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ABSTRACT

The test described in this report is part of an overall program to estab-
lish experimentally the extent to which it is feasible to increase compressor
stator loading and stall-free flow margin by employing suction surface bound-
ary layer bleed techniques. The unslotted stator vanes in this test are used
with the objective of providing a basis of comparison for the blade suction
surface boundary layer control using blowing and bleed techniques. During
this test, the only attempt to control the flow in the boundary layer was done
by means of varying hub and case wall bleeds, A secondary objective of this
test was to obtain blade element data for design use.

In this test, overall and blade element performance of a row of 0.75
diffusion factor unslotted stator vanes was measured with varying wall bleed
rates for boundary layer control. In addition, the vane static pressure dis-
tribution was obtained at three radial locations and for three different
wall bleed rates at design speed. Overall and blade element performance
was also obtained for the rotor and comps:..'ed to data previously obtained
for this rotor without stator vanes. Preliminary discussion of test results
and correlations of data are presented,
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SINGLE-STAGE EXPERIMENTAL EVALUATION OF BOUNDARY LLAYER
BLELED TECIHNIQUES FOR HIGH LIFT STATOR BLADES

NI, DATA AND PERFORMANCE OF UNSLOTTED
0.75 HUB DIFFUSION FACTOR STATOR

Ry

Gi. Seren and R, H, Carmody
Allison Division, GM

SUMMARY

Tn establish the feasibility of increasing compressor stator loading and
stall-free flow margin by the use of boundary layer blowing and bleed tech-
niques and to determine the extent to which such concepts may be employed,
a series of investigations were made of a single~stage compressor provided
with single- and double-slotted blowing stator rows and single- and triple-
slotted bleed stator rows. These stators were designed with NACA 65-
series airfoils and with hub diffusion factors of 0. 65 and 0, 75. The results
of tests performed with 0,65 hub diffusion factor single-slotted blowing and
blced stators and the single- and double-slotted 0. 75 hub diffusion factor
blowing stators were discussed in previous reports. This report presents
the results of an investigation with an unslotted stator which was carried
ovt to provide data which could be used for evaluating the performance
improvements of the blowing and bleed stators. This stator was also
designed with NACA 65-series airfoils and had a hub diffusion factor of
0.75 as did the single- and double -slotted blowing stators (References 1 and
2). To ensure an attached stator end wall boundary layer and to minimize
secondary flows, annulus wall bleeding was employed, starting from a point
upstream of the stator leading edge and extending to a point downstream of
the stator trailing edge. During these tests the rates of wall annulus bleed
were varied to evaluate the effects of compressor wall boundary layer con-
trol on performance and stator blade element data., For this purpose, an
optimized bleed rate and two reduced bleed rates were used. The flow into
this stator row during the test was generated by the same state-of-the-art
flow generation rotor as used for the tests reported in References 1 and 2,

Overall performance of the rotor and inlet guide vanes was evaluated
scparately for this stage test. Compared with rotor design values of 1. 37
pressure ratio. 88.2 lb/sec inlet flow, and 88. 8% overall adiabatic efficiency,
at the design pressure ratio the corrected inlet flow was 95. 0 lb/sec and the
adiabatic efficiency was 93%,. The overall rotor performance remained es-
sentially unchanged while the wall bleed rates were varied. In general, this
performance agreed well with the flow generation rotor performance without




stators reported in Reference 1, The stage exceeded its design require-
ments on both pressure ratio and efficiency at design flow. Overall perfor-
mance for the complete stage with optimum wall bleed was found to have a
pressure ratio of 1.315 and adiabatic efficiency of 84. 0% at the 95,0 1b/sec
airflow corresponding to the flow generation rotor design pressure ratio,
The overall performance obtained for the mean and minimum wall bleed
rates was 1, 325 pressure ratio and 83, 5% adiabatic efficiency and 1, 333
pressure ratio and 83. 0% adiabatic efficiency, respectively. Stage design
values are 1,35 pressure ratio and 84, 9% adiabatic efficiency at 88. 2 Lb/sec
flow rate,

Blade¢ element performance was obtained for the rotor blade and stator
vane row, Experimental values are presented in terms of diffusion factor,
deviation angle, and loss coefficient as a function of incidence for various
annulus heights. with rotative speed as a parameter, Minimum loss values
are determined and compared with the NACA loss parameter versus diffusion
factor correlation curves. Radial variations of experimental rotor and stator
blade element parameters near their design inlet flow conditions are also
compared with the design values for all three of the annulus wall bleed
rates employed,

Surface pressure distributions and wake surveys were obtained for the
stator. A hysteresis test with acquisition of rotating stall characteristics
was also obtained at 60% corrected speed for the complete stage. Hysteresis
effects for the stage were observed while recovering from stall. Onset of
stall was found to be abrupt at all speeds with stall cells first appearing in
the hub region.

The 0,75 hub diffusion factor stator performance met or exceeded the
design flow turning values at the end walls. The total pressure losses were
higher than design at these loadings. Blade element performance loss
correlations for these stators with suction at the end wall generally were
below an extension of the existing NACA correlations at the mean and hub
regions, but fell above these NACA correlations in the tip region.

Suction surface static pressure distributions along the mean line indi-
cated a boundary layer separation at 55 to 65% chord at incidence angles
greater than design. The hub and tip static pressure distributions appeared
to be extremely crratic, indicating a possible separation at about 40 to 50%
chord throughout the entire range of tests, There was, however, some
indication of reattachment and the observed losses were much lower than
would be expected under conditions of severe flow separation,
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INTRODUCTION

Advancced airbreathing propnlsion systems require lightweight compact
compressors capable of high levels of performance. These compressors
should have a broad range of operation and a large stall margin. High reli-
ability and relative insensitivity to inlet flow distortion are generally re-
quired for all compressors, In meeting the more demanding compressor
design requirements, compromises must be made that are strongly depen-
dent on the particular application. New applications are steadily inci casing
the range of requirements which the compressor must meet.

Compressor technology has been advanced continuously by extending,
among other parumeters, the usable rotational speeds; increasing stage
loadings or diffusion factors; and reducing stage length through the use of
high blade aspect ratios. Whereas further advancements can be made
through optimizations and improved combinations of these parameters,
severe aerodynamic limitations such as increasing losses and decreased
stall margin are being encountered, Significant advancements in compres-
sor technology require the application of advanced concepts in terms of im-
proved biading for high flow Mach numbers and application of high lift de-
vices to extend the stall-free flow range for compressor rotors and stators.
Advanced concepts in these areas may result in sizable reductions in the
number of compressor stages and in improved performance,

Airfoils designed to provide high lift experience steep blade surface
pressure gradients which become steeper as angle cf incidence is increased.
As a result, the suction surface boundary layer separates and high total
pressure losses and a decrease in stall-free flow margin result, To some
extent, however, separation of the sucticn surface boundary layer can be de-
layed by energizing it with high energy air, In view of these considerations,
an experimental single-stage compressor rig was designed and constructed
to test high loaded stators using internal blowing and boundary layer suction
concepts to reduce losses and improve stall-free flow margin,

Vowdg e D iy el e b ey TR DY OO OB

The objectives of this program are to establish experimentally the feasi-

bility of increasing blade loading and stall-free flow margin by stator boundary

layer bleed and blowing and to determine the extent to which these may be

employed. A secondary objective is to obtain blade element data for design

use. The stator designs were to be representative of those for middle and

latter stages of highly loaded axial-flow compressors, Stator inlet flow was

to be generated by a state-of-the-art flow generation rotor. This report

presents the test results for the uanslotted 0, 75 hub diffusion factor stator. 7

- Test results of single- and doubie-slotted 0, 75 hub diffusion factor blowing i
stators are presented in References 1 and 2, respectively. The performances
of these stators are compared with the performance of the unslotted stators

- in this report. Reference 1 also includes a presentation of the flow generation
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rotor performance without stators.

tively, in References 3 and 4.

techniques are presented in Reference 5.

SYMBOLS

Annulus area, ft2

Airfoil chord, in.

Diffusion factor

Gravitational constant, 32.2 ft-1b, /1bs- sec?
Hysteresis loop data point

Incidence angle based on mean camber line, degrees
Mach number

Number of blades per row

Rotational speed, rpm

Tctal pressure, psia

Static pressure, psia

Dynamic pressure, psiz

Radius, in,

Gas constant, 53. 35 lbg-ft/1b,-°R

Pressure ratio

Airfoil surface pressure coefficient, Equation (A13)
Total temperature, °R

Static temperature, °R

Thickness-to-chord ratio

The performance characteristics of the
0. 65 hub diffusion factor blowing and bleed stators are presented, respec-
The design characteristics of the stators that
are employed in the series of tests for the evaluation of boundary layer bleed
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\' Air velocity, ft/sec

W, Compressor airflow, lbp,/sec

War Annulus wall bleed flow, lb,,/sec

X Distance from blade leading edge, in,

B Air angle measured from axial direction, degrees

Y Ratio of specific heats

Y Blade chord angle, degrees

) Ratio of total pressure to standard sea level pressure of 14. 7 psia

8° Deviation angle, degrees

A Incremental value

L] | Efficiency

0 Ratio of total temperature to standard sea level temperature of
518, 6°R

[ Blade metal angle measured from axial direction, degrees

p Density, lby, /ft3

o Blade row solidity

¢ Camber angle, degrees

w Angular velocity of rotor, radians/sec

@ Total pressure loss coefficient

_a_zc_%s_é Loss parameter

Subscripts

0 Guide vane inlet

1 Rotor inlet




s

2 Stator inlet or rotor exit
3 Stator exit i
0 Tangential direction '

ad Adiabatic }i
m Mean or 30% streamline

ma Mass averaged

z Axial direction

Superscripts ]

! Relative value, rotor property
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APPARATUS AND PROCEDURES

TEST FACILITY

e g

A general arrangement of the test facility is shown in Figure 1. Air
enters the test compressor after passing through the test facility filter house, -
an inlet duct, plenum, and bellmouth and is exhausted to the atmosphere
through a diffuser. Provisions exist for maintaining compressor inlet pres-
sures above or below atmospheric if necessary, 2

Two power units can be used simultaneously to drive the test compres-
sor. One is a T56 power turbine with combustors which burn fuel mixed -
with high pressure air from test facility compressors; the other is a com-
plcie T56 power section. The two units are coupled by a primary gearbox
whose output shaft drives a secondary gearbox which in turn drives the test
compressor. Test compressor speed is controlled by throttling the turbine
air supply with a hydraulically-operated valve and by independent fuel con-
trols for each unit. ¥

COMPRESSOR TEST RIG

The mechanical arrangement of the test compressor is shown in Figure 2,

It consists of a cylindrical inlet section, the test compressor section, and an
exhaust diffuser. The single-stage rotor is supported on two bearings whose 3
housings are linked by a vertically-split compressor case. The compressor ) |
case houses the inlet guide vanes, the rotor tip abradable coating, the stator
vanes, and the case and hub bleed manifolds. The abradable coating on the Y
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compressor cases over the rotor blade tip permits low running clearances
between the blade tips and the case, The rotor is designed with an inter-
ference fit such that the rotor blade tip will run into the abradable coating at
design speed. Radial growth due to centrifugal force and temperature ex-
pansion is considered. Nominal design clearances for this rotor are

-0.0025 in. at 100% speed and -0, 0045 in. at 110% speed. Nominal static
clearance is 0, 0075 in, The design of the rig allows the rapid exchange of
inlet gnide vanes, if ncessary, without dismantling the remainder of the com-
pressor, and the exchange of stator vanes without disassembly of the entire
test rig.

Airflow rate and pressure ratio are varied by throttle plates located in
the exhaust diffuser, The throttles are linked by a ring and operated by a
common actuator,

Provision is made in the rig for bleeding the wall boundary layers at
stator tip and hub. This is accomplished by fabricating the stator flow pass-
age walls from perforated sheet metal. Manifolds behind the perforated
metal surfaces are connected by multiple tubes to separate vacuum headers
for tip and hub wall bleeds.

BLADING

The design of the stator vanes, rotor blades, and design inlet guide
vanes is described in detail in Reference 5. Selected types of airfoil sec-
tions are: (1) 63-006-series for the inlet guide vanes, (2) double circular
arc for the rotor blades, and (3) 65-series thickness distribution with cir-
cular arc meanline for the stator vanes. For convenience, however, the
principal geometric details of these components are repeated in Table I.

INSTRUMENTATION

Instrumentation was provided to obtain blade element performance for
the rotor and stator row and to measure overall performance. The locations
of instrumentation planes are shown in Figure 3; Figure 4 shows schemati-
cally the circumferential location of the instruments installed at each plane.
The radial element locations at each plane were selected along streamlines
passing through the 10, 30, 50, 70, and 90% annulus height stations from the
tip at the stator inlet measurement plane. The streamline locations are
shown schematically in Figure 5. Dimensioned sketches of the probes used
are shown in Figure 6. Instrumentation was distributed so as to minimize
area blockages and prevent immersion in upstream instrument wakes, Ex-
cept at the inlet guide vane exit station, duplicate instrumentation was dis-~
tributed so as to average out any inlet guide vane effects.




Compressor Inlet Conditions

Weight flow was measured with an ASME thin plate orifice located in
each branch of the triple inlet header. Six total pressure probes and two 6-
element temperature rakes were located in the cylindrical section approxi-
mately three feet upstream of the test compressor inlet for measurement of
inlet total pressure and temperature. See Figure 4a, Inlet static pressure
was measured at the same axial station by two static taps in the inlet wall,

Rotor Inlet— Station 1

Four approximately equally spaced static pressure taps were located on
both the inner and outer walls as shown in Figure 4b. An 8-degree wedge
static pressure traverse probe was also installed to measure the radial static
pressure distribution. Three radial traverse combination total pressure and
yaw angle probes were used to measure the distribution of these parameters
across the annulus, Total temperature was obtained {rom plenum thermo-
couples.

Stator Inlet or Rotor Exit— Station 2

Four approximately equally spaced static pressure taps were located on
both the inner and outer walls, and the radial distribution of static pressure
was measured by two 8-degree wedge static pressure traverse probes as
shown in Figure 4c. Three radial traverse combination probes were in-
stalled at this station to measure the radial distribution of total pressure,
total temperature, and flow angle.

Stator Exit-—Station 3

Four approximately equally spaced static pressure taps were located on
both inner and outer walls and two 8-degree wedge static pressure traverse
probes were installed for measurement of the radial static pressure dis-
tribution as shown in Figure 4d. One traverse combination total pressure,
total temperature, and yaw probe was installed primarily to measure flow
angle. A 16-element total pressure circumferential rake, shown in Figure
6d, was ins‘alled at this station to measure discharge total pressure and
stator vane wake, This rake spanned 1.08 vane spaces at the 10% stream-
line and 1. 43 vane spaces at the 90% streamline, Total temperature was
measured by four 5-eiement radial rakes, Inner and outer wall boundary
layers were surveyed by fixed 5-element total pressure probes. All taps,
probes, and radial rakes were located on extensions of mid-channel stream-
lines,

Special Instrumentation

In addition to the instrumentation enumerated for blade element and
overall performance, the following special instrumentation was installed,
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At the rotor exit, two fixed and one traverse hot wire anemometers were in-
stalled to signal the onset of compressor stall and to provide rotating stall
data, Shaft whip was monitored by means of a whip pickup mounted in the
plane of the rotor blades, and strain gages were mounted on eight rotor
blades to monitor blade stresses,

The 10, 50, and 90% streamline sections of the unslotted stator vanes were
each provided with 12 suction surface and 7 pressure surface static pressure '
taps as indicated in Figure 7, The 19 static pressure taps for each stream-
line section were distributed among 4 vanes,

DETERMINATION OF ANNULUS WALL BLEED FLOW FOR STATOR VANE
TESTS

With the compressor operating at design speed and stage pressure ratio,
the circumferential total pressure rake at the stator exit was set at the
streamline station 10% from the tip. Hub and tip wall bleeds were set at a
nominal flow of less than 1% of compressor flow. The stator wake pattern
at this bleed flow was noted, and the tip wall bleed was then increased until
no further improvement in wake pattern was visually observed on a manom-
eter bank. This bleed flow rate was defined as the "optimum'' bleed rate.
One limiting consideration set as a reasonable upper value, however, was to

extract no more than 2, 5% of compressor inlet flow per wall at design con-
ditions.

The circumferential rake was then set at the streamline station 90% from
the tip., The tip wall bleed flow rate was reset at its original low value, and
the procedure described was repeated for the hub bleed,

After hub and outer wall bleed flows had been optimized, the circumfer-
ential rake was moved to the mean position. Hub and ocuter wall bleeds were
varied simultaneously in increments from the original nominal flow rate to
optimum flow. The effects on the stator wake at mean depth were studied to
check that optimum hub and tip wall bleeds coincided with an optimum wake
at mid-span. The valve settings for the optimum bleed flow rate were left
unchanged for all subsequent speec and flow conditions, except in the case
where the wall bleed was varied to compare the effect of various bleed rates
on overall and blade element performance. The hub and tip bleed rates were
then set at the minimum wall bleed flow as limited by a condition of no back
pressure on the perforated wall material and overall performance and blade
element data were obtained for design speed. A similar investigation of
overall performance and blade element data was also made with a mean bleed
flow which was approximately half-way between the optimum and minimum
bleed flow rates.,
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HYSTERESIS TEST

The following method was employed to determine the characteristics of
this stage at entry into and when recovering from stall. With corrected
speed set at 60%, the throttle was closed until stall cells were indicated by
the three hot-wire anemometers (two of which were at the 10% and one at the
90% station from the tip) thus signalling the onset of stall, The first hysteresis
point data recording was made prior to the onset of stall, At this near stalled
condition, a partial data recording, which consisted of data required for air-
flow and pressure ratio calculation, was obtained.

The throttle was then closed further in steps, following the onset of
stall, and partial data recordings were made at intermediate points before
stage pressure ratio levelled off at a lower pressure ratio and a fourth par-
tial data recording was obtained. The throttle was then gradually opened in
steps and three other partial recordings, two at intermediate points and one
very close to the stall point, were made before indications of stall, as sig-
nalled by the hot-wire anemometers, just disappeared. At this point an
eighth short data cycle was recorded.

Rotor blade stresses were monitored continuously during the hysteresis
test to ensure that excessive vibratory stresses were not encountered.

OVERALL AND BLADE ELEMENT PERFORMANCE DATA

Overall and blade element performance data were obtained at a suffi-
cient number of points per speed line to define rolor or stage performance
between maximum flow and stall. The stage stall point is defined as the on-
set of a steady stall cell indication on the hot-wire anemometers. Perfor-
mance at design speed was obtained for the minimum and mean wall bleed
rates as well as the optimum wall bleed rate. The near-stall test points
were taken as close to the rotating stall condition as could be set without
actually being in rotating stall. This type of near-stall setting permitted a
full data point recording. At each full data point, fixed and traverse pres-
sure and temperature data were recorded at five radial locations correspond-
ing to streamlines passing through the 10, 30, 50, 70, and 90% span stations

at the stator inlet measurement plane.

DATA REDUCTION

Overall performance and blade element data reduction is accomplished
in one program. A second program is used to calculate pressure coeffi-
cients for the stator vanes.

In the first program, raw data from the test stand is read in and printed,
The program converts wedge probe static pressure transducer readings to
inches of mercury absolute and applies a Mach number correction. All yaw
units are converted to degrees. Data recording system corrections, wire
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calibrations, and Mach number corrections are applied to all temperatures,
Pressures recorded on the data recording system are corrected to standard
inlet total pressure. The corrected data is then printed.

Circumferential arithmetic averages of total pressures, static pres-
sures, total temperatures, and yaw angles are calculated and printed. Indi-
vidual data readings were compared with the averages to validate the data.
Any individual reading which differs from its respective average by more
than the prescribed deviation (0. 5 in. Hg for pressures, 3° for yaw angles,
1.5, 2, and 3°R, respectively, for reference, inlet, and all other tempera-
tures), is not used in the final calculations. Mass-averaged values required
for performance calculations are determined using the averaged and va'i-
dated data.,

The program provides a choice of two radial distributions of static
pressure: (1) the distributions measured by the wedge probes and (2) a
linear distribution across the flow annulus calculated from the arithmeti-
cally-averaged hub and case wall static pressure taps. Overall and blade
element performances are calculated and printed using the two static pres-
sure distributions mentioned. If a continuity check at any data measure-
ment station is not satisfied within 5%, a simple radial equilibrium solution
is provided to give an indication of the problem.

Overall performance values are calculated for the inlet guide vane and
rotor and for the complete stage. The following operations were performed
to determine these values.

At the inlet plenum station, two total temperatures are arithmetically
averaged at each radial station. Mass flow is integrated radially, assuming
that averaged wall static pressure exits over the entire cross section. Total
pressures and temperatures are then mass averaged. Behind the rotor, wall
static pressures are arithmetically averaged circumferentially and all total
pressures and total temperatures are arithmetically averaged circumferen-
tially at each radial station. Mass flow is radially integrated and total pres-
sures and temperatures are radially mass averaged.

At the stator exit, four total temperatures are arithmetically averaged
circumferentially at each radial station, Incremental mass flow is computed
using an arithmetic average of the circumferential rake total pressure read-
ings spanning a stator vane passage at each radial station, A radial integra-
tion is made for weight flow. For performance calculations, the total pres-
sures at each radial station are mass averaged circumferentially and the
total pressures and tempersziures are mass averaged radially. The overall
pressure ratio and efficiencies are obtained using the radially mass averaged
values of total pressure and temperature,

The calculation of performance variables, as proirammed in the data
reduction programs, is delineated in the Appendix.




PRESENTATION OF RESULTS

Experimental results obtained in the test program are summarized
herein in detail for the unslotted 0. 75 hub diffusion factor stator vane with
flow generation rotor with the design inlet guide vane set. The reduced data
presented were based on a linear static pressure distribution across the an-
nulus uat each axial survey station rather than on the static wedge survey
values, Comparison of results using both linear and wedge static data
(Reference 1) showed that, when the wedge data were considered reliable,
differences in reduced data were small; there was a tendency, however, for
the wedge static data to be erratic for some test points. Use of the linear
static data gives a consistent basis for comparison over the test range and
with the data from other tests.

OVERALL PERFORMANCE OF FLOW GENERATION ROTOR AND STAGE

Overall pressure ratio and adiabatic efficiency are each plotted versus
corrected inlet flow with corrected speed as a parameter. These are pre-
sented in Figures 8 and 9 for the flow generation rotor during this stage test,
and Figures 10 and 11 for the stage.

To indicate whether the rotor or the unslotted stator caused the stage to
choke or stall, rotor incidence range is summarized in Table II for the flow
generation rotor test of Reference 1 and the flow generation rotor of the un-
slotted 0. 75 Dy stator stage test.

Stage rotating stall characteristics at the stall points and hysteresis
points are summarized in Table III,

BLADE ELEMENT PERFORMANCE

Rotor blade and stator vane blade element characteristics were com-
puted o. the five streamline positions previously defined. The blade element
characteristics chosen to present the detailed performance of each blade row
are as follows.

Blade element parameter

Incidence angle, i or i'

Total pressure loss coefficient, @ or '
Diffusion factor, Dg

Deviation angle, §°

Inlet flow angle, 8 or 8'

Flow turning, A 8 or A B8'

Inlet axial velocity, V,

Inlet Mach number, M or M!
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Rotor blade element data are plotted as a function of incidence with cor-
rected speed as a parameter for each of the streamline stations. The blade
element data obtained during the stage test are shown in Figure 12 for the
points run at optimum wall bleed and Figure 13 for the points run at design
speed with optimum, mean, and minimum wall bleed, For comparison and
to aid the analysis of the rotor blade performance, blade element data for
the rotor blade, with optimum, mean, and minimum wall bleed, are plotted
versus percent annulus height in Figures 14 through 16 for the flow providing
the best approximation of the design incidence angle at design speed. Design
values are also plotted for comparison. Mass flux distribution out of the rotor
corresponding to the design flow rate is plotted and compared with the design
flow distribution in Figure 17. Rotor blade element performance is evalu-
ated, in Figure 18, by comparing the loss parameter versus diffusion factor
at the 10, 50, and 90% streamline stations from the tip with the NACA cor-
relation curve in Reference 6.

Stator vane blade element data are also plotted as a function of incidence
angle with corrected speed as a parameter for each streamline station, The
blade element data for the unslotted stator run at optimum wall bleed are
plotted in Figure 19, The stator blade element data for the design speed
with optimum, mean, and minimum wall bleeds are presented in Figure 20,
The annulus wall bleed rates plotted against stage pressure ratio are pre-
sented in Figure 21, Blade element data of the unslotted stator vane, for
conditions nearest to the design incidence angle, with optimum, mean, and
minimum wall bleed, are plotted against the percent annulus height in Figures
22 through 24, respectively, to aid stator vane performance analysis and
comparison of the effect of varying the annulus wall bleed rates. Stator vane
blade element performance is also evaluated in Figure 25 where the loss
parameter versus diffusion factor for 10, 50, and 90% streamline stations
from tip is compared with the NACA correlation curve in Reference 6.

The pressure distributions along the 10, 50, and 90% streamlines from
the tip of the unslotted stator suction and pressure surfaces are presented in
Figures 26 through 32,

Selected stator wakes are plotted in Figure 33 to show the variation of
stator wakes with Mach number at fixed incidence angle, and also to show the
effect of incidence angle at a fixed Mach number, at optimum wall bleed.

The selected stator wakes, plotted in Figure 34, at mean wall bleed, and in
Figure 35, at minimum wall bleed are used to show the effects of wall bleed
in addition to the Mach number and incidence angle variations. The variation
of the stator wake during wall bleed optimization, at the design pressure
ratio, is presented in Figure 36.

To enable compressor designers to evaluate and apply the results of this
test, detailed summaries of vector diagrams, blade element characteristics,
and losses at each streamline station are provided in Table IV,
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DISCUSSION OF RESULTS

The method of presentation using the overall and blade element param-
eter for evaluating the performance has been described in detail. Since the
figures and tables are self-explanatory, only general observations are made. b2

3

OVERALL PERFORMANCE

" Flow Generation Rotor

spectively, at a design flow rate of 88.2 lb/sec with the design inlet guide
vanes. Flow generation rotor pressure ratio and adiabatic efficiency measured
during the test with the stator are given in Figures 8 and 9. At the design
equivalent rotor speed, maximum efficiency was 96. 8% with corresponding
pressure ratio of 1. 44 and flow rate of 90. 5 lb/sec. At the design pressure
ratio of 1. 37 the flow rate was 7. 7% higher than design, at 95.0 lb/sec with

an adiabatic efficiency of 93%.

The design point pressure ratio and efficiency are 1. 37 and 88. 8%, re- i

The pressure ratio results are in good agreement with the rotor test {
results without stator vanes (Figure 10 of Reference 1). When the maximum .
value of the rotor adiabatic efficiencies are examined at a 100% corrected z
speed, however, a value of 96. 8% is obtained from the results of the stage -

test, Figure 9, as opposed to 92.5% from the flow generation rotor test with- -
out stator vanes (Figure 11 of Reference 1) both at the same measured airflow
rate. This apparent discrepancy is the result of a reduction in the avcrage

total temperature across the stator due to bleeding the inner and outer walls .
of the stator passage and the method used to compute the efficiency (See 4
Equation (A2) in the Appendix). The mass averaged total temperature at the )
stator exit is, in general, lower with wall bleed than without. This reflects -
in a higher rotor efficiency. Figure 9 then indicates the trend in efficiency :
due to bleed rather than absolute level, The rotor pressure ratio observed
with the reduced wall bleeds was similar to that observed with optimum wall }

» bleed.

A prime concern during the design phase of the flow generation rotor, ~
discussed in Reference 1, was that sufficient flow range would be available to 1
avoid excessive limitations on the stator operating range by the rotor. In this
report, Table II gives a summary of rotor incidence angles near stall and -
maximum flow, at hub, mean, and tip streamlines. The stall incidence
angles correspond to the minimum flow rate due to either rotor or stator stall.
The choke incidence angles correspond to the muximum flow rate due either to 3
rotor choke, stator choke, or facility pressure loss limitations. Rotor incidence
angle differences at stall observed between the stator test and the flow generation
rotor test of Reference 1 are small, and the stage stall may be primarily due to ry 1!
rotor stall. The coraparison of incidence angles at maximum flow indicates
that the stator limited the maximum flow at 60 and 80% corrected speed. At

100% corrected speed, the approximately equal rotor incidence angles for both .
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tests indicate that the rotor or stator is choking at nearly the same flow or the
facility pressure loss was controlling. The flow at the hub may, however, be
limited by the stator hub choking prior to the mean and tip regions. It is be-
lieved that the facility exit duct pressure loss is controlling at these relatively
low pressure ratios with high flow rate conditions.

Complete Stage

The overall stage pressure ratio and adiabatic efficiency are shown in
Figures 10 and 11, respectively. During these tests only the design inlet
guide vanes were employed.

Stage design values for the pressure ratio and adiabatic efficiency are
1. 35 and 85. 5%, respectively, at a design flow rate of 88. 2 lb/sec. At the
design equivalent rotor speed, a maximum stage adiabatic efficiency of 87. 9%
was obtained with a pressure ratio of 1. 392 and a flow rate of 90. 5 lb/sec.
At the flow generation rotor condition of 95,0 lb/sec corrected flow rate the
stage pressure ratio was 1. 315 and adiabatic efficiency was 84.0%. At this
correctcd flow rate the values obtained for the pressure ratio and efficiency
of the stators with mean and minimum wall bleed rates were 1, 325 and 83. 5%,
and 1. 333 and 83%, respectively. For simplicity, the calculated stage
adiabatic efficiency, presented herein, is not penalized by the case and hub
wall bleed flows. Inasmuch as the rotor loading is not compatible with the
stator loading, the stage efficiency is of secondary interest.

The stator is designed to remove all of the tangentiai whirl imparted by
the rotor and the inlet guide vane. This tangential whirl if produced by the
rotor alone would give the equivalent of a 1. 66:1 pressure ratio level at the
stator inlet. Maintaining the same average pressure recovery in the stator

of 0.986, a 1.5- to 2. 0-point increase in overall stage efficiency would be
realized.

Annulus Wall Bleed for Stator Test

Annulus wall bleed over the stator row at tip and hub surface was defined
at 100% corrected speed and rotor pressure ratio of 1. 37 by visually monitoring
the circumferential rake and boundary layer total pressure rakes at tip and hub.
Except at very low wall bleed flows of about 0. 5%, where stator wakes were
still relatively large, the boundary layer total pressure rakes indicated an
attached boundary layer. That is, total pressures increased away from the wall,
Once the wall boundary layer attached, additional wall bleed essentially affected
only the end regions. Optimum wall bleed was selected as the condition where
increased bleed did not result in improvement of the stator wake. The bleed
valves were held fixed at this setting for all testing defined as optimum bleed
flow rate. The wall bleed rate was later varied, at design speed, to determine
the influence of the wall bleed on the overall performance and blade element
data. The wall bleed flow was first adjusted to its minimum allowable value

then to a rate corresponding to approximately half the flow between optimum
and minimum values.




The tip and hub wall bleed rates experienced throughout this test with
the fixed bleed line valve settings are summarized in Figure 21. The mini-
mum and mean wall bleed rates at design speed are also indicated in Figure

21.

Hysteresis and Rotating Stall Results —Complete Stage

This test was made to determine whether the stall of this stage was grad-
ual or abrupt. and whether the stall would disappear and the stage recover
smoothly. The onset of rotating stall at each corrected speed was indicated
by the hot wire anemometer located at the 90% streamline. Rotor stall first
appeared at the hub and was abrupt at all speeds. The stall zone then progressed
io the tip of the rotor with only a slight increase in back pressure.

At 60% corrected speed, an eight-point hysteresis loop test was conducted.
The pressure ratio-flow rate points are shown in Figure 10. A hysteresis
effect, in terms of pressure ratio and flow rate, was observed from measure-
ments defining the path from point Hj to Hg.

The maximum transient blade stresses encountered during the hysteresis
test were 16, 700 psi. There were indications, from the frequent recurrence
of stress peaks, that these maximum transient stresses prevailed for a
significant period during the hysteresis test. These blade stresses were
considered to be at a potentially damaging level. Their magnitudes were
appreciably higher than the prescribed stress limit which was 11, 250 psi.

Rotative speed, frequancy, and number of stall zones are summarized in
Table III. Following the onset of stall, a stall zone was recorded in the hub
and in the tip regions. The rotative speeds of the cells in both span regions
ranged from 27 to 47% rotor speed in the dirrc.ction of rotation. Multiple stall
cells at the tip and hub were recorded during rotating stall tests at design
speed. In deep stall, rotative speed was approximately 44% rotor speed in the
direction of rotation and the frequency was 110 cps. High rotor blade transient
stresses prevented radial traversing of the hot wire probe. It appears, however,
that the stall zone extended across the blade span.

BLADE ELEMENT PERFORMANCE

As reported in Reference 1, an extensive study of the inlet guide vanes
was made both at design and off -design conditions, Investigation into the
possible persistence of the inlet guide vane wakes through the rotor, at the
design flow rate condition, indicated the attenuation of these wakes before
entering the stator rows. In view of these results, repeated study of inlet
guide vane flow for each test was found unnecessary.
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Rotor

Figure 12 is a summary of diffusion factor, deviation angle, and loss
coefficient data throughout the rotor operating range for the complete stage
test at optimum wall bleed, Data at design speed and at all three wall bleed
rates are compared in Figure 13. In general, the measured luss coefficients
are found to be lower than the design values in the vicinity of the 0° design
incidence angle at the 10, 30, 50 and 70% streamline stations and about equal
to design values at the 90% streamline station for all the speeds tested using
the optimized wall bleed. There were no significant changes in rotor losses
as the wall bleed rates were reduced.

Primary rotor blade element performance for the double circular arc
blade during the stator test is shown in Figures 14, 15, and 16 for the opti-
mum, mean, and minimum wall bleeds, respectively. Roior blade measured
data for both the flow generation rotor and the complete stage tests operating
near the design incidence angle at corrected speed are compared with the
design values. The selection of measured data was based on the best agree-
ment with the design incidence angle values since the rotor exceeded its
design airflow rate at design pressure ratio. In general, the values obtained
for the deviation angles were lower than design and those of the diffusion
factor were higher than design,

Values of deviation angle and diffusion factor, differing significantly
from the design values, were also evidenced in Reference 1. The lower
than design deviation angles result in an effective overcambering of the
rotor blades, producing an excessive amount of work on the flow. The com-
bination of higher work input and lower axial exit velocity results in the
higher than design values of the diffusion factors.

The radial distribution of mass flux at the rotor outlet for the flow gen-
eration rotor and the complete stage test is compared with design values in
Figure 17. A flow shift to the tip is indicated, experimentally, with respect
to the design distribution. This can be attributed to the low deviation angles
in the tip region of the rotor. An additional mass flow shift was observed
between the measured test values of the flow generation rotor test, Reference
1, and the 0.75 hub diffusion factor stator test.

Rotor loss parameter data at the 10, 50, and 90% streamlines are shown
in Figure 18. When they could be defined, minimum loss coefficient values
are indicated in Figure 18 as filled symbols, The minimum values are
selected at the data point nearest to the minimum value of the curve drawn
through data points in Figure 12, Minimum loss data for the tip region or
10% streamline are found to lie on the lower band of the data scatter (Reference
6). The minimum loss datz for the mid-span and hub region are found to
agree well with the NACA correlation curves in the test diffusion factor range.
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Figure 19 presents diffusion factor, deviation angle, and loss coefficient
over the entire test operating range for the 10, 30, 50, 70, and 90% stream-
line stations. The measured values of deviation angle are appreciably lower
than design values. The tip losses are appreciably higher than the design
values, A study of Figure 19 also indicates that the choke or minimum in-
cidence angle limit may not be clearly defined except at the 90% streamline.
Further study also shows, however, that the loss coefficient versus incidence

“angle curve is quite flat over a wide range except at the 70 and 90% streamline
height. The lowest hub losses were obtained with the optimum wall bleed rates
as shown in Figure 20. The losses at the tip were quite scattered and no firm
conclusion could be drawn with respect to the effect of wall bleed rate on tip
losses.

The radiil variations of blade element data for the stator, at a point where
the values of the incidence angle provided the best approximation to design
incidence, is compared with the design values in Figures 22 through 24 for the
optimum, mean, and minimum wall bleeds, respectively. Inlet axial velocity
and incidence angle plots indicate a mass flow shift to the tip with respect to the
design value. Other significant results, shown in Figures 22 through 24, are
that flow turning was greater than expected or deviation angles much less than
designed for over the entire span of the blade and particularly so at the tip.

The apparent turning and deviation angles, particularly at the hub and tip, differ
greatly from design values, and this margin of difference increases with de-
creasing wall bleed flow rates. The effect of the varying wall bleed is displayed
more prominently at the hub and becomes even more significant as stall incidence
is approached. The deviation angles obtained with optimum and mean wall bleed
at the hub and tip are consideravle less than the design values. The margin
between measured and design values increased with decreasing wall bleed flow.
This deviation angle result agrees with the measured deviation angles for the
single- and'double-slotted 0. 75 diffusion factor stator of References 1 and 2.
Measured losses, in general, were found to be greater than the design values.

Minimum loss coefficient points obtained from Figures 19 and 20 are com-
pared with an extension of the NACA loss parameter versus diffusion factor
correlation curves (Reference 6) in Figure 25 for the 10, 50, and 90% stream-
lines from the tip. The minimum loss coefficient points for the stator for the 10%
streamline are generally greater than the values on an extension of the NACA
correlation. The data for the 50% streamline agree favorably with the extension
of NACA correlation curves with minimum values generally less than the values
of the curve.

Typical stator wake distributions are shown in Figures 33 through 35.
Selected cases nearest to -3° incidence which show the increasing wake
pressure depressions as inlet Mach number increases are given in Figures
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33a through 33c, 33e and 33i for optimum wall bleed, The effects of inci-
dence angle at inlet Mach number near 0.7 are illustrated in Figures 33d
through 33h for optimum wall bleed, Figures 34a through 34d for mean wall
bleed, and Figures 35a through 35d for minimum wall bleed, The wake sur-
veys at high positive incidence angles, in Figures 33h and 33j, with optimum
wall bleed flow show low total pressure peaks at the hub, indicated by the
rake elements 6 and 7. The wakes presented in Figures 34d, for the mean-
wall bleed, and Figure 35d, for the minimum wall bleed, show a similar be-
havior at the hub region.

Wake survey data was recorded during the wall bleed optimization runs
at the design stage pressure ratio of 1.35 and 100% corrected speed. The
effect of reduced stator losses with increasing wall bleed rate is shown in
Figure 36. It is evident in Figure 34 and from the wake surveys at design
speed that increased wall bleed reduced the end wall region flow disturbance
and stator losses, particularly at the hub. Higher wall bleed rates above
the 30. 2 and 30 in. H9O orifice pressure differential at tip and hub, respect-
ively, had little effect on increasing wake total pressure at these depth
locations. A comparison of the tip and hub wakes during optimization also
indicates that the hub total pressure losses are reduced more effectively by
the wall bleeds while the improvements at the tip are less marked. This
8 indicates that a system where the hub and tip wall bleeds are controlled
rs independently may be desirable to further improve stator wakes by means of
wall bleeds.
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Stator Static Pressure Distributions

Fniriwiminf

Suction surface static pressure distributions along the meanline for the
stator indicate the presence of boundary layer separation at 55 to 65% chord
. E for incidence angles greater than the design incidence angle at all the wall
bleeds, as shown in Figures 26 through 32. The determination of the apparent
boundary layer separation is based on the study of the static pressure dis-

g

E tribution along the 50% streamline. The reason for this choice is the difficulty
experienced in analyzing the 10 and 90% streamlines for separation. These
H streamlines are greatly influenced by the secondary flow and end wall effects

to varying degrees, depending on the bleed rates applied at the annulus walls.
The pressure distributions along 10 and 90% streamlines indicate possible
existence of separation further upstream along the suction surface.

The apparent separation point was observed to move upstream as the
incidence angle was increased. In cases of high stator incidence angle,
some of the static pressure distributions indicate almost totally detached
flow at the hub. These cases also indicate separation at the tip occurring
further upstream than it appears where the incidence angles are smaller,
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The 10% and 20% streamline pressure distributions obtained for high in-
cidence angles at a 110% design speed, in Figures 32e and 32f, indicate
separation occurring almost at the leading edge for the hub and tip while it is
retarded to about 50% chord along the 50% streamline. Some of the operating
condit: ms indicate the existence of reattachment of the boundary layer. These
observed changes in the static pressure distribution may be attributed to the
existence of wall bleeds. The similarity in the pressure distiributions obtained
with varying wall bleed rates made it difficult to determine the direct effects
the bleed technique had on the surface pressure distributions.
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CONCLUDING REMARKS

Discussion of the experimental results has been based on the work completed

to date,

1.

Analysis of the data indicates the following points,

The overall performance of the flow generation rotor agreed favorably
with the results of the rotor without stator vanes in Reference 1. The
stage exceeded its design requirements on both pressure ratio and
efficiency. The rotor overall performance was not affected by the
variations in the wall bleeds. The stage overall performance showed
little change in pressure ratio but a drop in efficiency with decreasing
wall bleed flow was noted.

A hysteresis effect was observed in terms of pressure ratio and

mass flow rate at 60% design speed. Stall point tests indicated abrupt
stall at all speeds. During the hysteresis tests at 60% speed and the
stall point tests above 60% speed, rotor blade stresses frequently
exceeded the prescribed stress limit which was 11, 250 psi. The
maximum stress values, during the hysteresis tests, were 16, 700 psi.

The wall bleed technique provided a means of controlling the boundary
layer flow and reducing losses. Losses were reduced, more effectively
at the hub than at the tip, by increasing wall bleed flow rates.

The blade surface static pressure distributions along the meanline
gave evidence of possible flow separation at 55 to 65% chord, for
angles greater than the design incidence angle. The apparent
separation point was detected further upstream at the 10 and 90%
annulus height locations. Flow turning and pressure loss levels did

not indicate severe flow separation on the vane suction surface. Also, there
was some indication of flow reattachment.

The 0. 75 hub diffusion factor stator performance met or exceeded the
design flow turning values at the end walls, The total pressure losses
were higher than design at these loadings. Blade element performance
loss correlations for these stators with suction at the end wall generally
were below an extension of the existing NACA correlations at the mean
and hub regions, but fell above these NACA correlations in the tip
region.
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APPENDIX
PERFORMANCE EQUATIONS
The following overall and blade element performance parameters were
calculated for the analysis of test data and the evaluation of the unslotted
stator performance,

WEIGHT FLOW

Overall performance is presented as a function of corrected weight flow,
defined as

w,v 8
E)

(A1)

ADIABATIC EFFICIENCY

Adiabatic efficiency for the inlet guide vane and rotor combination is

(y-1) /17
(ptz,ma)
5 -1
to

t3, ma
T
to
and for the guide vane, rotor, and stator is
-1/
t:,,ma »
to
T
3, ma )
T
to
DIFFUSION FACTOR
For the rotor. diffusion factor is defined as
Vo Ve, Ve,
D, =1-—+ (A4)

f2 \&\ 20V
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and for the stator as

v, V02‘V03
Dy, =1=-—=—1 (A5)
3 Va 20‘\/2

These quantities are caiculated using the appropriate velocity triangle values
previously computed by the program.

DEVIATION ANGL.i<

Rotor blade deviation is defined as

a ' t

S 9 = 62 - K 9 (AG)
and stator deviation as

537 By s (a7

1

whz: ¢ x  is the rotor blade exit metal angle based on the mean camber line
for a (:utfble-circular arc airfoil and « 3 is the stator vane exit metal angle
besec on the circular arc camber line for the 85-series airfoil.
INCIDENCE ANGLE

Rotor blade incidence is defined as

.t . '
11 = ﬁl - Kl (A8)

and stator incidence as

12 = ﬂz - Kz (Ag)
where « 'Iis the rotor blade inlet metal angle based on the mean camber line
for a double-circular arc airfoil and k 5 is the stator vane inlet metal angle
based on the circular arc camber line,

TOTAL PRESSURE LOSS COEFFICIENT

Total pressure loss coefficient for the rotor is defined as

v-1 (o Rz)z Rlz Y/(y-1) Pt2 /Ptl

1= -
2 Y gRT; R 2 (T /T, )7/(7' 1)
o - 1+ " _ t2” 4 J._  (a10)

_ -0
i - [1 ' Lzl(mpz]
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and for the inlet guide vanes as

1)
1. —L
_ Pt
y. q-7ir-1)
1- 11 +-—2—(MO)Z]

and stator as

o = (A12)

PRESSURE COEFFICIENT

Pressure coefficient (S) is defined by

S = (A13)

G2
where:
Pt = total pressure at stator inlet
2

p = static pressure at a given point on the vane surface
7})2 M22 . .

Qo = = dynamic pressure at stator inlet
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Figure 8. Flow generation rotor overall performance in stage
test—pressure ratio.
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© Flow generation rotor test, Wa V@/ 8 = 9.3 lby,/sec, N/V@ = 99.3%
[ Unslotted stator test, Wy V@/ 8 = 89.7 b, /sec, N/V@ = 99.7%
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Figure 18. Rotor loss parameter versus diffusion factor.
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Figure 19. Stator blade element performance with optimum wall bleed.
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Figure 20. Stator blade element performance for 100% design speed

with varying wall bleed rates.
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Figure 20. Stator blade element performance for 100% design speed

with varying wall bleed rates.
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Figure 20. Stator blade element performance for 100% design speed

with varying wall bleed rates.
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Figure 20. Stator blade element performance for 100% design speed
with varying wall bleed rates.
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Radial variation of 0. 75 Dy stator blade element performance




—— Desigr, W, V0/8 - 88.2 by, /sec, N/V@ = 100%
O Flow generation rotor test, Wa VB@/ & = 89.3 lbm/sec, N/VB = 99.3%

O stator test, W, V@/§ - 87.2 lb,,/sec, N/V@ =99.9

T3 A S ey e o
! |

65 bt o -

60

55

e

Inlet flow
angle,

ﬁz—deg

50 -

4548

550

-8 8
8L 500[%
137 L8
3L o 450p
g N i

> 400

Incidence
angle,
12—deg

LOF i i
0’9 :

0.8

Diffusion
factor,
Dty

0. Tkt

0.6}

...... s3]

; ; 3¢ 1 1 1 2!
0.507%0 40 60 80 100

Annulus height
from tip—9%

Figure 24. Radial variation of 0.75 Dy stator blade element performance

Flow turning,

AR—deg

Deviation Inlet Mach
No. ’ Mz

Loss

coefficient,

ngle,

2
85 —deg

1
n
(=]

o e TR T e T e
% S oA SE088 SES4 iS4 $843.

]

75‘A. :

65 il il Ll

0.8 |

0.7 p—

1
w
o

o
.
w

!

60 80 100
Annulus height
from tip—%

58€3-41

with minimum wall bleed.

66




v O 60% N/\/a— , Optimum Bleed
@ 80% N/\/a , Optimum Bleed
@ 90% N/V@ » Optimum Bleed
A 1007, N/V@ , Optimum Bleed
> 1107 N/\/é' Optimum Bleed
@ 1007 N/V@ . Mcan bleed @W i 73 g )
© 1007 N/V@ , Minimum bleed a %ﬂ j
A Filled symbol 'Q %A Lo

! .

[a) |

0.10

denotes minimum

loss point

0,05 F H— — L Rk & : =
___i--«»——ll—,—"l--"-"i -2 B et

1 o on ol . :
i e g T R
0 ’ -
a. 107 streamline from tip
g 0.10 ™ | f | | l | |
S 171 0 (R e e L Bk e ,
Q ; | i e i ;
w |
8 : | u: : ik
bbb
p 13 1 | ! :
8 0.05f 4ttt 1 ‘
[ 1 e |
=t | T 1
. o Y RERES ESSd Bol | hsl
| O 0
7 % o ! b=t
kSR s o |
b.
0.10— i — | ’ ; L & TR, o
( 20 o e I O AR I G0 ol '
! | ' ‘ | [ B '
3 . ! : ! : | i
| ! I 1 I 3 I
] g I FE 9 00 () R ) O o i ‘_SL
* | ! L 3 5 451 I R R
\ ] i r ' : : b | =~ P
' 0.05[=~ NACA curves for | [ 7| [T 11
— 65 Series and double — —— :
r | circular arc stators .| 31 - oS PERSY LESH] MO
| " (Reference 6) allinfadeit : 5
VR R I e " G RN R
I e e o Y P U O B R R
0 0.2 0.4 0.6 0.8 1.0
Diffusion factor, Dgq
r c. 90% streamline from tip
{ 5863-42

Figure 25. Stator loss parameter versus diffusion factor.




-poarq Trem umumdo yyim pasds 909 Je uornqiIISIp danssaxd o1jeIs I03els ‘92 aandrg

99s/Wqrgz-99 = /N "M E
3/x ‘paoyd jJuadrag
(10) § 114 (1) § 0

€5-€98¢

iaE3ERaGEAEaAAA S
- 1 R s el oY —+4
po S PS SOOOS SOGES SES0S PRSSS SEBe T
: T
1
D & < Imo
- e
B5a9 80800 00880 bogsE e
2 285e: T e
1
o T
< b +-d
T
T
e T He
= :

] se5aass2azasa s, .
1 3 yos: > 3 )R s x m °
jass sasssasass sasassesss sas:

1 -~
33533 S30: soteeseses sasas seass b
— +
» b - 1088 0EEBE NN 3 0 2888 0
L 1T ause 1
e jos o
+ ¥ 1
2 seeasssase ses:
: :
i+ 22 2 :
3 ; 3
HH : 0
1T
sasen: ©
T ¥ T
= " G &
josse sesas seus: HEEH 01
el e Be + Jogt

o
]
e {ENGEE ] e
T b0 sos e =]
o ¢ 3 s a |
S HEEE] CIEgs easd o : e 1
! BS553 3aas SEESe danas sass = I
- Sestssse: seass =
53 stz gae pesii a: W
ot S SIS
S3assases tasss susas sesssins 152 Sisi a8a = |
3ieEse et 5 252 & : »w i
1 s : 3 f
i !
%09= QN/N SR
W.l OL°0€ 06 3223 Aw.%..uw 823
| sgog 0S S sl B
S 66 62 ot SHEET e
2 08! 1 -]
— i L
- dry wouy R
ﬁ' sqe 834 ‘uI auT[ureaJ}s FEass pmstaesi:
RS % M ~ : el _ :




"Po91q TTem wnwrido yrm paads 909 JB UOHNQIIISIP danssaad O1je)s J0JB)S 97 Sandig

PS-£985 20s/™Mal 4119 = /9N "M "a
9/x ‘pIoyd jJuadiag m
00T 06 08 () 09 0S oy 0¢ 02 0l 0
T . T T T | RN ENE T : T EE 55 9 ] == =0 _
H : m - s e B e T FHh S I K Mgt S35 T et B e “
AN AN S N O O VG I | Efgps
0 | ! ! f i T 1 T ; - ’
bbb L b T . EEE
ﬂﬂ + . i e w‘. T 1 T e !

S0

69

(<]
-

0
-

S ‘QuardIIa0d aanssaxg

153 20 3 06
F— &2 £ 0¢
! ! T £ 01
e 4 (s
M d dn MS.C
w ﬁ sqe 34 -up auryweags
L ; m | ! H |

— E* L - !




‘Pad1q [Tem wnurydo yjrm paads 909 e uormqrIisip aanssaxd d1jels JI0je}S ‘9Z 2JnJrg

das/™Mar 15°15 = Q/QN ®m 0

9/x ‘pIoyd uadI3g

§5-£98¢

(110) §

!
|
i
b

2
3
1]
1]
w {
(=]
Iz
(4]
o !
o
o
=2
e
2 |
N A,m
5 Wz
%09= QA/N| oS6°€- = ¢t ﬂ
G8°Ig 06
10°2¢ 0S "
L0 °2¢ o1 i
%, )
dr) woay
sqe 84 ‘ur auT[urea}s !




*paa(q [rem wnuwrido yya paads 9,09 e uorINQLIISTp aanssaad on

das/Maqr 16°25 = Q /N M P

9/x ‘paoyd JuadIdg
0S

T3

02 0l

10y€)g ‘9 oandrg

)

dr) woay

QUI[Wed.I}S

=)
—

n

-

62

S

‘2

g ‘quardly)eod aanssald

71




[RST— (TR — b o— }

‘poa1q [res wmuwrdo yirm paads 9,09 e uoIINqrI)SIp danssad d1je)s 10je)s ‘9Z 9Indig

Sl das/at 94°gy = Q/GN "M 2

9/X ‘pIOYd JuU3dI3g
(1[0) § 0

“ 0
vvvvvvv _
=50
. -
— e v r~
e c°'I 5
5 ! @
— it 5
et ! ®
...... = ! o
_ = i EiF &
S il N S S =
=1 = T (£l
e = et d
| |%09= OA/N it o 2
: il os'ee i m i
.“.l.“ G6 "¢ 0S == f H
= L1 "€E ot IR i
— s : i 0
= Yy (%) s m ¢
dny woux; i 5 :
sqe 34 ‘ul surqureais —1= r
S i Shts e SR SRR SR TR Tt SEss i S B { = i A e
SRR ER | | SRR _
(* =5 i “ « m ,,,,,, e |

S°¢ |




*paa1q Trea wnuwrdo yyim paads 9,08 Je uoTINQLIISTP aanssaad dO19e3s I0jelS L dJ4n3rg

08

sas/Mar 1z°v8 = Q /9N ®m ®

S/x ‘pIoyd jJuadrag

v B 2 = + 1 -
_Ili S GEESS Slate SANSS ThALS LGS SN D SESESSEEES SESESOESES SONNSEES GEEED PRSI SR SEE SIS RS EL T L. SEL- S e N e
f— ——— 33
! i i i
& i $ 4
R EET o R e o R
‘ e P4
Sl o8 ! !
e . oot SO st fE R pi DS TR i I c
35 3
i i

1 1 9§
i = e i i
. PEETRY | 1 M
i ] i E
$ i | b

EN,H

VI°2€
= ¥9 1€
4+ 10°18

= > 9,08 = m?\zTS 21- =

06

0s
ol

= Gy

sqe 34 ‘ul

%)
diy wegy
AUT[WEa IS

o=

B N 0 I

B

g ‘JuUaTdIFA0d 2.inssaIg




65-£986

*paarq 1res wnwndo yyam paads 9,08

7e uorINqrI)sip aanssaad o13eIS J0jB)S L2 2InJrg

9/x ‘pIoyd u3dIdg

0S

0¥

vas/Mar 15°6L = Q/GN *m a

e
g
ClE

I 5 i
T T ‘.'TT’*"" beedl solB

%08= QN /N

Sy et
1S °€¢
19°¢¢€

0S
oIl

(%)
dr) wouay

aurweais

i

i
|

i
|
R B i T S

g ocillitifeii o freiioy

e
1fitei}
sfooeifes

!.
t

450

(=]
—

7o)
—

0°2

S ‘JualIdJJa0d aanssaldg

74




‘Paa1q 1rem wnwrydo yym paads

9,08 e uornNqrIIsIp aanssaad d1je)S I0jJB)S °LZ 9In3ig

oas /Wqr 16°GL
2/x

¢

w\g NB )

paoyo juadiag
oy

<)
-

AR —

w
%08= A/N| . S9°€-= C1[695°0 =
80 ‘¥€ 06 +
6V "v¢ 0¢ .
69 "¢ ot 14
<P (%) 1oquA4g
dry woua;
sqe Sy ‘u QUITWEdIIS
' ' = e

Seiiabihns 53

S°0

wn
—
§ ‘JuardIyFeod ainssald

0°2

4




‘poalq Tem wnwndo yyim paads 9,08 e uornqrIysip aanssaad do13elIS 10je}S  *Lg 2andig

oas/Mqr 9¢0L = Q /N ®m P
d/X ‘pIoyd juadaag
0S

o
-

n
.
i

%08= GA/N

66 "v€
61 °Ge
€0 9¢

Y4

sqe 8H ‘ur

(%)

dny wouay
auTwear;s

S°2

S ‘JUaldI}Ia0d aanssatg

76

e T




poa1q [rem wnwrido yyum paads 9,08 e uonnqrIisip aanssaad O1je)s JI03BIS LT 2andr g

oas/Mar ¢6°%9 = @ /N M o
9/x ‘pIoyd juadIag
0S

T T

§ ‘QUaTdIIJa00 dInssald

4%08= gA/N
SL°Sg 06

66 "GE 0§
¥8°9¢ oI

R A Uy (%)

bS-SA IS SE=LE L N e S Qwu EO-HH

it b 0o SOESH ‘vl aUI[WeaI}g
|

1

=

i ; R N RS

..... ‘ v boe




poarq Trem wnurydo yyim paads %06 je uorINQrIISIp aanssaad o1je)S I0jB)S °8Z 9In3Lg

£9-£986

08

das/Mar g1°g6=Q/GN "M e
3/x ‘pIoyd JuadIad
14

R W :
ol \': * - 1T1¢“1 S s
” qunli‘ e
+f : fadles : -

|
n
—

(%)

dr} woJay

sqe JH

1Y

‘ug

:.."

auT[urea.js

2584 —

S ‘JuardIyIe0d aanssalxd

78

- —




‘paaiq Trem wnwrydo Yt paads 9,06 1B UOTINGLIISTP danssaad J178)s I01BIS 8T aan3iq

oas/™Mar 0g-.8=Q/@9N ®M "q
¥9-£98S |> '
9/x ‘pIoyd JuadIag

0S

(0]0) 06 08
r A 53 5 Sk

.....

T

e

(<)
—

0
-

S ‘qUardIFIe0d aanssaldg

R iveks FEERAERERE BESRARSE:

%06= QA/N|  2E€°9-=
96 °*vg 06
60 °G¢ 0S
- (4 (1)
4, (%)
r— dny woay
sqe 34 ‘ur surTureaJjs

1oz

= EEER St e 5 e i e R i EEE ERE S HEH ] EE EEE B G I BT




‘paarq Trem wnwrido yyim paads 9,06 ye UOTINQLIISIP aanssaad o1B)S 107BIS 8% 2In31g

oas/™Mar oLz = /@M ®m 0

9/x ‘pIOYd JUIDIIAJ
ot

G9-£986

001 06 08

S ‘qUaTdIJIa0d aInssaIg

‘; %06= N /N
[ sLse

€€ '9¢
€6 °9¢

dry woay
auUI[Wea}s

e

80




'paatq [Tem wnwrdo yym paads 9,06 je UOTINQLIISTP danssaxd d11e)s 10jelg  “8% 2andrg

99-£98¢

vas /"al og-gL=Q/QMN M °P

3/X ‘pIoyd Ju3adIdg

B 8L°9¢ 06 + !

- chLE 0¢ . =

- G6°LE o1 X :
Yy (%) foquAg |l

£ dny wouay i

‘ sqe 3H ‘ur SUITWED IS %

_ - i R i e R |

l ' —— -

o
-

0
—

02

$'¢

S ‘qUaToIe0d 2Inssald

81




"pasIq TTeMm

L9-£98S
00t

06

wmuwrido yyim paads

)
20

06 e uoTINqrIIsIp danssaad d1je)s I0J€)S 8¢ InIJTg

oss/Uqr gy pL = Q/QN Mo
9/x ‘pIoyd juadIdd
0S o¥

S0

<)
—

IRt

%06= @\r\z oS8

w
.
L

e | 06 +
01 8¢ 0S .
GL°8E o1 X
Qg (%) Toqui4s
dr; wouay
sqe 34 ‘u

4

S ‘qUardIJJa0d 3Inssald

82

=S




‘paalq Trem wmuwrydo yirm paads 900T e Ho1INQLIISIp aanssaad d13u)s J0je)S ‘62 2andig

89-£98S

oot

das/Mar z1-96 = Q/GN *m e
0/¥. ‘pPIOYd Ju3dI3g

og

gL ¥E 06 | 4 EAEmleb bl NN Ul L N Rk
GL g¢ 0S
S "0¢ L N . SR | s o S50 Pt s e e s eeet o, SOl RN BRES B! S S ERE P H P R0 B SR B FRER
Oy %) 0°2
diny wouj i3 (5
sqe 34 ‘uf auT[wreas
........ chx

§ ‘JUardIFIa0d 3Inssalg

83

e ———————a— ot

-—— e




*poad1q [Tem wnwndo ypa paads 9,007 e uornqrajsip aanssaad d1jeIS JI01el3 ‘62 2INITJ

vas/Mar ¢z°¢6=Q /@M ®m 4 :
69-£98S 3/x ‘pioyd jJuadiad

(114

4

HIETTIIN sobes belBd 0%
wn
)

84

0°l

ISS2E SERTRRTENY INDNRRTRNY PO

1

i

e e e e A R R b b N Sl e ER e P

e

ol 001N /N| oLZE- = O

o= 62 "9¢ 06
{0 08°LE 0s
S B Sv 8¢ ol

B Uy (%)
== o ol dr} wouay
———+— —41 sqe 3y ‘up aur[weans

S ‘JuUardIJa0d IINssIIF

0°2




‘paarq rem wnwndo yyrm paads 9,007 1€ uoTINGIIISIp aanssaad do1jr)s I03B)S  ‘6Z 2InIIg

0L-288S

oas/Wqr 1968 = §/QN "M
9/x ‘pIoyd juadIad

0S (113 02 Cl 0

i ‘-  dmpman b == i
—— ..»IY.»I“

i . > -e .o | 2%

1 Py

S0

5

<)
-

St ooy

S ‘JuardIyIfnd 9Inssaltd

%00T=g\ /N

92°LE
8¢ '8¢
0€ "6¢

|
wn

g

sqe SH ‘ul

HUT[WEd IS

TIYTITT —— 1
S B 1 BB FESE s G o) e S TESks EEEt ) 501 3231 WO JERD 5
-1 JRES CEEEEERSE] SLES EERSS SETES SERRS SoReRURnts SORts Lont) LoRts Tot: >3l cz )
' " - - . ¥ o —




1
0

L-£986
1]

‘paalq Trem wnwundo ym paads

’ 3 b Lt - v b - ' 3 IR 2 o ol
- R poes

oas /Wq(

9,00T 1€ uoTINLI}SIp danssaad d11B)s J0JBIS "6% aan3r g

12'98=8/M ®m -p

2/x ‘paoyd yuadIdd

0S

0¢

D SESES SEESS SONSE LI5S SSISS X

= w
2001-gA/N| 0271 = (4
Ly '8¢ 06
G2°6¢ 0S
0% "o¥ o1
(4] (%)
d diy woaj
QuUI[Wead}s

o
-

o)
—

‘JUaTdIJI300 3INSSAI
S

0°¢

86




*paaIq [Tem wnwndo yrm paads 9,001 & UOINALIISIP danssaad d1je)s 101818

2L-£98S das/Mar 19-zg = Q /N M o

¢
J/X ‘pIoyd juadIag

‘62 92andrg

001 0S ov (02
. 1 m ~ v j * T — « 1,.* ]
s 5 L L] ‘ ! .
: | ! .
e e R
: | 8 | | |
| | i ,. ! A_*
=4 —
vy | |
i- g A ...... S -
P
ﬁll : 2esn
£ . _
TlLﬁ e ; o
TR O | w ‘ 4.
& ur w
! Toi-m\(z 0L°2 = 21699°0 - CW
A zzec 06 +
*n 9z "0 0% . _
= [{V 44 0l X
Ng& (%) 10quAS | M
! dn uroay i
| sqe iy tur auTjwea g ]
M i SO S i T ST

S0

w
—

‘JUBIDIIB0D 3INSSAI]

S

o~




'PAOIq TTEM UBIW Y)M paads 9,001 1€ uornqrIisIp aanssadad o1je)s 10je)g Qg 9In3g

LL-£98S oas/Mar 10°L6=Q /9N "M e
2/X ‘pIoyd JuddIdg
001 06 08 oL 09 0S ob o€ 02 (0]
: TR 4 g 1 1 ] ! i 1= i 1
EEE 2 PR R £ S I S ) L N P ] MEP OO I D M el s wyx 58 R Rl Lt I | L 0 LS 0
L i EERY 00 PR M PR i cERO UL L SR
| 1 LA

)
dry wougy
QUTTWEdIIS

(wr]

S ‘JUdIdIJJ0d 3INSSaId

-

88




‘PaaIq [TeM urdW YIm paads 9,007 e uonnqrIisip aanssaad o13els 103vIg  *0¢ Mg

8L-£98S oas /Mqr pL°g6 = w\ng em-q

9/x ‘paoyd juadrag
0S

(01]0) §

89

<)
—

n
-

S ‘JUaIdIJIR0d 9INnssaIg

06
0S
oI
%)
drj wouay
auIwea)s

T

02

G'¢ 1




6L-£98¢

(0]0)

[P

"'pPaarq [Tem ueaw Ym paads 00T I® UOTINQLIISTP danssaad d1Je)S I0Je)S ‘0 9In3rg

0L

2as/UWqr ¢g- L8 = Q /@GN m 0

2/X ‘pIoyd Juadradg
09 0¢ (1} 2

~.
T

%00T=g /N

060 = &

60 "8€
LL°8E
T

06
0¢
0T

%)

dry wouay

sqe 83y ‘up

aUITWeaIIg

+ ] e £
s B B K SR e s PR
[0quAG  fltedoiof o] I o i ”
* “ _ll .I;.y i U e ) 53 J m
g ” . , i AT b FET :
il L.s.r:. R el {4 i B ==

[S)
—

0
—

P—

10°2

G°'¢

S ‘JUaIdIB00 3Inssald

90

e S S——
[




08-£98¢

"paarq [TeM UeaW YIM paads 00T I€ uorInqra)sip aanssaaxd d11e)s I0j€IS  ‘0f InITg

das/"Maqr g, ‘g8 = Q /N "M P

9/x ‘paoyd juadrag

00t

0S

ov

0¢

et

s mhwcoomug\z g i SR r wmm.
€6 "8¢ 06 + 4 { s .

: g 08 '6¢ 0S o Bl - e ........ 5 4
i~ - e i = =E ;
e @ | wamfy [EREEEE R s =
e i 03y | _ |
sqe 34 ‘ur aur[weang j222): .wl...-. g bob il 4
SRy o e e i N IR EEREE |

i ! i g i g !
£ | i { { {

s LR

<]
-

wn

0

S

.
Ll

S ‘JuUardIjJa0d aanssaad

4

e

91




— ) sy

"PI9Iq TTeM wnwruTwa yym paads 9,001 e uonnqrIisip aanssaad o11e)s J01e)S ‘I oINS

£L-£986 das/UWaqr 996 = Q/GN M e
9/x ‘paoyd juadiag !
001 06 08 oL s 05 ov 0¢ 02 o1 0 .

1 ' -~ : 0
& 1 H 3 }
! SPRE dcks LaBS S0 Sk EReR, JL LA R S
f 1 ! ! !
| i i |
i { o i i
¢ S SSESS SSEELESEEY ! -
] l : } !
i | 7 { ! d
Tt i f== m €0
1
]
bt o s oF 1 g
4 |

92

<
-

2B LS M.O‘»H;.._ ——t el 1N —

|
%
|
|
n
—

.
S ‘JuUardryJeod aanssalg

i PR g e e s e i P o it ot LN
%) o h .x\\\ R S

dn woay e s i R s it TRy, <% \\\Mt 3 SEEAR s iSRG RN b
autT[weayg i -4 “ “ . “ | ‘ 5

i CES s o2 EEM CEEESFoxetEOCE R o TS T R s e T g et M =

33 ST D i SEPIR ERE P (S S NSO DS V] T S S C*7Z




*poalq [Tem wmuwrurw Jym paads 9001 e uornqgrajsip aanssaad d1je)s I0jeys ‘€ 2an3drg

bL-£98S vas/Mar 10°%6 = Q /N "M a

= /X ‘paoyd juadiag

(0[0) §

! w w : 1
| %00T-gA/N| <SP~ = (€690 = O it
T eerse 06 + 2
2r°Le 0¢ . i

L | spLe ot [ L
2 (%) roquuAg it

dny wouxy i

sqe 84 "y QUITWEBIIIS
—— |

{ “ ! Foo i

-SRI (O [ 4 ) o +

S0

<)
-

n
—
S ‘JuRIdIJJ900 dInssald

$°¢

93

e L N

e

e




*Pa9Iq [[BM TunwuIuTW Yira paads 9,001 € UOTINQLIISIP 3anssaad d1je)s J01e)S

SL-€986

0ot

oss /Wqr ¢1-18=Q/QMN TM O
2/x ‘paoyd JuadIdg
0S o¥

[me—— PR—

"1¢ 9an3rg

N N B 3

<)
—

0
-

S ‘JualdijyLaod 2anssalg

0°2

N
e w 3.
- &oowm\» N| 180 = O B
S evese 06
; £6 '8¢ 0¢ =
S I V17 ot . i
A 2 (@) | roquis [ s |
Lo: d dr) woay ! ! ;
sqe 34 ‘Ul UT| RIS P ! 8 .m : =
s e e t =
| : ! | {
- - - o T D T S : 1 :

6°¢

Ve




*paaq [[BM wnwruiw ym paads 9,007 e uornqgraisip aanssaad d1je)s 103els °I¢ aanS1 g

9L-£98¢ d29s/Wqr oggg = Q/GN M P
3/x ‘pIoyd Juadiag

09 0S 0¥ 0¢ 02 (1) 0

="n P

SIS BEES SRS A8 —_— -

—

{ i ' i 1

i}

ey
i

S0

=)
—

0
-

S ‘JuUarIdIJJa0d aanssalg

| os e
A 96 '1¢ 1] 8 X : ! : :

—

@) | toaws |ttt et
dniy wouaj . ot ! i

" 7 | sqesp ‘u auI[ea.t 4 O ! g ey i sl d et st e o
W : = *~ H ~ um it = ,TTZ‘.:' .;;wli,l..(*.lw,!lf.“'llf. . Bl R RS Rt Z s
H i . B t 1 .willmr.llx T O ' ) T > ! EoT0e e
i E SR e psiatcs L &g




e e R OB

-paarq Tea wnwndo Yim paads 9,011 1B uorNgrsIp aanssaxd d17e1s J03B)S g€ 9Indg

das /Al gg 00T = Q /GA Tm  E

/X ‘pIoyd juadiag

09 0¢ oy 0¢ 02 or 0

T ﬂ 0g T T 1 -* w‘ o '

] T Gl 0 |

SN T - i By i 1 i

m g ] p

i BB | 1

4 | ”

| _ .

S e AR et S 0

M, | :

+ ﬁ -4

; | p
] © ,
] oy 8 !
e ;
w
wn )
=
>
o
(o]
o 4
o ,,
- 1
= |
2
2
o !

Wz

Ho.011-gA N| <88 °8-

09 "9¢ 06
€0 '¥E 0¢
s S 1 ot
(4] (%)
d dn wouaj
i sqe 84 ‘up aurjwear;s




paarq Trem wnundo yitm paads 9,01 1€ uoTnqrIisIp aanssaad d13e)s I03BIS °ZE aanSig

09s/%q Gp 66 = em -q
28-£98C g/0M

3/x ‘pIoyd juadiad

001 06 OR

S c....wx!.AI:..mxn(..

=)
—

|
|
T
! ces 4..‘14,.. ;
) gl bl B
Ty
|
[Te]
—

Ti [BoTI=gA/N| 822 -

S0 '8¢ 06
25 "6¢€ 0S

96 "0¥% ot
4 (%)
g dry wouay
aurTwreagys 5 28 KA 300 B Ml e o
i L 'z

97

S ‘JUdIdIJJa02 dunssald




Poalq (e wnwndo ym paads 2,011 ¢ uoTnqLIIsIp 2anssaad d1je)s I10jels  ‘gg 2andig

£8-£98¢ vas/Mar 19°.6 = Q/GN M o W

9/x ‘paoyd juadiad _

00I1 06 08 oL ob W
: H i I : '

] o |
] o ,
0°1 m ‘
3
o© |
(o] | |
Q |
2, | |
L) |
o) |
R |
g b
| 0 = £0°0- = U2 w |
,, L [LOTT=gA/N| - = '
| L1°6¢ 06 [
_ 86 *0F 0$ ;
e £9 °2p 01 0°e 7
%4 %) .
P — dry wouaj B ,
| sqe 34 ‘uI auUITWed IS ek Eh S e L o Tt : | i
- - S , B , , e i { w ] 1
[ e w-vtw.ﬁt, O N i e N o f i —
Bl  ER w : : ﬁ : ﬁ -,.::_l:”r!w | ) c°z |




*paarq 1rem wnwrido yina paads 9,011 e uorInqraisip aanssaad d138)S J0jR)S °ZE 9andrg

ur, - _ B -
$8-£98¢ oas/™a1 1066 = Q /9N "m P
3/x ‘pIoyd juadI3g
0S o¥

06
0S
ot

(%)
dr} wouaj
auUT[Wea g

S ‘JUaTdIJJa0d 8Inssald

99




Sy o & — 2 —— # - bt P B - [ T [ Ry b T’I‘A TI.I. | Po—— g

‘poalq [rem wnwndo yrm pasds 9,07 e uonNqLISIp 9anssad 211e)s I0jelS  gg 9an3ig

$8-£98¢ Pes /™t 626 = Q/GN "M -2

9/x ‘pIoyd JuadIag

001

100

o
-

1o}
—

S ‘uardIyI80n 3Inssalg

e

oT1-gA/n| €2°€ =

6L 0% 06 |

2S 2P 0S . _

90 "S¥ o1 v s
Yy (%) T

di: woay
sqe 34 ‘"up auTweays
155 2 * !

S°'¢C




'paarq Trem wnwrydo yrm paads 9,011 e uornqraisip aanssaad d11e)s J0Ie)S 2§ 9anSrg

98-£98¢ 2as/Yqr 08 06 - w\g L

3/x ‘pIoyod jusdasd

001 0S

S ‘JUBTOIIIB00 3INSSAIJ

%OTT=A/N

LE'TV
9L°2% 0S
€8 °S¥ ol
%)
dn wouaj
UITWE IS

101




Streamline from tip P,
0107 Symbol

33 —— 95"’3’ 0 32. 09
| B 907 * o 32.0

SR S e e 31.86

(in. Hg abs)

;

32

30

a. iy = -3.95 and Mg = 0.425 at 60% speed

Pt2

S A R R Iy P T
' (in. Hg

H B lJ Symbol

abs)

34F

S et

@) 34.50
& 34,40

(A0S SONS nARNED I I

#=l  Pressure
et Surface side

,,,,,, lace

, - Suction surface side —pH 1,

B ] ] A R S S B ™

4T 3o I[_iL il

S81T<4—2=L Design wake. L (5
1| - intersection a1

A | FE0R] FHORT PETC: LGRS 1STS] ERY bout] skl - - Coa ! Lige " 1191 pguty vanps fuan: d25os togey resd

1 4 8 12 16

§ Rake elen.ent number

b. iy = -3.65° and Mp = 0.569 at 80% speed

Stator outlet total pressure, Pt3—in. Hg abs

5863-43

Figure 33. Stator wake surveys with optimum wall bleed.
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Figure 33. Stator wake surveys with optimum wall bleed.
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Figure 33. Stator wake surveys with optimum wall bleed
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