1D23S
LLVvBEO®O 1¢8100°0 vL6°1S EEOL®°0 6150000 25v62°0 €E90°0 segol°l €L0°2s L150°0 ot6t1°t o8e°L v
16€L€£0°0 B819100°0 vLL*2S 60001°0 ¢9v000°0 98282°0 99900 vESLY 826°26 0260°0 v061°1 099°L €
9SEIEO0*0 #IvIQO0°0 BLIES 969606°0 6£+v000°0 lETL2°0 8vL0%0 2E61°Y 6E1°ES 11%0°0 s681°1 ove*L <
POYSEQC°0 E£€£2100°0 £06°2S 00v60°0C 06%000°0 6£092°0 8660%0 6261°1 2vL*2S 0§80°0 S681° 1 020°% 1
Sxs{*NI) veal{°*N]) (*53Q) P22 (°N]) Ysx(°NI) cxx(°NI) (°NI) (*N1) (*93Q) (°NID) t*ND) (°ND)
SS3INJIILS LNVISNODD 3TIONY X¥YW1 NINI H a ITIONY H ] *X *ON
1SIAL NOIS¥OL OSNIL13S *O°d HONOUHL y3dv SILYNIQNCDOD *9°D ONILL3S S3LVYNIO¥IOD *Qvy
NOILD3S NOIi23S XVYN1 VIL¥W3INI 40 SININOW NOILD3S ND1123S 3avIe NOTLD3S ANIOd ONINOVLS NOI 133S 30vyW
*N1 O€8°1 = 40SS3UINOI NI 3ANIT ONINOVLAS 40 NOILVIOT IvIXV 0°12 = S3QVIE J0 NIGWNN

sopod u81sap VSYN £q
p23e12uad sajeurpiood Bujanidejnuew IpeTq 10304 H°0T 3TqEl

AR
* -- LN } o 4 0w @
.-\.-\..\... “ . St .




iveo0°0 1920°0 988E*2 1¢20°0 1v20°0 s8gt*e Iv20°*0 1v20°0 SO8t °2 1v20°0 1920°0 0431984

68v0°0 0000°0~ ¢v3£°2 88v0°0 0000*0~ +¢vIE*S 48%0°0 0000°0~ +ve¥9€°2 9640 °0 0000°0~ E®9£°2
L290°0 *100°0~- 000£°2 613%0°0 €100°0- 000€°2 1190°0 €100°0~ 000E°*2Z »090°0 Z2100°0- 000E°2
9280°0 £€00°0~- o000Z°2 6080 ‘0 I€00°C~- 090e*e c6L0°0 0£00°0~- 0002°2 9LL20°0 8200°0- 0002°2
8001°0 8v00°0- 0001°2 2860°0 9v00°0~- 000Q0%1°2 L560°0 +900°0- 0001°2 £€60°0 1900°0~ 0001°2
€411°0 19000~ 0000°2 6El11°0 6500°0- 0000°2 9011°0 9600°0~- 0000°2 S431°0 2500°0- 0000°2
61£1°0 1200°0~ 0006°1 8si21°0 8900°0~- 0006°1 6e2t°0 §900°0- 0006°1 1021°0 0900°0- 0006°1
Lev91°0 3400°0~- 0008°1 00%1°0 $400°0~ 0008°1 SSET1°0 2400°0- 0008°1 ciel*o 9900°0- 0008°1
9561°0 €800°0~ 0004°% S0S1°0 0800°0~- 0004°1 113458 9400°0~ 0002°1 L46v1°0 02400°0- 0004°%
8v91°0 $800°0~ 0009°1 2651°0 €800°0- 0009°1 gES1*0 6200°0~ 0009°1 18%1°0 €£400°0- 0009°t
tze1°0 9800°0~ 000%°1% 2991°0 ¥800°0- 000S°1 S091°0 6400°0- 000S°*1 0551°0 €400°0~ 000S°*3
®ilL1°0 $800°0- 000¢°l £121°0 €£800°0- 000%°E v591°0 6400°0~ 000%°1 2661°0 2400°0- 000%°1
6081°0 £€800°0- 000£°1 IR 2304 0800°0~ 000E°1 9891°0 9400°0- 000E"T 4291°0 0400°0- 000C°1
s281°0 8400°0~- 02002°1 29L41°0 L4200*0- 0002°1 1041°0 £400°0- o0002°1 2v31°0 99000~ 0002°1
22810 €200°0- 0001°1 esi1 0 2400°0- 00071°1 L591°0 89000~ 0001°1V BEI1*0 2900°0- 0001°t
8641°0 4900°0~ 0000°1 9€LT* O 9900°*0~- 0Q000°1 9L91°0 2900°0~- 00CO0°1 61910 L$00°0- 2000°1
S841°0 1900°0- 02006°0 S$691°0 6500*0~- 0006°0 LE9TL*O 9600°0~- 0006°0 I851+0 1500°0- 0006°*0
Z26%1°0 £€500°0- 000€°0 SE91°0 2§00°0~ £008°0 0851 °0 &6¥00°0~ 0008°0 2231°0 *¥00°0- 0008°0
6091°0 9v00°0- 0004°0 S6S1°0 S%00°0~ 0002°0 v0S1°0 2¥00°0- 000L°0 0434044 8E£00°0~ 0004°0
*061°0 €E£00°0~- 0009°0 9Sv1°0 L€£00°0~- 0009°0 6091°0 S€00°0- 0009°0 v9E1 0 1£00°0~- 0009°0
6LET1°0 0E00°0~- 0006°0 9EElI*0 0£00°0- 0005°0 S$621°0 £200°0~ 000S5°0 9s21°*0 +200°0- 000S°*0
£E€S1°0 £200°0~- 0009°0 4611 °0 2200°0- 00040 2911°0 1200°0=- 000%°0 6211°0 8100°0- 000%°0
$901°0 S100°0- 0Q0€°0 L4£01°0 S100°0- 000€£°0 o101°0 ¥100°0~ 000£°0 v¥860°0 2100°0- 00CE°*O
$4980°0 6000°0~ 0002°0 9690°0 6000°0- 0002°0 8£90°0 8000°0~ 0002°0 0280°0 4000°0~- 0002°0
v990°0 ¥000°0~- 0001°0 ¥590°0 €000*0~- 0001°0 9v90°0 €000°0~- 0001°0 2£90°0 2000°0~ 0001°0
893v0°0 0000°0~ 0v20°0 4990°0 0000°0- 0v20°0 98v¥C°0 0000°0~ 0%20°0 96v0°*0 0000°0- 0%20°0
0v20°0 ov20°0 0°0 0v20°0 0%20°0 0°*0 0v20°0 0v20°0 0°0 ov20°0 0v20°0 0°0
(*NI) (°NI) {°NI) (°NI) (°ND) {*NI) (°ND) (°ND) {°NI) (°NI1) (*N1) (°NI)
SH oM A SH dH 2 SH dH ) SH dH A
S3AYNIQH3I0D 8 *ON NOILD3S S2AVYNIGEO0D £ °IN NO11D3S S3ILYNIQHODD 9 *ON NOILD3S S3IAYNIQHO0D S °ON NOILD3S

QE®ZY0°0 3528200°0 1g£2°9v SESII®0 908009°0 £2LEECO 21400 6E61°1 voE°BY 1%90°0 x4- 304 0ze*9 e
1491v0°0 295200°0 8616w 29211°0 924000°0 S$632£°0 £690°0 8E611 v2E°60 10900 €261t 086°9 4
915090°0 L1£200°0 921°0S 2S601°0 +59000°0 9S91£°0 0490°0 LEBTL 8v2 *0S §450°0 6161°1 ovi*y 9
29S6£0°0 v80200°0 020°1S £9901°0 485000°0 9190£°0 0690°0 9E61°1 LE1°1S S$v50°0 S161"Y 00E°L S
9us(°NI) esx{°N1) (*°93Q) vas({*NI) Ytss(°NI) Zse(°NI) (°NI) (°ND) (*53Q) (*ND) (°NI) (*°N1)
SS3NSJIILS ANVLISNOD 3IIONY XYWl NIwl ol h 3TONY H 2 207 *ON
1SIAaL NOIS¥0L ONILL3S *9°> HONOUML \EEL SILYNIQHOOD *S°D ONT113S S3LVYNIGNI0D *avy
NCI1D3S NOIAD3S XYW VILY¥3INI 40 SIN3INOW NOILD3S NO1ILD3s 3Qvie NOI1D3S ANIOd ONIXNDIVLS NOL11D3s 3gve
NI OE8°1 = JOSS3I¥INOD NI 3NIT ONINOVLS 40 NOJIAVDO VIXY 0°12 = S3AvVY 40 ¥ISNNN

*PONUTIUC) 40T 2Tqel

% "y




cv2o0°o 2v2Cc*0 698€°*2 2v20°0 2920°0 8gee*e 2v20°0 2v20°0 L8BE°T 2020°0 2v20°0 988€°2
£6%0°0 00000~ 9¥9E*2 26v0°0 00000~ 9¥9E*2 16v0°0 €C000°0~ Sv9E°*2 06%0°0 0000°0~ Sv9£°2
£990°0 €100°0- 000£°2 £$90°0 #100°0- 000£°2 *990°0 +100°0~ 000£°2 SE20°0 +100°0- 000c£°2

L6E 9000°0- 000Vv°0 £ESET*0 €100°0- COO®°O 11€1°0 6100°0~ 000¢°0 14210 1200°0~ 000v°0
€611 £000°0- 006OE°0 6St1°0 8000°0- 000£°0 210 21000~ 000E£°0 S601°0 +#100°0- 000E°0
£960°0 00C0°0- 0002°0 0v60°0 0000~ 0002°0 £160°0 L000°0- 0002°C 9680°0 8000°0~ 0002°0
9040°0 0000°0 0001°*0 S630°0 1000°0- 0901°0 +890°0 2000°0~ 00010 €190°0C €C00°0~ 0001°0
c6%0°0 Q000°0 1920°0 16%0°0 0000°0 1%20°0 06%0°0 0000°0 1¢20°0 68v0°0 0000°0- 1¥20°0
1%20°0 1v20°0 0°0 1v20°0 1920°0 0°0 1920°0 1920°0 0°0 tv20°0 1v20°0 0*0

(°NI) (°NI) (*ND) (°NT) (°NT) (°NI) {°NI) (°N1) (*NI) (°ND) (*NI) (*NI)

SH akH a SH dH hj SH oH 1 SH dH 1
S31VYNIQH®OCO 21 °*ON NOILD3S SILVYNIQUGOD 1 °IN NOILD3S S31¥YNIQHO0D Ot *ON NOJXLD3S S3LYNIQHMO0D 5 °ON NOILD3S
O0EEI¥0°C L60%0C°0 13 2- 2834 92L21°0 961100°0 L06LE*0 6€80°0 £961°1 T10°%y 2080°0 ov611 [3:184°4 z1
EYESY0°0 1SLEQQ*O ZEQ°*SY vee2i®0 640100°0 SS89E°0 v080°0 34358 v8l1°Sy 85L40°0 LEG6T*Y ovE*Y 11
QGIELY0°C 92¥E00°O 1s1°9v S2le1*0 ¢86000°0 80BSE 0 €420°0 1¢61°1 L62°9% 91L0°0 vEST®T 006 °9 ot
S6EE¥C*0 1Z1€00°0 2Ly 628110 888000°0 PILYECOQ Y9i0°0 ov61°Y SSELY 44900 €611 099°9 6

Ges(*°NI) ox&(°NI) {*923Q) va8(°NI) +vss(°NI) 2es(*NI) (°NI) (*NI) (*530) (*NI) (*NT) (°NT)

SS=NJ4I1S LNVLISNOD 3IONY X¥YN1 NIWI H 3 3TONY H ] *J07% *ON
1SImL NOIS¥0L ONILLI3S *9°) HONCHHL v3yv S3LVYNICH00D *9°*D ONTLLIS SILYNICQN0OD *avy

NC1133S NOT 41D038 bl B V1183N] 40 SINSWONW NOILO3S NO112>3S 3QVI8 NOI1D23S ANTOd ONIXIVLS NOILD3S 3avIe8

*NI OE8°*1 = 40SS3¥aw0D NI 3NITY ONINOVLS 40 NOILVIOT VIXV 0%12 = S3IAVI8 30 HIBRNN

‘ponuUT3u0)  $°QT1 °TqEl




T ATETT S e
RGN - [N
AR -~ AR

it - .. v e

9200 y920°0 v60E"S £920*0 £920°0 268E°2 €v20°0 £v20°0 168€£°2 €v20°0 £920°0 0682
1060°0 0000°0~ 0S9€°2 6690°0 0000°0~ 5¢v9€°2 L6¥0 °0 00000~ ©Bv9E°Z S69J0 0000°0~ Lv9E°2
0140°0 $000°0~ 000€°2 4690°0 8000°0- 000£°2 S$890°0 €100°0- 0Q00£°2 ¥490°0 2100°0- 000E*Z
6001°0 0100°0- 0002°2 1660°0 4100°0- oQ002°2 S$660°0 2200°0~ o00Q0Qe2°2 0£560°0 9200 0- o0002°2
82210 £100°0~- 0001°2 LE28°0 £€200°C~ o0QoO00t°2 6611°0 1€00°0~ 0001°2 £€911°0 8£00°0~- 0001°2
61$1°0 €100°0- 00Q0°2 49%1°0 9200°C~- 0000°2 givieo LEQ00*0~- 0000°2 12E1°0 9%00°0~ 0000°2
2ge1°0 1100%0~ 0006°% 0491°0 4200°C- 00C6°1 2191°0 1930°0~- 0006°1 9SS1*0 1500°0- 0006°1
i4161%0 8000 °0- 0008°1 4%91°0 9200°0~ 0003°1 1841°0 2400°0- 0008°1 atz1°o $600°0- 0009°1
s$402°0 £000°0- 000L°1T . 8661°0 »200°0- 000L°1 $261°0 1900°0~ 0002"1 95810 9500°0~- 0002°1
9022°0 £000°0 0009°1 v2iz*0 0200°0- 000%9°1 sv02°0 6£00°0~- 0009°1 1L51°0 S$500°0~- 0009°1
01€2°%0 0100°0C 000S°1 g€2ezo S100°0~ 0Q00S°1 ovt2°0 S£00°0- 000G°! 2902°0 2S00°0- 000S°t
. 98€2°0 9100°0 000v°t 9622°0 6000°0~ 00O®°} t12e2°0 1€00°0~ 000Vl 6212°0 6v00°0- 000%°1
GEve* 0 €200°0 o00g*Y £9ES°0 ¥000°0~ O0O0OE"T Isege*o 9200°0~- 000E°1 2L12°0 v900°0- 0Q00€E°tl
9sve*0 0£00°0 000c°t v9£2°0 £000°0 oooz°*1 24L22°0 0200°0~- 0002°1 2612°0 8£00°0- 0002°1
' osvZ°0 9€00°0 0Cc01°1 8s€C*0 6000°0 0001°1 1222°0 %100°0~ 0001°1 4812°0 2E£00°0- 0001°%
2192°0 1900°0 o000°1t 92EZ°0 $100°0 0000°1 ovez*o €000°0- 0000°1 L512°0 9200°0- 0Q000°1t
£6€2°0 S¥0C*0 0006°0 9922°0 0200°0 0006°0 €812°0 c000°*0~ 0006°0C £012°0 0200°0- 0006°0
2922°0 8v00°0 0008 °0 6412°0 ¥200°0 0008°0 6602°0 €£00C°0 0008 *¢ €202°0 ¥100°0~- 000€°0
~ tvi2*o0 6%00°0 0002°0 €902°0 4200°0 0004 °0 6861°0 4000°0 000L°0 8161°0 6000°0- 0004°0
~r c661*0 6900°0 0009°0 6161°0 8200°C 00C9°0 1681°0 1100°0 0009°0 98L1°0 v000°0~- 0009°0
— 606 1°0 9v00°0 000S°0 oviLT°0 8200°0 0005°0 9891°0 £€100°0 0005°0 82910 0000°0- 000S°0
9661°0 1900°0 000v°0 (45 354:] 9200*0 00Gv°0 1691 °0 €160 °0 00Ce°0 (34404 £000°0 o00v"d
1s£1°0 ©*€£00°0 600E*0 80£1°0 2200°0 000£°0 89210 £100°0 000E *0 ogct1*o %000°0 000E°O
' 2L01°*0 ¥200°0 0C02°0 €v01°0 9100°C 0002°0 S101°0 0t100°0 0002°0 68693°0 ¥000°0 0002°0
’ 65400 2100°0 0001°0 SvL0°0 8000°0 0001°0 1€20°0 $000°0 00010 8100 2000°0 0001°0
', 66%0°0 00 2veo°o L6%0°0 0000°0 1v20*0 S6%0°0 00 1¥20°0 €690°0 0000°0 tv20°0
. cveo0° 0 2¥20°0 0*0 1v20°0 1920°0 0°*0 1920°0 1v20°0 00 Tv20°0 19200 0°0
(*N1) (*NI) {*NI) (NI (°NI) C*NI) (*NI) (°ND) (°ND) (*N]) (*ND) {*ND)
SH dH R SH dH A SH o hJ SH dH b
S3ILYNIQN00D 91 °*ON NOIL1D3S SILIVYNIQHIOD ST °*3N NOI1D3S S31VYNIQUO0D v1 °*ON NOILD3S S3LVYNIGNO0D €1 °*ON NOIL1D3S
. £6£0S0°0 104500°0 vy * 8L ¥96£1°0 £0L100°0 9912v*0 2001°0 6v61°1 029°6E ot0t1°0 6961°1 096 °*S o1
PSEOP0*0 S92500°0 806°6€ BY9€1°0 19S100°0 c601v° 0 0960°0 iv61°1 *80°0v £660°0 L961°1 004°S St
’ PEELBY0°0 £568v00°0 962°1v LEEET®0 92v100°0 S206¥°0 91600 ov6t- 1t L9 1y 0060°0 Sv6l1°t 098 °S vl
‘ L2EL¥0°0 99¥¥0C*0 609°2y O€CEI®0 10£100°0 $968E°0 9.80°0 *o61°1 bviLcey 0$80°0 €o61°1 020°9 [
' 9%s(°NI) vss(°NI) (*93Q) vex(°NI) vss(°NI) Cse{°*NI) {°NI) (°NDD) (°93Q) (°NI) (*ND) (°NI)
’, €S3N43411S ANVLSNOD 3TIONY XVYhI NINT H 2 3TONY H B ©209 *ON
A 1SIML NOISBOL ©ONILlL3S °9*3 HONDYHIL v3uy S3LYNIQHN00D °*9°D ONTLAL3S SILYNION00D ‘gvy
NCIL1D3S NOILO3S X¥Yni VILY3IANI JO0 SAINIWOW NOI133Ss NOI1D3S 3gvIie NOI1D3S ANIOd ONINOVLS NOILD3s 3ave
®NI 0L8°1 = YOSSIUSWOD NI 3INIT ONINIVILS 40 NOILVIO™ IVIXY 0°12 = S3QVvHE 40 MIAWMN
. .
penuijuo) % 01 *TqEL




T T T T T
BNt e it 2 Aentuteraieg aus

B

B

‘.

s

]

]

v,

’,

P

v

0

[

4 .

L%

',

r

r,

' 9200 Y920°0 €68€°2

. 0060°0 0C00°0~ 5¥9€°2

: S020°0 9C00°0- 000€°2
8660°0 €100°0~- 0002°2

b £921°0 2100°0- 0001°2
66¥1°0 8100°0- 0000°2

4 6021°0 L100°0- 0006°t
1681°0 S100°0- 0008°1

b 9%02°0 1100°0~- 000.°1

b SL12°0 9000°0- 0009°1
2222°0 0000°0 ooo0s°1
2SE2°0 9000°0 000%°1
oov2°0 €100°0 o0og°t
t202°0 6100°0 0002°t
Stv2*0 9200°0 0001°1
2BE2°*0 1£00°0 0000° 1
02&2°0 SE00°0 0006°0

, o 0€22°0 8€00°0 0008°0

., ~ 21820 0%00° 0 0002°0

h — £961°0 T900°0 0009°0

§ §841°0 6€£00°0 000S°0
L6190 SE00°0 000%°0

r SEET*0 0£00°0 000E°0

X 1901°0 1200°0 0002°0

7 *5L3°0 0100°0 00Q1°0

. 896v0°0 0000°0 2920”0

P, 2v20°0  2%20°0 0°0

. (°N1) (*NID) (*ND)

., SH dK 3

ﬁ. S31YNIQHO0D Z1 *ON NOI1D3S

p €00050°0 SES500°0 L66°gE 9%8EL1°0 159100°0 S9Lte°0 6860°0 se6 1y LI 6E 6860°0 8v611 009°S /R

\ 9% (*NI) tvee(°*NI1) (*330) vea(°NI)  vxs(°NI) Zex(°NI) (*NI) (°NI) (°930) (*NI) (*NI) (°NI)

b, SSINIAILS INVLISNOD 3I9NY Xywl NIWI H R 3IONY “ B *501 “ON

. 1SIML NOISMOL ONILL13S *9*) HONC ML v3yy S3LYNICH0QD °S°d SNIL13S S3LYNIC200D *ovYy

b, NC11D3S NDIL1D3S XVWI YILY3INT 30 SINIWNOW NOIL133S NOI133S 30vI8 NO1133S ANIOd ONINOVLS NO1133s 30v8

.

v Nl 0E8°1 = 40SSIden0D NI 3NIT ONINOVLS J0 NOILYDIOT IVIXY 0°12 = S3AvVTE 40 ¥IGWON

i

‘papniouo]  %°Q1 ITqel

-y
“t .

ey
-

RS

S

>

-y
h‘ -

Cd




6€£20°0 6€£20°C $88€°2 6£20°0 6€£20°0 168€£°¢2 6£20°0 €£20°0 v88E°T
. *6%0°0 0000°0~ 0S9€°2 $690°0 0000°0~ 259c°e2 00s0°0 0000°0~ Sv9£°2
4 9240°0 cv00°0 000E*2 SELQ*O 1900°0 000£*C 6940°0 19006°0 000E"2
. $S01°0 2010°0 0002°2 $201°0 1010°0 o0o02°2 €S511°0 16510°0 oo002°2
> 0sE1*0 95$10°0 0001°2 6L4E1°0 S§S10°0 ooot1°2 96%1°0 cET0*0 0001°2
M 2191°0 *020°0 0000°2 6991°0 v020°0 0000°2 0081°0 S0E0°0 0000 °2
* 1v61°0 i920°0 0006°*1 $681°0 2920°0 0006°1 2902°0 02€C°0 0006°1
6£02°0 +820°0 0008°1} 6802°0 ¥620°0 0008°1 $622°0 L42%0°0 ogoe-cty
R s022°0 9100 0004°1 1922°0 91E£0°0 0002°1 48v2°C Siv0°0 00041
) Zye2*0 I1v£0°0 0009°1 10v2°0 C¥E0"0 0009°1 Sv92°0 sS150°0 000%9°%
24992°0 c9€0°0 000S°1 11620 £9€0°0 000S°1 L942°0 L%S50°0 000S°1
. £€2ge* o 9LEQ* O o0ov°1 6862°0 LLEO®O Qo0v°1 §562°0 04500 oogv°*t
. 6962°0 S8€0°0 000E"T LEST*O 248€0°0 000E* Y 6062°0 +850°0 Q00E"° T
. N 9852°0 88E0°0 oooe°t v592°0 06E£0°0 0002° % 6262°0 1650°0 oo02*t
. ~r 2452°0 $BEO° O oco1°1 1e92°0 89c£0°0 00Q0tx°1 $162°0 6860°0 0001°1
‘ — 0€S2°0 4280°0 09000°1 26%62°0 08£0°0 0000°1 4982°0 8450°0 0000°1
. L592°0 €9£0°0 < 006°0 22s2°0 99E0°0 0006°0 98L2°0 65560°0 0006°0
8GE2°0 EVEQ*O 0008°0 L192°0 L9€0°0 0008°0 0492°0 1£S0°0 0008°0
22220 81€0°0 0004 %0 18220 22L0°0 0oco0L°0 6162°0 v690°0 0004 °0
' 6502°0 4820°0 0009°0 g€112*0 1620°0 0009°0 EEES*C 8vv0°0 0009°0C
. v981°0 1520°0 000S5°0 £€161°0 +820°0 0006°0 193554 £6€£0°0 000S°0
8E91°0 8020°0 000%°0 0891°0 c120°0 000¥°0 1581°0 62£0°0 000%°0
’, 08€El1°0 1910°0 000€°0O vivico $910°0 000€°0 £€SS1°0 §$820°0 000£°0
y 6801°0 i1010°0 000¢°0 €i1t1°0 6010°0 0002°0 £€121°0 1210°0 0002 °0C
: v9L0°0 gv00°0 0001°0 4440°0 6%00°0 0001°0 6280°0 4400°0 0001°0
£6v0°0 0°0 58200 6v¥0° 0 0000°0 o%20°0 L080°0 0000°0 2v¥20°0
, 6£20°0 6£20°0 0°0 0v20°0 0v20°0 0°0 2v20°0 2%20°0 0°0
. (54,29 (°NI) ¢(*NI) {*NI) {*NI) (°N1) (°NI1) {*°ND) (°N1)
' SH dH ) SH dH h SH dH a
’ S31VYNIQE0OOD 4 °*ON NJ11D3S S3ILYNIGHNO0D € *IN NOILD3S SILYNIOYOO0D 2 °ON NOLILD3S
., L81.%0°0 ©92v00°0 L89°L S¥621°0 69%100°0 8YvS8L°0 L9110 yo61°1 $89°4L
0Z2890°0 ©99v00°0 [ T4 Mg 9S2ELI*0 S$6S100°0 9I96€ °0 slzivo Se61°1 ve9°L
. 62L690°C 0v%1500°0 880°6 ¥89€1°0 B868100°0 4E50%°0 0Cv1°0 £c61°1 vE€1°6
226250°0 2€4S00°0 8ES*21 Leve1°0 289200°0 ISL2v*0 08810 SS61°1 £€29°21
‘. Fes(°NI)  ves(°NI) (*93Q) *s2(°N1) s (°NI) Zes(°N1) (*NI) (°ND) (°930)
SS3NJFILS LNVISNOD 3IONY Xynl NIWI H A IIONY
’ iSIAL NOISHOL OSN1143S “9°D HONOUML vy3uvY S3LYNIGHOOD °9°*D ONI143S
R NCIlO3S NOILO3S Xxvyml VILM3IN] IO SLININOW NOI1D3S NJ11D3Ss 3avIe NO1LD3S
A °Nl 092°S = HMOSS3UINOD NI 3INITY ONINOVAS 20 NOILVIO WIXY 0ot

6£20°0 6£20°0 £16€°2

S6E30°0 0°0 6920°0
6v20°0 5920°0 0°*0
(*°NID) (*N1) (°NE)
SH dH ]
SILYNIQH¥OO0D 1 *ON NO11D3S
4811°0 v961°1 00S°*L v
stzi1°o sv61°1 099°2 €
00v1°0 cE6T° 1 ove*L 4
0881°0 SS51°% 0209 1
{*NL) (*ND) (*NT)
H h *307 *ON
S3ILYNIQUOOD *qvy

ANIOQ ONINIVLS
= S3GVTA 40 HIGNNN

*apod uBTsap VSVN £q
po3eiauad so9jeulpiood 3urinjioejnuew IPeTq 1038IS G°OT 219l

NO1123S 30vW



. AT . e e ), NG
PRV et el
b
N
L
v~
)
b
b
r
b
W».‘
b
6£20°0 6£20°0 688c°2 6£20°0 6€20°C 686£°2 6€20°0 6€20°0 688€°2 6€£20°0 6£20°0 688£°2
£€690°0 0000 *0- 0S9c°2 £6v0°0 0000*C~ 0S9€°2 €6%0°0 0000°0~- 0S9L£*2 £€6v0°0 0000°0 0s9¢€*2
02400 $900°0 0Qog"e 22.20°0 6S00°0 ooo0c*2 €220°0 £500°0 000€°2 ¥240°0 4%00°0 000€°2
2v01°0 8510°0 ocoz*e Sv01°0 ve10°0 ogoz*e 8vo01°0 Q€00 0002°2 1S01°0 G110°0 00o02°2
1€E€1°0 £€920°0 [Xo1: 3 2514 SEE1 "0 1220°0 00012 6E€1°0 6610°0 00012 veET 0 9210°0 0001 °2
28§10 61£0°0 0000°2 £661°0 0620°0 00C0°*2 86510 1920°0 0000*2 091 °0 1€20°0 0000°2
2181*0 99£0°0 00061 6181°0 1S€0°0 0006°1 S2c81°0 S1EQ0°0 00061 ieet*o 0820°C 0066°1
$002°0 Yov0°0 00081 €102°0 *0¥0°0 0008°1 12020 £9€£0°0 Qo081 8202°0 22€0°0 0008°1t
69120 E690°0 000c*t 4212°GC 1-34 424" 00C4L* 1 s812°0 £€0v0°0 ocoL*t £612°0 4GE0°0 0004°1
20e2°0 €£E€SC°0 c009°1 ttee*o Sev0°0 00C9°*1 o2gZ*0 SEv0°0 0009°1 62¢£2°0 P8E0°0 0009°1
Q020 v950°0 000s°1 91v2* 0 €£150°0 0005°1 S2veZ 0 19%0°*0 000S°1 *iv2°0 60v0°0 0006° 1
ogv2°0 48S0°0 oocev*1l o6ve*0 EES0°0 000%° 1 66%2°0 6L%0°0 QO00v°1 6062°0 S2v0°0 000®°1
s262°0 0090°0 0ocg"*1 9£ES2°0 9¢50°0 000E"*1 S¥S2°0 C6v0°0 000£°1 *582°0 SEY0*OQ 000E*1
1vs2°0 S090°0 ooo02*1 28820 0550°0 0002°1 1962°0 v690°0 ocooe~y 14620 8€v0°0 0oo0e°1
o] 82$2°0 1090°0 00011 g€£s52°0 9950°0 000t} BY¥S2*0 16%0°0 co00t*1 45852 *0 SEV0°0 00011
[fa} 98v2*0 18S0°0 0000° 1 96ve*0 *€S0°0 0000°1 50%62°0 08v0*0 Q000°1 s152°0 SZv0° 0 0000° 1
—~ *ivZ°0 99S0°0 2006°0 \ ALY v150°0 0006°0 £€Ev2*0 cov0*C 0006 °0 cve2°0 0Iv0°0 0006°0
vi€2°0 SESO*0 0008°0 £2€2°0 98+%0°0 0008 °) Z2EE2°0 LE®0°*0 000€°0 oveZ*0 L8€0°0 0008°0
€812 0 56v%0°0 000L°0 €612°0 IS¥0°*0 0002°0 Qgo2z°C S0v0°*0 000¢4°0 8022°0 6SE0°0 00040
£€202°0 L9v0°0 00090 2€£02°0 4090°0 0009°0 6€02°0 $9€0°0 0009°C ovce "¢ €2E0°0 0009°0
£E€wl*0 06£0°0 0006°0 ovel®0 SGEQ0°O 0005 °0 L%81°0 €100 000S°C £€581°0 2820°0 000S°0
21910 »2€£0°0 000v°0 8191 °0 5620°0 000%°0 £€291°0 59200 000v*0 82310 SEC0°0 000v°0
65€1°0 0620°0 000E°*Q v9ET1°0 42200 C00E°*D B9E1°0 %020°0 000€"C SLET" 0 1810°0 000€°*0
viC1°0 i910°0 0002°0 8L01°0 Is10°C ©002*0 0801°0 9E10°0 Qcoez e €801°0 oz210°0 0g0o0z°0
L4520°%0 $L00°0 000t °0 86.20°0 8900°0 0001°0 09.40°0 1900°0 0001°0 1920°0 vs500°0 0001°0
2690°0 0°0 8e2Cc 0 26%0°0 0000°0 8€20°0 26%0°0 Q000°0 gceceC 26%0°0 Cc*0 8€£20°0
8E20°0 8E£20°0 0 8€20°*0 8€£20°0 0*0 B8E20°0 ececo*o0 0°0 6E£20°0 8E£20°0 o°0
(*NI) (*NID) {(*NI) (*°N1) (*NI) {°NI) {°N1) (*NI) {°N1) (°NT) {*NI) (°NI)
SH dH h SH dH Bl SH dH a3 SH -1 B
S3ILYNIQMOOD 8 *ON NOI1D3S S3LVYNIQWO0OD 2 ®*ON NOILD23S S3ILVYNIQYODD 9 *ON NOILD3S S3ILVYNIGN00D S *ON NO11D3S
Y9SEV0°0 166200°0 civ*e FAS- AR B4 1911000 1344 204 *921°C ve61°1 90v°8 y¥21°0 ye61°1 098°9 <]
PL%990°0 (B2EQ0°O0 92Z°*e S6021°0 1€2100°0 B89vSE*0 0g21°0 vv61°t 022°® og21°0 o511 020°2 4
GLE5%0°0 109€00°0 9£0°8 Le€21°0 Y0€E100°0 €699E°0 vi21°0 (AL R8¢ [ 124} st21°0 ve6let o8t 2 9
142990°0 9E£6€00°C 508°L 85921°0 28E100°0 L1SLE°0 86l1°C \Al-350¢ z2e8 L 8611°0 o611 oeE 2 S
9es{°NI]) ves{°NI1) {*93Q) vas(°NI) vxx(°NT) 2xe(°NI) (*N1) (°NDI) {*93C) {*NID) {°NI1) (NI
SS3INFAILS ANVLISNOD 39NV XYWl NINW1I H hl IONY 1) hl *J0" *ON
1SIAL NOIS¥0L OSNILi3S *O*D HONOUKL v 38V S3LYNICH00D *9°*D ONIL13S S31VYNIQM00D *gvy
NCI1J3S NOT LD3S X¥n1 VILAY3ANI 40 SiNIWOW NOILD3S NO1L1D3S 2QVIE NOT 1D3S ANI0G ONIMOVIS NOILD3S 3avIe
°NI 092*S = dHOSS3UINOD NI INIT ONINOVLIS 40 NOITLVIOT IvIxv 00 = S30vIE 4C YIBWNN

-panurIu0) G°QOT ITqEL

g -\\\-H

MJUV? J\f.i_mHMMmﬁ)"J




151

6€20°0 6£20°0 589c°2 6£20°0 6€£20°0 688E°2 6£20°0 6£20°0
26%0°0 0000°0~ 0S9£°2 25900 0000*0~ 0S9£°2 €640 °0 0000°0
9140°0 69800°0 000E 2 4140°0 2800°0 000€°2 8140°0 9400°0
2€0t°0 #120°0 0002°2 *01°0 £020°0 0002°2 LEOL °0 €@10°0
91€1°0 SEE0 0 000t -2 61€1°0 cig0°*0 ooQt*2 Z2Et1°0 8820°0
89S 1°0 ov90°0 0000°2 24S1°0 60%0°0 0000°2 9LS1°0 84£0°0
68L1°0 eES0*0 0006°1 *641°0 *640°0 0006°1 6641 °0 95900
64610 2190°0 0008°1 §661°0 6950°0 000@°1t 1661°0 9250°%0
ovic*o 6490°0 0004*1 9vi12°0 1€90°0 0004°1 €512°0 ¥650°0
14220 ¥€40°0 00091 gse20 €£890°0 0009°1 8220 2E90°0
€4€2°0 4420°0 000S°1 0eEZ o £220°C 000§°1 88€2°0 6990°0
9veec0 29080°0 00C¥°1 £5v2°0 1620°C 00Ce* 1 19¢2°0 S690°0
1692°0 4290°0 000E"°t e6v2°0 99L0°0 00CE"1l 9082°0 11400
90s2°0 €E£80°0 0oo02°t £€162°0 ®220°C cooz*!} 22820 2120°0
€620 4280°0 000tL*t 00s82*0 6940°0 ooot1°*t 60S2°0 21L0°0
Zsve*o 6080°0 0000°1 65ve°0 2620°0C 0000°1 49%2°0 9690°0
19€2*0 6420°0 0006°0 89£2°0 *220°0 0006°0 S6£2°0 1290°0
ceze o 4€40°0 0008°0 6822°0 $890°0 0008°0 96220 vE90°0
*512°0 2890°0 0004°0 o9tz*o *£90°0 G00L°0 4912°0 £4850°0
9661°0 9190°0 0009°0 200c°0 £450°0 0009°0 8002 °0 0€S0°0
6081°0 24£%0°0 000S°0 v181°0 6690°0 0006°0 o2et*o cgeC C
16510 9v¢v0°0 000¥°0 S$6S1°0 S190°0 000¥*0 0091°0 v¥8E0° O
€YE1°0 *9E0°0 000K 0 9vEL 0 02€£0°0 GOOE*O 0GEL*0 9620°0
£90%1°0 6220°0 0002°0 §901°0 £120°0 00cCZ°0 g901°0 4610°0
1$40°0 c010°0 0C01°0 2S40°0 $600°0 0001°0 £§40°0 6800°0
16%0°0 0000°0 BE20°0Q 16v0°0 0000°0 8e20°0 26%0°0 0°cC
8E€CO0°0 e g ] 0°*0 ecz0°0 8€£20°0 ¢*0 8€20°0 8EZ0°0
(°NI) (*NI) (°NI) (*NI) (*NI) (°NI) {°NI) {°NI)
SH ah B SH dH B SH dH
S3AYNIQNOOD 21 °ON NO14D3S S3AVYNIQUOOD 11 °ON NO11D3S S3LYNIQHO0D 01
2066€0°0 S686100°0 [3.5-] 18901 °0 926000°C SSEOE"D 40E1°0 Ev61°1
60€0%0*0 21220C°0 020°6 ¥9601*0 086000°0 SSE1€°0 1621°0 €E¥61°1
2EL190°0 959200°0 5C8 0 Lv211°0 9£0100°0 ¥8EZE 0 s$i2t1°0 c€v61°1
0SS290°0 ¢1.200°0 4098 62S11°0 960100°0 CleEE"0 65210 vv61°t
9e%(°N1) ves(°N]I) (°930) 8¢ (°NI) ¥sxl{°N]) Zss{*NI) (*ND) (*NI)
SS2NJ411S ANVLASNDD 3 ONY xX¥i]l NINE ) 3
1SIAL NOISH¥0L 9SNI113S *9*) HONOYML v3yy S3ILYNICHOOD *5°*)
NO1123s NO11D3S XV¥Yn I VI1¥3NI 40 SANIWONW NC14D3$ NO14D2S 3Q0VvI8
°NI 092°% = ¥OSSINAWOD NI INIT ONINIVLE JO NOJAVIOT IVIXY

IRRRGRNR . _ WA &

688E°2

S
*ON NOJILAD3S

622°6
010*6
009°8
665 °Q

NOTLO3S
o*o¢€

v e .

X NN AR

6£20°0 6£20°0 698€°2
€6%0°0 0000°0- 0S9£°2
61.0°0 0400°0 000£°2
6E01*0 €210°0 00022
92E1°0 9920°0 0001°2
1961 °0 29£0°0 0000°2
S091°0 22v0°0 0006°1
8661°0 S8v0°0 0008°1t
091Z°0 BES0° 0 000L°1t
€622°0 2860°0 0009°1t
96£2°0 9190°0 000S°t
oLvee0 1990°0 000%°1
sisz°o $S90°0 000£°1
1£32°0 0990°0 oooz*1t
gis2°*0 9$90°0 0001°1
94v2°0 2v90°0 0000°1
Soe2°0 8190°0 0006°0
SO0EZ 0 *850°0 000€8°0
Si12°0 19560°0 0004°0
2102°0 98v0°0 0009°0
9Z81°0 92%0°0 000$°0
9091 °0 ¥SE£0° 0 000%°0
¥SET 0 €420°0 000€°0
1401°0 2810°0 0002°0
s$SsLd°0 1800°0 0001°0
26%0°0 0000°0 8€Z0°0
egzo*o 9£20°0 0°0
(°NID) (*NI) (*NI)
SH dH )
SILYNIGNOOD & °ON NOI1D3S
40£1°0 £961°1 ozz*9 21
1621°0 [134-154] 09€°9 11
s421°0 co61°1 0v$°9 o1
6521°0 ve61-1 00.4°9 6
(°NT) (*ND) (°N1)
H ] 2391 “ONn
$31LYNIQr 00D *gvy

ANIDd ONINOVLS
= S3AvW@ JO ¥IANMNN

*pPaNUTIU0)

St

. v v

(AR

NO11D23S 3cvw ‘s

€°0T 21qel

LAV SOy



IR Al
[N

[}
»
N 6€20°0  6£20°0
0. 2690°0 0000°0-
s, ¥120°0 SI10°0
v, 8201°0  ¥820°0
s, OICI°0  9E¥O0°0
_. 09S1°0  2450°0
. 6221°0 2690°0
' 8961°0  9640°0
. 8212°0 €£880°0
b 9S22°0  ¥S60°0
fr 65£2°0 0101°0
’ 1€¥2°0  0S01°0C
b SL¥2°0  £401°0
wu 1692°0 1801 °0
g 1292°0  wi0l°*Q
. 9E¥2°0  0S0%°0
g ~ 99£2°0  1101°0
. N L922°0 9560°0
B b o¥12°0 S980°0
I €861°0 66.0°0
. L6L1°0 £690°0
[ 18S1°0  6150°0
. YEE1°0  9¥¥0°0
.. LS01°0  9620°0
) 8920°0 2ZEIG*0
. 06%0°0 c°0
x 8€20°0  BE20°0
. (*NID (*NI}
. SH dH
wa SILYNICHO0D 91 °*ON
: O119€0°0 E£€2100°0
v. ¥9CLE0®*0 66E10G*0
. 01C8E€0°0 08S100°0
T. 6968E0°0 $242100°0
7 Oxs(°NI) tves(°NI)
- SSINIIILS ANVLISNOD
1S1my NOISHOL
. NCI1D3s  NOILD3S
NI

686E°2

NOILD3S

9vZ°0t
2L6°6
yic*6
1L¥°6
(*530)

092*s =

6£20°0 6£20°0 688E°*2 6£20°0 6£20°0 680€°2
264%0°0 0000°0~ 0S9€°2 Z26v0°0 0000°*0- 0S9£°2
¢t20°0 8010°0 oogE*e S140°0 10100 000gE *2
82010 2920°0 0Qo2°2 6201°0 0520°0 00022
O1ET*0 [335.4:3¢4 ooo1°2 1I€T°0 v8£0°0 0001°2
09S1°0 8€50°0 oo0o0°2 29st*0 %050 °C 90002
0841°0 0§90°0 0006°1 2410 0190°0 0006° 3
6961°0 89400 0006°1 1461 °0 1040°0 0009°1
6212°0 0E8B0°0Q 0004t 1g12%0 8440°0 0004°1
6522°0 L1680°0 0009°1 c922°0 1980°0 0009°1
09E2*0 6v560°0 000S° 1 £€9E2°0 0680°0 000S°1
£E£¥2°0 L860°0 000wl 9Eve 0 S260°0 000%* 1
4492°*0 6001°0 000g£°t 08 *Z *0 L¥60°0 000£°1
26v2°0 L101°C coo2°t s6v2* 0 v560°0 00021
64ve*Q 6001°0 0001"1} cgvZ 0 L960°0 oo01°*1
BEVE*0 L860°0 0000° 1t Iv¥2°0 9260°0 0000°!
89€2°0 0S§60°0 0006°0 1L€20 2680°0 0006°0C
69220 6680°0 0008°C e4i22°0 €v80°0 0008°0
tet12e-0 2€80%0 00cL"0 ewilzeq 1840°0 000L°0
S861°0 1S40°0 00C9°0 L8610 §040°0 00090
B86L41°0 $590°0 0005°0 1081°0 S$190°0 0005°0
28510 Sv50°0 000v°0 *8S1°0 11600 000%*0
SEET* 0 61%0°C 000£°0 LEET*O £6£0 *0 000£°0
8S01°0 6220°0 0002°0 6501°0 2920°0 0002°0
8vL0°0 *210°C 0001°0 6%20°C L110°0 00010
16%0°0 00000 8€20°0 16%0°0 0°*0 a8€20°0
8£20 0 8e€zo°¢ 0°0 8€£20°0 8E20°0 0*C
(°N1) {°NI) (°NT) (°N1) {°ND) t°*ND)
SH dH 3 SH dH 3
S3LYNIQHO0D ST °*ON NOILD3S SILYNIQHOOD #1 °*ON NOILD3S
L9S60°0 £91000°0 v6192°0 g8EL*Q Qo611 922°01t
1E€860°0 B8€L000°0 622.L2°0 09€1°0 1e61*1 966°6
v1101°0 SEBOOD°"0 €9gez* 0 %10 csv6i°t coL 6
86£01°0 168000°0 s§6262°0 vZEL*O 29611t 65%°6
Pes(°NI) wen(°*°NI) s (*NI) (*NI) (°NI) (*93Q)
Xvym1l NIN1 H 3 ITONY
CO°D HONOWHL vauy S3LYNICHOO) *9°D> ONIL113S
VILIN3ANI JO SANINONW NOI1D3S NDI1D3S 3avE NOIL4D3S
HOSSIMAWOD NI INIT ONINOVLS 0 NOILYIOT IViXy o*0¢

6€£20°0 6£20°0 688E *2
Z26v0°0 0000°0~ 059€°2
S140°0 $600°0 000£°2
0£01°0 vEZ0°0 0002°2
g€1c1°0 6SEQ*O 000t 2
G951 0 24iv0°0 0000°2
S841°0 04$0°0 0006°1
S451°0 9$90°0 [1:3:3-2
sete*o 8220°0 000L°1
9922°0 4940%0 Q009° 1
89€£Z°0 €£60°0 c00s°1
ovec° 0O 9980°0 000%°1
v6e2°0 9880°0 0001
0os2°0 €680°0 oozt
4892°0 9690° 0 0001°1
oveZ*0 4980°0 0000°1
SL€2°C S€86°0 0006°0
4422°0 6840°0 00068°0
6v12°0 1€40°0 00020
1661°0 0990° 0 0009°0
+¥081°0 94$0°0 00050
4861°0 8iv0°0 000v°0
OvET *0 89€0°0 0Q0E*Q
1901 °0 Sv20°0 6002°0
0$490°0 6010°0 0001°0
1690°0 0000°0 8g20°0
ee20°0 8£20°0 00
t*NI) (*NI) {°NI)
SH dH ]
SILIYNICHO0D €1 °ON NOI11D3S
08et1°0 [ 34- 3081 086 °S 91
09€t*0 iv61°t 0vL°S St
ZvEl*0 34294 006°S 1
¥2E1*0 2v61°1 090°9 €t
(°ND) (*NID (°nl)
H 1 *201 *ON
S3LVYNIQE00D ‘Qvy
ANIOd ONINDOVILS NOI 1D3S 3ave

= S30VE 40 ¥38WNN

‘penurluo) G°O1 3Tqel




PR d. 2o hie o o 0 g

-.- | RN

' oo ¥ AR ) A
ﬁv. o ”.. Sy K n. At
!
Y.
i
9
¥,
.-
.
.
i
-
x .
-, .
: .
s,
b
w-
.
v-
p .
‘n
" L4
-
P,
b, 6£20°0  6£20°0 $06€°2
A 2150°0  0000°0-~ ¥99€°Z
p 0990°0 S110°0 000€°2
. 9CEI*0  1920°0 0002°2
s 66L1°0 2E€¥0°0 0001°Z
. 2€12°0  9950°0 0000°2
[ 959Z°0  $890°0 0006°1
. ¥E42°C 698.0°0 0009°T
; 99520  £i80°0  000.°1
. SS1E°0 6¥60°0 0009°1
. 20£€°0  £001°0 0006°1
3 LOVE®*0  6¥01°0 000¥°(
i IZ¥E"0 9201°0 000€°!
- S69£°0  9801°0 000Z°t
% 6L¥E*0  ¥801°0 0001°t
) 22¥E°0  $901°0 0000°1
» ) SZEZ*0  0£01°0  0006°0
., " L91E°0  0860°0 0008°0
— @COE*0 €160°0C 000.°0
b,
o 9942°0 OE90°0 0009°0
), 8182°0 6220°0 000S°0
., v0Z2°0 1190°0 00Ov°O
, 6E31°0  S.¥0°0 000E°O
P 0Zv1°0  61€0°0 000Z°0
A 0950°0 2910°0 0001°0
g €£50°0 0000°0 ©vZ0°0
©920°0 820°0 0°0
; (*ND) (NT) C€°NI)
v SH 1
o $31VNIQHO0D ». *IN NOI1D3S
' 99E€280°0 $$9500°0 520°21 GZEVI®0 ¥56200°0 90S2v*0  60@1°0 o611 80121 5061%0 ovs1e1 000°@ 21
9e4(*NI)  ¥8#(°NI)  (°930)  wss(°N1) ¥ss{°NI) Zss(*NI)  (°NI) (°NI) (*930) C=ND) €ND) (°N1)
| SSINJJIILS LNVASNDD  3T1ONY XVii NIWE H 3 IONY *507 *OoN
9 LSIAL NOISWOL ONILL3S *9°3 HONOUHL v3uy SILYNIOWODD °9*>  OSNILll3S s31vNiou00> | *Qvy
s NOI133s NOI1D3§ XVYNT vIiu3NG 40 SINSWOW  NOT133S NO1123S 30vIE NOI133S INIDd ONINDVIS NOILD3S 3ava
X *N1 092°S = dOSSIUINOD NI 3INIT ONINOVIS 40 NOILVIOT WIxv 0°0€ = S3IAV3 30 YIBWAN
ﬁ«. *PepNIOuU0) G°OT 3Tqel
3
s
4
b
4 »
4
4
r~.




A & un VS0 P st 4 a2 dh A S LT T
0o e cooe e e um b on Dol Al e a AL o] Ni,‘-‘.‘-.fil.. LA b o A AT g 9 e B A )

v s
v . L B e, I S M Y Y
ot gy [ S AR . g-..'. e C -t LA T, ot e . E

- S L . A

R

"893IPUTPI00> Jurinidejnusw BUFSn SUOT3IVAS OpETq 103BIS pue 10301 TEIFdLL 10T @Infrg

" wy ¢q

09 Sy 0'¢ 6'1 0'0 G 1-

L r T T I ] ]

up *q

3 00°2 051 001 05°0 00°0 05°0-  T)s°1

T T 1 — 7 05°0

' x

YA., L) . ¢

- INI0d R

. ITONY 9NIL113S ONINIVLS

& 30v1g 3903 o

INIOY3T >

3 A

; ¥0LV1S —0s°0- |

X S°L-

X —Is°tL-

& T T T T T 05°0-

X

g

$ 319NV INILLIS

. av1g F

3 wm —00°0 —40°0 o 2
[} w -Hl
Wn. / '\\ .\-\q..d
p e
. « 3903 5 i
. .::8/ ONIOY31 . v
3 ININIVLS v n\.,.m
T.. 30104 05$°0 A
ﬁ- L ﬂl-n”-'.&_

S°L

-v."' -
s
W
N

4
\'.

5%

Al

g
'
Lo,
: A
3 B
. e e Wt e
o T AP > S
wv. .- bn- .-« B r-.---f-.-c..- ..r-..f- )~. 8, 0 0 Y 7 nu.- ”,
. LI B v e,




(]
AL 155

11. APPENDIX C: COMPUTER PROGRAMS AND DATA STORAGE

.‘\“
RN The computer programs used during this research program are listed
!‘.‘Q
LR :
) . . . .
:_-)'. in this section. These programs as well as all experimental data and
N .
reduced data results are stored on magnetic tapes (cassette or reel) { 3
o .
:j}.: and are indexed according to tape and file numbers as specified below. o
Actuator position correlation program: Linear least-squares .
correlation between actuator potentiometer voltage readout and -
{ actuator motion for probe and circumferential positioning »
}\- actuators; cassette 1, file 1 =
AN . o "
T Slow-response data acquisition program: Acquisition of time- -
, averaged total-head and flow angle survey data; cassette 2, file 1 j:-
Compressor overall performance acquisition program: Acquisition ®
=
of compressor torque meter based performance data; cassette 2,
file 2
l.(
_::'_' Time-averaged data reduction program A: Reduction of time-
. averaged data to obtain point flow-field parameters and
( circumferentially-averaged flow-field parameters (a plotting ®
option is available); tape DSMDH, file 16 o
::i Time-averaged data reduction program B: Reduction of time- _f
-:ﬁ- averaged data to obtain rotor, stator, stage, and overall -
. performance parameters; cassette 3, file 1 s
]
> Contour map generation program: Generates contour maps of point T
.- flow-field parameters over two stator pitches behind any blade s
oo row; tape DSMDH, file 15 e
- ~
A Data uncertainty: From estimates of primary measurement T
\ uncertainties calculates, using the procedure of Kline and L
-~ McClintock [11], the uncertainty estimates for all flow-field o
" and performance parameters; cassette 3, file 2 o
-'\‘. .j“
::-.: Time-averaged data, station 1: Storage of circumferential survey A
S data at 10%, 30%, 50%, 70%, and 90% span locations including probe
@ data, outer annulus-wall static-head data, and test condition [
::\ parameters; tape COMP, file 1 -
N
l‘ .-
%) Time-averaged data, station 2: Storage of circumferential survey
l‘: data at 10%, 30%, 50%, 70%, and 90% span locations including probe o
) data, outer annulus-wall static-head data, and test condition
parameters; tape COMP, file 2 L

-*
@
o
.
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Time-averaged data, station 3:

parameters; tape COMP, file 3

Time-averaged data, station &4:

parameters; tape COMP, file 4

Time-averaged data, station 5:

parameters; tape COMP, file 5
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Storage of circumferential survey

data at 10%, 30%, 50%, 70%, and 90% span locations including probe
data, outer annulus-wall static-head data, and test condition

Storage of circumferential survey

Storage of circumferential

Reduced time-averaged data, station 1: Storage of results

reduction program A; tape COMP,

file €

Reduced time-averaged data, station 2: Storage of results

reduction program A; tape COMP,

file 7

Reduced time-averaged data, station 3: Storage of results

reduction program A; tape COMP,

file 8

Reduced time~-averaged data, station 4: Storage of results

reduction program A; tape COMP,

file 9

Reduced time-averaged data, station 5: Storage of results

raduction program A; tape COMP,

f ‘. ~. -.- \.. .r '-- - »
SV YR Y .Y

file 10

data at 10%, 30%, 50%, 70%, and 90% span locations including probe
data, outer annulus-wall static-head data, and test condition

survey

data at 10%, 30%, 50%, 70%, and 90% span locations including probe
data, outer annulus-wall static-head data, and test condition

of data

of data

of data

of data

of data
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12. APPENDIX D: PARAMETER EQUATIONS

%
'@

( 2

L

The equations used in calculating the time-averaged and performance ;;}

-

=

parameters are presented in this section. The symbols used in the equa- :f}
| ]

tions are defined in the symbols and notation section and the sign i 2
conventions are shown in Figure 12.1. Circumferentially or radially ;ff
'--‘.'4

<o

averaged parameters were obtained using a spline-fit integration scheme pASK
e

[9]. =01

12.1. General Parameters

12.1.1. Basic Fluid Properties

Barometric pressure, N/mzz

Poom = hhg@tbaro (1.0-0.00018 (t,  -273.15)) Yhg@273°K
12.1
, , 3
Density of air, kg/m™:
P
P = g 12.2

Specific weight of water, N/m3:

vo - = & (996.86224 + 0.1768124( 2 t - 459.67 )- 2.64966 x 1073
H)0 ~ 5

(g t - 459.67)2 +5.00063 x 10~° (g- t - 459.67 ) 3> o
/

12.3 A
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Figure 12.1 Sketch showing nomenclature and sign conventions
(all positive except as noted) for slow-responsc
instrument parameters.
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12.1.2. Blade-Element location

Percent passage height from hub:

IR
I S A
O A P VT Y

LT,
@ .

Sl

PHH = r-0.14224 x 100 12.4 %

0.06096

12.2. Flow-Field Parameters :Li

12.2.1. Point and Circumferential-Average Blade Element Quantities

Total head, Nm/kg:

Absolute flow angle behind rotors (see Figure 12.1 for sign

convention), degrees:

S

/S

— 1

= — dy 12.7
By S By

s 0

Absolute flow angle behind stators (see Figure 12.1 for sign

convention), degrees:

re 1
=g dY 12.8
ﬂy Y [ By

freestream across
freestream

- e Lt A Y N SRR RN A SN
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ARy E lt
e e

Annulus outer surface endwall static head, Nm/kg:

Ay PWYHZO
R h = —— 12.9
e w p
and
SS
ho= f P_dY 12.10
w S w
S
0
Static head (radial equilibrium equation), Nm/kg:
L,
o — 2 sin® B_(f-h)
DA/ dh _ y 12.11
Gy dr r :
N
A Absolute fluid velocity, m/s:
2
V= Vz gc(u-ﬁ) 12.12
and
S
\7=;——/SVdY 12.13
S 0
::-'., Blade velocity, m/s:
Ny
_ rnRPM
U = ~30.0 12.14
\:.'\
i
i
%
(AN
-

1%
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0%
- - Y
N
e -
3
...

W Axial component of absolute fluid velocity, m/s:

:'\:' .
e V_ = Vcos B 12.15 O
TN z y -
< ‘-. -
<
Y and a3
- 3
‘.“‘. e
~ 7 = Veos B ~
o Vz Veos ﬂy 12.16 o
SR '..
A oy
" Tangential component of absolute fluid velocity (see Figure 12.1 e
\ '
o for sign convention), m/s: -
N o
A V_ = Vsin B 12.17 .
YR y y
3 [ 2.
e and o
o V_ = Vsin B 12.18 i
o y y s

¥ o Tangential component of relative fluid velocity (see Figure 12.1
‘iﬁ: for sign convention), m/s: .
) -
\-.- L)
1] -

‘ V =U-V 12.19 !
y y

o - N
N}
MO and .
ot Oy
A “
Y Y

> " —
g V =U-V 12.20
. y y .;

e -
Y Relative fluid velocity, m/s: :;
A X
3 —~3 t ) 2 -
o vV = \/(v )+ (V) 12.21 »
A y z i
n.::: _T
-

n’.:-

23 :
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0

‘
A
.

é offy

. and

12.23

':s." r J vt 2 - .2 .::
e vV = (Vy) + (V) 12.22 <
-:.‘- -:-.
-:?" Relative tangential flow angle (see Figure 12.1 for sign convention), .
o degrees: Ny
\: -
i ' - -
- B. = tan 1 vﬁ

e

)
\—‘ ‘- :
7 -
<. < ,
,-;{; and S
- . ]
n._ .- .

-
— v .
B =tan | < 12.24
- . y :V——
z

X Incidence angle for rotors (see Figure 12.1 for sign convention),

o degrees: .
et iy
gyl —_ 'f
ot _ T .
Ly i = - 2. .

: =B 1,R ™ *1,R 12.25

.
-

Deviation angle for rotors (see Figure 12.1 for sign convention), i
A (3R
o 3
A degrees: .
~ ) I
-"- \~I

o e
N -

. .,‘:;. k' 'l

o et
)

-— 1 4
GR = By,Z,R - KZ,R 12.26 h
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Incidence angle for stators (see Figure 12.1 for sign convention),

degrees:

ig = By,l,S - Kl,S 12.27

Deviation angle for stators (see Figure 12.1 for sign convention),

degrees:

§ 66 =By 25 " %25 12.28

Flow coefficient:

QO0E
|

.’l‘

z
¢ =2 12.29
Ut

LoN
,I
a & 9 .

»
AR

s

a4
-

Pl

12.2.2. Global Parameters

MCN Venturi volume flow rate, m3/s:

N
V: 28cYHZOAPvent

Qv = 0.05229 b 12.30

‘I""‘ .‘.. A
- s & 4

Q1gfsf:¢ i,

Venturi flow coefficient:

4
’
B

49

— 12.31
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.
Al

Integrated volume flow rate at probe axial measurement locations,

(2
sy
m3/s: ;:j
o
rt _ :._j
Q, = 2n [ V, rdr 12.32 o
rh .:_:.
Integrated flow coefficient at probe axial measurement stations: ii?
-
{ ¢
Q =X
a A,
¢a =AU 12.33 -
t
Integrated and venturi flow-coefficient comparison, percent: r'
$ -0 ;
Fcc = 22— x 100 12.34 -
¢V

General radial mass-average parameter equation (let £ be any

general parameter):

l‘t _
. .4. £ Vz’2 r dr
£ = h 12.35
r
}[ t v r dr
A z,2
h

12.2.3. Performance Parameters (based on cobra probe measurements)

Actual total-head rise coefficient for rotor:

c '2,R ~ HI,R)

v = 12.36
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ot TS

LN
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NP T\

Actual total-head rise coefficient for stage: ;;J

wstage = 3 12.37 e

-
up 2
—

‘94

Actual total-head rise coefficient for overall compressor: fﬁ:
— — ;;j

v _ 8y 05 " Hy 1R 12.38 5o
overall 2 ’ -

Ut 1

Ideal total-head rise coefficient for rotor:

uv -V )
y o= —H2R_ VLR 12.39
i,R U2
t

Ideal total-head rise coefficient for stage:

u(v -V )

v, =—v.5LS_ y,LR 12.40
i,stage U2
t

Ideal total-head rise coefficient for overall compressor:

ll‘1'.,over:=111 = wl,lR * ll"i,ZR 12.41

Hydraulic efficiency for rotor:

’ o
i,R i@

Hydraulic efficiency for stage:

¥
n = _.stage 12.43

stage V¥, NN

8 i,stage N
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Hydraulic efficiency for overall compressor:

woverall

r]overall = L 12.44
i,overall

Total-head loss coefficient for rotor:

IDR = Z(Wi’R - ‘PR) —_— 12.45

- )
wg = 2g @ 2 12.46
1,8

12.2.4. Performance Parameters Used in Generating Performance Map

Cross-section average absolute velocity at the exit of the second

stator assuming zero swirl, m/s:

<

v -V
Vz,Z,ZS,pm T A 12.47

Cross-section average total-head at the exit of the second

stator assuming constant circumferentially average static-head,

Nm/kg:

= 52

H) 25,pm = Pw,2,25,pm * V2,25,pm 12.48
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Actual head-rise coefficient for overall compressor: :‘
1

_i

- _2,2S,pm 12.49

Yoverall ,pm 2 3
t X
s

Ide21 work coefficient: \f:

. _InRPM

i,pm 2
30pQVUt

i

12.50

ey, [
Ly

’.l‘-.l' l. , l'

Mechanical efficiency:

¥ “

- _overall,pm o

e v, 12.51 -
1,pm -
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13. APPENDIX E: TABULATION OF EXPERIMENTALLY DETERMINED DATA ;ﬁ

The time-averaged data obtained ahead of and behind each blade row %

are tabulated in this section. All data were obtained at the design :5
point flow condition predicted by the design code (i.e., 2400 rpm at a ij
flow coefficient of 0.587). The measured point-by-point distributions ii
of various flow-field parameters are listed in Table 13.1. The corre- ig
sponding circumferentially-averaged flow-field parameters are listed i%
in Table 13.2. The axial locations of the measurement locations with :}
respect to the blade rows are depicted in Figure 2.5, for a radial &

(spanwise) view, and Figure 3.6, for the circumferential survey window.
Total head and static head were measured with respect to atmospheric

pressure. The sign conventions for flow angles, incidence angles, and

deviation angles are shown in Figure 12.1. A complete listing of

mathematical symbols is given in the SYMBOLS AND NOTATION section. The R

definitions of the Fortran variables used in the computer output ;
listings of Tables 13.1 and 13.2 are: !%
o BETA R = Relative flow angle, B .
o BETA Y = Absolute flow angle, 5;. ?.
o FC = Flow coefficient, 6.
o HS = Static head with respect to atmospheric pressure, h,
Nm/kg.
o HT = Total head with respect to atmospheric pressure, H,
Nm/kg.
o PHH = Percent passage height from hub, PHH.
o V = Absolute velocity, V, m/s.
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]
Relative velocity, V , m/s.

o VR =

>

Tangential component of absolute fluid velocity, Vy’ m/s.

o
<
~N

{]

PR

Axial component of fluid velocity, Vz, m/s.

1 N
o VYR = Tangential component of relative fluid velocity, Vy’ m/s. fe
,

o Y/SS Circumferential spacing, Y/SS.
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