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Summary

The overall and blade element data for a conical-flow
compressor stage are presented. The stage was designed
as the first stage of a 10:1 pressure ratio two-stage
compressor. It was designed for a pressure ratio of 3.06
at a flow of 0.9072 kilogram per second. Tip speed at the
inlet to the first rotor was 355.7 meters per second, and
exit tip speed for the second rotor was 473.6 meters per
second. The stage was tested from 50 to 100 percent of
design speed from open throttle to surge. Stage
performance was also taken at 90- and 100-percent speed
at three values of rotor tip clearance. Peak stage
efficiency at the smallest clearance (0.022 of an average
radial blade height) was 0.774 at 95.8 percent of design
flow and a pressure ratio of 2.613. Efficiency decreased
by about 0.024 point for each 1-percent increase in
average clearance over the rotors. Peak rotor efficiency
at design speed from the rotor only test was 0.871 at a
pressure ratio of 2.952. Survey data indicated that the
hub region on both rotors was operating efficiently but
that large losses were present in the outer portion of the
channel.

Introduction

The Lewis Research Center has in the past several years
been engaged in a program to investigate performance
potential of small compressors (1 kilogram per second
flow rate class) for gas turbine engine applications such
as helicopters, auxiliary power units, general aviation,
and surface vehicles (refs. 1 and 2). At high compressor
pressure ratios it is necessary to use multiple stages
consisting of all axial, axial/centrifugal, mixed
flow/centrifugal, or centrifugal/centrifugal. As part of
the small compressor program various configurations
were investigated analytically under contract (ref. 3) to
determine the most suitable combination of stages for an
overall pressure ratio of 10:1 and a mass flow rate of
0.907 kilogram per second. A configuration consisting of
a conical-flow first stage with a design pressure ratio of
3.06 and a centrifugal second stage with a design pressure
ratio of 3.27 was selected as having the greatest potential
to achieve good overall efficiency. The term conical flow
was coined to describe a modified mixed-flow stage
having axial flow type blading and an increase in radius
to increase the work input potential. It was anticipated in
the design process that axial compressor design criteria
could be used to select blade shapes, loadings, and loss
estimates and that a large static pressure rise could be
obtained by increasing the radius through the blade row
with little or no loss in performance from that of a purely
axial blade row.
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Detailed design was done for the conical-flow stage
only. The stage consists of a tandem bladed rotor and a
tandem bladed stator. The first blade row of the rotor has
an inlet tip speed of 355.7 meters per second with a mean
radius ratio (Feyis /Tinter) of 1.23. The second blade row
has a mean radius ratio of 1.15 and an exit tip speed of
473.6 meters per second. The detailed design of the stage
is given in reference 3.

This report presents the overall stage performance for
three values of rotor tip clearance, rotor only
performance obtained without the stators, and detailed
blade element data for both rotor blade rows (rotors 1
and 2). Data are presented for the stage over the stable
operating range from 50 to 100 percent of design speed.
Data for the rotor only test are presented for 80 to 100
percent of design speed with detailed blade element data
given at 80- and 100-percent speed for both rotors. Data
is given in tabular and plotted form.
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Figure 1. - Rotor and flow path geometry.
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other is shown in figure 2. The flow path geometry and
instrument stations are shown in figure 3. The overall
design parameters are given in table I, and design blade
element data are given in table II. The stage was designed
for a total pressure ratio of 3.06, a mass flow rate of
0.9072 kilogram per second, rotor inlet tip speed of 355.7
meters per second, and efficiency of 0.906. The rotor
inlet relative Mach number varies from 1.256 at the tip to
0.585 at the hub. The diffusion factor for the first blade
row (rotor 1) varies from 0.443 at the tip to 0.39 at the
hub. The second blade row (rotor 2) diffusion factor
varies from 0.493 at the tip to 0.22 at the hub. The stator
inlet Mach number varies from 0.747 at the tip to 0.848 at
the hub.

Some pertinent blade design parameters from reference
3 are shown in table III. Rotor 1 has 20 blades with a tip
solidity of 1.34 and rotor 2 has 40 blades with a tip
solidity of 1.57. Both rotors use multiple circular arc
blading. The first stator row has a hub solidity of 1.891
and the second stator row has a hub solidity of 1.63. Each
stator blade row has 53 blades consisting of double
circular arc blading. Manufacturing coordinates are
given in reference 3.

Apparatus and Procedure

Test Facility

A schematic of the compressor test facility is given in
figure 4. The compressor and turbine are on a common
shaft. Compressor mass flow rate was measured with a
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Figure 3. - Flow psth geometry.

Compressor Aerodynamic Design

The detailed aerodynamic design is presented in
reference 3, and, therefore, only a brief summary of the
aerodynamic design parameters is presented herein. The
tandem bladed rotor is shown in figure 1(a) and the
meridional flow path in figure 1(b). The relationship of
the tandem rotor and tandem stator blade rows to each
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Figure 4, - Test facility schematic.
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choked flow nozzle on the inlet line. Compressor inlet
pressure was automatically controlled by a valve on the
inlet line to the plenum chamber. Inlet temperature is not
controlled but was approximately 295 K for these tests.
Compressor discharge pressure was manually controlled
with a remotely operated valve in the compressor
discharge line. Drive turbine speed was automaticaily
controlled by a valve on the turbine inlet line. High
pressure air was used to drive the turbine. Turbine
discharge pressure was manually controlled by two
remotely operated valves in the turbine discharge line.

Instrumentation

The compressor instrumentation stations are shown in
figure 5 and table IV and their relationship to the
compressor blade rows is shown in figure 3.The flow
enters the plenum as shown in figure §, is diverted by a
flow deflector, and passes through a series of screens
before reaching station 0, which is used to determine
compressor inlet conditions. Station 0 consists of two
rakes spaced 90° apart. Each rake has four total pressure
probes and two total temperature probes. The outlet
measurement station for the stage (station 7) consists of

Flow
- Flow
deflector
137 cm — 51-cm diameter ——e-
—————— -
_ Screens
_____ ]
Plenum-
69cm
T _ ~fstation 0
36.8cm
J 4
10, 2’
cn Station 7

}

Stator -~ ) - Rotor

Figure 5, - Stage performance instrument stations and
inlet configuration.
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Figure 6. - Survey instrumentation,

four 0.051-centimeter-diameter total pressure probes and
four calibrated high-recovery thermocouple probes
located at midspan (span height, 0.643 cm). Static taps
were distributed along the outer casing from station 1 to
station 7 and along the hub from station 3 to station §
(see fig. 3 for station locations and table IV for detailed
instrumentation locations). Static taps spanning one
stator pitch were used at station 3 (4 taps) and stations 4
and S (5 taps) to determine the effect of the stator vanes
on static pressure.

For the rotor only tests the temperatures and pressures
were measured at station 0 and total temperature was
measured at station 7 using the same instrumentation as
for the stage test. Static pressures were measured along
the casing from station 1 to station 3.1 and on the hub at
stations 3.0 and 3.1. Fast response semiconductor
transducers were flush mounted over each rotor
midchord to indicate rotor stall. Survey data were taken
at stations 1, 2, and 3 using probes such as those shown in
figure 6. Each individual thermocouple and angle probe
was calibrated in a flow tunnel. The angle of the sensing
element for the angle and pressure probes was made
equal to the average of the hub and casing slopes at each
station location.

All pressures were measured with scanivalve
transducers which were dynamically calibrated during a
data scan. Estimated errors in the data are as follows:

Mass flow rate, Kg/S€C ...cceenrereiinerninnencennnnn. £0.009
Rotative speed, IPIM «ccvvvvviiiiinnenineeecrensnenranenennes £50
Temperature, K.......ccoovvvniinvniinnineiennrinenecncennas +0.6
Pressure, N/CM ....covvenieniienenienennrenennnnnes creenes £0.06

Flow angles were measured behind rotors 1 and 2 for the
rotor only test. Flow angle was checked at the inlet to
rotor 1 and no deviation from axial was measured. Each
probe was nulled automatically to the general direction of
flow and then manually nulled so that the indicated
pressure differential across the side tubes was zero.
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The overall accuracy of the angle measurement is
probably the least accurate of the measurements
considering the finite size of the angle probe (each tube
was 0.038 cm in diameter) in a highly skewed flow with
large pressure changes in the axial direction which would
subject each side of the probe to a different static
pressure.

Tip clearance over each rotor was measured at four
locations, 90° apart, with carbon rub probes. Probe
holders for the carbon probes had been machined with
the casing and provided a reference for measuring the
probe length.

Test Procedure

Tip clearance.—Tip clearance was measured over the
tips of both rotors. Clearance was established over the
rotors by shimming the shroud axially away from the
stator assembly 0.33 centimeter downstream of station 3
(see fig. 1(b)). The deflection curve measured for both
rotors as a function of percent design speed is shown in

5.0x02
&
25 Rotor 1
8 %’ a6l
i
a8 Rotor 2
g Az
£35
(-]
3_8 1 1 1 J
0 5 50 143 100
Percent design speed
P11+ ¥
Fractional clearance = mean O\—7—
oL
(B
ol
mman
Roor 21%2 M o

1 %68 21%
2 291 L2556

Clearance Design speed Design speed Average
sefting | clearance (fractional) | clearance (CL), | fractional
cm clearance

Rotor 1 | Rotor 2| Rotor 1 | Rotor 2

Large 0.0207 | 0.0404 0.0406 [ 0.0394 | 0.031
Medium | .0177 | .0320 L0347 | .12 .05
Small L0160 | .021m3 L8B4 | .66 .2

Figure 7. - Clearance curve for both rotors as function of percent
spoed,

figure 7. The stage test was run at three clearance settings
as shown in figure 7. The smallest setting was for a
clearance of 0.0314 centimeter over rotor 1 and 0.0266
centimeter over rotor 2.

Stage test.—For all tests inlet temperature was
approximately 295 K and inlet pressure was
approximately 9.9 newtons per square certimeter. Speed
varied from 50 to 100 percent of design and flow varied
from open throttle to surge. Surge was assumed to occur
whenever a significant pressure fluctuation was observed
in the exhaust line downstream of station 7 or an audible
noise was heard in the test cell. Capacitance probes
located near the back of rotor 2 indicated large rotor
motion in surge. At the smallest clearance tested, the
stage was not surged since open throttle running
clearance was quite small.

Rotor only test.—The rotor only test was conducted by
removing the stator assembly and replacing it with
dummy pieces to simulate stator wall contours back to
about station 3.3 (see fig. 1(b)) where the flow was
dumped. The dump was used in an attempt to inhibit any
rotating stall that might occur in the long, vaneless
passage. The test was run at the smallest clearance quoted
for the stage test. Speed was varied from 80 to 100
percent of design and the flow was varied from open
throttle to surge.

Since the passages are quite small for these rotors
(radial spans at stations 1, 2, and 3 are 3.312, 1.753, and
1.039 cm, respectively), only one station was surveyed at
a time to minimize disturbances to the flow. Also,
because of the small probe sizes desired, separate probes
were used to measure flow angle, total temperature, and
total pressure. Angle probes were installed at each station
and angle distributions were measured for each desired
operating point on the map. The test package was
shutdown and the angle probes replaced with total
pressure probes. The operating points were reset and the
total pressure probes set according to the previously
determined angle distribution. The process was repeated
for the temperature measurements. Consequently, it was
necessary to set the flow rate and speed of a particular
operating point three different times (for measurements
of flow angle, temperature, and total pressure). The
repeatability which could be obtained in setting flow rate
and speed for these surveys was checked on different days
with the angle probe. Repeatability of the angle
measurements for different test days was 1 or less.

Calculation Procedure

Overall performance.—Stage efficiency values are
based on the arithmetic-average of the four total pressure
and total temperature values from the midspan probes at
station 7 and the arithmetic average of the four total
temperatures and eight total pressure values from the
rakes located at station 0. These values were used to
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determine actual and ideal values from tables of gas
properties.

Overall rotor performance for the rotor only test is not
based on measured quantities from hub to shroud but is
derived from a calculated total pressure at station 3. This
total pressure is calculated iteratively from the equations
(symbols defined in appendix A) in appendix B using the
following quantities: (1) flow path area, (2) mass flow
rate, (3) measured static pressures on the hub and shroud,
(4) an average tangential component of velocity obtained
from the actual enthalpy rise to station 7, (5) an average
wheel speed at rotor 2 exit, and (6) an assumed
aerodynamic blockage of 2 percent. This value of
aerodynamic blockage was arbitrarily selected in order to
match the calculated total pressure result with the overall
performance results from the surveys. This method of
obtaining rotor performance was used since survey
results were not obtained over the entire rotor map
because of the large amount of time required to obtain
one operating point (~ 2 hr).

Survey performance of rotor only test.—The overall
results from the surveys are mass-averaged total
temperature and energy-averaged total pressure. These
values and the blade element data were calculated using a
specific heat ratio of 1.4. Since static pressures could be
measured only on the shroud at stations 1 and 2 and since
it was necessary to correct the thermocouple readings for
Mach number effects, the following procedure was used
to obtain the static pressure gradient:

(1) The temperature was corrected assuming a constant
static pressure from shroud to hub equal to the measured
shroud value.

(2) This result and the measured mass flow rate from
the flow nozzle were input to the computer code of
reference 4.

(3) The resultant static pressure gradient from step 2
was used to correct the raw temperature readings for
Mach number for subsequent input to the computer
code.

Steps (2) and (3) were repeated (only about one cycle
was required) until the static pressure gradient obtained
did not change. In order to match the mass flow rate
measured with the flow nozzle, it was necessary to reduce
the flow angle distribution from hub to shroud by a
constant amount (approximately 9° to 11.5° for station 2
and 7° to 9.5° for station 3 depending on the flow point).
Flow angle rather than total pressure was adjusted since it
was judged improbable that the pressures would be
significantly in error since they were measured on
scanivalves that were continuously calibrated with known
high and low pressures with a port open to atmosphere
for a check against barometric readings. Values of total
pressure measured when the probes were retracted out of
the flow stream were slightly above measured static
pressures at that point indicating no leakage occurred

. . G T e W T T w T

between impact head and transducer for the total
pressure measurements. All values quoted are based on
the angle distribution corrected to satisfy continuity.
Conditions at the survey stations were translated to the
blade leading and trailing edges using the computer code
of reference 4. The static pressure gradient at the leading
and trailing edges obtained from the code were matched
to measured shroud static pressures at the edges. The
blade element data are based on the translated values of
the measured quantities and the matched static pressure
profiles at leading and trailing edges.

Results and Discussion

The results of this investigation are presented in three
parts: overall stage performance for three values of rotor
tip clearance, overall performance from the rotor only
test, and blade element data for rotors 1 and 2. Overall
stage performance is given in table V. Static pressures
measured through the stage are given in tables VI and
VII. Rotor performance for the rotor only test is given in
table VIII. Static pressure ratio along the rotor shroud
for the rotor only test is given in table IX. Data at each
survey station are given in tables X to XII. Blade element
data are given in tables XIII and XIV.

Overall Stage Performance

Overall performance for the stage at the medium
clearance is shown in figure 8. Peak efficiency is fairly
constant for all speed lines from 50 to 100 percent of
design flow with a maximum efficiency of 0.772 at 90-
and 95-percent speed. Peak efficiency at 100-percent
speed is 0.767 at a pressure ratio of 2.588.

A comparison of the performance obtained with the
large, medium, and small clearances is given in figures 9
and 10 for 90- and 100-percent speed. Both pressure ratio
and temperature ratio increase as clearance is reduced
with a corresponding increase in efficiency (fig. 9).
Crossplots of peak efficiency and peak pressure ratio for
each clearance at 100-percent speed are given in figure 10.
Maximum efficiency and pressure ratio occur at the
smallest clearance where peak efficiency was 0.774 at a
pressure ratio of 2.613 at 95.8 percent of design flow. The
data indicate a linear variation with clearance of both
rotors with about a 0.024 change in efficiency for each
0.01 change in clearance as a percent of a mean radial
span. Some of the effect due to clearance could be
attributed to an area ratio change between rotor 2 exit
and rotor 1 inlet which would allow more diffusion
through the blade rows. The area ratio (rotor 2 exit over
rotor 1 inlet) increased by 1.3 percent as clearance was
increased from the smallest to the largest clearance.

The static pressure ratio through the stage at peak
pressure ratio and peak efficiency for the small clearance
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at 100-percent speed is shown in figure 11 with the design
static pressure distribution. The static pressure ratio at
peak efficiency at rotor 1 exit is about 6 percent lower
than design and at the exit of rotor 2 it is about 13 percent
lower than design. The lower than design pressure rise
results in a mismatch between rotor and stator.

Static pressure ratio as a function of mass flow ratio is
shown is figure 12 for the medium clearance. At the one-
third axial chord position of rotor 1 for 70- and
80-percent speed the static pressure ratio initially
increases as flow is decreased; however, eventually a
positive pressure ratio as a function of mass flow rate
characteristic occurs, indicating that the rotor is stalled or
near stall. Dynamic pressure traces obtained with the
rotor only test indicated rotating stall occurred in the
rotor at a flow point consistent with that shown in figure
12 where the rotor pressure ratio characteristic is zero or

slightly positive.

Overall Rotor Performance from Rotor Only Test

Overall rotor performance as calculated per the
Calculation Procedure section is presented in figure 13.
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The integrated values obtained from the survey data at
station 3 are also shown in the figure. The performance is
referenced to plenum conditions since surveys at station 1
were not taken at all flow points. Calculated values are in
good agreement with measured values. Peak pressure
ratio from the survey data is 2.982 at a mass flow ratio
near stall. Maximum efficiency at 100-percent speed as
obtained from the survey data is 0.871 at a pressure ratio
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Figure 9. - Effect of radial clearance over rotor tips
on stage performance at 90- and 100-percent de-
sign speed.
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of 2.952. The performance of the rotor referenced to
station 1 is given in table VIII, part (c), and shows that
peak efficiency at 100-percent speed is 0.886 at a pressure
ratio of 2.971. Approximately 0.008 of the efficiency
difference is attributable to the total pressure difference
between stations 1 and 0 and approximately 0.007 is
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ratio distribution along
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attributable to heat recirculation into the inlet. The rotor
stall line was determined by the high-response pressure
transducer located over rotor 1. Static pressure ratio
along the shroud is shown in figure 14.

Radial Distribution of Performance Parameters

The radial distribution of several parameters is
presented in figures 15 and 16 for rotors 1 and 2,
respectively. Data were taken at 100-percent speed at
design flow, peak efficiencv flow, and at a flow near
stall. The distributions of pressure ratio, efficiency,
diffusion factor, and total pressure loss coefficient are
given for 10- to 90-percent streamlines from the hub.
Design conditions for both rotors are also given.

Rotor 1

Efficiency near the hub is very high and is close to the
design value from 10- to 35-percent span from the hub. It
falls gradually to about 0.05 less than design at
70-percent span, and then it decreases rapidly toward the
tip where it is considerably below design. The fall in
efficiency near the tip is due to a large increase in
temperature ratio beyond 70-percent span. This is
indicative of a high loss region caused either by
separation of the flow or by migration of low energy fluid
toward the tip region. Pressure ratio is also high near the
hub region and slightly exceeds design values. It decreases
sharply to 40-percent span where it tends to remain
constant.
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Figure 15. - Radial distribution of performance for rotor 1 at 100-percent speed.
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Efficiency is very close to design value from 20- to
30-percent span; however, it is significantly below design
value over the rest of the span except in the near tip
region. Pressure ratio is below design value over the
entire span. The total pressure loss coefficient is generally
higher than that for rotor 1 and much larger than the
design value over most of the span.

Concluding Remarks

A conical-flow stage consisting of a tandem rotor
followed by a tandem stator has been evaluated
experimentally. Although the rotor performance is
considerably below the design value, the performance is
still quite good for this size machine. A fair assessment of
the concept cannot be made since the reduced rotor
pressure ratio at design flow resulted in a flow mismatch
with the stator. The measured rotor performance wouid
indicate, however, that the conical-flow concept has
potential for achieving a large pressure rise in a single
stage at good efficiency. A redesigned rotor based on the
measured data coupled with new stator rows that are
matched for flow area and incidence could produce a
stage total pressure ratio of approximately 2.8:1 with an
efficiency in the mid 80’s at a 0.3 exit Mach number.

Summary of Results

This report has discussed the overall and blade element
performance of a conical-flow compressor having a

Diffusion factor

Total pressure loss coefficient

Hub Span, percent Shroud

Figure 16. - Radial distribution of performance for rotor 2 at 100-percent speed,

tandem rotor and tandem stator. The stage is suitable as
the first stage of a high-pressure-ratio two-stage unit. The
stage was designed for a pressure ratio of 3.06, first rotor
inlet tip speed of 355.7 meters per second, and second
rotor exit tip speed of 473.6 meters per second. Overall
stage performance was taken from 50 to 100 percent of
design speed. Performance at 90- and 100-percent speed
for three values of rotor tip clearance was also taken.
Rotor only performance was taken from 80 to 100
percent of design speed and detailed blade element data
were obtained at 80- and 100-percent speed. The results
are as follows:

1. At 100-percent speed the peak efficiency for the
stage was 0.774 at 95.8 percent of design flow and a
pressure ratio of 2.613 for the smallest clearance tested
(0.022 of an average radial blade height for both rotors).

2. Peak efficiency at design speed decreased by 0.024
for every 0.01 increase in clearance as a fraction of an
average radial blade height.

3. Peak rotor efficiency at design speed from the rotor
only test was 0.871 at a pressure ratio of 2.952.

4. The pressure ratio developed by the rotor at design
speed and design flow was significantly below the design
value. This resulted in a flow mismatch between the rotor
and stators.

5. In general, rotor blade element efficiency was high
near the hub and dropped rapidly near the tip.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, February 18, 1981
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Appendix A

TsTp=288.15 K, or cylindrical angle, deg

’

»

Symbols
normal clearance over a rotor, cm Kme angle between blade mean camber line and
specific heat at constant pressure, J/kg-K meridional direction, deg
diffusion factor g solidity, ratio of chord to spacing
enthalpy, J/kg P density, kg/m3
specific work, J/kg ® entropy function, J/kg-K
index ¢ angle between end walls and axial direction,
mass flow ratio . deg
mass flow rate, kg/sec w total pressure loss coefficient
rotative speed, rpm Subscripts:
number of radial positions AD adiabatic
pressure, N/cm? AVG average
radius, cm D design conditions
gas constant, J/kg-K cr critical conditions
temperature, K EQ equivalent conditions, refer to NASA
wheel speed, m/sec Standard Conditions
absolute velocity, m/sec H hub
relative velocity, m/sec ID ideal
axial distance measured along rotor LE blade leading edge
centerline, cm MC  blade mean camber line
absolute flow angle measured from m meridional direction
5 meridional direction, deg T tip
- relat.iv_e flo‘w e}ngle measured from TE blade trailing edge
S meridional direction, deg C e
- . ) (/] tangential direction
. ratio of specific heats .
] ) 0 inlet plenum
ratio of inlet total pressure to standard sea 1 survey station in front of rotor 1
L level pressure, Po/Psrp, Pstp ys afo ront ot rotor
3 =101325.04 NT/m2 2 survey station between rotors 1 and 2
} efficiency 3 survey station behind rotor 2
. .
3 ratio of rotor inlet total temperature to 7 overall measurement station
g standard temperature, T¢4/Ts7p, Superscripts:

absolute total conditions
relative total conditions




Appendix B
o

Equations Used in Data Reduction Programs

stages, rotor only, and blade element performance.

Overall Performance
Adiabatic efficiency:

Ahfp _ _hipa—hé
Ahgorual  Mactual,? —hoO

NAD=

Equivalent mass flow rate:
mvVo/5
Mass flow ratio:
MFR=(m/mp)go
Calculated total pressure for rotor:
(Vo) avg =(h3 —ho) uave
Assume V, 4vG,
Vava=(V3+V3) ivg
havg =h4 = Viye/2
T sy = function (h4vc)

PAVG =@ hub +Pshroud)/2

PavG

PAVG= 57—
AVG™ R6Tave

m=0.98 p4vGVm.avcx(RT+RH) (RT—Rp)

Treporonce

The following equations were used to calculate overall

X COS (M
2
EXP/R
pavGe=pi ¢ “
where
EXP=9'-$)-®+®o+Rg In(p/po)
T
C
= =&
® T dt

Blade Element Data
Adiabatic efficiency:

_lore/pig)r- -1

;vy=14
D= T e/ T -1

Diffusion factor:

Do=1- YIE , RVp)TE—(R Vo)LE
4 Wig Rre+Rip)oWire

Total pressure loss coefficient:

(pip)TE —PTE

w= -
PLE —PLE

Critical velocity:

Ver =(7—2;’—1-RG T’)I/Z

Energy-averaged efficiency:

NR
Y (@ 00"~ |am,

j=1 _l

NR .
E Am,-
i=1

m 3
Y am;T;
NR |
Ty Y, Am;
i=1
Incidence angle:
51.5 = (Kmc)LE
Deviation angle:

Bre — (Kmc)TE

11
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TABLE I.—ROTOR AND STAGE DESIGN PARAMETERS

Stage overall design performance:

Total Pressure Tatio ...........oieevieceeenenrcnrecansneriresescnnnnn 3.06
Adiabatic efficiency ...
Total temperature ratio .......
Critical velocity ratio at exit ........

Rotor 1 inlet tip speed, M/SEC ..cvvvuerirrrnievisiirienieneiansns
Equivalent mass flow rate, kg/sec ..............
Flow rate/unit annulus area, kg/sec/m? ...
Equivalent speed, rpm..........coeevuiiiuiiinniinecrnicinnienanad

Rotor 1 overall design performance:
Total pressure ratio ............ feeserenesntrarsritensstesatranserssres 1.78
Adiabatic efficiency vee
Total temperature ratio .......cccccesiaancannsisssssenrteneeesssssns .

Rotor 2 overall design performance:

Total PresSure ratio .........cc.ovvueiinecieeniransrnessensiesnrennens 1.821

Adiabatic efficiency ......... .

Total temperature ratio ee

Inlet equivalent mass flow rate, Kg/5€C.......cccuvverrennnnennsd 0.555
Combined rotor overall design performance:

Total Pressure ratio........cccvreeecreniieunirncrinoseensirninenses 3.241

Adiabatic efficiency ..........ccoeereeniieniinanns Cererrasirennrnsans 0.960
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(a) Static pressure taps (b) Fixed instrumentation
Station Shroud coordinates Hub coordinates Station Type Quantity Location
Z, R, 6, Z, R, 0, Z, R, 6,
cm cm deg cm cm deg cm | cm deg
1.0 0 4.597 0 — - — 0 |Total pressure 8 See plenum-figure §
1.02 .508 | 4.640 0 — ——— — 0 |Total temperature 4 See plenum-figure §
1.04 1.016 | 4.740 0 ———- —— - 7 |Total pressure 4 9.592{11.71} o, 90, 180, 270
1.1 1.417 | 4.859 | 350 — —— — 7 |Total temperature 4 9.592|11.71]1S, 105, 195, 258
1.2 1.783 5.020 ————- voeae ——
1.3 2.148 | 5.210 l — ————e e
1.4 2.509 | s5.420 —— e —— (c) Survey instrumentation—rotor only test
20 2.855 | 5.662 | 230 — ~— ————
2.0 2855 | s5.662 | 325 — ———— —voue Station Type Quantity { 6,
20 2855 | 5662 | 45 — ~— ——— deg
2.1 3.198 | 5920 - ——ee ——-
2.2 3.393 | 6.050 — ~—- - 1.0 | Total pressure 1 240
23 3632 | 6.240 ——— e - 1.0 ] Total temperature 240
2.4 3.906 | 6.470 oo —— - 1.0 | Angle 40
3.0 4,272 6.789 | 2412 4272 5.784 209.7 2.0 ] Total pressure 150
M 239.2 211.7 2.0 | Total temperature 150
N 237.2 213.7 2.0 ] Angle 150
- 235.2 2177 3.0 | Total pressure 210
- a3] 4719 | 7.186 | 353.8 4.719 | 6.281 | 353.8 3.0 | Total temperature 210
- 3.2 4975 | 7.409 | 344.4 4.99 | 6.561 | 344.4 3.0 | Angle 210
- 33 5227 | 7.620 | 348.1 5213 | 6.779 | 348.1
ﬁ 34 5.456 | 7.815 | 339.6 5.532 | 7.059 | 339.6
| 4.0 5.847 | 8.098 ] 220.8 5.903 | 7.358 | 220.8
3 219.1 219.1
A 217.4 217.4
l 218.7 218.7
3140 2140
4 4.1 609 | 8263 | 326 6.096 | 7.506 326
4.2 6.520 | 8.542| 307 6.515 | 7.813 30.7
a) 43 6944 | 8771 | 299 6.939 | 8.047 29.9
44 7.368 | 8961 | 29.8 7.335 | 8.255 29.8
r' 5.0 8.182 | 9.301 | 236.9 8.453 | 8.705 | 236.9
& 235.2 235.2
L 2335 233.5
¥ 231.8 231.8
3 230.1 230.1
b, 7.0 9.271 | 1171 145 e ——em ————-
h 150 —— n—ee- ——
L l 185 - een ———e-
=
F. 8L ast static station for rotor only test.
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TABLE III.—BLADE DESIGN PARAMETERS

Rotor 1 Rotor 2
Tip diffusion factor, Dy 0.443 0.493
Tip relative velocity ratio, Wye /W g 0.707 0.655
Inlet hub to tip radius ratio 0.45 0.746
Inlet tip relative Mach number 1.256 0.981
Mean blade height to mean chord ratio 1.028 0.84
Tip solidity, o 1.34 1.57
Number of blades 20 40
Mean blade height, cm 2.195 1.256

Stator 1 Stator 2
Hub inlet Mach number 0.848 0.423
Hub solidity, ¢ 1.891 1.63
Number of vanes 53 53
Mean blade height to mean chord ratio 0.604 0.494
Tip diffusion factor, D, 0.57 0.49

TABLE IV—INSTRUMENTATION STATIONS
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TABLE V.—OVERALL STAGE PERFORMANCE

T Pl
. [N

Percent design | Mass flow | Pressure | Efficiency, |[Temperature Percent design Mass flow | Pressure | Efficiency, [Temperature
3 equivalent ratio, ratio, o-1 ratio, equivalent ratio, ratio, 79-17 ratio,
) speed, (in/inp)gg | PI/Po Ti/Ty speed, (m/imp)gg | P1/Po Ti/Tg
& (N/Npx 100)gg (N/Npx 100)go
L Small clearance 90 0.870 1.759 0.562 1.311
! 837 2.160 .765 1.321
Py 90 0.865 1.743 0.550 1.3118 815 2.206 772 1.328
:-‘ 831 2.1719 172 1.3220 .799 2.226 I 1.333
L .809 2.220 a1 1.3284 .764 2.240 .763 1.339
L 779 2.247 1m 1.3357 147 2.236 754 1.3419
3 95 932 1.888 .565 1.3516 95 902 2.360 767 1.3615
- 902 2.374 775 1.3609 895 2.3 770 1.3635
1 892 2.403 779 1.3647 885 2.39 112 1.3668
H 87 2.430 778 1.3702 871 2.412 172 1.3696
3 100 995 2.048 578 1.3924 100 999 1.986 .549 1.3931
N B! 2.577 770 1.4020 983 2.485 746 1.3971
n 958 2.613 774 1.4070 975 2.528 7156 1.3999
- 934 2.66 T 1.4172 951 2.588 767 1.4059
91 2.620 159 1.4162
Medium clearance .84 2.619 752 1.4199
50 0.507 0.916 -0.33 1.074 Large clearance
415 1.261 T4 1.095
.398 1.280 745 1.098 90 0.864 1.685 0.513 1.3122
359 1.300 758 1.103 .827 2.128 745 1.3208
a1 1.295 m 1.107 816 2,138 748 1.3224
256 1.288 680 1.110 185 2.184 .752 1.3309
749 2.194 744 1.3368
70 653 1.387 548 1.179
S 594 1.618 754 1.195 95 .900 2.266 740 1.3550
77 572 1.642 .763 1.120 873 2.345 756 1.3637
# 554 1.630 762 1.202 .852 2.372 .756 1.3691
. 528 1.646 752 1.203 .832 2.382 754 1.3723
", A2 1.599 688 1.209
L.‘ 100 981 2.050 578 1.3928
80 753 1.872 5N 1.241 970 2.439 .71 1.3954
3 .736 1.783 728 1.248 954 2.511 .748 1.4009
; .709 1.848 756 1.254 947 2.518 .750 1.4014
; 651 1.911 .761 1.267 925 2.545 152 1.4053
: 589 1.842 s 1.266 862 2.553 .738 1.4147
569 1.828 708 1.267

17

L.




el .

TS Ty
feaw, o

r T TR F T T

TABLE VI.—STATIC PRESSURE RATIO DISTRIBUTION AT 100 PERCENT SPEED
FOR STAGE TEST AT SMALL CLEARANCE FOR PEAK STAGE EFFICIENCY AND

PEAK STAGE PRESSURE RATIO
Station Station pressure ratio, p/p,
Peak stage efficiency (MFR=0.958) | Peak stage pressure ratio (MFR =0.934)

Shroud Hub Shroud Hub

1.0 0.869 ———e- 0.878 —
1.02 834 ———— 844 ———
1.04 811 —— 824 B
1.1 799 — .816 B
1.2 .896 o 954 —
1.3 1.102 —— 1.154 ——
1.4 1.312 — 1.342 —
2.0 1.333 e 1.369 —
2.0 1.358 e 1.393 —
2.0 1.335 ——— 1.371 ——
2.1 1.356 —-— 1.395 o——
2.2 1.462 ——em 1.507 ——
23 1.632 ———e 1.680 —
24 1.890 ——eae 1.936 ——
30 1.928 1.683 1.957 1.712
1.926 1.620 1.961 1.650

1.916 1.659 1.953 1.685

1.956 1.707 1.992 1.734

3.1 1.846 1.849 1.943 1.894
3.2 2.133 1.936 2.191 2.041
33 2.189 2.128 2.242 2.191
34 2.278 2.170 2.346 2.226
4.0 2233 2.154 2313 2.236
2.237 2.151 2,310 2.236

2.227 2.133 2.308 2.217

———— 2123 ———— 2.203

2.23%0 2.134 2.310 2.217
4.1 2.352 2.285 2.419 2.356
4.2 2.430 2.384 2.495 2.453
4.3 2.482 2.423 2.542 2.487
4.4 2.466 24852 2.528 2.512
50 2.461 2.438 2.518 2.497
2.458 2.443 2.517 2.502

2.457 2.448 2.519 2.505

2.482 2.483 2.5 2.503

2.458 2.441 2.514 2.503

7.0 2.4Mm — 2.533 ——
2478 - 2.538 —

2478 —— 2.556 B

2473 ——— 2.933 ——

18
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TABLE VIL.—STATIC PRESSURE RATIO AT VARIOUS STATIONS FOR MEDIUM CLEARANCE STAGE TEST

Percent Mass flow Static pressure ratio, p/pj
design ratio,
equivalent MFR Station
speed,
(N/Npx loo),o 1.1 1.2 1.3 1.4 2.0 2.1 2.2 23 24 3.0 4.0 5.0
70 0.653 0.914 | 0.981 11.030 | 1.122 | 1.126 | 1.124 | 1.138 } 1.191 | 1.275 { 1.312 | 1.088 | 1.273
594 940 | 1.002 | 1.077 | 1.159 | 1.163 | 1.166 | 1.195 | 1.261 | 1.346 | 1.363 | 1.435 | 1.534
572 949 | 1.007 | 1.093 | 1.169 | 1.174 | 1.179 | 1.212 | 1.278 | 1.360 | 1.382 | 1.480 | 1.567
554 955 | 1.008 | 1.098 | 1.173 | 1.175 ] 1.183 | 1.218 | 1.284 | 1.364 | 1.390 | 1.500 | 1.580
.528 963 | 1.008 | 1.083 | 1.161 | 1.164 | 1.174 | 1.214 | 1.286 | 1.369 | 1.388 | 1.508 | 1.582
422 989 | 1.027 | 1.100 | 1.174 | 1.181 | 1.190 | 1.219 | 1.286 | 1.369 | 1.397 | 1.492 | 1.549
80 753 887 976 | 1.040 | 1.170 | 1.178 | 1.175 | 1.204 | 1.279 | 1.409 | 1.476 | 1.183 | 1.431
736 .897 | 1.001 | 1.060 | 1.188 | 1.196 | 1.197 | 1.232 | 1.317 | 1.447 | 1.488 | 1.485 | 1.666
.709 908 | 1.022 | 1.080 | 1.204 | 1.212 | 1.216 | 1.256 | 1.349 | 1.475 | 1.507 | 1.600 | 1.744
.651 941 | 1.009 | 1.116 | 1.228 | 1.237 | 1.251 | 1.296 | 1.390 | 1.514 | 1.546 | 1.717 | 1.82S
.589 950 | 1.017 | 1.098 | 1.212 | 1.224 | 1.234 | 1.275 | 1.365 | 1.490 | 1.525 | 1.675 | 1.776
569 956 | 1.020 | 1.104 | 1.217 § 1.226 | 1.236 | 1.276 | 1.369 | 1.493 | 1.525 | 1.670 | 1.758
90 .870 838 943 | 1.061 | 1.214 | 1.237 [ 1.240 } 1.286 | 1.387 | 1.577 | 1.672 | 1.267 | 1.576
.837 .862 995 | 1.099 | 1.253 | 1.274 | 1.280 | 1.337 | 1.451 | 1.648 | 1.692 | 1.831 | 2.028
815 .876 | 1.018 | 1.119 | 1.273 | 1.291 | 1.301 | 1.362 | 1.483 | 1.673 | 1.713 | 1.910 | 2.082
797 .886 | 1.034 | 1.129 | 1.282 | 1.302 | 1.312 | 1.377 | 1.501 | 1.692 | 1.726 | 1.949 | 2.108
.764 904 | 1,054 |[1.165 | 1.299 | 1.324 | 1.334 | 1.399 | 1.520 | 1.709 | 1.746 | 1.995 | 2.136
7147 913 | 1.047 | 1.176 | 1.305 | 1.327 | 1.341 | 1.405 | 1.525 | 1.708 | 1.760 | 2.000 | 2.133
100 999 776 825 [1.035 | 1.230 | 1.274 | 1.282 | 1.360 | 1.511 | 1.761 | 1.880 | 1.397 | 1.757
.983 787 849 | 1.063 | 1.264 | 1.305 | 1.314 | 1.396 | 1.550 | 1.813 | 1.897 | 2.050 | 2.319
975 793 868 |1.079 1 1.280 | 1.319 | 1.331 | 1.416 | 1.569 | 1.835 | 1.903 | 2.113 | 2.365
951 .811 924 | 1.119 | 1.310 | 1.351 | 1.367 | 1.454 | 1.616 | 1.885 | 1.934 | 2.214 | 2.438
918 .834 973 | 1171 | 1351 | 1.384 | 1.403 | 1.494 | 1.651 | 1.915 | 1.962 | 2.286 | 2.481
.884 853 | 1.002 | 1.206 | 1.374 | 1.401 | 1.426 | 1.510 | 1.669 | 1.913 | 1.974 | 2.315 | 2.495
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TABLE VIII.—ROTOR PERFORMANCE FOR ROTOR ONLY TEST

(a) Performance based on calculated total pressure at station 3 referenced to

plenum conditions

Percent design Mass flow | Pressure | Efficiency, | Temperature
equivalent speed, ratio, ratio, n0-3 ratio,
(N/Npx100)gg | tn/Mmpleg | P3/Po Ti/Ty
80 0.810 1.881 0.885 1.2231
743 1.989 883 1.2452
662 2.064 .864 1.2654
594 1.987 821 1.2632
.461 1.985 a1 1.2800
404 1.996 753 1.2890
90 919 2,244 877 1.2948
.908 2.279 .881 1.2998
.888 2.338 .886 1.3085
824 2.423 .876 1.3266
.752 2.480 .855 1.3444
95 M 2.356 .853 1.3241
963 2.451 .868 1.3351
933 2.581 .881 1.3518
.887 2.657 876 1.3659
814 2.707 .856 1.3825
100 1.018 2.639 .850 1.3741
999 2.805 .368 1.3930
977 2.861 872 1.3997
952 2.948 878 1.4104
926 2.955 .867 1.4163
.883 2974 863 1.4214

(b) Performance based on survey results referred to plenum conditions

Percent Mass flow Station 1 Station 2 Station 3
design ratio,
equivalent (m/mp)gg Pressure | Temperature | Pressure | Temperature | Efficiency, | Pressure | Temperature | Efficiency,
speed, ratio, ratio, ratio, ratio -2 ratio, ratio, -3
(N/Npx100)gg Pi/P T/ T, Pi/po /T, PP Ti/Ty
100 1.00 0.9930 1.0027 1.6734 1.1845 0.859 2.8154 1.3969 0.867
100 95 9934 1.0030 1.7569 1.2021 864 2.9518 1.4161 87
100 .88 9930 1.0037 1.7845 1.2158 834 2.9823 1.4321 848
80 77 9971 1.0017 1.4261 1.1208 883 1.9850 1.2396 903
(c) Performance based on survey results across tlie rotors
Percent Mass flow Rotor 1 Rotor 2 Both rotors
design ratio,
equivalent (n/Mmp)gg Inlet Prumrel'l‘qnper- Effi- | Inlet |Pressure]Temper-| Effi- | Pressure|Temper-| Effi-
speed, equiv- | ratio, | ature |ciency, | equiv- | ratio | ature |ciency,| ratio, | ature |ciency,
{N/Npx 100)go alent | pi/p; | ratio, | -2 | alent | py/p; | ratio, | m-3 | py/pi | matio, | wm-;
flow to VT flow to /T /Ty
design design
mass mass
flow flow
100 1.00 1.008 | 1.6852 ] 1.1813 [ 0.887 | 0.650 | 1.6824 | 1.1792 ] 0.894 | 2.8352 1 1.3930 | 0.882
100 95 958 | 1.7686 | 1.1985 891 593 | 1.6799 | 1.1780 897 | 29711 | 1.4119 .886
100 .88 888 | 1.7971 | 1.2113 | .863 544 | 16712 | 1.1779 | .888 | 3.0033 | 1.4268 | .865
80 7 773 | 1.4302 1 1.1189 905 872 1 1.3879 | 1.1079 | 910 1.9908 | 1.2375 | .91S
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TABLE IX.—STATIC PRESSURE RATIO DISTRIBUTION
ALONG SHROUD FOR ROTOR ONLY TEST
AT 100-PERCENT SPEED

L Station Static pressure ratio
2 Mass flow ratio, MFR
;_- 1.000 0.950 0.880
t 1.0 0.864 0.875 0.898
F 1.02 823 849 8713
3 1.04 ™ 328 860
3 1.1 770 815 851
e 1.2 811 954 1.034
- 1.3 1.084 1.148 1.211
1.4 1.224 1.336 1.350
. 20 1.246 1.347 1.400
20 1.258 1.3NM 1.397
o 2.0 1.276 1.365 1.411
2.1 1.279 1.387 1.436
2.2 1.375 1.495 1.546
23 1.539 1.655 1.710
24 1.810 1.916 1.947
3.0 1.937 2.043 2.0
3.0 1.925 2.040 2.076
3.0 1.926 2.033 2.066
31 1.931 2.047 2.083
| 31 1.959 2.019 2.116
5 31 1.989 2.107 2.142
-
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TABLE X.—STATION 1 SURVEY DATA
[Pressuru referenced to plenum pressure, 101 325.04 N/m?; temperature referenced to plenum temperature, 288.15 K.]
(a) Mass flow ratio, 1.0; speed, 100 percent design

IO W AT AN

T, AT T
PR [P

Radius, | Total Total Static |Absolute |Percent | Mach

cm pressure | temperature | pressure flow span number

- ratio ratio ratio? | angle, | from

. deg hub
F 16285 | =ecme= | wemees | emee-e - 0 |--e---
% 1.415 1.000 1.003 0.8790 0 3.917 [0.4332
' 1.468 1.002 .8820 5.530 | .4274
! 1.567 .8860 8.525 | .4194
X 1.722 ' -8930 13.21 .4054
L 1.925 9990 .8980 19.35 «3932
= 2.]26 ].00] 08990 25-42 039]]
- 2.332 1.001 .8990 31.64 391
2.484 1.001 .8990 36.25 391
2.677 1.002 .8980 42.09 .3932
2.896 1.001 -8960 48.69 .3974
3.086 9970 .8930 54.45 +3999
r _. 3 -287 -9970 08900 60 052 04060
- 3.485 .9950 .8850 66.51 4125
.- 3.698 .9950 .8820 72.96 .4186
[ 3.901 .9930 .8770 79. 1 .4250
1 4.045 9920 .8730 83.72 | .4312
L 4,156 <9900 1.002 8710 86.79 .4317
LI 4.258 .9860 1.002 .8690 89.86 .4287
2 4.361 .9840 1.003 .8680 93.01 .4271
4.412 .9810 1.004 .8670 94,55 .4238
4.465 .9750 1.006 .8660 96. 16 4150
3 4.516 .9690 1.013 +8650 # 97.70 .4060
4.565 <9520 1.030 .8640 99,17 .3748
40597 ---------- n8640 - ]00 000 ------

(b) Mass flow ratio, 0.95; speed, 100 percent design

Radius, | Total Total Static | Absolute | Percent | Mach

cm pressure |temperature |pressure flow span number

ratio ratio ratio? | angle, | from

deg hub
ar ] 0285 ............. - 0 """"
oy 1.415 1.001 1.002 0.9875 0 3.917 | 0.4182
E"" 1.468 1.001 1.002 .8900 5.530 | .4132
1.567 1.000 1.001 .8955 8.525 | .4002
= 1.722 1.001 9015 13.21 .3878
','-. 1.925 l 1.001 .9064 19.35 .3773
ii 2.126 1.000 .9087 25.02 | .3724
2,332 .9990 .9090 31.64 .3697
. 2.484 .9090 36.25 .3697
2.677 ¢ .9080 42.09 .3719
'f 2 0896 09068 48 .69 03745
3.086 .9980 .9042 54.45 .3782
3.287 .9970 1.001 9014 60.52 .3822
3.485 9960 1.000 8982 66.51 3871
3.698 .9950 1.001 .8941 72.96 .3938
3.901 9920 1.000 .8895 79. 11 .3978
4.045 .9910 1.001 .8869 83.72 4014
4.156 .9900 1.001 .8850 86.79 4034
4,258 .9870 1.002 .8835 89.86 «4010
4.361 .9830 1.002 .8815 93.01 3977
4.412 .9810 1.00% .8805 94,55 «3960
4.465 9770 1.007 8795 96.16 +3905
4.516 9710 1.033 .8770 ¢ 97.70 | .3842
4.565 .9580 1.061 8760 99.17 .3598
4,597 | -ec--- vecen .8750 - 100.00 |--ee--

Static pressure ratio obtained as explained in Calculation Procedures section.
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TABLE X.—Concluded. STATION 1 SURVEY DATA
{Prusum referenced to plenum pressure, 10t 325.04 N/m?; temperature referenced to plenum temperature, 288.15 K.]
(c) Mass flow ratio, 0.88; speed, 100 percent design

Radius, | Total Total Static {Absolute | Percent | Mach

cm pressure | temperature [ pressure flow span number

ratio ratio ratio? | angle, from

deg hub
1,285 | <eccee | cemme | cecce- - 0 |--==--
1.415 0.9990 1.003 0.9045 0 3.917 | 0.3795
1.468 9072 5.530 | .3737
1.567 .9105 8.525 | .3665
1.722 9152 13.21 «3560
1.925 1.002 .9190 19.35 .3474
2.126 .9210 25.42 .3428
2.332 .9980 .9219 31.64 .3385
2.484 9215 36.25 .3395
2.677 .9208 42.09 341
2.896 .9190 48.69 .3453
3.086 9970 9172 54.45 3473
3.287 .9960 9150 60.52 +3502
3.485 <9950 9123 66.51 .3543
3.698 .9940 .9090 72.96 «3596
3,901 9920 * .9059 79.11 .3625
4.045 9910 9025 83.72 .3680
4,156 .9900 1.003 .9009 86.79 .3695
4.258 .9870 1.003 -8999 89.86 .3657
4.36) .9850 1.004 .8989 93.01 .3639
4.412 .9820 1.005 .8982 94 .55 .3593
4.465 .9780 1.009 +8980 96.16 .3513
4.516 .9730 1.017 .8978 - 97.70 .3409
4.565 | .9610 1.039 8975 | y 99.17 | 3140
4,597 | -c-eee | eeee- .8980 - 100.00 | -a=---

(d) Mass flow ratio, 0.77; speed, 80 percent design
Radius, | Total Total Static | Absolute | Percent | Mach

cm pressure | temperature | pressure flow span number

ratio ratio ratio? | angle, | from

deg hub
1,285 | ecccae | emmec | cceee- - 0  |ecc-a-
1.415 1.001 1.002 0.9320 0 3.917 [0.3211
1.468 1.002 .9337 5.530 | .3169
1.567 1.001 +9364 8.525 | .3102
1.722 +9400 13.21 3011
1.925 .9435 19.35 2919
2.126 .9458 25.42 .2858
2.332 «9460 31.64 «2853
2.484 .9450 36.25 .2880
2.677 1.000 .9442 42.09 «2876
2.896 1.000 «9432 48.69 «2902
3.086 1.000 9421 54.45 .2931
3.287 .9990 .9391 60.52 «2985
3.485 9990 1.000 .9375 66.51 «3027
3.698 .9980 1.000 9351 72.96 <3064
3.90) +9980 1.001 «9320 79. 11 3142
4.045 +9960 1.001 «9300 83.72 3145
4.156 <9950 1.001 +9284 86.79 3162
4.258 +9930 1.002 «9270 89.86 <3150
4.36) 9910 1.002 «9262 93.01 .3123
4.412 .9900 1.003 «9252 94.55 «3125
4.465 +9860 1.005 .9245 96. 16 .3047
4.516 .9840 1.009 «9240 L 97.70 3001
4,565 9750 1.020 .9238 99.17 .2787
‘0597 eeosase | 2 eoecs 09238 - sUJ jemmees

$Static pressure ratio obtained as explained in Cakulation Procedures section.
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1 TABLE XI.—STATION 2 SURVEY DATA
[Prusures referenced to plenum pressure, 101 325.04 N/m2; temperature referenced to plenum temperature, 288.15 K.]
E (a) Mass flow ratio, 1.0; speed, 100 percent design
t‘ Radius, | Total Total Static | Absolute| Percent | Mach
- cm pressure | temperature | pressure flow span number
ratio ratio ratioc? | angle, | from
deg hub
3909 | -ee-- | cewen | ceeee | me--- 0 [e=e---
. 4.040 1.767 1.187 1,237 52.31 7.461 10,7325
! 4.091 1.790 1.187 1.240 50.20 10.37 .7436
4.14] 1.786 1.186 1.245 50.02 13.27 .7367
: 4.189 | 1.767 1.182 1.248 49,14 16.02 .7229
4,291 1.714 1.173 1.253 46.49 21.81 .6842
g 4.393 1.670 1.166 1.255 43.66 27.62 .6518
3 4.546 1.646 1.163 1.257 39.70 36.31 .6324
: 4.698 1.674 1.168 1.256 40.76 45.01 6541
3 4.850 1.646 1.166 1.254 37.49 53.70 .6356
“ 4.998 1.656 1.168 1.252 35.73 62.10 .6452
5.150 1.655 1.171 1.251 33.52 70.80 .6451
T_ 5.303 1.664 1.187 1.251 32.69 79.50 6515
5.404 1.661 1.221 1.253 40.49 85.29 6476
5.510 1.656 1.243 1,256 50.46 91.37 6414
5.612 1.610 1.242 1.259 58.23 97.22 .6030
5.662 | --=== | ~e--- 1.260 | ----- 100.00 | ------

(b) Mass flow ratio, 0.95; speed, 100 percent design

Radius, | Total Total Static | Absolute | Percent| Mach
cm pressure | temperature | pressure flow span number
ratio ratio ratio? | angle, | from
deg hub
3.909 | -ecee | cecma | cmcen | ceaaa 0 | -==-=--
4.040 1.825 1.199 1.292 53.12 7.461| 0.7200
4.091 1.850 1.197 1.298 52.72 10.37 «7296
4,141 1.851 1.195 1.302 52.62 13.27 7273
4.189 1.838 1.194 1.306 51.72 16.02 7159
4.291 1.798 1.186 1.312 49.62 21.81 .6866
4,393 1.754 1.179 1.316 47.46 27.62 +6537
4,546 1.704 1.176 1.322 44,46 36.31 6131
4.698 1.733 1.183 1.325 44.64 45.01 .6314
4.850 1.737 1.185 1.326 44 .99 53.70 .6335
4.998 1.739 1.186 1.328 43.14 62.10 «6330
5.150 1.742 1.191 1.331 39.87 70.80 .6320
5.303 1.754 1.220 1.334 40.31 79.50 +6378
5.404 1.770 1.244 1.338 48.17 85.29 6451
5.510 1.778 1.255 1.342 54.62 91.37 .6472
5.612 1.704 1.255 1.348 59.11 97.22 .5882
56662 | cme-- | cecea 1.361 | --e-- 100.00 | -~-e--
aStatic pressure ratio and flow angle obtained as explained in Calculation Procedure section.
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TABLE XI.—Concluded. STATION 2 SURVEY DATA
) [Pressures referenced to plenum pressure, 101 325.04 N/m?; temperature referenced to plenum temperature, 288.15K..|
: (c) Mass flow ratio, 0.88; speed, 100 percent design

Radius, ! Total Total Static | Absolute | Percent Mach

cm pressure | temperature | pressure flow span number

ratio ratio ratio? | angle, from
deg hub

3.909 | -c--- | cmcee | emcen | eeee- 0  —eeee-
4,040 1.857 1.204 1.297 56.81 7.461 0.7347
4.091 1.882 1.203 1.303 54.43 10.37 .7442
4,141 1.882 1.201 1.308 54,34 13.27 .7399
4,189 1.867 1.198 1.313 53.81 16.02 7275
4,291 1.828 1.193 1.321 51.34 21.81 .6972
4,393 1.793 1.188 1.328 49.49 27.62 6691
4,546 1.755 1.186 1.335 47.37 36.31 6377
4.698 1.761 1.190 1.341 48.17 45,01 6362
4,850 1.755 1.191 1.346 49.31 53.70 6273
4.998 1.756 1.196 1.351 47.55 63.10 .6238
5.150 1.761 1.211 1.358 46.23 70.80 .6209
5.303 1.768 1.253 1.367 49.40 79.50 6173
5.404 1.782 1.269 1.376 53.64 85.29 .6195
5.510 1.780 1.279 1.384 58.05 91.37 .6103
5.612 1.788 1.288 1.394 62.64 97.22 .6074
5,662 | -cecn | eee-- 1.403 | ----- 100.00 ------

(d) Mass flow ratio, 0.77; speed, 80 percent design

Radius, | Total Total Static | Absolute | Percent| Mach
cm pressure | temperature | pressure flow span number
ratio ratio ratio? | angle, from
deg hub

3.909 | ----- ~eame | esces | ecaee 0 | =~e=--
4.040 1.489 1.123 1.150 54.60 7.461) 0.6189
4.091 1.493 1.124 1.160 52.80 10.37 6112
4,14] 1.487 1.122 1.162 51.60 13.27 .6043
4.189 1.479 1.120 1.164 50.50 16.02 +5950
4,291 1.456 1.117 1.166 48.20 21.81 5725
4.393 1.435 1.112 1.168 46.00 27.62 -5500
4.546 1.415 1.1 1.171 43.20 36.31 5267
4.698 1.423 1.113 1.171 42.7( 45,01 5351
4.850 1.419 1.113 1.170 4106 ¢ 53.70 ¥ .5323
4,998 1.420 1.114 1.168 39.4 62.10 .5358
5.150 1.419 1.118 1.166 37.60 70.50 5371
5.303 1.416 1.122 1.165 35.70 79.50 5358
5.404 1.416 1.134 1.165 39.20 85.29 .5351
5.510 1.414 1.141 1.164 44.90 91,37 .5346
5.612 1.358 1.137 1.154 53.30 97.22 4742
t‘ 5'662 """"" ]o ]64 ---- ,00-00 """

AStatic pressure ratio and flow angle obtained as explained in Calculation Procedure section.
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TABLE XI1.—STATION 3 SURVEY DATA
[Pressures referenced to plenum pressure, 101 325.04 N/m?; temperature referenced to plenum temperature, 288.15 K. ]
(a) Mass flow ratio, 1.0; speed, 100 percent design

PR iy

14

F! Radius, | Total Total Static | Absolute | Percent | Mach
! cm pressure | temperature | pressure flow span number
- ratio ratio ratio® | angle, | from
deg hub
5.750 1.720 | ===-- 0 |eee---
5.796 3.020 1.406 1.730 60.82 4.400 | 0.9289
5.814 3.012 1.407 1.734 55.35 6.112 | .9245
5.862 3.094 1.399 1.743 54.82 10.76 9437
5.913 3.089 1.390 1.753 54,55 15.65 9371
5.964 3.012 1.378 1.764 54,55 20.54 .9091
6.068 2.805 1.355 1.784 51.90 30.56 -8305
6.170 2.720 1.352 1.805 49.69 40.34 .7885
6.271 2.691 1.362 1.825 49.78 50.12 7667
6.373 2.673 1.384 1.846 51.10 59.90 7471
6.477 2.706 1.420 1.866 53.22 -69.93 .7484
6.579 2.786 1.454 1.887 56.94 79.71 7676
6.680 2.825 1.463 1.907 60.65 89.49 -7706
6.777 2.675 1.456 1.926 75.95 98.78 7011
6789 | eeeee | ecee= 1919 | ~e-e- 100.00 | -=-----

(b) Mass flow ratio, 0.95; speed, 100 percent design

Radius, | Total Total Static | Absolute | Percent | Mach

cm pressure | temperature | pressure flow span number

ratio ratio ratio? | angle, | from

deg hub
5.750 ........ l cws """ 0 """
5.796 3.181 1.414 1.817 §9.84 4.400 { 0.9315
5.814 3.167 1.414 1.821 58.41 6.112 | .9257
5.862 3.221 1.409 1.832 57.97 10.76 9354
5.914 3.195 1.400 1.843 57.70 15.65 »9225
5.964 3.103 1.389 1.855 §7.70 20.54 .8901
6.068 2.889 1.370 1.878 55.67 30.56 -8092
6.169 2.813 1.375 1.901 83.78 40.34 «7696
6.271 2.810 1.388 1.924 53.81 50.12 «7563
6.373 2.828 1.410 1.947 §5.05 59.90 7502
6.476 2.879 1.443 1.970 57.44 69.93 7568
6.578 2.952 1.473 1.993 60.62 79.7 7707
6.680 2.988 1.488 2.016 63.50 89.49 7716
6.776 2.913 1.481 2.037 79.14 98.78 7331
60789 2 0039 .... ]00.00 """"

sStatic pressure ratio and flow angle obtained as explained in Calculation Procedure section.
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TABLE XII.—Concluded. STATION 3 SURVEY DATA
[Pressurel referenced to plenum pressure, 101 325.04 N/m?; temperature referenced to plenum temperature, 288.15 K.]
(c) Mass flow ratio, 0.88; speed, 100 percent design

Radius, | Total Total Static | Absolute | Percent | Mach
cm pressure | temperature | pressure flow span number
ratio ratio ratio® | angle, | from
deg hub
; 8750 | ==e== |  emeea 1.821 | eece- 0 |a==e--
5.796 3.202 1.415 1.832 59.91 4.400 |0.9300
. 5.814 3.184 1.415 1.836 59.91 6.112 | .9230
5.862 3.234 1.410 1.848 §9.38 10.76 .9313
5.914 3.196 1.40) 1.860 59.03 15.65 .9145
5,964 3.103 1.391 1.872 58.89 20.54 .8810
6.068 2.908 1.382 1.898 57.79 30.56 8054
6.169 2.825 1.389 1.922 57.35 40.34 +7625
6.271 2.821 1.406 1.947 57.61 50.12 7474
6.373 2.854 1.431 1,972 58.23 59.90 7465
6.476 2.915 1.466 1.997 60.26 69.93 «7554
6.578 2.995 1.501 2.022 63.62 79.71 +7706
6.680 3.084 1.527 2.046 66.66 89.49 .7886
6.776 2.992 1.515 2.070 80.86 98.78 7449
6.789 | ~ev-- | ecaea 2073 | -==e- 100.00 |~=v=--

(d) Mass flow ratio, 0.77; speed, 80 percent design

Radius, | Total Total Static |Absolute | Percent | Mach
cm pressure |temperature | pressure flow span number
ratio ratio ratio® | angle, | from
deg hub
50750 """""" 1038] """ 0 """"
5.796 2.069 1.252 1.386 60.25 4.400 |0.7789
5.814 2.071 1.251 1.388 53.50 6.112 | .7783
5.862 2.129 1.249 1.393 52.70 10.76 .8028
5.913 2.138 1.245 1.398 52.00 15.65 .8031
5.964 2.105 1.238 1.404 51.80 20.54 .1834
6.068 2.002 1.222 1.415 49.50 30.56 7216
6.170 1.947 1.219 1.426 47.40 40.34 6817
6.271 1.935 1.220 1.437 46.80 50.12 +6656
6.373 1.933 1.229 1.449 47.20 59.90 6554
6.477 1.942 1.245 1.460 48.90 69.93 6517
6.579 1.961 1.265 1.471 52.10 79.71 6543
6.680 1.962 1.267 1.482 55.30 89.49 6462
: 6.777 1.855 1.255 1.493 69.10 98.78 «5660
d 6.789 | eccen | eae-- 1.494 | ----- 100.00 |-eve--

2Ssatic pressure ratio and flow angle obtained as explained in Calculation Procedure section.

T Tl T —— L afan-nan




-

Pl oy

4 f*x#xX**#x**xzz*****!ﬂxxx**x*xzxxx**xx**xxx**xxxxxx*xxxxxax*xxxx**xx*xx*xx***xxxﬂx*x*x*xxxszxz*x*xxxl

v. 606°¢€ 606°09 $19° 261°1 1£00°1 8E86° | 6° ‘€6 1699 N

3 8IH°Y 812709 86§ 0cti"1 6100°1 §686° e n L8: L2S°Y

b 101°¢& 109°09 £LS° €80°1 8266° L 6°09: 16E°% E
X $9%°¢g $96°09 648§ ° 950° 1 2666 ° 9 6° nna 291°% -
. 149°9 1.6°09 L1s° 966° 2666 ° S 1°99: 666°¢

£ £S89 8£9°09 069" 9%6° 1L66° b b un s2L°¢ .
b $20°L Y2L" 09 L9%° L8%"° 0666° € §° ne~ 09%°¢ .

" 6L° L $6L°09 516 r4% 3 0666 ° e’ 9°6L., 51°¢ )
: £90°¢ £90°09 000°0 £LE°0 22L°0 0100°1 0666°0 1°0 L oN. LyvtL-e -4
1 ¢« 9, D¢ 04/ d ' -
. 49 a9 al7za ad/.d) ,

b (“YA7N) | C M/M) | JANLVAIJWIL] F¥NSSIAd a4 .

3 (9d) (o) 0ILivy 0ILlvY 1viol vioL WO

' 1INV FTONV [ALIJ0T13A[ALIO0T3A WANITd WNAN31d

. ERbI Mo14d MOTd [ IVIILIND|AVIILIND |/73¥NLIVAIJWNIL]Z73ANSSIAd] 3INIT | NVdS | (WD) .

v L JON3QIONII3AIIVIINIIINI0SAVIILINIOSHVIIATLIVIIY 1viol V101 WY331S| % niava ;

5 3903 9NIQv31 ¥0i0Y R
uBisop 103033d 007 ‘pIeds g*| ‘Otes moy) SSEA (8) *
”. 7— S1°88¢ ‘ampesadwa) wouaid tW/N $0°SZE 101 ‘amssaid wnudid|

3 VIVAd INSWNITE 3dVv1d 1 3JOLOY—"11IX 3T1dVL Q .
2 . d
- o
y ..”.A..A
r‘ . . . . . . . . . - o 9 -
R w N o x!r. RS R i N AR TS vl TUBRINARIEALY wll) FOM RS o be.h "y

148 2 ces” $89° egset c£89°1 6°
961° 962" 133 2 LT61°1 L189°1 8
101" 282 116° LITASN 01L9°1 L
080° 10¢° 1¢6° 1991°1 0£99°1 9
$.0° £08° 0%6° 5691°1 0869°1 S
290° Lys” £66° g991°1 65L9°1 b
eLo’ 862" 11 HT91° 1 L8%9°1 £
190° Les’ §96° 1991°1 8289°1 <’
960°0 eLE" 0 9L6°0 8581° 1 698L°1 1°0
IN3IJI4438I SSO1 4010vd OIlvd 01ivy INIT
.33NS$S3dd IvLI0L NOoIsnddia AINIIOIAdI 33N1vaIdWIL 3¥NSS3¥d | WY3IHiS
3903 ONITIVYL LV Vivd LIN3W313
Tt*ﬂ##**!*!ﬂ#*!**** 36 3¢ 36 3¢ 3¢ 3¢ 3¢ x****x***********ﬂ*!!!*!*****x**xxlx***‘xtxlxx*!!*llll*!*#ﬂ!!*!lﬂxxxxxxx‘
9t 926°6 66c°8 b1L° €68 1559° 0s£e°1 0969°T: 6° | 1°68 0f£2°S
96¢° 962°6 12L°2 2L’ 906° £L0%° 0561°1 0599°1! ¢ ' L°0% &80°S
§L6° §L6°8 §19°2 teL” %68 8168° SHLT" T 0659°1° ¢° 8°€L 1596°9
619°1 61€°L $L9°Y 81L° bs8° 1616° c691°1 0669°1 9° 0°69: H18°9
0£9°2 0£6°S 2ET1°9 ste° 21¢° 6£26° §991°1 06059°1 S $°96' 999°¢%
£8€°¢C €8e°2 206°6 esL” 86L° 01%6° 6491°1 0TL9°1 b 1°4% 90§ %
£€6°9 L1 3 4 8SL°8 139 e 6296° §2%1°1 0L%9° 1 € e'ls SE%°Y .
1%2°9 150 ° 9% %66°2 9%L° §89° $956° cLIT"1 0I89°1. 2° 9792 8Y1°9
106°0 105° €2 66%° L 922°0 029°0 $896°0 6681°1 068L°1 1°0 | €511 0%6°¢
St YL K ) 3¥NLvaIdw3l| 3unss3ud o
(9) (0) OIlvy 0ILVY |SNOILIANOD IvioL vios HOY4
ERblL JI9NY 1IJ073A|ALID0T3A| WNAN2d OL WNN3d WNN3d .
JIONY LAHRE] M01d NIVOILI¥D| IVIILIND| AIINIAIATU | /7UNLVAILWNIL] 738ASSIAd] INIT [ NVdS | (WD)
NOXLVIAIQIIATLIVIIN 31NT10SAV BLINIOSEV|IATIVIIN]| AONIIJIS4I qviod Iviol JWY3AIS] % NIavy

3903 ONITIvIL d010Y




: 1 - o &
3 he’ L09° £€L° 1062°1 s108°1 6° {
' 162" 82h° (8L 09¢z 1 8€LL° 1 8
£ . 8zl e8¢’ 668" 0S661° 1 £094°1 L
. | fo1° L0%° 026" 6(81°1 HLHL° 1 9
\ 660° §EY° L26° 6S81°1 06%L°1 s’
' L01° 2% - 626" 0%21°1 $L8L°1 b
. g1t €8¢ ° ££6° s9L1°1 850L°1 £
g es0° 62Y° 9.6 8081°1 6£9L°1 z
. L00°0 9150 L66°0 1€61°1 02581 1°0
IN3IJI44300 SSO7 ¥01Ivd 0ILVY oILVY 3INIT )

3ANSSINd Vi0L NOISN44IA | AINITIIIAA3 JUNIVIIIWIAL | IFuNSSIud | WVIYLS
3903 ONITIV¥L 1V vivd LN3W313

Fx*x******ﬂ********%**!***x* *XXXXIXXWXX**!**x**xX**X*xx**********!X*Jxxx*xI#*X!RlIll!Jt!!*l!!!lll*!x m
020°% 028°ss] sv2-9d] ze9- 5G9° 920¢° g252°1 otz t| 6- 1 e8| osz°¢ .
L66°1 L6505 w62y 6%99° £eL 299¢° 21221 09ss 1| e° L og| ss0°s _
0652 060°0s| o08z-04| <89° 96L° 2598° 0S6T°1 09 1| «¢- 0°cz| 156°% ,
0b2°€ 056°8%| 1182y e9- (st- 9116" 681" 1 06sL 1| 9° RIIKITR -
£89°¢ £26°9%| 80576y 689° 80.° £126° 6581° 1 o6sct| ¢ v-95| 9999 4
1L6°b TL6°95| 98676y 069" 599° 9626° 0591°1 0ESL°T| o° 1°26| 906°% " ]
%68°8 | 461 bb] 9s1°bb| SL9° 699° 606" S9LT' T 0£0Z°T| ¢° 2-e] sssv ;
9979 995°9¢| 99v-8y| 627° £09° L1L6" 808T° 1 029s°t| z- v-92] 8ot - 4
6952 698°%2| 091°05| ®62°0 6450 2L66°0 1€6T°1 02s8°1| t-0 | s-o1] 0v6°s o

" " ¢ 900l¢ % A
A9sn) | cPmm 3¥N1vI3dWaL| 3ANSSINd o 4
€9 (o) 0ILVA OILV3 |SNOTILIGNGD Iviol Iviol o ]
379NV 319NV |ALI2013A}AL1D013A] WANId OL WNN31d | wnN31d 1
319NY Mo14 Mo14 [IVOTLIND|IvOILI¥)|a3INI¥I438 | /3un1va3dual \mgzmmmul_ anIT | Nvds | (W) -
NOILVIA3G[3AT1vI3 |31n7058Y [31n1058V]3ATLVI3¥|AINITOTA43 Iviol V101 |wvadigl x  lsnigvy ]
3903 ONITIVY¥L ¥010¥ .
f*xxx***x********X*********xx****x**x**ﬂ**llX***I*l*****!ﬁl*!!!**!!‘!l !!!ll!*!!l!!t!l!!l!!l!!l**lltﬂj .

§51°9 | sst°€9 656" 821°1 61001 6296° 6" L°se| 1699

955°9 95229 65G° 001" 1 0T00°1 0066° g cte| tes-y

s91°L | 59829 625" £90°1 6166° L 6°08| 1S8°%

92b° L 925°29 215° £20°1 2566° 9 6°cL] 29T°%

9¢b°8 | 96L°29 08b° 086" 9966° s 199 | ssé°s

L58°% | 15829 0SH° 626° SL66° v v 16| s2¢°¢

LLS°6 LL0°S9 o1b° 298" 0666° < S Lv| 096°€

08T 01| 08T°€9 sis° S6L° 0666° 2 9-¢s | vo1°¢

$8S°01{ 68£°29] 000°0 655°0 90470 0000°1 0000°T | T'0 |z 02| ¢ve-2

0 0
C 17200 dd7z.d)
aszn] ¢ Pum | 3anivazawdl| 3unssaud ]
(9) (0) OILVY OILVY viol IvioL uou3
319NV 279NV | AL12073A|AL12073A WNN3T1d |  WN3d
719NV MO1d4 MO14 | 1v2TLI¥9|IVOTILIND |/38n1va3dnaL]733ns53dd] 3NTY [Nvdas | uod
3IN3QIINI| 3ATLVI3N[31n1058Y]31n105aY|IATIVIIN Iviol vior lwvadis] x  snzavy
3993 ONIGV31 ¥y0i0Y

uBisop Ju301ad 001 ‘Poads 1560 ‘ones Moy ST (Q)
[ s1887 *ammimsodw) umuatd t7u/N ¥0'S7E 101 ‘amssasd wnuag]
V.1vQ INAWITE 30VTE | YOLOY "Pnunuoo—TIIX ITEVL

SRR A - al R




(A

19%° 88s° 4$89° %0.2° 1 9018°1 6"
0%%° L1s° £1L° 1662°1 166L°1 L
£62° §6Y° 128° 9L12"1 9LLL" 1 L
eET” Lyy® 868" L961°1 2L9L’ 1 9’
eot” 659" 826° L6811 LE9L° 1 L
£60° £Hh° 056" 4L81°1 299L°1 6"
6£0° 90%° LL6” £8L1°1 §96L° 1 £
8E0° L1%* 86" 6981°1 9£08°1 '
L00°0 09%°0 £66°0 L861°1 0£88°1 1'0
IN3IJI44300 SS01 JoLIvd oILVY 0ILlvY INIT
3309533d 1ViOL NOISA44Id ] AONIIOISJ3 ]| 3¥NiviadWIl | IANSSIAL| WVINIS |

3903 ONITIVIL LV vivVa IN3W3T3

ﬂ*x****xxx*x*XX*****x*x******x**x****K***x********x*xx*x*K****x******xﬂX*8X*X**x*x*x**XWxx**J***x**x*
061°¢ 066°2S 192°6S 269° 869" 2es89° §6L2°1 0€89L°1 6° 1°68| og2°s
£82°1 L81° 06 §56°6Y §69° 869° 0489° 6862°1 0cLL°1 e L°0%] 680°¢
Sty 1 cl0°6% £22°'9% 969" gL £008° 00221 0%9L°1 L D°SL| 156°%
£86°1 £89° LY cS1° 9 669" 1L 08.8° 0661°1 04641 9° 0°69| »18°9
681°2 88H°6H 16%° LY LoL” $89° 0606° 0261°1 09641 §° $°95] 999"
1£6°2 1£6°2% £S1° LY LIL” 999° L826° 006T°1 0T19L°1 $° I°LY) 906
Y16°% b12°0% cHE' 9y 61L° §69° 1196° 9081°1 0TsL° T g CTLE] SEC°%
§80°¢ §88°2¢ cLE°8Y 194° $19° §996° 2681°T 0008°T e Y92 81
0€6° 1~ 0£5°02 €0.°28 $28°0 G56°0 £586°0 0t102°1 01881 1°0 £ 91§ 0%6°¢
L) 42 ( @h\.hu ( @m\.mu
A0 T 3AN1VAILWIL | 3ANSSIYd i
C9) (0) OILVY OILvVd {SNOILIANOD V10l V101 w4
FT19NV FTIONY JALIJOIIATALIJO0NIA| WNAN3Id 01 WNN3d WNN31d
379NV Mo1d MOTd [IVIILIN) [IVOTILIND{AIINIAIITY|/34NLYYIJWIL {733NSSIAd | INIT [ NVdS] (WD)
NOILIVIAIGAJIATIVIIA|IINIO0SEY [FINT0SEVIIATLIVIIN|AINITIII 44T 1viol iviol V3Yis| % SNIgVy

3903 ONITIVYL ¥OL0¥

!

*x*x*z******x**xx*#*x*x*xxx**Jx**x**x****xxx*x*-x*******x*x*x**xxxx*xxxxxx*xxxxxx*txxx.*xxxlxxxx*x!x
1uz'e | we'99 TN 660°T 0500°1 8v86° |6 |ros6| te9°y
628°6 | 621°99 1L9° 290°1 £200°1 1ee6° | e ls-zs| cescy
681°0T | 688°69 86h° S£0° 1 £266° - le-ov] 1sE°y
665°0T | 664°69 Loy* 000°T 2v66 |9 le'sz] 29ty
88S° 11 | 889769 12%° SS6° ts66°  [s  |t-99] ss6°¢
806°T1 | 806°69 265" 906" 1266° | o lvees| s2zcs
216°21 | 212°99 655" Svg° 0866° [€° s o] 09y'¢
25251 | 262°99 92¢" v2L° 0866° |2 |9-ss| ss1'¢
929°s1 | 929°69 | 000°0 | s62:0 | 9890 61001 0666°0 | T'0 |z-02] ¢vs-2

5 . ¢ Y00 %00
Pasnd 1 Pmmy | aunivazdwal | 3anss3dd an
(9) (o) | oILvy 011V il 101 NOY4
279NV 319NV |ALI2013A[ALI2073A WANI1d | WNN3d
319NV M014 M01d |IVOILINI|IVOILIND|/3uNLVaIdWAL |/33NSS3dd | INTT | NvdsS] cwd
_3ON3AIONI|3ATIVIZN|31nT058v]| 3107058V |IAT1VIIN V101 wviol lwvadis! x fonigvy

3903 9NIAv31 J010¥

uSisap 1u3033d 001 ‘pads !88°0 ‘onws mop) stei ()
[*¥ $1°89Z ‘amIvsdus) wnudtd ‘pu/N y0°SZE 101 ‘dmssdsd umudid]
Viva INGWETE 3aV18 | JOLOM "Pamunuod— 111X ATAVL




- T WM WO W e

Ty e T TR -

R0 ST S ety

- %

(il

§€e” Y9%° 6LL" £L81°1 0L2%°1 6°
91" 699" £68° 0%21°1 612%°1 8
ber- 168" 988"’ 6811°1 8619°1 L
c60° 69¢° L16° 16T1°1 802%°1 9
$80° LLg’ 0sé6”’ 0gtTI 1 C81H° 1 L
LL0° b6t 156" 22111 012y 1 b
880° 0lg” 146" 0TI 1 0sTH°1 1
160° £6¢° 146° LTS S 985" 1 e’
L%0°0 §S5%° 0 186°0 1eet-1 §68%° 1 10
IN3IIJI44300 SSO01 d0L1IV4 0ILlvy 0Ilvy INIT
33NSS3Ad viol NOISNJJIQ | AINIIJIJAI 3NLv¥IJWIL | 3¥NSSI¥d | WVINILS

3903 ONITIVYL 1V vivad LN3W3T3

1x*x*xx*1341x***x**4!**********!******x*xxxxxxaxu****x*x:xxxx*xxzx*x!*ﬂxxx*xx*xxxxx**xx*x*x*xk*l*!*l!J
b2 ve2°26 | 296°6»| =21§° TIN 66Y¢L" S6ST° 1 09151 | 6° 1°68| 0t£2°¢
2902 896°06 | 912°9%| ois° (29" | esss 1621°1 0ST5°1T | 8 L°08] S80°§
L16°1 tLtteys | sovces| st £89: | 1088° 68TT°1 0LTb°T | ¢° o'se| 1569
$86° 1 »89°L»| 80£°0%| 646" 169° | (116" 1611°1 081%°1 | 9° 0°69| S18°9%
008°2 00T°9%{ 208°'Tv| 86" 619 | 1926° 0STI'T 0LIb°T | §° ©°96] 9994
626°¢ 625°sv | 16L°s»| s86° £86° 21h6 " 22111 01261 | &° 1°ts| 906°s
265°9 269°1b ] sve sy | 186 296" 1196 " S0TT"1 0ST6°T | ¢£° 2:Le| sss° o
28Y°§ 282°ss| svi9v] 119° 816" 2%26° G2II'1 06s%°1 | 2° 5°92| 851°%
0%b°0 0v6°22| c10°2s] 699°0 965" 0 2€86°0 1221°1 0851 §1°0 Js-o1] ove-s
a9 a9 [4 @h\.hu ¢ @L\.&v
a0 [ Anm 3univa3dwai] asnssayd o
(9) () o0ILvy 0ILVY |SNOILIGNOD Iviol Iv101
319NV 319NV JALI20713A|ALI0013A| WAN3T4 OL WNNI1d WNN31d woud
319NV Mo14d MOTd |IVOILI¥D|IVOILIND]A3ONINIS3H] /3u8n1vaIduaL] 3anssand]| N1 |Nvds| wdd
I NOTAVIA3@]3ATLVIZN'I1n 0583101058V [IATLVIIN] AINITIT 43 V101 Ivi01  Jwy3disl x  jeniavy

f*xl***x*x*x**x*!xxxXﬁ*x*xx*x*xxx*****xx*x*xxxxx**xx*****:x**x****xx*xﬂXItRX!lxtl

3903 ONIVIVYL ¥010¥

FE36 2 3626 36 26 26 € 26 36 DE 3¢ It DE 3¢ 4 3¢ 2

160°¢ 160°%9 62%° 26 6100°1 6066° ﬁo. L°S6] 169°Y
6S1°L 66%°€9 92%° 006" 0t00° 1T e566° ®° S°L8] L3Sy
»18°¢L H16°€9 60%° 698" 0866° L 6°08}] 1SL°9
L£2°¢ L£2°€9 96¢ " L£8° 0866° 9 6°€L] C91°%
60€°6 $09°¢€9 0Lg° 96¢L° 0666 ° S 1°99] §66°¢€
605°6 605°¢€9 0s¢”’ LT 0000° T L N $Lg) sel° s
SIT°01 S18°¢€9 12¢° e0L” 0000°1 € S°LY] 09%°¢
908°01 908°€9 ¢62’ 2%y’ 01001 e’ 9°GE | 51°¢
92¢° 11 92¢°¢9 0000 092°0 L96°0 00001 01001 10 L1702 LyL-2
) 49 ( @h\-hv (¢ @m\.tv
(AN | ¢ M/M) | 3¥NLVIILWIL] 3¥NSSIAYd (]
(9) (D) CIlV 0I1vy aviol vioL HON4
JTONY JIONV JALIJ013A|ALIDO0T3A WNN31d WNN31d
379NV MO14d MOTd JIVIILIND|IVOILIND |73ANLVEILWIL |73UNSSIAd | ANIT [ NVdS] (WD)
JONIAIDNI] IAILYIIN|ILINT0SEV]|ILINI10SAVIIATLIVIIY Iviol Aviol MVINILIS] X snNIavy
i 3903 ONIAV31 ¥010
usisap 1u2033d 08 ‘paads {LL°0 ‘otres moy) sre (P)
[ 1882 *aimyesadua) umuayd fyw/N $0°57E 101 “2mssasd wmuzig]
V1iVA INSWITE 3aVTd | ¥0L0Hd 'pepapuoD— 111X 314VL

31

N Y




v

139 Of £4L8° £06° 6I81°1 620L°1 6°
t6¢° 96¢ " 6€L"° cote-t 14891 8’
I6¢° 91¢ eSL” 8661°1 6619°1 L
gce” 19e” L£8° 09L1°1 $L19°1 9
It €€ 626’ 0991°1 16£9°1 s
£90° L81° 656° 9L61°1 199" 1 $°
910" 0Le” 066" 0691°1 £81¢L°1 £
%00° £62° 866° £e81°1 1664°1 e
£81°0 861°0 926°0 eest i §seL°1 10
IN3IJ144300 SS01 ¥040vd OILlvY 0ILVY INIT
33NSS33d_1vVi0L | NOISNJJIIQ | AONIIOI44d | JuNIVIILWIL | JANSSI¥L] WYIALS

3903 ONITIVAL LV viva IN3W3T3

j**x*x***x**X****xx_x****!x**ﬂ*XX!**!XII****X*X!!!!K!:‘!x*4!!!*:!Ill.!lﬂ!!lllll!*l*lltl! !K!Iﬂt!k*!l!‘*

6.2 - 126° LY 208° 9§ 968" S1L° evL” 029%°1 00282 6° L8] THE°9
68E° §£8°9Y 809°25 8He" e9L” 1311 06%%° 1 §L5L°2 - ‘9L | 9%2°9
1S 28 Y 812° LY 862° 0§ 9s8” e6L” 6908° $H04° 1L §i89°2 L 9°99 ] 8£1°9
L1e°s LTIE 9% LYE° %Y r33 M 518 9998° 0645°1 SLL9°¢ 9 9°LS | 650°9
SLL°9 $45°%Y YHL° LY 098" L18° 5916° 8L6€°1 0869°2 §° ‘8] £96°S
b1£°¢ b1E°2Y 800°8H 198" Log” 29%6° 02ss "t 0§€L°C . 3 c°0% | 648°S
08s°¢® 082 8¢ 866 ° 06 616° 96L” 1596° 0668 T 1 11% 34 £ € IC | 164°S
»e0° L $29°1¢ LL8° ¢S LL6” 90¢L° £9L6° 00851 SL10°¢ e 1-22| 104°S
L%6°% Lyy° L2 CH0° 5§ 200°1 L69°0 0£%6°0 020%° 1 0080°¢ 1T°0 j0°€T ] 119°S

(UYAzZ8) CTTM/MD 3¥NLVA3dWNIL | JANSSIAd "

(9) (o) OILvVY 0ILVd |[SNOILIONOD viol 1vL04 w4

JIONY FTONV |ALIJ0T3A JALIDO013IA] WNN3d 0L WNN31d WNAN31d

3TONV Mold MOTd |IVOILIN) |TVIILIND|G3INIAI4IN |73UNLVEIJUIL [723NSSTAL| INIT [NVLS| (WD)
NOTIVIAIG|IATIVIIN|IINI0SAV |IINTOSEY [JATLIVIIN JAINITIT 443 aviot Jviog v3Y¥L1S] %X [SNIAVY

3903 ONITIVIL ¥0L0Y

ﬂxxxx:x:xxxxxxxx*xxxxaxxxxxx:xuxxxxxxxxxxx:xxxxxﬂxxa:xxxx;xax:xxx:xuzu:u:xxxxxxxaz:x:xsﬂax:xdxzxxxxxx
660°% 668°5S 056 °6S 89° 6%6° 0l£2°1 0969°1 6° S$°6%| 66L°S
L61°¢€ L61°5G | G69°62 S1L” 510°1 0561°1 0%99°1 | ® 9° 18| 6£9°S
$6L°¢ %60°€S 906°82 | 62L° L10°1 §HLT1°1 0669°1 L’ 2°%L] 92§°S
e0s°¢ 20€°25 | 600°0¢ Lel’ L86° e691°1 0669°1 9 §$°99] 80%°S
66.°C 66L°15 | ®0£°T1¢ L1L° 556 ° §991°1 00589°1 S 6°LS] LL2°S
6£6° 1 6£2°0S 920°Ss¢ 81L° 968%° 6L91°1 0TL9° Y $° S 8H| HET1°S
6.1°¢€ 6L%° 0% SIT oS §69° 08¢’ §291°1 0£5%9°1 £ €°8€| 8L6°Y
0£e°1 0£b° Ly | 628°LS 1L 818" 73 20 01I89°1 | ¢° g°92| £08°¢%
£00°%- | £66°0% | 690°¢€H LsL°0 SEL°0 6581°1 06841 1°0 1°9T] 609°%

19 a9 ( @h\-._.u ( .OL\.&V
("“A7A)] C M/M) | JANLVAIdWIL | JANSSIUd ™
(9) (0) oIlvd OIlvy Ivi0l V101 HOY4
ERLYL FIONV { ALTJ013A| ALID0DT3A WNN3d WNN31d
ERDLL MOd MOTS | TVIILINI| TVOILIND [/3WNLVAIWIL [73¥NSSIUL | ANIT |NVdAS| (WD)
JONIAIONT [ IATAVIIN|ILINTIOSAV] I4NTOSEY) IATLIVIIY 1vi0) V1ol  JWv3NLS) X (SNIQVY
3903 ON 1 ¥0
ufiisap 1us033d Q] ‘P3ads 1g'[ ‘ones Moy STEN (¥)
['51 s1°882 ‘dmesaduwsz) wmuspd tpwi/N #0°5T¢ 101 *amssoud umudd)
Viva INSNZTE 30VTE T YOLO¥—'AIX FTaVl a
AR . EATORIORR . SRR .o RSO FIRAECIIY ol

PR S




ha Tt~ ar

T
1IN 092° 2898 2681°1 _ 6989°1 6°
1% 8He " eie H¢61°1 LS99 1 ¢’
£06° b1e° e9L” £861°1 o £9%9°1 L
00¢"’ 162° ece” 86L1°1 6619°1 9
11e” €02’ 8L8” 8991°1 9¢e19°1 §°
L60° rAC A £46° 9861° 1 0629°1 9’
00" LLe” 966" £991°1 660L°1 £’
§00° s62° L66° 08LT° 1 STLL°1 z°
§91°0 {20 9€6°0 12811 ,  S9el°1 1°¢
IN3IJII44300 SS0M ¥010Vd 0ILvY 0ILVY INIT
JANSS3Ad IviOoL NOISN4JIQ | AONIIOTJHT | IAINIVIILWIL | IINSSIVI| WV3IALS

3903 ONITIVAL LV ViV IN3W3I13
ﬂ***xxxxxxyxxtxxxxx ****xx*#J***xx***#***x*x***Wx***xx*xx*x*x****x**XXAXX*Xxxx*xﬂ**!tk*i!!!**!!!&t!*xi
LET° - noo.ueﬂ 02765 | 198" 99 896L §8H° 1 0v96:2 | 6 |e-ee| 1os9
582" b8L°9y| 218°96 [ &g 669" 92LL° S99 1 06z6:2 | ® |g-9c| 95279
9£9°2 | 9557 9v| 2v8'€S| Lbe- L£L° 608" 02£5°1 ocs8:2 | £ |9:99] 519
920°6 | 920°95| 286°15| bbve- 65¢° 9158" §105°1 0L18:2 | 9 |9:L5] 69079
6£0°2 | 6c8'9v| g62°1s| 1se: 29¢° SE68° L595° 1 0908'2 | s° |e:89] £96°¢
520°6 | .0°SH) ££0°25| L98° 9L 826" 8151 ogze:z | v l2:09| 6£8:6
166°6 | 162°65| 8ST %S| b06° 04" 9656 2eLs 1 ozié'z | £ |g1g| 16476
681°2 | 68.°15| 645796 696 859" 2596 01651 ozzI‘s | 2: |t-2e] 10L's
L99°8 | £96°52, 989°9G| 66670 | 059°0 | 5596°0 £0T5°1 0212°€ | 1°0 jo-st| 119°S

1 " ¢ Y0l Yasiar
Pasny | Pnmy 2¥N1va34w3L| NSS4 an
€9) (o) | o11vy 0I1v¥ [SNOT1IGNOD w101 10l
379NV 319NV [A110073A(AL12013A( KNN3 T4 0L WANI1d | waN31d H0Y4
319NV ORE MOIA [IVOILINO| IVOILIND|aIININI4IN |/3un1v¥3dwaL [~3anSsIdd| INIT | Nvas| (WD)
NOI1VIA3a|3AT1vI3[31n7058Y ]|31n1058Y[IATIVIAN]|ADNITOTA43 Wwiol viol Jwvadis| x [sniavy

6 26 26 2 6 36 2 36 26 36 36 € 36 3¢ 2 36 26 3¢ 34

3903 ONITIVIL ¥010Y
D66 36 DE DE 26 D6 36 36 36 6 36 I 36 36 36 36 26 26 D6 D6 DE 36 36 36 36 36 D16 DE DE D 36 26 36 36 26 6 3¢ 3 3 3 36

uBisap 1u3035d (O] ‘paads (56’0 ‘0N MO SSEIN (Q)
ﬁ.u_ $1°88¢ *amiesadwa wnudid t,ui/N $0°SZE 101 *3nssasd E:nor__
VivVa INFWATE FAVIE 2 YOL0d 'PIAUNuo)—AIX STaVL

ﬂ*xx*xx*x*x**xxx*XXXXﬁxx**x*xxgxxxxxxxx |
SLs°L §L8°64 L86° 16§ _ £99° | 68.L° 62621 0tLL1 6° m.oom 66L°S
8667 % 866°64 986 ° 8¢ 6.9 | 606° 22’1 09sL°1 8 9°18 . 6£9°S
58 Y »89° %4 065°G¢E 689" ££6° 066T° 1 09%L°1 L 2°5%L 926°S
02%°% 022° %6 6£2°LE | 989" c06° 6.81°1 06sL°1 9 §°99: 80%°S
16€° % 16€° €6 £6H°6¢ | 289’ 09¢° 6681°1 06l 1 S 6°LS ) LLT°S
026" b 028°2¢ 250°0% | £L9° €x8° 081" 1 osgeL"1 b S 8y | HET1°S
126°S 122°¢6 100°6% : 8©H9° 13& 69L1°1 0£0L° X £ €£°9E; 8L6°Y
b6L°2 566 °8Y TL2°€Y , 589’ | ehL’ 20811 029L°1 e 8°92| £08°%
921°2- 5L8°2Y £H1°6H | 62L°0 50L°0 I1€61° 1 02681 1°0 T°91; 609°%
19 19 ( @h\.hu ( @m\.mv
(““A7M) | (C MsM) | 3ANLVIIWAL | 3uNSSIAd an
Cg) (D) 0Ilvy 0Ilvyd viol Ivi0l
JT9NY JTONY  |ALIJO0I13A[ALIDO0T3A WNN31d HNN3d woyd
379NV MO14d MOTd [IVIILIADIIVOILIND I,3UNLVUILUEL |733NSSTAd| INIT | NVdLS] (WD)
JINIAIONI} IATLIVIIA|IINI0SAY |ILNI10SEV{IATLIYITY avi0L lviolL WY3NLS] % SNIagvy
3903 9NIQv31 ¥0L0¥

13




LR el ol o |

L gl s 0

oA

-~

Q2¢” 0%€° €98° $561°1 ﬂ L02L° 1 6°
$92° (T4 89¢° $681°1 _ c989°1 8
180 cIg’ L8L° 2eH1°1 cLE9°1 L
16¢° €8’ LéeL” 6E€81° 1 1519°1 9°
Lees £€H2° LI N eeLT"1 9£09°1 s
802" ese’ c68° L891°1 01191 L
HH1° S1¢€° Le6” 80LT" X 82L9°1 o
£10° 0gE " 966" STLT T ¢l T e’
cET°0 682°0 $66°0 SSLT" T 881L° 1T 1°0
IN3IJI44300 SSO01 A4012vd 0Iivy OIlvY INI
ANSS3dd 1vi0l NOISN441IQ AJN3I31443 ANLVIIJWIL JANSSIAd | WYIALS
3903 ONITIVYL LV vivad IN3W3T3
**********ﬂ*****************%**************X***XX***lK************x*xXK*X**!****J*!X*X!ﬂ*l*!ﬂ****!**!l
06¢° - 068° LY 086°29 69%° 019" cleL’ §€28°1 0890°¢ 6" £°L8 ] THE°9
£06° £00° LY $69°6S L5%° 259" 99%L" 81641 0886°¢C 3 §°9L]9¢2°9
§20°Y 628" LY 629 LS 3% 189° e8LL” 696H° 1 [1-3-3: 24 L 9°99 { 8£1°9
e10°L 210°8% telL"9s 828" c69° 0.29" §615°1 09¢8°2 9 9°LS ]| 6%50°9 _
692°6 690°LY 606°5S 1£8° L69° 8£9¢8"° 686¢€° 1 0918°2 S’ 8°8%% | £96°S
ele 11 cLesh T1E° 96 9H8" 289° 6106° 8H8€° 1 0L£8°2 LN c°0% ] 6L%°S _
£6L° 11 £69° 1Y 996 " LS 28%° 999" H0%6° 228¢s° 1 0626°¢C £ IE | 16L°S
16L°6 IGE "¢ 162°6S 296" 119° c8L6” 086€°1 geei ¢ e’ 1°22 | 10L°S
162°01 L61°%2 9%2°09 9.6°0 §86°0 cL96°0 SITIY° 1 0gEe ¢ 1°0 0°€T | 119°¢
43 49 ( @h\.hv ( @&\-mv
(VAN [CTTM/ZM) FANLVIIdWIL] F¥NSSIAd am
(9) (0) 0Ilvy 0Ilvd |SNOILIANOD viol viol
JTIONY JI9NY JALIJDI3AJALIO0TIA| WNANId OL WnNN3Id WAN3d HoyJ
3I9NY MO1d MOTd [ IVITLIND[TIVIILINI|AIDNIAISTN [/73NLIVYIJWIL] 73¥NSSIAd | IANIT [NVLS | (WD)
NOILVIA3G|3ATIVIIN|IINI0SEVIIINTOSHYIIATIVIIN] AINITOTA43 1v101 1vi04  JWY3NIS] X SNIavy
3903 ONITIVYL ¥010d
’*************************X**Xﬁ*******x*x**************x*x*********XXK4****X****X*K!****X***lx********.
929°6 9L 19 H81°0S L£9° L9L” §6L2°1 0£8L°1 6" G698 | 664°6
6He'9 6Y¢° LS »2L° 9% 669" 618" 68621 0eLL"1 $° 9°1I8 | 6£9°§
619°S 616°6S 68¢°2Y 899" LS8’ 0022°1 0594°1 L %L | 92¢5°S
289°§ 26%° 64 8HL°2H 999° %% 0661°1 0L6L°1 9° §°99 | 80%°S
b8h°6 H8H°H6 LIT RS 899° L1 0261°1 0962°1 ' 6°LS | LL2”
1eL°Y 120°¢€§ 1€9° €Y 129" LéL- 0061°1 01941 b §°8Y | ET1°S
I9L°Y 1%0°2S 62e°2Yy 999" €8L° 9081°1 016L°1 1 €°8E ] 8L6°Y
£€L6°1 LT 8Y 6ST°SH | £69° 0%’ c681°1 00081 ¢’ 8°92| £08°Y
I81°¢€-~ 618° 1% 6LL %Y © 6EL°0 099°0 0102°1 0181 1°0 T°61] 609°%
49 49 ( @h\.hv (¢ @L\.mw
(YYAZN) I C M/M) | 34NivI3dW3AL] JANSSIVd i
td) () 011vy 0ILvVY wviolL viol
JIONY FI9NY |ALIJ0T13AJALIDO0NIA WNHN3d WAN3I1d WO¥d
319NV MO14 MOTd JIVIOILIND|[IVIILIND |/733NLIVYILNAL|73UNSSI¥d| 3NIT | NVLS | (WD)
JINIFAIINI| IATLIVIIN|{ILINTIOSEY|ILINI0SAVIIATIVIIY 1viol 1Wi0l1 Wv3dis] % SNIavy

ufisap 1u013d 00| ‘PISds ‘g0 ‘orrer moy) SR (9)
[ s1°882 ‘amresndwa) wnuayd tyw/N $0°5ZE 101 *amssaid wnuayy)
V1vd INSW3T3 30V'1H T YOLOY ‘PINURuO)— ATX F1EVL

AN wfl) NPT ol B

a

A




uBisap 1u01ad g ‘peads 1LL°0 ‘oI MOY) SR (P)
[ s1-882 ‘amiesadwa) umusid {,w/N #0°5Z€ 101 ‘dmesasd umusig)
V1vd INFWI13 3018  YOLOW "POPRPUOO— AIX STHV]

T "
-
138 92 £18° L211°1 688E°1 6
v’ 962" 908" 0021°1 9I8E" 1 g
LsT" 922" 198" £Q0T" T 689€° T L
0L0° 7% 656" 6860°1 ££9€°1 9
. 050° ostT* L96° 1960°1 659€° 1 S*
3 L00° - LS1° S00°1 0960°T 1085 "1 'S
: 650" - 802" 9€0°1 8201 I 05251 g
_ $10° - $02° £00°T SSTT°1 2695° T 2 .
7 651°0 STT0 8560 051T°1 1226°1 1°0
3 1N3I9144309 5501 ¥019vd 0ILvy oILvy aN1 o
, 3anSSI¥d 1vi0L | NOISA44Ia | A 14 3un1va3du3t | 3uncs3ud | wv3uis .
_ 3903 ONITIVYL LV Vivd IN3W313 i
_4 ix***x*xx**x*x*xxx*gx**xtzxx#x#lel!x!XI!lll!!‘Ktl!tlll!l‘*!!!!*l*!lt! *xxx****x#*x*x#xﬂxt*!!R*!*!**xl .
£ $09°2 v08°0s! er10°9s] 1O0L° €29° 56t 0892°1 6£96°T | 6- c-zel 1o .
. §99°1 SH1'8b| ST6°18| 01" 099° (e’ 1092°1 svs6°T | ¢ -9zl 9c2°9 3
g 6£6°2 6£S° 95| 912°8%| o02L° 169" £998° 0062°1 ges6°t1 | ¢° 9-99| es1°9 =
: 658°¢ 658 ob| 209°9v| 1£L° 0tTL” 1126° 0s22°1 2¢s6°t | o o-25| evo-9 x
: 2166 2LLsy| 989°9v| s€L° 10¢° 6296 " 00221 et | ¢ g:'gv| £96°¢ -
y 001" L 00T 19| ¢s2v°Lb| t6¢° 989" 9696 " 0612°1 0296°1 | &° z2'0 | 628°¢ .
‘ STT°¢ G18°9¢| tos°0&]| o06¢° 89" 0686 " 0s22°1 6vt10°2 | ¢- s 1cl 162°¢
3 885G 886:62; v9t°26| soe° £19° £066° 01%2°1 stz | 2z 1-2z| 10Z°¢
§ 205°¢ 206°92) t65°SS| 980 $66°0 2656°0 00521 22zt'z | 10 lo-stl 1198
. e 49 ( @.—.\p._.v ¢ mvm\.mv
1 Pasny | cHomm 33NLVY¥3IdN3L| 33NSSINd o 1
: (9) (o) 0IlVy 0Ilvd¥ [SNOILIANOD V101 V1oL k
. 379NV 319NV |ALIJ013A|ALI2073A ) WNN3I4 OL WNN3 1d WNN31d noYd L
] 379NV M014 M0T1d [IVOILI¥D|IVOTLIND |a3INIAT43Y |/33n1vyIdWaL [£33NSSAAd] INIT [NvdS | (WD) .
NOILIVIA3G|3ATLIVI3Y [31n1068Y |31n71058V|IATIVIIN [AINITIT IS V101 iviol lwv3dis] % lsniavy
e 3903 9NITIVIL ¥010d
. f**x*x**x*xx*****xx*xxx**xxx*xx*x*****xﬁ*xxx**x*#**x****xx**XX**xt!**xs**mx**#x**x****xu*x**x*xn*xx**
L 825 b 821°95 | sos'0v | 128" 86" G6ST 1 ov1v°1 | 6° s68 | 6scs
’ 0£5°€ 045°%5 | v66-25 | 186" 918" 15211 0STo°T | 8° 9°18 | 6£9°6
! 250°¢ 2§5°ss | se0°ss | 685" 509" 6811°1 0LI%°T | ¢° 2L ] 928§
. 2hL2 2b5°25 | 296 b8 | s8¢’ 8LL° 1ST1°1 0816°T | 9° $°99 1 80%°§
8GT°€ 8GT°25 | 960°9S | 6.6° Ty 0STT I oLty T | §° 6°25| tzz:s L
' 9¢L°2 980°16 | 9%6°28 | 226" £1L° 22111 0T25°T | &° S 8b ] ec1°6 ]
. 9L6°€ »28°06 | v65°85 | 296" 989" S0TI" T 0GIY°T | € c-ec | 8269 -
. 902°1 90b°Lb | 805°TH | 196" 059" G21IT°1 06s%°T | 2° g-92 | c08°¢ -
081°S- | 028°1Ib | £19°9% | 219°0 995°0 12211 0£8%°T | 1°0 |T-o1] 609°% ,
1 1 " ¢ Yl mm\.av
. asny] ¢ Pmsm | 330LVITANIL | 3¥NSSINd P
. (9) (0) oIlvy 0ILVY viol Iviol
319NV 319NV |AL15013A]ALI2013A WAN31d WANId Wou4 .
p 379NV M0 14 MOTd [IVOILING|IVOILIND [/3dnLVa3dWIL [/38nSS3Nd| INIT [Nvds | (wd) :
A 3IN3AIONT{IATIVIIN|ILN105aY [31n10S8V]|3ATIVIZY V101 w101 {wv3dis| % lsnravy 1




. W e - e dired Ak Bt A

L' 12

Sponsoring Agency Name and Address

National Aeronautics and Space Administration

Washington, D.C. 20546 and U. S, Army Aviation Research and
Development Command, St. Louis, Missouri 63166

1. Report No. NASA TP -2034 overnment Accessiop No, 3. Recipient’s Catalog No.
AVRADCOM TR 81-C-5 Mﬂl‘
. Titte and Subtitle v 5. Report Date
PERFORMANCE OF A TANDEM-ROTOR/TANDEM-STATOR October 1982
CONICAL 'FLOW COMPRESSOR DESIGNED FOR A pRESSURE 6. Performing Organization Code
RATIOOF 3 505-32-2A
7. Author(s) 8. Performing Organization Report No.
Jerry R. Wood, Albert K. Owen, and Lawrence F. Schumann E-369
10. Work Unit No.
. Performing Organization Name and Address
NASA Lewis Research Center and
AVRADCOM Research and Technology Laboratories 11. Contract or Grant No.
Cleveland, Ohio 44135
13. Type of Report and Period Covered

Technical Paper

14,

Sponsoring Agency Code

15.

Supplementary Notes

Jerry R. Wood, Lewis Research Center; Albert K. Owen and Lawrence F. Schumann,

AVRADCOM Research and Technology Laboratories.

16. ,
v% A conical -flow compressor stage with a large radius change through the rotor was tested at

Abstract

three values of rotor tip clearance. The stage had a tandem rotor and a tandem stator.
Peak efficiency at design speed was 0. 774 at a pressure ratio of 2. 613. The rotor was
tested without the stator, and detailed survey data were obtained for each rotor blade row.
Overall peak rotor efficiency was 0. 871 at a pressure ratio of 2.952. <——

17.

PP YT YEYVTTY

Key Words (Suggested by Author(s))
Turbomachine
Compressor

Conical flow

Mixed flow

18. Distribution Statement
Unclassified - unlimited
STAR Category 02

- 19,

Security Classif. (of this report)
Unclassified

22. Price®
A03

20. Security Classif. (of this page) 21. No. of Pages
Unclassified 35

P A AR AR AR

T

* For sale by the National Technical Information Service, Springfield. Virginia 22161

)

P TS W VP S PV PR »

NASA-Langley, 1982







