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1.0 SUMMARY

The Core Compressor Exit Stage Study Program has the primary objective

_ of developing rear stage blade designs that have improved efficiency by virtue

of having lower losses in their endwall boundary layer regions. Bladlns con-

cepts _hat offer promise of reducing endwall losses have been evaluated in a

ili_ multistage environment. Thls report describes the test data and the perfor-. mauceresults for the Best Stage Configuration, consisting of Rotor B/Stator

B, that was tested in the General Electric Low Speed Research Compressor.

I The aerodynamic design of this stage is described in Volume I of this report

(Reference i).

Overall performance data and various types ofdetailed performance data

are presented for the Rotor B/Stator B configuration along with the resulting ....................

vector diagrams, loss coefficients, and diffusion factors. Both multistage

and single-stage configurations were tested. Also the effects of increased

rotor tip clearance and casing treatment on compressor performance were evalu-

ated. The following testresults were obtained:

• Rotor B tested with Stator B showed a 0.3 to 0.4 point improvement
in efficiency at the design point and a significant improvement in
the pressure-flow characteristic near stall relative to the base- _
line Rotor A/Stator A.

• _ncreasing the rotor tip clearance from 1.38_ clearance-to-blade-

height to 2.80_ costs i._9 points in peak efficiency, 9.7_ inpeak
pressure rise, and ll%in stalling flow coefficient.

• Adding casing treatment to all stages at the increased rotor tip
clearance gave a slight increase in peak efficiency and peak pres-
sure rise at the design point but save a 3.0Z decrease in pressure
rise at stall.

• Using single-stage test results to evaluate multistage compressor

performance can prevent some difficulties.

"- Evaluation and comparisons of these data will be presented in the final report,



2.0 INTRODUCTION
)

ii_ Recent preliminary design studies of advanced turbofan core compressors

(Reference 2) have indicated that such compressors must have very high effl-
k

ciencies, as well as the advantages af compaccness, lighC weight, and low

} cost, in order for advanced overall engine/aircraft systems to have an
improved economic payoff. Loss mechanism assessmeutsD such as those of Ref-

erence 3, suggest that approximately half of the total loss in a multistage

compressor rear stage is associated with the endwall boundary layers. Since

only a relatively small amount of past research has been dedicated to the

problem of finding improved airfoil shapes for operation in multistage com-

pressor endwell boundary layers, it is believed that substantial improvements

in that area are likely. Accordingly, a goal of a 15X reduction in rear

stage endwall boundary layer losses, compared to current technology levels,

has been sefi. The Core Compressor Exit Stage Study Program is directed

toward achieving this goal. Blading concepts that offer a promise of reduc- H

in8 endwall losses relative to a baseline design have been evaluated in a

multistage environment. The test data and performance results for thisBest-

Stage Configuration are described in this report.

2



p 3.0 TEST APPARATUS AND PROCEDURE

i_ 3.1 LOW SPEED RESEARCH COMPRESSORi

k The General Electric Low Speed Research Compressor (LSRC) facility,

! _ described in more detail in Volume II (Reference 4), was used for this test .

\ " The LSRC used in the and shown sche-

program. configuration, test program

i' maritally in Figure 1, consisted of four identical compressor stages having a
t' i '

constant casing diameter of 1.524 m (60 in.) and a radius ratio of 0.85. A

I: photograph of the LSRC is shown in Figure 2. A detailed cross section of one

stage is shown in Figure 3. The airfoils are II.43 cm (4.5 in.) in span and

approximately 9 cm (3.5 in.) in chord; large enough that blade edge and sur-

face contours can be closely controlled during manufacture. The blade and

vane construction described in Volume El (Reference 4) resulted in hydrauli-

cally smooth surfaces at the Reynolds numbers necessary to simulate high-

speed compressor performance• A single-stage configuration was also tested•

The average rotor tip-clearance-to-blade-height was I•36% and the aver- 1

age statorseal-clearance-_o-blade-height was 0•78%• Circumferential groove 1!
casing treatment was applied over the tip of only the first rotor to assure ,

that Stage i would not be the stall limiting blading.

!3.2 TEST STAGE
r

i

b The test stage consisted of RotOr B and Stator B. The Rotor B/Stator B i

designs are presented in Volume I (Reference I) A brief summary of these
I

designs is give n below.

Rotor B was designed to the same set of vector diagrams as Rotor A but

uses a.type of meanline in the tip region that unloads the leading edge and ....................

loads the trailing edge relative to Rotor A. The modification to the tip

• region of Rotor B was blended into the pitchline so that Rotor A and Rotor B

are identical from the pitchline to the hub. Stator B embodies blade sec-

tions twisted closed locally in the endwall regions similar to those used in

a highly loaded NASA single stage that had rather good perfolmance for its

loading level (Reference 6).



p 3.3 INSTRUMENTATION

The instrumentation used at various locations in the compressor for.the

i, Rotor B/Stator B test series is presented in Table i. Standard total pre_-

sure _'akes and wall static pressure taps were used. In additlon, static

_ pressure taps located on the blade and vane surfaces were used to determine i

\ the distribution of static pressure on. the suction and pressure surfaces, iFor rotors, the pressures measured with a rotatln$ rake were read by a pres-

sure transducer/sllpring device.

t Details about the instrumentation and the data recording equipment are

given in Volume II (Reference 4).

3.4 TEST PROCEDURE

The overall test program was divided into four parts as outlined in

Table 2. The first part involved extensive testing of the baseline blading, ....

Stage A (Rotor A/Stator A), in both four-stage and single-stage configurations,

The test results can be found;in Volume Ii (Reference 4) of this series. T_,,e

second part .involved a series of short screening tests to select the best

rotor design and the best stator design based on tests in four-stage c.'nfigu-

rations. These test results can be found in Volume III(Refereuce 5). The

third part, described in this report, involves extensive testing of the best

rotor and best stator designs in combination using a fottr-stage compressor

configuration. The final part of the test program will consist of extensive

testing of a new Rotor C design in a four-stage configuration with Stator B

and will be presented in Volume V.

Six types of data were taken during the Rotor B/Stator B tests: preview

data, stall determination data, standard data. blade_element data, blade sur-,

face pressure data, and detailed wall boundary layer data. A brief descrip-

tion of each of these types of data is presented in Volume I_ (Reference 4).

- 3.5 DATA REDUCTION AND ANALYSIS METHODS

The data analysis procedures used in process_:ng test data are desCribed

in Volume II (Reference 4).



4.0 RESULTS AND DISCUSSION
)

_r_ Based on the Screening Test result_ presented in Reference 5, the Rotor

B/Stator B Configuration was selected as the "Best Stage" to undergo detailed
h

testing because of the possible beneficial effect of the Rotor B tip sect_.on

at higherMach numbers. In the detailed testing, the following four configura-

tions were tested: (1) a four-stage configuration at a nominal rotor tip

clearance having the third stage as th_ test stage, (2) a four-stage configu-

ration with increased rotor tip clearance, (3) a four-stage configuration -,

with both increased rotor tip clearance and circumferential groove casing

treatmeut_on all stages, and (4) a single-_tage configuration at nominal

clearance. The average rotor tip-clearance-to-blade-helght ratio for the

nominal clearance configurations was 1.36X and that for the increased clear-

ance configuration was 2.80_. The average stator seal-clearance-to-blade-

height ratio for all tests was 0.78_. The test Reyuolds number was 3.6 x 105 .

As discussed in Reference 4, casing treatment was applied over the tip of the '__

first rotor only for Tests (I) and (2) above to assure that Stage 1 would not _

be the limiting blading. No casing treatment was used for Test (4) above in.

order to make comparisons with the test stage (third stage) of the four-stage

configuration. I

4.1 OVERALL PERFORMANCE

The overall performance of the Best Stage Configuration, which consisted i

of Rotor B running with Stator B, was determined from Preview Data and Stan-

dard Data. These test data are presented as graphs of pressure coefficient,

work coefficient, and torque efficiency plotted as a function of flow coeffi-

cient.

• 4.1.I FOur-Sta_e Configuration (Third Sta_e as Test Sta_e)

The overall performance data from the four-stage .Rotor B/Stator B con- ....

figuration is shown in Figure 4. and tabulated in Table 3. The data show a

peak efficiency of 0.9047, an efficiency at the design point of 0.9033, a

peak pressure Coefficient of 0.6335, and a stalling flow coefficient of 0.338.
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When compared with tha Rotor A/Stator A baseline, Rotor B/Stator B. showedl
)

(1) a 0.3 to 0.4 point improvement in efficiency at the design point and (2)

'. a significant improvement in the.pressure-flow characteristic near stall.

i., The 2.8_ improvement in.peak pressure coefficient and the 5.4_ improvement in

k flow range erom the design point to the peak pressure poin_ result from a more

i faborable pressure distribution on the airfoil, especiallynear the hub.

i' 1
4.1.2 Four-Stage Conflguratlon i Increased Rotor Tip Clearance

Overall performance of the Rotor B/Stator B Four-Stage Configuration was

obtained at an increased tip, clearance-to-blade-height ratio of 2.80_; the

results are presented in Figure 5 and Table 4. Peak efficiency is 0.8898, .......

peak pressure coefficient is 0.572, and stalling flow coefficient is 0.372.

The increase in tip clearance costs 1.49 points in peak efficiency, ll.0X loss

in stalling flow coefficlen_ and 9.70_ loss in peak pressure rise relative to

the nominal clearance.

4.1.3 Four-Stage Configura_i0n t Increased Rotor Tip Clearance and Casing

Treatment on All Stages

Overall performance was obtained with both increased tip clearance and

casing treatment on all four stages. The results, presented in Figure 6 and

Table 4, show a peak efficiency of 0.8915, a peak pressure coefficient of

0.563, and a stalling flow coefficient of 0.3708. This gives a loss of 1.32

points in peak efficiency, a loss of 10.7Z in stalling flow coefficient, and a

loss ofl1.1Z in peak pressure rise relative to the nominal RotorB/Stator B

configuration described in Section 4.1.I. Apparently casing treatment at open

clearances gave a small performance improvement at the design point but hurt

performance near stall.

4.1.4 Single-Stage Configuration

The overall performance of the slngle-stage Rotor B/Sta_or B Configura -

tion is presented in Figures 7 and 8 and in Table 4. This configuration was

tested without casing treatment over the rotor tip in order to make compari-

sons with the test stage (third stage) of the four-stage configuration. The



data in Figure 7 show a peak efficiency of 0.8934. a peak pressure coefficient

of 0,660, and a stalling.flow coefficient of 0,353., The single-stage confisu-

_.. ration is pumplns more flow and achieves a higher peak pressure coefficient

i than the four-stage average, Howeverj the peak eEflciency of the single-stage

,, configuration is i.13 points lower, than thaC of the four-stage configuration.

, _t is somewhat surprlsin8 that the slngle-stage efficiency should be so

low compared Co the four-stage efficiency. Much of this difference is prcba_

bly due to inaccuracies in measurement/evaluation of the tare torque of the

single-stage configuration relative Co that of the four-stage configuration.

Typical values of measured torque and tare torque for the single-stage config-

uration are 2050 in.-lb and 160 in.-lb, respectively. Thus 20 in.-lb of tare

torque is worth about one point in efficiency. For comparison, typical values

of torque and tare torque for the four-stage configuration are 8200 in.-Ib and

60 in.-ib, respectively;20 in.-ib qfCare_Corqueis worth a quarte_ of a point

in efficiency.

• The individual characteristics of the single-stage and four-stage con-

figurations are compared in Figure 8. The sins!e-stage characteristic is not

quite so steep as the first-stage characteristic. Compared to the Stage 3

characteristic of the four-stage configuration, the single-stage characteris-

tic has about the same slope but is operating at about 2_ higher flow and

about 4_ higher pressure coefficients. Both the single sta_e and the first

stage of the multistage configurationachieve higher peak pressures than

those of the other stages. This difference probably _sult_ _._-_-_.._ c!eaner,

more constant inlet conditions at the first rotor inlet. During throttling,

the first rotor inlet is not subjected to the thickened wakes, increased devi-

ation angles, and separated flow that the downstream stages feel. Perhaps

evenmore striking is the higher pressure achieved by the first stage of the

four-stage configuration compared Co Chat of the slngle-stage configuration.

This could result from the casing treatment or from the stabilizing influence

of the downstream stages pulling on the first stage of a multistage confisura- i

tlon.
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4.2 BLADE AND VANE SURFACE 8TATZC PRESSURE TEST RESULTS

The measurements of static pressure on the blade and vane surfaces are. I_i

i ?resented in Figures 9 through 16 and in Tables 5 through 12 for (i) the four- II

p_ stage configuration with the thlrd stage as test staged (2) the four-stagetage I]
configuration with increased rotor tip clearance, (3) the four-s conflgu-

P_
_ ration with both increased rotor tip clearance and.caslng treatment on all

li' , stages, and (4) the single-stage configuration..... The measured pressureshave2 Suc-been normalized by _he dynamic head based on tip speed, 1/2 Pref Ut'

_ tion surface measurements are presented as solid lines and pressure surface

measurements as dashed lines ..........

4.2.1 Four-Sta_e Configuration (Third Sta_e as Test Sta_e)

The pressure measurements on the blade and vane surfaces are presented

in Figures 9 and 10 and in Tables 5 and 6. These figures have been discussed

in detail in Section 4.2 of Reference 5 and will be discussed only briefly

here..

The rotor data in Figure 9 indicate that the principal feature of Rotor

B, its increased diffusion rate at the trailing edge near the tipj was suc-•

cessfully accomplished. The continuous diffusion from the location of the

peak suction surface velocity (minimum static pressure) to the trailing edge

for all blade sections from the pitchline to the tip and for all throttle

n o o !iincreased aft loading without flow separation• (Figure 9a, b, c). Evidence

of flow separation near the hub can be seen in the distinct change in slope

of the s.tatic pressure distribution on the suction surface at 70_ chord for

the peak Pressure rise thr°ttle (Figure-9e)' i1
There is evidence of the effects of secondary flow and tip leakage ou

the suction surface pressure distribution over the fi_'st 25?. of chord (Figu_r_-

9a), This is seen as an increase in static presaure on the suction surface

from zero to about 87, chord followed by a decrease in static pressure from ..........

8Z to about 40_ chord.



The stator data in Figure 10 indicate: (1) a Stator B reading edge

loading that is slightly lower _hau that obtained for Stator A, and (2)a

diffusion pattern on the suction surface of Stator B which is more favorable

",i near the hub than that obtained for Stator A, although strong evidence og

flow separation at the hub still exists for the peak pressure rise throttle !

,:_ (Eigures 10d and 10e).

_z,li!ii,i 4e202 Your-StageConfi_uration, _ncreasedn_otorTipClearance

_: The pressure measurements on the blade and vane surfaces which incor-

porate the effects of _ncreased rotor tip clearance a_e presented in Figures

11 and 12 and Tables 7 and 8. The qualitative look of the data is similar to

that seen in Figures 9 and 10, although the loading levels are somewhat lower.

Comparisons showing the effects of clearance will be pre_ented in Section

4.2.5.

4.2.3 Four-Stage Configuration - Increased Rotor Ti_ Clearance and

Casln_ Treatment on All Sta_es ....................

The static pressure measurements on the blade audvane surfaces which

incorporate the effects of increased rotor tip clearance and casing treatment

on all stages are presented in Figures 13 and 14 and Tables 9 andl0. The

: qualitative look of the data is again similar tO that shown in Figures 9 and

I0. Further comparisons will be presented in Section 4.2.5.

4.2.4 Sin_le-Sta_e Configuration

The normalized static pressure measurements on the blade and va.v_ star-

faces are shown in Figures 15 and 18 and Tables 11 and 12j re_pe,ctivel_._ for.

the single-stage configuration. This configuration was run without casing ...........

, treatment over the rotor tip so that the stage geometry of the single stage I
|

i matched that of the third stage of the four-stage Configuration as closely as

_ po.s,.s,ibIe.

_,_- The rotor data in Figure 15 show a uniform diffusion from about 40% chord

_ to the trailing edge for all throt_Ies at 5X, 20%, and 50?. immersions (Figures

: 15a, b, and c). No evidence of flow separation is apparent. HoweVer, for ' i

9



80% and 90% immerslous, Figures 15d and e, there.is a decrease in the rate

oE diffusion for all throttles beginning at about 70Z iramereiou in F_gure I5d

and from §OZ to 70X immersion, depending uponthrottle, in. Figure 15e.

There is agalnevideuce in Figure 15a of the effects of secondary flow

and tip leakage on the Suction surface pressure distribution of the rotor

over the first 30% of the chord.

The stator data in Figure 16 indicate that, for all throttles and all

immersions, there is a continuous diffusion from the point of minimum static

pressure on the suction surface to the trailing edges although there is a

change in the rate of diffuslon_near the hub.

4.2.5 Comparison of Rotor Tip Clearance Effects

A comparison showing the effects of rotor tip clearance and casing treat-

ment on the blade surface static pressures is shown in Figure 17 for the tip

section. There is a reduction in blade loading over the first 40% of Chordj ......

L a rearward shift of peak suction surface velocity and a reduced pressure on

) the pressure surface for both the increased clearance configuration and the

increased clearance with casing treatment configuration, At increased clear-

ancej casing treatment does appear to give a larger blade loading from 50%

chord to the trailing edge.

4.2.6 .Comparisons Wlth Potential Flow (CASt) Solutions

The comparisons of the experimentally determined surface velocities with

the CASt velocities for ROtor 5 are shown in Figure 18. The tests are in

quantitative agreement with CASt except at the tip section. The peak suction

surface velocities occur about as intended ....

The significant differences that are observed on the suctlon surface near

the tlp in Figure 18 are attributed to secOndary flow/tip leakage effects.

The suction surface velocity tends to be low from 5% tO about 30% chord and

high from 30% to 60Z. These velocity perturbations are probably induced by

the tip clearance vOrtex which moves away from the suction surface and away

from the casing as percent _hor___iu_e_ises.

I0



The comparisons of the experimentally determined surfaCe velocities with

the CASC velocities for Stato.r B are shown in Figure 19. The teat results

for the velocity distribution on the pressure surface are in qual_tative
i

P_ agreement, with CASC. The leading edge loadings for.Stater B are lower _hau

p, those fo_ Stator A, especially near the hub, al_hough they are still somewhat

_" larger than intended. This could explain the improvement in the pressure-flowL:

_i_ characterlstlc near stall obtained wlth Stat or B. Airfoll loading is again

r less than predicted on the aft portion of the vane.

4.3 BLADE ELEMENT AND WALL BOUNDARY LAYER TEST RESULTS

Blade element data and wall boundary layer data provide vector dlagram

quantities from measured values of total pressure, static pressure, and flow

angles in a matrix of circumferential and radial locations across a blade

pitch. The radial surveys of pressure and flow angle, taken between adjacent

stators, are used to fix theshape of the radial dlstributlon; circumferential
/

/" surveys are used to_ fix the absolute level of the distribution. The measure-

meats are taken at the rotor inlet and at the rotor and stator discharges of

the test stage. The bars in the figures indicate the variation of measured

values across the circumferential blade spacing. The detailed wall boundary

layer data are included in the radial profiles.

r 4.3.1 Four-Stage Configuration (Third Sta_e As Test Sta_e) Pressures

Detailed Surveys of uormalJ.zed absolute total and static pressures at

the third rotor inlet (Plane 3.0), third rotor exit (Plane 3.5), and _hlrd

statorlexit (Plane 4.0) are presented in Figures 20 through 23 and in Table 13

for open throttle, the design point throttle, the peak efficiency throttle, 1

and the peak pressure, rlse/near stall throttle. The difference between the 1

total pressure at Plane 3.5 and 3.0 represents the total pressure rise across

the rotor. The difference between the total pressures at Plane 3.5 and 4.0 i

represents the lOSS across the stator. The region of end,-wall loss in the

stator from O_ to 20_ immersion.and,from 80X to i00_ immersion is evident,

The Static pressure rise across the rotor is seen as the difference

between the measured _ressures in Planes 3.0 and 3.5 and that across the

II



P statOr as the difference between Planea3,5 and 4,0. This gives a pitch-line

reaction at the design point throttle of about 64%.

Flow An_les
h

Detailed surveys of absolute air angles at the.thlrd rotor inlet, third

\ -. rotor exltj and third stator exlt are presented in Figures 24 through 29 and' in Table 13 for the design point throttle, tl_e peak efficiency _throttle, the

" peak pressure rise and the near stall throttles. A small correction factor ......

i to the flow angles, which is needed because of the geometry of the measuring

systemD was used in the data analysis. This correCtiOn would y_eld true flow

angles that were about 6.5, larger than observed at I00% immersion and about .........................

1.1" larger at zero percent immersion. The correctiOn factor to the flow

angles has not been incorporated into the data shown in the figures but has

been incorporated in the data shown in the _ables. The leading and traillns

edge metal angles for the stator, are shown in the figures so that the inci-

dence and deviation angles are easily seen.

The data in Figure 25 indicate that the design intent swirl dlstribution

has been achieved at the exit plane of the third stator. The increase in

incidence and deviation angles as the compressor is throttled to stall is

evident in Figures 24 through 27.

Total Pressure Circumferential Surveys and Loss Coefficients

Relative total pressure measurements across a circumferentlal blade

spacing were obtalned at Ii radial immersions using the rotating rake. The

results are presented in Figures 30 through 33for the various throttles. The

rotor wake is clearly evident as is the increased size of this wake near

stall, particularly near the hub (Figure 33). An interesting featu_e of these

circumferential surveys is the Shape of the distribution near the tip of the

blade. Both the loss region due to the wake and the loss region due to tip

clearance/secOndary flow effects _an be Seen.

Absolute total pressure measurements across a circumferential stator vane

Spacing were obtained at 19 radial immersions, iucludlng the immerslo11_ for

the boundary layer surveys. Representative samples of these _easuremeuts. arc ........................

12



shown in Figures 34 through 3_ for Ii of the 19 immersions. The distribution

of static and total pressures shown in Figures 20 through 23 were obtained by

computing the average, minimum, and maximum value_of pressure, shown inFig-

ures 34 through 37 at each radial immersion. The large stator wakes in the

p_ vicinity of the hub near stall are clearly evident.

i These detailed measurements were used to determine rotor and stator loss
coefficients. The rotor loss coefficients computed from the relative total

L' - pressure measurements are presented in Figure 38 and Table 14. The stator

Iosscoefflcients computed from absolute total pressure measurements are pre-

sented in Figure 39. Both are in reasonable agreement with design intent.

The total loss shown is the sum of the wake loss, the tip clearance vortex

loss, free-stream loss, and miscellaneous losses.

Vector Dia_ramQuantities

Complete vector diagram quantities as well as IOss coefficients, loss

parameters, diffusion factors, incidence and deviation angles were computed

from the quantities measured in the absolute frame of reference. The results

are tabulated in Tables 15 through 23 for the various throttle settingS. l

Several Of these performance parameters have been plotted as a function of 1

percent immersion in Figures 40 through 46. The deslgnpoint intent is also

plotted_on each figure for reference. In most cases over the midportlon of

the span, the vector diagram quantities computed from measurements are in 1
,

reasonable agzeement with .design intent for the design point throttle setting. !
The rotor loss coefficients and D-factors and the stator incidence angles are

somewhat larger than those used in designing the stage ....In the end-wall

region (particularly the outer diameter) the velOcities are lower, and air

angles, incidence angles, deviation angles, losses, and D-factors are larger

than the design values.

The rotOr total loss coefficients, computed from measurements made in the .

absolute frame of reference (Figure 42), are smaller at the design point than

the design intent and the loss coefficients computed from measurements made in ....

the relative frame using the rotating rake (Figure 38). SinCe the #otor loss

coefficients obtained from the relative frame measurements do not depend upon

13



inaccuracies in flow angle measurements (particularly in the end-wall regions)

and in vector diagram calculations, it is believed that they are the more

reliable of thetwo.

As the compressor is throttled toward stall, there is a general decrease

in velocity levels and an increase in air angles_ flow turning, incidence

angles, deviation angles, and D-factors. The region of end-wall flow is dis-

\ tinctly defined by the data.

4.3.2 Four-Stage Configuration (Increased Rotor Tip Clearance) ..

Pressures

Detailed surveys of normalized total and static pressures at the rotor

inlet (Plane 3.0), rotor exit (Plane 3.5), and the stator exit (Plane 4.0) are

presented in Figures 47 through 49 and in Table 24 for the open throttle, the

design point throttle, and the peak pressure rise/near stall throttle. A

description of these figures .is qualitatively the same as that:for the four-

stage configuration in Section 4.3.1.

Flow Angles

Detailedsurveys of absolute air angles at the rotor inlet, rotor exit,

and stator exit are presented in Figures 50 through 54 and in Table 24 for

the open, the design point, and the peak pressure rise/near stall throttle.

Again, the description of these figures ia similar to that for the four-stage

configuration in Section 4.3.1.

Total Pressure Circumferential Surveys and Loss Coefficients

Relative total pressure measurements across a circumferential blade spac.........

ing were obtained at ll immersions using the rotating rake. These results are

shown in Figures 55 through 57 for the various throttles. The loss region due

to the rotor wake and the loss region due to tip clearance/secondary flow

effects can be seen. i]

Absolute total pressure measurements across a Circumferential vane spac-

ing were obtained and the results, including bOundary layer surveys, are pre,

seated in Figures 58 through 60.
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These detailed measurements lwer_, used to determine the rotor and stator

loss coefficients preseuted in Figures 61 and 62 and in Table 25,

Vector Diagram quantities

Complete vector diagram quantities, loss coefficients, loss parameters,

diffusion factors, incidence angles, and deviation angles were computed from

I\ the measured quantities; the results are given in Tables 26 through 31 for thevarious throttle settings. Several of the performance parameters have been

plotted as a function of percent immersion in Figures 63 through 69.

Comparisons showing the effects of increased rotor tip clearance on blade

elementperformance are presented in Figure 70. An increase in rotor tip

clearance from 1.4% tip-clearance-to-blade-height ratio to 2.8% produces

increases in absolute air angles at the rotor exit, in stator incidence

angles, and in rotor D-factors and loss coefficients from a 0% to 10% immer-

sion. Increases of 5° in absolute air angles and incidence angles were ob-

served. D-factors increased slightlylto values over 0.70 and total pressure

loss coefficients increased from about 0.125 to 0.2.

4.3.3 Four, stase Configuration (Increased Rotor Tip Clearance and
Casing Treatment on All Stages) ............................................................

Pressures

Detailed surveys of normalized total and.static pressures at the rotor

inlet .(Plane 3.0), rotor exlt_(Plane..3.5), and the stator exit (Plane 4.0) are

presented in Figures 71.through 73 and in Table 32 for the open throttle, the

design point throttle, and the peak pressure rise/near stall throttle. A ......

description of these figures is qualitatively the same as that for the four-

stage configuration in Section 4.3.1.

Flow Angles

Detailedsurveys ofabsoluteair angles at the rotor inlet, rotor exit,

and stator exit are presented in Figures 74 through 78 and in Table 32 for

the same throttles. Again , the description of these figures is similar to

that for the four-stage configuration in Section 4.3.1.

15



Total Pressure Circumferential Surveys and Loss Coefficients

Relative total pressure measurements across a circumferential blade spac-

lug.were obtained for the single-stage configuration at ll immersions using

the rotating rake. These results are shown in Figures 79through 81 for the

various throttles. The loss region due to the rotor wake and the loss region

due to tip clearance/secondary flow effects can be seen.

I\ Absolute total pressure measurements across a circumferential vane spac-
ing were obtained and the results, including boundary layer surveys, are pre- .

sented in Figures 82_through 84,

These detailed measurements were used to determine the rotor and stator

loss coefficients presented in Figures 85 and 86 and in Table 33.

Vector Diagram _uantities

Complete vector diagram quantitles, loss coefficients, loss parameters,

diffusion factors, incidence angles, and deviation angles were computed from ....

the measured quantities; the results are given in Tables 34 through 39 for the

various throttle settlugs. Several of the performance parameters have been

plotted as a function of percent immersion in Figures 87 through 93.

Comparisons showing the effects of increased rotor tip clearance and

casing, treatment are shown in Figure 94. The addition of casing treatment at

increased Clearance produces a significant increase of 130 in absolute air

angle and statorlncidence angle relative to the nominal clearance case. Near

the tip the flowis nearly tangential with air angles Of about 83°. Increases

in D-factor and loss coefflclent were also observed4 Generally, the effects

are observed from 0% to 10% immersion.

4.3.4 Single-Stage Configuration .............

Pressures

Detailed surveys of normalized total and static pressures at the rotor

inlet (Plane 1,0), rotor exit (P[ane 1.5), and the sta_Or exit (Plane 2.0) are

presented in Figures 95 through 97 and in Table 40 for the design point

throttle, the peak efficiency throttle, and the peak pressure rise/near stall

q
le 1
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throttle. A description of these figures is qualitatively the same as that

for the four-stage configuration discussed in Section 4.3.1 .....................................................................................

Flow Angles

k Detailed surveys of absolute air angles are presented in Figures 98

\ . through 100 and in Table 40 for the deslgn point, the peak efficiency point,
and the peak pressure rise/near stall throttles.

Total Pressure Circumferential Surveys and Loss Coefficients

Circumferential surveysof total pressure, including boundary layer

surveys, are presented in Figures 101 through 103. The loss coefficients

determined from these measurements are shown in Figure 104.

Vector Diagram Quantities

Complete vector diagram quantities, loss coefficients, loss parameters,

diffusion factors, incidence angles, and deviation angles were computed from

the measured quantities; the results are glvenin Table 41 through 46 for the

various throttle settings. Several of the performance parameters have been

plotted as a function of percent immersion in Figures 105 through iii.

The rotor loss coefflcientsshown in Figure ii0 should be compared with

those shown in Figure 42. Although these loss coefficients are computed from

fixed rake data and the levels may therefore be somewhat suspect, the radial

profile comparisons should be meaningful.

Generally, the discussion follows that of Section 4.3.1, vector diagram .......

quantitles for the four-stage configuration, and is not repeated here. It

should be noted that a single stage reacts differently to throttling than an

embedded stage. This can be seen by comparing the differences in axial veloc-

ities shown in Figures 40 and 105.

17
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5.0 CONCLUSIONS

P

The Rotor B/Stator Ba .Best .Stage Configuration was tested in General

i_, ELe_tric's Low Speed Research .Compressor test facility. Four configurations

....... were tested: (i) the four-stage configuration with .the third stage as test
i'

! stage_ (2) the four-stage configuration with increased rotor tip clearance_

'_ (3) the four-stage configuration with both increased.rotor tip clearance andcasing treatment on all stages, and (4) the single-stage configuration ....... "
I"

Overall performance data and various types of detailed performance data

are presented for the Rotor B/Stator B configuration ¢_long with the resulting

vector diagrams, loss coefficients, and diffusion factors. These data pro-

vide the basis for the evaluation and comparisons of the configurations which

will be presented in the Final Report.

Several overall test results are discussed below: .......

• Rotor B tested with Stator B showed a 0.3 to 0.4 point improvement
in efficiency at the design point and a significant improvement in
the pressure-flow characteristic near stall relative to the baseline
Rotor A/Stator A.

• Increasing the rotor tip clearance from i.387, clearance, to--blade-
height to 2.80_ Costs 1.49 points in peak efficiency, 9.7?. in peak
pressure rise, and ii_ in stalling flow coefficient.

• •Adding casing treatment to all stages at the increased rotor tip
clearance gave a slight increase in peak efficiency and peak pres-
sure rise at the design point bu_ gave a 3.0_ decrease in pressure
rise at stall ............

• Using data from single-stage tests to evaluate multistage perfor-
mance can present some difficulties as will be discussed in the
final report.

18



6.0 LIST OF SYMBOLS AND ACRONYMS

Symbol De finition
i

A Annulus area of the compressor

Alpha Absolute air angle

,! AMAC Advanced multistage axial flow compressor
I; Beta Relative air angle

I Stator shroud seal clearance
c

C Absolute velocity _

CU Absolute tangential velocity

CZ Axial velocity

CAFD Circumferential average flow determination

A CAM Changing Camber

CASC Cascade analysis by streamline curvature

Fc_ Compresibility correction factor

h Annulus height

ID Inside diameter

IGV Inlet guide vane- !

LSRC Low. speed •research compressor

OD Outside diameter

P Pressure

Ps Blade surface static pressure -=Psurface-(PB+Pref)

3-
PSl Upstream static pressure

il

_ PTI Total Pressure
•',i

QU Normalizing quantity = I/2 0re f U2



l
6.0 LIST OF SYMBOLS AND ACRONYMS Continued)P !

P ' .... S_bol Deflnit ion

P, R. Radius

Re Reynolds number

T Measured torque corrected for wlndage/bearing friction

Ut Wheel speed at tip

V Air velocity

W ._ Relative velocity

WU Relative tangential velocity

...... ¢ Rotor tip clearance

Torque efficiency

p Dens ity

Average density across annulus

Flow coefficient

Work coefficient

$' Pressure coefficient

LOSS coefficient

Subscript

B Barometer
4

C Ca sing

H Hub

ref Reference

S Static properties

T Total prOpertieS

I
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, 6.0 LZSZOZ SYH_BOLS.ANDACZOm_,S.(Conctuded)

P S__mboJ. Definition

k t Tip - 1

I1 Upstream conditions ..............

2 Downstream conditions

_I* Znlet..metal.angle

_2" Exit metal angle
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Figure i. Four-Stage Compressor Configuration
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Ftsure 2. Photograph of the Low Speed_Research Compressor.
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Figure 3. Cross Section of 0.85 Radius Ratio Compressor Stage,
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Figure 4. Overall PerformanCe Of Rotor B/Stator B Four-Stage-

Configuration Compared with that of Rotor A/Stator A.
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Figure 5. Comparison Showing the Effects of Inereased Rotor Tip Clearance
on Overall Compressor Performance, Rotor B/Stator B..Eour_Stage

Configuration.
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Figure 6. Comparison Showlng tileEffects of Increased RotorTip Clearance li
and Casing Treatment on Overall Compressor Performance, Rotor B/.

Stator B Four-Stage COnfiguration. ;'
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Figure 7. Overall Performance of the Single-Stage Rotor B/Stator B
COnfiguration. __
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Figure 9. Rotor Blade SurfaCe Static Pressure
Measurementslfor the Rotor B/Stator

B Four-Stage COnfiguration, Third
Stage Tested,

31



Figure 10. StatOr Vane Surface Static Pressure .................

Measurements for the Rotor B/Stator

B Four-Stage Configuratton_ Third

Stage Tested.
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0 Design .,.

• I _ Peak Pressure Rise/
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Figure 11. Rotor Blade Surface Static Pressure Measurements for the
Rotor. B/Btator B Four-Stage Conflguratlon, Third Stage
Tested, Increased Rotor Tip Clearance.
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Figure 12. StaEor Vane Surface Static Pressure Measurements for the

Rotor B/Stator B Four-Stage Confisuration, Third_S_age

Tested, Increased Rotor Tip Clearance.
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Figure 16. Starer Vane Surface-Statlc Pressure Measurements for the

Rotor B/StaLbr B Slngle-Sta_e Configuration.
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Figure 17. Static Pressure Measurements On the Blade
Surface Near the Tip of Rotor B, Four-Stage

i Configuration, Third Stage Tested.
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Figure 102. Circumferential Variation of Normalized Absolute Total Pressure
and Static Pressure, Rotor B/Stator B Single.Stage Configuration,

Peak EfflClency Throttle.



Figure 103. CircumferenClal Variation of Normalized Absolute Total Pressure
and S_atlc Pressure, Rotor B/Stator B Single-Stage Configuration,
Peak Pressure Rise/Near Stall Thro_tle.
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Table 2. Overall Test Plan Outline for Complete Program.

ml,

[, TeSts Using Stage A Bladin8 (Reported in Ref. 1) ......

A. Shakedown Test $ data points

8. 4"Stage ConfiBt|ration (Third Stage as Test Stage)

I. Preview Data 15 data points
2. Stall Determination As Appropriate
3. Casing Treatment Data 15 data points
4. Reynolds Number Data 30 data points

5. Standard Data 4 data points
6. Blade Element Data 4 data points
7. Blade Surface Pressure.Data 2 data points

8. Detailed Wall Boundary Layer Data 2 data points

C. l-Stage Configuration

I. Preview Data 15 data points
2. Stall Determination As Appropriate
3. Standard Data 4 data points
4. Blade Element Data 4 data points
5. Blade SurEace Pressure Data 4 data points
6. Detailed Wall Boundary Layer Data 2 data-polnts

D. 4-Stage Configuration (First Stage as Test Stage)

1. Blade Element Data 4 data points
2. Blade aureate Pressure Data 4 data points
3. Detailed Wall Boundary Layer Data 2 data points

II. Screen Tests

A. 4-Stage .Configuration with Rotor B and Staler A

l. Preview Data 15 data points.
2. Stall Determination As Appropri'ate

3. Standard Data 4 data points
4. Blade.Surface Pressure Data 4 data points

B. 4-Stage Configuration with Staler B and Rotor.A

(Same Data aS It.A.)

C. 4-Stage Configuration with Stator C and Rotor A

(Same.D_ta as II.A.)

D. 4-Stage Configuration Witl_ Rotor B and Staler B

(Same Data as II.A.)

Ill. Tests Using RotOr B and Stator B DeSigns

A. 4-Stage Configuration, Third Stage as Test Stage'

I, Same Data as l.B., Except Delete I.B.3. and 4.
2. Rotor Tip Clearance Data, Casement Treatment 4 Stages
3. Rotor Tip Clearance Data, Casing Treatment Stage I.

B. l-Stage COnfig.ratiOn

I. Same Data as I.C._ ExCept Delete I.C.4.
(Rotor Tip Clearance Data)

iV. Tests U,ing Rotor C/StatOr B Designs

A. 4-Stage ConfiguratiOn, Third StaRe as Test Stage

I. Ssm_ Data ab i.R., ExCept Delete l.B.], and 4.

L ,
• , " _ak

......... i= |, ii ..... mlmm iH II I I I



Table 3. P_eview Data for Rotor B/
Stator B, Four-Stage
Configuration.

Test 66A.2 Four-Stage Configuration
L

J _LCW P CaE_ WaRK, TaROU¢
COEF CASINO OOE_ EFF{C[

0.44975 0,46727 0,_3303 0.87662 .

0,44289 0,48467 0,54861 0,88345 .....
0,40570 0,50421 0,56549 0,89164
o,4_7_" 0,_z_37 o,ouuo_ u,e87_
0,418_2 .0._4276 0,60229 0.9011_.

0,41417 0,55137 0.61068 0.90286

0,40893 0,56076 0,62045 0,90379
0._0_37 U,O6g3II 0,0_9_1 0,g008'1

I 0,3g893 0,_787_ 0,63969 0.90473
P o,33322 0,58892 0.65035 0,90554

0,38801 0,59761 0.66041 0,90491
0',3818'6 0'.6076'1 0.672Z7 0:g0381
0,37615 0,61_96 -0,66228 0,90280
0,.36939 0,62467 0,69369 0,90050

kr 0,36253 0,63039 0,70464 0,89462 ii

_ 0,34520 0,83210 0.72413 0,87231 i I0 3424_ 0.63166 0.72566 0,87046

0,40490 0,56500 0,627_1 0,90036 .

i 0,38516 0,59872 0,66470 0,90073.
0,35938 0,62865 0,70826 0,88760 !i
o,_0i_ u,_uuu 'u,o'o'_u u,u8_' i,
0,40627 0,_6722 0,627_6 0,90086
0._666_ o,s_os 0.66366 0._02e7
o,36o_ o,63o!_, o,3o6_ q._se_o
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Table 1.5. Vector Diagram Parameters for Rotor B/Stator B Four-Stage
ConfiguratiOn, Third Stage Tested, Open Throttle .............

P

i BLADE ELEMENT DATA ROTOR INLET ;

W WU BETA CZ ¢U ¢ ALPHA i
IMMER

|\ l MPS FPS MPS FPB DE_ HPS _PS MPS FP$ HPS FP$ DEG b

_,J §4.6 170,7 Sl.8 167.3 65.2 19.1 62,0 13.3 43.7 23,3 76.5 34,7 .... j
2,1 54,8 177,2 5_,Z 154,g 68,3 19,8 64,9 14,B 4B,B 24,2 79,5 38,_
3,8 53,5 L7B,g 49,§ 162,5 67,3 28,5 67,4 14,5 47,9 26,2 B2.E 35,3
4,8 53,9 176,7 49,3 18],B 85,1 =],7 71,1 14,7 48,3 28,2 56,8 34,1
B,B 54,3 17812 49,2 ]61,5 64,B 22,g 75,3 14,7 48,2 27,2 89,4 32,B

7,8 54,6 179.! 48,9 ]68,6 63,6 24,2 79,2 14,8 48,5 28,3 52,5 31,4
18,8 BB,3 ]8],2 48,4 ]BB,B 61,8 28,6 87.3 15,8 4g,3 38,6 ;88,2 29,4
15,B 58,2 184,4 49,2 161,4 68,g 2?,2 89,1 13,B 45,2 3B,G g5,S 26,8

i 2B,B 37,3 187,9 49,'B 162,6 59,7 28,7 94,2 12,S 42,4 3l,S 183,3 :4,2 ,
38,8 58,9 193,4 B_Y,8 166,6 55,3 2S,9 95,2 18,7 35,2 31,8 184,3 19,7
59,8 57,3 188,8 48,5 159,I .57,7 38,5 lgB, l 11,I 36,3 32,5 186.5 19,9
78,8 54,8 ]75,9 45,8 147,5 54,9 31,4 183,8.12,7 41,6 33,8 111,8 22,8
88,;3 53,7 176,2 43,4 142,3 53,7 31,7 I83 9 13,3 43,5 34 3 112 7 4",7
$5,J 52.7 ],':,9 42,6 ]39,5 53,7 31,1 181,5 13,6 44.7 33,9 111,3 =3,5
98,8 51,4 1_3,6 41.7 136,9 54,2 38°8 90,_ 14.8 45,9 33,1 IA;S,5 24,9
93,8 5_.5 1_5,6 4;3,6 133,3 53,5 29,9 98,1 14,8 48.6 33,4 1_79.5 _6,2
95,/7 49,7 ]62,9 39,7 138,1 52,9 25,9 98,8 16,5 5],1 33,7 ll_,B 27,4
96,8 49,5 16:,5 39,7 138,4 63,2 29,5 96,9 15,4 5_,5 33,3 I135,2 27,4
97,8 49,3 ]51,7 39,9 131,B 54,8 28,9 94.7 15,1 49,& 32,6 ];36,9 27,6
99,8 49,! 1_1,2 48,8 ]33,2 BB,5 27,7 98,8 14,4 47,1 31,2 182,3 27.3

BLADE ELEMENT DATA ROTOR OUTLET / STATOR IHLET

IMHER W WU BETA ¢Z CU C ALPHA
31 HP5 FPS MP$ FP5 DEG MP$ FPS HPS FPS MP$ FP$ DEG

1,8 37.13 12],4 34,8 11],4 66,4 14,7 48,1 38,4 99,6 33,7 118.6 64._

2,8 35,6 ]16,7 31,8 I134,4 63,3 16,9-52,; 3_,4 186,3 36,1 119,4 63,7
3,8 34,6 113,4 38,1 98,7 68,4 17,8 55,7 34,/_ 1],I,6 38,8 124,7 63,3
4,8 34,3 112,6 25,8 95,1 57,4 19,4 68.3 35,;3 115,8 39,6 129,f_ 6P.,I
5,_ 34,5 113.1 25,2 92,6 54,9 ._9,8 64,8 35,7 117,] 4U,8 ]33,8 6:?,9
7,8 34,8 ]14,3 27,7 91,8 52,8 21,1. 69,2 36,B 119,] 41,7 136,9 55,5

18,8 38,6 ]19.9 27,9 91,4 49,6 23,7 77,7 35,6 ]15,8 42,7 ]48.2 56,2
lB,B 39,5 129,7 25,7 94,1 46,4 27,2 89,2 34,3 113,4 43,7 143,5 51,4
28,8 42,1 138,1 38,1 98,7 45,5 29,5 96,7 32,4 186,3 43,8 143..7 47o6
38,8 44.5 ]45,9 3],8 ]134.S -46,5 .31,8 1131,8 29,? 97.4 42,9 14_.9 43,6

5B,B 44,S 145,8 31,8 1_1,5 44,1 31,9 184,5 28,5 93,7 42,8 14,3,4 ;1,7
78,8 41,8 ]37,2 27.1 58,8 48,2 31,9 184,6 38,6 188,3 44,2 144,9 43.7
88,8 3_l,9 131,8 24,6 8_,7 37,9 31,6 183,2 32,1 185,3 44.9 ]47,4 45,4
BB,B 38,6 126,5 23,3 75,6 37,1 38,7 188,7 32,9 187,8 45,_r 147,5 46,8
98,8 37,8 121,3:2,8 72,2 36,4 29,7 97,4 33,7 118,6 44,9 147,4 48,5
93,8 35,9 1;?,9 _1,3 69,7 36,2 29,8 95.1 34,P 112.1 44,8 147,x_ 4:;.t;
9&,8 35,13 114,9 2;3,8 68,2 36,3 28,2 92,5 34,4 ]13,8 44,5 146,8 58,5
96,8 34,6 113,6-213,1 65,9 36,4 28,2 92,5 35,8 115o8 45,8 ]47,5 51,1
97,8 34,_r ]11,6 19,5 64,_ 34,9 27,9 91,5 35,B 116,6 46,2 148,2 51.7
98,8 33,5 1_9,9 19,1 62,B 34,B 27,5 98,2 35,8 117,4 45,1 148,] 52.3

BLADE ELEME,_T DATA STATCR OUTLET

LMMER W WU BBTA CZ CU G ALPHA
:K MP_ FP$ MP$ FPS DEG MP$ FPB MP$ FP$ MP$ FP$ DEG

1,8 54,1 177.6 49,7 153,1 66,5 21,4 78,2 14,6 47,9 25,9 86,13 34.2
2,8 53,4 175,2 48,4 158,7 64,7 22,6 74,2 15,8 B3,B 27,6 98,6 34,9
3,8 83,4 175,2 47,8 156,8 63,3 23,9 78,3 IB,3 53,6 28,9 94,9 3_.3 -
4,B $3,7 176,] 47,5 156,8 52,1 24,9 81,9 16,5 84,1 29,9 9_.] ?_._
5,8 53,8 176,6 47,3 155,2 51,4 :$,5 84,2 16,6 54,5 38,6 I88,3 32,8
7,J 54,8 177,1 47,2 154,9 6_.8 25,1 0B,8 16,6 54,2 3_,9 1_1,5 3_.2

18,8 54,8 177,8 47,2 ]64,8 58,9 25,2 85,9 18,3 83,4 38,0 1_],1 31,8

15,8 55,1 18r8,8 40,2 158,_ 80,9 26,6 02,4 14,7 48,3 3_,4 79,8 :8,8
28,8 56,2 184,2 48,8 15_,_ 58,2 27,7 98,9 13,8 44,0 38,9 I131,4 _6.1
38,8 57,5 ]89,6 49,7--]63,1 59,7 28,9 94,7 I],B 38,7 31,2 1_,3 ".?,:
BB,8 $7,J 137,_ 48,6 159,3 58,3 29,8 97,9 II,B 35,1 31,8 1_4,4 _),2
78.8 54.7 ]79.6 45.3 148.5 55.5 38.8 ]01.8 12.4 48,6 33.2 1J08,g _1,9
11,8 53,7 ]76,2 47,? 143,3 64,3 31,2 182,5 ]3,8 42,6 33,8 lll,8 2;:,5
06.8 52. P- 1/3.1 42.8 14;_.4 54.1 38.8 I81.2 13.4 44.;3 33.5 11_.4 :3.4
98.8 ":1.5 15_.2 41.7-]3_.8 §3.R 3JY.4 99.6 14._ 45._ "33.4 1t'9.7" _4.7

73.B _.J.3 164.9 4_.5 133.JP 53.5 29.7 97.4 14.9 46.5 33.2 1_9.8 :_.5
96.8 49.5 16_.6 39.5 ]29.7 52.8 2g.g 98._r iS.? 51.5 33.7 11;3.7 _7.7

96.8 49.1 161.] 3.9.5 13r,iP 53.5 29.8 gB._ 16._ 5_.9 32.9 1_7.9 _6.1
97.8 49.8 t5_.8 40.4 132.4 65.3 27.6 9t.2 14.7 48.1 3|.4 1_..'1.2 :7.7
9|.0 40.3 150.4 _1_.? 133.4 57.2 25.8 05.4 14.3 46.0 _9.7 ._7.4 _8.7
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p Table 16. Vector D_agram Parameters for Rotor B/SCa_or B Four-SCage
Conflgurati__onLThird Stage Tested, Design Point Throttle.

p _ BLADE ELEMENT DATA ROTOR INLET

|MHER W WU BETA CZ CU C ALPHA
_l HPS FPS MP$ _'P5 BEG MPS FPS HP2 FPS MPS FPS BEG

P' l,B 65,5 102,Z 52,2 171,3 7B,B 18,8 51,6 13,4 44,B 23,1 78,7 35,4

2,B 55,1 I.LJ,7 51,5 159,8 69,1 18,5 63,9 14,D 45,B 24,_r 78,? 35,5
2,_' 55,2 I'_:,# 51,3 158,2 68,1 28,4 66,9 14,2 46,5 24,8 81,5 34,7
4,# 5r',1 15,?,9 5#,9 157,O 67,2 2_,2 59,5 14,4 47,4 2_,8- 84,1 34,2

_. 5,8 55,3 181,5 5_',2 155,5 56,3 22,,_ 72,3 14,5 47,5 25,4 66,5 33,2

?.B 55.4 181.8 5gl. B 165.? 58.5 22.8 74.9 14.5 47.7 27.1 86.6 32.4
1,6.B 55.5 182,1 5B,B 154,B 54,B 24,l 79,'_ 14,8 48,4 29,3 92,6 31,4

• 1,5,B 56,5 188,3 BB,.I 154,5 62,4 26,B 65,2 14,1 46,3 29,5 97,8 28,4
28,B.57,6 168,9 BB,B 155,8 81,2"27,5 98,5 _.3,2 43,4 3_',5 IB_,4 _.5,5

i 3B.B 58.8 192.1 51.1 167.6 8#.6 28.6 93.8 11.? 38.3 38.9 1_1.3 :2.2
58.8 57.6 199.5 49.8 163.3 59.3 29.4 9&.4 11.JP 35.1 31.4 I_12.9 2_.5
?dI.B 55.5 182.1 45.7 153.2 57.1 38._ 96.4 12.1 39.8 32.4 IJ06.2 22.B
8B.B 83.9 1126.9 44.9 147.4 56.3 29.8 97.8 12.9 42.3 32.5 1_6.5- 23.3
65,B 52,8 1,'3,1 44,1 144,5 _6,8 29,_ 95,2 13,3 43,5 31,9 1._4,7 24,5
9B,8 51,4 15u,6 42,8 14_',4 86,2 28,4 93,3 14,! 46,2 31,7 1_4,1 2(_,3
93,g 5_,3 1_,1 41,6 135,6 88,7 20,3 92,7 14,9 49,g 32,x_ 1_4,8 _,,8
95.B 49.5 lr.._.2 49'.7 133.5 55.2 28.1 92.3 15.7 .51.5 32.2 1_15.6 -"9.!

95.B 49.2 161.3 41.B 134.5 58.3 27.1 89.1 15.3 5R.1 31.1 1_2.2 29.3
97.9' 48.9 16.9'.8 41.4 135.9 87.7 28.Jr 05.3 14.7 48.3 29.9 98.B 29.5
58.8 45.5 149.2 39.4 129.4 5_.B 22.6 74.2 16.6 54.5 29.1 92.B 35.2 _

BLADE ELEHENT DATA RoToR OUTLET / 5TATOR |NLET

|MHER W WU BETA CZ CU C ALPHA
X HPS FP5 HPS FPS BEG MP2 FP2 HP8 FP2 HP2 FPS DE(;

1.B 33.3 1d9.2 31.8 181.7 68.4 12.1 39.6 34.6 113.5 35.7 12_.4 7_?.5
2,,8' 31,5 1._3,4 29,_: 95,2 56,8 12,3 48,4 35,5 119,8 38,5 128,4 71,2
3.B 3B.B 98.5 27.3 89.5 &5.3 12.4 48.6 30.1 125.B 48.1 131.5 71.?
4,_ 29,1 95,4 25,B 85,4 63,3 13,_ 42,5 39,3 129,B 41,4 13S,8 71.5
5,B 28.8 94,5 25,1 82,S 69',6 14,1 45,2 4_'.1 131,5 42,5 139,t -75_.5
7,0 29,7 97,5 24,8 81,5 56,5 16,3 53,5 48,2 131,9 43,4 142,3 67.7

IB.B 31.6 1_3.5 24.7 81.1 51.4 19.5 54.3 4B.B 131.3 44.6.146.2 63.7
15.8 35.6 115.7 26.2 05.0 47.3 24.1 78.9 36._ 124.8 45.B 147.7 57.5
20,8 38,5 125,5_7,9 91,5 45,2 25.7 67,4 35,9 117,7 44,7 146,5 53.2
3B,B 41.§ 137,8 29,9 9R,._ 48,3 29,4 95.4 32,9 1_7,9 44,1 144.7 _g,1
8B.B 41.! 1.15.# 29.kT 95.1 44.7 29.2 98.8 31.8 1_4.4 43._ 141.6 ._7.3
?B.Jl 38.4 125.8 25.5 84.2 41.9 28.5 93.6 33.2 188.8 43.7 143.5 49.2
BB.B 35.3 119.5' 23.2 75.1 39.6 27.9 91.5 34.5 113.7 44.5 145.9 51.B
65,B 35.2 115.5 22.3 73.2 39.2 27.2 89.4 35.B 115.J_ 44.4 145.5 52._
9B,B 33,7 11_,5 28,9 68,8 38,2 26.4 86,6 36._ 118,_ 44.6 145,4 53,6
93,B 32.9 1C,J.I IC,8 64,9 35,8 26,3 85,4 36,8 12,_,7 45,2 1_8,4 5_.2
95.B 32.5 .I;76.7 19.1 62.8 36.9 26.3 85.2 37.2 122.1 45.5 149.5 54.6
96,B 32.1 1_r$.4 18,7 61.2 35.4 25.2 68.8 37.6 123.4 45.8 15_0.3 55._
91".0 32.1 I_5.2 18.4 68.3 34.9 ;'6.3 65.2 37.8 123.9 46.B 151..6 55.O _
98.8 31,8 1J_4,3 18,1 59,4 34,5 Z5,1 65,? 37,9 124,5 45,1 151.1 55,3

BLADE ELEHENT DATA 2TATOR OUTLET

IMHER W . VU BEtA C2 CU C ALPHA
X MP2 FPS MPS FP2 DEG HP2 FP2 MPS FP2 MPS FP2 BEG

1.B 55.7 182.9 52.1 17_.9 5,9.9 19.9 65.1 13.5 44.4 24.B ?8.9 34.2
2.B 25.4 181.9 51.3 158.2 &7.5 21.1 69.1 14.3 46.8 28.5..-83.5 34.0
3.B 55.6 182.5 51.B 157.2 65.1 22.3 73.3 14.5 47.5 25.6 87.3 32.9
4,8 55,7 102,9 50,5 166,1 55,1 23.3 76,5 14,7 48,2 27,5 9_,4 32,1
5.0 55.8 163.JP 5_r.3 155.B 54.2 24.1 79.B 14.9 49.0' 28.3 _J3.0 31.7
?,8 25,5 11:;:',5 49,9 163,? 63,5 24,5 80,6 15,1 49,7 28,9 94,9 31.5

IO,O 65,6 183,1 49,7 182,9 62,6 25,5 03,5 18,1 49,5.29.5 97,2 3._._
18,B 57,e 167,B 50,3 155,8 51,7 26,9 88,_ 14,B 45,8 36,3 99,3 :'7,4
2B,il 56,2 19_,8 58,9 157,1 61,_ 20,1 92,1 12,8 42.1 3_P,9 t_I.3 24.B
3O.B 58.6 192.4 51.2 156.J_ 50.7 28.5 83.9 11.6 37.9 3_.6 1_1.1 2?.JP

Bm.B 57.9 19gJ.B 5B.B 154.2 59.5 29.1 95.6 1_.8 35.3 31.1 1_1.9 _:_.2
7B,B 58,2 tfd4,_l 47,4 155,4 57,4 3_,2 98,9 11,4 37,5 32,3 1U5,8 ;:q.7

81,J 54,2 17?,il 46,5 149,5 57,1 29,3 95,.6' 1Z.2 48,1 31,7 1_'4,1 _,6
65,B 52,5 172,1 44,1 144,5 57,0 20,5 83,4 13,3 43,6 31,4 1_3.1 _4.9
9B.B 6_.? 16_.3 42.2 138.8 95.2 20.1 92.2 14.? 48.t 31.7 1_3.9 _7.5

93,B 49,9 163,7 4l._ 135,_ 55,4 28.2 92,5 IS,4 5_,5 32,1 I'J5,4 :_.6
95.dl 49.4 162.B 40.3 132.3 54.5 28.5 93.5 15._ 52.5 32.7 l_J'l. 3 :9.3
96,B 49,4 162,B 4#,5 133,1 59,1 28,1 92,3 16,7 51,4 32,2 1_5,5 29,1
87,/ 48,7 159,8 48,5 133,1 55,2 25,9 88,4 15,5 51,1 31,1 1_2.1 _._
88,11 48,2 158,3 4_,8 133,8 57,5 25.8 94.5 15,3 5B,1 30.8 98.3 3q.6
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Table 17. Vector Diagram Parameters for Rotor B/SiR|or .B Four-S_age
Confisura_iOn, Third Stage Tested, Peak Efficiency Throttle.

IILAD[ ELEM[NT DATA ROTOR INLET ......

p, |MM[R W WU BETA CZ CU C ALPHA
X MPS FP$ MPS FP5 DEG MPS FPS MPS F'P$ MP$ FPB DEG

W l.B 56.B 19_.7 53.2 174.4 71.§ 17.6 57.8 12.D 39.4 21.3 69.9 34.2

i 2,B 55.8 ;_3,8 52.6.]72.8 79..4 ;8.6 5_.9 12.5 49..9 22.4 73.3 33.8

3.B B5.B 1e._.9. 52.9. 178.6 69 4 19.4 53.5 13.8 42.6 23.3 75.5 33.e
4.E 55.:2 10; .5 51.5 |_ej._, 68.4 28.2 65.2 ;3.4 43.9 24.2 79.4 1 33.5

B.m BB.S 182.2 51.4 168.5 67.4 _1.; 69.3 %3.4 44._' 28.8 82.1 3_.3
7._' 55.6 1_-_.4 51.1 167.6 68.5 .'2.8 72.2 13.B 44.4 2B.B 84.7 31.5

18.9. 56.1 1_4.8 58.8 168.8 64.8 23.7 7?.7 13.5 44.1 27.2 89.4 29.6
i IB.B 56.9 1_.7 58;9 167.8 63.2 25.5 83.6 12.9 42.3 28.6 93.7 26.8

28.B 57.8 1;J9.5 51.2 188.B 52.2 28.9 87.8 12.) 39.7 29.4 99.3 24.3
39..8 57.8 129.6 51.1 167.8 81.9 27.8 88.7 11.3 37.9. 29.3 96.1 2_.6
59..8 56.7 18_.! 49.5 152.7 68.8 27.5 9_.3 |8.8 3B.4 29.8 97.m 21.3

"- 79.8 54.9 1_'3.2 47.1 154.6 59.9 29.2 92.6 11.3 37.8 3_.4. 99.7 21.7
88._' 53.4 175.1 45.6.149.7 58.5 27.7 98.8 11.8 38.7 39..I 98.7 23.9.
85.B 52.9. 17_'.6 44.6 146.2 68.8 26.8 58.8 12.4 48.7 29.5 96.9 24.7
98.8 5_3.6 1._5.2 43.:' 141.8 58.4 25.4 85.6 13.2 43.4 29.5 96.9 26.6
93.9. 49.9 1_3.6 4..., _ 138.5 57.8 25.6 87.1 14.9' 45.8 3_.9. 99.4 27.7
95.8 49.6 162.7 41.8 135.6 56.9 26.9 88.4 14.3 47.1 38.5 1_9..1 28.8.
98.9. 49.5 162.4 41.9 137.5 57.7 28.4 88.5 14.8 4S.8 29.8 97.9 2:*.9
97.9. 49.9 183.5 42.7 149.1 58.7 25.8 64.8 13.1 42.9 28.9 94.8 25.8
98.8 59.,4 1_5.4 43.7 143.3 59.9 25.2 82.5 12.B 39.3 27.9 91.4 :,'5.4

BLADE ELEt.|EHT DATA ROTOR OUTLET / BTATOR %NLET

IMMER W WU BETA ¢Z CU C ALPHA
X MPS FP$ MPS FP$ OEG MPS FP$ MP$ FPS MPS FPS 0EG

1.8 33.8 118.8 31.3 182.8 69.8 12.8 41.2 33.8 111.8.38.1 118.4 69.4-
2.8 32.3 1_'8.1 29.4 98.4 65.1 13.5 44.4 35.7 117.1 38.2 125.3 69.#
3,8 31,2 I,,_2,4 27,7 98,9 82,4 14,4 47,1 37,3,122,3 39,9,131,8 68,7
4.8 38.7 I.Q9..8 26.5 86.9 59.4 15.5 51.9. 38.4 128.8 41.4 135.9 67.8

t, B,,_ 39.,9 1..:12,4 .2_,7 84,4 56,2 12,; 50,3 39,! 1=9,} 42,7 139,9 L;C,I

7.9. 31.3 1_Z.8 25.2 8....5 53.2 18.7 61.4 39.4 129.4 43.6 143.2 64.5
• 1_'._' 3:'*.9 11_7.9 24.8 8t.3 48.8 21.8 79..8 39.5 129.7 48._" 147.7 61.2

15.9. 36.4 119.3 25.I 85.6 4B.7 25.3 83.1 37.7 123.7'45.4 149.9. 56.8

) 28.9. 39.3 1._.9 27.8 91.2 44.9 27.7 91.8 35.5 116.5 45.1 147.8 51.9
39,9. 41,1 135,8 29,1 95,5 44,9 29,1 95,4 33,2 19._,I 44,2 144.9 48.7

I
58.8 39.7 13L_.3 27.9 9_.6 44.5 28.3 92.7 32.5 19.5.5 43._ 141.2 4_;.8

} 78,8 35,7 12_,_,5 24,8 8D,8 42,D 27,3 89,4 33,8 11,_'.9 43,4 142,4 51.9.
I 89..9. 34.9 114.4 22.3 73.2 39.7 26.8 _ 87.9 35.1 11B.2 44.2 144.9 52.5

85.8 33.7 I1¢1'.6 21.1 69.2 38.6 26.3 86.3 35.9 117.? 44.5 145.9 53.6
98,9. 32,3 1.._8,1 19,8 64,4 37,3 25,7 84,3 36,8 128.9 44,9 147,4 55,_r
93.9.-31.8 1::4.4 18.7 61.:' 35.8 25.8 84.6 37.5 123.8 45.5 149.3 _5.3 ......
95,8 31,5 1_'3,3 17,9 58,8 34,6 25,9 84,9 38,8 124,8 48,9. 151,9. 55,6
98,9. 31,2 I82,3 17,5 57,3 34,# 25,8 84,7 38,4 126,8 45,3 151,8 55.9

r 97.# 38.7 ._89..5 17.8 55.7 33.5 25.5 83.8 38.9 127.3 48.5 152.4 55.5
98.8 29.6 97.2 1_.2 53.3 33.1 24.8 81.3 39.4 129.4 46.6 152.8 57.7

BLADE ELEMENT DATA STATOR OUTLET

INNER W WU BETA CZ CU C ALPHA
X MP$ FPS MPS FPS _EG MPS FPS MPS FPS MP$ FPS D£G

1.8 84.9 188.8 51.! 167.B 68.4 29..8 85.8 14.1 4_.2 24.5 8.0'.3 35.9.
2.8 54.5 17_.9 59..3 165.1 "67.2 21.9. 68.8 14.8 48.4 25.7 84.2 35.B
3,_ 54,S 178,8 49,9 163,7 68,8 22,9. 72,1 15,! 49,5 28,6 87,4 34.4
4.9. 54.7 179.4 49.7 162.9 55.1 22.9 75.9. 15.2 59.9. 27.5 98.1 33.6
B,8 54,7 179,4 49,4 161,9 64,3 23,5 77,2 18,4 §_,6 28,1 92,4 33,1
7,8 54,6 179,1 49,8 168,8 83,.6 24,_ 79,8 1B,8 51,1 28,7 94,1 32,8

IB.B 54.7 179.5 48.7 159.9 52.8 24._ 61.6 15.6 51.1 29.3 96.3 32.8
15.8 55.9 183.3 49.8 182.8 52.5 25.6 94.! 14.2 45.5 29.3 95.1 _._..8
29.8 66.7 196.9. 59.6 168.9. 63.9. 25.6 $4._ 12.7 41.7 28.6 93.7 :6.3
3B.8 57.6 138.9 51.4 158.8 63.1 25.9 84.8 18.9 35.7 28.! 92.8' _.Z.B -

BB,B 56,7 |._3,9 59,2 164,8 62,3 2&,2 86,8 1_,2 33,3 28,1 92,2 21.1
78.9. 54.5 178.8 47.4 155.4 68.2 26.9 68.4 11.1 35.3 29.1 85.5 :'2.3
88.9. 52.8 173.5 45.8 158.4 59.9 26.4 88.6 11.6 38.9. 20.8 94.6 23.5
86.8 51.4 156.9 44.3 145.3 59.2 26.2 85.9 12.7 41.8 29.1 95.4 25.8

9D'.9. 59..n ld3.9 42.? 148._ 88.5 26.8 85.3-13.8 45.3 29.4 96.6 27.9 -I
93,8 49.4 1_1,9 41,8 136,4 57,2 26,5 87,3 14.6 47.9 38,3 99,5 :6.?
96.9. 49.1 151.2 41.3 ;35,5 57.,_' 26.7 87.5 14.7 4_.23_.4 99.9 ::B.D
95.8 49.4 16_.9. 42.8 137.8 58.1 26.9. 85.2 ).3.8 45,6 2_1.4 96.6 _8.t
97,0 49,5 1_2,3 42,7 14_,4_ 59,4.25,1 82,3 13,1 43,_ 28,3 92,8 ;.7.5
91.8 49.5 1_,2+2 43.2 141,6 59..8 24.1 79.1 12.5 41.9. 27.2 89.1 :7.3
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Table 18. Vector Diagram Parameters for Rotor B/Stator B Four-Stage
, Configuration, Third Stage Tested, Peak Pressure Rise/

Near Stall Throcnle.

' ii;AO[ [LEH£NT OATA ROTOR INL[T

|MM(R W WU a(TA IZ CU C ALPHA
X HP8 rPS HPS FPS P(; MPS FPS MPS -FPS MPS FPS OEG

P_ I.E 85 9 183.S G3.5 178.4 -72.7 15.4 53.9 11.7 38.5 24.2 85.2 35.4 .........
; 2.8 `55 7 192.7 82.8 173.4 71.4 17.8 57.5 12.2 4JS.2 21.4 7_r.2 34.6

3.0 85 3 L_l.B 52.2 17|.1 78.3 ;8.5 81.5 12.8 42 1 22.& 73.0 34.7

i . 4.0 5_ 2 lS;.] 5].7 169.8 89.2 ]9.4 83.8 13.2 43 4 23.5 ??._' 34.2

' 5.0 55 3 l_l.& 8l.S 158.8 66.2 2J0.4 86.8 13.3 43 8 24.3 79,9 3.;.1
7.0 SS 4 1,1.7 51.1 187.8 87.3 21.2 &9.8 13.5 44 2 28.1 82.8 32.3

]O.ff 58._ 183.8 51.1 187.7 65.6 22.9 75.3 13.2 43 3 28.5 88.8 .'9.8

16.B &7.2 187.7 81.7 189.8 64.5 24.5 88.2 12.1 39 8 27.3 89.B 26.3

i 20.0 57.8 18_.9 51.7 189.7 63.8 25.3 82.9 tt.8 38 ] 27.8 91.2 24.6
30.B' 57.9 19_.1 81.8 _59.8 53.2 2&.0 85.3 18.6 34 7 28.1 92.] 22.;
50.0 57 2 ]87.7 50.5 I_8.m 52.a 2&.7 87.6 9.8 32 ! 28.4 93.3 2_.!

I 78.0 54 7 179.3 47.7 156.5 80.7 26.6 87.4 1.0.7 35 ] 28.7 94.2 21.9
80.8 52 7 172.8 45.1 151.3 6_.9 2,5.8 63.6 11.3 37 2 27.9 91,5 24._"
85.0 81 4 168.7 45.0 147.8 6B.6 24.9 81.8 ]2.0 39 4 27.7 gD.8 25.7

98.0 49 9 1_3.`5 43.4 142.3 68.3 24.6 80.7 13.1 43.0.27.9 91.4 28.#
q3._ 49 4 ]62.E 42.8 139.9 59.8 24.9 81.7 13.6 /.4.5 28.4 93._ :t;.5
g§.0 49 5 162.3 42.7 140.2 59.5 24.9 81.5 13.2 _3.5 28.2 92.,5 29.JP
95.0 49 8 163.5 43.4 ]42.3 6m.3 24.6 liB.6 12.5 41.] 27.5 9_,5 25.9
97.0 8_.3 164.9 44.B 144.4 &I.B 24.3 79.6 11.8 38.5 27.0 88.5 25.8
88.0 §0.7 165.5 44.9 147.2 62.0 23.7 77.8 18.8 35.5 28.8 08.4 24.5

d

BLADE ELEMENT DATA ROTOR OUTLET / STATOR INLET 1

INNER W WU B(TA CZ CU C ALPHA
X MPS FPS HPS FP$ DEG MP$ FPS HPS FPS HP$ FP$ DEG

1._ 30.I 98.8 28.0 82.0 88.5 11.B 35.9 37.] 12'1.9 38.? 127.1 73.4
2.0 29.2 95.7 36.6 87_.4 58.7 11.9 39.1 38.5 126.2 48.3 132.1 72.9

3.0 28.3 92.9 25.4 83.3 03.5 ]2.8 41.2 36.5 130.0 41.11 136.4 72.2
' 4,0 27,9 9],4 24,4 8ff,1 61,,_ 13,`5 44,1 4_,5 132,9.42,7 14_,.6 71.4

8.8 28.t 92.3 23.9 78.3 57.8 14.9 49.0 41._" 134.4 43.6 143.J_ 69.8
7._' 28.4 93.2 23.3 76.6 55.1 16.2 53.I 4|.3 L35.4 44.3 _45.4 68.4

10.0 3_.1 98.8 23.2 75.2` 50.4 18.1 62.5 41.1 134.8 45.3 148.8 G4.9
15.0 34.3 112.5 24.7 80.9 45.8 23.8 .78.2 39.2 120.5 45.9 158.4 5G.5
26,0 30,1 125.1 26,8 87,8 44,5 27,2 69,1 36,6 12_'..0 45,$ 149,4 52,2
30.g 4_.g 134.1 29.2 9_.7 45.4 28.5 93.9 33.2 Z09.9 43.8 1_'3.? ".°.1-
50.8 39.3 129.1 27.5 90.2 44.2 28.1 92.3 32.9 107.9 43.3 112._' 49.3
78.0 34.8 113.5 23.5 77.B 42.8 2`5.4 83.3 35.0 114.7 43.2 1.11.8 53.9
80.0 3l.li 1/_4.li 2].3 69.7 41.6 23.8 78.2 36.2 118.8 43.4 ]42.2 56.5
85.0 30.7 1_.8 19.5 63.8 39.3 23.7 77.8 37.5 123.1 44.4 145.6 57.6
98.8 3_._ 99.4 18.1 59.5 37.1 23.9 78.4 38.3 ]25,8 45.2 14_.2 57,9
93.0 29,9 9_.2 ]7.3 5_.8 35.3 24.4 8e.] 38.9 L27.E_ 45.9 iBd.5 57.7
95,0 29,7 97,5 ]5,8 55,0 34,3 24,5 80,5 39,2 128,7 46,3 15_,5 57,8
96,0 29,4 96,6 16,5 S4,g 33,9 24,4 80,O 39,4 129,3 46,4 ]52,1 ,_0.1
97.0 29.] 95.5 16.1 52.9 33.5:4.3 79.5 39.7 13_',2 45.5 152 6 56,4

98.0 28.8 93.9 ZB.B' 52.4 33.8 23.7 77.8 38.7 13_,4 45,3 _5].P 59._' !

BLADE ELEMENT DATA $TATOR OUTLET i
]

INNER W WU 5SIA CZ CU C ALPHA t
X MP$ FP$ MPS. FP8 DEG MP$ FP$ MP$ FP8 MP$ FP$ DE(;; )

1.4 55.3 181.4 `51.6 159.4 88.6 19.8 64.9 13.6 44.5 24._' 78.7 34,3
2.0 54.8 t79.8 5_'.8 ]56.6 57.7 20.8 67.8 14.3 47._ 28.1 82.3 34.7

3.0 B4.8 179.,1_ `50.2 164.7 5`5.7 21.4 70.1 14.9 48.5 25.8 85.3 34,_. i
4.0 ,54.5 ITs.? 49.8 153.3 65.9 22.! 72.5 15.] 49.5 26.8 87.9 ?'-.3 ]
5.O 54,6 179.2 49.8 182.7 65.1 22.9 75.O 18.2 49.9 27.$ 9_.1" 33.5 i
7.0 55.2 180.9 49.8 153.3 64.3 23.8 78,B 14.8 4li.7 28.0 91.9 31.9

10.8' 54.7 179.5 49.B IKB.7 63.3 24.4 liB.! 15.3 50.3 28.8 94.5 32.1 !
• 15,8 55,9 183,4 49,8 153,3 52,7 25,4 83,5 14,l 45,1 29,1 9,5,4 25,5

20,0 55,8 185.3 8_':8 165,5 63,2 25,4 83,4 12,6 4t.2 28,4 93,1 _6,2 !
38,0 57_9 189,9 51,5 159,3 62,9 25,2 li&,B IB,8 35,3 28,4 93,0 22,3
58.0 57.1 187.2 80.8 155.5 52.# 25.5 87.4 9.9 32,6 29.4 93,3 ,_L_.4 i
70,0 54,3 178,2 47,5 156,1 5],d 26,2 8`5,9 1_',9 35,5 28.3 93,9' :=,.%
80,0 52,5 172,1 48,1 15],1 51,2 25,1 li2,4 11,4 37,4 27,5 98,4 24,4

• 85.0 5ti,7 155.3 44,1 144.8 S_.4 24.9 81.7 12.8 42.1 28.B _)].9 :?.2
98.8 48.9 IE:T.5 42.3'138.6 89.6 24.7 80.9 14.2 46.7 28.5 93.4 _'._.9
93.0 46.3 150.5 4J.7 135.9 5_J.5 24.4 79.9 14.8 47.4 :'0.3 92.9 3d,5
95.0 49.2 161.3 42.4 139.1 59.4 24.9 81.8 13.6 44.5 28.3 93,. _ .'8.5 .....
98.O 49.5 ]52.6 43.0 14].8 59.9 24.7 8|.B 12.9 42.4 27.9 91.5 :7°5
9'7.0 50.2 154.5 43.9 144.I 68.9 24.3 79.8 t].9 39,_4 27.0 88.5 :5,_
88.8 49.8 1_3.4 44,0 144,3 51.5 23.4 7,5.7 11.7 38.4 25.] 85,8 15,5
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Table 19. Blade end Vane ElementPerformancefor Roter B/S_acor B, Four-
i Stage Confisu_atlon,Third Stage Tested_Open Throttle.
r

ROTOR BLADE E..;_IENT PERFORMANCE

p.,

W

IHMER WH:':EL REL. LOSS LOSS REL. DIFF. REL. INCID, DEV,
(%) SPEED TURNING COEF. PARA. HACH FACT. HACH ANGLE ANGLE

HPS FPS ANGLE NO. NO. DEG BEG
DEG IN OUT

_._' 54 3 211.9`R 2._J 9`._75 9`._64 _,156 :,J.466 9`.1.96 -1.5 25.4
2 . _ @ 4 2 _ X l .'] . 6 9 5 i _ ,gr.l,rJ3 ..... _ ' # 8 9 ,ff.155 r_.5_# _.1fl2 -2.4 .23.2
3._ 64 1 21f/.37 6.9 9`.IZ1 /#.1_7 9`.154 _J.523 '3,._99 -3.4 2#.3
4._ 54 # 2I!7._5 8.6 ._.141 #.126 $.155 f_.537 ,'#.JJ£8 -4.6 17.2
5.9` 63 9 ?:,;_9.74 19`./J .C$.157 9`.142 _'.156 ."/.544 '.'3.9`99 -5.9 14.6

7,9` 63 7 2.g9.1_ 11._ fJ.16/'J J_.146 _f,157 /_.5,1/;J £t.1,_,:/ -7.1 12.2
1_._ 53 4 ?._,3.15 11.5 9`.144 /3.133 #/.158 ',J.5_ /_.l.q5 -9.5 9.# ....
15._ 53 _ ?.#5.57 14.5 9`.1._2 9`.9`95 _.161 "7.462 .q.113 -_.7 5.9
2,0'.9" 62 5 2:£,'4.98 I4.3 ,8".,0"69 .0".,0"55 .¢'.164 #.41:3 #.121 -I,_:.8 _.I
39`._f 61.5 21Jl.81, 13.7 9`.J_56 _._53 _.169 ,_.383 _.127 -1,_.6 6.2
59`._ 59.6 195.47 13.6 -._9`9 -..09`8 _,154 :_.35_ _J.!27 -I:_.7 7.5
7.6._ 57.6 ,,.,9.13 1,$.7 -.J315 -._14 _.157 ;,_.373 #.12# -1",..3 7,_
89`.9` 56.7 105.96 15.8 J_.J_,_6 9`.9`_5 9`.154 :Y.49`:_ 3.114 -13.6 6 3

85.9` 53.2 134.33 16.6 #.1_11 _._1_ G.15'-.Y.415 .:J. ll:J -13.8 :5 3 |

99`.,_ 55.7 102,79. 17.7 ,0'.,¢.f.0'3 9`..:J.0'3 _.147 /:_.435 '_.l:J_ -13.6 ,5 4
93..0' 55.4 _31.84 17.3 -..0'11 -..0'1.0' ,0",145 ;,./.442 .0'.1:3'3 -14.5 ,_ 5
95.,0' 55.2 121.21 16.5 -.,0'31 -.,_3,0' 9`.142 .0'.446 ,_.I'_'PJ -15.3 7 1
96.9` 55.1 i_'3.89 17.8 -.,9'18 _-.rd18 9`.142:3.459 _'.!_99 -15.rd 6 3

t 97,9` 55.,q !8.9".57 19.1. -..0"15 -..0'15 _.141 :J.474 /7.:,197 -1¢.4 _:) '_
", 98.9` 54.9 i0:'J.25 2_t.B -.£/I_ -.,.(/16_.141 :_.491 /J._96 -12.9 .J.';,J

TORQUE = 7_J29.14 IN.-LB.
I

"8TATOR V_)iE ELEHENT'_ORHANCE"

f IMMER WHEEL ADS. ABS. ABS. INCID. DEV. LOSS LOSS DIFF.
% SPEED TURNING MACH MACH ANGLE ANGLE COEF. _ARA. FACT.

PIPS FPS ANGLE NO. NO. DEG DEG ! t
DEG IN OUT

I.G 54.3 211.£t9` 29._ _.k_97 9`._74 -4.4 14.1 -.1955 -.19_6 :_].3984
2.,0' 64.2 "2!9'.69 20.8 ,0".L9'3 9'.0'79 -3.7 15.3 -.13!.0 -.1277 .q'.3Dt_5

3._ 64.1 _1_.37 29.1_ .(f.l.ff9 .q.9`03 -3.2 15.5 -.'_049`-._821 [J.4::i5_ _

4._t 64._ _.._./_5 28 0 '.3.113 _t._186 -3.5 15.3 -.:Y477 -./;,4_7 ,[.4_,..:,t _I
5.9` :_3 9 2d9.74 28 _J .0.117 ,3'..0'87 -3.9 !5.3 -..9'183 -.,',:17£; _f.41:]l
7.,t/ ;53 7 ;;.'Jg.l:_ 27 3 ;J.12kJ' .9",9`09 -3.8 15.',3 .r_.'_;J7_l :;/.::if,J6": ':J.4255

l_/._r 63 4 2..J3.15 24 5 9`.122 9`._30 -5.._ !6.3 _,.'/492 ?,t.:D_8".-:.,'.t::_I i
15.9" 53 _ .LicJ.57 22 5 .0.125 !J,,0'87 -5.6 15.3 U.l_J45 -.J,_.O'2"; :_.='6_'J '
2_.,9' 52 5 2.':._,.93 21 5 ,,3'.125 ,ff.,F,/O,3 -?.9- 13.,4 ._..i95/.t ;:/,:/937 .J.,?..;_.¢ !

3,0'.9` 51 5 2d1.81 21.4 id.123 ,.Q'..089 -9.3 1.',7.5 ,U'.:/531 ./..'/52> :; 411";'/
59'..0' 59 _ 1_5.47 21.3 f../.123 U.,(,./91 -1.0".3 8.7 ,0'.:)'.l_5 .'7..,;45/ ;t 6.':;_
7.0'..0' 57 6 1:)'_.13 21.8 ,J. t27 .0"..095 -1,_'.1 9.7 :Y.,Y4.4 ._.:Y45.; :; 3:=./: .y •
89._ 56 7 ,1"" • ""• .,,0.95 22.9 ,0'.129 Y,.FJ97 "lfJ,5 9..:. :J.,/4f37 .'J,5414" ._ 3!":f
85.#r ,35 2 ;;_.33 23.4 #.129 ff.#96 -I.q.7 9.2 '_/..:_99./,:!,19':,:"27,'U
99`.9` 55 7 .,,'.... .79 23.8 :.f.129 ,g.,c.'96 -11.1 9._. :1../:{7# :',; :,,'I_3 :; ,:':..7
93.,_' 55 4 ;'_1,a4 23.'J ,rj.12'.J .0.:Jg5 -_1.5 9.7 ,:I..:367 .,'.":J'65._ ::; ,L':',.6
95.,"J -33.9_ '.31.21 22.9 !J.i"",o .,.q.#97-11.5 9.; 0'..)'336 :/ J,_.'"''; ::.3'¢ v3

96..3 33.1 .:;._.9/-) 23.J" ,J.!,_'3,0'.:Jg_, -tl.3 9.3 2'.:..,:32 ./ 3,.q!" ;r. ; :_:.:
• .._..,_, 24.J .'J,_:.9 #..'lg:J -11..3 ;;. _, :7 . _..;=;;; .2 _.'_7 /.-; .:;:"

98,_ 34.o ......' ;/,2G 23.7 :.f,129 :J.FJG5 -11,9 8.3 :/. "_q;' / "'_'',.._u j.:,.;'Jl
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Table 20. Blade and Vane ElementPerformancefor R_,_orB/S_atorB, Four-
Stage Conflguration,Third Stage Tested,Design Poin_ Throttle.

P

ROTOR BLADE H!.;_',I,CNT FHRFORMANCE

IMMER WH_.t. . REL. LOSS _ LOSS REL. OIFF. REL, XNCID, DEV.
' (?/.) SPE':O TURNING COEF. PARA. MACH FACT. MACH ANGLE ANGLI;

PIPS ' _,,P_ ANGLE NO. NO, D_G OEG
DEG IN OUT

I.# 65.6 315.32 1'6 _.I14 #.#97 J_,IS8 .C_.578#._95 -_.7 2.8.4
2._ (55.5 2!4.99 2.3 q,141 _'.121 fJ.I57 _).617 [$.flgf$ "1.6 25.7

3._ 55.¢ ":.14.67 2.8 .cj.176 #.152 5.157 :'3'.656 Q.:'386 "2._ ..'_'o.Z
4._ 65.3 214.35 3.9 D.195 iI.17_ _J,157 /1.681 9'.fl83 -3.5 ?.3.1

5.£r 65.2 '_li.fl2 5.7 :_l.2!'J7Lf.183 .C_.158q.692 _..'_82 -4.4 L_.;.3
7.8" 55..K1 ,12.'3.35 8.9 ._f,193 _f.174 _T.158 '_.675 D.._35 -,5.2 ij.2

lJ_._ 64.7 :;!'2.41 12.6 J_.lS_ #.I,_8 .@.158..:Y.64D _.:_9Y,J -6.6 ;.)..li
15._ 54.2 V.l,Y.79 15.! _.IfJ6 _3r._g9 ,Cr.161 FJ.BTZ :J. larl -8.2 ._.fl .
2J_._ 63.8 ,;.'Y9.17 15.._ _._T68 a._63 _.t64 ,,_.S_7_/.ll/ff -9.3 c_.9
3_._ 62.8 ,'.'£15.94 15.2 _./J'16 _.fJ'15 .a.167 ,7.445 .q. l19 -9.3 5.9
5_._ 63.3 1.99,47 14.6 .O'._'.ql 'd.$FJ1 .@.165 3.443 #.117 -9.1 b_.l
7.c.r.g 58.8 193._.,# 15.3 -._'18 -.#17 _.158 /J.467 #.1L79 -1S.1 :_..7
8_.# 57._ 139.75 16.7 -..¢q5 -.#14 _.154 ;'_.492g.l_3 -11..q 'J.'.d
85._ 57.3 1113.15 17.3 -._r23 -._22 /#.151 'Y.5_L_/ ,_J.l.q_d -11..C _..t
9_.# 5_.9 133.53 18.._ -._38 -.1537 //.147 #.516 #..e/96 -11.6 '.2.2
93._r 55.3 !35.53 18.9 -.LYTI -.._59 _.144 .'Y.519 .,_.:J94 -12.4 7,.3
95,_ 55.4 I_.91 19. '_,.. -._r93 -./'Jg:':] _.141 /7.516 _/.,@93 .-13.,1 ,._.U
96._ 55.3 13._.59 2_'.9 -.1._4 -.1_1 fl.14_J .g.527 _._92 -1.1.9 5.3
97.B 5G,2 134.2,3 22.9 -.117 "-.114 /3.14_J .g.531 _.;'391 -1._.5 5.,U
98.,0' 5,5.1 1;33,94 25.4 -.284 -.276 fl.13.O' .0'.457 k3'.._'91 -8.4 5.9

TORQUE : 8:7'_.19 IN.-LB.

*Loss Coefficients Computed from Fixed.Rake Data

STATOR VANE _Li-_HENT PERFORHANC[

IMM_R VHEEL ASS. ABS. ABS. iNCID. DEV. LOSS LOSS DIFF.
"_ SP!_EO TURNING HACH MACH ANGLE ANGLE CO£F. ?ARA. FACT.

t,IPS _';_S ANGLE NO. NO. DP-G DEG
D_G IN OUT

1._ 55.6 215.32 3,5.3 ,_/.1.q5 ,g..968 2.1 14.1 -..0"674 -./165£ ,3".55:J4
2._ 05.5 :.'!4.9'9 37.2 ,U.II._ _..072 3.7 14,6 -.HILII -.D'177 !;.5,'5_
3._ 55.4 "_'14.57 38.9 .r_.114 _'._'76 5,2 14.1 _t._194 :] . ;J_8'.,.'-J.5_lTfJ
4._ 55.3 21 _.33 39.4 g,llB ,0'.,(J79 5.9 14.:Y _.3481 .t_.::1471..q.5.._5;]

" 5.9 55,2 T'l i,..'_2 38.7 .0'.121 lI,,gt31 5.7 14._ iJ.[17_d3 :_.:.;69:J k.:.5,44_,_
7.,9' 6".-';,,_ :_'3.33 35,3 U.124 .0'.,g82 4.5 15.1 .9'.."1..9:)1 :].'.'t;6_ :1.53';!6

1.0'.._ -5a.7 2!;:.4_ 33.2 L¢.127 _..)'84 ;4.3 15.5 d.1!27 :;.I!:J3 :,'.51_,5!
15.,0' 54.2 ."1,;.73 31_.1 .,'J,128 fl.'J36 -/./.4 13.9 :_.l.q31 .q.l:J3: :;.5'.;I!_
2.'@'.9' 53.8 ;i:J"..) 17 2G.'d ,_.127.0'..q3I'J -£.3 l:'.;J J.:/SZU :].,(31': ;,t.._,'::',_i
3,g'.,O _2.8 ?.:7'_ 94 26.1 _f.l:_6 _.,75L_ -_.8 111.3 U.:.)597 d.:Ki9_ :_.4,'.LV
5,PJ'.9' 3J.8 I_;Lr 47 27.1 .Q'.123 9'..cJ89 -4..7 _.7 ,0'._'335 :i.:/33: .:;..;':_!.:
7,0'.._ 3.'3..3 t!;'3 .7:/ 23.5 'J'.125 .0'.g92 -4.6 tj 5 .t]..J_.;_._Jr.J'.:/tl",' :.". _.--_':.;[
8.0'.,0' 57.8 : ;'4 75 211.; :J,127 ll.gg_l -4.9 9.3 ._I.:j5;35:5..,.;J71' :.:. t:,T:;

85._ 57.3 _ '2 I_ 27.. j !J,127 :_..q9;J -5.5 l:J.7 :_.:_¢5;39 :J.::3U, .'. '..:,;;"
91_.B '56.9 ', ._ 32 35._ J.!;_7:7.dgL/ -6.:J 11.9 17..J33.'i :.:154, r..,, .,:

93..')' 53.5 .,J.3_ 3'3_7 .'J,!_9 !J..rJ91 "-5.3 11.7 'J..YS_ :i..'3J. ".4._:"
95.3 5._._ .J+.91 '.'5.4 :J. t3:i .r.f.:Y93 -7._ 11.: .q.:;7_:_ [.:."/_t " _. .,; i :
95.'_._.3:J,3. "'.'3J 2.3.J ,Y.131 _;.:Y92 -7.3 1._.3 J. IIU_5 .:.!'.J: '.' ::{3
97,',','J "_;_.2 "'.?.i 1;_..: :1. [31 .[.;/;jt_ ._.,5 I./.7 /.l.;6I '. :J.' '.., ,.:;
9B._ .;6.1 ':.-J; :_.7 .Y.!31 .,t..j'J5 -U.9 I:l.J :J.2'-,15 .;.::!1..,',b:'.3
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Table 21. Blade and Vane Elament Performance for Rotor B/Stator B, Four-P
.... Stage Configuration, Third Stage Tested, Peak Efficiency Throttle.

i ROTOR BLAOE EL_iIENY PERFORMANCE

k LOSS_IMMER %qHEEL R_L. LOSS REL. DIFF. REL. INCID. DEV.
(") SP_dO TURNING COEF PARA. MACH FACT. MACH ANGLE ,%_IGLE{I •

HP$ • FP$ ANGLE NO. NO. OEG D_G '
OE,3 IN OUT

1.$ 65.2 213.B3 3.5 #.ll.q 9'.,cj'94 .0'.16,0' _.B78 :_..g97 :3.8 ?.7..q
2._' 65.1 :.-'!3.51 5.3 '3.1,11 "3.122 f#.lS_ 9'.613 .q._93 -H.3 ZS.,_
3._ 65,,¢J _13_19 7.:'3 G.16_ _.14_ tJ.159 '].64JJ fJ._,_9 -1.3 Z3.3

4..6 64.9 2;.:;,_7 9..'J :,3'.17ff _'.151 .0".153 ,0.65:¢ q.L,'S8 -2.3 19..2
5._' 6:I,.8 :E_.'.-'.54 11 3 !.J.176 ,_.159 ::/.159 :.)'.($55 d,,gI]8 -3,3 1!_.9
7._ 34.5 ':!1.9'J' 13 3 /J.172 _'.157 }J.159 .3.55:_ n.::Jga" -4.'; 12.9

I_._ 54.3 "!:J.94 16 /J 5.158 "3.140 .'E.161 ,J.527 .:i.:;J94 -5.8 "_.3
15.9' 33.8 Z.Y_:.33. 17 5 l_.lfJ5 g._'9_3 ._J.163 ,'Y.55"_ .'Y.I._J4 -7.,l 5.?.
2_r._ 62.3 :c.,17.73 17 3 l_.B'71 .O'.fJ66 /J.166 ',J.5/13 :J.112 -J.3 t.6
3£t._ 62.3 2,'J4.51 17 '3 "3.#24 "3.g23 .(#.166 :I.457 r1.118 -8.!J _.5
5_'._' 5'3' 4 1-q_.'39 16.3 fJ.DI'3 _..O'.rJ9 "3.163 _._64 0'.114-7.6 7.9
7_'._' 58 4 191.66 16.9 ,0'.'321 .g'._2_' _.I,57 ;_'.5,0'2 ,q.l'J5-L{.3 _.8.
8_ "3 57 4 .13_].45 18.9 E/._38 D.'337 ._.153 :)'.525 .q.12P_ -8.7 U.l
85.'3 57 9' !,35.83 2.@.2 .0'.'319 _#._18 D'.149 ,J.535 1_'._'96 -8.7 7.8
9_'._' 55 5 1:33.24 21.2 -.._._2 ".iJfl2 _.145 /'3.549 .q.9'93 -_.4 7.3
93._" _3 2 134.23 21.9 -.G32 -._31 !J.143 .'J'.55::;; .9'..9"91 -1.'J.4 ::_.3
95._ 55..'7 133.63 22.3 -.!J'¢6 -.YY45 !'3.142 ;1.555 :;.::/9_ -11.3 !_.4
96.'3 55.9 133.31 23.7 -._48 -.,d47 "3.142 :J.366 ;]./J_J9 -1H.6 t.9
97.S 55.8 _.... ...o,.99 25.2 -._'23 -._'J22.0"._43..9".59:3::/,.qS'd-9.G _,.6
9B._t 53.7 102.67 26.? :,_._fL9. g..ql9 ._r.144 :J.62_ 'J.;d_5 -;J.5 _.'|

TORQUE = L]3 : 5.7._ IN.-LB.

*Loss Coefficients Computed from Fixed Rake Data

STATOR V._.NEELEHENT PERFORi'.IANCE

IMMER 'IH'"EL ABS. A(3S. ABS. INCID. DEV .... ._;_S LOSS DIFF.
;I , SP:,'.'O TURi_ING HACH MACH ANGLE A_'IGLE COEF. ?AIL"_,. FACT.

HPS I'PS ANGLE {'I0. NO. DEG DEC
DEC IN OUT

l./J 3'3.2 '::!3.83 34.4 ,0".I/J3L)'.cd7.q_ 1..q 15.D" -.!437 -.I.1U;: :,7.5!77
2.,8' 65.1 .'!3.51 34.!.)' _. I.,79 ._J..../73 1.5 15.6 -..JT;'.;J -...Lr7u3 :;.5,'.,12
3._' 55.9' 313.19 34.4 .0".114 .q._J'76 2.2 1'5.7 -.:/193 -.,J!8'-! !:/.53!3
4._ '_4.9 L':.2.87 24.;' ,7.119 YJ.:)'79 2.1 15.'3.0'.._:Jl] :j' . .:."?..:j t 1.5"-'.t&"/
5.fJ 34.8 :_!2.54 33.:1 !J.122 _J..q.3U 1.3 1'_._-_ d..J521 :Y.:.G'.Jt_ :/..5::".J
7.,Ct ,54.5 .:!1.9:7- 31.6 _J.!,25ii..q82 1.2 IG.J _'..)'763:;../74".',.:.5;::2 ,

I_I.D' c}_,3 ..l:..i,9,i,29.2 ,J.129 .J'.U_,I 5..,I 17..)" ._'.11::5.j.i:)'8:;-.:.[F:',,,,i,
15._0' 53.'J .:..;'_'..33 27.1 :J.13'J ,U...)'_34 -2..V 15.3 .V.!Zi3 .J.12ti: ._.'5 ".:Y
2.0'.'3 53.3 ::..;7.73 ?.5.3 :)',129 Q'.._J_|2 -3.5 13..J .."l.l:j'=15 :(.L";_ /.5 d:

39'..0' 52.3 :i:/,t.51 25.9 "" ;.126 _.:YJ!J -4.2 I!.;. _l. ,C3'_ :;..';iJ'.'7 ;.3:,,J
5D..t/ 5:.7.4 1'_3.:'J9 27.7 q.123 /J.:._JfJ -3.2 9.,.; ,{...',513 "l.:::".:.;)" .if.!.;.,;!;

79'.9' 5:3.4 151.6:; 2I].7 'J.12,l .g'..q33 -?..3 IU.l :t...3:J7 :_.,';5 L: :,.5 ;7
8._._ 3i.i t:.;'..'.43 21;.'_ .,J'.[25 R_..q'J2 -3.4 !.J.3 1..S51.3 .;...'3:YL :..SL/d
GS.._ 3;'.:J ,:'J.O5 27._ ,/.1:--'7 _l.'183 -4..J 11.'J :J../_..1.id .i..;!i't,: ;.'3::':
9g.,9' 3.3.5 t.:'_.2$ 27..I :1.1:.-'9!Y.:/31 -4..'3 12.3 .;J..:C.,L;:I.;..:::,).:.:;.'5,.;',"
93.q 5.1.2 _ t,.23 ,'.'6.7 :J.13:_ :i...t;_7 -5.3 11.3 :j. J';.;J :.:. /7-1 ;.:; :"
95._ 31..j : ...33 26.9 .1.:$2 d.:Y]7 -d.d l t.O .;.1...'3_ ¢., :i .:._.;.',!

96..q 55."_ ' "3.31 27.':! ..,'.132 :J.,Y_.I -_.9 3.3 ;._:3_,t _'. : !,; :.'.; ,_." ]
97.:_ _:3.3 .' g_ 2'J..: J._.3; J. :01 -:...r 't. : J., :::i ;. '_3 .::, T. i
9,3.J 33.7 ..37 3.J. ! 4. ! Z'L,"J..J/L1 -6.3 7." /...; _1 ,. :>;1 .".,; -= ]
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Figure 22. Blade and Vane Elemen_ Performance for Rotor B/Snator B, Four-

$_age Conflguratlon_ Third Stage Tested, Peak Pressure R_.se/
Near Stall Throttle.

ROTOR BLADE EL;_H_NT PERFORHANCE

ft.
IMMER WH_k R_I.. LO_S LOSS REL, DIFF. REL. INCID. OF.V.

(g) SPC_O TURNING COEF. PARA. MACH FACT. MACH ANGLE ANG[.E
HP$ _"P$ ANGLE NO. NO. DEG DEG

DEG IN OUT
I._ 65.2 2}.3.g.q 4.2 .0'.152 .0'.137.0".16,8_Y.672 9'./,.)'962.,0 2,.9.4
2.,Q' 65.1 _13.5_t 5,7 Y.7.178 D.153 _.159 /Y,6c..14 ,@,,ffS_ ,_1.7 ;:5,5
3._' 65._ :C.t3.Z_ 6,0 #.I_>3 ,6 165 _.158 fl.7!2 fl.,O'Ul -_J.4 ::?,.3
4..0' 5,1.9 212.93 8.3 If.198 9' 175 ._.158 !P.727,fl.IJS,6 -I.5 ;::J.i_
B._, 54.8 :{2.51 I/_,4 q.2:J1 ,6 179 .q.l_:t :7,721 /J.:YO:;/ -;;.5 !;.'ti
7._ (.;4.6 .:._.i.92 12.1 ,:f.2;L/,6 ,6 18Y/ .q.158 k/,71:_ :5./3r81 -3.4 _.'..,*.1

I._.,0'54,3 .:.!'..0'I15.2 .,7.1_q ,0'175 ,q.16.q_ 691 5'.D_31_ -:_..,._ .4..V'
15,_' 63.8 Z.F._B.4:.J 18.7 _Y.138 G 129 ._.163 ::I _15 q.W30 -_.= 5.3
2,0'.,$' 63.3 .':.'._7;79 19.3 ,5'..g'7/_ ,0' _:;J66 ._.165 ..:.t533 .q.15'9 -6.7 ,_,1
3.9'.,_ 52.4 2;)'4.50 17 7 -.9':J5 - .q.,q4 ..3' 15,5 ;/ ,{68 .0".117 -6.7 5.14

5_'._' 5,e'.4198.15 17 O _/..q_J3 .q IS.q3_ 163 .q 485 _.IIZ -5.4 7.5
7.@.,0' 58.4 191.73 18 1 /I..r./29 _r #27 .G 156 ,,:J 552 q.qt._9, -,3.5 "2,4
3_r._r 57.5 !83.51 19 3. .q.,637 ._._J35 ,6 151 ;,7 587 .7.:_91 -6.4 !_/,:Y
85..ff 57.._ 12,5.91 21 5 .':J'.!J3,5 -_'.,635 ,6 1,!7 ,q 6fJF. '2._0_ -6.7 "3.5
g_'._' 56.5 ld5.3._-23 2 -.£_;18 .-.,q_7 ,(.3 142 _f 6,_'2 q.:I:_:5 ..-7,F_ 7.1
93,.q 5,.5.2 1_).$.34. 24 3 -.,9'35 -.,0'34 ._ 141 :._.599 ,9'.;383 -:3.5 3.7
95._ 5_.9 1."3.69 25 4 -.,£/32 -.Y_31 ,6 141 ;:Y._._/8 fJ.flO5 -_.6 5.1
95._" 55,9 1'.t3.37 "26 4 -.fJ24 -.fJ23 _' 142 ,.7,624 .q./584 -!).,q 4.9
97.,6 55.8 I_23..q5 27 5 _._//$3 _'.,O'.e'3 _.14.4 .0".641 /_'..0'83 -7.4 .;.5
98.$' 55.7 ',_2.73 28.2 .'J.,g'34 ,0'.9'33 _.145 .c,J.662 ;3'.E82 -6.4 5.1

TORQUE = 8:._'3.5U IN.-LB.

_Loss Coefficient Computed .from Fixed Rake Data

1

STATOR V,,_.N_ EL_HENT PI_RFORNA_ICE .!

IMMER _,/H'_EL .A-,_,S ABS. ABS. INCID. DEV. LOSS LOSS DIFF. 1
" SPZ_.b TURNING NACH MACH ANGLE ANGLE COEF ?A?.A FACT¢ii • • .

PIPS F?S ANGL_ NO. NO. OEG DEG _!
DEG IN OUT

1._' 6_.2 213.9:_ 39 1 ._.11."J,6..OEB 5.B I..t.2 -.fY3fJ7 -.;j3,6._r.'7.59_3:5
Z._ 53.1 ?.13.5"J 37 9 E',lI5 ',J._71 5.2 . 15.3 _'..Cf._7_ /j.H,q7.V ,ff.[iiiI5
3.$ 55...3 :."_.3.2:_ 37 5 .tJ.l19 _,,q74 5.7 15,3 ff._33`5._f.,q.:/35;: .q.5:?,l !

4.,9' 64.9:1" 9:_ 37 o # 122 ,6.f.f76 5.8 16 o '" 1' ,..... " ., ,q..yo8 :_.,'JSfi2 _J.,_ ;'.G.

5.$ 54.8 .112 61 36 .=." .q.17.4 ,q.,O'7B 5.:.J 1,3.1 H._7,I'/ d.:Y73 _.....:f.=i ,,m. !

7..0' _.|.5 "I! 97 35 5 L_.125 lY.fl8_ ,.5.1 15.5 fJ..7,?,71.J.JJlJS.;//.5::,.,/tj
I_,_) r '),k 3 :_ .fJl 32.U /J,129 _J.:YO2. 3.7 ,'k7.i _I.).:.f14 :Y.:19(.):: .'t . :) ; ,; :3

..... 15.9 :53 8 .%_ 4..r 29.7 .':J.131.0'..qO3 :/.5 15.3 ,0'..1179 Y_.!15. :i.3:i'5
• 2fJ,$ 53 3 ,..';: 79 _7..'t /.f.13H ,6._181 -,".3 13.7 :2.1.'3'63 .'Y.t::J,|; _ ;Y.5_3'.

33.,6 $;Z 4 :.;$ 5J 26.'J !J.12'_ _J,}181 -3.3 1:)'.3 'J,57,12 ,,_'.:Y73'! :/.5"'q
•io _ ..... , .....5,0.$ - 5,:r 4 .;. ;,'3 15 ,; .... l .q. 124,0'.YJ_)l -;.2.7 J.9 _'_..',)'59_ .:].';qq, .,:._ """

7_.$ 5,q 4 ;:_t 7"c 31.4 :/,123.,_.:Ygl _Y.l 1:;.:3 #../t_gL1:1.:f5(3:: ,:.5,.;;:
8,0'.fJ 5"/.5-' ;'J 51 32,.! 7.!2_ YJ'..q79 .,J.6 ii 1 .'J. /,53;.f 'J. /()2: :..3:,7

85._ 37..'1 ' !_ 91 3:Y.i ,I.11-'7 b'.,YS'Y :J.::Y !2.J :i.;.;6,35 ./.,,':i7, :.t_.!,:!.,
9,r_,._ '-),3,5 ;:._ 3.:' ::O..'Y YJ, +_:19 .7..J_l -I. ,7- 14.3 :Y..J ?;'.C_ ,/..-91 " .:.'3 .,:;

93.t.I _C_.'" .1 3.'. .7.1 ._ [31 !J../U1 3.,1 1,_.;" ;.t. t3 _ ._,1.:i,/;. ;.'.!::.:.:
9,_..FJ 3a..1 .::! .J.: 2_.:I .'.{. _.j;._ ::l.:Jt]l -4.. I 1.I.7 .'J.1.3"_[ .'Y,1.51.' .;. _,.":

96.J_ "3.9 :; 37 3::;.q .Y, t:_' .q.:Y79 -4.7 9..i .i.t;',J{ .1,!:;5 ; 4
97.:J "J.3 ..c; f;'. _ /.,,;:? .t..:yT'/ -.3.1 ,J, :J. '!. i./ i.:113 '.,) ..

"'" " , ' .... .2.i Y. 3 : ,)9O.ZJ, _5,7 ,?J .... '_ J._2;2 .U',.'J75 -5.3 6.. ' .Y,;: .... "... .
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OF po0_ r_I,ALITY

Table 23.. Deslgn _ntent Performance-for Rotor B/S_ato_,.B ......

Computed for Ut - 65.73 mps (215.64).

BLADE I_LEMENT QATA ROTOR INLET

IMMER W WU BETA 0_ QU C ALPHA
Ill M_6 PPB MP8 FF8 060 MPB FPB MP8 F'PB MPS FP8 060

0, BB,3 181 = 80,_i 166,1 00,6 21!.8 75 0 1.6,4 00,§ 27 5 90 4 {34,0_
_?,_'_"I89.-_1-81.-9 170:1 '"80,7 281? --8-,4 _2 /I_,8 42_0 28;7-94_-0--2615-_..

21,6 56,0 194.6 52,6 17_,4 62.3 =7,6 90,._ 11,1 96,5 29,? 1t?,8 2,,0
k 811.2 89,6 996.4 52,4 172,1 61,,2 R6,B 94,S 10,S G_,? {30,6 100,= 19,6

40,S _9.G 199 7 =1.6 I_O,O. e.0.: 2A.8 67,o 9,9 a2._ _1.= IO=,= 16,6

06 1 68,= 191.1 49,8 163,4 SS,B _10,_) 99,1 10,I 9_,2 _J1,9 104,6 18,S
86,8 _7,I 187.5 48,5 189,0 88,1 =0,2 99,0 10,5 _4,0 81,9 104,7 19,1
78,0 65.9 181 ,I 48,'7 I93.1 57,8 29,8 97,2 1.1._I 07,I 01,7 1.04.1 20,g

_()_,4 172'_1 44,0_I-4`1:14 _7,1 26,5--9_,4 1_.9 _,.4-01.6 10,,7 ,4.4
I00,0 47,7 106 = {39,9 101,0 06 8 20,1 DO,? 18,9 02,3 =0,6 100,1_ _1,4

BLADE ELEMENT DATA ROTOR OUTLET / (_TATOR [N_ET
I MMER W WU BETA OZ OU 0 ALPHA

I MP8 PP$ MP8 PP8 06_ MPS PPB MPS FPS MP6 FP8 06_

O, 34,S 110 , 29,0 95,0 87,1 18,7 6t,4 86.8 I,0.6 41 , 138,'3 63,0
I"i,S 39,8-"12"9,6±30,7-I00,'9 SI.I 2_ . 18 "J 81J 3 == 8 110,9 141_g 137,6 6677
21,6 42,4 139 0 91,8 104,, 48,5 28,1 92,1 31,8 104.3 42,4 199,1 48,8
_)1,2 43,6 143.1 ";_,9 104,5 47.0 29,8 97,? 30,7 100.9 42,8 140,8 45,9

40,S 43,6 14_1,2 31,1 102,1, 45.5 00, 6 1,00,01 {10,8 100,S 4_,,2 141,8 45,049,_ 42,9 1-40_9 29_9 98,0 44,1 _10,8 101,2 _10'.9 101,4.43,. 140,'J"_'_['_'_'_[ "-
09,1 4,.0 137,8 28,4 93,2 42.8 31,0 101,7 31,8 103,3 44,2 144,9 48,5
$8,, 40,? 108,6 26,8 87,3 40,7 G0,6 101.2 G,,4 108,2 44,? 146,7 48,4

76,3 38.8, 126.4 24.1 79.1 88.7 30,1 98,7 33,9 111,4 4S.G 148,8 48,B
88,8 35,1 115,0 ,0.7 67,9 36,1 28.S 92,9 _813 119,. 45,1 151,, 5,,1

100,0 ,8,8 98.7 1".S $0,8 G2,9 ,4,0 78,8.40,4 18,,5 46.9 154,0 SD,G

BLADE ELEMENT _ATA STATOR OUTLET

| HMER W WU BETA OZ OU 0 ALPHA
7; MPS FP8 MP$ FP$ DES MPB FP$ MPB FP$ MP6 FP$ OEG

O, 85.3 181.4 50,4 165,4 85,8 22.7 74,8 18,3 80.2 27,4 89.8 64,0
"-i'_-_,8"57,'9-1"89.9 61,9 170,3 63,9 28,8 63,6 .12.7 41,6 26.5 93,4 ,6.8

21,8 59,3 •194 5 52,8 172,6 62,5 27,4 89,8 11.1 38,9 29,6..96,8 22,0
01.2 59,6 190.2 62,_ 172,3 61,0 28,6 •93,8 10,2 G3,4 30,3 99,0 19,8•
40,8 59.6 195.6 81,9 170,2 80,8 29,:) 96,, 9,9 =2.4 31.0 101.5 18,6
49.8 69.'0 193.5 _1,0 167,3 89,7 29,7 97,8 6,9 =2,4 31,3 102.6 18,4
89,1 58.2.190 9 49,9 163.7 59.0 30.0 98.4 10,0 32,9 31,6 103,7 18,5
68.6 67,1 187 , 48,6 189,4 58,3 ,9,9 96.2 10,4 _14,0 31,7 103,9 19,1

76.=6B.:1,81..,48.8I,.887.629.496.11,, 8.9 100.,,0.988,'6 82..' • .71. 44,' 144,9 67,4 '8,2 9',6 12,8 %a.0 01 . 101,8 ,a,4
100.0 47,7 106.6 40.0 101,3 87.1 25.9 86,0 15,6 .01.9 30,4 99,6 31,4

ROTOR BLADE ELEMENT PERFORMANCE"

IMMER WHEEL REL. LOSS LOSS REL. DIFF, REL. [ N010. DEV.
(I) SPEED TURNING COEF. PARA, MACH FACT. MACH ANGLE ANGLE

PIPS FP6 ANGLE NO, NO. DE9 OEG
BEG [ N OUT

O, 87.6 18g.00 8.5 -0,096 0,086 "0,142 0,8_15 0,088 -S,1 17.1

,5 _6.6 185,74, 12.6 0,066 0.062 0,149 0,483 0,101 "7,0 10.6
--_-'_----'_'-182 88 13,8 0.048 0•045 0,15, 0.44, 0. t09 -8.1 6,3

01., 154,9 180.15 14., 0,037 0.036 0,1_4 0,423 0,112 -8,6 7,7
40.5 54,1 177.52 14.8 0.034 0.032 0,1f_ 0,419 0.112 -8,8 7.8
49.6 53,3 174,88 1_.4 0_036 0,0_13 0, I_, 0,4,0 0,110 -8,9 7,8

-_'9,1 82,B 172,,6 16,9 0,.039 0.037 0,180 0,404 0,108 -9.0 7,4
66,6 -81.7 169,55 17,4 0.044 .0,042 0,147 0,447 0,104 -9,1 7,,
78.3 80,8 166.80 18,9 0,049 0,047 0,14, 0,471 0,099 -9,6 8,8
88,6 _0.0 163.86 21.0 0.0_6 0,063 0,135 0.81, 0,090 -10,6 8.9

_0.0 49,'0 160.'66 ,3,9 0,061 0,089 0,12, 0,604.0,073 -11,7 4,0

BTATOR VANE ELEMENT PERFORMANCE"

IMMER WHEEL ADS. ADS. ADS, [NOLO. DEV. LOS8 LOBS DIFF,
ill SPEED TURNING MACH MAOH ANGLE ANGLE COEF. PARA. FACT.

MP6 FP$ ANGLE NO, NO. DEG DEG
OEG IN OUT

O, 07,8 189,00 29.0 0,106 0.070 -6,4 19, _' 0,0840 0,08,1 0,_,I0
11,8 86,6 188,74 ,7.2 0,107 0,07_1 *8.B 1,.0 0.0820 0,0612 0,8000

"21,6 06,7 182.88 28,8 0,109 0,076 -6.G 9,7 0,0460 0.0458 0,4780
01,2 54.9 180,18 -28,9 0,110 0,078 -6,8 7,9 0,0360 0,0_)47 0,4610
40,8 64,1 177.5, ,6,4 0.111 0,079 -7,0 7.1 0,0300 0,0,96 0,4530
49,8 59,3 174.88 ,6,7 0..112 0,080 _8.9 8,9 0,0300 0,0,98 0,461.0

"-_9.1 _2,_ 172.25 27,0 0.113 0,081 "7,0 8,8 0,0020 0',0318 0,4630
68.6 81,7 169,58 ,7,S 0,118 0,081 -7.2 7,0 0;0390 0,0387 0,4810
78,_1 80,8 188,90 27.8 0,116 0,061 -?.0 7,9 0,0640 0.0_36 0,4780 --
68,6 50,0 183,86 .,7.7 0,115 0,079 -6.9 .9,2 0,0740 0.0?3, 0,49.70

-I-00.0 49_'0 "160'_6'_ ,7.9 0.1,0 0.076 -8.5 9.4 0.1010 0._994"0.'_,2_0

158 .................
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OF pOOl_QuALi'_Y _

, Table 25, Vector Diagram Parameter_ for Rotor B/$tator B i

: Four-Stage Configuration, Third Stage Teated, 1

Increased Rotor Tip Clearance, Open ¢hrott:le. }

BLADE ELEHENT UATA ROTOR INLET.
h

IMMER W WU BI{TA CZ CU C ALPHA
" J'.lP$ FPS HP$ FP: OEG MP$ FP$ MPS FP$ MPS FPS 0;ZG

" 7,! . . . ,55 2S ._'. $,..1 1 , .8 48 4 158 7 GG 1 19.2 63 I 16.9 .3 .6 LI4..@ 41 1

1._ B,q.,l I(3L;.2 46.L_ 152 5 (J7.2 19.4 63.5 10.7 (Jl.2 26.9 U3.2 43._
- 2.0 B_._.414'3.2 4G X_ 151 _ _5.8 2.(_.5 67.1 19._ 63.4.."7.9 SI.6 4,.'_,B

3._3 5fJ.B 13ti.6 46 _ 15_ 8 64.6 21.G 71.g 19.:'_ _2.3 28.8 ;),$.4.41,2
4.£/ 51.1 1'J7.6 45 9 15# =,J 63.7 22.5 73.8 19,,Cf 62.3 _9.,1 U(_,G ;J,1
5.,C_B?.l I;.'I.,3,16 5 152 4 (12.8 23._ 77.6 I_.3 _.,_.:)'29.9 '):I._ _/.6
7._Y 52.8 l:T:_4 ._ 8 I{_3 5 (i?,.l24.(J 8_.7 17.3. 5J.3 3.!_.3 9Y).5 .:_,8
1_._ 53.@ i;3 .(/47 2 154 9 61.,5 _5.5 83.5.17.# 5b.9 3._.G.1.J..t.5 ,J.7
15.O 54._ I ':_0 47 9 157 11 611.U _".6 87,3 .3 5"'.iJ,._ 15 .. 31..g 1.1_.6 ":t,7
2.0'.Y')' 53.3 1 ::l 3 48 9 .,_6q.4. t._'.1 ',:8.['j 91.7 14.4 47.2 31.5 1.'/3.":. "_,.,.;2

3_.fl 58,5 1-_.' 3 '6.;./ 2 164.fi 5_3./ 3U.3 99.3 12.1 39.7 32.5 1.;T/.U L:I,7

BLADE ELEMENT i3;\TA ROTOR OUTL:=T / STATOR INLET

IMMER U WU BETA CZ CU C ALPHA :
X NPS ::'PS NPS -FPS 0EG HPS FP$ MP_ FPS PIPS FPS L);_G

£_. 3.3.7 I.J7.1 29.5 96.9 64.5 13.9 45.7 35.7 117.1 38.3 125.7 68.5
l.J_ 3:3.6 1.!.'J.527.5 9.q.l 33,5 13.6 44.5 37.7 123.6 4,;7.:)131.4 ..'J.9.
2.0 29.6 07.2 26.L/ 35.3 61.2 14.2 46.5 39..'.I12G..F 41.5 136.2 69.8 _
3 fl 29.3 :):_..q25..r_ 81.9 5U..l 15.2 5._.!7 ,l,J,.g 131.1 4;'..8 14_'.3 ;._J.9
4 .9' 29.4 h;.3 24.3 79.6 55.C5 .16.5 54.2 ,l::l. _ 133.1 4:.].:3 I:.3.7 .3"/.7
'3 /./ 29.9 ::_,;.:J' _3.9-7L:;.,t 52.9 17.9 58.9 .hJ,O 13.l.:J 4.,_.G 146.4 65.1
7 ._' 3:3'.5 l:;'J.5 23,4 76.8 .19.7:19.8 6,1.9 41.1 133.:I 4_.7 1!,9.3 ,i.,.2 !]

I 19' ,0' 33.1 1.i:3.5 24.2 79.5 46.9 ;".2.6 7,1._ 4,'3'..J 131.3 43.9 15:3,8 ;./.,1 ;_',

15 '8' 30.6 1-'.;.6 27,4 89.9 45.1 2 _.,1 Ltg.1 36.4 119.3 45.4 ._.',;_.'4., ,_..,'"..._
•"_ g ',29. 3.42.9 1 :.'_.7 3',3'.7 1.7..V.7 45.6 3.9'..ff 98.3 3,:.6 1.'J'6. .'14.3 I !5..:. _7'.3

3.0'...q' .,t!-3.3. 1 'J.8 3'2.4 1.:/6.2 45.4 31.7 1.8'4.2 29.9 93.2 43.6 1L3.1 4L).2
!

BLADE ELE;.IENT LL'TA. STATOR BULLET

INMER W WU BETA CZ CU. C ALPHA
¢#,_ HPS ."PS PIPS FPS UEG MPS FP$ r.lP£ FRS ;'iPS FPS Oc:(;

_. 53 " 1,' = .......,. ""._.4 5if,5 16.5.8 71,. 16.5 54.._' 14 7 4;3 ;: 22 I. 72 4- _.6

!.0' 53.2_17:.5 5YJ._/ 16.4,.2 7:_'.0' lO..C/ 59_,_' 15.t 49.5 23 5 77.!3 :9.£
2._d 53.4 173.2 ,19,8 163.3 30.6 19.4,-63.5 15.3 5:1.1 21 B &_.9 ,:I.2

3.0' 53.3 1:'7,.6 49.7-I,33.2 d7.3 ?.:7.6 67.6 15.2 49.9 25 6 :._.:f .';,,3
4.LY 54.3 1.':..q _tJ,U 132.3 (;5.3 2.1.5 71 Y7 15.1 ,l'-],5 26 ,! :.;3.B -., :.:.;
5.:_ 5.$.(J 1;'.;.2 .;'1.3 1,_3.'_ 65.6 ;12.4. 73 6 1.t.t) 4).:/ 27 .; ,'J. _ .'.;;
7.fl 34.t3 1:"-_._ ."),7 162.8 44.7 i;3.3 76 4 14.:) [:1. ) ,;7 6 ..L:t,7 ".ti

10,9' 55.4 1"_.7 _.'.J..5 A6;.'.3 ;,3.1 2,I.._, .tJl 6 1,1.;! 4:J.5 :C:3.9 .);.9 :._,
).,_..0' 51_.6 ld._.L] 4'].(:.1 it_:-_.u ,i1.,' ::6.i 87 6 13,1J 4._. _ 3.I.1 "';,7 . .:;

..... ),: 12.t " :; :¢.J.5 1.;;,;2 ,.; ::2.g._ 53.4 17! 4 !_1 'd 167.9 ul 1 ::8 .'/ ¢'" .q :_:;. . i

3.g,9' 59.6 1._:_.4 ,,;7...Y 17:.'.6 ,i.q.3 29.::)' 95 3 1.,J'._ 33.L; 3.J.O 1 /! !. : ..'.i
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Table 27, Vector Diagram Parameters for Rotor B/Stator B

Four-Stage Conflguration, Third Stage Tested,
Increased Rotor Tip Clearance, Design Polnt

i Throttle.

i. BLADE ELEt.IENT DATA ROTOR XNL.T]'

,, IMMER W WU BETA CZ CU C AI.PHA
8 HPS 7P3 HPS FPS DEG MPS FI_S MP_ FP$ NP$ FP$ DEQ

#, 5:5,6 1_,1 47,7 156.6 7.fl,3 16,9 55,4 16,6 54,5 23,7 77,7 44,4

i 1,9" 5/3,;_ li._,_ 4_,9 153,8 69,5 17,3 56,8 17 4 57,1 24,5 8_,5 45..q

2,9" 5fJ.1 1J4.;_ 46.6 153,9" f38.5 18 2 59,7 17 5 57.5.25,3 82.9 43,8
3,9" 5,q.3 15.5.1 46.6 152.8 67.5 19 I 62.7 17 5 57.4 25 9 _JB..e' 42.4
4,_ 5.q.8 1:_.6 46,7 153,1 66,6 25J .q 65,6 17 3 55,8 25 4 :3_ 7 ,;#.8 -

t 5.9' 51.2 13CJ.,q 46.8 153.5 65.9 Z._ 8 68,1 17 1 5;_..'_" 25 9 ,_;J 2 ;)9.3
7.#-B2.9 1;'3.5 :_7.8 !57._ 04.6 22 5 73.8 15 8 52.,'Y 27 5 9:iY 2 35.1

1_._ 54.6 l:_'.J,5 49._ 16_'.6 63,5 24 1 79.PJ 14 4 47.3 29 1 92 1 .;:_.8 if
15.G 56.5 I.;;:..35J.3'.I1.64.5 ;_:,'.426 _.)'85.4 12 3 41.9 29 :Y 93 2 X5.1
2.9'.9"57..3 1 .".._.,351,fl 167.2 _1.6 ;17 3 89.t_ !1.5 37.7 2P ,3 97 2 ;?."..7
39'.,9'57.3 I'J:L;..'JJU.l I_4.5 ,3.q..9.:;'Z7 9/_.9 11.3 37.! 29..9 9_.2. ;c.').'.Z

BLADE ELEMENT _ATA ROTOR OUTLET / STATOR INLET

IMMER W WU BETA CZ CU C ALPHA
;,_ HPS F73 HPS FPS DE(;. MPS FPS MPS . FP$ HPS FPS !)EG

_. 27.8 31.3 25.9 84.9 68,2 19".2 33,6 38 5 126.3 39.8 13_.7 74.9
1.9".26.2 _JT._ 24.3 79.8 57 9 9.8 32.fl 39 9 13.t._r 41.1 134..9 ".3.t
_.9" .25.6 :J3.9 23.3 76.4 65 4 19".6 34.7 4:'3' 9 134.2 42.2 138.6 75.3
3.9" 25.3 _3.1 22,5 73.8 62 4 11.7 38.3 41 5 136.4 43.2 1'41.7 74.1
4.9" 25.3 :33.1 2),.9 71.8 59 6 12.7 41.8 42 1 _,35._ 44..e" 1_,4.3 73._3
5.9" 25.7 2.'-'. 3 21.5 7U.7 56 _, 14.D 45.9 42 3 13_ !9 ,14.6 1 _.i.3 71.5
7.f,J 23.6 ;37 4 2!.3 G9.8 52 8 16.:J 52.6 42 4 13_. I 45.3 1._!J.7 J::.].

19".9" 29.1 23 6 22._J'-72.1 40 8 19.2 "62.9 41 4 135 9 45.7 1!-9.8 6;_.,q
15._' 33.,"I 1.'Y_J3 23.7 77.9 45 9 22.9 75.2 39 2 !23 5 45.4 148.9 6:3.5
29".0' 33.9 177 5 27.4 9:?i..q 44 7 27.5 9fl.4 35 £# 11 ._, 9 44.5 145.2 3_.7
3_.,8" 43-.3 1._! I ;_[J.3 i#1.1 45 7 3_'.g 98.4 3,8" 6 1.'3"::"5 42.9 14:J.7 4L_..5

BLADE EL,IIENT 92.TA STA';OR OUTLET

INNER W WU 0ETA CZ CU C ALPHA
,',' MP_ F;;S PiPS FPS _EG HPS FPS MPS FPS MPS .FPS bEG

_. 5,'.7 179.6 53.1 174.?. 75.7 13.3 43.7 11.3 37.,g 17.5 57.3 4.'J.1 ......
1.9" 54.zY 1"/7.1 5',',.S 179".5 74./I 14.7 48.1 12.3 4.q.4-19.1 62.8 :;9.5
2.5 54.2 177.9 5)..7 159.,5 72.3 16.3 53.6 12.5 4#.9 2.q.5 67.4 37.3
3._ 54.3 17g.,0" 31.3 160.4 7f,f.9 17.6 57.7 12.. _ 4".3 21.7 71.3. o_."_;3
4.# 54.4 1,'3.5 51.1 167.6 69.7 18.7 6i.4 12.3 4?.3 22 7 73.5 ::,..5

5.9' 5".5 1;9.3 5_..9" 167.;_ -58.7 19 7 64.6 12 9 4.... t 2"_ 5 77.3 .-,?._
7.9" 54.6 1 "g.2 5.0',4 165.5 67.3 2_r,,3 .J3r3.7 13.2 43.4 2,t 3 t.;l.3 ,;;,:.2

19'._ 54.9 .1 :.r.q. _:,:5"..," ',G4.tl 6E.t ,.,,"'_.1 72.5 13.,.' 43._v ,"5 7 _;J,.,l--,;...'.7
15..q 55.9 1"'J.4 !,::7.6 _6G.1 54.7 ;'3.7 77.3 12.3 4.:.,-_ 25 7 37.6 :.T'.3
29".,q 57.1 1;7.3 51.4 l:',,'.J.5 33.9 24,9 01.3 11.t 3,; 3 27 3 ;!_.5 : :.,._
39.0' 5_J.7 1..:,7.3 31.8 169.0 J3.J 25.1 _5.B 9,7 3t,U 27 9 :f:l.5 /._
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Table 28. Vector Diagram Parameters for Rotor B/Stator B

FOur-Stage ConfiEuration, Third Stase Testedp

P _ncre.ased Rotor Tip Clearance, Peak Pressure

Rise/Near Stall Thro_tle .........
t

BLADE ELEI_I_NT U._TA ROTO_ INLt_r
P

IMMER %l . WU BETA CZ CU C ALPHA
_,_ NP$ FP_ HPS i.'PS I)EG" MP_ FP$ HPS FPS HPS FP: DEG

_' 9. 51.6 I'_.q,1 48.L'1 1CiH,1 71.,_' 16.6 54.6 16.4 53,g 23,4 76 7. 4,1.5 __
1 fl 51 fl 1._7,2 4[).Z 158.1 7fl,8 16,6 54.5 16.9 55.6 23.7 77 9 45,4
2 9. 51 '9' 1}7:,3 48.1 157.7 7[,f,2 17.1 56.,9' 17.9. 55,7 24.1 79 .q 44.7
3 9. 51 6 1_.2 48.3 15L_,6 69.5 17.9 38.8 16,5 54.4.24,4 8;i I 42.7

. , o o Cb( ,4 _ 52 7 1..1 ,,;J'49 I 151,2 60 5 19,1 62.8 15.7 B1 5 2'_,7 t?,1 2 o .,:) 3
5 9" 52 g 1/3.5 49.1 15_.2 68,!)' 19.5 64.3 15.(_ 51.2 25.1 ;32 2 _0.4
7 r,j. 53 3 1"3..9" 49.2 161.4 57.1 2,8'.5 67.6 15.3 5'3.3 25.7 U4 3 _.5

19' 9"-54 2 1,,;.L1 ,;9,7 153,1 66.4 21.6 7_.7 14.5 47,7 25.3' b5 3 _3,9
15 9. 55 | 1-:!.,9 _3'.4 1.;_!_.4 (_5,2 23.1 75.7 13.3 43.8 26.7 ;'7 5 :.:.y,.r$
2_._ 56. '_ l"'.t 5 "'" '" 8_ . _J ":, . :.,7.,_ 15_._.1 _4.U 24.5 .3 12.7 41 5 27.6 ,. 4 ;','7..-,
39.,E 57._ I.;:I.,C/ 5!.1 16;:,7 62.4 26.6 87.1 11.2 35.7 23.8 94 5 "-'2.8

BLADE ELENENT OATA ROTOR OUTLET / STATOR INLET

IMM_.R V VU 3:._TA CZ CU C .:\LPHA
%' i:ie:$ .:,;3 PIPS FPS bEG HPS FP$ PIPS FP$ PIPS FP$ D.':_G

E,. 23..')" ,:_.6 21.3 7,9'.9. 67 =3 8.7 28.6 43.9 144.9" 44°8 14.5.9 70.5
1.9" 22.3 ;.'3.1 2fl.6 67.6 d7 3 {3.5 28.# 44.5 146.I 45.4 I49,8 78.9
2.9. 22.3 73.1 29'.2 66.3 _34 9 9.'-4, 3.0'.8 44.8 147.1 45.8 15._,'.3 7U..9'
3.fl 22.3 /t'.3 19.9 65.4 63 1 19".1 33.9. 45..8" 147.5 46.1 151.3 77.2
4.,9. 22.7 :'[.5 I'-3.9 65.3 (_I ! 1.0'.9 35.8 44.9 I47.4 4,3.2 I{_1.7 '7_.I
5.9 23.3 7:_.3 2:;.:'J '35,7 59 3 11.8 38.8 44.7 146.7 45.2 151.7 7t_..'-,,,}'
7.9' 25.G ,?.J.G ::d.7 6_..rJ 57 3 13.2 43.3 43.8 143,;3 45.8 15'3'.2 ,';.'.:_1

I_',_' 2_J.5 ".:.'.:3",;l.U 71.4 55 1 15.1 49.6 42.5 139.,I45.1 147.'-J ;'.C:.2
15.9' 3:J.2 :_:;.9 23.J9' 75.6 4.9 6 19.5' 63.9 4....3.7 133.6 45.2 143,1 ,';4..3
2,_.9" 3_..9 1"4.7 ",'3.2 32.5 ,_.G.d 24.2 79.5 38.1 123.:J 45.1 148.1 57..4.
3._',,,e'41.3 !J5..4. 29.3 9(J.2 45.1 29.1 95.4 33,3 l.',.,"g.;.' 44._ t 144.3 48.5

BLADE ELEHEHT DATA STATOE OUTLET

IMMER W WU 3F--TA CZ CU C ALPHA
7, PIPS ;:PS HP$ FPS r.'.EG HPS FPS HPS FP$ HPS FP$ ,3EG

,_, 54.7 17:-).4 52,9 173.6 75.2 13.8 45.3 12.3 4:3.4 18.5 [5.0",7 ,'.t.G
1.9' 54.4 173 5 52.3 171.6 73.8 %5.,3 49.1 12.,3 42.1 19.7 64.7 ,L:J'.5
2.9.54.2 I17 7 51..8 169.9 72.7-15.9 52.2 13.3 43.5 2fJ.7 58._f J!).7
3.9"54.7 I/:JG 52..Cf17!7.5 71.5 17.2 5'5.3 13.:Y 42.5 21.5 7._)'.6",5.9
4.9' 55.1 1_.i 7 52.._f i;;7.7 7:_'.7 18,,J 59.2 12._3 42.1 22.1 72.6 ::_5 3 j
5.9. 55.1 1;/ 7 51.9 17.'_.2 7._.1 18.5 5_.8 12.3 47.2 22.5 74.! "_,_ 7
7.E'55.2 1 ;.'.2 51.8 15,3.9 69.5 19.2 62.9 12.8 41.8 23.fl ';'3.{__ 5

19".9' 55.4. 11i.9 51.3 1"}9.2 _8.3 ;:.0..3 65.7 12.7 4!.5 2J..[i "/;}.5 1'1 9 i
15..8" 36.3 1 ';.7 _t.U 17:;r,,/ ;_6.a 22.:J 72.1 11.9 33.2 '_'_.,J :;2.1 :_ 4
29'._ 57..i 1 ;.U _2..'Y 17._._, 35.U :'.3.2 76.1 11.3 37..J 23..'3 ::4.._; ::_ a
39.,0' 5._.4 1:'.4. ;__1..8 !3).9 ,..;4.2 24.;3 U1.5 1._.5 34.5 27.:J _-J.5 ,:_ 9
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Table 2.9. Blade and Vane Element Performance for Rotor B/Stator B, Four-
,, Stage Configuration, Third Stage Tested, Increaaed Rotor Tip

w Clearance, Open Throttle.

ROTOR BLADE ELiZHENT PERFOPd_IANt;E

IMMER _,./H'_L REL. LOSS LOSS KEL. DIFF. EEL, INCID. n.EV.
( " ,L!!;;[.E,o ) SP/;_} TURi'I {NG CQEF. PARA. M,%CH FACT. HACH A_U-',LE

t,IP3 ,:_)5 ,ANGLE NO. NO. DEC, ;'_£G
BEG IN OUT

,_ 65.2 ".:14._2 3.6 ._.122 _.I_r6 £f.148 .,._.541_.393 -_.6 2-!.5
1 ,9' 65.1 :_'i3.7.9' 3.7 ."3'.13.0' 9.,113 ,_.144 .9'.507 fJ._737 -3,5 S:_.5

" 2 _ 65..c/213.30 4.7 ._.169 _.148 £:.144 ._.595 /3..C184 -4.g _l.l
3 ,6 64.9 !!3._6 6.2 .0'.2:_4 .0',182:.g.145 L1.615 .cJ._83 -6.1 1:_.3

4 _' 64.0 _.I,_.74 8.1 >_.222 .9..2_,_,g.143 /J.62:JD.,g34 -7._ .'.._.¢
5 J3 54.7 ']!2.41 9.9 .6f.249 _r.227 ,0.149 ;_.628 S.$85 -7.g !,;'..7

7 .O 54.5 T:_.I.77 12.4 .g.25/3 _.24.Ct,_.151 :J.523 i_._87 -_].5 9.3
19" D 8_.3 .'!..;.81 14.6 :J.2_2 D.2.9'7 .u'.133 .J.57_ D'.,.9'94 -9.2 5.4
15._ 63.8 :-.:'.._.2:J"15.5 :I.11D _t.1_3 ._.3.1533.433 ..].II;,_-9.9 !.G

t, 2,6.9' 53.3 2;i7.6.# 14.5 £,'._24 _.LY22 ,_.151 :V.384 .0.122-1.S.5 5.2

3,_._' 82.3 %.'.r4.39 13..3 ._.D'3.0" ,@'.,0'28 .F./.157 .'..J.361 5.129 -11,2 J..'J

TORQUE = 4"-'-',4.7.:' IN.-LB.

*Loss Coefficients Computed from Fixed Rake Data

r STATOR V,%R_ ELi-_IIENT PERFOIIf.IA_',_CE

IMHER '.fill-"L ASS. ABS. ASS. INCID. DEV. LOSS LOSS D:.-"="
;: SPFCO TURNING t.IACH MACH ANGLE ANGLE CONF. ?ARA. FAC}'.

I¥1PS r','3 _ANGLE NO. NO. DEG DEC
DEG I_ OUT

• 'C _'_"'_ 't 3:' (_r_/ .53.2 i _..(/2 2_.9 .0".199 _.,g63 -:J.g 25.:} ,6..J755 .J.:,,o_' .......
1.0 J5.1 2i-'_.7.J 3.q.I _.I!4 I_.357 1.5 19.3 2..J'DZ7 .'J.:r_9::.; 6L:3Z .
2.9. 6.5.-T '_.3.33- 31.6 fd.118 ._.:J7. r'] ,,'_.,l IU.IJ .CJ.l:j:$9 i.',:),_. .," d'.';cJ

3.,(/ 64.9 ,=3.:.Y8 32.6 ,(J.127 _._73 ;:. _ !7.G D._I3g .:;. tl3:: .I G',;:]
4.,0' :_4.L_ " '.7:; 32 c U._',r ,q.:j ._:3 .. ].;/U.' ..:• .......... :_ ._._75 16,7 :J.t""' :_. ti ':1
5._ (_|.7 . '..,li 32.J d.127 ;V.G77 1.3 I3.{ .Ct.135,_ :/. :32" "; 6:,,J
7..0' d}.5 ".!.77 31.3 .!l._.3:_ :J.:J79 'l._ t'_.l :1.15_:1 '.' _[_:' : ,i :.

• " ""_ 5. _"' .ll.e' _" 64,3 ,i.31 Zg.U _.131 _..J,,_. -'J.3 !, 3 J.! o_.;. " i:;.-" :; ::
15._' _J3.3 :L.:_.L)/ 25..3 :J.t:;9 _J..,Je,6 -4.'3 13, ..' :J.!l:;_J .' !t;: ,: :;
2/,/.;3 J3.3 .;,'.6..; 24._i .O'.l,:6 U.:.;U7 -;J.3 !>J..; ,I..)'_17 "../'=':;_ . ; :7
3_,_ J.:.3 ".';,3":) 23.7 :J.12'_ !J.;JSL] -'3.7 7.J .'J..J714 ..;.J7.'i ..:.._-_.;"
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i Table 30. Blade and Vane Element Performance for Ro=or B/Sta_or B, Four-

StaRe Confisura=ion, Third S=aBe Tested, Increased Rotor Tip
" Clearance, Design Point Thro_le.

i, ROTOR BLADE EL,:HENT PERFORMANC_

4_
IMMER t.IHZ;.k RZL. LOSS LOSS" REL. DIFF. REL. INC!D. DEV.
(g) SPES'_ TURNING . COEF. PAI_,A. MACH FACT. M,_,CHANGLE r.,IC4t.E

HPS F?S ANGLE NO.... NO. DE'; OEG
DEG IN OUT

9.. 64.4 2!!.16 2.1 _.168 D.143 9..145 .:J'.651 ._.,9'79 -..._.4 2_3.2
1.9. 64.3 .'-:).:'J.84 1.6 /:/.199 #'.169 ,0'.143 yJ,685 ,3,_75 -1.2 _?.9
2.9. 64.2 2;.'_'.53 3.1 _.232 9..2_9. _.143 :J.7.q5 .9"._73 -2.2 25,3
3,9. 64.1 21#.21 5.1 q.259 ,_.227 9..144 ;',J'.718 :/..q72 -3.2 27..2
4.9. 64.g Z2g.89 7.J .C./.293 9..25I q.145 :7. 727 .f_,._'72l -4.1 "._.4
5.9' 63.9 2'._'_.53 g.1 ._.297 9".266 _.146 0,726 ,q.._73 -4._ !:_.:.;
7.9" 53.7 :::r_3.9_ 11.8 :_.331 _.3_1 ").151:3.727 Ff.:.(76 -6.fJ .._.',5

1,0.9. 63.4 ".J7.99 14.9 :9'.32,_ ,9'.296 ,_.156 .q.692:3".._83 -7..9' "_.3
15.9. 62.9 2:J(_.41 16.5 _.2_9. ,_.261 ,_.161:-_.62;Jf.)',_94-;_.3 5.3
2.0".9"62.4 2ZT4.33 16.9 G.166 _.156 _.165 .q.511 q.111 -_.9 ,_.4
39".9" 51.5 .",'.i.'1.5615.2 :_'.9'259..,_24._/.154:._,399g.123 -9.,_ 11.2

TORQUE = 4/37.33 IN.-LB.

_Loss Coefficient Computed from Fixed Rake Da_a

STATOR V,.\;,/EEL,';IF,.NTPERFORHAI'IC_.

I_IMER _.V'H=.CL A3S, ABS. ABS. INC!D. DEV. LOSS LOSS DIFF.
,,'_ SP_ZL] TURNING HACH HACH ._NG[.E ANGLE COEF. P,:,,RA.;:ACT.

III-_S F'i_S ANGLE NO. NO. PEG " OEG
DE(; IN OUT

_. _,_..42).i.16 34.LI f/.l14,0'.,._5.,9'5.5 1g.3 0.1928 .cr.IB6:l.q.0,,;57
I._ 64.3 2=.i.I3,' 26.2 ._/.I17g._55 T.7 I9.B _'.134,_::_._7B-',-.C.'.77;L_
2..0" C_:;.2,,_!:Y.5338..q /')'.121._..q59 7.3 i7.9 ._'.1766:7.'71 _ ;:.75..;4
3.9' 3.'.1 _.1.1'/.21 30.3 !5.123 /3".U62 7.6 17.1 9..17'3"3.:Y.!,36" .;.7 ;:iL,'
4._J _._._1 .::::J.3.: 38,5 .'J.125 ..q.fJ(J5 7.3 1:_._ D.1.._,_7 .J. :._5.V!'.._;.7;L;7
5..9""_,=3 9 .:.:'.,.5; 38.4. :'1.127 .q.U57 ;_.'_' 15.5 .O..t'_iJZ .-i.'.5;;i ..:.7.".'7 ..
7._J 6_ 7 "L:;.9;_ 36.9 9.129 IJ..O'71 ?_.3 !L_.3 !3.15',.'_J :r.!.!9: ,'.G:= ;3

1,_._/ _3 4 :..;7.9._ 34.3 /J.l?.YY ,(J.[J73 3.3 15.7 ._.1556 :Y.tS;'.'_ ./.5 ;;;
15./Y 32. 9 :.".41 32.2 :Y.13:l /J.'.J76 1.5 13._" _'1.11G7 ::;'.13'J5 i.(i:: :3
2.7,/_ 52 4 1.'_.3,3 27,3 ..J.127 !#..q7'd -3.8 11.¢ 3.1;2_5 .7.123:: .i.5;'L...;
3_.r.q GI 5 :.:'..6:; 25.2 .'J.122 _J.:J'3_J -7.4 _1.5 .q.u7_3 .._.:JT_; .:.r3.:_:.:
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Table 31. Blade and Vane Element Performance for Rotor B/Statur B, Four-
" Stase Conflguration, Third Stage Tested, Increased Rotor Tip

Clearance, PeakPressure Rise/Near Stall Throttle.

ROTOR BLADE ELSilr'NT PEP,FORHANCE

',JU ,"_"I ,IHHER _,,i.:;;. P,EL LOSS LOSS REL. DIFF. REL. IIICID. D;'V.
(,."} SPI_ED. TURNING COEF. PARA. HACH FACT. HACH ANGLE .'=,.:!GLE

HPS FPS ANGLE NO. NO, B_G O_C
BEG iN OUT

_. 65.2 21J..,_2 3..4. '3.262 _r.223 9'.147 /'./.8._'I.e'..0"56 ;J.3 ,_7 6
1._r 65.1 ;'!3.7:J 3.5 '.3.272 '3.233 _.145 ::J.81; _r.,_r53 ._.1 :.:'1 2.
2,fl 05 ...C/ .,."_3.,.33 5.3 :.'-/.286 _r. 247 ":,_r.145 ..':J.816 .q ..q(_3 -:':/ .5 ;:'... U
3.;_ 54.9 :'!3..;r:3 5.4 ::/.312 t;r.272 £r.147 .,'.J.821 _...754 -!.2 _::4 9

• 4.£r 54.8 _1r_.74 7.,5 /1.345 _.3r.C/4 ._t.15:3 _'.826 _.:,355 -2.2 :::/ '9
5._/ (34.7 :.':2.41 8.8 fj.347 g.3_8 ,J.151 /_'.814:1.g(3(3 -2.5 :.:_ :J

7._ 54.5 L'_t.77 9.8 :J.345 _r.3f19 £/.152 ,C(.785 ;]._fT_J .-3.fi _7._
I_'._' 64.3 :'.:::_.St 11.3 ._/.334 _.3_2 .(/.155 _J.747 g..(_75 -4.3 _.,',.6

15._ 63.3 .'.!9.2,; 15.6 d.3f'J3 ,_.28fl :i;.158 _'.68_ :J.£_86 -5.4 '._.1
2.(/._ 63.3 '=::_7.G:zr 18.5 d.215 fJ.2fJ2 #.16fJ :7.582.,3.1dfJ -6.5 5.6
3,(/._r :32.3 "..::J,_,.39 17.3 .,.J..,_68 .r/,d64 J.164 'J.451 Cf.!18 -'/.5 .-.7

TORQUE = 4735.91 IN.-LB.

•Loss Coefficient Computed from Fixed Rake Data

I

STATOR V,",_'IEE,,EilENT PEP,FO_,MA;IC_.

INNER _dH."!!L A_3S. ABS. ABS. IllCIO. OEV. LOSS LOSS DIFF.
X SPAS9 TUR'NING HACH HACH ANGLE ANGLE COEF. PArtA. FACT.

HPS ,?S ANGLE ,NO. NO. DEG DEG
DZG IN OUT

_f. _5.2:11 _.._,'.* 35.9 b'.127 .(I.?J53 9.1 2//.8 B.3:'J22 :J.:.'92.(: .J.gL'_;5
1._r 55.1 '::!3.7:/ 38.4 #._29 _..g56 !.'/.5 2_;.4 _r.2326 .q.273'? .'.;.3;[;:I
2.f_/ 55.;t ":.3.3L; 38.3 :1,13;J._.,'J59 I.'1.5 2r_.3 f/.28,1!i .'/.:156i ':.7i_I1
3._ 44.9 :'.3..';2.i 4U.3 :V.131 .Cl.,'JSl !;;r.7 It3.,'..' .Cr.;',_7,(J d..;;:l!_ ::.7; ;'
4.B 5,_._3 "':.".7; i,O'.'3 !I.132 ,V..'JC;'J t:J,5 17.2 J.?.._d2 :i.'J.2,1:.'.7{!_7

5,_ 34.,7 ::.2.41 4tJ.3 d. t32 .'1.'JG4 i.'J.2 17.;: :'./.2t33 ":.:;:j;1* :.7'_."!;
7.fl 54.5 :!.[.77 39.5 .../.13_J i,f..'.t65 "_.8 17.[ ,,.;.._:._.'_ .'/.t75.: :.'.7:.:.::1

l_t._t "34.3 ::.;.._'._! 38.4 :].l;"J rJ.:;q58 '-_.:J 16.3 _/.!,392 .t.13_J: ..;.7 "5
15.£J 33.,_ ..:'_.2:J 3._.3 :J. t29 d..,271 ,_.3 14.t.) .0'.11::1 ,:.t;:i .t.,,;, :.,
2.q.f/ 53.3 ..;7.5.J 31.6 .,J.129 :.J-.:773 1.-._ 13.S :_,I,.;.?._ :.,,t./;:" .'.J '.;
3_t._ J._,3 :.';.39 25.5 :J.1;'5 [J.:J77 -.'.4 11.2 d..JU7U J.:.iUJ. ,_.3: ;,'

167



,'i ! ...........

=_ .-. __ _ _" ...........

_. _
I__ _ ...........

_ _ _. _ _

'_ _ _ _x ...........

_.. _"...........
d "

_ mmIm_mmm_

_!...........

168



m

P 0_ .... .......
_K _0__ _

• _ _

_ _ __ _-_m_.._............• _ _

o • ...........

0 _ ...........

_ _ 0 ........

_ _ _ O_ ........... Z

_ _ _w --_m_m_m_ _ 0 _ ...........

0

000

i

- !
169



OOQO

_ _ _ ooooooooooo
_i °°°

_ • _, _ .

_ _ . ........... _ _|'°°°°_°°°_

_ _0_0_0_0_0_ _ _ ...........

_ _ _ °°°°°°°°°°°

°° i

_, 00000000000......
_' _C_O_O_C_
_|I "" ===

170



ORIGINAL PAGE IS

t_F Pr_" "" _'IALrTY

, Table 34, Vector Diagram Parameters for Rotor B/ScaCor B Four-Stage
ConfIsuratlon, Third St:_8e Tested, Increased Rotor T_p

i Clearance and Caslns Treatment, Open ThroC_le.

}"

BLADE EL_I',IEN'r '._\TA ROTOR [N_E'r
h

INNER _,,t WU BETA CZ CU C ALPHA?

i _ HP$ _P$ NPS FP$ BEG ....MP$ FPS NPS FP: MPS FPS BEG

I %. 5_/,2 15'.tl 47.1 154.4 59.5 17.4 57.2 17.8 58 5 24.9 81.8 ,,o.5_=
1.9. 5.'J.9 1_7,1 47._ 154.2 67.1 19.6 64.4 17.U 58 4 25.5 86.0 42.1
2._ 51.1 I_7.7 46.6 152.9 65,6 21.fl 68.B 1B.1 5_ 4 27.7 :)._.9 47".7

3.9. 52.9. 17:J.7 46.9 153.9 _4,2 22.5 73.9 17.7 5,9 Y,)' 20._ 94.9. J_.1
4._' 52.a 173.4 47.2 155.,0' 63.2 23.7 77.7 17.3 56 7 29.3 9($.2 3_..q
5.9' 53.5 175.5 47.5 155._ 52.5 24.5 _x¢.3 1($ 9 55 3 29.7 97.6 34.5
7.9' 54.1] 179.9 40.6 i59.3 152.1 25.5 _3.6 15 7 5_. 4 29.9 9r_.l 3_..5

19..9' 56.3 1::,_.5 ,_9.7 1_3.1 51.9 25.3 _5.4 14 2 4d _ 29.9 :_3.2 ,'._.'3
15.9' 57.7 1').",. '_:J.9 _t_7..,g' (.il,8 27.1 ,.qo.9 12 !; 41 1 .9<3.9 ")3..q T_,7:

29..9"50.8 I_2.L_ 5_.._ 15_.7 5':J.923.4 93.3 II 5 37 _ 3.7.7 l.J.J,6 ":'.,'.H
_ 39..9' 5,n.6 I_,_.5 51.1 )@7.7 50._ 3_.7 1,qfJ'.6 19. 9 3_ 7 32,5 1.,J_.7 ).u,5

BLADE ELEHE.NT D..'vrA ROTOR OUTLET / STATOR INLET

fraMER W WU B_TA CZ CU C ALPHA
'; HPS 7PS HPS FPS BEG MPS FPB MP$ FPS MPS FP3 bEG

9".. 27.9 .a,l.7 27,5 9_,2 79.5 5._ 16.4 37.4 122.7-37.7-123.8 82..2

t 1.9" 25.2 3:_._" 25.5 134.9. 77.4 5.6 18.5 39.2 12'3.5 39.5 129.9 _1 6
, 2.9' 25.1 32.4 24.1 79.1 73.6 7.._ 23.._ 4_T.5 133.1 41,_ 135.1 :3.../ /a'

3._ 24.5 _.,:.3 /3,.q 75.3 (_9.5 8.5 27.9 41 d 13_.6 42.5 ;39.4- ;:_ 2
4.B 2,'.3 79.9 22,1 72,6 55.2 1.0'.2 33.3 42.4 139:1 43.5 143._ 76 3
5.._ 2A,4 0.C_..'3 21.5 7:d.5 61.7 11,5 37.8 42.9 14:_¢.8 44.,1 115.8 7_ ,2
7._ 20.7 ::4.3 22,5 73.7 51._ 17.9 5LJ.3 _I.L_ 137._ 45.5 1,19.1 6;5 6

19".9" 34,3 11 !.3 :.'_.q 81.9 45.6 24.3 79.8 39._)' 127.8 45.9 15:J.7 !_7 9
15._' 4.9".1 t'2,1.4.20,1 92.1 44.4 28.6 93.7 35.4 116.3 45.5 149.2 !.::_ 9
29'._" 43.7 1:3.4 3;_'.7 1:JIJ.7 44.5 31.1 i#'2.1.32.3 I.ff5._] 44.g 147.1 !'i 9

39..0' 4.-9 !):;.3 3!.9 ID4.3 45.,9' 31.7 lfJ4..cJ 35.2 99._J 43.8 1:;3.6 43.5

r

BLADE ELF,HENT D.._'rA3TATOR OUTLET

IMMER W WU BETA CZ CU- C ALPHA
Y, HPS FP$ PIPS FP3 OEG riPS FP$ HPS FP3 NPS ;'P$ L:,_;G

9.. 52.7 172 3 49.1 151.2 fi8.7 19.5 62.3 15.q 51.7 24.7 31.9. 39,_
1.9. 52.4 171 9 48.4 158.6 67.2 2#.2 66.2 1,5.4 54.,')' 26.fJ ;?,5.4 '?.U.1
2.9' 52.Z 1,"! 2 47.7 158.5 55.9 7.1.2 59.4 17.q 53._ 27.1 :;9.1 ??.7
3.9' 5L_.6 1"2 5 47.6 155.2 64.7 22.3 73.3 17.:7--55.7 ;_t].l 92.1 ,17._
4..9' 52.9 173 5 :;7.5 155.8 53.7 23.2 76.3 17.::I 53.;1 213.B 94.5 3',i.!

5.9. 52.8 173 2 _7;.1 154.7 53.1 23,3 78./J 17.3 5i$.5 29.4 ':,_5.4 ,_,'i._J

7._ 5._.2 177.9 _3.;J 1_;7.4 62 9 25.3 133.."J 15.2 53.3 3:J.!_t :)3.6 ":,_; t
1#'._ 56.7 I ;-;.:)' _9.9 L,_3.a (_1.5 25.9 flU.2 14.,7 4":.,J 3:J,3 _').4 _.:.5
15.G 57.2 1:7.5 5/1.2 l_J.7 _1.2 27.3 1J9.7 13.?. 4:'.4 3.')'. ,_ :_:3.7 T:.',.t;
2,q._' 59.3 1 il._, 3.;.9 1(;7.2 5;/.7 2B.4 93.2 12.:/ 3').4 3:J.:] 1:,;_.2 _:: .U
3.q.O' 59.'J 1:3.3 3i.9 156.9 59.4 29.9 9LI.1 11.?, 3'5.4 31.9 1.L:4.7 .:'(.3
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Table 35, Vector Diagram Parameters for Rotoc B/Stance B Four-Stage __

Configuration, Third Stage Tested, increased Rotor Tip

Clearance and Caslng Trea=men_, Deslgn Poin__Thro/.r.le.

BLADe" ELEIIENT t)ATA ROTOR. OUTLET / STATOR INLET

IHNER _./ WU BETA CZ CU C ,'_!.PIi,'_
"/. H?$ FP3 HPS FP$ bEG HP$ FP$ HP$ FPS HP$ FP$ DEG

_. 21.8 7!,.5 2!.1 69.3 75.6 5.3 17.5 44.5 146 1 44.8 1¢7.1 02.9 .-
1._' 21.1 ,,9.4 2._.4 (36.8 74,,,_ 5.7 18.3 45.2 148 3 45.8 1.3,9.5 02.5
2 9' 2:_.9 3:'.4.5 19.8 54.9 7,9',B 6.3 22.3 45.7 149 (3 46.2 I"31.5 ,1!.3
3 9" 21.3 .53.9 !9.4 53.,5 57.1 8.1 2'5.6 4d..'4 1._i'.)"8 46.7 1.-33.2 79.0 -

4 g 21.3 ._':_.U l'J.1 6Z.7 53.7 9.3 3!.'/.7 46._ 1'51 4 47.1 1'54.5 7,_.3
5 9" 22.! ;''.6 19.1 62.8 59.7 11.1 36.4 4,3_.:)' 151 .J 47.3 155.3 73.2
7 _r 25.2 ,;:'.6 2::',t.>J, 65.6 52.5 15.3 5.0'.2 45.:i 147 5 47.5 1;;)5.8 71.:,./

19" 9" .31#.5 1.!.1.4 :'2.6 74.2 47.5 2.'V.6 67.5 42.E 137 9 43,8 133.5 ,:.3,7
15 .g 35.1 1111.1 2,5.5 8.4._ ,15.1 25.4 83.4 3U.6 12({ 5 45.2 151.6 _5.5
2_' .%"4#.9 13t.1 2B.4 93.3 44.,(i 29.4 95,3 35.? 11'5 5 45.9 15:3.5 '£.r'J.1
3,0' 9. 42.4. 1_:.;.9 3:3'.6. l:JE.3 46.1 29.3 90.£-32.1 1._5 3 43.5 142.6 4,7.5

BLADE ELEI'IENT DATA STATOR OUTLET i

IMMER W WU BETA CZ CU C ,\).PHA t
X HP$ FPS" HP£ FP$ OEG MPS FPS HP$ FPS HP$ FPS OEG

9". 54.fJ 177.2 51.7 169.8 73.1 15.5 51,.9" 13.9 45.6 2:'/.8 6,q.4 ,_.;.7

1.9" 54.1 177.4 51.5 169.1 72.2 16.3 53.6 14.!3 ,16.;J 21.5 7_.'5 .L';.5 i
2.9' 54.3 1,:3.2 51.5 159.1 71.3 17.2 58.4 13.9 45.:_ 22.1 72.6 :_r'.9
3.9" 54.5 13'9 2 51.'5 169.3 7f.'f.5 18..r.)'-58.9 13.8 45.1 22.6 74.2 37'._
4.9' 5,1.B 17_ 6 .:,1.5 169,,0" 7._.,9' 18.5 5,0".9 13.7 45.1 23.1 75.7 :'6.,"
5.;) 54.9 l?.Y 1 51.5 168.8 59.5 19..I. 82.5 13.7 44.9 23.5 "17.// .::3.5
7.9" '35.6 I>!?. 5 5!.9 _7,,J.1 6_.6 2fJ.2 66.?. 13.). ',3.H 2_.;J 7'].D _;..9

l_.(f 56.5 17'3 8 32.4 171.9 _7.5 21.5 7,(I.G12,3 4/.:) 2".O :-=..3 :.'.'._
15.._ 57.=_ 1 "._ 7 53.2 174.4 6_.7 22.7 74.6 tI.:7 31_._,2,}.3 ;;::._ :;_;.,q
20',_ 5;3.5 1J1-.9 53.4 175.2 55.;J .:.-'3.13 78.2 1:".,)'.3 33.7 ,'_'3,:$ ;._:_.2 ..:;.3
3B.9" 53.:7 1-_.;.6 :_?..8 ),73.4 33.4 26.;t 86,1 9._ 32.3 '3.::.r '_2..U -..".5

,* ), ,
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Table 36. Vector DiagramParameCera for Rotor B/S_ator B Four-Stage
Configuration,Third Stage TeSted, IncreasedRotor Tlp
ClearanceandCasing Treatment,Peak Pressure Rlse/Near

r

Stall Throttle.

BLADE..ELEI,IEf_T L),%TA ROTOR INLET
|-,

_: IMMER W WU B_'TA CZ CU C %LPHA

, ;1 HPS ',"P$ FIPS FP$ _""G MPS FPS HPS FP$ NPB FPS bEG

_. 52,3 17_,7 49.9 1_3.8 72,4 IB.7 51.4 16,4 53,9 ZPo7 74.4 46,2
1,9" 53.2 11'4.4 59'.3 165.1 7t,9" 17,1 56.2 15.9 52.3 23.4 76._ 4;:.8
2.# 54 3 171:;.2 r_l._ ],67.4 69.7 18.7 61.2 15,1 49.7 ?.4o[J 78,8 3_'..q

3.9' 54 8 1";;'.).7 31.2 167.9 68.9 19.5 ..64.1 14.9 48,9 24.0 Ui#.6 ;_7.2
4.9" $5 4 1J1.'3 51.5 169.9' 68.'2 29".4 67.;,/ 14.4 47.4 25.1J ;J,'_.l 35.2
B,9" 55 9 .IU3,3 51.7 16'3.7 57,6 21 1 69.2 14 I 4(J,4 4,5,4 33.3 .....U
7.,9' 56 9 1_3_.8 _2.:$ 17_.9 6_.'3 22.3 73.1 13.3 4J.5 2,5.9 ,_.).1 .7

1._.9" 57 3 1'J9,7 5"2.9 173.7 66.1 23,2 76.2 12.4 4.'.U 26.4 :;6.5 .'b;.!
15.9" 58.7 1_'_.6 53.5 1"/'3.6 6,5.5 24.1 , 79.;"J 11.3 37.2 2(_.{_ ;_7.3 :,i:_.2
29".9" 59.1 1.24..'2 53.6 175.7 64.7 25.1 '32.3 l',J.g 3';.5 27.3 :39.7 :..,_.3
3_.# r 59,_ 1_3..'1 52.9 173.4 62.4 27.4 9_Y..g lfd.5 34.5 29.4 9_.,1 :::.',:'.9

BLADE EL...NEN_T DATA ROTOR OUTLET /..3TATOR INLET

"P CZ C AL?HAINHER W WU _.TA CU
" HP$ ?PS PIPS FP$ bEG ''HP$ FP$ MF'S FP$ MPS FPS Or-.'GII " '

,@. 21..9' .;-.;._.9' 21.9" 59.9" 89,2 9'.2 .,9'.7 45.3 148.7 45.3 148.7 :39.5
1._r 2:3'.2 :._3.3 2/J.2 66.3 88.9 .8'.3 1.Z_ 46./3" 151.1 ,46._ 151.1 ,'_51.4
2.9" 19.5 ,_._,.:3' 19.5 63.9 87.7 .9'.7 2.2 46.7 153.1 46.7 153.2 OS.9

3.9" 18.9 ;_2.9' 1'3.9 61.9 OG.5 1.1 3.6 47;2 154.8 47.2 154.8 8:;.4
4._ 13.5 .:L.;.7 1,3.4 _[J.,', U3.9 1.9 G.2 47.5 15',5.3 47.6 156.1 ,:;;'.5

5.9' 10.4 _.;.'_ !8.1 5:.=.5 79.6 3.3 1_.7 41'.7 .153.6 47.9 157.;J :;5.9
7.9' 19.3 32.2-18.1 59.,$ 7.Cf.,9 6.5 21.4 47.3 lt_'_.d 4_].:_ 157.5 ,_::..'l

IJ_,_ 25.6 ".J.7 2.".f.2 6,3.2 55._ 14..:,/ 45.1 ,$5.2 14.3.2 47.3 155.2 ',::.:.5
15.9" 3:3".1 '.J_;.7 22.6 74..1. 48.5 19.9 65.! 42.3 13,3.7 46.7 17,,3.2 :_!.,7
2._._ 37.2 1"'!.3 2.3.2 '36.._, ,14.7 26.3 86.4 38.2 12'3.2 4_.4 152.1 _;L3.2
3_.9",4J.7 I,,,L_.5,..:).595.8 45.4 20.:_/ 91.9 33. '_ 111 _ 43 9 1:4 2 ,i_.3

BLADE ELZ[,'IENT. DATA BTATOR OUTLET

INNER W _U P_ETA CZ CU C ALPHA
II I',IPS i.":-"S HP$ FPS DEG MPS FPS NPS FPS 1,1PS FPS :;';-'.G

9". 54.5 13.'_._ 32.2 171.3 73.1 15._ 51.3 !4.! 45.4 2!.1 60.1 .t.;J..Cr

I.,6 54.8 17._,U 32.2 171.3 72.1 16.,3 54.5 14..,3' 4_.1 21.8 71.4 .:i.".!
2.9' 55,1 1,:.;.7 5;_,2 17!.3 71.3 17.5 57.3 !3.9 45.7 22.4 73.3 :'q.5
3._r 55.3 I_?.,5 52.2 171.3 7.':f.(J 1'3.2 59.7 13. :_. 45.4 ,_..._"9 73.'; .,'"..,
4.9" 55.5 1.,,..._l" 32.;. _ 1/1._ 7::/,9 18.S 61.:J XR.[] 45.,,'" 2',. 3 7J.5 ;._
5._t 55.6 1:_,3 _2.1.* 171.1 .58._ 19.4 63.5 13.7 41.9 23 7 77 :) ,i:.".
7.9' 5(J.4 1,:;..')' 32.'_ 173.4 5U.5 ;'./$.3 67.1 .t3.._ 4:'_.1 2.1 3 7'-.) 7 ,';.ci

19.fJ 57.3 I:;.U "_3.U 17"_.9 (_7.5 21.;J 71.4 l'!. _ 4.J.5 23 .J J2 2" _' .'5
1B.fl 5,3..3' 1.;.,.'.,1 33.4 173.1 :;G.7 "_,"_._.,;" 74.U 11.'_ 37.'_ 2._ [3 .'J3 7 :::_..7
2._.9" 59..',J 1i:3._ .53.9 _76.,£ _'_'5._J 24.! 7_.'.3 1:',l.'_ 34.4 23 :: ,t3 t .:.;.5
3_r._f 59.3 1:)].7 33.1 1"/4,3 G3.'_ 25.4 t36 7 1.'J ' 33 5 .... 3 £3 .q '_
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! Table 37. Blade and Vane Element Performance for Rotor B/StaCor B, Four.

Stage Configuration, Third Stage _'ested, Increased Rotor Tip

i, Clearance and Casln8 Treatment, Open Throttle.

t

ROTOR BLAOE ELENENT PERFORMAHCE
i

4_
IMMER WHEEL REL. LOSS LOSS EEL. DIFF, REL. INCID. D_V.

(Z) _?_:D TURNING COEF. PARA. MACH FACT. NACH ANGLE ,4?JGLE
HPS ;:PS AHGL_ NO. NO. D_G Dv'_

DEG IN OUT

g. _,i.9 _12.92 -I_'.# + .'J'.178 .6.14_ 'J.143 !_ 5?.4 D'..0'13,_ -t 2 _;?.5
1._' 54.8 ;._+tF:,5/_' "1_.2 ._.252 _.20.4 ,0'.146 .0' GUU ,0".D'75 "3 (._ _7.3
2.9' 64.7 _i_.2_ "a./# .9'.29,0' _'.24D' 0'.145 .+ 71Z D'.,9'72 "5 1 :;3.5
3._ 64.6 ',II1.96 -5.3 fj.338 _.286 £_.149 '3 742 .(J.._7_r -6 5 ?_9.3
4._ 64,5 :Iil.64 -2.fl ..#.369 L_.319 _.151 S 759 JJ.'_69 -7 5 ;. _.'.J
5._ 6,1.4 _,_..32. 9.9 '_.39._/ #.343 ,_/ 123 :J 75,3 f3./,37._ -_ I ::_..",
7.# 5¢.2 ::._.:7.63 1_.9 .q.351 0..321 [_ 157 D" 695 .9'.:;1L]2 -:3,6 1:..:.':)

7_t._ 63.9 ;i.19.73 16.3 .C_.261 0..244 ._ 161 ;3 582 .,J..g99 -;3.8 "..2

15._' 63.4 :LJFJ,13 17.4 .,_.17_ _.159 ,,'._185 :D'.485 d.114 -;3.9 '_;,U
2_.0. 53._J :Z:73.53 16.4 ._.#97 ._.>392 D' I(38 U.413 ;?.IZ5 -:_.(_ ,;.;
30.._r 62.£f .'-':3'3.34 13.9 .r'J.f#67 0.._J63 _ 17.CL::.391 $.123 -11..',/ L_.5

f,TORQUE - 5932.83+ IN.-LB.

*Loss Coefficient: Computed from Fixed Rake Data

STATOR V.-_IIEELEHENT PERPORMANCE

IHHEr', ",'IH_-EL A133. ABS. ABS. iNCI0. .DEV. L,3:';SLOSS DIFF.
,' SP-,:_'J TUR,"II.,"IG HACH HACH A;',!GLE ANGLE CC.:';".......A. FACT

HPS :.:PS ANGLE NO. NO. OEG; DEG
DE_3 IN OUT

,,@. '54.9 1/12.92 42.5 ,,@.I,,0'_,0..5'70. 12.8 IB.;J- -./,0'4!2-.';:'39";:i.53;_'_
I.,0' 3,.l,.B:':t2.5FJ 42.5 .9".113L_'.r'JT,,,I,13 2 19.:/ -.£,':'.f(33-._.t.9"5:.,:/.5,:,rJ.1
2.9' _,_.7 ;'t;!.2_ 41.3 _.118 _.fJ77 12 5 19.3 .(_..'7195 LI.H1U_: :.;.5,,'.".,.._
3.0' 5,I,.6.'_.;+1.9641.1 .Cf.lZl./,J'.SJtl.q11 7 1.3.,:I0..:3389 :J.;737":..;.5 ,-:,::
4.0. 64.5 .:1i.5A, 40..2 rE.124 .0'.D82 i',0'7 18.,'.)',;J.ii53_.7..J57 :/..5,..':,f
5.9 'J4..i 2ti.3:1 38.9 [J.127 g :_84 1.'J .r_ 1:_.' :3..'/651 :l.U(_3 ".5 _'_..

7._7 34.2' :.:_'.53 34..'J .V.13:_' g .r.r,36 3 3 16.;. _ ::/.'J'/97 .,.(.,JTU. .;.5 :')_;
10..0. 33.9 :-':J:_.73 32_.,1 - f/.131 U :SU5 -3.3 _.:'._ _+,ie3_ /;.:]9]. :;+5 '
15.,9' 83.4 :'.r3.1_: Z5.2 [J.13:;J U .'jrJ7 -7.1 l?.'.,_ L;.:_91fi :J.:JOAl :.5.:',i
2_.'3 53.:ir _.'_.5'3 _3..'J ,(_.12_J ;_ ..jt_t3 -9.6 I.]._ .r/.:JTSl :.:.-!7,1 ;.._, ,t;
30.._ 5_._ "d3.3,$ Z3.Z fj.125 '# 0'91 -9.4 g.6 ;J.E,t.dl J. J39 :J.,;L;'; )
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STATOR VANE ELEHENT PERFORHANCE

IMMER %4H";_I. ABe. ABS. ABS. INCID. DEV. LOSS L03S DZFF.
,." SPZ,ID TUR.giNG HACH MACH ANGLE A_IGLE COEF. ?ARA. ;:ACT.

;.iPS ;:P.S ANGLE NO.. f|O. DEG OEG i
i DEG IN OUT

• • . , ( ,,tP • . "'_ 55 6 '2!'3.37 4!.2 _ 127 ._.._9 !3.5 2.r'J,9 ._/.2282 !_.22,,qULt.77£_
l 1._ 65.5 ..'!5.,35 42..9' fl.13._ fJ'..q51 14.1 2fJ.4 .8.2175 ":J.:;'.lD7 .':.772.'J

2.# 63.4 ;;2!4,72 ,12.," 3.131 Lf.fJ53 J.3.g 19.3 fJ.2,'J79 ,J.:..!l!7 E.7:;:';_3
3.9, :55.3 21J,..4:'J 42.4 !#.133 !J..£t54 13.3 13.6 _.1985 :J.t93"' :i.7::._.
4.9, 65.3 :.'._.: . .g:; 41.9 :J.134 ,q.,r'JS5 12.7 18.3 ._.lO'J5 :Y.!_J47 :;.7:_5U

) 5._' 55.2:1:3.75 4Y_._ ;J.135 _._67 I_..4 !8.1 gr,l_13 ,<,'.175_I ::/. 7 ,' :' ,I
7._ 05.2' ,:'.3,1 _. 38.1 kJ.135 ,9'..q58 7.7 16.5 ..q.1053 :Y.l_l"', ."!.7:':;2

19,.,9' ,54.7 ::_::.1.; 34._. "J.].33,0'..q7H 2.3 14.,5 .3.t3,12 :J.131!} :;.6!.,7

15.,9' 54.2 :,:':/.5:: 3U.7 ._J'.13_ .q.iJ72 -1.3 !?..3 /I.,;C_U:J J.:/9(i: :;.G:_5
29,.9, .53.7 S ,:',.91 25.3 fJ.1,3Z .q,,'J7,l -5. ! 1:t.'3 ,!t.:/73iJ :J.:.;Th." _.5 S
39,.9' 62.7 L :'",6_ 27..-'.7 ;J.124 ._'.,'JS!J -5.4 8.3 ::J. c_81 :'J,E47," .i.'5.."/

C -- _ 17,5

1
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Table 39. Blade and Vane Element Perfo_anee for Rotor B/Sta_or B, Four-
Stage ConfiguratiOn, Third Stage Tested, Increased Rotor Tip

Clearance and Casing Treatment, Peak PressureRise/Near S_all
Throttle.

ROTOR BLADE EL_N_NT PF.RFORMA:VCE

t IMMER WH-.'EL REL. LOBS LOSS REL. DIFF. REL. INCID. OEV.(I:) SP_'?.D TUR,qING COEF. PARA..MACH FACT. HACH AN'_LE ,'\_:C,LE

I I:IPB FI:_ .ANGLE NO. NO. D_C_ . O'iG
DE'3 IN OUT

.3. _6.4 2"_,'.7'2 -16.8 ,1f.332 .0'.348 .g.148:7.855 ._..0"tJ.9' 1.7 ',!_.2 ;l.,g 56.3 217.39 -17.9 :)'.383 .0'.288 ._.15! ,_'.882 _'..0'3_ ;.;,3 ,;:_:,.9 '

) 2..g 66.2.217..g7 -IB..Cf J.436 ,0'.331 .,3'.154 :)'.91.Cf <;..rJ55 -l.:_' .;'" _ r'
3..0' 65.1 ::t6 7,1 -17.5 .'.I.46I] 9'.358 .0'.155 .C_.927 _g.[J54 -1.8 ;:i.3 {

i 4.,_ 65.,C,# ;.'16 41 -15.7 ,q.497 E.38v ,Ct.157 ;J.942:7.fJ5 "> -i.5 :'..'.7
5..g {55.9 2_'_G,g'9 -12.fJ .ff.515 9',413 9..158 ij.948 ,3'.;3'3'Z. -3.1 ,:,,'J
7..9'- 5'3,7 "215 43 -3.2 .q.535 ,0'.452 #.161 ._.'.938 ,.Y.G_5 -3.9 :_:.).6

ig._ 65.4 .";4 45 11.1 .0'.477 L9.431 _.164:7.034 O',Ct7#-4.5 I ;.5
IB.(/ 64.9 2{-' _,_ 17._ ,¢_.41_ k.r.38g d.166 :_'.727 :/./_35 -5.1 ';..'J
2.B'._ 54.4 T_:.tl 13 2_.!J tJ.278 9..251 f_.168 £t.58:_ :_.l.'J'5 -5.;._ :.;

3_.$ 63.4 EJ7 92 15._/ 3.136 fl.12g 5.159 .C_.491 _.I15 -7.5 7._f
)

) TORQUE = 5 ],!,7.89 [N,-LB.

_Loss Coefficient Computed from Fixed Rake Data

_TATOR VANE ELEMENT PERFORNAIICE

i t.IFIER WH:._-_I, A;3S. A[)S. ABS. INCID. O,'-:V. LOSS LOSS _[FF.
,." SP _ ZI.) TUR,?Il NG HACH HACH ANGLE ,,%N(..,.... _ _. CO,F.F. ?,".RA. FACT .

NP$ ;:_S ANGLE NO. NO. DEC; DEG
DEG IN OUT

_. 6(_.4 2_7.77. 47.,5 ';J128 g .Cr6_ 2'J:I "1,2 "_ _[I.,_8,, D. 22:J4 :'J.7_.'i9. • ,%

1..,q 65.3 ::t7.39 {9.3 ._.13,9' ,0' .'352 21.:,/ 2!]'..q .C/.2176 .')'.2l:J}: .:1.7,'5U
2..g' (_6.2 ;'.)7.g7 5,0'.5 _.132 g 9'53 ?.I.5 1.9.1 _.2;J79 :J.::Ut:_,'.;',:17
3.g 55,1 :.'tG.74 51.3 . .U.13_ _ .V65 ;{1.9 1;J.k .e'.lgsG :Y.193:. ::.7:',":J
4.9 6t3..r/ :'_5.,11 51.4 !J 135 9. .V66 '21.9 1U...d ',U'.1_195 ;.tt],t:; ".7_.;4
5.ff 35.9 ".1J..(;9 5[.t.7 g 136 .q '.0'(.{7 21.i 17.7 ,0'.1813 .;.iT7 ".7:,;:i

7.fJ ({5.7 '.'_,'5.43 4.9.3 g' 136 ,0' f,.t59 18,7 15.2 d.lG53 :J.16) ' ,.7 _',:
1.9'..g 65.4 "'t4.43 i3..'J ._ 13,I .O".U71 11.3 11.'3 ,0'.134:_ _.t3_, '.;"' ;;_
15.:'3' i-_4.9 ;t?,.L13 313.:,,' U 13:-' .q !J72 6.,' L3.:'. d..,vJ;J,._ .;....:t_i ' i;:,'
2.c'.f._ _4.,| ',l.l"J 31.3 .'J I?l !J !174 -q.3: ll..J .U.:f'idI._ J..s>'[i" _.5', .:'
3g.g _33.4 ' F,',92 :tg.l 'J:.124 ,d .'JO!J -2.5 9.4 ,0'..'1!31 l.:J17, 5, 1:-'
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Table 41, Vector Diasram ParameCera for Ro_or B/SCaCor R Sin81e-
S_aSe Conftsuration0 Design Point Throttle.

BLADE ELEMENT DATA ROTOR |NLET

J' 1_:_!._ W WU 8ETA CZ CU C ALPHA
MPS tPS MPS _PS DEG MP$ FP_ fdPS FP,_ IqPS FPS DEG

1'_1' 54.8 1,"g.8 51.7 169,5 7iP,3 18.3 58.B 11.1 36.4 2;.4 78.; 31.2
_\ _.8 55._ |8D.5 51.4 ;88.5 68.9 19.6 84.4 11.3 37._T ==.6 74,2 _i,8

3.E tS5,4 181.8 51.3 158.4 67.7 28.8 68,3 11.2 .36.8 23.7 77.5 28,3
!_ 4.B 55,8 183.1 51.3 168.5 66.8 21.8 71.? ll.l 36.5 24.5 8_.4 26.9

• 5.0 56.1 t_4.O 51.3 158.3 55._ _2.? 74,3 ll.l 35.3 25.2 62.7 "26.8

' 7._ 57.; 107.4 _'_.B 17_'._ 55.4 23.6 77,6 lb,2 33.4 25.7 64.5 23.3

;B._ 57.8 189.5 52.3 171.(_ 64.5 24.5 0_.7 9.6 31.5 25.4 85.7 21.3

;S.O 57.9 ;_9.9 51,.8 170.Jr 53.4 2B.7 84•5 9.B 31.5 27.5 98.2 28.4
'2_'._* 57. r 1_9.2 SD'.9 166.15 61.5 27.4 09,8 18.2 33.4 29.2 95.8 28.4
3_'._ 56.9 186.7 49.8.163.d 68,9 27.5 gB.3 IB.2 33,5 29.3 96.3 2_,3
5_.0 55.7 18_.6 48.2 168.;_ 59.9 27.8 91,2 9.9 32.5 29.5 95.8 19.6
78._' 54.5 |78.9 46.7 1&3.2 _3.7 28.2 92,4 9.B 31.3 29.7 97.5 18.7
80.x? 53.7 176.2 45,6 149._ 57.8 26.5 93,4 9.7 32._ 3_.1 98.? 18.9
85,_ 53,_ L74,_ 41,_ 147,? 57,9:6,_. 92,8 9,8 32,= 29,7 97,5 19,:
90.0 B_'.; ;?D.9 _4.4 145.7 58.3 27.2 89,3 ;_.,_ 32.7 29.e 95.! 2u.D
93._ 51.1 11_7.6 44.S 146,1 6_.S 2S.D 82.1 9.6 31.4 26.8 87.9 _,9
95._ 5_.8 IG6._ 44.5 145.9 51.3 24.2 79,39.4 3D.9 25.9 85.1 Z1.3
96._' S_.S |65,5 44.6 146.3 61,9 23.5 77.4 9,2 3_._ 25.3 63.1 :1.3
97.B 5_.4 165.4 44.8 146.8 62.4 23.2 76,E 6.9 29.3 _4.8 81.5 2l.J_

98.6 5_.3 IBB.; 44.8 147.Jl 62.7 22.9 75.2 6.8 20.9 24.5 80,5 21,9

BLADE ELEHEHT OAT; ROTOR OUTLET I BTATOR INLET

_HER V _4U BETA CZ CU C ALPHA
X MPS FP$ MPS FPB BEG HPS FP$ MP$ FPS HPS FP$ BEG

I,_ 33.9 111.2 29.9 96.2 61.9 ;5.9- $2._ 32.8 t_7.7 35.4 119.8 64,_'

2.8 33._ IxTB.? _8.4 93.3 59.3 15.8 S6,B 34.2 112.3 38.1 125._U 63.7
3.B 32.6 |_7._' _?.3 89.5 56.7 17.8 58,4 35.3 115.7 39.5 129.6 63._
4._ 32.4 1_.3 _6.4 85.8 54.5 16.7 61,_ 36..0 1_8.2 4_.6 133.2 52.3
5._P 32.5 ;*'6.7 25.9 84.6 52.5 19.7 64,? 38.5 119.8 41.5 136.2 51.6

7.0 33.1 1_8.7:5.6 84.8 5_.5 21,B 68,9 36.5 12_.,0 42.2 138.4 6_.B
tdl'.l)' 34.4 ;|_..7 26.6 83.9 48._' 22.9 75,2 36.3 ;19,2 42.9 |4_'.9 67.5
15.O 37.,_, 121.5 :'6.7 87.5 46._' 25.7 84,2 34.7 113.9 43.2 141.7 53,4

21_._ 39.1 129.4 _?.9 91.5 48.4 2_.4 9,0,0 33._r ;.0_.4 42.9 140.9 8_.2
30,0 4(',_._ I)1.4 -_8.2 92.7 44.? 28.4 93,1 31.8 ID4.2 4_.6 139.8 48,1
5g.ff 3_.9 1,_7.6 ;.?.B 88.7 43.9 27.9 91,7 31.1 IJP_.g 41.8 137.1 47.9
?6.JO 37.5 123.8 24.5 8_.3 40.6 28.4 93.2 31.8 liD4.3 42.5 13P.8 48.1
8o._r 36.3 119.1 2_,_ 72.3 37.3 28.8 94.6 33.3 189.1 44._* 144.4. 48.9

85.D 35.4 t16.1 ._1.8 71.4 37.9 27.9 9l,S 33.1 1_S.6 43.3 141.9 49.7
9;J.O 34.1 111.7 21.1 -:9.2 38.1 26.7 87.7"33.3 1_9,._ 42.7 14_.1 51,1

_)3.tP 33.4 1_9.? _.8 68.1 38.3 _6.2 86,D 33.3 lJOD.3 4:.4 139.1 $1.7
95.iP 33.0 1.98.4 :kl.l 65.9 37.4 25.2 66.B 33.8 11D.9 4=.6 140.3 52.1
96.JP 32.7 |P7.3 18.9 61.9 35.1 26.7 87,7 34.9 114.6 44.B |44.3 52.4
97.JP 31.6 1_3.7 47.5 87.9 33.8 25.2 86._' 35.1 118.3 44.5 145.3 53.8
98._' 29.6 97,2 15.8 51.9 32,2 25.O 6_.2 37.8 ;23.9 45.3 148.7 56.3

SLAO£ ELENENT DATA STATOR OUTLET . .

IH_ER . V VU BETA CZ CU C ALPHA
HPS FP9 MPS LrPB ,DE(; NPS FPS NPS FP$ MP$ FP$ DEG

I.B 54.3 lTO.l _0.5 155.B 68.5 19.5 64.4 12.2 39.9 23.1 75.6 31.?

2._ 54.1 177.5 49.9 163.8 67.1 2_.8 58.4 12.7 41.6 24.4+ 8_.1 3!. 3
3.8 54.1 177.449.4 182.2 $S.9 21.9 72.8 13.1 43.1 25,6 63.9 3_n.8
4.g 54.2 1_'7.7 d9.1 161.,4 64.7 23.B 76.3 13.4 44._ 26,6 87.2 30.2
6.8 64.3 178.2 48.8 16_.1 63.8 23.8 78.2 13.6 44.5 27.4 98.D 29.8

7.1r 54.4 ;78.5 48.$ ;59.2 B2.9 24.6 8_P.8 ;3.? 44.8 28.2 92;4 28,9
1_.r4 54.8 179.2 48.1 157.9 51.6 25.0 84.7 13.8 45.1 _9.3 9_.P 28.I_
|6,11 SS.9 193.4 49.8 15JP.9 61.; 25.8 68.,0 12.4 4_.7 29.6 97.0 24.? ]

' 21t._ 65.8 138.3 49.5 162.5 SO,8 27.? 9t,B 11.4 37.5 3ff,O 98.4 22.3
3_4.11 S?._ ill?.2 49.5 162.4 6D.JY 28.4 93.1 tJ0.5 34.5 30.3 9§.3 2D.3
,_J0.O 56.2 1_4.5 413.2 158.2 $8.8:8.9 95.B 9.9 3:.5 32.6 16_.4 18. c)
7B._f $4.6 17§,1 45.2 151.? 57.7 29.Jl 95.2 I_P.D 32.9 3Ja.7 lJPO.7 1§._
89.8 53.2 174.6 44.8 146,9 $7.1 20.0 ."4.4 1_0.6 34.6 3_.7 IBD.5 _._.1
65.6 8_.1 171.1_ 44.t 144,6 57.5 2?.9 91.4 tl_.G 35.3 2_).9 98._ 21.1

91_._ 51.1 167.0 43.3 14:.Jl 57,6 27.2 09.4 11.| 36.4 29.4 96.5 _2.1
93._ .r8.6 106._ 42.7 14g_| _,7.4 2_.2 89.1 11.4 37.4 29,4 95.6 2_.7
9§.11 49.4 161,9 4l.S 135.2 87.1 2_.? 87.5 12.4 4_.5:9.4 96.5 _4.8 ]96.R 48.7 159.7 41.5 136.1 58.2 28,$ 83.? 12.3 40.4 :S.3 92.9 _5.?

97.0 44.9 147.5 38.8 127.3 $9.5 22.? 74.5 14.9 48.9 2?.2 89.1 33.:
98._ 39,3 Z:S,9 35,_ l_4.7 $_._, I8.m 68.9 18.7 81._ _5,9 85._ 4_,_
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Table 42, Vector Diagram Parameters for Rotor B/Stator B Single-
i. Stage Configurations Peak Efficiency Throttle.

I 6LA0( EL_'H_NT 0ATA ROTOR INLET

IHMER W WU BETA CZ CU C ALPHA
MPS r.:" ',_1_; RP5 PEG MP$ FP$ MP$ FPS MPS FP$ BEG

h 1,@ S4.S 17_.. '-'_.1 178.0 73.2 lB.S 54.# 1#.2 33._ |g.4 63.5 31.8
2.@ SB.B 181J.B 52.B 17g.5 78.7 IB.B 59.1 IB.3 33.7 28.7 5B,B 20.5

i 3.tJ 05.3 181,5 Bi.B 170.1 59.4 19.3 53.3 IB.3 33.8 21.9 71.? 28.#

4..0 SB.S 10._,_* 51.0 1t39.9 68.3 25.4 66.8 1.0.3 33.7 22,8 74.8 26.7
5.0 5_;.2 124.3 52..0 17_.B 87.5 21.3 79._ 1.0.g 32.8 23.6 77.4 25.._
7. g L5_ . 9 I 86 , S 52.3 171.5 68.7 22.3 73.1 9.B 31'4 24.2 79.4 23.B

1.0.8 57.3 188,.0 52.3 171.7 58.8 _3.3+ 78.5 9.2 38.8 28.1 82.2 21.4
15..0 57.3 187,9 51o0 178,8' 64.6 24.4 8.0.0 9.2 3,8.2 26.1 85.6 28.5
28.8 87.1 167,2 51.3 186.3 53.B 2B.e 02.B 9.3 3.0.4 26.6 87,4 2_'.3

I 3.0..0 56.5 105o3 5,0'°3 184.0 62.? 28.7 84.5 9.3 38.7 27.4 89.9 19.9
B_.B 55.1 1_,5 48.4 158.6 81.3 25.3 85.4 9.4 3.0.8 28,.0 91.7 19.5 "--
7_.8 53.5 175.4 45.5 152.5 68,2 26.4 86.5 9.4 3_,8 28.8 9i.9 19.5
8O,dY 52._i 172.6 45.4 149.1 59.6 26.5 86.9 9.5 31.1 26,1 92.3 19.? ......
65..0 52.1 171,B 45..0 147.5 59.4 25.4 85.5 9.5 31.2 2B.J_ 92..0 19.8
90,_ 51.4 158.B,44.7 145.6 6_.1 25.8 03.7 9.3 3,0,6 27.2 P9 1 2P'._
93..0 B_.6 1_.1 44.6 146.5 61.7 23.9 78.3 9.1 29.8 25.5 83.B, 2.0.B
95.0 5_.2 184.7 44.7 145.7 62.8 22.0 74.9 8.B 28.9 24.S 8B.3 2,1.1
95.B B_..0 154.2 45..0 147.5 53.8 22.e 72,1 8.8 27.8 23.6 77.3 21._.
97._' 49.9 153.7 44.9 147.4 64.4 21.7 71.2 8.4 27.6 23.3 76.4 21.1
98.# 49.8 153.2 44.9 147.2 64.2 2|.S 7.0.B 8.4 27.5 23.1 75.7 21.2

BLADE ELEMENT DATA ROTOR OUTLET / STATOR ZNLET

IHHER W WU BETA CZ CU C ALPHA
X HPS FP$ IdP$ F'PS BEG MP$ FPS MPS FPS HPS FPS D(G

1.8 29.5 96.6 25.9 85.8 51.4 14.B 45.B 36.4 119.S 39..0' 128.! 68.8
2.B 2_.3 96..0 25..0 02.1 50.5 15.2 49.9 37.2 122.2 48.2 132..0 87.6
3._ 29.2 95,7 2_.3 79.7 56.2 18.2 53._ 37.9 124.2 41.: 135.1 66.7
4..0 2.9.2 .Q5,9:3.8 78.8 54.2 17._ 55.9 38.3 125,5 41.9 137.5 55.8
5..0 29.9 98.2 23.7 77,7- 52.2 18.3 88..0 38.3 125.6 42.4 139.2 84.3
7.8 30.5 1.0_,1 23.5 77.5 58.6 19.3 83.3 38.1 125.2 42.8 14@.3 63.B

1.0.B 32.4 1_5.2 .'4.3 79.8 48.6 21.4 78.1 37.2 121.9 42.9 148.6 59.9
15..0 35.5 115.5 2_._r 05.4- 46.9 24.2 79;4 35.# `114.8 42.5 139.6 55.2
20._ 38._ 1-_4.t_ 27.5 _.3 46,2 26.3 86.2 33.. _ `1_'8.4 42.2 138.5 51.4
3_3._ 39.1 1:8.4 27.8 .91.2 45.1 27.6 9,0.4 31.8 1,0'4.4 42,1 138.1 49._
5_.B 37.7 1:3,6 25.1 BS.7 43.8 27.2 89.1 31.5 1.03,B 41.? 135.7' 49.2
70..0 35.9 117,8 23.7- 77.8 41._t 27..0 88.5 32.2 DPS,7 42..0 138.g 49.9
80..0 34.6 113.5 21.5 78.5 38.4 27.1 66.9 33.4 1.09,5 43.g 141.1 5_.8
05.B 33,6 11_. -_ 2_19 88.4 38.3 26.3 85.3 33.5 11_.3 42.7 14d.1 51.8
9_._ 3_,._" 1_5.5 19.9 55.2 38._ 25.3 83.1 34.1 111.9 42.5 139.4 5,_.3
93.1_ 3_._0 11_._.1 19.9 55.3 38.3 25.1 82.4 33.B.111,B 42.1 138.,." 53.3
95..0 31.7 1,_4._ 19,2 62.0 37.8 25.3 02.9 34.4 112.8 42.? 14_.8 53.5
96.8 30'.8 1_1.1 17.4 $7.1 34.2 20._ 03.5 36.1 118,3 44.1 144.0 54.6
97.8 29,2 95.9 15.5 SI.9 32.B 24.6 B_v.7 37.5 123,2 44.9 147,3 _6,6
95..0 27.5 9_.1 .14.3 46.9 31.2 23.5 77._/ 39,.0 127,8 45.5 149.2 88.8

BLADE ELEMENT<DATA STATOR OUTLET..

IMMER W _U |ETA CZ CU C ALPHA
X MP$ FP$ MPS FP$ OEG MPS FPS MP$ FPS MP$ FPS OEG

1..0 53.6 175.? 49.9 183.9- 68.? 19.3 63.4 12.4 4,10.6 23..0 75.3 32.6
2.8 53,2 174.6 49.3 161.6 67.7 2.0._ 65.6 12.9 42.4 23.8 78,1 32.8
3.8 53.4 175.2 49.2 151.3 68,8 2_oB 68.4 13..0 42.5 24.6 8.0.5 31.8
4,B 53.3 174,0 48.8 15_.1 08.1 21.5 7.0.4 13.3 43.5 2.5.2 82.9 31.5
S.B 53.4 175.1 48.5 159,4 65.4 22.1 72.4 13.4 43.9 25.B 84,7 31.1
7.8 53.5 t?B.B 48.4 156.9 04.7 22.7 74,5 13.3 43.8 26.3 85.4 3.0.4

18..0 84._ 177.2 48.B 189.B 53.6 23.8 78.2 13.8 42.7 27.2 89,! 28.5
18._ 58..4 181.9 49.4 182,2 52.9 25.1 82.2 11.6 30..0 2_.5 08,5 24.7
2O.B $6.3 184,B 49.9 153.9 62.4 25.9 84.9 1_,5 34.B 28.8 91,0 2,',2
3_.8 56,0 186._ B_,| 164.4 01.8 25.6 87.4 9.5 31.2 28.3 9210 19,d
58.8 5'_,.4 I81.7 40.3 158.4 611.B 27.2 89.1 9.B 31.1 28.8 94.3 19._
7_,_ 53.4 178.1 45,1Y 158,9 59.3 27.1 88.8 9.9 32.4 28.B 94.5 2_.L_
8_.8 52.2 171.2 45,_' 147,5 Sg.3 _6.5 88.9 1.0._ 32.7 28.3 92.S _0'._
8S.B 51.3-I.58.3 44.5 146..0 5_.B 25.5 83.7 1.e.8 32.7 "27.4 09.9 21.3
98.0 5_.3 155.8 43.6 143,,0 59,9 25.1 82.3 10.4 34.2 27.1 89.1 22.5 •
93..0 49.6 162.5 42.7 14LT.I 59.3 25,2 82.0 1I..0 35.2 27.5 q_.l 23.B
95,_1 48.9 15_.5 42.2 138.3 59.3 _4.9 81.5 11.4 37.3:7.3 G9.7 24.5
9B.J 48.4 150.9 4_.B 137,7 59.9 24.2 79.3 11.5 37.5 "5.0 eT.e 25.3

", 97.8 48.2 143.3:19.? 13_,2 51.2 21.5 78.? 13.? 44.8 25.5 03.9 3,.,
90,._ 41,5 1)_,? 3m_.4119.4 53,9 17.? 57;9 15,§ 55.3 24.4 BLi,l 43.8
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Table /+3, Vecl:or Diagram Parameters for Rotor B/S_ator B Single-
Stage Configuration, Peak PreSsure Rise and Near

'_ Stall Throttle.

i BLADE [LEMEH_ 0ATA ROTOR |NLET
i,

|MMER W WU BETA ¢Z ¢U ¢ ALPHA
X MPS f;: MPS FPS DEG MP$ FPS MP8 F'P$ MPS FPB PEG

1.99 55,99 13_ 52.6 172.1J 72.? 16.2 §3,B I,E.99 32.7 10.8 62.3 31.6
_' 2.B 38,3 101,_ 52.B 172.3 71.4 17.4 §7,2 8.9 32.6 28.1 85.8 29.6

3,0 BB,B 182,2 &2,4 171,9 78,4 18,5 699,5 L0,99 22,7 21,W BB,9 23,3
' 4.8 ISS.8 183.1 32.3 171.5 69.4 19.4 63.7 9,9 32,B 21,8 71.B 27.B

6,B 56,B 103.9 52.2 I71,4 BB.B 2_',2 65,4 9.9 32,B 22,5 73.9 26.!
7.0 B5.B I35.5 B2.B 172.1 67.9 21.1 iSB,3 8.B 31.2 23,2 75.99 24.2

18.B &7,2 187,6 52.6,172,? 8B,B 22,4 73.4 9.1, 30.7 24,1, 79,2 22,m
• 16,B &7.4 1,88.2 52,4 172.99 6B.B 23.3 78.B 8,0 28.924,8 81.B 299.5

28.8 B?,m 107,2 &2.1 1799.9 BB.7 23,3 78.3 B,? 36,4 24.8 01.4 299,4
30.8 &5.4 IBS.m BB,9 167,2 64,B 24.1 79,2 8,9 39,1 25.7 04.4 23,1
38,99 BS,B 1,38.4 40.1, 161,99 63.,0' 24,6 81.3 8.8 20.8 2B,3 06,3 19.5
78'._ 83.B 1,75.5 47.4 156.7 62.2 24.8 81,.3 8.6 28.2 26.2 o8&.1 19.1

I BB.W 52.7 172.8 43.3 152.B 31.4 23.1 02.2 a.e 20.8 23.5 07.1 19.3
BS,m 62,99 17W.7 4&.8 15,6'.3 61.5 24,7 01,99 B,B 29,B 26.2 eB.B • 19.7
96.99 51.3A68.3 43.4r140,B 62.99 23,0 78.6 8.0 28.9 23.5 83.7 20..1
B3.B 899.6 166.1 45.B 149.2 63.8 22.2 72.9 0.4 27.B 23.8 78.B 20..6
81_,0. 399,1 164,5 45,4 1,49,,0' 34,8 21,2 (t9,B 0,3 27,2 22.8 74,7 21,3
96,4 60.,0. 164,2 45,4 149,99 (S§,B 21.._ IS9.m 8.2 26.9 22,8 74._' ,21,3
97,99 49,9 1,63,7 4B,B 149,7 65,9 299,2 &6.3 7,9 25,9 21,? 71,2 21,2
9B,Jl 49,8 1,63,4 43,4 149,B 65,5 299,4 BB,B 8,.ID' 23,2 21,9 71,.9 21,3

BLADE ELEMENT DATA ROTOROUTLET / STATOR INLET

[MMER %/ WU BETA CZ CU C ALPHA
X MPS FPB MP$ FPS BEG MPS FP$ MPS. PPS MPS FPS BEG

I._' 26.7 87.B 24.3 79.7 68.3 11,.1 33.3 38.2 125.4 39.8 1,38.5 73.7
2,m 25,2 02.5 22,9 78,99 65,1 18,5 34,5 39,6 IRg,8 4_,9 1,34,3 74,9
3,99 24,9 01,8 22,1, 72,5 52,3 11,5 37.7 48,2 132.,0' 41,8 137.3 73,8
4.8 24.9 Bl.B 21.5 70..8 599._ 12.4 499.6 40..7 133.4 42.5 139.5 72.9
5.8 25.2 82.8 21.3 73.99 57.8 13.3 43.8 4,6.0 133.0 42.9 14,0.9 71.7
7.99 28.4 88.7 21.8 78.8 84.5 15.3 8Jlr.1 43.4 132.B 43.2 141,.7 69.1

IE.99 28.& 93.7 22.4 73.5 51.8 17.7 B8.B 39.3 128.8 43.1 141.3 65.6
IB.99 31.5 1993,2 23.B 78.2 49.1 299.5 ,67.3 37.4 122.6 42.6 139.9 61.1
20..0. 34.6 113.5 25.4 83.2 47.9 23.6 77.3 35.4 118.1 42.8 139.5 56,2
30..B 38.B 124.8 26.9 8B.2 44.9 26.8 88.1 32.9 138.,0 42.5 139.4 5W.7
BB.B 38.2 118.7 25.99 B2.B 43.6 26.2 85.8 32.9 1998.1 42.1 138.99 51.4
7B.B 34.2 112.2 22.7 74.8 41.5 25.6 •83.9 33.3 1999.4 42.99 1,37.8 52.4
88.B 32.5 1,36.8 299.6 87.7 39.3 25.1 32.3 34.S 11,3.1 42.6 1,39.9 53.8
35._ 31.7 I34.99 19.9 05.3 38.8 24.7 8,0.9 34.7 114.0 42.5 139.8 54.6
98,B 399,9 IBI,4 19.1 62,8 38,2.24,3 79.8 35,99 114.9 42,8 139.8 55.2
93,99 30',1 90,7 18,7 61,2 38,2 23.6 77,4 33,2 115,B 42.4 139.1 88,99
93.99 28.9 94.7 16.9 BE,6 35.9 23,4 76.6 36.9 12_.6 43.5 142.9 57.4
93,99 27,2 89,3 14,9 49,99 33.2 22,7 74.6 38,7 126,9 44,9 147,2 59.4
97.99 28.2 02.0 13.2 43.4 31.S 21.5 70'.6 40'.3 132.2 43.7 143.9 61.7

I 96.8 23.3 76.3 tl.B 38,0 399.5 2990.99 68,7 41.6 136.4 43.1 131.4 54.1

BLADE ELEMENT DATA STATOR OUTLET

tMMER W WU BETA CZ CU (: ALPHA
X MPS FP$ MPS FP$ BEG MPS FPS MPt; FPS MPB FPS BEG

1,99 &4,6 1,79,2 _1,,7 169,B 799,9 17,7 58,99 199,9 35,5 23,7 58,1 31,5
2.99 54.7 179.3 51.3 188.2 BB.B 19._ 62.2 11,.2 35.5 22.99 72.2-_0'.4
3.99 54.0 179.7 $1,._ I37.2 38.3 2990.99 88.8 11.4 37.3 23.0 75.6 29.5
4,99 54,5 179,1 $99,5 1,BB,$ 87,4 2.8,8 88,2 11,8 33,7 23,9 78.5 _9,8
B,I 34,6 173,I 399,2 164,6 66,B 21,B 70',8 12,99 39,3 24.5 e0'.e 29,1
7,99 34.7 1,79,4 399,99 I34,99 &0,0 22,2 72,7 12,99 30,3 23,2 82.6 20,3

199',.if6_,,8 1899,6 lSJ,B 163,8 65,99 23,1 75,8 11,7 33,5 25,9 85,99 26.B
15,/ 36,6 1BE,9 31,1 IBT,B 64,2 24,5 80',3 199,2 33.3 2S,S 87 99 22.5
2.0.,J' 37.6 189,99 51,? 139,6 63,& 25,4 83,4 B.1 29.7 27.99 88.5 19.5
399.99 57.8 1,09.5 BI.B 169.2 63.0 23.99 85.4 8.2 27.0. 27.3 69.5 17.8
B99.99'55.6 I32,3 4B.99' 1599,8 61,7 26o2 85,9 B,9 29,3 27,? 999.7 16.8 .
?,8,99 53,5 1,75,7 46,7 153,2 B99,E 26,2 86,99 9,4 38.? 27,8 91,3 19.5
0.0',99 32,1 171,99 45,6 149,7 399.9 23,2 82.5 9,5 31.1 25,9 e_.2 _0".8
38,0. 51,1 157,6 46,// 147,7 61,8 24,1 79,1 B,5 31,B 26.99 85.2 21,7
91,99 40.8 183,4 43,B 144,99 BI,B 23,5 77,2 1_.3 33,7 25,7 84.2 23,5
93.99 49.3 161.8 43.3 141.9 Bl.t 23,? ?7.7 199.8 34.9 26.0' 05.1 24.1
03,1 48,8.151,1 42,? 1499,1 399,8 23,6 77,5 11,0. 35,1 25,1 88.6 24.9
96,99 43,3 1,58,B 42,7 1499,2 32,1 22,8 ?3.8 199.9 35.7 25.0' 82.99 25.7
97,99 47.4 IBS.8 42.4 1,39.1 63.2 21.3 69.7 11.| 36.8-24.0 7_..7 _7.8
03.99 42.8 14_.5 39.0' 127.0 65.3 17.0 _8.3 14,5 47,5 22.9 _'_.2 3_.).0'
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p Table 44. Blade and Vane Element Performance for Rotor B/Stator B, Slngle-

; Stage Confisuration , Deslgn Point Throttle.

_' ROTOR BLADE EL_HENT PERFORHANCE

i IMMER WHEEL REL: LOSS LOSS REL. DIFF, REL. INCID. DEV,

i\ (_) SPEED TURNING COEF. PARA. MACH FACT. MACH ANGLE ANGLE

MPS FPS ANGLE NO. NO. OEG OEG
DEG IN OUT

I.._ 62 8 2_5.88 8.4 #.146 _ E93 _.168 _.566 _.498 -_.4 21.8
2._ 62 7 2_5.57 9.6- _.144 -_' 128 0.159 _.593 0.095 -I.8 19.2
3.0 62 6 2#5.26 II._ _.175 _ 157 #.16_ _.612 9.094 -3,_ 16.6
4.# _2 5 234.95 12.2 G.198 # 179 9.161 _.625 G.094 -3.9 14.3
5._ 82 4 2_4.64 13.5 0.21_ 0 192 _.162 0.629 0._94 -4.7 12.3
7.0 '32 2 2_4._3 14.9 _.23_ 0 212 _.165 _.632 _._96 -5.3 1_,1

1_._ _1 9 2_3.1J 16.6 _.228 _ 211 #.167 _.617 5._g9 -6.1 7.5
15._ 61 4 2fl1.85 17.4 _.171 #.160 _.167 _.557 0.107 -7.2 5.5
2_._ 51._ 2_.0_ 16.1 0.104 _._98 _.167 9.5_ _.113 -9._ 5.#
3_.0 6_._ 19_.91 16.2 0.051 0._48 _ 164 _.464 _.116 -9._ 5.3
5_._ 58.1 195.73 15.9 ........ _._18 ,_.017 _ 161 _.465 0.112 -8.5 7.3
7_._ 55.2 I_4.54 18.1 _.432 0.431 _ 157 #.482 _.198 -8.5 7.4
80._ 55.3 181.45 24.6 _._8_ _.477 _ 188 _.5_3 _.1_5 -9.5 5.7

85._ 34.8 179.9_ 2_._ _._8_ _.fl77 _ 153 fl 511 _ Ifl2 .9.6 7.I
9_,_ 54.4.179.35 2_.2 _._77 _.974 0 150 _ 526 _ _98 -9.5 8.1
93._ 54 1 177.43 22.2 0._55 _.953 0 147 _ 531 _ 097 -7.5 8.B

95.0 53.9 J76.81 23.9 0.445 #._43 _ 146 0 539 0 _95 -6.9 8.2
96._ 53.8 176.5_ 26.8 _._49 _._48 _ 146 9 555 _ _94 -6.3, 6 1

t 97._ 53.7 !76.19 28.6 @._81 9.979 @ 146 _ 587 _ _91 -5.9 5._ ....

98.g 33.3 175.83 3_.5 _.113 0.13g _ 145 _ 64_ 0 _06 -5.7 3.5

TORQUE.= o 2_32.21 IH.-L8.

i *Loss Coefflclents Computed from Fixed Rake Data

STATOR VANE ELEHENT PERFORMANCE

r

IHMER WHEEL ABS. ABS. AB$. INCID. DEV. LO_S LOSS DIFF.
,," SPEED TURNING MACH HACH ANGLE ANGLE COEF. PARA. FACT.

HPS FPS ANGLE NO. NO. DEG DEG
DEG IN OUT

1.9 62 8 2_5.88 32.4 #.105 _._67 -4.4 11.5 _.#4D_ _._392 _.5689-
2.# 32 7 2_5.57 32.4 _.11_ #.071 -3.7 12._ 0._544 0,_534 0.$395-
3._ 62 6 2_5.2_ 32.2 _.114 9.074 -3.5 12.1 _._538 _._627 #,5525
4.# 52 5 2_4.95 32.2 _.117 9.477 -3.3 12.1 9._592 _._68_ _.5447

5._ _2 4 2_4.64 31.9 _.12_ #._79 -3.3 12.1 _._715 _._?_3 R.5366
7._ 32 2 2_Y4._3 31._ _ _.122 9._81. -3.3 12.3 _.571_ _._699 _.5265

I_._ 31 9 2_3.iJ 29.6 _.124 #.G84 -3.6 13._ 9._63_ #.fl62_ 9.5_62
15._ 61 4 2_1.35 28.7 _.125 #._85 -4.6 11.2 _._687 _.g678 G.5_32
2_ l_l :_ :_._:_ 27.8 #.124 9._87 -5.3 9.8 9.9521 _.fl516 H.48_8
39._ 3_ _ 196.91 27.3 #.123 9._07 -4.8 8.5 #.5497 _._493 _.4674
5_ _ 3'_ 1 19:J.73 29.1 _.121 _._88 -4.1 7.4 .0._460 _.fl457 _.4454
7.g _ 56 2 134.54 29.1 _.123 9._89 -5.7 6.3 0._449 _ _446 _.4551
3_ _ 55 3 I31.45 29,9 _.127 _._88 "7._ 6._] _._419 _ _416 _.47g_
85 0 _ 8 179.9._ 28.5 _.125 _._96 -7.8 6._ _.U,l17 _ #414 _.4_24
9_ _ 34.4. t7q.33 29._ _.I23 d.535 -0.5 5.3 #._421 _ #41_J _.4846
93 _ 5;.1 _;'7.43 29._ #.122 _._85 -9.4 _5.8 _..7359 d _355 _.4769

95 3 J3;9 {75.81 27.2 5.123 _._95 -15.1_ 6.9 _.:_682 g :1575 fl;4779
95.._ ]3.3 {75.5./ 26.7 _.127 _.:J92 -1_.4 . 7.1 _.1549 U 1532 _.5257

93.:] :3.3 ;75.8; 1_.3 5.131 J.#75 -7.9 25.J g.26G.J U.2567 fl.557,l
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Table 45. Blade and Vane Element Performance for Rotor B/Stator B, Slngle-

i Stage Configuration, Peak Efficiency Throttle.

P ROTOR BLADE ELENENT PERFORMANCE

Ix

, IMMER WHEEL REL. LOSS LOSS REL. DIFF. REL. INCID. DEV.
(_) SPEED TURNING COEF. PARA. MACH FACT. MACH ANGLE ANGLE

MPS FPS ANGLE NO. NO. DEG DEG
DEG IN UUT

, 1.g 62.3 Z_4.51 1g.8 g.165 _.145 g.158 g.683 #.g85 1.5 21.3
2.H 52.2 2_4.21 12.2 _.186 _.165 _.15g _.695 _._85 -_._ 18.4
3._ 62.1 2_3.99 13.2 9.292 _.181 9.16_ 9.703 _.984 -1.3 16._
4._ 52.1 2d3.59 14.1 _.214 _.194 _.151 _.7fl7 _._85 -2._ 14._

5._ 52.9 :ZD3.2D 1_ ": _.219 _.2_9 9.163 9.699 9.087 -3.2 11.9
7.9 61.8 232.67 15, _ 9.23_ 9.211 _.165 9.695 9.988 -3.9 1H.3

19.9 51.5 2_1.75 17.2 _.299 9.194 9.166 _.658 _._94 -4.9 8.1 ....
15.# _I.Z 2_.21 17.7 #.146 #.136 _.166 9.584 9.1E3 -6._ ....6.4
29._ 5_.6 198.68 17.5 _._94 _,_88 9,165 _.521 _.11_ -6.7 5,8
3_._ 59.6 195.6_ 17.6 9._42 9._4_ 9.164 _.484 _.113 -7.2 5.7

5_._ 57.7 i39,46 17.5 _._1_ g._99 _.159 9.489 _.199 -7.1 7.2
79.9 55.9 183.3! 19.2 _._4 _._4 9.165 _.5#6 9.1#4 -7.9 7.9
39._ 54.9 1_.24 21.2 _._48 9._46 9.152 _.528 9.19_ -7.7 " 6.8

85._ 54.5 178.71 21.1 _._62 _._6_ _.151 _.543 9._97 -8,1 7.5
99.9 34.$ 177.17 22.1 _._7_ 9.968 E,149 _.568 _.993 -7.7 B _
93.9 53.7 176.25 23.4 _.945 _._44 _.147 _.563 9._93 -6.3 8 7
95._ 53.5 175.63 25.7 _._34 _._33 9.145 _.572 9._92 -5.4 7 8
96._ 53.4 175.33 29.5 9._48 _.946 9.145 _.6_3 9.H89 -4.5 5 2
97._ 53.3 175._2 31.4 _._85 _._83 _.144 _.646 _._85 -4.3 3 7
98._ 53.3 174.71 33._ _.125 9.122 _.144 _.692 0._8_ -4.2 2 5

TORQUE = 2!92.59 IN.-L5.

*Loss Coefficients Computed from Fixed Rake Data

STATOR VANE ELEHENT PERFORHANCE

IHHER WHEEL ABS. ABS. ABS. INCID. DEV. LOSS LOSS DIFF.
X SPEED TURNING MACH NACH ANGLE ANGLE COEF. PAPA. FACT.

HPS FPS ANGLE NO. NO. DEG DEG
DEG IN OU_

1.9 62.3 2_4.51 36.2 9.113 O._36 _.4 12.5 _.1249 _.1223 _.632_

! 2._ 62.2 2_4.21 34.8 _.116 _.969 _.2 13.4 _.1335 _.13_7 _.6242
3.9 62.1 2_3.99 34.9 9.119 9.971 #.2 13.1 _.1373 fl.1345 9.6194
4.# 62.1 2.63.59 34.2 _.121 #.#73 D.2 13.5 _.137_#.1343 _.6113

) 5.0 62._ 203.28 33.2 9.123 _.D75 -D.5 13.6 9.1339 _.13_5 _.6_13
7.9 61.8 292.67 32.6 9.124 _._76 -9.3 14.9 9.1252 _.123# !_.5912

1_.g 61.5 291.75 31.3 .. 9.12,_ _.079 -1.3 13.6 _._999 /Y._974 H.Sfi74

15.9 6!.9 2_9.21 39.4 _.123D.989 -2.8 11.2 9.#729 _.:J721 l_._472

20._ 6ff.6 198.58 29.1 9._22 D.fi81 -4.1 9.7 _._43_ _._426 _.526_
, 30.9 59.6 195.6_ 29.4 9._22 _._82 -3.9 7.9 _.9395 _._392 :_.5165

59.0 57.7 189.46 39.9 9.121 0,033 -2._ 7.7 9._4_9 _._]4_(i _.4964

7_.9 55.9 183.31 29.9 _.122 _.983 -3.9 7.3 9._J477 H._/473 9.4968
8_.9 54.9 13_.24 3_.2 _.125 9._32 -5.1 7.3 _#._7479 _.9475 _.5_62
85._ 54.5 178.71 3e.5 9 .24 _,_?# -5.7 7.fl fl._597 #._:592 _;;6441
99.fl 54._ 17#.17 30.8 9.;23 9,979 -6.3 6.9 _..'_641 _.:J536 _._472
93.9 53.7 176.25 29.7 if. t22 _.U79 -7.8 6.7 _.'f_36 fl..:48_ _.5;_77
95.9 53.5 175.63 29.g _.124 _.!_79 -3.7 6.6 fl.._:]96 :f.:::887, :,i.5377
96._ 53.4-175.33 29.3 _.123 _._77. -8.2 6.7 _,t_88 _.t57_ 9.5773
97.9 53.3 175.92 24.4 ff.13_ g._74 -6.9 12._ d.2273 sy.7234 ',.G';55
98.H 53.3 174.71 15.2 _.132 g,OT1 -5,5 23.4 _.27;3 U.L357 /.6233

183



.......... ORIGINALpAGEIS
OF POORQUALII

i Table 46. Blade and Vane Element Performance for Rotor B/Stator B, Single-
Stase Confisuration, Peak Pressure Rlse and Near Stall Throttle.

, ROTOR GLADE ELEMENT PE_RF�RHANCE

IMMER WHEEL REL. LOSS LOSS REL. DIFF. REL. XNCID. OEV.
, (_) SPEED TURNING COEF, PARA. HACH FACT. HACH ANGLE ANGLE .

MP$ FPB ANGLE NO, NO. DEG DEG
DEG ZN OUT

1._ 62.5 2_5.16 7.4 _.198 _.171 #.1B9 _.753 #.#77 2._ 25.3
2._ 62.4 2_4.85 6.3 _.24_ _,2_8 _.16_ _.793 _._73 _.7 25._

...... 3._ 62.3 2_4.58 8._ _.256 _.224 _.16_ #.8#3 _._72 -_.3 2_.2
4._ 52.3 2_4.24 9.4 #.269 _.238 _.161 _.8_8 _._72 -1.3 19.8
5._ 62.2 2_3.93 1_.8 _.274 _.244 _.162 _.8_5 _.#73 -_.1 17.6
7._ 62.# 2_3.31 13.3 #.27_ _.244 #.163 #,783 _.#76 -_._ !4.2 ....

1_._ 51.7 2_.39 15.2 _.256 _.235 _.165 _.742 _._82 -3.911.1
15._ 51.2 2_.85 16.7 _.215 _.199 _.166 _.678 _._91 -4.8 _.6
2_._ 5_.7 I99.31 18.8 _.156 _.144 _.165 _.6_4 _.I_ -_.8 6.6
3_.# 59.8 196.22 19.5 #.#5# E.#47 _.163 _.516 g.11_ -5_4 E.5
5_._ 67.9 19_._6 19.5 _.#28 #._24 _.159 _.531 _.1_4. -5.4 7._
7_._ 56.1 183.9_ 2_.7 _._17 #.#16 #.155 _.553 #._99 -5._ _.3
8_._ 55.1 18_.81 22.1 _._63 _._61 _.152 _.583 _._94 -5.9 7.7
85._ 54.6 179.27 22.7 B._67 _._65 _.15_ g.593 _._91 -6._ 8._
9_._ 54.2 177.73 23.8 _._6_ _._58 _.148 _.6_3 _.#89 -5.8 _.2
93._ 53.9 176.81 25.5 #._57 #.255 _.146 _.618 #._87 -4.3 . 8.7
95,_ 53,7 176,19 28.9 _,_69 _.#67 _,145 _.651 _,_83 -3.4 6.7
96._ 53.6 175.88 31.8 _.I_4- _.1_2 _.144 _.699 _._78 -3.3 4.1
97._ 53.5 175.57 34.4 _.152 _.148 _.144 _.752 _._73 -2.4 2.6 _i

98._ 53.4 175.27 35.1. _.196 _.192 _.144 g.8_ _._57 -2.8 1.8
i

TORQUE = 22£'_.88 IN.-LB .... 1

*Loss Coefflclen_s Computed from Fixed Rake Data

ST.\T_R V_NE ELENENT PERFORHANCE

IMMEK WHEEL A_5. ASS. ASS. INCIO. DEV. LOSS LOSS DIFF.
SPEED TURNING MACH MACH ANGLE ANGLE COEF. PARA. FACT.

HPS FPS ANGLE NO, NO. DEG DEG
DEG IN OUT

1,_ 62'5 2_5,16 42.2 9,115 9,_6_ 5.3 11,4 9,1812 9 1777 #,7244
2,_ 62,4 224.85 44.5 D,118 _._63 7,5 11,_ _,1765 _.1733 _,71_6
3._ 62.3 2_4.55 44.4 B.121 _.B66 7.3 18.8 B.1598 _.1669 D.6958
4._ 62.3 2_4.24 43.4 _.123 _._69 7.2 II.4 g.161# _.1583 _.68_2
5._ 62.2 2_3.93 42.7 _.124 _._71 6.9 11._ D.1497 ._.1473 _.6667
7._ 62._ 2_3.31 4_.8 _.125 _._73 5,8 11.9 _.1362 _.134_ _.652_ •

I_,_ 61,7 2_2,39 38,7 _,124 _,_75 4,4 11.8 _.1_5 _.:_991 _,6269

15._ 61,2 2_.85 38.6 9.123 #.D76 3.1 9._ D._587 ._._58! _.6_62
2_._ 6_.7 199.31 36.7 _.123 _._78 #.7 7.R _._346 _7._J343 _.5862
3#.# 59.8 196.22 33.2 G. 123 8.#79 -2.2l 5._ _,JJ355 !f.:J353 #.564G
5_._ 57.9 19_._6 32.6 _.121 _,_8H -_ 6 7.3. _._428 :_._425 .,3.5429
7_,_ 56.1 183,99 32,8 _,121 9.88_ -1 4 ....7,4 _._I5_2 _.:J_99 _.5334
89.9 55,1 18D,81 33.2 D.123 9._78 -2 1 7,3 _.:1625 _.:_62._ _.5677

85,_ 54,6 179,27 32.8 _,123 _.975 -3 I 7,4 _._818 u.E811 _r,5885
9_.# 54,2 177,73 31,6 D,123 _,$74 -4 4 7,9 D,_936 _._9_7 _.5912
93,_ 53,9 175.81 31.9 _,122 _,D75 -5 1 7.2 G,_25 _..'_17 ';.58_5

95. $ 53.? 176,19 32.5 _,126 g._75 -4.8 7,_ D,13d2 :_.12_9 'J.5964
96.# 53.6 175.88 33.7 D. 129 #._72 -3,5 7 .1 fi.2U_6 _..l..._"t6"':,6.6479
97.$ 53.5 175.57 34.2 #.132 g._69 -1.3 3.2- g,;:Blt2 _J."5_.. t lJJ.6_55 J

g8.$ 53.4 175.27 25.1 _.133 _,ff56 =_.1 18.9 E,Z853 :/._7_;: ._.6gG6 i
I
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