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TWO-STAGE FAN
IV. PERFORMANCE DATA FOR STATOR SETTING ANGLE OPTIMIZATION

G. D. Burger and M, J. Keenan
Pratt & Whitney Aircraft

SUMMARY

Stator setting angle optimization tests were conducted on a two-stage fan designed for a
tip speed of 1450 ft/sec [441.96 mfsec], an overall pressure ratio of 2.8, and a corrected
flow of 184.2 lbm/sec [83.55 kgfsec]. The tests were conducted to determine the effects
of changes in stator settings on fan performance in terms of overall fan efficiency and stall
margin and to help define which blade elements were critical in setting the fan stall line.
Detailed agrodynamic performance of the fan was obtained at 70 percent, 100 percent,
and 105 percent of design speed with four to six different combinations of stator settings
at each speed. Earlier tests had documented the performance of the fan with stators in
their design positions. One combination of stator settings, besides design, was common to
all three speeds to permit investigation of speed effects on performance.

At design speed the objective of the stator angle optimization was to improve stall margin with
a minimum penalty in efficiency. Tests with design stator-settings showed that at design
speed and pressure ratio all blade elements were sufficiently close to minimum loss to make
gains in efficiency improbable. Stall margin was improved at the expense of operating line
efficiency by closing the 2nd-stage stator (reset in a direction to reduce incidence). The
optimum configuration tested at design speed was with the 1st-stage stator set at its desigh
stagger angle and the 2nd-stage stator closed 5 degrees. This combination of stator settings
gave an operating line overall fan efficiency of 83.7% with a corresponding 14.0% stall mar-
gin, representing a 2.0% increase in stall margin and a 1.3 percentage point decrease in op-
erating line efficiency compared to design settings. Overall fan pressure ratio at stall with
this stator setting combination was lower than with the design setting configuration, but the
increased flow range provided an increase in stall margin.

The objective of the stator angle optimization at 105 percent speed was to increase
efficiency with a minimum stall margin penalty. The optimum configuration tested at this
speed was with the 1st-stage stator closed 2.5 degrees and the 2nd-stage stator opened 2.5
degrees . A gain of 1.8 percentage points in efficiency was obtained while stall margin de-
creased 4.7 percentage points. Most of the efficiency benefit was gained by the improved
2nd-stage stator recovery at the 2.5-degree open setting.

The objective of the stator angle optimization at 70 percent speed was to improve both
efficiency and stall margin. During testing, overall fan pressure ratio was increased by
opening the 1st-stage stator, due to increased work input from the 2nd-stage rotor; however,
changes in stall margin and efficiency were small. Considerable flow regulation occurred
with variations of both stator settings. The tip region of the first stage was the most highly
loaded area regardless of stator setting and was probably the cause of stall at 70 percent
speed.



The configuration with the 5-degree closed 1st-stage stator and the 2.5-degree opened
2nd-stage stator was common to all three speeds. The overall fan pressure ratio was reduced
at all speeds due to the closed 1st-stage stator which reduced the work input from the 2nd-
stage rotor. Operating line overall efficiency of the fan was unchanged at 70 percent and
100 percent speeds but was improved by 1.5 percentage points at 105 percent speed. The
speed-flow modulation obtained at 70 percent speed was small at design speed and not
evident at 105 percent speed. At 105 percent speed, the 1st-stage pressure ratios were
higher along a very steep speedline with this stator reset, and efficiency was increased by two
percentage points. First-stage pressure ratios and efficiencies were essentially unchanged at
70 percent and 100 percent speeds.

Studies were made of possible benefits of using a variable flap inlet-guide-vane in conjunc-
tion with the existing variable stators at 70 percent and 110 percent of design speed.

These studies showed a probable benefit in stall margin of approximately nine percentage
points at 70 percent speed with the inlet-guide-vane flap in a position to reduce the incidence
and loadings of the Ist-stage rotor. A small reduction in overall fan efficiency could occur
due to the inlet-gnide-vane losses. No stall margin or efficiency benefit was predicted for 110
percent speed. With the inlet-guide-vane flap positioned to increase the work input and load-
ing of the 1st-stage rotor, radial distributions of flow cause loading limits to be encountered
at the hub of the 1st- and 2nd-stage rotors and the 2nd-stage stator at approximately the same
flow where the loading limits of the 2nd-stage hub were predicted without an inlet-guide-
vane.

INTRODUCTION

An extensive program has been conducted by NASA on high speed, high-loading, single-
stage fans. Based on demonstrations of good performance at high speeds and loadings in
single stages, a two-stage, highly-loaded, high speed fan was designed, fabricated, and tested.
The objectives of the two-stage fan program were to evaluate the stage matching problems,
distortion tolerance, response to stator adjustment, and effectiveness of casing treatment
for such a fan. Design tip speed for the two-stage fan was 1450 ft/sec [441.96 m/sec];
design pressure ratio was 2.8 tip diameter was 31.0 inches [0.787 m] at the inlet of the
Ist-stage rotor; design corrected flow was 184.2 Ibm/sec [83.55 kg/sec]; and the hub-tip
ratio was 0.4. Details of the aerodynamic and mechanical designs are given in Reference 1.

Good aerodynamic performance was documented during the first test of this two-stage fan.
At design speed and pressure ratio, the measured flow closely matched the design value;

the efficiency was 85.7%, exceeding the design goal of 83.9%; and the stall margin was

10%. Measured rotor losses were about equal to the design values, but stator losses were

less than the design values. The first test was abbreviated due to flutter on the 2nd-stage
rotor blades and cracking of the root leading edges of some stator vanes. Failure of one 1st-
stage stator vane root leading edge has been attributed to a locally thin section, and failure of
one 2nd-stage vane has been attributed to a stress concentration resulting from a brazed-on
leading edge sensor. Results of the first test are reported in detail in Reference 2.



The blades for the 2nd-stage rotor were redesigned with partspan shrouds to eliminate
flutter, and the fan was rebuilt with these redesigned rotor blades, In addition, a sufficient
number of 1st-stage stator vanes were fabricated to insure that all vanes in the rebuild would
meet design thickness specifications. Stator leading edge pressure sensors were not used in
the rebuild in order to avoid stress concentrations and because the data from the first build
showed that the stator discharge instrumentation provides the same information with good
accuracy. Design details of the 2nd-stage rotor with the partspan shroud are given in
Reference 3.

Tests of the modified two-stage fan were run with uniform inlet flow, tip-radial, hub-
radial, and circumferential inlet distortion to document performance with stators in the
design positions relative to the ait stream. Results of these tests are reported in detail in
Reference 3.

This report presents the results of a stator optimization program to obtain increased over-
all fan efficiency or stall margin. Bach stator was capable of being reset in 2.5-degree
increments. The 2nd-stage stator was capable of being reset from 10 degrees open to 10
degrees closed. The lst-stage stator was capable of being reset 10 degrees closed, but axial
spacing limited opening this stator to 5 degrees from the design position. Tests were con-
ducted at 70, 100, and 105 percent of design speed with four to six different combinations
of stator settings at each speed. Results of these tests are presented separately for each
speed to clarify the effects of the stator positions. One stator reset configuration common
to all three speeds (1st-stage stator closed 5 degrees, 2nd-stage stator open 2.5 degrees) is
analyzed for speed effects on performance. The baseline performance data with design
statorsettings presented in this report were taken during the uniform inlet flow test portion
of the program reported in Reference 3. In addition to the test results, an analytical study
of the effects of adding an inlet guide to the compressor is presented.

The symbols used in this report and performance parameters are defined in Appendix A.
APPARATUS

AERODYNAMIC DESIGN

The two-stage fan test arrangement is shown schematically in Figure 1, and a detailed
description of the aerodynamic and mechanical design of the fan is given in Reference 1.

A detailed description of the redesigned 2nd-stage rotor used in this test is given in
Reference 3.

Design performance parameters at the design point are summarized in Table 1.



TABLE | — DESIGN OVERALL PERFORMANCE PARAMETERS

Corrected Speed: NA/U = 10720 rpm - Corrected Flow: W\/0/5 = 184.20 Ibm/sec
[83.55 kg/sec]

PRESSURE RATIO ADIABATIC EFFICIENCY (%}

Lacal Cumulative Local Cumulative
Rotor | 1.786 1.786 89.4 89.4
Stator | 976 1.742 - 85.3
Rutor 2 [.655 2884 89.9 86.5
Statar 2 971 1.80 - 83.7

The fan was designed without inlet-guide-vanes (IGV) but with the provision for adding a
variable camber IGV at a later date. Stators were designed with the ability for resetting at
different stagger angles without requiring removal of the fan from the test stand. Both
stators were designed to turn the flow to the axial direction {design position). The tip
diameter of the 1st-stage rotor inlet was selected as 31 inches [0.787 m] to permit use of
existing hardware and to allow adequate horsepower margin for the drive engine. With a
required lst-stage rotor tip speed of 1450 ft/sec [441.96 m/sec], the design speed
corrected to standard inlet conditions was 10,720 rpm. The inlet inner case diameter was
held at 2 minimum of 10 inches [0.254 m] to provide clearance for the front bearing com-
partment. The specific flow at the inlet to the 1st-stage rotor was set at 42.0 lbm/sec-ft2
[205 kg/sec—mzl , consistent with advanced fan technology. This, with the specified hub-tip
ratio of 0.4 and the chosen tip diameter, yielded a design inlet corrected flow of 184.2 lbm/
sec [83.55 kg/sec].

The average Mach number at the fan exit was approximately 0.5, a practical value for
thrust augmentation.

Flowpath convergence and wall curvature between inlet and exit were used to control velocity
profiles and blade aerodynamic loadings (diffusion factors) near the walls. Design loadings
were similar to those for which good single-stage performance has been obtained, as explained
in Reference 1.

Blockages were included in the acrodynamic design to account for boundary layer growth
on the casing walls and for presence of the rotor partspan shrouds. Boundary layer dis-
placement thickness at the 1st-stage rotor inlet was assumed equal to that measured down-
stream of inlet bellmouths used in research programs at Pratt & Whitney Aircraft. Growth
of the wall displacement thickness through the blade rows of the two-stage fan was
estimated using a correlation developed by W. T. Hanley (ref. 4) wherein growth along the
casing walls is chiefly a function of wall static pressure gradient. To account for the
presence of partspan shrouds, a blockage equal to the percent of total annulus area
occupied by the shroud was applied at the exit of each rotor and the inlet of the following

stator, and half this amount was used at the inlet of each rotor. No allowance for shroud



blockage was applied at the 1st-stage or 2nd-stage stator exits. Total blockage inputs to the
streamline analysis calculation at various axial locations were computed as the sum of end-
wall blockages and shroud blockages and were applied equally to all stream tubes.

The axial spacings between rotor and stator of both the 1st-stage and 2nd-stage were held
to a minimum, as shown in the flowpath drawing in Figure 2, which is in line with actual
engine design practice. A spacing of slightly more than one inch [0.0254 m] was allowed
between stages to provide room for radial and tangential traverse instrumentation at the
exit of the lst-stage stator.

Coordinates of blade edges at the hub and tip are given in Figure 2. The differences between
the coordinates of the original and redesigned 2nd-stage rotor are due to changes in blade
edge location. Flowpath walls were not changed.

Rotor and stator blade sections for both stages of the fan were multiple-circular-arc (MCA)
airfoils designed on conical surfaces which approximate stream surfaces of revolution.

Blade setting angles were determined from design flow angles and incidence and deviation
angie criteria described in Reference 1. Blade chords were chosen to be consistent with
moderate axial lengths, acceptable rotor loadings, and structural requirements. Airfoil
leading and trailing edge radii and blade thicknesses were chosen to provide mechanical
integrity while maintaining adequate flow area. A partspan shroud was located at 61 percent
span on the 1st-stage rotor and at 60 percent span on the redesigned 2nd-stage rotor. A

view of a rotor and stator for each blade row of the two-stage fan is shown in Figure 3.

Design details of the Ist-stage rotor, the Ist-stage stator, the original 2nd-stage rotor, and
the 2nd-stage stator, including manufacturing sections defined on planes normal to the
stacking line, are given in Reference 1. Details of the redesigned 2nd-stage rotor are given
in Reference 3. A summary of important design parameters of blades and vanes is given in
Table II. Stator velocity vectors calculated for the negatively sloped total pressure profile
of the redesigned 2nd-stage rotor showed that both stators would be satisfactory for tests
with the redesigned rotor.

TABLE || — BLADE AND VANE GEOMETRIC PARAMETERS

FIRST-5TAGE SECOND-STAGE
Rotor
Rotor Stator [Redesign) Stator

Number of airfoils 28 46 60 59
Aspect ratio! 248 2.75 2.63 2.20
Huh chord, inch [meter]  3.62 [0.092] 2.75 |0.070] 2.10 {0.053] 2.22 [0.056]
Tip chord, inch {meter] 4.55 j0.118] 3.10 |0.079] 1.89 [0.048] 2.45 {0.062]
Hub solidity 2.38 .52 2.24 2.25
Tip solidity 1.33 1.55 1.27 1.66

¥ Average lengihfaxially-projected hub chord



MECHANICAL DESIGN

Predicted rotor and stator stresses due to static and dynamic loads are well within the
capabilities of the materials selected. Rotor blades were fabricated from AMS 4928

{titanium alloy); stator vanes were fabricated from AMS 5613 (stainless steel); and disks,
spacers, and hubs were fabricated from AMS 6415 (low alloy steel). The 1st-stage rotor
blades have partspan shrouds at 61 percent span from the hub to avoid resonances, and the
redesigned 2nd-stage rotor blades, used in the test described herein, have partspan shrouds
at 60 percent span from the hub to avoid flutter. An oil damped front bearing was in-
corporated as a result of the initial tests which revealed incipient critical speed problems.
Mechanical design of the original fan configuration is described in detail in Reference 1, and
details of the rotor redesign and oil damped bearing design are given in Reference 3.

TEST FACILITY

The test program was carried out in a sea-level compressor test stand (Figure 4) that was
equipped with a gas turbine drive engine with a 2.1:1 gearbox to provide speed-range
capability. Airflow entered the rig through a calibrated nozzle. A 72 ft [21.9 m] straight
section of 42 in. [1.07 m] diameter pipe ran from the nozzle to a 90 in. [2.29 m] diameter
inlet plenum. A wire mesh screen and an “egg crate’ structure located in the plenum pro-
vided a uniform total pressure profile to the compressor. The airflow was exhausted from
the compressor into a toroidal collector and then into a 6 ft | 1.83 m] diameter discharge
stack. The stack contained a 6 ft [1.83 m] diameter valve to provide back pressure, or
throttling, for the test compressor. Two smaller valves, a 24 in. [0.6]1 m] and a 12 in.
[0.305 m], located in the bypass lines provided fine adjustment of back pressure.

Rotor strain-gage and inlet hub static pressure instrumentation leads were routed through
the nonrotating nose fairing. Ten struts, 14 inches [0.356 meters] upstream of the rotor
leading edge, supported the forward bearing and the assembly for the strain-gage slip-ring.
Eight struts located 11 inches [0.28 meters] downstream of the stator trailing edge
supported the rear bearing.

INSTRUMENTATION AND CALIBRATION

Airflow to the compressor was measured by means of a calibrated nozzle designed to the
standards of the 1SO (International Organization for Standards). Airflow measurements
were within one percent accuracy.

The compressor speed was measured by means of an impulse type pickup. The pickup was
an electromagnetic device which counted the number of gear teeth that passed within an
interval of time and converted the count to RPM. Between 4,000 rpm and 12,000 rpm,
accuracy was within 0.2%.



All temperatures were measured using chromel-alumel, type K thermocouples and were
recorded in millivolts by means of an automatic data acquisition system. Temperature
elements were calibrated for Mach numbers over their full operating range. Effects of total
pressure level on temperature recovery were accounted for by using the corrections found
in Reference 5. The thermocouple leads were calibrated for each temperature element.
Overall rms temperature accuracy was estimated to be 1 0°F [£0.56°K].

Wedge probes which measured total pressure, static pressure, and air angle and combination
probes which measured total pressure, total temperature, static pressure, and air angle were
calibrated for Mach number as a function of indicated static-to-total pressure ratio, with
pitch angle as a parameter. Total pressure recovery and yaw angle deviation were calibrated
as functions of Mach number and pitch angle. Accuracy of the measured air angles was
within 1.0 degree.

All pressures from probes, fixed rakes, and static taps were measured with transducers and
recorded in millivolts by an automatic data acquisition system. The accuracy of the pres-
sure was +0.1 of the full scale value. All pressures from mstrume,nt locations upstredm of
the 1st-stage rotor trailing edge were measured using 15 lbf/m [1.033 x 10° N/m ] full-
scale transducers. Pressures from the trailing edge of the lst-stage rotor and from all down-
stream locations were measured using 50 Ibffin.< [3.445 x 103 N/m ] fullscale transducers.
Two proximity detectors, located over the tips of each rotor blade at midchord, were used
to moenitor blade tip clearance.

Photographs of typical instrumentation are shown in Figure 5, and the axial and circum-
ferential positions of the instrumentation are shown in Figures 6 and 7, respectively.
Instrumentation for measuring overall and blade element performance data is listed in Table
I1I.

The eleven radial positions at each axial station were defined by the intersection of the axial
station and the redesign streamlines that pass through 5, 10, 15, 30, 50, 60, 65, 70, 85,

90, and 95 percent of the passage height at the 1st-stage rotor trailing edge. The radial
locations at which these streamlines passed the leading and trailing edges of each blade row
are given in Appendix C, Table XIIL.

The parameters that were recorded continually during excursions into stall OT surge are
listed in Table IV.



TABLE Il — PERFORMANCE AND 8LADE ELEMENT INSTRUMENTATION

Instrument Plane Location

St 0= - Injer Plenaum Chamber

Sta. - Rotor © hnlet {approx,
ratar-chord upstream of
rolor )

Sta. K- - Rotor 1 Exit approx.
halfway between rotor |
T. E. and stator | L.E.)

St 11 - - Swtor 1 Exit half-way

between T E. of statar )
and L. E. ot roter 2)

Stu. 14 - - Rotor 2 Exit

Stu. 16 - - Fun Discharge (within %

Sta. 17 - -Rig Exit

Parameter
P

T

Iy p

) p p &
air angle

1T P p.
& air ungle

”{Z)F.

02y

EJ(“P‘p,&

3) Wi

& Wy,

1} P

Type and Quantity
{x pressure Lups on plenum wall

0 bure wire chromel-alumel thermo-
couples

6.0.0. und L.D. wall static taps

2 wedge radial traverse prohe spaced
180 apart circumterentialiy.

4 0.D. wall static taps upproximately
equally spaced circumferentially,

40.D.and 41, D, wall static taps,
approximately equally spaced
circumiterentially .

Twoe NASA combination probes -
ane with circamferential traverse of
one vine gap, plus radil traverse,
Secand probe with radial traverse
a1 midgap.

40.D. and [. D, wall static taps,
dpproximately equally spaced
circumferentially.

40.D.and 4 1. D. wall static taps
approximalely equally spaced
circumferentially,

2 wedge probes, radial traversed,
Approximately 180° apart and
located at vane midchannel.

2 wake rakes located approximately
180° apart, radially traversed. 10
elements across gap.

2 wake rakes located approximately
180° apart, radially traversed, 13
elements across gap.

One circumferentia! P rake, 5 sensors

located at 50% span (used for setting
points).

(411 radial locations for uniform intet flow tests (3, 10, 15, 30, 50, 60, 65, 70, 85, 90,and 95% of
passage blade height); 5 radial tocations for distorted inlet {low tests (10,30, 50, 70 and 90¢% of

passage height)

@ Static pressure taps ahead of and behind stators are focated on approximate extensions of mean

channel streamlines.



TABLE IV — STALL TRANSIENT INSTRUMENTATION

Instrument
Plane
Location Parameter
Inlet Nozzle p 1 static tap downstream and
1 static tap upstream of inlet nozzle.
p A A_ transducer sensing the
differential pressure between the up-
stream and downstream nozzle static
pressures.
T One nozzle temperature
Sta. 0 - Plenum P One plenum static tap
T One plenum temperature
Sta. 8,11 -Rotor 1, P One 0. D. static tap
Stator 1, and Sta. 14
Rotor 2 Exit -
Sta. 16 - Fan Discharge P One 0. D. static tap
Sta. 17 - Fan Discharge P One circumferential pressure rake at
50 percent span
Gearbox N Impuise pickup
PROCEDURES
TEST PROCEDURE

The mechanical integrity of the compressor had been established during the shakedown
tests of Reference 3 where no flutter limits or vibration problems were encountered. Asa
result, no detailed surveys were conducted with hot-film probes or with strain gages during
the stator optimization tests.

Stator setting optimization tests were conducted at 70 percent, 100 percent, and 105 per-

cent of design speed with uniform inlet flow to examine the effects of various stator stagger
angles on first-stage and fan overall performance. At design speed, six different combinations
of 1st-stage and 2nd-stage stator stagger angles were tested for comparison with the design con-
figuration tested previously (ref, 3). At 70 percent and 105 percent of design speed, four
different configurations were tested for comparison with the design setting. These configura-
tions are listed in Table V.



TABLE V — STATOR OPTIMIZATION CONFIGURATIONS

NUMBER ELOW
SETTING ANGLE OF DATA
FROM DESIGN , POINTS l
Speed Stator 1 Stator 2
100% 0 0 6!
S +2.5 4 ROTOR
+2.5 0 4 —_
0 +5 3
0 5 4
0 -10 2
+2.5 5.0 4
105% 0 0 3l
-5 +2.5 4
7.5 +2.5 4
2.5 +2.5 4
+2.5 2.5 4
70% 0 0 4!
-5 +2.5 4
+5 0 4
5 +7.5 4 - A
+5 5 1 QFEN () CLOSED (-}
1 DESIGN {0}

Data Obtained in a Previous Test (ref. 3)

The stators could be reset on the test stand but could not be remotely controlled from the
test stand control room. Each subsequent stator setting was determined by observing the
effects on overall performance of the settings tested up to that point. For each configuration
tested, stall flow and stall pressure ratio were determined with the stall transient instrumenta-
tion shown in Table IV, Stall flow was assumed to be the value measured by the flow nozzle
at the instant when wall statics and the A P transducer showed abrupt changes as the rig was
throttled continuously towards stall, The pressure ratio at stall flow was determined from the
measurement made with the total pressure rake at the fan discharge, 50 percent span location
which had been correlated to the fullspan average total pressure during performance testing.
Steady-state performance was recorded for at least three points distributed along a speedline
from wide open to near stall throttle settings.

Optimum stator settings for each operating condition were determined in two steps. First-
stage stator variations were investigated first with adjustments to the 2nd-stage stator made
only to avoid high losses. These 2nd-stage adjustments were made using an analytical pre-
diction of optimum 2nd-stage stator inlet angles as a result of 1st-stage stator setting. This
schedule of 2nd-stage stator setting as a function of 1st-stage stator setting is plotted in Fig-
ure 8. In the second step, after the 1st-stage stator optimization testing, the 1st-stage stator
was set at its optimum angle, and the 2nd-stage stator optimization tests were run. If at

the end of the 2nd-stage stator optimization testing, it appeared that some untested com-
bination of stator settings would give further improvements, this combination was also
tested. Overall performance data were obtained for a total of 55 stator optimization data
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points. First-stage data were obtained for 50 of these points. All complete data points

were reduced by the streamline analysis program to obtain overall and blade element per-
formance. These data points were in addition to the 13 design stator-setting data points taken
at 70 percent, 100 percent, and 105 percent speeds during the uniform inlet flow portion of
the Reference 3 test.

DATA REDUCTION TECHNIQUES

Al steady-state performance data were automatically recorded in millivolts en computer
cards and then converted to engineering units, corrected, and used to calculate overall and
blade element parameters as described in the following sections.

Data Correction and Averaging

The data obtained from impact tube type total pressure probes (fixed radial rakes and trav-
ersing wake rakes) located in supersonic flow were corrected for shock loss.

Wedge probes were used to measure total pressure, air angle, and static pressure. Mach num-
ber was determined from calibrations of measured total and static pressure. The measured
total pressure and flow angle from these probes were corrected using Mach number calibration
curves for individual probes. The resulting calibrated Mach number and corrected total pres-
sure were then used in conjunction with standard air-property tables to calculate static pres-
sure.

Combination probes were used to measure total pressure, air angle, static pressure, and total
temperature. Corrections were based on probe calibrations similar to those previously de-
scribed for wedge probes but with an additional calibration of total temperature recovery
versus Mach number. The temperature calibration was consistent with the general method
for temperature correction described as follows.

Thermocouple signals were converted to temperature measurements using wire calibrations

for individual sensors. These temperature measurements were converted into total temperature
using Mach number calibrations for individual sensors and the pressure level correction given

in Reference 5.

The circumferential total pressure distributions obtained at the exits of the Ist-stage and 2nd-
stage siators were each mass-flow averaged at each radial position, using the measured dis-
tribution of total temperature and a constant circumferential static pressure determined by
linearly interpolating the wall or wedge probe static pressure data. The arithmetic average

of the three highest values from the circumferential total pressure distribution measured
across the passage between adjacent stator vanes at each stator exit was chosen to represent
the free-stream or stator inlet pressure at the appropriate percent of span. A circumferential
mass-flow average total temperature was also calculated at each radial position using measured
circumferential distributions of total temperature and pressure and static pressures linearly
interpolated between wedge probe or inner and outer wall static tap measurements. Circum-
ferentially mass-flow averaged temperatures from both wake rakes at the 2nd-stage stator
exit were arithmetically averaged at each radial location. During tests with the nominal
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{design) stator settings, one pressure wake rake did not traverse properly for some data points.
Comparisons of measurements made when both rakes were properly functioning showed ex-
cellent agreement. As a result, only the data from the pressure rake which worked consistently
were used in the data analysis of all stator optimization points.

Air angles measured by circumferential traverses at the 1st-stage stator exit were mass-flow
averaged at each radial location. Air angles measured by the two wedge-probes at the 2nd-
stage stator exit were arithmetically averaged at each radial location.

Performance Parameter Calculations

Overall and blade element performance parameters were calculated by means of a flowfield

analysis computer program. All parameters were corrected to standard day conditions. In-
puts to the flowfield program are listed in Table VI.

TABLE VI — INPUT PARAMETERS TO FLOWFIELD PROGRAM

LOCATION PARAMETER
Compressor Inlet 1) Corrected mass flow
{(Station 0, Figure 6) 2)  Corrected rotor speed
Rotor I Inlet Instrument 1)  Constant radial blockage factor (to account for
Plane (Station 6) estimated wall boundary layer)
Stator 1 Inlet 1) Total pressure ratio versus radius
(Station 9) 2)  Constant radial blockage factor
Stator 1 Exit Instrument 1)  Total temperature ratio versus radius
Plane (Station 11) 2)  Total pressure ratio versus radius

3)  Constant radial blockage factor
4}  Absolute air angle versus radius

Stator 2 Inlet 1)  Total pressure ratio versus radius
(Station 14) 2)  Constant radial blockage factor
Stator 2 Exit Instrument I)  Total temperature ratio versus radius
Plane (Station 16) 2}  Total pressure ratio versus radius

3y Constant radial blockage factor
4)  Absolute air angle versus radius

Total pressures and temperatures were ratioed to compressor inlet values. Compressor inlet
total pressure was assumed equal to the inlet plenum pressure. Temperatures were ratioed
to the inlet plenum temperature.

A blockage factor was used at each axial location to improve the accuracy of the static pres-

sure and velocity calculations of the flowfield program. Blockages were applied equally to
all stream-tubes at each of the axial locations. Axial distributions of flow blockage factors
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were selected so that the hub and tip static pressures obtained from the flowfield calculations
gave the best agreement with the wall average pressure for a representative midthrotile op-
erating point at design speed. Asshown in Table VII, the flow blockage factors used in the
data reduction flowfield calculation were the same as those blockages used in the redesign

of the 2nd-stage rotor except at the trailing edge of the 2nd-stage stator where three percent
blockage was added to the calculation for data reduction. These values were the same as
“those that had been used to reduce the data from the design stator-setting test reported in
Reference 3 — details of the blockage selection and static pressure comparisons are given in
that reference.

TABLE VIl — ANNULUS BLOCKAGES

DATA
STATION REDUCTION {%) REDESIGN (%)
Rotor I Leading Edge 2.4 24
Rotor 1 Trailing Edge 4.1 4.1
Stator 1 Leading Edge 4.1 4.1
Stator 1 Trailing Edge 2.8 2.8
Rotor 2 Leading Edge 2.8 2.8
Rotor 2 Trailing Edge : 53 5.3
Stator 2 Leading Edge 53 ' 5.3
Stator 2 Trailing Edge 6.5 35

and Downstream

All static pressure distributions and air angles behind the rotor were calculated by assuming
axisymmetric flow and using mass flow continuity, radial equilibrium, and energy equations.
Curvature, enthalpy, and entropy gradient terms were included in the equilibrium calculations.
Aerodynamic conditions at the blade edges were calculated by translating the measured data
from the instrument plane along streamlines to blade edges. Blade-edge stations were input
to the flowfield calculation as slanted straight lines that closely approximated the meridional
profiles of the manufactured blade edges. Blade-element parameters were calculated for air-
foil sections lying on conical surfaces defined by the intersections of design streamlines

and the blade edges. Calculations were made on streamlines passing through the trailing
edge of the Iststage rotor at 5, 10, 15, 30, 50, 60, 65, 70, 85, 90, and 95 percent of the
passage height. Percentage of passage height for other blade edges are given in Appendix C,
Table XII. In addition to the blade ¢lement parameters, the output of the flowficld analysis
program also includes overall performance of the 1st-stage rotor blade row, the first stage,
the first stage plus the 2nd-stage rotor, the 2nd-stage rotor, and the complete two stage fan.
Blade element performance is tabulated in Appendixes C, D, and E. Accumulated overall
performance to the exit of each blade row is tabulated at the bottom of the blade element
data sheet for that blade row.

DISASSENMBLY INSPECTION
The 1st-stage blade-lip rubstrip (composite material) failed while a post-test check point was

being taken following completion of the stator optimization program. Disassembly of the
test 1ig revealed minor damage {nicks) to the leading edge of the lst- and 2nd-stage vanes
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with slightly more damage to the leading edge of the 2nd-stage vanes; one of the 2nd-stage
blades had a piece approximately % in. by 1 in. [0.013m by 0.025m] broken off at the tip
leading edge. As a result of this damage, there was a sudden drop in flow, pressure ratio,
and efficiency. No deterioration in performance had been observed prior to the final check
point nor had routine inspections revealed any indication of rubstrip or blade damage

prior to this failure. Zyglo inspection of the 1st-stage and 2nd-stage vanes showed some
minute cracks on the stator vanes which progressed from the vane stem and airfoil corners
toward the center of the vane. The first stage had seven vanes with crack indications, and
the second stage had nine vanes with crack indications. All crack indications were at the

hub except on one 2nd-stage vane on which the indication was at the outer casing.
RESULTS AND DISCUSSION
STATOR OPTIMIZATION AT DESIGN SPEED

The purpose of the stator optimization studies at design speed was to gain fan stall margin
with a minimum penalty in operating line efficiency. Analysis of the blade element data
from the design stator-setting test showed that all elements were sufficiently close to the
minimum loss to preclude improving maximuim cfficiency by changing stator settings.

The following discussion presents the results of these stator optimization studies in terms of
overall and blade element performance comparisons. Stator settings are given in degrees

from the nominal stagger angle sctiing (design sctting). Negative angles indicate that the stator
was closed (set in a direction to reduce incidence). Where the stator settings are given in
parenthesis, the first number denotes the 1st-stage stator setting in degrees and the second
number denotes the 2nd-stage stator setting. As an example: (—5,0) indicates that the 1st-
stage stator was closed 5 degrees and that the 2nd-stage stator was set at nominal. For
convenience, the st-stage stator is referred to as stator 1 and the 2nd-stage stator as stator 2.
A similar abbreviation is used for the first and second stage rotors.

Fan, First-Stage, and Second-Stage Overall Performance

The following seven combinations of stator setting were tested at design speed (see Table
V): (0,0; (=5, +2.5); (+2.5, 0); (0, +5); (0, —5); (0, +10); and (+2.5, --5).

Fan Qverall Performance

Fan overall pressure ratio is presented in Figure 9 as a function of inlet corrected flow and
adiabatic efficiency with different combinations of stator settings. Four configurations had
design stator 1 settings with stator 2 settings varying in 5-degree increments from +5 to —10
degrees. These four speedlines gave a consistent trend with stator 2 closing of increasing stall
margin at the expense of operating line efficiency, as shown in Figure 10 (stall margin is de-
fined in Appendix A). Stall margin values were calculated for all speeds using the constant
throttle operating line shown in Figure 9. This operating line passes through the design
point and corresponds to a fixed area fan nozzle. Nozzle Mach numbers were determined
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by a ratio of static pressure to total pressure equal to the reciprocal of the fan overall total
pressure ratio. The nozzle flow was corrected to inlet conditions based on the selected
pressure ratio and a temperature ratio derived from test efficiencies.

Stator 2 settings changed fan performance by shifting the region of lowest stator 2 loss towards
stall as the sefting was closed and away from stall as it was opened. This effect is iltustrated

in Figure 11 which shows stator 2 total pressure recovery versus fan overall pressure ratio

for the different stagger angle settings. Other effects on performance of stator 2 setting were
caused by radial flow shifts, as discussed under Blade Element Performance.

When stator 1 was opened with the nominal stator 2 setting, stall margin increased and
efficiency decreased, similar to the trend obtained when stator 2 was closed while stator 1
was held in its nominal position. Opening of stator 1 was limited to 2.5 degrees because
further opening caused rotor 2 blade flutter. With stator 1 at +2.5 degrees, closing stator
2 from 0 to —5 degrees reduced the stall flow but also reduced pressure ratio near stall so
that no increase in stall margin occurred. Operating line efficiency decreased when stator
2 was closed as it did in tests with stator | at its nominal setting.

The major effects of opening the 1st-stage stator 2.5 degrees can be seen by comparing the
overall performance of the (0, 0) ana (+2.5, 0) configurations or the (0, —5) and (+2.5, —5)
combinations plotted in Figure 9. Opening stator 1 caused the 2nd-stage rotor to do more
work and increased the overall fan pressure ratio, but peak efficiency decreased approximately
0.5 percentage points with the (+2.5, 0) setting and 1.0 percentage point with the (+2.5, —5)
setting. Stall margin increased by 0.5 percentage points to 12.5 percent for the (+2.5, 0)
configuration due to the increased pressure ratio at stall. Stall margin decreased 1.1 per-
centage points for the (+2.5, —5) configuration compared to (0, —3) due to the higher stall
flow although the pressure ratio was higher.

Maximum flow appears to have been limited by rotor | with stators at nominal or opened
settings. Maximum flow did increase by 0.25% when stator 1 was opened 2.5 degrees, but
this change is within measurement accuracy and much smaller than the 4.5% throat area in-
crease of the opened stator 1. When stator 2 was opened 5 degrees, a 0.25% increase in flow
also occurred, again within measurement accuracy. Closing stator 1 to —5 degrees decreased
the throat area by approximately 10% and gave a maximum flow reduction of about 1.3%.
Efficiency remained high at high flow and low pressure ratio, indicating that flow capacity
was not set by stator choke which is usually accompanied by high loss. Examination of in-
cidence data, as discussed subsequently under Blade Element Performance, shows that rotor
2 probably limited flow capacity with stator | closed to -5 degrees.

Closing stator 2 to —10 degrees decreased its throat area approximately 21% and reduced
maximum flow by about 4.5%. This flow decrease appears to have been the result of stator
2 choke, consistent with the low total pressure recovery for stator 2 at this setting (Figure 1]).

The optimum configuration seems to have been the (0, —5) combination which improved

stall margin by two percentage points with a decrease in overall fan efficiency of 1.3 per-
centage points from the nominal setting.
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Stall margin and overall fan efficiency results are summarized in Table VIIL

TABLE VIII — EFFICIENCY AND STALL MARGIN VALUES
FOR STATOR OPTIMIZATION TESTS AT DESIGN SPEED

EFFICIENCY
ON
SETTING ANGLE STALL OPERATING
SPEED . FROM NOMINAL {deq) MARGIN (%) LINE (%)
Stator 1 Stator 1
100% 0 0 12.0 85.0
-5 +2.5 85 85.2
+2.5 0 12.5 84.3
0 +5 7.5 848
0 -5 14.0 83.7
0 -10 16.2 77.0
+2.5 -5 12.9 82.1

First-Stage Performance

The 1st-stage rotor pressure ratio is shown in Figure 12 as a function of inlet corrected flow

and adiabatic efficiency. The corresponding first-stage performance is presented in Figure

13, showing that with stator 1 nominal settings the various stator 2 settings had a negligible
effect on first-stage pressure ratio. Efficiency was relatively unchanged by stator settings.

The increased efficiencies shown for the (0, +5) and (0, -5) configurations appear inconsistent
with results of the other stator settings although no errors were found in the data. Comparison
of data from stator 2 reset tests in which stator 1 was set at +2.5 degrees shows no change in
pressure ratio or efficiency with stator 2 variation. Stator | total pressure recovery was affected
very little by any stagger angle changes. Pressure coefficient and adiabatic efficiency versus
flow coefficient for the 1st-stage rotor and first-stage are presented in Figures 14 and 15.

Second-Stage Performance

Performance of the 2nd-stage rotor and the second stage is represented by the pressure co-
efficient and adiabatic efficiency versus flow coefficient curves of Figures 16 and 17. Figure
16 shows that stator | stagger angle variations had a significant influence on the performance
characteristics of rotor 2. With stator 2 at a nominal setting, opening stator 1 by 2.5 degrees
did not change the flow or pressure coefficients but reduced rotor efficiency. With stator

2 closed 5 degrees, the same 2.5 degree opening of stator 1 (+2.5,-5), increased pressure and
flow coefficients but did not affect efficiency, compared to the (0,-5) combination. Stator
2 stagger angle settings had minor effects on rotor 2 performance except for the 10-degree
closed stator 2 setting. In this position, stator 2 choking reduced the flow capacity of the

second stage approximately 10% and decreased the rotor 2 pressure coefficient at the choke
point.
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Stator 2 losses had a strong effect on performance of the second stage. At open throttle
points, where stator 2 was choked, the adiabatic efficiency average of the second stage
was about 13 percentage points lower than the efficiency of rotor 2. At points where
stator 2 operated with low loss (near peak efficiency), the efficiency of the second stage
was approximately four percentage points lower than rotor 2 efficiency.

Blade Element Performance
Span_wise Comparison of Performance Parameters

Spanwise profiles of performance parameters from near stall data points for each configura-
tion were compared in an attempt to determine which blade row stalled first. Figure 18
shows near stall diffusion factors versus span for each blade row for the various stator 2
settings with nominal stator 1 settings. At the nominal stator 2 setting, the rotor 2 hub

was highly loaded and probably caused stall (Figure 18a). Closing stator 2 to -5° (Figure
18b) evened the radial loading distributions for all blade rows, and the improved balance
reduced the local rotor 2 hub value. Closing stator 2 by 10 degrees once again caused the
rotor 2 hub loading to increase to a critical level (Figure 18¢). Opening stator 2 by five
degrees caused stator 2 hub diffusion factors to approach critical values while rotor 2 values
were relatively low (Figure 18d). The only effect of opening stator | was to increase rotor 2
hub loadings slightly as shown in Figure [8e.

Spanwise profiles of exit meridional velocity (Figure 19} indicate that closing stator 2 from
-5 to -10 degrees caused blockage which forced flow away from the hub of rotor 2 and
stator 2. These calculated flow velocities were caused by the radial profiles of total pressure
ratio shown in Figure 20. Calculations also showed that a large increase in rotor 2 hub loss
caused the reduced pressure ratio (Figure 21). One explanation for the high loss is that the
free-stream pressures used to calculate rotor loss were lower than the actual rotor exit total
pressures. Figure 22 shows total pressures measured by the stator 2 exit wake rake at 10
percent span for points near operating line conditions with stator 2 at 0, -5, and -10 degrees.
As can be seen, the wake covers the entire span for the -10-degree stator setting so that no
free-stream region is apparent. The value of rotor exit pressure, calculated in the manner
described under Data Reduction Techniques, was probably lower than the true rotor exit
pressure. This resulted in values of rotor 2 loss and loading that are probably higher than
the true values, in which case the total pressure recovery of stator 2 for the (0, -10) stator
setting is even lower than that shown in Figure 11. Another probable result would be that
the corresponding rotor 2 pressure coefficient and efficiency values shown in Figure 16 are
too low,

Variations with Incidence Angle
Blade ¢lement performance in terms of loss coefficient, diffusion factor, and deviation
angle versus incidence angle is presented in Figure 23 through 26 for rotor 1, stator 1 s

rotor 2, and stator 2, at five of the 11 radial positions where performance parameters were
calculated. Tabulations of the data at all eleven radial positions are given in Appendix C.
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Rotor 1

Design speed blade element data for rotor 1 (Figure 23) shows that for any given stator setting
the rotor operates within a small range of incidence angles, due to the flow regulation of the
stators. Loss levels are relatively constant for all configurations except at the hub region and
are insensitive to incidence changes at all spans. The losses for the open 5-degree and closed
S5-degree stator 2 settings with nominal stator ! seem to be lower than the rest, especially in
the lower portion of the span.

Negative hub losses, noted from 5 percent to 30 percent of span (Appendix C and

Figures 23a and 23b), can be atiributed to incorrect matching of temperatures and pressures
in regions of steep radial gradients since the pressure and temperature probe elements were
offset radially by approximately one percent of span. Distributions of losses between
rotors and stators are not believed to be the source of the problem since stator losses appear
reasonable for these points. These low losses gave the questionably high level of rotor

1 efficiency shown in the performance map of Figure 12. Diffusion factors followed the
same increasing trend with incidence for all stator configurations, reaching a maximum
value of 0.63 from 15 percent to 60 percent of span for the closed 10-degree stator 2
setting (Appendix C). The flow limit imposed by this setting caused rotor 1 to operate at
1.5 to 2.0 degrees higher incidence than nominal, with the increased back pressure causing
the high loadings and probable stall initiation.

Stator 1

Blade element data for stator 1 (Figure 24) indicate that the losses were low for the entire
range of incidences encountered due to stagger angle or flow reguiations. A unigue curve of
diffusion factor versus incidence was obtained for each stator 2 setting. Each curve showed
loading increasing with incidence at approximately the same rate but each having a different
loading level for a given incidence angle. The curves shifted to higher incidence for opened
stator 1 settings. Diffusion factors between 0.62 and 0.64 were attained near stall for the
stator I nominal position with stator 2 closed 10 degrees. Apparently, the flow reduction
caused by stator 2 is the reason stator 1 operated at higher incidence and loading.

Reotor 2

Rotor 2 loss coefficients versus incidence angle (Figure 25) for all stator configurations show

a rotor 2 choking tendency characterized by sharp increases in loss with decreasing incidence,
particularly in the wake region caused by the partspan shroud (45 percent te 66 percent of
span). Very low incidence angles are evident for tests with stator 1 closed to -5 degrees. These
angles probably reached the minimum possible incidence (ref. 6) for the portion of the blade
having relative supersonic flow (from 37 percent to 100 percent of span), limiting fan flow
capacity for this stator setting. Diffusion factors are quite high near the hub, reaching 0.72

at eight percent of span due to high back pressure with stator 2 closed to —10 degrees.

Rotor 2 deviations are low for points where stage 1 efficiency appears to be unusually

high (Figure 13), indicating that the temperature rise attributed to rotor 2 was greater than
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for similar data points with other stator éettings.

The high value of rotor 2 loss shown at eight percent span for the (0, -10) data point at 4.5
degrees incidence is questionable since it was difficult to determine the free-stream pressure
corresponding to rotor 2 pressure.

Stator 2

Blade element data for stator 2 (Figure 26) show evidence of hub choking, as indicated by
the rapid increase in losses with decreasing incidence. From 42 percent span to the tip
there is little variation of loss with incidence for any stagger angle setting. Each stator 2
stagger angle setfing increased loading (diffusion factor) with incidence, each shifted in
incidence according to the stagger angle. Maximum diffusion factor was 0.62 at the hub for
the 10-degree closed stator 2.

Deviation angles are not considered reliable at very low incidence angles where the stator
was near choke and stator wakes became large enough to influence angle measurements.

STATOR OPTIMIZATION AT 105 PERCENT OF DESIGN SPEED

The purpose of the stator optimization tests at 105 percent speed was to increase overall

fan efficiency with a minimum stall margin penalty. The fellowing five combinations of
stator settings were tested (see Table V): (0, 0); (-5, +2.5); (-7.5, +2.5); (-2.5, +2.5); and
(+2.5,-2.5). Overall and blade element performance comparisons are discussed in the follow-
ing sections.

Fan, First-Stage, and Second-Stage Overall Pertformance
Fan Overall Performance

The fan overall pressure ratio with different combinations of stator settings is presented in
Figure 27 as a function of inlet corrected flow and adiabatic efficiency. The three configura-
tions with stator 2 opened 2.5 degrees all had improved operating line efficiencies of about
1.5 percentage points compared to that with nominal settings. This seems to have been due
to a significant improvement in stator 2 recovery near the operating line pressure ratio
(Figure 28). Closing stator 1 with this open stator 2 setting decreased overall fan pressure
ratio due to the decreased rotor 2 work input. This reduced the stall margin from 15.7%
with the nominal settings to 11% and 7.4% for stator 1 positions of -2.5 and -7.5 degrees,
respectively. Opening stator 1 to +2.5 degrees caused a slight decrease in rotor 2 pressure
coefficient near stall which resulted in a decreased overall fan pressure ratio. The one per-
centage point decrease in operating line efficiency with the 2.5 degree open stator 1 (Figure
27) was due to the decrease in stator 2 recovery in its 2.5 degree closed position, as shown in
Figure 28.

The optimum configuration tested was, therefore, the closed 2.5 degree stator 1 with the
opened 2.5 degree stator 2 which obtained an adiabatic efficiency of 82.5% on the operating
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line, an improvement of 1.5 percentage points relative to the efficiency obtained with nominal
settings. Simultanecusly, stall margin dropped 4.7 percentage points to a value of 11%
However, the data indicate that most of the improvement in efficiency could have been
obtained without a loss in stall margin by setting stator 1 at nominal and stator 2 at +2.5
degrees. At the operating line pressure ratio of 2.88, the change in stator 2 total pressure
recovery was 0.01 (Figure 28). This change in recovery is equivalent to an efficiency change
of 1.1 percentage points. In its nominal setting, stator 1 would have maintained the high

level of rotor 2 work input and the stator 2 opened setting would have given stator 2 lower
loss on the operating line. The relationship between the improvement in efficiency and stafor
2 setting was not obvious during testing because of a time lag between testing and blade ele-
ment analysis. Time was alloted at the end of the main test program to fest the optimum con-
figurations at each speed after detailed analysis of the data, but the rotor rub strip failure pre-
vented these tests (see Disassembly Inspection).

Fan flow capacity was not affected significantly by opening either stator, indicating that
rotor 1 determined the maximum flow capacity of the fan. Closing stator 1 to —7.5 degrees
reduced maximum flow by approximately 1.2%. This lower flow is believed to have resulted
from the minimum possible incidence limit on the supersonic portion of rotor 2 similar fo
the flow limit observed at design speed; however stator 1 losses indicate that this stator was
near choke which may have contributed to the flow decrease. Stall margin and efficiency
results for 105 percent speed test points are summarized in Table IX.

TABLE IX — EFFICIENCY AND STALL MARGIN VALUES
FOR STATOR OPTIMIZATION TESTS AT 105% SPEED

EFFICIENCY
ON
SETTING ANGLE STALL QPERATING
SPEED FROM NOMINAL (deq) MARGIN {%) LINE (5%)
Stator 1 Stator 2

105% 0 0 15.7 81.0
-5 +2.5 8.5 82.5
-7.5 +2.5 7.4 82.8
2.5 +2.5 11.0 82.5
+2.5 —2.5 14.7 80.0

First-Stage Performance

The 1st-stage rotor pressure ratio is shown in Figure 29 as a function of inlet corrected flow
and adiabatic efficiency. The corresponding first-stage performance is shown in Figure 30.
The first-stage and rotor 1 pressure ratios did not change significantly with any stator varia-
tion. The first-stage and rotor 1 efficiencies seem to have varied inconsistently with stator
setting with both the opened and closed configurations yielding efficiencies higher than those
for the nominal settings. At wide open throttle, stator 1 recovery did not fall off as it did

for stator 2 (Figure 28), indicating that stator 1 was not choked at any sctting tested. Pres-
sure coefficient and adiabatic efficiency versus flow coefficient curves for rotor 1 and the first-
stage are presented in Figures 31 and 32.
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Second-Stage Performance

The performance of rotor 2 and the second stage is shown in Figures 33 and 34 as pressure
coefficient and efficiency versus flow coefficient. Closing stator 1 decreased flow capacity
and pressure coefficient, and opening stator 1 increased flow but decreased the peak pressure
coefficient slightly. Actual work input increased when stator 1 was opened, but a large drop
in efficiency of approximately five percentage points reduced the ideal work (used to cal-
culate pressure coefficient) below the level obtained at the design stator setting.

Blade Element Performance
Spanwise Comparisons of Performance Parameters

Diffusion factor is presented versus span in Figure 35 for each blade row for the near stall
data points of each stator configuration. These points are also close to peak efficiency. The
nominal and closed 2.5-degree stator 1 configurations had high loadings-on the tip of rotor 2
which could have caused stall. Closing stator 1 to —7.5 degrees reduced the rotor 2 loading
so that the 2.5-degree dpen stator 2 hub became critical. Stator | loadings changed very
little with stagger angle changes.

Variations with Incidence Angle

Blade element performance in terms of loss coefficient, diffusion factor, and deviation angle
versus incidence angle is presented in Figures 36 through 39 for rotor 1, stator 1, rotor 2, and
stator 2, at five of the eleven radial positions where performance parameters were calculated.
Tabulations of the data at all eleven radial locations dre given in Appendix D.

Rotor 1

The rotor 1 blade element data (Figure 36) show that the small range of incidence angle near
the hub was extended somewhat by closing stator 1 which reduced maximum flow and per-
mitted lower flow before stall. These lower flows somewhat relieved the rotor ! cheking, as
shown by the lower losses at higher incidences for the blade elements, particularly in the
regions affected by the partspan shroud and the tip. The lower rotor 1 losses account for the
remainder of the overall fan efficiency gained with stator 2 opened 2.5 degrees. Levels and
trends in loss data are consistent with those found in the nominal position stator tests. For

all closed stator 1 configurations, diffusion factors leveled out to a maximum of about 0.55 to
0.60 in the lower 50 percent of span for incidence angles corresponding to nzar-stall data
points (Figure 35).

Stator 1
Blade element data (Figure 37) for stator 1 closed to -7.5 degrees from nominal indicate chok-
ing at the hub with sharp increases in loss with decreasing incidence angle. Opening the stator

2.5 degrees defined the stall side of the loss curve from 85 percent to 95 percents of span (ta-
bulated in Appendix D, also shown in Figure 37¢). For each stator setting, diffusion factors
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increased with incidence at the same slope but each curve shifted to higher incidence as the
stator was opened. The maximum value of diffusion factor was 0.61 at the hub for the 2.5-
degree open stator. Deviation levels increased with the closing of the stator.

Rotor 2

Loss versus incidence angle curves from rotor 2 blade element data (Figure 38) shifted to higher
incidence with the closing of stator | out to 25 percent span and then shifted to lower in-
cidence, suggesting a flow shift from hub to tip. Without a flow shift at the same flow and
wheel speed, the rotor would be expected to operate at a lower incidence with the closed stator
| due to increased preswirl. Meridional velocity profiles (Figure 400 show a reduction in hub
flow with no change in tip flow. The negative incidence angles for the outboard portion of

the blade, where relative Mach numbers exceeded 1.0, probably define the minimum possible
incidence angle for the relative flow. High hub diffusion factors were gradually reduced with
closing stator 1. At 82 percent and 88 percent spans, the rotor deviations were negative for

the 7.5 degree closed stator 1. These negative deviations occurred for data points that had
unusually high efficiency on the first stage, indicating that the portion of the fan tempera-

ture rise attributed to rotor 2 was greater than for other data points.

Stator 2

Stator 2 blade element data (Figure 39) indicate choking near the hub and tip for the nominal
and closed 2.5 degree positions as shown by the rapid increase of loss with decreasing incidence
angle. Opening stator 2 by 2.5 degrees relieved this choke trend somewhat and showed the be-
ginning of stall loss increase at positive incidence from the hub to 23 percent span. The reduced
losses near the hub for the +2.5-degree settings resulted in the improved stator 2 average

total pressure recovery responsible for the increase in overall fan efficiency.

The rise in loss levels at low incidence angles (high flows) was accompanied by a sharp decrease in
deviatton angles, which may be the result of large stator wakes influencing the angle measure-
ment of the probe at its gapwise location for a given stagger angle. Hub diffusion factors in-
creased rapidly with increasing incidence angles, reaching levels of about 0.65 when stator 2

was open 2.5 degrees. These high values of loading in the hub region are the probable cause

of stall for this stator 2 setting. Loading levels remained above 0.6 out to 11 percent span

and also approached these values near the area of the partspan shroud wakes.

STATOR OPTIMIZATION AT 70 PERCENT OF DESIGN SPEED

The objective of the stator optimization at 70 percent of design speed was to improve both
stall margin and efficiency. The following five combinations of stator settings were tested
(see Table V): (0,0); (-5, +2.5); (+5, O); (+5, +7.5); and (+5, —5). Overall and blade element
performance are discussed in detail in the following sections.
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Fan, First-Stage, and Second-Stage Overall Performance
Fan Qverall Performance

Overall fan pressure ratio and adiabatic efficiency as functions of corrected inlet flow are pre-
sented in Figure 41. Pressure ratio of the fan was increased by opening stator 1 due primarily
to increased rotor 2 work input. Higher fan pressure ratio characteristic curves crossed the
operating line at higher flows. In this way, flow could be regulated between 113.6 Ibm/sec
[51.53 kgfsec] and 119.6 Ibm/sec [54.18 kg/sec] at 70 percent speed. Similarly, opening
stator 2 increased its recovery at open throttle points, raising fan pressure ratio to overcome
system resistance at higher flows. Peak efficiency occurred near the operating line for all of
the configurations tested with peak values falling between 84% and 84.5%. Stall margins also

were nearly the same for all configurations, varying between 16.7% and 17.7%. Closing stator
1 allowed the fan to run at a lower flow before stall; nominal and opened stator 1 settings
gave approximately the same flow at stall. Stator 2 total pressure recovery versus flow curves
show that recovery varied slightly with setting angle changes except near wide open throttle
(Figure 42). Stall flow was not affected by changes in stator 2 setting when stator 1 was
fixed. Stall flows and operating line efficiencies for 70 percent speed are summarized in
Table X.

TABLE X — EFFICIENCY AND STALL MARGIN VALUES
FOR STATOR OPTIMIZATION TESTS AT 70% SPEED

EFFICIENCY
ON
SETTING ANGLE STALL OPERATING
SPEED FROM NOMINAL (deg) MARGIN (%) LINE (%}
Stator 1 Stator 2

70% 0 0 17.0 844
-5 +2.5 17.7 84.0
+5 0 16.7 84 .4
+5 +7.5 17.7 24.2
+5 -5 - -

First-Stage Performance

Pressure ratio and adiabatic efficiency as functions of corrected inlet flow for rotor 1 and

the first stage are shown in Figures 43 and 44, respectively. Rotor 1 pressure ratio was essen-
tially unchanged by stator variations. Stator 1 recovery stayed highest over the operating range
for nominal and closed settings while losing recovery near stall for opened settings. These
changes (Figure 42) did not affect stage pressure ratios to any great extent, as shown by Figure
44. Efficiencies show a lot of scatter due to the sensitivity of pressure and temperature mea-
surements at low speeds and show no consistent trends with stator setting. The shape of the
efficiency versus flow curves for all configurations suggests that rotor | was operating on the
stall side of optimum incidence as expected for this speed. Plots of pressure coefficient and
adiabatic efficiency versus flow coefficient for rotor 1 and the first stage are presented in
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Figures 45 and 46. Pressure coefficient increased with decreasing flow coefficient for the
rotor and for the stage, but increasing stator loss near stall reduced the rate of rise for the
stage.

Second-Stage Performance

Plots of pressure coefficient and adiabatic efficiency versus flow coefficient for rotor 2 and
the second stage are presented in Figures 47 and 48, These data show that opening stator !
increased the flow capacity and work input of rotor 2. Stator 2 setting had a strong effect

on flow and stage 2 efficiency at open throttle operation with stator 1 fixed at 5 degrees open
but had practically no effect near stall. Efficiency was higher for closed stator 1 settings,

but this was offset by lower first-stage efficiency at the low flow rates obtained with stator 1
closed.

Blade Element Performance
Spanwise Comparison of Performance Parameters

Spanwise variations of diffusion factors at near-stall conditions for each blade row are com-
pared in Figure 49 for each 1st-stage stator setting. The near-stall points for the various com-
binations of stator 2 setting with stator 1 fixed at 5 degrees open were nearly the same and,
therefore, are not presented. The tip region of the first stage was apparently the most highly
loaded area regardless of stator setting and was the probable cause of stall. Both rotor 1 and
stator 1 loadings were sufficiently high to cause stall. Closing stator 1 reduced its loadings,
and a lower stall flow was obtained, indicating the possibility of stator 1 controlling stall.
Opening stator 1 increased its loadings; however, stall flow was the same as for the nominal
settings, The blade row which actually initiated stall was not determined. Rotor 2 loadings
increased significantly with stator 1 opened 5 degrees, but the loadings were still much lower
than the rotor 1 values. Closing stator 2 lowered its loading distributions, as was expected.

Variations with Incidence Angle

Loss coefficient, diffusion factor, and deviation angle are presented versus incidence angle
in Figures 50 through 53 for each blade row at five of the eleven radial positions where per-
formance parameters were calculated. Tabulations of the data at all eleven radial locations
are given in Appendix E.

Rotor 1

Blade element data for rotor 1 (Figure 50) indicate the probability of a tip stall as evidenced
by increasing diffusion factors and loss coefficients with increasing (stall) incidence angles.
Values of diffusion factor betwen 0.62 and 0.63 occurred at the highest incidence at 90 per-
cent of span and reached 0.65 at 95 percent span. Deviations angles also increased rapidly
with incidence angle at 90 percent and 95 percent of span.
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Stator 1

Stator 1 blade element data (Figure 51) show that the losses were relatively constant over a
wide incidence range and increased slightly at the higher incidence angles. The diffusion factor
versus incidence curves for each stator setting angle have the same positive slope but shift with
respect to incidence according to stator setting. Levels of diffusion factor reached 0.62 near
the tip for the 5-degree open stator setting, about the same as for the rotor 1 tip.

Rotor 2

Blade element data for rotor 2 (Figure 52) show that the rotor was operating at higher inci-
dence angles with stator 1 opened to +5 degrees, consistent with less preswirl at the stator 1
exit. Mach numbers increased approximately 9% for the same wheel speed and meridional
velocity when stator 1 was opened from nominal to +5 degrees. At higher incidence angles,
losses tended to be higher for the +5 degree stator 1 setting than for the nominal setting at
all spans. Loading levels {(diffusion factors) never exceeded (.55 at any spanwise location.

Stator 2

Curves of loss versus incidence angles for stator 2 (Figure 53) indicate choking at both the hub
and tip with a rapid increase in loss with decreasing incidence. Opening the stator 7.5 degrees
relieved this choking and allowed the stator to operate near the minimum loss region across
the span. Wide open throttle data points show this choking trend at all spans, but the majority
of data is near minimum loss, resulting in little overall recovery difference in the operating
range. Loading levels were quite low for all setting angles, never exceeding a diffusion factor
of 0.5. The shifting of the diffusion factor versus incidence curves with stagger angle setting

is similar to that which occurred for stator 1.

SPEED EFFECTS ON STATOR OPTIMIZATION
Fan Overall Performance

The only combination of reset stators common to all three speeds was the (-5, +2.5) con-
figuration. Fan overall pressure ratio and efficiency versus corrected inlet flow is presented
in Figure 54 for the (-3, +2.5) and nominal configurations. As can be seen, closing stator 1
reduced the pressure ratio due to less rotor 2 work input.

Operating line efficiency of the fan was unchanged at 70 percent and at 100 percent of design
speed but improved by 1.5 percentage points at 105 percent speed. Flow regulation due to
changes in stator settings was less at design speed than at 70 percent speed in terms of percent
change in flow. The flow change at 105 percent speed was within the accuracy of flow mea-
surement.
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First-Stage Performance

Pressure ratio and efficiency versus corrected inlet flow are shown in Figure 55 for rotor 1
and in Figure 56 for the first stage. First-stage pressure ratios and efficiencies were essentially
the same for both stator settings at 70 percent and 100 percent speeds. At 105 percent speed
with the stator reset, the first-stage pressure ratios were higher along a very steep speedline
and efficiency was increased by 2%. Curves of pressure coefficient versus flow coefficient
{Figure 57) show that little change in first-stage performance occurred when the stator was
reset.

Second-Stage Performance

Plots of pressure coefficient and adiabatic efficiency versus flow coefficient for the second
stage are presented in Figure 58 for the nominal and reset stator positions. Closing stator

1 caused a drop in pressure coefficient at all speeds due to reduced rotor 2 work input. Flow
coefficient was reduced at 100 percent and 105 percent speeds due to minimum incidence
being reached on the supersonic relative flow portion of rotor 2. At 70 percent speed, the
flow was less with the closed setting because of the reduction in stator 1 throat area.

ESTIMATE OF INLET GUIDE VANE BENEFITS FOR
OFF-DESIGN OPERATION

Studies were made of the possible benefits in stall margin or overall fan efficiency at 70 per-
cent and 110 percent of design speed with the addition of a variable flap IGV (inlet-guide-
vane) used in conjunction with the existing variable stator vanes. Estimates of efficiency and
loading at operating conditions other than design were made with the streamline analysis pro-
gram incorporating an off-design cascade system for rotors, Stator loss coefficients and de-
viation angles were held constant. The cascade system calculated incremental changes from
the input design values of rotor loss and deviation angles due to incidence and Mach number
effects. At each speed, baseline performance was calculated for several flows without an
IGV and with nominal stator positions. The system gave somewhat different pressure ratio
versus corrected flow characteristics from the actual test data. Comparisons of calculated
efficiency and loading distributions with various combinations of IGV and stator 1 stagger
angles were made with the baseline values rather than test data to obtain incremental difs
ferences in stall margin or efficiency. Results of the study at 70 percent and 110 percent

of design speed are presented separately in the following sections.

70 PERCENT SPEED IGV STUDY

Test results at 70 percent speed showed that rotor 1 was highly loaded and probably instigated
stall, with stator 1 hub loadings almost as high as those for rotor 1. Second-stage blade rows
were lightly loaded. The baseline prediction with the off-design system gave the same general
loading trends as the test data for operating line conditions although the spanwise distribution
was somewhat different at the same fan pressure ratio, as shown in Figure 59. Adding an IGV
to reduce the incidence to the Ist-stage rotor (closing the IGV flap) reduced the rotor work
input and loading. In order to obtain the same overall fan pressure ratio as the baseline
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configuration at the operating line, it was necessary to run at slightly higher speeds or to

open stator 1 to provide more rotor 2 work input. Figure 60 shows overall fan pressure ratio
and efficiency versus corrected inlet flow at 70 percent speed for the test data and baseline
prediction. Two other speedlines with an IGV closed 15 degrees are shown at slightly higher
speeds, one with the nominal stator 1 and the other with stator 1 opened 5 degrees. Probable
stall flows are shown for each case based on a plot of maximum diffusion factor (maximum
occurring between 10 percent and 90 percent spans) versus corrected inlet flow for each blade
row (Figure 61), Diffusion factor values of (.65 were considered the limit for any blade row
based on past experience. Closing the IGV by 15 degrees resulted in an increase in stall margin
of approximately 9.5 percentage points (19.0% compared to 9.5%) for either the nominal or
opened stator 1 settings. Peak overall fan efficiency decreased slightly with the addition of
the IGV but was within one percentage point of the baseline and test data peak efficiency of
84.8%. Both configurations with the [5-degree closed IGV showed significant reductions in
rotor 1 loadings so that rotor 2 and stator 1 loadings became the dominant factors. Stator 1
in its nominal position (IGV at —15°) reached the 0.65 diffusion factor limit before any other
blade row. When stator 1 was opened 5 degrees (IGV at -15°), fan speed was reduced to obtain
the proper operating line pressure ratio. Rotor 2 reached the 0.65 limit first, but incidences
reached 6.5 degrees at the outer portion of stator 1 which may produce large losses. For this
reason it appears as if the 15 degree closed IGV with stator 1 in its nominal position will give
the most stall margin benefit with the least loss penalty. Spanwise loading distributions for
each blade row are shown in Figure 62 for this configuration at a flow close to the predicted
stall value. Reducing the rotor 1 loadings with the IGV may improve the tolerance to tip
radial distortion (ref. 7} which should gain stall margin with the distortion, especially at 85
percent speed where a large penalty occurred (ref, 3).

110 PERCENT SPEED IGV STUDY

Test results at 110 percent speed showed the 2nd-stage blade rows to be highly loaded with
rotor 2 probably initiating stall. The baseline prediction with the off-design loss system

(no IGV and nominal stator1) gave the same general trend of blade loadings as the test data
although the spanwise disttibution was different. Two configurations were examined with an
IGV opened 5 degrees to increase the incidence angle and resulting work input and loading of
the 1ststage rotor. One configuration had stator 1 in its nominal position and the other had
stator 1 closed 5 degrees to reduce the work input from the second stage. In both cases a
slight reduction in speed was necessary to obtain the operating line pressure ratio of the
baseline case. Figure 63 shows maximum diffusion factors (maximum occurring between

10 percent and 90 percent of span) for each blade row versus percent operating line flow

for the test data, including results of the baseline prediction and the two inlet configura-
tions with the 1GV opened. Both test data and the baseline prediction showed rotor 2 and
stator 2 maximum loadings increasing at a steeper rate with flow than the 1ststage blade
rows. Opening the IGV 5 degrees increased rotor 1 maximum loadings significantly. Rotor
2 loadings were generally lower across the span for the opened IGV configurations with

both stator 1 settings, but each configuration reached the stall diffusion factor value of 0.65
on the rotor 2 hub at approximately the same flow as the baseline case. In fact, rotor 1,
rotor 2, and stator 2 reached the stall limit at the same flow for the open IGV setting with
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nominal stator 1. Closing stator 1 by 5 degrees with the opened IGV increased rotor 1
loadings even higher than with the nominal stator 1 so that the stall limiting diffusion factor
of 0.65 was encountered at a higher flow than with the baseline configuration.

A spanwise comparison of blade row loadings for the baseline prediction and the five-degree
open IGV with closed stator 1 is presented in Figure 64 for a predicted stall flow. This figure
shows that rotor 2 loadings were generally lower across the span but peaked to the same value
as the baseline prediction at 10 percent of span.

A plot of overall fan pressure ratio and adiabatic efficiency versus percent of operating line
flow for the test data, baseline prediction, and the two configurations with the IGV opened
(Figure 65) shows little change in efficiency or stall margin due to the addition of an IGV.
The indicated stall points are based on the diffusion factor limits (0.65) shown in Figure 63.
It was concludad that the addition of an inlet guide vane would give no significant benefit
at 110 percent of design speed.

SUMMARY OF RESULTS

Stator optimization at design speed resulted in stall margin improvement at the expense of
operating line efficiency by closing the 2nd-stage stator (resetting in a direction to reduce
incidence). Improved blade loading distribution, especially on the 2nd-stage rotor, is the
probable reason for the improvement in stall margin. However, closing the 2nd-stage stator
decreased the pressure ratio and increased the hub losses of the 2nd-stage rotors. The opti-
mum configuration tested gave a 2.0 percentage point increase in stall margin (14.0%
compared to12.0%) and 1.3 percentage point decrease in adiabatic efficiency (from 85% to
83.7%) compared to the operating line point with nominal stator settings.

At 105 percent speed, operating line adiabatic efficiency was improved by 1.5 percentage
points (from 81% to 82.5%) with a 4.7 percentage point drop in stall margin (from 15.7% to
11.0%) with the 1st-stage stator closed 2.5 degrees and the 2nd-stage stator opened 2.5
degrees. The efficiency benefit came from the improved 2nd-stage stator recovery at a
2.5-degree open setting. Stall margin was reduced because of the decrease in 2nd-stage
rotor work input with the closed lst-stage stator setting. The increase in efficiency could
probably have been obtained without a stall margin penalty if the 1st-stage stator had been
left in its design position.

At 70 percent speed, stator setting variations had no effect on stall margin or overall fan op-
erating line efficiency. The tip region of the first stage was the most highly loaded area and
theprobable cause of stall. Considerable speed-flow regulation occurred with variations of
both stators but maximum recoveries changed very little.

The inlet-guide-vane study concluded that a significant stall margin benefit is probable at 70

percent speed with little or no efficiency penalty with the inlet-guide-vane in a position to
reduce incidence to the 1st-stage rotor. No benefit was predicted for 110 percent speed.
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First-Stage Blade First-Stage Vane

Second-Stage Redesigned Blade Second-Stage Vane
Figure 3 Blades and Vanes Employed in Two-Stage Fan
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Figure 5 Typical Instrumentation Employed in Two-Stage Fan
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APPENDIX A

SYMBOLS, PERFORMANCE PARAMETERS, AND
COLUMN HEADING IDENTIFICATION

SYMBOLS

A —  area, inches® [meter52]

Cp —  ratio of specific heats, Btu/lbm-°R [joule/kg-"k]

D — diffusion factor

g —  conversion factor, 32.17 1bm ft/Ibf sece

iy — incidence angle, angle between inlet air direction and line tangent to
hlade mean camber line at leading edge, degrees (labelled INCM, Table
XD

igg — incidence angle, angle between inlet air direction and line tangent to
blade suction surface at leading edge, degrees (labelled INCS, Table XI)

J —  conversion factor, 778 ft-1bf/Btu {1.00m-kg/joule}

N —  rotor speed, rpm

P —  total pressure, lbf /ft2 or n/m2

P —  static pressure, lbf/ft2 or n/m2

R —  gas constant for air

r —  radius measured from rig centerline - inches [meters]

SL —  streamline number

T —  total temperature,- °R [°K]

t —  static temperature, °R or °K

—  blade maximum thickness, inches [meters]
U — rotor speed, ft/sec [meters/sec)
A% — - air velocity, - ft/sec [meters/sec]
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Vm — meridional velocity (Vr2 + sz)%, ft/sec [m/sec] (labelled VM, Table XI)

w —  mass flow rate,- Ibm/sec [kg/sec]

z — axtal distance - inches [meters]

i} —  absolute air angle, cot'l (Vm/VE), degrees (labelled B, Table XI)

il —  relative air angle, cot™! (Vm/V8’), degrees (labelled B, Table XI)

AR —  air turning angle, degrees [radians]

¥ —  ratio of specific heats for air

& —  ratio of total pressure to standard pressure of 2116 1bf, /ft2 (1.0125x 103
N/M2]

§° — deviation angle, exit air angle minus tangent to blade mean camber line

at trailing edge - degrees [radians] (labelled DEV, Table XI)

€ —  angle between tangent to streamline projected on meridional plane and
axial direction - degrees [radians] (labelled EPSI, Table XI)

n — efficiency (percent)

0 —  ratio of total temperature to standard temperature of 518.7°R [288.16°K]
P —  mass density - lbm/ft3 [kg/meters3]

o —  solidity, ratio of aerodynamic chord to gap between blades

¢ —  flow coefficient

¥ —  pressure coefficient

W — angular velocity of rotor, radians/sec

w —  total press loss coefficient

Superscripts
r

—  relative to rotor

—  blade metal angle

138



Subscripts

ad —  adiabatic

act. — actual angle E

des. —  design

f —  front

Ef —  refers to front camber definitions which include epse angle E
in —  inlet

m —  meridional direction (in 6 - v plane)

n —  selected operating point

p —  polytropic or profile

t — radial direction

—  ratio (e.g. P = total pressure ratio)

ss —  suction surface

sh — shock

t —  transition

z —  axial component

¢ —  tangential component

0 —  plenum camber

6 —  instrument plane upstream of rotor 1
7 -—  station at rotor | leading edge

8 —  station at rotor 1 trailing edge

9 —  station at stator 1 leading edge

10 —  station at stator 1 trailing edge

I1 —  instrument plane downstream stator 1
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12

13

14

15

16

station at rotor 2 leading edge
station at rotor 2 trailing edge
station at stator 2 leading edge
station at stator 2 trailing edge

instrument plane downstream stator 2

PERFORMANCE PARAMETERS

140

a)

b)

c)

Relative total temperature

T'7=ty

Tg=T7 +

Incidence angle
im =6'7-8%7
im = B9 -F%g
Incidence angle
igs = B'7 - B*g57
igs = B9 - F*550
Deviation angle
5? = ﬁ'8 - B'*S

8°=810-6%10

1 2]
1+ _"’2 '7)2 (rotor 1) IN

i (wrg)2 . (<*J1"7)2

(rotor 1) OUT
27 Rg.

Y- 1

based on mean camber line
(rotor 1)
(stator 1)
based on suction surface metal angle
(rotor 1)

(stator 1)

(rotor 1)

(stator 1)



d)

Diffusion factor

V'S

rg Vgg -17 Vg7

V'7

D=1 h

(rg+rg)aV'y

9 Vgo -T10 Va10

Loss coefficient
, -

, [ T'8] T _ l
- P LTy -P'g
w =

P'7-p7
- Pg-Pyp
[ = N ——
Pg-pg

Loss parameter

(rotor 1)

(stator 1)

(rotor 1)

(stator 1)

(rotor 1)

(stator 1)
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g)  Polytropic efficiency

I} np = {rotor 1)

¥-1
v
2) n, = (stator 1)
in [:
h)  Adiabatic efficiency
v -1
Py -1
Mad = (rotor 1)
T
-1
Ty
"}( -
Pio Y
Ps 1
Naq = (stage 1)
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i)

k)

Stall margin

\%
Flow coefficient ¢ = —=

U nean flow

] A Hid
Pressure coefficient ¢ = "7

ad & Tactual ¢p J &¢
U2

mean flow

e W/l 1
SM = _
Wy/B¢/8¢ P16/Pg
Stall Reference
Point or
- Operating Point~

100
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DATA TABLE COLUMN HEADINGS

ROTOR 1

SC EPSI EPSI-2 LAl
OEGREE DEGREE FT/SEC

v-2 Vi1
FT/SEC  FT/SEC
¢ g % ¥y Ve Yoz
SL NG INCM DEV TURN AHOVM
DEGREE DEGREE DEGREE  DEGREE
&
', imr 5 ag P ¥z
TOMG POFO
INLET  INLET
Ts Py
TD Pﬂ
STATOR 1
s EPRIA EPSLT W vz Vi1
DEGREE DEGREE FT/SEC FTISEC FTREC
"
E" C.'o Vn V.m Vm
SL INGS INCM DEV
DEGREE DEGREE DEGREE
L ]
* i-. 'I‘YI. 8‘0

NCORR WCORR

INLET INLET
RPM Lam/seC
N w /T,

TURN RHOVM-1
DEGREE

ag Py¥me

TOMTO POSPQ
INLET INLET

T P
’6

VM2
FT/SEC

Yea

RHOVM-2
.Da\hn.

EFF-AD
IMLET

Mo

Va2
FT/SEC

mio

RHOVW-1

A mio

EFF-AD
INLET

Ted

Va1
FT/SEC

EFFP
INLET
%

e

V-1
FT/SEC

D-FAC

EFF#
INLET

vz B 82
FT/SEC  DEGREE DEGREE
Ve B, By
OMEGA-B  LOSSF PO/
TOTAL  TOTAL  POI
[~] &oesfy P
- &
WC1/A1 TOTO
LBM/EEC
SOFT
w/T, T
8 a, T,
ve-2 B 2
FY/SEC  OEGREE DEGREE
V.“, ﬂl ﬂlﬂ
OMEGA-8 LOSSP o2/
TOTAL  TOTAL  POI
o Dmaﬂlo [
= L)
TOTO1  PO2IPON
T Py

M1 M2
", My
NEFFP  XEFF-A
™o ToT
LS o
PO2PO1  EFF-AD

AOTOR
%
Py Ta,
)
M-t w32
My L

REFF-P XEFF-A

STATCST TOT-INLET TOT-INLET TOTSTG

ﬂw—ﬂ Mad
EFF-AD

STAGE
%

L

(' 3]
FY/SEC

Yy

g1
DEGREE

£

POPO
INLET

Pio

Pa

AEFFP

Mo

TABLE XI — IDENTIFICATION OF OVERALL PERFORMANCE AND BLADE-ELEMENT

w2
FT/SEC
Yy

:
DEGREE

fs

TOfTO
INLET

Tig
To

KEFF-A

Tt

M-

M',,
vl
FT/SEC

AT

M-l V-1
FT/SEC
"y v,
o POFO
FTSEC INLEY
M fs
FD
To
TO1
¥

-2
FT/SEC

L)

¥ XI1ANIddV



8l @9Vd TvNIOImo

Pl

ROTOR 2

SL. EPSIY EPSI-Z
" DEGREE DEGREE
L]
€2 €13
$LINCS ="

DEGREE  DEGREE

LT mi12
STATOR 2
SL EPSI EPSI-2
DEGREE  DEGREE
* E‘M E15
SL INCS INCM

DEGREE DEGREE

f i
i mid

NCORR
INLET
RPM

VP,

Vel
FT/SEC

DEV
DEGREE

V-1
FT/SEC

vll

DEV
CEGREE

L3S

WCORR
INLET
LBM/SEC

.

1x

V.2
FT/SEC

Viz

TURN
DEGREE

Ap

TOITO
INLET

v-2
FT/SEC

Vis

TURN
DEGREE
AB

TOTO
INLET

VM-1
FT/SEC
vmI 2

RHOVM-1

pﬂvmlz

PO/PD
INLET

13

V-1
FT/SEC

mid

RHOVM-1

Ao

PQ/PO
INLET

Pis

fa

VM2
FT/SEC

Yoz

AHOVM-2

Py

EFF-AD
INLET
%

Tad

V-2
FYSEC

mis5

RHOVM-2

qe‘mls
EFF-AD

INLET
%

N

Vo1
FT/SEC

Varz

D-FAC

EFF-f
INLET

v
FTISEC

Voa

D-FAG

EFF¥
INLET

Ve 81
FI/SEC  DEGREE
Yaa Bry

OMEGA-B  LOSSFP

TOTAL  TOTAL

o &oosf,,
20

WC1/A1

LEM/SEC

BOFT

/T,

by

vi.2 a1

FT/BEC  DEGREE

Yes B

OMEGA-8 1LDSSP
TOTAL TOTAL

F-]
TO2(TO1

&2
DEGREE

B2
DEGREE

R

PO2!
PN

P15

in

POZ/PO

NEFF-P
STATCSY

ﬂv--u
EFF-AD

STAGE
k]

Uagn

M-2

u13

REFF-A
TOT

Tad

EFF-AD
ROTOR

n
gy

U1
FT/SEC

81
DEGREE

Pra

EFFP
ROTOR

Tp1s

POFOQ
INLET

P

Po

REFF-A REFFP
TOTINLET TOT-INLET TOTETG

Mo

o

u-2
FTISEC

Y

B2
DEGREE

Bia

TOMO
INLET

Tis
TD

REFF-A

Ryt

* SEE TABLE XI!
SUBSCRIPTS REFER TO CALCULATION STATIONS

LEH

Vel
FTAAEC

Yz

POFO
STAGE
p15

Piz

KEFES
TOTSTG

n,

pst

v 1
FTISEC

M"la vl'l?

Vel POPG

FT/SEC  INLEY

Yoz P
Fo

TOU/

T01

Ju

=

V3
FTISEC

3



DESIGN VALUES OF OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

This appendix provides the design values of overall performance and blade-element data for

APPENDIX B

rotor 1, stator 1, rotor 2, and stator 2. Spans and diameters for design and test blade-element-

data are given in Table XII, and design values of overall performance and blade-element data
are given in Table XIII. The column headings for Table XIII are identified in Table XI of
Appendix A.

TABLE X1l — SPANS AND DIAMETERS FOR DESIGN AND TEST BLADE-ELEMENT-DATA

;]
=

[py—

[72]
-

o

i = = B e < I o O W T - O T S I

O ND OO0 ] O LA LD B e

Rotor 1 Inlet
Diameter Span

{(inches) (%)

13.47
14.52
15.36
18.52
22.22
24.00
24.88
25.76
28.38
29.26
30.13

Rotor 2 Inlet
Diameter Span
(inches) (%)

17.87
18.38
18.90
20.51
22.74
23.88
24.45
25.03
26.78
27.37
27.96

58
11.4
17.0
329
528
62.4
67.1
71.8
85.9
50.6
95.3

4.3

8.8
13.5
280
48.0
58.1
63.3
68.4
84.2
89.4
94.7

Rotor 1 Exit

Diameter Span

{inches) (%)

15.59
16.35
17.10
19.37
22.38
23.89

24.65 -

25.40
27.67
28.42
29.18

5.0
10.0
15.0
30.0
300
60.0
65.0
70.0
85.0
90.0
95.0

Rotor 2 Exit

Diameter Span

(inches) (%)

18.74
19.14
19.54
20.84
22.73
23.73
24.25
24.78
26.42
26.98
27.55

38

7.8
12.0
25.3
44.6
549
60.2
65.6
82.4
88.1
94.0

Stator 1 Inlet
Diameter Span

(inches) (%)

15.93
16.64
17.36
19.53
22.42
23.87
24.60
25.33
27.50
28.23
28.95

Stator 2 Inlet
Diameter Span

4.9

9.9
14.8
29.8
49.8
39.9
64.9
69.9
85.0
90.0
95.0

{inches) (%)

18.93
19.30
19.69
20.94
22.75
23.72
24.22
24.72
26.29
26.82
27.36

38

7.8
11.9
253
44.8
55.1
60.5
659
82.7
384
94.2
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Stator 1 Exit

Diameter Span ‘

(inches) (%)

17.38
17.93
18.49
20.26
22.69
23.93
24.55
25.18
27.07
27.70
28.34

4.3

8.9
13.6
28.1
48.2
58.4
63.6
68.8
84.4
89.6
94.8

Stator 2 Exit

Diameter Span

{inches) (%)

15.18

19.49 °

19.82
20.91
22.58
23.49
23.97
24.46
26.00
26.53
27.07

3.2
6.8
10.6
232
42.2
52.8
58.2
63.9
81.7
87.8

93.9"
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TABLE Xill — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

{Design Values)

U. S. CUSTOMARY UNITS

ROTOR 1
SL EPSI~1 EPSI=2  ¥-1 V-2 ¥M-l  VM-2  wg-1  ve-2 Bl B-2 m-1 -2 U~1 u-2 M*-1 mi-] yi-)
DEGREE DEGREE FY/SEC FT/SEC FT/SgC FT/SEC FT/SEC FT/SEC DEGREE DEGREE FI/SEC  FY/SEC FY/SEC F
1 16.856 18.313 632.5 1044.9 $32.5 610,9 0.0 B4T.7 0.0 54.3 g.5854 0,92%  530,1 T2P.4 0.8283 0.5510 g92.7
2 1%,.504 15.979 4506.0 100%.5 6&88.9 b1B.5 4.0 T91.5 0.0 52.0 0.59689 0.88%5 6T¢.4  Thé.7 0.8691 0,558 g37.5
3 12.34% E3.810 659.3 970.8  659.3 617.3 0.0 T4R.d 0.0 50,5 0.6120 0.B523  T27.8  B00.0 0.9116 0.543T7 gaz.o
4 6.B11 8,058 651.3 892.4 &91.3 607.9 0.0 853,21 0.0 47,3 0.6442 0,775  B6&.5 05,9 1.0379 0.5722 1lpa.s
5 0.897 1,660 Tla«4 B26.T TI3.4 592.8 0.0 57T4.4 0.0 44,2 0.6686 0.7112 1039.6 1047.1 1.1781 0.6511 1260.8
6 -ba70t -1.161  T15.% BC3.T T15.9 5BB.1 D0 547.8 0.0 43.0 0.6492 0.4887 1122.8 111T.4 1.2447 0.7017 1331.4
T -248T5 ~2.499 Tls.l T95.0 T15.1 58T.4 0.0 538,79 0+0  42.4 0.6683 0.0800 1163.9 1152,9 1.2767 0,7288 1366.]
B —5.281 ~3.,792 T13.0 7B7.9 T 3.0 588.0 Dap 524.5 (] 41.7 0,.5652 0.6729 1205.0 1188.2 1,3082 07572 1400.2
7 -B.23T _T7.436 469841 TTB.B  4%a.l 591.7 00 506.3 0.0 40.5 0.6510 0.5813 1327.7 1294.1 1.398% G.8368 lsoo.0
10 -9.620 —8.941 690.0 7T80.8 06%0.¢ 593.% 0.0 507.3 0.0 40.5 0.6428 0.8613 13885 1329.4 1.4279 0.8580 1532.4 |
11-11.014-10,280 &480.3 7T89,2 &80.3 593,3 0.0 320.4 0u0 4142 0.6331 0,4457 140%.4 1364.T L.kS564 0.8704 15850 1
SL INCS  INCM D&V TURN =~ RHOYM-1 RHOYM-2z D-FAC DMEGA~B LDSS-P  PD2/ YXEFF—P TEFF-A B*—1 §t-2 ¥B'=1 va'-y  FOSPO
OEGREE DEGREE UEGREE DEGREE TGTAL  TOTAL POL Tor TOT  DEGREE OEGAEE FT/SEC FT/SEC  INLET
Io-lea9  2.92 16,98 55,67 40.98  48.60 0.5274 0.0435 0.011s 1.950% 97.13 96.89 44,69 =10.97 —$30.1 11p.3 1.8%%
2 ~les?T 2,73 17,17 4873 41.55 5040 0.5855 0.043% 0.0101 1.8321 FTe40  ST.19 48,25 -2.48 ~6T9u4 26,8 1.8321
3 -1.34 2478 18,22 42497 42.08  £1.2T 0.5805 0.0465 0.0111 LoB178 97.00 98.75 47.66 4,69 -T27.8 -50.7 }.8178
& =0.16 2,31 17.8B 28,77 #3.31  S2.56 D.5888 0.0586 D.0l4s §.7873 F5.37 94,99 51.34  22.57 -864,5 -252.56 1.7873
51.02 3,70 Bul9 1T.07 44uD3 52 78 0.5375 0.0843 0.0198 1.7593 92,04 91.3% 53,53 30.46-1039.6 -470.& 1.Te93
& 155 3,83 6.Te 1337 a2 52.09 0.5150 0.0%h8 0.0215 1.7651 0.4 B9.69 57.48 AA,)10-1122.8 -569.8 1,745]
T laBe 3.96 4010 12,03 4%.0%  53.04 0.5029 0.0992 (L0222 1:.7630 BR.T3 BA.89 58.44 46.42-1163.9 —617.2 1.7850
B Z.18 4.1 5,60 10.94 44.08 53,28 0.4903 0.1029 0.0727 1.T6sD 69,08 6B8.19 59.40 48.46-1205.0 -863.7 1.7680
9 322 4,84  £.25 P22 A3.55 53,85 0.4613 0,12%55 0.0265 1,7760 B5.9% 84.19 62.26 53.05-1327.7 -7B7.8 1.TT60
10 3.35  &,8% T.11 313 42,26 53.95 D0,4565 0.1398 0,029 1.71830 84.30 82.9% 63,23 S4e11-1368.5 —822,.1 1.78230
Hl 3.8 5.02 8.¢b 940 42,90 53.68 0.4413 0.1668 0.0355 1.79%62 B1.45 T79.89 s4.2] 54.80-1409.4 -844.2 1.T7942
TO/TD  POAPO  EFF-AD EFF—F WE1/41 TO2/T0)  PO2/PDL  EFF-AD EFF=p
IMLET  INLEYT  INLET [NLET LBMASEC ROTOA  ROTOR
kS £ SQFT 3 b
1.2004 1.7856 B89.3% 90.1T7 41.84 1.2014  1.7856 B?.35 90,17
STATOR 1
sL EPSI~1 EPSI-2 V-1 ¥-2  WM~]  ¥HM-2  Ve-1  ve-2 B=l B=2 M-1 n-2 PO/PO T0/T0 PO/PO  TD2/
DEGREL DEGREE FT/SEC FT/SEC FV/SEC FY/SEL FT/SEC FY/SEC DEGREE OEGHEE INLET INLET STAGE 701
1 18,108 14.B72 1048.7 645.2 &641.6 645.2 §29.8 . 2.5 0.0 0.9295 £,5434  1.7097 1.1983 1.7097  1.1983
2 15,799 13.107 [0)2.9 &%6.9 b&%.]l sd4b.q TII.S Dt 5043 0.0 0,004) §.5459 1.7191 1.1942 1.7191  1.1942
3 13,695 11.432 982.5 £50.1 648.% 650.1 T3s.) 0.0  48.8 0.0 0.0841 D.5&92  1.7277 1.1923 17277 1.1923
4 B.225 8.B2)1 910+7 £53.3 #3%.B 653.3 648.0 0.0 A5l 00 D.7935 0.5%2T 1.737 1.1899 1.7376  1.189¢
S 2.216  1.i92 049.3 636.9 6240 056.9 5T5.4 0.0 42,6 0.0 0.7327 0.5550 1.738& 1.1938 1.73B6 1,193¢
6 ~0u39% =1.234 g2T.6 659.9 419.9 459.9 548.3 0.0 41,5 .0 0.7112 0.557¢ 1.7398 1.1964 1.7398  1.1964
T —1.619 ~2.410 Bl%.4 882,72 619.1 paZe2 538.8 0.0 40,9 0.0 07029 0.5586  1.7417 t1.1981 1.76417  1.1981
B ~2.782 -3.51% Bl2.8 665.0 619.5 béS.g 526.1 0.0  #D.& 0,0 0.696) 0.5607  1.7445 1.1999 T.Taes  1.1999
§ —5.018 —6.557 B05.2 &T4.0 5£23.6 6T4.0 509.3 0.0 39,3 040 0.685T 0.5662 1,757 1.2101 L7547 1.2101
10 —T,04% ~T.465 BOB.0 &75.8 A246.1 675.8 510.8 0,0 39.3 C.0 D.6861 05663  1.T564 1.2163 1.7566 1,72163
1l —8.,088 -g.333 B17,4 063.4 b27.1 683.4 524.5 0.0 400 0.0 0,4918 0.5707  1.7440 1.2278 17640 1.2278
SL InCS  INCmM DEV TURN  AROYM-1 RHOVN—2 D-FAL OREGA-B LOSS-P P02/ TEFF—P SEFF=A XEFF-P SEFF—A XEFF-P
DEGREE UDEGAEE DEGREE DEGREE TotAL TOTAL POL STATC=5T  TOT~IMLET TOT-INLET TOT-5TC TOT=-5T¢
1 —0.08 Z.03 32.33 52«47 50.BT 60499 0.5398 D, 1784 0.034% 0.9237 7TT.Tp 83.43 Bhab2 83,43  B4.E2
2 -0.5% 1.2 11,23 5026 52.56 61.61 p.S183 0.1523 0,0323 0.9383 79.81 26,17 8T.18 Bb.lT  BT.l6
2 DTE 2,03 10237 &g.TT 53,38 £2.2Z7 O.4B0 (L1288 0.0284 p.9504 81,90 a7.87 88.75 87.87  BB.T5
A -l bk 2,08 9,27 45,36 54.63  652.90 0.4331 0.0819 0,000 0.9T27 86,20 90.00 20.73 90,00 90.T3
5 T2.B6 2418 9,31 &2.864 34,86  63.01 0.51p6 0.0579 0.0158 0.9828 87,95 88,38 89.21 88.26 p9.21
6 wi,x3 ZopB  9.36  41.49 54.96 63,13 0.3921 0.0501L 0.0143 0.985T 88,37 8T.23 [LIS LY 87.23 88,16
T -3.B6 2,01 9,39  40.94 55,10 53,27 0,383) 0.0449 00137 0.9868 88,50 80.6% 87.53 BL.65 87,63
B —4.24 190 943 40,36 55,33 63,48 0,3745 0.0440 0,031 0,987Tg 88.65 85,14 8T.16 84,14 8T.18
9 -5,31 1-3T 10,55  39.31 55,50 £3.98 03618 00443 0.013% 0.9880 8T7.27 82,87 Bh. 14 BZ.87  Ba.l4
10 ~5.86  1.41 11,77  39.30 56.03 63.89 0.3656 0,059 O0.0174 0.9852 84.42 80,68 02.12 80.68 82,12
11 -5.60 1.5% 13.31  40.03 55,82 64.14 0.3T19 0.0655 0.0210 0.982% Blu50 7 rT.22 73,93 T7.22 14.93
NCORR  WCDRR  TO/TO  POSPO  EFF=AD  EFF—P TO2/T0L P02 /pOL EFF—AD
INLET  INLEY INLET  IMLET  IMLET JMLET STAGE
RPM  LBM/SEC 3 X 1
L0720, 104,20 1.201% 1,7422 &5.26 86.36 12014 0.9T57 85,28
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ROTOR 2

EPSI-1 E£PSI—z  ¥-1 ¥=2 ¥Rm=l  VM=2  VO-1  y8-Z -1 B=2 -l L u-1 u-2 Mi-1 M-I  we-l  vi-2
DEGREE DEGREE FT/SEC FVT/SEC FT/SEC FT/SEC FT/SEC pF/SEC DEGREE DEGREE FTsSEC  FT/SEC FT/SEC FT/SEC
1l.563 11,020 712.7 11s5.6 712.7 707.2 0.0 926,5 0.0 52,5 0.6041 0.9383 #35.%  A75.T 0,9311 0.5707 1090.5 709.0
10,701 9-T01  7Z1.1 tl28.1 721.1 TO09.0 G0 BT4.% 0ol S0.% 0.4129 0.9051 859,53  6¢5.1 0,953e 0,3707 1122.0 T09.3
Y.68T B.437 TI0.B 1085.7 TI0.B TOT.T 0.0 823.3 0.0 &4%.2 0.4224 0.8727  883.9 914.2 0.9767 0.53733 1l48.9 T13.8
6,086 4.970 TH0.2 9B4.E8 T50.z 6B4.0 0.0 TL1,.3 0.0 46,1 0.6409 0.TH9S  959.5  975.0 1.040% D.3BAS 1218.0 7T33.0
0.051 0,B0% 7H2.2 BOO.6 T2.2 béb.2 0.0 598,2 0.0 42,8 0.8%09 0.6998 1043.8 10483.1 1.1175 0,636 1308,.7 T96.0
—L+69% =1,214 The.2 BI3.3 Tbe.Z 630.0 0.0 5455 0.0  #0.9 U.p519 D.880T 1114.9 L110.0 1.1545 0.6T0T 13%3.3 #&e.D
—2.906 —2.219 To%.¥ AL1.3  Teh.Y  621.7 0.0 521,3 0.0 39.9 0.85Z) 0.4425 1142.7 113%.2 1.1729 0.4914 13Te.0 A&73.D
4,053 =3.227 Tb5.6 T93.1 TeS5.6 &l4.1 Q.p 301.9 0.0 39,2 00,6322 D.6273 J170.7 1158.9 1.1916 D.T113 1398.8 8994
=Ta190 -£.449 T&6.3 Tel.9 Tes.3 &08.3 0.0 458,9 0.0 36,9 U.4498 0.3995 1252.8 1235.7 1.Z453 0.TT63 l4s8.6 906.T
~B.106 =T7.603 Toad T63.0 Tek.B 6068 D0 4025 0.0 37.2 D.6457 05978 1280.3 1262.0 1.2810 C.TH64 1491.% L0O03.7T
—8.805 ~8.747 THB.S TT0.6 T6H.5 602.3 0.0 480.0 0.0 3p.5 D.46448 03990 1308.0 L200.8 1.2767 0.T834 L517.0 1007.9

INCS IMCA DY TURN RHOVM-1 AHOVM=-2 D=FAC OMEGA=-p (OSS-F Po27 YEFF—P YEFF—& B*-1 Be=2 vat-1 v8'-2 rO/sPO
DEGREE DEGAEE DEGREE DEGAEE ToTaL ToTaL POl 0T Tov CEGREE DEGREE FT/SEC FY/SEC INLET
=0.01 .31 L&, 39 53.48 &5.20 T#.83 0.5515 0.133% 0.0303 | BA31 F1.73 90.95 49,47 =4.01 -035.9 49.8 3.2197
0.01 hohB  15.44 &l.dy o023 81,37 0.5537 0.1295 0.0303 1.0443 9).42 90,45 #9,98 1,62 -B5%.5 =20.2 3.1705
0.07 4,65 14,02 43.13 »T.2p 82.59% 0.5527 0.123% 0,0293 1.8039 9124 90.48 50,43 Tel9 =8p3.9 -90.9 13,1168
o027 5.06 11.%1 30.9% 58,77 B2.98 0.3497 0.1066 D.p2%6 1,.T20T 91,08 %0 3¢ 52,02 21.08 -939.5 =283.7 3,0038
a.v1 S i Ta.51 18.65 B9,27 80,80 0.3213 0,0044 O0.0194 |.4595 91,55 90,92 54,38 35_.F3-1063 .8 —484,9 2.8852
1.23 5.57 5,43 1376 89,3 79.50 p.4%4L 0.072% O0.0140 1.6251 92.06 91.49 55.80 41.84-1116.9 =3od.s 2.8274
1.32 S.h0 5.29 LlagS  59.33 T8,67 0.4805 D.0694 0.0151 1.6068 $2.06 F1.49 58,20 44.54-1143.T =612.9 2Z.798¢
1,50 3.21 455 7.%91 0v.4p TT.81 0.4489 0.0709 0.0132 1.5907 91.39 9Ll.0]l 56.78 45.87~1170.7 —657,0 Z.T74%
L.67 4.35 474 5,66 69.38 Té.BT 0.4365 0.0T41 0.0180 11,3387 90,40 89,78 SB.480 4).83-1282.8 —774.8 2,.73%0
1.87 .03 6.01 4.39 &%.10 To, 17 G.42308 00908 0.0200 1.5576 88.26 pT.51 %9.08 52.49-12B0,3 -T99.5 2.T360
1,97 k2 T.55 &.28 89,07 T4.56 Gua544 O.1264 00286 1.3556 04.00 82.97 59.48 33.70-1308.0 ~308,2 2.7440

Tg/To  PO/JPO EFE_AD EFF-P MCl/a1 T02/7T01 POZ/pOL  EFF-Ap EFF-f
FNLET  IMLET  INMLET XINLEV LBM/SEC ROTOR  ROTOA
4 % SQFT z z
1.4071 2.8038 84,48 80,30 4l.44 1.1712  1.455) 89,85 90.%3
STATOR 2
PSI-1 EPSI=2  ¥~1 V=2 VM-l VM—2 Ve-1 y8-2 -1 B-2 "=l n-2 PO/PO TosTa PO/PD  TOZ/
SEGIEE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC ¢T/SEC FT,SEC DEGREE DEGREE INLET INLEY sr:&g I‘gioz
8.365 0.533 1194.0 T72.3 Tos.s TT72.3 917.3 0.0 S04 Dal DJPESH 05934  2.9829 1.4578 1.7 .
T.13% 04220 1153.8  757.4  TaD.A T5T.4  BeT.4 0,0 48.9 D0 09322 0.5881  2.95674 1. 4440 1.7261  1.2092
6,016 —0.08% 1112.5 T40,7 7T55.1 T40.7 H17.1 0-0 4T 0.0 0.8976 05728  2.9465 1.4325 L.To54 1.2014
3,203 -0.80%5 1011.97 T04.3 T22.p TO4.5 7T08.1 0.0 45 0.0 0,8122 0.54T4  2.8977 1.4113 16677 1.1;51
0,286 ~1.497 904.6 653.6 6T9.1 o53.6 597.6 G.D 413 0,0 0.7208 06,5085 2.B1356 1.397 1.6195 1.1701
0,948 ~1.08% B5T.5 #25.2 b6&61.5 625.2 545.7 0.0 39.5 0.0 OepBle 0.486T7  2,7698 1+3097 1,5920 l.l614
=1,540 -1.89] B838.0 611.5 6&53.0 611.5 521.9 0.0 3.5 D.0 D.883T O.4T8n 2.TATO 1.3889 1.57177 1.1:1:
2,137 -1.68L B18,5 800.9 0645.7 600.9 503.¢ 0.0 3T.% 0.0 05489 0.46TT  2.T7301 1.38%7 1.5030 :.1420
—4.029 —1.46] T93.3 3Hb.4 643.6 584,56 4bl.l 0.0 3s.8 Ge0 Geb26] D.4531  2.4985 1.3912 1.5379 1.
—4 767 =ie333 TU0.4 =88.4 G488 S88.4 4p5.3 0.0 38,7 0.0 0.46276 O.4546  2.693% L.402¢ 1.533% l-lssg
50645 =1.181 Bll.4 35940 451.2 3P4.B  eBe.] 0.0 36,7 0.0 0.4331 0,453% 2.69]9 14254 1.5280 1.1sl
TURN RHOVM-1 RHOYM-2 D=FAC OMEGA-B LOSS—F  POZ/ XEFF-P EEFF-A REFF-P LEFF=A ZEFF~P
oi!ﬁés D;:::E negsgz DEZ:EE " TOTAL  TOTAL POl STATC-ST  TOT-INMLET TOT-INLET TOT-STG TOT-5T¢
1.99  3.55 11.82 50.44 04,20 101.95 00257 0,183 0.0349 0,9265 7T8.54 T9. T4 82,55 T9.10  BD.68
1.51 353 B1,2%  #B.%4 B85.56 100,90 0.315T7 O.lags .03k 0 9359 79.49 Bl.71 B 24 80.07  81.53
D.T8  3.26 10.B5  AT.4D 86.4% 99.38 0.5059 0.1342 0.0313 0.9434 01.08 3.8 83,58 81.21  82.38%
S100 2.T6 10232 Ahoss B8.ZT 95.62 0.4TTT D.1005 0.0250 D.964AT BA.09 86,03 aT.93 83.9% os.go
=338 L.gp L1030 41,32 83.77  88.81 0.4550 0.0826 0.0221 0.9739 8527 25.42 B8.23 Bb.23 87.13
.90 089 10.22 3949 BI.AD  84.8T 0.4&TH D.OTSY 0.0211 0.9T96  B3.B4 28,38 .16 57.3%  88.1S
a5.83  D0.37 10.16 38460 81,38 02,97 Q.6kés Q.0TLL 0.01ys 0.9818 66,81 8823 8s.01 87,72 BB.A9
516 ©O.0% l0.ll  3T.89 p0.TT 81,34 Guésls 00654 0.01856 O.9839 B87.43 85.87 aT.70 87.62 88,37
—8.25 =1,5% L#.17 35,55 B0.36  TA.el Q.adzl 0.05T6 00189 D.98&R AB.60 83,54 85.83 8609 e;.s#
“8,7T ~lagb 10.7T 3568 80,06 T8.09 04364 0.o862 0.01%6 0.9s4s 67.03 80,99 83,41 B4,2% 28,1
—9,03 —1.93 11.93 36.TL T9.0%  TT.50 O_A4b0 O.0BDS 0.0240 0.30L0 04,49 To.58 79.53 T9.14 8034
NCORR  WCORR  TO/TD  pOsPO EFF-Ap EFF-P T02/T0)1  PO2/POL EFF=AD
INGET  INLET IMLET  INLET  INLET [EMLET STAGE
RPM  LBM/SEC X 2 X
10720, 184.20 1.40T1 2.8003 03,70 B5,8% 1.17112 0.9710 84,26
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APPENDIX C

OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
AT DESIGN SPEED

This appendix provides test overall performance and blade-element data at design speed for
rotor 1, stator 1, rotor 2, and stator 2. The data is presented for seven combinations of stator
settings at various flows and pressure ratios. An overall-performance and stall data summary
is given in Table X1V, and the complete overall performance and blade-element data is given
in Table XV through Table XXI. The column headings for Tables XV through XXI are ident-
ified in Table XI of Appendix A.

TABLE XiV — OVERALL PERFORMANCE AND STALL DATA SUMMARY FOR DESIGN SPEED

PERFORMANCE
STATOR CORRECTED
REF, TABLE'" SETTING @ FLOW N 11 n
a ad, 16

Si 82 Thm/sec P“)'PO % Pls/Py %
XV(a) 0° o° 185.6 1.684 $8.09 2.306 7253
XVib) 0° 0° 185.3 1.722 8594 2.868 85.16
XV(c) o° 0° 185.2 . L1712 87.07 2.860 85.30
XV(d) 0 0° 184.2 1.743 87.28 2.926 85.37
XVie) 0° 0° t82.9 1.779 88.07 2.950 84.95
XV o° 0° 181.0 1.809 89.22 31016 8472
XVI(a) - -5° +2.5° 183.2 1.739 86.61 2212 73.24
XVI(b) -5° +2.5° 183.2 1,750 88.68 2,398 80.63
XVIc) -5° +2.5° 183.] 1.755 $7.23 2.644 85.19
XVI(d) -5° +2.5° 177.9 1.517 86,11 2.830 84.76
XVII() +2.5°  0° 186.1 1.691 B7.17 2,295 71.33
XVIIi{h) +25°  0o° 186.0 1.713 8779 2.851 84.65
XVIlc) 25 0° 184.4 1.772 88.43 2.985 8426
XVII(d) 25 0 183.0 1.804 88.66 3.021 83.99
XVIII(a) o° +5° 1859 1.698 90.18 2.307 7591
XVIi{b}) 0° +5° 185.5 1.712 89.61 2.784 84,65
XVIII(c) 6° +5° 1835 1.786 91.05 2,941 84.28
XIX(a) 0° -5° 185.5 1.714 90.73 2.346 6998
XIX(b) o° -5° 1843 1.746 89.86 2817 8398
XIX(c) o° .5° 180.8 1.811 89.15 2.983 84.45
Xix(d) - 0° -5° 1779 1.824 90.33 2.992 83.46
XX(a) o® a0 178.2 1.817 8737 2.774 79.15
XX{b) 0°  a0° 1726 1.837 85.43 2934 8126
XXI(a) +2.5°  .8° 186.2 1.672 86,06 23717 69.08
XXI(b) +2.5°  .8° 184.5 1.757 88.67 2932 83.32
XXI(c) +2.5° 5% 181.5 1.772 8594 3.001 8295
XX1(d) +25°  .5° 178.3 1.827 88.36 3.027 82.27

STALL POINT DATA
STATOR CORRECTEDY STALL

SETTING & FLOW P,&/P,  MARGIN

81 82 Ibm/sec %

0° 0° 178.8 3.035 120

-5° +2.5° 175.1 2.880 8.5

5% 0° 179.0 3.050 12.5

0° +5° 180.1 2936 7.5

0° -5° 174.3 3.005 140

o 10° 167.8 2.960 16.2

2.5 5° 1769 3.024 13.1

wif
" NOTES: (1} Refers to remaining Appendix C tables,
(2) Stator Setting = 6.des. - ‘Btacl.

(3} Corrected Flow = W +/B/& 151
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APPENDIX C

TABLE XV (a) — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

DESIGN SPEED o
STATOR1 tﬁ'dgs.— i an.} =0

EPEi-y
UcuhEc
1Ba 63
aveils
dibeddd

JenTa
~dad3)
~ca 234
=dabal
-2ad by
~Ta732
~da 1T

Li=ldeB24-10Qe23T

ak

FL WU N0 v R -

[

¥

v I3
Cuwd NIy hr+- FPOND SOV wr -

-
-

140
EWnEE
-2.08
=ledl
-iady
“Gat
Jas?
Le44
Lab@
L9
2T
Fuld
3. 47

ebsl=-a
UEGKEC
18.i3§
idaT99
sdatlas

da 224

La 163
- 1. 854
2. 417
~4aliZ
~ou by
=ladns
- da 403

LHCs
LA EE
~2adl
=300
-3.82
-4a08
=4.73
=294
=6.08
~3.42
~L0aT2
=ld.25
~ll.l6

152

M-l

Qed753
044702

Qe 9243

Breg Yor'-1 vei=z

C FT/SEC
T i0%.d
1 ides
ERES-Y PYY
[ 31T
L -51243
3 =biled
4 -bil.%
* ~T43.7
& -u50aQ
& =d4b9a0
T -927.C

#O/PO

STAGE
leT548
le762%
L7787
ie7801
lo&brird
1573}
125701
1.600%
la0513
120570
Lat567

AEFF-a
TCT-51g
B%akh
et
9397

(=3
E —_ . =
STATOR 2 (8* 4 — 8", 1= 0
{Data from refarence 3)
U. 5. CUSTOMARY UNITS
ROTOR t
. AUN WU 3y SPEEL LJOL 10 PULNT MO 2
EPSl=g v-1 V-2 wr=1 Yu=-2 Vo=l Yo=g B4 o] R= LEP -1 u-¢ Ri=i
CGEGREE FUSSEC FT/SEL FISSIC FI4%e0 FUFSEC FT/SEL LEGRE: CEGREC FTPSEL  FI/SEC
LEa2BY 62%.5 10¢hed 53945 058a3 Jul B33.1 Cal  5le? 0o5%28 Cusdidé  &cSal Ti%i Ue@ilw 0.54%29
13,859 65309 i02T4% 653a5 ouse? a0 TBIL9 Qa0 94T Goo0b7 De3iG5 5791  Ttd%es  Ga 74T Q51492
130687 B07e9 1004 Y  60T.9 b71.% Vel Telad BeW  ATab Labil7 CoBETE  TiTeS 79946 a9 77 0.8011
Tad2é 100sl 9ide2 T0C.s &%54a2 Jul  H49ea ol 4827 Qab53) l.H0E&  Gocpel 50345 140389 0.5153
ledSs 71Tl 79425 T1Te: 3Hde3 Jed A3%al Qo 4240 046703 Qet6659 1033al i0%0ad lelgd2
~ladwo  7i8a7 TCCe3 7i3e? 503.4 Dol 46647 Qe 9940 JetP2u Ga5%43 LLEZad 4117wl la2461
~<ed39 Thiad Thled Ti9a& Dad.é Qe Gae3 Oal 4043 Do672T Ca0oiGT Lle3ed i1%a3 L2790 Qu754b
~4a0T2 T19:5 TZ8s% 11925 5cled ded 43940 Cal  J7ad Q48Tse CabiTd L20%% LLl8Tab Le31l9 UsBlé2
~Tet05 TCBeY Tate3d TCHaY 6lie7 Jeb  427.4 GeQ 2447 QebBZG 026405 132748 29184 144050 0u9106
“ds900 7012 T5CaT TOlei ¢09.0 Vel  #a7.0 Goll 3947 Cab542 Cebedi 336709 132047  iatiél
69LaT T50a% ¢91a7 5,040 Vel w3Ta0 Cud 3525 046446 OutadTl 14C6a? 1dthall Ledb2e Du9eT4
ingm CEV TLAN  KHLYM=1 RMCVF-o L-FAC LMEGA~d LOSS=P  PO2/ XEFF—P (EFF=A =]
VEGREE LEGHEE ULGREE . TUTaL  TdTao PDI a1 TCl  LEGKEE UEGREE FT/SE
deS6  18.96 53433 &la28  52ect OewTT9-0aC0Ti =GaDULE  1eBT0Z 100Ga35 LoOads 9@ed% =He 59 =LZ94
2233  1T482  ATa53 ALaB7 53457 DedSHL-Ced(95 “Cu00Z2 Let570 400ebd iCQeES d5.%5 -1.88 -&70,
232 10040 42,35 42443 56alb 0e3021-040i5& =Couu&0 w8393 4Clab3 cUieBi @Feic 48T =727.
Zen?  1lab3 29259 42,63 56.08 0ud5304 CelIU4 QauUTE o8040 57ako 47426 0450 21a3l -Gbus
Je55 1076 16235 46sll  51a21 De5il% 0e0G952 Cedidb dab€ed 2%9a53 99420 55.36 41eG3=1059a
3.72 L4a05 S+95%  A4e26  A3a00 Ou3ll¥ Galdde Qe0303 (o585 Hiedd $.l) 57.38  51.39-112Z.
3,79 liJf0 0a 36 4bg 0 ATaoT UN060 GelOes 0a3Zid 4ebi69 dTac? Fbewi 5dec? 5iedl-ladi.
.88 9.32 Ge96 44430 52404 JusRe¥ 020557  Gallid  1ab507 TZeb3 92eud  55est  52e.d-1204.
4.24 7,53 Tedd %3264 55445 027940 JeG566 UeOlrd  4uTOCLl SZadl 9Rech OLeBbE  She 721 3iTe
A hd Bl 56 TaZB #3467 54298 003799 0aG063 QaDLTT  LoTCBA  65eid  obadZ? &led2 bie54=)347,
4s82 10.2) TodS #3403 3505 03336 GaG513  0u005d 17009 Ve85 E6ebl QinBs  S6.55-l40dm
TCATO  POSRQ  EFF=a0  EFF-F wllidy TQas10y  PCEPUL cFF=ud EFF=P
IMLET  JMLET  QiNLET  IniEl LBM/SEC AuTuk  ROTOR
) % SUFt K X
11822 LuT2T1 51469 92422 42.i4 ledd2 Lel2Ti Yiab9 53a22
STATOR 1
HUN By 39 SPEED CLOE 10+ POINT O )
EASI-2  ¥-) V=i  wM=l WEel W=l V=2 A=l g=1 Mg -2 rOsPU Fusvo
VEGAEE FY/SEC FV/SEC FIZSEC E¥/SEC FT/SEC FY/SEC LEGREc OEGR:E INLET LNLET
W23 4DTLa? TH3.9 69525 Thlel Hlied —&ha? 497  =4.9 Ge9551 Q.67 1479548 iel 947
134026 104242 Téadat TOZa3 Tadet TT3ud =Thel  47aT  =5.6 Ua9255 Gatd5U  L.762§ lal92L
11368 102cel 7536 T14%a7 T4Ta7 73047 =32.3 4547  =Tal 029054 Cat43d  1.7787 L+1902
62949 5457 TH&u4 bGG2e% TS5w.l bhe.2 4299  ~hed Q.HZHT C.&4T7L 247802 lal @33
led&d  Bl9e5 bL8Jeo 62lai 68lal 533e4 w0ab  =4e? 0uT093 Qu5630 leboks led788
~le465 T27.0 627 539t H00eZ wbBT.L #iol  =Ted Ga623% Da5204 145731 140728
~2aBh& TAT.Z Blé.l TS5l 608.5 wbial dbell  —Tu? Qu8145 D.D225 LaSTOL Llala9l
—3a4930 753,54 Lalel 6llef t4lad 44ded 35a8  =Tad 048506 Ce55i0  latGOs iel&TY
~6a65T T73a2 &96e8 dhceS 898,79 430a0 33a9  “dei Qeit5% Du5951 Lub513 lel 764
=Ta%29 T79a2 Thiet bhleh T02.0 Hé2el 34eT  -2u2 QubbBH 0.5978  ra6570 iak477
~8e357 Td0eb TOLaO twwed T00u& 440.% 3.5 =1.9 0.6087 $u5954  La6567 11513
1NCH DEV TURN  RHCVP=. BRHCVHE-2 [=FAC GMEGA-B LUSS~P  POZ/S  LEFF=P TEFF=A LEFF=§
WUEGREE DEGREE OUEGREE it TOTAL TuTaL POt STATC=ST  TUT~IMLET TUT-INLET
“0aTl Ted®  Shatn 54475 bB.b2 Geabdli De1386 040282 049385 T9ed0 89,48 “0a22
=l b9 539 53458 56430 68a9Y Quad520 Caidld QuQibd (o486 Biest GLebbt 52+10
=1e0) 3,40 5Za69 58e%0  TO0u0% 0ud34T 2ual0I9 Ue02i8 09572 Bie58 53,87 Fheui
=0e3b  4o3h  ATa3d5 SHadd T 43 0,348 0.028: (0065 Jda9YB56 FIa9i 95405 5.42
Cel2  4e38 45291 53,33 62.33 045485 (0008 (.0002 GCo9957 99ach a7.54 36438
et 22306  4%edH 46431 S4e07 003793 040702 Q.02027 00,9834 8i.86 79492 8lals
~Gall  led4d 40051 50010 544TU 0.3853 Del517 040439 Du9835 58ald 5ia33 OZa4es
~dedb 2409 43415 She Q4 5Te99 0u3490 0ali96 Oel4kk  0a9453 54,73 85.72 Boebl
LEIY L} Tedq 34295 57.37 6€2.8% DulF00 Dulléd Ga0356 GalTLS S8a40 £6a35 E7pib
—dedl a5 F8.%3 57000 03u0d Ouc?ih 0a1187 Ge03T0 Ca94ST  AT.G4 2485 B34 82
“%e0l  dle45  3a3h 57415 62470 Q92929 021225 047352 0.9663 ad.df 8t .08 82433
NCGRR  wCORR TQ/T0  PC/FG EFF=AD  EFF=p 10£/T01 PCS/POYL EFF-AD
INLET  INLET INLET  INLET  INLET  [NLET STAGE
RPM  LOBN/SEL % | 3 I
1071%. 105255 Llall22 L1.684L 88,09 8o.91 LelBiz Ge3751 88.0%

Wlep  wvep
FY/Sed FIFSEL
68Ted  Lble>
Fece? H632
GdTe0  Giads
11447 70«.1
1é62.5 78142
L3324T EDLas
L36Ted 8794
140y 3905
150445 0607
iS5aTeu 1UThed
156943 i 40547

FOFFD
el
lae7de
0578
Lec3®d
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ad ~TaTUz -Tal35 T95,.1
i =deodd =34505 T9l.8
sL T4CS 1,14 ] DEVW
LEGREE JEGREE DEGREE
4 =2«55 LeTé 23,88
& =Zadd 2a%C 20.54
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@ 371 Ta58 Bald
L] L.83 IR T 3.84
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STATOR 2
a cPLl~l cPSi=2 Vel
JEwrEr OEGREE FT/SEL
1 .93k T1a796 12974
¢ oe098 DuTid p24ia9
3 Pak3% Q583 laTh.B
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RPH  LBM/SEC
10715, 105,55

Ze SPLEL (Gie LUy POLNF Nu )

RUN kY
V-2 WR-l  WR-2  vB-i w2 B-1  d=i  Mei  Hes Wi Ul Meel Mol
FT/SEC FIZSEC FY/SEC FT/SEC FU/SEC LEGREE CEGAEE FTesel  FE7S¢C
1i%%e8 E3Te3 336al =bZes H1%eA  =4ed 4140 0aTi3Z LeDiz4 95545 BToa3d 1a0577 Gul7L3
119C.3 6ale3 #9244 —Thes 78645 =540  4led Gulod7 0u5701  859.1 546  1.0451 Da7dza
R123,9 ES3oL  B4Ba7 =90s3 73828  =bs0  40uF Colbcl a4Q9D  BE3a3  Slam? 1.1197 DuTOld
Ld44al BT0a7 B48.1 5,1 &49.,0 228 2527 0oT5T0 CoBudt 59,1 IT4es seibed UeThan
9iTe @ HO5eS T80a5F =58al 4ol ek ~4al 317 CudIbi GuTéiG idé3,3 i0e2eb L21G35 (aTHTw
8iCat T30w8 700e% ~—Taes 4080  =te8  30ec Go63l3 Get52H 1l1be% 1i0925 1.<008 UeT963
1558 723a6 05802 —B3a0 3T1a5 =645  29u4 CebZ66 046G17 1is3ei Lidden feiid¥ deste?
7515 767.0 65803 —52e¥ 34745 =63  ileS Gu04BE 0et055 1110 1E50e% 122592 0a8457
TBULT  TE9e4  w9neS 3743 4T6al  -2u7 2843 DeBEL? Ga£J53 1252ec 123501 is30%i Qebod?
02500 79946 TI940 -27Ta? 536602 -ia0 ifa8 O.0B33 Ce6625 2279,7 Libled ie3ié8 Da9l48
B1eed  1S1a% 705.6 =-2340 Slhed  ~lal  30si 0abT9l OnoSl3 30Ted o208e2 ie3.T7T 0.8574
TURN  RHOWN=L RWOWN=2 C~FBC CNEGA-@ LCSS~F  POL/ EEFF-P &FF-A Af=i  a'—;  WE'-1 WE'=g
LEGREE TCraL ToTaAL POL TuT T4T UEGREE OEGREE FT/FSEC FT/ZSELC
43047 73434 91468 Cet0Z0 0eZ594 Cal590 iebbTL 79057 TTaTl 45052  3ewd —B5ded  —5649
dleih TA.55 BTan? Qo4nT9 DJ32HT C.07&1 la& iQé 12alb  T025 &1.5Q baTh —5FFe5 =1Llbaa
37,02 754C8  53a39 Uavd%3 0.3908 Un09L6 3a3158 64nil 62,08 46m78 LlaT6 -573,7 =17609
Z€alb T8aC1 87440 0ub38h u2924 0a065L kealth 68270 67e0i 4925, 25635-i0i7s1 -305.5
17063 69,00 83,45 Oae0eb 0a923 020437 144737 Theal 75:3% 34e33 36s63-11dlet =Shiec
13,43 8190 74483 De3905 0el589 040333 1.4815 79.40 7Tbai§ Sused ¢5000-113008 —T01e5
10429 0la30 F0a22 0a388i 0s1TTO 0s0353 La#20]l TSece  Thadl ide%d w%e13-122642 =Tbiac
[ L T Tlebd Qu3T7:5 QuldS8 Qa0Q370 13897 T2.77 Tiau52 5913 S5Ca5L-1253u1 -5.0ub
Tab3 67474 74036 043637 Qul939 Davhcl 1.381% T0.55 05423 3Esks  30s9l-1id9s5 —B59ui
Ge 55 &Te b2 TTa9l QudS20 Qal?ll GaO4dl ia%100 Tuwai® TZ2eck HEk61 500 QT—3307,= ~8T542
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FTP36L FI/SEC FIJSEC FT458C FISSEC DEGAEE GEGREE INLET INLET STAGE
106209 L01Ze3 10TZ2al 8L1eS 15245 3940  =8al boOT4s Oo8667  Za5480 104409  l.4325
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APPENDIX C

TABLE XV (b} — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA
DESIGN SPEED
STATOR 1 (3, —B*  1=0

STATORZ (' ~ 6%, =0

(=}

{Data from reference 3)

U, 5. CUSTOMARY UNITS

ROTOR1
AUN N0 3, SPeul GLOE 10y PLLNY AC LD
LU EPSL-Ll eML]-2 vl w=i L Lol ! H-2 ve-1 Vo -2 B-L b-2 LE! -z u-1 2 nt-t LA vi-L LA
LEUnEE UEGREE FT/SEC FU/3EC FT/SEC FT/SEC FT/FSEC FT/SEC CEGUFEE CEGREE FI756C rI/5eC FT/SEC FT/S5E
Lo lesoTd sbedhd £38.1 LLT3.6 038.4 658.4 0.0 dal.3 D $2.2 0.5909 0.5354 82B.5 1276 Ced295 Ga5957 £95.6 LbY,
2 l%.200 15,993 £52.3 1CHe.4 B52.3  05%.l .U BOULS O.u 5047 040051 0.9156 417.6 TE2.5 CeBI26 C.5H08 Guu.T 050
3 lleuSu L3754 406842 E0CS.1  606.2 bbéal u.0 T59.7 Qou 48.8 046190 0.8902 12641 T90.¢ L.S515% C.588% SHS.& bu5.
e Saduas Ta530 89%5.4 920.5 G55.4% G4l.4 0.0 o%9.8 0.0 45.8 00523 0.8034 LTI 03,7 L.C37L G.5993 1111.J o6uT.
3 =Jdelld Lokl Tilad 809.0 Th8.0 584.3 Q.9 559.5 Qa 53,8 0.6T19 Qa8966 1C37.0 L04%.5% L1.1790 Ce8539 L261.7 194.
& =laved ~hed0) 12047 Tihee T2C.T %S22.t Vel 51642 U0 4%.7 DW6T4) 0,8280 11201 Jil4.5 1.2451 Qub?93 1331.5% 794
T -2.6%% -2.063 F2h.2 15C,7 212 Se3.l 0.0 490.4 0.0 Ahad D26T45 J.6433 Llet.l L150.1 La27H% 0.7394 136648 ob2a
d -dacly -3.905 F20.9 TM0.T NL.% 60L.7 Uad 4Blad Gau 3847 UaeTI8 O.0619 1202.1 118543 L2106 L7952 L401.5 9235,
G ~BeSUd -l.0TH T05.S F9l.4 I05.9 B27.2 0.0 482.7 d.0 37.5 C.0590 0.4761 1324.4 1290.9 1.401C C. 874C 1500.8 1023.
- lue L4 -9.00L  €96,6 T93.1 &£54.6 618.9 Gal 495.9 0.0 JB.b Q6496 0.6743 1345.7 132642 1.40%1 O.BA04 £532.7 1135.
Ll-bladt3- 102322 ¢Bb. & 749.0 o08b.4 5660 Vald H19.9 Ua0 4% 046393 00474 140040 1300a3  L.4570 Ga854) 156440 L0Du.
YO 1, 1PFY iNCH DEV TUAN AHCWM~1 RHCYM-2 D-FAC C(MEGA-E LUSS-P FJiF NEEF-P ZEFF-& 0 B'-2 vt 1 wp'-g besec
UEGREE JECREE CEGnEE DEGREE TOTAL TOTAL P01 Tof wrt CECHet LEGREE 7 1/%cL FE/SIL JLI
L -24U% 2457 17,40 T4.7C Al.22 Bl.98 Jo4TTS Ua0024% J.0005  L.HB07 99.87 G5.38 44,25 -10.3¢ 42805 L2uwed laBBOT
& -leve Z.3%  lbedl 4%. 15 al.8l 52,087 Gu5115 0.0lb9 0CG.0039 1.B597 95.00 6G€.93 al.de ~3.29% -6T71.¢8 3te? LadSwT
3 -lalo i.3% 14,84 43,94 42.5e Sh.7% 0.5201 D.00486 D.A0GKL  §.8801 99.70 G5.68 47.25 3031 -téka U -3B.4 1.b00L
& -D.4d Z.26 1kal0 20-11 #3.8l 50, U0 Ue 5404 Deti33 D0 LUE  §.8U0%F 98,49 SELZ( 50.E9 20.T79 - Hbk.w -243.9 L.bUb7
F] wels Jahs ATL Y. 13,58 44,27 51a22 05330 Uu D23 WUe0236 17188 89,76 16,498 S$F.47 35.69-1037.0 -489.0 L.Tied
o led2 34060 11.%4 8,37 44,33 45.99 Q5266 0.16%0 00302 1.6482 84,19 B2.0T 57429 48.B8-1020.) -590.7 Llabed2
7 la5s J.e8 8.93 8.90 44,40 50,22 0+4B858 GolOSU VL0220 lebB3é  dB.%1 BT.5% S5H.06  49.28-Lbblel -4533.7 Q.id3h
a L.85 EY L] LY 1) G256 4hd4,3% 9%a33 0.4522 C.0068 0.U14% 1.7235 92,42 S1.8% 55.C6 49,4T7-1207.1 TC3.d 1aTddD
v Lol 4.31 5435 Yull wd.da 50592 Ja431% U, 0093 O0.019% 1.7722 B9.66 Se.5k 61.5¢ 32.015-132%.+ -608.3 i.T7722
[ 3.31 A€y faq4 S=76 42,51 5578 Gadd0b Uel256 Q0272 17743 85,56 B4,3E 62.99 53.24-1345.2 -830.2 1.7743
il 3e05 4. 80 9.2l 8.03 43,12 20a20 0.4T20 0.2000 0Q.0415 1.7384 TT.15 75,34 £2.98 59.9%-lalbau -841.5 1.T3a4
LA L] PC/PC EFF-AD EFF-F wClsf Al 2/t pL2rrdl EFF-AUQ EFr-P
INLET Ihie T INLET [INMLET LBM/SEC 0 TOR 20Tk
1 T SQFT 3 1
1.1652 L.To35 90,98 90.82 A2.0% 1.1952 1.763°% 50,08 90.82
STATOR 1
RUN NO 3, SPEED CCDE LDy PCINF NO 13
SLoEFNel ERSL-2 v-i -2 - e-2 Ll yo-2 e-1 e-2 M-l -2 PO/PQ W/ PLIAG T2/
DEGrEL JECREE FI/SEC FY/SEC FT/SEC FY/SEC FT/SEC FT/SEC CEGRER CEGFREE IMLET INLET STAGE Tal
L dtal>s 14,832 1Q8C.T  12C.2 &92.1 120.0 629.9 -17.% 504 -le% Da¥630 Q.8ll1 l.7818 1.1978 L1876 L1974
‘ l!.??u 13021 1048al T12.9 €50.0 718.9 T7TBoes -5.0 48.9 ~Oah 0.5277 0.610% 1.79329 lel558 L.7929 1.19%8
3 E3ab39 102320 J024.0 223.3 459,09 723.2 Tadeh 1.3 4T.0 0.9 0.9055 0.6149 1.8023 1.1944% 140623 1.194%
% Haudd be7ll YAled TC9.3 676,88 T09.3 4545 -l &%l -0.1 0.8233 0.6030 19750 1l.1911 17198 J.L9L1
7 delid  aelT2 #31.3 £52.4 615.7 o51.T S54.% -30.9 42,2 =227 G.TLTT Q.5%20 1.6RE17 L.187L l.6867 L.L8TL
@ cledld -4.531 T58.5 448,32 55,3 606.2 Sle.T  -a¥.5 4l =4l 08501 G.5137 1ab254 TN Y-LE] L.629 1.10843
T -2.305 -4 748 71400 &19.2 5930 613.% #9T.4 -45.9 &0.0 -4.0 0.6649 0.5202 labi4d l.1831 1.6340 1.1831
& -aabln ~34752 79347 &4b.1l  £25.7 bAB.) 483.0 -37.3 3T.% =3.3 0.6083% D.3478 l1.8650 l.1638 1.b650 1.0828
Y =5.9T4 ~b6.4%2 816 T00.1 %5047 T700.4 48%.5 =3l.l Abad —2+5 046997 0.5928 1.7278 L. 249Gk 1-7276  1.2001
L ~benZé -T7.209 015.9 TQJ.l £50.5 T0z.5 4%9.1 -28.7 At ~Zuh Dab993 045621 1a13Ch 1=2109 l.730L 1.2109
Il -Tae9d -6.191 79841 674.8 6C2.1 o7e.l 3523.9 -32.2 4l.l ~2.7 06741 03620 1.693%3 2270 1.495) l.227¢
e bl !NCH wEy TURN  RHLYM-L RHCYH-2 D-FAL CPEGA-B LUSS-P PRZF REFE-P LEFF-a 1EFF -P YEFF-& IEFF-F
UEGAEE DEGREE CEGREE UDEGREE TOTAL TQTAL PO STATC-ST TOT-INLET TOT-INLEIT 1CT-57G6 ICT-5T6
i Zal% ~0.08 1C.S8 Sla74 54,11 G203 Qanbod 0.109) 00,0229 095100 85,28 Si.20 91. 84 Fl.20 9l.88
& ke Dedl 1G.84 49.24 5%.1e 68,87 Q40664 0.0847 0.UL180 0.9640 #87.081 52.0¢ $3.z2 92+ 66 93.22
37 £a5h Codl 1l.28 48,17 56,94 6955 (u445S CaOT4l 0.010% 0.9695 ad.64 94,22 4.7 9,22 Db, 4T
? - 2a98 CoeTh Y. le 44,11 ST.Ld 67«97 Jea0%? Qu030d D.0088 Q.9870 9221 $3.56 94,04 9550 Y. 4
R P P 1.73 L1314 44,90 93.24 61.03 0. 4003 0.041% 0.0113 0.9881 90.50 8b.02 te. 58 86.02 26.98
b -&aln 3.53 4e 09 4l.6) 4B.24 5009 Getlsl 0.0671 0.019L 0.9830 84,37 Al.20 82.43 81.20 B2.43
T -t.!v 1.09 3.10 w4, 3G 32422 S6.78 0.4133 0.1330 0.0389 0.905% &9.28 82.20 63,38 82429 8326
4 ~TedT -0.93 Gall 40,83 56.13 59.97 0.382T Dal341 0.0797 0.9839 &0.39 85.27 86427 85,27 86427
4 —wedd -1.19 8.00 35.0% 98.72 65,02 0.3410 J.0%0T7 0,0283 J.9747 711.313 84,41 85, 50 B8543 8558
4 -T.4) =-0.32 .42 3%.52 37.73 4. 79 O0.3400 00090 0.0284 Q.9730 T1.50 86,256 8l.81 80.34 al.8l
i -#%.4y 2.86 10.%5¢ 43,89 52.49 4L.09 0.3798 U.0%44 0.0302 0.97%52 171.71 Tl.80 13,65 Loy T3.03
NLORR WLCRR  TosTD PO/PC EFF-AD EFF P T03/701 Po/POL EFF-AD
IMLET INLET INLET 1WLET ENLET LIMLET STAGE
HFM L BM/3EC ] 1
094, 12%.20 1.19%2 1.7215 85.94 686.96 Lal$52 U.9781 05,54
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EPS [-}
wEGREE
YR 1Y)
Lu.Bas
P.4T5
batld
L.33}
s 344
-Z.0d3
~3.781
-6ed0d
- el
-ae517

iNG3
CEGREE
~da¥3
-Jeld
- 3.0
~delt
let4
&.14
ha i
FIL S
Lla%l
1a42
Laky

EPs 1-1
DEGREE
de510
[FELTS
Ged37
d4 567
Quliby
-G53
-laddk
- 2anibn
—4ally
~4sa¥l
~2aTl4

JEL 4
VEGRELE
~ laddl
RUTEL
= Yahd
~dal%
cdalld
~2esl
“Lad¥
RN
~bhelid
et
~Ball

BOTOR 2

RUN KRG 3s SPEED CUDE 10s PCLNT AC )3
EPS1-2  w-1l V=2 W=l ¥M=2  wé-L  ve-2 -1 - H-l u-2 =1 w2 M- M-I wT-l Wr-2
VEGREE FT/SEC FT/SEC FTZSEC FI/SEC FT/SEC FT/5EC CEGREE DEGREE FT/SEC FT/SEC FT/SEC #T/SEC
114184 8C%.1 L13Fal  BC3.9 35.9 <-1T7.0 058.9 -1la2  49e3 0.6886 0.9045  £33.9  dl4.6 L1.0C25 0.5932 ILT0.6 Tdh.l
10.G12 809.6 L117.5 BC9.6 T32.2 4,9 B4k.8  -0.3  4%.0 0.694% G.9006 857.4 852.9 1.GLlad Qo591 1i82.8 7T32.7
He892 £20.1 1)03.3 §20.0 TIT.5 el #2343 O A4k 0.T048 Q.891% BEL .8 Shla% La0279 0.5590 1l56.1 7472.3
5.682 E20.8 1C14.3% £20e8 130.2 -hel TO#ed  -Oel  44.0 0.TG06 0.6151 5742 97246 1.CHOZ 0,6250 L201.8 T77.9
Lak47  T62.0 8578 Toled 423,00 ~3Us4 H89.6 -3 4324 G.e%7T Gub6C)  0Eled 108Ce5 L.1399 Uc6l9l (3309 TBu.9
~0.043 Thhal TT8.3 TLZek 56145 =49, 539.0 -4.0  #3.8 0,6092 046131 1TE6a2 J107.3  1.1642 0.6293 164,48 T98.9
1706 T1T42 T62.1 T15.8  55%.2 <4b6e1 52340 =347 4343 GabLI4 0.6001 Dl4lef  IL31.&  L.183¢ O.0481 13da.1 82320
—2.TT6 TAd.l 3.8 TAl.T 518.2  -3T.5  Shee2 2.5 &lad 8337 0.60C5  DE6T.S  L15£.1  L.2104 U.08L6 L415.3 ¥62.9
64053 T9L.8 T93.3 1%le2 41244 -3lek 504,2  ~2ed  39.3 Q.6764 0.821%  h245.7 1232.T 1.2863 0.7456 1505.8 951.7
“TalBh T94:3 63.8 T93.T 611.2 =29.0 506.2 ~dal 39,5 0.46755 QL6184 [217.7 12%0.5% 1.2599 0. 0555 L528.5 %65.7
8,408 To%.5 Teded TeB.8 SH8.Y <3246 48F.3 2.6 3945 0.b4AT9 0.590% L3Ch.E 1285.7 L.258E Q.Toodk 1542.4 9920
INCH OEV TURN  RHGYM- i RMLCYM-2 O-FAL CMEGA-8 LGSS=-P PRI/ XEFF-P ZEFF-4 B'-1  B°-2 WE* L wu'-2 DPL/PG
UEGREE DEGREE UOEGAEE TOTAL TOTAL PO ror L) GiGREE LEGREE FI/5:C FT/5:C ThieT
139 2l.62 4% 34 73415 03.49 Q5455 Qe 1827 Q.0414  1.7425 B6.62 B5.53 4€.55  1.22 -858.5 -1%.7 3.1503
30 17.357 43,05 13.13 84 79 05508 0.1036 0.0381 1.7707 8T7.61 6e.75 4£.84 3.7 ~Be2.4 -48,.1 3,.172%
€598  J4a37 39.91 T4.47  8T.27 0.5435 0, 4258 Q.0299 1.7785 90.36 H5.54 46.7¢  6.84 -€70.« -88.7 23,2031
2293 10443 29230 13,92 90.37 Qs 5266 00651 020157 1.7501 94,28 52.81 45.49 20.19 -958.% -248.4 3.1186
o7  BefT  10.02 6745 TE50 0. 5437 0.0T46 0.0L69 1099 92,64 2,07 55,11 37.0%-1C09k.4 -470.9 2.4713%
84T 9410 13419 £2.47 TCa79 Q,54LT CuOF9T 0,.0Llod L.6H8T 91.P6 9i.24 58,51 4%5.31-11483.8 -%88.23 2,1522
.08 8526  11a27 43,08  70.21 (5304 0.0795 040163 1,6787 91,63 9100 SH.88 &7.81-11E7.C -608.4 2.7186
€oTE 5259 Ke44 65.T0  T3.8T 0.5103 0.07868 0.0LloS Le6678 91.3% G0.74° S0.35 47.50-1205.4 -641.9 2.7740
4.09 2.72 .40 89.97 T8.03 Cad90% D154 00260 1.6380 86,54 85,58 SE,22 49.82-1781.1 -T28.5% 2.8308
3.60 dall 1.81 &9.73 TT.29 CehPhd Cu125% 0.UIB8 1.0351 85.28 E4.23 5282 30.70-1306.2 ~V52.8 2.05¢8
4,19 T.81 6a54 00242  TI.d4 CuaBd) 0.1059 00238 1.6390 4T7.41 86251 80.00 53.46-1337.4 -798.3 2.78u3
TG0 PO/PD EFF-AL EFF-P wCl/ 8l f02/T01 PC2/PQ0L  cFF-AD EFF-P
INLET INLLT INLET  INLET LBM/SEC &L TOR WO TuR
I 1 SCFT ] ]
1.4107 2,5244 87,00 86.70 %2.08 1.1803  1.4988 $0.62 90,74
STATOR 2
RUN N0 3, SPEED CODE 10, POINT NC 13
EPS1-2 V-1 V-2 WN-1  WN-2  ve-) ve-2 -1 a-2 M~1 n-2 PG /PO 10210 pCIPD  TC2/
UECKEE FT/SEC FT/SEC FY/SEC FV/SEC FI/SEC FT/SEC QEGAEE CEGREE INLET TMLES STAGE  Tg)
Q172 63,1 T41.3 7936 Tébal 050.4 33.1  4T.2 2% 0.9418 QL5783 2.97CS 1a4424 L6623 1.2040
Qa625 1248.9  T45.9 TH5.9  Téaed 8375 4.3 at.0 ud 049293 0.%91%  3.0127 L.4392 1.6822 1.2032
Q380 11345 TS5&.9 T8&.9 T9e.1 ALT.3 .4 L LIV &=5 0.9187 C.4)95 3.044% Let32a 1.7138  1.1492
-Us523 1041.3  T72e3 T89.4 772.0 TO0leb 22.4 4244 Jo7 Q.8355 0.6039  3,0585¢C 1.6508 17124 1.1840
14207 883.4 48,4 698,10 680.3 589.4  ~Te3d  4le8  ~Deb 0.7023 0.5043  2.8351 1.3911 led 748 L.LT46
12307 80442 512.¢  S96.% 5T2.4 536 =leud A2a1 =15 0.4390 Q.443%  2,7274 1.3%932 Lat730 Llaklol
-he2T8 TBT.T 538.4 SlH.4 95%6.2 523.T -1Z.3 4l.b ~Led 0406218 00,4311 2.T05% 1.38499 la&825 Lell64é
~1a2)9 - 7593 SE4.3 £11.0 50423 B15.3 -Ta0  4De)l 0.7 Q00922 0.4540  2.7400 L.30T2 14509 L.1724
~1a255 023.7 440.6 0494 040.2 506.7  21.3 M0 L9 0.86472 0.495%  2.8016 1a4099 La6229 l.1758
—1.28% €20.0 &4E.4 &92.9 EMS.4 509.2 36.0  38.0 3.2 D.647) 0,495 2.8001 Le 247 1.61%9  1.1118
—he231 80%.6 &0%.9 ¢38.80 608.9 9.3 35.4 3T.8 Fed 0at240 D489 2.1319 1.4402 - het143  L.1739
ENCM OEV TURN  RHDWN-1 WHCVA-2 D-FAC GAEGA=B LES5~P  POQF REFF-P REFF-A TEFF-P SEFE-A  AEFF-P
GEGHEE CEGREL VEGREE TCTAL TOT ML POL  STATC-S5F  TUT-INLET TOY-INLET  TQT-STG TCI-STG
Cu35 14.35  44.7L A8.10 200419 0.5156 0.1300 0.0294 D.9434 83.05 81,12 [ Iy T8.03  T7.87
leb3 14235 43.97 28.98 103.30 0.4929 (.L154 J.0265 00,9506 #4.10 43298 .2l 1027 79.79
2410 13.32 4317 Sleld 108.90 CodbDé 0.0857 0.,0201 0.963% $7.09 8739 M. 19 84.19
La72 1l.98 40,75 %3250 107.20 0.4231 Q.0002 0.0150 0.9TTe B9.42 93 ls 92.43 90.40
2.42 T.tb  42.41 2l.B2 08,97 0.%512 0.052T 0L.01el Q.98% 90.28 8l.13 .85 0. 08
J.48 8. 74 43,57 Th.15 17.81 G.48k1 0.062F 0.0116 0.9900 92.35 04,13 88.17 W.12
3,40 4.50 42,90 73.01 T3 60 O.4845 0.0437 0,0128 0Q.98% Fl.72 L ETELS .17 89.80
2217 G2 4C. 00 TT.0% ToaIT Qud547 0.0865 0.0132 0.98%1 91.01 3.9 11.12 $9.51
CoBll  12.07 3&.0F B1.30 86.30 0.3950 0.0408 0.,0120 0.9%00 %0.73 4.8 19.39 84,90
0.4 13.58 34,81 B1.17 U5e96 G 3897 G.O04T9 J.0142 0.9802 89.07 3.2 2.4l 83,21
=101 1525 34231 T0el4 79,00 Go 4124 Q.0657 Q.05968 O.59848 de.la 1841 14,57 "7
wCORR  WCURR  TO/TO  PC/PC EFF-AD  EFF-P T027T01%  #OI/POL EFF-AC
JNLET INLET IMLET INLEY IMLET ENLET STAGE
HPH  LBM/SEC 1 1 x
LoeSh. 185,20 1,4161 2.0616 @5.46 87,16 L.1803 0.,9804 B8.44
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APPENDIX C

TABLE XV {c) — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

¥ iid=y
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i+e dld
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Li-jdablei0a2d0
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~lalse
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JEURLL
—Zadw
—“lads
~lel¥
RIS 1
Jedl
Lan?
1aTi
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Za3d
dece
3edd

cePsl-i
wcUhce
Ads 149
124774
L3abld

FFELT

4w dda
LTy L
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= lBd
~oaHdd
= Teuld
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UEGhES
—émin
“as¥l
=letnd
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=latd
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=Hedd
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DESIGN SPEED

Ll
e A -
STATOR 1 (33 des, @ acr..} Oo
. T -
STATOR 21{8 des, g act'} 4]
{Data from reference 3)
U. S. CUSTOMARY UNITS
ROTOR 1
AUl NI 3y Sfccl Lobr i PUIAT B 3
erSi-2 w=2  WH-L  WM=Z Ve ve=¢ B=i -2 -1 mec b= -2 L L A
UEGHREE FT/SEC FT/SEC FTASEC FP/560 PT/Sch FI/SEL Jedmec utarit FTA550 FT45EL FT/5LC F
iBad B8 638.8 LOT1eS o0lbe8 o56.l Jew  auTel Qetd 5243 BeB%9i7 Ue3533  6:Se¢  Tided Gadald De5932 wive?
154880 8%:aT lUddel 65247 65ia9 3sd BULed el Sde? Cobl353 Gatiay 8185  Tuse? Daa?3e D,577e  vuled
13wb36 G062 lulleld bétez bblan 2a0  Tolae$ e w740 Owbabl vatShy  7é0ey  T3%2.0 OQalol 045883 5i6.0
TaTaT 69747 25«7 649747 bnaes Geld 06545 L 4549 Qetb0b LeBUTL Bu%es YQ4e 5 leClob UaeS¥aET _ilisb
ielT3 Th5.2 #lle5 7Ti5e2 537.7 Gul 39948 Gad  wiet Jebbyn Jetid§ 038wl i0¢baT  le2703 Oeddab L2207
~latdT TLTe3 T2Sei TL7a2 5€d.9 Gew 51648 Jell 4543 Ca0?U2 Ceblie iilied ikiBes loZusd DebTid L33lec
—44933 ThTad TVited TaTad 54%.7 UVal 45047 Jel  wleb OnE7il Cab3iid iloce® Ladied leaT72 0a73260 13bbac
“helal  TLTeT THE.2 7hT.T Séoed Del  4ouaT el  3Ha% Ue€705% LQat#29 (20245 i.idoal  iad59 GeT592 .%Uuqes
=TeTal TdS.s Téla§ 7058 bllaev el #54al Qa0 20«5 DebbdY Cebice :532%a9 L250a% .ev022 Debibs i50eai 4
69Tl ToTed 97.8 6J37Tal Vad o8 Ged 2Tee QubES50E Cat5:8 o360e8 32787 lewdid Caddbl 133445 L
bBdsU TobGeQ 6880 50546 Dal  4b8%.1 Ll aTa? Vat80E Outhald [4#LTat 1:0i09 404393 Qa9aTe idao,T .
LACH DEV TURK nHUVE—i KHECVM=2 G=FAL CMEGA—B LL&5-F  PULs  SEFF=P acFF=a B'-4  8%-2 Va@'=. NE&'=c  Pufru
SEGREE QEGREE DEGREE TuTaL  ToTal PU; e TUF  wEGkit utlsce FTSSEC FTFSEC LNLED
2¢57 LTaTQ 54460 #la25  SietsT CakB806 QaUi43 JadDod 1406729 9519 39913 wuedd —40ai5 ~oiFee Ll6ab jeaTey
2238 16418  49e3i hied2  52e45 GaBSib7 Ue0307 UedUTl  ied54a Sheid  Fbauk 9583 —dede —0lBe5 s3.0 Ladoed
2238 lheta hhai7  Wie3db Swabs Uedllo UaQlad CuOudd  Lecbla 69,0y “atezd Jeil =72049 =26aQd ierveo
2p%b 10,70 3062 %345%  S4484 Ue5480 QutiS%d da01a7 .o8368 §5.00 5,800 2Je28 —toSes —#3%a2 .atDoug
1259 .22 152 b4 4aalb Siedb Gu5304 001058 Nad245 1.7144% H9.43 G505 d9advm=id3342 4HO.. iafléh
1275 12434 Teli 4%ad 4hae5T Ga5324 VelBiC 0.03all  la822% Ezebd STand #7e0d=lllled —5Y%4¢ Lawdc?
1aB2  YeOh 8205 Weeib  wBa U9 Qeeissd Oalid0 DeUlisd  secthl 87,22 58m30 FUaci-llalded =bolel .ecok:
Je9l faL6 Besh #%e2% 5297 Dutsdar Jalbsl  Gell34  secGdE Yiesb 59408 SQel=iilNies ~Toldel Lub92e
Aadd TeOn Batl 43458 55490 De#iwi De08d0 GeGLl4Z La7ls  Sieed GiaSh 3es4=1)254% =Binel LeTa,3
4e 53  Tabd Bed% 434535  55eld Uwhildl OalGib Galdly  1a750% ET.80 Scei ShabB—lobbat —85ded  AsTHus
aeld  Task HalZl #3al9 54093 Qudl3?2 Jalidd D045 1.7520 45.81 a3a%h  S9eT9=,40Tat —B43ad  alaow
Tes10 PLC/PC [FF—AD EFF-P wlifa. Toa/T0L PRI/IPCYL efF-AL cFF=P
INLET  INLET  IMLéT  INLET LBM/SEC agTuk KU TOK
% 3 5GFT 4 x
1e19GT 1.753% SGhacd 91eBT 42405 LehF0T  lal324 Spelc 4les?
STATOR1
WUN NO 3, SPEcL CLDE iQy POINY NO 3
EPSI-2  W-i ¥-r  WM=l ¥h=i  ¥O=L V=i 8-l a-i M-l MN-Z PQIPU TC/T0 PLAPD  Tuck
WEGREE FT/SEC FT/SEC FT/SEC FY/SEC FT/SEC FT/SEC DEGREE UEGREE Ihie? INLET STAGE T4
14752 LG0a5 TCTa2 09%e7 T05.3 Bi%es =-5240 5043 =hed QeSited Ga5953 LaTobt lel97% LaTotb  Lei%7%
2eB49 LOATet TQTa0 o85e7 TUbaS TBEBed =iBai 4  ~ldai Da¥ud 0.59%5 141727 Lai 966 iaTTLT  Laidbb
k14057 1027s8 Tidel TOlaz Tided T5la5 =5eQ wTel —0u% 049090 0uslTL 1.18a7 ial355 l.700T 14i%55
84079 S48ad Toied o0d0s4 T2les o000ec =~iled L1 T ~Je? 0uBi5i Qabnlw Le 7903 Lel9i9 1.T903  Lal9L9
DJab 0% 83540 b6Hal 62Z0aT bbTan 550e6 =2Ta0 4ol —Zed QuT21lZ 0aS66T  Labd77 leiB?3 1.691T i.lbl¥s
—zatb5 T50e? 605e] Staet Alaed SiTed —40al 4345  =deb Geta30 045113 1.4L59 2al836 16159 lals2e
~3aT35  Toial 8GTa0 DBzel 0053 4Fhed =45¢2  &Nwi  —hed GabS54i GaB5a37  Lletial le1798 lebl4l  LaiT798
~4uT29 17245 638s3 £16ad 83742 AbGed ~=38a3  ITel  =1u5 QetbdS6 UuShie  labed? ek Te9 lethdT  Lai?e9
~Ts273 18747 4Uied otlad obbeh 45Fe0 =205 38e0 =292 QetT6i 05834  Le2%20 Las890 Ae6920 1491
~TeTHS  793,9 69544 bL3ba2 bF5ail wlzed =iheT  Ibeb  =led DeaTB5 0,56b0  seb964 142063 10384 (22003
~Bebib  T9hal o%%a5 838U 69543 ATled ~1T.7 14,17 =1e5 048770 Ca5808 Letin® le2052 Leo%e% la2d52
INCN (13 TURN RHLVM=]1 AHCWYM-2 D-FAL OMEGA-B LOSS=P  PO2¢ ReFF-F ZEFF-4A SEFF=F AEFF=4 REFF—P
QCGH EE DEGREE OEGREE TUrAL TovaL POl STATC=-3T TUT-INLET TOT=LINLET TOT=5TG TUT-5TG
~Guild  Belé  Sh,4B Bé.lh  bEH.BS 0.5054 Dei260 0a0257 O.7435 £3.43 B9al% LN 89,15  BF.9e
Cak® . BaST  Sla20 54087 &7428 Qe%8%3 U.4036 Ja0220 045358 B5e54 GCa3) Fhe08 90433 Gleits
€ail 10.00 wleds Séwal H8ah2 Qantdh Q0922 La02C3 0.9619 80e30 9iaik Sie81 itedd 9281
Code O i 45,04 5%.08 69.03 Da%UST QeQidd 040045 Qu9933 96,57 93.17 Dby ih 97T Faa it
Le50  Ta00 44e27 53445 62442 Qe3BO0 Ga006T Q.UQi8 C.9586 8.5 a7eln 87494 BY.08  hT.9%
wlec 4299 4790 4747 55447 Gew(96 00705 (Qa020i Q9829 83459 THe94 b e 27 14999 8led?
1229 5all 44450 5ia20 55208 0e4100 Qal44T D.042L 0.9835 G648 8lafi 62a69 Bke5l  BZas¥®
~le32  5.9d  40.55 5495  9Be38 Ge3693 003247 Ca0390 dedbbl b4.69 dbelH 4l.4049 Bbs18  BT.39
=2ell de33 3779 57,78 Gledb Deidiz GeilGl GeQ343 09709 bheil E5s0% bbe &% L1 Y 3 Bhstd
=ie2l 9298 3Buhl 5Tal3 Glath Dedcds GellZ9 Ge034T Ca®T0L 58492 81530 62.01 81450 BZsnl
—LleBi LLLBS  3Be4dh  Hbe9T 63238 L3I0 0.1490 (.0381 Oa9883 oS54 Tieke 8087 Toe42  BOwal
NCLURR  WCERR  To/TQ  pOSPO EFF~AQ  EFF-P 102/T0i  PO2/P0L EFF-AL
INLET INLET  INLeT THLET ENLET  INLET STAGE
APM LBM/MEC 1 1 ]
10T706a 185,16 11907 1.Ti24 87«07 47299 Lel3C7 Oa3T0t 87407
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ROTCAH 2

«Pil-i £PSl-2 ¥-i
Wouaéc DEGREE FT/SEC
saet3l JLaldld  Blw.e
ade34s  FaFle Blled
da3ld d«750 B26e0
Ja¥hl  Sata9  Hhd.b&
Jetds 1a2Th  T8ZaT
=ie 37 ~0.H38 Tl5.%
~3a4Te =4a951 713,23
~watd5 —3slie T35a.5
=Te 3o —batie? 684
~gaTos =7,500 7703
—de3ts =308 Tod.Z
a3 IhEn DEV
WEGRELE LEGREE DEGKEE
~seld 2a3h 2855
—2an? ia%6 if.E0
-4a30 lad8 1lbal?
~zelu celh  lle82
Jabiz Send Ha97
wmide [P Y. 02
YT deld fa JB
Jauil Teid Sed8
eul? 4.8% 200
enis 4y 32 Jake
Lavo 4uds Telld
STATOR 2

cP3l=a EPSI=2 ¥-]

JEGHSE DEGREE FIs5EL

dutws  Ca8i8 1151.2

Te58% GaTl6 kaidTel

ae533 0.503 1124al

e 001 =Q4285 10346

andld =0aT82 8B3.4

Je 193 —Ja8lé  BOS.S

= 34507 =0,713  T90.8

~leddd —O.742 801a)

=34 386 0949 B14.3

“nedd5 -LaCaB 839.T

~5e215 ~1a093 82244
ML iNCH UEV

uEakEc JEGREE DEGREE

=3ad2 =leTo 11,55

0.08 1315

Ca%3 12.79

=Catd  llads

Py 9a1%

3. 08 B.09

3e3?  Bel7

Jain Pa55

Za18 12.17

led  13.25

3418 Th&0

ACORR MLORK

THLET INLET

BNLSEC

-4 89416

W=2
FTrs5eC F
11177
LG5S
L0054l
10050

858ei
Taled
Tébed
TT55
80%.4
808.5
Téie®

TURM
DEGREE
#3a55
hinhi
38e40
ztat2
iT.12
L1318
1170
11408
9,84
Puil
718

T/
INLET

lad4ibe

v-2
FT/SEC
Tt9.7
Ti5.4
8154
Tiévad
65l.0
ST2e5
S5T.e
58248
6344
©38a3
595, 3

TuRN
DEGREE
a0
43,57
4laad
40.017
4de bt
43.82
LYY .14
42.1%
aleg8
7. 08
19. 1%

TO/TO
INLET

Le#CBE

) AUN NO 3, SPEED CODE 10y PUINT NO 3
=i -2 NE-i ve=2 8=l B=2 M-l "2 =i I ] LAETY M= ¥i=1 yri-<
T/SEC FI/SEC FT/SEC FT/SEC DEGREE LEGAEE FT/55C FT/SEC FT/Sel FT/SEC
4030 7T59.i =50.4 820.3 LY ] 4T7as Ust8¥l OuB998 234a8 4758 LaQ236 Debillb 1195.2 Touies
blled T4Tlad =2Tel 8léeb ~iaf 4Ta% QabT8d Qu0dST f5d.4 89349 1sJ304 Qet(48 120140 TEiao
Hdte 0 Tala.4 —4e% T98.9 =Ua3 4048 0uT1D] GabBLS 4dl.8 913,40 La0423 00092 Lil2e0 THési
Bwtad TH3.8 ~=lle7 682.7 -Ua.8 4iet QuTiB83 Qudlll $58e1 97347 lel092 Dabbkléd 128620 7587
TBied B26a% =iTlal 58840 —-inl %3p] 0a6T1l9 GatBUY :tObZe4 106lal? ial5lS Qet2zdd LlI&lai 78740
Tinal 5bTeB —48.3 535.8 =347 343 GublO7 Jaol>? 1li%e5 1108a6 Lalé40 Qaeded [2edeé 80&,7
Tlasb 5549 ~45,0 525.2 B 1 43¢l Due098 0u6050 L1l4Ze3 0232a7 LelB35 0,8512 138%.3 dBi%.%
TInel 5T4a® =38s3 Sibe4 ~3qi GZsh 0ub300 0e6lB56 1169a2 L15Ted Lall23 QutT4R J4L3a2 8537
T6Tat 6l0ed =-20ab 559 -2a0 40u7 0a6575 Q.6324 1251ed 123%al Lla2T60 0aT733% 1490486 934ad
170.0 40646 -2la® 53lae =le& hiei OabSbh 0.6296 12787 1250.% L2878 Cu¥40L 15ile# 94Bes
16%sQ 55de0 =l8.0 350,41 —la3 aheS Geb#33 Oub0b8 13Geed 1267+ 122990 0.,7L58 152de8 Pided
RHGVA=T RHOVN-Z C~FAL GMEGA=B LGSS-F Pa27 SEFF~P XLFF=A B'-l Br-2 Va1 va'-2 PO/ PO
TOTAL TOTAL POl Tor TOT DEGREE DEGREE FT/SEC FT/SEC INLET
Tial8 87490 0u5328 Q1403 0a0319 iaT7087 &7.406 68:57 47,70 Aeld =68%43 =5543 3.u599
Tia 3% Blabh Qaf4ll 0a1203 Q,02HQ 127946 2083 90.04 47,46 baOh —BUSLS =T9e2 3el8)i
Taedlt Bkl Ua33T4 020090 Da0212 la75%66 92497 92+36 47200 Babb —BETaT =1l4e0d 342097
T5.30 92951 025467 DeD548 0a0Ll31 leT44Q Tae¥8 Tha5T 4900 2ie38 —9TQ.0 -29ial Jal22%
G8e 82 78082 0e3%%5 0p0T0% Ua02?3 140896 52e39 9iaTd 54233 37220-1089.5 —A4T5,7 2.wéld
[ MY L] 71429 Gu53ab 0s003T (.0533 1.8560 93eré 92493 SHesl AJa231ll6hebs =5T73,0 2.7391
62e22 TO0sh% 005290 0uOT54 0u0i56 146d62 92405 F1en5 59404 4T 34-1187a3 ~60Tub  2.7257
b4 T8 Tia8b 0u5e10 0u0F45 D0av200 Le6T742 B9.83 89,06 5869 47060-12075 a3k, 2275374
eta BT Toa9% 00,5019 0u1253 Da02H6 1e0b20 0590 BheB? 58,98 49415=127Te8 =T0042 Zavind
6Te 76 7572 0eSu50 Osl#0h Ced326 leb560 Bhe20 H3a04 Siede 50s14~1300.5 ~12846 ledlid
67419 GUeTi 0u5351 TalSh0 Calfw?d 126305 T8.35 T6.B2 59.97 52.79-1324ec —T3he9 LaTobE
PO/PQ  EFF=AD EPF=F wCL/AL Ta2/T0L PQ2/P 0L <FF=AD EFF=F
INLET TNLET  IMLET LEBM/SEC RITOR ROTOR
) £ SQFTY 3 *
249207 B7a2% 89,02 4ias?d lea8?l 1.TOS6 85433 90419
AN nG  3e SPEZD COOE 10y PULNT NO 3
¥u=1 Lt vé-i Wi-2 é-1 .3 L M-z PO/PY Ta/TQ POFPL Tuzs
FIJSEC FISSEC FIFSEC FT/SEC VEGKEE LEGREE InCET ThLET S5TAGE Ty
B15aQ Tod.6 8l2.s 1%9a2 45ei 1ot Je93lL LaS5950 £a9750 deavdb ieodbT  ledw.T
a00sT ToheS 607D Zoall 4545 129 049193 Oetlds  dalil?s Law3ls ieTUhd  iacbai.
Thes Bléad 1934 TLT » Lw3 029095 (e6350 340500 ITLETS) LeT3i3  weavlw
TBiai TB349 HHUL3I 1440 LITYS led Du83%0 cablis 14C3i0 ann09Y 1700 leraid
0.l 550e8 5B6.0 =i2aT SieS —1al 0.TD27 Q5007 laBe5T le3354 1abD4S  saifZy
&0lez S5Teel 536al =lied wieT ~ias Datidie§ Jan%do <e7133 ied¥06 L1e6T%9  sail4s
590e7 55Tad  325a% =i9.4 4leb —dall Dubi5G Canilv Lab%4b LepB83 leaTET  leT6e
&06.0 582.5 52Ted ~—lle7 4led =lac 0ab359 Quniid deTznd lelbnn lactl?  1as773
bhE.8 Blead Sldes cded 3923 2ad 046570 Qasbio CaToas iehGEd iethdd Laboed
64Ty 8 H3T.9 Siheld 2747 EL Y] 23 Du83TT Qawdat 247880 lebzi® labddd  laid4c
al8e0 598.T7 S55%41 479 wie% dal Datd9% CaaS5T~ deTei? lekdat letib4t lar93s
RHQYM=) RHCVM-2 C-FAL OMEGA~8 LDS5-P PORS EEFF-P IEFF=A REFF=F ZEFF-&  IEFF-P
TaTAL TaTal POL STATu-3T TuT=LlaLc?  ToT=INLET ICT=3TG FUT-aTC
aT5 102e55 De#BTZ 0a1313 D.0299 Ju9%32 Hlabd bie bl 85,07 Thatls blie ot
FleTh  10%5.3% Qu4577 Cailod 0.0273 (<3500 Hlacs %443 dae b Blesl EFTY 2]
93419 LLlCeTE Ued3b0 00875 (20405 CaFalb ES.5C 8T. d% ESe 3b HSee7 BGy T3
95260 108417 Oen075 0.0697 0#0173 {Qa9T42 Blecs Sledl AT Bvall 905
BZe 05 BHedT 04520 0eG093 OoLi85 Lo9801 &Te21 Bheil cHe 78 bTau9 Bdea3
T4« 5% TTe49 Da4859 CaQ5e0 00449 U989 Flaé. Ohalsy Bbal? 5003 Fheid
T3.58 T5.54 DOahB80 040352 Ge0099 C(e9519 Gia33 Hagha L. b 90u 65 Yiadd
152 8% 7932 Go%odl 0,0382 da0ilY9 Ce9909 iewd 8he9Y diedo afa.b5 BEa20
B0uct B85.93 Gadlod 0e03350 (£o0l03 Cu9%ls  Sden? EEPYL] cgfieTs 83447 LT
79 54 Bheh Oavl94 020433 0.0128 0.9855 50.87 ala 30 2ea b BleT2 bleith
RETLYS TBaZl Oodb38 00877 (o032 00,9837 nlula 7523 TBa 40 Tealt LEFE-H
PG/PO EFF-AD  EFF=FP 102/T04 PCL/PUL EFF=au
INLET IMLET  ENLET Staok
1 3 ]
28555 uS.30 8T.27 Lailidg Ce9750 the52
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TABLE XV {d) —VERALL PERFORMANCE AND BLADE-ELEMENT DATA

U. 8. CUSTOMARY UNITS

ROTOR 1
SL O EPSI-1 EPSI-2  v-1
wkGnEc DEGREE FT/SEC
1 luadUs 1842495 830.5
2 Lldet3> 15.897 a44.0
3 124205 L3668  4S7.4
4 6.31 7,184 o08%9.1
9 WJadbbd 1217 108.4
& =leddd -1.569 1712.1
T =la%46 -2.724 Tl1.2
¢ =3.038 -2,95% T1d.4
v —lae0Y =T.81% 102.¢
b ~9.409 ~8.90L  &9%.7
Eh-hueT8u-10.231  485.0
EXT ) INCM REVY
UEGKEE DEGREE CEGREE
L -labs 2.9T 15.12
£ +labe 2.TH 14,82
3 -la3l 2.80 13.12
& —Uald 334 L0.47
k) lsto .84 Ba74
o« leb2a Ja93  Lheke
T Ladn .99 9.30
o 2+11 4.08 T.513
Y selde LEL Y] 0.73
le 3.3&  &.53  T.38
Li datd %.83 .15
STATOR 1

SL o EPSI=L EPSl-2 WL
UELHEE DEGREE FT/SEC

1 Li.udy L4707 L083.¢
£ 13.62¢ LioT0L L04G.S
3 Lianhe L0983 L024.0
4 Tath2 6.09% Shjl.%
2 hadhd 0344 039.2
b ~led8ul 2,428 TeZ.3
T -d¢1lu =2.680 771.0
% ~%.0BL -4.¢70 Tid.2
¥ ~teSko =T.20% 79%.4
b ~Te3el -T.921  £04.5
Il ~8edTy -B.580 @0L.2

ETR 1121 1KEN €Y
VeEunkE CEGREE DEGREE

1L ~ua3t 1.14% 8.71
[ TY- 1) 1.%0 9.03
3 =l.3o ket 10.0%
4+ L8 ba9h 8.52
3 =dedu 275 Tald
6 =UuU3  5.57  S.a)
T =3.32 2+ 50 557
4 -5,13  Oa%1  &.8)
P =Ta9s - 0,465 9.31
v =8.Tv Q.48 10.95
L —Tehl =-d.2¢6 12.37
WCORR WLORA

INLET  IHLET

HPN L BN/ SEC

L¢T08, 104.20

158

DESIGN SPEED o
STATOR 1 “’j‘das,_‘a.act.) = 00
STATOR 2 'B-des,— ‘G‘act.’ =0

{Data from reference 3)

RUN NG 3, SPEEL COCE L0, PGINT NOD &

V=2 WRM-1  yM-2  ye-l  vg=2 -1 B-2 =1 M-2 -1 u=2 L AL SR LY yi-l
FT/SEC FT/SEC FY/SEC FT/SEC FY/SEC CEGREE OEGREE FT/SEC FT/5eC FT/5EC F
1677.8  &230.5 o32.7 0.0 8I2.8 0.0  54.1 0.583% 0.95T2 62%.4 128.6 C.8244 0.5762 890.9
L035,8 &45.0 634.0 vl BLYI 0e0 5243 0.5949 0.9149 €707  763.9 Cu867L U.5621 935,68
101046 6574 6e9ub UeD  TThal 0u0 5040 0.6102 0.8901  T127.6 79941 C.9C97 C.5725 980.2

521.7 68%.1 b2E.8 G0 LThal 0.0  &7.0 0.0%20 0.B022  865.4  904.9 1.0307 0.5028 L108.4
817.2 108.4 579.8 0.0 575.8 Usll 45,8 0.06619 D.TCZ5 1038.4 10459 1 LT4l C.o64ls 1257.3

T30.9 2el 506.3 Q.0 538.2 00 46.8 Dab853 0.6257 112126 1L1se4 1.2412 Q.65 9 L13128.6

TAT.1 T13.2  348.2 Ve 509.7 G0 43.0 0.6664 0.6385 LEc2e? 11518 1.2744 0.7204 L3640

T84, 8 Tide4 5T8.7 V.0  &8T.7 Qa 40.1 0.6665 0.6482 1203.7 11069 1.3074 Q.T775 1399.2

168.0 7T62.6 0604.0 0.0 4Ta.s QeD  38.1 0.56556 0Q.6554 132642 1292.7 Le4C04 0.8678 1500,.8 1

T78.0 89%.T 599.4 0.0 &u9.7 Qa0 39.2 (,6477 0.6574 L367.0 1327.9 L4295 C.BT52 L1533.4% 1

TV3.2 ¢83.0 557.8 Gl 490.4 Vel 39,3 0.03TH 0.6545 14CTL0 1363.2 L 4574 0.68960 1585.6 L

TURN  RHOYM-1 RHOWM-2 U-FAC CMEGA=B LCS5-P  PO2/ TEFF-P SEFF-A B'1 8%2 VyB*-1 vo'~7  PBG/PC

OEGREE TOTAL TOT AL PO1 107 INY  DEGREE DEGREE FT/$EC FT/SEC INLET

27458 40,90  £9.60 U.503% 000564 0.01ZL  1.8795 97,05 5879 &4aTé ~12.84 -629.4 144.0 1.8795

SL.28 Al el 50,96 0.5339 0.0379 0.0133 148579 96,67 96.30 4é,30 ~4.98 ~678.7 55,3 1.8579

43.51 42,01 53,45 0.5357 0.0305 040073 1.8625 98,09 91,92 40,70 2.15 ~121.0 -24.9 1.8628

31.22 43023 53.92 0. 5621 4.0609 0.0152 1.8155 95,26 $4.86 51.37 20.1% -865.6 -230.8 L.3156

Le,o64  53.9%  51.30 0.5453 0.1026 0.023% L1.7470 90.16 B5.36 55,67 39.03-1038.4 ~470.1 1.7470

879 44.0%  4£5.00 0, 5487 0.1556 0.0324 16779 B3.82 87,63 57,59 48.B0-LEZLt -5T8.2 tL.6779
B.8&  5.09 £9.35 0.301% 01062 0.0223 L7080 BO.40 BT.14 38.46 49.4L-Ll&Z.7 -642.0 L.7080
8494 44,10 53.07 O.4645 0,006L 0.0140 17383 92,68 52.11 5%,3) %50,39-1203.T -899.2 §.7383
8.33 43.72  Se.l2 0.4320 0.0670 0,008 1.78868 92.26 91,62 ©2.09 33.%52-1326,2 -818.2 l.78e8
Bo66 42,44 55,45 04412 Qul0L3 0.0214 L1 7985 88,45 81.48 43,07 %4.36-1367.0 —838.3 1.798%
8.52 43,080 5%.27 0. 4376 Q41073 0.0245 1.BALS B6.52 &£25.38 s4.Cl 55.4%-1407.8 -872.8 1.8019
T0/T0  POJPC EFF-AD EFF-P WCLIZ4l TOZ/TOL PQ2/PCY  EFF-AD  EFF=p
INLET  IMLET  ENLET LNLET LBWSEC EGTOR  RDTOR
1z T 5QFT X T
1.1570 1.7838 $L.21 91.88 41,84 119710 ),7838 91.21 91.88
AN MO 3, SPEED CODE 10e PLINT NC &

Y= WM=l  YM-2  yd=1  vd-2 B-| 8-2 M-l -2 PL/BC TD4TE POPG TR2S
FT/SEC FV/SEC FT/SEC FT/SEC FY/SEC UEGHEF LEGHEX IMLET INLET STaGE  Tal
670.1  60T7.0 676.7 B5%.2 -4d.2  52.2 =306 Q9634 UL5TLS 1,1159 1.2018 1.7799  1.2¢38
BTa.d  6h%.1 6Tb.1l BOAG  =26.1  3D.3 -2, 0.9259 0.5710  1.7046 1.2005 Lo7846  1,2005
th2.0 6B%.2 682.6 Tol.T  ~3.e 4B.1  =0.) 0.9044% 0.5769  1.7454 1.1983 1.795% L1944
Q910 83,2 590.9 888.7 9.0 45.2  -0.7 0.8220 0.5852 L.BO028 t. 1955 1.8028 1.1955
83C.0  Blled 649.5 5749 =25,0 432  -2.2 0.7233 0.9485 1.7309 Lal931 L7309  1.193)
591.3  529.4  SB%F 538.T 40T 45.0  ~4.0 Q.b51Z Q.h9T2  1.65&9 L1913 1,6569  1.19123
64,2 3709 5%.8 51043 39,6 4l.5  -3.8 0.6607 Q.5024  1.6%9Q 11872 1.6590 1.1872
627.4 60840 6267 489.0 ~=28.6 38.%9 ~2.4 0.670L 0.530% 1.6887 telbSe V.6887  laloSe
74,3 €337 bTe.4 ATT.w  -l4.5 3T.L =1.2 D.6T90 O.569% L.T3€6 1.1973 laT36b 141973
8819 £30.5 GE).A 493,72  -Y.8  JM.L -0.8 D.6819 0.5753  1.T442 1.20%4 L.T4%2  1.209%
628 63045 683.4 &%) -6.5 38,2  -0.5 0.6807 0.5737  1.742C 1.2148 LeT430  1.214s

TURN  RHOVM=1 RHCWYM-Z D-FAC CWEGA=8 LDSS~P P02/ YEFF-P TEFF-A AEFF-P MEFF-A YEFF-#
DEGREE TCTAL TOTAL POL STAFC-ST  TCT=INLET TOT-INLET  TLT-$§TG TCT-5TG

S5.8C 32,02 05,32 0.3363 041171 0.023% 0.9475 85,51 47.81 28, T4 ef.8l  BH.T4

52456 53,30 63,63 0.53152 0.0936 0.0199 0.9603 B87.69 89,47 Y. 48 89.67 90,46

S8.44 55,08 66,57 0.491 0.0855 0.0191 0.9645 68.00 Slet§ 211 9l.86  92.33

45,95 SA.08  HT7.51 UL 4357 O.0L4e 0.003% 0.9948 97.48 93.11 94,249 S1.T1 96,20

4580 53,23 62.21 0.4E17 0.01IL O.U030 0.9971 97.39 87.79 s8¢ 8T.79  du.66

48,53 AT.IL 55,41 Qe 44lU 0.0875 0,0193 0.9830 B85.5% A1.404 H2a 35 81,05  #2.35

43031 3L.56  56.20 044363 041350 0.0393 D.96%%5 71,32 63.1G 84,24 310 Bé.24

SloaS 55,00 59.%3 0.3984 0.1229 0.036% 0,9679 T0.40 6,96 8187 Gba9s 87,87

20,37 S04 6390 0. 3457 01090 O0.0340 G.9T10 66.TO 84449 ETahE Bba%?  W7.48

3897 5T.65 64025 Q. 34Th Oulind 00362 U.969% aa.l5 82.21 83.52 822l B39

07T 57432 036 023492 G,1228 0.039)  0,9673 &1.58 89,10 857 H0.10  Bl.57
TU/TQ  PO/POD EFF=A0 EFF-P T2/T01  PO2IPOL EFF=Ar
IMLET  INLET  INLET [ALET STACE

L] ; g
LIS haTad)l  87.28 88.22 1.1970 0.9772 6t.2s

ve-2
T/SEL
48,9
63624
550.0
46906
Tabad
748t
£43,.0
90T.7
a17.0
©)a.5
a57.9
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EPSL-L
LEGREL
klakSz
e
9.6l
SeBls
Jabdis
—é.133
-3.513
-4afll
~Talla
~hedp2
LETR LT

NS
VEunEL
-Ja T2
“lad2
=Llabb
-lesd
laol
“abY
watd
ia 10
2+39
2. 50
289

ks l-1
UEGr €L
Batdi
Ta2l8
by 553
LVEL)
Lot
ualbd
UL el
“hal¥h
RETLY )
~hasdd
TR

LS
wklr Kk
~Zalw
=uedl
“Ue3d
—<a¥lL
=la¥o
“Lehh
=lely
=la%1
=& 47
he I-L
-2.d%

ROTOR 2

. fyN NO 3, SFEED CODE 1Qs PUINT KQ 4
thsi-2 V-1 v-2 WM—-L -2 va-1 va-2 8-1 6=2 M-1 M-2 L1} =2 Mi-1 L0 | vi-1
UEGREE FT/SEC FI/SEC FT1JSEC FT/SEL FY/SEC FT/SEC DEGREE DEGREE FT/SEC FT/SEC FT/SEC F
Llalld 186.5 1C56.1 ¥685.8 MW9.9 =41.9 818.5% ~3.1 WB.2 O.b%523 Q4790 B35.0 27%.8  0.9902 0-50&8 1164,2
G.E6TL  7T2.1 LOB&.2 I171.7 120.6 =25.1 4l2.8 =la.% 48.3 0.8580 0.8708 858.6 B94.1 0.9999 05813 MLTI.2
B.083 183.8 LOTE.2 J83.b TZl.b ~3.4% TIB.4 =0a2 47.8 D853 Q.8641 882.5 913.2 1.0108 J.3867 L1830
5.357 802.1 993.5 ECZ2.C Til.0 -9.0 $93.9 0.0 44.3 D.68T5 0.T90E 958.3 $73.9 L1.0772 O.4ll3 12%0.7
£.229 T54.3 B5T.T 753.9 &lZ2.& -25.2 40O.& -1l.% 44.% G 6438 04778 J082.¢& 1C81.9 1.1294 0-4061 L323.5
~UaB9%  &54.2 T92.4 £%3.0 585.0 =40.9 555.7 -4 44.5 0.5892 0,0227 L1527 L10B.B  1.1443 0.62i} 1344.3
+ 2,037 £6%5.3 T8la5 £54.1 555.7 39,1 549.% =32 dhab 025963 0 6140 EHA2.5 1133.0 1.1455 0.6331 137044
~3.17 TET.T O TeALLl TLT.L S5Td.h -2B.5 35140 2.3 %3.9 0.6121 08238 1169.4 11%7.7 11,1908 Q.&545 1396.2
-€.578 150.7 BL3.2 150.5 593.2 -le.5 556.2 ~l.1 3.1 0.8390 046352 12%1.4 12343 1.2527 Q. 7038 Léll.e
-7.787 155.0 81lé6e3 T55.0 999.86 ~9,8 553.9 ~0a.7 42.6 0.6397 040347 1270.9 1260.6 1. 2854 0.7200 1493.06
~§.905 T40.1 798.4 7T50.0 558.2 ~be5 570.2 =qah 48,5 0.5337 0.6159 13C6.5 1287.4 1.27Th 0.T014 1%12.2
ENCM Gev TURM  RHGYM~ | RHOWM=2 D-FAC CMEGCA-B LOSS-P Pa2/ XEFF=P LEFF-A B*} ar-2 ve+-1 vei-z2 PC/PC
vEGREE CEGREE DEGREE TOTAL TOTAL FOlL Tarv tov UECREE DEGREE FT/SEC FT/SEC INLET
Jub2 2%.87 44.32 Ths0 B5.T4 05833 wU.13l4 0.0299 1.7847 90.45 B9.64 48.76 4,47 =876.9 -37.3 3J.1787
3.33 20.2% 42.41 Tl.2d 86413 0.5520 0.L156 0.0268 L7946 9l.48 50,74 448,83 442 -08083.7 -Bl.3 3.2028
2.74 lE.5% 35,50 TZow% 57.9% 0.5472 0.082Z1L 0.019% 1.BOLS 93,79 92,25 4d.%51) 9.02 -886.3 -114.8 J.224¢
Jedl 1L.9% 28. 67 13.78 39.91 0.5364 UL001T Q.0153 1.T476 94.39 93,93 50,37 21.50 -967.5 -200.0 3.149%9
€.38 E.18 1827 48,48 78,40 0.%5538 0.0866 D0.0196 1.0949 91.% 90.91 55.28 37.00-1087.8 ~4b6leb 2.9215
9.03 8415 14, 10 62.32 T2.29 0, 50bé D,0702 0.0L49 L7073 93,02 9247 59.06 44 36-1196.06 -553.1 2.8288
Beld T.09 1.2 62.72 T1e38 Qo520 046880 00,0185 L.6576 91.07 90.38 59,55 4,35 1181.4 -983.5 2.8205
1.51 %38 L2+3E 65,23 T3.6E Da533% 0.1010 V0217 16880 83,50 BE.70 5%5.€3 48.70-1198.0 -006.7 2.8528
.18 1.62 10.59 #B.3% T6e25 0.5225 0.1403 0.0323 1.6720 Sk 84 BIL.TL 56.31 438, 72-1265.9 -878.1 2.9045
4.58 2.91 10.01 £B.3% 7653 045158 0.1408 10,0332 1.4685 84.%8 83.4) 56,60 49.5%-1286.7 -706.T 2.9102
L% k] be 30 B.09 £T.85 FOuhl Ou5423 0.1875 0.0436 L6491 79.8% TE.17 60,21 52.02-1313.1 -717.2 2.8744
TC /1D POJPG EFF-Al EFF=-FP w(l/A) TR2/TDL ®02/P0) EFF=-AD EFF-P
[NLET INLED INLET 1INLET LBM/SEC RCTDR RGTOR
: T 5QFT T ]
le4188 2.48%2 BT.21 H@3.99 41,35 <Lal8354 1.712¢ @5.C1 @8%5.81
STATOR 2
RUN M3 1y SPEEL CUDE Lde POINT NG &
EFS1-2 V=1 ¥-2 Y-l N2 Nd-1 ve-2 8-l b-2 Lol | -2 PLIPD Tes73 PC/PC icasr
VEGR EE FT/SEC FIASEC FTASEC FI/SEC FT/SEC FT/5rC CEGRE: LEGAREE INLET INLET STAGE Tat
UaB3F L126.8 TZ8.& TEI.O0  728.2 BlU.3 L6a5 46.13 1e3 99070 N.5604 LA Le%439 l+6Y66 141993
Da?38 L1L%.5 Ta&.4% 770.1 T64.1  809.7 225 40.% 1.7 Q+8970 Q.57%) 3,057 Lo%4sds LaTlde L. 1993
we565 F103.0 T72.0 87.0 WTL.T  792.7 2L.3 dbal L& D.8829 0.%985 J.i211 1.43137 laT4U5 1.i96l
G bT0 1017.9 TAL.8 FaT.E TAle7 G9l.3 .7 LF Y] L-1 G.olod Q.577¢ T.9842 Leal56 la 7088  Leb@3a
-0.4856 HHC.Y 625.8 A44.9 &25.7 600.2 a5 42.9 =0t G.6%3706 QL4844 2.8925 L.acss lebd2d LalTn2
~0.4% H15.2 557T.4% 4%S8.3 557.3 35.9 ~-13.7 LY ~let Qs0420 QL4268 2.19712 L4032 L.&87L 1.1Te?
~Ga500 BO3.e S54%5.% SHbal 545.8 549.8 -11.9 &1.1 ~ha3 .6328 Da.4210 2.T824 L.%G04 LabB2& 1.1794Q
—0.5869 815.7 5896 600s6 56829 551.9  -B.b 42,5  -0,7 0.6430 U.4157  2.8124 1.3992 L6706 1.1802
—G.B55 B41e2 24«3 62847 623.5 558.9  30.8  4la6 2.8 U.6590 D.4803  2.8791] 1.4212  L.6%91 1,1475
-U.959 EB4H.2 6313 635.7 630.% 550.9 2.1 41l 2.9 d.0616 0,4835 2.8821 1.413%0 Le526  Llaldbq
=L4CT2 B3%.% 555,53 ACAT S8 S5Te.D 286 4.5 Z.T 0.6411 Q.4523 2.821% 1.4514 L6193  1.1949
INCM QEv TURN RHOWM-1 RAHOYM=¢ D-FAL CMEGA-B LOS5-P PO2/ XEFF-P 1EFF-A JEFF-P TEFF-A XLFF-F
VELREE CEGREE QEGREE TOTAL TOT AL POL STATC-5T TLI-INLEY  TRT-IMNLEF ICT-5T5 TET-5TG
“Gu6% 13.11  44. 56 0.0 L0G.00 0.5122 0. 1185 Q.0268 D.9510 a4.15 83.20 £5.61 81,20  B2.5%
ladl 12.97 hha 80 50.2C 102.95 0.4930 0.1072 U.0247 0.9563 84.9%1 85.04 1t 16 82.5% B4.18
La97 12443 44,53 51477 108.08 Q5555 0.0845% 0.0198 0.9640 a8T.ls 86.21 89.93 86,8% BT.63
balt  1L.%5 4. T1 $3.06 165,18 0.4406 0.0871 0.016T 0.9760 88459 $1.09 §2.37 89,58  $0.32
3. 5% 9.71 43.%4%  0L.51) BT.43 Q. 5808 00,0637 Q.G171 0.9820 89.09 8%.12 88,87 8%.19 8807
LTELY d.82 hbe 3% T5.44 T1.58 0.512% J.0549% O0.0L13Z 0.9866 90.89 LETL T Eh. 46 490 %9 .26
4,89 8.91 4%, 31 18.a5 Toedl Qu5lS% D.0453 U127 J.38F4 92.3¢ 8%.50 B4.53 8.4 89.72
4,89 9,44 4301 Te. 7L 79.54 0.495% 0,06479 00,0136 0.3885 91,58 85,18 87,68 87,07  87.97
k.53 12.99 38.BF  159.08 85229 Qe%819 0.0322 G.00% 0.9919 73,47 Bl.40 85,64 d2.43 #3.63
J.4%  13.£8 38.16 60.3é B&.38 04397 Q.04LL Q.0L22 D.9895 9L.72 Bd. 84 B3.42 #1.97 83.240
A.86 l4.08 A0.T%  T5.15 80.403 Q0. %815% U.0TALl Q.CG22]1 0Q.9818 B&.58 Téal2 1921 TS.1e Té. 18
NCGRR wCGRk  Td/TQ POsPQ EFF-AO0 EFF-P Tuzsial PO2/901 EFF=&Q0
INLET INLET  INLET INLET INLET [HMLET STAGE
WPM  LBM/fYEC 1 3 ¥
LUTOE. [u4e20 1.4188 2.5263 H3.31 &l1.37 Lal854 0.9803 E5.41

ORIGINAT,; -
QF POOR Q%AQGIEME!

Labt §
T/SEC
732.1
T25.1
730.6
Tos. L
Tet.q
T907
805.a
832.7
901.0
926a.8
906.8
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APPENDIX C

TABLE XV (e) — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

EPS L=
LEbh L E
lé.78%
Mha4ll
les183d
[TELYS
[ L ¥
—U.aln
“lawdl
Lo bile
-T.3us
~o.908

LhCS
DELHEE
-lel?
=lal>
“049s
Uely
Lo
ie00
éedl
Zoha
dedv
debd
3.93

kFal=1
DEGREE
ib. 10y
L. Tia
13.00¢
By
l=599
—lev4d
2. 802
=393y
LT
=Tatsy
=-ged99

Ings
LEGKELD
0.25
PETM ]
“UeSi
“Jel 3
“ueql
Labu
=La0v
=-3ehb
~Sath
-Sad0
~ba0b

Ll=lue0651-10.57L

DESIGN SPEED

]
- _ g =
STATOR 1 {3 des, B act.l Do
N . -
STATOR 2(p des, B act.) o]
(Data from referance 3}
U. 8. CUSTOMARY UNITS
ROTOR 1
RuN MO 3, SPEEC CODE 10, POINT NO &
EPSi-2  v-1 V-2 W=l WM=2  ve=l  ¥E=2 8- 8-2 [ 231 n=-2 U1 U2 LI S L EY]
UeGREE FT/SEC FT/SEC FTJ/SEC FT/SEC FT/SEC FT/SEC CEGREE OEGREE FY/SEC FT/5EC
L2297 423.8 1€56.9 622.8 &12.5 0.0 B8éal.3 D0 9%.4 D.9768 0.9263  £20.7  730.2 0.8203 0.5%49
15.902 #37.0 1003.7 &37.0 olé.é 0.0 806.3 0.0 52.7 0.5899 Q.8934  68C.1  783.5 C.B629 0,527
13,701 6%50.0 589.9 £50.0 627.2 Gs@  Tb5.9 0.0 50.7 0.6028 0,86%8 1288 HO0O. 8 Q.505% 0.5519
1.887 8A0.3 9C%.7 o68C.3 601.9 0.0 &76.7 Q) 4841 0.63IL 0.7900 BET.4  506.9 1.0259 0.554%
Lakht  659.0 #14.8 ©59.0 359.1 0.0 59244 DeD 46,7 0.6520 G.0581 104A0.6 1048.1 1.149) O.éle2
“La315 M02.% 150.0 T0Z.& 496.9 Ja0  %560.0 @0 4B,3 D.6556 0.63T5 1124.C LILB.8 1.23467 Qunled
=2.580 T03.86 T755.5 T03.5 53Z.4 Vo0 538.0Q 0.0 %542 0a0506 006433 1185.1 L154.t 1e2703 Ou6948
=3.800 T04.l T€2.% T04.1 S63.3 el Sikad 040 42,4 0.657) 0.6508 120€6.3 11694 1,3035 QuT499
72481  69%.0 T73.l  £9%.0 591.9 Q.0 497.2 0.0 A0.0 D647 Gad5TL  1329.0 129%.4 1.3982 O.864d
~8.196 HET.T 182.% 48T.7 5%2.8 0.0 510.7 0.0 4047 0.64086 0.6624 137CG.G 13230.8 1.%278 0.8%84
678,3 T83.2 £78.3 594.1 0-0 510.% Qs 4046 046710 0468615 140048 E366.1 1.4%85 G.8797
INCH DEY TUKN  RHOVYM=L RMOYN-2 D-FAC CHEGA-8 LOSS~P  PO2/ XEFF-P TEFF-A B'-1 B8%2 vo'-1 ve'-2
UEGHEE GEGREE DEGREE TCTAL  FOT AL M1l TOY Tar DEGREE DEGREE FT/SEC FT/IEC
3,31 15.88 5721 A0.61  A%.04 3. 5230 0.0269 0.0056 L.BB65 98.60 98.48 «S5.010 -L2.10 -630.7 131.1
3.15% 15.81 5C.47 41.17 50.4% L5500 0,031 0.008% 1.4623 98,27 98.12 46.87 ~3,80 ~5080.1 40.8
3.18 471 A4.9C sl.11 S5Zut} 0.55%40 C.0110 0.0026 1.684B0 99,31 99.26 +8.08 Jul8 ~T28,8 =34.%
.76 41.05 Al.04 4Z2.9C 53009 WeSTBT Q. 04TS 0.ULIB  1.8347 96,36 96.0% 5179 20,73 ~86T.4 -230.2
%.21 B.91 L6.92 43,5% 30427 05875 0-4026 040239 17790 90.%4 85.7€ 58,10 35,18-1040.6 -455.7
4«34 14.90 .75 #3.MH 45.15 Qu5667 Q.1486 0.0313 1.7202 8%.27 a4.i2 56,00 48.24-1124.0 -358.8
4.38 8.95 9.4C 43.7¢ 48,87 0.5260 0.L106 0.023% 1.755T 08.7¢ 07.806 50.86 #9,.26-l165.1 -6l8.t
L L) Te29 .55 43.7 52.%3 0-4B9B 0,074 O0.00156 1e78% 92.24¢ 5160 59,70 5G.1%-1206.3 ~6T4.9
4.2 4. 59 8,95 43,45 56.0T 0.43L% (.0679 0.018¢ L1.8385 92.55 $1.90 02.34 92.39-1329.0 ~T798.2
4290 T+00 9.23 43.18 56a04 0o45T6 0.0949 00202 1.857T9 89,67 88.75 £3.29 34,08 1370.0 ~820.0
5.0% 8.8 .15 42,483 56.16 0.4523 0.1075 5,0227 1.8656 88,18 87.12 44,27 95.012=1410.8 -835.6
1o /10 PC/PD EFF=AD EFF=P WCl/351 1327701 ecarect EFF-AD EFF-P
IKLET INLET INLET INLET LOM/SEC ROTOR W TOR
2 T SOFT 4 X
1.2025. 1.8266 91,92 92.56 41l.54 i.2029 ial2ge 9l.52 92,3%¢
STATOR 1
RUW NG 3, SPFEEC CGDE L0, PUGINT NG S
EpSl-2 v-1 =2 wh=] -2 Y=l Ya-2 H=L a-2 H-1 LA} PO/PD Tesic PGLPO
UEGREE FY/ZSEC FT/SEC F1/SEC FY/SEC FY/SEC FT/SEC UEGHEE DEGREE INLET INLET STAGE
i, T49 L06L.0 ©42.3 644.0 63T.&6 A43.1 -T7,8 5248 “Be9 0.940% J.5401 1.7857 l.2017 L. 1857
12,057 1022.1 841,01 d4be2 £38.2 192,0 60,9 50.% ~%.4 0.9020 0.5399 T179)s e 1909 L. 1914
10,083 1001.5 ¢47.5 4%8.5 680.T7 754.%3 =3l.0 8.9 ~2+7 0.8814 0.5458 1.8028 l.19¢8 1. 8429
o280 92049 657.9 639,73 05T6 AaTL.Z  -lHeb  Sbed  -Llab 0.0069 0.53%5)F  1,.A15% 11569 1. 8159
Oudhb  P34.5 829,04 ST 624.5 590.%  =34,2 4541 ~3.4 07168 Q5254 17838 L.l%S4 L. Tt38
=2a388 T11a3 372.0 %29.0 S5Ti.0 560.6 =-34.3 Sl ~3eh UetS1d 0.4782 37009 l.2C07 1. 1QQ9
~3.621 TT7,5 SEA.D  S62.4 583.2 5386.9 =39.1 43,7 -3,0 0.0437 O.489%  1.7114 1.1537 LaTL1l4
~he82L  Th4.BP 616,55 59043 615.0 )60 -42.8 L] Py 3 ~4.0 O.&111 0.518% 1.T435 lel90l La 1435
~1.228 797.1 06302 #20.% 5863.2 5004 =1l.1 390 ~Le) UaHTIH Q5574 1.7T910 la2011 L. 7930
~Te%48 00747 E73.5 622.7 673.9 Sle.s ~dah IV.T =0s2 UL0857 G.5640 8023 le.2]88 L.yd23
SHLS95 B09.9  BTA.T  425.6 £T4.% TL4.5 ~lets 390 =0.1 0.6881 O.5433 laB024Q 1.2238 L. 8020
L] DEV . TUkM RHOWM=1 RHCWY¥-2 D=FAC OMEGA=8 LCSS-P #0032/ TEFF-P FEFF-A AEFF-P TEFF -2
OEGk BE OEGREE DEGREE TOTAL TOTAL POL STATC-5T TuT-AKEEY  TOT-INLET TCY-535
%1} Se45 39.69 3,45 62,08 D.565%4 D.1225 0.0249 O.7486 0%.2) 49.24 11-79 8] 89.24
2e43  5.83 36.3C $2.49  63.34 0.M39 G.0934 0.0197 0.9618 08,07 Sl.49 92.15 LIPEY]
2.20 Y.87 5labl Sk, 18 6%.47 0.5208 0.087% D.0193 0,965 B88.24 §3.13 LT ] 93413
3.09 Tett 4T.9% 55,1 65,70 Gu4b74 V0263 0.006% 0.990B 93.8b 94.21 4, 15 94,131
4405 &. 18 A0.24 52.29 8l.38 D.4530) 0.0198 00054 0.99%3 9%.98 88021 €9.0% 88421
Te22 .92 50.01 47,37 5531 Cu4Te9 C.0648 0.0185 0.9837 87.15 #1460 B82.9C 8len0
4,78 a4 41.3%% $1.03 Sbatll J.4657 QaL163 0.0339 0.970L 77.19 83.497 85.02 vi. 8t
2.1 5o 453.16 34.39 60.15 Q. 42568 0.0991 0.0293 Q.974L 77.91 61,18 18. 46 at. 78
Lads 9.59 39.94 31.9% 4o T9 0.370% Q.0963 0.0301 0.9743 73,26 at.5% 88,54 £7.59
L.79 11.%7 A5 B8 35,02 65.32 Q.ATUZ Q.1132 00359 G.96%% B.4L u3.11 24,98 B3. 71
1.09 13.18 3%.7¢ 58.25 65: 12 D:3T30 D.1268 Qa0408 0.96% 14,78 al.78 83,24 #l.78
wCORR WCCRR  TusTO PC/PQ EFF-AD EFF-P TO/TQL PO2/PQL EFF-AL
INLET INLET INLEY INLETY IMLET I MLET STAGE
APH LB /SEC 1 ] *
LOTIL. IBZ2.9%0 L.202% L.TTE% @0A.07 48,98 L2029 B.9TTL 48.C7
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vr-l
FT/SEC F
887,
93149
LECTE
1102.3
12%3.6
1325.%
L3dlak
1396.T
1499,.4
1532.9 1
I363.4 1

POPC
INLET
1.8865
LaB623
1.6680
l.B342
F-TT8L
l.7282
1.7551
Lo TB4G
le8345
1.8519
1.86346

oS
Tl
la2itt?
1.1976
1198
l.i¥69
L. 1994
L.290a7
11877
1o 1964
142071
1.2148
1.223a

AEFF-P
TGT=5TG
Fd. 44
.5
93606
Y. T
89.09
#2.5%0
8%.92
:E:PY-T-]
BS54
H4uvt
A2.20

yr-2
TFSEC
62bed
&l%.4
4281
©50.0
T21.)
Té%.1
#5157
8719.1
9%3.7
0ll.9
O4l.b



ROTOR 2

ARUN NO 3, SPEED CUDE 19, PULNT KT 3
5L EPal-1 EFSI-2 V-1 -2 VM- yH-2 w1 vé-2 B=1 B-2 H-1 H-2 w1 U2 L § Mtaf veé-l vr-2
Uibkte UeGREE FT/SEC FT/SEC FIJSEC FT/SEC FT/SEC FT/SEC LEGREE CEGREE FTZSeC  FF/SEC FY/SEC FT/SEC
L Liabbe L1080 TiTa9 L0&S4 T13.% &6%.% «T5.6 B808.0 -840 4%.2 06080 0.848% £E36.8 87747 Q9811 0.554k LL58.5 &97.9
2 10515 W.TID  T23,4 L0%6.9 72L.0 0990.2 =-59.0 800.5 —4a7 4%.1 Oetl4l QuB429 86D 4 896.0 0.9910 0-5556 Ll&B.&% 896.7
3 9,427 B.562 7359.4 1C4%9.0 Tie,8 693.¢ -30.0 T47.1 =22 «8.5 0.6253 Q.8383 884,38 91%.1 C.9577 0.56)5 1173.3 TO5.2
4 Sebse H.162 75643 988.8 T5&8.1 673.6 -—lB.k LHB.2 “la% 45,9 0.6443 D.TT1L0 96045 GT4.0 1.0%1 9.9805 L237.0 7T29.%
S wedid  $4019 T2L.2 B4B.E T20.4 595.4 M.l  A04.e -2.7 45,4 UsbllE Q.6871 LO64.5 100442 Llallééd 0a5913 13l4.1 T52.2
o =Z2edtid ~1.015 &6T0.0 T92.5 6691 S4bed =35.7 5740 -3.0 40.4 0,5650 Geth9% LL18.1 Xliled Lal24L 05989 1332.9 Tés-2
T -l.out -2.178 679.Q0 782.5 6T7.8 548.2 -39.6 5%8.5 =3.3 45.5 D,5139 06016 H1&4.% 1035.4 L.1534 C.46219 1384, T79%.8
6 ~4.6bl -3,302 V04l T9L.% T02.8 5T5.3 -—42.9 54%¥.1 =345 4343 0.5970 0.6196 1170.9 116Ca.l 1.1900 Q.8595 1403.5 B42.8
4 ~Tenle 6,741 T36.8 BiT.2 36,7 584.3 =-10.7 57L.3 -G08 45,3 0.6236 0.6352 1254.1 1237.0 1.2389 0.6884 L463.T7 005.8
L0 ~Go0be ~T. 890 Thl.G 822.3 T4ke9 59kal =242 SThaT  ~0u2  %3.9 0.6251 0.6344 128L.6 1263.3 142492 07041 1402.8 909.8
bl -9.220 -H4552 T37.3 804.3 T3l.3 552.0 =l.6 5650 =0al 4bob D 19S5 QL6181 130%9.3 1290.1 1.2630 0.6801 1504.0 895.%
aL Lhs INCM DEV TURN RHCWM-1 RHOVM=2 O-FAC CMEGA-B LOSS-P PO/ XEFF~P JEFF-A B8'-1 8'-2 VA'-1 W¥b'-2 PO/PO
UELnEE LECKREE CEGREE DEGREF TOTAL TOTAL PO L Tar Tor DEGREE DEGREE FY/SEC FY/SEC INLET
[ P LY GaTt 2610 46,17 47,88 360 D579 U.1851 0aU3T5S 17874 88.35 87.0¢ 51.47 5,70 -912.1 -69.6 3.1920
2 le4 B35 2latl d4 0L ¢H. TS B4a55 D.5785 Qa1458 Q. 0337 1.7988 89.5% 8B.&5 5).85 .85 ~919:,4 -95.5 1.2226
3 UeBa Sehs 17494 40.75 T0.13 86,65 0,5683 D,1020 0.D240 1.8068 92,50 91.8% 51.22 10.43 -914.8 -1208.0 3.2580
% Ja i 5.38 12.9%% 2%.79 TL.85 Bb.95 D. 5600 0.0827 G.UL97  1.T48&6 92,99 92.42 52.34 22,35 -979.0 -2719.7 J.1744
> 3+2% Talts Fa 45 19.69 6T.58 TTe62 0.5650 0.1022 0.0229 [.697)1 90.30 E%.55 Té.T74 37,87-1099.0 -459%.0 2.9893
] Ge Ay 9.83 Ba27 15.3€ &2.12 Tie2l 0, 5607 0.0857 0.0181 1.7069 91,72 9107 59.86 A4.40=1152.8 ~527.1 2Z.9048
4 Sald Feh2 Tale 13.79 83.24 FloTh $-5505 GalUhs 0.021F 1.6910 69.90 88.T5 40,21 A€, 42-1184.5 =5T6,9 2.08004
L] ety B.37 437 13.05 4e,02 T5.T4 0.5302 0.0068 0.0250 L.6772 A7.89 d6.98 59,94 44.89-1214.9 -6L6.0 2.9282
*+ F bat3 baSh 11.13  6%.%1 Te. %% 0.5330 0.1575 0.0383 1.6563 B3.28 82.04 55.76 488312647 -8605.7 2.9898
11" 2. T4 4.92 2.TL 10-93 £69.51 F6r 9% 05263 UalSh0 0.036% 16643 D324 82.00 59.94 49.39-1283.8 ~691.4 23,0002
[Ty 3allh 417 e 20 8.73 49.100 71205 0.5501 0.20L% 0.D4TL L.6433 78.486 T€.91 £0.99 21.86-1310.5 ~T05.1 2.9048
1C/10 POSPQ EFF=AD EFF-P wCl7al To2/7T0L PQ2/PO1 EFF-AD EFF-F
INLET iNLE T INLET INLET LBM/SEC ROTOR ROTOR
] I SQFT X ]
14292 3.C819 Db.80 HE.6T 4D.33 1.1881 k.7100 a7.42 BR.33
STATOR 2
AUk MU 3, SFERL COOE 10e PLINT A 5
S kesima EPSI-2 0 V-1 V-2  yM-l yM-2  vg-l vo-2 B-1 v-2 H-1 H-2 PLSFD 0Pt PGSPL Tuzs
UkLmEE DEGREE FT/SEC FT/SEC FT/SEL FTSSEC FY#5¢C FT/SEC DEGREE CEGREL INLET Ihie STaGt Tul
1 9e0dd 0889 1091.8 L8E.5 74341 £88.0 T99.7 3.l wT.4 2,3 ULBTI0 0.5272  1.C3E5 L4482 L TG20 1lac05Y
& feoudd o834 1081.T 1C8.3 135.1 TAT.5  THILS 34.b “T.4 2.8 G+BL2S J.594) Jaliélo Ledd4yd l=T213 1.204%
3 betll U676 1CTied 737.0 J134.6 36,2 T8l.3 34.1 4.5 Zeb D.83%6 G.585C EESTL L] leade? LeTaBd  beddub
5 hogbn Y RO 990.5 TCT.B  T0P.Z  TQF.5  69s.6 23.U 0 Kbl LS Oa79d4 C45985 a.1ibi L.4243 ie 1L Lelde?
3 Leddv —0.540 88503 &0%.Z 535.2 G05.2 H0M.0 kb 44,0 -Dek D.obk9 0.4e55 2.5472 1.41e3 labe4d  daldll
8 Lauiy -0.581 EL13,6 34%5,0 S$75.9 S4B.9 SThad  -10.0 4%.y =laG 046371 ve42lc 2.8892 laslod lo8853  LaL¥78
T -Latdy -U.%55 B34 542.& 576,08 S542.T 539.3 —%.T  4hel  -0.5 D.4291 O.4143  Z.E8C% L+%15% o740 1.1809
@ ~lagoo 04544 PRI.1  960.3 tC3.3  560.3 Seb.3 3.l w21 el 0.6375 044309  z.8b38 le4l34 Leb5%5  Luldls
Nom a3V 0,772 B44.Z Blé.§ 61%.0 6157 573.9 3Ten 4da8 3a5 pabbBU UakT20 2.95928 le4354 latbhdl laldds
LU —%. 83 -0.536 35340 E26eh 5102 E24.5 Sl 4%.4 426 405 U.60622 04772 2.%5081 Lad bS] ta6%27 Leld93
1 —5a309 -L.036 B90.4 5%3.9 599.2 592.0 S4¥.2 4.l 4.0 4ot D.0450 Q.44d%  2.9055 loeb4s leol2s 11972
bl LALy INEM DEY TUFN  AHOWN~] RHCWM-2 D~FAC CHEGA-8 LCSS-P FO2/ TEFF-P TEFF-& VEFE~P EFF-4&  NEFF-P
Okuk v VELPEE GEGFEE DEGREE TLIAL TOT AL POL STATC-ST  TOLT-EWLET TOT-IMLET  TOT-8T5 TCT-576
~LkeQ? Cot9  Jhel5 45,05 El.B4 Ghet3 0.5286 Q.1211 Y.0273 0.,9%25 84,04 61.32 88,41 T9.42 dUe¥y
mdel 2491 B4.G5 4%esl  88.53 99,99 .5083 0.10T9 040248 0.9583  §5.01 B9.01 at.17 8l.30 32,57
Uedu  2.80 L3.49  #4,2% 50,34 105,32 G477l 0.D86% 0Q.0206 Qa.9667 al.dl 824 #%.95 85.52  dbabid
~haUn 2482 1218 42.4% $0.0% 102,38 0,458] U.0683 D.AL70 O.9T74T  LA.TL 9d.14 SZatd Ba.d!  d%.12
“UeTZ 4255 9486 44T BG.6E  BbuS Y Gu4WE4 0.0646% QL0178 0.9819 00,97 BE.56 E8a4] 45492 66449
Wead 6420 9,17 45.63  Th.3l PT.91 0.5277 0.0590 D.0l63  Q.9d%d 90,39 83495 d6.11 88sb% 89,03
—0ala .84 9,67 44,57 Th.7l TT.06 0.5233 0.0540 J.0L3N  0.9874 9l.dd 44447 5. 21 7.0 87,94
~Zgedd  4a2l 10.42  AL.T3  Téeol  P9.8) 2.4998 0.0530 0.0151 dQ.9414 9U.BE d5.14 et.i% 85,19  B4a2d
“Qanl $.73  13.67 39.33 EL.0¢C B6.8% 0.45%5 Q.0451 0.0132 Q9087 91.27 42.90 8. 28 BOa 3% aleas
—2.03 4.8l 15429  37.68 &0.79  87.27 0.4485 0.0%32 0.0157 0.2865 B9.M [T 43.27 986  Bl.rL
Slal% 5295 1657 39.55 75.7%  Bl.34 O.48668 C.0B26 0.0246 0.9797 85.30 1e.21 1544 Ti.02 FEFE T
SRR WCORA  TO/TD PO/PC  EFF-AOD EFF-FP TozsTol PQ2sP0 L EFF~aft
INLET INLET  IMLET [NLET LHLET L MLET »TaGE
nPM  LBMZSEC 1 L | T
101 0e 182,90 1.4252 2.498C5 B4.9% o6T.04 Lo lBB1 09798 83.£5
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TABLE XV (f} — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

DESIGN SPEED o
STATOR 1 (:‘_J'de&— N

U. 5. CUSTOMARY UNITS

STATOR 248",

es,” B e 1= 0

{Data from reference 3)

ROTOR 1
AUN KD 3y SPEEC CUDE Q. PGLNT WD &
sl EPal=w SPAI-g V=1 V=g Vh=L YE-2 va-1 LAl 8=, b=z M1 Ll =i y=2 H#r-1 LELd
WEGACd DECRCE FI/SEL FTAScL FUJSEL FYASEC FTFSEC FT/SEC OuGhée CEGREE FT#3eC FTZSEL
4+ dos 733 acendl 60345 10347 G325 308,35 Dol 485141 Qa0 55e% GaSS506 Ca9isb (Y319 12940 QucCh8 0.53i1
& L2400 28a155 tiTel S5ieh SiTer 58ve3 dasd  TIE.S Gall 53nt Da5704 CuBT2? 619,40 Tohe3 lsbhT8 0u51%1
3 adedls s%e0a0 03025 Ghbal bBICeS 59T et Tolal Cal baw9 Qab834 [ebhbs 12Ta4 T39.5 Qea908 QuSise
v ae5¢d BedBi 0343 BN3a2 tH3e: ST Je 67345 el 43,0 Opbitl LeTT4u 886G ' 505 laQLl31l Ou5489
3 dedas Letih 008e5 BCYad H0bed bHaugT e} 64340 Deu e Gab3%4 Ja0927 103920 L04Ee% .2:598 Ou5%00
o =da9o =Qub3B 692e0 T5%ad 09ced wbb.b Jed  S77.1 Jail 4907 Qebndd Qoead3 112260 LiiTel is2486 Q.bis5
T raefod ~2aihT  0G4al TH9el 8F%%as Sabes Vet 556,.7 Jal 40a% 0abnT) lebwa? Llt3e3 113lei 122627 Ge6TLE
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APPENDIX €

TABLE XVI (al — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

U, 5. CUSTOMARY UNITS

DESIGN SPEED
STATOR 1 (8"

des.

g .}

act,

[}

=w

STATOR 2(8*,_ —f* )=+25"
des, act,

ROTOR 1
RUN NO 13, SPEED CODE 10y POINT NO 11,
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& 4,509 B.353 6T7.2 9$00.9 &Y1.2 b519.7 0.0 653.9 0.0  &d.b 0.6300 0.784% BE0.8  900.0 1.0185 D.5805 R095.3 66b6.7T
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T =T.805 «T.28% 7030 T85.4 70340 5160 0.0 %87.3 0.0 3843 046560 D.6TOZ 1318.% 1285.8 1.3947 0.B&0% L&5%.& 1D0B8.3
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DEGREE DEGREE FY/SEC FT/SEC FT/SEC FY/SEC FT/SEC FY/SEC DEGREE DEGREE INLET INLET STAGE T™01
1 10158 14.888 10573 631.0 532.6 G40 B4T.2  B9.5 534 TeB 0.936% D 54T9 ) ,TI4D 1.2011 1.7140 1.2011
2 154851 13.139 1014eZ 65322 4419 64T.0 TB5.2  89.T 50.9 Tol 0.8952 D.5514  1.T7248 1.1947 1.7248  1.1947
3 13,784 11.508 984.5 463.6 633.7 A5T.7 T36.2 BB.T  48.5 Teb 0o8667 DLI61E  L.742% 1.1905 1.7425 1.190%5
S 8,498 TuOT1 91Ba5 &béak 65043 560.9 &4B.8 47-B  4he9 Sell D.80L6 0.5629 1.74%0 1.1888 L.74%0 1.1BEB
5 24297 1.561 8217 638.3 583.% 636.0 S5T8.6  53.8  4b.T 4.8 D.TO66 0.5384 17113 1.1934 17113 1.1934
& 0779 =1.0T4 TT8.T 60341 559.B £QGL1.9 541.3 37.8  &4.0 3.6 D.668% 0.5073 1.8700 1.1926 1.6700 L1920
T =2.135 ~2.193  THB.0 8.3 5BB.]l £330 52h.5 43.9 Al.T 4.0 0,675 0.5353 1,014 L.l923 1.70k% 1.1923
B ~2427L =3.171 7994 656.5 61748 8549 507.2 45,7 39.4 4.0 0.4B82 0.53%2  1.TZ653 1.1914 1.7265 1.12914
P w6105 ~6.071 BlZ2.é 69Tel b4B.1 6944 4901 Blul  37.2 5.0 D.6956 0.5893  1,7012 1.2011 1.7812 3.2011
10 =688 ~T.066 82046 TO3.6 650,99 T00.0 499.7  TD.7 3Te6 3.8 0.7000 0.5927  L.7909 1.210% 1799 1.2}04
11 =8.014 ~8.095 B0%.5 56886 b51T0 EB4.0 528.0 T4 40,5 Gob 0604% 03752 1.7717 1.2262 L7737 1.2282
S INCS  INCH DEV TURM  RHOVM-1 RHOVM-2 D—FAC OMESA=B LOSS-P  PO2/ XEFF— XEFF—A LEEF—P TEFF-A XEFF-P
DEGREE DEGREE DEGREE DEGREE " TOTAL TOTAL POL  STATC-ST  TDT-INLET TOT-INLEF  TOV~STG TOT=§TC
1 =6ell  =2.00 15,1% 48,82 49.89 60403 0.5227 0,1767 04,0358 0,9237 7T7.98 82,72 83.96 82.72  63.9&
2 =499 2,59 14,06  43.02 51.T6  &1.63 0.4943 0,1377 0.0290 0.9442 B1.50 86.50 87 .44 Bo.50  @T.48
3 6a05 =3,286 13402  AO.B4 SILTT 53,17 Detédl 0.1081 0.0232 0.9589 B4.69 90.2] W92 021 9092
& =7.06 -3.34 10.il 39,10 55,59  63.TT 0.426% 0.0TTB 0.0159 0,9732 85.80 9La66 92.27 .06 2.27
5 =5e75 ~D.T1L  %u14 39,92 50,92  60.58 0.3950 0.0320 0.0087 0.9910 93,02 85.74 BbeT6 BS.T4  Bb.T6
& 5,90 0,36 Tu95  ADAS  49.43 546,85 0.4083 0.0TASA 0.0213 0.9AL0 B3.BI Bl.@g8 83.12 8l.88 83.12
T —8.05 =2.18 8.36 IT.Te 52,57 60409 D.3746 0.0803 0.0234 0.9788 80,63 85.22 86426 85.22 Boa2b
8 —10u17 4,04 8,42 35,42 53,97  62.49 0.3515 0.0890 0.0264 0.975¢ T6.89 BE.17 B9.02 B8.1T  8%.02
T ~lZAE 5,57 10.5¢ 32,13 99,45 6638 0.3089 0.067P 0.0211 0.9313 7T8.38 89.12 B9.9% 8%.12 B9.95
10 =12.34 ~3.29 12.56 J1.62 59,51 &6.84 0.3105 0.0T33 0,0231 0.9795 78.73 80602 87.10 Ba.02Z BT.10
1h 10217 ~3.02 486 33,81 55.8%1  6A,3% 0.3279 0.0T4T 0.0238 0.9799 7T.00 T8.40 BO 0% ThAD  BO.LO&
NCORKR WCORR TO/TG POSPO  EFE-AD EFF—P TO2/7T01 PO2/PO1 EEE=AD EFFE-f
IMLET INLET IMLEY IMLET INLEY  IMLET STAGE TOT-5TG
RPN LER/SEC T ] x x
10650. L03.20 L.1478 1.73PL Sb.el AT.5% L1975 0.9T4é Bb.81 207.22
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EPSI-1
DEGREE
1l.552
13,715

9.710

b.340

1.480
=1.0%0
=2.154
—3.109
=halih
=T.232
—Be341

INS
DEGREE
=3.28
=3.l4
~3.18
=200
Va2%
2428
1a35
0.69
-0 7%
hg £ 20
=0.53

EP51-1
DEGREE
B8.734
TaT26
[-2%3-2:3
3.864
0.823
~0,800
—1.758
~2.698
4. TED
—5.337
—5.962

INCS
DEGREE
=350
—2.41
=3+05
—Tu32
“lZ.43
-14406
=15.T5
-17T.76
—1B.78
=19+ 06
~ZU« 40

ROTOR 2

EPSI—2 V-1
DEGREE FT/SEC
11.224 Tlba2
10.082 124.1
.94 TA.L
H.TBO  T5%.%
l.483 T38.7
~0.680 TO05.%
=l+663 TAD.b
~2.036 T51.0
=5.820 T9b.0
=1.033 &80&.]
~8.3T9 T192.5
INCM OEY
DEGAEE DEGREE
1.04 17.36
1431 13.44
lod0 1l.b3
279 G b
%.81 &.78
Geb Tadi
Bad3 Ta63
o 50 Se3é
189 (1]
kald 0uT?
1.17 3.82
STATOR 2
EPSI-2 v-1
DEGREE FT/SEL
0.716 1356.%
0.50% 1323 .6
0,224 1281.2
—0.599 1147.%
-1.350 935.9
=1.5680 8B2.%
wlabbh B54.6
-1.592 3b&3.1
=1.315 923.2
-1.237 95b.b
-La151 94Z.2
INCH DEV
UEGREE DEGREE
=la94 3.461
=0.59 5.56
~0.5% .21
=385 3.8
=7+13 Q.73
-8.27 0.53
-2 T6 190
=11.56 2.08
—12.08 4.86
-12.1% 6.23
=13.30 T+ 54
NCORR WCORR
INLET INLET
APM  LBM/SEC
10650. 183.20

RUN KO 13; SPEED CODE 10, POINT NO 11
V-2 VM=l  YM=Z  ¥H=1 VB2 B-1 B2 M-i M=2 u—1 -2 MP-l  MP-] V-1 V=2
ET/SEC FT/5EC FT/SEC FY/SEC FT/SEC DEGREE DEGREE FY/SEC  FT/SEC FT/SEC FTASEC
1298.4 TID.¥ 913.6  B740 919.7 T+0  #5.1 D.5066 1.DTas BI0.4 B71.0 Q.8712 07598 102H.7 Pl4.9
1265.0 Ti6.8 B94.2 BT.5 BP.B 6%  AE,T 0,6155 [.0487 865349 BEF.2 048931 0.T7413 1050.7 BP4a2
1223,1 733.7 BBh.b B0 Bhb.s 6.7 43,6 $.5304 10127 B78.1 90822 0.9206 0.7343 1079.3 8sb.?
1092.2 T51.9 864.3  6T.0 58748 Bl 37«7 Cu54%6 0,8997  953.2  9b8.b 0.993% 0.7539 1182.2 915.2
942+3 T3h.T BO01.9 53.9 4948 .2 B1.T 0.6293 0.TTIC 10568 105641 1.0001 00009 1244,4 57E,.B
B8Zk.3 TOAS Tl4.0 38,0 412.D 3.1 30.0 0.5992 0.86702 1109.6 1102.7 1.0B91 G.BOTT 12B2.4 993.4
19625 T25.3 T03.1 44.0 374.3 3.4 2840 0.0221 0.6490 113642 1176.7 1.1184 0,8391 1313.3 1029.6
BOB,0 Té0.6 T20.%  A5.9 4B 2.5 2545 D.6A12 0,6415 1163.0 :251.3 1.1486 0.8877 1345.3 1084.3
861.1 T93.6 THb.2 6labé  351.3 Lok 24,0 D.b0801 0.TOSB 1244.5 1227,6 1.217! 0.9650 L1424, 1177.3
BBT.T BOle0 BOT5 T3 368.7 Sal  2h.4 0.6048 0.T256 1271.9 1253.7 1.2291 0.9793 1443.3 1198.1
86L.2 TBB.%& 78l.4 B0.3 352.0 Se8  24.8 0,4892 0.698% 1299.4 1280.3 1.2260 0.%77% 1451 .8 1205.6
TURN RHOVM-1 RHOVM—2 D~FAL OMEGA-8 LOSS~P  PO2/ SEFF~P SEFF-A B'-1 B'-2 vB'-1 vB'-2 PO/PO
DEGREE TOTAL TOTAL POl ¥ TOT DEGREE DEGREE FT/SEC FT/SEC  INLETY
49,26 G4.96  T9.90 0.3003 0.3606 O0.0821 1.5113 7T5.48 T4.87 46.20 «3.D04 —T41.5 &B.B 2.7417
4T LT 6.1l T9.77 0.3324 0.3762 Q.0879 1.5850 7T4.23 T2.52 &&.8l1 —0.36 ~766.4 5.6 2.7330
43,07 6T+8% 00.52 0.3489 0.3TTZ 0.0901 3.5376 7T1.88 7T0.1& 47,17 4.10 ~791.3 -63.5 2.4781
30455 85.26 02,47 0.3447 03154 00787  1.4269 469.45 6T.89 49,75 19.20 -BB86.2 -300.8 2.4957
1B.TL &B.80 T9.19 03126 0.2252 0.0523 1.33%% 70.73 &%.51 53,71 35,00-1002.% =56l.3 2.2952
1263 6345  TOL40 0,3097 0.2329 00497 1.2076  S4.41 53,21 56,565 #4.02-1071.5 —690.8 2.1208
9,34 b6.02  T0.02 0.29C1 0.7183 D.0455 1.2327 62.36 6le25 56423 456.89-1092.3 ~752.5 2.090%
Behl #Bo1lb  T3.60 0.2418 01747 O003TT 1.2324 66.54 65.56 56.07 AT.68=1107.1 -802.7 2.1224
8.07 T2.13 80,65 0.2421 D.1423 0.0332 1.2571 71.85 T0.9% 56,02 &7.96-1182.9 -8T6.3 2.2357
Bab%® T2443 82475 02431 0.1348 D.0331 1.2776 T4.00 T3.11 5&.16 47.47-1200.6 —885,0 2.2864
Te51 7031 T9.15 0.2417 0.128% ©£.0316 1.263 T4.01 73.1% 56.99 42.47=1219.0 =¢18.2 2,2402
70D PO/PD  EFF-AD EFF=P WC1/AL 1027701 PO2/POL  EFF-AD EFF=P
INLET  INLET  IMLEF¥ INLEY LAM/SEC ROTOR  ROTVOR
 § T S0FT b z
1.346T 2.3343 T0.83 81,136 #1.22 1.1244  L1.3422 T0.11  T1.32
RUN NG 13, SPEED CODE 10, PODINT ND I
¥-2 ym=1 ¥m=2 ¥B-] V8-2 -1 8-z H=] M-z PO/POD /70 PG/PD  TORS
FF/SEC ET/SEC FT/SEC FY/SEC FT/SEC DEGREE DEGREE INLET INLET STaGE 7Ol
1092,3 1005.3 1073.2 910,77 =203,3  #2.5 -10.7 1.138% 0.878¢ 2.3512 1.4338 <3719 1.1930
1110.46 982.5 1099.3 88T.2 —158.0 42.3% =8.2 1.108% 0.897TB 2.4148 La%26% 1.401% 1.192B
11Z8.3 96B.1 1113.9 839,01 =179.2 4l  -=9.1 1.0712 0.9193  2.4835 14136 144263 1.1865
1073,4 934.8 LOSB.6 &b6.2 —1TTud 35,5 9.5 D.9535 0.880%  2.404]1 1.3768 1.3736  1.1582
983.3 B64.3 9616 4.8 -205.8  29.8 =lZ.1 0.0205 0.808%  2.2355 1.3478 1.3034 1.1255
907.8 T80.0 887.3 412.4 =191.8. 2ZT.B =12.2 0.7221 0.7449  2.09B1 1.3249 1.2528 1.110%
B6B.2 ToB.l 852.9 3Theb =162e3 26,0 -20.8 D.7DOT 0.7128 2.0328 1.3122 1.,1996 1.1005
Bodal T91.5 BS5Z.l  34F.1 ~L43.% 23,8 =F.5 0.7128 0.TILT  2.0245 1.3031 11760 1.0936
933.6 B53.86 $24.7 35,4 ~l28.6 22.5 T8 0.7629 0,77IT  2.11A42 1.3182 1.1889 11,0947
955,7 B81e5 951.5 3Tieh =~L1Tel  Z22.9 ~ToD 0.7BB& 0.7T905  2.1423 1.3284 11970  1.0986
954,1 A0Be8 94T.L 3446 —114.7  22.8 =59 D.TTIS 0.7823 241145 1.3401 1.1925 1.093%
TURM RHOVMN—I RHOVM=2 D=fAC OMEGA=B LOSS—¥ P02/ IEFF=P XEFF-A TEFF-—P XEFF—a XEFF-P
DEGREE TOTAL TOTAL PO1l STATYC-ST  TOT—INLET TOT=INLET  TOVT-S$TG TOT-57G
53,16 03.18 94,02 D.3B03 0.258]1 0.0595 0.8513 AT.64 53.52 87+53 4849  50.69
50,49 B3.15 9T.9Z 0.3444 0.2185 0.0498 0.8821 50.17 56.93 T JET 52.20 54439
50u23 B3.83 10126 0.3095 0.1460 0.0338 0.924%) 5T.28 T1.51 The04 §7.14  59.21
45,07 B5.51 9054 0.2525 0.0908 0.0222 0.9593 S51.42 7536 Toe15 59.Th  81.48
41.B5 B2.45 90.02 0.2051 0.0606 0.0211 0.9712 -99.50 75.15% T7.7% 82,30 b3.b6
40,02 T4.53  82.56 0.16% 00469 0.0127 0.9B858 124.84 72,37 TS.04 59.64 60,88
38.Th THe08 79,31 0.1621 0.10}5 0.027% 0.9710 514.04 Tha81 T 62 52.60 53.76
33.33 TT.43 79452 C.1628 0.13563 0,0444 0.93%44-9T1.T1 T3.51 T5.9% 50.41  51.51
30,31 84,33 8554 01418 0.169% 0.0494 O0.9458 T27.81 T5.75 T8.12 53423  She34
29.9% 86,58 B7.41 0,1487 0.18Té 0.0551 0.93T04233.20 TI. B T6 40 53.1%  S6.34
29.73 83.81  85.62 0,1390 0,1721 0.051I0 O0.944D 908.95 99T 72,90 54.567  55.76
TO/T0  POSPO  EFF-AD EFF-P T02/701  PO2/POL EFF=AD  EFF=P
INLET  INLEY  INLET INLET STAGE  TOT-5TG
3 L] L3 z
1.3467 2.2118 73.24 7a.00 P8 FIVY 09475 56083 =302.,45
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APPENDIX C

TABLE XVI {b}) — OVERALL PERFORMANCE AND BLADE-ELEMENT DATA

SL

1
2
3
5
5
-]
7
B
9

1o

EPSI=1
DEGREE
l6.921
l4eb 4B
12.478
&.5%7
1.017
0586
=1.528
-2.858
=T+ 0658
“~Fuh22

U. 8. CUSTOMARY UNITS

11-10.937=10,208

&

Lal- 20 - N RV R STV S

A

- T T W e

F

G0 @ Ve

INCS
DEGREE
=L.41
-1l.27
=100
0.06
1.37
la86
Z.08
231
3.20
3,56
3a8%

EPsI-1
DEGREE
1T.999
15.573
13,442

B.181

1.931
—l.142
~2ahbT
=3.547
=5e2Z1
~T,060
~B.044

INCS
OEGREE
=3. &8
R T ]
=6 1O
~TaZ3
593
-4.0%
—Ba02
-10.07
~12.2%
=12.24
~10403

DESIGN SPEED

STATOR 1(g"
STATOH2(Fd%.

A et o
B} =25

[=]

=-5

ROTOR 1
RUN NO 13, SPEEO COGE 10, POINT MO 2
EPSI-2 V-l Va2  YM=1 YN V6=l V8—2 Bl =2 M=l M- u-1  p=2 MI-1  Mral e
DEGREE FT/SEC FT/SEC FT/SEC FT#SEC FT/SEC FT/SEC DEGREE DECREE FT/SEC FT/SEC FY/SEC F
18.278 625.1 1036.% 625.1 504.1 0.0 B%6.T 0.0 55,7 05782 D.9163  628.7 T2T.8 0.0199 0.5286 A86.4
15.885 628.4 987,2 a3B.4 592.8 0.0 T89.4 0.0 S3.01 0.5913 D.8885  6TT.9  TH3.0 0.862% 0.522] 93l.2
13.695 &51,7 953.9 651.7 61046 0.0 T32.7 0.0  50.2 D,6045 0.8372 72642 798.2 0.9051 0.5389 S575.8
Tu035 684,00 BBAL3 684.0 609.5 0.0 6406 0.0 4b.h 0.6368 DaTE93  Bbkes  F03.9  1.0264 0.5776 1103 .4
1.512 702.5 786.1 TO2.5 543.6 0.0 S56T.8 0.0 48,7 0.6555 0.6TA1 1037.3 106k.T 1.1890 0.&202 1252.8
~1.239 705,6  T42.6 705.6 519.7 0.0 530.4 0.0  45.6 0.6580 0.5339 1120.3 1115.2 1.235% 0.6875 L3240
T2.8%6 T06.6 I31.1 T0A.5 54Te2 0.0 5lke5 0.0 43,2 0.6596 0.541T 1163.4 1150.3 1.2691 0. 7167 13554
T3.707 T06.7 T62.8 TOba¥ STT.7 0.0 498.1 0.0 408 0.6398 0.6527 1202.3 1185.6 1.302] 0.7683 1394.7
CTAA58 596.0 T75.8 696.0 SO0T.5 0.0 4825 0,0 38.4 0.6490 0.6517 13Z4.7 1291.2 1.3952 0.8026 1696 .4 1
6,813 687.9 TEZ,1 4ET.% 809.4  D.0 AD.Z 0.0 38.T 0.640B 0.6649 1365.5 1326.4 1.4242 0.8756 1529.0 I
G7E.1 TT0.8  870.1 573.Z2 0.0 51%5.4 0.0 AL.? 0.6309 0.6495 1806-2 1361.6 1.4525 D.8614 1561.2 1
INCh  OEY — TURN RHOVM-1 RHOVM-2 D~FAC DMEGA-8 LOSS—P POZ/ REFF—P KEFF—A B*—] B%~2 v@'-1 VE%=2  pO/PO
DEGREE DEGREE DEGREE TOVAL TOTAL  POL  YOT  TOT  DEGREE OEGREE FT/SEC FY/SEC  INLET
3.20 15.50  57.43 40,66 47,24 0.5534 0.0370 0.008¢ 18707 98.06 9Te¥™ 44.97 -12.45 -628.7 126.9 1.8707
3202 17.06 49,09 41,23 £9.15 0.5684 00279 0.0064 1.BIH0 98.3T F8.2% 46.53 ~2.54 ~6T1.9  26.3 1.6300
3.04 17,68 41,86 41,78 51.78 0.5584=0.0026 —0.0006 1.8284 LOU.1T 100,20 4T.9% .10 ~T26.2 =065.3 1.0284
3.33 1358 28,20 43,04  53.81 D.5565 U.0084 O.0016 1.6108 99.49 99,45 S1.56 23.36 -B64.6 ~263.3 F.0L08
4405 10.99 14,63 S3.T2 48491 005590 0.0961 0.0217 1.7408 90,83 90.10 55.89 41.26=1037.3 —476.9 1,740
Aels 11,03 F.42 43,83 47,24 0.3335 0.109% 0.0231 1.7159 8B.73 B7.86 57.79 40.37-1120.1 —SM4.8  1.T15%
4:1% 0 B.97 9,39 43,86 50.30 0.502T 0.0B35 0.01F7 1.7434 91.26 90,57 538,67 49.28-1161.4 =635.8 1.7434
4e26 7,09 9,57 43.8T  53.73 0.4TL4 0.0521 0.0LL1 1.7750 94,42 93,97 59.52 49.95-1202.3 —68To4 1.7750
4262 6223 94227 43.48 57,31 04358 0.0504 O0.010T 1.8258 P4a3Z 9304 62.25 53.03-1324.7 -808.7 ].8258
e85 e.Ba 9,40 43,19 57,37 0.4372 0.0730 0.0158 1.8388 91.78 Y1.07 63.2¢ 53.84=1305.5 ~836.2 1.8388
5¢03 944 Badd 42,82 53424 0.4650 0.1411 0.0203 148221 Bi,36 63.01 64.23 55.79-1406.2 ~846.3 1.8221
TOrto  PG/PD  EFF-AD  EFF=P WC1/AL TO2/TGL PO2/POL  EFF-AD EFF-—p
INLET  INLET  INLET INLET LBM/SEC ROTOR  ROTOR
t 3 SOFT 3 T
11954 L7962 93.131 93.46 416l 1.1956  1.7962  93.13 93.66
STATOR 1
RUM WD 13, SPEED CODE 10, POINT NO 2
EPSI~2 W=l  ¥<2 VM-l VH-2 ¥o—1 V=2 B-1 B~2  M-1 nez PO/PD TorT0 POSPD  TO2/
DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DLCREE INLET INLET STAGE  tToi
144B26 104D .4 642+6 6157 636a9 B384 85,6 53,9 7.6 0.9199 0.5407 1,7258 1.1999 1.7258 1.199%
£3.020 95543 84845 624u2 8636.9 TT5.3 8.9 51.2 8.8 0.BTAT D.5440  1,7363 11930 1.7363 1.1930
11.327 985.4 653.7 641al 645.9 T2L.B 100.8 48.6  B.0 0.8480 0.5536 1.T7533 1.1875 1.7533 1.1875
54832 S02.0 854.8 6402 65049 635.4 T0.9  4ke8 6.2 07865 05550  1.7810 1.1858  1.7610 L.LB58
0.615 BOT.5 629.1 5¥5.0 626.8 566.% 54.7 Ak.6 5.0 0.6942 0,5310  1.7233 1.1903 1,7233  L.1903
=2.232 T65.2 59425 55lel 59343 530.8 37.1  43.9 3.5 O.6548 0.5003  1.681s 1.1897  1.6816 1.1697
~3.401 IT4.1 623.T 577eh 622.2 515+6 43,4 418 Au0 O.4531 D.5262 1. 7097 1.1699  1.709F 1.1899
~4.34% TB5.5 $47.3 606.3 E45.T A99.b6  45.5  39.% 4.0 O.6T40 D.54TA  1.T7350 11894  1,735¢ 1.1894
—6+853 B0l 694.2 63T.4 691.7 AES.&  3B.T  3T.4 4,9 0,6853 D.SETD  1.792¢ 1.1999 1.7629 1.199%
=T+631 BOB.E 70143 040.T 697.6 493.6 T1.9 3T.7 5.9 0.68%6 0.5911  1.8016 1.z086 1.8016 1.2085
“8.398  T99.9 68644 608.4 £83.3 519.3 841 &0.6 7.0 C.8TA3 0.5T53  1.782% 1.2:51 L7829 1.2251
INCK  DEV  TURN RHOYM—1 RHOVM=Z D-FAL OMEGA—8 LOSS~P P02/ REFF-p TEFF-A REFF=P  XEFF-A TEFF-P
DEGREE DEGREE DEGREE TOTAL TOTAL  POL  STATE-ST  TOV-IWLET TOT—INLET  TOT-§TG TOT-STG
~1a5T 14090 46230 A9.65  60.77 0.5221 0.183& 040372 0.9227 T6.80 B4u33 85.47 84,33 83,47
=2.20  JA.9B  A2.49 5142 61,39 0.4BY0 0.1396 0.0293 0.9452 81.00 88443 89,27 BB.43 69,27
—3.31 14,20  39.62 53.91 62485 0.4583 0.1090 0.0233 0.9591 B4.00 92,75 93.29 92.75  93.29
~3.51 1046 38259 55,84 63,86 04230 0.0812 0.0197 0.9728 85.01 4439 9480 94439 94.BD
=0.8% 9429 39,59 51.09  &0.50 0.3920 0.0342 0.0093 0.9908 92.49 88.34 89,18 8B.34 49,18
04T T.9%  40.35 49,47 56476 0.4061 0.0774 0.0221 0.9808 B82.96 84034 B5 wh2 B4y34  B5.42
“Zeld  B.37  3T.TY 52442 59.74 0.3739 0.0836 0.0243 0.9785 T79.40 8114 86.05 B7.14  BB.0S
3493 BoAT 35,49 5588 62,27 0.3489 0.0908 0.0269 0.9761 75.92 89,96 90069 89.95 90469
“5237 10442  32.50 59,26 66491 0.3015 0,06T3 0.0209 0.9819 77.17 90.73 91.45 073 51,45
—5:19 12,69 3L.TT 59,40 6T.18 0.3001 0.0T43 0.0234 0,5798 74,72 at. 74 86,70 BT.7% 66,70
=2a88 15,36 33455 50.40 64,78 0.316% 0.0B1% 0.0239 0.9785 73.23 T9.73 81.28 79,73 Bl.2%
MCORR  WEORR  TO/TO  PO/PD  EFF-AD EFF— TO2/T01  PO2/POL  EFE-AD  EFF-P
IMLET  INLET INLET  INLEY  INLET INLET STAGE  TOT-STG
RPH  LBR/SEC X X t T
10696, 183,20 1.1954 1.7503 88.68 89.52 11954 049744 BB.68  205.32
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vrz
T/SEC
598.2
593.4
614.0
(1.1
T23.2
TH2.4
838.9
897.9
O1).5%
03&.7
022.1
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EPSI-1
DEGAEE
11,580
10.772

Q828

&.170

0.108
~Z2+338
=3.%33
—4.T28
=71.30&
-8.128
—8.824

INCS
DEGREE
273
-3,02
=3.17
=197
Q.46
Z2-89
lo94
1.39
O.11
a.ll
0.37

EPSI=1
DEGREE
Bak92
Fe209
b.0%6
3438
D950
~0.401
~1.281
=2+18%
—4u.l98
—4.8B%
~S.TAT

INCS
DEGREE
b Y+
le4l
l.08
~hub
~9.58
=10 86
=il.51
-13.92
=l4.98
~l&uT%
=14.03

RQOTOR 2

EPSI—2
DEGREE
11.128
9.087
8,700
s5.289
0.589
-1.T726
~2.698
~3.559
-5e540
~Yub3T
-8.T14

INCH
DEGREE
1.58
1.&2
Lo
282
5.04
Tal&
6.02
5.20
2.7%
2407
2.08

EPSI-2
DEGREE

0.653

0,393

0.080
-0.828
-1,712
-1.82%
~1.778
-1.832
-1.317
-1.288
-1.220

INCK
DEGREE
1.31
343
359
=073
~halB
~5.07
=5.52
—T=72
~Be27
=Te?l
—8,.93

NCORR
INLET

¥-1

FT/SEC

TO% 6
TLT.7
T332
T54 .9
1355
6.3
Tiv.0
762
TT6.0
A0 .9
T87.9

DEV

DEGREE

18.87
13.60
10.73
950
8.93
10.24
10,923
8.03
2.82
3,069
6,95

STATOR 2

-1

FTASEC
1265.3
1232.0
121643
1107.9

930.1
a15.8
T10.5
18T.5
853.1
DEI ek
43 &

DEV

PEGREE

8435
Fult
8.a7
929
611
3,Te
3.63
T4
8243
10,00
11.50

WCORR
INLET

RPN 1BM/SEC
108964 583,20

v-z
FT/5EL
1200.3
1188.%
1174.9
106%9.2

8%2.3
T16.4
T50.8
T49.4&
al0.9
G15.9
T8Y.2

TURN
DEGREE
48+20
4Tels
43.98
30.71
16.78
10.72
b3
betd
T+01
&eT2
5.27

TOSTD
INLETY
1.3511

v=2

FT/SEL FT/SEC

933.8
Qhh. T
52,7
955.8
B35.7
T29.T7
68544
69Tud
TTha2
T894
31,6

TURN
DEGREE
1,67
50.823
50.5]
41,99
39.32
39.9%
39.25
35.4%
30,57
30,45
3014

T0/70
INLEY

1.3511

¥YM-1

FT/SEC

TOh5
T2
TZ6a5
T53.7
T33.5
693,32
7.6
T3%.T
T13.8
TTT.5
Te3.2

RHOVM—1 RHOYM-2 D—FaAC

65,10
6615
6T.94
69. 84
67417
63.82
&5.89
6704
T1.68
T8
9. 4T

PO/PO
INLET

T
2.5008 83.02

V-1

BT3.T
BS3.T
85848
BoBal
To3.2
698,80
Bh5ad
59Tl
TohaT
Toled
75040

81.57
8l.T0
84.52
0, TH
BhehQ
Tha 9%
Tle 54
T5.T4
82.63
82,32
T8.85

POsPO
INLET

B-1

oaT

Te? 48.0
TaT 4T.5
52 &2
hal .2
3.0 32.5
3.5 2.0
Y] 29.1
L% 270
5.3 2Bab6
a3 28.9

OMEGA—E LOSS-P

=2

¥YM-—-2 Vg1 ye-2
FY/SEC FT/SEC FT/SEC DEGREE DEGREE
198.5 B3.2 0%96.2
TBle% 96.5 B9&.1
T92.2 98.46 BAT.T
816.2 T0.0 4£90.8
738.0 38,3 501.5
a52.8 Abd  A20.4
61946 4%,1 287.%
6547 45.9 3647
T18 .4 59.5 378.2
Tis.0 T3.0 391.3
6838.3 85.2 381.9

PO/ TEFF— XEFF-A

RUN NO

M=1 -2

4B.2 D.600T 0.9B31
0.46102 0.7T42
046259 0.9640
Dubht5 0.8T63
D.6272 07257
05915 086279
0.6122 0.5910
D.6201 O.5089
Oabb18 D.46582
046637 0.0395
Do &4T0 028318

u-1
FT/SEC
234.1
B57ab
8B1l.9
25T 4
1061.%
L114.5
1141e2
1168.1
1250.0
1277.5
1305.1

B*=1

13, SPEED CODE 10, POINT WD 2

U=z L) § LAt §

FT/SEC

8T%.8 D871% 0.4542
B93.1 D.BB55 Q.5403
912.1 0.9120 0.6514
972.8 D.995%% 0.7077
1040.7 1.D625 0.7531
1107.5 1,0895 0.7465
1131.7 1.1062 07831
1156+% l.lahd U.B346
1233.0 1.2109 0,907&
1259.2 1.Z71685 D.9094
1285.,9 1.2123 0.711%

Br=-2 ye -1 ve'le2

TOTAL TOTAL PO} ™T TOT  DEGREE DEGREE FT/SEC FT/SEC
TT.3T 0.4093 0.307T8 0.0701 146312 79,80 T8.37 45,75 -1.53 =750.% Z1.%
Tr.%6 0a4335 0.3002 0,0701 1.86410 BO.01 Y8458 46,93 —0.22 -T&l.1 3.0
0,52 0.4321 0.2654% 0,0635 1.6442 Bl.4l B0.0T 4T.16  3.20 ~T83.4 —44,5
8779 0.3957 0.1815 040393 1,5T4% B5.4) Bé.bés 49.7T8 19.06 —887.4 -282.0
§1.30 0.3594 0.1036 0.0234 1.4452 8T.03 6,35 53.93 3T.15-1007.1 -55%9.2
TL.48 0.3513 0,1268 0.0259 1.3623 Hl.45 B0.63 S5T.lT  48.45-1077.7 ~687.2
8751 0.3425 01501 00293 1.2998 T5.32 T4.40 56.81 50.18-1097,1 ~T4a.l
T2.48 003090 Oullod 0.0253 1.30)% 79.53 T8.77 S56.7T 50.35-1122.2 ~T9l.6
ToehT 0.2896 0,1172 D.0264 1.3151 TR.BY TH.06 56,92 49.92-1190.5 —8356.8
T8.55 0.29%0 0.1304 0.0303 1.3108 Té.59 T5.68 5T.09 50.27-1204,5 ~B6T.9
T4eS0 042873 0.1181 0.0271 1.2950 77.70 T4.88 5T7.88 D52,61-1219.8 ~904.D
EFE~AD EFF-P WC1/AL TO2/701 POZ/POY  EFF=AD EFF—P
INLET INLET LBA/SEC ROTOR ROTOR
£ OFT L3 4
B5.80 40.93 1.1302 14288 8l.9T B82.85
. RUN ND 13, SPEED CODE 10, POINT NO 2
V-2  ve-1  ve-2 B=1 B=2 M=] M- PO/PD T0/T0 PO/PO
FT/SEC FT/SEL FT/SEC DEGREE DEGREE INLET INLET STAGE
92848 BOT.3 —9T<2 45.7 6.0 1.0275 0.7374  2.5303 1.4281 1ol 2
PHl.l BESL3 ~TH 0 403 =4,5 1.01467 0.7404  2.5648 14229 147682
958.7 B&l.2 -BB.6  45.2  =5.3 1.0052 0.7573  2.6180 1.4133 14948
954,0 688.3 =58.8 305 —3.5 0.9130 0.TTLS  Z.63E8 1.2793 144981
B3040 501e7 =9Ta5 3246 —6,T 0,7598 D.6753  2.4170 lad423 L.4D32
T20.8 #21-0 —113.7 310 =9.0 0.0823 Q5874 2.245%9 t.3251 1.3336
6T6e% 38B.1 ~107,7 30.2 ~=9.0 0.8255 0.5521 2.1854 1.3137 1.2740
6908 365,464 =95.6 2Tab  —T.9 0,6423 0.5638 2.2019 1.3070 1.2672
TTZ.1 378.2 ~5T.3 26.3 =4.2 D656 0a828] 222973 13243 L.2813
T8Bal 393.8 ~45.2 27,2 ~3.3 D.TOLl4 Cu&3&3  2.3104 1.3363 1.2824%
T30.06 304.6 =30.5 2T.2 ~3.9 0.4808 D.6011 2.2397 1-34b5 LaZ2563
RHOVM=1 RHOYM~2 D-FAL OMEGA-B LOSS-P  POZ/ REFF—P TEFF-A IEFF—P IEFF-A
TOTAL  YOTAL POL  STATC-ST  TOV=INLETY TOY=-INLET  TOT-5TG
9T.2]1 0.4282 0.2089 0.0465 0.8789 &5,48 .67 Téelt 60.38
99,54 0.4126 §.2050 0.04T0 0,9012 63.55 T2.73 76.03 61.12
102.680 0a3%16 0.1910 0.0446 0.9093 62.5% T6e29 T9.21 43.81
10%.35 0.3053 0.1173 D.0291 0.931} 65.45 BI04 BSe%h T4a55
91.83 0.2737 00878 0.0233 0.9721 62.82 83.51 B85 .37 T9.42
T9.05 0.2866 0.0830 0.0227 G.9TEF  sd4.és .79 Bl.92 ThabS
The27 02914 D.OBST 00237 0.9801 64.45 Ta60 Bl.6E 4B.53
T6s29 042812 G21100 0.0310 0.9T34 546.06 8