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SUMMARY

A 0.8 hub/tip ratio, single-stage, axial-flow compressor, having tandem-
airfoil blading, was designed and tested to establish performance data for com-
parison with the performance of conventional single-airfoil blading. Design
velocity diagrams and blade leading and trailing edge metal angles selected for
the conventional rotor and stator blading were used in the design of the tandem
blading. The stage was designed with zero rotor prewhirl, constant rotor exit
total pressure across the span, and axial discharge flow. Circular-arc airfoil
sections were used for both the conventional rotor and stator blading and the
front and rear airfoils of the tandem blading. The specific flow and rotor inlet
Mach number were generally consistent with design practice for compressor
middle stages; however, the blade loadings were appreciably higher.

At design equivalent rotor speed and flow, the tandem rotor achieved an adi-
abatic efficiency of 92% at a pressure ratio of 1.31 compared with respective de-
sign values of 90.8% and 1.32. At the same flow and rotor speed the tandem stage
achieved an adiabatic efficiency of 86% at a pressure ratio of 1.29 compared with
design values of 85.4% and 1.30. The peak efficiencies for both the rotor and
stage were reached at approximately design equivalent flow.



INTRODUCTION

Advanced aircraft turbine engine propulsion systems will require light-
weight, highly loaded axial flow compressors capable of achieving high efficiency
over a wide range of operating conditions. Axial flow blower experience has in-
dicated that tandem blading can be successfully employed to extend the efficient
operating range of compressors. In 1955, H. E. Sheets (Reference 1) reported
excellent efficiencies for a highly loaded axial flow blower comprised of a tandem-
blade rotor. Favorable results were also reported by H. Linnemann (Refer-
ence 2) based on a series of axial flow blower tests involving both tandem-blade
rotors and stators. The results for the tandem blading indicated a better effi-
ciency at a higher pressure ratio than that achieved with equivalent conventional
blading. :

In principle, tandem blading offers improved performance over conventional
blading by distributing the overall blade row aerodynamic loading between the
airfoils in tandem. The front airfoil may also provide control of the inlet air
angle to the rear airfoil at off-design conditions, which should reduce the overall
total pressure loss and possibly delay wall stall,

The first objective of this program is to investigate the potential of tandem
blading for extending the loading limit and stable operating range of a stage rep-

" resentative of a middle stage of an advanced high pressure compressor. The
second objective is to determine the effect, if any, of loading split on the per-
formance of tandem blading. A conventional rotor and stator, two dual-airfoil
tandem rotors with differing loading splits, and a dual-airfoil tandem stator were

- designed and tested. This report presents the data and performance obtained with

Stage C, which was comprised of tandem Rotor C and tandem Stator B. Rotor C

was designed to have an equal loading split between the two airfoils in tandem and

Stator B was designed with decreased loading on the front airfoil and increased

loading on the rear airfoil. A discussion of the aerodynamic and mechanical de~-

sign of the conventional single airfoil stage and the tandem airfoil configurations
is presented in Reference 3. The overall and blade element performances for

the conventional, single airfoil blading are given in Reference 4.

Py



DESIGN SUMMARY
Blading Design

Stage C was designed with zero rotor prewhirl, constant rotor exit total
pressure across the span, axial discharge flow, and high blade loading. A rotor
tip inlet Mach number of approximately 0.8 and a specific flow of 33 1b/sec=ft2
were selected to be generally representative of current design practice for com-
pressor middle stages. !

To ensure a valid comparison between the conventional baseline Stage A
and the tandem-blade stages, the design velocity diagrams selected for the con-
ventional rotor and stator blading were used in the design of the tandem blading.
The design velocity diagrams were calculated by means of a computer program
that solves the continuity, energy, and radial equilibrium equations for an axi-
symmetric flow field. Radial gradients of enthalpy and entropy were included
in the calculation, and the influence of wall and streamline curvature on the radial
distribution of static pressure were taken into account.

Circular-arc airfoil sections were selected for the rotor and stator blading
to be consistent with studies being conducted by NASA-Lewis Research Center
(Reference 5). To ensure interchangeability with Stage A, radial distributions
of overall axial chord for the tandem blading were maintained equal to the dis-
tributions selected for the Stage A blading, To minimize the number of variables
to be investigated in the selection of Stage C metal geometry, the individual air-
foil maximum thickness-to-chord ratio for each of the tandem-blade airfoils
were maintained equal to the corresponding values selected for the Stage A blad-
ing. The individual airfoil chords for the tandem blades were arbitrarily set
equal. The rotor camber angles were selected to provide approximately an
equal distribution of lift between the front and rear airfoils., The stator camber .
angles were selected to provide a maximum differential in lift between the front
and rear airfoils without exceeding a maximum suction surface-to-exit velocity
ratio of 1, 8 on the rear airfoil. The individual airfoils 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 A.

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).

Details of the Stage C blading aerodynamic and mechanical design are pre-
sented in Reference 3. The overall and blade element performance for the con-
ventional single airfoil blading are given in Reference 4.



Design velocity diagram data, blade element geometry data, and design
performance are presented in table I and table II for the rotor and stator, re-
spectively. Symbols and performance variables are defined in Appendix C.

TEST EQUIPMENT
Compressor Test Facility

A schematic of the compressor test facility is shown in figure 1. 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-foot combined inlet duct,
plenum, and bellmouth inlet, and is exhausted through an exit diffuser to the at-
mosphere. The inlet duct contains a flow measuring orifice designed and in-
stalled in accordance with ASME standards. The area contraction ratio from:
plenum to compressor inlet is approximately 10 to 1.

Compressor Test Rig

A schematic of the compressor test rig is shown in figure 2. The flowpath
dimensions are shown in figure 3. The hub/tip ratio at the rotor inlet is 0. 798.
The test section has a constant hub diameter of 32. 85 inches, and the outer wall
converges from a diameter of 41, 15 inches at the rotor leading edge to 39.99 inches
at the stator trailing edge. Rotor bearing loads are transmitted to the rig support
through struts located in the inlet and exhaust case assemblies. The inlet struts
are sufficiently far upstream so their wakes are dissipated ahead of the rotor. The
stage design specifications of zero rotor prewhirl and axial discharge flow elimi-
nated the need for inlet and exit guide vanes. Flowrate and/or backpressure was
varied with a set of motor-driven throttle vanes located in the exhaust case.

Instrumentation

Instrumentation was provided to obtain overall and blade element perform-
ance data for each blade or vane row. The locations of axial instrumentation
stations are indicated in figure 3. Axial and circumferential locations of the in-
strumentation are shown in figure 4. Dual instrumentation was provided at each
axial station, except the rotor inlet, to provide a redundant set of measurements.

Airflow was measured with an ASME standard thin-plate orifice located in
the compressor facility inlet duct. Compressor rotor speed was measured with
an electromagnetic 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-type total pres-
sure probes. Six equally spaced static pressure taps were located on both the
inner and outer walls at instrumentation Station 0.

Radial distributions of static pressure at the rotor inlet and exit and at the
stator exit were measured by means of 8-degree wedge probes (figure 5). Four
inner wall and four outer wall static pressure taps, approximately equally spaced,
were located at each of these stations. The rotor exit (i.e., stator inlet) and
stator exit instrumentation stations also had four inner and four outer wall taps

4



Table I. Tandem Rotor C Blade Element Design

Velocity Diagram Data

Equivalent Rotor Speed = 4210 rpm Equivalent Weight Flow = 110 1b/sec

Percent Span From Tip

U

1 1 ' 1
Leading Trailing Ve Ve Ble Ble Ule Ve Vie  Vote B'te te
Edge Edge (ft/sec) (ft/sec) (ft/sec) (deg) (ft/sec) (ft/sec) (ft/sec) (ft/sec) (deg) (ft/sec)
Hub 96.5 95.0 778.0 484.,5 608.8 51.49 608.8 483.8 463.4 138.9 16.69 610.5
91.5 90,0 784.0 484,4 616.5 51.84 616.5 492.2 467.0 155.5 18.42 617.6
86.4 85,0 790.1 484.3 624.2 52.19 624.2 500.2 469.8 171.6 20.07 624,17
70.9 70.0 808.5 483.8 647.8 53.24 647.8 523.3 476.7 215.9 24.36 645.9
50.0 50.0 833.5 482.6 679.6 54.62 679.6 548.2 480.2 264.3 28.83 674.2
29.1 30.0 858.7 480.8 711.5 55.95 711.5 562.1 474.0 302.2 32.53 702.6
13.6 15.0 877.4 479.0 735.1 56.91 735.1 566.1 463.1 325.6 35.11 723.8
8.5 10.0 883.5 478.4 742,8 57.22 742.8 566.0 458.6 331.8 35.88 730.9
Tip 3.5 5.0 889.6 477.7 750.5 57.52 750.5 - 565.0 453.8 336.6 36.56 738.0
Design Performance Data
Rotor Pressure Ratio: 1.3188 Adiabatic Efficiency: 90,8%
Percent Span From Tip
Leading Trailing Mle 'm o Loss 5 Pie Tte
Edge Edge (deg) D w Parameter (deg) (psf) (°R)
Hub 96.5 95,0 0.7102 -0.354 0.5533 0.11341 0.03154 8,937 2789.1 566,63
91.5 90.0 0.7152 -0.439 0.5447 0.10314 0.02876 9,121 2789.2 566. 20
86.4 85.0 0.7212 -0.499 0.5370 0.09446 0.02637 9.149 2788.7 565, 81
70.9 70.0 0.7380 -0.813 0.5171 0.07363 0.02067 8.665 2788.9 565,94
50.0 50.0 0.7608 -1.430 0,5028 0.06131 0,01732 8.164 2792.9 564.71
29.1 30.0 0.7836 -2.078 0.5057 0.07348 0.02085 7.709 2792.8 565,53
13.6 15.0 0.8005 -2.485 0.5167 0.09534 0.02713 7.635 2788.8 566.69
8.5 10.0, 0.8061 -2.606 0.5224 0.10505 0.02988 7.831 2788.2 567. 28
Tip 3.5 5.0 0.8116 -3.076 0.5296 0.11647 0.03318 7.778 2788.3 568,04
o Geometry Data
Airfoils: Circular Are No. of Blades: 70 Chord Lengths: 1,37 inches
Percent Span From Tip
Front Body Rear Body = = Front Ajirfoil - = RearKl'hrfml - Each Airfoil
Leading Traijling le te . ¢ é le te ¢ Y
Edge Edge . (deg) (deg) - (deg) (deg) (deg) (deg) (deg) (deg) 4 t/c
Hub 96.5| 95.0 51.75 36.65 15.10 44.25 42,75 7.75 35.00 25.15 0.920 0.0783
'91.5 90.0 52,19 37.59 14.60 44,85 43.10 9. 10 34,00 26.05 0.909 0.0763
86.4 85.0 52,60 38.40 14,20 45,47 43.50 10.70 32.80 27.08 0.899 0,0743
70.9 70.0 54,04 41.04 13.00 47.60 45,00 15.45 29,55 30.25 0.868 0.0682
50.0 50.0 56.10 44.10 12,00 50.10 46.67 20,67 26.00 33.67 0.829 0.0600
29.1 30.0 58.09 46.18 11.91 52,05 48.95 25,00 23.95 37.00 0,791 0.0518
13.6 15.0 59,60 47.20 12.40 53.68 51.65 27.50 24.15 40.05 0,767 0.0457
8.5 10.0 60.18 47.46 12.72 54,10 52,63 28.05 24.58 41.10 0.760 0.0437
Tip 3.5 5.0 60,75 47,72 13.03 54,45 53.178 28.178 25.00 42,05 0.751 0.0417




Table II. Tandem Stator B Blade Element Design

Velocity Diagram Data

Equivalent Rotor Speed = 4210 rpm Equivalent Weight Flow = 110 lb/sec
Percent Span From Tip
Leading Trailing Vlc Vzle V(Ble Ble Vte Vzte VO te Bte
Edge Edge (ft/sec) (ft/sec) (ft/sec) (deg) (ft/sec) (ft/sec) (ft/sec) (deg)
Hub 95.0 95.0 667.2 471,9 471.7 44.99 480,0 480.0 0.0 0.0
90.0 90.1 663.0 475.4 462.2 44,20 481.9 481.9 0.0 0.0
85.0 85.2 658.9 478.2 453.3 43.47 483.6 483.6 0.0 0.0
70.0 70.1 648.6 485.1 430.5 41.58 488.8 . 488.8 0.0 0.0
50.0 50.0 638.6 489, 2 410.5 40,00 494.4 494, 4 0.0 0.0
30.0 29,8 628.6 483.9 401.1 39.66 494.7 494.6 0.0 0.0
15.0 14.8 619.8 474.1 399.2 40.09 492.2 492.0 0.0 0.0
10.0 9.9 617.4 470.1 400.2 40.40 491.4 491.2 0.0 0.0
Tip 5.0 4.9 615.6 465.8 402.5 40.84 491.2 491.0 0.0 0.0
Design Performance Data
Stage Pressure Ratio: 1.2982 Adiabatic Efficiency: 85.4%
Percent Span From Tip )
Leading Trailing M'Ie im ‘D @ Loss 8 Pte
Edge Edge (deg) . Parameter (deg) (psf)
Hub 95.0 95.0 0.5915 -1.982 0.5183 0.09619 0.03242 13. 031 2732.5
90.0 90.1 0.5878 ~2.003 0.5106 0.09171 0.03125 12,854 2735.8
85.0 85.2 0.5840 -2.001 0.5035 0,08721 0.03004 12,734 2738.5
70.0 70.1 0.5747 -2.086 0.4840 0.07636 0,02717 12.334 2746. 1
50.0 ’ 50.0 0.5655 -2.228 0.4672 0.07100 0.02634 12.120 2754.1
30.0 29.8 0.5556 -2.697 0.4649 0,07570 0.02926 12,708 2752.7
15.0 14,8 0.5468 -3.211 0.4695 0.08253 0.03276 13.510 2746.4
10.0 9.9 0.5442 -3.450 0.4722 0.08632 0.03457 13.808 2744.2
Tip 5.0 4.9 0.5422 -3.619 0.4755 0,08920 0.03603 14,152 2743.2
" Geometry Data
Airfoils: Circular Arc No. of Vanes: 66 Chord Lengths: 1,30 inches
Percent Span From Tip
. Front Ajrfoil Rear Ajrfoil Each Airfoil
Front Body Rear Body K ° K K o
Leading Trailing le te ¢ Y le te ® 4
Edge Edge (deg) (deg) (deg) (deg) (deg) (deg)  (deg) . (deg) a t/e
Hub 95.0 95.0 46.97 34,97 12.00 40.97 39.37 -13.03 53.00 13.22 0,822 0.09
90.0 90.1 46,19 34.64 11.55 40,45 39.50 -12.85 52,35 13.00 0.813 0.09
85.0 85.2 45.51 34.27 11,24 39.95 39.10 -12.55 51.65 13.00 0. 804 0.09
70.0 70.1 43,77 33.27 10.50 ' 38.55 38.40 -12.10 50.50 13.00 0.778 0.09
50.0 50.0 42,23 32,23 10,00 37.23 37.88 -12,12 50.00 12,88 0,747 0.09
30.0 29.8 42.35 31,90 10.45 37.00 37.60 -12.60 50,20 12,50 0.718 0.09
15.0 14.8 43.40 32,20 11. 20 37.70 38.00 -13.50 51.50 12,05 0.698 0.09
10.0 9.9 43.90 32.35 11.55 38.05 38.15 -13.90 52,05 12.05 0.692 0.09
Tip 5.0 4.9 44,45 32.45 12.00 38.50 38,90 -14.10 53.00 12.40 0.G685 0,09




installed across a vane gap to measure the static pressure variation across the
gap. Ten static pressure taps were located over the rotor blade tips on the

outer wall, between -10% and 101% tandem rotor axial chord, to measure the

rotor tip static pressures. Midspan stator surface static pressure distributions
were measured with eight pressure taps located from approximately 15% to 85%
chord on each surface of the front and rear airfoils. The eight pressure taps

on each surface were installed on the same airfoil and a different stator vane was
used for each group of eight pressure taps (i.e., a total of four stators). The four
stators were positioned in the stator assembly such that at least one uninstru-
mented vane separated those with static taps. The circumferential location of each
instrumented airfoil and the location of the pressure taps in terms of percent over-
all chord are shown in figure 6.

Twenty-degree wedge probes were used to measure the radial distributions
of total pressure and flow angle at the rotor inlet and exit, and flow angle at the
stator exit (figure 7). Stator exit total pressure and temperature across a stator
gap were measured at each of two circumferential locations by means of circum-
ferentially traversed radial rakes with elements at nine radial locations (figure 8).
The elements of each radial rake were 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 pressure
measurements to calculate the freestream Mach number, This Mach number was
used to correct the total temperature and the 8-degree wedge static pressure
measurements,

Steady-state pressure data were measured with a multichannel prt(assure
transducer scanning system that includes automatic data recording on computer
- cards. Steady-state temperature measurements were also automatically re-
corded on computer cards by a multichannel scanning system in conjunction with
a temperature reference oven and a digital voltmeter, Traverse pressure and
temperature data and transient pressure data were recorded on magnetic tape
at up to 600 samples per minute per channel.

Two static pressure taps located in the plenum, two of the outer wall
static pressure taps 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 for
transient recording during operation into and out of stall. High-response pres-
sure transducers mounted as total pressure probes at 10, 50, and 90% span from
the tip behind the rotor (figure 9) were used to measure high-frequency total
pressure oscillations and to indicate the initiation of rotating stall. The high-
response transducer output was recorded on magnetic tape and correlated in time
with the transient recording of the Station 0 static pressures and the stage exit
total pressures.

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



PROCEDURES
Test Procedures

Shakedown Tests

A shakedown test was conducted 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 three operating
points at 100% design equivalent rotor speed.

Performance Tests

Overall and blade element performance data and stall transient data were
obtained at 50, 70, 90, 100, and 110% of design equivalent rotor speed. Six
data points were recorded at each speed to define stage performance between
maximum obtainable flow and near stall. At each test point, traverse surveys
were followed by the recording of fixed pressure and temperature instrumentation
. data with the traverse probes withdrawn. Blade stresses were monitored
during steady-state and stall transient operation at all rotor speeds.

Transient measurements of bellmouth static pressure, rotor speed, and
rotor exit total pressure were recorded ten times per second to define stall
characteristics as the stage was operated into and out of stall. The output
from a high response total pressure probe (10, 50, and 90 percent spans) at
the rotor exit was also recorded as the stage was operated into and out of stall
and 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 to (1) convert millivolt readings to appropriate
engineering units, and (2) 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 computer
program to calculate overall and blade element performance 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 the 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 temperatures 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-degree 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 14+7Y
- . 2(1-7)
5 - VT_PE& |i1+"-'1 M2:|.
PA VR 2

where A is the flow area associated with each radial measurement increment.

Blade Element Performance

Performance and velocity diagram calculations were performed for each
blade row 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 momentum, con-
servation of energy, continuity, and that the actual streamlines do not deviate
substantially from design streamlines for any test point. A description of the
translation method is presented in Reference 4,

Stall Transient Data

Bellmouth static pressure at incipient stall was determined from plots
similar to the one shown in figure 10, and the corresponding weight flow was
determined from the correlation of bellmouth static pressure and orifice weight
flow shown in figure 11. The steady-state pressure ratio data were extrapolated
to the stall flow using the shape of the transient data curve as a guide line.
Incipient stall points were determined in this manner for each rotor speed.

PRESENTATION OF DATA
Overall Performance

Overall performance data are presented in terms of pressure ratio and
adiabatic efficiency as functions of equivalent weight flow (W/976_) and equivalent
rotor speed (N/\/é) for the rotor in figure 12 and the rotor-stator (stage) in
figure 13, The design pressure ratio and efficiency for the rotor were 1.32
and 90.8%, respectively, at a design flow of 110.0 lb/sec. The corresponding
design values for the stage were 1.30 and 85.4%. The design point is shown
on each figure for comparison with the performance results. The solid symbol
on the stall line in figures 12 and 13 is the stall point determined from the
transient data. Pressure ratio, adiabatic efficiency, and polytropic efficiency
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 92% and a total pressure ratio of 1.31 at design equivalent
rotor speed and flow. At the same flow and rotor speed the stage achieved an
adiabatic efficiency of 86% and a total pressure ratio of 1.29. The peak effi-
ciency for both the rotor and stage were reached at approximately design
equivalent flow.

Blade Element Performance

As discussed on page 9, the blade element performance and velocity
diagram calculations were performed at the instrumentation stations and at the
rotor and stator leading and trailing edges. Results of these calculations are
tabulated in tables A-2 and A-3 of Appendix A for each of the nine design stream-
line locations. 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 rotor and stator leading and trailing edges. Due to the small differences
between translated and untranslated values, only the translated values are
given in table A-3 for the remaining compressor test points. The plotted re-
sults discussed for the rotor and stator in the following paragraphs are based
on the translated data.

Rotor

" Rotor diffusion factor, deviation angle, and loss coefficient are shown as
functions of incidence angle in figures 14a through 14i. At the design incidence
angle and rotor speed, total pressure losses and deviation angles are less than
or equal to the design values from 15% to 70% span from the tip and greater than
the design values at 5, 10, and 85 to 95% span. The diffusion factor at design
incidence angle and rotor speed is appreciably less than the design value at 5%
span from the tip and approximately equal to the design value for all other span-
wise positions.

Loss parameter vs diffusion factor is presented in figures 15a through 15¢
for 10, 50, and 90% span, respectively. The design curve representing a corre-
lation of the minimum loss data from References 6 through 12 is shown in each
figure. The design point is also included in these figures for comparison with
the performance data. Although the data from References 6 through 12 are for
Series 65 blade sections, the data presented in Reference 13 indicates 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 13
correlation and the two-dimensional cascade data from figure 149 of Reference 13
are also shown in figures 15a through 15c¢ for comparison with the selected design
loss curves. At design equivalent rotor speed, the loss parameter values that
correspond to the minimum loss coefficient at 10% and 90% span (figures 14b
and 14h, respectively) are above the design curve, with the larger difference
occurring at the hub. For similar conditions at 50% span, the loss parameter
value is slightly below the design curve.

Axial gradients of rotor tip static pressure ratio [py,/(p at.— 10% axial chord)]
are shown in figures 16a through 16f, In the order of decreasing flowrate at de-
sign equivalent rotor speed, these figures indicate that the rotor tip loading shifted
toward the leading edge of the front body as the compressor was throttled toward
stall flow.

10



Stator

Stator diffusion factor,. deviation angle, and loss coefficient are presented
as functions of incidence angle in figures 17a through 17i. At design incidence
angle, stator losses at 5, 10, and 85 to 95% span from the tip are greater than
the design values, while from 15% to 70% span from the tip the stator losses are
less than the design values. Deviation angles, at design incidence angle, are
greater than design values across the entire span of the vane; and, with the ex-
ception of 70% span where the diffusion factor is approximately equal to the design
value, the diffusion factors are less than predicted.

Loss parameter vs diffusion factor is shown in figures 18a through 18c
for 10, 50, and 90% span, respectively. The design curve representing a corre-
lation of the minimum loss data from Reference 6 through 12 is shown on each
figure. The design point, the range of stator data from Reference 13, and the
two-dimensional cascade data from Reference 13 are included in the figures for
comparison with the Stator B performance data, At design equivalent rotor
" speed, the loss parameter value corresponding to the minimum loss coefficient
at 10% span from the tip is approximately on the design curve; at 50% span, the
loss parameter value is lower than the design curve; and at 90% span, the loss
“parameter value is above the design curve.

The midspan stator static pressure coefficient distributions, at design
equivalent rotor speed, are shown in figures 19a through 19f, Static pressure -
coefficient distributions for all data points are tabulated in Appendix B, 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 stall 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 distri-
bution for each airfoil. Operating between the maximum and minimum flowrates
at design equivalent rotor speed, the stator front-airfoil experienced large varia-
tions in the shape of its static pressure coefficient distribution, while the shape
of the corresponding distribution for the rear airfoil remained nearly constant,

The wall static pressure data, shown for design equivalent rotor speed in
figures 20a through 20f, 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 20),
but 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-wise variation was present in these data.

SUMMARY REMARKS

Stage C was designed and tested to establish performance data for compari-
son with the results of previous tests of highly loaded, single-airfoil blading with
identical design velocity diagrams. Based on a curve faired through the data
points, the rotor achieved an adiabatic efficiency of 92% and a total pressure ratio
~of 1.31 at design equivalent rotor speed and flow. At the same flow and rotor
speed, the stage achieved an adiabatic efficiency of 86% and a total pressure ratio
of 1.29., The peak efficiencies for both the rotor and stage were reached at
approximately design equivalent flow.

11
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Station Number

0
180.0 Bottom Center
6*207.0
225.0 —
270.0 — 6’264.0
> 315.0 —
@]
(o (@ 333.0
o<
5 5 0-360.0 Top C
c : — lop Center
@ 27.0
45.0 —
00—  O8L0
135.0 —
153.0
180.0 0 1 5 A 3 Bottom Center
Rotor Inlet Rotor Exit Stator Exit
SYMBOLS
(O OD Wall Static Pressure
@ D Wall Static Pressure
A 20 deg Wedge Traverse Probe
A 8 deg Wedge Traverse Probe
O Total Pressure Probe (10, 50 and 90 % Spans)
0 High-Response. Probe (10, 50 and 90 % Spans)
O Total Temperature/Pressure Probe, Circumferential
Traverse (5, 10, 15, 30, 50, 70, 85, 90 and 95 % Spans)
@ Total Pressure Probe (10, 30, 50, 70 and 90 % Spans)
D Rotor Tip Static Pressure ( -10, 5.8, 19.2, 27.5, 35.8, 44.2,
52.5, 65.8, 79.2, 90.3 and 100.8 % Axial Chord)
(Equally Spaced 3 deg Circumferentially)
Figure 4. Instrumentation Layout FD 58981A
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Stator B
Rear Body

Static Pressure Tap Location

Stator B
Front Body

Overall Chord

T— Compressor Centerline

Stator Geometry Is Not to Scale

Percent Overall Chord Location

Front Body Rear Body
Suction Surface Pressure Surface Suction Surface Pressure Surface
(21°41°) (343°38') (5°27) (354°33)
6.6 7.0 56.9 56.0
11.9 13.0 61.9 61.5
16.9 18.0 67.3 66.5
21.9 23.1 72.2 71.7
27.0 28.1 77.8 77.0
32.0 33.1 82.8 82.0
37.1 38.1 88.0 87.5
42.1 43.1 92.9 925

Note: 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.

Figure 6. Tandem Stator B Midspan Static FD 62071
Pressure Tap Locations
17
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Figure 14a.
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Weight Flow = 120,83 1b/sec
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Figure 19b, Tandem Stator B Midspan Static
Pressure Coefficient at Design
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Weight Flow = 114,12 1b/sec
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Figure 19d. Tandem Stator B Midspan Static
Pressure Coefficient at Design
Equivalent Rotor Speed, Equivalent
Weight Flow = 102,98 1b/sec
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DF 91071

108. 33 1b/sec

Upstream and Downstream of Stator B

Wall Static Pressure Distributions
at Design Equivalent Rotor Speed,

Equivalent Weight Flow

Figure 20c.
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Wall Static Pressure Distributions

Upstream and Downstream of
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Stator B at Design
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Figure 20f. Wall Static Pressure Distributions DF 91074
Upstream and Downstream of
Stator B at Design Equivalent Rotor
Speed, Equivalent Weight Flow = 94.51 1b/sec




A -APPENDIX A
TABULATED OVERALL AND BLADE ELEMENT PERFORMANCE DATA

Rotor C and Stage C overall performance is tabulated in table A-1.
Rotor C and Stator B blade element performance calculated from data at the
instrumentation stations and from data that have been translated to the rotor
and stator leading and trailing edges is tabulated in table A-2 for the near-design
flowrate of 108.33 1b/sec. Due to the small differences between translated and
untranslated values in table A-2, only the translated data is tabulated in table A-3
for the remaining compressor test points.

\
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Table A-1. Overall Performance - Stage C

. " Rotor - : Stage
Corrected ; et /P \
Weight Flow P,/P Mg ) P,./Py g "
1b/sec 2’71 ad - p 2A" 71 ad P
100% Design Equivalent Rotor Speed
94, 51 1.3305 0.8893 0.8937 1.3123 0.8438 0.8497
98.54 ) 1.3273 0.9053 0.9090 1,3116: 0.8648 0. 8699
102,98 1,3148 0.8841 0.8885 1.3016 0.8493 0. 8548
108.33 1,3076 0.9179 0.9210 1.2877 0.8627 0.8675
114.12 1.2903 0.9179 0.9208 1.2664 0.8474 0.8524
120. 83 ' 1,2078 0.7886 0.7942 1,1493 . 0.5765 0.5848
50% Design Equivalent Rotor Speed
45,81 1.0738 = 0.8102 0.8121 1.0711 0.7808 0.7830
50.04 1.0712 0.8447 0.8462 1.0683 - 0.8107 0.8125
55.83 . 1.0676 0.9415 0.9421 1.0637 0. 8875 0.8885
59.70 1.0633 0.8658 0.8670 1.0590 - 0.8079 0.8095
64.69 1.0577 - 0.9133 0.9140 1,0504 0.7984 0.7998
68.43 1.0524 0. 8964 0.8971 1.0422 0. 7243 0.7259
70% Design Equivalent Rotor Speed
63.33 - 71.1526 0.8970 0.8991 1.1442 0.8490 0. 8519
68.37 1.1483 0.8911 0. 8933 1,1396 0.8403 '0.8432
73.55 1.1414 0.9275 0.9289 1,1322 0.8687 0.8710
79.76 1.1337 0.9181 0.9195 1.1241 0.8540 0. 8564
86.79 1.1215 0.9186 0.9199 -1,1080 0.8193 0.8219
93.06 1.1024 0.8187 0.8211 1.0808 0.6643 0.6680
'90% Design Equivalent Rotor Speed
83.77 . -1.2612 0.8773 0.8813 1.2471 0.8325' 0.8377
88. 84 1.2567 0. 8943 0.8976 1,2484 0.8505 0.8550"
95.04 1.2468 0.9042 . 0.9071 1.2331 0. 8566 0.8608
100.49 1.2394 0.9153 0.9179 1.2213 0.8500 0.8542
107.07 1.2179 0. 8959 0. 8988 1.1962 0.8113 0.8161
112,52 " 1.1722 0.8423 0. 8459 1.1275 0.6322 0.6384
110% Design Equivalent Rotor Speed
101.79 . 1.4110 0.8655 0.8719 1.3919 0.8288 0.8366
107.10 1.4054 0.8789 0. 8846 1,3858 0.§402 - 0.8474
113.12 1.3963 0.8957 0.9005 1.3729 0.8474 0. 8541
'118.34 1.3865 0.8999 0.9044 1.3618 0.8473 0.8538
122.43 1..3598 0.8965 0.9009 1.3293 0.8268 0.8336
_125.30 ' 1. 2495 0.7589 0.7664 1.1688 0. 5257 0.5361
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NOMENCLATURE USED FOR BLADE ELEMENT DATA TABULATION

Exit Percent Span From Tip
Exit Diameter '
Absolute Flow Angle

Relative Flow Angle

Absolute Velocity

Axial Velocity

Absolute Tangential Velocity
Relativé Velocity '
Relative Tangentidl Velocity
Rotor Spéed

Absolute Mach No.

Relative Mach No.

Relati.ve Turning Angle

Loss Coefficient (@)

Loss Parameter

Diffusion Factor

Polytropic Efficiency
Adiabatic Efficiency

Incidence '

Deviation

Total Pressure

Total Temperature :
Loss Coefficient Based on P2FS (wpg)

Stator Exit Average Freestream Total Pressure

From Wake Rakes
Loss Parameter Based on UUBAR FS

PCT SPAN
DIA
BETA

. BETA (PR)

v
VZ

V - THETA

V (PR)
V - THETA PR

U

M
M (PR)
TURN (PR)
UUBAR
LOSS PARA
DFAC
EFFP

EFF

INCID
DEVM

P

T

UUBAR FS
P2FS

LOSS PARA FS !

Note: Where applicable the appropriate instrumentation station is noted.

»
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Table A-2.

PERCENT EQUIVALENT ROTOR SPEED =

INLET

PCY SPAN

. DIA

STATION O BETA O
STATION 1 BETA 1

Vo

R AR §

vi 0

vZ1

V-THETA ©

V-THETA 1

ROTOR C PCT SPAN
DIA
STATION 1 BETA 1
STATION 2 BETA 2
BETA(PR) 1
BETA(PR) 2
v
v 2
vZ 1
Vil 2
V-THETA 1
V-THETA 2
VIPR} 1
VIPR} 2
VTHETA PR1
VTHETA PR2

M{PR) 2
TURN{PR)
UUBAR
LOSS PARA
OFAC

STATOR 8 PCT SPAN
DiA
STATION 2 BETA 2
STATION 2A BETA 2A
v 2
vV 24
vZ 2
vz 2A
V-THETA 2
V-THETA 2A
M2
M 2a
. TURN(PR)
UUBAR
LOSS PARA
DFAC
EFFP
INCID
- DEVM
P2
P 2A
T2
T 2A
~~
UUBAR FS
"2 FS
LOSS PARA

70

96,49
33.144
0.000
0.000
447.59
457.31
447,59
457.30
0.00
0.00
0.4075
0.4167
0.0
0.9938
-0.022
0.3340
J.0001
-0.000
14.694
14.545
518.700
518,700

95.01
33,232

0.000
43.560
52.977
23.219
457.31

584.95°

457,30
379.43
0.00
445,20
759.5
412.9
-606.3

- -162.8
606434
607.97
0.4167
0.5152

£ 046920
0.3636
29.757
0.2046
0.0543
0.6258
0.7817
0.7764
1.135
15.470
16,545
18.375
518,700
566,960

95.04
33.204
49.560

1.340
584.95
414.78
379.43
416.67
445,20

9.70
0.5152
0.3606
. 48.220
0.0848
0.0274
0.5320
0.8849

2.589
14.371
18.375
18.117

564.960
564.960
osIaTs
18.600

£S 040477

91.45
33,566
0.000
0.000
447.59
474.87
447.59
474,87
0.00
0.00
0.4075
0.4333
0.0
0.0126
-0.061
0.9149
0.0001
-=0.000
14.694
14,674
518.700
518.700

90.00
33,617
0.000
47.020
52.284
25.448
474,87
582.38
474.87
397.04
0.00
426.07
776.3
439.7
~6164.1
-188.9
614.06
615.00
0.4333
0.5134
0.7083
0.3876
26.836
0.2002
0.0529
0.5942
0.7687
0.7612
0.006

16.150

14.674
18.355
518.700
563.700

90.11
33,556
47.020

2.030
582.38
429.58
397.04
429,31
426.07

15.22
D.5134
0.3742
44,990
0.0420
0.0137
0.4929
0.9165%

0,819
14.8684
18.355
18.228

563.700
563.700
Oviswnt
18.715
0.0469

99.59

Stage C

Rotor C - Stator B

CALCULATIONS USING UNTRANSLATED VALUES

86.35
33.993
0.000
0.000
447,59
478,72
447,59
478.72
0.00
0.00
0.4075
0.4369
" 0.0
0.0
~0.070
0.9999
0.0001
=0.200
14,694
14.694
518.700
518.700

84.99
34.001
0.000
43,000
52.411
24.531
4T8.72
612.37
478.72
447.85
0.00

417.63

T84.8
492.3
~621.9
~204.%
621.88
622.02
0.4369
0.5417
0.7163
0.4355
27.880
0.1234
0.0333
0.5304
0.8494
0.8441
-0.279
13.612
14,694
18.750
518.700
563,020

85.15
33.910
43.000

3.970
612.37
447.29
447.85

446,22

417.63
30,97
0.5417
0.3904
39,029
0.1105
0.0363
044778
0.7863
-2.471
16,704
18.750
18.375
563.020
563,020
O TITE
18.755
0.0367

70.89
35.288
0.000
0.000
447.59
483,98
447.58
483.96
0.00
0.00
0.4075
0.4419
0.0
0.0
-0.081
1.0001
0.0001
-0.000
14.694
14.694
518.700
518.700

69.99
35.152

0.000
40.190
53.142
24.770
483,98
544,58
483.96
492.33

0.00
415.90

806.8

542.3
. -645.6
-227.2
645,57
643,08
0.4419
0.5724
0.7367
0.4816
28.376
0.0471
0.0132
0.4861
0.9703
0.9691
-0.913

9.067
14,694
19.325
518.700

‘

562.280

70.14
34.982
40.190

5.800
644,58
504.53
492.33
501.91
415.90

50.98
0.5724
0.4425
34.384
0.0927
0.0312

0.4096

0.7875
=3.486
18.134
19.325
18.968
562.280
562.280
V.77
19,242
Ued240

49.99
37,039
0.000
0,000
447,59
492,46

447,55

482,32
0.00
0.00

0.4075

0.4405

‘0.0

0.0

-0.078

0.9999

0.0001

-0.000

14,694

14,694
518,700
518.700

49.99
36686
0.000
39,430
54.556
29.089
482,46
630,59
482,32
486.82
0.00
400431
811.8
557,5
-671.6
-270.8
677.60
671,14
0.4405
0.5592
0.7594
0.4963
25.481
0.0437
0.0123
0.4841
0.9727
0.9717
-1.501
8.402
16,594
15.355
518.700
5624420

50.00
36,420
39.430

5.100
630,59
532,23
486.82
529.98
400,31

47.30
0.5592
0.4678
34.307
0.0181
0.0063
0.3540
0.9444
~2.824
17.219
19.355
19.288

5624420
562,420
UsUs18
19.487
0.0180

29.06
38.792
0,000
0.000
447.59
474,08
447.51
474,34
0.00
0.00
0.4075
0.4331
0.0
0.0
~0.061
1.0000
0.0001
-0.000
14.694
14,694
518. 700
518.700

29.99
38.220
0.000
38.920
564241
32.521
474,68
622,58
474,38
483,86
0.00
390.70
853.8
574.6
-709,7
-308.5
709.67
699.20
0.4331
0.5517
0.7790
0.5092
23,748
0.0467
0.0133
0.4802
0.9889
0.9884
-1.807
7.658
14.696
19.415
518.700
562.180

29.85
37.859
38.920

5.030
622.58
540,37
483.86
537.98
390.70

47.35
0.5517
0.4753
33.842
0.0240
0.0088
0.3354
0.9139
-3.484

17.735
13.415
19.328

562.180
562.180
[PTEETH )
194517
00185

Blade Element Performance

13.61
40,086
0,000
0.000
447.59
466,19
4T 4T
463,67
0.00
0.00
0.4075
0.4232
2.0
0.0202
-0.037
0.6013
0.0001
-0,000
14,694
14,662
518,700
518.700

14.98
39.371
0.000
39,980
57.696
35,357
464,19
608.16
463,67
465,27
0.00
390.13
86T7.9
571.5
=733.3
-330.1
733.34
720.26
0.4232

. 0.5372

0.7912
0.5049
22.384
0.0814
0.0232
0.4972
0.9325
0.9298
-1.727
7.805
14.662
19.285
518.700
566,140

14.85
38.930
39.980

5.310
608.16
529.74
465,27
527.01
390.13

8,98
0.5372
0.4647
34,598
0.0614
0.0231
0.3426
0.7728
-3.401
18.816
19.285
19.074

564.140
564.140
TTUEEE
194312
0.u258

B.54
40.511
0.000
0.000
447.59
443,70
447,46
443,146
0.00
0.00
0.4075
0.4039
0.0
0.1045
0.009
#-0,2149
0.0001
-0.000
14.694
14,528
518.700
518.700

9.99
39.754
0.000
44.750
59.123
39.269
443,70
567.00
443,14
402.05
- 0.00
398.56
863.8
520.3
=T4l.l
-328.7
T741.12
T27.27
0.4039
0.49483
0.7863
0.4572
19.908
0.1549
0.0424
0.5594
0.8481
0.8424
-0.731
11.133
14.528
18.795
518.700

565.710

9.87
39.285
44,750

5,270
567,00
505.12
402,05
502451
398.56

46435
0.4983
0.4416
39,397
0.0078
0.0030
0.3483
0.9656

0.808
19.073
18.795
18,772

565,710

565.710
0. 0897
19,057
040343

EQUIVALENT ROTOR SPEED = 4#192.73 Equivalent WEIGHT FLOW = 108.33

3.50
40.933
0.000
0,000
447.59
371.43
44T.46
370.90
0.00

0.00-

0.4075
0.3365
0.0

0.3961
0.170
~4.6546
0.0001
=0.000
14,694
14,065
518.700
518.700

4.98
40.138
0.000
50.880
63.651
45.030
371.43
522.44
370.90
329.18
0.00
404.77
835.9
466.6
~748.8
~329.5
T748.84
734.29
0.3365
0.4571
0.7572
0.4082
18.687
0.1673
0.0424

0.6137

0.8578
0.8524
3.022
16,149
14.065
18.315
518,700
566,380

4.94
39.637
50.880
- 5.220
522.44
475.03
329.18
472.56
406,77

43,17
0.4571
0.4141
45.569

-0.0654
-0,0252
0.3602
1+3446

6.330
19.366
18.315
18,475

566,380
566.380
Je 308
189867
00504

PCT SPAN
014

BETA O
BETA 1
vo

vl

vZ o

vz 1
V-THETA 0
V-THETA 1

PCY SPAN
oIA

BETA 1
BETA 2
BETA(PR) 1
BETA{PR) 2
AR}

v a2

Vit

vi 2
V-THETA 1
V-THETA 2
VIPR) 1
VIPR) 2
VTHETA PRI
VTHETA PR2

M{PR) 2
TURN{PR)
UUBAR
LOSS PARA
DFAC

EFFP

PCY SPAN -
DIA

BETA 2

BETA 2A

V2

-V 2A

vz 2

vl 2A
V-THETA 2
V-THETA 2A
"2

" 2A
TURN(PR)
UUBAR

‘LOSS PARA

DFAC
EFFP
INCID
DEVM

P2

P 2A

T2

T 24
UUBAR ¢S
P2.-¢3
LOSS PARA FS



INLET

ROTOR C

ROTOR -L.E.
ROTOR -T.E.

STATOR B

STATOR-L.E.
STATOR-T.E.

Table A-2, Blade Element Performance (Concluded)

PERCENT EQUIVALENT ROTOR SPEED =

PCT SPAN
DI1A

BETA O
BETA 1
vo

vl

vZ o

vi 1
V-THETA O
V-THETA 1

PCT
DIa
BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
v

vz

vzl

Vi 2
V-THETA 1
V-THETA 2
VI{PR) 1
VI{PR) 2
VTHETA PR1
VTHETA PR2

SPAN

TURN{PR)
UUBAR
LOSS PARA
DFAC

EFFP

EFF

PCT SPAN
DIA

BETA 2
BETA 24

v 2

vV 2A

vZ 2

VZ 2A
V-THETA 2
V-THETA 2A
M2

" 2a
TURN(PR)
UUBAR
LOSS PARA
DFAC

EFFP
INCID
DEVM

P2

P 2A

T2

T 2A
UUBAR FS
P2 FS
LOSS PARA

96.61
33.138
0.000
0.000
447,60
440,72
447.60
440,72
0.00
0.00
0.4075
0.4011
0.0
0.0938
0.015
-0.5335
0.0001
~0.000
14.69%
14.545
518.700
518.700

95.00
33.235
0.000
49.788
52.523
23,397
464,85
582.95
464.83
376.36
0.00
445.17
T64.0
410.1
-606.3
-162.8
606,29
608,01
0.4238
0.5134
0.6965
0.3511
29.125
0.2025
0.0537
0.6317
0.7817
0.7744
0.681
15.648
14.545
18.375
518.700
564.960

95.05
33.203
49.271

14340
587.55
414,79
383.36
414,67
445425

9.70
0.5176
0.3606
47.931
0.08641
0.0272
0.5340

T 0.8477

2.300
14,371
18.375
18.117

564.960
564.960
Ds1466
184600

FS 0.0474

91.52
33.570
0.000
0.000
447,60
457.36
447,60
457.36
0.00
0.00
0.4075
0.4167
0.0
0.0126
~0.022
0.7902
0.0001
=-0.000
14.694
14,674
518.700
518.700

90.01
33.621
J.000
47.286
51.876
25.672
431.81
579.81
481.31
393.31
0.00
426.01
780.4
436.4
-613,9
-189.1
613.93
615.07
C.4399
0.5110
0.7125
0.3846
264203
0.1984
0.05237
0.5007
0.7687
0.7612
-0.403
16.374
14.674
18.355
518.700
563.700

90.12
33,556
46.752

2.030
585.06
429.61
400.86
429.34
426,16

15.22
0.5159
0.3743
44,722
0.0417
0.0136
0.4952
0.9181

0.551
14.884
18.355
18.228

563.700

Stage C

Roter C - Stator B

CALCULATIONS USING TRANSLATED VALUES

99.59

86.39
34,006
0.000
0.000
447.60
461,00
447.60
461.00
0.00
0.00
0.4075
0.4202
0.0
0.0
~0.030
0.9998
0.0001
-0.000
T 14.694
14.694
518.700
518.700

85.00
34.006
0.000
43.184
51.996
24.694
485.75
610.16
485.75
444.89
0.00
417.56
788.9
483.7
-621.7
-204.6
621.65
622.12
0.4438
0.5397
0.720%
0.4331
27.303
0.1223
0.0329
0.5362
0.8494
0.8441
~0.694
13.774
14.694
18.750
518.700
563.020

85,15
33.910
42.708

3.970
615.94
447,32
452,60
466,24
417.7%

30.97
0.5451
0.3904
38.737
0.1093
0.0359
0.4808
0.7916
-2.763
16.704
18.750
18.375

563,020

563,020
C.1106
18755
040363

EQUIVALENT ROTOR SPEED

70.81
35.328
0.000
0.000
447.60
466.99
447.59
466.98
0.00
0.00
0.4075
0.4258
0.0
0.0
~0.043
0.9999
0.0001
-0.000
14.694
14.69%
518.700
518.700

70.01
35,163
0.000
40.356
52.658
24.938
492,24
642.17
492.20
489.29
0.00
415.77
8l1.5
539.7
-645.1
-227.5
645.11
643,28
0.4498
0.5702
0.7614
0.4792
27.722
0.0066
0.0130
0.4922
09703
0.9691
=1.399
9.235
14.694
19.325
518,700
562,280

TOei5
34,981
40,049

5.801
646,84
504.48
495,09
501.84
415415

50,98
0.5746
0. 4424
34,242
0.0921
0.0310
0.4118
0. 7914
-3.627
18.134
19.325
18,968

562.280
562.280
000723
194242
Va0243

49.79
37.113
0.000
0.000
447.60
466.48
447.56
466,44
0.00
0.00
0.4075
0.4253
0.0
0.0
-0.042
1.0001
0.0001
-0.000
14,694
14,694
518.700
518,700

50.02
36,705
0.000
39,570
54.077
29.272
490,60
628,40
490.36
484.15
0.00
400.10
835.9
555.4
-676.8
-271.4
676.86
671.48
0.4482
0.5571
0.7637
0.4924
26.613
0.0436
0.0122
0.4892
0.9727
0.9717
-1.986
8,585
14,69
19,355
518.700
562.420

50.00
36,420
39.195

5.101
634,31
532.23
491.36
529.91
%00.67

47.30
0.5627
0.4677
34.07s
0.0179
0.0063
0.3579
0.9466
-3.057
17.219
19. 355
19.288

562.420

562.420
0e0514
19,687
0.0181

= 4192.73

28.83
38.892
0.000
0.000
447.60
458.87
447,52
458.79
0.00
0.00
0.4075
0.4182
0.0
0.0
-0.025
1.0002
0.0001
-0.000
14.694
14.694
518.700
518.700

30.02
38.247
0.000
39.157
55.831
32.825
481.56
618.99
480.99
479,44
- 0,00
390.43
85647
571.3
-708.6
-309.3
708.59
699.70
0.4396
0.5484
0.7821
0.5061
23.024
0.0464
0.0132
0.4859
0.9889
0.9884
-2.230
7.960
14,694
19,415
518. 700
562.180

29 8¢
2%.8%

37.859
3e.658
5.031
626,83
540,38
489.00
537.084
391.18
47.35
0.5557
0.4753
33,586
0.0237
0.0086
0.3401
0.9185
-3.740
17.735
19.415
19.328
562.180
562.180

00501
19511
0.0182

EQUIVALENT WEIGHT FLOW = 108.33

13,41
40,202
0.000
0.000
447.60
447.37
447,48
447.25
0.00
0.00
0.4075
0.4073
0.0
0.0202
0.001
-0.0579
0.0001
-0.000
14.694
14.662
518.700
518.700

15.01
39.405
0.000
40.375
57.371
35.838
469,55
602.72
068359
458,42
0.00
389.80
869.7
566.5
-732.1
-331.1
732.05
T20.88
0.4282
0.5321
0.7932
0.5002
21.561
0.0812
0.0230
0.5041
0.9325
0.9298
-2.071
8.283
14,662
19.285
518.700
564,140

14.84
38.930
39.737

5.312
612.06
529.73
469.99
526.1719
390.71

48.98
0.5409
04647
34,363
0.0606
0.0228
0.3470
0.7843
-3.635
18,816
19.285
19.074

564.140
564,140
00679
19,312
0.0255

8.35
©0.631
0.000
0.000
€47.60
427.22
44T7.46
427.09
0.00
0.00
0.4075
0.3884
0.0
0.1045
0.066
-10.0256
0.0001
-0.000
14.694
14,528
518.700
518.700

10.00
39.791
0.000
45.264
58.841
39.888
448,21
561. 43
447,29
394.56
0.00
398,19
864.9
515.2
-739.8
-329.8
739.76
727,94
0.4081
0.4931
0.7876
0.4525
18.989
0.1548
0.0420
0.5660
0.8681
0.8424
-1.033
11.749
14.528
18.795
518,700
565.710

9-88
39.285
%4.506

5.273
570.25
505.07
406,12
502.23
399.18

46,35
0.5013
0.4416
39.162
0.0078
0.0030
0.3523
0.9675

0.574
19.074
18.795
18.772

565.710
565,710
Qe 0BBR4

194057
040340

3.34
41.056
0.000
0.000
447.60
357.71
4T 64
357.58
0.00
0.00
0.4075
0.3238
0.0
0.3961
0.201
-21.0030
0.0001
-0.000
14.69¢
14.065
518.700
518.700

4.98
40.178
0.000
51.586
63.436
45.878
374.54
516.79
373.69
320.66
0.00
404,37
836.0
461.4
~T4T.4
-330.6
T4T.40
7135.02
0.3393
0.4520
0.7574
0.4035
17.606
0.1675
0.0418
0.6200
0.8578
0.8524
2.787
16.996
14,065
18.315
518,700
566.380

.96
39,637
50.628

5.223
525.12
475,04
332.70
472.33
405.44

43.17
0.4595
0.4141
45.328

-0.0648

-0.0249
0.3637
1.3252

6.088
19.366
18.315
18.475

566.380

5664360
Qe1299
18.867
040499

PCT SPAN
DIA

BETA O
BETA 1
vo
V1

vZ o

vz 1
V-THETA ©
V-THETA 1

PCT SPAN
DlIa

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
v

V2

vi 1

vt 2
V-THETA 1
V-THETA 2
VIPR) 1
VI{PR) 2
VTHETA PR}
VTHETA PR2

MIPR) 2
TURNIPR}
UUBAR
LOSS
DFAC
EFFP
€FF

PARA \

PCT SPAN
OIA
BETA 2
BETA 24
v a2
v 2A
vz 2
vl 2A
V-THETA 2
V-THETA 2A
"2
M 2A
TURNIPR)
UUBAR
LOSS PARA
DFaAC
EFFP
INCID
OEVM
P2
P 2A
T2
T 24
UUBAR FS
P2 FS
LOSS PARA FS

71



INLET

ROTOR C

ROTOR -L,E,
ROTOR ~T.E,

SYATNR B

STAYOR-L.E.
STATOR~TV,.E,

72

/

PCT SPAN 96.61
01a 22,138
BETA © 0.000
BETA 1 0.000
veo 537,06
v 550.13
vi o - 537.05
vzt $50.12
V-THETA O 0.00
V-THETA 1 0.00
MO 0.4926
LI} 0.5052
TURN 0.0

UUBAR 0.0361
OFAC =0.024
EFFp 0.6025
INCTD 0.0001
DEVM -0.000
0 14.694
P11 14.613
YO0 518.700
T1 518.700
PCT SPAN 9%, 00
ola 32,238
BETA 1 €.000
BETA 2 39.8C4

BETA(PR) 1 48.709
BETA(PR) 2 28.6%9

Vi1 584,61
v2 629,74
vz 1 - 584,60
vt 2 483.78
V-THETA 1 0.00
V-THETA 2 403,13
virR) 1 €85.9
viPR) 2 $51.3
VTHETA PR1  -¢665.7
VTHETA PR2  -264.4
U1 665,65
v 2 667.55
"1 0.5306
M2 0.5%68
M{PR) 1 0.0163
M{PR) 2 0.4875
TURN(PR) 20,0%0
UUBAR 0.3826
LOSS PARA 0.0969
DFAC 0.57$3
EFFP 0.4780
EFF 0.4672
INCID -3,132
DEVM 2¢.910
P 14.613
P2 16,880
T1 518,700
T2 565.40C

oCT SPAN 9%.¢5

DIA 32,207

BETA 2 39,415

BETA 2A . 3.860

v 2 €35,04

v 2a 673,66

vz 2 490,61

vI 2A 672.13

V-THETA 2 4€3.20

V-THETA 2A 45.11
"2 0.5618
" 24 €.5983
TURN(PR) 35,575
UUBAR 0.2120
LOSS PARA 0.CHe%

NFAC c.1219
EFFP 2.5021
INCID ~7.5%6

DEVM 14,871

P2 16.880

P 2a 16.190
T2 565.400
T 24 56%.40C
UUBAR FS «0v2718
P2 FS 4lTe147

LOSS PARA F$.000878

Table A-3.

S1.52
33.570
0.000
0.000
537,06
561.2%
537.06
561.25%
0.00
0.00
0.4926
0.5160
.0
0.0
-0.045
1.C000
0.0001
~0.000
14.694
14.69%
518,700
5108.700

$0.01
33.621
0.000
35.154
48,533
26.920
595,66
681.48
565,65
557.19
0.00
392,38
899.5
624.9
-674.0
~282.9
674.05
675%.29
0.5494
0.6061
€.8297
0.5558
21.613
0.2818
0.073%
0.4330
0.5954
0.5851
=3.74S
17.621
14,694
17.%%0
$18.700
564.850

9C.12
32,556
34,744
£.220
£88.71
715.30
S€5.92
716.32
392,51
65.45
0.6130
D.6424
29.524
0.1933
N.0628
C.1108
2.8676
~11.457
18,074
17.550
16.790
564,850
564.850
002230
17.700
00724

Stage C

Rotor C ~ Stator B

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 109.34

86.39
34,006
0.000
¢.000
537.06
561.58
537.06
561.5%58
0.00
0.00
0.4926
0.%163
0.0
0.0
-0.046
1.0000
0.0001
=0.000
14,694
14.694
518,700
518.700

85,00
34.006
0.000
31.5
48,870
26.141
586.02
725.6%
596.02
618.51
0.00
379.48
906.1
689.0
-682.5%
=303.6
682,52
683.04
0.5498
0.6489
0.8359
0.6161
22,730
0.1729
0.0460
0.3638
0.7251
0.T167
-3,820
15,222
14.694
18,200
518.700

564.330

85,15
33,910
31,144

5.831
734,11
736,39
£28.29
712.54
379,67

74.80
0.65T1
0.6593

~25.313
c.2598
0.0851
0.1339

37.5300

-14.327
18,56%
18.200
17.010

564.330

564.330
042202
17.967
040721

70.81
35.328
0.000
0.000
$37.06
558.62
537.0%
558.61
0.00
0,00
0.4926
0.5134
0.0
0.0
~0.040
1.0001
0.0001
-0.000
14,694
14.694
518.700
518.700

70.01
35.163
0.000
31.458
50,078
25.887
592.73
754,82
592.67
643,78
0.00
393,85
923.6
715.7
-708.3
-312.4
708,27
706.27
0.5466
0.67983
0.8516
0.6432
24.194
0.1398
0.0387
0.3560
0.8%82
0.8532
-3.979
10.184
14,694
18.775
518,700
562.800

0,15
. 364,981
31,171
5.700
761.75
773.84
€51.67
769,92
394,21
76.85
0.6851
0.6970
25,465
10,2273
0.0766
0.1257
7.0061
-12.504
18,034
18,775
17.625
562,800
562,800
0,2526
18.946
0.0851

49,79
37.113
0.000
0,000
537.06
555.54
537.01
555.90
0.00
0.00
0.4926
0.5108
0.0
0.0
-0.03%
0.9998
0.6001
~0.000
14,694
14,694
$18.700
168,700

50,02
- 36.70%
0.000
31.903
51.647
31.148
588,27
708.2%
587.98
600.89
0.00
374,07
947.9
102.6
-743.1
-363,2
143,11
117,23
0.%5422
0.6326
0.8736
0.6275
20,507
0.1937
0.0534
0.3854
0.7519
C.7442
-4.416
10.460
14.694
18.26%
518.700
$63.400

50.00
34,420
21.569

5.781
715.94

701,96

€C9.65
T17.67
374.60
78.73
C.6400
0. 7047
25.770
0.1475
0.0%17
0.0540
1.6487
-1C.681
17.898
18,2¢5
17.616
5€3,400
563.400
001792
100435
040628

EQUIVALENT ROTOR SPEED = 4603.26

28.83
28,892
0.000
0.000
537.06
550,37
536,96
550.27
0.00
0.00
0.4926
0.5054
0.0
0.0
-0,025
1.0002
0.0001
-0.000
14,694
14,654
518,700
518.700

30.02
38,247
0.000
30.039
$3.280
33.07%
560.97
122,74
380.29
624.80
0.00
361.29
$71.0
746.6
-178.0
-~406.9
177.97
768.21
C.5351
0.6466
C. 2943
€.6680
20.222
€.1407
0.€397
0.35%8
C.0274
c.8214
-4,782
8.211
14,694
18.670
%518.700
563,420

29.85%
37,859
29.587

6. 712
733.83
T87.¢1
€37,.29
781,56
3¢€1.99

91.97
C.6574
0.7102
22.851
0,2148
€.0782
C.Ce25
2.2020

-12.796
19,414
18,670
17.660

563,420

563,420
001972
184567
00727

Blade Element Performance

EQUIVALENT WEIGHT FLOW = 125.30

13.41
40,202
0.000
0.000
537.06
534,64
%536.91
534.49
0.00
0.00
0.4926
0.490)
0.0
0.0387
0.004
-0.3456
0.0001
-0.000
14.694
14,607
$18.700
$18.700

15.01
39.40%
0.000
29.373
54.987
38,632
564.07
Ti.27
563,04
618.51
0.00
348.13
981.9
T62.4
-803.7
~443.3
803.73
791.46
0.5187
0.6357
0.9029
0.6814
19.382
0.1317
0.0374
0.3465
0.83%5
0.8298
~4,456
8.077
14,607
18,575
518.700
563,125

14.04
38,930
28.845

6,543
T24. 64
807.01
631,85
800,76
348,95

91.84
0.6486
0.7298
22.2%2
0.1943
0.0730
0.0216
1.6868

-14,518
20.045
18.575
17.686

563.125

563.130
Osl435
18.304
0+053%9

8.35
40,631
0.000
0.000
537.06
S13.17
536.89
513.01
0.00
0.00
0.4926
0.4697
0.0
0.1238
0.044
-3.3823
n.0001
-0.000
14,694
14.416
518,700
518.700

10.00
39.791
0.000
31.402
56.390
30,421
540,93
668,64
539.82
569.39
0.00
347.99
975.8
T28.2
-812.2
-451,6
812.19
799.22
0.4963
0.5944
0.89%4
0.6473
18.003
0.1853
0.0%14
0.3788
0.7512
00,7433
~3.486
10.283
14.416
17.960
518.700
563,930

9.8%
39.28%
0,841

6.133
691,06
775.60
583,59
770.09
348.45

82.74
0.6062
0.6980
24.64R
0.2254
0.0a87
0.0115
1.6%68

-13,081
19.932
17.960
17.070

563.930

563,920

“0e1746
17.717
000663

3.34

T 41,056
0.000
0.000
$37.06
455,84
$36.87
455.68
0.00
0.00
0.4926
0.4153
0.0
0.3402
0.151
~-T.5821
0.0001
-0.000
14.694
13.930
518.700
$18.700

4.98
40.178
0,000
35.276
59,772
49.058
479,22
532,66
478,13
433.83
0.00
306,90
950.3
663,0
-820.6
-500.1
820.58
806,99
0.4374
0.4676
0.8673
0.5821
10,757
0.2612
0.0613
0.4170
0.5513
0.5410
-0.881
20.175
13.930
16.350
518,700
563.600

4,9
39.637
34,718

5.123
541.42
720.65
444,13
716,65
307.M

64,25
0.4757
0.6445
29.519
D,0469
0.0180

-0.1559
1.0537
-9.820
19.267
16.350
16.240
563,600
563,590
003174
17.278
0¢1217

PCY SPAN
D1A

BETA O
BEYA I
vo

vi -

vi o

vi 1
V-THETA O
V-THETA 1

PCT SPAN
D1A

SETA 1
BETA 2
BETA(PR) 1}
BETA(PR}Y 2
v

V2

vii1

Vi 2
V-THETA 1
V-THETA 2
VIPR) 1
Y{PR) 2
VTHETA PR1
VTHETA PR2

M{PR) 2
TURN(PR}
UUBAR
LOSS PARA
OFAC
EFFP
EFF

INCID
DEVM

Pl

P2
T1
T2

PCT SPAN
NiA
BETA 2
BETA 2A
v 2
V- 2a
vl 2
VI 2A
V-THETA 2
V-THETA 2A
M2

" 2A
TURN(PR)}
UUBAR
LOSS PARA
DFAC
EFFP
INCID
DEVM

P2

P 2a

T2

T 24
UUBAR FS
P2 £S
LOSS PARA FS



INLEY

ROTOR C

ROTOR -L.E.
ROTOR -T.E.

STATOR 8

STATOR-L.E.
STATOR-T.E.

Table A-3. Blade Element Performance (Continued)

Stage C

Rotor C -'Stator B

CALCULATIONS USING TRANSLATED VALUES

PERCENT EQUIVALENT ROTOR SPEED = 110.00

PCT SPAN 96.61 91.52 86.39
DIA 33.138 33,570 34.006
8ETA O 0.000 0.000 0.000
BETA 1 0.000 0.000 0.000
vo 521.22 521.22 521.22
vl 478.76 523.97 528.64
vi o 521.22 521.22 521.22
vi 1 478,75 523.97 528.6%
V-THETA © 0.00 0.00 0.00
V-THETA 1 0.00 0.00 0,00
no 0.4774 0.4774 0.46774
"l 0.4370 0.4800 0.4865
TURN 0.0 0.0 0.0
UUBAR 0.1903 0.0 0.0

OFaC 0.081 -0.00% -0.014
EFFP -8.2069 0.9983 0.9997
INCID 0.0001 0.0001 0.0001
DEVM -0.000 ~0.000 -0.000
PO 14.694 14.696 14.694
Pl \ 14.290 14,694 14.694
T0 518.700 518,700 518.700
T1 518.700 518.700 518.700
PCT SPAN 95.00 90.01 85.00
DIA 33,235 33.621 34.006
BETA 1 0.000 0.000 0.000
BETA 2 48,932 46.146 41.687
BETA(PR) 1 52.922 50,731 50.823
BETA(PR) 2 27.071 28.390 26.947
vl 506.06 554,40 559,54
V2 . 616.28 6520.09 657.74
Vi1 506.04 554.39 559.53
vz 2 404,87 429.62 491.19
V-THETA 1 0.00 0.00 0.00
V-THETA 2 464,63 447.15 437.43
VIPR) 1 839.4 875.9 885.7
VIPR) 2 454.7 488.3 551.0
VIHETA PR1 ~669.6 -678.1 -686.6
VTHETA PR2 -206.9 -232.2 -249.7
U1l 569.65 678.09 686,62
U2 671.56 - 679.34 687,14
"1 0.4629 0.5093 0.51643
M2 0.5411 0.5455 0.5809
R{PR) 1 0.7678 0.8047 0.8141
MIPR)} 2 0.3992 0.4296 0.4867
TURN(PR) 25.850 22.341 23.876
UUBAR 0.2291 0.2491 0.1621
LOSS PaARA 0.0589 0.0641 0.0428
DFAC 0.6183 0.5919 0.5243
EFFP 0.7585 0.7152 0.8044
EFF 0.7496 0.7055 0.7970
INCID 1.080 -1.347 +1.8867
OEVYM 19,322 19.092 16.028
P11 14,290 14.694 14,694
L4 18.480 18.590 19.120
Tl 518.700 518.700 518.700
T2 571.450 569.800 569.550
PCT SPaAN 95.05 90.12 85.15
DIA 33,203 33.556 33.910
BETA 2 48.410 45.606 41.201
BETA 2a 0.750 2.500 4.400
v2 621,34 626.00 666 .42
vV 24 445,41 470,41 497.79
vz 2 412.45 437,94 499.91
VL 2A 445,37 469.96 496,32
V=THETA 2 464.71 447.30 437.65
V-THETA 2aA 5.83 20.52 38.19
M2 0.5458 0.5510 0.5872
" 24 0.3857 0.4087 0.4334
TURN{PR) 47.659 43.105 36.800
UUBAR 0.0826 0.0519 0.1156
LOSS PARA 0.0267 0.0169 0.0379
DFAC 0.5223 0.4713 0.4490
EFFP 0.8672 0.8934 0.7665
INCID 1.438 -0.596 -4,270
DEVM 13,781 15.354 17.134
P2 18.480 18.590 19.120
P 2A 18.200 18.410 18.660
T2 571.450 569.800 569.550
T 2A 571,450 569.800 569.550
UUBAR FS 01538 0s1533 0s1166
P2 FS 184765 19.,0C8 190125
LOSS PARA FS 040497 040499 0,0382

EQUIVALENY ROTOR SPEED = 4630.90

70.81
35.328
0.000
0.000
521.22
534,53
521.21
534.52
0.00
0.00
0.4T774
0.4902
0.0
0.0
-0.026
0.9996
0.0001
-0.000
14.694
14.694
518.700
518.700

10.01
35.163
¢.000
38.047
51.539
25.517
566,03
716.19
565.97
563.93
0.00
441.33
910.0
625.0
-T12.5
~269.2
712.53
T10.51
0.5206
0.6364
0.8369
0.5554
26,025
0, 0590
0.0164
0.4621
0.9550
0.9530
-25517
9.814
14,694
20.110
518.700
569.750

70.15
34,981
37,719

5.975
722,13
581,29

. 571.15
578.06
461,73

60.50
0.6421
0.5095
31.738
0.1016
0.0342
0.3743
0.7512
-5.956
18.309
20.110
R.615
569,750
569.750
0.,009h
20,045
0.0300

49,79
37.113
0.000
0.000
521.22
538.01
521.18
537.97
° 0.00
0.00
0.46TT4
0.4935
0.0
0.0 .
-0.032
0.9997
0.0001
-0.000
14.694
14,694
518.700
518. 700

50.02
36.705
0.000
37.876
52.763
29.086
568.49
704.68
568,21
555,94
0.00
432,41
939.2
636.6
-747.6
-309.3
747.57
741.66
0.5230
0.6267
0.8640
0.5643
23,684
0.0606
0.0171
0.4699
0.9512
0.9489
=3.301
8.399
14,69
20.220
$18.700
570.900

50.00
36.420
37.466

4,951
T12.21
609.53
565.02
607.01
433,02

52.58
0.6319
0.5351
32.496
0.0367
0.0129
0.3330
0.8826
~4.785
17.069
20.220
20,045

570.900
570.900
040545
20.310
0.0191

28.83
38.892
0.000
0.000
521.22
534.86
521.13
534.76
0.00
0.00
0.6774
0.4905
0.0
0.0
-0.026
0.9995
0.0001
-0.000

16,69

14.694
518.700

. 518,700

30.02
384247
0.000
37.251
54,257
32.842
563.94
691.37
563.28
549.68
0.00
418.00
964.7
655.1
-782.6
-354.8
T82.64
772.82
0.5186
0.6122
0.8810
0.5801
21.431
0.0579
0.0164
0.4661
0.9656
0.9640
<3.805
T7.978
14.694
20.270
518.700
570.500

25.585
37.859
36.718

4.551
T01.22
619.46

.561.51
616.99
418.81

49.11
0.6216
0.5446
32.126
0.0376
0.0138
0.3109
0.8528
-5.680
17.2%6
20.270
20.095

570.500
570.500
000652
200407
00239

EQUIVALENT WEIGHT FLOW = 122.43

13.41
40.202
0.000
0.000
521.22
526.49
521.08
526.34
0.00
0.00
0.4774
0.4825
0.0
.0.0
=0.010
0.9992
0.0001

-0.000

14.694

14,694
518.700
518.700

15.01
39.405
0.000
38.338
55.576
35.509
555.14
675.95
554.13
529.27
. 0,00
418,57
980.8
651.4
~808.6
-377.6
808.56
796.22
0,5100
0.5962
0.9011
0.5745
20.094
0.0947
0.0269
0.4839
. 0.9062
0.9019
-3.867
T.954
14,694
20.150
518.700
573.000

12 _as
15.585

38.930
37.665

5.027
687.66
605.83
563,52
602.75
419.55

53.02
0.6073
0.5307
32.577
0,.0855

. 0.0322

0.3218
0.6678
-5.706
18.531
20.150
19.770
513.000
573.000
Q.0819
200132
0,0308

8.35 ,
€0.631
0.000
0.000
$21.22
502,59
521.06
502.43
0.00
0.00
0.4774
0.4596
0.0
0.1008
0.036
-3.2128
0.0001
-0.000
16.694
14,480
518.700
518.700

10.00
39.791
0.000
42.720
57.112
39,133
529.43
631.10
528,34
462.86
0.00
427,42
973.6
597.8
-817.1
-376.6
817.07
804,02
0.4853
0.5532
0.8924
0.5240
18.01¢
0.1589
0.0436
0.5401
0.8310
- 0.8237
<Z.T68
10.994
14,480
19.530
518.700
574.900

9.88
39.285
41.948

4.752
541.97
579.26
4T6.74
576.46
428.48

. 4T7.92
0.5633
0.5053
37.125
0.0396
0.015}
0.3257
0.8121
-1.983
18.553
19.530
19.380
574.900
$74.900
041038
19.799
002395

3.34
41.056
0.000
0.000
521.22
417.37
521.04
417.23
0.00
0.00
0.4774
0.3792
0.0
0.4283
0.199
-8.,0198
0.0001
=0.000
14.694
13.785
518.700
518.700

4.98
40.178
0.000
47.661
62.106
44.333
437,98
581.99
436.98
391.35
0.00
429.50
934.5
548.1
-825.5
-382.3
825.51
811.83
0.3985
0.5074
0.8503
0.4779
17.820
0.1410
0.0361
0.5768
0.8670
0.8609
1.435
15.448
13.785
18.910
518.700
575.650

4,94
39.637
46.753

4,202
592,05
5$39.97
405.06
537.67
430.63

39.50
0.5167
0.4691

42.470

0.0032
0.0012
0.3449
0.9831
2.211
18.348
18.910
18.900
575.650
575.650
0e1694

194540
020635

PCT SPAN
DIA

8ETA O
BETA 1
vo

vi

vz o

Vi1
V-THETA O
V=THETA 1

PCT SPAN
DIA

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
vl

V2

v 1

vl 2
V-THETA 1
V=-THETA 2
VI(PR) 1
VIPR) 2
VTHETA PRI
VTHETA PR2

UUBAR
LOSS PARA
DFAC

EFFP

EFF

INCID
DEVM

Pl

P2
T1
T2

PCT SPaN
DIA

BETA 2
BETA 2a
v

vV 2A

Vi 2

Vi 2A
V~-THEYA 2
V-THETA 2A
n2

M 2A
TURNIPR)
UUBAR
LOSS PARA
DFAC

EFFP
INCID
DEVYM

LOSS PARA FS

73



Table A-3. Blade Element Performance (Continued)

Stage C  Rotor C - Stator B

CALCULATIONS USING TRANSULATED VALUES
PERCENY EQUIVALENT ROTOR SPEED = 110.22 EQUIVALENT ROTOR SPEED = 4640.11 EQUIVALENT WEIGHT FLOW = 118.36

INLET
PCT SPAN 96.61" 91.52° 86.39 70.81 49.79 28.83 . 13.41 8.35 3.34 PCT SPAN
DIA 33.138 33,570 34.006 35.328 37.113 38.892 40,202 40.631 41.056 DIA
BETA 0 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 BETA ©
BETA 1 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 BETA 1
vo 499.06 499.06 499.06 499,06 499.06 499.06 499,06 499,06 499.06 vo
vl 485.%50 507.22 512.95 519.28 520.41 515.58 497.52 476.62 409.75 v
vi o 499,06 499,06 499,06 499.05 499,02 498,97 498,93 498.91 498.89 vi o
vii 485.50 507.22 512.95 519.27 520.36 515.49 497.38 476.48 409.60 vz 1
* V-THETA 0O 0.00 0.00 0.00 - 0.00 0.00 0,00 0.00 0.00 0.00 V-THETA O
V-THETA 1 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 © 0.00 0.00 V-THETA 1
LR ‘ 0.4562 0.4562 0.4562 0.4562 0.4562 0.4562 0.4562 0.4562 0.4562 M0
"1 0.4433 0.4640 0.4695 0.4755 0.4766 0.4720 0.4548 0.4349 0.3721 M1
TURN 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 TURN
UUBAR 0.0911 0.,0082 0.0 0.0 0.0 0.0 0.0379 0.1166 0.3780 UUB AR
OFAC 0.027 ~0.016 -0.028 ~0.041 ~0.043 -0.033 0.003 0.045 0.179 DFAC
EFFP ~1.7813 0.8147 1.0000 1.0000 0.9999 1.0000 - -0.2172 -4 .,4845 -10.6440 EFFe
INCID 0.0001 '0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 INC1D
DEVM ) -0.000 -0.000 -0.000 -0.000 -0.000 ' -0,000 -0.000- -0.000 ~0.000 DEVM
PO 14.694 14,694 14.694 14.694 14,694 14,694 14,694 14,694 14.694 P o
Pl 14.516 14.678 14.694 14,694 14.69¢ 14.694 14,620 14,466 13.955% P 1
T0 518.700 518,700 518.700 518.700 518,700 518.700 518.700 518.700 518,700 To
T1 518.700 518.700 518.700 518.700 518,700 518.700 518.700 518.700 518.700 T1
ROTOR C PCT SPAN 95.00 90.01 85.00 70.01 50.02 30,02 15.01 10.00 4.98 PCT SPAN
DIA 33.235 33.621 34,006 35.163 36.705 38.247 39.405 39.791 40.178 olA
ROTOR -L.E. BETA 1 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 BETA 1
ROTOR -T.€. BETA 2 51.393 49.610 44,758 40.484 40.010 39.719 41.648 47,289 53.957 BETA 2
. BETA(PR) 1 52.57¢6 51.728 51.750 52.432 53.768 55,334 57.172 58.574 62.594 BETA(PR)} 1
BETA(PR) 2 23.639 264127 25.592 24.770 28.574 32.587 36.250 40.543 46,003 BETA(PR) 2
vi 513.46 536.05 542.37 549.23 549.14 542,95 523.64 501.26 429.84 v
v 2 638,08 630.58 659,37 711.88 701.37 685,60 659.04 613,53 573.68 v 2
vzl 513,45 536.05 542,37 549,18 548.87 542,31 522.69 500.24 428.86 vz 1
VL 2 398.14 408,61 468.20 541.38 536.93 526,78 491.69 415.56 337.13 vz 2
V-THETA 1 0.00 0.00 0.00 -0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 1
V-THETA 2 §98.62 480.28 464.26 462.12 450.70 437,64 437.28 450.16 463.30 V-THETA 2
VIPR) 1 844.9 865.4, B876.1 900.8 928.8 953.8 964.7 960.0 932.2 V(PR) 1
VIPR)} 2 434,86 455.1 519.1 596.3 611.8 626.0 610.8 547.8 486.9 VIPR) 2
VTHETA PR1 -671.0 ~679.4 -688.0 -T13.9 -T749.1 ~T84.2 + =810.2 -818.7 -827.1 VTHETA PR1
VTHETA PR2 -174.3 ~200.4 ~224.2 -249.8 -292.4 -336.7 T =360.5 ~355.5 -350.2 VTHETA PR2
Ul 6T0.98 679.44 687.99 T13.94 749.06 184.20 810.17 818.69 827.15 Uil
v 6572.89 680.70 5688.51 711.92 743.13 774,36 797.80 805.62 813.45 v 2
LB} 0.4700 0.4916 0.4977 0.5043 0.5042 0.4983 0.4797 0.4583 0.3909 LD
"2 0.5592 0.5530 0.5801 0.6302 0.6200 0.6049 0.5787 0.535¢ 0.4984 N2
M(PR) 1 0.7734 0.7937 0.9039 0.8271 0.8528 0.8753 0.8838 0.8778 0.8476 M(PR) 1
M{PR} 2 0.3809 0.3991 0.4568 0.5279 0.5408 0.5524 0.5363 0.4780 0.4230 M{PR)} 2
TURNI(PR) 28.938 25.601 26.159 27.664 25.201 22.764 20.951 18.068 16,557 TURN(PR}
UUBAR 0.2361 - 0.2646 0.1579 0.0522 0.0473 0.0535 0.0918 0.1756 0.1958 UUBAR
LOSS PARA 0.0624 0.0642 0.0422 0.0146 0.0134 0.0152 0.0259 0.0472 0.0487 LOSS PARA
DFAC 0:6562 0.6366 0.5645 0.4955 0.4970 0.4974 0.5240 0.5939 0.6543 OFAC
EFFP 0.7604 0.7360 0.8070 0.9490 0.9639 0.9643 0.9116 0.8269 0.8414 EFFP
EFF 0.7508 0.7260 0.7990 . 0.9465 0.9622 0,9626 0.9073 0.8190 0.8340 EFF
INCID 0.734 -0:550 ~0.9%0 =1.623 =2.295 ~2.727 -2.270 ~T+300 1.9%3 INC1D
DEVM 15.890 16.829 14.672 9.067 7.6888 T.723 8.694 12.404 17.201 DEVM
P 1 14,516 14.678 14.694 14.694 14,694 14.694 14.620 14.466 13.955 Pl
P2 19.160 19.080 19.545 20.485 20.5630 20.645 20.415 19.780 19.270 P2
T1 518.700 518.700 $18.700 518.700 5168.700 518,700 518.700. 518.700 518.700 T1
T2 575.720 574.300 573.830 573.270 573.580 573,680 575.920  577.920 578.770 T2
STATOR 8 PCT SPAN 95.05 90.12 85.1%5 10.15 50.00 29.85 14,04 9.88 4.94 PCT SPAN
OIA 33,203 33,556 33.910 34,981 36.420 37.859 38.930 39.285 39,637 DIA
STATOR-L.E. BETA 2 50.808 48.994 44,218 40.132 39,574 39.147 40,920 46.415 52.851 BETA 2
STATOR-T.E. BETA 2A 0.430 1.100 3.870 5.991 4.991 4,971 5.272 4.972 4.293 BETA 2A
v 2 643.47 636,66 6566.06 77.71 708.79 695,23 670,09 823,82 583.43 Va2
VvV 2A 437.89 449,95 467.55 542.78 579.97 591.16 569,04 546.67 513,01 vV 2A
Vi 2 406,62 417.73 477.35 548.66 546.09 538.64 505.63 429.52 351.94 vt 2
vl 2A 437.88 449.86 466.48 539,76 577.54 588.44 565,93 543.85 510.77 VI 2A
V-THETA 2 498.71 480,44 464,49 462.54 451.34 438,48 438.31 °  451.28 464,52 V-THETA 2
V-THETA 2A 3.29 B.64 31.56 56.64 50.43 51.19 52.22 47.32 38.34 V-THETA\ 2A
n 2 0.5642 0.5586 0.5864 0.6358 0.6271 0.6141 0.5891 0.5449 0.5073 "2
" 2A 0.3776 0.3888 0.4046 0.4727 0.5065 0.5168 0.49%5 0.4742 0.4435 M 2A
TURN{PR) 50.378 47.894 40.347 34,135 34,563 34.135 35.586 41.371 48.481 TURN(PR)
UUBAR 0.0725 0.0263 0.0981 0.1057 0.0281 0.0162 0.0604 -0.0171 -0.0644 UUBAR
LOSS PARA 0.0235 0.,0086 0.0322 0.0356 0.0099 0.0059 0.0227T -0.0065 -~0.0248 LOSS PARA
DFAC 0.5688 0.5354 0.5124 0.4358 0.3817 0.3550 0.3700 0.3727 0.404T7 - OFAC
EFFP 0.8794 0.9532 0.8286 0.7857 0.9269 0.9498 0.8104 1.0653 1.2541 EFFP
INCID 3.837 2,793 -1.2%3 =3.544 -2.678 -3.251 ~2.453 2.483 8.313 INCID
DEVM 13.461 13,954 16.604 18.324 17.109 17.675 18.776 18.773 18.438 OEVM
P2 19.160 19.080 19.545 20.485 20.630 20,645 20.415 19.780 19.270 P2
P 2A 18.890 18.984 19.147 19.969 20,495 20.570 20.157 19.842 19.470 P 2A
T2 575.720 574.300 573.830 573.270 573.580 573.680 575.920 577.920 578,770 T2
T 2A 574.300 573.830 573.270 573.580 573,680 575.920 57171.920 578,770 T 2A
UUBAR FS Cel489 0el218 . 0,0783 040837 040553 000849 Q.0886 Oe1308 UUBAR FS
P2 FS 194590 19633 204340 . 20837 20,530 20200 194967 P2 FS
LOSS PARA FS 0.0462 00477 040399 0e0263 0.0201 0,0319 040336 040503 LDSS PARA FS
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INLET

ROTOR C

ROTOR -L.E.
ROTOR -T.E.

STATOR 8

STATOR-L.E.
STATOR-T.E.

Table A-3.

PERCENT EQUIVALENT ROTOR SPEED =

PCT SPAN
DIA -
BETA O
BETA 1
vo

v

vz o

vz 1
V-THETA O
V-THETA 1

PCT SPAN

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
vl

v 2

vi 1

vz 2
V-THETA 1
V-THETA 2
VIPR) 1
VIPR) 2
VTHETA' PR]
VIHETA PR2

MIPR) 2
TURN(PR)
UUBAR
LOSS PARA
DFAC

EFFP

PCT SPAN
DIA

BETA 2
BETA 2A

v 2

vV 2A

vt 2

vl 24 °
V-THETA 2
V-THETA 2a
H 2

M 2A
TURN(PR)
UUBAR
LOSS PARA
DFAC

EFFP
INCID
DEVM

P2

P 24

T2

T 2A
UUBAR FS
P2 FS

9 _.
LOSS PARA FS§ 000466

96.61
33,138
0.000
0.000
471.80
460,45
471.80
460,44
0.00
0.00
0.4304
0.4196
0.0
0.0734
0.024
-2.3221
0.0001
-0.000
14.694
14,565
518,700
518.700

95.00
33,235
0.000
54,241
54,027
22.238
486.14
639.61
486,12
373,65
0.00
518.87
827.6
403.7
~669.7
~152.8
669.74
671.65
0.4440
0.5589
0.7558
0.3529
31.788
0.2379
0.0636
0.6935
0.7646
0.7546
2,185
14,489

14,565

19.520
518.700
578.680

95.05
33.203
53.594

0.080
644.81
425.98
382.70
425.98
518,96

0.59
0.5640
0.3661
53.516
0.0699
0.0226
0.5996
0.8891

6.623
13.111
19.520
19.255

578,680
578.680
Qslass

"91.52

33.570
0.000
0.000

471.80

4T6.42

471.80

476,42

0.00
0.00
0.4304
T 0.4347
0.0

0.0046

-0.010

0.8232

0.0001

-0.000

14.694

14.686

518.700
518.700

90.01
33,621

0.000
53.190
53,465
27.308
502.48
612.12
502.47
366.76

0.00.

490.07
844.0
412.8

-678.2

-189.4

678.19

679,44

0.4595

0.5346

0.7719

0.3605

26,157

0.2608

0.0678

0.6810

0.7154

0.7065
1.187

18,010

14.686

19.165

518.700
576.880

-90.12
35.556
52.510
1.830
617.85
427.46
376,04
427.24
490,24
13.65
0.5399
0.3680
50.680
-0,0305
-0.009%
0.5601
1.0521
6.309
14.684
19.165
19.270
576.880
576.880

... Dala9s
192095 19,790 __ 204327 _.

000485

Blade Element Performance (Continued)‘

Stage C

‘Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES

110.01

86.139
34.006
0.000
0.000
471.80
479,84
471.80
479.84
0.00
0.00
0.4304
0.4380
0.0
0.0
-0.017
0.9998
0.0001
-0.000
14.694
14,696
518.700
518.700

7
85.00
34.006
0.000
49.236
53.605
26.609
506,20
633.69
506.20
413.76
0.00
479.95
853.1
462.8
-686.7
=207.3
686.71
687.23
0.4630
0.5551
0.7804
0.4054
26,996
0.2052
0.0544
0.6243
0.7688
0.7594
0.91%
15.690
14,694

19.470.

518.700
575.890

85.15
33.510
49.633

3.600
639,83
429,83
422.85
428.97
4380.18

26.99
0.5608
0.3704
45.033
0.0427
0.0140
0.5618
0.9305

3.162
16.334
19.470
19.310

575.890
575.890
. Qel181

0,0387

EQUIVALENT ROTOR SPEED = 4631.52

70.81
35.328
0.000
0.000
471.80
489.58
471.79
489.57
0.00
0.00
0.4304
0.4472
0.0
0.0
-0.038
1.0000
0.0001
-0.000
16,694
14.694
518.700
518.700

70.01
35.163
0.000
43.091
54.053
25.448
516.79
689.55
516.74
503.50
0.00
471.01
880.3
557.7
-712.6
=-239.6
712,62
710.60
0.4732
0.6082
0.8060
0.4919
28.608
0.0739
0.0205
0.5308
0.9252
0.9216
-0.003
9.745
14,694
20.660
518.700
574.530

70.15

4_0a1
4.981

“42.724
5.570
694.94
503,70
510.47
s01.27
4T1.44
48.89
0.6133
0.4368
37.148
0.0861
0.0290
0.4817
0.8413
-0.951
17.904
20.460
20.065
574.530
574.530
_ -0a0589

0,0198

49.79
37.113
0.000
0.000
471.80
492.85
471.76
492,81
0.00
0.00
0.4304
0.4503
0.0
0.0
=0.045
1.0000
0.0001
-0.000
14,694
14.694
518.700
518.700

50.02
36.705
0.000
41.816
55.236
28.774
519.21
689.68
518.96
513.76
0.00
459,62
910.3
586.5
-741.7
-282.1
747,67
741,76
0.4755
0.6086
0.8336
0.5176
26.469
0.0460
0.0130
0.5177
0.9762
0.9750
-0,828
8.087
14,694
20.780
518.700
574.070

50.00
36,420
41.363

5.231
696.681
546.69
522.75
544.19
460,27

49.82
0.6154
0.4759
36.113
0.0363
0.0127
0.4237
0.9182
-0.889
17.348
20.780
20.610

574.070
574,070
Qa0419

00146

28.83
38.892
0.000
0.000
471.80
468,86
4T1.72
488.77
0.00
0.00
0.4304
0.4465
0.0
0.0
~-0.036
0.9997
0.0001
~-0.000
16,694
14.696
518.700
518.700

30.02
38.247
0.000
41.753
56.742
32.764
513.95
-675.13
513.35
503.14
0.00
449.11
936.4
599.1
~782.7
-323.8
782.75
T72.92
0.4705
0.5946
0.8571
0.5277
23.995
0.0521
0.0148
0.5209
0.9795
0.9784
-1.319
7.900
14.694
20.845
518.700
574.400

29.85

574.400

. 0s089%.
204A07 . 214000 _ 20,650 204340

0+0216

EQUIVALENT WEIGHT FLOW = 113.12

\13.41
40.202
0.000
0.000
471.80
“T2.46
471,67
472.33
0.00
0.00
0.4304
0.4310
0.0
0.0444
~0.001
0.0640
0,0001
-0.000
14,694
14.616
518.700
518.700

15.01
39.405
0.000
45,248
58.498
36.824
496.50
644 .48
495.59
453.11
0.00
457.05
948.9
567.1
-808.7
-339.3
808.67
796.32
0.4538
0.5642
0.8673
0.4965
21.704
0.1174
0.0328
0.5695%
0.9033
0.8985
<0.943
9.269
14.616
20.530
518.700
" 577.550

14.84
3a.930
44,452

5.412
654.99
532.76
466.97
529.72
458,12

50.19
0.5740
0.4618
38.976
0.0487
0.0183
0.4235
0.8732

1.078
18.916
20.530
20.330

577.550
577,550
00786

000284

8.35
40.631
0.000
0.000
471.80
453,10
4T1.66
452.96
0.00
0.00
0.4304
0.4127
. 0.0
0.1267
0,040
-2.0316
0.0001
-0.000
14,694
14,475
518.700
518.700

- 10.00
39.791

0.000
51.566
59.833
42.112
475.95
598.49
476.97
371.57

0.00
468.24

9%45.7

501.8
-817.2
-335.9
817.18
804.13
0.4343
0.5207
0.8629
0.4366
17.760
0.1980
0.0520
0.6432
0.8224
0.8142
=0.,040
13.972
14.475
19.920
518.700
579.550

9.88
39.285
50.580

5.083
608.31
509.60
385.85
506.88
469,40

45.08
0.5299
0.4401
©5.427

-0.0303
-0.0115
0.4305
1.0905

6.669
18.884
19.920
20.025

579.550
$79.550
.1 -0.0810

0.0310

3.34
41.056
0.000
0,000
471.60
376.84
471.64
376.71
G.00
0.00
0,4304
0.3415
0.0
0.4270
0.201
-8.0885
0.0001
-0.000
14.694
13,944
518.700
518.700

4.98
40.178

0.000
$7.851
64,492
- 45.458
394, 84
585.83

393.94 .

311.42
0.00
495,51
915.2
bhe.7
~825.6
-3l6.4
825,62
811.94
0.3582
0.5085
0.8302
0.3861
19.085
0.1997
0.0502
0.7064
0.8814
0.8754
"3,845
16.574
13.944
19.775
518.700
580.900

4.94
39.637
56.552

3.752
595.97
4T74.87
328.18

T 473,12
496.81

31.02
0.5178
0.4086
52.726
0.0348
0.0134
0.5070
0.9141
12.018
17.898
19.7715
19.660

580.900
580.900
---0e1361
-—-20.162
0s0924

PCT SPAN
DIA

BETA O
BETA 1
vo

Vi

vi o

vzt
V-THETA O
V=THETA 1

PCY SPAN
01aA

BETA 1
BETA 2
BETA{PR}) 1
BETA{PR) 2
v

V2

vZ 1

Vi 2
V=THETA 1
V-THETA 2
VI{PR) 1
VIPR) 2
VIHETA PR1
VIHETA PR2

M(PR) 2
TURN{PR}
UUBAR
LOSS PARA
DFAC

EFFP
EFF
INCID
DEVM

Pl

P2
T1
T2

PCT SPAN
DIA

BETA 2
BETA 2A
va2

v 2A

v 2

Vi 2A
V-THETA 2
V-THETA 2A
.2

" 2A
TURN(PR]
UUBAR
LOSS PARA
DFAC

EFFP
INCID
DEVM

P2

P 2A

T2

T 2a
UUBAR FS
P2 FS
LOSS PARA FS
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INLET

ROTOR C

RUTOK =L .E.
ROTOR -T.E.

STATOR B

STATUOR-L .E.
STATUR-T.E.

76

PCT SPAN
DIA

BETA C
BETA 1
vo

v

viZ o

vi i
V=-THETA O
v-THETA 1
N O

M1l

TURN
UUBAR
LDFAC

EFFP

INC 1D
DEVM

PO

P
¥
T

- -

\PCI SPAN
DIA

beTA 1
BETA 2
BETAL{PR) 1
BETA(PR)} 2
v

v 2

vZ 1

VL 2
V-THETA 1
V-THETA 2
VIPR) 1
vipr) 2
VTHETA PR1
VIHETA PRZ
Ul

U2

M1

M2

MUPR) L
M(PR) 2
TURNIPR)
UUBAR

LOSS PARA
UFAC

EFFP

EFF

INC IV

UEVM

Pl

P2
T1
¥ 2

PCT SPAN
Dla

BETA 2
BETA 24

v 2

v 2A

v 2

Vi 2zA
v-THETA 2
V-THETA 2A
H 2

M 2A
TURN{PR)
UUBAR
LOS5S PARA
DFAC

EFFP
INCID
DEVM

P2

P 24

T2

T 24
UUBAR F$S
P2 FS

19834
LOSS PARA FS 000059

™~

Table A-3. Blade Element Performance (Continued)>

S0.61
33,136
C.C0C
€. CO0
441,51
412.74
441.50
412.73
CouC
Ce (G
0.4018
0.3749
CeC
J.1707
C.Co5
—3.6421
J.00601
~0,000
14.¢94
la.4a3v
5184 T
518.70C

8S.GC
33.235
C.GCC
$5€.671
5¢.912
2C. 472
434.73
642.32
434,72
353.25
C.CL
537.18
196.3
371.1
-t67.2
-i31.9
atl.1l0
66S.0¢
£.3955
C.5612
DeT240
J.3291
3¢.436
U.199¢
C.C541
G.1215
G.8123
Je8U3C
S5.L7C
12,723
leos4a3L
16 u9¢
518.7CU
58C.08¢C

$5.C5
33,205
55.9¢(

CeCOT
648.37
4C02.23
3e2.94
4C2.23
537.27

L.CGO
0.5662
0.3445
55.56C
T.lCBO
L.C35¢C
Ceb4T9
U424

£€.589
13.€31
1S.e3tC
1S.470
Sa0. 68U
53C.068C
0.01083

91.52
33,57v
G.C00
6. C0C
441.51
445,73
441451
445.73
V.00
9. 00
0.4018
0.4058
Ue D
0.CU91
-0.910
0.6953
€.0001
-0.G0C
l4.694¢
14.68¢
518,700
518.700

9C.Cl
33.021
€. GTY
56.127
55.212
264422
469.33
611.28
409,33
34G6.70
0.089
5C7.54
82246
ETIVRLE
-675.0
-169.3
675457
676.82
J.4280
0.5329
Ce 1502
0.3316
28.790
Ve 2575
U.0675
0. 7182
Ce 1345
). 7237
2e 734
17.124
14,680
19.460
513.7C0
578.810

90.12
33.556
5,373

1.2C0
617.00¢
397.15
350.60
397.06
5¢7.71

8.32
0.5381
0.3407
54.173
Jewus7
JeilUl9
Ce0207
G.9912

S.172
14.(054
19.46C
19.440

578.810
578.810
.. 001993

0.
0.0650

Stage C

Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 109.59

86439
34.000
V.000
0.000
441.51
450,77
441,51
450.77
0.00
0.0
0.40138
0.41C5
0.0
G.0
—ve021
Ce9995
0.0001
-0.000
l4.694
14,69
515, 7¢O
518.700

85.C0
34.205
UetLCO
52.610
55.238
254457
47475
624423
4«Té4. 75
379.05
G.00
495495
632.7
423.4
“684.1
-188.0
684,07
6d4.53
2.64332
r.5452
Ga 7597
Ce30698
28.732
0.2152
0.0571
Ce6681
J.7659
0.7t061
2e548
15.537
14,694
14.650
Slo.7060
573.100

85415
33.91)
S1.942

3,002
630.19
399.30
383,48
398.75
496.19

2090
1.5507
0.3428
4R.941
0.0492
CeCloe
C.0151
0.9263

.47l
15734
19.650
19.472

578,100

573.103 °

Q01382

200005

"0,0438

EQUIVALENT ROTOR SPEED

70.81
35.328
L0080
G,000
441.51
460.41
441450
4595460
G.0u
0.00
0.4013
D.4196
Gl
Col
-0.543
0.9997
0.0001
-0.990
14.694
l4.69
51,790
518,729

TCeul
35.163

CediN
45.501
55.055
25.587
485.12
674.96
4£5.07
473.02

C.CO
481.37

552.8

52446
-709.9
—226.5
7094860
TCT .87
et 30)
Ca2933
Cafsbl
Jes0ll

3C.072

G.0814
Cel220
Cedols
STl
C.9026

1.596

Gends
14.694
20 #2550
516.700
5704500

T0.15
344451
42.115

54250
680,09

| 463.43
v 479,98
4ol.44
4R]1.8¢

42440
Ca.5982
[SRpH V]
39.359
C.1787
ANVE LY
€537y
$.8205

l.439
17.583
204550
2070

576.500
576.500
0s0748

.. .20e387.

0.0251

49.79
37.113
0.000
CJ.000
441051
4€3.98
461,07
463.94
0.00
0.00
0.4018
U.4230
0.0
ClC
-C,051
C.9999
Ce0GC1
=2.020
l4.094
l4,094
5ls.700
518,700
T a2
36,705
Geuln
43,0673
56.785
23.653
437.90
6BL 04
4dl.0b
492422
Cel0
467.94
390, 4
501.3
~T44.4
-269.0
764,79
T38.50
C 44656
5991
Yel32
U .4939
28.139

14,694
2v.230
518.7u0
575,050

Jeudal

0.0161

= 4613.68

28.83
38.892
0.000
0.000
441451
459.14
441443
459.05
0.00
- 0.00
0.4018
0.4184
2.0
c.c
-0.040
$.9998
0.0001
-0.cC0
14.696
14.696
518,700
518. 700

3C.02
38.2647
veG0N0
43,698
58.316
32.569
4b1.84
oud,. 61
431.28
432.93
G.00
46l.46
Jlb.6
573.8
-17%.7
-308.5
1719.73
709.95
4399
Je5473
JeB363
GCa5u41
25. 164
T.0548
0.0156
O.5427
2.9662
Ce9544
VedS6
7705
14.594
21.71C
516. TG
5704550

29.85
37.859
43,966

5577
o?7.68
539.37
494,66
536.37
462435

52.37
Ca5959
Ca4682
37,448
J.0156
T.0057
Ue4270
C.9629

V.6ET
13,280
2l.01C
204940

576.550
576.550
040815

. 21a180__ .

0.0188

EQUIVALENT wE IGHT FLOW =

13.41
40.202
C.000
0.0060
441,51
446,19
441.38
445.07
9.00
0.C0
0.4018
04062

€.09201
-0.0C0
14.694
14.694
518.7C0
518.700

15.01
33.4C5

2.000
51.123
59.875
393,557
“08,.28
612,22
467443

383.89 -

2,00
476.16
931.8
438.7
~8C5.0
~317.1
805.55
793.20
0.4270
G.5331
e d497
Gea342
20.352
€.1337
0.3522
o420
(439253
V.dlT2
Jeb30
11.999
l4.694
2 20
513.7G0
583U.300

14.84
38.930
53.202

©.953
621.82
b511.85

-397.62
508,46
«l17.27

53.02
Ce5418
Ca.4419
44,188

=J3.0544
=C.02C4
Ce43b4
1.1492

6.820
19.456
20.320
2L.520

53C.300
584.300
0.078)

8.35
40,631
0.000
0.000
441,51
417.67
441,37
417.54
0.00
0.0C
0.6018
0.3795
0.0
0.1222
Q.C54
-10.8721
0.0001
=0.000
14,694
14.505
518. 730
518,700

10.00
39.791
0.000
564495
6l. 760
424 340
438,01
599,77
437.11
330.76
0.00
499.63
924.4
448,3
-3814.0
-3Cl.4
814.03
801.03
C.3985
0.5206
0.8«11
J.3891
19. 466
0.2374
0.0621
N,7048
G.5151
C.80063
1.895
14.2C1
14.50C5
2G.180
518. 700
5824350

9. 88
39,285
55.322

5.252
609.61
489.36
346.54
486.62
500.87

44,73
0.5296
0.421C
5C. 3C3

-C.0228
-U.0C87
0.4850
1.0572
11.394
19.053
20.18C
20.260
582. 350
582,35C
0s0795

1c7.10

3.34 PCT SPAN
41,056 OIA
0.000 BETA O
0. 000 BETA 1
441,51 Vo
345.03 vl
441.35 vz o
344.91 Vil
0. 00 V-THETA O
Q. 00 V-THETA 1
0.4018 MO
G.3121 M1
0.0 TURN
J.4293 UUBAR
0.219 DFAC
-17.3749 EFFP
C.0001 INCID
-1. 000 DEVM
14.694 PO
14.9030 P11
513.700 TO
518.700 T1
4.98 PCT SPAN
40.178 OIa
0.G0n BETA 1
61.796 BETA 2
664343 BETA(PR) 1
43.309 BETA(PR) 2
361.12 vi
610.09 v
360,30 vzl
288.11 vz 2
0.00 V-THETA 1
537.23 V-THETA 2
898.2 vier) 1
39647 V(PR) 2
-822.4 VTHETA PR1
-271.6 VTHETA PR2
822 .44 Ul
808,82 u2
C.3269 "1
05294 M2
G.8131 M(PR) L
0.3443 M{PR) 2
23.086 TURN(PR)
€.2335 UUBAR
0.06C9 L0SS PARA
Ce 7709 DFAC
1.9001 EFFP
J. 8967 EFF
5,698 INCID
14.425 DEVM
14.030 Pl
20. 340 P2
518. 700 T1
583.600 T2
“.94 PCT SPAN
39.637 DI1A
69.233 BETA 2
3.377 BEVA 2A
6292.98 v
«59. 90 vV 2A
308.07 vz 2
458.38 Vi 2A
538.64 V-THETA 2
2704 V-THETA 2A
0.5394 M2
0.3944 M2A
56.787 TURN(PR}
G.1013 UuBaR
0.6G391 LOSS PARA
0.5796 OFAC
G.7978 EFFP
15,704 INCID
17.523 DEVM
20.340 P2
19.970 P 2A
583.600 T2
583. 600 T 2A
Oel282 UUBAR FS

204834 .. 20.589. . _20.43%.

0.0281

0.0303

040683

P2 FS
LOSS PARA FS



Table A-3. Blade Element Performance (Continued)

Stage C  Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 110.37 EQUIVALENT ROTOR SPEED = 4646.56 EQUIVALENT WEIGHT FLOW = 101.79

INLET
PCT SPAN 96.61 91.52 86.39 70.81 49.79 28.83 13.41 8435 3.34 PCT SPAN
o1a 33,139 33,570 34,006 35.328 37.113 38.892 40.202 40,631 41.056 DiA
BETA O 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 BETA O
BETA 1 0.000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 0.000 BETA 1
vo 415. 71 415,71 415.71 415.71 415.71 415.71 415.71 415,71 415.71 vo
vl 393,04 430.93 436,41 447,01 450,61 442.91 423.40 404,74 302.57 Vi1
Vi o 415.71 415,71 415.71 415.70 415.68 415,64 ©15.60 415.58 415,57 vi o
Ve i 393.06 430.93 436.41 467.00 450.57 442.83 423.28 404,62 302.47 vz 1
V-THETA 0 0.00 0.00 0.00 0.00 0.00 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
no 0.3776 0.3776 - 0.3776 0.3776 0.3776 0.3776 0.3776 0.3776 0.3776 "o
M1 0.3565 0.3919 0.3952 0.4070 0.4104 0.4031 0.3848 0.3674 0.2730 M1
TURN 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 TURN
UUBAR 0.1917 0.0 0.0 0.0 0.0 0.0 0.0319 0.1154 0.5583 UUBAR
DFAC 0.055 ~0.037 0,045 -0.0715 ~0.084 -0.065 -0.018 0.026 0.272 DFAC
EFFP -1.3994 1.0000 1.0000 1.0000 1.0000 1.0000 0.5538 -0.9133 -6,5492 EFFP
- INCID 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 INCID
DEVM -0.000 ~0.000 ~0.000 ~0.000 ~0.000 -0.000 -0.000 ~0.000 -0.000 DEVM
PO . 14,696 14.694 14,694 14.696 16,694 14.69¢ 16,694 16,696 14,694 ()
Pl 14.430 14.694 14,694 14,694 14,696 14.69% 16,650 14.53% 13,925 P 1
To0 518,700 S518.700 518,700 S18.700 518,700 S518.700 518.700- 518,700 518.700 T0
T1 518,700 518,700 S518.700 518.700 518,700 518,700 518.700 518.700 S18.700 T1
ROTOR C . PCT SPAN 95.00 90.01 85,00 70.01 50.02 30.02 15.01 10.00 4,98 PCT SPAN
DIA 33,235 33,621 34.006 35.163 36.705 38.247 39.405 39.791 40,178 OIA
ROTOR -L.E. BETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 BETA 1
ROTOR -T.E. BETA 2 57.189 57.039 53,919 46.807 44,679 45.283 55.174 60.183 65,347 BETA 2
. BETA(PR) 1 58,381 56.320 56.434 56.642 57.748 59,425 61.359 62.689 69.141 BETA{PR) 1
BETA(PR) 2 20.574 27.195 27.595 26.377 28.763 32.762 42.564 42,935 45,625 BETA(PR) 2
v 413.68 453,42 457.15 470.71 473.56 464.50 443,90 424,22 316.34 v
v a2 665,52 609.38 617.80 667.30 680.67 667,15 594.37 606.9 610.47 v2
Vi1 413.67 453,41 457.15 470,66 473.32 463,96 443,09 423.35 315.62 VI 1
vz 2 349,79 331.54 363.84 456.69 483,78 468.98 339.13 301.56 254.48 VI 2
V-THETA 1 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 1
V-THETA 2 542.53 511.29 499.29 486.44 478.39 473,66 487.46 526,17 554.49 V-THETA 2
VIPR) 1 789.0 817.6 826.8 856.0 887.1 912.4 924.8 923.1 886.7 VIPR) 1
VIPR) 2 373.6 372.7 410.5 509.9 552.3 558.4 461.1 412.6 364.5 VIPR) 2
' VTHETA PR1  -671.9 -680.4 -698.9 -714.9 -750.1 -785.3 -811.3 -819.8 -828.3 VTHETA PR1
¢ VTHETA PR2  -131.3 -170.3 -190.2 -226.5 -265.8 ~301.8 -311.4 -280.6 -260,.1 VTHETA PR2
Ui 671,91 680.39 688.94 714.94 750.10 785.29 811.29 819.83 826.30 [TRY
u 2 673.83 681.64 689.46 712.91 T46.17 T75.43 798.91 806.74 814.58 U2
M1 0.3757 0.4130 0.4165 0.4293 0.4320 0.4235 0.4041 0.3856 0.2857 "1
"2 0.5631 0.5306 0.5387 0.5855 0.5981 0.5849 0.5156 0.5262 0.5288 ™2
M{PR) 1 0.7167 0.7448 0.7534 0.7807 0.8093 0.8318 0.8418 0.8391 0.8007 M(PR} 1
M(PR) 2 0.3259 0.3246 0.3580 0.4473 0.4854 0.4896 0.4001 0.3577 0.3158 MiPR) 2
TURN{PR) 37.806 29.126 28.839 30.268 28,972 26.682 18.831 19.79 23.574 TURN{PR)
UUBAR 0.1934 0.2577 0.2185 0.0943 0.0543 0.0172 0.2346 0.2799 0.2490 UUBAR
LOSS PARA 0.0523 0.0670 0,0574 0.0260 0.0153 0.0219 0.0604 0.0725 0.0624 LOSS PARA
- DFAC - 0.7253 0,7272 0.6824 0.5789 0.5504 0.5619 0.6842 0.7531 0.8111 DFAC
EFFP 0.9234 0.7383 0,7651 0.8949 0.9557 0.9458 0.7898 0.8086 0.9064 EFFP
EFF 0.8150 0.7274 0.7551 0,.8898 0,9533 0.9429 0,7801 0.7992 0.9011 EFF
INCID 6.539 4,062 3.743 2.585 . 1.68% 1.365 1.921 2.819 8.501 INCID
DEVM 12.825 17.897 16,676 10.673 - 8.096 7.898 15.005 14.795 16.741 DEVM
P 1 14.430 16,694 14.69 164,694 14,694 14.696 14.650 14.535 13.925 P 1
P2 20.075 19,595 19.740 20.590 21.050 21,090 20.180 20.370 20.460 P2
T 1 518,700 S18.700 518.700 518.700 518.700 518,700 518,700 518.700 518.700 T1
T2 581.660 579.820 S79.150 577.690 STT.550 578.530 582.410 584.400 585.590 T2
STATOR B PCT SPAN 95.05 56412 85.1% 70.15 s0.00 29.8% 14.86 9.88 4,94 PCT SPAN
DIA 33.203 33.556 33.910 ©  34.981 36,420 37.859 38.930 39.285 39,637 DIA
STATOR-L.E. BETA 2 56.462 56,261 53.226 46,409 44,190 44,620 54.143 58,824 63.543 BETA 2
STATOR-T.E. BETA 2A -0.330 0.860 2.680 4.600 6.161 5.752 5.672 4.292 1.811 BETA 2A
va . 651.01 615.05 623,64 672.30 687.56 676.17 603.36 616.97 621.36 v 2
v 2a 399.74 389.57 386,06 445.66 511.85 527.85 491.37 470.16 468,33 v 2a
v 2 359,68 341.60 373,38 463.51 492.61 480.89 353.13 319.15 276.66 Ve 2
vL 24 399.74 389.53 385,64 444,17 508.69 524.76 488.35 | 468.18 447,40 Vi 2a
V-THETA 2 562.62 511.46 499,53 486.89 ©€79.07 474.55  488.60 527.48 555.95 V-THETA 2
V-THETA 24 -2.30 5.85 18.05 35.74 54.91 52.86 .  48.50 35,14 * 14.l4 V-THETA 2A
"2 0.5682 0.5358 0.5641 0.5902 0.6046 045934 0.5239 0.5354 0.5388 "2
.M 2A 0.3421 0.3337 0.3308 0.3838 0.4429 0.4570 0.8227 0.4032 0.3835 N 24
TURN(PR) 56.792 55.401 50,545 41.803 38.009 38.826 48.411 56.469 61.665 TURN(PR)
UuBAR 0.1115 0.0149 0.0597 0.1133 0.0473 0.0201 -0.0959 0.0277 0.1036 UUBAR
LOSS PARA 0.0361 0.0049 0.0196 0,083 0.0156 0.0073 -0.0361 0.0106 0.0400 LOSS PARA
DFAC 0.6570 0.6352 ‘06355 025649 0.4737 0.4491 044631 0.5647 0.6173°  OFAC
EFFP 0.8394 0.9776 0.9128 0.8204 0.9073 0.9550 1.2531 0.9408 0.8049 EFFP
INCID 9.491 10.060 7.755% 2.734 1.938 2.220 10.772 14.901 19.020 INCID
DEVM 12.701 13.714 15.414 16.933 18.279 18.435 19.175 18.09% 15.960 DEVM
P2 20.075 19.595 19,740 20.590 21.050 21.090 20.180 20.370 20.460 P2
P 2a 19.635 19.543 19.525 20.100 20.832 21.000 20,510 20.270 20,080 P 2A
T2 581.660 . 579.820 579.150 577.690 577.550 578,530 582.410 584,400 585,590 T2
T 24 581.660 579.820 579,150 577.690 577.550 578,530 532.410 S84.400 585,590 T 2A
UUBAR FS 01917, 001598. . 0el484 . 0s0997 0e0534. 000339 040879 . .0s0953__ 041382 UUBAR FS
. P2 FS 200262 200195 20¢21% 204525 .. 21.080 21250 ..__20.78% . __204639.___ 20.607 P2 FS .
! LDSS PARA FS 040491 0,0523 0,048T _ 040337 . .0,0187 040195 040255 .  0e0364_....040533 LOSS PARA FS
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Table A-3. Blade Element Performance ( Contihued)

Stage C

Rotor C - Stater B

CALCULATIONS USING TRANSLATEC VALUES

PCY SPAN
DlA
BETA O
BETA 1
V-0
vi1
vZ o
vz 1
V-THETA O
V-THETA 1
L]

M1
TURN
UUBAR
OFAC

EFFP
INCID
DEVM

L]

Pl
-T0
T

PCT SPAN
DIA

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
v

V2

Vi 1

Vi 2
V-THETA 1
V-THETA 2
VI(PR) 1
vierr) 2
VTHETA PR
VTHETA PR2

M{PR) 2
TURN(PR)
UuBAR
LOSS PaARA

PCT SPAN
DIA
eETA 2
RETA 24
v2
v 2a
vZ 2
vz 24
V-THETA 2
V-THETA 24
M2
N 28
TURN(PR)
UUBAR
LOSS PaRa
DFAC
EFFP
INCID
DEVM-
P2
P 2a
12
T 28
UUBAR FS
P2 FS

PERCENT EQUIVALENT RCTCR SPEED = 100.16 EQUIVALENT ROTCR SPEEL = 4216.66 BQUIVALENT WEIGHY FLOW = 120.83
INLET
PCT SPAN 96.61 91.¢2 86.39 10.81 49.76 28.83 13.41 8.35 3.34
OlA 23,138 33.570 34.006 35.328 27.113 28,892 40,2C2 «0.631 41.056
BETA © €.000 C€.00C - 0,000 0.000 0.000 0.000 0.000 0.000 0.000
BEYA 1 €.000 0.000 0.000 0.000 0.00C 0.0C0 c.0c0 0,000 0.000
vao 512.45 512,45 512.45 512,45 512.45 £12.45 512.45 512.45 512,45
vi 488,21 528.14 529.92 $30.82 528.91 €21.63 £13.54 493,61 426.57
vio 512. 44 512.45 512.45 £12.454 512.40 €12.35 S12.30 512.29 512.27
Vi1 486.21 528.14 529.92 £€30.80 €28.86 £21.53 513.40 493.76 426,42
V-THETA 0 0.00 G.0C 0.00 0.00 0.CC 0.00 0.0C 0.00 0.00
V-THETA 1 o.0C 0.00 0.00 0.00 0.C0 0.00 0.00 2.00 0.00
"o 0.4690 0.4690 0.4690 0.4690 0.4€9C 0.4690 0.4690 0.4690 0.4690
"t 0.4459 0.4840 0.4857 0.4866 0.4848 0.4778 C.4701 0.4513 0.3878
TURN 0.0 6.0 0.0 0.0 0.0 0.0 C.0 0.0 0.0
UUBAR 0.1675 0.0112 0.0 0.0 0.0 Cc.0 0.02C9 0.0944 0.3513
: OFAC 0.047 -C.031 ~0.034 ~0.036 ~=0.022 -0.C18 -0.002 0.036 0.168
EFFP ~1.02¢5 G.8594 1.0000 0.9999 1.0000 0.5997 0.1825 ~4,6127 -13.7456
INCID 0.0001 0.0001 0.0001 0.0001 © 0.0001 €.0001 0.0001 0.0001 0.0001
DEVM -0.000 -0.,000 ~0.000 -0.000 =0.000 -0.0C0 -0.000 -0.000 -0.000
e C 14,654 14.694 14.694 14.694 14.694 14. €54 14,654 14.694 14,69
P11 14.288 14.671 14.694 14,694 14,694 14.654 14,651 14.500 13.972
TO0 518.70C 518.700 518.700 518.700 18,700 £18,70C 518.7C0 518.700 518.700
T1 51€.700 518.70C 518.7C0 518.700 £18.700 €18.700 518,700 518.700 518,700
ROYOR C PCT SPaAN §5.00 9C.01 25.00 70.01 50,02 30.02 15.01 10.00 4.98
DIA 22,235 33.621 34,006 35.163 36.17C5 218,247 39,405 39,791 40.178
ROYOR - .E. BETA 1 c.coC 0.000 0.000 0.000 0.000 - 0.000 0.00C - 0.000 0.000
ROTOR -T.E, BETA 2 37.774 33.486 30.880 30.5¢%2 30.163 29.242 28.312 29.266 33.364
BETA(PR) 1 49.742 47.845 48.101 49,106 50.646 £2.401 £3.739 55.101 59.273
BETA(PR) 2 27.441 27.843 26,445 27.116 31.222 35,3¢5 36.530 38.692 44,363
~ ‘v 1 516.36 558.98 560.94 561,93 558.49 £49.42 €41.C2 520.05 447.82
v 2 567.75 622,40 €€5,54 681.62 €57.70 €36,50 €45,02 617,95 542.18
vz 1 516,34 558.98 560.94 561.88 £58.21 €48.17 $40.Ch 518,98 446,79
vz 2 472.48 519.92 5T.19 586.89 5¢8.10 554.55 566.63 537.76 451.70
. V=THETA 1 0.0C 0.00 0,00 - 0.00 0.00 0.00 0.00 0.00 .00
V-THETA 2 36£.15 343.55 341.58 346.42 330.56 210. 69 305.25 301.37 29T7.44
viPR) 1 799.0 832.9 840.0 458.3 88C.5 899.8 913.6 [07.7 875.0 .
VIPR) 2 £32.4 588.0 638.0 659.5 €64.9 680.9 706.4 690.3 633,0
VTHETA PRI -609.7 -61T.4 -625.2 ~648.8 -€BC.T -T12.6 -736.2 -744.0 -751.7
VTHETA PR2 -245.3 -274.6 =-284,1 -300.5 ~344,.8 -393.0 -419.7 -430,7 ~441.8
Ul 6C9.75 617.44 625.20 648.79 €8C.,70 T712.¢3 136.23 T43.98 751.66
v 2 611.48 618,58 625.67 646,95 675,22 103.65 124.99 732.10 739.21
"1 0.4727 ¢.5138 0.5157 0.5166 €.5133 C.5C45 C.6964 0.4763 0.4077
"2 0.5312 0.555$ 0.5966 0.6124 ¢.5890 C.5694 0.5768 0.5504 0.47197
#{PR) 1 0,.7315 C.T7655. 0.7721 0.7891 0.8C92 C.82€? c.8383 0.8313 0.7967
M(PR) 2 C.4731 0.5243 0.5719 0.5926 05955 c.6C27 0.6317 0.6149 0.5601
TURN(PR) 22.300 20.001 21.657 21,993 19.402 17.114 17,236 16.442 14.953
UUBAR 0.2551 0.2241 0.1415 0.1177 0.1361 0.135¢ 0.1021 T 0.1247 0.1649
LOSS PARA 0.0654 0.0580 0.0375 0.0322 0.037¢ €.0374 c.0287 0.0344 0.0423
OFAC 0.4662 0.4149 0.3610 0.3556 0.3623 C.3591 C.3627 0.3560 0.3974
EFFP c.66CH C.€484 0.7871 0.8756 C.0174 C.7588 £.8480 0.7840 0.7401
EFF 0.6%29 C. €405 0.7814 c0.8717 0.8124 C.7534 C.8436 . 0.7780 0.7333
INCID -2.10C -4.433 ~4,589 -4,950 ~5.417 -5.661 ° -5.7C4 -4, 7786 <1.381
DEVM 15.€52 18.545 15.525 11.413 10,5¢€4 1C.435 9.974 10.554 15,479
P 1 14.28¢ 14.671 14.694 14.694 14.£94 14.694 14.651 14,500 13.972
P2 16,82¢% 17.155 17.680 17.995 17.825 17.71C 17.920 17.580 16,730
T1 518.7C0 518.700 518.700 518.700 518.700 £1€.700 519.7C0 518,700 518.700
T2 556.68C 555.710 554,730 554.170 €54.920 £84.52C @ 555.12C 556.420 556.060
STATOR 8 PCT SPAN S5.(5 9c.12 85.15 10.15 50.00 25,85 14.84 9.88 4.94
J Ola 32,203 33.55¢ 33.910 34,981 364420 37.85% 38,930 39,285 39,637
STATOR-L.EY BETA 2 37.426 22,136 30.542 30.318 29.910 28,.€79 27.068 28,765 312.834
STATOR-T.E. BETA 2A 4,550 4.920 5.820 6.091 6.621 6.€22 6,624 6344 5.923
v 2 6C2.59 €29.43 672.51 687.00 664,25 €45,.34 €55.8C 628.55 551.21
vV 2a 616.63 666.83 681.47 705.26 715.78 125.€9 742.00 733.31 683,65
vz 2 478.54 527.07 579.19 592.95 STE.44 €€4.28 578.64 549.68 462.15
vI 2a €14,68 6€4.37 677.94 701.20 710.72 716.66 736.13 727.80 £78.54
V-THETA 2 366,21 344.06 341.74 346.73 231.03 2t1.2% 305.96 302.12 298,22
V-THETA 2A 48.92 57.19 69.10 74.82 8z.50 83.55 85.48 80.91 70.44
"2 0.5358 0.5616 0.6033 °© 0.6177 0.59%3 C.5774 0.5871 0.5604 0.4881
M 2A 0.5490 0.5573 0.6120 0.6354 0.64%2 C.6545 C.67CT 0.6614 0.6133
TURNIPR) 32.87% 28.216 24,722 26.222 23.2712 22.223 21.195 22.394 26.841
UuBAR C.26C2 0.1724 0.2467 D.2136 C.1516 C.1282 0.1663 0.1777 0.1789
LOSS PARA 0.0839 €.C561 0.0808 0.0719 0.0521 €.C467 0.0625 0.06175 2.0688
OFAC 0.1472 C.C895 0.1204 0.1079 0.0549 C.C067 ~0.0032 -0.0309 -0.0792
EFFP s.9e48 2.2457 9.0815 46454 1.8184 1.4249 1.5188 1.4325 1.2998
INCID ~G.546 -13.065 -14,928 - -13,357 -12.339 -12,513 -15.493 ~15.125 -11.700
DEVM 17.5a1 -1T7.774 18.554 1R. 424 18,739 19.325 20.125 20.143 20.066
P2 16,825 17.155 17.680 17,995 17.825 17.71¢C 17.920 17.580 16.730
P 2A 16.048 16.5€5 16,729 17.123 17.248 17.251 17.30C 16.980 16.280
T2 556.68C 555,710 554.730 554.170 554,930 £24,.52¢ 555.120 556.420 5564060
T 2A 556.68C 555,710 554.730 554.170 24,920 £54.52¢C £55,14C 556,420 556.C60
UUBAR FS 002620 . . 042002, ._..0s228) Qe2480 . 062096 Oe1888 0.1572 0.1765 0e3316
P2 FS 16832 170270 174587 18a182 184102  17.978 __17.880 17,578 17,308
LOSS PARA FS.0.0844 000651 0,0738 - 0.0834 0.0732 0e0687 0.0832 00870 . 0a1278
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Table A~3. Blade Element Performance (Continued')'

Stage C  Rotor C - Stator B

CALCULATIONS USING TRANSLATEC VALUES
PERCENT EQUIVALENY ROTOR SPEED = 100.3% EQUIVALENT ROTOR SPEED = 4224.62 EQUIVALENT WEIGHY FLOW = 114.12

ey
PCT SPAN 96.61 91,52 86.39 70.81 49.79 28.83 13.41 8.35 3.34 PCT SPAN
01A 33.138 33,570 34.006 35.328 37.113 38.892 40,202, 40.63) 41.0%6 OIA
BETA O 0.000 0.000 0.000 0.000 0.000 0.000 0.600 0,000 0. 000 BETA O
BETA 1 0,000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0,000 BETA 1
vo TAT6.96 476.96 476.96 476,96 476.96 476.96 476.96 476.96 £76.96 vo
v 448.39 490.81 495,45 499,53 496.85 491.63 477.17 462.20 404,31 v
vz o 476,96 476,96 476.96 476,95 476.92 476,87 476,83 476.81 476,79 vz 0
Vi1 448,38 490,81 495.45 499,52 496.61 491.54 477,03 462,05 406,17 VIt
V-THETA O 0,00 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 0.00 0.00 0.00 0,00 0.00 0.00 0,00 V-THETA 1
no 0.4353 0.4353 0.4353 0.4353 0.4353 0.4353 0.4353 0.4353 0.4353 no
"1 0.4083 0.4484 0.4528 0.4567 0.4541 0,4492 0.4354 0.4213 0.3670 LR}
TURN 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 TURN
UUBAR 0.2024 0.0145 0.0 0.0 0.0 0.0 0.0329 0.0903 0.3284 UUBAR
OFAC 0.060 -0.029 -0.039 -0.047 -0.042 -0.031 ~0.000 0.031 0.152 DFAC
EFFP ~1.5967 0.08154 0.9999 0.9999 0.9999 0,9957 0.0274  -2.6786  -9.8037 EFFP
INCID 0,0001 0.0001 0.0001 0.0001 0.000 . 0.0001 0,0001 0.0001 0.0001 INCIOD
OEVM ~0.000 -0.000 -0.000 -0,000 ~0.000 -0.000 -0.000 ~0,000 ~0.000 DEVA
o 14,694 14,694 14,69 14,694 14.694 14,694 14,694 14,694 14,694 PO
LAY 14.331 14.668 14.694 14,694 14.694 14,694 14.635 14.532 14.105 Pl
ToO 518,700 518,700 518.700 S518.700 518.700 518,700 S18.700 518.700 518,700 T0
T1 518.700 518.700 518,700 518.700 S518.70C $18.700 $18.700 S518.700 518.700 T1
ROTOR C PCT SPAN 95,00 90,01 - 85.00 70,01 50,02 30.02 15,01 - 10.00 4.98 PCT SPAN
DIA 33,235 33.621 34,006 35.163 36.1CS 18.247 39,405 39.791 40.178 oIA
ROTOR -L.E. BETA 1 €.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 04000 BETA 1
ROTOR ~T.€. BETA 2~ 46,200 - 43.265 39.257 37.168 36.734 36,140 36.819 40.596 45,730 BETA 2
BEVTA(PR) ‘1 52,244 50,050 50.128 50,934 52.502 S4.128 $5.833 56.966 60,673 BETALPR) 1
BETA(PR) 2  26.230 26.688 25.489 25,344 29.446 33,160 35,774 39.652 45.329 BETA(PR) 2
v 473,13 518.16 523.22 527.66 523,54 516.90 $01.58 485.68 424,08 v
v 2 576.45 589.43 625.64 660.43 ° E44,.41 €31,7C 618.71 574.06 521.66 v2
vZ 1 473,11 S51€.15 5§23.22 527.61 523.28 516.30 500,60 484,68 423.07 vZ1
vI 2 398.98 429.22 486,44 $26.20 516.16 £09.54 494,41 435.10 363,52 vz 2
V=THETA 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 - 0.00 V-THETA 1
V-THETA 2 416.05 403.98 395.90 398,95 385.20 372,10 370.12 372.67 372.90 V-THETA 2
VIPR) 1 172.7 806.9 816.2 837.2 859.8 881.4 892.0 889.7 864.3 VIPR) 1
VIPR) 2 444,80 480.4 536.7 - 58243 5913,1 605.4 610.5 566.2 518.0 VIPR) 2
VIHETA PR1  -£10.9 -618.6 -626.4 ~650.0 -682.0 .-714.0 ~737.6 ~745.4 -7153.1 VTHETA PR1
VIHETA PR2  -196.6 -215.8 -231.0 -249.2 -291.4 -332.9 ~356.2 -360.6 -367.7 VTHETA PR2
vl 610.90 618,60 626.38 650.02 681.98 713.98 737.62 745.38 753.08 vl
u 2 612,64 619.74 626.8% 648.17 676.59 705.02 726.36  733.48 740.61 U2
" 0.4316 0.4745 0.4793 0.4836 0.4796 0.4733 - 0.4986 0.4435 0.3854 LR}
N2 0.%5087 0.5214 0.5557°  0.5886 0.5731 0.5615 C.5482  0.5059 0.4575 "2
M{PR) 1 0.7049 0,7389 0.7477 0.7673 0.7876 0.8070 0.8156 0.8124 0.78%56 M{PR) 1
M{PR} 2 0.3925 0.4249 0.4767 0.5190 0.5275 . 0.5417 0.5409 0.4989 0.4543 M{PR) 2
TURN(PR) 26.013 23.362 24.639 25.592 23.063 20.985 20.086 17.349 15.3%0 TURN{PR}
UUBAR 0.1868 0,2033 0.1149 0.0496 0.05%0 0.0549 0.0727 0.1455 0.1656 UUBAR
LOSS PARA 0.0484 0.0%31 0.0307 0.0138 0.0154 0.0155 0.0206 0.0396 0.0417 LOSS PARA
DFAC 0.5%800 0.5512 0.4862 0.4508 0,4539 €.4500 0.4595 0.5107 0.5540 DFAC
EFFP 0.7845% 0. 7554 0.8608 0.9746 0.9637 c.9815 0.9392 0.8359 0.8224 EFFP
EFF 0.7777 047481 0.8562 0.9736 0.9624 0.9809 0.9369 0.8301 0.8162 EFF
INCID 0,402 -2.228 -2.562 -3.123 -3.%62 -3,934 -3.6€9 ~2.910 0.021 fncid
DEVM 18.481 17.39¢ 14.570 7 9.6641 £.759 8.255 8.219 11.513 16,445 DEVM
P 1 14.331 14.668 14.694 16,694 14.694 14.694 14.635 14.532 14.10% (B
P2 17.875 18.035 18.530 19.115 19.105 19.125 19.045 18.500 17.92% e 2
T1 18,700 518,700 518.700 518.700 518.700 518,700 . 518,700 518,700 518,700 T
T2 562.170 560.870 560.210 560.280 560.680 560.060 561,970 563.320 563,740 T2
STATOR B PCT SPAN 95.C% 90.12 85.15% 70.15 $0.00 29485 14.8% .88 4,04 BCY SPAN
olA 33,203 33,556 33.910 34.981 36.420 37.859 38,930 39,285 39.637 DIA
STATOR-L.E. BETA 2 45,747 42.794 38.830 36.883 36.377 315,661 36,240 39.933 44,938 BETA 2
STATOR-T.E. BEVA 2A 1,420 1.620 3.640 5.660 5.031 S.111 5.562 5,432 5.283 BETA 2A
v 2 . 580.97 594,85 631.72. 665,41 650.73 639.87 628.54 583,27 530413 v 2
v 2a 443,88 468.31 494,27 558,94 570.68 581.23 $71.11 543.02 505. 74 v 2A
vt 2 405,42 436.50 492.10 532,17 523.66 519.20 506.15% 446.53 374,69 v? 2
vI 2A 443,74 468.12 493,27 556.15 $76.22 578.44 567.71 539.83 502,81 VI 2A
V-THETA 2 416.12 404,12 396.09 399.31 385.75 372,62 370.99 373.80 373.88 V-THETA 2
~ V-THETA 24 11.00 13.24 31.38 55.12 50.72 S1.74 55,29 51.33 46,49 V-THETA 2A
"2 0.5129 0.5264 0.5614 0,5933 0.5791 0.5692 0.557% 0.5144 0.4652 "2
" 2a 0.3876 0.4101 0.4340 0.4933 0.5114 0.%5141  0.5038 0.4773 0.4430 M 2A
TURN(PR) 44,327 41.173 35.190 31.217 31.327 . 20.530 30.618 | 34,432 39,578 TURN(PR)
UUBAR 0.0807 0.0654 0.1323 0.0839 0.0201 0.0292 0.0770 0.0236 -0.0417 UUBAR
LOSS PARA - 0.0261 0.0213 0.043% 0.0283 0.0070 0,0106 0.0290 0.0090 -0.0160 LOSS PARA
OFAC ,0.4617 0.4274 0.4079 0.3357 0.2928 0.2766 0.2826 0.2017 0.2663 DFAC
EFFP 0.8232 0.8442 0.6947 0.7494 0.9161 0.8524 0.6080 0.8416 1.4282 EFFP
INCID -1.224 ~3,408 -6.640 -6.792 ~5.874 -6.716 -7.130 ~3,998 0,397 INCID
DEVM 14.45) 14.474 16.374 17.994 17.149 17.015 19.06% 19.232 19,427 DEVN
P2 17.875 18.035 18.530 19,115 19.105 19,125 19,045 18.500 17.925 P2
P 2A 17.638 17.832 18.058 18.77% 19.027 19.015 18.766 18.428 18.026 P 2A
T2 562.170 560,870 560,210 560.280 560,680 560,060 S€1.970 563.320 563.740 T2
T 2a 562.180 560.880 560.210 560.290 560.680 560.070 561,980 563.320 563,730 T 2A
UUBAR FS 0,1581 . QellA8__ . 040862 000565 . 0,0996 _ 0.0864__. 041085 _ _0.1908 UUBAR FS
P2 FS 184148 180478 19,129 190295 194247 _ 19,082 184780 184635 P2 £S

LOSS PARA FS 0e0311 . 0.0493  0,0389  0,0290 _ 040196  0,0216 040325 040402 00849 LOSS PARA FS
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INLET

ROTOR C

RCTOR —~L .E.
ROTOR ~T,.E.

STATCGR 8

STATOR~L .E.
STATOR-T.E.
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Table A-3.

PCT SPAN Sb.61
DIa 32,13¢
BETA © 0.000
BETA 1 C.000
Vo 421.42
v 391.93
vi o . T &21.42
vz 1 ' 3561.93
V-THETA 0O 0.0C
V-THETA 1 0.00
MO 0.3830
M1 0.3555
TURN © C.0
UUBAR v.20C8
OFAC C. 070
EFFP -2.4371
INCID ¢.0001
DEVM -C.C00
L] 14,694
Pl 14,41C .
T0 51 €.1700
T1 ' 518.70C
PCT SPAN 95.0C
[13¢.) 33.235
BETA 1 C.CCC
BEYA 2 52.35C

BETA(PR) 1 55. 741
BETA(PR) 2 21.95%

v 412450
v 2 585.08
vz 1 412.48
vz 2 357.39
V-THETA 1’ €.0G
V-THETA 2 463.24
V(PR) 1 732.7
V(PR) 2 185.3
VIHETA PRl —£€05.6
VIHETA PR2  -144.1
ul 6C5.61
u 2 607,33
M1 0.3746
M2 0.5139
M{PR) ) 0.6655
M(PR) 2 ©.3385
TURN{PR ) 33,782
UUBAR 0.1724
LOSS PARA 0,0462
OFAC C.6565
EFFP C.8C86
EFf 0.8L15
INCID 3. 895
DEVM 14,206
Pl 14,410
P2 18.63¢C
T 518.700
T2 567.98C
PCT SPAN 95.05
DIA 33,203
8ETA 2 51,784
_BETA 2A €.980
v 2 589.70
v 2a ©C3.27
vz 2 364,80
vz 2a - 403,21
V-THETA 2 463,32
V-THETA 24 6.9
"2 0.5182
N 2a 0.3494
TURN(PR } 5C. 804
UUBAR 0.0722
LUSS PARA 0.0234
DFAC 0.5667
EFFP C.878
INCID 4.813
DEVM 14.C11
e 2 ' 18.630
® 24 18,405
T2 567.980
T 2 567.980
UUBAR FS

- P2 FS 8.

L0SS PARA FS 04030

PERCENT EQUIVALENT ROTCR SPEED =

91.52
33.570
0.000
C.00C
421.42
427,37
421.42
427.37
0.00
0. 00
0.3830
0.3386
0.0
0.0240
~0.014%
0.5578
0.0001
-0.000
14.694
14,660
518.700
518.700

90.01
33,621

0.000
51.303
53.754
25.459
449,59
569. Bb
449,59
356.28

0.00
“44a T6

760.4

39%.6
-613.2
-169.6
613.25
614,38
0.4094
0.500¢
0.6924
0.3465
28.295
0.2221
0.0587
0.6523
0.7458
0.7373

1.476
16,161
14,660

18,470

518.700
566. 700

S0.12
33.558
50.697

1.280
574,96
406, T2
364.19
«06.61
444,91

9. 09
0.5081
0.3529
49,417
C.0u61
0.0020
0.5402
0.989%96

4,496
14.134
18.470
18.452

566.700
566.690

Stage C

Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES

99,48

86.39
34.005
0.00)
€.009
©21.42
435.10
421442
435412
0.00
0.0
0.3830
0.3958
0.0
0.C
-0.032
0.999%
G.0001
-0.000
14,694
14.6%4
518.700
518.700

85.9C
34.006
£.000
47,455
53.595
25.228
457.90
588.85
457.83
398.15
0.0)
©33.33
771.%
440,1
-621.0
-187.6
620,95
621.43
C.4172
C.518¢
0.7033
0.3875
28.367
0.1631
G.C637
€.5962
C.7982
0.7912
Ua9GC5
14.309
14.694
18.740

- 518,700

565.880

-85.15
33.912
4654921

3.07
594.25
418.94
405 .87
418.33
434,05

22.44
0.5234
0.3640
43,850
€.062)
G. 0206
0.5234
0.8884

1.45)

15.8064
18.740
16.562

565.880
565.880

70.81
35.328
0.000
9.000
421.42
443.19
421.41
“43.18
0.00
0.00
0.3830
0,434
0.C
0.0
-0.,052
0.9996
0.0001
-0.000
14.694
14,694
518.700
518.70C6

70.01
35.163
C.000
42.724
54,095
24.688
466 .60
632,42
466455
464.53
0.00
429 .02
795.6
511.4
—b644.4
-213.5
644439
642.56
0.4254
C.5597
GeT7254
0.4526
29.410
0.0547
0.0153
0.5229
G.9453
0.9430
0.0C38
8.984
14,694
19.450
518,700
564.580

7C.15
34.981
42.397

5.870
636.94
©70.62
470.32
463.10
429.41

48.13
U.5640
O.4108
36.521
G.1027
0.0346

V.4bss’

0.7978
=1.279

18,203

19.450
19.062
564.580
564.550

04,0199

49,79
37.113
0.000
0.000
421,42
447,483
421,39
447,44
¢.00
0,00
0.3830
C.4074
0.0
0.0
-0U.002
0.9999
0.0001
-C.000
16,5694
14.694
518.700
518.700

50.02
30.705
74300
42.100
554196
28.852
470.20
621.8C
459,96
46l.14
0.00
416.67
823.5
326.8
-676.1
-254,1
676,08
570,73
02,4289
045498
0.7511
G468
264351
0.0561
¢.0158
0.5226
0.9537
J.9518
~0.8038
8.165
l4.694
19.5C0
518.70C
5644590

50.00
364420
41,695

5.301
627.58
505.65
468,41
5¢3,.3C
417,27

46.70
0.5552
0.4426
34.374
040136
C.0Ces
0.4030
049658
-0.557
17.419

19.500
19.45C
564,590
564.590

87 .
. 0e0128

EQUIVALENT ROTCR SPEED = «4188.04

28.83
38,892
0.000
0,000
421,42
%32.08
421434
432,00
0.0¢C
2.00
0.3830
€.3930
0.0
0.0
-0,025
0.9995
6.0001
-0.000
14,594
14,696
518,700
518,700

30.C2
38,247
J.900
%1,299
57.415
33,325
452.92
bub,.31
452.39
455,03
G.00
399.73
840.3
54543
~707.8
-299.2
707.80
©98.91
Ge4125
0.5353
0.7654
0.4314
24,109
G.0602
€.0170
C.5105
J.9488
0.9467
~0.645
B. 460
14,694
19,460
518.700
504,490

29.85
37.859
40.774

5.372
613.84
523.08
404,42
520.35
490.51

“8.93
G.5424
J.4585
35.361

~G.02217
-C.0083

0.3589°

1.0722
-1.625
13,075
13.460
19.540
5644490
564,500

Blade Element Performance (Continued)

FQUIVALENT WEIGHT FLOW = 102.98

13.41
40,202
0.000
U.000
421.42
418.32
421430
418.20
0.00
0.00
0.3830
¢.38C1
0.0
0.0
‘0,007
1.00C3
0.0001
-0.000
14.694
14,694
518.700
518.700

15.01
39,405

0,003
44.036
$9.097
36,740
438,48
585.45
437.68
420427

0.00
406436

85246

525.4
-731.2
-313.7
731.23
720.07
0,3990
0.5147
C,7753
0.4619
22.388
Gal214
0.0342
C.5491
G.8772
0.8723
~0.343

9.184
14,694
16.310
518, 7C0
566,970

14.6%
38.930
43.334

S5.063
594,29
5C8.76
431.71
505.65
40T.31

50.14
0.5229
C.4444
37.608
C.0116
0.5044
0.3726
0.9566
-0.040
19.1¢66
19.310
19.272

566.970
567.010

8.35
4%0.631
0.000
0.000
421.42
396.66
421.29
396.54
0.00
2.00
0.3830
0.3599
0.0
0.1089
0.059
10.1296
0.0001
-0.000
14.69
14.540
518. 70C
518,700

10.00
39.791
0.000
48,461
60.691
41.387
415.67
546.30
414,81
36l.76
0.00
#08.34
847.8
483.0
-738.9
-318.8
738.93
727.13
D.3776
0.478C
0.7702
0.4226

19.344

0.1718
C.0456
0.5993
0.8119
0. 8049

0.819
13.247
14,540
18.870
518.70C
5684530

9.88
39.285
47,632

5.533
554,75
487,70
373.38
484,75
409,36

46,95
0.4857
0.4247
42,029

~0.C501
~0.0191
0.3722
1.1996

3,700
19.333
18.870
19.011

568,530
568,530

~-19.68% . _ S
0.01a1 0a0233. 0:0246

3.34
41.056
0. 000
0. 000
421,42
339.90
421.27
339.79
0. 0u
0.00
0.3830
0.3073
0.0
0.3705
0.193
-57.9601
0.0001
-0.000
14,694
14,170
518,700
518.700

%.98
40.178
0.000
55,824
64.575
45.963
355,70
521,93
354,89
292.86
0.00
431.32
827.0
422.0
-746.6
-302.9
746.56
734.20
0.3219
0.4553
0.7484
0.3681
18.663
0.2001
0.0499
0.6750
0.8364
0.8299
3.929
17,079

14,170

18.640
518,700
569.630

4. 94
39.637
54,707

5.413
530,38
456,50
306,12
453,75
432,46

42.99
0.4630
0.3963
49.220

-0.2385

-C.0148
©.6249
1.1320
10.171
19.556
18,640
18.738

569,630

569,650

061548 041488 0a1180.. 040591 . 00364 ... 0a0388 __ 040615... .0s0645_ .. .QelSel
S 10965 1849 19,408
040487 0,0381

040592

PCT SPAN
DIA

BETA O
BETA 1
vo

vl

vl 0

vil
V-FHETA O
v-THETA 1
no

"1

TURN
UUBAR
DFAC
EFFP

PCY SPAN
DIA

BETA 1
BETA 2
BETAIPR) 1
BETA(PR) 2
vl

v2

Vil

vl 2
v-THETA 1
v-THETA 2
V(PR) 1
VIPR) 2
VTHETA PRI
VTHETA PR2

TURN{PR}
UUBAR
LOSS PARA
DFAC

EFFP

EFF

INID
DEVM

Pl

P2
T1
T2

PCT SPAN
DIA
BETA 2
BETA 2A
v2
vV 2A
Vi 2
Vi 2A
V-THETA 2
V~THETA -2A
“2
M 2A
TURN(PR)
UUBAR
LOSS PARA
DFAL
EFFP
INCID
DEVH
P2
P 2A
T2
T 2A
UWUBAR FS
P2 FS
LOSS PARA FS



INLEY

ROTOR C
ROTOR -L.E.
ROTOR -T.E.

STATOR B

STATOR-L.E.
STATOR-T,.E.

‘Table A-3. Blade Element Performance .(Continue,d)'

PERCENT EQUIVALENT ROTOR SPEED =

PCT SPaAN
ola

BETA O
BETA 1
Vo

v 1

vZ 0

vZ 1
V-THETA O
V=THETA 1

PCT SPAN
ola

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
v

v 2

vz 1

vt 2
V~THETA 1
V~-THETA 2
VIPR) 1}
VIPR) 2
VIHETA PR1
VIHETA PR2
‘vl

U2

"

M2

M(PR} 1
M{PR) 2
TURN{PR)
UUBAR

LOSS PARA
DFAC

EFFP

EFF

INCID

DEVM

Pl
P2
T1
T2

PCT SPAN
DIA

BETA 2
BETA 2A

v 2

v 24

vz 2

vZ 2A
V-THETA 2
V-THETA 2A
L

M 2A
TURN(PR}
UUBAR
LOSS PARa
OFAC

EFFP

INC ID
DEVM

P2

P 2a

T2

T 2A
UUBAR FS§
P2 FS

56,61
32,133
C.C00
C.C00
400,28
365.67
4€0.27
365.67
0.00
0.00
0.3632
0.3311
.0
0.1828
C.c86

-18.9973

0.0001
-C.C00
14,694
14.460
518, 700
518. 700

§5.0C
33,235

CeCOS
544 743
57.684
21.078
384.42
586.53
384.461
338.57

0.00
478,94

719.1

3562.9
-¢C7.7
-130.5
6C7.70
609.43
C.3485

0.5151

Ce6519
0.3187
3¢,605
0.1740
0.C469
G.6880
Ge8424
8303

5. 842
13.329
l4,460
18.925
518.760
568,27C

55,05
32,203
54,125

€.630
591.17
375.76
346,43
379.74
479,02

4ol8
0.5194
0.3285
53,495
0.0985
C.0319
0.6177
0.8458

7.156
13,661
18.525
18,612

568,270
568,300
Qels6

91.52
33.570
0. 000
0.000
400.28
402,39
400.28
402.39
0.00
0.00
0.3632
0.3652,
C.¢
Je 0
-0.005
0.9999
€. 0001
-0.,000
14.694
14.694
518.700
518.700

30.01
33.621
G.C00
54,087
55.503
26.822
%22.88
557.11
422.88
320.81
0. 00
451.26
T46.7
366.2
-615.4
~105.2
615.37
616.50
0.3844
0.4886
U.6786
0.3211
28.681
0.2312
0.0604
0.69365
0.7552
J. 7409
3.225
17.524
14,694
18.00C
518, 70v
567.u8C

90.12

334358/
53,6430
1.030
562,06
375.36
334. 88
375.29
451,41
6,75
0.4931
0.3249
52,400
0.C088
0.0029
0.5906
0.9849
7.229
13,884
18.60C
18,575
567,080

567.090
T .. _Qel6T9__

Stage C

Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES

99.82

864,39
34,008
0.000
0.000
400,28
604,66
400,23
404,066
0.00
0.00
C.3632
0.3673
0.C
0.0
-0.C11
1.0003
0.0001
=0.000
14.69¢
14.69¢
518,700
518.700

85,00
34.00%
. 0.000
S5V.183
554687
25.883
425.25
578.04
425426
370.13

.00
443,99

754.4

4l1.4
-623.1
=179,.5
623,11
623,57
0.3866
C.5082
J.0858
0.3617
29.805
0.1762
0.0467%
D.6291
C.d112
V8044

24997
14.963
14.694
154850

518.700
5664262

85.15
EEIS-J )
49.604

2.730
583.27
380.99
377.99
380459
444,20

18.15
0.5130
0.3302
46,873
0.0729
0.0240
0.5877
0.B836

4,133
15.4064
18.850
18.62¢

566.260
566,270
..Qel278

70.81
35,328
0.000
0.000
400.28
415,90
4CC.27
415.89
V.00
8.00
0.3632
0.3778
0.C
C.0
~0.u39
1.0002
C.5001
~0.90C
14.694
14.694
518.700
518.700

70.01
35,163
0.500
©5.142
55.933
25.562
437,28
616,36
437.24
©34.70
0.00
436 .86
780.0
482.0
~640 .6
—207.9
646,62
644,18
0.3978
55446
CeTlu2
C.4258
30.374
C.0695
C.2193
Ceb544
0.9513
0.9493
1,877
9.4539
14.594
19.500
518,700
564.710

70.15
34.9R1
44,795

5.310
620467
435.65
440 .40
433.36

c437.26

44.09
0.54886
0.3793
38.980C
0.1031
0.0347
0.5132
0.8171

1.120
18.143
19.500
19.128

504.710
564.710

.. 040849 .

014 —
LOSS PARA FS.0e0507 _ _Qe0553 _ 000420 .. __Q.0225.

EQUIVALENT ROTOK SPEED

49.79
37.113
G.000
0.000
400.28
418,58
«00.24
418.54
0.00
0.00
0.3632
0.3803
C.0
G.0
-0.046
U.9999
0.0001
-0.700
14.694
14.694
518.700
518.700

50.02
36.7065
¢.000
43,967
57,092
29.194
439.23
614.15
439.02
441.83
.00
426.18
808.2
5C6.5
-678.4

-266.9

678442
673,05
0.3997
J.45425
G.7354
0.4674
27.906
0.0540
J.0152
0 .5420
0.9310
0.9802
1.029
8,507
14,674
19.675
51d.70C
564,730

50.00
364420
“3.541

5.481
619.80
480.69
449,12
473,30
426.79

45,89
0.5478
0.4199
38.940
0.0218
0.0076
0.4417
0.9514

1.289
17.599

19.675
19.596
564.730
564.730

00473 _ .
_..-19e0772
0a0164 .

= 4202.52

28.83
38.892
0.000
0,000
400,28
410,83
400,20
410.75
0.00
0.00
0.3632
0.3731
0.0
9.0
-0.026
1.0002
0.0001
-0.900
14.594
14,694
518,700
518.700

30.C2
38.247
0.300
43.924
58.323
32.488
430.24
609.20
429.74
438.36
0.00
422.19
830.4
52J.4
~7T19.2
~279.1
710.24
701.33
0.3912
U.5378
0.7551
0.4593
2564354
0.0657
2.0187
0.53437
t.9922
9.9919
0.76%
T.024
14.65%4
19,715
5184700
565.010

29.85
37.3859
43,347

5.361
616.79
498,42
448,15
495.82
423.01

46.53
045449
0.4358
37.944
9.0207
€.0076
O.4168
0.9468

Ce948
18.065
19.775
19.700

565.010
565,010
040412 .

0.0181

BQUIVALENT WEIGHT FLOW =

13,41 8,35
40,202 40,631
0.000 0.000
Gc.000 0.000
©00.28 400,28
398.C3 375.88
4C0.17 400,15
397.92 375.76
0.00 0.00
0.00 0.00
0.3632 0.3632
0.3612 0.3406
0.0 Q.0
0.0 0.1C47
0.006 0.061
C.9982 602608
0.,0001 G.0001
-0.000 =0.000
14.694 14,694
14.694 . 14,560
- 518.760 518,700
518,700 518,700
15.01 10.00
39,405 39,791
0,000 0.000
49.161 54,492
60,440 62,091
39.026 42,391
416.91 393.56
562.31 543,38
416415 392.75
367.72 315.26
0.60 ¢.00
424,52 441.86
343.9 839.5
474.1 427.6
-733.8 -T41.5
=298.0 -287.8
733.76 Tal.48
122.56 729.64
0.3788 0,3570
0.4528 0.4746
Jde.To67 0. 7615
0.4155 0.3735
21.%43 19. 741
G.1071 0.2193
C.2454 0.0573
G.01217 C.6754
C.8547 0.8218
U 8490 0.8148
1,062 2,220
11.463 14,251
14.094 14,560
17.3¢5 19,105
518.700 518. 700
568.250 570,080
l4.84 9. 88
.33.930 39,285
48.298 S3.aT4
5.452 5.332
570.54 551. 76
470.55 449.31
379.15 328,08
467.84 446474
425,51 442.90
44065 41.70
0.5003 0.4823
C.4094 0.3897
42.783 4B.074
-0.0185 -0,0132
-L.0069 -0.0¢5C
0.4292 0.4654
1.0498 1.0367
4.925 9, 545
19.955 19,133
19.305 19.105
19.361 19.142
568.250 570. 080
568.270 570.070
0e0717. ... 020808 _._
-~ 194600 194392
040267. 0.0306

98.54

3.34 PCT SPAN
- 4l.056 DlA ’

0. 000 BETA O

0.000 BETA 1
400.28 vo
318.53 v
400.14 ¥l o0
318.42 vil

0.00 v-THETA O

0.00 V-THETA 1
0.3632 MO
0.2877 "1

0.0 TURN
0.3702 UuBAR
-0, 204 DFAC

36.4932 EFFP
€. 0001 INCED
-9.000 DEVM
16.694 PO
16.220 P1

518. 700 T0

518.700 T1

4.98 PCT SPAR
40,178 DIA

0. 000 BETA 1
60.121 BEYA 2
66.075 BETA(PR) 1
44, 485 BETA{PR) 2
333,12 vl
543.65 v
332.36 vZ1
270.59 vZ 2

0.00 V-THETA 1
470.97 V-THETA 2

819.9 VIPR) 1

380.0 VIPR) 2
-749.1 VTHETA PR1
-265.8 VTHETA PR2
T49.14 Ul
136.74 U
0.3011 M1
De4T45 »2
0.7410 Mi{PRY 1
0.3317 MiPR) 2
21.643 TURN(PR)
0.2319 | UUBAR
0.0593 LOSS PARA
0.7407 DFaAC
0.8829 EFFP
0.8779 EFF

54431 INCID
15.601 DEVM
14,220 e 1
17.120 P2

518. 700 T1

570. 860 T2
)

4.96 PCT SPAN
39.637 -~ OlA
584775 BEYA 2

5.172 BETA 2A
552.66 v
426.96 Vv 2A
286.26 vZ 2
424,56 vl 2A
472.21 V-THETA 2

38.43 V-THETA 24
0.4828 M2
0.3695 M 2A
53.534 TURNIPR)
£,0596 UUBAR
0.06229 LOSS PARA
0.5326 DFAC
0. 8646 EFFP
14.244 INCIO
19.31¢6 DEVM
19.120 P2
18.952 P 2A

570.860 T2

570.860 T 24
061362 WBAR FS -

---1943170. P2 FS
0e0523 LOSS PARA FS

81
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ROTOR C

ROTOR ~L .E.
ROTOR -~T,E.
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STATOR 8

STATOR-L .E.
STATOR-T . E.
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Table A-3. Blade Element Performance (Continued)

Stage C

Rotar C - Stator B

CALCULATIONS USING TRANSLATED VALUES

PERCENT EQUIVALENT RUTUR SPEED = 99.80 EQUIVALENT ROTOR SPEED = 4201.61 = PBQUIVALENT WE IGHY FLOW = 94,51
PCT SPAN $6.61 91.52 86439 70.81 49.79 28.83 13.41 8.35 3.34 PCT SPAN
DiA 33,138 33.570 34,00% 35,328 37.113 38.892 40,202 40.631 41.056 DIA
BETA © C.CCO €. 000 0.00) U.V00 0.000 0,000 0.000 0.000 0.000 BETA O
BETA 1 €. 000 0.000 0.00) 0,000 C.000 0.000 0,000 0. 000 0. 000 BETA 1
vao 38l1.55 381.55 381.55 381.55 381.55 381.55 381.55 381.55 381.55 vo
v 353.19 369.57 392.32 394 .49 398.88 394,01 382.73 359.96 298.88 Vi
vZ 9 38l.54 381.55 ° 381.55 381.54 381.51 381.48 381,44 381.43 38l.41 vio
viZ 1 353.19 339.57 392.32 394.48 398.85 393,93 382.63 359.85 298.78 NZ 1
V-THETA © G.0u C. 00 0.03 0.00 G.00 0.00 0.00 0.00 0.00 V-THETA 0
v-THETA 1 Q.00 0.00 0.0) 0.00 C.00 0.00 0.00 0.00 0.00 V-THETA 1
Mo 0.3458 0.3458 0.34538 0.3458 043458 0. 3458 0.3458 0.3458 0.3458 LI
“1 U.3196 Ca 3533 C.3553 0.3579 0.3619 0.3574 043469 0.3258 0.2697 ni
TURN .0 0.0 Ul 0 G.0 0.C 0.0 0.0 0.0 0.0 TURN
UUBAR C.1834 0.0 0.0 0.0 0.G J.0 0.0 0.1149 Te4148 UUBAR
OFAC 0.074 =-0,021 =G.028 . -0.034 ~0.045 -0.033 -0,003 0.057 0.217 OFAC
EFFP ~4.4106 0.9998 0.9997 0.9998 1.0001 1.0001 0.9993 296.5925 -24.8392 EFFP
INC 10 U.0CC1 Je0GC1L 0.6COo1 0.0001 0,0001 0.0001 0.0001 0.0001 0.0001 110
DEVM ~0.00C - -0.000 -0.002 ~0.000 -0.000 -0.000 ~0.000 -0.000 -0. 000 DEVM
PO L4, 694 14.694 14,69 14.094 14,694 14.694 14.694 14.694 14.69% PO
L Y 14,480 l4.094 14,694 14.094 14.694 14.694 1l4.694 14,560 14.210 (R
TU Slt. 700 513.700 518.799 518,.7C0 518.7C0 518,700 518.700 518.700 518. 700 70
T 518. 700 513.700 518.700 518.700 518.700 518.700 518,700 518.700 518.700 71
1
PCT SPaN 55.CC 96. 01 85.60 70.01 50.02 30.02 15.01 10.00 4.98 PCT SPAN
OlA 33,235 33.621 34.00% 35.163 364705 38.247 39.4G5 39.791 40.178 DIA
BETA 1 ¢.00% [glely] 3.00) J.000 0.000 0.200 0.000 0.000 0. 000 BETA 1
3ETA 2 S.654 55.464 52.5066 45,840 45.122 45,295 54,137 59.107 64,283 BETA 2
BETA(PR]) 1 58,582 564372 56.513 57.339 58.352 59.881 61.404 63.111 67.402 BETA(PR) 1
BETALPR) 2 19. 864 20.732 26,496 25.754 29.241 32,406 4l.684 424191 43.803 BETAIPRY 2
vl 37.14 409.2¢C 412.13 414.45 418.27 412.41Y  400.64 376469 312,46 vl
v 2 561.73 555.64 568.28 693,20 609,99 606,44 542.83 551.63 559. 61 V2
vl 1 371.13 409,20 412,13 4l4.41 “18.06 411.93 399.91 375.92 311.74 Vi1
vZ 2 323.84 315,01 345443 415.99 430423 426421 317.71 282.99 242,67 vi 2
V-THETA 1 049¢ 0.00 . 0.03 000 0.00 0.00 0.00 0.00 0.00 V-THETA 1 !
v-THETA ¢ 4€8.56 457.72- 451.2% 443.61 432,06 430,63 “39.50 472.57 503, 84 Y~-THETA 2
VIPR) 1 2.4 738.9 74740 767.9 796.9 821.2 835.9 831.5 811.5 VIPR} 1
ViPR) 2 355.0 352. 7T 386.0 46241 “93.4 53545 426.1 382.6 336.9 VIPR) 2
VIHETA PR1 -€t7.6 -0l15.2 ~623.) —64645 -678.3 -710.1 -733.6 -T4l.3 -749.0 VTHETA PR1
VIHETA PRZ ~12%47 =158.7 ~172.2 “20lev —Z40.8 =270.5 -282.9 -25645 -232.7 VIHETA PR2
vl . 6C7.57 615.23 622.97 646 .48 678.27 710.09 733.60 T61.32 T48.98 vl
U2 6C9.30 616,37 623,44 646,04 672.91 701.18 122,41 729.49 736,58 v2
M1l Ve3362 Ua3716 0.3743 Ce3765 C.38C0 0.3746 0.3636 0.3413 0.2821 ni
“ 2 Je5195 Jeb ol C.4943 Ce5364 Ce538C 0.5344 J.4T42 0.4816 0. 4885 N2
M(PR) 1 Deb44Y C.67CY 0.6704 046975 C.7240 JeT458 0.7580 0.7535 0.7327 HIPR} 1
MLPR) 2 C.3117 Ce3389 0.3363 O.4u76 Uae43St 0.4454 C.3122 0.3340 Ca2941 niPR) 2
TURNIPR) 38.697 29.64C 30.C17 31.548 29.119 27,494 19,750 20.963 23.653 TURN{PR)
UUBAR 0.10C5 0.2256 0.1388 0.0905 C.0584 0.0731 0.2228 0.2624 0.2636 UUBAR
LOSS PARA 0.0436 0.0589 0.0501 0.0251 G.0164 0.0208 0.0582 0.0688 0.0682 LOSS PARA
OFAC Ce6594 CaluaC G.6623 057506 Ce5549 J.5601 0.6726 0.7396 0.8056 OFAC
EFEP > ve T60L 0.8G2% V9265 U.9053 V9741 C.8008 0.8324 0.9078 EFFP
EFF Je1517 Co7952 G.9235 Ue9u38 749730 G.7994 0.8256 0.9036 EFF
INC 10 44354 “33823 3,283 2289 1.822 1.966 3282 8. 759 110
Cevi 17.434 15.577 16.,09C Be554 T.542 14.125 14,051 14.919 DEVM
P 1 l4.694 14.69% l4.094 14,694 14.694 l4.694 14.560 14.210 Pl
P2 16.725 LA.885 -19.480 19.735 19.855 19,1735 19.295 19.415 P2
T1 5184700 5184753 S18.7L0 Skg.7C0 518,700 518.700 518,700 518.700 71
T 2~ 565.180 558.19C 56T.180 565,.82C 505,020 566.580 569.920 571.330 572.240 T2
PCT SPAN §5.0% 9G.12 85.15 70.15 52.00 29.85 14.84 9. 88 %o 9% PCT SPAN
DlA 33, 2C2 33,5506 33.91 34.981 36,420 37.859 38.930 39,285 39,637 DIA
BEVA 2 554012 S4.774 S51.948 46.4717 44.062 44,6946 - 53,201 57.892 62.652 BETA 2
BETA 2A C. 9064 1.170 «.C13 5.989 5.731 5.501 5.202 4.992 4. T42 8ETA 2A
v 2 596,43 560.51 573,33 612.40 615.56 613.97 550.62 560,20 569.10 v2
vV 24 362.87 358,84 365.2) 415,36 467.64 475.10 ©39.84 418.82 405,68 vV 2A
vZ 2 342.G0 323,30 353,38 421.68 437.50 436.09 329.54 297.52 261.28 vi2
vl 2A Jéeza bl 358.76 364.97 413,65 465.12 472.52 437,48 416,65 403,66 VI 2A
V-THETA 2 488.04 457.87 451e45 444,01 432,67 431.40 44G.52 474.15 505.17 V-THETA 2
v-THETA 2A 6.8 7.33 12.81 43.27 46.08 45.51 39.83 36.39 33.49 V-THETA 24
“ 2 0.5238 Oe4911 0.503% 0.5403 0 .5432 J.5414 0.4813 0.4894 0.4972 na
M 2A 0.3133 0.3101 0.3159 0.3608 U.4CT6 04141 0.3813 0.3621 043502 N 2A
TURNLPR) 54.051 53.004 49,937 404492 38.932 39.151 ©7.939 52.836 57,845 TURN(PR)
UUBAR G.1369 0.0295 Ce707 Ga1332 G.0371 U.0485 ~UeOour 0.0607 0e1409 UUBAR
LOSS PARA JeU44ald 0.0L%96 veN233 Ga0347 ¢.0130 C.0177 -0.oaf 0.0231 0. 0542 LOSS PARA
DFAC V0530 Ge 5224 0.60153 0.5439 Q.462C G.4578 Uenlbu 0.5528 0.60% OFAC
EFFP C.8014 0.9590 0.8892 Ge.8274 0.9216 0.8918 1.1268 0.8741 0.7368 EFFP
INCID 8.4l 3.573 6.477 2.802 2.430 24295 9.830 13,968 18.126 INID
DEVM 13,591 14.024 14,744 18.314 17.848 18,205 18.705 18.793 18,887 DEVM
P2 16+ 145 1d.725 15.845 19.480 19.735 19.855 (Yol U 19.295 19.415 P2
P 2A 1€.¢€98 18,041 18.673 19.118 19.602 19.081 19.312 19.118 18,990 P 2A
T2 566. 186G S0da[90 567.187 565.820 566.020 506.580 509,520 571.330 572,240 T2
T 2A 565,170 5684110 567,220 565.820 506,020 566.580 569.920 571.330 572.240 T 2A
UUBAR FS Oelf62 [FRYYY ] 0+1280 000842 00619 040660  0,0781 . 041074  0Qe)408 WEAR FS
Pz FS o 192845  19.447 19,418 f2 FS
LOSS PARA FS

LOSS PARA FS 000505 040533 . _Qe0421 040283 . 0.0216 020240 0a0278___ 0.0408 __ 00341



IMLET

ROTOR C

ROTCR -L.E,
ROTOR -T.€,

€YATOQ A

STATOR-L.F,
STATOR-T.E,

Table A-3.

PERCENT EQUIVALENT ROTCR SPEED =

PCT SPAN
DA

BETA O
BETA 1
vo

v

vt 0

vz 1
V-THETA ©
V-THETA 1

PCY SPaAN
DIA

RETA 1
BETA 2
BETA(PR) 1
BETA(PRY 2
vi

vz

vz 1

vz 2
V=-THETA 1
V-THETA 2
viPR) 1
vipPR) 2
VTHETA PR1
VTIHETA PR2
vl

U2

» 1

M2

M{pr) 1t
MIPR) 2
TURN(PR}
UUBAR

LOSS PARA
DFAC

EFFP

EFF

INCID

DEVM

P 1

P2
T1
T2

PCT SPAN
DIA

BETA 2
RETA 2A

v 2

v 24

vt 2

vz 2a
V-THETA 2
V-THETA 2A
M2

" 2A
TURN(PR}
UUBAR
LCSS PARA
OFAC

EFFP
INCED
DEVM

P2

P 2A

T2

T 24
UURAR FS$S
P2 FS

16610
LOSS PARA FS 0.0764

96.61
32.138
C€.600
¢.00C
468,73
472.80
468.72
472.79
0.00
0.0C
0.4275%
0.42313
0.0
0.0796
~-0.009
€.1911
0.,0001
-0.000
14.694
14,556
518.,70C
s18.,700

$5.00
22,238

c.000
35.€34
47,553
26.711
499,57

552.39

499.5%
448.9¢6
0.CC
321.€2
140,2
502.¢
-546,2
-225.9
546,17
547.73
0.4567
0.4922
0.6767
0.4479
20,842
0.2441
0.0629
0.4467
N.623%
0.6171
~4.289
18.9¢1
14,556
1€.510
518.700
546.50C

95.C¢
32,202
35.32¢
Se64C
556.62
580.22
454,12
5717.52
221.¢€8
57.03
C.4962
n.5185
29.689
0.2973
0.0668
0.1115
31714
-11.642
18,671
16.510
15.98¢
549.5C0
549.500
002371
610

91.52
33.570
0.000
0.000
468.73
489.11
468,73
489,11
0.00
0.00
0.4275
0.4468
0.0
0.0040
=0,043
0.9598
€.0001
-0.000
14,694
‘14.687
518.70C
518,700

90.01
33,¢21
G.N0N
31.909
46,972
25.199
516.25
587,07
516.25
506.84
0.00
315.59
756.6
560.2
-563.1
=238.5
553.C6
554.C8
0.4727
0.5347
0.6927
0.5016
21,773
0.1568
0.0415
0.3817
C.7498
D.7446
-%.306
15.991
14,8687
17.015
518.700
548.610

90.12
33,556
21.590

6.010
602,66
€20.48
513,136
617,07
315.70

£4.97
0.5400
0.5569
25.580
0.1966
¢.0638
0.1064
3.63%2

-14.611
18.864
17.015%
16.413
548.610
548,610
Ve 1066

_16977__

040605

Blade .Element Performance ,(vC_ontihued)

Stage C

Rotor C - Stator B

CALCULATTONS USING TRANSLATED VALUES
86.72 EQUIVALENT. ROTOR SPEED = 3777.02

86.39 '

34.006
0.000
0.000

468.73

489,74

468.73

489,74

0.00

0.00
0.6275
D.44T74

0.0

0.0

-0.045

1.0000

0.0001

-0.000

14,694

14,694

518.700
518,700

85.00
34.006
0.000
30.440
47.289
24.918
516.96
617.80
$16.96
532.64
0.00
212.99
T62.1
587.3
-560.0
-247.4
560.02
560.44
0.4733
0.5549
2.6978
0.527s
22.372
0.1010
0.0271
2.3511
0.R59%
0.8562
-%.401
13,999
14,694
17.300
518.700
547,630

85.15
33.910
30.133

6.301
623.79
€29.73
539.48
€25.92
313.14

69.11
0.5606
0.5661
23.832
0.2377
0.0778
C.1195

12.097S
-15.337
19.03%
17.300
16.510
547,630
S547.630
0+2128

L. 17198

040698

70.681
. 35.328
0.000
0,000
468.73
492,71
468,72
492.70
0.00
0.00
0.4275
0.4502
- 0.0
0.0
-0.051
0.999%
0.0001
-0.000
14,694
14,694
518,700
518.700

70.01
35.163

0.000
29.730
48,166
26,190
520.27
627.95

520,22 -

545,20
0.00
311.35
780.0
607.7
-581.1
-268.2
581.15
579,50
0.476%
0.5650
0.7144
0.5468
21.979
0.0%13
n.0224
0.3435
0.9371
0.9355
-5.890
10.487
14.694
L 17.475
518,700
546.850

T70.15
34,981
29.525

6.700
632.48
662,51
550,25

657,91
311.63

77.29
0.5694
0.5983
22.820
0.i838
0.061%
0.0784
2.6696

~14.150
19.034
17,475
16.841
546.850
.546.850
0.2178

170625

0,0732

49,79
37.113
6.000
¢.000
468,73
488,483
468,69
488.40
0.00
0.00
.0.4275%
0.4461
0.0
0.0
-0.042
0.9998
¢.0001
-c.000
14,694
14,694
518,700
518.700

50.02
36.705
0.000
28.968
49.860
21,446
514.43
593.83
514,17
519.19
0,00
287.42
197.8
609.0
-£09.7
-317.5
609.73
604.91
0.4709
0.5325
0.7303
0.5461
18.422
0.1C98
0.0302
C.3523
0.84%]
0.8417
-6.204
10.758
14,694
17.185
518.700
546,900

50.00
36,420
28.727

6.751
599.21
664,86
525.15
659.99
287.83

78.13
0.5376
0.6005
21.960
c.1020
0.0357
0.0144
1.3904

-12,%22
18.868
17.185
16,672

£46.900
£4¢,900
001684

170430 . .

0.,0589

28.83
38,892
0.000
0.000
468.173
479.50
468,64
479.41
0.00
0.00
0.4275%
0.4377
0.¢
¢.c
~0.023
0.9996
0.0001
~0.000
14,664
14.694
£18.700
51€.700

30.02
38.247
0.000
27.474
£1.751
315,254
t03.80
579.94
503.21
513.79
0.00
267,16
813.2
630,0
~638.3
~363.2
€38,33
€30,32
C.4608
0.5197
0.7437
C.5645
1€, 514
0.0536
0.0258
0.33%4
c.85%2
€. 8520
~6.312
10.388
14,654
17.155
518.700
546,240

29.85
37859

27.169
6. 962
586.98
€62.41
®21.55%
656.648
267.68
80.22
C.5264
0.5586
20.175
c.1186
€.0432
-€.0105
1.3856
~15.222
19,664
17.155
16.805
546,240
546,240
Os1784

174370
0+0609

N

EQUIVALENT WEIGHT FLOW = 112.52

d3.61
40.202
0.000
0.000
468.73
469.97
468.60
469.84
0.00
0.00
0.4275
0.4286
0.0

0.0167

-0.003
0,2543
0.0001
-0.000
15,694
14.66%

£18.700

£18,700

15.01
39.405
0.000
26.874
53.22%
36.310
493,80
587.67
492,90
523.C4
0.00
265,06
A23.9
650,3
-659.5
-384.3
659,47
649,41
0.4%12
0.526¢
c.7%528
0.5827
16.941
0.0692
0.0195%
0.3223

0.8928 .

0.8902
-6.219

8.715%
14,66S
17.315
518. 700
547.020

14,84
22,910
26.494

7.303
596,71
683,67
533,00
677,29
265.68

86.80
0.5352
C.6187
19.145
0.1213
0.045%

-€.0313
1.3433

-16.865
20.806
17.315
16.943

547.020

£47.020
041817

1Te024. .

040569

8.35
40.631
0.000
0,000
468.73

. 452.80

468,58

- 452,66

0.00

. 0.00
0.4275
0.4124
0.0
0.0963
. 0.034
-2.9471
0.0001
~0.000
14,694
14,527
518.700
518. 700

10.00
39,791
0.000
27.275
54.539
37.252
475.63
579.62
474,65
513.90
0.00
264.96
818.7
646.9
-666.4
-390.8
666,41
655.77
0.4340
0.5186
0.7471
0.5788
17.318
0.0613
0.0173
n.3235
0.8887
0.8860
-5.318
9.115
14.527
17.230
518.700
547.950

9.88
39,285
26,884

7.083
589.10
662.59
524.38
656.62
265,62
- 81.59
0.5275
. 5977
19.727
0.2000
0.0759
-0.0042
1.6757
-17.053
20,881
17.230
16.635
547.950
547.950
0e1685
174117
00639

3.34
41,056
0.000
0.000
488,73
377.39
468,57
377.25
0.00
0.00

0. 4275
0.3420
0.0
0.4001
0.195
-12.1637
0.0001
-6.000
14,694
14.000
518,700
518,700

4.98
40.178
0.00n
30,028
59,632
44,819
395,42
487,89
394,51
421,28
0.00
263,51
780.8
595,0
-673.3
-418.6
673,29
662,14
0.3587
0.4331
0.7084
0.5282
14.857
0.0884
0.0225
0.3486
0.7898
0.7852
-1.021
15.935
14.000
16.285
518,700
547,860

“.94
19,637
29.594

6,093
495,51
609.93
429.88
605.54
246,15

64,64
0.4402
0.5473
23,436
0.1296
0,0498

-0.0896
1.2307
-14.93%
20,236
16.285%
16.022
547,860
$47.860
042691

- 16872

0.1034

PCT SPAN
DIA

B8ETA O
BETA 1
va
v

vi o
vZ 1
V-THETA 0
V-THETA 1
L]

LI}

TURN
UUBAR
OFAC

EFFP
INCID
OEVM

Po

P
To
T

PCY SPAN
Dia

BEYA 1
BETA 2
BEYAIPR) 1
BETA(PR) 2

v

v2
vI 1
VL 2
V-THETA 1
V-THETA 2
vier) 1
VEPR) 2
VTHETA PRL
VTHETA PR2
U1
U2
"
"2
MPR) 1
MipR) 2
TURN{ PR
UUBAR
LOSS PARA
DFAC
EFEP
EFF

INCID
DEVM

P 1

L4
T1
T2

PCY SPAN
Ola

BETA 2
BETA 2A
V2
vV 2A
vt 2
VI 2A
V-THETA 2
V-THETA 2A
" 2
M 24
TURN(PR)
UUBAR
LOSS PARA
DFAC
EFFP
INCID
DEVM

P2

P 2A

T2

T 24
UWJBAR FS
P2 FS
LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage C  Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES . .
PERCENT EQUIVALENT ROTOR SPEED = 89.68 EQUIVALENT ROTOR SPEED = 3775.51 EQUIVALENT MWEIGHT FLOW = 107,07

TNLET
PCT SPAN 96461 91.52 86.39 70.81 49.79 28.83 13.41 8.35 3.34 PCT SPAN
DIA 33.138 33,570 34.006 35.328 37.113 38.892 40.202 40,631 41.056 01A
BETA © 0.000 0.000 - 0.000  0.000 0,000 0.000 0.000 0.000 0.000 BETA O
BETA 1 0.000 0.000 0.000 0.000 0.000 0,000 0,000 0,000 0.000 SETA 1
vo 441.36 441.36 441.36 441.36 441.36 441.36 441.36 441.36 441,36 vo
v 424.51 449.42 . 451.56 453,60 453.42 446,46 434,43 418.02 334.97 R}
Vi o 441.35 441.35 441,35 441.35 441.32 441,27 441.23 481,22 441.20 vi o
vz 1 © 424,51 . 449.42 451.56 453.59 453.39 446,37 436,31 417.89 334.86 vZ 1
V-THETA © 0.00 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 0. 00 0.00 0.00 © 0.00 0.00 0.00 0.00 V-THETA 1
no 0.4017 0.4017 0.4017 0.4017 0.4017 0.4017 0.4017 0.4017 0.4017 L]
LR 0.3859 0.4093 0.4113 0.4132 0.4130 0.4065 0.3952 0.3798 _ 0.3028 N1
TURN 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN
UUBAR 0.1255 0.0052 -0.0006 -0.0006 =-0.0006 -0.0006 0.0188 0.0932 0.4522 UUBAR
DFAC 0.038 -0,018 -0.023 -0.028 -0,027 -0.012 0.016 0.053 0.241° DFAC
EFFP -1.7457 '0.8842 1.0125 1.0106 1.0110 1.0263 2.2815 6.5933 -40.3726 EFFP
INCID 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.,0001 0.0001 0.0001 INCED
DEVM -0.000 ~0.000 ~0.000 ~0.000 -0.000 ~0.000 ~0.000 -0,000 ~0.000 DEVYM
PO . 14,694 14,694 14,694 14,694 14,694 14.694 14.694 14,694 14.694 P o
Pl 14.500 14.686 14,695 14,695 144695 14.695 14,665 14.550 13.995 P11
To $18.700 518.700 518.700 518.700 518.700 518.700 518,700 518.700 518.700 To0
T1 518,700 518.700  518.700 S518.700 518,700 518.700 518.700 518.700 518,700 T1
ROTOR C PCT SPAN 95.00 90.01 85.00 70.01 °~  50.02 30.02 15.01 10,00 4.98 PCT SPAN
Dla’ 33,235 33.621 34,006 35.163 36.705 38.267 39.405 39.791 40.178 DIA
ROTOR -L.E. BETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0,000 BETA 1
ROTOR ~T.E. BETA 2 €2.926 38.965 36.743 35.427 34.608 33,732 33.791 364363 40.736 BETA 2
BETAIPR) 1  50.668 £9.432 49,648 50.565 51.990 53,756 55.394 56.705  62.545 BETA(PR) 1
BETA(PR) 2  25.219 24,646 23.927 25,264 29.450 33,178 36.086 39.313 46,777 BETA(PR) 2
v 447,38 4T73.31 475.61 477.82 476.58 468.30 455,68 438.39 350.49 V1
v 2 533,68 561,96 587.38 600.86 585,87 574.01 559.78 524.51 454.63 v 2
vz 447,37 €73.30 475.61 ATT.T7 476.35 467.75 454,86 437,49 349.69 vz 1
VL 2 390.78 436,94 470.68 489.56  481.92 476,76 466,32 421.51 343.80 vi 2
V-THETA 1 0.00 0400 0.00 ~ 0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 1
V-THETA 2 363,46 353.39 351.38 348.24 332.56 318.35 310.73 310.34 296.06 V-THETA 2
VIPR) 1 705.8 727.8 734.6 152.2 773.7 791.5 801.4 797.5 758.8 VIPR) 1
VIPR) 2 432.0 480.7 514.9 541.4 553.8 570.4 575.6° 545.8 502.8 VIPR) 2
VIHETA PR1  -546.0 -552.8 -559,8 -580.9 -609.5 -638.1 -659.2 -666.1 -673.0 VTHETA PR1
VTHETA PR2 ~-184.0 -200.5 -208.8 -231.0 -272.1 -311.7 -338.4 ~345,2 -365.8 VIHMETA PR2
vl 545,96 552.84 559.79 580.91 609.48 638.08 659.21 666.14 673.03 [T}
v 2 547,51 553,06 560.21 579.27 604.66 630.07 649.15 655.51 661.88 u2
[ 0.4073 0.4318 0.4340 ° 0.4361 0.4369 0.4271 0.4152 0.3989 0.3171 "1
"2 0.4729 0.4997 0.5239.  0.5368 0.5225 0.5117 0.4977 0.4646 0.4005 M2
MEPR) 1 0.6427 0.6639 0.6703 0.6865 047060 0.7218 0.7301 0.7256 0.6865 M{PR) 1
MEPR) 2 0.3827 0.4274 0.4593 0.4837 0.4939 0.5084 0.5118 0.4835 0.4430 MIPR) 2
TURNIPR) 25.448 24.786 25.722 25.303 22.547 20.595 19.335 17.427 15.815 TURN{PR)
UUBAR 0.1982 0.1536 0.0948 0.0513 0.0561 0.0522 0.0630 0.1083 0.0777 UUBAR
LOSS PARA 0.0518 0.0408 0.0257 . 0,0143 0.0157 0.0147 0.0178 0.0297 0.0191 LOSS PARA
DFAC 0.5369 0.4816 0.4408 0.4224 0.4221 0.4141 0.4162 0.4521 0.4760 DFAC
EFFP 0.7289 0.7779 0.8750 0.9582 0.9375 0.9552 0.9072 0.8333 0.8481 EFFP
EFF 0.7223 0.7726 048716 0.9570 0,9357 0.9539 0.9045 0.8288 - 0.8439 EFF ..
INCID ~1.174 -2.846 " -3.042 £3.492  -4.073 -4.306 4.049 <3171 15895 INCID <
DEVM 17.470 15.346 13,007 . 9.561 8.763 8.313 8.531 11.174 17.893 DEVM
Pl 14.500 14.606 16,695 14,695 14.695 14.695 14.665 14,550 13.995 Pl
P2 17.140 17.460 17.760 - 18.050 - 18.000 18.000 17.920 17.570 16.960" P2
Tl $18.700 S18.700 518.700 518,700 518.700 518.700 518.700 518.700 518,700 T1
T2 553,850 552,730 551.800 551,500 551.780 551,150 552.500 553.350 553.390 T2
STATOR 8 PCT SPAN 95,05 90.12 85.15 70.15 50.00 29.85 14.84 9.88 4.9 PCT SPAN
[TY 33.203 33,556 33.910 34,981 36,420 37,859 38.930 39,285 39,637 DIA
STATOR-L.E. BETA 2 42.531 38.573 364372 35.184 34,312 33,346 33,318 35.825 40.113 BETA 2
STATOR-T.E. BETA 2A 2.6835 3.580 4,970 5.440 4.871 5.121 5.582 50212 44367 BETA 2A
v 2 537,78 566496 592.81 605,01 591.10 580,90 $67.98 532.49 461,55 v 2
v 2a 431.04 . 465,55 487,24 537.45 548.98 552,31 551.38 527.81 489,02 v 24
vt 2 396.30 463,26 477.31 494,40 487.98 486,72 473.82 430.97 352.35 vz 2
vZ 2a 430.51 464,64 485,40 534,97 546. 177 549,65 548,08 524,90 486,83 VI 2A
V-THETA 2 363.53 353,50 351,55 348.56 333,03 318.96 311.46 311.12 296484 V-THETA 2
V-THETA 2A 21.32 29.07 42,21 50.94 46459 49,26 53.57 47.88 37.18 V-THETA 2A
N2 0.4766 0.5043 0.5290 0.5407 0.5274 0.5182 0.5054 0.4720 0.4068 "2
M 2A 0.3790 0.4107 0.4309 0.4774 0.4880 0.4914 0.4899 0.4676 0.4319 N 24
TURN{PR) 39.696 34,993 31.402 29.739 29.423 28.187 27.679 30.546 35,667 TURN(PR)
UUBAR 0.1256 0.1293 0.1573 0.0783 0.0322 0.0415% 0.0506 0.,0402 ~0.0690 UUBAR
LOSS PARA 0.0406 0.0421 0.0516 0.0264 0.0113 0.0152 0.0190 0,0153 -0,0266 LOSS PARA
DFAC 004045 043658 043502 0.2787 0.2426 0.2204 0.2021 0.1991 0.1594 DFAC
EFFP 0.6764 0.6378 0.5605 0.6683 0.7910 0.6129 0.2100 ~-1.0912 0.4798 EFFP
INCID ~4.441 -7.628 -9,098 -8.491 -7.938 ~9.049 ~10.050 -8.103 ~4.427 INCID
OEVM 15.866 16,434 17.704 17.773 16,989 17.825 19.085 19.013 18.512 DEVH
P2 17.140 17.460 17.760 © "18.050 18.000 18.000 17.920 17.570 16.960 . P2
P 2A 16.830 17.100 17.275 17.795 17.900 17.875 17.775 17.470 17.086 P 2A
T2 553,850 552,730 551.800 551.500 S551.780 551.150 552.500 553.350 553.390 T2
T 24 553,850 552,730 551.800 551,500 551.780 551,150 552.500 553,350 5%3.390 T 24
UUBAR FS 0el780_ 041399 0,0985 040801 . 040520 . _0+0870. 040731 . 0all41l _0a1860 UUBAR FS
P2 FS - 170207 17449 17 __ 18086 18,065  18.082 P2 FS
LOSS PARA FS 0403685 040653 040316 040297 0.0182 000265 . 0,0274° 040434 0s071T - (0SS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage G Rotor C - Stater B

CALCULATINNS USING TRANSLATED VALUES
_PERCENT FQUIVALENY ROTCR SPEEN = A9,73 FQUIVALENT POTOR SPFED = AT77,.74 EQUIVALENT WE IGHT FLOW = 19n,49

INLET
PCT SPAN 6. 61 Q1.52 86.39 70,81 49.79 28,83 13.41 8435 3.34 PCT SPAN
nia 23,138 33.570 24,006 35,328 27.113 38,892 40.202 40,631 41.056 DIA
BETA © 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0.000 0.000 BETA O
AETA 1 €,000 0,000 0.000 0.0n0 0.000 0.000 0.100 0.000 0.000 BETA 1
v 409,52 £09.52 409,52 409.52 409,52 409,52 409.52 4n9.52 409.52 vo
v 301,46 413.1% 416.76 426,08 424,17 419,710 409,30 391,43 314.53 a%
vZ o 409,52 409,52 409,52 4G9.51 409,48 49,44 409,40 409,139 409.38 VI 9
VIt 391, 4% 413.14 416.76 424,07 426,14 £19,62 409,27 391,31 314.42 vZ 1
V-THETA © 0.00 0.00 0.00 0,00 0.00 0.00 0.oc 0.00 0.00 V-THETA 0
V-THETA 1 0.00 c.0n 0.00 0.00 .00 0.00 0.90 0.00 0.00 V-THETA 1
L) 0.371% 0.3719 0.3719 0.3719 0.3719 C.3719 ¢.3719 0.3719 0.3719 LX)
LB 1.3550 0.3752 0.3786 0.,385% 0.2856 £.3814 €,2717 0,3550 0.2940 "y
TURN 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 TURN
UURA® 0.1114 n.c 0.0 0.0 0.0 - c.0 0.0179 0.0964 N. 4439 UUBAR
DFAC 0.044 -0,009 -0.018 -0.n36 -0.036 . -0.025 0.000 0.044 0.232 DFAC
EFFP -4,5058 1.0009 0.9997 0.9996 €.9998 0.9996 =0.0389 =-17.9089 -22.0113 EFFP
INCTD 0.0001 0.006n01 0.0001 0.0001 0,0001 €.0001 ©.0001 0,0001 0.0001 INCIO
NEVM ~0,000 -0,0nn -0.000 -0,000 -0.000 -0.000 ~0.000 . =0,000 -0.000 DEVM
(K] 14,694 14.696 14.694 14,694 14.694 14,64 14,694 16,694 14.694 P o
P 1 16,545 16,494 14,696 14,596 14,694 14.€654 14,670 14,565 14,100 L3
Tn 518.700 S18.700 518,700 518,700 S18,700 518.700 S18.70C 518.700 518.700 To
T1 518.700 S18,700  518.700  S518.70n  S18.70n  S18.700 518,707  S1R,700  S1B.700 T
ROTOR C PCT SPAN 95,00 at.n) 85.n0 70.01 50,02 30.¢7 15,01 11,00 4,98 PLT SPAN
nIa 33.23% 31,621 24,006 35,163 36.705 19,247 39,408 39,791 40.178 7Y
ROTOR -L.F. BFTA 1 £.00¢ n.000 n.000 0.100 0.000 0.060 0.n00 0,000 0.000 BETA 1
ROTNR -T.f. BETA 2 47,197 44,225 41,259 29,14} 38,170 37.602 38.RR7 42,852 49.116 BETA 2
BETA(PR) 1 52,978 51.862 51.963 52,500 53.882 £5.476 57.011 58,449 64.020 BETA{PR) 1
BETA(PR) 2 24,073 24.953 24,202 24,907 29.191 13.021 35,965 38,990 44,815 RETA(PR) 2
V1 411.5S 434,34 438,21 466,06 445,27 439,70 428,9% 410.11 328.91 v i
v 2 528.1¢ €37.57 562,05 584,74 £77.59 561,00 545.57 ~ 515.88 4T1.63 v 2
ve 1 411.97 434,33 438.21 446,01 445.00 439,19 428,17 409,27 328.15 vI 1
vt 2 358,80 385,22 422.50 453,46 449,92 443,55 423,94 377.56 308,23 vt 2
V-THETA 1 0.00 0.00 0.00 0.00 0.ng 0,00 0.00 0.00 0.00 V-THETA 1
V-THETA 2 387.51 174,94 370, 65 369,05 353.67 241.61 341,92 350,26 356,03 V-THETA 2
viPR)Y 1 684,72 703,13 .2 132.7 755.1 175.2 786. 9 782.6 749,5 VIPRY 1
viPR) 2 3193.) 424,9 463,72 509.1 515.7 §3C.2 . S24.7 486.7 435.3 VIPR) 2
VIHETA PRI -546.3 -563,2 =-560,1 ~5B1.3 -609.8 -638.5 ~659. 6 ~666.5 -673.4 VTHETA PR1
VIHETA PR2  =160.3 -179.2 -189.9 -210.6 -251.4 ~288,% ~307, ¢ -305.6 -106.2 VTHETA PR2
ut 846,20 $53.17 560,12 581.26 609.84 €39,65 659.6N 666,54 673,42 U1
u 2 547,83 $54,19 560,55 $79.41 605.02 630,44 669,51 655,89 662,27 u 2
LB} 0.3742 n.12as5] 1.3987 n.ensy n.4052 c.4nC1 0.3900 0.3724 0.297? LI
"2 0.6669 0.4761 n,4991 0,5206 0.€n91 0.4984 0.4834 n,4555 N.4148 “ 2
uieR) 1 n.6214 0.6397 0.6471 0.66T0 0.6874 C.T054 N. 7154 o.T107 n.6772 M(PR) 1
“ieR) 2 0.3475 0.3763 0.6114 0.4452 0.4586 0.4710 0.4650 0.4297 0.3829 MiPR) 2
TURNI(PPR) 28.9C% 26.909 27,761 27.595 24.69¢ 22,473 21.075 19.495 19.255% TURN(PR)
UUBAR 0.1A24 9.1685 0.1057 0.0459 0.0417 0.0457 0.0825 0.1419 0.1s27 uUuBAR
LOSS PAPA 0.06481 0.0447 .0.0286 0.0128 0.0117 0.0129 0.0233 0.0190 0.0342 LOSS PARA
NFAC ‘0.SA93 0,552n n,5011 0.4722 0.4673 0.4629 N.4A3R 0.5352 n, 5880 OFAC
EFFP 0.7769  .0.TRAP N.9647 09706 C.96A8 0.9753 n.9191 0.8529 0.8911 EFFP
EFF N, 7700 1.7811 ©.8608 0.969% 0.9678 0.9745 0.9165 n.Reas 0.8774 EFF
INCID 1,137 -0.616 -0.727 -1.557 -2.182 -2.585 ~2.6231 -l.426 3.373 INCID
NEVM 16,324 15.656 13.283 9,214 8.504 2,156 R.409 10.852 15.931 DEVM
P 16,545 14.694 14,694 14.69% 14.696 14,696 14,670 14.565 14.100 Pl
P2 17.550 17.6470 17.940 18,329 19.3130 18,330 18.220 17.920 © 17,510 P2
T S1R.770 518,700 S18.700 518,700  S18.700  S18,700  S18,700  S18,700 518.700 T
T2 (555,790 554,630 554.060 553,500  553.650 553,410 554,850  S56.100 556.440 T2
STATOR A PCT SPAN 95,0¢ 90.12 85,15 - 79,15 $6.05 29.8% 14.86 9.88 .94 PCT SPAN
© DIA 312,203 31,556 33,910 14,991 36,420 17,859 39,930 39,285 39.637 o1a
STATOR-L.E, RETA 2 46,752 43,710 40,942 38.871 37.941 27,171 39,327 42,186 48,277 BETA 2
STATOR-T,E, "BETA 2A 2.400 ?.850 44,130 5,580 4,861 5.052° 5,452 5,062 4.422 BETA 2A
v? 532,09 542,19 567.04 588,69 577.60 567.57 553,47 523,64 478,91 v2
v 2a = 395,74 417,45 431,29 478,84 498.28 505.20 492,98 473.40 442,89 v 24
v? 2 264,56 391.52 428.97 458,27 455,02 451.80 433,53 387,43 318.30 v 2
v? 2a 395,39 412,94 430,16 476,51 496,29 502,81 490,14 479.89 440,87 V2 2a
V-THETA 2 387.57 375.07 370.83 369,39 354,17 242,57 342,72 351.13 356.96 V~THETA 2
V-THETA 2A 16,57 20,56 21.96 46,56 42.21 46,45 46,78 41.71 34.09 V~THETA 2a
M2 0.4705 0.4804 n,.5038 N.5243 0.5138 €.5C46 0.4908 0.4627 0.4215% L
CEE 0.3465 0.3628 0.3791 0.4226 0.,4403 0.4468 0,4350 0.4166 0.388R M 24
TURN(PR) 44,357 40.920 16,712 33.285 22.9¢1 32,079 32.814 37.053 43,775 TURN(PR}
UURAR 0.1012 n,0907 0.1261 0.0R83 . 0.0281} 0.0244 0.0560 0.0307 -9,0248 UUBAR
LOSS PARA 0.0327 0.€296 0.0416 0.0291 0.0099 0.8090 0.0211 0,0117 -0.009¢6 LOSS PaRA
OFAC 0,.4820 0.4511 0.6370 0.3728 . 0.3283 043035 0.3128 0,3233 0.3374 DFAC
EFFP ©on.T79CE 0.8009 0.7264 0.7699 0.9010 0.8932 0.7535 0.8462 1.1590 EFFP
INCTD -0,219 -2.431 4,629 -4.80% -4.410 -5.227 —5.044 -1.74% 3.737 INCID
DEVM - 154471 15.704 16,864 17.914 16,979 17.756 18,955 18.863 168,567 DEVM
P2 17.550 17.670 17,940 18.320 18.330 18,330 18.229 17.920 17.510 P2
P 2a 17.3n0 17.436 17,580 18,050 18.245 18,298 18.065 17,845 17.%60 P 24
T2 555,790 554.630 %54,060 553,500  553.650 553,410 $54.850 556.000 556.440 T2
T 28 555.799 554,630 554,060 553,500 553.650 553,410 554.850 556.000 556.440 T 2a
UURAR FS 0e1478 _ 041350 _  0.0943 . 040744 __ 424 050650 0s0A57 .. . 021005 __ 001580 UUBAR FS

P2 F5 17.683 17,802 17,840 18,280 184375 _ _1B8a4392  _ 184310 18,110 17,987 02 FS
LOSS PARA FS 040477 040640 0,0309 0.,02%0 000149 0e0164 040322 040383 040611 LOSS PARA FS
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TNLET

ROTOR C

’NTOR -L.E.
ROYOR -T,E.

STATOR B

STATOR-L.F.
STATOR-T.E.
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Table A-3. Blade Element Performance (Continued)i

PERCENT EQUIVALENY ROTCP SPEFD =

PCY SPAN
nia

BETA O
BETA 1
vo

v

vz 9

vz 1
V-THETA O
V-THETA 1

PCT SPAN
n1A

BEYVA 1
RETA 2
BETA(PR} ]
BETA(PR) 2
v

v 2?2

v 1

vt 2
V-THETA 1 .
V-THETA 2
viPR) 1
VIPR) 2
VTHETA PR}
VTHETA PR2

LOSS PARA
OFAC
EFFD
EFF

PCT SPAN
NIA

RETA 2
BETA 2a

v 2

v 2a

vt 2

VI 28
V-THFTA 2
V-THEYA 2a
LI

" 24
TURN(PR)
UURAR
LOSS PARA
OF AC

EFFP
INCID
DEVM

P2

P 22

T2

T 2A
UURAR FS$
P2 FS

96.61
*3,138
g.n0C
0.000
382,99
374,990
383,99
374.9C
0.00
0.00
0.3481
0.3397
0.9
0,004
N.N24
-1.5731
0.0001
-n,00n
14,694
14.569
518,700
s18.70C

95.0¢C
33,235
€.non
50.168
54,198
22.823
394.26
§28.30
394,25
338,26
0.00
405.82
674,0
367.0
-S46.6
-142.3
566.61
548.17
0.3577
0.4662
0.6114
0.3239
31,375
C.1872
0.0498
0.6296
. 0.7881
0.7920
74 35¢
15.07%
14.55¢
17.R05
519,700
557.41N

95.05
33,203
49,696

2.170
532.23
371.34
344,27
371.C07
405,89

14,06
0.4699
0.3242
47,526
n.0936
0.0303
N.5406
0.8314

2,725

- 15.201
17.805
17.571

557.410

557.410

001433

LOSS PARA FS 09,0463

518.700
518,700

ac.01
33.621
€.00n
48.219
53,546
25.102
40R.88
524.20
40R,8R
345,27
€,00
290.90
6881
RS, 7
-553,5
-163.6
553,50
554.52
0,3713
0.4630
0,6248
043406
268,448
€.1996
0.0502
0.6058
n.7750
0.768R
1.268
15,804
14.694
17,775
S18.700
556,419

90.12
33,5%6
47.702

2.720
528,67
379.33
355.79
378.91
391.03

18.00
0.4671
0.2317
44,992
2.€579
©.0189
0.5130
0.RR98

1.591
15.574
17.715
17.632

556.410
556.410

D91244_ . 060908... 040620 _. . .0+0340.
Te950 17962 . 170970 . 18307 . 10475 1RaS14.

040408

Stage C

Rotor C - Stator B

CALCULATIONS USING TRANSLATEE VALUES

89,79

R6.39
34,004
0.000
0.000
383.9¢
384.96
383,99
388,96
0.00
0.0n
0.3481
0.3527
.0.0
"0
-0.013
1.0001
10,0001
-C.N0Q
14.696
14.69%
518,700
518.700

85,00
34,006
N.000
44,979
53.910
24,443
408,55
545,42
408.55
385.80
0.00
385.52
693,46
423.8
-560.5
~17%5.4
560,46
560.69
0.371n
N.4R2R8
N.6729R
0.3752
29,467
01266
2,034}
0,5537
N.84682
N.06417
1.220
13.524
14,694
18,039
518,700
555.800

85,15
33,910
44.513

3. 770
550.19
391.07
192,33
399,22

385,71

25.71
0.4973
0.3423
40.762
0.1110
N.036%
0.5050
0,7936
-0,9%8
16.504
18.030
17.730
555. 800
555,800

040298

EQUIVALFNT ROTOR SPEEC = 3780,03

Tn.A1
35,328
0.900
0.000
383.99
394,95
383,98
394,964
0.00
0.00
0.3481
0.3583
n.0
0.0
-0,029
1.0000
0.0001
-0.000
14,596
14,694
518.700
518,700

70.01

35.163
n.000
41.R81
54,497
25.588
414,94
566,38
416,90
421.64
2.00
373,06
T16.5

46T7.6 .

-5R1.6
-201.9
581.61
579.96
0.3769
0.5928
0.6490
0.4151
128,912
0.0605
‘0.0168
0.5081
0,9475
0.9458

0. 441

9,985
14.69%
18.365
518,700
554,780

™m.15
34,991
41,592
5.480
570.11
438.74
426,33
436,68
378.40
41.89
0.5063
0.3856
36.106
0.0804
0.0271
0.4309
0.8206
~2.083
17.813%
18.7265
18.12%
554,780
554,780

. 040208

49.79
27,113
0.000
0.000
383.99
294,32
3e3,96
294,29
0.00
0.00
€.3481
0.3577
0.0
0.0
-0.027
0.,9990
0.0901

-0.000

14,694
14,664
518.700
£18, 700

50,02

36.7CS
0.n00
40,879
55.R96
29,795
413,41
$57.01
413.21
42C.55
0.00
264,36
727.1
4R5,4
-610,2
-241.0
610,21
605.39
0.3755
n,4941
0.6695
C.420¢
26.109
0.N524
0.0146
0.%5001
0.9624
0,9612
~04167
9.108
14,694
18.415
- 518,700
£54,65%0

£0..00
3¢.420
60,523
4,791
561.82
464,69
426.88
462,88
264,88
38.79
0.4986
0.4C92
5,712
0.0139
€.0N49
0.3781
0.6602
-1.729
16,909
18,415
18,375
554,650
§54,650

0+0119

28.83
38, p92
0.000
0.000
383,99
389,57
32,92
389.50
0.00
0.00
0.34A1
€.3533
0.0
0.0n08
-N.015
0.9738

¢.0001

=0, 000
14,694
14.693
18,700
518,700

30.02
28,747
0.00G
40.382
57,684
32.598
477.71
47,26
4C7.23
416,42
0.00
354,17
157.9
50046
-£38.8
~27¢€.6
€38.84
630,82
C.370?
0.4852
0.68%1
C.4438
23,905
C.0576
0.0162
0.49¢€1
€.9704
€.9697
-n,57¢
8,733
14,662
18.420
£18.700
554.480

29.85
37.85%9
39,913

4.891
€53,59
475.81
424,21
473,869
354, 86

&£0.54
0.4510
0.4194

- 34,980
€. 0050
0.0718
0.3497
€.98286
~2.486

T 17.99%

12,430
18,414
Sta,480
554,480

0.0123

-020343 .

BQUIVALFNT WEIGHY FLOW = 95,04
13,41 R, 3% 3.34 PCT SPAN
40,202 40,631 41.056 ora
n,900 9,000 0,000 BETA 0
0,000 0.000 0.000 BETA 1
383,99 383,99 383.99 vo
381.21 366, 66 299.68 v
383,89 383.87 383.86 vz 9
381.10 366,53 299.%8 vz 1
0.09 0.00 0.00 V-THEYA O
0.00. 0.00 0.00 V-THETA 1
0.3481 0.3481 0.3481 "o
0.3455 0.3320 0,2704 "1
0.0 0.0 0.0 TURN
0.0119 0.0830 0,4097 UUYBAR
0.n07 0.045 0,220 DFAC
4,5362 19.796% -56,6844 EFFP
0.0n01 0.0001 0,0n01 INCID
~0.000 -0.9n0 -0.0n0 DEVM
14,694 14.694 14,69 PO
14.6R0 14,590 14.210 Pl
519,700 518,700 518.700 Y0
518,700 518,700 516,700 T
15.01 10.00 4.98 PCY SPAN
39,405 39,791 40.178 DIA
0.000 0.000 0.000 BETA )
42.00n 46.913 53.496 BETA 2
58,890 60,134 - 65.114 RETA(PR) 1
37.027 41.491 45.610 BETA(PR) 2
399,02 183,77 313.30 v
529,35 492,52 470.07 v2
358,29 372,98 312.59 vz 1
392,78 335,95 279.28 vz 2
0.00 0.00 0,00 V-THETA 1
353,65 359.16 377.37 V-THETA 2
771.2 769,5 T42,1 VIPR) |
492.9 449,12 399,9 ° V(PR) 2
~660.0 -666.9 -673.8 VIHETA PR}
~296,3 -297.1 -285,3 VTHETA PR2
659,99 666,94 673.83 v
649,92 656.29 662.67 (1]
0.3621 0.3479 0.2829 "1
0.4877 0.4335 0.4127 "2
0.699R 0.6978 n.6700 (PRY 1
0.4355 0.39%4 0.3511 ueeRy 2
21.894 18.682 19.555 TURN(PR)
0.0961 0.1439 0.1740 UUBAR
0.0268 0.0434 0.0436 LOSS PARA
0.5200 0.5800 0.6423 DFAC
0.ane3 0.8249 0,R661 EFFP
0.9012 0.8196 0.8618 EFF
~0.550 0,261 4,468 INCID
9,471 13,1352 16.726 DEVY
14,.6R0 14,590 14,210 P
18,325 17.970 17.770 P2
$18.700 518.7950 S1R.TNN T
556,350 557.520 $%8.400 T2
14,04 9,88 4,96 PCT SPAN
39,930 39,288 39,637 DIA
41,351 46,180 52.524 BETA 2
5.122 4,932 4,352 BETA 2a
%16, 86 499,68 477.21 v 2
465,12 443,28 413.95 v 2a
4n2.21 345,52 290.08 VI 2
462,68 441,08 412.11 VI 2A
. 354,48 360,05 378.37 V-THETA 2
1,47 37.29 31.36 V-THETA 2a
0.4747 0.4400 0.4193 "2
n.4090 0.3387 0.3520 " 2a
36,206 41.276 48,094 TURNEPR)
0.0286 -0,030& =-0.0198 UUBAR
¢c.0108  -0,0116 -0,Nn076 LOSS PARA
0.3555 0.3613 0.4154 OFAC
0.8952 1.1314 1.0741 EFFP
-~1.982 2,267 7.98% INCID
18,626 18.4633 18,497 DEVNM
18,1325 17,970 17.770 e 2
18,250 18,038 17.810 P 24
556,350 $57.520 5%5B.400 v 2
556,350 557.520 558.400 T 24
. 040677 ... 040703._ _ Dell75" WBAR FS
JV.PYS L. 2. __18.084 P2 FS
040255 0.0268 020451 LOSS PARA FS



INLEY

ROTOR C

ROTOR -L.E.
ROTOR -T,.€E,

STATAR A

STATAR-L.F.

STATOR-T.E.

Table A-3, Blade_ Element Performance (Continued)

PERCENT FQUIVALENT ROTCR SPFFN =

PCT SPAN
nia
BETA ©
BETA 1
Vo
v
vz 0
vz 1
V-THETA 0
V-THETA 1
"0
“ 1
TURN
uuBAR

8ETA 2
BETA(PR) 1
BETAIPR) 2
v

V4

vz 1

vL 2
V-THETA 1
V-THETA 2
VIPR) 1
VIPR) 2
VTHETA PR1
VTHETA PR2
Uil

[V

LI |

L4

M(PR) 1
M(PR) 2
TURN{PR}
JUBAR

LOSS PARA
DFAC

EFFP

EFF

PCT SPAN
DiA

AETA 2
BETA 2a
v2

v 2a

v? 2

vZ 24
V-THETA 2
V-THETA 2a
"2

" 2
TURN(PR)
UUBAR
LOSS PARA
DFAC

EFFP
INCID
DEVM

P2

o 24

18188
LNSS PARA F$ Qe0465

96.61
32,138
0.000
€.000
355,83
343,17
355,83
343.17
0.00
0.00
0,3220
0.,3103
0.n
n.1365
0.036
-1.1442
0.0001
-0.700
14,694
14.555
51A.700
518.700

95.00
33,235
c.9n0
53,597
56.609
20.737
360,49
532,71
360,47
316.14
" 0.00
428.75
655.0
338,0
-546.9
-119.7
546,88
S4R. &4
¢.3263
0.4656
0.5929
0.2980
35,872
0.1718
0.0464
0.6732
0.8271
0.8217
4,768
12.987
164,555
1R.NS0
518.700
559,160

95,0%
32,203
52.04¢

1.210
536.63
343,53
322. €1
343,46
428,83

7.25
0.4732
0.2990
51.836
0.1225
0.0396
0.6142
0.8076

6.075
14,241
18.990
17.775

559,160
559,160

91.52
33.570
0.000
0.000
3%5.83
365.77
355,83
365,77
0.00
0.00
0.3220
0.3312
2.0
~0.0010
-0,028
1.016%
0.0001
=0.%00
14,694
14.495
518,700
518.700

Q0.01
33,621
¢.000
52,298
55.274
24.568
383,83
S18,13
3R3.82
316.86
0.00
406,95
. 673.8
348.4
-553,8
-144,.9
553,78
554.80
0.3479
N.4566
0.6108
0.3070
30,706
0.2044
0.0564
0.6%511
0. 71778
0.3714
2.996
15,270
14,4695
17,945
S1R.T00
558,200

9c.12
32,556
51.70¢6
1.590
522,51
346,18
321,80
346.08
410.08
9.61
0.4606
0.3016
50,116
0.C634
0.¢207
0.5878
0.8954
5.508
14,444
17,945
17.791
558,200
558,200

.. Q01460 . .. 001113 .

000476

Stage C

Rotor C - Stator B

CALCULATTONS USING TRANSLATED VALUFS

89,83

86.39
34,004
0.000
0.000
355.83%
366.58
355.83
366.5R
0.00
0.0n
0.3220
0.3320
0.0
-0,001Nn
-0.030
1.0155
0.9001
=0,n0n
14.694
14,695
518.70n
518.70n

85.09
34,006
0.000
49,258
55,549
24.870
384,69
529.32
384 .60
345,48
0.00
401.0>
6R0.0
381,18
-5560.7
=160,1
560.75
561.17
0.3487
0.4672
0.6165
0.3361
30.679
0.1542
0.0415
0.,614R
0.8254
0.8202
2.859
13,9510
14.69%
1R. 100
518,700
557.500

85.1%
33.919
LR.T24

3.540
533.86
353.81
352.18

©353.13
401.22

21.84
0.4714
0.308%
45.184
0.101n
0.0332
0.5716
0.8334

3.25%

- 16,274
18,101
17,842

557.500

$57.500

70,91
35,328
0.000
0.000
355.83
367.31
355.83
367.31
0.0
0.00
0.3220
0.3326
N.0
-0.0010
-0.032
1.0142
0.0001
-0.000
14,694
14,695
518,700
518.700

70,01
35.163
0.000
44,617
56,401
25.757
285.47
§56,91
AR5.47%
394,98
0.00
289,68
69%,0
439.6
-581,9
-190.6
581.90
580,25
0.3495
N,4915
0.632R
0.388%
30,726
0.0717
0.0199
0.5430
0.9339
0.9317
2,424
10.054
14,695
1B8.460
518.700
556,190

T70.15
24,981
44,301

5.680
558.51
405.29
399.67
403,25
390.03

40.11
0.4948
0.3550
38,615
0.0R44
n.N2846
0.4871
0.8269

0.626
18.014
18.460
18.220

556.199
556.190

0e0803 _ .

[ VITYS
_ 00368 040270.

EQUIVALENT ROTOR SPFED

49,79
37.113
0.000
0.000
355.82
367.99
355,80
367.96
0.00
0.00
0.2220
0.3333
0.0
-C.n01"
-0.034
1.9140
0.0001
=0.000
14.69¢
14.695
518,700
€18.700

50,02
36.708
0.000
43,641
57.749
?29.414
R/ 61
€51.01
ARS . 2D
399,16
0.00
380,65
722.0
458.%
-610.5
-225.0
610.52
605,69
N. 1494
0.4886
N.654F
0.4060
28.342
0.06CR
0.0171
n.5341
9617
0.9604
1.6R6
8.727
14,695
1R.5RC
5le.700
556.140

50.00
6,420
43,25¢%

5.060
556.51
441.71
4C5,15
429,81

T 381.19

38.95
N.4930
0.3R78
38,175
n.n193
0.0%68
0.4237
0.952%

1.003
17.178
1B.5R0
18,¢28

55€.140
556.140
0.0518

_18,
0.0182

= 3781.93 EQUIVALENT WE IGHT FLNW =
29,82 13,41 8.35 3.36
38,892 40,202 40.631 41.056
0,000 0.000 0.000 0.000
0.000 0.000 0.000 0. 000
35%.83 355.83 355,83 355.83
3¢2.12 349.94 332,69 266.19
355,77 355. T4 355.72 355,71
2¢2.0% 249,84 332,59 266,10
0.00 0.00 0.00 0.00
0.0n 0.00 0.N0 n.00
€.3220 ¢.3220 0.3220 0.3220
0.3278 0.3166 0.3007 0.239%
n.0 0.0 0.9 0.0
=%.7010 0.N236 0.1198 N.6555
-0,01# 0.017 0.065 0.252
1.0272 3.1808 11.6222 -120.0407
7.0001 0.0001 n.0001 0.0001
-0,0n0 -0.Nn0 -0.000 -0.,000
14,694 14.694 14,694 16.694
14,655 14,670 14,572 14.230
518,700 518.700 518.700 %18.700
€18,700 518,700 518,700 518.700
30,02 15.01 10.00 4,98
28,247 19.405 39.791 47,178
0,000 0.000 0.non D.000
43,243 4T.147 53.174 59.205
59.390 61,052 62.515 67,634
13,583 38,287 41.777 43.580
378.59 365,91 147.R6 ?278.05
€40,54 512.6R 492.06 492.96
378.14 365.24 347.15 277.41
393,37 348.23 294,60 252.15
o.0n 0,00 0,00 0,00
369.95 375.36 393,43 423.06
142,9 154.9 752.5 729.3
472.8 Lbh 4 39s5.7 348.7
-639,.2 ~660.3 -667.3 -6T4.2
-261.2 -274,9 -263,2 -239.9
639,16 660,33 667.28 674,17
E31.14 650,25 656,62 6£63.00
0.3431 0.3313 0.3147 0.2506
0,4782 0.4514 N.4320 N.4325
0.6732 0.68346 0.68N07 N.6573
0.4183 0.3913 0.3474 0.3060
25,827 22,799 20,719 24,109
0.0674 0.1408 0.2116 0.2192
€.0189 0.0386 0.055A 0.0569
0.530¢ 0.5838 0.6576 0.7280
C.9649 N4 8665 0.8189 n.8961
0.9637 0.R622 0.8131 0.8924
1.331 1.6146 2,644 64992
g.718 10,730 13.637 14,696
14,655 164.670 14.572 14,230
18,5490 12,375 18.16%5 1R.180
518.700. 518.700 518,700 518,700
556.100 | 558.680 560.160 560.840
29.8% 16.84 9.88 G, 5%
27.A%9 18.930 39,285 19,637
42,731 46,434 52.268 57.991
5,991 5.432 5.152 4,242
566,74 €19, 83 499,20 500.66
446.64 427.91 409.09 386,39
401,26 357.03 ans,19 265.15
463,82 425,464 «06.87 386,72
170,67 376.24 394,41 424,17
46.58 40.46 36.69 2R.54
0.4839 0.4580 0.438%5 N. 4395
C€.3923 0.3745 0.3571 0.3366
3€.69R 40.942 47,047 53,677
0.0116 0.97142 -0.0027 0.077%
0.0042 0,0054 -N,0010 0.9298
0.4015 0.4226 0.4561 0.5355
€.9682 0.9594 1.0075 0.A218
n.331 3.063 8.338 13.458
18,664 18,935 18.953 18.287
18.590 18,375 18,165 18.1R0
18,558 18,340 18.171 19,005
556,100  558.600 560,160 560,840
556.100 558,680 560.160 560, A40
Qa0611 .. 0e0752. _ . 0s0716 . .041173
184738 .. 18,537 —_
0a1307 0s0285 040263 0+0651

B8R.84

PCT SPAN
01a

BETA O
RETA 1
vo

v

v 0

vZ 1
V-THETA ©
V-THETA 1

PCT SPAN
DALY

RETA 1
BETA 2
BETA(PR) 1
BETALPR) 2
v

v 2

Vi

vZ 2
V-THETA 1
V-THETA 2
vier) 1
VIPRY 2
VTHETA PR]
VTHETA PR2

" 2

mPR) 1
m(eR) 2
TURN(PR}
UUB AR
LOSS PARA
DFAC

EFFP

V-THETA 2a
» 2
M 2A
TURN(PR )
UUBAR
LOSS PARS
OFAC
EFFD
INCIO
DEVM
P2
P 24
T2
T 2a
UYBAR FS
P2 F$
LNSS PAaRA FS
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Table A-3. Blade Element Performance (Continued)

Stage C  Rotor C - Stator B

CALCULATINNS USING TRANSLATEC VALUES
PERCENT FQUIVALENT RPTCR SPEFN = B9,86 EQUIVALFNT ROTOR SPFED = 3782,92 FQUIVALENT WEIGHT FLOW = 83,77

[y

INLETY
PCY SPAN 96.61 91.52 6,39 T70.81 T 49,19 28,83 13,41 8.3% 3.4 PCT SPAN
nIa 33.138 33,570 34,006 35,328  37.113 38,892 40,202 40,631  41.056  DIA
BETA 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  BETA ©
BETA 1 0.000 0.000 0.0n0 0.000 €.000 0.000 0,000 0,000 0,000  BETA 1
v 333,42 333,42 333.42 333,42 333.42 333,42 333,42 333,42 333,42 V0
vl 318,76 14G. 70 343,58 346,32 V4T .47 343,71 329.10 311.10 259.69 v
v n 3133, 42 333,42 333,42 333,41 333,39 223,36 333,32 337,31 333,30 vi o
v 1 318,76 - 340,70 343,58 346,32 347 .44 343,65 329.01 311.00 259,60 Vi1t
V-THETA 0 0,00 n.0n 0.00 0.00 0.00 0.00 0.00 0.00 0.00  V-THETA O
V-THETA 1 0,00 0,00 0.00 5.00 0,00 0.00 0.00 0.00 0.00  V-THETA 1
LG ] NeINLA 0.3014 0.,3014 n,3914 0.3014 0.3014 0.3N14 N.3014 0.3014 "o
" 0.2879  n.3n81 0.3107 0,332 0,2163 C.31m8 n.2974  0.2909  0.2339 M1
TURN 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN
uuB AR n.1215  0.N086 0.0 0.9 0.0 0.0 0.0156  0,1070  0.3R90  UUBAR
DFAC 0.044  =0,022  -0.030  -0.039  -0.042  -0,031 0.013 0,067 n.221 DFAC
EFFP -2.75%58 N.A914& 0.,9997 00,9997 1,0001 0.9999 2.39%8 4,9473 28,2995 EFFP
INCID 0.0001 0.€001  0.00n1  0.0001 0.0001  0.9001 0.0001 0.0001 0, 0001 INCID
DEYM =-0.n00 02000 =0.70n ~-0,.000 -0.000 -0,000 -0.000 -N.0N0 -1,000 NEVM
[} 14,694 14,569 14,698 14,594 14.694 14,694 14.604 14.69 16,694 [ )

P11 14,585 14,689 14.694 14.694 14.694 14,694 14,680 14.598 14,345 LEB 3

To 518,700 S16.700 S518.700 $18.700  S18.700 518,700 S51R.700  S18.700 518,700 To0

T1 518.700 518.700 518.7090 518,700 518,700 518,700 518,700 518,700 518,700 T
ROTOR PCY SPAN 95,00 9C. 01 8S .00 T70.01 SN.N2 30.02 15.01 10,00 4,98 PCY SPaAN

nia 33.23% 33.671 34,006 35,163 - 36,705 28,247 39,405 39,791 40,178 DIA

RNToR ~L.E, RETA 1 c.n00 0.000 0.00n 0N.000 0.000 n,nnn 0.000 0.090 0n,nnn RETA |

ROTOR -T.E, BFTA 2 54.838 54.159 51.824 46,974 45,640 45,742 54.9315 59.844 64,112 RETA 2
RETA(PR) 1 58.%49 57.183 57.2R6 58,040 §9.238 60,704 62,538 64,077 ° 68.136 BETA{(PR) 1
BETA(PR) 2 20,987 25,539 25.457 26,390 28.921 © 33,271 42,148 42.N60 42,530  RETA(PR) 2
v 334,56 357.22 360.27 363.18 363,67 259,14 343,91 325.09 271.21 vi
v 2 528,45 SOR,9) 519,57 542,69 550,38 538,40 486.39 49R, 75 510,42 v2
vI 1 334,%a 357.22 360.27 363,14 363,49 358,72 343,28 324442 270,59 vzt
VL 2 . 304,33 298.00 321.13 370.2% 384.64 3715.47 279,18 250.35 222,71 vz 2
V-THETA 1 0.0C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  V-THETA 1
V-THETA 2 432,02  412.56  408.44 396.49 393.33 385,32 397.74  430.91  A58.89  V-TMETA 2
viee) 1 641.2 £59,1 666.6 6R6.1 ‘7110.8 773.3 T44.7 T42.4 726.8  V(PR) 1
vier) 2 32%,9 329.3 355.7 413.4 429.7 449,5 377.1 337.9 30?7.R VIPR} 2
VTHETA PR1 -547,0 -5%3,9 ' -680,9 -582.,1 -610.7 -639,3 66N 5 -6A7,5 ~6746,3 VTHETA PR]
VIMETA PR2  —116.8  -142.4  =152.9  =-183.7  -212.5  -266.0  -252.7  -225.9  ~204.3  VTHETA PR2
Ul 547,03 553,93 560,89 $82.05 610.68 639,33 660,50 66T.45 574,35 g1
v2 548,58 €54,.95% 561.31 SR0.41 605.85 €31.3) 650,42 656,79 863,18 U2
'R 0.3026  0.3231  0.3261 0.3298 0.3293  €.32%1 0.3110 0,2937  0.7244& W]

" 2 0. 4653 00,4478 0.465T8 N, AT97 N.4868 0.6756 N.4266 N.4374 N, 44677 "2

mipr) 1 0.5796 0,5965% 0.6035 0.62%212 N,6435 C.6538 0.6735% N.6T07 0.6549 M(PR) 1

“PR) 2 0.2870  0.2906  0.313&  0.3656  0.3889 0,399  0.3308 ° 0.2962  0.2656  M{PR) 2

TURN(PR) 27,591 31.644 31,829 31.453 20,325  27.493 20,427 22,061 25.662  TURN{PR)

UuBAR N.1604 0,2040 N 1743 0.0907 0.0690 0.CR23 0.2351 0.2793 N,2792 UURAR

LNSS PARA N, 0654 D.0538 D.D&HA 0,0250 N.019% D0.N232 0.0609 N.NT34 05,0737 LOSS PARA

NFaAC 0.6R66 0.6R22 0.6481 H.8750 0.55R9 Ne5632 2.6789 0.T4R8 n,.8078 DFAC

EFFP N.A246 00,7749 0.8109 0.9129 0,968 C.9531 N.7915 N.ALR4 0,8938 EFFP

EEE 0.9191 0.761  0.81952  0,9191 0.9565  €.9515  0.785Y  0.8124  0,86899  EFF

INCIN 8, 7CT 4,998 4,596 3.9R4 3.178 2,845 3,101 4,219 T.495 INCID

NEVM 13,7208 16,241 14,538 10,687 8,234 84166 14.589 13.920 13,646 DEVM

LS | 14,505 14,689 14.694 16.694 14.694 14,664 14.580 14.598 16,345 .oPr1

L4 18.20C 18,910 18,119 18,466 1R. 700 1R. 714 18,205 18.350 18.497 P2

T 518,700 S1R.700  518.700 S1AR.700  518.700 S16.700 518,700 518,700 51A.700 T

T2 560.060 559,070 658,440 557.150 557,250 57,700  560.400 561.820 562,610 T2
STATAR & - PCY SPAN 95,.0% an12 85.15 70,15 £0.0C 29,.8% 14.84 Q.an 4,94 PCT SPAN

Dra 33,203 33.556 23,919 34,981 36,420 37.85¢9 3R, 930 39.285 39,617 nlA

STATOR-L.E. BETA 2 54.257 53,531 51,249  46.641 45.220 45,188 54,036  SB.678  #2.592  BETA 2

STATOR-T.E. BETA 24 . 1.010 1,250 2.670 5.160 5.170 4,761 4,892 4.562 2.621 BETA 2A
v 2 . 832,37 513.19  $23.98 546.16  555.05 €46.63  492.97 506,05  518.61 v2
v 28 331,18 326.59  329.7s 380.72  421.23 420,63  391.71 373,73 360,73 Vv 2A
vz 2 310,99 305.06 327.97 374.94 390,78 383,54 289.26 262.87 238,57 vz 2
vz 2A 331,13 326,50 329,39 279.01 419.34 418,83 3A9.R0 372,03 359,78 VI 2A
V-THFTA 2 432.10 412.70 408,66 397.05 393.89 386,07 398,67 431,98 460,10 V-THETA 2
V~THETA 24 S.86  7.69 15.36 35.56 27,94 34.88 33.36 29.68 16,47  V-THETA 2A
" 2 0.4489 0.46517 0.4619 0.4929 . 00,4911 0.4R13 0.4326 N.4441 0.4552 L4
" 2a 0.2878 - 0.2860  0.2870 ~ 0.3327  0.3689  €.3683  0.3414  0.3250  0.3133 W 24
“TUPN(PR) 53,247  57.181 4R.5T9 41,275 &0.0%" 40,385  49.0R4 54,053 59,903  TURN(PR)
UBAR 0.1140 0.051% N, 0868 0.0797 0.0376 0.0405% -0,0546 0.0727 N.1645 UUBAR
LNSS PARA 0.0369 0.0168 N, 0286 0.0269 0.0132 Ca0148%8 -0,0206 0.0277 0.0635 LOSS PARS
DFAC 0.4371 0.6214  0.6182  0.52T6  D.46TA  0.4652  0.4872  0.SsT1 0.6369  DFAC
EFFD 0.827% 0.9197 0.8666 0.8575 0.919n €.9082 1.13T1 0.8513 0.7027 EFFe
INCID T.28¢ 7.330 S. 179 2,966 2.977 2.789 10.666 14,754 18,067 INCID
NEVM 14.941 14,204 15.404 17.694 17.2R8 - 17.465 18,394 18. 364 t6, 769 DEVM
p 2 18,200 18,000  18.119 19,466 18.700 18,714 19.205  18.350 18,497 P2
P 2a 17.91¢C 17.879 17.905 1R.249 18,593 18.603 18.325 18.181 18,094 P 2A
T2 560,060 559.070 SS8.44n  SST.150 557.250 557.700 560,600 561,820  S62.610 T2
T 2A - 560,060 559,070 558,440 557,150 557.2%0 €57.700 560. 600 561,820 562._6!0 T 2A
UUBAR F5 0s1822 _ 40918 . 0a0887. __0e0753.. __0.0860. ...0s1146__ _ 041358 WIBAR FS

P2 kS

_T1a,308" P2 FS
LNSS PARA F< Q00492  0,0522

LOSS PARA FS

o802 18795  __1B.B17. . _
040309 000241 0e0275
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Table A-3. Blade Element Performance .(Continued)

Stage C ~ Roter C = Stator B

i CALCULATIONS USING TRANSLATEC VALUES )
PERCENT EQUIVALENT RFCTCR SPEED = 69.68 EQUIVALENT RGTOR SPEEC = 2532.60 EQUIVALENT WEIGMT FLGW = $3.06

INLET
PCT SPAN S6.€1 91.52 86.39 70.81 49,79 28.83 13.41 8.35 3.34 PCT SPAN
ola , 23.128 33.57¢C 34.006 35.328 37.113 28.8$2 40.202 40,631 41.056 1A
BETA O 0.006 €.000 C.000 0.000 €.000 0.C00 0.000 0.000 0.000 BETA O
BETA 1 €.000 0.000 0.000 0.000 c.00c 0.000 c.00C 0.000 0.000 BETA 1
v e 374.90 374.90 374.90 374.90 374.90 374.9C 374,90 374.90 374.90 vo
v 376.47 389,54 390.C2 386.20 3E4.59  ° 379.72 37C.29 356.29 304.48 v1
Vi ©. 374.5C 374,90 374.5C 374,90 374.€7 374.€3 274, 8C 374,79 374.77 vZ 0
vz 376.417 385.54 390.03 386.19 3E4.56 379.¢€5 270.19 356.18 304.38 vz 1
v-THETA € 0.0C .00 0.00 0.00 0.00 €.00 0.0C 0.00 0.00 V-THETA ©
V-THETA 1 0.00 €.00 0.00 0.00 0.CC c.0C 0.00 0.00 0.00 V-THETA 1
"o 0.33$7 €.3397 0.3397 0.3397 €.3357 6.3357 €.3397 0.3397 0.3397 "o
"1 0.3411 €.2%33 0.3527 0.3502 €.3487 C.3441 0.3354 0.3225 0.2748 M1
TURN 0.0 C.0 0.0 0.0 0.C €.C 0.0 0.0 0.0 TURN
UUBAR 0.C94C €.CCBG 0.0 0.0 0.0 0.0 0.02517 0.0949 0.3494 UUBAR
OFAC ~0.0C4 -0.039 -0.040 -0.030 -0.026 ~0.012 0.012 . 0.050 0.188 OFAC
EFFP 0.0856 0.5129 1.0000 1.0C02 C.55%¢ €.5956-2070.,8372 15.4834 133.4277 EFFP
INCID €.00C1 €.C001 0.0001 0.0001 0.0CC1 C.CGO1 €.0001 0.0001 0.0001 INCID
DEVM -C.000 -€.000 -0.000 -0.000 -0.000 -0.0C0 -g.00C -0.000 -0,000 DEVM
PC 14.694 14.694 14.694 14.654 14.654 14,654 14,654 14,694 14.694 PO
P11 14,588 14.685 14.65% 14.694 14.6%4 14,654 14. 665 14.587  .14.300 Pl
T¢ £1£.70C 518.700 518.700 518,700 $18.700 £18.70C 5168.700 518.700 $518.700 ToO
11 $1€.70C S18.700 518.700 S18.,700 S1B.700 £18.7CC  $18.700 518.700 518.70C T1
ROTOR € PCT SPAN $5.€C 5c.01 £5.00 70.01 80.¢2 9c.C2 15.01 10.00 4.98 PCT SPAN
DIA 32,23% 332,621 34,006 25.163 3€6.7CS 28,247 39,405 39.791 40.178 01A
ROTOR -L.E. BETA | G.00C 0.0C0 €.000 0.G00 ¢.coc 0.€CO ‘c.cCC 0.000 0.000 BETA 1
ROTOR -T.E. BETA 2 32,983 30.882 29.801 29.060 28.0%2 26,665 264356 26.496 27.505 BETA 2
BETAIPR) 1  46.97% 46.353 46.714 48.059 4S.£15 £1.331 52,9545 544292 58,726 BETA(PR) 1
BETALPR) 2  24.842 24,462 23.819 26.417 3C.7C6 34.€6C3 36.CC1 30,461 48.126 BETA(PR) 2
v 395.95 409.17 £09.69 405.62 4€3.02 357,22 387,45 372.81 318.36 v
v 2 451.22 476,21 456,62 489,34 47z.8C 458,22 4€1.67 . 441.32 355.36 v 2
vZ 1 . 395.94 405.17 409.69 405.58 4C2.84 396.76 386.74 372404 317.63 vI 1
vt 2 374,15 4C8.70 429.20 427.67 416.58 4C8.87 412.7¢ 393.97 314,32 vz 2
v-THETA ] C.0¢C c.o0c 0.00 0.00 0.0¢ 0.0C 0.0¢C 0.00 0.00 V-THETA 1
v-THETA 2 252. 20 244,43 245.82 237.64 22z2.19 20%.26 2C4.50 196439 163,66 V-THETA 2
viPR) 1 580.3 563,2 597.5 6C6.8 €z1.5 63%.3 642.2 637.9 612.2 VIPR) 1
VIPR) 2 412,23 449,C 469.2 4717.6 485.2 [11- s11.1 504,1 471.6 VIPR) 2
VIEETA PR1  =-424,2 -429.6 -435.C -451.4 -472.¢ -495.8 -512.2 -517,6 -522.9 VIHETA PR1
VIHETA PRZ  ~-173.2 ~1€5.9 -189.5 -212.5 ~247.6 -284.2 ~299.9 -312.9 -350.6 VTHETA PR2
Uil 424.21 426,56 434,56 451.37 472,517 495,75 532,21 S17.60 522.95 u1l
U2 425.42 430.35 435.29 450.10 469.83 489.57 504,39 509.33 514.28 Uz
"1 C.3582 €.3715% 0.372¢ 0.3682 c.3e5¢8 €.36C4 €.3513 0.3377 0.2875 "l
"2 0.4032 C.4266 06441 0.4394 0.4241 C.41CT°  C.4138 0.3948 0.3163 "2
KIPR) 1 0.5265 a.53e7 5426 C.55CS Co5644 C.57¢4 0.5823 0.5779 0.5529 ~ MIPR) 1
M(PR) 2 0.3684 0.4022 0.4213 0.4289 0.43%3 C.4469 0.4581 0.4510 0.4198 R(PR). 2
" TURN(PR) 22.131 21.921 22.85% 21.644 18.517 1€.546 16,971 15,863 10.643 TURN(PR)
UUBAR 0.1814 0.1165 0.0724 0.0686 0.C78C €.0742 €.0637 0.0705% 0.0821 UUBAR
LOSS PARA 0.0475 0.€310 0.0196 0.0189 €.0216 €.02¢6 €.0189 0.0195 0.0196 LCSS PARA
DFAC 0.4151 0.3638 0.3368 0.3332 0.3342 Ce3235 C.3146 0.3178 0.3246 DFAC
EFFP 0.6€96 0.7631 0.8878 0.9167 c.8ec2 C.86C3 C.8847 Q0.8265 C.6851 EFFP
EFF 0.6655 C.1599 0.8861 0.9154 C.87ES C.85€3 3.8830  0.8241  0.6816  EFF
INCID 44861 -5.885 ~5.97¢ -5.997 —€.445 . -6.721 -6.495 ~5.586 -1.928 INCIO
DEVM 17.€53 15.1€4 12,900 1C.714 10.618 9.937 8,446 10.323 19.242 DEVM
P 1 14.588 14.6€5 14,694 14.694 14.€54 14,64 14,665 14.587 14.300 P1
P2 15.510 16.15¢C 16.32C 16.225 16.240 16.175 16,220 16,060 15.46C P2
Tl 518.700 518.700 51€.700 518,700 518.70C  £16.7CC  518,70C 518.700 518.70C T1
T2 538,260 537.500 536.520 536.000 535.82C £35.510  £35.86( 536,240 $35.850 T2
STATOR B PCT SPAN §5.0% sC.12 8s.1¢ 70.15 50.0U 25.85 14.84 o.88 4.96 PCT SPAN
01A 32,2¢3 33.55¢6 32,910 34.981 3€,42C 3T.65S 38.936 39.285 39,637 DIA
STATOR-L.E. BETA 2 23,724 36.617 26,545 28.895 27.854 26.417 26.040 26.160 27.156 BETA 2
STATOR-T1,€, BETA 2A 5.46C 5.730 6.041 6.941 T.4€2 7.463 71354 6.323 BETA 2A
v 2 454,24 48C.10 498.76 492.33 4€3.CS 467.84 447.54 360.35 v
v 2a 457.83 483,64 492.71 510,32 £18.42 524.39 S11.16 471.01 v 2a
vI 2 377.88  413.17 433.89 420.96 414.2¢C 419,52 400.81 319.89 VI 2
vi 24 455.15 481,02-  489.57 506452 £13.¢1 519.30 5€6.25 467,42 vZ 2a
V-THETA 2 2%2.25 244,51 245.94 227.86 70%.16 24,58 196.88 164.09 V-THETA 2
V-THETA 2A 43,%¢ 48,27 51.85 €1.66 €1.27 68.03 65,33 51.79 V-THETA 2A
M2 0.4C60 0.4302 0.4480 0.4422 C.4152 0.415S 0.4005 0.3209 "2
M 24 0.4C93 C.4332 0.4423 0.4591 0.466% 04723 0.4597 0.4224 N 2A.
TURN(PR) 28.264 24.886 23.504 21.550 18.524 18.521 18.755 20.171 TURN(PR)
uuBaR 0.1932 0.1618 0.2167 0.1467 0.CT62 0.€919 0.1041  -0.0752 UUBAR
LOSS PARA 0.0623 0.C623 0.C709 0,0493 C.C277 C.0345- 0.0395 -0.0289 LCSS PARA
DFAC 0.1411 0.1266 0.1405 0.0851 -0.065C ~C.0691 -0.0287 -0.1853 DFAC
EFFP 12.7772  15.5363  -6.8113 2.8236 ' 1.27¢5 1.3377 1.3187 0.8984 EFEP
INCID -13.247 -15.585  -15.525 -14.779 ~15.673 -17.319 ~1T7.756 ~17.369 INCID
DEVN 18.491 18.584 18,775 19.274 20.1¢64 20.964 21.151 20.465 DEVM
P2 15.91C 16.150 16,320 16.325 16.178 16.22¢ 16.060 15.460 P2
P 24 15.58¢ 15.780 15,865 16.024 16.637 16.05¢C 15.885 154540 P 2A
T2 5368.2€¢0 537.500 526,520 $36.C€00 §35.51C  535.86C 536.240 535.050 T2
T 24 6384260 537.530 536,560 536.000 £35.50C $35.88C 536,240 535.840 T 24
UUBAR FS 02195 . 061915 01421 _0.1892 . 001619 _0e1340 . _ 0a1325 __ 02356 UUBAR FS
P2 FS 15967 160167 166137 164432 1 2 __16e360 . 164310 . 164115 ___18.092 P2 FS
LGSS PARA F€ 000707 040621 00464 _0,0635 0.0561% 040588 0.0%03. 0.0502 ..040904 LOSS PARA FS
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TNLET

ROTOR C

ROTOR -L.¥%,
ROTOR -T,.E,

STATOR 8

STATOR-L.E,
STATOR-T.E.

90

PERCENY EQUIVALENT ROTCR SPEED =

PCT SPAN
D14

BETA @
BETA 1
vo -
v

vz o

vZ 1
v-THETA ©
V-THETA 1
"o

"1

TURN
UUBAR
DFAC

EFFP
INCID
DEVM

- PCY SPAN
DIA
BETA 1
BETA 2
AETA(PR) 1
- RETA(PR) 2
vl
V2
vz 1
vI 2
V-THETA 1
V-THETA 2
virR) 1
V{PR) 2
VIHETA PRI
VTHETA PR2
vl

M{PR} 2
TURN(PR)
UUBAR
LOSS PARA
DFAC

EFFP

EFF

INCID
DEVM

LR ¥

L4
T1
T2

PCT SPAN
Dia
BETA 2

- RETA 24
v 2
v 2a
ve 2
V2 24
v-THEYA 2
V-THETA 2a
"2
" 24
TURNIPR)
UuUBAR
LOSS PARA
DFaC
EFFP -
INCTD
DEVM
P2
P 2A
T2
T 24
UUBAR FS
P2 FS
LOSS PARA

518.700
51¢, 700

$%5.CC
23,23%
6.00n
39,152
49,400
24.524
363.43
431.¢€1
363.41
334, 7C
0.0

. 272.51
558, 4
367.9
~624.0
-152.7
424,00
425.21
0.3290
0.3846
0.5056
0.3278
24,875
0.1851%
0.N486
0L.4R23
0.7016
N,6974
-2.442
16.774
14,655
16.158
518. 700
530,740

95,05
32,203
3R.046

40120
434,54
3I81.97
338,43
180,98
272.56

27.44
0.3813
0.3392
34,726
0.1071
0.0346
0.3036
n,5553
-8.125
17.1%1
16.158
15.988

539, 740
539,740

01521 .

91.52
33,570
4.000
09,000
346.71
351.91
346.71
351.91
T0.00
0.00
0.3136
0.3184
0.0
2.0
-0,015
0.5989
0.0001
-0.,000
14.694
14,694
518.700
518.700

90.01
33,621
0.000
37.696
49.314
22.820
369.11
455,45
369.11
360.38
0.C0
278.%0
56,2
391.0
-429.3
-151.6
429.35
43C.14
0.3343
0.4069
0.5128
0.3493
26.494
0.1457
0.0393
0.4535
0.81%5
0,8127
~2.964
13.522
14.696
16.367
518,700
538.670

90.12
33.5%6
37.361

4.710
455.09
404,42
364,90
403,05
278,59

3.1
0.4103
0.3601
32.6%1
0.1340
0.0436
0.,2937
0.4382
=8.840
17.564

16.367 .

16.127
$38.670
538,670

_. 062293

160262 164357

FS 040491

00420

Blade Element Performance (Continued)

Stage C

Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES

69.6% EQUIVALENT ROTOR

518.700

85.00
34.0C6
0.000
344133
49,532
23.680
370.89
470.80
370.88
389.70
0,00
2¢4.17
571.5
425.5
~434.7
-170.9
434,74
435,07
0.33%9
0.64215
N.5176
0.3809
25.8%3
0.0643
0.0175
0.3924
0.915%9
0.9145
-3.159
12.761
14,694
16.501~
519.700
537.810

85.15
33,910
33,838

5.579
474,64
413,52
294,23
411.56
264,30

40.20
0.4250
0.3687
28,258
0.152%
0.0500
0,2845
0.4073

-11.632
18,313
16,501
16.207

$31.810

537,810

. Q01398 040920 ___ 000689 __ . N
o 16e472 164642 1615_9.5_._.1& 2580 160816 1
... 04024

0GeQ488

T70.81
35.328
0.000
0.000
346,71
356.97
346.70
356.96
0.00
- 0.00
0.3136
0.3231
0.0
0.0
-0.030
0.9994
0.0001
=0.000
14,694
14,694
518.700
518,700

70.01
35.163
0.000
34,022
50.308
25.693
374,47
469.53
374,44
389.10
0.00
262.66
586.3
431.9
-451.1
-187.2
451.15
449.87
0.3393
0.4205
0.5312
0.3868
26.618
0.0626
0.0173
0.4910
09712
0.9707
-3,74A
9.990
14,694
16,556
$19.700
537.230

70.1%
34.981
33.827

5.660
472.33
445,34
392.32
443.12
262.90

43,92
0.423)
0.3981
28,162
0.0511
0.0172
0.2146
0.572%
-9.848
17.993
16.556
16.458

537.230
$37.230

040309

518.700
518,700

50.02
36.705
0.000
32.384
$1.577
29.767
375.66
4€1.21
375.47
389.33

0.00
246.92
604.3
448,8
-473.3
=-222.7
473.34
4€9.59
0.3404
C.4129
0.5475
0.4017
21.817
0.0498
0.0139
N.3884
0.5683
".9678
-4, 487

' 'e.080

14.694
16.545
518.7T00
537.180

-50.00
36.420
32.1%2

5.051
464,91
448,26
393,39
486,34
247,27

39.45
0.4162

0.4009
27.084
0.0452
0.0158
C.1939
0.4021

-10.098

17.168
16.545
16. 461

$37.180
537,180

SPEED = 2932,12

28,83
38.892
0.000
0.900
346,71
3%4.13
346,¢5
354.C6
0.00
0,00
C.3136
C.3204
2.0
0.C
~0.c21
C.999%
€.0C01
-0.000
14,694
14,694
518,700
518.700

30.02
28,247
7.000
31. 495
£3.275
32.870
370. 14
456,47
369,70
388,71
0.00
238.15
618.5
462,4
~49%.%
~2%51.2
455,54
489.32
0.3353
c.4087
€.5602
0.4149
20.421
C.0491
C.0139
0.3798
1.0100
1.0102
-4.787
8.0CS
14,694
16.551
518.700
536.460

29.85
37.859
31.188

5.991
461,31
449,63
394,17
£66,80
238,61

46,89
0.4132
C.4024
25.161
0.066%
0.0242
0.1786

-€.2396

-11.206
18,694
16,551
16.429

536,460

6,460

«0810

040294

EQUIVALENT WEIGHY FLOW =

13.41
40,202
0,000
0.000
346.71
344.89
346,61
I44.79
0.00
0.00
0.3136
0.3119
0.0
0.0155
0.005
-2.3937
0.0001
~0.000n
14.69%
14.679
518.700
518.700

15.01
39.405
0,000
31.013
54.892
35,912
360,57
M6, 7Y

359,951

380.38
0,00
228.67
626,2
470.5
-511.9
-275.5
511.9%
504,14
0.3264
0.3976
0.5668
0.4206
19,007
0.0522
0.0148
0.37%3
C.9540
0.9%532
~4,551
84357
14.679
16,458
518, 700
537.17C

14.84
38,930
30.638

6,552
45C.57
448,0%
3186.98
444,57
229,20

51.06
0.4030
0.4007
24.022
0.0785
9.9295
0.1562

-5.5901
-12.727
20,054
16,498
16.361
537,17¢Q
537.170

. ..0a0873 .

00328

8,35
40,631
0.000
0,000
346.71
335.18
346,60
335.07
0.00
0.00
0.3136
0.3030
0.0
0.0640
0,033
16,5132
0.0001
-0,000
14,694
14,632
518.700
518,700

10.00
39,791
0.000
32.380

- 55,938

38.554
350.48
422,17
349.77
355.72
0.00
225.57
624.9
455.8
-517.3
-283.8
$17.36
509.08
0.3171
0.3767
0.5653
0.4067
17.417
0.0891
0.0247
0.3974
0.8725
0.8705
-3.939
10.416
14.632
16.318
519,700
537.560

9.88
39.285%
31.963
. 6,002
428,01
431.13
362.40
428.17
226.13

45,02
0.3821
0.3849
25.899
0.0812
0.0309
0.1557
6.2298

~11.961
19.802
16,318
16.191
537.560
537.560

3.34
41,056
0,000
0.000
346,71
281.9%
346.5%9
281.85
0.00
. 0.00
0.3136
0.2542
0.0
0.3511
0,187
-133,8865%%
0.0001
-0.000
14,894
14,354
518,700
518.700

4.98
40,178
0.000
36,204
60,648
48,225
294.61
344,86
293.94
277.64
0.00
203,23
600.0
417.4
-522.7
-310.8
522.68
514,02
0.26%8
0.3063
C.5412
0.3707
12,467
0.10%8
0.02%3
0.4247
0.7733
0.7702
~0.004
19,342
14,354
15.802
518,700
537.45%0

4.94
39,637
35.720

4.622
349,72
402,36
283,36
400.43
203,76

32.37
0.3107
0.3586
31,023

-0.1515
-0.0584
0.0402
0.5552
-8.816
18.767
15.802
15.957
537.450
537.4%0

86.79

PCT SPAN
DIA

BETA O
SETA 1
vo

v

vr 9

VL 1
V-THETA O
V-THETA 1
"o

"1

TURN
UURAR
DFAC

EFFP

PCT SPaN
DIA

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
vi

v

vz 1

vt 2
V-THETA 1
V-THETA 2
VI{PR) 1
VI(PR) 2
VTHETA PR1
VYHETA PR2
u1

v 2

LI}

"2

M{PR) 1
M{PR) 2
TURNIPR)
UUBAR

L0SS PARA
DFAC

PCT SPAN
10

BETA 2
BETA 2A
v2
v 2A ‘
vz 2
VL 2A
V-THETA 2
V-THETA 2a
M2

" 24
TURN{PR)
UUBAR
LOSS PARA
DFAC
EFFP
INCID
DEVM

P2

P 2A

T2

T 24

_ 041080 __ 0.1881 UUBAR FS

P2 FS

6368 1864229
0s0410.... 0.0725. L0SS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage C  Rotor C - Stator B
CALCULATIGAS USING TRANSLATED VALUES

PELRCENT LUUIVALENT KUTCK SPELD = 69.55  EQUIVALENT ROTOR SPEEU = 2928.03 BOUIVALENT WEIGHT FLOW = 79.76
INLEY
PLT SPAN Sevul 91,52 66439 70.61 49.79 28.83 13.41 8.35 3.34 PCT SPAN
DIA 32,134 33.57C 344005 35.328 37.113 38,892 404202 40.631 41,056 Dla
BETA ¢ LeiCC (. 0G0 e 0Ly Cauly v 000 0.CCO . C.U00 G.C00 G.000 BETA O
BETA 1 C.C0C ©  ©.000 GeOu) 0.000 veO0U 0.000 €.000 G. 000 0.000 BETA 1
Vo 316402 316402 316402 316.02 316462 316.02 316.02 316.C2 316.02 Vo
v 3l6.07 323.61 3¢5.25 328.77 326.41 319.19 . 310.83 300. 43 247.26 vi
vz ¢ 316002 3lo.02 310402 310401 315.9% 315.96 315.93 315.92 315.91 vlo
Ve L 316407 323.61 325425 328476 326.44 319.13 310,75 300. 34 247.18 vl
V-THETA o LeGC L. GO TH 000 0.,0¢ 0.0C V.00 0.00 0.00 V-THETA 0
V-THETA 1 C.0u V.00 [ 0.0u 0400 0,00 0.00 0.0¢ 0.00 V-THETA 1
] Ve285 0.2854 0.285¢ G.2854 0.285%4 C.2854 0.2854  0.2854 0.285¢ ]
M1 © U284 Ge2923 v.293% G.2971 0,2950 0.2883 C.2806 0.2711 0.2226 M1
TURN Cov el 340 0.0 0.0 0.0 0.0 . 0.0 0.0 TURN
UUdAK L.Ca4cs Lew 0.4 G.0 ) J.0 C.Ul6l G.0904 Ce3912 UUBAR
UFAC ~C.0uu ~G. 0l -0.029 =40 -(¢.033 -0.CIC g.016 0. 049 ‘0,218 OFAC
EFFP [t 2 C.9396 Ge9998 © 0.9993 1.0060 0.999¢ ,1.9108  10.9103  73.7900 EFFP
INC 1D e CLUL G, G001 3.0001 G.0001 0.0001 0.0001 . 0.0u01 0.0001 0.00C1 INCLD
DEVM -C.0lu -0.0G0 -0.C00y -0.000 0,000 -0.000 ~5.600 -0.000 -0.000 DEVM
(] 1v. 654 L4094« L4.69¢ 14.694 14.694 144694 144694 14,654 14,694 (]
(2" 14,661 14,694 14469 144594 14.b694 14,694 14.681 14.621 14.378 Pl
T o €16, 70n 5144700  Sln.Tlu 513,700  Slba7é. 518,700 518.7Gu  518,70C 518,700 1o
T 51e. 700 5148.700  S10.70)  518.700 518,700 513.700 518.700 518.700 518.700 T1
ROTOR € PCT SPAN §5.0¢C 9C.l 85.06 7C.01 SU.02 30.02 15.01 10.C0 4.98 PCT SPAN
DA 33,235 33.021 344000 35,163 36.7C5 3842647 39.405 39.791 40.178 DIA
ROTOK =L ok 3ETA 4 LeTOL e dGu velil V.00 LaLOU U000 04060 0. 0G0 0. 000 BETA 1
RUTOK -TeEe . BETA ¢ 44,90y 414935 39,261 37.653 3¢.816 36,288 3644417 39,489 44,375 BETA 2
BETalPR) 1 S51.523 51.658 51.864 524592 544168 56.071 57.627 58. 769 63,734 BETA(PR) 1
BETA(PR) 2 23.360 24.735 244292 25.637 29.736 33.280 364745 39.422 46,272 BETA(PR) 2
vl 331.13 339.12 340.8% 344,58 341.48 333,28 ° 324,69 313.90 258.18 v 1
Vo2 4l9.5Y “24.85 €bila2y 453,40 “464.09 430445 422,17 400.93 355.48 V2
Ve L 3. 7¢ 334,12 340465 344455 341.31 332.89 324410 313.25 251.59¢ vz 1
vz 2 297,16 316,06 542445 358,96 355432 351.38 334,96 308,84 253463 Vi 2
V~THETA 1 CoGy G.00 veI0 C0u U+0C Q.00 0.00 0.00 0.00 V-THETA 1
V-THETA ¢ 260422 283.93 2719493 276,91 265.97 258,00 ° 250,35 254,48 248.16 V-THETA 2
VIPR) 1 537.9 Sudebd 5524y " n6T.2 543.1 596.0 605, 6 604.5 58243 VIPR) 1
VIPR) 2 32547 Jeoen 37151 398.2 4Mv.5 1 420.9 423.8 40C.6 367.5 VIPR) 2
VIHETA PR1 =423, -42847 -414 .1 —450.5 -472.7 -494.8 -511.2 =5lb6.0 -522.0 VIHETA PRI
VIRETA PRc —-12ce4 ~l45.0 ~154.6 -172.3 -203.L -230.¢ ~253.1 -253.9 -265.2 VTHETA PR2
Ul 423441 428.75 434a14 450452 472408 494.85 511,24 516462 521.95 Ul
(V3 424461 429454 434,060 449,24 453494 488.64 503.43 508437 513.31 v 2
Moy 0.2590 G4 3000 Ce308¢ v.3116 0.3088 0.3012 0.2933 0.2834 0.2325 "l
M2 043755 G.3783 C.3945 Goad50 043903 0.3895 0.3761 0.3564 0.3151 M2
mipR) 1 S.4o6l 4931 0.5130 V5273 v.5392 C.5671 0.5458 045244 M{PR) 1
MIPR) ¢ velbBeu : ra3351 e3257 0+3054 Ve3755 L3775 0.3561 0.3258 M{PR) 2
TURN(PK) 284555 200922 27.572 264957 24444 22.8C6 20.912 19.383 17.510 TURN{PR)
UUBAR V.1785 041426 0.0817 0.0451 0.04Y0 0.0551 0.0727 0.1235 0.1336 UUBAR
LOSS PAKA 0.G473 0.u379 v.0221 0.0125 0.0139 0.0155 0.0204 0.0337 0.0331 LOSS PARA
UFAC Jeb5T4 VL5155 044695 CaeaTo D adbal 0.44306 0.4852 0.5203 DFAC
LFFP CeTT795 Us T4 1 .8352 ¢.9724 U e960Y U.9180 0.8457 0.8225 EFFP
CFF V.TTve 5. T915 edB3z 09719 V.95 0.9165 0.5430 0.8196 EFF
fng lu Cetol ~uen2C 82y -1.465 ~l.u0 -1.99C ~1.814 -1.10% 13,085 INCID
DevM 1o.0l¢ 15,447 13.375 94934 94048 d.416 9.169 11.284 17.388 DEVM
[ l4.ool Le.o94 YR l4.094 14.694 14.694  14.681 14.621 14.3738 [
P Lee 390 le.a3n |OPET- lo.725 16.713 1o.71% 16.640 164475 16.163 P2
T . 5i8. UL 515,700 518.702 515700 S18.70¢ 518.700  514.70¢  518.700 .518.700 Tl
[ 360C.240 540,040 534,385 536.8640 530,950  538.550  539.32L  540.050  540.220 T2
STaTur 3 PCT SPAN 30412 23418 70,15 50.00 29.85 14,84 9.88 4.9 PCT SPAN
01aA 33,5506 33.913 34,381, 36.420 37.859 384930 39.285 39.637 via
STATUK-L o€, 8EVA ¢ 41.3%¢ 504910 37.43> 3c.548 35,930 35.999 38.962 43,730 BETA 2
STATUR-T.E. BETA ¢A 3.300 we43) 54390 4491 4.911 5.742 5. 042 4.232 BETA 2A
Ve 428.17 445.80 456412 447449 440.99 427.061 406.39 360.51 v 2
vV 2A 343.72 358470 390,19 399.96 401,86 397,28 379.91 353.15 vV 24
vz 2 320.4C 346485 362.13 359.32 356.70 345,39 315.47 260.10 = vZ 2
VZ 2A 343413 357,62 388,42 396457 400.05 394,79 377.91 351.63 vZ 24A
V-Tht 1A 2 284,03 PN ¢TTeci 266435 258450 250.94 255.11 248,81 V-THETA 2
V-THETA 2A 20,14 27471 36.65 31.30 34.38 39,70 33,34 26.02 V-THETA 2A
M2 0.3d13 043977 Cabu5 03995 V3536 0.3810 0.3614 0.3196 M2
v 24 Ve 3udd C.3183 Ce3470 0.3559 0.3578 0.3533 0.3373 0.3130 M 2A
TUKNI(PK ) | 41.128 35.19¢0 34,486 32.040 32.038 30,979 30.198 33.850 39.417 TURN(PR)
UUBAR ’ V1247 Caivll ©.1133 C.ub48 0075 €.0225 0.0303 0.0134  ~-0.0950 UUBAR
LUSS Paka Lelas 0.0297 (G374 L.01b5 ¢.0026 0.0082 0.0114 0.0051  =0.0366 LOSS PARA
UFACL [T ¢.3980 Ce382) C.32s7 ve2919 6.2760 42590 0.2751 0.2608 DFAC
EFFP 0. TUSI 0. 7574 Ue6954 C.8087 09653 0.8760 0.7918 0.8998 3.2381 EFFP
INC1D -2.433 ~4.645 -6.554 —6.240 -5.703 ~6.467 =-7.371 -4.969 ~0.812 INCID
DEVM 1e.4al 16.214 17.164 17.724 16.609 17.615 19.245 18.843 18,377 DEVM
P2 16.39C 16.438 16.586 16.7¢6 16.713 16.715 164640 16.475 16.163 P2
P24 Le. 25t 164295 164391 164629 16. 700 16.677 164592 16,458 16,268 P 2A
T2 24G.2el 540,040 539,332 538.84C  53B,Y5L 538,550 539.320 540.C50 540.220 T2
T 2a b4le34C 540,040  539.360 636.840  538.950  538.550 539.320 540.050 540.220 T 24
UUBAR FS 0slape 041229 040921 040737 040349 . 0.0727._ . 0e1137 000999 0al688 UUBAR FS
P2 Fs 160632 164698 166565 164764 . _ 160762 __ 164784 164762 164592 164505 P2 FS
LUSS PAKA FS 0,0479 040400 0.,0302 0.0248 00120 00264 040427 00380 040650 LOSS PARA FS

91



Table A-3. Blade Element Performance .(Cor.xtinued)ﬁ

PERCENT EQUIVALENT ROTOR SPEED =

INLETY

ROTOR C

ROTOR ~L.E.
ROTOR -T.E.

STATOR 8

STATOR~-L .Ea
STATOR~T.E.

92

PCT SPAN
DIA

BETA 0
BEVA 1
vo

v

vz o

vz 1
V-THETA ©
V-THETA 1

PCT SPAN
DIA

BETA 1
BETA 2
BETA{PR) 1
BETA(PR) 2
Vi’

v 2

vz 1

vz 2

V=THETA 1
V-THETA 2
V(PR) 1
VIPR) 2
VTHETA PR}
VTHETA PR2
U1

TURN (PR)
UUBAR
LOSS PARA
VFAC

EFFP

EFF

INCIOD
DEVM

1

L3
T1
T2

PCT SPAN
ora

BETA 2
BETA 24
v2

v 24

vz 2

vZ 24A
V-THETA 2
V-THETA zA
M2

24

TURN (PR}
UUBAR
LOSS PARA
DFAC

EFFP
INCID
DEVM

P2

P 24

T2

T 2a
UUBAR FS
P2 FS
LOSS PARA

96,61
33,138
0.000
0.000
289.55
278.47
289,55
278,47
V.00
0.00
0.2611
0.2510
0.0
0.1282
0.038
~1.2634
0.0001
-0.000
14694
14.6C0
518.700
518.700

95.00
33,235
0.000
484650
55.417
22.030
291.98
417.20
291.97
275.63
0.00
313.19
514.4
257.3
~423,5
-111.5
423.50
426,71
0.2631
0.2707
0.4640
0.2642
33,387
0.1585
0.0424
0.5980
045219
0.9187
3.575
144260
144600
164532
518.700
541.600

95.05.

33.203
484229
3.610
420.00
303.38
279.79
302.77
313,24
19.10
0.3733
0.2678
44.618
0.1233
0.0398
0.5044%
07545
1. 257
16,641
164532
164345
541.600
541.600
0e1221
164530
FS 040394

91.52
33,570
0.000
0.000
289.55
300.03
289.55
300,02
0.00
0.00
0.2611
0.2707
0.0
-G,002°
=0.03%
1.0398
0.0001
-0.000
14.694
14.696
518,700
518,700

90.01
33.621
0.000
464131
53.769
24,549
314.24
“léaal2
314.24
286.99
0.00
238455
531.7
315.5
—428.8
-131.1
428.85
429,64
0.2837
0.3682
0.4800
0.2805
29,219
0.1636
0.04335
U.5710
0.8005
0.7971
lea9n
15.251
14,695
164520
518,700
540,820

90.12
33.556
63,696

4,030
417.32
313.58
291.48
312.80
298465

22.04
0.3711
g.2772
41.666
0.0721
0.0235
0.4651
0.8427
~0.5905
16.854
16.520
16412

540.829
540,820
041273
164615
00414

Stage C

Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES

69,57

86.39
34,006
0.000
0.000
289.55
302.36
289.55
302.35
0.00
0.00
0.2611
0.2728
0.0
-0.0029
-0.0%4
1.0325
0.0001
-0.000
14.69%
14.69%96
S18.700
518.702

85.00
34.000

0,000
43.167
53.896
24.297
316.70
428,82
316.170
312.76

0.00
293.37

537.5

343,2
~434.2
-141,.2
434424
434.57
0.2860
0.3819
0.4853
03055
29.599
0.1074
0.0250
05233
Ga 8804
0.8783

12206
13.378
14,690
164640
€18.700
540.040

85.15
33,910
2.7717
4,690
432.18
325466
317,22
324.57
2393.51
26,62
0.3850
V. 2883
38,086
0.0946
0.0311

0.4501

G. 7927
-2.694
17.424
16.640
16.487
540.0640
540.040
0+0959
160642
040315

EQUIVALENT ROTOR SPEED

70.81
35.328
0.000
0.000
289,55
307.38
289.55
307.37
0.00
0.00
0.2611
0.2774
0.0
-0.0029
-0.062
1.0230
0.0001
-0.000
14.694
14,696

518.700

518.700

70.01
35.163
0.000
41.126
54,454
25.241
322.00
463,71
321.97
334.19
0.09
291.80
553.8
369.5
-450.6
-157.5
450,62
449,35
0.2909
0.3958
0.5003
0.3276
29.216
0.0566
0.0167
0.4946
, 0.94901
0.9899
0.398
9.53%
14.696
16.827
518.700
539.370

70.15
34,981
40.883

5.980
466,29
359.78
337.38
357.78
292.07

37.48
0.3982
0.3192
34.897
0.0614
0.0207
0.3876
0.8350
-2.793
18.313
16.827
16.720

539.370
539,370
0.0683
164840
040230

49.79
37.113
0.000
0.000
289.55
306.78
289.53
306.75
0.00
0.00
0.2611
0.2769
C.0
-0.002%
-0.059
1.0234
0.0001
-0.000
14,694
14.69¢6
518.700
518,700

50,02
36.705

0.000
40.303
55.860
29,255
320.75
436,93

320.59°

333.03
0.00
282.50
TS5T1.3
392.0
-472.8
-186,.5
472.79
469,05
0.2897
0.3495
0.5160
043405
264612
0.0573
0.0161
0.4901
0.9905
0.9903
-0e204%
8.568
14.69%
16,2341
518.700
539,490

50.00
30.420
40.007

4.721
440.26
375.20
337.07
373.77
282.90

30.66
0.3926
0.3332
35.266
0.0065
0.0023
0.3502
0.9778
-2.245
16.839
16.841
16.830

539,490
539,490
060357
164892
040126

= 2928.71

28.83
33.892
0.000
0.000
289,55
302.00
289.50
301.9%4
0,00
0.00
0.2611
0.2725
0.0
-0.0029
-0.043
1.0330
0.0001
=-0.000
14.5694
14.696
518. 700
518.700

30,02
38.247
0.000
39.687
57.538
33.373
315.24
427.15
314.87
328.35
0.00
272.47
586.8
393.7
-495.0
~216.3
494.96
488,75
0.2847
0.38006
0.5299
0.3508
244184
0.0603
0.0170
Q. 4867
0.9949
0.9948
-0.522
8.508
14.696
16.836
518.700
539.350

29.35
37.859
39,288

5.141
431,55
375.53
333,69
373.71
273.00

33,62
0.3847
0.3335
34,105
0.0159
0.0058
0.3342
0.9383
=3.111
17.845
16.830
164810

5394350
539.350
00626
164917
040228

EQUIVALENT WEIGHT FLOW = T73.55

13.41
40,202
0.000
0.000
289.55
292.29
289.47
292.21
0.00

- 0.00
0.2611
02636
0.0
0.01C3
-0.009
0.6569
0.0001
=0.000
14.694
14,637
518,700
518.700

15.01
39,405
0. 000
40,465
59.219
37.007
305.16
412.59
3064.60
313.39
0.00
267.33
595.5
393.1
=-511.4
-236.2
511.35
503,55
0.2754
0.3669
0.5374
Ue 3498
22.243
0.0861
0.0240
0,4955
0.7196
0.9181
-0.221
9,451
14.687
16.703
318.700
540.500

14.84
38.930
39.955

5.982
417.80
355.65
319.85
353.27
207.95

37.02
0.3717
0.3152
33,912
0.0839
0.0315
0.3592
0.7114
-3.418
19.485
16,708
16.640

540,500
540,500
O0a1292
164847
0+0485

8.35
40.631
0.000
0.000
289.55
276.03
289.46
275.94
0.00
0.00
0.2611
0.2488
0.0
0.1073
0.047

-6.9012"

0.0001
~0.,000
14,694
14.621
518,700
518,700

10.00
39.791
0.000
44,034
50.899
40.915
288,21
386438
287.62
277.32
0.00
268.13
591.7
367.6
-516.7
-240.4
516.74
508.48
0.2599
0.3428
0.53356
0.3261
20.024
0.1339
0.0358
0.5377
0.3436
0.8408
1.027
12.776
14.621
16,533
S18.700
541300

9.88
39.235
43.427

5.752
391.58

- 337.00

283.98
334.84
268,80
33.73
0.3475
0.2981
37.605
0.0572
0.0218
0.3703
0.7898
-0.505
19.552
16,583
16.507
541.300
541,300
0s1624
164750
040618

3.34
41.056
0.000
0.000
289.55
225.82
289.45
225.74
0.00
0.00
042611
0.2031
0.0
0.4116
0.220
-31.5979
0.0001
-0.000
144,694
14.414
518.700
518.700

4.98
40.178
0.000
48,547
65.752
46.924
235.70
352.80
235.16
233.20
0.00
264.02
572.8
342.0
-522.1
~249.4
522,07
513.43
0.2121
0.3123
0.5154
0.3028
13.880
0.1313
0.0321
0.5667
0.8450
0.3421
5.107
18.040
14.414
16,385
518.700
541.450

4,94,

39.637°
47.805
44772
357.79
315.32
239.98
313.74
264.71
26.19
0.3168
0.2786
42.954
-0.0013
-0.0007
0.3780
1.008%
3.265

18.917-
16.365
16.367
541.450
541.450
02171
164672
Qe0B44

PCT SPAN
DIA

BETA O
BETA 1
vo

v

vi o

vZ 1

.V-THETA O

V-THETA 1

PCT SPAN
DIA

BETA 1
BETA 2
BETA(PR) 1
BETA{PR) 2
vl

Va2

vz 1

Vi 2
V-THETA 1
V-THETA 2
VIPR) 1
VIPR} 2
VTHETA PR]
VIHETA PR2

M{PR) 2
TURN{(PR)
UUBAR
LOSS PARA
OFAC

PCT SPAN
ofa

BETA 2
BETA 2A
va2

vV 2A

vz 2
VZ 2A
V-THETA 2
V-THETA 2A
M2

N 2A
TURN(PR)
UUBAR
LOSS PARA
DFAC
EFFP
INCID
DEVM

P2

P 2A

T2

T 2A
UUBAR FS
P2 FS
LOSS PARA FS



INLET

ROTOR C

ROTOK =L +Eo
ROTUR -T.E.

STATUR 8

STATUR-L.E.
STATGR-T.E.

PERCENT EQUIVALENT RUTLR SPELD = 69.58 EQUIVALENT RCTUR SPEED
PCT SPAN S6.61 91.52 8v.a3% 7G.81 49.79
vla 33,134 33.57C 34,000 35.328 37.113
oETA v Celub L. GOV UL LW Ge000 G.CC0
BETA 1 Co 0T 0.C0C ¢.000 0.000 (Vv v
vo 207.90 207.90 267490 267.90 267.90
v 258.96 272.47 273454 278.31 280.89
Vi © c67.%0 267.90 2079 267.89 2c7.87
vi 1l 258.95 272447 273454 278.30 2eletiT
V-THETA ¢ Vel (e GO Galid [F V19 Je00
V-THETA 1 G.00 U. 00 0.00 0.0V 2.00
M0 Ge24l4, Ve2414 O.2414 V2416 0.2414
M1 0.2332 0.2455 0.2465 v.2509 0.2532
TURN C.0 Y Ged C.0 JaU
UUs AR veluli Oec Cef CoC C.0
OFaAC Le(33 -0.C17 “Lalel -{.239 —U.us9
EFFP -1.9815 J.9998 1.0003 1.0003 140603
INCIO GeCCul C.uC01 V.uCOL 0.00V1 0.00L01
DEVM -Ca GO0 —Ga.Cou -Ga0UD -0.C00 -0.006
(] 144694 14.094 14,694 JOPSTY 14.694
[N la. 635 l4.094 l4.69% 14,094 la.ové
Tc 51E. 700 518.7CG 518,700 5156.70u 5184700
T1 51 E.700 518,700 518.70u 518.700 518.700
PCT SPAN S5.0C 9U.01 85,00 70.01 50.U2
v lA 334235 33.621 34.00> 35,163 364745
BETA 1 Celit Cl.L0C Leluu [PRRsl¢[4] G.C00
6ETA o 524093 SUe 75e 41,567 44.691 43.609
SETA(PR) 1 574351 S56.382 56,008 57.125 58.187
BETA(PR) 2 2Ce603 240422 244560 25.186 2%.219
v 271.4C 285.16 206429 291.31 293,41
v 2 41€.15 20,73 415.32 433.18 4cde50
vz 1 27135 28%.i6 230429 291.20 2934533
vz 2 ¢55.68 250. 06 280423 307.92 3C9.87
V-THETA 1 0.0C 0.0C 0.0J Ue0u C.C0
V-TRETA 2 328.35 313.43 306.53 304.061 295.80
VIPR)} 1 5(3.1 515.1 520.2 536.6 556.5
viPn) 2 2754 3 cdlel 2Ubal 34043 355%.3
VIHETA PK1 —42ieu -4Zbe9 =434.3 ~450.7 —4TceY
VIHETA PR2 —-Gbe 4 -116.3 =128.1 —l44.8 -173.3
[V} 423,57 4238.91 434,30 450.69 472.85
v 2 424.77 429.70 434.63 449.41 409.11
M1 0.24406 (2571 0.2581 0.2027 Ua206401
M2 243692 Ve 35%u V3684 Ge3d56 .3813
M{PR) 1 Le4b33 Ve abhl UetbYy vedday L5020
MiPK) 2 CelulY Us 2495 2.2737 0.3029 Ce3l61
TURNLPR) 36,687 31.960 32.042 31942 28.976
UUBAR G.1771 Jelb7UL 0.1373 U.0755 0.06606
LOSS PARA G.0a478 Ge0e98 U037y 0.2210 0.C187
OFAC Cebubl Jeb3le LedB23 Ce54uUl ve5321
EFEP vedlés ue 7742 “e8304 O+3407 Ce90613
EFF Je7S00 Ce 7702 CeblTu Le9456 UeY000
INC 1D e 506 4all4 Se9ln 3.069 2124
VEVM lesSld , 15.124 i3.04%0 Yaul3 ce532
P 1 léoay l4.09% lasd9e 164.09% 144,694
P2 le.voG le.600 10.68% 16.89C lua93b
T1 51 €. 70l 51b8. 700 S1e 700 5154700 5184 Tuv
T2 Su2.2L0 S4l.500 541.6b5 540970 541.0590
PCT SPAN $5.0 Suel2 85415 T0.15 50 .00
uvla 32420 33550 153.913 34.9481 30,420
bETA ¢ 51l.0614 Le240 47,143 “h.4lp 434334
BETA <A 2.1b0 3.330 3.90) 5.880 5.000
v 2 418.94 4u7.83 418454 435.67 ©31.82
vV 2a 276.35 282.28 289.79 324.29 340414
vZ 2 260415 206080 264 .81 311.15 313.90
Vi 2A 275.93 261.8C 289411 322.55 344,09
V=-THETA 2 328.4v 313.53 3J0.68 304.89 296.22
V-THETA 2A 1515 los«0 19.71 33.22 We.lo
M2 03717 O.3618 0.3718 0.38178 0.3643
M 2A Ge2433 0.2487 0.2550 G.2868 L <3064
TURNIPR) 48,4017 46.915 43,217 364532 384314
UUd AR Jel2iv 0.C731 J.C9522 00781 00244
LUSS PAKA GaC394 Q.0G23b vel3Us G.0263 C.0u86
OFAC VeDdlw Ce 545y €.5337 Q4674 Jewlel
EFFP O.7941 Ge 8663 0.8315 048343 0.9357
INCIOD 4e6%06. 4edb4 Le6a7 Je742 1.082
LEVM 164181 16.184 lo.o36e ly.213 17.118
P2 1lé.000C 16.000 lo.64d3 16.890 164935
P 2A Loeuls lo.4%5 lo.54> losT60 16.895
T2 5432,20C . 542,580 541.88) 54C.97v 541.Q05u
T 2A 543,200 542,580 541.84) 540.970 541.050
UUBAR FS
P2 FS
LUSS PAKA FS 0e0817  0,0457 _ 0,0379 _ _0.0191 . 00187 ..

Table A-3.

Blade Element Performance (Continued)

Stage C

Rotdr C - Stator B

CALCULATIONS USING TRANSLATED VALUES

= 2929.13

28.83
3d.892
0.C00
0.000
267.90
2715.51
207.85
275.45
0.00
0.00
0.2414
C.2483
0.0
0.0
-0.028
0.9992
0.0001
-0.000
l4.694
14,694
5184700
5184700

30.C2
384247
C.Guo
434485
59.893
33,591
287.38
418.18
287.04
363.12
0.00
287.50
3724
3644
~495.0
=201.3
495.04
488.82
0.2591
N.3719
U.5162
Ye324C
264321
0.0781
C.0219
«Ge5318
0.9650
Ue9642
1.834
8.727
14.694
l6.925
518. 700
54G.670

29.85
37.859
43.035

44901
422.40
347.75
308453
346.19
288.05

29.68
0.3758
0.3079
38.091
0.0191
Ga 0070
D,4022
0.9441

0.635
17.605
16.925
16.895

540.870
. 540,870

EQUIVALENT WEIGHT FLOW = 68.37

13.41
40.202
¢.000
0.000
267.90
267.15
267.82
267.C07
0.00
0.60
042414
0.2407
G.0
Ull
G.003
0.9982
G.0001
~0.000
14.094
l4.694
518.700
518.700

15.01
39,405
0.000
45.981
61.451
38.823
2718.75
394.5%2
278425
273. 18
0.00
283.32
582+ 5
352.0
-511.4
-220.3
Sil.43
503.62
C.2513
0.3497
$.5250
G,3120
22.663
0.1377
C.0375
Ve5644
CeB372
Catd34l
2,014
11.265
le.b34
lo.780
518.700
542.740

14.84
38.930
454375

9.602
399.49
339.99
280.29
337.94
283.98

33.15
Ce.3542
043004
39.710

~0.0215
~0.0081
0.3878
1.0742
2.0C1
194105
16.780
16.810
542.74G
542.740

8.35
40.0631
0.00¢0
0.000
267.9C
264.89
267.81
244,81
0.00
0.00
Q.2414
Ca2204
0.0
0.1268
0.0806
44,0686
0.0C01L
-0.000
144696
14. 620
518.700
518.700

10.00
39.791
0.000
51.177
63,737
41.575
255.53
381.36
255.01
238.78
0.0
296.75
576.5
319.8
~516.8
-211.8
516.81
508.56
0.2301
0.3375
0.5192
0.2629
22.205
0.1967
0.0521
0.6261
0.8023
0.7986
3.868
13.435
14,620
los 680
518. 706
543,630

9. 88
39.285
50.407

5.402
386.47
322.95
246.04
321.06
297.48

30,36
0.3421
0.2849
44.936

-v.0193
-0.0073
0.4302
1.0609

6.476
19.202
16,680
16.705

543,630
543.630

3.34
41.056
0. 000
0.000
267.90
195.78
267.80
195.71
0.00
0.00
0.2414
0.1759
0.0

Q. 4694
0.269
153.4724
0.0001
=-0. 000
14.694
14,420
518.700
518.700

4.98
40,178
0., 000
564977
68,681
©3.873
204.24
377.31
203.78
205.41
0.00
316.02
56047
285.5
-522.1
-191.5
522.15
513.50
0.1836
C.3336
0.5039
Ce2524
24.865
0.1999
0.0516
0.6912
0. 8647
Ge. 8619
8,041
14.989
14.420
16.675
518,700
544.210

“.9
\39.637
155,964
4,432
382.72
307.37

214.01

305.97
316.85
23.72
0.3385
0.2708
5l.458
0.0511
0.0197
0.4947
0.8624
11.429
18.577
16.675
16.610
544,210
544,210

001292 0e1404 041184 040568 _ 0,0832 . 0,0880 . 0.0563 . 0,.0847._ 04,1329
060212 . 040212 . 040320 _ 00512

Vi1l
V-THETA 0
V-THETA 1

PCT SPAN
DIA

BETA 1
BETA 2
BETALIPR) 1
BETA(PR) 2
vl

va2

Vi1

vZ 2
V-THETA 1
V-THETA 2
VIPR) 1
VIPR) 2
VIHETA PRI
VIHETA PR2

HIPR) 2
TURN{PR}
UUBAR
LOSS PARA
DFAC

EFFP

PCT SPAN
OlA

BETA 2
BETA 24
Va2

Vv 2A

vi 2

Vi 2A
V-THETA 2
V-THETA 24
M2

" 2A
TURN(PR)

T 2A

WBAR FS

P2 FS

LOSS PARA FS

93



INLEY

ROTOR C

ROTOR ~L.E.
ROTOR -T.E.

STATOR B

STATOR-L.E.
STATOR-T.E.

94

Table A-3.

PERCENT EQUIVALENT ROTOR SPEED =

PCT SPAN
_ DIA
BETA ©
BETA 1
Vo
Vi1
vz o
vz 1
V-THETA O
V-THETA 1

PCT SPAN

DIA

BETA 1

BETA 2

BETA(PR) 1

BETA(PR) 2
v

v2

Vil

vI 2

V-THETA 1

v-THEYA 2

VIPR) 1

V(PR) 2

VIHETA PR]1

VTHETA PR2

M{PR) 2
TURN(PR}
UUBAR
LOSS PARA
OFAC

PCY SPAN
DIA

BETA 2
BETA 2a
v

V 2A

vz 2

vl 2A
V-THETA 2
V-THETA 2A
" 2

N 2a
TURN(PR}
UUBAR
LOSS PARA
OFAC

EFFP
INCID
DEVM

P2

P 2A

T2

T 24
UUBAR F$S
P2 FS

96.61
33,138
0.000
0.000
247,14
236.80
247.14
236.80
0.00
0.00
0.2225
0.2131
0.0
0.1687
0.042
-0.9801
0.0001
-0.000
14.694
14,610
518,700
518.700

95.00
33,235
0.000
54,319
59.605
19.847
248.06
416,62
248.05
241.86
.00
336.79
490.3
257.1
-422.9
-87.3
422.87
©26.08
0.2233
0.3677
0.4613
0.2280
39,757
0.1425
0.0387
0.6742
0.8530
0.8501
7.753
12,098
14,610
16.785
518.700
543.380

95.05
33.203
53,805

2.610
417.40
268.88
246,49
268,60
336.85

12.24
0.3703
0.2366
51.195
0.1154
0.0373
0.6076

0.8119

6.834
15.641
16.785
16.610

543.380
543,380
0.1254
.164802

L0SS PARA FS 0,040%

91.52
33,570
0.000
0.000
247.1¢
257.08
247,14
257.07
0.00
0.00
0.2225
0.2315
0.0
0.0
~0.060
0.9997
0.0001
-0.000
14,694
16,694

518,700

518,700

90.01
33,621
0.000
53.477
57.867
26.759
268.96
397,92
268.95
236.82
0.00
319.78
505.7
260.8
-428.2
-109.2
428,21
429.00
0.2423
0.3528
0.4556
0.2312
33.108
0.1805
0.0479
0.8694
0.8009
0.7972
5.589
15.461
16,694
16,675
518,700
542.640

90.12
33.556
52.921

2.790
400.95
268.78
261.74
268.46
319.88

13.08
0.3556
0.2367
50.131
0.0538
0.0175
0.5796
0.9069

6.720
15.644
16.675
16.600

542.640
542,640
Oel1413
164817
040459

Blade Element Performance (Continued)

Stage C

Rotor C - Stator B

CALCULATIONS USING TRANSLATED VALUES

69.46

86.39
34.006
0.000
0.000

24716

257.08
247.14
257.07
0.00
0.00
0.2225
0.2315
0.0
0.0
-0.040
0.9997
0.0001
-0.000
14,694
14.696
518,700
518,700

85,00
34.006
0.000
51.270
58.189
24,888
268.96
405.40
268.96
253.64
0.00
316.25

510.2.

279.6
=433.6
-117.7
433,59
433.92
0.2423
0.3598
0.6597
0.2482
33.302
0.1544
0.0415
0.6357
0.8438
0.8409

5.699
13.968
14,69
16.730

518.700
542,000

85.15
33.910
50.762

3.910
408.52
270.6%
258.40
270.00
316.4)

18.45
0.3627
0.2385
46.852
0.0791
0.0260

- 0.,5780
0.8655

5.292
16.644
16.730
16.615

542,000
542.000
O,1228
164802
0.0403

EQUIVALENT ROTOR SPEED = 2924.35

10.81
35.328
0.000
0,000
247.14
257.56
247.13
257.56
0.00
0.00
0.2225
0.2319
0.0
0.0
-0,042
0.9988
0.0001
-0.000
14.694
14,694
518,700
518.700

70.01
35.163
0.000
47.302
59.0086
25.312
269.47
425.06
269.44
288,22
0.00
312.36
524.5
318.9
-450.0
-136.3
449,95
448,68
0.2428
0.3781
0.4726
0.2836
33.776
0.0828
0.0230
0.5749
0.9612
0.9604
5.030
9.609
164.694
16.940
518.700
541.100

70.15
34,981
47.005

541.100
040530
164887
0,0178

49.79
37.113
0.000
0.000
247.14
261,39
247.12
261.37
0.00
0.00
0.2225
0.2354
0.0
0.0
-0.058
1.0003
9.0001
-0, 000
14,694
14.694
518.700
518,700

50.02

36,705 °

0.000
46.204
39.973
28.929
272.99
424,28
272.85
293.52

0.00
306.12

545.3

335.6
-472.1
-162.2
472.08
468.35
0.2460
0.3773
0.4914
0.2984
31.053
0.0729
0.0206
0.5647
0.9910
0.9806

3.911

8.242
14.694
17.010

518.700
541.290

50.00
36.420
45,840

5.470
427 .48
324.20
297.70
322.60
306.55

30.89
0.3802
0.2866
40,350
0.0310
0.0109
0.4696
0.9311

3,588
17.588
17.010
16.960

541,290
541.290
0,0398
(17025
0.013%

28,83
38.892
0,000
0.000
247.14
255.64
247.09
255.59
0.00
0.00
G.2225
0.2302
0.0
0.0
~0.03%
0.9993
0.0001
-0.000
14.694
14.694
518.700
518.700

30.02
38,247

0.000
46.710
61.689
32.423
266.55

419.83

266,24
287.62
0.00
305.33
561.5
341.2
-494.2
-182.7
494,23
468.02
0.2401
0.3731
0.5059
0.3032
29.286
0.0974
0.0277
0.5745
0.9768
0.9763
3.631
7.559
14.694
17.035
518.700
541,620

29.85
37,859
46,207

5.021
424,14
328.71
293.30
327.18
305,92

208,74
0.3770
0.2906
41.144
0.0502
0.0183
0.4657
0.8810

3.807
17.72%
17.035
16,955

541.620
541.620
0406427
17.022
040155

EQIVALENT WEIGHT FLOW = 63.33

13.41
40.202
0.000
0.000
247.14
246.76
247.07
246.69
0.00
0.00
0.2225
0.2221
0.0
0.0
0.002
1.0053
0.0001
-0.,000
14,694
14.69%
518.700
$18.700

15.01
39.405
0.000
53.768
63.291
41.362
257.37
379.26
256,90
223.95
0.00
305.63
571.8
298.9
-510.6
-197.2
510.59

' 502.80

0.2318
0.3356
0.5149
0.2644
21.966
0.2168
0.0569
0.6627
0.8038
0.8001
3.855
13.804
14,694
16.765
518.700
543.590

14.84
38.930
52.987

5.062
383.99
310.79
230.96
309.20
306.34

27.39
0.3398
0.2740
47.864

-0.0466
-0.0175
0.4669
1.1287
9.616
18.566
16.765
16.825
543.590
543.590

00674

160922
00253

8,35
40.631
0.000
0.000
247.14
228.91
247,06
228.84
0.00
0.00
0.2225
0.2059
0.0
0.1386
0.074
23,2522
0.0001
-0.000
14,694
14,625
518.700
518.700

10.00
39,791
0.000
58,799
65.210
41.528
238.79
386,69
238.30
200.15
0.00
330.48
568.5
267.8
-516.0
-177.2
515.97
507.73
0.2149
0.3421
0.5116
0.2369
23,728
0.2616
0.0693
0.7330
0.8332
0.8298
5.344
13.388
14.625
16.820
518,700
544,180

9.88
39,285
57.783

4.262
391.89
296.60

208,77

295.36
331.30
22.01
0.3468
0.2611
53.457
0.0633
0.0241
045466
0.8584
13.859
18.064
16.820
16.735
544.180
564,180
040904
164860
040344

3.34
41.056
0.000
0.000
247.14
176.81
247.05
176.74
0.00
0.00
0.2225
0.1588
0.0
0.4901
0.285
134,0085
0.0001
-0.000
14.69¢
14.450
518.700
518.700

4.98
40.178
0.000
62.919
70.561
40.307
184.40
401.90
183.98
162.83
0.00
357.57
552.9
240.2
-521.3
-155.1
521.30
512.66
0.1656
0.3557
0.4967
0.2126
30.312
0.2648
0.0724
0.7953
0.9218
0.9200
9.924
11.424
14.450
16.930
518.700
544.800

4.94
39.637
61.619

2.962
407.77
287.32
193.69
286.48
358.51

14.82
0.3610
0.2527
58.589
0.1680
0.0648
0.6230
0.6607
17.092
17.109
16.930
16.685

544,800

544,000
Qells9

164842
040443

PCT SPAN
DIA

BEVTA O
BETA 1
vo

v

¥2 0

vz 1
V~THETA ©
V-THETA 1

PCT SPAN
o1A

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
v
V2

VIl

VL 2
V=THETA 1
V-THETA 2
V(PR) 1
V(PR) 2
VTHETA PR1
VTHETA PR2
vt
u2
"1
M2

M{PRD 1
M(PR) 2
TURN(PR)
UUBAR

LOSS PARA
OFaAC

EFFP

EFF

INCID
DEVM

P 1

P2
T1
T2

PCT SPAN
o1A

BETA 2
BETA 24
V2

v 2a

vz 2

vZ 2a
V-THETA 2
V-THETA 24
M2

M 24
TURNIPR)
UUBAR
LOSS PARA
OFAC
EFFP
INCIO
DEVM

P2

P 24

T2

T 2a
UUBAR FS$
P2 FS
LOSS PARA FS



Table

A-3.

PERCENT ZQUIVALENT RUTUR SPEEV =

INLET

PCY SkaN

vl

BETA
oETA 1

vi 1
’ v=THETA
v-THETA 1

M
M

TURN
Uud Ak
vFAC
EFF¥
INCIU
DEVM

P

P
T
T

ROTOR € PCT SPAN

A

[
i

e

JIA

ROTUR =L oL SETA

ROTUR -T.c. BETA ¢
DETA(PK}
BETA(PK)

A\
v

vl 1

Vi ¢
V-THETA 1
V-THeTA 2
VIPR)
VIPR) ¢
VIHETA PRI
VTHE1A PK2

u
u
L]
M

M{PK)
MIPK} ¢
TURN(PR)
UUBAK"
LUSS PAKA
UFaC
EFEP

cF

JL )
UE VM

p
P
L
T

STATJR 3 PLT SPaN

vl

STATUR-L.E. BETA £
STATUR-T.E. BETA /A

v

vV 2A
vZ 2
Vi 2a
v-THETA 2
v=THETAa 2aA

a

M o2a
TUKN(PR)
JUBAR
LOUSS PAKA
OFAC

EFFP

INC Lu
UEVM

v

P 2a

T

T 2A
UUBAK FS$S
P2 FS
LOSS PARA

1

Z

1
2
1
4

F

1
2
i
<
A

2

2

2

SE.0l
EETREY -]
Lelln
C.C0C
Z€8alD
270,81
PGP
AT.el
Ve
CorC
Ja24lo
Telbni
veu
velled
-C. L1
Jeotod
Cetttl
-C L0
L4.0u%4
14,005
Sles I8y
’ LLELTGY

5h.00
334235

velut
s4elih
4€.480
24e 577
283,90
319423
B339
cthadh

Goutl
178.97

4lee

9. 7
~25G. .
-1éla s
26G.u2
299.87
162500
Y4 1%
Je 3713
velbyd
214508
Lelilve
JeCH4S

l4.toH
L5a2y95
S18. 70y
530, tuu

Je il
Jelagt
19.3447
-l3.107
1d.871
15425
15.178
53L. 15C
53(. 7150
001991,

150360

£5 0e08861

sl Tuv
51864 70C

vGeul
3340621
Lo OU
2leciy
“b. 308
234208
254,206
342.48
2bbads
29¢e0t
J.0¢C
177.51
4193
3lded
-3C2ed
-leb.n
302479
3u3e3b
Vel503
Ja 3004
He3745
(e g85i
23454y
0. 120
Ua'a23
Je3581
ys0UT
e HES
5.0
120970
las 094
Lyee29
515. 704
5¢94260

Yu.12
23050
U987

t.200
ELLPN-1V]
343.50
295,56
S4laby
177.57

37.10
Ue 386
Ge 3075
24.797
Te143y
DREY-YY
2.1369

-17.3372
~13.244
19.054
15,429
15.2488
529.28¢

1850882 15510 .. 134587 __ 15555 _ . 184545_

0.0501

Stage C

Rotor C - Stator B

CALCULATIUNS USING TRANSLATED VALUES

.12

513,700
323430)

841>
53.910
29.401

LeSad
351.99
349,065
306443
3ul.45
173,09

“U.Ub

Uedlns -

Ja3154
224880
Celold
eub3e
vel3di2
-1l.0578
~10.010
19.314
15,485
1>.31c
5284308
5204300
0.1817

0.0593

.6l
35.328
JeJUC
v 00
20d.15
272.50
268414
274450
Jeud
00
b.2410
U.245¢
Ceb
[TV
—va.ule
l.00u1
0001
=L ey
la,o494
l4.094
518.70v
218.700

70.01
3%.163
a0
id.825
“Bel24
254139
285.26
34 .67
285423
403.94
4e0U
176 .74
427.3
337.5
~3l8.2
~la6.5
3l8.17
311.27
0.2572
Geldlsl
ve3853.
FERREY
¢2.588
Jeubéa
L0178
va3329
l.c452
Lisade
~5e¥3c
It .u3e
les.oYa:
15.510
Yls.TLu
5264420

10.15
J4.981
<9 e 180

T.200
A5C.57
362.5¢
H03
329,01
17. .89

45.81
Cedl48
Ga3258
21.915
uv.l127
Leusly
GeudTl
2.5553

~l4.494
19.593
15.510
15.394
326 .420
526.420
00,1595

040536

EQUIVALENT RUTUR 3¥PEEU

La4.694

S5ld.7Ct

5184760

1Y.929
J.0U580
02163
Oe33ul
1.2 300
lev3on
G330

Sle.Tuu
S2ve4lV

5C.00
S0e 420
279017
T.571
345.03
365.59
3u5.25
36243
t6leun’
4b.dY
Ue3103
Ue3c806
20321
Let9l?
v.l 321
PRy
1.7422
~la.341
19.488
15.502
1v.414
52¢.410
5264410
001375 .

00480

= 2067.85

28.83
38.u92
UeULYU
Ve 000
268,15
271.64
268.10
271459
C.00
0.00
Ue24l6
De2448
U.C
140
-0.013
0.9991
0.0001
-0.,000
144694
14.694
518.700
518.700

30.62
384247
Ve 00
26,645
51.001
33.595
283432
328470
202.99
293.41
0.00
17422
449.9
35444
~34%.5
-197.9
349.43
345.09
Ve2554
¢.2650
0.40%6
Je3179
17.022
U.0590
ve 0165
Je 320
1.0229
1.0230
~7.062
Yel3
l4.096
15,451
$18.700
526.030

29.85
37+959
26442C

1,322
331.94
368.50
296.88
305,20
147.50

40092

0e2979.

Ue3314
19.067
0.0607

000537

Blade Element Performance (Continued)

EQUIVALENT WEIGHT FLUW = 68.643

13.41
40,202
0.C00
0.000
268,15
263,74
268.C7
263,67
700
G.00
G.2616
0.2376
Vel
Q0265
U.0lo
2.5938
9.0001
-d.0C00
l4.0%¢
l4.602
518.7C0
518.700

15.01
39.402
. QaUG0
26.677
524737
35.C19
275.18
331.45
214,61
295.51

0.C0
l48.48

454.0

361.5
~30l.u
=2u7.1
201.65
359,54
De24B0
2973
U.4U91L
0e3243
17.743
J.06H8
J.0140
3.3171
1.03¢3
LeUsl2
=-6.708

Ta4ob
14.682
15.088
513470u

5264440

l4.84
3d.930
264391

Ts473.

335.46
363.03
299.91
359.50
143,82
at.16
G.3010
J.3202
l8.872
U.yy54
0.0358
0.0335
1.5302
- 164968
20.973
1>.488
15.398
5264440
526,440
0s1272

8.35
40.631
0. 060G
0.000
268.15
247418
268.Co
247,11
0.G0
0.00
0,24106
0.2225
0.0
g.1111
V.078
3.6102
v.0001
-0.000
14.694
14,0629
518.700
518, 70C

10.00
39.791
0.000
264 7C6
54,796
36,827
25794
321,84
257.41
286.18
U. 00
144,27
446.8
359.0
~3064.8
~214.7
364.85
359,C2
0.2323
0.2885
Ve4024
0.3218
18.0C1
0.0395
0.0112
043099
1.0013
1.0013
~5.081
8.090
14.629
15.433
518.700
5204680

9.88
39,285
26,400

7.€03
326.00
356460
291.306
353.45
144463
43.42
042923
U.3202
19. 34%
0.1396
0.0530
2.02%9
1.6853
-17.517
20. 801
15.433
15.309
526.680
526.680
Qel1217

3434
41.056
0.000
0.000
268.15
218.39
268.05
218.31
0.00
0.00
0.2416
0.1964
0.0
0.34488
0.186
=54.1145
0.0001
-0.000
14.694
14,490
518.700
518,700

4.98
40.178
J. 000
27,613
58,331
47.175
227.91
256,08
227.39
226.28
0.00
118,36
433.4
333.%
-368.6
=244.1
368.62
362.51
0.2050
0.2288
0.3898
V2979
11.198
0. 0740
0.0180
0.3277
0. 7533
G. 7519
=2.324
18.291
14.490
15.089%
514.700
526.730

4. 9%
39,637
21.283

6,503
259452
333.03
230.10
330.37
118.68

37.66
0,2319
G.2987
20,719

-0.1082
—0.0415
~0.1614
0.8376
-17,242
20, 645
15. 089
15.149
526.730
526, 730
0.2151

--154522 . 154615 .__15.317

00477

0e0462.

0a0823

PCT SPAN
DIA

BETA O
BETA 1

vZ 1
v-THETA 0
V-THETA 1
no
M1
TURN
UUBAR
DFAC
EFFP
INCIO
DEVM
Po

4
T
T

-0~

PCT SPAN
DIA

BETA 1
BETA 2
BETA(PR) 1
BETA{(PR) 2
v

ve

Vil

vZ 2
V-THETA 1
V-THETA 2
V(PR) 1
VIPR) 2
VTHETA PR1
VTHETA PR2
ul

U2

M1

M2

K{PR) )
MIPR) 2
TURN{PR)
UUBAR
LOSS PARA
DFAC

EFFP

v2
VvV 2A
vZ 2
vi 2A
V-THETA 2
V-THETA 2A
M2
M ZA
TURN{PR}
UUBAR
LOSS PARA
OFAC
EFFP
inClO
DEVM
P2
P 2A
T2
T 2A
UUBAR FS
P2 FS
LOSS PARA F5

95



Table A-3. Blade Element Performance (Continued)

Stage ¢ Rotar C = Stator B

. CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 49.37 EQUIVALENT ROTOR SPEED = 2078.54 BQUIVALENT WEIGHT FLOW = 64,69

INLEY
PCT SPAN 96.61 91.52 86439 70.81 49.79 28.83 13.41 8,35 3.34 PLT SPAN
DIA 33.138 33.570 34.006 35.328 37,113 38.892 40,202 40.631 41,056 DiA
BETA © 0.000 0. 000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 BETA O
BETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0,000 BETA 1
vo (252,72 - 2%2.72 252,12 252,72 252.72 252,72 2%2.72 252,12 252.72 vo
v 243.66 256,46 258.86 259.58 259.3% 256,76 252.57 243,09 186.68 vl
VL o 2%2.72 2%2.72 252,72 252.71 252.70 252,67 252.65 252.64 252.63 vZ 0
VI 1 263,06 256.46 258.86 259.58 259.33 256.71 252.50 243.01 186.62 vz 1
V-THETA 0 0.00 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 0.00 0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 1
no 0.227% 0.2275 0.2275 0.22715 0.2275 0.2275 0.2275 0.2275 0.2275 Mo
LB} 0.2193 0,2309 0.2331 0.2338 0.2336 0.2312 0.2274 0.2188 0.1677 M1
YURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN
UUBAR 0.121% 0.0135 -0,0038 -0.0038 -0,0038 -0.0038 -0.0038 0.0577 0.4516 UUBAR
DFAC 0.036 -0.015 -0.024 -0.027 ~0.026 -0.016 0.001 0.038 0.261 OFAC
EFFP ~1.4570 0,6936 1.0822 1.0718 1.0762 1.130% 0.2325 4.0792 54,2673 EFFP
INCID 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 INCID
DEVM -0.000 -0.000 -0.000 -0,000 ~0.000 -0.000 ~0.000 ~0.000 -0.000 DEVM
PO 14.694 16,694 14,694 14,694 14,694 14,694 14.694 14,694 14.694 P o
Pl 14.631 14.687 14.5696 14,696 14.696 14.696 14.696 14.5664 14,459 (Y
To 518.700 518,700 S18.700 518,700 518,700 518,700 516.700 518.700 518,700 T0
T1 $18.700 518.700 518.700 518,700 518.700 518,700 518.700 518.700 518.700 T1

ROTOR C PLT SPAN 95,00 90.01 85.00 70.0} $0.02 30,02 15.01 10.00 4,98 PCT SPAN
DIA 33.235 33.621 34.006 35.163 36,705 38,247 39.405 39.791 40.178 DIA

ROTOR -L.E. BETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 BETA 1
ROTOR -T.E, BETA 2 36.882 34.624 33,187 31.932 30.838 29.789 29.406 30.118  .31.080 BETA 2
BETAIPR) 1  49.658 %8.602 48,691 49,664 S1.104 s2.721 54,071 §5.386 62,330 BETA(PR) 1
BETA(PR) 2 22.454 22.418 22.913 26,228 30.032 33,148 36.152 38,471 46,463 BETA(PR) 2
vl 2%5.29 268.31 270.83 271.%9 270.64 267.72 263.46 253.6% 194,73 v
v2 323,83 335.56 382,27 336.80 330.14 326.59 317.65 304.20 257.72 v2
vz 1 255.28 268.31 270.83 271.57 270.70 267.41 262.98 253.13 194.28 v 1
vz 2 259.04 276.13 286,44 285.79 283.20 203.04 276.14 262.51 220.15 vI 2
V-THETA 1 '0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 1
V-THETA 2 194.37 190.66 187.34 . 1768.11 169.12 162.02 155463 152.28 132.70 V-THETA 2
VIPR} 1 394.3 405.7 410.3 419.6 431,2 481.7 448.5 445.9 410.6 VIPR) 1
VIPR) 2 - 280.3 298.8 311.0 318.6 327.4 338.5 362.6 335.9 320.1 VIPR) 2
VTHETA PRl -300.6 ~304.4 -308.2 -319.8 -335,5 -351.3 -362.9 -366.7 -370.5 VTHETA PR1
VTHETA PR2  -107.1 -114.3 -121.1 -140.8 -163.8 -184.8 -201.7, -208.6 ~231.7 VTHETA PR2
v 300.57 304,36 308.18 319.81 335.54 381.28 362.91 366.73 370.52 ut
u2 301.42 304.92 308.42 318.91 332.89 346.87 357.38 360.88 364.39 U2
LY 0.2299 0,2617 0.2440 0.2447 0.2440 0.2412 0.2373 0.2284 0.1750 "t
2 0.2895 0.3003 = 0.3067 0.3019 0.2958 042926 0.2844 0.2722 0.2301 "2
miPRY 1 0.3551 0.3656 0.3697 0.3781 0.388% 043979 0.4040 0.4015 0.3761 MI{PR) 1
W{PR) 2 - 0.2505 0,2674 0.2787 0.2856 0.2933 043033 0.3068 0.3006 0.2858 MIPR) 2
TURN(PR) 27.203 26.123 25.7718 23.438 21.080 19.589  17.946 16.948 15.914 TURN(PR)
UUBAR 0.1352 0.1038 0.0667 0.0560 0.0%%9 0.0456 0.0628 0.0799 0.0241 UUBAR
LOSS PARA 0.0361 0.026t 0.0182 0.0154 0.0156 0.0129 0.0177 0.0221 0.00%9 LDSS PARA
OFAC 0.4317 0.4011 0.3774 0.3709 0.3665 043565 0.3564 0.3665 0.3478. DFAC
EFFP 0.7327 0.8009 0.9263 0.9889 0.9616 1.0015 0.9460 0.8915 0.8575 EFFP
EFF ° 0.7307 0.7993 0.9257 0.9888 0.9613 1.0015 9.9456 0.8907 0.8565 EFF
1INCID “2.184 <3,676 =3,999 -%,393 S4;9%9 <9382 -%.372 ~5,491° “1.680 INCID
DEVM 14.70% 13.180 11.994 10.52% 9.365 8.284 8.597 10,333 17.579 _ DEVM
Pl 14.631 14.687  14.696 14.696 14.696 14,696 14.696 14.664 14.459 Pl
P2 15.440 15.525 15.578 15.573 15.560 15,371 15.530 15.458 15.226 P2
T1 516.700 518.700 518.700 518,700 518.700 518.700 518.700 518.700 5168.700 T
T2 529.700 529.070 528.110 527.460 $27.580 527,330 527.420 527.540 527.710 T2

STATOR 8 PCT SPAN 95.0% 90.12 85.15 70.15 50.00 29.85 14.84 9.88 .94 PCT SPAN

DIA 33.203 33.5%6 33,910 34.981 36.420 37,859 38.930 39,285 39,637 DIA
STATOR-L.E. BETA 2 36.620 34.350 32,931 31,773 30. 644 29.534 29.089 29.769 30.700 BETA 2
STATOR-T.E. BETA 24 4.680 4,930 '5.330 6.100 5.840 6.381 6.522 5.992 5.213 BETA 24

v2 325.90 338.02 344.79 338.62 332.47 329.73 321,46 308.10 261.19 v 2

v 2A 293.73 309.18 317.29 335.19 336.74 337,87 339,48 324.10 300.70 v 2A

vt 2 261,57 279.07 289.39 207.83 285.88 286.54 280.39 266.89 224.07 vI 2

VI 2A 292.75 © 300.04 315,91 333,25 334.86 335.50 336,87 321.88 298,99 VI 2A

V-THETA 2 194.40 190.73 187.43 178.27 169.37 162.34 155.99 152. 66 133.05 V-THETA 2

V-THETA 2A 23.97 26.57 29.47 35.61 34.25 31.52 38,51 33,79 27.28 V-THETA 2A

"2 0.2913 0.302% 043090 0.3035 0.297% 0.2955 0.2879 0.2757 0.2332 "2

M 2A 0.2621 0.2763 0.2839 0.3004 0.3018 0.3029 0.3043 0.2903 0.2690 M O2A

TURN{PR) 31.940 29.420 27.600 25.668 24.787 23.118 22.516 23.718 25.419 TURN(PR)

UUBAR 0.1540 0.1414 041463 0.0519 0.0463 0.0710 0.0415 0.0692 -0.0866 UUBAR

LOSS PARA 0.0497 0.0460 0.0480 0.0175 0.0162 0.0259 0.0156 0.0263 -0.0333 LOSS PARA

OFAC 0.2680 0.2440 ° 0.2309 0.1533 0.1309 0.1150 0.0832 0.0967 0.0065 OFAC

EFFP 0.2051 0.1642 0.0787  -1.4774 2.7205 2.3682 1.3460 1.6275 0.7410 EFFP

INCID -10.351 -11.851 -12.540 ~-11.902 ~-11.605 -12.859 ~-14.274 ~-14.152 -13.830 INCID

DEVM 17.711 17.784 18.064 18.433 17.958 19.084 20.024 19.792 19.357 DEVM

P2 15.440 15.525 15,578 15.573 15.560 15,571 15.530 15.458 15.226 P2

P 2A 15.304 15.390 15.432 15.523 15.517 15.506 15.494 15.403 15,275 P 2A

T2 529.700 529.070 528,110 527.460 527.580 527.330 527,420 527.540 527.710 T2

T2 529.700 529.070 528.110 527.460 $27.580 = $27,330 527.420 527.540 S27.T10 T 2a

UUBAR FS 041840 041278 043172 0,0870 040761 Q40898 040936 0s110% 0e1827 UUBAR FS

P2 FS 15472 150510 150545 154620 . 150590 150390 __ 15¢580 .. 150495 ... 18,412 P2 FS

LOSS PARA F§ 0008582 040418 0.0384

T040293 040266 ne0327 040351 040419 040702 LOSS PARA FS
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' Table A-3. Blade Element Performance (Continued).

Stage C  Rotor C = Stator B
CALCULAT IONS USING TRANSLATED VALUES
PERCENT EQUIVALENT RUOTUR SPEED = 49.43 ECUIVALENT RUTUR SPEED = 2097.88 EQUIVALENT WMEIGHT FLOW = »59.10

7
INLET ] .
PCT SKAN Se.6l 91,52 36439 70.81 49.79 28.83 13.41 8.35 3.34  PCT SPAN
DIA 33,138 33.570  34.006 35.328  37.113 38,892  40.202  40.631  41.056  DIA
BETA U CeGLu 0600 0.0 G000 9.000 0.000 0.000 3. 000 0,000  BEVA 0
BETA 1 €. 006 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 0,000  BEVA )
Vo 232.36¢  232.36  232.3%  232.34  232.3%  232.34  232.34  232.34 232,36 VO
v 234025 ° 238,56  240.98 261.19  239.90  238.60  232.96  228.98 181,86 V1
vZ 0 232.34 234434 232.34  232.34  232.32  232.30  232.28  232.21  232.26 VI O
vz i 234.25  238.56  240.9 241.19 239,86 238.55  232.90  228.91  18l.79 VI 1
V-THETA © C.00 Co C.00 Uel6 0.60 0.00 0.00 0.00 0.00  V-THETA 0
V-THETA 1 GoUu G .0) 0.00 0.00 - 0,00 0.00 0.00 0,00  V-THETA 1
Mo 042090 - 02090  0.2090  0.2090  0.2090  0.2090  0.2090°  0.2090  0.2090 MO
Nl Us2108  0e2147  0.2169  0.2471.  0.2159  G.21e7  0.2096  0.2060 - 041633 A
Tuh G.l Vel 2.t 0.0 0.0° 6.0 0.0 0.0 0.0 TURN
UuBAK 3.0318 0.0 C.0 c.0 0.0 0.0 0.0 0.0318  0.3903  UUBAR
DFAC -€.008  -0.027  -3.037 -0.u38  -C.033  -0.027  -0.003 0.014 0.217  DFAC
EFFP . O.3be  0.9956  0.9992  0.9992  0.9986  0.9995  0.9914 -11.6455 227.5412  EFFP
INCID 0.€60l  0.0001  0,0001  0.0G0L  0.0001  0.0001  0.000F  0.0001  0.0001 INC10
DEVN -€.00C  =-0.000  -0.000  —0.000  =-0.000 ~-0.000 <-0.000 -0.000  -0.000  DEVM
PO 140694  14.69%  l4l.ove 140694 142094 14,6964 14,694  14.694  14.6% PO
Pl 14,680 ) 14.69%  14.69% 1e.09% 14,694  14.69¢  14.69%  14.680 14,522 Pl
T 518,700  516.70C  518.700  518.700 518.7u0  518.700 ~ 518,700 518,700 518,700 T o
T1 518.70C  518.700 518.700 518.700 S18.700 518.700 518,700 518.700 518700 T1
ROTOR € PCT SPAN $5.06 90.01 85 400 70.01 50,62  30.02 15.01 10.00 4.98  PCT SPAN
1A 33,235  33.621  34.006 35,163 364705  33.247  39.4G5 39,791 40,178  DIA
ROTOR -L.E.  BETA ) Ge LD o 00D veC0D L.000 Cei0U 0.000 0.000 0.000 0,000  BETA 1
ROTUK =T.E.  BETA 2 @1.505  39.446  36.716 36,025  35.059  34.169 34,066  35.195  37.128  BETA 2
BETA(PR) 1 514032  50.917  50.984 51995  53.531 56,983  56.496  57.219  63.158  BEVAIPR) 1
BETA(PR) 2 24.624  23.479  23.510 25.473  29.755  33.677  27.782  29.961  34.961 BETALPR) 2
vl 245,38 249449 . 252,03 252426 250443  248.70 242,92  238.86 189,68 V1
ve oo 3€2.43  317.02  325.95 330,71 322,52 314.97  262.64  348.48  3LT.47 v2
Vi1 245437 269,49  252.03 252,23 250.31  24B.41  242.48  238.37 189,25 VI 1
vz 2 220049 244.81  263.6u 267,43 263.85  260.27  299.84  284.18  252.55 V1 2
V-THETA 1 0.LG 0.00 0.00 0.00 0.00 0.00 0400 0.00 0,00  V-THETA 1
V-THETA 2 20C.42  201.42  196.61 194,47  185.15 176.67  202.73  200.42 191,19  V-THETA 2
ViPR) L 38¢. 2 395.7 4GU.3 4097 42l.2 +33.1 439.5 440.5 418.3 V(PRI L
ViPR) 2 2451 26649 287.5 29643 304.1 313.2 339.7 328.8 308.9 VIPR) 2
VIHETA PRl -303.4  =-307.2  -3ll.l -322.8  ~338.7  -35,6  —366.3  -370.1  -376.0  VIHETA PRL
VIHETA PK2  =1C3.5  -1Goe3  =114.7 -127.4  -150.8  ~-173.4  -158.0  -163,8 ~-176.6  VIHETA PR2
vl 303.36  307.19  311.05 322,79  338.66  356.55  366.29  370.15  373.97 U )
Uz 3C4.25  30T.T6  311.29 320,87  335.98 350,10 360,70 364423  367.78 U 2
M1 0.2209  C.2246  0.2269  0.2271  0.2255  0.2239  0.2186  0.2149  0.1704 M 1
o "2 0.2698  C.2832 L2941 G.2900  G.2884  0.2817 . C.3250  0.3119  0.2836 M 2
MEPR) 1 U.351¢  L.3503  (.3606¢  (.3688  0.3792  0.3899  0.3956  0.3964  0.3767 KPR} 1
HIPR) 2 Ge2223  C.238% G251 042652  G.2720  C.2800  0.3044  0.2943  0.2760  M(PR) 2
TURNLPK ) 2€.4U8  27.439  2T.4T3 264525  23.785 21,324  28.732  27.282  28.239  VURN(PR)
UUBAR 0.1733  C.1319  0.0674  0.0598  0.0596  0.0686  0.1894  0.2331  0.2313 °  UUBAR
LOSS PARA  C.i455  0.u354  G.01B3  G.0l66  0.0167  03.0192  0.0586  0.0715 040679  LOSS PARA
OFAC 0.510C  Ce4746  £.4275 044226  uesl90  U.4136  0.3872  0.4134  0.4256  DFAC
EFFP J.6135 L7700 U877 L.9680 09207  0.9250  ©.8811  0.7876  0.7629  EFFP
EFF Ge6716 047682  ©.8T67  Ge9677  0.9200  0.924%  G.88C0  0.7858  0.7610  EFF
INC LD “Ceslu  —le36l  =1.706  ~24362  —2.532  -—3.078  -2.946  -2.657 2.509°  INCID
DEVM 16,575  la.181 1,591 9.770  9.007 8.812 0.237 1.833 6.083  DEVM
Pl 14,680 16696  14.69% 140694 14.696 14,694 14,696 14,680  14.522 Pl
P2 1S.4€7  15.508  15.b38 15.669 15.658  15.633  15.628  15.538  15.362 P2
T1 516.76C  518.700 5L8.70C  518.700 ° 518.700  518.700  518.700  518.700 518,700 T1
12 53C.6lU 5294940  529.320 5284630  529.030 5284726  529.170  529.500 529,740 T2
STAIOK B PCT SPAN 90.12 85.15 10.15 50.00 29.85 14.84 9.88 4.94  PCT SPAN
DIA 33.556  33.91) 34,981  3o.42G¢  27.859  38.930 39,285 39,637  DIA
STATOR-L.E.  BETA ¢ 39,124 36.429  35.840 34.833  33.869  33.673 34,760  36.637  BETA Z
4,106 5.680 5,460  4.001 ©.971 5.522 5. 543 5.123 BETA 2A

STATOR-T.E. 3ETA 2A

v 2 319.31 331,26 332.49 324,79 317.98 367.12 353.06 321.87 v2

v 2A 276421 281.25 302.40 305.80  -309.13 305.01 292.95 274.90 v 24

Vi 2 247.72 266453 269.50 266446 263.73 305.01 289.52 251.77 vz 2

VI 24 215.51 280,14 300,99 304,69 307.71 363.21 291.18 273.38 Vi 2A
V-THETA 2 201.49 196.71 194.65 185.42 177,01 203.21 200.92 191.70 V-THETA 2
V-THETA 24 19.75 24,90 28.77 24.52 26,77 29.31 28.26 26,51 V-THETA 24
M2 C.2853 0.2963 0.2976 0,2905 0.2844 ° 0.3291 p.3161 0.2876 2

M 2a 002463 0.2510  0.2703 0.2732 0.2764 0.2725 0.2615 0.2451 n 2A
TURN{PK) 35,024 31,348 30.374 304213 28.859 28.093 29,152 31,439 TURN(PR)
UUSAR G.0912 C.l1331 €.6332 0.0135  ~0.0047 040151 0.0077 * -0.0851 UUBAR
LOSS PARA Ge297 0.0437 C.0112 Vella?  ~C.001L7 0.0057 0.0029 ~-0.0328 LOSS PARA
DFAC 0, 3209 C.322) 0.2599 C.2337 0.2020 0.3495 0.3586 Cs 3480 OFAC

EFFP 0.6490 0.5385 C.8150 C.8855 1.0832 0.9535 0.9763 1.3034 EFFP
INCID -7.077 -9.042 -7.835 -7.418 -8.527 -9.695 -9.167 -7.900 INIO
DEVM 16,954 17.81¢ 17.794 16.719 17.675 19.025 19.343 19.267 DEVM

P2 15.568 15.63y 154669 15.658 15.633 15.628 15.538 15.362 P2

P 24 15.49C 15.515 15.038 15.646 15,637 154611 154530 15,435 P 24

T2z 529.940 529.320  528.63C 529.C30 528,720 529.170  529.500 529,740 T2

T 2A 529,940  529.32) 528.530 529.U30 5284720 529.170  529.500 529,740 T 24
UUBAR FS Uellll Oellds 0e0803 040932 040891 040770  0a.0RAS  0.1828%! UUBAR FS
P2 FS 150555 13600 150627 - 15720 19700 156695  19.682 15606 19,8801 P2 FS
LOSS PARA £504082) ~  0038) 00972 060270 _ 040192 _Qe0213 . 040290 . _0s0325 _ _0a0624. LOSS PARA FS
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Table A-3. Blade Element Performance _(Continued)-

Stage C  Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 49,82 EQUIVALENT ROTOR SPEED = 2097.38 EQUIVALENT WEIGHT FLOW = 5%5.83

INLET
PCT SPAN 96.61 91.52 86.39 70.81 49.79 28.83 13.41 8.35 3.34 PCT SPAN
OIA 33,138 33.570 34.006 35,328 37.113 36,892 40.202 40,631 41,056 OIA
BETA © 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 BETA O
BETA 1 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 BETA 1
Vo 216.71 216.71 216. 71 216.71 216.71 216,71 216,71 216,71 216.M vo
vl 218.73 225.57 225.57 226.76 225.35 222.61 216.73  .210.36 175.80- V1
vZ 0 . 216,70 216,70 216.70 216.70 216.69 216,67 216.65 216,64 216,63 vio
Vi1l 218.73 225.57 225.57 226,76 225.33 222.37 216.67 210.30 175.73 vz 1
V-THETA 0 0.00 0.00 0.00 0.00 0.00 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
LX) '0.1948 0.1948 0.1948 0.1948 0.1948 0.1948 0.1948 0.19648 0.1948 no
LY 0.1967 0.2029 0.2029 0.2040 0.2027 ~ 0.2000 0.1949 . 0.1891 0.1579 LY
TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN
UUBAR 0.0651 0.0 0.0 0.0 0.0 0.0 0.0 0.0599 0.3438 UUBAR
DFAC -0.009 -0.041 -0,041 -0.046 0,040 -0.026 -0.000 0.029 0.189 DFAC
EFFP 0.2262 1.0006 1.0006 1.0001 1.0003 0.9988 0.0 -48,7265 173.9891 EFFP.
INCID 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 INC10
DEVM -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 ° -0.000 -0.000 OEVM
PO 16,694 14.694 14,694 - 14,694 14,69 14,694 14,694 14.694 14.694 PO
P11 14.669 14,694 14,694 14.694 14,694 14,694 14,694 14.671 14,562 [ }
TO 518.700 518.700 518.700 518,700 518.700 518,700 S518.700 518.700 518.700 T0
T1 $18.700 S518.700 S18.700 518.700 518,700 518,700 518,700 518,700 518.700 71
ROTOR C PCT SPAN . 95.00 90,01 85.00 70.01 50.02 30.02 15.01 10.00 4.98 PCT SPAN
DIA 33,235 33,621 34,006 35.163 36,705 38,207 39,405 39,7191 40.178 01A
ROTOR -(.E. BETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 BETA 1
ROTOR ~T.E. BETA 2 45,766 43,535 40.561 38.984 38.167 37.3% 37.315 39.006 41,965 BETA 2
BETA(PR) 1 52,939 52.478 52,823 53.697 55,229 56.853 $8,373 59,392 63,929 BETA(PR) 1
BEVA(PR) 2 23.391 23.663 24,126 25.519 29,642 33,183 36.859 40.489 46,545 BETA(PR) 2
vl 229.06 235.85 235.85 237.10 235.19 231.76 225.93 219.37 183,34 v
v 2 298,71 305.70 314.25 321.78 315.47 310.99 300,43 282.20 253.47 v2
vz 1 229.05 235.85 235,85 2317.08 235.07 231.49 225.52 218.92 182.92 vz 1
vz 2 208,37 221.62 238.80 250.09 247.89 246.80 238.51 218.88 188.10 VL 2
V-THETA 1 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 V-THETA 1
V-THETA 2 214,02 210,57 204.26 202.40 194.84 188,62 181.80 177,28 169.16 V=THETA 2
VIPR) 1 380.1 387.2 390.3 400.4 412.3 423.5 430.3 430.2 416.4 VIPR) 1
VIPR) 2 227.0 242.0 261.7 2771.2 285.4 295.3 298.6 288.3 273.9 VIPR) 2
VTHETA PR1  -303.3 -307.1 -311.0 -322.7 -338.6 -354.5 ~366.2 -370.1 -373.9 VTHETA PR1
VTHETA PR2 -90.1 -97.1 -107.0 -119.4 -141.1 ~161.4 -178.8 -186.9 -198.5 VTHETA PR2
vl 303.29 307.12 310.98 322,71 338.58 354,47 366.20 370.06 373.88 vl
U2 304.1S 307.68 311.21 321,80 335,90 350,02 360,61 364.15 367.69 u 2
N1 0.2060 0.2122 0.2122 0.2133 0.2116 0.2085 0.2032 0.1573 0.1647 1
N2 0.2665 0.2729 0.2809 0.2879 0.2821 0.2781 0.2683 0.2517 0.2259 "2
MIPR) 1 0.3619 0.3484 0.3512 0.3603 0.3709 0.3810 0.3870 0.3868 0.3740 M{PR) 1
M{PR) 2 0.2025 0.2160 0.2339 0.2480 0.2552 0.2640 0.2667 0.2572 0.2441 M(PR) 2
TURN(PR) 29.548 28.814 28.697 29.180 25.595 23.688 21.545 18.940 17.433 TURN{ PR)
UUBAR 0.159¢ 0.1418 0.0918 0.0545 0.0615 0.0623 0.0771 0.1096 0.1070 UUBAR
LOSS PARA 0.0422 0.0380 0.0248 0.0151 0.0172 0.0176 0.0216 0.0295 0.0264 LOSS PARA
DFAC 0.5655 0.5343 0.4847 0.4630 0.4593 0.4521 0.4525 0.4745 0.4865 DFAC
EFFP 0.7655 0.8132 0.9073 1.0480 0.9982 1.0160 0.9235 0.8313 0.8193 EFFP
EFF 0.7635 0.8116 0.9065 1.0484 0.9982 1.0161 0.9228 0.8299 0.8178 EFF
INCID r.097 0.200 0.133 =0.360 .=0.835 -1.208 ~1.067 -0.%82 3.282 IRCID
DEVM 15,682 16,365 13,207 9.816 8.955 8.318 9.303 12,350 17.661 DEVM
Pt 14.669 14.694 14.694 14.694 16.69% 14.694 14.694 14.671 14.562 P11
P2 15.574 15.611 15.652 15.724 15,715 15.719 15.685 15.593 15.451 P2
T1 518.700 518.700 S18.700 518.700 518,700 516,700 518,700 . 518.700 518,700 T1
T2 $30.420 529.850 529.120 528,370 S528.770 528.630 529.280 529.680 529.530 T2
STATOR 8 PCT SPAN 95.05 90.12 85.15 70.15 50.00 29.85 14.84 9.88 .94 PCT SPAN
Dl1A 33.203 33.556 33.910 34.981 36.420 37.859 38.930 39.285 39,637 DIA
STATOR-L.E. BETA 2 45,413 43,165 40,213 38.779 37.915 37.050 36,895 38,530 41.406 BETA 2
STATOR-T.E. BETA 24 3.930 3.870 4,220 S.470 4.491 4,661 5.442 5.423 5.093 BETA 24
v2 300,57 307.90 316.53 323,50 317.68 313,99 304,01 285.78 - 256.87 v2
v 2A 231.61 240.57 254.79 276.93 265.23 284.67 283.99 2710.27 256.75 vV 2A
VL 2 211.00 224.%8 261.71 252.16 250.50 250.34 242.75 223.19 192.34 vz 2
VI 2A 231.07 240.02 254.10 275,63 284.24 283,49 282.35 268.68 255.3¢ VI 2A
V-THETA 2 214.06 210.64 204.36 202.59 195.12 188.99 182,22 177.72 169.60 V-THETA 2
V-THETA 2A 15.87 16,24 18.75 * 26.40 22.32 23.11 26.90 25.50 22.75 V-THETA 2A
»2 0.2682 0.2749 0.2830 0.2895 0.2861 0.2808 0.2716 0.2550 . 0.2289 "2
. 24 0.2060 0.2142 . 0.2271 0.2473 0.2567 0.2542 0.2534 0.2410 0.2288 N 24
‘TURN(PR) 41,482 39.295 35.992 ° 33,304 33,405 32.348 31.392 33.039 36.235 TURN(PR)
UUBAR 0.1383 0.1252 0.1122 0.0518 0.0047 0.0251 0.0089 ~0.01T4 =-0.1445 UUBAR
LOSS PARA 0.0447 0.0408 0.0369 0.0175 0.0016 0.0092 0.0034 -0.0066 -0.0556 ' LOSS PARA
DFAC 0.4429 0.4250 0.3884 0.3289 0.2945 0.2880 0.2603 0.2593 0.2229 OFAC
EFFP 0.6682 0.6874 0.6906 0.8128 0.9768 0.8637 0.9325 1.1603 155.7948 . EFFP
INCIO -1.559 -3.036 -5,258 -4.896 -4.336 ~5,348 -6.476 -5.400 -3.135 INC1D
DEVM 16.961 16.724 16.954 17.804 16.609 17.365 18.945 19,223 19.237 DEVM
P2 15.576 _ 15.611 15.652 15.724 15,715 15.719 15.685 15.593 15.451 P2
P 2A 15.469 15.511 15.557 15.678 15.711 15.698 15,678 15.605 15.531 P 24
T2 530.420 529.850 $29.120 528.370 528.770 528.630 529.280 529.680 529,530 T2
T 2A 530,420 529.850 529.120 528,370 528,770 528.630 529.280 529.680  529.530 T2
UUBAR FS 001477 _ 041295 . 041047 040736 040866 040871 040655 0a0848 . 041261 UUBAR FS
P2 FS 19,582 15,616  15.68% 154745 _ _15.7%2 . 15,742 18,732 . 15,670 . . 15,622 P2 Fs

LOSS PARA FS 040477 040622 0¢0346 040248 050157 040209 . 0s0250 040321  0.0488 LOSS PARA FS
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Table A-3. Blade Element Performance (Continued) -

PERCENT EQUIVALENT ROTOR SPEED =

PCT SPAN
OIA

BETA O
BETA 1
Vo

vi

v o

Vi 1
V-THETA ©
V-THETA 1

PCT SPAN
DIA

BETA 1
BETA 2
BETA(PR) 1
BETA(PR) 2
vi

v 2

vii

vz 2
V-THETA 1
V-THETA 2
VIPR) 1
VI(PR) 2
VIHETA PR1
VTHETA PR2

N(PR) 2
TURN{PR}
UUBAR
LOSS PARA
OFAC

PLT SPAN
DIA

BETA 2
BETA 2A

v 2

X1

vz 2

vZ 2A
V-THETA 2
V-THETA 2A
"2

n 24
TURN{PR)
UUBAR
LOSS PARA
OFAC

EFFP
INCID
DEVM

P2

P 2A

T2

T 2A
UUBAR F§
P2 FS

96.61
33.138
0.000
0.000
193.51
184.07
193.51
184.07
0.00
0.00
0.1739
0.1653
0.0
0.1271
0.049
-3.1401
0.0001
-0.000
14.694
14,655
518.700
518.700

95.00
33,235
0.000
50,566
56,033
17.358
192,65
295,38
192.65
187.62
'0.00
228.13
344.8
196.6
-286.0
-58,6
285,96
286.78
0.1731
0.2631
0.3098
0.1751
38.674
0.1071
0.0295
0.6212
0.7413
0.7389
4,191
9.609
14.655
15.650
518.700
532,000

95.05
33.203
50.147

3.620
297.21
200.87
190.46
200.47
228.17

12.68
0.2647
0.1782
46.527
0.1277
0.0412
0.5589
o.7707

3.176
16.651
15.650
15.555

532.000
532.000
Qe1560

91.52
33.570
0.000
0.000
193.51
197.711
193.51
197.71
0.00
0.00
0.1739
0.1777
0.0
-0.006%
-0.022
1.1726
0.0001
-0.000
14.694
14.69¢6
518.700
518.700

90.01
33,621
0.000
49,474
54.491
22,342
206.62
282.43
206.62
183,52
0.00
214,68
355.7
198.4
-289.6
=T5.4
289.57
290.10
0.1857
0.2515
0.3197
0.1767
32.149
0.1426
0.0386
0.6189
0.7008
0.6982
2,212
13.064
14,696
15.595
518.700
531.410

90.12
33,556
49,029

3.570
206,44

211.84

186.51
211.43
214.75
13.19
0.2533
0.1881
45,455
0.0191
0.0062
0.4867
0.9583
2.824
16.424
15.595
15,582
531.410
$31.410
041420

Stage C

. Rotar C - Stator B

CALCULATIONS USING TRANSLATED VALUES

46.97 EQUIVALENT ROTOR SPEED = 1977.55

. 86439
34.006
0.000
0.000
193.51
198.56
193.51
198.58
0.00
0.00
0.1739
0.1784
0.0
=0.0065

-0.026 .

1.1388
0.0001
-0.000
14.694
14.696
518.700
518.700

85.00
34.006
0.000
47,067
54.709
20.797
207.54
296.14
207.5¢
201.71
0.00
216.82
359.2
215.8
-293.2
-T76.6
293,21
293.43
0.1865
0.2640
0.3229
0.1924
33.912
0.0957
0.0265
0.5782
0.7813
0.7792
2,019
9.878
14.696
15.667
518.700
530.980

85.15
33.910
46.659

4.240
298.27
219.57
204.71
218.97
216.92

16.23
0.2659
0.1951
42.419
0.0772
0.0253
0.4857
0.8360

1.189°

16.974
15.667
15.609
330.980
$30.980
0s1131

70.81
35.328
0.000
0.000
193.51
200.11
193.51
200.10
0.00
0.00
0.1739
0.1798
0.0
-0.0065
~0.034
1.1019
0.0001
-0.000
14.69¢
14,696
518,700
518.700

70.01
35.163
0.000
64.028
55.501
21.905
209.14
308.34
209.12
221.67
0.00
214.28
369.2
239.0
-304.3
-89.1
304.27
303.41
0.1880
0.2752
0.3319
0.2133
33.598
0.0363
0.0104
0.5310
0.9066
0.9057
l.464
6.203
14,696
15.755
518.700
530.200

T0.15
34.951
43.786

5.530
309.98
244.89
223.76
243.72
214,47

23.60
0.2767
0.21680
38.250
0.0404
0.0136
0.4191
0.8957

0.111
17.864
15.755
15.722

530.200
530.200
0.0771

49.79
37.113
0.000
0.000
193.51

200.45

193.49
200.43
0.00
0.00
0.1739
0.1801
0.0
-0.0065
-0,036
1.0968
0.0001
-0.000
16.69%
14.696
518.700
518.700

50.02
36.705

0.000
43.129
56.787
26.073
209.11
304.45
209.01
222.09

. 0.00
208.0¢

381.6

247.4
-319.2
-108.7
319.24
316.71
0.1880
0.2717
0.3430
0.2208
30.721
0.0303
0.0088
0.5286
0.9304
0.9297

0.724

5.387
16:696
15.775
518.700
530.110

50.00
36.420
42.831
S.021
306.58
2%54.20
224.74
253.12
208,34
22.24
0.2737
0.2264
37.791
0.0037
0.0013
0.3855
0.9885
0.579
17.139
15.775
15.772
530.110
530.110
020368

182875  1%:692_ 15697 13.787 .. .15.802 . _ 15,805 . _.15,802 ..
LOSS PARA FS 00503 000460 0.0370 0.0253 0e012¢9 QeQ179 0e0278

28.83
38.892
0.000
0.000
193.51
196.87
193.47
196.83
0.00
0.00
0.1739
0.1769
0.0
=0.0065
-0.017
1.2241
0.0001
-0.000
14.694
14.696
518.700
518.700

30.02
38,247
0.000
42,722
56.497
30.128
205.07
299.02
204,83
219.45
0.00
202.66
392.1
254.1
-334,2
-127.4
334,21
330.02
0.1843
0.2668
0.3524
0.2267
28,385
0.0405
0.0118
0.5252
0.9201
0.9192
0.438
5.266
14.696
15.777
518.700
530.260

29.85
27.859
42.321

4.881
301.85
254.75
222.99
253.61
203.05

21.66
0.2694
0.2268
37.398
0.0155
0.0056
0.3775
0.9480
-0.078
17.585
15.777
15.765

530.260
$30.260

. 0a0497

EQUIVALENT MEIGHT FLOW =

13.61
40,202
0.000
-0+ 000
193.51
192.14
193.46
192.08
" 0.00

0.00°

0.1739
. D.1726
-0.0065

0.007

0.6876

0.0001

-0.000

14.694

14.696
518.700
518.700

15.01
39.405
0.000
43.5717
59.936
35.0%2
200.22
284.34
199.86
205.69
0.00

195.71 -

399.1
251.7
=345.3
-144,3
345.28
340.01
0.1799
0.2534
0.3587
0.2243
24.915
0.0725
0.0208
0.53%94
0.8312
0.8295
0.497
T.497
14.696
15.726
518.700
530.920

14.84
38.930
43.060

5.462
287.69
256.47
209.92
254.99
196.17

24.38
0.2564
0.2283
37.535

-0.0270
-0.0102
0.3357
1.1281
-0.313
18.965
15.726
15.745
530.920
5$30.920
0e0737

8.3%
40,631
0.000
0.000
193.51
182,49
193.4%
182.44
0.00
0.00
0.1739
0.1639
0.0
0.0750
0.057
3.0139
0.0001
-0.000
14.69%
14,671
318,700
518,700

10.00
39.791
0.000
46.369
81,449
37.977
190.23
272.38
189.64
187.66
0.00
196.85
397.4
238.5
. =348.9
-146.5
348.91
343,34
0.1709
0.2424
0.3570
0.2123
23.510
0.1061
0.0296
0.5736
0.7743
0.7722
T.578
9.840
14.671
15,673
518,700
531.500

9.88
39,285
45,761

5.523
215.81
243.49
192.16
242.02
197.34

23,40
0.2455
0.2165
40.168

-0.0280

-0.0106
0.3598
1.1237

1.829
19.323
15.673
15.691

531,500

531.500
040722

0e0273

50.04
3.34  PCT SPAN
41.056  DIA
0.000  BETA O
.0.000  BETA 1
193.51 VO
1841.27 V1
193.44 VI O
141,22 vz 1
0.00  V-TMETA O
0.00  V-THETA 1
0.1739 M 0
0.1267 M1
0.0 TURN .
0.4369  UUBAR
0.270  DFAC
13.9592  EFFP
0.0001  INCID
-0.000  DEVM
14.694 PO
14.560 Pl
518.700 To
518.700 T
4.98  PCT SPAN
40.178  DIA
0.000  BETA 1
50.385  BETA 2
67.372  BETA(PR) 1
41.783  BETA(PR) 2
147.28 V1
259.07 v 2
146.94 Vi1
164,95 VI 2
0.00  V-THEVA. 1
199.29  V-THETA 2
382.0  VIPR) 1
221.6  VIPR) 2
-352.5  VTHETA PR1
-147.4  VTHETA PR2
352,52 U1
346.68 U 2
0.1322 M1
0.2306 M2
0.3428  MIPR) 1
0.1971.  M(PR)..2
25.643  TURN(PR)
0.0839  UUBAR
0.0224  LOSS PARA
0.6082  DFAC
0.8054  EFFP
0.8034  EFF ,
6:729  INCID 2-
12.899  DEVM
14.560 P11
15.618 p2
518.700 T1
531.770 T2
4.94  PCT SPAN
39.637  DIA
49.641  BETA 2
5.403  BETA 24
262.56 V2
228.85 - Vv 2A
169.81  VZ 2
227.48 VI 24
199,81 V-THETA 2
21.51  V-THETA 2A
0.2335 M 2..
0.2033 M 2A
44.161  TURN(PR)
-0.0275  UUBAR
-0.0106  LOSS PARA
0.3925  DFAC
1.1118  EFFP
5.101  INCID
19.546  DEVM
15.618 P2
15.63¢ P 2a
531.770 T2
531.770 T2
0.1321 UUBAR FS

15,742 . 15,728

Ge0509

P2 FS .
LOSS PARA FS
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Table A-3. Blade Element Performance (Concluded)

PERCENT EQUIVALENT RCTCR SPEED =

PCT SPaAN
nIA
BETA O
BETA 1

“v o
v
vt o
vz 1
V-THETA ©
V-THETA 1
"o
"1
TURN
UURAR
DFAC

PCY SPAN

BETA 1 |
BETA 2
BRETA(PR) 1
RETA(PR) 2
v

v 2

vz 1

vl 2
V-THETA 1)
V-THETA 2
viea} 1
vieRy 2
VIHETA PRI
VTHETA PR2
Uil

u 2

L

M 2

M(PR) 1
M{PR) 2
TURN(PR)
UURAR

LOSS PARA
NFAC

EFEP

£FF

INCID
NEVM

L

P2
T1
T2

PCT SPAN
nia

BETA 2
BETA 2A
v

v 2a

vz 2

VI 2A
V-THETA 2

V-THETA 2a

M2

" 2a
TURN(PR)
uuBAR
LOSS PARA
DFAC
EFFD
INCID
DEVM

° 2

P 2A

T2

T 2a,
UUBAR F§
P2 FS

96.61
33,138
8.000
%.000
176. 71
172, €1
176.T1
172.¢1
0.00
0.90
0.1587
0.1550
2.0
0.0625

0.023 .

~2.8982
0.0001
-0.000
14.694
14,678
518,700
s518,70¢

9%, 00
33,235

€.000
52,697
58,953
19,049
180.63
297.77
1R0.63
176.29

0.00
239,97

350,2

186.5
~200.1

~60.9
300.05
300.91
0.1622
0.2649
0.3145
0.1660
34,882
N.1835
0.0501
0.6655
2.7067
0.7038

T.111
11.329
16,678
15,708
518.70C
533,120

95.0%
32,293
52.229

3.6¢0
299,62
198,59
179.3%
198,18
240,01

12.68
0.2666
0.176C
4£9,%69
0.1175
0.0%80
0.%829
n,79%55

6,258
16, €91
15.708
15,619
533,120

533.120
001639 .
150750

LOSS PARA’ FS 0,0530

91.52
33,570
©.000
0.000
176.71
179.39
176.711
179.39
0.00
.0.00
0.1587
0.1611
c.0
a.¢
-0,015
5.9993
0.0001
-0.000
14.694
14,69
518.700
S18.700

90.01
33,621
0.000
52.763
58,331
23.928
187.43
285.92
187.43
172,01
0.00
227,63
157.0
189.3
-3c3.8
-76.8
303.0864
304,40
0.1684
0.2544
0.3207
0.1684
34.403
0.1888
0.0505
n.E565
0.6908
0.6379
6.0%3
14.630
14.69
15.662
$18.700
532,570

90.12
33.556

=2,2%8

3.820
287.95
193.92
176.26
193.48
227.70

12.92
0.2562
0.1719
48.437
0,0%5%8
2.0182
0.5703
€.9905

6.056
16.4674
15.662
15.623

532.570
532.870
041560

~ 159745

040808

Stage C

Rotor C ~ Stator B

CALCULATTIONS USING TRANSLATEC VALUES

49.29

86.39
34,006
0.000
0.000
176.71
179.39
176,71
179.39
.00
0.00
0.1587
0.1611
0.0
0.0
-0.015%
0.9993
9.0001
-0.000
14,694
. 14.69
518,700
518.700

85.00
34,006
0.000
51.130
58,650
2%5.656
187.43
285,09
187.43
178.90
0.00
221.96
360.3
198.5
-307.7
-85.9
307.65
307.89
N.1684
0.2538
0.3236
N.1767
32.994
0.1658
0.0443
0.6M7
N.7238
N.7212
5.960
14.736
14,494
15.668
518,700
532.010

85,15
33.910
50.663

4,500
287.12
198.84
182.00
198.23
222.07

15.60
0.2556
0.1764
46.162
0.0417
0.0137
0.5446
0.9220

5.192
17.234
15.668
15.639

532,010
532,910

001229 .
.. .18eT732

0+0403

EQUIVALENT ROTOR SPEED = 2074.99

70.81
35.328
0.000
0,090
176.71
181.9%
176.71
181.95
0.00
0.00
0.1587
0.1634
0.0
0.0
-0.030
0.9990
0.0001
-0.000
14,694
14,694
518,700

518,700 -

70.01
35.161
0.N00
47.866
59.230
24,809
190.11
3IN2.74
190,09
203.08
0,00
224.48
371.6
223.8
=319.3
-93.9
319.27
318,36
N.1708
0.2699
0.3338
0.199%
34,423

0.109%

0,036
N.5833
0.8540
0.8525

5.174

9.106.

14.694
15.778
518,700
531.200

10.15
34.981
47.590

5,940
304.35
22%.02
205,24
223.78
226.69

23,28
0,2718
0.2000
41,645
0.0381
0.0128
0.4A54
0.9183

3.915
18.274
15,778
15.748

531,200

531.200

0.0215

0e0642 .
- 152800 .

49.79
37.113
0.000
0.000
176.71
101.62
176.70
181,861
0.00
0.00
0.1587
0.1631
0,0
0.0
-0.028
0.9984
0.0001
-0.000
14,694
14,694
$18.700
518.700

50.02
36.70%
0.000
46,542

60.52% ¢

28.990
189,42
300.3?
189.33
206.48
0.00
217.91
384.8
236.2
~33%.0
~114.4
334,97
332.32
0.1702
0.2677
043457
0,2106
31.544
0.0950
0.0268
N.56T9
0.2793
0.8781

4.4¢3°

8.30%
14,694
15.804

518,700
531.120

50,00
36,420
46,208

5.991
302.41
239.29
209.20
237.89
218,22

24.96
0.26964
0.2128
40.198

-0.0C77

-0.0027"

0.4347
1.0200
2.9%6
18.108
15.804
1%.810
$31.120
$31.120
040570

15837, 15a855_. ..

040199

28.83
38.892
0.000
0.000
T176. 71
178.33
176.68
178.30
- 0.00
0.00
0.1587
C.1602
0.0
8.0
-0.009
0.9542
6.0001
-0.000
14,694
164,694
£18,700
518,700

30.02
38,247
n.000
46,347
€2.122
32.888
185,72
296,25
18%.50
204,32
0.0n
214,16
396.R8
243.6
-350.7
-132.1
250.68
346.28
0.1688
C.2641
0.3564
Ca. 2172
29.2%5
0.1004
0.0294
€.5669
0.19923
0.8911
4,065
8.024
14,694
15,820
£18,70C
531.110

29.85
37.859
45,854

5.161
299.06
237.12
207.98
235,96
214.57

21.31
0.2666
c.2108
40,691
0.0236
€.C086
0.4452
€.9383

3,495
17.885
15.820
15.802

521.110
531.110
020664

040241

EQUIVALENT: WEIGHT FLOW =

13,61
40,202
0.000
2.000
176,71
175,21
N 176.66
175.16
0,00
0.00
0.1587
0.1573
0.0
0.0
0.908
0.9972
0.0001
-0.0%0
16,694
14,694
518,700
518,700

15.01
39,405
2.000
49,257
€3,300
38,743
182.55
278,76
182,22
181,57
n.00
211.07
40%5.7
233.2
-362.3
-145.7
362,29
356.76
0.1640
N.2481
C.3644
0.2075
24.%93
0.1608
N.0438
N.6056
0.7813
0.7792
1. 854
11.1r6
14,694
15. 749
518,700
$32.,020

14.84
38.930
4R, 672

%.322
282.04
230.82
186,05
229,54
211.57

21.42
0.2510
0.2050
43,277

~0.0163
=0.0061
0.4280
1.0480

5,299
18,836
15,749
15.760

$32.020
532,020
0206847
15.807
0eQ242

8.35
40,631
0.000
0,000
176.71
170,68
176,66
170,63
0.10
0.00
0.1587
0.1%32
0.9
0.0273
0.034
1.6706
0.0001
~0.000
14,694
14,687
518,700
518.700

10,00
19,791
9.000
53.639
64,131
41.242
177.89
272.18
177.53
161.19
0,00
218,94
407.0
214.7
-366.1
-141.3
366,11
360,26
0.1598
0.2420
0.3655
0.1910
22.932
0.,2151
0,0572
0.6612
0.7410
n,7385
4.262
11,107
14,687
15,725
514,700
$32,540

9.88
39,285
52.860

5.312
27%.61
221.54
166,24
220.28
219.49

20.48
n.2451
0.1966
4T7.479
0.0093
0.0035
N.4739
0.9744

8,930
19.113
15.725
15.719

532.540
532.540
040872

154780 .

040365

45.81
3.34  PCT SPAN
41.056  DIA
0.000 BEVA O
0.000  BETA 1
176.71 v O
182,23 V1
176.65  VZ 0
142,18 vZ 1
0.00  V-THETA ©
0,00  V-THETA 1
0.1%587 M0
0.1276 WMt
0.0 TURN
0.3085  UUBAR
0.195  DFAC
7.6176  EFF®
0.0001  INCID
-0,000  NEVM
14,69 X
14.61% P
518.700 To
518,700 T
4.98  PCY SPAN
40,178 DIA
0.000  BETA 1
58.267  BETA 2
68,201  BETA(PR) 1
39,499  BETA(PR) 2
148.27 V1
283.57  v2
1647.94 VI 1 .
149.00 VI 2
0,00  V-THETA 1
240.94  V-THETA 2
298.5  V(PR) 1|
193.5  VIPR) 2
-369.9  VTHETA PRI
-122.8  VTHETA PR2
369.89 U1
363.76 U2
0.1331 M1
0.2522 M2
0.3576  M(PR) 1
0.1721  W(PR) 2
28.756  TURN{PR)
0.2326  UUBAR
0.06643  LOSS PARA
0.7297  DFAC
0.8306  EFFP
0.8287  EFF
7.560  INCID
10,617  DEVM
14.615 P
15.788 P2
514,700 T
$32.660 T2
4,94  PCT SPAN
39.637  OIA
§7.270  BETA 2
5.153  BETA 2A
287.43 V2
214,97 Vv 2a
155.27 VI 2
213,76 VI 2A
261.58  V-THETA 2
19.28  V-THETA 24
0,257 M2
0,1907 ™ 2a
52.066  TURN(PR)
0.1382  UUBAR
0.0532  LOSS PARA
0.5528  DOFAC
0.6937  EFFP
12.736  INCID
19.297  DEVR
15.788 P2
15.691 P 24
532,660 T2
$32,860 T 2A
041314 UUBAR FS
184782 P2 FS
040508 LOSS PARA FS



APPENDIX B
STATOR B STATIC PRESSURE COEFFICIENTS

psurface - p2
. “fs

C, = 5
P (pvire),
fs

110% Design Equivalent Rotor Speed

Front Airfoil Suction Surface

Percent‘

Overall

Chord 6.6 11.9 16.9 21.9 27.0 32.0 37.1 42,1

Flow* Static Pressure Coefficient

125,30 0.18 | -0.14 | -0.30 }-0.53 |-0.77 -0.97 |-1.24 | -1.32

122.43 -0,05 | -0.28 | -0,34 |-0.46 |-0.54 -0.52 | -0.51 | -0.38

118,34 -0,14 | -0.32 | -0.35 | ~0.43 -0.49 -0.44 |-0,41 | -0.28

113,12 -0.25 | -0.39 | -0.37 ] -0.43 ]-0.46 -0.40 |-0.35 | -0.21

107.10 -0.38 | -0.46 | -0.40 | -0.43 -0, 42 -0.33 |-0.26 | -0.13

101,79 -0.42 | -0.47 | -0,40 | -0.40 |-0.37 -0,27 | -0.20 | -0.08

Front Airfoil Pressure Surface

Percent

Overall .

Chord 7.0 13.0 18,0 23.1 28.1 33.1 38.1 | 43.1

Flow* Static Pressure Coefficient

125.30 - -1.33 -0.98 | -0.76 |-0.62 -0.51 | -0.42 | -0.37

122,43 -0.10 | -0.05 | -0.03 0. 05 0.12 0.19 0.27 0.29

118. 34 0.08 0.10 0.11 0.17 0.23 0.28 0.35 0.37

113.12 0.24 0.22 0.21 0.26 0.31 0.35 0.41 0.42

107,10 0. 37 0.33 0.31 0.34 0.38 0.41 0.46 0.45

101,79 0.41 0.38 0. 35 0.37 0. 40 0,43 0.47 0.46

Rear Airfoil Suction Surface

Percent

Overall A :

Chord 56.9. | 61.9 | 67.3 | 72.2 | 77.8 82.8 | 88.0 | 92.9
| Flow* Static Pressure Coefficient

125.30 -0,93 | -1,31 ] -1.70 | -1.31 |-1.01 -0.89 | -0.81 | -0.77

122. 43 -0,27 | -0.52 | -0.66 | -0.65 |-0.49 -0.28 | -0.03 0,07

118,34 -0.16 | -0,37 | -0,48 | -0.47 |-~0.34 -0,15 0.08 0.16

113. 12 -0,09 | -0.26 | -0.35 | -0.34 | ~0.22 -0.06 0.15 0.24

107.10 -0,02 | -0,14 | -0.21 | -0.19 | ~0.10 0.05 0.21 0.29

101,79 0, 02 -0.09 | -0.,16 | -0.13 | -~0.04 0.09 0.25 0.32

*Equivalent Weight Flow (Ib/sec)
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110% Design Equivalent Rotor Speed

Rear Airfoil Pressure Surface

Percent

Overall . .

Chord 56.0 61.5 66.5 71.7 77.0 82,0 87.5 92.5
Flow* Static Pressure Coefficient

125.30 0.28 0.28 0.27 | 0.24 0.19 0.201 0.13 0.01
122.43 0.60 0.61 0. 60 0.59 0.56 0.57 0. 52 0.45
118.34 0. 64 0. 65 0. 64 0.63 0. 60 0.61 0.57 0.51
113,12 0.68 0. 68 0.68 0. 66 0.64 0. 65 0.61 0. 55
107.10 0.69 0.70 0.69 0.68 0. 66 0.67 0. 64 0.58
101.79 0.69 0.70 0. 69 0.68 0.66 0. 66 0. 64 0.59

*Equivalent Weight Flow (Ib/sec)
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~

100% Design Equivalent Rotor Speed

Front Airfoil Suction Surface

Percent

Overall : ‘

Chord 6.6 11,9 16.9 21,9 27.0 32,0 37.1 42,1
Flow* Static Pressure Coefficient

120,83 0.22 | -0,13 | -0.30 | -0.56 | -0.80 |-0.97 | -1.17 | -1.11
114,12 0.00 | -0.25 | -0.32 | -0,44 | -0,54 | -0.53 | -0.53 | -0.41
108.33 -0.12 | -0.31 | -0.34 | -0.42 | -0.47 | -0.44 | -0.42 | -0.30.
102,98 -0.21 | -0.35 | -0.34 | -0,40 | -0.,43 | -0.37 | -0.34 | -0.21
98.54 | -0.33 | -0.42 | -0.36 | -0.40 | -0.40 |-0.33 | -0.27 | -0,15
94,51 -0.41 | -0.45 | -0,39 | -0.40 | -0.38 |-0.30 | -0,23 | -0,11

Front Airfoil Pressure Surface

Percent

Overall _ .
Chord 7.0 13,0 18.0 23.1 28.1 33.1 38.1 43,1
Flow* Static Pressure Coefficient ‘

120,83 -1,53 | -1,31 | -1,08 | -0.83 | -0.64 | -0.51 | -0.41 | -0.35
114,12 -0316 | -0.11 | ~0,08 0.00 0.08 0.14 0.21 0.24
108,33 0.04 0.06 0.07 0.13 0.20 0.24 0,32 0.34
102,98 0.19 0.18 0.18 0.22 0.28 0.31 0.37 0.37
98.54 0.34 0.30 0.28 0.32 0.35 0.39 0.43 0.43
94,51 0.41 0.36 0.34 0.36 0.39 0.42 0.46 0.44

Rear Airfoil Suction Surface’

Percent

Overall

Chord 56.9 ‘ 61.9 | 67.3 72,2 77.8 82,8 88.0 92,9
Flow* Static Pressure Coefficient .

120.83 -0,91 | -1.26 | -1.52 | -1,36 | -1,02 | -0.79 | -0.68 | -0.66
114,12 -0,33 -0,59 1 0,78 | -0.72 | -0.57 | -0,34 | -0,07 0.02

108,33 -0.22 | -0.43 | -0.53 | -0.53 | -0.40 | -0.21 0.04 0.14
102,98 -0.14 | -0,31 | -0.40 | -0.39 | -0.27 | -0.10 0,12 0.22
98,54 | -0,07 | -0.20 { -0.26 | -0.25 | -0.15 0.00 0.19 0.27

94,51 | -0.,02 | -0.,12 | -0.18 | -0,16 | -0.06 | 0.06 0.23 0.31

Rear Airfoil Pressure Surface

Percent

Overall . : ' :

Chord 56,0 61.5 66,5 71,7 77.0 82,0 87.5 92.5
Flow* o Static Pressure Coefficient

120,83 0,19 0.20 0.20 0.17 0.14 0.14 0.08 | -0.02
114.12 0.56 0.57 0.57 0.55 0.53 0.53 0.49 0.42
108.33 0.63 0.63 0.63 0.61 | * 0.59 0.60 | 0.56 0.49
102,98 0.65 0.65 0.64 0.63 0.62 0.62 0.59 0.52
98,54 0,70 0.70 0.68 0.67 0.65 0.65 0.62 0.57
94,51 0.70 0.70 0.69 0.67 0.66 0.65 0.62 0.56

*Equivalent Weight Flow (Ib/sec) 103




90% Design Equivalent Rotor Speed

Front Airfoil Suction Surface

Percent

Overall

Chord 6.6 11,9 16.9 21,9 27.0 32,0 37.1 42,1
Flow* Static Pressure Coefficient

112.52 0.23| -0.13 | -0,31 | -0,57 | -0,81 | -0,95 | -1.11 | -1,04

107.07 0.06 | -0.20 | -0,30 | -0.45 | -0.56| -0.59 | -0.62 | -9.51

100'49 -0.07 -Oo 26 -0031 -0.41 -0.47 "0.46 —0.45 -0034
95.04 -0,17 ! -0.32 | -0,33 | -0,40 | -0.43 | -0,40 | -0,37 | -0.25
88.84 -0.28 | -0.38 | -0.34 | -0.38 | -0.38 | -0.33 | -0.28 | -0.16
83.77 -0.,38 { -0.42 | -0.36 | -0.37 | -0.36 | -0.,28 | -0.21 | -0.10

- Front Airfoil Pressure Surface

Percent

Overall

Chord 7.0 13.0 18.0 23.1 28.1 33.1 38.1 43.1’

Flow* Static Pressure Coefficient 7

112,52 -1,59 | -1.33 | -1.04 | -0.76 | -0,57 | -0.45 | -0.36 | -0,29

107.07 -0.36 -0.24 | -0.19 | -0.11 | -0.03 0.03 0.11 0,13

100.49 -0.,05 | -0,01 0.01 0.07 0.14 0.19 0.26 0.28
95,04 0.14 0.14 0.14 0.19 0.24 0.28 0.35 0.35
88,84 0.31 0.27 0.26 0.29 0.33 0.36 0.41 0,40
83.77 0.41 0.35 0.34 0.36 0.39 0.41 0.45 0,43

Rear'Airfoil Suction Surface

Percent

Overall

Chord 56,9 61.9 67.3 72,2 77.8 82,8 88,0 92,9

Flow* , Static Pressure Coefficient

112,52 -0,92 | -1.27 -1.48 -1,41 | -1,13{ -0.,87 | -0,71 | -0.65

107.07 -0,48 | -0.73 | -0.87 | -0.87 | -0,71| -0,46 | -0.17 | -0.07

100.49 -0.30 -0.52 -0063 "0.64 "O. 51 -0030 -00 03 0.08
95,04 -0.20 | -0.,39 | -0.48 | -0.,48 | -0.36 | -0,18 0.06 0.18
88.84 -0,11 | -0.24 | -0,31 { -0,31 [ -0,21| =-0,05 0,15 0.26
83,77 -0,03 -0,15 | -0,20 | -0,19 | -0,10 | -0,04 0.21 0.31

Rear Airfoil Pressure Surface

Percent

Overall

Chord 56.0 61,5 66.5 71.7 77.0 82.0 87.5 92.5

Flow* Static Pressure Coefficient '

112,52 0.20 0.20 0.20 0.18 0.14 0.14 0.08 | -0,03

107,07 0.52 0.52 0.51 0.50 0.47 0.48 0.43 0.35

100,49 0.59 0.60 0.59 0.57 0.55 0.56 0.51 0.45
95,04 0.64 0.65 0.64 0.63 0.61 0.62 0.57 0.51
88,84 0.68 0.68 0.66 0.66 0.63 0.63 0,60 0.54
83.77 0,68 0.68 0.67 0.67 0.64 0.65 0.62 0.58

*Equivalent Weight Flow (Ib/sec)
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70% Design Equivalent Rotor Speed

Front Airfoil Suction Surface

Percent

Overall )

Chord 6.6 11.9 16.9 21.9 27,0 32.0 37.1 42,1

Flow* Static Pressure Coefficient ' '

93.06 0.23 | -0.12 | -0.29 | -0.53 | -0.72 [ -0.83 | -0.96 -0.90

86. 79 00 12 -0. 17 -0.29 -.0045 -0.57 -0.61 -0.66 -0.57

79.76 -0.01 } -0,22 | ~-0.,29- | -0.40 | -0,47 | -0,47 | -0,48 -0.38

73055 -Oo 12 -O. 28 —0030 -0037 -0.41 -0.39 -0.37 -Oo 27

68. 37 "0. 26 "0.35 -0.32 -0. 36 _00 36 -0¢ 32 -00 28 -00 17

63033 "0‘ 35 -0.39 -0034 -0.35 -0.33 -0027 "0. 21 "0. 10

Front Airfoil Pressure Surface

Percent

Overall : :

Chord | 7.0 13.0 18.0 23.1 28,1 33.1 38.1 43,1

Flow* Static Pressure Coefficient ' :

93,06 -1.60 | -1.34 | -0.98 | -0.73 | -0.53 | -0.41 | -0.31 | -0.27

86. 79 -0069 -0037 -0.27 -Ou 20 -00 13 -0. 07 0.00 0.02

79.76 ’-00 11 -0.07 -0.04 0. 03 00 09 0. 14 0.21 0.22

73.55 0.09 0.09 0.10 0.15 0.20 0.24 0.30 0.30

68,37 0.27 0.24 0.23 0.26 0.29 0.32 0.37 0.36

63.33 0.40 0.35 0.33 0.34 0,37 0,39 0.42 0.40
Rear Airfoil Suction Surface

Percent

Overall

Chord 56.9 61.9 67.3 72,2 77.8 82,8 88.0 92.9

Flow* Static Pressure Coefficient

93.06 | -0.86 | -1.14 | -1.31 | -1.29 | -1.12 | -0.90 | -0.65 -0.57

86,79 -0.60 | -0,84 | -0.97 | -1,00 | -0.87 | -0.66 | -0.36 -0.16

79,76 -0,38 | -0.59% | =0.,70 -0.72 | -0.60 | -0.40 | -0.12 0.04

730 55 -0026 -0043 _0.52 -0.53 -0;42 "0025 "0. 01 0. 14

68,37 -0.14 | -0.28 | -0,34 | -0.,34 | -0.,24 | -0.10 0.11 0.24

63.33 -0.06 | -0,16 | -0,20 | -0.19 | -0,11 0.01 0.18 0.30
Rear Airfoil Pressure Surface

Percent

Overall

Chord 56,0 61.5 66.5 71.7 7.0 82.0 87.5 92,5

Flow* Static Pressure Coefficient

93. 06 0.25 0.25 0.23 0.21 0,18 0.18 0.12 0.01

86.79 0.47 0.46 0.45 0.44 0.41 0.41 0.36 0.28

79.76 0.57 0.56 0.55 0.54 0,52 0.52 0.48 0.41

73.55 0.60 0.60 0.60 0.59 0.57 0.57 0.53 0,47

68,37 0.65 0,64 0.64 0.63 0.61 0.60 0.57 0.52

63.33 0.68 0.67 0.66 0.65 0.63 0.63 0.60 0.55

*Equivalent Weight Flow (1b/sec) 105



50% Design Equivalent Rotor Speed

Front Airfoil Suction Surface

- 0. 62

‘Percent

Overall : _

Chord 6.6 11.9 16.9 21.9 27.0 32.0 37.1 42.1

Flow* ' Static Pressure Coefficient
68.43 0. 23 -0.10 | -0.27 | -0.48] ~0.64 | -0.75 | -0.83 -0, 78 |
64. 69 0.17 | -0.14 | -0.28 | -0.46 | -0.58 | -0.66 | -0.69 | -0.63.|"
59.70 | 0.06 -0.18 { ~0.28 | -0.41| "-0.49 | -0.53 -0.52 | -0.46
55. 83 -0, 04 -0.23 | -0.29 | -0.38| -0.43 | -0.45 | -0.42 | -0.35
50. 04 -0.21 -0.32 | ~0.32 | -0.37] -0.38 | -0.36 | -0.80 { -0.21
45, 81 -0.31 -0.36 ~0,32 -0.33 -0.32 -0.27 -0.21 -0.10 .

Front Airfoil Pressure Surface

Percent

Overall :

Chord 7.0 13.0 18.0 23.1 28,1 | 33.1 | 38.1 43.1

Flow* )
68.43 | -1.54 | -1.25 | -0.89 | -0.61| -0.45 | -0.34 | -0.27 | -o0.24
64.69 -1.09 | -0.59 | -0.37 | -0.27| -0.20 | -0.15 | -0.08 .| -0.08
59.70 -0.24 -0.20 ~-0.16 ~0.09 0.02 0. 04 0,10 0.10 -
55, 83 -0, 06 ~0.03 | ~0.01 0.04 0.10 | 0.15 0.22 0.21 |..
50,04 0.22 { 0.19 0.19 0.22 0.25 0.29 0.34 0.33 |
45, 81 0.41 0.35 0. 33. 0.34 0.38 0.40 0,43 0.41

VRear Airfoil Suction Surface

‘Percent

Overall

Chord 56.9 61.9 67.3 | 72.2 77.8 82.8 88.0 92.9

Flow*
68.43 -0.81 -1.05 | -1,19 | -1.21| -1.06 | -0.83 -0.58 | -0.45
64.69 -0.70 { -0.93 | -1,08 | -1.10| -0.98 | -0.77 | -0.49 | -0.25
59.70 -0.52 -0.71 | -0.84 | ~0.87| -0.75 | -0.56 | -0.29 | -0.07 -
55. 83 -0.38 -0. 56 -0, 67 -0.70 -0.59 ~-0.42 -0.17 0.04
50. 04 -0.21 | -0.36 | ~0.44 | -0.46{ -0.37 | -0.21 | -0.01 0.18
45, 81 -0.08 | -0,19 | -0.24 | -0.24| -0.16 | -0.03 0.14 0.29

Rear Airfoil Pressure Surface ,

Percent

Overall .

Chord 56.0 61.5 66.5 7.7 77.0 82.0 87.5 92.5

Flow*
68.43 0.27 | 0.26 0.25 | 0.23 0.21 0.20 0.14 | 0.04
64. 69 0.42 0. 42 0. 40 0.38 0.36 0.35 0.30 0.21
59.70 0.51 0. 50 0.49 0.47 0.46 0.46 0.41 0.34
55. 83 0.57 - 0.56 0. 55 0.54 0.52 0.51 0. 4'_7 0.41
50. 04 0. 64 0. 63 0 62 0.61 0. 60 0.‘59 0. 56 0.51
45, 81 0.70 0. 69 0.68 | 0.67 0. 66 0. 65 0. 57

*Equivalent Weight Flow (Ib/sec)
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APPENDIX C
DEFINITIONS

Definitions of Symbols

Flowpath annular area, /ftz

Inlet relative stagnation velocity of sbﬁnd, ft/sec
Chord length, inches

Static pressure coefficient

Diameter, inches

Diffusion factor . _
“Gravitational acceleration, 32.174 lby, - ft/lbf—.sec2
Incidence angle, degree from axial direction

Mach number | |

Rotor speed, rpm

Total pressure, psia

Rotor tip static pressure ratio (ratio of local static pressure
to static pressure at - 10% axial chord)

Static pressure, psia

Gas constant for air, 5é.34 ft-1bg/1by - °R
Radius, inches

Bléde passage gap (leading edge), inches
Blade maximum thickness, inches

Total temperature, °R

Static temperature, °R

Rotor speed, ft/sec

Velodfy, ft/sec

Actual flowrate, lby,/sec

Air angle, degree from axial direction
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- Definitions of Symbols (Continued)

Ratio of speéiﬁc heats

‘Blade-chord ahgle, 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°R -

Blade metal angle, degree from \axial direction
Density, lbf/sec2/ft4 A
Solidity, chord divided by biade spécing (c/S)
Blade camber angle, Kl -K 99 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

Leading edge



Definitions of Symbols ( Concluded)

Subscripts (Continued) ‘ ' J
P Polytropic

te Trailing edge

s Static condition

z | Axial componént

0 _ Tangential coniponent

Superscripts:

! Related to rotor blade
- ~ Mass average value -

* Choke flow condition .

Definitions of Overall Performance Variables

Pressure ratio:

ol

_ 132
Rotor: — ' Stage:

Pl Pl

2A

Equivalent flow:

wvé

6

Equivalent rotor speed:

NNVE
Adiabatic efficiency: -

| y -1 R y-1
(P,/P.) Y3 , (By,/B) A
Rotor:nd=_ ‘ Stage:nd=_

a TZA/518.7 -1 . a T2A/518.7 -1

<
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Definitions of Overall Performance Variables (Concluded)

,Polytropic efficiency:

Y -1

- y-1
In (Py/P In (b
3 (P2/P1) Stator: = L (P2A/Pp

o (TSZA/ TSzv)

Definitions of Blade Element Performance Variables

Rotor: M _ = ———
P 1n (Ty/518.7)

Incidence angle:

. g
Rotor: i —,81 - K le

Stator: iy =Bg - K,
Diffusion factor:
1
V2 dZVe2 -d.v

. 161
Rotor: D=1-—+

Vaa 99%5 - doaVooa

Vy (dy+dgp) Vyo

Stator: D=1 -

" Deviation angle:

4 ° ‘-:~ ! - . ° = = K
Rotor: & =B Ko Stator: & Bz A= %e
Loss coefficient:
— 1 [} \
(P ) -P
Rotor: @' =214~ 2

A
P1-py
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Definitions of Blade Element Performance Variables (Concluded)

3

where:

2 2
o - p! ‘1+‘7—1 U2\1_ dl
(z)id -1 2 a 2/ do
. 01

' Y - 2 —
P' is found from p/P' = [14._21_ M' ] 1-v

am M' is calculated using trigonometric functions and the measurements of
U, B8, P, and p.

~

Poag, ~ F2a
s~ P2Afs - pz

Py=Pop

p

Stator: @ =
2~ Pg

where:

Paag = stator exit average freestream total pressure from wake rakes
Py = stator inlet total pressure from 20-deg wedge probes

Rotor tip static pressure ratio:

Pr,

PR = 5@ - 10% axial chord

Stator static pressure ccefficient:

Psurface - P2fg

P
2¢g
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