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1. SUMMARY

A compressor stage with a rotor tip speed of 1600 ft/sec, high blade loadings, and boundary
layer suction through a slit in the corner formed by the stator suction surface and the hub
wall was tested. Both rotor and stator blades had multiple circular arc (MCA) airfoil sections.
The stator chord angle was set 4 degrees more axial than design, fo increase incidence for the
purpose of evaluating the effect of slit suction on stator flow range.

Overall performance at design speed for data points with stator hub slit suction is compared
to data without slit suction in Table 1. Two values of stage efficiency are given, the values
in parenthesis were calculated using a procedure which accounts for the flow bled through
the boundary layer suction slit. Comparison of data taken with and without slit suction
showed that suction improved efficiency at maximum flow, part speed, but had little effect
near stall. No significant increase in stage efficiency was obtained at design speed. Flow
range from maximum flow to stall was not affected by slit suction. Slit suction reduced
stator losses at 5, 10, and 15 percent span from the hub. Stator wakes were narrower and
shallower with suction.

TABLE 1
OVERALL PERFORMANCE COMPARISON
WITH AND WITHOUT SLIT SUCTION
(DESIGN SPEED)

Near-Stall Near-Stall
Max Efficiency Max Efficiency Data Point Data Point

Data Point Data Point Without With
Parameter Without Suction With Suction Suction Suction
Corrected Weight 181.03 179.58 173.09 173.58
Flow, Ib/sec
Rotor Pressure 1.906 1.935 2.003 2.033
Ratio
Rotor Efficiency, 87.3 87.6 85.8 86.5
Percent
Stage Pressure 1.842 1.871 1.908 1.937
Ratio
Stage Efficiency, 82.3 82.7 79.2 79.9

Percent (82.2) (79.4)



Contour plots were prepared for pressure, temperature, velocity, and air angle at the sfator-
exit instrumentation plane with stator hub slit-suction. Contour plots showed that stator
losses were concentrated in corners where the stators intersected the endwalls, and’ that these
loss areas grew with increased back pressure. Increased back pressure caused more severe
total pressure gradients in the wake region although wake width remained approximately

constant.

No stress limits were encountered during the test program. Rotating stall surveys showed
that abrupt stalls occurred at all speeds with indications of rotating stall initiating a surge
cycle., ’



IL INTRODUCTION

Recent results from research compressors have shown that compressor rotors can be designed
to operate with high aerodynamic blade loading and/or high inlet relative Mach number and
still achiieve good efficiency (85 to 94 percent) with acceptable stall margin (12 1o 15 percent).
However, there is a severe penalty on stage efficiency due to high stator losses. The major
portion of the high loss region occurs in the vicinity of the stator end-walls. Therefore, no
appreciable overall gains in stage performance can be made without reducing the level of
losses in the stator end-wall regions. In addition to high stator losses, in many cases the stall
free range of the compressor stage is limited by stator stall. Slit-suction is one type of end-
wall treatment that has shown some degree of success in reducing stator end-wall losses in
cascades (Reference 2) and single stage compressors (Reference 3).

As part of Contract NAS3-10482, a stator end-wall treatment program was initiated to inves-
tigate the effectiveness of various types of end-wall treatments on reducing stator losses and
increasing the stator stall free range of operation. The single stage compressor used in this in-
vestigation is the same as presented in Reference 1 with stator hub-slit-suction added. In
order to evaluate the effect of end-wall treatment on stator range, the stator vanes were re-
staggered four degrees open (increased incidence) with respect to the design stagger. This
compressor has a design rotor tip speed of 1600 ft/sec and demonstrated a rotor pressure
ratio and efficiency of 2.0 and 89 percent respectively, and a stage pressure ratio and effi-
ciency of 1,946 and 84.5 percent respectively.

The purpose of this report is to present the results of stator hub slitsuction applied to a high
Mach munber highly loaded single stage compressor.



III. APPARATUS AND PROCEDURE
A.  Test Compressor

The compressor (Figure 1) is a highly-loaded, high-Mach-number, single stage with no inlet
guide vanes, 30 MCA rotor blades and 44 MCA stator vanes. It is identical to the compressor
of Reference 1 except for the addition of stator hub-slit-suciion shown in Figure 2, and a stator
restagger of four degrees to increase incidence so that the effects of slit suction on stator
flow range could be evaluated. The rotor is the same one tested in Reference 1 except that
blades tips were machined to remove results of tip abrasion, and leading edges were blended
to remove nicks resulting from a bearing failure in a previous test. Extra material (0.030
inch) was added to the rotor shroud rub-strip to provide an acceptable blade tip clearance
without changing the axial location of the rotor relative to the stator. Proximity measure-
ments indicated that the rotor running clearance was 0.063 inch at design speed, compared
with 0.050 inch in the test results reported in Reference 1. Rotor and stator design para-
meters are surmmarized in Table 2. The rotor assembly is shown in Figure 3. Complete de-
sign details are given in Reference 4.

TABLE 2
MCA ROTOR AND STATOR DESIGN PARAMETERS

Rotor — Stations 8 and 9

% Span Dia — 1 Dia —2 p¥8 B9 f* 8ss B*sh  Solidity
5 (hub) 17.47 19.77 43.97 1.87 55.40 4574 2276
10 18.47 20.41 49.59 9.63 56.02 46.76  2.173
15 19.47 21.05 50.44 16.51 56.59 4776 2.080
30 22.31 22.96 53.77 20.73 57.87 50.53 1.855
50 25.79 25.52 56.40 42.30 59.30 54.68 1.638
70 28.95 28.08 59.08 50.53 61.07 59.17 1476
85 31.29 29.99 61.63 54.11 62.96 63.01 1379
90 31.88 30.63 62.53 55.10 63.65 64.18 1.355
95 (tip) 32.50 31.27 63.21 55.84 64.14 64,96 1332

Stator - Stations 10and 11

% Span Dia -1 Dia -2 B*10 £ 11 B* 10ss B*sh  Solidity
5 (hub) 20.41 21.49 39.23 -16.41 42.15 34.47 2.010
10 21.01 21.96 38.27 -15.44 41,21 32.62 1.959
15 21.59 22.43 3742 -14.89 40.36 3094 1911
30 23.31 23.90 35.44 -15.22 38.44 27.18 1781
50 25.60 25.89 33.60 -16.04 36.72 2401 1.632
70 27.82 27.90 3245 -17.48 35.68 22.38 1.508
85 29.41 29.38 32.12 -19.91 35.44 22.82 1430
S0 29.91 29.86 32.15 -21.40 35.48 23.36 1407
95 (tip) 30.38 30.29 32.33 -23.69 35.69 2440 1.387

NOTE: Symbol definitions appear in Appendix 2. -
4



The suction slit design was based on data reported in References 2 and 3 which showed

that end-wall-region cascade losses were reduced significantly by extracting smail amounts

of flow through a slit at the intersection of the wall and blade suction surface. These data
showed that most of the attainable benefit was obtained by extracting the corner flow passing
through the area common to the boundary layer displacement thickness growth on the

vane surface and the wall.

The stator hub slit extends from 15 to 85 percent chord and is .025 inch wide. Design flow
rate through the slits is 0.30 percent of compressor design fiow. Slit suction design details
are given in Reference 4.

Suction for stator hub slits was provided by test facility exhaust pumps. The stator hub
slit suction plenum is evacuated using four hollow struts just upstream, and in line with the
rear bearing support struts. Suction flow through these struts is measured using a commeon
calibrated flow measuring orifice (Figure 4). Other facility hardware was the same as
described in Reference 1.

B. Instrumentation and Calibration

Static pressure in the plenum beneath the suction slits was measured by three pressure taps,
and the plenum temperature was measured by three bare-wire thermocouples. Slit-suction
flow rate was measured by a 3,297 inch sharp-edge orifice (Figure 4) within an estimated
accuracy of .03 1b/sec flow. Hot film probes are used to detect rotating stall. Other in-
strumentation is described in Reference 1. Typical instrumentation is shown in Figure 5.
Axial and circumferential locations of instrumentation are shown in Figures 6 and 7, respec-
tively.

C. Test Procedure

All testing was conducted with uniform inlet flow. Stator hub slit suction was used for ail
tests unless otherwise noted.

1. Shakedown Test

Shakedown tests were conducted to establish the mechanical infegrity of the
compressor and to locate critical stress boundaries which could limit the operating
range. Vibraiory stresses were recorded during accelerations and decelerations
from 50 1o 105 percent of design speed with open throttle, part-throtile, and

near stall throttle settings. All fixed instrumentation and wake rake traverse data
were recorded at the beginning and end of each constant throttle acceleration to
provide three data points at 50 percent and at 100 percent speed. At design
speed, one performance data point was acquired which included traverse data at
all stations to verify the hub-slit-suction flow rate and demonstrate the operation
of data acquisition and reduction systems.

Rotating stall surveys were conducted at 50, 70, 85, 90, 95, and 100 percent of
design speed. Velocity fluctuations at the rotor inlet were indicated by a hot film



probe with three sensors located at 25, 50, and 85 percents of span from the hub
(Figure 5f). Readings from this probe along with selected rotor and stator strain
gages, a speed signal, and a stator leading edge static pressure were recorded
simultanecusly as the throttle was closed from wide open to stall. Several surge
pulses were recorded for each stail-transient survey.

B

2.  Performance Test

Performance data with stator hub slit suction were obtained at 50, 70, 85, 90,
95, and 100 percent of design speed for a total of 30 points. "In addition stall
flows were measured for all speeds. Traverse data were taken at nine diameters at
the rotor-inlet and stator-exit for 26 of the data points. For the remaining four
data points, boundary layer surveys were conducted at fifteen radial positions for
all probes. Staior-inlet probes were traversed for these four points, in addition

to the rotor inlet and stator exit probes. One combination probe (shown in
Figure 5c) at the stator exit was tangentially traversed across a stator blade gap at
fifteen radial locations to supplement the wake rake data. Three of the boundary
layer survey points were acquired at design speed, part throttle, peak efficiency,
and near stall. The fourth point was acquired at 70 percent speed, near stall flow.

Six additional performance data points, three at 70 and three at 100 percent of
design speed were taken, without stator hub-slit-suction to isolate the-effects of
suction on performance. All radial traverse data were obtained for these six
performance points including stator inlet traverses. Stall flow was measured at
100 percent speed without slif suction,

D. Calculation Procedure

The calculation procedure was the same as discussed in Reference 1 for uniform inlet flow
conditions with an additional adjusted efficiency calculation which accounts for the stator
hub-slit-suction flow.

Adjusted efficiency was defined as the ratio (ideal work/actual work) where ideal work was
calculated for only the flow which reached the compressor exit, and actual work as the sum
of work done on the bleed flow in addition to work done on compressor exit flow. The
actual work term does not account for the work required by the facility exhausters. The
equation of this adjusted adiabatic efficiency is given in Appendix 1. Adjusted efficiency
values are tabulated for each data point in Appendix 3.

For the boundary layer survey points, overall performance and blade element calculations
were made using the wake rake data and contour plots of various stator aerodynamic para-
meters were generated from combination probe measurements. Velocities were calculated
from combination probe measurements of total and static pressure, total temperature, and
air angle in the following manner: 1) Measurements of total and static pressure were used,
with a probe calibration, to determine Mach numbers; 2) Total temperature measurements
were corrected for Mach number and pressure level effects and used with Mach number to
calculate absolute velocities; 3) Measured air angles were corrected for Mach number effects
and used to resolve meridional and tangential velocity components,

6



IV. RESULTS AND DISCUSSION
A. Shakedown Test Resuits

Levels of vibratory stresses on the blades and vanes were recorded during accelerations and
decelerations between 50 and 105 percent of design speed with wide open throttle, and near
stall throttle settings. All observed blade and vane vibratory stress levels were within acceptable
limits.

Surge occurred at all speeds. This was determined from continuous recordings of signals

from a three-sensor hot film probe at the rotor inlet, from strain gages, and from static
pressures located along the flow-path walls, At high speeds, these measurements showed large .
fluctuations in velocity simultaneous with high vibratory stresses in rotor and stator blades,
and static pressure variations. Periodic fluctuations in velocity indicated that rotating stall
occurred af the beginning of the surge cycle.

An oscillograph trace at 90 percent speed (Figure 8) shows a representative velocity pattern
for all stalls. Velocities at midspan and hub decreased at surge whereas tip velocities in-
crecased, The period of the surge-pulse was approximately 0.13 seconds. The recovery period
between surge pulses varied with speed, ranging from 1.05 seconds at design speed down to
0.11 seconds at 50 percent speed. At 50 percent speed, static pressure variation, velocity
fluctuations, and vibratory stresses were small.

As flow was reduced at a given speed, rotor and stator vibratory stresses increased simulfa-
neously, so that it was not clear which blade row stalled first.

B. Performance Test Resulis
1. QOverall Performance

Overall performance of the rotor and stage with and without stator hub-slit-suction
is presented in Figures 9 and 10. The stall line was established by extrapolating
the characteristic speed lines to measured stall airflows, shown as slashed symbols
on the figures. Stall flows are tabulated in Table 3. A maximum stage efficiency of
82.7 percent was achieved at design speed with slit suction at a pressure ratio of
1.871 and a corrected weight flow of 179.6 1b/sec. This cfficiency drops to 82.2
percent when it is adjusted for the work done by the rotor on the hub-slit-suction
flow, The same peak efficiency was recorded without slit suction. Efficiencies
which have been adjusted to account for suction flow are shown in the upper
efficiency scale in Figure 9. Rotor efficiency for the same data point with slit
suction is 87.6 percent at a pressure ratio of 1,935, This rotor'efficiency is 1.5
percentage. points lower than the maximum rotor efficiency obtained at design .
speed in the test of Reference 1. The difference may be attributed to any or all of
the five changes in apparatus between this test and that of Reference 1;i.e. (1)
increased rotor tip clearance, (2) decreased rotor inlet annulus area due to rotor
tip fill, (3) the restaggered stator, (4) blended out nicks in slightly damaged rotor
blades (Figure 3), and (5) upstream effects of stator hub slit suction.



TABLE 3

SUMMARY OF STALL WEIGHT FLOWS

Percent With Stator
Design Speed " Hub-Slit-Suction
50 74.2
70 109.8
85 138.8
90 150.2
95 161.3

100 173.3

Maximum adjusted stage efficiency with stator hub-slit-suction was 85.8 percent
and occwred at 50 percent of design speed. For 70, 85, 90,and 95 percent design
speed the maximum adjusted stage efficiency was approximately 84.5 percent.

A net adjusted stage efficiency benefit of 1.5 percent was obtained with hub-slit-
suction at 70 percent speed for the maximum flow condition, but no effect was
seen at other speeds.

The lower pressure ratio seen near stafl at design speed without stator hub-slit-
suction (Figure 9) is probably due to blockage effects caused by stator leading edge
transverse probes. These probes were not traversed during hub-slit-suction tests
except for the boundary layer points. Evidence of traverse probe blockage at
design speed is shown in Figure 11. Spanwise profiles of pressure ratio for two
points with slit suction and no stator leading edge probes are compared to two
points with stator leading edge probes, one with slit suction and one without slit
suction. Spanwise pressure rafios agree well for the two points which include
stator leading edge probe traverses except at the root where slit suction improve-
ment is expected. These same points show a lower pressure in the tip region when
compared to the points without stator leading edge probe traverses. This probe
blockage effect on pressure ratio was not seen at 70 percent speed, where the stator
inlet Mach number did not exceed 0.76.

Overall stator recovery (P 1 /Plo) listed for points with and without slit suction in

Appendices 3 and 4 as L(E)COAL gives a direct measure of the effect of stator hub-slit-

suction. Slit suction increased stator recovery for the peak efficiency point at
design speed from .968 t0 .974. It must be remembered that this recovery in-
crease with suction is gained at the expense of approximately a half percent in
stage efficiency to account for the work done on the bleed flow.



Rotor performance for this test differed considerably from that achieved in the
test of Reference 1. Maximum efficiency at design speed was 1.5 percentage
points lower for this test as mentioned previously while pressure ratio was
generally lower except near stall. At lower speeds, pressure ratios were slightly
higher for this test at higher flows although near stall values were the same. Effi-
ciency values were 0 to 5 percentage points higher at lower speeds for this test.
Gains were largest at maximum flow points with no significant change near stall.
Part of the difference may be due to measured wake rake total pressure readings
which showed one rake consistently higher than the other although no reason
could be found to dispute the data.

Blade Element Performance

Blade element total pressure loss coefficient, diffusion factor, and deviation versus
incidence angle are presented for both rofor and stator in Figures 12 and 13 for
the performance test with slit suction. These data are tabulated in Appendix 3.
Although overall performance benefits obtained by the addition of stator hub-
slit-suction were smali, suction did reduce losses at 5, 10, and 15 percent of span
from the hub for both 70 and 100 percent speeds. Figure 14 presents plots of
stator blade element diffusion factor and total pressure loss coefficient versus
incidence angle at these three spans for test points with and without slit suction.
At 5 percent span from the hub, slit suction reduced the losses over the entire
incidence range for 70 and 100 percent design speed. At 70 percent design speed
the losses were reduced approximately 23 percent at the near stall incidence
angle and 50 percent at the maximum flow incidence angle. At 100 percent de-
sign speed the losses were reduced approximately 18 percent at the near stall
incidence angle and 29 percent at the maximum flow incidence angle. This effect
diminishes outward from the hub until the effects are insignificant outboard of
15 percent span from the hub. Complete blade-clement performance data for
points without stator hub-slit-suction are tabulated in Appendix 4.

Gapwise distributions of stator exit total pressure, temperature, and adiabatic ef-
ficiency clearly show a narrower and shallower wake with slit suction. Figure 15
presents distribution at 5 percent span from the hub for open throttle and near stall
data points at 70 percent speed showing that the effect of suction is much stronger
at the maximum flow condition than at the near stall point. At design speed
(Figure 16) the effect is of the same magnitude as at 70 percent speed near stall
regardless of throtile setting. Slit suction effects on the total pressure and tempera-
ture wake distributions disappear above 15 percent of span from the hub. The in-
crease in temperature in the wake region without suction may be caused by a re-
distribution of flow through the stator as a result of higher stator hub losses
causing the stator to operate at a higher inlet pressure in the hub region. This
would back pressure the rotor hub causing an increase in energy at the rotor hub.
Another explanation is that enough high temperature air is being bled through the
stator slits with suction to cause a lower temperature reading at the hub. The
temperature ratio of the flow in the suction slit plenum is approximately .01

higher than the temperature ratio at 5 percent span from the hub at design speed.



10

This is the magnifude of the change seen in gapwise pressure profiles between
suction and non-suction data points.

Rotor performance was calculated using stator-exit free-stream total pressure ob-
tained from the peak wake rake reading at each radial location. Design speed data
were also reduced using the stator-exit free-stream efficiency method, as discussed

in Reference I, to determine rotor performance. Figure 17 shows the rotor over-

all efficiency comparison for the two methods at design speed and shows the
spanwise efficiency distribution for the peak efficiency point at design speed.
Blade-element performance of the:rotor and stator at design speed, using the free-
stream efficiency method is given in Table 7, Appendix 3. The free-stream efficiency
method gave lower rotor hub efficiencies which resulted in slightly lower overall rotor
efficiency for the same stage efficiency.

Contour Plots of Stator Exit Traverse Data

Tangential fraverses were made af the stator exit for part throttle, maximum ef-
ficiency, and near stall points at design speed and at near stall for 90 percent speed
with stator hub-slit-suction. Measurements of total and static pressure, total
temperature, and absolute air angle were obtained at 4.3, 5.8, 7.0, 9.7, 12.2, 15, 30,
50, 74, 90, 94, 97, 98, and 99.5 percentages of passage height from the hub. A
fifteenth radial position was intended closer to the inner case but was not obtained
due to an incorrect probe.depth setting.- Tangential spacing gave 15 readings across
a stator gap at 90 percent span and 11 readings at 4.3 percent span. These measure-
ments were used to calculate velocity vectors, and to construct contour plots
showing pattems of P/P, ., T/T, .. , airflow angle, and V  A/B at the stator-exit
instrumentation plane. These contours are shown in Figures 18 through 22.

a. Total Pressure Ratio

Low pressure areas in the vicinity of the stator hub suction surface no longer
exist as they did in Reference 5, possibly as a result of slit suction. Low-
pressure areas in the tip region are still present.

Areas of strong gapwise gradients exist near both walls, Figure 18, and progress
toward midspan as back-pressure is increased. At midspan the wake width
increases slightly and the pressure gradient in the wake region becomes
stronger with increased back-pressure. High pressure regions near the inter-
section of the stator pressure surface and the hub wall may be due to rotor
wake flow migration to the stator pressure surface, as explained in Reference
6. Rotor work changes, due to locally high back-pressure ahead of the stator,
may also cause gapwise total pressure variations in addition to stator losses.

b. Total Temperature Ratio

Total temperature plots (Figure 19) show endwall gradients similar to the
total pressure plots, indicating that rotor-wake separation or rotor back-
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pressure patterns cause gapwise variations in both parameters. Both hub and

tip endwall regions have a .03 te .04 drop in temperature ratio from the stator
pressure to suction surface at design speed regardiess of back-pressure. Matching
total pressure and temperature profiles led to the free stream efficiency

method for calculating stator-inlet average total pressure, Reference 1. No
consistent temperature pattern is seen at midspan but gapwise gradients tend

to occur in the wake region,

c. Air-Flow Angle

Gapwise variations in air-flow angle were measured in the wake region at all
spans (Figure 20). Studies have shown that the small (10 degrees) angle
variations indicated by the probe at midspan and hub can be attributed
primarily to the large total pressure gradients in the wake region because side-
hole pressures on a wedge probe tend to turn it in the direction of the higher
total pressure. Steeper angle variations in the tip endwall region indicate a
vortex formation downstream of the intersection of the wall and stator blade.

d.  Static Pressure Ratio

Gapwise gradients of static pressure were weak {Figure 21) although showing
a wake pattern similar to the total pressure wake. Measured static rise across
the wake is probably all due to the total pressure gradient forcing the probe
1o vaw and measure part of the velocity head with the side holes. Pressure
increased with radius probably as a result of streamline curvature as the up-
streamn hub convergence blends into a constant diameter wall.

e. Meridional Velocity

Meridional velocity contours (Figure 22) follow the patterns of the total
pressure contours because static pressure variations are relatively small, and
air angle does not vary enough to have a significant effect. Increasing back-
pressure enlarges the corner stall region near the tip but does not appear to
thicken the wall boundary layer.

11



V. REMARKS

Stator hub-slit-suction caused a reduction in hub losses for this test out to 15 percent span
from the hub, maximum effect occurring at 5 percent span from the hub. These local
benefits were not enough to influence the total stator losses appreciably so that overall stage
efficiency benefits were slight. No adjusted efficiency benefit was seen at design speed, while
the maximum benefit was 1.5 percentage points at 70 percent speed, maximum flow condi-
tions. Similar loss reductions were seen during the test of Reference 3 with slit suction al-
though the influence reached to 30 percent span from the hub. Stator hub recovery had
more effect on the efficiency of the compressor in the test of Reference 3 than in this test

so that the overall benefit was about 1.5 percent in unadjusted stage efficiency at design
speed,

No stall line improvement was seen with slit suction in this test where results from hot film
probes and strain gauges were inconclusive as to which blade now stalled first. It is believed
that the stage stall is initiated by rotor stall even though the stator was restaggered four
degrees open (4 degree increase in stator incidence angle).

The results of this test and those of References 3 and 7 show that hub-slit-suction effects
are local and only benefit overall performance when the stator hub has very high losses.
These local effects may be quite significant, however, in high bypass ratio engines where
most of the flow into the engine comes from the high ioss fan hub region.
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TOTAL TEMPERATURE RATIO

ADIABATIC EFFICIENCY, n5q

Figure 15a
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APPENDIX 1

PERFORMANCE PARAMETERS

Relative total temperature

Trg =t [1+—7;; (M'S)z]

2
wl
T|9=T[8 + ( 8)

- (wrg)?

27
Y-1 Rgc

Incidence angle based on mean camber line
im = J'318 - ﬁl*s
m =P ~ %
Deviation _
F=8'g - 8™
8= B13 ~B*11

Diffusion factor

1 vV -
b -1 . Y9 ,Te'09 ~ TsVes
Vg (rgrty) o V'
v _
b -1 .t T10Ve10 " TuVen
- VlO (rlC‘: + rll) UVIO

Loss coefficient o

1
T 1l 51
P'S T'S —Ptg

& = '
PS - ps
—_ Pro ~ Pig
Pio ~ Ppg

{rotor in)

(rotor out)

(rotor)

(stator)

(rotor)

(stator)

(rotor)

(stator)

(rotor)

(stator)
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f)

g)

h)

70

Loss parameter

1]
weos B9
2c
meos P11
20

Polytropic efficiency

p
in Tg]
Ty
Yol [911
Y |_p10
2) 'p =

Adiabatic efficiency
Y-1

o
[__3,_] Y
P7

7ad=

(rotor)

(stator)

(rotor)

(stator)

(rotor)

(stage)



12
W12
P7 -1
Tag = - (stage)
adjusted T 16
3 W 12 -1 + W, |—-1
12 T 16 T
0 0
i) Wake blockage factor where n is pumber of tangential traverse
—_ Z": points equally spaced across a stalor
K = T P AV 0 AV gap and PAV gyg is calculated from mass
n avg flow averaged values of P, p, and T at

that radius

~
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ig

MR

t/c

APPENDD( 2
SYMBOLS

area, ft2
annulus area, £t2
frontal area, ft2
chord length, in
diffusion factor
conversion factor, 32.17 b, ft/Ib sec?
incidence angle, angle between inlet air direction and line tangent

to blade mean camber line at leading edge, degrees (labelled INCM,
Table 4)

incidence angle, angle between inlet air direction and line tangent to
blade suction surface at leading edge, degrees (labelled INCS, Table 4)

Mach number

mass average in radial divections (Tables 15 and 16)
rotor speed, rpm (N/ VTlabelled NCOR, Table 4)
total pressure, psfa

static pressure, psfa

radius, ft

gas constant for air, ft Ib/Ib,, °R

blade spacing, in

total temperature, °R

static temperature, °R

thickness-to-chord ratio
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U - rotor speed, ft/sec

v - air velocity, ft/sec

Vm - meridional velocity (Vr2 -+ sz) 1/2, ft/sec (labelled VM, Table 4)

W - weight flow, lbs/sec

B - absolute air angle, cot_1 (Vm/V ¢), degrees (labelled B, Table 4)

B! ~ relative air angle, cot 1 (Vm/ vd), degrees (labelled B', Table 4)

Y - ratio of specific heats for air, 1.4

AB ~- air turning angle, degrees

AR* -~ camber angle, degrees

& — ratio of inlet fotal pressure to standard pressure of 2116, 22 lbs/ﬂ;2

6° - deviation angle, angle between exit air direction and tangent to blade
mean camber line at frailing edge, degrees

€ - angle between tangent to sfreamline projected on meridional plane
and axial direction, degrees

7 - efficiency, %

e ~ ratio of inlet fotal temperature to standard temperature of 518. 6°R

P - mass density, lbs-sec?/ft?

o - solidity, ratio of chord to spacing

w - total pressure loss coefficient (labelled OMEGA -~ B, Table 4)

w - angular velocity of rotor, radians/sec

Superscripis:

! - relative to moving blades

*

74
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Subscripts:
ad -
p -
r -
m -

sh -

11 -

iz -

adiabatic

polyfropic or profile

radial direction

meridional direction (in z-r plane)
shock

suction surface

axial direction

tangential direction (labelled O, Table 4)
plenum chamber

instrument plane upstream of rofor
station at rotor leading edge -
station at rotor trailing edge
stalion at stafor leading edge
station at stator trailing edge

ingstrument plane downstream of stator

75/76



APPENDIX 3

BLADE-ELEMENT AND OVERALL PERFORMANCE WITH
STATOR HUB SLIT SUCTION
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TABLE 4

IDENTIFICATION OF BLADE-ELEMENT OVERALL PERFORMANCE TABLE HEADINGS
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TABLE 5
BLADE-ELEMENT AND OVERALL PERFORMANCE DESIGN DATA

ROTOR
DIA-1 DlA-z _ v-1 V-2 yM=1  VH=2  yO=1 v9=2 B~y 8-2 te] Blap v'-l _yt=2  vo'=4 Ve u-2
=80a4 Iy 0 Iy FrssEC FT/‘:EC FI/gEC FT/GEC FT/SEC FT/SEC DFGRELDEGR&."UEGREEDL(’PEH"T/ FirssEC FT/sEC FT/"EC FT/SEC FT/seEC
5 17447 19,769 615,494 870,440 615,49 580, 18 [ 777.40 .0 33,20 3401 17,22 10447 607,38 “B4d. 1 -179, 7 8441 957.6
10 18.467 20.408 625.705  946.940  625.765 G049 0 742,19 .0 50,65  54.99  20,1F  1090.4 652,95 -8493.0 -256, 1 894, 0 985,83
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10 «0.96 472 10.75 31.88 39,99 .0132 L3642 L0938 L0197 L0167 20 .:m-: . 9424 9147 . 578 . 813 1. 0087 . 5607
15 -0.55 4,70 9,80 28.27 34,03 .18 . 3637 . 0662 L0141 0106 2,0 .9542 L9620 L0402 . 590 795 1. 0627 , 5856
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TABLE 6.1
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-8
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TABLE 6.2

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-8
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TABLE 6.8
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-8
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT

TABLE 7.1

SUCTION FREE STREAM EFFICIENCY METHOD, 100 PERCENT OF DESIGN
SPEED, POINTS 1-5
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TABLE 7.2
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION FREE STREAM EFFICIENCY METHOD, 100 PERCENT OF DESIGN
SPEED, POINTS 1-5
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 95 PERCENT OF DESIGN SPEED, POINTS 1-3
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 95 PERCENT OF DESIGN SPEED, POINTS 1-3
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INGS ™ INCH——DEYy ~TURN CAHBER OMEGA=B™D"FAC OMEGA~B LOSS<p LOSS~p “PO2/ 'EfF=p EFF=AD EFF=p ~ M=} — = m=Z€-— ut-l---pt-2 -
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T o B S oP 1 00 5.9 3 OO 177041792 4093140831931 -, 000G +0000%+e 4+ e—r5873y o818 b—y T Rt pd 2N
482wl 4? 0,93 43,4p 51,086 ,po00 S1873 L t4p1  «B355 L0355 LY4BZ ,0000 000 H.0421 +8312 38317 .;zgz 1':;:q_
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TABLE 10.2
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 85 PERCENT OF DESIGN SPEED, POINTS 1-3

DIA=I" DIAw2 = V=l -wy=2--—- VYHe] YHeZ . Y0~} - y0=2 Bu=l - B=2 .. B} Bl . .Vlal _ Vta2 yO'sm] VOVSE2Z ymil .. U=2” °
IN L] FY/SEC FY/SEC FY/SEC FT/SEC FT/SEC FT/SEc DEGREE DEGREE DEGREE DEGREE FY/SE¢ FY/SEC FY/SEg FT/SEC FT/SEC FY/St(

~ T ST T 6P BTY P FOT b T g Fu 533y 5rm or g0 == 64TF 9 - 00~ 45,73 Z55945 - {4450 B72,8.nbB5H 5 mT18,0 =14, 71847 Bldub.
18,467 20,408 505,49 B5%,4 505,494 421,8 +0 607,85 «00 44,33 56437 20,49 912,8 464,3 =740,0 -23f 4 7s6p,0 B39, 9
~196467-21, 047514, P - B22,4—519,9 - 595, |—— =0 ~5&7,7-=- (O0- 43,64 - b7 427 26,62-—T52,%— bb&,8 =801,2 =29E,4 . 8yy 27 —Bés, 2.
22,314 22,984 534,3 734,0 539,3 548,4 .0 HE7,9 J00 41,66 59,80 239,82 1062,5 74,0 ~758,4 =457,2 918,44 ¥is,)
25,771 26,520--544,3-~889,2 -544,3 837,33 -~ -,0 431,7 ---,00 3B,76- 62,85 49,02 1192,7 B81V,5-1081,5 “518,7 ma:;s.iuso.;-
28,958 28 pys 538, 648,2 538,97 518, 0 3%2,1 .00 37,22 45,85 85, %y 13p7,% 9z1,%-1171,7 w763,5 119157 1155,5
31 '295"29.?93"“ 52&.$~ 539 & -828 .6 5pgp,b6 20 396 B 0038 35~ 67,75 59,08-1391,5~ F76,4=1288,0- -ua? b |288.U-izzq.ﬂ.
317883 Antsd0 522.7 623.% 522,7 47u4,b 0 H4D4,8 «00 40.48 68,28 40,99 [412,5 978,B-1312,2 =655,9 131242, 1260,8
32,49% 31,271 519,00 59647 519,0 438,49 - L0 406,58 - - (00 —43,01 ' 58,77 - 63,62 1434,7  982,7~1237,6 ~BB0,2 [33736 1287,0-
- INCS --INCH —- DEYV - TURN CAMBER OHEGA=B D=FAC ONLGA=g LOSS=p LOSSep P02/ EFF~P EFF=Al EFFe~P -- H=l -H=d - Htal. . HTuZ.o
DEGREE DEGREE DEGREE DEGREE DEGREE SHOCK TOTAL pROFILE POl TOTAL YOTAL STATIC -

TTTT OS2 53 4095 48,82 u 004159239 w0118 w0025 w 00341 2 TI5E1 0049 1 100D~ 1 40} 24 -y 45 Y2y T B  BOA By BT BB
93 5,80 14,43 35,88 43,54 ,0057 (433} =,0014 ~.0003 =,0015 1,6997 9990 L9989 L9999 ,4é52 727 ,8u67 .bul

e B0 c4,854 lU,16 ‘30,64 S3B,08 L0075 487 (0310 ‘.0067 L0050 1.6892 ,P755 L9737 -,962) -e4739-—- 37192 88056~ ‘.bsga-
1999 8,90 10,04 39.%8 24411 0131 #4536 L0668 (U138 L0111 145717 L9354 L9312 L9170 L4718 Telsy 9848 6207
TAZPTTUELBTT babb T 13,83 T144617 ,02387 34229 L0687 L0137 0090 1.5478 ;9182 —;9131 -, 90427 L4995 09701 ,098] -y 7uvE.
4415 5,99 5,40 9,74 9,17 L0357 3950 L0865 L0164 L0096 1,504 L8818 L8747 LB694  L4F4D 35392 1,1985 7953
TTTLHOTTTE 783778, 88 T 7,88 L0472 3995 T, 1302 “40243° (0156 1.5188° LB1737 580437, 8000 ", 4838 SARE-T; 24] By 03T 1=
4edb 5,54 5.80 7.29 7.54% L0511 +%107 L1646 L0298 L0208 1,50585 J77D3 L7567 L7534 4794 ib326 1.2893 B350
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“¥0/T0 PO/PO  EFF~AD EFF~P
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COIA=l —DYAwR— Y=l - -y=2 — YHel-— YHa? —VYOnm} —-yDw2 ——B=] ---Bu2- B8 Bt aZ Y hm eV b VOl VT2 U] WS 2T
N "IN FT/SEC FY/SEC FT/SEC F1/5EC FY/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE FY/SE¢ FY/SEC FT/SEC FT/5kc FT/SEC FY/SEC
—20390%-21 ;46T - 957 3 02942 ST21 42— B24,5 829,5 —~ebb6,7 4|12 el bimmlbe 2T --4v.a|—--75\.'t-:zbu.i--zw.s--?s&.l—-wo.u—-—”‘i--‘i-

21,008 21,981 20,3 785,86 70b,9 nu, 589,2 ~B7,5 39,80 4,42 20:27 5},78 759,1 1262,] ~275,4 =991,4 Be45e y03:9
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CTINGST T INCKTTUDEV TURN  CAMBER OHEGA~B-D=FAC - OMEGA=B LOS5=p LOSSwp POZ/ « EFF=P-EFFw=AD -EFF=p- = Hojos —HoZeoc finle cfgin..
DEGREE pDEGREE DEGREE pEGREE DEGREE SHOCK YOTAL PpROFILE pOl TOQTAL TOTAL STATIC
TR TET T  BLTITST YT 45, 737855897 (001231097 L 1150 TT s 0285 — 028259560 - 4 0000 0000 T 648 2T B Un Y e T 2 PP b & I a V61
~]e51] 1+42 .02 H&,22 53.87 «0010 .531:‘? « 1334 +0338 «G336 + 9520 L0000 0000 + 4352 L8O .6325 .55‘75 J.0988
T lE 3T T BT Py ST 48,49 T 52,510 JOD1F 3290 L1025 -.026b— 0263 --e9865 —,0000 - OO0 --e8F22 .?6“ = §687 Py 6T 121 4 1O 3.
] 55 1,45 7440 44,77 50467 D010 3170 L0312 L0087 L0084 L9913 ,0000 LOOQQD L8880 L4974 veizz  J70%1 1,016
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;.15“"2.75“:3.93 TAF.B17 56405 T.0003  oH472 7, 1447 © L0520 L0517 C 59443 L0000 - 40000 -, 668056260 - 4543--—.5812 1-198§.

NEORR “WeORR™ TO/TO p0/po " EFF=Ap EFF=P wCl/Al W EFF - AD PO/po0
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TABLE 10.3

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 85 PERCENT OF DESIGN SPEED, POINTS 1-3

DXa-i pIla-z2 v-1 V-2 YP-1  yMez  W(-1 VE-2Z  B-1 6-2 B*-1  B'-2  §'-1 y*-Z va's1 WG'-z  U-1 . U-2Z
IN N FI/SEC FT/SEC FI/SEC FT/SEC FI/SEC F1/SEC DEGREE OEGREE DEGREE UEGREE FT/SEC FF/SEC FT/SEC FI/SEC FT/SEC FT/SEC
LA7.H67 194763 WEBLD _BEE,T_ ML3.0, 573,7. . _ WU, 67E.% . aUC 42,65 57,83, 13,65 35L.6 59045 -71949 -13%.4 71%9e5 B£1Led
13.467 20,403  4532,5 85548 HG2.5 575.8 3 63343 #UN 4TL73 58471 13484 39U.6 G124 =7al.l -207.8 761.1 341,1
189067 21.047 47100 813,4 471 ,U 554,2 U 5853 WUl §7.0% BEL53 28,15 2IUGH 51846 <B(Ze3 -272e1 B0Z2e3 BETeS
22,314 22,904 467.1 71542 437.1 433.5 o 5ZGey oMU 4T.Ge B2.08 4N,93 194U.9 64043 -919.7 =41345 919.7 945,35
25,751 2E£.52u W33.4 556,04 495,40 533,3 M- h WUl B5.28 65,10 45,42 1171.8 T43,1-1062a0 ~554e4 10630 10Ele6
28,054 28.076 Y4AE.1 LE3.8 466,1 &5b,0 b 472,7 Alil BT H) 5762 57,72 125846 62843-11%3.4 -584.5 1183.0 115742
31,295 29.993 473.5 _ 863.4 4T3.6__4ul.9. w3 J899.3 - UL 8823 B9.83 52420 137441 363417123948 -741.4 1283,8 1235.2
31eBBI 3048300 w7, 1 EE1,7 HTU,1 412,1 [ TR Y oIl ENy78  TLe31 BletB 1395,7 86246-133%4F ~7578 1314l 12824
I 32.493 314271 467.7 63143 457} 37843 U1, b sU 53,4 TULT8  B4.27 141348 363.1-1333,5 ~781.9 1338.5 1282.8
_ INCcS_  INCM  DEV TURN  CaMQER OMEGa-3 D-FAC OMEGA-3 LO5S-P LOSS~P PR3/ EFF~P £FF-AD EFF-P . M=1  .He2 ..R'=1. H'2
GEGREE DEGPEE DESREE DEGRELC DEGREE SHOCK TCTAL  PROFILE PCL  TOTAL  YOTAL STATIC
—le BB 8a33 13,89 BHL16 . 08.020. 0083 L0081 S el182. - a0U39.=a0uS56. 127752 1aN031. 1 eTURE ] of1] To- o 0% LU og?-TUYU.—y 7321 —p5150-
2:77 9413 13.78 35,AT7 43.59 L1004 L4583 = ,0322 - 0070 -.09593 $,7542 140173 10187 1,.0331 L5242 LTUBB 8243 .5344
. _.3.33 B85 13.6B6 IZ.GH  ZBLO4  LD1Z7. 4S5 = LSk -LLG11 -,1033 1,718 1.0036 10007 1.0037 L8320 .7079 8523 5284
4.27 3.19 11,16 21,15 24.11 «1i%8 5232 #3780 0161 «N123 *.52238 »93132 29254 +9111 SHUEL <5170 L9532 L5524
.. 5+5% _B«13  7.U8 15,68 14,82 L0258 (4821 L0814 L0181 L0122 31,6215 L2056 LB3A8 . 6654 JH587 28927 le0756 5373
Ee33 8015 5422 12,10 9,17  WO818 (4755 L1349  LU257 L0177 1,E160 L8477 B3B8 L8222 LY437 o5557 11774 70809
EaN8  7.Th . 4,39 10453 7492 #3533 L4955, 21372, aU385...a0268. 146285 w753 s T531 ' uTH0F - o4 328 0 5502-142478- - 7238
B+50  7e53 6428 B85  7.57 LUBTZ L5126 L2320  L(4U3 L1303 1.6182 WTZEB  oT205 L7036 G4252 a5478 1e?BE35 e 7252
Bo 58  Tu43 8426  6a51_ 73U W0G633 #5193 42583 U422 L0319 1.6033 L7079 L6872 L5759 4251 45289 142222 7287
T0/70 PO/PO  EFF-#0 EFF-P
INLET  IMLET  INLET  INLEY
- > S S
1,1750 1.6440 B7.13 88,02
GIA-1 D0IA-2  ¥-1 V-2 VH=~1 V-2 Y- yn-2  g-1 a-2 Br-1 ar-2 Ve Vi-2 YD'-1 Ygv-2 -l u-2
IN IN FT/SEC FT/SEC FI/SEC FT/SEC F1/SCC FT/SEC DEGRCE DEGREE DEGREZ JZGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC
20403 21.463 218,89 _J07,7 GNE oF. 70643 €54.2 ..~36.9_ 45,33 ..-0.52%, 16.12., E2.54. 67342 116242 ~185,49_-322e6-- 841n2- BE5a T
21.008 21,951 889.9 G630 68349 G65.3 614,2 -60+2 43464 5,89 21,34 55454 6517 1179.3 =251.7 ~973.4 B865.9 905,1
21.589 22.432 E50.% BU1,1 521,8 635,5 FEOL0 -84,4 G§3,01 7,56 2€.48 57,79 695.7 119245 -30%.8-1GC84% 8898 924s5
23,318 23,302 761.0 54649 55844 §81.5 51341 -73.3 43.01 ~7.77 38.44 61.35 T10.5 1213.0 ~44 1.8~105425 959,8 965, 1
25:601 25,883 7hlU.l 582,5 558,5 670,00 Hbuel ~71.6 Hl.u4 =T,Ub 45,53 63,03 78744 12774f ~565.1-1136e8 10552 13672
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~28 806 25.362 ThE.l 560,1 569,2_ 557.9. FLS,U..249.8 H245L ..25a3L_ 52416 .BEa13 _ B95.3 137847 -707el~1280e8-121201-1211e0
23.91% 29,855 741,4 S543.1 5314l 54541 51742 -31.9 44424 ~=3.31 53,42 66.53 89143 137542 ~715.7-1282.4 1232.8 1239.5
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INGS  INCK ~ DEV ~ TUSN CaHUER (4 E5A~3 D-FAC OMEGA=d LOSS-P LOSS-P PC2/ EFF-P EFF-AD EFF=P Ml H-2 Me=1. M*-2
ODEGREE DEGREE DEGREE DEGREC DEGREE SHOCK TeTAL  PRCFILE PCI  [OTAL  TOTAL SYASIC
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12,10 12-01 18.31 H7.5€ 53,85 Lu38] 5228 L1246 L0942 LD316 L8709  COLO  LODF 7572 L6286 W4576 «7557 le1468
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TABLE 11.1
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5

DIA=f ODIA=2 V=i Y=2 VM= VM-2  Vi=1  V0=2  B-i B~2 Bt=1 pre-2 Vi-] yr-2 Vvo'-1 Vvor-2 uU~1 y=2’

ENewo e i IN- ———FT/SCG-FT/SE C-FTASES- ETLSEC-RETLSEC-FT/SEC.DEGREE .CEGRER .OEGREE DEGREE.ET/SEC _FT/SEC.FT/SEC .ET/SEC. ET/SEC.RT/SEC .
17,867 19,769 415,6 795.1 HI5,6 60341 .0 51841 G0 B0.66 54.92 14,13 723,33 622.0 ~591,9 ~151.9 591.9 670,0
18,467 20,408 423%,9 765,% 423,99 596.1 . . .0 UBO.8 00 38.88 55,89 19.47 755,9 632.7 -625.8 ~210,8 625.,8 6916
19,467 21,047 431,3 727.6 431,3 5770 T «00 37.50 56.83 25,06 788,2 638.2 -659,7 =270,2 659,7 713,3
22,314 22,954 445,01 641,07 H46,1 535.5 L0 52,1 #00 33,31 59,45 38,47 B7B.0 6B4,7 =T56.2 ~426,1 . 756.2 . T78,2
25,791 25,520 452,0 5688,7 W52,0 516.9 «G 281.8 «00 28,59 62,65 48,41 984,0 779.4 =B74.0 ~583,1 BT4,0 B64,9

-28.954. 28,076 —444,6~ 541 ,4--840,6--000,5 e —228. - ¢3mB873e6-=98Le2-2722,6-081,2...951,5
31,295 29.993 432,7 513,90 432.7 U&2.8 .0 221.2 00 25,56 67.80 59.80 1145,5 920.3~1060.6 =795,3 1060.,6 1016.4
31,883 30,630 429,56 4D0,5 ~429,6 - 425.5 — — L06. 223.0 «00 27,69 68,32 62.43 1162.8 .919.7—~1080.5.-815,1 1080.5.1038.0
32,499 31,271 427,2 434,99 427,2 3733 0 222.8 .00 30.88 68,80 65,96 1181,3 9lG.8-1101.4 =B37,0 1101.4 1059,8

INCS  INCM  DEV TURN CAMBER OMEGA~R D-FAC OMEGA-B LOSS=P LOSSP P02/ EFF=P EFF-AD TERF=P | Me1 M=2 Mr=1 Mt=2

DEGREE—DEGREE-DE 6REE-DEGRE E—DE GREE—SHE GR———rs e et O T AL PROF TLE o PO L —wTOTAL —TOTAL--—STATIC
“el41 6+02 13,97 40,79 48,82 '.0n01 L3072 L0330 L0070 L0070 1.4355 L9776 L9765 ,9392 L,3794 LT0B5 L6641 L5543
=y 0} e 5e32 - 13,40 36,42~ 43,58 -4 0004 ~ 43166 -- 40338 -,0073 L0073 1.4132 - 974l 4G731- 8385 ., IB7Fwme5817-—, 6985 —, 5631.
+41  6.08 12,83 31,76 384,00 .0o008 L3306 L0867 L0123 ,0122 1,3795 ,9520 L9498 ,9006 L3946 L6463 ,7297 .5669
el 0695459 8,73 - 20,98- -24 413~ 0025 —i3298 - L0726~-,0153 - ,0148 1,3096--~,9143-~ 49109 .. (8670 -9 U407l -~ 45678 ... ,8116 —,6065
316 5473 6413 14,24 14,67 0047 L2947 L0b72 L0116 L0106 1.2703 ,9080 .9049 L8756 4112 L5214 ,9036 6903
ey} Fe 54 85 5, 28——0y 8 9 4 14— 0 G4 By 2508 ~—y 0566y D108 —-e 01981 42319 —, 8821 8786 L BSHE— UOUD—e B794—, T84S TTI5.
445 5469 5,64 8400 7496 «0053 #2650 L1017 L0185 L0175 1.2099 ,7746 .7684 ,7379 .3938 L4527 1.0395 L8121
4o 51n- 5458 T 28G5 8B — T 260-—-¢ 005G -~y 2TBS -~ 4 1451~y 0248 « -4 0237 141856 —4 6787 —~s6T0 7=y 65540 — 3906 -— ¢ 4225 140565 -~y BO8BT
4,59 5.50 9,99 2,84 Te33 0075 42934 L1896 0290 LOR79 1.1584 L5749 .5657 ,5807 L.3884 L.3809 1.0724 ,LBO30

' To/T0 'PO/PO  EFF-AD EFF-P

I BTN E L BT N B —
% %

-1;0852-452811—88,20-88,.,61-

DiA=1 DIA=2  vy=-1 y=2 VM=l VM=2 Vu=1 Vi=-2 B~1 B~2 8f=1 pt-2 Vil Vtw2 yOT=1 V-2 U=1 u-2
N AN ET/SEC- FT/SEC-RT/SEC-FI/SEC-FT/SEG F I/ S C-DEGREF . DEGREE .DEGREE . DEGREE. ET/SEC .FT/SEC. RT/SEC FT/SEC-ET/SEC_FI/SEC.
20,509 21,489 850,6 859,) 686,9 855,56 501.8 -63.z 36,15 -4.22 15,45 42,73 712.7 116643 ~1B9.8B ~791.4 £91.6 728,2
21,008 21,961 a22,4 825.,5 677,3 G21.4 466,44 =-B2.1 34,58 =5,72 19,93 45,17 720.8 1155.3 -245.6 =B26.3 711.9. 744,2
21,589 22,432 787,1 797,53 658,2 792.0 431,5 -91.5 33,22 +6,60 24,50 47.08 7Vah.3 1163.3 =~300.2 -B51,7 T31,6 760,2
23,314 23,902 708,4 7294 617.6 T3.l 346,8 =95,3 29,31 =7.,51 35,65 51,38 760,5 1158.8 =-443,3 =905.3 = 790.1. 810.0
25,601 25,893 663,1 57641 600,686 659+3 280,9 =~95,5 25,06 =~-8.12 44,31 55,47 839.8 1181,1 =586,7 ~973.0 B867,6 877.5
—274818-27,902—529 , 4—-0523 49— 585 ,4 w517 v +—231 4 1—~r92:0. 21,55 —~8.4B_50,54.— 59,26 921, 7-1207,2-+711.7+1037,6042,7._FU5.6._
29,408 29,382 618,8 57641 B576,3 576.3 225,4% =Bt.3 21,36 =~8.l1 53,23 62,10 962,80 1218.8 =771.2~1077.1 996,6 995,7
-29,914 29,854 - 597,9.- 556.2 552,56 550.9 -228,2...~7640 -22,45 ~7.86 54,88 . 63,14...960,6 1219.4.-785,6-1087,8 1013.8 1011,8
30.382 30, 295 568 7 519.4 520.5 513.7 289,01 =To.4 23,77 =8.47 356.97 65,03 955,0 1216.9 -800,6~1103,0 1029,6 102646
INCS INCM DEV TURN CAMBER OMEGA-B D=FAC. rMEGA-B LOSS-P LOSS-P POZ/ EFF*P EFF~AD EFF=-P M-l M=-2 M'-l H'-Z
BEGREE-DEGREE-DEGREE - PEGREE-DEGREE—SHOCK TOTAL.—FROFILE—POL —TOTAL-—TOTAL—STATIC
~6.21 =3.29 12,18 49,37 55,89 ,bp000 .152% L0772 L0191 ,019% L9753 .0000 .0000 3.4867 L7589 .7721 .6402 1,0483
—m5.32-. =3.98 9,72 40,26 63,86 —.0000 --41637--,0922 L0234 .,0234% - ,9720 - 0009~ L0000 3,8529--+7280--+7409- 6460 1,0458
=~Te32 =4,38 B,45 39,82 52.56 L0000 .1586 L0727 L0189 L0189 ,9795 L0000 .0000 2.3302 L6972 7147 .6692 1.0427
~—m3e38- =638 - To71 - 38,82 50.67--«0000 ~ J1443. <0310~ L0086 -.0085 - 49927 — 0000 -— 0000 1,2122—.628%-—.6527.-—,6845--1,0369.
~11.82 =B8.88 7,92 33,18 49,60 .G0U0 L1537 L0355 L0108 L0ip8 ,9925 ,0000 LOOOG L.4312 L5888 .6042 L7550 1.0555
el 30-=11e 36— 8,97~ 30, 01—H9 87—, 1400 —~1787-— 05T 7— 0189y 0189 — 4 988 — -0 000—0000-3, 8779y 560 1-—— e 5568—— 828010774 -
=11.03 -10.60 11,86 29,48 52,11 .0060 2423 L1309 L0453 L0453 ,9756 ,0000 0000 L1193 5473 .5111 .8569 1,0811
— =932 =9486 -13,65 - 30,30 53,73--,0000 —-42507- 1078 0379 - (0379--,9812 -, 0000 --0000---, 2768 ,5287- - 4920-—— 8525 1.,0787
' =10.10 -8154 15. 1 32 2k 55406 Q000 #2806 L1147 L0409 L0409 ,9818 .0000 L0000 L3680 45014 L4578 ,B44T 1,0725

- — - o P mmt L e = e v wwwmmanen = ome mem— ——— - tmun ————————

NCORR WCORR T0/TO PO/PO  EFF-AD EFF-P WCI/AL EED  EEF - AD PO/PO
—INLET —-INLET—d (L EF—ENLE F—FNLEF—INLET—L RN/ SEG- WBIOTAL ADT. ~LOCAL—
RPM  LBM/SEC % %  SQFT —_

“T7T67s 135,58 -1,0831-1,2651—-83,71-84.23—30.60 200482 83421 —1.1:0-



S01

TABLE 11.2
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5

Rotor
DIA=1 DIA=2 V-i V=2 VM=-1  VYM=2  VO=1 V-2 B-1 B~2 B'=1 B'=2 ¥YI=1 ¥1=2 yO'-1 VYO'-2 =1 U=2
% L}P.\"I AN IN_._ FT4SCC.EY/SLC.ET/SEC.EI/SEC. ET/SEC ET/SEC DEGREE_(EGREE DEGRCE_DEGHEE.ET/SEC.FI/SEC.FT/SEC FT/SEC.ET/SEC. FI/SEC_.
17,467 19,759 396,3 772.0 396,3 5b2.4 .0 5288 00 43.24 56,20 14,11 712.5 580.0 ~592.1 ~141,3 592.1 B7¢,2

[0 18.467 20,408 40,1 737,11 404,12 548,90 .. ,0 491.9 00 41.86 S57.16 20.01. 745.1 684,06 -626,0 -199,9 626.0 B591,8,
15 19,4567 21,057 411,60 700,4 H11.,0 531.3 L0 55,3 W00 40,64 SB.09 25.80 T77.4 591.3 ~659.9 -257,2 659.,9 713.5
3o 22,314 22,954  424,9 624,5 H24.9 495.1 . 40, 3793 LO0 37,40 60.66 38.80 B867.T 636.9 =756,5 =399.2 756.5 T78.5
50 25,701 25,520 431.0 574.9 U431.0  470.5 U 31742 00 33,48 63,75 48.79 974.8 728.3 =BT4.,3 ~548,0 874.3 B865,1
70 -28,954.28,0756 - 425,0 532 ,8..425,0_US6.T. el 2THat . 00 _30.99...66.58._55.98.1069,7..817.2.=981.5.2677,4._9B1,5...955.8.
85 31,295 29,993 &kiG.6 5l2.1 Gib,.6 433.2 o0 27341 =00 32.2% 68,65 59,78 1139,1 B60.0-1060,% ~743.6 1060,9 1016,8
90 51,883 30,630 411,08 - 493,7. HBI1eH - 805eBecicn 40u. 28140 o L00 34,73 69,14...61.82 1156,6 .859.4-1080.8 ~757,5.1080.8 1038.4
95 32,499 31,271 509,2 467,70 H409.2 371.1 0 283,3 W00 37.39 69,62 64,46 1175,3 861.0-1101,7 ~776,7 1101,7 1060,1

INGS  INCM  DEV  TURN CAMBER OMEGA~B D-FAC OMEGA-B LOSS~P LOSS-P P02/ EFF=P EFF-AD EFF-P M=l Bl M'=1  Mte2
% SPAN DEGREE. DEGREE. DEGREE DEGREE.DEGREE.SHOCK e v o TOTAL . PROFILE POl _TOTAL_.TOTAL_..STATIC..

5 +87 T30 15,94 42,09 HB.B82 Lg005 L3593 L0145 L0031 L0030 1.4527 ,9901 .9896 ,9767 L3612 L6852 6535 5148
10 e1e25 o 7459 13,00 37,15 83,55, ,G0L0- 3749 . 46316, ,0068 L0066 1,4255 . 9771 _ .9759 . .9516...43692 6530 . .6875 . .5179
i5 1465 7435 1:5.29 32,29 38,01 0016 3860 U505 L0109 L0106 1,.3958 L9593 .9573 ,9238 L3753 L6193 .7182 ,5229
30 2486 64TB Db .21,87..28412 ., 00403854 . 0675 L0142 _,0133 1,347 ..,9273_..9242 _,B8926..« 3874 . 45505.. +7996_. .5615_
50 4,22  6.80 6,88 14,96 14,65 .0065 L3516 L0597 L0120 L0107 1.3106 L9156 .9122 ,B900 43917 .5061 .8922 .6411
70 S.10 . 6.95 5,47 10, e.n_s.m_.auat.__mam__.uo91..._.n,131._.0119.,L.asw_.,;aaoa,__..5751__.3561_.:5359__.%aa_.grqa_.'llsa
85 5430 6455 5,57 BBT  T.92 40006 43295 41167 L0213 L0201 1.2662 L7895 7824 L7571 L3771 L4482 1.0306 7532
o0 - 79 . JUUE 0 7S 6.65._._.7.32_.__.7.51..H.oe‘ra cnJULB__ 41579 .02'/5 .oD263 L.283%0 7211 __.T121 _.6904. _.3742__.4306.1.0480_ _,7495
03 Selil 6433 B8 5,17 Te5L L0090 43562 1923 L0312 L0297 1.2370 .6599 L6496 6393 3717 L4060 1,0686 7585

To/TO PO/PO EFF-AD EFF~P
INLET IMNEET IMNMET IMLET
% . %
1.1,0936.1,3212B8,55-89,00.
Stator

. DIA=1 DIA=2 V-l V=2 VM=l  VM=2 V0=1 V0=2  B=} B=-2 Btey pY=2 Vr=1 12 VO'-l VOr-2 U=l U-2
% SPAN INeooJIN ... FT/SEC_ET/SEC.FT/SEC_ET/SEC._FI/SEC FT/SEC.DEGREE DEGREE. REGREE .DEGREE .ET/SEC FIZSEC_FI/SEC_FI/SEC_ET/SEC.FI/SEC .
5 20,409 21,489 817,5 766.3 637T,1 7s4.0 512,2 ~60.2 38,80 ~u.51 15,75 45,91 662.0 1098.0 -179.6 -7B8,6 691.,9 728,5

10 21,008 21,961 783,7 7T30,6 621,7 .726.1 4T7,0 ~T9.7 37,49 =6.27 20,72 48.62 665,1 1098.6 ~235.2 =82#,1 712.2 744,35
15 21,5890 22,832 749,9 704,99 604.,0 609.5 LUH,3 ~B7.3 36,32 «7.12 25,4k S0,47 669,8 1099.3 -287.6 ~847.7 731.9 760.5
30 L23.314 23,902 680,9 AU9,Y ..569,3 643.3 3735 =87.7 33,26 .=7.76 36,20 . 54.38 7T05.8 11004.7 -416.9 ~B97.9 790.4%.810,3
50 25.601 25,893 638,5 605,9 554,8 600.3 316,0 =~B2.,2 29,67 =F.79 44,83 57,97 7B2,6 1132.,3 ~551.8 -959,9 8&7.9 B877.8
70 27,818 274002 _809,7..-565H4.-.543,2_559.8 _276,8._=79.9 27,00 _~B.12. .50,79._.61,38...859,8.1168.6-766642~1025,8 _943.0._F45.9.
85 29,408 29,302 604,3 531.8 536,2 527.9 278,8 =~bBheD 27,48 ~6,91 53,25 63.53 896,2 1184.2 ~TiB.1~1060.0 996.9 996.1
90 . 29,914 29,856 _594.4-. 518,0..519,9 _515.1...288,0 ~b4.,8_ 28,99 =6.07 54,30 . 64,23 B893,1 1184.8_~726.,1~1066,9 £014.1_1012.1
95 . 30,382 30,293 578,7 4858 499,9 482,7 291,5 ~54.7 30,25 -6.47 55,90 65,95 B91,8 11B4.6 =738.5-1081.6 1030,0 1026,9
% SPAN INCS INCM DEV  TURN CAMBER OMEGA-B D~FAC OMEGA=B LOSS-P LOSS-P P02/ EFF~P EFF-AD EFF-P  M-1 M-2 Mi=l M2
° DEGREE .DEGREE .. DEGREE . DEGREE .DEGREE..SHQCK R TOTAL...PROFILE . POL. _ TOTAL__TOTAL.__STATIC
5 3,54 =.59 11,89 43,30 55,80 ,0000 L2332 L0845 L0209 L0209 .9748 L0000 L0000 .4459 7231 ,6799 .5903 .974l1
10 —=3497 m1.03.. 9,16 43,76 . 53,86, 0000 .e2462 ..0024 _ 0234 _ ,0234%. 9743 _,0000.-..0000 .. .4626 _,6882 _,6473._,5928, ..9733,
13 4,16 =le22 7,93 43,44 52,55 .0060 .2429 L0715 L0186 L0186 ,9815 ,0000 .0000 ,5210 46602 ,6240 .5970 ,.9730
30 =536 .. m2e36 _ T 6 41,02 50467 ._,0000__s2351 _e0296_. ,0082...0082_ 49935 _,0000...,0000 _.7880._.6002___,5739__.6314_,9765
50 ~7413 =4,00 B,25 37,46 49,59 L0000 L2414 L0283 L0074 L0074 ,9953 ,0000 L0000 ,8302 ,5631 .S535 L.6983 ,9998
70 B, 76 #5502, . 94,3335, 12._..49.8'1_...0000__-2662__.0534_..0110 #0110 __ 9940 . 0000 00008078 _.n362 L4984 7651 1,0301,
85 “4.76 bl 13,05 34, T35 52,08 «0000 3184 40B74% L0303 40303 ,9846 L0000 0000 ,6197 J53L% L4660 L7897 1,0377
90 —72.86 =3.06. .15,48 --.'55.06-”55‘76_-0000__.3337. o G819....,0289. ..40289....9861 __, 0000 _+0000...6668..,5216.. 4525, _.7848_1,0349
95 3,63 «2.05 17,21 356,73 56405 <0000 3766 41155 L0414 L,041% ,9814 L0000 L0000 L6377 ,5063 .4229 L7820 1,031}
“NCORE ~ WCORR TO/TO PO/JPO EFF<AD EFF=P WC1/A1 arm EYF - AD PO/PO
~INLET L INLET INLET JNLET INLET IMLET LERMASEC WroraL ADT, _LOCAL
RPM LBM/SEC % % SQFT_ T50608, "‘—""Bq e

1769, 130,39.1,0935-1,%079. 85,50 85,86 29443


http:r3.06.-15.48
http:56._-2.36
http:0936-1,5212--88o55_89.0a
http:47---10.6-.16
http:37,15-.43.54
http:69.14.-.61.82
http:30.99.-,66.58..55

O -
S Rotor

% SPAN
5

10
15
30
50
70
8s
90
95

% SPAN
5

10

15

30
50
70
85
90
95

Stator

% SPAN
5

1o

15
30
30
70
83
90
95

% SPAN
5
10
15
30
50
70
85
920
95

TABLE 11.3
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS -5

DIA=1 DIA=2 V=i V=2 VM=l  YMe2 V=1 ' V=2 B-1 B~2 Bl  B'-2  Viml  y1e2 y0'=1 VO'e2  U-1 U2
1N IN FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREF DEGREE DEGREE DEGREE FY/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC
17.H67 19,769 376.5 759.5 376,5 5z8.0 0 5uS,q «00 45,86 57,41 13,22 T70l,0 S843.5 =B91,3 ~124,2 591,3 669,2
18.467 20,408 383,9 729,6 383,92 5:3.4 LG 508.3 $00 44,15 58,44 19,22 T733,6 554,7 -625.1 ~182.6 625.1 690.68
19,467 21,047 390,5 622,4 390,5 506.3 W0 H72,2 +G0 43,00 59,35 25,36 766,80 561.4 -659,0 -240,2 659,0 T12.5
22,314 22,964 403.4 610.6 U403.4 Lo0.b o0 HUL.L +00 41,06 61,88 39,24 856,80 594.8 «755.4 =376.3 7T55.4 T77.4
25,791 25,520 408,33 561,5 L£98.3 441.8 0  346.5 «00 38.10 &4,93 49,49 963.9 6B80.5 ~873.1 ~517,4% B873,1 863,9
28,954 28,076 402,5 530,5 402,5 429.4 ... ,0 311.5 200 35.95 67.60 56406 1059,6 770.0 -980,1 =638,9 98041 950.4
31.295 29,993 392,6 517,80 3Y2.6 405.5 0 3195 ~,00 38,17 69.60 59,71 1129.8 B05.8~1059.4 -695,8 1059.4 1015.3
31,883 30,630 389,80 499,89 389,88 37643 o0 328.8 +00 HI.18 70.14, 62,02 1147,5 B02,0-1079,3 =708,0 1079.3 1036,9
32,499 31,271 3874 477,0 38T.4 3423 WO 332.0 W00 84,15 T0.60 64,77 1166.4% B03.3-1100.1 =726,6 1100.1 1058.6
INCS  INCM  DEV  TURN CAMBER OMEGA-~B D~FAC OMEGA-D LOSS-P LOSS=P P02/ EFF~P EFF=AD EFF-P M-l M-2 M=l M=z
DEGREE DEGREE DEGRCE DEGREE PEGREE SHOCK .. . - TOTAL PFROFILE POL TOTAL .TOTAL STATIC ... et e o o e
. 2416 B+59 13,05 44,29 48,82 Q013 JH062 =.0038 =,0008 =,0011 1.474) 1,0013 1.0014% 1,0043 L3426 L6720 .6415 L4808
2,52 8487 13,15 39,22 U43,50 .00e0 o41§3 =,0041 =,0009 ~,0013 1.4542 1,0018 1.0019 1.0047 . <3502 6447 ,6756 L4901
2.91 Bebl 12.87 33,99 38,03 G027 «H211 L0160 L0035 L0028 1.4251 ,9873 L9886 .9768 3561 46107 .7066 L4952
m 808 BelB0 - 9,487 (22,65.. 24618 - 0060 - 4335 40630 L0131 L0ELY 1.3672 ._..9370_..934l _ .9091_ 3672 _..5362_ ,78B5 _,5223
5439 Te9T  TulT 15,80 14,64 L0088 L4031 L0897 L0138 L0120 1,3398 ,9110 .5072 LBB61 3706 4918 B80S 5960
- Bel8 Te93 - 5456 11,69 -~ Dei6. -+ 0088 3702 L0797 _.0151 . 0135 1.3222 L8793 . 8744 » 8540, 3650 _ 4637, .9631 ,6731
6.31 Te57 5.51 9,% Te32 0083 3876 L1376 L0251 L0237 L.3142 L7878 7794 ,7513% 3566 L4495 31,0207 L7006
633 T2 6.85 Bul2 . Ta58 ..0N89 . UDUT L1803 L0312 L0297 1.3028 . 7274 _ 7170 .6912 _ 3537 _,.4330 1.0383 L6947
6¢38 T30 B.77 5483 Te31 0107 4161 2128 L0341 L0324 1.2888 L6779 6662 .64B2 3514 L4118 1,0551 6936
TO/TC PO/PO  EFF-AD EFF~P
INLET---INLET-~ INLET. .INLET.
5 %
1,1024 1,3856 .. 88,76 89,24
DIA=1 DIA=2 V=1 V-2 V=1  ¥Me2 Vo=l  V0~2 8-l B~2 A=l B'-2  Wi=l  yte2 yO'el VOt=2 Y-l y-2
1IN IN FY/SEC FT/SEC FT/SEC FT/SEC FT/7SEC FT/SEC DEGREE DEGREE DEGREE DEGREE FY/SEC FT/SEC FT/SEC FT/SEC FT/5EC FT/SEC
20,409 21,400 796,88 7032 598,8 T01.3 527,9 =51.5 41,50 ~4,20 15.28 48,00 618,7 1048.2 ~163.0 =778,0 690.9 727.4:
21,008 21,961 767.2 5564.9 E88,1 6a0.9 492,06 ~71.8 39,94 ~6.22 20,38 50.97 627.7 1049.7 ~-218.5 -815.,2 7Ti1.2 743.4
21.589 22,432 732,6 s40,0 570,3 635,1 #59,8 78,6 38,87 =7.06 25.40 52,84 632,2 1051.7 -271.0 =838,0 730.8 .759.4
23,314 23,902 657,80 5891 526.1 584,22 59%,9 ~75.4 36,89 =7.35 30,83 56,55 657.6 1060.1 -39%,.3 -884,5 789,2 B0Y.1
25,601 25,893 615,9 549,7 509,50 545,1 343,37 70,7 34,10 ~7.39 &5.62 60,07 T29,4 1092.9 =521.3 ~9u7,2 B66,6 B76,5
27.B18 37.902 996.5 5216 506.9 5170 314,32 =69.3 31,80 =7,64 51.04 62,98 B06.7 113841 ~627.4~1013.,8 941.7 944,5
29,408 29,382 596,4 404,58 899,3 492,31 326,2 =b51.3 33.16 =-5.9% 53,28 64,80 835,1 1155,9 -669,3-1045.,9 995,5 994,6
29,915 29,856 G5BG,8 400,00 H80,3 478.4 337,90 =39.1 35,07 ~4.67 54,60 65,50. 829,0 1153.7 «675.6~10%9,8 1012,6 1010.7
30,382 304293 573.0 453,35 U00.1 45548 34l,b =37.3 36,59 ~4.73 56419 66.97 826,9 1154.9 =687.0-1062,8 1028,5 1025,5
INCS  INCM  DEV  TURN CAMBER OMEGA-B D-FAC OMEGA-B LOSS-P LOSS-P P02/ EFF-P EFF~AD EFF=~P M=l Me2 MY=1  M'=2
UEGREE DEGREE DEGRLCE DEGREE DEGRLE SHOCK . TOTAL PROFILE POl TOTAL TOTAL STATIC .. . .
e85 2,07 12.20 45,79 535,90 L0000 <2045 L0963 L0239 L0239 .9726 .0000 .000C ,.6522 L7015 L6184 .5503 .9218
=L,55 1,39 9,22 45,16 53,07 L0000 Y3180 L1257 L0319 0319 9664 0000 L0008 .6132 L6706 .584p. .5582 ,9219
“).53 1.41 Te99 45,93 52,56 L0000 3160 L1047 ,02Y2 L0272 ,974if L0000 .0000 L6420 L8422 5617 L5607 9230
S=LleB8 . 1438 T,BT kU,24 50,67 0000 3035 L6383 L0101 L0101 .992s ,0000 L0000 ,B59) .5T74 _.5163 5844 _,9292
“2+H5 «48 B,65 U1l,89 49,58 L0000 3136 L0249 L0076 LO076 L9955 L0000 L0000 L8990 LSH408 L4810 6461 ,9564
=391 . =57 Q.82 3G, L4 49,87 0000 3384 L0333 L0109 L0109 L9943 L0000 ..0000 . .B72)1 . 5237 4556 L7121 9941
288  1.24 14,00 39,10 52,07 L0000 3917 L0897 L0312 L0312 .9848 .0000 0000 L7157 .5208 L4293 L7299 1,0029
- 3el7 3400 16,90 39,7% 53,79 L0000 L4100 L0905 L0320 L0320 L9852 0000 ..0008 734y L5110 _,4150 7224 9976
2,75  H.28 18,95 41,32 55,086 L0060 L4476 L1138 L0409 L0409 ,9822 L0000 .0000 L7162 L4977 43907 .7192 .9955
. NCORR WCORR TO/TO PO/PQ EFF=AD EFF=P WC1/A} W EFF - AD° PO/PO
INLET INLET —INLET ~JNLET-.IMLET. INLET LRM/SEC TOTAL, ADT. LOCAL..
RPM  LBM/SEC % - % SGFT ——— eeme——
7758, 124,57 1,1022 1,339% .85,18 85,78 28.12 +0070)  B4.S2 -.9888



Rotor

% SPAN
5

IG
15
30
50
70
85
90
95

fo SPAN
5

10
15
30
50
70
85
90
95

Stator

LOT

% SPAN
5

10
15
30
50
70
3%
90.
95

% SPAN

5
10
15
30
50
70
85
90
95

TABLE 11.4
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5

DIA=1 DIA=2 V=1  y=2 V=1 VM2 VO-1 V¥0=2 Bel  B=2  B'~1 B'=2 Vtel y122 y0T=1 VOIe2 yel  U=2

IN IN FT/SEC FT/SEC FT/SCC FT/SEC FY/SCC FT/SEC DEGREE {EGREE DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC
17.,467.19.,769 357,4 748.3 357.4 5051 b0 G521 +00  47.5% 58.81 12.96 690.3 518.5 =590.5 ~116,2 590.5 668.4
18,467 20,408 3ab,4 720,44 3JI0h.4 5ol.6 .0 517.0 ,00 45,86 59,73 19.02 722,9 531.0 -624.4 =173,0 624.4 690.0
19,467 21,047 370,6 654,0 370,06 HE4.0 o0 HB3.3 00 44,95 60.62 25.23 755,3 8$36.2 -65B.2 -228,2 658,2 7il.6
22,314 22,74 382,3 602,2 38B2.2 433.4 .0 51841 00 43,96 63.52 39.55 B845,8 562.6 ~T54.4 =358,3 T54.4 T76.4
25,791 25,520 386,11 556.1 IR6.1 L15.8 s 3681 +00 41,44 66,11 49,86 953.6 6LT.1 ~872.0 ~494,7 872.0 862.8
28,454 28,076 379,9 533,9 379,09 407.7 L0 4.6 «00 40.20 68.77 55.98 1050.1 729.4 ~-978.9 =604.6 978,99 949,2
31,205 29,793 370,3 517.7 370.3 365.6 ¢0 365.5 =,00 44,92 70,71 60.52 1l21,0 745,0-1058.1 -648,5 1058,1 1014.0
31,883 30,630 367.9 503.1 367,99 343,1 0 36747 +00 47,00 71,15 62,80 1139,0 751.0-1077.9 ~667.8 1077.9 1035,6
32,499 31,278 365,6 493,56 365,6 330.3 0 266.8 +00 4800 TI.59 6U.43 1158,0 765.4-1098.8 -690.5 1098.8 1057.2

INCS INCM  DEV TURM CAMBER OMEGA-B D-FAC OMEGA-8 L0SS5~P LOS5-P P02/ EFF-P EFF~AD EFF=~P =1 M2 Mi=l Mr=2
DEGREE DEGREE OLGREE DEGREE DEGREE SHOCK +-— . - TOTAL PROFILE .POL .FOTAL .TOTAL .STATIC —ri i e e cmns e
347  9.90 12,79 45,85 4882 ,0026 JU43I56 w.0099 ~,0021 =.0027 1,4825 1,0047 1.0050 1,0119 3259 ,.6608 L6314 L4578
3481 10415 12,95 40,71 43.54% ,LG036 4385 —.0128 -,0028 ~,0036 1.5654 1.0072 1.0076 1,0158 . 3321 ..6353 ..6657 .45683
.18 9.86 12,71 35,38 38,00 .on48 L4500 L0107 L0025 L0@15 1.4377 L9909 ,9905 ,.9837 3376 L6021 L6970 L4719
wrew 538 . 9028 9,79- 23,57-— 284,11 L00BS  JU69F L0733 L0152 L0134 1.3812 L9310 -. 9277 .o 9007 .. «347U __45273 _.7789 _,4927
6.58 Seld  TW56 16,25 14466 L0116 4386 L0832 L0164 L0141 1.3583 L9013 8969 .68728 3498 4855 8706 5649
-- T30 - B.10 SsliB- 12480---9,16 ~ 4108~ -.4187 ,105].. 40199 L0178 1.3493 ,8573 .8511 ,82%2 L3440 -.45646 L9538 L6347
Ted36 8462 6,33 10.18 T+94% 20103 4510 L1879 L0335 L0317 1.3407 L7451 7344 ,6999 L3358 L4470 1,01i4 L6433
T35  Bet4 7,54 8,35 TeB8 +0LOB  H5TH L2133 L0360 . L0342 1.3323 L7106 6987 L6675 L3334 4333 1.0288 ,6468
Te3B8  B430 B.42 Telb 7430 0127 L4558 L2201 L0¥6T7 L0346 1.3280 L6907 L6781 6497 L3313 4244 1,0456 L6581
T0/T0 POsPQ EFF=AD EFF-P
= INLET~ ~INLET ~INLET—INLET-
] %
~1,1695 71,3761 87.26.87,82

DIA=% OIA=2 V-1 V=2 V=1, Va2  VO=1 vo-2  B-i B=-2 -1 " gr-2 Vi=y V=2 Vo'l VO'-2 U=1 U=-2
IN IN FT/SEC ET/SFC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE FT/SEC FT/SEC FT/S5EC FT/SEC FT/SEC FT/SEC
20,409 21,409 779,8 6&47.6 567,5 645.9 534,8 ~40.,6 43,30 ~4,13 15,30 50.12 588.4% 1007.5 ~155.2 =773.2 690,0 V26,5
21,008 21.961 751.9 61"5.2 560.5 61’.‘.6 5U1.2 “H542 1,79 6,11 20445 52.91 598,6 1012.7 "’2090]. -80717 TiG43 74215
21,589 22,432 T717.,9 590,58 542,0 5HB5.5 470.,8 =Tl.4 40,97 =-H6,95 25,55 54.75 601.6 1016.3 -259.1 =829,8 729,99 75H8.4
23.314 23,902 &42,6 544,11 493,84 535,9 41i,7 -67.4 39,84 =7,12 37.33 58,33 620,9 1028.7 ~376.,5 ~875,5 7A&.2 808,1
25,601 25,893 503,22 507.1 HTB,7 502.4 356.,9 ~6Beb 3ITAUT =7.77 U6.15 61,97 691.3 10694 -498.6 -944.0 865.5 875.4
27.818 27,902 591.,3 482,99 478,1 478.9 47,9 =62.0 36,04 ~7.38 51.09 68,53 T61.5 1113.6 =592.6+~1005.3 940.5 943.3
29,408 29,382 587,8 459,8 454,37 A5T7.7 373.0 =43.4 39,39 =~5.42 53.82 66,18 7T69,7 1133.4 ~621.3-1036.8 994,33 993.4
29,915 29,856 579,2 444,1 439,8B 442,6 376.9 =3o.3 40.00 -4.68 55,27 67.06 772,1 1135.6 -634.5-1045,7 1011,4 1009.4
30,382 30.29% 575,5 U35,6 434,5 433,9 377,4 =368.1 40.98 =5.02 56.23 '67.78 781,56 1147.5 -649.7-1062,3 1027,2 1024.2

INCS INCM DEV TURN CAMBER OMEGA-B D-FAC OMEGA-B LOSS-P LOSS-P P02/ EFF-P EFF~AD EFF~P M= M=-2 MT=1 Mt-2
DPEGREE DEGREE DEGREE DEGREE DEGREE SHOCK . — . TOTAL PROFILE .POL  TOTAL TYOTAL STATIC --. e R
«82  3.84 12,27 47,43 55,90 L0002 3509 L1086 L0269 L0269 .9703 L0000 0000 L7165 .6850 .5659 ,5227 L8804

36 3,30 9,32 47,91 B3.B7 L6001 3721 L1299 L0330 L0329 .9666 L0000 L0000 L6969 ,L6561. .5363 ,5307 L8842

62 3.56 8,11 47.92 52,57 .0002 3717 L1060 L0275 LO02¥5 L9748 ,0000 L0000 ,729% L6281 L5155 ,5316 .8868
w1639 8439 8,10 . 46,96- -50.67 - L0005 - #3507 L0215 L0060 L0059 .9958 L0000 . .0000 . .9406. 5621 L4741 .,5487 ,896h
78 3.91 B,27 45,24 49,59 L0005 3796 L0132 L00%0 40039 49977 L0000 L0000 .9546 .5278 4410 .6089 L9300

~ 37 - 3.6L 10,08 43,42 469,88 -.0004. 40129 L0413 L0130 LO0L13% L9931 .,0000 ..0000' .8B05 4 5l70....4186...6677 .9652
6.91 Tedd LH,52 84,81 52,96 0039 4655 L0789 ,0275 L0261 .9871 L0000 0000 L8055 45099 L3953 .6685 L9744
8.56 Q.48 16,91 45,28 53,81 L0045 L4870 L0894 L0317 L0301 ,9859 L0000 L0000 L7948 L5014 ..3809 L6690 L9739
Tell B0 18,66 465,00 56405 0031 5039 L0980 L0392 L0341 .9B47 ,0000 .0000 L7873 4980 3730 6768 ,9827

NCORR WCORR To/TO 'PO/Pd- EFF*AD EFF-P WC1/A1 EFF - AD PO/PO
-INLET  INLET-—INLET —INLET---INLET~—INLET-LBM/SEC- TOTAL AT -LOCAL—-
RPM  LBM/SEC % % SGFT e

7748, 118,63 1,1094-1,3610-- 84,16 84,84 '23-78;. D082 83,47 ..-0898..
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TABLE 11.5
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5

DIA=L DIA=2 V=1 V=2 VM=l VM-2 V0=1 VO=2 B=1  B=2  B'=1 B'=2 Vi=l yt=2 VO'-1 V0'-2 U=1 U2
N FT/SCC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGRUE DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC
17,467 19,769 339,9 741,2 339.9 H88.3 o0 S5bT7ep 00 48,79 60,12 12,91 682,3 501.1 -591.6 ~111,9 591.,6 6695
18,467 204408 346,5 T13.6 346.5 452,9 o0 525.3 .00 47.40 61.01 18.9% 715,0 61l.0 =625.4 =165,9 625.4 691.2
19,467 21,047  352,4 680.T 352.4 HaT.3 o0 495,0 00 46.65 61,87 24,98 T47.6 51646 ~659,3 =217.,8 659,3 712,8
22,314 22,964 363.2 606.2 363,2 UZLe3 «0 835.8  L00 45.96 64,32 39,01 838,5 543,1 =755.7 -342.0 755.7 777.7
25,791 25,520 365,1 551.9 3o5.1 299.2 L0 59043 00 45,01 67.31 50.50 O46.7 "61h.1 =B73.5 =4T74.0 B73.5 8643
28,954 28,076 357,3 B535.4 357,3 37840 ... o0 3B0a6 400 45.19 69.97 S6,44 1043,7 68443 -980.6 =570.3 980,6 950,9
31,205 29,993 347,56 522,7 47,8 334.5 o0 0146 400 50,21 71.83 61.42 1115.5 699.4-1059.9 =614,2 1059,9 1015.8
31.883 30,630 345,5 514,10 345,5 324el - o0 399.0 00 50,92 72,26 63,07 1133,7 716,0~1079.8 «638.3 1079.8 1037.4
32,499 31,27t 343,3 593,7 343.,3 312.2 W0 395¢3  L00 51,70 72,68 64,80 1153,0 733.6=1100.7 =663.8 1100,7 1059.1
INCS  INCM DEV  TURN CAMBER OMEGA~B OD=FAC OMEGA~B LOSS-P LOSS-P P02/ EFF-P EFF-AD EFF~P M=l M2  M'=} H'-2
UEGREE DEGREE DEGRCE DEGREE DEGREE SHOCK TGTAL PROFILE POL TOTAL TOTAL STATIC e
§.97 11,20 12,74% 47,21 48,82 L0047 L4563 =,0115 =,0025 -,0035 1,489% 1,0054 1.0057 1,013 .3088 6536 .6241 L4418
5,00 11.82 12,87 42,07 43,53 L0060 9529 =,007% =.0016 =,0029 1.4729 1.0037 1.0039 1,008¢ L3156 .6282 .6589 L4499
5.45 11.08 12,42 36,89 37,95 L0075 4704 L0157 L0034 L0018 1.4493 ,9885 L9879 ,9793 .3209 .5982 .6907 4539
. BeBB  L0eU5 . 9,26 2530 2U41l  L0L18  JATHE . L0775 L0162 L0137 14000 +9310...9277 L8985 . .3297. ,5299 ..7T738 4747
7.82 10,38 8,25 16,81 14,60 ,0153 .47es L1128 ,0219 L0189 1,3702 ,B8751 .8694 ,8383 ,3300 4803 .8662 53044
s BeBL 10429 - 5,95 13,53 - 9417 40142, .oU657 ¢1527...00205 ..e0259 143669 ...8125....8040 . ,7667 . 43228 ... 4645 ., 9487 . ,5925
B89  9.75 7,25 10,81 795 L0131 #5006 L2270 L0395 L0372 1.3622 L7i7H L7049 L6627 L3149 LA4490 1.0053 .6008
B.45 . 948h 7,92 9,18 Te59 ‘L0136 4957 2379 L0398 40375 143588 ...7021 . 6890 L6491 ...3126 _,4400.1,0227. 6141
Belis 9439  BBD 7,87 7430 .0156 #4901 L245% L0393 L0369 1.3546 6876 6741 L6374 3107 4314 1.0397 .6284
TO/TO PO/PO  EFF=AD EFF=P
INLET - IRLET - INLET.- -INLET
$ . 0%
1,1365 1,3932 ..85.33 B&6.00
DIA=t DIA=2 Vel  y=2  VM=1 VM=2 V0=1 V(=2 Bl  B=2  B'=1 B'™2. Vi=1 Y12 V0'=1 VO'=2 U=l  U=2
IN FT/SEC FT/SEC FY/SEC FT/SEC FI/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC
20,409 21,489 768,1 615,7 546.2 614,9 540,10 +=27.9 k4,68 =2,79 15.46 50,94 566.8 975.,9 ~151.1 ~757.7 691.2 727,8
21,008 21,9561 740,6 584,2 537,5 582,0 509,4 =H%.0 43.46 ~4.83 20.59 53,71 '574.6 983.7 ~202.0 ~792.8 711.5 743,8
21,589 22,432 709,7 550.3 520.7 557.5 482,2 -56.0 42,80 ~5.75 25,55 55,65 577.9 98843 -249,0 =B15.8 731.2 759.7
23,314 23,9062 640,4 508,5 475,4 505.6 H#29,2 ~54.2 42,07 ~6.13 37.14% 59,65 596.9 1001.0 ~360.4 -B&3,8. 789,6 809,5
25,601 25,893 592,7 U467.6 U4T,1 Ug4.5 389,2 ~b3.6 41,04 =6.59 46,89 63,47 654.5 1040.1 ~477.9 =930,6 B67.1 876.9
27,818 27.902 585,2 455,9 442,7..453.5 384,2 -H40.8 40.95 .~5,89 51,55 65,42 . 712.3 1090.5 =557.9 =991,7 942,1 945,0
29.508 29,3082 583,6 H37.4 5155 436.3 HU9,B ~31.9 G460 -4.19 BH.6T 66,98 T18.6 1115,9 =5B6.2-1027.0 996.0 995.1
259,914 29,856 579,5 028,7 H#I0.6 0427.7 H08,8 ~29,0 44,86 =3,90 55.79 67.65 .730,8 1124.9 ~b04,3-1040.4 1013.1 1011.2
30.382 30,293 574,5 U18.8 05,6 U177 HUB,8 =3043 45,08 =4,15 56,89 68,42 TH2.8 1135,9 =622,2%1056,3 1029.0 1026,0
INCS INCM DEV  TURN CAMBER OMEGA-B D-FAC OMEGA~B |.055-P LOSS-P P02/ EFF<P EFF-AD EFF=P M=I  M«2 W'l M!=2
DEGREE DEGREE DEGRCE DEGREE DEGRCE SHOCK . . TOTAL PROFILE. POl TOTAL TOTAL .STATIC .. o .. ann
2,33  5.25 13,61 47,47 55.90 .0006 L3788 L1180 L0293 ,0292 ,9686 .0DU0 L0000 L7295 L6730 L5360 ,5023 L8496
- 2,06 4499 10,60 B8,29 53,87 L0007 L4001 L1361 . ,0346 .,034% L9660 ,0000-..0000 . ,7143 6454 . 5081 ._.5085 . .8556
2,47 5,41 9,32 8,55 52,586 40010 J405B 1230 ,0320 L0318 L9715 ,0000 .0000 ,723% .6200 .4869 L5095 ,8588
- 3465 6465 9,00 40,20 50467 (0031 L4158 L0783 L0220 .,0212 9848 .0000 ...0000. 8115 .45595 . ¢4409...5254. 8679
4,35  TJ4B 9,45 47,63 49,60 .00S7 L4390° L0540 L0164 LO0L47 ,99ip ,0000 L0008 L8658 L5174 442 5723 L8992,
w 5289 BeB2 11,57 - 46,84 49,89 L0106 . JUB5T7 L0633 L0209 .,0174% .9897 L0000...0000 ..853T7 ..5097...3924 _,6193 ,9387
11,93 12,47 15,74 48,79 52405 6288 .5151 L0989 L0345 L0245 .9343 ,0000 .0000 ,7927 .5038 ,3736 .6204 ,9529
12,76 12465 17.70 - 48,77 53,835 0247 5291 L1100 .0390 ,0302..,9828 _,0000....0000 ., 7762 . ,4996 __.3656 6302 _,9592
11.26 12,71 19,53 49,24 56,05 0191 5458 L1214 L0437 L0368 9813 L0000 0000 ,7612 L4947 3567 L6399 L9674
NCORR WCORR TO/TO PO/PO EFF-AD EFF-P WC1/A1 WSIPED  EFF - AD PO/PO
~ INLET~ INLET, . INLET—~~INLET..INLET -~INLET. LBM/SEC nﬁgﬁﬁ ADT. wLOCAL...
RPM  LBM/SEC % %  SOFF i
7762, 112,82 1,1165 1,3699 BO.33 Bl.64% Zv 47 100868, BO.12 - 9840,
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TABLE 12.1
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 50 PERCENT OF DESIGN SPEED, POINTS 1-5

pIA~1 O3A-2 Y- y-2 Y-l ¥M=Z  VWO=1 _ V0=2 Bl _8=2___ Bt~%.. 8%=2.__ ¥'=1_ _Ve-z _YO0r=l _¥0e-2 Ul Y-z
N bl “FT/SEt FI/SEC FT/SEC FI/SEC FI/SEC FI/SEC DEGREE DEGREE DESREE DEGREE F 1/SEC F 1/SEC FY#SEC FY/SEC FT/ZEC FT/SEC
L 17,657 19,769 287,8 57849 20748 449.§ 2036947 A00_ 32,05 55480 _1%e31..5121... 4560.0.5423,5. 2114, 7 423 & 472 3.
18.G67 20.905 2093.2 555.2 283.7 40,0 W0 18,5 o00 27,55 5B.78 138,56 5G2365,2 U5743 05748 wItgeq 447e8 5Q4sB
V19,467 21,047 _297.8 52641 29748 _ 42540 _ oD 310el___ 400 3GsDY. 57474 .25420. 55842.. 67347 -572.0 -200,2..472,0-513, 3
22314 224864 308.9  #652,2 306 ,3 394, o0 24143 W00 31447 60e42 36453 622a1 50541 ~541e0 =316a5 541e0 55508
25.731 25.520___308.6__ 418,58 3096 __372e9__ o0 39227 ___ 0D, 27432 _63468 U4Ba7E 62748 . 56648 ~E25.8 =4258,3. £25.4% .51B.8-
28,954 28,0768 306.2 38498 30442 35443 Tl 1500 #30 22493 66456 56425 7552 635+3 -70240 -530.8 702.0 680,¢
31.795_25,933  256s%_ 368,5  ZU6 .4 _ 335,0 £ _301,2 A0 _22.31 68465 __S0a1T. 81446..67507..2758 08 258501 7560 8—TR eZu
515853 3U.630 234, 3 33746 294a3  307e3 «0 133438 200 20,48 €9¢16 62093 82742 §76.3 ~77341 ~502,3 77341 TH2.7
32,489 31.271  252.7 288,2 292,71 288.2____o0_138.%_ _ oCO_ 27,66 52,62 66,93, 840,45, 6743 -78840.~52202TEReG.—TSB82—

INCS  INgM__ ppV.__ TURN_ CAMBER_OMEGA-8B_D=FAC ApTGA~B, LpSS-Pp. LESS-P _PO2Zs ESF <P EFF-AD EFF-F,._ Mry __M-p _M'=3 . ez
DEGRcE DEGREE DEGREE DEGAEE DEGREE SHOCK T0TAL PROFILE P01 TCTAL TOTAL STATIC

249 6.92 1418 43,49 08,82 L0000 #7605 =e0019 =e0025 2a0025 122124 140078 0080 1..0265... 22608 L6170 L HET4 L UIED

281 7«23 13.88 37,22 53,53 LU000 L2757 0078 L0017 L0017 141987 L9935 4593% 9806 2683 4961 »453lc «4176
1437 6.93_ _12.62_ 3254 __ 37455 __ <0000 __«2954 __«0338 oDO74%.. ¢Q0T4 141529 9534 _ 03687, «0253-..2704 .. 4897 -, 5138 %282
T 2aI0T 65453 BaBB 21,73 ZH412  LOODO L2940 L0497 L0105 L0105 1.1482 L3351 9337 L8851 #2778 #4121 5714 «H503
o416 Ba74 __ Gu51__1HeB89 14470 _ «0000__+2720 _ 0555 __+0112 #0112 141255 .«8933 8976 .e8503-.42791 &374%1. 463605047
5,117 B.90  5.76 10431 Ge15 L0000 <2317 40835 #0082 #GO82 241059 48912 5594 #8523 #2741 L3830 L6935 L5690
5.32 6455  6.02 8,49 7,97 L0000 _ ,2319__.Q754 __ #0135, _ 0136 10941 _ «7924 __ aT883., 473635 22675, #3245 w7330 w8018
5.35 6.42 1,88 6 17 7460 oGO00 2827 1317 40187 0187 140818  «6256 6516 G426 «265% 43001 L7458 L6316

_5eh2  Be33 1086 2,70 7,34 L0000 42383 _»15431 40227 #0227 .1e0565 L a55598 _ a551H_ eG54 0 22880 _»2545.0aT572.—e5081

_Jasie  POJFQ EEF-AD_EER.p.

INLEY TINLEY Ing ET INLET
F x

1.0403 141322 B2.74 89494

0Ia-1 pIA-2 V-1 ¥=2  VHM-1 VM-z VO-1  vO-2  B=1 ___ B«2 B*-1 __ 8Y-2__ y*-l | yte2 _yptsl VDteZo U1l LM=2.o..
Iin e F1/SEC FT/SEC FI/SEC FT/SEC FY/SEC FI/SEC DEGREE DEGPEE DEGRTE DFGREE F 1/3€C F J/SEC FI/SEC FT¢SEC F1/SEC FT/SEC
20,462 21,489 615,68 5130 504s2 E12s3 35307 =283 35401, 2665 _ 15453, 41a90..523e8, 32247.-241legonbliget 450, 3 521,0,
i B0 21y SET BOI.B B87.8 G55 S86.2 32040 —3eC Z3.65  oBa2] 20427 8,47 52542 B2ie6 -183s4 -575e5 508+8 5125
21,589 22.532_ 564,4  S6Ee3 _475s9 _58349_3C1e8. _~51e%, 32430. 523 2492 46256 .52647 8202.-221.7 -595.3 523,5..543,3
‘zs.nu 22,002 504e6 51648 445.,2 513,2 23745 -=57e4 28,07 -5.35 26,33 51.14 55341 B18a3 ~327e8 -536e? 565.3 573.5
25,601 25,893 _ 465,0__ G722 _42446 45847 12240 -58e0 .24432 ~7400 45425 58465 60346 8303 -428.8 -585.8 6&20.7..627,8.
7.818 27+302  43%.0 432,38 812,01 28,8 151,3 =58,1 20,15 L7472 S1a786 59473 58641 B850.7 ~523e2 -T34s7 ET74e5 GI5e5
29.408 29,382 429,38 ‘lUC-Z HD“-S 39‘6-7 _INbeD_ ~FZ47 . 19458 . ~TaS8 _50e57. G260 69945 .. 85240.-56941 76542713, 712,04
~SG 614 SSWEEE LAOeD 3BL.0 385,01 377.5 183.1 -51e8 20,39  <7.61 56452 B44L5 69Ba2 B6ZeT ~56zez ~T175e7 72503 72308

. 30,322 30, gg;____:sa3,__:3_‘_;«1.;_,__355.5__ 34340 AHZeY_. ~53e0  21a75 -8479 S3u05 GEaH6. £23%ak 8531 -534 .5 ~787.5. -236.7 T34,5

INCS, INCH__ OEV __TURN  _CAMRER OMEGA-3_D-FAG QMZGA-8 LOSS-P LOSS-P P02/ ZFF=-P EFF-AD EFF-P. .Nrl ~- Mm2. - Htel
DEGREE DEGREE DESREE UFGREE DEGREE SHOCK 10TAL PROFILE POL TOTAL TOTAL STATIC

~0.37 =t 45 13,75 37e87 5583 #0000 _a1551 _a0779 _ aJ2194. a0Ll84. 22854 ..a0000 -~ aJOGR P v eren 05075, 45502 p #T02-y T3R8

TTe88 ~Le86 . 11223 37,86 53,67 L0000 L1639 LUB50 L0216 L0218 L9350 000G L000010,5352 #5218 <5272 #6707 #7358

~3,28  =5.348___ 9.84_ 37452 _ 5259 __N0C0__«1581 _ 40673 40175 40173 #9892 0000 <0000 32299 - «4988 - «5675 . 4724, 7351-
mi0.8E  =7eB5  BaBN 34,45 50,68  LLUMND L1384 L0226 LOUE3  JCDB3 L2370 LUOCD  LCO00 141006 4478 S4E25 4936 «7327
~17.62__~9.43___8.28_ 31438 49451 _ #0000 _¢1SCH.._«0263 40032 #0262 42370 aCN30  «0000 142832 #3141 . o4223 L5445 . ,7433.
Te15. 73 ~212488 94 T3 27.87 K3 .65 L0000 1721 LD44G L0146  LCIHE L8955 LOUCO  JOUO00 -48355 #3313 #3871 L5003 L7538
=12.85 =12.51_ 12.40_ 27.15 52413 __ <0000 __ »2288_ a0375 _«0338 ., A0338. 299035 22000, «000C..o3000 02307..43571 ..5242...,.7632.
ESF IS § 73 13.655 25,20 53,65 LUUOO L2433 L0777 L0274  LC2T4  ,2331 LUDCO L0000 4702 +3644 3335 «623]1 7666

M=

~12.13 ~10 16,89 ) 30458 SEW06 #0000 #2780, _«C378_ «0313.0 40513 4923240000 ...0000 - #5387 03399 - 42037 —aGlTl— (7638
RCORR _WCORR _T0/Y0 PO/POQ _EFF-AD EFF~p WG1/41 W EFF - AD' PO /PO
IHLET "INLEY INLET INLET INLET IMLET LBN/SEG TOTAL ADT. LOGCAL
_RPM__LBM/SEC _ % 3 Saft —_—

TE5E7+ B7e05 10402 151255 BEe17 BE.b3 21492 00870 85,10 22555
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TABLE 12.2
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 50 PERCENT OF DESIGN SPEED, POINTS 1-5

_BLA-1 DIA=2  ¥-1 V-2 V-1  YM-2  ¥D0-1 V0.2 B-3 __ B=2__ Bf=}_ _8r2__ Ve=3 __ Vemn  VOt=1_ V0e=2  Uel Uw2___
IN TH FI/7S€C F1/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE DEGREE DEOREE FT/SEC FT/SCC FI/SEC FT#SCc EFT/Stc £ 148eC

_17-567 18-783 270.4 5608 2704 413,5 «0_378,.5 w00 82,48 57,42 13,54 592.2 #2545 -Y23e1.~100e3._427el  GT8a%.
T8 ReT 20,508 275,6 53548 275ek 40248 «0 35343 +00 W1e24 5838 10430 52563 4272 -4uTe% ~181,1 S47,.% 4944
18eug7 21.047 270-_ 509,1 279,86 381.1 0 375,8 W00 32,77 _ 59432 _ 25417 54843 433,71 ~473465 =184e1._47106-. 50505
227310722,965 288, G @69e5 286e4 36508 o0 2518 #00 35452 61401 38483 6127 4595 -540.5 =2gh.5 540,68 556,37
,28e 791 25.520 291.4 408, 0 283 .4 3548 8 217,9 #00 32,27 80,98 49,22 BB2,% B2B,6 —Bpkef -4nQey ._£24es —GLlEE-
28.956728.076 287,80 37693 28740 33067 o) 1798 «50 284439 67473 56452 75749 go0.1 -701.4 -502,6 7014 B8C,2
31-255__%9- 953 280-3 3__.3_9 T 2_80.3 31“.0 o0 175-5 ‘0'3_29.22___63.71.,__8!!-33,,_303-3___634.2_-753-1__':551.0«_.1"3.‘L..JZE.£..
31.883 30.530 273-3 340,00 278 .4 289,.6 oL 177,58 W00 31,61 TDLIB 62,82 B821.0 63443 -~7T2.y -55ue] 77244 742D
52,493 31,271 276,37  318.9 27847  265s7 0 173e% _ _ «00 _ 33486, 7063 _ 65435, B34S . £I7456.-737+3.2579.5_787,3_T57,5.

INCS  INH  pEY _ TURN CAMBER OMEGA-B D-FAC GWEGATB L{SSTP LOSS-P. PUZ/ _ EFF -p EFF-AD _EFF-P___ Meg __ H-2._ . M'-3_._ Heez ..

DEGREE DEGREE DEGREE OEGREE DEGREE SHOCK TOTAL PROFILE P01 TOTAL  TOTAL STATIC
2010 9,53 13.47 43478 48482 L0000 3286 __s0130__o0N025__ D028 142169 #9313 49511 a8765...e26 58, s 500L 44579, 3736
245 BaBZ 1322 30,08 43,54 L0000 G3494 L0328 L0073 LU073 1,745 42751 43744 49331 #2458 4775 4820 #3836
2481 8,57 12,62 34,15 3787 <0000 _ 3585 0470 «0102 _ «N102 11207 _ «9607. 959709151 «25 3524532 __,5038.., 3855.
§01% 84037 54087 23,07 28,12 L0060 3505 L0525 L0100  LU110 1.1620 L3386 L5372 L8573 2508 3987 .5515 4175
547 8405 G.94% 16477 15468 _ #0001 3251 WU613. <0123 #0123 141431 «9070. <2903 ..49621. 7525 .. 43628 __, 5258 ,4B95.
8257 B.DE  B84B1 11,22 3,18 LUG00 42870 L0510 L0095 L0035 1,1260 oBBEC .8530 48631 .2536 3342 5851 +5330
6436  T.62 B,13 9438 7433 0000 42924 »0035 03159 _a0159. 140197 49043 ..a8007.. a759%ua2628.43185—o 7258 5523
G37  7a#B  7+65 7,35 1,58 L0000 43058 41251 LC211 L0211 33311 47247 <7201 .6B26 #2510 «3003 7385 w5614
e 8a82  T,3% 8,36 527 Te31 L0000 3146 #1530 0240 _ 40250 242030 45602 _ 6549 ..25292 . a2485...22327 o T504._ 5634

[l
==
1™
™
-f

INLET INLET INLET

1.0454 1,1435 89.48 89 70

0Ia-1 pIa-2 y-1 v=2 VM=) YH-2  VO-1 ¥0-2  58-1 BeZ_ _ B'el__Bre2 _ ¥'sl__y*-2__yn'-1_, _NO'-R._Umi_ U-2
In TN FT/SEC FI/SEC KT/SEC FI/SEC FT/SEC FT/5EC OEGREE DEGREE DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEQ FT/Sc¢ F1/52¢

20+ 409 21+489 531e1 557,1 453,68 556,1 365,7 ~=3u,3 38,35 3,54 15.40 H4e94 B804 76546 =127ef n5SpeD __uolLek . SZOAG
CZIO0E 210961 566,49 53247 U51e2 530eB S42e3 -45a0 377 *HeB6 20425 47438 481e3 784541 ~lgGes ~577.1 588,83 532,0
21,553 22.432  551.3 534,2 433,7 521,7  317,0_ -50,0_ 35,83  .5.53__25.13 48,23 485.% _ 78%FeB _-opfep ~583s4. 523+0 _543+n-

23314 234502 UBEN 0 BTN T HIZ ol RET .3 2577 -52.2 32,01  .6.38 35,67 53,43 514.2 78545 -3pTeq -g3102 S6aeg 578s0

25,601 25.693_ 543.8_ U3leb 352. 42845, 21740 =51el] 2890 =579 H5.72 . 57«70 ~563el 5024 ~403.2. -6783,2 .620.2__627,3.
TZ7.818 Z7.002 425437 GOL,L 364,88 322,5 181,80 53,3 25,18 .7.64 52,00 531,40 625.5 83pa5 85243 ~T23.7 $7Ie9 G75e5

23,408 29,382 418,86  374s2 3782 370e5 179e3  Nal._25936_ =685 5465 _ FIeB4_ 55307 BUz 08,75 55ah =7 56a5T12.6_ 711 A

39.510 ZO.B58 G0Bs3 358,56 361,35 357.2 18Z.8 =40,3 26,75 5448 56423 GHe33 $552s1 BH43eg ~54ze 3-7.,;.5 724s7 7233
30,382 30,293 392,7 33343 3uTeh 33008 18302 40a2. 27482 ~6e33_ 57085, 66e85. 65248 . 41 a3 ~552e8 ~774e0_.736,0.. 733,19

Iiwcs INCH DEV _ TURN_ _CAMSER (OMEGA~B D-FAC _OMEGA-B LOSS-P LOSS P _P02¢ EFF-P EFF-AD EFF~P M-l __M-2.. . My-1___H'=2__

DEGREE DEGREE DEGREE DESREE DEGREE SHOCK TOTAL PROFELE PO TOTAL TOTAL STATIC

~3437 =1.08% 12,87 41488 S55.590_ #0000 #2226, s0791 _ »012G #0135 _«2B63_ 0000 . _.al003me3B88 —e5225 0883 4205 JU2Z
~He39 -Jedf 1058 42,03 53,87 LUB0D 42310 o0836 0212 0212 5866 #0GCO0 L0000 o8130 #9373 +5743 #4309 #5353
_oBa T3 ~1.79  G.HB_H1.82__ 52459 __W0000_ 2250 «0640 #0167, 40167 #2505  «CO00 #0000~ 8719 - 5787 - -e b5 #HIHT 6304 .
666  =3455  B.B5 38433 50458 L0000 #2101 <0220 <0061 «0U6E «S5973  oN050  DUOG #8538 W% 297 #5188 L4531 45835
~7489 =4.86_ 3.25__35,59 _43,80 _ ,0000 _,2205 _,0213 L0065 | ,0055_ 45978 LUORG L0000, 28630 #2375. o3540 «5055 —«7133-
~10,69 =T.45 9,81 3282 69486 0000 «2392 #0257 «0084  DGBY <9976 o000 <0000 8633 <3776 <3568 L5617 L7339,
~5eB7 =GeH9 13412 %2,22 52,03 L0000 .2330__,0771_ w0267 _ _40Z67 _,9930_ ,00C00 __ o00G0_ _»6052 ..e3693 | #3320  .m5812..a708
“Bo00 25,26 15.07 3319 53472 40000 <3084 0648 #0223 D229 9944 0000 0000 <6874 3587 3134 L576% ,7u46s
~6s11 -GaH48 1675 _34,75 56,05 L0000 L3587 #1063 _,0383_ ,0383__ 48914 _ 0000, «0000 . 46285 _#3HT5..a2948.— a5750 —aT70RE

NGORR__WCORR _T8/10 PO/PO_ EFF-AD_EFF-p _HC /A1 W EFF - AD PO /PO,
INLET  INLET INCET  INLET INLET  INLET L9M/SEQ TOTAL ADY, LOCAL
RPM  LBM/SEC T b3 SQFT __ L T s

5552e  Dls08 11,0853 1,1940 BGa77 BT.08 2074 «00972 '85.82 | 48961
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TABLE 12.3
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 50 PERCENT OF DESIGN SPEED, POINTS 1-5

0XIa-1 pIa-z  ¥-1 V-2 YM=1  WM-2  Vp-3  ¥0-2 B~} Buz Boh__ B*=Z_  yYed . yteZ ypteL.VER"E2__ Ul o -z
TN TR FT/SEC FT/SEC FT/SEL FT/SEC FI/SEC FT/SEC OEGREE DEGPEE OEGREE DEGREE FI/SEC FT/SZC FT/SEC FI/SEe FI/SEe F14See
17467 19+768 250.0 543,56 250,00 383 .4 50 385,.3 J00 45,14 58,HC 13,67 481,27 39,7 ~822.9 _=91uX 47200 #7306
TIELEET 20,403 254,686  521e8 254aG 377e7 o0  3602a0 «00 43461 60433 12453 S14a5 40142 =s47e1 ~138,1 0647,1 434,0
194467 21+047  25Be7  495,2 25B,7  365,5_ L0 335,200 42,43 _B1,23 _ 25,63 __53745 40642 ~471u3 ~175e 3. #71e3.. 50845
TRV 22,969 266,68  G3uel 2664k 331e3  &U 28045 o0 D24 63474 39469 60263 431s1 54042 ~275,4 547,2 555,9
25,791 254520 26B.5_ 387,7 268,56  317,2 W0 239.9 00 37.09_ BB.72 43455 67347 49346 -Eoliey =27 7¢9 _ £2506 .51 708
28,354 284075 263.9 3678 263 .9 304,7 0 205,9 «00 34,04 59,36 57,22 748,08 56345 «7T50e® -473eg  700e0° 67267
31,295 29,983 257__1___3_,143_“5__251_.“;_“27...1 20 2139 #00 _37e88_ 71425, 651476 800a0. 581 a4."757e5-~512.2. 2576 723,31
T31.BE3 30630 Z55.8 355 ,7 255 ,.4: 256,0 W0 217.0 W00 HO.327 71469 63499 81340 5B3.B ~77148 ~g2ne5 771eg  TH1eS
32,433 31,271 2853,3 32346 -Z§~1-2__3_3.9_-._5 #07 21746 . o00_ 42426 _T2e11 &GOS . 82647 . 53043 -73645 ~533.4 7T88,8.-757,4.

INGS___ INCHM__ _BEV_ TURN_ _CAMBER OMEGA=B D=FAC_OMEGA-B LOSS-P LO5S~P _ POZ/ .EFF-P EFF=AD _EFF~P . Mel... He2 _ Me=l.. .M3=2.
DEGREE "CEGREE DEGREZ DEGREE DEGREE SHOCK : TOTAL PROFILE P01 TJOTAL TOTAL STATIC

407 30.5) 13,50 45e73_ 48:82_ #0090 _ 23797 =e0112 20025 _=e0C2Y% 1a2746. 1a0065 1eR056.1 001 6822262 o 4340 .okt 29__, 3510,

BethG 1075 13s05 AO,81 43,55 L0000 L3895 ~o004% ~40010 -eD010 1.2151 1.0028 140022 1.0¢50 #2302 4542 «H724 #3558
| 8403 10.8% 13,03 35062_ 37+04_ o00N0_ ¢3297_+C155 _ 4CO34 <0934 12618 w9877 w9874 3742 - e234% . 440244945 .., 3510.
5e 398 Se8b 9.94 24,05 24 .12 LGL0Y +4118 L0601 #1125 LU12Y 141735 L9361 #3303 +B2B 1 W2HGE + 3845 5525 #3823
To21_ | 9477 _ 7,69 16477 28463 aD0PT__e3809_ «0653_ oD128 . «0127 141532 #2035, 906% —.a8730..82417._ 43523 . 46182 4372,
¥o00 9068 6. 72 12414 9416 D004 #3392 <0634 0116 0115 141463 8600 48856 48556 #2373 ,3256 L6775 L4988
7.51  9e1B  7e80 8,50  T,37 L0002 3EBU 1347 WO0231_ 40230 141377 __o7573 7524 _47007...a2317...23075.— 7154 _ w5128,
To08  B.57  8.86  Ta70  TeG0 40002 #3785 w1651 #0265 w0265 141325 e7057 6993 6533 2300 2357 7308 5142
F+20 8482 10.06  6e06 732 _ 40002 o3830 1538 0280, 40280 141250 _o6679. .e6616. 46266 . oZ287_.»2d 48 e T4Z2Tumma 5124,

J0430. PQ/iPY __EFF=-AD_EFE-P_
INLET  INLET  IMLET  INLEY

. —t L
10502 141653 88.02 8%2.27

0Ia=1 pla=-2 V=1 V-2 VH~3  WM=-2  ¥0-34  ¥0-2  B-3 - B.Z BYel __Bte2  _y'wl__ ¥'eZ_valel_ WO 2o Ul U2
1IN N FT/SEC FI/SEC FV/SEC FI/SEC FT/SEC FY/SEC DEGREE DEGREE DEGREE DEBREE F 1/5EC FT/SEC FrssEC FT/SEC FY/SEC FT/SEC

20,469 21,439 568,585 506e0  428e3 505e6 37362 2002  G1sf3 2429 15623 _ 45830 46527 76Cal =120.8 =540, 404 1 5223 2
21.008 21«561 SHEsB GB1,5 H2D,B H80,5 348,8 —31,3 39464 w2473 20470 59,52 45045 7812 ~359e8 =652e3 SCgeg 53166
21,588 22,432 521.5 4G4e3 HD7e5_ 46249 32544 -35a0__38a59._ ~Ua4S _25.87 _61.36_ 4538 - T4l <5 -197.3 ~57g,0...522,6 . 563,10,
234314 23.502 HEUe5 H§22,2 373, YZ0,5 276,01 ~38,0 36447 5,16 37,63 55,70 HUTZ4D THEWS -~2BBa3 ~ClEeb SEGels 57846
25,801 25.893  H351,8 38749 35346 38641 239,00 __ 3747 33460 __~5453_ 45e50_ 59a33..52342 - 76846 -330.8 ~554,5..512,8 625,59
T27e818 274802 U092 36340 35246 360,7 20747 -~4047 30,50 .B,48% 52,85 B3.27 B5BHe2 BOL1a3 -465.7 -T1ge2 E73e4 575e5

23,408 29,382 399,1 336a8 334e} 33549  218s3 2%k 33415 r%el0.-55¢3).— 55445. 526l — 5088 4930573544l BT 23,3

29« 914 ZB8.856 3I30e8 323F,5 3IZL L3 323.1 22244 ~16e2 348,70 2,85 57,37 66433 55542 80645 ~501+8 T3R8 TZ2He? 72248

230,382 30,283 383,7 305.2 3116 30448 2239 _ 1502 _ 35¢70__~285_58465.. 67e84.. 53%a) — 8082 -~51Lep"74ge5 T35 5. TIZ 4

INCS _ INcH DEV _TURN _CAMBER OMEGA-B_D-FAC_CMEGA-B. LQSS=P LOSS-P_ PO/ .EFF~P. EFF-AD EFF-P _ M-3 ___M-2. M=l __Me-2
BEGREL DEGRIE DECREE DEGREE DECREE SHOCK TOTAL PRCFILE PO1  TOTAL TOTAL STATIC

“1s37 1.55 16s11 43,32 55,30 L00C0 ,278% ,0848 L0236 0236 9047 QOG0 _o000C__oB033_ w5010 48492  »3288 L5520

<15H5 298 11471 43437 E53aB7 0000 w2933 41116 0234 <0284 43333 0000 #0000 6045 40730 L4273 L4031 L5558
-1.78_ 1,16 10.52 43,05 52,50 _ .0000__,2860__ G480 G232 _ 0232 _o5876 _ WCGLO, o000 oG3I05__ o4560 _»4118 __s4040__»aS577_

=237 T 785 10,08 41463 EG.6E L0000 «2702 L0348 20097 0097 #9962 «0G000 0000 <8554 ey0899 L3742 L4237 L6515
T3e23 ..-=20_ 1047 _33,17_ 49,60 _ 0000 42970 _,0u18 _ D127 _ L0327 _ 3860 . 4L0CD _.D00D ..»8252 . «3816 . #3435 _a458l—a6835-

5,27 -2.03 11,81 36493 43486 #0000 #3340 0272 0020 «00% #3976 0000 +0000 43003 #3523 L3213 ,3215 7398
s14 _ 3e24 15+87 37,25 52,10 0000 45685 __oD62B 40238 0218 _ ,o448_ LHi00Q 0000 _ 47663 .. w3521 . a2970.a5223 atilB

Z 9% T ZuEN 18265 37456 63470 «0000 <3857 w0700 e0248 e0208 e3345  e0O00 0000 a7687 J344%  ,2a%8 L526% L7038
1080 3.37 20.83 38,55 56,05 L0000 L4257 1064 0363 0383 #9915 _LCOGO. 0000 7168, _, 13363 _e2682. 95280 o7205

NCORR__MCOGRR  T0/YQ._Po/po L EFF=AD EFFZP WGl AL, Jub EFF - AD PGIPO .
INCET Iw.m INLET ~INLET INLET INLET LBM/SEG TOTAL ADS, LDCAL
RPH__{ BM/SEC x % SOFT .

5548, 85,02 1.0501 11585 85470 86405 19419 diogy TE4VET .3948
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TABLE 12.4
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 50 PERCENT OF DESIGN SPEED, POINTS 1-5

Ia-1 DrA-2  :v-1 V-2 Vel VH-2  ¥0=1  y0-2  B-1% E=2 Brof @tz M1 Vvep  WOesl  VOer2  Usl____U-Z
In IN FT/SEC FT/SEC FT/SEC FT/SEC FI/SEC FY/SEC DEGRES DEGREE DEGREE OEGREL FT/SEC FY/SEC FT/SEC FT/SEc FT/Sce F ¥/ See
17467 15+765 238.2 53,0 238,72 366,9 L0 383,4 o00 46,38 £0,6% 13,17 48543 376.9 -Uzze5  ~Besd_ n23eb  ulget
TIE.R67 20,608 292,65 5177 303.5 36340 «0 36840 «D0 45455 61455 19409 5052 3845 ~447e7 =125.8 #47,7 434,8
18.467 21047  245.5 483,0. 246,5 352,3 0 344,39 #00 u4,38 62,82 25.14 53245 3097.p. 47240 c1254h.. 7200 51005
T2ATINTT 227984 253, B33.T 25347 316e6 w0 295a3 «00 43409 G4e87 39438 597+5 &30 =541.0 -280.,5 541,03 558,8
_Z5+ 7831 25520 2550  395,7 255,00 299,2 »9  259,0 o0 __ 80,87 67,821 50,20 67543 _456es) ~525e3 ~35%¢8 ._E2503 61807
28,954 28,076 209,56 3730825306 zas.s o8 2361 oD 39417 70442 56438 7485+1 53048 -702,0 -444,6 702,20 680,7
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TABLE 12.5
BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT
SUCTION, 50 PERCENT OF DESIGN SPEED, POINTS 1-5
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BLADE-ELEMENT AND OVERALL PERFORMANCE WITHOUT
STATOR HUB SLIT SUCTION
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TABLE 13.1
BLADE ELEMENT AND OVERALL PERFORMANCE WITHOUT STATOR HUB
SLIT SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-3
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BLADE ELEMENT AND OVERALL PERFORMANCE WITHOUT STATOR HUB
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