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FOREWORD 

This report was prepared by the Pratt & Whitney Aircraft Division of 
United Aircraft Corporation, West Palm Beach, Florida, to present the data and 
performance for stage E, which was tested under Contract NAS3-11158, Single
Stage Experimental Evaluation of Tandem-Airfoil Rotor and Stator Blading for 
Compressors. Mr. Everett E. Bailey, NASA-Lewis Research Center, Fluid 
System Components Division, was Project Manager. 

The requirements of NASA Policy Directive NPD 2220.4 (September 14, 
1970) regarding the use of S1 Units have been waived in accordance with the pro
visions of paragraph 5d of that Directive by the Director of Lewis Research 
Center. 
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SUMMARY 

A single-stage axial flow compressor, having tandem-airfoil blading (i. e., 
blading composed of two airfoils positioned one behind the other so that there 
was an interblade passage whose width was approximately 10% of the individual 
airfoil chords) was designed and tested as part of an overall program to evaluate 
the effectiveness of tandem airfoils for increasing the design point loading capa
bility and stable operating range of compressors. The stage was designed with 
zero rotor prewhirl, constant rotor work across the span, and axial discharge 
flow. The design procedure accounted for the rotor inlet boundary layer and in
cluded the effects of axial velocity ratio and secondary flow on blade row per
formance. The resulting blading had large variations in twist (i. e., end-bends) 
in the endwall regions. The rotor had an inlet hub/tip ratio of 0.8 and a design 
tip velocity of 757 ft/sec. The specific flow and resulting rotor inlet Mach 
number were generally consistent with design practice for compressor middle 
stages; however, the blade loading was appreciably higher. The stage was tested 
with uniform inlet flow and with hub radial, tip radial, and 90-deg one-per
revolution circumferential distortion of the inlet flow. 

Overall and blade element performance data for uniform inlet flow were 
obtained at 50, 70, 90, 100, and 110% of design equivalent rotor speed and are 
presented herein. At design equivalent rotor speed and flow, the rotor achieved 
an adiabatic efficiency of 89.7% at a pressure ratio of 1. 291, compared with 
respective design values of 89.9% and 1. 28. At the same flow and rotor speed, 
the stage achieved an adiabatic efficiency of 83.7% at a pressure ratio of 1. 275 
relative to respective design values of 84.8 and 1. 260. At design equivalent 
rotor speed, maximum rotor and stage adiabatic efficiencies of 90. ° and 83.7% 
were reached at approximately 98 and 100% of design equivalent flow, respectively. 

For both hub radial and tip radial distortion of the inlet flow, overall per
formance, blade element performance, and flow distribution data were obtained 
at 70, 90, and 100% of design equivalent rotor speed and are also presented herein. 
For circumferential distortion of the inlet flow, overall performance data were 
obtained at 70, 90, and 100% of design equivalent rotor speed. Flow distribution 
data were also obtained with circumferential distortion of the inlet flow for two 
operating points (defined as a combination of flow and speed) at design equivalent 
rotor speed and one operating point at 90% design equivalent rotor speed. 

Hub radial and circumferential distortion of the inlet flow produced moderate 
changes in surge pressure ratio for the stage, whereas tip radial distortion caused 
a substantial decrease in surge pressure ratio. At design equivalent rotor speed 
with hub radial, tip radial, and circumferential distortion, the surge pressure 
ratio decreased 2.5, 7.0, and 2.5%, respectively, when compared with the uniform 
inlet flow value. At design equivalent rotor speed and flow, hub, tip, and circum
ferential distortion reduced stage adiabatic efficiency by 4.3, 4.3, and 5.9%, 
respectively, when compared to the uniform inlet value. Similarly, stage pres
sure ratio was reduced by 2.4, 2.4, and 1. 6%. Comparable reductions in stage 
efficiency and pressure ratio occurred for all speedlines and at no combination of 
speed and flow was the performance of Stage E with inlet flow distortion improved 
over that obtained with uniform inlet flow. With the exception of small increases 
in stall point efficiency occurring with hub and circumferential distortion of the 
inlet flow at 90 and 100% design equivalent rotor speed, the rotor also exhibited a 
similar trend towards reduced efficiency and pressure ratio with the addition of 
inlet flow distortion. 
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INTRODUCTION 

The effectiveness of tandem airfoils as a means for increasing the loading 
limit and stable operating range of highly loaded compressor blade rows was 
investigated for the National Aeronautics and Space Administration at the Florida 
Research and Development Center of Pratt & Whitney Aircraft under Task I of 
Contract NAS3-11158 (References 1 through 3). During this program, tandem 
rotors demonstrated higher pressure rise and efficiency than a single airfoil 
rotor with identical inlet and exit airfoil angles. The performance of the con
ventional stage was controlled to a large extent by three-dimensional flow effects 
associated with high losses near the walls. The three-dimensional flows resulted 
even though the blading was designed with increased work input near the walls 
to compensate for the high losses in these regions and, thereby, maintained a 
constant radial pressure distribution. 

A second single-stage compressor investigation was initiated to evaluate 
the potential of tandem blading for improving the performance over that of a 
more moderately loaded stage, which was composed of single airfoil blade rows. 
A study was performed to select a radial work gradient for the rotor, which 
resulted in maximum rotor and stator loading levels consistent with good per
formance (Reference 4). Based on this study, a rotor design with uniform work 
input at all radii and an overall pressure ratio of 1. 28 at a design rotor tip speed 
of 757 ft/ sec was chosen for this investigation. This rotor has lower work input 
near the walls than the rotors of References 1 through 3. This lower work input 
near the walls should reduce the three-dimensional flows and high wall losses 
that are characteristic of highly loaded blade rows and provide a stage design 
that is not characterized by a highly three-dimensional flow and associated poor 
performance. 

A single-airfoil rotor and stator, a dual-airfoil tandem rotor and a dual
airfoil tandem stator were designed and fabricated for this investigation. Because 
of the large inlet boundary layer noted during the testing described in References 1 
through 3, a design procedure was used that accounted for the inlet total pressure 
gradient and the effects of axial velocity ratio and secondary flow on blade row 
performance. This report presents the data and performance obtained with 
Stage E, which was composed of tandem rotor and stator blading. A discussion 
of the aerodynamic and mechanical design of Stage E is presented in Reference 4. 
The overall and blade element performance for the single airfoil blading designed 
for the same vector diagrams are given in Reference 5. 

DESIGN SUMMARY 

Blading Design 

The stage was designed with zero rotor prewhirl, constant rotor work 
across the span, and axial discharge flow. A rotor tip inlet Mach number of 
approximately 0.8 and a specific flow of 33 lb/sec-£t2 were selected to be 
generally representative of current design practice for highly loaded compressor 
middle stages. 



To ensure a valid comparison between the conventional single-airfoil and 
the tandem-airfoil stages, the design velocity diagrams selected for the con
ventional stage were used in the design of the tandem stage. The design velocity 
diagrams were calculated by means of a computer program that solves the con
tinuity, energy, and radial equilibrium equations for an axisymmetric flow field. 
The rotor inlet total pressure distortion from the data of the Reference 1 pro
gram was used for the velocity diagram calculations. Radial gradients of enthalpy 
and entropy were included in the calculation, and the influences of wall and stream
line curvature on the radial distribution of static pressure were taken into account .. 

Simulated double-circular-arc airfoil sections (i. e., the mean camber line 
and the suction and pressure surface lines of each blade element are lines with 
a constant rate of angle change with path distance on a specified conical surface) 
were selected for the rotor and stator blading to be as consistent as possible 
with studies being conducted by NASA-Lewis Research Center (Reference 6). To 
ensure interchangeability with the conventional stage, radial distributions of 
overall axial chord for the tandem airfoils were maintained equal to the distributions 
selected for the conventional Stage D blading. To minimize the number of variables 
to be investigated in the selection of tandem Stage E metal geometry, the individual 
airfoil maximum thickness-to-chord ratio for each tandem airfoil was maintained 
equal to the cor responding values selected for the conventional Stage D airfoils. 
The individual airfoil chords of the tandem blades were arbitrarily set equal. 
The rotor and stator camber angles were selected to provide approximately an 
equal distribution of lift between the front and rear airfoils. The individual air
foils for both the rotor and stator were positioned so that: 

1. The leading edge metal angle of the front airfoil and the trailing 
edge metal angle for the rear airfoil were equal to the leading 
and trailing edge metal angles, respectively, selected for 
Stage D. 

2. There was zero axial overlap of the front and rear airfoils. 

3. The passage width between the airfoils was approximately 10% 
of the front airfoil chord. 

4. The passage between the airfoils would be slightly convergent 
(inlet-to-exit area ratio slightly greater than one). 

Photographs of both the Rotor E and Stator E blading are shown in figure 1. The 
large variations in twist in the endwall regions resulted from using the actual 
inlet pressure gradient in the velocity diagram calculation and including the 
effects of axial velocity ratio and secondary flow on blade row performance. 
Details of the Stage E blading aerodynamic and mechanical design are presented 
in Reference 4. 

Rotor and stator design velocity diagram data, blade element geometry 
data, and predicted performance are presented in tables I and II for the tandem 
rotor and stator, respectively. Symbols and pe rformance variables are defined 
in Appendix C. 
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TEST EQUIPMENT 

Compressor Test Facility 

A schematic of the compressor test facility is shown in figure 2. The com
pressor is driven by a single-stage turbine, powered by exhaust gases from a J75 
slave engine, with compressor speed controlled by means of the engine throttle. 
Air enters the compressor through a 103-ft combined inlet duct, plenum, and 
bellmouth inlet, and is exhausted through an exit diffuser to the atmosphere. 
The inlet duct contains a flow measuring orifice designed and installed in accord
ance with ASME standards. The area contraction ratio from plenum to com
pressor inlet is approximately 10 to 1. 

Compressor Test Rig 

A schematic of the compressor test rig is shown in figure 3. The flowpath 
dimensions are shown in figure 4. The hub/tip ratio at the rotor inlet is 0.798. 
The test section has a constant hub diameter of 32.85 in., and the outer waH 
converges from a diameter of 41. 15 in. at the rotor leading edge to 39.99 in. 
at the stator trailing edge. Rotor bearing loads are transmitted to the rig sup
port through struts located in the inlet and exhaust case assemblies. The inlet 
struts are sufficiently far upstream so that their wakes are diSSipated ahead of 
the rotor •. The stage design speCifications of zero rotor prewhirl and axial dis
charge flow eliminated the need for inlet and exit guide vanes. Flowrate and/or 
backpressure were varied with a set of motor-driven throttle vanes located in 
the exhaust case. 

Distortion Screens 

Twenty-mesh, 0.020-in. diameter wire was used for the distortion screens 
(i. e., tip radial, hub radial, and circumferential). The tip and hub radial dis
tortion screens covered 35 and 40% of the inlet annulus area, respectively, and 
the circumferential screen covered a 90-deg sector of the inlet annulus area. 
The distortion screens were mounted on a 1. O-in. mesh O. 125-in. diameter 
wire support screen located approximately one rotor radius upstream of the 
rotor leading edge. The support screen, which spanned the entire annulus, was 
installed for all the Stage E te sts. 

Ins trumentation 

Instrumentation was provided to obtain overall and blade element per
formance data fo r each blade or vane row. The loc ations of axial inst rumenta
tion stations are indicated in figure 4. Axial and circumferential locations of 
the instrumentation are shown in figure 5. Except for the omission of one rotor 
inlet total pressure probe during uniform inlet and radial distortion tests, dual 
instrumentation was provided at each axial station. The dual instrumentation 
provided: (1) a redundant set of measurements during uniform and radially dis
torted inlet flow testing, and (2) measurements within and outside of the dis
torted region during the circumferential distortion testing. 



Airflow was measured with an ASME standard thin-plate orifice located in 
the compressor facility inlet duct. Compressor rotor speed was measured with 
an electromagentic sensor mounted adjacent to a 60-tooth gear on the rotor shaft. 
Gear tooth passing frequency was displayed as rpm on a digital counter. Rotor 
rpm was also recorded on magnetic tape. Inlet total temperature was measured 
in the inlet plenum by means of six half-shielded total temperature probes; inlet 
total pressure was measured in the plenum by means of five Kiel total pressure 
probes. Six equally spaced static pressure orifices were located on both the 
inner and outer walls at instrumentation Station O. 

Radial distributions of static pressure at the rotor inlet and exit and at 
the stator exit were measured by means of 8-deg wedge probes (figure 6). Four 
inner and four outer wall static pressure orifices, approximately equally spaced, 
were located at each of these stations. The rotor exit (i. e., stator inlet) in
strumentation station also had two inner and three outer wall orifices installed 
across a vane gap to measure the static pressure variation across the gap. 
Likewise, the stator exit instrumentation station had four inner and four outer 
wall orifices installed across a vane gap to measure the gap-wise static pres
sure gradient on each wall. Eleven static pressure orifices were located over 
the rotor blade tips on the outer wall, between -26 and 107% rotor axial chord, 
to measure the rotor tip static pressures. Stator surface static pressure dis
tributions at 10 and 90% span were measured with eight suction surface and 
three pressure surface orifices equally spaced from approximately 15 to 85% 
chord at both span locations for the front and rear airfoils of the tandem stator. 
The three pressure surface orifices at each percent span were installed on the 
same airfoil, i. e., one front and one rear airfoil; a different stator vane was 
used for each group of eight suction surface pressure orifices at a given percent 
span, i. e., two front airfoils and two rear airfoils for a total of six instrumented 
stators. The six stators were positioned in the stator assembly so that at least 
one uninstrumented vane separated those with static pressure orifices. The 
circumferential location of each instrumented airfoil and the location of the pres
sure orifices in terms of percent chord are shown in figure 7. 

Twenty-deg wedge probes (figure 8) were used to measure the radial dis
tributions of total pressure and flow angle at the rotor inlet and exit, and flow 
angle at the stator exit. Stator exit total pressure and temperature across a 
stator gap were measured at each of two circumferential locations by means of 
circumferentially traversed radial rakes with elements at nine radial positions 
(figure 9). The elements of each radial rake we re designed to measure both 
total pressure and temperature. A fixed radial rake with five Kiel-type total 
pressure sensors was also installed downstream of the stator for use with the 
wall static measurements to calculate the freestream Mach number. This 
Mach number was used to correct the total temperature and the 8-deg wedge 
static pressure measurements. 

As previously stated, dual instrumentation was provided at each axial 
measuring station to provide measurements within and outside of the distorted 
regions during the circumferential distortion testing. The dual instrumentation 
also reduced the number of circumferential distortion screen locations required 
to obtain a uniform spacing of flow distribution data relative to a reference screen 
location. Six screen locations resulted in the cirfumerential distributions 
(relative to a reference screen location) of data shown in figures lOa through 10c 
for Stations 1, 2, and 2A, respectively. 
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Steady-state pressure data were measured with a multichannel pressure 
transducer scanning system that includes automatic data recording on computer 
cards. Steady-state temperature measurements were also automatically recorded 
on computer cards by a multichannel scanning system in conjunction with a tem
perature reference oven and a digital voltmeter. Traverse pressure and tem
perature data and transient pressure data were recorded on magnetic tape at up 
to 600 samples per minute per channel. 

One static pressure orifice located in the plenum, two of the outer wall 
static pressure orifices at Station 0, and a total pressure probe with sensors 
at 10, 50, and 90% spans at the rotor exit were close-coupled to transducers 
with 9-in. lengths of 0.040-i.n. inner diameter tubing for transient recording 
during operation into and out of surge. High-response pressure transducers 
mounted as total pressure probes at 10, 50, and 90% span from the tip behind 
the rotor (figure 11) were used to measure high-frequency total pressure oscil
lations and to indicate the initiation of rotating stall and/or surge. The high
response transducer output was recorded on magnetic tape and correlated in time 
with the transient recording of the plenum and Station ° static and the stage exit 
total pressures. 

Five rotor blades were instrumented with strain gages to provide vibratory 
stress data. Gage locations were determined by bench vibration tests with the 
aid of stress-coat, and the selected locations were verified by a fatigue test. 
The gage outputs were displayed on oscilloscopes and visually monitored during 
tests. 

PROCEDURES 

Test Procedures 

Shakedown Tests 

A shakedown test was performed to check out the rig and blade vibration 
levels, blade stress levels, instrumentation, and data reduction programs. 
Overall and blade element performance data were obtained for five operating 
points with uniform inlet flow at design equivalent rotor speed. One stall 
transient was performed during this test. 

Performance Tests 

Overall performance, blade element performance, flow distribution, 
and surge transient data were obtained during the uniform inlet flow tests at 
50, 70, 90, 100, and 110% of design equivalent rotor speed. Five data points 
(defined as a combination of flow and speed) were recorded at each rotor speed 
to define stage performance between maximum obtainable flow and near surge. 
The near-surge pOint was determined on the basis of flow and rotor exit pres
sure. Overall performance, blade element performance and flow distribution 
data were obtained at three flow conditions, including maximum and near-surge 
flow, at 70, 90, and 100% of design eqUivalent rotor speed for the hub and tip 
radial inlet flow distortion tests. For circumferential distortion of the inlet
flow, overall performance data were recorded for three data pOints at each 
of 70, 90, and 100% of design equivalent rotor speed. At each overall performance 
data point, data were recorded for two locations of the circumferential distortion 



screen to assure a sampling of the rotor and stage performance in both the undis
torted and distorted zones of the flow field. Flow distribution data were also ob
tained with circumferential distortion of the inlet flow for two of the data points at 
design equivalent rotor speed and one data point at 90% design equivalent rotor 
speed. To obtain an approximately uniform spacing of flow distribution data 
around the circumference of the compressor, data were recorded for six screen 
locations for each of these three data points. The resulting circumferential lo
cations of the instrumentation relative to a reference screen location are shown 
in figure 10. 

At each data point, traverse surveys were followed by the recording of 
fixed pressure and temperature instrumentation data. Blade stresses were 
monitored during steady-state and surge transient operation at all rotor speeds. 

Transient measurements of bellmouth static pressure, rotor speed, and 
rotor exit total pressure were recorded 10 times per second to define surge 
characteristics as the stage was operated into and out of surge. The output 
from a high-response total pressure probe (10, 50, and 90% spans) at the rotor 
exit was also recorded as the stage was operated into and out of surge. These 
high-response total pressure probe data were correlated in time with the other 
transient measurements. 

Data Reduction Procedures 

Data reduction was accomplished in two steps. The first step involved 
the use of two computer programs (1) to convert millivolt readings to appropriate 
engineering units, and (2) to provide a tabulated and plotted array of pressures, 
temperature, and air angle data at each station. Conversion of data to absolute 
values, appropriate Mach number corrections, and adjustment of pressures and 
temperature to eqUivalent NASA standard day conditions were performed in the 
second computer program. 

The second step in the data reduction procedure .involved a third computer 
program to calculate overall and blade element pe rformance variables for the 
rotor and stator. The array of data provided in step one, above, was analyzed 
for the selection of radial distributions of pressures, temperature, and air angle 
at each axial station for input into this computer program. 

Overall Performance 

Total pressure ratios and adiabatic efficiencies were calculated for the 
rotor and the rotor-stator (stage). The rotor and stator exit total pressures 
and total tempe ratures were weighted according to local mass flow to obtain 
average values. The mass-averaged stator exit total temperatures were used 
for both the rotor and stage efficiency calculations. 

The stator wake total pressures and total temperatures at each radial 
measuring station were mass-averaged using the local total pressure in the 
wake, the local total temperature in the wake, and the 8-deg wedge probe static 
pressure. Mach number was determined from the local total and static pressure 
measurements. The local mass flow was then obtained from the relationship 

m= 
wJT 
PA l!c M [1+ Y;1 M2] 

1 +1' 
2(1-1') 

where A is the flow area associated with each radial measurement increment. 
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For circumferential distortion, the mass flow averaged values of total 
pressure and total temperature measured at one circumferential location 
within and one circumferential location outside of the undistorted flow region, 
were weighed according to the circumferential extent of the distorted and 
undistorted flow to obtain the values used to calculate the pressure ratio and 
efficiency (i. e., the values from the undistorted region were multiplied by 
3/4 and the values from the distorted region were multiplied by 1/4 and the 
resultant answers added to obtain the final average performance). It was neces
sary to record data for two screen positions to ensure that measurements were 
obtained both within and outside of the distorted region at all instrumentation 
stations. It was assumed that the relative extent of distorted and undistorted 
flow remained the same through each blade row. 

Blade Element Performance and Flow Distribution Data 

Blade element performance and flow distribution data are presented for 
each blade row for uniform and radially distorted inlet flow. Performance 
calculations were made along design streamlines that pass through 5, 10, 15, 
30, 50, 70, 85, 90, and 95% span at instrumentation Station 2. The calculations 
were performed at the instrumentation stations and at the rotor and stator 
leading and trailing edges. The pressures, temperatures, and air angles at the 
blade row leading and trailing edges were obtained by translating the measured 
values from the instrumentation stations assuming conservation of angular momen
tum, conservation of energy, continuity, and flow along design streamlines. A 
description of the translation method is presented in Reference 3. For circum
ferentially distorted inlet flow, flow distribution data (i. e., total pressure, 
total temperature, flow angle, velocity, Mach number, and turning) are pre
sented for the three data points with six screen positions. These flow dis
tribution data are at the instrumentation stations and not translated to the 
blade row leading and trailing edges. 

Surge Transient Data 

Bellmouth static pressure at inCipient surge was determined from plots 
similar to the one shown in figure 12 and the corresponding weight flow was de
termined from the correlation of bellmouth static pressure and orifice weight 
flow shown in figure 13. The steady-state pressure ratio data were extrapolated 
to the surge flow using the shape of the transient data curve as a guide line. 
Incipient surge points were determined in this manner for each rotor speed. 

PRESENTATION OF DATA 

Uniform Inlet 

Overall Performance 

Overall performance data are presented in terms of total pr.essure ratio 
and adiabatic efficiency as functions of eqUivalent weight flow (w/&io) and 
equivalent rotor speed (N/Je) for the rotor in figure 14 and the rotor-stator 
(stage) in figure 15. The design total pressure ratio and adiabatic efficiency 
for the rotor were 1. 28 and 89.9%, respectively, at design flow. The cor
responding design values for the stage were 1. 26 and 84.8%. The design point 
is shown on each figure for comparison with the performance results. The solid 



symbol on the stall line in figures 14 and 15 is the surge point determined from 
the transient data. Pressure ratio, adiabatic efficiency, and polytropic effici
ency for the rotor and stage are also tabulated for the steady-state data points 
in table A-1 of Appendix A. 

Based on a curve faired through the data points, the rotor achieved an 
adiabatic efficiency of 89.7% and a total pressure ratio of 1. 291 at design 
equivalent rotor speed and flow. At the same flow and rotor speed the stage 
achieved an adiabatic efficiency of 83.7% and a total pressure ratio of 1. 275. 
At design equivalent rotor speed, maximum rotor and stage adiabatic efficien
cies of 89. 9 and 83.9%, respectively, were reached at approximately 98 and 
100% design equivalent flow. 

Blade Element Performance and Flow Distribution Data 

As discussed on page 10, the blade element performance and flow dis
tribution data were calculated for the instrumentation stations and for the rotor 
and stator leading and trailing edges. Table A-2 of Appendix A presents the 
data at the instrumentation stations at the near design point operating condition 
and is included only to illustrate the small differences at the near design point 
between values calculated from the data at the instrumentation stations and the 
values calculated from the data that have been translated to the rotor and stator 
leading and trailing edges. Because of the small differences between translated 
and untranslated values. only the translated values are given in table A-3 of 
Appendix A for the remaining compressor test points. The plotfed results dis
cussed for the rotor and stator in the following paragraphs are based on the 
translated data. 

Rotor Blade Element Performance - Rotor diffusion factor, deviation angle, and 
loss coefficient are shown as functions of incidence angle in figures 16a through 
16i. At the design incidence angle and rotor speed, total pressure losses were 
less than or equal to the design value from 15 to 95% span from the tip and 
greater than the design value only at 5 and 10% span. Deviation angles were 
essentially equal to the design value between 10 and 70% span from the tip, 
greater than the design value at 5, 85, and 90% span and less at 95% span. The 
diffusion factor at design incidence angle and rotor speed was greater than the 
design value at 5, 10, 15, 85, and 90% span from the tip, approximately equal 
to the design value at 30, 50, and 70% span, and slightly less than the design 
value at 95% span. 

Loss parameter versus diffusion factor is presented in figures 17a through 
17e for 10, 30, 50, 70, and 95% span, respectively. The design curve represent
ing a correlation of the minimum loss data from Reference 3, References 8 
through 14, and unpublished Pratt & Whitney Aircraft in-house data are shown in 
these figures for comparison with the performance data. ' Although the data from 
References 8 through 14 are for Series 65 blade sections, the data presented in 
Reference 7 indicate that a single correlation of loss parameter vs diffusion 
factor can be used for Series 65 and double-circular-arc blade sections. The 
range of data in the Reference 7 correlation and the two-dimensional cascade 
data from figure 149 of Reference 7 are also shown at 10, 50, and 90% span in 
figures 17a, 17c, and 17e, respectively, for comparison with the selected de
sign loss curves. At design equivalent rotor speed, the loss parameter value 
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that corresponds to the minimum loss coefficient at 10, 30, 50, 70, and 90% span 
(figures 16b, 16d, 16e, 16f, and 16h, respectively) are above the design curve 
at 10 and 90% span and on or slightly below the design curve at 30, 50, and 70% 
span. 

Axial gradients of rotor tip static pressure ratio (PL /p at -7.0% axial 
chord) are shown in figure 18 for each flowrate at design equivalent rotor speed. 
This figure indicates (1) that the rotor tip loading shifted toward the leading edge 
of the blade as the compressor was throttled toward surge flow; and (2) that 
approximately an equal static pressure rise occurred across both front and rear 
airfoils at design equivalent flow. 

Stator Blade Element Performance - Stator diffusion factor, deviation angle, 
and loss coefficient are presented as functions of incidence angle in figures 19a 
through 19i. For design incidence angle and rotor speed, the stator losses 
were less than design at 30, 50, 70, and 95% span from. the tip and greater than 
design at 5, 10, 15, 85, and 90% span. Deviation angles, at design incidence, 
were from 1 to 3 deg greater than the design values from 5 to 90% span and 
approximately 1 deg less than design at 95% span. Diffusion factors, at design 
incidence angle and rotor speed, were less than the design value at 5, 10, 15, 
30, and 95% span from the tip, approximately equal to the design value at 50 and 
70% span, and greater than the design value at 85 and 90% span. 

Loss parameter versus diffusion factor is shown in figures 20a through 20e 
for 10, 30, 50, 70, and 90% span, respectively. The design curve, representing 
a correlation of the minimum loss data derived from the same references dis
cussed in the rotor blade element performance section, is shown on each figure. 
The design point, the range of stator data from Reference 7, and the two
dimensional cascade data from Reference 7 are also included in the figures for 

, comparison with Stator E performance data. For design equivalent rotor speed, 
the loss parameter values corresponding to the minimum measured loss coef
ficients were below the design curve at 10, 30, 50, and 70% span from the tip 
and above the design curve value at 90% span. 

The stator static pressure coefficient distributions at 10 and 90% span from 
the tip are shown in figures 21a through 21h for, design equivalent rotor speed. 
Static pressure coefficient distributions for all uniform inlet data points are 
tabulated in Appendix B. Vane suction surface instrumentation at 10% span and 
30 and 45% chord on the front airfoil (i. e., 11. 6 and 16.5% overall axial chord); 
and pressure surface instrumentation at 10% span and 15% chord on the rear 
airfoil (i. e., 56.5% overall axial chord) was inoperative and prevented the 
calculation of static pressure coefficients at these locations. As shown on 
figure 21, the rear airfoil loading, represented by the area between the suction 
surface and the pressure surface static pressure coefficients, decreased, while 
the front airfoil loading increased, as the compressor was throttled toward 
surge flow. The ability of the tandem-airfoil configuration to control the stator 
rear airfoil incidence is suggested by the variations in the shape of the static 
pressure coefficient distribution for each airfoil. Operating between the maxi
mum and minimum flowrates at design equivalent rotor speed, the stator front 
airfoil experienced large variations in the shape of its static pressure coef
ficient distribution, while the shape of the corresponding distribution for the 
rear airfoil exhibited only slight variations. 
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Wall Static Pressure - The wall static pressure data were examined to determine 
if circumferential gradients with respect to the stator vanes were significant. In 
general, the variations of static pressure at different circumferential locations 
(solid symbols in figure 22), at approximately the same location relative to the 
stator vane, are as large as any variations that may be noted within one stator 
vane pitch. It was, therefore, concluded that no significant pitch variation was 
present in these data. Representative curves for two flow conditions at design 
equivalent rotor speed are presented as figures 22a and 22b. 

Hub and Tip Radial Inlet Flow Distortion 

Overall performance, blade element performance, and flow distribution 
data were obtained with hub radial and tip radial distortion of the inlet flow. The 
screens used to produce the distortion are described on page 6. At flows of 
approximately 115 Ib/ sec (i, e., 105% design equivalent flow), the hub and tip 
radial distortion screens produced 14.6 and 14.0% total pressure distortion, 
i. e., (P1max - P1min)/P1max. Rotor inlet total pressure profiles are pre
sented in figure 23. 

Overall Performance 

Overall performance data obtained with hub radial distortion of the inlet 
flow are presented in terms of pressure ratio and adiabatic efficiency as func
tions of equivalent weight flow and equivalent rotor speed /'or the rotor in fig
ure 24 and the stage in figure 25. Similarly presented in figures 26 and 27 is 
the overall performance obtained with a tip radial distort jon of the inlet flow. 
Uniform inlet flow data and the rotor and stage des ign POil1 ts are presented in 
these figures for comparison with the radially distorted inlet flow data. The 
surge line shown was determined from surge transient data. Pressure ratio, 
adiabatic efficiency, and polytropic efficiency for the rot01· and stage are also 
tabulated for the steady-state data points with radial distortion in table A-4 of 
Appendix A. 

With hub radial distortion of the inlet flow, rotor pressure ratio, and effi
ciency at design eqUivalent flow and rotor speed were 1. 265 and 86.7%, com
pared with 1. 291 and 89.7% for uniform inlet flow. Similarly, stage pressure 
ratio and efficiency were 1. 245 and 79.4% as compared ,,,ith 1. 275 and 83.7% 
with uniform inlet flow. With the addition of hub radial distortion at 70, 90, 
and 100% design equivalent rotor speed, there were 0.9, 3.4, and 2.5% reduc
tions, respectively, in stage surge pressure ratio. Therefore, Stage E was 
moderately affected by hub radial distortion. 

With tip radial distortion of the inlet flow, rotor pressure ratio at design 
eqUivalent flow and rotor speed was 1. 266 as compared with 1. 291 for the uni
form inlet flow. Rotor efficiency under the same conditions was 86.5%, com
pared with 89.7% for uniform inlet flow. The corresponding stage pressure ratio 
and efficiency were 1. 245 and 79.4% as compared with 1. 275 and 83.7% for the 
uniform inlet. Stage surge pressure ratio decreased by 3.6, 7.8, and 7.0% at 
70, 90, and 100% design equivalent rotor speed, respectively, when compared 
to the uniform inlet test results. Consequently, Stage E was substantially affected 
by tip radial distortion. 
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Blade Element Performance and Flow Distribution Data 

Blade element performance and flow distribution data with radial distor
tion were calculated for each of the nine design streamline locations, and the 
results, based on data translated to the blade row leading and trailing edges, 
are presented in tables A-5 and A-6 of Appendix A. 

Rotor and Stator Blade Element Performance - Diffusion factor, deviation 
angle, and loss coefficient with hub radial and tip radial distortion of the inlet 
flow-are presented as functions of incidence angle in figures 28a through 28i 
for the rotor and in figures 29a through 29i for the stator. Comparison of the 
data shown in figures 28 and 29 with the uniform inlet flow data shown in fig
ures 16 and 19 indicates that the rotor and stator deviation angle, loss coef
fiCient, and diffusion factor distributions with radial distortion are generally 
equivalent to or are a normal extension of the values obtained with uniform 
inlet flow. 

Flow Distribution Data - Radial distributions of total and static pressure, total 
temperature, air angle, and axial velocity for the rotor inlet, stator inlet and 
stator exit are presented for hub and tip radial distortion of the inlet flow in fig
ures 30a through 32c and 33a through 35c, respectively. The values for the 
nine design streamline locations are also tabulated in tables A-5 and A-6 of 
Appendix A. 
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The similarity of the stage inlet and exit total pressure and axial velocity 
profiles shown in figures 30a and 33a for hub and tip distortion, respectively, 
at design rotor speed and approximately 115 lb/sec (i. e., 105% design flow) 
indicates very little attenuation of either distortion pattern. Generally, this 
result is typical of the results obtained at other rotor speeds and flows. 

Circumferential Distortion 

Rotor and stage overall performance were obtained with circumferential 
distortion of the inlet flow. The screen used to produce the distortion is described 
on page 6. At a flow of approximately 117 lb/ sec (i. e., 106% design eqUivalent 
flow), the screen produced 13.5% total pressure distortion, i. e., (P1max
P1min)/P1max. A typical rotor inlet total pressure distribution at 94.0% design 
equivalent flow is presented in figure 36. The profile at approximately 106% 
design equivalent flow is not shown because at that flow, pressure data were 
recorded at only two circumferential locations. 

Overall Performance 

The rotor and stage overall performance achieved with circumferential 
distortion of the inlet flow are compared with uniform inlet performance in fig
ures 37 and 38, respectively. The half-solid symbols of figures 37 and 38 indi
cate the data points for which both overall performance and flow distribution data 
were recorded, while the solid symbols are the surge points determined from the 
transient data. The surge line was extrapolated above 80 Ib/ sec flow because the 
surge flow obtained from the transient data at design rotor speed was greater than 



the measured near-surge steady-state flow. The abrupt surge characteristics 
of Stage E preclude the possibility of a data point being taken in surge. Pres
sure ratio, adiabatic efficiency, and polytropic efficiency for the rotor and stage 
are also tabulated for the steady-state data pOints with the circumferential dis
tortion in table A-7 of Appendix A. 

With circumferential distortion of the inlet flow, rotor pressure ratio, and 
efficiency at design equivalent rotor speed and flow were 1. 273 and 84.3% com
pared with 1. 291 and 89.7% for uniform inlet flow. Similarly, stage pressure 
ratio and efficiency were 1. 255 and 77.8%, compared to 1. 275 and 83.7% with 
uniform inlet flow. Surge pressure ratio for the stage q.ecreased by 2.6, 2.7, 
and 2.5% with circumferentially distorted inlet flow when compared with uniform 
inlet flow results at 70, 90, and 100% design equivalent rotor speed, respectively. 
Consequently, the Stage E surge margin was only moderately affected by circum
ferential distortion. 

The peak rotor efficiency (figure 37) at 70, 90, and 100% design equivalent 
rotor speed with circumferential distortion was 6.3, 3.9, and 4.2 percentage 
points lower than the comparable values from the uniform inlet flow tests .. 
Stage efficiencies (figure 38) were 3.8, 3.6, and 5.3 percentage points lower 
than the uniform inlet results. Peak efficiency for the rotor and the stage 
occurred at 100 and 90% design equivalent rotor speed, respectively. 

As discussed on page 10, the overall performance shown in figures 37 and 
38 was calculated from pressures and temperatures measured at one circum
ferential location within and one circumferential location outside the distorted 
region. In an effort to verify these pressure ratios and efficiencies, the overall 
performance was recalculated for the three data points of figures 37 and 38 for 
which data were recorded at six screen locations using a larger sample of the 
data within and outside of the distorted area. Average pressures and tempera
tures were obtained by area weighing the spanwise mass-average values from 
each of 12 circumferential locations around the flow field, thus providing a better 
average of the rotor and stage exit pressures and temperature than was used to 
calculate the pressure ratios and efficiencies shown in figures 37 and 38 and in 
table A-7. The overall performance calculated from the data at 12 circumferential 
locations is compared with the performance calculated from 2 circumferential loca
tions in figures 39 and 40 for the rotor and stage, respectively. As shown in fig
ure 39, the larger data sample resulted in 0.006 and 0.012 losses in design speed 
rotor pressure ratio at near stall and midpoint flowrates. Corresponding effi
ciency losses were 1. 37 and 1. 68 percentage points. There was no change in the 
90% design speed near stall rotor pressure ratio, but a 1. 0% effiCiency loss was 
calculated. The values calculated for stage pressure ratio at design speed using 
the larger data sample (figure 40) were essentially unchanged, but efficiency in
creases of 0.86 and 1. 60% were obtained for the near stall and midpoint flowrates, 
respectively. The 90% design speed near stall pressure ratio and efficiency re
mained essentially unchanged. This comparison of the two calculation procedures 
indicates fair agreement; however, additional data samples should be obtained in 
future test programs if a more accurate assessment of rotor and stator perform
ance with circumferential distortion of the inlet flow is desired. 
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Flow Distribution Data 

Table A- 8 of Appendix A presents flow distribution data at the instrumenta
tion stations for circumferential increments of 30 deg around the compressor 
annulus. Circumferential distributions of total pressure, static pressure, total 
temperature, air angle, and axial velocity for each instrumentation station at 
the nine design streamline locations are shown in figures 41 through 43. Fig
ures 41 and 42 present the values for the two data points at design equivalent 
rotor speed, and figure 43 presents the data for the one point at 90% design 
equivalent rotor speed. The measured variables (pressure, temperature, and 
air angle) are plotted at the circumferential locations of the measuring instrument 
relative to the distortion screen, and the axial velocity is plotted at circumferential 
locations corresponding to the locations of the 20-deg wedge probes relative to the 
distortion screen. A comparison of the circumferential distributions of total 
pressure and axial velocity at the rotor inlet with the corresponding values at the 
stage exit indicates very little attenuation of the inlet distortion by either the hub 
or the tip sections of the compressor. This result is consistent with the results 
obtained with radial distortion of the inlet flow. 

Summary Remarks 

Stage E, composed of Rotor E and Stator E, was tested with uniform inlet 
flow and with hub radial, tip radial, and 90-deg one-per-revolution circumferential 
distortion of the inlet flow. The results of these tests provide performance data 
for: (1) evaluating the potential of tandem blading for extending the loading limit 
and stable operating range of compressor, (2) evaluating the effectiveness of 
accounting for the inlet boundary layer, axial velocity ratio and secondary flows 
in compressor design, and (3) evaluating the effects of inlet flow distortion on 
the stage performance. 

With uniform inlet flow at design eqUivalent rotor speed and flow, the rotor 
achieved an adiabatic efficiency of 89.7% at a pressure ratio of 1. 291 compared 
with respective design values of 89.9% and 1. 28. At the same flow and rotor speed, 
the stage achieved an adiabatic efficiency of 83.9% at a pressure ratio of 1. 275. 
At design eqUivalent rotor speed, maximum rotor and stage adiabatic efficiencies 
of 89.9 and 83.9%, respectively, were reached at approximately 98 and 100% 
design equivalent flow. 

With tip radial distortion of the inlet flow, significant decreases in stage 
surge pressure ratio occurred, i. e., at design eqUivalent rotor speed, the surge 
pressure ratio decreased by 7.0%. The surge pressure ratio at design speed with 
hub radial and circumferential distortion of the inlet flow showed only a small 
change from the uniform inlet test results, i. e., respective stage surge pressure 
ratio decreases of 2.5 and 2.5% occurred at design equivalent rotor speed. Peak 
adiabatic efficiency for the stage with inlet flow distortion was affected as follows: 
hub radial distortion - respective decreases of 5. 8, 4.2, and 3.5% from uniform 
inlet flow results at 70, 90, and 100% design equivalent rotor speed; tip radial 
distortion - decrease of approximately 3.8% at all three design rotor speed condi
tions; circumferential distortion - decreases of 3.8, 3,6, and 5.3%. at 70, 90, 
and 100% design rotor speed. For both radial and circumferential distortion of 
the inlet flow, the hub and tip regions of the compressor produced very little 
attenuation of the inlet distortion. 
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STATION NUMBER 

180.0 ____ T-0 _____ --i ____ ...;2~ __ ~~-_.,- BOTTOM CENTER 

207.0 

225.0 -
231.8 

270.0 -
264.0 

315.0 -

333.0 

TOP CENTER 

t 
0·360.0 ----If-----......1111~.:..:;~1JJO 

27.0 
DIRECTION 
OF ROTOR 45.0 _ 
ROTATION 

90.0-
84.0 

135.0 -

153.0 150.0 

180.0 ____ ~-----_.J,----...L.---~-----1- BOTTOM CENTER 
o 1 2 2A 

ROTOR ROTOR STATOR 
INLET EXIT EXIT 

SYMBOLS 

o 00 WALL STATIC PRESSURE ORIFICE 

• 10 WALL STATIC PRESSURE ORIFICE 

6 20 deg WEDGE TRAVERSE PROBE 

• 8 deg WEDGE TRAVERSE PROBE 

o TOTAL PRESSURE PROBE (10, 50 AND 90% SPANS) 

Q HIGH·RESPONSE PROBE (10, 50 AND 90% SPANS) o TOTAL TEMPERATURE/PRESSURE PROBE, CIRCUMFERENTIAL 
TRAVERSE (5, 10, 15, 30, 50, 70, 85 AND 95% SPANS) 

• TOTAL PRESSURE PROBE (10, 30, 50, 70, AND 90% SPANS) 
CD ROTOR TIP STATIC PRESSURE ORIFICE(-26,-7.3, 8.6, 18, 

28.6, 38.7, 48.6, 64.6, 80, 94, AND 107% AXIAL CHORD; 
EaUALL Y SPACED 3 deg CIRCUMFERENTIALL Y) 

*PROBE DELETED DURING UNIFORM INLET AND RADIAL DISTORTION TESTS 
NOTE: ALL DIMENSIONS ARE IN DEGREES 

Figure 5. Instrumentation Layout FD 58981A 
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STATOR E 
FRONT AIRFOIL 

(

STATOR E 
REAR AIRFOIL 

OVERAll CHORD 

--------I~·~===---~ 
COMPRESSOR CENTERLINE 

STATOR GEOMETRY IS NOT TO SCALE 

PERCENT OVERAll CHORD LOCATION 

FRONT BODY 

90% SPAN FROM TIP 

SUCTION PRESSURE 
SURFACE SURFACE 
116° 24') (32° 42') 

6.7 7.5 

11.4 24.9 

16.2 42.6 

21.0 
26.1 
31.2 
36.5 
41.8 

10% SPAN FROM TIP 

SUCTION PRESSURE 
SURFACE SURFACE 
(343°30') (32°42') 

6.9 7.6 
* 11.6 
* 16.5 

21.4 
26.5 
31.6 
36.9 
42.1 

25.2 
42.8 

REAR BODY 
90% SPAN FROM TIP 

SUCTION PRESSURE 
SURFACE SURFACE 

(5° 24') (332° 30') 

56.5 56.1 
61.9 74.4 
67.3 
72.6 
17.7 
82.8 
87.8 
92.7 

10% SPAN FROM TIP 

92.2 

SUCTION PRESSURE 
SURFACE SURFACE 
(3540 30') (332°30') 

57.0 * 56.5 
62.3 
67.5 
72.7 
17.8 
82.9 
87.4 
92.8 

74.5 
92.4 

NOTES: 1. NUMBERS IN PARENTHESIS INDICATE THE CIRCUMFERENTIAL POSITION OF THE 
INSTRUMENTATED AIRFOIL IN THE STATOR ASSEMBLY. ZERO DEGREES IS TOP 
CENTER; THE ANGLE INCREASES CLOCKWISE LOOKING AFT. 

2. ASTERISK INDICATES ORIFICE WHICH WAS INOPERATIVE DURING TEST. 

Figure 7. Stator E Static Pressure Orifice 
Locations 

FD 77157 

23 



t\
:)

 

~
 

-
!
n

 
L'
)~
 

-
.
 

'1:
f";

 
-<

'>
 

('
l~

 

-
-
N

 
N-

i 
--

;':
', 

' 

C\I
 

-c
. 

--
-
~
 

-
a>

i 
-
c
J
 

---
1' 

-
"'

i 
-
!
 lQ

i 
-a

n
 
~ 
.
n
~
 

-. ~
 
.
~
~
 

-
"'-

:t 
--

<
'I

 
ft

I-
-"

":
:'

 

4. 
-"

3'
--

--
"'

-1
: 

-
.
~
-
:
 

--
• ..:

r: 
-
p

o
 

"'
~ 

--
.. -

t 

-
II
I-
{~
 

-. 
.
~
:
 ,,-

-
t
'I

 
I'I

-i!
' 

"2
-

_
N

 
r'I

't-
--<

 
-~

2S
--

3~
 .... ~:

: 

'.;l ~ .. 1
\ 

F
D

 4
7

0
6

9
 

0
.3

7
5

 
D

IA
 

~
 I

 

S
T

A
T

IC
 

P
R

E
S

S
U

R
E

 

T
 

0
.5

6
2

 
f1 I :

 
I
I
~
 

~~
I:
i 

I 
: 

II
. 

.. 
I
' 

::
!:

. 
I J

 
0

.1
0

3
 

.l
lT

 
0

.3
5

0
 

0
.0

5
8

 .J
 

I 
1

4
 

0
.0

7
4

 

0
.0

6
0

 
• 

I 

0
.0

4
5

 
~
 I 

0
.0

5
0

 
~
 I ~
~
'
 TO

T
A

L
 

P
R

E
S

S
U

R
E

 

: 
I 
I
!
~
 

O
R

IF
IC

E
 

:X
::-

'O
:;-

I {
-I

 
\ 

-
.
 

I 

ORI
FIC

E~ 
T

H
E

R
M

O
C

O
U

P
L

E
 

N
O

T
E

: 
A

L
L

 
D

IM
E

N
S

IO
N

S
 

A
R

E
 

IN
 

IN
C

H
E

S
 

F
ig

u
re

 8
. 

T
w

en
ty

-D
eg

re
e 

W
ed

g
e 

T
ra

v
e
rs

e
 P

ro
b

e 
F

D
 5

89
82

 



I'
\:

) 

0
1

 

· 
-

.. I
I ,! 
~
 

F
R

O
N

T
 V

IE
W

 W
IT

H
 

C
O

V
E

R
 

R
E

M
O

V
E

D
 

., I 

F
E

 
9

7
4

0
4

 

F
ig

u
re

 9
. 

T
o

ta
l 

P
re

ss
u

re
/T

o
ta

l 
T

em
p

er
at

u
re

 C
ir

cu
m

fe
re

n
ti

al
 T

ra
v

e
rs

e
 U

ni
t 

F
E

 
9

7
4

0
5

 

R
E

A
R

 
V

IE
W

 

F
D

 4
7

0
6

8
 



l\
:)

 

0'.
> 

F
ig

u
re

 l
O

a.
 

... j: '
;~~;:

~j.'~
L::\·

i:0 ,
:' 

.«
1

) 
.0

-.
0

, 
L 

r Al
:;,

'} 

R
E

L
A

T
IV

E
 C

IR
C

U
M

FE
R

E
N

T
IA

L
 L

O
C

A
T

io
N

 
~:I

 

)>
: .. ,

 
';-

. 

-; t:
: 1_ 

_ 
'."

 '~-.
 

( 

C
om

p
os

it
io

n
 o

f 
S

ta
ti

on
 1

 I
n

st
ru

m
en

ta
ti

on
 R

el
a

ti
v

e 
to

 t
h

e 
C

ir
cu

m
fe

re
n

ti
al

 D
is

to
rt

io
n

 
S

cr
ee

n
 f

or
 S

ix
 S

cr
ee

n
 P

o
si

ti
o

n
s 

D
F

 9
80

72
 



I\
:)

 

-
:)

 

r--
--

-
I' ' I .

 
I ' : ( ! l I i • 

8 
de

g 
W

ed
ge

 P
ro

be
 

I 120
 de

g 
W

ed
ge

 P
ro

be
 

O
D

 W
al

l 
S

ta
ti

c 
P

re
ss

ur
e 

O
ri

fi
ce

 

ID
 W

al
l 

S
ta

ti
c 

" 
P

re
ss

ur
e 

O
ri

fi
ce

 

6
: 

b 

b 

o 
@

 

1
-

)-
. 

D
eg

re
es

 M
ea

su
re

d 
C

lo
ck

w
is

e 
L

oo
ki

ng
 A

ft
 

D
is

to
rt

io
n 
S~

ee
n 

8.
 

8.
 

6 
6 

6
1

6
 

6
, 

.8
 

~
-
-
'
:
6
 

' 

D
,
E

)
 

1J
 

El
 

·d
··

 
10

 
1

0
' 

El
 

E
J 

o
[
j
 

C
{X

)' 
b 

((
()

 
0 

a
:D

IO
 

<:
:o

J 
0 

en
:>

 
0 

®
 

0
0

 
<ID

 
0

0
 
~
 

b 
0

:0
 

<0
' 

.
i·

 

.0
 0

 
(Q

) 
0

0
1

 <
0>

, 

l :
 . 

. 
I
'
 

,
I
 

' 

20
0 

' 
, 2

40
 

2~
0 

32
0 

' 
0 

40
 

80
 

' 1
20

 
1'6

0 
20

0 
I 

' 

r· :
: 

R
E

L
A

T
IV

E
 C

IR
C

U
M

F
E

R
E

N
T

IA
L

 L
O

C
A

T
IO

N
 -

de
g 

.. 
~ 
. 

I 

, 
! 

I :": (
I
 

. i
 

': 
,_ 

~ t>
 ; 

i 
~--

'-~
~-~

--~
'--

:-.
'~~

' ,.~
~.~

j 
F

ig
u

re
 l

O
b.

 
C

o
m

p
o

si
ti

o
n

 o
f 

S
ta

ti
o

n
 2

 I
n

st
ru

m
en

ta
ti

o
n

 R
el

at
iv

e 
to

 t
h

e 
C

ir
cu

m
fe

re
n

ti
al

 D
is

to
rt

io
n

 
S

cr
ee

n
 f

o
r 

S
ix

 S
cr

ee
n

 P
o

si
ti

o
n

s 
D

F
 9

80
73

 



t\
:)

 

0
0

 
, '

 

"~
 .

 
I,

 
.'

 
t,

 
I>: 

I·,
 

::
: 

\: 
, 

~: 
<

 
I'

 

,-
, 

' 
I
;
,
 

'
,
j
 

D
eg

re
es

 M
ea

su
re

d 
C

lo
ck

w
is

e,
 L

oo
ki

ng
 A

ft
 

:' 
I;

 
" t

 
J,

 

1 

,
i
 

, 
'!

.<
 

j'.
 

, 
I 

'I
' 

.! 
-, 

D
is

to
rt

io
n 

Sc
re

en
 

'<
'1

 
I 

!, 
To

ta
lP

re
ss

u~
e-

.. 
k>.


I 

,T
ot

al
 T

em
pe

ra
tu

re
, 

' 
<>

, <
> 

10
 

o 
:0

 
·0

 "
q

' 
"0

 
:0

;,
 

. 
, 

o 
i .1 

I:
. 

T
ra

ve
rs

e 
R

ak
e 

' 
!'

 
, 

-
~ 

I 
.,

_
 

" 

i 

., 

I,
 

-l
-:

 
_ 

i 
8 

de
g 

W
ed

ge
 P

ro
be

 
;·

6
 

:ll
:i 

l~
, 

-1
(-

j: 
_'
_~
 

-: 
--:

 

! 
20d

e~;
~e~

ge 
:pr

~~~
I·~

'" 
, 

' 

L 0-
: 

L-
J"

 

.. 
i 

~~
:~
,,
~,
' 

-/
I<

":
~~

 
1 

0
0

 W
al

l 
S

ta
ti

c 
, P

re
ss

ur
e 

O
ri

fi
ce

 
!:"

 
' 

,<
 
'I

,
' 

-

,:, 
ID

 W
al

l 
S

ta
ti

c 
Pr

es
su

re
 O

ri
fi

ce
 

-
~
 

,-
~
 

" 
, 

t"
 

:r
, " 

i 

f :;
: 

(b
if

fi
 

I'
 

I' 
I 

' 

'(
0

'0
0

',
 ','
 , '

 
"I

L
' 

20
0 

;-, 
24

0' 

" 

1 

,:
0

, 
-tb

 

" 

':
a

)'
ff

i 

1 
..

 ~
' 

: 
' 

:'(
lX

C
b j>

 

2ii
o 

',' 

1
\'

 ,
 '.

 
l..

.!.
),-

j 
&:

. 
, i

' 

<' 
" ,o

'·
[]

':
 

" 

::i
, 

:0
0

,0
0

 
"
, 

.• 
1 ~

 

'f
' 'I
; 

0
0

,0
0

 

32
0 

; 
o 

! 

<i :: " 
I 

0
;'

 

CX
J 

I,
 

"0
0

 

40
 

6
. 

, 
! 

6
, 

::
0

 
o 

i ~
 

.;,:
-

:, 
C

O
:C

O
 

" (':
j ,,
(
(
)
o

j 
,
;
 

I 
~ 

',
' 

I 

t,
1

 

,! 

I 
" 

'/)
J- : 

I 
~ 

12
0 

I'
 

I: 
, 

:1
, 

r, 
';"

R
E

L
A

T
IV

E
 c

iR
C

U
M

F
E

R
E

N
T

IA
L

 L
O

C
A

T
IO

N
 -

de
g 

i 

i,;
;:

"(
,, 

:{
, 

1 ,i 

i i'
l,

 

! 
I
,
'
 

) 
!"'

 
I
'
 

I 
" 

i, 
, 

\;
 

1 
<

 
'i'~

~ rd
' 

i: 

'6
 

6
) 

i,
 

"
0

 
tl

 
'I

 

J-
: 

! 
: 
~ 

,;
"
 

"
-
l
 

C
D

C
D

",
 

,I
 

oo
:c

b-
:' 

,'J
' 

, " 

16
0 

' 
, 2

00
 

,J 
l.

 

i 
'I

 ~
 

i :
 :-:

";~
 (. 

~ 
i j 

l}
,.

' 
'1

.. 
L-

I '
,_.

.t.
'~ 

!:
 

, 
"
I'

 
" 

,~
~h
' 

'I
, 

I:
 ':, 

__ .
•.

 ,
 .,

_ 
' 

' 
d 

"
j
 ,,"

 J
' 

_
_

 
',

. '
~_

~_
.~

~~
'~

l.
L_

f_
'_

.~
",

,"
,-

--
-

_
, _

_
 

~!
--

~-
~-
--
-'
--
--
--
"-
~~
-'
--
'-
--

F
ig

u
re

 l
O

co
 

C
o

m
p

o
si

ti
o

n
 o

f 
S

ta
ti

o
n

 2
A

 I
n

st
ru

m
en

ta
ti

o
n

 R
el

at
iv

e 
to

 t
h

e 
C

ir
cu

m
fe

re
n

ti
al

 D
is

to
rt

io
n

 
S

cr
ee

n
 f

o
r 

S
ix

 S
cr

ee
n

 P
o

si
ti

o
n

s 

',
I , I,

 J 

,.;,
 

-, 
I:

 

J 
~}

, 
-
. T

.:J
 

:~"
j r,
 

, I : 
. 

,r
,:

' 
j' 

, 
' 

-
'"

 
, 

"r
, 

.
J
 
,1i

 
.r

 

i 

j 

; 
:)

 :1 
>

,
 
j'
 

' 
•
•
•
 1

-

-. 
j 

~t 

I 

""
:; 

:'.;
'; 

';; '
.~ i>

:~~
 1:['
 

',.<
 'i

-. ,
---

<. 
~i 

. ~
 

: 

. 
' ~ : 1 '

:
';

:
 'j I , 

' 

2
~
~
'
~
 

D
F

 9
8

0
7

4
 



t"
 

to
 

0.
38

4 
I 
..

..
 I
"
 

P
R

E
S

S
U

R
E

 P
O

R
T

 (
3)

 

1.
53

5 

C
A

B
L

E
 

A
S

S
E

M
B

L
Y

 
(3

) 

H
IG

H
-R

E
S

P
O

N
S

E
 

T
R

A
N

S
D

U
C

E
R

 
(3

) 

1
.5

3
5

 

N
O

T
E

: 
A

L
L

 
D

IM
E

N
S

IO
N

S
 

A
R

E
 

IN
 

IN
C

H
E

S
 

F
ig

u
re

 1
1.

 
H

ig
h

-R
es

p
o

n
se

 P
ro

b
e 

F
D

 5
8

9
8

4
B

 



30 

'I i I' ; 
: 

, : " , ,.,. 
L_J_ L .L~.i 1_1_ i ._ I ,I i 

I' .--.. _ ..... 

1': 1 'i 'I,", 'I' ,i,.1 i 'j;,' i .1,')- i r' ;'If I I:' it['.: j l i i 'L i, i ',I, '~ !' I -. i
l 'J'I ~-L - -t-.- -i,!-J-

: I ,I,'" ~ I , 

, i ;. ~ : ~ , 

1 INITIATION OF SURGE '-,;,~"'~~f ~">~ ~ee \, 

, 'I ' ' I'~' j 

1 . ', ,~ : J '.: "[ i: i 'i 1 -! t{.II' __ ~l" ~_~eL.l_' ' 
, : -!: ~R()T~R SPEED Ii': i' :,~-, ',-'f :-1~ ~J: : 'l' ,I.:· r--F:-~I +~ 
l I !. I I ' \'" L ~1' : e.I~"'r' t'1'-'" + "',.--i 'j',-"I;' 

'1'1 )" I I ~', ",,' 'Iii" " ,,' 1:1 , 
.&~~6.~&._~1 A...O..~~.r$.r''':· ~~~,: :' ,.!: .. 1-l:-i.J:'_L i 
;.: .. I'c r:-+--("I f--,-", ,i,"1 I"':' t- -+1 t "r- --'-""1"["t""I-', , i I I :,' , I '! I 1 'I ' 1 ' I " I ,'':.., I 'I " 
, I . I ' ,J I ,', !" ' Ii, , ,I . ' I! . , , r 

I ' " , --"', 
670,0 TIME . sec I 701.2 

I 
I 
I 

HIGH·RESPONSE PRESSURE TRANSDUCER DATA 

Figure 12. Typical Plot of Transient Data FD 75494 



c.v
 

I-
' 

fZ
:8
~r
n:
.-
;:
-;
--
-:
cr
--
;'
 r 

: 

r;~
lli

~:!
f:l

ti!
:~"

~ 
:'-

~-I
~ 

{~
-!

 

li+;
~f~'

;~F;
~r;'

 ;; 
•. :.

::.
:(i

:: "
:: ,

:c
::
~r
n 

.; :
 ". '~

'::
rr'

:!,
,: 

•• ~ .. ,::
:c~

: ·
 ".! 

"E'
;'!" 

.i 
.• :~ J

'(
~;
)c
+~
 

__
 -
'.

_
1

1
.1

. 
L

 
S

up
po

rt
 S

cr
ee

n:
. I

 i
ii
. 

x 
in

. 
M

es
h 

W
ith

 0
.1

2S
-i

n.
 D

ia
 W

ir
e,

 
,'

, 
/ 

'L
 
'
,
J
 

1
-:

'';
>

"'
''1

 
1

4
.6

.,
' 

~-:
:-;

 

i.~:
 ~-

-~ :
-~, i 

..
 ~: 

. ~ 
1. 

":~
t,~

-. 
,
_

I
 

__ >. 
;~ 

j" 
j
1

,
.
:
.
.
 

.,
; 

"t,
· 

:~;,
 

. '~l
 

~ 
~. 

1-
t 

~ 
1 

I 
.,

 
i 

I 
; 

I l 
~ .: 

. t
 

t
' ~

 
. "-

1 
j; 

;;
,l

\'
 

14
.4

 

Ll
 

k 
14

.2
 

r'~
~{a

~ 
: 

• 
<

 I ~
 

-"
j I 

.;-
',.+

 ~ 
~'j

:~"
i,'

i",
: 

,
.
 .:+

 : 
.'

" 
11

", 
:i;~ 

., 
_ 

; 
-,

--
i,

 
-,

:,
 ..

 p
 ;A

ve
ra

ge
lD

 W
al

l 
S

ta
tI

c.
 £
re
ss
~r
e:
. 

' 
"'
~,
~P
t 

14
.0

1
-

{ 
'i
' 

>"
'.,J

./O
l 

),
1 

P
t'

 
13

.8
 

,-
t I, 

, 
d

' 
i; 

,I
 

••
. !

_+ 
" 
'
_

 0
 A

ve
ra

ge
 o

n 
W

al
l 

S
ta

ti
c 

Pr
es

su
re

 
! 

,:
 '
!
,
 

I 
, 

" 
-

j,
 

, 
l 

,-
-1

 
I·

 
, 

" 

I" 
J 

:(
 '-

! 
.'.~

 i-
4'

:.'
 ,

\ 

"f
'.

; 
!
!
 

I,
 

,; 
'.1

 ,
:~ 

rr-
; ..

 ...-; 
! 

: 
~
 
>~

 
-'

 
,t

 
..

•
. 

lJ.
,<

 _
 

: :~
, ..

 {~
 

;~t 
, 

Jj
~;

,_
, 

;j
 

, "
., , " 

:7
;1

: 1
. 

'
.
 

• 
I 

.', 

.
' 

, 
,-

t·
, 

L 
;_~

 

. , 

,-
,-
~ 

." 

; -'
;"/

1' 
".

!: 
":

. 
,1

. 
.'

 
, 

_I
 

, 
, 

"t l'
 

I
' 

:~
-

. 

" " ,!
: 

, 
" .\ j I 

(
"
 

. 
'.

 , 

" 

I'
 

i· I 
·'

.i
' 

, .)
 
.,

1
,_

 

, 
;. I
'
 

I
s 

1
2

6
'
 

" 
",

 
"
C

I
'·

 
'1

' 
'1 

'" 
-

; i
i
'
 

r,'~
rF;:

;<;i
~,j)

::J;
rlj:

r 
, i 

" 
" 

\: 

" 

r 
-'i

 

~!
.r
\y
_ 

).
-
i
' 

I'
 

;.
' 

" 

I:
 

.. 
;,-.:

 ~:
t 

:' 
I 

,
~
 

, 
;,.

 

~_
 .
.
 i 

). ~
t 

:, 
: i

 ~ 
:. 

--
:, 

... ~
. 

4-

': 
, 
:
~
 

~;
.,
 

d
;-

":
'j
 

'l
,
 

'
T

'
 

: 

, '!
 

f.
 

--
-~
 

;: 

i 

I 
',

1
']

2
0

 
"
"
 

',
'd

"
 

I
"
,
 

I,
:,

 
I,

 
I 

,
!
,
 

,
\
.
,
 

, 

l:~
,;,

'T,
 :,:

 ~
O'

" 
so

 
',1

.&
,0

;1
.,;

 
~O

 >
:, ,

; ,8,0
 

9,
0.

 j
c~

 
1

0
0

,,
; 

i 
1

1
0

::
1 

: 
1

2
0

: 
13

0 

f ,:
L 

':'; 
.;r

".,
,~.

L<.
. 

," 
;': 

.•
 ~'

"E
QU
IV
AL
EN
T 

W
E

IG
I{

f 
FL

O
W

., 
W

..J
'O

/o 
lb

/s
ec

 
, 

~;
-

~ ~ 
!. 

!, 
'! 

" 
, 

, 
, 

{ 

I 

~ 
I 

-
~ 

.. 
I ,J
 

,. 
t
'
 

:-
. 

,.
;-

" 
~
 

_,c
 

, •
••

 

.·
t 

T
 

• 

i 
L,

 
';

~ 
, 

:,
 

" 

" I.
 

r 

", 
',' -

l~-
l..

..'
; .

 .
~
 

~ 
! .

. ' 

,·V
' ';

 
~j 

L -
T

 
'-

'j
 

, .
•
 

'I
' 

':,- " , 
, 

~ ~
 
-

f·
 

r ~
t{~:

j;F 
i:)

 )1
'1: 

,+~
-t'

 ':
l'>

:i~
; __

 : 'j
:.

 ~~
i~

~~
~'

 '_,
~~.

~ !~ 
:iL

 __ '_ j
~ 

;' 
;~~

_L~
'_~

,; 
_
J
;
"
'
~
-
-
-
"
,
,
-
~
.
 _

_
 -'

--
_

_
 .
-
-
_
,
_
.
_
~
 _

_
 "
"
"
,1

_
, 

F
ig

u
re

 1
3

. 
S

ta
ti

o
n

 0
 E

q
u

iv
al

en
t 

S
ta

ti
c 

P
re

ss
u

re
 v

s 
E

q
u

iv
al

en
t 

W
ei

g
h

t 
F

lo
w

 f
o

r 
S

ta
g

e 
E

 
F

lo
w

p
at

h
 w

it
h

 S
u

p
p

o
rt

 S
cr

ee
n

 
D

F
 9

7
6

9
2

 



I ~ , : 
1'~~_t- __ +-90-' --:--'(i~~{;~~"-

~---, "'0:-
1 

~ 1 ~f r 

-'" ··[:;':~'-80-; 

i:,G" ,: 
'I'~'~'-~:--"-:; 
--(.):":" " 

r~~ &:-,7"0,-
r:t:..;.;Jl.l-<~..>----':' 

i:;;:'--- ,--,',":, 

<-~ -'- --"-; 

t--','-'-+:': 
Itlf!~".-,-:...---:----~.~, 
t-,-: ' 

ri:'-;:,: ',-

:i~ __ '":" _ _p 

C~~-- ~ ~ _ 
~-'h5--.;-"'-"-.--,,--. 
" - ~ , 

. , 'T._, ; __ ~:-~.-:-_~_~_~ __ , __ 

.. 
-,"-'~----~----

Figure 14. Overall Performance of Rotor E; Uniform 
Inlet Flow 

DF 98209 

32 

.-,~,-'.-

" f~' 
~-:-;:f1_-: 

":'" "'":-' r-:-t.-,-, ' 
.--~ -=f~~~~:'=-~- ". 



·90-· 

~'-,._.-. '>"_..J':~.~_ "_~~:'_-, ____ ._ 
c 

._-.... -/J. 

~.- -' 

-~·--"-60 ) "-, -:,j.:....~--:--~~+'_: -'-,.'-1--'-'. - .. -. -""-

-?. 

". -~ -~ --

-,----:: , , 

.., -' ~.-..::: ':--1-.. 

-'---:::.'-

",-------'::--'L , .. :,<:: Percent of Design Equivalent Rotor Speed 
~:;:._. _,._=-_~ _____ ' __ J. 

:-'"_ r_. 
:~':'L .-- . --, ." .. ,,-.:~.-~"; .--c-~----~:'--- c_ ':_r~-~~~~~);=_~_, _ -",-'-
i--~-!-~?~-C~-C~~~_ -i ,:~:~:~;'-:~~"_ .~~; -'--"""... .Dt. 90 .. ,,', _.' . . ... -.~ 

. ~-... ',--.. ---., ~-·gT~~··!-:,:~-:: --~.-- -- .~:' , 
.",","""~' '-'~------,---' -.----- "-'~' .. ~.-,----

... ~ Des.ign.PoinL: __ ... __ 
, ~.Solid symbols denote surge points determined from transient surge, data.. 

" -----... -·------,-~·--~--.~----~---r-

. ',~ 1.4 '". "--;---::-.~-:~--,-.. -- .. _-,---------

., 

1.3 
r ~_ • ,,_;, _ 

-:--~--"- .;---I ....... ...,..~--' .. ---:~~ :.;:_ 

, " 

'.---,- ~. --,-

'.--",~--

, c 
-,- .. 

120 ' ]30 

Figure 15. Overall Performance of Stage E; Uniform 
Inlet Flow 

DF 98210 

33 

~--I 

I 
.1 



34 

, I 

t'-'~f_" -:1' 
,:.~ 

•. 1~' 

, .. ~ - I:-~'~> ~~{ 
.--- ..,...--.~-~-"-." -.~-." -. .......,.~----~ . - - - -- -, . -r -, -' " 

, 
~- ..-:..... .. - --.-- .---.----' ...... ~ ":.... --. '--:": 

~ ... _'_' __ ._.J __ ~:_. ~~ 
" t- ,;,' 

'. ~= 2S 
''0 

O
· '.' .. 

-- -i 
Percent of Design Equivalent Rotor Speed 
. 0 110 

o 100 
o 90 
6 '_.70 

. 0" .50_ 
" ::_S i ,Design Point_ _ 

. . 
-, ~ , 

I_~ .'. ' 

- -'.- -----.-._,--,." -. "--,+--

-.~. i- -' -' .... "'r 

.: - - .j,.,. , -, .. 

~ .. -- , '-
r __ , ___ .-. __ ~ 

, . --0 ' ~ __ ---;..., ___ ----,--:-_~_;___'c:....-~,---~--'-'-'---+-'-'-~:..:..:....-....;....:;~..;....,-...:..;..:,--, 
, -18 _,"16 -14 -12 -10.. -8." '. -6, -4, ,.-2 . 0' .2 . --

:....' .. - .' ~-~ .;..-.~) 

',,' .,-~~:.~; ~~:f:~-~"-· .. ~;t 
') -- . 

_.~~"::~, ____ ..-:..:"::;_ . ..:. J--'...~~.:. _.~ __ "--.''--'':'' ___ -'::.L-_,"~-.:~.;..~~~::...;_:_~-.::..:.~., .<---" ___ .~, _~. ~.. • 

Figure 16a. Rotor E Blade Element Performance; 
5% Span from Tip; Uniform Inlet Flow 

DF 98075 



.' " 

-I" I t· ,-. 
Q 0.8 

. ---l- .. 

, '-.. ~-

I-~I~.~)":- .-'<. '-c---.-

-,,:-, "-

... ----
, .-.. , 

_ oJ ... ~ __ 

-" I ' 

20 

" -, .~ 

"",.....::1' 
~.:~ 

15 ~ . .. t .. _~'-_-" __ 

.~ 
" z 
: ,:0 

10 

'.-= E= • '·=..·5 :"< , .-c > . 
, ,," ' 

~C5 .~-. 0 

- -" ,--",' -

1. ~ -..-.~. 0.35 
I, 

-r .. :~ '.' .. 

:.~ i3 ' .. J_ 

I., 1-<" '-! 0.25 
;·Z, 
1 III ~' 

,.0 0.20--u.. ,u.. 
;.~ .0.15 
''':U:-

~ ·0.10 
'0 ,~~ . - . 

1- • _ 0.05: 

,"1 

Percent of Deisgn Equivalent Rotor Speed 

0110 
_,0100 
.::0."90 
670 

, 
- .. ~ j 

I' -4.... t .. .,. , .. 

, 
-:-_ . 

.0.'50 
-~ ,,""---- -~ --',-." .-:----:-r----.----:c.--_· ----; .. 

,,:fJl Design Point _" 
.. ·'r 

- --.: ... 

.. ~.. . 

.- +:-' 

+;' 
I 

,_ l' 

r~';'~~::?·.~1""8-,-_--16---1-4---12----10---8--'---6--'--4--,--2-·""":'··.-,:--0---,--2--.-4...,..--6..:....--.8--1-0-----12 

INCIDENCE ANGLE, im - deg 

Figure 16b. Rotor E Blade Element Performance; 
10% Span from Tip; Uniform Inlet Flow 

. , . 
.. ....... . -"- ~- ..... _ ... 

:-" 

DF 98076 

- ....... 

35 



0.8 
l:i 

, 0 ~ 

' . ...:.E-<' - 0.6 : 

>~~- ' 
,'::i 0.4 
,,·0 

§ 02· ... ' . ... 
-0 ~-'-·O 

.~; 25 
"0 

-,'0.35' . 

0.30 
13 
r-: 0.25 

[.Z 

i 

'.~ 

uO.20 -... " 
~ .. 
t:5 ,0.15 
u 
tI) 0.10 tI) 

0 
...:I i 

0.05 

; -- '- ~.~ 

o 
-18

t
:'-16 

: __ ., I 

Percent of Design Equivalent Rotor Speed 
, 
L .. 

;-,-- . 

'0110 
0100 

:090 
'670 

······~c·-O 50 

S Design Point 

-14 _~-12" -10 ~ :~8 ,-6-. -4 .. 

~J! INCIDENCE ANGLE, im 
. ., 

.::_~_.'''- O"'.J....'. __ .:..,, __ -':=-'. 

l 
-, 

Figure 16c. Rotor E Blade Element Perfonnance; 
15% Span From Tip; Uniform Inlet Flow 

36 

'_ ... ,. 

-~ !--

DF 98077 



r:i 
o 

0.8 

Eo- - 0.6 u 
<: 

-,"", 

-.Z 0.4 
o - -y"""'" 

--~ --,0.2 

'""' - ; '""' 
~--:S ·:0 

,; 

0.35 
: , 
i -,I~. 0.30 
I - " 

i ' !Z '0.25 
, -~ 

i- U -
:" -=- ti: 0.20 
Ie,"", 
, ~ 

!-- 0 '0 IS : -~ u ' . 
( _. til 

i-.-~. 0.10 
I _ ->-l 

k-)_ 0.05 
I, ,-;, , 
I-

-;,. -

" -----, --:-"'---:-~--.--- ---;--~---:---_-----'--------1 

:- .~ 

-_.. -- --

.-::~--~'-__ -~_;~O'~O_. 
~:Ot9'-, ,.' , -, --

- --

Percent of Design Equivalent Rotor Speed 
--0. 110 

::,0100 
';090 
; 670 

- - 050 
-SUesign Point 

. ,----:.---- '----',- -- -- ~--:.-,-~:--- --~.-

____ ,1..:_....:.. ___ ....... 

I -, 

r.:~ 
o L._ ------:-----....... --------'---------------:--:--:,--'-.,. --J 

-8 6 -18 4 __ 6 _8,10 ,12'>-J -16 -14 -12 -10 , -6 -4 -2 2 

I-~-:-' -:--., ----, 
,---
L~,--j::~~ -[ +-_t_--",-,-~ 

INCIDENCE ANGLE; im - deg 
- -;- ..... 

-, --. 
,-

Figure l6d. Rotor E Blade Element Performance; 
30% Span From Tip; Uniform Inlet Flow 

DF 98078 

37 



38 

-. ~_; ~ :-::~-,-;'~:':: '~~_~l-_" -
'--,.-.-~,- ~-----;-:,,:,-~~-,-,---:--,--~)~-

-'"l- ; >~)"-~~-~ '-+ ., 
__ 1..:::":' 7'--~'-~:"-c4 .~ _~c,-:->,-+~q_, 

,- -. - ~ - -"': - ~ f~ _.., , . 

-~~'.' 

, ' 

" i ; ~ 
- --- .. ----.~'- -- -- "'-.~-

: J ~- ... -

1 :-' 

- -~ 

.~-,-,-,,~ .. -,,-.-..: ,------, 

• __ 1 

o 

,,'. )~~~"O~~~ ~~~~_'~ 

_c 

0.30 --":.'-

,,---', -- -:-

C' 

Percent of ~esign Equivalent Rotor Speed 

.:-10 

-'-0' 110 

" 0 100 
'090 
6, 70 o 50 -,: 

'S Design !.'~~X',_,_ 

-8 -6 .,.-4 -2' ,0 2 
~ :., ~,'~ 

INCIDENCE: ANGLE,im . - deg .-

Figure 16e. Rotor E Blade Element Performance; 
50% Span; Unifonn Inlet Flow 

c 

", ''-'! 

, , 
- ----~-_I 

'~ .,. : 
-"T ~ " - - .. -

, . +. -~:~ {Jr~r: 
'~c~=c...:..:....:_,-=c.:.=" , .. _ . ......- ... _____ . 

DF 98079 



Q. 

.i 
'0 
~ 
u 
<: 
~ 

z o -u:J 
, ;:J 
!~ 
~ a 

CII) 
Q.l 

"0 

0 
<0 

..s 

....l 
0 
Z 
<: 
z 
0 ...... 

~ ...... 
>-w 
CI 

. 
13 

0.8 

, 0.6 

0.4 

0.2 

o 

25 

20 

15 

10 

. , 5 

0 

0.35 

0.30 

,.r: 0.25 ·z w -,~ ·0.20 
'~ 

~ 

,;g : 0.15 
u 
u:J 

,~ 0.10 
~ 

.. 0.05 

Percent ,?f Design Equivalent Rotor Speed 

0110 _ 
0100 
o 90 
6. 70 
0,.50 
~ Design Point 

.L._. ! ... 

---':- -

'., J. 

',- --- - 0J'-

--_. , , 

. r--' 
. 

- '" ._._-- , ..... ,.,~:----~-.-'--' . 

o ~--~----------------------------~------------~~--~---
-18 -16 -14 -12 -10 . -8 -6 _ .-4.;- -2 ~ O. 2 4 . 6'. 8 10 12 ' 

INCIDENCE ANGLE, im - deg 
., 

_.' . ..:.----,~--- .. ~-------~~, --~---~---' -" -' -- -- ... ~--- -- -. - -.-

Figure l6f. Rotor E Blade Element Performance; 
70% Span From Tip; Uniform Inlet Flow 

39 

DF 98080 

.[ 



-J;;=~'_,.,~~~':~' .... --~. c;~~-z·!~l 

~ 25 
"0 

-: . 

.. '-. , 

:-· .. ···035 
1~~>,-1 ';, 

F' "C 
0.30 

!-·o 

--:--'. : 

., <- -___ U"". __ , __ " __ , 

.: 
._, 

··G~-

. _ Percent of Design Equivalent Rotor Speed ~.' 

. -,,--

" , 

.-;.l, .-

o 110'-
o 100 
0,90 
{;::; .70 

.. 0. 50 
" -S, Design Point 

. _._.. '·-·-··1 
'_ ... j 

'i __ J 
·c_ j 

.. ,j 
. , 

1 
.j 

" -- -! 

·i 

---~; 

.... ; 

, 
- .~: 

·-18 . . -16 . -14. -12 -10 -8 . -6 .:-4 -2 ,0.2 . _4., . _,6. . 8 10 12 

40 

- ',- '.'- ':~'1NCIDENCEANGLE, im - deg·~.-: 
.. . 

.' 
--_', ,-

~----,--. > __ l.,.~~ 

Figure 16g. Rotor E Blade Element Performance; 
85% Span From Tip; Uniform Inlet Flow 

I . 

DF 98081 



__ ,________ ~ r-'~' -. 

I 

. , 

" 
,. , 

-.-:'::"':,--- . 

----- .. "----~.----- .---- ~ -,~'-. -~-----:-------., 

,'. 

~ -:-
.--,-:- ...... _--

, 
L 
----- 0.35 

·0.30 
,. 13 

c. Eo .. : 0 .. 25 
'Z 
.~ 

'~-I:, S::. 0.20 

"'" " ~ 
!~ 
'·0-- 0.15 :,u 
, ~, 
I. 0 0.10 
, .....l .. , ," c, 

-,0.05 

Percent of Design Equivalent Rotor Speed 

I ••.. _____ ~ .,._" '._: .-,0110, ,_,' 
'0100 

, .. 0 .. 90 
6,,70 
0.,50.' 
~ Design Point ", J 

·:··-0· 

O,L-----------~--~------~--------------------~------~--
-18 -16' -14 -12 '-10,-8 -6 -4 .. -2 0 24 6 8 10 12 

" INCIDENCE ANGLE; im - deg 

Figure 16h. Rotor E Blade Element Performance; 
90% Span From Tip; Uniform Inlet Flow 

DF 98082 

.. , 

41 



42 

~-7f- -': :~:-~: ~- .----;":'.---~ ,:-;--:-: - --.-~--- -----7' --:-'-'~-';::::-~--:':;~----'-~----r:r:--;-;-~--:-'---'-'-~-"-; 

~': I 

::'.0: 0.8 
i .~l! 
,--0 
':G 0.6 
;. ~ 

Z 0.4 
o 

):. §'0.2 
tt '. 

. S 0; 

. 0 
. <.0 

25 

20 

"0.35 

"0.30 

13 
.~~0.25 

~ 
U 0.20 
.ti: 

I' _. J.W < 

f'- ~ 0.15 ,.0 
U 

~ 0.10 
S 

0.05 

1: 

:':. 

::-'~' -- T'~:':· 
.;.,' 

-.- ,.'- -, -- -' '-, 
L' 

1 __ 

. t . 

,-
'", I 

~-~. - - .j-.. i 

1 Percent of Design Equivalent Rotor Speed 

:'1·.: 
,-. --..;: --:::.~- ,--" ...... ;:-;-- .~;-

: ___ ..:...t ___ '_'. 

'0'110 

0100 
090 

, 670 
.. -. 050 

S Design Point 

t .. !. 

,. __ .1 • 

-,--

-: , ..... , 

., -; -. ..:..-:... 

'~: -- .--' 

: .-, 

i..' . 

.-'----- '- --~-i---...· 
;-' - '" 

- "':'_'--1 

" 0 '----------------'------~----.,---------...,....~ 
-18 .-16 -14 -12' -10 -8.-6 -4 -20 _ 2 _._ . .4 '.' 6 ":.8.--0.'_ 10. 12 

~. 

.:,. . 

, ,- \ 
- -+-,."-~ 

-'--:-- -I 

l~:',L . --.-.. INCIDENCE ANGLE, im deg .. - . :. . .--:--. j 

----,"_.- .. _--_ .. - .~--~~-.-:~~,~-. _._c ___ ~~~~::~~·"~j~~~:·:-_~1.~~;~2:_;.t.~,~~~~~~~~:~_·~~ 

Figure l6i. Rotor E Blade Element Performance; 
95% Span From Tip; Uniform Inlet Flow 

DF 98083 



"'" c,., 

; 

, 0
.1

8 

0.
16

 

t;
I 

N
 

0.
14

 
-..

. 
N

 
<0

. '" 
0.

12
 

8 13
 

Ii
 

0.
10

 
~
 

E-<
 

w
 

0.
08

 
:::?

1 <
 " < p.

.. 
0.

06
 

cr
J 

cr
J 0 ....
l 

0.
04

 

0.
02

 

0.
0 0.

0 
0.

1 

P
er

ce
nt

 o
f 

D
es

ig
n 

E
qu

iv
al

en
t 

R
ot

or
 S

pe
ed

 

0
1

1
0

 
0

1
0

0
 

0
9

0
 

8
7

0
 

0
5

0
 

ill
 D

es
ig

n 
P

oi
nt

 

So
lid

 s
ym

bo
l 

co
rr

es
po

nd
s 

to
 m

in
im

um
 l

os
s 

co
ef

fi
ci

en
t 

at
 d

es
ig

n 
eq

ui
va

le
nt

 r
ot

or
 s

pe
ed

 

0.
2 

R
an

ge
 o

f 
C

om
pr

es
so

r 
D

at
a 

(R
ef

er
en

ce
 7

) 

-
-
-
-
-
,-

-
-

0.
3 

0.
4 

-'
-

, 
0.

5 

D
IF

F
U

S
IO

N
 F

A
C

T
O

R
, 

D
 

~
 

-- 0.
6 

D
es

ig
n 

C
ur

ve
 

(C
or

re
la

ti
on

 o
f 

D
at

a 
F

ro
m

 
R

ef
er

en
ce

s 
3 

an
d 

8 
T

hr
ou

gh
 1

4 
an

d 
U

np
ub

li
sh

ed
 P

&
W

A
 

In
-H

ou
se

 D
at

a)
 

, T
w

o-
D

im
en

si
on

al
 

_ 
-

C
as

ca
de

 D
at

a 
(R

ef
er

en
ce

 7
) 

0.
7 

0.
8 

F
ig

u
re

 1
7a

. 
R

o
to

r 
E

 L
o

ss
 P

a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

ac
to

r;
 1

0%
 S

pa
n 

F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

S
0

sn
 



fI::>
. 

fI::>
. 

, fe
' k~·
 

I iF
; 

j,::";
;. 

-
~
'
1
 

''"
:"

ll
, Itt; 1-,

.: 
I·: 

:
i,

 

ri 
:.,

' 
, 

.. 
-,

;-

r-
:!

 
I"

 
,
i
'
,
;
t
~
 

1
1
~
 
r
}
I
I
,
.
:
r
p
"
:
-
-
f
'
!
~
l
n
-
"
l
!
~
~
~
·
-
<
·
-

--
;-

l1
'-;

-R
r 

-1
'-

T-
;--

I
~
"
,
 

P
er

ce
nL

of
 D
e~

ig
n 

Eq
Ui
va
le
I)
t:
Ro
to
r:
Sp
ee
d,
!'
~'
ll
jj
~{
'~
 ~

 
. 

i., 
'L' 

d 
~,;

J 
I 

1 
I 

• 
, 

, 
,
r
 

' 
, 

" 
r 

I 
-

i
,
i
-

J .
.. 
,,

, 
-

t 
I 
!!

 
I 

i'
 

t 
' 

1 r
 -=-

" 

. 
,
:
.
 1

';1
0'

 1
10

, 
;
',

',
 1

1
1

"
';

: 
II

 
"
f
'"

 
,,

',
',

"
 

. 
1,

',J
' 

;. 
-
-
-
-
"
 
.
,
t
_
~
 
.'--

---
-r 

'~;
., 

<
 

"
,
'
"
 

...
. 

f..
. 

),
 

-
J.

--
iT

t-
L

-r
' 

.. -.
.f-

-
-j

~ 
r.

 
_ 

•
• 

k 
..

..
..

..
 

_ 

"1
 

1
1

 
I
,
 

,. 
, 

,
I
 

-
I 

f 
I' 

' 
J 

-
i
·
'
!
!
'
"
 
~ 

• J
 

I 
j 

1 
• 

, 
1

, 
J 

I 
,1

":
'\ 

1
0

0
' 

I 
."

. 
1 

" 
..

 I
 

• 
• 

,
'
.
 

p 
,'

-
~ 

1 
r~

l.
'"

 
-}

\2
J 

' 
I 

,I
f 

,I
: 

'i 
"I

I'
 

!-
td

j~
' 

: 
t'

lt
~'

 
" 

, 
.
•
.
 -

-,
,,

I 
"0

9
0

 
' 

T
 

'
\
 

~ 
..

 
,!

C
l,

.,
J
 

, .
. I 

'
,
"
d

"
 
'.

 
" 

• 
~.

 '
,
-

. 
, 

'"
 

.. 
j'
 j' I

 
I 

, 
I
'
 

I 
. 

I
,
 

I 
" 

, 
t 
"l

1_
j~

_!
" 

'1
!!

11
~ 

I 
J'

~-
-:

41
!\

.~
 

IL
',,

""
,!

 
i
,
 

! 
J
'l
l!

 
.<1

 ! 
,
1

'
1

'
 

, 
r 

'
h
'
I
'
l
t
_
'
"
'
~
"
"
~
 

.
\
,
~
I
-
'
 

~
"
'
I
.
J
I
1
1
'
·
 

--
-1

~:
 ~

'-
'-
-~
J-
'~
 7

0"
-

L 
"!

 
'-"

~I"
--J

·--
-!-

--'
" 

"'1
~1:

;, 
....

....
. f,

'...
,j 

.. j
->-

.i~
l, 

1"
'"-

'" 
~1

'-
:;

3 
"~

"I
l-

~"
-}

~~
 

• 
l 

' 
'.

 
,I

:,
<

-r
l 

,_
'I 

~ 
r 

'
I
 

"
I
;
i
,
\
I
,
 

II
" 

~ 
I 

I'
 

f ['i
Ll'J

: g~
~h!

~~1
 ~i;

:'l:
~r, 

'~I!t
~;i;l

iFi1;
 ;,:J

:! 
,i

 ~!
lnL

;: ,
 

m
in

ii
m

lm
 l

os
s;

 c
'o

ef
fi

ci
en

t a
t 

de
si

gn
 .

~q
ui
va
le
nt
 r

o
to

r 
sp

ee
dJ

 
"
I
j
 '

rj
' 

"!·
f W

ile!
 • :J'

~~;
!: ~~

I.!:
~.··

 . , .... :r
Cl~I

"::;
 " ... 

"i
" 

e,i 
~;'.'. i:

 

j 
: 
D

es
ig

n 
C

ur
ve

 
, . 

:, 
. (C

oI
Te
l~
ti
q,
n.
 ~
f 

Da
t~

f ~
 

F
to

m
 R

ef
er

en
ce

s 
3 

; 
:a

rid
 :.

8 
T

It
 ro

ug
h 

14
 a

nd
 

Un
pu
~I
is
he
dP
&W

A 
' 

In
-H

ou
se

 'D
at

a)
 

~:jf
fk~~

~" 
:~c, ':,

 ~':.
:'~ :

;~+::
::~~'

:,:~"
 :_~I+

;+: '~
," .'. :

'-,'~
' " 'I

~~~
~'"

-'"
 

~~
:I
~_
;'
::
'I

 _
_

 '!
 
0 

.t
 

-1
 
•
•
 1

 
t 

...
 

1
.'

.,
 

j,
 

't
+

-.
I-

11
" 

"
I
'
 
~
,
-

I
i-

,
j 

),
1

,'
 '

:1
 

I 
't

 
,
.
 

! 
" 

' 
~ i

 I
 

I 
• 

t 
\ 

~ t
 

~ 
11

 
-
I
,
 

f 
' 

')
 

J 
t 

'-
~ i

 I
 
I j 

! 
t,

L
 
~7

1 
i:.

,· 
: 1 

0 
1 

~ 
~ 

~ T 
'
I
'
 

<-
j 

~ 
11 

j 
J:!

 j
'
 

, 
• 
~'1

 
I
,
 
0'

 
: J

 
: t ~

 
, 

'
r
 

j 

"'
1~

' 
t 

r 
,
't

' 
.. 

0:
1 

,: 
~,

.,
""

O.
2"

, 
t 
",

 
0.

3 
, 

":
;-

".
4_

1;
"'

~.
:t

~;
,_

,,
·0

.5
 

I 
' 

, "
 

'I
 

" 
, 

1 
, 

, 
I 

" 
,
I
 

i
:
"
"
 

j
'
 

" 
.;

' 
,'

i-
I,

'·
 

t
:
,
r
J
~
'
 

•
•
 
:
j
.
 

J 
1
_
'
I
,
,
~
r
:
1
\
1
]
1
,
'
 ... 

, 
"
,\

't
 

I
',

 
"
'·

·
1

J
.
\
'f

_
 

I·
,,

;L
 

,
"
 

"'
, 

1
"
-
' 

;'
 

',
-

',
~:
-'
>·
l'
r!
:'
L:
-t
:.
l:
 

. 
""

,J 
D

IF
F

U
si

o
N

 F
A

C
T

O
R

',D
 

I 
,r

,·
, 

: 
I!

 
I
'
 I

' 
.;

 
, 

1
:,

 
t;.}

:f'F
J'i

l 
:,'

I~ 
.;

I"
i'
 

,
!
,
 
"
.
 '
I 

l'
 

",
<

 +
~
;
 

" 

, 
..

 
" 

'\
-

~ 
+

 
I 

"1'
" 

'--
4~
 
"
-
'
 "

T
'"

 
._

I.
"I

.,
-,

,,
l,

, 
, 

....
. ,

 '
'''

-'
'''

'',
',

.,
 

..
. 

'
,
"
"
 

"
,
.
,
 

J 
.. 

Jt
, 

t"
 

Ii
' 

'
I
-
j
d

'
 

I 
'
\
'
.
'
 
'
1
"
"
-
"
"
I
~
T
 

. 
',.

1
 

t~ 
{
-
-

1 
i~

' 
,!

 
~!

 
t 

-
T

 
"I

I:
~n

 "
~t

t~
L1

T 
J
>

 
'd

 
~1
'~
11
! 

~f
~.
).
 1

 
' 

Tt
!-

;:
!;

-,
r 

Iq
 
~~
 

1;,
 ..

 _
__

_ ,_
~_l

",~
..L

.;j
.:.

 __ .
L

. _
 __

'__
,_1

 . .J
..

c~
L.
Ji
Wi
J1
Jl
l1
 .. L
L'

_.
.r

:.
,_

~~
..

c _
_ :
:.

L.
~.

L.
~t

,·
!"

 
'I

 
'J

',
 

..
(
,.

 
,.

 
·:
~~
-'
J~
·~
l~
'"
 

['
-'

,,
'-

'-
'"

.L
'-

-'
-

F
ig

u
re

 1
7b

. 
R

o
to

r 
E

 L
o

ss
 P

a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

a
c
to

r;
 3

0%
 S

p
an

 F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

80
85

 



*" c.n 

i f I ! r·~'
··-

I , 1. I I r 
o 

'I
,_

~"
_~

 
L

. 
N

 
A

 
'
~
 

! 
. 

'" '0
 

u-

1-
.: 0.
18

 

0.
16

 

0.
14

 

0.
12

 
I 

_ I': 
b 

:,
0

.1
0

 
I 

P
{
' 

/-
. 

C
 

i-L
I 

I~
 0.

08
 

~ 
.. 

1
0

.0
6

 
rI

) 
rI

) o >-
l 

-0
.0

4 
',:

,1
.:,

 
-1

+
 

'-~ 

i' 

{ 

-;
 }-

.1
 

" 
I,

 

-
~
 
,'- J 

;:,
,"

 ',Ii
 '-

, 
..

. 
' 

• 
• 
~-
j 

I;
' 

Ii
 

-t
."

' 

!,
 

_J
_l

"_
!~

 

: -P
er

ce
nt

 o
f 

D
es

ig
n 

E
qu

iv
al

en
t 

R
ot

or
 S

pe
ed

 
• 

I 

':
 

'" 

'0 
1

1
0

" 
o 

10
0:

 
' 

0
9

0
 

£:
:,

70
 

0
5

0
 

S 
D

es
ig

n 
P

oi
nt

 
-~
 
-

T
 

j 

\ 
" 

•• 
L •

•.
 \

 

,"
 

~ f;
. ,_

.J_
' 

" 

J:_
. 

I·
 

, ,
_t
~ 

1,
 

L
' 

1,
1 

-
j 
•
•
•
 ~
-

. 
-I

 :. 

" 

t:· 
. s~

li
d 

sY
m

bo
l 
~r
re
sp
on
ds
 t

o 
m

in
im

um
 l

os
s 

co
ef

fi
ci

en
t 

at
 d

es
ig

n 
eq

ui
va

le
nt

 r
ot

or
 s

pe
ed

 
,I

 
. 

~ 
!-

',- , 
:~
 

.!
 

'1
 ,:
 

;.
 

.: 

," 

R
an

ge
 o

f 
C

om
pr

es
so

r 
p

at
a 

(R
ef

er
en

ce
 7

) 
_ 

1"
 , 

.
;
 

I 

.j
 , .!- f ,'"

 
-.'

 

. 
, 
~ 

~ 
t 

. 

,--

D
es

ig
n 

C
ur

ve
 

(C
or

re
la

ti
on

 o
f 

D
at

a 
F

ro
m

 R
ef

er
en

ce
s 

3 
• 

I 
• 

,
~
"
 

an
d 

8 
T

hr
ou

gh
 

14
 

an
d 

U
np

ub
li

sh
ed

 P
&

W
A

 
In

-H
ou

se
 D

at
a)

 

i. 
-! ,I
 

i t' 

,~
 
~-

I 

.. 
~
~
 
.' 

~
 

'
I
'
 

I'
 

. _
.1 ': ~
 
; 

-.
 

, 

..-
+-

. 
, i
' , .
(
~
 ':_

;-1
--

~:J
,'-

j 
--, 

1 

. 
,I

 
••

 '
}
 ~ 

';
 :_1

," 
:+

~- I
i
 

, 
.1

 
, 

l 
~ 

',., 
-r. 

, '
 I 

!' 
~: ;-; 

~ "]
1

" 
i· 

j 
'.' .

... ~
_l:

. _
1.

,l_
 

:~-
=-'

 
_ 

(1
' 

,~ 
_ .

.. 
1

.
',

 T
 

" 
I'-

, 
i 

'
,
'
 
I'

! 

.,.:
 t,: 

"Ii '
:~j 

I
i
i
 

:i
, 

I 
:
,
;
 

1
, 

. 
V

,
 

. 
~ 

: 
' 

, 
: 

:T
w

b-
D

im
en

si
on

al
 

! -
'r

 / 
-I 

"'-:.
~: -

'~
;~
'0

.0
2-

: ·
~·-

l··
 -
~
'
_
,
 ;
.:

,;
-
;:

 '.' 0
 

.; 
,:

; 
: 
-,

~ 
. C

as
ca

de
 D

at
a,

 
-: 

,I
 

,.
:.

.:
-'

; 
_J

 
, 

.-,:
~: 

,I
 

-
..

 
,
,
~
 

'0
" 

. _
 :.

--'
.--

--,
 

'(
R

ef
er

en
ce

 7
),

:;
 

J 
,I

 
I 

--
...

...
.. 

t 
'" 

~ -
-; 

, 
: 

' 
: 

...
,..

.-
.L

--
: 

-
' 

,
l
 

\"
 

-'"I
 ~T

 ,-
~
"
"
 

~ 
,_

 
-
-
,
'
 

I 
,. 

""
 

, 
.'

 
I.

 
J 

. 
i 
'J

' 
'0

' 
. 

·1
-

._
, 

' 
I 

,
.
 ..

..
 .0

1-
, 

...
. ,
.
 

( 
d 

, 
' 

;<
, 

:l
 

,
,
!
l
 l
.
"
 

"1
 

,}
.:

'~
l~

,-
0~

""
I.

 
0.

1 
0:

2 
0,

3 
0

;
4

-
,.

!
O

,5
 

0
.6

1
 

'
0
~
7
i
,
 

'0
;8

 
1

'1
 

~~.
 ;

""
-~

, 
. :

 
~ 

1 
' .

 
i~ 

. 
: .

 "
.
 

; .
 

.; 
, :

 I • 
, 

~ , 
: 
! ~ 

. ~ 
I 

;'t
! 

'I: 
:~ 
"
"
"
 '

 
f 

' '
D

IF
F

U
S

IO
N

 F
A

C
T

O
R

 
D

 
.
,
-
'
-

e: 
1: 

';
-'

~"
'-

:,
 

J..
 
<

 
t 

_
1

..
, 

; 
, 

; 
. 

! 
I 

I 
"
1

-
• 

; 
, 

, 
I ,

I
 
,
,
'
 

I 
I 

I 

~.L.
 r-

."~
') ..

 :.:
:ij.

~:.~
:_~"

.J~~
E'j:

,i~L
:'['

-;~_
~ -

'i
~~

~~
~~

:~
':

 -
i:
~~
,~
~I
~-
l~
,~
~L
~j

_1
L~

~ 
"~I 

,I
 
~'}:

:,'i
,';i

12(:
~'; 

,_~
L~ 

F
ig

u
re

 1
7

c.
 

R
o

to
r 

E
 L

o
ss

 P
a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

a
c
to

r;
 5

0%
 S

pa
n;

 U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

80
86

 



,j:
>.

 
0

)
 

t7P
~l

:_
~;

'1
 j-

~'
iZ
: 

~ ,
I •

• 
;, 

J 
'.1

 
-I 

t 
I 

, 
\ 

, 
! J

 . 
-+
-;
-+
f.
~~
-

-d
 ,

_
}

J:
--



t~
,.

n 
il
l -

1
: 

j 
: 

!-;
:~f

W:'
~{-

Pi:
:' 

1_
;+

(_
' I
"
 _

. 
,-

'. 

If-
~:

Wi
 ~a

 . -
~S~~

~1~~
·~:~

: ~ 
:f~

~~-
)~ 

I_~'_
: ~

~.:
-':

 __
 ,_}

~, 
I 

r.L
 i; 

-'-~_
 ~
.1
8 

~}:
li 

I 
~~:

; 
~-

L:
 ,-

-·1
 

1 

rY{
!";-

, 
l'

_
 ..

. _
h

"
 

<
 

t;-
'f~

 
1-

1·
-

:N
 

f: 
:}

i 
1.

_.
,,

,,
 

~ 
r-
r~
 0

 

;~-
-:f

j: 
. 

;::
 "
"
~
 ,:

",
:, 

,';
" 

(' 
~ 
"r

: 
:' ,

:C
,':

;' 
-: 

'f
 

' I
,C

~~
t'

 
Ii

,:
 

'. 
_,

 
,I

 
: '

I"
 
i'
 

-
~
'
T
 ;-

:T
;qf

q-
T'

,';r
;l 

P
er

ce
nt

 o
f 

D
es

ig
n 

.E
qu

iv
al

en
t 
~o

to
r 

S
pe

ed
 

'I
,
.
 L

:' 
f 

,
I
 

-~
:~

; .
~.

 
l~
;l
~;
H-
'~
' r

j 

til
 D

eS
Ig

n 
P

am
t 

,'
. 

I .
..

. 
f·~:

-i''
-i-:

-
I~r

:-c
l--

jl~
:;.

l; 
~ 

IJ
: 

~_
!1
-,
j'
~"
:~

 
II

~F
' 

-
,
"
 

'1
-,

-
t 

" 
m

in
im

um
 l

os
s 

co
ef

fi
ci

en
t 

at
 d

es
ig

n 
eq

ui
va

le
nt

 r
ot

oF
 s

pe
ed

 i-
. :

!_-
. 

" 
i
'
 
if

:
 r:

:·
!,
;j
~l
 

.iW
!1 

.. ~j
-, i

~:j 
"'

--
-~

l 
-:.)

 ,
;-

':-
'-'

:t,
 
•
.
 0

.1
0 

f.·
I

, 
~
 

\,
 

' 
..

 -

PT
~:

 -;: .
. ,;.

;
1

 
:. 

"C
;'

: 
<V

,-ll 
-r
-;
-~
l"
j-

0
0

8
 

-
.
1

-
•
•
•
 ' 

~
~
'
~
a
 

!! ~
 
~
 

" 
,T

'"
 -;

--1
 

Ir
--

U
O

 
1-

-J'
:--

l 
~;

-'
.'

~ 
-

t
·
·
 Y:

,:.
 

I;
··

 
. 

0 
04

 
" 

", 
'-

-+
-'

~l
 

Ili~lt~
/~~ 

, 
'., . i::

C
!,

 
I 

, 
' 

: 
:
.
,
 
l
"
 l'.;

-::.
:: 

I 
.lJ

:iJ I1 
",

~,
.l

(,
::

 jo
t 

0.
0 

:. 
__ 

,0
.1

 
: 

__ ~
I 

l'
i.

0
.2

'_
,:

 
! _

 
0.

3 
; 

:'
~O

.4
",

 
~j

, 
0

.5
.,

 
._j

 :
"' 

:0
.6

. 
!_

'~
, 

0.
7 

I
'.

 
: 

_, 
/' 

0.
8 

'r
l , 

f::
:: 

" 
t.."

 ...
. 

J
l 

'I
 

I 
_ 

I
,
 

I 
i 
I
.
 

'
I
 

1
,
"
 

, 
I 

, 
I 

, 

l~
lt
~,
t~
: 

(
'
!
'
 

t 
~
I
"
 

l~
ll

"I
!~

"t
.~

~.
i,

 
l
,
 

! 
·
t
 

j 
,
"
'
,
 

'
~
t
 

~
l
)
 

\ 
I 

:
,
 

r 
,
;
"
1

 
I 

'i
 

'j
 

i 
;
"
'
l
'
~
'
 

r-·
 -

C
("

 
..

 -
-

II
 

l 
' 

" 
' 

'I
'i
 '

-,
I 

., 
l
'
 

. 
D

IF
F

U
S

IO
N

 
F

A
C

T
O

R
 

D
 

I 
. 

. 
'
I
 

. 
I 

-
J 

,
"
 

i 
' 

" 
. 

. ~:
;;

-.
 

;",
n,

. 
"r

~'
 

1
-

t-
~ 

-
J
, 

"-
(1
)'
:~
' 

~~
1"
1 

-'
-.

 
-'-

-C~
,!.

'" 
"-

"1
 
'
:
 .

.
.
.
 1

 
~~.

...
 

,I
 
I
,
 

' 
,j
~,
t~
, 

-~
~j

'-
't

 
4-
~$
--
-,
 
.~

l 
~ 

\ 
l"

 
~;
"!
 

f 
~
-

~.
~ 
-
-
~
 

I 
i,

~;
 

t 
,
!
 

I"
 

I
"
 

'
I
'
 

"
,
,
,
,
,
,
 

I 
j 

" 
" 

"
.
"
 .

,
,
"
 

I 
I 
>

' 
I'

 
, 

I
"
"
 

I 
..

..
 I

 ,
1

 
~ 1

 i 
r 

+
, 
+

 
r-, 

I 
" 

'
)
 

I 
.
,
 

A
: 

) 
"
I
t
 

( 
!)

' ,
I 

, 
1 

' 
I 

'
I
 

I 
I 

j
,
 

l 
1

" 
r 

-
'
 

J 
I 

, 
i.

 
i)

 I
 

-
: 

J-. 
~ 

; 
i 

~.
 ~

 , 
. 

, 
, 

I 
l 

, 
• 

I 
l
.
 

! I
 

:
}
'
,
 ' 

II 
1 

-
( 

[
' 

-',
 --

• 
'1 

' 
I'

 
, 

, 
I 

f 
I'

 
; 

" 
1 

' 
I
,
'
 

-
, 
I 

,,,
 

. 
<I

' 
l 

I 
' 

)-L
 
.
"
,
 

',
('

 
,-
~ 

II
"
 

'l.I'
1 

\ 
~ 

-
I~
 

~I
 

,
,
-

'
«

l
f

f
.1

1.
. 

I 
• 

,-
T

'f·
···

 
1

-
"
.
,
'
 

J.
..

.:
l 

.~
 

,.
.J

 
t-

T
 
'r

 
'I

I~
. 

J!
 4

-f 
• 

' 
... 
1

'
"
'
 

.
'
 

~ 
...

. 
-1

0_
 

• ..
.,! 

--
:.

-'
) 
-~

-r
..

J 
l':

'-r
-

r-
-

-
~
l
!
 

r'
-+

 
-
:
,
 

~ 
, 

-
'"

 
r 

I
~
'
(
~
\
~
~
I
I
I
 

J
'
 

f
-
l
i
l
~
i
 

J!
:

r1
i

1
J
 

I"
J
.;

 
J
1

\
(
:
 

f 
1

',
 

1
T

 
I 

'!
l,

l~
 

I
"
i
i
~
j
f
 

f
l
.
'
l
t
"
l
\
'
,
 
l
~
-
J
"
"
"
I
 

1
1
"
,
1

1
,
,
_

 
l:

' 
,,

',
 

'_
~L
i.
LU
.~
~"
~~
L_
J.
:~
~_
i~
u~
lt
:L
~~
! 

I ~U
 +
i
~
_
~
~
i
~
.
~
 It 

t 1
 ~ 1

 
j 
1t!

~: 
ll

Ll
l~

~,
 ~l
~~
LI
Jt
~~
~~
~_
lL
~_
~~
_~
~~
~~
~t
_~
_1
 ~:

_~
L_

 

F
ig

u
re

 1
7d

. 
R

o
to

r 
E

 
L

o
ss

 P
a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

a
c
to

r;
 7

0%
 S

pa
n 

F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

80
87

 



oj:
:>.

 
-.

;J
 

r-
,1:

:--
I
.
 

~ 
.# 

I'
 

-
'j

',
 

t 

.. ~
; 
I,

:}
 

1.
-

" 

-
i'
 

I 

• 
1 

-
~ 

1 
!-

-I
 

'._
 

I,
 

' 

1
0

.,1
8 

i 
,
j 

·f
 

\ 
0.

16
 

I I 
b 

'N
 

1 ·
'-, 

N
 

r<§
 

I
"
 

:'
 

;,
0

.1
4

. 
'"

 

;,
0

.1
2

 

I 
• 

, 
i ~

" 
,~ 

I'
~ 

0
,1

0
 

0.
08

 

I '~
 <
 -

p.
. 

I 
~
'
 

Is
 

I 1 

0.
06

 

J,:
 0

.0
4 

r, 
-'

'',
' 

0.
02

 
I ,

',
I:

 

--
. "

~:
.j

-_
--

;-
' 

~2
-=

;-
-;

-~
?-

~·
r~

~-
. 

--
-

'
~
~
'
-

-
-
f 

'""
11

:'-
. -

<-~
 i-

-
-, 

--
--

I -
-
:
-
-
~
~
,
 ~~

-.
 1

--
; -

--
-:-.

 '
-
"
-
r
:
-
~
i
 ?
f;

~J
~'

lT
~7

'~
:'

 .
=-
;-
--
-;
'~
-~
 -
~
-
;
 . ~

:~
: 

~.
-J
 -

~-
"T

"-;
 J:J

" 
t '

-_
'~
--
-r
i 

I! 
~ :, 

' : L
: ' ,

~; 
: :,

 I'
 
i:

; 
-:

',
-,

;,
',

 
~! 

! 
I '

 
'P

er
ce

nt
 o

f 
D

es
ig

n 
E

qu
iv

al
en

t 
R

o
to

r 
:S

p
ee

d
: 

: 
1

,;
 

"i' 
d:

: 
:' -

',' 
;
j
'
 

, 

r
.
-
-
-
-
-
-
-
;
~
,
 ~
:
 '
7
"
i
-
~
 .. :

 
{
:
 

' 
~ 

I:
 

"~
 

I. 
.;-

t. 

-..
--'

-:-
" 

j 

, 
" 

.'.
1,

' 
, 

,
.
 
, 

So
lid

 s
ym
b'
61
~o
Ir
es
po
nd
s 

to
m

in
im

u
ln

 l
os

s 
co

ef
fi

ci
en

t 
at

 d
es

ig
n 

eq
ui

va
le

nt
 r

ot
or

 s
pe

ed
' ~

 "
 

" 
, 

-
-

"_
J
; 

\~ 
~l

 
-!

' 
~. 

'1
 

"
I
!
 ,

;,
~,

-.
;~

. 
r 

,I
 

,J
, 

,!
 

l 
!).

:.~
.(,

 -.
....

 >-
-

'" 
i 
~ 

1, 
" 

~ 
l 

'
j
'
 

.
j T
 

«-
:. 

--
~ 
--,

. 
-

·t
 

: ~
-.

 

1 
« 

-
\ 

i' 
~, 

I I;
 

.;
' 

I 1-
,
I
.
 

I
' .! 

j'
"
 

f,
 

,-
i, "1
-":

-' 

, 
, 

'I
 

:',
: 

':\
 l' 

-~ 
. 

"
'(

 

,t
 

I ,i 
,'-

• 
r: 

!+
"
1

"
 

:;-
.. 

-: 
i 

~ ;- >1.
' ::

 
: 

; 
~ 

I 

I,
 

I 
~
:
-

-
' 

,,
' 

-~
 .

 '
 

-~:
-

"'
;.

~~
--

·r
-

-~
 .

-

, '/
 i. I~
 

r: 'I ,,"
, :1 I 

:1
; ': .J j
' 

-
,
l
r
 

',.
, :' -,'
 

-
If

 
.....

 

~~
. -~-

-.
; 

" 
'J

 ,
,'

1
.'

-

,R
an

ge
 p

f 
C

om
pr

es
so

r 
D

at
a 

(R
ef

er
en

ce
 7

) 

" ~ i 
'4

_
 

\_
 

f,'
-:

J-
.-,

-
-

, 
~ 

, 

I 
I 

, 

,;
~/
+ .

,")
:'!

7-
. 
~"
 L 

-
'I

' 

(-
',

 

f t, 
, 

,.I 
t 

~
 

. 
• 

, 
,
t
 

'/"
""

,,'
 , 

' 
·-1

;; .: 
,'

, 

l
i
-

. 

I 
.,,1

.:-
:,,:

 
l. 

_, 
' 

:\
:,

:,
 :

":
: 

,"
 

l'
 

} 
i 

" I 

~ 
;. 

'i
 -~
 

:-
j 

-:i 
' 

[
,
' 

. ~
 

i 

.,;
o,,

~. 
':~l

" 
! .. ~

.~
 

~
~
 

1
1

_
 

" 
~
 

1~
 

. '
-~

 

I i 

~ D
es

ig
n 

C
ur

ve
 ,

 l 
':

 ,i
oc

. 
~ 

•• 
J 

(C
or

re
la

ti
on

 o
f 

D
at

a)
 

:;,' 
~,
"i
.~
~~
m8
~~
~~
il
 an

d 
j 

U
np

ub
li

sh
ed

 P
&

W
A

 
't 

'I
~-
Ho
us
e 

D
at

a)
 

I,
 

-_
O

r 
, 

,,
"-

I 
;r

 
I 

,±
~'

~~
'~

 
.~

 
"'-

'-
1"

,h
-

J 

I ). 
1 

l 1.
1'

, 

-. 
, 

~ 
. 

i'
f
' 

'i
-'

 
, 

I 
,
"
 

r 
.
)
,
 

, 
, 

1 
'-

,-
~:

 I
 

r
,
·
 

-. 
-

) 

~
 "

fw
o-

D
im

en
si

on
aI

 
; 

-C
as

ca
de

 D
at

a 
, (

R
ef

er
en

ce
 7

) 

-~
 .

 ,',
 

j 

(~
'f
 

I 

I 
• 

,I
 

0
0

1
 

,,:
 

6 
"
,
-
,
 

',
/:

,'
-
':

1
 

'
!
-
"
j
"
,
 

:'
':

1
' 

I:
" 

. 
.
.
'
 

"
;
 

. 
_ 

i 
~,
 

• 
. 

,
i'
 

_'
 

" 
1 

. 
; 

) 
•. 

I 
! 1

 
• 

\ 
.~

.,
 
'. 

--.
.,. 

[, I, 
,'

~'
 

, 
",

 
~ •

 
; 

j 
I 

I~:
 
::

,:
1

 
j 

l 
'''

; 
I
.
 

",
 

•
•
 }

 
~ 

, 
I 

.
.
 

' 0.
0 

.0
.1

 
0.

2 
0.

3 
' 

0.
4 

' ;
 .

 0
.5

 
,I 

; 
0.

6 
: .

 . 
0.

7 
, 

t'
 

: ,
 

: 
-

; ,
 

" 
"
.
 

; 
. +

'-.-
.J

 
1-

' 
r I

 

_i
i. 

I
,
' 

"
,
:
,
;
.
;
,
 

D~
FF
US
IO
Nf
AC
Td
R,
 D

 ,
:,

,'
,,

1
 

'!
"
,
"
 

;~c~; 
:_' I ;'~

 J ,_
 ;~_~J

'., i
 :"-~:,

,,._ 
'. J

..
 ,!;~_

:.' ..
 ~: ~~,

; ',i 
:~."~,

 ,_,_
,;j_:

~ tL;~
I~~l!

t~i::
.' 1. 

0.
8 

I'
 

l'
 

. 
t: 

:' 
'i" 

,.
J
 

' 
I,

:.
"
.!

 ,
.,:

 
. 

r' 
II

 

~' l: >
:1 J 

LL.
l ,.'

,i,;~
t, :J

~' "l
'~;t

 .. ' .. _~,
. ,~t

 t,~,-
,_: 

. "
 r:

 -
. 

F
ig

u
re

 1
7

e.
 

R
o

to
r 

E
 L

o
ss

 P
a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

a
c
to

r;
 9

0%
 S

p
an

 F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

80
88

 



48 

.~ 

(~'-'= ,.i ,', I· !'c-'- ::L-;:.if:·<.c;~:j 
~~-:.;,~-~C~-~:~:J~~-:"~-:~'i:-i--- .--. .. -.-.... ' ~.:, ... ' ~,',:'... , " " \ 
1--" - - .' - -;--' :'.". I : : • ,. i .. "·-:~'--~;:'·---_J~--C·~@-·--:-·~~ 
:1' ---:..:..-- .:--1.16 . .- .Location of Leading Edge· -: t -- L., "~'-'---,---' Gd----.--: -~-. - -. -0,; 
~.: -' .. - . ,. of Rear'-AirfoiI~, __ .', -j I, - -; .. -:', :' , ., ~,i"'~:;,:.t~,,,,-:.'_,"' .. : ,--;-,f~~" 
i;~;=-':---1~:14~>- ,~,-:~ -'<+':-i~ ___ A -~' ... @~-.'-- -~.* ._, ___ 0 ... -,~~-, 

+-

l
:-:-:a::::- i -LOB .. , 

~ . .:,_~~ ! ___ , - I ~ " 

,. 

-i-

t - ~- i 
. __ ':": .• Li::. ____ J:.." ·'0 

--0 
,~e 

~~i;,::~a~;':c ~. -, ·.'i o;~ 
~-~:-: +.04 _-~~;~-::;_L:~:~~.-~~~~\·. 

O· 
.t:)-

L -=-_ ~_ L' .~ .. " ___ "~, ;. __ _ 

, ~ i i·=g::· L02-"~ .:.'.'-~ -- .j.~~-.:.:..,-,--.:.--.-, .,J:' -,-

'l:,.oo a, .. ~~_.~,c:<>, - ;"--,~,~-,f}j 
',. ~ ." " .. 0' I . .. ~:1 ,-- e: , 1--, _' !. _,~~j 

;. __ f-<" 0:98 ,. ____ 0·: ---_'y__ ., __ 'c. __ '_._ -_"~':-. __ .:- __ -'_+-;j 
-: ~- I, Equival~nt W~ight, Flow- Ib/sec :,:: _,_,,,i+., 

f-< I. ')"'\. r ., -1.:', , ':'11 

:~'":·g,~-"O.96- ;-- ~__ :__V-121.43 t--,---... -..----,.:.:--.;:...---~-, ----I 
I ~, :-,--';.;,:-,0,117.78 i, 1 .<=-:;j 

:=.g:~!:!: ..... ,,~tS; 
---.{., 

:---: - 0;94- --

0: 105.92 _: :-: ______ ; ____ ,_.:_ - __ . ""'_--j 
: ___ "" ___ ,,,_b~102;92'_~.:.·-~_,:~ ;: 1.::":'1 

,. 'i~O _97.94 , .. '. ~'-"".:: - -~ .. : J ~ -,1- -,'''i1 
'Leadin~ Edge';' __ ~, : __ -,-O_~,93.26': ___ :: Traili~ ~dg, 

. .1 _, , ,", . ~c ,; ,.i " 
f ' __ ,.(:., -.- • ~,_ ---"""-,_'""" -r,-.-. ---{~"---~:-1_- ---~ ~~ -- 0_.-- ---I 

. --;.:. ,,-. ~ ;-< -. :.~, "- "--~l 

r'- _, 

T 

,.:. 0.90' 

-( 
~ -, 

~-0.B8 ' 

20 .. _ 30 . 4,0 ~.~:; 50 
'1_, I, ' 

'PERCENT AxIAI::CHORD' 
i' 

· .. ·.-1 

;-

Figure 18. Rotor E Tip Static Pressure Ratio vs DF 98089 
Percent Axial Chord; 100% Design Equivalent 
Rotor Speed; Uniform Inlet Flow 



0' 
. rl" O.S 
,··0· 

" ~', . 

s. '. t)-0.6·· 
< 
'~' 

·-S 0,4· o 
"'O~ b' R9~ 

--til 
--~0.2 
.~. - , 
Q 0 

6 00 

:(L ?f) 

.. , ---.-- - . --._-_ .. " 

. . , - - _. --' - - - - ~--

.' . 

.: - - - .' 

: ~ . 

• ' Percent of 'DeSign EqUivalent Rotor Speed. o 110. 
o 100 
0-' 90 .. 

Ic~ .' .. -.- ,- -- ,--,.-. -.-' , . .--.:_.---_ .. -'~----~:8::'-~~'-'--' 
I: . ,. . 0.35 t : __ t __ :_,,:,.S.~:. Design Point, 

I ~ . -0.'3 ()6 ~'. ·-[r-~ .' .. _ '.' - . "0 ? 

,- 13' ':. "". , - •.. ___ L:.· 0· 6' ---
1-'~~O~2S . __ ~O --... - -00-- --.0 

00 o 

f-LS':~"-- .. ', ; --'------":--;:',"- ", 9&'. -

r:-r:J!}:~-~fi~f~>:2il::2i;-i~c~-:;;:;-~~ ___ ~~-_:~:_:sc~06;.-~- --.. ..~ ... --

I 
i 
i 

i 
I 
I 

- i [: ~ .0.10 .' "'-~.:.,---.-,---'--._:_:::t __ ·_-. -' __ :_:c _ __ .L.: ____ ._:' -,~" -"::,~_"0-
l--~ . -- -.,- --' --- 1 

I _ .• .'._ t 

1

: ___ :--·:·~·05 .--- '::;:, :.:;:--,-+<--->~-~ -'-

: .. -. " - 0- L....;..' --,--..:.. .......... ~---,....;...--'----.:....-----.:....---------------
1:__ _-30_-28.-26_.-24.-22.-20 -18 -16,-14.,-12'-10 -8 -6 .-4. -1_ () 
i .
I. 
1··-

f 

Figure 19a. Stator E Blade Element Performance; 
5% Span From Tip; Uniform Inlet Flow 

2 

DF 98090 

4 6 

49 

I 

.. i 

i 
! 

I 
I 
I 

---·1 
j 



0.35 

50 

'.1S)' ·· .. ·0 .. · . . . 
:.'~ ." ::. ;:.-,~ .. 

.:.-,-'.: , .. ;~-~~·i·:~c:~'-~~':i~~~:·::;·~Tt~t{';i!~1''{::~::;''' ;~cff. cc=-~·:,'r::7,-c ~:~ _ 
'I.' ~.~:.:.~.~'::"T·· .. _..J..~--~' 

• _~I" •• 

-~ 
.~ 

:~. .; 4§c.'i~;j·~~t~(){;[~ .. L'\~~j,.;~;~41t~~}'C 
"~ ____ . __ ".","" __ .. _~..:::...:~.,-:.._~i ____ :;;"'N'. _:::-.-1 ~._. j.-

.C 

.. 

';-:'-'Percent of Design Equivalent Rotor Speed .. 
......... _'. ·'.:0" 110 .':' 

'_0 100. 

P 90. 

.. I 

. i 
-I 
i 
i 
I 

'1 
-I 

.... .'1 
! 
i 

".: A ,:'70 
.. :.-=:J;J .50 

'.::\:'~~: 
.t,. ':"~'-: __ ,..'_.1.:.":;"':'. ",-_,.,:": '1- - -'i 

:;-~f' ~<~~:~':";'~o:t ~_:::~)~,;_:~.~~lf;[.)ii;Ts~~tE:_~tr_.::.~_~_ ~ I 
. ':'"-~'~~T:~:-: . ~ . . ,: ., . 

. ~- I .. 

jc I 

'1 
I 

'j 
i 

10 _: 12~: 14~:: 16~~;.1 
. ... ,. " _ .• C_.:: . - ... :.~.- .1 

,.~ __ ~'. ~~;f~~fi~~i:~~:i:)'~;-~'~;~~;~~~l~~j~~iij~~~,~:~:~i; .. :"'~".'~~_J 
Figure 19b. Stator E Blade Element Performance; 

10% Span From Tip; Uniform Inlet Flow 
DF 98091 



o 0.8' 
¢." '. t 0.6 

< 
.. ~ 0.4 I'-. cl9D' "~ 

O. -;:r,,""U 0 
·§:O.2~.... -"-
~ 
~ -s 0 

: - ?o ·20 

::f 
~ 15 
Z. 
< 
5 10 

. E= "" S 
.;S 
. >-
~ 

-0: 0 

. ,:": 0.35 . 

, . 'O.3Q 
13 

~·0.25 
~-

g 020'· 
~. 

~ 
~ 

8 0.15 

rIl 

~Q.1O -
~ 

.... 0.05 

Percent of Design Equivalent Rotor Speed 

0.··· ]10 

o 100 
0_ 90 

.670 
o 50 
_ S Design Point 

_. - 1- : 

.0 
--. ·6 

&&-.0' .. : 0 ' . 0 --.--.. 8 .... 0 
'1 .: 

" , 
.~."-

) ,\ 
.- - - --- - .--

- • ---- -'-"--v--'~'-

_ .'. • • ..J. '_ , 
. -~ , 

:..f.) ,.' . 

(j . -- ,'oC} . " 

- '> 
O·~.----------~----------~--------------------------~--~ 

.. ) 

-14 -12 -10 -8 -6 -4-2 __ ;0. 24 .6 8 '10_ 12 14 '.16 -. 
, . 

-- ... INCIDENCE ANGLE, im - deg -, 
", 

.- . . . 
. --"-----'--'---- -.'------~-- _.~.- ----,--- _ ~_ • ____ •• '-~ _ ... ..----i _.~ __ ..:~ __ 

Figure 19c. Stator E Blade Element Performance; 
15% Span From Tip; Uniform Inlet Flow 

DF 98092 

51 



52 

--,--- -..,---~- - ----------.-.--------- ,-- -, -~-_-t-

, '~ I 

',-- .. 
-.. 
I· 

- --:-' 

.. , 
~--- -,-.- ------_.-..-" -- -,' . --' 

-- -1-: . ,- -" ........ 

0.30 ... 

.. ~ .. ~ 

, ,- r 

~ r • 

- .. _' -.. ' 

: -~- --- -'-

- -~--.- . ,- --- - - - ... - ~, ~ -, -'--
• 0:·.~ .~) :~c&.0@Q0 

i .-
,--- .... --~'-, 

Percent of Design Equivalent Rotor Speed 
., . 0 110 . 

-- .-" --,( '- ~-. 

. 0 100 
o ·90 

-6 70' 

O. 50 
.' . ;~_ . Design Point i .... 

-- -', . ":', 

- .... '----1-'-

I 

" 
-' ~ - - .. -,-- •. -....:: .•. -. -:,- - -'. - ~"'I 

i-. 
~. 
~. 

_, ~ __ ;"__ .... o· 

_~ _. ;'" ; _ _ ~ .i 
--.,-'! 

. " h .. >- J __ ' ._' __ ' 

6 8: 10 . 12 J4·~ 16 

, .. :~~_ . -~.;:~:~.!:.>_~.~ .. '~:_ '" - .~~- C • ,IN~I?ENC¥' ANGLE, im - deg ... _. 

~~-;.- :r '~:L-.::~> ' !...~_. _ .• _" _..i:.,.......!_---.:,:.:._~ ___ ~ . ___ :_~ __ :_-----.._. ____ -'_ .. _._.'~_~ .. ~_~_'_~_:. ~ 

Figure 19d. Stator E Blade Element Perfonnance; 
30% Span From Tip; Uniform Inlet FloW 

DF 98093 



·- Q- 0.8 
~ 

! § 0.6 
<, 

i-

....-z 0,4 
o 
til 
~ 
Il:. ., .... 
25 

_ 0.2 

o 

20 

15 

10 

5 

o 

0.35 

0.30 
13 

~~ -0.25 
~ -u s: . 0~20 
~ 
~ 

8 0.15 
en 

: ~ 0.10· --
...l 

0.05 

_ Percent of Design Equivalent Rotor Speed 

o 110 
0100 
o 90 
I::. 70 
o 50 
~ Design Poin t 

I. _ 

--" L 

OO~ 

I 

, -, 
i 

-, , 
-, 

j 

- ·1 
I 

- " ·_·1 

'-_-1 

~ 
O~--------~--~--------------------------~----------
-12 -10 -8 -6 -4 -2 o 2 4 6 8 10 _ 12 

INCIDENCE ANGLE, im - deg -

', ... 

Figure 1ge. Stator E Blade Element Performance; 
50% Span; Unfform Inlet Flow 

14 

. , 
+ 

16 i 18 

DF 98094 

~ I 
--I 

53 



54 

'-""1-- -', ' .. :-.--.. ~-.-- .. -;-_:;__~_:__;_.-__:___'-,--~:------------------- .- •. ,-~ 

i 
, . " 

:-J.: .... ,I ; r 

Q 0.8 ; . -.'-.•• J_ ; ~. f-' 

-- ~" .-1 

0 - 0.6 fj 
, 

< 
_loI._ 0.4 

. Z 

. -:.0 

i 

- 0.2 II:! 
~ 
IJ.. 
loI. .... - 0 .Q 

-~ -_. '---.~ ---" 

'.-.. 

-~ 

25 ~Q) 

."0 

0 20 IoC> 
• , • _ •• I 

~h "--~' ..• .:. --1 

...:I 15 C) 

-~ 
·z' 10 

"-l ' . , 

~cP-·!O '$'---"~~L@~.~?~~~ CP~ 
0 -f-o 

5 < -> 
lot< 

0 Q. 
", 

0.35 

0.30 '-' 
13 

~" 0.25' 
~ 

U -G: 0.20 
~ 
~ 8 0.15 

II:! 

-~- 0.10 
...:I: 

0,05 

-~Percent of Design Equivalent Rotor Speed 

<1 110 
o 100 
~ 90 
6 70 o 50 
~ Des~ Point 

"." i 

1 
-) 
'I 

-·---·~ .. ··-i 
o~ 

OL-------~----~--------~----~--~~~----------~--
-14'_-12 _ -10' -8 -6 -4 -2 o 2 4 6 8 

INCIDENCE ANGLE. irn - deg 
I 

Figure 19f. Stator E Blade Element Performance; 
70% Span From Tip; Uniform Inlet Flow 

10 12 14 _I 

I 

I ,-.- ________ .:. ~_~ ... _________ .~ .J 

DF 98095 



._----_._._--------- -----,---, ---, 

°0.8 
"~ 

o t; 0.6 

~ 
. - . . OO(rl..~ o ~O[JCOO.~· .~. 

z 0.4 
o 
~ 0.2 
~ 

~ o 0 

~ 20· 
~;f . 
.....:l 

. t,:j 15 

~ 
Z 10 
o 
§ 5 
> 
~ 0 

0.35 

0.30 

\3 
~0.25 
Z w 
U 0.20 
.~ 
.~ 

~ 0.15 -
u 
~ 0.10 o 
.....:l 

0.05 

o 

Percent of Design Equivalent Rotor Speed 

o o 
o 6 

o 110 
o 100 
o 90 
6. 70 
o 50 
!Il' Design Point 

-16 -14 -12 --10 -8-6 -4. -2 0 2 4 6. 8 10 ]2 14 

INCIDENCE' ANGLE,1m -deg 

Figure 199. Stator E Blade Element Performance; 
85% Span From Tip; Uniform Inlet Flow 

DF 98096 

I 
-- i 
. I 

. j 
I 

! 
. I 

! 

55 



56 

__ ~ _____ ~~_' __ ~_r. ________ :-- ___________________ ~ __ :_, __ ~ __ , __ ... __ _ 

o 0.8 "" -o . o 0.6· 
-( 
~ :. Z ·0.4 
o --~ 0.2 
~ 

~ ':'0 0 

~ 25 
. '0 

•. ·~.20 

'r,a" 
. .....l 

. "'(j 1,5 

~ 
z o 

10 

.~ 5 -> 
. '~-O 

; -. 

.. 0.35 

0.30 
. [3 

... ~0.25 
... ~ ... 

~g 0.20· . 
~ , 
~ :~ 

1:5 0.15 
U 
VI 

c. ~ 0.10 
. .....l 

0;'05 

',' :. ~ 

···~o 
,~ .... ~_ .. , .. ~ .. @6 U~' .'. 

·0- -

:,~ .0' 0 6.[Q):' 0 . ~ [~'.8.:·~.·OOO~O 

per~ent_ of DeSi~ ~OUiVal;~~ R~tor Speed 

.0' 100 
'.0'90 

6· 70 o .50 
(J)' Design Point_ 

. I 

, . '.~' -.. -'.-

- :-. 

OL-~~ ____ ~~ ____________ ~ ______ ~~ __________ ___ 

_ ,_ .t 

. -16 . -14 -12 -10·· -8 ~. -4 -2 0 '·2.· 4 '. 6 . 8 10 12. 14· 

INCIDENCE ANGLE, -irn : deg 
_. t." . 

. ~.-. . _--.C--______ . ___ . __ .---_~ __ ~~ ~ __ ,..,....:.. ____ -.\ ___ ..::.-....1~._ 

Figure 19h. Stator E Blade Element Performance; 
90% Span From Tip; Uniform Inlet Flow 

DF 98097 



I 

I 

, 

0 

,l 
0 
f-< u 
-< 
~ 

Z 
0 -til ::> 
~ 
~ -0 

.~. 

G> 
"0 

0 
c.o 

..r 

....l 
~ 

~ 
Z o· -f-< 
;S. 
> 
~. 
0 

f3 

~ 
Z 
~ -u -~ 
~ 
~ 
0 
U 
tI.l 
til 
0 
...I 

0;8 

0.6 

0.4 

0.2 

0 

25 

20 

. 15 

10 

.- 5 

-0 

0.35 

0.30 

0.25 

0.20 

0.15 

0.05 

-----~- ----~----~-'----~---~~-~~ .-.~.~-- ~ --~~--~. -_. 
::.' 

~o 0 

Percent of Design Equivalent Rotor Speed 

·~O" 
.0 

o 110 
o 100· 
o 90 
6 70 
o 50 

ctll Design Point 

--l -

o~.----~--------------------~------~------~---------
-22 ,-20 -18 -16 -14 -12 -10 -8 -6. -4 -2 o 2 4 .. 6 8 

I~CIDENCE ANGLE, im - deg 

" ...... -~-- -----"-~~-.- ..... --- .,---~-----~-:""-----' ------.----~---~--~---~-...I 

Figure 19i. Stator E.Blade Element Performance; 
95% Span From Tip; Uniform Inlet Flow 

DF 98098 

I 

.. , 

I 

i 
•. 1 

I 

I 
.• 1 

.j ., 
i 

_. 
! 

57 



c.n
 

(X
l 

-
-
-
~
.
-
-

". 
"
~
~
'
-
~
~
~
~
'
:
 

-
~
 '
~
~
T
C
'
~
~
r
-
:
"
 

,I 
'I

: 
. 

I 
I:"

 
[ 

j 
,
.
,
 
"
I
 

, 
I 

I 
'1

 
:
,
:
;
' 

t',
 

,} 
.;

',
 

r,
";

' 
l,

l 
" 

" 
, 

,"
,'

 
" 

I I
 

I 
I:

 
.I.,

~ : 
" 

" 
i,

 
I
,
 

I 
,I 

',
l"

-"
"'

--
r:

-:
 

,
I
;
 ,

 ':;r
!c:,

:1E
i'::I

; 
"
, 

"
',

,
I
"
I
,
t
,
 

I 

,~;
':~

!':
::h

 "
,:

:.
! 

J..
.J>

 

I , 
, 

_. 
~
 
. 

. ;
! 

f-
r

! 
-

~ 
• 

t 
, 

,-
.... 

,,
{ 

I 
·1

' 
.'

, 

P~
rq

:n
t 

o
f 

D
es

ig
n 

Eq
~i
va
le
nt
 R

ot
or

 S
pe

ed
 

I 
:
:
 
:»1

, .. +
:,9'

,1,1
0 .

~". 
::. ·

 :' 
.: ...

. '. 
, 

i
,
 0

1
0

0
 

: .:0
. '9

0 
I 

I"
"'

'':
'!

:-
' 

l' 
':. 

~-
~ .. 

-:.
--

.... '
.-

,-

I' 
"
I
 

L --
: ~_~

; 
! 

1 
i 

. ~
 

", J
 "

 
. 

I 

. 
I;

: 
~:.

:::
 ,
.
 't 

-,;; 
Ji

>*
:;

~·
 -~

' ... 
J~!

:;:
~ c

i· 
.
-
:
 

'" 
, 
'e

 
: 

: 
~
 D

es
ig

n 
P

oi
nt

 
' 
,
"
:
'
 

, 
f 

':
 

,1
 

I 

~
 , ", 

. 
.'1

 
" 

" 
'IT

}'
:;

 f;"
"-I 

' 
" 

," 
;,1 .

. ··
 

,;"
,!.

~ 
" ',

,' '
:,';

:'j 

: 
I 

: 
~ 

__
 ~ 

,J
~~

.;
,.

 
~.

 
1

-
' 

!l
 

,. 
t
.
 I>

; 
'!'

~"i
 . 

": 
.' 

~-
~ 

~,
~ 

i I 
! 

, 
;'-

-:-
-' 

i !"
 

.
~
;
 
,
-
~
,
 

:.
i'M

-'!
. 

'f
; 

, 
, 

t,·
,':.

' . 
I 

0.
16

· 

I,
' 

! 
!:

 
~.

-t
; 

,1
" 

I',
 ·

'.
C

 
~ _

_ . 
_
~
J
 

J" 
!-I

! 
! 

t 
I 

_! 
I
' 

-
"
:
 
I
.
 

• 
_ 

f-
• 

j 

S
ol

id
 s

ym
bo

)c
or

re
sp

on
d&

 t
o,

 m
in

im
um

 
lo

ss
 c

oe
ff

ic
ie

nt
 a

t 
de

si
gn

 e
qu

iv
al

en
t 

ro
to

r 
sp

ee
d.

 
r i: 

I:·' 
. 'I 

, 
~,

 
!-

-; 
-

, 
' 

'I
 

' 
t ~

 
1

,,
."

'1
 

';
 

'; 
~
!
.
;
 

'i"
L'

 
. 

, 
H

 
.' 
. 

, 
~ 

\ 

, 
, 

I.
 

[ .
 

,'
 ...

. , 
0.

14
 

,Q
 
~
 
-
j
 

-< 
,,

·0
.1

-2
 

r.
;r

. 
'I 

c:o
. 

")
' 

II
I o <

.)
 

13
 

i:i
 

1 
,~
 

'
,
~
~
 

f:
+~

 
k~

. 
/.

 
" 

ti
l 

r .
 C

I)
 

"
"
0

 
" 

...:
l 

0
.1

0
· 

.·1
 

[:-' I 
0.

04
, 

,.
J
.,

 
j~
: 

::c~f
01°::

r=:~;
 ~

V-~
c:-

4b.
-

" 
,~ 
~O

.O
 

,!
 

" 
'
.
 

.~-
~ 

, 
j 

-
t 

I i I 
"
,I

 
,-.

 _
. 

j~
, 

~ "
", 

'
j
 , 

t'
1

' 
I 

: o
J 

,1
':

1
 

'1
"
-

, 
; _

_
 ..

.. 
~ J

,.
~ 

T
_

<
,!

' 
:....

..:r
l.',.

._:.
:-..

...!.
...._

".. 
-'-~

., 

I
,
 

'-i'.
::-;

;:' 
,!.

 
} ,

 ~ -
.---

-:.'
 -'

. 

" 
:'

 
__

 1
.,

_
, 

0.
3 

." 
" 

!' 
, .. ~

 
-'

--
; 

,I" 
\ !-

"
"
I
 ! 

_I
' 

,
~
 

• 
j 
-t

 _
_ 

;
'
~
 

-,
,:

-'
.;

-.
,'

 
"I
~;
' 

~ i
 

. 
~'

 

:j
G

i 
:!

" 
1 6

1'l
:.(

Y
 ,

 
.:

' 
j 

.•
 : 

i 

o 
1,

:--
6 1 I,

 
I 

.1"
'1 

. 

, 
, I 

. 

0.
4 

','-
-

, ;.. 
~
.
 

,'
, 

' ..
 , 

, 
'-,

 --
, 

--,
 .-,

-
, 'I
 

0,
5 

j-
<

 

, 
I 

' 
• 

, 

-'
--

;
~
-

--
.-

:'
 

I 

0.
6 

D
IF

F
U

S
IO

N
 F

A
C

T
O

R
, 

D
 

"J
'+

T
,!

 .
 

, ,',
 

I: 1_
1 

.. 
: •

 ~ 
, .

 ~
 
I 

, .
 

j"
~ 

,-
-

.... 
~'

".
~ 

I
_
-
~
"
J
j
-
.
~
-
,
~
 

"i'-
t'

 

" I 

D
es

ig
n 

C
ur

ve
 

(C
m

re
la

ti
on

 o
fI

)a
ta

 
F

ro
m

 R
ef

er
en

ce
s I

 3
 

-
'"

"
 

an
d 

8 
T

hr
ou

gh
, 1

4 
an

d 
"
' 

--
,>

-
•
•
 ~ 

"
?
"
 

' .
.
 ' 

-
,-

-
-
-
(
 

U
np

ub
li

sh
ed

 P
&

W
A

. 
In

~H
ou

se
 p

at
a)

 
I 
··r

 
i-

-,
 

_,~
" 

~''
"l"

 -
I
"
 

'.
 

,"
 

i 
" 

!-
"'

j 
-
.1

 \.
 

...
..:

-

;.
:+

--
'."

 

" 
~-

l 
-

: ...
. ' 

":
--

:"
. 

T
w

o-
D

im
en

si
on

al
 .

,:
' 

~
'
 

, 
, 

.,
 

'"
 C

as
ca

de
 :D

at
a 

, , 

.. 
L 

. (
R

ef
er

en
ce

 7
) 

-\ 

0~
7 

. 

.i +
 

..
 !

 
t: .

',; .
 ".: 

1
, 

' ..
..

 

:1
-

0.
8 ,~
.,

' 
:1,

' I
' 

I 
-
'
-
-

I 

.:
l,

~.
 

·1
 

,,
~-

: 

" 

F
ig

u
re

 2
0

a.
 

S
ta

to
r 

E
 

L
o

ss
 P

a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

ac
to

r;
 1

0%
 S

p
an

 F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

80
99

 



c.n
 

to
 

~
~
~
-
-
-
-
~
 

~
'
-
-
'
7
-

~
j
~
~
 

i·
 o ~,
 

.~
 

.. 
c:a

:. 
II

>
 8 13
 

~
~
 

!=l ~. C\
.o 

V
I 

V
I 

-~ 
"
.
'
 

l 
: 

-}
 

~ 
-

0.
16

 

0.
14

 
.. 

-{-
~ .. 

0.
12

 

0.
10

 I
 

'.
' 

0.
08

 

0.
06

 

9 
0.

04
 

0.
02

-

0
,0

 0.
0 

.. 
; 

.!
 

".
' 

'-
i 

, 
1 , 

-
I 

~;
 

• 
.
~
 
~
,
 

al
L 

' 
~'
, 

~,
 
.. 

0.
1 

-
--

-,
'.

,.
..

 
1
·
-
·
"
7
-
I
-
-
-
.
-
-
;
-
-
-
-
~
-
-
;
-
-
-
-
-
-
T
-

-
-
-

.
_

-
-
-
-

-r
--

r
-
-
-
-
~
-

--
--

.. 

,P
er
ce
n~
, 

o
f 

D
es

,ig
n 

E
qu

iv
al

en
t 

R
ot

or
 'S

pe
ed

 
, 1

 
I
'
.
 

~
.
 

• 
' 

1 

. 
0 

1
1

0
 

o 
10

0 
~ 

o 
90

 

6
7

0
 

o 
50

 

S 
D

es
ig

n 
P

oi
nt

 

-
-
-
1

-
--

-:
-:

;-
--

--
-:

-
;"

1
 

'1
 

;
,
.
:
 

.. :
 . 'j 

r-
-

:-;
 

';
.,

-

'+
!;

-
-

. .
;,

 

.'
 

. 
_
~
 

A
 

~
 

~
,
 

. 
" 

'. 

'S
ol

id
 s

ym
bo

l 
co

rr
es

po
nd

s 
to

 m
in

im
um

 I
Q

ss
 c

oe
ff

ic
ie

nt
 a

t 
de

si
gp

 e
qu

iv
al

en
t 

ro
to

r 
sp

ee
d 

~ 
"
,
 

'
i
 

. 
: 

_ 
' 

I 
i 

; '-, 

-k
.-_

 
-

; 
~ i -·f
; 

0.
2 i 
~ 

,
!
.
 

0.
1 

0.
4 

0.
5 

D
IF

F
U

S
IO

N
 F

A
C

T
O

R
, 

D
 
l' 

~ 
;,

 ~
 

: 
.
'
 

-f
 

I' '.
 

I 

, t -, 

0,
6 

' 

: 
,I

 

:'
 

, 
,. 

.: 
'''

''.
 

" 

D
es

ig
n 

C
ur

V
e 

(C
or

re
la

ti
on

 o
f 

D
at

a 

.,
' 

-
F

ro
m

 R
ef

er
en

ce
s 

3 
~ 

an
d 

8 
T

hr
ou

gh
 

14
 a

nd
 

U
np

ub
li

sh
ed

 P
&

W
A

 
In

-H
ou

se
 D

at
a)

 .
 

,'
, 

0.
7 

: ~ 
0.

8 

'l
 

-
1

',
 

-,
( 

, 
! 

~
~
 

<
 :

f. 
.::

 
---

-'-
-=

-

F
ig

u
re

 2
0

b
. 

S
ta

to
r 

E
 

L
o

ss
 P

a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

a
c
to

r;
 3

0%
 S

p
an

 F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

8
1

0
0

 



O
'l o 

'1--
-.-·

---
-~

-·
~r

;-
~!

 ~~
~,

 ~
~
~
~
-
~
 ----

, ~~-
--
-~
~~
. 

':-
~:-

: -
P~

;:
~~

~ -
~f
 ~
~S

~~
 -~

q~
~v

~l
en

~-
Ro

t:
r'

~~
:e

~ 
; 

J 
;
l

J 
L 
1

;
1

'
 

I 
I 

0 
.i 

.; 
_

,
'
 

11
0 

-!
' 

I 

c
,
 

:l
! 

1 
• 

0 
10

0 

.. 
'
;
 

0
9

0
 

-
, 

1 6
,7

0
 

b 
.5

0
 

I
,
J
 

I: _I
. 

,_
 

('
 

[ 
, 

i 

.. ~
 i '
 ~ 

:; 
~
 D

es
ig

n 
P

oi
nt

 
: 

~ 

,. 
'I

.
 

~ 
~ 

, 
i. 

I I 

L 
0.

16
 i

,,
·:

 
, S

ol
id

 s
ym

bo
l '

co
rr

es
po

nd
s 

to
 m

in
im

um
 l

os
s 

co
ef

fi
ge

nt
 a

t 
de

si
gn

 e
qu

iv
al

en
t 

ro
to

r 
sp

ee
d'

, 

I:
 

0.
14

 
L

.
 

,
.
 

".
" 

',','
 
~:

 0
.1

2 
,,- ;S

 
'
~
 

I: 
b

' 
0.

10
 

, 
0 

" 
' 

13
 

,
'
~
 

~,
 

'
~
 ~ ~ «:
 

p.
.: 

C
Il

 
C

Il
 

o o--
l 

0.
08

 

0.
06

 

0.
04

 

0.
02

 

I,
 :1 

":
, 

--
~.

-~
..

..
:.

..
..

 

-0
, 

1 

o 

:! 
::

: 
'[

 

0.
1 

ii
-

'1
 

I 
!
'
 

il
 

"
1

' 

-
-~

 ,
 

: R
an

ge
 o

f 
C

om
pr

es
so

r 
• 

I 
D

at
a 

(R
ef

er
en

ce
 7

) 

! 

0.
2 

0.
3 

':
 

i '.' d 

0.
4 

0.
5,

 
1 

D
IF

F
U

S
IO

N
 F

A
C

T
O

R
, 

D
 

'I 

" " 

. I, 

D
es

ig
n 

C
ur

ve
 

(C
or

re
la

ti
on

 o
f 

D
at

a 
F

ro
m

 R
ef

er
en

ce
s 

3 
an

d 
8 

T
hr

ou
gh

 1
4 

-
an

d 
U

np
ub

li
sh

ed
 P

&
W

A
 

'I
n·

H
ou

se
 D

at
a)

 

, ,£
,: T

wo
-b

im
~n

si
on

al
 

, 
" 

C
as

ca
de

 D
at

a 
, ,

 
' 

_
_

 -
~ 

(R
ef

er
en

ce
 7

) 
" 

-
-
-
-
~
~
 

, 

-
-
,r

 

0
.6

' 
' 

0.
7 

0.
8 

' 

, 
" 

1 I il I I I \ I J 

F
ig

u
re

 2
0

c.
 

S
ta

to
r 

E
 L

o
ss

 P
a
ra

m
e
te

r 
v

s 
,D

if
fu

si
on

 F
a
c
to

r;
 5

0%
 S

p
an

; 
U

n
if

o
rm

 I
n

le
t 

F
lo

w
 

D
F

 9
8

1
0

1
 



C
J')

 
I-

' 

" 

:' 
. 

t·
· 

" I'
 

-:-
, 

0.
16

 

0.
14

 

b C
'I 

0.
12

 
-<: C

'I 
C

!:l
. '" 0 

0.
10

 
u 13

 
~
"
 

~ 
. 

0.
08

 
~
 ~ 

·0
.0

6
 

<:
 

j:I
., 

0
0

 
,0

0
 

0.
04

 ,
-

. -
. ~ .

 
"
0

-
'
~
 

0.
02

 

0.
0 . 

0.
0 

0.
1 

I,
 

. 
ii
 

--
-
~
-
:
-
r
-

P
er

ce
nt

 o
f 

D
es

ig
n 

E
qu

iv
al

en
t 
Ro

t~
r 

S
pe

ed
 

, 
'
O

.
l
I
D

 

o o 6 o 

10
0 

90
 

70
 

5
0

, 

S 
D

es
ig

n 
P

o
in

t,
 

" 
.
,
 

'-
-
1

-
-
-

[ 
. 

-,
--

: 
--

, 
: 

'i
 

f'
 

"-
1"

" 
, 

. ~-
.f

· 

! 

" 

" t
e
'"

 

, 
" 

, 
1 

C
' 

~-
' 

. 

So
lid

 s
ym

bo
l 

co
rr

es
po

nd
s 

to
 m

in
im

um
 l

os
s 

co
ef

fi
ci

en
t 

at
 d

es
ig

n 
eq

ui
va

le
nt

 r
ot

or
 s

p
ee

d
' 

. , 

'<1
 

0.
2 

0.
3 

! t, 

-'
)"

 
-
~
 

-

o
A

:
,
 0

.5
 

D
IF

FU
SI

O
N

 F
A

C
T

O
R

, 
D

 

-(
 

~
 . 

0.
6 

0.
7 

, \ I
' 

I
' 

';
 

" 

D
es

ig
n 

C
ur

ve
 

: 
(C

or
re

la
ti

on
 o

f 
D

at
a 

1 , ., 
F

ro
m

 R
ef

er
en

ce
s 

3 
I 

an
d 

8 
T

hr
ou

gh
 1

4 
an

d 
U

np
ub

li
sh

ed
 P

&
W

A
' 

In
-H

ou
se

 D
at

a)
 

~ 

; 

0.
8 

, I ,I j 

-·1
 .,j , 
1 I 'j 

F
ig

u
re

 2
0d

. 
S

ta
to

r 
E

 
L

o
ss

 P
a
ra

m
e
te

r 
v

s 
D

if
fu

si
o

n
 F

a
c
to

r;
 7

0%
 S

p
an

 F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

81
02

 



0
)
 

I\
:)

 
r.

l;
:~

·~
··

::
c:

:r
~-

,:
 f 

j
:
 

, 
I, 

..
. ,
~~
~ 

:; --
--

-
~-

> 
..

--
-

0.
14

 

~
 

. 
. 

(
"
l 

.. ~
"'

 "
::

('
:'

0
 .. 1

2 
. 

(
"
l 

<:
0.

 8 
, .. 0

.1
0 

13
 

. 

P
i,

 
. 

~;
;-

0.
08

 
~
-

\ 

~::
 0

6
" 

!.:
.'"

~~.
 

. 
. 

ti
l 

'.
0

 
" 

. ....
:1 

·0
.4

 . 

~ 
, 
~ 

, 

-r
 

J 

-
~ 

I :} 
. 

1 
't

 
/.

 

. 
,
'.

i
:
.
,
 

'
.
'
 
.
"
1

 
',' 

:;
 ·;

T:;
{'-

·'~
~T~

-~t
,.:

:~T
-·'

·-~
~~;

7·(
j:~

:.t
.~:

;7~
T~.

· 
,: 

.:,.
" 

P
er

ce
nt

 o
f 

D
es

Ig
Il 

E
qu

Jv
al

en
t 

R
ot

or
 S

p
ee

d
' 

.
j
'
 

t 
' .
.
.
 :.

: 
..

..
 ~.
..
 

• 
.j

 .+
',..

 
..

.L
 

i.' 
. 

j 
"
,
.
:
.
,
 O
.l
l~
· 

' .
; 

::
': 
i
'
 

i.
:.

 t 
r 

' 0
'1

"0
0 

:
.
 

f
'
:
,
 

, 
" 

-
-

J"
 

I 
" 

0
9

0
 "

 
'·

,
·
i
·
-
:
 

~:
7'

0 
'.:

' 
', .

. 1
 

,.
 

: 
: 

'; 

)
.
 

T
 

~_:
~J,

---
-_

':~,
 .: 

••
 J

 .
. 

"'.
:.,

 

._
} 

'., 
,i

' 
"1

 

;.
 

1
· 

'J
: 

'I
 

L 
, 

1
_

 
~ 
~ 

1_:
 

, 
~ 
. 

0
5

0
 

I
i
 

,~
':
'c
' 

. 

,
:
 

• 
j 

e
,
I
 

.r
·~

·~
ri

es
ig

n 
Poi

ti~
 

'I,
 .

 ;
"
;
 

,:c
-

'i
·.

, 
.;

~:
:~

. 
i·

 
,r

 
\ S

ol
id

 s
ym

bo
l 

,c
or

re
sp

on
ds

 t
o;

 m
in

iri
1.

l;I
m

 ~
os

s 
~o
ef
fi
c~
en
t 

at
 d

es
jg

n 
eq

ui
va

le
nt

 r
ot

or
 s

p
ee

d
' 

.. ~
 

" 
~~

 .
_~

, 
_

<
>

'.
 

I" 

.;
 

\ 
-

! 
f 
"
.
 .... .

 ......
. .

 . .
 . .

',
 .. 

r 
'~

:J
 
r 

',,
" 
'r, 

I,
 

I ~ ! 
.l

. 
..

 

-\ 

" ~ 1
 ~-

"-:
~+-

- '., " 
'j 

~-
, 

' 
. 

'i 
L .

: .
. 

j , ~
 - ! 

i,
l,

 
.,

-'
 

! 
L 

.~
i 

~i 
, ,;
 

1 
~ 

I,
 

-
~ 
-

-
'-- , 

-
I
 

, 
. 

:.;
 

'J I:
 

, 

i 
I 

" 

" 
( 

, 

, 
,
~
'
 

if
 

L 
'i
 

t·· 
" . 

-1
:+

;"
 .

C 

';
-,

 
, L
, 

_ 
:
_
~
 

! 0·
v 

,I
, 

l 
'
r
-

i \.
 

I 
. r~

";
 .;.

 

, 

'f2
6m

p,"
,,0

, 
"
'
"
 

,.
, 

,::
 i

:::'
.: 

.I
' 

R
an

ge
 0

 
.
.
 

" 
7)

 
F

 
'1

. 
. 

;
'"

 
~
"
 'C5

 
. 

".
 

"
'"

 
e
n

·c
e
. 

":
 

,',
 

, 
, 

"
"
,
 

_."
".' 

t 
(R

ei
er

 
. 

. 
. 

'Fb
" 

. ...
,.

¥
 

D
a 

a 
, 

'.
: 

. 
8' 

J 
,< 

: 
'.

, 
i
,
 
·'

K
E

].
 

. 
f.

Y
l.

' 
I
,
 

, ~ 
! 

! 
__ 

L
. 

" 
"i

 
. ~.

 

:'!
-' 

i'
 

; I 

'.:.
. 
, 

_
L

 
_~
 

j
_

 

:. 
L 

t ~ 
,,'

 : 
. 1

 
.; 

; 
.~ 

,D
es

ig
ri

'C
ur

ve
~>

~-
.'

: .
. 

(C
or

re
la

ti
on

 o
f 

D
at

a 
. F
r~

m'
Re

fe
re

nc
es

 
t,

 3
 'a

iJd
 8

 T
hr

ou
gh

 1
4 

'.
 

an
d 

U
np

ub
liS

he
d:

 P
&

W
A

', 

: i )
~~
H9
~S
e D

a~
at
 i
':

; 
I 

j
,
'
 

~ 
,
;
 1

 
i 

" 
, 

<
 

>
 

-
-

--
,'!

 

\--
f'

 
;,

 

(:
~j

 

0.
21

"1
)"

 
: ::1

 
V

 
c' 

.. 
k:

::-
--'

 .
. ·. 

,.
' 

"'
. 

'
1

"
"
_

 

--·r
 

I ,-

: 
.
,
 

:8
-
0

· 
L

:>
; 

I.' 
.. '

 
' 

'
0

"
'
,
 

, 
, 

, 
, 

, 
0 

i 
.
'
 liS

·; 
'b

::
. 
''
: 

.. '
&

/
 

.,d
 

, 
O

. 
',

. 
, 

, 
' 

, 
. =

 /
i
 ' 

, 
,.

..
. 

! ..
 

.! 
" 

.. :1
 .
.
 ', 

, 
; 

t .' .. ",
 =tL

G~Q
+:~

#::
~~~

~l 
. "

._
..

,-
-.

..
 , 

.. 
LJ

~ 
,,' .

...
. (

 
r 

ce
 7

) 
'!

'-
: 

~ 
~~ 

~ 
,:( 

,-
I'

" 
~j 

.~.
 

j:_
 -

. 

'-}"
 

-t
 
,-

' .. 
q

, 
~~.

..,
.! 

o~
~-

~ 
, 

,;-
:' 

~i
 

1 
1 

j
-
;
 

~ 
-,

~,
~-

Mi
~"

 

0
:
i
,
0

;
1

0
,
2

 
'.

0
!3

.:
 

"0
.4

 
i'
 

O
.S

 
:
,0

.6
<

.!
 
1

,0
;
7

.'
 

1
..

0
.8

 .
.
•
 ,.

 
, 

~':.
:~ 

'
;
 J

 
"
,_

, 
t 

~,-
t" 

;,:
 

~ I
 

~ 
I 

_ 
'l
 

" 
'l 

I 
!:

" 
_/ 

~ 
~; 

. (
 

! 
1 

• 
~, 

'
"
.
 

I 
~ __ ;

_
 

" 
-
.
 

"', .
. 

' 
'.

',
:.

" 
T

"
.
 

'
r
'
"
 

D
lF

F
U

S
IO

N
F

A
C

T
O

R
'D

 
""

r"
, 

'
I
l
~
"
'
:
~
 
'
:
'
,
 
"
'
,
 

.,
. 

:~~
.~_

.~~
L~~

L~:
 [";.,:

.;1 
L;

j: '
.~~

~~.
 :~

bH ;
'.:! i,

·ic
ll .. 

~c 
.;. _: 

,~j: :,
\i: :~

G}~~
'-l.

'~-i
,:.:

 ,;':
r: (;

'[1(;
~ 

~l;~
L':~

~JJ>
 l' ··

Ait
tiI

ij~
~.L

~~c
j 

;r
 
-,

 

i.
 

F
ig

u
re

 2
0

e.
 

S
ta

to
r 

E
 L

o
ss

 P
a
ra

m
e
te

r 
v
s
 D

if
fu

si
o

n
 F

a
c
to

r;
 9

0%
 S

p
an

 F
ro

m
 T

ip
; 

U
n

if
o

rm
 I

n
le

t 
F

lo
w

 
D

F
 9

81
03

 



fl,·-~~_T~-~~~-~~~~ ----------------,----- ------ -- - ,--------- .-----" -----.-.-------- -.~------. ------~-=-----l 

" 

[/"'---~-'-:-- op:~SYmbO~-·:':;::iP' . . ' .. '.:=·~::;l 
r .. . Cl~d Symbols - 90%Spa~ From Tip . C,'j 

t:---~'- c:~-- ~2.0r: "., S~c~ion surface ·in~tr~mentation ~t '-1 J.6'and 16,;% chord and ~r;ssure ~u~fac~ :~~~,;~ 
~:<~_c . ". , .. instrumentation at 56.5% chord -both at 10% span from tip were inoperative .-~:. ::j 
i . " .' . \ 

:"'-1'.8 ... .' ..... l.:._ .. ~ ... : ,~, .,::.-: .. _.~_:.:._ ,.":::,: 

I,·,· . r-:- _. 
~ ,.. ".0.8· 

I.·('''~ 
'" . I ~ 

~' r 

40 50.: ;6.0 70 .80 
'-

- PERCENT OVERALL. CHORD 

90" 100 

. -' .- -~-..,- ..... -,:'~ ~ " 

. " 

• r- ~.-+ ....... \ 

- . . i 
- .'. ~- '. - -_ . ..j . 

. ~-":"'-' '-~-' _._._:.........:....: -'..' --~-~-------' 

Figure 21a. Stator E Static Pressure Coefficient DF 98211 
vs Percent Overall Chord; 100% Design 
Equivalent Rotor Speed; Equivalent Weight 
Flow = 121. 43 lb/sec; Uniform Inlet Flow 

63 



64 

I'L' ;'i Fl'· 11::',!; .1 ~,Jk !i:!':>.': :!~r ~':<11 

~~-t.~~~"fC,_.el=r:tQi~.~;lb~E~_.:'I~u.£.F;:~.:~i/ ..;.;tl_.~ 
--,--, - -"-- ":" 1· ,,~',~-"; " Closed Symbols - 90%-Span From Tlp._-, . '- C._ .,;,;,;'~--:-+-J 

--'-.. .,.--ch2 
f:~:&:~~:~ L- : 
If5~<;:~"T~~~ : rl!! ,.~. 

Figure 21b. Stator E Static Pressure Coefficient 
vs Percent Overall Chord; 100% Design 
Equivalent Rotor Speed; Equivalent Weight 
Flow = 117.78 lb/sec; Uniform Inlet Flow 

DF 98212 



~'--------"""'---------1- ------;----- ---, ----------:;--- - -:------. - .-- --"'<-----------

; , 
.1- .... 

l' 
~ -.,-- --' -' ---- -

I , . 

., ,·~,.O '. S~ction . Surface 

[) . Pressure Surface 

..OpenSymbols- 10% Span From Tip. 

_ Closed Symbols -' 90% Span From Tip ~ 

;·_:,~::~·~--2.0 , .. - _ .. Suction surface instrumentati~n at 11.6 and, 16.5% cho~d ~d pressure surface 'j 
. . instrumentation at 56.5%. chord, both at 10% span, from tip were inoperative" -, 

; :-:.-
,--' - '--1.8- -

-1'.6 

h:·"· - --104 
-. ,-
I 

i::--~:·&- ','·1-.2 

; .• ~ , -1.0 ' 
-,,~. 

, - tl I _ 

" ~ 

.----- -.. ". -,~- -.,., - -., - -:-. 

. . -' .~' ,Loca. tionof Leading Edge .. 
, . of Rear Airfoil . - . -.' - -. . -- -- .. '- -,- - " ... -, - ~- - --~- -.- --.--

_ > j :' ; . 1 

-I :C, 

-I'· 
• ____ I ___ ._".-_ __. -- :f'---' " 

~ ,-- "--,' J:' 
" 

1'-
00. ~O .. , . , 1-': :.0.:0'9 ~. :--~ '-0.8 

~. 8·i 
- ~r . 

ez::: -0.6 
L_ ~ 

"°1' 
... 0 ... ,,,·,_,_~~,_-O __ ,_I' =-0:' ' 
.•• '. .1, ' til 

I-Q 
:- '~ . --0.4 
I ~ 

U 
~ ,'-- <- -0.2 

,- "f-' 
" til 

t:t:: 
,.0 O' 

I, '.E-' 

~ ,. -til 

<,0.2 

- ~ , 

·004 

, .. 0.6. 

:,-' '-' ·0.8 . 

,-' e.. 1 

• , __ c 

-0- 'o~ , 

• 
._L. __ ._ 1_._ 

.. 
",_: - .... -- ~: ,. 

e I 
e- L 
"0. J;. I._ 

I .. , 
- I:~ '~ •.. -',' 
-, 

",. I' 
I·'. 

,- I',·:' , 
. '1 

:1 
I 

~-

" ~-- O'~.' , -'4 

. .0 

,.~., ' .... : 

'-, l:O'.J-, ----...;..,.....---....:-.:...---'---------...:.--.,;..--....:---

t' - o Ib.,.2{) 30".40 .. 50,60 '70 80 90' . 100, 

I . , , . _,~PERCENT' OVERALL CHORD _ ' 

1 

-i 

../ 
. - - -~" i 

i 
~:i 
'j 

}''''l '" 
. I 

, .. .!..- ·-1 
, I 

-:- -

;_~ 1 , 

,.\ 
-~ 

, I 

L.....::...~___.: _______ -....:-._:.:..._._J._.~ ______ "..:..: __ ~~_T,, ______ , ____ <.._~. _____ ~ ____ • ~ __ • __________ •• __ ~~ __ ~ _ _"_L __ .~_~_L _.~_"_ ~ ___ ~ __ ".J 

Figure 21c. Stator E Static Pressure Coefficient DF 98213 
vs Percent Overall Chord; 100% DeSign 
Equivalent Rotor Speed; Equivalent Weight 
Flow = 111. 27 lb/sec; Uniform Inlet Flow 

65 



66 

.. -;- -----.--- ._--. __ .-.- ..... ---.. -.-.~-~ 

",:0' Suction Surface , .. '(- - -"-- ~--

:.:~. :',.'. -1.8 . 

Open Symbols- 10% Span From Tip 
Closed Symbols - 90% Span From Tip· 

- ,- -- -- - -- -~ - -~- ,.. -,' . 

,.Suction surface instrumentation at 11.6 and 16.5% chord and pressure surface - ~.--

·-·-1.6· 

-1.0. 

. -0.8 

-0,6 

. instrumentation at 56.5% . chord, both at 10% span from tip, were inoperative 
. I . .. 

-J:'--
-,-- - ~,-~, 

. ~I Location of Leading Edge 
. __ of Rear Airfoil 

-- - -- - - - - - - -- - ~ 

I": 
,~~:I."-

-'-'1 ~--. ,~---,----+---~--, ""'--. ' 
,..- - -. ,-~ < - ,-- - -

"··1· .. --------.. , "",-' - ---,' 

.... ::L 1::-- .. " 
I' 
I;· 

:";-1'= . 

'--.:--< :-

. --I 

oOb' '--1-
.1, 060 

,·0.- T . 

f. 

- t-

: ~:"_,~ __ •. __ ~._!'._ •. ':~ .. '." ~':O •.. :'11-:~;'::O-: ---;~--:~.6'O ..•. 
--- '-0.4' . i ... 

.. ,C' 0,2 o 

• 
. ':,0.6' 

-:0.8 

".,--,~--~ .•. ,. ':.:'1, 

;c_ • 

- -,,' 

'. ·r .. :.::-.~:c'r' . 

":(J-'~': .. :i:·~·;! .: 
. :1 ::= 

~\. '--' 

1 

I 
• .• ~ •. I 

• 
. . 1 

,:,:L~~;· 
. '-,-1: . . . '; '::-~'::::'I"- .,,, ... -... ----, ...... 

-:--' 

• 

,.-.- -~--:----"-'-'--"- '-',-'~. ~~,- -,--- --. 
1 

.- -- - ,'- ~ . .....-,--:- - , 

t-· 
.. 1.0 L-___ ---'-____ -:--~ ____ ____::-_:__----. 

'0 10, 20 .. 30 AO. 50. 60 70. .80 90· 100·' 
. . 

PERCENT' OVERALL CHORD 

,- ': - - • ~ ,- I 

--': 

---'-------------_. __ ._._---------_._._. --._-_._----_.- -- -----.- -- ... -

Figure 21d. Stator E Static Pressure Coefficient DF 98214 
vs Percent Overall Chord; 100% Design 
Equivalent Rotor Speed; Equivalent Weight 
Flow = 106.84 lb/sec; Uniform Inlet Flow 



I 
I ._ 

'. -" 
'. -~'-

-, --:-~ - --,- ' 
, " 

" ~ --.. ,.-
':'":;-.:w-~ "T 

1-
I-~ --,:-, 
i~~_:":_-__ :_~ -2.f1" 

~-1.6 

-_ -1.2 ' 

" .. -

-0 Suction ,Surface._ --, 

[J Pressure Surface ; 
Open Symbols -' 19%.. Span From' Tip"' 

-, Closed Symbols - 90% Span From Tip,· 

- - .'.-, 

-'-
~. ,! 

:::::1 
--1 '-, 

_.' - ~ 

Suction'"surface instrumentatio,n at 11.6 and 16.5% chord and pressure surface _ _ ,::1 
inst:r:umentation at 56.5% chord, both at -10% span from tip, were inorerative.-~: 

r 
1._ 

,-

, -

. -- - .:.-.::"~, - .'-":. 
........ I ,~. ~,_ 

. -, ---!~ ."~- . 
. -~.- ~ 

" .• - -:-j 

- .1 

'I 

.~.~ ,_! ',_: ..-"" J • • _ .~ , ::".- ---;.~ ,,~:~~::::tT_-;-:::·;·'-----t ~~--:.:- -. '.- -,.- ~--.- - ·~t 
, ! -~:-~ 

-. -. -, - _.( 

--c --~,:,-:: 

;.1 

.t. ,._. 

Figure 21e. Stator E Static Pressure Coefficient DF 98215 
vs Percent Overall Chord; 100% Design 
Equivalent Rotor Speed; Equivalent Weight 
Flow = 105.92 lb/sec; Uniform Inlet Flow 

67 



68 

I:::~ 
I 

~,' ~., >- .~ ~:--'·~::"-~I:'1~~' -,,-, r':-.7.'" _ -; ---T ~;~ ;---:--- --
-I - --t - -' -' -", 1- " ~ .. u ,--.:"i·, " ,- -r: -I 

L 

._, -

:~ G "'Suction Surfacb .. 

':O_Pressure Surface 

. '~ .'--r-:--:-:~~ 
_ ~ _ ,. ,-~_ _ -r -

f ! .. ~.~. :.~ ;j~:-/., ! 
"! -," --", '-" -.~.--: ~ '~:~0a 

t;~~:k.22:;-:-~;:';'~+7+' 
!. ,-:;-:~-~::'i-, ~~_1 ~. ~ ':-L:"::_ : -:: ~'-

.Open Symbols, - 10% .SpaP . FrOm' TiJl. 

, : ',= t'Clo~d Symbols '~. ~O%, Span From-Tip. 

"J~:';,)j 
:" .~- -~'---<:'r"1-':'; 

.--;--;--~, 
l~:-'''''''''''- ~~'----.-" -~"";'--'-::,-J. 

Figure 2lf. 

. --. - , ._-, ,~ ';'; , . , , 

" . 
:s~~ticiri.suhac~ instrumentation at 11.6 ~and 16.5%'chord and pressure surface'; 
c·mstrumentational5p.5%cl),ord, bothaf 10% i span from:rtip, were inoperative 

.' •. -.',; ;,:'--.;.--~"-:'-~;, . ; . ,":-{-'" ~ , '~::-'''::1 

,. - ~ •• - ~.- - -_or'"""' 

.: ,:.1 
- -- \T~- -::,·i 
'.' :"~~~ 

~~,~:~ ":iii, 

.... - ~. 

·':~Z~I]il~ 

Stator E Static Pressure Coefficient 
vs Percent Overall Chord; 100% Design 
Equivalent Rotor Speed; Equivalent Weight 
Flow = 102.92 lb/sec; Uniform Inlet Flow 

DF 98216 



i 
i" 
I' ,---- . 

I ------

i" 

" i .. 

"'-2.0 

-1.8 

. - -1.6 

--1.4 

-1.2 : 

-1.0' 

-0.6 

-0.4 

. -0.2 

- ------ ----------.::---C-:---.-----.:-:;-:--~-.-::-:-------~--.---. --.--:~ 

·0' Sucti~n S!lrface .:': .. 
'0-'Pressure··S~rface ~ .. :::.: 

'Open Symbols - 10% Span From Tip 
• Closed Symbols' - 90% Span From Tip 

Suction surface instrumentation at 1 1.6 and 16.5% chord and pressure surface 
instrumentation at 56.5% chord, both at 10% span from tip,' were inoperative 

.~. 
... ,. 

.. ·l'·'·· 
.~ - -' ---

~:.J 
. } ... 

.' of Rear Airfoil V.LoCatiOn of Leading Edge. 

. --- - .-- _. --.. -- ... - - --

· ". ::.-... :L ........ - ""-":" 
I':: '. 

:.1,:: : . -. 
0·0--,·· 

o .. -"~I':~ >-~.::-: .',' ... --- .. 
1- : ',', - > , 

1 '0' 0'0 I . . 0 

o 0 

"·".::~I·~;--'-:' . 0 0 ': . 
· •• 1-'-" . .; -- . . . 

- 0- . ~.~~ .. :-.~: .. : .... - .. ~ .. --: .-'-.t .. :-... : ...... L_._:., .. _.:.:~:~.-:~--•....• - -~- •.... 

.. ·.·[T:· •...•.•• '... : . 0.2 

•• 
·1 ,- .. 

.•. I,··: .' ·0 0.4 

0.6 
'1-:':: • 

. ." "L . 

1 
'-' 0.8' · .': ... ,-~ I· 

':.1: 
1.0 L--_-'-_--.:. ______ ---L.. _______ --:--_~-_:__ 

0:1.0'. '20' 3060 .70'80 .90 100 

. . . - . . ---_ .. 
. ---:-,'" ":T' .. "'PERCENT 'OVERALL CHORD --

;.:".-.--:: -=--':-~ - . ..::" .---~. -:-;'-:,- :,-:-.:..:::: -: --:. :; .•. - --
I" - -.- ------r --
L._ .... ___ . _._._ .. _ .. , ................ . 

Figure 21g. Stator E Static Pressure Coefficient DF 98217 
vs Percent Overall Chord; 100% Design 
Equivalent Rotor Speed; Equivalent Weight 
Flow = 97.95 lb/sec; Uniform Inlet Flow 

69 



- ~."-:-1.2. '. 
U· 

; ,", ~ j: 1,0 ... L! -.-. _......;.....;... _______ ....;.......;.......1..,;_...:...-. ......;.-.. .....,... ... -..;..;.....;.......;...--....;.......;.;.....;.........; 

, .:. :,-- c' 0 --: . : (0· :.. 20 30 :'40 __ 50 . 60.--70 . 

" PERCENT ·OVER:A:LLCHORD~-
I ... ..;-~ - ,;-:.' -'~ -..j.', ., 

Figure 21h. Stator E Static Pressure Coefficient DF 98218 
vs Percent Overall Chord; 100% Design 
Equivalent Rotor Speed, Equivalent Weight 
Flow = 93.27 lb/sec; Uniform Inlet Flow 

70 



c-----------,.---- ---.--- ---.---- .. - ---OI~~e;-W~Ii StaticPressur~ -----.--

o Outer Wall Static Pressure 
. Solid Symbols Denote 'Data Transposed From 

. Other Circumferential Locations. See. Figure 5. 
Note: One inner wall static pressure' orifice was inoperative at 87% 

'" 15.4 'Vl 
~ 
, 

I .'. N 15.2 
0 0 ~ 0 

~.f 
15.0 ~ 

=> .n 
.n 

14.8 ~ • ~ I Cl.. 

u 14.6 0 •• -. -E-
o( 
E- 14.4 .n 

- Sta 2 

10. 20 30 40 50 60 70 80 
.. , 

LEADING EDGE PERCENT GAP 

Solidity of Stator 
E is not to scale 

TRAILING EDGE PERCENT GAP 

10 20 30 40 50 60 70 80 90 

.~ 
ell 
~ 

·Sta 2A « 
N 
~ 

16.0 ~ 

o o ~ 
=> 

15.8 .n 
.n 

,W 
~ 

15.6 Cl.. 

u 

_0 
o o o 

-E-
15.4 « 

E-.n 

15.2 

Figure 22a. Wall Static Pressure Distributions Up- DF 98219 
stream and Downstream of Stator E; 100% 
Design Equivalent Rotor Speed; Equivalent 
Weight Flow = 111. 27 Ib/sec; Uniform Inlet 
Flow 

., 
! 
I 

'-J 

71 



~~--,--',-: ~='~~~;: ",,:,_ :-~'O~lnner' wall Sta:tic,Pre~~~re~ ,_:,,' ',:,'~:"-_, "i,-,'t,-" .r,' 

:. ___ . _~ ,' ___ . ~_< ,'O~Outer Wall 'Static~Piessure -'::~< _,," ._ ._. 
;~~:,~ Solid Symbols Denote, Data, Transposed From Other Circumferential Locations (See Figure 5) -;:~ 
_ .. ' .,:"',N ote: One ~ner .wall: statiqJressure orifice. wasinoperativ~ at 87% Gap 

72 

" 

.~·.16.4 
on 
r:l. 

····;,·0.·0 

,":-

_: ,-, -- ;; -',: ,:-.. , .~ ,:~-J' .,-;; <,: . 

c· 

o 

o 

----:--.-,--' -' -'-, 

,3D, 40. 50. 60. 70. "80.,· 
LEADING EDGE PERCENT .GAP, 

TRAILING EDGE PERCENT GAP,:' 
;. 3D 40. 50.,6,0. 70. ,:80.' 90. 

.,. 

., . 
L,. 

. j.~ 
-,--""';--:---:--, ,-:7' --.--.-,---,---'-:,: . _-:------'+---'-_, - ,til 

,., r:l.' 

o 
~EI 

-;1 ~----

.. - .. 
._-' 

i 
" 

:,: 

" 

.. ~ ~;. - '-.. :"'." ~~~',-

-~---!--.~-.--.:-.:-.:--::'~ ~: ~,:",,;:-'---'-'~'----'---- " , 

Figure 22b. Wall Static Pressure Distributions Up- DF 98220 
stream and Downstream of Stator Ej 100% 
Design Equivalent Rotor Speed; Equivalent 
Weight Flow = 93.27 lb/sec; Uniform Inlet 
Flow 



, , ,-- .---- --,.- ------,--
" ~:.. 

_ ... -'. 
1- . 

:.~ -
· "'. · 0. __ 

--_. 

. 12.0 

:HUB RADIAL DISTORTION 
Equivalent Weight Flow : 114.81 Ib/sec . 

__ .. Distortion Screen 
.'._T •• _ 

" .. ~'~' .. ~ 

,PI . 
. max· 

-
" --. 

-,.--~.- - ,_. -

.cr: 
o 

".E-< 
'0 

• '. 0::: 11.0 0L---1O--2-0--3~0--4-0--5-0-'--6-0-'-:-" -70--8-0--90--100 

Tip PERCENT SPAN . Hub 

._. 
"ll. 

-- ~". 
:.:--.. : .. ~ 

,'.-.-.~:. 14.0. 
~ 

, .. -.. -~. 
--,:' ll. 

: . :::", .' ~--

-,~ - .. -- - -- . 

TIP RADIAL DISTORTION 

Equivalent Weight Flow = 114.99 Ib/sec 

. ----
~ - . - . . --

~:.~~ .... - ---_. "L _ • 
) '.-.-· E-< .. 

:0 
- E-< . 130- . 

, . :," E-< -. .' . 
:-:,:'~ 
1--'" ...:l .. -- Z 
I. .• ::: toooo4 • __ • 

. , 0:::-
" 0 

.E-< 

. , - ----':': .. - _. .- • ::-.-- -- -- T • - .. -~. 

- . - . : ~.~ - ~ -

I _of 
.' . --, -.. --

,:~: ~ ·:.,.12.0·L--~----'------------------
- ':0 1020-30 40 --50 6070 -80-90·· 100 

~- ...... -'- .. -- . 
Tip PERCENT SPAN __ . Hub 

-~--.-----~----,' 

Figure 23. Typical Rotor Inlet Total Pressure Profiles DF 98221 
With Hub and Tip Radial Distortion; 100% 
Design Equivalent Rotor Speed 

I .--1 

. " 

i 
~! 

i 

73 



74 
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APPENDIX A 
TABULATED OVERALL AND BLADE ELEMENT PERFORMANCE 

AND FLOW DISTRIBUTION DATA 

Rotor E and Stage E overall performance with a uniform inlet, hub radial 
distortion, tip radial distortion, and circumferential distortion of the inlet flow 
is tabulated in tables A-1, A-4, and A-7, respectively. Rotor E and Stator E 
blade element performance and flow distribution data for uniform inlet, hub 
radial distortion of the inlet flow, and tip radial distortion of the inlet flow are 
presented in tables A-3, A-5, and A-6, respectively. The flow distribution data 
with circumferential distortion of the inlet flow are given in table A-8 for cir
cumferential increments of 30 deg around the compressor annulus. Table A-2 
is presented to illustrate the small differences at the near design pOint between 
values calculated from the data at the instrumentation stations, and the values 
calculated from the data that have been translated to the blade row leading and 
trailing edges. 

The blade element performance and flow distribution data with uniform 
inlet flow and radial distortion of the inlet flow are arranged in order of de
creasing rotor speed and decreasing flow at each rotor speed. The flow dis
tribution data with circumferential distortion of the inlet flow are given at the 
instrumentation station planes and are arranged for a given equivalent rotor 
speed and flow combination in order 9f increasing circumferential position. 
The circumferential positions of the data at each instrumentation station are 
noted at the top of each data sheet. These positions were selected so that they 
would correspond as close as possible to the locations of the 20-deg wedge 
probes relative to the distortion screen and provide data at increments of 
30 deg around the compressor annulus. 

Preceding page blank 
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NOMENCLATURE USED FOR OVERALL PERFORMANCE TABULATION 

Mass-Averaged Rotor Inlet Total Pressure 

Mass-Averaged stator Inlet Total Pressure 

Mass-Averaged stator Exit Total Pressure 

Adiabatic Efficiency* 

Polytropic Efficiency* 

NOMENCLATURE USED FOR BLADE ELEMENT AND 
DISTORTION DATA TABULATION 

Exit Percent Span from Tip 

Exit Diameter 

Absolute -Flow Angle 

Relative Flow Angle 

Absolute Velocity 

Axial Velocity 

Absolute Tangential Velocity 

Relative. Tangential Velocity 

Rotor Speed 

Absolute Mach Number 

Relative Mach Number 

Relative Turning Angle 

Loss Coefficient (w )** 

Loss Parameter** 

Diffusion Factor** 

Polytropic Efficiency** 

Adiabatic Efficiency** 

Incidence** 

Deviation** 

Total Pressure 

Total Temperature 

stator Exit Average Freestream Total 
Pressure from Wake Rakes 

Loss Coefficient Based on P2FS ( W fs) 

Loss Parameter Based on UUBAR FS 

PCT SPAN 

DIA 

BETA 

BETA (PR) 

V 

VZ 

V-THETA 

V-THETA PR 

U 

M 

M (PR) 

TURN (PR) 

UUBAR 

LOSS PARA 

DFAC 

EFFP 

EFF 

INCID 

DEVM 

P 

T 

P2 FS 

UUBAR FS 

LOSS PARA FS 

*Efficiencies calculated from mass-averaged values of total pressure and total 
temperature. 

**Denotes variables excluded from circumferential distortion data. 

Where applicable the appropriate instrumentation station is noted. 
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Table A-1. Overall Performance - Stage E 
Uniform Inlet 

Equivalent Rotor Stage 
Weight Flow, 

P2/P1 YJad Ib/sec rJ p P2A/P1 '1 ad rtp 

110% Design Equivalent Rotor Speed 

127.64 1. 2478 0.7886 0.7951 1.2106 0.6771 0.6858 
122.36 1. 3607 0.9148 0.9184 1. 3302 0.8437 0.8499 
116.81 1. 3736 0.8995 0.9039 1. 3440 0.8343 0.8411 
111. 46 1. 3882 0.8895 0.8945 1. 3593 0.8291 0.8364 
107.01 1. 3973 0.8763 0.8820 1. 3645 0.8104 0.8185 

100% Design Equivalent Rotor Speed 

121. 43 1.2064 0.7558 0.7622 1.1811 0.6676 0.6754 
117.78 1. 2638 0.8984 0.9018 1. 2420 0.8288 0.8339 
111. 27 1. 2862 0.8717 0.8762 1. 2666 0.8159 0.8219 
106.84 1. 2993 0.8953 0.8992 1. 27.74 0.8343 0.8399 
105.92 1. 3028 0.8556 0.8609 1. 2823 0.8018 0.8086 
102.92 1.3054 0.8884 0.8926 1. 2827 0.8270 0.8330 

97.95 1. 3183 0.8799 0.8845 1. 2939 0.8175 0.8240 
93.27 1. 3217 0.8389 0.8452 1. 2948 0.7741 0.7822 

90% Design EqUivalent Rotor Speed 

114.30 1.1779 0.8849 0.8875 1.1564 0.7824 0.7868 
106.88 1. 2126 0.8834 0.8866 1.1945 0.8121 0.8168 

98.57 1. 2348 0.8844 0.8878 1. 2185 0.8262 0.8310 
88.91 1. 2464 0.8445 0.8493 1. 2289 0.7878 0.7939 
82.57 1. 2546 0.8179 0.8237 1. 2332 0.7534 0.7606 

70% DeSign EqUivalent Rotor Speed 

92.73 1.1102 0.8467 0.8490 1. 0976 0.7525 0.7558 
83.59 1.1229 0.8828 0.8847 1.1133 0.8153 0.8181 
75.87 1. 1368 0.8781 0.8803 1. 1275 0.8200 0.8230 
68.30 1.1434 0.8448 0.8478 1. 1348 0.7955 0.7991 
61. 93 1. 1469 0.8091 0.8128 1.1372 0.7573 0.7617 

50% Design EqUivalent Rotor Speed 

64.65 1. 0530 0.7769 0.7785 1. 0481 0.7055 0.7075 
61. 51 1.0587 0.8226 0.8240 1. 0543 0.7617 0.7635 
55.53 1. 0637 0.8323 0.8338 1. 0601 0.7852 0.7870 
48.51 1. 0684 0.8228 0.8244 1.0646 0.7773 0.7793 
42.99 1. 0720 0.7720 0.7742 1. 0677 0.7264 0.7290 
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Table A-2. Blade Element Performance 
Stage E, Rotor E - Stator E 

Calculations Using Untranslated Values 
Percent Equivalent Rotor Speed = 100.28 Equivalent Rotor Speed = 4221.89 Equivalent Weight Flow = 111. 27 

Untfonn Inlet 

INLET 
Pt T SPAN 910.80 92.00 86.90 11.00 ~9.S0 21.10 12.00 1.10 3.00 PCT SPAN 
DIA 33.118 33.520 33.9ltl 35.219 31.080 31.872 ItO.ZZI 1tO.631 1tO.915 DU 

STATION C. BETA 0 -oJ.OOO -C. 000 -C.OOO -0.000 -C.OOO -o.OOC -0.000 -C.OOO -0.000 BETA 0 
STATiON I BETA I -C.OOO -C.OOO -C.OOO -C.OOO -0.000 -0.000 -0.000 -0.000 -0.000 BETA I 

V 0 1043.00 ""3.110 ""3.00 ""3.00 ""3.00 ""3.00 ""3.00 ""3.00 ""3.00 V 0 
V I "62.57 505.23 51~.T3 511.90 510.22 495.1Z 461.11 ~6.~3 ~ZI.ll Y 1 
Vl 0 ""l.OO ""3.00 ""3.00 ""2.99 ""2.91 "",,Z.93 ""Z.9O ""2.'9 ""Z.88 VlO 
VZ I '062.56 505.22 514.73 511.89 510.19 495.66 461.19 ~56.35 ~Zl.33 YZ 1 
V-THETA 0 -0.00 -C.OO -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA 0 
V-THETA I -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -411.00 Y-nlfTA 1 
M 0 0.1t032 0.4032 0.1t032 0.1t032 0.4032 0.1t032 0.4032 0.1t03Z 0.4032 1'1 0 
M 1 0."216 0.lt621 0.4112 0.~1~2 0.4668 0.4S30 0.~l66 0.~151 0.3129 1'1 I 
Tl.'IN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T\JRN 
UUBAR 0."811 0.31"8 0.2852 0.21121 0.2839 0.2818 0.3520 0.3861 0.5390 WUR 
DFAt -0.044 -0. lItO -0.162 -0.169 -0.152 -0.119 -0.056 -0.030 O.M\) [)fAt 
HFP 0.1643 0.5034 0.5663 0.5.00 0.'501 O .... ZO 0.2512 0.1~31 -0.22'1 fFFP 
INtJD -<l.1/000 -<l.DOOO -0.0000 -0.0000 -0. coo 0 -0.0000 -0.0000 -o.~O -0.0000 INCIO 
OEII~ 0.000 0.000 0.000 0.000 0.000 11.000 0.000 0.000 0.000 DEY" 
P 0 15.2110 15.216 15.216 15.216 15.216 15.216 15.Z16 15.216 15.2U. , 0 
P 1 14."1 14.709 14.756 l1t.161 1~.15'1) 14.152 I1t.6<W 14.5~ R4.,..1 I" n 
T 0 518.700 518.700 518.700 518.100 518.700 518.1110 518.1110 5lB.700 5UI.100 V 0 
T 1 518.700 518.700 518.100 518.100 5111.11110 51e.l00 5111.TOO SUI.lI00 511.100 T 1 

ROTl;R E PtT SPAN 94.99 90.00 84.99 10.00 50.00 ]o.co 14.9. 9.'" 4.~ IOtT SPAN 
DlA D.B4 33. b17 3 •• 001 35.151 36.68$ 38.21'1) 39.3"1'1 319. 75~ 4C.lla 0111 

STHION B~TA 1 -{J.DDO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -o.oco BHA n 
STATION etU 2 410.,00 "2.250 39.800 31.900 n.ltOo 36.ac.c 38.800 0.200 It9.000 BHA 2 

BETA I' It I ! 52.831 50.710 50.H2 51.449 53.2....., 55.310 51.134 5111.629 6O.S3C BEiAIPRI ! 
SETAfPRI 2 21t.552 25.889 25.1tOO 25.516 29.054 34.06C 311.436 4Z.'I)59 49.9116 BETAIP!!! 1 
II l ~62.57 505.23 514.13 511.90 510.22 495.12 461.B"!' 456.~3 421.3'1' II 1 
Y 2 5910.18 600.30 623.29 b53.lt9 644.69 6!B.24 583.12 538.25 4&2.U. If 2 
liZ 1 "b2.5t> 505.22 51~.73 517.89 510.19 "95.66 467.1'9 456.35 421.313 YZ 1 
VZ 2 425.29 104".35 It78.86 515.63 511.92 494.38 453.96 391.51 315.18 liZ 2 
V-THHA I -0.00 -0.00 -0.00 -0.00 -0000 -0.00 -0.00 -0.00 -0.00 II-VMIETA 1 
Y-THETA 2 417.93 It03.61 398.97 ItO! .~l 39&.39 369.84 365.00 361.711 363.26 lI-iHUA 2 
YIPRI 1 765.6 191.1!1 809.9 831.0 852.6 810.9 816.3 876.1 8i!>'>.5 "'!Pltl 1 
YIPRI 2 "b7.6 ~93.9 530.1 571.4 585.9 591.6 580.8 536.1 491.'iI VIi'IID 2 
YTHETA PRI -010.1 ~n7.5 -625.4 -1149.9 -683.1 -Tl6.1 -lItO 0 9 -748.5 -154.8 YTHHA PRl 
YTHET A Pltl -194.3 -215.1 -227.4 -24W1.1 -28~.4 -334.2 -360.3 -3".6 -376.1 "'THETA PR2 
U 1 610.08 617."9 625.35 649.19 6113.01 "!'16.0B 140.93 1".4a 75~.82 U 1 
U 2 612.22 619.21 626.35 647.53 615.79 10'11.05 125.27 732.33 73".">0 U 2 

" 1 0.lt216 0.4621 0.4712 0.47~ 0.4668 0.4530 0.4266 O.'IIUIl 0.3112'1) Il n 
~ 2 u.52b5 0.5308 0.5529 0.5805 0.5720 0.5415 0.5151 0.4130 0.4214 Il 2 
"IPR' 0.691B ~. 7297 0.7414 0.1'609 0.7801 0.1'959 0.7990 0.""a7 0.7BS6 P>lIPII.I 1 
~IPRI 2 0.'0129 0."368 0.4102 0.5076 0.5199 0.5292 0.5125 0.41H O.'II~ I'UPRI 2 
TURNIPIt J 2&.219 24.B21 25.142 25.934 24.205 21.303 19.389 15.115 10.953 VUi'lNIPIlI 
UUBAR O.UlO 0.1318 0.0938 0.0492 0.0609 0.01" 0.1159 0.1'189 0.22511i UUBU 
LOSS PARA 0.0308 0.03~ 0.0252 0.0131 0.01l'll 0.0208 0.$315 O.C4>05 000514 LOSS 'AliA 
DFAt 0.5477 0.5295 0.10919 0.1t608 0.~598 0.4554 0.481)3 0.5339 0.5"1'113 Ol'At 
EFF P 0.8 .. 15 0.8095 0.813" 0.9238 0.9192 0.8916 0.8575 0.77!!0 0.71% EFFP 
EFF 0.83~9 0.8033 0.8690 0.9Z09 0.9161 0.8939 0.8525 0.76'1'8 O.7~0 EH 
INtID O.40~ -C.200 -0.033 -0.592 -0.727 -0.581 -0.190 -3.504 -7I.17Z INCiO 
DEV~ 9.4040 11.731 10.767 6.815 5.e"l 6.495 6.101 9.U4 14.000 OEYM 
P I IIt ... 41 IIt.l09 14.156 14.161 14.159 14. 152 14.64' 14.594 1'11.347 P 1 
P 2 1&.412 18.107" 18.774 19.230 19.230 19.033 18.102 18.226 17.697 P 2 
T I 51B.700 518.700 518.100 "18.700 518.100 518.700 518.100 518.100 516.700 T ! 
T 2 563.303 562.1'09 561.21lt 51>2.916 563.172 562.518 56Z.6U 562.985 564.095 T 2 

STATOR E PtT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
DIA 33.207 33.5104 33.921 34.992 36 •• 20 31.848 38.919 39.216 39.633 DIA 

STATION 2 BETA 2 "4.5~0 102.250 39.800 37.900 37.400 36.800 38.800 43.200 <09.000 BETA 2 
5TATION 2A BETA lA -1.350 1.250 1.950 1.950 1.150 0.880 109~ 2.500 0.500 BETA 2A 

Y 2 596.28 600.30 623.29 ~53.49 61t1t.69 618.2'" 513.12 531.25 1;82.14 II 2 
Y lA It~O. 79 1042.36 448.28 522.95 548.41 ~5.<t2 483.63 ~58.05 ">42.41 II 21> 
YZ 2 425.29 ....... 35 478.86 '15.63 511.92 491t.311 ~53.91O 391.'7 31.5. "VII YI Z 
YZ 2A 450.b6 1042.21t "8.01 522.59 548.17 545.15 483.11 457.35 "",,Z.Ol YI 2A 
V-THETA 2 411.93 It03.61 398.97 1001 •• 1 391.39 369.8. 365.00 361.10 363.26 Y-THETA 2 
V-THETA 2 ... -10.62 9.65 15.25 11.79 11.00 8.37 16.36 1 •• 91 l.U. Y-THETA 2A 
i'! 2 0.5265 0.5308 0.5529 0.5805 0.5720 O.~." 0.515! 0.4130 0.4Z1~ 

" 2 M 2 ... 0.393" 0.3862 0.3919 0.4590 0.lt822 0.4198 0.'1233 0.1t001 0.M56 " 2A TURN I Pit, 45.8"9 ItO. 999 31.850 35.948 36.230 35.862 36.764 ItO. 592 44iI.319 TURHII'RI 
UUBAR G,ObS7 0.1030 0.1629 0.0821 0.0217 -0.0100 0.1001 0.0256 -0.1522 WUR 
lOSS PARA C .0221 0.0351 0.OS61 0.0291 0.0080 -C. 0039 0.0399 0.0102 -0.0614 LOSS PARA 
OFAt 0.4862 0.4S61 0.4930 0.4089 0.3681 0.3442 0.1t091 0.4092 0.3I5a OFAt 
EFFP 0.8617 0.7960 0.6951 0.1985 0.9313 1.0400 0.1090 0.9152 1.8n3 EFFP 
INC 10 -'5.1068 -1.138 -0.489 -0.126 0.693 0.909 0.045 -0.028 -10.256 INCiO 
DEY!'! 7.482 12.562 13.260 12.925 12.162 12.54-6 14.3110 .5.119 5.3'~ DEY" 
P 2 18.412 18."14 18.771t 19.230 19.230 19.033 18.102 111.226 11.691 P 2 
P 21>. 18.204 18.142 lS.201 IB.908 19.1ltl 19.068 18.390 111.15'1 18.001 P 2A 
T 2 5b3.303 562.1.9 561.214 562.916 563.172 562.518 562.681 562.985 '64.095 T 2 
TZA 5103.303 562.llt9 561.214 562.916 563.112 '62.518 562.681 56Z.985 564.095 T 2A 
lJJIIAIt FS -.'-~.)~ 001220 001<36 0.0489 0.0375 0.0337 OolBB" 0.2U86 ",2227 UU8AR FS 
P2 FS 1" ." '>1 19.54" lB.616 19.093 19.292 190191 19.036 18. ~ 24 lS.679 P2 FS 
lOSS PARA FS S. <09 0.8"16 0.0"25 0.0173 0,. a 13B 0.0131 0.07<09 0.Od31 0.OB9B LOSS PARA FS 
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Table A-3. Blade Element Performance (Conttnued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed: llO. 70 Equivalent Rotor Speed: 4660.48 Equivalent Weight Flow 127.6~ 

Uniform Inlet 

INLf T 
PO SPAr. 9b.BC 92.tO 8b.90 11.ao "9.!>0 28.10 12.00 1.111 ].O~ PeT SPAN 
OIA 33.1J2 33.529 )).9b2 35.312 31.131 Ja.951t ItO. 321 "0.137 1t1.08!> DIA 
BETA 0 -v.oeD -(1.000 -(I.DOO -0.000 -<1.000 -0.000 -o.aaa -0.000 -0.000 8ETA 0 
BHA I -~,.,JCC -v. DOC, -(I.e.oo -0.000 -0.000 -0.000 -o.OOe. -<1.000 -0.000 BETA 1 
Y f 511.45 511."5 511."5 511."'5 511."5 511."'5 511.45 511."'5 511.45 Y 0 
V I 549.5(, ~65.86 561.15 556.48 550.87 552.!6 549.2'" !U6.03 !l16."5 V I 
Vl 0 511.45 5U.45 511.45 511.44 !!H1 ... 1 511.36 !>Il.l2 511.31 5H.3I VI 0 
YI I 549.50 5b5.86 561.15 556.48 550.B3 552.71 549.1C SH.8S 516.82 V1 1 
Y-THETA -(). '0 -(1.00 -<l. CO -<I. I'D -0.00 -0.00 -0.00 -0.00 -0.00 V-flIETA 0 
Y-THETA -o.c.u -<'.CO -0.00 -0.00 -0.00 -C.OO -0.00 -0.00 -0.0-:' V-flIETA 1 
01 .;) C.4Oth:· v.4680 0.4680 0.468C 0.468C 0.~80 O."68U 0.~80 0.4680 

" 0 01 1 CI.!.I,)46 C..52000 0.5158 0.!l1l3 (1.5059 0.50T8 0.5043 0.4916 0.4133 II I 
TUkN c...(' 0.\.1 ".r 0.0 0.0 0.0 0.0 0.0 0.0 TUIIN 
UU8AR [.5114 ~. 3951 C..3624 0.3682 0.3609 0.3609 0.3902 0.4576 0.5411 WBAR 
OFAC --~ .01 ... -0.10& -(1.097 -0.088 -0.071 -0.0111 -0.014 -0.1>48 -0.011 OFAt 
r FF P ... 2225 CI.3788 0.3172 O.]"'~ 0.3231 0.]344 0.291>6 0.18110 0.0406 fFFP 
I"'CIO -L.CLOO -~.OOO(, -0.0000 -0.0000 -0.(,000 -O.COOO -0.0000 -0.0(,00 -0.0000 INCID 
O~Y'" ~.GOc. 0.000 O.OOO 0.000 u.OOO 0.000 0.000 0.000 0.000 OfV'! 
P C. I~.!t~b 15.546 1!>.!>4b U.51tb 15.51t6 15.!l4b 15.!l46 15.!l46 15.546 P a 
P l. 14.309 14.690 h.761 14.1It9 14.765 14.765 14.101 14.!>5!> 11t.374 P 1 
T 0 518. no 518.TOO !l18.700 518.100 !lIB.100 !l18.700 !l18.700 !lUI.100 !l18.700 T 0 
T 1 518.7~0 51b.1tO 518.700 51B.7oo 51B.100 518.100 !1l8.700 !!i18.100 Sl8.700 T I 

~OT~R E peT SPAN Q5.CO 90.00 85.00 10.00 50.CO 30.00 15.00 10.OC !I.OO PeT SPAN 
[;h 33.236 33.621 34.007 35.lb4 36. 'K)6 38.248 39.""!> 39.791 40.116 DU 

kDTO~ -L.c. BETA 1 -< .oJo~ -{j .000 -o.uOO -0.000 -o.o,,~ -(1.000 -<'.tOO -(1.000 -<..OOe. 8ETA I 
ROT~~ -r .t. BET A 2 3, .499 32.109 31.411 ~.781 28.101 26.509 21."'91 31.0]1 39.2!16 liEU 2 

BflAIPRI 5 •• 716 /o8.'H4 48.B8 49.503 51.572 52.842 53.118 54.659 55.796 BETAIPRI I 
8ETAIPRI £. 7.523 21..623 26.337 26.217 30.1b4 33.291 31.537 41.989 55.362 BEUIPRI 2 
V 1 550.9~ 604.91 616.28 612.28 5911.32 600.63 602.00 !'>1I9.01 568.98 V I 
Y 2 672.56 710.20 732.84 713.71 75/0.25 153.)2 702. T3 630.50 466.88 V 2 
Vl 1 ~50.B7 bl'4.11 616.21 612.25 597.58 598.2C 598.04 584.82 565.27 Vl 1 
Yl 2 541.55 ~(ji7. ).-. 625.42 611.52 661.2/0 613.07 621.19 538.84 360.14 VZ 2 
V-THnA -0.0c' -<l.00 -0.00 -<0.00 -0.00 -<..00 -0.00 -v.e.o -0.00 V-THETA I 
Y-THE TA 39,;).54 384.37 381.93 38".38 362.12 ]35.11 323.55 321t.17 294.80 V-THETA 2 
YIPRI I 67u.1 911.2 925.2 942.8 961.9 991.8 101lt.4 1013.5 1001.6 VIPRI 1 
YIPRI 2 611.5 668.0 691.9 148.5 765.1 B06.4 18!>.1 126.4 635.4 VIPR I 2 
VTHET A PRJ -t>73.4 -bB 1.5 -690.1 -116.9 -753.2 -189.3 -Bl6.4 -824.1 -8n.6 VTHETA PAl 
VTHE TA Pk2 -285.:; -299.3 -3C9.6 -3]0.7 -384.3 -442.1 -It17.11 -..65.0 -522.2 VTHEU P112 
U 1 613."1 6bl.50 690.U 116.93 1!13.19 189.29 816.45 821t.11 831.63 U I 
U 2 6'5.8~ 683.69 691.!l3 115.06 71M1./o2 TT1. T9 801.31 809.1!I 816.99 U 2 
~ I i.,J.5~bu 0.!>585 0.5696 0.5657 0.5520 0.5543 0.5556 C.5"'29 0.!>214 .. I 
~ 2 {·.59B7 0.6356 0.65B2 0.6960 0.6774 0.6782 0.6299 i".S61 I C.4094 '" 2 'UPRI :. 7q9 ~ 0.8413 G.~552 0.8111 0.6874 0.9153 0.9362 ",.9341 0.9269 "IPRI 
~IPRI L u.~~91> ".5979 0.6268 0.6133 0.6812 0.1259 0.1043 0.6464 0.5513 "IPRI 2 
WO.N I PI! I 23.1&9 21.7B1 2 j .898 23.285 21.388 19.481t 16.150 12.579 0.354 TURNIPRI 
UUBAR u.<l3~ 0.2014 0.170~ 0.1215 0.1304 0.1053 0.1185 0.2710 0.39"9 W8AR 
LOSS PARA .,j.C5 .. Q •• J528 0.0454 0.0335 0.031.3 0.0296 0.0491 0.0106 0.0781 LOSS PARA 
OFAC 0.-'t2 1:'b ; .... 39(':8 u.3684 0.3313 0.3252 0.3000 0.3351 0.3943 (,.4121 OFAC 
EFFP v. 7l'i~, ".1430 0.8035 0.8398 ".B230 0.8668 0.7549 0.6049 0.2892 EFFP 
HF U .12e \I ~. 7354 0.7973 0.8341 0.8169 0.8623 0.1419 c.. 596(1 0.2815 ~FF 
INCID -1.711> -<.502 -2.340 -2.540 -2.432 -3.157 -4.922 -7.663 -12.:H9 INCID 
DEV" li.313 12.463 11.703 1.!l76 6.954 5.138 5.91/0 8.8!10 19.392 DEV .. 
p 1 14.3u9 l'o.690 1 .... 761 14.149 110.165 14.165 1 .... 101 14.555 14.314 P I 
P H.621> lb.':'5;O 16.356 18.885 18.711> 18.695 17.92] 11.023 H.Be. P 2 
T ~18.1CO 51B.700 518.700 !l18.7('0 516.TOO 518.100 518.7tO 518.7QC 518.100 T I 
T ~62.614 S61.443 !>60.~01t 564.219 !l63.216 S60.661 559.09!1 558.535 559.195 T 2 

STATOR ~ pel SPAN 95.0C 90.0j 85.00 70.00 50.00 30.00 15.00 10.Otl 5.00 PCT SPAN 
DIA 3;.i01 H.!>b4 33.'121 34.992 36.420 31.8"8 38.91'1 ]9.276 39.633 DJA 

SlATOR-L.E. S~TA .. 35.710 32.552 3~.7!>8 29.824 210.187 26.315 28.1103 32.083 40.983 BETA 2 
~lATCR-l.E. HTA 2A -(·.lOO 1.100 1.400 U.8OQ -u.l00 0.800 0.650 -0.800 ~.002 8ET" 2A 

V 2 b6~ .11 714.60 7 .. 1.6'" 773.71 168.21 15B.02 688.51 612.68 451.23 V 2 
Y 2A b10.92 611.80 653.71 115.09 103.19 698.97 615.2.6 580.88 562.12 V 2" 
VZ 2 5~2.02 602.33 6"'2.57 671.17 676.76 678.43 606.34 518.42 340.23 Vl 2 vz 2A b10.91 627.66 653.54 11".92 702.95 698."'9 bl4.72 580.31 559.3'1 Vi 2A 
V-THETA 39".61 3114.~0 382.11 384.75 ]62.68 336.40 324.34 324.99 295.56 V-THETA 2 
V-TH~h lA -2.ll 12.05 15.91 9.98 -1.23 9.16 6.98 -e. 11 -..6.96 V-THETA 2A 
01 l O.~9"" C.6399 0.6721 0.6960 0.6911 0.6828 0.6162 0.5 ..... 3 0.3953 

" 2 " 2A ;'.5404 ~".55;'{' 0.5821 0.6381 (,.6218 0.6253 0.54610 0.5145 0.4967 " 210 TURNIPRI 3".q7~ 31.452 2~.337 29.018 28.271 25.5411 27.451 ]2.8]5 45.920 TUIINIPAI 
IJUbAH 0.u7b6 v.1l9& v.l013 0.0498 0.0550 0.0815 0.1951t 0.0686 -0.6440 WBAR 
LOSS PARA '1.1.(,.(:59 (,.~408 0.0)69 0.0177 0.0204 0.0314 0.0174 0.0351t -0.2588 LOSS PARA 
OFA( 0.2831 C.l991 O.2~"3 0.24113 0.2606 0.2446 11.2901 11.2705 0.06]~ OFAC 
EFFP t.5916 (·.5485 O.6lOtl O. 7I7~ 0.7184 0.5449 0.ISC.7 0.2209 -o.0<0~9 EFFP 
INC llJ -I<, .389 -lu.835 -9.552 -8.206 -8.516 -9.481 -10.557 -H.084 -18.221 INCIO 
NY~ !l.632 12.412 12.710 11.775 lO.91l 12.466 1).091 11.880 -<:.142 DEVil 
p 2 n.6l6 1&.050 18.35" 18.885 18.716 18.695 1l.923 11.023 15.510 P Z 
P 2A 11.339 17.529 17.&"1 18.625 18.435 18.287 IT.l31 16.748 16.53(, P 2A 
Y 2 562.814 .,61 ...... ~ 560.504 564.219 563.216 !'>60.661 !l59.095 558.5]5 559.195 T 2 
T lA 562.&74 ~61.4-43 50,".5,,4 564.219 563.216 560.667 559.1195 558.535 559.1~ T ZA 
lIUb AR FS 2.1 ... R 7 O.13A6 r..:.0923 0.03<'6 0.030S 0.040B 0.2732 0031<,0 003062 WIIAR FS 
P2 n 17.9t.,.; 1 ~. 1 t, .. I A. 276 IA.603 16.569 Ill. 4 83 16.3~6 IS.V£.4 17.679 P2 FS 
LC~S PAkA fS \".., 'j'. 1 ,' ... ' • .j4 7 2 •• J317 J.u123 G.0114 iJ.0157 u.l';~2 001254 J0I230 LOSS PARA FS 
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Table A-3. Blade Element Pedormance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 109.62 Equivalent Rotor Speed = 4614.80 Equivalent Weight Flow' 122.36 

Uniform Inlet 

INLET 
PCT SPAN 91>.8" 92.00 .6.90 71.00 .... ~ 2'.10 12.00 7.10 3.00 PCT SPAN 
01A 33.122 33.529 33.962 35.312 37.137 31.9'" ~.5Zl ~.737 41.085 DU 
BETA 0 ~.OOO -(j.000 ..... 000 ~.ooo ~.ooo ~.ooo ..... IMNI .... 000 .... 000 .ETA 0 
BETA 1 ~.OOD -0.00{, -<1.000 -0.000 -0.000 -<1.000 -0.000 -0.000 -0.000 lETA 1 
V 0 490.72 490.72 490.72 490.72 490.72 .90.72 .90.n 490.7Z 490.72 ., 0 
V I 512.41 531 •• 9 528.1>1 51T.55 526.49 5Z •• 0I 522." 507.29 480.19 ., I 
Vl 0 490.12 490 .12 490.72 490.71 490.61 490 .... 490.59 _.59 490.59 'flO 
'IZ 1 512.40 531.49 528.61 517.34 5lb.45 523." 522.44 507." 480.06 VZ 1 
V-THETA 0 -0.00 ~.oo -0.00 -0.00 ~.OO ~.- -o.OD -0.00 -0. DO \o-TMETA 0 
V-THETA I -<0.00 -0.00 -0.00 -0.00 -0.00 ~.oo -0.00 -0.00 -0.00 V-TH£TA • 
" 0 0.4483 0.4483 0._3 0.4483 0.4413 0.4483 0.4483 0.4413 0.4413 " 0 
" 1 0.410119 0.4812 0.48.5 0.4737 0.4824 0.4801 0 •• 7.7 0 ...... 0 •• 3." " I 1'I.IIN 0.0 0.0 0.0 0.0' 0.0 0.0 0.0 0.0 0.0 TWill 
W8AR 0.!>4"" 0.31>03 0.32211 0.3212 0.3'96 0.3254 0.37.2 0.4332 0.5383 WIIAIt 
oFAt -0.044 ~.0'3 -0.071 ..... 0!14 -o.1I'J3 -00068 .... 865 ..... 034 eoOza OFA' 
HFP 0.1'"'9 0.3395 0.3471 0.2'711 0.331>5 D.Jl65 O.27<t5 0.1441 -o.D'MI1> EFFP 
I"CIO ~.oooo -0.0000 ~.OOOO ~.OOOO -0.0000 ~.oooo -0.0000 -0.0000 -0.0000 !IIItID 
DE V" 0.000 0.000 0.000 0.000 0.000 0._ 0.000 0.000 0.000 DE"" 
P 0 15.40/0 15.406 15.oWl> 15.406 15.406 15.406 15.406 15.406 .5.406 P 0 
P I H.325 14.1>9. 14.7106 1 •• 769 1 •• 772 14.7bO 14.656 1 •• "'7 14.33' P 1 
T u 5111.7i10 518.700 518.700 !U •• 700 51 •• 700 !U'.100 51 •• 700 SU.7OO 11 •• 700 T 0 
T I 518.700 518.700 518.700 11 •• 700 518. ?CO 51 •• '700 51 •• ?DO 5 ••• 700 ' ••• 700 T I 

ROTOR E PCT SPAN ".00 90.00 15.00 70.00 50.00 30.00 15.00 10.00 5.00 pcT Si'&/II 
DIA 33.231> 33.1>21 34.007 35.1'" 36.706 31.248 39.~ 39.791 40.17/0 DXA 

ROTOR -L.(. BETA I -(\.000 -0.000 -0.000 -0.000 -0.000 -0.0110 -0.000 -0.000 -0.000 IfTA 1 
ROTOR -T.E. BETA 2 45.1000 44.290 410155 37.984 37.533 36.578 31.721 42.461 48.72a IE '" 2 

BETAI PR I I 52.394 SO.003 49.780 51.425 52.635 540lllCI' "'.956 550'11>71 57.592 BETAIPIII 1 
8ETAIPRI 2 210.414 27."51 26.525 25.795 28.1>23 32.376 36.1046 .0.71'1' .7.035 IUACPRt 2 
V I 513.72 566.32 577.96 566.23 570.19 567.43 570.71 5'5.38 526020 V I 
V 2 630.18 632.58 1>62.32 710 .... '709.58 1>97.81 659.27 612.BI 555.02 V 2 
VZ I 513.62 566.19 571.19 566.20 569.49 565.13 567.01 551 •• 3 522.77 VI ! 
VZ 2 44<0.90 452.79 4911.67 560.10 562.49 559.67 513.)5 "1.21 365.!>S VI Z 
V-THETA I -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0000 -0.00 -G.OO V-TMUA I 
V-THETA 2 450.23 ~1.70 435.86 .37.35 .32.13 415.32 4U.S! .U.e9 .16.50 V-mETA z 
VIPRI 1 141.7 181.0 1195.0 9011.1 93G.8 965 •• 989.6 "7.6 977.2 VIPRI 1 
VIPRI 2 ""2.3 510.3 551.4 622.1 "'1.1 663.1> "'1.1 596.5 537.2 VIPIII 2 
VTlfETA PIU -66b.B -67".8 -683.3 -709.9 -745.8 -711.6 .... 08.4 .... 16.6 -823.5 VTHUA Plltl 
VTMETA PR2 -219.0 -235.3 -248.9 -270.7 -307.0 -354 •• -JIII.9 ~.o) -392.5 'I1lfE fA PR2 
U I 666.111 674.12 613.3" 70'.90, 7~.Ql 7.1.55 lI0II.44 116.63 I12J .... U I 
U 2 1069.23 676.99 684.76 70 •• 05 739.11 770.16 ?93.<t5 eol.22 _.911 U 2 
" 1 0.4702 0.52011 0.5111 0.5207 0.5246 0.521' 0.5251 0.5102 0.44121 '" I 
" 2 0.5544 0.5573 0.5859 0.6308 0.6296 0.6187 0.5'"" 0.5377 0.4138 

" 2 "",n 0.7704 0.8102 0.8240 0.1351 0.8637 0.18B3 0.9105 0.9073 0.111954 "II'IU 
"IPIII 2 0.433. .1044.6 0.4930 0.5523 0.!161111 0.M114 O.SIo" 0.5234 0.4683 "IPIII it 
1'1.11111 PR I 25.9710 22.5.0 23.252 25.629 23."2 21.6" 1 •• 221 15.IM 10.411 iUUllPlI' 
WIAR 0.11192 0.1565 0.1071 O.lQIIl 0.0ttZ5 0.0461 0.10'"' 0."9" 0.23-23 UUSAII 
LOSS 'AItA 0.0283 0.0407 0.0215 0.0106 o.ouo 0.8131 O.OZ9lll 0."""0 0.0561 LOSS PARA 
DFAt 0.5103 0.5I0Il0 0.5220 0.4629 0 ..... 7 0.4565 0.495Z 0.5412 0.5999 DFA' 
EFFP 0.8575 0.B102 0.17811 0.9604 0.9'750 0.9115 0.15H 0.'187 0.7386 EfFP 
EFF 0.B511> 0.11030 0.17311 0.9585 0.973. 0.9It06 O.~ 0.8114 0.12.9 IEFF 
INCID -0.031 ~.'14 -0.7" -0.61. -1.368 -1.168 -3.741 -6.348 -10.57111 INCll D 
OEV" 11.21>5 13.298 11.1'1 7.1'" 5.413 4.817 5.0Z" 7.579 lLo051 DE"" 
P I 14.325 14.691 1".7106 14.769 14.772 14.7100 14.656 14.547 14.3311 P 1 
p 2 19.082 1'.135 19.554 20.2_ 20.445 20.393 19 •• 37 19.240 18.579 P 2 
T 1 518.700 518.100 511.700 511.700 !III. 700 5111.700 511.700 5.1.100 51 •• 700 T 1 
T 2 570.701 569.359 568.2.99 570.016 578.5~ 569.876 5 ..... 1.9 571.'1>4 5n.3.7 v 2 

STATOR E PCT SPAN ".00 90.00 85.00 70.00 50.00 30.00 15.00 10.eo 5.00 PCT SPAN 
DlA 33.201 33.564 33.9Zl - 34.992 36.420 37.8411 38.919 39.276 31').633 OU 

STA TOR-i. .E. 8HA 2 45.972 44.0n 40.332 38.033 36.192 36.417 39.663 44.037 51.383 8ETA 2 
STATDR-T .E. BETA 2A -2.400 0.300 1.550 z.ooo 0.150 1.108 1.201 0.750 -1.751 8ETA 2A 

V 2 6210.29 635.96 673.7'9 710.64 121.26 701.61 ... 7.07 596.06 534091 II 2 
V 2' "76.86 "70.44 476.86 559.71 591.92 ,.6.67 ,.7 .... "'4.99 _.52 Y14 
VI 2 435.27 4!H.311 513.62 559.106 576.60 564.14 497.60 421.08 lIn.57 YI Z 
VZ 2A "76.44 "'70."2 "'76.106 559.30 591.65 516.21 517.31 ... 4051 468.81 VI 2A 
V-THETA 2 "50.30 441.85 "36.07 437.76 432.79 416.17 412.58 413.9" 417.60 V-THUA 2 
V-THETA 2A -19.91 2.410 12.90 19.53 •• 71 11.26 10 .... 6.34 -14.3J V-TlfETA U 
" 2 

0.5508 0.5bO~ 0.591>1 0.63011 0.64OB 0.6223 0.,.... 0.5221 0.~55 
" 2 "lA 0.41"1 0."088 0.4150 0.4195 0.5190 0.5144 0.4109 0.4210 004065 "U TURN I Pit I 411.372 "3.710 31.710 310.026 36.023 ".213 M.414 "3.Z34 5'.074 TUltNIPJU 

WBAR 0.0271 0.0579 0.1313 0.0921 0.0419 0.0530 0.1371 0.011ll -0.0900 IUIIAR 
LOSS PARA 0.IN91 0.0197 ;).04710 0.OU7 0.0155 0.0204 0.0546 0.0325 -0.0363 LOSS PAU 
DFAC 0."911> 0.4957 0.50117 0.4220 0.3977 0.3871 0.""71 0.41014 0_97 DFAC 
EFFP 0.9425 0.BB61 O.'B42 0.78" 0.1903 0.8479 0 •• 507 0.712. •• 3",Z EFFP 
INtlD -010.195 0.1>23 0.041 0.002 0.116 0.5 ... 0.956 0.1165 -7.120 DlUD 
DEY" 6."'32 11.612 12.860 12.975 11.162 12.766 13 .... 1 13.4_ . 3.105 DE"" p 2 19.082 19.135 19.554 20.288 ZO.445 20.393 19.137 19.240 18.57'9 P 2 
P2A 18.916 18.922 18 .975 19.149 20.239 20.144 19.299 18.974 lB.1Il0 PZA 
T 2 !H".7ul 5109.359 56B.299 !J7O.086 570.534 569 .. 76 574.1.9 571_ 5730307 T 2 
T 2A 570.701 5109.359 5108.2" !J7O.086 570.534 569.876 571.189 571 •• 64 5?J0387 T ZA 
WBAR FS O.CRAQ 0.118 b 001376 0.0505 0.0233 0.0229 0.2033 0.2260 0.2141 WBAR FS 
P2 FS l' 0319 19.387 19.550 20.079 20',352 20.248 20.158 19.849 19.571 P2 FS 
LOSS PAItA FS 0.U295 0.:";4u3 u.0473 0.0179 0.0086 0.0088 0.0805 0.0903 0.0863 LOSS PARA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculationa Using Translated Values 
Percent Equivalent Rotor Speed = 109.38 Equivalent Rotor Speed = 4605.05 Equivalent Weight Flow = 116.81 

Unlfonn Inlet 

INLET 
PCT SPAN 96.80 92.00 86.90 TI.OO 4'.50 28.10 12.00 '1'.10 3.00 fIe, ... 
DIA 33.12l 33.529 33.962 35.)12 3'1'.137 13.951> 40.3l1 40.113'1' 41.085 Dill 
BETA 0 -.;).000 -<1.000 -<1.000 -(I.GOO -iI.COO -iI.GOO -<1.000 -(1.000 ~.OOO BETA • 
BlVA I -<I.OO~ -<1.000 -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA I 
II 0 467.18 'Ho'l'.11 46'1'.18 467.18 46'1'.18 46'1'.18 46'1'.18 46'1'.18 46'1'.18 'I 0 
V I "90.01 502.32 494.31 "'4. <WI 505.92 ~OI.n 4116.5'1' 471.52 _.15 Y 1 
VI C .. 67.18 467.18 467.18 461.17 467.U 467.10 467.06 '>67.05 46'1'.06 'If! 0 
YZ 1 490.01 !oOl.la "94.31 .. 94.45 505.18 501.64 ... 6.45 471.'9 44'.03 VZ 1 
V-TH~TA 0 -c..oo -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 ~T14ETA 0 
II-THEU 1 -0.00 -0.00 -0.00 -<1.00 -(1.00 -0.00 -0.00 -0.00 -0.00 Y-TI4IHA I 
~ 0 0."2100 0.42~ 0.4260 0.4260 0."260 0.4.260 0.4260 0.42611) 0.4260 II 0 
~ ! 0.44 76 0.4593 0."511 0.4518 0."2'1' 0."51'1' 0.444' 0.4353 O.<WI911 II 1 
JURi>! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G.O TURN 
UUBAA 0.505" 0.3301 0.3005 0.31100 0.2"' 0.3040 0.36)2 0.4027 0.5)32 WlAIi 
oFAC -0.049 -0.075 -<I.05S -0.058 -G.OU -0.0'1'4 -0.042 -0.022 0.039 OFAC 
EFF' C.ln5 D.33'>8 0.2971 0.2992 O.lIllU 11.349'1' 0.1984 0.a05! -o.!'!'''7 EfFI' 
X~CDD -(l.OOOD -0.0000 -0.0000 -(l.0000 -G.OOOO -0.0000 -0.0000 -o.DOOO -0.0000 JNUD 
oE1I1I ('.000 0.000 0.000 o.OOC 0.000 0.000 @.ooo 0.000 0.000 Dt\'~ 
P 0 15.301) lS.30Ci 15.300 15.300 lS.lOO 15.300 15.300 15.300 15.300 P Co 
P 1 14.3"" 14.'1'118 1".'1'61 14.762 14. 'I'M 14.755 UIo.649 1".5'1'8 14.344 p n 
T 0 5111.100 n8.100 518."1'110 51B.700 518.700 5U.700 511).100 518.JOO 5UI.100 T 0 
T n 518.700 518.700 518.700 5111.'1'00 5111."1'00 518.100 51111.700 518.700 511.700 T ! 

ROTll6l E (00 51'111'1 95.00 90.00 85.00 70.00 50.00 ]0.00 15.00 10.00 5.00 PCT SPAN 
OU 33.236 33.621 34.007 35.H,Io 36."1'010 31.246 39.'1>05 39.79D ~.1'1'6 DIA 

IOTOIl -L.E. 6HA 1 -(l.000 -0.000 -(l.000 -0.000 -<1.000 -<1.000 -0.000 -0.000 -0.000 BEU n 
IOTOIl -T .E. aEU l ~.399 4'1'.294> "".476 4O.!82 )'I).B39 39.170 "2.166 46.062 5R.586 SET'" 2 

BHAIPRI II 53.!>1I8 5n.59) 51.n .. 52.6911 53l. '1'34 55.308 56.901 57.5118 59.3l30 BIElA GPIII R 
BETA I "'ttl 2 25.9118 241.530 21.674 21o.~'1'1 ZI.73'1' lZ.S5!S 3'1'.2n2 ·U.342 "6.857 8£UiPRD 2 
II 1 <091.23 533." 538.33 539.73 _.69 542.06 5Z9.n 521.10 490.53 II ! 
V 2 6l3.39 612.19 635.'1'6 6B6.115 IoM.9! 61"9.53 642.71 601.93 !>58.85 II 2 
VI n 491.1" 533.81 538.27 539.70 546.02 539.86 525.911 51'1'.39 4a'l'.33 VZ a 
lIZ 2 4113.88 .. 15.20 45l.63 521.64 533.43 5210.21 4'1'5.53 416.9it 346.11> YZ 2 
Y-THEU 1 -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 ~.OO -0.00 -0.00 V-THETA I 
V-THETA 2 1066.14 449.85 ""5.101 ""6.111 """5.05 428.70 430.67 432.69 "3'1'.28 Y-THIEl" 2 
vtPRI n 82'1'.1 8!>'.4 B!ta.8 690.6 923.4 949.11 964.9 910'1'.3 957.0 VIPIII B 
IIIPltD 2 'l60.t, 472.6 512.2 582.1 60S.6 621'.3 59B.3 556.!> 507.9 YIPIII 1 
IlniETA PRI -61>5.4 -673.4 -6111.9 -1011.4 -'1'".2 -Ti'9.9 -806.7 ~1"'.9 -1121.1 'lTMEU PRI 
\lTHHA PAZ -20! .1 -225.1 -231.9 -259.7 -292.5 -339.1 -361.1 -3106.8 -3'1'0.0 ¥THEil> PII2 
U n 665.~CI 673.40 681.90 '1'118."0 1'''''.23 1'1"\!.9O 806.'I'it 8.4.90 82U.74 U I 
U 2 667.111 6'1'5.St. !tal.3l 706.55 73'1'.54 ue.53 191.118 '1'99.53 1107.21' U Z 
PI! 1 0._8 0.4896 0.4938 0.4951 0.501111 0 .... 9'1'4 0.'>852 0."113 0 ..... 8) III B 
~ 2 C.5~6 0.5368 0.5595 0.6071 a.lon45 0.6000 0.5M5 0.5261 0.4857 III 2 
~IPRB 0.1556 0.788" 0.19109 O.BUO 0.''''11 0.8715 0.8S44 0.8859 0.8742 II 1 Pili. 1 
~IPRI 2 0.""37 0.4144 0.~508 0.5UO 0.5382 0.5539 0.5255 0."64 " ..... 15 IIIPR! 2 
TURNIPRI 27.5B6 21.058 2".03'1' 26.226 24.'1>'77 22.395 19.605 16.1102 12.410 TURFUPIllI 
UUBAR 0.1073 0.l5bl 0.1161 0.0">4l 0.0">00 0.05U 0.U19 0.1354 0.2M5 W&AR 
LOSS PARA D.1I2l9 0.0402 0.0305 O.Olli 0.OU3 o.on44 0.033'1' 0.04811 0.05<>11 LOSS PARA 
oFAl 0.6069 0.6039 0.5628 0.4998 004954 0.4903 0.5334 0.5801 0.6297 oFAC 
EHP 0.8478 o.nn 0.8"89 0.9<>05 0.9733 0.9656 0.111850 0.8061' 0.7'31'7 EFFP 
EH 0.8"12 0.1'194 0.8426 0.93'1'8 0.9'1'20 0.91040 0.8'J'98 0.'1'911111 ".'1'4'1'8 ~FF 
IlItID 1.137 0.101'6 1.U5 0.655 -0.269 -0.681 -1.191 ~.121> -8.835 INCIO 
OEV~ 10.829 n ... 3'I'0 13.040 '1'.1130 5.52'1' 5.2910 5.590 8.20~ 10.11180 MVI! 
P 1 lit.394 1".708 1".161 14.'1'62 .4.764 14.7~5 14.6"9 14.578 1'1.3"" P 1 
P 2 19.31)9 19.295 19.638 20.367 20.1>48 20.555 20.034 19.493 19.014 P Z 
T 1 5IB.700 518.700 518.'1'00 518.700 518.700 511.'1'00 518.'1'00 518.'1'00 518 .100 T I 
T 2 573.5(15 572.369 571.017 5'1'1.978 572.)75 5'1'2.159 5'1'3.8'1'1 5'1'4.919 576.Bb7 T 2 

SUTOR ~ PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 U.OO no.oo 5.00 PCT SPAN 
DIA H.20'l' 33.56'> 33.921 34.992 310.420 37.846 38.919 3'9.2'1'6 39.633 DiA 

.TATOR-t..E. BETA 2 48.805 46.994 43.598 40.634 39.166 39.003 43.204 "'1'.835 54.556 8ETA 2 
TATOR-T.E. BETA ZA -2.31>0 0.150 1.250 2.580 1.170 1.310 1.240 1.101 1.000 IIETA 20\ 

V 2 619.59 615.36 _.24 686.85 '1'010.03 683.09 631.19 585.13 538.5~ 'I 2 
V 2A 460.05 ""8.101 "itS.OB 519.12 557.11 556.22 493.06 464.51 453.62 Y 2A 
YZ 2 "OB.07 419.72 467.99 521.16 54'1'.18 5]Q.~ "59.66 392.85 312.09 VZ 2 
YZ 2A "59.68 dt't8 .61l .... 7.95 518.52 5510.80 5S5.'I'4 492.51> it63.9O 453.07 YZ 21. 
V-THETA 2 "66.22 450.00 ""5.63 ""'1'.23 445.73 429.5>11 431.11 433.'1'9 438."" Y-THETA 2 
Y-THETA 201. -18.46 1.17 9.n 23.31 11.31 12.l'l 10.66 13.'1'7 '1'.91 Y-THETA 210 
II 2 0.5431 0.5398 0.5693 0.6011 0.6251 0.60J4 0.553'1' 0.5112 0.4673 " 2 II ZA 0.39BO 0.3882 0.388l 0."511 0.4861 0.'>85it 0.4275 0.4015 0.3911 " 210 TUIIIUPRI 51.! 05 410.843 42.346 38 .046 37.971 31.6511 41.915 46.083 53.500 TURN IPR I 
UUBAR 0.0275 0.0312 0.ll66 0.1060 o.o~n 0.1151>4 0.1249 0.01048 -0.0599 WBAII 
LOSS PAllA ".0;)92 0.0106 0.0It01 0.0376 O.OZ13 0.02l'1' 0.Dlt95 0.0259 -0.0242 LOSS PAllA 
of''t 0.5211 0.5195 0.5390 0.4640 0.4395 0.4219 0 .... 46 0.4955 0 .... 20 OfAC 
EFFP 1..9"52 0.91003 o. '1'991 0.7829 0.1683 0.8540 0.'1'124 0.8"18 1.11'1'8 £FFP 
INCIO -1.362 3.6Ot. 3.307 2.604 2.460 3.135 4.496 4.663 ~.646 INCI0 
D~VII t..532 11.it62 12.560 13.555 12.182 12.916 13.680 14.3'1'9 5.853 oEYII 
P 2 19.J99 19.295 19.638 20.367 20.648 ZO.555 20.034 19.493 19.014 P 2 
P 2A 19.302 19.186 19.186 19.891 20.3'1'4 20.302 19.563 19.286 19.172 P 201. 
1 2 5n.585 5'1'2.369 511.017 5n.9'1'8 572.315 5'1'2.159 5'1'3.8'1'1 514.919 5'1'6.8107 T 2 
T 2A 573.585 572.369 5'1'1.017 511.9'1'8 5'1'2.315 5'1'l.159 513.8n 5'1'4.919 5'1'6.86'1' T·2A 
WBAR FS J • ~) Jol \" 0012;9 Uol:;09 0.06:;9 0.0309 0.0339 0.16b6 001952 001679 W8AR FS 
P2 FS 1 'j .6:J 2 19.671.t 19.794 20.268 20.518 20.450 20.320 20.008 19.7;:7 P2 fS 
LOSS PARA FS ,'.);>(,9 O. U'.31 0.0,19 0.0304 0.0114 0.0130 0.0740 0"J7~0 J.ObH LOSS PAllA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 109.36 Equivalent Rotor Speed = 4604.26 Equivalent Weight Flow = ll1. 46 

Uniform Inlet 

INLET 
PtT SPAN '6.80 '2.00 86.90 71.00 .... 50 28.10 12.00 7.10 3.00 'CT SPAN 
OIA 33.122 33.529 33.962 3!J.:!I12 31.131 •• 954 .-o.JZ1 .-0.131 U.08' Olio 
BETA 0 -0.1)00 -(;.000 -(;.000 -0.000 -0.000 -0.000 .... 800 .... 000 .... 000 lETA 0 
lETA 1 -0.1)00 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000, lETA 1 
Y 0 _.~5 -.~ -.~, -.~ -.~ _.45 ~'" -.~ -.~ V 0 
Y 1 ~59.31 "'.2~ "3.49 474. 'I!J ~73.M 4n.n 4".92 ~I'" ~1 •• '2 V I 
YZ 0 ",",.~5 "'"' .45 "'"'.~, ~~.~ _.~2 

_ .. 
_.M _.33 _.3 .. YlO 

YZ 1 459.31 "9.24 463.49 ~1~.14 ~73.61 ~"'.43 451.80 451.n ~19.41 \'Z 1 
'I-THETA 0 -0.00 -0.00 -0.00 -0.00 -(;.00 -0.00 -0.00 -0.00 -(;.00 'l-THnA 0 
Y-THfTA 1 -0.01) -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THnA 1 

" 0 0.4046 D._ O._ 0._ 0.4046 D.~ O.~ 0.4046 0.4046 
" 0 

" 1 0.41115 0.4219 0.4225 0.4331 0.4321 0.43'11 0.4112 0.4116 0 •• 12 
" 1 TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TUU 

UUIIAR 0.~1 0.31~1 0.28'" 0.U21 O.ZI" 0.Z8n 0.35Z4 0.3881 0.5350 WlAII 
OFAt -0.(033 -0.056 -0.043 -0.066 -0.066 -0.070 -(;.033 -0.017 0.0!I6 OFAC 
~FFP 0.1291 0.2186 0.2"'7 0.M5' o.nll2 O.M81 0.1653 0.01. -0.2696 EFFP 
INtlO -0.0000 -C.ODOO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0._0 INtIO 
DEY" 0.000 0.000 0.000 0.000 11.000 0.000 0.000 0.000 0.000 DEY" 
P D 15.215 15.215 15.215 15.215 15.215 15.215 15.215 15.215 15.215 P 0 
P 1 1" ... 35 1".706 1".753 1~.1!J6 1 ... .". 1 ... 149 14.M3 14~585 14.M7 P 1 
T 0 !H e. 1':'11 518.700 518.700 518.100 518.700 518.700 518.700 518.700 518.700 T 0 
T 1 !olB.700 511.700 5111.700 511.700 5111.700 5111.700 511.700 518.700 511.700 T 1 

ROTOll f PCT SPA" 95.00 90.00 115.00 70.00 50.00 '0.00 15.00 10.00 5.00 'CT SPAN 
OIA 33.236 33.1121 34.007 35.1M 36.706 31.248 39.~5 39.791 ~.116 ora 

110 TOil -L.E. BETA 1 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -(;.000 IIETA 1 
ROTOR -T.E. 8ETA 2 5(\.999 50.603 ~7.195 "3.010 ~2.445 41.8,. 45.698 SO.516 55.712 lETA 2 

IIETAIPRI 1 55.319 53.537 53.57 .. 53.110 55.590 56.796 ,. ..... 3 59.0 ... 61.07~ IIETAIPIII 1 
BETA.PRI 2 23.13' 21.1184 29.39" U.470 29.518 33.0n 3a.~3 42.423 45.103 IIETAIPII, 2 
Y 1 "0.~2 "'7.64 503.19 517.08 510.33 512.42 497.89 491.83 457.01 'I 1 
Y 2 632.78 60i.54 610.21 674.92 6"'.09 667.52 624.67 591.74 580.67 Y 2 
Y1 1 460.:33 491.52 503.U 517.05 !J09.70 510.34 "9~.lIl 488.33 ~54.03 YZ 1 
YZ 2 398.22 381.18 409.n 492.96 ~.oo _.62 435.60 315.72 326.15 'IZ 2 
Y-THETA 1 -<. ... 0 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 'I-THETA 1 
Y-THETA 2 491.75 464.8) 452.72 460.97 455." -." 446.35 ~6.04 479.21 Y-THETA 2 
'11'111 I 809.1 837.2 1147.4 1176.9 902.3 933.1 947.9 951.7 .~.1 YIPRI 1 
'IIPIII 2 "35.4 436.0 "9.6 550.7 572.5 593.5 5'7.0 510.0 "3 •• YIPIII 2 
VntETA Pill -665.3 -613.3 -681.8 -708.3 -1~.1 -779.8 .... 06.6 -11"1.8 -121.6 YTHETA PIll 
YTHErA PII2 -116.0 -210.6 -230.5 -l45.5 -282.0 -323.5 -M5.3 -343.4 -327.9 ¥THETA PIIZ 
U 1 61>5.28 613.Z1 681.18 101.28 744.11 T7'1.n 806.60 814.76 821.60 U 1 
U 2 667.70 675.45 683.19 706.43 137.42 7".~ 791 .... 799.39 1107.14 U 2 
PI! 1 0.4196 0~45'" 0."01 0."'34 0.4670 0._ 0.4551 0.4493 0.4164 PI! 1 

" 2 0.~531 0.525" 0.5346 0.5950 0.5950 O.58n 0._ 0.!H58 0.5042 '" 2 "IPIII 0.7373 0.7653' 0.1749 0.8029 0.8256 0.1153' D.86M 0.8695 0.85116 "I Pili 
"IPRI 2 0.3806 0.3809 0.4114 0.41155 0._ 0.5225 0.41172 o.~ O.~26 "IPIII 2 
TURNIPII I 31."11 2".6~9 2~.178 27.399 26.054 23.6M lO.002 16.5112 15.915 TIMNIPRI 
UUBAII 0.0999 0.1599 0.1286 0.0413 0.0441 O.CI506O 0.1385 0.2068 0.2443 weAR 
LOSS PUA 0.0265 0.0411 0.0333 0.0114 0.0124 0.01" 0.03n 0.0535 0.0611 LOSS P.IIA 
DFAC 0.6382 0.6"23 0.6046 0.5335 0.5273 0.5232 0.5743 0.6306 0.6851 OFAC 
EFFP 0.8"27 0.7763 D.82~9 0.9505 0.9106 0.9694 0.8671 0.8133 0.79"3 fFFP 
EFF 0.835" 0.7672 0.8116 0 ...... 2 0.9691 0.9679 •• 1610 0.8052 0.1850 EFF 
INCIO 2.8118 2.621 2.996 1.1128 1.5" 0.103 -0.205 -3.2" -7.085 INCIO 
DfYI'I 8.6119 1".72" 1 ... 7110 7.130 6.307 5.517 6.n9 9.285 9.126 DEV'" 
P 1 14."35 14.706 1".753 14.756 14.7511 14.7'" 14.M3 14.585 1 ... 3 .. 7 P I 
p 2 19.860 19.508 19.674 20.595 20.182 20.182 20.111 19.736 19.5111 P 2 
T 1 518.100 518.100 5lB.700 ne.700 518.700 !H8.700 518.700 518.700 518.700 T 1 
T 2 511.955 !H5.553 573.074 573.373 5730_ 5n.8se 516.425 576.837 580.092 T 2 

STATIlII. E PtT SPA" 95.00 90.11U 115.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
DU 33.2(07 33.564 33.921 14.992 36.420 37.11411 38.919 39.276 39.633 DU 

STATOR-L.E. BETA 2 !oJ ... 50 50.272 ".945 43.137 41.73e 41.613 46.852 52.590 59.297 8ETA Z 
STAT[fI.-V.E. 8ETA 2A -2.35 .. -0.100 0.750 1.651) 1.300 1.250 0.930 1."20 1.621 8E:TA 210 

V 2 628.119 604.61 619089 674.~2 "5.~5 670.94 613.77 '.".99 "9.12 Y 2 
Y 2A 461.89 439.81 "26.56 4117.lll 52S1.12 5lO.4O 472.'1 ~5.59 ~1.91 Y 210 
VI 2 391.92 3116.43 423.111 492 ...... 511.29 500.73 419.4' 349.68 285.32 Vi 2 
VI 2" 461.49 4:!'.SO "26.50 407.56 525.51 519.9'1' 472.06 ~!>.05 ~1.27 'Il 210 
V-THETA 2 4'il.83 _.99 452.94 "1.41 "56.16 445.8" 447.43 457.19 ~0.411 V-THETA 2 
Y-THETA 211 -18.94 -0.17 5.58 1".04 H.9) 11.3$ 7.M 11.04 12.411 'I-THETA ZA 
I<l 2 0.5"95 0.5282 0.5"36 0.5950 O.~ 0.5910 0.5363 0.5014 (0.41145 

" 2 " 2" 0.3981 0.3793 0.368 .. 0.4230 0.~571 0.~521 0.10011 D.384O D.3796 " ZA TURNI PII' 53.800 50.371 46.194 41.480 ~.420 40.398 45.1172 51.119 57.626 VUltNIPRI 
UUBAR O.02!>0 -0.0080 0.0763 0.1339 0.0756 0.0895 0.1002 0.0492 0.0071 weAR 
lOSS PARA u.c.i){,1t -0.0027 0.0263 0.0476 0.02110 0.0345 0.0391 0.0197 0.0032 LOSS PAU 
OFAt 0.5392 0.5350 0.5666 0.!lU3 0.4737 0.~7'" 0.5156 0.5380 0.~3 OFAC 
HFP C..9516 1.(0152 0.8695 O.'l!JU 0.1)93 0.8021 0.7783 0.88116 0.91110 EFFP 
INtlO 1.283 6.884 6.655 5.106 5.033 5.814 8.1~ 9.419 0.100 INtIO 
DEY" 6.4112 11.212 12.060 12.625 12.312 12.916 U.371 14.099 6.473 DEW! 
P 2 19.8 .. 0 19.508 19.67 .. 20.595 ZO.782 lO.7B2 20.171 19.736 19.581 P 2 
P 2A 1'.768 19.53!> 19.~ 20.008 20.438 ZO.39O 19.811 19.513 19.558 PZA 
T Z 577.955 5." .553 573.014 573.3'13 573._ 573.1,. 576.425 576.837 580.092 T 2 
TZA 577.955 575.553 573.07" 5'13.373 5'13.684 573.8,. 576.425 576.837 51100092 T 210 
WBAR FS 0.1148 0.13 __ 0.1366 0.1227 0.0651 0.0688 0.1690 0.1460 o.IHI WlAa FS 
P2 FS 20.234 20.063 19.923 20.539 20.731 20.6S4 20.467 20.089 19 •• 70 .. 2 FS 
LOSS PARA FS '".',365 0.u453 0.0471 0.0436 0.0241 0.0265 0.0669 O.O~B4 0.0513 LOSS 'ARA FS 
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Table A-3. Blade Element Performance (Conttnued) 
Stage E, Rotor E - Stator E 

Calculattons Using Translated Values 
Percent Equivalent Rotor Speed = 110.30 Equivalent Rotor Speed = 4643.61 Equivalent Weight Flow = 10;.01 

Uniform Inlet 

INLfT 
PCT SPAN 96.80 92.00 06.90 11.00 49.SO 28.10 12.00 1.10 3.00 peT SPAN 
OIA 33.122 33.529 33.962 35.312 31.131 38.954 'WI.3Zl 40.131 41.085 Ou. 
BETA 0 -(1.000 ~.OOO ~.COO ~.Ooo ~.ooo ~.ooo -0.000 ~.ooo -0.000 &ETA 0 
BET ... I ~.OOO ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 1 
V 0 ~25.36 425.36 425.36 425.36 425.36 425.16 425.36 425.36 425.36 '10 
V D "42.18 ~55 .11 455.1i 4'53.22 ",1.24 460.46 436.95 'UO.03 3".49 V 1 
liZ 0 ~25.35 425.36 425.36 425.35 "25.32 .. n.29 425.25 4.25.24 "25.24 VZ 0 
VZ I .... Z.78 "55.H 455.11 453.22 458.21 460.38 436.84 "29.91 3".38 VZ I 
V-THHA 0 ~.OO ~.OO ~.oo ~.OO -0.00 -0.00 ~.OO -0.00 -0.00 Y-TlIETA 0 
II-YHEU 1 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-ntt:TA 1 
~ 0 0.3866 0.3866 0.3866 0.3866 0.31166 0.3866 0.31166 0.'166 0.3866 ,. 0 
PI 1 0.19030 0.41'>6 0.4152 0.4128 0.4175 0.4196 0.3975 0.3910 0.3625 II I 
TIP.II 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN 
UU8A" 0.4682 0.30"9 0.2131 0.2109 0.Z102 0.Z695 0.3391 0.3151 0.522" WBAII 
OFAt -0.041 ~.0lO -0.012 -0.066 ~.0T7 -0.013 -0.021 -0.011 0.061 OFAC 
eFFP 0.1572 0.3340 0.3640 0.3453 0.'856 0.4026 0.1460 Q.OSlIO -0._3 EFFP 
XNtTIO ~.OOOO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -o.OOOG -0.0000 INtIO 
OEVIQ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 OEYM 
P 0 H.I,)] 15.153 15.153 15.153 15.153 15.1!I) 15.15) 15.1'53 15.153 P 0 
P I 14.458 14.7CO 1".1"1 14.151 14.152 14.153 14.649 .".595 1".378 P 1 
1 0 :>~18.1'OO 5B8.1GO SIl8.TOO 518.700 5111.100 5111.100 511.100 !UI.700 518.700 T II 
11 1 5U.l00 ~16. 700 518.100 518.100 511.100 518.100 5111.700 518.100 518.100 , 1 

ROI0" e Pt' SPAN 95.00 90.00 8!hOO 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OU 33.216 33.1121 3".001 35.164 36.1II6 38.248 39 • .as 39.191 40.11'6 DU 

ROTOR -L.E. BETA 1 -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -11.000 -0.000 liEU 1 
ROTOR -V.~. BETA 2 51.9" 52.101 "9.709 44.118 43.751 .. 3.&50 "9.121 53.120 58.783 UTA 2 

BETA I 1'11.1 :>6.521 '4.623 !>4.282 55.410 56.126 51.11B 59.911 60.556 62.410 UTA IPRI 1 
BHAIFIlI 2~.362 29.9U 30.854 27.340 29.894 33.570 39.966 44.092 .. 5.911 8HAIPIII 2 
V U .... 3.84 482.26 .. 94 ... 9 492.64 "93.011 ~.56 413.20 461.18 434.55 V 1 
V 2 631.26 !o96.21 599.65 665.02 612.17 662.21 612.85 584."3 585.'58 V 2 
liZ I 443.15 "'2.15 494.,.3 .. 9Z.61 .. 92 ... 1 493.56 410.08 "3.86 "31.12 Vl 1 
VZ 2 3n.64 l66.21 3111.77 "'2.05 "15.'1>0 "77.11 _.53 ~.28 303.Z0 VZ 2 
V-ninA I -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
v-nInA 2 .,91 • .,2 '1>70.54 451.39 'i68.">1 _.68 458.34 oW>Z.13 466.1111 500.31 V-THETA 2 
'IIPRI I 80 .... 5 832.9 8 .. 7.0 1161.7 198.0 9Z9.5 MI.l 945.2 935.1 VIPRI 1 
V4PRI 2 IoZ6.7 422.5 "51.1 531." 560.1 513." 523.6 418.6 "37.1 VIPRI Z 
Y'TMHA Pili. -671.0 -619.0 -687.6 -71 .... 3 -750.5 -186 .... -113.5 -121.1 -828.6 Y'THETA PRI 
YTHETA ""2 -176.0 -210. l' -231.6 -244.1 -219.0 ~16.6 -U5.7 ~39.3 -313.7 VTHE 'A PIIZ 
U n 670.91 61'9.04 661'.61 ,.4.33 150.41 186.43 113."9 1121.1) 828.62 U I 
U 2 613.'1>1 681.22 689.03 712.41 143.TZ 7"".97 7911."1 1106.22 111".03 U 2 
~ I 0.4040 0.4403 0.<1>519 0.">501 0 .... _ 

0.4529 0.4311 0."260 0.3953 M I 
1'1 2 ~.5513 0.5202 1).52"3 0.5S44 0.5_ 0.581" 0.53"'1 0.54116 0.5018 M 2 
,'UPi'll 0.1322 0.11003 0.1739 0.1928 0.1205 0.8'>95 0.8585 0.11619 0.8511. "I Pili 
MIPltD 2 (,.3126 0.36416 0.31j)~9 1).4610 0.492" 0.50" 0 ... 563 41."244 0.3190 "CPIlI 2 
TURNI 1'1\» 32.156 2".700 23."210 211.069 26.115 24.265 19.940 16.391 16.451 TURN CPR I 
UUBAR 0.0960 0.15110 0.1338 0.0531 111._0 0.0140 0.1161 0.2215 0.2619 LlJBAR 
LOSS i'AR~ 0.41253 0.0">02 D.O~l 41.0145 0.0126 0.0207 0.0410 0.0513 0.0660 LOSS PARA 
DFAt ~.1!o491 0.6581 41.6272 0.5534 0.5421 0.5418 0.6121 0.6!>" 0.1206 OFAt 
HfP O.~~"2 0.7871 0.8187 11.9267 0.9581 0.9"58 0.8339 0.1838 0.8009 EFFP 
EFF 0.6"'73 O.17~2 O.!I1 11 0.9231 0.9559 0.M3O 0.8262 0.77 .. 2 0.1916 EFF 
lillC 10 ... \l90 3.101 3.103 3.361 2.125 1.896 1.295 -1.149 -5.67 .. INCIO 
OE\l1'i 9.2U2 15.1'51 16.219 11.699 6.683 6.010 8.3"1 10.953 10.000 OEVM 
P ! 1<1> • .,58 1".100 H.T"7 1">.151 1".152 J".753 1 oIt. 649 14.595 14.318 P 1 
P 2 20.058 19.656 19.748 20.617 20.965 20.92" 20.2DZ 19.831 19.852 P 2 
T 1 518.700 SIS.700 518 .100 518.700 !l18.700 'H8.100 518.74141 518.100 518.100 T 1 
T 2 578.721 576.383 !51".353 !H5.615 516.021 516."51 579.085 580.026 581.961 T 2 

STATOR E PCT SPAN 95.00 90.00 85.00 1'0.00 SO.OO 30.00 15.00 10.00 5.00 PCT SPAN 
OU 33.207 33.56"> 33.921 3".992 36 ... 20 31.848 3G.919 39.276 39.633 OIA 

SlAlOM-L.E. IIETA 2 52.~65 51.761 <1>8.7110 44.839 43.011 43.666 50.410 55.38 .. 102.900 BETA 1 
~'lATClR-l .E. BETA 2A -1.11041 11.050 ~.IOO 0.600 1.~0 1.010 0.840 1.500 1.881 8ETA 21. 

V 2 627.39 599.29 609.01 665.02 682."1 665.63 1002.34 569.08 563.75 V 2 
V 2. ..... 3.05 0019.05 405.08 469.51 506.69 513.22 464.63 444.09 440.54 '12" 
VZ 2 382.23 310.92 401.8) 411.51 ~911.76 411.18 383.59 323.011 256.70 VZ 2 
VZ 2A ""2.96 1019.0"" 405.06 "9."7 506.35 5lZ.82 _.zo 443.504 439.8" VI ZA 
V-THETA 2 "97.51 "70.10 "!I1.bl 468.86 465.39 ~59.28 463.85 468.06 501.64 V-TliE'A 2 
V-THETA 2A -e.91 0.37 -o.n ".92 13.09 9.58 6.81 11.62 1 ... 44 V-THETA 21. 
'" 2 11.5"77 0.5230 0.5329 0.58 ..... 0.6006 0.5845 0.52"5 0.4936 0.4819 ,. 2 
'" 2A 0.3811 0.3601 0.3490 0.4058 0.4389 0._ 0.4001 0.)816 0.37711 .. 2 .. 
TUIlN! PR I 53.625 51.110 48.812 ..... 232 "1.518 "'Z.56O "9.521 53.1135 60.913 T\JRNIPR, 
UUB_R 0.010412 0.0164 0.0802 0.1563 0.lZ07 0.1036 0.0114 0.0210 0.0360 WBAR 
lOSS PARA 0.0203 0.0056 0.0276 0.41555 0.0441 0.0399 0.0283 0.008" 0.0145 lOSS PAllA 
OF'" 0.51058 0.5681 0.59102 0.50423 0.5038 0.">904 0.5309 0.'423 0.5692 OFAC 
fFFP 0.892) 0.9111 0.8699 0.7211 0.1626 0.1140 0.114011 0.9512 0.9158 EFFP 
INCIO 2.298 11.313 8."23 6.808 10.311 1.191 1l.703 lZ.215 3.707 INCIO 
O~V'" 7.blZ 11.362 11.210 U.515 12."92 12.136 13.2111 14.179 6.133 DE v .. 
P 2 20."58 19.656 19.148 20.611 20.965 20.92" 20.202 19.831 19.852 P 2 
P 21. 19.835 19.601 19."7C 20.C09 20."18 20.411 19.956 19.161 19.1 .... P 2A 
T 2 57e.lZl 576.383 574.353 515.615 516.021 516.451 579.085 580.026 581.967 T 2 
T 2A 5711.lZl 5710.383 574.353 515.615 5710.021 516."51 579.085 580.026 581.967 T 2 .. 
UUElAR FS Jol';39 0.130" :;0157B 0.0781 0.1753 0.11029 001,19 UUBAR FS 
P2 FS 0.1403 0.OB42 

P2 FS 2.;.238 2".0'- 20.068 20.'90 20.,7 B4 20.BOS 20.038 20.340 20.259 LOSS PARA FS ~., 350 :::. ,; " ... 5 '~.0543 0.0495 0.0311 0.0301 0.0095 0.0651 0.0612 lOSS PARA FS 
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Table A-3. Blade Element Perfonnance 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equh'alent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232.66 Equivalent Weight Flow = 121. 43 

UnHonn Inlet 

INLET, 
PeT ~PAN Q6.bO 92.00 86.9(1 11.00 "9.50 28.10 12.00 1.10 3.00 PC T SPAN 
OIA 33.122 33.529 33.961 35.312 31.131 38.95" "0.321 40.731 "1.085 OU 
BETA 0 -<. .!>co -C.OOD -(1.000 -C.OOO -0.000 -0.000 -0.000 -0.000 -0.000 8fTA 0 
B!=TA 1 -O.ODIJ -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BElA 1 
V 0 <,86.0" "86.0It "86.0It 1t86.0It 1t86.0" "B6.0 .. 486.010 1t86.04 1t86.0It V Q 
V I 519.1" 5..e.99 5"2.31 531.35 526.94 'Ul.29 522.3it 510.91 "16050 V 1 
vz 0 4~6.0'" 486.04 Io86.0It 1086.03 486.00 "85.96 485.91 485.91 485.91 VZ 0 
VI 1 ~29.16 ~Io8 .99 5 .. 2.37 531.34 526.90 521.20 522.21 510.83 1t86.31 VZ 1 
V-TH~TA 0 -c.oo -0.00 -C.OO -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THETA I -c. 00 -o.co -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-TMETA I 
M C ll.4IoJ8 0.4438 0.4438 0.4438 0.4438 0.4438 0.4438 0.4438 0.4438 1'1 0 
,. 1 O."8~O 0.50 .. 1 0.4977 0.4871 0.4829 0.1t832 0.4184 0.4616 0.4443 1'1 1 
TURN C.C 0.0 0.0 0.0 0.(1 0.0 0.0 0.0 0.0 TURN 
UUBAR 0.~<'18 0.3S3!> 0.3212 0.3239 0.3164 0.3266 0.3188 0."341 0.5402 UU8AR 
OFAC -<. .U69 -0.130 -0.116 -0.093 -0.08" -0.085 -0.015 -0.051 -0.001 OF At 
EFFP 0.2b~<' 0.10553 0."503 0.3924 0.3721 0.3612 4.3039 0.20105 0.0037 EFFP 
INCIU -C.OOtiO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 INCID 
DEV,. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 on .. 
P 0 15.>92 15.392 15.392 15.392 15.392 15.392 15.392 15.392 15.392 P 0 
P I 1".331 14.704 1'0.767 14.762 14.776 110.756 14.655 14.546 14.3"1 P 1 
T a 518.no 518.100 518.700 518.700 Sl8.700 518.700 518.100 518.700 518.100 T 0 
T 1 518.100 518.100 518.700 518.100 518.700 511.700 518.100 518.700 518 .100 T 1 

~O TOR ~ PCT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PtT SPAN 
DIA 33.236 33.621 310.001 35.16'0 36.1(,6 38.2'8 39.405 39.791 1tO.176 OU 

RC'TCk -L.~. eHA \ -c.ooo -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 1 
ROTUK -T.E. BETA 2 3,.,,01 31.359 30.381 29.238 28.341 26.711 21.924 30.961) 37.100 bETA 2 

8FTAIPRI 1 49.0105 106.577 46.5"0 48.183 50.196 51.569 52.609 53.429 54.9"2 eETAIPRI 1 
ofTAIPRI 2 26.3Q4 2~.514 25.5105 26."95 29 .925 33.081 31.116 "0.713 51.0101 8 ETA! PRI 2 
v I 530.5" 585.90 5910.00 58l.55 570.71 511.11 570.50 5'9.66 533.47 V 1 
v 2 632.'1 669.17 684.13 103.30 691.11 685.91 6101.14 587.61 "67.70 V 2 
VZ \ 530 ..... 585.11 593.93 582.52 510.00 566.80 566.710 555.61 529.99 YZ I 
vz 2 524.25 571.39 590.17 613.68 608.00 611.13 565.58 502.56 369.23 VI 2 
V-THETA -(j .00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 ~.OO V-THHA I 
Y-TH~U 353.63 3"8.22 3,.5.99 343.51 321.93 307.90 299.76 341.49 285.37 V-THETA 2 
VIP~ 1 1 809.6 852.3 8b3.5 813.7 890.9 916.5 935.6 935.0 92".7 YIPRI 1 
Y'PRI .: 585.3 1033.2 65,..1 685.7 701.8 731.1 710.7 665.0 588.1 VIPRI 2 
VTHHA PRI -611." -618.9 -626.8 -651.1 -68,..1 -716.8 -7101.5 -1"9.0 -755.3 VTHETA Pill 
VTHE fA PR2 -2100.2 -212.7 -282.1 -305.9 -350.0 -398.5 -'028.0 -1,33.4 -1,56.6 YTHt TA PRl 
U 1 1>11.59 618.9" 626.16 651.11 68".05 716.8" 141.50 1 .. 9.0n 155.29 U 1 
U 2 1013.81 620.93 628.05 649.102 677 .90 706.39 127.75 134.81 741.99 U 2 
,. 1 C.4863 0.5399 0.5478 0.5366 0.5251 0.5255 0.5249 0.5144 0.1t891 ,. 1 
M 2 O.5t-03a 0.5989 0.6141 0.6313 0.6197 0.6156 0.5739 0.5228 0.10118 i'I 2 
MIPR 1 0.74<1 0.7853 0.7963 0.80108 0.8196 0.8433 11.8608 C.8593 0.8418 "IPRI 
"'IPRI 2 u. ~211 0.5667 0.~e72 0.6155 (;.6293 0.6561 0.6357 0.5917 0.5118 "'CPRI 2 
TURIHPRI 22.b66 21.059 20.993 21.686 20.251 18.426 15.400 12.562 3.825 TURNIPRJ 
UUSAR 0.16610 0.15l9 0.1310 0.1057 0.1112 0.1001 0.1598 0.2340 0.3360 WBAR 
LOSS PARA C'.C.432 0.01002 0.0351 0.0291 0.0327 0.0282 0.01042 0.0621 0.071t8 LOSS PARA 
DHC u.4uj8 L.3171 0.3616 0.3360 0.3302 0.3145 0.3505 0."008 0."724 OFAt 
EFFP (,.1121 0.13103 0.19"1 0.8059 0.7871 0.8185 0.1397 0.6246 0.39110 EFFP 
EFF C,.7",1""5- ~. 7293 0.788" 0.8002 0.1816 0.8133 0.7332 0.616B 0.3893 EFF 
IMCI0 -3.367 -1,.339 -1,.038 -3.860 -3.801 -4."32 -6.093 -a .896 -13 .234 INcro 
OEVP4 11.24~ 11.3510 10.911 7.855 6.715 5.522 5.493 1.635 15.066 DEV .. 
P 1 14.337 1".10'> 14.767 14.162 1".176 14.156 1".655 1".546 110.3"1 P 1 
P Z H.nl 11.651 17.860 18.112 18.017 17.986 17."20 16.823 15.155 P 2 
T I 516.700 518.100 518.700 518.100 518.700 518.700 518.100 518.700 518.7CO T ) 
T 2 55b.lN ·556.801 55~ .439 557.105 551.387 555.802 ~5".516 554.383 S54.'I86 T 2 

STATOR E PCT SPAN 95.CO 90.0v 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCl SPAN 
DIA 33.lC1 ll.56'o 33.921 3".992 36.420 31.848 38.919 39.216 39.633 OlA 

SlATUR-L.E. BETA 2 3 .... 2~0 31.170 29.196 29.21" 27.899 26.605 28.526 31.955 39.333 8~lA 2 
STAll'R-T.~. BETA ZA -C.250 l.bCO 1.800 0.150 0.300 1.800 1.801 1.000 -1.70n BElA 2/1 

V 2 628."5 673.03 696.66 703.3C 702.26 689.62 630.01' 51/Q.87 451.99 V Z 
V 2 A 5106.94 585.3b 608.60 659."1 659.b3 !l59.63 576.98 546.61 531.21 V 20. 
liZ 2 519.'ol 575.86 60".53 613.3b 620.31 615.98 552.83 484.56 349.11 liZ 2 
vz 2A 56b.93 585.12 608.21 659.n 659 .... 0 b58.'11 576.23 546.0" 530.'\>8 liZ 2,. 
V-THE fA 2 353.109 3<,8.3 .. 341>.16 343.8" 328.43 30B.53 300.'1'1 302.26 286.13 V-lHEU 2 
V-T HE TA 2A -2.41 16.3'" 19.12 1.13 3.45 20.71 IS.B 9.53 -15.75 V-THETA 2A 
~ 2 (.5~Q3 0.6026 0.6262 0.6313 0.630" 0.6H92 0.5628 0.5081 0.3915 /I Z 
,. 2A 0.501" 0.5195 0.510211 0.5890 0.5894 0.5903 C:.5H8 0.4846 0.4101 " 2A TURN' PR' 34.~OO 29.569 27.9910 29.118 27.5U 2~.ln Zb.1I8S 30.908 40.913 TURNIPRJ 
UUfAR [.0.912 0..136" 0.112 .. 0..0300 0.0163 0.0321 0.1744 0.1118 -0.35 ..... UUBAR 
LOSS PARA J.(',.;u7 0.0'06'0 11.0387 0.0101 0.0061 0.0126 0.069! 0.0 ..... 1 -0.1,.29 LOSS PARA 
OFAC C.2688 0.2983 0.2882 0.2356 0.2326 0.2050 0.2629 0.2501 0.095'1> OFAC 

\ EFFP O.~655 0.50'12 0.58910 0.1890 0.8820 0.6112 0.0364 -0.1698 0.1543 EFFP 
INCID -15.911 -!2.218 -111.1,95 -8.156 -8.803 -9.256 -10.174 -11.212 -19.870 INtlD 
!'EY'" 8.582 12.912 13.110 11.125 11.312 13.465 14.240 13.679 3.155 DEY" 
P Z 11.221 11.651 11.860 18.112 18.011 17.986 11."20 16.823 Is.ns P 2 
P 2A 10.921 ll.121 17.39" 17 .98" 17.9It8 11.852 16.833 16.519 16.33J P 210 
T 2 55~' • .!79 556.801 555.'039 557.1115 551.381 555.102 554.516 554.383 554.986 1 2 
T 2A 558.219 556.801 555.1,39 557.705 557.387 555.802 554.!U6 "4.383 554.986 T 2" 
UUBAR FS ,J. 1 ;61 Uol<51J .... l,)~nc \.).0456 0.0419 0.U333 C.2.2~ 0.024 0.2775 IJUUR FS 
PZ FS 17.475 17. 6J 1 17.789 18 .lB2 1 ~. 130. 17.988 17.721 \7.4a 170176 P2 FS 
LO~S PARA FS •• c'" c. ~I'" £. J ...J.D3;4 0,,)163 0.0.157 0.01Z8 0.0960 O.lO~~ 0.1119 LOSS PARA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 99.65 Equivalent Rotor Speed = 4195.46 Equivalent Weight Flow = 117.78 

Uniform Inlet 

Ir-.. L~ 1 
PCT SPA~ ~b. ~,:, 92.00 86.90 H.OO 49.50 28.10 12.00 7.10 3.G~ PCT SPAN 
CIA 3J.la 33.~l9 33.962 H.312 37.137 38.954 100.321 40.737 41.085 OIA 
HI. e -v ... ",,'C -( .vee -{ .• ~oe -O.r.OC -.J.OOO -<l.000 -0.000 -C.OOO -() .000 6ETA 0 
"UA -\:. ... "''''' ~.UCO -o.vOO -0.000 -<1.000 -0.000 -0.000 -<-.000 -o.OOC IIETA 1 
V C 411. Jo 411.36 Hl.36 411.38 471.38 471.~ 411.36 471.38 471.3& V 0 
V I ~CJ.4~ ~1~.6(; 508.54 506.86 498.93 497.93 49C.41 483.56 456.53 V 1 
~l ~ 411.:'7 ~71.3f\ 471.38 471.31 "71.34 .. 71.30 "71.26 "11.25 1t71.L~ VZ 0 
Vl I Si:,;J ... H ~150.6v Hij.54 506.85 498.90 497.85 490.28 4113.43 456.41 V1 1 
V-Hill. -{ .Le -<' .C~ -lo.UO -0.00 -0.00 -0.00 -C.00 -0.00 -0.0e. V-THHA 0 
V-THl TA -U.,,-O 

-<l. "" 
-() .loO -<' .00 -o,.t)O -0.00 -0.00 -<-.00 -0.00 V-THHA 1 

M " C .4299 ~.4299 0.4299 0.4299 0.4299 0.4<199 0.4299 Q ... 299 0."299 II 0 
M I (;. 'tOll" C ... 720 0.4653 v ... 636 0.4561 0 ... 551 0._0 0.4415 0."159 II I 
TUhN (..(. O.C 0.0 0.0 O.~ 11.0 0.0 0.0 o.G TURN 
UUH~h l·. 51 <~ 1.ot • .3~"'Z lo.3029 0.304" 0.302\/ C .3063 0.31>79 0.'0(:67 Q.5350 WbAR 
l.Jf-AL -u.lbb -",-.(.19 .. -<1.079 -0.075 -{J.058 -v.056 -{J .04G -11.(,26 0.032 ['FAC 
,FFP a.214~ G.3ij53 0.3662 0.35 .. 3 0.29n 0.2815 0.1921 0.1199 -0.1383 HFP 
INtlD -0 .",~lvC. -c..OOOc. -(.0000 -(. .0000 -0.0000 -<1.0000 -<l.DOOO -(,.0000 -0.0000 INClO 
rl VM l.~C(. C.O"" 1'.0vO 0.000 1.1.000 0.000 0."0(0 0.':'00 0.000 DEVil 

l~,'ltl 1~.31& h.31B 15.316 15.31B 15.318 15.318 15.318 15.316 P 0 
P l".~d(. 14.101 14.704 14.762 14.764 1".758 14.6 .. 5 1".57" 1".~"''' P 1 
1 <, S1O.NO ~lt:l. 7uU ~1~.70U H~.700 518.700 518.10" 518.7UC 5111.700 518.7(,0 T , 
I 51~. ,v~ 516.7CO 516.700 51B.7r.0 518.1('0 518.700 518.700 518.7ou 51b.l0u T 1 

>21,-, ~ PCT ~P_N 95.0(.1 90.\,1. 65.00 70.00 50.~0 30.00 15.00 10.00 5.(,0 ptT SPAN 
U[A 33.2.:.b n.b21 34.(,"7 35.164 3;,.n6 38.248 39."05 39.791 4v.176 ilIA 

!-lIll.' -~. t .. 0(11. I - .... vOll -0.000 -O.COO -D.OOO -C.OIIO -0.000 -0.000 -0.000 -O.OOU SETA 1 
kUIL. .... -l.l. tllA < 'l'.Hb 31.7J.0 35.%8 33.135 33.0ul 31.803 32.15& 35 •• >71 41.019 BETA ;;: 

l ~U'P~' 5iJ.'2,; "B.200 "~.2"3 "9.358 51.560 52.99" 5".193 54.711 510."91 IIHAIPRI 
bET.'Pkl ,,6.137 <'5.912 2~.6"'" 25.581 29.458 33.257 36.902 40.16u 41.969 BETAIPRI 
V 1 ~;.: .. ~. 76 ,ltB.66 ~5 ... 68 55".03 538.84 537.71 533.1 .. 5211.0" 4911.95 V 1 
V 2 ~¥b .. 6v b17.9l ;'41.20 675.14 1060.12 646.63 616.62 576.3C. "9J.30 V l 
Vl 1 5"'.67 ~ .. 8.54 55 ... 61 55".00 538.18 535.510 53(0.<.3 524.28 495.70 Vl I 
Vi L .. ~6.C 1 loB 8 .10 ~21.95 561.104 553.39 548.77 517.37 4611.60 Hl.10 V1 ~ 
V-THe h -v.ClO -Co .v" -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
V-THl H ~b"t.6t1 378.02 312.41 374.9 .. 359.39 J4G.29 332.88 332.80 323 • .,,,, V-THEY A 2 
V(Pkl I 7811.11 bB.l 832.6 1150.6 866.1 891.1 11011.3 911.1 b99.7 VIPRJ • V(~.' < ~vb .u 5"3.4 57 •• B 622.5 635.8 1057.2 1048.3 614.7 555.4 VIP/( J 2 
VTHtH PPI -OUb.' -b13.~ -621.2 -b45 .... -b78.0 -71C.5 -735.u -742." -748.10 VTHl TA PRI 
VTHElA PR.2 -".2..Jo.b -;{31.~ -250.1 -2;'8.8 -Hi.6 -359.9 -3108.5 -395.10 -412.(, VTHf TA PR < 
U I b06.21 613.5( 621.l5 6"5.39 1078 .0" 710. !)4 734.98 142."2 748.65 U I 
U 00B."2 615.41 622.53 ""3.71 671.9" 700.18 721.35 728.42 735.47 U 2 
~ u • .ltb16 ~.5037 0.50910 0.5089 0.49"3 U.4932 0.4894 0.4639 0.4561 M • M , L.!:JLU5 ~.~ .. 96 0.5123 ('.6035 0.5691 0.57107 ('.5483 (,.51(,5 0.433b ~ 2 
"(~RI (j. 721 ~ v.7557 0.76» 0.7813 (0.7945 0.11173 C..8328 0.83'09 L<.8'Z" IICPRI 
~IP'I C' ... ~l!v •• 4ijB (;.5166 ".5565 ('.5675 ~.58bl " .5765 ".54"5 O.1HI81 "IP/(I ~ 
lU~N(P~' 2 ... Gb2 ;::£.2& .. n.;'36 23.77b 2,.082 19.6n 17 .201 1 ... 519 11.43 i. TURNIPRI 
UUdAk O.i. 1~ (,0.1297 0.0834 (;.0387 0.~7 0.0"29 0.07109 0.1369 0.,,074 uueAR 
lUSS P"~A, (l.v3(.0 (,.0310" ".(,0223 ".ul!)l 0.0125 0.0121 0.1/213 ".0367 " .0492 LOSS PAllA 
lJFAl ~ .4't7~ ".4741 oJ.'379 " ... 0310 C.J989 0.3900 0."123 O."52.t:: 0.5090 IlFAC. 
fHP u.d'5 \.I.b.£~b I. .\/071 0.9556 0.9454 0.9"&8 Q.9047 " .&213 u.b8b6 ~fFP 
E ~~ v.ti.JI.,o"1 (,.82"" 0.90"1 0.95"0 0.9'035 0.9470 0.9015 0.8159 0.6186 EFF 
lNC]P -£.lCb -2.71<> -2.335 -2.685 -2.443 -3.004 -4.50;, -1.551 -H.682 INC.l0 
DEV~ 1".~b7 11.752 10.971 6.941 6.,"7 5.698 5.280 1.023 12.011 OEVM 
P I l .... lec.. 1".7(,7 l'o.704 14.762 14.7"" 14 .156 1".""5 1".574 14.3..a P 1 
P II.e611 16.149 18.412 18 .9lU 16.878 18.8C6 18.451 17.982 17.158 P " 1 ~ I o. /tc. ~lb.700 H8.700 518.700 518.700 518.7(,0 518.700 518.700 518.7"0 T 1 
T . 5~~.YL' ~57.656 55b.626 556.655 5511.704 557.975 557.959 558.036 558.916 T 2 

5. T A 1..:; P. t PeT ~P'N 95.vu 90.",,':' 65.0~ 70.00 50.00 30.00 15.00 le.OO 5.(;0 ptT SPAN 
ulA 3.:).,~7 33.504 3;'.9,) J" .992 36.42(; 37.11 .. & 311.919 39.276 39.;'33 au 

ST /.ll1'..-l. t. bUA 
.... L. """" J7.!>C.C. 3 ... 8"7 33.777 3l.~v4 31.680 33 ... ;,7 36.537 "2.971 eETA 2 

~TlIl·k-l. t. bUA V -l.lI"lL 1.00L 1.6~O 0.6CO 0.300 0.58C. 0.90v -0.300 -3.901 BETA ~A V , S.~.J.L6 621.1B 652.12 675.1" 670.1 .. M9.88 605.83 5U.ll "16.36 V 2 v .A 4"5.11> 4"'503~ 513.89 584.75 592.C.1 566.91 521,"5 493.15 480.78 V2A 
Vl 2 "~I.J" '.92.81 53~.lb 561.09 56".90 552.5" 5u ... n "50.29 3"8.18 VZ 2 
V] LA l,y~ .od '95.<6 513.6~ 564.63 5'11.1>6 586.53 520.96 "92.70 "19.16 V1 21. 
V-l.iI:.TA 3t:.4.1, HB.15 37;'.59 37'>.29 359.<;4 340.99 333.68 333.105. 32 ... 35 V-THETA Z 
\"-lh~T" <A -Q.!,.2 8.64 14.60 6.12 3.1v 5.94 8.19 -2.58 -3l.68 V-THETA 21. 
II I O.57~~ 0.5527 C..5827 C.6035 0.5981 C..5798 0.5381 0."9103 0."182 M 2 
M 2A v.4;'~" ".4:;~9 ...... 5310 C..5160 C..5249 ".5204 ('."597 11 ... 338 0."222 II ZA 
TURNIP". ,1 • ., .. 4 j;'.5~O 33 .1'1~ 33.111 32.187 31.068 32.522 36.786 46 .809 TURNIPRI 
uu .... '" l. .O.)L' ~ C.luH 0.1266 0.01039 0.0156 0.I/3US 0.161" t.1182 -0.1811 weAR 
lO~~ PAR .. l'. 0\·2 I,...Q3~4 ~ .04jb (;.01~6 0.II05b 0.0118 0.U64() L.0473 -<l.0729 LOSS PARA 
l~A( O.3f.B C (..4u~Z O.401~ C.3286 U .31,..3 ... 29"" 0.3533 ('.3621 0.,,945 OF 1.(. 
lfF P (.9\.v9 C.7514 0.1036 0.8474 0.9383 O.d5"3 ".4381 C..52102 -1.9547 EFFP 
INlI~ -~.72~ -~.l>e7 -~ .... " -4.25~ -4.200 -4.185 -5.237 -b.633 -16 .233 INc.J 0 NVM 7.13::: 12.31. 12.9bQ 11.575 1 ... 312 12 .246 13.3"1 12.380 0.957 O[V~ 
P .: 17.b1lS lij.l .. 9 18.41, 18.920 111.878 18.806 18."51 17.98. 17.15B P 2 
~ < A I 7. 7~' 17. "05 17.991 16.739 15.815 18.688 17.918 17.653 17 .511 P 21. 
I L ~!)'t.IJL" !>57.8~6 ,56.62ij 558.655 558.704 551.975 557.959 558.036 558.916 T 2 1 :t.A ~~9.C,j22 !l57.b!»6 556.621> 558.655 5511.7C" 551.915 551.959 556.036 558.911> T 2A 
UU".' F • 

(J. 1'"-, b 5 0.1,72 ~.1I39 0.0200 ~. 0 175 0,0233 0.2320 0.2bOO 0.2498 UU8AR FS Pl fS 1".15b 110,.2:'0 I B .417 I8.B __ 18,886 18,776 18.755 18.,16 180276 P2 FS 
l~~~ PAI-',A ~~ 0."'365 O. 412 C,QJ92 0.0092 0,0055 0.U089 0.0921 0.1 C' 40 w.1OO5 LOSS PARA FS 
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Tahle A-3. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 100.28 Equivalent Rotor Speed = 4221. 89 Equivalent Weight Flow = 111. 27 

Uniform Inlet 

Ir.LfT 
_CT SP .. N Qb.8C '12.0C 810.90 71.00 49.S0 28.10 12.00 7.10 3.00 peT SPAN 
olA 33.IU 33.52'1 33.'162 35.312 37.137 38.95" 40.321 40.737 "1.08S OU 
BETA 0 -G.~IO'" -0.000 -o.ODO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 0 
BETA I -~.()OO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
V 0 .... 3.(;! 1t43.01 1t43.01 1t43.01 .... 3.01 .... 3.01 .... 3.01 1t43.01 .... 3.01 V 0 
V I "'b9.16 "66.59 1t83.1~ oWl 1."2 "73.54 "69.35 "5'.75 .... 9 ... 3 419.05 V I 
VZ 0 ~43.(l1 1t43.01 1t43.01 .... 3.01 .... 2.98 .... 2.9 .. ....2.90 .... 2.89 .... 2.90 VZ 0 
VZ I 469.1~ "86.59 483.72 .. 81 ... 2 "73.50 469.27 .. 55.64 .... 9.30 "18.'1" VZ 1 
V-THFU " -('.;"0 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA a 
V-THETA I -o.uo -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 

'" 0 
U. 40 J2 C,.4u32 0.4032 0.4032 0."032 0 ... 032 0,"032 0 ... 032 0."032 .. 0 

'" I 
0.4278 0._ 0 ..... 110 0."395 0.4320 0,"280 0."152 0.4092 0.3807 .. 1 

TURN v.e. 0.0 0.11 O.CO 0.0 0.0 0.0 0.0 0.0 TVIlI/ 
UUBAM ,; ... 811 0.31"& 0.2852 0.28210 0.2839 0.2878 0.3520 0.3861 0.5389 WBAIl 
OFAC -t.~~9 -0.0'18 -0.092 -0.087 -0.069 -0.059 -0.029 -0.01" 0.054 OFAC 
EFFP 0.2(,93 0.4100 0."169 0.40"5 0.3 .. 7 .. 0.3107 0.1"88 0.0736 -0.2553 fFFP 
INCID -Loooc, -0.0000 -O.OOCOO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 IPICIO 
DE V'" C._OC 0.000 0.000 0.000 0.000 O.OOC 0.000 0.000 0.000 DEV'" 
P 0 1~.7Ib 15.216 15.216 15.216 15.216 15.2110 15.216 15.216 15.216 P 0 
P I .4 ..... 1 14.70'1 1".7Sb 14.7101 14.759 1".752 1 ... 6 .. '1 1".59" 1".3"7 P 1 
T a Ho.leO 518.700 Sl8.700 S18.700 518.700 '18.700 S18.700 518.700 518.70C. T Co 
T I 516.7QO 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T 1 

RO TeR < PCT SPAN 95.00 90.0'l 85.00 70.00 50.00 30.00 15.00 10.00 5.00 peT SPAll 
tllA 33.236 33.621 3".007 35.164 36.706 38.248 39."05 39.791 .. 0.176 OIA 

kOTU~ -L.~. BEU I -~.OOO -(l.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA I 
ROT~A -T.L. BETA 2 "4.<o9B "2.328 "0.031 37.883 37.520 36.689 38.276 42.420 "7.838 BETA 2 

eHAIP'" 52.37~ 50.081 "'1.913 51.061 53.246 5".8 .. 9 56,"19 56.'180 58.953 BHAIPIl' 1 
eETAIPR' 2".558 25.967 25.605 25.545 2'1.226 3 ... 038 38.013 "2.287 oWI.938 BETAIPII' 2 
V I 470.30 516.67 526.25 52".81 510.21 505.51 .. 9 ... 31 "89.03 .. 510 ... 8 V 1 
v 2 596.28 599.34 620.18 653."9 6"2.~2 61'1.32 589.87 5"5.65 49D.37 V 2 
Vl I 470.<1 ~16.55 526.1'1 52".78 509.58 503."7 "91.05 oWI5.55 453.50 VZ I 
VI 2 4Z5.3C 443.08 47".86 51~.77 5,)9."2 496.00 "62.1" 401.02 328.62 VZ 2 
V-THETA I -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -(1.00 V-THETA 1 
V-THlTA 2 417.91 "03.56 398.90 ""01.26 391.17 369.56 3104.66 367.35 362.90 V-THETA 2 
VIPR' 1 770.3 805.0 817.2 835.0 852.0 875.7 889.6 892.9 880.9 VCPR, 1 
VIPI'.) 2 407.6 4'12.9 526.6 571.7 58".0 59'1. " 587.8 5"".5 501.0 VIPRI 2 
vTHElA PRI -61(.0 -017.4 -625.2 -6"'1.5 -682.3 -71~.0 -739.6 -7"7.1 -753 ... VTHE TA Pili 
VTHETA PRZ -194.3 -215.8 -221.6 -2"6.5 -285.0 -335.0 -361.2 -365.6 -377.2 VTHE TA PR2 
U I 610.~3 617 .37 625.16 b49.106 1>82.31 715.01 739.61 7"7.10 753.37 U I 
U l bI2.Z~ 619.35 626.45 b .. .,.76 676.18 .,0 ... 59 725.'10 133.00 740.11 V 2 
M 1 C.4289 0 ... 130 0."822 0.oWI08 0."668 0.1062" 0.4517 0.4467 0."159 .. I 

'" 2 
(.. 5lb 5 Co.5299 0.5500 0.5805 0.5700 0.5485 0.5208 0."798 0.4288 M 2 

MIPR) 1 0.7025 0.7370 0.7488 0.7650 0.7796 0.8009 0.812'1 0.8156 0.8025 "" PI'. I 
~IPRI ~ 0.4129 0.4358 0."670 0.5078 0.5181 0.5308 o .519t 0."788 0."382 "'I PR I 2 
TURNIPf) H.B13 24.10'1 24.306 25.515 2 ... 001 20.75" 18.321 1".608 9.951 TURI/IPRI 
UUBA~ u.IlH 0.1351 0.0923 0.0i088 0.0610 0.0741 0.1131 Co. 1833 0.2189 WIUR 
LOSS PARA 0.u3"5 0.0358 0.02"7 0.0135 0.0171 0.0207 0.0309 0.0"76 0.0509 LOSS "ARlo 
OF"C 0.55"" 0.5350 0.5001 0.101>30 0."617 O."SM 0.4303 D.5331 C .5758 DFAe 
EFFP u.8 .. 15 0.8D95 0.8134 0.9239 0.91'12 0.8'176 0.8S75 0.7750 0.n"6 HFP 
EFF (J .8359 ... 8033 0.8690 0.9209 0.9161 0.8939 0.8525 0.7678 0.106C HF 
INCIO -0.C,5b -<l.B35 -0.665 -0.982 -0.757 -1.147 -2.275 -5.337 -9.2l2 INCID 
DFVP'l 9.40'1 11.807 10.971 6.904 6.016 6."78 6.390 9.14'1 12.962 DEVM 
P 1 14.441 1".109 14.756 14.761 1".75'1 1".752 1 ... 649 1".59" 14.3"7 P 1 
P Z 16."12 18."74 18.774, 19.230 19.230 19.033 18.702 18.226 17 .6'17 P 2 
T 1 51 e. no ~lB.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T 1 
T 2 5bJ.JC3 562.14'1 561.214 !>b2.91b 563.172 562.518 562.681 562.'185 56".09!> T 2 

HATO~ ~ PCT SPAN 95.uO 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.CO PeT SPAI/ 
DIA 33.2(,7 33.56" 33.921 34.992 36."20 37. 8 oWl 38.919 3'1.276 3'1.1133 DIA 

STATlIR-L.E. BETA 2 4.t,.844::: 42.078 39.290 37.931 36.95C. 36.55 .. 39.123 43.884 50.256 BETA 2 
STA TCR-T. <. ~ETA 2A -1.3~O 1.250 1.950 1.950 1.150 0.880 1.9"1 2.50! 0.500 BETA 2A 

V 2 !.q2.7~ 602."2 630.26 653.109 652.01 622.28 57'9.93 531.80 473.62 V 2 
V 2A 450.61 .... 2.38 .... B.30 522.93 548'''1 5 .. 5 ... 2 oWl 3 .64 .. 58.06 .... 2 ... 3 V 2A 
VZ 2 420.,'1 .... 7.13 "87.77 515.36 520.84 .. 99.107 "9.~3 382.92 302.56 YZ 2 
VZ lA 450.6H .... 2.27 .... 8.02 522.56 548.12 545.03 432.97 "57.22 "1.'15 YZ 2A 
V-TH[ TA ;: ~ 17. 9B 403.70 399.()9 "01.65 3'11.77 370.32 365.55 368.29 363.86 V-THETA 2 
V-THETA 2A -It.62 9.65 15.25 11.79 11.00 8.37 16.36 19.97 3.86 V-THETA 2A 
'" 2 0.5231 0.5328 0.5594 0.5805 0.5789 0.5512 0.5116 0."671 0 ... 137 .. 2 
~ 2A C'.3934 0.3863 0.3919 0."590 0."823 0."798 0,"233 0.4001 0.3856 .. 2A 
TU~NIPRI <tb.l92 '00.827 37.338 3S.975 35.782 35.640 37.135 "1.332 "9.697 TUM 1 PR , 
UUBAR C.~bblt 0.102" 0.1596 0.0821 0.0212 -u.009'1 0.10)'1 0.0262 -0.1574 WBAR 
LOSS PARA O.J22 .. ... 0348 0.05"'1 0.0291 (l.oon -0.0038 0.0404 0.0105 -<'.0635 LOSS PAllA 
OFAC t'.4831 0.4885 0."986 0.4090 0.3759 0.3"810 0.4060 0,"022 0.37 .. 2 OFAe 
EFFP 0.&577 0.79'11 0.708'1 0.7985 0.9365 1.0377 0.6964 0.9070 2.1390 EFFP 
INCIU -~.3'~ -1.310 -1.001 -0.100 0.245 0.686 0 .... 6 0.712 -1.9"8 INCID 
DEV" 7.482 12.562 13.260 12.'125 12.162 12.5"6 1".3110 15.179 5.35" DEVil! 
P 2 18."12 IB.,,74 18.77" 19.230 19.230 19.033 .8.702 18.226 17.1097 P 2 
P 2 A 18.2(1" 18.142 18.201 18 .908 19.1 .. 7 19.068 J8.390 .8.159 18.007 P 2A 
T 2 563.~D3 511l.149 561.214 562.'116 S63.172 562.5.8 562.681 562.985 56".095 T 2 
T 2A 563.JO~ 562.1"9 ~61.214 S62.916 563.172 562.5111 562.681 562.9'5 56".095 T 2A 
WBAR FS c. i"', ~'9 C. l.i 13 ~ol21: 0.~489 0.0367 0.0334 001905 ~.212:; 0.2279 UV8A11 FS 
P2 FS 1:;."61 l:l. Slot'"' 15.6l6 19.093 19.292 19.1~1 19.C36 lS.b2" 18.679 P2 FS 
LOSS PARA F S ", 172 C. ,-'L 12 ';.(J416 (;.0173 J.J136 0.0128 0.u75, C.IJCI!:ll ~.U919 lOSS PARA FS 

170 



" Tahle A-3. Blade Element Performance (Contlnued) 
Stage E. Rotor E - Stator E 

Calculations Using Transrated Values 
Percent Equl\'~lent Rotor Speed = 99.97 Equivalent Rotor Speed 0 4208.84 EquIvalent Weight Flow 10G.84 

Unlfonn Inlet 

HH~l 

Pel SPA ... 90 •• 1 :' 92 .v~ 8".90 11.C.Cl 49.50 2S.10 12.00 7.10 3.c.0 PeT SPAH 
vIA 33.J£2 33.~~ 33.9"2 3,>.312 )7.131 38.954 4C .321 .a.nl 41.085 DIA 
nTA ~ -;...vl'l.I -<.tOIl -(:.ote. -0.0011 -v.C.00 -G.COO -0.000 -<1.000 -O.('()c. BETA 0 
t.lI A 1 -.J.O" -<- .t(;O -() .00(. -0.000 -0.000 -<1.000 -0.000 -0.000 -0.0011 BETA 1 

V " .. ;::4.50 "Z".56 4tl ... S' .. Z4.58 424.58 424.~8 424.!HI 424.58 424.!HI V 0 
V I " .. ~.~ 1 ... ~b.39 4~".J9 "55.31 4,,0.1" 452.92 440.5 .. 433 .... 401.10 V I 
Vi 0 "l4.~& "'~4.~t1 4.2 .... 58 "2 ... 51 424.55 424.51 424.41 424.41> 424.41 VZ 0 
Vl 1 4t4~ ..... .. ~0.39 .. 5-4.3Q 455.30 4!>0.12 45 •• 84 440.43 4H.52 400.99 VZ 1 
V-TrkTA c - ..... oJO -(\ .t·.· -{. • Oil -<- .00 -<l."0 -<l.00 -G.OO -0.00 -0.00 V-THETA 0 
V-TH[TA -o.c(, -0.(,0 -~.oc. -<-.00 -<1.00 -0.00 -0.00 -0.00 -0.00 V-THETA I 
M .. ~ • .Jtt~ 9 u.lti~9 0.1859 0.3859 0.3859 0.3859 0.la59 0.3859 0.3859 

" 0 M 1 \J ... ",/b v.415b 0.4139 0."148 0,"099 ".4125 0 • .a09 0.3_ 0.3640 " I Tu~N '-.1. 0.0 ... 0 o.e (.e. 0.0 0.0 c..0 0.0 TURN 
~u"A>, (, ... t 'IJ t.le!>l C..2747 0.21>91 C.H05 0.2133 (j.3388 '.3157 0.5284' W8AR 
L.FAC - .... \1 ... '" -1l.'75 -....071.' -0.012 -v. 0"0 -<l.on -0.036 -0.021 0.055 DFAC 
EFFP ('. 1 Ol' 1 u.3492 u.3583 0.3701> 0.3263 0.3411 0.1920 C..lOl" -0.2680 EFFP 
' .. CllJ -V.oulle -0.voI10 -iI .COOO -o.ClOOO -0.0000 -<1.0000 -iI.OOOO -G.OOOO -0.0000 I"[;ID 
NY" v.~OO 0.-:'0(' 1'.(,00 0.000 0.000 0.000 0.000 O.CIOe. 0.000 DE V" 
~ 1~.1~3 IS.IS.> 15.1!)~ 15.1!>3 1S.IS3 IS.U3 15.153 15.IS3 I S.H3 P C; 

14."61 1".102 ~4.1"1 llo.1S!> 1".7Sl 14. 7~9 14."52 14.591 14.372 P I 
T v ~ 1 t,.1\..1.,i !.la.7uO ~H.l00 518.700 518.1(,0 518.100 518 .100 518.700 5111.10.; T 0 
T 1 5In.7~C ~18.7G~ H8.101> 518.NO !>I 8 • 700 518.100 511.700 511.100 518.1Q0 T I 

k L T~'~ l nr ~PAN "'5.v(' '10.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PeT SPAH 
ulA 3:;.l~b H."21 3 ... 001 35.1"" 36.7';6 38.2108 19.1005 3'1.791 40.176 LIlA 

ROT;,) ... -l. t • bETA 1 -(,.·,C~ -~.OC.u -0.(>(;0 -() .000 ~·.OOc. -0.000 -U.OOO -cI.OOO -0.000 BETA I 
~lJiLr' -I.E. cc 1 • , .. c.~~7 4~.~tl4 4Z.8'" "0.185 39.421 38.482 40.1>32 44.013 50.227 BfTA 2 

btl AI Pk) ~3.~U6 51.1>40 SI.""5 52.1>02 54.5'16 55.759 51.Z"0 51.8"2 bO.OO" BUAIP!!) I 
~f TAIPR) l .. 10 .9'i1f LI>."1Z ZO ... .", 2".088 ~9.144 33.595 37.355 41.714 41.312 aUAIP!!) l 
v • ""l."7 4Hl3.5<; .. 9l.88 495.00 484.Ob 481.14 411.22 411.25 43".35 V I 
V 2 ~U 1.68 ~19.31 591.bC 1033.54 1>21>.105 101 S. 1>6 589.21 541,"2 5"".8" V 2 
Vl I 4 .. J.!'~ 4~3.4t5 ""'.l.82 "94.97 "83.4" 48!1o.17 474.08 467.89 loll.'" VI 1 
YZ < 396.71 "",,5.42 "38.29 "83.99 "'83.1" "81.31 4410.32 392.51 32Z.50 VI J. 
V-IHEYA -(j.U(' -O.UC -iI.COO -0.00 -0.00 -G.OO -0.00 -0.00 -o.CXo V-THETA 1 
V-TtlL. TA < ,",2~.jb 4n.lcl 4(1".51 408.19 397.101 382.105 382.97 380.0" 317,"5 V-THETA 1 
V I PR) 1 7~2. 7 18l.7 194.6 8IS.(' "34.9 8103.4 8711.3 881.~ 111>8.1> VIP!!I I 
VIPkl " .. 3 1.7 453.1 4~9.5 538.9 !Io57 ... 518.1 5102.1> 521 ... 4n.0 VIPRI .l 
VTHETA P., -be ~. 1 -bI5.~ ""Z3.2 ""41.!> -1>110.2 -1l2.ti -131.3 -744.8 -lS1.t. VTH~ rio PRI 
VTHUA P.:1. ... -.LtI~.t -2(,3.1 -2110.0 -231.0 -£1"." -319.8 -340.7 -350.1 -350.4 VTHHA PR2 
U I 608."~ 615."" "23.23 1>41.45 1>80.20 112.80 137.33 144.19 151.04 U 1 
U 2 .bl'" .36 b17.44 1>2".S2 MS.71> 1>1 ... 09 102.41 123.101> 710.14 137.82 U 2 

" I C' .It(,lb v ..... 15 O .... S03 0.4524 0 ..... 20 0 ..... 49 0.4355 0.4298 0.391>9 " I 

" ~ Co.~ I" 1 ... 5110 0.~Z88 0.51>18 C.55"9 0.5449 0.51910 0.480" ".4411 " 2 III~k) u.6o~ 1 (·.11 .. 6 O.12bO C,.144Hl 0.7";'2 C..1885 0.8015 C.8039 ('.7902 MIPRI 
rll PR I ('. 3<~. ( .4vLI.l ~."330 0.4778 0.4938 0.5122 C..491>2 0.4630 C.4168 .. IPIII 2 
TU~~IPR) ~H.'1C.3 2~.11l 2~.21" 2".5H 24.834 22.107 19.822 1".005 12.57::1 TUIU"PRI 
UUbAH C· .1","" ('.1395 C.098" 0 ... 509 0.O!lo2" 0.05115 0.1051 ('.1""8 0.21"3 W8AR 
lGSS P~~A L.O;: 7 .. ,.031>6 O.e.21>2 O.OIU 0.0147 G.0158 0.0292 0.043" C..Q519 lOSS PAliA 
DfAC .J.5b""- O.~7~b ('.5300 C>."929 0.4850 0.4711 0.5093 1..5513 ... "015 DFAC 
F'F~ u •• ~13 0.8211 u.819" 0.943" ... 9418 0.94"1 0.8891> 0.1995 C..7~" HFP 
FH L. U~ bi 0.815' 0.ti147 0.9412 0.9451 0.94"0 0.8855 C..1921> 0.1 .. 23 HF 
INClt- )..'-"14 •• 932 1.08" 0.5100 0.594 -0.23" -1.431 ~.451 -iI.15" INCID 
liFVM 9.1:1"'''1 12.5U 11.813 7.441 b.533 10.03" 5.732 8.103" 11.395 DEVIl 
P \ l·· .. 6tbl 14.102 lit. 7ft 1 14.755 14.753 14.7 ... 9 1"."52 14.591 14.312 P I 
P ]b.~e;. ... 1 •• 5IoS 18.831 19.305 1".3"2 19.321> 19.01" 18.532 18.099 P 2 
T 5IL.1I·0 51b.7UO 516.7C.O 518.100 518.1[,0 518.100 518 .100 5111.100 518.7VO T I 
T 503 .~,;c 502.81b 51>1.~99 51>2."9e. 5"2.991 5"2.811 504.001 5 .... 1114 5101> .265 T 2 

HATOR E PCl SPA" 9~.UC 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 1'[;1 SPAN 
DU 33.l(,7 33.564 33.921 3".992 3".420 31.8411 38.919 39.271> 39.033 DU 

~lAlL.E-l.f • bUA .7.3(,0 ..~.31l "2.0, .. "0.231 310.835 38.340 41.555 "5."31 52.898 IIETA 2 
STATCH-T.':. I,ETA .A -1.300 G.2SC. 1.300 1.850 D.80t 0.900 1.200 1.550 1.050 BETA 2A 

v Z 51t • .>~ 58l.21 1>01.20 "33.54 635.38 6111.60 579.31 533.51 4117.44 V 2 
Y 2A 4~3.L9 44;: 1. 7;t. "2"'.64 "'95.010 520.11 !H4.107 451.1>2 430.00 <tI8.7" V 2A 
VZ 2 J91.09 1,.09.43 "5C.S .. 483.5" "~.13 484.82 433.08 312.13 293.82 Vll. 
Vl ZA 4.;3.:&7 'ZI.n "14.51 "94.15 519.89 514.30 .. '7.U 429.46 418.20 VI 2A 
Y-TH.l. 4,,:. ... ~ 413.91 <oG1o.lI 4(j9.16 398.~1 3113."3 383.9(; 381.0) ~88.41 V-THETA 2 
v-rH~lA <A -4fo.b..3 1.84 9.b3 15.98 7.210 8.08 9.58 11.1>2 7.1>1 V-THETA 2A 
M 2 (1.5u9t C.51:>1 0.531" 0.5101S 0.5"33 0.541" 0.5104 0 ..... 18 0.4253 .. 2 
MolA o.;n7~ 0.31> 1~ 0.3105 0."337 0.45" .. 0.4515 0.3993 0.3742 0.3637 " 2A TU~NIPk I 4.,1.I.b66 45."'61 40.753 38.380 311.011 37.405 .a.3Ob 44.028 51.792 TURNIPRI 
UUtlA~ (.,.u~~5 ~.079~ ".1l,,5 C..0812 O.U21!> 0.0441> 0.1392 0.0119 -G.064Hl WBAR 
LL5~ PAI{A l.~I7[ u.v211 V.e .. 7C "."l8S 0.01112 11.;)112 0.0!>52 0.0288 -0.02"1 LDSS PARA 
OFH O.~(1"'4 u.:'lb~ O.!:.t2b\j 0.43910 O.'Huo 0 • .a28 0.41>15 0.412" 0.4580 DFAC 
HFP O.ti~~5 \.1.8"'&<:' c..n16 0.SI4) 0.921>4 c.. 8111 0.101>23 0.8110 1.2281> HFP INCI.! -".il('l 1.'1l4 •• 1103 2.20" 20130 2.472 Z.S41 2.458 -6.304 IHUD 
~<VM 1.~, 3~ 1I.5b.l 12.1010 12.825 11.812 lZ .51>6 13.1>40 14.229 5.90l D~V" p " 11:1, ~~, ... Hie ~I::j~ 16.~31 19.305 19.31>2 19.3210 19.01" 18.53" 18.099 P 2 
~ ~A I ~ ."10, l~.3.~ 18.312 19.003 19.2!>9 19.1"1 18 .585 H.3"'10 18.231> P .A 
T 2 5b~.tI\J"; ~o2.~lt ~bl.599 ~02."9' !>b<.997 51>2.811 51>4.001 51>4.814 5"".285 T 2 
T iA ~o3.cL~ ~Cti.Blb 561.,99 !'>"2." .... (, 5"2.991 5"2.811 51>4.001 5M.814 5"".285 T 2A 
IJU8Ak F5 :':."( ~ 1 ~.lO('b ~. II 20 Q.0537 0.OZ21 0.0371> o .l9C11 0.214~ 001958 UUBAR FS 
P2 FS I",. I, 5C I ~. t .'1 lA.73FJ 190197 '9.3 .. 1 19.300 19.Z103 19.001 18.78' P2 FS 
LCS~ PAP.A 'S ,. '79 :'.')j~d J.03R5 0.0190 0.0082 0.UI .. 5 0.0785 O.Ut!bO O.07~B LOSS PARA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 100.15 Equivalent Rotor Speed = 4216.49 Equivalent Weight Flow = l05.92 

Unlfonn Inlet 

INLl T 
PO ~PAN <;I6.bO <;12.00 86.9() 11.00 49.50 28.10 12.00 7.1" 3.00 PCT SPAN 
CIA 33.122 33.529 33.962 35.HZ 37.137 38.954 40.321 40.737 41.085 OIl. 
BETA -c • ~ ( 0 -<>.000 ..... 000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 0 
AnA -0.':: OJ -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA I 
V 0 .2<1.29 420.Z9 420.29 420.29 "20.29 420.29 "20.29 420.29 "20.29 V 0 
V I "'4C'.65 1054.32 451.33 453 ... 5 454.18 447.29 430.83 423.39 392.66 V I 
Vl 0 "~O.,,9 ,,2C.Z9 420.29 42(0.29 IoZ0.1b 420.22 42t'.19 "ZO.18 420.18 VZ 1/ 
Vl 1 44C.B~ 454.32 451.33 453.64 45".15 447.22 430.72 "23.27 392.56 VZ 1 
V-THE TA - ...... 00 -(j .00 -0.00 -C.OO -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA " V-THETA -C.('O -(;. 00 -o.CO -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
.. C 0.3"19 0.3819 0.3819 0.3819 0.3819 0.3819 0.3819 0.3819 0.3819 " 0 
M l O.4u12 0 ... 138 0.4110 0.4UZ 0."U7 0.4072 0.3918 0.38108 0.3561 " 1 
TUR,. 0.;" 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN 
UUH'~ o .4b4~ O.30~0 0.2715 0.2680 0.26<;1" 0.2708 0.3369 0.3753 0.532 .. WBAR 
OFAe -<1.~:"~ -<I.Odl -0.01" -0.079 -0.081 -o.06olt -o.02!> -0.007 0.066 OFAC 
EFFP ".le37 0.3678 0.3729 0.3937 0.3965 0.3405 0.1365 0.0395 -0.32940 EFFP 
INCH, -c. CO 0(' -~.OOOO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 INCID 
DEV" O_,-,C.O O.COO 0.000 0.000 -0.000 0.000 0.000 0.000 0.000 DEVil 
P v 1~.:""4 15.1 ..... IS .144 15.1 ..... I~ .1 ..... 15.144 15.144 15.144 15.14" P 0 
P I 14 ... 10 1".702 14.751 1".756 1 ... 75 .. 1".752 14.U6 1 .... 600 14.372 P I 
T 0 518.7;:0 H8.700 5IB.700 518.700 ~ 18.700 518.700 ~18.700 518.700 518.700 T 0 
T I 518.70e. 518.700 H8.70</ 518.700 518.700 518.700 518.700 !>18.700 518.700 T 1 

~,U1GR E PeT ~HN 95.( 0 90.00 85.00 70.00 50.01/ 30.00 15.00 10.00 5.00 PCT SPAN 
DlA 33.236 33.621 34.007 35.164 36.706 38.2"8 39 .... 05 3'i1.791 4O.l1b au 

RGTO. -L ••• ~ETA I -<. Lv:! -v.ooo -v.ooo -0.000 -c.ooo -o.~oo -0.000 -0.000 -0 .~o" BETA 1 
KCTU", -T .l. btTA 2 41.397 4~ .511'1 ~3.451 "0.385 39.625 39.179 ~2.013 46.802 51.0 .. 3 BETA 2 

~HAIPRJ 54.0~1 52.C29 51.911 52.758 540.395 56.152 57.905 58.544 60.5'i10 BETA IPRJ 1 
BfTAIPRI l 1".~95 26.526 26.07" 25.906 29.(005 33.5 .... 38.479 43.0~5 "8.782 IIETAIPRI 2 
V I ~"l."il.! "Bl.B "89."3 "'93.11 "'88.55 1HI0.81 466.34 459.72 .. 26.91 II 1 
V 2 ~8B.65 581.59 599.89 635.58 634.44 614.93 576.48 535.91 .. 96.55 V 2 
Vl I 4"1. b 1 4BI.22 48'i1.37 "93.09 "81.~ .. 78.92 463.27 "~6.~5 "Z".13 Vl 1 
Vl 2 3 _8 .45 "r,7.01 435."9 4B".12 488.5C .. 7b.12 427.55 166.22 305.00 Vl 2 
V-TMfTA -Q.OO -(;.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA I 
V-THETA 433.27 415.40 "12.56 411.80 .. 0 .... 48 388.02 385.14 390.02 390.99 V-THETA 2 
VIPRI I 752.b 782.2 793.3 81 ... 8 838.5 8bO.9 873.6 876.4 865.1 IIIPII' 1 
YIPRI 2 431>.5 45 .... 9 ItS .... B 538.2 5~8.~ 572.0 ~"1.2 502.1 "63.6 VIPRI 2 
YTHETA P~l -bClQ.3 -b16.b -62 ..... -6'08.6 -681 .... -71".1 -738.7 -746 .1 -752." VTHE TA PRI 
VTHE TA PR2 -11D.'" -203.2 -213.1 -235.1 -270.8 -315.7 -339.8 -342.0 -348.2 VTHETA PR2 
U 1 609.25 616.58 62".36 6"'8.63 681 ...... 714.10 738.67 746.15 752."0 U 1 
U 2 bll.47 "18.5" 625.b5 6"6.9" 675.31 703.69 72".97 732.07 139.16 U 2 .. I C.'022 (; ... 394 0 ...... 71 0.4506 0.4462 0."389 0.4152 0.4189 0.3881 " 1 

" 2 
C.5177 C..5117 0.5292 0.5622 ('.5b09 0.542'1 0.5068 0.4692 0."328 M 2 

"IPRI c. 6~49 0.1140 0.7146 0.7 .... 5 C.765B 0.785B 0.796~ 0.7986 0.786" IIIPRI 
"I PR J C.3819 .... "00) 0.4277 CI."760 0 ... 9 .. 1 0.5051 0."811 0."39b 0.10041 IIIPRI 1 
TURNIPRI 29.952 25.498 25.835 26.851 25.371 22.551 19.3"'7 15.419 11.7"9 TURNIPRI 
UU~AR C.1l15 0.1374 0.10"'5 0.0 .. 65 0.0"30 0.0662 0.1329 0.2056 .0.231'" W8AR 
LOSS PARA o.r29~ 0.0361 0.0279 0.0129 0.0121 0.0185 0.0361 0.0527 0.05100 LOSS PARA 
DFAC 0.5611 C.~1"" C.543<t 0.10947 0."882 0.4860 0.52!>1 0.!>817 0.6228 OFAC 
EHP C.0191 (1.7792 0.6303 0.8998 C.9198 0.9018 0.8284 0.7510 0.7174 ~FFP 

EH C.~131 0.7717 ~.82"2 0.8958 0.9165 0.8979 0.8221 0.7427 0.7081 ~FF 
["'C Ii') 1."2(, 1.113, 1.333 0.715 0.393 0.157 -0.78" -3.767 -7.570 [NC1D 
DEYM B.Y"6 12.3b6 11.""0 7.265 5.795 5.985 6.855 9.906 12.805 DEVil 
P I 14.47" 14.702 14.751 14.756 1".754 1 .... 752 14.656 14.600 1".372 P I 
P 2 16.6e') 18.6Z4 18.~82 19.376 19.521 19.350 18.882 18.428 18.067 P 1 
T 1 ~lu.7UO ~16.7LO 51B.700 ~18.700 518.100 518.700 518.700 ~18.700 518.10e. T 1 
T 2 56b.E24 5105.679 564.696 5b5 .5~7 56~.B3C 565.2"9 5b6.061 566.7"3 5108.187 T 2 

S T AlOR E P~T SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
DIA 33.,2.07 33.56" 33.921 34.992 36."20 37.848 38.919 39.276 39.633 OU 

SUTL'R-L. E. ~HA "7.774 "5.312 4Z.64~ "C.437 39.028 39.1134 42.965 48 .505 54.893 BETA 2 
HATtJR-T ••• BElA 2A -I.(,~O 1.!:.OO 2.35(' 2.05(; 1."60 0.880 1.951 2.nl 2.2~1 BETA ZA 

Y 2 565.21 584.50 609.33 635.58 ~3.57 617.85 567.00 522.46 479.53 V 2 
V 2.1. 433.77 410.83 "19.08 .. 87.09 517.13 515.83 .. 60.58 435.43 4Z4.10 VZA 
VZ 2 393.l9 1011.0" 448.2e. "83.69 "'99.75 ~7'iI.56 .. 1 .... 53 345.88 275.59 VZ 2 
vl 2A 4J3.711 ".t:O.b8 418.11 486.71 516.79 515.47 459.94 .. 3 ... 54 423.32 Vl ZA 
V-THE TA .. 33 • .3't "15.54 412.16 412.19 405.10 388.82 386.07 391.01 392.02 V-THETA 2 
V-l Hf TA 2A -7.57 1l.OI 17.18 11.42 13.17 7.92 15.66 20.88 16.64 V-THETA 2" 
M 1 c'.5'''5 ('.5144 0.5380 0.5622 0.5695 0.5457 0."981 0.4569 0.U75 " 2 M lA ('.376<;- C.3657 0.36,,5 0.4253 0.4525 0 .... 515 0 ... 012 0.3184 0.3678 II 2A 
TUk"'IP~ I "8.774 43.8H "0.291 38.381 l7.5!>0 3B.119 40.966 4!>.703 ~2.5B9 TURNIPRI 
UU6AR O.~ .. 3ij •• 06b7 0.110 17 0.CI98" ';.0511 0.022 .. 0.0700 -o.01l7 -0.1383 WBAR 
LOSS PARA 0.01"7 i.i.0227 0.0"87 0.03109 0.0189 0~0086 0.0277 -0.00 ... 7 -0.0558 LOSS PARA 
DFA!. G.51:1.6 0.5158 0.5359 0.45"8 0.10227 0.10036 0 ..... 80 0 .... 511 0.4333 OFAC 
EFF P ol.9ln 0.8743 0.7561 0.7873 0.8726 0.93 ..... 0.8126 1.0353 1.5859 EFFP 
INerD -2.~93 1.924 2.352 2.406 2.323 3.166 ".257 5.332 -4.308 INCID 
DEV" 7.H32 12.812 13.660 13 .025 12."72 12.5"6 1 ... 390 lS.428 1.102 DEVM 
P 2 If ."65 16.b24 18.881 19.376 19.521 19.350 18.88Z 18.428 18.067 P 2 
P 2 A Ib.~j:' 1~.419 18.403 19.008 19.324 19.271 18.675 18 .... 57 18.35(1 P 2,., 
T 2 Cjbb.!:j~'- 565."79 5b4.696 565.567 ~6,).830 565.2"9 566.061 566.743 568.187 T 1 
T 2A 5b6.6l" 565.679 564.696 565.567 565.830 56~.269 566.061 566.7 .. 3 568.187 T 210 
UUBA, FS ""\ •. ~ 9 ~ c;. 1/2!::! J.1287 O.OB2 0.049" 0.0463 0.1641 0.1767 001714 UU8AR FS 
PZ F5 

1 = • ~ L l 10.'CO 18.631 1Y.274 19.514 I" • 4 39 19.212 16.991 18.831 P2 FS 
LOSS PARA FS : 1 o. ,," 1 7 IJ. ;]41., 2 0.0259 C,.O 1 B 2 0.0177 0.0649 C.0710 0.0691 LOSS PARA FS ". 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 99.24 Equivalent Rotor Speed = 4177.81 Equivalent Weight Flow = 102.92 

Unlfonn Inlet 

INLn 
PCT SPAN 96.60 92.00 16.90 71.00 49.50 28 •• 0 .2.00 1.10 ~OO KT5I'AIII 
au 33.122 33.529 33.962 35.3ll 31.Ul N.954 4O.liZl 4O.nl 4 •• 015 OIA 
8ETA 0 ~.OOCi ~.OOO ~.ooo ~.OOO ~.ooo ~.ooo -41.000 -41.000 ~.ooo lETA 0 
BHA 1 ~.ooo ~.ooo -0.000 -ocOOO -41.00(, ... .000 ...... -41.000 ... .000 lETA 1 
Y 0 401.80 401.10 401.80 401.10 407.10 407.10 407.10 .0'010 .0'.10 " 0 Y U "ZI.l1 434.1. "JO.31 4J!1.53 4]1.43 43 •• 00 ·4 •••• 9 409 ... 1?9.1I V I 
YI 0 .. 01.19 It(o7.79 407.79 407.79 407.n 401.13 407.69 401.6'P .01.69 no 
YZ 1 "21.11 434.89 "30.37 .. 33.52 43 •• 40 4JO.'2 4111.19 409.115 3n.ol 

'" 1 V-THtTA C -0.00 -0.00 ~.oo ~.oo ~.OO ~.oo -41.00 -0.00 -41.00 ¥-THETA 0 
Y-THETA I -0.00 -0.00 ~.OO ~.oo ~.oo -0.00 ... .00 .e.oo -0.00 Y-TMETA 1 
PI! 0 0.31'02 0.3702 0.3702 0.3'02 o .. n02 0.3702 0 .. 31a2 0.JI702 1I.IlO2 110 

" i 0.3832 0.3.S6 0.3913 0.3943 0.1'23 0.391' O.SI06 o .. nu 0.1436 iii I 
TURN 0.0 0.0 0.0 0.0 c.o 0.0 11.0 CI.O C.O TUUI 
UUBAR 0.4597 0.2992 0.2683 0.2630 0.2645 0.2615 0.3293 0.36711 0.5207 WilAR 
llfAC ~.u34 ~.066 ~.0~5 ~.063 ~.OH -41.051 -41.02' -41.005 11.010 OF A' 
EffP 0.1359 0.3252 O.J083 0.3424 003216 ~.II50 0.1492 0.0293 -0 .. 16014 IE,,!,> 
iNCHO ~.O'JOO -0.0000 -0.0000 -0.0000 -0.00lI0 -0.0000 -G.OOOO -41.OOOG ..... 1000 DClD 
DEY" 0.000 0.000 0.000 0.000 0 .. 000 0.000 0.000 0.000 0.000 DE",. 
P 0 15.106 15.106 15.106 U.I06 i5.1~ 15.106 15.106 15.106 15.106 P 0 
P 1 ...... 79 14.698 14.740 14.747 1 ... 745 14.1'41 14.657 14.606 14.39" P 1 
T 0 518.700 518.100 518.700 511.70C1 518.100 511.100 511.700 5111.700 sal.71W1 T 0 
T 1 518.700 518.700 511.700 518.700 515.700 511.700 'lI.laO '18.1'00 511.700 T 1 

ROTOR t PCT SPAN '5.00 '0.00 15.00 70.00 SCI.OD 10.00 15.00 10.00 5.11C PeT SPAN 
alA 33.236 33.621 34.007 35.164 36.106 31.2'W1 3'.405 3'.791 40.176 DlA 

ROTOR -L.E. BETA 1 -0.000 -<).000 ~.OOO -0.000 ~.ooo .e.OOO -0.000 ~.OOO -o.oco leU 1 
ROIOk -T.E. BElA 2 49.297 47.68. 45.260 41.982 41.3n 40.673 43.727 ".700 53.178 lETA 2 

BETAIPRI n 55.005 53.011 53.018 53.796 55.574 56 •• 15 58.41~ 59.155 61.2M BETA IPR' 1 
BETA IPR I 2 Z".OOI 2l.ne 26.865 260306 29.417 33.2.2 17.'43 "1.805 47.04. BETAIPU 2 
\I 1 "22.70 460.Z9 465.93 470 .... 463.~ 462.16 451.00 444.67 Ul.19 \I 1 
v 2 577.87 564.05 581.07 618.52 616.72 60'1'.08 515.35 541.79 507.73 Y 2 
Vl 1 1022.,,2 460.19 465.88 410.43 462 .76 460.91 450.02 441.5' 40'.2(0 Vl 1 
liZ 2 376.8" 319.69 409.00 459.n "2.62 459.92 415.06 310.94 !O3.9! YZ 2 
v-mull 1 ~.oo -<).00 ~.OO ~.oo -0.00 -0.00 ~.OtI -0.00 -e.oo V-THIElA 1 
II-THlVA 2 438.07 "17.10 412.73 413.Tl 407.52 3'5.21 397.02 H3.63 405.92 II'-TMIETA 2 
VI PIlI 1 736.9 764.9 77".5 796.5 IU.9 145.5 160.7 862.7 851.7 \lIPI\I I 
VIPRI 2 412 .~ 1027.2 4'8.5 5U.9 531.7 ~51.0 526.111 4.1.6 ~.I "IPRI Z 
IITHETA Pltl -603.7 ~10.' ~18.6 -642.7 -675.2 -107.5 -7n.9 -1'39.3 -745.5 YTHETA 1"111 
YTHHA PR2 -167.8 -195.8 -207.Z -227.3 -261.6 -302.0 -321.3 -331. , -326.5 YTHfU ,11.2 
U 1 603.66 610.92 618.63 642.68 675.1' 107." nl." 759.10 '4!1.'0 1.1 1 
U 2 605.86 612.aI 619.91 641.00 .... 12 697.23 nl.JZ 725.15 n2.18 U 2 
~ 1 0.3842 0.4195 O.~48 0.~'1 o.,un 0.~.9 0.4126 0.4048 0.1741 .. 1 

" 2 O.!>OIII> 0."963 0.51Z7 0.5472 0.5453 0.5364 0.5060 0.4749 0.4431 " 2 MIPRI 0.1>697 0.6971 0.7061 0.7264 0.' .... O.YlO1' 0.7840 0.78n 0.Tn5 "IPRI 
PHPRI 2 0.3631 0.3759 0.4045 0.4537 0.4701 0 .... 68 0.4626 0.4370 0.Ja'9 "IPRI 2 
TURNIPRI 31.000 25.7,28 26.151 27.490 26.061 2t.,.. 20.591 n.nl 14.U2 TUIUIIIPIlI 
UUIIAR 0.11.54 0.13,,9 0.1021 0.0486 0.0516 0.0621 C.UI9 c' •• ni 0.2216 wau 
LOSS PARA 0.021'9 0.0357 0.0271 0.013<110 0.0145 0.0176 1I.113!i14 0.0452 C.OS35 LOSS PARA 
DFAt 0.b127 0.6017 0.5664 0.5157 0.5102 0.50.4 0.5476 0.580~ 0.6428 OF A' 
EFFP 0.8613 0.8092 0.8668 0.9334 0.9490 0.945. 0.D666 0.8055 0.7683 EFFP 
EFF 0.8561 0.8027 0.8621 0.93011 0.'470 0.9437 0.&615 0.798. (.0.7602 EFF 
INCID 2.573 2.09<0 2.439 1.154 1.572 0.921 -G.274 -5.155 -6.921 ING!O 
OEV" 8.8~1 13.1111 12.2]1 7.665 .. 276 5.Y» 8.120 11.667 11.072 DEVIl 
P 1 14 •• 79 1".698 14.740 14.747 14074' 14.741 14.657 14.606 14.396 P ! 
P 2 18.741 18.628 18.865 19.343 19.461 1'.424 19.050 U.~90 11.356 P 2 
T 1 Hd.7UO 518.100 518.700 518.700 511.700 518.700 511.700 511.700 518.700 T i 
T 2 565.053 561.967 562.644 563.605 563.195 56l.n5 565.525 566.HO 567.T61 T 2 

STATOR E PCT SPAN .95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PeT SPAll 
OU 33.207 33.564 33.921 34.992 36.420 37.1" 11.91. 39.216 39.633 OU 

STATOR-i...E. e~TA z 49.695 47.399 44.421 102.037 40.159 40.524 44.739 'WI.406 56.113 BUA 2 
SIATUII-T.E. 8ElA ZA -l.Z~Q O.BOO 1.1>00 1.900 1.100 1.100 1.400 1.951 1.701 BETA 2A 

V 2 H4.53 566.85 590.00 618.52 625 •• 609 •• S 565.92 5Z1.11 490.1' Y 2 
V 2" <tU.75 404.11 404.68 468.2T 498.42 493.39 437.73 415.5' 4O~.41 V' 2/\ 
Yl 2 371.114 383.69 421.38 459.32 473.52 463.30 401.61 'SO.JO 272.64 VI 2 
VZ 21. "17.6~ 4010.006 404.!>O 461.95 4911.17 493.01 437.25 414.'8 404.87 Yl 2A 
V-TH[TA 2 43b.l" 417.24 .. 12.94 414.11 408.14 396.02 391.91 394.61 407.00 V-THETA 2 
Y-THETA 21. -9.11 5.6lt 11.30 15.52 9.57 '.47 10.69 14.13 12.02 Y-THETA 2A 
'" 2 0.5055 0.4989 0.5210 0.5472 0.5SM 0.5390 o.~n 0.4624 O.<U'n iii Z 
'" 21. 0.31>32 0.3'14 0.3523 0.4090 0.4362 0.4317 0.11~ 0.3609 0.3514 "ZA TURNIPRI 50.945 46.598 42.819 40.1JO '9.640 3 •• 3 .. 43.2.9 46.403 540429 !\lUII'll. 
uuaAR Ci.05~2 0.115'7 0.1303 0.0990 0._1 0.0578 0.1239 0.0751 -0.0275 WIAII 
LOSS PARA 0.0186 0.0203 0.0_ 0.0352 o.onl D.0223 0.0491 0.0300 -G'oOll1 LOSS PARA OFAt 0.'3~l 0.5345 0.5487 0.4724 0.4398 0.4363 0.4992 0.502. 0 ..... 1 OFAC 
EFfP 0.8935 0.8893 0.7756 0.7917 0 ••• 27 0.IS02 O.n75 0.1110 1.0801 el'l'P 
INCI0 ~."12 4.011 4.1-30 4.006 4.053 4.655 6.OJl 5.233 -3.017 Dero 
DEV" 1.582 ll.1I2 12.910 12.175 12.1U 12.7" 13.1<MI 14,,629 6.!l51 DEVIl 
P < IH.l"l 18.628 18.b65 19.343 1 •• 461 19.424 19.050 11.690 11.356 P 2 
P ZA 18.576 18."55 18.450 18.990 19.285 19.223 11.613 18.499 11.416 P 2A 
T 2 ~6S.~53 563.967 562 ....... 563.605 563.195 563 .. n5 565.525 566.110 567.761 T 2 
T I.A 565.053 563.967 562.644 563.605 561.195 ,u."" 565.SH 566.110 56'.761 T ZA 
true All. fS a.WH5 0.11 b8 001>17 0.0909 0.0397 0.0<050 0.18 9b O.Ul>l o.nu UI8U FS 
P2 fS 1 ~. 6 1 7 16.617 16.9"6 19.310 19."19 19.377 19.190 19.038 18.184 1'2 FS 
LOSS PARA fS 0.8264 0.:)397 0.0,21 0.0323 ,0.0147 0.on3 0.0751 0.0744 0.0701, LOSS PARA F~ 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage .E. Rotor E - Stator E 

Calculatlonll Using Tranlliated Values 
Percent Equivalent Rotor Speed; 100.28 EqulvEllent Rotor Speed; 4221.92 Equivalent Weight Flow; 97.95 

Unlfonn Inlet 

INLl T 
peT SPAN 9b.6~ 9Z.00 86.90 71.00 49.50 28.10 12.00 1.10 3.00 PCT SPAN 
OIl. 33.122 33.529 33.962 35.3lZ 31.131 38.9'4 1tO.321 1tO.731 41.085 OIA 
DElI. c -(1.COO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 0 
~ETA 1 -~.COC -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 1 
v a 3H6.41 386.41 386.41 386.41 386.41 386.41 386.41 386.41 386.41 V C 
'II I 401.H .. 14.24 413.'0 4n.49 416.42 1t09.6' 1t00.31 390.90 360.te. V 1 
VI C 3tlb .... l 366.41 38b.41 386.1tO 386.38 386.34 3811.31 386.30 lti6.11 VZ 0 
VI 1 4ll.21 414.Z4 413.50 4n.49 416.38 409.58 1t00.21 390.80 360.06 VZ 1 
V-THE TA C -(I.0~ -0.00 -0.00 -0.00 -O.CO -0.00 -0.00 -0.00 -0.00 V-THETA " V-THETA 1 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
1'1 0 0.3~l·3 0.3503 0.3503 0.3503 0.3503 0.3503 0.n03 0.3'03 0.3503 " 0 
1'1 I 0.36 .. 1 u.37112 0.3756 0.3193 0.3183 0.3120 0.3633 0.3545 0.3260 " 1 
TURN O.L 0.0 0.0 D.\) 0.0 0.0 0.0 0.0 0.0 TURN 
UU~AR u ... ~13 0.2936 0.2616 0.Z511 0.25118 0.2194 0.3220 0.3622 0.5094 WSAR 
DFA(. -t.C30 -{/.(O12 -0.070 -0.080 -0.078 -0.060 -0.,)36 -0.012 0.068 DFAt 
EFFP 0.1516 0.3469 0.3671 0.4104 0.3961 0.3167 0.1924 0.0629 -0.3623 EfFP 
I~CID -t .OC/OU -0.0000 -0.0000 -0.0000 -O.oex.o -0.0000 -0.0000 -0.0000 -0.0000 INtIO 
Of '111'1 o.oce. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DEVI'I 
P C 1~.JbO I~. 060 15.060 15.060 15.060 15.060 1'.ObO 15.060 15.0bO P a 
P I 14.~O5 1 ... 101 1".740 1".752 1 ... 746 1".718 14.1166 1 ... 617 1 ..... 36 P 1 
T C 51~.lvO ~18.100 518.700 518.100 518.100 '18.100 518.100 518.7ex. 518.700 T 0 
T 1 51s.10e 518.700 518.700 518.100 518.700 518.700 518.100 518.100 518.700 T 1 

k(J TCk E PCT SPAN 95.C~ 90.00 85.00 10.00 50.00 30.00 15.pO 10.00 5.00 PeT SPAN 
OIA B.2;b 33.621 34.007 35.164 36.7011 38.248 39.405 39.791 40.176 CU 

"OlL" -L.e. BETA I -L.eoo -c: .000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BHA I 
R,"TGk -r.~. 8ETA 2 ~~.997 50.104 48.589 ".279 43.585 43.859 48.868 53.071> 51.301 8ETA 2 

BHAIPRI 1 5&.612 5 ... 655 54.433 55.136 56.8ll 58.537 59.850 110.629 112.741 8ETAIPRI 1 
8£UIPRI 2 23.815 26.3C6 27.152 26.846 30.153 33.188 39.1IS0 43.495 46.394 8ETAIPRI 2-
V 1 4",2.1" "'37.95 "1.09 452.48 446.76 439.30 .. 32 ... 5 "23.48 390.11 V 1 
v 2 5~0.41 51\.23 57~.15 610.81 609.24 600.08 559.64 535.96 525.93 V 2 
VI 1 40Z.06 "37.85 "7.04 452.46 "6.21 437.53 429.61 420.47 388.16 VZ 1 
VI 2 3b~.28 3&6.37 380.43 437.30 "l.ll "32.25 367.111 321.56 283.83 VZ 2 
V-THETA -0.110 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.(10 'II-THETA I 
V-THETA 451.C.3 438.24 431.35 "26.43 419.90 415.311 420.93 421.91 "42.12 'I-THETA 2 
VIPRI 1 730.7 756.9 71>8.6 791.5 815.6 839.2 85b.8 858.8 848.7 VIPI'I 1 
VIPRI 2 3'i9.3 408.7 427.6 "90.1 510.4 520.8 .. 18.6 "".1 412.2 VIPRI 2 
VTHEU PRI -610. ~ -611 ... -625.2 -649.5 -682.3 -115.0 -739.6 -7"7.1 -753 ... '1THETA PRI 
VTHETA P~2 -161.2 -181.1 -195.1 -Z21.3 -256.3 -289.2 -305.0 -305.1 -298.0 VTHHA PR2 
U I bhJ.~" 611.37 625.11 649."6 1182.32 115.02 739.62 147.11 153.37 U 1 
U 2 1012.25 1019.311 62b.~ 647.77 1176.18 704.59 n5.90 133.01 1"0.11 U 2 

" 1 C.36~13 0.398 ... 0.407tJ 0.4121 0.4067 0.3997 0.3933 0.3849 0.3543 
" 1 

" 2 
.j.5",'/8 (.5018 0.5061 0.5381 0.5373 0.5288 0.4906 0.41185 0."587 1'1 2 

"I PR 1 G.bb31 ~.b867 0.6991 0.7209 0.7425 0.7636 0.n92 0.7805 0.1696 "IPRI 
"IPRI Z 0.3~Ol 0.3590 0.3762 0 .... 323 0.4502 0.4589 0.4195 0.3882 0.3596 "IPRI 2 
TURNIPRI 32.19" 28.345 27.219 28.290 26.646 24.697 20.09? 11.062 16.2911 TURNIPRJ 
UUBAII. C.'.u9i1tC; 0.1315 0.lI81 0.0586 0.0602 0.0856 0.1832 0.2370 0.2618 WBAR 
lOSS PA~A C.0251 C.C346 0.0314 0.01111 0.0168 0.0239 0.0489 0.01103 0.0640 lOSS PARA 
OFAC 0.632b ~.6~01 0.6105 0.5"63 0.5392 0.5441 0.6104 0.6559 0.6972 OFAC 
EFFP ~.ob7~ 0.83eO 0.8b03 0.9157 0.9412 0.9392 0.8390 0.1890 0.7886 HFP 
EFF u.B623 0.8238 0.8552 0.9123 0.9388 0.9367 0.8329 0.7813 0.78011 -EFF 
INtlD 4.1~1 3.739 3.854 3.094 2.816 2.547 1.166 -1.675 -5.412 INtlO 
DE'll" b.6b5 lZ.14b 12.518 8.205 6.9"3 6.228 8.0'6 10.356 10."17 DE '111'1 
P 1 14.~1..1~ 14.701 14.140 14.n2 14.746 14.718 14.6116 14.611 1 ... 4311 P 1 
P 2 IQ., .. 3 18.98Z 19.064 19.515 19.1138 19.591 19.105 18.828 18 .1211 P 2 
T I ~1t.l~( 518.700 518.700 518.TOO 518.700 518.100 518.700 518.700 518.100 T 1 
T 2 5b7.1~b 5116.402 ~6".9b2 5611.020 565.831 5115.901 567.513 568.505 569.969 T 2 

STATOR ~ PCT SPAN 9~.OO 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PC T SPA~ 
DIA 33 • ./(,1 33.~b4 33.921 3".992 36.420 37.848 38.919 39.2711 39.1133 DIA 

STAlCIi.-l.~. BF.TA 2 ~1.4lt 49.183 47.1056 44.339 "2.926 43.691 50.0n 55.231 110.942 BETA 2 
STArlJR-T .f. BETA lA -o.40t 1.35~ 1.60e. 1.~00 1.720 1.250 2.101 3.001 3.251 8ETA 2A 

V 2 577 .. 10 514.10 583.91 610.81 617.10 b02.8? 550.58 522.52 'a7.38 V 2 
V ZA 411.00 390.1" 380.lZ "0.54 472.02 474.39 420.42 1t05.'8 ItOl.75 V 2A 
VZ 2 359.85 370.68 393.29 436.81 452.1" 435.59 353.08 291.'75 2"6.31 VZ 2 
'liZ ~A "1".99 3911.62 379.95 440.33 471.6~ 474.00 419.80 1t04.66 400.b8 VZ 2A 
V-THETA 2 4~1.11 43B.~ 431. ~6 426.8 .. 420.54 416.22 "2l.94 429.00 "3.29 V-THETA 2 
V-TH~U 2A -2.bl 9.21 10.61 11.53 l4.16 10.3" 15.1tO 21.2l 22.110 V-THETA 2A 
1'1 2 0.50117 0.5045 0.5142 0.5387 0.5452 0.5314 0.4823 0.4563 0.4419 

" 2 " ZA 0.3~b" 0.3387 0.3298 0.3832 0.4U6 0.4131 0.3641 0.3512 0.3474 " 2A TURNIP!" SI.B2(J 48,"32 46.05'!> 42.832 41.188 42.412 "1.929 52.188 57._ TURNIPRI 
UUBAP. , .(,108,' 0.1012 0.l486 0.1266 0.0801t 0.0691 0.0864 0.0360 0.0118 UUBAII. 
LOSS PARA (1.",229 0.0)45 0.0511 0.0450 0.0298 0.0266 0.0342 0.0144 0.0041 LOSS PARA 
OFAl. C.5~2B 0.57"1 0.5974 0.5209 0."803 0.4736 0.5306 0.5319 '0.5"6 OFAC 
fFFP 0.87 .... 0.821'1 0.7637 0.7613 0.8266 0.8361 0.809? 0.9164 0.9108 EFFP 
I~CIO 1.25~ b.395 1.366 6.308 11.220 7.828 11.310 12.068 1.1"6 INCID 
UEV" 8."3~ 12.lIb2 12.910 12.415 12.732 12.9111 14.~1tO 15.618 8.102 DE'I" 
P 2 lCJ.O ... ,j 10.982 19.064 n.5U 19.638 19.597 19.105 18.828 18.726 P 2 
P 21. 18.05 18.615 18.596 19.072 19.349 19.360 18.862 18.738 18.698 P 21. 
T 2 567.356 566,"02 56 .... 962 566.02C. 565.831 565.901 567.513 568.505 569.969 T 2 
T 2A 561.35b ~b6.4Q2 564.962 5611.020 565.831 565.901 561.573 568.505 569.969 T 2A 
UU8AR FS .. - 37 C.l3,) ~.13n 001113 C.OB7l 0.07b3 001644 0.1540 ;)0121.4 UUBAR FS 
PZ FS 1 -' _ J9 5 i". 1:C0 19.029 19.454 19.664 19.623 19.367 19.177 19.034 P2 FS 
LOSS PARA FS •• I

J ~ 1 J .... 61 ~.U47B O.J39~ ~.O323 0.OZ93 O.06~C 0.0616 0.0~a3 LOSS PARA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equjl'alent Rotor Speed = 99.98 Equivalent Rotor Speed = 4209.37 Equivalent Weight Flow = 93.27 

INlH 
PO ~PAN 9b.bC 92.CC 86.90 71.00 "9.50 28.10 12.00 7.10 3.00 PCT SPA ... 
DIA 33.122 33.529 33.'16, 35.312 37.137 38.95~ ~0.321 ~.711 "1.085 DlA 
BETA 0 -(.: CI.I -{'.~oo -<: • ClOG -0.000 -C.OOO -0.000 -0.000 -(1.000 -(1.000 8ETA 0 
BETA 1 -c .~oo -<l.000 -o.ooo -0.000 -0.000 -(1.000 -0.000 -0.000 -<I.COO BETA I 
V ~ ;66.74 ~6.14 366.110 366.74 366.1" 366.1~ 366.1~ 366.7" 366.74 V 0 
V 1 375.b8 391.11 390.19 395.48 393.61 387.02 37~.42 )62.97 336.72 V 1 
Vl 0 3bb.7 .. ~66.14 366.14 366.74 366.12 366.68 31010.65 366.64 3610.105 VZ 0 
Vl 1 37~.ol ~91.11 390.79 395.41 393.64 386.96 37".33 362.87 336.b4 Yl I 
V-TH~rA -0.",0 -(, .00 -v.~o -0.00 -0.00 -(1.00 -0.00 -(1.00 -0.00 V-THETA 0 
V-THE TA -0.':'0 -0.00 -o.CO -O.QO -O.tlO -(1.00 -0.00 -(1.00 -0.00 V-THETA I 
M C ~.3321 (;.3321 0.3321 0.3321 0.3321 0.3321 0.3321 0.3321 0.3321 " 0 M 1 ~o34('4 0.3541 ".35 .... 0.3588 0.3511 0.3509 0.3392 0.3286 0.3044 " I TUkN u ... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN 
UUBAR C. ",uB C.29C1 0.2555 0.2518 0.25310 0.2555 0.3166 0.3601 0.,,989 WBAR 
OFA( -1,j.",2'" -<I.Ob6 -<I.OM -o.on -<l.013 -0.055 -<:.021 0.010 0.082 DFAC 
E FF P 0.1015 0.32.95 0.3556 0.402b 0.3846 0.3165 0.1217 -0.0627 -(I.~789 EFFP 
I N( J[l -<: .ooo~ -0.0000 -<l.OCOO -0.0000 -0.0000 -0.0000 -(I.OOOD -0.0000 -(1.0000 IHCIO 
DEVM 0o;J~O 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 OEVI'I 
P C 1~.01b 15.v16 15.016 15.016 15.C16 15.016 n.Olb 15.016 15.016 P 0 
P 1 l .... o~!B 14. b95 14.134 14 .138 14.736 14.134 14.666 14.618 14."65 P 1 
T 0 5ib.1CO ~18.100 51B.7eo 51B.l00 51B.700 H8.700 518.100 51B.700 518.100 T 0 
T 1 518.IVO 518.100 518.100 5!B.100 518.700 518.700 518.700 518.700 518 .700 T I 

kCTOR t PCT ~PAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OIA 33.236 33.621 34.001 3~.lb4 36.706 38.248 39.405 39.7'11 40.176 OIA 

ROTU~ -L.t. BtTA 1 -G.ueo -<>.COO -o.o~o -0.000 -<l.00" -0.000 -0.000 -0.000 -o.I)OL 6EVA 1 
R(JTG~ -T ••• bETA 2 ~ 1. e'16 s..1.~50 50.104 46.078 45.492 46.447 51.841 56.055 59.1015 BETA 2 

BETAIPkl ~8.245 56.139 55.908 510.538 5B .231 59.923 61.456 62.382 64.243 BETACPRI I 
BETAIPRI 22.517 26.1056 26.612 210.812 30.1CO 3".036 40.892 44.695 45.1019 BETACPRI 2 
V I 316.52 413.11 1021.93 428.00 421.81 414.5" 403.78 392.51 364.79 Ii 1 
V 2 5b5.45 564.22 513.19 603.11 1002.38 590.83 548."2 529.~ 535 ... 0 V 2 
VZ 1 376.~5 413.02 421.88 421.91 421.29 1012.86 401.13 389.11 362.41 Vl 1 
Vl 2 3bl.26 352.3B 368.1)2 418.36 1022.16 1006.12 338.31 295.28 210.56 VI 2 
V-T~EU -O.QO -0.00 -0.00 -0.00 -(1.00 -0.00 -0.00 -(1.00 -0.00 V-THETA 1 
V-THETA 2 ~DO.61 .... C.63 "40.21 434."0 429.46 427.80 430.72 438.68 461.44 V-THETA 2 
VI PR 1 1 115.3 141.3 752.7 176.2 BOO." 824.1 840.7 842.0 835.0 YCPR 1 I 
VIP~I 2 ~9L.l 394.3 411.6 468.8 488.2 491.5 448.1t 1t16.1 387.5 VCPRJ <-
VTHE TA Pkl -60B.2 -t>15.5 -623.3 -647.5 -680.3 -712.9 -737.4 -744.9 -151.1 VTHtTA PRI 
VTHElA PR2 -149.8 -11b.9 -1810." -211.4 -244.7 -21".1 -293.v -292.2 -276.5 VTHeTA PR2 
U I 608. £2 615.54 623.31 647.53 680.29 712.89 737.42 7 ..... 89 751.13 U 1 
U Z 610.~3 611.51 1024.60 645.84 674.11 702.50 723.75 730.83 737.91 U 2 
~ 1 t'.3"12 0.3752 0.38310 0.3891 0.3833 0.:3165 0.3665 0.3560 C.3303 1'1 1 
M 2 0.5130 0.4945 0.5('40 0.5307 0.5299 0.518'1 C.4187 0.4610 0.4658 " 2 PlIP~' 0. b40 I (j.b733 0.b840 0.1057 0.1274 0.1490 0.7631 0.1636 0.7560 "IPR 1 
MCPRI 2 0.3"",- 1 0.3"5b 0.3blb 0.4125 0.42910 O.431t- 0.3915 0.3624 0.3312 "IPR 1 2 
TURNIPRI 35.12~ 29."19 29.293 29.725 28.114 25.839 20.497 17 .622 18.580 TURNIPRI 
UUBAR C.OQS9 0.1396 0.1224 0.0643 0.0128 0.1124 0.2110 0.2595 0.2828 UUBAR 
LOSS PARA J.O,6S 0.0366 0.0325 0.0171 C.0203 0.0313 C.0554 0.O6~7 O.O10! LOSS PARA 
OF.C v.6Af'" 1 L.6"21 0.6269 0.5680 0.5621 0.5773 0.6428 0.6867 0.1299 OFA' 
EFF P ~. 63<2 C.8009 0.8451 G.8941 0.9100 0.8921 0.1800 0.7431 0.7639 EFFP 
EFF J.82~5 c.19Jb 0.8392 (j.8897 0.9063 O. B8 76 0.7116 O. T.l31 o .1~48 EFF 
INC 10 5.b14 5.2Z3 5.330 1,.496 4.230 3.936 2.178 0.085 -3.90" INCIO 
OEVM 7. ;67 12."96 11.918 8.112 6.889 6.416 9.267 11.556 9.61,2 OEV .. 
P 1 11. .. ~18 14.695 14.734 "'.738 14.73b 14.734 1".666 14.618 14.465 P 1 
P 19.j~~ 18.966 19.150 19.559 19.bll 19.620 19.079 18.864 18.926 P 2 
T 51 B .1(,(1 51H.l00 51H.100 518.10e ~18.100 518.100 518.100 518.100 518.700 T 1 
T 510.·3~ 5bB.131 56b.17~ 561.802 561.941 5611.536 571.163 572. .129 573.554 T 2. 

~IATOR l PCT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PeT SPAN 
lilA 3:l.<C7 33.5b4 33.921 34.992 36.1020 31.848 38.919 39.216 39.633 DIA 

STATuR-L.l. bfTA 5~.3.lb 51.011 49.124 4b.141 44.197 46.276 53.184 5B.411 63.684 eETA 2. 
~T AlOR-To t. BETA 2. O..l~O 1.900 1.850 0.25~ 1.220 1.300 2.151 3.0b! 4.151 eETA 2A 

V 2 582.Cl4 561.04 582.109 1003.11 610.65 593.53 539.106 516.23 516.37 Y 2 
V <A 4':"~ • .:J.3 385.19 310.66 "25.83 450.05 455.72 413.79 397.78 397.95 V 2A 
Vl 2 355.6" 356.72 381.19 417.84 433.18 409.99 323.19 269.81 228.82 VZ Z 
Vl ~A 4(,S.J 2- 3B5.51 310.45 425.77 449.80 "55.33 "13.16 39b.86 396.49 Vl 210 
V-TH<T' 4b0.7~ .... C.11 440.43 103".82 "30.12 428.68 431.76 439.79 462.67 V-THETA 2 
V-THf TA 2A 2.1" 12.79 1l.96 1.86 9.58 10.33 15.52 21.22 28.78 V-THETA 2A 
M 2 O.5C,Q9 C.4971 0.5120 0.5307 0.5376 0.5214 0.4707 0.4491 0.4486 1'12. 
M 2. O.3:oJq~ {'.3336 0.3209 0.3695 0.3911 0.3959 0.3577 0.3432 0.3429 " 210 
TU~N(Pkl ~2.03b ~9.l1b 47.212 45.864 43.558 44.941 50.981 55.365 59.490 TURNIPRI 
UUOA" ". \.Il~2 0.0798 o .16b2 0.1458 0.1149 0.1004 0.0586 0.0256 0.0'094 WBAR 
lO~~ PAkA 0.0253 0.('271 0.0572 0.0518 0.0425 0·.0381 0.0232 0.0102 0.0199 lOSS PARA 
OF.C (, .5622 0.51b8 0.6171 0.5"96 0.5188 0.50"9 0.5406 0.5557 0.5704 OFAC 
E FF P 0.8b"6 Q.8640 0.1434 0.7356 0.1721 0.7783 0.8693 0.9418 0.8814 EFFP 
INClO 2.1~9 7.62'1 8.833 8.110 8.091 10.407 14.478 15.304 4.492 IHCIO 
[lEVM 9.132 13.212 13.160 11.225 12.232 12.966 14.590 15.73S 9.001 DEli" 
P 2 19.1·~ 18.966 19.1~0 19.559 1'1.671 19.6Z0 19.079 IB.B64 18 .926 P 2 
P Z. 18."16 18.131 lB.629 19.Cl61 19.268 19.281 18.921 18.802 IB .805 PH 
1 2 ~1""."'l~ ~68.131 56b.178 561.B02 561.9"1 568 .536 571 .163 512 .129 573.554 T 2 
T 2' 57(.43,> 568.131 566.178 ~61.802 567.941 568.536 571.163 572 .129 573.554 T 2A 
UURU FS .. "f':, 2.1(.)8 .01774 'J. 129'" J01217 ~. 1023 ~. 1513 0.1"00 0.1'.16 UUBA~ FS 
P2 FS , .,') ; 1 ~. 19l 19.h3 19.494 19.699 19.627 19.372 19.208 19o1~~ P2 FS 
lOS ~ PAP.A FS 

" ;':1., J •. , c.. E!, " • J61 J ,.' ..... 1.,.6.] J .• ::45: c.J39 .. J.J599 G.U~~1 c.057:: LOSS PARA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed ~ 89.61 EquIvalent Rotor Speed ~ 3772.62 EquIvalent WeIght Flow ~ 114.30 

Uniform Inlet 

INLn 
PCT SPAN 96.80 9Z.OO 86.90 71.00 49.50 2a.le 12.00 7.10 3.00 PCT SPAN 
[l1A 33.122 33.529 33.962 35.312 37.137 38.954 40.321 40.737 41.01l5 DJA 
HlH. 0 -O.oco -0.000 -0.000 -0.000 -0.0(0 -<1.000 -0.000 -o.COO -0.000 BETA C. 
bETA t -0."0t. -<.. COO -0.1100 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
V ~ 456.03 456.03 "56.03 456.03 456.03 456.03 456.03 "56.03 456.03 V 0 
V 1 486.28 502.22 499.11 494.07 ~5.1C ~7.69 475.55 <W>8.85 437.59 V 1 
VI () 45 ... 03 4~b.03 456.03 456.02 456.(,0 455.96 455.92 455.91 455.91 VZ C 
VI 1 486.2~ ,,>c 2 .l2 499.11 4"'.06 485.116 ~7.61 475.43 468.72 437.47 VZ 1 
V-TtiHA -o.oe -C·.C.O -O.~O -0.00 -<I.CO -0.00 -0.00 -0.00 -o.CO V-THETA 0 
Y-THETA -c .00 -0.00 -<'.CO -<1.00 -0.00 -0.00 -0.00 -0.00 -o.CO V-THETA 1 
~ c 0.4155 0.4155 0.4155 0.4155 0.4155 0.4155 0.4155 C.4155 0.4155 " 0 
~ I C.4't41 0.4592 0.4563 0.4515 0.4"29 0.4454 0.4339 0."275 0.39111 " I TURN C.C 0.0 0.0 0.0 O.C 0.0 O.~ 0.0 0.0 TURN 
UUBAR 0.4910 (,.32.4 0.2935 0.2929 0.2923 0.2971 0.lS9l 0.3'113 0.5341 UU8AR 
OFAC -<..066 -0.101 -0.094 -0.083 -\).Oblt -(;.069 -<1.043 -<I.Ol8 0.04C DFAC 
EFFP O.22bB 0."131 C.4178 0.3870 0.3236 0.3395 0.204S 0.1332 -0.1835 EFFP 
lNUD -0.000C -0.0000 -0.')000 -o.COOO -0.0000 -<I.oooe -0.0000 -<1.0000 -0.0000 lNCID 
DEY" 0.,00 C.OOO O.COO 0.000 0.000 0.000 0.000 C.tOtl 0.000 DEVI1 
P 0 1~.261 l~ .261 15.261 15.261 15.261 15.261 15.261 15.261 15.261 P 0 
p • H.422 .4.712 14.760 1 ... 761 14.762 H.753 14.647 14.592 14.348 P 
T : 51&.7,,0 518.700 518.700 518.700 518.700 518.700 518.700 518.700 !HS.7':'0 T 0 
T I 518.700 518.700 518.7CO 518.700 518.700 518.700 518.700 518.700 518.700 T 1 

ROTGR f- PCT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OIA 33.236 33.621 34.007 35.164 36.7 .. 6 38.248 39.405 39.791 40.176 DIA 

... CTCf: -L.l. fEU I -i; .000 -<1.000 -<1.(,00 -0.000 -0.000 -{J.DOO -0.000 -<'.OOI! -o.O~O SHA 1 
kC!Ti...1-' -1.E:. BETA 2 3~.998 31.254 30.1b~ 28.488 21.779 25.927 25.974 28.526 33.331 eETA 2 

BETACPRI 48.200 45.945 .. ~. 772 47.102 49.398 5(1.642 52.165 52.159 S4.S33 BHACPR' 1 
SETACP~I 25.308 24.90B 2 ... 556 25.529 29.5"9 33.106 36.754 38.770 49.063 eETACPRI l 
V 1 487.49 533.89 543.8b 539.29 523.26 ~26.17 516.69 511.14 477.43 V 1 
Y 2 5H.19 b04.37 623.73 645.50 62".73 616.05 586.24 555.12 438.27 V 2 
VI 1 "87.40 533.77 543.79 539.26 522.bl 524.0 .. 513.29 507.50 47 ... 31, VI 1 
VI 2 476.84 51b.63 '139.25 567.33 '552,"7, 553.18 525.65 'tab.37 365.27 Yl 2 
Y-THETA -C.OO -(, .00 -<..00 -0.00 -0.00 -0.00 -0.00 -0.00 -C.OD V-THHA 1 
V-THEl A 321.b2 313.55 313,"1 307.88 291.03 268.92 256.08 264.36 240.22 V-THETA 2 
VCPRI I 731.3 767.7 779.6 792.2 803.5 821.7 838.'1 II"C.8 815.3 VIPRI 1 
YC PR I 2 527.5 569.6 592.9 628.7 635." 661.3 657.4 625.2 558.3 VIPR' l 
YT"ETA P~1 -5"5.1 -';51.7 -558.6 -580.3 -609.7 -638.9 -66e.9 -667.6 -673.2 VTHE TA PRI 
YTHETA PR2 -225.5 -Z3".'I -Z46.4 -271.0 -313.2 -360.7 -39Z.6 -390.6 -421.1 VTH~TA PR2 
U 1 545.12 551.bl 558.64 580.35 609.70 638.93 660.91 667.60 673.20 U 1 
U 2 547.1~ 553."" 5~9. 79 578.83 604.22 629.61 648.65 655.00 661.35 U 2 
~ 1 0 ..... 52 ~."89!> 11."9'11 0.49"7 0.4793 0.48Z1 0.4730 0.4677 0.4357 ~ 1 
M 2 ('.5141 C.5430 C.!:bl1 0.5811 0.5615 C..5538 0.5259 0.4967 0.3884 M 2 
~IPRI L.6619 w.7039 0.1155 0.7268 0.7360 C.~8" O.768~ C.7694 (\.7531 ~CPR I 
"CPR' :< C.At72. .... 0.5118 (\.53'03 ~.5660 0.571C C.5945 .,.5898 (1.51594 0.4947 ~IPF.I 2 
TUMNIPRI n.s88 11.033 21.Z13 21.571 19.8Z9 17.473 15.317 13 .891 5.694 TURNIPRI 
UU~AR J.1312 ~.1 2 1" 0.C877 0.0480 0.0696 0.0540 ,),0713 C.13'16 0.2353 WBAR 
l:J5S PARA 0.\;3 .... ( .0323 o .~137 0.0133 0.0195 ~.0152 0.0198 ... 0382 (1.0546 LOSS PARA 
DFAC 0.4:Jb3 O.37&U 0.359u 0.3258 0.3253 0.3095 0.3213 C.3656 0.4257 DFAt 
E FF P Ct. 8-'124 0.8681 0.9695 0.933C. 0.8986 0.9193 a.89le- (1.8106 0.5'""2 HFP 
EFF 0.83S" O.~652 0.'1687 ('.9313 0.8962 0.9173 0.b885 0.8067 0.5338 ~FF 
INCIIJ ..... 232 ..... 971 ..... 807 -It.941 ...... 606 -5.359 -6.537 -'I.5toP -13.3"4 INtiO 
CCV~ IL.15a 10.748 9.922 6.889 6.339 5.547 5.13Z 5.634 13.087 DEVil 
P I 1<0.422 14.712 14.760 14.761 14.762 14.753 14.647 14.592 14.348 P 1 
P Ib.988 17.179 17 .428 17.677 17.511 17."49 17.158 16.825 15.808 p 2 
T Sl8.nu H6.7UO ~18.700 518.7Oe 518.700 H8.700 518.7(,0 518.700 518.700 T 1 
T 5"7.~21 5"~.6"9 544.735 548.144 547.644 546.468 5 .. 5.69C 545.397 545.963 T 2 

!>T ATOR E PCT SPAN 95.CO 9r .Coe 85.00 7.0.00 50.00 30.00 15.00 lC.OO 5.0C PCT SPAN 
VIA 33. 2C 7 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA 

~U IlR-L.<. BET A 2 34.23" 3l.C83 29.641 28.523 27.398 25.834 2b.490 Z9.395 34.684 IIHA 2 
SHTUR-T.<. B~r. 21. (1.15C 1.350 l.b5C 0.300 C.110 0.450 1.701 0.800 -2.6/\1 BETA 21. 

V 2 571.84 607.53 63".06 645.50 633.73 619.02 576.30 5 .. 0. lit "23.86 V 2 
V 2. ~27.07 5 .. 8.00 574.17 614.03 608.73 602.95 540.23 51".16 504.31 V 11. 
YZ 2 472.79 520.29 551.06 567.05 562.35 556.59 515.01 41(, ... 5 348.05 VI 2 
VI 2A 527.06 5 .. <1 ..... 573.91 613.93 608.53 602.58 53'1.56 513.65 503.25 VI 21. 
Y-THET .. <: 321.67 313.6~ 313.56 308.17 2'11.47 269.48 256.70 265.04 240.86 V-THETA 2 
Y-Tt'fTA 2A 1.3B 12.92 16.53 3.21 1.17 4.13 16.0Z 7.17 -22.86 V-THETA ~" 
~ 2 C.~115 C.54bO C.~720 0.5811 0.5701 0.5567 0.5165 0.4832 0.3752 .. 2 
,.. 2A 0.4697 0.4904 0.5150 0.5510 0.!>46Z D.!>41" 0.4826 0."585 0.4491 .. 21. 
TUI\NIP~ , 3"'t .~8(~ Z9.733 27.'189 28.217 27.273 25.356 24.751 28.550 37 .226 TURNIPRI 
UUBA~ ~."'11" 0.1077 0.~'952 0.0374 C.0129 0.D376 0.1943 C.1915 -0.2781 UUIIAR 
LOS S PARA C .0309 0.0367 O.0~28 0.0133 0.0045 0.H45 0.0770 G.t766 -0.1121 LOSS P"RA 
DFAC 0.lb7~ 0.2657 O.25~9 0.2170 0.2096 0.19110 e .2291 C.2410 C.062'1 OFAt 
EoFFP ","493 0.4789 ;;.5~1l 0.6580 0.8545 0.3541 ~.4557 -0.8336 0.3827 EFFP 
lNClD -15.931 -12.304 -1 U .650 -9.501 -9.3C4 -10.027 -12.Z07 -13.769 -24.517 IHCJO 
DEY," 6.902 12.662 12.9bO 11.Z75 11.12Z 12.116 lit .140 13."8(, 2.2!>!> OEV" 
P 2 16.B88 n.179 17 .428 17.677 17.SlI 17."49 17 .158 16.815 15.808 P 2 
P 21. Ib.b3" Ib.B39 17.t98 17 .542 17.466 17.3210 16.603 16.350 16.215 P 21. 
T .: 5"7.221 54~.8"9 544.735 5"8.144 5'07.644 546.468 545.1>90 5"5.397 545.963 T 2 
T 2. 547.221 5"5.849 544.735 ~48.144 547.bIt .. 546."68 !>45.690 545.391 545.963 T 2Ao 
UU"A~ fS .:..1 .... ::13 O.IIH .SoQ9 ~.0294 :J.0306 C.U3hS 0.2461 O.le't'- ~.2964 UUBAR F~ 
PZ FS 17. ~, ~ 17. ?'~:J 7.330 17.047 17.574 17.445 17.361 17.14~ 17.003 PZ FS 
LOSS PARA FS c. 4"9 ". 3~f'l .:)237 ().Ol~4 C.:J 114 ~.C142 0.09B3 001137 JoII94 LOSS PARA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed: 89.99 Equivalent Rotor Speed: 37 BB. 37 Equivalent Weight Flow: 10". RA 

Uniform Inlet 

J~ll T 
PC T ~PA~ 96.SC 92.00 86.9\) 71.00 "9.50 28.10 12.00 7.10 3.00 ptT SPAN 
OJA 3J.ll"- :;3.529 33.962 35.312 37.137 38 .95" 'oG .321 40.737 "1.08~ CIA 
flTA 0 -{:.~(.'" -,). ~cc -{l.too -{l.DOO -0.000 -0.000 -0.000 -0.000 -0.000 eETA 0 
ofT", -0.C~C. -<> • CiCCI -0.00 .. -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
V • "'~.lb 4Z".U 42".18 "2".78 1,2".78 ,,2".78 "2".78 424.18 42".18 V 0 
V 1 4'tC.":;' ,,~5 .12 1,53.11 "39.00 "31.91 ""5.38 428.91 "25.11 400.14 V 1 
VI C 424.11 424.n "2"'.78 "2".17 "2".1'0 "24.n 42".61 "2".66 "2".61> VZ 0 
VI 1 .. ",() ... ~ 4~5 .12 .. ~J.77 "39.00 "37.88 ""~.31 .. 28.81 425.60 "00.03 VZ 1 
V-TIl<1A -,.U~ -Ci.~O -0.00 -0.00 -O.CO -0.00 -0.00 -0.00 -{l.00 V-THHA 0 
V-Tilt U -".uO -{l.0c. ~.OO -o.CO -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
M (. O.3~61 0.3~bl 0.381.1 0.381.1 0.381.1 0.381>1 0.3861 0.3861 0.381.1 

" 0 M 1 0.400. 0 ... 152 0.1,133 0.399 .. 0.398 .. 0.405" 0.3900 0.3870 0.3631 " 1 TURN L. ,. o.e c..v 0.0 0.11 0.0 0.0 0.0 0.0 TURN 
UU~AR u.'to:.v 0.305. 0.2758 0.2102 0.2102 0.2695 0.3399 0.31!;" 0.522" WbAIi 
OFAC -\,,·.,:;:,7 -v • .J7J -0.01>8 -0.033 -';.Oll -0.0"9 -0.010 -0.002 II.O!U CfAC 
EFf p Col ..... 1 0.3"23 0.3507 0.2100 0.191>8 0.2eOO 0.0518 0.0121 -0.2816 EFfP 
INC "J -:l.~OOO -0.0000 -<>.C.OOO -<1.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 INUO 
O~VM i).VO" l.OClD 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DEVIl 
P u l~ .1;'1 15.151 15.151 15.151 1~.151 i!>.151 15.151 15.151 15.151 P 0 
P I 14 .... 61 1'o.69b 14.7 .. 3 14.751 14.751 1".7~2 1".648 14.595 1 ... 378 P I 
T :.. 5.~.luL 51 ~. 7,,0 ~1b.700 5111.700 5111.100 518.700 518.100 518.700 518.700 T 0 
1 1 51~.70C ~16. 700 ~18.700 51B.1(l0 518.100 518.100 nS.l00 518.700 518.1(;0 T 1 

k(J Tl'F' l peT SPAN 95.uJ 90.~ 85.00 10.CO 50.00 30.00 15.00 10.00 5.00 pt1 SPAN 
OIA 33.,,36 3J.b21 3".Ot7 35.164 36. 'JOb 38.ZitS 39.405 39.191 "0.1110 OIA 

RClTU, -L.t. BnA 1 -u.,,(,~ -CI.ooo -0.000 -0.000 -0.000 -D.OOO -0.000 -0.000 -0.000 BETA 1 
kG[l" -T.L. :onA 2 'tl.L~' 37.oft~9 H.991 34.U~ ~3. 371 32.301 33.119 35.602 40.140 BETA 2 

BETAIPkl 1 51.118 "d.'13" "8.1..u 50.124 52."92 !l3.378 55.203 55.599 57.393 BETA/P"I 1 
HTAIP~I 2 2S..c~" 25.831. 2 ... 57 .. 26.H2 29 ... e8 33.540 31..816 "0.011 .. 7 .950 8UAIPki l-
V 1 4"1.~" 462.86 492.19 .. 71..1.2 "'0.51 "78.BO 1t!>4.26 1t!>2.33 "35.21 V 1 
V ;: ~3b.43 ~59.95 587.00 599.Bb 593.7" 51B.3" 555.56 521.33 .... 5.99 'I 2 
Vi I 441 ... 1 "82.7S "92.13 416.59 41.9.93 "71..86 "1.1.21 459.0'" "32.44 VZ I 
VI l ... v .... d~ ~ .... -o "7'0.93 "910.50 495.b!> 486.13 "1.3.92 "22.87 3"C..2~ VZ 2 
V-Till TA -o.~o -~.cc -<1.00 -0.00 -D.OO -D.OO -0.00 -D.OC -0.00 V-THETA 1 
V-THl1A 35 ... 94 3"0.55 3 ..... 95 J31>.bO 32 b. It!> 308.1>7 303.3" 302.11 286.91 V-THETA 2 
V(PMI I 703.2 73".9 7"6.3 752.9 n2.2 800.6 809.9 8H." 801t.O VIPkl 1 
VIPRI Z 449.1 .. 9~.9 5<2.3 553.5 51.9.1 581. ... 581.2 553.3 508.8 VIPRI 2 
VTHUA PRI -S"7.4 -55".0 -561.v -582.8 -1.12.2 -Ml.6 -61.3.7 -610 ... -671..0 VTHETA PRI 
VTHET,. P~l -19 ....... -215.2 -211.~ -2"".6 -280.3 -323.6 -31t8.0 -355.0 -311.2 VTHEU PR2 
U 1 5"1.39 553.'18 5100.97 582.77 1.12.25 MI.59 1.1.3.67 6111.39 671..01 U 1 
U l 5 .. 9.Jb 555.75 51.2.13 581.25 6"1>.7!; 632.2 .. Ul.3b 651.1" 6M.ll U 2 
M I O.4lJ18 (o.41,1l8 0 ..... 91 0."349 0."291 0."370 0."232 0.421 .. 0.3959 " I 
M L C.4n" u.49b" 0.~2"!I 0.5.354 0.5297 0.5155 0."43 0."24 C.3931 

" 2 M (pel 1 (..b~6u 1..67"9 C.681b 0.6870 0.70Jt2 0.13010 0.7383 0.1"22 C..131" "I Pit I 
MIPRJ < O.3C,bb 0.4396 v.1ob67 0."940 0.5082 0.5228 0.5170 0."901 0 ..... 84 "IPRI 2 
lURN(PRJ 2~."'60 n.069 2".16" 2 ..... 91 22.984 19.719 18.239 15."98 9.315 TU_IPftl 
UUbAR u.13(J~ u.llH 0.0769 0.0"2" 0.0"!>7 0.0519 0.0112 0.1310 0.1186 WeAR 
LuSS PA~A C.~:'39 (,.U302 CI.0208 0.0117 0.0128 0.0146 0.02l1t 0.0352 0.0424 lOSlo PAllA 
I'FAC O.5u18 0."641 0.4376 0.1t022 0.3978 0.3962 0."113 0."491 0.10925 OFAC 
F Ff P i:I.fHb4 O.825ti 0.93"1 V.916" o .9l54 0.911>1 0.893" 0.81"1. C..695t. HFP 
E~F D.8ll6 J.8211, 0.9322 0.91 .. 0 t .9232 0.91"3 0.8905 0.8099 0.bB83 EFF 
1"C1Li -1.314 -1.9bl> -1.838 -1.319 -1.511 -2.1.20 -3."93 1.721 -10.nl (NC1U 
[)tv>1 1( ... ~C,5 lI.bn 9.91tO 7.:;91 1..218 5.980 5.254 1..814 11.913 OEV" 
P I 1 ..... 61 14.1>98 1'..1"3 H.751 1".151 1".152 1" .bltS 1".595 14.318 P I 

17.3l:l 17.5<9 17.838 18.0 .... 18.06!. 11.91.2 11.135 17.395 16.7"5 P 2 
>ld.70u ~18.700 ~1/j. 700 518.100 518.700 518.700 518.100 518.700 518.700 T I 
55<.~~1 551.281. 549.83& 552.335 552.19<t 551.526 551."13 551.1.27 552.2"3 T 2 

~ T '!Uk t Ptl SPA.N 95.CC 90. C/O 115.00 10.00 50.00 30.00 15.00 10.00 5.00 ptT SPAN 
[>IA 3j.20 ~3.5b" 33.921 3".992 36."20 31.848 38.919 39.276 39.633 01" 

~ I A 1 uk -l • f • H1A , 41.~'" 31.2b4 35.:'14 3 ... 1U 32."20 32.199 33.853 36.115 41.898 BETA 2 
~lATt"'-T.t • ~lTA iA u.<liO 1."00 <.!l00 1.000 0.3!>0 (,.900 0.950 0."90 -3.001 bETA 2A 

V 2 535.39 5bi.b" 596.17 !l99.8b 1.01.89 580.98 5 .. 6.52 508.34 .. 31.21. V 2 
V < A "50.43 452.~ "1>8.99 521.1l8 5,jJ,.59 529."" "'0.11 .... 3 ... 1 .. 32.86 V 2A 
Vi 2 ""v.77 .... 7.77 "86.09 .. 91..18 50!>.01 491.18 "53013 'oGl.01 320.63 VZ 2 
Vl 2" .. ~(. ,,"3 "S2.B 468.1.9 521..93 !l3"."0 529.01. "1>9.1>6 ""3.00 431.81 VI 2A 
V-THEl ~ 2 355.';0 340.bb 3105.12 336.92 321..91. lO9.30 30 ... 08 303.53 281.1.1 v-THETA 2 
V-THEclA LA 1. ~ 7 11.(;5 16.n 9.20 3.26 8.31 1.19 3.19 -22.64 'I-THETA 2A 
M l ".4nJ '.5(1v9 0.5332 0.535'> 0.531" 0.5180 0."859 0."501t 0.3197 

" 2 M /A O.3Y7G 0.3993 C.4150 O.1tb7" 0."7"" 0.1tb99 0 ... 15'> 0.3910 0.3812 " 2A TU~r.(~kJ 4J .3J .. 35.86] 33.313 33.171 32.553 31.21>1 32.857 36.173 "".8:01 TURN (PRI 
UUbAR U.O~14 ... 10Ci5 0.1393 0.U3M 0.02!>] 0.0258 0.1131 0.1432 -{l.1430 WIIAR 
UJ~S PARA ~.alZ6 v.v3 .. 2 0.04079 0.0129 ".~094 '0.0099 0.01>86 0.0573 -o.0!>7b lOSS PARA 
UFAC ~.381l 0.3":'4 0.4lJ34 0.3159 0.3111> 0.2692 0.3558 0.36"9 0.2e19 OFAt 
EFf P 0.88i'i o.74e7 0.0693 0.85710 0.893!> 0.81>39 0.3111 0."""0 -16.9031 EFfP 
INCID -~.633 -b. 120ft -4.9110 -3.B!>3 -l.784 -3.661 -...852 .... 456 -17.306 INti 0 
U'V/1 '1 • .,-'2 12.112 13.310 11.975 11.362 12.566 13.391 13.170 1.8510 OEV" 
P '- 17 .32 3 17.52. 17.8311 18.O't .. 18.065 17.91.2 17.13!> 17.395 16.7 .. 5 P 2 
P lA 1 7.l j0 17.251 1l.4vl 17.928 17.98" 17.885 1l.211 17.071 11..972 P 2A 
T < ~52.~~1 551.2Cb !>49.838 552.335 !>52.19" 551.521. 551.413 551.627 552.2"3 T 2 
T ,A 55?~31 ~51.286 549.838 5!12.335 552.194 551.521> 551."13 5~1.621 552.243 1 2A 
UueAP, FS ~. I' 72 o. II ~J C.0940 Q.Olb7 0.0151 0.0182 0.Z220 0.2518 0.2507 WB"R FS 
~" ~~ 17.5)0 11.557 17.691 17.980 18. 032 17.939 17.903 17.722 17.576 P2 FS 
LUSS PARA F~ ... HI ~ . 37<, :.J. :,)3 2 '3 O.C059 0.0056 0.0070 0.OB82 0.1007 U.1009 lUSS PAllA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent" Rotor Speed = 90.61 Equivalent Rotor Speed = 3814.89 Equivalent Weight Flow = 98.57 

Unlfonn Inlet 

INLET 
PC T ~PAN 96.lh' 92.00 86.9u 11.00 49.50 28.10 12.00 1.1~ 3.00 PCT SPAN 
~IA 33.122 33. 52~ 33.962 35.lI2 31.131 38.954 40.321 40.131 41.085 DIA 
BETA v -< .~O" -c .0uo -i.:.{;C0 -<I.OOu -oJ.OuO -<I.~OO -0.000 -<1.000 -0.000 8HA C 
BETA I -o.e-oo -(;.OOO -C.ClOO -o.OOC -0.000 -<I.COO -0.000 -0.000 -<1.000 8ETA 1 
V 8 389.23 389.B 389.23 389.23 389.23 389.23 389.23 389.23 389.-23 V 0 
V I J'l6.32 4ll6.50 4C4.36 411.03 4UO.95 403.12 393.03 386.53 359.38 v 1 
Vl 0 3d9 • .2.3 lij9.23 389.23 389.23 389.20 389.17 389.14 3S9.13 389.13 VZ " VZ 1 )96.32 4e6.50) 4C4.36 411.03 400.92 403.65 392.93 386."3 359.28 VI 1 
V-THETA -0.00 -0.00 """.00 -<1.011 -o.oc -0. COO -<I.CO -c.OO -<1.00 V-1HHA II 
V-THETA -c.OO -() .00 ~.c.o -<1.00 -0.(,0 -().OO -<1.00 -O.CC -o.ClO V-THETA 1 

" 0 U.3)29 0.3529 0.3529 0.3529 0.3529 0.3529 0.3529 0.3529 0.3529 II ° 
" I 0.3595 C.31>90 0.3610 0.3133 0.3638 0.3664 0.3565 ('.350" 0.3253 II 1 
TURN ~.C ('.0 C.C (1.0 0.0 0.0 0.0 (j.0 O.C TUllio 
UUbAR u.4~oIt-At (,.2",28 0.2655 0.2565 (1.2598 0.2606 0.3233 Ci.3628 0.5105 W8AR 
DFAC -0.018 -(). C'104 -().039 -<1.056 -c.03e -().031 -<1.010 O.COl 0.071 OFAC 
HFP C .0113 ... 21046 t- .2318 0.3197 t.1913 0.2333 (;.0594 -C.O"13 -<1.4253 ~FFP 

INCH' -o.ooce' -< .(1000 -0.(;0('0 -().OOOO -().OOOC -O.CIOOO -0.0000 -o.OOUO -0.0000 INtIO 
DFV,", 0.~00 0.1100 0.000 (1.000 0.000 C.OOO 0.00(; (;.COO O.CO(; DEVil 
P ;., 15.[·b3 1~.C'63 15.~C.3 15.063 15.063 15.(\63 U.063 15.r63 15.063 P C 
P 1 1 .... 498 1 .... 699 1'0.733 1".7"" l'o.l"O lit. 739 14.661 14.612 H."28 P 
T u 518.no 518.100 518.7CC 518.100 518.7eo ~18.1CO 518.7&0 518.7eO 518.1ro T " T 1 518.700 518.7"(' 0;18.70C' 518.700 518.700 518.100 518.100 'He.l00 518.1tO T 1 

~OlLF. f peT ~PAN 95.00 9C.CO 85.00 10.00 50.:>0 30.00 1'.00 10.00 5.cO PCT SPAN 
OIA 33.236 33 ... 21 34.007 35.164 31>.106 36.248 39."05 39.791 1oQ.171> [l1A 

R['TC~ -l.E. BETA 1 -() .vuo -(, .000 ~.ooo -<1.000 -.l.000 -<1.000 -().OO~ -0.000 -!'I.OGO bETA 1 
WTO'< -T.~. oEl. 1 "5.998 ..... 07b "1.822 39.282 38.61t 31.188 39.133 43.235 4B.B3Z BETA 2 

BETAIPRJ ~.22ti 52 .... 0 .. 5L.2113 52.812 55.153 5b.291 51.159 58.319 60.363 8ETA IP~J 1 
BETAIPRJ 25.v69 27.51>" 16.229 26.284 3L.279 33.716 38.251 42.225 48.396 B~TAIPRJ 2 
Y I 397.23 429.61 "36.93 ..... 5.21 429.19 432.18 424.32 418.63 389.810 V 1 
Y ;;: ~29. 79 52Z.75 5 .. 1.47 516."5 565.81 559.11 521.65 492.96 1048.30 V 2 
VZ 1 397.15 429.51 "36.87 445.2'" 429.26 "31.03 421.53 41!..65 387.30 VZ 1 
VZ 2 31>8.03 375.54 "01.98 ""6.18 .... 1.97 441.31 "'05.0U 358."6 294.64 VZ Z 
V-THETA 1 -().tt -() .00 -0.00 -0.00 -0.00 -0.00 -0.00 -C.OO -<1.00 V-THETA 1 
V-THETA 2 381.01 363.62 360;.06 364.96 352.9" 342.11 336.64 331.03 336.95 V-THETA Z 
VIPRJ 1 619 .... n4.1 71".2 736.1 751.6 In.6 791.6 79 ... 3 18".5 VIPRJ I 
YIPR J 2 "Ob.3 "23.6 "54.8 .. 97.6 512.C 531.3 516.e 485.0 """.4 VIPI\I 2 
YTHETA PI\I -5~1.2 -551.9 -56".9 -586.8 -616.5 -646.1 -1>68.3 ~15.1 ~80.1 VTHE TA PRI 
YTHEU PR2 -172.2 -196.0 -2CI.(I -220.4 -258.~ -294.5 -319.3 -325.3 -331.b VTtlETA PI\2 
U 1 551.23 557.85 5b".90 586.85 616.53 646.08 668.31 1>15.08 680.710 U 1 
U 2 553.23 559.64 51>6.06 585.32 610.99 636.67 655.92 6b2.34 668.76 U 2 
M 1 o .31>J4 u.'39~t. Ci.3915 0.4053 O.39l1b u.~936 0.3857 J.3803 0.3S)S " 1 
,.. 2 0.",,95 ~.4625 0.486() C..SI20 0.502r 0.490;9 0.41>63 C.43"3 10.3933 " < "'PI\I ('.blo4 J.1>40' 0.6497 0.1>706 0.6B34 0.1012 C.l\95 C.7217 0.7114 "IPRI 
"'PRJ 2 ,,).301l1 0.3748 0."037 0.442t 0.4543 0 ... 112 0."567 ~ .4273 0.3899 II ,PI< 1 2 
TURNIPRJ 29.155 24.838 26.051 26.528 2".855 22.519 19."28 16.07" 1l.901 TURN IP~ 1 
UUBAR 0.111(' C..Hil7 0.0999 0.u526 0.C518 (1.060" U.1102 (1.168" 0.2131 WUR 
lOSS PARA 0.0791 O.03c.6 C..02b6 0.0145 0.0161 a.Ol1>9 D.0301 ('.0"31 9.05tl LOSS PARA 
DFA( 0.SI> .. 7 (1.5500 ".5151 0.471>7 0.4693 CI.4631 0.4930; 0.5368 a.584l OF A' 
EFFP C,.9ulO 0.80"0 O.Hf87 0.9191 0.916~ (1.9246 0.8!>22 ".7785 ('.1l9~ EFFP 
fFF ~.8992 C.7987 0.6855 0.9165 0.91"2 0.9222 (I.81on U.7124, c .11lJ HF 
IN(IU 1.797 1.490 1.10" 0.110 1.151 0.297 -C.931 -3.933 -7.799 INCIO 
DEV,.. 9.91Y 13."04 11.590; 1.643 7.0b8 6.156 6.628 9.[86 12."19 DEVil 
P I 14.498 14.699 .".733 14.1"" 14.740 1 ... 139 14.661 1".612 1".428 P 1 
P 2 17.71~ 17.118 17.99C 18.339 18.339 18.",9 18 .026 17 .688 17 .28 8 P .. 
T 1 518.7(,0 ~"8. 7CO 0;18.100 518.1(10 518.700 518.100 518.100 518.no 518.1eo T 
T 2 553.287 554.302 553.IC8 555.1C,5 555.245 55S.036 S55.911 55b.380 551.332 T <-

51 ATOR E PCT SPAN 95.,0 ~O.'O 85.00 lC.OO 50.00 lO.OO 15.00 10.00 5.00 PCT SPA" 
OlA 33.lC7 33.51>" 33.921 3".992 3b.4lC 37.8"8 38.919 39.716 39.633 DIA 

~H Te;'-L.E. B~T. 2 4b.335 43.8310 "1.104 39.332 36.('83 31.1>6(1 40.513 104.611 51.259 8ETA 2 
~IATGR-T.E. f,~T ,. 2A -1.l0~ 1.2~O 1.880 1.750 ~.81)0 1.200 1.310 1.501 1.OSO bETA 2A 

V 2 526.88 525 •• 1 555.58 576.45 573.33 561.6l 'H9.3" "81.06 433."9 V 2 
V 2A .. ",4.63 398.90 403.55 463.0] 480.88 .. 76.68 425.37 399.45 381>.42 \' 2,. 
VZ 2 363.70 378.85 "18.62 445.81 1051.10 ....... 26 394.08 341.18 211.06 VZ 2 
Yl lA 4['10.'6 3~8.80 4':'3.32 462.75 ,,80.61 476.29 424.91 398.9S 385.94 VZ 21. 
V-TtlrT I- 2 3et.14 3b3.11o 365.24 365.31 353.48 342.81 331.45 337.88 337.84 V-THETA 2 
Y-TtI<H 21. -7.0b 8.70 13.24 1 ... 110 6.11 9.98 9.72 10."~ 1.08 V-THETA 2A 
" 2 t.4b6& O.4C."8 u .... 93~ 0.5120 ('.509(1 0,"982 0.4581 1).42310 0.37'19 II 2 
'"' 21. ['.355~ ~.349S 0.3~"" 0.407~ 0."231 0.4200 0.3731 0.3"97 C.3311 ,.211 
TURNIP"-I 47.335 42.583 39.222 37.516 37.2604 36.426 39.215 43.119 5t.152 T\JRN' PR I 
UU3AR ~.O!-1..17 (;.~sco 0.1278 (I.C696 0.0203 o.c ....... 0.1168 v.06/>9 -<1.1001 W8,.R 
lOSS PARA :;.0~11 L.0170 o .~41oC ['.:1247 C .J075 O~O 171 0.11463 0.0268 -.J.CIK/4 LOSS PARA 
OFA(. a."ti03 v •• 708 0 •• 920 0."137 0.381>(\ 0.3801> 0.432" .:I .10435 0."181 OFAC 
EFF~ ~.881>2 C .8911 0.7514 0.8222 0.9381 0.851>0 0.6114 r.1989 1."56'" Hf'P 
INCID -3.832 J.4"6 0.813 1.302 1.377 1.193 1.866 1.499 -7.9410 INClD 
DEVil 1.832 12.5bL 10.19(' 12.120; 11.812 12.861> 13.750 14.179 S.903 D~YII 
p < 17 .175 17 .118 17 .990 18.339 lb.33<; 18.349 18.026 17 .688 17 .288 P ;, 
P V. 17.6~ CJ 17.~96 17.1>38 18.130 18.278 18.222 17.143 17.551 11.452 P 201. 
T 2 553.287 55".302 553.1[,8 555.105 555.2"5 555.036 555.911 556.380 5H.332 T 2 
T 1A 553.281 554.3(-2 553.108 555.1.,5 555.2"~ 55'.036 555.911 556.380 551.332 7 2,. 
UU~AR FS w~., 7") 1 :..;. 1 i. '" B .:o12J6 W.~515 J.nH J.u317 0.210:> 0.2210 ~ol9U' UU8AI\ FS 
P2 FS 1 I.·. ~ 1"1 ..... 96 17.~6e la.2n ld.3~J 10.311 180311 l:.O~b 17.875 P2 FS 
lOSS PARA FS •• " 5? ..:. ']'7_' "".J"15 ,,:.vlH2 ~.Oh-l :.;. J 122 o. L'~ 32 :,).~:';:l1:i :..;.u76d LOSS PARA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed 0 90.25 Equivalent Rotor Speed 0 3799.69 Equivalent WeIght Flow 0 88.91 

Uniform Inlet 

INlfT 
PCl SPAN 96.8C' '12.00 86.90 71.00 .... ~u 28.10 12.00 7.10 3.00 PeT SPAN 
DIA 33.122 33.~29 33.962 35.312 37.137 38.954 ~.321 40.737 41.085 DIA 
snA 0 -(".COl ~.oo" -0.000 -0.000 -e.ooo -0.000 -0.000 -0.000 -0.000 IIETA C 
SfTA 1 -(,.OCl. ...... ' .ooc -0.000 -0.000 -0.000 -c.ooo -0.000 -o.ooe -0.000 BETA I 
V ,. 3 .. 8.18 3't8.1e 348.18 3'08.78 348.78 3'H1.711 3'08.18 348.78 348.n v 0 
V 1 354.91 365.24 368.38 365.01 371.90 364.61 351.73 342.68 319.60 V I 
Vl C 348.1ti 348.7a 348.71' 3"8.71 348 .1~ 3"8.72 348.69 348.68 3411.69 VZ II 
vz 1 35".9" 365.24 3b8.lf 365.01 371.87 364.55 351.6" 34<.59 319.52 Vl I 
V-TH£ TA C' -O.;lu -l·.(,O -:'.(\0 -0.00 -0.00 -0.00 -(l.00 -0.00 -0.00 V-THET J G 
V-THETA I -(l.00 -0.00 -(l. co -C.[l0 -(l.00 -<..00 -0.00 -0.00 -0.00 V-THHA 
,.. U 0.3155 0.3155 ".3155 0.3155 0.3155 0.3155 0.31~5 0.3155 0.31~5 I'! 0 
I'! • O.3lll r.3307 0.3336 0.3305 0.3369 0.33Cl 0.3182 0.309'1 0.2886 I'! I 
TU~N 0.0 (I.e c.o 0.0 0.0 o.c 0.0 0.0 0.0 TURN 
UUBAR C ...... 31 0.2819 0.2481 0.2491 ('.24'11 C.24'11 (,.3114 0.35"2 0.4870 1JU8AR 
DFAC -C,.u.lB ~.OH -0.056 -0.047 -0.066 -0.045 -0.008 0.011 0.084 DFAC 
EFFP 0.(,762 0.2580 0.3260 0.2840 0.3633 0.2789 0.0533 -0.1123 -0.5103 EFFP 
INC 10 -G.ooeo -0.000c> -(l.0000 -0.0000 -0.0000 -(l.oooo -(l.OOOO -0.0000 -0.0000 INtJO 
OfYI'! O.VOO 0.(,00 C.OOO 0.000 O.O()O 0.000 0.000 0.000 0.000 DE VI'! 
P " 14.978 14.978 14.978 14.978 14.978 14.978 1 ... 918 14.918 )It.918 P 0 
P I .... 536 14.b91 1".131 14.730 1 ... 730 14.130 14.667 14.b25 11,.492 P I 
T , 518.10(, ~18.7iX1 H8.700 518.700 518.700 ~IB.700 518.700 518.700 518.700 T C 
T 1 518.100 516.7('0 518.100 518.11>0 518 .700 518.700 518.700 !>18.700 51B.l00 T I 

ROTOR t PeT SPAN 95.C.0 90."",' 85.CO 10.00 50.00 30.00 15.00 10.00 5.00 PeT SPAN 
OIl. H.23b 33.621 310.007 35.164 3b.706 38.248 39 • .,05 39.791 4C.1l6 DIA 

RLJT(H; -l.E. nlA I -0.':.00 -c.('oo -o.o~o -(l.000 -i).OOO -0.000 -(l.IIOU -C.OOO -i).000 BETA 1 
ReTOR -T.£. SETA 2 5~ • .H8 49.223 4<>.97'1 43.918 '103.2"1 1,2.870 46.757 50.623 55.~0 BETA 2 

8ETAIP~) 51.061 ~5.2!.5 54.7e5 56.00Z 57.085 58.883 60.521 61.34) 63.121 BElAIPR) 
8ETAIPR) 23.~67 27 .968 27.396 27.578 2'1.946 34.281 39.20B 410.193 41.389 BfTA IP~' 
Y 1 355.7G 385.33 397.18 394.24 397.~8 390.04 318.78 370.14 345.93 V 1 
Y 2 523.58 504.89 519.79 5410.93 5H.~3 537.99 5C.8.25 475.37 "62.96 V 2 
vz 1 355.b3 385.24 391.13 394.22 397.49 388.46 376.29 367.50 343 • .,7 VI 1 
YZ 2 333.89 329.7. 35".63 392.52 4C 1.29 393.88 347.61 301.14 262.59 vz 2 
V-THETA -0.00 -(l.0(' -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THOA I 
Y-TH( TA 403.29 382.32 380.02 377.91 3n.:n 36~.!>3 369.67 366.92 380.64 V-THHA ~ 
V(PRI 1 bS4.2 616.2 688.7 705.0 131.8 752.5 765.9 767.5 761.2 VIPR) I 
VIPRJ 2 36-:.1 313.4 399.4 442.8 463.3 .,77.3 449.6 "20.8 388.5 VI PI.., 2 
YTHfTA PRI -54".0 -555.6 -~62.6 -584.5 -614.1 -6"3.5 -665.6 -672.4 -678.0 VTH~n PRI 
VTHE lA PR2 -1"7.7 -115.1 -183.8 -205.0 -231.2 -268.5 -283.6 -292.8 -285.5 VTHfU Pk2 
U I 5"9.03 555.63 562.64 584.51 614.08 643.51 665.65 672.39 678.03 U I 
U 2 551.02 551.41 5b3.B1 582.99 608.56 634.13 b53.Jl 659.7t 666.09 U 2 
I'! 1 0.3219 0.3493 ".3603 0.3576 0.3611 0.35)1 0.3432 0.3352 0.3129 ,.. I 
" 2 0."bI8 0 ..... .,9 0.4593 0.~16 0.4871 0.4749 0.447C O.41bB 0.405£ M 2 
MIPRJ [, .5920 0.6130 ~ .b248 C.6395 0.663'1 1),6824 0.69~ 0.6Q52 0.6884 I'!IPP J 1 
"IPR) 2 C.3120 O.329U 0.3529 0.39'" 0 • .,096 D."214 0.3953 0.3689 0.3399 "IPR) 2 
TURNIPRJ 33.196 27.292 21.386 28.4210 27.121 24.551 21.241 17 .078 15.682 TUIINIPR) 
WBAR 0.11,)5 0.14510 O.IBI 0.0724 0.0655 0.0870 0.1628 0.2139 0.2468 weAR 
lOSS PARA l.0293 0.0317 ('.0304 0.0198 0.0183 C.0242 0.0438 0.0538 0.0592 lOSS P_RA 
DFAC 0.62(,1 0.6139 0.5840 0.5366 0.5322 C .5279 0.5190 O.bl1t 0.6652 DFAC 
EFFP <,.85101 0.7928 0.8558 0.8774 0.9112 0.8819 0.8093 0.7~3~ 0.73"1 HFP 
f~F 0.8501 J.7869 0.8515 0.8135 0.9082 C..8B"3 0.803" 0.7360 0.7263 EFF 
INClD 4.63b ".349 4.206 3.960 3.084 2.893 1.839 -0.9bl -5.030 INCIO 
DEV" 8 .118 13.808 12.762 8.931 6.736 6.121 7.584 1l.O5~ 11.412 DEVM 
P 1 1".~36 1'0.691 14.731 14.730 1".730 14.130 14.667 14.625 I1t.492 P 1 
P 2 18.0b3 17.910 18.093 18.379 18.573 18.491 18.ln 17.869 11.7b1 P 2 
T 518. NO 518.7eo 518.100 518.700 518.700 !llB.700 !l18.100 518.700 518.100 T I 
T 557.771 557.en !l55.559 557.468 557.8119 558.0B2 559.599 560.22!> 561.508 T 2 

STlTO~ E peT SPAN 95.0e 90.110 85.00 70.CO 50. OIl 30.00 15.00 10.00 5.00 Pel SPAN 
OIA 33.207 3~. 5b't 33.921 34.992 36.420 37.81tS 38.919 39.216 39.633 DIA 

!;.lATQR-L.f. ~ET A 2 50.769 ~b.9"0 46.l'o9 .. 3.917 42.640 "2.125 1t7.826 52.1tS4 58.5110 BElA 2 
SlATC'~-T.E. BETA 2A -1.:;OC 1.400 1.80C' ).95~ 1.280 1.250 1.561 2.201 2.451 bETA ZA 

Y 2 52U.13 SV1.22 521.25 5410.93 558.15 540.37 500.41 464.09 447.51 V 2 
Y 2A 381.27 366.06 359.43 .,11.77 431.91 431.53 384.53 365.Z9 359.80 V 2A 
Vl 2 329.33 333.lb 365.26 392.09 410.44 396.70 335.70 282.43 233.20 Vl 2 
VZ 2A 381.21 365.94 359. Z3 411.48 431.66 431.17 384.08 364.70 359.0'1 VI 2A 
V-T~fTA 2 "03.36 3~2.Io5 3&0.21 378.34 377.95 366.38 370.57 367.B~ 381.65 V-THETA 2 
V-THE TA 211 -6.65 8.9" 11.29 14.01 9.65 9.41 10."6 14.01 15.37 V-THETA 21. ,.. ~ 0."592 C.4~71 0.4661 ".4816 0.4931 0.4711 0.4398 0.406~ 0.3911 I'! 2 
MlA O.333() C.3196 0.31.,1 0.3604 0.3784 0.3779 0.3353 0.3180 0.3128 I'! 2A 
TURNIPRJ 51.769 101.539 44.3"7 42.020 41.341 41.439 46.211 5(j.233 ~.013 TURNIP"') 
UUBU 0.')57C ". )417 0.12~9 0.0858 0.01'51 0.0672 0.1I9C C.C419 0.0057 WSAR 
lOS S PARA ('.0192 'J.O .42 0.0433 0.0305 C .0218 0~0259 0.0471 1..0167 0.0023 lOSS PARA 
DFAC ;:'.5331 0.52'12 0.55'14 0.4825 0.4713 0.4570 0.~183 C.5191 0.5282 UFAC 
EFFP 0.8db" "",.9191 0.7818 0.8163 0.82'10 0.8298 0.7289 0.8967 0.984'1 lFFP 
INCID 0.,02 5.552 5.80;8 5.946 5.934 6.856 9.118 9.313 -0.624 INCID 
DEVM 7.~32 12.712 130110 12.925 12.29l 12.916 14.000 "'.879 1.302 CEVI'! 
P l 1~.G63 17.910 18.0'13 18 .37'1 18.573 18 .491 18 .185 17.86'1 H.7b7 P l 
P 2' 17.92" 17.814 17 .17b 18.141 18 .359 18.312 17.916 11.789 11.7H P 2A 
T 2 557.171 557.092 555.55'1 557.468 551.809 558.082 559.599 560.225 561.508 T 2 
T 2A 557.771 557.l'92 555.559 551.468 557.809 558.082 559.599 560.225 561.508 TZA 
uueAR FS -'. ~I 1 :? :,.1141 ~.13B7 C.0655 u. 04 72 (.IIU630 001972 o.ld4Q :,) .16 7 .. UUBAR FS 
P2 FS 1 :',.:J..,S 1-.0,7 1 B. 130 IB.377 lB.4e~ lB.4H lB."U; ltl.,2 u~ 16011< P2 FS 
lOSS PARA FS -'. '4' ~., 3 ~ e :.'J'17 u • .:: 3(·4 0.017. C. 0 24 3 J.C!78C 0.(,733 'J.DEl75 lOSS PARA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 90.27 Equivalent Rotor Speed = 3800.22 Equivalent Weight Flow = 82.57 

Unlfonn Inlet 

'NLlT 
PCl SPlN ~b.80 92.00 eb.90 71.00 .. ~.~o 28.1e. 12.00 7.10 3.00 PCT SPt.N 
D1A 33.122 33.529 33.910; 35.312 :37.137 311.954 ~.321 ~.737 .... 085 OU 
6fTA () -(1.00 ..... ~.OO;) -o.OOCl -0.000 -< • DOC. -0.1100 -0.001) -o.ClOO -0.000 BETA C. 
bETA 1 -c. • .:;(, 'oJ -{'.tOo -l: .OO~ -<1.000 -v.OOl -<1.000 -<1.000 -<I.OCO -0.000 IIETA 1 
V J 322.57 322.57 321.57 322.57 322.57 322.H 322.~7 322.57 322.57 V II 
V 1 334.18 :;4b.8~ 3 .. b.14 3"1.26 3 .. 5.51 336.21 325.92 320.3" 291.25 V 1 
vz C 3Z~.~6 nZ.5b 322.51 322.510 312.5" 322.51 322."8 322."8 322."11 Vl u 
VZ 1 nlt.lS 34b.85 "'6.1" 3 .. 1.26 3 .. S.5 .. 3310.21 325.8 .. 320.25 291.17 Vl 1 
V-THHA -(l.CO -0.00 -<1.0,) -<1.00 -<I.CO -<1.00 -II.OG -<I.O!; -0.00 V-THETA " V-THETA -0.00 -0.00 -1o:.0C -(1.00 -<I.CO -0.00 -<1.00 -<I.CO -O.Ol' V-THETA 1 
~ c· 0.2914 0.2914 0.291" 0.291 .. 0.291" 0.291 .. 0.291 .. 0.2914 0.2914 ~ 0 
M I (j.31: 2r 0.31:'1 0.1131 0.31 .. 1 0.3125 0.3040 0.29 .... 0.2B93 0.2682 M 1 
TlI'IN 0.( C· .CI C.o c.O o .J 0.0 c..o 0.0 d ... TlJRH 
UUEAR 0 ... 341 0.21119 O.2 .. n 0.2"15 0.2 .. 03 0.2 .. 1 .. 0.30 .. 5 ('.331B 0 ... 722 WBU 
Of AC -<'.~]6 -t).Cl7~ -...073 -<1.017 -(!.01l -<1.0"2 -<1.010 0.001 0.078 !'F"'C 
EfFP 0.1"71 0.3639 0.3933 0 • ..a"7 0.388" ".2657 0.0661 -<1.0"37 -o."8~3 EFFP 
I"C 10 -<I.COOC -O.OOCIO -<I ... 00 .. -O.OOCO -0.0000 -c..C.000 -0.0000 -<I.lOOO -<1.000':; INtlD 
DEV~ U.COC ,,1.00e. o.OOC 0.000 C).OOO D.COO C.OOC ().~OO 0.000 DEV'" 
P () l4.932 1 ... 932 1".932 1".932 14.932 14.932 1 ... 932 1 ... 932 1".932 P C 
P 1 1".~61 14.691 lIt.72~ lIt.725 14.726 lIo. 72~ 1".1072 1".6"3 14.528 P I 
T v 516.1uO ~ lB.l00 H8.7C: H8.700 51&.700 518.700 518.700 518.100 518 .100 T 0 
T 1 5IB.700 510.7()O ;;U.7OO 518.700 518.100 518.1~0 518.100 518.700 518.1 .. 0 T I 

~C1CR l PCT SPAN 95.0C ge.oO 85.00 10.00 50.00 30.00 15.00 10.e.0 !».\)O ptT SP ... H 
OIA 33.23" 33.b21 3".C07 3~.IM 36.7Cb ]8.2"8 39.~5 39.791 ~.176 DU 

"Cl:Jk -L.E. eEU I -(' .000 -<' .00c. -c.OCO -0.000 -c. 001,; -<I.OC.O -() .COO -<1.000 -<1.000 8~U 1 
'.G.OK -T.f. bETA 2 53.1"8 51.301 Io9.bl3 106.605 "6.131 ,.6.703 ~2.612 56.388 59.510 IIETA 2 

~ETAtP~1 58.bl5 ~b.660 56.,.84 57.3 .... ~9.011 1>0.930 b2.388 62.9610 1>10.18" aETAtP~1 1 
~ETAtPR I 16.C24 27 ... 55 28.C 24 27.715 3(.1088 3 ... {I" 0 40.198 ..... 552 "f>.111 bHAIPll1 2 
V I 33 ... 91 365.67 372.74 374.69 369.32 359.23 3~(o.53 3 .. 5.6& 321."3 V 1 
V Z ~b6. 73 ~G4.4C 5e9.58 536.13 539.28 532.97 .. 96.11 "79."1 1080.00 Y l 
VZ 1 33 ... e~ 365.59 372.69 37 ... 67 368.87 351.78 3 .. 8.22 343.1" 319.33 VZ 1 
VI 2 339.811 31503b BO.le 368. B 373.62 365.16 300.88 265.0'3' 2103.32 VI 2 
V-THETA -0.00 -(1.00 -0.00 -<1.00 -<I.CO -<1.00 -() .CO -(l.00 -0.00 V-THETA I 
Y-THETA 453."8 393.610 388.111 389.56 388.101 387.5" 393.1C 398.81 "13.2" V-T11H A 2 
vtPRI I 643.2 b65.2 1075.0 69 ..... 716.1 731.1 752 ... 756.1 750.10 VtPI( I I 
VtPRI 2 353.b 355." 3110.0 "16.1 ,,33.8 .... 1.3 398.2 312.7 351.b VtPRI L 
VTI<ETA PRl -~4t9.1 -5~5.1 -~62.7 -5810.6 -6110.2 -6"3.b -6105.7 -toll. 5 -1>78.1 VIHE TA PRI 
VTHETA PR2 -97 ... -163.9 -175.7 -193.5 -220.C -246.7 -259.1 -261.0 -252.9 VTHI. TA PRL 
U I 5"9.11 555.11 562.72 58 ... 59 6l1o.16 6"3.100 665.1 .. b72.48 678.12 U 1 
U 2 551.IC 557,"9 563.69 583 • .11 608.6" 6310.22 653."0 659.19 6b6.19 U ;;: 

'" 1 (0.3027 0.3311 0.33 76 0.3395 0.33"5 0.3251 0.3171 C.3126 0.2903 ~ 1 
M 2 ~.50':>6 •• 4 .. 38 0 ..... 92 0.4727 0."1'1 .. 0.4691 0."345 '· ... 191 0.1ol92 ~ 2 
MtP~1 0.5H\3 C .6(,23 0.611" 0.6291 0.1>1090 0.6671 0.6806 t.68 38 0.6778 "'t PR I 
MtPRI 2 (0, ~12" C.)127 0.3297 C..3668 0.3112" ~.3811" C.3"88 ~.3258 0.3011 MtPRI 2 
TUPNIPRI 42.597 29.l0C 28 ... 51 29.6211 28.506 26.8 .... 21.'126 18.351 18 .631 TURHIPRI 
UU&AR C.:l96& 0.142'" 0.12510 0.0810 0.08bt 0.1168 0.225!! 0.2b72 0.2838 waAR 
LOSS PAR. e.027v 0.0371 0.0319 0.0221 0.0239 0.0326 0.0'93 0.066B 0.C.691 LOSS p,.... 
DF~L C .65"8 "':'.6396 o .b169 0.5732 0.5686 0.5769 w.b5C'1 C.69(j3 0.1248 OFAt 
EHP l.9316 C.7930 t.B3bl C..B606 0.87B9 0.8598 0.1501 0.7190 0.1318 EFfP 
E fF 0.9293 ~. 78109 C..8311 0.8561 0.81"8 C.8551 '.1 .. 2 .. (o.n06 0.723" EFF 
INtlD 6.194 5.1 .... 5.905 5.301 5.011 4.9,,5 3.1U 0.671 -3.3bl IHCID 
DEVM 0.875 13.296 13.390 9.07" 7.278 6."80 9.113 11.1013 10.13" DE V'" 
P 1 14.51> 1 14.691 1 ... 725 1 ... 725 110.126 14.72(' 110.612 1".6"3 1".528 P 1 
P 2 18./)"8 IA.r 57 1&.1 .. 9 18 ... 7 .. 18.61b 18.616 11I.19t 18.037 18 .O~ 7 P 2 
1 1 5IB.7;)u 518.700 ~18.10{l 518.700 ~He. 700 518.100 518.7CO 5'8.7CO 518.100 T I 
T 2 56:".:"30 558.130 ~51.1u9 559.261 559.768 560.793 ~62.9~2 5b3'''9~ 5610.661 T 2 

S T AlOR E PC T SPAN 95.~O 90.00 85.00 70.00 50.00 30.00 1'1.00 IG.OO 5.1l0 ptT SP ... N 
OlA 33.ll'7 33.5blo 33.921 3".992 36 ... 2C 31.8"8 38.919 39.276 39.633 DU 

~TAIC~-t..E. bETA 53.5111 5C.996 "8.723 "6.668 .. ~."18 .. 6.5108 53.926 58.73e 63.355 aHA 1 
':TATUR.-T.E. BElA ~A -0.120 1.23(1 1.I .. r C.B60 I.ne 0.680 1.150 ;;:.111 3.5n ~ET. 21. 

v 2 563.51 506.12 51b.8t 536.13 5"6.1" 535.26 "8.58 468.01 463.77 V 2 
V 2A 377.10 355.65 343.37 388.90 ..a7.01l "08.11 372.71 356.75 358.33 V 201. 
VZ 2 334.51 318.91 3"0.92 367.86 382.81 3b7.91 281.H 2" 2. B 1 207.89 VZ 2 
VI 2A 377.C'I 355.56 3lt3.29 388.110 "06.88 "01.84 372 .33 356.03 357.28 VZ 201. 
V-THETA 2 "53.510 393.77 388.38 3119.9" 389.21> 388.3" 39".66 399.83 "I ... ", V-THETA 2 
V-THE fA 2A -0.79 7.63 6.83 5.810 7.~8 ".8" 7.108 16.510 21.B6 V-T11ET A 201. 

'" ~ 0.4971 O ..... ~9 0."~~8 0.10127 0.10811 0.10712 0.4217 C. ... 089 0 ... 0"6 ~ 2 
M 201. CI.3285 (·.3e99 (0.299" ('.3393 0.355 .. 0.3560 0.3238 O.309~ 0.31C16 iii 2A 
TU"NtP~1 53.711 49.165 41.581 "5.801 ..... 3 .. 9 .. 5.832 ~2.129 55.97 .. 59.81C. TURHCPRI 
UUBAR ( .• 2098 '.051] 0.12"8 0.1229 0.11 .. 9 0.1176 0.0199 0.0606 0.0681 uueAR 
LOS5 PARA C.0701 ".~195 u.Olo29 0.0"37 O.O42~ Q~Olo53 0.0317 0.0 .... 2 0.021" lOSS PARA 
LJFA' 0.bC25 C.!>578 v.5900 0.5297 0.51":' 0.51"7 CI.5529 C.5b7r 0.~709 DF.C 
EFFP 0.f>1085 O.B9'5(1 (1.7919 0.7601 0.7619 0.7..a5 C..8215 0.86 .. 2 0.8 .. 12 EFFP 
[NCID 3.424 1.608 8."32 8.631 8.172 10.619 15.221 15.56~ ".162 [HCID 
OfVM B.112 12.5 .. 2 12."50 11.835 12.122 12.3"6 13.590 15.388 8.351 DEY'" 
P Z 18.6\110 18.051 111 .149 18."710 18.bl6 18.616 18.190 18.031 18.051 P 2 
P 2A 1".0~7 11.925 17.8"~ 18.152 18.3(l2 111.301 18.018 17.918 17.926 P :i. ... 
T 2 56'::.-.;3& 558.7j(\ 557.109 559.261 559.768 51>(,.793 562.952 563."95 5610.661 T 2 
T ZA 56~.J3P 558.13. 551.109 559.261 559.768 5bO.793 0;62.952 5113.495 564.6bl TZA 
UUBAR FS _ ., (J ~!, Col3.7 ~.13'9 o.lZ6e 001123 O. lOb 7 001671 0.14:1() ~ .13<.2 uuaAR FS 
P2 FS l = .:3 jR 1". £ 77 I ~. I ~o 18.<'86 18.6;)8 IB.,B9 lB.41it 1~.~~2 18 •• 0<' P2 FS 
LOSS PARA FS ~ . 3,;:: l •• "c, 7';1 ...... J48.;J ~. 04 51 :J .• 041, J.;)418 u. ':.J663 0 .... ~dl ~.~5"v lOSS PARA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Tranalated Value a 
Percent Equivalent Rotor Speed; 70.56 Equivalent Rotor Speed; 2970.64 Equivalent Weight Flow; 92.73 

Uniform Inlet 

INLET 
Pt T SPAN 96.80 92.00 86.90 11.00 49.50 28.10 12.00 7.10 3.00 PCT SPAN 
OIA 33.112 33.529 33.962 35.312 37.137 38.954 40.321 40.737 41.1115 OU 
8ETA 0 -o.OOil -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA a 
aETA I -11 ... 00 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA I 
V 0 364.35 364.35 364. )5 364.35 364.35 364.35 364.35 364.35 364.35 V 0 
V I 317. )8 390.26 381.98 385.70 3B~.46 371.16 366.46 364.08 342." V 1 
VZ C. 364.35 364.35 364.35 364.35 164.33 364.29 364.26 364.25 364.26 no 
liZ 1 371.38 390.26 381.98 385.69 385.44 371.10 366.37 363.9B 342.59 VZ I 
V-THETA 0 -0.C.0 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA a 
V-THETA 1 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 

" 0 0.3l99 0.3299 0.3299 0.3299 0.3299 0.3299 0.3299 0.3299 0.3299 
" 0 

" 1 0.3419 0.3539 0.3462 0.3497 0.3494 0.3362 0.3318 0.3296 0.3099 
" 1 TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T\JIUII 

UUBAR 0.4491 0.2897 0.2944 0.2522 0.2513 0.2541 0.3160 0.3563 0.4'i113 WeAR 
OFAt -11.036 -0.071 -0.048 -0.059 -0.058 -0.019 -0.006 0.001 0.1159 DFAt 
~FFP 0.1433 0.3458 0.2591 0.3324 0.3307 0.1337 0.0367 -0.0045 -0.3192 EFFP 
INCIO -o.OOC.O -;;'.0000 -o.OC.OO -o.OOOG -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 INCID 
DEVil 11.000 ".000 U.OOO 0.000 0.000 0.000 0.000 11.000 0.000 DEVI'I 
P (I 15.01" 15.0H 15.014 15.014 15.014 15.014 15.014 15.014 15.014 P 0 
P I 14.524 14.698 14.693 14.139 14.11tO 14.1'37 14.66'i1 110.625 14.418 P 1 
T 0 518.100 5IB.l00 518.100 518.100 5111.1'00 518.100 518.700 518.700 518.7(10 T 0 
T I 518.700 518.700 !H8.700 518.700 518.700 518.100 518.100 518.100 518.700 T 1 

ROTOR ~ PtT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OIl. 33.236 33.621 34.007 35.161> 36.706 38.248 39.405 39.191 40.176 DU 

ROTOII -L. E. SETA 1 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
kuTCI~ -T.~. 8UA 2 34 ... 98 lO.725 29.108 28.28'i1 27.384 2!>.183 25.511 26.412 30.432 BETA l 

BETAIPRI 1 4b.er.2C 46.509 46.864 47.610 49.343 51.823 52.985 53.364 !>5.162 BETAIPRI 1 
BEUIPRI 2 24.350 24.400 24."22 25.659 29.210 33.446 37.3UI ItO. 415 41.624 BETAIPRI 2 
V 1 378.23 412.19 412.21 417.15 412.B4 397.1B 394.98 3u.n 311.36 V 1 
II 2 "59.6u 483.18 495.30 508.18 491.07 482.21 457.n 428.38 359.70 V 2 
VZ U 378.16 412.10 412.16 417.13 412.33 395.57 392.3B 390.93 368.94 VZ 1 
VZ 2 379.67 "15.B!'> 430.18 447.101 441.16 433.52 "12 .03 )82.56 l09.33 VZ 2 
\I-TH~T/O\ 1 -0.1;,() -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -o.co 'i-THETA 1 
V-TlftTA 2 258.97 Z47.15 245.45 240.83 U8.52 209.41 196.68 190.00 181.71 'i-THETA 2 
YIPRI 1 572.1 598.B .02.8 618.7 633.2 641.0 653.3 656.8 641.2 VIPRI 1 
YIPRI 2 "16.S 456.7 472.5 496.4 !>06.0 520.3 519.2 503.5 4!>9.7 VIPRI l 
IITHHA PRI _29.l ..... 34 ... ..... 39.9 .... 51.0 -480.1 -503.1 -520.4 -525.7 -530.1 VTHETA PI ... 
VTHETA PRl -lll.S -IB&.6 -195.3 -215.0 -247.3 -286.10 -314.1 -325.8 -339.u VTHETA PR2 
U 1 429.24 434.1tO 439.88 456.98 480.09 503.10 520.41 525.6B 530.09 U 1 
U 2 430.8(, 435.79 4100.79 455.79 475.78 495.n 510.76 515.76 520.76 U 2 

" 1 0.3427 0.3743 0.3143 0.3190 0.ll49 0.3603 0.3583 0.3571 0.3364 
" 1 11 2 (0.4109 0.4340 0.4452 0 ... 5.1 0.41059 0.4323 0.4100 0.3B29 0.3201 " 2 'HPRI 0.518 .. ... 5438 0.~475 0.5621 0.5751 0.5815 0.5926 11.5957 0.5862 "IPRI 

IUPRI 2 0.3726 0.4096 0.4247 0.4455 0.4539 0.4664 0.4650 0.10501 (,.4090 "IPRI 2 
TURNI PR I 210.266 22.104 22.439 21.951 20.052 18.JU 15.514 12 .854 7.464 TURNIPIII 
UUBAR 0.1214 0.0887 0.0486 0.0359 0.0501 0.0412 0.0481 0.0887 0.1665 WEIAR 
LOSS PARA 0.0320 0.0231 ".0Il1 0.0100 0.0142 0.0132 0.0133 0.0237 C..0397 lOSS PARA 
OFAt ... ""29 0.3587 0.3373 0.3173 0.3166 0.2974 0.30B9 0.3338 0.3883 OF A' 
EFFP 0.7902 0.B626 ;).9886 0.8811 0.8711 0.8564 0.8667 0.7716 0.5933 fFFP 
EFF 0.7871 0.8606 0.9884 0.B852 0.B691 0.8542 0.8648 0.1687 0.5893 EFF 
INCID -3.811 ...... 407 -3.715 ...... 432 -4.661 -4.177 -5.716 -e.962 -13.014 [NtID 
OEV" 9.20e 10.241 9.788 7.018 6.059 5.887 5.695 7.278 1l.648 DEW" 
P 1 14.524 1".698 14.693 14.139 14.740 14.737 14.669 14.625 14.478 P 1 
P 2 16.093 16.287 16.409 16.522 16.450 16.36B 110.225 15.990 15.520 P 2 
T I 518 .1110 518.700 518.700 518.700 518.700 518.700 !>I8.700 518.100 518.70C. T 1 
T 2 538.292 536.638 535.531 538. 113 537.718 531.195 536.230 536.124 !>36.357 T 2 

STATOR E per SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
au 33.201 33.56" 33.921 34.992 36.420 37.848 38.919 39.216 39.633 DU 

HATOR-L.E. BEU 2 34.%6 lCI.581 29.211 28.324 27.010 25.111 25.962 21.116 31.516 BETA 2 
STA TOR-T. E. 8ETA 2A -fJ.lOO 1.450 1.500 0.3511 0.2!>0 0.800 1.650 0.150 ......0111 BETA 2A 

V 2 "57.2l 1K15.98 502. Z9 508.18 5113.19 484.20 "'50.99 418.54 348.47 V 2 
V 2A 420.87 437.41 "51.62 487.52 485.31 "'79.05 422.90 402.09 392.91 'I 210 
VZ l H6.79 "18.37 438.13 447.26 447.82 43!>.82 1t04 •• 1 371.98 296.43 'Ill 
VZ 2A 420.86 437.32 457.44 IoB7.104 485.14 4?b.13 422.38 ItOl.13 391.54 'IZ 210 
V-THETA 2 259.02 247.24 24S.'n 241.06 228.81 209.810 191.15 190.48 182.20 V-THHA 2 
V-TH~U 210 -0.73 11.07 1l.98 2.9B l.12 6.69 12.11 1.05 -27.39 'I-THETA 210 
" 2 0.4U81 0.10360 0.4517 0.4561 0.4516 0.4341 0.4031 0.3739 0.~99 

" 2 lilA 0.3752 0.3911 0.4101 0.4368 0.4349 0.4293 0.3178 0.3588 0.3503 1'1 210 
TUIINI PR) 34.605 211.130 21.169 21.968 20.805 24.883 24.214 26.923 35.!>20 TURNIPR) 
UUBAR 0.11912 ... 1138 0.0877 0.0284 0.U205 0.11195 0.2010 0.1806 -0.1278 WeAR 
lOSS PARA 0.0307 0.0387 0.0302 0.0101 0.0076 0.'0075 0.0796 0.0123 -0.0514 LOSS PARA 
OFAt 0.2109 O.26!>4 0.2492 0.2075 0.2029 0.1730 0.2258 0.2213 0.1161 OFAC 
EHP Ci.4412 0.4423 0.5236 0.6137 0.7312 0.1482 -0.5703 -1.2248 0.5517 EFFP 
INtID -15.662 -12.807 -1l.020 -'9.700 -'9.632 -10.151 -12.735 -16.046 -27.622 INCIO 
DEVil 8.132 12.762 12.810 11.325 1l.262 12.466 14.090 12.B30 0.857 DEV" 
P 2 16.093 10.287 16.409 16.522 16.450 16.368 16.225 15.990 15.520 P 2 
P 2 A 15.933 16.000 16.221 16.459 16.406 16.330 15.819 15.725 l5.648 P 210 
T 2 53&.292 5310.638 535.531 538.133 531.718 531.195 536.230 536.124 536.357 T 2 
T2A 53&.292 536.638 535.531 538.133 537.718 537.195 536.2)0 5310.124 536.351 T 210 
UUBAR FS •• j;,7 C.j"~5 :... .:..J ~ 5c to :J. '-...1212 ~.G2'7 J.J262 C.267::l 0.2927 J.,w91 UUBAR FS 
P2 FS 1 ,. 1 7 ~ 1',.2:; 7, It..33~ 10.5C5 16., 59 16.3 e 2 1603~2 16.22'- 100152 P2 FS 
LOSS PARA FS _. ~ 5', . ...; ..... 3 £01 ,J.~192 ).J"':75 J~O:)91 J ,Ij Ie 1 J.IOoJ D. 1 j 71 00124' LOSS PARA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed ~ 70.10 Equivalent Rotor Speed ~ 2951.10 Equivalent Weight Flow ~ 83.59 

Uniform Inlet 

INLET 
PCT SPAN 910.80 ':I~.Cu 810.90 71.00 49.!>0 28.10 12.00 7.10 3.00 P(T SPAN 
01A 33.112 H.!>29 33.9102 3!>.312 37.137 38.954 IoO.Ul 40.737 41.085 DJA 
6ETA -u.Juc. ___ -~.OOO -0.0011 -o.OOil -0.000 -0.000 -0.000 -0.000 -0.000 BETA 0 
8HA -G.uOCi -{, .000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 --0.000 BETA 1 
V ~ 3210.510 3110.56 J26.!>6 J2f>.!>10 326.510 326.56 326.56 326.56 32f>.56 Y 0 
V I 331.~~ 340.96 l41.69 340.47 337.46 338.69 335.07 331.10 309.39 Y 1 
Vl 0 3210.55 j'Io.!>5 3210.55 326.55 3210.53 3210.50 3210.47 326.47 32f>.47 lIZ 0 
Vl I 331.H' 34L.91o l41.69 l40.47 337.44 338.63 334.99 331.72 309.31 VZ 1 
V-THHA ~ -C.CO -() .00 -() .00 -< .00 -0.00 -0.00 -0.00 --0.00 -0.00 Y-THETA 0 
V-THETA I -.: • .:IC -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA 1 
.. C 0.1.9 .... '" O.29!>0 0.2950 0.2950 0.2950 0.2950 0.2950 0.2950 0.2950 .. 0 
.. I ('.29910 0.3083 0.3090 0.3078 0.3051 0.3062 0.3029 0.2999 0.2793 .. 1 
T~N o.u 0.0 0.0) 0.0 0.0 0.0 0.0 0.0 0.0 n.tN 
UUbAA 0 •• 306 'l.2810 0.2 .. 03 0.2427 0.2427 0.2427 0.3~2 0.l437 0.4737 WIAR 
WfAC -,.015 -v.0'" -{).O'tlo -0.043 -0.033 --0.037 -0.026 -0.11110 0.053 OFAt 
~FFP C.0101o9 0.2488 C.2894 0.2703 0.2242 0.2435 G.Ul1 0.0185 -0.2143 EFFP 
INtrO -0.00(00 -iI.OOOO -o.OUOc. -0.0000 -o.oeoo -411.0000 -0.0000 -0.0000 -0.0000 INCI0 
OEV .. .;.~OU ~.000 U.OOO 0.000 O.OOQ 0.000 0.000 0.000 0.000 DEY .. 
P 0 14.'I3b 14.938 14.938 14.938 14.938 14.938 14.938 14.938 14.938 P 0 
P 1 14.5510 110.1092 1 ... 128 1".7210 1".726 1".726 14.1172 14.637 l'I.524 P 1 
T C 516.700 !>IB.700 518.7tO 518.100 518.700 518.100 518.700 518.700 518.700 T 0 
T 1 518.70" ~IL.7UO 518.700 518.700 518.700 518.700 518.700 518.700 ~1I.700 T 1 

kOTOR E PCT SPAN 95.0U 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 P(T SPAN 
OIA 33.236 33.621 3".1101 35.1114 310.706 38.248 39.405 39.791 40.176 OIA 

kOTO •. -l.E. BHA 1 -('.voe -(j .000 -0.000 -o.oc.o -(j.oc.o -0.000 -0.000 -0.000 -0.000 BETA 1 
RCTGR -T.~. bETA 2 3'1.395 31>.251 3".958 33.1035 lZ.IIlZ 31."66 32.431 l4.421o 39.218 BETA 2 

BEUIPRJ 1 ~2.;'8j 5U.219 10 .... 913 51.031 52.948 54.2011 55.286 55.745 57.721 BETA CPR' 1 
BETACPRI 2 .:-5 .... ("b 25.42 .. 25.1119 211.3910 30.15" 33.6113 37.590 40.471 48.1111 8ETAlPR' 2 
Y 1 332.23 3~9.3B 3111.85 367.23 3100.53 361.85 360.54 358.18 :>3't.7" Y 1 
V 2 'til.'{5 10"4.20 "57.(,6 "68.n 459.84 452.46 428.10 404.71 34f>.49 Y 2 
Vl I 3:;".lb 3~9.30 367.81 361.21 3100.08 360.39 :>58.16 355.63 332.55 VZ 1 
Vl 2 33J.llo 3~8.2',) 37".58 389.82 387.18 385.38 361.09 333.01 261.87 YI 2 
V-THETA I -<:l. \: 0, -0.00 -{).oo -o.OC -o.co -0.00 -0.00 -0.00 -0.00 V-THETA 1 
V-THETA Z 271.15 262.116 261.88 259.33 2.7.73 235.85 229.43 228.24 211.61 V-THETA 2 
VIPR' 1 5"('. b 5101.6 511.2 ';83.9 597.9 1117.0 6311.3 633.3 112".0 VIPR' 1 
VIPII, 2 3b!" •• ~ 396.6 "13.9 43!l.2 .... 8.11 4f>3.7 456.6 "38.7 401.9 YCPR' 2 
VTHETA PRI -426." -431.5 -.31.l1 -45".0 ..... 16.9 -499.8 ~11.11 ~22.2 ~26.6 ¥THETA PRI 
YTHElA PRZ -1510.11 -170.3 -l1b.O -193.5 -224.9 -2!>6.7 -218.0 -284.1 -298.1 VTHE TA PRl 
U 1 4210 ... 1 431.s.. 4310.99 "53.91 476.94 499.79 516.99 522.22 526.100 U 1 
U 2 "~1.Y6 432.93 1037 .89 .52.79 "72.65 "92.51 5C7.1tO 512.37 511.33 u 2 

" I C.3uCl ll.32!>3 ".3331 0.3325 0.3263 0.3276 0.3263 0.32't2 0.3026 /! I 
M 2 v.381\o C,.396Q C.ltC,92 0 .... 1810 0."109 0.100"2 ,).3825 0.31004 0.3074 .. 2 
MIPR' L.4&b~ ".5.:.83 ~.5173 Co.5288 (,.5"12 0.5586 0.5705 10.5731 0.56'tO "CPR' 
"IPRJ 2 C..3~~9 u.35 .... C.37C6 0.3891 0."003 0.'tl"2 0.4073 0.3906 0.35116 .. IPR' 2 
TURN I PR' 2<>.673 24.790 210.142 2 ... 1136 22.775 20 ... 8 .. 17.608 15.)8~ 9.542 TUIUIIPR' 
UUBAR c.IIi .. 1 ~.()92" 0.06e.! 0.0 ..... 3 0.0439 0.0458 0.0792 0.12110 0.1821 W8AR 
lOSS PARA O.,,2Bb c.e24" 0.0178 ~.OI22 0.0122 0.0128 ".0218 0.032" O.()It3J lOSS PARA 
DFAC (.400;>3 ~.43U 0 ... 117 0.3912 0.38310 11.37112 0."007 0.4325 0.4790 DFAt 
EFFP v .a ... ~1t , .6B36 (0.9801 0.911~ 0.9085 0.9103 0.8691 o .l98!> 0.6719 EFFP 
EFF (1.8429 ~.BBI8 0.9797 0.9IO't C.90109 0.9088 0.8610 0.7955 0.e.e.78 EI'F 
INCID -...349 -i.697 -<1.665 -1.011 -1.0510 -1.792 -3.410 -6.57. . -ID ..... 2 INCID 
DEV" h.2~10 11.2b5 10.535 7.7!03 10.9"3 6.1O't 5._ 7.333 12 .1"1 DEY .. 
p I 1".5510 14.1191 1".728 14.7210 14.726 1".7211 1".672 110.637 1".524 P 1 
P 1 110.271 16.1008 11>.530 16.63ol 16.622 16.591 16.419 16.2'00 15.87u P 2 
T I 5IB.ll'; 518.700 518.7,0 518.7:>0 518.100 518.700 518.700 518.100 518.10C T I 
T 2 536.!>99 531.5103 531>."510 538.81>3 538.838 538."86 538.238 538 •• 1 .. 538.1021 T 2 

STATUR E PCT SPAN 95.(,0 '1e.c.o 85.CO 70.00 50.00 30.00 15.00 10.00 5.00 P(T SPAN 
uu. 33.2(,7 33.5"" 33.921 3't.992 36."2C 37.8"8 38.919 39.2110 39.1033 DIA 

~hTOf<-l ••• BETA 1 39.6J9 36.081 34."45 33.6710 32.24ol 31.381 33.0110 35.393 "0.812 BETA 2 
SHTlJR-T .<. BETA 2A ~.2\JC. 1.8UU 1.950 0.7jO 0 ... 00 0.850 1.100 0.400 -2.501 BETA 2A 

V 2 425.11 440.1 .. '003.25 .68.21 4f>5.28 "54.27 422.61 395.58 335.76 V 2 
V 2A ~63.b6 3610.911 381."1 419.40 423.38 419.60 373.63 354 .... l45.50 V 2A 
VZ 2 3l1.:H 36C.56 362.01 389.57 393.35 387.41 353.93 322.07 253.82 VI 2 
Vi 2A 363.107 3106.71 381.17 419.31 "23.23 '-19.3C 373.25 354.12 3 .... 81 VI 2A 
V-THETA 2 27101" 262.7" 2102.0 I 259.58 2411.1U 23f>.33 229.98 228.82 219.19 Y-THETA 2 
V-THETA 2A 1.77 11.52 12.98 5.12 2.95 6.22 7.17 2.47 -15.010 Y-THETA 2A 
.. 2 ('.H9( 0.3'187 C.415D 0.41810 0.4159 0.4059 0.3768 0.3!>21 0.2977 .. 2 
" 2A 0.32)" 0.32102 0.3398 0.3737 0.3713 0.37"0 0.3321 0.31 .. 7 0.3065 .. 2A 
TURNIPR, 39.43& 34.261 32,"93 32.970 31.825 30.499 31.81C 3't.942 .. 3.251 TURNIPRI 
UU8AII u.1J457 0.1081 0.1112 C .02 .. 7 0.0120 0.0303 0.1486 0.1371 -41.1428 UUBAR 
lOSS PARA (."154 ".031011 v.~382 {I.c,088 c.oo .... 0.0117 CI.0!l89 0.05"9 -<1.05710 lOSS PARA 
DFAC (,.35& .. ~.31095 (0.31019 0.2978 0.2858 0.2723 0.3260 0.3341 0.2538 DfAt 
EFFP (,.8392 0.6853 ,).67102 0.8a3" 0.9352 c.. 107'0 0.35 .... 0.3362 -1.3230 EFFP 
lNCIr' -1~.52~ -1.307 -5.6'00 -40.35" ...... 402 -40.484 -5.1188 -1.177 -18.392 INCID 
DEV" i.032 U.112 13.260 11.615 11."12 12.5111 13.541 13.0110 2.356 DEY .. 
P 2 16.271 H •• Iooe 16.530 Je..lon 16.1022 110.591 16.419 16.24f> 15.870 P 2 
P 2,. Ib.2r1 110.22" 110.325 110.585 16.600 110.538 16.191 16.0103 16.005 P 2A 
T 2 538.5'19 ~37.5103 536.456 538.B103 538.838 538.4810 538.238 538 ... 1 .. 538.621 T 2 
T 2A 538.599 5jl.5103 536.456 538.863 538.838 '3a.oWI6 538.238 538."14 538.622 T 2A 
UU8AP, FS .).1'1:;t.. C.111'+ ~.~7J7 J.024C ~. C I 76 0.n78 0.2464 0.2350 0.21070 UUBAR F~ 
Pl FS I ~. 3 73 10.41 " H·I.4~9 1~.630 16.633 16.5109 16.617 110.416 110.399 P2 fS 
lOSS PARA FS~ •. 355 :I. ~ 3 79 ;"'.a 24 2 'J.C~B' 0.0064 0.0:)69 0.0976 O.0~41 0.l077 LOSS PARA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equh'alent Rotor Speed = 70.20 Equivalent Rotor Speed = 2955.62 Equivalent Weight Flow = 7S.H7 

Uniform Inlet 

INLET 
PCT SPAN 'Io.8e '12.00 80.'0 11.ClO 4'.~0 28.10 lZ.OO 1.10 3.00 PCT SPAN 
tlU 33.1l2 33.~2'1 33.962 )S.UZ 37.131 31.1154 1tO.'21 40.131 41.oa~ DU 
8ETA " -{'. Co ,,/I,;' -).000 -0.000 -o.OOC -0.000 .... 000 -0.000 -0.000 -0.000 BfTA 0 
BETA I -(; .uCO -c,.000 -O.OOG -0.000 -c,.GOO .... 000 .... 000 -0.000 -0.000 IfTA 1 
V .. 2'il~.20 29~.20 29~. 26 29~.26 19S.l6 295.26 295.26 295.26 195.26 V 0 
V 1 300.85 30'1.00 310.33 313.~9 3~.1'!i J06.66 296.61 292.32 212.10 V 1 
VI 0 295.20 2'1!>.20 29!>.20 29!>.26 29~.24 295.22 295.19 295.18 295.19 VI 0 
VI 1 3~C.6!> 3~9.CO 310.33 31).5' 309.13 '06.61 296.54 292.24 212.63 VI 1 
V-THETA " -o.lIt -o.IlO -c,.ClO -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THETA 1 -0.(.0 -(; .00 -(1.00 -0.00 -0.00 ~.oo -0.00 -0.00 .... 00 'l-THETA 1 
1'1 0 C.2a63 0.2063 0.2003 0.2003 0.2663 0.2063 0.2663 0.21163 0.2663 II 0 

" 1 
0.2114 u.2189 0.21101 0.2831 0.2196 0.2161 0.2616 0.2636 0.2451 II 1 

TURN c.(' O.G O.G 0).0 0.0 0.0 0.0 0.0 0.0 TUIlN 
W8AR C.4l!>8 0.2074 0.232C 0.2320 0.2362 0.2362 0.2985 0.3261 0.4640 WIAR 
DF", -v."19 -0.0.7 -o.a!>l -0.062 -0.049 .... 039 -0.005 0.010 0.016 DFA' 
HFP 0.0831 v.2613 0.31113 0.3611 0.30.0 0.2541 0'.0)04 -0.0665 -0.4113 ~FFP 
INtlD -O.IlOOO -(l.0000 -0.0000 -0.00(,0 -(l.0000 -0.0000 -(l.0000 -0.0000 -0.0000 INtID 
DEVI'I u • .:>oo ~.OOO 0.000 u.OOO 11.000 0.000 0.000 0.000 0.000 DEVil 

P " 14.881 14.887 14.887 14.887 14.881 14.111 14.887 1 •• 881 14.187 P 0 
P 1 14.!>el 14.6'6 14.721 14.121 14.7111 14.118 14.613 14.653 14.~5~ P I 
T 0 518.10 ... 518.Tc.0 518.100 518.100 518.100 518.100 511.100 511.100 518.100 T 0 
T 1 518.70~ !>le .100 518.100 518.1110 518.100 518.100 511.100 518.100 518.100 T 1 

RDTO~ ~ PtT SPAN 9~.OO 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OIA 33.236 33.621 ~.O07 35.1M )b. 100 38.248 39.405 39.191 ItO. 176 DIA 

ROmil. -L.E. BETA I -c, •• lO~ -(; .OJO -<1.000 -c,.000 -(1.001; -0.000 -0.000 -0.000 -0.000 BETA I' 
ROleR -T.E. BETA 2 45.142 "2.b~9 40.~81 39.0Zl 38.186 31.376 39.433 42.71(, 49.050 UTA 2 

BETAIPRI !>4.784 '13.032 51.1085 53.392 55.3'>8 56.932 58.561 59.120 60.977 BETAIPRI 
bHAIPRI 24.29(' 26.399 25.8.!; 25.902 29.861 3'>.034 38.100 43.705 49.130 BUAIPRI 
V I 301.51> 3l5.:n 333.62 331.19 330.~7 321.24 318.M 315.02 294.55 V 1 
V 2 417.29 415.86 430.63 450.39 442.18 431.80 1t09.M .' 312.42 338.80 V 2 
VZ 1 3(,1 ... 4 325.31 333.~8 337.n 330.111 325.91 316.54 312.18 292.63 'Ill 1 
VZ 2 29<0.33 ;J\JS.81 321.C2 349.91 347.90 "2.72 3U.l1 213.12 221.11 V1 2 
V-THETA I -C.COO -(l.CO -0.00 -(l.00 -0.00 -0.00 -0.00 -c,.00 -0.00 V-THETA 1 
V-THETA Z 295.19 281.19 280.16 283.56 213.63 261.80 259.69 152.11 255.49 V-THETA 2 
VIPRI 1 ~22.B 5'> 1.0 550.3 566.4 ~80.9 598.0 6011.0 610.6 604.1 VIPRI 1 
VIPRI 2 322.9 ~1.4 363.4 38'.0 401.3 41 •• 1 1t02.6 318.5 ,...,.2 VIPRI 2 
VTHETA PR 1 -427.1 ""32.2 ..... 37.1 ..... 5 •• 1 -1071.7 ~O".6 ~11.8 -"23.0 -"21.4 V1HETA PRl 
VTHETA Pf\2 -132.8 -151.8 -15e .4 -169 .9 -19'.1 -231.5 -2'>8.5 -261.0 -2tol.6 'iTHETA PR2 
U 1 427.01 432.20 431.66 45 •• 61 4n.61 500.56 511.11 523.02 527.41 U 1 
U 2 428.62 433.59 .. 38.56 .53.48 "13.31 493.26 501.18 513.16 518.13 U 2 

" 1 O.212~ 0.291tO 0.3015 0.3054 0.2911 0."'51 0.2871 0.2144 0.2651 II 1 
,. 2 0.3713 0.3702 0.38"1 O.1t015 0.39" 0.1II43 0.3640 0.3300 0."'911 II 2 
"IPRI [, .4717 0.4887 0.4914 0.5120 0.5249 0.5.03 0.5490 0.5513 0.54'>9 IIIPRI 
"IPRI 2 ".2874 ( • 3C140 (l.3l41 0.3'>61 0.3515 0.3686 0.35n 0.3354 0.30'>3 IIIPRI 2 
TURNI PR' 30.,,90 21>.629 26.838 21.1089 2!;.468 22.1 .. 20.2B3 15.331 11.088 TlJItNIPR I 
UU8AR 0.1063 C.ll," 0.0198 0.0"'1 0.0461 0.0595 0.110' 0.1521 0.2155 weAR 
LOSS PARA 0.0281 C.0315 0 • .:12&3 (, ... 135 (,.0130 0.0166 0.UQ2 0.0386 0.0.92 LOSS PARA 
OFAt ('.5<065 0.5219 0.4910 C.4671 0.41001 0.4!U1 0."'46 0.5235 0.5181 OFAt 
EFFP l.B816 (1.841>3 0.9338 0.9202 0.92C14 0.11969 0.1400 0.7548 0.1088f1 EFFP 
~FF ~.B79~ 0.81038 0.'326 0.9186 0.9188 0.11950 0.1312 O.1'!iQI 0.10839 EFF 
INtlO 2.353 l.116 2.101 1.34' 1.3'>6 0.939 -0.121 -J.190 -1.183 INtl0 
DEV,. '.14~ 12.23' 11.211 1.261 6.051 6.41. 6.516 10.566 13.854 DtVII 
P I 14.~82 a.696 14.121 1".121 14.711 14.711 14.611 14.653 14.555 P I 
P 2 11>.511, Ib.~09 16."46 16.823 16.831 16.183 16.6111 111.413 111.110 P 2 
T 1 ~lo.1~·O 518.1()o !>18.1oo !ol8.10i) 518.100 518.100 518.100 518.100 !>18.100 T 1 
T l s.~ .,,"'. 539.1082 5311.576 !o40.651 51tO.1I12 540.8~2 5'>1.100 541.455 541.848 T 2 

STATOR E PtT SPAN 9!>.",) 90.00 115.00 10.00 50.00 30.00 15.00 10.QO 5.00 PCT SPAN 
OIl. 33.207 33.5"" 33.921 ~.9'2 36."20 31.841 31.919 39.21f1 39.633 DIA 

STATOII-l..E. a£IA 2 4~ ... 3B "2.4~2 39.97" 39.071 37.140 31.215 ItO. 189 ... 001 51.333 BETA 2 
~TATLR-T .E. IIEfA 21. -\.,.)Oi.. 1.3 .. 0 2.000 1.!>!>0 0.820 1.280 1.250 2.001 1.200 BETA 2A 

V Z 415.21 Iol1.6lo 436.32 450.39 "1.93 433.50 1t03.ll 364.20 328.36 V 2 
V 2A 3l5.6 , 3lZ."!> 328.21 311.'11 3110.36 311.26 336.13 315.12 304.81 V 2A 
Vl 2 2H.35 3J8.1~ 334.35 34'.62 354.08 344.61 308.11 261.13 20..9' Vl 1 
VI 21. 32~.Bi :'22.36 327.99 371.19 380.19 3111.94 336.38 315.34 30..49 'Ill 2A 
V-THE TA 2 29~.6" 2H.89 280.30 283.83 21".05 2112.3" 2l;0.32 252.15 2511.11 V-THETA 2 V-THfTA 2A -(1.51 7.31 11."5 10.06 5.'>4 8.42 1.34 11.02 6.38 V-THETA 2A 
M 2 1I.3a"4 0.3718 0.3893 0.4015 0.3991 0.3159 0.3581 0.3226 0.2902 II 2 
"lA ~.28e .. C.2855 0.2909 (,.3299 0.3314 0.3346 0.2919 0.2190 0.2691 1'1 2A 
TI.IINIPRI <O!>.~38 "1.151 37.913 37.51'0 310.901 35.961 31.890 41.948 50.075 TURHIPRI 
UUBAR 0 ... '>1. ".0667 ... 1221 0.11561 0.032. 0.0218 0.1111 0.0630 -0.1258 WeAR 
LOS~ PARA O.~I12 0.0227 O.0J020 0.02(;2 0.0120 0.'0101 0._0 0.0252 -0.0501 LOSS PARA 
DFAl v.<O~5B 0.4519 0.4601 0.3906 0.37311 0.35M 0.4151 0.3999 0.3802 DUt EFFP C.8737 ~.8433 ('.7337 0.8324 0.8910 0.11920 0.6525 0.1'!i63 1.1166 ~FFP 
INCID - ... 72' -0.936 -11.316 1.0.0 1.03'> 1 .... 01 1.lta1 0.821 -1.170 INti 0 DEV,. ~.7J" 12.612 13.310 12.525 11.132 12.946 13.690 14.619 6.1153 DEVil P 2 '10.51 .. Ib.5e9 16.046 11>.823 16.831 16.183 111.6111 16.413 16.110 P 2 
PH .i.o.",3b 10.4(,9 16.4 .... 16.723 16.180 16.137 16.459 16.3'>1 16.215 P 2A 
T 2 ~ .. c.v .... 539 ... IIZ 538.571> !>"0.651 5.0.812 540.852 541.100 541.455 5 .. 1.8'" T 2 T 2A 5,";' .J .... 539 ... 82 538.516 !o40.651 54tO.812 51tO.1'2 541.100 541.455 54i.848 T 2A 
UU8AR FS C." II 8.I~B 801016 C. 8 374 8.838~ 0.0398 0.1932 0.1937 0.2117 WBAR FS 
P2 FS 10.502 1'>.577 16.60B 16.787 16. e 3. 16.B03 110.7100 16.597 16.510. P2 FS LeSS PARA FS ,I. 173 0" 365 ".C349 J.C133 0.0111 0.0153 0.07105 O. C 774 0.OB53 LOSS PARA FS 
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Table A-J. Blade Element Performance (Conttnued) 
Stage E. Rotor - Stator E 

Calculattons Using Translated Values 
Percent Equivalent Rotor Speed; 70.39 Equivalent Rotor Speed = 2963.23 Equivalent Weight Flow = 68.30 

Uniform Inlet 

INLET 
PCT SPAN ql>.8~ q2.00 86.'Hl 71.00 49.50 28.10 12.00 7.10 3.00 PCT SPAN 
DIA 33.la 33.529 33.91>2 35.)12 37.137 38.954 40.321 4O.n7 41.085 DIA 
BETA 0 -0.:;,,0 -J."OO ,""".00 ... -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 0 
BETA 1 """.coc .....:;.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -o.DDO BETA 1 
V 0 lb4.81 21>4.61 264.81 2M.81 2M.8I 2M.81 2M.81 264.81 2M.81 v 0 
V 1 Z06.75 279.72 280.58 284.15 Zn.6Q 271.39 no.n 26!>.10 243.12 v I 
Vl 0 lblo.BO Z6 ... 8. 2114.81 264.8e 2M.7Q 264. Te. 264.74 264.73 2M.74 no 
Vl 1 Zbij.74 279.72 28".!>8 284.15 27!>.b7 271.34 270.10 265.03 243.06 vi 1 
V-THHA -o.C;~ -J.OI) -v.ao -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THtTA 0 
V-THETA -v.we, -0.00 -0.00 -<l.00 -0.00 -0.00 -0.00 -0.00 -(l.00 V-THETA 1 

" 0 0.2385 (>.2385 0.2385 0.2385 0.2385 0.2385 0.2315 O.lll!! 0.2315 
" 0 

" 1 
C. ~"21 0.2521 0.2529 0.2562 0.2484 0.2500 0.2434 0.2311 0.2111 

" 1 TURN 0.\.1 0.0 0.0 1l.0 0.0 0.0 0.0 0.0 0.0 ruRN 
WBAR ;).IoZ01 J.Z!>59 0.2261 C.22," 0.2219 0.2261 0.2945 0.3225 0.4662 UUBAR 
DFAC -C.w.15 -o.C,56 -<l.060 -0.073 -0.041 -0.048 -(l.020 -0.001 0.082 DFAC 
EFFP D.nb75 ".3157 0.356~ 0.4043 0.2729 0.3051 0.1240 0.0066 -0.5205 EFFP 
INCI0 -':'.0000 "';.0000 -0.0000 -0.0000 -o.oooe. -0.0000 -0.0000 -0.0000 -0.0000 INClD 
DEVH C.OOO j."~o o.vO') 0.000 0.000 0.000 0.000 0.000 11.000 DEV" 
P 0 1",~'ob 14.B46 14.8..0 14.846 14.8410 14.846 14.846 14.841> 14.846 P 0 
P 1 1".6004 .... b99 14.716 14.715 14.71S 14.716 14.677 14.660 14.578 P 1 
T 0 51~.700 HB.700 ~18. 700 518.700 518.700 !>18.700 518.700 518.700 518.700 T 0 
T 1 Slb.700 518.7(10 518.100 518.700 518.700 518.700 518.700 518.700 518.7e.0 T 1 

><0 TGR E PCT SPAN 95.CO 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PeT SPAN 
DIA 33.236 33.oZI 34.(,07 35.164 36.7 .. 6 38.248 39.405 39.791 40.116 DU 

RO TO. -l. <. BETA 1 -( .coc ~.ooo -<l.000 -0.000 -0.000 -<l.OOO ~.OOO -0.000 -0.000 8ETA I 
,OTUK -T ••• ~FTA 2 "9.5""60 48.176 46.025 It3.626 43.029 .. 2.176 ,,'.431 49.137 5".018 BUA 1 

S~ TA 'PRI 1 57.83~ 55.824 55.5ll 56.15" 58.50)0 59.597 60.979 61.618 63.764 BETAIPRI 1 
BETAI PRI 2 2" .'ob8 27.678 26.916 26.281, 30.636 35.121 40.015 44.276 47.124 8ETAIPRI 2 
V 1 2b9.32 294.26 301.26 305.70 293.83 295.67 289.91 285.35 262.31 V 1 
V Z 1.t\.-:b.87 ~.>7 .02 410.11 "34.",7 425.66 415.09 3'12.07 369.58 360.109 V 2 
Vl 1 <b9.2b 29".22 3(.1.22 305.68 293.47 294."7 288.0" 283.ll 260.60 VZ 1 
Vl 2 263.99 264.74 2810.15 314.20 311.07 3e.7.29 274.70 2"1.43 211.65 VZ 2 
V-THETA -o.~c. -(1.0., -<l.OO -0.00 -0.(10 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
V-THETA Z 309.59 295.U 295.13 2".48 290.37 278.40 278 .81> Z79.08 291.51 V-THETA 2 
VIPRI I 50!>.b 523.8 532.2 548.9 561.9 582.5 594.6 597.0 590.3 VIPRI 1 
VIPRI 2 2'1 ... 1 299.0 319.4 350.4 31>1.7 376.2 359.4 331.8 311.6 VI·PRI 2 
VTHETA PRI _28.2 .... 33.3 .... 38.8 -455.8 -478.9 ~01.8 ~19.1 -524.4 -!l28.8 VTHETA PRI 
VTHlTA PR2 -120.1 -138.9 -1"".6 -155.2 -184.2 -216.1 -230.1> -235." -228.0 VTHETA PR2 
U 1 428.17 433.32 438. -n; 455.84 .. -n;.90 501.85 519.11 524.37 528.77 U 1 
U 2 .Z9.72 434.71 '039.69 454.65 .. 74.59 4910.53 509.49 514.48 519.46 U 2 

" I t.~""'!6 0.21054 0.2718 0.2159 0.2650 0.2667 0.2614 C..2573 0.2363 " 1 
" 2 

(,.]61~ 0.3525 0.3647 0.3860 0.3782 0.368. 0.3472 0.3267 0.3184 " 2 
"IPRI 0.4551 0 ... 725 0.4802 0.4953 0.5068 0.5l54 0.5362 0.5382 0.5316 "IPRI 
HIPRI 2 1..2515 u.2654 0.2840 0.3116 0.3213 0.3339 0.3182 0.2981> 0.2751 "'PRI 2 
TUKNIPR I 33.3<03 28.H2 211.612 29.870 27.841 2".427 20.895 17.274 16.594 TVRNIPRI 
UUBAR (.1173 0.1"28 0.1C,84 0.0650 0.0787 0.0836 0.1479 0.2003 0.2366 UU8A1\ 
lOS~ PARA ~ .. :'3t'9 C.G371 0.0287 0.0179 0.0218 0.0231l 0.0393 0.0503 0.0570 lOSS PARA 
DFU. C.6J"2 C.!>952 0.51048 0.5292 0.5119 0.5137 t.5569 D.!'>965 0.M~5 OF.' 
EFFP CJ.8~82 L.818~ 0.891,3 0.9073 0.8903 0.8682 0.7897 0.7238 w.7224 fFFP 
EFF ".8~56 0.8154 0.892_ 0.9()~ 0.8881 0.81056 0.7858 0.7I9D 0.7175 EFF 
IIICI0 ~._04 'o.9C18 ".953 4.112 "'.499 3.608 2.2" -0.683 ~.38!1 INCID 
DEV" 9.319 13.518 12.282 7.6_3 7.425 7.560 8.39[0 11.131 11.1.7 DEVN 
P I 1 ... 1004 14.699 14.716 1".715 14.715 14.716 14.671 14.1>60 14.578 P 1 
P Z lb.b41 Ib.59C 16.706 16.91'1 16.903 16.873 16.701 16.545 16.494 P 2 
T I 518.10e ~18.700 518.7~ 518.700 518.100 518.700 518.700 518.700 518.100 T 1 
T 2 ~ .. I •. ,"" . 541.~8b 540.155 542.003 5"2.3~1 5 .. 2.58" 543.53" 5lt4.060 !l44.670 T 2 

STATDR to PeT SPAll 95.0Y 90.00 85.00 70.00 50.00 30.00 J5.00 10.00 5.00 PeT SPAll 
DU B.Zel 33.~1>4 33.921 31,.992 36 ... 20 31.848 38.919 39.276 39.633 au 

~ lAH·R-t..E. 50.0. l "9.&9~ 47.928 4~.292 43.684 "2.509 .. 2.0103 46.3M 511.773 56.120 UTA 2 
5TATOR-T.E. 8ETA 2.0. ~ • .300 1.650 2.000 1.880 1.260 1.140 1.200 2.l01 2.351 8ETA ZA 

V 2 40lo.Bl 39B.1>9 41~.48 4l4.07 430.54 416.70 386.57 361.45 349 ..... V 2 
V ZA 3~·7.1' 295.93 2Q3.37 331.31 347.81 342.3(1 307.29 281.67 283.20 V 2A 
VZ 2 260.81, 267.14 292.28 313.86 317.27 309.15 266.54 228.41 191.12 ¥Z 2 
Vl 2A 3~7.1~ 295.811 293.18 331.1" 347.61 342.03 306.98 287.18 212.66 ¥Z 2A 
V-THETA 3(9.64 ZQ5.'4 29~. 27 299.76 290.81 278.97 279.54 279.78 292.28 V-THHA 2 
V-THETA 2. -1.61 8.52 10.24 10.87 7.1>5 6.81 6.43 11.54 11.60 V-THETA 2A 
H 2 O.3!>9 .. ".3540 0.l696 0.3860 0.3826 0.3699 0.3422 0.3193 0.3013 " 2 H 2.0. 0.2711 0.21013 0.2592 0.2928 0.3075 0.)025 0.2708 0.2532 0.2491 " 2A TUkN I Pk I 5L.19':' ...... 271 "3.290 41.797 41.230 40.887 45.114 48.421 5 •• 417 TURNIPRI 
UUSAR Q.U:235 0.0345 0.11"9 0.11991 (>.0392 0.0432 0.0863 O.U4-30 0.0135 uueAR 
lOS5 PARA ".,,079 w.Ol17 0.0395 0.0352 0.0145 o.i)} 66 0.0342 0.0112 0.0054 LDSS PARA 
DFH. ( .. ~O03 0.5034 0.53(13 0.47l6 0.4l6!'> 0.4312 0.4866 0.5027 0.5155 DFAC 
EFFP (l.9107!> Y.9269 0.71117 0.nS2 0.8935 0.8742 0.n57 0.8874 0.'623 EFFP 
INtlD -('.<77 ... 540 5.0Cl 5.653 5.803 6.194 7.1056 7.601 -2.379 INCID 
DEVH G .512 12.91>2 13.31(1 12.855 12.272 12.1106 13.641 14.979 7.202 DEV" 
P l lb.641 Ib.59G 16.706 16.919 16.9(,3 16.873 16.701 16.545 16.494 P 2 
P Z. Ib.b(·7 1".543 16.53't Ib.7!>5 16.8..0 16.807 16.519 16.496 16 .... 0 P 2.0. 
1 Z ~ .. I. 7 .... 5 .. 1.086 540.155 5"'2.003 5 .. 2.301 54Z.584 5"3.530 544.060 s ..... 67 0 T 2 
T ZA 5101.7 .... 541.086 ,",,0.155 5'02.00) 5"2.301 542.!>84 543.530 544.060 544.670 T.2A 
UUbAR FS ;:." 737 J.IO~!:i 001343 \J.(;731 O. w4 70 0.0630 0.2210 Ool'03 "01616 UUBAR FS 
P~ FS b.717 10.705 Ib.14~ 16.612 Ib.916 1L.904 16.926 Ib.H~ 16.beo P2 FS 
lOSS PARA F 5 ",; I .,r f, P ~ •. ' j~9 J.O"61 :;.0259 J.OI73 0.0242 0.0676 0.i"I761 0.Ub4b lOSS PARA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 70.37 Equivalent Rotor Speed = 2962.57 Equivalent WeIght Flow = 61.93 

Unlfonn Inlet 

l~d,r 

peT SPAN 96.80 92.00 86.90 11.00 49.S0 28.10 12.00 1.10 3.00 PeT 5PAIII 
OIA 33.1U 33.S29 33.902 3S.312 31.131 38.9S4 40.321 40.131 41.085 DIll 
fEU a -{1.Jtlj -<l.000 -<I.~OO -<1.000 -<1.000 -0.000 -0.000 -0.000 -0.000 8fTA 0 
SETA 1 -<I.vOO -c.~oo -o.~o.:. -<1.000 -<1.000 -0.000 -0.000 -0.000 -0.000 IlETA 1 
V 0 239.~ 2~9.t,4 23Y.~ 239 ..... 239 ..... 239 ..... 239 ..... 239 ..... 239.44 V 0 
V 1 2S2.4' 2S9.99 260.3'" 256.04 2S5.lS 251.16 242.00 236.02 218.73 V I 
Vl a 239.43 239."" 239."" 239.43 239.42 239.40 239.38 239.37 239.31 WZ 0 
Vl 1 2S2.41 2S9.99 260.34 2S6.04 255.13 251.12 241.94 235.95 218.61 VZ 1 
V-THETA (> -(l.CO -<1.00 -0.00 -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THETA I -0.00 -<1.00 -<1.00 -D.OO -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA I 

'"' a 0.21S5 c .2155 0.21" 0.2155 0.2155 0.21n 0.21S5 0.2155 0.2155 II 0 

'" 1 C.221Z 0.23'" 1 0.2345 0.2306 0.2303 0.2261 0.2118 0.21Z4 0.1961 
" 1 TUIIN Li.(.r 0.11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURJII 

UU~AR C."'149 0.25';2 0.2288 0.2261 0.2246 0.2288 0.2866 0.3251 0.4613 WBAR 
DFAC -(".051" -0.086 -<I.Ci87 -0.069 -0.068 -0.051 -0.011 0.014 0.086 DFAC 
EFFP (,.2141 0.421) 0.""'1 0.3921 0.3899 0.3196 0~0111 -0.0910 -0.5569 EFFP 
INCID -c. .0uOO -c.. 0000 -D.OOIlO -<1.0000 -D.OOOO -<1.0000 -0.0000 -0.0000 -0.0000 INCID 
OEVII c.',.oo,", 0.000 0.000 0.00.::. 0.""0 0.000 11.000 0.000 0.000 OfYII 
P 0 14.618 14.~18 14.818 14.818 14.818 14.818 14.818 lIt.811 14.818 P 0 
P I :;'4.622 14.700 14. 71~ 14.711 14.112 lit. 710 14.683 14.66'!; 14.591 P 1 
T a 516.70C 518.700 H8.700 H8.100 518.700 518.100 518.700 51B.700 5111.100 T 0 
T I S18.7vo SIS.1CO SI8.100 H8.100 518.700 518.100 518.100 518.700 518.700 T I 

ROTOR E PCT SPAN 95.00 90.00 115.00 70.00 500.00 30.00 15.00 10.00 5.00 PCT SPAN 
OlA 33.236 33.1>21 34.007 35.164 36.706 311.2411 39.405 39.791 40.176 DU 

K[)TOR -L.~. 8ETA 1 -~.':;(lO -«.oeo -<..0(,0 -D.ooo -0.000 -0.000 -0.000 -0.000 -<1.00" 8ETA 1 
RC·TUk -T.~. BETA 2 51.888 51.234 49.805 47.'069 47.162 47."'511 52.914 ~.422 59.34S 8ETA 2 

8HAIPRI 1 59.427 57.751 57.H8 58.878 60.392 61.976 63.591 64.328 66.100 8ETUPRI 1 
BETAIPR I 2 22.'oC7 21.274 26.496 28.332 30.189 35.918 42.5" 45.398 45.631 BETAIPRJ 2 
V 1 252.9" 273.40 219.32 215.11 2n.",1 21>8.13 259 ..... 253.19 235.80 V 1 
V 2 .. l.l.6i" 39".21 "01>.95 "'12.11 416.91 403.46 311.16 369.40 316.29 V 2 
Vl 1 252.89 213.33 21'9.28 215.10 zn.1I8 267.04 251.73 251.99 234.26 Vl 1 
Vl 2 254.65 246.82 261.34 218.98 2113.39 2n.55 227.16 204.08 191.611 Vl2 
V-THE TA 1 -<1.00 -D. 00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA I 
V-THETA 2 3Z'o.63 107.36 309.32 304.13 305.63 297.00 300.52 307.42 3Z3.40 V-THETA 2 
VIPRJ I .. 91.2 512.3 520.1 532.4 550.9 5611.9 580.2 582.5 518.9 VIPRJ 1 
VCPRJ 2 275.5 277.1 292.0 317.0 330.(1 331.0 309.1 291.2 274.6 VIPIIJ 2 
VTHEU PRI -4211.1 -'1133.2 _38.1 ..... 55.1 _'8.8 -501.7 -519.0 -524.3 -528.6 VTHtTA PRI 
VTHHA Pfl.2 -105._ -127.3 -13C..3 -150.4 -168.9 -197._ -Z08.9 -206.9 -195.9 VTHETA PII2 
U 1 420.,,7 433 .22 438.69 455.74 418.79 501.74 519 .00 524.25 521.65 U 1 
u 2 .. 29.63 434.61 439.59 454.55 474.49 494.42 509.38 514.36 519.34 U 2 
'"' 1 'J .l277 ~.2464 0.2518 0.248C 0.2455 0.Z416 0.2336 0.22U 0.Z122 

" 1 
'" 2 

v .36bl, ':'.3"'95 0.3!>91 0.3660 0.3697 0.3572 0.33311 0.3259 0.3319 '" 2 "CPRJ w ....... 17 U.4616 0.10688 v.4798 0.4964 0.5125 0.5225 0.52 ..... 0.52011 IIIPRJ 
"CPRJ Z C.2""3 Q.21062 0.2594 0.2811 0.2921 0.2983 0.2730 0.2569 0.2422 IIIPRJ 2 
TURNCPRJ 37.';'17 :sa.473 31.019 30.545 29.588 26.015 20.931 18.813 20.432 TURNIPRJ 
UUBAR 0.1103 U.1466 0.1222 0.09B8 0.1001 0.1371 0.2231 0.2645 0.2821 IAIIIAR 
LOSlo PARA J.()295 0.0382 0.0325 0.021>8 0.0211 0.0373 O.O!HO 0.0651 0.0699 LOSS PAU 
[)FAC Co.6354 0.6341 0.6153 0.5BII2 0.5787 0.51120 0.6453 0.1>834 0.72111 OFAC 
EFFP C.86l7 C.U61 0.893S 0.8495 0.8722 0.81 .... 0.7304 0.7047 0.7333 EFFP 
EFF O.861~ 0.11128 0.11914 0.81065 0.8695 0.8101 0.1254 0.6994 0.7282 EFF 
(NCID 6.996 6.83S 6.940 6.835 6.393 5.993 4.921 2.039 -2.039 INCID 
DEV,", 7.257 13.114 11.862 9.691 7.578 11.357 10.910 12.259 9.654 DEVil 
P 1 14.622 14.700 1",.110 14.711 14.712 14.710 14.683 14.665 14.591 P I 
P 2 Ib.II('O 16.I>8S 16.790 16.876 16.982 16.891 11 •• 704 16.645 16.10l P 2 
1 1 516.7':.0 51S.7C/(j 518.100 51S.700 518.7UO 518.700 518.700 5111. TOO 511.100 T I 
T 2 543.082 542.225 S41.112 543.216 543.664 ~"".4113 ~45.535 546.036 546.646 T 2 

~l.TO~ E PCT SPAIII 95.00 90.00 85.00 10.00 500.00 30.00 15.00 10.00 5.00 PCT SPAN 
ClA 33.2,;)7 33.564 33.921 34.992 36.420 37.8'118 la.919 39.276 39.633 DIA 

5"TOR-L.~. BETA 2 52.<U 50.959 48.980 41.535 46.567 47.3211 54.141 58.598 62.1196 IlETA 2 
~TAIOM-T.l. ~~TA 2A -c. ,'ull 1.900 1.6311 0.630 0.940 O.OlO 0.830 1.851 3.651 BETA 210 

V 2 410.52 395.86 "10.19 412.71 421.65 405.01 311.92 361.28 364.44 ., 2 
VlA 2'1&.19 280."7 268 ... 7 301.00 314."'0 319.33 287.34 275.117 216.60 V 210 
Vl 2 151. ZU 249.34 269.21 21B.61 289.80 214.36 211.74 1811.14 166.01 VZ 2 
VZ 2A 29b.19 280.30 268 .35 306.94 314.25 319.14 287.07 215.48 27S.75 VZ 210 
V-THETA 2 32".0~ 30)7.46 3119.47 30",.42 306.09 297.61 301.25 308.21 324.26 V-THETA 2 
V-THETA 210 -\J.uD 9.30 7.6" 3.38 5.16 0.11 4.16 8.90 11.60 V-THETA 2A 
" 2 0.3 .... 1 0.3510 0.364' 0.311060 0.3140 0.3586 0.32113 0.3186 0.3212 II 2 
I'l 2A 0.2628 C.2472 0.2368 0.2101 0.2172 0.2814 0.2526 0.2422 0.2428 " 2A TURI'IIPRI 52.271 49.uSS 41.348 46.898 45.601 41.272 53.264 56.701 59.194 Tl'lNIPRJ 
UUBAR 0.1.1004 ... 0481 0.1"!>9 0.01199 0.1135 0.0646 0.0545 0.0553 0.0911 WBAR 
LOSS !lARA C. .\l2'j~ ~.(Il64 0.0502 0.0319 0.0420 0.0249 0.0216 0.0221 0.0391 LOSS PAU 
OFAC " .5401 0.5481 0.5990 0.Sl59 O.H95 0 ... 951 0.5457 0.5697 0.5826 DFAC 
EFFP :.8764 0.9079 0.7S59 0.8084 0.7569 0.13lS 0.11702 0.11725 0.7194 fFFP 
INCiD 2.tu4 7.571 8.689 9.504 9.861 11.45. 15.435 15.431 3.696 INC1D 
OEYM 8.1132 13.212 12 .940 11 .605 11.952 11.686 13.211 14.529 11.502 DEV>I p 2 16.8VU 16.685 Ib.790 16.876 16.982 16.891 16.104 16.645 16.102 P 2 
P 2 A 16.11 Z Ib.620 16.576 16.742 16.804 16.7'98 16.638 16.583 16.590 II 2A 
T 2 '43.062 542.225 541.112 !)43.lI6 543._ 5044 ... 113 545.535 546.036 546.646 T 2 
T 2A 5103.Cb2 '''2.22!> 541.112 543.216 543.66~ ' ........ 3 545.535 546.03110 546.646 V. ZA 
UU~AR FS :1 • ':'1.0'5 8.1279 ~.l386 001227 001039 0.0967 0.2199 0.1663 0.1'83 UU8AA FS 
P2 fS I;.e,e 1 S. ~ I a 16.77A 16.931 16,96. lb.941 16.9,8 16.796 16.78, P2 FS 
LOSS I"ARA FS ~., ?17 0.,,436 J o 0477 0.04)0 0.0384 0.0373 0.0871 c.abb" 0.0637 LDSS 'AIlA FS 
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Table A-3. Blade Element Performance (Continued) 
Stage E, Rotor E - Stator E 

Calculationa Valng Tranalated Valuea 
Percent EquivAlent Rotor Speed = 49.99 Equivalent Rotor Speed = 2104.67 Equivalent Weight Flow = 64.65 

Vnlform Inlet 

INLET 
PCT SPAN '6.80 '2.00 86.90 71.00 49.50 21.10 12.00 7.10 3.00 PeT SPM 
OIA 33.122 33.~2' 33.'62 3~.312 37.137 31.'54 "41.321 40.7:17 41.01' OIA 
BfTA ~ -Cr.~O~ -<1.0011 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA 0 
8ETA I -(. .00,) -c..OOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA 1 
V C l50.19 250.1. 250.19 250.1' 2 !MI. 19 250.1' 250.19 Z50.1. nO.l'. V 0 
V 1 21>1.2' 274.Cl 271.46 zn.22 265.35 26'.51 2".76 2SZ.M 235.5' Y 1 
Vl 0 25C.19 2'0.1' 250.19 250.11 2~.J7 2'0.15 250.12 Z'O.12 250.12 no 
Vl 1 21>7.2. 274.wl 271.46 271.Z2 26'.33 26'.46 2".70 Z52.79 235.53 n 1 
V-THETA 0 -(j.00 """.00 -(j.00 -(j.00 -0.00 -<:.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THETA I -0.00 -0.00 -D.OO -0.00 -D.OO -0.00 -0.00 -0.00 -0.00 Y-THnA 1 
II 0 U.225l 0.2252 0.2252 0.2252 0.22'2 0.2252 0.2252 0.2Z52 0.2252 II 0 

" I (;.2401 0.246' C.2446 0.2440(, 0.2390 0.23'2 0.2312 0.2277 0.2120 II 1 
TUIlN 0.0 D.C 0.0 0.0 t.o 0.0 0.0 0.0 0.0 TURII 
UUBAR ~ .4176 v.2549 0.2294 O.ZZ35 0.2255 0.2313 0.2902 0.3235 0.oWI86 WIIU 
tJFAC -(. .U&8 -D.C.9' -D.085 -o.OS4 -D.061 -0.061 -o.OZ6 -0.011 0.058 OFAC 
EFFP ".2556 (I ... ·U7 0.4405 0.4443 0.3607 0.3572 0.1'72 0.0631 -0.32" EFFP 
INCID -<1.00110 -v.OOOO -D.OOOO -D.OOOO -0.0000 -D.OOOO -0.0000 -0.0000 -0.0000 I"ClO 
DEVil ".OOIl 0.000 0.000 11.000 0.000 0.000 0.000 0.000 0.000 DE"" 
P 0 14.63C 14.83e 14.830 14.831) 14.830 14.UO 14.130 14.830 14.S30 P II 
P 1 ~'o.615 1".698 14.712 1".715 14.714 14.711 14.680 14.663 14.588 P I 
T 0 ~UI.l00 518.700 518.1110 518.100 518.100 518.700 511.700 511.100 5111.700 T 0 
T I 518.700 518.700 518.100 518.700 5111.700 nl.700 511.700 511.700 518.700 T 1 

ROTOR ~ PCT SPAN 95.00 90.0 .. 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAll 
CIA 33.230 33.«021 3".007 35.164 36.106 38.2" 3 •• 405 3'.791 40.176 DU 

kUlUk -L.~. BETA 1 -D.coo -D.OOO -0.000 ~.ooo -0.000 -(1.000 -0.000 -0.000 -0.000 lETA 1 
"OTU~ -T.~. BEU l 3'0.375 3 ... 788 29.718 28.381 27.331 25.636 25.5311 26.942 2'.'32 lETA 2 

BETAIPRI 1 .. S.1>33 "1>.883 "6.930 47.'89 50.302 51.676 53.425 54.0411 56.090 SETAlI'll) 1 
bETACPII) 2 H.1l7 Z4.806 24.35" 2&.035 30.204 33.706 37.463 39.812 49.335 BETAIPII' 2 
V 1 267.85 288.24 291.37 291.65 282.72 282.119 2n.3' 212.06 25"".12 V 1 
V 2 326.76 339.7] 351.36 356.76 345."5 340.22 323.22 306.37 2"5.10 V 2 
Yl 1 267.80 288.17 291.33 291.63 212.37 281.7" 273.5' 270.12 252."" VZ 1 
VI 2 269.68 291.82 305.1" 313.86 306.7" 306.2" 2.0.87 272.34 213.211 VZ 2 
V-THETA I -0.0,) -o.(n -D.OO -o.Oc. ~.OO -0.00 -0.00 -u.00 -0.00 V-THETA 1 
V-THETA 2 le4.'" ITl.88 174.18 169.1>1 158.53 146.96 138.91 138."2 120.78 V-THETA 2 
VIPRI 1 41;5.J 421.7 .. 26.& "35.8 442.3 455.1 oWIO.2 oWIl.2 ""53.5 VIPRJ I 
VIPRI 2 295.5 321.5 335.0 349.3 355.1 3611.6 ]67.2 3!>5.3 321.7 VIPRI Z 
VTHETA PRI -3L".1 -307.8 -311.7 -323.8 -,",0.1 -356.4 -368.7 -372." -375.«0 ¥THETA PRl 
VrnEU PRZ -12'J.7 -ll"".' -138.1 -153.3 -178.6 -204.3 -222.9 -227.0 -248.2 YTHETA PR2 
U I 3114 •• 1 3ij7.77 311.65 323.76 340.1" 356.""" 361.71 372.44 37!1.5& U 1 
U 2 305.21 308.76 312.30 322.92 337.08 351.25 361.81 365.41 368.'5 U 2 
M I 0.2"13 0.2599 0.2628 0.21030 0.2549 0.2550 0.24112 0.2""51 0.2288 II 1 

" 2 "".2""23 (l.3D45 0.3154 0.31'6 C..3093 0.3046 0.2892 O.2n. 0.2191 II 2 
"IPRJ 0.3651 ".38C2 ... 3848 0.3930 0.39117 '.4102 0."1"7 0.""U6 0.4083 IIIPIII 
"CPR 1 2 ~.2b43 L.2882 0.lO07 0.3129 0.3180 0.3300 0.3216 ... 3177 0.2922 III PRI 2 
TUII.NIPIII 2 ... 512 2Z.072 12.574 21.954 20.078 17 •• 08 15.870 1"'.142 10.682 TUIl"IPU 
UlJeAR C..1234 [>.0928 ,;).10581 C..0458 0.0579 0.0438 0.0609 0.0995 0.1594 WIlAIl 
LOSS PARA O.C3'6 ".0247 ~.1l157 C..ca26 0.0161 0.0123 0.0168 0.0268 0.0368 LOSS PARA 
OF_L (r .ltu,i,!tiI ).3567 0.3362 0.3180 0.3121 0.2978 0.3059 0.3339 0.370' DfAC 
EFFP (1.7591 0.8722 1.C."46 0.8100 (1.7873 0.71"3 0.7631 (l.6918 0.49"0 EFFP 
EFF \:. 7~1" ~.8713 1.0450 0.8085 0.7857 0.7821 0.7614 0.6959 0."'17 EFF 
INCIU -:;.·(99 -<t.e33 -3.&"8 -<t.053 -1.102 -<t.32" ~.275 -iI.276 -IZ.08" I"ClD 
DEY" ~.Yb7 10.647 9.720 7.3'" 6.993 6.147 5.840 6.675 13.359 O~"" 
P 1 14.615 14.698 14.71Z 14.715 14.71" 14.711 1".6110 1".663 14.588 P 1 
p 2 15.]'1 15.466 1~.5"Z J5 .567 IS. 522 15.507 15."21 15.3<1oQ 15.068 P 2 
T 1 518. no 518.7"" 518.700 518.700 518.700 518.700 5111.100 5111.700 518.700 T 1 
T Z 528.900 521.427 526.551 529.111 528.866 528.757 5211.350 528.378 528."91 T 2 

STATOR E PC, SPAN 95.1)0 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT S'M 
DU 33.2~7 33.5610 33.921 ,",.9.2 36.42(l 31.848 38.919 39.276 39.633 DU 

~THLJR-L.r. BETA 2 3".~1>~ 30.61>11 2'.HZ 28.4Zl 27.060 25.576 25.946 27.612 30.576 liEU 2 
sa TOIl-I.E. BETA 2A U.1SI) 1.700 1.310 0.740 0.400 0.100 1.601 0.750 -3.001 8ETA 2A 

y Z 3025.23 ]"I.C9 3!>!>.75 356.71> 349.19 341."'7 311.86 2 ••• "" 238.44 " 2 V 21. 299.~' 312 .43 325.94 345."7 3"'2.30 339.52 30'.22 2118.24 281.117 V 21. 
Vl 2 267.b2 293.0,() 310.13 313.10 310.80 307.70 2116.32 265.lIO 204.97 Y12 
Vl 21. 2'9.,,6 312.<9 325.84 3"5.40 342.11 339.29 304.16 281.'6 281.1. VZ 2A 
V-THETA 2 184.52 173.93 17".26 169.71 158.77 147.Z7 13 •• 31 138.77 121.10 V-THETA 2 
V-THETA 2A 3.91 9.27 7."5 ,. ... 6 2.39 "'.7" 1.52 3.77 -14.74 V-THETA V. 
II 2 ~.2'C9 O.)O5~ '.3195 0.31'6 0.)121 0.3057 0.Z1I53 11.26110 0.2125 II 2 
lilA v.2~72 ".2797 ".1"21 0.3093 0.3065 0.30"41 0.2729 0.2575 0.2511 llZA 
T~NCPIII H.81!> 2b.95' 2b.Clll 27.615 2&.6 .... 24.7" 2".307 26.UI 33.'21 TVIIN "" 1 uue .... v.o77c ').v862 0.1.16,,1 (l.tll]) -0.0040 0.0125 0.1549 0.1770 -0.21113 WIlAII 

JSS PA~A C.~l5' , • .,j.294 ~.CllYI 0.0047 -0.0015 0.00" 0.061" 0.0701 -0.0819 LOSS PARA 
UFAC ~.2b15 ~.Z4E115 '.2"'!>It 0.1966 0.1861 0.11072 0.2063 0.21.11 0.0481 DFioC 
EFFP ':'.5179 u.48111tO 0."93' 0.7956 1.0'111 -0.0506 -0.7920 -1.26') D.oWI"5 EFFP 
INCltJ -1~.b02 -H. 128 -10.958 ;;"'.609 -4.6103 -10.215 -12.75. -15.55 I -21.621 INtIO 
DEVil 9.582 13.012 12.620 11.115 11.412 lZ .4116 14.D40 13.430 1.156 DE"" P 1 15.391 15."610 15.542 15.567 15.522 15.!>07 15."21 15.3" 15.068 P 2 
P 21. 15.3'U 15 .313 1!>."!>2 15.553 15.526 15.4'5 15.290 15.Z08 15.170 P 2A 
T 2 5za .... ~" 527."27 ~26.551 '29.111 5211.1166 5Z1."7 521.)5" !lZI.nl 52 .... 91 T 2 
T 21. 528."00 527."27 5Z6.551 ~29.1H 528.1166 5ZI.757 521."0 5ZI.n. 521.491 T'lA 
UueAR FS :: .12" r'I O.~9J4 :.J.Cl5B5 0.0195 0.02.0 0.0287 0.2979 0.2971 0.2900 WIIAR FS 
P2 FS 15.")7 lS.474 15.,12 15.573 15.551 15.523 15.59. 15 •• 67 15 ... 02 PZ FS 
LOSS PARA FS h "17 :).\..318 ~.lJ2;',) O.~~69 O.CD90 U.0110 0.1181 0.1188 0.1167 LOSS PARA FS 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated'Values 
Percent Equivalent Rotor Speed = 50.22 Equivalent Rotor Speed = 2114.26 Equivalent Weight Flow = G I. 51 

Untfonn Inlet 

INLL T 
PCT SPAN ~t>.80 ~2.00 810.90 n.oo 49.S0 28.10 12.00 7.10 3.00 K T SPAN 
DIA 33.122 33.529 3].962 35.312 37.131 lB.954 .0.321 .0.737 41.085 DIA 
HTA 0 -O.i..lCV -<l.001l -<1.000 -0.000 -<1.000 -<1.000 -<1.000 -<1.000 -0.0110 lETA 0 
HTA I -(j.':'uv ~.CO'" --'.OO~ -0.1100 -0.000 -0.000 -o.Ooc. -0.000 -0.000 lETA 1 
Y U 2H.72 137.72 237.72 237.72 231.12 2]1.72 2]1.72 237.72 231.72 V 0 
V 1 2~5.12 254.210 251.31 2~8.81 245."2 246.7 .. nl.22 237.80 219.84 V I 
Vl C 2.i7.12 237.72 237.72 2]7.72 237.n 237.68 237.610 237.1010 237.1010 VZ eo 
Vl 1 245.12 2~4.26 251.31 248.80 2 .. 5 ... 0 2410.69 241.16 2]1.74 219.78 VZ I 
V-THHA -u.~O -0.00 -il.O\J -0.00 -0.011 -<1.00 -iI.OO -iI.OO -iI.OO Y-THETA 0 
V-TI1ETA -·J.cO -<l.00 -i..Oc. -iI.OO -<l.CO -iI.OO -0.00 -iI.Oc. -iI.oeo V-TH1:TA 1 

" 0 
G .2139 0.213'1 O. Z13'1 0.213'1 0.213'1 0.2139 0.2139 0.213'1 0.2139 " " 11 , (·.22Gb 0.228'1 0.2262 0.12 .. 0 0.220'1 0.2221 0.2171 0.Z11o(1 0.1977 

" I TURN v.L O.~ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TUR" 
UUbAR 1.. .... 16 .. 0.2 .. 73 e..2299 0.2256 0.2212 0.2299 0.281'1 0.3253 0."bB5 UUBAR 
DFAC -{,.1.J31 -(;.07(1 -C.057 -0.0 .. 7 -0.032 -o.03B -iI.015 -iI.OOO 0.07'5 OfAC 
EFfP •• 1332 0.3718 0.]420 0.3005 0.2321 0.2545 0.096" 0.0016 """.4559 EFFP 
INCID -~.UC "L -V.COOY -0.0 ... 0.:. -o.OOO~ -<l.0000 -C.OOOO -0.0000 -0.0000 -0.0000 l'lCIO 
DEV,", 0. jO(,' 0.000 O.COO 0.0(10 0.000 0.000 O.OCO 0.000 0.000 DEV" 
P :- i4.b~~ 14.815 14 .81 ~ 14.815 1".81~ 110.1115 14.815 1".8U 14.815 P ~ 

P I 14."ZI 14. 7~O 14.70ij 1".71:1 1 ... 712 14.70B 1'0.68'1 14.663 14.597 P 1 
1 , ~lb.7UC. Sa.700 518.700 518.100 518.700 518.700 518.700 5111.700 518.700 T 0 
T I 51~.700 ~111.7C.O 518.700 518.700 518.7CO 518.7(;0 516.700 518.700 518.700 T 1 

~DI!'R l PCT SP.N "5.ep qO.OO 85.00 70.00 ~o.ao 30.00 15.00 10.00 5.00 KT SPAN 
OIA .:U.23b 33.621 3 ... 007 35.16" 36.706 38.246 39 • .05 39.791 10(1.176 OIA 

RC Tu1 -L.f. lin .. I -J.~IC'O -v.veo -(J.OW -0.000 -C.OOO -0.000 -(1.000 -o.OOe. ..... 000 IIETA 1 
~L:Tl.J~ -T.~. b~T. 2 31.,91t ] ... 6'13 33.133 ] 1.'18" 30.958 2'1.6010 29.8"1 31."61 35.1I".s IIETA 2 

fETAIPRI ~1.ZC4 49.158 "9.275 50.583 52.1125 53.640 55.256 55.83B 58.0ll BETAIPRI I 
~fTAIPKI 2 2".8l.5 24.631 24.903 26.559 30.578 ]4.187 38.245 40.551 50.18" BETAIPRI 2 
v I 245.b4 267.33 269.55 267.33 261.33 262.7" 2511.59 255.13 237.00 V I 
V L lI4.9~ 376.103 3]5.~1 3,,0.16 331.77 325.81 308."9 293.99 238." V 2 
Yl 1 245.59 2b7.27 269.52 267.31 261.011 261.68 256.89 253.91 23S." Vl 1 
Vl 2 25CJ.5" 2108.55 28 ... 87 288.~2 284.38 282.86 266 .'13 25('.11 192.115 VZ 2 
V-THH. -c.~o -J.IIO -0.00 -0.110 -0.00 -<1.00 -0.00 -0.00 -0.00 V-THHA 1 
V-THETA ;< 19;'.82 185.'10 183.33 180.17 170.59 160.71 153.13 153.03 13'1.30 V-THETA 2 
VIP!'.I I 392.(' "'"08.1 413 .1 "21.t "3().2 ......... 1 451.7 4S3.2 445.5 VIPRI 1 
VIPR J 2 ;l7b.C 2'15.9 3e9.7 322.10 ]30.;' ~ ... 2 .... 340.6 329.9 301.6 VIPRJ ~ 
VTHE TA PR 1 -3"5.5 -3('9.2 -313.1 -325.1 -3"1.7 -35B.l -370.4 -37 ... 1 -3n.3 VTHE TA PRI 
VTHETA H2 -115.S -12 ... 3 -130.4 -144 .2 -168.0 -192.1 -21u.4 -21".y -231.3 VTHEU P112 
U I 3';5.~0 3e9.17 ]13.117 325.2" 3 .. 1.69 3S8.07 ]70.39 374.110 3n.27 u I 
U • 306. b'~ HC.lb ]13.72 3l4.39 338.62 352.85 363.52 367.08 370.63 U 2 

" 1 ,·.2211 ~.24C8 0.2 .. 29 0.2"08 0.2354 0.23610 0.2329 0.2303 0.2132 " 1 

'"' 2 : .2.17 :.292b u.3006 0.30"3 v.2967 C..~ll 0.27510 O.2b2~ 0.212" " 2 "IPRJ O.:'~2~ (.31082 ".3722 0.37'13 0.387" 0.400U 0.40611 ".4081 0.4009 MIPRI 
,",IPRJ 2 ...... 2"69 0.21>51 0.2777 ... 28810 0.2955 0.3061 C..30"3 O.~45 C..2b8b "I PIt I 2 
TURNI P.J 21>.3<;5 24. 3~Z 24.36'1 2 ... 023 22.028 19.595 16.92" 15.192 7.179 TUR"IPR I 
UUHR ':.1.o.Jlo.t..I ~.O983 0.0583 0.0409 0.0482 0.0453 0.06'10 0.10~e 0.110104 UUBAR 
LOS S PARA J. 8~63 u.~26< 0.G157 0.0111 0.0134 0.01210 0.0188 0.0282 0.0378 LOSS PAkA 
DF4C •• ~31l ~·.409b C·.3823 0.365] 0.3589 0.1499 0.]627 0.3894 ... 4328 DfAC 
EFF" , .e8IJ 0.9"22 I.e 765 O.85~9 0.8305 0.8110 0.77'16 0.7226 0.55B" EFFP 
EFF 0.8803 : .. 9 .. 18 1.0771 ".B495 0.8290 0.80'14 0.7779 0.7206 0.5559 EFF 
INUD -1.ao -1.75'i1 -1.]03 -1.4!>9 -1.376 -2.157 -3.441 ~.4S2 -10.131 INCID 
DEV," __ .b5!. It..b71 1('.27(' 7.'118 7.367 6.1027 6.1022 7.41'1 1'0.209 DtV" 
P 1 l ..... bll 1 •• no 14.7G8 .... 710 14.712 14.708 .... 684 14.663 1 ... 597 P 1 
p l 15."76 1~.537 15.~~7 15.637 15.614 15.5'12 15.5C1b n.431 15.192 P.l 
T I 518.7JCi 518.7(,0 516.no 518.700 518.700 518.7O(J 518.7C,(, 518.70e 518.7UO T 1 
T 2 ~"b.l4~ 5/7."82 526.6 .. 5 529.461 529."]2 52'1.479 5~.167 S29.266 529."0'1 T l 

SIATOR E PCT SPAN 95.~Ci %.cc 85.00 70.('0 50."0 30.00 15.00 10.00 5.00 PCT SPAN 
DU 3j.2.7 3J.!>,,' 33.~21 3".992 36."20 37.848 38.919 39.276 ]9.633 DIA 

HAI(,R-t..t. BETA " ,,7.,\..9 3 ... 54;' 3Z.69b 32.en 30.6"6 29.536 30.331 32.267 37.179 BETA 2 
~TATC"'-T.~ • 8~lA 2A u.Z5C1 1.560 1.8'10 0.660 0.420 0.1100 1.200 0.700 -2.551 8ElA 2A 

V 2 3-"~."4 327 .'15 BY.56 340.16 335.33 327.00 304.36 287.77 231."3 V 2 
V ZA 273.'3 27'1.34 292.26 316.bb 315.98 312.83 280.1'1 263.95 258.e.O V 2A 
VZ 2 2'-8.64 170.12 265.74 288.35 288.36 284.23 262.36 2"3.00 1810.15 VZ 2 
VZ 2A t:7l ... Z 27<;.23 292.08 316.'!>9 315.87 312.62 279.90 263.7c. 258.(,7 yz 2A 
V-TtIHA )9u.B~ IH5.9b 183 ... 2 18u."" l7u.85 161.04 153.50 153.42 119.67 V-THETA 2 
V-THHA 2l 1.1" 7.70 9.6"- 3.65 2.]2 4.37 5.86 3.22 -ll.!>O V-THETA 2A 
'" 2 .., .Zu' 3 (1.2938 0.3U"6 0.30"3 C..3000 0.~24 0.2719 0.2568 0.2061 " 2 
'" 2A ~ .24tlt 4 0.2497 ('I.2I1t!; ( .. 2830 ".28210 0.2795 0.2500 0.235] 0.2305 " 21. TUkNIPPJ )7.2~8 32.965 30.8~4 31.357 30.210 28.705 29.088 3l.~19 39.670 lUlINlPRI 
UU~A~ ; .~7~t> ".!l·2l u.09b~ 0.0145 0.0011 .C..0157 0.13103 0.150 I -<1.23'10 WBAR 
lUSS PARA c • ..I.l4t' ~.U349 0.0332 O.00!>2 '.00010 O.O(JIII 0.0540 0.0600 -<1."63 LOSS PAllA 
DFAC C.331!> ... 333" 0.31!>7 G.2S"1 0.2"""" 0.2287 0.2727 0.l'121 0.1"74 Of At 
EFFP 11.7011 ~.b]81 O.MIC 0.8'1510 ().9'108 0.821" Q.1311 0.0776 0.01012 EFfP 
INC IlJ -12.6S~ -8.8"l -7.591> -6.007 -6.057 ~.328 -e.371 -10.'101 -22.023 INtID 
DEYI1 a.ORZ 12.892 13.2110 11.635 11.432 12.466 13.641 13.380 2.306 DeVil 
P < 1~ ... 7b 15.531 1!>.597 15.637 15.614 15.592 15.506 15.431 15.192 P 2 
P 2A 1~.41tl I!>." .... 1~.5P] 15.62] 15.613 15.578 1~.400 15.327 15.2'18 P 2A 
T ., 516d4!> ~21.48Z 526.8,,5 5l9."61 529."32 52'1.479 529.167 529.2bb 52'1.1t09 T 2 
T 2A 5n.3"!> S21."S2 5210.845 52'1.4bl 529."32 5Z9 ... 7'1 529.167 529.266 529.409 T 2A 
UUBAk FS .01 75 O.,~ 91'> J.0669 U.U139 0.01l5 0.U169 U.2619 0 •• '02 U.25~4 WBAR FS 
P~ FS 1 ~ • ': :' 5 l? ,i J 1,.,66 1'.636 1'.b23 1,.593 15.663 15.:;23 15.490 '2 FS 
LOSS PAMA FS .e. :- 0 3 :. '. "II •• uZ3U o .VJ5(J 0.0041 0.U065 U .111 7 0.1000 (J.1045 lOSS PARA f~ 
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Table A-a. Blade Element Perfonnance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 49.65 Equivalent Rotor Speed = 2090.12 Equivalent Weight Flow = 55.53 

Unlfonn Inlet 

INLET 
PCT SPAN qb.b~ q2 .C~ 8".90 11.00 ~9.!>0 28.10 12.00 1.1e 3.00 PCT SPAN 
DIA ~3.J,t2 l3.!j29 33.91>. 35.312 37.137 38.954 40.321 40.737 41.085 OIA 
B~TA -"".~oo -('.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 0 
BETA -v'C'CG -G.eDe -o.OOt -C.OOC ~.OOO -0.000 -0.000 -0.000 -0.000 8ETA I 
V 0 ?]3.9~ 213.9!> 213.95 213.9!> 213.95 213.95 21].95 213.95 213.95 V 0 
V ) Zlti.n 2210.79 223.91 225.~G 222.n 219.30 215.44 209.06 194.18 V 1 
VI <) 213.94 ,13.94 213.9" 213.94 213.93 213.91 213.89 213.89 213.89 no 
VI 1 1l~.<2 126.19 223.97 225.40 222.76 219.27 21'.38 209.01 194.73 VI 1 
V-THETA -.:>.c~ -0.00 -(;.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 ¥-THETA a 
V-THtTA -G.CC ~.GO -o.e.o -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THHA 1 
M v ".1'123 ~.1923 0.1923 0.1913 (1.1923 0.1923 0.1923 0.1923 0.1923 

" 0 

" 1 ".19b2 c.20..c 0.2011, 0.2021 C.2003 0.1912 0.1931 0.1879 0.1150 " 1 
TU~N G.l' \l.o o.u o.e. c..o c.o 0.0 0.0 0.0 TURN 
UUoAR ;, .41 .. 5 u.Z .. 32 0.22 .. 5 0.2218 C.2218 0.2211 0.21>12 0.3286 0.4016 WIIAR 
OFAl -'J.U2U ~\.CbO -0.047 -o.0!>4 -o.~1 -o.02!j -0.007 0.023 U.09O OFAC 
EFFP O ... 'b8lt C.3399 0.3021 0.3343 0.277& 0.1839 0.0501 -0.1617 -o.!>866 EFFP 
II'jCIO -~.c.'ooo -<.OCOC -c .C'OOO ~.oooo -0.0000 -o.IlOOO -0.0000 -<1.0000 -0.0000 lHeIO 
OEV~ J e\.·CC t!.eoc O.COO o.oeo 0.000 0.000 0.000 O.OOC 0.000 DEV~ 
P .:; h.791 lit. 791 1~.191 1~.191 1~.791 1~.791 1".191 1 ... 191 1,..191. P iI 
P 1 .. 4.bJ3 1".701l 1,..707 14.108 .... 708 14.7011 l't.6'ki 1 ... 1167 1 ... 615 P 1 
T ~ 5111.7UO 518.700 518.7C'O 51t1.7UO 518.700 518.700 5111.700 518.700 518.700 T 0 
T 1 51b.he 518.luG 518.1[,0 518.700 5111.700 518.7CO 518.71)0 518.7"" 518.700 T 1 

Rl!TLR E PCT SPAI'j 95.(Y 9C.OC 85.00 10.00 50.ttO 30.00 15.00 10.00 5.00 PCT SPAN 
OIA 33.236 33.b.21 J,4.l'07 35.l64 . 36.706 38 .21t8 39.~05 39.791 ~.176 DIA 

I(OlO~ -l.l. B~U 1 -G .VOO -o.OOU -<l.t.~O ~.OOCI -0.0(,0 -0.000 -o.OOc. -<1.000 -o.DOO 8UA 1 
KOTOM -T.E:. BETA 2 42d98 4".055 38.257 36.879 36.068 35.061 3!j.963 38.179 ..... 408 BUA 2 

~ET"I PR I 1 54.LY9 52.1)63 52.2119 53.033 5".971 56.112 57.91t8 58.910 "".797 BETAIPRI 1 
bETAIPRI 1 24 ... 13 Z!>.012 25.078 26.301, 30.006 34.2n 38.035 "2.335 Its .0'111 IIETAIPRJ 2 
V 1 lI8.07 238.31 2ltO.~3 242.01 237.Cl 233.36 230.78 22".63 209. a... v 1 
v 2 199.53 3ub."" 31 ... 34 322.13 317.26 308.~b 295.09 272.11 ,"5.39 V 2 
VI 1 218.03 238.25 2"0.e.O 2"1.99 236.78 232.41 229.Zb 223.U3 208 ... 7 VI I 
VI 2 211.19 23 ... 55 21t6.8l 25'1.67 256.35 2!j2.15 238.3It 211.66 174.911 YI 2 
V-THETA -O.u" -<'.110 -(;. uO -0.00 -0."0 -0.00 -0.00 -0.00 -0.00 V-THETA I 
Y-TH[ TA "~1.96 197.19 194.03 193.32 186.71 116.96 172.93 110.05 171."CI V-THETA 2 
VIPRI 1 372.9 3el.1I 391.7 402.~ 412.7 "2~.0 "32.8 "32.7 "27.9 VIPRJ 1 
VIPRI ~ 243.2 258.8 212.5 287 ... 296.2 305.6 303.2 286.9 2bZ.~ VIPRI 2 
VTHETA PP.l -][,2.t' -"~5.b -lC9.5 -321.5 -)37.8 -3!j~.0 -366.2 -369.9 -373.0 VTHETA PRJ 
VTHtTA Pk2 -lel.1 -109.4 -1l!>.5 -127 .~ -148.0 -111.9 -186.4 -192.8 -195.0 ¥THETA PR2 
U 1 ]CZ.t.l lCI5.64 31l9.50 311.53 331.1'9 353.98 3011.16 369.87 372.'17 U 1 
U l h3.1!: 30b.62 310.14 320.69 334.15 31,8.82 359.37 362.89 366.40 U 2 
M 1 ~ .• 19116 0.21 .... 0.2160 0.2178 0.2133 0.2099 O.2Cl7!> 0.2020 0.1886 

" 1 ~ .. ~ • .lb16 ~.27....n. 0.2111~ 0.28711 0.2833 0.2753 0.2632 0.2"2 .. 0.218" " 2 MIP~I _.:'3~3 C.3487 O.3~2~ 0.3622 e..3713 0.3814 0.3893 1).3892 O.36lt7 "CPRJ 
.HPRI 2 \...2 .. 13 0.2315 0.2 .... 0 0.2568 0.2645 0.2727 0.2705 0.2!j5" 0.23311 "IPRJ 2 
TURl'jlPkl ZQ.5Z2 27.0<06 27.128 26.128 2".9~6 22.380 19.83'0 11>.'096 12.641 TURNIPIIJ 
UUbAR i...~999 r.l0~9 0.e7J3 Ij.0469 0.0531 0.0603 0.0922 (j.l~26 0.19"3 WeAR 
lOSS P.~A v.~.c:b3 0.0290 e..0197 0.Cll19 C.0150 0.0167 0.0252 0.0370 O.~I>O LOSS PARA 
DFA( C .~~"8 ',.461b ... "Sl9 ... ,.33<0 O.~271t 0.4187 0.4368 ... 1,135 e..5~7" DFAC 
EFFP " .9u(·8 0.9218 1.0360 ('.8589 0.8"86 0.8173 0.n15 O.1I9~2 ... 6452 EFFP 
EFF C.8999 0.'1212 1.0363 0.8576 0.8 .. 72 1).8U6 0.7756 0.61178 0.6427 EFF 
lNLID i.bb1 l.I,.7 l.b3D 0.991 0.969 0.718 -o.l~l -3.~00 -7.363 INCID 
O~VM 9.42'0 Iv.852 10.1t44 7.663 6.796 6.717 6.~1l 9.196 12.121 DfVM 
P 1 1 ... b33 .. ~ .7(,(' 1".7l'7 14.1C8 14.708 1,..10" 1~.690 1".667 1".bl~ P 1 
P 2 15.~4l 1~.564 1!>.63" U.693 15.689 15.1160 15.597 15.,.87 15.376 P 2 
T 5 .... e .1l'O ~lti.l"O 5111.7"U 518.70Cl 518 .100 518.7110 518.700 518.7('0 518.700 T 1 
T l 52d.lb~ ~28.lB3 527.519 530.012 530.1"5 !j30.227 530.246 530.50" 530."90 T 2 

STATOR t PCT SPAN '15.(C 90.00 85.1:'0 70.00 50.00 30.00 15.00 10.0; 5.0C PCT SPAN 
lilA 3.1.2(-' 33.5b" 33.921 3 ... 992 3b,"20 37 .81t8 38.919 39.21b 39.633 DIA 

SU1~R-l.l. Bn A ;';.64ts 3'1.81'9 37.1311 3b.926 35.694 34.980 36.585 39.84(l 1t6.25C BETA 2 
STATuR-T.~. BETA ZA •• '.'C l.b!>Cl 2.000 1.500 0.b811 1.280 1.180 1.110 -o.IClCl 8ETA 2A 

V 2 29b.l~ 3,,1.66 31ti.18 322.13 320.6~ 309.51 291.11 266.,.1 2311.1~ V 2 
V 2A 2"b.07 24 ... 75 251.61 281.bCl 28 ... 95 282.46 257.55 233."2 226.7!> V 2A 
Vl 2 119.3G 236.1(1 2~I.b2 257.48 260.29 253.43 233.54 204.33 16,..52 VZ 2 
VI 2A l .. 5.99 2 ..... b5 251,"5 281."7 284.84 282.22 257.29 233.17 2211.51 VI 2A 
V-THETA 2 .1,,1.99 191.26 194.73 19l.50 187.00 177.32 173.3!> In .... 9 111.85 V-THnA 2 
V-THETA 2A b."''' 7.05 8. 7~ 7.31 3.38 6.31 5.30 ~.52 -0.40 V-THETA 2A 
~ .! G.20b4 0.27!jl 0.28"9 0.2878 0.2811 .. 0.2763 0.2597 0.2373 0.2119 " 2 M 2A C.2193 0.2183 0.22~6 0.2511 0.2541 0.2518 0.2294 0.2016 0.2016 " lA 
TUl'NIPRI 4".llt& 3b.2Z8 35.73" 35.420 34.996 33.666 35.3!jl 38.678 40.290 TURNIPIII 
UUdAR ~.t" ... ~1 C..v958 11.1093 (I.025Z 0.0101t 0.0075 0.('916 0.11778 -0.0808 W8AR 
lOS~ PARA (. ... '.5 ... ';'.0326 0.;376 v. C09\:. ... e.039 ".0029 Cl.0363 0.0311 -<-.tl32!> LOSS PARA 
UFAL ".39~7 G.41~1 C."l0b 0.3316 Cl.3241 0.1013 0.3454 0.37 .. 5 0.1412 DFAC 
EF~P i;.86u5 U .1464 ".7171 0.8968 0.9522 01.9567 0.5902 0.6130 1.841'9 EFFP 
IN(I(, -1.519 -,.509 -2.555 -1.104 -1.011 -0.881 -l.1l1 -3.332 -12.955 INCID 
Of V'" l\~ .332 12.'Ib2 13.310 12.475 11."92 12.946 13.621 13.189 4.154 DE V" 
P 2 15.541 15.58~ 15.1034 15.693 15."119 15.1160 15.591 15.487 15.316 P 2 
P ~A ]~.~D 15.508 15.!>4U 15.671 15.680 15.654 15.532 15.""0 U.41~ P 210 
T l 528.165 528.1113 521.!>19 530.012 530.105 530.227 53(1.240 530.50" !UO."911 T 2 
T 2A 5'd.1o!l 52b.183 521.519 530.012 530.1'5 530.227 530.2~6 530.50" 530.49Cl T 2A 
UU~AR FS J. I . 79 8.1162 J.l067 0.0346 C.0301 0.0389 0.2521 0 .... 82 0.2541 UU8AR FS 
P2 FS 15. '5 99 1,.6U2 15.631 15.701 15.706 15.686 15.750 15.621 15.588 Pl FS 
lOSS PARA FS I,i. 'H>3 J. '_"l95 0.0367 0.0123 0.0112 o .U150 0.0999 O.O~Y2 0.1025 LOSS PARA FI 
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Table A-3. Blade Element Perfonnance (Continued) 
Stage E, Rotor E - Stator E 

Calculatlons Using Translated Values 
Percent Equivalent Rotor Speed ~ 49.70 Equivalent Rotor Speed ~ 2092.57 Equivalent Weight Flow = ~8. 51 

Unlfonn Inlet 

INLET 
Pl T SPAN qb.b, 92.00 ~6.9(' 11.00 49.~" 28.1(, 12.00 7.1~ 3.00 P'T SPAN 
OIA 33. ~2Z l3.~Z9 H.9b~ 35.31Z 37.131 38.954 40.321 41).737 41.1185 OIA 
DEl A -\l.::l,C -0.000 -<I.I)('\) -0.000 -0.000 000.000 000.01)0 000.000 000.000 BETA 0 
otTA """'l·.,",~O -O.OGC' -vevLC -v.0C-0 -0.(,00 -0.61)0 -(I.OOG 000.00(, ;'.000 bETA 1 y - ~bb. 49 ISo ... 9 186.49 186.49 186.49 186.49 186.49 186.49 186.49 V 0 
Y 1 1';<.1 ~ 199.(,0 196.17 197.18 1'93.22 192.00 189.18 180.68 168.81 V I 
yz ; .8b.49 J8".49 186 ... 9 186.48 186.41 186.46 186." 186.44 186.44 VZ 0 
VZ ~ 1n.15 199.(1) 196.11 197.78 ~93.20 ~91.97 18'9.1'0 lBO.63 1(.8.77 VZ 1 
V-THETA -<;.LO -0.00 -0.00 -0.00 000.1)0 000.00 -(1.00 -(1.00 ;'.00 V-THETA 0 
V-1 HE TA -v.rl: -() .OC -{;.OO -v.i:O -o.C·O 000.00 000.00 -0.00 -0.00 Y-THETA 1 ,.. ~ , .lb75 ;:'.lb7!1o ~.167~ 0.1675 0.167~ 0.1675 1).1675 0.1675 0.1675 N 0 
II 1 C.ln6 c .171111 C..l703 0.1177 0.1136 0.1725 0.1699 c.. 1623 o.nn N 1 
TU"N v.e. 0.0 ('.0 t.o o.t 0.0 0.0 0.0 g.G TURN 
UUoA~ l .• 4!",C ;'.2360 0.Z211 0.2176 0.2211 tI.2281 I).Z491 0.3298 0.4562 WBAR 
OF"C """\..(130 -0.067 -0.052 -<1.061 000.036 -0.030 -<1.014 0.031 0.095 OFA' 
EFFP C.BCd ~.3698 0.:>27C 0.:>668 0.2512 0.2095 0.1054 -0.2314 -0.6642 EFFP 
INCIO -c .Ovc.u -':;.0000 -0.0000 -0.00110 -().oooo -0.0000 ;'.0006 -0.0000 -(1.0000 IN'IO 
OEV .. ].v<"~ ·J.~CO o.COO 0.000 ~.OOO 0.000 0.000 0.000 0.000 OEV .. 
P C 1.c..7b~ 14.765 14.765 14.765 1".76~ 14.765 14.765 14.765 14.765 P 0 
P ~~.b47 14.b97 14.702 14.703 1~.7C1 14.700 14.694 14.1>71 14.635 P 1 
T (, 51!:l.1uu 5i8.7eAl ~18. 700 518.700 518. lIlO 516.700 518.700 518.7ot 518.700 

T " T 1 5i6.7C~ 516.700 518.700 ~18.700 518.100 516.70C. 518.70C. 518.70(, H8.700 T 1 

k01JR E PCT SPAN 95."C 9~.OCl 85.~0 70.00 50.00 30.00 15.00 10.00 5.00 PtT SPAN 
UIA 33 • ./;6 33.621 34.0(7 35.164 36. ".6 38.21,8 39.4(,5 39.791 1tO.176 OU 

RGlD~. -L.i: • BETA 1 -~.L·"C -{J .OOU -{J.OQO -0.000 -t.coo -0.000 -o.OOt -<J.OOO -(1.000 BETA I 
kOTUk -T.l. HTA Z 4".597 ttb.9bB 45.:lu.c. 1,3.119 "2.491 41.788 ~.481 .. 1.627 52.796 BETA 2 

BETAIPRI 57.~t5 ~5.674 55.861 56.609 58.7"9 60.153 61.241 62.518 64.193 BETA IPRI 1 
8ETAIPRI '- 24.u07 27.476 26 ...... 6 27.082 31.151 35.667 1tO.182 45.533 4{I.-.o6 BETAIPRI 2 
v I lq2.~5 208.99 210.08 117.19 205."8 20".17 202.52 194.00 181.75 V 1 
V ./ 29 •• l6 Z82.72 192.74 3~3.71 298.99 290.97 276.53 255.31 248.33 V 2 
VZ I 192.51 '21..16.9 .. 21C·.05 212.18 2(:5.ll 203.35 201.19 192.102 180.~6 VZ 1 
VZ l l'd.97 197.'12 205.89 221.47 210.40 216.12 196.97 171.18 149.96 VZ 2 
V-THETA -o.~t -(). 00 -il.00 """"-t.uu -o.ue -() .00 ;'.00 -0.00 -0.1>0 V-THETA 1 
V-THoU 217.72 206.66 2(,8.09 207.82 201.89 193.69 193 ..... 188.31 197.54 V-THETA 2 
VIPRI I 358.5 370.6 37".4 385.5 395.7 409.0 418.8 418.0 415.3 VIPII,I I 
VIPRJ 2 211. ... ." 217.5 230.0 248.7 l57.7 267.1 2~8.3 245.7 226.5 VIPR I 2 
VTHHA Pill -3C.! .... -306. C' -30'1.9 -321.9 -338.2 -354.4 -366.6 -37(1.3 -373.4 VTHEYA PRI 
VTt'n" Pl<l -B~.7 -10(1.3 -lt2." -113.2 -133.3 -155.5 -166.4 -175.0 -1109.:> VTit~TA PII2 
U 1 ",·2.36 306.0C. lC.9.~6 321.9C 338.19 354.39 306.5'1 370.30 373."'" U 1 
U 2 3(03.46 3~6.98 310.50 321.~1o 335.15 349.23 359.79 363.31 306.(13 U 2 
M 1 ;'.17J" (;.1879 ~.IB88 0.1907 0.1847 0.1835 0.1820 0.17"3 0.163, .. 1 

" o! 
,·.Z,9\ \,.2524 C.Zblb 0.2709 0.2666 ~.2~93 0.2462 0.227(0 1).22(,7 '" 2 MIPRJ IJ • .:.ilZ ... •• 3331 u.33b~ 0.34610 ().3~56 0.3676 0.3764 0.3756 (,.3730 "CPRI 

MI"~I '- .1077 0.1941 0.Z~55 0.2Z19 0.2298 (1.2360 (1.2299 0.218" g.201l NIPIII 2 
TURNI PP.I 3~.44!.. 28.19 .. 29.416 29.527 27.576 24.439 20.991 Ib.92~ 15.6bl TURNIPRI 
UU6AR \. • i(I-('t .'.13:>7 C.I~22 0.0138 0.U78(. 0.0857 0.1465 C' .1828 0.2256 1AJ8AR 
L~'~ S PtRA C..C~U4 ( .• 034~ 0.0272 0.0202 0.0215 0.0234 C .£'388 ':'.C449 [>.0530 LOSS PARA 
DFAt '.~H97 •• 577~ 0.5509 0.5205 a .512" ~.5051 0.5421 C..5688 0.62110 OFAC 
E FF P ".1122 I ~.8 899 0.9955 ".8569 0.8561 0.8222 0.7416 (j.67~9 (,.10692 t:FFP 
~FF ('.921" v.&8E19 0.9955 0.8555 0.85"7 C.8205 0.7393 0.6732 C..b664 EFF 
INCIO ~.(16'" 4.758 5.289 4.567 4.749 4.lb6 2.562 0.221 -3.954 INCIO 
C,V" ,.917 13.316 11 .812 ~.441 7.940 8.106 8.558 12.39" 12.490 DE V .. 
P I .... 4.6..:.1 1 ... 697 1 ... 702 14.703 1 ... 702 1".700 14.694 14.b71 14.635 P I 
P 2 ~~.tl"~ 1~.615 15.676 15.741 1!>.746 15.726 15.657 15.560 15.532 P 2 
T S 1 e .1~'(; ~IB.7~0 518.700 518.70C. 518.70e. 518.700 518.100 518.700 518.100 1 I 
T 5,-y ... 12 520.1194 528.335 ~"".634 530.713 531.004 531.550 5:11.766 5:>2.0to4l T 2 

Sl ATOM E peT SPAN q~.""o 9C.00 85.CO 70.00 50.(10 30.00 15.00 10.00 5.00 PeT SPAN 
DIA ;3.207 33.564 B.921 34.992 36.420 37.848 38.919 39.276 39.633 OU 

STA1~-L.f. E[U Z <,B .q~ 7 4b.747 44.646 "3.231 42.026 "1.691 '05.331 49.09~ 55.327 BETA 2 
~TAl{JR-T .t. BE 1 A 2A -J.l~C 1."80 1.560 1.65C 1.150 1.100 1.300 1.8'01 2.~bl lIEU 2A 

V 2 288.9" 283.83 29b.27 303.71 302.15 292.C.2 272 .89 250.00 2"0.99 II 2 
V 'A 219.76 211.88 210.93 2..0.95 2~1.3'o 248.69 222.91'1 205.81 202.42 V 2A 
VZ 2 1:19.91 1'14."9 21':'.78 221.2 .. 224.37 217.91 191.68 163.59 137.01 YI ~ 
vz 2A lJ9.77 lll.8C 210.84 24~.82 251.21 248.50 222.74 2C.5.52 202.02 VZ 2A 
V-THETA ./ 217.76 2vb.7~ 208.19 208."2 2~1.21.J 194.09 193.91 188.78 198.C'6 V-THETA 2 
V-TH[U 2A -u.58 ~.~1 5.74 6.94 5.C'4 4.77 5.06 6.60 8.68 V-THETA 2A 
M 2 ~.2~79 C .2~34 O.?648 v.27')9 0.2695 0.2603 0.2429 0.2221 0.2141 .. 2 
MU o .1~~6 ~.16~6 G.1819 v.21 .... 0.2237 0.2212 0.1981 u.1827 0.179b N 2A 
TUHNIPRI 49.('57 .. ~.266 "1.01:14 ·41.580 "0.857 40.555 43.982 47.198 52.813 TURNCPRI 
UU8AR L' .U'"':'3 l'.~516 0.1307 0.0655 0.0246 ·0.OZ36 0.0862 0.0287 -0.0041 WBAII 
LOS~ PARA \,.Olb3 w.~ 171> o.O"~G 0.C233 C.OO91 0.0091 0.0341 0.0115 -0.0017 LOSS PARA 
DFAl 0.49"'(, ';.4'151 0.5235 C..442'" ~.4106 O.J99Z 0.4586 0.-.099 0.4790 OFA' 
EHP ~.8882 0.9864 0.7414 0.8Z83 0.9224 0.9106 0.7466 0.9128 1.0139 EFFP 
INCH' -i.lbr. 3.360 4.355 !>.Z:>6 5.32(0 5.822 6.623 5.918 -3.87'" INtlO 
D~VM ".b82 12.792 12.870 12.625 12.162 12.766 13.14(1 14.519 1.31f DEV .. 
P 2 15.b4~ 15.61~ 15.676 15.741 15.746 15.n6 15.657 15.56C 15.5:>2 P Z 
~ U l5.bll 15.5~O 15.57d 15.690 15.727 15.709 15.603 15.5"5 15.53" P 2A 
T Z 529.412 528.894 528.335 530.634 53(.713 531.004 531.550 531.766 532.0"8 T 2 
T ]A 5.".412 52~.89 .. 528.335 53v.6J4 53.:1.713 531.,;)04 5:>1.550 531.706 532.048 T 2A 
UUIlAR FS J •.. H6 ~. 1 ~93 ~ .1126 .).uSBtl 0.0366 0.C495 0.2596 0.1900 0.lS64 UUBAII FS 
PZ FS 1 ~ .I..,h Ii l~).f)~~ 1,.600 15.135 15.757 l5.7':'5 15.605 15.664 l5.bl.o6 PZ FS 
LOSS P.Rl F!. ;:" ,25, ~. ,-,72 C).0366 0.0209 0.0142 0.0191 0.1027 0.0751 0.0772 LOSS PARA FS 
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Table A-3. Blade Element Perronnanc~ (Continued) 
Stage E.. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 50.51 Equivalent Rotor Speed = 2186.35 Equivalent Weight Flow, 42.99 

Unlfonn Inlet 

'IoLET 
peT SPAN 9~.e~ '12.00 8~.90 71.0e "9.~O 28.10 12.00 1.10 3.00 ptT SPAN 
DIA 3 •• 122 33.~29 33.9~2 35.312 31.137 38.95" 1tO.321 ItO. 737 .... 085 OIA 
BETA 0 -(\.C Oil -0.000 -o.!>IIO -0.000 -(;.000 -0.000 -0.000 -0.000 -0.000 BElA 0 
BHA 1 -i. .coo -<l.000 -O."CO -C.ooo -c.000 -0.0"0 -iI.OOO -0.000 -0.00 .. BETA 1 
V C It>Io.9~ Ib4.90 16".90 1~".90 1~.90 1 .... 'Ill 16 ... 90 16 ... 90 1 .... 90 V \I 
V i 171.51 18t-.23 18".0!l 18~.12 179.70 173.0 169.68 162.36 153.83 V 1 
Vl 0 a".9L Ib".9' 16 ... 90 1610.91; 1 .... 8'1 11 .... 81 1".86 16".86 11 .... 86 Vl 0 
vz 1 171.H 18~.23 18 ... 05 185.12 179.69 113. ItO 169." 162.32 153.79 VZ I 
V-THHA 0 -0.(,0 -(;.00 -O.ot' -(;.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THETA 1 -~.L(I "":.00 -(; .00 -o.c.e. -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 

'"' ~ o .l't8C c .... &e. 0.1"80 (,.1 .. 80 (,.1 .. 80 0.1"80 0.1 ... " 0.1 .. 8(, 0.11H10 II 0 

'" I 0.1~'1" C.I~73 C .1653 0.16103 t.Ut .. 0.1551 0.1523 0.107 0.1381 II 1 
TUI(N l. () V.O ;;.0 c.co 0.0 0.0 0.0 c..o 11.0 1\IIIN 
UUBU 0.3'1103 0.2286 0.20102 O.21~1 0.2151 0.22 .. 1 0.233" 0.3271 0 ... 212 WBAR 
DFAC -{'.t'77 -{'.ll9 -u.1l6 -o.1l3 -(0.090 -o.0!>2 -0.029 0.015 0.067 DfAC 
EFFP U .2890 ('.51oa3 0.5"55 0.!>"98 0."678 0.3221 0.2(,20 -0.1038 -0 ... 500 EFFP 
INtlD -V.(,tc."c -<:.0000 -.;.cooo -0.00011 -c.0000 -0.0000 -0.0000 -0.00(,0 -0.0000 IHeID 
DEV,", (.~Oc. ~.LOO o.oeo 0.000 0.000 (0.000 0.000 0.000 0.000 DEVil 
P • 110.7 .. 8 1".7 .. e 1 ... 748 1".7 .. S 1".1 .. 8 14.7 .. 8 ' 1".7"8 1".748 14.148 P 0 
P I 1".10~9 14.1096 1 ... 701 1t, .• 699 1".699 1".697 1".695 1".67 .. 1".653 P 1 
T C' 51~.lCO 518.1(>0 518.100 51S.100 518.700 518.700 518. TOO !l18.TOI! 518.700 T 0 
T I 518. no ~18. 700 516.700 518.7"0 !>lB.700 518.no 518.TOO 518.TOO 518.700 T I 

~c 10'" [ PCT SPAN ~5.'O 90.0C. 85.0C 70.00 !OQ.CO 30.00 15.00 10.00 5.[0 PeT SPAN 
ClU 33.2 ~6 33.~21 3".C07 35.1~ 36.706 ' 38.248 39.1t05 39.nl ItO. 1710 DlA 

... CH,;" -l.t:. SETA 1 -u.~Ot. -~.o(>o -u.IICIII -0.000 -Q.Ouo -O.OQO -O.OOU -O.OOQ -1).000 BETA I 
RelOK -T.L. BEU 2 51.~'16 51.179 'HI.668 t,7.696 47.307 48.(122 52.319 56.19" 59.530 "ETA 2 

bEUIPR I 1 59.929 57 .S .. 1 57.965 5S.7 .... 60.958 62.98" 64.163 65.301 66.562 8lTAIPRI I 
IlEUIPRI 2 .11.1020 Z8.40~ 28.184 27.611 31.798 35.983 .. 3.365 47.281 48.391 IIETAIPkl 2 
V 1 177.93 195.5 .. 191.010 198.5 .. 191.05 18".310 181.H 17".;!6 16S.57 V 1 
V 2 <99.27 278.99 285.bO 29~.62 2'14.e .. 288.98 267.t,3 257.83 26e..36 V 2 
vz I .1.77.9 ... 195.50 191.02 198.53 190.81 183.62 leO.37 173.02 164 ... 9 Vl 1 vz 2 Ib5 ... " 17 ... 89 18H.61 200.99 199.86 193.12 163.21 1''''.29 131.91 Vl 2 
V-THH~ -() .00 -() .00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THHA 
V-IHETA 2310.8" 211.36 21 ..... 5 22(0.85 216.65 21 ...... 211.39 21".00 22 ... 2(> V-THETA 
VIP'" I 355.l 367.3 371 ... 382.6 393.2 "010.6 "1".4 .. 1 ... 7 .. I".G VIPRI 1 
V(PR I 2 199.5 198.iI 21".0 227.0 235.3 239.0 225.C 211.6 199.(0 VIPRI 2 
VT~:E u· PKI -~07.2 -310.9 -31".9 -327.1 -Yo3.6 -360.1 -372.5 -376.3 -379 ... VTHETA PRI 
VTHETA PII2 -73.5 -91t.6 -101.1 -105 ... -123.9 -11tO.2 -15 ... 2 -155.2 -lloe.1I VTHETA PR2 
U I 3('7 • .14 310.91t 314.86 327.10 3"3.65 360.12 372.51 376.28 379.103 U I 
U .;: 3L8.3b 311.9" 315.51 32b.25 3"".56 35 ... 87 365.6C 369.16 312.7!> U 2 
M I l'.1598 ".17S7 0.1770 0.178t, 11.1716 0.1656 0.1631 0.156~ 0.1"86 " I 
'"' 2 ,.211109 ~1.Z ... 87 0.2548 ".2660 0.2626 0.2571 0.2316 ,)'2289 Q.2311 II 2 
,~IPRI c.3IBB C.3300 0.3337 0.3"38 C..353Z 0.31034 v.3722 0.3723 0.37110 IIIPIII 
"'PRI ;1.I7i1C ':'.1773 0.1909 0.2022 0.2Q95 0.2126 0.1999 0.1878 0.17bll "'IPR, 2 
ru~N 'Pili 3~.3C5 29 ... 3 .. 29.178 31.072 29.I"b 211.959 20.1"3 )7.973 18 .129 TURNIPIlI 
UU6AR G.1292 0.1584 0.1237 0.1085 0.1182 0.1"'!>8 0.2319 0.2b2~ 0.2920 W8AR 
LOSS PARA [.03 .. 8 C.0"~9 ".0324 0.0296 C..03Z" 0.0397 0.~585 0.06210 C..0687 LOSS PARA 
"~At ~.6299 (l.b3Z!J 0.5955 0.58"2 i).5783 0.58105 0.6326 1).6690 0.7.a9~ OFAC 
~~FP (.'.9CCZ \.:.8384- (,.9182 C..8180 0.8130 0.7708 0.66" O.6~O 0.6555 EFFP 
HF C.8992 0.8369 0.917" 0.8Ut 0.8111 0.7685 0.6613 0.6 .. 28 0.6523 EFF 
INtlC 7.1098 10.925 7.386 6.702 6.959 7.003 5."95 3.022 -1.575 INCIO 
DEY" b.471 1".2"3 13.55(> 9.030 8.586 8."22 11.739 1 ... 141 12 ... 20 DE V'"' 
P I 1"'.bIj,9 1~.696 1 ... 701 14.10'19 1".699 1 ... 697 1".695 1".67" IIo.b53 P I 
P Z 1~.7"7 1~.6104 15.71>4 .~. 787 15.797 15.7&9 15.671 15.633 15.~"7 P 2 
T I ~IB.70(' 518.70(, 51B.7C0 518.700 518.700 518.100 518.700 518.700 51S.7uO T 1 
T l ~3(1.b21 ~30.094 529 ... 59 531.800 !>31.999 532.66 .. 533.238 533,"20 !>33.748 T 2 

SIHOR E Pet SPAN 95.CO 'It .DC 85.00 70.00 50.CO 30.00 15.00 10.00 5.00 PeT SPAN 
01A 33.~~7 33.5" 33.921 3 ... 992 36.420 37.848 38.919 39.276 39.633 OIA 

SIATOM-L.~. BETA 2 ~2.')"5 %.923 .. 7.932 47.762 46.759 "7.9D6 53.457 5B.236 62.898 8ETA 2 
~Hl(1I1.-T.E. bETA 2A (,.(j/",o 1.100 2.000 0.960 I.O!>!> 0.300 0.770 2.021 ... 001 BETA 2A 

V l 297 .b~ 211V.t9 2B9.03 29 •• C.2 297.9" 290.02 261.92 252 ... 7 252.63 V 2 
V 2A 218.l~ 2 .. 6.11 199.42 223.72 229.88 230.113 21 ... 04 200.82 201.44 V 2A 
VZ 2 183.21 176.56 193.65 200.72 2rJ4.(I~ 194.3(1 157.05 132.84 115.0 .. Vl 2 
VZ 2A 218.72 2C6.61 199.29 223.65 22'1.17 230. ~9 213.85 200.!>2 2CK1.7" VZ 2A 
V-THETA Z3 ... d8 217 ... 3 21".56 221.0~ 216.98 215.09 211 .91 21 ... 5 .. 22 ... 80 V-THHA 2 
V-THE fA ~A j.58 10.13 b.91o 3.75 ... 21 1.21 2.87 7.07 '''.1)10 V-THETA 2A 
'"' Z :.2"~7 ~.2"97 0.2579 (1.21060 0.265" Q .2580 0.2344 0.22"1 0.224Z II 2 
'" 2A O.19~u ('.1838 t .1773 0.1987 C.2042 0.2049 0.11911 0.1179 0.176" " 2A TUI\N( PK I 51.1:"~ "9.22J .. 5.93C. 4b.795 "5.690 "7.570 52.639 56.169 58.852 TURNIPR) 
UU6AR G.074~ t .l272 ~.11)89 C..0993 0.0811 .0.0815 0.0222 0.0299 0.(>466 WBAR 
LCS~ PARA ':'.Cl51 ".\.1093 (,.037 .. C.t353 0.0300 ".031 .. 0.0088 0.0119 0.0188 LOSS PARA 
OFAt r.~29v 0.5190 0.55110 0.5100 0."931 0 ... 89 .. 0.5D4~ 0.5352 0.5413 OFA' 
EFFP ('.e'o33 ",.9"19 0.71172 O.n95 0.80'08 c.. 783 .. 0.9367 Il.9203 0.87'oe EFFP 
INCIU 1.~78 7.53b 7.6"1 9.131 10.053 12.037 1".7U 15.069 3.7Q5 INCID 
DEV,", 9.772 D.Oll B.31e 1l.935 11.062 11.966 13.211 1".699 8.851 DEVIl 
P < 1~.7~7 1',.b64 I~. 70lt 15.7&7 15.7'11 15.769 15.671 15.633 15.6"7 P 2 
P ZA 15.6'H '5.6Iob 15.621 15'.712 15.7311 15.731 15.658 15.617 15.622 P 2A 
T 2 53t.bOlI 53(;.09" 529."5'1 531.800 531.999 532.6 ... 533.2311 533."211 533.7"11 T 2 
T ZA ~3~.b~1 53\: .~9~ 529.1059 531.800 531.999 532.116 .. ~33.238 533,"20 533.7 .. 8 T 2A 
UU8AR FS J. ,c 3 2 J. 1312 ~ .1312 0.1170 0,1114 0,1200 0.2700 ~01828 0.1542 W8AI! FS 
P2 FS 1':.1,7f,(, 1,.743 1~. 722 1~.B02 15,823 15.820 15. B 70 15.733 15,715 P2 fS 
LOSS PARA ~S J. 314 ~. ~,,,t.;.9 ..:.'Jt,5:..J ~. 0415 0.041. 0.0462 001070 c.0727 0.0622 LOSS PARA FS 
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Table A-4. Overall Performance - Stage E, 
Radial Distortion 

Equivalent .... ROTOR STAGE 
Weight Flow, 

P2/P 1 'Y}ad l1p P 2A /P1 7'J ad l1p lb/sec 

Hub Radial Distortion 

100% Design Equivalent Rotor Speed 

114.81 1. 2498 0.8559 0.8604 1. 2249 0.7755 0.7819 
100.63 1. 2843 0.8670 0.8717 1. 2599 0.7976 0.8041 

93.49 1.2940 0.8509 0.8562 1. 2654 0.7737 0.7811 

90% De$ign Equivalent Rotor Speed 

104.66 1.1949 0.8266 0.8309 1. 1786 0.7605 0.7660 
92.29 1. 2244 0.8345 0.8392 1. 2089 0.7800 0.7858 
82.24 1. 2326 0.8244 0.8295 1. 2092 0.7462 0.7529 

70% Design Equivalent Rotor Speed 

83.81 1.1200 0.8356 0.8382 1:1093 0.7627 0.7662 
70.40 1.1360 0.8191 0.8223 1. 1252 0.7561 0.7601 
61.83 1. 1421 0.8108 0.8143 1. 1282 0.7343 0.7388 

Tip Radial Distortion 

100% Design Equivalent Rotor Speed 

114.99 1.2400 0.8442 0.8489 1. 2155 0.7629 0.7693 
109.16 1. 2699 0.8665 0.8710 1. 2463 0.7954 0.8017 
103.95 1. 2827 0.8684 0.8729 1. 2564 0.7930 0.7996 

90% Design Equivalent Rotor Speed 

105.22 1. 1940 0.8121 0.8168 1. 1743 0.7334 0.7394 
99.16 1. 2170 0.8465 0.8502 1. 1988 0.7791 0.7847 
94.04 1.2257 0.8524 0.8566 1. 2072 0.7861 0.7918 

70% Design Equivalent Rotor Speed 

82.97 1. 1153 0.8141 0.8170 1. 1053 0.7454 0.7490 
77.98 1. 1299 0.8486 0.8512 1. 1203 0.7876 0.7910 
71. 91 1. 1324 0.8196 0.8227 1. 1228 0.7618 0.7657 

, 
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Table A-5. Blade Element Performance 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 100.80 Equivalent Rotor Speed = 4243.76 Equivalent Weight Flow = 1 H. 81 

Hub Radial DIstortion 

INLET 
PCT SPAN 96.110 92.00 116.90 11.00 .... 50 ll.10 12.00 1.10 3.00 ptT SPAN 
CIA 33.122 J3.~29 33.962 35.312 31.131 JII.954 4C1.321 40.131 41.085 DIA 
BETA 0 -<1.000 -<1.000 -<1.000 -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA a 
BETA 1 -(1.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
V 0 421.40 421.40 421.40 4Z1.40 421 .. 40 421.40 421.40 421 • ...0 4ll."'O v 0 
V 1 386.14 406.211 381.29 J113.16 503.69 590.13 583.16 51Z.U 519.82 V 1 
VZ 0 4<11."0 421.40 421.40 421.39 .. 21.31 4Z1.:I:I 421.l9 421.Z9 421.29 VZ a 
VZ 1 381 .. 74 406.28 3111.211 383.16 503.65 590.03 583.61 511." 519.68 Vll 
V-THETA 0 -0.00 -<1.00 -0.00 -0.00 • -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THETA 1 -0.00 -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA 1 
1'10 0.3829 0.3829 0.3829 0.JII29 0.31129 O.JII29 0.3829 0.3829 0.3829 

" 0 
" 1 

0.3~06 0.36118 0.3511 0.3419 0.~6 O.~ 0.'311 0.52.5 0.4160 
" 1 TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TUIUC 

UUBAR 1.'1191 1.8"118 I.B983 1.90119 1.18W1 0.~13 0.4965 0.5899 0.9Z51 WBAR 
UFAC 0.w1l2 0.036 0.081 0.089 -o.19~ -0.400 -0.385 -o.D8 -11.2:14. OfAC 
EfFP -0.0621 -0.0383 -o.08~6 -0.0942 0.2680 0.6915 0.6614 0.6001 0~3"6 EFFP 
INCID -(1.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 1"'10 
DEYI'I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DEV" 
P 0 16.387 16.381 16.381 16.381 16.387 16.381 16.3111 16.381 16. JIll , 0 
P 1 13.266 1l.472 13.3'" 13.317 14.5Z0 15.691 15._ n.Ul 14.928 I' 1 
T 0 51t.700 518.700 518.700 ~18.1oo 518.100 ~18.100 !U8.100 518.700 518.100 T 0 
T 1 ~18. 700 518.700 518.100 518.100 518.700 5111.700 518.100 518.700 518.100 T 1 

ROTOR ~ PCT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OIA 33.236 33.t.21 34.001 35.164 36.1U6 :18.248 39.405 39.791 40.116 Olio 

ROTO~ -L.<. ~ETA I -0.000 -<1.000 -0.000 -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA 1 
RCTDR -T.~. 6ETA 2 47.341 46.681 43.9!>l 31.581 29.393 26.318 21.1107 31.159 31.210 BETA 2 

BETAIPRI I 51.101 55.321 56.368 51.551 51.602 48.221 49.313 50.106 53.1OZ BETA CPR I 1 
BETAIPRI 2 24.108 21.,...1 27._ 21.396 29.'10 33.091 35.411 41.141 50 .... 1 BETAIPRI 2 
V 1 387.62 4Z9.37 418.06 415.00 !">44.Z4 6~.61 ,...3.40 632.Z1 512.26 Y 1 
v 2 592.53 512.78 581.90 6Jl.91 68~.47 690.30 667.16 583.92 413.19 Y 2 
VZ 1 367.55 "Z9.21 "18.01 "14.98 543.56 ""2.00 639.11 621.18 568.53 VZ I 
VZ l. 401.46 392.91 "23.2" 505.53 596.96 617.78 589.15 491.31 316.00 vz 2 
V-THETA 1 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -a.DO Y-THETA 1 
V-THE'" 2 .. 35.17 416.15 408.02 389.13 336.21 305.51 310.72 301.33 285.51 Y-THETA 2 
VIPR' 1 725.4 754.6 754.8 173.6 815.5 965.4 9113.2 981.1 949.2 YI,"" I 1 
VCPR' 2 "39.8 ~3.6 417.8 569.4 1>89.0 738.4 124.5 663.Z 593.8 YIPR' 2 
VTHETA PRI -613.2 -620.6 -628." -652.8 -685.8 -718.1 -143 ... -151.0 -157.3 VTHtTA pRI 
VTHETA PR2 -179.10 -205.8 -221.7 -262.0 -343.4 -402.1 -418.9 -435.5 -458.4 YTHETA PIU 
U 1 613.19 620.H 628.40 652.82 685.84 1111.12 143.44 150.91 "'l.n U I 
U 2 615.42 622.56 629.70 1051.12 619.68 708.24 129.66 136.80 14:1.94 U 2 

'" 1 
0.3515 0.3904 0.3198 0.3T70 0.4995 0.5916 0.5964 0.5854 0.5266 

" 1 1'1 2 v. 52Z 7 0.5048 0.5195 0.5661 0.10135 0.6199 0.5'84 0.5191 0.4165 " 2 
"'CPR' O.65T7 0.10861 0.6851 0.1021 0.8035 0.8951 0.9114 0.9089 0.8134 "lpRI 
"'IPR' 2 (O.38BO '.3909 0.4l22 0.5052 0.6161 0.6631 0.10492 0.5896 0.52211 "IPRI 2 
TURNI PR' 33.595 21.1016 21.122 30.161 21.672 15.066 13.191 B.859 2.381 TURNIP ... 
UU~AR 0.0991 0.1516 0.0836 -<1.0134 -0.0319 0.0905 0.12119 0.2211 0.2119 UUBAR 
LOSS PARA 0.0264 0.0409 0.0220 -0.0200 -0.0106 0.0255 0.0365 0.05114 0.0611 LOSS PAllA 
OF .. , 0.56BO 0.57~ 0.5276 0 .... 185 0.3362 0.3408 0.3118 0.4311 0.4801 OF .. , 
EFFP 0.899" 0.8211 0.9110 1.0369 1.0066 0.8192 0.7965 0.6on 0.4849 EfFP 
HF 0.89510 0.8156 0.9017 1.0385 1.0068 0.8140 0.1909 0.5998 0.4763 EFF 
(NCIO 5.2710 4.411 5.790 5.515 -2.402 -1.176 -9.393 -12.2l5 -U.ol1 INtlD 
DEVI'I 8.959 13 .... 81 13.010 8.755 6.699 5.531 3.196 8.009 14.666 DEY" 
P 1 D.266 13.472 13.394 U.3T7 140520 15.691 15.604 15.451 14.92B P 1 
P 2 17.26 .. 17.063 17.275 17 .947 18.841 19.115 18.810 11.1144 16.184 P 2 
T ( 51B.700 518.100 518.100 518.100 518.100 518.100 518.100 518.700 518.100 T 1 
T 2 5b~.973 563.121 561.790 562.451 558.559 555.665 555.281 '54.916 '5~.T74 T 2 

SUTOR E PCT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
[)U D.207 33.5"" 33.921 34.992 36.4Z0 31.848 38.919 39.216 39.63:1 au 

STATOK-L.E. BETA 2 47.726 .. 6.4C17 43.141 31.1035 28.939 26.201 28.432 32.151 38.821 BETA 2 
SlATCI<-T .<. 8ETA 2" 4).800 1.440 2.no 1.380 -<0.200 0.200 1.230 1.000 -1.000 BETA 2A 

V 2 5b9.0" 515.62 597.02 637.91 696.38 6 .... 06 1055.01 568.35 451.2:1 V 2 
V 210 457.11 .... 5.31 450.55 5410.18 1029.62 632.01 561.04 524.54 508.21 V 2A 
VI 2 396.23 396.90 435.62 505.1" 1009.12 622.08 5"'.21 4IIO.5Z 35'.11 VZ 2 
VZ 210 4~7.07 .... 5.16 ... 50.Z1 '4'.95 629.41 6:11.10 560.46 ~24.00 ~01.59 Yl 2A 
V-THETA 2 "~5 .B5 416.89 408.22 389.50 336.79 306.20 311.41 302.09 286.Z1 Y-THETA 2 
V-THETA 2A -6.3B 11.19 16.90 13.15 -2.20 2.21 12.04 9.15 -8.86 Y-THETA V. 
'" 2 0.519" 0.5014 0.5280 0.5661 0.6240 0.6235 0.5862 0.5046 0.4020 

" Z "lA 0.3989 0.3885 0.3931 0."805 0.5603 0.5,...1 0.4976 0.463. 0.44115 "21 
TURNI PR I 4~.526 ..... 966 "0.989 36.248 29.123 25.911 21.161 31.109 39.16Z TURNIP .. ' 
UDBAR 0.05101 0.0191 0.0769 0.0134 -0.0028 0.0660 0.2460 0.1093 -0.3229 WBAR 
LOSS PARA 0.v189 11.0065 v.0265 0.0047 -0.0010 0.Ol54 0.0915 0.0431 -o.U03 LDSS 'AIlA 
DFAC 0.'0769 0.46105 0.H12 0.3540 0.2161 0.2587 0.3251 0.21145 0.1502 OFA' 
EFF P 0.8125 0.9510 0.8387 0.9560 1.0132 0.6614 0.IT49 0.3315 -0.2515 EFfP 
tNClO -2.""1 3.019 2.850 -0.396 -1.1"" -9.1055 -10.268 -l1.on -20.382 1"'10 
DEV" 8.1132 12.152 13.460 12 .355 10.1112 11.866 13.610 13.610 J.155 OEVII 
P 2 17 .ll>4 11.063 11.215 11.941 18.841 19.115 18.1110 17.8 .... 16.18 .. P 2 
I' 210 17 .101 17.010 17.04' 17.900 18.860 18.824 11.906 11.532 11.355 I' ZA 
T 2 5103.973 563.121 561.190 562.451 558.559 555.665 555.2B7 554.916 555.174 T 2 
T ilA 563.973 563.121 561.190 !'>62.451 558.559 555.665 555.2117 5540916 555.T74 TaA 
UUBAR FS 0.0780 O.II~B U.1310 O.OObb 0.0623 0.0282 0.2559 0.Z735 \i.2501 uua .... FS 
P2 FS 17.332 17.377 17 ... 60 180107 19.150 18.943 18.921 18 .4810 18.135 Pl FS 
LOSS PARA FS 0.elb2 0.0407 0.0451 0.0198 0.0222 0.0108 0.1014 001093 0.1009~ LDSS PAllA FS 
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Table A-5. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 99.60 Equivalent Rotor Speed = 4193.36 EquIvalent Weight Flow = 100.63 

Hub Radial DIstortion 

INLH 
PtT SPAN 96.80 92.00 86.90 71.00 49.50 21.10 12.00 7.10 3.00 PCTSPAN 
OIA 33.122 33.~29 33.962 35.312 31.137 31.954 ..0.321 40.737 41.015 DUo 
bETA 0 ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 0 
BETA I ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
V C 376.2!> 116.2!> 376.25 376.l5 376.25 376.25 376.25 376.25 37'.25 V 0 
V I 341.74 345.39 3"I.B6 338.91 430.21 506.89 498.77 491.94 .... 38 V I 
VZ ~ 37b.2!> 376.2~ 316.25 376.2 .. 316.22 376.19 376.15 376.15 376.15 VI 0 
Vl 1 3"1.74 34~.39 341.B6 338.90 "30.18 506.81 491.114 491.11 448.26 VI 1 
V-THETA 0 -0.00 -o.IiO -i). 00 -0.00 -0.00 -0.00 -0.00 -0.00 -<1.00 V-TlIETA 0 
V-THETA 1 -i). 00 -0.00 -0.00 -0.00 -i).CO -0.00 -0.00 -0.00 -Q.OO V-THETA I 
III 0 0.3"09 0.34<19 0.3409 0.3409 0.3409 0.3409 0.J409 0.3409 0._9 FI 0 

" I 
0.3090 0.3124 0.3091 0.30114 o.nu 0.46:31 0 •• '" 0.4494 0.4082 M 1 

TURN t.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T\lIlN 
UU8A~ 1.6638 1.5802 1.~661 1.58~ 1.0517 0.3911 0.4475 0.4985 0.8095 WBAR 
DfAC 11.092 C.Oa2 0.091 0.099 -<1.143 -<1.347 -<1.326 -0.307 -<I.19Z D~AC 
EFFP -0.1152 -0.1087 -i). 1233 -<1.1328 0.2215 0.6857 0.6385 0.59711 0.3472 ~FfI> 
INtJD ~.oooo -0.0000 -i).0000 -<1.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 IlitiD 
DEV" O.UOO O.OCID 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DEVIl 
P a 1!>.838 15.838 1~.838 15.838 15.838 15.838 15.138 15.838 15.838 P 0 
P 1 13.B~2 13.905 13.922 13 .899 1'II.55R 15.31>0 15.291 15.228 1".848 P a 
T Ii 518.100 518.100 5lB.7'-O 518.700 518.100 5lB.700 511.700 518.700 518.700 T (; 
T I H8.700 518.700 n8.7OO 518.700 518.700 !HI.700 511.700 518.100 511.700 , I 

ROTOR l PCT SPAN 95.00 90.00 8!>.00 70.00 50.00 30.00 15.00 1«11.00 5.00 PeT SPAII!I 
OU H.l36 33.621 3".007 35.1114 36.706 38.2'" 39.405 39.791 "0.176 DIA 

ROTOR -L.E. BElA 1 -0.000 -0.000 -0.000 -0.000 -0.000 -<1.000 -0.000 -G.OOO -0.000 BETA 1 
ROTO~ -\.0. B.T .. 2 55.8"6 56.268 55.00g 48.376 37.110 31.802 33.05" 36.351 .. 1.855 8ETA 2 

BETAI PRJ 1 60.527 59.30" 59.3"7 60."4 55.751 5Z."5 53.693 54.269 56.972 BETAIPIII 1 
BETAIPRI 2 18.590 26.198 29.09" 27.349 31."24 32.808 36.991 40.234 .... 076 BETA/PRJ 2 
v I 3"2."9 36".11 368.04 365.52 ~1.99 5-47.15 543.33 537.66 ... 9.1>5 'I 1 
V 2 5'18.3" 556.79 546.62 589.69 613.55 652.01 614.01> 572.73 492.13 V 2 
VZ 1 3"2."3 364.03 368.00 365.50 ~1.102 5"5.64 539.76 53).83 ... 6.46 VI 1 
VZ 2 335.91 309.18 313.~2 391.69 "'5.21 553.34 513.50 460.20 365.83 VI 2 
V-THETA -i). 00 ~.oc. -0.00 -0.00 -i).00 -0.00 -0.00 -0.00 -i).00 V-THETA I 
V-THETA ""15.13 463.010 447.16 440.79 37~.15 343.12 334.17 331.69 327.73 V-THETA 2 
VCPRI 1 696.0 713.2 721.8 7 .. 1.4 820.2 896.9 913.7 916.4 ,894.2 VIPRI 1 
VIPRJ 2 3510.10 3104.6 358.8 "101.0 5611.9 659.3 114".2 1>04.1 548 ... VIPRI 2 
VTHETA PR 1 -605.9 -613.2 -620.9 -645.1 -677.7 -710.2 -734.6 -742.1 -7 .... 3 VTHETA PRI 
V,""ETA PR2 -113.0 -152.1 -17".5 -202.6 -296.5 -356.7 -386.8 -319.4 -407 ... VTHETA PII2 
U 1 605.91 613.20 620.94 1145.07 677.70 710.18 734.61 742.05 7 .... 27 U 1 
U 2 608.11 615.11 622.22 643.39 671.61 699.83 120.99 7211.05 735.10 U 2 
" 1 0.3097 0.3291 0.3333 0.3310 0.4211 0.5030 0.4986 0.4931 0.4473 " 1 II 2 lJ .~2"8 0.4878 0.4794 0.5189 0.5430 0.5807 0.5451 0.5065 0.4319 

" 2 .. CPRI ~.629" 0.6"57 11.6537 0.6713 0.7475 0.8235 0.1385 0.8405 0.8168 MIPRI 
PlCPRI l " .3109 0.3019 0.3147 0.3881 0.5035 0.5871 0.5111 0.5342 0."813 MIPRI 2 
TURNCPIlI "1.93" 33.102 30.251 33.114 24.309 19.596 16.611 13.942 8.126 TURNIPRI 
UUbAR ~.1541 (1.2022 0.1882 0.0778 0.0291 0.03116 0.0117 0.1 ... 2 0.1908 UUBAR 
LOSS PARA G.0423 0.0532 0.01088 0.0213 0.0080 0.0109 0.11227 0.0397 0.0452 LOSS PARA 
OFAC 0.6972 0.7015 0.6813 0.5879 0."531 0.3927 0."207 0.4691 0.5U" OFAC 
EFFP 0.8550 0.8011' ".8253 0.9249 0.9251 0.9163 0.8657 0.7921 O.lOO!; EFFP 
EF~ 0.8"9" C..79"5 0.8190 0.9218 0.9230 0.91310 0.8613 0.78511 0.6923 EFf 
INC 10 8.1I'J7 8.388 B.769 8 ... 22 1.7 .. 9 -3.535 -5.006 ..... 054 -11.199 INC10 
DEY .. 3.440 12.038 1 ..... 60 8.709 8.213 5.249 5.369 7.096 12.099 on .. 
P 1 13.802 13 .905 13.922 13.899 1".551 15.360 15.291 15.228 14.8'" P 1 
P 2 18.367 17.947 17.903 18."69 18.927 19.639 19.240 18.777 17.952 P 2 
T 1 518.7"0 5lB.7oo 51B.700 'H8.700 518.700 518.700 518.700 5111.700 518.700 T 1 
T 2 510.666 568.079 565.89" ~66. 311 ~62.546 !l60.010 559.558 559.410 560.106~ T 2 

STATOR E PtT SPAN 95.00 90.0(1 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PeT SPAN 
DIA 33.207 33.5b4 33.921 34.992 36."20 37.8'" 38.919 39.276 39.633 CIA 

SU TOR-t. .l. BETA ;1 56.3M 55.b81o 53.812 .... 443 37.170 31.679 33.769 37.556 43.799 8ETA Z 
'SU TOR-T. E. BETA 2A -0.151) -C.OOO -1.330 -1.300 2.1000 1.370 1.331 0.950 -1.901 . BEU 2A 

V 2 5910.80 559.49 55 .... 65 589.69 622.14 655.11 603.)6 557.72 475.Z1 V 2 
V2A 408.05 380.73 366.20 446.84 498.10 565.89 504.39 477.13 465.94 V 2" 
VZ ;1 :.29 .... 7 313.80 327.01 391.1" 495.55 557.16 500.96 1041.61 34Z.67 11'1 2 
VZ 2A 100~.05 380.12 366.0'1 4~.67 497.50 565.40 503.8" .. 77.34 465.19 VI 2A 
V-THE TA Z ~95.2;1 463.20 447.98 441.21 375.13 3"3.82 334.97 339.55 328.60 V-THHA 2 
V-THl TA 2A -1.07 -0.00 -iI.50 -10.1" 20.85 13.52 11.70 7.92 -15.44 V-THEtA 2A 
" 2 0.5216 0.10902 0."868 0.!I189 0.5511 0.501138 0.'350 0 ... 926 0.4166 M Z 
IllZA 0.3528 0.3294 0.3112 0.3888 0."36!> 0.4999 0.4434 0.4193 0.4011 ~ 211 
TURt.l1 PI< I 5b.514 55.88) 55.201 "9.136 34.752 30.277 32.3M 36.554 45.638 TUIINi"CU 
UU8AR C.1505 0.0816 0.1107 0.0950 0.0855 0.0690 0.1721 0.1311 -III.149'!> WSAR 
LO~S PARA 0.05C1 ('.0298 o.(a81 0.0337 0.03110 0.0266 0.0681 0.C549 -0.0602 LOSS PARA 
DFAC 0.5951 0.6016 (,.6.33 o.SI .. a 0.4113 0.3315 003775 003124 003131 OFA'-
EFFP ~.7t,04 0.8502 0.8192 0.79710 0.1171 0.7620 0 .... 27 0.5212 4.5321 EFFP 
I ;C D ... 197 11."96 13.582 10.~lZ 0._ -4.187 -..935 -S.U5 -15.401> !NtID 
DE'wM 8.b82 11.312 9.980 9.615 U.412 13.0:u. 13.771 U.6M 2 •• 55 DE V" p 2 16.361 17.941 17.9C.3 18."69 U.927 19.639 19.2..0 18.771 17.952 to 2 
P 2A 17.899 11.708 17.607 18. R75 18.1126 19.31>0 1B.654 111.3113 18.254 P 2A 
T <. 570.668 568.079 565.894 566.Hl !U.2.546 560.010 559.558 ·559.410 560.465 T 2 
T ZA 51".668 568.079 565.89" 566.3U 5'2.5~ 51>0.010 559.558 "9.'1110 560 •• 65 V2A 
UUBAR FS 0.1300 0.1691 001697 O,j 304 001297 0.0413 0.2l65 0.2528 0.233'1 UUIADI FS p, FS 18.293 1 A. 212 18.094 18.59~ 190107 19.522 19.527 19.220 18.962 P2 FS 
LOSS PARA FS 0.lI437 0.0575 0.0584 0.0462 0.0419 0.01>9 0.0937 0.1012 0.0941, LOSS PIlRIl FS 
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Table A-5. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculations UsIng Translated Values 
Percent EquIvalent Rotor Speed = 99.65 EquIvalent Rotor Speed = 4195.38 EquIvalent WeIght Flow = 93. -19 

Hub RadIal DistortIon 

INLET 
PCT S'AN PtT SPAN 96.80 92.00 86.90 11.00 ".50 21.10 12.00 1.10 3.00 

OU 33.122 1l.!i29 33.962 3!i.3lZ 31.131 M."" ~.321 ..0.131 41.0I!i DIA 
8ETA 0 ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -G.OOO 8ETA 0 
BHA 1 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 1 
V Co 3!il.53 nl.53 351.53 351.53 351.53 351.53 351.51 3'1.53 35i.5' Y 0 
V 1 318.88 304.'>4 303.33 303.11 390.'>4 462.05 459.13 4'Z.U 411.01 Y 1 
Vl C ]51.5J 351.!>] 351.53 351.53 351.51 351.47 351."" 351.'>4 351."" YZ 0 
Vl 1 318.111 304.'>4 303.33 303.11 390.41 461.97 459.02 452.00 410.90 'fll 
V-THETA C -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA 0 
V-THETA 1 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA 1 

" \) 
0.3180 0.31110 0.3180 0.n80 0.'110 o.nlo 0.3110 0.3110 0.3110 " a 

" 1 
0.2880 0.2147 0.2131 0.2736 0.3541 0.4211 004114 0.4111 0.3732 " 1 

TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TUIIJI 
UUBAR 1.!iZTl 1.5301 1.!>090 1.5211 0.9923 0.3160 0.4243 0.4136 O.TTI'l WIAR 
OFAt 0.093 0.13 .. 0.ll7 0.131 -0.111 -0031 .. -0.306 -0.216 -D.169 DFAC 
EFFP -0.1296 -0.1925 -0.2011 -0.1917 0.1925 0.66111 0.6'33 0.5135 o.mz EFFP 
INtlO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 lliCID 
OEV" 0.000 0.000 0.000 o.ooc. 0.000 0.000 0.000 0.000 0.000 DEY9I 
P 0 1!>.U6 15.636 l!i.6l1> 15.636 l!i.636 15.636 U.636 15.636 l!i.636 P 0 
P 1 14.(,19 1 ... 016 14.039 14.019 14.585 l!i.Z3I 15.117 15.12 .. 14.81Z P 1 
T 0 !il8.100 518.100 518.100 518.100 !i18.100 511.100 511.TOO 518.100 518.100 T 0 
T 1 !i 18.700 Sl8.100 518.700 5111.700 518. TOO 518.100 518.700 511.700 511.100 T 1 

I<OTOR E PtT SPAN 95.110 90.00 15.00 70.00 so.oo 30.00 15.00 10.00 5.00 KT SPAN 
OIA 33.236 33.621 34.007 35.164 36.106 38.241 39.40!1 39.191 40.176 DU 

ROTUM -L.t. bETA 1 -0.000 -0.000 -o.oc.o -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 1 
ROTUk -T.~. BETA 2 !>7.995 58.628 56.195 52.n2 43.929 34.597 35.220 38.544 41.151 IIETA 2 

8ETAIPRI 1 62.208 62 .419 62.313 63.169 58.361 55.118 56.048 56.650 519.300 8ETAIPIU 1 
ilETArPRI 2 19.634 26.413 28.557 26.650 n."6 33.011 36.121 39.207 46.503 II:lA .. ·.1 2 
V 1 3l9.!il 320.55 326.01 326.47 418.28 497.34 498.13 "2.09 '>41.43 Y 1 
V 2 5bb.66 !l52." 541.68 585.21 581.n 635.19 609.41 57 ..... !l07.41 V 2 
VI 1 319.51 320.47 325.97 326.45 -Ul.16 495.33 494 •• 5 488.59 444.51 VZ 1 
Vl 2 31(;.92 217 .&6 288.64 354.08 418.8b 522.67 496.77 451.73 377.84 VZ 2 
V-THHA 1 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -41.00 -0.00 Y-THETA 1 
V-TH£U 2 497.48 412.11 1t65.~ 466.00 oWl3.49 360.52 350.10 359.89 331.25 Y-THETA 2 
VIPIII 1 685.3 692.2 701.6 723.3 796.1 867.3 887.9 1190.1 .72.2 YIPRI 1 
VIPRI l 330.1 )21.6 328.6 39b.2 491.1 b24.2 621.1 584.2 5".9 VI P.J 2 
VTHETA Pill -60b.2 -613.5 -621.2 -645.4 -678.0 -110.5 -735.0 -742.4 -741.6 VTHET" Pill 
vntE TA PR2 -110.9 -1"3.3 -157.1 -In.l -268.4 -339.6 -370.6 -361.5 -398.2 YTHETA PII2 
U 1 606.20 613.49 621.24 645.38 618.03 710.'Z 734.97 142.41 141.b4 U 1 
U 2 608."0 615.46 622.52 643.70 6n.93 TOO. 11 121.34 128.40 735.46 U 2 

" 1 0.2886 0.2B9!i 0.2945 0.29"9 0.3800 0.4,... 0.4!I!13 0.4496 0';~14 
" 1 ,. 2 0.5U6 0.4840 0.4198 0.5U6 0.5122 0.5639 0.5393 0.5109 0.4449 " 2 

,.IPRI 0.6169 0.b2!>2 0.6338 0.6534 0.1238 0.7921 0.8U6 0.8U8 0.7940 IIIIP.I 
,.IPRI 2 (;.2690 1).2815 0.2879 0.3416 0.4382 0.5536 0.5491 0.5Ul 0 .... 21 '''''RI 2 
TURNIPRI "2.570 35.942 33.155 36.518 25.b89 22.044 19.235 n.n6 12.134 nul'.1 
weAR 0.1893 0.2043 0.2001 0.1191 0.1166 0.0418 0.0159 0.1400 0.1531 W8AR 
LOSS PARA 0.0!>16 0.0536 0.0522 0.0329 0.0316 0.0135 0.0211 0.03.0 0.0375 LOSS "AlIA 
DFAt 0.7289 0.1358 0.72ea 0.6502 0.5376 0.4191 0.43,., 0.41'>4 0.5053 DFAC 
EFfP u.8Ul 0.8186 0.8407 0.9000 0.8565 0 •• 985 0 •• 118 0.8246 0.1415 EFI'P 
EFF 0.81"9 0.8117 0.8346 0.8958 0 •• 512 0.8941 0.8612 0.81.9 0.1398 HI' 
INCII) Y.777 11.503 11.135 11.126 4.360 -G •• ll1 -2.647 -5.661 -8.865 lMeIO 
OEV" ".485 12.313 U.923 8.010 9.444 5 ... " 5.105 6.070 10.526 DEW" 
P I 1".019 1".016 14.0)9 1".019 140585 15.231 15.181 15.124 14.81Z P 1 
P 2 1~.5"1 18 .23& 18.254 18.760 18.156 19.686 19.420 19.063 11.345 P 2 
T 1 5lb.700 !>I8.100 518.100 518.100 518.100 518.100 51 •• 100 51 •• 100 518.100 T 1 
T 2 571.669 5108.633 567.122 5bB.949 565.019 562.111 562.226 562.008 562.8119 T 2 

STATOR E PtoT SPAN 95.00 90.00 85.00 10.DO SO.DO 3O.DO 15.00 10.00 5.00 I'CTSPAN 
OIA 33.207 33. !>6It 33.921 34.992 36.420 17.848 31.919 39.276 39.633 DIA 

STATDR-L.l. bETA 2 5b.55 0 58.210 56.926 52.849 43.290 34.466 35.992 39.860 43.108 8ET" 2 
HATOil-T .~. bETA 2A ~.l20 -2.000 -4.130 -4.550 2.100 2.851 1.191 1.821 -D.2oo BETA 2A 

V 2 583.25 555.63 555.12 !I.5.27 589.!l5 631.91 591.88 563.57 4&9.90 Y 2 
V lA 394.23 364.!>0 3".19 "29.04 461.14 530.64 505.04 475.00 460.54 Y 2A 
VZ 2 ](04.32 292.70 303.27 353.42 421.91 526.30 ..... 00 432.13 lS3.75 YI 2 
VI lA 39".22 3610.27 352.25 "21.63 460.41 529.67 504.31 414.34 460.05 YI 2A 
V-THETA 2 497.57 472.27 465.66 466.'>4 404.10 361.26 351.55 360.80 338.15 Y-THETA 2 
V-THETA 2A 2.20 -12.72 -25.43 -34.03 21.12 Z6.31 15.77 15.08 -1.61 Y-THETA 2& 

" 2 0.51010 O."B64 0.4812 0.5136 0.5194 0.!1661 0.5295 0.4961 0.4289 
" Z ,. 2" 0.3""2 0.3149 0.3053 0.3720 0.4021 0.4661 0.4429 0.4151 0 • ..023 ,,2& 

TURNI PR I 5&.229 60.209 61.(,54 57.392 40.572 31.584 34.156 31.9.8 43 .... 9 TUIUIIP.' 
UUIIAR 0.lb31 0 .... 33 0.11"1 0.1629 0.1162 0.1181 0.1431 0.1""3 -0.0733 WIIA" 
LOSS PARA 0.0!>"9 0.048B 0.0600 0.0577 0.0430 b.0454 0.0569 0.0577 -0.0296 LOSS ''''''' 
OFAto (1.6102 0.641" 0.6689 0.5113 0.4588 0.3124 0031101 O.~ O034U DUC 
EFFP Co. 7244 1o.167!> 0.1285 0.61n o.72IZ O.66U 0.5500 0.5443 1.'803 EFF" 
INtlD 6.382 1~.822 16.635 14.119 6.584 -1.400 -2.713 -3.312 -15"'96 INCIO 
DEV,. 9.152 9.312 7.180 6.426 13.711 140515 14.2.30 14.499 4.654 DEYIII 
p 2 1& .5107 18.238 18.254 18.7bO 18.856 19 •• 16 19.420 19.063 18.345 P 2 
P 2A 18.0~4 17 .848 17.7n 18.251 18.481 19.230 18.934 11 •• 36 18.505 , 2" 
T 2 571.6119 568.1>33 561.122 561.'''9 56!i.0I9 562.711 562.226 562.008 562.889 T 2 
T 2A 571.689 568.b33 567.122 568.949 565.089 562.111 562.226 562.001 '62.119 T 2A 
UUIIAR FS 0.1613 0.2148 0.l3Z3 O.IUI 0.1583 0.0810 0.1821 0.2080 0.2039, UU8AR '5 
P2 FS 1~.~40 16.486 18.460 18.8.8 19.013 19.529 19.~17 19.300 19.10" "2 F5 
LOSS PARA FS 0.05".3 O.U731' u.0797 0.06~9 0.0586 0.0) 11 0.0720 O.O~31 0.082)1 LOSS PAU 
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Table A-5. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed ~ 89.63 Equivalent Rotor Speed, 3773.22 Equivalent Weight Flow' 1 O~. 66 

Hub Radial Distortion 

INlFT 
PCT SPAN 96.80 92.00 86.90 71.00 49.50 28.10 12.00 7.10 3.00 PCT SPAN 
OU 33.112 33.S29 33.96Z U.31Z 31.137 3I.9~ 4CI.J21 40.737 41.085 OU 
BETA 0 ~.OOO ~.OOO -0.000 -0.000 -0.000 ..... 000 -0.000 -0.000 -0.000 lETA 0 
BETA 1 -(;.000 ..... 000 ~.OOO -0.000 ..... 000 ..... 000 ..... 000 -0.000 -0.000 lETA I 
V 0 389.15 389.75 389.15 319.15 389.75 319.75 319.75 319.75 M9.75 Y 0 
V 1 357.91 376.40 311.70 349 •• 9 436.31 520.7'" 516.95 508.64 450.96 Y I 
VI 0 389.75 389.7S 389. '15 319.7'" 389. 'P2 389.68 389.65 389.M 3".65 Vl 0 
VI I 357.97 316.40 311.70 349.98 436.21 520.65 !H6.12 508.50 "50.14 YZ I 
V-THETA 0 -0.00 -0.00 ~.OO ..... 00 -0.00 ..... 00 -0.00 -0.00 -0.00 Y-THETA 0 
V-THETA 1 ~.OO -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA I 
II 0 0.3~J4 0.35J4 0.3534 0.3534 0.3534 0.3534 0.3534 0.35~ 0.3534 " 0 .. 1 0.3240 0.3410 0.3367 0.3166 0.3969 0."769 0.4733 0 .... 653 0 .... 107 .. I 
TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN 
UUBAR 1.10bO 1.6218 1.6402 1.6361 1.0161 0.1t006 0 .... 5ItO 0.5067 0.8653 WIAII. 
OFA' 0.082 0.0J4 0.046 00102 -0.119 -0.336 -0.326 -0.305 ..... 157 OF",' 
EFFP ~.0985 -0.0424 -0.0573 -0.131'" 0.1922 0.6729 0.63M 0.5915 0.2859 f.FFP 
INtlO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 ..... 0000 ..... 0000 -0.0000 INCID 
DEV" u.OOO 0.000 0.000 0.000 11.000 0."00 0.000 0.000 0.000 DEVIl 

P " 15.969 15.969 15.969 15.969 15.969 15.969 15.969 15.969 15.969 P 0 
P I 13.715 13.819 13.802 13.808 14.541 15.1tItO 15.369 15.300 1 .... 826 P I 
T 0 518.700 518.700 518.700 511.700 5111.100 511.700 511.700 511.700 51 •• 700 T 0 
1 I 518.700 518.700 518.700 518.700 518.700 511.700 5111.700 5111.100 5111.700 T I 

RO TOR E PtT SPAN 9S.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
[lIA 33.236 33.621 34.007 35.1M 36.106 18 .ZIt8 39.405 39.191 ItO. 176 DIA 

ROTOR -l.~. BETA I ~.ooo ~.ooo -0.000 ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 8E'" I 
ROTOk -T.E. 8ETA 2 46.991 45.380 ...3.635 31.829 29.171 25.329 26.221 211.633 32.8"1 8ETA 2 

8ETAIPR' I 56.658 54.251 54.341 56.M9 '52.486 "8.106 "'9.700 50.369 53.989 IIETAIP., I 
BETAIPR' 2 22.228 26.544 26.169 27.887 30.630 33.217 36"'79 1tO.059 48.500 IIETA I Pili , Z 
V I 358.17 391.28 ... 00.83 377.109 "'61.7'" 563.510 56"'.30 556.95 492.59 V I 
V 2 541.17 520.91 535.42 561.38 1001.118 617.60 5 .... 12 539.10 _.46 V 2 
Vl 1 358.10 397.19 400.78 377.67 "'61.16 5111.21 560.59 552.98 489.38 '1l 1 
Vl 2 3109.49 365.88 387.50 ""3.39 525.27 557.3'" 5U.18 "'72.39 :n2."'9 '1Z 2 
'I-THETA 1 -{I.OO -0.00 -0.00 ..... 00 ..... 00 -41.00 -0.00 -0.00 -0.00 V-THETA 1 
V-THETA 2 3910.19 310.16 369.46 ~.29 293.30 261.19 257.bII 251.90 21tO .... 3 V-THETA 2 
VIPRI 1 652.1 1079.9 687.10 1092.5 769.1 85Z.0 869.1 1119.5 134.3 ... IPIII 1 
VIPRI 2 399.2 1009.0 "'31.8 501.1 610.7 1061.10 1I!IIt.6 618.5 563.0 VIPRI 2 
VT~ET" PRI -545.2 -551.8 -558.7 -580.'" -1109.8 -1139.0 -11101.0 -6107.1 -673.3 ... THETA PR1 
VTHETA PII2 -151.0 -182.8 -190.4 -234.6 -311.0 -365.9 -391.1 -!97.2 ...... 21.0 IfTliE TA PIlI 2 
U I 545.20 551.76 558.72 510."" 609.80 639.03 661.01 1067.70 673.30 U 1 
U 2 547.18 553.53 559.111 571.93 604.32 W9.71 648.711 655.11 b61.1tS U 2 
II I 0.3247 0.3bDlt 0.3631 0.3422 0.4274 O.51IZ 0.5189 0.5111 0.4501 " I II 2 0.4793 0 .... 04 0.41"'5 0.""80 0.5377 0.5531 0.5230 0.4810 0.3931 II 2 
IIIPRI 0.5901 0.10168 0.6240 o.un 0.101'" 0.183" 0.1'991 0.7989 0.11022 IIIPRI 
"IPRI 2 0.3531 0.3615 0.31210 0.""50 0.!llt56 0.5'916 0.5.!!5 0.5512 0 .... 91'9 IIIIPRI 2 
TURNIPIIJ 34.421 27.703 28.1710 29.061 21.136 15.355 12.82" 10.211 5.41Z T~IPR' 
UUSAI! 0.1391 0.IM5 0.1l52 -0.0106 -o.0It27 0.0529 0.091tO 0.1598 0.1939 WUR 
lOSS PAllA 0.0313 0.0432 0.0307 -0.0029 -0.0111 0.0149 0.0261 0.0"29 0.Dlt5S L.OSS PARA 
DFAC 0.56"5 0.5586 0.5318 0.4213 0.321Z O.Jl98 0.3488 0.3917 0.4263 DFA' 
EFFP 0.8"31 0.1744 0.86311 0.92"'2 0.95"" 0.11102 0.7_ 0.6630 0.51021 EFFP 
EFF 0.8385 0.7684 0.8597 0.9218 0.9530 0.IU9 0.7591 0.6561 0.5551 EFF 
INCIO 4.227 3.335 3.1109 ".907 -1.517 -7.Z96 .... 006 -11.961 -1 .... 1119 !NCIO 
DEVil 7.078 12.38" 11.536 9.247 1."19 5.7Z7 5.156 6.921 U.52" DE ..... 
P I 1l.1I5 13.819 13.802 13.808 14. !lltl 15.""0 15.3109 15.300 1 .... 8Z6 P 1 
P 2 16.8 .. 5 16.1028 110.824 11.193 11.867 11.193 17.856 11.319 110.552 P 2 
T 1 518.700 518.700 5111.700 518.100 511.700 511.700 518.100 518.100 518.700 T 1 
T 2 5510.119 555.3511 553.806 555.081 551.627 549.361 548.587 5 ..... 112 5 ..... 525 T 2 

STATOR E PeT SPAN 95.00 90.00 85.00 70.00 SO.OO 30.00 15.00 10.00 5.00 PCT SPAN 
DU 33.201 33.5104 33.921 3It.992 311."'20 :n.I48 31.919 39.276 39.633 DIA 

STATOR-l.E. BETA 2 .. 1.346 45.127 42.880 n.l.,., ZI.791 25.231 26.742 29.490 34.173 8f.TA 2 
STA TOR-T • E. 8ETA lA -0.900 1.500 Z.25O 1.500 0.200 0.600 2.001 1.250 -1.701 lETA 2A 

V 2 538.79 523.35 !llt3.25 561.3. .10.ZIt 620.58 57 ... 14 525.91 429." V 2 
V 2A 42 ... 58 "'17.40 411." "89.86 560.11 579.91 517.01 417.32 ... 72.,. 'IlA 
VI 2 365.06 369.24 398.01 443.05 534.53 560.76 512.104 "57.11 355.08 YZ 2 
Vl 2A 421t.52 .. 17.25 417.52 .... 9.102 5110.52 579.'" 51 •• 28 416. 'PI "72.08 'Il 2A 
V-THETA 2 396.26 370.88 369.65 3".101 293.15 264.33 25 •• 30 258.56 241.07 "'-THETA 2 
V-THETA 2" -6.67 10.92 16.1tO 12.82 1.96 .. 07 U.03 10.62 -1".02 'I-THETA 2A 
" 2 0."765 0 .... 26 0.4117 0."980 0.5456 0.5566 0.5137 0._2 0.3797 II 2 
II 211 0.3723 0.3661 0.3671 0.4320 0 .... 990 0."11 0."597 O.U25 0."190 III 2A 
TURN'PIII 48.246 "3.1121 40.628 36.310 28.575 2 ... 1011 2".703 28.195 35.111 T1JRNIPI I 
UU8A1! 0.01116 0.0153 0.0911 o.OODlt -O.OOItD 0.0485 0.19Z5 0.1560 -o.201t5 WBAR 
lOSS PI1I1A 0.0258 0.0052 0.01l3 0.0001 -0.0015 0.0187 0.0762 0.062" ..... 01125 L.OSS PAllA 
OFAC 0.4639 0.43b11 0.4549 0.3379 0.2,.. OdZ65 0.2672 0.2.,2 0.1...06 OF'" EFFP 0.8143 0.9613 0.7951 0.9985 1.022. 0.6625 0.0123 ..... 0152 0.0980 ~FFP 
INCIO -2.821 1.71tO 2.589 -0.1,.. -7.912 -10.622 -11.956 -U.67" -25.02'1' III(ID 
DEY" 7.932 11.812 13.5100 12."'15 1I.21Z 12.266 14 • .....0 U.929 3.15' DEVil 
P 2 16.645 16.628 110.824 17.193 17.861 11.193 17.156 17.389 110.552 P 2 
p 2~ 16.1059 16.593 110.599 17.192 17.880 18.026 17.290 17.010 16.872 P 2A 
T 2 556.11 9 555.3510 553.806 555.011 551.W7 "'.361 ..... 5117 S<M.IU !IIte.525 T 2 T2o\ 55~~ . .l!9 555.356 553.8Ob 555.081 551.627 ,..9.3 .. Ma.517 548.112 s..a.5Z5 T ZA 
UUBAR FS O.DB'JO 0.lll3 0.0980 ci~ 053·3 0.0623 0.0341 0.2602 0.2~53 0.2882 UUlAII FS 
P2 FS 16.B53 16.B75 16.643 17.343 18.096 18.1.2 18 .125 17.826 17.6311 P2 FS 
LOSS PAU FS 0.')269 0.0381 0.0336 0.0133 0.0233 0.0131 0.1030 001101 0.1163 LOSS PAllA F 
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Table A-5. Blade Element Performance (ContInued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed 0 B9.44 Equivalent Rotor Speed 0 3765.60 Equivalent Weight Flow 0 92.29-

Hub Radial DI stortlon 

INLET 
PCT SPAN 96.80 92.00 86.90 71.00 49.50 28.10 12.00 7.10 3.00 PCT SPAN 
OIA 33.122 33.529 33.962 35.312 37.137 38.954 40.321 40.737 41.085 OIA 
BfTA 0 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.0011 BElli 0 
BETA 1 -0.000 -0.000 -0.000 -0.000 -(l.ooo -0.000 -0.000 -0.000 -0.000 BETA 1 
V 0 347.22 lIt7.22 3it7.22 347.22 347.22 347.22 347.22 347.22 347.22 \I 0 
V 1 287.42 300.45 301.64 295.70 371.16 450.62 4311.21 435.24 395.63 V 1 
VZ 0 347.22 347.22 347.22 341.21 347.19 347. U. 347.13 347.12 347.13 VZII 
VZ 1 287.42 300.45 301.64 295.69 3n.!'o "50.54 438.10 435.12 395.53 11'1 ! 
V-THETA 0 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 'II-lHETA 0 
V-THETlI 1 -0.00 -(l.GO -(l.GO -0.00 -0.00 -0.00 -11.00 -11.00 -0.00 1I'-lHETA n 
" 0 

0.31.101 0.3141 0.3141 0.3141 0.31"1 0.3!41 11.3141 0.3141 lI.n4~ P1 0 

" 1 0.2592 0.27U 0.2722 0.2667 0.3362 0.4104> 0.3987 0.3959 0.3589 
" 1 TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.0 TUIIN 

UUBAR 1.579B 1.5201 1.5.057 1.51U 0.9846 D.37"9 0.42'03 0.4830 0.1765 WBIIR 
DFlIC 0.172 0.!35 0.131 0.148 -0.069 -0.298 OO(]).262 -0.254 -0.139 DfAC 
fFfP -0.244>5 -O.19~ -0.1921 -0.2179 11.1279 0.6547 0.591'0 0.5S0n 0.2816 EFFP 
iNCRO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -(l.0000 -0.0000 -0.1Il0011 nCilUD 
DH'IIi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0(,0 Ilf">4 
P 0 15.609 15.609 1~.609 15.609 15.609 R 5.609 15.609 15.609 15.609 P 0 
P 1 13.979 1'0.041 14.056 14.043 H.S93 15.222 115.171 a5.UR R4.IiIOB p I 
Y 0 518.700 518.700 518.700 518.700 SUB. 700 5111.700 518.700 5U9.700 5!Q.70D T 0 
T 1 518.700 518.700 518.7C.O 518.700 518.700 5118.700 518.700 518.7110 5111i.100 T n 

ROTOR E PtT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.11)0 I'Cl Si'Aill 
DiA 33.236 33.621 34.007 35.164 36.706 38.248 39.405 39.791 <>0.176 OXIl 

ROTOR -L.f. BETA n -<1.000 -0.000 -0.000 -<1.000 -0.000 -0.000 -0.000 -<1.000 -0.000 SEVe. a 
ROTOR -T.E. BETA 2 54.590> 54.7113 53.3231 47.177 37.397 31.9119 313.lIae 36.102 ~a.an $ 1!!1E1A 2 

8ETAIPRI 1 62.109 60.131 59.830 61.213 56.902 52.883 54.~ 54.822 57.531'11 BHAIPRi n 
BETAIPRI 2 U.615 25.248 21.275 27.091 31.860 33.450 38.D13 ... R.U7 ~.~ BETA!PCIII 2 
V 1 288.03 316.31 32'0.17 318.31 397.Hl 484.57 474.60 ion.05 4310.23 v 1 
V 2 540.21 507.42 503.39 53".40 547.95 571.'1'0 5..0.41 506.2" 431S.78 

" 2 Vl 1 281.98 316.23 324.13 3118.29 396.69 482.61 47n.">II 469.69 4211 .... 3 \/1 ~ 
Vl 2 3!2.98 293.12 300.6a 363.24 435.RS 469.7! 451.74 408.011 329.90 'IlZ 
V-THETA 1 -0.00 -(l.00 -(l.OO -0.00 -0.00 -0.110 -0.00 -0.00 -11.Il10 \f-VHE'lr1l l! 
V-THETA 2 440.3(1 41".1& 403.72 391.95 332.66 304.92 294.35 297.59 217.'114 ':I-VHE'lrA 2 
VIPRI a 1>15.6 635.0 6'05.0 661.0 726.7 8(10.11 8U.7 817.2 197.9 VQPR! Il 
VIPR) 2 330.4 324.1 338.3 4DE1.0 512.6 587.7 57"'.5 5"2.8 '>9®.! V«PRI 2 
VTHHA PRI -544.1 -550.6 -557.6 -579.3 -608.6 -637.1 -659.1' -666 .... -671.9 VllIETA PRI 
VTHETA PR2 -105.8 -138.2 -155.0 -185.0 -2110.4 -323.5 -353.1 -356.2 -nZ.2 I91'HeTA PRZ 
U 1 5"".10 550.65 55'1'.60 579.27 608.~n 637.74 659.68 666.36 67!.94 U n 
U 2 546.08 552.41 558.75 5n.'I'6 603.10 b28.~ 6'>7.45 653.'1'8 1>60.12 U Z 
PI 1 0.2597 0.28~6 0.2928 0.2875 0.3603 0.44>2~ 0.4330 0.4315 0.3912 P1 U 
~ 2 0.4756 0."62 0.4432 0.4714 0.oWI5'> 0.51"n 0.4793 0.4479 0.34I6a >4 2 
PlIPRI 0.5551 0.!H3oI> C..5826 0.5969 0.6593 0.7313 0.74U'> 0.'1''>55 0.7255 IIIPR! 1 
MIPRI 2 0.2909 0.2250 0.2979 0.3599 0.4540 0.5230 0.5096 0.4802 0.4383 IIIPRI 2 
TURNIPRI 4;, .... 31 3".88(: 32.55~ 34.121 25.025 19.313 16.3 .. 5 13.613 "'.025 TURNIPIII 
UU8AR 0.137 .. ~.1704 O.151~ 0.(1466 0.(1175 0.042[> 0.08:33 0.n39~ 0.1737 UUlIllR 
LOSS PARA 0.~H7 0.0452 o. 04~0 0.u128 ".00 .. 8 0.0118 0.0226 i).0369 C.. 04(>8 LOSS PARA 
OFAC 0.10709 v.6812 0.6615 0.56"9 0.441'0 0.3933 O:' ... l7b 0.4023 0.502'" OFlIC 
EFFP 0.8"62 G.80l3 0.BJ5b ".9057 0.8961 0.8678 0.8047 v.7476 (I.ua4 ~FFP 
EFF 0.8410 0.7952 0.8305 0.9025 0.8928 0.86'00 0.7'996 0.74n6 0.61'13 eFF 
INCID 9.678 9.211> 9.252 9.170 2.901 -3.116 -4.252 -7.500 -10.631 XIIlCXD 
DEV" 3.525 11.088 12.642 8.450 8.649 5.890 6.389 7.91'9 12.469 DIE"" 
P 1 13.979 1'0.041 14.056 14.0"3 14.593 15.222 15.171 15.un 14.8011 p a 
P 2 17.655 17.373 17.389 17.767 18.072 18.521 18.196 17.867 n.Z7S P 2 
T I 518.7(10 518.700 518.700 518.700 518.700 518.700 SIB.700 518.700 518.700 T I 
T 2 51.1.235 559.622 557.853 558.655 555.296 553.3U 553.292 553.002 5531.51" 1 2 

STATOR E PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 I'CV S~AN 
DIA 33.207 33.564 33.921 34.992 36."20 37.8~ 38.919 39.2'1'6 39.633 OU 

STATOR-L. E. BETA 2 55.069 54.368 52.305 47.242 36.910 31.802 33.748 37.214 42.926 IIUA 2 
STATOR-T .E. BHA 2" 1.000 0.800 -0.500 0.300 1.900 1.400 1.2110 0.900 -2.651 BUll 2" 

V 2 537.14 509.n 510.48 534.40 555.01 580.33 531.77 493.88 424.33 V Z 
V 2A 376.72 353.28 3..0.40 ..07.82 458.bO 510.07 456.67 "26.39 "14.80 It 2" 
vz 2 307-.5b 296.97 312.13 362.76 443.59 492.76 "l.63 392.85 310.40 Vl 2 
VZ 2. 376.66 353.24 340.44 "07.75 458.19 509.62 456.20 425.96 413.92 Vl 21:. 
V-THETA 2 440.37 41".32 403.92 392.32 333.17 305.55 29!>'06 298.34 285.170 'I-THETA 2 
V-THHA ZA 6.57 4.93 -2.97 2.14 15.20 12.40 9.56 6.69 -19.16 V-THETA 2A 
M 2 0."727 0."483 0.4497 0.4714 0.4919 0.5165 0.4713 0.4365 0.3731 1'1 2 
"ZA 0.3219 0.3075 0.2966 0.3564 0.4034 0.4513 0 • ..024 11.3750 O.3M4 " 211 
TURNIPR I 5".069 53.51.7 52.803 46.935 34.992 311.370 32.502 36.263 45.515 TImNIPII I 
UU8AR 0.1314 0.0897 0.1311 0.0962 0.05"1 0.0421 0.1251' O.UIO -0.15511 UUIAR 
LOSS PARA 0.04"3 0.0305 0.0451 0.0342 0.0203 0.0162 0.0491 0.0444 -(l.06Z5 lOSS ;>ARA 
OFAC 0.5708 0.5806 0.6On 0.4969 0.3866 0.3165 0.3552 0.3742 0.3166 OFAC 
EFFP 0.7605 0.8394 0.n97 0.7877 0.8428 0.8337 0.55118 0.5944 4.2472 eFFP 
INtID 4.902 10.98~ 12.014 9.211 0.204 -4.063 -4.957 -5.957 -16.278 INtID 
OEVM 9.832 12.112 10.810 11.275 12.912 13.066 13.640 13.579 2.206 Of V" 
P 2 17.655 17.313 17.389 17.767 18.072 18.521 18.196 17.867 17.278 P 2 
P 2A 17.325 17.172 17.094 17.526 17.921 18.392 17.874 17.624 17.523 P 211 
T 2 561.235 559.622 557.153 558.655 555.296 553.311 553.292 553.002 553.514 T 2 
T 21. 561.235 559.622 557.853 558.655 555.296 553.311 553.292 553.002 553.514 T 2A 
UUIIAR FS -0.1 'J 34 0.1373 v.I~33 0.1093 0.0_9<4 U.0319 0.2119 0.2059 0.2520 UUBAR FS 
P2 FS 17 .576 17.496 17.'48 17.804 18.15l" Id.4~9 IB.~UO 1 d. 330 18.138 P2 FS 
LOSS PARA FS 0."J4A O. \)4f) 7 0.0521 0.03AB 0.0305 0.0122 0.oe63 0.1063 0.1016 LOSS PARA FS 
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TableA-5. Blade Element Perronnanee (Continued) 
Stage E, Rotor E - Stator E 

C alculatlons Using Translated Values 
Percent Equivalent Rotor Speed ~ 89.02 Equivalent Rotor Speed = 3747.66 Equivalent Weight Flow = 82.2. 

Hub Radial Distortion 

I"LH 
PCT S'A" 96.10 92.00 16.90 71.00 49.50 H.l0 12.00 7.10 '.00 IItT SPAll 
DIA 33.122 33.52'/ 33.962 35.'12 37.137 31.'" 40.'21 40.7'7 41.015 DIA 
8ETA 0 ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 ... .000 IlETA a 
8ETA 1 ~.OOO ~.OOO -0.000 -0.000 -0.000 -0.000 .... 000 -0.000 .... eoo IIETA 1 
II 0 nO.8" no .... 310.1" 310 .... 510.14 '10.114 '10.114 '10." '10.14 YO 
V 1 2,,'.30 2"5.30 244.55 2"7.59 '30.99 397." 315.1" ]76.11 142.14 Y 1 
Vl 0 310.84 nO.8'" 310 .... 310.8 .. 310.12 '10.79 '10.77 310.76 310.76 VI a 
Vl 1 2"'5.29 2"5.30 2104.55 2"7.S9 330.97 '97.32 315.04 376.70 J42.0!I YZ I 
'I-THETA 0 -0.00 -0.00 -0.00 -0.00 -0.00 .... 00 -0.00 -0.00 -0.00 'I-THETA a 
II-THETA 1 -0.00 ~.oc. -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-11IETA I 
ill 0 0.2806 0.2106 0.2106 0 .. 2106 0.2106 0.2106 0.Z106 0.2106 o.i:,M " 0 .. 1 0.2208 0.2208 0.2201 0.2229 0.2991 0.3605 0.14'1 0.'''1'' O. .. 

" I TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TUIUII 
UUB"R 1.52119 1."'732 1."630 Io .. S112 0.9"SO 0.3Z74 0.3964 0.46'! 0.7512 we"" 
DFAC 0.211 0.2ll O.Z13 0.Z03 -0.065 -0.271 .... 23. -O.21Z -0.101 OFAC 
EF~P -o.ll238 -o.MOl -0.3"'3 -o.ll36 0.1251 0.6665 0.5114 G.5066 0.2220 iFF' 
iHCIO -0.0000 -0.0000 ~.OOOO -0.0000 .... 0000 .... 0000 .... 0000 .... 0000 -0.0000 II1tID 
OEIII'! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DE V .. 
P 0 15.318 15.311 15.378 15.318 15.37B 15.371 15.318 IS. 3.,. IS.'''' , 0 
P I 1".129 a ... l13 1".181 14.191 .~.605 l5.110 15.0" 14.994 1. ... 762 P I 
T 0 518.100 518.700 518.700 5111.700 511.700 5 ... 700 5111.700 5111.700 51'.700 TO 
i U S18.700 511.700 518.700 518.700 511.700 511.700 511.700 511.700 511.700 T I 

ROTOR ~ peT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 IItT S'AII 
DIA 33.236 33.621 14.007 35.164 36.706 38.Z'" 39.40!1 39.791 40.176 01" 

ROTOR -L.E. BETA I -0.000 ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA I 
ROTOR -T.E. BEH 2 57.'98 58.320 51.072 53.77 .. ..5.52. 36.394 '6.8ll 39.917 44 •• 81 lEU 2 

SETAIL"II.I 11 65.589 64.801 ,....710 650232 59.760 !l60246 57.'36 5 •• 591 61.154 BETA"" 1 
8ETAIPRI 2 20.28Z 2!>.72" 27.592 26.903 12.935 ".144 37.156 40.'53 .... 541 .ETAIP., 2 
'If 1 245.81 257.86 262.Z" 266.0~ 35'.51 4Z5 ••• 415.60 407 •• 5 370." 'I 1 
'If 2 521,"1 497.99 .. 9 ... 26 519.,... 51".'0 5'9.66 535.40 504.16 452.7' Y 2 
Vl 1 245.71> 257.80 262.21 266.00 353.07 4z...16 412.16 404." '68.'5 YZ I 
liZ 2 279.39 261.!>3 261.'9 307.09 360.20 449.93 "Z7.63 M5.16 J20.26 YZZ 
V-THETA 1 ~.OO ~.oo ~.oo ~.OO -0.00 .... 00 ~.OO -0.00 -o.DO 'I-THETA 1 
II-THETA 2 440.23 "'23.78 .. 19 .... 41'.19 366 •• 9 3'1.64 '20.29 J2Z •• 2 '11.92 V-11IETA 2 
VIP~I 1 5'4.7 605.7 613.8 614.9 701.3 7,....' 777.0 171.6 764.6 VIPRI 1 
VIPRI 2 297.9 290.3 294.9 344.4 "Z9.3 538.1 537.7 507.4 466.4 VI"" 2 
VTHETA PRI -541.5 -548.0 -55 ... 9 -576.!> -605.7 -614.7 -656.5 -663.2 -668.7 \/THETA flRl 
VTHETA PR2 -103.3 -126.0 -136.6 -155.11 -233.3 -293.1 -124.1 -'27.' -'31.0 YTHETA 1'112 
U 1 5"1.51 5411.02 554.9" 576.51 605.67 614.70 656.53 "'.1. 668.7 .. U 1 
U 2 5"'.48 549.78 556.09 5n.00 600.23 625.'5 644.36 650.67 f66.'7 U 2 
II! 1 0.2212 0.2322 0.2362 0.2396 0.3199 0.3171 0.3775 0.3703 0.3351 l1li I 
.. 2 0."'83 0."376 0.43 .. 7 0 ... 570 0."514 0."961 0."737 0.4450 0.3.10 .. 2 
"IPRI 0.5353 0.5"54 0.5528 0.5719 0.6345 0.69'" 0.7058 0.7068 0.6926 ""III 
"CPRI 2 0.Z618 0.2551 0.259 .. 0.1029 0.,.,.5 0.4"0 0 ... 757 0.4479 0 ... 100 ""RI 2 
TURNIPRI "~.305 39.079 37.116 38.3211 Z6.IIOt 23.046 20.599 11.157 14.549 TURNI'RI 
WBAR 0.1554 0.1863 0.178" 0.U"3 0.1219 0.0668 0.0.64 0.1441 0~1762 weAR 
LOSS PARA 0.1)01.22 0.1)01.92 0.1)01.69 0.0141 0.0329 0.0188 0.0239 0.OM5 0.0429 LOSS PARA 
DFAC 0.7139 0.7262 0.7226 0.6605 0.5555 0.4409 0.4498 0.49Z3 0.5364 DFAC 
EFFP 0.8332 0.8189 0.8506 0.86" 0.8297 0.'590 0.1319 0.71106 0.7367 EFFP 
EFF 0.8276 0.8132 0.B"!>9 0.1632 0.82 .. 6 0 •• 5 ... 0.1270 0.77.7 0.7100 EFF 
INCID 13.159 13.892 14.132 13.119 5.760 0.252 ..... ,.. -3.720 -7.«10' IlfCID 
DEV .. 5.133 U.565 12.958 •• 262 9.72" 5.515 5.533 7.215 10.571 DE.,.. 
P I 14.129 1"'.173 1 ... 181 1 ... 191 1 ... 605 15.110 15.054 14.994 14.762 P 1 
P 2 17.792 17.614 17.645 17.959 18.006 11.582 ••• 371 18.0"" 170635 P 2 
T I 518.700 518.700 518.700 518.700 518.700 511.700 51B.700 5111.700 518.700 T 1 
T 2 '61.368 559.570 558.212 560.51" 557 ... n 555.6'5 555 .... ' 555.294 555.n5 T 2 

STATOR E PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 'CT SPAN 
DIA 33.207 33.564 33.921 14.992 36.420 37._ J'.919 39.216 39.6" OIA 

STATOR-L.E. 8ETA 2 58.109 57.9"1 56.885 53.'54 44.906 36.272 37.58' 41.196 46 •• 84 BETA 2 
STATOR-T .E. 8ETA 2A 0.930 -1.100 ........ 50 ...... 710 2.600 '.001 2.201 2.101 1.100 BETA 2A 

V 2 518.58 500.21 501.09 519."" 520.61 562.11 526." 491.90 437." V 2 
V 21. ''''7.93 326."9 315.40 '7 ... 92 404.72 461.05 4'7.35 .. 140 .. 402.90 'I 2A 
VZ 2 Z73.97 265.50 273.75 306."8 '68.66 .. 52 •• 7 417.09 369.7" 2,..36 VZ 2 
VZ 2A 147.88 326 ... 2 n ..... 3 3n.56 _.17 460.14 "'6.61 414.33 402.40 yz 2A 
V-TH~TA 2 440.30 423.92 "19.69 "19.59 367,"5 332.32 J21.07 323.64 31'.17 'I-THETA 2 
V-THETA 2A 5.65 -6.27 -2".47 -31.Z" 1 •• 35 2 ... 12 '6 • .,. 15.20 7.n 'I-11IETA 2A 
.. 2 0.4557 0."396 0.4410 0.4570 0 ... 592 0 ..... 5 0."659 0.4338 0.3144 

" 2 "a 0.3023 0.2838 0.2744 0.3265 G.3S4Q 0.4055 0.3141 0._ 0.3510 .. 2" 
TURNIPR' 57.179 ~9.04O 61.333 58.627 "2.287 33.U' 35.341 39.044 45 •• 25 TURIIIIPRJ 
UU8AR 0.1658 0.1616 0.2059 0.1847 0.1200 0.1313 D ...... 0.1065 ~.061' WBAII 
LOSS PARA 0.0558 0.0550 0.0707 0.0654 0.0444 0.0505 O.O!;.' 0.0426 ~.OZ49 LOSS PARA 
OFAC 0.6115 0.6403 0.6760 0.5.73 0."718 0.3921 0..4002 0.4087 0.3619 DFAC 
EFFP 0.7185 0.7358 0.11790 0._ 0.7189 0.633' 0."76 0 .. 557 1.37" EFFP 
INCID 7.9"2 1 ... 553 16.595 15.82 .. 8.200 0.404 -1.11' -1.'76 -12.220 lNeIO 
DEV .. 9.762 10.212 6.860 6.196 13.611 14.665 14.640 14.77' 5.953 DEVIl 
P 2 17.792 17.61 .. 17.6 .. 5 17.959 18.006 11.51Z lB.'''' 11.064 17.635 P 2 
PH 17,"00 17.260 17.191 17.516 17.715 18.201 11.000 17.'30 17.740 ,U 
t 2 561.368 559.570 558.212 560.514 "7.475 555.635 555 .... 9 "'.29 .. · 555.735 T 2 
T 2A 561.368 559.570 558.212 560.51" 557 ... n '55.~:'5 555 .... 9 555.294 555.n5 'T 2'" 
UU8AR FS ·o.'loiR- 0.2183 0'. 2~oi 0.1996 0.B37 0.0717 ' 0'.2066 '0.Z07& 0.2084 WBAR FS 
P2 FS 17.163 17.772 17.7'>6 18.003 160102 1~.395 16.563 Id.H3 18.217 '2 FS 
LOSS PAR" FS'O ... 04S 0.07'>3 ;).0826 0.0706 0.0569 0.02B 0.0818 O. Od31 0.0838 LOSS PARA FS 
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Table A-5. Blade Element Performance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed - 69.99 Equivalent Rotor Speed ~ 2946.55 Equivalent Weight Flow ~ 83.81 

Hub Radial Distortion 

INLET 
PCT SPIIN 96.110 92.011 116.90 71.00 49.'0 ZI.IO 12.00 7.10 3.GO PCT SPAll 
DIA 33.122 33.!>H 33.962 35.312 17.U7 JI.9M 40.121 -.0.731 n.ol5 DIA 
BETA 0 ~.OOO ~.ooo ~.ooo -0.000 -0.000 -0.000 -0.000 -0.000 ~ooo InA 0 
8ETA 1 ~.OOO ~.OOO ~.ooo ~.ooo ~.oco -o.ooc -0.000 -0.000 -o.1ICC lETA 1 
'; 0 316.30 316.30 IU.J() 3".JO 316.30 316.30 116.30 116.HI 116.JO 't 0 
V 1 271.90 279.32 21'4.0!> 278.11 34'.~ 407.'4 1.1.11 ~.69 ,.7 • .tWlI 'I I 
VZ 0 316.30 3!6.J() 316.30 316.30 316.211 316.25 Jl6.U 316.22 316.22 no 
VZ R 271.90 219.32 274.05 2711.11 145.02 407.117 391.621 )84.!$C Mll.:!I1l '12 1 
V-THETA 0 ~.OO -0.0lIl -0.00 -0.00 -0.00 -0.110 -0 •• ....00 .... N W-TtlEVII II 
V-THUll 1 ~.~ -(I.~ -0.00 -0.00 -0..00 -0.00 -0.00 -D. DC -0 •• \1-TltIETII 1 

" 0 0.2856 o.21~~ 0.2"' 0.Z856 D.UiM O.ZI:I56 l1li.2156 0.2156 @.2Q5Ia> 0. II 

" II 
0.24!>0 0.251B 0.2470 0.2507 O.3&ZO 0.3.,1114 0.3553 0.,..7 0.3142 II 1 

TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.111 ~ 
UU811tt A.53'!'4 1.41'56 1.4732 n.4596 1III.'~2 0.35115 1III.ltOn 0 ..... 4 \!I.'V'jU WIIC.~ 

0"''''«: o. n'>O o.n17 C.!l'>' c.n2n -0."1 -o.Z" -4".Zll~ -4!J.2U, -O."I! Oil'£«: 
~f"'~ ~.2D22 -CI.l'n0 -OolOR" -c.usu 1D).!6'!'.O 111.659' O.5Tn O.!lU!I Ill. Utili EFI'P 
llllCHO -0.0000 -O.OO~ -C.1lO1lO -0."011 -0._0 -0.0000 -4!1.OOOII!) -o.IIC" -@.OOOIll nm20 
DEY" 0.000 0.000 o.ooc C.IlCO 111).000 0.000 C.CIIOC o.coo O.IDOO IIIEIII'l 
P 0 15."2~ 15.425 15.425 15.425 15.425 !5.425 l'.4Z~ ll!I.425 15.425 P 0 
P R 1".U9 H.Il! 14.173 14.U15 114.623 U.U4 15.01U 15.027 1".l7G1II P a 
T 0 518.1'00 518.700 5111.1'00 5l1l.'V0CII 5111.'nIO SlC.'VN 5Ulo'!II;G !ilUl.'VOCII nll"~111 v III 
r 1 na. "1'00 nll.7CO 5U1.700 ~n9"700 5111.700 SUi.17M 5U.iM ne.700 ne.1OCII v a 

ROTOl1\ E pcr SPAN 9S.CO 9O.Cl$ 8'.00 "0.00 $0.00 3111.00 Q'.N IC.OO 5.1111 i>tll'SP~ 
DIll 33.236 33.b21 3".00'V 1!5.!~ 36. »11> 38.248 39.~ 39.191 '>O.! 76 OU 

ROiOR -L.E. BETA i -(1.000 -0.000 -0.000 -0.000 -0.000 -c.cco -(1.- -III.OCO ~.@Co anA n 
ROTOR -T.E. IIETA 2 .... 1'3 ">4.062 42.3" n.~32 n.~ 24.939 24,).5l1C11 26.110' 2'9.947 IUa 2 

BHAli'ttP U 57.307 55.17U 56.014 511>.5172 502.ZLll 'ild," M.15<O 51.51l'1' 5<:>0~ linAI I'I'tI 1 
8ETAlI'IIlI 2 2U.85] 2'''1'5U 25.335 211>.2611 Z9.Q,1i0 32.1i'>4 37.473 39. iii 65 48.9931 BUI<Ipll.l 2 
'II 1 272.4a 293.810 29".17 2".21 3M.1l! 4370103 4220~ IORIo.58 31160'& V n 
II 2 427.102 414.1Il 421.02 ~52.23 47'!1." ">11'.12 456.1141 4211.96 3)4<0.217 Y 2 
'Ill n 212.42 193.1iI0 294.U" 299.19 3M.30 435.66 4ZGoU. 413.102 314.U 'lIZ R 
'11 2 29b.00 291l.oo 3US.34 359.1C '>119.23 ~.ec 4n.,.211 HI..t>IlI 2".2" 'II 2 
11-ntHA 1 -0.00 -(1.00 -0000 -0000 -o.oc -CI.IIO -o.l!KI -4!1." -0.00 'I-iii"" I 
Y-TIETA 2 l08.59 261 • .,111 2117.92 21''0.1117 233.00 205."0 n'9.1II!I 192."4 !T2.39 'I-nina 2 
YIPIII 1 50!>.5 5H.S 52b.2 543.1 1002.3 1063.10 E>6.,.3 1>67.4 1>46 .. , 'II Pili I I 
VIPIII 2 31809 31ll.0 348.9 ~~.5 482 .. ' '27.8 !l23.1 491.3 4>56." \l1~1I' 2 
VlHHA Pilla -'t2SoB ..... 30.9 ..... 36.3 ..... 53.3 -476.2 _.C -51b02 -521.4 -525.11 YTHIETA PRn 
YTMUA 1'112 -ua.l -143.111 -n49.31 -1'"02 -nll.9 -2SS.8 -117.6 -318.7 -344.1 YTHETA PII2 
U i 425.llb "30.00 436.3IU 45".<217 <:>'1'6.2111 "99.02 516.n. 521.42 5250'" U l!. 
U 2 427.30 432.26 437.22 "52.~ 4n.'!I2 1>910''' SG6.1>Z 5U.59 5U •• 54 U 2 
PI 1 0.2'>55 0.2b51 0.2653 0.21099 0.3340 0.3980 0.31 .... 0.3.,84 0.3">12 " 1 R 2 0.3800 0.31085 003GOI 0.402G 0.4292 0.'>3a4 0.4CiII5 0.3831 0.30n " 2 I'IIPIII 0.10555 O.'>7C114 0."746 0.4'00 0.5454 0.10037 0.bO'5 0.60631 0.!>8100 'UPiii 
"'IPI'II 2 0.211134 0.Z9~ 0.3106 0.35&7 C.4JBe 111.47,. G.46!1C11 0.4452 0.40" 11111'111 2 
TURfIIli'lt1 35.530 29.957 30.6n 341.30'0 22.:'62 1.5."70 U.2QQ 11.613 !lI.~l' T1.CI~ II'''' I 
UUBAII. 0.1250 0.12~ 0.N5! -G.01n .... 41 ... 3 0.11342 0.05QCII 0.1039 0.14'2 WI All 
LOSS PAllA O.Ollb 0.0328 0.022111 -o.004'l> -G.o!n 0.0«19"1' 0.013111 o.czeo 0.C333 LOSS I'ARI> 
DI'AC 0.5'>b2 0.5279 0.4996 0.4182 0.3225 0.30n 0.3U6 0.l537 0.ln4 DFAC 
EFFP 0.8211 0.78"00 o.es2'i 0.9279 D.9"tU 0.82311> 0.1125 0.7210 005665 EHP 
HF 0.8245 0.7803 CoBS07 0.9264 1I.9$51l II.U1C 0.76<M 0.7175 41.5623 EH 
INC!O 4.95b 4.796 5.436 4.530 -1.722 -l.U4 -7._ -100'"2 -13.611 lNCID 
DEVI'l 6.10. U.S'l 10.702 7.11>211 11>./06. 5.21i15 5.Il!!lO 6.1121 u.on DUIll 
P I .4.119 .4.1 n 1.,.173 14.185 14.623 15.124 15.08Z 15.0n 14.780 I' I 
p 2 16.050 15.'l>7l lb.082 16.307 16.656 16.790 16.516 16.376 15.830 P 2 
T 1 !>18.100 518.700 !HS.7OO 518.700 5.8.100 5lB.7CO 5.1.7110 518.700 518.700 T 1 
T 2 542.U4 541.808 540.3" 541.456 53'.ZT9 '37.141 'll.ZSlO 536.674 5'6.91>4 T 2 

SUTDR E PCT SPAN 95.00 90.0(: 85.00 111.00 so.oo ]0.00 15.00 10.00 5.00 ptV SPAN 
DIA 33.207 33.5104 33.921 34.992 311>."20 37.848 38~9!' 39.276 19.6lI1 DU 

SUTOII.-i..E. 8EU 2 4b0503 "3.a .... 41.748 37.479 28.736 24.861 24.954 27.522 31.059 lETA 2 
STA 11' OII.-T .E. B~TA 2A 0.300 1.400 1._ 1.350 111.130 c.,oc Z.UG 1.22~ -2.4411 lETA 2a 

., 2 425.48 4h.100 432.64 ,,'2.n 485.63 491015 449."'" 419.00 31'.55 'I 2 
YlA 347.12 343.07 ,.....70 401.05 4'W'l.A 461.35 4U.2G 389.11" 179.ze 'I 2ao 
YZ z 292.86 300./06 322.17 35'.82 '>Z'S .100 4':>'.15 40.,.21> 3l1.C114 Z87.00 YZ 2 
YZ 2~ 341.11 3420'6 3 ...... 402.80 44lI.l3 461.06 ~10.5i1 3880'n 378.'5 '1Z U V-THETA Z 3118.610 288.!;'V 288.0b 275.13 233.35 206.33 1119.51 193.33 172.85 '1-JKnIl 2 
V-THETA V. 1.82 8.38 11.43 9.49 1.10 4.02 15.Z7 8.Z8 -U.87 '1-THE1Il 2Jl 
" 2 0.3780 0.3'101 0.3853 0.402. 0.4>~6 0.4401 C.4CIIU 0.3741 0.2980 III 02 
M2.t. 0.3070 0.3034 0.3053 0.3578 0.4006 0.4U., O.~? 0..346e O.U77 IIlZA 
TURIIIIPRI 4b.203 42.443 39.846 36.123 ZS.~9 24.340 22.787 26.259 33.40' TUMIPU 
UUbAR 0.0668 0.031>4 0.08!12 0.0128 0.0135 0.0.5. 0.1920 0.11'2 -0.199. WilAR 
lOSS PARA 0.0225 0.012~ 0.0293 0.0045 0.0050 0.0176 O.07bl 0.0741 -0.0105 LOSS PARA 
DF"C 0.40271 0.4051' 0.4236 0.3179 0.2'Z. 0.2200 0.Z'403 0.2419 0.0976 OUt 
EFFP 0.8108 O.89H 0.7794 0 .... 2C 0.'147 006419 ~.IOI5 -0.2114 0.3144 EFFP 
JNC.ID -3.b6" 0."56 1I.457 ~.!I!ll ~ -7.961 -10."3 -13.142 -15.641 -Z8.U8 INtID 
DEY" 9.132 lZ.71Z 13.210 12.325 11.242 lZ.I66 14.'70 13.19' 2.4'6 DEYIII 
P Z 16.050 15.971 lb.082 Ib.307 16.656 16.790 16.516 16.376 15.130 P 2 
P2A 15.9"9 15.919 15.948 16.285 16.629 16.695 16.2!10 16.096 16.019 P2A 
T 2 5"Z.174 541.801 540.344 541.45' 539.279 531.147 "7.250 536.614 5-1C T 2 
T ZA 5"2.\740 541.808 540.3" 541.458 539.279 '17.147 537.l5O 536.614 ,- 'T 2A 
UU8AR FS 0.0949 0.1162 0.0939 0.0416 0.0319 O.oi3~ 0.281"9 0.2e68 0.2881 UUlAR FS 
PZ FS 16.096 16.10 1 16.096 16.H9 16.694 16.142 16.805 16.590 16.419 'Z FS lDSS PARA FS 9·(1319 0.0395 0.0323 0.0146 0.0118 0.0089 0.1\11 0.1141 0.1163 LDSS PARA FS 
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Toi:>le A-5. Blade Element Perfonnance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Pcrc~nt Equivalcnt Rotor Speed = 70.19 Equivalent Rotor Speed = 2955.05 Equivalent Weight flow ~ 70. 10 

!lub Radial Distortion 

INLET 
PCT SPAN 96.80 92.00 86.90 11.00 .9.50 28.10 12.00 7.10 3.00 PeT SPAN 
DIA 33.122 33.529 33.962 35.312 31.131 38.9~ ~.321 .0.131 .1.0l!5 DU 
BETA 0 -(I.DOO -(1.000 -0.000 -<1.000 -<1.000 -(1.000 -0.000 -0.000 -0.000 BETA 0 
BETA 1 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -<1.000 -0.000 BETA I 
'10 261.00 261.00 267.00 261.00 267.00 267.00 267.00 267.00 267.00 V C 
V 1 21 •• 32 219.M 218.~ 21 •• 13 281.11 332.68 321.62 322.36 291.11 V 1 
VI 0 2(>7.00 267.00 267.00 261.00 266.98 266.96 266.93 266.93 266.93 'II 0 
VI I 21 •• 32 219.M 218.~ 21 •• 13 281.15 332.63 321.~ 322.27 291.04> VI 1 
V-THETA 0 -<1.00 -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-TMETA 0 
V-THETA 1 -0.00 -0.00 -0.00 -o.DO -0.00 -0.00 -0.00 -<1.00 -<1.00 V-TMHA 1 
M 0 0.2405 0.02405 0.2405 0.2.05 0.2~5 0.2.05 0.2.05 0.2405 ().2~5 " 0 
" 1 

0.1927 0.1915 0.19" 0.1925 0.2535 0.3001 0.2960 0.2912 0.2625 " 1 TURN 0.0 0.0 0.0 0.0 0.0. 0.0 0.0 0.0 0.0 TURN 
UU8AR 1.4986 1.4038 1.3951 1.3969 0.B126 0.lIt15 0.3B80 Q.~15 0.7105 WBAR 
OFAC 0.191 0.117 0.IB2 0.19B -0.053 -4/.246 -0.227 -0.207 -0.090 OFAC 
EFFP -b-;JliB~ -0.2915 -o.3d1l6 -0.3410 o.n18 0.6233 0.5710 0.5139 0.21l0 EFFP 
Il4tID -<1.0000 -<1.0000 -0.0000 -0.0000 -0.0000 -0.0000 -<1.0000 -<1.0000 -(1.0000 INCID 
OEVIQ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 OEYM 
P 0 15.179 15.179 15.179 15.119 15.119 15.119 15.179 15.119 15.179 P 0 
I' 1 1 •• 281 l'o.338 14.343 1 •• 3 ... 2 1 •• 656 14.914 1 .... 9'06 14.91'" 1 .... 7~3 P I 
T 0 518.100 518.700 518.700 518. TOO 518.700 518.700 518.100 518.100 518.700 T 0 
Y I 518.700 518.700 518.700 518.700 518.700 518.700 518.700 51B.l00 518.700 T 1 

ROTOR E I"Ci SI"~ 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PeT SPAN 
DlA 33.236 33.621 34.007 35.1M 36.706 3B.2~ 39.~5 39.191 ~.116 DU 

ROTOR -to.E. BET~ 1 -iI.OOO -0.000 -(1.000 -0.000 -0.000 -0.000 -0.000 -<1.000 -0.000 BHA I 
RDTOR -T.E. BETA 2 53.989 53.993 53.287 48.069 38.8B5 33.410 3 .... 251 36.812 "'1.262 BETA 2 

allE1fAiPilI 1 63.303 61.902 61.856 63.181 51.919 5 .... 134 55.932 56.559 59.335 BETAIPRI 1 
BHAIPRI 2 19.3~4 25.M9 26.'107 27.206 31.931 33.122 38.112 .1.246 ~.86i BETAIPRI 2 
'I ! 21 •• 76 230.76 2M.l0 229.83 299.73 355.3'" 3!>2.39 347.82 314.71 V 1 
V 2 422.0" 397.27 396.81 416.93 425.43 ~5.79 .19.92 395.21 341.50 V 2 
VI 1 Zl4.72 230.n 234.0B 229.82 299.36 353.91 350.07 345.34 312.66 VI 1 
VI 2 2"'8.13 233.5 .. 237.22 278.60 331.0'" 371.62 346.30 315.61 256.19 VI 2 
V-THEU 1 -0.00 -o.ClO -0.00 -0.00 -(1.00 -0.00 -0.00 -(1.00 -0.00 V-TMETA 1 
V-T~1"A 2 341.3Il 321.36 318.10 310.17 266.97 245.13 235.85 236.26 22 .... 16 V-TliET A 2 
YIPRi 1 478.0 ~9.9 496.3 !i09 •• 563.11 613.8 626.2 628.0 61".1 VIPRI 1 
'111'1\) 2 263.0 259.1 266.0 313.3 390.2 ~7.'" 441 •• "'20.7 390.0 ytPRI 2 
\/THETA I'RI ...... 21.0 ...... 32.1 ...... 31.6 ...... 54.6 ~n.6 -500.5 -517.1 -522.9 -527.3 VTliETA PRI 
VTJoIETA PR2 -87.2 -112.1 -120.4 -IU.2 -206.3 -248.0 -272.2 -276.8 -293.3 VTlIETA PR2 
U 1 426.98 .32.12 .31.57 "'5~58 4n.57 500.46 511.68 522.92 527.31 U 1 
U 2 "2B.53 433.51 "'38.~ 453.39 473.28 493.17 508.011 513.06 518.03 U 2 
II 1 0.1931 0.2076 0.2106 0.2061 0.2TD4 0.3216 0.3188 0.3146 0.2B41 " 1 M 2 0.3142 0.3519 0.3518 0.3696 0.3180 0.3910 0.3733 0.3509 0.3022 II 2 
i'lli'll! 1 0.~97 0 ....... 07 0 ....... 65 0.4582 0.5087 0.555. 0.5666 0.568 i 0.5S.5 "IPRJ 
"IPRI 2 0.2332 0.2295 0.2359 0.2777 0.3461 0.398'" 0.3924 0.3735 0.3451 .HPRI 2 
TURN I I'll I 43.946 36.249 3 .... M7 35.97'" 25.971 20.954 17.675 15.227 10 •• 11 TURNtPRI 
UUBAR 0.U"'4 0.1588 0.1508 0.0663 0.0376 CI.0"'31 0.078" " .1263 0.1555 UUBAR 
LOSS PARA 0.0313 0.(,'02(, 0.0399 0.0181 0.01u3 0.0121 0.021" 0.0333 O.03b2 LOSS PARA 
DFAC (.6570 0.&638 u.6545 0.5121 0.4597 0 .... 044 0.42 .. 1 0 .... 608 0.493" DFAC 
EFFP 0.87 .. 9 0.8103 0.853'" 0.8683 0.8557 ('.8413 0.7878 C.7399 C.bb54 HFP 
EFF 0.8723 O.BObb 0.8506 0.8656 0.8529 0.8385 0.78.2 0.1359 o.bbOl EFF 
INCXD 10.873 10.987 11.218 11.138 3.918 -1.263 -2.162 -5.758 -8.830 INCIO 
OEV" •• 205 11.490 12.273 8.565 8.720 6.162 6.~ 8.108 12.88. DE V" 
P I 1 •• 281 14.338 14.343 14.342 1 .... 656 1~914 14.946 14.914 14.153 P 1 
P 2 16.538 16.376 16.396 16.581 16.1~ 16.968 16.1M 16.621 16.282 P 2 
T 1 518.700 518.700 5111.700 5IB.100 518.100 518.100 518.100 518.700 518.100 T I 
T 2 5~.160 543.588 5.2 •• 53 ~.121 5"'2.240 ~1.192 541.102 540.859 5".131 T 2 

STAmR E PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
Dill 33.201 33.5M 33.921 3 •• 992 36.420 37.8~ 38.919 39.276 39.633 OU 

STATlIR-L.E. BElA 2 ~.391 53.689 52.360 48.13b 38 .... 35 33.320 34.880 31.86. 42.976 BETA 2 
STATDR-T .E. 8ETA 2A 1.300 1.360 0.200 -0.300 J.BOO 1.600 1.430 1.C6O -1.400 BETA 2" 

V 2 U9.94 398.94 ~1.91 416.93 430.31 ~7.56 413.90 386.35 330.96 II 2 
\I 2" 299.01 282.~ 276.54 no.55 356.63 388.~ 342.36 323.12 3Io.7Z V 2A 
VI 2 2~.47 236.2. 2"5.~ 218.22 336.93 373.66 339.1. 304.66 2.1.87 VI 2 
VZ 2A 298.93 282.36 276.52 320.50 356.33 388.06 341.97 322.78 310.30 'IZ 2A 
V-TlfEU 2 341.~ 321 •• 1 3J8.25 310 •• 1 2b7.38 245.63 236 •• 2 236.86 225.36 V-THETA 2 
V-YHl:iA 2A 6.78 6.70 0.97 -1.68 11.20 10.84 8.~ 5.97 -7.59 V-YMHA 2A 

" 2 
0.3123 0.3534 0.3565 0.3696 0.31124 0.3986 0.3679 0.3428 0.~27 II 2 

MlA 0.2633 0.2481 0.2436 0.2826 0.3155 0._ 0.3030 0.2857 0.2745 M 2A 
ruRIUPSI 53.091 52.3211 52.158 ~."29 36.617 31.687 33.~ 36.752 ~.315 TURNIPRI 
UUBAII 0.1198 0.0801 0.1161 0.0886 0.0514 0.0575 0.1655 o.nn -0.1066 WBAR 
lOSS '''RA O.MOl 0.0273 0.01000 0.0315 0.0190 0.0221 0.0656 0.0551 -o.M30 lOSS PAllA 
OFAt 0.5565 0.5608 0.58.0 0 .... 9n 0.392. 0.33511 0.3922 0 .... 041 0.3466 OFAt 
EFFP 0.7687 0.8"'67 0.1"1191 0.1941 0.8450 0.1811 0.5008 0.5612 1.6642 EFFP 
IIICIO 4.230 10.301 12.069 10.105 1.730 -2.546 -3.112. -5.301 -16.229 INtlD 
OEV" 10.132 12.672 11.510 10.675 12.812 13.265 13.870 13.739 3.455 OEV" 
P 2 16.538 116.376 16.396 16.581 16.740 16.968 16.~ 16.621 16.282 P 2 
P 211. 16.351 16.261 16.235 16 •• ~ 16.651 16.861 16.546 16.~2 16.382 P 2A 
T 2 5~.160 5.3.5118 5.2 •• 53 ~o121 542.2.0 ~1.192 ~1.102 540.859 ~1.131 T 2 
T 2A ~.160 543.5118 ~.453 ~.1Z1 ~2.2~ ~1.192 ~1.102 5~.~9 5"1.131 T 2" 
UlJIAII FS O. r'q t 1 0.1438 0.1315 0.1832 0.0919 0.0312 0.2424 0.2101 c. 202 ~ UU6AR FS 
P2 FS 1'.491 1,.416 16.419 16.610 16.822 16.920 lb.946 16.7>9 16.b46 1'2 FS 
LOSS PARA FS 0.0310 0.J49U U.0453 0.0367 0.0362 0.0120 0.0961 O.Uo41 ;.),01:118 LDSS PARA FS 
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Tahle A-5. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equh'clent Rotor Speed = 70.87 Equivalent Rotor Speed = 2983.57 Equivalent Weight Flow = Gl. ",1 

Hub Radial Distortion 

I"LET 
PCT SPAll 96.80 92.00 86.90 ·11.00 49.S0 28.10 12.00 7.10 3.00 PCT SPAN 
DU 33.122 33.529 33.962 35.312 37.137 38.954 40.321 40.737 41.085 DIA 
BETA 0 -(1.000 -(1.000 -0.000 -0.000 -0.000 -0.000 -(1.001) -<1.000 -0.000 SETA 0 
8ETA 1 -0.000 -<1.000 -0.000 -<1.000 -0.000 -0.000 -0.000 -<1.000 -0.000 BETA 1 
V 0 234.88 234.88 234.88 234.88 234.88 234.88 234. B8 234.88 234.88 V 0 
V 1 186." 201.13 198.03 190.22 2311.05 297.14 287.72 2B5.46 21>2.47 V 1 
VI 0 234.88 234.88 234.88 234.118 234.87 234.84 234.82 234.82 234.82 VI 0 
VZ 1 186." 201.13 198.03 190.22 238.03 297.09 287.65 285.39 262.40 VZ 1 
V-TtfETA 0 -0.00 -<1.00 -<1.00 -<1.00 -(1.00 -0.00 -<1.00 -<1.00 -<1.00 V-THETA 0 
V-THETA 1 -0.00 -<I.~ -0.00 -0.00 -0.00 -<1.00 -0.00 -0.00 -0.00 V-TtfETA 1 

" 0 0.2113 0.211 0.211) 0.2113 0.2113 0.2113 0.2113 0.2113 0.211] " D 
" 1 0.1675 0.11107 0.1779 0.1709 0.21"2 0.2680 0.25-94 0.2574 0.23M- '" 1 TUR" 0.0 0.0 0.0 0.(1 0.0 0.0 0.0 0.0 0.0 TUII" 
UUBAR 1.431>4 1.2971 1.2971 1.331>4 0.9462 0.3309 0.3820 0."175 0.1>530 W8AR 
DFAC 0.206 0.1" 0.157 0.190 -0.013 -i).Z65 -0.225 -<1.215 -0.117 DFAC 
EFFP -0.3470 -0.2585 -<1.2864 -<1.3479 0.0279 0._6 0.5710 0.5370 0.n80 EFFP 
I"CID -0.0000 -0.0000 -<1.0000 -<1.0000 -<1.0000 -<1.0000 -<1.0000 -<1.0000 -o.oeoo II«:ID 
DEV'" 0.000 0.000 0.000 0.000 O.OCiO 0.000 0.000 0.000 0.000 DEV" 
P 0 15.062 15.062 15.062 15.062 U.062 IS.062 15.062 15.0102 15.062 P 0 
P 1 U.402 .... 464 14.464 14."8 14.626 14.910 14.886 14.870 14.71>1 P 1 
T 0 518.700 518.700 518.700 !H8.700 51B.700 518.700 518.700 518.700 518.700 T 0 
T I 518.7'00 518.700 518.700 518.700 518.700 518.700 518.700 'H8.700 SII.700 T 1 

ROTOR E PCl SPA" 95.00 90.00 85.00 70.00 50.00 30.00 IS.00 10.00 5.00 PCT SPAll 
OIA 33.236 33.621 34.007 35.164 36.706 38.248 39 .... 05 39.791 40.176 DU 

ROTOR -L.E. BETA 1 -<1.000 -0.000 -<1.000 -0.000 -0.000 -0.000 -<1.000 -0.000 -0.000 BETA 1 
RDTOR -T .E. BETA 2 58.065 511.681 58.955 55.618 "6.472 38.442 37.852 40.357 "5.135 BETA Z 

BETAIPRI 1 66.57" 64.170 6".360 66.033 62.304 58.005 59.579 59.959 62.1Z9 8ETAIPRI 1 
BETUPR' 2 20.317 25.385 26.082 26.963 33.321 34.565 38.179 .. 1.571 47.709 BETAIPRI 2 
V 1 186.83 211.24 212.08 ,204.04 253.43 316.96 308.95 307.51 283.39 V 1 
If 2 41 .... 25 397.57 399.13 411.46 403.53 "29.21 "16.38 392.2" 353.00 V 2 
VI 1 186.79 211.19 212.06 204.03 253.11 315.68 306.91 305.32 281.54 VZ 1 
VZ 2 219.12 Z06.65 205 .. 83 232.35 267."7 335.82 328.11 298.21 2"8.58 VI 2 
V-THETA 1 -0.00 -<1.00 -0.00 -<1.00 -0.00 -<1.00 -<1.00 -0.00 -0.0(, V-TtfETA 1 
V-THETA 2 351.5" 339.63 341.95 339.57 302.02 266.56 25 .... 99 253.46 249.75 V-THETA 2 
VIPRI 1 469.8 'HI4.7 490.1 502.3 544.7 596.5 607.2 6U.0 603.1 VIPRI 1 
VIPRI 2 233.7 228.8 229.2 260.7 320.2 408.3 "IB.2 399.5 370.0 VIPRI 2 
VTtfETA PRI ~31.1 ~36.3 -441.8 ~59.0 -482.2 -505.3 -522~7 -528.0 -532.4 VTHETA PRI 
VTHETA PIIZ -81.1 -98.1 -100.8 -118.2 -175.8 -231.4 -258.0 -264.5 -273.3 VTHETA PRZ 
U 1 "31.11 "36.29 1041.80 458.97 'HI2.18 505.29 522.68 527.97 532.40 U 1 
U 2 432.67 437.69 ..... 2.71 "57.n .. n.85 497.93 512.99 518.01 523.03 U 2 

" I 0.1678 0.1899 0.1906 0.1834 0.2282 0.2862 0.2189 0.2n5 0.2555 
" 1 

'" 2 CI.3668 0.3520 0.3538 0.3641 0.3576 0.381": 0.3696 0.3 .. n 0.3122 '" 2 "'IPRI 0."220 0."357 0 ...... 05 0.451 .. 0."_ 0.5386 0.5 ... 80 CI.5515 0.5437 "'IPRI 
"'IPRI 2 Ci.2069 0.2026 0.20:n 0.2307 0.2838 0.3628 0.3713 0.3542 0.3272 "'IPRI 2 
TUR"I PRI 106.255 38.782 38.276 39.069 211.969 23.388 21.324 18.313 1".367 TUltN I PII I 
UUBAR U •• II11 ~.2236 I) .2214 ['.1794 C.15l3 0.0851 v.0867 0.131>8 U .1762 WIlAR 
LOSS PARA 0.049Z '~.0592 0.0590 O.()lo92 O.Oltl:' (;.0236 u.u237 u.0359 0.0420 LOSS PARA 
DFAC 0.7198 ~.7339 0.7397 0.6887 0.5899 0.4646 0.4556 0.4902 0.5319 DFAC 
EFFP 0.8397 ~.61~0 0.8628 0.8273 O.82~0 0.8306 0.8119 oJ.7611o C..7010 EFFP 
EFF 0.8363 0.8114 0.8601 0.8237 0.8216 0.8274 0.8085 0.7573 0.7024 EFF 
I"CIO 1 ... 1 ..... 13.255 13.782 13.991 8.306 2.014 0.89't -2.3"7 -to.026 I"CID 
DEYl'I 5.167 11.226 11._ 8.323 10.109 7.005 6.556 8.433 11.733 DE V" 
P I 14.402 1 ... 4610 1 .... 464 14."8 14.626 1".910 14.886 1".870 14.761 P I 
P 2 16.659 16.560 16.606 16.729 16.739 16.988 16.914 lob.739 lo6.493 P 2 
T I 518.100 518.700 518.700 518.700 518.700 H8.700 518.700 518.700 518 .100 T 1 
T 2 5"5.044 '5"3.906 5"2.9n 545.632 543.524 542.52oJ 54Z.540 542.275 5"2."90 T ;Z 

STATOR E PCT SPAll 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPA" 
OIA 33.207 33.564 33.921 3".992 36."20 31.8"8 38.919 39.276 39.633 DIA 

STA TOR-L. E. BETA 2 58.549 58.318 57.811 55.704 "7.855 38 .338 38.572 "1.556 47.1Z'" 8ETA 2 
STATOR-T .E. 8ETA 2A 1.050 -il.650 -3.350 "'.530 1.65(1 3.001 2.001 2.801 2.851 SETA 21. 

V 2 412.15 399.2" _.27 411.46 408.08 "30.95 410.39 383.47 ~2.04 V 2 
V 2A 27 .... 39 256.93 251.07 288.34 316.09 353." 333.112 317.1 .. 310.52 V 21. 
VZ 2 215.05 209.68 215.35 231.83 273.74 337.76 320.51 286.65 232.50 VZ 2 
VZ 2A 27".34 256.91 250.63 287.40 315.B5 352.75 333.35 316.48 309.81 VZ 210 
V-THETA 2 351.60 339.7" 342.12 339.89 302.'HI 267.11 255.60 254.10 250.42 V-TtfETA 2 
V-THETA 2A 5.03 -2.91 -1".67 -22.77 9.10 18."9 1l.64 15 .... 15."3 V-THETA 2A 

" 2 0.3649 0.3536 0.358 .. 0.3641 0.3617 0.3829 0.3642 0.3398 0.3023 '" 2 
"lA 0.2411 0.2259 0.2209 0.2534 0.2787 0.3126 0.29"'9 0.2800 0.2740 " ZA 
TURN I I'll J 57 .... 99 sa .967 61.159 60.227 46.186 35.304 36.524 38.71>4 ...... 217 TUR"IPRI 
UUBAR 0.1109" 0.1705 CI.2230 0.1919 0.1190 0.1160 0.1558 0.1108 -0.0648 W8AR 
LOSS PARA 0.0571 0.058(1 0.0766 0.0680 0.01041 0.0446 0.0617 0.0 ..... 3 -0.0261 LOSS PAllA 
OFAC 0.6176 0.6489 0.68 30 0.6130 0."925 0 • ..032 0.4235 0."234 0.3710 DFAC 
EFFP 0.7088 0.7207 0.6510 0.6390 O.11M 0.6643 0.5609 0.6642 1.3535 ~FFP 
INCID 6.382 1".930 17.521 17.673 11.149 2.470 -<1.135 -1.617 -12.080 J!jCJD 
DEV" 9.882 10.662 7.960 6.445 12.662 14.665 1".440 15 .... 78 7.702 DEV'" 
P 2 16.659 16.SI>O 16.606 16.129 16.739 16.988 16.914 16.739 16.493 P 2 
P ZA 16."11 16.326 16.291 16 ...... 8 16.567 16.799 16.683 16.597 16.559 P 210 
T 2 545.044 543.9010 5"'2.9n 5"5.632 543.524 542.520 542.S4O 542.275 5 ... 2 ... 9(1 T 2 
TZA 5"5.,)44 543.906 542.9n 545.632 543.524 542.520 542.540 5"'2.275 542.490 T 210 
WeAR FS 0.1~59 0.2 LIt:!" 0.,"20 o.n13 0.1397 O.()78!: 0.23.0 0.1077 ;,),lY47 IAlBAR FS 
P2 FS 10.635 II>.b<5 16.6. Q I~. 76' 16.774 16.9<2 17.066 16.~61 lb.~20 P2 FS 
LOSS PARA FS 0.,'5/5 O. l1709 Q.0631 O.07f1» 0.0517 0.0303 0.09.19 0.0750 J.076S LOSS PARA FS 
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Toillc A-G. lllode r:lement Performance 
Stoge E. Rotor E - Stotor E 

Colcul"tions Using Tronsloted Volues 
Percent Equivolent Rotor Speed c 99.94 Equivolent Rotor Speed = 4207. 3~ 

Tip Radiol Distortion 
Equivalent Weight Flo\\' 114.99 

INLET 
peT SPAN 96.80 92.00 86.90 71.00 49.50 111.10 12.00 7.10 3.00 PeT SPAN 
ilIA B.la 33.529 33.96.l 35.312 37.137 311.9S4 40.321 40.737 41.0115 011. 
SlTA -\).COO -G. 000 -D.ooa -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BEU 0 
BLTA ~.ooo -0.000 ~.ooo -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 II ETA 1 
V 0 430.35 430.35 430.::15 430.35 430.35 430.35 430.35 430.35 430.35 V 0 
V J 511.71 577 .34 569.B3 571.95 562.67 415.67 381.28 374.!i7 363.49 V 1 
VI 0 43e.3!> 430.35 "30.35 .. 30.35 430.32 "30.2B "30.2" 430.2" 430.Z4 VZ 0 
Vi 1 511.11 577.>'0 5109.83 571.'9" 562.103 "15./00 381.19 374.41 363.40 VZ 1 
V-THETA -0.1.:0 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THE U -0.00 -0.00 -0.00 -0.00 -O.CO -0.00 -0.00 -0.00 -0.00 V-THETA 1 
M (; 0.39U lo.:'913 0.3913 0.3'913 0.3913 0.3913 0.3913 0.3913 0.3913 

" 0 ~ 1 0.52"1 0.5315 0.52"2 0.5263 0.5113 0.3716 0.3"56 0.3393 0.3291 
" 1 TU~N .O.C C.O 0.0 O.C 0.0 0.0 0.0 0.0 C.O TUIlN 

UU8A~ 0.7369 0.5087 0 ... 646 0."211 0.5160 1.5513 1.7482 1.1652 1.B026 W8AR 
uFAC -0.328 -v.3"2 -o.3Z" -0.329 -0.307 O.Ollt 0.114 0.130 0.155 OF"C 
EFfP e'.519" 0.11239 0.6315 0.11585 0.5640 -0._ -0.1355 -o.UM -0.11114 EFFI' 
IN'IO -O.ClUO':; -O.OOCIO -0.00(,0 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 INCIO 
DEV~ u.C.OO 0.0(,0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DEV" 
P C 16.118 16.118 16.118 1/0.118 16.118 16.118 16.118 1/0.1111 16.118 P 0 
P I h.92b 15.197 15.368 15."36 15.188 13.613 13.295 13.268 13.201 P 1 
T v 51 ~.1OU 518.100 518.100 518.700 518.100 518.700 518.700 5111.100 518.100 T 0 
T 1 518.700 5U.1OO 518.700 !HI. 700 518.100 5111.100 5111.100 518.700 518.100 T 1 

'UT(JR l peT SPA'" 95.00 90.00 05.00 70.00 50.00 30.00 15.00 10.00 5.00 PC T SPAN 
[l1A 33.236 33.621 34.007 35.1610 36.106 311.248 39.405 39.7'11 "0.176 OIA 

'OTL" -L.t. boTA I -.).(,uv -0.000 -(\.ow -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BEU 1 
~L;]:"'P( -T.~. BtTA l 3b.ct.4 33.063 31.319 29.388 29.1'l7 35.29" "'1.335 ..... 6M 50.H9 BETA 2 

b~TAtPPJ ... 6.bBb ..... 882 ..... 832 "5.731 ItS. 0It4 58.065 60.995 61.60" 62."39 81:TAtPRI 1 
BETAtPRI 24.011> 27 .18~ 26.852 27.096 28.80& 33.105 39.275 42.851 48.831 BETA IPR I 2 
V 1 513.29 1117 .92 626.15 630.11" 612.06 .... 5.93 "U.35 405.311 394."1 V 1 
y Z 6"3." 632.43 1155.16 689.31 692.04 626.51 568.M 536.96 492.17 V 2 
Vl I 573.lti 1111.78 6211.1>8 630.91 611.30 """.13 "08.64 402."9 391.8" VI 1 
Vl 2 5Z0.5U 5JO.00 559.32 600.59 1100.28 510.69 426.19 381.21 312.86 VI 2 
V-TH~ TA -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA I 
V-THETA 378.22 3 .. 5 •• a 3"1.13 338.25 lIt3.74 361.51 314.81 316.71 319.7'1 V-THHA 2 
VIPR J I 835.6 872.0 883.1 903.9 914.11 840.6 8 ..... 1 841.1 8 .... 1 VIPRI 1 
VIPRI 2 51>9.9 595.9 626.9 1>1".7 685." 614.7 551.6 521.0 "16.0 VIPRI 2 
VTHElA PR 1 -607.9 -615.2 -623.0 -641.2 -680.0 -712.5 -731.1 -7 ..... 5 -750.8 ¥THETA PRI 
VTHEl A PR2 -,,31.9 -271.2 -283.2 -307.3 -330.1 -340.7 -348.5 -H3.1 -351.8 VTH~TA PR" 
U I 601.93 1115.2" 623.01 6107.22 61'l.96 Jl2.55 137.06 7 ..... 53 750.77 U 1 
U 2 610.14 bll.22 /024.30 6105.53 1173.85 102.16 123.40 130.48 731.56 U 2 
" 1 G .5276 0.5712 0.5800 0.58"1 0.5655 0.4059 0.3735 0.3680 '.3518 " 1 ,. Z 0.575" 0.5660 0.5884 0.6191 0.6210 0.5515 0.5016 0.4118 0.4307 

" 2 MIPR J t.7b90 v.8061 0.8111 0.8368 0.8"52 0.7652 0.7665 0.1695 0.7693 'HPRJ 
MI~RJ ;, 0.5096 ':'.5333 ".5611 0.6060 0.6150 0.5"10 0."866 0."518 0.4160 "fPRJ 2 
TURNIPRJ 22.666 17.692 17.977 18 .635 19.215 Z4.307 21.651 18.618 13.556 1 UIUiI IPR I 
UUBAP, 0.1555 0.179" 0.1401 0.1063 0.(,961 0.0001 0.091>8 0.1581 0.2315 WBAR 
LOSS tJ"", ... (0 ..... 11 ('.Olo06 ".0)11 0.0291 0.0213 0.0002 0.0260 0.0408 0.0540 LOSS PARA 
uFAt 0."114 0.4329 0.40053 0.3686 0.3713 0."123 0.4992 ().5397 0.5959 DFAC 
EFFP 0.S .... 5 ".1'Hl3 0.8392 0.8244 (j.81161 1.0640 0.9321 0.8"" 0.744!> EFFP 
HF u.640C <>.7423 0.B350 0.81940 0.8619 1.0666 0.9296 0.8"01 0.1363 EFF 
INClLJ -5.74to -6.03" -5.7"7 -6.311 ~.961 2.014 2.316 -0.696 -5.715 INt10 
DE V,", a.H.b 13.{l26 12.218 8.455 5.591 6.145 7.651 9.118 12 .855 DE ... " P 1 14.928 ;5.291 15.368 15."38 15.188 13.613 13.295 13.268 13.201 P 1 
P Z Ib.209 18.078 1e."07 18.8~2 18.813 17.902 17.244 16.915 16."98 P 2 
T 1 ~.C.7Vu ~18. 700 518.100 ~18. 700 518.100 518.100 518.100 518.700 518.7~0 T 1 
T 554.163 552.8!>5 551.561 555.361 556.643 558.285 561.7"3 563.066 5610.931 T 2 

~lATO~ E pel SPAN 95.vQ 90.0Cl 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PeT SPAN 
DIA 33.Z:;1 H.!>6" 33.921 34.992 36 ... Z0 31.81tS 38.919 39.2111 39.633 OU 

STATf'R-L. [. 6fTA " 311.271 32.b73 3(0.800 29."2'10 211.327 35.H>2 42.251 46.2"1 53.200 BETA 1 
~IATGR-T.<. BETA ~A -<".1JO ~."OO 1.1CO 1.200 -0.350 1."00 2.401 1.851 0.400 8ETA 2" V 2 639034 635.811 6b6.5b 689.31 703.23 6Z9.55 559.36 523.45 .. 75.91 V 2 

V lA 51".37 530.81 555.80 613.640 6Z1.99 '1 ... 2/0 417.17 448.35 431.M V 2" Vl Z 515.41 B4.03 572.52 600.29 612.79 51".24 413.60 361.70 284.81 VIZ 
Vl lA 514.33 530.8" 555.68 613."2 621.17 513.1' 416.31 .... 1.71 "31.17 VZ 21. 
Y-TH~ TA Jlb.29 345.12 341.30 338.57 344.26 362.25 315.78 377.73 380.79 V-THETA 2 
V-THFTA LA -6.18 3.71 10.67 12.85 -3.80 14.03 19.97 1".46 3.05 "'-THETA 2A 
M 2 O.571~ 0.51193 0.599" 0.6191 0.6318 0.560S 0.4930 0."594 0."15~ " 2 M 2A u.4~4" C.4N7 0.49 .... 0.5468 0.5541 0.5084 0."178 0.3913 0.3810 " 21. TUR"'IPR J 36.977 32."72 29.699 28.218 29.661 ,33.129 39.IIOB ..... 339 52.10 TURNIPRI 
UUBAR 0.1977 0.1138 0.116" 0.0"112 0.0349 -0.0361 O.OB48 0.0660 -0.08"3 UVBAR 
LOS~ PHA 0.~666 v.0387 0.0400 0.0175 0.0129 -0.0139 0.0336 (,.02610 -0.03 .. 0 LOSS PARA 
uFAt 0.3981 0.3"80 0.3371 0.2181 0.299" O.3()19 0."005 0."221 0.402" DF"t EFFP 0."975 il.b664 0.66'M1 0.1'l61 u.a632 1.1819 0.7162 0.7119 1.5053 iEFFP 
INCllo -13.~9C -lv.515 -9.,,90 -11.1106 -7.376 -0.70" 3.549 3.069 -11.002 INCID 
o~v'" B.13l 11.112 12."10 12.175 10./ob2 U.066 14.840 14.529 5.254 DEli" P l 16.209 18.078 18 ... 07 lB .802 18.813 11.902 17.2 .... n6.9!' 16 ... 98 ~ 2 
P '- A 17 •• 94 17.612 11.9105 18.591 18.658 U.Ol6 '1.D2(j 16.765 16.6!>" P 24 
T 2 554.163 552.8~5 551.~bl 555.367 556.643 5!18.2n 561.7"3 563.066 5610 .931 T 2 
1 2A ~51t.76~ 5~2.B55 551.5~1 555.367 556...~3 !>:lI.l8~ 51il1.' .. 3 5fl>3.01il6 5M.9l1 TZA 
UUBAR FS 0.1363 0.1273 O.OB75 0.05B" 0.0560 0.0519 0.2127 0.2017 0.1763 UIJ8~R FS p,- n 11."52 I ~. 133 lB. ZR I IB.B43 1 B. 912 IB .221 L7.672 17.302 17.083 11'2 fS 
LCS S PARA FS 0.[,<059 0.0£.33 0.0300 0.0207 0.0207 0.0200 0.0842 O.0~06 0.0711 LDSS PARA FS 
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Table A-S. Blade Element Performance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 100.05 Equivalent Rotor Speed = .t211. 98 Equh'alent Weight Flow = 109.1G 

Tip Radial Distortion 

I"LET 
PCT SPAN 910.80 92.00 810.90 11.00 49.50 28.10 12.00 1.10 3.00 PC. T SPAN 
.J!A 33.122 :03.529 33.9102 35.312 31.131 311.954 1tO.321 40.731 41.0n OlA 
HT" ~ -C.OO':' ~.OOO -0.000 -0.000 -0.000 -0.000 -0.000 -(1.000 -0.000 BETA 0 
SETA 1 ~.ooo -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 IIETA I 
Y 0 "12.31 412.31 412.31 412.31 412.31 412.31 412.31 412.31 412.31 'I 0 
Y I 530.91 !;45.24 542.100 551.90 529.15 ItOl.53 351.23 35T.79 lite. 3 I 'I I 
Yl 0 "12.30 'ioU .30 "12.31 '012.30 412.211 412.24 412.20 412.19 1012.20 'IZ 0 
Vl 1 530.'11 S<.5.2" 542.100 551.89 529.11 ItOl.4Io 351.14 351.109 3 .... 22 'IZ 1 
V-TH~TA 0 -V.OU -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 0 
V-THETA 1 -0.00 -0.00 ~.oo -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 'I-THEn I 
1'1 ~ O.31~ O.31~ 0.31~ 0.31~ 0.31~ 0.37"" 0.37"" 0.37"" 0.3T"" .. 0 
1'1 1 1I."clIo7 0.500lt 0.4979 0.50109 0.4855 0.3TOO 0.3233 0.3238 0.3UI .. I 
TURN O.C 0.0 0.0 O.c 0.0 0.0 0.0 0.0 0.0 TUIIN 
UUBAR 0.7038 0.'Io3'1o~ 0.38105 0.3101010 0.5341 1.39T2 1.10207 1.102"" 1.6TOl WBAR 
IlFA!: -II.l88 ~.322 -0.3110 -0.339 -0.285 0.012 O.I~ 0.132 0.IS5 OFAt 
EFFP U."921 0.0"" 0.1010105 0.10'" 0.50010 -(I.OlIoT -0.1"3 -0.11411 -0.2009 EFfP 
INC.11l -0.0000 -0.0000 -0.0000 ~.OOOO -0.0000 -0.0000 -0.0000 -0.0000 -(1.0000 INc.IO 
DEVI'I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DE"" 
P 0 15.87C 15.870 lS.81D 15.870 15.IITO 15.870 15.1170 15.1170 15.810 P 0 
P I 1 ... 839 15.23 .. 15.304 15.333 15.088 13.112'10 13."7 13.492 13.425 P 1 
T .; 516.700 518.700 518.700 518.700 !H8.700 518.700 518.100 518.700 518.700 T 0 
T I !;18.700 518.700 !>18.700 5111.700 518.700 5111.700 5111.700 5111.700 5111.700 T 1 

RO TOR E PeT ~PAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PC.T SPAN 
DU 33.2310 33.1021 34.007 35.1104 310.7010 38.248 39.405 39.791 ItO. 176 OIA 

ROTDK -L.E. SeTA 1 -C.'100 ~.OOO ~.OOO -0.000 ~.OOO -<i.000 -0.000 -0.000 ~.OOO BETA 1 
I<OTOR -T.l. £leTA ~ 3q.~q8 36.3610 3'1o.30C 32.5810 34.101 41.370 '109.1053 54.338 58.542 BETA 2 

SETAIPRI "8.831 410.1043 46.3117 410.1178 "9.1199 ,.1.612 62.61Z 62.1"1 63.476 IIETA I'll I 1 
SETAIPRI 26.205 27.30" ZIo.lllo 25.700 28.10119 33.825 41.1tOS 4'.037 48.535 BETA IPIII 2 

" 1 
532.30 581.71 594.Z8 1006.83 573.93 436.98 384.82 3810.78 311.59 V 1 

V l 561."0 b12./o't 10"2.95 IoB4.55 1066.103 1004.108 544.02 52"."0 511.91 'I 2 
VI 1 532.2 .. 581.58 594.21 1006.80 513.22 435.21 382.29 3 ..... 03 375.13 'IZ 1 
VI 2 ..... 7.97 '1093.30 531.12 5710.77 551.7'10 453.29 351.73 305.35 266.92 'IZ Z 
V-THETa 1 -0.00 -0.00 -0.00 -0.00 -0.00 -(I.GO -(1.00 -(1.00 -0.00 'I-THl:TA 1 
V-THETA 2 ::>70.57 3103.Z'' 362.31 3108.67 373.66 399.20 414'.05 425.53 4310.29 V-THETA 2 
VIPR I 1 8011.5 8"7.2 8101.5 887.7 890." 836.5 832.2 839.7 8'101.1 YIPRI 1 
VCPRI Z 5Co8." 555.2 592.5 61tO .1 1028.8 ~.4 4109.8 "32.9 403.7 'ICPRI 2 
VTHETA PI!. 1 -608.6 -615.9 -623.7 -IoItl.9 __ 0.7 -713.3 -737.9 -745.3 -751.6 YTHETA Pili 
VTHETA PR2 -240.l -ZS<..7 -Zb2.7 -277.10 -300.9 -303.7 -310.1 -305.8 -302.1 VTHETA PRZ 
U I 1008.100 1015.92 IoZ3.109 1047.93 1080.71 1'13." 137 •• .,.5.35 nl.IoO U 1 
U 2 1010.81 1017.90 102'0.98 1046.24 107".59 702 .... 724.20 731.28 738.37 U 2 
1'1 1 -:.4880 0.5358 0.5480 0.5603 0.5282 0.3975 D.,...' 0.3507 0.~21 .. 1 
M 2 C.5151 0.5"53 0.57" 0.10129 0.5951 0.535" 0.4711 0.'10585 0.""103 1'1 2 
I'ICPRJ ~.141J 0.7803 0.79"5 0.8191 0.81910 0.71010 D.75~ 0.7b13 0.71021 "'PR! 
I'ICPRI 2 C· ... ~03 ('."942 0.5298 0.5732 0.51013 0.'WI31 0.4120 0.3785 0.3519 .. CPIII 2 
TURNC PK I 20.623 19.334 20.0109 21.1" ZI.270 Z4.136 21.1"" IT.639 .".1192 TUMI PilI 
UU8AR 0.1~"7 0.1499 0.10410 0.01083 0.09"" 0.01081 0.1121 0.2371 0.2181 WBAII 
LOSS PARA 0.0395 0.0391 ... 0278 0.0189 0.021oa 0.0190 0.0450 0.0589 0.01052 LOSS PARol 
DFA(' ~.5a"3 0.470b 0.4372 0.10065 0.'1028" 0.5062 0.10066 0.61005 0.7021 DFAC 
i:FFP C,.7632 ').7822 0.8837 0.9114 C.901t1t 1.0091 0.8136 0.8089 0.110107 EFFP 
~FF ". 7~b~ 0.7762 0.8802 0.908'10 0.9011 1.0094 0.111087 0.8019 0.7583 EFF 
INCID -3.600 ..... 274 -It. 192 -5.1105 -It.101t 2.622 3.93. 0.""5 -It.107'1o IHCIO 
DEYM 13.0!;~ 13.1"5 11.682 1.059 5.399 10.265 9.180 11.898 12.559 OE"'" 
p 1 1".839 15.23'10 15.30" 15.333 15.088 13.8Z4 13."97 13.492 13.425 P 1 
P 2 Id.C69 18."1oa 18.8108 19.359 19.138 18.290 17.599 17.388 17 .Z'Io8 P Z 
T 1 518.7(,0 ~18. 700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T 1 
T 2 558.37Y S5b ... 93 ~55.a25 558.0~ 559.167 561.488 5105.731 5107.334 5109,"75 T 2 

Sl.<TOR E peT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PeT SPAN 
U!A 33.2C7 33.5I0I0 33.921 3".992 36.420 37.1148 38.919 39.2710 39.1033 DU 

HATeR-L.E. . 6nA 2 3'1.863 36.158 33.610" 32.1027 33.582 41.218 50.887 510.585 62.318 8ETA 2 
STAT(JR-T .E. 6nA 2A -1.100 1.15(, 1.850 1.500 -0.100 1.1021 1.951 1.901 1.401 BETA 2A 

V 2 518.01 615.86 1053.95 IoS •• 55 10710.87 607.51 535.30 5U •. 39 ""'.22 'I 2 
VLA "75.21 "77.78 "97.12 577.54 H8.34 505.21 4ZIo.4. 402.66 400.107 'IlA 
Yl 2 "3.0;" "7.23 544.26 576.43 5103.103 "510.105 33T.4Io 281.410 229."9 '112 
Vl 2" "7~.12 "77.67 4910.84 511.210 518 .1. 504.72 425.81 402.08 400.13 '11 2A 
V-THEU 2 370.103 363.310 3102."9 369.02 37'10.23 400.02 415.05 426.101 431.45 'I-THETA 2 
V-THETA 2,\ -9.U 9.59 llo.O~ 15.12 -1.01 1".28 14.50 13."" 9.18 'I-THETA ZA 
~ 2 0.5119 0.5"113 0.5'853 0.loll9 0.601t9 0.5379 0.41091 0._ 0."302 III 2 
1'1 2A 0.4173 0)."20" 0.'10387 0.51110 0.5118 O.""lIt 0.3107 O.~9O 0.34610 " 2A TURNIPRI 40.983 3~.OO7 31.813 31.120 33.66S 39.503 ..... 89 S..6JT 60.870 T\lRN IPR I 
UU8AR 0.0139 0.1174 0.1570 0.01020 0.01100 O.OZ05 0.0386 0.OZ91 -0.0113 W8AR 
LOSS PARA 0.CO"7 0.O't00 0.0510() 0.0220 0.0059 0.0079 0.0153 0.01110 -0.0010 LOSS PARA 
DFAC. C.399<: ... "199 0."224 0.3It04 0.3515 0.4141 0.50110 1i.53" 0.5ItOIt OFAC 
FFFP 0.961" 0.7351 0.61088 0.8135 0.9489 O.MOII 0._ 0.929. 1._11 EFFP 
INCID -lu.2 .... -7.230 -10.10210 -5.1t04 -3.122 5.lIt9 12.110 13."n 3.124 tHCI0 
D~YM 7.7~2 12."102 13.1100 12.475 10.912 13.2810 14.390 14.579 10.253 OE"" 
P 2 18.Ub9 18."108 18.8611 19.359 19.138 18.290 17.599 IT.388 IT.2'" P Z 
P 2A 18.C2& 18.068 18.25" 19.090 19.071 18.223 17.501t 17.323 n.283 P 2A 
T l 558.379 556 .... 93 555.025 558.034 559.1107 561 .... 8 505.731 5101.334 5109.'1075 T 2 
T 2A 5~8.179 556.'1093 555.025 558.034 559.1101 

501_. __ 
565.1'31 56T.3l1t. 569 •• 75 T ZA 

UUBAR FS '0 ,1095 0.12" 1 0.1017 0.0405 0.0381 0.1127 0.1600 0.1305 0.1170 W8A11 FS 
P2 F.S 1B,3~b 19.494 18.b5l 19.2101 19.234 1B.629 17.95" 17.647 17.;100 PZ FS 
LOSS PARA FS O.U37D 0.U422 0,0370 0.0143 0.0140 0.0434 0.0634 0.0;20 0.0473 LOSS PARA FS 
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TobIe A-n. mode Element Performance (Continued) 
Stage E, Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 100.29 Equivalent Rotor Speed = 4222.38 Equivalent Weight Flow = 10:1. 95 

Tip Radial Distortion 

INLET 
PCT SPall 96.80 92.00 86.90 1l.00 ~.50 21.10 12.00 1.10 3.00 I'C T SPall 
0'"' 33.122 33.529 33.962 3!1.31Z 31.Ul 38.9~ ~.321 ~.131 41.015 DIA 
8ETA 0 -<'.000 -i). 001) -i) .000 -i).000 -4.000 -4.000 -4.000 -4.000 -4.000 BETA 0 
BETA I -o.OOC 000.000 -4.000 ~.OOO ~.ooo -4.000 -0.000 ~.ooo ~.OOO BtTA I 
V " 39"'.21 394.Z1 39 .. 21 394.21 ' .... 21 3 ... 21 394.21 3 .... 21 394.21 Y II 
V I 510.5(0 530.28 528.12 524.32 505.n 311.94 331.12 335.01 ,.9.04 Y 1 
VI 0 39"'.ZI 39'" .ZI 39"'.21 39"'.21 3 .... 18 3M.15 3M.1I 3 .... 11 3 .... 11 VI 0 
VI I 510.50 530.Z8 528.12 524.31 505.13 318.81 331.14 334.99 318.96 YI 1 
V-THETA .. ~.QCo -i) .00 -0.00 ~.OO -4.00 -4.00 -4.00 -0.00 -0.00 V-THETA 0 
V-THETA 1 -0.00 -o.OU -0.00 -4.00 -i).00 -4.00 -4.00 -4.00 -i).00 V-11fETA 1 
II 0 0.3516 0.3516 0.3516 0.3576 0.3516 0.3576 0.3576 0.3576 0.3516 II 0 
II I ':'.4671 0."'1161 O • .a~ 0.4103 0.4620 O.34M 0.3O~ 0.3029 0.Z881 

" I TURN D.1l 0.0 0.0 0.0 0.0 0.0 0.0 G.O 0.0 TURN 
WBAR 0.6921 0 • .039 0.3<W>O O.~ 0.5238 1.3429 1.5601 1.5162 1.6246 UUBAR 
OFAC -(,.295 -o.34!1 -0.3.0 ~.330 -G. 2111 0.039 0.143 0.150 0.191 DF'" 
E~P 0.5031 0.67111 0.1016 0.1016 0.5612 -4.0597 -4.2011 ~.2091 -G.2626 EFFP 
lI~CID -0.0000 -G.OOOO -G.OOOO ~.OOOO -4.0000 -4.0000 -4.0000 -G.OOOO -i)._ IIIICID 
D~V" U • .:>OO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.- OEYII 
P 0 15.113 15.113 15.113 15.113 15.113 15.113 15:113 15.113 15.113 P 0 
P I 1"'.193 15.177 15.254 15.256 n.on 13.929 13.6~ 13.6111 13.554 P 1 
T 0 518.700 518.100 518 .100 518.700 511.700 511.100 518.100 518.100 518.700 T 0 
T I 518.700 5111.700 518.700 511.700 51'.700 nl.l00 5111.100' 5111.700 518.100 T 1 

R01OI1 ~ PCT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPall 
DIA 33.236 33.621 34.001 35.164 36.106 38.241 39.405 39.791 ~.176 DU 

10TOR -L.E. BETA I -0.000 -G.OOO -G.OOO -4.000 -0.000 -4.000 ~.OOO -4.000 -G.OOO BHA I 
10TOl< -T.E. BETA Z "'1.39& 38.311 35.812 33.635 36.213 "'5.151 56.372 60.992 64.322 8UA ~ 

SETAl PilI 1 50.013 "'7.5"'7 41.2112 41.511 51.377 60.531 63.977 64,,3Z4 65.5Z0 8ETAIPRI I 
BETAIPRI 2 26.""'5 26.231 25.619 25.1115 21.427 34.195 44.612 "'1.663 50.920 BETA I P" 2 
V 1 511.81 56'0.97 !l77.38 514.3Z 545.16 ~5.n 363.54 361.711 M5.31 V I 
V 2 59Z.36 615.05 643.28 617.21 658.39 587.Z0 526.41 ~21.55 516.22 V 2 
VI I 511.11 56"'.84 ~17.31 ~14.Z' 545.19 "'04.01 361.15 359.21 343.06 VI 1 
VI Z 44"'.33 462.19 ~21.65 ~63.8Z 531.00 "'".35 291.21 252.10 223.!I'" VI 2 
V-THETA I -0.00 -G.OO ~.OO -G.OO -4.00 -4.00 -4.00 ~.OO -D. 0(, V-THETA 1 
V-THETA 2 3'1.10 381.n 316.38 315.10 388.13 420.22 437.93 455.13 464.93 V-THETA 2 
VIPRI I 19b.'" 836.9 851.1 861.0 173.9 8ZZ.Z 824.2 130.2 121.8 VIPRI 1 
VIPIII 2 ""10.1 531.6 518.5 626.3 60"'.1 499.1 "'10.3 315.8 355.1 Y'PRI 2 
'ITHETA PRJ -610.1 -611.'" -6Z~.2 

__ 9.5 
-682.4 -115.1 -139.1 -1"'7.2 -153.5 VTI*TA PRI 

VTotETA PRZ -220.b -231.6 -250.1 -zn.7 -ZI1.4 -284.5 -288.1 -2n.", -215.3 VTltETA PII~ 
U 1 610.10 611.44 625.23 649.53 682.39 715.09 139.10 741.19 153.45 U 1 
U 2 612.32 619."2 626.53 641.84 616.26 104067 125.98 133.09 1~.19 U 2 
I'i 1 0.468" 0.5195 0.5316 0.5286 0.5010 0.,..3 0.3291 0.3215 0.3123 II I 
" 2 0.52"'1 0.5"'68 0.5743 0.6051 0.5863 0.5181 0.4601 0."'5"'9 0.4491 

" 2 "IPIII 0.1288 0.1696 0.7835 0.1980 O.IOll 0.1463 0.1462 0.1515 0.1496 "IPRI 
IIIPRI 2 0."'39'" 0."'179 0.!H65 0.5596 0.5380 0.4404 0.3586 0.3218 0.3089 IIIPIII 2 
TURN'PIlI 23.603 21.306 21.660 22.103 22.930 U.6I' 19.238 16.604 14.551 TURNIP. I 
UUBAR 0.1310 0.1431 0.0905 O.046Z 0.0919 0.1370 0.25'" 0.3009 0.3264 WIIAII 
L(,SS PARA 0.0355 0.0318 0.02"'2 O.OUI 0.0277 0.0318 0.06Z1 0.0111 0.0129 LOSS PARA 
OFAC 0.5198 0."'916 0."'516 0.4105 0.4514 0.5636 0.684'9 0.1380 0.7615 DfAt 
EFFP 0.8203 0.8144 0.9111 0.932Z 0.9131" 0.953!l 0.8144 0.18n 0.1561 EfFP 
EFF 0.81"'1 ;).8089 0.9082 0.9291 0.9098 0.9516 0.80t4 0.1'152 0.7410 EFF 
I~C'D -2."19 -3.369 ~.296 -3.524 -2.626 4.545 5.301 2.035 -2.622 INClD 
DEV" 11.25b 12.077 10.985 7.174 5.Z17 1.235 13.056 1"'.52" 14.945 DEYII 
P 1 1"'.193 :15.177 15.254 15.256 15.011 U.929 13._ U.618 U.554 P 1 
P Z 18.393 18.693 19.(099 19.521 19.265 U.329 11.666 11.613 11.559 P 2 
T 1 51B.100 518.100 518.100 518.700 518.100 518.100 518.100 518.100 518 .lC,O T 1 
T ~ 559.589 558.039 55b.5\10 559.466 560.751 563.178 567.971 569.118 512 .001 T "t 

STATOR E PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PC T SPall 
DIA 33.201 33.564 33.921 34.992 36."'20 31.141 38.919 39.216 39.633 OlA 

STATOR-L.E. BETA 2 41.706 :>8.1"'1 35.1"'" 33.617 35.651 45.58'" 51.941 63.969 69.361 8ETA 2 
STATOIl-T .E. anA 2A -1.100 1.230 2.000 2.200 1.530 0.290 ~.900 0.150 0.050 BETA 2A 

V 2 ~88.86 618.29 654.28 677.21 668.33 519.19 518.2'" 508.66 498.26 V Z 
V 2A 410.51 <Wol.09 416.20 558.56 550.59 470.11 404.11 388.23 392.1'" V 2A 
'IZ 2 439.62 4B6.23 535.01 563.46 ~.IO 412.59 21 ..... 223.15 In.51 VZ2 VI 2A "'70."'9 't60.91 "'75.89 558.07 550.21 470.59 404.33 381.88 391.73 VZ 2A 
V-THETA 2 391.17 381.90 316.51 315.46 389."2 4Z1.0I 438.99 456.89 466.16 V-THETA 2 
Y-TH~TA 2 ... -'iI.03 9.90 16.62 21.44 14.10 2.31 -6035 1.02 0.34 V-THETA 2A 
" 2 0.521'" 0.5498 0.51141 0.6051 0.5958 0.5206 0.4526 0."52 0.4129 

" 2 PI 2A 0."'121 D • .o46 004189 0.4933 0.4154 0.4116 0.3501 O.:U55 0.Dl3 II 2A 
nntNIPR D "'Z.805 30.916 33.138 31."'11 34.109 "'5.251 51.195 63.776 69.211 TURNI'RI 
UUbAR 0.0196 0.1215 0.1169 0.0610 0.0_ 0.0232 -4.0018 0.023'1 -i:.~0 WBAII 
LOSS PAllA 0.0066 0.0"'3'" 0.0609 0.0238 0.0129 0'.0089 -4.0031 0.0092 -4.0020 lOSS PARA 
DfAC 0 ... 30Z 0."'592 0."'618 0.3614 0.3845 0.4163 0.5613 0.5'912 G.5922 OFAC 
HfP 0.9512 0.1"'1'" 0.6638 0.111'" 0.9055 0.90425 1.0115 0 ...... 11 1.0123 EFfP 
INt!D -tI."'62 -5.2.0 -5.151 -4.353 -1.048 9.115 19.238 20.801 lc.rn INCID 
DEYPQ 7.132 12.542 13.310 13.115 12.~ 11.956 11.S41 12.830 ".904 DIE'"' P 2 18.393 18.693 19.099 19.521 19.265 .1.329 17.666 11.613 n.559 P 2 
P 2A 18.332 18.250 18.401 19.240 19.121 18.257 17.614 17.561 11.51'0 , U. 
T 2 559.589 558.039 556.!>90 559.466 560.751 563.111 561.971 569.118 512.007 T 2 
T 2A 559.519 558.039 556.590 559.466 5~.!51 56.3.178 567.911 569.n8 57O£,Q07 ,v 2A 
UUBAR FS 0.0821, 0.1<85 001119 0.031,1 0.0506 OollH 0.1778 001425 001360 uuaM fS 
P2 FS 18.605 18.696 18.835 19.380 19.332 18.659 18.189 17. Y21 17.905 PZ FS 
LOSS PARA FS 0.')277 0.0'">7 3.040; 0.0121 0.01B7 0.0451 0.0706 0.0)b7 0.0544 LOSS ""ItA FS 
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Tnhle A-G. Blnde Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equi\'alent Rotor Speed = 90.40 Equivalent Rotor Speed = 3805.68 Equivalent Weight Flow' 105.22 

Tip Radial Distortion 

INLL T 
PCT SPAN ~1>.80 92.00 86.90 71.00 49.50 28.10 12.00 ".10 3.00 PCT SPAN 
lJlA 33.1<2 33.529 3).962 35.312 37.137 38.954 ~.321 40.737 41.085 OU 
UETA -v."o~ -v.coo -iJ .000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.0011 BETA 0 
bUA -O.CCO -C. ;)00 -o.ooe -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
v \) 398.05 398.05 3~8.0S 398.05 398.05 398.05 398.05 398.05 398.05 V 0 
V 1 511>.10 S~8.78 5]1>.1>2 538.54 523.08 .. 16.32 310.76 3.,0.:J8 353.4" V 1 
YZ 0 3q8.\j~ 3~8.05 398.05 398.04 398.02 39.,.98 39.,.95 39.,.94 397.9" VI 0 
Vl 1 511>.~9 538.78 531>.1>2 538.53 523.0" 4110.21> 370.1>7 370.28 353.37 Vl 1 
Y-THETA -o.e(l -() .00 ~.OO -0.00 -0.00 -0.00 -0.00 -0.00 -O.OJ V-THETA 0 
Y-n.~u -v.e.o -0.00 -c.oo -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
~ () 0.3011 1>.3011 0.3bl1 0.3Ul 0.3611 O.]Ul 0.3bH 0.3Ul 0.3611 II 0 

'" 1 \) ... 725 .:1.4 .... 2 0."922 (,.4940 0.4.,92 0.3782 0.3358 0.3355 0.3198 II 1 
TURN c.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN 
UUbAk 0.1>'1"'1 0."1(,6 0.3530 0.3498 0.525'1 1.3550 1.57"1> 1.511"0 1.1>314 W8AR 
LJFAC -c..2'17 -0.35" -Il.3 .. & -0.353 -0.314 -0.046 0.1169 0.070 0.112 OFAC 
EF~P C.5".9 C.1>807 0.709 .. 0.71"6 0.5909 0.064" -0.0902 -0.0909 -0.1456 EFFP 
INC I() -0.0000 -(0.0000 -o.DOO\) -0.0000 -0.0000 -o.oooe -0.0000 -0.0000 -0.0000 INCIO 
DEVil 0.-:'0(, 0.000 11.000 0.000 0.000 0.000 0.000 0.000 0.000 DEVIl 
P 0 15.71>b 15.7b6 15.71>1> 15.766 15.766 15.766 15.71>6 15.766 15.766 P (J 

P 1 1".8<2 15.208 1S.286 15.290 1~.051 13.925 13.621> 13.61) 13.549 P 1 
T C 51S.7L,..~ 518.100 5U."OO 518.7(10 518.700 518.700 518 • .,00 518.700 He.700 T 0 
T 1 518.700 518.100 HS."OO 518.700 5111.700 518.700 518.700 518.700 518.700 T 1 

KO rl:1I ~ PCT SPAN 95.00 90.00 85.00 "O.ClO SO.ClO 30.00 15.00 10.00 5.00 PCT SPAN 
DIA 33.236 33.621 34.001 35.164 31>. '7t)6 38.248 39.'t05 39 • .,91 'to. 171> OlA 

~UTui -L.(. 8ETA I -U • .:'-OO -<l.oeo -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 1 
kCTul"'. -T.E. 6fTA 2 3:;.~98 32.0~" 30.662 28.988 29.587 3~.695 "1.260 ..... 309 109.592 8fTA 2 

OC TAl PRI "6.750 ..... (,97 43.819 ..... 730 .. 7.399 55.387 59.223 59 •• 27 60.119 BETAIPRI 1 
bE TAl P~) 27.255 2b.195 25.951 25.863 2B •• ]!'> 33.040 38.788 "2.528 .. 7.075 BETAIPIII 2 
V 1 511.39 57 ... 106 587.32 591.01 566.29 .... 6.66 399.71 't00.70 383.30 V 1 
Y 2 551.38 589.16 608.13 642.62 631.15 572.0,6 518.78 488. ~8 "58.13 V l 
Yl I S.7.29 57".33 587.15 590.97 565.59 ......... 8!'> 397.08 )97.85 380.BO Vl 1 
Yl 2 4-"8.~~ "99.32 523.09 562.10 5 .. 9 ... 8 41>3.99 389.11> 3108.98 :<96.53 Vl 2 
V-THE TA 1 -O.1l0 -0.00 -0.00 -0.00 -o.OCl -0.00 -0.00 -0.00 -0.00 V-THET A 1 
Y-THE TA 2 32(,.910 312.61> 310.13 311.42 3U.98 333.35 341.50 )4(,.66 ~8.32 V-THETA 2 
VIPRI, I 755.0 799.8 813.9 831.9 836.0 784.2 711.3 783.6 779.8 VI PII' 1 
YIPRI 2 5010.3 551>.5 581.8 624." 625.1 5510.3 500.10 .. .,4.5 436.1 VIPRI 2 
VTHETA PRI -5"9.9 -556.5 -563.5 -585.4 -1>15.0 -6 ..... 5 -661>.7 -673." -679.1 YTH~TA Pill 
YTHlTA PII2 -231.0 -2"5.1> -254.6 -272 .5 -297.5 -lOl.8 -312.8 -320.1 -318.8 VTHElA PR2 
U 1 5"9.89 551>.~1 563.53 585."3 615.05 6 ..... 52 666 • .,0 673.45 1>79.10 U 1 
U 2 ~51.89 558.29 51>".70 583.91 609.52 635.13 b54.~ 1>60.'1''' 667.14 U 2 

'" I (, ... 737 0.5287 0.5412 0.54'>8 0.5208 0.'t066 0.3627 0.3636 0.3't1" II 1 

'" 2 0.10909 G.5213 0.5"1>1 0.5774 0.5668 0.5093 0.10585 0."'30" o • 'tOle II 2 
MIPRJ ,.6913 0.1361 0.7501 0.71>1>9 0."1>89 0.1139 0.70510 J.7111 O • .,01>8 IIIPR I 
M(PR) 2 ..... 't-'t9(J iJ.4981 (1.5224 0.51>13 0.5606 0."935 0.4"23 0."119 0.3827 "'I PIli 2 
TURNIPRI lQ.'t91 17. &98 11.866 18 .81>6 18.9"2 22.290 20.359 16.823 al.585 TUIU",Pkl 
UU~AR ... 1663 U.1s .. 9 0.1289 0.0855 0.0855 0.051>1 0.1223 0.1808 0.21>33 WBAR 
LOSS PARA (,.C .. 21> c.. 0 1oU8 0.03 .... 0.023., 0.OZ"2 0.0158 0.0331 ";.0467 0.0635 lOSS PA ... A 
OF,,"C :.455" 0.10191 ~.3985 0.36 .. 1 0.3719 (J.lt3!;l 0.50.,4 0.5"55 0.59.,5 OF"C 
~ Ff P C.7ubl 0.13"9 0.8118 0.8383 0.852" 0.97103 0.8.,21 (1.7190 0.1>193 EFFP 
EFF C.l~26 0.7295 0.8078 0.8343 0.8"~1> 0.9735 0.&083 ".772'1 0.1>713 EFF 
INClu -'.1>81 -6.81'1 -6.759 -7.312 -0.6060 -0.1>09 0.531 -2.881 -7 ..... 1 JNCIO 
DEY'" 1".100 12.0]5 11.317 7.222 5.225 5 ... 80 ".164 9.389 11.098 DEVil 
P 1 1 ... 8il 15.208 15.286 15.Z90 1~.051 13.925 13.1>26 13.1>13 13.5"9 p 1 
P 17.1 bl 17.5"3 17.768 18.1::13 18.00.. 11.2"2 16.759 11>.470 1".111> P 2 
T !ilH.7vO ~lB.7:lO 518.700 518.700 518. no 518.700 ~18. 700 5111.700 5111.700 T 1 
T 55\J.3 ... 5 ..... 315 5"b.904 5"9.7~ 550.800 55Z.24S 555.089 '!>51>.230 '!>51.958 T 2 

:.T t TOR ~ peT SPAN 95.00 90.1l0 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
DIll. 33.lC.7- 33.51>4 33.9Z1 34.992 36.420 3.,.1148 311.919 39.276 39.633 DU 

SlAl~k-L.~. BEU Z 35.836 31.88Z 30.1 .. 1 29.023 29.173 35. 57'!> 42.142 "5.197 52.UO 8HA 2 
SIATGk-T.E. BETA 2A -C..bOO C.800 1.200 0.800 -0 • .,00 1.150 2.601 2.251 -G.OOIJ 8ETA ZA 

V 2 5-<0 ... 27 592.17 617.95 6"2.62 bfol.~ 574.1>5 510.68 4"1>.13 .... Z.88 V 2 
Y 2A "~1.2" "'19.18 52b.22 582.10 576.117 52".63 4101.90 412.61 ~9.68 V 210 
YZ 2 44 ...... 7 502.B3 534.38 51>1.82 559.70 467.00 378 .30 332.15 2.,1.79 VZ 2 
YZ 2.1 "57.21 "99.12 521>.08 581.96 575.84 524.21 .. 41.09 411.92 399.26 YZ 2A 
V-THETA 2 32C.99 312.71> 310.28 311.71 312.106 33 ... 0 .. 342.33 3't 1.5Z 349.24 V-THETA 2 
Y-T!H'TA 2.1 _.19 1>.97 U.02 8.13 -7.0" 10.53 20.03 16.19 -0.00 V-THETA 2A 
M L 0."880 0.5)OZ 0.555 .. 0.5774 0.5756 0.511., 0.45U 0.4196 0.3882 .. 2 
'" 2A C.100''(O 0 ..... 33 0.'0690 0.5200 0.5138 0.4652 0.3883 0.3615 0.3't91o .. 2A 
TURNIPRI lb.4t3b 31.081 l8.9'tO 28.21., 29.856 3".392 39.4M 43.495 52.052 TURN IPR I 
UUBAR 0.1"31 0.1232 0.10 II> 0.03 .. 2 0.02l'> -0.0259 0.0811" 0.0628 -0.0938 WBAII 
LOSS PARA u.04t1~ 0.0419 0.0350 0.0122 0.0087 -0.6100 0.0350 0.0251 -0.0378 lOSS PARA 
DFAC O.36bl 0.3330 ... 3153 0.2624 0.2868 0.3049 0.3862 0.'t092 0.1017" OFAC 
E Ff P 0.51>81 CI.61511 0.1>705 0.8332 0.89'tO 1.1389 0.6., .... 0.7668 1.4.,18 HFP 
INClLl -1 ... 331 -11.5(,6 -10.1"9 -'J.0C/7 -7.531 -0.292 3 ... )'5 2.625 -., .093 INCID 
Di:V ... 8.232 12.112 12.510 11. 77~ 10.312 12.811> 15.0'tO 1".929 ".85" DE on! 
p 2 11.11>7 17.5"3 17.7b1! 18.133 18 .004 17.242 16.759 16.4"0 16.116 P Z 
P ~A 11>.7'18 11.166 17."Zl 18.007 17.919 17.315 16.566 11>.352 16.265 P 21. 
1 ? ~50.j, ... 8 5 .. 8.315 ~"6.904 549 • .,310 550.800 55Z.24!> 555.089 551>.230 557.958 T 2 
T lA 550.:;"8 5"11.315 ,5~,.904 5"9.134 5511.800 552.2"5 555.089 556.230 5'''.958 TZA 
UUBAR fS 0.2&5~ o. 'I 'l il 0 0.0842 0.Ob19 0.0407 0.04S6 0.2041 0.U7B 0.1739 UOUR FS 
P2 FS 11.597 17.559 17.7C. 18.,40 18.0b9 17.4b3 17.07b lb.~13 Ib.b31 PZ FS 
Less PARA FS v.v~y" 0.U435 0.0290 U.U121 0.0151 0.0187 0.U808 0.U03U 0.0701 lOSS PARA FS 
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Table A-6. Blade Element Performance (Continued) 
Stage E. Rotor E - Stator E 

Calculations Using Translated Values 
Percent Equivalent Rotor Speed = 90.09 Equivalent Rotor Speed = 3792,92 Equivalent Weight Flow = 99.16 

Tip Radial Distortion 

INLET 
PtT SPAN 96.8~ 92.00 86.90 71.00 ".50 21.10 U.OO 7.10 3.00 I'(T SPAIII 
CIA 33.122 33.529 33.962 lS.U2 31.137 3I.'~. .0.321 .0.731 .1.0ll~ DIA 
8ETA (> -(: .uOO -c.OOO -C.OOO -C.OOO -c. 000 -0.000 -c.000 -C.OOO -c.000 IIUA 0 
8 ETA 1 -Q.OOO -c. 1100 -c.000 -C.OOO -0.000 -0.000 -0.000 -0.000 -0.000 IIETA 1 
v 0 376.75 376.1!> 176.1!> 376.75 376. ?S 376.75 1'76.75 316.75 376.75 Y 0 
V 1 41".96 496.76 .93.35 .90.16 .71.16 156.30 309.20 Jot.~ 297.71 'I 1 
Vl 0 :>76.75 376."" 376.75 376.75 37'.7] 376.69 376.66 376.65 376.65 no 
Vl 1 "7".96 1096.76 1t93.35 .90.75 • n.u 356.2 • 309.13 309.38 197.63 'IZ 1 
V-THE TA 0 -c.co -(; .00 -c. 00 -c.oo -c.oo -C.DO -o.DO -c.OO -c.oo 'I-TtfETA 0 
V-THETA I -c.GO -0.00 -c.oo -C.OD -c.co -0.00 -0.00 -C.DD -0.00 Y-THfTA 1 
H 0 0.3to1~ 0.3.1. 0.3'U4 0.3"1. 0.3414 0.3414 D.3414 0.3414 0.341. 

" D 
" ! 

C •• 333 0.45'10 0 •• 50S D ... ,1, D.4297 0.11'24 D.Z191 0.2'"3 Q.Z'S6 " 1 TUI'.N CI •• 0.0 0.0 0.0 0.0 O.D 0.0 0.0 0.0 TUrlIII 
UUUR 0.6800 0.3857 0.329 .. 0.3286 0.5131 1.3125 1.519' 1.533' ] .5971 UUUR 
OFAC -0.261 -0.319 -0.309 -C.303 -0.251 0.054 0.179 0.179 0.210 OF"C 
EFFP 0."722 0.6670 CI.69,,5 0.61S97 0.5331 -O.08n -C.2616 -C.Z642 -C.30IJ3 EFFP 
lNCIO -.) .OOCCI -0.0000 -0.0000 -0.0000 -C. Il000 -c. 0000 -c. 0000 -c.OOOO -c.ccoo IllItlD 
OEVI'l 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DEW! 
P 0 15.596 15.596 15.591> 1~.596 15.596 15.596 15.596 15.59/0 U.596 P ° P I 14.71~ 15.130 15.198 15 .199 14.976 1 •• 010 13.760 13.743 !l.666 P 1 
T 0 516.700 518.100 518.700 $lS.700 5U.70C 5!B.700 518.700 518 .700 518.700 T 0 
T 1 5U.70C 518.700 518.700 518.700 51;.700 511.700 511. TOO 518.700 5i8.700 T i 

~o Tell. E PCT SPAN n.ao 110.00 85.00 70.00 50.00 ]0.00 15.00 10.00 ~.oo PCT$.PAN 
l)1A 33.236 33.621 3".007 35.164 36.1'06 38.2" 39.405 39.791 .0.176 DIA 

ROJLok -L.~. BETA I -(;.(;00 -0.000 -0.000 -0.000 -c.ooo -c.OOO -c.000 -0.000 -0.000 BETA 1 
iWTUP. -T.E. BHA 2 39.598 36.01>C. 33.976 32 .~87 3 •• 095 "1.171> 49.522 52.746 56.815 BETA Z 

8ETAIPRD I "9.022 ~."23 ~.276 47 •• 51 50.4.0 59.430 63.579 63.125 64.707 IIETAfPRI 1 
8ETAIPRI 2 26.247 21> ... 94t> 26.223 25.9n 211.533 :U.9., 39.~ 44 •• 15 47.649 BETAIPItI 2 
V I "71>.13 527.88 537.23 535.49 507.54 '10.9' 332.33 333.73 321.93 Y ! 
V 2 5"0.70 561.18 581.8" 613.82 601.23 543.96 500.'" "74.70 oW>3.09 V 2 
VI I 416.0 .. 527.76 537017 535.oW> 506.92 379 ... 33C.15 331.36 319.83 VI I 
VI 2 41e.ol 453.bl ~82."9 511.75 .97.68 4ClII.98 331.01 286.98 253.l0 VZ 2 
\I-TH~U 1 -0.00 -0.0(1 -0.00 -0.00 -c.oe -0.00 -c.oo -0.00 -c.oo 'I-!HETA 1 
V-THHA 2 3 ..... 62 330.)1 325.15 329.68 336.89 357.73 314.4' 3n.34 3U.U Y-TtfETA 2 
VIPRD I 7l6.(l 16~.7 n7.2 792.0 795.8 7~.1 742.9 749.6 14'.5 YIPIl' I 
ytPR, 2 .. 6-0.5 506.9 537.11 576.0 566.7 .93.7 432.9 .02.5 376.5 VIPR' 2 
VTHBA PRI ~1Hl. I J"",,54.6 -561.6 -583.5 -1>13.0 -642 •• -1>64.5 -1>71.2 -1>76.' 'ITtfETA PRI 
VTHErA PR2 -2~." -226.1 -237.7 -252.3 -270.6 -275.3 -277.7 -281.2 -In.8 YTtfETA PR2 
U 1 5"d.05 554.640 561.6" 583 •• 7 6U.98 642.36 1>64.46 671.]9 676.112 U I 
U 2 550.0" 556 ... 2 562.80 581.95 607 •• 7 ,.,'.00 652.1. 658.53 664.91 U 2 
~ I 0."344 0."831 0."921 0.4'11 C.~643 0.M53 0.3003 0.3016 0.29011 " ] ~ 2 u.4803 C.SOOI 0.5202 0.5~90 0.531>6 0.4321 0 •• 404 0 •• 165 0.4052 ~ 2 
MIPRI 0.6e'4 0.7017 0.71l8 0.7262 0.7280 0.6769 0.671~ 0.6775 0.6770 H'PRI 
MIPRI , 0."120 0.4518 0."808 O.5U2 0.5058 0.4375 0.31110 0.3531 0.3294 '''PilI 2 
TURNIPI'.I 22.n2 111.92" 20.051 21 •• 79 21.857 25 •• 37 23.523 19.250 17.015 TUIINIPRI 
UUBAR t.llib 0.135" 0.0966 0.0631 0.0815 0.0657 0.1628 0.2205 0.2581 INIAl'. 
LOSS PARA 1).03'02 0.0355 0.0257 0.0175 0.0231 0.0113 0.0433 0.0552 0.0616 LDSS PARA 
DFA' C."97~ 0."6"7 0."323 0 • .007 0."236 0.4989 0.5906 0.6379 0.6791 OFAC 
EFFP 0.7965 C..7872 0.81>82 0.8866 0.8978 0.9772 0.8589 0.7862 0.7"6 EFFP 
EFF ~.7·n5 ".7823 0.~650 0.8835 0.1194' 0.9764 0.85"'" 0.1798 0.7"12 EFF 
INtlD -3.1009 -;4.,,94t> --'.302 -...586 -3.5'3 J ..... ] ".909 I •• " -3 .~38 IIIICID 
DEV .. 11.097 12.33" 11.589 7.337 5.323 6.383 8.372 11.276 11.671 DEV" 
P I 1".77" 15.130 15.198 15.199 14.976 14.010 13.760 13.743 13.666 P I 
P 2 17.~55 17.789 18.0"3 18.383 18.256 17.598 17.152 16.918 16.802 P 2 
T I 518.70~ 518.700 518.700 518.700 518.700 518.700 518.700 51B.700 518.700 T 1 
T 2 551. B (1(, ~50.(l90 5 .. 8.839 551."88 552."38 55 ..... 55 558.150 5~9 •• 06 561.2.1 T 2 

STATOR E PCT SPAN 95.01l 9".00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
DU 33.2(7 33.564 33.921 H.992 36.420 37.848 311.919 39.276 39.1033 OU 

5UTIJR-L.E. enA 2 39.~0~ 35. be8 33.407 32.527 33.621> 41.041 "9.647 5 ... 76 .. 60.IS3 8ETA l 
STATOR-T.E. BETA 2A "':;.9", 1.000 1.900 1.100 -0.000 1.600 l.O81 2.151 1.901 8ETA lA 

Y 2 537.7" 563.9~ 590.87 613.82 609.56 546.33 492.119 oW>3.45 447.63 Y 2 
V 2A 10310.57 "" 1.89 ~2.48 527."3 525.17 "63.42 ]93.11 373.71 372.7" V 21. 
YZ 2 <tl2.75 456.99 493.23 517.44 507.33 .11.77 3111.91 l67.21 22Z.46 YZ 2 
Vl 21. 431>.52 4"1.81 ~62.21 527.210 5U.00 462.97 392.73 373.11' 372.14 V1 21. 
V-THETA ~ 344.b. :nc."z 325.31 329.99 337.~0 358.46 375.3. 378.30 318.17 V-THETA 1 
V-THETA 21. -6.b6 7.71 15.33 10.12 -C.OO 12.93 14.27 1 •• 01 12.35 V-THETA 21. 
M 2 0."71; (;.5(,27 C.5287 0.5"90 0.5 .... 5 0."'.3 0 •• 335 0 • .063 0.391] 

" 2 M 21. 0.38107 (,.3901 0.409" 0.4681 0."656 0.4081 0.3~J6 0.3257 0.32.3 H24 
TURNIPRI 4\J.1o~ 34.867 31.505 31 ... Z1 33.609 3'.406 47.518 52.565 58.233 TURNIPRI 
UUeAR O.C~"1 ~.1201 0.1334 0.0452 0.0213 0.0130 0.0107 0.0356 -C.0151 weAR 
LOSS PARA O.uZOlo ('.0 .. 09 0.Clt59 O.tlbl 0.0079 C.OO5U 0.0320 0.0142 -C.0061 LOSS PARA 
DFA(; 0."084 0."114 0.3981 0.321>3 0.3 •• 1 0.3965 0 •• 939 0.5099 0.5080 OFAC 
EFFP 0.8~b'l 0.7159 0.6880 0.8~66 0.9265 0.9578 O.79n O.90oW> 1.04-64 EFFP 
INCH' -".302 -7.52(1 -b.883 -5.503 -3.071 5.173 10.939 U.595 0.987 INCID 
Of V" 7.9)2 12.312 13.Z10 12.075 11.012 13.265 1 •• 520 ]4.829 6.753 DEV" 
P 2 17.~55 11.789 18 .0,,3 18.383 18.256 17.598 17.152 16.918 16.80l P 1 
P 2A 17.'001 11.450 17.626 IS .22' 18.185 17.56~ 16.911. 16.854 16.827 P 21. 
T 2 551.H~O 550.090 5"8.839 551.488 552 •• 38 55 .... ~5 558.150 559.1t06 561.2.1 T 2 
T 2A 551.8VO 550.090 548.839 551.488 552 •• 38 "".455 558.150 559.~6 51>1.2.1 T 21. 
UUBAR FS 0.1296 0.1312 o olOB9 0.0281 0.0208 O.ObB 0.1611 0012'04 0;i155 uUBAIt FS 
P2 FS 17.755 l7.R24 17.957 18.323 18.254 17.750 17.352 17.103 17.050 P2 FS 
LOSS PARA FS O. Ili+ 35 O.U~'+7 0.0374 0.0100 0.-0011 0.0159 0.0641 0.010910 0.04101> LOSS PARA FS 
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Table A-S. Blade Element Performance (Continued) 
Stage Eo' Rotor E - Stator E 

Calculations Using Translated Values 
Percent EquIvalent Rotor Speed = 89.78 EquIvalent Rotor Speed = 3779.77 Equivalent Weight Flow = 94.04 

TIp RadIal Distortion 

INLET 
PC:T SPAN 9b.bC 92.00 86.9() n.oo .... 50 21.10 u.oo 7.10 3.00 IItT "AlII 
OU 33.112 33 .529 33.9U 35.]11 37.137 31.954 4O.3Z1 40.737 41.oe5 OIA 
BETA t -0.000 -0.0(,0 -<-.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA 0 
BHA I -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA 1 
v 0 357.56 357.56 357.56 357.56 357.56 357.56 357.56 3!17.56 J!l7.56 Y 0 
Y I ~50.23 ~6.52 465.13 464.91 ~.47 nO.14 ZI •• 44 2'5.22 Z65.6. Y 1 
VZ 0 3H.!>/) 3'H.56 357.~ 357.55 357.53 357.50 357.47 357 ... 357 ... YlO 
vz 1 450.23 466.52 465.13 ~4.90 444.43 nO.7I 289.36 215.14 265.62 Vl 1 
Y-TH~TA D -{'.IIO -o.e.o -c.. DO -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA 0 
V-THETA I -o.e.o -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-T1tITA 1 

" 0 
0.32)6 0.3236 0.3236 0.3236 O.ll" 0.3236 0.3U6 0.3236 0.32'6 N 0 

" I 0."100 0."25~ 0."240 0."238 004_ 0.2990 0.2610 0.2571 0.D'3 N 1 
TURN u.c. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN 
UU8AR 0.bl63 u.3'P~ 0.321e. 0.3219 0.5081 1.2867 1.49" 1.50n 1.5795 WSAII. 
OFAC: -C.l59 -0.305 -o.31l1 -0.300 -0.243 0.075 0.191 0.202 0.257 O""'C: 
~FFP O.~907 0.6602 (, • .,23 0.6911 0.5251 -0.1256 -0.2947 -0.3131 -0.3.6. fffP 
INC:IO -o.OOCO -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 INtIO 
DEY" 0.000' 0.000 0.000 0.000 0.000 0.000 10.000 0.000 0.000 DEYN 
P 0 15.484 15.~8" U."84 15 ... 8 .. 15.~1I4 lS.4II~ 15."84 15.414 15.4'4 , 0 
P 1 l~.S(,~ 15.016 15.136 i5.!35 14.933 14.090 13.'62 13.'52 13.113 P I 
T 0 518.700 518.700 518.700 518.700 518.700 !lll.700 518.700 51 •• 700 518.700 T 0 
T 1 518.7C.0 518.700 518 .700 518.700 5i11.700 !U8.700 511.700 51 •• 700 511.700 T 1 

~OTl,;R l PC:T SPAN 95.00 90.00 85.00 70.00 §D.OO 30.00 15.00 10.00 5.00 IItT S,AIII 
OIA 33 .l36 33.621 3~.007 35.IM 36.706 311.246 39.405 39.791 40.176 DU 

~OTO~ -L.~. BHA 1 -C.UOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA I 
ReTo" -T.~. BETA 2 40.99~ 37.B63 3!>.787 3".085 36.501 44.862 5S.630 59.818 62.744 BETA 2 

SETAIPRI 1 50.437 ~8.179 47.9 .. 2 46.976 52.003 61.200 64.998 65.483 61'.a.l 8ETA "II., 1 
SETAIPRI 2 25.795 Z5.981 25."80 25.796 Z8 .516 34.535 43.4 .. 46.557 47.684 8UA"R, 2 
V 1 "51.31 ~9".67 505.05 505.91 477.19 353.3" 310.84 307.24 286.90 V 1 
Y 2 537.00 555.35 577."2 603.66 587.06 529.19 ~77.96 470.76 476.37 V 2 
VZ I .. 51.22 .. 9 ... 55 5"".99 505.811 "77.20 351.91 3011.10 3CJ'j .06 2'5.03 III 1 
VZ 2 405.29 "38.42 "68.39 ~99.94 471.73 31~.73 269.S4 236.46 218.00 '11 2 
V-TH£U -0.00 -0.00 -0.00 -0.00 -0.00 -o.co -0.00 -0.00 -0.00 Y-THET ... 1 
Y-THE TA 352.25 340.8~ 337.105 338 .30 349.07 372.92 39~.IO 406.57 423.16 V-THETA 2 
VIPRI I 7'8.5 7~1. 7 753.9 770.7 775.5 731.2 731.5 736.1 733.0 VIPR, 1 
YIPRI 2 .. SC.2 487.7 H8.9 555.3 537.J 455.5 372.2 344.5 324.3 YIi>RI 2 
VTHErA PRI -~4b.2 -552.7 -559.7 -581." -610.9 -640.1 -662.2 -6611.9 -674.5 Y1HfTA Pltl 
YTHETA PII,2 -195.9 -213.1> -223.2 -2"1.6 -256.3 -257.9 -255.8 -249.7 -239.4 V THE T ... PR2 
U 1 '''6.15 552.72 559.69 581.'" 610.86 640.14 662.16 6611.86 674.47 U 1 
U 2 5~8.n 55".49 560.85 579.93 605.37 630.80 649.88 656.24 662.60 U 2 

" 1 0.~1l0 0.~520 0.4619 0.4627 0.4360 0.3197 0.2.06 0.2773 0.2587 .. 1 
II 2 0.~71>4 0.49~3 0.5155 0.5390 0.5229 0.4679 0.4193 0.4123 0.4167 II 2 
"IPRI ('.1>452 0.6778 0.61195 0.7050 0.7077 0.6616 0.f>603 0.6643 0.6609 "IPR' 
.. IPRI 2 0.;;199" O.~3"1 0.4632 0."'!>8 0.47B~ 0.4028 0.3265 0.3017 0.2837 .. ,Pil.I 2 
TURNIPI'I' 2~.63B 22.19'" 22."59 23.179 23.468 26.619 21._ 18.875 19.375 TURN "II. , 
UU8AR O.12~8 0.1205 0.0788 D.0~6 0.0905 0.1093 0.2380 0.2864 0.3093 W8A. 
LOSS PARA 0.1)325 0.0318 0.0211 0.0129 0.0256 0.0303 0.0599 0.0691 0.0738 LOSS 'AlIA 
OFAC: 0.5069 11.4774 0,~""9 0.4144 0.4517 0.5473 0.6764 0.7239 0.7602 DFAC 
EFFP v.8(HI'o 0.8229 0.9065 0.9128 0.9031 0.9421 0.801!> 0.768!> 0.7683 Hr-P 
EFF C.8t) .. 0.8185 0.9040 0.9103 0.9003 0.9409 0.7954 0.7614 0.7610 EfF 
INC: 10 -1.99~ -2. 'P3! -2.637 -3.067 -Z.OOO 5.215 6.334 3.199 -1.043 INC:ID 
DEV" lCi.I>46 11.821 10.8~ 7.155 !;.306 6.975 11.873 13.418 11.707 DE VI'! 
P 1 1 ... 1:105 15.076 15.136 15.135 1~.933 14.0.0 13.862 13.152 13.773 , 1 
P 2 17.714 17.935 18.209 lB.~93 18.304 17.671 17.166 17.10Z 17.151' , 2 
T I 518.700 518.700 518.700 !>18.700 ~111. 700 ~1I.700 511.700 518.700 !>18.700 T 1 
T 1 551.046 !>50.913 '49.813 552.279 553.201 555.555 !>59.769 560.993 56Z.7711 T 2 

STATOR E P(;T SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 IItT S, ..... 
DU 33.2~7 33.56" 33.921 34.992 36.1020 37.848 38.919 39.276 39.633 DIA 

STATC.R-L.E. 8fTA l ~1.281> 37.1>60 35.183 3'0.128 36.000 44.715 57.090 112.515 67.228 BU ... 2 
51 AiOR-T.~. bETA 2A -0.600 1.250 2.200 2.000 0.750 1.000 -0.250 0.850 1.751 BETA ZA 

v 2 533.95 5,8.07 5811.32 603.66 595.04 '31.46 470.81 ~59.65 460.30 Y 2 
YlA 422."0 .. 2Z .18 ~37.'5 504.85 4911.90 4Z8.24 374.23 355.47 360.23 V 2A 
VZ 2 "Ol.a "41.78 ~79 •• 9 499.61 ~1.18 377.42 255.67 212.0!l 17'.11 Yl2 
YZ 2A '022.37 422.u7 437.21 50~.~7 ~98.119 .. 27.93 373.93 3!15.lI 359.6. Vl 2 ... 
Y-THE TA 2 352.31 340.910 337.82 338.62 349.61 373.69 395.06 407.110 42~.i1.9 V-THET'" 2 
V-THETA 2A -4."2 9.ZI 16.79 17.62 6.53 7.~7 -1.113 5.27 10.99 V-THETA 2 ... 
" 2 0."7310 0."961 11.52]9 0.5390 0.5304 0.4700 0.4128 0.4022 D.402Z 

" 2 " lA 0.3716 11.3720 0.3863 0.4469 0.4410 0.3758 0.3261 0.3091 C1.31Z8 N 2 ... 
TURN.PRI 41.B8b 36.~O9 32.981 32.121 35.232 43.680 57.295 61.621 65.436 TUMIPIII' 
UU~AR 0.046tt u.1223 0.1561 0.0508 0.0195 0.0352 -0.0033 O.OZIO 0.0449 WIAR 
LOSS PARA ".UI5H C,.OltI6 v.0537 0.0180 0.0072 0.Cl136 -0.0013 0.0112 0.0181 LOSS PARA 
DHC: C."34~ 0.""60 e. ... ~24 0.3531 0.3758 0.4608 0.5407 0.5787 0.5117 Ol''''C EFFP O.8~H 0.7380 0.6792 0.8419 0.9413 0.9011 1.0084 0.9345 0 ... 13 ~"P INelO -8.b81 -5.728 -5.108 -3.902 -0.705 '.1146 18.387 19.352 .. ~ INCID 
D~Y" 8.232 12.562 13.510 12.975 11.76Z 12.666 12.191 13.550 6.603 DEYJII P " 17.714 17.935 18.209 lB."93 18.304 17.671 17.166 17.102 17.150 , 2 
P LA 11.~90 17 .!>9~ 17.n .. 18 .325 18.241 17.58" 17.172 17.052 17.06' , 2 ... 
T 2 SS2:.64,o !>50.933 5"9.813 552.279 553.201 555."~ 5~9.769 ~60.993 !>62.776 1 2 TZA 552.6'06 550.933 549.813 552.279 553.201 555."5 5'9.76' 560.993 ~6Z.776 T ,Z'" uueAR FS 0.11 t I 0.1< 79 0.1097 0.0272 0.0368 0.1051 0.1728 0.14/>9 0.13'" uua ... R FS Pl FS 17.~~q 17.952 18.047 18.413 18.360 17.665 17.570 17,354 17.338 '21'S LG5S PARA FS O. '37A 0.U435 ~.0377 0.0096 0.0136 0.0406 0,.0680 0.0587 0.0543 lOSS PARA FS 
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Tohle A-G. Olode Element Perforrnonce (Continued) 
Sto~e E. Rotor E - Stotor E 

Colculotions lIsin~ Tronsloted Volues 
Percent J<:qui\'olenl Rotor Speed = 69. G I Equivolcnt Rotor Speed = 2930. 5:l l':qui\'oh'nt \Vl'i~hl flow c 'l2.~' 

Tip Rodiol Ilislortion 

INLET 
PCT SPAN 90.80 92.00 86.90 71.00 ~.50 2'.10 lZ.OO 1.10 1.00 PCT $I'M 
DIA 33.122 33.529 33.962 35.312 n.Ul 3 •• 954 .-0.321 <WI.ln _1.015 DU 
8ETA 0 -<1.000 -(I.ClOO ""'.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA a 
BHA I -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 lEU. 1 
V 0 316.13 311>.13 311>.13 316. J3 Jl6." 116." 1l6.U 316.11 116.13 ¥ a 
v 1 387. ,,, "11.18 "10.69 .. 05.10 1~.1Z 299._1 26J.6Z 2 __ .29 MI .... ¥ 1 
Yl , 311>.13 311>.13 316.13 316.13 316.11 316.01 316.05 316.05 IU.05 VI 0 
YZ I J87.7" "11.18 .. 10.69 .. 05.09 38".10 2 ..... 2 263.55 2_1.22 2_'.11 VI I 
Y-THETA 0 -0.('0' -0.00 -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-ntETA 0 
Y-THETA I -o.uo -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-TMfTA 1 
~ a 0.2855 C.2855 0.2855 0.2155 0.21" 0.ze55 0.2155 0.2155 0.2'55 II a 
" I 

0.3516 0.373_ 0.3729 0.3671 0.1412 0.2102 0.2315 0.2ZJ5 0.Z195 II I 
TURN 0.0 O.CI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n.1I 
UUBAR 0.1.38" 0.3526 0.30~ 0.3056 0.4912 1.2112 1."339 1.~63 1.509_ WlAR 
CFAC -<1.227 -<1.301 -0.299 -0.281 -0.215 0.053 0.166 0.215 'h229 DUC 
EFFP 0 ..... 69 0.1.695 0.7002 0.~"7 0.49" -0.0927 -0.261_ -0.1565 -0.1611 EFFP 
INCIU -0.0000 -c. 0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 [Ne[D 
DEY" 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DFnI 
P 0 IS.l87 15.287 15.287 15.287 15.287 15.217 15.287 15.217 15.287 , 0 
P I 14.7~1 14.991 15.031 15.030 14.174 1_.269 14.082 1_.0n 1".018 P 1 
T 0 516.700 518.700 518.700 518.700 518.'700 518.700 518.100 518.700 5U.700 T a 
T I 518.700 518.700 518.700 518.700 518.700 511.700 511.700 518.700 "1.700 T 1 

~OTUK E PeT SPAN 95.00 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPM 
CIA 33.2310 33.621 34.007 35.1M 36.706 38.2411 39.405 39.791 ~.116 DIA 

""TO~ -L.t. 8ETA I -(I.ODO -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 IIETA 1 
JIOTOR -T .~. BETA 2 34.l .. 7 31.5"5 29.935 28.391 29.115 34.905 <WI.025 _2.317 .... 110 BETA 2 

8ETAIPRI I 47.461 ".600 ~.].49 _5.785 _9.058 51.336 61.310 62.915 61.~3 IIETAIPR' 1 
8ETA'PRI 2 25.3 .. 3 2 ... 8Z .. Z ... 757 26.135 29.~2 ".9OS 38.735 _2.558 _1.337 8ETAIPI" 2 
V I 388.1>2 434.66 ~3.97 438.65 411.37 319.411 282.81 261.10 263.09 V 1 
Y 2 "5.37 4108.1>5 483.90 "95.~ 41'9.21 _35.92 <WIl._9 371.02 ].49.63 Y 2 
Vi I 38S.55 "3 ... 56 "3.91 438.62 410.86 318.19 280.95 265.20 261.38 VI I 
YZ 2 31>&.13 399.31 419.33 436.05 418.411 357.03 306.86 278 .23 239.03 VI 2 
V-n.ETA I -o.DO -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
V-THETA 2 2!>U.b3 2 .. 5.11 2 .. 1 .... 235.1>1 233.06 2_9.11 257.12 253.33 2~.36 V-TH£TA 2 
Y'PRI 1 !>7".7 1010.4 620.8 629.0 621.3 590.2 586.1 583.3 5115 ... VIPRI 1 
YIPRI 2 "07.4 "0.1 461.8 485.7 4110.8 430.8 39_.2 378.5 3!o3.3 YIPRI 2 
VTHETo PRI -423." ..... 28.5 ..... 33.9 ..... 50.8 ..... 13.6 ..... 96.3 -513.4 -518.6 -522.9 Vn.ETA PRI 
VTHEU PR2 -17 ..... -184.1 -193." -21".0 -236.3 -2<W1.0 ·,2 .... 1 -255.5 -259._ VTlIETA PRl 
U I 423." .. 28.53 .. 33 .... _50.81 473.61 ~6.31 ~'U.39 518.58 522.93 U 1 
U 2 "24.98 "29.91 434.84 "9.63 "1>9.35 "89.08 ~O3.87 501.80 !H3.73 U 2 

" I 0.3524 0.395" 0."0_1 0.3991 0.3736 0.2185 0.2550 0.2<W16 0.2370 " 1 ~ 2 0.3977 0."2110 0."3411 0._ 0.4291 0.3881 0.3566 0.3342 0.3091 " 2 ~'PRI ... 5211 0.5552 0.5651 0.5723 0.5697 0.5331 0.52" 0.5255 0.5273 ~I'RI 
"IPRI 2 0.303b 0.39" 0.4149 0."3!H 0.4305 0.3841 .:1.3501 0.3355 0.312" "IPRI 2 
TURNIPRI 22.114 19.711 19.590 19.6_9 19.5810 23.'71 22.506 20.2'" 16.057 ~C'RI 
UU8AR 0.1139 0.12D'1 0.0840 0.0527 0.0601 0.03911 1l.0971 0.1_38 0.197_ WBAR 
LOSS PARA (1.0298 C.0321 0.0226 0.01"6 0.0169 0.0111 0.0263 0.0371 0.~7" LDSS PARA 
OHI: 0."178 0.3970 0.3718 0.3_29 0.3527 D._Ill 0._787 0.5020 0.5~0 OFAt 
EFFP (,.7523 c..a005 0.92" 0.8501 0.8 .. 71 0 .... 29 0.8587 0.77_9 0.6961 EFFP 
EFF 0.7488 0.7978 0.923) 0.8478 0.8_ 0 .... 19 0.8561 O.71n 0.691" EFF 
INtIO --..971 -6.3110 .... 229 .... 258 -4.946 1.].43 2.632 0.620 ...... 107 INtlD 
OEV~ 10.193 10.I>M 10.123 7.49_ 6.2_1 6.3 ... 7.111 9._19 11.361 DEVIl 
P I llt.1~) 14.991 15.031 15.030 1".81_ 1_.269 1".082 1".071 14.018 , I 
P 2 16 •• 72 11>.459 11..6,)5 11>.719 16.58 .. 16.2~ 15.970 15.81_ 15.632 P 2 
T I 5lB.70C. 518.700 516.700 518.700 518.100 518.700 518.700 518.700 518.100 T I 
T 2 538.399 530.288 ~34.905 537.597 538.0" 539.079 5<W1.880 ~1.518 5 .. 2.422 T 2 

ST AlOR E PtT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
CIA 33.;;07 3J.5b'\ 33.921 3 ... 992 36 ... 20 37.8411 38.919 39.276 39.633 OIA 

SUTOR-L.E. 8ETA 2 34."5l 31.399 29.503 28._25 28.785 3 ... 811 _0.794 _3.59_ ..... 8119 8ETA 2 
STATOR-T.E. 8ETA 2A 0.70C. 1.300 1.500 0.9DO -<1.370 1.250 2.651 2.611 1.700 IIETA 2A 

V 2 "3.11) 470.75 "90.58 .. 95.68 4114.99 _31.M 395.81 368.68 338.79 V 2 
Y }A 383038 400."8 "18.95 .. 57.33 "7.62 409.19 3411.86 326.26 321.29 V 2A 
VZ 2 36~.38 "01.80 4210.94 "35.8 .. 42_." 359.01 299.36 266.75 222.56 VI 2 
YZ 2A 3b3.35 400.36 "18.7'1 "57.21 "7.-' 408.85 3411.20 325.64 320.81 VI 2A 
V-THETA 2 ".'.67 245.25 241.58 23!1.91 233 ... 1 2_9.62 258.34 253.97 255.03 V-THETA 2 
Y-THE TA 2A 4.bij 9.09 10.91 7.18 -2.89 8.92 16.12 1_.85 9.52 V-THETA 2A 
~ 2 0.39~b 0.4220 O.~IO 0._ 0 ... 3 .. 5 0.1903 0.351_ 0.3266 0.299_ II 2 
" 2A 0.3409 0.3512 0.3747 0.4090 0.3999 0.36'U 0.3089 0.2884 0.2837 II 2A 
TURNI~RI 33.752 30.098 28.002 27.519 29.139 31.521 38.096 <WI.932 U.132 TURHIPRI 
UU&AR 0.lC32 0.1283 0.11 88 0.0250 0.0046 -0.0283 0.0955 0.091. -0.0320 WIAR 
LOSS PARA 0.03 .. 7 0.0437 IJ.0409 0.0089 0.0011 -0.0109 0.0378 0.0365 -0.0129 LOSS PARA 
DFAt C.3218 0.32"2 0.3080 0.24 J 7 0.2580 0.ZT78 0.3625 0.3761 0.3457 DFAC 
HFP C.613~ 0.51>52 0.5920 0.8452 0.9711 1.2101 0.5922 0.5." 1.3058 EFFP 
INtlO -15. 71 ~ -11.989 -10.781 -9.bO~ -1.918 -l.g56 2.086 0._2~ -10.31 .. ll1t[D 
DEY" 9.532 12.612 12.810 11.87!> 10.M2 12.916 15.090 15.288 6.553 DEVil 
P 2 Ib.<7l 11>.459 16.605 110.719 16.58 .. 16.2~ 15.970 15.111 .. 15.632 P 2 
P ZA lto.100 16.215 110.358 16.666 16.57 .. 16.25" 15.8 .. 5 15.7H 15.662 P 2A 
T 2 53b.399 53b.l88 !>34.9"5 537.597 538.084 539.079 5<W1.'10 ~1.518 542."22 T 2 
T 210 538.~99 536.288 53 ... 905 537.597 531.084 519.019 540.8f0 ~1.518 542.422 T,2A 
UU8AIi. FS 0.145" 0.ln8S 0.0,18 0.02 .. 5 0.0)"2 0.03101 0.2112 0.18 .. 9 0.15101 WBAR FS 
P2 FS 16.35<. 16.<.16 16.<'58 110.717 11>.6"5 11>.312 16.1101 15.9"3 15.839 P2 FS 
Less PARA FS o. ~14e9 0.U369 0.0178 0.0087 0.01210 0.0139 0.0836 0.0738 0.0621 LOSS PARA FS 
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Tnble A-(l. IlInde Element Performnnce (Continued) 
Stnge E, Rotor Ie - Stator E 

Calculntions (Ising Translated Values 
Percent Equivalent Rotor Speed 0 (l9. 77 Equivalent Rotor Speed ' 29~7. :19 Equivalent Weight flow 77. 9~ 

Tip Rndinl Distortion 

INLET 
Pt T SPAN 96.80 92.00 86.90 71.00 "9.!l0 Z8.10 u.oo 7.10 1.00 "T SPAll 
OIA 33.122 33.529 33.962 3!1.312 37.U7 38."" ..0.121 ..0.717 "1.01' DIA 
BETA 0 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 InA 0 
BETA 1 -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 InA I 
v 0 297."1 297,"7 297.47 297."7 Z97 •• 7 297 •• 7 '97 •• 7 29'7 •• 7 "' •• 7 YO 
V 1 3!17.55 375.39 373.26 l71.)) )54._ 270 .... 211."1 ZZII.OI 216.12 Y 1 
Vl 0 2'17 •• 7 297."7 297,"7 297 •• 6 297 •• 5 297.42 Z'7.~ 29'7." "7.3' Yl 0 
vz 1 357.5. 375.39 )13.26 371.3) 354.36 270."1 211.)7 U'.02 U ..... VII 
V-TI<ETA 0 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THfTA 0 
V-THETA I -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA I 
II 0 0.268" 0.2684 0.26" 0.268" 0.2 .. " 0.2 .... O.Z .... .. , .... o.a .... II 0 
II I 0.3236 0.3'H) I 0.3381 0.3363 0.3Z07 0.24'7 0.2OU ' .. 1051 ....... , .. 1 
TUIIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TUIlN 
WBAR 11.6232 0.3402 0.2942 0.2942 0."'96 1.1767 1.31'" 1.4207 1 ... '" WeAR 
OF At -o.2OZ -0.262 -0.255 -o.Z'" -0.191 0.091 O.ZZZ 0.Z13 00272 DFAt 
E FFP 0."213 0.6.18 0.6679 0.661. 0.4722 -0. III I -0.11" -0.404' -o.4SlZ f'" 
INtlLl -<1.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.11000 -0.1000 INUD 
DEVil 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Of"" 
P 0 I~ .199 15.199 n.l99 15.199 15.199 n.19' 15.1" 1!I.l99 15.199 P 0 
P 1 1 ... 737 14.947 1".981 1 •• 981 14._ 1 •• 326 1 •• 161 1 •• 1.' 1 •• 0 .. P 1 
T " 518.1"'0 518.100 518.100 518.100 518.700 51 •• 700 '".700 51'.700 '11.700 T 0 
T I 518.700 !l18.700 518.700 !l18.700 5111.700 511.700 511.700 !U'.700 '18.700 T 1 

HOTOR E PtT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PC. T SPAN 
OIA 33.236 33.621 3 •• 007 35.164 36.706 3B.2.8 39.40!1 ".7.1 40.176 oIA 

ROTC .. -L.E. BETA I -O.GOO -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 8ETA 1 
KOTUk -T .~. BETA 2 3B.395 35.551 33.853 32.386 33.656 40.3" .7.!II8 50.8U 54.5.3 BETA 2 

8ETAIPRI 1 .. 9.832 .7.318 .7.220 .... 399 51.439 60.015 ...... 1. ... 904 66.U6 aUAlP'" 1 
8ETA I PRI 2 2~.3.9 25.003 2"'.9" 25.157 28.7". 3 •• 077 'H). 101 ... 502 .... "1 lETA I'''' 2 
V 1 358.3. 396.20 402.55 401.22 378.90 288.21 2 .... 03 2.5.Z0 233.40 V 1 
v 2 1029.26 '''''B.109 "1.58 .. 76.99 .65.67 "21.93 3117.20 36!1.'8 3".13 V 2 
Vl 1 358.27 3'110.11 1002.50 'H)I.ZO 378."3 287.0. Z ••• 39 2.3 •• 5 231.8' Vl 1 
Vl 2 336 •• 2 36 •• 87 383.32 .02.79 387.46 321.03 260.77 230.!l0 208.08 Vl 2 
V-THETA I -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 V-THETA 1 
V-THETA 2 266.60 260.75 257.12 2" •• 7 257.97 213.06 ZI5 •• 5 213.46 2'2.11 V-THETA 2 
VIPRI 1 555.5 5810." 592.6 604.3 607 •• 57 •• ' 571.Z 57 •• 7 ,n.1 YI' .. 1 
VIPRI 2 372.3 1002.6 423.0 .. 7.6 "2.1 3118.1 341.6 323.8 305.3 VIPIII 2 
VTHE TA PRI -4Z .... ..... 29.5 ..... 35.0 -451.9 -47".7 -497.5 ~1 •• 6 ~19.8 ~2 •• Z IITHETA PRI 
VTHETA PR2 -159.10 -nO.2 -178.7 -195.2 -212.5 -217.2 -219.6 -2Z6.5 -222.8 ¥THETA PR2 
U 1 .2 ••• 3 .29.54 "34.96 4!11.86 .7 •• 72 .97 •• 7 51 •• !l9 '1'.10 s.z •• 16 U 1 
U 2 1025.97 430.92 435.86 "50.68 .10.105 .. 90.22 505.05 509.99 '51".93 U 2 
M 1 0.3243 0.359. 0.3653 0.36.1 0.3434 0.25" o.un 0.2207 0.2100 II I 
.. 2 0.3828 (; •• 010 0 •• 135 0."267 0 •• 160 0.375Z 0.3.29 003233 0.3170 II Z 
IIIPRI 0.5027 (;.5301 0.5379 0.5484 0.55010 0.5184 0.!ll.2 o.nn 0.,.62 III PI" 
"'IPRI 2 0.3320 0.3600 0.3189 0.40010 0.39"9 0.3452 0.302. 0.286. 0.Z695 1111'111 2 
JUIINIPRI 2 .... 78 22.310 22.ZIB Z2.541 22.678 Z!I.89O 2 •• 2!17 20.3411 1'.141 lIJltHI'"1 
UU8AR 0.11930 0.0999 0.0649 0.04110 0.0539 0.0!I62 0.1457 0.1922 0.2291 WBAR 
lOSS PARA 0.OZ.3 0.0265 0.0175 0.0115 O.015Z 0.0157 0.0_7 000481 0.0554 lOSS 'ARA 
OFAC 0 •• 1091 0.4421 0."153 0.3892 0.4083 0 .... 35 0.5739 0.6010 0.6466 oFAt 
EFFP 0.8"16 0.11659 0.9615 0.8909 0.894. 0.9374 0.1275 0.756" 0.7285 EFfP 
fFF 0.8391 0.81038 0.9609 0.81190 0.11922 0.9362 0.8242 0.75Z0 0.7236 EFF 
INtlO -2.600 -3.5'8 -].359 -3 .... -2.564 4.0Z7 5.7'" 2.6.7 -2.003 IHtlD 
D~V" 10.200 10.8"'" 10.365 7.216 5.531 6.517 8 •• 77 11.363 10." .. DEVil 
P 1 110.737 110.9.7 1".981 1".981 14._ 14.326 1".161 .... 1.5 ••• 099 P 1 
P 2 110,"57 110.626 16.757 16.878 16.796 16 ..... 2 J6.1811 16.0.3 15.992 P 2 
T I 5i8.l00 n8. NO 518.700 518.700 51B.700 511.700 !l18.700 518.700 518.700 T I 
T 2 538.510 537.243 536.260 538.9111 539.597 540.936 5 .. 3.ZZ5 543.9.8 '''.97Z T 2 

STATOR E PtT SPAN 95.00 90.00 85.e.0 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OlA 33.207 33.564 33.921 310.992 36."ZO 37.848 311.919 3 •• 276 ' •• 633 OIA 

STA1OI<-l.a:. BETA 7 311.631 35.384 33.358 32."26 33.268 40.275 41.596 52.627 !Il.402 8ETA 2 
STATCJI<-T.~. BETA 2A ... 200 1.800 2.0Z0 0.890 -0.000 1.640 2.381 2 •• 31 1.'01 lETA 2A 

Y 2 IoZ7.11 .!l0.46 467.86 476.99 471.21 423.57 3111.711 357~8. 147.94 Y 2 
Y 2A 3"".33 3510.108 371.84 "19.Z" .12.99 3611.04 31].50 295.97 295.91 Y ZA 
VZ 2 333.65 367.25 390.76 402.55 393.110 322.92 252.31 217.06 1.'.34 ¥lZ 
VZ ZA 31011.33 35 •• 30 371.59 1019.13 1012.85 367.67 312.9. 295 .... 295 •• 7 VZ ZA 
V-THETA 2 :tbb.b4 260.83 257.25 255.72 258 .36 273.62 2111.1. Z' •• 18 29Z.95 V-THETA 2 
V-THETA ZA I.a 11.13 13.11 6.51 -0.00 10.53 13.01 12.5. 11.77 Y-1lfITA ZA 
M 2 e..3809 0.1002B 0.10193 0.4Z67 0.4211 0.3767 0.3179 0.3161 1.3069 II 2 
II 2A 0.31191 0.3151 0.3311 0'.3135 0.3675 0.3262 0.Z76' 0.Z.06 0.Z603 II ZA 
TURNIPRI 38 ... 30 33.583 31.336 31.52. 33.2!11 31 •• 00 ... 167 50.147 " ..... TV .... IPIII 
UUbAR o .i)106 0.1382 0.1360 0.0229 0.01l9 0.0040 0.071!1 0.0299 -iI.OI02 uuaAR 
lOSS PARA 0.0238 0.01070 0.0468 0.0081 0.0052 0.0016 0.0283 0.OU9 -0.0041 LOSS PARA 
OFAt 0.3938 ".'t019 0.3851 0.3071 0.3272 0.3715 0."639 0 •• 7 ... 0.4110 DFAt 
EFFP O.BOOb 0.657. 0.6533 0.9065 0.9441 0 .... 3 0 .. F901 0.9093 1.031" EFFP 
INtlo -1l.536 -11.00. -6.933 ~.605 -3."36 •• 407 'I .... 9 •• 57 -1.797 INtJO 
DeVil 9.0]2 13.112 13.330 11.865 11.012 13.30!l 1 .... Z0 15.109 6.5!13 DEVil 
P l Ib.lo~l 110.1026 16.757 16.178 16.796 16 .... 2 16.1B8 16.043 15.992 P 2 
P 2A 110.3" 16.383 16.497 16.833 16.770 16."3!1 16.100 16.011 16.002 P 2A 
1 2 538.!l10 537.243 536.260 538.918 539.'97 ~.931!1 5.3.225 5.3 •• 68 ' ... 972 T 2 
T ZA 538.510 537.2"3 536.260 531.91. 539.!l97 540.'36 543.22' 5.3.968 ''' •• 72 TZA 
UU8AR FS 0.11)8 ; 0.10"8 U.0675 -0.0211 0.0233 0.06010 6.1901 0.1318 O.IH) uueA" fS 
P2 FS Ito.,.) lb. ,60 16.616 16.874 16.815 Ib.SH 16.368 110.11>9 a.lS) PZ FS 
LOSS PARA FS J"J)/); 0.U35b U.02)2 0.0074 0.00B7 -0.02102 0.OB2 0 .• 0~24 0.0519' lOU PARA FS 
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TobIe A-n, 1110de Element I'crformnncc (Conlil1",'d) 
,st:lgT' I':, Rotor E - Sl:1tor I': 

Cnlcul:ltions llsing Tr:ll1sl:llcd VraluC's 
P('fccnl ":qui"nlcnt Hotor Specd = [;9. 2~ Equi"nlcnt fiotor Speed 291G,,9 I':qui\':lll'nt \Vc.>ip;-hl Flow i 1.01 

Tip Hodiol ilistortion 

INLET 
PC T SPAN 96.11(, 92.00 116.90 71.00 .. 9.50 28.10 12.00 7.10 3.00 PtT SPAN 
OlA J] .122 33.529 ;U.962 35.312 37.131 31.95 .. -.0.321 -.0.731 "1.085 OIA 
II ETA 0 -o.~~O -<1.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 BETA 0 
IIfTA 1 -.; • .,00 -i) .000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 lETA 1 
V 0 21<0 • .. & 21".~ 21".~ 21".~ 21 ... oWI 27 ...... 27"'~ 27 ..... 1 n ... oWI II 0 
V I 335.10 J52.86 352."5 353.93 339.10 2 .... ~ 222.12 216.26 203.30 II 1 
VZ (\ 21<0.48 274 .... 21".oWI 21 ..... 8 Z~."6 27 ... 44 21 ..... 1 27 ..... 1 27 ..... 1 Vl 0 
YZ 1 33~ .10 352.86 352."5 353.92 339.01 2 ...... 0 222.67 Z16.20 Z03.2" III I 
V-THHA 0 -0.00 -0.00 -0.00 -<1.00 -0.00 -0.00 -0.00 -0.00 -0.00 II-THfTA 0 
V-THETA 1 -0.00 -0.00 -0.00 -<1.00 -<1.00 -0.00 -0.00 -0.00 -0.00 II-THETA I 
II 0 0.2 .. '" 0.2 .. 1 .. 0.2"7" 0.2 .. 7 .. 0.2"7" 0.2 .. 7 .. O.Z .. l .. 0.2 .. 7 .. 0.2 .. 1 .. II 0 
II 1 0.303" 0.3193 0.3189 0.3202 0.3066 0.Z382 0.Z003 0.1944 -0.1127 II 1 
TURN ~.O C.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TUIlN 
UUBAR o .~863 C..JI68 0.2160 0.2809 0 ... 52 .. 1.1111 1.)457 1.371" 1.4437 WeaR 
"FA' -C • .i2) -0.286 --v.284 -<1.289 -0.235 0.031 0.119 0.212 0.259 OI'AC 
E FFP 0.'0626 0.6786 0.1069 0.1076 0.5430 -0.0688 -0.3386 ~.3'T73 -0.""08 EFFP 
INtlO -o.OOOll -0.0000 -<1.000<1 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 INGIO 
DtVII 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 DiYI'! 
P ~ 15.l0~ 15.1l15 15.105 15.IO~ 15.105 15.105 15.105 15.105 15.105 P 0 
P 1 1".136 14.906 14.932 14.929 1 .... 21 1 ... /t02 1".258 1/t.238 1/t.191 P 1 
T 0 5U.1~0 518.700 5111.700 5lB.700 518.100 518.700 518.700 518.700 518.100 T Ii 
T 1 518.700 5111.100 518.700 S18.700 518.100 !>II. 700 518.100 518.100 518.100 T 1 

ROTOR E P(:T SPAN 95.01l 90.00 115.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OU 33.2310 33.1021 34.007 35.1&4 36.706 38.2 .. 8 39.1005 39.791 ...a.H6 OIA 

~OTOr. -L.f. ~ETA 1 -0.(00 ~.001l -v.O 00 -0.000 -0.000 -o.OCC -0.000 -0.000 -0.000 BETA 1 
~OT['r. -T.E. BETA 2 "1.09j 38.505 36.365 34.764 36.683 44.366 53.69" 57.810 60.657 BETA 2 

IIETAIPRJ 1 51 ... 06 't8.906 ~.687 ~'.590 52.oWI9 60."01 65.112 65.913 61.308 BETAIPRI 1 
BHAIPRJ 2 25.239 2".71':> 24.559 25.269 28.197 33.455 4Z.108 ~.802 "5.983 BETAIPRI 1 
Y 1 336." 372.09 319.66 382.03 3602.30 211.75 231.63 232 • ...a 219.07 Y 1 
V 2 "17.1 .. 1t34.98 450'''2 '067.11 "54.90 "'15.90 37 ... /t0 368.59 371.15 V 2 
Vl I ~36.3 7 312.(,1 . 319.61 382.00 361.85 280.61 237.06 230.75 211.&4 VZ 1 
VZ 2 31".83 3"'O.31l 362.69 383.71 3 .... 61 297.02 221.43 196.16 181.72 VZ 2 
V-THETA -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Y-THETA 1 
V-THETA 274.58 270.79 267.06 266.37 271.65 290.52 301.31 311.61 323.25 Y-THETA 2 
YIPRJ 1 539.3 566.0 575.1 589.3 594.5 568.1 564.0 566.1 5 .... 7 IIIPII' 1 
VIPRJ 2 341l. 1 37 .... 9 398.8 ~2/t.4 .. 1".0 356.5 299.0 271.0 262.0 111'111 2 
VTHET A PRI _21.5 -426.5 -431.9 -448.7 -411.4 -494.0 -511.0 -516.2 -520.5 YTHETA PRI 
VTHEU PR2 -1"6.4 -157.1 -165.7 -181.2 -195.5 -196.3 -200.1 -1'''.8 -188.1 YTHETA PR2 
U 1 .. 21 .... 6 "26.52 "'31.91 "8.69 "71.39 "'3.911 510.98 516.15 520.oWI U 1 
U 2 422.99 427.89 432.80 441.52 461.15 oWI6.18 501.50 506 .... 1 511.32 U 2 
II I 0.3u"l 0.3370 0.3 ...... 1 0.3"63 0.3280 0.25-.0 0.21"7 0.2091 0.1970 II 1 
" 2 o. 312~ 0.3682 0.4028 0 .... 113 0.4057 0.3693 0.3308 0.3253 0.3273 II 2 
",PRJ 0 ... 815 ~.5127 0.5211 0.53"1 0.5382 0.5126 0.5075 0.5092 0.5018 11,,11.1 
"IPRJ 2 O. ~(;99 0.33"6 0.3566 0.3791 0.3692 0.3165 0.2642 0.2 ...... 5 0.2310 "CPRJ 2 
TUWN' PRJ 26.163 Z".126 24.125 2".320 2".272 26.191 2Z.952 21.061 21.293 TURNI'RI 
UUIIAR 0.1095 0.1181 0.0718 0.0446 0.0192 0.11115 0.2300 0.2766 0.3002 UUBAR 
LOSS PARA 0.0287 C.0315 0.019 .. 0.012" 0.0125 0.0333 0.0592 0.0688 0.0739 LOSS PARA 
UFAC o. ~C 23 0.4182 0 .... 4 ... 0."181 0 ... 502 0.5"'37 0.6536 0.7019 0.7371 DFAC 
EFFP 0.111'011 0.11392 0.9330 0.8852 0.81(14 0.8756 0.1461 0.1196 O. nH EHP 
EFF t.8119 0.8367 0.9319 0.8832 0.8681 0.8732 0.7415 0.71"5 0.1070 HF 
''''t I D -1.025 -2.011 -1.891 -2."53 -1.51" 4 ... 1 .. 6.448 3.631 -0.826 INCID 
OEVII lC."69 10.616 9.925 6.628 ".987 5.896 10 ... 82 11.663 10.006 DE 1111 
P 1 1/t.136 1 ... 906 1".932 1".929 1 ... 121 1 ..... 02 1".258 1".238 1".197 P 1 
P 2 16."'4 16.609 16.156 16.890 16.800 16.49" 16.201 16.161 16.183 P 2 
T J 518.7,,;' ~18.1"0 518.700 518.700 518.700 518.700 518.700 5lB.700 518.700 T 1 
T 2 5390311 538.165 537.340 ~39. 7114 540 ... 95 5"2.171 5 ....... 705 5~5./t65 5 .... 667 T 2 

STATOR E PtT SPAN 95.0t 90.00 85.00 10.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN 
OIl. H.lel 33.~b" 33.9<1 34.992 36 ... 20 31.848 38.919 39.2710 ~9.U3 OIl. 

SUTOR-L.~ • IIETA 2 "1.~50 3b.322 35.828 l".807 36.255 .4.245 5 ... 956 60.115 .... 409 lETA 2 
STATOR-T.E. II ETA 2" "",-.,,00 1.540 2.200 1.530 0 .... 0 0.830 0.3"0 1.12(' 2.711 BETA ZA 

V 2 "15.109 "36.87 "56.~ "67.11 4>60.25 "11.50 369.21 360.~ 359.51 Y 2 
VZA 33"'.85 J35.00 346.20 395.68 390.31 342.39 301.69 285."2 286.51 YZA 
Vl 2 312.115 3102. n 310.09 383.H 370.98 298.89 211.88 119.53 155.23 Yl 2 
Vl lA 33".8'" 334.111 l"5.93 395."9 390.16 342.15 301 ....... 285.12 285.88 Yl ZA 
V-THETA 2 2H.b2 210.ell 2101.19 266.62 272.06 291.IZ 302.10 312.40 32".11 V-THHA 2 
Y-THE TA 2. -1.11 9.UO 13.29 10.56 •• 36 4.96 1.79 5.58 13.54 V-THETA 21. 
'" 2 

0.3711 1 0.3900 0.1008/t 0 ... 173 0."106 0.3708 0.3261 0.3180 0.3168 II 2 
" 2A 0.2961 C.2972 0.3075 0.3517 0.3466 0.3021 0.Z655 0.2509 0.2515 II ZA 
TURNIPRI "1.~50 Jb.781 33.627 33.271 35.591 "3.380 ".569 58.949 61.1055 TURNIPRI 
UU6AR o.c.c 1 0.1169 (o.1/t82 0.0317 0.0134 0.0330 -() .0027 0.0301 0.(1416 UUBAR 
LOSS PARA O.ODS 0.0398 0.0510 0.0134 0.0050 0.0121 -0.0011 0.0120 0.0168 LOSS PARA 
OFAC O.~18U (, ... 374 (, ... 333 0.)482 0.3680 0 ....... 51 0.50b9 0.5506 0.5537 OFAC 
EFFP ().ti916 0.7315 0.6109 0.8754 0.9555 0._5 1.0071 0.9226 0.8905 EFFP 
INtI" -6.611 -5.066 -4 •• 62 -3.223 -0."50 '.:316 16.251 16.9 .. 9 5.2111 INCIO 
DEV,", 8.632 12.852 13.510 12.505 11.652 12,"96 12.181 13.799 7.562 DEY" 
P 2 16.~71t 16.609 16.756 16.890 16.800 16 •• 9 .. 16.Z01 16.161 16.183 p 2 
P 2A 16.414 16."16 16.487 16.818 16.776 16 ... 45 16.20 .. 16.128 16.137 P 21. 
T Z 539.~H 538.1b~ 537.340 539.78" 540.495 5 .. 2.171 5~.7D5 5"'5 .... 5 5 .... 667 T 2 
T 2A 539.~11 538.165 537.340 539.18" ~.495 5~.171 544.105 5"5.465 546.667 T. 210 
UU~Ak FS O,!O~I 0.1171 U.0916 0.0325 0.0437 0.1009 O.I8;.t 0.1 .. 23 ~-1'131 WBAR FS 
P2 FS 

FS ;~~;;~ 16.609 16.10"3 16.879 16.859 16.1007 16.46 .. 110.304 16.316~ P2 FS 
LOSS PARA O.UJ98 u.0315 0.0115 0.01103 0.0368 0.0750 0.0567 0.059 .. LOSS PARA FS 
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Table A-7. Overall Performance - Stage E 
Circumferential Distortion 

Equivalent Rotor Stage 
Weight Flow, 

P 2/P1 l1ad T1p P2A/i\ T1ad ""p Ib/sec 

100% Design Equivalent Rotor Speed 

116.75 1. 2430 0.8042 0.8084 1. 2272 0.7555 0.7608 
*103.40 1. 2934 0.8568 0.8630 1. 2657 0.7823 0.7904 
* 92.60 1. 3081 0.8352 0.8380 1. 2668 0.7320 0.7379 

90% Design Equivalent Rotor Speed 

106.41 1. 1928 0.8377 0.8382 1. 1778 0.7761 0.7781 
95.23 1. 2272 0.8492 0.8537 1. 2105 0.7908 0.7965 

* 84.27 1.2334 0.8452 0.8515 1. 2072 0.7563 0.7643 

70% Design Equivalent Rotor Speed 

86.61 1.1167 0.8187 0.8251 1.1098 0.7721 0.7788 
75.67 1. 1279 0.8229 0.8176 1. 1219 0.7858 0.7814 
65.42 1. 1381 0.8166 0.8226 1.1249 0.7417 0.7485 

*Data taken at multiple screen positions. 
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APPENDIX C 
DEFINITIONS 

Definitions of Symbols 

ao Inlet relative stagnation velocity of sound, n/sec 

c Chord length, inches 

Cp Static pressure coefficient 

d Diameter, inches 

D Diffusion factor 

gc Gravitational acceleration, 32. 174 Ibm - ft/lbr sec 2 

1m Incidence angle, degree from axial direction 

M Mach number 

m Mass flow, Ibm/sec 

N Rotor speed, rpm 

P Total pressure, psia 

PR Rotor tip static pressure ratio (ratio of local static pressure 
to static pressure at -7.0% axial chord) 

p Static pressure, psia 

R Gas constant for air, 53. 34 ft-Ibf/lbm - oR 

r Radius, inches 

S Blade passage gap (leading edge), inches 

t Blade maximum thickness, inches 

T Total temperature, oR 

Ts Static temperature, oR 

U Rotor speed, ft/sec 

V Velocity, ft/sec 

W Actual flowrate, Ibm/sec 

a Cone angle (angle of plane tangent to conic surface that 
approximates the design streamline of revolution), deg 

j 

Air- angle, degrees from axial direction 

Preceding page blank 
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e 

K 

p 

w 

w cos {3/2a 

Subscripts 

0 

1 

2 

2A 

ad 

f 

fs 

id 

L 

m 

max 

min 
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Definitions of Symbols (Continued) 

Ratio of specific heats 

Blade-chord angle, degree from axial direction 

Ratio of total pressure to NASA standard sea level pressure 
of 14. 694 psia 

Deviation angle, degree 

Efficiency 

Ratio of total temperature to NASA standard sea level 
temperature of 518.7 oR 

Blade metal angle, degree from axial direction 

Density, Ibf/sec 2/ft4 

Solidity, chord di vided by blade spacing (ciS) 

Blade camber angle, 1<1 - 1<2' degree 

Loss coefficient 

Loss parameter 

Compressor inlet (bellmouth) 

Rotor inlet 

Rotor exit/stator inlet 

Stator exit 

Adiabatic 

Force 

Freestream value 

Isentropic condition 

" Local 

Mean or mass 

Maximum 

Minimum 



Defihition of Symbols (Continued) 

Subscripts (Continued) 

Ie Leading edge 

p Polytropic 

te Trailing edge 

s Static condition 

z Axial component 

e Tangential component 

Superscripts: 

Related to rotor blade 

Mass average value 

Definitions of Overall Performance Variables 

Pressure ratio: 

P
2 Rotor: 

Equivalent flow: 

wVT 
.5 

Equivalent rotor speed: 

N/V"O 

Adiabatic efficiency: 

Rotor: 1} ad ::: 

'Y - 1 
(P

2
!i\)-'Y- - 1 

T 2A/518. 7 - 1 

P
2A Stage: 
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Definitions of Overall Performance Variables (Concluded) 

Polytropic efficiency: 

Rotor: TJ = 
p 

,..- 1 --
-,..- In (P2/P1) 

In (r 2/518.7) 

Change in surge pressure ratio: 

~ Surge Pressure Ratio = 
[ 

(P2A/i\) ] 
1. 0 _ Distorted 

(P2A/P
1

) 
Uniform Inlet N/v'8= constant 

Values of pressure ratio for each condition are at constant value of flow, which 
corresponds to the flow at surge with distortion. 

Average pressures and temperatures for circumferential distortion tests: 

(3) (PI Undistorted) + (1) (PI Distorted) 
PI = 4 

(3) (P 2 Undistorted) + (1) (P 2 Distorted) 
P 2 = 4 

..... -
(3) (P 2A Undistorted) + (1) (P 2A Distorted) 

4 

T 1 = Plenum Conditions (corrected to standard day) 

T 2 = Set equal to T 2A 

(3) (T 2A Undistorted) + (1) (T 2A Distorted) 
T2A = 4 

Definitions of Blade Element Performance Variables 

Incidence angle: 

Rotor: i m 

Diffusion factor: 
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{3' - K 1 Ie Stator: i = {3 - #( 
m 2 Ie 



Definitions of Blade Element Performance Variables (Continued) 

Diffusion factor: 

V2A 
Stator: D = I - --

V2 

Deviation angle: 

Rotor: 

Loss coefficient: 

P'I - PI 

where: 

(P') = p' 
2 id I 

d2 V e 2 - d2A V e 2A 

(d2 + d2A) V2 a 

P' is found from pip' 0 [1 + ~; 1 

and M' is calculated using trigonometric functions and the measurements of 
U, {3, P, and p. 

Stator: W = 

where: 

stator exit average freestream total pressure from wake rakes 

stator inlet total pressure from 20-deg wedge probes 
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Definitions of Blade Element Performance Variables (Concluded) 

Rotor tip static pressure ratio: 

PL 
PR = p at -7.0% axial chord 

Stator static pressure coefficient: 
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Psurface - P2fs Cp = -~=:....:;....-......:..:::.-
(pV

2
/2)2fs 
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