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PERFORMANCE OF A 1.15-PRESSURE-RATIO AXIAL-FLOW
FAN STAGE WITH A BLADE TIP SOLIDITY OF 0.5
by Walter M. Osborn and Ronald J. Steinke

Lewis Research Center

SUMMARY

The overall and blade -element performance of a low-solidity, low-pressure-ratio,
low-tip-specd fan stage is presented. Detailed radial and circumferential (behind sta-
tors) surveys of the flow conditions were made over the stable operatiag range at rota-
tive speeds from 90 to 120 percent of design speed. At design speed a stage peak effi-
ciency of 0. 836 was obtained at a pressure ratio of 1.111 and a weight flow of 30. 27 kil-
ograms per second (177. 80 (kg/sec)/ m2 of annulus area). The design weight flow was
29.94 kilograms per second, the design efficiency was 0.863, and the pressure ratio was
1.151. The rotor peak efficiency of 0. 891 was also less than design efficiency of 0.909.
Stall margin, for this stage at design speed was approximately 13 percent, based on
weight flow and total -pressure ratio at peak efficiency and near stall.

The lower than design total pressure ratio was attributed to the failure to obtain the
design energy input into the rotor. A mismatch of the rotor and stator blade elements is
indicated and probably results from the lower than design pressure ratio over the entire
blade span of the rotor blades.

INTRODUCTION

The Lewis research program on axial-flow fans and compressors for advanced air-
breathing engines is directed primarily toward providing the technology to permit the re-
duction of the size and weight of the fans and compressors while maintaining a high level
of performance.

Within the overall program, a series of fans has been designed to obtain definitive
information for the selection of fans for propulsion systems for short-haul aircraft using
the externally blown flap (EBF) as the powered lift system. The externally blown flap
concept will require a large flow of low-velocityair for effective lift and low noise during



takeoff and landing (ref. 1). Thus, fans with high air bypass ratios, low pressure ratios,
and low tip speeds are indicated. The choice of fan pressure-ratio and other parameters
may depend on compromises between fan aerodynamie performance and low noise con-
siderations. Performance data must be obtained on suitable fans over a range of
pressure-ratios and speeds to optimize propulsion systems for the EBF short-haul
aircraft.

The experimental performance for one of the fans in this series is presented in ref-
erence 2. The fan stage was designed for a tip speed of 213, 3 meters per second with a
pressure ratio of 1, 2 at a weight flow of 31.2 kilograms per second. The rotor was de-
signed with a mechanism that allowed manual adjustment of the rotor blade angle. Per-
formance data are presented for several rotor blade setting angles. Such adjustable
rotor blades could be used for better performance matching from takeoff to cruise con-
ditions and also for cbtaining reverse thrust for reducing the landing roll.

This report presents the experimental performance for a fan in the series, desig-
nated fan stage 51A. The 12-bladed, 50, 8-centimeter-diameter fan was designed for a
tip-speed of 243. 8 meters per second. The design stage pressure rziiowas 1.15at a
weight flow of 29.9 kilograms per second. The fan blade angles can be manually res-t.
Overall performance for both the rotor and the stage along with the blade -element pe.' -
formances of both rotor and stator are presented for the design rotor blade setting an;-le.
The data are presented over the stable operating flow range of the stage at rotative
speeds that varied from 90 to 120 percent of design speed. Blade-element survey data
were obtained at nine radial positions. The data are presented in machine tabulated and
plotted form. The symbols and equations are defined in appendixes A and B. The ab-
breviations and units used in the tables are defined in appendix C.

FAN STAGE DESIGN

The design objectives for fan stage 51A were to obtain at a tip speed of 243, 8 meters
per second (1) a weight flow of 29. 9 kilograms per second (175. 8 (kg/ sec)/m2 of annulus
area), (2) an overall pressure ratio of 1. 15 with high efficiency, (3) quiet operation,

(4) reverse fan thrust by rotating the rotor blades through either the ''feathered'* pitch
position (trailing edge becomes leading edge) or the ''flat'' pitch position (leading edge
remains leading edge), and (5) a mechanically sound stage at speeds as high as 20 per-
cent abcve design speed. To meet the last three objectives, compromises had to be
made to the aerodynamic parameters. The final fan stage design evolved from an iter-
ation of the mechanical, aerodynamic, and acoustic parameters. A discussion of some
aspects of the stage design is given in this section.



Mechanical and General Design Considerations

The overall design parameters for fan stage 51A are listed in table I, and the flow
path is shown in figure 1. The low hub to tip radius ratio value of 0.4 (rotor and stator)
was chosen to obtain a low loss fiow path (hub streamline) into the core compressor and
to increase weight flow per unit frontal area.

A low number of rotor blades (12) was selected to facilitate the design of a mech-
anism for obtaining variable pitch blading. A rotor hub solidity of less than 1.0 was nec-
essary to rotate the blades through the ''flat'’ pitch position to obtain reverse fan thrust.
A hub solidity of 0. 96 was chosen, and the tip solidity was set at 0. 50. The aspect ratio
based on the chord at the hub was 2.9. Thick blade sections at the hub were necessary to
satisfy stress and vibration requirements as the blade camber at the hub was relatively
low, and midspan blade vibration dampers could not be used with variable pitch blading.
A cubic (with inflection point at 50 percent blade span) distribution of thickness to chord
ratio from 0. 20 at the blade hub to 0. 05 at the blade tip was necessary to obtain the re-
quired mechanical and vibrational frequency margin.

Thirty-two stator blades were selected, and the stator blade row was located four
rotor blade chord lengths downstream of the rotor (fig. 1). The stator tip solidity is
0.99 and the aspect ratio is 3.08.

Aerodynamic Design

A composite computer design program, which consists of a streamline analysis sub-
program, a blade geometry subprogram, and a blade coordinate subprogram, was used
in the design of fan stage 51A. Details of each subprogram are presented in references 3
to 5; thus only a brief description of each is presented in this report.

The streamline analysis subprogram (ref. 3) calculates the velocity vector diagrams
at several axial locations, including planes approximating the blade leading and trailing
edges. This program acccunts for streamline curvatures, entropy gradients, and
boundary-layer blockage. Weight flow, rotor speed, flow path geometry, and radial dis-
tribution of total pressure and temperature are the inputs to this program.

The results from the streamline analysis subprogram are then used in the blade
geometry subprogram (ref. 3). This program calculates the blade geometry that will
satisfy the vector diagrams.

After the blade geometry is defined for both the rotor and stator, the blade coordi-
nate subprogram presented in reference 5 is used to compute the blade elements on con-
ical surfaces approximating the stream surfaces passing through the blade. The program
then stacks these blade elements on a radial line about their center of gravity and com-
putes the Cartesian blade coordinates for fabrication.



The blade -element design parameters for rotor 51A and stator 51 are presented in
tables II and III, respectively. The blade geometry is presented in table IV for the rotor
and table V for the stator. Double circular arc blade sections were used for both the
rotor and stator.

Acoustic Design

For fans in general, the blade passing frequency noise appears to dominate because
of its high sound pressure level and because it usualiy occurs in the audible noise region.
The chief cause of this blade noise and its harmonics appears to be an interaction of the
rotor wakes with the downstream stator blades, rather than rotor-alone noise. A model
of this noise generation mechanism is presented in reference 6 and was used in the de-
sign of fan stage 51A to reduce its blade passing frequency noise. The model includes a
description of the rotor wakes and the response of the stator blades to these wakes. At
the present time the model gives only relative numbers between two fans. Thus, a pre-
viously tested fan stage (ref. 7) was chosen as a base. Although absolute levels for the
blade passing frequency noise are not obtained, comparisons between different fans may
be made. Some of the aerodynamic design parameters for which values were selected in
order to lower the theoretical noise level of fan stage 51A are as follows: (1) a low tip
speed was chosen to reduce broad band noise (negligibl< shock losses), (2) the stator
blades were spaced four rotor blade chord lengths dowustream of the rotor to reduce the
velocity gradients in the rotor blade wakes as they impinge on the stator blades, (3) the
theoretical pressur. ratio was reduced quadratically from the rotor tip to the rotor hub
to reduce the blade loadings near the hub and, thus, reduce the size of the rotor wakes
where the rotor blades are thickest, and (4) the stator incidence argles were chosen to
cancel the lift fluctuating components and thus minimize the flu-tuating lift experienced
by the stator blades due to the rotor wakes.

Some of the mechanical considerations that were necessary but that tended to in-
crease the noise level of fan stage 51A are as follows: (1) a low number of rotor blades,
which tends to increase the rotor alone generated blade -passing -frequency noise and
lowers the frequency of the blade passing tone, which results in more harmonics of this
tone falling in the audible noise range, (2) the low rotor solidity, (3) the large blade tip
clearance required for resetting the blades for reverse thrust, and (4) the thick rotor
blade hub sections required to reduce stress and vibration,

The iterations of the aerodynamic, acoustic, and mechaiuical parameters in the de-
sign procedure resulted in a final design for fan stage 51A that was theoretically 4 dec-
ibels quieter than the base fan of reference 7.



APPARATUS AND PROCEDURE
Compressor Test Facility

The compressor stage was tested in the Lewis single-stage compressor facility
(ref. 3). Atmospheric air enters the test facility (fig. 2) at an iniet located on the roof
of the building and flows through the flow measuring orifice and into the plenum chamber
upstream of the test stage. The air then passes through the experimental compressor
stage into the collector and is exhausted to the vacuum exhaust system.

Test Stage

Photographs of the rotor and stator are shown ir figures 3 a«d 4, respectively. The
rotor blades are mounted in a split disk, which enables the blades to be rotated to obtain
the blade setting angle desired for testing, Friction pins in each half of the disk were
compressed against the blade bases preventing the blades from turning. The compres-
sion of the friction pins is adjustable from the upstream (front) side of the rotor disk.
Thus, the blade angle can be reset without disassembling the rotor.

With the rotor blades in the flat pitch position, the blade tips were machined 0.050
centimeter less than the contour of the outer casing. This enables the blades to be ro-
tated in all directions. With the blades at their design setting angle, the nonrotating ra-
dial tip clearance at the stacking plane of the blade was a nominal 0. 050 centimeter at
ambient conditions. However, the tip clearance at the leading and trailing edges of the
blades was approximately three times greater due to the convex contour of the blade tip.

Instrumentation

The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice. The temperature at the orifice was measured with two chromel-
constantan thermocouples. Pressures at the orifice were measured by calibrated
transducers,

Radial surveys of the flow were made upstre: n Jf the rotor, between the rotor and
stator, and downstream of the stator (fig. 1). Phot~zraphs of the survey probes are
shown in figure & Total pressw », total temperature, and flow angle were measured
with a combination probe (fig. 5(a)). The thermocouple material was chromel-
constantan. The static pressure was measured with an g° C-shaped wedge probe
(fig. 5()). Each probe was positioned with a null-balancing, stream-direction-sensitive
control system that automatically alined the probe to the direction of flow. The probes



were angularly alined in an air tunnel. Two combination probes and two wedge static
probes were used at each of the three measuring stations. The temperatures at sta-
tions 2 and 3 were recorded as temperature differences referenced to the temperature
at station 1.

Inner and outer wall static-pressure taps were located at the same axial stations as
the survey probes. The circumferential locations of both types of survey probes along
with inner and outer wall static pressure taps are shown in figure 6. The combination
probe downstream of the stator (station 3) was circumferentially traversed one stator
blade passage (11. 2°) counterclockwise from the nominal value shown.

For monitoring the fan performance during the run, four six-element total -pressure
and temperature rakes were located downstream of the stator (station 4, fig. 1). The
circumferential locations of the rakes are shown in figure 6. The data from these rakes
were used in conjunction with an on-line computer located in the facility. An electronic
speed counter, in conjunction with a magnetic pickup, was used to measure rotative
speed (rpm). The estimated errors of the data based on inherent accuracies of the in-
strumentation and recording system are as follows:

Weight flow, kg/sec . . . . . . . . . . .. e e e e e e e e e e e e e e e e +0. 3
Rotative speed, rpm. . . . . . . . e e e e e e e e e e e e e e e e e e e +30
Flowangle, deg. . . . . . . & . ¢ 4 v v v o v v o v e e s e e e e e e e e . 41
Temperature, K. . . . . . . . . 4 . 0 i i e i e e e e e e e e e e e e e 0.6
Rotor-inlet total pressure, N/cm2 e e e e e e e e e e e e e e e e e +0.01
Rotor-outlet total pressure, N/cmz. e e e e e e e e e e e e e e e e e e 0. 10
Stator ~outlet total pressurc, N emMe . s e e e e e e e e e ... 010
Rotor-~inlet static pressure, N.’cmz. e e e e e e e e e e e e e e e e e +0. 04
Rotor-outlet static pressure, l‘.'/'cm2 e N
Stator -outlet static pressure, N/cm2 O = N X §

An indication of the consistency of the data can be observed by comparing the integrated
weight flow at each measuring station to the orifice weight flow.

Test Procedure

The stage survey data were taken over a range of weight flows from maximum flow
to the near -stall conditions at 90, 100, 110, and 120 percent of design speed. Data were
recorded at nine radial positions for each speed and weight flow, At each radial posi-
tion the two combinatio, jrobes behind the stator were circumferentially traversed to
nine different locations across the stator gap. The two wedge probes were set at mid-
gap because previous studies showed that the static pressure across the statur gap was



constant. Values of pressure, temperature, =ad flow angle were recorded at each cir-
cumferential position. At the last circumferent.al position values of pressure, temper-
ature, and flow angle were also recorded at siations 1 and 2. All probes were then tra-
versed to the next radial position, and the circumferential traverse procedure repeated.
At each of the four rotative speeds, the back pressure on the stage was increased by
closing the sleeve valve in the collector until a drop in total pressure at the blade tip was
detected. This was accomplished by comparing the radial distribution of discharge total
pressure between succeeding computer (on-line) printouts obtained as the valve was
closed. This point was arbitrarily taken as the limit of stable operation at the low end
of the weight flow range and usually occurred before any definite indications of stall were
observed such as change in noise lcvel or increase in blade stress.

Calculation Procedure

Measured total temperatures and total pressures were corrected for Mach number
and streamline slope. These corrections were based on instrument probe calibrations
given in reference 8. The stream static pressure was corrected for Mach number and
streamline slope based on an average calibration for the type of probe used.

Due to the physical size of the C-shaned static pressure wedges, it was not possible
to obtain static-pressure measurements «t 5, 10, and 95 percent of span. The static
pressure at 95 percent span was obtained by assuming a linear variation in static pres-
sure between the values at the inner wall and the probe measurement at 90 percent span.
A similar variation was assumed betweer measurements at the outer wall and the 15 per-
cent span to obtain the static pressure at 5 and 10 percent span.

At each radial position, averaged values of the nine circumferential measurements
of pressure, temperature, and flow angle downstream of the stator (station 3) were ob-
tained. The nine values of total temperature were mass averaged to obtain the stator
outlet total temperature. The nine values of total pressure were energy averagec. The
measured values of pressure, temperature, and flow angle were used to calculate axial
and tangential velocities at each circumferential position. The flow angles presented for
each radial position are calculated based on these mass-averaged axial and targential
velocities. To obtain the overall performance, the radial values of total temperature
were mass averaged and the values of tntal pressure were energy averaged, At each
measuring station, the integrated weight flow was computed based on the radial survey
data,

The data, measured at the three measuring stations, were translated to the rotor
and statcr blade leading and trailing edges by the method presented in reference 5.
Orifice weight flow, total pressures, static pressures, and temperatures were all cor-
rected to sea-level conditions based on the rotor inlet conditions,



RESULTS AND DISCUSSION

The overall performances for the rotor and the stage are presented first. Radial
distributions of several performance parameters are then presented for both the rotor
and the stator, foilowed by blade-element data. Finally, a brief discussion of the data
is given.

Al the plotted data, together with some additional performance parameters, are
listed in tabular form. The overall performance data are presented in table VI. The
blade-element data are given first for the rotor and then for the stator in tables VII
to XIV, The abbreviations and units for the tabular data are defined in appendix C.

Overall Performance

The overall performance for rotor 51A is presented in figure 7, and the overall per -
formance for stage 51A is presented in figure 8. For both machine -plotted figures, data
are presented for speeus from 90 to 120 percent of design speed. Data are presented at
several weight flows from choke to the near -stall conditions. Stall conditions occurred
gradually with only a small drop off in pressure rise and no indication of operational in-
stabiiity puriicularly at 90 and 100 percent speeds. Thus, it would be difficult to estab-
lish u specific stall line for this stage and none are shown in figures 7 and 8, The stall
condition (minimum flow point) was arbitrarily taken as the point where a drop off in total
pressure at the blade tip was first detected downstream of the stator. Data for the min-
imum flow points (near stall) shown in figures 7 and 8 were taken at flow rates just
slightly greater than the point of drop-off in total pressure in the blade tip region.
Design-point values are shown as solid . ymbols in both figures.

The peak efficiency for rotor 51A at design speed was 0. 891 (design peak efficiency,
0.909), and it occurred at a weight flow of 32. 3 kilograms per second (189. 3 (kg/sec)/ m2
of annulus area). Design weight flow was 29.94 kilograms per second (175. 8 (kg/sec)/
m2 of annulus area). The measured total-pressure ratio was 1. 104 and the temperature
ratio was 1.032; the design values were 1.159 and 1. 047, respectively. At 90 percent of
design speed, a peak efficiency I J.952 was measured.

The stage overall performance trends with respect to design values were similar to
those for the rotor. The stage peak efficiency was 0. 836 (design stage efficiency, 0. 863).
At peak efficiency the weight flow was 30. 27 kilograms per second (the design value was
29.94 kilograms per second), The measured pressure ratio of 1, 11 was less than ti _
design value of 1,151, and the temperature ratio of 1,037 was also lower than the design
value of 1.047. At 90 percent of design speed, a peak efficiency of 0. 850 was measured,



The peak efficiency for the rotor occurred at a weight flow that was 2 kilograms per
second greater than that for the stage. This difference indicates a mismatch of the rotor
and stator.

Radial Distributions

The radial distributions of several parameters for 100 percent of desig: speed are
presented in figure 9 for rotor 51A and in figure 10 for stator 51. In each figure data are
presented for three weight flows: near choke, stage peak efficiency, and near stall, The
design values are shown by the solid symbols. Temperature-rise efficiency, temper -
ature ratio, pressure ratio, suction-surface incidence angle, meridional velocity ratio,
deviation angle, total-loss parameter, total-loss coefficient, and diffusion factor are
presented as functions of percent span from the blade tip.

Rotor. - In general, as the weight flow was reduced, the pressure ratio, temper-
ature ratio, and blade .oading (diffusion factor) increased across blade span but remained
lower than design values. However, at the lowest weight flow point (26.4 kg/sec), a de-
crease in pressure ratio and an increase in diffusion factor in the blade tip region indi-
cate that the rotor is partially stalled (by definition). Operation at this weight flow was
stable during the tests, and the near stall weight flow is probably only slightly greater.

If the near stall weight flow were say 26.9 kilograms per second (instead of 26.4 kg/sec),
the stall margin for stage 51A would + approximately 13 percent. The deviation angles
were greater than design values except near the rotor tip for the choke weight flow. The
rotor losses were close to design values for choke and peak efficiency weight flows but
were higher than design values for the lowest weight flow, which appears to be partially
in stall,

At the stage peak efficiency weight flow (30. 3 kg, 'sec), the efficiency was less than
design values in the midportion of the blade span and near the end walls (hub and tip).

The suction-surface incidence angles agreed with design values at the peak efficiency
weight flow, The diffusion factor was lower than design values but the rotor losses
agreed closely with design values. Thus, the loss-diffusion factor relation used in the
rotor design was not achieved.

Stator. - At the stage peak efficiency weight flow of 30. 3 kilograms per secend, the
stator blade loading (diffusion factor) was lower than design values over the entire blade
span. The measured losses were lower than design values from 15 to 85 percent span
from tip but higher than design near the blade hub and tip. The suction-surface incidence
angles were approximately 5% to 7° lower than design values. The deviation angles
agreed well with design values from 30 to 70 percent blade span but were higher than
design for the remainder of the blade.




Variations with Incidence Angle

The variations of selected blade-element parameters with suction-surface incidence
angle are presented for the rotur and the stator in figures 11 and 12, The data are pre-
sented for 90, 100, and 120 percent of design speed for blade -elei:ient locations of 5, 10,
30, 50, 70, 30, and 95 percent of span from the blade tip, Design vaiues are shown by
solid symbols. In addition to the parameters shown in the radial distribution plots, inlet
relative Mach number is presented. The various curves as a function of incidence angle
are presented primarily for future correlation in compar:ing the performauce of these
blades with other blade designs. Thus, only a few brief observatior s will be made from
the curves.

Rotor. - The rotor blades were designed for rinim.~ 'auss tc occur at a varying in-
cidence angle (table II) from blade tip (-1. 5% to huo ¢~13.0%). Au design speed the meas-
ured incidence angle associated with minimum loss was defined it all spans except the 95
percent span. At this span the losses cuuiinued to decrease as the flow was increased
(decreasing incidence angle) to the maximum flow condition. At the otheir blade spans the
measured suction-surface incidence angle corresponding to minimum loss varied from
-4.5° from the design value ! the 5-percent span to being equal to the design value at the
70 and 90 percent blade spans. The experimental minimum loss values were less than or
equal to the design loss values. In general, the pressure ratio, efficiency, temperature
ratio, and D-factor were less then design values. The deviation angles were greater
than design values.

The high loss values shown at 120-percent speed are probably as :d with shock
losses as the inlet relative Mach numbe: is above 1, 0 at this speed {-v 5- and 10-percent
blade spans.

Stator. - The incidence angle associated with minimum loss was defined at all stator
blade spans except 5 percent, At the 5-percent span the minimum loss value was nearly

constant for all test points except the choke point and thus covered = . - - runge of inci-
dence angles. At the 95-percert span the minimum loss incidence . . as within 2° of
the design incidence angle (0°), However, at the other spans the ang. . _ned from -6°

to -14° from the design incidence angle. The experimental loss values were greater than
design for the 5-, 10-, 90-, and 95-percent spans but were lower than design vaiues in
the midspan portions of the blade, The deviation angle agreed well with the design value
except at the 90- and 95-percent blade sp» posiu.ons,
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Discuss.on of Performance

At design speed the stage peak efficiency weight flow is 30, 27 kilograms per second,
which is close to thie design value of 29. 94 kilograms per second. The peak efficiency of
the rotor occurred at a higher weight flow (32. 3 kg/sec) than for the stage and indicates
a mismatch of the rotor and stator. The rotor and stage peak efficiencies are only 3 per-
centage points lower than the design values. However, both the rotor and stage total -
pressure ratios are much lower than design values.

The radial distribution of efficiency for the rotor agrees well with the dusign distri-
bution except in the hub and tip regions. Ho'. :ver, the spanwise Jistribution of tutal -
pressure ratio is cons‘derably lower than design vaiues over the entire blade span. The
design energy input for the rotor has not been achieved as is shown by the lower than de-
sign spanwise distribution of total-temyperature ratio. The spanwise experimental losses
agree well with design values but the diffusion factors are lower than design values, The
deviation angles are much greater than design values. Thus, the rotor blade-element
data indicate that rotor 51A should have a higher blade camber, a redistribution cf devia-
tion angle, and a reappraisal of the loss-diffusion factor relation in order to improve its
performance, However, even with these changes, better performance might not be ob-
tained because of the low solidity of the rotor (poor flow guidance). Although this rotor
is restricted to a solidity of less than 1 at the blade hub, the aerodynamic blade churds
could be increased toward the tip to obtain better flow guidance and the input desicn
conditions.

The stator incidence angles assuciated with minimum loss are considerably different
from the design values in the midspan portions of the stator blades. This difference
probably results from 'n2 much lower than design pressure ratio of the rotor over the en-
tire blade span and ind .tes a mismatch of the rotor and statcr., This stage probably
wow Dbenefit some by opening the stator blades approximately 59, However, it was con-
sidered that a change in stator setting angle alone would not be sufficient to enable the
stage to meet its design pressure ratio since the rotor pressure ratio was considerably
less than the design stage pressure ratio.

SUMMARY OF RESULTS

"'his report presents both the aerodynamic design parameters and the overall and
blade -element performance of a low-pressure-ratio, low-tip-speed fan stage suitable for
short-haul aircraft using the externally blown flan as a powered lift system. The fan was
designed for low blade nassing frequency noise, v hicu resulted in some comipromises in
the aerodynamic design, Detailed radial surveys of the flow conditions i1n front of and
behind the 1 2tor and behind the stator were made over the stable operating flow range of
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the siage at rotative speeds from 90 to 120 percent of design speed. Flow and perform-
ance parameters were calculated across nine blade elements. The following principal
results were obtained from this investigation:

1. For the rotor at design speed, the peak efficiency was 0. 891, the pressure ratio
1. 104, and the weight flow 32. 2 kilograms per second. Design pressure ratio was 1. 159,
and the weight flow was 29, 94 kilograms per second. Design energy input into the rotor
was not achieved.

2. For the stage at design speed, the peak efficiency was 0. 836, the pressure ratio
1. 111, and the weight flcw 30. 27 kilograms per second. Design pressure ratio was
1. 151, and the weight flow was 29. 94 kilograms per second. A mismatch of the rotor
and stator is indicated.

3. Stall margin for this stage at design speed is approximately 13 percent, bas2d on
weight flow and total pressure at peak efficiency and near stall.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, April 1, 1974,
501-24.
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APPENDIX A

SYMEOLS

anmulus area at rotor leading edge, 0.171 m2

frontal area at rotor leading edge, 0. 203 m2

specific heat at constant pressure, 1004 (J/kg) K
aerodynamic chord, cm
diffusion factor

acceleration of gravity, 9. 81 m/sec2

mean incidence angle, angle between inlet air direction and line tangent to blade

mean camber line at leading edge, deg

suction-surface incidence angle, angle betweer. inlet air direction and line tangent

to blade suction surface at leading edge, deg
mechanical equivalent of heat
rotative speed, rpm
total pressure, N/cm2
static pressure, N/cm2
radius, cm
stall margin
total temperature, K
wheel speed, m/sec
air velocity, m/sec
weight flow, kg/sec
axial distance referenced from rotor blade hub leading edge, cm
cone angle, deg
slope of streamline, deg

air angle, angle between air velocity and axial direction, deg

relative meridional air angle based on con. angle, arctan (tan B;n cos ac/cos as),

deg
ratio of specific heats (1. 40)
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o blade setting angle, deg

) ratio of rotor inlet total pressure to standard pressure of 10, 13 N/cm2

& deviation angle, angle between exit air direction and tangent to blade mean
camber line at trailing edge, deg

] efficiency

0 ratio of rotor inlet total temperature to standard temperature of 288.2 K

Kme angle between blade mean camber line and meridional plane, deg

Ksg angle between blade suction-surface camber line at leading edge and meridional
plane, deg

o solidity, ratio of chord to spacing

@ total loss coefficient

Z'p profile loss coefficient

wg shock loss coefficient

Subscripts:

ad adiabatic (temperature rise)

id ideal

LE blade leading edge

m meridional direction

mom momentum-rise

p polytropic

r radial direction

ref reference

TE blade trailing edge

z axial direction

0 tangential direction

1 instrumentation plane upstream of rotor

2 instrumentation plane between rotor and stator

3 instrumentation plane downstrean. of stator

Superscript:

1

14
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Suction-surface incidence angle:

Mean incidence angle:

Deviation angle:

Diffusion factor:

Total loss coefficient:

Profile loss coefficient:

Total loss parameter:

D=1

V'
_JTE,

APPENDIX B

EQUATIONS

. _ ]
lsg = BILE - %5

ime = (‘3::)1.}3 - (ke LE

8° = By - (kpe)TE

Vig |Cre+TLE)? (ViE)

L] L
- _(Pighrg - PrE

2

P1E -PLE

u
el
‘

€l

w cos (B;n)TE
20

(B1)

(B2)

(B3)

(B4)

(B5)

(B6)

(BN

15



Profile loss parameter:

- '
Wy, cos (Bm)TE
20

Adiabatic (temperature rise) efficiency:

(y-2\My
(@) -1
P
ng = LLE

TrE
TiLE

-1)
(ET_E)hI /'Y )
PrE

Momentum -rise efficiency:

Tmom ~
UVglrg - UV 4 g

TLEgJCp
Equivalent weight flow:
wVe
)
Equivalent rotative speed:
N
Vo
Weight flow per unit annulus area:
wye
)
Aan

16

(B8)

(B9)

(B10)

(B11)

(B12)

(B13)



Weight flow per unit frontal area:
wve
5 _
A

Head -rise coefficient:

(r-1)/
8IC, Ty [ (pTE)‘/ 7’_1
2 P

Ubip |\ LE

Utip/LE
- hn
<PTE> (W\/E)
P E/stan b Jref

SM = X - 11 %100

Prg (‘fﬁ)
4]
PLE ef stall

ip

Flow coefficient:

Stall margin:

Polytropic efficiency:

(B14)

(B15)

(B16)

(B17)

(B18)

117



ABS

AERO C.ORD
BETAM

CHOKE MARGIN

CONE ANGLE

DELTA INC

DEV
D-FACT
EFT

IN
INCIDENCE

KIC

KOC

KTC

LOSS COEFF
LOSS PARAM
MERID

MERID VEL R
ouT

PERCENT SPAN
PHISS

18

APPENDIX C

DEFINITIONS AND UNITS USED IN TABLES

absolute
aerodynamic chord, cm
meridional air angle, deg

ratio of actual flow area minus critical area to critical area
(where local Mach number is 1)

angle between axial directicn and conical surface representing
blade element, deg

difference betw'.en mean camber blade angle ard suction surface
blade angle at leading edge, deg

deviation angle (defined by eq. (B3)), deg
diftusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. {B9))
inlet (leading edge of blade)

incidence angle (suction surface defined by eq. (B1) and mean
surface by eq. (B2))

angle between blade mean camber line at leading edge and
meridional plane, deg

angle between blade mean camber line at trailing edge and
meridional plane, deg

angle between blade mean camber line at transition point and
meridional plane, deg

loss coefficient (total defined by eq. (B5) and profile by eq. (B6))
loss parameter (total defined by eq. (B7) and profile by eq. (B8))
meridional

meridional velocity ratio

outlet (trailing edge of blade)

percent of blade span from tip at roior outlet

svction-surface camber ahead of assumed shock location, deg



PRESS
PROF
RADII
REL

RI

RO

RP

RPM
SETTING ANGLE
SOLIDITY
SPEED

SS

STREAMLINE
SLOPE

TANG

TEMP

TI

™

TO

TOT

TOTAL CAMBER
VEL

WT FLOW

X FACTOR

ZIC

ZMC
Z0C
ZTC

pressure, N/cm2

profile

radius, cm

relative to blade

inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position

equivalent rotative speed, rpm

angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec

suction surface

slope of streamline, deg

tangential

temperature, K

thickness of blade at leading edge, cm

thickness of blade at maximum thickness, cm

thickness of blade at trailing edge, cm

total

difference between inlet and outlet blade mean camber lines, deg
velocity, m/sec

<quivalent weight flow, kg/sec

ratio of suction-surface camber ahead of assumed shock location
of multiple-circular -arc blade section to that of double-circular-
arc blade section

axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
axial distance to blade trailing edge from inlet, cm

axial distance to transition point from inlet, cm

19
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TABLE 1. - DESIGN OVERALL PARAMETERS

FOR STOL FAN 51A

ROTOR TOTAL PRESSUR[ RATIO.‘..‘......CO.‘.

STAGE TOTAL PRESSURE RATIO

RQTOR ToTAL TEMPERATURE RAT[O‘ LU I BN BN O B RN I

STAGE TOTAL TEMPLRATURE RATI0
ROTOR ADIABATIC EFFICIFNCY
STAGE ADIABATIC EFFICIENCY
ROTOR POLYTROPIC EFFICIENCY......
STAGE POLYTROPIC EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFF[CIENT
FLOW COEFFICIENT
KT FLOW PER UNIT FRONTAL AREA
NT FLOW PER UNIT ANNULUS AREA..........u.
T FLOW
PMeeeiiinenennnes Vensessessrartscannas
1P SPEED

Sesrs st

nnnnnnnnnnnnnnnnnnnnnnnn

-

[ = =]

.159

.151
. 047
.047
.909
.863
91
.866
210
.199

704
.838
937
.300
.839
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TABLE II. - DESIGN BLADE -ELEMENT PARAMETERS FOR ROTOR 51A

RADII
IN ouT
25.400 25.400
24.648 24.638
23.872 25.876
23.003 23.114
20.744 20.828
17,823 17.780
14,545 14,732
12,300 12.446
11.569 11.684
10.847 10,922
10.160 10.180

ABS VEL
out
167.4
'68.0

=

-
—. .

U 20> —

— el b o -

GO CING -3 -4 D

o 0 o o 4 a4 o .o v —
o .
© UL O e W -+ U WY

GG N OO O Gr O
Qe300 G OO PO WO~
. P

NGO D © O

-~

ABS MACH NO
IN out
£.510 0.489
0.510 0.402
0.510 0.494
0.510 0.498
0.507 0.429
0.500 0.533
0.490 0.498
0.484 0.4932
0.483 0.488
0.482 0.485

ABS BETAM
IN (HIng
0. 24.5
-0. 24.6
0. 24.7
0. 24.9
0. 2H.6
0. 27.2
0. 29.¢0
0. 3.0
0. 50.3
0. 30.4
-0. 30.4
REL VEL
IN oyt
2%6.8 231.6
290.9 226.1
284.9 220.6
278.8 215.1
260.7 198.8
237.0 137,
214.5 159.0
190.6 148.2
195.2 145,4
11,1 142.8
187.4 140.6
REL MACH NO
IN ouT
0.895 0. 6
0.877 0.86
0.853 0. 6
0.840 0.630
0.786 0.583
0.714 0.523
0.645 0.469

0.600 0.438
0.587 0.430
0.574 0.423

0.481 0.481 0.563 0.4!7
PERCENT INCIDENCE DEV
SPAN MEAN SS
0. 3.1 -5 5.3
5.00 3.2 1.5 5.4
10,00 3.3 -7 5.5
15.00 3.4 -2.0 5.6
30,00 3.7 =40 6.1
50.00 4,2 =77 6.7
To.00 4,7 =112 7.2
85.00 5.1 =12.7 T
a). 03 5.2 =-12.9 6.9
95,00 5.4 -12.9 6.6
100,80 5.5 -13,0 6.3

REL BETAM

IN T
55.2 48.9
54.4 47,5
3.6  46.0
44.5
39.5
31.6

MERID VEL
IN ouT
169.2 152.3
169.3 152.8
169.2 1'53.2
169.1 153.4
168.3 153.2
166.0 151.2
162.9 147.4
160.9 143.7
160.5 142.4
160.2 1411
160.0 139.8

MERID MACH NO
IN ouT
0.510 0.445
0.510 0,447
0.510 (.449
0.510 0.45¢0
£.507 0.490
0.500 0.445
0.490 0.435
0.484 0.425
0.483 (0.422
0.482 0.418
0.481 0.414

€O D

D-TACT EFF

3.454  (.845
0.459 {,864
0. 454
0.459
0.480
£.508
0.519 0,918
3.507 2.
0.497 0.809
0.485
0.4

TOTAL TEMP
IN RATIO
288.2 1.0%58
288.2 1.057
288.2 1.0%6
288.2 1.0%5

288.2 1.051
288.2 1.046
266.2 1.040
288.2 1.034
288.2 1.032
2688.2 1.030
288.2 1.028
TANG VEL
IN  oUT
0.  89.4
-0.  69.9
0.  70.%
0. T
0. 3.6
0. 7.7
0.  81.8
0.  83.4
0., 83.2
0.  82.7
-0,  82.2

STREAMLINE SLOPE

IN ouTt
-0.26 -0.32
~0.10 =L.16

0.07 0.02

0.27

0.89

1.5 1.57

1,76 1.86

1.35  1.%2

1,06 1.23

0.71 0.85

.3 0.47

LCSS COEFF

10T PROF
0.073 0.073
0 65 (0.065
£.057 0.057
0,051 0.0%!
0.037 0.037
0.032 0,032
0.045 0,045
0.062 0.062
0.069 0.069
0.075 0.07%
0.082 0.082

TOTAL PRESS
[N RATIO
10.14 1,184
10.14 1.183
10.14 1,183
10,14 1,182
10.14 1,175
10.14 1,159
10.'4 1,134
10.14 1,11
10.14 1,102
10.14 1,002
10.14 1,083

WHEEL SPEED
IN ouT
243.8 243.8
236.6 236.5
229.2 229.2
221.7 221.9
199.1 199.9
169.2 170.7
139.6 141.4
118.7 119.5
e 1122
104,01 104.9
87.5 *.5

MERID PEAK S§
VEL R MACH NO
0.900 1,202
0.903 1,193
0.905 1,178
0.907 1,165
0,911 1,129
0.911 1,083
0.905 1,041
0.893 1,007
0.887 J.994
0.88t 0.98!
(.874 0.968

L0OSS PARAM

107 PROF

0.048 0.048
0.043 0.0453
p.038 C.038
0.034 0.034
0.025 0.025
0.02t 0.02!
0.028 0.028
0.036 0.038
0.038 0.038
0.040 0.040
0.041 0.041



TABLE II. - DESIGN BLADE-ELEMENT PARAMETERS FOR STATOR 51
RADII ABS BETAM REL BETAM TOTAL TEMP  TOTAL PRESS
RP IN out IN ouT IN ouT IN RATIO IN  RATIO
TP zs.agg zs.ago 2;.; -0. zg.; -0, 305.1 1.000 12.00 0.993
1 24.595 24,607 23, 0.  23. 0. 304.6 1.000 11,99 0.994
2  23.85! 23.887  23.7  -b.  23.7 -D.  304.3 1.000 11,99 0.994
323130 23.169 23.9 -3,  23.9 -0.  303.9 1.000 11,98 0.994
; 20.92¢ 21.028 24.; -0. 247 -0.  302.8 1.000 11,91 0.994
17.964 18.0 26. -0, 26.6 -0.  301.4 1.000 11,74 0.993
N S 1;.92? 13.1;? ggé -0. 29.; =0, 293.7 1,000 11,50 0.992
o T 12,851 12.792 3. -0. 0.8  -0. KRN 1. .
o 8 11.373 11,971 310 -0. 21.1 -g. 333_5 x.ggg 11.?? g.ggg
O] 9 11,000 11,128 3.4 -0, 31.4 -0.  236.8 1.000 11,07 0.987
O HUB 10.160 10.160  31.6 0. 31.6 0.  236.0 1.000 10.96 0.986
a.
O 1BS VEL REL VEL MERID VEL TANG VEL RHEEL SPEED
L RP IN O OUT IN  OUT IN T IN O O0uT IN ot
: TP 1T4,T 151.8 1T4.T 161.8  180.3 181.8 9.5  =0. 0. 0.
(1 '1TEL3 181.T 1T5.3 16.T 180.7 181.7 T0.0 0. 0. 0.
aEi 2 175.7 61,5 75,7 1615 163.9 1815 T0.5 -0, 3. 0.
; 3 175.8 181.2 175.8 181.0 160.8 18!1.0  Tr.1 -0, 0. 0.
72‘ L 175,2 8.4 175.2 158.4 153,01 158.4 73,2 -0, 0. 0.
5 1TeT O MBILT 1717 51T 1836 1517 76.9 -0. 0. 0.
Z &  '65.8 40.8 15.8 140.8 144.9 140.8  80.6 0. 0. 0.
0, T te.2 128.0 180.2 128,01 1376 128.1  82.%  ~C. 0. 0.
= 8  56.¢ 1223 158.4 122.3 135.5 122.3  81.9 ~0. 0. 0.
o @ 56,5 115,86 155.5 115,6 1336 1!5.6  81.5 ~0. 0. 2.
O W.B 54,3 1CT.8  154.3 10T.8  131.4 107.8  81.0 0. 3 0.
!
EEE ABS MACH NO  REL MACH NO MERID MACH NO STREAMUINC SLOPE MERID PEAK SS
’ Re N hilat IN VT IN ouY N OuT VEL R MACH N&
L} TP 0.512 0,472 0,512 0.4T2  0.4T0 0,472 -0.07 -0.0% 1,010 0.85¢
O 1 0.5'4 3.4T2  0.514 0.472  0.471 0,472 0.00  0.13 1,006 0.084
> 2 2515 3.472  0.515 0,472 0.472 5,472 0.24 0,27 {1,004 0.888
- T 0516 0.471 0.516 0.4T1 0.4T2 0.4TU 0,38 0.40 1,001 0,8)
=1 4 (.55 J.484  0.515 0.464 0.468 2.464  0.78  0.60  0.995 0.898
= 5  2.526 0.444  0.506 (0.444 2.452 0.444 1,28 1,28 0.988 0.897
=2 6 0.489 0.412  0.489 (.412  3.42T 0.412 1,87 1,80  0.971 0.889
O} T 0.4TE 0TS 5.LT3 0,375 0.406 2.375 1,44 1.3 0,031 0,874
o 8  0.455 0.358  0.468 0.358  0.431 $.358  1.02 0.9 2.902 0.866
Q. 2 0.463 0.338  0.483 0.338 0.39% 1,338 0.44  0.35 0.865 0.658
O KB 0.457 0.3'6  0.457 0.316  0.369 ).3t6  -0.26 ~0.3' (0.820 0.847
o’
o
g: . PERIINT INCIDENCE DEV  D-FALT EFF LCSS CORFF L0SS PARAM
B RP SPAN  MEAN  SS T0T  PRCF TOT  PROF
. TR L. 8.2 0.0 41 2Te gL 0.040 0.040  0.020 0.020
L ' 5,00 9.2 =30 40 027200, 0.038 ¢.038 0.019 0.019
2o 3.3 I T T B 0,036 0.038  0.0'8 0.018
3 s 3.2 0.) 4 LT, 3.3 0,037 0,017 0,017
4 L 9.2 -0 &) .28 ). 0,038 €.038  03.0'6 0.016
s8N 9.2 =30 4 LI L. 0,345 §.045  0.016 0.016
& T TR SR S SN 2.056 0.5 0.01T 0,017
Togs. TS VN S SR U B 2,072 0,072 2.2'8 2.0'8
g 9.2 SN I S AR 0,080 0.8 0.019 0.019
9 9R,.22 YR I SR S N OE. bY - 2,002 £.092 0,323 0.023
hB 1002 .t RS et . 3.5 2.135  0.021 0.02!



TABLE IV. - BLADE GEOMETRY FOR ROTOR 51A
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TABLE V. - BLADE GEOMETRY FOR 81ATOR 5i

PELCENT RAD I BLADE &\GLES PELTA  COND
]W SPAN R RJ wic K¢ N INZ ANGLE
TP o, 2h.eld 25,400 14,23 5.5 4.0 &2 3.097
| 5,724,035 4,607 14,32 5,12 -4.(8 Q.21 0.144
2 e, 23.86 23.887 14,46 5.2 =404 a2t 0.3%
3 6, 23,130 23.'ed 14,64 5.3 -4.02 9.2 0.448
4 3, 20,924 ?1 15,52 5.76 -4, Q.19 0.885
5 B, 'T.964 18,383 1T.43 0 6.65 =412 91T 1 459
© Ti. 14,983 15, 11T 19,05 T,8% -2,26 Q. 1,013
p 85, 12,651 12,792 21,6 B.TL =42 9.t 1.644
8 S0, Y1LBT3 11,97 22,82 8.9% -413 0 4 1,143
3 a5, 11,080 11028 22,240 912 ~4.00 912 0.442
HoB 103, tdated 10 t6d  22.50  9.33 -3.85 9.13  0.057

B AT THICKNESSES AX1aAL DIMENSICONS

RP . ™ T ! M0 I7¢ FAV

TIPLEY 1,495 0,099 2B.4pob 27,912 27,912 3,293
) .99 0,495 1,093 25,469 27,914 27,914 30,395
2 oS0 J.295 0 2,099 2B.4TQ 27,914 27 914 32,395
X CLoS% 0,495 1,199 26,4690 27,913 27,413 30,334
4 Coo9d 0,488 0,099 28,472 27,91t 2T 811 33 322
5 TeoSd 1,495 0,90 25,480 27,910 27,910 32,342
© T.e98 0,495 (189 25,493 27,9708 27,908 30.393
- T.eE9 1,485 L 1S9 25,604 27,907 27,907 32,347
) Soed% 1L4SF 0 0 089 5,807 27,807 27407 )., 383
) Seo®d TL4eT (L0990 25,509 27,937 27,837 30.39%
~. B coodd 0,484 3,099 25,51t 2T.907 27,937 30.393

JERY O SETTING TOTAL X CHIKE

Re CHORY  ANGLE CAMBER SOLIDITY FACTCR PHISS  MARSIN
TP 485 5.5 18,37 0,932 1Li0Y 8.4 .27
. ! 4,945 6,12 18,40 1,024 10Nt 184l 0. 200
2 4,85 521 1880 1,185 1.0 ) 'B8.40  £.260
3 4,945 5,32 18.e0 1,088 1,000 18.8%4 2%
4 4,345 5.7 19,53 1,202 3l 8.9 0.292
5 4,245 6.67 21,55 1,337 1,000 19,94 (.299
5 4,948 T.BT 24,22 '.eTe 1.0 21,24 .28
B 4,947 B8.7o 25.9) 1,88t 1,000 22.08  2.30%
8 4,946 B8.37 2615 2,113 1,000 2219 430
a 4,928 9,13 26.2 2,267 1000 22,24 0.288
HB 4.9d6  9.32 26.35 2.47¢ 1,080 22.30 (.274
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TABLE VI. - OVERALL

PERFORM. .CE FOR STAGE 51A

(a) Percent of design speed, 100

Reading

1532 | 1400 { 1402 | 1404 | 1405
RCTOR TOTAL PRESSURE RATIO 1,058 1,104 1 1191 1,127 1.128%
STAGE YCTAL PRESSURE RAT!O 1.040 1.096] 1.1t t.n7 1.114
ROTOR TOTAL TOPERATURE RAT!O 1.022| 1.032| 1.037] .04 1,044
STAGE YOTAL TEMPERATURE RATIO 1.02! 1.032| t1.637) t.040 1.042
ROTOR TEWP, RIS OFFICIENCY 0.749; C.83%i) 0.881 | 0.848 | 0.779
STAGE “O%. RISE ErFICIENCY 0.529| 0.828] 0.836] 0.802 0.741
ROTOR MOSONTUM RISE EFFICIENCY 0.77¢ 0.877| §.859] 0.829 0.745
ROTOR HEAD RISE COCFFICIENT 0.079 | 0.139] 0.157] 0.168 0.167
STAGE MEAD RISC COEFFICIENT 0.055| 0.128| 0.147] £.156 0.151
FLOW COEFFICIENT 0.857] N.T40| 0.677( 0 62! 0.572
MY FLOW PER UNIT FRONTAL AREA 171,66 | 159.04 [ 149.35 | 139.07 | 130.25
MT FLON PER UNIT ANNULUS ARCA { 204.361 189.33 | 177.80 | 165.56 | 155.06
T FLOW AT ORIFICE 34.79 | 32.231 30.27| 28.19 | 26.40
WT FLOW AT ROTOR INLET 35.00] 31.89 ] 29.97| 27.9! 26.10
NT FLOW AT ROTOR OUTLET 34.968| 32.16 | 30.20| 28.22 | 26.5
MT FLOM AT STATOR QUTLET 35.12 | 32.29 | 50.32| 28.24 | 26.55
ROTATIVE SPELD 9174.4 | 9213.9 [ 9233.3 |9188.1 | 9186.3
PERCENT OF DESICN SPEED 100.1 100.5 | 100.7} 100.2 | t00.2

(b) Percent of design speed, 90
Reading

1540 1411 | 1412 1413] 1415
ROTOR TOTAL PRESSURE RATIO 1 052] 1.080 1,090 '.100 1.102
STAGE TOTAL PRESSURE RATIO 1.038] 1.072 1.084) 1.093] 1.094
ROTOR TOTAL TEMPERATURE RATIO 1,017 1.023 ] 1.027; 1.03¢ 1.035
STAGE TOTAL TEMPERATURE RATIO 1.014] 1.024 1.027; .03 1.035
ROTOR TOMP. RISE EFFICIENCY 0.842] 0.952 0.930| 0.886} 0.798
STAGE TEMP. RISE EFFICIENCY 0.775§ 0.847 0.850( 0.817]| 0.745
ROTOR MOMENTUM RISE EFFICIENCY| 0.809( 0.902( 0.896] 0.857) 0.751
ROTOR HEAD RISE COEFFICIENT 0.088| 0.135( 0.150] 0.165] 0.169
STAGE HEAD RISE COEFFICIENT 0.065| 0.2 0.145f 0.153] 0.155
FLON COEFFICIENY 0.917| 0.754 | 0.697f 0.832| 0.556
NT FLOK PER UNIT FRONTAL AREA | 167.61 | 149.12 | 140,22} 129.856 | 116.52
N7 FLON PER UNIT ANNULUS AREA | 199.54 | 177.53 | 166.93(154.6¢ { 138.7!
WY FLOW AT ORIFICE 33.97| 30.22 | 28.42| 26.32| 23.62
NT FLOW AT ROTOR INLET 34.19{ 29.87 | 28.08| 25.98 | 23.32
NT FLOW AT ROTOR QUTLET 34.04| 30.12 | 28.38| 26.32 | 23.73
WY FLOW AT STATOR OUTLET 34.05| 30.16 | 28.44| 26.28 | 23.90
ROTATIVE SPEED 8245.7 | 8258.4 |0244.718763.0 [826™.53
PERCENT OF DESIGN SPEED 89.9 I 96.1 89.9| 90.1 J 0.2
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TABLE VI. - Concluded. OVERALL PERFORMANCE FOR STAGE 51A

(c) Percent of design speed, 110

Reading

1533 | 1534 | 1418 ] 1420 | 1421

ROTOR TOTAL PRESSURE RATIO 1,0690] 1.118] t.1a0] .11 ] 1,161
STAGE TOTAL PRESSURE RATLO 1.046 ] 1.107] 1.128] 1.147] 1.146
ROTOR TOTAL TEMPERATURE RATIQ 1,027 1.439) r.04a| .05t t1.0%2
STAGE TOTAL TEMPERATURE RATIO 1.028 1.036] 1.0a4a] .05t 1.052
ROTOR TEMP, RISE EFFICIENCY 0.702] 0.829| 0.875| 0.852f 0.436
STAGE TEMP. RISE EFFICIENCY 0.466| ¢.8t6) 0.796| 0.788| 0.769
ROTOR MOMENTUM RISE EFFICIENCY 0.683 0.805] 0.843] 0.823| 0.800
ROTOR HEAD RISE COEFFICIENT 0.077 0.130) 0.153] 0.174] 0.174
STAGE HEAD RISE COEFFICIENT 0.052 0.118] b.34 0.160 ! 0.159
TLON COEFFICIENT 0.8037 0.744] 0.694) 0.631; 0.805

KT FLOW PER UNIT FRONTAL AREA 174.36 | 166.59| 161.68] 151,19} 146.56
NT FLON PER UNIT ANNUALUS AREA 207.57| 198.32| 192.48] 179.99 | 174.48

NT FLOW AT ORIFICE 35.34] 33.76¢] 32.77] 30.64] 29.7M
NT FLOW AT ROTOR INLET 35.59| 34.03] 32.55| 30.44| 29.50
WT FLON AT ROTOR OUTLET 35.66| 34.08] 33.05] 30.93} 29.98
NT FLOM AT STATOR QUTLET 35.68| 34.14] S2.85] 30.75| 29.8%
ROTATIVE SPEED 10075.9 10090, 0fror11.9f10019.7 [10130.3
PERCENT OF DESIGN SPEED 109.9] 110.1]| 1:0.3} 110.4] 1905

(d) Percent of design speed, 120

REPRODUCIBILITY OF THE ORIGINAL PAGE 15 POO

Reading

1538 1 1537 | 153€ | 1535

ROTOR TOTAL PRESSURE RATI0 1.084] 1.138 ] 1,172 1.190
STAGE TOTAL PRESSURE RATIO 1.069] 1.124 ) 1.155§ 1.169
ROTOR TOTAL TEMPERATURE RATIO 1.0%6| 1.050 | v.061| 1.067
STAGE TOTAL TEMPERATURE RATIO 1.052] t.045| 1.055) 1.062
ROTOR TEMP. RISE EFFICIENCY 0.640) 0.754 | 0.761) 0.76!
STAGE TEMP. RISE EFFICIENCY 0.593] 0.751 | 0.159] 0.740
ROTOR MOME.TUM RISE EFFICIENCY 0.612] 0.735 | 0.743| 0.755
ROTOR HE.D RISE COEFFICIENT 0.079| 6.128 | 0.157| 0.173
STAGE HEAD RISE COEFFICIENT 0.065| 0.116 [ 0.142) 0.155
FLON COEFFICIENT 0.760| 0.706 | 0.649] 0.599
NT FLON PER UNIT FRONTAL AREA 176.08 168.98 | 159,97 151.10
' NT FLOM PER UNIT ANNULUS AREA 210.70] 201,17 | 190.44] 179.88
NT FLON AT ORIFICE 35.87) 34.25 ] 32.42) 30.63
NT FLOW AT ROTOR INLET 36.17| 34.60 ) 32.90)] 3.1t
NT FLOW AT ROTOR OUTLET %.16] 34.83 | 32.98) 31.19
NT FLOW AT STATOR QUTLET 36.15| 34.47 ] 32.79] 3.3
ROTATIVE SPEED 10976.0 |10980.1 |10996.3(10996.8
PERCENT (F DESIGN SPEED 1o 7} 119.8 | 120.0] 120.0




TABLE VII. - BLADE-ELEMENT DATA AT BLADE EDGES FOk
ROTOR 51A. 100 PERCENT DESIGN SPEED

(a) Reading 1532

O RADI1 ABS BETAM REL BETAM  TOTAL TOP  TOTAL PRESS
® IN ouT IN OUT IN OUT [N RATIO N RATIO
V8 ! 24.64824.638 0.0 8.2 49.0 46.9 288.9 1.025 10.05 1.06%
@) 2 25.87M 23.8%6 0.0 8.0 47.5 45.4 288.7 1.025 10.13 1.061
-4 3 23.094 23.114  -0.0 7.5 46.4 44.6 2885 1,022 10.14 1,069
o 4 20.744 20.828 -0.0 8.4 435.0 40.4 288.1 1.021 10.14 1.059
2 5 17.62317.780 -0.0 10.4 38.7 33.5 287.9 1.023 10.14 1.06!
e 6 14.5¢4 14,732  -0.0 12.0 34.0 26.1 287.8 1.022 10.14 1.058
- T 12.299 12.446  -0.0 13.4 30.0 20.4 287.8 1.018 10.14 1.042
~— 8 11,570 11.684 0.0 14.0 28.6 7.9 287.7 1.0'8 10.14 1, 04t
O 9 10.846 10.922 -0.0 15.7 27.6 14.3 287.8 1.019 10.07 1.048
o
®) ABS VEL REL VEL MERID VEL TANG VEL  WHEEL SPEED
® IN ouT IN ouT IN  ouT IN  ouT IN T
w 1 206.4 197.7 314.3 286.1 206.4 195.7 0.0 28.2 257.0 2%.9
T 2 210.1 200.7 3111 285.1  210.1 198. 0.0 27.8 229.4 229.4
— 3 211.0 200.4 306.0 279.0 211.0 198.7 -0.0 26.0 221.6 221.8
w 4 2139 202.6 292.3 263.2 213.9 200.4 -0.0 29.5 199.3 200.!
) 5 2113 205.4 270.7 242.2 211.3 202.0 -0.0 37.2 169.3 170.8
6 207.4 206.5 250.2 224.9 207.4 202.0 -0.0 42.8 139.9 141.7
> 7 205.3 201.8 237.0 209.4 205.3 196.3 -0.0 46.9 118.5 119.8
- 8 203.6 202.0 251.9 205.9 203.6 196.0 0.0 48.9 1111 1122
: 9 189.1 203.0 224.7 201.7 199.1 195.4 -0.0 S4.9 104.0 104.7
@
o ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAK SS
S ® IN U IN T N ouT VEL R MACH NO
o ! 0.629 0.504 0.958 0.859 0.629 0.588 0.948 1,098
2 0.642 0.604 0.950 0.85! 0.642 0.598 0.946 1.082
@) 5 0.645 0.603 0.9% 0.839 0.645 0.598 0.942 1.074
x 4 .65 0.611 0.895 0.793 0.655 0.604 0.937 1.062
Q. S  0.647 0.620 0.829 0.731 0.647 0.610 0.956 1.060
& 6 0.634 0.624 0.765 0.679 0.634 0.610 0.974 1.061
T 0.627 0.610 0.724 0.632 0.627 0.503 0.956 1.059
8 0.621 0.610 0.708 0.622 0.621 0.592 0.953 1.054
9  0.607 0.6'3 0.684 0.609 0.607 0.590 0.981 1.043
‘ PERCENT  INCIDENCE  DEV D-FACT EFF  LOSS COEFF  LOSS PARAM
®  SPAN MEAN  SS TOT  PROF  TOT  PROF
'\ 5.00 =-2.3 <-7.0 4.8 0.178 0.750 0.043 0.043 0.029 0.029
2 10.00 -2.8 -7.7 4.9 0.176 0.758 0.042 0.042 0.029 0.028
3 1500 -2.9 <-8.3 5.7 0.169 0.757 0.043 0.043 0.029 0.029
4 30.00 =31 -10.8 7.0 0.188 0.776 0.040 0.040 0.027 0.027
5 60.00 -2.6 -14.5 8.6 0.2!3 0.760 0.05% 0.05% 0.035 0.033
6 70,00 -1.9 -17.8 11,2 0.218 0.748 0.058 0.058 0.035 0.035
7 85.00 -1.2 -19.0 13,3 0.255 0.648 0.074 ..074 0.041 0.04%
8 90.00 ~-0.8 -18.9 3.3 0.232 0.629 0.081 0.081 0.044 0.044
9 95.00 -0.1 -18.4 12,0 0.234 0.698 0.074 0.074 0.038 0.038

28
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TABLE VII. - Continued. BLADE-ELEMENT DATA AT FLADE

EDGES FOR ROTOR 51A.

(b) Reading 1400

RADII ABS BETAM
IN out IN ot
24.648 24.638 0.0 16.9
23.871 23.876 -3.0 15.6
235.094 23.114 -0.0 16.0
20.744 20.828 0.0 16.4
17.62% 17.780 0.0 16.7
14.544 14.732 -0.0 17.4
12.299 12.446 0.0 19.6
11.570 11.684 0.0 20.5
10.846 10.922 -0.0 24.2
ABS VEL REL VEL
IN ouT IN uT
181.7 178.1 298.9 25!.8
184.1 182.9 294.3 252.2
185.7 182.4 288.3 245.8
184.7 181.3 27,7 229.1
182.2 177.3 248.9 208.1
178.3 172.8 226.9 188.!
175.8 172.0 212.2 173.8
175.6 175.2 208.5 172.1
173.9 170.9 203.4 1598.9
ABS MACH NO REL MACH NO
IN ot IN ouT
0.549 0.52¢ 0.903 0.744
0.557 0.542 0.890 0.747
0.556 0.54t 0.872 0.729
0.560 0.539 0.824 0.68!
0.552 0.528 0.754 0.620
0.540 0.515 0.687 0.560
2.531 0.513 0.641 0.518
0.5%0 0.522 0.630 0.5'3
0.525 0.509 0..14 0.476
PERCENT INC IDENCE DEV
SPAN  MEAN ss
5.00 1.3 -3.4 5.3
10.0¢C 1.0 -4.0 5.2
15.00 1.2 -4.3 5.6
30.00 1.1 -6.6 7.2
50.00 1.6 -10.3 10.4
70.00 2.3 -13.6 13.9
85.00 2.8 =149 14,1
90.00 3.2 -14.9 13,0
95.00 3.6 =147 10.7

184.1 176.2
185.7 175.2
184.7 1740
182.2 169.8
178.3 164.9
175.8 t82.1
175.6 164.0
173.9 155.8

MERID MACH NO
IN ouT

SERY
D
SR

14

CE-E-X-X-N_¥-¥-¥_J
g
muu
-

coco
f .
t [

Ot

.921
.933
.910
.893

.872
.890
L7

[-N-N-R_-N-N-N- N X-]
* s e o s s

[ Y
[-N-N-N-N-N-N-N-%_]

TOTAL TEWP

IN RATIO
289.1 1,040
289.0 '.039
288.7 1.038
287.9 1.0%
287.8 1.030
287.7 1.026
287.9 1.024
268.3 1.024
287.9 1.026

TANG VEL

ouT

51.9
9.1
50.2
S1.1
50.9
51.7
57.6
1.4
70.2

[} 1 ¢
P00 O —
e 0 et e e e 2
ocoocococo

.

LOSS COEFF

ToT PROF
.047 0.047
.025 0.025
022 0.022
.029 0.029
.034 0.034
.048 (.048
.043 0.043
.039 0.039
116 0.116

OO0 ODOoOOOO
[-N-N-N--NbN -]

100 PERCENT DESIGN SPEED

LRI

29



TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE

’ EDGES FOR ROTOR 51A. 100 PERCENT DESIGN SPEED
8 (c) Reading 1402
Q. T oo ABS BETAM REL BETAM  TOTAL TEWP  TOTAL PRESS
T ® IN o IN oJT IN OuT IN RATIO IN  RATIO
=~ | 24.648 24.658 0.0 22. 33.2 4B.8 2u_.. 1.048 10.07 1.140
w 2 2%.87M1 23.876 0.0 19.7 535.9 46.7 288.9 1.045 30.13 °.149
(D 3  23.094 23.114 0.0 19.3 S2.9 45.5 288.6 1.044 10.14 146
_, 4 20.74420.828 0.0 20.1 49.7 41.7 287.9 1.040 10.14 ..131
K 5 17.62517.780 0.0 20.5 45.5 36.2 287.8 1.034 10.14 1.110
6 14.544 14.752 0.0 21.8 40.7 28.8 287.8 1.029 10.14 1.093
-~d T 12.299 12.446 0.0 25.4 3.4 0.7 287.9 1.027 10.14 1.088
g 8 11.570 11,684 0.0 24.2 34.8 17.1 287.9 1.026 10.14 1.088
yd 9 10.84610.922 0.0 28.5 33.4 13.0 287.9 1.027 10.10 1.068
Q
& ABS VEL REL VEL MERID VEL TANG VEL  WHEEL SPEED
® IN Ut IN  ouT IN  ouT IN T IN ouT
@) ! 165.9 166.2 290.7 233.7 165.9 153.9 0.0 62.7 238.7 238.6
w 2 168.6 172.9 285.9 237.5 168.6 162.9 0.0 58.2 231.0 231.0
¥ 3 168.8 172.2 279.9 231.4 168.8 162.1 0.0 58.2 223.2 223.4
= 4 170.0 170.6 262.9 214.6 170.0 160.2 0.0 58.6 200.6 201.s
5 167.5 165.9 238.9 192.5 167.5 156,3 0.0 58.2 170.4 1719
w 6 165.4 161.8 2156 171.4 163.4 150.3 0.0 60.0 140.7 142.5
@) 7 160.9 161.8 200.0 158.7 160.9 1485 0.0 64.3 118.8 120.2
8 160.5 163.5 195.5 156.0 160.5 149,! 0.0 671 1117 112.8
?_‘ 9 159.% 1550 190.5 139.8 150.1 136.2 0.0 74.1 104.8 105.6
2]
ABS MACH N0 REL MACH NO MERID MACH NO MERID PEAK 35
® IN  oT  IN ot IN  ouT VEL R MACH NO
‘ ' 0.499 0.487 0.874 .686 0.499 0.45! 0.928 1.210
- 2 0.508 0.509 0.861 0.699 0.508 0.480 0.966 1.190
= S 0.508 0.508 0.84% 0.682 0.508 0.478 0.960 1.176
= 4 0515 0.506 0.795 0.6%4 0.513 0.473 0.942 1.137
4 S  0.505 0.49! 0.720 0.570 0.505 0.460 0.927 1,002
— 6 0.492 0.480 0.649 0.508 0.492 0.446 0.919 1.049
_ 7 0.484 0.480 0.602 0.471 0,484 0.44) 0.923 1.013
~4 @ 0.483 0.486 0.588 0.463 0.483 0.4d3 0.929 1.000
9 0.478 0.450 0.573 (0.414 0.478 0.403 0.656 0.985
PERCENT  INCIDENCE  DEV  D-FACT EFF  LOSS COEFF  LOSS PARAM
L} ® SPAN MEA SS T0T PROF 107 PROF
: ' 5.00 4.0 -0.7 6.7 0.408 0.787 0.087 0.087 0.056 0.056
. 2 10.00 $.6 -1.4 6.2 0.%35 0.894 0.042 0.042 0.028 0.028
S 1500 3.6 -1.8 6.7 0.%9 0.902 0.059 0.039 0.025 0.025
4 %00 5.7 -4 8.3 0.379 0.905 0.037 0.037 0.024 0.024
§ 50.00 4.1 <-7.7 11.3 0.385 0.888 0.044 0.044 0.028 0.028
6 70.00 4.8 =111 13,9 0.504 0.894 0.042 0.042 0.025 0.025
7 5.0 5.2 -12.5 3.6 0.398 0.912 0.057 0.0%7 0.020 0.020
8 50.00 5.4 -12.7 12,4 0.397 0.928 0.03%1 0.031 0.017 0.017
9  95.90 5.7 -12.6 10.7 0.475 0.704 0.1% 0.13% 0.071 0.07
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! TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 51A. 100 PERCENT DESIGN SPEED

(d) Reading 1404

o}
Q1
Ol

RADII ABS BETAM REL BETAM TOTAL TEMP  TOTVAL PRESS
- IN T IN oyt IN ot IN RATI0 IN RATIO
1 24.648 24.6%8 0.0 28.7 S7.8 S50.7 268.9 1.056 10.08 1.141
a. 2 25.871 25.876 0.0 23.8 56.3 47.8 288.8 1.05" 10.13 1,153
3 23.004 23.114 0.0 23.2 55.3 46.2 288.4 1,049 10.13 1,154
D 4 20.744 20.828 -0.0 23.4 52.2 42.4 288.0 !.044 10,14 1,140
S 17.625 17.780 -0.0 24.0 47.9 36.7 287.9 1.037 15.14 1,120
L 6 14,544 14,732 0.0 24.9 43,1 29.2 287.9 1.0%1 10.14 1100
@) T 12.20012.446 0.0 26.5 38.8 20.7 287.9 1.028 10.14 1.095
<{ 8 11.570 11.684 0.0 27.3 371 17.1. 288.0 1.027 10.14 1,092
ac; 0 10.846 10.922 0.0 32.0 356 13.0 288.0 1.028 10.11 1.074
-d
‘ ABS VEL REL VEL MERID VEL TANG VEL WHEEL SPEED
< » IN oY IN Ut IN  OuT IN  ouT IN ot
O 1 149.8 155.1 280.9 212.0 149.8 134.3 0.0 73.5 2%7.6 2%1.5
= 2 153.0 162.5 276.1 221.5 153,0 148.7 0.0 65.6 229.8 229.8
o4 3  153.6 164.4 269.9 218.2 153.6 151.1 0.0 64.7 222.0 222.2
O 4 155.,0 162.2 252.8 201.6 155.0 148.8 -0.0 64.5 199.8 200.6
5 153,01 157,4 228.4 179.2 153.1 143.8 -0.0 64.0 169.5 I171.Q
ee) 6 149.4 1525 204.5 158.4 149.4 138.3 -0.0 64.3 139.7 1415
P 7 147.4 152.8 189.0 '46.2 147.4 136.8 0.0 €8.1 118.4 119.8
- @ 147.2 153.3 184.6 142.6 1471.2 136.2 0.0 70.4 111.3 112.4
w 9 145.6 144.B 179,01 126.1 145.6 122.9 0.0 76.6 104.3 105.1
O
D> ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAK S$
— ® IN ot IN ouT IN out " VEL R MACH NO
— 1 0.448 0.446 0.841 §.618 0.448 0.391 0.897 1.2%8
-5 2 0.459 0.476 0.827 0.648 0.459 0.435 0.972 1.214
3 S 0.46 0.482 0.810 0.640 0.461 0.443 0.984 1,197
2 4 0.465 0.477 0.759 0.593 0.465 0.438 0.960 1.153
- S  0.460 0.464 0.686 0.529 0.460 0.424 0.939 1.096
~&" 6 0.448 0.451 0.613 0.468 0.448 0.409 0.926 1.040
~ 7 0.442 0.452 0.567 0.435 0.462 0.405 0.928 0.999
E— 8  0.441 0.454 0.553 0.422 0.441 0.403 0.925 0.982
i 9 0.436 0.427 0.537 0.372 0.4% 0.363 0.944 0.964
"l{i PERCENT  INCIDENCE DEV D-FACT EFF  LOSS COEFF L0SS PARAM
® SPAN MEAN  SS TOT  PROF  TOT  PROF
- 1 5.00 6.5 1.9 8.6 0.503 0.686 0.154 0.154 0.096 0.096
2 10.00 6.1 1.1 7.3 0.427 0.806 0.091 0.091 0.059 0.059
. 3 15,00 .1 0.6 7.3 0.417 0.856 0.067 0.067 0.044 0.044
4 30.00 6.1 =16 9.0 0.426 0.866 0.062 0.062 0.040 0.040
5  50.00 6.6 5.3 11.8 0.435 0.892 0.050 0.050 0.03' 0.0%!
6 70.00 7.2 -8.7 14,3 0,440 0.899 0.047 0.047 0.028 0.028
7  85.00 7.6 -10.2 13,7 0.441 0.946 0,026 0..26 0.014 Q.014
8  90.00 7.6 -10.5 12.5 0.444 0.933 0.033 0.033 0.018 0.018
9 95,00 8.0 -10.3 10.7 0.526 0.728 0.146 0.146 0.076 0.076
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TABLE VIIL. - Concluded. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A. 100 PERCENT DESIGN SPEED

{e) READING 1405

RADLI ABS BETAM REL BETAM TOTAL TR
IN oY IN ouT IN ouT IN RATID
24.648 24.638 -0.0 43.5 &0.2 53.0 288.8 1.169
25.8M 23.876 0.0 33.8 58.9 49.9 288.7 1.060
23.094 23,114 0.0 27.6 58.0 46.9 288.5 1.055
20.744 20.828 0.0 25.7 54.6 41.8 288.0 1.048
17.625 17,780 0.0 25.7 50.) 3.3 287.9 1.039
14.544 14,732 0.0 26.5 44,9 28.8 287.9 1.03
12.209 12,446 0.0 28.1 40.5 20.5 287.9 1.029
11,570 11,684 6.0 29.1 38.9 6.6 288.0 1.028
10.846 10.922 0.0 335.7 37.4 125 297.9 1.029
ABS VEL REL VEL MERID VEL TANG VEL
IN oY IN ouT IN ot IN ot
155.8 143.7 273.5 173.3 135.8 1043 -0.0 98.9
1384 149.1 268.4 192.4 138.4 1240 0.0 82.9
138.5 157.7 261.6 204.4 138.5 139.8 0.0 72.9
1416 161.3 2445 194.9 1416 1453 0.0 T0.Y
1419 156.2 22'.0 174.7 1419 140.8 0.0 67.8
140.1 150.7 197.8 153.,9 140.1 134.8 0.0 673
138.4 149.3 182.1 140.6 138.4 131.7 0.0 0.5
138.2 150.5 177.5 137.2 138.2 131.5 0.0 73.2
136.8 142.1  172,0 121.v 136.8 118.3 0.0 78.8
ABS MACH NO  REL MACH NO MERID MACH NO
IN out IN ot IN ouT
0.405 0,415 0.816 0.500 0.405 0.30!
0.413 0.433 0.80t 0,559 0.413 0.360
0.414 0.460 0.78Y 0,597 0.4%4 0.408
0.424 0.473 0.73) 0.572 0.424 0.426
0.425 0.460 0.661 0.514 0.425 0.415
0.419 0.444 0,592 0.454 0.419 0.398
0.414 0.447 0.545 0.415 0.4%4 0.389
0.413 0.445 (.55 0.406 0.4'5 0.389
0.409 0.419 0.514 0.357 0.409 0.349

FeRCENT INCIDENCE DEV D-FACT EFF  L0SS COEFF

SPAN MEAN  SS ToY PROF
5.00 9.0 4,3 10.9 0.722 0.482 0.318 0.318
10.00 8.7 3.7 9.4 0.581 0.570 0.240 0.240
15.00 8.8 3.3 8.0 0.481 0.697 0.163 0.163
30.00 8.5 0.8 8.4 0.45¢ 0.839 0.085 0.085
$0.00 8.7 -5.2 11,4 0.450 0.905 0.048 0.048
70.00 9.0 -6.9 14,0 2.453 0.910 0.047 0.047
85.00 9.3 -8.4 13,5 0.459 0.948 0.028 0.028
90.00 9.4 8.7 12,0 0.460 0.95' 0.027 0.027
95.00 9.7 -8.6 10,2 0,542 0.760 0.v42 0.142

TOTAL PRESS
iN RATIO
10.09 .12
18.13 1,155
10.13 1,140
10.14 1_147
10.14 1,129
10.14 1,107
10,14 1,099
10.14 1,097
1.1t 1,079

WEEL SPEED
IN T
237.5 2%57.4
229.9 230.0
221.9 222.t
199.3 200.!
189.5 .0
139.7 1419
118.4 119.8
1ny.ea 1125
104.4 105.!

MERID PEAX SS
VEL R MACH NO
0.768 1.2708
0.896 1,247
1.009 1.227
1.026 1.170
0.992 1.105%
0.962 1.041
0.951 0.993
0.951 .97
0.865 0.955

LOSS PARAM

ToT PROF

c.188 0.188
0.149 0.149
0.105 0.105
).055 0.095
0.030 0.030
0.028 0.028
0.016 0.016
0.015 0.015
0.074 0.074



TABLE VIII. - BLADE -ELEMENT DATA AT BLADF EDJES FOR

ROTOR 51A. 90 PERCENT DESIGN SPERD

8 (a) Reading 1540
o] RADII ABS BETAM REL BETAM  TOTAL TOW  TOTAL PRESS
e » IN  ouT IN  ouT IN  ouT IN RATIO IN  RATIO
| 24.648 24.638 -0.0 7.1 46.9 45.6 288.9 1.016 10.08 1.042
%) 2 23.871 23.8% -0.0 7.5 45.6 43.8 288.7 1.016 10.13 1.048
. 3 23.094 235.114  -0.0 7.3 44,5 42.8 208.6 1.016 10.14 1.049
W 4 20.744 20.828 -0.0 8.5 41.1 381 288.0 1.017 10.14 1.053
B 5 17.623 17.780  -0.0  10.7 36.9 31.0 287.9 1.019 10.14 1.059
6 14.544 14,732  -0.0 12.8 32.2 22.9 287.8 1.019 10.14 1.060
g T 12.209 12446 -0.0 133 28.3 1.9 287.9 1.017 10.14 1.044
= 8 11.570 11,684 -0.0 13.4 27.0 16.3 287.9 1.016 10.14 1.036
i‘ 9 10.846 10.922 -0.0 14,2 26.1 141 287.9 1.015 10.04 1.039
Z
= ABS VEL REL VEL MERID VEL TANG VEL  WHEEL SPEED
@) ® IN ouT IN  ouT IN  OuT IN  ouT IN  OuT
5 1 198.8 186.7 290.9 264.8 198.¢ 185.3 0.0 23.1 212.3 212.2
2 202.2 190.7 288.8 262.1 202.2 189.1 -0.0 24.8 206.3 206.3
O 3 202.9 190.8 284.5 257.9 202.9 189.3 -0.1 24.4 199.&4 199.6
wil 4 2055 195.2 272.7 245.2 205.5 193.1  -0.0 28.9 179.3 180.0
T 5 202.8 198.1 253.6 227.0 202.8 194.7 -0.0 36.7 152.2 153.5
= 6 199.4 200.7 235.7 212.5 199.4 195.7 -0.0 44.5 1256 127.2
‘ T 197,88 197.4 224.6 201.8 197.8 192.0 -0.0 45.6 106.3 107.6
e 8 196.4 195.1 220.4 197.7 196.4 189.7 -0.0 45.4 100.0 101.0
O! 9 190.7 192.4 212.4 192.3 190./ 186.5 -0.0 47.2 935 94.2
>3
-3 ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAK SS
5 ® IN  our IN vt IN  out VEL R MACH NO
=B ! 0.605 0.561 0.885 0.795 0.635 0.556 0.932 0.910
— 2 0.616 0.573 0.880 0.788 0.616 0.569 0.935 0.904
S  0.618 0.574 0.867 0.776 0.618 0.569 0.933 0.908
4 0.627 0.588 0.833 0.739 0.627 0,582 0.940 0,917
5 0.619 0.597 0.774 0.684 0.619 0.587 0.960 0.935
6 0.608 0.606 0.718 0.64) 0.608 .59 0.981 0.951
7 0.602 0.506 0.684 0.609 0.602 0.579 0.971 0.961
8 0.598 0.589 0.671 0.597 0.508 0.572 0.966 0.961
9 0.579 0.580 0.645 0.580 0.579 0.562 0.978 0.951

PERCENT INCIDENCE DEV  D-FACT EFF LOSS COEFF LOSS PARAM

g SPAN MEAN 5S TOT PROF 10T PROF
! 5.00 -4.4 -9.0 3.5 0.168 0.748 0.05¢ 0.034 0,025 0.023
2 10,00 -4,7 -9.6 3.3 0.175 0.861 0.019 0.019 0.013 0.013
3 15,00 -4,8 -10.2 3.9 0.175 0.863 0.020 0.020 0.014 0.014
4 30.00 -4,9 -12.7 4.6 0,194 0.868 0.021 0.021 0.015 0.015
S 50.00 -4.5 -16.4 6.1 0.218 0.874 0.025 0.025 0.017 0.017
6 70.00 -3.7 -19.6 8.1 0.227 0.880 0.027 0.027 0.017 0.017
7 85.00 2.9 -20.7 10.9 0.223 0.736 0.056 0.056 0.032 0.032
8 90.00 -2.5 ~20.6 11,7 0.220 0.653 0.071 0.07t 0.039 0.039
9 95,00 -1.5 ~19.8 1.8 0.214 0.710 0.062 0.062 0.032 0.032
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A. 90 PERCENT DESIGN SPEED

RAD(!

IN oY
24.648 24.638
23.871 23.876
23.004 23.114
20.744 20.828
17.623 17.780
14,544 14,732
12.299 12.446
11,570 11,684
10.846 10.922

ABS VEL

IN ouT
165.5 163.4
167.9 167.8
167.4 168.3
168.6 168.4
166.8 164.3
163.4 160.4
161,1 158.1
160.8 160.0
167.3 160.6

ABS MACH NO
IN ouT
0.498 0.484
0.505 0.498
0.504 0.499
0.508 0.50!
0.503 0.489
0.492 0.478
0.485 0.4T
0.484 0.477
0.473 0.478

PERCENT
SPAN MEA
5.00

10.00
15.00
30.00
50.00
70.00
85.00
90.00
95.00

WNN -~ ~co o —
— s YO o

(b) Reading 1411

ABS BETAM
N ouT

13.9
13.3
13.0
151
16.3
16.8
18.7
19.7
21.8

-
(- -N-N-N-N-N_-N-N-3

(]
OO0 O0DOOC O —
« e & e « o =

REL VEL

IN ouT
270.1 235.6
266.2 234.3
260.7 230.7
245.9 212.0
226.2 191.2
206.2 173.5
193.0 160.2
189.3 157.8
183.1 153.1

REL MACH NO
IN ouT
0.812 0.697
0.80% 0.695
0.785 0.685
0.742 0.6%)
0.682 0.569
0.62% 0.517
0.581 0.477
0.569 0.47
0.550 0.456

INCIDENCE DEV

SS
=3.7
~4.3
~4.6
~7.1

=10.7
-14.2
-15.%
-15,7
-15.2

@ JDONNITDUWUD

[

REL BETAM

IN ouT
52.2 47.7
50.9
50.0
46,7
2.5 34,
37.6 2
33.5 20.
1.9 1
30.8 !

MERID VEL

IN ouT
165.5
167.9
167.4
168.6
166.8
163.4
1611
160.8

157.3 1491

MERID MACH NO
IN ouT
0.498 0.469
0.505 0.484
0.504 0.487
0.508 0.484
0.503 0.470
0.492 0.457
0.485 0.446
0.484 0.449
0.473 0.444

D-FACT EFF

0.270
0.260
0.252
0.294
0.315
0.312
0.327
0.328
0.33%

.874
950
.994
.989
.952
.934
.895
.901
0.958

OO OoO DO

TOTAL TEMP
IN RATIO
289.0 1.030
288.8 1.028
288.7 1.028
287.8 1.025
287.8 1.022
287.9 1.018
287.9 1.016
287.8 1.017
288.1 1.017
TANG VEL
IN ouT
0.0 39.2
0.0 38.6
0.0 37.8
0.0 43,7
-0.0 46,1
0.0 48,5
-0.0 50.8
0.0 53.9
0.0 59.6
LOSS COEFF
TOT PROF
0.03 10.036
0,014 0.014
£.002 0.002
0.003 0.003
0.01'3 6.013
0.018 0.018
0.029 0.029
0.029 0.029
0.014 0.014

TOTAL PRESS
IN RATIO
10.08 1.094
10.13 1.098
10.14 1,100
10.14 1,090
10.14 1.074
10.14 1,060
10.14 1.052
10.14 1.054
10.07 1.059

Pg
onN D oo
§

55EERSSS

(- E-NX-N-N-NW_-¥-¥-§.J
.

.
®
pr

LOSS PARAM

ToT PROF

0.024 0.024
0.009 0.009
0.001 0.00¢
0.002 0.002
0.009 0.009
0.011 0.01¢
0.016 0.016
0.016 0.0t6
0.007 0.007
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A. 90 PERCENT DESIGN SPEED

RADII
IN ouT
24.648 24,638
23.871 23.876
25.094 23.114
20.744 20.828
17.623 17.780
14,544 14,732
12.299 12.446
11.570 11,684
10.846 10.922

ABS VEL

IN ot
162.2 153.5
154.9 159.5
154.6 158.8
156,0 159.7
153.9 153.7
150.7 148.2
148.5 149.2
146.0 150.6
145,7 148.4

ABS MACH NO
IN ot
0.456 0.452
0.465 0.471
0.464 0.469
0.468 0.473
0.462 0.456
0.452 0.440
0.445 0.443
0.444 0.448
0.436 0.44)

PERCENT
SPAN MEAN
5.00 3.1
10.00
15.00

30.00
50.00
70.00
85.00
90.00
95.00

[T % T RV NV N SN ]

—_— OO

(c) Reading 1412

ABS BETAM

IN ot

17.2
16.1
16.4
18.3
19.5
19.9
21.8
23.0
5.4

* & o 2 o s 8 e o
CCOO0OCOOODO

REL VEL
IN

261.2 222
257.4 222.
252,1 2

257.8 1
216.5 177,
196.2 159,
182.6
178.7
175.2

REL MACH NO
IN ot
€.7682 0.653
0.772 0.657
0.756 0.641
0.714 0.591
0.650 0.526
0.588 0.472
0.547 0.439
0.536 0.431
0.519 0.408

INCIDENCE DEV

SS
-1.5
2.2
-2.5
-4.8
-8.5

-12.0
-13.4
'1505
-13.2

-

°N’.nbo~l!h5hm

-

R oaNUIo N

P D R

REL BETAM
IN ouT

134.0

MERID MACH NO
IN ovr
0.456 0.43!
0.465 0.452
0.464 (.45
0.468 0.449
0.462 0.430
0.452 3.413
0.445 0,411
0.444 0.412
0.436 0.398

D-FACT EFF

0.321
0.301
0.308
0.345
0.366
0.364
0.37N
0.3%
0.404

0.821
0.939
0.943
0.973
0.939
0.922
0.934
0.945
0.905

TOTAL TEMP
IN RATIO
288.9 1.036
208.8 1.033
288.3 1.032
208.0 1.029
287.9 1,024
287.9 1.020
287.9 1.019
287.8 1.019
268.1 1.019
TANG VEL
IN ouT
0.0 45.4
0.0 44,2
0.0 45.0
6.0 50.2
0.0 51.3
0.0 50.5
0.0 55.5
0.0 58.9
0.0 637
LOSS COEFF
Y07 PROF
0.065 0.065
0.021 0.02!
0.020 0.020
0.009 0.009
0.021 0.02!
0.025 0.025
0.023 0.023
0.020 0.020
0.037 0.037

TOTAL PRESS
IN  RATIO
10.07 1,106
10.13 1.113
10.14 1,110
10,14 1,104
10.14 1,083
10.14 1,065
10.14 1.062
10.14 1,063
10.09 1.061

WHEEL SPEED
IN  ouT
212.3 212.2
205.5 205.6
199.1 199.3
179.5 180.2
152.3 153.7
125.6 127.2
106.2 107.%
100.1 101t
93.7 9.4

MERID PEAK S5
VEL R MACH NO
0.964 1,060
0.989 1,043
0.986 1,036
0.972 1,007
0.942 0.968
€.925 0.933
0.932 0.905
0.936 0.896
0.920 0.881

LOSS PARAM

ToT PROF
0.042 0.042
0.014 0.014
0.013 0.013
0.006 0.006
0.013 0.013
0.915 0.015
0.013 0.013
0.011 o.01!
0.019 0.019

35
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TABLE VI, - Contimed. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A. 90 PERCENT DES. :N SPEED

(d) Reading 1413

RADII ABS BETAM
IN oY IN ot
24.648 24.638 -0.0 25.3
23.871 23.876 -0.0 21.0
23.094 25,114 0.0 20.7
20.744 20,828 =0.0 22.1
17.623 17,780 0.0 23.0
14,544 14,732 0.0 23.2
12.299 12,446 . 0.0 25.5
11,570 11,684 0.0 26.3
10.846 10.922 -0.0 29.0
ABS VEL REL VEL
IN  OUY IN ot
136.8 139.9 253.5 198.8
139.8 149.6 249.3 207.!
139.7 151.0 244.2 204,0
141.5 150.5 228.4 186.2
140.6 144.7 207,2 i64.7
137.7 138.7 186.5 146.7
'35.7 138.0 172,84 1335
155.4 139.8 168.5 131.3
152.5 158.3 162.4 124,0
ABS MACH NO  REL MACH NO
IN T N outr
0.408 0.409 0.756 0.58!
0.418 0.439 0.744 0.608
0.4'7 0.444 0,730 0.600
0.424 0.444 0,684 0.549
0.421 0.427 0.620 0.486
0.412 0.410 0,557 0.454
0.405 0.408 0.515 0.395
0.425 0.414 0.505 0.589
0.506 0.409 0.485 0.367
PERCENT INCIDENCE bev
SPAN MEAN 5SS
5.00 6.1 1.4 8.4
10.00 5.6 0.7 7.
15,00 5.9 0.4 7.3
30.00 5.6 -2.1 8.1
50.00 5.9 -6.0 1.2
70.00 6.5 -9.53 149
85.00 6.9 -10.9 14
90.00 .0 =111 12,8
95.00 7.7 -10.6 10.5

REL BETAM
IN T
50.5
41.6
46.2
41.5
36.1
29.7
21.1
5 17,4
3 2.8

MERID VEL
'N T
136.8 126.4
8 139.7
141.2
139.5
133.2
127.4
124.5
125.3
120.9

MERID MACH NO
IN oyt
0.408 0.369
0.418 0,410
0.417 0.415
0.424 0.411
0.421 0,393
0.412 0.377
0.405 0.368
0.405 0.371
0.3596 0.358

D-FACT EFF

0.448
0.37%
0.37
0.402
0.419
0.413
0.431
0.429
0.458

0.695
0.84)
0.888
0.928
0.928
0.933
0.938
0.968
0.918

ToTaL TEMP

IN RATIO
268.9 1.043
288.7 1,040
288.3 1.038
287.9 1.034
288.0 1.028
268.0 1.022
288.0 1.021
288.0 1.020
288.0 1.021

LOSS COEFF

T0T PROF

0.139 0.139
0.069 0.069
.048 0,048
.030 0.030
.030 0.030
L0271 0.027
L0271 0.027
014 0.014
.039 0.039

o000 OO

TOTAL PRESS

IN RATIO
10.08 1,110
10.13 1,123
10.14 31,125
10,14 1,113
10.14 1,092
10.14 1,075
10.14 1,069
10.14 1.070
10.09 1.069

WHELL SPEED
IN ouT
213.3
206.4
200.6
180.0
153.6
127.4
107.6
"01.2
94.6

MERID PEAK SS
VEL R MACH NO
1.103
1,081
1.074
1.027
0.977
25 0.953
8 0.89%
0.884
0.866

LOSS PARAM

T07 PROF

0.087 0.087
0.045 0.045
0.031 0.031
0.020 0.020
0.019 0.0!9
0.016 0.0t6
0.015 0.015
0.008 0.008
0.021 0.021



TABLE VIII. - Concluded. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 51A. 90 PERCENT DESIGN SPEED

(e) Reading 1415

RAD!1 ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS
L IN ouT IN ot IN ouT IN RATIO IN RATIO
1 24,648 24.638 0.0 44,0 6'.1 S53.4 288.8 1.05 10.09 1.103
2 23.8M 23.876 0.0 34.2 59.7 50.8 288.6 1.050 10.13 1.100
3 23.004 23.114 =-0.0 21.3 58.8 47.5 288.3 1.045 10.t4 1V 113
4 20,744 20.828 0.0 26.0 55.4 41.8 288.0 1.038 10.14 1,122
5 17.623 17.790 -0.0 27.0 50.8 36.1' 288.0 1.03° 10.14 1,104
6 14,544 14,732 0.0 27.2 45,7 29.9 288.0 1.025 10.14 1,083
T 12,299 12.446 -0.0 29.0 41,2 20.8 287.9 1.023 10.14 1,078
8 11,570 11,684 0.0 29.6 39.4 16.9 287.9 1..22 10.13 1,077
9 10.846 10.922 0.0 32.8 38.2 12.2 2088.0 ‘t.(_. 10.10 1,074
ABS VEL REL VEL MERID VEL TANG VEL WEEL SPEED
w IN out IN ouT IN ouT IN ot IN out
1 117.7 128, 243.6 154.7 W17.7 92.2 0.0 89.0 213.3 213.2
2 121.0 131.,2 239.7 171.9 121.0 108.6 0.0 73.8 206.9 207.0
3 121.1 140.0 233.8 184.2 1211 124.3 -0.0 &4.3 200.0 200.2
4 °235.9 145.3 218.1 175.2 123.9 130.7 0.0 63.6 179.5 180.3
5 124.5 139,86 197.0 133.,9 124.5 124.4 -0.0 63.4 152,7 154.0
6 123.1 132.0 176.2 135.4 1231 117.4 0.0 60.3 126.! 127.7
7 121.6 131.8 161.6 123.4 121.6 115.3 -0.0 63.8 106.5 107.7
8 121.4 133,01 157.2 120.9 121.4 1157 0.0 65.8 99.9 100.9
9 119.5 130.9 151.8 1126 119,35 110.0 0.0 70.9 935.9 948
ABS MACH NO REL MACH NO MERID MACH NO YRID PEAK SS
® IN ouT IN ouT IN ouT VEL R MACH NO
1 0.550 0.3571  0.724 0.448 0.350 0.267 0.78% 1,148
2 0.%60 0.382 0.7'% 0.500 0.360 0.316 0.897 1,127
3 0.360 0.408 0.696 0.538 0.360 0.363 1,027 1.11¢
4 0.569 0.427 0.650 0.514 0.369 0.384 1,954 1.057
5 0.371 0,411 0.587 0.45% 0.371 0.366 0.999 0.996
6 0.567 0.389 0.525 0.399 0.367 0.346 0.954 0.937
7 0.362 0.380 0.481 0.364 0.362 0.340 0.948 0.8R9
8 0.3562 0.39% 0.468 0.357 0.362 0.342 0.95% 0.870
9 0.355 0.386 0.452 0.332 0.35% 0.32% 0.923 0.853
PERCENT INCIDENCE DEV  D-FACT EFF L0SS COEFF LOSS PARAM
* SPAN MEAN SS T0T PROF TO0T PROF
{ 5.00 9.9 5.2 1.3 0.724 0.%02 0.306 0.306 0.179 0.179
2 10.00 9.4 45 10.% 0.579 0.555 0.249 0.249 0.152 0.152
3 15,00 9.5 4.1 8.7 0.471 0.696 0.162 0.162 0.103 0.10%
4 30.00 9.3 1.6 8.3 0.453 0.873 0.066 0.066 0.043 0.043
5 50.00 9.5 =-2.4 11,2 0.47V 0.927 0.037 0.037 0.023 0.02%
) 70.00 9.8 =-6.1 15.0 0.465 0.9%4 0.03% 0.03%5 0.019 0.019
7 85.00 10.0 =-7.& 1%.8 0.472 0.957 0.02% 0.923 0.013 0.013
8 90.00 10.0 -B8.1% 12.2 0.469 0.985 0.008 0.608 0.004 0.004
9 95.00 0.6 -7.7 $.39  0.509 ¢.5%0 0,040 0.040 0.02t o0.02!



TABLE IX. - BLADE-ELEMENT DATA AT BLADE EDGES FOR

W
-t

KOTOR 51A. 110 vrERCENT DESIGN STEED

{(a) Reading 1533

RADI] ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS
L4 IN ouT IN out IN ouT IN RATIO IN RATIO
1 24.648 24.638 =0.0 10.1  S0.6 47.7 288.8 1.032 10.07 1.075
2 25.871 23.876 =0.0 10.0 49.3 46.1 288.7 1.032 10.14 1.079
3 23.004 23.114 0.0 9.9 48.2 45.2 288.3 1.031 10.14 1.078
4 20,744 20.828 -0.0 10.3 44,8 41,3 288.1 1,028 10.14 1.074
5 17.w23 17.780 -0.0 1.4 40,5 35.7 287.9 1.025 10.14 1.063
6 14,544 14.732 -0.0 13,5 35.8 27.5 287.8 1.024 10,14 1.065
T 12.299 12.446 -0.0 14,5 31.6 22.0 287.9 1.022 10.14 1,044
8 11,570 11.684 -0.0 15,5 30.3 18.4 287.6 1.025 10.14 1.05
9 10.846 10.922 =0.0 17.6 29.5 14,1 287.9 1,026 10.04 1,074
ABS VEL REL VEL MERID VEL TANG VEL WHEEL SPEED
4 IN ouT IN ouT IN ouT IN T IN ot
1 213,0 206.5 335.9 302.1 213.0 203.3 0.1 3.0 259.7 259.6
2 216.4 209.9 3%1.8 208.3 216.4 206.7 -0.1 3”4 251.5 251.5
3 217.7 209.6 326.8 293.2 217.7 206.5 0.0 35.9 243.8 244.0
4 220.3 210.5 310.5 275.8 220.3 207.! -0.0 37.6 218.8 219.7
5 217.3 207.8 285.8 250.7 217.3 203.7 ~0.1 41,2 185.7 1873
6 215.2 210.5 262.7 230.7 213.2 204.,7 -0.0 49,1 1535 1555
T 210.9 204.4 247.6 213.4 210.9 197.9 0.0 513 1.9.7 131.2
8 208.8 209.5 241.8 212.8 208.8 201.9 ~0.' 56,0 122.0 123.2
9 207 2 215.9 233.5 210.° 203.2 203.8 -0.0 64,7 115.1 115.9
ABS MACH NO REL MACH NO MERID MACH NO MER(D PEAK SS
L IN ot IN ot IN ouT VEL R MACH NO
1 0.651 0.619 1.027 0.906 0.651 0.603 0.955 1.225
2 0.663 0.630 1.016 0.896 0.663 0.62! 0.955 1,218
3 0.667 0.630 1.002 0.881 0.667 0.62! 0.949 1,224
4 0.677 0.634 0.954 0.831 0.877 0.624 0.940 1,200
5 0.667 0.627 0.877 0.756 0.667 0.614 0.937 1,179
6 0.653 0.636 0.805 0.697 0.653 0.618 0.96% 1,165
7 0.645 0.617 0.758 0.644 0.645 0.597 0.938 1.151
8 0.659 0.635 0.740 0.643 0.639 0.610 0.967 1.144
9 0.620 0.646 0.712 0.635 0.620 0.616 1.003 1.132
PCRCENT INCIDENCE DEV  D-FACT EFF LOSS COEFF LOSS PARAM
L SPAN  MEAN SS ToY PROF TeT PROF
1 5.00 -0.6 -5.3 5.6 0.206 0.648 0.078 0.074 0.052 0.049
2 10.00 1.0 -5.9 5.6 0.207 0.690 0.069 0.065 0.046 0.044
3 15 00 -1.0 -6.% 6.4 0.207 0,70 0.066 0.062 0.044 0.041
4 30,00 =-1.3  -9.0 7.9 0.218 0.731 0.052 0.057 0.038 0,037
5  50.00 -0.8 -12.7 10,8 0.2% 0.704 0.064 0.064 0.041 0.041
6 70,00 -0.2 ~16.0 12.6 0.249 0.743 0.061 0.06' 0.037 0.037
7 85.00 0.4 -17.4 15,0 0.262 0.57t 0.100 0.100 0.055 0.055
8 90,00 0.9 -17.2 13,8 0.251 0.671 0.086 0.086 0.046 0.046
9 95,00 1.9 -16.4 11,8 0.249 (.801 §.060 0.060 0.03% 0.03t
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‘ TABLE IX. - Continued. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A. 110 PERCENT DESIGN SPEED

o B
O (0) Reading 1534
O
a. RADI | ABS BETAM REL BETAM TOTAL TEMP  ToTA. PRESS
w IN  ouT IN  OuT IN  ouT IN RATIO IN  RATIO
W | 24.648 24.638  -0.0 18.2 53.0 49. 288.8 1.043 10.C6 1.i15
2 23.871 23.876 -0.0 15.9 51.5 46.8 288.7 1.046 10.14 1,154
w S 235.0084 25.:14 -0.0 15.9 50.3 45.6 288.7 1.045 10.1. 1.136
M 4 20,74 -¢.828 -0.° 16.7 47.0 40.8 28".1 1.043 10.14 1,135
g S 17.623 17.780  -0.0 17.8 42.7 34.7 287.5 1.037 19.14 1.118
oo 6 i+.544 14,752 -0.0 18.6 37.9 28.0 287.8 1.030 10.14 1.096
3 7 i2.299 12.446  -0.0  20.1 33.6 20.6 287.3 1.028 10.14 1,08€
' :< 8 11.570 11,484 -0.0 20.7 32.3 17.3 287.8 1.028 10.14 1.090
= 9 10.846 10.922 -0.0 24.1 31.3 132 287.5 1.029 10.06 1.079
Q ABS VEL REL VEL MERID VEL TANG YEL WHEEL SPEED
C ® IN  OuT IN  ouT IN  OuT IN  ouT IN  ouT
O 1 196.1 184.1 326.1 267.8 196.! 174.8 -0.0 57.5 260.5 260.4
2 201.1 194.4 322.8 27133 201.1 187.0 <~0.v .35.2 252.5 252.5
W 3 202.4 1044 7.1 _67.2 202.4 187.0  -G.0 53.4 244.1 244.3
T 4 2044 197.3 299.7 249.7 204 4 188.9 -0.0 S6.8 219.2 220.0
- 5 202.0 "95.2 274.9 226.0 202.0 185.9 -0.0 59.6 186.5 188.1
w 6 i97.6 189.0 250.3 202.9 197.6 179.1  -0.0 0.2 153.6 155.6
7 195.4 188.9 234.7 189.5 1¢3.4 177.4 0.0 64.9 129.9 1315
O 8 195.7 191.2 229.0 187.3 195.7 178.8 0.0 67.7 122.2 12%.4
> 9 188.6 185.2 220.6 173.5 188.6 169.0 -0.0 75.7 114.4 115.2
=
= ABS MACH N0 REL MACH NO MERID MaCh NO MERID PEAX 38
® IN  oJT IN T IN  ouT VEL R MACH NO
1 0.596 0.543 0.991 0.790 0,59 0.516 0,892 ;.205
2 0.612 0.57%6 0.98% 0.810 2.612 0.554 0.930 1,275
3 0.616 0.577 0.966 0.795 0.616 0.555 0.926 1.259
4 0.624 0.587 0.914 0.743 0.62é 0.562 0.925 1.225
5 0.616 0.562 0.838 0.674 0.616 0.555 0.920 1.192
6 0.602 0.565 0.762 0.606 0.602 0.535 6.90% 1.i58
7 0.505 0.565 0.714 0.567 0.505 (.531 0.608 1.13/
8 0.58% 0.572 0.697 0.56! 0.589 0.535 0.92% 1.123
2 0.57% 0.553 0.67) 0.518 0.573 0.505 2.896 1.103
PERCENT  INCIDENCE  DEV  D-FACT EFF  LOSS COEFF  LOSS PARAM
® PAN  MEAN  SS ©T0T  PROF TOT  PROF
1 5.00 1.8 -2.9 T.° 0.%52 0.660 0.1'5 (.108 0.074 0.070
2 10.00 1.2 =3.7 6.3 0.312 0.789 0.070 0.066 0.046 0.043
S 15,00 1.1 -4,3 6.7 0.316 6.819 0.060 0.057 0.040 0.038
4 30.00 0.0 -6.8 7.4 0.333 0.867 0.045 0.044 0,030 0.029
5  50.00 1.4 -10.5 9.8 0.%48 0.869 0.045 0.045 0.029 0.029
€ 70.00 1.9 -13.9 13.2 0.353 0.87t 0.042 0,042 0.025 0.025
7 85.00 2.4 -15.3 13,6 0.358 0.660 .047 0.047 0.026 0.026
g 90.00 2.8 ~15.3 12,7 0.350 0.898 0.035 0.0% 0.019 0.019
9 95.¢" 5.6 -14.7 10.9 0.307 0.747 0.097 0.097 0 050 0.050
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TABLE I¥. - Continued. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A.

RAD[1
IN T
24.648 24.638
23.871 23.876
23.094 23.114
20.744 20.828
17.623 17.780
14.544 14,732
12.299 12.448
11.570 11.684
10.846 10.922

ABS VEL

IN T
184.3 175.3
188.5 191.4
189.2 191.4
191.2 193.3
185.4 185.3
184.2 176.9
181.3 178.7
181.0 180.5
177.% 176.9

ABS MACH NO
IN out
0.557 0.513
0.571 0.564
0.574 0.565
0.58! 0.573
0.572 0.550
0.538 (.526
0.549 0.532
0.548 0.538
0.537 0.527

PERCENT
SPAN MEA
5.00
10.00
15.00

30.00
50.00
70.00
85.00
9¢.00
95.00

Uluut-u!\;mwm
= s e s ..
WOV o bOWw-—WN

(c) Reading 14 .8

ABS BETAM
IN oyt
-0.0 22.7
-0.0 17.9
-0.0 18.3
0.0 19.7
0.0 21.2
0.0 21.5
0.0 23.4
0.0 24.2
0.0 210

REL VEL
N ouT

251.5
266.5
258.7
259.3
211.2
188.3
175, 0
171.9
161.5

REL MACH NO
IN ot

.965 0.73
.956 0.785
L9356 0.764
.885 (0.709
.806 0.627
.728  0.560
.676 0.52!
L6681 0.512
.640 0.481

OO0

INCIDENCE DEV

SS
-1.2
-‘.9
-2.5
-4.8
-8.4

~1:.9
-13.3
-13.5
-13.0

SONWRBO QOO0
W= aPNW—-U~O

REL BETAM

IN out
54.7 50.0
53.3 46.9
52.2 45.4
49.0 40.5
4.8 3.
39.9 29.0
35.7 20.4
34.0 16.7
32.9 12.7

MERID VEL
IN ot
184.3 161.7
188.5 1g2.1
i89.2 181.7
191.2 181.9
188.4 172.7
184.2 164.6
181.3 164.0
181.0 164.6
177.5 1575

MER[D MACH NO
IN T
0.557 0.473
0.571 0.537
0.574 0.537
0.58! 0.539
0.572 0.513
0.558 0.490
0.549 0.489
0.548 0.49!
0.537 0.469

D-FACT EFF

.421  0.653
.33 0.846
.345 0.896
.375 0.933
L4053 0.909
.400 0,885
.405 0.921
L4095 0.
L4417  0.881

QOO0 OO0

TOTAL TEMP
IN RATIO
289.2 ‘..
289.0 t.0¢
288.6 1.052
2688.0 1.048
287.8 1,040
287.7 1.032
287.7 1.0%%
287.7 1,072
287.7 1.03%0
TANG VEL
IN Ut
-0.0 &7.7
-0.0 58.9
-0.0 &60.0
-0.0 €5.3
-G.0  &7.1
0.0 64.7
0.0 70.8
-0.0 74.%
0.0 80.4
LOSS COEFF
T0T PROF
0.145 0.139
0.063 0.008
0.042 0.038
0.027 0.026
0.035 0.035
0.042 0.042
0.030 0.030
0.033 0.033
0.050 0.050

110 PERCENT DESIGN SPEED

TOTAL

N
i0.06
10.14
10.14
10.14
10.14
10.14
10.14
10.14
10.06

WHEEL
IN
260.4
253.3
243.9
219.9
187.0
154,
130.3
122.2
114.9

MERID
VEL R
0.877
0.966
0.960
0.952
0.916
0.894
0.905
0.910
0.888

PRESS
RATIO
1.139
1.173
117
1.167
1,132
1.102
1.099
1.099
1.095

SPCED
ouT
26..3
253.4
24 2
220.8
188.7
156.0
131.9
123.4
115.8

PEAX SS
MACH NO
1.319
1.305
1.283%
1.247
1.202
1,157
1,121
1.105
1.090

LOSS PARAM

TOT

0.092
0.041
.027
.018
.02
.025
017
.018
.026

(=N -N-N-N- -]

PROF

0.088
0.038
0.02%
0.017
0.022
0.025
0.017
0.018
0.026



TASLE IX. - Continued. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A. 110 PERCENT DESIGN SPEED

OR,

Q! (d) Reading 1420
2 RADI! ABS BETAM REL BETAM TOTAL TEMP  TOTAL PRESS
i ® IN outT IN ouT IN out IN RATIO IN  RATIO
] ! 24.648 24.638 -0.0 32.7 57.4 S50.8 289.0 1.077 10.08 1.166
= 2 23.871 25.87%6 -0.0 23.7 56.0 47.5 288.9 1.068 10.14 1.196
w 3 23.004 23.114  -0.0 23.3 S5.0 45.4 288.5 1.062 10.14 1.203
4 20.744 20.828 0.0 24,3 S1.7 ‘.0 288.C 1.055 10.14 1.188
) 5 17.623 17,780 -0.0 25.1 41.5 35.5 287.8 1.044 10.14 1.148
g 6 14,544 :4.732 0.0 5.6 42.6 .t.2 287.8 1.037 10.14 1,121
o T 12.299 12.446  -0.0 27.0 38.2 4.6 287.7 1.032 10.14 1.112
eud 8 11.570 11.684 -0.0 21.7 3.5 17.0 287.8 1.%52 10.14 t 111
. ¢ 9 10.846 10.922 -0.0 31.5 354 12.2 287.9 1.03% 10.07 1.104
,
@) ABS VEL REL VEL ME 1D VEL TANG VEL  WHEEL SPEED
= ® IN o IN  ouT IN  ouT IN  OuT IN T
o 4 1 166.9 166.3 310.3 221.5 166.9 140.0 -0.0 89.8 261.5 261.4
@) 2 170.6 181.0 304.9 244.6 170.6 165.8 -0.0 72.8 2652.6 252.7
T 171.9 184.6 299.4 241.6 171.9 160.5 -0.0 73.1 245.1 245.3
uJ 4 1740 183.9 280.9 221.9 174.0 167.6 -0.0 75.8 220.4 221.3
I 5 1716 172.8 254.0 194.6 1716 156.5 -0.0 73.2 187.3 188.9
- 6 167.6 166.7 227.6 172.3 167.6 150.4 ~-0.0 T1.9 154.0 155.9
(T8 7 165.4 166.6 210.4 158.5 165.4 148.3 -0.0 75.7 129.9 13:.%
O 8 165.0 168.1 205.4 155.6 165.0 148.8 -0.0 78.0 122.3 123.5
N 9 161.8 163.8 198.5 143.0 161.8 139.7 -0.0 855 15,0 115.8
=
= ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAK SS
o - - IN oyt IN ouT IN ouT VEL R MACH NO
=1 1 0.502 0.48%  0.93% 0.641 0.502 0.405 0.839 1,364
. 2 0.514 0.528 0.918 0.714 0.514 (.484 0.97¢ 1.,3%
3 0.518 0.541 0.9035 0.708 0.518 0.497 0.986 1.323%
B 4 0.525 0.541 0.848 0.653 0.525 0.493 2,963 1,274
=~ 5  0.5i8 0.510 0.767 0.574 0.518 0.462 0.912 1.214
3 6 0.505 0.493 0.686 0.510 0.505 0.445 0.897 1.152
) 7 0.498 0.494 0.634 0.470 0.4968 0.440 0.897 1.104
= 8 0.497 0.498 0.619 0.462 0.497 0.441 0.902 1,087
~ - 9  0.487 0.485 0.597 0.423 0.487 0.414 0.864 1.068

— PERCENT INCIDENCE DEV  D-FACT FEFF LOSS COEFF LOSS PARAM

rP SPAN MEAN SS TOT PROF ToT PROF
' 5.00 6.2 1.5 8.7 0.571 0.585 .232 0.225 0.144 0.140
2 10.00 5.7 0.7 6.8 0.428 0.775 0.117 0.112 0.076 0.073
3 15.00 5.7 0.3 6.6 0.423 0.868 0.065 0.062 0.043 0.04!
4 30.00 5.7 -=2.1 7.5 0.447 0.912 0.043 0.042 0.028 0.028
) 50.00 6.2 -5.7 11,6 0.450 0.912 0.040 0.040 0.025 0.025
6 70.00 6.6 -9.2 14,3 0.458 0.908 0.042 0.042 0.025 0.02
7 85.00 7.0 -10.8 13.6 0.461 0.953 0.022 0.022 0.012 0.012
8 90.00 7.1 =110 12.4 0.458 0.952 0.023 0.023 0.012 0.012
9 95.00 7.7 -10.5 9.9 0.511 0.873 0.066 0.066 0.034 0.034
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TABLE IX. - Concluded. BLADE-ELEMENT DATA AT BLADE

EDGES FOR ROTOR 51A.

110 PERCENT DESIGN SPEED

(e) Reading 1421

RADI! ABS BETAM

IN ouT IN ot
24.648 24.638 -0.0 37.0
23.87V 25.876 -0.0 26.7
23.094 23.114 -0.0 24.2
20.744 20.828 ~-0.0 25.0
17.623 17.780 -0.0 26.4
14.544 14.732 -0.0 21.2
12.299 12.446 -0.0 28.5
11,570 11.684 0.0 29.2
10.846 10.922 0.0 33.3

ABS VEL REL VEL

IN T IN ouT
159.0 162.5 305.4 208.!
162.7 174.2 301.t 234.2
164.1 180.5 294.3 237.t
166.9 180.0 276.3 2!8.4
165.1 169.9 243.4 189.5
161.7 163.3 223.5 166.6
158.9 162.7 205.5 152.8
'59.6 165.9 200.7 151.2
154.9 16:.4 193.3 137.8
ABS MACH NO REL MACH NO

IN Ut IN ot
0.477 0.469 0.916 0.600
0.489 0.507 0.905 0.682
0.494 0.528 0.885 0.694
0.503 0.529 0.832 0.642
0.497 0.501 0.751 0.559
0.487 0.482 0.673 0.492
0.478 J.481 0.618 0.452
0.477 (.49 0.603 0.448
0.465 0.477 0.580 0.408
PERCENT INC IDENCE DE\

SPAN MEAN SS

5.00 7.4 2.7 9.4
10.00 7.0 2.1 7.9
15.00 6.9 1.4 7.2
30.00 6.8 -0.9 8.2
50.00 7.2 -4.7 1.7
70.00 1.7 -8.\ 14.5
85.00 8.1 -9.6 13.7
90.00 8.4 -9.7 12.0
95.00 9.1 9.2 9.3

REL BETaM

IN ot
58.6 S51.4
57.3 48.4
56.1 46.0
52.8 41.6
48.5 36.6
43.6 29.3
39.3  20.7
37.8 16.7
36.7 11.6

MERID VEL
IN 0T
159.0 129.7
162.7 155.6
164.1 164.6
166.9 163.2
165.1 152.2
161.7 145.3
156.9 142.9
158.6 144.9
154.9 135.0

MERID MACH NO
IN ()
0.477 0.374
0.489 0.453
0.494 0.482
0.503 0.480
0.497 0.449
0.487 0.429
0.478 0.423
0.477 0.429
0.465 0.399

D-FACT EFF
.634
.473
A%
. 451
.478
.482
.482
.475
.533

.569
. 125
.833
.889
.910
.920
.935
. 961
.905

COOOOODOoOOOD
OO0 O

TOTAL TO®
IN RATIO
289.0 1.080
288.8 1.069
2688.5 1.064
208.0 1.096
2087.8 1.045
207.8 1.037
287.8 1.034
287.9 1.03¢
287.9 1,034
TANG VEL
IN out
-6.0 97.9
-0.0 78.3
-0.0 74,0
0.0 7.0
-0.0 5.6
-0.0 74.6
-0.0 7.7
0.0 80.9
0.0 88.5
LCSS COEFF
voT PROF
0.256 0.248
0.147 (0.142
0.087 0.084
0.056 0.056
0.044 0.044
0.038 0.038
0.035 0.033
0.021 0.021
0.055 0.093

TOTAL

IN
10.08
10.14
10.14
10.14
10.14
10.14
10.14
10.14
10.06

WHEEL

260.8
253.5
244 3%
220.2
186.9

PRESS
RATIO0
1.168
1.187
1.199
1.187
1.151
1.124
1.5
1.1z
1111

LOSS PARAM

T07

0.157
G.094
0.057
.037
.027
022
.018
on
.028

OO0

PROF

0.152
0.091
0.955
0.037
0.627
0.022
0.018
0.011
0.028
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TABLE X. - BLADE-ELEMENT DATA AT BLADE EDGES FOR

{a) Reading 1538

ROTOR 51A.
RAD! ABS BETAM
IN ouT IN ouT
24.648 24.638 -0.0 13.6
23.871 23.876 0.0 15.1
23.094 25,114 -0.0 12.8
20.744 20.828 -0.0 12.7
17.623 17.780 -0.0 13.1
14.544 14,732 -0.0 14.6
12.299 12.446 -0.0 16.2
11.570 11.684 -0.0 17.2
10.846 10.922 0.0 20.1
ABS VEL REL VEL
IN ot IN ouT
219.5 216.3 358.4 313.4
223.1 217.5 353.4 308.9
224.2 217.1  347.3 303.5
227.1 216.4 329.2 285.%
224.1 212.3 302.0 299.2
219.2 209.7 275.7 234.0
217.% 211.7 259.4 220.0
215.4 218.9 253.2 220.3
209.1 223.8 243.5 215.7
ABS MACH NO REL MACH NO
IN ouT IN ouY
0.673 0.646 1.099 0.936
0.685 0.65' 1,085 0.924
0.689 0.650 1.068 0.909
0.699 0.650 1.014 0.857
0.689 0.639 0.929 10.780
0.673 0.632 0.847 0.705
0.667 0.639 0.796 0.664
0.660 0.662 0.776 0.666
0.640 0.676 0.745 0.652
PERCENT INCIDENCE DEV
SPAN MEAN SS
5.00 1.0 -3.7 5.8
10.00 0.6 -4.4 6.2
15.00 0.5 -4.9 6.9
30.00 0.3 -7.4 8.8
50.00 0.8 -11,1 12,2
70.00 1.4 -14.4 159
85.00 1.8 -15.9 15,4
90.00 2.3 -158 13.8
85.00 3.2 -15.1  10.7

REL BETAM

IN ouT
52.2 47.9
50.8 46.7
49.8 45.8
46.4  4z.2
42.1 37.¢
37.4  29.9
53.0 22.5
31.7 18.4
30.8 3.0

MERID VEL

IN ouT
219 5 210,
225.1 211,
cRd.2 21,
22°.1 2.
2241 2%
2:9.2 2%2.
217.5 203.3
215.4 209.1
209.1 210.2

CR - JIoW

MERID MACH NO
IN ouT
0.673 0.628
0.685 0.634
0.689 0.634
0.699 0.634
0.689 0.622
0.673 0.611
0.667 0.613
0.660 0.632
0.640 0.635

D-FACT EFF

.620
.629
.649
.661
.593
.622
.636
.757
.792

0.265
0.261
0.256
0.26!
0.267
0.282
0.288
0.275
0.284

OO0 ODOO0OO0OO

120 PERCENT DESIGN SPEED

TCTAL TEMP
IN RATIO
288.8 1.047
2088.7 1.045
288.4 1.043
288.1 1,037
287.9 1,033
287.8 1.029
287.8 1.027
288.0 1.029
287.9 1.034
TANG VEL
IN  ouT
-0.! 50.8
0.0 40.4
-3.0  48.0
-5.0 417
-t.0 48.1
-0.1  S2.9
-0.¢  S9.!
-0.0 &4.9
0.0 76.9
LOSS COEFF
TOT  PROF
0.111 0.095
0.105 0.091
£.097 (.084
0.088 0.079
C.105 0.10¢
0.098 0.097
0.099 0.099
0.072 0.072
0.077 0.077

TOTAL PRESS
IN RATIO
10.04 1.107
10.13 1.102
10.14 1.10t
10.14 1,090
10.15 1.070
10.15 1.064
10.15 1.062
10.14 1.079
10.04 1.098

WHEEL SPEED
IN out
283.3 283.2
274,10 241
265.2 265.5
258.3 239.2
202.5 204.3
167.2 '69.4
141.5 1431
135.1 13¢.¢
124.8 125.8

MERID PEAK SS
VEL R MACH NO
0.958 1.326
0.949 1.313
0.944 1,312
0.929 1.319
0.923 1.301
0.926 1.272
0.935 1.248
0.971 1.237
1.005 1.216

LOSS PARAM

TOT PROF

.073 0.063
.069 0.060
.063 0.055
.057 0.05%
.065 0.063
.058 0.057
.054 0.054
.039 0.039
.040 0.040

CO0DO0OO0DOoOO0OOO
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TABLE X. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

P YT T Pr ey .| CDADNE N~ B CDInGVBUN — B

@Qﬂ@d’!ht}l'\)-‘q

FOR ROTOR 51A.

(b) Reading 1537

RARII ABS BETAM REL BETAM
IN our IN ot IN T
24.648 24.638 -0.0 22.4 54.4 495
23.871 23.876 -0.0 18.2 53.0 471.3
23.094 23.114 -0.0 18.6 51.9 46.4
20,744 20.828 -0.0 18.3 48.5 42.7
17.623 17.780 -0.0 19.8 442 35.5
14,544 14,732 -0.0 21.0 39.4 27,9
12.299 12.446 -0.0 22.v 3.0 20.0
11.570 11.684 -0.0 2.7 33.6 16.6
10.846 10.922 -0.0 26.8 32.6 12.8
ABS VEL REL VEL MERID VEL
IN ouY IN ouT IN ouT
202.3 195.0 347.8 274.9 202.3 178.4
206.6 204.4 343.3 286.4 206.6 194.2
208.6 202.3 337.9 278.1 208.6 191.8
211.2 201.3 318.7 260.0 211.2 191.}
208.3 202.5 290.7 234.0 208.3 190.5
204.0 199.2 264.0 210.3 204.0 185.9
202.0 200.7 246.6 i97.8 202.0 185.9
200.3 20,.0 240.4 195.4 200.3 187.2
195.2 191.7 231.6 175.5 195.2 17,1
ABS MACH NO REL MACH NO NMERID MACH NO
IN outY IN ot IN ot
0.616 0.566 1.059 0.806 0.6'6 0.523
0.630 0.603 1,047 0.846 0.630 0.573
0.637 0.598 1.032 0.822 0.637 9.567
0.646 0.597 0.475 0.771 0.646 0.567
0.637 0.602 0.889 0.696 0.637 0.567
0.623 0.594 0.806 0.627 0.623 0.555
0.616 0.600 0.752 0.59! 0.616 0.556
0.6t 0.607 0.733 0.585 0.611 0.560
0.594 0.572 0.705 0.523 0.594 0.510
PERCENT INCIDENCE DEV  D-FACT EFF
SPAN MEAN SS
5.00 3.2 -1.5 7.5 0.418 0.540
10.00 2.1 =2.2 6.8 0.345 0.725
15.00 2.6 =-2.8 7.5 0.357 0.728
30.00 2.4 5.3 9.3 0.358 0.770
50.00 2.9 -9.0 10.6 0.381 9.800
70.00 3.5 -12.4 13,0 0.388 10.843
85.00 3.8 -14,0 12,9 0.381 0.845
90.00 4.1 -14.0 12,0 (.372 0.877
95.00 4.9 -13.4 10,5 0.443 0.703

TOTAL TEMP
IN RATIO
289.0 1.066
288.9 1.069
288.5 1.038
288.1 1.05%
287.8 1.048
287.8 1.040
287.7 1.038
287.7 1,037
287.8 1.037
TANG VEL
IN T
-0.1 7.6
-0.0 3.7
-0.1 64,5
-0.0 63.3
-0.0 68.7
-0.0 T1.4
-0.0 75.5
-0.0 T78.4
-0.0 86.6
LOSS COEFF
TOT PROF
0.190 0.172
0.107 0.091
0.104 0.089
0.085 0.076
0.079 0.077
0.061 0.061
0.063 0.063
0.05t 0.051
0.129 o0.12¢

120 PERCENT DESIGN SPEED

TOTAL PRESS
IN RATIO
10.06 1.131
10.13 1,161
10.14 1,155
10.14 1,146
10.14 1.14%
10.14 1,123
10.14 1. 117
10.14 1. 119
10.06 1.093

RHEEL SPEED
IN ot
282.9 282.8
2741 2140
265.7 265.9
238.6 239.6
202.8 204.6
167.6 169.8
141,35 143.0
133.0 134.3
124.7 125.6

MERID PEAX SS
VEL R MACH NO
0.882 1.379
0.940 1.367
0.919 1.358
0.905 1.357
0.914 1,310
0.911 1.287
0.920 1.229
0.935 1,214
0.877 1.193

LOSS PARAM

ToT PROF

121 0,110
.070 0.060
.068 0.058
.095 0.049
.050 n.049
.036 0.036
055 0.0%
.028 0.028
.067 0.067

[- N - -N-N- NN~



TABLE X. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR ROTOR 51A. 120 PERCENT DESIGN SPEED

(c) Reading 1536

RADII ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS
P IN oyt IN T IN ot IN RATIO IN RATIO
1 24.648 24.638 -0.0 38.6 S57.3 S2.1 288.9 1.093 10.08 1.140
2 2%.8M 23.87 -0.0 26.5 55.7 48.9 288.8 1.078 10.13 1.169
3 25.004 23.114 -0.0 25.2 54.4 47,0 288.6 '.070 10,14 1.187
4 20.744 20.828 -0.0 23.3 50.9 41,3 288.1 1,066 10.14 1,204
5 17.623 17.780 -0.0 24.6 46.5 34.0 287.9 1.058 10.14 1,188
6 14,544 14,732 -0.0 2.8 415 28,2 2877 1.044 10.%4 1,142
T 12.209 12.446 -0.0 25.9 37.0 19.6 287.8 1,040 10.14 1,134
8 11.570 11.684 -0.0 26.7 35.6 16.1 287.6 1.040 10.13 1,133
9 10.846 10.922 -0.0 1.5 345 12,5 287.7 1.040 10.08 .100
ABS VEL REL v&L MERID VEL TANG VEL WHEEL SPEED
-4 IN ouT IN T IN ouT IN ouT IN L)
1 182.3 174.5 337.3 221.6 182.3 136.3 -0.0 108.9 283.8 283.7
2 187.4 186.9 332.7 254.2 187.4 167.3 -0.0 83.5 274.9 2M14.9
3 190.9 193.4 327.8 260.6 190.9 177.8 =-0.1 76.1 266.4 266.6
4 194.2 199.9 308.2 244.' 194.2 183.5 0.0 79.2 259.2 240.2
5 192.7 199.1 280.0 218.4 192.7 181.1 -0.0 82.9 203.1 204.9
6 189.3 187.1 252.8 192.8 189.3 169.9 -0.1 78.4 167.4 169.6
7 187.5 188.8 234.9 180.2 187.5 169.7 -0.0 B82.6 141.4 143!
8 185.8 190.0 228.5 176.6 185.8 169.7 -0.0 85.5 133.0 134.4
9 1817 176.6 220.4 154.2 181.7 190.5 -0.0 92.4 24,8 125.7
ABS MACH NO REL MACH NO MERID MACH NO MERID PEAK SS
® IN ouT IN ouT iN out VEL R MACH NO
1 0.551 0.502 1.020 0.638 0.55¢ 0.392 0.748 1.461
2 0.568 0.544 1.008 0.740 0.568 0.487 0.893 1,443
3 0.579 0.566 0.994 0.763 0.579 0.52% 0.931 1.438
4 0.590 0.588 0.937 0.719 0.590 0.540 0.945 1,382
S 0.586 0.589 0.85! 0.646 0.586 0.535 0.939 1,319
6 0.57 0.555 (0.768 0.572 0.575 0.504 ¢.897 1.26¢
7 0.560 0.56' 0.7'3 0.536 0.569 0.504 0.905 1.214
8 0.564 0.565 0.693 0.525 0.564 0.505 0.913 1.196
9 0.550 0.523 0.668 0.457 0.550 0.446 0.828 1.173
PERCENT INCIDENCE DEV  D-FACT EFF L0SS COEFF LOSS PARAM
o SPAN MEAN SS 70T PROF TOT PROF
! 5.00 6.1 1.4 10.0 o0.66! O0.411 0.340 0.316 0.206 0.191
2 10.00 5.5 0.5 8.4 0.478 0.586 0.212 0.191 0.135 0.121
3 15.00 5.1 -0.3 8.1 0.424 0.7%1 0.140 0.121 0.090 0.078
4 30.00 4.9 -=2.9 7.8 0.433 0.825 0.087 0.078 0.057 0.051
5  50.00 5.2 -6.7 9.1  0.452 0.873 0.064 0.062 0.041 0,040
€ 70.00 5.6 -10.3 13,4 0.449 0.876 0.057 0.057 0.034 0.034
7 85.00 5.8 =11.9 12,6 0.443 0.904 0.046 0.046 0.025 0.025
8 90.00 6.2 =-11.9 1.4 0,439 0.903 0.048 0.048 0.026 0.026
9 85.00 6.8 -11.5 10.1 0.526 0.697 0.154 0.154 0.081 0.08!



TABLE X. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES

FOR ROTOR 51A. 120 PERCENT DESIGN SPEED

8 - (d) Reading 1535
O; RADII ABS BETAM REL BETAM TOTAL TEMP  TOTAL PRESS
a4 ¥ IN ouT IN ouT IN ouT IN RATIO IN  RATIO
A 1 24,648 24.638 -0.0 48.0 59.9 53.9 288.8 1.105 10.08 1.175
=3 2 25.871 25.87%6 -0.0 35.5 58.0 S50.! 288.5 1.091 10.14 1,179
. 3 23.004 23.114 0.0 27.9 56.5 47.1 288.5 1.082 10.14 1.203
L 4 20.744 20.828 -0.0 27.2 53.0 39.9 283.1 1.075 10.14 1.239
O} 5 17.623 17.780  -0.0 27.4 4.7 35.3 287.9 1.059 10.14 1.192
= 6 14.544 14,732 -0.0 27.8 43.7 28.4 287.9 1.048 10.13 1.157
a- 7 12.299 12,446 -0.0 28.9 39.2 19.3 287.8 1.043 10.13 1,147
ol 8 11,570 11.684 -0.0 30.1 37.8 15.4 287.8 1.043 10.13 1.144
e 9 10.846 10.922 -0.0 34.9 367 1.3 287.8 1.043 10.08 1.117
<
O ABS VEL REL VEL MERID VEL TANG VEL WHEEL SPEED
= > IN  ouT IN Ot IN  ouT IN  ouT IN  ouT
o 1 164.5 170.8 328.1 194.0 164.5 114.2 -0.0 127.0 2835.9 283.8
@) 2 1M.5 176.3 325.5 223.9 171.5 1435 -0.0 102.5 274.3 274.3
3 175.7 187.7 318.7 243.6 175.7 165.9 0.0 87.7 265.9 256.1
W 4 180,17 199,6 299.0 231.3 180.% 177.5  -0.0 91.3 238.6 239.6
I S 178.6 188.1 270.4 204.6 178.6 167.0 -0.0 86.6 203.0 204.9
— 6 175.6 179.7 242.8 180.7 175.6 158.9  =0.0 8%.9 167.7 169.9
w 7 173,17 181.' 224.0 167.9 1737 158,5 -0.0 87.6 141.6 143.3
O 8 1721 181.9  217.7 1633 172,10 157.4  -0.0 91.2 1334 134.7
_ 9 168.0 170.8 209.4 142.8 168.0 140.! -0.0 97.8 125.0 125.9
>3
=
] ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAX SS
| » IN ouT IN ouT IN oVt VEL R MACH KO
1 0.495 0.488 0.987 0.555 0.495 0.326 0.694 1.525
2 0.517 0.508 0.975 0.646 0.517 0.414 0.837 1.485
B S 0.530 0.546 0.962 0.708 0.530 0.482 0.944 1,452
4 4 0.545 0.585 0.904 0.678 0.545 0,520 0.656 1.397
~ 5  0.540 0.554 0.8'8 0.602 0.540 0.49! 0.935 1,528
3 6 0.531 0.531 0.734 0.53% 0.531 0.469 0.905 1,260
7 0.525 0.536 0.677 0.497 0.525 0.469 0.912 1,208
™= 8 0.520 0.539 0.657 0.484 0.520 0.466 0.914 1,183
j 9 0.506 0.504 0.631 0.422 0.506 0.4!3 0.834 1,157
PERCENT INCIDENCE DEV D-FACT EFF  LOSS COEFF LOSS PARAM
w® SPAN  MEAN  SS TOT  PROF  TOT  PROF
1 5.00 8.7 4.0 V1.8 0.790 0.448 0.372 0.362 0.215 0.198
2 10.00 7.7 2.8 9.6 0.6!3 0.526 0.290 0.267 0.179 0.165
3 15,00 7.3 1.9 8.2 0.495 0.665 0.191 0.172 0.123 0.111
& 30,00 6.9 -0.8 6.4 0.494 0.840 0.094 0.086 0.063 0.058
5  50.00 7.3 -4.6 10.4 0.494 0.866 0.074 0.075 0.047 0.046
6  T70.00 7.8 -B.! 13,6 0.43% 0.897 0.054 (0.054 0.032 0.032
7 85.00 8.0 -9.8 12.3 0.634 $.934 0.03 0.036 0.020 0.020
8  90.00 8.3 -9.8 10.8 0.488 0.921 0.045 0.045 0.024 0.024
9  95.00 9.0 -9.3 9.0 0.569 0.752 0.150 0.150 0.079 0.079
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{a) Reading 1532

STATOR 51.
RADII ABS BETAM
IN ot IN ot
24.595 24.608 7.7 -1.4
23.861 235.886 7.5 -2.0
23.129 23.167 7.0 -2.6
20,925 21.0 1.9 -2.9
17.963 18.09%0 10.1 -2.2
14,953 15,118 12.0 2.2
12.652 12.79 13.9 -1.4
11.874 11,97 14.6 -0.2
11,000 11,128 6.5 4.7
4BS VEL REL VEL
IN ot [N T
210.2 199.4 210.2 1989.4
213.4 208.4 213.4 208.4
212.% 208.9 212.5 208.9
212.4 210.4 212.4 210.4
209.5 211.6 209.9 211.6
202.3 212.5 202.3 212.5
191.8 209.0 191.8 209.0
190.6 208.1 190.6 208.¢
190,7 196.4 190,7 106.4
ABS MACH NO REL MACH NO
IN ouT IN ouT
0.6%4 0.599 0.634 0.599
0.645 0.629 0.645 0.62%
0.642 0.63t1 0.642 0.651
0.643 0.636 0.643 0.636
0.63% 0.640 0.633 0.640
0.610 0.643 0.610 0.643
0.577 0.632 0.377 0.632
0.574 0.630 0.574 0.630
0.573 0.592 0.573 0.592
PERCENT INCIDENCE DEV
SPAN  MEAN sS
5.00 -6.6 ~15.8 2.7
10.00 -7.0 ~16.2 2.1
15.00 -7.6 <-16.8 1.4
30.00 -7.6 -16.8 1.1
S0.00 1.3 =16.% 1.9
70.00 -7.9 ~-17.1 2.1
85.00 -7.8 -16.9 2.8
90.00 -7.4 =16.% 4.0
85.00 -5.8 -14,9 8.7

REL BETAM
IN ot
~1.4
~2.0
-2.6
-2.9
-2.2
-2.2
-1.4
-0.2
4.7

N
~

- s s -t -
Do NO 9~
PRI
Nohwe —wgod

MERID VEL
IN ouT
208.3 199.3
211.6 208.3
210.9 208.7
210.4 2101
206.3 211.4
197.9 2'2.3
186.2 208.9
184.5 208.1
182.8 195.7

MERID MACH NO
IN ouT
0.629 0.599
0.639 0.628
0.637 (.630
0.637 0.635
0.623 0.640
0.597 0.643
0.560 0.632
0.555 0.530
0.55¢ 0.590

5

D-FACT

D.128
0.101
0.094
0.088
0.067
0.024
-0.022
-0.032
0.014

.

OODOCOoOOD OO
a e * e e s = .

100 PERCENT DESIGN SPEED

TOTAL TEMP
IN RATIO
295.4 1,000
295.3 0.999
295.0 0.999
294.3 1,000
204.4 (.999
294.0 1.000
293.0 1.002
292.9 1.001
293.4 1,000
TANG VEL
IN T
8.2 -4.7
27.8 -7
26.0 -9.4
29.4 -10.7
3.8 -8.2
42,2 -8.1
4.2 -5.0
4.1 -0.6
54,1  16.2
LOSS COEFF
ToT PROF
0.135 0.135
0.083 0.063
0.046 0.046
0.045 0.045
0.059 0.0%9
0.060 0.060
0.083 0.083
0.108 0.108
0.274 0.274

TABLE XI. - BLADE-ELEMENT DATA AT BLADE EDGES FOR

TOTAL PRESS
IN  RATIO
10.66 0.968
10.75 0.985
10.75 0.989
10.75 0,989
10.77 0.986
10.73 0.987
10.57 0.983
10.55 0.978
10.56 0.945

WHEEL SPEED
N out

(=4
e ¢
[~ X -]
. @

.
[ -]
-

.

(- N -W-- NN~ N1
. o . .
(=]
.

»
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TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

‘ FOR STATOR 51. 100 PERCENT DESIGN SPEEFD

o (b) Reading 1400
8 RADI! ABS BETAM REL BETAM TOTAL TEMP  TOTAL PRESS
® IN ouT IN ouT IN out IN RATIO IN  RATIO
o 1 24.595 24.608  16.1 1.0 160 1.0 300.8 1,000 11.34 0.979
W 2 23.86! 23.886  14.8 9.6 14,8 0.6 300.% 1.000 11.45 0.986
=1 3 23.129 23.167  15.2 0.3 15.2 0.5 299.5 1.000 !1.44 0.992
; 4 20.925 21.001 15,7  -p.v  15.7 -0.! 287.9 1,000 1!.31 0.998
L 5 17,963 18.090 16.2 -0.6 16.2 -0.6 296.3 1,000 11.1! 1.000
(D, 6 14.95315.118 17.4 -1.3 17.4 -1.5 205.1 1.000 10.94 0.998
«; 7 12.652 12.791 20,1 -0.3 20.1 -0.3 204.7 :.000 10.90 0.990
Q-; 8 11,874 11,971 21,2 1.2 21.2 1.2 205.3 1,000 10.9% 0.983
o 9 11,090 11,128 25,1 5.4 25,1 5.4 2954 1,000 10.77 0.97
L
Z ABS VEL REL VEL MERID VEL TANG VEL WHEEL SPEED
0 ® IN  ouY IN  OuT IN  ouT IN 0T IN  ouT
= 1 187.2 172.9 87,2 172.9 179.9 172.9 51.9 3.0 0. 0.
(» 4 2 192.4 179.5 192.4 179.5 186.0 179.4 49.2 2.0 0. 0.
@) 3 191,35 180.9 191.3 180,9 184.6 180.9 S50.1 0.8 0. 0.
4 188.% 179.8 188.3 179,8 181.,3 179.8 60.9 =0.3 0. 0.
L S 180.0 174,11 180.0 174,01 172.8 174.1 50.5 -1.9 0. 0.
I 6 '69.9 166.8 169.9 166.8 162.0 166.8 50.9 <-3.9 0. 0.
- 7 164.9 162.5 164.9 162.5 154.8 162.5 56.6 ~0.9 0. 0.
w 8 166.9 16:.7 166.9 161.7 155.6 161.7 60.4 3.4 0. 0.
O 9 162.6 148.7 162.6 148.7 147.2 148.1  €9.1 14.0 0. 0.
>-1
[ ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAK SS
3 »w IN our IN out IN ouT VEL R MACH NO
1 0,555 0.510 0.555 0.51'0 0.5%% 0.510 0.961 0.81%
. 2 0.572 0.5%1 0.572 0,551 0.55% 0.5%1 0.965 0.813
: S 0.5%9 0.5% 0.569 0.5% 0.549 0.5% 0.980 0.814
4 0.5 0.5%4 0.56! 0.5%4 0.540 0.5%4 0.992 0.804
= 5 0.5% 0.518 0.5% 0.518 0.515 0.518 1,007 0.762
=~ 6 0.506 0.496 0.506 0.496 0.482 0.405 1.029 0.719
3 T 0.490 0.48% 0.490 0.48% 0.461 0,483 1,049 0.726
~T . 8 0.496 0.480 0.406 0,480 0.463 0.480 1,039 0.751
= 9  0.48% 0.440 0.48% 0.440 0.437 0.438 1.006 0,792
i PERCENT  INCIDENCE DEY  D-FACT SFF  LOSS CCCFF LOSS PARAM
® SPAN  MEAN  S§ TOY  PROF  YOT  PROF
1 5.00 1.8 -7.4 5.1 0,204 9. 0.109 0.109 0.053 0.053
2 10.00 0.3 -8.9 4.7 0.18% o0, 0.072 0.072 0.034 0.034
s 15,00 0.6 =-8.7 4.3 0.173 0, 0.043% 0.045 0.020 0.020
4 30,00 0.2 -9.0 5.9 0.158 0. 0.011 0.0V  0.005 0.005
S 50,00 -1.2 -10.4 3.5 0.1% 0. 0.002 0.002 0.00t 0.000
6 T0.00 -2.5 -11.6 2.9 0.114 0, 0.013 0.0t3 0.004 0,004
7 85.00 -1.6 =10.7 3.9 0.102 0. 0.069 0.069 0,017 0.017
& 9.00 -0.8 -9.9 5.3 0.112 0. 0.910 0,110 0.026 0.026
9 95.00 2.9 -6.2 9.4 0.160 0. 0.195 0.195 0.043 0.043
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TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES
FOR STATOR 51. 100 PERCENT DESIGN SPEED

{c) Reading 1402

RADI1 ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS
@ IN oY IN out IN ot IN RATIO IN  RATIO
1 24,595 24.608 21.2 1.6 2.2 1.6 303.0 1.000 11.48 0.983
2 23.86%1 23.886 8.8 1.4 18.8 1.4 302.0 1.001 11.65 0.984
3 25.129 23.167 18.9 0.9 18.9 0.9 301.2 1.000 11,61 0,993
4 20.925 21.001 19.3 0.1 19.3 0.1 299.4 1,000 11.47 0.999
5 17.963 18.090 20.1 -0.0 20.v -0.0 297.6 1.000 11.25 1.000
6 14,953 15,118 21,8 -¢.5 21.8 -0.5 296.1 0.999 11.08 0.99%4
7 12.652 12.79! 24.0 0.6 24,0 0.6 295.5 0.999 11.03 0.988
8 11,874 11,97 25.0 2.3 25.0 2.3 295.5 0.999 11.03 0.983
9 11,000 11,128 29,5 6.1 29.5 6.1 295.6 1.001 10.79 0.982
ABS VEL REL VEL MERID VEL TANG VEL WEEL SPEED
- IN out IN ot IN ouT IN ot IN ouT
1 175.6 158.9 173.6 158.9 161.9 158.9 62.8 4.4 0. 0.
2 191.0 165.3 181.0 165.3 171.4 165.2 58.2 4.0 0. 0.
3 179.8 168.1 179.8 16B.1 170.1 168.1 58.2 2.6 0. Q.
4 176.4 166.4 176.4 166.4 166.5 166.4 58.3 0.2 0. 0,
S 168.0 158.4 168.0 158.4 157.8 158.4 57.6 ~0.0 0. 0.
6 159.2 147.6 159.2 147.6 147.8 147.6 59.1 -1.2 0. Q.
1 155.6 143.8 155.6 143.8 142,2 143.8 63.2 1.5 0. 0.
8 156.4 141.6 156.4 1416 141.8 141.5 66.0 5.7 0. 0.
9 148.3 129.1 148.3 129.1 129,1 128.3 2.9 15.7 0. 0.
A8S MACH NO REL MACH NO WMERID MACH NO MERID PEAX SS
L4 IN out IN ouT IN out VEL R MACH NO
1 0.510 0.465 0.510 0.465 0.476 0.465 0.982 0.838
2 0.534 0.485 (.534 0.485 0.506 0.485 0.964 0.831
3 0.551 0.495 0.551 0.495 0.503 0.495 0.988 0.827
4 5.522 0.491 0.522 0.491  0.493 0.49 0.999 0.813
5 0.498 0.468 0.498 0.468 0.468 0.468 1,004 0.772
6 0.472 0.436 0.472 0.456 0.438 0.436 0.999 0.740
7 0.461 0,425 0.461 0.425 0.421 0.425 1.011 0,743
8 0.464 0.418 0.464 0.418 0.420 0.418 0.998 0.760
9 0.438 0.380 0.438 0.380 0.382 0.377 0.994 0.783

PERCENT INCIDENCE D-FACT EFF  LOSS COEFF LOSS PARAM

(=4
[pe)
-

.4 SPAN  MEAN S5 ToT PROF TO0T PROF
1 5.00 6.9 -2.3 5.7 0.249 0. 0.105 0.105 0.051 0.051
2 10.00 4.3 -4.9 5.4 0.229 0. 0.003 0.095 0.044 0.044
3 15.00 4.2 5.0 4.9 0.207 0. 0.040 0.040 0.018 0.018
4 30.00 5.8 5.4 4,1 0,194 0. 0.003 0.003 0.00t 0.00¢
5 50.00 2.6 -6.6 4,1 (.,180 O, =0.005 -0.003 -0.001 -0.001
6 70.00 1.8 -7.3 3.8 0.185 0. 0.042 0.042 0.013 0.013
7 85,00 2.5 -6.8 4.8 0,175 0. 0.092 0.092 0.023 0.023
8 90.00 2.9 2 6.4 0.185 0. 0.128 0.128 0.030 0.030
9 95.00 7.2 -1.9 10,0 0.217 0. 0.145 0.145 0.032 0.032
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TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

OQ\IC’HJ‘&UN-Q OQMG"U‘&U‘N-‘Q @OdﬂllﬂhuN-"q

O~y N hU‘N-—%

FOR STATOR 51.

(d) Reading 1404

RADIL ABS BETAM
IN ouT IN ouT
24.595 24.608 21.6 3.3
23.861 23.886 22.8 2.5
23.129 23.167 22.2 1.9
20.925 21,001 22.6 0.2
17.963 18,0080 23.5 0.4
14,953 15,118 25.0 0.2
12.652 12.791 21,1 1.3
11.874 11,97 28.1 3.2
11,000 11,128 32.9 6.7
ABS VEL REL VEL
IN ouT IN ouT
'58.9 145.3 158.9 145.3
169.3 150.4 169.3 150.4
1710 154,77 171,0 154.7
167.5 154.8 167.3 154.8
159.2 145.0 159.2 145.0
150.1 133.4 150.%' 133.4
47,2 128,7 147.2 128.7
*47,1 126.4 1471 126.4
138,.9 113.9 138.9 113,9
ABS MACH NO e MACH NO
IN ouT IN ot
0.464 0.422 0.464 0.422
0.496 0.4%8 0.496 ©».438
0.50% 0.452 0.5¢% 0.452
2.493 0.455 0,493 0.455
0.470 0.426 0.470 0.426
0.443 0.392 0.443 0.392
0.455 0.379 0.435 0.379
0.435 0.372 0.435 0.372
0.410 0,334 0,410 0.334
PERCENT INCIDENCE DEV
SPAN MEAN $S
5.00 13.3 4.1 7.4
10.00 8.4 =0.8 6.5
15,00 7.6 =1.6 5.5
30.00 T =20 4.2
50.00 6.0 -3 4.5
70.00 5.0 -a.1 4.5
85.00 5.4 -3.7 5.5
90.00 6. -3.0 7.3
95.00 10.7 1.5 10.7

REL BETAM
IN ot
27.6 3.3
22.8 2.5
22.2 1.5
22.6 0.2
23.5 0.4
25.0 0.2
1.1 1.3
28.1 3.2
32.9 6.7
MERID VEL
IN ouT
140.8 145.1
156.0 150.2
158.3 154.6
154.4 154.8
146.0 145,0
136.1 133.4
1311 128.7
129.8 126.2
116.7 11311
MERID MACH NO
IN ot
0.4%1 0,422
0.458 0.438
0.465 0.452
7.455 0.45%5
0.431 0,426
0.402 0.392
0.387 0.379
0.385 0.3Mt
0.544 0.331
D-FACT EFF
0.286 0.
0.277 0.
0.258 0,
0.233 0.
0.229 0.
0.236 0.
0.235 0.
0.241 0.
0.279 0.

TOTAL TEMP
IN  RATIO
305.0 1.000
303.6 1.002
302.5 1.001
300.7 0.998
298.5 (.998
296.8 0,999
295.9 0.999
295.9 1,000
296.1 1,001
TANG VEL
IN ot
73.6 8.4
€5.7 6.9
64.7 4.0
64.2 0.6
63.4 0.9
63.4 0.8
67.0 2.9
69.3 7.0
5.5 153
LOSS COEFF
TOT PROF
0.107 0.107
0.131 0.13¢
0.083 0.083
0.008 0.008
0.022 0.022
0.057 0.057
0.106 0.106
0.128 0.128
0.129 0.129

100 PERCENT DESIGN SPEED

TOTAL PRESS
IN  RATIO
11.50
11.68
11.70
11,56
i1.5%
11.16
1,10
11.08
10.85

RESEEE2ER

MERID PEAK SS
VEL R MACH NO
1,030 0.863
0.963 0,041
0.977 0.839
1.002 0.821
0.993 0.782
0.980 0.743
0.982 0.747
0.972 0.759
0.970 o0.791

LOSS PARAM

TOY PROF

0.052 0.052
0.062 0.062
0.038 0.038
0.003 0.005
0.008 0.008
0.017 0,017
0.027 0.027
0.030 0.030
0.028 0.028
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TABLE XI. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES

PRPIY Y Py CDaP N Ery B cDunnaun -3

OOQU’WLMN-"‘

FOR STATOR 51.

(e) Reading 1405

RADI ABS BETAM

IN ouT IN ot
24.595 24.608 4.3 5.5
25.861 23.886 32.6 4.
25.129 23.167 26.5 2.6
20.925 21.000 24.8 0.9
17.963 18.090 5.4 0.4
14,955 15,119 26.5 0.5
12.652 12.79 28.8 1.7
11,874 11,97 29.9 5.7
$1.000 11,128 34, 1.0

ABS VEL REL VEL

IN T IN oyt
147.3 130.3 147.3 130.3
153.9 132.8 153.9 1%2.8
163.3 137.1  163.% 137,
166.0 148.4 166.0 148.4
157.8 138.9 157.8 138.9
148.3 126.8 148.3 126.8
1441 121,77 1441 1217
144,6 118.8 144,6 118.8
136.5 106.3 13.5 106.3
ABS MACH NO REL MACH NO

IN ouY IN oY
0.426 0.3577 0.426 0.377
0.448 0,385 0.448 0.385
0.478 0.399 0.478 0.399
0.488 0.434 0.488 0.434
0.465 0.408 0.465 0.408
0.437 0.372 0.437 0.372
0.425 0.358 0.425 (.358
0.427 0.349 0.427 0.349
0.402 0.31y 0.402 0.3
PERCENT INCIDENCE DEV

SPAN MEAN b33

5.00 28.0 18.8 9.5
10.00 18.1 8.9 8.1
15,00 1.9 2.7 6.6
30.00 9.3 0.1 4.9
50.00 7.7 -1.% 4.5
70.00 6.6 =-2.6 4.8
85.00 7.4 =2.0 5.9
90.00 7.9 -1.3 7.8
95.00 12.4 5.3 1

REL BETAM

IN
42.3
32.6
26.5
24.8

‘I‘NNN%
ro@MY
rooun-

o

~N o 2OoNMN
i I L Y- BT |

MERID VEL

IN
108.9
129.6
146.2
150.7
143.,0
132.7
126.3
125.3
112.3

out
129.7
132.5
137.0
148.4
138.9
126.8
121.7
118.6
105.5

MERID MACH NO

IN
0.315
0.377
0.427
0.443
0.421
0.591
0.373
0.3570
0.351

D-FACT

0.403
0.363
0.548
0.27a
0.269
0.275
0.269
0.28%3
0.3526

out
0.375
0.384
0.398
0.434
0.408
0.372
0.357
0.348
0.309

EFF

CODOOODOOOO
« o » * e s e

TOTAL TEMP

IN
308.9
306.0
304.3
301.7
299.0
297.2
296.2
296.1
296.2

RAT{O
0.990
0.99
0.999
0.999
0.998
0.998
0.998
1.000
1.00t

TANG VEL

IN
99.1
82.9
72.9
69.7
66.9
66.3
69.3
72.0
1.6

T
12.4

W N - =D O
o M
NN ANV

-

LOSS COEFF

107

0.09¢
0.111
0,144
0.042
0.045
0.07¢
0.:96
0.155
0.134

PROF
2.099
0.111
0.141
0.042
0.045
1.076
0.106
0,155
0.134

100 PERCENT DESIGN SPEED

11.32
11.40
11.56
11.62
11.43
11.22
11,14
11.12
10.91

- N - - - — - - g
o o o .

PSS -1
SBSRS LS
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TABLE XII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR
: STATOR 51. 90 PERCENT DESIGN SPEED

(a) Reading 1540

%,@ ‘ RADII ABS BETAM REL BETAM  TOTAL TEMP  TOTAL PRESS
: ® IN ouT IN ot IN ouT IN RATIO [N RATIO
O3 ! 24.595 24.608 6.7 -2.0 6.7 -2.0 295.4 0.998 10.50 0.975
a. 2 23.86! 23.886 7.0 -2.0 7.0 -2.0 295.3 0.998 10.62 0.988
- 3 23.1290 23.167 6.9 -2.5 6.9 =-2.5 293.2 0.938 10.64 0.992
R 4 20.925 21.001 8.1 -3.2 8.1 -3.2 203.0 0.997 10.68 0.992
1 5 17,963 18,090 10.4 -2.6 10.4 -2.6 295.3 0.995 10.75 0.988
L § 6 14,953 15,119 12,9 -2,6 12.9 -2.6 293.3 0.996 10.75 0.987
@) 7 12.652 12.79! 13,8 -1.7 13,8 -1.7 202.7 (.99 10.58 0.985
<} 8 11.874 11,971 14,0 -0.5 14.0 -0.5 292.4 (.996 10.51 0.983
aj 9 11,090 11,128 14,9 4.0 14.9 4,0 292.3 0.997 10.42 0.959
ved
< ABS VEL REL VEL MERID VEL TANG VEL WHEEL SPEED
. ® IN  OuT IN  OuT IN 0T IN  ouT IN T
O 1 197.9 186.1 197.9 186.1 196.6 186.C 23.2 -6.6 0 0.
4 2 202.0 195.4 202.0 195.4 200.5 195.3 24,8 <-6.7 0 2,
o 3 201,7 197.0 20%.7 197.0 200.2 196.8 24,4 -8.5 0. 0.
Ol 4 204.3 200.0 204.3 200.0 202.2 199.7  28.7 ~-11.1 0. 0.
5 201.9 200.8 201.9 200.8 1986 200.6 36.4 -9.1 0. 0.
w 6 196.8 201.5 196.8 201.5 191.8 201.3 43,8 -9.2 0. 0.
I 7 187.8 198.1 187.8 198.1 1823 198.0 44,8 -6.0 0. 0.
- 8 184,4 195.7 1844 195,7 178.9 1956 44,6 ~-1.8 0. 0.
w 9 181.1 183,3 161,1 1853 15,0 182.9 46.5 12.9 0. 0.
O
p ABS MACH NO  REL MACH NO MERID MACH NG MER[D PEAK SS
- ® IN ouT IN ouT IN ouT VEL R MACH NO
=4 1 0.597 0,559 0.597 0.559 0.593 0.559 0.946 0.664
—2 2 0.610 €589 0.610 0.589 0.605 0.589 0.974 0.686
=) 3 0.609 0.595 0.609 0.595 0.605 0.594 2.983 6.679
08 4 0.618 0.605 0.618 0.605 0.611 0.604 0.988 0.709
-] 5  0.610 0.607 0.610 0.607 0.600 0.607 1,010 0.735
al 6 0.593 0.610 0.593 0.6i0 0.578 0.609 1.050 0.745
= 7 0.565 0.599 0.565 0.599 0.548 0.599 1.086 0.711
S 8 0.55¢ 0.592 0.554 0.592 0.538 0.591 1.093 0.698
i 9 0.544 0.552 0.544 0.552 0.526 0.55! 1.045 0.699
~ PERCENT  INCIDENCE  DEV  D-FACT EFF  LOSS COEFF LOSS PARAM
R SPAN MEAN  SS TOT  PROF  TOT  PROF
— 1 5.00 7.6 -1..8 2.0 0133 0. 0.118 0.118 0.058 0.058
‘ 2 10,00 ~7.4 -16.6 2.1 0.107 0. 0.056 0.056 0.026 0.026
3  15.00 ~-7.7 -16.9 1.5 0.096 0. 0.035 0.035 0.016 0.016
4 30,00 -7.4 -16.6 0.8 0.102 0. 0.033 0.035 0.014 0.014
5 50.00 -~7.1 -16.2 1.5 0.086 0. 0.053 0.053 0.019 0.019
6 70,00 -7.1 -16.2 .7 0.056 0. 0.062 0.062 0.018 0.018
7 85.00 7.9 -17,0 2.5 0.013 0. 0.076 0.076 0.019 0.019
8 90.00 -8.0 -17.1 5.6 =-0.002 0. 0.090 0.090 0.02t 0.02!
9 95.00 -7.4 -165 8.0 0.028 0. 0.223 0.223 0.049 0.049

52
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TABLE XII. - Contirued. BLADE-ELEMENT DATA AT BLADE EDGES

OJC‘OSMN-—‘ OQJC’U‘“MN“Q omqmmuuw—-q

OQMC"‘U‘&MN‘%

FOR STATOR 51.

RADI:

IN ouT
24.595 24.608
23.861 23.886
25.129 23.167
20.925 21.00¢
17.963 18.090
14,953 15,118
12.652 12.791
11.874 11,97
11,000 11,128

ABS VEL

IN ot
171.6 159.0
176, 165.7
176.3 187.2
174.7 167.0
166.7 162.6
167.8 157.4
151.8 152.8
162.8 151.6
152.8 142.%

ABS MACH NO
IN ovt
0.509 0.470
0.524 0.49!
0.52% 0.496
0.521 0.496
0.497 0.484
D.470 0.468
0.452 0.454

(b)

ABS BETAM

IN out
13.2 0.
12.7 0.
12.4 -0
14.4 -0.
15.9 -1,
16.9 -1,
10,2 -0.
20.3 0.
22.6 4.

ORNWOWO ~—~ YN

REL VEL

IN ouT
171,66 159.0
176.1 165.7
176.3 167.2
174.7 167.0
166.7 162.6
157.8 157.4
151.8 152.8
152.8 151.6
152.8 12,3

REL MACH NO
IN ouT
0.509 0.470
0.524 0.491
0.525 0.496
0.52% 0.496
0.497 0.484
0.470 0.468
¢.452 0.454

0. 494 458, 422 4510, 44 458. 422 4510, 4 Dy 428, 420 45

PERCENY INCIDENCE bEv

SPAN MEAN
5.00 -1
10,00 -t.8
15.00 -2.%
30.00 -1
50.00 -1.5
70.00 -3
85.00 -2.%
90.00 -1.7
9%.00 0.4

SS
~10.3
-11,0
-11.5
-10.3
-10.7
-12.2
-11.6
-10.8

-8.8

[ X NPT SEVYV ETR N
Pty
OCNU YO HDWM

90 PERCENT DESIGN SPEED

Reading 1411
REL BETAM
IN ouT

13.2 0.3
12.7 0.3
12.4  -0.2
14,4  =0,7
15,9 =11
6.9 -1.6
1.2 =0.9
20.3 0.5
22.6 4.9
MERID VEL
IN ouT
‘67.1 159.0
171,8 165.7
172.2 167.2
169.2 167.0
160.4 162.5
151.C 157.4
143.3 152.8
143.3 151.¢
141,0 14,8
MER[D MACHW NO
IN out
0.406 0.470
0.511 0.481
0.512 C.496
0.50% 0.496
0.47.0 0.484
0.450 (.468
0.426 0.454

D-FACT CFF

.183
161
161
.152
129
.097
.080
.087

o000 OoOO 0O CO
ODOO0DOOO OO
e ¢ % s s+ o & s =

#

TOTAL TEWP TOTAL PRESS
IN RATIO IN RATIO
297.6 0.999 11,02 0.983
297.0 1,000 11..2 0.988
296.7 1.000 11,15 0,991
295.1 1,001 11,05 0.996
294.0 1.000 10.89 0.998
293.0 1,002 10.75 1.000
292.6 1.30t 10.68 0.995
292.7 1,001 10,69 0.99
293.1 1,002 10.66 0.974
TANG VEL WHEEL SPEED
IN out IN ot
39.2 0.9 0. .
38.7 0.7 0. 0.
57.7 -0.5 c. 0.
43,5 -2.0 0. 0.
45,6 -3.2 0. 0.
45.8 ~4.4 0. 0.
49,9 -2.4 'R 0.
53.0 1.2 0. 0.
58.7 t12.2 0. 0.
MERID PEAK SS
VEL R MACH K%
0.952 0.697
0.964 0.70%
2.971 0.699
2,987 0.724
1.014 0,740
1,042 0.658
‘.066 0.655
1.965050.766674
LOSS COEFF LOSS PARAM
T07 PROF T07 PROF
0.105 0.105 0.051 0.0.t
0.068 0.068 0.032 0.032
0.052 0.052 0.024 0.0°4
0.026 0.026 0.011 Q.01
0.010 0.0'0 0.004 O0.” ¢
0.003 0.003 o0.00! 3. .t
0.03 0.035 0.009 0.009
0.072 0.072 0.017 0.017
0.194 0.194 0.04% 0.043

53



E.u 1dk

m:
Q1
O;
Q.
!
LLJ,
)
g
-
<;(i

Z|
Q
(a4
O
bl
T
—_
VI
@)
D=
=
—
,

54

TABLE XIlI. - Continued. BLADE-ELEMENT DATA AT BLADPE EDGES

T N PPTIRoy. T O NauNn - o4 Nhun -8

CDaOV RN -8

FOR STATOR 51.

RAD!|
IN ouT
24.595 24.608
23.861 23.886
23.129 23.167
20,925 21.00t
17.963 18.090
14,953 15,118
12.652 12.79
11,874 11,971
11,090 11.128

ABS VEL

IN ouY
160.6 148.4
166.9 153.9
165.9 156.!
165.1 155.5
155.7 149.5
145.9 141.5
143.5 137.1
144.2 135.9
141.8 124.5

te) Reading 1412

ABS BETAM REL BETAM
IN T IN ot
16.4 1.1 16.4 [
15.4 0.9 15.4 0.9
15.7 0.5 15.7 0.5
17.6 -0.2 17,6 -0.2
19.0 ~0.3 19.0 -0.3
19.9 =11 199 -1t
22.4 ~0.1 22.4 -0.t
23.7 1.5  25.7 1.5
26.3 5.7 26.3 S.7
REL VEL MERID VEL
IN LT IN ouT

160.6 148.4 154.0 148.4
166.9 153.9 160.9 153.8
165.9 156.1 159.7 156.1
165.1 155.5 157.4 155.5
155.7 143.5 147.2 149.5
145.9 1415 137.2 1415
143.5 137.1  132.7 1371
144.2 135.9 132.0 135.9
141.8 124.5 127.1 123.9

ABS MACH NO REL MACH N) MERID MACH NO
IN ouT IN 0T IN ouT
0.47%5 0.43%6 0.473 0.4% 0.454 0.4%
0.494 0.45% 0.454 0.453 0.476 0.453
0.491 0.46'  0.491 0.46' 0.473 (.46t
0.490 0.460 0.490 0.460 0.467 0.460
0.462 0.442 0.462 0.442 0.437 0.442
0.433 0.419 0.4335 0.419 0.407 0.419
0.426 0.406 0.426 0.406 0.394 0.406
0.428 0.402 0.428 0.402 0.392 0.402
0.420 0.567 0.420 0.37 0.377 0.365
PERCENT INCIDENCE DEV  D-FACT EFF

SPAN MEAN sS

5.00 2.1 -7 5.2 0.206 0.
10.00 0.9 -B8.3 4.9 0.197 0.
15.00 1 -8.1 4.5 0.179 .
30.00 2.1 =711 3.8 0.185 0.
50.00 1.6 =7.6 3.8 0.1%8 0.
70.00 -0.0 -9.2 3.2 0§.:37 @.
85.00 0.7 -8.4 4.1 0.4 0,
90.00 1.7 -7.4 5.6 0.147 0,
$5.00 4.0 5.1 9.7 0.200 o.

TOTAL TEMP
IN RATIO
299.2 0.998
298.4 1,000
297.6 1.00t
296.4 1.000
294.9 1,001
293.6 1.002
293.3 1.001
293.2 1.001
293.5 1.002
TANG VEL
IN oY
45.5 2.9
4.2 2.4
44.9 1.2
50.0 -0.5
50.8 -0.8
49,8 -2.6
54.6 -0.3
58.0 3.5
62.7 125
LOSS COEFF
TOT PROF
0.101 0.101
0.092 0.092
0.046 0.046
0.031 0.03
-0.004 0,004
-0.007 -0.007
0.047 0.047
0.07% 0.075
0.187 0.187

90 PERCENT DESIGN SPEED

TOTAL PRESS
IN RATIO
11,14 0.986
11.27 0.986
11.26 0.993
11,19 0.995
10.98 1.000
10.81 1.00!
10.77 0.994
10.77 0.99t
10.70 0.979

WHEEL SPEED
IN (ui)
0. 0.
0. 0.
0. 0.
0. G.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.

MERID PEAK SS
VEL R MACH NO
0.963 0.70t
0.956 0.711
0.978 0,719
0.988 0.734
1.015 0.700
1.032 0.652
1.033 0.663
1.029 0.683
0.974 0.705

LOSS PARAM
ToT PROF
0.049 0.049
0.043 0.043%
0.021 0.021
0.013 0.013
-0.001 -0.001
-0.302 ~0.002
0.012 0.012
0.018 0.018
0.041 0.04
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TABLE XII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

OQQG’MLMN—Q

CDuNU mwt — B O arNEan =Y

OO\IC"L’!&U‘N-‘Q

FOR STATOR 351.

RADI!

IN T
24.595 24.608
23.861 23.886
23.129 23.167
20.925 21.001
17.963 18.090
14,953 15.118
12.652 12.791
11.874 11,971
11,000 11.128

ABS VEL

IN 0T
145.4 132.8
155.9 137.9
1571 142.9
155.2 144,90
146.3 135.8
136.6 125.8
133.1 121.8
134.2 116.9
132.5 108,14

ABS MACH NO
IN ouY
0.425 0.388
0.458 0.403
0.463 0.419
0.458 0.424
0.432 0.400
0.403 0.3
0.393 0.359
0.397 0.353
0.391 0.317

{d) Reading 1413

ABS BETAM REL BETAM
IN ot IN ouT
24.4 2.7 24.4 2.7
20.1% 1.8 20.1 1.8
19.8 ¢.9 19.8 0.9
2.3 0.3 213 0.3
22.% -0.0 225 -0.0
23.3 -0.2 23.3 -0.2
26.1 0.9 26.1 0.9
21.0 2.1 270 2.7
29.9 6.3 29.9 6.3
REL VEL MERID VE.
IN ot IN our

145.4 132.8 132.4 132.7
155.9 137.9 146.4 137.8
1571 142.9  147.7 142.9
155.2 144.0 144.6 144.0
146.3 135.8 135.2 135.8
136.6 125.8 125.5 125.8
1331 1218 119.6 121.8
134.2 119.9 119.5 119.8
132.5 108.1 114.9 107.5

REL MACH NO MERID MACH NO

IN ouT IN T
0.425 0,388 0.387 0.387
0.458 0.403 0.430 0.403
0.463 0.419 0.435 0.419
0.458 0.424 0,427 0.424
0.432 0.400 0.399 0.400
0.405 0.371v  0.37t 0.37¢
0.593 0.359 0.353 0.359
0.397 0.353 0.353 0.353
0.397 0.317 0.339 0.315

PERCENT INCIDENCE DEV  D-FACT EFF

SPAN MEAN
5.00 10.0
10.09 5.6
15.00 5.2
30.00 5.8
50.00 5.1
70.00 3.3
85.00 4.4
90.00 5.0
95.0¢ 1.7

SS

0.8 6.7 0.267 0.
-3.6 5.8 0.265 0.
-4.0 4.9 0.239 0.
-3.4 4.4  0.220 0.
-4.1 4.1 0.208 0.
-5.8 4.1 0.197 0.
-4.7 5.1 0.192 0.
-4.1 6.9 0.20% 0.
-1, 10.3 0.274 0.

90 PERCENT DESIGN SPEED

TOTAL TEMP
IN RATIO
301.4 0.999
500.3 1.00¢
299.3 1,001
297.6 1.000
295.9 1,060
294.4 1,001
293.9 1.000
293.8 1.001
294.0 1,002
TANG VEL
IN out
60.0 6.2
53.5 4.3
53.3 2.2
56.3 0.9
56.0 -C.1
53.9 -0.4
58.5 1.8
60.9 5.7
66.1 1.8
L0SS COEFF
TOT PROF
0.101 0.101
0.146 0.146
0.084 0.084
0.014 0.014
0.007 0.007
0.015 0.015
0.050 0.050
0.084 0.084
0.199 0.199

23
2

4

&0

11,19
11.38
11.40
11.29
11.08
10.90
10.84
10.84
10.78

L)

33111

Q0 -
oo z§
.
= 88
S -

(- N - NN NN
e o o
[ -4 o
. .

.
-4
.

MER(D PEAK SS
VEL R MACH NO
1.002 0.744
0.941 0,733
0.967 0.7%
0.996 0.743
1.005 0.706
1.003 0.8653
1.018 0.662
1.002 0.678
0.936 0.705

LOSS PARAM

TOT PROF

.049 0.049
.69 0.069
.039 0.039
.006 0.006
.002 0.002
005 0.005
.013 0.013
.020 0.070
L0448 0,044

OO0 OoOO0OO0O
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TABLE XII. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES

FOR STATOR 51. 90 PERCENT DESIGN SPEED

(o4
@) {e) Reading 1415
2 RAD I ABS BETAM REL BETAM TOTAL TOMP  TOTAL PRESS
® IN ouT IN  OUT IN Ut IN RATIO IN  RATIO
W 1 24.5¢5 24.608 42.8 5.5 42.8 5.5 305.0 (.992 11.12 0.99%
- 2 23.86! 23.886  33.1 43 331 4.3 302.9 0.996 11.14 0.99!
W 3 25.129 23.167 26.3 2.7 26.3 2.7 01.1 1,000 11.28 0.985
O 4 20.925 21.001  25.1 1.3 25.1 1.3 299.0 1.000 11.37 0.993
b 5 17.953 18.090  26.4 0.4 26.4 0.4 295.9 0.999 11.19 0.995
a 6 14,955 15,118 212 0.5 27.2 0.5 295.1 1.000 10.98 0.996
7 12.652 12.791  29.6 1.8 29.6 1.8 294.4 1.000 10.93 0.993
- 8 11.874 11,871 0.4 3.8 30.4 3.8 294.2 1.001 10.92 0.989
% 9 11.000 11.128 33.7 1.2 33.7 7.2 294.4 1.0035 10.84 .0.982
O ABS VEL REL VEL MERID VEL TANG VEL  WMEEL SPEED
= ® IN  ouT IN  ouT IN  ouT IN  ouT IN ouT
' 131.2 117.0 1312 17.0 96.2 116.5  89.1 11.3 0. 0.
O 2 135.2 118.8 135.2 118.8 1133 118.4 73.8 8.8 0. 0.
W 3 144.8 122.7 144.8 122.7 129.8 122.6 64.2 5.8 0. 0.
T 4 149.4 1331 1494 13351 1353 1331 3.3 2.9 0. 0.
- 5  140.9 123.8 140.9 123.8 126.2 123.8 2.7 0.8 0. 0.
6 130.0 112.9 1300 t12.9 1157 112.9 53,4 1.0 0. 0.
(V8 7 127.% 108.0 127.3 108.0 110.8 108.0 62.8 3.3 0. 0.
O 8 128.1 104.8 128.1 104.8 110.5 104.6 64.8 6.9 0. 0.
> 9 125.8 94.0 125.8 94.0 104.6 93.3 69.8 11.8 0. 0.
=
—~ ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAK SS
e} ® IN ouT IN ouT IN ouT VEL R MACH NO
= !  0.380 0.339 0.380 0.339 0.279 0.338 1.210 0.927
O 2 0.394 0.345 0,598 0.345 0.350 0.344 1.045 0.808
- 3 0.424 0.357 0.424 0.357 0.380 0.357 0.945 0.767
a 4 0.430 0.390 0.439 0.390 0.398 0.390 0.983 0.769
- 5  0.415 0.363 0.415 0.363 0.372 0.363 0.981 0.758
3 6 0.38% 0.331 0.385 0.331 0.341 0.331 0.976 0.67"
— 7 0.375 0.317 0.375 0.317  0.327 0.317 0.974 0.677
_ 8 0.378 0.307 0.378 0.307 0.326 0.307 0.947 0.589
~4 9  0.571 0.27% 0.37 0.275 0.308 0.273 0.891 0.71%
— PERCENT  INCIDENCE DEV D-FACT EFF  LOSS COEFF LOSS PARAM
w® SPAN  MEAN  SS T0T  PROF  TOT  PROF
1 5.00 28.5 19.3 9.6 0.398 0. 0.100 0.100 0.049 *.049
2 t0.00 18.6 9.4 8.3 0.349 0. 0.085 0.085 0.040 0.040
3 1500 11,7 2.5 6.7 0.3%8 0. 0.127 0.127 0.058 0.058
4 30.00 9.6 0.4 5.3 0.277 0. 0.054 0.054 0.023 0.023
5 50,00 9.0 -0.2 4.5 0.278 o. 0.047 0.047 0.017 0.017
6  70.00 7.2 -1.9 4.8 0.265 0. 0,057 0.037 0.011 0.011
7 85.00 7.9 -1.2 6.0 0.269 0. 0.075 0.075 0.0!9 0.019
8  90.00 g.4 -0.7 7.9 0.288 0. 0.115 0.115  0.027 0.627
9 9500 11,5 2.3 11.2 0.354 0. 0.195 0.195 0.043 0.043
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(a) Reading 1533

STATOR 51.

RADI! ABS BETAM

IN ouTY IN ot
24.595 24.608 9.4 -0.5
25.861 23.886 9.4 -0.9
23.129 23.167 9.3 -1.5
20.925 21.001 9.7 -2.3
17.963 18.090 1A -2.1
14,953 15,118 13.6 -1.6
12.652 12.7R1 15.1 -0.9
11,874 119N 16.2 0.5
11,090 11,126 18.5 5.3

ABS VEL REL VEL

IN out IN out
220.1 206.2 220.1 206.2
223.8 214.6 223.8 214.6
222.9 216.5 222.9 216.5
221.1 216.6 221.1 216.6
211.9 215.7 21.9 215.7
206.2 215.9 206.2 215.9
194.3 212.7 194.3 212.7
197.5 213.3 197.5 213.3
200.5 200.4 200.5 200.4
ABS MACH NO REL MACH NO

IN ouT IN ouY
0.665 0.6!'8 0.6635 0.618
0.676 0.646 0.676 0.646
0.673 0.652 0.673 0.652
0.669 0.654 0.669 0.654
0.640 0.652 0.640 0.652
0.622 0.653 0.622 0.653
0.584 0.643 0.584 0.643
0.594 0.645 0.594 0.645
0.603 0.603 0.603 0.603

PERCENT INC [DENCE DEV

SPAN MEAN
5.00 -4.9
10.00 -5.1
15.00 -5.4
30.00 -5.8
50.00 -6.3
70.00 -6.4
85.00 -6.6
90.00 -5.8
95.00 -3.7

SS
-14.1 3
-14.3 3.1
-14.6 2.
-15.0 1,
-15.% 2
-15.5 2.
-15.7 3.
-14.9 4
-12.8 9

REL BETAM
N ouT
-£.5
-0.§
-1.%
-2.53
-2.1
-1.6
-0

0.
5.

-—

- o o o e
(S VR - I SEN NV S
WANnw

MERID VEL
IN ot
217.1  206.2
220.8 214.5
219.9 216.4
217.9 216.4
208.0 215.5
200.5 215.8
187.6 212.7
189.7 213.3
190.1 199.5

MERID MACH NO
IN ouT
0.654 0.618
0.667 0.646
0.664 0.652
0.659 0.654
0.628 0.65!
0.605 0.653
0.564 0.64,
0.571 0.645
0.572 0.60%

m
3

D-FACT

0..:48
0.126
0.114
0.107
0.064
0.0
-0.026
-0.016
0.050

OO O0OO0OOOoOO
e * s 4 s e s e

110 PERC ..NT DESIGN SPEED

TOTAL TEMP
IN  RATID
298.2 0.999
297.9 1.000
297.4 1,000
296.2 1.%00
295.2 t.00¢
2904.8 1,002
204.1 1,004
204.4 1,002
295.3 0.998
TANG VEL
IN  ouT
3.1 -1.9
3.4 -3.5
3%.9 -5.8
37.4 -8.7
40.8 <-1.7
48.4 -6.2
50.5 ~-3.2
5.1 1.8
63.7 18.6
LOSS COEFF
TCT  PROF
0.150 0.150
0.091 0.001
0.066 0.066
6.063 0.063
0.052 0.052
0.080 0.080
0.079 0.079
0.141 0.181
0.337 0.337

TABLE XIII. - BLADE -ELEMENT DATA AT BLADE EDGES FOR

MER!D PEAX SS
VEL R MACH NO
0.949 0.816
0.972 0.827
0.984 0.819
0.993 0.814
1.05% 0.790
1.077 0.798
1.134 0.762
1.124 0.79
1.050 0.853

LOSS PARAM

TOT PROF

0.073 0.073
0.043 0.043
0.630 0.030
0.026 0.026
0.019 0.019
0.024 0.024
0.020 0.020
0.033 0.033
0.074 0.074
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TABLE XIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

OB AN D

OQ#G’HJ‘SUIN—‘% OOJGWSWN"Q

\DQ#O"U‘&U‘N“%

FOR STATOR 51.

RADL {

IN ouT
24.595 24.608
23.86' 23.886
23.129 23.167
20.925 21.001
17.963 18.090
14.953 15.118
12.652 12.79%
11.874 1.9
11.090 11,128

ABS VEL

IN T
193.6 174.0
205.1 182.6
204.6 188.2
205.5 190.9
198.5 188.9
185.5 191.0
180.6 176.0
181.7 174.2
175.8 159.6

ABS MACH NO
IN ot
0.573 0.513
0.610 0.540
0.609 0.558
0.613 0.568
0.592 0.563
0.554 0.5M
0.539 0.525
2.542 0.519
0.523 0.473

PERCENT
SPAN MEAN
5.00 3.0
10.00
15.00

30.00
50.00
70.00
85.00
90.00
95.00

1
VO - oo oo
DDIROoOW— N0

(b) Reading 1534

ABS BETAM
IN ouT
17.3 0.7
15.0 0.2
15.1 -0.5
16.0 -0.3
17.3 -0.5
18.6 -1.5
20.7 -0.5
21.5 0.9
25.1 5.5
REL VEL
IN ot
193.6 174.0
205.1 182.6
204.6 188.2
205.5 190.9
198.3 188.9
185.5 191.0
180.6 176.0
181.7 174.2
175.8 159.6
REL MACH NO
IN out
0.573 0.5!3
0.610 0.540
0.609 0.558
0.613 0.568
0.592 0.563
0.554 0.5M
0.539 0.525
0.542 0.519
0.523 0.473

INCIDENCE DEV

SS
~6.2 4
-8.6 4
-8.7 3
-8.7 3.
-9.3 3.

~10.4 2.
=101 3
-9.6 5

9

8
2
6
7
7
B
8
0
-6.3 5

REL BETAM

IN ouT
17.3 0.7
15.0 0.2
5.1 -0.5
6.0  -0.3
17.3  -0.5
18.6 ~-1.5
20.7 -0.5
21.5 0.9
25.1 5.5

MERID VEL
IN ouT
184.8 174.0
198.0 182.6
197.5 188.2
197.5 190.9
189.4 188.9
175.8 190.9
169.0 176.0
168.0 174.2
159.2 158.9

MERID MACH NO
IN ouT
0.547 0,513
0.589 0.540
0.588 0.558
0.590 0.568
0.566 0.563
0.525 0.57
0.504 0.525
0.505 0.5!9
0.474 0.47

D-FACT EFF

. 241
.25
.203
187
157
074
116
.124
0.166

COoOOOOOOoO
OO0 00
“ e e+ & s+ e s e

TOTAL TEMP
IN RATIO
302.6 0.997
302.1 0.998
301.7 0.998
300.3 0.997
298.6 0.997
296.5 0.999
295.9 0.998
295.8 0.998
296.1 0.999

TANG VEL

IN out
57.6 2.2
53.2 0.6
53.3 -1.%
56.5 ~-1.¢
58.9 -1.5
59.3 -4.9
63.8 -1.4
66.6 2.6
74.5 15.2

LOSS COEFF
T07 PROF
0.115 0,115
0.117 0.117
0.052 0.0%2
6.035 0.035
0.013 0.013
-0.028 -0.028
0.057 0.097
0.088 0.088
0,171 0.1TY

110 PERCENT DESIGN SPEED

E358

&
88

.
©
-
-

MERID PEAK SS
VEL R MACH NO
0.942 0.865
0.922
0.953 0.870
0.966
0.997
1.086
1.041
1.031
0.998

L0SS PARAM

TOT PROF

.056 0.056
.055 0.055
.024 0.024
014 0.014
.005 0.005
.008 -0.008
L014 0.014
.02t 0.021
.037 0.037

[— X =0 = = -~ = I~ ]
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TABLE XIII. - Continued. BLADE-FLEMENT DATA AT BLADE EDGES

00400‘50‘?\)—'% cmqmmhum—-% -pmqmmsuw—-q

OQNG’U“AMN—Q

FOR STATOR 51.

RADII
IN ot
24,595 24.608
23.861 23.886
23.129 23.167
20.925 21.001
17.963 18.090
14,953 15.118
12.652 12.791
11.874 11.9M
11,090 11.128

ABS VEL

IN ouT
183.4 167.4
20i.4 175.5
200.8 182.3
200.7 186.1
187.8 176.1
173.9 164.1
171.4 159.7
172.3 157.6
168.5 142.1%

ABS MACH NO
IN oY
0.538 0.489
(.595 0.5'5
0.555 0.536
0.596 0.550
0.558 0.52}
0.517 0.486
0.510 0.473
0.512 0.467
0.500 0.418

(c) Reading 1418

ABS BETAM REL BETAM
IN ot IN T
21.7 1.7 21.7 1.7
17.0 1.1 17,0 1
17.4 0.4 17.4 0.4
18.9 0.6 13.9 0.6
20.7 0.0 20.7 0.0
21.5 -0.3 21.5 -0.3
24.0 0.8 24,0 0.8
25.0 2.5 25.0 2.5
28.0 6.5 28.0 6.5
REL VEL MERID VEL
IN ouT IN ouT

183.4 187.4 170.3 167.4
201.4 175.5 192.% 175.5
200.8 182.3 191.7 182.3
200.7 186.1 189.9 186.0
187.8 176.1 175.7 176.!
173.9 164.1 161.8 164.1
171.4 159,7 156.6 159.7
172.3 157.6 156.1 157.5
168.5 142.1 148.8 141.2

REL MACH N0 MERID MACH Nu
IN ouT IN ouT
0.538 0.489 0.500 0.489
0.595 0.515 0.569 0.514

0.595 0.53 0.568 0.536
0.596 0.550 0.564 0.550
0.558 0.52' 0.522 0.52!
0.517 0.486 0.481 0.486
0.510 0.473 0.466 0.473
0.512 0.467 0.464 0.466
0.500 0.418 0.442 0.416

PERCENT INCIDENCE DEV  D-FACT EFF
SPAN  MEAN

5.00
10.00
15.00
30.00
50.00
70.00
35.00
90.00
95,00

-~

U‘:JIN-‘WUJNN
OO UNE IO

-~

SS

-1.8 5.8 0,254 0.
-6.6 5.1 0.2%9 (.
-6.5 4.5 0.226 0.
-5.8 4.6 0.203 0.
-5.9 4.1  0.189 0.
-1.6 3.9 0.167 0.
-6.8 5.0 0.167 0.
-6.1 6.7 0,175 0,
-3.3 10.5 0.2%9 0.

110 PERCENT DESIGN SPEED

TOTAL TEMP
IN  RATIO
306.0 0.999
3504.9 1.000
303.5 1.001
301.9 1,00t
299.3 1.001
296.9 1.002
296.2 1.000
296.3 1.000
296.3 1.002
TANG VEL
IN ouT
67.8 5.0
59.0 3.3
60.0 1.4
65.0 2.0
66.5 0.1
63.8 -0.9
69.7 2.1
72.8 6.9
79.2 16.2
L0 - COEFF
T03 PROF
0.08.) 0.082
0.151 0.19)
0.076 0.076
0.023 0.023
0.004 ¢.004
0.008 0.008
0.070 ©.070
0.106 0.106
0.227 0.227

11.46 0.985
11.89 0.968
11.89 0.984
11.83 0.995
11.48 0.999
11,18 0.999
11.15 0.989
11,14 0.98%
11,02 0.964

WHEEL SPEED
IN out
0.
0.
0. (1
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
e, 0.

MERID PEAK SS
VEL R MACH NO
0.982 0.892
0.912 0.891
0.951 0.89%
0.980 0.920
1.002 0.878
1.014 0.806
1,020 0.822
1.009 0.840
0.949 0.869

LOSS PARAM

ToT PROF

.040 0,040
.072 0.072
L0355 0.035
.009 0.009
.001 g0.00¢
.002 0.002
.018 0.018
025 0.025
.050 0.050

DOoOO0OO0O0OO0O0O
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TABLE XIH. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

0@40’0‘5“'\!-‘% ooqmmsuw—q OO#C\MB“N-‘%

OOQC"U‘&MN-‘Q

FOR STATOR 51. 110 PERCENT DESIGN SPEED

(&) Reading 1420

REL BETAM

IN
31.5
22.7
22.3
23.4
24.5
25.6
21.7
28.5
32.5

ot
3.3

N —~ooolhtN
O SN -

MERID VEL

IN
146.9
174.5
178.2
174.4
159, 0
147.9
142.0
141.5
132.4

ouT
159.9
163.8
169.2
17.%
156.2
143.6
138.4
135.1
120.9

CH NO MERID MACH NO

RADIL ABS BETAM
IN ot IN ouT
24.595 24.608 51.% 3.3
23.86! 23.886 22.7 2.8
23.129 23.167 22.% 2.1
20.925 21.001 23.4 0.8
17.963 18.090 24.5 0.3
14.95% 15,118 25.6 0.6
12.652 12.791 21.7 1.7
11.874 11,97 28.5 3.7
11,090 11,128 352.9 7.0
ABS VEL REL VEL
IN ot IN ot
172.2 160,10  172.2 160.1
189, 'e4.0 189.1 184.0
192.6 169.3 192.6 169.3
190.0 1M.3 190.0 17,3
174,7 156.2 17,7 156.2
164.0 143.6 164.0 143.¢
160.3 138.5 160.3 138.5
161.0 135.4 161.0 135.4
156.9 121.8 156.9 121.8
ABS MACH NO RC. ™
IN oY Iw oY
0.499 0.464 0.499 0.464
0.55% 0.476 0.55% 0.47¢
0.566 0.493 0.566 0.493
0.560 0.50% 0.560 0.503
0.516 0.459 0.516 0.459
0.485 0.422 0.485 0.422
0.474 0.407 0.474 0.407
0.477 0.398 0.477 0.398
0.463 0.356 0.463 0.356
PERCENT INCIDENCE DEV
SPAN MEAN sS
£.00 17.2 7.9 7.4
16.00 8.2 ~-1.0 6.8
15.00 7.7 -1.%6 6.1
30.00 7.9 -t.3 4.8
50.00 7.1 =20 4.4
70.00 5.6 =35 4.9
85.00 6.0 =31 5.9
90.00 6.5 =2.7 7.8
85.00 10.2 100 I S

IN
0.426
0.511
0.524
0.514
0.470
0.437
0.420
0.419
v 3N

D-FACT

0.299
0.295
0.281
0.258
0.252
0.250
0.246
0.259
0.321

oY
0.463
0.476
0.493
0.503
0.459
0.422
0.407
0.397
0.354

B

[-N-N-R-NN- Nl
s ¢ s e » = e v =

ToTAL TEWP
IN RATIO
311.2 0.994
308.4 1.000
306.5 1.002
304.0 1.000
300.5 1.000
298.3 1.000
297.0 1,000
297.0 1,001
297.4 1,002
TANG VEL
IN oY
89.9 9.2
72.8 7.9
.0 6.1
7.5 2.4
72.5 0.7
70.9 1.5
174.5 4.
76.8 8.6
84.2 14.9
LOSS COEFF
T0T PROF
0.047 0.047
0.148 0.148
0.111 0,111
0.033 0.039
0.027 90.027
0.052 0.052
0.090 0.099
0.124 0.12¢
0.200 0.200

11.76
12,13
12.20
12.05
11.63
1.3
11.28
11.26
11,12

oo Eié!
a2
Do

Q8L
- Ul O O O

§3

[-N-R-N-N-N-N- X33
. e s o

°
o

3
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TABLE X1II. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES

»
OOJG\U‘DMN-‘Q OQQQU‘QMN-‘Q

© © 4mma-u--¥

CODIOR LN - B

FOR STATOR 51.

(e) Reading 1421

RADII ABS BETAM
In ouT IN outY
24.595 24.608 35.8 4.1
23.861 23.886 25.6 3.3
25.129 23.167 230 2.2
20,925 21.001 24.0 0.9
17.963 18.090 25.8 0.3
14,953 15,118 21.2 0.7
12,652 12.79% 29.2 1.9
11.874 11,97 30.0 4.0
11,090 11.128 34.3 1.4
4BS VEL REL VEL
IN ouT IN ouT
167.6 154.%  167.6 154.3
181.2 156.9 181.2 156.9
188.0 161.6 188.0 161.6
185.8 165.4 185.8 165.4
1718 151.2 1.8 15,2
160.7 139.3 160.7 139.3
156.8 135.3 156.8 133.3
159.1 130,0 159.1 130.0
154.8 116.0 154.8 116.0
ABS MACH NO REL MACH NO
IN Ut IN oY
0.484 0.446 0.484 (.446
0.529 0.454 0.529 0.454
0.551 0.470  0.551 0.470
0.547 0.484 0.547 0.484
0.507 0.444 0,507 0.444
0.474 0.409 0.474 0.409
0.463 0.39% 0.463 0.391
0.470 0.381  0.470 0.38
0.457 0.339 0.457 0.339
PERCENT INCIDENCE DEV
SPAN  MEAN S5
5.00 21.5 12.% 8.2
10.00 11,2 1.9 1.3
15.00 8.5 -0.7 6.2
30.00 8.5 -0.7 4.9
50.00 8.4 -0.8 4.5
70.00 7.3 -1.9 5.0
85,00 .5 -~1.6 6.
90.00 8.0 =1, 8.2
95.00 12.0. 2.9 1.8

RE' BETAM

IN
35.8
5.6
251
24.0
25.8
21.2
29.2
30.0
34.3

ouT

-
-

-~k ,oOo o NW
e e o o & o e o
- W WO NW

MERID VEL

IN
135.9
183.4
172.9
169.7
154.6
142.9
136.9
137.8
127.9

T
153.9
156.6
161.4
1€5.3
151.2
139.3
133.2
129.7
15,1

MERID MACH NO

IN
0.393
0.477
0.507
0.500
0.456
0.422
0.404
0.407
0.378

D-FACT

0.333
0.316
0.306
0.273
0.273
0.266
0.265
0.288
0.354

out
0.444
0.454
0.469
0.484
0.444
0.409
0.391
0.380
0.3%

(133

[~ N - N - W=~ -]
e % e e a & 5 o

110 PERCENT DESIGN SPEED

TOTAL TEMP
IN RATIO
312.1  0.993
308.7 1.000
307.0 1.002
304.2 0.999
300.8 0.999
298.5 1,000
297.5 1,000
297.5 1,000
297.6 1.002
TANG VEL
IN ot
98.1  11.0
78.3 8.9
73.9 6.2
75.8 2.6
74.9 0.9
73.5 1.7
76.5 4.4
79.6 9.1
87.2 4.3
LOSS COEFF
TOT PROF
0.061 0.06!
0.143 0.143
0.1%4 0.134
0.049 0.049
0.042 0.042
0.043 0.043
0.077 0.077
0.136 0.13
0.210 0.210

TOTAL PRESS

11.78
12.03
12.16
12.03
11.67
11.40
11.356
11.353%
11,18

0.974
0.978

0.973
0.900

cooococococo0o
o e e e
o
-
v

.046

RATIO
0.991
0.975
0.975
0.991
0.993
0.994
0.989
0.981
0.972

out

- X-N-N-N-N-N-N-¥-3
. .

:
x
k3

3

£
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TABLE XIV. - BLADE-ELEMENT DATA AT BLADE EDGES FOR
STATOR 51. 120 PERCENT DESIGN SPEED

(a) Reading 1538

A RADI I ABS BETAM REL BETAM TOTAL TEMP  TOTAL PRESS
e ® IN ouT IN ouT IN outT IN RATIO IN  RATIO
< 1 24.595 24.608 12,7 0.6 12.7 0.6 302.5 0.995 11.11 0.958
2 23.86%1 23.886 12,3  -0.0 12.3 -0.0 301.7 0.997 11.17 0.978
3 23,129 23.167 12.0 -0.5 12.0 -0.5 300.7 0.997 1i.16 0.989
4 20,925 21.001 12,0 -1.3 12,0 -1.3 298.9 0.997 11,05 0.996
5 17.96% 18,090 12.7 -2.3 12.7 -2.3 297.4 0.995 10.86 0.998
6 14.95315.118 14,7 -1.9 14.7 -1.9 296.! 0.998 10.80 0.996
7 12.652 12.791 6.8 -0.6 16.8 =-0.6 295.7 0.998 10.78 0.991
8 11,874 11,97 18.1 9.9 18.! 0.9 296.3 0.998 10.94 0.971
9 11,000 11,128 21.2 55 21.2 5.5 297.7 0.994 11.02 0.92¢
ABS VEL REL VE. MERID VEL TANG VEL WHEEL SPEED
® IN  OUT IN  ouT IN Ut IN  ouT IN  QuT
1 230.9 204.7 230.9 204.7 225.2 204.7 50.9 2.1 0. 0.
2 232.1 212.8 2%2.1 212.8 226.7 212.8 49.4 -0.! 0. 0.
3 23t.0 215.9 231.0 2i5.9 225.9 215.9 48.0 -1.9 0. 2.
4 227.3 216.0 227.3 216.0 222.3 216.0 47,4 5.0 0. 0.
5 216.5 212.8 26,5 212.8 211.2 212,7 47.6 -8.4 0. 0.
6 205.4 211.5 205.4 211.5 198.7 211.4 52,1 -7t 0. 0.
7 201.0 212,01 201.0 2121 1924 212,1 58,1 =2.2 0. 0.
8 206, 212.3 206.0 212.3 195.9 212.2 63.9 3.3 6. 0.
9 209.7 197.7 209.7 197.7 195.5 196.8 75.8 19.0 0. 0.
ABS MACH NO  REL MACH NO MERID MACH NO MERID PEAK SS
» IN ouT IN ot IN ouT VEL R MACH NO
1 0.694 0.610 0.394 0.610 0.676 0.610 0.909 0.938
2 0.698 0.63%6 0.698 0.63% 0.682 0.636 0.939 0.931
% 0.696 0.648 0.696 0.648 0.681 0.648 0.955 0,917
4 0.686 0.650 0.686 0.650 0.671 0.650 0.972 0.895
5 0.653 0.642 0.653 0.642 0.637 0.642 *.037 0.845
6 0.618 0.638 0.618 0.638 0.598 0.638 1.064 0.818
7  0.604 0.640 0.604 0.640 0.578 0.640 1.102 0.826
8 0.620 0.641 0.620 0.64' 0.580 0.64% 1.083 0.870
9 0.630 0.593 0.630 0.593 0.587 0.591 1.007 0.948
PERCENT INCIDENCE DEV  D-FACT EFF  LOSS COEFF LOSS PARAM
® SPAN MEAN  SS TOT  PROF  TOT  PROF
1 5.00 -1.6 ~-10.8 4,7 0.217 0. 0.151 0.15% 0,074 0.074
2 10,00 -~2.2 ~i11.4 4.0 p.184 O. 0.080 0.080 0.038 0.038
3 15.00 =2.7 -11.9 35 0.164 0. 0.039 0.039 0.018 0.018
4 30.00 =35 ~12.7 2.7 0.145 0. 0.015 0.015 0.006 0.006
5 50.00 ~4.7 -13.9 1,9 0.109 0. 0.010 0.010 0.004 0.004
6 70.00 ~5.3 -14,4 2.3 0.056 0. 0.016 0.0'8 0.006 0.006
7 85.00 ~4,9 -14.0 3.6 0.020 0. 0.042 0.042 0.011 0.01!
8 90.00 ~4.0 ~13.1 5.0 0.039 0. 0.125 0.125 0.030 0.030
9 95.00 ~-1.1 -t0.2 9.5 4.117 0. 0.324 0.324 0.07% 0.071
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TABLE XIV. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

OQ\IC"U\AMN—Q !DQ#C‘U‘D-U‘N-‘% omqmu‘uuw-—%

ooqmmuum-%

FOR STATOR 51.

(b) Reading 1537

REL BETAM

IN
21.3
17.2
17.6
17.5
19.3
21
22.8
23.6
2.9

ouT
1.4

¢
m-—oc‘aoooo
SN =~y —®

MERID VEL

IN
188.6
206.1
202.8
199.9
1941
182.3
176.7
176.6
161.1%

ouT
175.0
181.4
187.9
191.7
191.8
185.0
180.0
178.5
160.8

REL MACH NO MERID MACH NO

RADII ABS BETAM
IN ouT IN ouT
24.595 24.608 21.3 1.4
23.861 23.886 17.2 0.8
25.129 23.167 17.6 0.1
20.925 21.00! 17.5 -0.7
17.965 18.090 19.3 -0.3
14,953 15.118 21.1 -0.4
12.652 12. 79 22.8 0.1
11,874 11.9M 23.6 1.9
11,000 11,128 27.9 5.5
ABS VEL REL VEL
IN ouT IN ouT
202.5 175.1  202.5 175.1
215.7 181.4 215,7 181.4
212.8 187.9 2'2.8 187.9
209.6 191.7 209.6 191.7
205.6 191.8 205.6 191.8
195.5 185.0 195.5 185.0
191.7 180.0 19Y.7 180.0
192.7 178.6 192.7 178.6
182.3 161.5 182.3 161.5
ABS MACH NO
IN ouT IN oY
0.596 0.512 0.596 0.512
0.640 0.532 0.640 0.532
0.632 0.554 0.632 0.554
0.624 0.568 0.624 0.568
0.612 0.570 0.612 0,570
0.562 0.550 0.582 0.550
0.5 0.536 0.571 0.536
0.575 0.53' 0.575 0.53!
0.542 0,478 0.542 0.478
PERCENT INCIDENCE DEV
SPAN MEAN SS
5.00 1.0 -2.2 5.5
10.00 2.7 -6.5 4.8
15.00 3.0 -6.2 4.\
30.00 2.0 =-7.2 3.3
50.00 1.9 -7.% 3.8
70.00 1.1 =80 5.8
85.00 .1 -8.0 4.3
90.00 1.6 =1.5 5.6
95.00 5.7 -3.% 9.5

IN
0.555
0.611
¢.602
0.595
0.578
0.543
0.526
0.527
0.479

D-FACT

0.303
0.294
0.256
0.215
0.187
0.162
0.158
0.162
0.198

ovt
0.512
0.532
0.554
0.568
0.570
0.550
0.536
0.53!
0.475

EFF

OO0 0O O0OOOOD O
e ® e o = e = e @

120 PERCENT DESIGN SPEED

TOTAL TEMP

IN
508.1
306.2
305.2
302.9
30%.7
299.3
298.7
298.4
298.3

RATIO
0.994
0.999
0.998
0.99%
0.995
0.997
0.995
0.996
0.998

TANG VEL

IN
73.7
63.7
64.5
63.0
©8.0
70.4
74.3
71
85.3

ot

¢
Neho ~=NON M
o o e o o o o e o
SOV EOUN N

-

LOSS COEFF

ToT

.1ne
.164
07
.007
01
.026
.073
108
.155

[~ ==~ - = ]

PROF

.18
.164
.M
.007
Lo
.026
.073
.108
155

(- - - - =~ - — ]

)
e e 0

.
[ =4
.

0CODOODODDOOCO
« o o . .
< (-4
. .

MERID PEAX SS
VEL R MACH NO
0.981
0.961
0.956
0.9%2
0.934
0.900
0.898
0.915
0.939

LOSS PARAM

TOT PROF
0.058 0.058
0.078 0.078
0.033 0.033
0.0035 0.003
0.004 0.004
0.008 0.008
0.019 0.019
0.026 0.026
0.034 0.034
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TABLE XIV. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES

omqmmuun-q OOQ\DU\FO‘N-‘Q Owdﬂimhu‘l\l—%

0@40"0"&0‘?\)-‘%

FOR STATOR 51.

RADII
IN ouT
24.595 24.608
25.861 23.886
23.129 23.167
20.925 21.001
17.963 18.090
14,953 15,118
12.652 12.791
11,874 11,97
11,090 11,128

ABS VEL
IN  ouT
179.8 159.1
194.9 162.5
202.1 169.3
207.1 18%.7
201.7 178.2
183.8 163.2
1811 157.8
181.4 154,7
168.9 139.3

ABS MACH NO
IN ouT
0.518 0.460
0.569 0.471
0.595 0.493
0.611 0.539
0.597 0.525%
0.544 0.481
0.537 0.466
0.538 0.456
0.499 0.406

PERCENT
SPAN
5.00

10.00

15,00 1.5
30.00 6.8
$0.00 6.6
70.00 4.9
85.00 5.0
90.00 5.6
95.00 10.4

{c) Reading 1536

ABS BETAM

IN ouT
37.4
5.4
22.1
22.4
24.0
24.8
26.7
21.6
32.6

]
VIIVooooolvWw
s s s s e ® 8 e =
ORIV DODNND

REL VEL

IN ot
179.8 159.1
194.9 162.5
202.1 169.3
<07.1 183.7
201.7 178.2
183.8 163.2
181,1 157.8
181.4 154,7
168.9 138.3

REL MACH NO
IN oY
0.518 0.460
0.569 0.47!
0.593 0.493
0.611 0.539
0.597 0.525
0.544 0.48%
0.537 0.466
0.538 0.456
0.499 0.406

INC IDENCE DEv

$S

13.8 1.7
1.7 6.3
-1.7 4.9
-2.3 4.2
-2.6 4,6
-4.2 4.1
-4.1 4.7
-3.5 6.7
1.2 98

REL BETAM

IN ouT
37.4
25.4
22.1
22.4
24.0
24.8
26.7
21.6
32.6

w
(2]

mwoéooom
ooONUINON

MERID VEL
IN ot
142.9 158.8
176.1 162.3
187.2 169.3
191,5 183.7
184,53 178.2
166.8 183.2
161.9 157.8
160.7 154.5
142.3 137.6

MERID MACH NO
IN oY
0.412 0.459
0.514 0,470
0,550 0.493
0.565 0.539
0.545 0.525
0.494 0,48
0.480 0.466
0.477 0.456
0.421 0.404

D-FACT EFF

0.38¢4
0.354
0.329
0.270
0.259
0.238
0.239
0.247
0.282

OO OCC OO0
© + e e & s e @

120 PERCENT DESIGN SPEED

TOTAL TEMP

IN
315.7
3.3
303.0
30°.2
304.5
300.5
299.4
299.2
299.1

RATIO
.984
.994
.997
.99
.994
.997
.99%
.997
.999

CODOOODDOOO

TANG VEL

IN
109.1
83.5
76.1
78.8
82.%
77.2
81,2
84,1
91.0

ovT

-
(=4
<

1
. e o o o o
QW eIV

r—~O -~ NDN

LOSS COEFF

To07

.037
140
132
044
.048
.034
.080
13
110

(- R -N-N-N-N_-N_N-N-]

PROF

0.037
0.140
0.132
0.044
0.048
0.034
0.080
0.113
0.110

;
23

IN 0
0.
0.
0.
0.
0.
0.
0.
0.
0.

o o o ¢ o

K- N-F-F-¥-¥-¥_-¥d
.

.

MERID PEAK SS
VEL R MACH NO
1,111 1,180
0.922 1,012
0.904 0,989
0.959 1.014
0.967 1.005
0.978 0.910
0.975 0.915
0.962 0.931
0.967 0,947

LOSS PARAM

TOT PROF
0.018 0.018
0.067 0.067
c.06t 0.061
0.018 0.018
0.017 0.017
0.010 0.010
0.020 0.020
0.027 0.027
0.024 0.024



TABLE XIV. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES

P Y N NPTy .

CDIO PR — B ODah N rit ~ B

CODuPNmwty ~

FOR STATOR 51.

RAD LI
IN oY
24.595 24.608
23.861 23.886
25.129 23.167
20.925 21.001
17.963 18.090
14,955 15.118
12.652 12.79
11.874 17,97V
11,000 11,128

ABS VEL

IN T
174.5 1511
182.0 154.5
195.0 159.9
206.1 177.4
190.2 163.5
176.7 149.9
174.2 143.3
174,3 139.1
163.9 123.1

ABS MACH NO
IN oY
0.499 0.434
0.526 0.445
0.568 0.462
0.605 0.517
0.560 0.479
0.521 0.440
0.515 0.421
0.515 0.408
0.483 0.360

(d) Reading 1535

ABS BETAM

IN oY
46.8
34.3
26.7
26.2
26.8
21.9
29.7
3.0
36.0

-

]
Pu—odn W
WhWhOIOOo J

REL VEL

IN ouT
174,5 15t.1
182.0 154,5
165.0 159.9
206, 177.4
190.2 163.5
176.7 149,9
174,2 145.3
174,3 1391
163.9 123.%

REL MACH NO
IN oY
0.499 0.434
0.526 0.445
0.568 0.462
8.605 0.517
0.560 0.479
0.521 0,440
0.515 0.421
0.515 0.408
0.485 0.360

PERCENT INCIDENCE btv

SPAN  MEAN
5.00 32.5
10,00 19.8
15.00 12.1
30.00 10.6
50.00 9.4
70.00 1.9
85,00 8.0
90.00 9.0
95.00 13.7

S5
23.3 8.7
10.6 7.4
2.9 5.9
1.4 6.3
0.2 3.8
~-1.2 4.6
~1.1 5.5
=0.1 1.6
4.6 10.3

REL BETAM
IN ot
46.8 4.7
34.3 3.0
26.7 1.9
26.2 2.3
26.6 ~-0.3
21.9 0.4
29.7 1.3
31.0 3.4
36.0 €.3
MERID VEL
IN  ouT
119.5 150.6
150.4 154.3
174.2 159.8
185.0 177.2
169.8 163.5
156.1 149.9
151.4 143.3
149.4 138.8

132.6 122.4

MERID MACH NO
IN ouT
0.542 0.432
0.434 (.444
0.508 0.46!
0.543 0.516
0.500 0,479
0.461 0.440
0.447 0.42)
0.442 0,407
0.591 0.357

3

D-FACT

0.455
0.%37
0.374
0.308
0.303
0.289
0.297
0.312
0.360

PO OO0OO PO
e s & ® s+ s+ e & @

120 PERCENT DESIGN SPEED

TOTAL TEMP

IN  RATIO
319.2 0.982
314.9 0.992
312 0.997
30..8 0.997
308.0 0.993
30 0.99%
300.1 0.997
300.0 0.997
300.1 0.997

...o—-.gqf_;m.-\o

TANG VEL

IN ouT
127.2  12.3
102.5
87.7
90.8
85.7
82.7
86.2
89.8
96.3

]
« .

WO W~ —~ N

ViNivo oo NN

L05S COEFF

10T PROF

0.097 0.097
L1403 0.103
138 0.138
086 0.086
062 0.062
.063 0.063
105 0,105
139 0.139
3T 0,137

COOoOODO OO0
OO OO0

TOTAL PRESS
IN  RATIO
11.85 0.985
11.95 0.982
12,20 0.973
12.56 0.981
12.08 0.968
11,75 0.989
11.62 0.983
11.59 0.977
11,26 0.980

WHEEL SPEED
IN oY
. 0.
0. 0.
0. 0.
0. 0.
0. 0.

0. 0.

0. 0.

¢. .

0. Q.

MER{D PEAK S5
VEL R MACH NO
1. 261 1.3us
1.026 1,103
0.917 1.0%
0.658 1.,08%
0.9635 0.99%
0.960 0.926
2.947 0.930
0.929 0,951
0.923 0.974

LOSS PARAM

ToT PROV

0.047 0,047
0.049 0.049
0.063 0.063
0.036 0.036
0.022 0.022
0.019 0.019
0.027 0.027
0.033 0.033
0.0350 0.050
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Radius, r, cm

Instrumentation survey planes:
Station }

0

Station 2 Station 3 Station 4
-2.8cm (2. 7cm) 172.2cm 136,0¢cm
32— | ! | |
| ] Tip radius,
2 L Y 8 2. 4cm
4 — | .
Airflow emer | |1
16—
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