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SUMMARY

A 0. 8 hub/tip ratio single-stage axial flow compressor, having conven-
tional blading, was designed and tested to establish baseline performance data
for comparison with the results of subsequent tests planned for two dual-air-
foil tandem blade stages. Design velocity diagrams and blade leading and trail-
ing edge metal angles are identical for the conventional and 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 rotor and stator 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, the rotor achieved a maximum adiabatic
efficiency of 85. 1% at a pressure ratio of 1. 29 compared with respective design
values of 90. 8% and 1. 32. The stage maximum adiabatic efficiency was 78. 6%
at a pressure ratio of 1.27 compared with design values of 85.4% and 1. 256.
Examination of the blade element data indicated that the low performance resulted
from insufficient rotor turning and high rotor losses from midspan to hub.

INTRODUCTION

Advanced aircraft turbojet propulsion systems will require lightweight,
highly loaded axial flow compressors capable of achieving high efficiency over a
wide range of operating conditions. Axial flow blower experience has indicated
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 (Reference 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 efficiency at
a higher pressure ratio than that achieved with equivalent conventional blading.

In principle, tandem blading offers improved performance over conven-
tional 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 axial loading distribution
on the performance of tandem blading. A conventional rotor and stator, two dual-
airfoil tandem rotors with differing loading splits, and a dual-airfoil tandem sta-
tor have been designed and will be tested. This report presents the data and per-
formance obtained with Stage A, which was comprised of the conventional rotor
and stator blading. A discussion of the aerodynamic and mechanical design of
Stage A and the tandem-airfoil configurations is presented in Reference 3.



DESIGN SUMMARY

Blading Design

The stage was designed with zero rotor prewhirl, constant rotor exit total
pressure across the span, and axial discharge flow. A rotor tip inlet Mach
number of approximately 0. 8 and a specific flow of 33 lb/sec-ft2 were selected
to be generally representative of current design practice for highly loaded com-
pressor middle stages. The design velocity diagrams were calculated by means
of a computer program that solves the continuity, energy, and radial equilibrium
equations for an axisymmetric flow field. Radial gradients of enthalpy and entropy
were included in the calculation, and the influence of wall and streamline curva-
ture on the radial distribution of static pressure was taken into account. Circu-
lar arc airfoil sections were selected for the rotor and stator blading to be con-
sistent with studies being conducted by NASA-Lewis Research Center (Refer-
ence 4). Design incidence (minimum loss) and deviation angles were calculated
using equations 286 and 287 of Reference 5. The three-dimensional corrections
for incidence and deviation angles were omitted.

Rotor and stator design velocity diagram data, blade element geometry
data, and predicted performance are presented in table I and table II for the
rotor and stator, respectively. 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 test rig through a 103-foot combined inlet
duct, plenum, and bellmouth inlet and is exhausted through an exit diffuser to the
atmosphere. The inlet duct contains a flow-measuring orifice designed and 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, and the flow-
path 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 that their wakes are dissipated
ahead of the rotor. The stage design specifications of zero rotor prewhirl and
axial discharge flow eliminated 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.
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Instrumentation

Instrumentation was provided to obtain overall and blade element perform-
ance data for each blade or vane row. The locations of axial instrumentation sta-
tions 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 computer. 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. 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 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, be-
tween -10% and 101% rotor axial chord, to measure the rotor tip static pressures.
Midspan stator surface static pressure distributions were measured with eight
pressure taps on each surface.

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. Stator exit total pressure and temperature across a stator gap were
measured at each of two circumferential locations by means of circumferentially
traversed radial rakes with elements at nine radial locations. The elements of
each radial rake were used to measure both total pressure and temperature. A
fixed radial rake with five Kiel-type total pressure sensors was also installed
downstream of the stator for use with the wall static measurements to calculate
the freestream Mach number. This Mach number was used to correct the total
temperature and the 8-degree wedge static pressure measurements.

Steady-state pressure data were measured with a multichannel pressure
transducer scanning system that includes automatic data recording on computer
cards. Steady-state temperature measurements were also automatically 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 pressure trans-
ducers, mounted as total pressure probes at 10, 50, and 90% span behind the
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rotor, 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 record-
ing of the Station 0 static 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
monitored 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.

A 20-degree wedge traverse probe, an 8-degree wedge traverse probe, a
circumferential traverse probe and unit, and a high-response probe are shown
in figures 5, 6, 7, and 8, respectively.

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 two operating
points at 100% design equivalent rotor speed (89. 83 lb/sec and 91. 0 Ib/sec).
Stall transient data were also obtained at 50, 70, 90, and 100% design equivalent
rotor speed.

Performance Tests

Overall and blade element performance data were obtained at 50, 70, 90,
100, and 110% of design equivalent rotor speed. Stall transient data were ob-
tained at 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. The near-stall point was determined on the basis of flow and
rotor exit pressure. 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 outof stall. The output from
a high-response total pressure probe (10, 50, and 90% spans) at the rotor exit
was also recorded as the stage was operated into and out of stall and correlated
in time with the other transient measurements.
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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 correction of pressures and
temperature to NASA standard day conditions were performed in the second com-
puter 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 of the preceding
paragraph was analyzed for the selection of radial distributions of pressures,
temperature, and air angle at each axial station for input into the computer
program. Stator exit total temperature distributions were used for rotor
performance calculations.

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 the rotor performance 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. Massflux was then obtained from the relationship

1/2

TM =[1+= -1 M [1 +_ M ] p

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, conser-
vation 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 below.
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Since the data were translated along streamlines the critical area (i. e.,
area for M = 1. O0) at the instrumentation station is the same as the critical
area at the adjacent blade row leading or trailing edge. Therefore, from the
isentropic flow relationships, it can be shown that

W/W* A*/A At (1)
wt/Wt At*/At A

where: A = stream tube area

W = stream tube flow

W* = flow required to choke A

A* = critical area

t denotes the translation station
(i. e., the blade row leading or trailing edge).

The quantity W/W* was calculated from the relationship:

1+?

W/W*= M 2 + (4-1) M2 (2)
'Y+l

Because the actual streamlines are assumed not to deviate substantially from the
design streamlines, the flow relationship at the translated station is:

W W/WI
Wt/W

t
= /3)

W/W *)

W / Design

Using an iterative procedure, the Mach number at the translated station was
calculated from equation (2). The static pressure, temperature, and absolute
velocity at the translated station were then calculated from the relationships
given below.

Pt [1 ( 4)

[+ 2 Mt2]

T

1+ Mt
= -t 2 ( 5)

Vt = Mt /YgcRtt ( 6)
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Based on the assumption of constant angular momentum, the tangential velocity
was found from:

rV (7)
vt rt

The axial velocities and air angles were then calculated from-

Vmt = /V2 t -V (8)

Vz =Vmt cos e (9)

V1 e t (10)
t = tan V zt

V zt

Stall Transient Data

Bellmouth static pressure at incipient stall was determined from plots
similar to the one shown in figure 9, and the corresponding weight flow was
determined from the correlation of bellmouth static pressure and orifice weight
flow shown in figure 10. The steady-state 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 corrected weight flow (Wv-/b6) and equivalent
rotor speed (N/x/0) for the rotor in figure 11 and rotor-stator (stage) in fig-
ure 12. The solid symbol on the stall line is the stall point determined from
the transient data. Pressure ratio, adiabatic efficiency, and polytropic
efficiency for the rotor and stage are tabulated for the steady-state data points
in table A-1 of Appendix A.

At design equivalent rotor speed, the rotor achieved a maximum adiabatic
efficiency of 85. 1% at a total pressure ratio of 1. 29 and a corrected flow of
103 lb/sec compared with respective predicted values of 90. 8%, 1. 32, and
110 lb/sec. The stage achieved a maximum adiabatic efficiency of 78. 6% at a
total pressure ratio of 1. 27 and a corrected flow of 103 lb/sec; the predicted
adiabatic efficiency and total pressure ratio for the stage were 85. 4% and 1. 30,
respectively, at a corrected flow of 110 lb/sec.

Blade Element Performance

As discussed on page 5, 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
streamline locations. Table A-2 is presented to illustrate the small differences
at the near-design point between values calculated from the data at the
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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, table A-3 contains
only the values calculated from translated data for the remaining compressor
test points. The plotted results discussed for the rotor and stator in the
following paragraphs are the values that have been calculated from the trans-
lated data.

Rotor

Rotor diffusion factor, deviation angle, and loss coefficient are shown
as functions of incidence angle in figures 13a through 13i. At the design
incidence angle and design rotor speed, total pressure losses and deviation
angles are greater than the predicted values at 5, 70, 85, 90, and 95% span
from the tip and equal to or less than the design values at 10, 30, and 50% span.
Diffusion factor values at design incidence angle and design rotor speed are
less than the design values at 10, 15, 30, and 50% span from the tip, while
corresponding diffusion factor values at 5, 70, 85, 90, and 95% span are greater
than the design values.

Loss parameter versus diffusion factor is presented in figures 14a through
14c for 10, 50, and 90% span, respectively. The loss parameter versus
diffusion factor curve used to design Rotor A and the actual design point are
included in these figures for comparison with the performance data. The design
curve represents a correlation of the minimum loss data from References 6
through 10. Although the data from References 6 through 10 are for Series 65
blade sections, the data presented in Reference 5 indicate that a single
correlation of loss parameter versus diffusion factor can be used for both
Series 65 and double-circular-arc blade sections. The range of data in the
Reference 5 correlation and the two-dimensional cascade data from figure 149
of Reference 5 are shown in figures 14a through 14c for comparison with the
selected design loss curves. At design equivalent rotor speed, the loss
parameter values that correspond to the minimum loss coefficients in fig-
ure 13 are above the design curve at each percent span; the largest difference
occurring at the hub.

Axial gradients of rotor tip static pressure ratio [PL/(p at - 10% axial
chord)] are shown in figures 15a through 15f. In the order of decreasing
flowrate at design equivalent rotor speed, these figures indicate that the axial
distribution of rotor tip loading shifted toward the leading edge as the compressor
was throttled toward stall flow.

Stator

Stator diffusion factor, deviation angle, and loss coefficient are presented
as functions of incidence angle in figures 16a through 16i. At design incidence
angle and rotor speed, stator losses are approximately equal to the predicted
values across the entire span of the vane, except for 5% span from the tip
where the losses are above the design values. At the design incidence angle
and rotor speed, stator deviation angles are greater than the predicted values
across the entire span of the vane; and, with the exception of 70% span from
the tip where the diffusion factor is approximately equal to the predicted value,
the diffusion factors are less than predicted at all span locations.
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Loss parameter versus diffusion factor is shown in figures 17a through
17c for 10, 50, and 90% span, respectively. The loss parameter versus
diffusion factor curve used to design Stator A, the actual design point, the
range of stator data from Reference 5, and the two-dimensional cascade
data from Reference 5 are included in the figures for comparison with the
Stator A performance data. The design curve represents a correlation of the
minimum loss data from References 10 through 12. The data from References 10
through 12 are for Series 65 blade sections; however, as discussed on page 8, a
single correlation of loss parameter versus diffusion factor can be used for both
Series 65 and double-circular-arc blade sections. At the design equivalent
rotor speed, the loss parameter values corresponding to the minimum loss co-
efficient are approximately equal to the predicted values at each percent span.

The midspan stator static pressure coefficient distributions, at design
equivalent rotor speed, are shown in figures 18a through 18f. Static pressure
coefficient distributions for all data points are tabulated in Appendix B. The
near-constant static pressure coefficients near the trailing. edge for the
near-stall (89 lb/sec). and the next-to-near stall (98 lb/se'c) data points (fig-
ures 18f and e) indicate that the flow was probably separated from the suction
surface at approximately 75% chord for these flow conditions.

The wall static pressure data, shown for design equivalent rotor speed
in figures 19a through 19f, were examined to determine if the gradients with
respect to the stator vanes were significant. In general, the variations of
static pressure at different circumferential locations (solid symbols in
figure 19) 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 A was designed and tested to establish a performance baseline for
comparison with the results of subsequent tests planned for two highly loaded
tandem-airfoil-configuration stages with identical design velocity triangles.
Although Stage A did not attain the predicted values of adiabatic efficiency and
total pressure ratio, a baseline for performance comparison was established.

At design equivalent rotor speed, Rotor A attained a maximum adiabatic
efficiency of 85. 1% at a total pressure ratio of 1. 29. Predicted values of
adiabatic efficiency and total pressure ratio were 90. 8 and 1. 32, respectively.
High losses and deviation angles in the rotor hub-to-midspan region resulted
in low rotor performance. At design equivalent rotor speed, Stage A attained
a maximum adiabatic efficiency of 78.6% at a total pressure ratio of 1.27. The
predicted adiabatic efficiency and total pressure ratio were 85.4% and 1.30,
respectively.

9



Table I. Rotor A Blade Element Design

Velocity Diagram Data

Equivalent Rotor Speed = 4210 rpm

Percent Span From Tip

Corrected Weight Flow = 110 lb/sec

Leading Trailing V'le Vzle V6 1e le Ule V'te Vzte Vbtc e te te
Edge Edge (ft/sec)i(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 50T6.2 469.8 171.6 20.07 624.7
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: 90.87

Percent Span From Tip

Leading Trailing
Edge Edge

Hub 96.5
91.5
86.4
70.9
50.0
29.1
13.6
8.5

Tip 3.5

95.0
90.0
85.0
70.0
50.0
30.0
15.0
10.0
5.0

i
m

Mle (deg)

0.7102
0.7152
0.7212
0.7380
0.7608
0.7836
0.8005
0.8061
0.8116

-0.354
-0.439
-0.499
-0.813
-1.430
-2.078
-2.485
-2.606
-3.076

-D Loss 6
D W Parameter (deg)

0.5533
0.5447
0.5370
0.5171
0.5028
0.5057
0.5167
0.5224
0.5296

0.11341
0.10314
0.09446
0.07363
0.06131
0.07348
0.09534
0.10505
0.11647

0.03154
0. 02876
0. 02637
0.02067
0.01732
0.02085
0.02713
0.02988
0.03318

8.937
9.121
9.149
8.665
8.164
7.709
7.635
7.831
7.778

Airfoil: Circular Arc

Geometry Data

No. of Blades: 70 Chord Length: 2.57 inches

Percent Span From Tip

Leading Trailing
Edge Edge

Hub 96.5
91.5
86.4
70.9
50.0
29.1
13.6
8.5

Tip 3.5

95.0
90.0
85.0
70.0
50.0
30.0
15.0
10.0
5.0

10

Pte
(psf)

2789.1
2789.2
2788.7
2788.9
2792.9
2792.8
2788.8
2788.2
2788.3

Tte
(°R)

566.63
566.20
565.81
565.94
564.71
565.53
566.69
567.28
568.04

K IKle
(deg)

51.84
52.28
52.69
54.06
56.05
58.03
59.40
59.83
60.60

K'te
(deg)

7.75
9.30

10.92
15.70
20.67
24.82
27.48
28.05
28.78

(deg)

44.09
42.98
41.77
38.36
35.39
33.22
31.92
31.77
31.82

Yo

(deg)

29. 708
30.705
31.724
34.826
38.359
41. 443
43.446
43. 960
44. 696

a

1.7241
1.7036
1. 6835
1.6250
1.5528
1.4868
1.4409
1.4265
1.4122

t/c

0.0783
0.07(:.3
0.0743
0.0682
0.0600
0.0518
0.0457
0.0437
0. 0417



Table II. Stator A Blade Element Design

Velocity Diagram Data

Equivalent Rotor Speed = 4210 rpm Corrected Weight Flow = 110 lb/sec

Percent Span From Tip

Leading Trailing Vie
Edge Edge (ft/sec)

Hub 95.0
90.0
85.0
70.0
50.0
30.0
15.0
10.0

Tip 5.0

95.0
90.1
85.2
70.1
50.0
29.8
14.8
9.9
4.9

667.2
663.0
658.9
648.6
638.6
628.6
619.8
617.4
615.6

Vzle V le
(ft/sec) (ft/sec)

471.9
475.4
478.2
485.1
489.2
483.9
474. 1
470.1
465.8

471.7
462.2
453.3
430.5
410.5
401.1
399.2
400.2
402.5

/le Vte
(deg) (ft/s ec)

44.99
44.20
43.47
41.58
40.00
39.66
40.09
40.40
40.84

480.0
481.9
483.6
488.8
494.4
494.7
492.2
491.4
491.2

Vzte VOt e ate
(ft/sec) (ft/sec) (deg)

480.0
481.9
483.6
488.8
494.4
494.6
492.0
491.2
491.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0. 0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0. 0

Design Performance Data

Stage Pressure Ratio: 1. 2982

Percent Span From Tip

Leading Trailing
Edge Edge

Hub 95.0
90.0
85.0
70.0
50.0
30.0
15.0
10.0

Tip 5.0

95.0
90.1
85.2
70.1
50.0
29.8
14.8
9.9
4.9

Mle

0.5915
0.5878
0.5840
0.5747
0.5655
0.5556
0.5468
0.5442
0.5422

i
m

(deg)

-1.982
-2.003
-2.001
-2.086
-2.228
-2.697
-3. 211
-3.450
-3.619

D

0.5183
0.5106
0.5035
0.4840
0.4672
0.4649
0.4695
0.4722
0.4755

Adiabatic Efficiency: 85.4%

o p
- Loss 6 te
CA) Parameter (deg) (psf)

0.09619
0.09171
0.08721
0.07636
0.07100
0.07570
0.08253
0.08632
0.08920

0.03242
0.03125
0.03004
0.02717
0.02634
0.02926
0.03276
0.03457
0.03603

13.031
12.854
12.734
12.334
12.120 ·
12.708
13.510
13.808
14.152

2732.5
2735.8
2738.5
2746.1
2754.1
2752.7
2746.4
2744.2
2743.2

Airfoil: Circular Are

Geometry Data

No. of Vanes: 66 Chord Length: 2.35 inches

Percent Span From Tip
Leading Trailing

Edge Edge

Hub 95.0
90.0
85.0
70.0
50.0
30.0
15.0
10.0

Tip 5.0

95.0
90.1
85.2
70.1
50.0
29.8
14.8
9.9
4.9

Kle
(deg)

46.97
46.20
45.47
43.67
42.23
42.35
43.30
43.85
44.45

Kte
(deg)

-13.03
-12.85
-12. 73
-12.33
-12.12
-12.71
-13.51
-13.81
-14.15

(deg)

60.00
59. 06
58.20
56.00
54.35
55.06.
56.81
57.66
58.61

0o

(deg)

16.972
16.768
16.375
15.673
15.055
14.825
14.902
15.027
15.153

1.4850
1.4689
1.4531
1.4073
1.3504
1.2980
1.2614
1.2497
1.2382

t/c

0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
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3
-- Bottom Center

0-360.0 i 34 7.8'345.8-- Top Center

4 327.0 24.0 32.5 355

45.0-
54.0 '51.8
60.9
75.5 73.6

910.0-- 1 2 2A Bottom Center

o.0 OD Wall Static PressureC 83.9

100.D Wall Static Pressure

19.0 d118.5
135.0 - ) 133.0

Total Pressu153.0 154.890 % Spans)

180.0 2 Bottom Center

Rotor Inlet Rotor Exit Stator Exit

SYMBOLS
) OD Wall Static Pressure

ID Wall Static Pressure
20 deg Wedge Traverse Probe

A 8 deg Wedge Traverse Probe
* Total Pressure Probe (10, 50 and 90 % Spans)

High-Response Probe (10, 50 and 90 % Spans)
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)

() 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)

Note: All Dimensions Are in Degrees

Figure 4. Instrumentation Layout FD 58981
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High-Response Pressure Transducer Data

Figure 9. Typical Stall Transient Data FD 34394B
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Figure 16b. Stator A Blade Element Performance, DF 89302
10% Span From Tip

43



;= -. :.:
' · '. ' *· ' , . . ~ - , ' .: T T ' ' % · ' !I / '''" ~ '' ' · " ~ ,' ~ . . . : ; ? · ! * ,O . . . . . ... .. ........

.... : ¢::.:- -'.r :f ', h:-:f, :i' . ' x~... : : 4:·c"' ?:~? !

E' 0.6~~~~~~~~~~~0

0.4

.... . ; : :_. ;o z > A
0~~~~~~~~~~~~~~~~~~~~~~~ '2

-1 s ' 'Q

-o 0 Pret o.i:f Deign j:: E qiaet, ..
j: ·::i:~ ~ ~ ~~~~~~~~~~~~~~~~~~'.-: .'- . . . . - L.jl

:;::I;; · · ·;:·· :i~~ 
~

ttLt: :- .... ; 

M 25

...2 ')1 0 ... .. --.- :q'-''-. ....

': :- ':

ii: - ' '

15 -. a I~~~~ ~~~~~.:I8 .::: ?".- -I , Pe n o , -Equval..'---'

0.3o ~i ; o'

41 1 ;- 10

'O.' 35--
r.~~~~~~~~~~~~~~~~~~~~~~ i - -_-' · .: _;.

·~~~~~: 1

t~~~~~~~~~~~~~~~ ~~~~~~t' '.~rped'". j

[L ~ -::" ;. 0:: '

(D50
0.30 ....

'?' ~ ~~~ ~ ~~~ i.. ,-: : '

--0.251;'

CR O; 20-L ·:

[.' , . . :'.....

0 !C

0 .. j'::IN-e : . :. 
0. 05. ··:

15%~~~~~~~~~~~~r S p a · -~ ·n Frm i

~~~~~~~~~~44

i : '·I:0E ANGL· '

o. os n B: @3 L~~~~~~~~I J.

Fiue16.SatrABld leetPefrane F 90

15% Span From Tip:~i.~

44 -2I:20-18 -i 1-21



?u~,.-i :~:L~7 .....;'~'.** ........~"~;7r~.E~;'T~N~-:~'- ~" 
¸ ' ~ ~ "I ¸ :* ~ ~ ~" ~:-,~.i'~: ~-# ';.ii ir lii ~ ~ ~ ~ l F:

~~~: ~ m~' '. ,:. *~

if"in r, ~vrrt-!
Cred.., p':;ttt:s-.;:

`; f ~ :

~'~'ttr~r r.

l~~t;, ~ Oi.{?t i 

,,

f':~:' ]~'j
t~F*'._~ ,

',½: ~:-.m;Sa, p~4 I-

~'::i '2' j: ii t~: r'!· i 

t~, ii t ~ i~ !~t~~if:i i- .,tf~

i! :'i :,:'r 2

;!N O'tit: :4[ ',~;t

10
fit ;it~t~fl~: Design Point

"` ~~~ Percent of Design Equivalent 1

:r. ~~~~Rotor Speed
rii;~iltii~ .·; i-: O110

,I! it 0 ~~~100

ii ijii ~70
5 0

;it~~~~~~~~~~~~~~~~~~~~~~~~~t~~~~F

:·. :: - T

I- 44 t 
4ilie

ti~~g~i irl Qli~~~i~~T~ i~~ari11

0Ml :i l I· g - ~ - X iii '0 n ~ 4
;*i:x.r:L ,t! "' rj ' I G D NE :N G Ei :P-_dg{.'? * .. 4q-·;.-,m x
!~,~ : ::? ':;7

'

:,;:';. -i ! , ! ',.* .,4??': :: :4/ :'it t .? ·!',
~., .... ;t~ ' ~ . .......i'~ i']' 'i rI't p. ; . .~ + ·v

i

i
II

Figure 16d. Stator A Blade Element Performance,
30% Span From Tip

DF 89304

45



'-qlto, S Q -' i ' 1t ·:--: j .i T' :j T

: - --:0.., .1 .... _ .. i : : -; ·: ..... .~ : ... . .
; :h 0 4 .,. :-: j.-j -'.t -: .i - ,F -::j -"L ','}'i.;,T

2 i0- - .-e ·. -O i t 6-*' O.9' " I ";-s ...- ... : ' ; ... i, .... :t '~i--h : :'. .~ ' ',i-"::;/ _:ii ''.g ,! i, :' ',1...... . .... ................ 08, :

; '- - . j * .... ... * . t *t 1. -+ .....

1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'-7
..........t ......:E: · 1

,, .: .. ,. 7 ~t -;: -.. ..--t-- ......... ." -. " --bte !, , . <
-(D 25 -ii:t :wi ft

,i:1· ·

'- : -- :, ' -. :' * i, - - :-.,", '.7- -~ .'.W, ·, ,- ~ f 'l',* :', -~ ,t~t~:~ . - t-t-~ i "t? : ;%' ti~ ,~n *1

-

,~*i-i

' '. '- 25. -'/': _"_ '.*- - ': :| ---- : i:- ,'" -'-:" ,: -I -/~::.:;=t.[ t,=.t-f .~4:':,:-Fu. .-- :-'t

, , ..... r ..... · :.-+ · , ~ -.......- , , ~ . lt;?--:itf!.:-~- "it -
'-i j ~;':r',*-.~: ~=,,,,l,.

.: ' ~.: :-; ' -'t ':''::'j+': ;'""':; ' ;' "' , .. ~ ... "' :':~ ,!'O, "r4i':;]'.:lt'':
~~· ]~,--,1

~ i15

. ' '.1 : ' "; ' V -- r -ie .v . v +' -! , .T--+t ; . . .. 
c .n·I:: :'·iOi :i· : : ' "-'..; ',;i ·-i, ,. .

Z-10 ... .. , .. , ' t..

$ t 5' i . 'L........+ .... t :, -:-T- ::'t :' ':: · 'L 
j '

5, T . ... 
:t 0 ' O -- ' -. Design Point - _ 

;I~~~~' II .':'~.
~

: . ;~ ~ ~,,, :-1 .:_:::/: :-:,: .::_ :T.....
;I ; ;; ; ;Percent of Design Equivalent :

"'-~ :-i " , -: Rotor Speed . .....- rt-:- -
:i * t 11 ................. :.... :: · t. .],}l , -t '- *. ' - -'·;~~~~~~~~~~~~~~~~~~~~~... ._. :.:L-:' .:.= ::..::.-.O

0.-35 i--: -'--- O 100.
i- 10·9: ·i - -i~~~~~~~~~~~~~~~~~~~~~~~ .

13 0.30 -- : :- 70 -- ' . .i + .: .

-, 0.2 - : ........... :,,: .. : ,-.- : : --': I-.-i: -':i:;-
0 .2 5 ................... .. :. - -

{X) ~ ~~'.- : !-- ' ' : .-- * '{;i, t t ':- - .'.,;."'' "-';L+- -- ;i- : .::-~ ', - 1

0 0 .5 . . -' 1 i- . ,

i I --

Frc;~ ~ ..... : . .. F - '·-:; .-..... =''=A,-.:- -. J.-- --

0, 2· '8'- .. - 14-.2-:0';-::.. 0- ,- : .2 ' -', $- .,.8- ".t 10 ' .

w~~~~~~~~~
o: ,.: ..... ir:.:u_1..i:-, 'iF. I N .: "= -:. d:,,

! . ' .' :! 't

_.: .1 _' _' s . _* 'i :'t'_ 1_.L_.. o',. i 

-1oA d m e aD050.10

.j::.20 ~8-1'6 '..-,14 ~-12 -1~: :0 ~-6 ": ....
;- · 1;1: : ; i.:-i- INCIDENCE. ANGoLE,A dg :: -~~~~~~ ~ ~--"-- -

Figure 16e. Stator A Blade Element Performance, DF 89305
50% Span

46



& Design Point

Percent of Design Equip
Rotor Speed
O 110 

A 70
0 50

47

Figure 16f. Stator A Blade Element Performance, DF 89306
70% Span From Tip



;-.Ct~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;.';L t ' -6 h.['

C~~~~t; 1:; i~~~~~~~'Y1.~ %rL

1~~~~~~,",'- -.%"t '.t-f4~!'i C · i t i ·: t-: t 1i

::T-F~~~. ,.:· , '-.+- I· ~,:l1'Li?,"I! £ J;
'

0 2~~~~~~~~~~~~~~~~; 

-'~ .... T¢'~ .: y .... -?~- ' -A* ji~~T- T' ii - - I ' - ' " i-....; 'J:

J,"A

0 : -1 T .' . : ' hTr. I

*'> t Design Point 4- '" ... ; 
:

- ,
]

-

- - '
~

i ' '

.0 O Percent of Design Equivalent . . . --- -.-_
Rotor Speed_ ' __

' ;i.... ' .
~~~~~r "1'i:'

3~~~~~~~~~~~~~~~~~~;'... '_ _~l '-it'_ " : =,' _

-': . V ll , .~L ~ .ti . ~ l. ' ; '' ~~~~~~~~~~~~~~~~~~~~· i
100 - .... 1

0 100~~~~~~~~~~~~~~~~~~~~~ 

i. 0 3 50· I: ii -91 0
,) 3 0 - - T.--~-' -" - .-. i-,k *_

35 ii

b 5t3 pE0" j ,. --- -. 4.r

e 1 : * j'. -- t t ++ - i

. z * i- j fl ; 1 j~j 0 -; 1 0 i'. 1.i-=rt* t,
05

5 0 :1 -! -. r· I I , , 0-h

.05 c- * v : .... . .. , t ... , - ' "i-- i't 

·~ ~~; ' i ; !- · i-~-rr ,j i it t:

_2 7 1$i :16 . 14 -12 -io: :-8;l -6' .4t -2 ;0,1 2, .t: .4 t6,i .:',8 ,, i'

0 *| 0j:4 t, INCIDENCE ANGLE i deg

,i' i'i,-_,- i.. '_ _ . ......-. '- _=. ,. ,, .. - -, . . ..' '' 'i, '' " j* ,4 {' ' ' - , * ; ' ;, ·* '!-
___' ._

u~~~~~~~~t,~~~~~~.~ .r ~.t ~. ;

I O 

t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

' --i __ ;; ,t:' , '-'
--05 j: ' ~ -20'='18 t-16.-14.12 ;71 ,:,-8 _.-6 -4 -2 0+:-'2'..,~:.4 ;.~6:_.. "' 

ii ~~~~~INjCIDENCE: ANGILE, tm' deg -.- ~

0.

130.

Z 0.

0i
. O.

i 4

O,'r.,

, .

-- O0.

..

.

,il'
t-j,-

Figure 16g. Stator A Blade Element Performance,
85% Span From Tip

48

DF 89307



Figure 16h. Stator A Blade Element Performance,
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Figure 18a. Stator A Midspan Static Pressure Coefficient at
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Figure 18b. Stator A Midspan Static Pressure Coefficient at
Design Equivalent Rotor Speed, Corrected Weight
Flow = 111. 27 Ib/sec
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Figure 18c. Stator A Midspan Static Pressure Coefficient at
Design Equivalent Rotor Speed, Corrected Weight
Flow = 102.78 lb/sec
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Mg > 1 (~) I. D. 

Solid Symbols Denote Data Transposed From Other

Circumferential Locations. (See Figure 4. ) 

tt 4

r l . I. T- l 

and Downstream of StatorAatSolidity of Stator Is
RotrSeeCrre Weigh Fo 1. 27 l Scale

Figure 19b. Wall Static Pressure Distributions Upstream DF 89320
and Downstream of Stator A at Design Equivalent
Rotor Speed, Corrected Weight Flow = 111.27 Ib/sec
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Figure 19c. Wall Static Pressure Distributions Upstream
and Downstream of Stator A at Design Equivalent
Rotor Speed, Corrected Weight Flow = 102. 78 lb/see
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Figure 19d. Wall Static Pressure Distributions Upstream DF 89322
and Downstream of Stator A at Design Equivalent
Rotor Speed, Corrected Weight Flow = 97. 00 lb/sec
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and Downstream of Stator A at Design Equivalent
Rotor Speed, Corrected Weight Flow = 92. 70 lb/sec
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Figure 19f. Wall Static Pressure Distributions Upstream
and Downstream of Stator A at Design Equivalent
Rotor Speed, Corrected Weight Flow = 89. 38 lb/sec

DF 89324
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APPENDIX A

TABULATED OVERALL AND BLADE ELEMENT PERFORMANCE DATA

Rotor A and Stage A overall performance is tabulated in table A-1.
Rotor A and Stator A blade element performance calculated from data at the
instrumentation stations is tabulated in table A-2. Rotor A and Stator A blade
element performance calculated from data that has been translated to the rotor
and stator leading and trailing edges is tabulated in table A-3.

Table A-1. Overall Performance - Stage A

Corrected Rotor Stage
Weight Flow P 2 /P 1 lad 'p f2A/P1 '1 ad lp

lb/see

100% Design Equivalent Rotor Speed

89.38
92.70
97.00

102.81
111.27
121.01

1.3058
1.2989
1.3026
1.2923
1.2806
1.2489

0.8207
0.8370
0.8325
0.8510
0.8295
0.7708

0.8273
0.8429
0.8386
0.8563
0.8354
0.7779

1.2862
1.2776
1.2796
1. 2682
1.2585
1.2208

0.7718
0.7815
0.7736
0.7855
0.7685
0.6884

0.7798
0.7890
0.7813
0.7926
0.7759
0.6971

50% Design Equivalent Rotor Speed

43.74
48.90
56.01
61.36
66.35
72.91

1.0708
1.0681
1.0649
1.0632
1.0601
1.0546

0.7497
0.8333
0.7231
0.8484
0.6679
0.6449

0.7521
0.8349
0.7256
0.8497
0.6707
0.6475

1.0657
1.0635
1.0603
1.0560
1.0531
1.0449

0.6964
0.7770
0.6725
0.7651
0.5905
0.5317

0.6992
0.7789
0.6752
0.7670
0.5935
0.5346

70% Design Equivalent Rotor Speed

59.63
68.12
75.29
82.85
89.31
98.05

1.1453
1.1395
1.1355
1.1302
1.1260
1.1046

0.7568
0.8606
0.7603
0.7926
0.8474
0.7942

0.7614
0.8632
0.7646
0.7962
0.8499
0.7971

1.1346
1.1294
1.1262
1.1198
1.1132
1.0856

0.7029
0.8004
0.7097
0.7309
0.7639
0.6533

0.7082
0.8038
0.7146
0.7352
0.7675
0.6573

90% Design Equivalent Rotor Speed

0.8357
0.7943
0.8451
0.8160
0.8343
0.7197

0.8407
0.8004
0.8496
0.8212
0.8389
0.7259

1.2271
1.2224
1.2162
1.2102
1.1975
1.1355

110% Design Equivalent Rotor Speed

0.8283
0.8073
0.8452
0.8626
0.8132
0.7042

0.8357
0.8155
0.8518
0.8684
0.8207
0.7126

1.3429
1.3388
1.3373
1.3264
1.3127
1.1648

80.07
85.01
91.00
96.10

105.46
116.21

1.2464
1.2375
1.2323
1.2235
1.2167
1.1687

0.7741
0.7465
0.7896
0.7699
0.7641
0.5839

0.7805
0.7536
0.7953
0.7761
0.7700
0.5913

103.91
108.33
113.37
118.16
122.26
125.55

1.3650
1.3624
1.3620
1.3493
1.3355
1.2255

0.7823
0.7590
0.7923
0.8105
0.7622
0.5240

0.7912
0.7687
0.8007
0.8180
0.7712
0.5342
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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

Relative Velocity

Relative Tangential Velocity

Rotor Speed

Absolute Mach No.

Relative Mach No.

Relative Turning Angle

Loss Coefficient (M)

Loss Parameter

Diffusion Factor

Polytropic Efficiency

Adiabatic Efficiency

Incidence

Deviation

Total Pressure

Total Temperature

Stator Exit Average Freestream Total Pressure
From Wake Rakes

Loss Coefficient Based on P2 FS (Wfs)

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

P2 FS

UUBAR FS

LOSS PARA FS

Note: Where applicable the appropriate instrumentation station is noted.
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Table A-2. Blade Element Performance

Stage A Rotor A - Stator A

PERCENT EQUIVALENT ROTOR SPEED - 99.72 EQUIVALENT ROTOR SPEED - 4198.27 CORRECTED WEIGtT FLOW - 111.27

INLET
PCT SPAN
OIA

STATION 0 BETA 0
STATION 1 BETA 1

V 0
V I
VZ 0
VZ 1
V-THETA 0
V-THETA I
N 0
NI
TURN
UUBAR
OFAC
EFFP
INC ID
DEVN
P o
P I
T O
T I

96.54 91.52 86.39 70.99 50.10 29.08 13.68 8.55 3.53
33.140 33.560 33.990 35.280 37.030 38.790 40.080 40.510 40.930
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

462.36 462.36 462.36 462.36 462.36 462.36 462.36 462.36 462.36
424.24 470.14 480.25 488.37 490.55 486.45 479.56 470.65 459.32
462.36 462.36 462.36 462.35 462.33 462.28 462.24 462.22 462.21
424.22 470.13 480.25 488.35 490.42 486.11 479.02 470.05 458.67

0.00 0.00 0.00o 0.00 0.00 0.00 0.00 0.00 0.00O
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.4215 0.4215 0.4215 0.4215 0.4215 0.4215 0.4215 0.4215 0.4215
0.3856 0.4288 0.4384 0.4461 0.4482 0.4443 0.4377 0.4293 0.4186

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2154 0.G284 0.0 0.0 0.0 0.0 0.0 0.0414 0.0923
0.082 -0.017 -0.039 -0.056 -0.061 -0.052 -0.037 -0.018 0.007

-3.5786 0.5633 0.9999 1.0000 0.9998 0.9998 1.0001 0.4852 -0.1803
00 0.000 1 0.000 1 0.000 1 0.000 1 0.000 1 .0 0.0001 0.0001 0.0001

-0.000 -0.000 -0.000 -0.000 -o0.000 -0.000 -0.000 -0.000 -0.00
14.694 14.694 14.694 14.694 4.694 1 4.6949 1 4.694 14.694 14.694
14.330 14.646 14.694 14.694 14.694 14.694 14.694 14.624 14.538

518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700
518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700

ROTOR A PCT SPAN 95.05 90.09 85.01 70.01 50.07 29.99 14.99 10.04 5.08
oIA 33.230 33.610 34.000 35.150 36.680 38.220 39.370 39.750 40.130

STATION 1 BETA I 0.000oo 0.000 0.000 0.00 0.000 o.ooC 0.000 0.000 0.000
STATION 2 BETA 2 46.810 44.760 42.620 38.460 35.810 35.120 36.620 38.730 42.710

BETA(PRI I 55.054 52.594 52.357 52.924 54.134 55.623 56.878 57.649 58.544
BETAIPRI 2 19.736 23.060 25.214 28.168 30.883 32.472 34.424 34.852 38.283
V 1 424.24 470.14 480.25 488.37 490.55 486.45 479.56 470.65 459.32
V 2 624.57 611.76 608.46 618.46 628.24 639.68 630.12 624.11 585.32
VZ 1 424.22 470.13 480.25 488.35 490.42 486.11 479.02 470.05 458S.67
VZ 2 427.47 434.39 447.74 484.21 509.19 522.59 504.85 485.96 429.30
V-THETA I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V-THETA 2 455.36 430.76 412.00 384.61 367.38 367.56 375.21 389.75 396.28
V(PR I 1 740.6 773.9 786.3 810.0 837.1 861.1 876.9 878.7 879.3
V(PRJ 2 454.1 472.1 494.9 549.4 593.7 620.2 613.2 593.4 548.1
VTHETA PRI -607.1 -614.8 -622.6 -646.3 -678.3 -710.6 -734.2 -742.1 -749.8
VTHETA PR2 -153.4 -184.9 -210.8 -259.3 -304.5 -332.6 -346.0 -338.4 -338.8
U 1 607.07 614.77 622.64 646.27 678.33 710.57 734.20 742.08 749.77
U 2 608.72 615.68 622.83 643.89 671.92 700.13 721.20 728.16 735.12
" I 0.3656 0.4288 0.4384 0.4461 0.4482 0.4443 0.4377 0.4293 0.4186
N 2 0.5506 0.5399 0.5379 0.5484 0.5572 0.5675 0.5572 0.5510 0.5145
N(PRI I 0.6732 0.7059 0.7178 0.7399 0.7648 0.7864 0.8004 0.8015 0.8013
NIPR) 2 0.4003 0.4167 0.4375 0.4871 0.5266 0.5502 0.5422 0.5239 0.4817
TURN(PR) 35.317 29.534 27.143 24.760 23.265 23.179 22.498 22.846 20.320
UUBAR 0.1544 0.1963 0.1739 0.1087 0.0625 0.0455 0.0850 0.1136 0.1793
LOSS PARA 0.0422 0.0530 0.0468 0.0295 0.0172 0.0129 0.0243 0.0326 0.0497
OFAC 0.5656 0.5536 0.5264 0.4676 0.4313 0.4221 0.4477 0.4785 0.5344
EFFP 0.8067 0.7559 0.7767 0.8476 0.8797 0.9157 0.8682 0.8590 0.7928

EFF
INC 0ID
DEVN
P1
P 2
T I
T 2

0.7995 0.7479 0.7695 0.8*25 0.8754 0.9125 0.8632 0.8537 0.7854
3.212 0.315 -0.333 -1.131 -1.924 -2.425 -2.545 -2.206 -2.088

11.987 13.762 14.295 12.465 10.196 7.610 6.872 6.720 9.405
14.330 14.646 14.694 14.694 14.694 14.694 14.694 14.624 14.538
18.520 18.405 18.400 18.565 18.800 19.100 19.085 19.055 18.635

518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700
568.030 565.480 563.440 561.240 561.920 562.930 565.310 566.430 567.250

STATOR A PCT SPAN 95.10 90.20 85.15 70.17 50.00 29.97 14.85 9.94 5.04
OIA 33.200 33.550 33.910 34.980 36.420 37.850 38.930 39.280 39.630

STATION 2 BETA 2 46.810 44.760 42.620 38.460 35.810 35.120 36.620 38.730 42.710
STATION ;A BETA 2A 0.700 0.700 0.700 0.370 0.830 1.960 2.730 2.780 1.870

V 2 624.57 611.76 608.46 618.46 628.24 639.68 630.12 624.11 585.32
V 2A 444.24 460.08 457.84 489.05 - 541.85 561.99 559.69 535.92 489.65
VZ 2 427.47 434.39 447.74 484.21 509.19 522.59 504.85 485.96 429.30
VZ 2A 444.21 460.05 457.80 489.00 541.65 561.34 558.58 534.78 488.87
V-THETA 2 455.36 430.76 412.00 384.61 367.38 367.56 375.21 389.75 396.28
V-THETA 2A 5.43 5.62 5.59 3.16 7.85 19.21 26.64 25.97 15.96
N 2 0.5506 0.5399 0.5379 0.5484 0.5572 0.5675 0.5572 0.5510 0.5145
N 2A 0.3859 0.4010 0.3997 0.4288 0.4768 0.4949 0.4917 0.4694 0.4270
TURNIPRI 46.110 44.060 41.919 38.083 34.957 33.112 33.818 35.867 40.744
UUBAR 0.1656 0.1012 0.1086 0.0723 -0.0106 0.0136 0.0441 0.1154 0.1364
LOSS PARA 0.0557 0.03C4 0.0374 0.0257 -0.0039 0.0052 0.0175 0.04l . 0.0551
OFAC 0.5314 0.4847 0.4777 0.4289 0.3502 0.3323 0.3325 0.3761 0.4276
EFFP 0.6969 0.7902 0.7742 0.8276 1.0366 0.9477 0.8153 0.6071 0.5869
INCIO -0.161 -1.441 -2.851 -5.216 -6.443 -7.282 -6.759 -5.209 -1.842
DEVN 13.731 13.554 13.434 12.704 12.950 14.667 16.238 16.585 16.020
P 2 18.520 18.405 18.400 18.565 18.800 19.100. 19.085 19.055 18.635
P 2A 17.949 18.070 18.043 18.317 18.838 19.049 18.925 18.645 18.215
T 2 568.030 565.480 563.440 561.240 561.920 562.930 565.310 566.430 567.250
T 2A 568.030 565.480 563.440 561.240 561.920 562.930 565.310 566.430 567.250
UUBAM FS 0.1u03 U.0970 0.0884 0.0735 0.0554 0.0329 -o0.07_ 0.08UJ4_ _0. 148,
P2 FS 18.270 18.390 18.327 18.569 19.049 19.175 19.134 18.920 18,.680

LOSS PARA FS 0.U337 0.0330 U.0304 U0.0261 0.U203 0.U125 0.0226 0.0321 0.0601

PCT SPAN
DIA
BETA 0
BETA I
V o
VI
VZ 0
VZ 1
V-THETA 0
V-THETA 1
NO0
NI
TURN
UU8AR
OFAC
EFFP
INCID
OEVN

PO
P I
TO
T I

PCT SPAN
OIA
BETA 1
BETA 2
BETAIPRI 1
BETAIPRI 2
VI
V2
VZ 1
VI 2
V-THETA I
V-THETA 2
VIPRI 1
VIPRI 2
VTHETA PRIL
VTHETA PR2
U 
U2
N1
N2
NIPR! 1
N(PR) 2
TURN(PRI
UUBAR
LOSS PARA
OFAC
EFFP

EFF
INCID
DEVN

P 
P2
T 1
T2

PCT SPAN
DIA
BETA 2
BETA 2A
V2
V 2A
Vt 2
VZ 2A
V-THETA 2
V-THETA 2A
N 2
N 2A
TURNIPAR
UUBAR
LOSS PARA
OFAC
EFFP
INCID
DEVN

P2
P 2A
T 2
T ZA
UUBAR FS
P2 FS
LOSS PAA FS
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Table A-2. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATEO VALUES
PERCENT EQUIVALENT ROTOR SPEED = 99.72 EQUIVALENT ROTOR SPEED - 4198.27 CORRECTED WEIGHT FLOW - 111.27

INLET
PCT SPAN
DIA

I.G.V.-L.E. 8ETA 0
I.G.V.-T.E. BETA I

V O
V 1
VI 0
VZ I
V-THETA O
V-THETA I

NO
MI
TURN
UU8IAR
OFAC
EFFP
INC ID
DEVN
P O
P1
T O
TI

ROTOR A

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

96.61 91.52 86.39 70.81 49.19 28.83 13.41 8.35 3.3* PCT SPAN
33.138 33.570 34.006 35.328 37.113 38.892 40.2G2 40.631 41.056 DIA
0.000 0.000 0.000 0O.0 0.000 0.000 0.000 0.000 0.000 BETA 0
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 BETA I

462.31 462.37 462.37 462.37 462.37 462.37 462.37 462.37 462.37 V 0
409.29 452.87 462.44 471.15 474.17 470.07 461.93 452.73 441.16 V I
462.37 462.37 462.37 462.36 462.33 462.28 462.24 462.22 462.21 VZ 0
409.29 452.87 462.44 471.14 474.13 469.98 461.80 452.59 441.01 V I

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 0
0.00 0.00 0.00 0.00 C.00 0.00 0.00 0.00 0.00 V-THETA I

0.4215 0.4215 0.4215 0.4215 0.4215 0.4215 0.4215 0.4215 0.4215 N 0
0.3716 0.4125 0.4215 0.4298 0.4326 0.4287 0.4210 0.4124 0.4015 N I

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN
0.2154 0.0284 0.0 0.0 0.0 0.0 0.0 0.0414 0.0923 UU8AR
0.115 0.021 -0.000 -0.01-0 .O.026 -0.017 0.001 0.021 0.046 OFAC

15.5725 2.8385 0.9625 0.9999 0.9999 0.9998 1.0000 14.7439 24.5990 EFFP
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 INCID
-0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 DEVN
14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694 P 0
14.330 14.646 14.694 14.694 14.694 14.694 14.694 14.624 14.538 P 1

518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T 0
518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T I

PCT SPAN 95.00 90.01 85.00 10.01 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 DIA
BETA I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 BETA I
BETA 2 47.030 45.016 42.801 38.606 35.932 35.335 36.984 39.183 43.280 BETA 2
BETAIPR) 1 54.626 52.190 51.944 52.442 53.654 55.205 56.550 57.353 58.290 BETAIPRI 1
8ETAIPR1 2 19.893 23.275 25.378 28.334 31.063 32.756 34.876 35.401 38.972 BETAIPR) 2
V 1 431.03 477.03 487.31 496.76 498.92 493.62 485.13 475.55 463.46 V I
V 2 622.29 608.95 606.28 616.29 626.07 635.86 624.28 617.49 578.56 V 2
VZ 1 431.02 477.03 487.31 496.71 498.68 493.04 484.25 474.58 462.40 VZ I
VZ 2 424.16 430.47 444.84 481.53 506.65 518.09 497.79 477.73 420.41 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 I
V-THETA 2 455.33 430.71 411.93 384.48 367.19 367.30 374.89 389.39 395.89 V-THETA 2
VIPRI 1 744.5 778.1 790.5 814.9 841.6 864.3 879.0 880.2 880.3 VIPRI I
V(PRI 2 451.1 468.6 492.4 547.2 591.8 616.9 607.9 587.3 541.9 VIPRI 2
VTHETA PRI -607.1 -614.7 -622.5 -646.0 -677.7 -709.5 -733.0 -740.7 -748.4 VTHETA PRI
VTHETA PR2 -153.5 -185.2 -211.0 -259.7 -305.2 -333.3 -346.9 -339.5 -340.1 VTHETA PR2
U 1 607.09 614.75 622.48 645.96 677.73 709.52 733.02 740.73 748.39 U I
U 2 608.82 615.88 622.94 644.13 672.37 700.62 721.83 728.91 735.99 U 2
N 1 0.3920 0.4353 0.4451 0.4540 0.4561 0.4511 0.4430 0.4339 0.4225 K I
N 2 0.5484 0.5373 0.5358 0.5463 0.5552 0.5638 0.5517 0.5448 0.5082 N 2
NIPRI 1 0.6771 0.7101 0.7220 0.7448 0.7694 0.7898 0.8027 0.8032 0.8024 NIPRI I
NIPRI 2 0.3976 0.4135 0.4351 0.4850 0.5248 0.5470 0.5372 0.5182 0.4760 NIPRM 2
TURNIPR) 34.733 28.914 26.566 24.110 22.600 22.466 21.702 21.984 19.358 TURNIPRI
UU8AR 0.1531 0.1946 0.1723 0.1076 0.0621 0.0452 0.0848 0.1135 0.1794 UU8AR
LOSS PARA 0.0418 0.0525 0.0463 0.0291 0.0171 0.0128 0.0241 0.0324 0.0493 LOSS PARA
OFAC 0.5720 0.5605 0.5321 0.4734 0.4366 0.4282 0.4551 0.4864 0.5420 OFAC
EFFP 0.8067 0.7559 0.7767 0.8476 0.8797 0.9157 0.8682 0.8590 0.7928 EFFP

EFF
INCID
DEVH
P1 I
P2
TI
T 2

0. 7995 0.7479 0.7695 0.8425 0.8754 0.9125 0.8632 0.8537 0.7854 tFF
2.784 -0. 089 -0.746 -1.615 -2.409 -2.856 -2.892 -2.523 -2.365 NCIOD

12.144 13.977 14.458 12.631 10.375 7.892 7.321 7.266 10.090 OEVH
14.330 14.646 14.694 14.694 14.694 14.694 14.694 14.624 14.538 P 1
18.520 18.405 18.400 18.565 18.800 19.100 19.085 19.055 18.635 P 2

518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.100 T 1
568.030 565.480 563.440 561.240 561.920 562.930 565.310 566.430 567.250 T 2

STATOR A PCT SPAN 95.05 90.12 85.15 70.15 50.00 29.85 14.84 9.88 4.94 PT 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 46.536 44.503 42.333 38.329 35.604 34.887 36.398 38.509 42.495 BETA 2
STATOR-T.E. BETA 2A 0.700 0.700 0.700 0.370 0.830 1.961 2.731 2.781 1.871 BETA 2A

V 2 627.46 614.67 611.99 620.61 631.94 644.11 634.25 627.99 588.57 V 2
V 2A 444.27 460.10 457.85 489.05 541.90 561.99 559.69 535.92 489.66 V 2A
VZ 2 431.63 438.39 452.40 486.78 513.54 527.78 509.72 490.58 433.25 VI 2
VZ 28 444.23 460.06 457.81 488.99 541.62 561.19 558.36 534.53 488.63 VZ 26
V-THETA 2 455.41 430.85 412.13 384.83 367.71 368.01 375.76 390.36 396.94 V-THETA 2
V-THETA 2A 5.43 5.62 5.59 3.16 7.85 19.21 26.64 25.97 15.96 V-THETA 2A
N 2 0.5533 0.5426 0.5412 0.5504 0.5607 0.5716 0.5611 0.5546 0.5175 N 2
N 2A 0.3859 0.4010 0.3997 0.4288 0.4769 0.4949 0.4917 0.4694 0.4270 N 28
TURNIPRI 45.836 43.803 41.632 37.953 34.753 32.885 33.603 35.655 40.540 TURN(PRI
UUWAR 0.1642 0.1003 0.1074 0.0718 -0.0105 0.0134 0.0436 0.1141 0.1350 UU8AR
LOSS PARA 0.0553 0.0341 0.0370 0.0255 -0.0039 0.0052 0.0173 0.0456 0.0545 LOSS PARA
DFAC 0.5335 0.4871 0.4807 0.4309 0.3540 0.3370 0.3370 0.3801 0.4309 OFAC
EFFP 0.7025 0.7947 0.7801 0.8308 1.0350 0.9507 0.8262 0.6252 0.6017 EFFP
INCID -0.435 -1.698 -3.137 -5.346 -6.647 -7.509 -6.973 -5.421 -2.046 INCID
DEV1 13.731 13.554 13.434 12.704 12.950 14.667 16.238 16.585 16.020 DEVH
P 2 18.520 18.405 18.400 18.565 18.800 19.100 19.085 19.055 18.635 P 2
P 2A 17.949 18.070 18.043 18.317 18.838 19.049 18.925 18.645 18.215 P 2*
T 2 568.030 565.480 563.440 561.240 561.920 562.930 565.310 566.430 567.250 T 2
T 2A 568.030 565.480 563.440 561.240 561.920 562.930 565.310 566.430 5-67.250 T 2A
UU8AR FS Q.0994 0.0962 0.0874 9.0731 0.0548 0.0325 0.0564 0.0795 0.1473 W8AII FS
P2 FS l i8±39 0 18-327Ai5n 19.J 049 __ 19.174 19.118 18.920 18.680 Pn FS
LOSS PARA FS0-0334 0.0327 0.0301 0.0259 0.0203 0.0126 0.0221 0.017 0.0594 LOSS PARA FS
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Table A-3. Blade Element Performance

Stage A Rotor A - Stator A

CAtCULATlnNS USTNI TPANSLATFC VALUE S

PEpRCET EQ1liVALFMT ROTrO ',PF~n = 11n.?A QU IVALEF.NTP nTrPDSPE;n = 4E42.77 CORRECTEO WEIGHT FLOW - 125*55

PCT -,P~N~ -01. F i 19 S, 46 ~q 91 34R;7! .41 B. 1 13.14 PCT SPAN

..... q(_ ": on no n.000 ~~~~~~~~BETA 
BFTA ~~ I1 O,0 On,n~ OO q0o on00 ,O: 0,~

BETA I 0 non 0 non 0 001) 0 909 0 no ~~~~OOP q,00~r RITA I

V n ~38.46 530.46 530.46 S ~."46 5~B46 538.46 538.4~ $R.46 5 8.46 V 0

V7 5181.46 9'4.46 5)8. 46 5!,q.49 53A. 41 13Ft. 6 53.31 51B.29 SIR,~7 V? 0
5, nS S0. 61 55 7.2 91. 54 541 . 6 527.35 401* 75 VZI1

on no n~~~~~~~.nn V-THFTA1

n .4Q4n 0.40&~ O.A n n.4q&Ol 0*&qAn .4n4 *A 0.4;40 *4 40 4 

U I .41o1 1.5]ns A*5!?P 0.5]~j (.I? 0.17 05 6 9 4 q3 *84 0 40

11I1BAD 0.1217 0. n. 0. ";.0 I. n* 0.0&17 q*]ql~ IIUBAP

O~AC 8.70- nO? -. 36 -An.)41 -q. i6 -;0.~2 -O. 1 n.20 n

FFFP -~.675 I,~ I,00 I.03
I NC n~oj O. r01) I 11..(OI O.nol n. nor) I 0nn I 0.001 O.0nl O .O ! I NCIO

~EVM - o~1-.0O.O', On -n.0nn -O.00q " -n.0 -0,000 -0.non -q.0 OEVM1

P 0 1 4.604 14.~1o44 1 1.64 14.604 14.604 14.U 14.604 14*604 14* O&14:6"4 14 . 1~~~~~~~~ P 4 :2P4 :"24~~~~P 

P P ~.C 14.104 I4.S.& I4.604 14.6q4 IA.604 14.604 14.60n 47S P

T I R1. 70 S I1n8.i : F1.TOO I18.TOO 18.Too 518.70 1.70 ~1.70 1.

? I 5187n n 518,700 A1870 7nnq 'IA,7oo 518,70 L 1 0 S1I 7 0 91,0 TO 91FTo

.O~~nq A P SPAN ~ S I On TO nj 02 -4n 02 is nj '~~n,,n 4.q PCT SPAN

n0I6 i.> 0;.22 34.nn6 5. 6~ ~6.7 38,?47 'A.~ 430 . :79&.17 01

[,q-oo --1. RPTA I n~O' n:-O o:nn O:q, o.3 ,On no"n qno S O ~T

.nTn. -T.F, AETA ? 1m. R71 I'.6o4 31.5 90 I0nl 2F'. 10 1 26.447 21.527 ?6*600 31.008 BETA(?

RrTA(PP) I 9q.444 49,177 49.1- 1 5.71] 51.78 53.3145 S4*731 S5~.6 ASO 00 Bgos ETAlPR) I

RFTafIPj{ 72~.n4 I3.56 27,074 y~O0 31,895 35,478 37*479 30,228 47.474 RTIU 

V4 ] ~KA. Sq.37 SQO."P 5Q4.qA CO0.~] 574 S R S74.~4 Z'6 a5 A24.~ VI1

v 714,27 734.78 778, 7 7'qARF4 756,6 7,161,6 7!2,55 '7 Z :9 

VT I ~4,4 S qq,~.7 50~*00q 504*0 gn Qp? 5 9qq ST~* 1I 555.44 517,09 V? 1

VZ ? qR~6.~& ~04. AO 662.96 65S.~7 636.44 640.76 641.51 611.7 .4R[.27 V? 

-THFTA 7 448,.~4 417,~9 407,R4 178o47 3470 .418*Aq 306,3 3117,2 n 2A9~ -H~ 
v ~ ~ ~ ~ ~ Rq7, A ~ ~ A? , q74* q78,5 P6q33o; 0004 076.5 VIP81 I

V-1oP ) Q ? 5q , 6 ,R' 720,1 7'35,6 750,' 18 787, qQn* T .3 7131 1 V

VTHPTA PR1 -71.4 - E ,qIn - 608* -7144 -741*. 7B, - a10.16 -q02 - _7* VTE o 0

VTHFTA P.? -?7,C- AW, - ?1,t-1~0 -, - 3~* -401oq -4Rq - 59 4,7 VHT 
II ! ~~~~~~~~~~~~~~~ ~~~~71.3 6170.3 688.?n 714.3S 740*40 784.6 1.3:q.6 BT6 

I ?R7.8 6l.a 680 71233 74*6 774.An 700. 6 RE0 l.Z U?

SC ! .05 54~3 0. 54 0 0.54R7 0,5444 0,5386 . 5706 n.5114 0.4746 M 1

M2 0.6: 0.653 n . qP 06 0.6511 0.641 2 0.6309' 0 67 .92 #2

MIPp) I n.en0 no.1R~q& n.R~ 77 n0570 0.707 0 .00q .144 O .9l~ * 100 n*8947 "(PR) I

M(oP) 2 n.53 1~ .1 0.65 " .646 00 5.70 .073 01.721 0761.3[ # PR}

TURNIPPI ? q*40q I5,51 26.327 23,27 IqR93 I788 I7,f 16666 10o7 T NPRI

UUR&8 P,]3762 0,35 n.[q~q 0,655 0,135 C.1493 0,141 0,181 0,049 Uq

1nS PAOA 0.I017 nntoR3 "n.0 I 1 o.04A 0.0474 0.0408 a.0380 nnO&0 0.0 7?9 LSSP0

~ p h.~?~q P~~~~~~~~~.S-? n., Tl~ 0 7n3 O.61 0.740f n.?m8I 0.03 ~ 7~ FFFP

EFF 0.517rl n 5464 7n.74~ 0.7737 n.7~Bo 0.74?? CZ.7,1 4 0.6050, n0460 'IFl II

qEVU 14.78~~~~~~~~~ 14.6R -405 1 1*70~ Q 11.206 10.I1 9.923 I*0 1 89 EV

P 1 . 40 1 64 14.60 [4.694 14.0604 14.60 14*'4604 14 on0 14.2?n5 P 1

0 217.~0 17.70 8,&45 1 940 IR.O 1.0 IZ.00 I762 1610 

T I R14mo T SI 51 , .0~ 700, 518,700) 518,700 518.7oo 510,TOO 51q,0 TOO,7oo T I

T2 } 73.r5C ~7~,30 -568.14n 563.280 560750 560, 8 55q,910 Sr9q,05 557750 T ?

STATOR A OrT 'PAM 'I;"' 11.12 8.5 70.15 So~nn 20*05 1 1 4.B4 A.S "4.q4 PCT SPAN

Il 7*q 33I5 1!.1~ I49 3642 3709 3.3 q25 337 DI
STA-~P--I1 RETA 2 1~.418 34.15- 31.1 56 S 20*q 7 0*?P327 76,071 9S,0:n74) 216,27 30*: 5171 BET& ?

STAnO-R.P. PFTA 26 1.80. 1.490 1.230 -Oo ?9O -0.700 0 *2R0 .31 t.161 - 1.O*O1q BFTA ?A

V ?721.17 743.41 780.60 763.82 733*? 727.04 726.05 608.89 -572.4 A V 2

V A6 697.5 706.61 712.03 76n.71 744.39 750.41 747°32 711 -in 6513.6A V 76

V'72 5.Rq 61516 674.01 661.17 665.56 652.2, .6S6.01 625.67 497*00 VI 2
V? 26 6~7.2~ 706.1~ ":'7 711070.1 7 .0 749.77 746*IS 712.34 6S2.6r V 2

V-THFTA 4 4A.~ 411*4 4&Oq*4 '37B.Al 347.99 319*In 307.n0 3n7.06 200.0~ V-THETA ?

V-THrTA7 ?A B I m 1.79 15.28 --3,80 -- qOq 3.67 1 7*33 14.463 -0*23 V-THETA ?A

M20.6 3o? O.6I"21 n.7000 0.6868t 0o6591 06526 0,6520 n.75 0.07 2

IA nS74R n.6767 0.6]~1 0.6R~8 0.6694 0.6785, n.6728 %.6qg 0,58~46 M ?A

TURN{ PP, I~.8 32.67 ° 2.06 10 72 2q.009 25*755 36? 2 6 3046 TR(R
IIURAO 0.?~04 0.~~~~~~~~~~~~~~~~~~~q1876 *64 91 0.1480 0.1250 0*550 O*q4 0.0:377 UURA~1

1I oSS PARA 0.0762 n.n536 0.01n 0.0400 0 .55 1.l 0*041 0.618 n*01 0.0157 LOSSPq

~FAC 0,2002 0.?~~~~~~~O 24 . 280 01[824 0.66 0*[36 0.10 0.41 *69 OFFAC

EFFP - 01350 -O.BP9 -0.2151 -13.16 23 5.3471 2.616P I.2701 5.[07? 1.115 EIFP
INrin - .534 -12 .042 -14.314 -13.937 -13.921 -16.310 -IRA.283I -,17. 700 -14.011 T NCIOj*

DrV. 14.611 14. 34 13.964 12.044 11.420 127. 088 14.89 14.67 14.132 nEV

P ? 17, 310 17,7IS IB,455 18,40q IR,000 Ia,005 I8*00 1) 7,5 I6.,30 P 2

P'?A 16.&,17~ 16.0014 17.0681 1 7.718 ] T7:B [91 7.&&5 17.1n04 16A78 16.3 P ".A

IST ?30~ 570.6930 568.41 56~8 S6 7o50 560o400 550*1 5I50.9~570 557o700 TZ

? ?A 573,0~3 S?~,6~0 068,2~~~4o 40 S3,28 0 50,750 560,4n0. 55q .qlO .559,9SC 557,7-0 T 2A

UU/Ba c~ 0.2183 u,2128a 0.X8 2 0,167 0,1084 0,.1209 0,1103 071366 0.27124 UUdBA.R FS
2 c2 ;
P1~s 7. 3 19 18.021 17e92 28,85 17,a72 17984 17.77 17,302 16.706 

LnSS PAPA F5'0'.0734 0,0723 0,0647 0.0414 0.0401 0,065 0.037 0.0546 0.0856 Lnss pAPA FS

to~~0o6

71



Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCUILATIONS ISING TRANSLATEF VALUFS
0FRCFNT OUIVALFNT ROTr SPFF0 = 10q.Q7 OIIIVALFNT RnTnP SPFnD = 4629.71 rnRRFCTFn) WEIGHT FLOW = 122.26

INCFT

'CT SPAN

BFTA 0

RETA I

V 

V I

VZ 0

VZ 1

V-THETA 0

V-THETA I

M 

UIIRAIR

nFAC

EFFP

IEVH
P n

I1

T 

3.13e 37.5 70
'.00' 0.200
n.n00 0.000

570.?7 520.27
sn3.00 524. 32
5s7.77 520.27
5n0.0n 574.31

n. On n. nn

9.On 0.30
0.4765 0.4765
n.44On n..R04

n.n 0.0
0.0766 0.0

3.033 -n.0nn

-14.21R3 0.9;o9
0.0001 o.onl1

-n. onn -0. n00
14.6a 4 14.694
14.530 14.694

518.700 515.700
518.700 ESP.700

q.35q 70.81 49.79 28R5q 13.41 R.35 3.34
'4.006 35.328 37.113 3R.Pq7 4A.202 409.31 41.056

o.000 O.oo o.oo00 n..00 0.I00 n.000 o.Inn
0.A0n ?.030 0.000 O.00n 0.000 0.nno .00oo

52.2 520.27 520.27 52 5.27 520.27 520.27 520.2T 520.27
526.6o 531.86 5s8.57 531.495 19.32 506.sR 454.94
R20.27 S20.76 527P.3 520.1' 520.13 570.11 520.19
526.66 531.85 538.7P5 31.R 51t9.18 s0h.52 454.77

n.n0 0o.0n 0.n 0.00 .no o.00 o0.0

0.00 0n.0 0.03 0.00 o.00 0.00 0.00
0.4745 0.4765 n.476S 0.47hS 0.4765 n.4765 0.4765
n.467A 0.4971 n.4q43 0.4R77 0.47S6 0.&64h 0.4472

0.n 0.2 . O0.0A 0.0 n.. n.0
3.0 n.n 0.0 0.0 0.0 0.n055 0.1423

-0.11 -0.02? -0.035 -0.n?7 0.002 n0.o6 .106R

n.soq7 e0.qs5R 0.5q 0.990o7 0o.905 18.8650 234.048R
n.0nol 001 01 0.0001 0.000o 0.0001 0n.o01 0.0001
-. 0o0 -0.A00 -0.000_ -0.000 -.0.00 -o0.nn0 -0.000

14.64 14.604 14.164 14.654 14.A54 14.659 14.694
14.694 14.4h4 14.64 14.6q4 14.654 14.553 14.3l3
1S5.700 515.700 518.700 518.700 51R.700 515.700 518.700

.7 l.nn 18.700 518.700 5170 51R70n .700 51 .7n

PCT SPAN q5.n00 o.0 I 55.00 70.01 50.0O

0(8 03.235 33.h61 34.004 35.10 34.700
AFTA 1 .Oe 0.n00 'A.n0 0.000 O.nI0
RFTA 2 47.R'3 44.850 4j1. 6 37.454 01.4R0
R'TA(IPI I 51.4Q8 50.705 95. 25 51.77 S2.712
RFT(o)RI ? 7?2.Raq ?.n14 37.045 2.oo50 29.421
V I 53?.57 5'4.78 557.' 563.05o 546.7R
V h65.0 72 655.41 656.7 677.l1 711 .0
V I S72.5 55 4.75 557.15 53.n3 R694.10

V7 0 410Q.5 464.41 4*0.87 538R.O 575.67
V-TH'TA I n. n ^ n.nA 9. n0 0.0o 0o.n
V-THFTa 2 4PS5.4 4?7.47 416.77 412.15 412?.-
V(PQ) I S 576.0 R 5 4.' 505.0 530.

VI'0) ? 477.4 .S 51.1 415:.3 664.1

VTHIFTA 'l -6I '.' -677.9 -7a5.4 -717. -747.4
VTHFTA P -5.7 -?(4.7 -7n50. -7q8.1 -37?.0
II 1 6F6o.4n 677.59 6R6.45 717.04 747.35
II h671.q t,70.1 7 h5h."a 71n. '41 7.47

" I n .048 0.505o7 .5177 4.I177 0.S7R3
5 7 9.5743 1.5744 0.57RR .60Enn 0.:3no
0(P0 (1 .7140 0 R54A n.ql75 I.1P45 1. 544
M( R5 7 n.41a3 0n.45 n7 .4 n o7 n.564c 0.501n

TIIoNI(PR 2R.61' 7R .o4n 23.RR1 77.91l 273.00
'IllsRA 0.265 0.2.74'3 n0.155 n.llS O.055R
tnSS PARA 0.0711 0.ns56 n.571! 0.n311 n.0156

rFAC n.460' n.5702 n.S2'4 0.4h61R .4317
cFFn n.6861 0.6071 n.71nR .R8264 0.9142

FFF 0.6746 q.6564 n.7211 0.5156 L .5104
INCIn -_n.141 -1 S73 -r.7ss -7.17` *3ft1

nEv4 15.135 15.716 16.12 1 .37R5 P.o34
0 1 14.:52 14.4 4 14.6" 14. 5' 14.654

15*I.750 1.qo5 IR.PSS5 1'.265 16.5n

T *I 5R.7n0 5IR.?7o 5lq.7nn 595.70n 51R.17 n

T 7? 47".7n 571.n?0 S71.81' 5h.67Sn s70.727

30.02
3P. 047
n.qor

35.117
54. 42

32.791

560.24
701.80

573.39
O.On

4n3. 7

-782.4
-36q.4
7P? .4
772.62

0.5150
0.4210
0.55 46
n.6r43

21 .F54

O.0170

C.4"?7
O.RqRa

7.927
14.6 4

518.70 n

'7?.6'0

1s.n1 I0.nn 4.qR PCT SPAN
3'.405 30.79l 4n.17R nOA

0.onn .0no l.n00n RETA 1

36.398 I9.851 4?.nA3 BETA 7
55.051 s6.*71 R5.313 RETAIORI I
34.7T19 7.215 41.567 PETAIPR) ?
S47.23 53.1Iq 5106.5 V I
602.76 658.n2 611.0n V 2
545,.4 S3.q 51RQ.5eR VZ I

556.63 504.23 445.80 V? 2
'.00 .30n n.nn V-THETA I

410.13 42?.57 416.2q V-THFTA 7
764.7 q76.0 q70.5 V(PR1 1

675.4 414.4 5O7. n VlIP) 2
-R09.3 -5 -. -q?. VTHETA Po
-8*s.? -3R5.5 -3q5.3 VTHETA PP?
anR.35 Pl8..54 75.1n U I
7'.11l n0. 1l Pl .h6 1) 7
0.5024 0.4Rs8 0.4673 M 1
0. 610 0.5776 0.5334 M 2
0.862 or.5q50 .0.R51 uM(pq) I
0.5q54 n0.5565 0.213 u(pRS 2
21.25o lo..5 !6.7'4 TIIRN(IPP
n.0qO5 n.15?5 . 1507 IIUBAR
.n25R 0.0425 n.05s4 LOSS PARA

n.4455 0.4957 0.0527 nFAC
'. R8 7 0.55S n.70S PFFOP
0.RS574 .7077 n.7405 FFF
'. 4ol -A.0"¶ -;341 TNtCI1

7. 16S .q17q 1 2.84 FV M

14.6'4 14. SR 14.301 9 I
0. 355 1.6! n I . n4 P I

515*.02 5. 70 1 518.70' T I
574.91? 576.16n c771.00 T ?

PrT ~PAN I~nl 11;,11 11;11 I 1%1I 29 RS 14;1a4 8 4.q4 PCT 'PAN

OTA a~?3 t 43.01 04, 6.2n ~7. 9 3 I.3 O?5 q~ I

SETa2 4 7.283' 414.~76' &1.152 37.1R8 A .0qq I4.6[~1 35.749 1Q.11, 427.777 BT 

BETA 26 - .100 0.170 0.44An 0. I O 1 .4 , 2.?hil 1. 641 2.?q ~1 VF,2

V ?6611 6&?0 6664 6=.! Tl4 187T? 71 2.02 n5 669.8 62.7 V ?

VA & 64.IQ 4R.1: 09 .R L'.2 On.O 67 L76.q 6726 ~Qs.5 5~~ V

VI 448,46 4'71. 64 49-. 54 544. 177 R8.2 553 T . s5~ Q 4 .7 V

V7 96 464.1? 49~. AA 4R3.I 1%3*1R 670.4° 6* ° qQ LI2I.12 51S 1?6 Z'

V-TPFTA 2 4AS.?-? 462.612 436.RR IIp. c ? 41)*(5 404 .,I 4!1.?q 621,92 417.38 V- THETA?

v-TwrTA 2a -1.5 44 1 .66 4.? .4 14. a - 74.~ 2.~ ? . 3 53 VT4FTA 2A

n A 5.~n? .5? O.RRR . 604q 0.63111 0.6- n ? I62? 7 O. :SRq7 01 ,.53i7 M ?
A ~ ~ ~ ~ ~ ~ ~ ~ ~ M?

TIIRNI PR) 4 7.472 44.5 4 q.l 16.63 4 1.659 m?*6t71 4.n45 3T.261 4!.R91
I~~tRAO n.1~34 0.1007 ~.1 l m q ~~~~~~~~~n.o:n"4 .0 R77 O*n .n;n7 0.40 .0R4U

9FAC n.5461 I.5041 Ao4OS& 1.4 3~9 0o16qT7 0.3211 1:1]4 0.5418 n.3710 IrAl'

-F. 0.76s? ~ qA,,. A 7P1 M RIIA A 3S7 V q6q5 IoAniq I.]O 0*q?])977 EF~P

!NCID n*~11 -].n7~1 -4: I!R -6.:~[7 -7:,15! -T7R73 -7.62 2 -4, RIS -2*~1& T 4C[~4

qFVNO 17.41 1 3.:76 13.171 12.q54 13.40 14.qA7 16.14R 16.565S 14.7n! FV#

RP 9? I .?7n 19.9fo IQR~ !.2 l.o~I 28.440 ?n.o
0 S;4 910 76 [.610I lq.040 T?

T ? 57617 n S72 .20. 7 521.R S69.6?0 5,70o70 572o62 n ~?.l 1o6 77.0 T 2
T A 576.270 -7 .87 571oq n 560q 2 ' 7072 -572*6?A0 24 91M 576 I S.16 571*00 T11

UtilI AR FK 0,0980 0, 09 72 0e08 0e0690 0e0576 0e.0535 0e0594 0e0908 0 .375 tARFP~~~ F, S. 790 1.177 19.~~~~~~~~~~~~~~RA F
P? Fg [~~~~8.600 18.784 Z879 19Z79,95 2~240 2 IOU0 1983 1 9570 P2 FS

[0%PAR6 -5 0.032 9 0. 03 3 0e0340 0,0245 0.0213 0.eO206 0.0 235 0,0363 0.0545 LOSS PARA FS

PCT SPAN
nTA
BFTA 0
BETA I
V O
V I

VI I
V-THETA 0
V-THETA I

I
TURN

(lug AP

nFAC

EFFP

INCID

P 1
P I

T O
T I

anTnR A

o0rr5 -_ .F.

50T0P -T.F.

STATnQ A

ST1TOP-L. c .
STATn - T..
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Table A-3. Blade Element Performance (Continued)

Stag. A Rotor A - St&[or A

CALCULATTONS USTNG TRANSLATED VALUES 181

OFrBCENT KOUIVALFNT ROTOR SPEEO = InV05q FOU IVALENT OOT OR SPEEO 4613.73 CORRECTED WETGHT FLniw=1fi 6

TeFT CT SP AN q6.61 Q1.52 86.39 70.R! 4q.7q 28.63 13.41AI -.- PTSA

ni& -43.136 13.570 34.04on 3 75.328 ?37 113 AP qQ2 40o202 41.631 406 M

B'T. 0 0.n0O 0.000 0.~00 0.000 .0:00 0.000 0.000 0o000 (0" RT 
BETAI 0.OOP Ono O nno Ono it Ono 0 "n 001) ~~~0 nn 000n BETA I

BFTA 1 0.000 0.000 O~~~~~~~~~~~nO0 0°000 0°000~~~ q 000

V 40P.11 4(98.11 49 . 1 40 . 1 490.11 498. 11 40. 1 408.11 V 

V1456.5 4Qn°36 40~.~R 107.00 O1.1 OR.0 4q.& I 8.

V7 n 4q8.ln 490.1 4°8.I1 498.10 498.01:7 VI 41.0 4qT.q7 &97Teq5 407.93 V 

VZ 1 496*5q 490.116 4-1oOR 06.qq 510.0 0 q~.8 &qfi.30 486.76 46S

V-THFTA 0 0.0o0 .In 1.n 0.00 .n Oe 0.00 0.00 M -HT 

V-THFTA I 0 co P no 0 on 0 on on go 0 0.0on 0.0no 0. n V-THETA 1

nn.4;51 0 .455 0.455,3 0 .4553 O 0.453 0.4 A3 0.4553 0.4553 O 4"553 S 6 0. 6 O. 5 0. ~ ~ ~~~~~.AA7 
M I 0.4160~~~4 & 0.44fin 4.&54 0.4 3R 04668 0.4 4R 04557 447 O 2

O~~n n n~~n n.0 n~.0 0.0) 0.0 n0.0 0.On TURN

IIIBA O13n4 0;.)06 no Oon O0.0UBAR ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . 0 411 0.227 OUt FAC

nFAC O.03 0. 0 nnn~6 - IqR -O.024 -0.20 -n.01 0.?2 0.6
A ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Oqq n.q929 6.5371 20.;157; EF P

IN£10 0.0001 0.0001 0.00nl n.0001 1.0001 0.0001 OnOnt O.0001i 0.0001 I N CID

OEV" -o non -0.000 -0.00o -0 O.)0 T.OnO0 -0.00n-.00 -:O.0n -0.n000 EV

p A 14.6q& 16.694 14.69& 14.6Q4 14.604 14.604 14.604 l&.6q& 14.604~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~41,4 146q 4.69 4:Q4 1.64 4

P114.440 t&.R94 Al&-6 Q 4 I4. 0 'l.1A.6q T469 1464 1.

T n SIB.700 518.0 51.n18.70O 51 8.0 5180,1 .700 S 18.700 518.700 518.700A n

T I 5I9.700 5 .700 1510.70 n 518.700 518.700 518.005.770 51 8 .0 1 8700)

-nTnQ A OCT SPaN on. 0 ,n.01 RS.On T.n1 An.02 310. 15.ni 410.PIS00A1
6.04 8 O1 SA N

018A 3323 33. 2 1 34 6 5.163 76.705 38.247 319.405 A971 4.2

PTR-I. . ~FTAA I 0Ono O (Inn0 ODO0 Ono0 0.00n 0 0000 0. Ono Ono 0 non E3TA 

n~rn -T. nFTA 46.4821 4 6. ~46 44.~06A 40.30 37.820 36.~59 877 4717 4.08 ~T

RFA(OtI 5.IS S25 ~7.61 7.5 5 173 S558 56.773 S7.862 59226 SETAOPR) I

V 1 481.9~~~ 51.6 r2.8 93.1 537.7 1534.75 524.63 612.44, 4-008

V ?A:0 6Kq OT RA54 645.5? 660.67 670. A7 681*1 672.28 647.6 607.26 V 

VI 1 4PI.9 S17.65 12I.41 55.76 537.71 5341 534 51.9 & .7

V?2 4'6:.87 442.71 460.35 503.77 520.~2 54546 4A 23 14 470.44 421.06 V 
VZ 2 0 O on :on V-THETA I~~~~~~~~~~~~~~~Z 

V-THETA I 0 .0 O.0 0 o: n :o0.00 :0.:00HEA 

V-THE.TA 2 483.47 473.8I9 452.51 &27.30 411.02 405.25 4 .2 4361 3.1

VIP~~~~ ~~i~ I 63.n R5 . 061.~ 8fiN. 91R.8 945.5 0619S.3 (
" n S 6 4 6 6~~~~~~~~~~~~61.Q 5S?.4 VIPR! !

V(OR) 2 47. 477. ST~. 576. 623.O 657.8 663.6 VTHR5.2P

VTUFTA Pet -66k'7.2 -675.5 -6614.I - T".q- 74B -7972-0.5-1. - f77. VTHETA PRI

VTHETA OR2 -175.6 _202.9 -2,2.1 -280).6 -7127.9 -364.7 -372.8 -6.

~1 I 6&?.17 ~75.~R 6R4.nR 709.89 744.80 779.74 805.55 814.04 822.45~~~~~~~~~~7448 7 .7 4(4 2.24A n ., a i

IJ7669*07 676.879 6.4.9- 707.87 738.9l1 769'.95 793o.26 Rot1.04 W80882 

M .4400 0.4740 0*4780t 0.~4014 0.4035 O.4qO&4 0.45807 O.4690 0.44814 M

? .5786 0.70 . 568& 0.5440 0.5037 0.6025 0526 n.5692 0.9301 

HIP01 I 0'.7514 O. 7793 q*87 0. 8157 0.84 28 O0.8670 0).88OR 0.8804 0.87 O M5~ R 

tPORt 2 0.4134 O.& 5 n.4541 0.50 0.55 17 0.8 ° 0 5 7 0 530 0 42 OR2

TIIQNfPgl '2.260 ;.7.q15 27.057 27.45 22.404 21.688 21.523 20.431 177 U BPE

(~& .l:,q4 0.10 O .:173 0.11085 0.0683 0. 0395 0:.0812 0.16483 O.!Iq4! UUBAR

LOS PAAp O.Ol n .0 1 0* 4! 000 .17001 .24 . 041 .0516 LOSS PARA

nOF PAC n.02 n0 sq 04657 0.40Ol 0.4652 0.4&7na O.&8qq n..42 0 714

EFFP O.Tq~q 0.?00 0.~2 ~.679~ .9387 0.9q 0.05 0A 0448 0.qR FFC
E F F 0.78&1 0.7714 3.7967~~~~0 57A 0740 0°31 0465 n447 0.41 087

(., qO 114'J O.?791 EFF

O 1M 14.1447 14o360 I46o 4126 14.695 14.654 17.624 12.1 l&.44q6 FV8 ~ ~~~~ I

P. ?q1.320 10.265 19.:775 19.540 19.830 20205 2.35 190

T q1.700 51A.700 SI8.71n 518F.700 58. 51: 1870 A18.700 AIR.700 518.70n0 T
Al 2 7.872.0 O7.00 non00 568250 570.480 573.200 575.500 A7.42n TT 2 576.080 S72.8(O S 1. A69. 6 70:~ ~ ~ ~ ~ ~ ~ ~~~~T 

ST&TO0 A PIT SPAN Q5,05A o0.12 85. I15 70.15 s0.00 29.85 14.84 99 .4 PTSA

DIA ?.70 33.556 33.ql n 34&.OeI 36.420 37.859 38E.93O 3q.285 30. 637 nA

STR~~~q~-I.E. RFTR 7 &7.034 46.350 43.qRR 3O~~~~~~~~~~~~qR8 37.~7448 16.051 I8106 41.341 45.116 T 

STATMa-T.F. BETA 24 l.OT 1.30 . 9q . 50 '0790 2 .771 3.05.,1 7.9031 1.T:3
A;.~~~~~~~~~~~~~~~~~~~ 221

v 24 468.67 487.26 4?7.q40 5'0'3. 551.62 588t.0f4 5~B.15' 562.11 51 7.65 '

V72 445.44 4A2.09 469.06 500.01 537741 557 I8 507.27 4 4q.08 4115.3 v 2

V? ?A 418.50 463. 1 477.33 503.75 551.3t4 587:-~.0 567.27 5961.24 '516.6 V2 2A

V'TFA2 43.6 440 452.7 4760 411.60 406.03 421.4n 434.69 437.2'9 V-THETA 2

VTHETA 24 8.75 q.53 7.02 5.to 7.60 23.31 31.3n 29.72 12.0n V-THETA 24

. I n.5841 n.6T66 0.746 0 .5887 0.6001) 0.6116 0 .6036 O.5790 0.5401

P ?A 0.4046 O.&1l 0.;4145 0.43ql 0.4R a 0.5163 0.5140 0.4q102 n.44&86 2

TUPNIPR! 46o6 4S.77 434 3q.402 36.67n 133.738 34.0930 'An236 43.700 TUR N(PRI

UHAR a.18 .71 0.R3 0 9018 I.;378 0.02E 2 n.01 'I51 .64 UA

InsS PAPA 0.0307 n.(244 1*1307 O*026 O*01&O 0.01n8 n.0202 0.0232 0.0260 LOSS PARA

nFAC O.5407 n.5038 0 .5028 n.4601 0.4071 0.3617 0.3663 0.3033 0*44190 FA

E~FP 0.70is 0.8fi04 0.02?89 O.812 0.4002 0.q]08 0.8?(8, 0.8479 0*8072 EF

INC ID ".063 0 .15 -1.486 -3687 -4 0 - 3.47 -5. -. qqo 0 .574 INC[IO

OEVN 14 .t1 13.q84 1 3.84 12.o14 12.1 4.077 10.537 16.835 15.48

O2 I.3n 19.265 19.275 101.540 !.83n 2 O.0 20.27 S q q0 0400 P2

P 74 :8.S( 1.86 18.030 10.1605 19.668 20.078 20.1 lq.606n lO17~ PA

T 2 576.080 572.800 571.0690 569.000 568o250 570.480 573.200 575*500 576.420 T

T 2A 5T6.:080 572.800 5T1.060 569.000 -36 o25n 5,70.480I 573.200 575o050 576.429 2

!JURA8 FS 0.0917 000893 0.0904 0.0643 010132 009 .67 005 .41J UBRF

P? rS 19. 205 19!340 1-9.~. _10,~Lt~20- ,L~O~- Za~.60 20.~00_ _ 20.Q&~ __ 19.730~ 02 FS

LOSSPAP FS0 .308 000303 0.0310 000228 000197 0.0152 0.0256 0.0379 0.0585: LOS% PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A
CALCULAT IONS US ING 6 TRANSLATED VALUES

PERCENT FQUIVALENT ROTOR SPEED = 110.27 EOUIVALET1 ROTUR SPEED = 4642.19 CORRECTED WEIGHT FLOW = 113.37

S6.61 91.52 86.3 7TO.81 49.79 28.d3 13.41 8.35 3.34
33.138 33.57C 34.CC5 35.323 37.113 38.892 4".202 40.631 41.056

C.00 0.000 0.CG03 0.0o00 0.0 0.000 C.000 O.0C 3.000
C.000 O.C00 0.000 0.00 0.0OO 3.000 0.000 0.000

473.30 473.09 473.09 473.39 473.09 473.09 473.07 473.09 473.09
'.7.27 469.99 473.93 4d4.41 489.20 485.70 473.48 464.34 423.88
473.09 473.09 473.03 473.0e 473.473.5 473.00 472.96 472..94 472.92
427.27 469.99 473.93 484.40 499.16 485.61 473.35 464.20 423.73

C.00 0.00 0.03 0.0C 0. .CO 00 0.00 0.00 0.
C.0 G.GO 0.0 0.03 .0 .00 0.00 0.00 0.00 0.70

0.4316 0.4316 0.4315 0.4314 (.4316 0..414316 0.4316 0.4316 0.43 .4316
0.3885 0.4287 0.4324 C.4923 0.4469 0.4435 0.4320 0.4233 C.3853

C.0 0O.0 0.C 0 .C C.: 0.7. 0.0 0.0
O.1d63 o.C G.0 ,.0 3.' n 0.0 2.s 0.0295 0.2028

C.097 C.007 -O.C02 -C.024 -o.r34 -0.127 -0.001 0.018 0.104
18.3456 0.9992 0.9982 0.999 I 1.,0o0 1.0000 1.0067 3.8799 Z6.8743

0 .0001 0.0001 .7031 .!.301 0 .3001 U.3001 j0.00t1 3.C001 0.00CI
-C.cUu -C0.00 -r.CO3 -o0.L, -0C.00 -C.0 -C.1,O -C.000 -0.000
14. 694 14 .694 14.694 14.694 14.694 14.694 14.694 14.694
14.365 14.D94 14.69$ 14.614 14.694 14.694 14.694 14. 642 14.336

518.70 51.703 .7 518.700 518.7 .700 518.70 513 518.0 518 18.0 518.70 518.700 518.700
518.703 518.700 518.703 511.7q3 518.700 618.700 518.700 518.700 51.700

?7.l1 50.2 13.02 15.01 10.00 4.98
35.1b3 36.705 33.247 33.40C 39.791 40.17d

.7.300 u.3J3O 0.3G 00 '0.00 0.000 0.00
42.051 4C.,50 38.695 40.827 44.670 49.766
54.410 55.502 56.977 58.530 51.265 61.789
3).012 33.261 33. 07 36.2M6 3s. 586 43.944
511.27 515.25 510.54 497.63 49.0t( 444.94
045949 649.34 675.71 661.04 635.42 538.98
511.11 515.00 509.94 49b.69 497.0C 443.92
473.17 496.81 526.79 499.43 451.17 379.87

0.0 o.00' 0.00 .0o o.o00 0.00
439.93 417.61 421.95 431.43 445.59 448.98

570.4 309.4 93b.0 951.1 953.4 939.6
546.5 594.5 634.8 620.7 576.3 527.7

-714.3 -749.4 -784.5 -910.5 -819.1 -827.5
-273.3 -325.9 -357.7 -366.7 -36A.C -364.8
714.26 749.39 784.55 813.53 819.06 827.52
712.24 743.47 774.70 798.16 805.98 813.81
:.4,70 7.4717 0.4672 0.4548 0.4457 0.4050
:.So3 G.571a 0.5963 0.5dC5 C.5557 0.5122
.0.38 0r,.8326 C.8566 0.8694 0.8708 0.8553

7.4311 a.5235 0.5599 0.5451 3.5057 0.4588
24.402 22.251 23.188 22.242 20.715 17.991
0.1217 ).d6b9, 0.0513 I.1011 3.1682 0.2386
0.0324 3.)234 0.0143 u.0283 0.0460 0.0532
.,i13 0.4a35 7.4724 0.5034 0.5559 0.6059

'.59c1 7.8b6 h 0.9462 3.002 O.d303 0.7.7979
.5,j) 0.87154 G.1437 0.s851 0.8 22 0.7736
^.354 -0.561 -1.084 -7.94C -0.609 1.138

14.30( 12.572 8.9-42 J.732 16.448 14.960
14.5b4 14.694 14.694 14.b44 14.642 14.336
13.665 19.055 20.425 20.365 2G.035 19.44C

513.70 5.70 .700 518. 70 51.7C0 518.700 518.700
571.643 571.730 572.930 575.980 577.760 579.270

ROTOR A PCT SPAN 95.e 0. C01 35.C3
1OA 33.235 33.621 34.C 5

RUTOR -L.E. sETA I g.000 0.03 (10.003
ROTOR -T.E. UtIA 2 49.883 48.928 47.054

RFTAIPR I 1 6.144 53.910 54.014
dETA(PR) 2 20.455 23.d39 26.423
V 1 450.36 495.50 499.83
V 2 669.78 652.18 643.45
VZ I 450.34 495.50 499.83
VZ 2 431.53 423.49 438.39
V-THETA I U.00 0.00 0C.C
V-THETA 2 512.24 491.67 471.01
V(PRI I dC8.4 d41.2 d50.5
VIPRI 2 46b.6 463.5 489.5
VTHETA PRI -S71.3 -679.7 -688.3
VTHETA PR2 -161.C -190.3 -217.9
U 1 671.28 679.75 68s.2)
I '2 673.19 681.Ou -0d8.81
M 1 0.4101 0.4529 0.457)
M 2 3.5868 0.5723 3.5653
M(PR) 1 0.7362 0.768 C0.7777
MIPR) 2 0.4C35 0.4111 0.4299
TURN1PR) 35.688 30.071 27.594
U0)1A9 C.1417 0.1970 0.1779
LOSS PARA C.03d6 c.o529 .0.G474
OFAC 0.61,5 0.o149 '.5392
EFFP .58324 r.7948 3.8)10
EFF .d8245 C.71o2 0.7935

NCID 4.3 02 1.632 1.324
DEVM 12.706 14.541 15.5C3
P I 1 4.305 14.b94 14.694
P 2 1S. 40 19.663 19.5bb
T 1 518.700 518.700 518.703
T 2 57s.500 575.933 574.363

PCT SPAN 55.05 30.12 95.15 7C.15 5'.OC 21.85 14.84 9.88 4.94
01A 33.23 33. s55 33.9i3 34.191 36.420 37.859 38.930 39.285 39.637
BETA 2 49.304 48.297 46.487 42.51k 39.S60 3E.154 40.117 43.841 48.783
BETA 2A 1.67i' 1.47 1.22) C.2 1.223 13 2.771 3.882 4.062 2.952
V 2 675.73 658.76 649.8a 650.17 655.69 685.03 672.16 646.41 599.24
V 2A 58a.35 470.1 7 463.75 481.48 523.S6 558.25 553.1L 529.30 493.04
VZ 2 440.61 438.25 447.43 479.17 5-4..2 538.14 513.29 465.57 394.32
VZ 2A 458.16 470.01 4o0.53 4d1 .38 523.31 557.13 551.95 527.23 491.62
V-THETA 2 512.32 491.83 411.24 439.33 419.22 422.77 432.49 447.10 450.16
V-THETA 2A 13.36 12.06 9.BT b6.8 9.32 26.96 37.45 37.44 25.35
M 2 G.5924 0.5784 0.57c0 0.572b 0.5779 0.6048 0.591L 0.5O59 0.5216
M 2A ).3944 0.4062 C.4012 0.4179 C.4435 0.4070 0.4816 0.4586 0.4254
TURNIPRI 47.634 46.827 45.265 41.69C 38.19 35.340 36.171 39.706 45.750
UU3AR 0.1605 u.U978 3.09G 5 .3306 3.0U47 0.0666 0.0779 0.0810 0.0328
LOSS PARA C.054C 0.0333 0.0311 0.0286 4.0318 0.025o 0.0308 0.0323 0.0132
DFAC ).5704 C.5344 3.5309 C.4363 0.4255 0.4086 0.4102 0.4362 0.4652
EFEP C.7349 0.d228 0.8497 0.8414 0.9882 0.8270 0.7869 0.7818 0.9086
1NC10 2.333 2.C96 1.015 -1.159 -2.602 -4.244 -3.256 -0.091 4.242

OEVM 14.701 14.324 13.954 13.154 13.130 15.476 17.387 17.864 17.099
P 2 IS.14C 19.660 19.563 19.665 19.335 20.425 20 365 20.035 19.440
P 2A 19.167 19.270 19.209 19.34) 19.816 20.127 20.031 19.718 19.332
T 2 575.500 575.930 574.363 571.680 571.730 572.930 575.980 577.760 579.270
T 2A 5s.9,500 575.930 574.C63 571.o80 571.733 572.930 5T75.98 577 760 579.270
UUAK FS 0.1015 0.1034 Q096. 0.0814 0.0564 O."O L 0.032 0.ID5O 0.1329
P2 FS 19.565 .19.815. -19s3L5L 1.9I 4 2OA.55. 20.389 20 .88r -.. 11Q 19.820
LOSS PARA FS 0 0341 0.0352 0.0338 0.0217 0.0216 0.0231 0o3a28 . 0.0400 0.0534

PCT SPAN
DIA
BETA 0
BETA 1
VO
V I

VZ I
V-THETA 0
V-THETA I
M0
NI
TURN
UUBAR
OFAC
EFFP
INCID
DEIVM

PO
P 1
TO
T 1

PCT SPAN
DIA
BETA I
BETA 2
BETA IPRI I
BETAIPRI 2
v I
v Z
vZ 1
VZ 2
V-THETA I
V-THETA 2
VIPRI 1
VIPRI 2
VTHETA PRI
VTHETA PR2
U I

2
I

M4 
MIPR) I
NIPR) 2
TURN(PR)
UUBAR
LOSS PARA
DFAC
EFF P
EFF
INCID
DEVH

P I
P2
T I
T 2

PCT SPAN
DIA
BETA 2
8ETA 2A
V 2
V 2A
V1 2
VZ 2A
V-THETA 2
V-THETA 2A
" 2-
N 2A
TURNIPRI
UU8AR
LOSS PARA
DFAC
EFFP
INCID
DEVM

P2
P 2A
T 2
T 2A
UUBAR FS
P2 FS
LOSS PARA FS

INL ET
PCT SPAN
DIA
BETA u
BETA 1
VO

vZ I

51

V-THETA 3
V-THETA I
MO
M 1
TURN
UU8AR
OFAC
EFFP
INCID
DEVM
PO
P1
TO
T I1

STATUR A

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

Stage A Rotor A - Stater A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED =109.78 EQUIVALENT ROTOR SPEED = 4621,68 CORRECTED WEIGHT FLOW 1.08,33

INLET
PCT SPAN 96o61 91.52 86,.3 9 70,81 49',79 28BB3 13,41 8o35 3,34 PCT SPAN
D)IA 3 3.1 38 33.570 34.005 35.328 37.113 38.892 40.202 4,0. 631 41.056 OIA
BETA C :C C . 00 0 ":O).000 O.OO3 O.O 0.00 0 0 .000 0 0.000 0. OO0 BETA 0
BETA I O.GCO 0.GOO 0 0.03 0.0DO 0.000 0.000 0.000 0,ODD 0.000 BETA I

V0447.6C 447.6 447.63 447.6 447.6 4047.0 447.60 4,47. 6 447.60 V 0
V [ 4C5.8[ 444*7O 446*59 45 6.I 461.703 455.93 443.75 433°65 399.28 V I
V2 0 447.60 44 7. 60 4 47.63 447.59 447.56 447.52 447.48 447o46 447.44 VZ 0
VL I 405.81 444.70 446.59 456.15 461.69 455.85 443.63 433.5[ 399.14 VZ I
V-THETA 0i 0.0 0.0 . 3 0*0 0.00 O.OD 9.00 0.00 0.00 V-THET A 0
V-THETA I 0.00 0.0 0.3 0. 0.00 0, 00 O.O * O0.0 VTHETA I
N 0 0.4075 0.4075 0.40G7S 0.4075 C .4075 0.40705 0.40)75 0.4075 0o407B N 0
H [ 0. 36894 0.4048 C.4C65 0.4 15o . 42039 0.4154 D.4039 0. 3944 0. 362 3 N I
TUR N C*O 0.0 0.0. 0 0 0.0 0.U O . 0 00 TURN
UUBAR 0.1826 0.0 0.. 0 0 .0 0.0 0.0 0.0447 0.2065 UUBAR
DFAC 0.093 0. C06 O.00Z -0.019 -0.0,32 -0o019 0o00.9 0.031 0.08 DFAC
EFFP 29.50[0 1.0002 0.9983 0.9;999 0.9997 0.;999R 0 .9993 3.[209 21.6882 EFF

NC IO O .O 1 0.001 O.OG 031 0 .1 0 ,00 O.0001 0.0001 0,0001 DOINCD
OEVN - C. 0C C -O1. 0OO -0.000 -0.000 -O.OOCe -0.000 -O.DO0 -O.GO0 -0.*OOO OEV.N
P 0 14.69, 14.694 1 4*694 14.694 1fi*694 14*694 14.694 14.694 14.694 P 0
P [ 14.404 14.694 14.694 14.694 14.694 14.694 14.694 14.623 14.366 P I

T0 518.700 51 9.700 51 8.703 SIB.700 519.700 516.700 518.700 51 8.700 518700 T 0
T I ~~~~~~518.700 5[8.700 518.703 518.70 5[8.700 518.700 516.700 518.700 5IB 700 T[

ROTOR A PCT SPAN 95.00 90.01 85.00 70.01 SO.0 2 30.02 15.01. 10.00, 4.98 PCT SPAN
O1I A 33°235 339.621 34.~00 3 5.163 36.705 38.247 39.405 39.791 40.178 DIA

ROTOR -L.E. BETAT Ico 0.00 OC0 0.003 0.000 0.0 CO .OOO00 0.0CO 0.coo 0 .000 BETA I
ROTOR -T*E. BETA 2 51.2 93 50.763 49.2 35 44.3 17 41.867 40,846 44,055 48.184 52.196 BETA 2

BE AiPR{I B 7.407 5B. 32 2 55.543 55.9 55 56.961 58540 60.057 60.8BB 63.ill RETAPRI I
bETAiPR) 2 1a8.7i9 23.453 26.533 29. 548 3 2*686 535.2 3815 4 4 8 4.92 E A PR 

V 2.0 46B.22 470,25 40.5 2 45548 4C 47 a5 78*46 465.6 455.0 418.73 V !
V 27 67 46 646.36 632*95 642.24 646*63 649.q2 631.49 611.394 58T.36 V 2
VZ I 472 6.1 4702 7.4 48.2 477. 0 464.82 454. I6 417.77 V[ I
VZ 2 422.3 9 408.84 413.33 459.46 481.31 491.05 453.L7 407.04 359.55 VZ 2
V-THETA I G.oO 0.00 0.03 O.OO 0.00 0o00 0.00 0.00 0°00 V-THETA I
V-THE TA Z 5i7.10 500.63 479.4,1 448.63 431.36 424.55 43S.47 454.99 463.47 V-THETA 2
VIPR)I1 793.2 322.9 831.t 853.2 890.1 916.0 931.7 933.8 924.2 ViPR! I

VIPR! 2 ~~~~446.:~ 445.7 4 62.3 528.2 572.2 601.9 5 77.4 536.1 500.4 V( PR) 
VTE T PRI -6 3 -676.7 -685.3 -711.1 - 746.1 -781.1 -806.9 -815.4 -823.9 TETAPR

VTHETA PR2 -~~143. 1 -I77.4 -206. - 260.5 -308 .- 346.7 -356.2 -347*4 -346.8 VTHETA PR2
U ! 668*3,2 676.:74 68S.:2 5 7It1t1 7 4 6.038 781.08 806.95 815.44 823*826 U I
U 2 67U.2 67799 65.77 709.09 740.1 77I.26 794.63 802.42 810o2 U 2

MI 0. 3885 0. 4270 C.289 0.4386 C-4433 0.4367 0.4246 0.4[46 0 3 808 R 1
N: 2 . 99 0.655 . 5 539 6.5541 0.678 0.5703 0.5516 0 5 3 21 0.592 K 2

NIPRI [ 0.7212 0. 75 05 0 .75 83 0.7634 0 .1281 1 0.81360 01.84915 C.8507 0.83 97 M(PRI I
H(PR 2 .0.3901 0.3899 0. 4042 0.4639 .5025 0.582 0.5044 0.4666 0.4338 M(PR) 2

TURNIPRI 38.be8 31. 869 29. OOT 26.410 24.285 23.334 21.925 20.441 19.198 TURN4PRI
UUBAR 0.1290 0.1915 0.1813 D.1[0-2 0 .089)5 0.0828 U.1505 0.2088 0.22 84 UUBAR
LOSS PARA C. 0355 0.:U576 0. 04 82 C. 0295 11.0242 O. 0227 0.0410 0.:0556 0.0581 LOSS PARA
DFAC C.:631 0 0.6 373 0.6157 C.5451 7.5124 0.4977 0. 542[1 0.5951 0.6343 F AC

EF F .8302 0.7 84a J.7825 0.8550 C.36 38 0.8748 0.8154 0 7 70.60E FP
EFF I*26 .775 D7 0.88 U . ~577 0.8691 8*U71 0.7637 0. 75 03 EFF

INCID 5.565 3.044 2.853 1.998 0.89~~~~~~~~~~~~~,:a,8 0 480 0.618 1.013 2.462 INCIO
DEV4 1C.96S 14.1055 15.611 13.8345 tI997 10.360 tO 6OB [2.344 15.07~8 DEVM
P1 I 4.404 14.694 14.694 14.694 14.694 14.694 14.694 I4.623 14.366 PI
P 2 20.105 19.830 I9.665 19.885 :005 2U.25 20075 1 9.835 19.565 P 2

TI 51S. 700 51 8.7 00 518.703 518.700 58.0:01 520.700 52108700 518. 700) 518.700 I 1
T 2 ~~~~~~581.80 578, 576,3 5 7 88 574.53 57 560 57. 0 580,510 582. 480 T 2

STATOR A PCI SPAN 95.05 90.12 85.15 70 .15 50.C0 29.85 14.84 9.88 4.94 PCT SPAN
01A 33.2C3 3 3.550 3 3.91 34 84*81 36.420 3 7.859 38.930 39.285 39.637 DI[

STATOR-L.E* aETA 2 BC.675 50.108 48*634 43*968 41.452 40.288 43.307 47.288 51.132 BETA 2
STATOR-r*E* B1ETA 2A Io525 1.300 0.953 1,570 1.968 3.076 3.822 3.777 3.572 BETA 2A

V 2 681~51 ~~~~~~~6527 639 6468 6528 658 6415 6,21.4 575
V 2A 4 44 3 7 453.59 450.2'4 464.7 515 1 53130 5203 7 5 03.83 4974.20 V 2A
VZ2 431.8 418.60 4 2 2.35 465.52 4a9.07 501,79 466.26 421.07 374.52 VZ 2
V[ 2A 444.22 45 3.48 450.1? 46 4. 64 514 .,5 530.09 51S. 57 502.03 472.54 VZ 2A
V-THETA 2 527.19 50079 479.64 449.04 431.97 4Z5,37 439.50) 456.12 464.69 V-THETA 2
V-THETA 2A 11.83 10.29 7.46 "12.74 .17.66 28.49 34o64 33.~14 29.50 V-THETA 2A
M 2 0.5965 0.5714 0.559S 0.5684 0.5736 0.5783 0.8620 0.541 0.5185 N 2

2 A J.3812 0.3906 0.3881 . 4J22 0.4471 0.4613 0.41502 0.4346 0.4074 N 2A
TURN(PR) 49.15G; 48*808 47*63 42.392 39.466 37.t69 39.421 43.439 47.481 TURN(PR!

UUBAR 0.2G4I 0,1209 0,0;9"2 1 0,1168 C ,~9 ,34 005 ,388 0.05 UUB AR
LUSS PARA 0.36a7 0.0 411 0.0 317 0.0415 0.0107 0.0136 0.0178 0. 0155 0.0209 LOSS PARA
OFAC 0.6027 0.56120 0.5 50[ 0.5215 0.4466 0.4263 0.4405 0.4633 0.5023 DFAC
EFFP 0.6,8201 0.7909 0.8362 0.78421 0.9323 0.q[08 0.8832 0.8991 0.8735 EFFP
INC IC) 3 704 3.07 3.163 0 22 -91.79 -2.11 -0,066 3.356 6.593 IN CID
.EVM 14. 556 14.9154 13.6591 13.90194 14.0'895 15.17181 [7,327 [7.579 [7.7181 DEVN
P 2 2 0.16 5 19.8S30 19. 665 19. 88S 20.0[5 20.2 05 20.075 [9.835 19.565 P 2
P 2A 19;285 19.354 19.318 19.428 [9.899 20.060 L9:901 19.696 19o395 P 2A

T 2 5[.90 578. 5[0 576.933 37.80 5743055.560 583 0 8.10 582.480 T 2
TI2A 5 J890 578.5[0 576.933 573.88 574 .5 30 575*560 578.630 580o51C 582o480 I 2A
UUB AR Fs 0.1293 0 .10317 -050-51- .Q. QIL7~ 4"61g_ 0.0?t&A ooe2 O-Inni 0.1102 UUBAR FS
P2 Fs 19. 795 196755 X9,6RO ~LLTJ~_ 20.169- 20,11& 20.~07 2D..nAO 970 F
LOS5 PARA FS 0.04*35 Oe. _- . 0.0329 0.0111 0f.0232_ _n02074~ O.03el -D.n*0nn 0.0443 LOSS PARA FS

Re p r od u c e d f r om

best available copy.
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USINC TRANSLATEO VALUES
PERCENT FOUIVALENT ROTOR SPEED = 109.92 EQUIVALFNT ROTOR SPEED = 4627.58 0 0RRECTEn WEIGHT FLOW = 103.91

96.61 91.52 86.33 70.AL 49.79 2a.A3 13.41 8.35 3.34
33.133 33.570 34.005 35.328 37.113 3a.892 40.202 40.631 41.756

O.00 0.CIO 0.00) o.eo0 0.000 .0C00 O.OCC 0.00 0.000
C. OC 0.000 C.TC) 0.000 0.000 0.000 0.ono 0.000 o.o0o

425.91 425.91 425.91 425.91 425.91 425.9L 425.91 425.31 425.91
388.04 422.62 42R.41 437.14 440.76 434.18 423.32 410.52 375.40
425.91 425.91 425.91 425.90 425.87 425.83 425.79 425.78 425.76
388.04 422.62 429.41 437.13 44.712 434.0 423.20 410.39 3175.27

O..0 3.00 0.3) O.00 0.0 0.00 0.00 0.00 0. 00
O.C? C.00 0.0? .0 0.30 0.00C 0.00 0.00 0. C03

0.3872 0.3372 0.3872 0.3872 0.3872 e.3872 0.3872 0.3872 0.3872
P.3519 C.3A41 0.3895 0.3977 0.4011 0.3949 0.3848 0.3728 0.3401

0.o C . .0 0.0 o.o o.o 0.o
O.1d15 C.^ C.. ?.^ .C ^.° 0.3 5.4540 0.2710

.080 .C08 -C.00S -7.326 -'1.C 5 -0.019 ('.006 0.0O6 3.119
-87.5760 0.9992 1.?009 0.9996 1.o33 1.0001 0.9997 3.5146 l6.85A4

C.OO .01 O 0.0001 001 0.0001 5.0001 0.0001 C.CO(1 0.0001 0.0001
-C.000 -".GOO -0.003 -O.OO -. 30 -. O0O -O.OO -. .r00 -0 -0.000
14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.604 14.694
14.432 14.694 14.695 14.694 14.694 14.694 14.694 14.616 14.375

51e8.700 519.700 518.703 518.700 5Ld.730 518.700 518.700 918.700 518.700
518.700 51.700 518.703 518.75 I 518.700 51 .70O 518.7CO 518.700 518.700

70.01
35.163

C .200
Co

49.729
57.133
30.760
460.s8

460.04
438 .CI1

2.06
449.30
847.7
50 ) .3

-712.C
-26 . 7
712.02
7 13.00
0.4 193
3.5513
0.7 T26
0.4478
26.376
0.1189

.0.314
0.5S14
0.8789

.a 736
3.077

15.256
14.694
19 . 865

51d.707
572. 125

51.72
36.7C5

C·1
43. 385
58*224
33.822
462.98
631.65
462 . 75
4s8.d2

433.70
878.9
552.6

-747.0
-3?7.4
747.04
741.13
0.4220
0.5547
; .8011
0.4953
24.4 11
C.0981
0.0262
^.5794

e.8952

2.161
13.134
14.6'4
2115L

5 18.7.7
572.79C

30.02
38.247
0).030C

42. 704
59. 830
36.319
455.16
634.47
454.63
465.79

C.O^
429.87
904.9
578.8

-782.1
-342 . 4
782.08
772.26
0.4147
0.5557
0. 8244
2 .50)78
23.533
0.0984

.0267

.5 5190
^.8949
0.9900

I *771

11 *452
14.694
20. 1952 --. Iq5

518. 770
574.130

15.01 10.00 4.98
33.4(5 39.791 43.178
3.700 3.OLC 0.0nO

47.884 52.697 57.562
61.264 62.254 64.560
39.920 41.696 44.184
443.81 43.38 393.31
612.36 n02.33 594.80
443.(1 429.49 392.41
41C.16 364.64 318.72

O.CO e.nO O.On
453.67 478.41 501.49
921.8 923.0 913.9
534.9 489.2 445.3

-00s.0 -816.5 -924.9
-342.0 -324.8 -309.8
807.98 816.48 824.97
795.65 873.44 911.25
0.4040 0.3914 I.3568
0.5344 2.5242 0.5161
C.8391 0.8393 0.8290
0.4668 0.4257 0.3963
21.479 2C.600 23.426
C.L997 c.2579 0.2834
0.0532 0.0674 3.0719
0.5890 0.h50n 0.7CSI
0.8118 0.7841 3.79L3
0.8335 . 7756 0.7817

1.R27 2.384 3.913
12.262 13.556 15.300
14.694 14.616 14.375
13.960 19.855 19.900

518.7C0 518.700 918.703
577.740 579.870 592.070

ROTOR A PCT SPAN 95.e0 9?.01 85.00
01I 33.235 33.621 34.075

ROTOR -L.t. BETA I C.OC0 0.C,0 I.002
ROTOR -T.E. BETA 2 2. 521 51.916 C5.317

BETAIPR) I 58.609 56.736 Sb.703
8ETAI(PRI 2 16.972 24.824 28.07D
V 1 408.33 444.5C 450.71
V 2 655.2d 633.Z7 619.54
V I1 408.32 444.49 450.01
VI 2 416.97 391.48 394.95
V-THETA I .C0O 0.00 0.02
V-THETA 2 543.82 497.77 476.02
V(PRI 1 783. 9 81.4 820.3
V8PP1 2 436.0 431.3 447.5
VTHETA PR1 -669.2 -677.6 -686.1
VTHETA PRZ -127.3 -Idl.l -210.5
U 1 59.L7 677.61 636.13
U 2 671.07 678.86 6R..65
M I 0.37CR 0.4046 0.4105
8 2 0.6007 0.5540 0.5415
M(PR) I 0.7118 0.7377 0.7475
MPR ) 2 0.3821 0.3773 0.391d
TURNIP 1I 41.636 31. 912 23.633
UUAAR 0.1271 0.187 0. 1772
LOSS PARA C.0342 0.0503 0.0465
DFAC 0.6456 0.6483 0.6271
EFFP o.88se 0.9CSL 3.d083
EFF 0.9929 0.7166 0.8003
INC lJ . 767 4.458 4.01)
OEV! 9.223 15.526 17.153
P 1 14.432 14.694 14.695
P 2 20.51C 13.855 19.685
T 5 1lI8.700 518.770 518.702
T 2 s58.762 577.180 575.183

PCT SPAN
DIA
BETA 3
BETA I
V o
V I
VI 0
VI I
V-THETA 0
V-THETA 1
Mo
M I
TURN
UUBAR
Df AC
EFF P
INCID
DEVM

P 0
P1 I
TO 0
T I

PCT SPAN
DIA
BETA I
8ETA 2
BETAIPRI I
BETAIPR) 2

V I
V 2
VZ I
VI 7
V-THETA I
V-THETA 2
VIPRI I
VIPRI 2
VTHETA PR1
VTHETA PR2
U 
U Z

2
MIPRI I
MIPRI Z
TURN(PR)
008AR
LOSS PARA
DFAC
EFFP
EFF
INCID
OEVM

P 1
P2
T I
T 2

PCT SPAN 95.05 90.12 85.15 70.15 50.00 29.85 14.84 9.88 4.94 PCT SPAN

D1A 33.2C3 33.556 33.912 34.981 36.42C 37.859 38.930 39.285 39.637 DIA
BETA 2 51.963 51.149 49.705 45.371 42.362 42.131 47.057 51.666 56.261 BETA 2
BETA Z2 C.940 1.515 1.095 1.389 2.880 3.076 3.351 3.682 3.417 BETA 2A

V 2 691.53 639.38 624.42 631.98 637.57 642.62 621.89 612.31 605.22 V 2
V 2A 452.47 457.17 449.92 459.21 5C72.65 50c8.72 484.83 471.78 498.60 V 2A
VZ 2 427.C5 401.08 403.87 443.93 466.38 476.15 423.20 379.39 335.83 VZ 2
VZ 2A 452.40 457.01 449.83 457.91 501.82 537.56 483.39 470.14 457. 37 VZ 2A
V-THETA Z 543.91 4s7.94 476.25 449.71 434.33 430.70 454.73 479.80 507.81 V-THFTA 2
V-THETA 2A 7.42 12.09 9.63 15.07 25.25 27.28 28.31 30.25 27.25 V-THETA 2A
• 2 7.6066 0.5597 0.5463 0.5554 3.56.23 0.5643 0.5432 0.5333 D.5256 1 2
8 2A 0.3888 0.3942 0.388 C0.3969 0.4366 0.4415 0.4186 0.4062 0.3937 M 2A
TURNIPP I 50. 923 49.634 48.6C3 43.480 47.061 39.012 43.64C 47.913 52.774 rURN(PR)

0a8AR ^ .2194 0.07794 0.0511 0.0b50 0. '39 0.0456 0.0686 0.0770 O.1021 UURAR

LOSS PARA C. 739 0.0270 (.0175 .C 302 C .0033 0.0175 0.0272 0.0307 0.0412 LOSS PARA
DFAC 0.6070 0.5438 0.5375 3.5199 0.450C 0.4513 C.4937 0.5249 O.5614 DFAC
EFFP 3.6571 0.8548 0.9043 0.8396 0.9793 C.8917 0.8433 0.8295 0.7828 EFFP
INC ID 4.892 4.948 4.235 1.696 .71C -0.26hd 3.684 7.735 11.726 INCID
DEVM 13.971L 14.369 13.82) 14.219 14.999 15.782 16.857 17.484 17.558 DEVM
P 2 20.51" 19. .55 19.685 19.865 2" C15 20.195 19.960 19.855 19.800 P 2
P 2A 19.520 19.553 19.50) 19.546 19.981 20.316 19.711 19.5R6 19.453 P 2A
T 2 58C.7b6 577.180 s75.182 572.120 572.790 574.L3n 577.740 579.87T 582.270 T 2
T 28 580.760 577.180 575.182 572.120 572.790 574.130 S77.740 579.870 582.270 T ZA
UU8AR FS 0.1344 0.2011 0.1270 0.0910 0.0817 0.0929 0.1241 0.1149 0.1047 OUBAR FS
P2 FS 20.067 20.435 20.000 19.889 20.319 20.400 20.190 20.005 19.810 P2 FS
LOSS PARA FS 0.0452 0.0683 0.0437 0.0323 0.0302 0.0356 0.0492 0.0458 0.0422 LOSS PARA FS

INL ET
PCT SPAN
I) A
BETA f'
AETA I
Vo
VI
VZ o0
VT I
V-THETA C
V-THETA I

noMO0
MI
TURN
UUSAR
DFAC
EFFP
INC If
DEVM
P o
P1
TC
TI

STATOR A

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

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EOUIVALENT RfTOR SPEED = 99.97 EQUIVALENT RUTUR SPEEO = 4208.61 CORRECTED WEIGHT FLOW = 121.01

INLET GUIDE
VANE PCT SPAN

n lA
I .G.V.-L.E. BETA 0
I.G.V.-T.E. BETA I

VO
V I
VI 0VZ O
VI I
V-THETA 0
V-THETA 1
M 0
M I
TURN
UU8AR
DFAC
EFFP
INC ID
OFVM
P 0
P 1
T 0
TI

96.61 91.52 86.39 70.81 49.79 28.83 13.41 8.35 3.34
33.138 33.570 34.006 35.328 37.113 38.892 40.202 40.631 41.056

0.G00 0.0J 0.00 on o.0 0.000 0.000 O.00o 00 0.0 o000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

513.4 3.2 51313.42 51313.4 .42 5113.42 513.42 5133.42 513.42 513.42
474.01 520.24 523.15 527.42 520.05 518.21 511.56 499.08 465.53
513.42 513.42 513.42 513.41 513.38 513.33 513.28 513.26 513.25
474.01 520.24 523.15 527.41 520.00 518.11 511.42 498.92 465.3?

.CO 0.00 O.00 0o.ro00 0.00 0.00 3.0 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 O.Co0 .OC 0.00

0.4699 0.4699 0.4699 3.4b99 0.4699 0.4699 0.4699 0.4659 0.4699
0.4325 0.4765 0.4792 0.4833 0.4763 0.4745 0.4682 0.4563 '.4244

0.0 0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
0.1842 0.0 0.0 0.0 0.0 0.0 0.0 0.0451 0.1798
0.377 -0.013 -0.019 -0.027 -0.013 -0.009 0.004 0.028 0.093

-6.5941 0.9999 0.9996 0.9999 0.9997 1.0007 0.9984 3.9376 15.0880
0.0O C 1 0.0001 0.0001 0.00ol 0.0001 0.0001 0.0001 0.0001
-0. 00 -0.000 -0.000 -O.C0.000 -0.000 -0.000 -. -0.000
14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694
14.314 14.694 14.694 14.694 14.694 14.694 14.694 14.601 14.323

518.700 518.700 518.700 518.700 518.700 518.700 518.70C 518.700 518.700
518.700 518.700 518.700 518.700 518.700 .700 5.00 5700 518.700 518.700

ROTOR A PCT SPAN 95.00 90.01 85.00 70.01
OIA 33.235 33.621 14.006 35.163

ROTOR -L.E. BETA 1 C.000 0.000 0.000 0.000
ROTOR -T.E. 8ETA 2 43.944 39.272 34.9hZ 32.525

RETAIPR) 1 50.545 48.239 48.427 49.241
BETAIPRI 2 23.064 23.516 23.443 24.838
V 1 50U.89 550.26 553.49 558.19
V 2 h10.00 636.58 672.64 695.98
VI 1 500.88 550.25 553.49 558.14
VL 2 439.21 492.81 551.24 586.72
V-THETA 1 0.00 0.00 0.00 0.30
V-THETA 2 423.31 402.95 385.44 374.14
VIPR) 1 788.2 826.2 834.1 854.9
VIPR) 2 477.4 537.4 600.8 646.7
VTHETA PRI -608.6 -616.3 -624.0 -647.6
VTHFTA PR2 -187.0 -214.4 -239.0 -271.6
U 1 608.58 616.26 624.01 647.55
U 2 610.32 617.40 624.48 645.72
M 1 0.4580 0.5053 0.5084 0.5130
M 2 0.5381 0.5636 0.5995 *.6222
MIPR I 1 C. 7207 0.7587 0.7662 0.7857
MIPRI 2 0.4211 0.4758 0.5346 0.5781
TURNIPRI 27.481 24.722 24.985 24.405
UUBAR 0.3153 0.2853 0.1725 0.0815
LOSS PARA 0.0842 0.0768 0.0470 0.0227
OFAC 0.5505 0.4929 0.4170 3.3780
EFFP 0.5964 0.5832 0.7029 3.8499
EFF 0.5855 0.5728 0.6943 0.8448
INCID -1.297 -4.040 -4.263 -4.815
OEVM 15.314 14.218 12.524 9.135
P 1 14.314 14.694 14.694 14.694
P 2 17.165 17.480 IR.JO 18.560
T 1 518.700 518.700 518.700 518.700
T 2 565.860 564.750 563.300 561.070

50.02
36.705

0.000
32.267
51.086
28.345
548.75
681.24
548.48
575.68

0.00
363.47

873.3
654.5
-679.4
-310.6
679.40
674.03
0.5039

.6076
0.8019
0.5838
22.747
0.0881
0.0249
0.3839
0.8366
0.8311
-4.978
7.659

14.694
18.565

518.700
561.820

30.02
38.247
0.000

31.314
52.534
31.783
545.75
670.39
545.11
571.96

0.00
347.95
896.5
673.8

-711.3
-354.4
711.27
702.35
0.5010
0.5969
0.8230
0.5999
20.766
0.0830
0.0237
0.3781
0.8249
0.8190
-5.528
6.920

14.694
18.565

518.700
5t2.460

15.01 10.00 4.98
39.405 39.791 40.178
0.000 .0000 O.000

31.657 33.729 38.472
53.796 54.763 56.930
33.966 36.492 41.653
538.87 525.62 489.63
660.2? 625.63 560.78
537.89 524.54 488.51
560.84 519.19 438.09

0.00 0.00 0.00
345.80 346.63 348.12
911.2 909.8 995.9
677.5 647.1 587.5

-734.8 -742.6 -750.2
-377.8 -384.1 -389.7
734.83 742.56 750.23
723.61 730.70 737.80
0.4943 0.4816 0.4473
0.5869 0.5541 0.4934
0.8359 0.8336 0.8184
0.6023 0.5731 0.5169
19.855 18.301 15.317
C.IC47 0.1596 0.2253
0.0301 0.0449 0.0595
0.3R70 0.4210 0C.404
0.RC059 0.7398 0.6603
0.7993 0.7318 0.6509
-5.648 -5.115 -3.726

6.413 8.356 12.770
14.694 14.601 14.323
18.510 18.065 17.370

518.700 518.700 518.700
562.950 563.150 563.850

STATOR A PCT SPAN 95.05 90.12 85.15 70.15 50.00 29.85 14.84 9.88 4.94
1DA 33.203 33.556 33.910 34.981 36.420 37.859 38.930 39.285 39.637

STATUR-L.t. BETA 2 43.5C7 38.834 34.566 32.266 31.947 30.901 31.140 33.165 37. 27
STATOR-[.E. BETA 2A -0.220 0.050 0.490 1.170 0.960 1.140 1.141 1.121 0.961

V 2 614.99 642.82 679.70 701.58 688.27 679.65 671.46 636.43 570.22
V 2A 482.29 516.99 525.78 606.16 633.75 630.02 621.13 598.73 502.52
VZ 2 446.05 500.73 559.71 593.15 583.70 582.48 573.68 531.73 449.54
V2 24 482.29 516.98 525.76 605.97 633.40 629.37 620.23 597.78 561.56
V-THETA 2 423.38 403.09 385.63 374.48 363.99 348.62 346.61 347.49 349.04
V-THETA 2A -1.85 0.45 4.50 12.38 10.62 12.53 12.35 11.69 9.41
M 2 0.5427 0.5694 0.6053 3.6276 0.6143 0.6057 0.5976 0.5643 0.5021
n 2A 0.4709 0.4528 0.4615 0.5369 0.5624 0.5586 0.5500 0.5289 0.4950
TURN(PR) 43.726 38.784 34.076 31.090 30.967 29.720 29.939 31.974 36.783
UU8AR 0.0733 0.0727 0.1771 0.U834 3.3122 0.0400 0.0811 0.0479 -0.0546
LOSS PARA 0.0237 0.0248 0.0610 0.0296 0.0045 0.0154 0.0321 0.0191 -0.0220
OFAC 0.4487 0.4091 0.4196 0.3198 0.2700 0.2643 0.2733 0.2715 0.2553
FFFP 0.8364 0.8175 0.6098 0.7162 0.9311 0.7547 0.5109 0.6339 2.8180
INCID -3.465 -7.367 -10.904 -11.409 -10.303 -11.493 -12.226 -10.761 -6.712

OEVM 12.811 12.904 13.224 13.504 13.080 13.847 14.649 14.927 15.111
P 2 17.165 17.480 18.000 18.560 18.565 18.565 18.510 18.065 17.370
P 2A 16.946 17.229 17.301 18.199 18 .514 18.402 18.188 17.897 17.520
T 2 565.a60 564.750 563.300 561.070 561.820 562.460 562.95C 563.150 563.850
T 2A 565.860 564.750 563.300 561.070 561.820 5t2.460 562.950 563.150 563.850
UU8AR FS 0.0949 0.1101 0.1007 0.0834 0.0541 0.0751 0.0764 0.0843 0.1619
P2 fS 17.250 17.625 17.665 18.560 18.750 18.720 18.490 18.205 18.080
LOSS PARA FS 0.0319 0.0375 0.0346 0.0296 0.0199 0.0289 0.0302 0.0336 0.0652

PCT SPAN
r A
BETA 0
BETA I
V 0
V I
VZ 0
VZ I
V-THETA 0
V-THEIA I
M 0

I
TURN
UU8AR
DOFAC
EFFp
I NCID
DEVO

P 0
P I
TO
T 1

PCT SPAN
01A
BETA 1
BETA 2
RETAIPRI 1
BETAIPRI 2
V I
V 2
VZ IVI 1
VI 2
V-THET A l
V-THETA 2
VIPR) I
V(PR) 2
VTHE A PRI
VTHETA PR2
U I
U 2
M I
M 2
MIPRI I
MIPR) 2
TURNIPRI
UUBAR
LCSS PARA
OFAC
EFFP
EFF
INCID
DEVM

P I
P 2
T I
T 2

PCT SPAN
DIA
BETA 2
BETA 2A
V 2
V 2A
V2 2
vZ 2A
V-THETA 2
V-THETA 2A
M 2
M 2A
TURNIPR)
UURAR
LOSS PARA
DFAC
EFFp
INCID

OEVM
P 2
P 2A
T 2
T 2A
UUBAR FS
P2 FS
LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED * 99.68 EQUIVALENT ROTOR SPEED = 4196.37 CORRECTED WEIGHT FLOW - 102.81

INL ET
PCT SPAN
DIA

I.G.V.-L.E. 8ETA O
l.G.V.-T.E. 8ETA I

V 
V I
VZ O
Vz I
V-THETA O
V-THETA 1

NO
MI
TURN
UUBAR
ODFAC
EFFP
INCID
DEVN
P O
P1 I
TO
T I

ROTOR A

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

96.61 91. 52 86.39
33.138 33.570 34.006
0.000 0.000 0.000
0.000 0.000 0.000

420.60 420.60 420.60
355.30 410.97 417.34
420.60 420.60 420.60
355.30 410.97 417.34

0.00 0.00 0.00
0.00 0.00 0.00

0.3822 0.3822 0.3822
0.3215 0.3732 0.3792

0.0 0.0 0.0
0.2903 O.OL49 0.0
0.155 0.023 0.008

31.1193 1.4476 1.0005
0.0001 0.0001 0.0001
-0.000 -0.000 -0.000
14.694 14.694 14.694
14.285 14.673 14.694

518.700 518.700 518.700
518.700 518.700 518.700

PCT SPAN 95.00 90.01 85.00
0IA 33.235 33.621 34.006
BETA 1 0.000 0.000 0.000
BETA 2 49.366 48.464 46.309
BETA4PRI 1 58.396 54.890 54.805
BETA4PRI 2 19.195 22.784 25.739
V 1 373.39 432.01 438.83
V 2 617.43 599.38 589.60
VZ , 373.37 432.01 438.83
V7 2 402.08 397.44 407.28
V-THETA I 0.00 0.00 0.00
V-THETA 2 468.56 448.66 426.32
VEPRI 1 712.5 751.1 761.4
V4PRI 2 425.8 431.1 452.1
VTHETA PRI -606.8 -614.5 -622.2
VTHETA PR2 -140.0 -166.9 -196.3
U 1 606.81 614.47 622.19
U 2 608.54 615.60 622.66
N 1 0.3383 0.3929 0.3993
N 2 0.5436 0.5283 0.5200
NMPRI 1 0.6455 0.6831 0.6928
NEPR) 2 0.3748 0.3800 0.3988
TURN(PR) 39.200 32.106 29.067
UUBAR 0.0832 0.1737 0.1555
LOSS PARA 0.0228 0.0470 0.0416
OFAC 0.5937 0.6017 0.5726
EFFP 0.8860 0.8235 0.8276

70.81 49.79 28.83 13.41 8.35 3.34 PCT SPAN
35.328 37.113 38.892 40.202 40.631 41.056 DIA
0.000 0.000 0.000 0.000 0.000 0.000 BETA 0
0.000 0.000 0.000 0.000 0.000 0.000 BETA I

420.60 420.60 420.60 420.60 420.60 420.60 V 0
425.92 430.01 427.70 418.61 411.48 394.69 V 1
420.59 420.57 420.52 420.48 420.47 420.45 V7 0
425.92 429.97 427.63 418.49 411.35 394.55 VZ I

0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 0
0.00 0.00 0.00 0.00 0.00 0.00 V-THETA I

0.3822 0.3822 0.3822 0.3822 0.3822 0.3822 N 0
0.3872 0.3910 0.3889 0.3804 0.3737 0.3580 N 1

0.0 0.0 0.0 0.0 0.0 0.0 TURN
0.0 0.0 0.0 0.0 0.0234 0.1001 W8BAR
-0.013 -0.022 -0.017 0.005 0.022 0.062 OFAC
0.9995 0.9997 0.9996 1.0003 2.0511 4.7815 EFFP
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 INCID
-0.000 -0.000 -0.000 -0.000 -0.000 -0.000 DEVN
14.694 14.694 14.694 14.694 14.694 14.694 P 0
14.694 14.694 14.694 14.694 14.661 14.553 P 1

518.700 518.700 518.700 518.700 518.700 518.700 T 0
518.700 518.700 518.700 518.700 518.700 518.700 T 1

70.01 50.02 30.02 15.01 10.00 4.98 PCT SPAN
35.163 36.705 38.247 39.405 39.791 40.178 DIA
0.000 0.000 0.000 0.000 0.000 0.000 BETA I

42.914 40.215 39.557 40.601 44.273 48.483 BETA 2
55.245 56.332 57.736 59.130 59.824 61.103 BETAIPRI 1
28.260 31.578 35.954 36.913 37.533 40.525 BETAMPRI 2
448.04 451.46 448.24 438.78 431.40 413.84 V I
599.23 603.03 586.15 591.81 584.67 560.15 V 2
447.99 451.24 447.72 437.99 430.52 412.89 yE 1
438.81 460.26 451.42 448.61 417.96 370.71 VZ 2

0.00 0.00 0.00 0.00 0.00 0.00 V-THETA 1
407.97 389.16 372.88 384.52 407.48 418.76 V-THETA 2

785.9 814.1 839.0 854.0 856.9 854.9 VIPRI I
498.3 540.6 558.3 562.1 528.1 488.7 VIPRI 2

-645.7 -677.4 -709.2 -732.7 -740.4 -748.0 VTHETA PRL
-235.9 -282.9 -327.4 -337.0 -321.1 -316.9 VTHETA PR2
645.67 677.42 709.20 732.69 740.40 748.05 U I
643.84 672.07 700.30 721.51 728.58 735.66 U 2
0.4080 0.4112 0.4081 0.3993 0.3923 0.3759 N 1
0.5301 0.5335 0.5174 0.5214 0.5140 0.4905 N 2
0.7156 0.7414 0.7639 0.7771 0.7793 0.7765 HIPRM 1
0.4408 0.4783 0.4929 0.4952 0.4643 0.4279 NEPRl 2
26.989 24.763 21.802 22.248 22.327 20.622 TURNEPRI
0.1093 0.0750 0.0835 0.1021 0.1624 0.2120 UUBAR
0.0296 0.0206 0.0227 0.0283 0.0451 0.0570 LOSS PARA
0.5254 0.4891 0.4829 0.4967 0.5488 0.6001 DFAC
0.9001 0.9228 0.8934 0.8776 0.8439 0.7954 EFFP

EFF
INCID
DEVN
P1 I
P2
TI
T 2

0.8813 0.8172 0.8216 0.8965 0.9199 0.8895 0.8729 0.8380 0.7878 EFF
6.554 2.612 2.115 1.189 0.269 -0.324 -0.310 -0.050 0.451 IHCID

11.446 13.486 14.819 12.556 10.890 11.088 9.357 9.396 11.642 DEVH
14.285 14.673 14.694 14.694 14.694 14.694 14.694 14.661 14.553 P 1
19.005 18.830 18.725 18.890 19.035 18.950 19.135 19.070 1.820 P 2

518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T 1
568.720 565.590 563.980 561.750 561.980 562.660 565.270 566.990 568.890 T 2

STATOR A PCT SPAN 95.05 90.12 85.15 70.15 50.00 29.85 14.84 9.88 4.94 PCT SPAN
0IA 33.203 33.556 33.910 34.981 36.420 37.859 38.930 39.285 39.637 DIA

STATOR-L.E. BETA 2 48.834 47.894 45.793 42.601 39.847 39.077 39.970 43.511 47.572 BETA 2
STATOR-T.E. BETA 2A 0.700 2.205 2.125 1.675 1.575 2.216 3.236 3.467 3.547 BETA 2A

V 2 622.52 604.95 595.02 603.33 608.50 593.24 600.84 594.17 569.62 V 2
V 2A 425.28 438.06 433.17 447.92 487.46 507.37 497.06 475.33 441.57 V 2A
V2 2 409.77 405.61 414.88 444.05 466.97 460.08 459.81 430.29 383.77 VZ 2
V2 2A 425.25 437.74 432.86 447.68 487.08 506.57 495.64 473.79 440.03 VE 2A
V-THETA 2 468.64 448.81 426.52 408.34 389.71 373.60 385.42 408.49 419.87 V-THETA 2
V-THETA 2A 5.20 16.85 16.06 13.09 13.39 19.60 28.03 28.70 27.27 V-THETA 2A
N 2 0.5483 0.5335 0.5250 0.5339 0.5386 0.5240 0.5298 0.5228 0.4992 N 2
N 2A 0.3687 0.3812 0.3774 0.3914 0.4271 0.4449 0.4345 0.4142 0.3832 N 28
TURNtPR1 48.134 45.689 43.668 40.920 38.251 36.818 36.669 39.972 43.944 TURNIPII
UUBAR 0.1808 0.1146 0.1023 0.1149 0.0507 -0.0309 0.0709 0.1206 0.1477 UU8AR
LOSS PARA 0.0609 0.0390 0.0352 0.0408 0.0188 -0.0119 0.0280 0.0482 0.0595 LOSS PARA
DFAC 0.5676 0.5191 0.5097 0.4909 0.4287 0.3756 0.4098 0.4572 0.5048 DFAC
EFFP 0.6924 0.7820 0.8027 0.7684 0.8732 1.1027 0.7981 0.6963 Q.6608 EFFP
INCIO 1.863 1.693 0.323 -1.075 -2.405 -3.321 -3.403 -0.421 3.031 INCID
DEVH 13.731 15.059 14.859 14.009 13.695 14.922 16.742 17.270 17.693 DEVN
P 2 19.005 18.830 18.725 18.890 19.035 18.950 19.135 19.070 18.820 P 2
P 2A 18.370 18.450 18.397 18.507 18.862 19.050 18.899 18.679 18.385 P 2A
T 2 568.720 565.590 563.980 561.750 561.980 562.660 565.270 566.990 568.890 T 2
T 2A 568.720 565.590 563.980 561.750 561.980 562.660 565.270 566.990 568.890 T 20
UU8AR FS 0.1084 0.1051 - -0895_ -_.906A44- _.Q#o67 '.0A9L_ OSQQ Q.Q98_ 0.1208 W8AR FS
P2 FS 18.720 18.795 18.680 1879 19.224 19.20 18.9 18.730 P2 FS
LOSS PARA FS 0.0365 0.0357 0.0307_ 0Q2b Q.0228 0.Q191- .O-1355 0.032 - 0.0480 LOSS PAUA FS
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Table A-3. Blade Element Performance (Continued)

StaLge · Rotor · - Stator ·
CALCULATIONS USING TRAN$LATEO VALUES

PERCENT EQUIVALENT ROTCR SPEED = 99.80 EQUIVALENT ROTOR SPEED CORRECTED ¥EIGHT FLON = 97.00= 4201.45

INLET
PCT SPAN 96.61 91.52 86.39 70.01 49.79 20.83 13.41 8.35 3.34 Pet SPAN
OIA 33.138 33.570 34.006 35.328 37.113 38.892 40.202 40.631 41.056 OiA
BET· 0 0.000 O.00O . O.OO0 O.OO0 0.000 O.000' 0.000 0.000 0.000 BET& O
BET& I 0.000 O.OOO O.OO0 0.000 0.000 O.00O 0.000 00000 0.000 BET· [
V 0 393.07 393.07 393.07 393.07 393.CT 393.07 393.07 393.07 393007 V O
V I 357.69 390.79 393.08 399.93 434.08 398.27 388.61 386045 345.36 V 1
V2 0 393.07 393.07 393.07 393.06 393.04 393.0C 392o96 392.94 392093 VZ 0
V2 I 357.69 390.79 393.08 399.92 434.05 398.19 380.51 386.33 345.24 VZ 1
V-THETA 0 0.00 O.00 0.00 0.00 O.OO 0.00 0°00 0.00 0.00 V-THETA O
V-THETA I O.00 O.00 O.OO 0.00 O.OO O.OO 0.00 0.00 0000 V-THETA 1
R 0 0.3565 0.3565 0.3565 0.3565 003565 C.3565 C.3565 0.3565 0.3565 N 0
N I 0.3257 0.3544 0.3565 0.3629 0.3948 C.3614 0.3524 0.3504 0.3124 N 1
TURN 0.0 O.O O.O 0.0 0.0 0.0 O.O 000 0.0 TURN
UUBAR 0.1691 0.0 0.0 O.O O.O 0.0 0.0 000 0.2136 UUBAR
OFAC 0.090 0.006 -O.000 -O.Olt -0.104 -0.013 0.011 0.017 0.321 DFAC
EFFP 16.2B12 1.0002 1.1667 0.9999 0.9999 1.0004 O.qgg5 1.0002 9.6296 EEFP
INCIO O.0001 O.00Ol O.00Ol O.OOOl 0.0001 0.0001 O.OOO1 0.0001 O.0001 I NCIO
DEV# -O.000 -O.000 -0.000 -0.000 -0.000 -O.OO0 -O.OO0 -0.000 -00000 DEVN
P 0 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694 P 0
P I 14.485 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.430 P 1
T 0 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518. TOO 51BET00 T 0
T I 518.700 510.700 518.700 518.700 518.700 518.700 518.700 518.700 5180700 T 1

ROTOR A PCT SPAN 95.00 90.01 85.00 70.01 50.02 30.02 15.01 10.00 4.98 PCT SPAN
014 33.235 33.621 34.006 35.163 36.705 38.247 39.405 39.791 40.178 DIA

RfiTOR -L*E. BETA I 0.000 0.000 0.000 0.000 O.00O 0.000 ' 0.000 0.000 O. OO0 8ETA 1
ROTOR -T.E. BETA 2 52.163 51.107 49o619 45.678 42.945 42.102 46.013 50.005 54.961 BETA 2

BETAIPR! I 58.253 56.267 56.460 56.975 56.109 59.609 61.027 61.410 64.288 BETAAPRI 1
8ETAIPR) 2 17.229 22.959 26.064 28.089 32.265 34.311 ~ 37.043 39.427 43.618 BETA(PR) 2
V I 375.93 410.51 412.94 420.25 455.83 416.93 406.g2 40~.83 361.47 V 1
V 2 621.73 590.19 577.97 592.37 588.75 596.43 581.64 564.22 539.89' V 2
Vg I 375.92 410.50 412.94 420.21 455.60 416.45 406.18 40~.00 360.64 V2 1
Vl 2 381.39 370.56 374.45 413.84 430.77 442.08 403.40 362.16 309.60 V2 2
V-THETA I 0.00 0.00 OoO0 O.OO O.OO 0.00 0.00 O.OO 0.00 V-THETA !
V-THETA 2 491.01 459.36 440.27 423.75 400.93 399.47 41T. g2 431.69 441.53 V-THET· 2
VIPR! I 714.4 739.6 747.4 TTI.O 8[7.2 823.4 838.9 844.6 831.6 ViPR! 1
VtPR) 2 399.3 402.4 416.8 469.2 509.8 535.g 506.3 469.7 42B.5 VIPR) 2
VTHETA PRI -607.5 -615.2 -622.9 -646.5 -678.2 -710.1 -733.6 -741.3 -749.0 VTHETA PR!
¥THETA PR2 -118.3 -157.0 -183.1 -220.9 -272.0 -301.7 -304.5 -297.8 -295.0 VTHET& PR2
U I 607.55 615.21 622.95 646.45 678.24 710.06 733.57 741.29 748095 U 1
U 2 609.28 616.35 623.42 6&4.62 672.88 701.15 722*38 729.46 736.55 U 2
H ! 0.3406 0.3728 0.3751 0.3819 0.4153 0.3780 0.3694 0.3675 0.3272 # !
N 2 0.5464 0.5185 0.5081 0.5227 0.5193 005260 0.5107 0.4937 0.4706 # 2
RIpR) I 0.6473 0.6716 0.6788 0.7007 0.7445 0.7481 0.7616 D.T667 0.7529 R(PR) 1
M(PR) 2 0.3509 0.3535 0.3664 0.4140 0.4496 0.4726 0.4445 0.4111 0.3735 N(PR) 2
TURN(PR) 4h024 33.327 30.397 28.888 23.854 25.310 24.017 220022 20.720 TURN(PR)
UUBAR 0.1440 0.1q72 0.1870 0.1232 0.C921 0.0905 0.1671 0.2277 0.2488 UUBAR
LOSS PARA 0.0399 0.0533 0.0499 0.0334 0.0251 0.0251 0.0462 0.0616 0.0637 LOSS PARA
OFAC C.6409 0.6385 0.6174 0.5603 0.5334 0.5112 0.5678 0.6213 0.6709 OFAC
EFFP 0.0443 0.7859 0.7934 0.8879 0.8950 0.9150 0.8459 0.7881 0.7759 EFEP
EFF 0.8379 0.7781 N.7861 0.8837 008910 C.9116 0.8389 0.7802 0.7673 EFF
fN~i6 ........... ~;~1-i .... %;~bs ~;¥76 .... ~=6Vg - -- ~;b~6-- - -t ~ '--i:~9 ..... ~.~ .... ~-~i- i~ib .....
DEVN 9.479 13.661 15.145 12.386 11.576 9.445 9.487 11.288 14.734 OEVN
P I 14.485 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.430 P 1
P 2 19.250 1B.890 18.760 19.040 19.090 19.300 19.220 19.060 18.820 P 2
T I 518.700 518.700 518.700 518.700 510.700 518.700 518.700 518.700 518.700 T 1
T 2 571.[00 568,300 566.400 563.800 563.900 5d4.E00 568.000 570.000 572.000 T 2

STAYOR A PCT SPAN 95.05 - 90.12 85.15 70.15 50.00 29.85 14.B4 9.B8 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 51.$73 50.491 49.051 65.338 42.549 41.570 45.268 49.117 53.856 BETA 2
STATOR-T.E. BET· 2A 2.900 2.770 2.630 2.620 2.780 3.201 3.721 3.742 3.592 BET· 2A

V 2 626.8B 5~5.60 583.20 596.38 593.98 - EO3.T4 590.38 573.07 548. T8 V 2
V 2A 411.48 422.03 417.04 426.02 467.15 480.11 465.20 450.03 429082 V 2A
Vl 2 389,62 378.92 382.22 419.17 437040 451.27 415.00 374.64 323.34 VZ 2
V! 2A 410.95 421.53 416.60 425.52 466.41 478.96 463.64 449.44 428.30 V[ 2A
V-THETA 2 A91,10 459.52 440.48 424.14 401.50 400.24 410.90 432.76 442069 V-THETA 2
V-THETA 2A 20,92 20.39 19.14 /9.47 22.65 26.78 30.16 29.33 26.8B V-THETA 2A
N 2 005512 0.5235 005129 005264 0.524[ 0.5328 005198 0.5019 0.4787 R 2
N 2A 0.3557 0.3660 0.3621 0.3710 0.4080 0.4193 0.4046 0.3904 0.3717 # 2A
TURNCPR! 48.673 47.72! 46.420 42.712 39.74R 38.326 41.4B1 45.303 50.387 TURN(RR!
UUBAR 0.1094 0.0839 0.0568 0.1221 0.0338 0.0619 0.1009 0.1029 0.0878 UUBAR
LOSS PARA 0.0637 0.0285 0.0195 0.0433 0.0125 0.0238 0.0399 0.041[ 0*0354 LOSS PARA
DFAC 0*5963 0.5426 0.5338 0*5273 0.4505 0.4441 0.4745 0.4980 0.5246 DFAC
EFFP 0*6977 0.8472 0.8914 0.7T35 0.9204 0.8487 0.T523 0.T550 0.7912 EFFP
INCI0 4.602 4.290 3.580 [.662 0.297 -0.829 1.894 5.186 9. 319 IN CID
DEr# 15.931 [5.624 15.364 14.954 14.899 15.906 17.227 17.544 17.75B DEVN
P 2 lq.250 [8*890 18.760 19.040 19.090 19.300 [9.220 19.060 18.820 P Z
P 24 18.570 18.620 18.585 18.640 10.980 19.090 18.895 18.750 18.580 P 24
T 2 571*100 568.300 566.400 563.800 563.900 564.800 S68.000 570.000 572.000 T 2
T 24 ~71.100 568,300 566.450 563.800 S63.900 ~64.800 568.100 5700000 5T2.00~ T 2A
UUBRR FS QJ.13}2 Q./3~.___~./1A2__,_Q,08~6 0.Q71~ .....O.0&&O 0.10&1 o.1003_ o.!ia& UUBAR FS~eOlT___~ 18.902 19.222 19.31~ 10.~12 le.n~s 1R.Aefi P2 FSP2 FS Fs~tO.~47 OIQ~§8 . O. ID~B .... ~LO~,J~L__~ L~. _~)j025~ .... O.O&!2_____O=Q&OQ_ -- O.o&&6 LOSS PAR& F$LOSS PARA
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATEO VALUES
PERCENT EQUIVALENT ROTUR SPEED = 98.97 EQUiVALENT ROTJR SPFFO = 4166.62 CORRECTEO WEIGHT FLOW * 92.70

PCr SPAN
DIA
BETA J
BETA I

V-THET 

V-THETA I
MO
M 1
TURN
UUBAR
OFAC
EFOP
INC ID
DEVM
P 0
P I
T 0
T I

96.61 91.52 86.39 70.81 49.79 28.83 13.41 8.35 3.34 PCT SPAN
33.138 33.570 34.006 35.328 37.113 38.892 40.202 40.611 41.056 51A
0. 00 0.000 .00 C1 O.Co0o 0.00 .000 0.000 BETA4 
O.C00 0.000 0.000 0.000 0.000 0.000 O.COO C.000 0.000 BETA I

371.26 373.26 373.26 373.26 373.26 373.26 373.26 373.26 373.26 V 0
333.70 375.40 377.61 383.09 387.70 379.72 312.17 36.118 322.24 V I
373.26 373.26 373.26 373.26 373.23 373.20 373.16 373.15 373.13 VZ O
333.70 375.40 377.61 383.08 387.67 379.65 312.07 369.07 322.13 VI I

0.00 0. 0 0.00 J.30 0.00 0.00 .00 0o.0 0.00 V-THETA o
0.00 0.JO 0.00 0.00 J.00 0.00 O.CO 0.0o 0.00 V-THETA I

0.3382 0.3382 0.3392 0.3382 0.3382 0.39a2 0.3382 0.5382 0.3392 M 0
0.301E 0.34)1 0.3422 0.3419 0.3515 0.3441 0.3371 0.33 4 0.2911 H I

0.0 .) 0 C.O 0.0 c 0.( 0.0 n. TURN
J.7093 0.0 J.0 .0 .G .0 0.0 0.0 0.0 0.2*51 UUBAR
0. IUh -0.005 -0.012 -G.U26 -0.033 -0.017 U.003 0.011 0.1 37 DFAC

-800.5999 0.99a2 u.9999 1.9996 0.9997 0.993 1.0011 1.0001 13.491? FFFP
0.0.)01 C.0001 0.0on1 .).031 0.3001 C.0001 0.0001 0.0001 0.0001 INC1o
-0. OG -0.000 -0.000 -0.00 -0.0O -0.00 -0.000 -0. 000 -0.000 DEV
14. 694 14.494 14.604 14.694 14.694 14.694 14.694 14.694 14. 64 P o
14.460 14.694 14.694 14.634 14.694 14.694 14.694 14.694 14.420 P 1

518. 7 1 8.7518.730 518.100 518.700 518.700 518.700 518.7c1 I18.700 518.700 T O
518.700 518.700 518d.700 518.730 518.700 518.100 518.700 51B.700 518.700 T I

ROTOR A

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

PCT SPAN 95.00 90.01 85.00 70.01 50.07
01A 33.235 33.621 34.006 35. 163 36. 705
dtTA I 0.000 0.3030 u.OO0 C.OO0 0.00
BETA 2 55.67* 53.431 51.660 46.99o 44.340
8ETA(PRI 1 59.818 57.142 57.312 57.896 58.873
RETAIPRI 2 23.286 24.702 26.124 27.060 32.408
V 1 353.43 394.1)7 396.42 402.26 406.38
V 2 565.47 567.48 567.96 592.14 579.04
VZ 1 350.42 394.07 396.42 402.22 406.18
VI 2 318.87 338.29 352.32 403.82 413.95
V-THETA 1 0.00 0o.on0 0.0 0.00 0.00
V-THETA 2 466.99 459.63 445.47 432.99 404.52
V(PR) 1 697.G 726.3 734.0 75b.8 795.9
VIPR) 2 347.1 372.4 392.4 453.5 490.6
VTHETA PRI -602.5 -610.1 -617.8 -641.1 -612.6
VTHETA PR2 -137.2 -155.6 -172.8 -200.3 -262.8
U 1 602.51 610.11 617.T7 641.09 672.62
U 2 604.23 611.24 618.25 639.28 667.30
M 1 0.3170 0.3575 0.3597 0.3651 0.3689
M 2 C.4947 0.4979 0.4992 0.5229 0.5107
MiPRI 1 0.6306 0.6589 0.6660 3.6869 0.7134
M(PR) 2 0.3037 0.3267 N.3449 0.4035 0.4327
TURNIPRI 3b.531 32.440 31.189 30.839 26.475
UUBAR 0.1979 0.2177 0.1960 0.1245 0.1003
LOSS PARA C.0528 0.05dl 0.0523 0. 341 0.u272
DFAC C.6968 0.o717 0.6458 0.5765 0.5406
ECFP C. 7668 0. 7733 0.8079 1.9223 0.9125
EFF 0.1752 0.7654 0.8011 3.9194 0.9092
INCID 7.976 4.864 4.622 3.840 2.811

OEV 15.53 15.404 5.204 15.04 11.356 11.720
P 1 14.460 14.o94 14.694 14.694 14.694
P 2 18.660 18.730 16.765 19.130 19.085
T 1 518.700 518.700 518.700 518.700 519.700
T 2 570. 4(0 567.30 565.0 5 562.870 562.950

STATOR A PCT SPAN 95.05 90.12 RS.15 70.15 50.00
01DA 33.203 33.556 33.913 34.981 36.420

STATOR-L .E. BETA 2 55.048 52.764 51.060 46.640 43.931
STATOR-T.[. 8ETA 2A 1.170 1.350 1.313 1.520 2.330

V 2 569.85 572.48 573.01 596.15 584.12
V 2A 404.92 408.98 406.07 418.25 452.69
V9 2 325.46 346.40 360.14 409.26 420.50
V2 2A 4)4.84 408.87 405.96 418.35 452.14
V-THETA 2 467.07 455.78 445.69 '33.38 405.39
V-THETA 2A 8.27 9. 44 9.28 11. 9 18. 40
M 2 0.4987 0.5025 3.5339 J.5266 0.5154
M 2A 0.3501 0.3547 0. 3526 0.3644 0.3953
TURNIPR) 53.878 51.414 49.749 45.114 41.579
UUBAR 0.0144 0. 239 0.0489 3.1375 ).0323
LOSS PARA 0.0048 0.0081 0.0168 0.0488 0.0119
DFAC 0.5606 0.5511 0.5537 0.5507 0.4710

EFFP 0.9736 0.9556 0.9106 0.7535 0.9271
1NCIO 8.071 6.563 5.589 2.964 1.679
OEVM 14.201 14.204 14.044 13.854 14.449
P 2 18.660 18.730 18.765 19.130 19.085
P 20 1.618 18.659 18.619 18.677 1 8.983
T 2 570.400 567.360 565.560 5h2.870 562.950
T 2A 57C.400 567.360 565.560 562.870 562.950
UU8AR FS 0.1186 0.1176 0.1161 0.0876 0.0904
P2 FS 19.005 19.045 18.992 18.950 19.287
LOSS PARA FS 0.0395 0.0398 0.0398 0.0310 0.0333

30.02
38.247

0.0(U
43.578
60.602
35.140
397.22
580.38
396.76
420.04

0.00
359.69
808.5
514.3

-704.2
-295.6
704.18
695.34
0.3604
0.5 112
0.7335
J.453C
2S.483
0.1045
n.0287
0.529C0
0.9010C
0.d972

2.543
10.274
14.694
19.190

518.700
564.520

29.85
37.859
43.033
2.221

587.34
460. 11
428.95
459.38
400.47

17.81
0.51 7o
C.4014
40.768
0).05u2
0.0193
0.4686
0.8825
0.634

14.927
19.19C
19.029

564.520
564.520

0.0691
19.225
0.0265

15.01 10.00 4.98 PC8 SPAN
39.405 39.791 43.17d DIA
o0.000 .3000 .00c 8ETA I

49.923 54.187 58.563 RETA 2
61.883 62.318 65.642 RETAIPRI I
37.412 39.577 41.687 BETAIPRI 2
389.44 386.46 337.04 V 1
570.30 559.39 554.87 V 2
388.73 385.67 136.27 VI 1
366.74 326.97 789.12 V2 2

0.00 0.00 0.00 V-THETA 1
435.87 453.14 472.97 V-THETA 2

8Z5.2 830.5 815.6 VIPRI I
462.5 425.0 381.9 VIPRI 2

-727.5 -735.1 -742.7 VTHETA PRI
-280.5 -270.3 -257.5 VTHETA PR2
727.49 135.15 142.74 U I
716.5; 720.41 7130.44 U 2
0.3532 0.3504 0.3347 M 1
0.5003 0.4894 0.4843 8 2
0.7483 0.7530 0.7374 MiPR)I 
0.4C58 C.3718 0.3386 RIPRI 2
24.505 22.781 24.006 TURNiPRI
0.2175 0.2794 0.2865 UU8AR
0.0599 0.0754 0.0756 LCSS PARA
0.6211 0.6777 .17277 DFAC
0.8329 0.7856 0.8098 FFFP
C.8266 0.7776 U.8022 EFF
2.445 2.448 4.996 ICID
9.855 11.439 12.80C OtVM
14.694 14.694 14.420 P 1
19.135 19.020 19.020 P 2

518.700 518.700 518.700 T 1
567.880 509.740 571.933 T 2

14.84 9.88 '.94 PCT SPAN
38.930 39.285 39.637 OIA
49.Cd5 53.151 57.279 BETA 2

2.7 I 3.271 3.522 BETA 2A
578.75 568.23 564.17 V 2
438.60 429.03 412.23 V 2A
378.66 340.44 304.69 V2 2
437.77 427.73 410.81 VZ 2A
436.89 454.26 474.22 V-THETA 2
20.65 24.45 25.28 V-THETA 2A

0.S081 0.4915 0.4928 n 2
0.3811 0.3717 0.3561 M 2A
46.318 4$.809 53.683 TURNIPRI
0.1058 0.1021 0.1478 UU8AR
0.0419 0.0408 0.0596 LCSS PARA
0.5284 0.5493 0.5925 0FAC
0.7732 0.7829 C.7081 EFFP

5.712 9.222 12.745 INCID
16.208 17.075 11.668 oEVM
19.135 19.020 19.020 P 2
18.808 18.718 18.590 P 2A

567.880 569.740 571.930 T 2
567.880 569.740 571.930 T 2A

0.1108 0.1050 0.1267 UUBAR FS
19.152 19.030 18.950 P2 FS
0.0438 0.0419 0.0511 LOSS PARA FS

INLET GUIDE
VANE

I .G.V .- L .E.
I .G.V.-T.E.
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Table A-3. Blade Element Performance (Continued)

$tage A Rotor A - Stator A
CALCULATIONS USING TRaNSLPATEC VALUES

PERCEN1 EQUIVAL.EN1 RCICR SPEED= gq9.85 EQ UIV ALENT ROToR SPEEC =42C3.T1 CORRECTED REIGHT FLOW = 89.38

INLET
PCT SPAN 96.6,1 91.52 816.3 7 0.8 4979 328. 8 13.41 8.35 3.34 PCT SPAN

DIA 2218 3.7 406 35:.t2 7 13 3.9 40. 40.3 4105 A
BETA 0 C . 00 C00C 0 .000 0 0 0.OC cc 000 C00 0 00 0 .00 0 8 A0

:ETA I C.00C C.CCO C.000 0.000 0.C0 0.000 C.OCO 0o0 00 0.0 00 :ETA I
VC358.25 358.25 358.2 358.25 358.25 358.25 358.25 358.25 358. 2 v 0

v I 326.EE 359.9C 362.36 370,40 3TI19. 264,43 351,68! 348,60 308,53 V 1
VI 0 358.25 35E,25 358,25 358,25 3582 258.19 358,15 358o[4 358B,[3 VZ 0
VZ I 336.E6 359.90 362,36 370.40 37l.EE 364,37 351.58-1 348,49 308.42 VI I
V-THETA 0 O.CC 0.00 0.00 O .OO O.CC 0.00 0,.0O O..0 0. 00 V-T'META 0
V-1HETA I C.CO C.OC 0.00 0.00 D.OC C.OO 0.00 0.00 0oO0 V-THETA I
M 0 0.3243 0.2243 0.3243 0.3243 0.3243 C.3243 C.3243 0.3243 0.3243 P O
# I C.3045 C,3258 0,3281 0,3355 0 °3369 Co3200 C.31E 2 C.3153 0,2785 H I
TURN 0.0 0.0 0.0 0.0 C.0 0.0 0.0 0.01 O.% TUR
JUURAR C~o120 O.G 0.0 0.0 0.0 G.0 O." 0.0 C. 22[ UUBAR
DFAC C.C60 -0.005 -0OOil -0.034 -0.038 -O.C17 O.O8 a.027 0.139 DFAC
EFFP 203.E46S 0 .9974 0 .9995 0 .9994 C.;994 C.99;92 1.007 1.0005 5.82439 EFFP
INCID O ,OCC1 C OCOI O.OCOI O000 C.OCOl C.C CC c000(01 a.ODOI 00 00[ INCIO

.EVM -0.000 -0. 00 0 -0.000. -0.000 -0.0 -.C0 -C000 -0000 -0 .0000 DEVM
P C 14.6S4 14,694 1A,694 14,694 14,6~4 I14,654 14,654 14,694 IA.6 94 P 0
P I 14.570 14.694 14.694 14.694 14.694 14.694 14*694 14.694 14*465 PIl
T C !1E.700 518C. 700 518.700 51 8.T700 5IE.7CC 51e.7 T c 18.7C0 18.70 518.7 0 T 0

T 51E.7CC 518.700 518o700 5 .700 !18.TOC 7I.TC 518.7001 t8..T00'1 5.18.0D T I

ROTOR A PC1 SPAN S~.CC 9C.01 85.00 70.01 50.02 3C.C2 1S.Cl tO.GO 4;.- 8 PCT SPAN
014 33.235 33.621 34.006 35o163 36.705 28.247 39.405 39.791 40.178 DIA

ROTCR -LE. B ETA I 0.000 O.COG CoOO0 0o000 O 0 0 .000 CooC0 GeeOO00 0o000 8ETA I
ROTOR -l.E. ETA 2 54,8 ~3515 51882 48145 45.5E1 45,422 52071 56,964 60877 BETA2

BETAIPR C 5q.8C 1 581.474 581.617 58.9 6C.155 6 el82 63.429 63.86 66 .7 55 BET APR' I
8ETAIR 2 6 2 2 .2 7.65 27 57 72 5 3E.SE2 3983 4152 43*529 BETAIPR! 2

V I 3!3.TE 377.59 380.20 388.T5 389.55 381.03 367.74 384.6T 322.62 V [
V 2 618.56. 588,13 561, 8 5q6.56 570,TC 5E9.25 556,31 552,72 552.1I V 2

:V2 I ~~~353.T 37T.58 380.2 3871 389.36 380.59 367.08 363.92 321.488 Z
VI 2 362.8E 34q.14 346.7q 398.01 399.41 99.28 333.91 301.04 268.4 VZ 2
V-1HETA I 0. 00 0. 00 0.00 0. 00 O.OO C.OC O.Oa C.00 0.00 V-THETA I

I-TETA 2 50C,9 472.2 442,00 444,2 40T3 05.1 444,5 462.3 481.91 V-TEA 2
VIPR! ! 703.3 722.1 730.1 754.6 782. aa62 820*9 826.5 15.is9 V(PR)) I
V(PP! 2 378.8 3T77. 391.5 445 8 48C.5 4S7.e 435.5 403.1 3 71.0 VIR! 
¥TPETA PRI -6C7~ -6 1.5 -623.3 -646°8 -67e.61 -710o4 -734*0 -741o7 -749*4 VTHETA2PRI
VTHETA PR2 -I87 -143.4 -1.81. 8 - 0 7 - 25. -296.3 -278.5 -26.9 - 5 0 THET PR2
U I 6CT,87 615.54 623,28 646.8O E78o6 710.44 7?33,917 741,65; 749,36 U!I

U260q.6 616.68 623.T5 6 44*97 673.21 T 01.53 722 .T7 72 9.5 736.94 U12
H I 0,~~~3201 C.3422 0,3446 0,3525 0.3533 C,3454 0 3330 0,3302 0,294 P 1

N2 0,5433 0.!165 0,493l 0,5264' 05021 C 5CO0 0 4864 0.4823 a,4810 N(2
PIPR) I 0.6364 0.6544 0.6617 0.6843 C.7C56 C.7307 C7T435 0.7484 Oo7370 #PR) I
Ri PR) 2 0.3327 C. 3314 0.3437 0.3934 0.4225 C.4371 0 .'3808 0.3517 0.3232 N(1PR) 2
TURN(PR) 43.128 36.147 30.958 122241 26.509 25.264 23.635 22.346 23.279 T UPNIP R)

UUBAR C .[521 0.19~~~08 0.181' 0.22 C.I3 C.12q a I61 0.3115 0.3140UUR

LOSS PARA 0.0423 0 .C518 0.0479 0 .0347 0.0203 C.C348 C.C6q5 0.0816 0.0805 LCSS PARA
OFAC 0.665 C.67 0 0 643 0 5901 C5532 C503 .556 0 7068 0.7523 OA
EFFP 0.856E 0.8238 0.8C8 0 .320 C,8 C1 8 0,8E4 0 ,7820 0.7524 0.7865 EFFP
EFF C8§CE C.Et71 0.8012 0.9293 CoeT77 C,8530 C.7739 0.7432 O .TT80 EFF
INCIO 7,6C 6,196 9,927 A. 3 4oC92 3764 3,9 3.9 6,1 NO

OEVM 8*923 13 .3 16T40 11.5 12.E I17 12.273 12.2 465 O V
P I 14,57C 14,694 14.694 14,694 14.694 14o69;4 14,654 14o694 14,465 P I
P 2 19.47C 19.140 1 8.850 19. 320 lq;.lCC 1;. 170 C9.040 lq.020 19.090 P 2
V 518.70 5[8*?00 518.700 518.0 5700 0 ! ETCO 5E00 18706 518.70 T [

T2 51.2CC 56.500 566.450 564.100 54700 tte. 70eTO0C0735 6 570.200 572. 0 573.700 IF2

STATOR A PC] SPAN q5.C5 qC.12 8515 70.15 to.cc 29.815 14.814 9. 8 4.94 PUT SPaN
CIA 32.23 3.56 3391 34.9811 36.20 37.5 38. 39.285 393 OlA

STATOR-L.E. B TA 2 53o41I 52.14 1.:2713' 4T7 2 45 33 4 C5 5f2.[507 55.84C 5.81 BETA 2
STIDlR-I.E. BETA 24 1.42C I so5 h .690 2.240 3.29a 2.TSI 3.201 3.8 3.802 BETA 24

v f23.E6 59. 5 566.8 600.61 575.7 76. 1 564.40 5615831 561.3 V2
v 2A 4C9.36 41031 412,25 423,20 455.1 452.37 439.232 434,91 4248,92 V 2A
V2 2 37TI40 35"7,89 354,62 403,62 4C5,59, 4C8o12 345,94 314,91 284,83 VI 2
VI 2A 4C9.22 41C.16 412.06 422.83 454.18 451.4T 438009 433°45 427°30 VZ A
"-THETA 2 501.CI 4T3.45 442.21 444.70 407.89 405.q~; A45o29 464.07 483.18 V-THETA 2
V-THETA 2A 10.14 It.1O 12.16 16.54 26.11 21*69 24.50 27.13 28*39 V-TH ETA 24
# 2 0.548C 0.52'14 0.4978 0.5302 0,5C68 C.5062 D.4938 0.4901 0.4894 N 2
M 24 a 3!37 C .3555 0.3579 0°3684 C.3968 0.3937 C.3807 0.3762 0.3703 N1 2A(
TURNIPRI 52,031 51,364 49,582 45.26 41,822 42058 8 9 5,91 56C TURNPR
UUBAR C.lqeI 0.1143 0.0273 0.[4541 0.0130 C.055,3 C.0616 0.0729 0.112T UUBA
LOSS PARA C.0660 0.0389 0.0094 0.051[ 0.004a C.0213 0.0244 0.0291 0o0454 LCSSnPARA
DFAC 0 .6C7 0,574C 0.5 341 0.5492 C.4559 0.4729 C.5188 01.5 384 0,5650 OFAC
EFFP 0.6E66, C.eCGC7 0.9474 0.7398 Coq;6E6 C.ET72 0.8574 0.8332 0.7515 EFFP
INC I0 6 .4EC 6.713. 5,802 4.097 2.881 2. 451 e.7T86 11,913 14,951 INC to
DEV- 14. 451 14.404 14.4 24 14.574 15.4C9 15.456 16.7017 17.384 17.948 GEVR
P 2 I q. 47C 19. 140 18.B50 19o320 Iq100 lq17C 19.040 is.020 19.0902
P 2A 1 87E IE.7?C 18o770 18.8135 l . 6 19000 18.:86a e18.8~ 18.765 C 2
T 2 5Tt.35G 568 .50C 566.450 564 .100 564.700 5E6.TOC 57T07200 572.100 571o700 T 2
T 2A 571.35C S68.500 566.450 564.100 S64.T00 586.60C 570.200 572.100 573.7C0 T 2A
UUEAR FS 0.1031 V.,[572 0,1348 0,1110 0,0927 0,1062 0,10[6 0.1002 Ge/GIT. UU8AR FS
P2 FS _191.097 19.305 19~215§ -1....1 ~.. 369.-g 5 __1e-17A ___19,17 19o.n~ 5 P2 FS
LOSS PARA F$ 0.0346 0,0535 0.0464 0*0393 0*0342 0,0409 0*0A02 0.0399. 040tAO LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stae A Rotor A - Stator A
CALCULAT IONS US ING TRANSLATEC VALUESPFRCNT QUIALET RTORSPED -89.60 EQUIVALENT ROTOR SPEEC £ 719 ORRECTEO WEIGHT FLOW = 116.21

M T PCT SPAN 96.61 9 .2 8.9 7.1 4 .9 2.3 1.1 83 .4 PTSADI 3 1 8 3 TO 3406 5 28 37 11 3:921022 40614.56 DIA3

B~~~~~~~~~~~3.9 4920 0.3
VBE HTA 0 0.00 00 0.on 0 o 0 0 0 0c 0 00 _HT V-THETA I a:~~~0.0 0 : 0 0 00 0.00000 0,000 00 -HT 

TURN .0 O~) n~o0.0 0 0 0000 O 0 .0 O 0 00 0 T R

DE - ~~~~~ ~~~~~~~~~~~~~~.000 _~Co00 ; Oo .000 DEP 0 14 694 14 694 14 694 14 694 14 694 I~~~~~ ~ ~ BEA: 91 1464 1 94 1 9 1 1 4 4 0 t 47, 7 4 , 9 4 148 7 6 9 4 1 6 9 1 4 S 4 1 qI4 9 4 4 6 4 1 4 5 0IT ( 51 .7 0 0 5 1 . 7 0 0 5 1 . 7 0 0 5 8 7 . 7 0 0 5 1 8 7 0 0 9 1 8 . 7 0 09 8 7 0 5 8 7 0 1 . 0 T 1 5 1 . 7 0 0 5 8 .7 0 0 1 8 . 7 0 5 1 8 . 7 0 5 1 8 . 0 0 5 1 8 7 0 0 4 8 .7 0 0 5 1 8 .7 0 0 5 1 8 .7 0 07ROTOR A PCT SPA 95 or; 0 01 "1 00 70 1 so 02 0 02 is 01 in 0 04;9: PCT SPA

E PR I 47T.7g 4673S3 467602 487.567 9 21 1 30 234 5 4467 E R
vZ I 46; 01 52.83 52; 8 493.74 2 .9 5; 5 00.61 0 .6 47 9 

V- THET A I0 0 .0 0 O, 0 O O 0 0 0 . 0 0 0 .0 . 00 0 - H T 

V - - 8 -30 -3 2 .9 -3 -40 7: 1~~~~~~~~~0,0 V-TH ET A 0RV-THETA IR 0'.70 20, 2 .1 2 4400 9 3 .

N 19 0 46 0oa4560, 5 0,624497 :60 : 56 : 3 :47 qN ( 2 R I 0 , 4 27 t 0 , 4 6 9 0 .7 5 0,47 2 0 7 6 8 0 7 8 7 2 0 0 6 6. 5 9 " ( R tM ( P R , 2 0 4 3 7 7 0 4 8 5 9 00 , 45 8 2 0 ,45 76 0 , 4 5 3; 0 a 6 6 9 1 0 S 6 R ;5532 ~ ~ ~ ~ ~ ~ ~ ~ , 2 0,79 0 ,132 RN RIU A 0 ; 8 4 0 ; 2 3 0 i 69. 0 ,; 8 2 0 30, 0 O a 0 9 0 0 1 4 0 2 5 B A
UUFA PC.I 1 0. 0 O 31,2 94 0 32O 2 7 1 2 6 7 DE F F P 0 .4 6 7 6 0 .4 7 q 4 ~ ~ ~ ~ ~ ~ ~ 0 .0.60 6 .8 4 r 71 R C 7 1 6 7 5 0 . 6 8 1 0 5 3 6 E F

.EvM 13:995 12:787 1 ~ ~ ~ ~ ~ ~ ~ ~ 0.0735 8 07.070 7098 691 836 0 .068O DVI~~~~~~~~~~~~~~~~~~~~~~~~~~~DA
EF 1 142 4096 94 14 69 4 1 6940 9 4 6 4 1 9 4 6 4 1 . 5 2 16:2~~ ~~~0C.96q9 o 7 200 91751 0.999 17. 20016391 .1 6.9 T 1 518 700 51 700 51 700 5 11: 700 5 700 1.108: 70 0St 970 51. 7002 125 70062 556 I ~~~ ~ ~~~ ~~~~~~~~~~~~~~~EFFP: 08IN700 S5 5 00 ! 5 4 10.5 00 5 , 6 - 20015 : 5 5 3 5 S S S T A T O R A P C T S P A N q 5 . 0 5 0 1 2 B.0 0 0 .0 01 5 O . O CO9 8 1 . 49 8 049lP T S A

S T A M R - T . . 1 1 E T A 2 A o. 7 5 1 .3 0 0 1 5 4 0 1 . 1 7 0 . 8 8 - C . 0 0 0 - 0 . 8 6 1 0 . 7 2 0 - 0 . 4 0 0 B TA0P1 2 1 48 . 8 74 61 q.6 9 4 614 .6 9 6 4544 9 6 3 . 1 6 2 . 6 6 4 q 5 4 8V 2 A 5 4 1 4 0 5 7 5 9 7 5 8 0 13 7 6 942 1 1 46 40 6 5 4 . 69 4 6 2 ,, 3 6 2 2 7 6 V

- 2 0.7:09 13 15:60 13:11 9:84. A I4,6q& 14 64 14 694 4,469 V-HT 1TM 0 5 218, 0 S 1 8 .7 0 0 ( 5 7 0 0 4 . 8 7 0 5 6 6 .S 6 0 41 64 6 2~~~~~~587 0 
S18o74 516278.6700 

0
. 2A 0 .478 14 5 62 5762 . .57 1 0 .5711 S1 8 570 548270 51 03700TUP~tP) 37.43 32.90 28.55 26.65 26.90 25.4 7 24.24 24.97 27.96 TURNI TR0T I S10 .·0 5 4 05 1 8 9700 2 5 . 8 3 0 0 4 . 6 8 0 1 9 . 9 7 O O 2 U AL O S S P A R A 0 3 0: O 1 3 2 1 8 , 7 0 8 0 5 , 03 1 87 0 2 2 5 a 0 4 4 3 8 0000 9 O S P RDFAC 0:'2',',62 0 2S4 ~ ~ ~ ~ ~ ~870:305 012072 0 8 a Ot6 0 014 0S18,70 012,00 T FA

E F P 6 1 4 0 4 7 A 2P1 6 SA 1 757,1 040 t 4 6 8 7 4 2 5 1 5 E
INC if -;.ae I;.90. 8;.374 -1 .7 3 I 30._; 97 1 .0111 .9 ;.9 D E V M 1 3 7 08 ,1 4 1 5 4 1 2 7 4 1 3 S 0 4 1 3 0. 0 2 3 6 e 1 369.402 7 1 456 20 1V PP 2 I6 2 1 6 : q o 1 7 : 2 0 0 1 : 5 1 0 1 7 : 3 3 0 7 2 3 1 7 : 2 3 0 1 60 9 10 1 6 , 9 0 PO 2PAP 2A 1 6. 2 35 0 1 6 2 3 7 3 643.106 7 . 0 7 0 0 16 . 6 5 1 . 1 6 1 5P 2

U U B A R F 0 . 0 9 8 0 . 1 3 3 6 0 . 1 2 5 4 0 . 10 60 0 . 0 9 40 0 .0 90 40. 9 4 0 1 7 . 9 1 U B R FL O S S P A R F S 0 .0 3 2 0 . 0 3 0 . 3 1 6 0 . 3 0 0 . 3 4 0 . 0 30 0 0 . 0 4 7 1 0 . 0 0 0 O S A A F
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A*.

CALCULATION US ING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 89.35 E EUIVAULENT AROTOR ASPEED - 37 61o53 CORRECTED WEIGHT FLOW - 1O0eA

INLET
PCT SPAN 96.61 91.52 86.39 70.81 49.79 28oB13 1304l 601135 t3.34 PCT SPAN
OIA 33.138 33.570 34.006 35.328 370113 38.892 40022 0 .31 4lo056 DIA

aET A 0 0000 0.000 0.O00000 00 00 000 0.ODO 00000 BE1TA O
B1ETA I 0.000 0,000 00000 00000.O 0.000O O00.00 00.000 0000 OoO0 BTAIl
V1 0 433.45 433.45 433.45 433.45 433045 433045 433045 433o45 433045 V 0
V I 400.II 434.00 436.63 44t083 442.69 439019 425.02 4230.94 303.49 VIl
VI a 433.45 433.45 433.45 433044 433041 433.37 43303 453.32 43330 VZ 0
VI I 400oll1 434000 436,63 441.8 442.65 4390it 425070 420. 383 0335 VI I

V-THETA ~~~~~~~~~~~~~~~~~~~ 0 0*0 0.0 000 0.00 000 000 0.00" 0.0 000 V-THETA 0
V- THETA I 0,c .0 0 0. 00 0. 00 O000 OOO 0OO O ;00 0 0.0 0 030 V-THETA I
N 0 0.3943 0.3 943 0.3943 003943 0.3943 003943 003943 0.3943 003943 N 0
N I 0.3631 0°3 948 0.397) 2 004021 0.4029 0.3996 005871 00302S 003476 N I
1URN 000 000 0,0 000 000 0.0 000 0o0 000 TURN
UUBAR 0.1628 0.0 O;000 0.0 0.0 0.0 0.0362 000529 00227t UU8AR
DFAC 0 .077 -;O.00 -0. 00 -30019 -00021 -O.013 O.018 0.029 0..IS OFAC
EFFP -2S09942 0.9932 100000 0.9996 0.9991 009989 33o2534 708153 10606880 EFFP
INCID 000001 O.0001 0.0001 0.0001 0.0001 0o0001 000001 O.0001. 0.0001 INC IO
OEVH -0.000 -0.000 -00000 -00000 -0.000 -00000 -00000 -00000 -0. O00 D EVM
P 0 14.694 I4.694 140694 t40694 t40694 140694 14,694 14.694 14.6,94 P 0
P I 14.45 14.694 14.6,94 14. B94 140694 140694 14o640 14.615 143035 P I
I 0 St18.700O S8..700 SiS*700 SIS.700 S18T0 S8700 518.7 Ss O 5 aT005a S*70 10T0 T 0
T I 5S19700 518,700 515.700 518.700 51S.TO0 518e700 518.700 5t8oT00 5180700 T I

ROTOR A PCT SPAN 9500001 85. 0 s0o0 002 30. 0 ISO GOI0 4098 KTY SPA.
"1A 330235 33503 31 799 3906201 34006 30 36.005 3 B024 3;o4 0 39t.7901 4078 01

ROTOR -LEE* B1ETA Io . oo. ooo o :o o o :0 o o o .ooo o0oo .ooo 0*000 B ETA I
ROTOR -TOE. 8ETA 2 43.6079 41030550 38.0028 35.262 33.536 32.991 34.0227T 306074010 3908909 BETA 2

B1ETA(PRI1 I 2:2426 500335 so.513 51.215 52.566 54.112 S5:.840 56.421 59o121 8ETAIPR{ I
BETA(PR) 2 20o892 22.980 25.327 26.988 28o841 310936 34.00S 35.961 4t.424 :ETA(PRI 2
V I 42t.24 456071 459:S3 465.i13 465005 460:.52 446048 441.S0 401089 V I
V 2 564029 564.52 564.44 58120 595.9S 58.2 578.3B 5S4.78 501.23 V 2
VI I 421,22 456070 4S9.53 465.08 464.82 4598.9'8 445o67 440.60 400.97 VI I
VZ 2 408011 423.74 444.61 474. 49 496 .45 493031 477029 443067 383073 VZ 2
V-THETAtI 0000 O eO0 0000 0.00 0000 0000 0000 0. 00 0000 V-THETA I
V-THETA 2 3B971 312.99 347072 335.4,8 329.04 320.25 324.70 3731019 320083 V-THETA 2

(IPRO I 6S8. 7I. 722. 742. 764. 7 8 0 794. 9. B. (R
VIPR) 2 436.8 459.9 491. 532.6 569o 6B2. 570 59a. 1 V Pk)2
VTHETA PRI -54309 Ss50.B -557.7 -578.8 -60702 -63507 -656.8 _6 63.7 -67005 VTNETA PAL
VTHETA PR2 -1$S.B -178,8,; -210,4 -241.6 -273.4 -30T.5 -32 0 -321o9 -3386;B VTHETA PR2
U I S43,3 S50,7 S57o72 578,76 60T023 635.71 656.7B 6636be 670053 U I
U 2 5454.4 S5108 . SSB*814 STT.12 602.43 62 7.7" 646A074 653.0B 659.43 U 2

M I ~~~~~0.3828 004161 0.188 0.4241 0.24 0 04197 0.4065 00 4018 0.34 I 

H 2 O . 4 93 0 5 00 0 501 0. 518 0'5'3102 005245' 0.5139 0 4915 0 4422 #2
MIPRI I 0.6252 0.6519 0.6586 0o6769 006973 0.7154 0.7230 0.7255 0.7095 #(PRl I
M(PR) 2 0.3865 0.4080 0,4370 0.4747 005055 0.5184 0.5125 0.4866 0.4S24 HPIM 2
TURN(PRI 3103S3 2T,455 25.107 24.230 230733 22.192 2I.857 200491 1;o 740 TURN4PR)
UUBAR 0.1857 0 .1998 0 .1409 0 .079t 0 .0411 0.0411 0.0660 0.1i245 0.t486 UUBAR
LOSS PARA 0*0504 0.0541 0 .378 0.021 O O60017 0.0190 0o0353 0.0394 LOSS PARA
OFAC 0.527050 64 0 .4215 0.3964 0.3947 0.4142 0 4552 0.4879 OFAC
EFFP 0.7277 007216 0,615 O .TO0500.8995 0.9082 0.730814073 EFFP
EFF 0.7204 0o7147 0 .7555 0.8669 0.8965 0 .9055 0 08757 0.8071 0, 7669 EFF
INCIO 0 0404 -1.943 -2.t77 -2.841 -3.497 -3.950 -30603 -3.45S -10533 IMC]ID
OEVM I3.143 13.5982 14.407 it.298S 8.154 7.072 6.455 7.825 t2*541 OEVM

P 14.451 14.694 14.694 140694 14.694 14.694 140640 14.615 14.355 P I
P2 170415 17.465 17.505 17.765 18.025 1a.070 18.035 17.800 17o295 P 2

T I 5180700 518.700 Si8,700 51B700 51S.700 SIB.TOO 51i8.700 5 18a0700 5180700 T 1
T 2 5580120 555.~~~~420 553.910 51582040 553.480 553,570 S5S5070 SS5.940 S550680 T 2

STATOR A PCT SPAN 9SoOS 90.12 85o15 70.15 S0.00 29085 14084 9.88 4094 PCT SPAN
OIA 33.203 33.556 33.910 340981 360420 37:8659 38.930 39.285 39.637 OIA

STATOR-L.E* BE TA 2 43.271 40.925 37.649 35.028 33.247 32.608 33.1300 36.174 390262 BETA 2
STATUR-ToE. B1E TA 21 -C. 06C -0.090 00000 00280 0.720 1.220 20211 2.081 10281 BETA 21

V 2 568064 5~9,58 569.55 SBS.1O 601.33 SBB.11 5B7.11 563.52 509022 V 2
V 21 418:S8 437,72 439073 484092 S412026 S43072 5410'I 514.22 4981047 V 2A
VI 2 4104 430.35 450.94 479o05 502.63 S1.57 487.45 454.08 393.55 V 
VZ 21 418058 437.72 439.73 484086 542.00 S43014 540.43 513.16 480o0 VI 2A
V-THETA 2 389.77 373.11 347.89 335.719 329.51 320.8? 325.4 332.02 32.68S V-THETA 2

V-THETA 21 -0.44 ~~~-0. B9 0,00 2.7 6.81 II. 7 20o86 181.651 t0o74 V-THETA 21
N 2 0.5033 0.5OS5 0.5062 0.5217 0.5362 0.5313 0'.5220 0.499 0.49 M 2
N1 2A 0.3663 0.3845 0.3868 0.4287 0.4810 0.4823 0.4796 0.4540O 0.4241 N4 2&
'URHIMR) 43.331 41.015 37.646 34.742 32.507 3t,346 31,456 34o021 37.098 TUBNIPRI
UUBAR O0880 0.1474 0.1538 O.t024 M 0.010 ,335 0.0481 0.0735 0, 0125 UUBAR
LOSS PARA 0,016303 0.0502 0.0529 0,0364 0.0039 0,0129 0.0[90 0.0294 O.00SO LOSS PARA
DFAC 0.4950 O .A45O 0.4384 0.3741 0.2976 0.2~80~6 0.284S 0.3112 03024 DFAC

EFP 0 .2 0 .6 0 0.6515 0.703 0.9495 0.8220 0.7115 0.6021 0a is1 EF P
INCl, -3.TOO -S.276 -To822 -B.4 -9.003 -9.787 -907638 -7.7855 -S5 2718 INf~110
DEVN 12.971 12o764 12.734 i2.8i4 12.840 13.97 IS7 isis.a06 IS.431 EVN

P2 17.415 17.465 1 7.505 17.765 18 .2 l e070 IB1.0351 ITe o 17.295 P 2
P21 16.895 117.053 1T.073 174 7 1025 1794 I . e I.BS17.27 P 21

T 2 558.120 555.420 S539,910 552,040 553,480 553,570 SSS.070 SS5,940 S55,680 T 2
T 21 S58.120 555.420 SS3.910 552.040 553.480 55S3.570 SSS. OTO SS5o940 SSS. 680 T 2&
UUBAR FS 0.0956 0.0990 0.0984 0.0683 0.0383 0.0631 0.0542 0.0992 0.1476 UUOAR FS
P2 FS 17.132 17.314 17,332 17.655 18.117 i8.A70 1B.05S 17.880 17.650 PZ FS
LOSS PARA FS 0.0321 0.0337 0.0338 0.0242 0.0140 0.0242 0.0214 0.0396 0.0590 LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

StaBe A Rotor & o St,,or A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED s 89,41 EQUIVALENT ROTOR SPEED - 3764017 CORRECTEO ¥E[GHT FLOW · 96,10

INLET
PCT SPAN 96o61 91052 86,39 70.81 49,79 28.83 13061 8035 3.34 PCT SPAN
DiA 330138 33.570 340006 350328 370113 38.892 40.202 600631 41.056 DIA
BETA 0 0.000 0.000 0.000 00000 0,000 O,00O 00000 00000 0,000 BETA 0
BETA I O.OO0 0.000 O.000 O.OOO 00000 00000 0.000 00000 00000 BETA 1
V O 388.89 388089 388.89 388089 388.89 388089 388.89 388089 386.89 V O
V I 362.00 393,23 395020 399040 402.49 395,22 383,96 376027 345027 V 1
VZ O 388089 388,89 383,89 388,88 388086 388,82 388078 388,77 388.75 VZ 0
V2 I 362.00 393023 395.20 399040 402.46 395015 383086 376015 345.15 V2 1
V-THETA 0 0000 O. OO 0000 O.OO 0000 0000 0-00 0000 0.00 V-THETA 0
V-THETA I 0000 0000 O.OO O.OO 0,00 0,00 O. OO 0.00 O.OO V-THETA 1
N O 00352.7 003527 003527 003527 003527 0,3527 003527 003B27 0.3527 N 0
N I 0.3277 003567 0.3585 003625 0.3653 003585 003481 0.3609 0.3123 H !
T~N 000 0.0 0,0 OO 000 000 O.O O. 0 0,0 TURN
UUBAR 0.1702 0.0 0.0 O.O 0.0 0.0 0.0182 0.0553 0.2115 UUBAR
DFAC 00069 -0.011 -0.016 -0,027 -0.035 -00016 0.013 0,032 00112 OFAC
EFFP -406~52 009995 009990 1,0000 009995 009992 301683 5064.54 22.7413 EFFP
INCID 0,0001 0-0001 0,0001 OOOOl 000001 OOOOi 0,0001 0,0001 0.0001 INC ID
DEv# -O. OO0 -O,000 -O,000 -0,000 -00000 -00000 -0.000 -0,000 -00000 OEVH
P O 14.694 14.694 14.694 14.694 14.694 14o6C~ 14.694 140694 140694 P 0
P I 140488 14.694 14.694 14.694 14.694 14.694 14.672 140627 140438 P 1
T 0 518.700 518.700 5180700 518.700 518.700 518.700 S180700 518.700 518.700 T 0
T I 518.700 518.700 5180700 518,700 518,700 5180700 5180700 5180700 518,700 T 1

ROTOR A PCT SPAN 95000 90001 85.00 70001 50002 30,02 15001 10000 6098 PCT SPAN
DIA 33.235 3~0621 34,006 350163 36.705 38.247 390405 39.791 40.178 DIA

ROTOR -LeEo BETA I 00000 OoOO0 O.000 0.000 OoOOO 0.000 00000 00000 00000 8ETA %
ROTOR -TOE. 8ETA 2 47.394 450604 43.119 39.904 370493 36.818 380329 410361 65.743 BETA 2

8ETAIPR) I 55,045 53,149 53,353 54.069 55,227 560994 580598 S90375 61.750 8ETAIPR) 1
8ETAIPR! 2 18.695 21.995 24.697 300791 310908 33.449 36.087 38.252 430419 BETAIPR) 2
V I 380.52 413010 415.21 419.77 422.11 413071 401094 393.97 361037 V 1
V 2 565061 556.96 548002 S25.75 547001 557.50 543.91 522070 480.19 V 2
V! I 380.50 413010 415.20 419.73 421.90 413022 401.21 393.16 360054 VZ 1
VZ 2 382.89 389,66 AO0002 403026 433.78 445.77 425094 391.62 334053 VZ 2
V-THETA I OeOO 0000 0000 0,00 0000 0000 0,00 0.00 0.00 V-THETA l
V-THETA 2 416030 397096 374057 337.23 332076 333,70 336074 344.79 343.33 V-THETA 2
VIPRI 1 664.1 688,8 69506 71503 739.9 758.8 77004 772,2 762,1 V(PRI 1
VIPR) 2 404.2 41901 440.3 469.5 51103 534.9 52800 49907 46106 ViPRI 2
VTHETA PRl -54403 -551,2 -558,1 -579.2 -607.7 -636.2 -657.2 -664.1 -671.0 VTHETA PIT
VTHETA PR2 -129.6 -154.2 -184.3 -240.3 -270.1 -29405 -31005 -30807 -316,6 VTNETA PR2
U I 544.32 551018 558011 579,17 607.65 636,16 657,23 664014 671000 U L
U ~ 545.87 552020 558.53 577.53 602.85 628018 647020 653.54 659089 U 2
N I 0.3449 003752 003772 003814 0.3036 0.3758 0.3648 0.3574 0.3271 N 1
N 2 004996 004928 0.4852 0.4654 004849 0.4945 004809 0.4609 004220 # 2
NIPR) I 0.6019 0,6256 0.6319 0.6500 0.6724 0.6893 0,6992 0.7005 0,6899 NIPR) l
M(PR) 2 003570 003708 0.3899 004156 0.4533 006745 0.4668 0,4406 0,4055 NIPRI 2
TD~NIPRI 36.349 310554 280656 23.281 23.328 23.563 220541 21.139 18. 377 TURNIPRJ
UUBAR 0.1308 0.1649 0.1363 001146 0.0665 0.0652 0.0937 0.1447 0.1811 UUBAR
L3SS PARA 0,0360 0,0450 0,0368 0,0303 0,0182 0,0183 0,0262 000398 0,0465 LOSS PARA
OFAC 0,5736 005615 00527! 0.4884 0,4531 004419 0,4649 0,5080 005525 DFAC
EFFP 008067 0.7926 0.8038 0,7920 0.8592 0,8926 008396 0,7929 007604 EFFP
EFF 0,8006 007866 0.7983 0.7865 0,8551 0,8893 008347 007868 007537 EFF
INCID 3.203 0.871 0,663 0,012 °00836 -1,067 -00843 -00498 10099 INCl,
DEVN 100945 12.297 13.778 15.087 11.220 8,584 80531 10.114 14.535 OEVN
P I 14.488 14.694 14.694 14.694 14.694 16.694 14.672 1A.627 14.438 P 1
e 2 18.000 I70935 17,850 17,650 17,960 180125 18.100 17,915 17,540 P 2
T 1 518,700 518.700 518.700 516.700 518.700 518,700 518.700 516,700 5180700 T 1
T 2 560.150 5570340 5550840 554,160 554.500 554,740 3570120 558,020 558,030 T 2

SWATOR A PCT SPAN 95.05 90012 85015 70015 30000 29085 14*84 90 88 4.94 PCT SPAN
Ola 33.203 330556 33.913 340981 36.420 37.859 380930 39.285 390637 01A

STATOR-L.E. BETA 2 46.929 45.107 42.680 390649 37.184 360400 37.782 400725 440989 BETA 2
SIATOR-T.E. BETA 2A 10830 1.840 1.580 00820 1.290 10450 2.741 3.632 3.552 GETA 2A

V 2 569098 561.94 552.83 529.05 551065 564,01 551,76 530,62 687.66 V 2
V 2A 398.98 416023 412.05 431044 468.27 484071 483039 458.90 423.40 V 2A
VZ 2 389.24 396.61 406.41 407.30 439.28 453049 435042 401050 346.37 VZ 2
VZ 2A 398070 416.01 411.89 431.35 467.97 484.15 482.24 457.34 621.92 VZ 2A
V-THETA 2 416.38 398.10 374,75 337.53 333.23 334.34 337.53 345.64 344.23 V-THETA 2
V-THETA 2A 12.74 13.36 11.36 6.17 10.54 12.26 23.09 29.03 26.19 V-THETA 2A
N 2 0.5036 0.4975 0.4897 0.4684 0.4892 0.5006 0.4881 0*4682 0.4288 H 2
N 2A 0.3481 0.3644 0.3612 0.3792 0.4125 0.4274 0.4253 0*4027 0.3706 N 2&
TtJRNIPRJ 45. 099 43.267 41.099 38.823 35.873 34.907 3A. 97Y }70021 41.355 TURN(PRJ
UUOAR 0.1985 0.1362 0.1230 -0.0024 O.0011 0.0133 0.0276 0.0508 0.0216 UUOAR
LOSS PARA 0,0668 0,0463 0.0423 -0,0009 0,0004 0,0051 0,0109 0,0203 0,0087 LOSS pARA
OFAC 0.5385 0.4925 0o4811 0.4075 0.3684 003615 0,3511 0.3753 0.3968 DFAC
EFFP 0.6413 0.7231 0.7457 1.0067 009965 0.9540 0.8924 0.8150 0-9185 EPFP
INC i* -0.042 -1.094 -2.791 -4.026 -5.06B -5.997 -5.589 -30207 O. 447 I NCIO
DEVN 14.861 14.694 14.314 13.154 13.410 14.157 16*248 17.436 17o698 DEVN
P 2 18.000 17.935 17.850 17.650 17.960 18.125 18.100 17.915 17.540 P 2
P 2A 17.432 17.555 17.518 17.656 17.957 18.087 18.025 17.788 I7o495 P ZA
T 2 560.150 5570340 5550840 554.160 554.500 554,740 557.120 558*020 S58.050 T 2
T 2A 5600150 557,340 555,840 554,160 554.500 554.740 557.120 5580020 558.090 T 2A
UUBAR FS 0.1019 0.0965 0.0996 0.0631 0.0357 0.0402 0.0570 0.0926 0.1301 UUBAR FS
P2 FS 17.692 17.812 17.779 17.822 18.057 18.205 18.185 18.030 17.800 P2 FS
LOSS PARA FS 0.0362 0.0328 0.0342 0.0236 0.0129 0.0154 0.0225 0.0370 0.0524 LOSS PAR& FS
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Table A-3. Blade Element Performance (Continued)

SeaseA Rotor A - Slator A

CALCULAT IONS USINO TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED - 89.23 EOUIVALENT ROTOR SPEED ' 3756.66 CORRECTEO MEIGHT FLOM - 91.00

INLET
PeT SPAN 96061 91.52 86.39 70.81 49079 28083 13o,1 Bo3S 3.36 PCT SPAR
01A 330138 33,570 34.006 35,328 370113 38,892 600202 600631 610056 OlA
BETA 0 0.000 0,000 0.000 O.OO0 O.000 O.OOO 00000 O.000 00000 DETA O
BETA I 0,000 00000 0.000 OeOOO 00000 O.000 O.OO0 De000 0.000 BETA 1
V O 365.55 365055 365.55 365.55 365.'55 365.SS 365.55 365.S5 365.55 V 0
V I 336096 368021 367.89 373,65 376,56 371,59 362016 352.S~ 321092 V l
VE 0 365.55 365.55 365.55 36505A 365.52 365048 365.46 3650*3 3650*2 VZ 0
V2 I 336096 368021 367.89 373.*5 376.51 371.52 362.04 382.*3 3E1081 VZ 1
V-THETA 0 0.00 0.00 O.OO O.OO O.OO 0.00 0.00 O. OO O. OO V-THETA O
V-THETA I 0.00 O. OO OeO0 0.00 O.OO 0.00 0,00 O. OO OeOO V-THETA 1
#0 003310 003310 0.3310 0.3310 0.3310 0.3310 0.3310 003310 003310 H 0
# I 0.3046 003335 0.3332 0.3383 0.3412 0.3366 0.3279 003190 0.2908 N 1
TURN 0,0 0.0 O.O 0.0 0.0 OeO 000 O.O OeO TURN
UOBAR 001798 0,0 0.0 O*O OO 0.0 O.O 0.0'38 002133 UUBAR
DFAC 0.078 -O. 007 -0.006 -0.022 -0,030 -0.017 00009 0.036 00119 OFAC
EFFP -6.7133 0.9991 0.9989 0.9991 0.9991 hOOO2 1.0005 204870 11.7089 EFFP
INCIO 0.0001 0,0001 O.0001 0.0001 0.0001 O*OOOl 000001 O.OOOl 000001 EldCID
DEVH -00000 -0,000 -0.000 -OOO0 -OOO0 -0.000 -0.000 -O. OOO -0.000 DEVN
P 0 14.694 14.694 14.69A 14.694 14.69, 1A.694 16.694 1,o694 1,.694 P 0

P I 14.501 14.694 14.694 14.694 14.694 140694 140694 140667 S*.*6S P 1
T 0 518.700 518.700 518.700 518.700 S18.700 5180700 518.700 518.700 S180 700 T 0
T I 518.700 5180700 518.700 518.700 518.700 518.700 5180700 518.700 BIDTOO T 1

ROTOR A PCT SPAN 95.00 90.01 85.00 70001 50002 30.02 IS.01 10.00 6.98 RCT SPAN
OIA '33.235 33.621 340006 350163 36.705 3802*7 390*05 39.791 *00178 OIA

ROTOR -LEo 8ETA I 0,000 0.000 O.OO0 0,000 OOOO 00000 OoOOO O. 000 0.000 BETA 1
ROTOR -T.E. BETA 2 49.277 48.076 46.154 42.872 *O.*14 39.562 ,1.63, 6507*6 *9.888 BETA 2

BETAIRK) I 56.918 5,.913 55.272 55.858 56.969 58.560 60.037 600955 63.360 BETAIPAI 1
8ETAIRK) 2 18.588 23.097 26.155 26.901 31.566 35.094 36°962 39.148 *30294 BETAIRA) 2
V Z 353.89 386.42 386.08 392.00 39A.49 388.61 378.81 368.84 336070 V Z
V 2 557.44 535.57 525.18 547.86 539.33 532.50 527032 508.62 480079 V 2
VZ I 353.88 386.42 386.08 391.96 394029 388.15 378.12 368.08 335.93 VZ 1
VZ 2 363.68 357*84 363.80 401.46 410043 ,10.07 393050 354039 309.31 V2 2
V-THETA I 0000 O. OO 0.00 0.00 O.OO O.00 O.OO ODD0 O. OO V-THETA l
V-THETA 2 422.47 398.*8 378.76 372070 349.48 338.78 3*9.79 363076 367016 V-THETA 2
VIPR! I 648.3 672.2 677.7 698.* 723.5 744oA 757.* 75805 769.5 VIPRI 1
V(PR) 2 383.7 38900 40503 A50.3 A82.0 501.8 493.4 *57o8 42508 VIPR! 2
VTHETA PAl -543.2 -550.1 -55700 -578.0 -606.4 063,.9 -655.9 -662.8 -66907 VTHETA PHI
VTHETA P82 -122,3 -152,6 -178.7 -203,7 -252,2 -288,1 -29601 -288,5 -291o* VTHETA PRZ
U I 543.23 550.08 557.00 S78.01 606.44 634089 655.91 662081 669.66 U 1
U '2 5~,,77 551.09 557.42 576.37 601.64 626.92 645.90 652.23 658057 U 2
N I 0.3202 0.3504 0.3500 0.3555 0.3579 0.3524 0.3*33 0.33,1 0.3044 # 1
H 2 0.4922 0.4733 004643 0.,860 0.4780 0.,715 004657 0.4479 0.4221 # 2
HIPR) I 0.5867 0,6095 0.6145 0,6334 0.6563 0,6750 0.6864 0.6870 0.6776 N{PRI 1
HiPR) Z 0.3398 0.3438 0.3583 0.3994 0.4272 0.4443 004357 0.4032 0.3738 #IRRJ 2
TURNIRa)* 980330 31.816 29.118 28.960 25.412 23.486 23.108 210846 20,11, TURNIPAI
UUBAR 0.1181 0.1719 0.1530 000960 0.0767 0.078* 0.1191 0.1803 O. 2O*S UUBAB
LOSS PARA 0.0325 0.0*64 0.0408 0.0263 0.0210 0.0215 0.0330 0.0490 0.0526 LOSS PARA
DFAC 0.5977 0.5956 0.5681 005192 004885 004779 0.5075 0.5629 0,6037 OFAC
EFFP 0.8433 0.8018 0.8103 0.918A 0,9053 0.8993 0.8559 008046 007791 EFFP
EFF 0.8383 0.7961 0.8050 0.9159 0.9025 0.8963 0.8515 007988 007726 EFF
INC IO 5.076 2.635 2.582 1.801 00906 0.500 0.598 1.083 2.711 INCIO
DEVH 10.839 13,799 15,236 11,197 10.878 10,228 90406 11,009 16,410 OEVH
P I 14.501 14.694 14.694 14.69, 140694 14.694 1,o694 1,.667 1,.,65 P 1
P 2 18.145 17.935 17.845 18.135 180110 18.125 18.165 18.005 IT.T6S P 2
T I 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T Z
T 2 $59.630 556.880 555.,80 553.790 554.070 554.460 5560750 558.150 559.300 T 2

STAWOR A PCT. SPAN 95,05 90.12 85.15 70.15 50.00 29.85 1,o84 9088 4*9, PCT SPAN
01A 33.203 33.556 33.910 34.981 36.420 37.859 38.930 390285 39.637 OiA

STATOR-L.E. BETA 2 48.785 47.542 45.679 A2.581 *00075 39.111 41.034 65.019 490020 BETA 2
$TATOR-T.E. BETA 2A 2.500 2.550 2.170 1.430 1.950 20021 30841 5.082 4.9C2 BETA 2A

V 2 561072 540.30 529.67 551.38 543.87 538.61 534.79 516021 *88027 V 2
V 2A 382.52 394.64 388.86 407.42 *40.52 455020 446.08 ,26. S0 403.36 V 26
VZ 2 370.11 364.73 370.07 *05.95 415.98 417052 402085 36*040 319079 V2 2
VZ 2A 382,16 394.25 388,57 407.25 440,09 ½5,.54 6,*.52 42*022 401.26 VZ 2A
V-THETA 2 422.54 398.62 378.94 373.04 349097 339.44 350.61 36,.64 368.13 V-THETA 2
V-THETA 2A 16.68 17.56 14.72 10.17 14.98 16.0, 29*85 37073 36.,2 V-THETA ZA
H 2 0.4962 0.4776 0.4684 0.4893 0.4822 0*4772 0.4726 0.*549 0*4289 N 2
H 2A 0.3335 O.3A52 0.3403 0.3577 0.3875 0.*007 0.3915 0.373* 0.3522 N 2A
TUAN(PR) 46.284 4A.991 430508 ,1.1.4 38.103 37.046 37.128 39.866 **0038 TUAN(PAI
UUBAR 0.1915 0.0984 0.0859 0.1373 0,0319 -0,0011 0.0617 0.0730 000545 UUB&A
LOSS PARA 0.064A 0.0334 0.0295 0.0488 0.0118 -0.000* 0.026* 0.0291 0.0219 LOSS PAPA
DFAC 0.5624 0,5098 0.5028 0.4954 0.4189 0.3871 0.4050 00*288 0.,516 OF&C
EFFP 0.6700 0.805? 0.8279 0.7216 0.9153 100036 0.8139 0*787* 0,9402 EFFP
INCID 1.813 10340 0.208 -1.095 -2.177. -3.288 -2.339 10087 4*479 INC10
UEVN 15.531 15.404 14.904 13.76* 14.069 IA.727 IT.347 180883 19. O*T OEV#
P 2 18.145 170935 17.845 18.135 18.110 18.125 18o165 180005 I7o765 P 2
P 2A 17.607 17.680 17.631 170759 18o025 18.128 18.006 17.831 17.650 P 2A
T 2 S59.630 556.880 S55.480 553.790 55*0070 5540460 556.750 S58.150 SS9.300 T 2
T 2A 559.630 556*880 555.A80 5530790 55A.0TD 55*.*60 556.750 558ol80 559.300 T 2A
UUBAR FS O.1099 0.1162 0.1039 0.086,6 ~.0608 0.0505 0.0653 0.0788 0.0993 UUBAR FS
P2 FS 17.887 17.987 17.895 17.977 18.192 18.267 18.175 18.020 17.870 P2 FS
LOSS PARA FS 0.0369 0.O394 0.0356 0.0300 0.O255 0.0183 0.0258 0.O314 0.0399 LOSS PAR. A FS
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Tabe A3.Blade Element Performance (Continued)

st~ge 4 Rotor A - §tntr 

CALCULATfinNs USING TRAN4SLATED VALUESPFRCNT OUIVLEN RCTR SF~f)= 89.81 EQU IVALEFNT RO TOR SPEEO = 3781.09 ORCE WIGTF W- 8.0

TNLFT PCT SPAN A.F1 91.52 86. 39 7.1 4.9 2.3 1.1 83 .4 PTSAOIA~~~~~~ 
0.IBEAI C." C.00 (00 .00 000 ~ 0 00C0.000 0.000 

1 T 

V-THETA 0 0.01 0.00 0.00 0. 0.00 O." .000 0.00 0.0 .0 HT
V-THFTA I 0.0C 0.00 0.0( on') ". ('0 0.00 0 0 o000.0 .000 VBTET A I

BETA~~~~~~~~. I.3 
A 4 1 4

T U R N 0 . 1) ~~~~0 . 0 0 0 0,0 0 .0 0 00 00 T R
B (;Oi ~~ ~ ~ ~~~~~~0.00 0 .00

UU A (.1 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~00. 0.00. 0. . .04640O .24 OO0AV n
3~R.Be~~~~~~~~~~~~~~~~~~~~~~~~~~~ 338.86 .(,'1

EFR~ ~ ~ ~ ~ ~ ~ 388 21334I S ,I:;O ;.Q S1 I 864 
338.EI N C ~ n o : O 0 I o f f , O ~ n o o l 0 0 1 0 1 1 C 1 I33 8 . 8 6I 3 3 8 .N C I

nE VM -(. 000 -0000 -O.no -0.00 -().(0 -0.00. 0.00 338.86 338.86 OV 0

T I ~ ~ ~ ~ ~ ~ ~ ~~~~~4*R 34475n 33.4 27oS7 970

330.8 338.86 3 
.. 3 9 1 . 2 t 48 , 8 6 S ., 8 63 6 5 S 7 9 4 5 398. 8431 

8 

BET1 I I 30q s4 33 , 2 33 9 34665.76A 34T:q 34.6q3 3937.3 6 3.32 45 9 ET(R
S F T A ( P - ) 2 1 7 7 2 1 . 5 0 7 .6 2 3 7 8 , .3 0 4 1 8 8 2 9 7 . 7 V 2 V-THETA~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I ,O0.0 2 0 7.00

0,2094 0,30624
V- T" FTA I 000 Me (.00 0.00 0.00 0.00 0. 00 0.306 0.306 W-T ET0

VI 1:In.32473 
0.06 4409430964R)

* 1 0.2~3 r.,4209 216 0 0 39n C. 0 62 0.660.0~~~~~~~~~~~~~~~~~~~~~~~~~~~T URN 
I

t .;3' 1).;q~n 1) ;o, 0.102 0.i05 0.;1Q 0.;e .32 0; .
O )F A C n . 6 O B T 0 . 6 0 1 6 0 A -O6,0 0. 9 P 5 C . 1 0 . I .6 3 3 0 q O F A

r~~~~~~~~~~~000-.2F F 0.87P7 0.766R 0.7611 0.. 468-O.01774 0e1 0.7663 0,7043 0756 EFFF 0.8 29 0.71,9 0.7544 0.8422 08736 0.866 0.75 0.7326O .7479 OFACEFF P ~ ~ ~ ~7 4 S C 5 4 9 1 4 0 2 I 6 2 58 2 7 6 3 23 2 N I
INCI 4.nO 2. 0 90I0VDEV-~~~~~~~~~~~~000 

C.0 06.0001

T7 62 ESO 5 0 09 ~ ~ ~ ~ ~ O,00 -;5 5 5 ,0.58 00 088SzLIM 5 48-0 .5O40 56070 56-20,0 00
STAT0- A PC 'PAN 3q5 S 3qO;I2 '19;11S 70;1 '111;15 I;:4 q;8: - 494000T EV AD IP ? ; ~14 9 1 4 569 44 ' '' (' 7 3 3 8" 7 O

3 2 ' 2 359 46.6060943 544.1694
FtT '4:~~~~~~~~~~1647 3 12 1292

STAMP-L.F. , A I: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~1469 s14,9 
1o694 

4 40R1 41S 

T~~~~~~~~R 0V I 9 . 5 3 0 3 3 2 6 3 3 198 
, 

3 6 700 3 7 8 3 2700VV 2 378 ~~~ ~~~~~~~1870 30 6 36 8 15300
- 2 19 ~ ~~~~~~~~~~~~~~5870 21.0 19870 T ' B0THTA II, 516.05 

21.002 14 04 33 4 VTEA2
M 2 0 S 02 8 0 . 4 6 7 1 S I .T0 4 1 0I . 4 7 70 07 7 0 4 7 4 6 3 3 0 3"

0.~~~~~~~t.n 51.74300M ' A n: 3 1 7 7 1 5 0: 3 2 9~ 0 .3 3 8 0 1 0 L 9 3 C: 3 7 5 8 .7003 5 18 ,70 0 4 7 8 ,3 0 9 T !
TUnN(PR 4A 47 9PA 4656 4.35.052 9330226 4.70 4.12 TR(R

( P U P A R O .; 2 0 3 0 . 0 1I n 5 0 T O , O ! 9 5 3 - 0 2 4 5 6 6 0 0 9 5 U E A
Lo.S S PAR A O .C7"0 0 .0146 0:50 .01730 . I

1(,23 3,6l j_8 4.S006. F V 1 9 6 4 ~ ~ ~ ~ ~ 5 14 67 4 3 6 . 7 0 6 5 S 1 7 7 6 1 8 6 1 1 . 1 7 D V
2 A 44(. R 055 1~ ~ ~ ~ ~ ~ ~ ].27 39.40 820 1:L11 17:15 104 1 0 2

R A I 1 7 9 9 1 7 77 9 1. I ~ ~ ~ ~ ~~~~~3 97 9 74 0 417 0 188~T08~~~~~ -LE R 7ETA 17 
781 1 1 7 920 2

T 2 -2 e~ 56(OCO 5r8.0 5650 56E05~40 5042 6 7 6 9 
T 2A 1~~62:psc 560,080 5950 50.50 6f:009740 5040 5200 5320 T2

U U B A R F S O ; .1 4E O ~ ~ ~ ~~0. 020Q1 5 4 0 03 O .O; 6 6 0 ; 0 3 . 9 9 0 0 5 . 8 0 U B R F
R? F' 1 1 ,2 1 .175 1 .~ ~ ~ ~ ~ ~ ~ ~ ~00 4 00 5 IO8,OO0 102, l -1 5 R ni 2 F

LOSS PAR FS O.(47 0.0 48 0.0362 .;225 0.238 0.021 0.0391 0 .032 0033 LOSETAA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATEC VALUES
PERCENT EQUIVALENT -OTCR SPEED = 89.81 EQUIVALFNT ROTOR SPEEO = 3780.96 CORRECTED WEIGHT FLOW = 80.07

96.61 91.52 86.39 70.81 49.79
33.13e 33.570 34.006 35.328 37.113

0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000oo

317.35 317.35 317.35 317.35 317.35
293.79 323.61 323.61 328.77 329.36
317.35 317.35 317.39 317.35 317.33
293.19 323.61 323.61 328.76 329.33
0.00 0.00 0.00 0.00 0.00
0.00 0.00 O.01 0.00 0.00

0.2866 0.2866 0.2866 0.2966 0.2866
0.2650 0.2923 0.2923 0.2971 0.2976

O.C 0.0 0.0 0.0 0.0
0.17ES 0.0 n.o o.o o.o

n.074 -0.020 -0.020 -0.036 -0.038
-S.0221 ).S989 0.9989 0.9998 1.0000

0.0001 0.0001 0.0001 0.0001 0.0001
-0.000 -0.000 -0.000 -0.000 -0.000
14.694 14.694 14.694 14.694 14.694
14.550 14.694 14.694 14.694 14.694
918.700 518.700 518.700 518.700 518.700
518.700 518.700 518.700 518.700 518.700

28.83 13.41 8.35 3.34 PCT SPAN
38.892 40.202 40.631 41.056 01D
0.000 0.000 0.000 0.000 BETA 0
0.000 0.000 0.000 0.000 BETA 1

317.35 317.35 317.35 317.35 V 0
326.02 311.67 308.33 267.35 V I
317.30 317.27 317.26 317.24 VI 0
326.46 311.59 308.23 267.26 VI 1

0.00 0.00 0.00 0.00 V-THETA 0
0.00 0.00 0.00 0.00 V-THETA 1

C.2866 0.2866 0.2866 0.2866 M 0
c.2950 0.28L4 0.2783 0.2409 N 1

0.0 0.0 0.0 0.0 TURN
0.0 0.0 0.0 0.2566 UU8AR
-0.029 0.018 0.028 0.158 DFAC
0.9998 0.9996 0.9997 7.1539 EFFP
C.0001 C.0001 0.0001 0.0001 INCID
-0.000 -0.000 -0.000 -0.000 DEVM
14.694 14.694 14.694 14.694 P 0
14.6S4 14.694 14.694 14.485 P 1

518.700 518.700 518.700 518.700 T O
518.700 518.700 518.700 518.700 T 1

R8TnR A PCT SPAN 99.OC 90.01 85.00 70.01 50.02 30.02 15.01 10.00 4.98 PCT SPAN
D0A 73.235 33.621 34.006 35.163 36.705 38.247 39.405 39.791 40.078 DIA

ROTOR -L.[E. RETA 1 C.000 0.000 0.000 0.000 C.o000oo 0.000 0.000 0.000 0.000 BETA I
PnTOR -T.E. ETA 2 54.001 53.871 52.227 48.632 46.350 45.961 53.045 57.086 60.525 BETA 2

BETA(PRI 1 60.553 58.512 58.829 59.364 60.569 E1.940 63.792 64.266 67.540 BETA(PRI I
BETAIPRI 2 15.451L 20.749 26.448 29.224 32.222 35.E13 39.841 40.998 41.713 BETA(PRI 2
V 1 308.17 339.12 339.12 344.58 344.53 341.01 325.54 322.21 279.26 V I
V 2 964.19 537.95 512.28 517.91 022.ES !19.03 500.29 500.89 506.74 V 2
VI 1 308.16 339.12 339.12 344.55 344.36 340.61 324.95 321.55 278.62 VI2 1
Vi 2 331.73 317.18 313.79 342.25 360.75 360.47 300.46 271.92 249.12 VI 2
V-THFTA 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 V-THETA I
V-THETA 7 456.6L 434.50 404.93 388.64 378.17 372.78 399.38 420.10 440.78 V-THETA 2
V(PRI 1 627.6 649.2 655.2 676.1 700.9 724.3 736.1 740.8 729.6 VIPRI 1
V(PRI 2 344.2 339.2 350.5 392.2 426.7 443.9 392.0 360.9 33*.4 V(PRI 2
VTHETA PRI -546.7 -553.6 -560.6 -581.8 -610.4 -639.0 -660.2 -667.1 -674.0 VTHETA PRI
VTHETA PR2 -91.7 -120.2 -156.1 -190.5 -227.4 -258.2 -250.7 -236.4 -222.1 VTHETA PR2
U 1 546.74 553.64 560.60 581.75 610.38 639.00 660.16 667.10 674.00 U 1
U 2 548.30 554.66 561.02 580.10 605.54 630.98 650.08 656.45 662.83 U 2
8 1 0.2782 0.3066 0.3066 0.3116 0.3116 0.3084 0.2941 0.2911 0.2517 " I
8 2 0.4978 0.4747 0.4517 0.4577 0.4622 0.4580 0.4394 0.41393 0.4440 " 2
(PRI) 1 0.5665 0.5870 0.5924 0.6115 0.6339 C.6549 0.6650 0.6692 0.6576 *(PRI I

M(PRI 2 0.3036 0.2993 0.3090 0.3466 0.3772 C.3918 0.3442 0.3165 0.2930 N(PRI 2
TURN(PR) 45.141 37.763 32.382 30.143 28.357 26.350 23.988 23.311 25.882 TURN(PR)
UURAR 0.1330 0.1897 0.1829 0.1351 0.1153 0.1317 0.2481 0.2976 0.2964 UUBAR
LOSS PARA 0.0372 0.0521 0.0487 0.0363 0.0314 0.0360 0.0660 0.0786 0.0782 LOSS PARA
DFAC 0.6e32 0.6743 0.6489 0.5964 0.5641 0.5589 0.6541 0.7097 0.7534 OFAC
EFFP 0.8791 0.8493 0.8253 0.8991 0.9242 0.8901 0.7897 0.7712 0.8147 EFFP
EFF 0.8749 0.8445 0.9201 0.8959 0.9218 ^.8866 ?.7833 0.7641 0.8084 EFF
INCIC 8e.75s 6.233 6.139 5.307 .507 3.s .357 4.398 6.098 INCID

OEV8 7.702 11.451 15.529 13.520 11.534 10.747 12.283 12.859 L2.829 OEV8
P 1 14.550 14.694 14.694 14.694 14.694 .614 .694 14.64 4.694 14.485 P 1
P 2 18.57C 18.320 18.070 18.200 18.320 18.330 18.200 18.240 18.340 P 2
T 1 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T I
T 2 561.500 558.650 557.200 555.200 555.300 556.850 560.*50 561.950 563.450 T 2

STAT8R A PCT SPAN 95.05 90.12 85.15
Dl 33.203 33.556 33.910

STkT8R-L.F. BETA 7 53.429 53.229 51.648
ST8Tn0-T.E. BETA 2A 2.120 2.400 2.480

V 7 568.64 542.61 516.61
V 28 366.04 368.73 370.53
VI 2 338.890 324.81 320.54
VI 28 365.79 368.40 370.17
V-THFTA 2 456.69 434.65 405.13
V-THETA 28 13.54 15.44 16.03
8 2 0.5017 0.4790 0.4557
M 2A 0.3183 0.3215 0.3236
TURNIPRAI 51.309 5e.829 49.168
UU9AR 0.2216 0.1428 0.0542
LOSS PARA 0.0746 0.0485 0.0186
DFAC 0.6188 0.5836 0.5423
EFFP 0.6457 0.7545 0.8967
INCID 6.458 7.028 6.178
DEVM 15.151 15.254 15.214
P 2 18.570 18.320 18.070
P 28 17.920 17.940 17.940
T 7 561.500 558.650 557.200
T 2A 561 500 558.650 557.200
UU8AR FS 0.1294 0.1403 0.0929
PZ FS 18.247 18.312 18.172
LOSS P8AR FS 0.0422 0.0476 0.0318

70.15 50.00 29.85 14.84 9.88 4.94 PCT SPAN
34.931 36.420 37.859 38.930 39.285 39.637 D01
48.289 45.943 45.415 52.188 56.020 59.214 BETA 2
2.460 3.CT70 3.341 3.661 4.002 4.262 BETA 2A
521I.13 527.17 024.84 507.17 508.30 514.84 V 2
379.99 414.60 403.51 389.06 384.78 381.12 V 2A
346.71 386.44 368.13 310.65 283.84 263.30 VI 2
379.59 413.84 402.48 387.78 383.30 379.47 Vl 2A
388.99 378.71 373.5C 400.31 421.14 441.94 V-THETA 2

16.31 22.20 23.50 24.81 26.81 28.28 V-THETA 2A
0.4607 0.4682 0.4634 0.4456 0.4461 0.4514 8 2
0.3326 0.3636 C.3532 0.3391 0.3348 0.3311 8 28
45.823 42.852 42.031 48.464 51.952 54.882 TURNIPRI
0.0933 0.0434 C.CS37 0.0970 0.1267 0.1755 UU8AR
0.0331 0.0160 0.0360 0.0384 0.0506 0.0707 LOSS PARA
0.5255 0.4648 0.4892 0.5280 0.5552 0.5861 DFAC
0.8154 0.8953 C.7882 0.7808 0.7235 0.6374 EFFP
4.614 3.691 3.016 8.817 12.094 14.684 INCI0

14.794 15.189 16.046 17.167 17.804 18.407 OEVN
18.200 18.320 18.330 18.200 18.240 18.340 P 2
17.970 18.210 18.095 17.975 17.945 17.920 P 2A

555.200 555.300 556.850 560.450 561.950 563.450 T 2
555.200 555.300 556.e50 560.450 561.950 563.450 T 2A

0.0793 0.0690 0.1182 00352 0.1143 -.0.31 WUUAR FS
18..162 18.389 118.4a. A18 . 11.207_. 1,8.220 P2 FS
0.0281 0.0254 0.0454 0.0535 0.0456 0.0531 LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stag. A Rotor A - Stator A
CALCULATIONS USING TRANSLATED VALUES

PERCENT EQUIVALENT ROTOR SPEED - 69.75 EQUIVALENT ROTOR SPEED - 2936.54 CORRECTED WE IGHT FLOW - 98®05

INLET
PCT SPAN 96.61 91.52 86.39 70.81 49.79 28.83 13.41 8.35 3.34 PCT SPAN
DIA 31.130 33.570 34.006 35.328 37.113 30,89 40.202 400631 41.056 Of&
BET. 01 0.000 0.000 0.000 0.000 0.000 .000 0.000 0.000 0000 "ETA 0
B1ETA I C.OOO 0.000 0.000) 0.000 0.Ono 0.000 0.000 0. 000 0.0000 'ETAI1
V1 0 397.97 397.97 397.97 397.97 397.97 3q7.97 397o97 397e97 397.97 V 0

VI3 99~q 404.81l 406.87 406.24 404.E3 401. 43 396.37 384.26 359.61 V I1
V20 3q7.97 397.7 ~9.7 397.96 397.q4 397.90 397.86 397.8 397.8 VI a

VZI1 371.98i 404.el 406.87 406 .?3 404.60 401.36 396.26 384.1N4 35 9.49 VZIl
V-THFTA 0 O.OC 0.00 0.00 0,00 0.00 0.00 0.00 0.00 O .OO V-THETA 0
y- THETA I . 0.cc 0 Onn 000 0.00 0.00 0.0n 0 Oe0 0.00 V-THETA I
M 0H 0.3611 0.3611 0.3611, 0.361l1 C.3611 C.3611 0.3611 0.36t1 0.3611 # 0
N I 0.3370 C.3675 n.3694 0.3688 0.3673 C.3643 0.3506 0.3484 0 .3255 N t
TURN 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 TUR
UUBAR 0.1809 0 .0 0.0 0.0 0.0 0.0 0.0 0.0616 0.1;072 UUBNAR
DFAC 0.065 -0.017 -0.022 -0o02! -0.017 -O.00q 0.004 0.034 0.096 OFAC
EFFP -2.7444 0.9099 0.999S 1.0000 C.9989 0.9991 I.0009 7,2338 37.3470 EFFP
INC{In 0.0Doi O.COOI 0.0001 0.0001 0.0001 0 .0001 0o0001 0.0001 0.0001 IN CID
nEVm -0.000 -0.000 -0.000 -0.000 -D .OO0 -0.000 -O.OO0 -0.000 -0.000 OEV#
P 0 14.604 14.604 14.604 14,694 14.694 14.604 14o694 14,694 14.694 P 0
P ! 14.465 14.694 14.694 14.694 14.694 14,604 14.694 14.616 14.457 PI1
T 0 518.700 518.700 518.7n0 5IS.700 510.0 18700 518.700 318.700 518.700 T 0
T 1 518.700 5St.700 I18700 518.700 518.700 51 8.700 51 8.7 00 518.7 00SI.O T I

ROTOR A PCT SPAN 95.DO 90.01 as.on 70.01 50.02 30.02 15.01 ! 0.00 4.98 PCT SPAN
018 33.2;35 33.621 34.006 35.163 36.;Os 38,247 39.405 39,791 40.t70 DIA

RnTnR -L.F. BETA I . 0:0 :0.00 0 o0 0 0.000, 0,000 :.'000 0.000 0.000 0.000 BETA I
RnTOR -T.E. RETA 2 35.553 32.570 28.27 6 .5]I 25.940 24.948 23.290 23.899 25.596 BETA 2

BETAIPPR) 47.351 45.3C7 45.516 46.625 48.8 q972 5.5 228 ~31 GT(R 
BETAIPR)~~~I 2 q1.41 205 0 2.1 3832 . 3 1251 34.168 36.123 41.777 OETAIPRI 2

VI391.16 425.42 427.62 426.95 424.35 420.29 415.15 402.46 376.56 V I
V.2 472.40 5303.84 -538.73 536.29 516.0 9 304.94 406.73 476.69 417.12 V 2
VI I 391.1s 425.41 427.62 426.90 424.14 419.80 A14.40 401.63 375,70 Vz I
VI 2 394.41 424.57 474.34 480.48 464.se 457.12 455.le 434.67 3 it.1 VI 2
V-THFTA I 0.0 000 0 .00 0.00 0 .0 0 .O 0.00 0.0 0 0.0 00 V-THETA I
V-THFTA 2 274.73 271.29 255.37 238.00 22S.99 212.66 195.93 q92.61 179.69 V-THETA 2

VIPR I 577. 604.9 610.3 62106 63692 650 3 659.7 656.1 644. IfR 
VIPR) 4 3413 453.5 so7. 525.5 525.3 53.4 5551.2 539.2 5 04.0 VIPR 2
VTHETA PRl -424.6 -430.0 -435.4 -451.a -474.0 -496.3 -512.7 -51B. -523.5 vTIHETA PRI

VVTHETA PR2 -151.] -IK9.S _I1~0.4 -212.5 -244.3 -2T774 -300.0 -3172 -335.1 VTHETA PR2
U I 424.~~4 429.99 435.40 451.3 474.05 496j2q 512.72 518.12 523.47 U I
U 2 425.835 430.79 435.73 450.:55 470.30 490.06 504.90 509.84 5i4.Ro U 2

# i 0 .~~~~3548 0.3867 0.3aas 0.38.82 0.3857 C.3819 0.3771 0.353 0.3412 M !
N 0.4215 0.4512 0.4844 0.4830 0.4648 0.4530 0.4461 04275 0.3725 R 2
NIPR) t 05236 0.5490 0.5589 0.5652 0.5783 0.591O 0 05993 0.5955 0.584.3 "IPR 
M[PR! 2 0.3685 0.46 0463 0.43 0 4722 0.4812 0,4950 0.4836, 0:4501 #IPR!t 12
TURNIPR! 25.a89 24,717 24.600 22.764 20.448 le. 535 16.910 16.175 12.594 TURNIPR!
UURAR 0.268.3 0. 235 7 0.0814 0.0324 0.0648 0.0768 0.0589 0.0777 0.1301 UUB&R
LOSS PARA 0.0725 0 .C64a 0.0216 0.0091 0.0184 0.0221 0.Ol6q 0.0220 0.0364 LOSS PARA
OFAC 0.4229 0.3821 n.2920 0.2723 0.2883 0.2859 0,2666 0.2800 0.316t OFAC
EFFP 0.5440 0 5035 0.9007 0.9I60, 0 Sig1 0.8404 0.81o3 0.7809 0.6282 EFFP
FFF 0.5394 a.5986 0.79377 0.9155 O.B4q7 C.$381 0.8188 0°7780 0.6242 EFF
INCIn -. 4qI -6.97I -7.174 -7.4 2 -7.83 -S.29 -a.9 -7.661 --6326 INC1Io
nEVN ]1712 11I.2q2 q.808 .60 7.052 2.380 08 6. 614 7.987' 12,093 OEVN
P I t4.465 14.694 14.694 14.6014 14,604 14.694 14.694 14.616 14,457 P I
P 2 I15.702 15. 982 16.358 16,437 146,3C7 16.220 16,185 16.023 15.560 P 2

sil 15.700 518. 7001 518.700 518.700 515.700. l1a700 518.70 51 00 518.700 T I
T 2 541~~~~.5 4.11 I 538.9q40 537.1 40 ,37* 140 3 .420 536.480 536.440 536.340 T 2

STATnR A PCT SPAN 95.05 o0.II 85.15 70.15 so.00 29.BS 14.84 q.08 4.94 PCT SPAN
DI A 33.203 33.;556 33.010 34.98 36,A2 37.850 38.930 39.205 39.637 1IA

ST&TDR-L.E. RFTA 2 35. 27 32.2PS 28044 26.196 25.7429 24.70'1 23.002 23.508 25.256 BETA 2
STATCR-T.F. BFTA 26 I.040 1.200 1. 300 1.11in 0,610 0.730 0.570 0.3go 0. 200 BETA 2&

v2475.82 5CS.0 5T 43.45 5'39. 73 S21.27 510.57 503."2 4813.64 423.30 V 2
V 2A 434.6 470.30 472.04 524.44 534.40 52.0 511.61 493.03 46t.37 V 2A
VI 2 388R.46 420q.52 479.63 484.21 469.21 463.23 462.62 442.21 391.89 VZ 2
VI 2A 433.99 470.20 472.71 524.28 534.16 526.Cq 510.94 492.32 460.64 VZ 2A
V-THFTA 2 274.78 271.38 2S5.50 23t8.22 226.31 213.07 196.39 193.009 ISO16 V-THETA 2
V-THFTA 28 7.8 9.R5 I..73 10.16 5.69 6.71 5.091 3.35 1.61 V-THETA 2A
M 2 0.4246 0.4551 0.488S 0.4862 0.46IS 0.45 1 0.4526 D.4339 0.3782 M 2
N 2A 0.1862 0.4201 0.4229 0.4718 0.4812 0.47411 ,. 4601 0.4427 0.4133 # ZA
TURN(PR) 34. 2 33 31.CR5 26.744 25.081 25.1 22 23.936 22*383 23.141 ? 4.989 TURNIPRI
UUB1AR 0.1098 0.1025 a.2316 0.01 0 . 0 O35 0.0202 O.OqR5 0.12t4 0.0185 UUBAR
LOS S PARA 0.03TC 0.0349 0.0797 080211 0.0013 0:0C708 0.0390 , 00485 0.0075 LOSS PARA
OFEAC 0.2767 0.2407 0.285I 0.1788e 0.1320 0.125 0 01355 0.1384 0.0013 OF&C
EFFP a.3890 0.3305 0.1208 -0.3194 ! .0625 1.26886 3.5299 3.8685 1.0921 EFFP
INC I -[].6; R -13.q16 -17.426 -17.470 -16.498 -]T. a8 -20.352 -20.323 -t9.265 INC!O
DEVM 14,071 14.054 14.034 13.444 II.730 13.438 14.000 14.9 14.352 DEVM
P 2 15.702 15.982 116.358 116.437 16.3C7 ]16.220. 16.1a5 16.0t293 t5.560 P 2
P 2A 15.501 15.765 15.787 16.238 16.299 16.176 15.976 is5.7a7 15.533 P 2A
T 2 541.510 540.110 538.940 537,140 537.140 536.420 536.480 536.440 536o340 T 2
T 2A 541,510 '540.110 538.940 S37.140 137.140 536.420 536,480 S36-440 S36.340 T 28
UUBAR Fs 0.1334 0*1377 0*1291 0,0E4Q -OaQ636 0,0566 0,1821 0,1292 0,1077 UUS&R FS
P2 FS 130A7-52_ _ _6de&6AJ 16.008 I 1&441 __2 FS110__l.8 1.OO t~A
LOSS PARA FS 010449 0.0468 .0e0~44 OaOT-a 0.0236 0.021AJ -"0729-- 0-0,11& O.OAO! LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATION S US ING TRANSLATED VALUES
PERCENT EOUIV4LFNT ROTOR SPEED = tq. 944 EQUI VALENT ROTOR SPEED = 2944.55 CORRECTED WEIGHT FLOW =89.31

INLET
PCT SPaNi 95~ 52 U6.39 70o8 49.79 28.83 13.41 8.35 3,34 PCT SPAN
DIA 3~.13h 33.5 3 ; 70 3 *.006 35.32 3 7.113 33.892 40.202 40.631 41.056 DIA
BETA 0 0.COO 0'D 0.000 0 0.O O.OO0 O0 O .O0 O.OO 0,00 0000 BETA 0
BETA I 0.C0 C0o0000 0.000 .O0 000 O . 000D O.000 0,000 OO0 000 BETA I

V0357.9 357.9 357.94 357.914 387.94 357.94 387.914 357.94 357.94 ¥ 0
V ~33.3 3 62.3"6 363.1I' 36 .35 366.21 363.61 3591 36.13 317.97 V 1

VZ 0 357 .04 3517.9 387o94 357.94 3870 387. 357* . 7" 5 S 84 3 87.83 357.82 VZ 0
VI 1 33.~ 36.6 3613.18 166.35 366.18 363.54 359.08 356.0I 317.86 VI I
V-THETA C B0.IO00 0. 00 0.D D.00 0.0 000 O.0 . 00 OO 0.00 VTHETA 0
V-THETA 1 0.0 0. 00.0 0° 0 0o00 0° 0 0 O.O .00 0.00 V_-THETA I

M00.32~0 ' 0.3200 0.32400 0.32400 0.03240 0.32040 0.3240 0.3240 0.3240 N 
M 1 0.3017 01.32R1 0.3299 0.3316 0.3316 0.3292 0.3251 0.3223 0.2872 N I
TUR 0.0 0.0 0.0 0.0 0.0 0.0 0o0 0.0 0o0 TURN
OUS'AP 01640 O 00 0.0 0 .0 0 .0 0.0 O. 0.2174 UUBAR
DFAC 0. 6 ;0012 - 0.015 -0.23 - 0.023 -0.016 - 0o003 . 005 0.112 OFAC
EEFP -4.73 0.99 0 .9997 I.0000 0.9997 0.9980 0 .9946 l.0023 160.9780 EFFP

INCIO q~~~~~~~~.0 001 .0O0.0001 O.0001 0.00 01 O . O 0 00001. O.0001 0.0001 [NC IO
OkVM - C1' 0.00 0 -0. 000 -0.00 0 -0. 000 -O . 000 -OOO -. OOO - ;O000 - O.OOO DEVM
P 0 14."b. 14.644 14.6,91 14.60q4 14.694 14.694 14.694 14.694 14.694 P 0
P I 14.525 ! 4.694 I4.694 I4.594 I4.694 I4o694 14,694 14.6 94 14.470 P I
T 0 513.700 51-.700 518.700 518.700 518700 518.700 518.700 518.700 518.700 T 0
T I IR.700 18. 700 51R.700 518 .0 518.700 51 .700 518.700 S18.700 51'8.700 T I.

ROTOR A, PCT SPAN 951.00 90.01 85.00 70.01 50.02 30.02 1 .1000 4.98 PCT SPAN
CIA I3.2~A5 39.61 34.06 35.163 3 6.70 5 39.247 39.405 39.9 40.178 OIA

ROTOR -L.E. B ETA I 00 0 . 000 0o000 0.000 0.00 0 0.O0 OoOO O00O 0.000 BETA I
ROTOR -T.[. BETA Z 40:~.39 37 7 6 34.013 31.69 30.0 30.0 6 300.283 32.:136 34°4 BEA

B.ETA(OR! i 50.53~5 .9.5Q4 48.884 49.686 51.11e 52.6S5 53.893 54.405 57.T04 BETAIPRI t
BETAlFA) 2 21. 741 21.841 23.468 24.257 26.907 30,800 33.470 35.777 41.054 BETAIPR! 2

V I ~~~~~~380.7 3R0.20 381.07 'A8:4.5 3835 3R0.17 375.68 372.64 332.54 V I
V 4~. 6 4 .P2 47.0 47 17 4P73 483.90 471o88 448.63 403.04 V 2

VZ 1 : 2~0.76 33~~~~~~~~0.2 3~. 7 ~ 4.1 -8.3A 7 97 375.00 371.87 331.78 VZ I
VZ2 341.72 3ob7.44 393.98 422.93 426.52 418.21 406.62 379.03 331.56 V! 2

V-THE2 1 .00 0.00 0.00 0.00 0.00 0.00 O e0 O. 0.0 000 V-THETA I
V-THFETA 290;7 L 284. 9 265;.R7 251.20 255.13 242.10 237.45 238.10 227.44 V-THETA 2
V(PR}, I 5~]5 74. 57.5 594.:2 610. 626.:2 636.8 639.4 621. VIPR I 

V~~oR) ? 3~~~7 . 9.9 429. 46 .47 .6 487.5 488.4 468.2 440.6 V PR)1 2
VTH TA PFL -4'5.9 - 412 - .6 - 45.l - 7.-4 7.6 -514* -49 . -8 9 VTHETA PRI
VTHETA PR:£ -1:~.3 -147.3 -171.0 -190.6 -216.5 -249.3 -26B.8 -273.1 -288.8 VTHETA PR2
U 1 4?5.79 431.17 436.5g 453.06 475.34 497.64 514.12 519.53 S24.90 U I.
U 2 427.01 ~31.96 436.92 ~51.78 471.58 491.40 506.27 511.23 516.20 U 2
M 1 0. 172 0,.3,46 0o3454 0.3,285 0.3477 0.3446 0.3404 0.3376 0.3005 N I

M2 0 .Aca?~- 0.147 0.424c 0.4455 0.44~83 0.4331. 0.4215 0.4001 0.35184 M12
MCPR! I O.~oeO 0.~210 0.~~~525~ 0.53P8T 0.5537 0 5 6 76 0.5769 .0.57 92 0.5616 N(PR) I.

MiPR} ?l 0.3274 0.35"2 0.3940 0.41,57 0.4286 0.4363 0.4363 0.4175 0.3918 MN(PR) Z
TURN(P) ?.7;793 26.753? 25.416 25.431 2z.215 21.869 20.447 I;,658 16.691 TORN(PR)
UU~iAR 0.211 . . 1001 O.O~ 0 .038 .308 0.0373 0*0606 0.1234 0.1319 UUBAR
LOSS plPa 0.0:70 0.953~4 0.0206 0.0103 0.0088 0.0108 0.0175 0.0350 0.0352 LOSS PARA
DFAC r.~4~3 0.4-70 0.3952 0.3542 0.3502 0.3506 0.3612 0.3970 0.4193 OFAC

EFFP C~~~~.t%0~ C.bl977 0*7912 0.9211 0.93122 0.9163 0.8515 0.7712 0.7447 EFFP
EFF n.,,! , 693~ 0.787o 01.9197 0.9106 0.9148 0.8489 0.7676 0.7409 EFF
INCli -1.307 ' -3.2 1-.80b -4.370 -4. g48 -5.407 -5.55a -5.472 -2.951 IN, lB
DEVM 1.3. 2 12.543 54.5 is 5.54 16.221 is.937 . 917 7.641 12.171 BEVM

P14 14.c2 (. Sca 14.91 14.,4 14.694 14.694 14.694 14.694 1 4 0 P 1
P 2 h100 16.270 l h.3qO' I0.6 25 16.680 16.630 16.570 16,380 16.050 P 2
T 1 75]q . nO 59 0 "R700 51F.700 519. 700 51R.700 5!8.700 519.700 T 

T259210 5a.0 539.570 539.950 539.710 539.110 540.040 540.000 539.740 T 2

STATOR A PET SPAN 95or 90.12 RI'1 70.15 50.00 29.85 14.814 399.88 4.94 PET SPAN
DIA 3 32 0 Y.55. 33.910 34.9F1 36.A20 37.85 38.930 3925 39.637 OIA

STATOR-L.E BET A2 4n 0(67 3 7. 42 °1 3t.719 31.515 30. 65 8 29.768 29.9089 31.712 33.9T3 8ETA 2
STATOR-T.E.: BETA 2A 0.100 0.520 0.560 0.620 0.830 0.700 0.910 0.970 0.880 :ET ZA 2

V 2 451.76 4.69.5i7 47o.19 50022 501.35 49.16 478.20 454.8 40 8.4 V2
V 2A aS~~ 370.94 383. 95 44)2.89 470.18, 467.46 458.58 433.950 402.960 V1 22A
VI 2 3~5. 73 372.0V' 39B.57 426.37 43 1. 03 42&".09 413.76 386.29 338.43 V 2 2

3VZ 2A 3 64 379.92 3A3.93 44 2 81 4.1 6 7 0 457.95 432.8 40 2 VZ2A
V-T T 2 9.7 284°79 266.00 261,43 255.40' 264.0563 23800 238.69 228.04 V-THETA 2
V-THETA 24 1 0.63 3.45 3.75 4.79 6.91 5.71 7.29 7 .33 5.97 V-THETA 2A

M2 0 .4022 0.4192' 0.428 0.4483 0 4490 0.4380 0.4274 0.4060 0.36308 M 2
M 2A D.3174 C. 3371 0. 34811 0.3052 0.420! 0.4178 0.4093 0.3862 0.3580 N 2A
TURN(OR) 39.967 36.909 33.158 30.890 29o808 29.028 28.939 30.673 33.043 TURN(PR!
UU AR 9.1355 .16 0.1852 0.0770 0.0070 0.0097 0.0460 0.0654 007 UA
LOSS PARA .2.0456 0.04qR 0.57 0.0274 0.0026 0.0038 0.0182 0.0262 0.0029 LOSS PARA
DFAC 0.4228 0.3937 0.3873 0.2973 0.2465 0.2317 0.2333 0.2518 0.2360 DFAC
EFFP 0.6543 0.5q85 0.8147 0.6705 0oq472 0.8067 0.4693 0*3368 0.7822 EFFP
IN C I -6.904 -8.772 - .752 -2.159 -11.592 -2.625 -13.456 -12.212 -10.562 IN CID
DECM I 13.31 13.374 1 3.294 12.954 12.95 0 13408 14.419 14.7T7 15.001 DEVN

P 1.100 116.370 16.390 1 6.625 16,.680 16.630 16.570 16.3830 16.050 P 2
P ?.A 15.P70 16.000 16030 16.40 16.655 16.610 16.480 16.265 16,040 P 2A
T 2 542.130 340.Soo 539.570 538.950 539.710 539.110 540.040 540.000 539.740 T 2
T 3A 542.130 540.800 539.570 538.g50 539.710 5,39.110 540.040 540,000 539.7T40 T 2A
UUSAR FS 0,1051 0,1298 ,1 207 _0.0492 .. 000327 __ 0,02~B_ U,0A4 FS.~. . e
P2 FS 16,042 16,2358 _ 16,247 [6*.562 16.7~37 1 b6,67 1&.887 1&.472 %6~. S 2 F
LOSSSPARA FS 0,0353 6,04-41 0,0415 0.0175 .O,01Z 1 0,0029 ,0,02].~ - __0,044 O~n&93 OSPAAF
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Tabe A3.Blade Element Performance (Continued)

Staa® A Rotor A - Stator A
CALCULATIONS USING TRANSLATED VALUESPERCNT QUIALET R TORSPED - 69.96 EQUIVALENT ROTOR SPEEOD 2945.26 ORCE W IGTF W 828

MNET
PCT SPAN q6.1 91.52 86.1 70.8t 49.79 28.83 13.41 8.35 3.34 PTSA"'A 33.138 33.570 34.006 3 2 713 3 9 022 4 3 1 3 IRITA C 000 000 000 OOo 0 00 0 00 0 00 O .000 

0:.000 
BT11 ETA I a000 0.non 0.000 0.000 0.000 .O 000 00 0 oo BT I11 0 32q.0 32q.40 329 .4n 3" .4( 12 .40 3290 0 32. 40O 32.40 O2eO 0 V

V-THFTA I 000 .0:00 0.000 0.00 0 0.000 00 : 0 00 : 0 VT 
TUR a 0 0 0 .0 0 .0 0 .0 O~~~~~. n0 O .00 O . 0 O O0 0O:1UUBAR 0. ,.o ~~~~O 0.1 0.0 0.0 0. 3 9.40034.40 32. 4 0 ARDE AC 0 034 -0 0033833 33 0 1 -. 084 3003 0.002 30.028 009412 OAE F F P - 2 .; C 3 O .; 5 1 O ~ q q F1 8 . 9 9 q 7 1 . 0 0 0 0 . 9 S 6 0 . 9 9 3 2 3.9 29 2 9 .0 2 4 E F F PINZ 0 3 2. 40 1 3 2. 4(0 1 32 . 4000 . 0 1 0 0 0 . 0 1 0 0 0 . 0 1 0 0 0 .E v " -0 .0 0 C, - .0 o n -0 .0 0 3 29. 4 0 3 29. 3 8 329. 34 0 0 0 0 0 0 -0 0 0 D

vzI 318.3 6 0 130.2 6 14 6 4 14 6 4 14 6 4I26 41.54 186 4 1 : 5 4 

R O T O R ~-TH . ET A I0 ( : 0 n 00 0 . 000 0.000 D n O 0 B IRnTOR -T.E. RETA 2 43.379 0 .53 3. .2 3399 356 3; 90702 30.0409 38O007 BEOE T A ( P R ) I 5 " 5 5: . 2 4 5 . 5 . 5 5~~. 0 0 ." O .9 3 5 3 7 33 0 1 0 2 4 0 0 1 22. 0 0 P I 

V-THFTA I ( 10. 00 0 0.n a00 00 0 0n 0 00 -HTV - T H E T A 2 3 1 5: 5 2 9 3 : 3 2 7 1 : 2 2 6 6 : 5 2 5 7 : 6 2 5 1: 1 2 5 2 : 3 2 5 0: 7 2 4 2OO V - T H E T A 2

M(R I 027 .44 030

M 1 n:3;2~~ ~~ ~~~~ ~ ~~0.a0;3 0.I-4 0 302. 360 319 0 02 0 5 0.278 0
MU IR ) I 0 . 4098 0 . 90 0 2 0 .0 a5 0 . 5 0 9 0 33 54 .5 44. 4 0 5 6 ( R 185 ~ ~ ~ ~ ~00 3 . 0 374 4 406e396D35TURN(PR) 33 476 2 2 6 9, 2S I-024143 23.02 0.2 8TR R0.0479 0e12 OFEFP - 25e 021

nFAC 0" Inq ".487 0.467 0q414 O .qqq7 1.3 1 0 40230.30 0.4594O6AF F F P " .6 9 2 0 . 7 0 2 1, n . 7 0 7 3 0 . 4 1 9 0 .8 5 7 C . 66 6 3O. 8 L 5 5 0 . 7 4 1 9 q . 07 2 3 E F F PEN F F 0 . 6 8 8006 9 7 0 .000 12 0 . 8 3I0. N 3 0 . 6 9018 2 . 3 6 0 7 2 FNCID 0~~~~ ~ ~ ~~.0 4- 1 0 0 1 .7.2 o 2. 3 o - . 4 2 4 6 - . 50001 I.OOIl
IO E I6 -O. 640 16 90C 16O600 1660 . 1 00 16 90 1650 :.5000 TI SIR 700 91 700 51 Too 51 - 0.0000- 0 .00 -11710 .111:00 1: 00 -0..00 0 I 545 49~~ ~~~ ~~~~~~ ~ ~ ~ ~ ~~0.8 48 00 50 62D496E400V430 5N 52.0 P 0

STATOR A TSPAN 95 CS 9012 e5;1'5 70 50 0 1429q4 14.6q4" 1469 414 4 PC SPAPC I 1 4.1 0 37.68 14.694DIS T A~~ n R -L E T A 2 4 1 0 1 5 4 0 2 1 3 3 7 9 1 4 3 5 ~1426 4 1 4.694 3 3 2 5 3 31 437 3 . 75 60 B E T 1STATOR -T: E "" A 2 , 1 4 0 SIR430 518.0: 70 0 67 0 : 305185 1.74101201 TAV 2 463 .07 454 .64 44 ~10.7 7 4 3 0 8 4S1 0 .70 0 45 . 184 5. 37 43 8003 ; 1 1V ?A 339 SI 35 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 51 .70 09 35S138.70 510417 36 42q 42 40 8 3806 V2 338 58 347 IQ 348 7 381 36 3":: 7~~~~~~~~~~~T 

qC. 018 .0 701 70.0230.022A 0 .2959 0 .3 93 3 36 0 .343 8 0 .371t 15.07 1 0200 3 9 4 3.632 8 P C SANT U R ( P R 4 1. 2 3 5 3 8 73.3 626 4 3 4. 00 3 2 7 1 2 2 8 3 1 9 8 3 4 4 36 .5 3 T R I RLOSS PARA ~0.00 53 31 090040 0.0008 O0 0t 0 026700009 OSPREFF ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~0o0 0.1000 650.0700 0 72 45 C86 37 068 50 EF

8ETAIPR)~~ 4549 I 5to 5060 S09 41.060 542.3724286 4.0 T 2A 55 4rC 543.50 54210 54.620 S4 51.060 52370 542760 5423000.~~~~~~~~~~~~~~~~~~~~012 OEAIR 11;6UUTA R(FU0 7) 24 . 2 18.45 12 223 9 .0 4132-6 . 0 1 06 ~ 4 3 U B R F
P~ ~~~~ ~~~2 F 1S.282 1&T4 2 16k 05 26.31 2q162215 - . 737 1 ,01 A -1645 2FLOSS PRA FS0.0342 0.042 0.038 0.011 0.916 O.Q157 4.01q 06.0424 1.66? LOSSTAP RA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATEO VALUES
PERCENT EQUIVALENT PCTCR SPFFO = 70.19 EOUIVALENT RO8TR SPEED = 2954.95 CORRECTED WEIGHT FLOW . 75.29

PCT SPAN
DIA
BETA 0
sETA I
VC
V I
VZ I
Vz 1
V-THFTI 0
V-THETA I
M n

MI
TURN
UURAR
nF ACDFaC
FFFP
INCln
DEVM
P0
PI
Tn
TI

96.61
33. 138
0.300
C.0Co

26. o90
274.93
296. qo
274.93

0. 0
0.00(,.on

0. .2679
0.2478

0.0
0.173S

O.C74
-5.4061

0.0001In.aooo
-o.ooe
14.694
14. 57C

518.700
51 8.700

91.52 86.39 70.81
33.970 34.000 35.328

0.000 0.000 0.000
0.000 0.000 0.000ooo

29.90 296.O90 296.90
300.04 301.0? 302.58
296.90 296.90 29h.90
300.04 301.01 302.57

0.00 '.00 0.00
0.0o 0.00 0.00o

e.2679 0.2679 n.2679
C.27C7 0.2716 0.2730

0.0 0.O 0.0
o.C o.n 0.0
-0.011 -0.054 -0.019
0.9995 1.000s 0.9q92
0.0001 0.0101 0.0001
-0.00o -0.00on -0.000on
14.6q4 14.694 14.694
14.694 14.694 14.694

918.70n 51.7n0O 518.700
518.700 518.700 518.700

RnTnR A PCT SPAN 95.CC 90.01 89.0n 70.01
Ol, 33.735 33.621 34.006 35.163

PnTOR -L.E. FT" 1 .O00 c.0o 0.oo00 0.ooo00
RnTnP -T.E. 8ETA 2 46.424 45.961 42.944 39.970

PFTAi(PRI I 95.998e 54.009 54.261 59.123
sETA(PR) 2 18.951 22.950 2$.7R9 26.436
V 1 7R8.25 314.26 315.78 316.93
V 2 445.84 429.9q 423.64 444.43
VI 1 2A88.24 314.26 315.2R 316.90
VP 7 307.32 300.36 310.11 342.54
V-THFTA I 0.0o 0.0o 0.on O.00
V-THFTA 2 322.99 3C0.30 788.6? 283.07
V(P I 1 515.4 534.P 909.8 554.2
V(PR) Z 324.9 326.7 344.4 382.6
VTHFTA PRI -427.3 -432.7 -438.1 -454.7
VTHFTA PP2 -105.9 -127.2 -149.8 -170.3
U 1 427.30 432.69 433.11 454.66
U 2 428.52 433.49 439.46 453.37
8 1 0.2c99 0.2839 0.2847 O.Z262
8 7 0.3097 0.3804 0.3761 0.3953
M(PR) 1 0.4648 0.4P29 0.4874 0.5005

4(pP) 2 .2880 0.28R93 n.3057 0.3403
TI1PN(P) 37.047 31 .09 28.477 28.690
UU8AP 0.1272 0.177h 0.1431 n.o832
LOSS PAPA 0.0349 0.n48) 0."383 0.0722
nF0C 0. 919 n.5s84 0. 92n9 0.4665
EFFP C.74rl 0.7019 0.7?41 0.8194
EFF n.7351 0.6968 0.71'I o.815n
INCin 4.196 1.731 1.571 1.067
nEVM 11.201 17.652 14.8 6 10.732
P ) 14.570 14.694 14.694 14.6q4
P 7 16.660 16.555 16.526 16.700
T 1 518.70C 518.7o00 518.700 518.700
T 2 546.250 544.500 543.30n 542.400

49.79 28.83 13.41 8.35 3.34 PCT SPAN
37.113 38.892 40.202 40.631 41.056 01A
0.000 0.000 0.000 0.000 0.000 BETA o
0.000 o.ooo o.ooo o.ooo o.ooo BETA I

296.90 296.90 296.90 296.90 296.90 V o
303.11 302.02 294.21 286.26 254.72 V I
296.88 296.85 296.82 296.81 296.80 Vl O
303.09 301.96 294.13 286.17 254.63 VI I

0.00 0.00 0.00 0.00 0.00 V-THETA 0
0.00 0.00 0.00 0.00 0.00 V-THETA I

0.2h79 0.2679 0.2679 0.2679 0.2679 0
0.2735 C.2725 0.2654 0.2581 0.2294 n I
0.0 0.0 0.0 0.0 0.0 TURN

0.0 0.0 0.0 0.0476 0.2505 UUBAR
-0.021 -0.0L7 0.009 0.036 0.142 0FAC
1.OC05 0.9993 1.0008 2.8981 13.5894 EFFP
0.0001 C.0001 0.0001 0.0001 0.0001 INC10
-0.00 -0.000 - ..000 -0 -0.000 -0.000 DEVN
14.694 14.694 14.694 14.694 14.694 P 0
14.694 14.694 14.694 14.660 14.515 P I
51.700 018.700 518.700 518.700 518.700 T 0
198.700 518.700 518.7o00 518.700 sis.700 T I

50.02 30.02 15.01 10.00 4.98 PCT SPAN
36.705 38.247 39.405 39.791 40.178 DIL

0.0o0 0.000 0.000 0. 00 0.000 sETA I
37.999 37.273 38.c47 40.371 43.469 BETA 2
56.417 57.767 59.277 60.220 63.260 BFTLA(P1R I
30.744 33.697 35.149 37.094 43.034 ETAI(PRI 2

316.99 315.25 307.18 298.96 266.00 V I
436.67 43*.51 434.71 419.99 380.06 V 2
316.73 314.89 306.62 298.34 265.39 VT 1
343.92 345.36 341.74 319.39 275.31 VI 2

0.00 0.00 0.00 0.00 0.00 V-THETA I
26P.69 2E.P4 267.45 271.54 260.98 V-THETA 2
572.7 990.6 600.5 601.0 590.1 VIPRI I
400.4 415.6 418.7 401.2 377.4 VIPRI 2

-477.0 -499.4 -515.9 -521.4 -526.8 VTHETA PRI
-204.6 -230.3 -240.6 -241.5 -257.0 VTHETA PR2
477.07 499.40 515.94 521.37 526.75 U I
473.25 493.13 so508.C6 513.04 518.03 U 2
0.262 0.2er47 0.2773 0.2697 0.2396 8 1
0.3881 C.3862 0.3858 0.3721 0.3357 M 2
0.5172 0.5333 0.5420 0.5422 0.5316 IPRI I
0.3559 0.3694 0.3716 0.3555 0.3333 (8PR) 2
25.682 24.c89 24.158 23.163 20.273 TURN(PRI
0.0764 0.0723 0.C038 0.1348 0.1457 UUBAR
C.021 C.0207 0.0266 0.0376 0.0376 LOSS PARA
0.4912 0.4448 0.4598 0.4893 0.5155 DFAC
0.8027 0.z214 0.7883 0.7460 0.6985 EFFP
0.7991 o.R181 0.7843 0.7414 0.6932 EFF

0.354 -0.293 -0.163 0.348 2.611 INCID
10.056 8.832 7.594 8.957 14*.1So0 DEVM

14.694 14.694 14.694 14.660 14.515 P 1
16.6e5 16.730 16.770 16.665 16.410 P 2
18.7518.0 518.700 518.700 518.700 518.700 7 1
42.7054 242.650 544.150 544.800 545.400 T 2

STATnOR PCT SPAN 95.C0 90.1Z 85.15 70.15 50.ro 29.85 14.84 9.88 4.94 PCT SPAN
DIA 33.203 33.556 31.91n 34.981 36,.420 37.859 38.930 39.285 39.637 DIA

STATOR-L.F. BETA 2 46t.025 45.130 42.559 39.339 37.772 36.904 37.569 39.820 42 832 BETA 2
STATOE-T.E. RETA 7a 1.920 1.790 1.780 1.260 1.000 1.160 2.301 2.821 2.651 8ETA 2A

V 2 448. 0 437.34 426.94 447.01 439.99 439.01 440.35 425.78 - 385.93 V 2
V 2A 322.69 334.14 337.94 350.69 374.97 383.82 38C.95 358.05 333.31 V 2A
VZ 2 311.70 305.01 314.47 345.68 347.86 350.69 348.50 326.50 282.26 VT 2
VI 2A 322.51 333.98 332.'7 350.57 374.76 383.41 3e0.17 357.11 332.43 VI 2A
V-THETA 2 323.05 306.40 289R.7 7283.33 269.C7 263.34 268.07 272.22 261.67 V-THETA 2
V-THETA 2A 10.81 10.44 10.34 7.71 6.54 7.77 15.27 17.60 15.39 V-THFTA 2A
M 2 0.3980 0.3835 0.3790 0.3977 0.3912 C.3903 0.3909 0.3774 0.3407 M 2
MA 0 3.2830 0.2947 0.2939 C.3101 0.3320 0.3400 0.3369 0.3161 0.2937 N tA
TUPNIPRI 44.1C9 43.340 40.778 38.073 36.701 35.700 35.203 36.926 40.098 TURNIPRI
UU8RAP 0.1799 0.C845 0.n709 0.1102 0.0060 0.0090 0.0566 0.0929 0.0434 UUBAR
LOSS PAPA 0.0609 0.0287 0.0243 0.0391 0.0022 C.OC35 0.0224 0.0371 0.0175 LOSS PARA
DFAC 0.5154 0.4603 0.4449 0.4350 0.3694 0.3509 0.3637 0.3997 0.3949 DFAC
EFFP 0.6465 0.n013 0.8?9h 0.7296 0.9795 C.9643 0.7882 0.6994 0.8360 EFFP
INCD -0.94h -1 .071 -7.912 -4.336 -4.529 -5.493 -5.803 -4.111 -1.709 INCID

5FVM 14.951 14.644 14.514 13.594 13.120 13.867 15.808 16.625 16.799 DEVM
P 2 16.660 16.555 16.925 16.700 16.685 16.730 16.770 16.665 16.410 P 2
P 2A 16.350 16.420 16.415 16.510 16.675 16.715 16.675 16.520 16.355 P 26
T 2 546.250 S44.500 543.300 542.400 542.700 542.690 544.190 544.800 545.400 T 2
T 72 546.250 544.500 543.30n 542.400 542.700 542.650 544.150 544.800 545.400 T 2A
UU8AR FS 0.1116 0.1095 0.1021 0.0480 0.0348 0.0321 0.0524 0.1001 0.1566 WLIBAR FS
P2 FS 16.527 16.600 16.580 6A.587 __16.735 .16770 16ai762 16.A7_1--J 0 P2 FS
LOSS PARA FS 0.0375 0.0371 0.0351 0.0170 0.0127 0.0124 0.0207 0.0399 0.0631 LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stag. A Rotor A - Stator A

CALCULATIONS USING T RANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 69.9q4 EQUIVALE NT ROTOR SPEED = 2944.64 CIRRECTED WEIGHT FLOW = 68.12

INL ET
PCT SPAN 96.61 91. 52 86. 3 70 .B1 49.79 28S.83 13.41 8*35 3.34 POT SPAN
D)IA 3 3.13 8 3 3,5 70 34.00S 3 5.3 28 37,[13 38.892 40.202 40,631 41.056 DIA
BET A C,003 O,00G 0.003 0.000 0,0Of'1 0.000 0.000 0.000 0o000 aETA 0
BETA1 I .OCO 0,0,30 0,003 0.000 0).000 O.000 0.0300 0.000 0,000 BETAI[
V n 266.86 266°86 2 66.85 266,86 266,86 266*86 266.86 266.86 266.86 V 0
V I 245,43 267,72 269.45 271,92 274.97 269.25 264,07 256.82 227,43 V I
VZ 266.86 266. 86 266,85 266.86 266.84 266,82 266,79 266,78 266.7T7 VI 0
VI[ 2 245.43 2 67,72 269.45 271,91 2 74,94 269 .2[ 264,00 256o74 2 27. 35 VZ I
V- THETA 0 O.CIO 0.00 0.0 0. 00 0.00 0.00 0,00 0.00 0,00 V-THETA 0
V-THETA I 0.00 0.00 0.03 0.00 0.00 0o00 0.00 0.00 0o00 V-THETAI[
N 0 0.2404 0,2404 0,2404 0.24C4 C.2404 0.2404 0,2404 0.2404 0.2404 N0
N [ 0.220.9 0.2412 0.2423 01.2450 0.2478 0.2426 0.2379 0,23[3 0*2046 N I
TURN 0.0 0.0 C.O 0,0 ,0 0.0 0.0 0.0 0.0 TURN
UUBAR 0.17'61 0 .0 C.0 C 0.0 . ? 0.0 0.0 0.0535 0.2693 UUBAR

UFAC . 0O-. 03 -0013 -0.019 -0.030 -0.009 0.010 0.038 0.148 OFAC
UEFFP - 8.5L007, 1.0001 0.9997 0.9990 0.9997 0.9990 1 .0001 3.4122 28.91 EFF
INCIO 0,0001 0..000 .01 0.000I 0,001 0,0001 0,0 001 0.000 1 . 0 00l NCI 

DEVN - 0~~~~~~~~~.00 - D. CO0 -. 0-.000 - coo0 -0000 -O.000 -0o000 -0.000 OEVM
P 0 ~~~~~14.09 I4.694 14. "94 14.694 I4.694 I4,694 14.694 14.694 14o694 P 0

P 'I S 7 8 I 0 1 7014*592 14.6914 14.694 I4*o94 14.694 14.694 14.694 14.663 14.538 P I
T 0 51B.~~~6.70u 518.700 518.703 a1.00 518.C 518.00700 5 0058. 700 58.0 T0

T [ 518.7(, 518.700 518.TC3 518.700 51B.TOO 518.700 58.700 58700 518700 T I

ROTOR A PCT SPAN 95.ra 900 8 5.03 70.01 50.C,2 30.02 15.01 10.00 4.9 PCT SPAN
DIA 33.235 33'.62 384.005 35*163 36.705 38. 4 39.05 39.791 4017 DIA

ROTOR -L.F. BETA I C.0Cu 0.000 0.003 0.000 0.09)0 0.000 0.000 0.000 0.000 BETA I
ROTOR -T.E. BETA ~ 50.17T 49.569 48.17% 44.334 42.IR1 41.274 43.048 46.789 50.639 BETA 2

BETA(PRI I 58.873 56.986 57.142 57.870 58,869 60.593 61857 62.758 65.716 BETAiPRI I
BETA(PR! 2 lT7.35 7 22.895 2 7 273 28.:376 31.331 34.590 3 7,500 39.541 43,323 BETAIPRI 2
V 1 257is5 280.16 28i.94 2a4.58 287.24 280.82 27S. 52 268.04 237.38 V I

V2441.05 417.34 40.1, 21 416.37 4Z20.30 417.62 407.80 395.66 376.99 V 2
VI I 257.14 28 016 21.9~ 284.55 287.10 28 049 275.02 267.49 236.83 VZ I
VII2 282 .46 270.66 267,55 297.79 311.31 313,54 297.57 27 0.50 238 .74 VI 2
V-THE TA I C,00 ). 00 0.03 0.0 OD 0.00 0. 00 0.0O0 0 . 00 0 .00 V-THETA I
V-THETA 2 333,74 317,67 298.97 290,94 282.09 275.20 277.96 287.94 291.06 V-THETA 2
VIPR! 1 497 . 514.2 519.7 535., 555. 4 571 4 583.3 58496 576.1 V(PR) I
V PR) Z 9 S. 293.8 301.3 3438.5 364A.7 38.3 375.7 35 1.4 32 8.8 VIPRI 2 R
VTHETA PR1 -425. B -431.2 -436.5 -453.1 -475.4 -497.7 -514.1 -519.5 -524.9 V TETAPR
VTHETA PR2 -8B. -114. -383 - 1 . -q.5 -21.2 - 228.3 -22 3*3 -22 5.2 THETA PR2

U I45.~1 411.1S 436.63 453.07 475.30 497.66 514.14 5[9.55 524.91 U I
U 2 42702 431.97 436.9 4 .79 4 71.60 491.41 5 0 22 5.5 %16.2 
M I LI 2316 0.2525 0.2542 0,2566 0.259 0 02532 0,2483 0.2415 0.2136 M 
M 2 0.:3916 0.37C6 C*3502 C.3704 0.:3 79390 0.3 7 13 0.32617 0. 3504 0 33 32 N4 21
"(PR) I 0.44B0 0.4635 C.4 685 0.48 24 C.50hBC, 0.515! 0.5257 0.5267 01.5184 MIPR)1 I
MiPR) 21 C.2627 (I.2609 0.2673 0.3C91[ G.3244 0.3391 0.3333 0.31I' 0.2906 NIPR I
TURNPR ! 41.1 34.092 29.865 29.497 27.548 26.024 24,391 23.258 22.445 TURN(PPR)

UBAR 0 . 143 0 .185 .774 0.138 0. 12 0.0901 0.1315 0.85 0o15 UA
LOSS PARA 0.0 3 4 0.0505 0.0469 0.0308 0,0251 0.0249 0.0361 0,0495 0,0504 LOSS PARA
OFAC 0.60131 0.6102 3.5913 0.5343 C.5G62 0.4935 0.5197 0.5699 0.6064 OFAC
EFFP 0.8 50 7 0. 7994 0.7903 0.8¥01 0.9clil 0.9119 0. 829ge 0. 7 870 0.7737 EFFP
EFF C~e77 0.7959 C'.7864 C.08 80 C,.905 . 902 0.8258 0.7830 0.7695 EFF
[NCID 7.031 4.708 4.452 3.I' 2.0 . 3 . 1 .88 .0 1 ICID
OEV H q.607 13.597 16.35B 12.6"72 1!.43 9.724 . q44 11.402) 14.439 DEVM

P I I4.592 14.694 14.:691 14.h914 ]4.6914 ]4.694 14.694 14.663 14.538 P 1
P~~~~~~1 2 b*28 I6.649 10.544 I6.096 1 6.765 I6.795 I6.762 16.687 [6.578 P 2

T 1 518.790 5 .700 518.703 51B.700 5 8700 518.700 518.700 518.700 518.700 I I
T 2 ~~~~~5~4.14( 542.38C0 54 1. 433 54P .410 5 4.740 540.88) 5 4.8 543.3 547.0 T 2

STATORB A Pet SPAN 95.0S 90.12 8 5.15 70.15 0 . 0 2 S.8 14.84 9.4 .94 PCT SPAN
D A 33.23 33.55 383,013 34."8 136.4 ~20 3 7.859 38.30 39,'S5 39.37 DI1A

STATOR-L*E. BETA 2 49. 7C24 49.078 4 7.723 44,069 4 1866 40,857 42,:48 8 4 6,11 7 49. 829 BETA 2
STArOR-I.E. BETA 2A 2. 540 2.470 2.263 I.829 2.3B0C 2.34I 2. 96I 3. 561 3. 8 0 BETA 2A

V 2 444.0? 420).57 404.29 418.74 423.46 421I.89 413.03 401.02 382.40 V 2
V2 A 294. 27 30 0.9 7 303. 12 3 15. 70 34 6.2 9 350,.25 34 0.1 4 328B.C6 3 08,98 V 2A
VII2 287.08 27S. 48 271.93 300.B3 31 5. 22 31d.80 30 4.18 277.61 246,36 VZ 2
VI 2A 293.98 30069 302.83 315.51 34 5. 86 349.66 339.25 326.96 307,82 VZ 2A
V-THETA 2 338. 80 317.78 299.11 291.21 2a249 275.73 278.61 28866 291.83 V-THETA 2
V-THETA 2A 1 3. 04 1 2.97 11.q~ 10 .0 3 14.38 14. 29 17 .5 5 20. 35 20.46 V-THETA 2A
M 2 0.3944 0 . 373 0.3 593 0 .3 7 25 0.3767 03 7S53 0.3665 0 3 55 3 0 3 3aI N 2
HM2A 0.259l 0 .2 6 5 5 0. 2 6 7 0 .2 792 0 ,30'66 0 3 10 2 0.3005 0. 2894 0.2721 N 2A
TURN(PRI 47.1841 46.608 45.4o3 42,243 39.405 38,472 3946 42.483 4.97TRPR
UUBAR 0. 222 1 0.11105 0 .037S C.096 0 .033Z 0.0t66 0.0761 0,0839 0.0872 UUBAR
LOSS PARA 0.0747 C.0376 0.C'12) 0.9354 .0 123 0.0141 0.0301 0.0335 0.0351 LOSS PARA

DOFAC rl: 544 0 5 3 3 0.4953 0.:4 852 0.4175 0. 4_096 0.4284 0 4 512 0 4 803 OFAC
EFF 0.6227 0.7844 0,9183 0.78106 0.9052 0.8885 0.T755 0.7582 0.7593 EFFP
INC ID .73 2 7 2,25 0394 - 036 - .4 086 215 5 29 I NCI 
DEV 1 5571 15.3"24 14.994 14.154 14.499 15.0147 16.467 17.364 17.29489 DEVM
P 2 16.8128 16.649 16.544 16.6 96 I_.765 16.795 16. 762 16.687 16.57 8 P 2
P 2A 16.4481 16.4810 16.491 16.144 6. 713 16.738 16.649 16.570 [6.468 P 2A
T 2 544.140 542.380 54 1.4 31 54). 4 10 540.740 540. 880 542.780 543.630 544*470 T 2
T 2A 544.140 542.380 541.433 540.410 540.740 540.880 542,780 543.630 544.470 T 2A
UUBAR Fs 0,1345 0,13t5 0e1179 06e0669 0,0372 0,.0666 O,.0916 0,0939 0e1300 UUBAR FS
P2 FS 16,64 16691 16e62 lb,642 16.7 71 {dSB1~ 16.7JB 16"702 ._)dt P2 FS
LCSS PARA FS 0'0452 0,0 464 0e0404 0e0237 0e0 137 0,0256 0,0362 0.0374 0.0523 L OS S PARA FS

92



Table A-3. Blade Element Performance (Continued)

Stge A Rotor A - Stator A

CALCULATIONS USING TRANSLATEO VALUES
PERCENT EQUIVALENT ROTOR SPEED = 70.11 EQUIVALENT ROTOR SPEED = 2951.56 CORRECTED WEIGHT FLOW = 59.63

96.bl 91.52 86.33 70.81 49.79
33. 138 33.570 34.005 35.328 37.113

o·ooo o·Ioo CO~Oz o.Jne o.ooo
T.COO 0.000 0.00) 0.000 0.000
0.c00 I.0 00 0. o0) 0 .00. 1.000

232.07 232.07 232.07 232.07 232.07
219.99 241.22 243.14 249.03 248.76
232.07 232.01 232.07 232.06 232.75
219.99 241.22 243.14 2 4 9.03 248.74

O.C0 o .30 0.0) C.0( r 0.O
0.00 -0.00 0.0 ) 0.00 .00

0.20e8 0.2088 0.2083 0.2G88 0 .208
G.1978 0.2171 0.218S 0.2242 0.2239

C.O 0.0) o.n 3.0 o.
.2.1979 0.0 C.0 O.o C.o

C. s52 -0.039 -O.043 -0.373 -0.072
-1.0843 0.9995 0.9987 0.9995 0.9993

Q.QCC1 0.0001 0.0001 .o00o1 0.0001
-(.OCO -0.000 -0.00) -O._00 -0.0Co
14.694 14.694 14.694 14.994 14.6h4
14.607 14.694 14.696 14.694 14.694

518.7G0 518.70C 518.70) 518.700 518.7^D
518.7CC 518.7D0 518.703 518.700 518.700

28.83 13.41 8.35 3.34 PCT SPAN
38.892 40.2z2 40.631 41.056 DIA
0.000 O.OGO 0.000 0.000 BETA 0
3.000 0.000 o.000 0.000 BETA I

232.07 232.07 232.07 232.07 V O
243.20 235.44 223.78 179.65 V 1
232.02 232.00 231.99 231.99 VZ O
243.16 235.38 223.71 179.59 V2 I

U.00 O.CO 0.00 0.00 V-THETA O
o.o 0.00o 0.00 0.00 V-THETA I

C.2088 0.2088 0.2088 0.2088 r 0
0.2189 0.2118 0.2013 0.1613 U I

Co. 3. 0. .o 0.0 TURN
O.G 0.0 0.0819 0.4003 UU8AR
-0.048 -0.015 0.036 0.226 DFAC
0.9990 0.9971 -6.8157 78.9077 EFFP
0.0001 0.00(1 0.0001 0.0001 INCID
-J.0oo -O.OCO -0.000 -0.000 DEVM
14.694 14.694 14.694 14.694 P 0
14.694 14.694 14.658 14.518 P I

513.700 518.7CO 518.700 518.700 T I
518.700 518.700 518.700 518.700 T I

ROT0R A PCT SPAN
CIA

ROTOR -L.E. BETA 1
ROTOR -T.E. BETA 2

BETA(PRI I
BETAIPRI 2
VI
V 2
VZ I
VZ 2
V-THETA I
V-THETA Z
VIPPI 1
VIPRI 2
VTHETA PRI
VTHETA P0Z
U1
UZ
M I
M 2
MIPRI I
M(PAI Z
TURN I PRI
UUdAR
LOSS PARA
OF AC
EFFP
EFF
INC ID

OEVM

P 
PZ
TI
T Z

95.cu 90.01 05.0O 10.01 50.02 30.02 s15.01 LO.00 4.98 PCT SPAN
33.235 33.621 34.005 35.L63 36.705 38.247 39.415 39.791 40.178 D01
.C 0o 0o00o O.C03 G.00O 0.000 O.COO .0OC 0O o.no o.00 BETA I

53. 45 53.409 52.748 49.365 47.055 46.496 52.322 55.777 59.247 BETA 2
61.642 59.727 59.84) 62.163 61.417 63.085 64.566 65.901 70.440 BETAIPR) I
14. 69 22.329 27.077 28.460 31.856 34.441 40.c88 40.374 39.806 BETAIPRI 2
230.30 252.2z 254.3) 260.50 259.73 253.52 245.52 233.42 187.37 V I

444.28 413.26 396.19 406.79 409.31 411.72 309.00 393.06 402.88 V Z
Z3C.37 257.28 254.33 260.47 259.60 253.23 245.07 232.94 186.94 VI I
262.74 246.34 239.86 264.89 278.75 233.18 237.52 220.84 235.82 VI 2

C.CO 0.00O 0.03 0.00 0.00 O.CO 0.00 0.00 0.00 V-THETA I

358.26 331.8L 315.34 308.67 299.49 298.37 307.56 324.68 345.91 V-THETA 2
405.C 503.4 506.1 523.5 542.7 559.6 570.8 570.7 558.5 V(PRI I
271.8 266.3 269.4 301.6 328.4 343.8 311.0 z90.4 268.5 VIPRI Z

-42z.8 -432.2 -437.5 -454.1 -476.5 -498.3 -515.3 -520.8 -526.1 VTHETA PRI
-69.a -101.2 -122.S -144.2 -173.2 -194.2 -199.9 -187.8 -L71.5 VTHETA PRZ2

426.al 432.L9 437.63 454.14 476.47 498.83 515.34 520.77 526.15 U 1
420.02 432.99 437.96 452.85 472.71 492.57 507.48 512.45 517.43 U 2
C.Z07Z 0.2271 0.229- 0.2346 0.2339 0.2283 C0.2210 0.2100 0.1683 M I

0.3934 0.3659 0.3407 0.3607 0.3628 0.3646 0.3433 0.3467 0.3553 M 2
0.4363 0.4506 0.4558 0.4715 0.4887 0.5338 0.5138 0.5134 0.5017 MIPRI I
7.2407 0.z235 3.2305 0.2675 3.z9L1 0.3045 L.2745 0.2562 0.2367 MIPRI 2

46. 772 37.398 32.763 31.607 29.571 20.667 24.5L7 25.572 30.691 TURNIPRI
0.1363 0.1976 0.2005 U.550 0.c.297 0.1389 0.2476 0.2806 0.2817 UUBAR
0.0382 0.0537 0.0531 0.0419 0.0355 0.0385 0.0657 0.0748 0.0765 LOSS PARA
(.6543 0.66208 .6503 0.6349 0.5717 0.5636 0.64C5 0.6887 0.7364 OFAC

.aC6' 0.7540 Q.7444 C.8199 0.0286 P.d112 C.b975 C.7C54 0.7589 EFFP
C.dC27 0.7494 0.7399 0.B165 .99253 3.8074 0.6919 0.6997 c.7537 EFF
9.8CC 7.449 7.153 6.107 5.355 5.029 5.132 6.035 9.802 INC10

. 12O 13.031 16. 15 12.056 11.160 9.576 12.530 12.235 10.924 OEVM
14.607 14.694 14.696 14.694 14.694 14.694 14.694 14.658 14.518 P 1
16.987 16.759 16.644 16.757 16.829 16.882 16.719 16.768 16.863 P 2
510.70 516.700 518.703 510.700 518.710 518.700 518.700 518.70C 518.700 T I
547.180 545.200 544.113 543.330 543.540 544.690 546.870 547.740 548.780 T 2

STATOR A PCT SPAN 95.c5 90.12 85.15 70.15 50.00 29.85 14.84 9.88 4.94 PCT SPAN
C1A 33.203 33.556 33.91) 34.901 36.42n 37.859 38.930 39.285 39.637 01A

STATOR-L.F. BETA Z 53.229 52.042 52.213 49.051 46.079 45.995 51.574 54.864 8.12L1 BETA Z
STATOK-T.E. BETA ZA 2.42C 2.490 2.523 1.90C 2.73C 2.941 2.981 3.322 3.622 BETA 2A

V 2 447.33 416.48 399.22 4c9.08 412.40 415.95 393.88 398.36 408.77 V 2
V 2A 291.71 296.75 294.21 298.39 329.19 321.83 3c7.53 302.35 291.99 V 2A
VZ 2 267.78 251.56 244.61 268.08 282.84 288.75 244.57 229.06 215.70 V0 2
Vi 20 291.44 296.47 293.9? 298.18 328.69 321.16 306.73 301.42 290.95 VZ 2A

V-THETA 2 358.33 331.92 315.49 308.95 299.92 298.95 308.27 325.48 346.82 V-THETA 2
V-THETA 20 12.32 12.09 12.94 L0.31 15.67 15.93 15.97 17.49 10.42 V-THETA 2A
M 2 0.3962 0. 3688 0.3595 0.3628 0.3657 3.3685 0.3477 0C.3515 0.3606 M 2

M 2A 0.2561 0.261C 0.2593 0.2530 0.29s5 0.2836 0.2702 0.2654 0.2559 M 2A
TURNIPRI 50.009 50.352 49.692 47.165 43.928 43.11C 48.528 51.473 54.427 TURNIPRI

UU0AR 0.2216 0.7932 0.0263 0.0665 n.014d 0.9933 0.0499 0.1107 0.2008 UUBAR
LOSS PARA c.0745 0.0317 0.0092 .I0307 0.OS55 0.0359 0.0198 0.0442 0.0809 Loss PARA
DFAC 0.6084 0.5484 0.5242 o.s5305 0.4579 0.4895 0.515so 0.5521 0.6120 DFAC
EFFP 0.6328 0.8199 0.9443 c.8239 U0.9613 3.7790 0.9780 0.7504 0.6070 EFFP
INC 10 6.258 6.641 6.742 5.376 4.427 3.595 .202 10.936 13.589 INCID
DEVM 15.451 15.344 15.254 14.314 14.849 15.546 16.488 17.125 17.768 DEVM
P 2 16.987 16.759 16.644 16. 1657 16029 16.882 16.719 16.7b8 16.863 P 2
P 20 16.601 16.919 16.607 16.631 16.807 16.741 16.652 16.616 16.572 P 2A

T 2 547.180 545.200 544.113 549.300 543.540 544.690 546.870 547.740 548.780 T 2
T 2A 547.183 545.200 544.11) 543.900 543.540 544.690 546.870 547.74a0 548.780 T 2A
UU8AR FS 0.1444 0.1476 0.1272 0. 1067 0.0960 0.1169 0.1195 0.1262 0.1612 UU8AR FS
P2 FS 16.830 16.854 16.802 116.790 16.962 1.8922 165825 16.792 ltS.79 P2 FS
LOSS PARA FSO.0485 0.0502 0.0435 0.0378 0.0356 0.0449 0.0474 0.0503 0.0650 LOSS PARA FS
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INLET
PCT SPAN
DIA
BETA C
BETA 1
V C
V I
VZ O
VZ I
V-THETA U
V-THETA I
M O
H I
TURN
UUBAR
DFAC
EFFP
INC ID
DEVH
P O
P1 I
T 
T I



Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED - 49.65 EQUIVALENT ROTOR SPEEO = 2090.25 CORRECTED WEIGHT FLOW a 72.91

PCT SPAN
O1A
BETA 0
BETA I
V 0
Vt I
VZ 0
VZ I
V-THETA 0
V-THETA I
M 0

TURN
UUBAR
DFAC
EFFP
INCID
DEV8
P 0
P 1
T 0
T I

96.61 91.52 86.39 70.81 49.79 28.83 13.41 8.35 3.34
33.138 33.570 34.006 35.328 37.113 38.892 40.202 40.631 41.056
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

286.85 286.85 286.85 286.85 286.85 286.85 286.85 286.85 286.85
262.97 284.63 285.45 290.47 288.55 282.25 278.49 270.01 252.74
286.85 286.85 286.85 286.85 286.83 286.80 286.77 286.76 286.75
262.97 284.63 285.45 290.47 288.52 282.20 278.41 269.92 252.65

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.2587 0.2587 0.2587 0.2587 0.2587 0.2587 0.2587 0.2587 0.2587
0.2369 0.2566 0.2574 0.2620 0.2602 0.2545 0.2510 0.2433 0.2276

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1587 0.0 0.0 0.0 0.0 0.0 0.0 0.0704 0.2036
0.083 0.008 0.005 -0.013 -0.006 0.016 0.029 0.059 0.119

33.1357 1.0000 0.9995 1.0000 1.0028 0.9996 0.9998 2.5044 9.0026
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
-0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
14.694 169 69 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694
14.588 14.694 14.694 14.694 14.694 14.694 14.694 14.647 14.558

518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700
518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700

ROTOR A PCT SPAN 95.00 90.01 85.00 70.01 50.02 30.02 15.01 10.00 4.98
DIA 33.235 33.621 34.006 35.163 36.705 38.247 39.405 39.791 40.178

ROTOR -L.E. BETA I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ROTOR -T.E. BETA 2 34.746 32.206 29.548 27.051 26.080 24.579 23.577 23.593 23.729

BETA(PRI 1 47.639 45.769 46.043 46.603 48.231 50.220 51.517 52.665 54.752
BETAIPRI 2 21.519 20.186 19.515 22.367 26.324 30.743 33.520 35.472 43.061
V 1 275.63 297.97 298.83 304.13 301.52 294.46 290.65 281.88 263.92
V 2 339.09 363.30 386.99 390.57 378.95 365.13 357.70 345.48 292.17
VI 1 275.62 297.97 298.83 304.10 301.37 294.12 290.13 281.30 263.31
VZ 2 278.63 307.40 336.66 347.78 340.13 331.53 327.07 315.77 266.68
V-THETA 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V-THETA 2 193.26 193.62 190.84 177.59 166.48 151.64 142.74 137.91 117.22
V(PRI 1 409.1 427.2 430.5 442.6 452.5 459.9 466.6 464.2 456.6
VIPRI 2 299.5 327.5 357.2 376.1 379.7 386.3 393.1 388.5 365.7
VTHETA PRI -302.3 -306.1 -309.9 -321.6 -337.4 -353.3 -365.0 -368.8 -372.6
VTHETA PR2 -109.9 -113.0 -119.3 -143.1 -168.3 -197.2 -216.6 -225.0 -249.2
U 1 302.26 306.07 309.92 321.61 337.43 353.26 364.96 368.80 372.61
U 2 303.12 306.64 310.15 320.70 334.76 348.83 359.39 362.91 366.44
# 1 0.2484 0.2688 0.2696 0.2745 0.2721 0.2656 0.2621 0.2541 0.2377
# 2 0.3023 0.3246 0.3464 0.3500 0.3393 0.3269 0.3201 0.3089 0.2606
MIPRI 1 0.3687 0.3854 0.3884 0.3995 0.4083 0.4148 0.4208 0.4185 0.4113
I(PRI 2 0.2670 0.2926 0.3198 0.3371 0.3401 0.3459 0.3517 0.3474 0.3261

TURNIPRI 26.119 25.583 26.529 24.238 21.912 19.491 18.020 17.222 11.730
UU8AR 0.2279 0.1885 0.0827 0.0278 0.0522 0.0553 0.0563 0.0584 0.1046
LOSS PARA 0.0616 0.0520 0.0232 0.0079 0.0151 0.0160 0.0163 0.0166 0.0270
DFAC 0.4052 0.3665 0.3022 0.2735 0.2787 0.2702 0.2627 0.2661 0.2891
EFFP 0.4637 0.5193 0.6607 0.7450 0.6899 0.6874 0.6436 0.6257 0.4690
EFF 0.4603 0.5160 0.6579 0.7428 0.6874 0.6850 0.6410 0.6231 0.4662
INCIO -4.203 -6.509 -6.647 -7.454 -7.833 -7.843 -7.928 -7.213 -5.906
OEVN 13.770 10.888 8.596 6.664 5.639 5.880 5.967 7.337 14.177
P 1 14.588 14.694 14.694 14.694 14.694 14.694 14.694 14.647 14.558
P 2 15.251 15.408 15.565 15.610 15.546 15.490 15.459 15.386 15.100
T 1 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700
T 2 533.100 532.420 531.783 530.870 530.950 530.200 530.520 530.490 530.380

PCT SPAN
D01A
8ETA 0
BETA 1
V 0
V I
VZ 0
VZ I
V-THETA 0
V-THETA 1
M 0
11
TURN
UUBAR
DFAC
EFFP
INCID
DE VM

P 0
P I
T 0
T I

PCT SPAN
DIA
BETA I
BETA 2
BETAIPRI I
BETA(PRI 2
V I
V 2
VZ I
VZ l
V-THETA I
V-THETA 2
V(PR) 1
V(PRI 2
VTHtTA PRI
VTHETA PR2
U I
U 2
MI
M 2
N(PRI I
MIPRI 2
TURN(PRI
UUBAR
LOSS PARA
DFAC
EFFP
EFF
INCID
DEVI

P 1
P 2
T 1
T 2

STATOR A PCT SPAN 95.05 90.12 85.15 70.15 50.00
DIA 33.203 33.556 33.910 34.981 36.420

STATOR-L.E. BETA 2 34.501 31.951 29.319 26.915 25.914
STATOR-T.E. BETA 2A 0.680 1.005 1.045 -0.200 -1.140

V 2 341.25 366.00 389.93 392.75 381.72
V 2A 312.53 338.49 346.13 377.35 387.47
VZ 2 281.23 310.85 339.98 350.15 343.12
VZ 2A 312.51 338.44 346.07 377.31 387.23
V-THETA 2 193.29 193.69 190.93 177.76 166.72
V-THETA 2A 3.71 5.94 6.31 -1.32 -7.71
1 2 0.3043 0.3270 0.3491 0.3520 0.3419
N 2A 0.2783 0.3020 0.3091 0.3379 0.3472
TURN(PRI 33.821 30.946 28.273 27.110 27.037
UUBAR 0.0938 0.1109 0.1955 0.0835 0.0033
LOSS PARA 0.0316 0.0377 0.0673 0.0297 0.0012
OFAC 0.2713 0.2499 0.2755 0.2015 0.1546
EFFP 0.4394 0.2649 0.1172 -0.0326 1.1039
INCIO -12.470 -14.250 -16.152 -16.759 -16.333
OEVN 13.711 13.859 13.779 12.134 10.980
P 2 15.251 15.408 15.565 15.610 15.546
P 21 15.162 15.286 15.319 15.503 15.542
T 2 533.100 532.420 531.780 530.870 530.950
T 2A 533.100 532.420 531.783 530.870 530.950
UUBAR FS 0.1304 0.1242 0.1122 0.0684 0.0459
P2 FS 15.287 15.422 15.442 15.592 15.600
LOSS PARA FS 0.0439 0.0422 0.0386 0.0243 0.0166

29.85 14.84 9.88 4.94
37.859 38.930 39.285 39.637
24.369 23.324 23.322 23.445
-1.240 -0.095 -0.340 -1.451
368.73 362.10 350.01 296.17
376.07 368.99 351.37 319.08
335.43 331.83 320.68 271.02
375.66 368.53 350.87 318.48
151.94 143.07 138.25 117.53
-8.13 -0.61 -2.08 -8.06

0.3302 0.3241 0.3130 0.2642
0.3370 0.3304 0.3143 0.2849
25.573 23.369 23.605 24.829
0.0311 0.0793 0.1207 0.0140
0.0120 0.0314 0.0483 0.0056
0.1479 0.1390 0.1573 0.0947
1.7358 2.9738 16.0039 1.0844

-18.019 -20.030 -20.589 -21.073
11.469 13.415 13.468 12.704
15.490 15.459 15.386 15.100
15.455 15.373 15.264 15.090

530.200 530.520 530.490 530.380
530.200 530.520 530.490 530.380

0.0521 0.0969 0.1152 0.1988
15.515 15.482 15.377 15.265
0.0201 0.0383 0.0460 0.0795
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INLET

PCT SPAN
BETA 2

8ETA 2A
V2
V 2A
VZ 2
VZ 2A
V-THETA 2
V-THETA 2A
N 2
1 2A
TURNIPRI
UUBAR
LOSS PARA
OFAC
EFFP
INCID
DEVN

P 2
P 2Z
T 2
T 2A
UUtAR FS
P2 FS
LOSS PARA FS



Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

C4LCULT IONS USING TR4NSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 49.92 EQUIVALENT R8TOR SPEED . 2101.63 CORRECTED WEIGHT FLOW . 66.34

INLET GUIDE
VANE PCT SPAN

DIA
I .G.V.-L.E. BETA 0
I .G.V.-T.'. BETA 1

V T
V I
VZ u
VZ I
V-THETA O
V-THtTA I
M O
M 1
TURN
UUBAR
DPAC
EFFP
INC ID
DEVM
P 0
P 1
T 0
T I

96.61 91.52 86.39 70.91 49.79 28.83 13.41 8.35 3.34
33.138 33.570 34.006 35.328 37.113 38.892 40.202 40.631 41.056
G.000 0.000 0.000 0.000 0.000 0.CO00 0.0 0.000 0.000
0.00C 0.000 0.0 0.000 0 000 0.000 0.000 0.000 0.000

259.52 259.52 259.52 259.52 259.52 259.52 259.52 259.52 259.52
247.47 261.57 263.78 266.48 264.74 211.30 256.01 255.64 226.40
259.52 259.52 259.52 259.52 259.50 2529.48 259.45 259.44 259.43
247.47 261.57 263.78 266.48 264.72 261.25 255.94 255.56 226.32

0.00 -0.00 O.O 0.30 0.00 0.00 0.OC 0.00 0.00
0.00 0.00 5.0)o . .0 o.00oo o.oc 0.00 0.00oo

0.2337 C.2337 0..2337 02337 0.2337 0.2337 0.2337 0.2337 0.2337
C.2228 0.2356 0.2376 J.2401 0.2385 0.2353 C.2305 C.2302 0.2036

0.0 O 0.0 0 .0 0.0 O.n O.n 0.0 0.0
0.1167 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2261
0.046 -0.008 -0.016 -0.027 -0.020 -0.007 0.014 0.015 0.128

-3.8555 0.9947 0.9986 1.0001 0.9990 0.9993 1.0006 1.0009 14.0294
C.OOCl 3.0001 C.00 01 0.0001 0. O OO0001 0.0001 0.001 0.0001 0.0001
-0. 000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
14.694 14.634 14.694 14.694 14.694 14.694 14.694 14.694 14.694
14.630 14.694 14.694 4.94 14.694 14.694 14.694 14.694 14.570

518.700 518.700 518 .700 518.700 518.700 518.7CC 518.700 518.700
518.700 518.700 518.700 518.700 518.1 518.700 518.700 518.700 518.700

RCTOR A PCT SPAN 95,00 90.,31 85.00 70,01 50,02 30.02 15,01 IO.OO 4.98
DIA 33,235 33.621 34.006 35.163 36.705 38,247 39.405 39.791 40.178

ROTOR -L*E. 5ETA I 0.0C0 0.000 O. 000 0.000 0,000 O.OOO O.OOO 0.000 0.000
ROTOR -TE, BETA 2 38.569 36.48S 33.720 30.580 29.668 28.41S 28.351 28.968 30.561

8ETAIPRI [ 69.530 48.353 48.467 49.230 50.834 52.539 54.001 54.520 57.818
BETAIPRI 2 21.667- 21.019 21.585 23.283 27.206 30.983 34.258 35.770 39.32[
V I 259.30 273.68 276.01 278,86 276.50 272.48 267.08 266°80 236.30
V 2 326.28 341.22 352,69 366.81 357,03 340.84 337.10 328.16 304°34
VZ I 250.29 273.68 276,01 278,83 276.37 272.16 266,59 266.25 235.76
VZ 2 255.10 274.35 293.35 315,74 310.02 307.25 296.02 286.41 261.38
V-THETA 1 O. OC 0.00 0.00 0.00 O.OO 0.00 0,00 O, OO 0,00
V-THETA 2 203.42 202.89 105,78 186.88 176.60 166.24 159.73 155.55 15&.34
viP~I I 390.5 411.8 416.3 427.0 437.7 447.7 453.8 456,8 442.0
V(PR! 2 274.5 203.9 315.5 343.B 349.! 358.q 358.8 353.7 538.6
VTHETA PR1 -303,0 -307.7 -3t1.6 -323.4 -339.3 -355.2 -386,0 -370. B -374.6
VTHETA PR2 -101.3 -205.4 -116.1 -135.9 -160.0 -184.5 -201.6 -206.3 -214.1
U I 303.91 307.74 311.61 323.37 339.27 355.15 366.95 370.81 374.64
U 2 304.77 308.3i 311.84 322,a5 336.59 350.73 361o35 364.89 368.4t
H [ 0.2335 0.2466 0.2488 0.2514 0.Z402 G.2455 0.2k06 0.2404 0.2[26
M 2 0.2907 0.3045 0.3150 3.3251 0.3191 0.312S 0.3009 0.2929 0.2713
MIPR) I 0.3595 0.3711 0.3752 0.3849 0.3945 0.4034 0.4089 0.4115 0.3085
MIPRI 2 0,2445 0.2622 0.2818 0.3075 0.3120 ¢,3206 0.3204 0.3157 0.3018
TURNIPR) 27.562 27.333 26.881 25.048 23.545 2[.570 19.768 18.581 18.537
UURAR 0.2255 C. 1967 0.1136 0.03~6 0.0429 0.0477 0.0701 0.0996 0.1012
LOSS PARA 0. C608 0.0539 0.0314 0.0112 0.0123 0.0137 0.0201 0.0283 U.0277
CFAC C.4609 0.4312 0.3820 0.3291 0.3317 0.3223 0.33C4 0.3462 0.3578
EFFP 0,5065 0.5620 0°6462 0,7376 0.7II2 0.6875 G.b560 0,6240 0.6232
E~F C.5031 0.5588 0.6433 0.7353 0.7086 0.6848 0.6535 006211 0.6204
iNCID -2.312 -3.926 -4.224 -4.827 -5.230 -5,523 -5.442 -5.557 -2.837
OEVM 13. qI8 lI.721 10.666 7,581 6o610 6.121 6.705 7.654 10.439
P t 14.630 14.694 t4.594 14.694 14o604 14*694 14.694 14.694 14.570
P 2 15,370 15.470 15,560 15.650 15.630 15.600 15.550 15.500 15.360
T I 518.700 518.700 518.700 518.700 518.700 518.700 518.70C 518.700 5t8,700
f 2 533,340 532.450 532.000 531.520 531.730 531.760 531.650 531.540 531.410

ST~TOR A PCT SPAN 05.05 90. I2 55,I5 70.15 50,00 20.55 14.84 9.88 4.94
OlA 33.203 33.556 33.910 34,981 36.420 37.850 38.030 39.285 39,637

STATOR-L .E. BETA 2 38.290 36.190 33.457 30.426 20.479 28,170 28.044 28.630 30.179
STATOR-T.E. BETA 2A 0.400 0,400 0°470 0.580 -0.250 -0.810 0.650 0.560 -0.070

V 2 328.34 343.73 355.31 368.82 35~.60 353.26 341.19 352.42 308.53
V 2A 272.6T 291.29 209.13 335.59 344.1l 362.62 334.47 314.76 280.4T
V2 2 257.71 277.41 296.43 317.98 312o86 3[1.02 '300.56 29[.16 266.10
VL 2A 272.66 291.28 299.11 335.54 343.06 342.30 334.02 314o30 2B9.01
V-THETA 2 203.46 202.96 195.85 186.75 176,85 [66.56 160,10 156o04 154.75
V-THETA2A 1.00 2.03 2.45 3.40 -[.50 -4.84 3,79 3,07 -0.35
N 2 0.2925 0,3057 0.3174 0.3299 0o3214 0.3156 0.3047 0.2967 0o2751
M 2A n.2423 0.2593 0.2664 0.2996 3.3075 0.3061 C.2986 0.2807 0.2579
TURN(PR) 37.890 35.790 32.986 29.54O 20.710 28.241 27.336 . 28.005 30,[?3
UUBAR 0.[467 0.1433 0,1511 0,0704 0.0003 0,0192 0.0413 0.1089 0.1144
LOSS PARA G.0492 0°0486 0.0622 0.0250 0°0034 0.0074 0,0163 0.0436 0.0462
OFAC 0.375T 0.3511 0.3453 J.2669 0,2271 0.2175 G,2021 0.24[8 0.2660
EFFP C. 5419 0.5089 0.4001 0.6083 0.895[ 3.6001 -0.0165 -0,0162 0.0728
INCIO -8.681 -LO.Ott -12.014 -13,245 -12.770 -14.222 -[5.318 -15.290 -14.351
DEVM 13.431 13.254 [3.204 12.914 11.870 lhR98 14,160 14.368 14.052
P 2 15,370 15.470 15.560 15.650 15.630 15.600 15.550 15.500 15.360
P 2A [5,240 [5.330 15.370 15,5T0 15.620 15o580 [5,5[0 [5,400 15,270
T 2 533.340 532.450 532.000 531.520 531.730 531.760 531.650 531o540 531.410
T 2A 833,340 532.450 532.000 531.520 531.730 531,260 531.650 531.540 531.410
UU8AR FS 0.12A7 0.1100 0.1125 0.0539 0.0365 0.0394 0.0846 0.1451 0.1787
P2 FS 15.377 15.665 1S.492 15.645 15.680 15.825 15.602 ,15.542 15.635
LOSS PARA FS 0.0418 0.0373 0.0386 0.0191 0.0126 0.0151 0.0333 0.0580 0.0721

PCT SPAN
I A

BETA 0
BETA L
VO
V I
VZ O
VZ I
V-THETA 0
V-THETA I
M O
M I
TURN
UU8AR
DFAC
EFFP
INCID
DEVM

P 0
P I
T O
T I

PCT SPAN
D14
BETA 1
BFTA 2
BETAI(PR 1
BETAIPRI 2
V I
V 2
VZ 1
VZ 2
V-THETA 1
V-THETA 2
VIPRI I
V(PRI 2
VTHETA PR1
VTHETA PR2
U 1
U 2
M I
M 2
MIPRI I
M(PRI 2
TURNIPRI
UUA84R
LCSS PARA
D)FAC
EFFP
EFE
I NCID
DEVM

P I
P 2
T I
T ?

PCT SPAN
DIA
BETA 2

IETA 2A
V 2
V 2A
VZ 2
VI 2A
V-THETA 2
V-THETA 2A
M 2
M 2A
TURNIPR)
UUBAR
LCSS PARA
DFAC
EFFP
INCID
DEVM

P 2
P 2A
T 2
T 2A
UUBAR FS
P2 FS
LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor 6 - StatOz A

CRLCULATIONS USINO TRANSLATED VALUES
PERCENT EUUIVALENT ROTOR SPEED = 49.59 EQUIVALENT ROTOR SPEED - 2087.78 CORRECTED HEIGHT FL(~ - 61.36

INLET
PCT SPAN 96.61 91.52 86.39 70.81 49.79 28,83 13.41 8.35 3,34 PCT SPAN
016 33.13B 33.570 34.006 35,328 37.113 38.891 400202 60.631 61.056 DIA
BETA 0 0.000 O, OO0 O.OO0 0.000 0.000 0,000 0,000 0,000 0.000 BETA 0
BETA I O.000 0.000 0.000 0.000 0.000 O.00O 00000 O.00O 0,000 BETA [
V 0 239,09 239.09 239,09 239,09 239,09 239.09 239.09 239,09 239,09 V 0
V I 222.7B 240.74 260.74 245.9B 244.01 241.52 235,94 233012 111055 V 1
Vl 0 239,09 239,09 239,09 239.09 239°07 239.03 239,03 239,02 239,01 VZ 0
VZ I 222078 240.74 240.74 245.97 243.99 241.48 235.87 233.05 211.67 VZ l
V-THETA O 0.O0 O, O0 OO0 O.00 OO0 0,O0 O000 0,00 O. 00 V-THETA 0
V-THETA I OoO0 O. OO 0,00 OOO 0.00 OOO O, OO 0,00 0,00 V-THETA 1
H 0 0.2152 0.2152 0.2132 0.2152 002152 0.2152 002132 0.2152 0.2152 N O
N I 0.2004 0.2167 0.2167 0.2214 0.2196 0.2176 002123 0.2097 0.1902 H 1
TURN 0.0 0,0 O,0 0.0 0,O O.O OeO 0,0 0.0 TURN
UUBAR 0.1587 0,0 0.0 OO O.O 0,0 0.0 0.0 0,1801 UUSAR
OFAC 0.068 -O.007 -0.007 -0.029 -0.021 -00010 00013 0.025 0.115 DFAC
EFFP -5,4500 100033 1,0033 0,9994 0.9998 0,9995 0.9989 0.9994 504238 EFFP
INCID 000001 0,0001 O.00Ol OoOOOZ 000001 0.0001 O.00Ol O.OOOl 0,0001 INCIO
OEVN -0, O00 -0, O00 -O.O00 -00000 -O,000 -0.000 -O.000 -OoOOO -0,000 DEVN
P 0 14.694 14.694 14.694 14.694 160694 14.694 14o694 16.694 14.694 P 0
P I 14.620 /4.694 14.694 14.696 140696 140694 14.694 14.694 14.610 P 1
T 0 S180700 518*700 518,700 518.700 518,700 SIS. TO0 518,700 518,700 518,700 T 0
T I 518.700 518.700 518.700 S180700 318.700 5180700 518*700 318.700 518.700 T 1

ROTOR A PCT SPAN 950C0 90.01 85,00 70,01 50.01 30.02 1B.01 lB*00 4.98 Pet SPAN
DIA 33.235 33.621 34.006 350163 36.705 38.267 39.608 39.791 60.178 016

ROTOR -LE. BETA I O.00O 0,000 O. 000 00000 O.000 00000 OOOO 0,000 0,000 BETA 1
ROTOR -T.E. BETA 2 42.045 39. 730 37.069 34.210 33.016 31.860 3h908 32.744 34.897 BETA 2

BETAIPR) I 52.306 50.525 80.876 51.310 52.930 540523 56.031 560620 59.194 BETAIPR) 1
BETA(PR) 2 190864 21.491 23.385 26.660 27.68B 31.297 33.496 360858 610843 8ETAIPR) 2
V I 233.31 251.78 251.70 287.29 254.75 251.76 266004 24B020 220074 V 1
V 2 324.29 325.14 326*78 340.27 341000 334.12 329o8B 310.12 280.80 V 2
VZ I 233031 251070 251.78 257.26 254.62 251.47 245.59 242.70 220.24 VZ 1
VZ 2 26008) 250.06 260.67 281.35 265.76 263.40 279.47 260.26 229.76 VZ 2
V-THETA I 0o00 0.00 0*00 O.OQ 0.00 0000 0000 0000 0o00 V-THETA 1
V-THETA 2 217018 207o82 197.07 191.28 185.69 176,13 174001 167.37 160.26 V-THETA 2
V(PR) I 38105 396.0 39900 61106 42205 43305 43908 66106 632.7 VIPRI l
V(PRJ 2 25506 268.7 28400 309.6 32203 33201 335.8 325.9 309.0 VIPR) 2
VTHETA PR 1 -301.9 -305.7 -309.6 -321,2 -337.0 -352,8 -3640 S -368,4 -372.2 VTNE7A PRI
VTHETA PR2 -8506 -98.S -112,7 -129.0 -148.T -172.3 -185.0 -195.1 -2OSoT VTHETA Pl~
U I 301090 305.71 309.55 321.23 337,03 352.86 364.53 36B.36 372.17 U 1
U 2 302076 306.27 309079 320.32 334037 368.62 358096 362.48 366.01 U 2
N I 0.2099 0.2267 0.226? 0.2317 002294 002267 002215 0.21B9 0.'1985 # 1
H 2 0.2893 002906 002922 0.3046 003052 0.2990 0.2949 O*2TTO 0.2505 N 2
HIPR! I 0.3433 0,3566 003593 003706 0.3804 003903 0.3959 0,3973 003891 NIPRI 1
#(PRI 2 002280 002402 002539 002772 0.2888 0.2972 0.3002 0.2911 0,2757 NIPRI 2
TURNIPR) 320739 29.034 27.692 26.673 25.448 230241 22.560 19.795 170584 TURNIPRI
UUBAR 0.1763 0.1819 001239 000635 000531 0.0&59 0.0564 0.1048 001263 UUBAR
LOSS PARA 000403 0.0497 000338 O.OlTT 0o0152 0.0132 000163 000294 0.0333 LOSS PAPA
OFAC O,64PJT 0,4758 006351 0,3905 0,3779 0,3695 0.3726 0,3932 0,4157 OFAC
EFFP Oe&T'O 0,7368 007969 009154 009157 0.9342 0.8685 0,7723 0,7617 EFFP
EFF O,6TA3 0.7347 007952 0.9147 009150 0,9336 0,8673 O, 7705 0.7398 EFF
INCl, 0 462 -1.753 -10814 -2.746 -30136 -3.538 -3.412 -3.256 -1.269 INCl,
DEV# 110814 12.193 120466 8.937 6oB02 6.434 5.944 80722 12.960 OEV#
P I 16.620 14.694 140694 14.694 14.694 14.694 14.696 14.694 14.610 P 1
P 2 15.510 15.530 15.560 15.640 15.665 15.660 150660 15·550 IS.6OO P 2
T I 518.700 518.700 518.700 518.700 BIB·700 51B.700 5lB.TO0 5lB.TO0 518.700 T 1
T 2 531.760 S29.950 S29.460 8280900 5290160 528.900 529.680 5290680 529.330 T 2

STBTOR A PCT SPAN 95.05 90,12 85015 70.15 50,00 29085 14.84 9.88 6094 PCT SP6N
DIA 33.203 330556 330910 360981 36.420 37.859 38.930 390285 390637 DIA

STATOR-L.E. BETA 2 41.730 39.602 36.797 34.036 32.803 31.582 3loSST 32.354 36.694 BETA 2
STATOR-T.E. BETA 2A 10430 0.980 00530 -0.280 -0.410 -0. 340 1.240 1.431 10041 BETA 26

V 2 326034 327.51 329.17 342.11 363.43 337.35 333.87 316.15 264*62 V 2
V 26 252.62 265.74 276.25 298.32 317,14 315.37 317.72 295.14 270.39 V 26
VZ 2 243. SS 253,0T 263059 2B3.46 288.51 287.05 286*00 264oB6 234*20 VZ 2
VZ 26 252.56 265.70 274.23 298.28 117*01 315.10 317.24 294.63 269*92 VZ 26
V-THETA 2 217.22 207*89 197.16 191.45 IB5.95 I76.67 I76*42 167.78 160.69 V-THETA 2
V-THETA 26 6.30 4.55 2.54 -1o46 -2.27 -1.87 ' 6.87 7.36 4.90 V-THETA 26
# 2 0.2911 0.2927 0.2964 0.3068 0.3074 0.3020 0.2986 0.2806 0.2560 # 2
N 26 0.2246 0.2368 0.2446 0.2665 002835 0.2820 0.2839 0o2636 0.2611 N 26
TURNIPR! 40.299 38.422 36.266 36.310 33.193 31.880 30.256 30*894 33.336 TURN(PRI
UUBAR 0.1805 0.1338 0.1211 0.0711 0.0050 0.020B 000426 0.0606 0.0296 UUBAR
LOSS PARA 0.0606 0*0454 0.0416 0.0252 0.0019 0*0080 0*0169 0.0262 0.0120 LOSS PARA
DFAC 0.4429 0.3995 0.3701 0.3264 0.2799 0.2693 0.24B2 0*2660 0.2724 DFAC
EFFP 0.5626 0.6203 0.6165 0.7142 0.9671 0oB612 0.5656 0.5016 0,7049 EFFP
INCID -S.241 -6.799 -8.676 -9.639 -9.667 -10.813 -11.810 -II.571 -10.081 INC iO
DEVR IA.461 13.836 13.264 12.054 11.TlO 12. 368 14.749 IS.237 15.191 OEVN
P 2 15.510 15.530 15.560 15.640 15.665 15.660 15.660 15.550 IS.400 P 2
P 2A 15.350 15.610 15.450 15.570 15.660 15.640 15.B20 IS.800 15o380 P ZA
T 2 S31.760 S29.950 529.460 528.900 529.160 528.900 ' S29.680 529.680 529*330 T 2
T 26 S31,760 529.950 529.460 526.900 S29.160 528.900 529*680 529*680 529*330 T 26
UUBAR FS 0,X757 0.0989 0.0810 0.0/+35 0,0408 0.0369 0.0646 0.12B5 0.2033 UUBAR FS
P2 FS 15.540 15.527 15.540 15.620 15.712 15.675 25.672 15.625 15.565 P2 FS
LOSS PARA FS 0,0589 0.0333 0.0278 0.0154 0.0155 0.0141 0.0256 0.051& 0.0824 LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Rotor A - Stator A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED - 49.82 EQUIVALENT ROTOR SPEED * 2097.29 CORRECTED WEIGHT FLOW - 5s.Oi

INLET
VANE 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 O 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 8ETA O
BETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 8ETA I
V 0 217.45 217.45 217.45 217.45 21745 217.45 217.45 217.45 217.45 V O
V 1I 203.64 218.00 223.26 223.67 224.06 221.35 215.40 215.09 188.53 V I
VI 0 217.45 217.45 217.45 217.44 217.43 217.41 217.39 217.38 217.37 VI 0
VI 1 203.64 218.00 223.26 223.67 224.04 221.31 215.34 215.02 188.47 VI 1
V-THETA O 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

0.155 0.1955 0.1955 0.1955 0.1955 0.195 95 0.1955 0.195 5 0 .1955 .9 O 0
" 1 0.1830 0.1960 0.2008 0.2012 0.2015 0.1991 0.1937 0.1934 0.1694 N 1
TURN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TURN
UU8AR 0.1656 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2432 UU8AR
OFAC 0.063 -0.003 -0.027 -0.029 -0.030 -0.018 0.009 0.011 0.133 OFAC
EFFP -3.0629 0.9860 0.9995 0.9996 1.0000 1.0018 0.9991 0.9994 30.0993 EFFP
INCID 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 INCID
DEVN -0.000 -0.000 -0.000 -0.000 -0.000 -0.000o -0.000 -0.000 -0.000 OEV
P 0 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.694 P O
P 1 14.630 14.694 14.694 14.694 14.694 14.69* 14.694 14.694 14.600 P 1
T 0 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 T O
T 1 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 518.700 7 1

ROTOR A PCT SPAN 95.00 90.01 85.00 70.01 50.02 30.02 15.01 10.00 4.98
DIA 33.235 33.621 34.006 35.163 36.705 38.247 39.405 39.791 40.178

ROTOR -L.E. BETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ROTOR -T.E. BETA 2 44.697 43.979 42.113 38.355 36.693 35.993 36.186 37.058 39.352

8ETAIPRI 1 54.894 53.420 53.107 54.072 55.383 56.976 58.530 58.828 62.309
BETAIPRI 2 18.847 21.718 24.809 27.408 29.995 33.269 35.009 36.815 43.161
V 1 213.20 227.91 233.42 233.86 233.83 230.66 224.54 224.32 196.66
V 2 321.50- 313.63 307.05 313.32 316.94 313.29 312.58 304.07 . 271.07
VI 1 213.19 227.91 233.*2 233.83 233.71 230.39 224.14 223.86 196.21
VZ 2 228.54 225.68 227.77 245.66 254.00 253.17 251.82 2*2.17 209.17
V-THETA 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V-THETA 2 226.13 217.78 205.91 194.40 189.27 183.89 18*4.21 182.87 171.52
VIPRI 1 370.7 382.4 388.8 398.5 411.5 422.9 429.5 432.7 422.4
VtPR\ 2 241.5 242.9 250.9 276.8 293.5 303.2 308.0 303.1 287.3
VTHETA PRI -303.3 -307.1 -311.0 -322.7 -338.6 -354.4 -366.2 -370.0 -373.9
VTHETA PR2 -78.0 -89.9 -105.3 -127.4 -146.6 -166.1 -176.4 -181.3 -196.2
U 1 303.28 307.10 310.96 322.70 338.57 354.45 366.19 370.04 373.86
U 2 304.14 307.67 311.20 321.78 335.89 350.00 360.60 364.13 367.67
K 1 0.1917- 0.2050 0.2100 0.2104 0.2104 0.2075 0.2020 0.2017 0.1767
N 2 0.2863 0.2796 0.2738 0.2795 0.2828 0.2795 0.2787 0.2708 0.2411
HIPRI 1 0.3333 0.3440 0.3498 0.3586 0.3702 0.3804 0.3863 0.3892 0.3796
MIPRI 2 0.2151 0.2165 0.2237 0.2469 0.2618 0.2705 0.2746 0.2700 0.2555
TURNIPRI 36.046 31.702 28.298 26.666 25.396 23.725 23.550 22.048 19.194
UUBAR 0.1279 0.1837 0.1508 0.0911 0.0772 0.0725 0.0869 0.1098 0.1185
LOSS PARA 0.0351 0.0502 0.0407 0.0249 0.0215 0.0204 0.0247 0.0308 0.0306
OFAC 0.5260 0.5322 0.5121 0.4553 0.4342 0.4283 0.4304 0.*463 0.4623
EFFP 0.6881 0.6757 0.6927 0.7492 0.7645 0.7841 0.7499 0.6933 0.6511
EFF 0.6851 0.6729 0.6901 0.7470 0.7624 0.7821 0.7475 0.6906 0.6481
INCID 3.053 1.142 0.417 0.015 -0.680 -1.084 -0.910 -1.046 1.659
DEVM 11.098 12.420 13.890 11.705 9.308 8.405 7.454 8.678 14.277
P 1 14.630 14.694 14.694 14.694 14.694 14.694 14.694 14.694 14.600
P 2 15.640 15.600 15.585 15.630 15.660 15.675 15.685 15.650 15.485
T 1 518.700 518.700 518.700 518.700 518700 518.700 518.700 518.700 518.700
T 2 533.280 531.990 531.450 531.060 531.190 531.060 531.760 532.350 532.270

PCT SPAN
DIA
8ETA I
BETA 2
8ETAI PRI I
8ETAIPR1 2
V I
V 2
VI I

VI 2
V-THETA I
V-THETA 2
VIPRI I
VIPRI 2
VTHETA PRI
VTHETA PR2
U I
U 2

I
2

NIPRI I
HIPRI 2
TURNIPRI
UUBAR
LOSS PARA
DF AC
EFFP
EFF
INCID
DEVH
P1
P 2
TI
T 2

STATOR A PCT SPAN 95.05 90.12 85.15
DIA 33.203 33.556 33.913

STATOR-L.E. 8ETA 2 44.352 43.595 41.768
STATOR-T.E. BETA 2A 1.010 1.230 1.260

V 2 323.53 315.93 309.27
V 2A 234.64 248.94 248.65
V1 2 231.34 228.80 230.67
VI 2A 234.60 248.89 248.59
V-THETA 2 226.17 217.85 206.01
V-THETA 2A 4.14 5.34 5.47
8 2 0.2882 0.2816 0.2758
N 28 0.2082 0.2213 0.2211
TURNIPRI 43.342 42.365 40.507
UUBAR 0.2054 0.1076 0.0686
LOSS PARA 0.0689 0.0365 0.0235
OFAC 0.5052 0.4405 0.4189
EFFP 0.5782 0.7243 0.8118
INCID -2.619 -2.606 -3.703
OEVN 14.041 14.084 13.994
P 2 15.640 15.600 15.585
P 2A 15.460 15.510 15.530
T 2 533.280 531.990 531.450
T 2A 533.280 531.990 531. 450
UUBAR FS 0.1202 0.1099 0.1000
P2 FS 15.570 15.610 15.617
LOSS PARA FS 0.0403 0.0372 0.0342

70.15 50.00 29.85 1*4.84 9.88 4.94
34.981 36.420 37.859 38.930 39.285 39.637
38.151 36.454 35.669 35.775 36.608 38.836

0.270 -0.110 0.080 1.951 2.231 1.651
315.02 319.16 316.32 316.35 307.96 274.74
264.63 278.31 285.59 290.05 271.71 251.66
247.69 256.59 256.70 256.25 246.78 213.61
264.59 278.19 285.35 289.52 271.12 251.16
194.58 189.54 184.25 184.64 183.33 171.97

1.25 -0.53 0.40 9.86 10.56 7.24
0.2811 0.2848 0.2822 0.2821 0.2743 0.2444
0.2356 0.2479 0.2545 0.2583 0.2416 0.2236
37.875 36.543 35.545 33.760 34.305 37.103
0.0719 0.0058 0.0059 0.0296 0.1003 0.0079
0.0255 0.0022 0.0023 0.0117 0.0401 0.0032
0.3782 0.3490 0.3217 0.3032 0.3435 0.3277
0.7633 0.9768 0.9690 0.8203 0.5605 0.9522
-5.524 -5.797 -6.728 -7.595 -7.321 -5.703
12.604 12.010 12.788 15.458 16.036 15.800
15.630 15.660 15.675 15.685 15.650 15.485
15.570 15.655 15.670 15.660 15.570 15.480

531.060 531.190 531.060 531.760 532.350 532.270
531.060 531.190 531.060 531.760 532.350 532.270

0.0373 0.0370 0.0482 0.0654 0.1228 0.1681
15.612 15.707 15.712 15.717 15.675 15.610
0.0132 0.0140 0.0187 0.0254 0.0490 0.0680

PCT SPAN
DIA016
BETA 2
BETA 2A
V 2
V 28
VZ 2
VZ 2A
V-THETA 2
V-THETA 2A
82
8 26
TURNEPRI
UU8AR
LOSS PARA
OFAC
EFFP
INCID
DE V

P 2
P 28
72
T 26
UUBAR FS
P2 FS
LOSS PiRA FS
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Table A-3. Blade Element Performance (Continued)

BriBe A Rotor A ° 8titor A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEEO - 49,78 EQUIVALENT ROTOR SPEED - 2095055 CORRECTED NE IG~T FLOg - 48090

INLET
PCT SPAN 96,61 91o 52 66039 70,81 49,79 28,83 i3,41 8, 35 3034 PCT SPAN
OiA 330138 33.570 34.006 350328 37.113 38.892 40.202 40.631 410056 OIA
BETA O 00000 O, OO0 0,000 0,000 O*00O OOOO 0,000 00000 0*000 BETA O
BETA I 00000 0,000 0,000 O,00D 0,000 00000 0,000 00000 O*OO0 BETA 1
V O 188098 188.98 188.98 188.98 188098 188.98 188098 168096 188098 V 0
V I 171.86 187.65 192.40 193.65 194028 191.80 192.45 184.69 160.4! V 1
V2 0 188.98 188098 188.98 188.98 i88.96 188.95 180.93 189.92 108.9! Vl D
VZ I 171086 187.65 192.40 193.65 194.26 191.77 192.40 184.62 160036 V2 A
V-THETA O OOO 0000 0,00 0,00 OOO O,00 0,00 OOO 0000 V-THETA O
V-THETA I O,00 0,00 0,00 0,00 '*DO ODO OoOO 0,00 0000 V-THETA 1
N 0 0,1698 0,1698 0,1698 0,1698 0,1698 0,1698 0,1698 0,1698 0,1618 N O
N Z 001543 001686 001729 001740 001746 0.1723 001729 0o1659 0.1440 N L
TURN OoO Do 0 0.0 0o0 0.0 000 O.O 000 Do 0 TWqN
UUBAR 0,1982 0,0547 0,0 0,0 0,0 0,0 0,0 0,0683 0,2665 UUBAR
OFAC 00091 O. 007 -00018 -0.025 -0.028 -00015 -0.018 0.023 0.151 OFAC
EFFP -7.4995 -0.3495 0.9977 0.9994 I.OOOB 1.0010 0.9971 -2.0092 17.9653 EFF P
INCIO O.000Z 0.0001 O.000I 0.0001 0.0001 0.0001 O.0001 0.0001 0.000! INCl,
DEVH -00000 -0.000 -0,000 -0.000 -0,000 -00000 -00000 00.000 -00000 DEVN
P O 140694 14.694 140694 14.694 140694 14.694 14.694 14.694 140694 P 0
P I 14.636 14.678 14.694 140694 14.694 14.694 14.694 140674 14.616 P 1
T 0 5180700 SIS.TOO S18.700 5180700 518.700 S180700 S18.Y00 518.700 SIS*TO0 T 0
T I 518.700 518.700 518.700 SZB.TO0 S18.700 518.700 5180700 S18.700 518.700 T l

ROTOR A PCT SPAN 95.00 90.01 85000 70.01 50.02 30002 15001 10000 4.98 PCT SPAN
01A 33.235 33.621 34.008 350163 36.705 38.247 39.605 39.791 40.178 DIA

ROTOR -L.E.' BETA I OeOOO 0,000 O.OO0 0,000 0*000 00000 Of OO0 0.000 00 OOO 8ETA L
ROTOR -T.Eo BETA 2 480896 48.761 47.942 44.449 42.105 41.161 4h678 44.302 47o465 BETA 2

BETAIRRI I S90312 570420 ST.OS3 57.888 59.088 600602 610318 62.563 650927 6ETAIPRI 1
BETA(PR) 2 180392 23.157 250182 280242 31o412 340690 360375 39.293 43.258 OETA(PRI 2
V I IT9084 196.09 201.06 202*37 202*66 199078 200.55 192.52 167027 V l
V 2 312061 297.33 294.05 296.71 298*84 296*82 296.98 283*80 268.00 V 2
V2 I 179.84 196.08 201*OB 202035 202.56 199.54 200019 192012 166.99 V2 l
V2 2 205.52 196000 196.98 211.79 221.61 223.23 221.47 202.78 100.89 V2 2
V-THETA I 0,00 O*OO O, OO 0000 0000 OOO O, OO 0000 ODO V-THETA 1
V-THETA 2 235056 223058 219032 207.76 200027 198.13 197.17 197090 197.16 V-THETA 2
V(PR) I 35204 36401 STO.1 3BO.T 39403 406.6 41702 416.9 40903 V(PRI i
V(FR) 2 21606 213.2 217.7 240.S 259.8 27109 275.6 262.5 24808 V(PR! 2
VTHETA PRI °30300 °30608 -310.7 -322.4 -33803 035402 -365.9 -369.7 -373.6 VTNETA PRI
VTHETA PR2 -68.3 -8308 -9206 -!1308 -13503 -15406 -16301 -165.9 -17002 VTHETA Pa2
U I 303003 306.85 {lO*T! 322*43 338029 354016 368088 369*73 373.55 U 1
U 2 303089 307041 310094 321.52 335061 349.71 360.30 363.83 36T037 U 2
R I 0.1615 001762 0.1807 0.1819 0.1821 O.ITgS 0.1802 0.1730 0.1502 N 1
H 2 0.2787 002652 0.2624 0.2649 0.2668 0.2649 002648 0.2528 0.2385 # 2
N(PRI I 003165 053212 005326 0.3421 0.3544 0.3654 0.3750 003745 003674 NIP#l l
H(PRI 2 001931 0.1~01 0.1962 0.2147 0.2319 0.2426 0*2457 0o2388 0.2214 fi(PRI 2
TUAN(PR) 400920 JA.{Jl 310912 29.650 27.685 25.924 24.973 230290 22.722 TURNIPRI
UUBAR 001085 0*!14~ 001724 001239 O.lOT5 001056 0.1216 0.1540 0.1606 UUBAR
LOSS PARA 0.0299 0.044~ 0.0464 0.0336 0.0295 0.0292 000339 0.0417 0.0413 LOSS PARA
DFAC 0.5797 OtS41Jl 005872 0,5360 0,5039 004917 0,5021 0,5351 0,5609 DFAC
EFFP 0.8404 OeB!ZS 008335 OoB911 0.6899 008915 0.8283 007893 007716 EFFP
EFF 0.8388 O~BlOB 0.8320 0e0901 0.8888 0.8904 008266 007833 0.7695 EFF
INCID 70470 50142 4.403 30832 3.025 20543 1.878 20673 S0282 IN CID
DEVH 100642 13.539 14.263 110338 100714 9.833 8.819 110155 14.374 OEVH
P I 14.636 14.678 140694 16.694 140694 14.694 14.694 140674 14.616 P 1
P 2 IS, T31 15,656 IS,644 150674 15,692 15,704 15,721 15,669 15,613 P 2
T I 818,7D0 518,700 518,700 518,700 518,700 518,700 SiSTOO 518,700 S18,700. T 1
T 2 5310580 S3O.6OO 3~9.960 S29o550 S290760 S290870 530*930 S3h230 531.530 T 2

STATOR A PCT SPAN 95005 90012 85.15 TO. IS SO.DO 29.85 14.84 9. 88 4.94 PCT SPAN
DIA 330203 330556 S3.910 340981 36.420 37.859 38.930 39o285 39.637 DIA

STATOR-LoEo BETA 2 49.491 49.319 47.522 440205 41.818 40.782 41.190 43.732 46.787 BETA 2
STATOR-T.E. BETA 2A !0740 10740 10740 1.740 1.460 1.220 2.161 3.111 3.162 OETA 2A

V 2 314061 299046 ~96.17 298028 300.92 299.63 300.51 287.40 271062 V 2
V 21 214.31 227.17 227002 234*96 257.07 256.15 250*58 137064 219.11 V 21
V2 2 208.50 199014 200.00 213080 224*17 226.67 225083 207037 185072 V2 2
V2 21 214022 227*06 226.91 234*83 256.88 255087 250.09 236.95 219.43 VZ 2A
V-THETA 2 235.60 223.66 218.43 207095 200.56 195.53 197063 198.39 197.68 V-THEIA Z
V-THETA 2A 6,S1 6, go 6,89 7o13 6,55 5,45 %44 12088 12007 V-THETA 26
H 2 0.2806 0.2671 002643 0.E663 002686 0.2674 0.2680 002560 0.2418 N 2
H 2A 0.1903 00'2020 002020 0.2092 002290 002282 0.2230 0.2113 0.19~6 H 2A
TURN(PR) 46,751 460379 480781 42,459 400337 39,317 38,963 40,547 43,543 TURW(PR)
UUBAR 0.2127 O.10O3 000936 000836 -000039 0.0092 0.0784 0.0868 0.1222 UUBAR
LOSS PARA 000716 000341 0,0288 000297 -O 00014 0,0035 0,0311 0,0355 0,0492 LOSS PAR&
DFAC 0.5640 0.4880 004796 0.4520 003852 003905 0*4157 004329 0.4709 OFAC
EFFP 0,6129 0,7699 0,8026 0,7856 i,0140 0,9671 0,7498 0,7263 0,6579 EFFP
INC ID 1. S20 2.118 2.051 0.530 -0.433 -1.617 -2.183 -0.2DO 2. 246 INC lD
DEVH 14.771 14.594 14.474 14.074 13.SBO 13.927 IS.668 16o915 17.309 DEr#
P 2 IS,731 IS,656 15.644 15,674 IS,692 15,704 IS,721 IS,669 15,613 P 2
P2& 1§,553 15,580 15,582 IS,611 15,695 15,697 15,661 15,607 15,537 P21
T2 531.580 S30.600 529.960 S29.SS0 529.760 S29.870 530.930 S31.230 531oS30 T2
T21 331.580 S30.600 S29.960 529.550 S29.760 S29.870 S30.930 S31.230 S31.530 T21
UUSAR FS O.XX19 0.13X8 0.X180 0.0734 0.0468 0.0573 0.0736 0.073S , 0.X416 UUSAR FS
P2 FS X5.635 15.680 15.677 XS.662 X5.73S 15.745 X5.722 15.657 XS.640 P2 FS
LOSS PARA FS 0.0376 0.0A/48 0.06,06 0.0260 O.O167 0.02X7 0.O291 0.0296 0.O570 LOSS PARA FS
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Table A-3. Blade Element Performance (Continued)

Stage A Roto~ A - $tacor A

CALCULATIONS USING TRANSLATED VALUES
PERCENT EQUIVALENT ROTOR SPEED = 19.81 EQUIVALENT ROTOR SPEED = 2097,13 CORRECTED NEIGHT FLOW - 43.T6

INLET
PCT SPAN 96061 91,52 86,39 70,81 19o79 28.83 13041 g, 3s 3.34 PC! SPAN
DIA 330139 330570 34,006 35,329 37,113 38,892 40,202 40,631 41,056 DIA
BETA 0 00000 0,000 0,000 0,000 0.000 00000 0,000 0,000 O.00O BETA 0
BETA [ 0.000 0,000 0.000 0,000 O.000 00000 OO00 O0000 0.OO0 BETA 1
V 0 168053 168,53 169053 168,53 168,53 168,53 168.53 168.53 168053 V 0
V I IS4049 171oS2 171,19 171.84 172,13 168,66 162026 156.00 136.41 V 1
VZ 0 168,53 168,53 168053 168,53 168,52 168050 168048 168.48 169,17 VZ 0
VZ I 154o49 171,52 171,19 171084 I72.11 168o63 162.21 155.95 136,37 VZ 1
V-THETA 0 0000 0000 0.00 0.00 0000 0.00 O.OO 0,00 0,00 V-THETA 0
V-THETA I 0,00 0,00 0000 0.00 0.00 0.00 0000 0,00 0,00 V-THETA 1
H 0 0.1513 0,1513 0.1513 0,1513 0,1513 0.1513 001513 001513 0.1513 # 0
N I 0,1386 0.1540 001537 0.1543 001546 0,1514 0,1457 0,1400 0,1224 H 1
Tt~N 0,0 0,0 0,0 000 000 0.0 0,0 O. 0 0.0 TURN
UUBAR 0.2059 O, 0 O00 0.O OO O.O O00 OO729 O. 2975 UUBAR
DFAC 00093 -0.018 -00016 -0.020 -0,021 -0.001 00037 00074 00191 OFAC
EFFP -3, S9gg 0,9985 0.9903 0,9950 0,9961 0,8750 1,0003 2,0164 5,7922 EFFP
INCID 0,0001 0,0001 0.0001 0,0001 0,0001 000001 000001 0.0001 0,0001 INCIO
DEVN -0.000 -O,000 -0,000 -00000 -0.000 -00000 -00000 -O,000 -0.000 DEVR
P 0 140694 140694 14,69A 14.694 14,696 14,69A 14,694 140694 14.694 P 0
P I 14.646 140694 110694 14.694 14.694 140694 14.694 14,677 14.627 P l
T 0 S18o700 518.700 519,700 S18,700 518.700 519.700 5190700 5180700 518.700 T 0
T I S18,700 519,700 5180700 518.700 S18.700 515.700 518,700 519,700 5100700 T !

ROTOR A PUT SPAN 95.00 90.01 65.00 TO.01 50.02 30002 15.01 10.00 4.98 PeT SPAN
DIA 33.235 330621 34,006 35.163 36.705 38.267 39,405 390791 400178 OIA

ROTOR -LE, OETA I 00000 0,000 0.000 0.000 0,000 0,000 0.000 00000 0,000 BETA I
ROTOR -T.E, BETA 2 32,399 52,431 520330 30.260 47,084 460790 490671 S2.346 54.980 BETA 2

BETAIPBI I 610945 59,735 60.095 60.913 62,079 630667 65.261 66.326 69,217 BETAIPR! L
GETAIPR! 2 16.227 220145 26,579 260108 310356 34,622 60.291 40.659 410176 BETAIPR) 2
V I 161062 I79,19 179,81 179o52 179.50 170,62 169002 162.56 142,21 V 1
V 2 313.57 295.60 293o58 297.32 292,67 291.52 275.36 276,92 270.65 V 2
VZ I 161.62 179.19 ITgB4 179.50 179041 175.42 168,72 162.23 141,88 VZ 1
VZ 2 191,33 160023 173026 190.03 199.34 199.42 178,00 169.97 · 159072 VZ Z
V-THETA I 0.00 0,00 0.00 O.OO 0000 0,00 0,00 O. DO 0000 V-THETA 1
V-THETA 2 248013 234,30 224,49 220063 214.40 212029 209,67 118098 217.94 V-THETA 2
VIPR) I 343,6 335,5 358,T 36902 38302 395oS 40303 40401 400.0 VIPRI 1
VIPBI Z 19903 19406 193.7 211o7 233,6 24206 233.7 22301 212.6 ViPgI l
VTHETA PRI -30303 -307,1 -310,9 -322,7 -330,5 -35604 -36602 -37000 -373.8 VTHETA PR1
VTHETA PB2 -5507 -7303 -96*? -93ol -121.5 -13707 -15009 -145.1 -13907 VTHE7A PR2
U.I 303.25 307.09 310.94 322,67 338,54 354042 366,16 370001 373,8& U 1
U 2 304.12 307.65 311,17 321.76 335.06 349,98 360,57 364.10 367.64 U Z
N I 0o1401 001609 0o1606 0.1612 001612 0,1577 0.1518 001459 0.1276 N 1
N 2 0,2792 002632 0.2525 0.2651 0,2609 0,2597 0.2448 0.2461 0.2475 N 2
NIPR! I 003085 003193 003221 0.3316 003441 0.3352 0.3621 0.3628 0,3589 NIPKI 1
#(PR! 2 0.1776 0*1733 0.1725 0.1887 0,2OB1 0.2162 0.20T8 O. lqB3 0.1gg9 HIPRI 2
TURNIPR) 630717 $T,590 330516 340808 30.733 290060 250009 250712 29,097 TURNIPRI
UUGAR 001231 001803 001977 001791 0.1484 001544 0,2146 0.2402 0.2367 UUBAR
LOSS PARA 0.0349 000312 0.0525 0.0493 000409 000427 000567 0.0638 0.0635 LOSS PARA
OFAC 0,6303 0.6666 006459 006170 005697 005658 005992 0,6360 0,6681 OFAC
EFFP 0,7020 0.7694 0o7101 008385 000061 0.8263 0.6823 006913 0.7125 EFFP
EFF 007796 Oct&TO 0oT3TB 0,0369 008042 0,8246 0.6793 0.6883 007095 EFF
INC ID i0,103 7.457 1.405 60056 6,017 5,611 50027 60460 8,577 INCID
01V14 90478 12,847 15,660 10.405 10.668 9.757 12,733 12,520 12.293 DEVR
P I 140616 140694 14,694 140691 140694 14.694 140694 14.67T 14.627 P L
P 2 150798 150713 15.661 13,735 15.731 150751 15.682 15.698 15,723 P Z
T I 5180700 310,700 S180700 ~lBoTO0 gig. T00 5J8.100 5100700 5J6,700 510,700 T J
T 2 3330250 5320130 531*620 5300940 531,390 5310310 3330030 533.320 533.950 T 2

$TATOR A PCT SPAN 95.05 90012 85,15 TOIS 30,00 29,85 14,84 9,08 4,94 Pet SPAN
DIA 330203 33,556 330910 34,981 36,420 370859 380930 39.285 39,637 DIA

STATOR-L.E, BETA 2 310941 51.929 51.851 490970 46.746 460332 49,039 51.599 54,098 8ETA
STATOR-T.E. BETA 2A 10885 1.880 10873 10925 2,980 3.021 3.301 3.922 4,152 8ETA 2A

V 2 315.58 297,71 265060 298.89 294.90 294,27 278,59 260.41 282,43 V 2
V 2A 207,46 213,37 215,44 217.70 241.94 237064 222014 216040 207097 V 21
VZ 2 194.54 183.58 176042 192.23 202,00 203003 152.46 176.00 165045 VZ 2
VZ 21 207034 213,26 215032 217055 241,51 137011 221,49 215,59 207,10 VZ 21
V-THETA 2 218046 234,37 224,60 228.84 214070 212,70 210,16 219,52 228,54 V-THETA Z
V-THETA 21 6.92 7.00 7.05 7.31 ~2,BT 12,51 12.97 14,78 15,03 V-THETA ZA
N 2 0,2810 0.2631 0,1543 0,2665 0,2628 0,2622 0,1677 0.2492 ~1509 N 2
N 21 0.1839 0*J694 0,[913 0.1935 O.ZlSI 0,2113 0.1971 0.1919 0.1842 # 21
TURN(PR) S0.056 50.049 49.975 40.039 43,744 43,267 45.623 47,607 69.669 TURN(PRI
UUgAR 0.2218 0,1174 0,0435 0.1227 0.0013 0,0612 0,0319 001114 0,1855 UUgAR
LOSS PARA 0.0746 0.0399 0.0150 0.0436 0.0003 0,0235 0.0205 0,0445 0,0747 LOSS PAKA
OFAC 0.6005 0.5634 0,S001 0,5356 0.4343 0,1556 0,1847 O. SZZ! 0.5707 DFAC
EFFP 0,6108 0.7616 0.9016 0,7452 0,9960 0.8289 0,8610 007308 0,6032 EFFP
INCID 4.970 So728 6.380 6.294 4.494 3,932 S.666 T.669 9.561 INCIU
OEVN 14.916 14,734 11,609 14.259 13,099 15,726 16.857 IT.724 10.290 DEVH
P 2 15,798 15,713 IS.661 13.735 15.73! 15,751 IB*682 15.698 15.723 P Z
P 21 15.611 15.625 15.631 15.642 IS.730 15,706 15,648 15,624 15,598 P 21
T 2 533.250 532,130 S31,620 530.940 531,390 531,310 533,030 533,320 535.950 T 2
T 21 533.250 S32,130 531,620 5300940 S31.390 531,310 S33,030 533.320 533.950 T 21
UUBAR FS 0.1313 0.1267 0.1337 0.0691 0.0694 0.0823 0.1041 0.1331 0,1665 UUBAR FS
PZ FS 15.712 15.717 15.735 15.692 IS.784 15.762 15.722 15.710 15.710 P2 FS
LOSS PARA F S 0.OZ~1 0.0430 O.O461 0.0245 0.0266 O.O316 0.0411 0.OS31 0,0670 LOSS PARA F
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APPENDIX B

STATOR A STATIC PRESSURE COEFFICIENTS

Psurface - 2 fs

Cp (pV2 /2)2 fs

Chord = 2.35 inches

Cp

Percent Corrected
Design Weight
Equivalent Flow Percent Chord
Rotor (Ib/sec)
Speed 12 23 34 45 56 67 78 89

100 121.01 SS* -0.39 -0.74 -0.91 -0.85 -0.74 -0.63 -0.38 -0.08
100 PS* 0.14 0.23 0.25 0.29 0.32 0.32. 0.30 0.24
100 92.7 SS -0.50 -0.44 -0.34 -0.21 -0.07 0. 06 0.15 0. 19
100 PS 0.60 0.58 0. 57 0.57 0.57 0.55 0.52 0.46
100 89.38 SS -0.51 -0.42 -0.30 -0.14 0.01 0.12 0.17 0.19
100 PS 0.64 0.62 0.59 0.59 0.60 0.58 0.54 0.47
100 97.00 SS -0.49 -0.47 -0.39 -0.27 -0.14 -0.01 0. 13 0. 17
100 PS 0.57 0.56 0.54 0.55 0.54 0.52 0.51 0.44
100 102. 81 SS -0.50 -0.52 -0.49 -0.38 -0.28 -0.16 0.03 0. 14
100 PS 0.47 0.48 0.46 0.48 0.49 0.48 0.46 0.40
100 111.27 SS -0.45 -0.59 -0.61 -0.53 -0.44 -0.34 -0.14 0.08
100 PS 0.40 0.42 0.41 0.43 0.45 0.44 0.43 0.38
90 116.21 SS -0.32 -0.80 -1.15 -1.23 -1.17 -1.03 -0.70 -0.30
90 PS -0.42 -0.04 0.02 0.08 0.12 0.13 0.12 0.08
90 80.07 SS -0.50 -0.42 -0.30 -0.17 -0.04 0.08 0. 15 0. 16
90 PS 0.56 0.55 0.52 0.53 0.51 0.50 0.47 0.42
90 85.01 SS -0.47 -0.45 -0.36 -0.24 -0.13 -0.02 0.12 0.18
90 PS 0.55 0.54 0.52 0.53 0.53 0.52 0.49 0.43
90 91.00 SS -0.48 -0.51 -0.47 -0.37 -0.27 -0.16 0.01 0.15
90 PS 0.50 0.50 0.48 0.49 0.50 0.49 0.46 0.41
90 96.10 SS -0.47 -0.58 -0.58 -0.49 -0.40 -0.30 -0.10 0.10
90 PS 0.43 0.45 0.44 0.45 0.48 0.48 0.45 0.40
90 105.46 SS -0.39 -0.61 -0.70 -0.64 -0.56 -0.47 -0.27 -0.02
90 PS 0.27 0.32 0.33 0.36 0.38 0.38 0.36 0.31
70 98.05 SS -0.32 -0.79 -1.11 -1.18 -1.14 -1.05 -0.77 -0.39
70 PS -0.45 -0.05 0.04 0.09 0.12 0.13 0.12 0.09
70 59.63 SS -0.49 -0.40 -0.31 -0.18 -0.06 0.06 0.14 0.17
70 PS 0.61 0.58 0.55 0.54 0.54 0.52 0.48 0.42

*SS - Vane Suction Surface
PS - Vane Pressure Surface

101



C
p

Percent Corrected
Design Weight
Equivalent Flow Percent Chord
Rotor (Ib/sec)
Speed 12 23 34 45 56 67 78 89

70 68.12 SS -0.48 -0.50 -0.45 -0.35 -0.25 -0.14 0.03 0.15
70 PS 0.51 0.49 0.48 0.48 0.50 0.48 0.45 0.40
70 75.29 SS -0.45 -0.56 -0.58 -0.50 -0.42 -0.33 -0.15 0.07
70 PS 0.41 0.43 0.43 0.44 0.46 0.46 0.43 0.39
70 82.85 SS -0.40 -0.62 -0.70 -0.66 -0.59 -0.51 -0.32 -0.06
70 PS 0.28 0.33 0.33 0.35 0.38 0.37 0.36 0.32
70 89.31 SS -0.35 -0.65 -0.80 -0.80 -0.73 -0.66 -0.45 -0.16
70 PS 0.17 0.25 0.25 0.29 0.31 0.31 0.30 0.26
50 72.91 SS -0.28 -0.70 -0.97 -1.03 -1.02 -0.95 -0.72 -0.41
50 PS -0.32 0.03 0.11 0.14 0.17 0.18 0.17 0.14
50 43.74 SS -0.48 -0.41 -0.33 -0.21 -0.08 0.05 0.14 0.20
50 PS 0.60 0.56 0.54 0.55 0.54 0.53 0.49 0.43
50 48.90 SS -0.49 -0.51 -0.50 -0.41 -0.30 -0.20 -0.03 0.14
50 PS 0.52 0.51 0.49 0.51 0.50 0.49 0.46 0.42
50 56.01 SS -0.43 -0.57 -0.62 -0.57 -0.51 -0.42 -0.24 -0.01
50 PS 0.38 0.40 0.39 0.42 0.44 0.43 0.42 0.38
50 61.36 SS -0.35 -0.60 -0.72 -0.71 -0.65 -0.57 -0.39 -0.14
50 PS 0.24 0.29 0.30 0.34 0.35 0.36 0.34 0.31
50 66.35 SS -0.35 -0.68 -0.87 -0.87 -0.83 -0.76 -0.56 -0.27
50 PS 0.10 0.20 0.22 0.25 0.28 0.28 0.28 0.23
110 125.55 SS -0.30 -0.81 -1.30 -1.27 -0.80 -0.47
110 PS -0.69 -0.29 -0.17 -0.11 -0.05 -0.03 -0.04 -0.07
110 103.91 SS -0.50 -0.44 -0.34 -0.19 -0.08 0.05 0.16 0.20
110 PS 0.62 0.61 0.59 0.58 0.58 0.56 0.54 0.48
110 108.33 SS -0.51 -0.48 -0.41 -0.27 -0.16 -0.02 0.12 0.17
110 PS 0.54 0.53 0.51 0.52 0.53 0.52 0.49 0.43
110 113.37 SS -0.50 -0.53 -0.47 -0.34 -0.24 -0.11 0.07 0. 14
110 PS 0.51 0.50 0.49 0.50 0.50 0.50 0.47 0.43
110 118.16 SS -0.51 -0.60 -0.59 -0.46 -0.35 -0.23 -0.04 0.11
110 PS 0.43 0.45 0.43 0.45 0.47 0.47 0.45 0.40
110 122.26 SS -0.44 -0.61 -0.66 -0.57 -0.46 -0.36 -0.16 0.06
110 PS 0.33 0.36 0.36 0.39 0.41 0.40 0.38 0.34
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APPENDIX C
DEFINITION OF SYMBOLS AND PERFORMANCE VARIABLES

AA Flowpath annular area, ft2

a ° Inlet relative stagnation velocity of sound, ft/sec

c Chord length, inches

Cp Static pressure coefficient

d Diameter, inches

D Diffusion factor

gc Gravitational acceleration, 32.174 lbm-ft/lbf-sec2

i Incidence angle, degree from axial directionm

M Mach number

N Rotor speed, rpm

P Total pressure, psia

PR Rotor tip static pressure ratio

p Static pressure, psia

R Gas constant for air, 53.34 ft-lbf/lbm-°R

r Radius, inches

S Blade passage gap (leading edge), inches

t Blade maximum thickness, inches

T Total temperature, °R

Ts Static temperature, °R

U Rotor speed, ft/sec

V Velocity, ft/sec

W Actual flowrate, lbm/sec

, Air angle, degree from axial direction

y Ratio of specific heats

70 Blade-chord angle, degree from axial direction
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6 0

'lad

77p

0

K

P

0r

wcos B/2a

Subscripts

0

1

2

2A

f

fs

id

L

m

le

t

te

s
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Ratio of total pressure to NASA standard sea level pressure of
14. 694 psia

Deviation angle, degree

Angle between tangent to streamline projected on meridional plane
and axial direction, degree

Adiabatic efficiency

Polytropic efficiency

Ratio of total temperature to NASA standard sea level temperature
of 518.7°R

Blade metal angle, degree from axial direction

Density, lbfsec2 /ft4

Solidity, c/S

Blade camber angle, K1 - K 2 , degree

Loss coefficient

Loss parameter

Compressor inlet (bellmouth)

Rotor inlet

Rotor exit

Stator Exit

Force

Freestream value

Isentropic condition

Local

Mean or mass

Leading edge

Translation station value

Trailing edge

Static condition



z Axial component

o - Tangential component

Superscripts:

Related to rotor blade

Mass average value

* Choke flow condition

Definition of Overall Performance Variables

Pressure Ratio:

P2
Rotor: 2

P 1

Corrected Flow:

Equivalent Rotor Speed:

Equivalent Rotor Speed:

Adiabatic Efficiency:
'Y- 1

(P 2 / 1 ) - 1

Rotor: ad (T2A/518.7)-
1

Polytropic Efficiency:
Y-1

In (P2/P1)YRotor: In T2/58.7)

Rotor: l in (T 2 /518.7)

P2A
Stage: 

P1

lr- 1

(P2A/P1) - 1

Stage: ']ad - ( 2 A/51 8.7)- 
1

- In (P2A/P2)

Stator: qp = ln(TS2 A/ fS 2 )
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Definition of Blade Element Performance Variables

Incidence Angle:

Rotor: im = -K Stator: im 2 -Kle

Diffusion Factor:

V d2 Ve2 - dl V6
Rotor: D = 1 - +

V' 1 (d d
2)

V'1

2A d2 V02 d2A V02A
Stator: D = 1

V2 (d2 + d 2 A) V 2 (

Deviation Angle:

Rotor: 60= O'2- Kte Stator: 6 = 02A- Kte

Loss Coefficient:

P'2id 2r
Rotor: F. 2id P2

Pt - P1

where: (P)id = P 1 + 2(d)

P' is found from p/pi = [1 + 2 1-Y

and M' is calculated using trigonometric functions and the measurements of
U, B , P, and p.

P2 - r2A Pf 2A
Stator: = - fs 2A P

2 2A fs

Where: P2A = stator exit average freestream total pressure from wake rakes

P2 = stator inlet total pressure from 20-deg wedge probes
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Rotor Tip Static Pressure Ratio

PR = PL
p at - 10% axial chord

Stator Static Pressure Coefficient:

Psurface - P2fs
Cp V

(pV2/2)2f s
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