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FOREWORD
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Space Administration, Lewis Research Center, under Contract
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fan engine. Mr. D. G. Evans was the NASA Project Manager for
this effort, assisted by Dr. A. Kurkov and Mr. W. M. Braithwaite,
and Mr. R. S. Mazzawy was the PRWA Program Manager. This
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SUMMARY

The analysis of circumferential inlet flow distortion data taken by NASA-Lewis Research
Center personnel from testing of a Pratt & Whitney Aircraft TF30-P-3 afterburning turbofan
engine is presented herein. The distortion was generated by a NASA-developed air jet de-
vice which was capable of varying the amplitude, circumferential extent, and circumferential
position of a low total pressure region. The data included detailed steady state instrumenta-
tion measurements for distortion levels below those required to stall the engine, as well as
steady state and high response instrumentation measurements to document engine stall.

Data analysis was primarily performed through the use of the P&WA-developed multiple seg-
ment parallel compressor model. This modecl exists as a computer program and provides a
detailed blade row by blade row definition of the distorted flow field for the TF30-P-3 com-
pression system. ‘The required pressure and temperature rise characteristics for each blade
row were provided from previous P&*WA compressor component rig testing. The results of
this program were compared in detail with available pressure and temperature measurements
at two low rotor speeds: 7400 rpm and 8600 rpm. Generally good agreement was obtained
between the model calculations and the test data. The predicted attenuation and circumfer-
ential movement of the distorted region through the compressor were verified by the data.
An analysis of the same data by NASA-LeRC personnel was presented in Reference 1 with-
out the assistance of the model. Some of the conclusions reached in that data analysis are
also included in this report for comparison purposes.

The engine stall data was analyzed on the basis of classical two-segment parallel compressor
theory. A comparison is made between the distortion level which was observed to cause en-
gine stall and the distortion level predicted by using parallel compressor theory. In general,
the predicted level was lower than that which was measured experimentally. On the basis of
the prediction, however, an estimate was made of the origin of the stall which was in reason-
able agreement with the stall site determined from high response records. The data analyzed
covered a low rotor speed range from 7300 rpm to 8700 rpm. It was determined in each case
that stall was initiated in the front stages of the low pressure compressor.

INTRODUCTION

NASA Lewis Research Center (NASA LeRC) testing of the P&WA TF30 P-3 afterburning
turbofan engine with circumferential total pressure distortion has provided detailed measure-
ments of distortion attenuation and sensitivity. A description of the test may be found in
Reference 1. These data have been analyzed by Pratt & Whitney Aircraft using its extensive
background of experience with this engine and also using parallel compressor theory and

the P&WA-developed multiple segment parallel compressor model. This model calculates a
row by row prediction of distortion attenuation and provides an analytical basis for inter-
preting the engine measurements. A description of the model is presented in Appendix A.

The multiple segment model makes use of blade row performance (pressure and temperature
~ rise) characteristics which have been derived from component rig testing with uniform inlet



conditions. For this reason, the undistorted inlet data for the NASA TF30-P-3 engine,
supplemented by similar measurements made by P&WA on a number of TF30 engines, were
analyzed to verify suitability of the model and provide a sound basis for interpreting the
engine data with the non-uniform inlet pressure.

The circumferential distortion attenuation data were predicted and compared graphically
with the measured data at two rotational speeds: 7400 and 8600 rpm (approximately 77
and 90 percent of low rotor design speed) at a Reynold’s Number Index of 0.5. Flow
velocity distortion predictions were also reproduced graphically. The circumferential
variations of blade incidence and loading were also calculated and are included in a summary
tabulation in Appendix B of this report.

Classical parallel compressor theory was used to predict the stall line sensitivity of the TF30-
P-3 engine to circumferential pressure distortion. This calculation was based upon the same
blade row characteristics used for the uniform inlet and distortion attenuation analysis.

The distortion level was varied systematically until the amplitude necessary for stall was
reached at the measured average engine operating point. The predicted level was compared
to the observed level of distortion at stall for four rotational speeds: 7300, 7800, 8200 and
8700 rpm. The maximum loading as defined by diffusion factor was calculated for each
blade row in order to fix the origin of compressor stall. High response instrumentation
records for the NASA LeRC engine test were used to verify the initial stall location.

The work reported herein was done in the U. S. Customary system of units. The informa-
tion in this report is provided in_those units as well as the International System of Units
(Sh.

PROGRAM INPUT
NASA LeRC DATA

The Pratt & Whitney Aircraft TF30-P-3 turbofan engine was tested with 180° circumferen-
tial total pressure distortion in an altitude test chamber. An engine cross-section with the
instrumentation station locations is shown in Figure 1. The distortion was generated by a
NASA-developed air-jet device (Reference 2). This device produces total pressure distortion
pattemns through the injection of secondary air one diameter upstream of the engine directed
against the primary inlet airflow. The distortion was rotated in 60° increments in order to
effectively increase the instrumentation coverage and provide a better definition of the dis-
tortion pattern.

The data obtained by rotating the distortion pattern was reduced, analyzed and reported
by NASA LeRC personnel in Reference 1. Two rotational speeds were tested: 7400 and
8600 rpm at approximately two-thirds the level of inlet distortion required to stall the



engine. Inlet distortion amplitude (Pt . - Ptmin/Ptavg) at stall was approximately 13
percent at 8600 rpm and 9 percent at 7400 rpm.

A subsequent test series using the same engine investigated the distortion sensitivity of the
TF30-P-3 engine. These results were not included in Reference 1, but are related in Refer-
ence 3. During these tests the distortion amplitude was systematically increased at constant
low rotor speed until an engine stall was recorded using high response instrumentation.

The engine was then decelerated with the air-jet device setting held at the pre-surge position.
The high pressure compressor 12th stage overboard bleeds were then held open and the
engine was accelerated back to the pre-surge low rotor speed. Steady state instrumentation
was recorded in order to document the distortion level and engine operating condition.

This procedure was followed for a range of low rotor speeds from approximately 6700 rpm
to 9000 rpm. Four low rotor speeds within this range have been selected for analysis under
this contract. These are approximately 7300, 7800, 8200, and 8700 rpm.

P&WA RIG DATA AND COMPRESSOR MODEL

Pratt & Whitney Aircraft’s TF30 compressor model is based upon individual static pressure
and total temperature rise characteristics for each blade row. These non-linear characteris-
tics are based upon mean diameter (defined as that diameter which separates the annulus in-
to two equal flow areas) with the exception of the fan. The first three stages of the engine
are separated into two regions representative of the flow which enters the fan duct and that
which enters the engine core. The outer annulus is referred to herein as the fan, and the in-
ner annulus, stations 2 to 2.3, as the first three stages of the low pressure compressor. These
two regions are separated by a pseudo-boundary located at a diameter which is dependent
upon the engine bypass ratio and fan geometry. These characteristics were derived from
component rig testing of the TF30 compressors with uniform inlet conditions, by using mea-
sured static pressures and total temperatures. The necessary velocity triangles are determined
by assuming that the exit angle for each blade row is constant in its own coordinate system.
That is to say, the relative air angle is equal to the trailing edge metal angle minus a fixed de-
viation. This deviation is determined for each blade row at design incidence from two-
dimensional cascade correlations. The inlet air angle relative to the following blade row is
then calculated by using local mean values for axial velocity and wheel speed. The P&WA
model additionally uses multiple circumferential segments and accounts for unsteady flow
effects and circumferential crossflow which take place due to the distortion. Thirty-six seg-
ments have been used for the analysis of the TF30-P-3 distortion attenuation data.

This model is not capable of determining an engine operating point a priori since it has no
simulations of any engine components except the compression system. Hence, necessary
input requirements include total corrected airflow and engine bypass ratio, as well as high
and low rotor speeds. The model may be exercised with either uniform flow conditions

or with circumferentially non-uniform inlet total pressure and/or total temperature, and/or
non-uniform exit static pressure. The operation of the model under non-uniform flow con-
ditions may optionally be based upon classic parallel compressor theory or as the more com-
plete multiple segment parallel compressor analysis.



. DATA ANALYSIS AND RESULTS
UNIFORM INLET DATA

Uniform inlet data from NASA-LeRC tests were analyzed to verify the applicability of the
P&WA blade row performance characteristics from TF30 compressor rig testing. The undis-
torted data analysis revealed that some measurements which are critical for the determination
of engine bypass ratio were made with an insufficient number of instrumentation locations.
In order to correct this deficiency the available data were supplemented by similar measure-
ments made by P&WA on a number of TF30 engines. The complete data analysis during this
phase verified that the blade row characteristics provided an adequate representation of the
TF30 engine performance. An exception was the speed-airflow relationship for the fan, but
this was corrected by modifying the characteristics to reflect slightly higher total airflow cap-
acity for the engine tested at NASA LeRC relative to the component rig results.

The P&WA characteristics were derived from rig testing with different instrumentation and
different Reynold’s Number levels than were used in the NASA engine testing. The use of
engine airflow for cooling purposes is another difference between the two tests. These dif-
ferences resulted in real and apparent flow capacity shifts and were necessarily considered
when the applicability of the characteristics was evaluated. The most convenient procedure
for this task was to adjust the engine data for these differences and make comparisons with
compressor rig overall performance maps. The engine core airflow calculation was an im-
portant part of this procedure and particular attention was given to using the most accurate
technique available.

The TF30-P-3 turbofan is a mixed flow engine since the engine core and fan bypass flows
mix together and exit through a common tailpipe and nozzle. This type of configuration
precludes the separate measurement of engine and fan flows as is done in COMPIessor rig
testing. It is customary, therefore, to measure the total airflow and to calculate the engine
bypass ratio (fan duct flow/engine flow) using other measured engine parameters. The
calculation used for this purpose is based upon an energy balance between the COmpressors
and turbines, the fuel and air flow entering and the flow leaving the engine. The equations
as well as the measured and assumed parameters required for this calculation are outlined in
Figure 2.

Initial calculations of engine bypass ratio for NASA LeRC uniform inlet data made on the
basis of an energy balance between the compressors, burner, and turbines indicated unusual
flow characteristics. Engine flow was calculated to increase as power setting was reduced
in the intermediate operating range. It was initially suspected that the assumed primary
burner efficiency used for this calculation was in error at reduced power. A thorough in-
vestigation revealed that the source of the probiem was the use of only two turbine exit
temperature rakes. It can be seen in Figure 3 that the right side and left side rake readings
are significantly different in the intermediate speed range. An investigation of the distor-
tion data showed a similar problem with the turbine exit temperature measurement over
this range. The difference in temperature measurement is attributed to the change in cir-
cumferential swirl of the air through the turbine with rotor speed. As swirl changes with
speed, the different rakes can be exposed to locally colder or hotter regions in the burner



exit profile which are not representative of true average conditions. For this reason,
experimental engines tested at P&WA normally have six turbine exit temperature rakes to
obtain accurate data. A comparison of the NASA LeRC data with other available engine
data indicates that the left side rake measurement is closer to the actual temperature than
the average of the two rakes. The left side temperature was therefore corrected to represent
an average temperature using other engine experience. Bypass ratios were recalculated and
the results were found to be more consistent with the other engine and compressor rig exper-

ence.

In summary, the following analysis has been conducted using the NASA LeRC uniform
inlet data:

1. The engine bypass ratio has been calculated on the basis of an energy balance between:
the compressors, burner and turbines. Inconsistencies in turbine exit temperature
measurements were caused by limited instrumentation coverage. These inconsistencies
have been resolved on the basis of other TF30-P-3 engine data with more extensive
instrumentation coverage. ‘

9. Parasitic airflow (.67% for cooling purposes) is removed from the main airflow at sta-
tion 3.0 (high pressure compressor inlet). This reduction in airflow was accounted for
in determining high pressure compressor performance.

3. The large (for structural integrity) station 3.0 total pressure rakes cause a known back-
pressure effect which raised the indicated total pressure measurement approximately
4% above the true level. The higher Pt 3.0 was accounted for to accurately determine
the relative airflow matching and performance of the low pressure compressor and high
pressure compressor. Small adjustments in total pressure level for differences in radial
instrumentation between engine and rig tests were similarly accountable.

4. Different levels of Reynold’s Number existed between the rig and engine tests. Flow
capacity shifts due to these differences were applied for the fan, low pressure and high
pressure COmpressors.

The resulting adjusted engine data has been plotted on the rig performance maps in Figures
4 through 6. The fan operating line, (Figure 4), falls below the normal sea level operating
line because the NASA test was run with a choked exit nozzle, which has the same effect
as running unchoked with a larger nozzle area. It is also observed that the NASA total
corrected airflow is somewhat higher than that measured in the rig test. The difference,
about 1.5%, can be attributed to engine-to-engine variation, and measurement error toler-
ances.

The low pressure compressor operating line is above the normal operating line, see Figure
5. This result is characteristic of the TF30 engine with a low fan operating line. Relative
speed-flow differences at high speed are also expected because of the influence of the by-
pass ratio (which is relatively higher with the choked jet nozzle) on the lpw pressure com-
pressor. The agreement of the data on the high pressure compressor map is quite good as
shown on Figure 6.



Predictions of the engine data using P&WA’s compressor characteristics are also shown on
the figures. Fan predictions were based on compressor characteristics with the fan blade
rows modified to reflect the 1.5% greater total corrected airflow measured by NASA. These
predictions automatically include the effects of bypass ratio on the low pressure compres-
sor map. The P&WA characteristics are seen to be quite adequate for use in predicting the
NASA data for this contract. It should be noted that data were not available from the NASA
LeRC engine test to substantiate the level of the rig-generated stall lines shown on the three
maps. However, P&WA experience with TF30 engine and dual spool rig testing (Reference
6) supports the assumption that rig and engine stall lines are synonymous at the same
Reynolds Number.

DISTORTION ATTENUATION

The circumferential distortion attenuation data analysis done under this contract is based
upon the P&WA developed multiple segment parallel compressor model. This model pro-
vides a detailed prediction of the distorted flow field which is used for the purpose of inter-
preting the measured pressure and temperature distortion profiles at the different measure-
ment planes within the engine. The data analysis of Reference 1 was done without the aid
of such a calculation. Accordingly, some of the conclusions drawn in that analysis are
different than those reached in this present work. These differences will be commented on
later in the data analysis section.

Data Analysis

The NASA LeRC TF30-P-3 turbofan tests were conducted to evaluate the response of this
engine to circumferential inlet total pressure distortion. The air jet device used to produce
the circumferential distortion is described in detail in NASA TMX-1946. Rotation of the
distortion in 60° increments provided detailed definition of the distorted flow field. 180°
extent distortion rotation data were obtained at two locations on the engine operating

line: one at approximately 7400 rpm, the other at approximately 8600 rpm. The data were
normalized by NASA LeRC for variations in inlet total pressure. Additionally, the P& WA
data analysis consisted of:

I.  averaging data over the six distortion positions,
2. calculating the compressor performance parameters,

3. executing the P&KWA multiple segment parallel model compressor program with
appropriate input from the distortion rotation data including inlet pressure profile,

4. comparing the compressor performance parameters from the P&WA compressor
modet predictions with those calculated from the test data and with P&WA compressor
rig experience,

5. comparing the flow field profiles as measured and as predicted by the P&WA com-
pressor model at the axial locations used by NASA LeRC to measure flow properties
within the compression system.



After the data were averaged over the six rotations at the stations required to determine
the performance characteristics for the components of the TF30 compression system, the
by pass ratios were determined by using the turbine exit temperature calibration obtained
from the clean inlet data in the energy balance equations. The resulting compressor per-
formance parameters were then adjusted as were the uniform inlet data for differences in
Reynolds Number, station 3.0 total pressure instrumentation, and internal parasitic flows,
between the NASA LeRC engine test and the P&WA compressor rig test. Inlet pressure
measurements were then used to determine suitable pressure profiles for input to the
multiple segment parallel compressor computer program.

Multiple Segment Model Calculation

The necessary boundary conditions for the multiple segment parallel compressor calculation
are the inlet total pressure and temperature distribution (Pt, Tt, vs. 8), the circumferential
exit static pressure distribution (Ps/Ps avg. vs. 6), the total airflow, bypass ratio and the
rotor speeds. The exit plane for the fan stream was considered to be station 2.6F where
measurements indicated that the static pressure was uniform circumferentially. The core
stream exit plane was nominally at station 4.0 where static pressure was similarly uniform.
An alternate exit plane used was station 3.0. Here the static pressure was also uniform and
computer time could be saved by using this exit plane to determine the low pressure com-
pressor response. The predicted output (total pressure and temperature distribution) of
the low pressure compressor could then be input to the high pressure compressor as a
separate computer run. This procedure was generally followed since it avoided having to
make calculations in the high pressure compressor when iteratively determining the low
pressure compressor solution and vice-versa. This procedure was also expedient for reduc-
ing the engine airflow into the high pressure compressor consistent with the parasitic bleed
air removed at station 3.0. In summary, then, the model input requirements include:

1. inlet total pressure at each segment (from profile),

2. inlet total temperature (flat profile input avg of rotations),
3. low rotor speed,

4. total inlet airflow,

5. Dbypass ratio,

5. high rotor speed,

7.  high pressure compressor airflow (low pressure compressor flow minus parasitic
flow),

8. locations at which circumferential cross flows are significant.

9.  Exit static pressure profile (P/Pavg) if not uniform.



Crossflow Calculation

When a total pressure distortion is imposed on a compressor, the inlet distortion level, the
exit static pressure boundary condition, and the overall pressure rise characteristics deter-
mine the resultant velocity distortion and the distortion attenuation. When two COMpressors
are involved (dual spool engine), the resultant velocity distortion depends upon how the
two spools are coupled aerodynamically. If the axial spacing between spools is small and
no large crossflow cavities are at the common boundary, then the combined overall pressure
rise characteristics will determine the inlet velocity distortion. That is to say the down-
stream compressor will have the same effect as additional stages on the rear of the upstream
compressor. When the axial spacing is large or crossflow cavities exist, the two compressors
operate independently and the downstream compressor has little or no effect on the inlet
velocity distortion. The TF30 engine has large crossflow cavities at station 3.0 directly in
front of the tenth rotor. Flow is redistributed circumferentially within these cavities so
that the velocity distortion exiting the low pressure compressor is reduced as it enters the
high pressure compressor. The problem is complicated somewhat by the extraction of
parasitic airflow (for cooling purposes) at this same axial location.

The realization that the two compressors are de-coupled, however, makes a very straight-
forward solution possible. This decoupling implies that the low pressure compressor exit
static pressure should be circumferentially uniform whether the high pressure compressor
is present (as in an engine) or not present (as in a single spool compressor rig). Hence the
low pressure compressor solution can be obtained independently and the resultant exit
total pressure and temperature distortion can be input as the inlet boundary conditions to
the high pressure compressor. The total mass flow entering the high pressure compressor
is reduced below the low pressure compressor exit mass flow by the amount of the parasitic
airflow rate. The difference between the calculated flow distributions for the low and high
pressure compressors gives a direct calculation of the circumferential crossflow required to
satisfy simultaneously the boundary conditions for both compressors.

It was not known at the start of the analysis how many of the external cavities contributed
significantly to the circumferential crossflow. Therefore, the first calculations were made
assuming that the most significant flow occurred at the boundary between the low pressure
and high pressure compressors, station 3.0. An inspection of the TF30-P-3 engine cross-section,
Figure 1, shows large cavities at this location. The uniformity of static pressure at this station
is another indication of a significant circumferential flow behind the low pressure Compressor.
The results of the initial calculation were then compared with the data. Subsequent calcula-
tions included additional major crossflow cavities chosen on the basis of geometrical considera-
tions. This process was continued until the solution was not significantly altered by including
additional crossflow in the calculation. In total, the seven crossflow locations shown in Figure
7 were included in the final calculation. The largest external cavities, besides station 3.0,

are located at the IGV, stator 3, stator 7, and stator 12. Another cavity, though somewhat
smaller, is located at stator 5. The axial slot which connects the compressor flowpath to this
cavity was relatively large, and it provided a good measure of the significance of performing
crossflow calculations for additional small cavities, Crossflows at all of these locations were
determined by using a general correlation of flow coefficients as described in Appendix A.



The circumferential flow distribution within these cavities was determined which satisfied

a continuity balance between the cavity and the compressor flowpath. The comparison with
data is made using this final calculation, but the initial results based upon crossflow only at
station 3.0 are shown for comparison at selected axial locations.

Program Output

The results of the distortion model include a detailed blade row definition of flow proper-
ties, velocity triangles and diffusion factor, and these results are presented in tabular form

in Appendix B. Results are presented both in U. S. Customary and S. . units. A summary
table of terminology and units is also presented in Appendix B. Thirty-six segments were
used to define the circumferential flow field at the inlet and through the compressor. Each
segment is identified by number and also by circumferential position at the inlet of each
blade row. The average swirl of a segment is identified at each axial station as flow swirl.
The average circumferential displacement or swirl of a fluid particle as it moves axially
through the compressor is also provided in the tabulations, and is referred to as particle swirl.

Comparison of Predictions with Data

Overall Performance

Compressor performance parameters for the two distortion rotation tests are presented in
Figures 8 through 10. These are compared to the multiple segment compressor model pro-
gram predicted performance for the fan, low pressure compressor and high pressure com-
pressor. As mentioned in the section covering the analysis of clean inlet, the existing fan
characteristics in the model were adjusted to reflect the fan uniform inlet speed-flow charac-
teristics of the engine tested by NASA. The agreement of the distortion rotation points is at
the same level as the uniform inlet data. On the LPC at the 7400 rpm low rotor corrected
speed point, the model predicts a lower pressure ratio than that measured from the engine;
at 8600 the model predicted pressure ratio was 3.5% lower than measured. The agreement
is good if allowances are made for measurement accuracy. Agreement on the HPC is ex-
cellent.

Attenuation Prediction

The attenuation of the total pressure distortion by the TF30 compression system has been
predicted for two different rotor speeds (7400 and 8600 rpm). Plots of total and static
pressure and total temperature distortions have been compared at the instrumentation
locations. The flow velocity predictions were also plotted at these locations but no compari-
son has been made with experimental results because there was no direct velocity measure-
ment, and the measured data do not provide necessary circumferential detail to make an
accurate velocity calculation. In addition, the prediction of the inlet flow angle at the IGV
leading edge is presented but no data are available for comparison.

The predictions at 8600 rpm are shown in Figures 11 through 22. Figure 11 presents the inlet
total and static pressure and total temperature distortions. The total quantities are input for
the multiple segment model while the static pressure is calculated from the calculated velocity



distribution. It appears that the measured static pressure distortion is approximately two
thirds of the prediction, but an inspection reveals that the static pressure instrumentation
was Jocated six inches upstream of the inlet guide vane leading edge. There is an exponen-.
tial decay of the static pressure distortion upstream of the engine (Reference 7) as shown in
Figure 12. The location of the engine instrumentation indicates that the distortion level
measured at the station 2.0 instrumentation plane will be 64% of the distortion level at the
IGV. This is verified by NASA LeRC data taken during another TF30 inlet distortion test
program. The model prediction is for the IGV leading edge and is in good agreement with
the data when the upstream attenuation is taken into account. The predicted variation in
inlet air angle is shown in Figure 13. While no data exist with which to compare the predic-
tion, the correct velocity distortion (as shown by the static pressure prediction) calculation
implies an accurate air angle distribution. Further substantiation can be obtained from a
comparison of measured and predicted inlet air angles, see Figure 14, for a NASA fan stage
by using the same analysis (Reference 5). The fan attenuation results are displayed on
Figure 15. Here it is shown that total pressure and temperature predictions are in very good
agreement with the experimental measurements. The static pressure data exhibit a fair de-
gree of scatter but are generally in agreement with the predicted results. The flow velocity
prediction at this station is also included as seen on Figure 16.

Attention will now be directed to station 2.1 on Figure 17. The data and the prediction are
in reasonably good agreement although the data are slightly more attenuated. The instrumen-
tation locations do not permit verification of the predicted “bumps” in the total temperature
distribution. The nearest temperature measurements do show a trend in the vicinity of the
distortion edges which agrees with the prediction. In Reference 1, it was reported that a two-
lobed velocity distortion pattern existed at station 2.1. No such patterns were predicted by
the multiple segment analysis. An inspection of the static and total pressure distortions in
the fan reveals that a precise definition of the distortion profiles, particularly near the edge
of the total pressure distortion, is quite difficult to obtain solely on the basis of the measured
data. The conclusion is that the two-lobe velocity pattern does not exist but is the result of
insufficient data used in the velocity calculation.

At station 2.3 a comparison is presented between two different predictions and the experi-
mental measurements. The first calculation (solid line) shown on Figure 18 was performed
assuming that all crossflow occurred downstream of the low pressure compressor at station
3.0. The second calculation (open circles) incorporated the effect of circumferential cross-
flows in other major cavities as discussed previously. The inclusion of the additional cross-
flow resulted in greater attenuation of the total pressure distortion in the front stage with a
resultant improvement in the agreement with the test data.

At station 2.6 there is a similar comparison made between the initial and final calculation

in Figure 19. The trend towards increased attenuation can still be seen but is less pro-
nounced between stations 2.3 and 2.6. The data show somewhat more pressure attenuation
than is predicted by the model. The disagreement was difficult to understand because of
the good agreement of the predicted temperature distortion with the data. The data which
show the greatest disparity also indicate that the pressure is above the average valuc 1n the
low pressure region and vice-versa.
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An investigation revealed that the low rotor speed was somewhat low for two of the distor-
tion rotation points (total pressure data shown at 60° and 120° and the two lower static
pressure data points at approximately 40° and 100° as well as the single low static pressure
data points at approximately 220° and 280°). The lower pressures resulting from the re-
duced speed cause an error in the calculation of the average pressure as well as in the
indicated distortion. The fact that the speed measurably affected the pressures is supported
by the three static pressure measurements which were only in disagreement when one or
more of them were recorded at the lower speed. This same problem contributes to the

data scatter which is visible at the other measurement stations.

Advancing to station 3.0 as depicted by figure 20, it can be scen that the total pressure dis-
tortion has been attenuated to the point where it is of the same order of magnitude as the
data scatter. The prediction appears to be as good a fit through the data as can be made.
The predicted temperature distortion becomes a better indicator of the model accuracy,
and agreement is quite good. The temperature distortion has swirled approximately one
quarter of a revolution at this point, a fact which has been accurately predicted by the

analysis (note predicted particle swirl of 96.21° (at stator 9, Appendix B, pg. 122).

It was also observed in reference 1 that there was an amplification of total pressure distor-
tion between stations 2.6 and 3.0 at the hub measurement diameter. Two possible explana-
tions were offered; the hub pressure rise characteristics, or the station 3.0 crossflows. The
multiple segment model predictions are based on mean diameter performance characteristics
and did not predict any amplification. The hub performance characteristics are more

likely to produce amplication and do provide a plausible explanation. The station 3.0 cross-
flows do increase the velocity distortion upstream of that axial location and would normally
produce more attenuation of the distortion. However, a positive-sloped pressure rise -
airflow characteristic would result in more amplification. Therefore, it is likely that both of
these effects contribute to the observed data.

At station 3.12, solutions are once again compared with different assumptions on the cir-
cumferential crossflow. The difference in the two solutions is quite small at this station as
seen in Figure 21. As at station 3.0, the pressure distortion is on the same order of magni-
tude of the data scatter. Although a small discrepancy appears to occur near the boundary
between the high and low temperature region, the temperature distortion prediction is in
good agreement with the test data.

Reference 1 reports two zones of static pressure distortion at station 3.12 and an inspection
of Figure 21 does reveal them in the data. The two zones of pressure distortion were most

likely due to the variation in engine rotor speed over the period of time required to rotate the
distortion. The ranges of low compressor rotor speed were approximately 140 rpm for the
7400 rpm point and 30 rpm for the 8600 rpm point. These rotor speed variations, along with
normal measurement error, result in pressure variations which are of the same order of magni-
tude as the pressure distortions in the high pressure compressor. Without the aid of the multi-
ple segment model predictions it is extremely difficuit to interpret the experimental results.

Finally, at station 4.0, see Figure 22, the same conclusion can be drawn concerning the ampli-
tude of the pressure distortion and the data scatter. The agreement of the temperature dis-
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tortion prediction and the experimental measurement is quite good. The large amount of
circumferential swirl of the temperature distortion relative to the inlet pressure distortion
location (nearly 160°) was accurately predicted by the multiple segment model (note pre-
dicted particle swirl of 161.86° in Appendix B). The engine core stream velocity distor-
tion predictions at 8600 rpm are shown in Figure 23.

The results at 7400 rpm are presented in Figures 24 through 34, and are qualitatively the
same as at 8600 rpm. The attenuation of the total pressure distortion is more gradual at the
lower speed so that comparisons at stations 3.0 and 3.12 between data and predictions are
more meaningful. In general, the model duplicates the test data quite well. The trends ob-
served with the variation in circumferential crossflow at 8600 rpm are repeated at the lower
rotor speed. The circumferential swirl of the distortion patterns is likewise well predicted
at the various axial measurement stations in the engine.

A numerical calculation of the attenuation of the pressure distortion and the increase of
the temperature distortion through the engine has been reported in reference 1. Some
thought was given to a similar calculation using the model predictions; however, the distor-
tions are not ‘“‘square waves’’ at most axial positions, and thus any attenuation definition
becomes somewhat subjective. Using the absolute maximum and minimum values of the cal-
culated pressures, temperature and flow velocity, the distortion amplitudes at various axial
locations can be approximately determined. This information is provided in Figures 35
through 38. The general conclusion to be drawn from these calculations is that the pressure
attenuation occurs for the most part in the fan from stations 2.1F to 2.3F, and in the low
pressure compressor from stations 2.3 to 3.0. Furthermore, the temperature distortion is
created primarily in the fan. These conclusions are in general agreement with the data
(Reference 1).

The average rotation or swirl of the low mass flow region through the compressor is predic-
ted by the multiple segment distortion model as shown in Figure 39. The amount of swirl of
a fluid particle is shown in Figure 40. These two *“‘paths” are described in more detail in
Appendix A and are approximately comparable to those followed by the pressure and tem-
perature distortion respectively. The term “approximately” is used because while the low
pressure and low flow region are generally coincident,the pressure can be modified by un-
steady flow effects. These effects are dominant near the edges of the distorted region and
can result in apparent shifts of the distorted region. In general, however, the unsteady ef-
fects are of second order for a multi-stage high pressure ratio machine like the TF30. The
temperature distortion “path” is influenced by the swirl of the low flow region and thus has
a component in phase (actually, 180° out of phase) with the pressure distortion as predicted
by parallel compressor theory. The particle swirl influence on the temperature change
across the rotor, however, provides the dominant effect on the distorted temperature region.
This is obvious from an inspection of the data and the multiple segment model prediction.

DISTORTION SENSITIVITY DATA

The distortion sensitivity data analysis is performed using classical parallel compressor
theory (Reference 4). Predictions are made for the distortion amplitude required to
cause a compressor stall, and these are compared with the observed level. The stalling
stage group is determined from high response instrumentation records supplied by NASA
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LeRC. Within the indicated stage group the individual blade row aerodynamic loading (as
calculated by the model) is used to locate the stall site.

Data Analysis

Sensitivity of the stability limit of the engine to 180° circumferential inlet pressure distor-
tion was evaluated by increasing the level of inlet distortion while maintaining a fixed level

of low rotor speed until the engine stalled. High response pressure data was recorded to deter-
mine the stalling stage group. Following stall, the 12th stage bleed was opened and the engine
was decelerated to idle speed. The engine was then reaccelerated to the low rotor speed being
investigated, and steady data was taken with 12th stage bleeds open and with the distortion
generator at the same setting at which stall occurred. This data required additional adjust-
ments for the effect of 12th stage bleed valve position, and instrumentation coverage, as well
as for Reynolds Number, station 3.0 pressure instrumentation configuration, and internal
parasitic flows. The procedure used to calculate the engine compression system performance
at stall was as follows:

1. Measurements were adjusted to represent the circumferential average by using factors,
normalized for distortion magnitude, which were based on distortion position and the
air-jet distortion rotation measurements.

2. Bypass ratio was calculated using the energy balance method.

3. Compressor performance parameters were calculated, including the effect of internal
parasitic flows.

4. Adjustments were made to the compressor performance parameters for the 12th stage
bleed valve position. Influence factors were obtained from a P&WA computer simula-
tion of engine operation, 12th stage bleeds open and closed.

5. Station 3.0 pressure instrumentation and Reynolds Number corrections were made.

Fixed instrumentation will often give misleading circumferential average measurements
when used with circumferential inlet distortion. Rotation of the distortion, in effect,
multiples the fixed number of instrumentation circumferential positions, to give better
average measurements. Data from the distortion rotation points were used to generate
correction factors (Table I) for use in calculating the distortion stall points.
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TABLE |

CORRECTION FACTORS FOR SINGLE DISTORTION POSITION

N1A/B1, 7400 7400 8600 8600
DISTORTION POSITION (i) 0° — 180° 180° — 360° ~ 0-180° 180° - 360°
P15 CORRECTION - .0132 - .0828 - .0446 - 0309
P12 3¢ CORRECTION ~ 0376 - 0754 - .0160 - .0884
PT3.0 CORRECTION - .0913 - .1235 -~ .1001 - .1628
Tr3.0 CORRECTION 9979 1.0025 9989 1.0090
T17.06 CORRECTION .9950 1.0083 9931 1.0071
Tr7.0F CORRECTION 9991 1.0022 9977 9986
PRESSURE CORRECTION = (PT _ PTi)/PTi

PTmax - PTmln

PTavg !

TEMPERATURE CORRECTION = To/Tr;

CORRECTIONS NOT CALCULATED FOR Py, gr. AND Pr, o CONSIDERED TO BE FULLY ATTENUATED

AVERAGE OF PROBES FOR ALL SCREEN POSITIONS AT INDICATED STATION

i AVERAGE OF PROBES FOR SINGLE SCREEN POSITION AT INDICATED STATION

- These factors scale the readings at a given distortion position and rotor speed to the average
for the complete series of rotations. It was assumed that the difference between the fixed
position reading and the full rotation average was proportional to the inlet distortion level.
Also, the effect of speed on the scale factors was assumed to be linear, and based on the
two distortion rotation speeds. The effect of 12th stage bleed valve position on compression
system operating parameters was estimated, using a TF30-P-3 simulation program. The
12th stage bleed air is exhausted into the fan duct which tends to back pressure the fan
slightly reducing the total inlet corrected flow. The effect on the high pressure compressor
is to lower the operating line, increase the inlet flow capacity, and increase the rotor speed.
The increased high rotor speed and high pressure compressor flow capacity result in a lower
low pressure compressor operating line. The results of the calculations indicated that the
only significant variation of compressor performance parameters with distortion were the
LPC pressure ratio (2.5% lower) and HPC corrected rotor speed (1.6% higher). All other
parameters were in agreement with uniform inlet data.
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Approximately forty high response pressure measurements were recorded for analysis of the
engine stalls to locate the stalling stages. Selected measurements are presented herein to
support the conclusions of the analysis. It should be noted that for the cases at 7300, 7900
and 8200 rpm the inlet distortion (low total pressure) region was located between 0° and
180° at station 2.0. The distortion swirls somewhat circumferentially so that lowest velocity
and highest blade incidence probably occur in the third quadrant (180° to 270°). 1t will be
seen from the high response records that the initial stall activity originated in the third quad-
rant for these cases. For the 8700 rpm point, however, the distortion was located between
180° and 360°. Hence, all of the stall activity started in the first quadrant at this speed.

The stall site was identified by locating periodic and/or large pressure fluctuations in the data
records. As indicated in Reference 6, the sign of these fluctuations provides evidence of

the stall initiating stage group. Pressure increases are normally observed at measuring stations
upstream of the stall, with pressure decreases occurring downstream. There may be some
exceptions to this guideline due to radial variations in the stall region, but multiple measure-
ment locations can normally be used to sort out these uncertainties. The conclusions pre-
sented herein are based upon observations supported by the majority of the instrumentation.

Record 330 (7300 rpm)

The initial instability detected was a rotating stall which occurred between stations 2.3 and
2.6. Evidence to support this conclusion comes from total pressure records at stations 2.3,
2.6 and 3.0, see Figures 41 and 42. First of all an increase in pressure is observed at station
2.3 (6 = 265°) at approximately .155 seconds, and also at station 2.3 (6 = 85°) at approxi-
mately .163 seconds. The time interval (.008 seconds) required to travel from 265° to 85°
(% revolution) converts to a rotational velocity of 3750 rpm which is equal to 51 percent

of low spool rotor speed (7341 rpm), a typical rotating stall frequency. At station 2.6

(6 = 88°) a decrease in pressure is observed at approximately .163 seconds. The change

in sign of the pressure change indicates that the stall injtiated between these two stations.
Looking further to station 3.0 (6 = 118°) there is observed a decrease in pressure at approxi-
mately .164 seconds which serves to further confirm the origin within the low pressure com-
pressor and the rotating stall cell frequency.

Shortly thereafter at approximately .169 seconds, a surge occurs in the high pressure com-
pressor. The surge originates between stations 3.0 and 3.12 as can be seen from total pres-
sure records at these two stations. For example, an increase in pressure is seen at station
3.0 (8 = 262°) while a decrease in pressure is noted at station 3.12 (6 = 268°) at this
time (.169 seconds). Subsequently the surge progresses to other axial and circumferential
locations involving the entire compression system by approximately .175 seconds.
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Record 331 (7900 rpm)

The initial instability for this speed is also rotating stall occurring between stations 2.3 and
2.6. Evidence of this can be seen in Figures 43 and 44, jat station 2.3 (9 = 265°) at approxi-
mately .202 seconds and also (0 = 85°) at approximately .209 seconds. The increase in
pressure signifies that the stall site is downstream of station 2.3. The variation in the time
the stall cell is observed at different circumferential locations verifies that there is a rotating
stall cell. An inspection of the data record at station 2.6 (6 = 69°) shows a decrease in
pressure at approximately the same time a pressure increase is observed at station 2.3, thus
locating the stall origin. A decrease in pressure at station 3.0 (8 = 118°) at .212 seconds
further substantiates a low pressure compressor stall.

A large overpressure at stations 2.3 and 2.6 at approximately .215 and .22 seconds is due to

a high pressure compressor surge. Note that the location at 2.3 (6 = 265°) picks up the surge
first due to the circumferential position of the distortion. Records at station 3.0 (68 = 118°)
and station 3.12 (8 = 69°) confirm that the surge started in the front stages of the high pressure
COMPressor.

Record 336 (8200 rpm)

The initial instability within the compressor is observed at station 2.3 (8 = 265°) at about
.242 seconds on Figure 45. Later, there can be seen a sharp decrease in the total pressure
measurement at station 2.6 (6 = 88°) at approximately .249 seconds. At about the same
time there is a sharp increase in static pressure at station 2.3 (8 = 111°) which indicates that
the stall originated between stations 2.3 and 2.6. There is also a decrease in total pressure at
station 3.0 (6 = 118°) at .252 seconds to substantiate the occurrence of a low pressure com-
pressor stall. Shortly following the initial stall, there is a surge from the low pressure com-
pressor in between stations 2.3 and 2.6 at approximately .250 seconds. The large decrease in
station 3.0 total pressure (6 = 118°) at .253 seconds in Figure 46 indicates that the low pres-
sure compressor surged. The increased pressure at station 2.3 (8 = 111°) and the reduction
at station 2.6 (8 = 88°) further fix the location. There was also some evidence that pointed
towards the final surge event occurring behind station 2.6 (8 = 69° and 8 = 88°) since these
records show an increase in pressure. The initial instability, however, clearly occurred between
stations 2.3 and 2.6.
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Record 341 (8700 rpm)

This stall also originated within the low pressurc compressor as can be seen from high
response records at station 2.3, (6 =11 1°) station 2.6, (¢ = 88°) and station 3.0 (8 =1 18°),
Figures 47 and 48. The increase in pressure at station 2.3 at approximately .382 seconds
coincides with pressure decreases at the other two stations. A second, larger stall cell is
observed later at the same stations at approximately .392 seconds. Very little activity was
observed on the opposite side of the engine during this period in the station 2.3 pressure,

(6 = 265°). The stall cell apparently decayed after it rotated a significant circumferential
distance beyond the distorted region at this high rotor speed point.

An overpressure is observed at about .395 seconds at all the aforementioned locations when
the high pressure compressor surges. The decrease in pressure at this time at station 3.12
(0 = 82°) verifies that the surge originated in the front stages of the high pressure compressor.

For the three lower rotational speeds the inlet distortion was circumferentially located be-
tween 0° and 180°, while it was located between 180° and 360° for the highest rotational
speed. There is approximately 20° to 30° of rotation (swirl) of the distorted region between
the inlet and the station 2.3 to station 2.6 stage group. The stall cell is most likely to origin-
ate within the distorted region. Due to unsteady flow effects the highest incidence region is
usually not reached immediately as the rotor enters the distorted region, but is somewhere
near the point at which the rotor leaves the distortion. After a stall cell is formed, it will ro-
tate out of the distorted region and be recorded by the high response instrumentation. For
the lower speed, the stall cell was first observed at 265° which is just past the distortion into

the undistorted region. At a later time it rotates past the instrumentation located at 90-100°.
which is just into the distorted region. This effect was verified when the distortion position
was reversed for the high speed stall because the stall was observed to originate in the 90-100°
circumferential region. Another feature of the high speed stall was the dissipation of the

stall cell before it completed ¥ revolution. This is probably because the static pressure rise
characteristics are steeper at higher speeds so that the amplitude of the velocity distortion

is reduced. Therefore, a smaller increase in velocity is required to unstall the flow at high
speeds than at lower speed.

Parallel Compressor Predictions

Distortion sensitivity was predicted on the basis of classic parallel compressor theory for
four low rotor speeds. A low rotor speed range of approximately 7300 rpm to 8700 rpm
was included in the analysis of the experimental data. The criterion for stall was based
upon the compressor stall lines observed for uniform inlet rig testing. This was necessary
because engine stall line data with a uniform inlet was not available. There is a large amount
of data to support the assumption that the engine and rig stall line data are identical for the
TF30. These data include dual spool testing of the TF30 compression system under USAF
Contract No. F33615-70-C-1549 and Arnold Engineering Development Center (AEDC)
engine testing of a TF30-P-3 engine. Documentation of both of these results is contained in
Reference 6. Similar unpublished engine data obtained for TF30 engines at Pratt & Whitney
Aircraft support the same conclusion.
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The procedure followed in this analysis was to determine the level of distortion required to
stall the compression system at the engine operating point. The distortion level was system-
atically varied until the low total pressure region intersected the uniform inlet stall line for
some component of the engine compression system. Since the NASA LeRC tests were con-
ducted at a lower Reynolds Number index than was the P&WA rig testing, the critical distor-
tion level determined from the rig stall line should be higher than the NASA test levels. In
order to correct for this, an adjustment to the predicted levels was made on the basis of Figure
49. The curves in this figure were empirically derived from the TF30 engine testing by
P&WA at different Reynolds Number indices, and relate the necessary distortion amplitude
required to stall the engine. The stalling distortion levels determined by parallel compressor
have been compared with the NASA data on Figure 50. The closest agreement is obtained

at 8700 rpm but the theory falls well short of the data at lower rotor speeds. This trend with
speed is most likely due to unsteady flow effects which are minimized at higher speeds where
compressor performance characteristics are nearly vertical and velocity distortions are small.
The LPC high speed pressure rise characteristics are closer to being vertical than the low speed
characteristics, so the results are consistent with the predictions made by parallel compressor
theory.

From analysis of pressure traces, it was determined that the low pressure compressor stall
line was reached first and initiated the engine stall. This conclusion is supported by the
operation of the LPC on the rig stall line for the distorted flow region as seen in Figure 52.
The fan and high pressure compressor are seen to be away from their respective stall lines in
Figures 51 and 53.

An investigation of diffusion factors was made in an attempt to estimate the origin of stall
within the low pressure compressor. Diffusion factor is a measure of the relative aerodyna-
mic loading of a cascade of airfoils and is defined by the following equation from Reference
8:

oo 1 AVy
Diffusion Factor = (1 - V5/V{) + 5 T

where V5 = exit velocity
V| = inlet velocity
A Vg = change in tangential component of velocity (exit minus inlet)

8 = cascade solidity

The diffusion factors were calculated for each blade row on the basis of meanline air angles
and geometry. The diffusion factors for the low pressure region were compared to those
calculated with a streamline analysis for the uniform inlet engine design point at a sea level
(Mach number = 1.2) flight condition. A comparison of the two calculations has been made
in Figure 54 in an attempt to locate the probable stall site. From the figure it is observed
that diffusion factors are relatively high on rotor 3 and stator 3, (low speed only) rotor 5
and rotor 6. Rotor 3, however, is not located between stations 2.3 and 2.6 where all the
initial instabilities were detected with the high response instrumentation.
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On this basis, the best estimate for the stall site would be either S3, RS or R6 at the lowest
speed (7300 rpm) and RS or R6 at the other speeds. Diffusion factors calculated for the

high pressure compressor are not high as can be seen in Figure 55. The engine design point
levels are again shown for comparison. The low-levels verify that the high pressure compressor
did not initiate the stall. The high pressure compressor, however, will be additionally dis-
torted by the rotating stall from the low pressure compressor. The additional loading which
the rotating stall imposes on the high pressure compressor and which causes the final engine
surge is not reflected in the parallel compressor calculation.

A comparison shows that the stall sites from the high response records and the diffusion factor
analysis are in qualitative agreement. It is difficult to estimate the exact stail location because
of the distribution of the high response instrumentation. Furthermore, the diffusion factor
analysis is based upon a mean diameter calculation and does not reflect radial variations in
blade loading. The significant point is that basic parallel compressor theory gives a reasonable
prediction for the origin of stall for the TF30 engine. This was true despite the fact that the
predicted distortion level required to stall the engine was in disagreement with the test data.

SUMMARY OF RESULTS

The data analyses performed on the basis of the multiple segment and classical parallel com-
pressor model predictions for attenuation and sensitivity with 180° circumferential pressure
distortion are summarized as follows:

1. The square wave inlet total pressure distortions result in non-square inlet velocity dis-
tortions. The primary reasons for this are the inlet air angle variation caused by circum-
ferential flow redistribution upstream of the fan and unsteady flow effects.

9. Circumferential crossflow within the compression system resulted in increased attenua-
tion in the front stages.

3. The low mass flow region moves circumferentially as it travels through the compression
system by an amount equal to the switl of the acoustic path. This amounts to approxi-
mately 10-20 degrees in the fan and 65 degrees in the core in the direction of rotor ro-
tation. The static and total pressure distortion swirl about the same distance.

4. The total temperature distortion is primarily created by the attenuation within the front
stages. The temperature distortion swirls approximately 35 degrees in the fan and 165
degrees in the core in the direction of rotor rotation. This is comparable to the circum-
ferential displacement of a fluid particle as it passes through the TF30 compression sys-
tem.

5. The static pressure uniformity at station 3.0 indicates that the low and high pressure
compressors are decoupled by the crossflow cavities at station 3.0. The good prediction
of the distortion attenuation with this station 3.0 boundary condition verifies the de-
coupling.
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Over the speed range of 7300 to 8700 RPM, instability began as a rotating stall between
the 3rd and 6th stages of the low pressure compressor. A compression system surge
occurred shortly after the initial instability in each case.

The diffusion factors calculated by parallel compressor in the low pressure region were
relatively high in the front low compressor stages. This circumstance is consistent with
the observed origin of the initial instability.

The predicted distortion level for stall falls below the test level at all rotor speeds.
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W total, W core and W fan are airflows through the components and W fuel is fuel flow added in burner.

® Basic Equations:
® Measured
Parameters:
® Assumptions:
Figure 2
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b W

Energy Balance

Wtotal = Wcore + Wfan
Wecore (hT7.0 - hT2.0} -
Wrfuel {hv-hT7.0} + Wfan
(hT7F -hT2.0)=0

Where:

hT = Total Enthalpy

hv = (Heating value of fuel) x
{burner efficiency) +
{enthalpy of liquid fuel)

Total airflow

Fuel flow

inlet {2.0) and fan exit
{7F) total temperature
Turbine exit (7.0}
temperature

Burner efficiency (,99)

Engine Airflow Calculation Techniques
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APPENDIX A — CIRCUMFERENTIAL DISTORTION MODEL
Parallel Compressor Theory

Parallel compressor theory considers the circumference of the compressor to be divided into
two flow regions: one of relatively low velocity such as would exist behind a distortion in-
ducing screen and one of relatively high velocity. The essential points of parallel compressor
theory are illustrated in Figure A-1. The compressor performance in each region is assumed to
be that obtained from uniform flow operation at the local value of inlet velocity. Itis fur-
ther assumed that circumferential crossflow within the compressor is negligible and that the
exit static pressure is uniform. The total pressure distortion is attenuated by the compres-
sor because of the difference in pressure ratio between the high and low velocity regions. In
addition, a temperature distortion is created out of phase (high temperature-low pressure)
with the pressure distortion due to this attenuation. The limit of stability (stall point) of the
distorted compressor is predicted to occur when the low velocity region reaches the uniform
flow (undistorted) compressor stall point. The resultant performance at stall is calculated

as the area average of the two regions.

Multiple Segment Parallel Compressor Model

The current model expands the basic parallel compressor theory by using multiple parallel
segments to provide a detailed definition of the circumferential flow field. These segments
pass through the compressor from inlet to exit. They do not, in general, enter and exit the
compressor at the same relative circumferential location, but swirl to some degree commen-
surate with blade stagger angles, rotor rotation, and propagation characteristics of the flow
properties assumed for the model and discussed in the following section. The flow rate in
each segment is determined from its boundary conditions (inlet total pressure & total tem-
perature and exit static pressure) and the compressor’s performance within that segment in
a manner quite similar to classic parallel compressor. The concept of using multiple parallel
segments, however, is much more complex than the multiplication of the classic calculation.
The complexity arises from two dimensional flow effects and from unsteady flow effects
caused by the relative motion of rotor blades through the distorted flow region.

Consider a circumferential segment as it approaches the compressor. In the presence of a
non-uniform inlet total pressure, circumferential static pressure gradients exist at the com-
pressor inlet which redistribute the flow and can alter the flow velocity and direction of
that segment. The performance of the first blade row will depend on the local flow angle
as well as the local inlet flow rate within the segment. Proceeding through the compressor,
the circumferentially non-uniform static pressure can cause further flow redistribution,
particularly when “‘stagnant” air cavities exist external to the compressor flow path. This
redistribution will result in a different amount of airflow in the segment at different axial
locations within the compressor. When the segment encounters a rotor blade row, unsteady
flow effects must be accounted for due to the circumferential nonuniformity of the flow
field. The rotor performance depends not only on the local flow velocity and incidence
but the time dependent (in the rotating reference) velocity and incidence gradients it ex-
periences as it rotates past the segment.
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Finally, the exit static pressure may not be uniform so it is necessary to know the angular
displacement of the segment as it traverses the compressor in order to apply the proper down-
stream boundary condition. None of these effects are considered by basic parallel com-
pressor theory but are all accounted for in the multiple segment model. The only restriction
to the multiple segment approach is that the circumferential extent of the segment should
span several blade passages. The flow properties in each segment are then representative of
local average conditions. This restriction poses no problem as long as the distortion is large
relative to the blade pitch or spacing, which, as previously stated, covers most cases of practi-
cal interest.

A further departure from parallel compressor theory is the use of individual blade row per-
formance on the premise that deviations from uniform inlet performance will result in
changes to the front-to-rear matching of the compressor blade rows. Such changes cannot
be easily assessed on the basis of an overall performance representation. However, regardless
of the way in which the uniform inlet performance is presented, the important point is to
recognize the deviations from this performance that can occur under distorted flow condi-
tions.

Procedurally, the multiple segment model calculation is similar to a classic two-segment par-
allel compressor solution. Each segment has known inlet and exit boundary conditions, and
the mass flow rate consistent with these boundary conditions is to be determined. The major
distinction is that the compressor segment performance is influenced by the distorted flow
and is not identical to uniform flow performance as assumed by classic parallel compressor.
In order to evaluate unsteady flow effects, the flow rates of adjacent segments are required in
determining a given segment’s performance. It is necessary, therefore, to establish a periodic
solution around the circumference of the compressor. It is only after periodicity of mass flow
rate is established that a calculation is considered complete. This is in contrast to the discon-
tinuities in mass flow rate allowed by classic parallel compressor at the boundaries of the dis-
torted region.

Calculation Procedure

Each segment has a constant circumferential extent with a fraction of the total mass flow
entering the compressor. The fraction of the total mass flow in a given segment is depen-
dent upon that particular segment’s boundary conditions and the overall performance
characteristic of the compressor for that segment. The performance characteristic effectively
changes from segment to segment because of the various phenomena outlined in the pre-
vious section.

The inlet boundary condition for a segment is easily defined from the prescribed inlet total
pressure and total temperature. The other boundary condition required is the static pres-
sure at the exit of each segment. The average level of exit static pressure required to
satisfy the specified total mass flow must be determined iteratively. Furthermore, the
possibility of having non-uniform exit static pressure (Reference 1, for example) makes it
necessary to know the proper circumferential location of each segment at the exit of the
compressor.
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Each segment moves circumferentially as it passes through the compressor since mean

flow angles within the rotors, stators and gaps are seldom axial. In addition, the rotation

of the rotor provides additional angular displacement. This is illustrated schematically in
Figure A-2. Note that the segment displacement due to the rotor (Af segment) is less than
that for a fluid particle (A@ particle). This is because the acoustic path is important in
establishing the non-steady flow in the rotating reference frame. Since an acoustical signal
exceeds local fluid velocity in the forward direction, the “residence time”’ in the rotor is less
than that for a fluid particle.

Angular Displacement = Residence Time x Angular Velocity

b
Abgeoment = (u ta )

or

b
A()Particle = <;’> w

The angular displacement of each segment is calculated from local conditions and an
average for all the segments is used to match proper inlet and exit boundary conditions.
The average angular displacement of the segments is denoted as “flow swirl”.

The compressor performance as well as the exit boundary conditions is therefore partially
dependent upon the mass flow distribution. Consequently, an iteration scheme is utilized
which necessarily assumes a mass flow distribution.and solves for the mass flow in each seg-
ment on the basis of this assumption. The calculated mass flow distribution then replaces
the original assumption and the procedure is repeated until the calculated mass flow distribu-
tion agrees with the assumed mass flow distribution. The necessity of knowing the mass
flow distribution in order to calculate compressor performance will now be illustrated by a
discussion of the various distorted flow phenomena incorporated in the multiple segment
model.

Distortion Induced Inlet Flow Redistribution

Flow redistribution takes place upstream of a compressor operating with non-uniform flow
as the compressor acts to create an upstream attenuation of the inlet flow distortion. A
further description of this phenomenon may be found in Reference 2. The resultant inlet
static pressure imbalance and a streamline curvature, Figure A-3, causes a variation in inlet
air angle. With no inlet guide vane the incidence on the first rotor blade varies as in Figure
A-4. The multiple segment model calculates this inlet angle variation in order to properly
determine the first blade row performance.

70



The procedure for calculating the upstream flow redistribution is based on the use of a dis-
tribution of sources and sinks at the compressor inlet plane to represent the effect of the
compressor on the upstream flow. As the fluid approaches the compressor, the axial velocity
distribution is altered from the values far upstream of the compressor. In some regions around
the circumference the fluid velocity is decreased as it gets closcr to the compressor sO that a
flow source opposing this fluid may be thought to exist. Similarly, a flow sink would account
for an increase in the velocity of the fluid as it approaches the compressor. The strengths of
these sources and sinks are calculated in the following manner.

The upstream velocity distortion is separated into its rotational and irrotational components,
both of which are considered to have amplitudes such that a linearized description can be
adapted. The rotational component is associated with the inlet total pressure distortion. Since
the total pressure is convected by the flow from far upstream to the compressor, the rota-
tional velocity distortion can be evaluated far upstream ( — ) where the irrotational com-
ponent is zero.

1 S Po-a (85Ps_g =0)
PO 4 ZLR2) 7

8Cxpor * 8Cx_q =

The irrotational part of the velocity distortion is due to the upstream flow redistribution
induced by the compressor. Since there are multiple segments, the compressor can be repre-
sented by an array of sources and sinks located at the compressor inlet plane with the effect
of compressibility accounted for by using a Prandtl-Glauert transformation. The local
strength of the source (sink) is calculated from the irrotational component of axial velocity
at the inlet.

8C"mnor = SC"mLET 'SC"ROT

The inlet velocity distortion, 8Cy inlet’ is a function of the compressor performance and local
boundary conditions for each segment and is determined iteratively. The source (sink) strengths
determined from 6C, can be used in a formulation from Reference 3 to determine the

ir

velocity potential function for such an array. The tangential velocity perturbation com-
ponent can then be determined from this potential function. It should be noted that al-
though the analysis has been derived on the basis of small perturbations, comparison with
measured data shows that the calculation has provided an accurate solution for the inlet air
angle distribution even when the imposed inlet total pressure distortion was quite large (see
Figure 14). '

Circumferential Crossflow
Circumferential flow redistribution can also occur within the compressor as well as upstream

of it. Within the compressor, this flow redistribution can take two different forms as illus-
trated by Figure A-5. First of all, the compressor flowpath has axial gaps between blade
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rows which provide a means for redistributing the flow. This occurs primarily near the
edges of the distorted region where static pressure gradients are largest. Since it is localized
to the edges and since normal axial spacing in a modemn engine is small, this form of cross-
flow can normally be considered negligible, and is not included in this analysis.

The second form of cross flow can take place within cavities (roots of shrouded stators and
bleed plenums) which are exposed to the circumferential pressure gradient. Since the static
pressure differences can be large and the fluid within a cavity has negligible axial momen-
tum, the crossflow can be significant. This was demonstrated qualitatively by a flow visu-
alization experiment on a 3 stage compressor with inlet distortion, the results of which are
shown in Figure A-6. In this experiment, felt tufts were mounted in an annular plenum
external to the compressor flowpath. The tufts were viewed through a plexiglass cover and
indicated substantial circumferential flow velocities consistent with the imposed pressure
distortion.

The calculation procedure in the current model consists of an evaluation of mass flow trans-
fer between each segment and the external flow cavity. The flowpath circumferential static
pressure distribution is assumed to be known but the cavity pressure distribution must be
determined iteratively. Since the crossflow occurs as a steady flow process there can be no
mass accumulation within the cavity. Therefore, the solution for the static pressure distri-
bution within the cavity must satisfy a continuity balance. The calculation depends upon
the flow characteristics of the cavities as well as those of the passages connecting the cavities
with the flowpath. Large cavities induce the most crossflow and for these the flow character-
istics of the connecting passages are more significant than the cavity flow characteristics for
determining crossflow rate,

In general, exact flow characteristics for these connecting passages are not available. The
model makes use of a general correlation of flow coefficients for air being bled off perpen-
dicular to the flow direction. This correlation was empirically derived in Reference 4 and

is reproduced on Figure A-7. Because of the general nature of this correlation, the results of
the current model are only approximate. However, the usual amplitude of crossflow within
any single cavity is only a small percentage of the total airflow. The use of generalized flow
coefficients is normally adequate.

The sequence of the iteration starts with a single segment (one having a relatively high flow-
path static pressure is selected) by assuming the local static pressure within the cavity. Flow
characteristics for the passage connecting the flowpath with the cavity are used to determine
the mass transfer into the cavity. These characteristics depend upon the static pressure dif-
ference across the connecting passage, the cross-sectional area of the passage, and flow condi-
tions (static pressure, total temperature, Mach number) on the high pressure end of the passage.
The mass flow which enters from the first segment into the cavity is used to calculate the
Mach number in the cavity, based upon the cavity geometry. Proceeding in the direction of
rotor rotation to the next segment, a change in total pressure occurs due to the friction or
drag of the cavity walls. These walls may be either stationary or rotating and the frictional
losses depend on the relative flow velocities. The mass transfer calculation is repeated at the
next segment based upon the local flow parameters. The mass flow rate within the cavity and
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the flowpath are appropriately adjusted and the calculation is continued until a full circuit
around the circumference is completed. A check is then made for continuity of mass flow
into and out of the cavity. If continuity of mass is satisfied within a preset tolerance the
solution is accepted. If not, the calculation is repeated using a higher or lower gucss for cavity
pressure depending upon whether the net cumulative mass flow into the cavity is positive or
negative. The iteration is continued until a solution (zero net mass flow into the cavity) is
obtained.

Unsteady Flow Effects

Another reason why distorted performance differs from uniform inlet values is because the
rotor experiences time variant changes in velocity and incidence as it moves through the dis-
torted flow field. First of all, the acceleration of fluid through the rotor implies a local sta-
tic pressure difference between the leading and trailing edges over and above that indicated
by the quasi-steady pressure rise characterstic. This additional pressure rise must be ac-
counted for in determining the distorted compressor performance.

In order to simply illustrate the basic fluid mechanics of this unsteady static pressure change
across the blade row, the blade passage can be modeled in the rotating reference frame as a
one-dimensional, inviscid, linear diffuser with unsteady flow.

For this one-dimensional inviscid diffuser, it will be assumed that area varies linearly from
inlet to exit as illustrated in the figure below. The unsteady pressure change can be deter-
mined from application of the Momentum Equation.

- b —|
YUy uz
Py P,
= x
- I _QL = u ..a._u_ + .a_u._
P Ox ox ot
b b b
[ap 4y Ou gy + QU g (1
{ Ix dx o pu " X '[)‘p 31 X

The first term on the right is the quasi-steady state pressure rise due to diffusion and is con-
sidered to be the static pressure rise across the blade row with uniform, time invariant inlet
conditions. This term is evaluated like an actuator disk for the circumferentially local mass
flow rate aind combined with the second term which represents the effect of local acceleration
of the fluid within the blade passage. For simplicity, this term will now be evaluated for the
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case of an incompressible fluid in order to indicate the controlling parameters. The effects
of compressibility have been determined separately and are included in the computer model
in an approximate manner. The circumferential displacement of the segment by the rotor
provides for the proper acoustic delay of the static pressure rise.

Assumptions:

- /
U= U+

_a& = _a_U_ '/ -

ot o1

Ay

v s Ax)

AX)1= A + ﬂgl;ﬂx

Substituting into Equation 1

b b !
du - du |
fop U dx pfo o TrEmE— (2
A

b '
pz-p,=_£ pu%-::—dx—p.[ —du'—' (3)

The unsteady part of the pressure rise is thus proportional to the rotor chord length and the
change of relative inlet velocity. This acceleration rate can be determined from the fixed
coordinate system velocity distortion and the rotational speed of the rotor.

In order to calculate the change in stagnation temperature due to this unsteadiness, the fol-

lowing relation between fluid properties, which may be derived from the First Law of
Thermodynamics, is applicable:
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dp (4)

S.dhg =dh+ udu
|
Tds= dho - udu- — d
2 p

Integrating across the diffuser:

b
[T JC SR SPRC

oo du du

Foox g 7Y ox
fbg—h—qu-—fbpidx+be—Q§—dx (6)
o Ox 0 01 o Ox

Thus, the change in stagnation enthalpy relative to the rotor is composed of two terms. The
first term corresponds to the unsteady pressure rise and will be treated by making the same
assumptions concerning compressibility.

b /
Ou . [ By
L ot ax = L o

/ b
I Ou ., L f 795 4« (7)
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This unsteady total temperature rise is added to the steady rotor temperature rise as deter-
mined from uniform inlet flow conditions. The steady and unsteady total temperature

rises are combined in a manner similar to the static pressure rise. Like the unsteady pressure
rise, the unsteady temperature rise is proportional to the rotor chord length and the time
rate of change of velocity relative to the rotor. Even though the analysis is an inviscid one,
the second term is generally non-zero because of the entropy gradients associated with the
upstream total pressure (or temperature) distortion. In order to properly account for the
entropy gradients, it is necessary to know the path line followed by fluid particles through
the compressor. The second term is evaluated for each segment using the difference between
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the circumferential displacement of a fluid particle and the circumferential displacement of
the segment to define the amplitude of the entropy gradient. The temperature change so
determined is then added to the steady and unsteady temperature change for each segment.

Fluid Particle Displacement Effects

It is necessary to calculate the fluid particle displacement because the particles within a
rotor blade passage can swirl into and out of the distorted flow region. When viewed from

a fixed reference frame, the entropy of the fluid entering a rotor passage may be different
from that of the fluid leaving that same passage at that instant in time as shown in Figure
A-8. This difference in entropy must be accounted for in calculating the changes in the tem-
perature across the blade passage, as can be seen from Equation 7.

Since the flow process across the blade row was considered inviscid in this analysis, any en-
tropy change across the blade row must be due to a difference in instantaneous inlet and
exit fluid properties. This difference becomes evident when it is realized that fluid particles
are displaced circumferentially by the rotor and that the fluid within the blade passage at
any time originated from a circumferential sector of finite extent. The extent of this sector
is a function of the rotational speed, the rotor chord length and the relative fluid velocity.
The properties of the fluid leaving the rotor passage originated at the beginning of this sec-
tor while the entering fluid comes from the end of the sector. Thus, the entropy change
across the rotor is equal to the circumferential entropy difference across the sector, which
is easily defined from the imposed rotor inlet total pressure and total temperature distortion
and the sector extent. The displacement of the fluid by each rotor blade row is calculated
and accumulated in the multiple segment parallel compressor model in order to provide an
accurate exit total temperature distortion profile.

This effect on total temperature due to particle displacement accounts for the observation
often made with multistage compressors that the exit total temperature distortion is not
aligned with the attenuated total pressure distortion as predicted by parallel compressor
theory. This is illustrated in Figure A-9 where the exit total temperature distortion has been
calculated from measured attenuation of an imposed inlet total pressure distortion. The
agreement with data is greatly improved by accounting for particle displacement when cal-
culating the temperature distortion.

The impact of particle swirl on distortzd compressor stage matching is illustrated in Figure
A-10. Asshown in the figure for parallel compressor, the low total pressure region and high
total temperature region are aligned throughout the compressor. Note that in this particular
example no circumferential displacement (flow swirl) of the distorted region is assumed.
When particle swirl is taken into account, however, there is a region of relatively low total
temperature in the rear stages of the low total pressure region. This results in lower cor-
rected flow and higher corrected speed in these stages relative to conditions that would nor-
mally be obtained with a uniform inlet and the same inlet values of corrected flow and
speed. There is thus a tendency to increase incidence in the rear stages which effects a re-
match of the front-to-rear loading distribution of the compressor stages. A similar rematch
in the reverse direction occurs in the undistorted region of the compressor. The net effect
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of the rematch is to reduce the circumferential variation in velocity at the front and increase
the velocity variation at the rear of the compressor relative to that calculated from parallel
compressor theory. The consequences of particle swirl with respect to the distorted stall
line are therefore dependent on the axial location of the limiting stage.
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APPENDIX B — PROGRAM OUTPUT SYMBOLS AND TABULAR RESULTS

Symbol

ALPHA IN DEG

AXIAL VEL
AXVELAVG

BETA IN DEG

BYPASS RATIO
CORR FLOW
DEG

DEG K

DEGR

DF

EXIT

FLOW SWIRL
FPS

HPC

IGV
INCIDENCE IN DEG
KG/SEC

LBM/SEC

Legend of Symbols for Distortion Deck Print

Description

Blade inlet flow angle (absolute frame of reference) measured
in degrees

Axial velocity /average axial velocity
Circumferential average axial velocity

Blade inlet flow angle (relative frame of reference) measured
in degrees

Ratio of fan duct flow to engine flow

Corrected flow

Degrees

Degrees Kelvin

Degrees Rankine

Diffusion factor

Axial station located at the exit plane of the last row
Circumferential pressure distortion swirl through the engine
Feet per second

High pressure compressor

Inlet guide vane

Blade incidence angle measured in degrees

Kilograms per second

Pounds-mass per second
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Symbol

MAX-MIN/AVG

MN

MPS
NICORR
N2CORR

N2/N1 (MECH)

PA

PARTICLE SWIRL
PRESS RATIO

PS

PSAVG

PSIA

PTAVG
REL VEL
RVELAVG
SEG NO
THETA

THETM
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APPENDIX B (Cont’d)

Description

Depth of distortion - Maximum total pressure minus the
minimum total pressure over the average total pressure

Mach number

Meters per second

Low rotor speed corrected to the inlet
High rotor speed corrected to Station 3.0

Ratio of high rotor mechanical speed to low rotor mechanical
speed

Pascals (Newton/Square Meter)

Circumferential particle swirl through the engine
Pressure ratio

Static pressure/average static pressure
Circumferential average static pressure

Pounds pressure per square inch absolute

Total pressure/average total pressure
Circumferential average total pressure

Relative velocity/average relative velocity
Average relative velocity

Segment number

Circumferential position in direction of rotation
Theta-minus - extent of distortion

Total temperature/average total temperature



Symbol

TTAVG

VELAVG
WBL
WCORR
2.6F/2
3/2

4/3

APPENDIX B (Cont’d)

Description

Circumferential average total temperature
Mean diameter rotor velocity

Velocity /average velocity (absolute)
Circumferential average velocity

Cross flow from segment to external cavity
Total corrected air flow

Fan O.D. exit over inlet

Major Station 3.0 over major Station 2.0

Major Station 4.0 over major Station 3.0
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APPENDIX B - DISTORTION PROGRAM TABULAR QUTPUT
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3. 11 1ot VBT D969 0879 L.u0ul [0} (7 (%34
1230 1< 1.003  0.379) 0.9753 0, w75¢ ] .0000 [> P 4 0.0 0,2%@
3. 13 1ot Ho3Tks $o9T4F (L9743 1.0LOGG (a0 C.0 0.z}
lal. 1e 1000 QosTTT 0.9T742 D.9T43  1.0000 0.0 .0 Goe263
Lhe  alb UeB%E  N.3172 D.8Tha 0.,9T42 1.6000 [N 0.0 0,264
ad. 1o G997 Go3TI0R D967 G 9142 ] 0000 U0 “.0 0.26%
LT I V.87 0,3VAY 0LTLY L. T4¢ ] u00u [+ 6.0 Ga2bS
L3 0F G99 0u3763 Cu9750 0.9T42 1.0000 0.0 0.0 0.266
3¥3. A% 1L9%h  OL3TAL €.975)  €.974c 1 0606 0.0 6.0 0.268
263, 20 Goy9®  D.ATAO 0.475) 09742 1.0000 0.0 0.0 0266
213. 21 0a¥8S DL3UDG 0.9751 B.9T4Y  1.60O0 6.0 0.0 n.287
wide 2 GaYYh Va3755 09755 6.974% 000G 6.0 0.0 0.267
e il Vet 0,378 0.976) 0.9751  1.0000 0.0 .0 0.267
e 24 Co9%¢  Le37ST L9772 09761 1.0000 4.0 2.0 D.267
930 €5 £e9%4% €315 L9TSH  LLYTBT 1.GGGE GW0 (¢ o267
263, 26 Wab%s 0,374 0.9823  0.9:12 1.0000 0.0 .0 D266
2730 2T mL.9CY  0.3752 1.0009 0,990 | LANOD  H L0 0.0 N.265
r'a3 Ca%b3  Guo3751 120192 1.016F ¥ .06GUG (O (] G0 0264
20 4,805 DL3T5: L0263 BW0D3D 10000 wll 0.0 (e8]
AU a9 Ga3Th 10249 1024 1.GOGL 8.0 [ no2ne
H3e M 0999 6.3TF? Joughe 16253 10660 Gof ‘.0 €257
/3 327 1.000 6,577« 1.02%0  1.024C  1,0000 .0 0.0 0,25
s33. 33 1a0072 OadTio 1ab24% 120251 1 .0000 0.0 [ 3 N.25%
ELT AN T JeWUl Vo3 /In Jati2dh 240251 J1.0000 [N (] 0.0 0.2%3
Su3. 35 lTebn 3 0L370) J,004% 140251 k.NOOQ 0.0 0.0 0.2%3
Za 36 lolla  Ca37%3 1264 1.0.252 1,006 el 0.0 Na2%2
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APPENDIX B8 {Cont'd)

“tabe codn fwines LalAUzo PAVTICLE SWIRL= 12.020kw POAVGE=  B.ORPSIA = 55259.PA
vIaVsz B TrSis = 62956 ¥A  TTAYEE DTS TULER R = 319.6D°C K VELAVO= 490.7FPS =149.6MPY
ViLAY- 3 LJ3aTFH. T £LU.aMPS  AXVELAVLS &GbLVFPY 3RZ3.BMPC Ve 990.FPSY = 202.MPS

T Ta SEC ViU NN Ps [ a4 1T XY wWHE OF INCIOENCE ALPHA 2XTAL kEL

Per e LeMs/ 5L KGL/SEG IN DEG IN DEG VEL VEL
1t 1 1.000  Da424C 1.0Z1IF  1.0219 00,9992 H.n - 0,216 ~10.02 5.4 1006 1.006
She - Tellh  be&244 1,021%  1.6219 G.999) (] . 0.215 =-10.04 S6ea 10U D.NUb
3. K FelLin  wredc4a? 120219 1,619 wluhy]) 00 . D.zl5 -10.06 56.5 1.006 1.0086
“le 4 1006 L.47a7 120619 146219 (.499) V.0 - n.235 ~10.07 56.5 1.006 1.000
Sle < UaS9Y Lobobr 21,0206 lobzlt €o499) .0 . O.zl4 ~10.GR $6.% 1.007 1.0¢7
LYES s D99V Dobzak 1.0214 ) .D214 0,999 0.0 . 0,204 -10.09 56.5 1.067 1.007
Jba 7 Cabnvt  Bodzbé: 120206 3.020% 0.99t¢ 0.0 . N.2k4  ~10.09 56.5 1.007 1.007
the 4 Colly  Dotihy 1.01T3 125172 4.9y9P2 6.0 - 0.214 -10.0P $6.5 1.007 1.007
9. s G99t Daeb24s 0.993) 0.9929 0.992¢ .0 0.237 9.2 S6.4 1.0066 1.006
i, 10 0.994 D.422% L.3719C C.¥Tk& G(.59139 6.0 0.219 -9.84 56.2 1.004 1.004
alde 2} 0,999 N.a22L N.9TBL D.9TT4A 0.9979 €.0 0.22% 9465 56.0 1.002 1.060?
17l. 127 Ge%95 0.4227 0.9T86 0.5775 0.9995 0.0 0228 ~9.43 55.56 1.000  1.600

131. 13 0.99 Da4c2Y% G.97To 0.9766 (.9999 0.0 0.233 9.2 55.7 0,990 0.99¢

0.0

0.0

0.0

2.0

0.0

0.0

0.n

[ )

0.0

6.0

0.0

0.0

0.0
Tode 14 J.907 D.427: 0.97P1 0.°773 1.0006 0.0 0.0 0.234 .14 85,5 0.997 G.997
151. 15 L.998 G.42z3¢ 0.9781 0.9775 1.0007 6.0 0.0 0.2306 -9.04 55%.4 0.926 0.9%
P13 PO ¥ S 0.95Y 0.4.39 L.OTTY 09775 1.0G0b C.0 0.0 6.237 -B.98 55.4 0.995 G.995
171. 17 0G990 D.424)1 C.9TTL  D,9TTS  1.000¢ 0.0 0.0 0.238 -8.93 55.3 0.995 06.995
8. 18 1.000 D.4243 V.OTTT 0.9775 1.000¢ 0.0 0.0 n,239 ~t.%0 553 N.99% 0,994
lel. )9 1000 O.4hihs 6G37T6 6.97TTH ) 0009 fets 0.0 0e240 -8.07 $5.3 0994 0.994
20k. 0O 1.000 0.4246 G.O775 0.9774 1,000 0.0 0.0 0.240 ~8.8% 55.3 0L.,994 (,.994
2il. 21 1.0G0 0.4245 G.9TT4 00,9775 1.0609 0.0 0.0 0.240 -8.84 55,2 0499% 0.994
221. 22 1.001  0.4247 0.977: 0.9778 1.0010 C.0 0.0 Co2 bl -8.83 55.2 0.993 (.993
231. 23 1.0U1  U.4247 G.9784 0.9784 1.0011 LR 0.0 h.2s) -y.b2 55,2 0.993 0.993
2xle <% 1oGhY  D.4243 L.9794 0.9795 1.00127 6.6 0.0 0.241 -6.62 5522 0.993 0.99]
ctle 25 1.00l Q.44 0.9022 0.9£23 1.0017 o0 U.0 0.240 -8.84 55.2 6,99 0.994
28} 26 1,002 0.4:5% G.u84h- 098446 1.0017 0.0 0.0 0.740 -B.R8 55,3 0,904 0.°9%9
271. 27 1eG0t  Gu4251 Lu0N5¢  1.0658  1.0065 (] 0.6 G.238 -8.96 55.4 £.995 0.99%
2tl. & 1.006 D,425¢ 1.0217 1.021% 1.006> 0.0 0.0 0.235% ~9.09 55.5 C,99¢6 N.9%
291. 29 14095 0.426% 1.0230 1.0241 1.0025 Db 0.0 0,231 -9.2b 55.7 0,996 DN.99¢
30). 30 1.G0n  Lohzbs T.0234  1.0225 1.00062 .0 0.0 0.227 -9.47 55.9 1.000 1.000
3il. 3 1.006 Q.4263 1.021° 1.0229 0,999° 0.0 0.0 0.224 .64 5% .0 1.002 1.002
3l 32 1.605 O.4z60 1.0212 1.0220 0.99%3 [y 0.0 0.221 -%.76 56+2 1.002 1,003
331. 33 1.002 0.4257 1.02146  1.0.220 6.¥993 0.0 6.0 0.21% ~9.85 56,2 1.006 1.004
Z4ale 34 1.001 D.425 1.0215 1.0220 0,999 e.o 0.0 0.218 -9.91 $6.3 1.005 1.005
351« 35 1.001 04252 1,021 1.0219 00,9997 0.0 0.0 0,217 -4.% 56.4 1.005 1,005
l. 36 1.00U  0.4i50 1.02)7 1.0219 6.9992 t.0 Gl 0,216 -10.00 bbes 1.006 1,006

STau: ¢
rulon Fous Swint - S.5%uty PARTICL: SWIKL= 1658010 PSAVG=  BL.29PSIA = 5T15%6.Fa
olave= 9 MerSIA = 83317.Pa TTaVe= STS.20L6 Kk = 339.6DEG K VELAVG= &L4b &4FPS =136, 1MPY
RVZLAYLE QA1.6FPS © 2k4 OMPS  AXVELAVGT 424.7FPS =129.3MPS U= 969.FPS = 295.MPS

THETA  SLC veL " P L3 ] n whi wFL LF  INCEILENCE BETA  AXIAL AEL
N LBM/SFL  KREGZSEC IN LER TN DEL VEL viL

1o, 1 1.007 0.3t80 1.0209 1.0224 6.9997 [ 4 .0 C.130 6.73 27.3 1.607 }.060
26, rs 1.607 0.388] 1200 1.n224 ©.9991 0.0 0.0 0,130 0.73 27.3 1.007 1.001
e E] 1.007 G.3RR7 10208 1.0224 0.99%) 0.0 0.0 0.130 6.72 27.3 1.007 1.001
~b. ~ hev0? 0.31E, 1.0208 1.0224 0.999] 6.0 0.0 L3129 0.72 2.3 1.007T 1.00}
36 - 1.G07 0,385 1.0208 1,022+ 0.999) 0.0 0.0 0.129 0.7} 27.3 2.007 1.0601
tb o & 1.GGT .33 1.02066 12,6220 C.99%0 6.0 G.0 C.129 0.71 27.3 1.007 1,001
. T 1.007 D.a>tke 1.019% 1.0212 0.99E9 6.0 G 6.12% G.T1 2723 1G0T 1.0G1
e " 1.007 0.3Lka 10162  1.01E0 06,9912 a.n 0.0 0,130 0.72 27.3 1.007 1.00])
Yo. 9 1.00o 0.3990 V9922 0.9941 (.992F 0.0 0.0 0.137 0.7 27.3 1.006 1.000
10e. 10 LUt U.31b. (.9783 0.%T9E 0.9939 [T .0 L% G.79 2T7.7 1004 1.0L00
Ao 1. 1.00c Go.3rés $.978) 0,977 0,997 o.n 0.0 0.1%8 Q.P6 27.1 1.002 1.000
| PR V3 Lalfilh  Ga3bS, D.OTBE C.5THE  (.99%5 GG 0.0 L.150 692 27.1 1.06060 1.0060
| EL ] 0.99t 0C.3b43 0,977 0.9773 D.9999 0.0 c.0 0.1%2 6.9 27.0 (,996 1.0600
Lane 14 VeQ%u (3030 0,978% D ,QTT7T  1.000: 0.0 0n.n n.15 1.0) 27.0 0,99 1.000
zha 15 C.%95  0.3R31 Lo3TBT 09776 ).0G07 [ON 173 0.0 0.154 1.04 27.0 0.99% 1,000
166, 1b V%04 Ousb,F 0986 ([.9774  1.000L 0.0 0.0 0.15% 1.066 269 6,99&  1.000
arn. 17 G996 Lo3Fen Gu9786 GLSTT2 D OLOF 0.0 0.0 0.156 1.0¢ 26.9 N.9% 1,000
leb. 1B GubYe 0,.302% 0.9TAS  CL4TT) L.EGLH (a0 0.0 Ga15%6 1.0v 26-9 6,994 1,060
ive. v N.v¥a D.2125 0.9TB4 0.9770 1.000Y 0.0 6.0 0.1%8 116 26.9 (.9%3 1.7.00
Ites 20 0.9%L 0,323 0.978% 0.9T6v ] NN nN.n n.n Na1s? 1l.10 26.9 0,993 0,999
S T ) £.993  L.3E22 D.YTBG L9THR T .0UGY 1.0 GG 0,157 1.11 26,9 (943 L, VY0
il i UeWGs  VLIELL 0.9078T7 0,977 10010 0.0 0.0 0.157 1.11 26.9 €.993 (.99%
cibe 3 UeL3 (a3 2] CWYTO&  LoTTH 100010 .0 [ ] Q.1%7 131 26,9 0,993 0,.%99
ahbhe 24 L9973 Uu302) L.%b0a  6.5Tok 1001, f ol 6.0 Calt7 1.11 26.9 (.993 G.999
25%6. 2> Ge®a: 0.352v 09631 0.%814% 1.0017 Lpe ) o.n 0,15 1.11 26.v 0,992 0,999
ab. eb G.vY3 O.3E21 O.9HS4 (L9RIR JJUOYT G.0 L.0 0.155 1.10 26.9 (1.993 Q.v9¢
LT, a7 Yet%4 (.31 17 1.00bs  J.CUS6  1.0uUAN v.0 0.0 0.15%0 .07 26,9 (.994 1.00GD
akbha «B Leb%6  Co3%2> 1,.621% 1.6206 D .0LES [ 29 0.0 0.143 1.03 JT.H 0.9% 1.900
oL 2y D.9%E 6.3B3% 1.0.235 1.6228 1l.00cS Gols G0 G.139 06.97 4T-0 D998 1.06060
P L] 1.600 O, 5t%7 1.02)6 1.P216 1.0007 0.0 C.0 0.137 0.91 2T7.1 1,000 1,000
slbe 3] 1002 GIlat JU2BL  1.0723 L,490¢ 0.0 6.0 N.135 O.8h 27.1  1.p02 1,000
3ib. 3¢ 1,003  L.3BST 1a020% 16217 0,599 6.0 Q.6 G.134 0.82 27.7 1.003 1.000
336. 3. doovt 323174 1,0:0% 1,021% 0,003 [T ] 0.0 0.123 0.7y 27.2 1.005 1.000
26b. 34 | 2% 1 B La3t7~ 1.0709 b eY9Yd el .0 0.132 0.77 2T.2  1.005% 1.000
she. 4 1.00¢  G.3HTT 1.6209 €C.99%, (.0 [ G133 0.7 €722 Da0UE  1.000
e b Lotta D 3ETE 1.020% N, 4997 0.0 €.0 0,130 0.7« 27.3 1.006 1l.00
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APPENDIX B (Cont'd}

tlatu«

Siacz 3
kU TUR

90

FLUw Lwiet: celibleu PARTICLE Swikl= 26.7RLcC PEAVE: 9.31PS1A = 64157.Fa
PIAVIZ= 104G 1A = T1706.PA TIAVES 805.kDeC R = 335,000 X VELAVL= 4T76.3FPS =145, 2mMp!
CYILAYLE B4, THPY = 257 _5MPs AAVELAVG= W23,..FPS =12%.0MPS Uz Q0 FPS = 7BO.MPS
Th-Ta  sco LEER LU [N PY 17 whi L I-1 LF O INCIDENCE ALPHA ANIAL
LI LHMZSEC  RLZSEL IN DeG IN UFG VEL
13. 1 1.L0L G427t 1 0170 levl?a G 991 v.0 .G G.282 -22.2% 63.8  1.0)0
23, 2 1-001  0.49027 10170 3,017+ 0,99 0.0 0.0 D182 -22.2¢ 63,6 1.011
3. 3 Lolbl €.4027 30170 1u0174 Goy9ur G.0 G.0 6.318) -~22.30 h3. 8 1.011
“3. “ 12001 0.402Z7 1.0170 1.C)7« G.99¢¢ [ 0.0 G181 -22.3) 63,8 1.0}
»3. 1 1.001  D.4027 1.0170 1.0174 0,u9is o0 0.0 0,16} -~22,32 63.¢ 1,011}
e 6 leGlt Goalr2e 1.0166 1.6176 (e 49PT 0.0 0.0 0.1681 -22,37 63.8 1.011
LEN L4 L.U0l  D.«0io 1.0159 1.0163 0.9985 G.0 V.0 Goakl -22.3) 63.7 1.011
ta, & 1.00F L.4G26 }ou)3Z 3.0135 0,997 0.0 D.0 0.1P2 =22.24 63.7 1,010
Yie L) (e99%  0.4027 0.9928 G.$Y32 0.99:2 6.0 Gat G.191 ~21.73 63,2 l.GLS
3. 10 M99 0.4015 0.9604 D.9502 0.990% 0.0 0.0 €200 -21.1¢ 62.7 1.606C
113. 11 Va9  0.4003 0.96)7 0.9501 Nowayy, 0.0 n.o 0207 -20.84 62.4 0,997
1é3. 1« Le¥9L  L.4GOL 09834 0.9824  (,.999r, 6.0 0.0 0.210 -20.s67 62.2 0.995
Liza 43 U996 0.4003 0.9€7E ¢.9419 1.0000 0.0 0.0 0.213 ~206.50 62.0 0L.993
43, 14 Le¥“?  (.4004 G.9831 ,9824 }.0007 0.0 0.0 0.215 ~20.40 61,0 (.09
i3, 15 G996 0.4067 G900 0.9874 1.0011 (] 0.6 C.227T -20.32 61.8 G.991
163. 14 D.99t  0.400°% 0.9(26 0.9t22 1.0011 0.0 0.0 O.2le -20,26 61,8 €.99]
373, 17 0.99¢ 0.4010 0.9p26 ©0.9821 1.0011] L] 0.0 0.219 -20.22 61.7 n.990
tie 3t 62999 0.4G11 U924 ©.9M)19 1.0011 el 0.0 G.219 -20.19 61.7 0.06p
1935, )e 4.999  0.401)1 0,9¢23 0.9¢1¢ 1.0012 0.0 0.0 0.220 -20.16 61.7 0.990
«Cie 26 G.9%9 G.4012 0,922 ©,.96838 1.1012 G.0 0.0 0,220 ~20.15 6l.6 ¢.990
£hbs. 2} 0.999 0.4012 6.9621 G.9617 1.06612 Gath .0 0.220 -26,13 bl.6 0.989
2234 22 N.999 0,403 0.9¢24 0.9820 ) .n0l: 0.0 0.0 0.220 -20.13 61.6 0.989
£33. 23 G999  0.4012 D.9829 09826 1.0U14 0.0 0.0 6,220 -20.14 6l.6 0.9ty
3. 24 ©.99% 0.4013 G.9p38 0.9634 1.0016 (1] 00 0.220 -26.16 61.7 0.990
253, =29 1.000 0.4013 0.9661 0,905¢ 1.0021 0.0 0.0 0.219 -20.22 &1.7 0.99%
63, 26 1.066 G.401s 0.9881 G879 1.0023% G.0 G.0 0.218 -20.28 61.8 0.%4)
273. 27 1.002 0.4012 1.0061 1.0057 GO, (% 4 0.0 0.211 -20.649 82.2 6.59%
Z83. 20 1.005 0.4020 1.0200 1.n20] 1.0089 n.o 0.0 0.20y -21,22 62.7 1.000
293. 29 leGla  G.64G32 1.6203 1.0210 1 .004% 0.0 0.0 0,195 ~21,.55 63.0 ).a03
Ma. 30 1.005 0.4036 1.0172 1.0182 1,.000% L.n 0.6 0.192 -21.712 63.2 1.00%
313. 31 1.606  0.4034 1.017)1 ).0179 0.00q, 0.0 0.0 0.18%9 ~21.86 63,4 1.006
323. 32 leGhs  (.4033 ).6166 1.0173 0.999] .0 G.0 0.187 -21.97 63,5 }.007
333. 33 .00 0.40231 1.0067 1.0173 0.9989 6o [ 187 0. 186 22,05 63.6 1.008
343. 34 1.0U2 0.402° 1.0168 1.0}74 0 .99Fy .0 0.0 0.184 -22.12 63.6 1.009
343, 3% 1.002 0.402b 1.0169 1.0174 ¢.9989 0.0 0.n 0.183 -22.)¢ 63.7 1.010
3. 36 la00: 0.402F 1.0169 1.007¢ @©,%0f¢ 0.0 0.0 0.183 -22.22 63,7 1.h10
FLUN LWIRL=  6.31DfL PARTICLE SWIKL= 24,2400 PLAVG=  9,42PSIa = 64541 .PA
PIAVGT 10 .40PS1a = 71735,.Pa TTAvG= 603, 1GEG R = 335,008 K VELAVG= 450, 7FPS a137,4MpP5
RUCLAVLS 968.4FPY = 294 ,6MPC AXVELAVL= 4447085 =135, 5mPS U= 931.FPS = 284.MP5S
T Ta 8 Yel MN [ PT T LIRS Wel of INCIDENCE BETA AX)aL
L1Y LER/SED  KLsSHG IN DEGC  IN DEG VvEL
16, i 1.012 0.384% 1.0153 1.017¢  ©0.99ks n.n 0.0 —.057 ~2.2% 27.7 1.012
<ba < 1.012 0.3B46 1.0)152 20178 G.99RR G0 0.0 ~a058 -2.30 27.7 1.012
36. 3 1.00i D.3fe? 1.0152 1.017¢ D.99ge Dty 0.0 ~e057 ~2.31 27.7 1.012
“b. “ 1.012  G.304T 1.0152 1.0178 G.998p G.0 0.0 ~-058 ~2,3) 27.7 1.012
S56. s 1.0 s 0.3548 L.0151 1.0178 G.996R G 0.0 ~e 05T ~2.3} 27.7 1.012
LY TS s 1.012 0.3k4t 1.0i4s 10174 0997 0.0 0.0 =2.3} 27.7 1.012
To. 7 1.012  ©.3R48 1.0)14) 1.0167 D .9%p" 0.0 0.0 -2.31 27.7 L.012
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22 1,223
s 14227
2e 1.020
2e 1.3

[ra FAMTICLF SWIRL: £4,F706C PSAVIE JI.0uPSTIA = (ruZil.PA
95322.PA TYAVG= 655.FNFC F = 364.3DFC K VELAVG= £52,1FPS =168.34PS
= 165,0MFS  AXVELAVG= 456,2FPS =139.0MPS Ue 602.FPS = 183.MPS
MN PS L8} hal WBL WEBL DF  INCICENCE ALPHA AXIAL
LEM/SEC XG/SIC IN DEG IN DEG VEL
Ued564 1,003 140084 0,9932 0.0 0ol Cezb9 1e27 57«64 14033
(4564 1.004T 1.00%4 0.9924 G.0 9.0 6,269 1.25 57«5 1.033
04564 10055 11,0101 0,5926 0.0 0.0 Go2¢9 1,24 575 1laC34
Qoult]l 31,0072 10117 (.9941 ved ved La26¢ 1.28 57.64 14033
2¢4555 1,0008 1,L139 0,947 0.0 0.0 271 137 57.3 1,031
064553 140105 1.0145 0.9949 0,0 V.0 ve272 L1e43 573 1.030
046551 140110 1.0149 (L9951 (2% Qa0 Ce273 l.47 57.2 1.029
0.4548 1.0101 1.0137 90,9948 0.0 0.0 0.274 1.55 57.1 1.027
LabB545 345943 0.9977 0.990% 0.C Qa0 C.279 l.b4 56,9 1,022
Ue453) 2,2631 0.965¢ 0.9875 Coo JelU Ve267 2434 Se.4 1,012
06512 0.9E24 J.0849 £,9884 Ul J.0 Ve 264 2476 55.9 1.004
Ual4a95 D.5845 0.96850 0.9907 0.0 0.6 V.299 3.07 55+ G998
Jebh?9 0,9P54 0.984% 0,99 0ad Gov 0.302 3.27 5546 0994
Cobtet® 0,967¢ 0.9E62 0,99P9 Ce.0 0.6 0.3C5% 3.62 55.3 Q.991
Veha53 D.RP%4 (45673 1.0022 [iP%7) [ PY¥] 3.59 55.1 0G.988
DVebhaS £H,9006 (,9878 1.0039 0.0 Vel 3.77 56.9 (,984
Ja4638 0.9510 0.9€80 1.0048 0.5 ¢.0 ¢.2313 3.95 5408 ©.9B1
Ga%4629 00,9927 0.9291 1.005¢6 50 3o “e317 417 54,5 D.977
0e4420 0.9941 G.9901 1.0062 0.0 9.6 t.321 “e39 S54.3 (e972
Gobbll 09,9963 (.9217 1.0071 0.0 Gl Ue3Z4 b.62 54.1 0.968
OehdGh I,50TE  (,9928 1.0077 0.0 U0 G.328 4.81 53.9 0.964
0.4295 J.9998 045943  ],.00E5 0.9 Oeu 0.331 5.03 537 ©a960
De43B9 1400146 (49955 1,005¢ Ge Ga 0 vel34 5.19 53.5 U.957
17025 10,5962 11,0097 0al Vel Vo326 5.32 5344 U.955
Te63E4 140037 0,997 1.0101 0.0 L.0 0.327 ¢35 5343 (,.954
J.42F6 1,0C44 G,9987 1.0103 Ve D0 C¢.336 5.31 53.4 Q.955
Celh 24 140060 1.0021 1.010¢ (%1 G.0 0.320 4.40 54,3 0.972
Cab&ts 1,017 1.0093 11,0112 Vel G0 V0307 3.62 55.1 0987
JebeTe 1.0100 1.5092 1.0094 GeC Gel La2%¢& 2.9¢ 55,7 1.000
Vehh €T 1,0077 1,082 1.0065 Lalr Vet L+28% 2451 56.2 1.009
L4517 1.0069 1.0087 1.0026 0.2 0.0 Ce2B4 2420 56+5 14015
024225 1,0046 1.,0074 0.9977 U.0 L0 D.281 1.99 56,7 1.0619
Cae547 1.0027 10063 L.994 LoD Vel ve2T8 1.79 56.9 1.023
Catt556 1,0018 1.0059 <(.9%26 Ted Vev Ve275 1.59 57.1 1.027
GebS5¢]l 1406019  1.5062 0.9927 Gl J.0 ve272 labs 57«3 1.030
Deb564 1.0023 147070 C.9928 K V.0 vazll 1.32 £7.6 14032
i PARTICLE SWIRL: 67,t1C€G PSAVG= 12.,70PSIA = BT562.PA
CETTC.PA  TTAVG= 655.EDFG R = 264,2DEC K VELAVG= 4TU.3FPS =143,4MFS
= 210.UMPS  EXVELAV(2 467,7FPS =141,0MPS Ur 5694.FFPS = 1B1.MPS
MN PS 1 AA Y wWBL wBL PF  INCIDENCE BETA AXIAL
LAN/SEL KG/SEG IN DEG IN DEG VEL
Ved940 1,08024 10100 ©,9927 vett 0aC Uahiie Y67 43.3 1.034
wa3980 1,0022  1.011C €,0934 Fels Cov bebUE LRY-Y ©3.3 14036
S lelilsl 14(116 0.9936 Vel Gel Ve4US Leb5 4304 1,028
l.0058  1.M133 L.994] el Oul Vehl b Geb8 4343 lab2s
Le3938 1.00B4 1,0155  (.9947 0.0 ULl Ce0E 0.73 43.3 1,032
Va3932 1,0092 1.0160 0.994¢ 0.0 G0 C.408 0.77 43,2 1.03)
Ca3008 11,5098 1.U163 Q,995]) "0 Vel Jeb0Y Labl 4342 1.030
Le3923 140089 1.01%7 0,9948 Vel Vel Vebll Vet 43.1 1.028
(a2807 N,90:7 (.999]1 L.993f vel el Jeklb 1.0¢ 42.9 1.022
Ve2072 Je9E32 C,uBEL  ULIETS fale Tl (o224 | R 246 1.Gi2
CeZF2T D,9840 (.9PET (,.9PF4 Ye0 Gol Uaa3C 1.68 42,3 1,003
0edBH9 .9F83  (,SP5E  (1,9907 Vau Veu Vek3E 1.88 42.1 L.997
CadTlE CUaCFLD  L(LORSH 0,054 Sev Ves V438 2.01 42.0 (€993
LedTET DJFEPI  (uSELI  Ul9TEY Dar ["9") J.439 2410 41.9 0.990
CedT4T 0,950 (,957) 1.0022 el Gev Colete] 2.21 hleb (o987
«273) J,9911 T.9€74  1.2G3° Vel Ve Veh43 2.33 41«7 G.984
La2T1t JL.991F  C.©ET3 1.004°F Teu Jel D.408 2444 4.6 L.980
GeB60F U,Q63L L 9FR2 | ,.00%6 Ve el veh4b 2,59 4l.4 0.976
LadEBL De9%T2 (49EB° 1,002 el uels Teh50 2,73 4l.3 G.972
£o2662 049975 (9902 1.0071 Vev Je0 vektl 2.8 4l.1l 0.967
Lelt4t J.009]1 ¢,9°11 1,0077 deh (219 Leb55 3.01 4lel 0o964
0.2¢29 11,0012 C.v926 1.00E5 D0 val Gah5E 3.15 40.9 0.960
fa261f 140029 J,9%33  1.0092 0.0 0.0 G460 3.206 40.7 JU.95¢
Le2BLS 140040 G,u03e ] ,p007 0.0 vl [PEY-3 334 40.7 wv.954
Ce2€O0Z 140053 %950 140101 Vel Vev Uessl 3436 40s¢  0.953
Co3L0E 1.00%9 0.9955 140102 Vel Vel [FLY 17 2,32 45e7 Ga954
“e2673 1.006¢ 1,002 1.0106 0.9 Vel LR TY] 2.73 41e3 0972
Se2721 1.G11E  1.607° 1.0L112 4,0 vel Gek3e Z421 41.8 0,987
Ce3TEE 140095 TLGOES 144094 0.0 et 0.8626 1.77 42,2 1,001
Le2826 1.00€° 1.GORG ] ,0065 0.0 LENY) Geh2v lebd 42,5 T.009
CeABLT 1.0060 1,007 1.0026 Lol (7] Vehlé 1.28 42.7 14015
03803 10037 1.07T78 §,9977 Dol Ve Uskls le15 42.9 I.019
Le390G5 1.0019 1.2071 D,9942 2.0 () Vo412 1.02 43.0 1.023
(e3623 1,0009 1.0071 ©.9928 0.0 V0 0.410 V.89 43.1 l.027
e 392e 1,400t 1.0077  L.9927 G vel a4l G. 79 43.2 1.030
Lo 2€LE 1,0011 1.008% 0.9°928 0.0 Jeu Deaire 0Tl 43.3 1.033

REL
VEL

1.033
1,033
1.034
1.033
1.031
1.030
1.029
1.027
1.022
1.012
1,004
0.998
0,994
0.991
G.988
0.984
0.981
0.977
©.972
0.968
0.964
0.%60
0.957
0,955
0.954
0. 955
0.972
0.987
1+600
1.009
1.015
1.019
l1l.023
le027
1.030
1.032

REL
VEL

1.012
l.012
1.013
1.012
1.012
1.011
1.011
1.010
1.008
levl4
1.001
C.999
0.997
0.99¢
0.995
0.994
0.993
0.991
0.990
G988
0.987
0.986
0.984
0.904
0.983
0e98%
Ge 990
0.995
1.000
let03
le005
l.007
l.408
1.010
1.011
1.012



APPENDIX 8 (Cont'd)

STATCP FLOW SWIRL= 22.490
PTAVGE 16.1PPSI8 =
RVELAVC= 215,1FPS

THETA  5tG VEL

NC
32. 1 1.C013
L2, ? 1.012
£2. 3 1,013
624 “ 1.012
Tie 3 1.011
B2, & 1.¢112
9. T 1.011
162. Ll 1210
112, 9 1,007
122. 10 1.002
132. 11 G.998
142, 2 Ga59E
152. 13 0.994
1¢2. 14 0.994
172. < C.993
182. 16 0.992
192. 17 0.991
202. 1¢ 0.9%0
212, 19 U.9d9
222, 2C t.980
232. 21 0.98¢
262. ? 0.985%
252, 23 0.98¢4
262. 24 G.9¢4
272. B C.964
282, 2¢ C¢.ae5
292. 27 1,993
2. IF Jeep
3. ot o2
72, G ) PERTR Y
328, 2} 1.008
EER I el by
acl. B 1.010
L. 4 1,011
12, % 1oL 12
2. ¢ len 12
LA NIr

ROTUF FLUW SwifLl:z Zaeudd
PTAVC= 1Ll ¢UPLIA =
FVFLAVL= T2¢.5FFS

THFTA  SEC VEL
M
24, 3
Ghgtr 2
a, z
[T «
4. L
e ‘
G4, 1
Lo, t
T, <
106. W
P3e, 11
146, o
18, 1o
lesw, i3
174, 1f
104, Yo
1¢es 1%
DIFETEES K4
£1h. af
220a Tn
PETTE
KT S
- T |
les. e
PR T
284e ot
e 7
Ina,  IF
31w, OF
126, “

Iihe

Jorma sz
RN -
In, 2t
2he Tt

= 96237.PA
582.5FPS =177.5MP¢

MPS

INCIDENCE ALPRA AXIAL

€6 PARTICLE SWIRLE 72,9tDEG PSAVG= 13,96PSIA
111589, kA TYAVG= 6B1.7CEC R = 37847DEG X VELAVG=
= 157.0MPS  AXVELAVGS 46L.4FPS =140,39PS Us SEB.FPS = 179,
L (23 (2] ha ) wBL wWet DF
LBM/SEC  KG/SEG IN DEG
DeT29 1.00864 1.,0092 0.9934 0.0 Vel 2.19
Ce4T29 1,0054 1.0103 0.9937 0.0 0.0 2417
9v6T29 1.00¢2 1.0111 0.9939 0.0 0.0 2418
0,4725 1.,0081 1.0127 0.9942 (.0 0.0 2420
0e671C¢ 1.0109 1,0152 0.995C 0.0 0ab 2429
044717 10115 1.35156 0.9952 0.0 0.0 2434
0.4715 1.0120 1,0160 0.9953 0.0 6.0 2.38
C.4712 1.0113  1.0150 0.9951 Gl [N ] 2440
0.4705 0.,997%4 1,0008 0.9911 6.0 0.0 2.79
0eh687 0.9881 0.9903 0.9863 0.0 0.0 3.30
G.hbTU 0.9882 0.9093 0.9B88 0.0 0.0 3,69
DehEE5 0.9885 0.9887 049993 0.0 0.0 3.9%
Je6641 0.9884 Q,96T6 0.9931 0.0 6.0 4413
0.4627 0.9689c 0.9880 0.9971 0.0 0.0 4.24
Ueh615 $.9909 C.9886 1.0006 0.0 0.0 4.35
VehED6 0,9912 0.9290 1.0032 0.0 0.0 448
5446600 0.9923 €.9890 1.0044 0.0 0.0 4.61
CosS91 0.9934 0.9896 140054 0.0 Gat 4.t8
0.4583 0.9942 0.9900 1,0060 0.0 0.0 4495
0.4575 0.,9957 0.99C9 1.0069 6.0 0.0 5.12
0.4568 0.9965 €.9913 1.0075 0.0 0.6 5.26
0.6560 0.9980 0.5922 1.0062 0.0 0.0 5.42
0.4555 0.9988 0.9928 1.0089 €0 0.0 5454
0+4551 0.9993 0.9920 1.0093 0.0 0.0 5463
0.4551 1.0000 0.,9937 1.0097 0.0 0.0 Sebh
0.6554 1.,0004 0,9943 1,0099 0.0 0:0 5.59
0.4594 1,0008 ©6.9972 1,0097 0.0 0.0 4,75
Jek€1R 1,0074 147052 1.0107  0.C e 4408
Le k645 160082 1400 1,7092 leb0
L hbEL 1.6C5) 1.705E  1,0070 3,12
6RZ 1.0C56 149072 1.004u 2.8¢
fekl 00 1,0042 1,002 ,0997 2.70
Lek712 140028 149067 (-.9957 PRy ;
1on72) 100020 100064 1 0.963¢ Zab4
Je6TIE 143022 140069 (a902¢ 2432
Le&T30 140027 1.7C76 45,9920 Ze22
tG PARTICLY SWIEL= T4.€TNEG PSEVGE 14.51PS1A
110152.PA  TYAVG= £E1.7PEC P = 378.70(C Kk VELEVG= ST1edFPS
= 221.4MPS  AXVELAVGE TULLFPS =14343MPS Us SE2.FPY = 1774
MK Py 43 T WBL WL 8F  INCICENC
LAMASEC  KEZLEC IN TG
1.003¢ 140105 Ua$934 Le00L tew0l L 0e27  =S.le
Tobua3  1eo115  0,6637  D,001  L.001 . .ale  ~%.21
1.00469  1.0123  0.902¢ Delv vedlS  =5,26
1,006 1,137 (.094: “LeUD)  ulhls =530
1.0076  Llo™M1%e  C,9950 1
16075 1.0157 09952
100075 leol%b  0.9953
1oid¢4 o lib  D.6951
2,935 14002 L9011
040045  (oGEYh  T.EEP2
DLUEEZ CeUIE2 2,4REP
VaSFEL  CLRTT 6903
1,606 C.tRTL  L.793]
De9FESDH L,9E77 15971
0.9¢11  G.6EBL  T.O00F
L L.9CIR  C.e€00  1.2622
TnoulBthL LGwESE 1.8044
SIS LA Cott 0t 1 L0354
Jab08E £,9998 | 0060
QeBT8I  LeB9N  1470EG
VeGCEZ  0.061E  1,007F
1,0L00  5.061F  1,(082
Tauole 1,00R9
100 7e 144092
Lan 35 1.0097
140060 Jo0co
1.96037 1.0897
1. 10107
17 C e 1.7907
10060 1,007
[T 1.0040
Ve 047 N6 7
1,005 3.6957
laies? 01,0438
1o 220 La00u
veldP5C lenbl4 Ja9%3y

IN DEG VEL
53.7 1.033
53.7 1,933
3.7 1.u33
53.7 1,032
53.6 1.030
53.6 1.029
53.5 1.028
53.4  1.027
53,1 1.019
Sz.6 1,008
5242 0.999
51.9 U994
51.8 0.990
51.7 0.987
S51.5 0.98%5
Sle4 0.982
51.3  0.979
Slel 0.976
51.0 €a972
50.6 0,969
0.6 0.965
50.5 0.962
$0.4 0.959
50.3 0.958
50.3 0.957
50.3 0.959
51.2 0.976
Slat  va951
LIe4  laUL4
Si.t  1.012
53.0  1.018
52,7 1.021
53.3 leu2é
52,5 14027
$3.6 1.030
53.7 1.032

LI SV V-V 7 3

143 EMPS

MPS

t BETA  AXIAL
IN CEC VEL
41,3 1.0232
4les 1,033
4ok Leusd
41.4  1eL38
4144 14026
41.5 14039
4leh leuds
S1ef 14039
4led 14033
4vey  1.021
4,47 1.0)¢
4U.5 llUub
Gue:  v.uSE
4uel  we953
41,0 Ll9EL
LN # Ce9LZ
30,7 w977
3945 Le973
9.6 weSeof
29,2 ueSt4
K Level
39,0 0.956
ETFCIV T3
3P.B  veYSy
3F e Ll.94C
3Bebk T veBhY
3¢.4 1 .96t
9.8 Lo9ED
4CeZ  Lavu?
auat 1evlE
ate?  1eil2
4ueb  laule
LIRS lLeuly
elev laezl
4bad  lac2e
4lel 1a029

REL
VEL

1,033
1.033
1.033
1.032
1.030
1.029
1.028
1.027
1.019
1.008
0.999
0.994
0.990
0.987
0.985
0.982
0.979
0,976
0.972
D.969
L.965
0e962
0.959
0.9586
0.957
0.959
0.976
0.991
1.004
1.012
1.01%
1.621
1.024
1.027
1.030
le.032

REL
VEL

1.0l
1.012
le014
1.01%
1.015
1.015%
1.015
1.015
1.013
1.0085
1.¢04
1.401
V.99%
Ge%97?
[
0.993
0.991
Ve909
va985
(T2 1
[FR1-3-
U.963
0.982
Ue9b1
U, 580
Ue981
G.56¢L
0.993
u.999
lavu2
leU0&
1l.006
lewe?
1ev0%
1.01¢
1.011

97



APPENDIX B (Cont’d)

STAICE

STACT -
RETI P

98

= illlly.ea
=leL.7MPS

£ OALPHFA AXNQAL

IN el VI

58,7 1.0%v
56,2

Y

564 1,035
Stet

ftet

Stet  1.036
fE.6 1,017
L8eZ 1ouiy
57+ 1.v1%
£7.1 1a007
5647  Yault
£€.4  (.993
S6.1  T.9E9
Lr. C.ots
55.7 .Sl
555 we977
55.3 ¢.9713
Zhel  Co9¢9
EE LR 78
54.6 wv.9¢2
S9.¢ {4940
5405  L.S5T
Yhobh (,955
56,4 (,95%
Laeh (4955
5544 (.974
£6.1 (.988
5607 14000
57.1 1.00¢
574 1.04
57.¢ 1,017
5747 1.020
57t l.02:Z
Stev 1,475
S8.1  l.0zt

= 114276.PA

FLOW SWIFL: 23.4677C PAFTICLE SWIRL® 7¢,2¢DFG PSAVGT 16412PS1s
PUEVCE T0aiePPle = 120706004 VTEVE: T°0.3DFC F = 394.10E0 K VELAVC: 543,7FPS
FYELEVES TIZ,0EPS = 162 .6MPS  AXVELAVC: 4T4.2EPY 134 . emis U= STELFES = 17€.MEs
TTTE €0 i My P 3 2] WEL WEL DF  INCILEMC
4 LAM/SEC  KO/ThC IN TiC
PR CeqZ1F 141247 ),0086 (,5633
“l. CenT1T 1o00Ba 1,08 gLeedc
e SebZIN 140060 1.ujU4  U,.962R
[ 4220 1ap’ Tl 140316 9,0904]
. Ce4225 1404085 1.71531 0.6947
. “4Zih 1.0TES  1.0133  0,9940
. 7 Veh3P4 BLICFE Y.017F (,0usp
e ©4326 1 670 1.0175  (,9909
.« “e4Z11 S.996E  1,0008 L.gt]s
le 1t 1ok TET VoYCL? 0,427 (. ,0pc:
o vef271 0,861 L.P816 < ,Sbon
. dy He426 £,9903  0.5010  (.8%0a
2o 1% CeSP40 Q.0CLT LLeuld ,0004
Je 14 144222 1,991°5 L a0 oceq
. o1T P4TVE W LeF2T  Luegt ), 96a¢ Cau
. L Ve hiST L,Q%4T L ec)3  ),00zs el ~.73
.7 TelltT DL9G4E (L0616 1,742 Jew —vefl
3 Te9CET (.562y  l.00E3 Y ~4,32
CehlT1 DL006L (0022 ) 006 Cou ~4.12
Cehlld L L6BTT 6631 1,007, Geu -3.62
CedlST L LGCEL §,0020 | ,007¢ [ o7
ebd5u d,GCEP 1,903 Gots
Ledlul 0,0089 1.00€€ Gel
Tewlal £.566L (L4932 1,004 [
J.4141 D,0¢el  g,e021 | pne7 c.0
Oundé2 13,6003 (,0m3¢ | rpco e
De8LET GL06T4 (L9842 1.000] et
we k20t 1aul4T 1.0021 1.9100 [ ~t.i0
Te6232 1.0C34 1,7026  1.0087 Caw -5.71
LedPeP 1,002 1,0028  1,007] Cad .19
LeZ€3 1oL046  1,0055  1,5046 C.3 6.0t
DeAITT 1,0044  1,0062 1,00]1) Veu -6 57
Ve 140336 1,7063 o,067) [ —6.71
N S 140029 1,0067  0,9943 Veu ~€.84
1.002%  1.00E5 ,0932 e ~b,9¢
"1aCUZ3 1,027 (.90 v ~7.10
FLOW SWIRL: 2¢,%47C0 PAPTICLI SWIRL= 8(,2eDif PSAV(= 1¢.57P51a
FYAVE: 1& 1SPTTA = 125140400 YTAVG= 730.30460 R = 394, 10LEG K VELAVG: ©67,iFFS =142,4MPS
FVELAVE: €T4.2FPS = 205.5MPS  AXVELAVG: 46C.FpS 2145 . 2MPS Us S74.FPS = 175,
THRTE gt vEL MN Pe P T weL WEL LF  INCIDENC
re LBM/SEC  KG/SEL IN CEG
Te, L5061 1,5119  0.9933  g.¢ veu —4.0¢
ac, Lel0ES 100120 2.9938 .9 et 3 4,1z
fih, 1.6076 21,0139 y,9930  ,¢ [ 2e33t ~4.16
€, 1.00R4  1.3151 0.994]  Q.( 0.¢ 04337 —4.21
7€, 1e609T  1.0167  0.9047 . ¢ 0.C Ved3E —4.2t
[T 1.4096  1,0170 p.0e94¢ (¢ Cer Ga33b  =4,30
9¢, 127100 149172 L.6950 ao Vel “e335  -4,3)
1o, 1e2790  1.0162 (.9940 {4y Tetr Le335  e4.31
116, 5 0.0CE4 1,061 C.9915 a.9 0.0 Yed43  -4,01
126, C270C 4,010 g,@053 6892  (,0 [ 04252 -3,58
13¢, Ue3LEF J,6901T 0.9935 L,9RY4 g0 Ueu o357 3,30
146, Colbb] ULQCIR (49922 0.9904 Q.0 [ Ga3e7 3,07
15¢e. Velble J.6C12 0.9S04 0.9974 C.0 Vel veles  -7.p8
116, U.3594 0,9919 0,9901 0.9559  .C vel VedbE -2,76
17el Lo3574 3.9928  0,9900 D.%99¢  g.0 [ 376 -2.62
18t. 1e U4355¢ 042936 0.9899 1,0025 0.0 [ Te3T2 2,59
19¢. Ue3R36 D,9041 0.9695 1.0042 ¢.0 0.0 04374 -2,38
206. 1€ ©a3524 Jo9946 0.9B9% 140053 0.0 ved76  -2,26
216, 14 943511 0.9948  0.9889 1.0061 Q.0 0.c Ca378  ~2.15
26, > 0e2697 5,995 §,689C 1.,0070 0.0 6.0 $.380 =2.06
226, 2 ©e9952  0,9887 1.0076 0.0 0.0 C.381 -1,.9%
et 2 5.9955  0,99£0 1,0083 0,0 0.0 Ve3B:  ~1.87
256, ° 2.9953 0.,9874 1.0089 .0 [ Ce384  -1,81
266, 2 Te9950  (LYESE  1.0094 0.0 (N4 Ge385  -1,7%
276l 2t 049953 0.9867 1.0097 4.9 0.0 GedES -1.73
286, 26 0.99¢3  0,9871 1,0099 (.0 C.0 Ge3es
o€, 7 ©e99¢3  0.9910 1.000) Ced 0e371
A0k, 2t 140041 1.0009 1.0100 0.u o364
21, = 1.0062  1..031 1,00R7 Lel 04357
126, 3 1.0043 1.f845 1.0071 [ v.353
3, N 1.0055 1.6073  1,004% [ %3 Vo349  -3,5¢
Aie, a7 1.0056 11,0023 31,0011 wel Ve3e? 3.5
3BE. 33 1,008 1,601 1.u066 G,9972 U.C Ca345 3,74
60 ZH 1,001 1s0045 1,00F8 0.9943 0.0 Uudas  -3.87
16, it 1.904€  1.,u094 (.9932 00 uedR3  -3,¢p
26, 3¢ 423739 1.0049  1.0103  0,9929  .¢ 3.0 ~3.%8

MPS

t BEETA  AX1aAL
IN CEG VEL
44,0 1.026
4440 leulyp
“bal  1.032
44,1 1.633
44e2  1.03%
44,2 1.036
Yol 1403¢
44,2 Leu3b
43.% 1,027
43.5 1.Cls
“3.2 1.005
43,0 D.998
42e8 0,993
42.6 0,986
42.%  C.9E5
42,4 J.981
42.7 0,978
4242 0974
42.1 €.971
41.9 0.968
41,9 0,96%
Sleb 0.963
4leT Ce961
bleb W.959
41.6 0.959
41.7 Q.959
4242 L.9TS
42.6 Co98F
43.0 V.99%9
43e2 1.u07
4344 1012
©3.5 1.0l
43.6 1.018
43.7 1.021
43,8 1.023
4349 1,026

REL
VEL

1.030
1.032
1.033
1.635
1.03¢6
l.037
la03s
1.¢37
Leczy
levuls
1.067
1.000
0.993
0.929
La.98%
0.581
veS?7
Ue9T3
C.9¢9
0,965
0.9¢2
C.95%
Ve 457
Ge95%
0.95¢
Le955
0.974
G.988
1.600
l1.0u86
1.004
1.017
1.020
1.022
Je02%
1.026

REL
VEL

l.011
latll
1.012
1.013
t.013
lell4
1.014
1.014
1.010
1.€05
l.G02
0.999
0.997
0.996
0.994
0.993
0.992
0.990
0.989
0,988
0.987
0.98¢6
0,985
0.98%
0.985
0.985
0.991
0.995
1.000
1.6G02
1.005
1.00¢
1.007
1.006
1.009
l.010



APPENDIX B (Cont'd)

sYavrR FLNW SWIkL= PAKTICLF SWIRL= 84.7BDEG PSAVG= 17,76PCIA = 122435.PR
PTAME: 7 L17PSTA = 120,7%,PA  TTAVC: 73E.60FC P = 408,800 K VELAVG: £67.3FPS =171.4MFS
FUTLAVIZ CPOLSFPS = 10C.EMFS  AXVELAVE: 456,0FPS 130,6MPS Us £71.hPS = 174.MPS
TMITA ST VDL mN 33 P A WEL WEL OF  INCIDENCE ALPHA AXFAL
[N LEM/SEC  KG/SEC IN DEG  IN MEG VEL
Let370 11,0079 9.0033 {0 G0 ~G.65 56,0 1.027
Cauiil Lecgr G.9925 0.2 el -6,73  S¢.0  1.C29
Cet3F3 1oL 09C 248637 0.0 ] ~9,TE 561 1,030
UVed?B5 leilus 1.9940  ).0 ) ~9.85  56.2 1.031
L4300 1.01])¢ Ge98L5 Gt Gl ~C a9k 5¢,2 1.033
Cew3EB 1,7120 G.9967 1.0 et 4,97 S6.3 1.036
163EE 1aG122 0.6640 3.0 . —¢.99  £6.3 1,634
a6 140104 N.9947  0ah uel 0,97 S6.3  1.034
Ce4270 1ev027 C.9921 [ Gel ~M.4Y 55,8 1.0Z3
Tk ©,9972 3,990 LG Ged ~6.84  5%.1 1l.wlC
T.4233 41,9657 D,4868 0.9901  O.0 B 6E 54,8  1e00Z
Cal™Z. 0,908 De0050 U.99uE te0 ~8.1¢ Shet Ua9%¢
P L%92] Ca%927  L,09920 Vel -T7.92 54z 0.9%¢C
1.492¢ 0,091 0,9948 u.0 vl ~T.74  54.0  v.9to
$.4TTC J49930 (L9910 0.9983 1.2 Lav ~7.59 53,9 (.983
(9907 1.7014 .3 [ -7.4¢ £3.8  U.981
Ge00u)  1.0026  J.0 Ye0 “T.32 5346 04976
TLCPET 1,0060 (W0 [ -~7.19  53.5  L.975
CueEPO 1LU05T 5.0 0. ~7.C6  53.4 (.72
LETET LLO06E .0 0.0 —t.93 53,7 C.97u
L9521 .87 10077 seo e —t.63  S53.1  UL96E
Ye®RI0 (LOB72  1.1079 oD Leb “€o T2 L3.U GaYed
De€O13  Q.9FE4 1, 00E4 . Ued 6,65 53,0 .9t
L0007 I,60K6 ), LORC [ .57 52.% C.9el
flatt & €€ 1, U0t Let SE.5T 5204 L.982
PR 1.009¢ 187 ~t.tl 5245 L .B63
L€, 1.009] [ “T.65  51.7 LeSBU
1eliv0% 1,010 Jeu ~T.96  5w.4 0.99)
Lece2C 1.306 0.0 ire Srodb BhLE 1.001
1.002¢ L2278 Lug et ~t.76 55,1 1.008
1. 0fe 1.0057 .0 Ul v? 55.3 1.u13
Tl 0eF 1.002¢ Qals Ve 17 LS.t tavl?
leLGes U aOGEE Lab -9.26  55.6 l1.ul9
1..062 C.90%¢ Caii 5426 £5.1 1.021
1..0e3 0.9€37  L.0 [} ~€.45  EE.@ 1,023
To b0 VuWITE 1.0.67 Ce9e3l Ll ved Gu54  E5.¢  1.02S
sTaALT f
ROTCS FLOW Cadbbs 7,306 PAETICLF SWIFL: F€, 730G PEEVGT 1E.56PSIA = 17F9E3.PA
PYRVCE L oFSTE 5 L4 STLFE TTIVG: TILLEDEC B = 40K BLEC K VELAVGE &F3,5FPS =147 ,4MPS
FYELEV = (FIoGFFRS © DUV IMES  AXVELAVO: &T77,FPS =14%,5MP% Uz Se3.FFS = 1T70.MPS
AL V] e viL N FS [ TT WetL nEL nF INCIDENCE BETA  AXIAL
LeM/SEC  KL/SEG IN DEG  IM DEG VEL
1,909 1.0123  1,9933 (09 L.006  Ledbl  =5.26 45.1 leul?
10162 1..144  7,002% LU08%  Cllod Lu3ES ~5.32  w5.1 0 1.019
L1.72CE 1,012 5.9937 0,010  Cl 004 0,354  =5,35 45,2 1.020
1av118  1,31€2  Gu9940 uelll 14605 {350 =536  45.2 1.020
10131 147177 €e9945  D.311 L.0C5  ©.357 =b,42 5.z 1.022
107122 1.0 1E1 049947 0.012 0005  e357 =F,63 45,7 1,022
1.013¢  1401F6 11,9949 o “5e44 4541 le022
T4U126 1,0175 (.0947 *be43  45.2 l.uZZ
Lo 03 17078 ,9921 .27 45,1 1.017
Ve0GTT  1.5008 Gl 6N W05 46 14010
DeG%ET  0L,C9TE T.9901  =ley02 ~al k9 4407 1.006
0.8041  [,PA5D  4,9606  —i.d05 ~4s7T  44et 14002
146921 D.G9Z5  D.95I0 ~u.n07 .65  4h.5 (.998
* 3,061 (.0911  J.99% =0 {GR ~4.55  &h,6  L.995
TLuGle (L0002 0,098 ~4447 44,3 0,993
UeLH)E  (L,wEQE 1a:014 ~4.329 4hez Ve991
200513 L.9FRT  1,503E ~4.31  44.] 0.9€E
Le4®11  F.OEFL 1.004S ~4.24 440 ULSBE
LeChut (L9669  1,5057 ~4.17  44.0 u.9C4
veCOQL  (Lupfe ] ,006e ~4,12 43.9 L.987
FTLIR 73 (LaPrbH3 -4, 05 43,9 G.960
NeeFOl Latpae —UeimS  CaXBE  ~4.0D  43.B  (.979
CJGEET  LOTEIE “UeWUS v e2B7 =3.95 43,7 Ll9T7
D.9¢8Y 0,927 “LeGUS W.3BE  ~3.89  43.7 0.976
.9FF2  J,wBzt SUeulS  u.38F  -3.8E  43.7 0.975
CaGEFE  .9P30 =-UelLY  UL.3EF 43,6 C.974
6,902, (,0879 —UL0S Ca3ES 43.8 0.97&
1aCi22  Zo9nge 0,001 L3777 4%.1 0.988
1..1019 Ve007 o373 =4e53  %4.3 0,995
1.1°045 LVelH3  La370 4470 44,5 1,000
1.:074 Galsa L3207 ~beth hé,E  1.00¢
levlui 0alC4 Lo364  ~4,95 44,8 1,037
| PR KV veuuh Le363 5403 b F leGlu
140104 Cetlh  LaBEZ =5.10 44,9 1.012
15078 1110 3.006  uedbZ  -5.1¢ 45,0 1.014
LeufE2  1eN11E 0,008 0,006 U.361 -5.22  45.0 laeule

REL
VEL

1.627
1.02¢
1.030
1.031
1a033
10034
1.034
1.034
1.023
1.010
1,002
Vs9%0
UL 990
va9Bb
Vo963
0.581
Ve STE
0.67%
Ga972
CeB70
Ve S6F
UeSbY
Ge9b4
Ve 92
0.962
UaQL3
0. 580
Yo%l
l1.001
1.6C6
1.012
levl7
1.01%
l.021
1ouis
1.02%

REL
VEL

1,007
1.00¢
1.008R
lelot
1.009
1,009
1.0609
1.009
1.007
1G04
1.002
1,001
0.959
C.9%8
0.997
U996
0.995
Ga994
G.993
0.993
0.992
0.991
0.991
0.990
G.990
0.990
0991
0.995
G 99E
1,000
1.002
1.003
Lawué
1.005
1,008
lev06

99



APPENDIX B (Cont’'d)

STATCP FLAW SWIPLE 27.0(DFG PARTICLL SWIRL: 92.27DEG PESAVE= 19,BIPSIA = 136593,.PA

CTAVEGE T7oCOPSIA = 1E7826,PA  1TAVGE 75F,70FG R = 421.5DEG K VELAVGE ¢O7,3FPS =185.1MPS

FVELAVG: ©21,1FPS = 158.8MFS  AXVELAVG= 4B4,5FPS s147.TNPS U= 55B.FPS = 170.MPS

THLYE St VEL MN [ 43 kY Ty L 118 L LI OF INCIDENCE ALPHA AXIAL REL

MO LBM/SEC KG/SEG IN DEG IN DEG VEL VEL

N 1 1ol 0ahet7 140072 1.0107  §.9920 va0 V.0 0e238 -14.28 $3.7 1.018 1.018
4E, 3 1ei09  0e66%Y 1,04079 1,0116¢ 0.,9930 V.0 0.0 G237 -16.34 53,47 1,020 7 Ye020
£f. 2 1709 o460 1,0085 1.0123 0,992} Va0 wel 0,236 =14.37 53.6 1020 1.02¢
Fud' g “ 1ot 10 La4662 1,0094 1.0132 00,9934 0.0 [ e235 ~14a4l 53.8 l.021 1.021
78, 12 1.01C 044663 1.0104 1.0143 00,9937 G0 0.4¢ 6,234 =le.se 53.9 1622 1.022
13- [3 101> Qohbba 1.G107 31,0147 0,993 U0 G.0 0a234 -—l4.42 53.9 1.623 1,023
"o * 1,010 GCe4664 1.0109 1.0149 90,9941 ©.0 0.0 Vo234 ~l4.s9 53.9 1.023 1.023
118, & 1713 O9%663 11,0103 11,0142 0.9940 () 00 Vo2l ~14.47 53.9 1.G23 1.023
11€. ° 1.007  (e4651 1.0035 1,0067 0,9919 Ged 0.0 U240 =14420 5346 1le0l6 1,018
128, 10 1,003 (4637 0.9991 1.0014 0.9905 6.0 0.0 Qo246 ~13.88 53.3 1.006 1.008
13e, 11 1,001 0.4627 0.9973 0,9989 0,9922 0.0 0.0 G250 =13,68 53,1 1.004 1,004
142, 2 Ve®89 (4818 0,9959 (9970 (.990¢ U.O (7] 0.254 =-13,51 52.9 1.000 1,000
15¢, 12 0e997 044605 0.9942 0.,9946¢ 0,99]6 0.0 0.0 0.257 =~13.34 52,7 ©Ve99¢ C.9%6
16R. 14 o005 0,4592 10,9934 0.9931 0.9938 0.0 [+ 23] 0e260 =13,21 226 0.992 0,992
176, 3% Co994  D.4579 0.9933 Cu9920 0.9969 0.0 0.0 Vo261 <13.10 525 04990 0,990
18F, 16 LaQb6  0.4568 0,9933 C.9912 1.0002 0.0 0.l 0,263 -13,02 52.4 (968 0.988
1°d., 17 CG.003  0.45%0 09,9932 0,9907 1,002E 0.C 0.0 Ce264 =12,94 52.3 L.986 (.986
200, 1& Va992 044553 N,9930C 0.9901 1.0046 [ 0.0 J.266 =12.87 52.3 0.925 0.985
21¢. 19 o692 V. 4567 0.9926 06,9893 1.0057 Vi Gel Ge267 -12.79 5242 04983 0,983
226. 20 04991 04542 9.9924 0.9889 1.0066 0.0 0.0 Co268 =-12.73 521 0.981 0¢.981
23t. 21 0,990 04537 J.9918 0.9880 11,0073 0.0 Cal Le27C =12.08 5241 0.979 0.979
248, > G993 (e4533 $.9915 0,98764 1.0080 0.0 V.0 04271 =~12.60 52.0 6.978 0.978
258, 23 C.969 0.4528 09,9911 0.9867 1.0086 0.0 Ga0 La272 -12,.53 519 (.97¢ D,978
260, 24 0.989  3.4524 0,9906 0,9860 1.0092 0.0 [ G274 —lz.4s 51.9 0.97% 0.97%
2718, It CaOtB 04521 92,9906 0,90858 1.,0097 o0 [ PY Ve2Th  ~12.42 51.8 0.974 G.974
e, e Ua%E9 204521 149909 0.9861 1.0101 0.2 d.0 0.274 ~12,43 518 0974 0,974
29t 27 0.992 0,45326 0.9961 049962 1.0104 0.0 00 Ce2T0 ~12.04 5240 VIT9 0,979
3ee, 28 Ue997 C.4562 1.0006 D.9982 1.01G8 V.0 0.0 0260 -13.13 52.5 0.991 0.991
318, 2% 12600 00,4576 1.0020 1.,0006 1.0094 0.0 0.¢ €255 =13, 52.8 G997 €.997
228, 30 1.002 0.459]1 1,0035 1.0028 1.0061 Ce0 G0 ©e251 <~13,62 53.4 1l.002 1,002

338. 31 1:004  0.4604 1,0082 1,005 1.0064 0.
348, 32 1,006 C,4616 140062 1[.0072 1.0039 0
35e. 33 1,007 J.4531 1.0063 1.0083 1.0004 ]
8. 34 1.007 G.4642 1,0062 1,0088 0.9968 Go

a

[

b '] 04247 =13,81 5342 14007 1.007
[ 0.0 Jedbt =13,95 5343 1.010 1.016
[} [ 04243 ~14.05 53,4 1.012 1,012
[ Q.0 0,241 ~14.11 53,5 1,014 l.014
[} 0.0 0.:240 =l4.16 53,6 1,015 1.015
o [ ve239 -14.21 53,6 1.016 1.016

1€, 35 1,007 0.464% 1,0061 1,0092 0.9943
26, 6 1.008  0.4653 1.0062 1,009¢ 0,9931

STAGE @9
ROYTUR FLOW SWIFL® 30,450EC PARTICLE SWIRL= 95,04DNFC PSAVCE 20.29PSIA = 1396895.PA
FTAVGE 27,58PSIA = 155STU0.PA  TTAVGE T58,7DEG R = 421.5CEC K VELAVGE 524.0FPS =159, 7MPS
PVELAVG: GL25.6FPS = JOC,THPS  AXVELAVE: 495,0FPS 2180,9MPS U= 5544 FFS = 169.MPS
THETA  SEG  VEL MN PS PT Aa s weL WBL DF INCIDENCE BETA AXIAL  REL
NP LBM/SEC  KG/SEG IN DEG IN DEG VEL VEL
ACe 1 1.320  L.4042 1.0054 1.0104 ©.9929 0,0 0.0 Vo243  =9,20 53,1 1.020 1.009
£0e 2 14021 Ue4048 1,0055 11,0113 0.9937 0.0 0.0 (o242  =9,26 53,2 1.021 1.010
60y 2 14002 V4405 1400646 1.9120 99931 ol 0.0 LaZ&l  ~9429 53,2 1.022 1.010
€. L] 10023 0o4055 1.0072 1,013C 0,9934 0.0 Ga0 0.240 ~9.33 532 1.023 1,01
el. ‘ 1e0l6  0.4060 Ye00E0 1,0140 0,9937 G40 0.0 0,239 -9,38 53.3 1.02%4 1.011
G0s 6 1.L25 6662 1.0082 1.0146 (.Y939 (.0 0.0 0e239  =9,41 53,3 1,025 1.012
136e 7 14025 De4062 1,0084 1.0146 0.9041 0.0 [ 0e236  ~=9,42 53.3 1,025 1.012
Fhee 8 1,028 La4061 1.0079 1.0140 0.9943 0.0 0.0 We239  ~4.40 53,3 1.025 1.(11
1260 € 14017 0,4035 1.0020 1.v067 0.9919 0.0 Tel Le246  =9,11  53.U 1,017 1.006
136, 0D 1,609 Co40D2 (.9987 1.0015 (.990% 0,0 ved ©e252  <B.T6  52.7 1,009 1,004
160 11 14002 Ue3G81 049975 049992 0.9902 0.9 e Y256  ~845%5 5246 1.003 1.001
150. U2 0.999 543963 0,9965 0.9972 0.990& 0.0 Ve 0e259¢  ~Bo38 5243 0.999 1.000
16Ce 1T (4995 04,3942 0.9952 0.9949 D.961& .0 t.0 Ge263  —B.20 52.1 0.995 0.998
170s 16 €e991 043925 0.9947 0.©93% (.9938 0,0 0.0 Ge265  =B.06 52,0 C.991 U.996
1C0e 15 0.S8Y V.390R N,9946 0.9924 0.9969 0,0 Bev 26T  ~7.9¢ 51,9 0.969 0.99%
190a 16 04957 043894 0.9947 0.9917 1.0002 0.0 ] Ge268  =7.BB  S1.B 0.987 0.994
208e 1T J.9E5  0.3BRC J.994E  G.991C 1.0078  (l0 0.0 Ve269  =7.B0 5147 (4965 0.993
210. It 0.9¢3 0.3670 0.9945 (.9904 1.0046 0.0 0.0 G270 -T273  S1.6 0.963 (.992
2234 16 Co9F1 0.2P60. 0.9943 C.9896 1.0057 (.0 2.0 Ca271l  =7.65 51,6 u.961 (.991
236 e UeSED Na3B53 0.9942 L9891  1.0066 (.0 0.0 0e271 =7.59 51,5 0,980 (.991
246, T1  Cu.STE UIBA3 0.993T C.9BE? 1.0073 (.0 Geu 0e273  =7.52  Sl.4 0.978 0.990
25/ ¢ 72 Ge®TE 043836 09935 L49ETE 1.L08F 0.0 ' Ue274  ~T.46  S51.4 (.976 0.989
2hU. 22 04975 43028 0.9937 u.9868 1.0086 0.0 9.9 GelTd  ~7.39  S1.3 C.975 0.989
270, 24 G.973  C.3820 0.992¢ 0,9%¢) 1.0092 (.C €0 a7t =7.32  S142 ©.973 G988
3 5 U972 GL3E16 0.9929 (,96%9 1,0097 0.0 0ol Le276 -7.28 51,2 0.972 0.987
26 GaCTT wa3B16 D.993]1  C.0B62 1.0101 0.0 Vel G276 =7.29 51,2 0.972 0.987
36 TT 0.6 DLIRIT I.9960G  Ll9%00 1.0104 .0 Del La2T71  =TuS1  51.4 C.978 0.99G
IMse 2t Co®S0 043866 1,0015 C(.998) 1,010€ 'Y Va0 vel261 -6401 519 L9900 6,995
20, ¥ La997  Le3917 1.0023 1.0C06 1.00¢6 0.0 0.0 ue256 -5429 52.2 U597 (o999
Iy, 20 16002 042941 1,0032 11,2028 11,0081 .0 vel velS53 =6.51 52.4  1.002 1,001
Juie ) lete?  5o39€4 10045 140053 1,00¢4 Veu Tl G250 =870 52.6 1,067 1,003
PELe 32 devil L3984 21,0051 1.9070 1.002€ DL Ved veZh7  ~ELB5 52,8 1,011 1,005
Too 2P leU14 uedD02 140051 1,0079 1.000é  LeG uet 0e265  -8,95 52,5 1,014 1.00¢
I8 35 14815 044015 1.0048 140084 (.9966  Gou € Se245  -9.01 52,9 1.015 1,007
200 2% T.U1e 04026 1,0047 1.0089 0.9943  C.0 () fre244  =9,07 53,0 1.016 1.007
20, i Fe01&  Ca4034 1.CCAT 1,009¢ (.9921 0,0 0.C (e246 9,12 53,0 3.018 1.008

100



APPENDIX B {Cont'd)

$T2TrT FLIM SWiFL= T4, 706
FTAVES ZE.L4PSTA =
FVELAVE= 524,4FPS =

THETA

bhe

S

ba,

Tuy

Eao

9L,
174,
114,
124,
126,
144,
154,
164,
174,
184,
194,
2414,
214,
2724.
224,
244,
254,
2¢4,
274,
b4,
294,
L4,
314,
324,
334,
LT
354,

14,
24,

4.

HIGH SPOOL

SYaGE 10

e
M

Cop Ml m ey

-

VL

1010
1.C010
lavill
1.011
1.b10
levl?
levl2
1.212
1.0C7
1.0.2
1. 010
9.%9¢
(e595
L.994
Le992
0.99]1
(.591
Ve Q€]
0.993
990
L.9£9
G.of L
G.2P7
v.oe?
IS 7.4
0.967
Ce991
0.9<E
1.001
1.0
1.005
1.007
1.009
1.009
1.009
1.00¢

PARYICLE SWIRL=1D4.24DEG PSAVG=
175538,PA TTAVG: 789,8CEG P = 438,80EG K VELAVG®
159.6MPE  AXVELAVES 4&94,9FPS =15{.,9MPS U= SE7.FP
My (33 PT T7 WEL WEL DF
LBM/SEC  KG/SEG
04717 1.004% 1.0069 .9933 (.0 0.0 177
CekT20 140052 1.0096 4,992 0.0 0.0 el76
Ge6722 1.0C5€6 1.0099 0.9934 oD G.t Uel?5
Je4T24 21,0059 1.0104 0.9936 .0 veb 0a174
CahT20 140063 1.0109 0.9939 0.0 V%4 0.172
GehT2P 1.00¢5 1.0112 0.991  L.0 Vel velTl
044720 143067 1leullé 0.9943 (.0 [ 171
CebT28 1,0C64 1406116 049942  CoU 0.0 G172
0.4705 1.0038 1.5070 0.992¢  G,0 C.0 0.181
G.4685 1,0015 1.0034 0.9914 0.0 Vel C.160
0,467 0,999¢  1,0013 L.,9908 0.0 0.8 Goloe
0eteb65 LeIFBE  0.9995 0.,9908  it,0 0.é 04200
Veh6EZ D.99T6 049975 0.9913 0.0 Vel €.20%
ebE3D 045966 0.9959 0.9929 Coo 2.0 0.2086
4627 0.9962 0.S945 0.9954 0.0 VW 0211
0.4616 0.995% 0,9935 0,9985 {e0 C.0 ¢.213
Cott0b G49957 ©.9927 1.0013  $.0 0.0 0.214
0.4600 0.9954 0.9921 1.0035 &0 0.0 t.21%
0.4594 3,9951 G.9914 1.0049 (.0 0.0 va217
0.4590 529949 049909 1.005¢ 0.0 0.9 Ga216
0.4584 0.9945 0.9902 1.0066 0.0 0.0 6.220
0.4579 0.9941 0.9895 1.0073 0.0 GG C.221
W.45T4 €993 0,990 1.0079  ©.0 G.0 ©.223
G659 0.9936 0.9884 1.0085 0.0 0.0 V224
2.4567 0.9934 0.9881 1.009} 0.0 0.0 0.225
0.4568 0.9934 ©0.9681 1.609 €0 0e0 o224
Ga4585 0.9950 J.9907 1.0102 B.¢ 0.0 0.216
0.4619 0,9985 0.9963 1.0107 C.0 G.0 Ge2G4
d.4634 1,0001 06.9989 1.0097 0.0 Gl vel97
D.4648 1.0014 1.0010 11,0085 (.0 0.0 04192
06663 1.,0027 1.0032 1.007! 0.0 (‘N7 6.187
0.4577 1.003%5 1.0050 1.0051 08.C 0.0 Ga184
09,4690 1.0040 1.0063 1.002Z1 0.0 0.0 0,181
Va4T00 1,0043 13,0072 0.9988 0.0 0.0 0.180
G.4T0B 1.,0044 1.0073 0.995¢ 0.0 0.0 0,180
2.4712 140045 1.0081 0.9940 0.0 0L 0.179
CORR FLOW PRESS RATID EFFICIENCY
25,00 LBM/SEC 24674 95,828

PERFORMANCE &/3

11,34 KG/SEC

———= ROW OUTPYY ——=

ROYNR FLOW SWIRL® 43,.82NEG

PTAVG=

THETA SEG
NO

546, 1
66, 2
The 3
B4. -
9% . ]
104 b
114, T
126, P
134, 9
166, 10
154. 11
164, 12
174, 13
184, 14
194, 15
204. 1¢&
214. 17
2240 18
234. 19
2644, 20
254, 21
264, 22
274, 23
204, 24
294. 2%
04, 26
314, 27
324. 26
334, 29
366. 30
354, 31
4, 32
164, 32
240 34
34, 3%
44. 36

2%5.35PS1A = 1T74751.PA
RVELAVG= B840.1FPS = 256 ,1MPS

VEL

1.003
1.004
1.005
1.00%
1.00%
1,005
1.00%
1.005
1.€05%
1.005
1.00%
1.00¢
1.004
1,004
1.003
1.002
1.001
1.000
0.998
0,997
0e9986
0.0995
0.995
G994
0.994
Ca954
0.994
0,994
0995
C.99%
0.99%
D.997
{e998
0.998
1000
1.001

0.4182
O.4188
0.4190
0.4191
0.4191
0.4191
D.46191
0.4190
0.4192
Bob194
0.4195
0eb19%
0.4194
0.4189
webl81
d.51 70
0a46159
Cet148
0.4138
0.4131
0.4125
0.,4121
Oes4118
0.4114
0.4112
0.4109
G.4108
0.4108
0.4113
0.4119
0.4126
0.4133
C.4142
Ca4153
Oebloh
0.4174

PARTICLE SWIRL=115.96DEG

[ 21

1.0053
1.0054
1.0056
1.0060
1.0064
10066
1.0067
1.0085
1.003%
1.0008
049992
0.9978
0.9965
0.995%
0.9950
0.9947
0e9946
0.9947
0.,9947
0,9967
0.9943
0.9941
0.9938
0,993
0.9934
0,9937
0,9954
0,9994
1.0010
10024
1.0036
1.0046
1.0052
1.0053
1.0052
1.0052

TYTAVG=

T

1.0067
1.0072
1.,0075
1.0079
1.0083
10085
1.0086
1.0084
1.0055
1.0029
1.0014
0.9999
0.%985%
0.9973
0.9964
0.9955
0.9947
0,9941
0.9936
0.9932
0.9926
0.9922
0.9916
0.9911
0.9909
00,9911

0.9928
049967
09986
10003
1.0018
1.0033
1.0044
1.0051
1.0056
1.0062

7Y

0.9933
0,9932
0.9934%
0.9936
0.9939
0.9961
0.9943
0.9942
0.9926
0.9914
0.9904
09908
0.9913
0.9929
0.9954

0.99508
©.,9940

T89.80FG R = 438.80EG X
-AXVELAVG= SO09,.1FPS €155.,2MPS

NBL
LBM/SEC

0.042
0.042
0.042
2,041
0.041
0.040
0.038
0,034
0.009
0,024
-0.036
~0.042
~0.047
~0.048
-0,050
-0.048
~0.047
0,046
0,046
—0.046
0,045
~0,045
=0.045
=0.044
~0.041
-0.034
~0.002
0,022
0.031
0,037
0.040
0.044
0,044
0,043
0.043
0,042

S = 170.MPS

2Z2.4TPSIA = 154B892.PA
626 ,3FPS =1S0.9MPS

INCIDENCE ALPHA AXTAL

IN DEG

=394
~4,00
a5
-4, 10
417
4,19
~4.20
4,17
-3,78
~3,40
-3.18
-2.99
~2.79
-2.66
-2.53
~2.46
~2.40
~2,35
-2.28
-2.23
-2.15
-2,09
-2,02
-1.95
~1.92
-1.94
-2423
-2.81
-3,09
-3.30
-3.50
—3.67
3,77
-3,81
-3.84
~-3.88

IN DEG VEL

53.0 1.021
5341 1.022
53.1 1,023
53,2 1.02%
53,3 1.027
53.3 1.027
53.2  1.027
$3.3 1,027
52,9 1.017
52.5 1.007
52.3  1.002
£2.1 0.997
51.9 0.992
51.7 0.98B
51e6 C.986
51.6 (.984
51.5 0.982
51.5 (.981
51.4 0.979
513 D.978
51.2 0.976
51.2 0.975
51,1 0.973
51,0 0.971
51.0 0971
51,0 0.971
51.3 0.978
51.9 0.993
52.2 0.999
5244  1.005
52.6 1,010
52.6 1,014
52.9 1.016
52,9 1.018
52.9 1.018
$3.0 1.019

PSAVG= 22,53PS1A = 155365 ,.PA

U= 906 ,FPS = 276.MPS

WBL
KG/SEG

©.01%9
0.019
0.019
0.018
0.018
0.018
0.017
0.016
0,004
~0.011
—0.016
04,019
~0.021
-~0.022
-0.023
~0.,022
-0.021
~0.021
~0.021
~0.021
~0.020
-0.020
—0.020
~0.020
-0.018
=0.016
~0.001
0.010
Qo014
0,017
o.ole
0.020
0.020
0,020
0.020
0.019

DF

0355
0.353
0.353
0,352
0.352
0.352
00352
0,352
0.35%3
©.353
©.353
0.353
G.354
0,354
0.355
0.357
0.358
0.359
0.361
0.362
0.363
0.364
0364
0.365
0.365
0,365
03865
0.364
0363
De362
0.361
0.360
0.359
0.358
0.357
04356

VELAVG= 561.BFPS =171,2MPS

INCIDENCE BETA AXIAL

IN DEG

6459
6.55
6.52
6.51
6.50
6.50
6450
6.51
6452
6.52
6453
6.53
6.53
6.54
6056
5460
6465
6aTl
baT6
6.81
6.084
6.87
6.09
6491
6.92
6.93
6.93
6.92
6.89
b.86
6.83
6.80
6.78
675
6. 70
bab5

IN DEG VEL

37.4 1.003
37.5 1.004
37.5 1.005
37.5 1.00%
37.5 1.005
37.5 1.005
37.5 1.005
37.5 1.00%
37.5 1,005
37.5 1.005
37.5 1.004
37.5 1.004
37.5 1.004
37.5 1.004
37.4 1.003
37.4 1.002
3T7.4 1.001
37.3 1.000
37.2 0.998
37.2 0.997
37.2 0.996
37.1 0.995
37.1 0.995
3741 0.994
37.1 0.994
37.1 0.994
37.1 04994
37.1 0.99%
37.1 0.995
3741 04995
37.2 C.99¢
37.2 0.997
37.2 0.998
372 0.998
37.3 1.000
37«4 1.001

REL
VEL

1l+000
1.021
1.001
1.001
1.001
1001
1.001
1.001
1.001
1.001
1.001
1.001
1.001
1.001
1.000
1.000
1.000
1.000
1.000
1.000
0,999
0,999
0.999

0.99%
0.999
0.999
0,999
0.999
0.999
0999
1.000
1.000
1,000
1.000
1.000

101



APPENDIX B (Cont'd)

STATOR

STAGE 11t
ROTOR

102

FLOW SWIRL: 45,61DEG

PTAVGE 32,1BPSIA = 2212868.PA
RVELAVC: 669, 2FP8 = 204 .0LMPS

THETA

Sb.
6é.
6.
86,
96,
106,
116.
126.
136,

156,
166,

6o
15,
26,
6.
&6,

SFG

5

O WEWUN

VEL

1.001
1.001
1.001
l.001
1.001
1.001
1.00}
1.001
1.001
1.001
1.001
1.0€1
1.000
1.000
0.999
0.999
0.999
0.999
0.999
0.999
0,999
0.999
0.998
0.99¢
0.998
D.998
€.999
0.999
1.000
1.000
1.000
1.001
1.001
1.00}
1.001
1.001

L]

0.5695
04569
0.5695
0.5695
0.5694
0.5693
0.5692
0.5692
0.5697
0.5700
0.5701
0.5700
0.5698
0.5692
G.5683
0.5672
0.5662
€.5655
0.5650
0,5647
005644
0.5642
0.5640
0.5638
0.5636
0.5635
0.5634%
0.5635
0,5640
0.5645
0.5650
0.5657
0.5666
0.5677
0.5686
0.5692

FLOW SWIRL® 48.73DEG

PTAVGE 31.40PSIA = 216521.PA
RVELAVGE ET2.0FPS = 265.8MPS AXVELAVG® S61,1FPS =]171.0MPS

THETA

59.
69,
T0,
89,
99.
109,
119.
129.
139,
149,
159.
169,
179.
1e0,
19¢,
209,
219.
22%.
239,
249,
259,
T 269,
27%.
289,
299,
30c.
319.
329,
339.
340,
159,
G
19.
29.
3se,
49,

SFG
NO

DD~ WN

VEL

1.003
1,004
1.008
1.00%
1.005
1,005
1.008
1.005
14605
1.005
1.004

0. 4427
Oub432
Ve héd 1S
Oe443¢6
024437
Vobd 30
0.4436
Qobd3e
Veb437
Te bk 38
Geb438
Uat%437
0.4435
0.4430
Oubé 2]
Qeté 1)
04399
0.4288
Ge%43T8
Ca4371
Ceh3es
0.4360
0.4357
0.4354
Oes351
0e4349
Geb349
Haa351
0.4358
Ouoé364
Ba4372
D.4379
Oaé387
G.4397
0.4408
Debkle

PARTICLE SWIRL=122,67DEC

P

10052
1.0051
140052
1.0056
1.0059
1.0062
1.0063
1.0061
1.0036
10010
049995
0.9981
0.9967
0.9957
0.9950
0.9948
0.9945
0.9947
0.9949
0.9950
0.9946
0.994%
0.9941
0.9937
0.9937
0.9939
0.9955
0.9992
1.0007
1.0020
1.0031
1.0043
1.0053
1.0087
1.00%6
1.0054

(34

1.0070
1.0070
1.007)
1.0074
1.0077
1.0079
1.0079
1.0078
1.0058
1.0033
1.0018
1.0004
0.9988
0.9974
0.9960
0.99%8
0.,9939
09936
0.9934
0.9932
0.9927
0.9923
0.9918
0.9913
0.9911
0.9913
0.9928
0.9965
0,998+
1.6000
1,001¢
1.0033
1.0050
1.0062
1.0068
1.0071

"

0.9940
0.9936
0.9937
0.9938
0.994%
049943
Ce9945
0.9945
049934
0.942)
0.9914
09911
0.9914
0.9924
0.9944
0.9971
0.9999
1.0023
1.0040
1.0051
1.00%9
1.0066
1.0072
1.0077
1.0083
1.0089
1.0095
1.0104
1.0098
1.0087
1.0075
1.0059
1.0035
1.000%
0.9975
0,9952

wWBL

REFPEODHULCH

ORichi

TTAVR= 84B.50FC R = 471.4DEG K
AXVELAVG: 560.0FPS =170.7MPS

WEL

PSAVG= 25.91PSIA = 170672.PA
VELAVG=E 782.6FPS =238,5MPS
Uz 913,FPS = 278,MPS

DF

LBN/SEC  KG/SEG

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.6
0.0
0.0
0.0
0.0
0.0
0.0

PARTICLE SWIRL=125,79D€6

PS

0.9962
09954
09948
0.9945
0.9945%
0.9946
0.,9947
0,9943
0.9941
0.9937
0.9933
0.9932
0,9935
0.99%0
0.9986
1.0001
1.0015
1.002¢
1.0039
1.0051
1.00%56
1.00%¢
1.0057

PT

1.0072
1.0075
1.0077
1.0081
1.006€5
1.0087
1.0087
1.0086
1.0062
1.003¢
1.0023
1.0009
0.9994
0.9980
0.9966
0.9954
0,9944
0.9938
0.99323
0,993¢
0.9923
0.9918
G.9912
0.9906
0.9904
0.9905
0.992¢
09957
0.9976
0.9993
1.0010
1.0027
1.0044
1.0055
1.0063
1.0068

L)

0.9940
0.9936
0.,9937
0.9938
0.9961
0.9943
0.994%
0,9945
0.9934
0.9921
0.9914
C.9912
0.9914
0.9926
0,994
0.997)
0.9999
1.0023
1.0040
1,0051
1.00%9
1.0066
1.0072
1.0077
1.0082
1.0089
1.0095
1.0104
1.0098
1.0087
1.007%
1,0059
1.003%
1.0005
0.9975
0.9982

TTAVG= B48.50ECG R = 471.4D€EG K

NeL LL18
LEM/SEC KG/SEG
U0 0.0
0.0 0.0
0.0 6.0
(Y7 %0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
Oe0 0.0
0.0 0.0
0.0 0.0
(79 0.0
0.0 0.0
0.0 0.0
0,0 0.0
G0 0.0
0.0 [ 2]
0.0 0.0
0.0 0.0
(3% Ce
. Del 0.0
G0 0.0
Gol 00
0.0 0.0
0.0 0.0
veD [ 1%
0.0 0.0
Je.0 .0
0.0 [
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
[ 2%} 0.0
0.0 0.0
0.0 0.0

0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
¢.0
0.0
0.0
0.0
0.0
G0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Vel

0.393
0.392
0.391
0.391
0.390
0.390
0.390
0.390
0.391
0.391
0.393
0.392
0.392
0.393
0.394
0.395
0.396
0.397
0.399
0.400
0.401
0.402
0.402
0.403
0.403
0.403
0,403
0.402
0.401
0.400
04399
0.398
0.397
0.396
0.395
0.394

INCYOENCE ALPHA AXIAL

Se26
Se24
S.21
5.15
5.10
5.05
5.00
497
4.93
4.87
4.81

IN DEG VEL

45,9
45,9
45.9
46,0
46.0
46,0
46,0
46,0
45,9
45,9
45.9
45,9
45,9
45,9
45,0
45,0
45,7
45,6
45,6
45.5
45.5
45,4
45.4
45.4
45.4
45.3
5.4
45.4
45,5
45,5
5.6
45,6
45,6
45,7
5.7
4.8

1.003
1,004
1.00%
1.005
1.006
1,006
1.006
1.006
1.005
Je005
1.005
1.004
1.004
1.003
1.002
1.001
1.000
0.999
0.997
0.996
0.995
G.994
0.994
0.993
0.993
0,993
0.993
0.994
0.99%
0.9%6
G.997
0.998
0.999
1.000
1.001
1.002

PSAVGE 27,52PS1A = 189749.P4
VELAVG= 614.5FPS =187.3MPS
U= 910.FPS = 280.MPS

04329
0.328
0.328
0.327
0.327
0.327
0.327
0.327
0.327
0.328
0.329
04329
0.330
0.331
0.333
Ue334
04336
0.337
0.338
04340
Ge341
0341
04342
0.342
0,343
04343
04342
04340
043238
0.337
0.335
04334
0.333
0.333
0.332
0.331

OF  INCIDENCE
IN DEG

-0.08
-0.12
0.4
=015
-0.16
~0.16
~0.16
~0.16
-0.15
~0.13
~0.12
=0.11
-0.0%
-0.07
“0.04
8.00
0.05
0.10
0.15
0.19
0.23
0.25
0.27
0.29
0430
0.31

BETA

AXIAL

In DEC VEL

40.2
40.2
40,2
40.3
40.3
40.3
40.3
40.3
40.2
40.2
40.2
40,2
“b.2
40.2
4C.1
40.1
40.0
40 .0
40.0
39.9
39.9
39.8
39.8
39.8
9.8
39.6
39.8
39.8
39.9
39.9
40,0
40.0
40,0
40.0
40.1
40.1

14003
1.006
1.00%
1.005
1.005
1.605
1.005%
1.00%
1.005
1,005
1.004
1.004
«s 004
1.003
1.002
1.001
1.000
G.999
0.997
0996
0.99%
0.995
0,994
0,994
0.993
0.993
0.994
Ce994
04996
0.997
0,998
0.998
0.999

w

REL

VEL

1.003
1.004
1.00%
1.005
1.006
1.006
1.006
1.006
1.008
1,005
1.005
1.004

REL
VEL

1,001
1.001
1,001
1.001
1.001
1.001
1.001
1.001
1.001
1.001
1001
1.001
1,002
1.001
1.000



APPENDIX B (Cont’'d)

STATOR FLOW SWIRL= 49.81DEG
PTAVGE 27,26PSIA = 256B874.PA
RVELAVGE 693,9FPS = 211.5MPS AXVELAVGE 559,4FP5 =170.6HPS

THEYA SEG VEL
NO
tC, 1 1.002
Tbe 2 1.901
80. 3 1.601
90, & 1.001}
10C. 5 1.0¢1
110. & 1,001
120. 7 1.001
134, a 1.001
140. 9 l1.001
1506, 10 1.001
160, 11 1.001
170. 12 1.001
186, 13 1.000
19v.. 14 1.00¢
200. 15 0,999
210, 16 0.999
220, 17 0998
230, 18 1e998
240. 19 G998
250. 2¢C G998
260. 2?1 0.99¢
270, 22 0.998
2€0. 23 C.998
290. 24 0.998
376, 25 L9998
3lbe 26 Te998
320. 27 0.999
330. 2¢ 0,959
345. 29 |
2%¢. 3 1.600
3tv. 21 1.501
10, 232 1.001
20, A 1.001
3. 34 l1.001
40 35 1.0C2
St. 36 1a302
STYAGE 12
ROTCR. $LOM SHIRL= 52.91DEG

PTAVG= 3¢.78PSIA = 253537,PA
. RVELAVO® B62.4FPS = 262,94PS

THETA

63,
T2
.83,

SEG
NO

P RV U R

VEL

1.605
le0C6
1.006
1.0C7
1.007
1.007
1.007
1.007
1.007
1.006
1.005
1.004
1.003
1.802
1.001
0.999
0.998
0,997
995
Ve994%
Ce993
0.993
C.992
€.991
o991
04991
0.992
0994
0.996
0,997
0.999
1.000
ladb1
1,002
1.002
1.003

“N

OeS5359
0,5360
&.5360
0.5359
0.5359
05358
Ce5388
¢.5357
0.5360
0.5362
05363
Ue53¢3
0.5361
05356
0.5348
0,5339
0.5330
0,5322
05317
05313
0.%311
0.5309
0.5307
0,31305
Ca5303
5302
0.5302
0.%203
0.5307
0.5312
55317
0.5322
0.5329
5328
0.5348
35354

"N

0.4373
(.638C
0.4383
D.4385
0.4386
0.4386
Ged305
Ge4h30%
De43P%
0a%383
0.4380
04378
Vo434

G.4367 O

Ceb3S7
[P X113

0.4334 O

De4323
Cok312
CakI0h
Yek29R
Ce®293
0.4289
C.4288
Ce4283
04282
0.4284
G.4291
D.4301
Cob3 (09
C.4316
Cek32€
vek3 34
Da4343
0,4354
Qo363

PARYICLE SWIRL=131.41DF6

S

1.0046
10042
1.0041
1.0043
10068
1.0047
1.0048
1,0048
L.0027
1.0000
0.9997
0.9984
0.9973
0.9964
0.9957
0.9952
0.9951
0.9953
069957
Da9%61
0.995¢
0.9958
049955
0.9952
(1,9952
09953
0.9963
0,9992
1.0600C
1.0012
1.0021
1.0n33
1.0047
1.0054
1.0056
10093

Y

1.0063
1.0060
1.0756
1.0060
1.0063
1.6064
10064
1.0063
1.0045
1.0027
1.0017
1.0004
©0.9991
G.9978
69967
0.995%5
049047
Ce9942
0.9944
0.9945
0.9941
0.9939
0.9934
0.9930
6,9929
09929
0,9930
0.9968
0.99E0
0.9995
1.0007
1.0023
1,0042
14¢05¢
1.0045
1,067

T

0,99406
0.993¢
C=9936
0.9938
0.9940
0.,9942
09943
0.9944
0.9936
0.9925
0.9918
C,9913
0.9934
0.9921
0.9937
0.9960
0.9987
1.0013
1.0032
1.0047
1.005¢
1.0063
1.0069
1.0075
1.0081
1.0085
1.0093
1.0102
1.0000
1.0091
1.0074
1.0064
1.0045
1.0018
0.9988
Ue0963

TTAVG= BOT,1DEG R = 498.4DEG K

PSAVEE 20.T4PSIA = 211972.P4A
VELAVGE T59,2FPS =231.4HPS
Ux 9244FPS = 281.MPS

wWBL wBL DF
LBM/SEC  KG/SEG

0.0 0.0 0.297
Ce0 0.0 0.296
0.0 0.0 04295
0.0 0.0 0.294
0,0 0.0 0.294
€.0 (2] 0s294
0.0 040 D.294
G.0 0.C 0294
0.0 0.0 04295
0.0 0.0 0.296
0.0 0.0 0,296
0.0 0.0 0,297
0 0.0 0.298
0.0 0.C 0.299
0.0 0.0 0.301
0.0 0.0 0.302
O.b 0.0 0.304
00 G0 0.305
0.0 0.0 0.306
ve0 0.0 Le307
©a.0 0.0 0.308
0.0 0.0 0.309
0.0 0.0 0.310
0.0 Ca0 0.310
Sel Ua0 0.311
Vet [y Ce311
0.0 Col 9.310
0.0 L0.0 0.308
Ca0 0.0 0,306
LY Vel G304
Ce0 Deu Co303
0.0 0.0 0.301
0.0 0.0 0.301
0.0 0.0 0.300
0.0 Oau Ga299
0.0 ClC 0e298

PARTICLE SWIRL=134.510FG

PS

Lt

1.006%
lei 064
1.0064
1.0067
1.006%
1.0071
1.0071
1.007¢
1.0050
10032
1.0021
1.0008
0.999%
0,9983
Ga99T1
0.9958
0.9949
0.9944
0.9943
0.9942
069937
0.9932
0.9928
0,923
G.9921
09921
0.9931
Ce9561
0.9974
0.99%0
1.0002
1.0020
1.0039
1.0053
1.0062
1.006¢

TTAVG: BeT.INEG R =
AXVELAVGE 560.7FPS =170.9MPS

L&J

0.9946
D.9938
0.9936
0.9938
0.9940
0.9942
09943
09944
09936
0,9925
0.9918
0,9913
09914
n.9921
0.9937
D.9960
0,99E7
1.0013
1.0033
1.0047
1.005¢
10063

1.0069-

1.0075
1.0601
1.008¢6
1.0093
1.0102
1.0099
1,0091
1.0078
1.0064
10045
1.0018
0.9968
0.9963

INCIDENCE ALPHA AXIAL

IN DEG

029
0.23
0.20
0.18
0.17
0.16
0.16
0el?
0,19
0.23
0.27
0.29
0a24
0.39
0,47
0.54
0.62
0.68
0.75
0.81
0.88
0.%0
0,93
Ce95
0.97
D.98
D.93
v.85
D74
Oet7
060
0.54
0.50
[ PL13
Oebl
0,35

IN DEG VEL

4TeT 1005
4T7.8 1.006
4T.8 1,006
47.8 1.007
47.8 1.007
47.8 1.007
47.8 1.607
47.8 1.007
47.8 1.006
47.8 1.006
47.T7 1.005
4T.7 1.004
47T 14076
47.6 1.003
47.5 14001
47.% 1.000
4744 0.998
47.3 0.997
473 0,996
4Te2 0e994
471 06993
47.1 0.993
47.1 0.992
4T.0 0.992
47.0 0.991
47.0 L.991
471 Q.992
47.1 0.994
47,3 0,99
47e3 {997
4Ta4 (o998
4Te5 14000
47.5 1.000
47.%5 1,001
4T7.6 1.002
476 1.003

PSAVG= 32.35PSIA = 223020.PA
VELAVGE 623.2FPS =190,0MPS
Us 927.FPS & 283,.MPS

498 ,4DEG K
wht WBL DF
LBM/SEC  KG/SEG

0,0 0.0 0.252
6.0 L.0 0.251
[N 0.0 0.251
0.C Lol 0.250
0.0 0.0 0e250C
0.0 0.0 0.25%0
0.0 0.0 0,250
0.0 5.0 0,250
00 Qa0 0.251
Ca0 0.0 0e252
0.0 L0 ve253
0.0 0.0 0.254
0.0 0.0 0.256
V.0 U.0 G.258
0.0 0.0 0260
D0 t.0 0,262
0.0 v.C Ge263
0.0 0.0 ©.265%
Q.0 0.0 0.260
V.0 Cel Ca267
0.0 CoC Le2e8
G0 [’ 0e269
0.0 0.0 0.269
0.0 0.0 0.270
0a0 0.0 0.270
0.0 G0 0.270
0.0 Cel 0.269
o0 0.0 Ge268
0.0 0.0 0.262
0.0 0.0 0.261
0e0 0.0 0.259
0.0 [T 0.257
G.0 0.0 De258
Gol Gel Ge285
0.0 0.0 0.254
D0 0.0 De254

INCIDENCE BETA

IN DEG

=3.04
-3.08
-3,11
~3.13
~3414
-3.14
-3.14
-3.14
-3.11
-3.08
=305
=3.02
=-2499
—2a94
~2.88
-2.82
~2.77
=2.72
~2.067
~2402
~2.58
=255
~2.53
-2.51
~2450
-2.50
~2.53
=260
-2.69
~2.75
~2.81
~2.8%
~2.89
=291
~2.9%
-2.99

AXIAL
IN DEG VEL
40.7 1.00%
40.8 1,006
0.8 1.006
4048 1.007
4ue8 14007
40.8 1.007
4048 1.007
40,8 1.007
4G.8 1.007
40.8 1.006
40T 14005
40.7 1.004
40.7 1.003
A40.6 1.002
40,6 1.001
40,5 0,99¢%
40e5 0.998
“0.4 0.997
40,6 0.995
40,3 0.994
40e3 04993
40,3 00993
402 (o992
40.2 0.991
40.2 0.991
40,2 0.991
402 €992
403 04994
404 .99
40.4 0.997
40.5 0.999
40,6 1.W30
4Ue5 1.001
40,6 1002
40.6 1.002
40.7 1.003

REL
VEL

1.001

1.001
1.001
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APPENDIX B (Cont'd)

SYATR

STAGE 13
ROTNR

104

FLOW SWIRL= 53,55DECG
PYAVG: 42.02PSIA = 289723.PA
RVELAVGE T29.5FPS = 222.4MPS

THETA

bh,
Th.
84,
94,
104,
114,
124,
134,
144,

4.
14,
246,
34,
44,
84,

SEC
NG

DO O R W

VEL

1.502
levC2
1.002
1.002
1.002
1.002
1.602
1.002
1.001
1.001
1.001
l.001
1.0600
1.000
0.999
Co.998
C.998
0998
0,998
0.998
0.99¢
0.99¢
Ce998
o998
0.998
0,992
o998
Ce99%
1.00G
14638
1.001
1.001
1.4 01
1.002
1.002
1,002

Ge5142
05144
D.5145
VeS14h
GeS5144
Ga5143
G.5162
0.5142
C.5163
Ge51bé
GBS lbs
DeSle4
C.5142
0.5137
65130
Cef122
D.5113
0.51086
0.510,
0.,5095
0.5092
0.5090
0.5088
05087
0.5085
0.,5084
©.5085
G,5088
0.5093
b.5096
0.5102
0.5307
05112
0.5120
045129
05136

FLOW SWIRLE 56.52DEG

PTAVGE 41.,96PSIA = 269414.PA TYAVGE 835,9DEGC P = S19.90EC K
RVELAVG= 859,6FPS = 262.0MPS AXVELAVG= 579,6FPS =176.6MPS

THETA

(20
7.
874
7.
107,
117,
127.
137.
147,
157.
167,
17,
187,
197.
207.
217.
227.
237.
247,
257
267.
277,
207.
297,
307.
317.
327.
337.
347.
357
e
17.
27.
3T,
47.
$7.

SEG

OO NP W

VEL

1.C01
1.002
1.003
1.003
1.004
1.004
1.004
12004
1.004
1.004
1.003
1.003
1.003
1.003
1.003
1.002
1,002
1.001
lav00
0,999
0,998
0,997
0.997
0,996
0.996
0950
0.995
0.965
0.995
0.995

OobdB2
0.4489
0.4493
0.6495
0.4496
C.4496
0 obh96
Cod496
204496
0.4497
0,4497
0.4498
0.4498
Ge44Q7
[ARVEN
0.4487
0.4478
Cosbor
o.ek5E
Oe4849
0.4442
0,4437
0,4432
0.4429
0.4427
Outs 24
0,4422
0,4421
0o6421
Oot423
04627
004432
0. 4440
[yrvves
Cotb
0.4472

PARTILLE SWIRL=139,.380EC

P

leG03e
10029
1.0026
1.0028
1.003¢0
1.0032
1.0032
1.0033
1.0017
1.6005
0.9998
0.9988
0.9980
09976
0,997
0.996¢8
0.9980
0.9966
0.9972
0.9%77
0.9976
09975
69972
09970
0.9969
N.9968
D.9971
0.998°
0.9988
1 .0000
1.0006
1.0017
1.0032
1.,0063
10047
1.0045

PT

1.0052
leul&?
1.004%
1.0046
1.0048
1.0049
1.0049
1.0049
1.0034
1.0022
1.0016
1.0008
0,9997
0.9989%
0.9681
0.99TL
0.9962
09958
0.9959
0.9961
0.99%8
€.9956
09952
0.9948
0.9945
0.9944
0.9948
D998
0.%971

1.C05%4
1.0057

v

D.9950
0499239
0.9934
0.9935
0.993¢
0.9938
0.9940
0.9941
0.9935
C.9927
0.9920

1.0028
09999
09972

TTAVG® 935,90EG R = 519,.9DEG K
AXVELAVGE STG.BFPS =174,0MPS

wBL
LBM/SEC

V004
0.004
0.004
0004
0,004
{0046
0.004
0,004
0,003
¢.002
0.001
0,001
~0.000
-0.002
-0.003
~0.004
-0.005
=0.005
-0.,005
=0.005
~0.005
~0.005
~0,005
0,005
=0.005
-0.00%
—0.004
-0.002
0.00)
0.602
0.002
0.004
0.004
0.004
0.004
0eG04

PARTICLE SWIRL=142.35DEC

PS

10044
1.0037
1.0033
1.0034
1.00368
1.0037
1.0037
1.0027
10022
1.0009
1.0003
00,9992
0.9983
0.9973
0.9964
0.9956
0.9932
J.9952
O.995¢
049964
0.9964
0.99564
0.9962
0.9959
0.99%9

PT

Ty

0.99%0
0.99239
09934
0.9935

wsL
LBM/SEC

6.0
0.0
0.0
0.0
0.0
0.0
[N
C.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
Gel
0.0
0.0
0.0
0.0
S0
.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

PSAVG=

Ue 933,FFPS = 204,MPS

weL
KG/SEG

0.002
94002
0.002
0.002
€002
04002
04002
6.002
0.001
0.001
0.001
0006

~6.000

~0.001
~0.001
~0,002
~0,002

-0.402

002

~0.002

~0.002
~0.002

-0.602

~0.002

~04002

-0.002

~0.002

04001
0,000
4001
2.002
0.002
0.002
04002
0.002
0.002

OF

0.224
0e.221
0.218
0e216
0213
D.212
D.211
ve2l0
0e20%
b.2C8

35,2APS1A = 242737.PA
VELAVGE T745,.0FPS =227,1MPS

INCIDENCE ALPHA AXJAL

IN DEG

4.3
.39
.42
4o bk
%45
o bb
.48
—~4 .45
—“.b1
4436
.29
24
~4,18
~4.08
~3.97
~3,087
~3.78
3,73
~3466
~3.60
~3.55
=3,52
=3.48
3446
~3.44
=3,45
-3,53
~3.87
-3.83
3,92
~4402
-4 .09
—“.15
—4o19
o 24
—4.20

IN DEG VEL

50+3 1.006
50.4 1.007
50.4 1,008
S0.4 1.008
50.5 1.008
50.5 1.008
50.5 1.008
50.5 1.G0B
50.4 1.007
$0.4 1,006
50,3 1.005
50.2 1.004
$0.2 1.003
50.1 1.003
$50.0 0.999
49.9 0.997
49.8 0.99¢
49,7 0.995
49.7 (.99
49.6 0.993
49.6 0.992
49.5 0.991
9.5 0.990
49.5 0.990
49.4 0.990
49.4 0.990
49.5 0,991
49,7 $.994%
49.8 0.997
49,9 0.998
36.0 1,000
50.1 1.001
50.1 1,002
50.2 1.003
50.2 1.004
50.3 1.005

PSAVGE 36,66PS1A = 252761.PA

Us 937.FPS = 286.MPS

WL
KG/SEG

DF  INCIDENCE
IN DEG

~Tebb
“T.50
~Te53
~Ta54
-7.55
=T.56
=756
=T.56
=Te56
~T.55
=7.56
~T.53
~Ta%53
~Te53
=753
~Te51
~T.48
~Tebb
~Te40
~T7.35
~T.31
-7.28
~Te26
~Ta23
-Te22
~Te21
~Te20
-7.20
=720
~Te21
~Te22
=Te24
~T.28
=7.31
“T36
=Te41

BETA

VELAVE® 853.46FPS =199,2mPS

AXlat

IN DEG VEL

42.5
2.5

- 4245

4245
42.6
42.6
4240
42,6
4246
425
42.5
42,9
4245
42.5
42.5
4245
42.9%
4244
42.4
4243
42,3
42.3
42.3
42.2
42,2
42.2
42,2
42.2
42,2
42,2
42.2
42.2
42,3
42.3
42.4
2.4

0.996
0.997
0.998

1.000



APPENDIX B (Cont'd)

STAYOR

: STAGF 14
ROTOR

FLOW SWIRL:s 57.390EG
PTAVG= 48.11PSIA = 331679.PA
RVELAVG=

THETA

67.
17
87.
97.
107.
117.
127.
127,
167,
157,
167,
177.
187.
197.
207.
217.
227.
237.
247.
257.
267.
277,
287.
297.
307.
317.
327.
337.
347,
3s7.
7.
17.
27.
37.
47,
57.

T23.6FPS =
St6 VEL
1 1.001
2 1.001
3 1.001
4 1.001
5 1.001
& 1.001
7 1.001
L] 1.001
9 1.601
10 1.0601
11 1.001
12 1.001
13 1.001
14 1.000
15 1.000
16 1.000
17 0+999
18 0.999
19 0.999
20 D.999
21 0.999
22 0.999
23 0.999
24 G.999
25 0.999
26 0.999
27 04999
28 0.999
29 Ua999
30 0.999
31 1.000
32 1.000
33 1.000
34 1.001
35 1.001
36 1.001

MN

PARTICLE SWIRL=147.49DEG

TTAVG= 980.30€G R = 544.60DEG K
220,5MPS  AXVELAVG= 587.1FPS =179.0MPS

PS

0.5289 1.0042
0.5293 1.0033
0.5294 1.0029
0,5293 1.0030
0.5293 1.00231
0.5292 1.0032
0.5292 1.0032
05292 1.0032
0.5293 1,0018
0.5295 1.0007
05796 1.0004
065297 0.9994
0.%5297 0.9904
0.5295 0.9973
0.5291 0,9963
0.5283 0.9955
05275 0.9951
0.5267 0.,9952
0.5260 0.9958
0.5254 0.9967
0.5251 0.9968
0.5248 0.99680
0.5247 0.9965
0.5244 0,9964
0.5243 0.9963
0.5241 0.9962
Co%240 0.9970
05239 0,9992
0.5240 D,9998
0.5242 1,0011
0.5246 1.0018
¢,5251 1,0029
0.5257 1.0043
0.5265 1.0053
0.5275 1.0057
0.5283 1.0053

FLOW SWIRL® £0.450€G

RVELAVG= BT79.6FPS = 268.1MPS

THETA

70.
80,
90.

100,

116,

120.

130,

140,

150.

160.

176

180.

190.

200.

210.

220,

230.

2404

250.

260,

270.

280.

290,

300,

316,

320.

330.

340,

350,

1G.
20.
0.
4U.
L1708
60a

SEG
NO

O® RPN

VEL

1.002
1.003
1.004
1,004
1.004
1.004
1.004
1.004
1.004

Oe4328
0.4335
0.4338
Det340
D.4341
Oeb3bl
0eé34]
De4342
0,4342
0.4342
0.4340
O.4340
0.4340
04339
0.4338
Vek228
V.4319
0.4310
0u4300
0.4291
0.4285
Dl,4280
0ad277
D.4272
04270
0.4268
04268
Deab286
0e4287
04269
De&27T4
0.4279
0.4288
0.4297
0.,4308
G.431%

PY

1.0055
1.0049
1.0045
10048
1.0067
140047
1.G047
1.0047
1.0034
1.0024
31,0022
1.0012
1.0002
0.9990
09977
0.9964
0.9954
0.9949
0.99%0
0,9955
0.99%54
6.9952
0.9948
0.9945
0.9943
0,994}
G.9948
0,996
0.9976
0.9990
1.0000
1.0015
1.0032
1.004%
1.0059
1.0%82

144 waL weL
LBRM/SEC XG/SEE

0.9959 0.0 0.0
0.9944 0.0. 0,0
0.9937 0.0 0.0
©.9935 0.0 0.0
0.9936 0.0 0.0
0.9938 0.0 0.0
©.9939 0.0 0.0
0.9940 0.0 0.0
0.9936 0.0 0.0
0.9930 0.0 6.0
0.9924 C.0 0.0
Re9918 0.0 0.0
0.9916 0.0 0.0
0.9919 0.0 0.0
0.9928 0.0 0.0
0.9944 0.0 0.0
0.9967 0.0 0ol
0.9993 0.0 0.0
1.0018  €.0 0.0
1.0037 0.0 0.0
1.0050 0.0 0.0
1.0059 0.0 0.0
1.0065 0.0 0.0
1.0072 0.0 0.0
1.007¢ 0.0 0.0
1.0084 0,0 0.0
1.0090 0.0 0.0
1.0099 0.0 0.0
1.0098 0.0 0.0
1.0095 0.0 U0
1.0085 0.0 0.0
1.007« 0.0 0.0
1.€059 6.0 0.0
1.0038 0.0 0.0
1.0012 0.0 0.0
0.9984 4.0 0.0

PARTICLE SWIRL=150.55DEG
PTAVGE 48.312PSIA = 333055.PA TVTAVG= 980.3DEC R = 544,6DEGC K

(23

1.0056
1.0053

(4]

1.0054
1.0049
1.0047
1.004%
1.0050
1.0050
1.0050
1.0050
1.0037
1.0027
1.0024
1.0015
1.0005
09993
0.9981
0.9969
09958
0.9952
0.,9953
0.995¢6
0.9954
0.9951
Ce9946
0.9643
0.9940
0.9938
0.9944
0.9965
C.2971

0.998¢
0.9995
1.0010
1.0028
1.004%
1.0055
1.0059

- TT

0.9959
0,9944%
0.9937
0.9935
0.9936
0.9938
0.9939
0.9940
0.9936
00,9930
0.9924
0.99182
0.9916
0.9919
0.9928
0.9944
09987
049993
1.0018
1.0737
1.0050
1.0059
10065
1.0072
1.0078
1.0084
1.0090
1.0099
1.0098
1.0095
1.0085
1.0074
1.00%9
1.0038
1.0012
0.9984

AXVELAVG= 5804 2FPS =1764.8MPS

PSAVGx 39.90PS1A = 275090.PA
VELAVGE TB3.5FPS =238.0WPS
Uz 942.FPS = 287.WPS

wBL WBL
LBM/SEC KG/SEG
0.0 0.0
0.0 0.0
0.0 C.0
0.0 0.0
0.0 0.0
0.0 0.0
C.0 2.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 6.0
0.0 0.0
0.0 0.0
0.0 0.0
040 0.0
0.0 0.0
0.0 0.0
0.0 [
0.0 0.0
0.0 0.0
0.0 6.0
9.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 6.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.t

VELAVG=

DF INCIDENCE ALPHA AXIAL

0.281
0.261
0,280
0.280
0.280
0,279
0.279
0.279
0.279
0.280
0.280
0.281
0.261
0.281
0.281
0.282
0.283
0,284
0.285
0,286
0.287
0.287
0.288
0.288
0.289

‘0.289

0.289
0.289
0.288
0.288
0.287
0.287
0,286
0.284
0,263
0.282

DF

0.252
0.252
0.252
0.252
0.252
04251
0.251
0.251
0.251
0.252
0.253
0.253
0.253
0.254
0.256
0,256
0.257
0.258
00259
0,200
0.261
0,262
0.262
0.263
0e263
0.263
0.263
0.262
0.262
0.261
0.260
0.25%
0.258
0.256
0.254
0,253

IN DEG

~3«16
~3.20
-3.22
~3.23
~3.25
~3.25
~3.25
-3.26
=3.25
~3e24
~3.22
=3.21
~3.20
-3.19
=318
-3.13
~3.08
-~3.03
~298
~2.92
~2487
-2 84
~282
~2.79
-2.77
-2.77
2476
~2.717
=2.79
-2.80
~2.83
-2.86
-2.92
~2498
~3.05
-3e11

IN DEG

4436
=4 o+ 60
—hob)
~h.42
—ho43
- o bk
%44
ok
bbb
4,463
—h b1
-4.39
—%.38
~4.38
—4.37
~%.33
—%.30
~%a26
~4.23
~4.l18
-4, 14
.12
~4.10
-4,08
~ha06
-4 .06
~4 .05
5,07
~4.08
-4 a9
-4.12
4o 14
-4.19
-4 .24
~4.29
~4.33

IN DEG VEL

46«7 14002
48.7 1.003
©8.7 1.004
48.7 1.004
48.7 1.004
48.8 1.004
4848 1,004
48.8 1.004
48,8 1.004
48.7 1.004
48.7 1.00%
48.7 1.003
46.7 1.003
48.7 1.003
48.7 1.003
4.6 1.002
48.¢ 1,001
48.5 14000
48.5 0.999
48.4 0.998
48.4 0.997
48.3 0.996
48.3 0,996
4843 0.995
48.3 0,995
48.3 0.995
48.3 0,995
“B.3 0.99%
48.3 0.995
48.3 0.995
48.3 (.996
48.4 ©€.997
48.4 0,998
48,5 0.999
48.5 1.000
48.¢ 1,001

INCIDENCE BETA

PSAVGE 42,58PSIA = 293600.PA
645 ,9FPS T195.9MPS
Ut 945.FPS = 288.MPS

AXTAL
IN DEG VEL
414 14002
4le4 1,003
4le4 1,004
41.4 1,004
41.6 1,004
4l.4 1,004
4l.4 1,004
41.4 1,004
4le6 1,004
1.4 1,004
4.4 1,003
41.4 1.003
41.4 1,003
4l.4 1,003
41.4 14002
41.3 1.002
41.3 1.001
41,3 1,000
41,2 0.999
41,2 0.998
41.1 0.997
&l.1 D.996
41.1 0.996
41.1 0.995
41.1 0,995
6l.1  0.995

L 41,1 0.99%
4l.1 0.995
41.1 0,995
41,1 0,996
41.1 0,996
41,1 0,997
41.2 0.998
41.2 0.999
4l.3 1,000
41.3 1,001

REL
VEL

1.002
1.003
1.004
1.004&
1.004
1.004

REL
VEL

1.000
1.001

1.001
1.001

0.999
0.999
0.999
0.999
0.999
0.999
0,999
0.999
0,999
0.999
0.999
0.999
1.000
1.000
1.000
1.000

105



APPENDIX B (Cont’d)

STATOR

STAGF 15
ROTOR

106

FLOW SWIRL= 61.620€6

PTAVGE 53,79PSIA = 370081.PA
RVELAVGS

THETA

T2.

B2,

92,
102.
112.
122.
132,
142,
152,
162«

624

PARTICLE SWIRL=156.17DEG

T4b o TFPS = 227.6MPS  AXVELAVG=
SEG VEL "N (43 Y
ND

1 1.002 0.5142 1.0037 1.0049
2 1,002 0.5146 1.0028 11,0043
3 1.001 05147 1,0024 11,0040
4 1e001 005147 1.0025 11,0040
5 1.001 0.5147 1.0025 1.0040
[ 1.001 0.5146 1.0025 1.0040
7 1.00F 0.5146 1.0025 1.0040
8 1.001 0.5146 1,0023 1.003°
° 1.001 we5147 1.0012 1.0028
10 1.001 0Q.5148 1.0004 1.0021
11 1.001 (.5148 1.0006 1.0022
12 1.001 D0.5149 0.9998 1.001%
13 1.001 0.5149 0.9989 1,0006
14 1.000 0.5148 0.9976 0.9993
15 1,000 D.5144 0.9967 0,9981
16 0999 05137 D.9961 049970
17 0.999 0.5129 3,995% C.99&0
18 0.999 0,5121 0.9956 0.9954
19 Ce999 0.5114 0,9962 0.9955
20 0,998 0.5108 D0.9972 0.9961
21 06999  C.51C5 00,9975 C.9961
22 G999 05102 ",9974 0.9959%
23 0.999 0.5100 0.9972 0.9955
2% 0.996 0.5098 0.9972 0.9954
25 (2998 0a30096 0.9970C 0©.9951
26 €e998  0.5095 2.9969 0,9948
27 0,999 045094 0.9976 0.9954
28 Ce999  0,5C93 049993 0.9971
29 0.999 0.509 0.9998 0.9977
30 0.999 0.5096 1.0011 0,999]
31 1,060 65100 1.0016 0,9999
22 1.000 0e5104 1.0026 1.0012
33 1.001 (45111 1.0027 11,0027
34 1.001 0.5118 1.0046 11,0042
35 1.002 0.5127 1.0049 1.0051
36 1,002 €.5125 1.0047 1.0055

64.3001(G

FLOW SWIRL=T

PTAVGE S4,32PS1A = 374531.PA

RVELAVG= 917,.8FP5S

*THETA

74,
84,
b,

104,

114,

126,

134,

144.

154,

164,

174,

184,

104,

204,

214,

224.

234,

244,

254,

264.

274,

284,

294

3%,

314,

324,

334,

344,

354,

4,
14.
244
34,
e
S4.
86,

SEG
NO

BBNOW I WA -

VEL

= 279.TMPS

Leblé®
0.417%
0.4177
Ves 178
V6179
O.4179
VeblT2
0.4180
0.4180
vek1T9
0eh1 T8
D.%175
LeblT4
0.4173
0.4168
veklél
0.4151
Cabl4l
G422
0.412%
0.4118
Jekllée
C.411)
{e4107
0.410%
0.4103
0.4102
0.4104
05106
044169
0.4114
0.6120
G430
Q.41460
0e4152
Oak161

hA 4

0.9968
0.9949
0,9939
0.99386
0.9935
0.9936
0.9938
0,993
0,9936
0.9932
0.9928
0.9921
0.991¢
C.9918
0.9924
G.993R
2.9958
0.9983
1.0008
1.0030
1.0045
1.0085
1.0063
1.0070
1.0076
1.0082
l.0088
1.0097
1.0098
1.0097
1.0080
1.0079
10065
1.0047
1.0022

TTAVG=1022.8DEG R = 568.20EC K
596.8FPS =181,9MPS

PSAVG= 45,08PSIA v 310786.PA
VELAVG=: T78.6FPS =237.3MPS
UE 949 .FPS. © 289,MPS

waL WEBL DF
-LBM/SEC  KG/SEG

0.0 0.0 0.292
0.0 0.0 0.292
0.0 0.0 0,292
0.0 a.0 0.292
0.0 0.0 0,292
00 0.0 0.291
0.0 0.0 0,291
0.0 0.0 04291
LT - de0 0.291
0.0 0.0 0.292
0.0 0.0 Ca293
0.0 0.0 0.293
6.0 0.0 0.294
0.0 0.0 D294
0.0 0.0 0294
0.0 Oel Le296
0.0 (24 0297
0.0 0.0 0.298
0.0 G.0 0,299
0.0 0.0 0,299
0.0 0.0 0.300
0.9 0.0 0.301
0.0 Vel Ge301
0.0 0.0 0.302
0.0 Gl 0.302
Gl Vel G302
Col Cel Q0.302
Sl a0 0.301
0.0 Cob 0.301
0.0 0.0 0.200
0.0 0.0 0.299
O.d [} 0.298
[2X] 0.0 Ue297
3 0.0 0295
0.0 0.0 0.294
G0 0.0 0.293

0.9995

PARTICLE SWIRL=15%5E.85D¢C

PS

10035
1.,0027
1.0024
1.0025
1.0024
1.0025
10024
1.0023
1,0012
1 .0005
1.0008
1.0000
049992
0.9980
0.9971
0.996¢
2.9960
) ¢ 9059
Te9964
0,997
0.9974
0.997%
0.9972
0.9973
0.9971
0.9969
0.997%
0.9991
09995
1.0008
1.0013
1.0023
1.0033
1.0062
1.0045
1.0044

PY

1.0053

™

Ge9960
€.9949
0.9939
6.9936
0.9935
6.9936
0.9938
0.9930
0.9936
0.9932
€.992¢
0.9921°
049918
0.9918
0,9924
0.9938
0.9950
0.9983
1.0008
1.0030
1.0045
1.0055
1.0063
1.00770
1.0076
1.0082
1.0088
1.0097
1.0098
1.0097
1.008°
1.0079
1.0065
1.0047
1.0022
0.9995

TTAVGE1D22.8DEG R = S6B.20EG K
AXVELAVG= 585.8FPS =178.6MPS

INCIDENCE ALPHA AXIAL

IN DEG

-4.75
-%.T7
—%,78
4,78
4,79
—o80
-4 .80
— .81
—4 .80
.79
.4
.72
.70
-4 .69
—4 .65
~% 58
—4452
4 .46
.42
%436
-4.32
~430
27
~4.23
—4.22
4,22
~%.22
-4.26
~4.28
~.31
~%.36
.61
~49
—4.57
~4.66
.71

IN DEG VEL

50.2 1.004
50.3 1.004
50.3 1.004
50.3 1.004
50.3 1.005
50.3 1.005
50.3 1.005
50.3 1.005
€3 1.005
50«3 1.005
50.2 1,004
50.2 1.003
50.2 1.003
50.2 1.003
50.2 1.002
50.1 1l.001
50U 1.000
50.0 0.999
49.9 0.998
49.9 0,997
49.8 0.996
49.8 0.995
498 0.995
49.7 0.994
49.7 0.99%
49,7 0,994
49.7 04994
©9.8 0.995
49.8 0u995
49.8 0.996
49.9 0.991
49,9 0.997
50.0 0.99¢
501 14001
$0.2 1.002
50.2 1.003

PSAVG= 4B434PSJA = 333285.P4
VELAVG= 635,1FPS =193,6MPS
U= 952.FPS = 290.MPS

wBL wEL OF
L8M/SEC KG/SEG

G0 G0 G246
G0 a0 CoZht
0.0 0.0 0.247
CaC 0.0 0247
(217 Lol Q248
Gel 0.0 be246
0.0 Ge0 De24é
0.0 Vb be246
0.0 0.0 0.246
0.0 0.0 0.267
Cel [ ] o248
L] Vel Ve249
0.0 0.0 44250
0.0 G.0 Le250
0.0 0.0 0.251
0.0 C.0 0a253
Ce0 0.6 Ve255
8.C el 0256
a0 ull 42257
Vel Vel 0.258
0.0 0.0 0.2%8
0.0 G.0 04259
Ced Vel ve259
Ceu Gen 0e280
0. 0.0 Ge260
0.0 0.0 0.260
0.0 0.0 0260
0.0 0.0 0.258
0.0 0.0 b.257
0.0 0.0 0.257
0.0 0.0 0.25%
0.0 0.0 0.2%54
0.0 0.0 C.251
6.0 0.0 0.249
Q.0 0.0 0.247
0.0 0.0 0.246

INCIDENCE BETA AXIAL
IN DEG VEL

DEG

=5.92
=593
~4.93
5494
“5.94
5495
5495
~5.96
~5.95
~5,94
~5.90
~5.88
~5.86
~5486
—5.83
~5.78
=5.73
-5.70
~5.67
~5.64
-5.61
=5.59
=557
=5.55
“Se54
~5.54
S.56
=5.57
=5.59
561
~5.6%
~5.68
~5.75
~5.80
=5.06
~5.90

39,8
39.8
9.8
39.8
39.8
39.8
39,9
39,9
39.8
3%.6
39.8
39.8
3%9.6
39,8
39.7
39.7
39.6
39,6
39.¢6
39,8
39.5
39.5
39.5
39.4
39.4
39.4
39.4
39.5%
3.5
39.%
39.5
39.6
39.6
9.7
39.8
39.8

1.004
1004
1.004
1.004
1.005
1.005
14005
1e005
1.005
1.00%
o004
1.003
1.003
leG02
1.002
1.000
0.999
0998
0997
U997
0.996
0.995
0.995
0994
0994
0.994
0,996
0,995
0,995
Ce996
0.997
0.998
0.999
1.001
12002
1.003



APPENDIX B (Cont’d)

STATOR FLOW SWIRL® 6&.,410£G PARTICLE SWIRL=162.%53DEG PSAVG= 52.31PSIA = 3606B4.PA
PTAVG= 60,.T2PSTA = 418639.PA TTAVG=1061.4DEG R = 589.6DEG K VELAVGE T29,6FPS £222.4MPS
RVELAVG= TT4,5FPS = 236.1MPS AXVELAVG= 5BO.TFPS =177.0MPS Us 954.FPS = 291 .MPS

THETA SEG VEL "N PS Py 1T WBL WEL OF INCIDENCE ALPHA AXIAL
NO LBM/SEC KG/SEG IN DEG 1IN DEG VEL

Tae 1 1.002 0.4715 1,0024 1.0034 0.9975 0.0 0.0 0.262 -5 .48 53.1 1.006
84, 2 1.002 044718 1.0019 1.0031 0,99%4 0.0 0.0 0.262 ~5.48 53.1 1.006
94, 3 1.001 04720 1.0018 1.0031 0.9942 0.0 0.0 0.262 “Sebhd 53.1 1.005
104, 4 1,001 D.4720 1.601B 1.9032 0.993¢ G.0 0.0 0.202 =5 a45 53.1 1.005
114, 5 1.001 0.4721 1.0017 1.C030 0.9925 0.0 0.0 0,262 —5.46 53.1 1005
124. ] 1.001 0.4720 1.0017 1.0030 0.9935 0.0 0.0 0.262 ~5.47 53.1 1.006
134, 7 1,001 0,4720 1.0016 1.0030 0,9936 0.0 0.0 0,262 =5.47 53.1 1.006
144, a 1,061 00,4720 1,0013 1.0027 0.9937 6.0 0.0 0.262 =5.49 53.1 1.006
184, 9 1,001 Q.4720 1.0005 140018 0.9935 Gev 0.0 G.262 =5.47 53.1 1.005
166, 10 1,000 0.,4720 1.0000 1.0013 0.9932 0.0 0.0 0,263 =5 o b $3¢0 1005
174. 11 1.001 0.4719 1.0008 1.0021 0.9930 0.0 00 0a264 ~5.37 $3.0 1.004
184, 12 1.001 0.4720 1.0002 1.00186 0.9924 0.0 G0 0.265 -5.33 $2.9 1.003
194, 13 1,000 044720 0.9996 1,001 0.9920 0.0 G0 0e265 =5429 52.9 1.002
204, 14 1.00U 0,4720 0.9984 0.9997 0.9919 Vel 0.0 0.266 -5.27 52.9 1.002
2l4. 15 1.000 0.471¢ 0.9976 0.9989 0.9923 0.0 0.0 0.267 ~5.20 52.8 1.001
2244 16 0e999 044710 Da9977 0.9984 0.9936 0.0 Ge0 0,269 -5.07 52.7 G999
234, 17 0.999 0.4704 0.9972 0.9975 0,9953 C.0 0.0 0.271 —4.99 52.6 0,998
244, 18 0,998 0.4697 0.9970 0.9969 0.9976 0.0 0.0 0.272 —4.93 52.5 0.996
254. 19 Ce99P  Leb69]1 049974 0.996E 1.0001 0.0 0.0 0,272 -4,89 52.5 0.996
2644 20 ©.998 0.4685 0.9983 0.9974 1.0025 0.0 0.0 €.273 ~b o B4 52.4 0.995
274, 21 62998 0,468]1 D.9986 0.9975 1.0041 G.0 C.C 0274 ~5.80 52.4 0.994
284, 22 0,958 0.4679 0.9984 0.9971 1.0053 Fe0 Qe 0,274 e T9 52.4 0.994
294, 23 0.998 0,4677 0.9982 0.9966 1.0061 0.0 G.0 0.275 -4.77 52.4 02994
304. 24 Ce998 0.4674 049985 0,9969 1.0069 0.0 0.0 0.276 —4.71 52.3 D0.993
314. 2% 0,998 0.4673 0,9981 C.9964 1.,0075 0.0 0.0 0.276 ~4.T1 $2.3 04993
324, 26 (o998 0.4673 0.9977 0.9960 1.0080 0.0 0.0 Ue275 472 52.3 €.993
334, 27 Co998 0.4671 0.9983 C£.9965 1.0087 0.0 0.0 0.275 .72 52.3 ©0.993
4. 28 0,999 Ca%6T2 D.9992 0.9975 1.0095 0.0 -0.0 Ge2T4 ~%.81 S2.4 0.994
354, 29 0,999 0.4672 0.9996 0.9978 1.0097 0.0 0.0 0.273 —~4.85 52.4 0.995
4e 30 0.999 (.48674 1.0007 0,9960 11,0097 0.0 0.0 0.272 ~4 .90 52.5 0.996
les 31 1,000 Co4677 1.0009 0.9995 1.0051 0.0 0.0 0.271 -4 .98 52.6 0.997
24, 22 14600 (o468} 1.0017 1.0006 1.0081 0.0 0.0 0269 ~5.05 52.7 (999
34, 33 16001 L466BF 1.0021 11,0014 1.0068 G0 0.0 Ca267 519 52.8 1.0¢1
44, 34 1.0€1  €.4694 1.002%9 1.6025 1.005) (1] 0.C 0o265 —5.30 52.9 1.003
S4e 39 1.002 0.4702 1.0029 1.0031 1.0028 0.0 0.0 0.263 5.kl 53.0 1.005
64, 3¢ 1,602 Ce4709 1.0031 1.0027 1.0002 G.0 0.0 0,262 5okt 53.1 1.005%

STAGF 1¢

ROTOP FLOW SWIRL= b6.730EG PARTICLE SWIRL=164,85DEG PSAVGE 54.25PSTA = 374048,.P4A
PIAVGE 6D.24PSTA © 415332.PA TTAVG=1(0£61.4DEG R = 589460EC K VELAVG= 613.4FPS =187.0MPS
RVFLAVC® 956.3FPS = 291.5MPS  AXVELAVG= 581.0FPS =1T7.1MPS Uz 956 .FP5S = 291.MPS

THFTA  SEG VEL MN PS (a4 1T wetL L1718 DF INCIDENCE BETA AXIAL

NO LtBM/SEC  KG/SEG IN DEG IN DEG VEL

17. 1 1,006 0,395 1.0020 1,0036 0,9975 0.0 0.0 0.271 —5043 37.6 1la036
a7, < 1.006 00,3960 1,0014 1.0032 0.9954 0.0 0.0 0.272 ~5.42 37.6 1.006
97, 3 1006 043961 1,004 1.0032 0.9942 Ouls 0.0 0.273 =5.41 37.6 1.006
127. 4 1.60¢ 0.3962 1.,0014 1.0032 0.993¢6 vel Vel 0.273 =5 o 40 37.6 1.008
117, 5 1.006 <€23963 1.0013 1.0C32 . 0,9935 0.0 0. 02273 ~5441 3T7T.6 1l.006
127. 3 1,006 043963 10012 1,8032 0.9935 0.0 Cel 0.273 ~5.42 37.6 1.006
137, 7 1.006 0.3963 1.0012 1.0032 0.9936 0.0 0.0 0.273 “5.42 37.6 1.006
147, & 1,006 0.3945 1.0009 11,0029 00,9937 0.0 0.0 0.273 =5.43 37.6 1.006
157, 9 14006 ©43963 1.0001 1.0020 ©.993% 0.0 9.0 0.273 =5.41 37.6 1.006
167. 10 1605 043962 0.9996 1.0015 0.99322 0.0 0.0 0.274 ~5440 37.6 1.005
177. 11 1004 043957 1.000& 11,0022 0.9930 0.0 U0 €276 5435 376 14004
187. 12 1.503 0.3955 1.0000 1.0016 GC.9924 o0 0.0 04276 =533 37.5 1.003
197. 13 1,003 0.3953 0,9995 1.0009 0.9920 0.0 0.0 0.277 -5.30 37.5 1.003
207, 14 1,002 0.3952 0.99B3 (€,9996 0,9919 0.0 0.0 0.278 -5.29 37.5 1.002
217. 1% 1,001 (e3946 0.9978 ©.9988 (.9422 0.0 0.0 0.280 -54.25 374 1001
227. 1¢ 0e999 C(o3934 0.9979 0.9983 0.9936 6.0 Vel 0.283 ~5.17 37.4 0.999
237. 17 L9997 0.3925 85,9974 0.9973 0.9953 el 0.0 0285 -5.12 37.3 0.997
247. 18 C.996 (3916 0.9973 C.9968 0.9976 Ce0 0.0 0.2806 -5.08 A743 0990
257. 19 0,996 0,3909 0.9977 0.9967 1.0001 0.0 0.0 0.287 ~5.06 37.3 ($.996
2¢7. 20 0,95 0.3900 0.99R7 0.9973 11,0025 0,0 0.0 0.288 -5.03 37.2 0.995%
2717. 21 ve994 043894 0.999G C.9973 1,00641 G0 8.0 D.288 ~5.00 37.2 0.994
287, 22 (o954 G281 0.9989 0,9970 1.0053 [N ] 0.0 0.288 ~4e99 3T7.2 0.994
297, 23 0992 0.2888 0.998¢ 0.9966 1.0061 [ 0.0 Ge28BB 4498 37.2 0.993
307, 24 0,992 0.38E3 0.99%0 0.9967 1.0069 0.0 dat D.289 ~4.95 37.1 0.992
317. 25 n.992 0,382 0.9986 N,9962 1.0075 0.0 0.0 0.269 —%.9% 37.1 0.992
327.  2¢ 0+993 Q.3B8E1 0.99B2 (.9953 11,0080 0.0 0.0 0,289 -4 9% 37.2 0.993
327, 27 0,993 0.3B80 0.9988 0.9963 1.0087 Ce® C.0 0.289 — 95 37.2 06993
347, 28 Ge994 D.3BB* D.999¢ 0.9974 1.009% 0.0 Qe 0.280 5401 372 04994
357, 29 Ue995 UWIBET DW9999 0.9978 1.0097 Geb [ 0.286 -503 372 0.995
7. 30 0.996 0.3E91 1.000° 0.9990 1.6097 0.0 [y 0.284 5407 3T.3 D996
17. 31 0.997 0,3898 1,0011 0.9995 1.06091 0.0 0.0 0.282 —S.l1 37.3 0.997
27. 32 $e998 €.3905 1.0018 1.0006 1.0081 (] C0 0.260 ~5.16 374 0.998
37. 33 1.001 0.3917 1.0020 1.,0015 1.006¢P c.0 2.0 0277 ~5elb 37.4 1.001
47. 34 1,603 Ge392F 1.002¢ 1.0027 1.0051 Cel 0.0 0.275 ~5.2° 37.5 1.002
57. 35 1.005 (e3941 1.0026 1.0033 1.0028 2.0 00 0.272 —5.38 37.6 1.005
67. 36 1.006 0.3950 1.0027 1.0039 1.0002 0.0 G.L 0.271 -5e41 37.6 1000
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APPENDIX B (Cont'd)

STATOR

ExIY

108

FLOW SWIRL= &66.72DEG

PTAVG= 6% .84PSIA =

RVELAVG= 794.9FPS = 242.3MPS

THETA

7.
B7.
97.
107.
117.
127.
137.
147,
157.
167.
177,
187,
197,
207,
217.
227.
237.
247.
257,
267,
277.
287,
297.
3G7.
317.
3z7.
337.
347,
357,
Te
17.
27.
7.
47.
57.
67,

FLOW SWIRLs 68.54DEG
PTAVG= 87.79PS1A = 46T364.PA
RVELAVG=

THETA

79.
a9,
99.
109,
119.
129.
139,
149,
159,
169,
179,
1e9.
199,
209,
219,
229.
239,
249,
2%9.
269,
279.
289,
299,
309.
319,
329.
339,
345,
359.
9.
19,
29.
3e,
4%,
59.
69.

5

0.0FPS =

s€6 VEL
NO

1 1.009
2 1.008
3 1.007
4 l.00¢
s l.007
6 1,007
7 1.007
8 1.007
9 1.006
1¢ 1.006
11 1004
12 le€:03
13 1.002
14 1.001
15 “e998
ke 0996
17 Ce 994
18 Ye993
19 0.993
20 0,992
21 0.992
22 ©e992
23 U992
24 N.991
25 0.991
26 Ge99]
27 fa992
28 ve994
29 10995
30 U.996
31 0.998
32 1.600
23 1o204
34 la00¢
3« 1.508
38 1.009

(19 VEL

1 1.003
2 1.002
3 1.002
4 1.001
5 1.002
& 1.001
7 1.001
8 1.002
9 lebG1
[} 1.001
1 1.001
2 1.001
3 1,000
le000
0.999
0.998
Ue998
G.998
G.998
C.998
G.998
0.998
U.998
Ce998
Ge99%R
0.998
0.998
0999
Ce990
Le999
1.C00
1.001
1.002
1.002
1.403
1.003

MN PS

0.452¢ 1.0008
Cab529 1.000¢
(24529 1.0009
0.4530 1.000%
0.453]1 1.0005
044531 1.0005
04531 1.0005
044531 1.0000
0e4530 0.9997
0.4530 0,9993
0.4527 1.0009
Ve4529 1.0003
Ceb528 00,9999
Ce4528 0.9987
0.4%24 0.9987
0.,4516 0.9996
0.4511 0.9990
Ge4504 0.9988
0+4499 0,9989
0+4493 1.0000
0.4490 1.0002
0.4488 0.9998
Ueb4B6 0.9996
0.4482 1.0003
Ce4483 049995
Geb4 82 049990
0.4481 0.9995
D.44B4 0.9994
Le44B2 0,999
04485 1.0006
Ce4&89 1.0003
V4493 1,0009
0.4502 1.0003
0.4508 1.0008
Ve4516 1.0005
0e452]1 1.0010

PT

1.001¢
l.0018
1.0021
1.60622
1.0019
l1.0019
1.C018
1.0013
1.0009
1.0006
1.0020
1.001%
1.06011
0.9999
0.999¢
1.0000
0.9991
0.9985
0.9983
L9990
0.9990
0.9985
0.9982
0.9987
G.2979
0499103
0.997¢
0.,9978
0.9982
0.9991
0.9991
C.9999
0.9998
1.0006
10009
1.0017

PARTICLE SWIRL=169.200EC
453929,.P4 TYAVG=1099,.70FG R = 611.0U0EG K
AXVELAVG= 520,4FPS =1T6.9MPS

PARTICLE SWIRL=171,020E6G

GoOMPS  AXVELAVGE

LU PS

0.3552 1.0000
0.3553 1.0000
0.3551 1.0006
Ga3551 1,0008
03552 1.0004
0e3552 14,0004
0.3552 1.0003
0.3554 0.9997
(13551 0.,9995
143550 0.9992
0.3543 1.00)1
0.3561 1.0006
G.3538 1.0004
0,3536 0,9993
€e3528 0.9995
03514 1.0060¢
0.3506 1.0001
643498 0.9998
0.3492 0.9997
043485 1,0007
023461 1.0008
023480 1.0002
543478 1.0000
Ge3472 1.0007
0.3472 0.9998
043473 0,9992
Ce3472 00,9997
043480 0.9993
0.3483 0.9995
0.3487 1,0002
0.3496 0.9997
343503 1.00062
©a3512 0.9992
223529 5.999¢
Ve3542 5.9992
0.3548 0.9999

PT

1.0016
1.0018
1.0022
1.0024
1.0021
1.0021
1.0020
1.0015
1.0012
1.0008
1.0023
1.0018
1.0014
1.0002
1.0000
12005
0.9996
0.9969
0.9986
0.9992
C.9991
0.9985
¢.9981
Ge9986
0.9977
0.9971
0.9976
0.9975
0.9979
0.998¢
0.9987
C.099%
Oa.9903
1.0002
1.0004
1.0014

TTAVG=1099.7DEG R =

PSAVG= 57.40PSIA = 395734,Pa
VELAVE: T13.2FPS =217,4MPS
Us 958,.FPS = 292.mpPS

INCIDENCE ALPHA AXIAL

IN DEG

~12.06
=12.03
~11.97
=11.9%
~1%.96
-11.97
=11.97
=12.00
=11.9%
-1l.92
-11.81
-11.78
=11.72
=11.69
~11.57
~11.38
~-11.28
=-11.20
-llel7
=11.11
~11.09
=11.09
-11.07
-11.0t
=11.02
=1l.0%
~11.04
-1l.18
-11.23
-11,31
~11l.43
=11.53
~-i1.73
-11.87
=-12.02
-12,06

IN DEG VEL
$5.0 1,008
54+9 1,007
54.9 1,007
54.8 1,006
54.9 1.006
54.9 1.006
56449 14006
54.9 1.007
5448  1.006
5448 1.006
54.7 1.004
5447 1.003
54.6 1,002
5406 1.002
5425 1.000
54.3 0.997
546.2 0.995
S4el 0,994
S54e1 0.994
5440 0,993
54.0 ©.992
54.0 0.993
564.0 0,992
$3.9 0.991
53.9 0.991
53.9 0,992
53.9 0,992
S4.1 0.99%
54.1 0.99%
5.2 0.996
54.3 0.998
54.4 0.999
54.6 1.003
54.8 1.005%
54,9 1.007
55.0 1.008

PSAVG= 62.32PSIA = 429675.PA
VELAVGE 560.3FPS c170.8MPS
U= 958.FPS = 292.mpS

T WAL NBL DF
LBM/SEC  KG/SEG
0.9982 U0 Vel L.329
049960 0.0 C.0 0.329
0.9945 0.0 [7PY1] 0.33¢
0.9937 0.0 Oel 0.331
0.9934 ° 0.0 0.0 0.331
0.9933 0.0 0.0 0.331
0.9934 0.0 Ga0 0,331
0.9934 0.0 Oau 0.330
0.9934 CeD 0.0 0.33)
0.9932 0.0 U0 Ca331
0.9933 0.0 0.0 0.333
0e9927 0.0 0.0 0.333
0.9923 Ga0 Vel G2234
0.9920 deb Ge0 04335
G.9924 G Dol 04336
0.9935% 0.0 0.0 0.339
0.9950 .0 0.0 0341
C.?971 0.0 0.0 Oa341
0.9995 0.0 0.0 0.342
1.0019 D40 0.0 0342
1.0038 0.0 Gel0 02343
1.0050 0.0 0.0 0.342
1.0060 0.0 G.0 0e343
1.6069 0.0 0.0 0.344
1.0074 0.0 0.0 0e343
1.0080 0.0 Vel 0e343
1.0087 0.0 0.6 0.343
1.0092 0.0 0.0 0.341
1.0096 0.0 0.0 0.340
1.0097 0.0 6.0 0.339
1.0091 0.0 0.0 0.337
1.6083 0.¢ 0.0 04336
1.006% 0.0 0.0 0.333
1.0054 0.0 0.0 0.331
1.0032 0.0 0.0 C.329
1.0008 0.0 0.0 0.329
611.0D€EG Kk
0.0FPS = 0,0MPS
LAl WBL WBL DF
LBM/SFC KG/SEC
9.9982 0,0 0.0 0.0
0.9960 0.0 0.0 0.0
0.9945% 0.0 0.0 0.0
0.9937 C.0 0.0 0.0
0.9934 0.0 0.0 Ol
049933 0.0 0.0 Vel
£.9934 0.0 G 0.0
0.9934 0.0 0.0 0.0
09934 0.0 VeG 040
0.9932 V.0 [2]] 0.0
0.9933 Ge0 Cels 0.0
0.9927 00 Va0 Oev
0.9923 0.0 Q.U 0.0
0.9920 c.0 0.0 0.0
0.9924 0.0 U.0 [2%]
0.9935 0.0 0.0 C.0
0.9950 0e0 Gel 0.0
0.9971 De0 Ge0 de0
0.9995 0.0 G.0 0.0
1.0019 0.0 0.0 0.0
1.0028 0.0 0.0 0.0
1.0050 0.0 0.0 Gol
1.0060 00 Ge0 0.0
1.0069 0.0 Gal 0.0
1.0074 0.0 0.0 0.0
1.0080 0.0 0.0 0.0
1.0087 0ed 0.0 0.0
1.0092 0.0 0ol ¢.0
1.0096 G.0 Uet 0.0
1.00%7 0.0 Cats 0.0
le.Ono} 0.0 0.0 0.0
1+4083 Cel 0.0 0.0
1,0069 0.0 G0 G.0
1.0054 Ool 0.0 Gel
1.0032 Gl Vel val
1.0008 a.0 a.0 0.0

INCIDENCE AXIAL
IN DEG IN DEG VEL
0.0 0.0 040
0.0 G.0 0.0
0.0 0.0 0.0
Q.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 ©.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 €.0 0.0
0.0 0.0 0.0
0.0 8.0 0.0
Vel Ge0 0.0
0.0 0.0 0.0
c.0 0.0 0.0
Ca0 ©.0 0.0
0.0 0.0 G.0
6.0 0.0 0.0
0.0 0.0 Gol
0.0 0.0 0.0
G.0 0.0 0.0
0.0 Vel 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
G.0 0.0 0.0
0.0 0.0 0.0
Gel 0.0 0.0
[T 0.0 0.0
0.0 0.0 0.0
O.C 0.C C.0
vali L0 0.0
0.0 V.0 0.0
9.0 0.0 0.0
0.0 0.0 0.0

REL
VEL

1.008
1.007
1.007
1.00¢
1.006
1.006
1.006
1.007
1,006
1.00¢
1.004
1.003
1.002
1.002
1.000
0.997
0.995
0.994
0.994
0.993
0.992
0.993
0.992
0,991
0.991
G.992
04992
0,994
0,995
0,996
0.998
0.999
1.003
1.00%
1.007
1.008

REL
VEL

Ge0

O.0
[ 1]
0.0

U0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.6
0.0
J.0
0.0



APPENDIX B {Cont'd)

WCORR=21T.3LBM/SEC= 98.6KG/SEC

THETH=180.0EG

FAN 0D OUTPUY - -

MICORR= 8644.RPN

BYPASS RATIO=1.253

FAN OO0 PERFORMANCE 2.6F/2

—~== ROW OUTPUT ~—=-
16V FLOW SWIRL= 0,0 DEG PARTICLE SWIRL= 0.0
PTAVG= T.28PSIA = 50197.PA TTAVG= 332,.6DEG
RVELAVG=1311.2FPS = 399.7MPS AXVELAVG: 4BB.TFPS =149.0MPS
THETA SEG VEL MN PS (44 hA )
no
10. 1 00993 0.4404 1.0457 1.0439 1.0000
20. 2 0.994 0.4409 1.,045¢ 1.0439 1.0000
30. 3 0.996 0.4415 1.0451 1.0439 1.0000
40. 4 0.998 D.4423 1.0445 1.0439 1.0000
50. 5 1,000 0.4436 1.,0438 1.0439 1.0000
60. 6 1.005 0.4455 1.0419 1.0432 1.0000
70. 7 1,012 0.4490 1.0380 1.0414 1.0000
80. 8 1,026 04554 1,0283 11,0354 1.0000
90. 9 1.035 0.4596 0.9878 0.9972 1.0000
100. 10 1,026 0.4547 0.,9590 0.9652 1.0000
110. 11 1.011 0.4485 0.9579 0.9608 1.0000
120, 12 1004 0,4451 0.9571 0.9581 1.0000
1306, 13 0.999 044428 0.9577 0.9574 1.0000
140. 14 0.995 0.4413 0.9579 0.9567 1.0000
150. 15 0.993 0.4401 0.9578 0.9560 1.0000
160, 16 0.991 0.4393 0.9583 0.9560 1.0000
170. 17 0.990 0.4387 0.9586 0.9360 1.0000
180. 18 0.989 0.4384 0.9588 0.9560 1.0000
190. 19 0,989 0.4382 0.9589 0.9560 1.0000
200. 20 0.985 0.4383 0.9589 0.9560 1.0000
210, 21 0.989 0.4386 0.9587 0.9560 1.0000
220. 22 0,993 0.4392 0.9584 0.9560 1.0000
230, 23 0.993 0.4403 0.9580 0.9563 1.0000
240. 24 0.997 0.4421 0.9588 0.9581 1.0000
250. 25 1.003 0.4450 0.9625 0.9631 1.0000
260. 26 12012 0.4489 0.9716 0.9745 1.0000
270, 27 1.017 0.4514 0.9927 0.9972 1.0000
280. 28 1.012 0.4489 1.0239 1.0270 1.0000
290. 29 1,003 O.4446 1.0366 1.0370 1.0000
300. 30 Q.997 0.4420 1.0423 1.0414 1.0000
310. 31 0.994 0.4406 1.0450 1.0432 1,0000
320, 32 0.992 0.4399 1.0460 1.0439 11,0000
330. 33 0.992 0.4397 1.0462 1.0439 1.0000
340, 34 0992 0.4397 1.0482 1.0439 1,0000
350, 35 0.992 0.4398 1.0461 1.043%2 1.0000
360, 36 0.993 C.4401 1.0459 1.0439 1.0000
STAGE 1
ROTOR FLOW SWIRt= 3,290D€G PARTICLE SWIRL= 3,2
PTAVGEe  7,21PSIA =
RVELAVG=1180.2FPS = 359,7MPS AXVELAVG® 507.9FPS =154.BMPS
THETA  SEG VEL MN PS PY w
NC
13. 1 1.002 0.480)1 1.0436 1.0444 1.0000
23, 2 1.003 0.4803 1.0435 11,0444 1,0000
33, 3 1.003 0.4805 1.0433 1.0444 1.0000
43, - 1.003 0.4806 1.0432 11,0443 1.0000
53. 5 1.004 0.4307 1.0430 1.0442 1.0000
63, 6 ,1.004 0,4808 1.0421 1.0433 1.0000
3. T 1,004 0.4809 1.0399 11,0412 1,0000
83. 8 1.006 0.4811 1.0333 1.0347 1.0000
93. 9 1.006 0.4819 0.9944 0.99¢3 1.0000
103. 10 1.007 0.4822 0.9629 0.9649 1,0000
113, 11 1.005 0.4816 0.9591 0.9608 1.,0000
123, 12 1.004 0.4810 0.9570 0.9582 1.0000
133. 13 1,003 0.4806 0.9568 0.9576 1.0800
163. 14 1.002 D.4758 0.9565 0.9570 1.0000
153, 15 14001 0.4793 0.9561 00,9563 1.0000
163, 16 1,000 0.4788 0.9564 0.95463 1.0000
173. 17 0.999 0.4784 0.9566 0.9563 1.0000
183, 18 0.998 0.4780 0.9568 0.9562 1.0000
193, 19 0.998 0.4T78 0.9569 0.9562 1.0000
203. 20 04997 0.4775 0.9570 0.9562 1.0000
213. 2} 0.997 0.4773 0.9571 0.9561 1.0000
223, 22 0.997 0.4772 0.9571 0.9560 1.0000
233,: 23 0996 0.4771 0.9573 0.9562 1.0000
243, 24 0.996 0.4769 0.9590 0.9578 1.0000
2%3. 25 0.996 0.4768 0.9642 0.9628 1.0000
263, 26 0,995 04765 0.9753 0.9738 1.0000
273. 27 0.994 0.4761 0.9978 0.9960 1.0000
2083. 28 0.994 0.4758 1.0281 1.0260 1.0000
293, 29 0.995 0.4763 1.0384 1.0366 1.0000
303, 30 0.996 0.4769 1.0425 11,0411 1.0000
313. 31 0.997 0.4775 1.0441 1.0432 1.0000
323. 32 0.998 044781 1.0446 1.0440 1.0000
333, 0.999 O0.4TB7 1.0444 1.0442 1.0000
343. 3% 1.000 0.4791 1.0441 1.0442 1.0000
353. 35 1.001 0.479%5 1.0439 1.0443 1.0000
3. 3 1.002 0.4798 1.0438 11,0444 1.0000

CORR FLOW

120.83 LBM/SEC

54.81 KG/SEC

N2CORR*10216.RPN

N2/M1{MECH)=1.309

RAX—MIN/AVG=0.132

PRESS RATID

1.750

DEG

weL wetL DF  INCIDENCE ALPHA AXIAL
LBM/SEC KG/SEG IN DEG IN DEG VEL
0.0 0.0 =259 4,49 88.9 1.001
0.0 0.0 —e248 3.52 87.9 1.001
0.0 0.0 —e236 2448 86.9 1.002
0.0 0.0 223 1.32 85.7 1.002.
0.0 0.0 —e205 -0.05 84.3 1.003
0.0 0.0 -.}82 «1.76 82.6 1.004
0.0 0.0 ~¢151 -3.99 80.4 1.005
0.0 0.0 ~103 ~T.10 T7.3 1.008
0.0 0.0 ~e079 ~8.53 75.9 1.011
0.0 0.0 -a115% -6.32 78.1 1.010
0.0 0.0 -.161 =3.31 61,1 1.006
0.0 0.0 ~.189 ~1.24 83.2 1.004
0.0 0.0 -e211 0.39 84.8 1.002
0.0 0.0 ~e227 1.69 86,1 1.001
6.0 0.0 —e24} 2.85 87.2 0.999
0.0 0.0 ~a253 3.91 868.3 0.998
0.0 0.0 —a263 4.88 09.3 0.997
0.0 0.0 -e273 5.80 90.2 0.997
0.0 0.0 —e282 6.72 91.1 0.998
0.0 0.6 ~e292 T.68 92.1 0.998
0.0 0.0 -«301 8.71 93.1 0.995
0.0 6.0 ~e311 9.89 %4.3 0,995
0.0 0.0 -.323 11.33 95.7 0.99¢6
0.0 0.0 —335 13.10 97.5 0.99¢
0.0 0.0 -a348 15.148 $9.6 0,997
6.0 0.0 ~e359 17.35 101.7 0.998
0.0 a.0 —e365 18.68 103.1 0,999
0.0 0.0 —e361 17.68 102.1 0.997
0.0 0.0 ~e348 15.22 99.6 0.996
0.0 6.0 —e335 13.05 97.5 0.9%6
0.0 0.0 -+322 11.25 95.6 0.996
0.0 0.0 —310 9.75 4.1 0.997
0.0 0.0 ~e299 B.4Y  92.9 0.998
0.0 0.0 ~.209 Te39 91.8 0.999
0.0 0.0 -e279 6.39 90.8 1.000
0.0 0.0 ~e269 Sebt 89.8 1.000
9DEG PSAVE= 6.16PSIA = 42486.PA

EFFICIENCY

0.763

PSAVG=  6.36PSTA = 43859.PA

R = 295.9DEG X VELAVGE 492.4FPS =150.1MPS

Uc1217.FPS = 371.MPS

49714.PA TYAVGe 532,.6DEGC R = 295.90€G K VELAVG= 530.1FPS =161.6MPS

wBL weL DF INCIDENCE BETA AXKIAL
LBM/SEC KG/SEG IN DEG IN DEG VEL
0.0 0.0 0.234 4,45 25.6 1.002
0.0 0.0 D234 4o hh 25.6 1.003
0.0 0.0 0.234 4.43 25.6 1.003
0.0 0.0 0.234 442 25.4 1.003
0.0 0.0 0.234 A.h2 25,6 1.004
0.0 0.0 0.234 4.41 25.6 1.004
0.0 0.0 0234 4.41 256 1.004
0.0 0.0 0.234 4.40  25.6 1.004
0.0 0.0 0e234 430 25.6 1.006
0.0 0.0 0.235 4434 25«7 1.007
0.0 0.0 0.237 4437 25.6 1.005
0.0 0.0 0.240 4.40 25.6 1,004
0.0 0.0 0,242 Soddh 25.6 1.003
0.0 0.0 0.244 A.87 25.5 1.002
0.0 0.0 0245 4089 25.5 1.001
0.0 0.0 C.240 4.52 25.5 1.000
0.0 0.0 0.247 4054 25.5 0.999
0.0 0.0 0.248 4.5% 25.4 0.998
0.0 0.0 0.248 4457 25.4 0.998
0.0 0.0 0.249 4.58 25.4 0.9%7
0.0 0.0 0.249 4.59 25.4 0.997
0.0 0.0 0.249 4460 25.4 0.997
0.0 0.0 Q.249 4.60 25.4 0.99
0.0 0.0 0.249 4.61 25.4 0,998
0.0 0.0 0.249 4,62 25.4 0,996
0.0 0.0 0.249 8463 25.4 0.995
0.0 0.0 0.249 4065 25.3 04994
0.0 0.0 0,247 4,67 25.3 0,994
0.0 0.0 0.245 hobh 25.4 0.995
0.0 0.0 0.242 4,61 25.4 0.996
0.0 0.0 0.240 4,58 25.4 $.997
0.0 0.0 0.238 4.55 25.4 0.998
0.0 0.0 0,237 4452 25.% 0,999
0.0 0.0 0.236 4.50 25.5 1.000
0.0 0.0 0.235 4,48 25.5 1.001
0.0 6.0 0.235 LY 2 25.5 1,002

Uz1217.FPS = 3T71.NPS

REL
VEL

1.000
1.000

1,000
1+000
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APPENDIX B (Cont’'d)

STATOR FLOW SWIRL= 1.74DEG PARYTICLE SWIRL= 11.48DEG T PSAVGx  T.89PSIA = 54406.PA
PTAVG=  9.3T7PSIA = 664597.PA TTAVG= 587.60EC R = 326.5DEG K VELAVEs 581 ,5FPS w177.2KPS
RVELAVG= 991 ,8FPS = 302,3MPS AXVELAVG: 490.L1FPS =149.4MPS Ucl175,FPS « 358.MPS
THETA SEG VEL "~ Ps PT bad waL WBL DF  INCYDENCE ALPHA AXIAL  REL
NO . LBN/SEC KG/SEG . IN OEG IN DEC VEL VEL
12. 1 1.002 0.5027 1.0384 1.0393 0.9985 0.0 0.0 0,187 -11.62 58.0 1.006 1.006
22, 2 1.001 0.5025 1.0383 11,0391 0.9983 0.0 0.0 80186 -1lle.64 58,0 1,006 1,006
32. 3 1.001 0.5023 1.0382 1.0389 0.9982 0.0 0.0 0.186 -11,86 58.1 1.006 1.006
42. 4 "1.001 0,5022 1.0382 1.0387 0.9981 0.0 0.0 0.185 <11.67 58.1 1.006 1.006
52. 5 1.0600 0.5021 1.0300 1.0385 0.9980 0,0 0.0 0,185 -11.68 58.1 1.006 1.006
624 L] 1.000 0.5020 1.0370 1.0374 0.9977 0.0 0.0 0.185 -11,.68 58.1 1.007 1.007
72, 7 1.000 0.5020 1.0346 1.0350 0.9973 0.0 0.0 0.185 -11,68 58.1 1.00Y 1.007
82. ] 04999 045020 1.0272 1.0276 0.9960 0.0 0.0 0.185 ~11.88 58.1 1.006 1,006
92. 9 0.996 0.5028 0.9811 0.9820 0.9867 0.0 0.0 0.186 -11.64 58.0 1.006 1.006
102. 10 0.994 0.5015 0.9331 0.9532 G.9803 0.0 9.0 0,188 <-11.56 8.0 1.005 '1.005
112, 11 0.994 0.4993 0.9584 0.9570 0.9966 0.0 0.0 0.191 -11.38 57.8 1,003 1.003
122, 12 0:994 0,4988 0.9584 0.9568 0.9978 0.0 0.0 0.196 +11.15 57.5 1.001 1,001
132. 13 0994 0.4987 0.9599 0.9582 0.9990 0.0 0.0 04200 ~10.97 574 0.999 0.999
142, 14 0,995 0.4988 0.9604 0.9567 0.9995 0.0 0.0 0.203 ~-10.82 57«2 0.998 0.998
152. 15  0.995 0.4990 0,9806 0,9590 1,0000 0.0 0.0 0.205 ~10.71 371 0.997 0,997
162, 16 0,996 0.4992 0.9613 0.9599 1,0006 0.0 0.0 0.207 ~10.63 57.0 0.996 0.99¢6
1720 17 0,997 0.4995 0.9617 0.9604 1.0010 0.0 0.0 0.208 -10.56 57.0 0.995 0.995
182, 18 0,997 0.4997 0.9619 0.9608 1.0012 0.0 0.0 0,210 ~10.5} 5649 0.99&% 0.994
192, 19 0,998 0.4999 0.9621 0.9611 1.0015 0.0 0.0 04210 ~10.47 56.9 0.994 0.994
202, 20 0.99¢ D0.5001 0.9622 0.9613 11,0017 0.0 0.0 0.211 ~10.44 56.8 0.994 0.994
212, 21 0.999 0.5003 0.9622 0.9615 1.,0018 0.0 0.0 0.211 -10.42 56.8 0.99% 0.994
222. 22 0.999 0.5005 0.9622 0.9616 1.0019 0.0 - 0.0 0.212 ~10.40 56.8 .0.993 0,993
232. 23 1.000 0.5006 0.9624 0.9619 11,0021 0.0 0.0 0.212 -10439 56.8 0.993 0.993
242, 24 1.000 0.5006 0.9644 0.9639 1.0026 0.0 0.0 0.212 -10.38 56.8 0.993 0.993
252, 25 14000 0,5007 0.9704 0.9698 1.0038 0.0 0.0 0,212 -1l0.38 56.8 0.993 0,993
262. 26 1.002 0.5007 0.9827 0.9822 1.,00% 0.0 0.0 0.212 ~10.40 56.8 0.993 0,993
272. 27 1.003 0.5008 1.0074 1.0070 1.0091 0.0 0.0 0.211 ~10.45 56,9 0.994 0,994
282. 28 1,006 0.5015 1.0360 1.0380 1.01%} 0.0 0.0 0,208 =10.58 57.0 0.995 0.995
292, 29 1,006 0.5033 1.0409 1.0421 1.0050 0.0 0.0 0,205 -10.75 572 0.997 G.997
302. 30 12006 0,504 1.0414 1.0431 1.,0027 0.0 0.0 0,200 ~10.97 57.4 0,999 0.999
312. 31 1.006 0.5041 1.0410 1.0429 1.0013 0.0 0.0 0.196 -11.15% 57.6 1.000 1.001
322, 32 1,005 0.5040 1,0403 1.,0422 1.0006 0.0 0.0 0.193 -11.29 57.7 1.003 1.003
332, 33 1.005 0.5038 1.0394 1.,0411 0.9997 0.0 0.0 0.191 ~11.40 57,8 1.004 1.004
342, 34 1.004 0.5035 1.0390 1.0404 0.9993 0,0 0.0 0,189 ~11.40 57«9 1.004 1,004
352. 35 1.003 0.5032 1.0387 1.0399 0.9990 0.0 0.0 Galsg ~11.54 57.9 1.005 1.005
2. 36 1.002 0.5030 1.0385 1.0396 0.9987 0.0 0.0 0187 ~11.59 58,0 1.006 1.006
STAGE 2
ROTOR FLOW SWIRL= 6.06DEG PARTICLE SWIRL= 15.B20EG PSAVG=  B.16PSIA = 56249.PA
PTAVGE  9,45PSIA = 65160.PA TTAVG: 587.4DE6 R = 326,5DEC X VELAVGE $39.1FPS =164.3MPS
RVELAVG=1107.1FPS = 337.4MPS AXVELAVG= 512.2FPS =156, 1MPS U=1150.FPS = 350.MPS
THETA SEG VEL MN (41 rT T wey wBL OF INCIDENCE BETA AXIAL REL
- LBM/SEC KG/SEG IN DEG IN DEG VEL VEL
16, 1 1007 0.4667 1.0374 1.039 0.9985 0.0 0.0 O.l88 0.26 © 27.7 1.007 1.001
26. 2 1.007 0.4669 1.0372 1.0396 0,9983 0.0 0.0 0.168 0.25 27,7 1.007 1.001
36. 3 1.007 0.4670 1.0371 1.0395 0.9982 0.0 0.0 C.168 Q.26 27.8 1,007 1.001
45, 4 1.007 0.467)1 1.0370 1.0395 0.9981 0.0 0.0 0.148 0.24 27.8 1.007 1.001
56. 5 1.007 0.4672 1.0368 1.0394 0.9980 0.0 0.0 Q.168 0.24 27.8 1.007 1.001
66, 3 1.007 0.4673 1.0357 1.0384 0.9977 0.0 0.0 0.168 0.24 27.8 1.007 1.001
76, 7 1.007 0.4674 1.0333 11,0360 0.9973 0.0 0.0 0.169 0,24 27.8 1.007 1.001
86. L] 1.007 0.4677 1,0259 1.0287 0.9960 0.0 0.0 0.170 0.24 27.8 1.007 1.001
96, 9 1007 0.4697 0.9797 0.9837 0.9867 0.0 0.0 0177 0.2% 27.8 1.007 1,00}
106, 10 1006 0.4689 0.9519 0.9553 0.9883 0.0 0.0 0.185 0e20 27«7 1.006 1.000
116. 11 1,004 0.4658 0,9575 0.9590 0.9966 0.0 0.0 0.180 0.33 27.7 1.094 1.000
126. 12 1,001 0.4643 0.9579 0.9586 0.9978 Q.0 0.0 0.190 0.4l 27.6 1.001 1.000
136, 13 0.999 0.4630 0.9598 0.9596 0.9990 0.0 0.0 0.192 O.46 27.5 0.999 1.000
146. 14 0.997 0.4620 0.9606 0.9599 0.9995 0.0 0.0 0.193 0.51 27.5 0.997 1.000
156. 15 0996  0.4613 0.9610 0.9598 1.0000 0.0 0.0 0.194 0.55  27.5 0.996 1.000
166, 16 0.993  0.4607 0.9619 0.9404 1.0006 0.0 0.0 0,195 0.57 27.4 0.995 1.000
176, 17 0:.994 0,4602 0.9625 0.9606 1.0010 0.0 0.0 0.195 059  27.4 0.994 1.000
186, 18 0.994  0.4599 0.9628 0.9608 11,0012 0,0 0.0 0.196 0.61 27.4 0.994 1.000
196, 19 04993 0.4396 0,9631 0.9609 1.0015 0.0 0.0 0.196 D.62 274 0.993 0.999
206, 20 04993 0.4594 0.9632 0,960% 1.,0017 0.0 0.0 0.196 0.63 27.4 0.993 0.999
216, 21 0.993  0.4592 0.9634 0.9609 1.0018 0.0 0.0 0.297 064 27,4 0.993 0.999
226. 22 0.992 0.4591 0.9634 0.9609 1.0019 0.0 0.0 0.197 065 27.4 0.992 0.999
236, 23 04992 0.4590 0.9637 0,9611 11,0021 0.0 0.0 0.197 0.65 273 0.992 0.999
2664 24 0.992 0.4588 0.9657 0.9630 1.0026 0.0 0.0 0.197 0.65 27.3 0.992 0.999
256, 25 0.992 0.458% 0.9717 0.9688 1,.0038 0.0 0.0 0.198 0e65  27.3 0.992 0.999
266. 26 0.992 0.4582 0.9840 0.9809 1.0055 0.0 0.0 0,193 0. 65 27.4 0.992 0.999
276. 27 0.993 0.4577 1.0008 11,0053 1.009) 0.0 0.0 0.188 0.63 274 0.993 0,999
286, 28 0,995 0.4579 1.0393 1.0359 1.0111 0.0 0.0 0.180 0.59  27.4 0.995 1.000
296, 29 0997 0.4603 1.0418 1.039% 1,0050 0.0 0.0 0.175 0.53  27.5 0.997 1.000
306. 30 0.999 0.4621 1.0419 11,0412 1,0027 0.0 0.0 0.173 0.47  27.5 0.999 1.000
3l6. 31 1.001 0.4634 1,0412 1.0413 1.0013 0.0 0.0 0.171 0.41 27.6 1.00L 1.000
326. 232 12003 0.4644 1,0402 1.0409 1.0004 0.0 0.0 0.170 0.36 27.6 1.003 1.000
336, 33 1.004 0.4652 1.0390 1.0403 0.9997 0.0 0.0 0.169 0.33 277 1.004 1,000
346, 34 1,005 0.4658 1.0383 1.0400 0.9993 0.0 ‘0.0 0,169 0.20 27.7 1.005 1.000
356. 35 1.006 0,4662 1.0379 1.0398 0.9990 0.0 0.0 0.169 0.28 27.7 1.006 1,000
6. 36 1.006 0.4665 1.0376 1.0397 0.9987 0.0 0.0 0.168 0.27 2T.7 1.006 1.000
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APPENDIX B (Cont'd)

STATOR

SYAGE - 3
ROTOR

FLOW SWIRL=
RVELAYG= 972.7FPS = 296.5MPS

THETA  SEG
NO
14. 1
24, 2
34, 3
., 4
sS4, S
64 b
T4, 7T
86. 8
9%. 9
104, 10
114. 11
124, 12
134. 13
164, 14
154. 15
164, 16
174. 17
1844 18
194, 19
204. 20
214. 21
224, 22
234, 22
264 24
254, 25
206, 26
274, 27
284, 28
294, 29
304. 30
3le. 31
324, 32
334, 33
344, 34
354, 35
ha 36
FLOW SWIRLe

RVELAVGE1144,1FPS = 348.TMPS

THETA SEG
NO

18, 1
28, 2
%, 2
48, &
sa, S
8. 6
7. 7
86, B
98. 9
108, 10
118. 11
128. 12
138, 13
148. 14
158. 15
168, 16
178, 17
188. 18
198. 19
208. 20
218. 21
228, 22
238, 22
248. 24
258, 25
268. 26
278, 27
288, 28
298, 29
308. 30
318, 31
328, 32
338, 33
348. 34
3856, 35
8. 3¢

4.19DEG
PYAVG= 11.38PSIA =

VEL

1.003
1.002
1.002

78485,

MN

0.4716
0.4713
0.4712
0.4712
0.46712
0.4711
0.4712
0.4712
0.4724
0.4703
0.4672
0.4869
0.4672
0.4676
0.4480
0.4683
0.4685
0.45687
0.4688
D.4690
0.4690
0.4691
0.4891
0.4891
0.4490
0.4591
0.4692
0.4701
04725
0.4732
0.4731
0.4727
0.4723
0.4720
0.4717
0.4715

T+58DEC
PTAVG® 11.11PSIA =

VEL

MN

PARTICLE SWIRL= 20.57D€G.
PA  TTAVG= 626.1DEG R = 34T.HDEG X

PS

0,9807
0.9546
0.9623
0.9681
0.9677
0.9682
0,9681
0.9686
0.9689
0.9690
0.9691
0.9890
0.9691
0.9690
049691
0.9709
0.9763
0.9872
1.0089
1.0354
1.0365
1.0336
1.0327
1.0323
1.0317
1.0316
1.0315
1.0316

rY

1.0326
1.0324
1.0325
1.0324
1.0323
1.0315
1.0293
1.0227
0.9821
0.9547
0.9605
0.9641
0.9658
0.9664
0,9667
0.9674
0.9678
0.,9681
0.9682
0.9583
0.9604
0.9683
0.9685
0.9702
0.9756
0.9865
1.0083
1.0353
1.0380
1.0357
1.0346
1.033¢
1.0331
1.0327
1.0325
1.0325

T

0.9972
0.9969
0.9968
0.9967
0.9965
0.9963
0.9957
0.9943
0.9844
0.9823
0.9923

AXVELAVG= 487.3FPS =148.5MPS

PSAVGE

9.78PSTA =

6T464.PA

VELAVG= 564.3FPS =172,.0MPS
Us1126.FPS = 343.MPS

weL weL DF INCIDENCE ALPHA AXIAL
LBM/SEC KG/SEG IN DEG 1IN DEG VEL
0.0 0.0 0.214 =19.32 60.8 1l.011
0.0 0.0 0,213 -19.34  60.8 1,011
0.0 0.0 0.213 -19.34 60.8 1.011
0.0 0.0 0.213 -19.34 60.8 1,011
0.0 0.0 0.213 =19.34 60,83 1,011
0.0 0.0 0.214 +~19.32 60.8 1,011
0.0 0.0 0.214 =19.30 60.8 1.011
0.0 0.0 0.216 -19.21 60.7 1.010
0.0 G.0 0,226 =~18.66 60.2 1,004
0.0 0.0 0,239 -18.03 39.5 0.998
0.0 0.0 0.246 =17.79 59,3 0,995
. 0.0 0.0 0.230 =17.61 59.1 0.99%4
0.0 0.0 0.254 ~1T.45 59.0 0.992
0.0 0.0 0.256 -17.35 58.8 0.991
0.0 0.0 0.258 ~17.27 58.8 0.990
0.0 6.0 0.259 ~17.21 58.7 0.990
0.0 0.0 0.260 ~17.17 50.7 0.909
0.0 0.0 0,261 ~17.14 58.¢6 0.989
0.0 0.0 0.262 ~17.11 58.6 0.989
0.0 0.0 0.262 =-17.10 58.5 0,988
0.0 0.0 0,262 -17.08 58.6 0,988
0.0 0.0 0.263 ~17.07 58.6 0,988
0.0 0.0 0.263 -17.07 58.4 0.988
0.0 0.0 0.262 =17.09 58.6 0.988
0.0 0.0 0.261 =17.17 58.7 0,989
0.0 0.0 0.257 -17.36 58.9 0.991
0.0 0.0 0.248 17,78 59.3 0.995
0.0 0.0 0.236 -18.39% 59.9 1.002
0.0 0.0 0.227 -18.76 60.3 1.005
0.0 0.0 00222 -18.96 60.5 1.007
0.0 0.0 0.219 -19.10 60.6 1.009
0.0 0.0 0.217 ~19.13 60.7 1.010
0.0 0.0 0.216 =19.24 60.7 1,010
0.0 0.0 0.215 =-19.27 $0.8 1.011
0.0 0.0 0.214 ~19.30 60.8 1.011
0.0 0.0 0.214 <19.32 60.8 1.011
PSAVGs 9. TAPSIA = 67131.PA

PARTICLE SWIRL= 23.96DE6
76619.PA TTAVE® 626.1DEG R = 347.8DEG K

[$3

0.4463 1.0268

04465

1.0286

0.4665 1.0266
C.bkbt 1.0265

C.hb67
0.4408

1.0264
1.0256

04466 1.0235
0.4464 1.0170
0.4459 0.9768
0.4426 0.9526
0.,438] 0.9628
04354 0.9680
0.4340 0.9706
0.4331 0.9718
0.4324 0.9722
0.4318 0,9731
0.43146 0.9737
G.4311 0.9740
0.4309 0.9742
0.4307 0.9743
0.4306 0.9745

0.,4305

0.9745

0.4304 0.9746

0.4304
0.4305
0.4312
0.4327
0.4356
0.4393
Do0421
0.4437
04646
0.4453
0,4457
0.4k 60
04862

0.9764
0.9816
0.9920
1.0125
1.0370
1.0362
1.0317
1.0297
1.0286
1.0275
1.0271
1.0268
1.0267

PY

144 WBL weL
LBM/SEC KG/SEG

0.9972 0.0 0.0
0,9969 0.0 0.0
0.9968 0.0 0.0
0.9967 0.0 0.0
0.9965 0.0 0.0
0.9963 0.0 0.0
0.9957 0.0 0.0
0.9943 0.0 0.0
0.9844 0.0 0.0
0.9823 0.0 0.0
0.9923 0.0 0.0
0.9978 0.0 0.0
0.9994 0.0 0.0
1.0004 0.0 0.0
1.0010 0.0 0.0
1.0017 0.0 0.0
1.0022 0.0 0.0
1.0026 0.0 0.0
1.0028 0.0 0.0
1.0031 0.0 0.0
1.0032 0.0 0.0
1.0034 0.0 0.0
1.003¢6 0.0 0.0
1.0041 0.0 0.0
1.0055 0.0 0.0
1.0078 0.0 0.0
1.0118 0.0 0.0
1.01%50 €.0 0.0
1.0092 0.0 0.0
1.0035 0.0 0.0
1.0010 0.0 6.0
0.9997 0.0 0.0
0.9987 0.0 0.0
0.9981 0.0 0.0
0.9977 0.0 0.0
0.9974 6.0 0.0

AXVELAVG= 521.0FPS =158.8MPS

OF INCIDENCE BETA
IN DEG VEL

0.215
0.214
0,215
0.215
0.215
0.216
0.218
0.223
0.258
0,284
0.201
0.276
0.274
0.273
0.273
0.273
0.273

0.211
0.214

0.215
0.215
0.215
0.215

IN DEG

~2.07
~2.,00
-2.08
~2.08
~2.,08
~2.08
~2.07
=2.04
-1.89
-1.68
~1.56
~1.48
=le42
-1.38
-1.3%
-1.33
~le31
~1.30
~1.29
~1+29
-1.28
~1.27
-1.27
~1.28
~1.30
~1e37
-1+50
-1.70
~1.84
-1.92
=1.98
~2.01
-2.04
-2.05
-2.06
~2.07

27.5
275
27.5
27.5
27.5
27.5
27.5
274
27.3
27.1
27.0
26.9
2648
26.8
26.8
26.7
26.7
26,7
26.7
26.7
2647
26.7
26,7
26.7
2647
2648
26.9
27.1
27.2
27.3
2744
27.4
274
27.5
27.5
27.5

KELAVGS 528.0FPS =160.9MPS
UR1104.6PS = 33T.RPS

AXTAL

1.015
1.01%
1.016
1.016
1.016
1.015
1.015
1.014
1,008
1.000
0.995
0,992
0.989
0.968
0.987
0.986
0.985
0.985
0.984
0984
0.964
0.984
0.983
0.984
0.985
0.987
0.992
1.000
1.006
1.009
1.011
1.013
1.014
1.016
1.015
1.015

REL
VEL

1.011
1.011
1.011
1.011
1.011
1.011
1.011
1.010

0,998
0,995
0.994
0. 992
0,991
0.990
0.990
0.989
0.989
0.969
0.908
0.988

0,988
0.989
0.991
0.995
1.002
1.005
1.007
1.009
1.010
1.010
1.011
1.011
1.011

REL
VEL

1.002
1.002
1.002
1.002
1.002
1.002
1.002
1.002
1.001

0.999
0.999

0.999
0.998

0.998
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APPENDIX B (Cont'd)

STATOR

Ex:y

112

FLOW SWIRLx 15.33DEG
PTAVG= 13.36PSIA =

RVELAVGE 950 .6FPS
THETA SEG VEL

25, 1 0.998
as. 2 0.998
45. 3 0.998
55. 4 0.998
65, 5 0.998
5. ] 0.997
85. ? 0.997
95, L] 0.994
105, 9 0.981
115. 10 0.973
125. 11 04982
135, 12 0.989
145, 13 0.994
155. 14 0.997
165. 15 0.999
175. 16 1.00G
185, 17 1.001
195, 18 1.001
205. 19 1.002
215. 20 1.002
225. 21 1.002
235, 22 1.003
245, 23 1.003
255, 24 1,003
265, 25 1.005
275. 26 1.009
285, 27 1.016
295, 28 1.024
305. 29 1.01%
215. 30 1.012
325, 31 l1.006
335, 32 1.003
345, 33 1.001
355. 34 1.000

5. 25 0.999
15. 26 08.998

PARTICLE SWIRL= 38.52DEG

PSAYGE 11.73PSIA
VELAVGE 536.6FPS =163.6MPS
Us1L21.FPS = 342 .MPS

92126.PA  TTAVG= 653.8DEG R = 363.2DEC K
289.THPS  AXVELAVG= 453.8FPS =138.3MPS
L] PS PY T wBL WeL OF
LBM/SEC KG/SEG

0.,4379 1.0091 1.0100 0.9894 0.0 6.0 0.266
0.,4381 1,0082 1.0092 0.9890 0.0 0.0 0.264
0.4378 1.0089 1.0097 0.9889 0.0 0.0 0,265
0.4378 1.0089 1.0097 0.9887 0.0 0.0 0.265
0.4379 1,0085 1.0094 O0.988¢ 0.0 0.0 0.265
044375 1.0092 1.0099 0.9865 0.0 0.0 0.267
0.4374 1,0081 1.00807 0.9882 0.0 0.0 0.269
0.4365 1.,0067 1.0060 0.9878 0.0 0.0 0.278
0.4309 0.9983 0.9951 0.9847 0.0 0 0.332
0.4274 0.9921 0.9869 0.9860 0.0 0.0 0.374
064295 0.9917 0.9878 0.9935 0.0 0.0 04370
0.4312 0.9921 0.9891 1.0012 0.0 0.0 0.364
0.4326 0,9924 0.9902 1.0056 0.0 0.0 0.360
0.4333 0.9922 0.9904 1.0072 0.0 G.0 0.359
0.4339 0,9917 0.9902 1.0083 0.0 0.0 0.359
0.43642 0.9917 0.9904 1.0093 0.0 0.0 0.359
Oek3sh 0.9918 0.9906 1.0100 0.0 0.0 0.359
0.4345 D.9918 0.9907 1.0106 0.0 0.0 ¢.359
0.4347 0.9918 0.9907 1.0110 0.0 0.0 0.359
0.4348 0.9916 0.9906 1.0113 0.0 0.0 0.35%
0.4347 0.9919 0.9909 11,0117 0.0 0.0 0.360
04349 0.9915 0.9906 1.0118 0.0 8.0 0.359
0.4350 0.9912 0.9902 1.0119 0.0 0.0 0.359
044352 0.9917 0.990% 1.0122 0.0 0.0 a.356
0.4359 0,9931 0.9927 1.0127 0.0 0.0 0.350
0.4375 0.99%0 0.9957 1.0130 0.0 0.0 0.334
Ve4408 0.,9992 11,0018 11,0130 0.0 0.0 0.303
Gehb47 1.0047 11,0097 1.0115 0.0 0.0 0,265
0.4436 1.0069 1.0112 1.0059 0.0 0.0 D258
G.4418 1.0078 1.0110 0.9994 0.0 0.0 0.261
0.4403 1.0081 1.0106 0.9949 0.0 0.0 0.264
0.4392 1.0088 1.0105 0.9928 0.0 0.0 0266
0.4388 1.0081 1.0096 0.9914 0.0 0.0 0.265
0.4383 1,0088 11,0097 0.9906 0.0 0.0 0.266
0.4363 1.,0080 1.0092 0.9899 0.0 0.0 0.265
0.,4380 1,0087 1.0097 0.9896 0.0 0.0 0.265

FLOW SWIRL= 17.88DEG
PYAVG= 12.74PSIA =

RVELAVGE

THETA SEG
NO

28. 1
8. 2
“8. 3
58. &
68, 5
78. 6
8. ?
98. ]
108, 9
118. 16
128. 11
138, 12
148, 13
158. 14
168, 15
178. 16
186, 17
198. 18
208. 19
218. 20
228. 231
238, 22
248, 22
258. 24
248. 25
278. 26
288. 27
298, 28
308. 29
318. 30
328. 31
338, 32
348. 33
3%58. 34
8, 35
18. 3¢

0.0FPS =

VEL

1.033
1.034
14033
1.023
1.034
1.032
1.030
1.024
¢.987
0.958
C.961
0:965
0.967
0.967
0.967
0.968
0.968
0.967
0.967
0.967
0.967
0.967
0.968
0,969
0.97%
0.984
1.005
1.032
1.037
1.035
1.034
1.033
1.033
1.033
1.034
1.033

87845.PA TYAVG= 653.80EG R = 363,2DEG K

0.0MPS  AXVELAVG=

MN

0.4051

0.4055 O

04054
0.4054
0.4056
0. 4048
0.4042
0.4018
0.3874
0.3757
0.3753
0.3754
0.3755
0.3753
0.3751
0.3750
0.3748
0-3747
0.3746
0.3745
0.3743
0.3744
0.3745
0.3751
0.3768
0.380%
0.3892
0.4003

0.4051

PARTICLE SWIRL= 41.07DEG

PS

PT

1.0075
1.0081

0.0FPS =

ha)

0.9894
0.989%0
0.98869
0.9887
0.9886
0.9885
0.9882
0.9878
0.9847
0.9860
0.9935
10012
1.0056
1.0072
1.0083
1.0093
. 1.0100
1.0106
1.0110
1.0113
1.0117
1.0118
1.0119
1.0122
10127
1.0130
1.0130
1.0115
1.005%

PSAVG= 11.47PS1A =

= B80844.PA

INCIDENCE ALPHA AXIAL

IN DEG

~6.40
6,48
—~6.42
~bak)
~HesS
-6.31
-5.2)
-5.71
<2463
“0.36
~0.62

IN DEG VEL

&0.4 1.025
80.5 1.026
60.4 1.026
60.6 1.026
66.5 1.026
60.3 1.024
60.2 1.023
59.7 1.019
56.6 0.988
S4.4 D.9b0
S4.6 0,968
55.0 0,972
55.2 0.974
55.2 0.974
55.2 0.974
55.2 04975
5543 0.975
55.2 0.975
55.2 D.975
55.3 0.975
55.2 0.974
$55.2 0.975
55.3 0,975
55.4 0,976
55.8 0.980
56,7 0.989
58«4 1.006
60,6 1.027
60.9 1.030
0.7 1.028
60.5 1,027
604 1.020
60.5 1.026
6Gen  1.026
60.5 1.026
60.4 1.028

T79106.PA

VELAVG= 4B1.0FPS =146,6MPS
U=1121.FPS = 342,.MPS

0.0nPS
WBL WBL OF
LBM/SEC  KG/SEG

0.0 0.0 0.0
0.0 0.0 0.0
Q.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 ° 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 6.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 ¢.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
6.0 0.0 0.0
0.0 0.0 0.0
6.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

INCIDENCE ALPHA AXIAL
IN DEG VEL

IN OEG

6.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
9.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

REL
VEL

1025
1.02¢6
1.026
1.026
1.026
1.024
1.023
1.019
0.988
0.966
0.968
0.972
0,974
0,974
0.974
0.97%
0.975
0.975
0.975
0.975
0.974
0.975%
0.975
0.976
0.980
0.989
1.008
1.027
1.030
1.028
1.027
1.026
1.026
1.026
1.02¢
1.026



APPENDIX B (Cont'd)

LOW SHrOL cUTent - - - - - - - - - - - - - - - - - -
CrRP FLCW PRESS RATIC tFFICIENLY
LCW SFOOL PECFDLEMENCE 3/7 Qb.EE LAM/SEL ~. 759 C.t47
L2 ,04 RG/SEC
FAKT (v RECTA{ PRLLSUPT RATIO s4,585
——== RCW CUTPUT -===
FLOW TWifbks Q.. DFC PARTICLE SWIPL= 0,0 0eC PSAVC= 6,35PS1A = 43£12.PA
FTavV(s SEFLIA = SCIVELPA TTAVE= S32,606G R = [95.9CICG K VELAVGE 493.7FFPS =150.5%FC
FVELAVC = QP& FPS = 231 .EMPS  AXVFLAVG= 491,0FPS =149,TmMPS U= T8z.FPS = 22B,MPS
TRETE SEC ViL L PS LA Tr WEL WEL OF  INCIDENCE ALPHA AXIAL
N LBM/SEC: KG/SEG IN LEC  IN CEG VEL
1 LabfBu 1.0375 1.0C00 0.0 Cev -.119 =ve59 te.6  ).O0c8
z Lebted 140269 1,0000 0.0 .0 ~ell2 b7.9 1.030
Z Tia6® 72 140363 leuvio Lel Veu 67.1 14031
4 vebHE3 1.0756 10050 Oa0 Veu E€al laud3
Y vebSCL 1 aU3kE 1.0000 0.0 Lol 5.1 1.03%
¢ Nehel2 1.033) ledCUG Y LoV} EseT 10035
7 CaktZE 1.0297 1.0000 Ul Vs Elaf 1.038
L Ueh&ES 1.CLOE 1.00C. 0.0 Geov 79.2 1.039
< UebtlC H DELb 1.000C et Uen T€.2 4.u31
1 VedSI1 L9132 1.0060 Vel Uer buel 1.u0€
11 vebbSE D.9800 1.060090 vel Vev 6le8 0.999
¥ febkbid VaGEUS 1.005 Ceb Lol bbeT (993
1. Gen?T4 Uu9¢1E 1.0000 uel Jeb B6.2 v.987
14 Code32% D,9627 1.002¢ Je0 Vel £7.3 U.982
1 CabI20 Ua9e34 1.0000 Vel Gev Ef o4 0.976
te U kISR Ue9LLT 1,600 d.0 Ceu FUe3  ul9T3
1 Teb?EL T aB657 1a000 Vel Del GLel Wa965
1t Ceblte U065 1e30ue 0o, wel Cuel G966
[ DS D,947) 1.0{0C el vel 2021 Cl.b  De9t3
e CeURR Ll 42%Y W96 1.006C Uelo 2.%1 “2.1 U963
o1 Lo libe VebZEF 1,9¢T70 1.6000 vl el 2.7 “ieB %3
Iy et Vahlel La9E6T 140050 Oal vel 44t5 G108 we9L:
2 LelbZ  (o@?272 Dubtbh  (o9%62 1,000 Vel del 5.83 YLl UaSbdh
e Left T DuLI04 ,G9667 0.9570 10Ccv 0.1 Vel 7.3% Cea5 (o900
7Y Ce€75%  (a4230 23,9704 Le®632  1.70ud 360 [V Selt GEea U.9TU
P 3 VoG9 Lak303 H,ET67 D GThE 140000 Cad Jeu .92 1Ulel LeY7B
o Lovul  GLak4ES 1,99%5% 10,9072 11,0000 1t O Vv 12ev2 1Llez we994
‘e 1711 6,480 1,0745% 1.027¢ 14000 Oeut Ceu 11.12 100+2 1aw00
s Skl LaU352 1,0371 1,007 et Vel “Eel  1.003
Tlae  Z Vwabb&TE L0301 lews15  1e06.0 CGed Cote Gtel  1evG?
M. 71 Go6&P2 1,0412 10432 1.00S0 vl el 94,3 1.011
300 e Neat €l 1404123 11,0436 1,0000 Tev Ve a92.8 1,014
Tie Tea50t 141405 140435 10000 vel Cat G1.8 1.00E
BE Y Je4SZu 1a030%E 10639 1.0020 (] Cev Gl.9 1.011
F2-T00 waeSI2 14O0XBE  14062C 1.00067 ey Cev Yool laUi4
i, Vebb42 1,282 leT439  1.,0000 [\] Tel —.12% EGats 1.026
L5 SIS
ROT .7 FLtid SWIktL= FARTICLL SWIFL: LENEG FLAVEE oL LFSTA = 414CZ1.F4A
PTavres TLuzE 4R3E9.FA TTAVGE 82 795 ¢l X VELAVLE £26.2FFS =160,4MPS
FVILAVIT L1 Teb#PE = Z7046MFS  AXVILAVCE =LECLIMPS Us TELWFFS = 256,MPS
THeTE i Vi L MN [ LA T wEL wt i {F INCIPENCE BEYA AXIAL
At LBM/SEC KG/Sel IN LEC IN UEG VEL
1 lo' u™  Lad479f laUkée:l 174674 140000 Cauuf  Leaf1 1.0G09
. Tesdu UealT? 1,568 1.097¢ 140000 [P Y 32 8 laUl0
Ve M1 La&BO0T 1,0435  1.0e75 1,0000 Geult WV L6f 1.011}
< Levd2  Cce4S1lt 140426 1075 11,0000 Covut L abiL l.ul2
‘ Jov 12 vatkla 11,0434 12767 Jo0000 Leust 1ebf 1012
¢ labil  wedB1lt 11,0426 1.4t 1.00u0 GeLUl  te45u 1,013
‘ 1o 22 2e%F16 La0afD  lalhsé  1ab002 1.013
1o 1o Gl6d22 149335 1.7301  la000y 1.014
“ Tacdt  oallie Co994]1 (46997 1,000 1.018
17 1es & ebft2 | FY 1) TebzC
i levde webt-4A 1e006. 1,016
P le 16 &R 04 1.00.C 1.014
1o 1ali- . .4BL2 140020 1,010
S | PR N 1.00C ledut
e 1eid2 Jaale™ 1.002
1¢ LeCUR (L &74¢ L4995
17 VAlE G, UeY9e
iF Le®fs  Luk7.7 ve993
te ve€RY L usTl Ga9¢1
. b 49c% L. 4rc? w989
i VetEE (L antt [ 33
‘ Vet T v ket [ -
setbe  CahtD LTS
- velle ahttl Vet
N WHED Gl keT? (733
‘ot e s ekt Tl va9B4
LT vatle uebees Ve9b2
oo Wleu  westth Ce9ED
. Cet I Lebrl” ve®b3
. Lo LT JeutES Le“ET
P PR B I Ue991
z LSRN M 0,995
[ AL Le999
anTES 1.003
lev E  Le&77( z 1.005
2 1eus rahTEE 1,045: 140472 1,0000 LeGOL 1 ,ab? 1.007

REL
VEL

0.99¢
C,.951
Ca9BL
V.9TH
UeRTU
0. 359
Co P4t
Ve 24
©a914
VeG2h
G.943
C.958
Oe 966
Ge974
G969
G. 9806
Y991
Ve99¢
1. 000
1.005
1.vul}
1.019
lauc8
lausl
1.G5¢
1.073
1. 08¢
1.083
1.064
leus9
1.037
1.027
t.uls
L.ul3
l.007
1eGu2

REL
VEL

1.603
1.002
1.003
l.0u3
1,004
Levla
1.004
1.304
1.005
1.0086
1.00%
1.004
1.005
laGU2
1.001
1.000
U999
0.998
Ca 99T
04997
0.997
Ge998
Ga996
va99¢
U996
Ve 995
L8995
G.094
6.995
C. 990
La597
G999
1. 000
1.001
1.001

Tlel02

113



APPENDIX B (Cont'd)

STAYCF

stacr ¢
ROTr

114

FLOW SWIEL:  4,24DEG PSRTICLE SWIRL: 1R,54DtG
PTAVE=  9.17Pf1a = €31C1.PA  TYAVE= 576.4DEC R = 320.2CEG
FVELAVC= (iR.6FPS = JRAL6MPS AXVELAVG= 529,7FPS z3161,.5MPS

THEVE  S0C VEL MN PS Py T WBL
NE LBM/SEC

14, 1 1,605 €.6199 1,0413  1,0441 0.998¢ .0

©24%e 2 lavlb ULE19F 1,0415 1.0442 0.9986  Q.C

e, 3 Q€197 1.0406 1.ché3 0,998t 0.0

“he 4 o619 1406417 140443 D.99B6 0.0

Sh, - Geb166 140417 1.0443 0.99E¢ 0.0

obe  C D.619¢ 1.0408 1,0434 0.9964 0.0

Tas T 1a(D6 0.6196 1,0366 1,0411 0.9980 0.0

4y & 14003 Wab107 140312 1.033% 0.99¢ 0.0

Chy Y 1eG00 Uet204 Ge9BT0  0.%901 0.9870  u.0

194e U 0u567 06197 09509 0.9534 049840 0.0

115 11 0e99F  CeblT2 049549 0,9555 049928 6.0

1240 12 0,998 £.6155 0.9567 0,9559 0.9983 0.0

124, 12 £,097 D.6143 23,9584 00,9567 0.9996  0.G

T46. 14 Le€9¢ (46135 1,959]  G,956E 1. 0003  u.l

1840 15 Gu99%  (eb1IPR 0,9592 0.9564 1.0006 0.0

1e4e IE 4,995 0.6126 3.9595 0,9566 31,0010 0.G

176 17 6.994 G.6123 09595 (49563 1.0013 0,0

166. 1L £,6S4  (o6120 349592 0.4560 1,0014  D.u

154, ¢ WeFBE  UL1PY 1,9%88 (L9557 1.u0l4é  Lau

Slbe It Vel €5  Gab10e LG50  Cl.955F  1.00lE  Oev

Jlae. D1 Le®55  Le€l21 Lu®58G  0eC55¢ 1,00i¢ 0.0

2244 22 1,955 0.6)26 2,937 (9557 1.0D1& L.

ST4. DL ClNBT 5,6126 L.9%E0  G.956¢ Yeu

Pak, e Lttt Uet 121 3.6007  (L.9571 (2%

280, it WeSGT  0.6132 D.98T1 L.C et vel

244, It T.68L  (1g01%3 L.CPIG D.IES Ged

2780 IT lewU wel 133 1.0LEL 1ei004 Ged

28, ot 100D 3401238 1,6390 161367 Gelr

204, ¢ Por G LabY8) 1,0406 0 Ta.42C CeC

us, B 1oiu2 Leb1T0 1.0417  1.0G42% vot

31e. M1 1o0:Gh  Ue6191 1,0411 140432 Vel

33, 16305 €187 140408  1.0432 et

33, Levi? Ge5201 1e06U2  1ai631 0.0

244, Lati05  co6201 1o0403  1.3432 6.0

2t 1805 we62C1 1aCo0e  1aldde Geb

“. To 0F GeB20U 140410 140439 Go®9(¢ Qaw

FLOW SWILLE 5, uULER FRRYTCLE SWIPL= 23,20DtC
PTAVCz £ ¢3PSIA = &1520,FA TTAVCE 576,4DEG R = 325.2LEG
BVILAVO= STLLOFPS = 20t <4MPS  AXVELAVGS S25,3FPS =163,2MFS

THETS SI6 VEL MN PS £y T wei

G LRM/SEC

1ve 1 Telle  LawT6E 140303  1,0426  1.9986 040

D90 2 1ar 1 Ce6TT3 1003E1 140430 0.990E S0

36 7 RaD1S JW4TTE 1.02B0 1.0671  (.9986 (.0

W€ 4 Tallé vedTED LaU2T6 140421 ul®Q@BC W0

fCo B 14017 0.47L3 1.027T 1,6432  0,0956 0.0

1a017  Du47E5 L4366 Ce®Ste  Cav

10717 SewTBE 140242 T.9962 (.0

1,017 2.4792 1.0267 0.9966 0.0

1,017  w.4815 12,9017 0.9PTL Gof

16017 L6820 23,9454 Ve9B4 Y v

1,015 Lle1EE S,%50% Ue9938  val

Levil  L.4755 31,9537 0.99¢7  DoC

1aTUY L ob6Ti4 0,970 Ue$99¢  Gau

10000 C.4697 5,589 1.C007 S.0

3e68h  LebcTe 949600 1.2006 2.0

Celty  vektEY 41,8412 1a:0ls veuw

ComEC  Lel40 La0619 140013 Leu

GaBET L 626 5,9620 1,204 v,.0

NeYiS  DalLE2D 0,9623 1.0614  Gov

CeSTE G.4615 04%e27 1.3016 ..0

t, ekt 90,9629 10016 Cod

VOB ekttt u,BEZ0 1aG016 Oai

Co9bd  CodblS ul.vedl 1.6016  vou

Co9E2  CahtuS 1,9¢40 1.001¢  d.0

UeOED  uekbOn D49T12 1.0035% 0.0

C.Ok:  D04h{% 1,005 1.0ibyv Gl

Lelh 7 4507 1,0120 1.0103  O.C

GoLES  wadSSt 10420 140135 0,0

Vet ll  Jak€T1 144480 Lev

VNS Lebbt2 10 4k? 103

LeSTT  vekbly 1,.042€ 16005 O4n

1.5C1  GaaT0F Y Cala C.ae08 Ly

Rein®  (abhTie Leldul ve90c Cev

10Ul uee7e) 1,0392 gLseens (L

oo )d Be4T52 1,038€ 00987 L0

1.010  0ueT61 1,0365 029986 0.0

PSAVE=  T,06PS1A = &BE2E.PA
K VELAVG= (99,6FPS =713,2MPS
Us 776.FPS =z 237.MPS
welL DF  INCIDENCT ALPHA AX]AL
KG/SEG IN DEG IN GEG VEL
.0 Jekz2 ~9.35 49.€6  1.01}
[ [TPLY3) ~9,.3¢ 42.8 1.012
[ ved20 ~9.,42 49.5 1.012
¢a0 (o419 ~Yebd 4.8 1.013
U0 Vakels “9.4¢€ 49.9 14013
G0 L.kl Q ~9.47 49,5 l.013
0.0 vebll ~Ye4§ 49.9 1.014
0sL veklP 9448 49,9 1,014
V.0 Veb19 9,42 49,6 1.G12
'Y Le&lS -2,39 49.6 1.012
Vev Jeb2u ~9437 49.8 14011
0.0 Jeb24 -%423 49.6 1.0v8
(247 Cea29 -%.02 49.46 1.C0%
(1%} Ue433 -B.E3 49,2 1.000
0.0 Vek37 ~H.65 4%.1  L.9%9¢
Oeu UsbsG ~B.51 4.9 Ue994
Gal Vebd2 =Eebu 4B.6  Le9Yl
O.C Uehb4 ~E.31 4EoT  Ce9BY
Vel Labht =L o246 al.b UeBBE
gy Weh? -b.1% ot ul.9B7
C.0 e ~t.15 4Hs0  we9bb
Vel Vewbt -8.13 48.5 v.98¢
Gel Vebkdt ~t.12 4b%5  0.985
vl Letkl -£.13 LE.f  CaGBO
Cev Lokl -t.15 LE.& (.9
et Cakb? ~¢.19 “leb U987
Vev RREYY .Y ~he22 Gltet 09T
[ Cedll ~be2b 4t.T  we9EB
0.0 Vak4d3 -6,36 Ltk (o9
Co0 Vebhl ~R,53 LEY  0.994
Vet Veddl -T2 “% 1 v.Y96
L0 veh32 ~6.8¢% 42,2 1,001
Vel o429 -Q.0% 4%k 1,004
Lol ekl -9.15 LGt 1aluT
val Vbl =9.36 49.€ 1,009
G0 Vek23 ~9.30 49,7 1.010
PEEVL=  T.67PS1A = Sltvo.FA
.3 VELAVE= S41.2FPS =165.0MpL
Us TT1.FFS = 235.mMbS
WEL OF  INCIDENCE RETZ  AXIAL
KG/SEG IN OEG  IN DEG VEL
Vel Lak37 Ce9l 38,2 lavie
Vew t,43e veE7 3E.2 1lawl$S
uat Ceb3E webS 0.3 1015
Vet Lebdd vek2 2643 levle
Jev Leal5 Cekl el levl?
Veu Le&2S u, bl 3be: levl?
Vel veb5 ve19 38.3 l.ul?
Vet Vek3h VeTY 3.3 1.017
vels Ven3b e 2 3.2 1.017
Vet tabby Y 8 3.3 t.017
d.u ekl Vede 3te2 Lleuls
vau Leb67 [T Ste1  1.011
el vebby 1417 3745  lai0t
et fie453 1.23 37+t 1.900
Lol (W 3.34 1ee7 27.6  (.9095
Vels LebST 1.58 7.5 G.9%c
Vel ebbSE Letd 57.4  C.989
Led sah DY l.74 STeé  Laub7
Do vedtu [ Y 2Te3  vaSES
Gy ekt ] l.bé 37e3 ooStd
Gel Gesol 1.€7 AT.2 w983
el ekt 1.89 3Ted waSE2
Q.0 Lebt] letit 37.2 (a.962
Vel Tekitl 1.89 37.2 0.%67
el VebDY 1.87 3742 Le983
Ced CekSE leté 2702 L.9E3
G0 Cakts 1,81 53743 LJ.9R4
Ver s eatl 1.76 7.5 weBtY
[T vehh4® 1.71 3746 UeSER
vew Lelak? letg 3.5 L4592
Ouu vehbs 1e43 37.7  wa957
PR z 1.29 37.6  1.901
el 1.1 37.¢  1.00%
oo 1.yl 2040 1.008
el B 101 36e1 1.910
Jel %37 s 11 kel leld2

REL
VEL

1.011
1.012
1.012
1.013
1.033
1013
1.014
1.C14
1.012
1.012
1.011
le008
1.004
1.000
Ge99¢
Ca994
0.991
G.989
0.988
0.987
0.98¢
Ga986
0.965
G.986
G998
0.987
G.987
G.988
0.990
Ge 994
G998
1.001
1.0L04
1.407
1.009
1.010

REL
veL

1.004
leGué
1.005
1.00%
levus
1005
1.005
1005
1.005%
1.005
l.0u%
1. 002
1.002
1000
0.99%
0.9%7
G997
Us 990
V.99
0. 995
G.995
0,498
G994
0.99%
099
V998
G99
Lo 9%
G998
(7 L 44
Ge 999
1.00y
1.0¢1
1.002
Jev03
1.u04



APPENDIX B {Cont'd)

SVevi

STAr 0
OIS

FTAVE=
FViLAV =

THC T

lus

FLOW SWIFLE

CILVGr T1.12FL0E

EVILAVCE

THETE 570
nO

23.
33,
“Z
57
LR
T3,
*3,
93,

Ay PASTICLE SWIFL= 22,0¢0(6
TUELS.PA  TTAVC= €20.60EC R 2 244480EG K
Eir dFFS = (PALLMPE  AXVELAVGE 511..FPS z15¢,5MPS
NS VEL N [ [} T wat
~r LEM/SEC
1 deunt XS R | lowdtt 0 .004¢ el
R Teuls Lefl 1.0365 1.9G47 0.0
T leau! LLEZ 1.0364 L9045 0.0
4 et 0.5602 140363 $.9943 (D
p 1,024 C.TeED 1,7°261  $.€940 Gl
¢ UL YT 1.,0352  6.993% (.0
T lelUh D.heEe 10322 09933 L0
€ leuls CeREr? 1.0257 G.€91¢  veu
¢ Ter I LLET08 Ne984. U,OPHT .
i 86T L5 UL TE  GlBTH Lail
P10 we@0h L 56T CeoSOf L.¥E24  val
Vi veSYt wa5tZ! 0804 0.9527 GO
1% 0a99% U REDT G.9E17  0,6987 D
1e  Ga%94  L.SFCT 0.9632 1.€00%  Gud
IR 24994 a5t 01 G.966" 140026 D0
14 TreGitn  D8FLT y U.2647 1.0025 Y
T I A waBS5EL (.MbERE CaQbu0 T1aLO4E {al
16 etk LGBELL 4,06PE G ot4f  1.0051 0.0
T Laf9% UlBSE2 DL9ERS  0,9€4T  1.0056 WD
DL GafCh JLSER2 )L06R6 0.T64T  1.0060  0uU
DT ve%th UlASEZ D,06FE  G.964T 1.0063 040
< Te905  UW55EL D.9ER3 (L9845 1.06064 0.0
E a%wS GJSEEEL U.9ERL 0.9644  1.0066 0.0
4 Le9vS  ULSSEG U,BEE3 (L9649 1.0065 0.0
28 GabCt 0l5DES I.4746  0.0712 1,001 u.n
BoCCT  LL5BEY J.9ET6 0.%B37  1.0111 0.0
1e.0: ToS%ES 1aC13E 1,096 1l.0l66 Ol
1505 <a5SEL 1.9433  1,4396  1.06211 3.0
1.00% Ce%609 1,06%% 1.0441 1.0161 0.0
Yoot O.5E4E 1,066 1.0424 1,0082 0.0
Jobdt  CaB6E2 1,0275 1.0395 10021 GV
10006 Gef6TLl 140352 145379 0.9%92  0al
1eolt  $a567¢ 1.G33E  1.0369 069746 av
1,005 L.%679 1.0332 1.0365 0.99%63  De0
1,008 Co%efl 146231 1,C3&w  0.9€57 0.0
Foult  GoBEE1 140331 1,03€65  0.9953 .0
13,167€4 PARTICLE SWIRL= 37,430D¢6
76cET.PA  TTAVGE 620.6DEG R = 384.80EC
(OT.PFPT = 273,6MPS  AXVELAVE= S1¢.6FPS =187.5MPS
viL U] [ Al T WBL
LBM/SEC
1 14622 0.4429 1.0241 1.2309 0.9949  Ca.i
2 Te0IS  Gabke26 1.0233  1.0306 0.9947  C.0
L 1evlt Gekdél 1.u227 1.€303  0.9945 0.0
4 1eu?T L.hk4S 1.0221  1.0360 0.9943  0,C
D 1077 U.6649 10717 140297 (e€942  ULC
6 1,028 0,4452 1,0204 1.0286 0.9939 9.0
T 1.028 0.44% 1.,0179 1.0262 0.9933 0.0
£ 1.028 0.4457 1.0106 1.0191 0.9916 D0
9 1.022 0,6682 3.9692 0.9776 0.9807 0.0
10 1,016 O.4446 0.9360 0$.9433 0.9736 0.0
11 1.011 4400 0,9442 D0,9489 0.9824 0.0
12 1.005 0.4351 0.9546 0.9565 0.9927 0.0
13 0.998 0.4306 0,9637 0.9632 0.9987 (€.0
14 0.991 0.6271 0.9691 0.9665 1.0009 0.0
15 0,985 0,4262 0,9726 0.9685 1.0024 0.0
16 0981 0.4220 0,9753 0.9699 1.0035 0.0
17 0.978 044203 3.9771 05707 1.0045 0,0
18 0,975 0.419]1 0.9780 0.9710 1.0051 0.0
1° 0,973 0.4181 0.9787 0.9712 1.0056 0.0
20 Ue972 0.4175 09793 049714 1.0060 0.0
2 0.971 Cu®170 G.9797 0.9715 1.0063 0.0
22 04971 Des169 049795 0.9713 1.0064 0.0
22 04971 0.4169 0.9793 0.9711 1.0064 0.0
26 0.972 0.4174 0,9792 0.9713 1.0065 0.0
25  0.974 0.4180 0.9848 0.9772 1.0081 0.0
6 0,978 0.4189 0.9964 0,991 1.01i1 0.0
27  0.,9€2 0.4198 1.0208 1.0138 1.0166 0.0
28 0.9EE (o213 1.0486 1.0424 140211 0.0
29 0.993 0.4248 1.069¢ 1,0652 1.0161  Uel
30 C.%9B 5,425 1.0441 1.0422 1.0082 0.0
1.L03  0,4322 1.0376 1.0379 1.0021 0.0
1,008 9.4353 1,0328 1.,0351 0(.9992 0.0
14013 044377 1.02% 10331 09974 40
1,017 0.6396 1,0272 11,0325 049963 0.0
1a020  0.6610 1.0258 140314 0,9957 0.0
1,022 0.4420 1,0249 1.6312 0.995% 0.0

PSAV(=

9168514

T 6332E.PA

VELAVG= ©67.3FPS =2u3,4MPS

P ALPHE AXIAL

IN UEC VEL

Luef le015
S5u.f 1.016
Suetr 14017
£u0e9 leul?
50e% 1.01t
50.9 1.01E
5G.¢  1.01E
50e¢ 14018
SGeT 1e0Gl4
50.5 1.006
SCe3 1400t
5¢al 1aCu3
4 % L.99E
4907 LG94
L4945 SeSY%0
LG ot UGFBE
4943 V.9b5
45,2 U.9B4
49¢1 .9t
4%a1  0a9L2
49.1 0.951
49,1 we.9E}
49.1  De961
“9.1 C.982
49.7 L9563
40,3 0.988
49.4  (.98%
L4506 Ue$92
49,8 L.99¢
£0.0 1.000
5042 1.003
£3.3 l.00¢
£045  1.009
50.6 1.611
50.7 1.013
50.7 1.014

= 67479.P2

Uz TE5.FFS = I32,MPS
WEL LF INCIDENC
KC/SEC IN CEG
Ty ve465 1037
val DETUEREED IR S |
Jet Vebbs  ~10.45
Veu vehta2 ~—1la47
Qev Veh4l  =10.49
Qe Ce6l  -1LL5)
["Ry) se%hl  +=10.51
val T BEES 1Y
Jel Tah6S  ~10.32
fev vedby ~lul?
Yo Ce%55 =9.90
Cau Cebs0 9,74
Gel Lol 982
Cev Vet 71 ~%.31
P Vb6 -%9.13
Veu vebtld -£.98
Jed ve4b2 -E.BF
0.0 DRCY IS ~5.6u
Uew PRLTTY -E.73
" 9 velBY ~5.t9
Jev Veb8B —t.66
Vel Velebb —t.tt
val TaAbE =E.b6
.0 Vo487 -E.70
(97 Ue485 -8.77
[ LenB ~6.89
V.0 Vet TE ~9.C4
0.0 Jab T4 -9.22
[ ] CelbY -G.42
C.C Yebth —9.¢0
O.u 0461 0,76
Cel Vek57 -9,93
Gel Je453  ~10.07
) 0.450 ~-10.1b
G0 Oebb8 =10.26
vel Jehhé -10,32
PSAVGE  9,T9PSIA

K VELAVG:

WBL
KG/SEC

0.0
0.0
el
Vev
.l
0.0
0.0
0.0
0.0
0.0
Pe0
0.0
0-0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0

DF

0o463
Ceiob2
C.4bl
Cakeb(
dabbl
0460
G.480
0.461
CehT0
0,481
0487
0.492
0.695
0.498
0.502
L5048
0506
0.507
G.508
0,508
0.509
G.508
J.508
ve5086
0.504
G499
0.493
0,486
UekB80
[Py (]
CekT4
vak7l
O.4t8
[Fey.TY
VedbS
v hbs

517.1FPS =157.6MPS
Us 75T7.FPS = 231.MPS

INCIDENC
IN DEG

~0.88
=0.72
-0.75
V.7
~0.79
N.80
-0.81
-0 .80
-0.68
~C.48
~0.33
~0.17
0.03
0.22
0.38
0.50
059
O.06
0.72
0.75
0.78
O.7¢
0.78
G.75
G.0%
€59
Oatb
0.31
0.14
©.02
=0.12
-ve27
~0.40
-0,50
~0.57
~d.63

E BETA AXIAL
IN DLG VEL
35.8 1,022
35.6 1.025
35.8  1.02¢
35.9 1,027
35,9 1.027
35.9 1.028
35.9 1.028
35,9 1.028
35,8 1.023
35.6 14016
35.4 1,011
35.3 1,005
35.1 0.998
4.9 0.991
34.7 D.985
3.6 0.981
34.5 0.978
o4 0.975
N4 0,973
34,3 Q0972
34.3 0.97)
34.3 0971
34,3 0.971
34.3 0.972
4o 0,974
3445 0.978
34,6 0.982
34.8 0.988
34,9 0993
35.1 0.998
35.2 1,003
35.4 1.009
35.5 14043
35.6 1.017
35.7 14020
35.7 J.022

REL
VEL

1.015
1.vle
1,017
1.017
14618
1.618
laGl2
1.018
l.014
14009
1.00¢
1.003
Ue996
0,994
0499C
0.96¢
U.98%
V.94
0.983
0.982
0.981
0.981
0.981
0.982
0.983
0.9E0
0.989%
0.992
0.99¢
1.000
1wl
1.006
1.009
1.011
1.013
1.014

REL
VEL

1.007
1.008
1.008
1.008
1.00%
1.009
1.009
1.009
1.607
1,005
1.003
1.001
0.999
0,997
0.995
0.994
0.993
6.992
0.992
0.991
0.991
0.991
0.991
0.991
0.992
0.993
0.994
0.996
0.998
0.999
1.001
1.603
1.004
1.005
1.006
1.007
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APPENDIX B {Cont'd)

SYATOR FLOW SWIRL= 14.633EG PARTICLE SWIRL= 49.22DEG PSAVG= 11.64PSIA = 80241.PA

PTAVG= 14.15PS1A = 97579.PA TTAVG:= £69.50EG R = 371.9DEG X VELAVG= 861.4FPS =201.6MPS

PVELAYG= 612.2FPS = 186.6MPS AXVELAVG= 516,3EPS =157 .4MPS U= 739.FPS = 225.mPS

THETA SEC VEL MN |23 PT TT weL WBL DF  INCIDENCE ALPHA AXIAL REL

NG LBM/SEC KG/SEG IN DEG 1IN DEG VEL VEL

25, 1 1,005 045418 1.0146 1.0184 0,990¢6 0.003 0.002 0.275 =le&5 52¢7 14024 1,024
35, 2 1.005 We5419 140137 1.0l76 0.9900 0.000 0.002 0.274 =1.50 52.8 14026 1.026
45, 3 1,004 0.5620 1,0130 1.0169 0,989s [ 2] Ve002 G.273 ~1.54 52.8 1.026 1.026
5%, - 1,004 0.5420 1.0124 11,6162 0.9894 0,004 D.002 G.272 =157 5249 14027 1.027
65, ] 1.004 0.5419 1.0121 1.0160 0.9€91 U004 0.002 0.272 =159 52.9 1.027 1.027
754 € 1.004 ©.5420 1.0009 11,0148 0,9887 0.004 G.002 &.272 -1.61 529 1.028 1.028
RS, ? 1.004 049421 1.008¢ 1.012¢ 0,9880 0.004 0.002 90.272 -1.6} 52.9 1.0280 1,028
%, & LeliU3 Do5624 140022 1,0064 0,986z G 003 0.001 G.273 =157 529 14027 1.027
105, S 1,003  0.5454 0.9666 0.9727 0.9758 -0.004 ~Ve002 G277 ~1a34 5246 14022 1,022
115. 1y 1.001  Do54L4 0.9389 0.9455 0.,9686 =0.009 -~y 004 0,286 ~0.89 5242 14013 1.013
125, 0.998  0.5426 09472 0,9513 00,9746 —0.008 —0.004 0,294 «0.50 1.8 1.60% 1,605

-
3 -

135. 2 0996 0.5384 3,9587 0,9¢00 0.9853 -0.008 “0.00% 0300 ~veld 515 0.999 0,999
145, 12 0996  0e5350 049716 (9705 0,9966 =0.006 ~0.003 u,.305 Ual0 5162 0.996 0.994
155, 14 06995 03321 0.9796 0.9771 1,0028 ~04005 ~0.002 9.310 0.42 5049 0987 0.5987
165. 15 04995 045321 049839 0.9808 1.8055 =-0.005 =0.002 Q.315 V.68 50«6 0G.982 0,982
175. 1¢ 0.995 0.5316 0.9883 0.9828 1.0073 ~0.605 ~0.002 ,318 0.86 50.4 0.978 0.978
165. 17 04995 05312 0.9878 0.9841 11,0087 ~0.004 =0.002 0.321 l.00 50.2 0.97¢ 0.976
195, 18 Ga995  Go5309 (49686 0.9846 1.0097 -0.004 —U.002 v.322 1.11 5042 0.974% 0.974
2y5., 1a Q.995  0.5306 3.9893 0.5851 1.0105 =0004 -0.002 v.324 1.20 501 0.972 0.972
21%. 20 V9SS $e5305 D.994 0.9852 11,0110 -0.003 ~0eU02 (L3244 le25 50+1 0.971 0,97}
2258, 21 0.995 0.5304 D.9896 u.9853 1.,0114 ~0.003 -0.062 0.325 1«29 50.0 0,970 0.970
235, 22 0,995  0.53C4 0.9891 0,984T7 1.,0115 -0.003 =0.001 (.32%5 1.30 50.0 u.970 0.970
265, 2 0.995 0.5304 3.9884 0.9840 1.0115 =0.002 -6.001 0,325 1.29 50.0 0.97¢ 0.970
255,

<4 04995 045304 09875 C,9231F 1,0r13 ~0.001 -0.001 ©.324 1,24 501 0,971 0.971
265, 2% Ge995 05301 049917 U.9872 1.6127 0.0 0.0 0323 lel4 5042 0973 0.973
27%. 26 Ci696 0.5301 1.0002 0.995% 1.015} 0.002 0.001 4.319 0.91 50.4 0,978 0.978

2e%5, 27 0.998  0.5298 1,0213 1.0163 1.,0204 Ce004 0.002 0.312 0.59 Su.7 0.984 0.98%
2QE, 28 1,001  Gu5299 140454 1.0404 1.0254 Ve 006 0,003 0.305 Je19 S5l1el  0u992 0,992
305, 2% 14003 045325 140652 1.0421 :.0218 U.008 v.003 0,298 .17 51.8  0.999 0.999
315. 3¢ 1.005 0.5355 1.0402 1.03937 1,0147 0.006 d.003 0.293 ~Ge43 31.7 1.004 1.004
32%. 3 1.006 045383 1.0316 1.0328 1.0054 0.00% 0a002 04289 ~UebS 5le9 1.008 1.008
338, 22 1.605 0.5400 1.0264 1.0269 C.9987 0.004 0.002 0.285 -0.86 5242 14013 1.013
345, 23 1.005 0.5409 1.0202 1.0233 0.9954 0.004 0.002 @«.282 =105 5243 1.016 1.016
358, 34 1,005 045614 140177 1.0212 00,9933 G.004 Vel02 0,279 ~1.19 5245 1.019 1,019

Ss 35 1.005 0.5416 1.0163 11,0199 0,992) 0.004 ©e002 0.277 ~1.30 52.6 1.021 1,021

1s. 3¢ 12005 De5417 1.0155 1.0192 0.99]2 0,003 0.002 w276 ~1.38 52.7 1.023 1e023

sTace &
L1440 FLOW SWIRLs 18,94DEG PARTICLE SWIRL= 53.55uEG PSAVG= 12,21PS1A = Bal§6,.PA
PIAVG= 14.17PSIA ¥ 97674.P& TYAVG= 669.50EC R = 371.9DEG K VELAVGE 578,0FPS =176.2MPS
FYELAVG: @42,7FPS = 256.9MPS AXVELAVG= 570. IFPS =3Y73,8MPS Uz TL6.FPS = 21B.MPS

THETA  SEG  VEL my (43 Py T wBL WBL DF INCIDENCE BETA aXIAL  REL
LBM/SEC KG/SEG IN DEG IN DEG VEL VEL

29, 1 1e026  0.4806 1,0141 1.,0234 0.9906 0.0 0.0 0.275 -3.51 43.4 1.026 1.010
39, 2 1e027  0.4B12 1.0133 1,0230 90,9900 0.0 0.0 0274 ~3,%5 43.4 l.w2? 1,010
“9. 2 1,028 0,4518 1.,0125 1.0226 0.98% 0.0 0.0 Ce273 ~3.%8 43,5 1.028 1.010
59 4 1.026 004821 1.0120 1.0224 0.9894 0.0 Ve 0.273  -3,60 43.5 1,028 1,011
69, B 1,029 0,4824 1.0117 1.0222 0.9891 0.0 0.0 0.273 ~3a61 43.5 1.029 1.011
79t 1.029 0,4826 1.0106 1.0212 0.9887 0.0 0.0 ©0a273  ~3,62  43.5 1.029 1.011
89, 7T 1.u29 6.4828 1,0083 1.0100 0.9880 0.0 Ve Vo273 3,62  43.5 1.029 1,011
99y 8 1,028 0.4828 1.0021 1.0128 0.9862 0.0 0.0 042764 -3,59 43,5 1,428 1.011
109, L 1023 J.4830 0.967F 0.9776 0.9758 0.0 0.0 0.283 =3,43 43.3  1.023 1.609
119, 10 1,013 0.4798 0.9805 0.9487 (.9686 [ 0.0 0e299  -3,10 43.0 1.013 1.005
129, 11 1.004  G.473B 0.9494 ©,9540 0.9746 0.0 3.0 Q0.309 -2.80 42.7 1,004 1.001
129, 12 0,997 0.467° 0.9608 0.9619 0,98%53 0.0 Q.0 0:315  =~2.59  42.5 0,997 0,999
169 13 0,992 00,4625 0.9730 0.9709 0.9966 0.0 0.0 GeIl8 2,40  42.3 0.992 0,997
129, 14 0,986 044582 U.9807 0.9759 1.0028 0.0 [ 0322 -2,21  42.1 0.986 0,995
169, 15 0,981 C.4551 9.9648 0.9781 1.005% 0.0 0.0 24325 -2.04  4).9 (.981 0.993
I79. 16 0.977 0.4529 0.9871 0.9791 1.0073 0.0 Vel 0327 =192 41.8 0.977 06,991
189, 17 0,975 0.4514 0.9884 0.9795 1.0087 0.0 0.l 0.328 1.83 41,7 0,975 0Q.991
199. 10 0.973. 0,4503 0.9289 0,9193 1.0007 0.0 0.0 04330 <1.77  41.7 0.973 0.990
209, 19 0971 0.4496 G,9863 0.9792 1.0105 0.0 0.0 U330 ~1.72  4l.6 0,971 Q.989
239: 20 0,970 G.4489 0.9693 D.978B 1.0110 0.0 0.0 06331 1,69  41.6 0.970 0.989
229 21 04970 (44485 0,9893 0.9787 1.0114 00 0el 6.331 ~le67 4le6 0.970 0.989
23%. 22 04970 0.44B4 0.9887 0.9780 1.0115 o.e 0.0 Ue331  ~1.67  Al.6 0970 0,989
249, 23 Qe970 D.448%5 G.9881 00,9776 1.0115 (<2173 G.0 0.3 =1.67 4l.& 0.970 0.989
259, 24 G971 0.,448° 0,9873 0,978 1.0113 [N 1] G.0 0,330 -1.70 4l.6 0.971 0,989
265 2 04972 0,449 0.9918 0.9817 1.0127 0.0 0.0 00327 -1.76  41.T7 0.972 0,990
2794 26 0.977 0.4510 1.0005 0.9912 l.0151 0.0 O.0 D322 ~1l.9C 41.8 0.977 0.991
289, 27 ©Ve98  0.4530 1.0210 1.0127 1.0204 0.0 Oel 0.312 -2.13 42.0 0.983 0,994
249, 28 0992 0,4%58 1,0446 1,0378 1.02%4 0.0 V.o v.303 =240 42.3 G.992 0,997
309. 29 0.999  U.4602 1,0440 11,0402 1.0218 0.0 0.0 0.295 —2.65 42.6 0,999 1.000
31°e. 3¢ 1005 G.4b46 1,4390 1.0379 1.0147 0.C G.0 0.290 =284 42.7 1.005 1,002
329, 31 1.60% 044689 140307 1.0325 1.0054 V.0 0.0 V286 ~2.98 4249 1.009 1.003
329. 32 1,013 0.4726 1.0238 1.027% 0.9987 0.0 0.0 0e284  =3,12  43.0 1,033 1.005
349, 33 1.017 G,4753 1.0196 1.0256 0.99% G0 (1Y) 04281 ~3e25% 4341 1.017 1.006
30, 34 1020 Ca6773 1.0172 1.0244 0.9933 0.0 0.0 0.279 -3.3% 43.2 1.020 )1.008
Se 35 1,022 0.4787 1.01%8 1.0239 0.9921 0.0 0.0 o278 -3.41  43.3 1,023 1,000
192 36 14024  0.,4797 1.0150 1,0238 0.9912 0.0 w0 Ve2T6  =3.4T  43.4 1.026 1.0Q09
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APPENDIX B (Cont'd)

SYATCR FLOW SKIRL= 18,T40EG PARTICLF SWIRL= 57.79DLG PSAVGz 13.45PSTA © 92T26.PA
PTAVELE 1¢.33PSTA = 112573.PF TTAVG= T04,5DEC F = 391.4DIG K VELAVG= 675.5FPS =205,9MPS
RVELAVE= TC3.9FPS = 214,4MPS  AXVELAVC: £92,9FPS =180.7MPS Uz TC2.FPS = 214.MPS

THETA  OfC VEL MN PS PT 11 WRL wWPL CF  INCIDENCL ACPHA AXIAL

fr LBM/SEC KG/SEC IN DFG 1IN UEG VEL

29, 1 14016 0.54863 1,008 1.01866 0.9K96 0.0 0.0 G.195 ~4,286 63,0 1.031
39, hy 1,016 0,547 1,6072 1.0160 (9890 Gl Vel Cal94 ~4,32 63,0 1,032
4c, E latd7  We5471 1,0064 1.0155 6,9065 Ga0 0.0 G193 —6.38 63.1 1.032
LUN < 1.017 0.5473 1.0059 1.0152 0.9PE2 w.0 0.0 0.193 ~4ebl 63.1 1.032
EG. 5 14017 045474 1.0057 1.015C 0.9860 0.0 0.0 velQa2 .42 63,1 1.033
79. [ 1.017 04575 1,0046 1.0141 0,967¢ Vel vel Vel92 —4e%3 6341 1.034
ea, 7 1,617 U.5676 1.0026 1.0121 0.9€70 0.0 6.0 0.192 S abZ 63e1 1e034
sa, F 1.01&6 (.,5474 0.9977 1.0070 0.98%54 LG G0 Ual94 ~h.33 £3.0 1.032
106, s Teull 025466 0.9690 045775 0.976% (V) G.0 ve203 -3.83 62.5 1.022
11e. it L.€8Y  DaS5424 00,9503 0(.9558 0.9702 V.U 2.0 0.217 ~2.95 6l1.€ 1.005
129, bl Ce973 05375 0,9603 0.9625 0,975C C.0 Lol 0e22¢ ~236 6lel  (.99¢
129, 1 0990 0e5331 049699 0.5690 0.9835 0.0 Vo0 ve232 -2401 60T ue987
149, 1O Gl (.5290 0.9805 0.976b 0.9942 o.0 Vev 042358 -1.78 60.5 0.9€3
15¢, 14 0.%9E6 0,5260 0.9E85 0.9827 11,0021 0.C 0.0 0.238 ~1.53 60.2 0.978
169, 5 CaQEE 005243 0e992% 0.9F54 1.0061 0.0 Uev U241 -1.32 60.0 0.974
17¢. 1t .95 0.5233 12,9939  0.5862 1.0081 Qe 0.0 0e242 -1.18 59.9 0.971
19, 1Y Oeta [e5226 Je9946 09863 1.0095 0.0 0.0 Vo245 ~-1.08 598 We9TC
109, 1¢ U083 045221 049946 0.9860 1.0106 Vel vl Le2bt =1.,01 59.7 0G.96¢
209, v CeQEd  LoSZz1¢ 0.9946 C.9859 1.0115 0.0 0.0 U247 ~0.94 59.6 0,967
210, o 0.903  0.5215 0.%%44 C.9B%4 1.0121 0.0 0.0 0.247 ~0.92 59.6 0.967
22n. A1 UeCED 045212 0.v943  (.9F51 1.012% Ge ['yY] (o267 —v.90 59.¢ 0.96b6
L3, Z¢ UeGED  Le5213 0,9%3% 0.9P63  1.0127 0.0 U.0 Geza? —0.90 59.6 ©.906
240, 72 U.9hs  0.5215% 0,792¢ 0,9836 1.0127 Uil 0.0 Ge247 “0.92 56.6 0.967
259, 4 1,984 U,5219 U.9914  C.9827 1.0125 Qels G0 V.24t a9 59.7 G.968
2e0, 2! LL9RE (145224 (.9950C 0,9265 1,013% 0.0 0.0 Vegha ~1.11 59.8 0.970
279, 2r 0,909 $.5230 1,0011  G.903T7 1.6154 G.0 6.0 G.238 “lo44 6C.1 G.976
28¢. 47 0.994 D.5255 1.0182 1.0117 1.0200 V.0 (/YY) Ge230 =1.92 6G.6 0,985
269, Rk 1,001 ©e%27° 1.06374  1.032¢  1,0245 G.0 0.0 G.220 ~2.55 €1.2 04991
309, 2y loudé  LaS315 1,03%59 1.0336 1.,021% 0.0 ve0 well?2 -3.03 6le7  1lalL06
339, iu 1.009 L5348 1.6316 1.0220 1.0156 0.0 0.0 vae2CE ~3.34 el 1e012
220, 21 1.011  L.5382 1.02°0 1.0276 1.0072 6.0 G.C Le2US =3.54 62.2 1010
33v. 30 1ovl2  LeB416 1,0182  1,0229 0.9997 0.0 0.0 ©a203 =3.71 62.4 1.020
t46, 53 14U13  Va5429% 1.0137 1.0198  w.9952 0.0 Uet 24200 -3.88 6246 14023
G e 1,015 0.56442 1.0112 1.0182 0.99:2¢ .l Cel vel®E ~4.02 62.7 l.020
Yo In 1,015 0.5450 1.0100 1.0176 b.9otz 0.0 Vel Vel$T .12 6Z2.8 1.028
10, 5¢ 1.015 05456 1,0091 10172 0.9904 0.0 Q.0 Col90 —4 e 20 62.9 1.029

STARY S

RrRONF FLODW SHTFL= 22.039E6G PARTICLE SWIFL= 61.0EDEG PSAVGE 14433PSIA = QFET93.PA
PIAVL: 16.73PSTA = 115377.PE  TTAVG:= T04.50EC R = 391,400C K VELAVGE £05.4FPS =184 .5MPS
PVELAV = L344EFPC = 25&4,4MPS  AXVELAVCE 555,7FPS =181 .6MPC Us c93FF5 = 211.MPS

THLTA 26 vit MN [ 33 PT T L1:18 wWEL OF INCIDENCE EBETA AXJAL

NG LBM/SFC KG/SEG IN DECGC  IN [EG VEL

3. 1 1,032 044950 1.00%6 1401768 0.°89¢ Gel U.C UedED =2.62 4.6 1,032
«2. < 1,034 04957 1.0646 1.6173  G.9E90 0.0 Ve veds2 46.7 14034
£2, 3 1.025 044963 1.0039 1.0168 0.9885 0.0 Gl ve352 46.7 leU3S
62 L 1.u3%  Ge4967 1.0035  1,01e6 0.9E82 U 0.0 ve3d51 46.7 1.035
T ‘ 1a035  U.495% 1.0032 1.,016% (.9880 0.0 0.0 Le351 L6647 1.03%
£l e 1.03€ 0.4971 1,0021 1.0156 0.987¢ Gebs [ 21V vedsl 4e.7 1.036
9. 7 14028 Cew9T7 1,0002 146137 0.9870 C.d 0.0 Ve352 46.7 14035
102 3 et 32 Deb905 Ue9957 1,00806 3.9854 0.0 vel 0.354 6.t 1,033
11z. o o322 044932 0,96F7 D.9792 0.9765 0.0 Vel T.366 46,3 1.022
122. W 1ol02  D.6B%1 09523 ©u%ST5 L.9T0Z UeD LY V.3E3 45.¢ 1.003
127. 31 GeBO1  VLATTE GL.HE3Y 0.9639  (.9750 C.0 Gl ue39l 45,2 C.591
147+ 1¢ UaGEs Deb7746 1.0727 049701 0.983% Gau 0.¢ ve395 45,0 0.98%
12, 13 CeOEL-  (e&879 1o9B28 0.9774 0.9542 vl e va39¢ 44.9 0980
162, 14 Cu9T6  Ge463h 0,.9906 0.9827 1.0021 Vel Gel V.39F bh,T  w.976
172. 1% Ca®T2 (oGE10 0.9946 U.9R49 1.006) .0 vel ve399 =U.59 44.b Ga972
182 1¢ Ue9Tu  C.4593 F.9961 Q.9R¢3 1.0081 Uel Gel 0400 -0.5¢ &4aS  0L97C
157 17 Ue€ 6P D&Y U,996B  0.9R52  1.0095 0a0 0.0 veddl 2 Lubh G.9L8
2.0, it Gett? Oetah71 L9969 0.9FE67 1.0106 G.0 Gov La&C2 -0.38 bhoh LJRET
212. 1% UeWtS  Ce&B5e6: 0.9971 0.9E64 1eulll ["P19 vel XTIV =3, 34 lto,3  0.905
222+ wu V.05 DebSei N,9967 0.9838 1,0121 0.0 a.0 Gadv2 -ve33 fLé o3 Ge9b5
232, 21 UeWbS Co&SST w9966 (,9835 11,1125 Cal G.C L0602 ~Cad2 4by3 V965
Cals le DeES  Les5ST 10,9957  0.°027 1.l127 0.0 Lel Veh02 ~Ge32 4l oz 0.965
e o VeG65E  UahH59 D.YF4E  0.9819 1.0127 D.L 6.0 Uebi2 -ve33 Ao 0965
2bie a4 V.Gt 0.4565 7.9935  0,581C 1.u105 C.l Ul Gakil ~0.27 Lk U966
2¥2. % Q.GE0 L6575 0,909 G.984%  1,0135 0.0 Uel veld¥E ~Ueht 44.5 L.9¢9
2rle L LL8TS  u.4b(4 [.0024 0.¢922 1.0154 ved Oev veldsl ~C.70 bl T U.STS
24l. 2 Cab85  0,4642 1,0184 1.0104 11,0200 Vel G.C Jedb2 -1.04 45.0 0.985
M. D¢ UaCHB ekt ¥E 10360 140313 1.024F v.0 V.0 ve370 ~le4® 45.5 0.9%5
ANie 1€ 1,000 w4751 1.033¢ 140325 140215 (TP 0.0 U.3¢3 ~1.82 45.6 l.008
22i0 v levld ve&79% 1.0295 1.0313 1.015¢ 6.0 Geu Q360 ~2.02 46.0 1.014
a22. 31 14618 HesB34 1.0226 166272 140072 Ol Gev 04356 ~2.15 4641 1levlB
346z. 20 1.0 G.4BER 1.0163  1,0230 0.9997 0.0 Ged 0,357 ~2.25 6.3 1.021
2572, I3 1.024 DB.4R9L 1.0118 1.0203 0,9952 0.0 0.0 0e358 ~2a.36 4b.b 2a024
o 34 1,027 w.4%l6 1.0092 1.0190 0.9928 () Veu 0.35% ~2445 46.5 1.027
12. 2% 1eCI® C.492% 1.,0079 11,0185 0.9912 [y Uel ue355 ~Ze51 46.5 1.029
27, Ae Lel31 024940 1,007 10183 3.9904 C.0 [ Ge354 ~257 46,6 1.031

REL
VEL

1.G31
1.032
1.033
14033
1,033
1.034
1.034
1.032
l.022
1.005
0.994
0.987
J.983
0.978
0.974
0.971
0.970
Vs 96E
0.967
0.967
0.966
v.9606
0.%67
0968
0.970

. 0.97¢

0.485
0.997
1.00¢
1.012
l.010
1.020L
1.023
1.026
1.026
1.02%

REL
VEL

1.014
laGla
1.01%
1.015
1.01%
1.015
1.015
1.614
1. U0S
1.001
0.996
Gev92
0a952
0990
¢.968
0.987
0.987
Ga986
098¢
0.985
0.985
0.985
G955
0.98¢
0,987
0.996
Ve 994
0,999
14003
1,000
1.007
1.009
1.01C
1.011
1.012
1.013
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APPENDIX B (Cont‘d)

SYATCE

stars
ROT 4

118

FLNW SWEkLs 22.15CEG

PTAYC=E 1<,87PSIA =

THET

a2,
e
£2.
67
Tce
22,
eC.
102.
11z,
122,
132.
142,
152,
162,
1712,
187.
19z.
202,
212,

34i.
352,
1ia
23,

[

FLOW SWIRLE

THETA

24,
Yo,
He,
L&,

PARTICLE SWIRL= 65.500€G
136992.PA TTAVG= 739.7DEG R = 411.00tG K

PSAVGE 16.28PS1A = 112237.PA

VELAVG= 701 .5FPS =213,BMPS

FVYELAVGE €49,0FPS = 197,8MPS  AXVELAVG: S5E0.1FPS =176.8MPF U=z 685.FPS = 209.MPS
SEG YEL MN PS PT Tr WBL WBL DF  INCIDENCE ALPHA AXIAL
NC LBM/SEL XG/SEG IN DEG IN DEG VEL
1 12015 0.5537 1.0065 1.0149 0.9902 0.0 0.0 0.322 =l.41 57«3 1.033
2 levle 0.5541 1.005€ 1.0145 0,.9895 0.0 Ut 0.321 ~1.45 57.3 1.034
3 12016 045345 1.0050 1.0140 0.9890 0.0 0.0 0320 =1.49 574 1.035%
4 1,016 ©0.554¢ 1.0048 11,0138 0,9887 U0 0.0 0.320 =1.50 57«4 1,035
4 1e016 045546 1,0048 1.0138 0,9885 0.0 0.0 D.2320 ~1.51 57.4 1.035
t 1,016 0.554P 1.,0038 1.0129 0.9881 0.0 0.0 0.320 ~1e52 5%.4 14035
7 l.0le 0.5548 1,0022 1.0113 G.987% 0.0 0.0 0,320 ~1e49 57«4 1,035
£ 1.014  §e5542 0.9988 1.007% 0.9862 0.0 G.0 0.323 ~1.36 57.3 1,032
° 1.005 0.5513 0.9775 0.9839 0.9787 0.0 0.0 0.335 ~0.65 56,6 1.018
119 0.993 0.5458 0.9657 0.9682 0,9732 0.0 0.0 0,354 Qeb2 55.5 0.993
11 0989 0.5425 0.9732 0.9734 0.9761 0.0 .0 Ve362 0.92 55.0 0.982
2 Ce9BT 0.5395 0.9789 0.977) 0.9822 0.0 0.0 0.366 le.18 54.7 0.977
12 0.986 045364 0.9858 0.9817 0.9914 0.0 0.0 G367 1.28 54.6 0.975
14 0.965 0.5337°0.9923 0,9863 0.9998 0.0 0.0 0.368 1.40 54.5 0.972
1% 0s985 0.5323 D.9954 0.9683 1.0048 0.0 Q.0 0370 1.50 S4.4 0.970
1s Ge985 045315 0.9961 0.9885 1.0072 0.0 6.0 ©.371 1.5¢ 54,3 0.9068
17 0.985 0.5309 0.9962 G.9881 1,0087 G0 L] 0.372 lebt 5443 0.%967
e G984 05304 0.99%59 0,9876 1.0098 0.0 0.0 0.372 1.69 54,2 0.966
1v 0984 0.5300 0.9959 0.9872 1.01Q07 Q.0 0.0 0.373 1.73 $4.2 04965
20 0.984 0,5299.0,9951 0.9864 1.0113 0.0 Q.0 ©.373 1.74 54,2 0.965
P21 G984 0.5297 0.9949 0.96860 1.0118 0.0 0.0 ve373 1.75 S4.1 0.96%
< Ga964 00,5298 0.9938 0.9851 1.0120 0.0 0.0 0373 Lo74 54.2 0.965
3 0+965 0.5300 0.9928 0.9841 11,0120 0.0 U.0 04373 1.7 54e2 G966
res Ve985 (.5305 0.9913 0.9830 1.0%18 0.0 0.0 0.372 1.65 54¢3 0.967
.25 0,957 0.5312 0.9938 0.985% 1.0128 0.0 0.0 0.36% 1.49 56.4 0.970
26 0991 0.5332 0,997¢ 0.990% 1.0143 0.0 Gel Ge362 1.10 1448 0.979
27 0.997 0.5354 1.0110 1.0060 1.0186 0.0 0.0 0.353 0.53 55.4 0.991
if 1.005 06,5385 1,0262 1.9233  ]1,0229 G0 Vel Vedul ~Jel8 561 1.00¢
e 1,000 5,561 1.,0253 1,024 11,0210 U0 L.u 0.322 =U.63 56.5 1.016
I 1,012 0u5440 1,0237 1.0249 :.0166 0.0 U.C Va329 ~0.87 56.8 1.021
=1 1e012 0,5467 1.0196 1.0228 1.0094 Lol Qev ve328 V.99 S€.9 1,024
dd 1awl3  Le5491 1.0148 11,0197 1.0020 Ol Gol Ge327 ~1l.07 57.0 1.025
33 letda4 (o 5508 1,0110 149172 G.9967 vel Qe ve326 -1.15 57.0 1.027
XS leulé  UL55070 11,0088 1,0159 0.9937 Q.0 0.0 C.324 ~1.23 $7.1 1.029
EH 1.014 0.5526 1.0082 1.6157 06,9921 Gel Dol Cedze -1.26 57.2 1.030
L€ lTeul® we5531 1.0075 1.0155 0.991) C.0 Geu ved22 =1l.34 57.2 1.031
2. 74DEC PARTICLF SWIRL= 6T7.09DEG PSAVGE 17.12¢S1A = 11F0€5.PA
PYAV(E 19.85P51A = 135507.PA TTAVGE T39,7DEGC kK = &11.CDEG K VELAVGE SE5,6FPS =17845MPS
RVILAVC: 869, oFFS = 265.0PS  AXVELAVG= 584.5FPS =1T6,.2MPS Us 679.FPS = 207.MPS
Ste VEL PN PS PY v WBL wel OF INCICENCE BETA AXTAL
Le] LRN/SEC  KG/SEG IN DEG IN DEG VEL
1 1eG27 (%636 1.0069 1.0180 0.9%02 2.007 0.003 (389 ~6.96 43.1 1.027
Py leulb Oohb6] 1.0062 1.0156 0.9895 J.007 C.203 v,3B9 -t.98 42.1 1.02E
z 14029 0,4€66 1,005 1.0151 C.9890 0.007 V003,38 ~7.00 43.1 16629
- Let129  (o4642 1.0052 11,0150 0,98R7 C.007 G.003 (.38E ~7.01 43.1 1.029
* La02® 0.4650 1.0051 1.0150 0.9885 0,007 G.003 w,3e8 =T.02 43.1 l.029
3 1029 0,46%1 21,0041 1.0141 (©o9881 Q0.007 veL03  J.3BB -T.02 43.1 l.029%
7 leit29 (146651 140026 1.i126 0,987% 6,007 VelL3 (o369 -7.01 43.1 1.02¢%
£ lellh  Dob€48 1.9960 1,008 00,9162 Ta005 0.002 0.39%0C ~6.97 43.1 14028
< Lol @2 Wekt40 D,97%53 (,9643 00,9787 =0,006 =4o003 0.397 ~t.81 42.9 1.022
1v 1adlB  La4SER Uu9612 0.9671 0.9732 —0.016 =0l 007 0.41C ~6.40 42.5 1.008
11 UeSET  (1.4528 0,969¢ 0.9719 09761 0016 =J,007 0,418 =t. 0t 42.2 0.997
1 VoGl vehhB4 1,9758 0.97%5 0.9822Z =0euls =0.007 C.42] ~5.68 42.¢ L.99)
3 UeGET  (abhedT 09629 G.PBL6 U,99146 «0.Ul4  ~De0U6  u,.423 =577 41.9 0.987
14 CoBfh  LoMald 0.9096 0.9F4E 4.9990 =Ceuld -0.006 0.424 -5.67 “lel G.9E&
14 CoBl 04206 1,9030 (9869 1.004F =L.012 <~(.G05 we425 =557 Ll.7T U.981
1€ LDeCTP  (o4365 U.9944  0.9871  1.06072 ~Lobll  =Ueh05 Cub2é =5447 4.6 U.978
17 CeO75  0e4350 0,951 0.586° 1.0067 =0.010 =-v.0Vé v.426 =5.39 41.%  0.975
it 0e%73  wehIIT 09953 (49864 1.0098 =-0,008 ~0.006 Jes2S ~5432 4le4 0.973
1 06971 J.4320 0,9956 L9881 1e¢l0T  ~0400E ~uei03  $a430 ~5.27 fles we9T1
¢ CeOTC 0.4321 80,9953 0.9854 1.0113 =uei0t —9eui3 veé3) -5.23 41.3 0.970
<1 Coe® 0.4316 D.9953 (,9852 1,017 -~D,006 -0,003 {.431 ~5.21 41.3  0.969
by VeSlE  N.4310 71,9947 La®B43 140120 =1 005 ~ueLOZ  v,432 ~5.16 4de3  U.968
2z Le9eP  (e%310 Ja94] Q983 1.G120 =ued06 =u 002 w.432 ~5.17 41.3 0.9¢8
s Lol BT D,9632  GowPZT 1 0LIF ~0.007 -Ul00) 5,432 =5e16 “lel  Ge9LE
2% Va2  Dew31S 040962 Ga$B59 10223 =0e001 =0eG00 U awd0 ~5421 4le3 G969
r Ve®TF 344331 1.0005 (.6€11 1.0)42 0.€03 U002 w,62¢ ~5.34 bleh 0973
o GaOES (34368 [L,0127 1.20¢2 }1.ulfe GoQu? 0.0C* C.éle ~5,03 4l1.7 C.983
M VeBL  0ebbl6 10282 1.0236 1,0229 ¢.011 U005 Lasub =6.03 4241 La99¢
< 1o8€5  Geabtd 1.02¢8 «I251  1.021C devlz 0005 wva.3y9 =6,2]) “Ze4 1005
3. detll  Ga450D 1,024% 1.0255 11,0166 ued1? YeUBE  a395 ~6.48 426 14011
2 10005 uek533 1,0207 1.0234 1.0094 Vallu VeSS  ©.392 -6.59 42,1 1015
3z 1017 Veb%62 140159 1.2204 1.2020 ve009 welJl& w,.393 ~6.67 42.6 1.017
o levzu 04587 1,012¢ 1.0100 1.9967 0.008 UeulQbd U, 3w2 ~t. T 42.8 1,020
T 16002 UehbL5 1,009 11,0168 00,9937 G.00n 6,002 0,391 .82 42.9 1.022
h levid  5.4817 1.3008 1.0167 0.9921 G007 Uel03 (4390 —6487 43,0 1.024
¢ 16026 o b2E 1.00EC  3,016% 0,9910 Lel0? vell2  Lo3%0 —6.92 43.0 1.026

REL
VEL

1.033
1,034
1.035
1.035
1.035
1035
o033
1.032
1.016
0.993
0.982
0.977
0.975
0.972
0.970
-3 1 1.3
0.967
0.96¢
0.96%
0.965
0.965
0.96%
0.966
0.967
0.970
0.979
0.991
1.000
le0}c
1.021
1.024
lev2s
1,027
1.029

1.030

1.031



APPENDIX B (Cont’d)

STATIR FLOW TWIRL= 20,120
F1AV(-= CLPsia =
FVELAVGT ¢51.9FPS

THITA SO V1L

nr
H levls
7 lo..i4
. letis
4 1.1
. Teds
« leli14
7 l.u13
£ el
4 Lel07
16 Jets?
1 w02
1 [PL
1% V.08 C
14 LSO
1 Je9t €
i J.bEE
17 Ce9ET
% ekt
1t I 2ad
v (PR3 3
2l e Q8L
g vaGtY
B A
I Catei S
o J.57¢
2¢ Vet
27 {1eQCE
ras lauls
2« 1.008
S lecln
1 1.011
EY loulc
z2 lecl?
b 1.013
s 1.013
23. e levl3
SrACE 7

NTOR FLCW SWlRtL= 25.200
PTAVG= 22.06FSIA =
RVELAVG® 797,PFPS

THETA  SEG viL

N

35, 1 1.629
L 2 1.629
£5. z 1.030
L5, 4 1.030
75 < Jau30
ar, & 1.030
Se T 14029
1cr. e 1.027
117, «“ laut8
125 10 L,998
135, 11 0.987
145, )z 0.9E2
156, 12 0.96U
165, 14 Ca939
17, 1f L. 077
1%, 1o Q075
195, 17 0.973
208, 1 Ga9T1
21%. 1% Ua BT
22%. L Vet
235, 21} et
24Le iz LeGEER
25¢ 22 Ca907
265. <4 Ce9L?
77%. ¢ Ca®T0
8. 246 [N 4]
29%. 77 G.9FE
3 rdil 1.C04
a1 24 1,011
32, 3L 1.018
225, 31 1.021
34f, 22 1.025
265, 37 la024
5. 34 1,028
e 35 1,024
2%, 38 1.028

9, 64PSIA = 135409.FA

€47 1FPS =157,2MPS

PS = 2u5.MPS

INCIDENCE ALPHA AXIAL
IN DEG  IN LEG VEL
-9.53  €C.E 1.020
~8.55  60.6 1.029%
~6.57  bu.t 1.0:9
-9.58 6Lt 1,029
-9.59 0.6 1.030
~9.50  b0.¢ 1.029
4,56 b0.€  1.029
-9.47  bu.5 1.027
~%405  6L.0 1.019
-tall 56,1 1,006
~7.54  St.5 0.989
~7.29  SR.3  (.964
—7.16 SE.2 (.92
~7.07  SH.1 0.9BUL
-6.95  5H.0 L.9T8
-6.E3 ST.E  (.976
~6.72  57.7 0.973
—Leb) 57,6 L.97Z
~6.54  57.5 u,97u
—6a49  57.5% w,9t9
~.h5  57.5 U.968
—o.4)1  57.4  Gl966
—t.. 39 57«4 U.967
~6.39 57,4 6,967
-6.52  57.% (970
—6.El  57.8 D.9T5
7446 5B.5 UL.9EE
~£.26  59.3 14003
~£.72 59,7 1.012
—G.9E  6G.0 1,017
~9.12 bu.l 1,020
-9.20 60.2 1.022
~9.i6  60.3 1,023
~9.35  6he4 14025
-9.41  S0.4  1.0626
~Y.4T 805 1.027

0.,41PS1a = 140708,.PA

VELAVGE 585.6FPS =172.4MPS
PS = 204.MPS

EC PARTICLE SWIRL= 70.370LG PSavi= 1
15900C.FA TTAVC: 776,BCEG R = 431,b6CE( K VELAVG=
= 162.TMPS  AXVELAVGE 555,1FPS =169,2MPS Uz &74.F
MN PE PY TT WEL WEL LF
AM/SEL  KG/SFG
Vel G50 1007 1.0128 0.990 1 Das Man ve22%
Ueh952 10062 «{126 0.98%¢ VeV uely veZih
Vet 954 14,0057 1.0121 D.9RY] (G 00 La22%
DVets905 140057 1.012)1  0.9E6L Ced Gav La224
CesO%e 1.u057 1.0122 C.98B6 .0 (LY Lel224
UahO5EL 1.004° 1.C114  0,96H2 0.0 0.C G.224
Vad9ef 140036 1a7101  G.9P77 Caa veu e2Z%
Cen952 1.0006 1.0071  0.9B6¢ [*IY] Ual va22¢
VedR4l },9BLT 0.9664 UL.9BUU 2.0 av Le33
Nt B0L 14,9724 049752 Can wel ved4b
VedATY (9797 (L.Q80UE (el Cou 14257
UskBRU Ga9624  (uvB21 Gal 0.0 Ve260
V.4327 0,987 0.904E Vutr val v.2t2
Ue4aBU2 Ue9916 D.98E) U0 Uau ve?63
JetTET 1.994& V.T90)  1.1035 3.0 a0 veZbs
s TTE J.9957  0.990%  1.0087 ULl veu ueZb6
L TLY 349960 0.9903 1.5084 .0 L.0 G.2¢7
Ve4TER 0.995B (L.v97 }.009S Dad 0.C U.268
VeS8 DL,9987 049893 1.010% Gav Col ver69
Va4T554 Ue9952 0Ce9FBb  1.0111 '] [ veZ?0
VanT52 0,9949 0.S082  laollé Vel Uev welll
web 750 09942 0.9874 1.0115 O [UNY) ue2T1
Je4T5] 09,9935 (.Q9R6E  1.0119 Ged Vel o271
Ceb 750 C.%925% (.9t 1,0118 Cel Vel 0a271
Je475¢ 0,4945  (L,Q0EQ  1.0126 ) U,0 0.270
veGT68 149973 (.,9%15 1.0139 []Y) Lot Gezb65
ved 793 1.6C71 1,002 140174 [L%Y) Vel ve2fé
VetB24 1,0184 1,062 1.0211 0.0 Gl Ue2bs
UetRLT 1.0185% 1.C177 1.0200 G.0 uel vez3é
Gehttd 1l.ulB8f 1.9193 11,0167 [/ G.0 La233
Ve4BEY 140167 140186 1.0107 Gou u.0 v.Z231
“e49UT 1.0135 1.03167 1.0037 [P G.0 we230
VesO23 1,u104 1,0147 0.9979 G0 Geu Ue229
Geb%34 1.0085 1.0135 0.9944 Vev 0.0 0.2286
C.494C 1,008 1.0136 0,995 G.C 0.C 0.227
Ueh D45 1.,0075 1.:1364 C.9912 6.0 0.0 Ge226
EG PARTICLE SWIRL= 72.46D€6 PSEVG= 2
156990.PA TYAVG= 776.BDEG R = 431.6DEG K
= 263,2MPS  AXVELAVG= 556.9FPS =169.8MPS U= 6T0.F
MN PS PT 17 WBL WBL of
LBM/SEC  KG/SEG
0.64368 1.0059 1.0143 0.9%03 6.0 Vel Ue323
04372 1,005% 1.0141 0.9896 0.0 0.0 G322
Ce4375 1,0049 1.0137 0.9891 0.0 0.0 L.322
©e4377 1.0G48 1,037 0.988¢ G.0 [+ 23] va322
C.4378 1.0048 1.0138 0.988¢ 0.0 Q.0 ued2Z
Ce&37€ 1,004 11,0131 0.9882 0.0 V.0 Ve322
0,4376 1.0029 1.0118 0.9877 6.0 DG ©a323
0e4370 1.,0003 1.0088 0.9866 D.0 0.0 0.325
Deb344 049814 0.9882 0.9800 2.0 0.0 D+ 333
W h2ET D,9T746 0.,976B  0.9756 Getr V.0 0349
Ce4212 0.9820 C.9B1& 0.9777 0.0 G0 0a.355
Ve41B2 0,9846 0.9823 0.9819 0.0 ([N L.357
D.5158 0.,9885 (Q.9848 0.9895 0.0 0.0 0.359
Des134 0,9929 0.9879 0.9977 0.0 6.0 0.359
Uebll4 0.995T7 Q.9€95 1.0035 0.0 0.0 G.3¢0
CobUOR 02,9965 0.9095 1,0067 0.0 9.0 [ %117
0.4007 2.9965 0,989 1,0L0P4 Va0 Ue0 [T}
Ue40TT 00,9962 ©0.968C 1.0095 Gad Vel G.362
Ta4l€9 0,996% (L9874 1.C1%5 €.0 C.u 0,382
Caklta 0,9253 (e.96L4 1.0111 del Cat 0,363
VekUD 009945y 0.9859 1la.ulle v Gal Vel
UekUS6 %943 (LCHSL  1.011R vel Cel Vedb:
Ge415%5 72,9635 D.9841 1.5119 9.0 .0 L2 1
0.4055 0.9925 0.9831 1.011& G.0 Ual Cele3
V.4064 J.9946 L[.9857 1.0126 vel C.0 v.361
veslEL £,99T77 C,9898 11,0139 0.0 0.0 C.357
Ge4132 1.0071 1.0018 1.0174 0.0 0.0 0.347
Ce4l93 1.0179 1.0160 1.0211 0.0 0.0 0,336
Ce423¢ 10173 1.0179 1.0200 0.0 0.0 (e330
004265 1.0174 1.0197 1.0167 0.0 O.u 0,327
0.4290 1,01f4 1,0192 1.0107 .0 0.C @325
Do4312 1.0125 1.0175 1.0037 0.0 0.0 6.324
Le4d3h 1.0095 1.0157 0.997° 0.0 0.0 V.324
Ueh24s 1.0077 1.0167 0.9544 Q.0 0.l Vo324
0e4353 1.0074 1,0149 0.9925 [ ) 0.0 G324
Ua4386) 140068 1,0148 0.9912 0.0 0.0 ¢.323

INCIDENC
IN DEG

-5433
-5.35
5,36
~-5.37
-5.38
~5.37
5435
-5.28
~4.98
~4.,32
-3.94
-3.78
-3.72
3,67
=3.60

E BETA AXIAL
IN DEG VEL
45.2 1l.029
45.3 1.029
45.3 1.030
45.3 1.030
45.3 14030
45.3 1.030
9503  1.029
45.2 1.027
4%.9 1.018
<4e2 0.998
43.8 0.987
43.7 0.982
43.6  0.960
43.6 0.979
£3.5 0.977
43,4 G.975
43.4 C.973
42,3 0.971
43.3 0.970
L4702 G969

Leotl
Uabeth
G.967
Ce967
U.9T0
0.975
G.988
1,004
1.612
1.016
1.021
1.023
1.024
1.0z5
l.026
1.028

REL
VEL

1.028
1.029
1.02%
1.02%
1.03C
1.aG29
1.02¢
1.027
1.019
1.000
0.989
G.984
0.982
C.98u
0.97¢
[ L
0.973
0.972
C.9Tu
0.9¢69
0.9686
0.96¢
[2
0.9e7
G970
0.975
G.98¢E
1. 003
1.012
1.017
1.020
lev22
1le023
lewzd
1.026
1.027

REL
VEL

le.011
1.012
1.012
l.012
lo0ls
l.012
1.012
1.011
1.007
0.999
0.995
0.993
0.992
0.992
0.991
0.990
Ce98Y
VeSBY
O.9b68
{.98E
0.%987
V.97
Ce.987
0.987
C.988
0.990
04995
1.001
140065
1.007
1.00€
1.6809
1.010
l.010
1.010
1.611

119
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SYATCPR

SYACF
RCTCR

120

FLOW SWIfL=z 25.,17DEG
PTAVC: Z€4,20PS1A = 1BUES4.PA
RVFLAVG: 623,3FPS
THETA  SEG VEL
ND
L. i 1.013
45, Z 1.C13
554 3 1.013
65. 4 l1.013
T5. 5 1.013
65, & 1.013
9S. ? 1.012
165, ] 1.011
115. 9 14C05
125. 10 0.994
122, 11 0.990
145, 12 0.9¢9
155, 12 D.5ER
165, 14 0.988
175. 1F C.9BL
18%, ¢ V.9856
1e5. 17 0.988
208, 13 V.9ET
21%. 1% 0.9E7
225. 20 0.987
23%. 21 VoSBT
245, 0 C.o8¢
27%. 22 C.986
265, 24 0.987
275%. 2% Q.9€8
2RL, 2& 1991
295, 2 V.997
Ls. 28 1.005
315, 9 1.005
325« 3 1.011
33s. 31 1,012
3at. 32 1.612
385, 23 1.C12
La 3 1.012
1%, 3% levwl2
2%, 3¢ 1.9013
e
FLOW SWIKLE 27.11DEG
PIAVET 26,57PSIA =
RVELAV(= 700, 7¢P§
THETA  SiG VEL
Ne
37. 1 1.017
47. H 1218
57. : 1.018
L. L) l.518
77, 14 l.vlg
F7. [ l.018
o7, 1 1.017
167, [3 let'le
117, L l..0E
127. 1 (999
137. 11 Ge995
147, 12 L.992
157. 12 0.991
17, 14 C.0091
177. 1% 0.2%0
187, 1e G.989
197. 17 Ve9E7
207. 1t G.965
217. 1« 0.984
221, 2v L.962
237. 21 U.9R1
247, 22 Ge919
257, 23 0.978
267, 24 V917
277, 2% G977
287, 2¢ 0,980
297, o7 Ge988
7. 2¢ Ve 959
317, 2% 1.006
327, 3 1.010
337, 3 1.013
3eFe A2 1.014
357. 32 1.015
Te 3 1.015
17 35 1.016
27. ¢ [ K128

= 190.0M4PS

N

0.4958
Cahoto
QehQ0b}
0.4962
0.49632
Vek963
D.49062
o457
Ueh 940
0.4E92
GobPT
C.q858
Qe %838
Ge4817
Da46802
UesT93
CuabT87
C.o782
0.2777
QubTT5
Ce173
Ueb771
Cob771
LekT772
Ue4TTR
De&789
VebELTE
UetBaE
[RR 1.1
(teuBaY
Ve 4900
Ue4917
(ak3
CabQb2
U, e%47
Lak953

1F3195,PA
& Z£3.TMPS

MN

044283
fea2t5
Ve b287
O.62RB
Gab289
Ve4ZET
Cl.428B
O, 4286
Neb2ty
Ve 2229
Leh21t
04193
0.4175
O.4157
Uabl4)
0.46127
Leblle
G.410%
C.40%6
{r+40BY
0,4080
044074
0.4006¢
0. %062
GekUb4
0.4074
O.4104
Vebibé
0.4173
Cokl96
0,421¢
06234
0.42%1
0.4263
0.4271
0.4279

PARTICLE SWIRL= 7¢,650€G

PS

1.0070
1.0068
1.0063
1.0063
1.0064
1.0057
1.0048
1.0030
0.9673
0.9837
0.9€83
0.9679
3.9298
0.9931
0.9953
09957
0.95%4
06,9947
0.9942
0.9933
39926
0.992¢
G.9911
249900
0.°¢15
2.9941
140022
1.0117
1.0130
1.0149
1,0143
1.0124
1.6101
1,0086
1.0088
1.0078

PT

1.0128
1.0128
1.0124
1.0125
1.012%
1.0119
1.0110
1.0088
0.9919
0.9852
Cc.o884
G.9872
0,9879
0.9899
€.9910
049908
0.,0901
0.9891
0.9883
0.9872
0.986¢
0.9857
0,9648
049837
G.o85¢
0.9RBS
C.996¢
2.6102
1.0127
re01%6
1.0162
1.0156
1.0142
1.0134
1.0136
1.0133

T7

0.9906
0.9899
0.9694
(9890
G.%888
0.9884
0.5880
0.9871
0.98146
0.9786
0.279%
0.9818
0.987¢
0.9952
1.0016
1.0055
1.0077
1.0090
1.0100
1.G108
1.0112
1.0115
1.0118
1.0118
1.0122
l.2132
1.0162
1.0194
1.0100
t.0169
1.0120
1.0057
€.9997
C.0958
0.9932
G.%916

TYAVG= AL2.TDEG R = 451,50EC K
AXVELAVG= S549,4FPS =167.5MPS

PARTICLY SWIRL= 78.59DFC

PS

1.0091
1.G09u
1.0085
1,086
1.0G€6
l.0CB0
1.0071
1.0052
D200
U.9834
0.9861
V.9854
0,98¢9
0.9807
0.991¢
0.9921
0.9919
0.9915
0.9913
49907
0.9906
099601
0.9897
0.9891
0.9912
0.9947
1.0038
1.0122
1.0143
1.0181
1.01%
1.0140
l.0119
1.0105
1.0105%
1.0098

TTAVG= R12,7DFC
AXVELAVG: S66.2FPS =172.6MPS

PT

1.014¢
1.014¢
1.0142
1.0143
1,044
1.6138
1.C129
1.8108
0.9941
0,2857
Ce.9E 7%
0.9857
G.9R82
C.9880
O.CR9C
O.0887
DL,veT9
0.9869
0.98¢)
C.9851
084t
0.9837
0.9630
0.9021
Ce9PRG4
0.98€83
C.09900
1.010¢
1.0124
1.0164
1.0171
1.0186
1.C0155
1.014¢
1.0153
1.0150

It

£.9966
U.9690
0,9594
CeF9¢
G.988¢
0.9884
©.9880
0.9871
c.98l¢
C.9766
©.9795
6.9e16
0.9876
€,99€2
1.0016
1.0055
1.0077
1.0090
1.0100
1.0106
1.0112
1.0115
1.0116
1.0115
1.0122
1.0132
1.0162
10194
1.019¢
1.0169
1.0120
1.0057
0.9957
0.59¢5
0.9932
0.991¢

R = 451.5PEC K

WRY

LBM/SEC

0.016
0.010
0.010
C.01C
24010
0.010
0.010
0.008
0.002

—t.010

“5.015

=0.01&

-0.016

-0.01&

~0.015

~0.015
~0.014
~0.013

-D.013

-0.012

-0.011

-0.010

-0.009

-0.007

~0.00%

-0.003
0.002
0.010
0.012
0.013
0.013
0.012
u,011}
0.010
0.010
t.010

PSAVGE 22,30PSIA

= 153754.PA

J= E66.FPS = 203 ,.MPS

WBL wet
LBM/SEC KG/SEG
G.0 Oev
G.0 0.0
0.0 0.0
0.0 Ge0
0.0 0.¢
0.0 0.0
0.0 Vel
0.0 L.0
V.l Qa0
G0 (119
) 6.
0.0 0.0
¢.0 0.0
0.0 U.0
De0 V.0
0.0 Co.t
GeC C.0
0.¢ 0.0
0.0 V.l
C.C Ce0
0.l Vel
Qe 0.0
0.0 Cal
0.0 Ul
0.0 00
0.0 0.0
Ca0 G0
0.0 0.0
0.0 0.0
G.0 Gl
0.0 0.0
0.0 0.0
C.d G.0
0.0 0.0
U 0.0
D2 .0

bLF

0.25¢
Ce256
04256
L.256
0.255
0.256
Ce25¢
0.258
0.268
0.280
0.293
Ga296
. 297
C.297
C.298
La298
d.299
G.30C
U301
0.201
De302
0,302
Ue302
0.302
0.300
va.29%
0.285%
0271
C.264
L.260
“e258
U.258
0.258
C.258
Ce25€
0.257

VELAVGE 66342FFS =202, 1MPS

INCIDENCE ALPHA AXIAL

IN DEG

-10.99
-11.00
-11.02
=~11.02
~11.03
-11.02
~16.9¢
-10.8¢
~10.31
~9+29
~8.82
~B.t4
~8.55
~850
~B.47
~8.42
~B.36
-€.30
~bes$
-8,21
~8,19
—€e17
-€.15
-B.18
~8.30
-8.57
~S.22
<1603
—10.43
=1¢.65
~10.78
=1Va.83
~10.85
~1C.67
=lv.6°
-~10.95

IN DEG VEL

57.3 1.028
57.3 1.029
5743 14029
57.3 1.029
57.3 1.029
57.3 1.029
57.3 1,028
57.2 1.026
56.6 14014
55.¢ 0.992
55.1 U.963
54.9 0.979
54.8 L.9T7
54.8 0.976
54.8 0.975
54.7 L9774
54.7 0.973
54.6 0.972
564.5 0.971
54.5 0,970
54e5 U970
5645 C.969
54.5 (.99
5445 (969
56.¢ 0,972
54.9 D.%T¢
5545 Ue991
$6.3 1.00¢&
5¢.7 1.01¢
5T.0  1.021
57.1 1.0z¢
57.1 1.025%
57«1 1.025
67,2 lalzt
57.L  1.026
$57.2 1.027

PSAVE= 22,5T7PS1A = 1624562.P4

U= E57.FPS = 200,MPS

WEL
KG/SEG

0.005
04005
0.005
64005
04005
0.005
C.004
U003
Gav02

-0+ 005

~Geu0?

-0.007

=-0.007

-0.007

~0.007

-0.007

-v.00¢

~0.006

~0.006
~0.005
~-0.00%
~U.004
~0.004
~0.003
~0.002

-0.001
0.001
0.005
0.006
0.006
0.008
C.006
0.005
0.005
0.004
0,004

OF

V356
0.356
€.35¢6
G356
L.356
0.35¢
©.357
0.35€
€.367
Ca374
V3T
0.379
Go381Y
Ce381
0.381
0.381
0.382
0.383
0.364
0.38%
0.386
0387
C.388
0.369
0.388
v,385
0.378
04368
G363
0.360
0.358
0.357
0.356
0.357
0.357
0.35¢

VELAVGz 573.7FPS =174.9MFS

INCIOENCE BETA AXIAL

IN DEG

=5.8¢
~5.87
-5.87
~5.87
-5.87
-5.87
~5.86
~5.82
~5.54
~5.25
~5.12
~5.03
~%.99
~5.98
—4e95
.91
.85
~4.79
~4.73
4. 68
4.3
~4e58
4,54
=449
.52
~4.62
~4.89
=5.26
~5.48
-5.62
~5.70
~5.Th
-5.76
=5.79
-5.81
~5.55

IN DEG VEL

45.7 1.017
45.7 1.018
45,7 1.018
45,7 1.018
45.7 1,018
45.7 1.01E
45.7 1.017
45.6 1,016
45.3  1.008
45.1 0999
44.9 0,995
“%.8 0.992
44,8 0.991
44.8 0,991
4448 0.990
44.7 0.989
44,7 0.987
44.6 0.985
44.5 (.9B4
44.5 0,982
44.4 0.981
Yheh  0.979
hba3 0,978
44.3  0.977
443 0,977
4.6 0.980
44.7 0,988
5.1 0.999
4543 1,006
45.4 1.010
45.5 1,013
45.5 1,014
45,6 1.015
45.6 1.015
45.6 1,016
45.6 1,017

REL
VEL

l.028
1.029
1.029
1.029
1.029
1.029
1.028
1,026
l.014
0.992
0.983
¢.979
0.977
0.976
Ce9TS
Ce9T4
0.973
0.972
0.971
0.9
Le%70
Ve 969
0.969
0.969
G972
0.978
0.9%1
1.008
l.016
1.021
1.024
1.025%
l.u25
leC26
l.026
1.027

REL
VEL

1. 007
1.007
1.607
1e 00T

1.002
1000
0.998
0.997
Ve 998
0.998
L.9906
0995
0.995
0.994
0.993
0.992
0.992
0.991
Ge991
0,990
0.991
0.992
0.995
1.000
1.002
1.004
1.005
1.006
1.008
1.006
1,007
1.007
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PSAVGE 25,61PSIA

= 176585.P4

U= 650.FPS = 19B,MPS

OF

0.233
0.233
0.233
0.233
©ve233
0.233
Ue234
0235
0,247
0,257
0.260
0e264
0,286
0.266
0.266
C.266
0.267
0.268
0,270
0.271
0,273
04274
Ve27%
Ve277
0.275
0.272
D.262
0.250
0,243
0.238
Ge2306
0.235
D234
0.234
0,234
0.233

VELAVGE 710.0FPS =216.4MP5

INCIDENCE ALPHA AXIAL

IN DEG

—la.bb
~14466
~14,66
—l4.66
~14.67
~14.65%5
—14+63
~14457
~14.04
-13,59
-13,42
-13.25
-13415
~13.14
-13.14
-13.11
-13,06
~12.98
-12.90
~12.83
~12.76
~12.70
~12.63
~12.57
=12.63
-12.51
~13.29
-13.886
~14.19
~14.42
14,54
~14.60
~14,62
~14,62
~16.62
-14.66

PSAVG= 26.36PSTA

IN DEG VEL
54,1 1,022
S4.1 1e022
S4el  1a022
Shel 1.021
54.1 1.022
S4.1  1.021
56.0 1.021
54.0 1.019
53.4 1.007
53.C 0.996
52.8 0.992
52.6 0.988
52.6 0.98¢
2.5 0.985
52.5 0.985
52.5 0.985
52.5 6,983
2e4 0,981
5243 0.960
52.2 ©a978
52.2 0.9%
52.1 04975
$2.0 0.973
52.0 0.972
52.0 0.973
52.2 6.977
52.7 0.989
53.3 1,003
53.6 14010
53.8 1.016
53.9 1.019
5440 1lG20
5440 1.021
54.C 1.021
S4e0 14021
54,1 1.022
= 161730.PA

Uz t46.FPS = 197.MPS

STATOP FLOW SWIRL=z 27,57DEG PARTICLT SWIRL= 84.0BDEG
PYAVG= 30,61PSTA = 211065,PA TTAVG= B43.9DEC R = 468.90FG K
PVELAVG= &11.1FPS = 1B6,3MPS AXVELAVG= S68,2FPS =173.ZMPS
THETA  SEG VEL MN Ps PY 77 wBL WBL
NO LBM/SEC KG/SEG
3F. 1 1010 0.5209 1:0060 1,0115 0.990%5 0.0 0.0
48, 2 1,010 0.%521) 1.0060 1,0115 0.9898 0.0 0.0
5. 3 1,010 0.5212 1.0056 10113 (.9891 0.0 0.0
6P, 4 1.01C ¢.52)2 1.0057 1.0114 0,9688 0.0 0.0
Té. & 1,010 0.5214 1.0057 1.0115 ©0.9885 0.0 L' 14
asg, & 1.010 C.5214 1.00%53 1,0110 0.9681 0.0 0.0
9L, 7 14009 0a5213 1.0046 1.0103 049877 0.0 Qe
108, & 1.069 0.5211 1.0032 1.0088 0,987C 0.0 G.0
118, < 1.002 (.5185 0,9933 0.9971 C(.9830 G.0 0.0
12¢. 10 ©Ga997 05165 0.9891 0.9915 0.9605 0.0 6.0
136, 11 0,995 0.,5156 0.9910 0.9928 0.9807 Cs0 Gl
T48s 12 0.993  (.5141 00,9902 0.9910 0.9818 0.C O.u
158, 12 04592 045122 0.9908 0.9903 0.9859 6.0 V.0
16E. 14 0.991 0.5103 0.9925 0.9907 0.,9925 0.0 0.0
17E. 15 €.992 0.5087 0.9939 £.9909 0.9992 .0 0.6
1ee. 16 0.992 C.5075 0,9944 0.,9907 1.0040 0.0 0.0
196. 17 0,992 D.S5067 0.,9945 0,9902 1.0070 0.0 UeO
208. 1€ 0.991 0,5059 $0.9944 0,9896 1.0087 0.0 0.0
21, 19 0eF9C 045052 0.99%4 0.9891 1.0099 0.0 0.0
226, 26 0.990 0.5046 0.9941 0.9883 1.0107 ¢.0 0.0
2xe. 21 0.969 035041 0.994) C.9880 1.0114 0.0 0.0
24E. 22 C.908 0.5037 0.9938 0.9875 1,011 0.0 C.0
25f. 22 0.988 0.5033 0.9936 0.9870 11,0121 0.0 C.0
J68, 24 0.987 0,5030 0.9923 0.9865 1.0121 0.0 0.0
27€. 2¢ CoOEB (45033 0,9947 0,988t 11,0127 0.0 0.0
288. 2¢ 0990 C.5042 0.9966 0.9906 1.0135 0.9 0.0
298, 27 0,966 (.5068 11,0020 0,9976 1.0156 0.0 0.0
oe. 28 1,003  0.5097 1.0077 1.0053 1.0181 0.0 0.0
A1E, 2?9 1.006 ©.5114 1.,00B7 11,0074 1.0181 0.0 0.0
328, 20 1,608 ©0.5131 1.0105 1.0104 1.0168 0.0 L.
33€. 31 1.010 0.514% 1.,0107 11,0119 1,0131 0.0 0.0
B4E. 32 1,011 D0.51€7 1.0100 1.0125 1.0076 0.0 0.0
358, 22 1.011 0,514 1,00684 1.0120 1.0016 0.0 Lal
8. 3& 1.010 €.5196 1.0073 1.0117 G.9967 0.0 0.0
18, 25 1,010 0,5200 1.0074 1.0122 0,9937 0.0 0.0
28, 3¢ 1010 0.5207 1.0065 1.0117 0.9°17 0.C 0.0
SYAGF
ROTNR FLOW SWIRL= 3UL.24CEG PAKTICLE SWIRL= B6.850FC
PYAVGE 30.07PSIA = 207350.PA TTAVG: E43.9DEG R = 468.90ECG X
RVELAVG: T20.JFFS £ 222,6MPS  AXVELAVG: 5TB.AFPS =17¢,3MFS
THFETA  CEG VFtL N Ps PT 17 WBL WBL
NC LBM/SEC KG/SEG
4h, 1 1,025 Go.4529 1.0024 1.0104 0.990% C.0 0.0
St. 2 1,025 0,4532 1.0023 1.0104 C(.9898 [ G0
6C. 3 1.025 044533 1,0020 1.01b2 0.96°1 0.0 V.0
10, L3 1,025 044532 1,002) 140103 0D.988% 0.0 Cel
€0, ‘ 1.025 D.5%%25 1,0020 11,0102 00,9885 0.0 Gal
3 1.024 D.4534 1.,0017 11,0099 0©.9821 C.0 0.0
7 1,024 0.4532 1,0012 1.0093 (9877 Cel 0.0
& 14022 044525 1.0001 1.,0078 0,987 0.0 C.0
o 1,007 Ca4485 049930 09970 C.9B3C V.0 Cel
14 £.994 De4412 049910 0,9919 0,980 0.0 21"
11 Ge990 0.4391 0.9925 0.9932 00,9807 a0 C.C
12 U, 9P5 (,4367 049932 0,9915 0.981¢ Lal (7341
13 C.983 0.4348 0,9939 0,99!1 0.985° C.0 0.C
14 0,962 0.4332 0.9955 0.9917 0.9925 ("] va.0
5 L9823 0,4318 J.996€ C,992L 0.9997 Lol 0.0
| 13 CePE2  (e&205 049971 0.9917 1.0040 0.0 Qe¥
17 0,281 044293 0.9972 0.9912 11,0070 J.0 0.0
18 C.979 G,428C 0.,9973 0,990% 11,0087 0.0 3%
1e FoUT7T  Qe42€9 09975 09900 1,0099 C.0 0.0
z LeQT75 0e4259 0.9973 0.9892 1.0107 Gals [
21 GeST3 $o4250 0,9974 0,9BF9 1.0114 [N ) (Y]
2 C.972 Q4242 0.9974 0.9RR4 1.0118 d.d G.0
22 G.97C  G.4234 0,9973 0.9879 1.0121 04 Gl
24 Vet 0,6226 D.5°T2 0.9873 1.0121 G0 0.0
2°¢ Le@70 044232 0.9985 0.9889 1.0127 (7] 0.0
2¢ Ue9TL D.4251 0.9998 (49913 1.0135 0.0 G0
27 Le9B7  Cobh302 1.0039 0,9°83 1.0156 0.0 Cel
ot 1.002 0,4368 1.0074 1.005¢ 1.01R1 0.0 0.0
29 1,012 0.%440f 1,0070 1.0075 1.0181 0.0 ¢, 0
20 1.018 Q.4435 1,007 1,0162 1.016E Ol Va0
3l 1.02] Co.%4¢3 1.6075 1.0113 1.0131 0.0 0.0
a 1,023 046482 1,0066 1.0117 11,0076 0.C Osv
2 1ofi24 0e6s99 1,0049 1.C116 140616 0.0 [N
34 1.026  (.451C 1.6038 1.06106 0.9967 0.0 0.0
25 1eCi4 00,4517 1.0039 1,0111 0.9927 0.0 Q.0
e 1.ui5 0.4527 1.0028 1.01G¢ D.9917 0.0 Vel

DF

0.250
La250
04250
0250
Ve250
0.250
0.251
ve252
Ge264
L.271
o272
G.275
0e277
Le2T8
Lec78
Vo277
V277
Ce276
0.279
Ve28v
L2851
€.28)
$e.282
€.283
Celb2
Le278
Le270
G260
Le255
Le251
Ue248
Vo247
Ge2aT
Da24E
Ce249
Ca249

INCIDENC
IN DEG

-9.48
9,48
-5.48
-9.48
-a,49
9,47
9,44
-9.38
-8,78
-8.26
-6.08
-7.90
~7.80
-1.79
-7.89
-1.78
-7,73
-7.64
-7.56
~Te 49
-7.42
-7.35
-7.29
-7.22
-7.28
~Tet?
-7.,97
~t.61
~B.%9¢6
-9.21
~9.35
~94.41
~Q. k4
—y.hb
R
-9.48

VELAVG= 6£12.3FPS =1B6.6MFS

E BETA AXIAL
IN DEG VEL
53,4 1,025
53.4  1.02%
53,4 1.025
53,4 1.025
53.6 1,625
53.4 1a026
53.3 1.024
53,3 1.022
52.7 1.007
5242 G.99

2.0 G.990
51.8 0.985
51,7 ©.983
1.7 G.982
$1e7 04963
$1.7 0.982
51.6 (o981
51.5 0.979
51,5 0,977
Slad 0.975
51.3 0,973
5123 0972
51.2 0.970
51,1 0.969
$1.2 0.970
5le4 0.975
51.9 0.987
52.5 1.003
52.9  1.012
53.1 1.018
53.3  1.021
53,3 1,023
53,3 1.024
53.3  1.024
53.3 1.024
53.4  1.025

REL
VEL

1.022

1.022

1.022

1.021

1.022
1.021
1.021
1.019
1.007
0.99¢6
0.992
0.988
Q.586
0.965
0.985
0.985
C.9823
0.981
0.980
0.978
0.97¢
0.975
0,972
0972
0.973
0,977
0.989
1,00
1.010
1.0l16
l.019
1.02¢
1.021
1,021
1.021
1.022

REL
VEL

l.011
1.011
1.011
l.011
1.011
1.011
1.011
1.010
1.003
0.997
0.99%
0.993
G,992
0.992
0.992
0,992
0.991
0.990
0.989
0,989
0.98¢8
0967
C.96¢
0.988
0.586
0.988
0.994
1.061
1.00%
1.008
1.010
1.011
1.011
1.011
1,011
1.011

121



APPENDIX B (Cont’d)

STATOR

HIGH SPOOL DUTPUT -

STaGE 10
AOTOR

122

REPRODUCIET

Y
3 T " T A o~
ORIGINAT, PACE I
FLOW SWIRL= 34,Z9DEG PARTICLE SWIRL= 96,21DEG PSAVGE 29,73PSIA = 204960.PA
PIAVG= S2,53PS1A = 244996.PA TTAVG: BE6.2DEG R = 492,40EG X VELAVG= 727.8FPS =221 .8MPS
RVFLAVC= 606,LFPS = 1B4,9MPS  AXVELAVG= S72.6FPS =174.5MPS U=z 8650,FPS = 198.MPS
THETA  SEC VFL MmN [ 43 T m wBL WHL DF  INCIDENCE ALPHA AXIAL REL
N LBN/SEC KG/SEG N DEG IN DEC VEL VEL
LY 1 1s611  Go521€ 1,0050 11,0106 0.9916 0.0 Ded 0.192 =374 52.8 1.024 1.024
S4, . 1.011 0.5218 1.0050 1.0107 0.9906 0.0 0.0 0.192 ~3.73 52.8 1.023 1.023
[N 2 1.011 0.5218 1.0048 11,0106 ©0.9899 0.0 G0 €.1293 ~3.72 $2.8 1,023 1.023
T4, “ 1010 #£219 1.0650 1.01GF 0.989% 0.0 0.0 0.193 -3.7 52.8 1.023 1,023
B4, 5 1,011 65221 1.0048 1.0107 0.9892 2.0 0.0 0.193 -3.73 $2.8 1.023 1.023
9%, [ 1.C10 0,5219 1.0047 «0105 0.9§89 0.0 0.0 0.193 =3.70 52.8 1.023 1.023
104. 7 1,010 0,521t 1.0043 1,0101 0.966%5 0.0 G.0 Jel94 ~3.67 52.8 1,022 1.022
16, 8 1,009 ©45214 1.0036 1.0092 0.9879 0.0 0.0 val96 ~3.59 52.7T 14020 1.020
124, 9 G.€a9  0,5171 1.0003 11,0027 0,9653 0.0 G.0 Ge212 ~2.89 52.0 1.002 1.002
134. 10 0.995 (a5150 0.9966 0,9977 0.9829 0.0 (7] De223 =2 otk 515 049912 0,991
144, 11 0994 (. 51%0 0.9961 0.9972 0.%821 0.0 0.0 0,226 ~2.33 5le4 G.988 0.988
18540 12 0.992 0.513¢ 0.9949 0.9950 0.9822 0.0 0.0 0.230 -2+13 51.2 0.984 0,984
164, 13 0,990 0.5120 0.9944 0.9935 0.9846 0.0 0.0 us233 ~2.02 5l.1 0.981 0.961
174, 14 0e9€9 G.5103 0.9948 0.9927 0.989¢6 0.0 0.0 0,233 ~1.99 51.1 0.980 0.980
184, 1% 0.989 0.5088 0.9953 (.9922 0,9958 0.0 C.0 0,232 2400 51.1 0.980 0.900
1o6e, 16 G990 0.5077 0.9955 0.9916 1.0013 0.0 G0 0.232 =240 S1e1 0.961 0.961
204e 17 0990 0.5069 0.9956 0.9911 1.00%1 0.0 G0 9.232 -2.01 51.1 0,981 0.981
214. 1 0,990 0.5061 0.9955 0.9905 1.0074 0.0 0.0 0.233 —1e95 5ls1 D.979 0.979
224, 19 0,989 0.5054 0.9954 0.9899 1.0089 0.0 0.0 0.234 ~1.89 51,0 0.978 0.978
234, 26 C.989 0.5049 0.9949 0.9890 1.0098 0.0 0.0 0.236 -1.83 50.2 0.976 0.976
244, 21 0,988  (.5045 00,9947 0.9886 1.0106 0.0 0.0 0.237 ~1.78 5C.9 0.975 0.97%
254, 22 0.988 0,5041 0.9944 0.9880 1.0111 0.0 G0 G.228 -1.72 50.8 0.974 0.974
264, 23 0987 045037 0.9941 0.9275 1.0114 0.0 0.0 0.240 ~1.067 50.8 0.972 0.972
2T4&. 24 0.987 0.5033 D.9938 0.9869 1.,0116 0.0 0.0 0.241 =1e61 50.7 0.971 0.971
2846, 2% G.9E8  0.5039 0.9943 0.9878 1.0120 0.0 0.0 v.239 ~1.69 50.6 0.973 0.973
294, 2& 0.991 0.5051 0.9953 0.9896 1.0125 0.0 .0 0.234 ~1.89 51.0 0.978 0.978
304, 27 0.997 0.5082 0.9985 0.9948 1.0140 0.0 0.0 0.222 ~2441 51.5 0.990 1.990
314, 26 1004 045116 1.0021 1.0007 1.0160 0.0 0.0 0,207 ~3.04 52.1 1.006 4.006
324, 79 1,007 0.5130 1.0041 1.003¢ 1.0168 0.0 0.0 0.200 =3.34 52.4 1013 1.013
336, 3¢ 1.010 05147 10057 1.0063 1.0166 0.0 0.0 0,194 ~3460 52.7 1.020 1.020
344, 3) 1.012 0.5163 1.0065 1,0083 1.0142 0.0 0.0 0.191 Y75 52.6 1.024 1.024
354, 32 1.013 00,5179 1.0068 £.0097 1.0099 0.0 9.0 G.189 -3.81 52.9 1.025 1.025
4, 33 1.013 0.5194 1,006F 11,0101 1.0042 0.0 0.0 0.189 ~3,82 52.9 1.02¢ 1.026
14 24 1.032 00,5202 1.0057 1.0104 0,.9992 040 0.0 0.191 -3.78 52.9 1 025 1.025
24, 35 1,011 0,5208 1.0063 1.0112 0.99%6 0.0 0.0 0.192 -3.73 52.8 1.023 1.023
34, 26 1+D12 0.5215 1.0050 1,0105 ©0-9930 Oev 0el Jel®1 -3.7¢ 52.9 Le024 1.024
CORR FLOW PRESS RATIO EFFICIENCY
NIGH SPOOL PEAFORMANCE /3 26.09 LON/SEC 2.742 b.810
11.84 KG/SEC
-—= A0W DUTAUT ——-
FLOM SWIRL= 43.95DEG PARTICLE SNIRL=)07.88DEC PSAVG= 30,.39P51A = 209553.Pa
PTAVE= 34.04APS1A = 230052.PA TTAVG= 886.2086 R = 492.40DEC K VELAVG= 627.3FPS =19]1.2MS
AVELAVE= 921.0FPS = 280.THPS AXVELAVGe 548.5FPS =173.3WPS U= 990.FPS = 302.MPS
THETA SEC  VEL L] s ” " wiL i DF INCIDEMCE BETA AXIaL REL
L_J LBA/SEC KG/SES IN DEG 1IN DEC VEL VEL
58, ) 3 1.082 0.4426 1.0075 1.0092 6.9916 6.062 0.028 0.333 5.79 26.2 1.002 1.000
. 2 1.004 0.4434 1.0067 1.0089 0.9906 0.062 0.028 0.332 5.74 38.3 1.006 1.00)
T4e 3 1804  0.4440 1.0062 1.0087 0.999% 0.04] 0.028 0.33) 38.3 1.004 1.00)
M, . 1.005 0.4443 1.0066 1.0093 0.%93 0.060 0.027 0.330 38.3 1.005 1.002
. 3 0.028 0.3 38.3 1.005 1.001
104, L3 0.027 0.3% 38.3 1.806 1,001
 $ T3 7 0.026 0.33% 38.3 1.006 1.001
126, 3 0.023 0.3% 33.3 1.006 1.801
134, L ~0.001 0.330 5.67 38.3 1.005 1.001
ilss. 10O =0.832 0.330 5.60 38.3 1.605 1.00%
15, 11 ~0.637 0.331 5.68 38.3 1.005 1,001
1. 12 =0.041 0.33} 5.68 38.3 1.00% 1,001
1%. 13 -0.042 0€.331 S5.60 38.3 1.0086 1.001
1808, A4 =0.041 0.332 S.68 3.3 1.08¢ 1.001
M. 3 ~0.83% 0.333 5.69 38.3 1.005 1.001
20%. 16 =0.037 0.335 ZaTe  38.2 1.003 1.000
214. 137 -0.035 0.327 5.85 38.2 1.001 1.000
224. 18 ~0.034 0.339 5.93 38.1 0.99% 1.000
234, 19 -0.¢33 0,340 5.99 19,0 0.¥57 1.C00
264, 20 =0.032 0.341 4.03 24,0 0.9% 0,999
2%4. 21 ~0.031 0.341 6,06 27.9 0.995 0.v99
%4, 22 ~0.C31 0.342 867 27.9 0.995 0.999
2. 23 “0.019 0.342 6:09 37.9 0.995 0.939
a64. 24 “0.027 0.343 6,10 37,9 0.9% 0.%99
%4, 25 “0.822 0.343 éol1 37.9 0.9%4 0.999
M. 26 =0.012 0.3e3 6.11 379 O.99¢ Q.99%
3e. 27 0.007 0.342 6.09 37.9 0.9% 0.9
MNe. 26 0.024 0O.341 .07 3T.9 0.995 0.99%9
338, 29 0.031 0.340 .06 37.9 0.995 0.9%
M4, 30 0.034 0,340 6.06 37.9 0,99 0.9%
4. 31 0.035 0.340 607 37.9 0.995 0.99
4. 32 0.035 0.339 6.07 37.9 0.995 0.999
4. 3 0.033 0.33% .04 30.0 8.9% 0.9
M. I 6,032 0.337 5.9% 38.0 0.997 1.000
M. 3 0.02% 0.33¢ 5.92 3.1 0.99% 1.000
., 34 0.028 0,334 5.86 38.1 1.001 1.000




APPENDIX B (Cont’d)

STATOR FLOW SWIRL= 45.670E6G

RVELAVE® T47.2FPS = 227.TMPS ARVELAVG= 625.3FPS =190,6MPS

THETA

i16.

176,

STAGE 11
ROTOR

THETA

59.
69,

329.
339.
349.
359.

9.
%.
39,
9.

SE6

NO

O ATV E W=

SEE
NO

CPNOVIEWN

et

1.001
1.001
1.001
1.601
1.001
1.001
1.001
1.001
1.602
1.002
1.001
1.001
1.000
0.9%99
0.998
0.998
0.99%
0.998
0.996
0.998
0.999
0.999
0.999
0.999
0.999
0.99%
0.999
0.999
0.999
0.999
1.000
1.061
1.602
1.002
1.002
1.0602

VEL

1.003
1.004
1.005
1.005
1.005
1.006
1.006
1.005
1.005
1.005
1.004
1.604
1.004
1.003
1.002
1.00}
0.999
0.998
0.997
0.99%
0.995
6. 995
0.99%
0. 994
0.994

C.999
L.000
1.001

0.5917
0.5920
0.5923
0.5924
0.5%25
0.5926
G.5927
0.5928
0.5936
0.59942
0.5944
0.5943
0.5934
0.5917
0.5695
0.5077
0.5664
0.585%0
0.3851
0.584%
0.5847
0.5845
0.584%
0.5844
0.5842
0.5841
0.5838
0.5834
0.5833
0.5834
0.5842
0.585¢6
0.5874
0.5691
0.5903
0.5912

FLOW SMIRL= AB.80UEG
PIAVE= 43.27PS1Ia = 298336.PA
RVELAVG= 956.3FPS = 291.5MPS AXVELAVG= 624.1FPS =190.2MP5

b

0.4657
0.4665
04671
0.4674
0.4676
0.467%
0.4679
0.4679
0.4682
0.4685
0.468%
0.0885
D.468)
0.4670
04652
0.40634
04616
0.4602
04592
04586
0.4582
0.457%
04576
0.4575
0.4573
C.4572
0.4573
0.4574
0.4575
0.4576
0.4580
0.4589
D.4602
C.4818
Cebhe34
Oab 64T

PARTICLE SkIRL=114.34DEC
PTAVGE 44 .25PSIA = 305083.Pa TTAVE= 955.8D€6 R = S31.00E6 K

| 23

1.007%
1.0067
1.0062
1.0066
1.0068
1.0061
1.6056
1.0050
0.9999
0.9965
0.9956
0.9937
0.9922
0.9918
0.9919
0.9925
0.9933
0.9935
0.9935
0.9933
0.9931
0.9928
0.9924
0.9921
0.9929
0.9%42
0.9975
1.0018
1.0041
1.0067
1.0086
1.0097
1.6162
1.0094
1.0085
1.0079

PY

10099
1.0094
1.0091
1.0097
1.0099
1.0093
1.0689
1.0084
1.0038
1.000%
1,0001
0.9982
0.9961
0.9942
0.9927
0.9919
0.9916
0.9912
0.9908
0.9904
0.9901
0.9896
0.9892
0.9808
0.9896
0.9908
0.9538
0.9978
1.0000
1.0026
1.0051
1.0073
1.0093
1.0098
1.009%
1.0099

LA

T 0.9927

0.9915
0.9908
0.9903
0.v900
0.9895
0.9892
0.9668
0.9867
0.9647
0.9835
0.9831
0.9844
0.9879
0.9932
0.9%88
1.0032
1.0060
1.0077
1.0088
1.0096
1.0302
1.01086
1.0108
1.0112
1.0117
1.0129
1.0147
1.0156
1.015%
1.0146
1.0114
1.0067
1.001%
0.9975
0V.9946

uBL

wbL

PSAVGE 35.09PSIA = 241913.PA
VELAVG= 858.9FPS =261.0MPS
Us 99B.1MPS = 304.MP5

DF

LBM/SEC  KG/SEG

0.0
0.0

-2 N-N-X-2-B-N-K-N-N-4
IERER! PR

IEEREER) .
Ce000000COO000ROD2000

OQQDOO?QBOG?GOOOOBDOOOO
- -X-X-X-3-N-N-X-N-3-N- 8-

PARTICLE SWIRL=117.46DEG

ks

1.0081
1.0073
1.00469
1.0073
1.0075
1.006%
1.0064
1.0059
1.0009
0.9977
0.9969
0.9951
0.9935
0.9927

0.9924
0.9926
0.9930
0.9930
0.9929
0.9926
0.9924
0.9920
0.9917
0.9913
0.9621
0.9934
0.%06
1.060046
1.002¢%
1.0054
1.0074
1.0088
1.8097
1.00%3
1.0087
1.0083

PT

1.0099
1.0097
1.00%6
1.0102
1.0106
1.0101
1.0096
1.0091}
1.0044
1.0014
1.0006
0.99880
0.9969
0.9954
0.9940
0.9930
0.9923
0.9914
©.9907
0.9900
0.9895
0.9890
©.988%
6.9680
6.9887
0.9900
0.993;2
0.9973
0.999%
1.0022
} . 0044
1.0063
1.00481
1.6LE7
1.0092
1.0095

17

G997
0.9915
0.9908
©.9903
0,9900
0.9895
0.989%92
o.9808
0.9867
0.9847
0.9835
0,983)
0.9844
0.9879
0.9932
0.9988
1.0632
1.0060
1.0077
1.0088
1.0096
1.0102
1.0166
1.0106
1.0112
1.0117
1.012%
1.0147
1.0156
1.015%
3 .620b
1.0114
1.L067
1.0015
0.9975
0.9948

C-E-E-X-X--X-3-R-2-X-]

0.0
0.0
0.0
0.0

--2-3
' EEEEEREREREEERE
CX-X-F-R-E-N-N-N-T-N-N-J-)

o0
IEERER
CX-E-X-¥-X-

?OO
-]

-3
o

TTAVG= 955.80E6 R = 531.0DE6 X

0.374
0.372
0.372
0.372
G.371
0.372
6.371
0.37)
0.372
0.372
0.373
0.373
0.373
0.374
0.375
0.376
0.378
0.379
0.381
0.382
0.382
0.383
0.383
0.383
0.383
0.383
0.382
0.381
0.381
0.380
0.380
G.360
0.379
©.378
©.377
0.370

INCIDENCE ALPHA AXIAL

In DEG

3.72
3.467
3.062
3.60
3.%8
2,57
3.57
3.58
3.59
3.40
2.62
3.63
3,65
3.68
3.75
3.82
3.91
3.99
4.06
4.11
4.13
416
4.17
4.18
4.19
4.19
4.18
4.11
4.08
4.07
4.06
4. 04
3.99
3.94
3.86
3.79

IN DEEG VEL

46,9
Py
47,0
47.0
47.0
4.0
47.0
47.0
7.0
47.0
47.0
a1.0
47.0
5.9
46.9
46.8
46,7
4.6
4.5
4.5
6.5
46.4
6.4
Ab.h
hboh
6.4
4.4
6.5
46.5
46.5
46.%
5.6
46.6
4.7
8.7
46.8

1.003
1.004
1.005
1.006
1.006
1.006
1.006
1.006
1.006
1.006
1.005
1.005
1.005
1.004
1.003
1.001
0.999
0.997
0.99%
0-995
0.995
0.994¢
0.99
0.994
0.993
0.993
0.99%
0.995
0.996
0.9%
0,99
0.997
0.998
©.9%9%
1.000
1.002

PSAVGE 37.42FS1a = 258023.PA
VELAVG= 683.4FPS =208.3MPS
U=1003.FPS = 306.MF5

wisL L 118 LF
LBE/SEC KG/SEC

G.0 ©.0 0.310
0.0 0.0 0.309
0.0 0.0 0.308
0.0 0.0 0.307
0.0 0.0 0.307
6.0 0.0 0.307
0.0 6.0 0.307
0.0 0.0 0.307
0.0 0.0 0.308
0.0 0.0 6.309
0.0 0.0 0.310
0.0 0.0 0.311
0.0 0.0 0.312
0.0 0.0 0.313
0.0 0.0 0.315
0.0 0.0 0.316
0.0 0.0 0.318
0.0 0.0 0.319
0.0 0.0 0.320
0.0 0.0 0.321
0.0 0.0 0.321
6.0 0.0 0.322
0.0 0.0 0.322
0.0 0.0 0.322
0.0 0.0 0.322
0.0 0.0 0.322
2.0 0.0 0.321
6.0 0.C 0.319
0.0 0.0 0.318
0.0 0.0 Q.317
0.0 0.0 ©.317
0.0 €0 C.316
0.0 o.0 c.315%
.0 C.0 L34
[} ¢.0 G.312
0.0 0.0 0.311

INCIUENCE BETA AXIAL
IK DEG VEL

1IN LEG

~0.75
-0.79
-0.82
~0.84
—0.85
~0.86
-0.86
~0.85
~0.84
-0.82
-0.80
-0.79
-0.78
-0.76
-0.72
—0.67
~0.61
~0.56
~0.50
~D.47
~0.46
~0.44
-0.43
D42
~0.41
—0.42
~Oots
—0.49
-0.51
~0.52
~C.53
~Ca54
-L.57
.60
.65
~0.70

%0.8
40.9
40.9
40.9
41.0
41.0
41.0
40.9
40.9
40.9
40.9
40.9
40.9
40.9
40.8
40.8
40.7
40.7
40.6
40.6
40.6
40.5
40.5
40.5
40.5
40.5
40.5
40.6
40.6
.6
aC.b
wLeb
40.7
46.7
40.8
40.8

1.003
1.004
1.005
1.005
1.005
1.006
1.006
1.005
1.005
1.005
1.004
1.004
1.004
1.003
1.002
1.001
0.999
0.990
0.997
0.9%
0.995
0.995
0.955
0. 994
0.9%
C.99%
0.995
0.%%
0.997
0.997
0.9%7
G998
0998
G.999
1.000
1.001

0.995

0.997
0.998
0.999
1.000
1.002

nel
VEL

1.001
1.001
1.001
1.001
1.00)
1.001
1.001
1.001
1.001
1.00)
1.001
1.001
1.001
1.001
1.000

1.000
1.000
0.999
.99
0.999
0.999
0.999
0.999
0.999
0.999
0.999

0.5%9
0.999
C.99%
C.999
1000
1.000
1.000
1.000

123



APPENDIX B (Cont'd)

STATOR

STAGE 12
ROTOR

124

FLOW SMIRL= 49.B840DECG

RVELAVE= T73.6FPS = 235.6MPS AXVELAVG> 623.4FPS =190.0MPS

THETA

o0,
T0.
80.
.
100,
110.
120,
130.
140.
150 .
160 .
170.
180.
190.
200 .
210.
226.
230,
240.
250.
260.
270.
280.
2v0.
30 .
316.
320.
330.
340.
350.
360.
10.
20.
30.
A0 .
50.

SEG

YEL

1.002
1.002
1.002
1.002
1.002
1.002
1.002
1.001
1.001
1.001
1.001
1.001
1.000
0.999
0.998
0.998
0.998
0.998
2.998
0.958
0.998
0.998
0.998
Co98
0.958
0.99%9
0.999
0.99%
0.999
1.000
1.000
1.001
1.082
1.002
1.002
1.002

0.5556
0.555%
0.5562
0.5563
9.5565
0.5566
0.5566
0.5566
0.5571
0.5576
0.5577
0.5577
0.5571
0.5558
0.5540
©0.5523
0.5530
0.5501
0.54%6
0.5463
0.5492
©.5490
C.5489
C.5488
G.5487
0.5487
0.5486
0.5484
G.5483
0.5483

0.5408

0.5498
0.5513
0.5520
0.5541
0.5550

FLOW SWIRt= 52.94DEG

RVELAVE= 945.5FPS = 208,205 AXVELAVE= 823.1FPS =189.9RPS

THETA

63 .
.
83.
93,
103.
113.
123.
133,
143,
183,
163.
173,
183.
193.
203.
213,
223.
233.
243,

SEG
L1Y]

VR NE VI UNw

VEL

1.085
1.006
1.007
1.007
1.008

0.4592
0.4601
0.4607
0.4611
Outbls
0.4817
0.4636
O.0b18
04614
64813
G.4810
0.4607
0.4601
0.4590
0.4572
0.4555
0.4538
0.4525
0.4514
0.4507
0.4504
0.4501
0.4492
Q.44906
04495
O.44%
0.4501
0.4507
0.4511
0.4516
0.4518
0.4527
0.4540
O.4554
0.4569
0.4%81

PARTICLE SwIRL=122.8T0EC
PTAVE= 51.37PSIA = 354186.PA TYAVG=1013,10E6 R = 562.8DE6 K

PS

1.0003
0.9978
0.99Te
0.9960
0.99%43
0.9932
0.9928
0.9927
0.993%
0.9939
0.9942
0.9941
0.9937
0.9956
€C.¥933
0.9929
G.9937
0.9%48
0.9971
1.0001
1.06019
1.0043
1.0065
1.0082
1.0095
1.0094
1.008%
1.0079

P

1.0092
1.0084
1.0079
1.0084
2.0085
1.0079
1.0076
1.0075
1.00235
1.0014
1.0013
0.9997
0.%97¢
0.9955
0.9938
0.9925
v. 9922
0.9920
0.99}9
0.9%16
C.9911
C.9908
C. 4504
G.99¢01
G.9%08
6.9%18
0.9940
0.996%
0.9986
1.0010
1.0035
1.0060
1.0084
1.0094
1.0095
1.0095

n

PSAVGE= 41.85PS1A = 208550.PA
VELAVG= B32,7FPS =253.8MPS
U=1009.FPS = 308.MPS

wet uBL DF
LBM/SEC KG/SES

0.0 0.0 0.279
0.0 0.0 0.278
0.0 0.0 8.277
0.0 0.0 0.276
0.0 0.0 0.276
6.0 0.0 0.276
0.0 0.0 0.276
.0 0.0 0.277
0.0 6.0 0.277
0.0 0.0 0.278
0.0 0.0 0.200
0.0 0.0 0.281
0.0 0.0 0.282
0.0 6.0 0.283
0.0 ¢.0 0.2085
0.0 0.0 0.206
0.0 0.0 0.287
0.0 0.0 0.288
0.0 0.0 0,240
0.0 0.0 .291
0.0 0.0 e.i51
e.0 c.0 €.2%1
8.0 0.0 G292
6.0 G.0 6.29%2
6.0 0.0 0.2%2
0.0 0.0 0.292
0.0 0.0 0.290
0.0 0.0 0.268
0.0 0.0 0.2806
0.0 0.0 0.286
0.0 0.0 0.285%
0.0 0.0 0.284
0.0 0,0 0.223
0.0 0.0 0.203
0,0 0.0 0.261
0.0 0.0 0.280

PARTICLE SWIRL=125.97DEG
PTAVE= 30.81P51A = 350290.PA TTAVE=10313.1DEGC R = 562.80EC K

rs

(44

1.0094
1.0088
1.0084
1.80%90
1.00%2
1.0087

‘1.0004

1.0002
1.0041
1.0019
1.0017
1.0001
0.9981
0.9962
0.9945
6.9931
0.9926
0.9920
0.9917
0.9932
0.9906
0.9902
0.9897
0.9893
0.9900
0.9910
0.9934
6.9964
0.9982
1.0006
1.0031
1.0054
1.0078
1.0088
1.0091
1.0094

Ty

0.9936

1.0113
1.0123
1.0137
1.0147
1.0152
1.0R40
1.0023
1.0084
1.0036
0.9992
0.995%

INCIDENCE ALPHMA AXIAL
In BDEG VEL

IN DEG

-0.71
~0.76
-0.81
—0.84
~0.86
-0.87
~0.88
.84
—0.80
0.7
-0.70
-0.67
~Veb2
—0.5%
—D.46
“0.40
~0,31
~0.24
~0.18
.14
.12
~C.10
.08
~6.07
-0.06
~0.08
~0.15%
“0.24
=0.30
~0.34
~0.37
~0.41
“0.47
=0.51
~0.58
—0.64

48.7
48.0
48.8
48,8
48.9
48,9
48.9
48.8
48.8
“8.8
46.7
8.7
“B.6
42,6
48.5
484
@8.3
48.2
48.2
42,1
“t.l
4%.1
46.1
48]
48.1
48.1
48,1
48,2
48.3
48.3
48.4
48.4
48.5
48.5
48.6
48.6

1.005
1.006
1.007
1.007
1.008
1 .008
1.008
1.007
1.006
1.006
1.005
1.004
1.003
1.002
1.006
0.99%
0.997
Q.9%
0.994
C.99%
C.¥93
C.993
©.993
Gay2
.92
6.992
0.994
0.9%
0.997
0.997
0.9%
0.999
1.000
1001
1.002
1.003

PSAVG= 44,14PS1A = 304383.PA
VELAYE= 692.5FPS »211.1MPS
U=1013.FPS = 309.MPS

NEL uBL bF
LBN/SEC KG/SEG

0.0 0.0 0.234
0.0 0.0 0234
0.0 0.0 0.233
0.0 0.0 0.232
0.0 0.0 0.232
0.0 0.0 0.222
0.0 0.0 0.232
0.0 0.0 G.233
0.0 6.0 G.234
t.0 6.0 G.236
0.0 ©.0 0.238
0.0 0.0 0.239
0.0 0.0 0.241
6.0 0.0 0.243
0.0 0.0 0.246
0.0 0.0 0.247
0.0 0.0 0.248
0.0 0.0 0,249
0.0 0.0 0.250
0.0 0.0 0.250
0.0 0.0 0.250
8.0 0.0 0.251
0.0 0.0 0.251
0.0 0.0 0.251
0.0 0.0 0.25)
0.0 0.0 0.250
0.0 0.0 0.248
0.0 0.0 0.245
0.0 0.0 G.243
0.0 0.0 0.242
0.0 0.0 G.24)
0.0 0.0 0.239
0.0 0.0 0.238
6.0 0.0 ©0.237
0.0 0.0 0.236
0.0 0.0 0.236

INCIDENCE BETA AXIAL
IN DEG VEL

IN DEC

=3.71
~3.75%
-3.79
~3.8}1
-3.83
~3.84
-3.83
-3.01
~3.77
~3.78
~3.68
-3.65
=361
-3.56
-3.49
-3.45
=3.40
-3.35
-3.30
-3,27
-3.26
-3.24
~3.23
-3.22
~3.21
-3,23
-3.29
=-3.37
~3.42
~3.46
~3.48
=3.52
=3.5%
~3.58
-3.62
~3ab6

ales
a1.5
4L.S
al.5
41.5
AL.S
Al1.5
41.5
%1.5
41,8
41,4
41.3
41.3
a1.3
41.2
4}.2
41.1
41.0
41.0
41.0
41.0
40.9
40,9
40.9
0.9
40.9
41.0
4101
1.1
41,2
41.2
41.2
1.3
41.3
41.3
41.4

1.005
1.000
1.007
1.007
1.008
t.008
1.008
1.00T7
1.006
1.005
1.004
1.003
1.002
1.001
0.999
0.9%8
0.997

0.996

0.9%
0.99%4
0.9
0.993
0.993
0,992
0.992
0.993
0.9%
0.9%
©.997
0.998
0.999
1.000
1.002
1.002
1.062
1.003

REL
VEL

1.005
1.006
1.007
1.007
1.008

REL
VEL

1,001
1.001

l.081
1.001

1.001

1.000
1.000
0.999
0.999
0.99%
0.999
0.9
0.99%
©0.999
0.999
0.99%
0.99%
0.99%
0.99%
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.001



APPENDIX B {Cont’d)

STATOR FLOW SWIkiL= 53.55LE6

PARTICLE SWIRL=130.67DEG

PSAYL= «B.17PS51A = 332101.PA

U=1020.FPS = 211.WFS

[

L. 159
D.188
0.187
0.186
0.186
0.186
0.186
o.187
0.189
0.19
0.193
0.195
0.197
0,199
0.202
0.203
0.204
0.20%
0.20¢4
0.206
0.206
0.207
0.z07
0.207
€.267
o208
N.203
0.200
C.198
C.1%7
£.145
0193
0.192
0.191
0.191
0.190

VELAVG= 816.8FPS =249.0MP5S

INCIUENCE ALFHA AXIAL
1IN DEG VEL

iN UEC

=5.25
-5.29
~5.34
~5.37
~5.39
-5.40
-5.37
-5.33
-5.26
~5.20
-5.09
-5.02
-4.93
4,81
4,66
~%.63
~4.57
—~4.53
—4.48
—A. 40
=47
-84
—4a43
A .hi
—~4. 42
.45
~4.586
-4.73
~4.81
-4,.87
~4,.93
5.1
-5.09
-5.12
~5.16
-5.19

5.3
51.3
5h.3
51.4
514
Sl.4
5.4
51.3
51.3
51.2
Slel
51.0
$0.9
5.8
50.7
50.6
50.6
50.5
50.5
56.5
S0.5
50.4
50.4
50.4
5C.«
SC.t
.4
0.7
4C.8
.9
uc.9
51.0
51.1
51.1
51.2
51.2

1.006
1.007
1.0G8
1.008
1.009
1.009
1.008
1.008
1.006
1.005
1.003
1.002
1.000
©.998
0.9%
0.995
0.99%
0.993
G992
£.992
0.992
0.992
0.991
0.991
C.991
0.992
0.99
0.997
C.y%8
C.4%9
1.0060
1.002
1.003
1.004
1.005
1.005

PSAVG= 50.16PSIA = 345838.Fa

U=1024.FPS = 312.MPS

PIAVGe 58.15P51A = 400912.PA TYAVG=1058.6DEGC R = 5£88.1DEG X
AVELAVGS BL0O.2FPS = 246.9MP5 AKVELAVE= 633.9FP3 =193.2WP5
THEVA SEE VEL L] Ps P ¥ LUTS KBL
NO LBR/SEC KE/SEG
[T 1 1.002 0.5325 1.0061 1.00b1 0.9943 ©.006 6,003
4. 2 1,062 0©0.532% 1.0050 1:.0073 0.9%25 ©0.005 0.002
b4 ., 3 1.002 0.5332 1.0040 1.0066 0.9913 0.005 0.002
P “ 1.002 0.%333 1.0044 1.0070 0,9908 0.005 0.002
104. S 1.002 0©,5335 1.0044 1.0071 00,9903 0.005 0.002
114, [ 1.002 0.5336 1.0038 1.0066 0.9898 0.005 0.002
124, 7 1.602 0.5335 1.0039 1.0066 0.9896 0.004 06.002
134, & 1.002 0.5334 1.0042 1.006B 0.9893 0.003 0.601
144 . 9 1.001 0.5336 1.0006 1.0036 0.9880 0.001 0.001
1%. 10 1.001 0.5339 0.9991 1.0022 0.9866 0.0 0.0
164. 11 1.001 D.5339 00,9999 1.0030 0.9857 -0.002 -0.00)
174. 12 1.000 0.5339 0.9986 1.0017 0,984 -0.004 -0.002
te4. 13 1.000 ©0.5335 0.9972 1.0000 0.9848 -0.006 ~0.003
194. 14 0.998 0.5324 0.9962 0.9982 0.986%5 -0.008 " -0.002
204. 15 0.997 0,5308 0.9956 0.9965 0.9901 -0.010 -0.004
214. b6 0.997 0.5294 0.99456 0.9944 0.9948 -0.010 -0.004
224. 17 0.997 0.5280 0.9951 0.9939 0.9997 -0.009 « 004
234. 18 0.997 0.5272 0.9%952 0.9934 1.0035 -0.008 -0.004
264, 19 G.997 0.5266 0,9955 0.$933 1.0062 -0.007 -0.003
254. 20 0.9906 0.5263 0.9953 0.9929 1.00786 <-0.0056 -0.003
264. 21 0.990 0.5262 0.9947 0.9922 1.0087 -0.005 -0.002
274, 22 0.990 0.5259 0.,9946 0.9920 1.0095 -—0.005 -0.002
284. 23 0.996 0D.5258 0.9%3 0.9916 .00 -0.005 -—0.002
2%4. 24 C.990 0.5258 0.9%40 0.9912 1.6004 -0.60% -0.002
304. 25 0.998 0.5257 G.9946 6,398 1.610% -5.00% -6.002
3le. 24 0.99L 0,5257 0,993 0.992% 1.0113 -0.003 - 0.002
324. 27 0.999 0.5259 2.9963 0.9937 1.01i% -0.¢01 -0.000
334. 28 1.060 0.5260 0.9579 0.99£3 1.0129 0.6C2 0.001
e, 29 1.C00 0.5059% D.004s 0,%%66 1.0138 0.004 0.002
356. 30 1.LG0 0.5258 1.0C15 0.5967 1.0145 c.ULS e.002
4. 31 1.GGl  CeSztl 140037 LabE12 1.G144 C.uLé& C.uL3
l4. 32 1.001 Cu5271 1.0054 1.0035 1.0127 C.C08 C.LoA
zh. 33 1.002 G.5283 1.0072 1.0661 1.009 0.069 0.004
3. 34 1.002 0.5:i%b 1.0079 1.0678 1.0052 0.008 0.004
48, 35 1.003 0.5306 1.0074 1.0082 1.0007 0.007 0.003
54, 38 1.002 0.5317 1.0070 1.0085 0.997C 0.006 6.003
STAGE 13
ROYOR FLOW SWIRL= 56.52DEGC PARTICLE SWIRL=133,640EG
PIAVET S8.14PSIA = 400890.Pa TTAVG=1058.6DEGC & = S8B.10EG K
RVELAVGE 942.3FPS = 287.2MPS AXVELAVG= 643.3FFS =196.1MPS
THETA SES VEL LL] PS PT Rk} W8L MBL
NO LBM/SEC  KG/SEG
o7,  § 1.001 0.4697 1.007!) 1.00B3 0.9943 0.0 0.0
™. 3 1.002 0.4708 1.0058 1.0077 0,992% 0.0 0.0
8Y. 3 1.003 ©0,4715 1.0047 1.0070 0.%913 0.0 0.0
97. - 1.004 0.4718 1.00%0 1.0076 0.9908 0.0 6.0
107. 5 1.004 0.4721 1.0050 1.0077 0.9903 0.0 0.0
17, 6 1.006 0.4723 1.0044 1.0073 0.98% 0.0 0.0
127, 7 1,005 0.4725 1.0044 1.0074 0.989¢ 0.0 0.0
137. 8 1,005 0.4726 1.0046 1.0076 U.9893 0.0 0.0
147, 9 1.005 0.4730 1.0012 1.0044 0.9380 0.0 0.0
1%7. 10 1.005 0.4732 0.9935 1.0030 0.9886 6.0 G.0
167. 11 1.005 0.4734 0.9999 1.0034 0.9857 0.0 0.0
177. 12 1.0065 0.4738 D.9981 1.0020 U.9%%4b 0.0 0.0
187. 13 1.005 0.4739 0.9962 10060 U.9848 0.9 $.0
197. 14 1.005 0.47,5 0.%%44 0,094D U,.9886%5 V.0 0.0
207. 15 1.005 0.4725 0.%932 0.9962 03.9901 0.0 0.0
2)7. 16 1.004 00,4711 G.9921 0.9%41 0.5948 0.0 0.0
2e7. 17 1,003 0.46%2 0.9927 0.9925 0.%947 0.0 0.0
237. 18 1.061 0.4675 0.9932 0.9930 1.0L35 c.0 0.0
247. 19 C.999 C.4660 C.9960 C.Y9c8 1.00L2 c.0 8.0
257. &0 £.596 C.4L4B 0.9942 0.5923 1.6078 0.0 0.0
267. 21 0.997 0.4641 G.9940 0.9517 1.0067 0.0 0.0
2717. 22 0.996 0.46636 0.9941 0.9914 1.009% 0.0 0.0
207. 23 6.995 0.4632 0.9939 0.9910 1.0100 0.0 0.0
297. 24 0.995 0.44629 0.9937 0.9906 1.0104 0.0 0.0
307. 25 0.995 0.4627 0.9944 0.9912 1.0109 0.0 0.0
317. 28 0.995 0.4625 0.9953 0.9920 1.0113 0.0 0.0
327. 27 0.994 0.4623 0.9970 0.9935 1.0119 0.0 6.0
337. 28 0.995 0.4622 0.9989 0.9954 1.0129 0.0 0.0
347. 29 0.99% 0.4621 1.0004 0.997 1.0138 0.0 0.0
357. 30 0.995 ©0.4619 1.002% 0.9988 1.0145 0.0 0.0
T. 31 0.995 0.462] 1.0048 1.0012 1.0144 0.0 0.0
17. 32 0.995 0.4825 1.0067 1.0033 1.0127 0.0 0.0
2%. 33 0.996 0.4635% 1.0086 1.0058 1.0096 0.0 0.0
37. 34 0.997 0.4650 1.009 1.0076 1.0052 0.0 0.0
7. 35 0.998 O0.4667 1.0088 1.0081 1.0007 0.0 0.0
57. 236 1.000 0.4683 1.0082 1.0085 0.9970 0.0 0.0

DF

0.254
0.253
0.252
0.251
6.251
0.251
0.251

INCIDENCE
IN DEG

-8.11
-8.1¢
-8.20
-8.22
~8.23
-6.25
-8.25
—8.26
-B.26
~8.25
~Ea25
~6.27
-8.28
~be28
-8.27
~P.zh
-2e17
-8.10
~8.02
~1.96
~7.92
~T7.88
-7.06
~T.04
-7.83
~T.82
-T.82
-7.83
—T.804
~T.84
-T7.85
~7.85
-T7.87
~T.92
-7.98
~b.04

BETA

VELAVGE T25.4FPS =221.1MPS

AXl1ab

In DEG VEL

43.1
43,2
43.2
43.2
43,2
43.2
43.3
“3.3
43,3
43.3
43.3
3.3
43.3
43.3
43.3
“2,2
42,2
42.1
43.0
43.0
42.9
42.9
“2.9
42.8
42.8

1.001
1.002
1.003
1.004
L.0604
1.004
1.005
1.005
1.005
1.005
1.605
1.005
1.005
1.005
1.6C5
L.004
1.003
1abs1
C.999
0.9%8
0.997
0,996
0.995
0.995
0.995
0.995
©.995
0.995

1.001
1.00)
1.001
1.001
l.001
l.0¢1
1.0600
1.6C0

0.999
0.999
0.999
©.999
0.999
0.999
0,999
0.999
0.999
0.999
0999
0.9%9
0.999
0.999
1.000
1.000

125



APPENDIX B

STYATOR

STAGE 14
ROTOR

126

(Cont'd)

FLDW SWIRL= 57.37DEGC

AVELAVE® B03.1FP5 = 244 ., 8MPS AXVELAVE= 851.TFPS =198.4MPS

THETA

o7.
1.
87.
97.
107.
117.
127.
137.
147,
157,
167.
177.
187,
197.
207.
217,
227.
237.
247,
257.
287.
277,
287.
297.
307.
$317.
3217,
337,
347,
3%57.
7.
17.
7.
37.
4T,
57,

S5E6
NO

CERNOVIUN

VEe

1.662
1.002
1.001
1.0601
1.002
1.0L01
1.00)

.1.001

1.001
1.001
1.00)
1.001
1.001
1.000
1.000
0. 999
6.996
0.998
0.996
o.9%0
C.998
0.99%
6.998
0.998
0,998
0.99¢
0.99%9
0.99%
0.999
0.999
0.999
1.000
1.000
1.001
1.002
1,002

0.5473
0.547¢
0.5482
0.5483
0.5484
[ 2321 31
G 5400
05467
0.54%0
0.549%
0.54%6
0.5499
0.5499
0.5492
0.5480
05464
0.5448
0.5435
0.5420
0.5421
0.5419
0.5416
0.5415
©.5413
0.5412
8.5411
0.5410
0.5408
0.5406
0.3405
0.5407
®.5413
0.5423
0.5458
05453
0.546%

FLOW SWIk(= 6C.43DEG

PTIAVG= 67.14VS1IA = 462941 PA
RVELAVG= 963.1FPS = 293.7AFS AXVELAVGE 642.2FP3 =195.BRPS

ThETA

SEG
NO

VR AOCVIWN-

VEL

1.003
1.004
1.004
1.005
1.005
1.00%
1.008
1.00%
1.005
14005
1.005
1.005%
1.005
1.005
1.004
1.083
1.001
1.000
0,998
G.99%
0.99%
D.995
0.994
[ S T4
0.994
Cu99e
[ 2
0994

nN

0.4522
0.4531
0.4537
D.4540
04543
0.46545
OodS4d
G.4548
Ced549
0.4550
0.4552
0.49%5%
0.4556
©.4551
0.4541
0.4528
0.4509
0469,
CuaaT8
Outan?
0ottt
[ 2L L2 1Y
0.4451
D.a b4l
[T
CabthS
Cobkas
Cobidd
Catbod
04404
0.4447
0.4452
0.44562
0.4476
0.4493
0.4508

PARTICLE SWIRL=138.63DEC
PTAVEE 8b.76PS1A = 460309.FA TIAVE=1110.90%G R = 617.2DEC K

PS

1.0067
1.0054
1.0043
1.0046
1.0046
1.0041
1.0041
1.0042
1.0011
0.999%0
1.0002
0.9984
0.9963
0.9944
0.992%
0.9915
0.9923
0.,9931
0.9942
0.9947
0. 9944
0.9947
0.9944
0.9943
0.9950
0.9958
0.99T3
0.99%0
1.0062
1.6023
1.0045
1.006%
1.0686
1.00%
1.0088
1.60560

Y

1.0083
1.0074
1.0066
1.0070
1.0071
1.600L46
10067
1.0069
1.0040
1.0030
1.0036
1.0020
0.9999
0.9974
0.9951
0.99246
0.9%22
0.9920
0.9925
0.9926
0.9921
0.9922
0.9910
0.9516
0.9922
0.9929
05943
0.995¢
0.9%69
6.9989
1.0013
1.0037
lelA65
1.008«
1.0089
1.0050

17

0.9955
0.9933
0.9919
0.9912
0.9907
0.9902
G.9899

1.011e
10124
1.0132
1,614}
1.0143
1.0132
1.0)08
1.0070
1.0025
0.5588

PSAVEe S4.T3PSIA = 37T360.PA
VELAVe= 859.1FPS =261.8MPS
U=1029.FPS = 3)4.MPS

L 119 wBL DF
LBA/SEC K6/SEC

6.0 .0 6.268
0.0 0.0 0.267
0.0 0.0 0.266
6.0 0.0 0.266
0.0 0.0 0.266
C.0 6.0 0.265
6.0 6.0 0.265%
0.0 0.0 0.245
0.0 0.0 0.265
0.0 0.0 0.286
0.0 0.0 0.266
0.0 0.0 0.266
0.0 0.0 0.266
0.0 0.0 0,286
0.0 0.0 0.267
0.0 0.0 0.268
0.0 0.0 0.26%
0.0 0.0 0.271
0.0 0.0 0.273
.0 0.0 0.274
0.0 0.0 0.275
0.0 0.0 0.276
0.0 0.0 0.276
6.0 0.0 0.277
0.0 a.0 0.277
0.0 0.0 0.277
0.0 0.0 0.277
0.0 ‘0e0 0.277
0.0 0.0 0.2T0
8.0 0.0 0.270
0.0 0.0 0275
0.0 0.0 D24
G.0 0.0 0.272
0.0 0.0 0,222
0.0 0.0 0.271
0.0 0.0 €. 209

FPARTICLE SWIRLE141.869LEG

[ 41

PT

1.0081
1.0074
1.0068
1.0072
1.0074
1.0070
1.007M1
1.0073
1.0065
10034
1.0040
1.0024
1.0004
0.9%01
0.9959
D.9934
0.9929
0.9925
0.9927
6.9%26
0.5920
0.9919
0.%915
0.9912
C.9917
C.9925
C. 9939
0.9%04

G984

1.0086

It

FTAVGZRM10.9GEC & = 612.2DE6 R

INCIDENCE ALPHA AXIAL
IN DEG VEL

IN OLG

-3.98
~%.,03
~4.07
~4.09
~4.10
~%.31
-4.12
-4.13
~.12
~4.11
—4.11
4,12
-4, 12

4y.5
49,5
49. 6
4%.6
4%.6
4%.6
4“%. b
49.6
49.6
49.8
49.6
49.6
49.6
49.6
49.6
49.5
4%.4
49.3
49.2
4%.1
49.1
49.1
9.0
49.0
49.0
49.0
4%.0
49.0
7.0
9.1
Ay, 1
“9.1
462
“9.2
49.3
A%, 4

1.003
1.004
1.004
1.005
1.005
1.005
1.605
1.000
1.006
1.005%
1.005
1.006
1.0605
1.00%
1.004
1.003
1.00}
1.800
6.998
0.99¢
0.9%
0.995
0.99%
0.99%4
6.9%
0.9%
0.994
0.994
0,9
0.99%4
€.995
0.9%
0,097
0.998
1.000
1.0661

PSAver SB.5TFSIA = &4G3857.FA
VELAYG= T15.1FPS =218.00PS
U=1033.FPS = 3)15.NPS

OF INCIDENCE BEVA aAXlalL
IN DEG VEL

wBt WeL
LBA/SEC KG/SEC

0.0 0.0 0.238
0.0 0.0 0.237
0.0 0.0 0.237
0.0 0.0 0.237
0.0 0.0 0.237
0.0 0.0 0.236
0.0 0.0 0.238
6.0 6.0 0.234
0.0 6.0 0.237
T 0.0 0.0 0.237
0.0 0.0 0.237
C.0 0.0 0.237
0.0 0.0 0.237
0.0 G.0 0,239
0.0 0.0 0.240
0.0 0.0 0,242
0.0 0.0 Ge244
0.0 0.0 Q. 246
0.0 0.0 0.347
.0 6.0 0. 249
8.0 0.0 0,249
0.0 f.0 0.250
¢.0 0.0 0.250
0.0 .0 t.251
e.0 c.0 e.i5t
t.0 £.6 C.25)
G.0 G.0 Gez51
0.0 0.0 0.250
0.0 0.0 0.249
0.0 0.0 0,249
6.0 0.0 0.247
0.0 0.0 0,246
0.0 0.0 0,244
0.0 0.0 0.2z42
0.0 0.0 00240
0.0 0.0 0.23%

IN DEC

~4.91
-4, %
~4.97
~4.99
~5.00
~5.01
~5.01
-5.02
“5.01
~5.00
~5.00
~5.00
~5.00
—4.98
—4.95
4.9l
—4 B4
—%. T8
—5.71
1 1]
~4a.b2
4,58
~6.56
4,54
~4.54
~d.th
-, 54
~4.55
5T
-4.59
~4.6)
4,84
b 21 1 ]
4. 74
.79
—4.05

al.9
41.9

© 42,0

42,0
42,0
42.0
42.0
42.0
42.0
42.0
42.0
42.0
2.0
42.0
4l.9
41.9
“1.8
41.8
41.7
41.7
41.6
4l.6
41l.6
41.5
41.5
41.5
41.5
41.6
Sle0
4l.s
4).0
41.6
4.7
41.7
41.8
4l.0

1.003
1.004
1.004
1.005
1,005
1.005
1.005
1.005
1.005
1.005
1.005
1.005
1.005
1.005
1.604
1.003
l.001
1.000
(O Y
0.994
.99
0,995
C.9%4
C.9%4
Catrts
Louo4
8994
0.9%4
0.9¢%
0.995
0.9%
0.9%
0.997
0.99%
1090
1.001

REL
YEL

1.003
1.004
1.004
1.005
1.005
1.005
1.005
1.008

1.005
1.005

1.805
1.005
1.004
1.003
1.001
1.000
0,998
0.996
0.9%
0.995
0.994

6. 994
0. 994
0.994
0.99%
099
Ce994
G995
0.99%
V997
0. 998
1.500
1.46)



APPENDIX B (Cont’d)

STATOR FLOw SHWIRL= 61.58DE6

AVELAYG= 826.5FPS = 251.9MPS AXVELAVG= 660.5FPS £201.MPS

0.5314
0.5319
0.5323
0.5324
0.5325
©.5327
0.532¢
8.5328
0.5330
0.5333
0.5%53%
0.5338
0.5338
0.5233
0.5222
0.52C8
0.5292
0.52L0
0.5270
0.5264
0.5262
6.5258
0.5257
0.5255
0.5255
0.5254
0.5253
6.5252
0.5250
0.5249
0.5251
0.5256
G.5266
0.527%
0.5293
0.5305

THETA SEG VEL
NO
2. 1 1.002
B2. 2 1.002
92. 3 1.002
102. “ 1.002
12. 5 1.002
122. L3 1.002
132, 7 1.602
142. B 1.002
152. < 1.001
162. 10 1.001
172. 1t 1.602
182. 12 1.002
1v2. 13 1.001
W2, 14 1.000
212. 15 C.%%9
1é 0.5%9
A7 0.998
15 0.958
| 3 ©.998
20 V. 9%
21 0.998
22 0.998
23 0.998
24 0.998
25 0.998
26 0.998
27 0.998
28 0.998
29  0.999
30 0.99%
31 0.999
32 1.000
33 1.001
34 1.602
35 1.002
®2. 3o 1.002
STAGE 15
ROTOR FLOW SWIRL= &4.26DEC

PIAVEs F5.TSPSIA = %22248.F5
RVELAVG=1005.0FF5S = 3C6.3MPS AAVELAYG: 646.7FPS =197.1MPS

TheTA  SEG
0
. 1
s, 2
9% . 3
104 . “
114, 5
124, [
13, 7
144, 8
154 . 9
164, 10
176. 11
186, 12
194, 13
204. 14
Z14. 15
224, 16
234. 17
244. 18
254. 19
264. 20
274. 21
286, 22
2% . 2
304, 24
3k4. 25
326. 26
334. 27
3he, T
3%4. 29
4. 30
4. 31
264. 32
. 33
4. 34
54, 35
b4, 36

vel

1.005
1.005
1.006
1.006

kK

0.4342

0.4349 1

0.4354
0.4357
0.4358
0.43860
0.4361
0.4363
0.4362
0.4362
0.4364
D.4366
0.4365
0.4358
0.4340
D.%332
0.4314

G.4300 ©

0.4286
0.4275
0.4270
0.4204
0.4262

0.4258 C

0.4257
0.4257
O.%257
C.e228
Cad 209
042061
0.4264
0.4273
0.426%
0.4301
0.4316
0.4330

PARTICLE SWIRL=147.180EG
PIAVGE= T4 93PSIA = 516614.PA TIAVG=1161.00E6 R = 645.0DEG K

PS

1.0058
1.0047

1.00%
1.0082
1.007Y
1072

Py

1.0074
L.0080
1.0059
1.0062
1.60064
1.00860
1.0081
1.0062
4.0038
1.0032
1.GC38
1.0023
1.00C3
C.99¢E1
C.v558
G.9%3)
0.9%27
0.9925
0.9932
0.9935
0.9929
0.9932
0.9927
0.9927
0.9931
0.9938
0.9950
0.9%62
0.9969
0.9986
1.0005
1.0027
1.0054
31,0873
1.0079
1.0081

LA

1.0092
1.009%
1.0104
1.0109
1.0115
1.0121
1.0128
1.0138
ke0140
1.0135
1.0117
1.0084
1.0042
1 0000

WBL

wWBL

PSAV6= 62.13P31A © 428395.PA
VELAVG= B53.3FPS =260.1NPS
U=1037.FPS = 316.MPS

UF

LBAM/SEC KG/SEE

0.0

R
oo Oo0o2000000

IR

.
LE-F-X-N-E-R-N-N-X-N-N-N-N- NN YRR N N-R- N

COCOOCOOOOCOODPDOOCENOOODOSQOY20000Q000

FARTICLE SWIRL=149.860€EC

L]

1.0072
1.0066
1.0060
1.0064
1.0067
1.0063
1.0064
1.006%
1.0041
1.0033
1.0040
1.0026
1.0007
0.9986
0.9964
0.9937
0.9933
0.992%
0.3934
0.9935
©.9928
0.9930
0.9925
0.9924
0.9928
0.0924
0.9948
C.5958
C.y%060
G.9982
1.0002
1.0023
1.005%0
1.0087
1.0074
1.0078

A A

0.9%66
0.9940
0.9924
0.9%16
0.9910
0.9%04
0.9901
0.9898
0.9888
0.9880
0.9873
0.9861
0.9853
0.9857
0.98177
0.99%})
0.9957
1.0001
1.0637
1.0062
1.0076
1.0087
1.0093
1.0099
1.C104
) .0109
1.0115
1.0121
1.6k28
1.0136
1.0140
1.0135

ubiL

0.0

0G0 COOODOD

o000 R200000

IEEEEEEERER S

[-F-X-N-N-N-N-N F-N-N-R-K-N-R-N- NN NN RN
2000000 BNCOOCOO0OO0OODCOO0RO

TTAVE=1161.00EC R = 64%5.00EG ).

bl

0.28)
0.261
0.28)
0.282
0.280
0.280
0.280
0,280
0.281
0.381
C.381
0.281
0.282
£.283
0.285
0.266
C.288
0.289
0.290
0.291
0.292
0.293
0.293
0.293
0,293
0.293
0.293
C.292
6.292
0.291
Q.29
0.289
0.287
0.285
0.223
0,282

INCIDENCE ALPHA AXIAL
IN DEG VEL

IN DE6

~5.48
—5.50
-5.52
~5.54
=5.54
-5.55
—5.586
~5.57
~5.%4
-£.52
~5.53
~5453
-5.50
“5ebh
-5.3%
-5.27
-5.17
~5.10
~5.02
~4.95
—-.92
~4.87
~4.86
.53
~4.83
—,.03
—~.085
—4.87
—4 .90
—~4.93
-5.00
~5.06
-5.16
~5a27
~5.35
“Seal

51.6
51.0
51.0
51.0
51.0
51.0
51.1
Si.

$1.0
51.0
Si.0
51L.0
1.0
$6.9
50.9
50.8
506.7
50.6
$0.5
50.4
50.4
50.4
50. 4
50.3
50.3
50.3
56.3
50.4
50.4
50.4
50.5
50.6
50.7
s5C.B
50.8
.o

1.005
1.008
1.005
1.606
1.00¢
1.006
1.066
1.004
1.008
1.006
1.006
1006
1.605
1,004
1.002
1,001
C.999
0.998
6.99%
0.995
0.994
0.993
0.993
0.993
0.992
0.993
0.993
0.993
©.994
0.99%
D.9%
0.997
0.99%
1.0¢1
16002
1004

PSAVE = 66.LIPSIA = CL0P0L.FA
VELAYG: TOL.1FPS =212.7MPS
U=L0&L FPS = 31T.MFS

[ 4

Lb#s SEC  WG6/SEG

0.0
0.0
0.0
0.0
0.0
0.0
0.

EEEEREEEREREERR)
COP00DOCODOOOOR00

- X-X-X-X-N-N-¥ R -N-F-4-X-K-X-N-N-J

¢

s000000000000

o000 OMNPAOY

0.0
c.0
0.0
0.0
6.0
0.0
0.0
0.0

0.0

-4
e
°

CO0DO00OONNOODOOOOBOOBODO0O
N EEEEEERERER!
Ced00DOODOOD

PR

.
8000200000000

0.235
0.235
0.235
0.23%
0.235
0.235
0.235
0.235
0.238

INCIGENCE BETA AKXKIAL
1IN LEG VEL

IN UE6

—6.34
~6.36
-6.37
—6.38
—6438
~5.38
~6439
—6.40
—6.37
—6.36
-6.36
—$.35
~6.33
-6.28
-6.21
-6.16
-6.09
—6.05
=5.99
~5.95
~5.93
~5.90
5,09
-5.87
~5.67
~£.87
-2.88
~£ .40
-5.83
~5.98
-6.01
—6.06
-6.13
~4.21
-8.26
—-$.30

40.2

3328288582888
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w
I
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39.E

1.005
1.00%
1.006
1.006
1.006
1.006
1.006
1.006
1.006
1.005
1.005
1.005
1.005
1.003
1.002
1.000
0.998
0.997
0.996
0.995
0.99%
0.993
©.9Y3
0.9%>
0.593
C.¥93
C.v93
C.994
O.994
0.995
0.996

REL
vEL

1.001
1.001
1.001
1.001
1.00)
1.001
1.001
1.001
1.001
1.001
1.00})
1.001
1.001
1.001
1.000
1.000
1.000
0.999
G.999
0.99%
0.999
0.999
0.999
0,99
c.5%8
C.9v8
C.4999
(2% 12
.49
0.999
€©.999
1.000

1.0600

1,001
1.001
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APPENDIX B (Cont'd}

STATOR

STAGE 18
AOTOR

128

FLOw SWIRL= 64.3T0EC

RVELAVG= B853.9FP5S = 260.30P5 AXVELAVG: 640.2FPS =195.INPS
THETA SEG
]

I
-
>
.
COJERIWN

VEL

1.003
1.002
1.002
1.002
1.002
1.002
1.002
1.002
1.001
1.001

0.998
0.9
0.99%
1.000
-1.000
1.001
1.002
1.003
1.003

FLOw SuifL+s 6b.69DE6

‘RYELAVE=L0AT.1FPS = 319.10PS AXVELAVG: 6AD.BFPS =195.3MPS

THETA SEG
[ ]

COENCWI W~

VEL

L.008
1.008
1.008
1.0086
1.608
1.006
1.00¢
1.608
1.007
1.007
1.007
1.006
1.005
1.003
1.000
0.998
.99
0994
0.993
0.992
0.992
0.991
©.9%91
0.9%
0.99)
0.991
0.9
Ce992
G993
04994
n.997
0.599
J.G02
1005
T.006
1.007

“a

0.4117
D.4122
0.4125
0.4127
04129
0.4120
0.4131
0.4133
0e4130
Vo4 1y
0.4130
0.4132
0.4128
G.6117
0.4101
0.4007
0.40068
0.4055
00042
0.4032
0402
0.4022
[T

0.4017 ©

O.4010
0.4017
0.401%
Ca4021
O.4D24
0.4027
0.4030
0. &Ga6
[0 ) )
04079
Col 0S4
o.4107

PARTICLE SWIRL=153.46DEC
PTAVE=: 84.09P51A = 585316.PA TTAVG=1206.TDEG R = 670.4DEG X

PS

0,999
1.0010
1.0019
1.0033
1.0047
1.0051
1.0052
1.0049

PT

T

0.9973
0.9945
0.9927
0.9918
0.9911
0.9905
0.9902
0.9899
0.9890

PSAVE= 72.54PSIA = 500152.PA
VELAVG> T98.8FPS ©243.5nPS
U=1043.FPS = 318.MPS

LL]Y wWBL OF
LBR/SEC  KG/SEC

0.0 0.0 0.251
0.0 0.0 0.251
0.0 0.0 0.251
0.0 0.C 0.251
0.0 0.0 6,251
0.0 0.0 0.251
0.0 0.0 0.251
0.0 0.0 0.251
0.0 0.0 0.252
0.0 ©.0 0.252
0.0 0.0 0.252
0.0 0.0 0.252
6.0 0.6 0,284
0.0 0.0 0.2%0
€0 0.0 0 250
0.0 0.0 0.261
0.0 0.0 0.264
0.0 0.0 0,285
c.0 0.0 Ce266
0.0 t.0 Cezb?
6.0 8.0 C.207
8.0 6.0 0.208
0.0 0.0 0.268
0.0 0.0 0.269
0.0 0.0 G.268
0.0 0.0 0.268
0.0 0.0 0.267
0.0 0.0 0.267
0.0 0.0 0.266
0.0 O 0.264
0.0 0.0 G.262
0.0 0.0 0.260
0.0 0.0 0.257
0.0 0.0 0.254
8.0 0.0 0.252
0.0 0.0 0.251

PARTICLE SWIRL=155.78DEG
PTAVE= 84.12P31A = SL0006.PA TTAVE=1206.70EC Kk = 670.40E6 K

(23

ry

w

INCIDENCE ALPHA ARIAL
IN DEG VEL

In DE6

-6.12
~6.11
-6.10
~6.l0
-6.10
~6.10
611
-6.12
-6.06
~6.03
—6.04
—5.02
-5.95
~5.81
~5.65

53.7
53.7
53.7
53.7
$3.7
53,7
53.7
53.7
53.7
53.¢
53.6
53.6
53.%
53.4
53.3
53.1
53,0
52.9
£2.9
£2.8
Si.b
52.0
52,8
52.7
527
52.9
52
52.8
52.9
52.9
53.1
83.2
$3.4
53.5
53.6
$53.7

1.008
1.007
1.007
1.007
1.007
1.007
1.007
1.008
1.007
1.00¢
1.00¢6
1.006
1.00%
1.002
1.000
a.998
C.998
¢.995
c.v93
0.992
0.492
B.9v2
0.992
0.991
0,991
0.991
0.992
0.993
0.994
0,995
©.997
0.999
1.001
1.604
1.006
1.007

PSAVE= T5.20PSIA = 310493.PA
YELAVGE= 6T76.5FPS =206, 2MPS
Us1045.FPS = 319.MPS

b¥

weL wBL
LBM/SEC KG/SEG
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
.0 .0
t.0 0.0
0.0 0.0
0.0 0.0
(211 0.0
0.0 0.0
6.0 6.0
0.0 6.0
0.0 0.9
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 €.0
0.0 0.0
0.0 0.0
0.0 Q.0
8.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
G.0 0.0
0.0 0.0
0.0 0.0
C.0 0.0
Ul [0)
0.0 0.0
0.0 c.0
0.0 C.0
C.0 .0
4.0 G.0
0.0 0.0

INCIOENCE BETA  AXIAL
IN DE6 1% OEG VEL

-5.82
~5.61
-5.81
-£.81
~S.81
“5.581
~5.61
~5.82
~5.78
“S5.76
~5.77
~3.76
~5.71
-5.62
~5.52
=5.45
~5.36
-5.33
~5.26
“5.25
~5.25
-5.21
-5.2)
~5.19
~5.20
-5.21}
~5.23
~5.26

38.0
3.0
3t.0
38.0
38.0
38.0
38.0
3.0
38.0
8.0
3.0
38.0
37.
37.8
37.7
37.6
37.¢6
37.5
37.5
3T.4
3T.4
37.4
37.4
37.4
37.4
37.4
31.4
371.5
37.5
3.5
3.6
at.7
37.8
37.9
30.0
.0

1.008
1.008
1.008
1.008
1.003
1.608
1.008
1.00¢
1.007
1.007
1.607
1.006
1.00%
1.003
1.000
G.9%
0.995
0.994
0.993
0.992
6.992
0.991
G.991
0,99
OL.991
S.991
0.991
0.992
G993
699
0.557
C.%99
1.002
1.0C5
1.0G6
1.0067

1.006
1.007



APPENDIX B (Cont'd)

STATOR FLOW SwiRi= b6.6BUEE PARTICLE SWIRL=160.04DE6 PSAVE= T9.T2PS1A = 549632.PA

PYAVG= 92.12PSIA = 635136.PA TTAVE=1252.20E6 R = 695.460EC K VELAVGLZ TB1.0FPS =238.0MPS

KRYELAVGE= BT6.4FPS = 206T.1IMPS AXVELAVG= 639,.9FPS =195.0MPS U=1047 . FPS = 319.RPS

THETA SEG VEL .1 (43 PT 71 weL waL DF INCEDENCE ALPHA ANIAL REL

L} LBM/SEC NKG/SEG IN DE6 IN DEG VEL VEL

Tr. 1 1.004 0.4669 1.0010 1.0024 ©0,9981 . 0.0 0.321 -12.81 55.7 1.011 1.011
oT. 2 1.003 0.4671 1.0014 1.0030 0.9953 . 0.0 0.323 -12.73 $5.6 1.010 1.010
7. 3 1.003 Q.4674 1.0008 1.0026 0.9932 . 0.0 G.324 -22.70 55.6 1.009 1.009
107. L 1.002 0.4676 1.0011 1.0030 0.9920 . 0.0 G.324 -12.69 $5.6 1.00% 1.009
117. 5 1.002 0.44677 1.0013 1.0033 0.9912 . 0.0 0.324 -12.886 55.6 1.009 1.009
127. 6 1.002 0.4678 1.0610 1.0030 0.9905 . . 0.324 -12.67 55.6 1.009 1.009
137. 7 1.00z 0.4679 1.0009 1.0031 0.9901 - . 0.324 -12,67 35.6 1.009 1.00%
247, .} 1.002 0.46b1 1.0007 1.0029 0.98%8 - . 0.324 -12.70 55.6 1.009 1.009
157. L] 1.002 0©.4678 1.00601 1.00212 6.9892 - - 0.326 -12.58 55,5 1.007 1.007

G.326 -12.55% 55.5 1.007 1.007
0.326 -12.59 $5.5 1.007 1.007
0.326 -12.56 55.5 1.007 1.007
0.328 ~-12.42 55.3 1.0605 1.00%
0.332 -12.1% 55.1 1.001 1.001
0.335 -1l1.94 54.8 G.997 6.997
0.334 -11.77 54.7 0.995 H.995
0.340 -13.58 54.5 ©.992 0.992
Vo360 -11.56 54,5 0.991 0.991
0.34) -11.49 54,4 0.990 0.990
0,341 -11.45 S4.4 0.569 0.989
C.240 -11.50 54,6 0.590 C.990
G341 -11.43 £4.3 B.¥L9 C.9E9
Ca24l  ~1J.46 54.4 0.¥90 C.99%0
C.341 -~11.40 54.3 0.969 G.969
0.340 -1l.46 S4.4 0,990 0.990
0.340 <-11.48 54.4 0.990 0,990
0.339 -11.52 54,4 0.991 6,991
0.338 -11.40 54.5 ©0.992 0.992
0.337 -1).67 54.6 0.993 0.993
0.336 -11.75 54.7 0.99 0.99%
0.333 -11.95 54.8 0.997 0.997
6.331 <-1z.12 $5.0 1.000 1.000
0.327 -12.38 $5.3 1.004 1.004
0.323 <~12.64 55.5 1.008 1.00b
0.322 ~12.73 55.6 1.010 1.010
0.322 ~-12.78 55.7 1.011 1.011

167. 10 1.002 0.4679 0.9996 1.0018 0.9%880
77, 11 1.002 ©0.4683 0.9998 1.0022 0.9881
167. 12 1.002 O0.4684 0.9988 1.0013 0.9870
197, 13 1.001 O.48L1 0.9985 1.0008 0.9863
207. 14 0,999 O©0.467% (.998% 1.0007 G.9863
217. 15 G.996 0.44664 D.99E9 1.0001 00,9675
227. 1o 0.997 0.4655 0.9970 D.99T70 0.989%
237. 17 0.996 0G.484) 0,9983 0.9980 0.9%36
7. 1B 0.996 0.4653 0.9°75 .97 0.9977
257. 19 0.9%90 0.4823 0.9990 0.9976 1.0018
267. 20 0.996 0.4617 0.9997 0.5979 1.C0%0
217. 21 0.997 O0.4617 0.99E4 0.9965 1.0C087
287. 22 0.907 0.4611 0.9998 0.9976 1.0084
297. 23 0597 0.4612 D.Y9ET C.9965 1.00%)
. i Do9$7 Coa808 C.¥¥%S 0.9$71 1.C100
7. 25 La598  Codéll 0.9969 0.9%66 1.0104
327. 26 0.9%8 0.4669 0.9995 0.9972 1.0110
337. 27 0.996 0.4609 1.0001 0.997¢ 1.0114
347, 28 0.998 0.4610 1.0004 ©.9982 1.0118
357. 29 0.999 0.4611 1.0003 0.998) 1.0122

7. 30 0.99% 0.4611 1.0011 0.998% 1.0128
17. 3} 1.000 O.4616 1.0007 0.9988 1.0131
7. 32 1.001 0.4620 1.0015 ©0.9998 1.0130
37. 33 1.002 0.4630 1.0018 1.0007 1.0119
4T. 3a 1.004 0.4643 1.0013 1.0010 1.0093
57%. 35 1.004 0.465%) 1.0019 1.0022 1.0059
oT. 36 1.004 0.4661 1.0020 1.002% 1.0020

CO0O0ODOOO0ODOOOOOODO00O0OOOEDOOO

R
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EX1T FLDw JWIRL= &68.500E6 PARTICLE SWIRL=161.86DEC PSAVE= 86.90P5tA = 599132.Pa
PTAVE= 95.00PS1A = 655012.PA TTAVE®1252.2DEG R = 695.6DEG K YELAYG= 615.3FPS =187.6APS
RYELAVE= 0.0FPS5 = 0.0NPS AXVELAVGE 0.0FPS = O0.0MPS U=104T.FPS = 319.KPS

THETA SEG VEL "N PS T T [ 1.1% whL DF INCIDENCE AXIAL KEL
NOD LBM/SEC KE/SEE In DE6G 1IN DEG VEL VEL
78. 1 1.012 0.3684 0.9995 1.0019 0.9981 6.0 0.0 0.0 0.0 0.0 0.0 0.0
8. 2 1.011 0.3683 1.0004 1.,0027 0.9953 0.0 0.0 ©.0 0.0 0.0 0.0 0.0
9. 3 1.010 0.3683 1.0001 1.0025 0.9932 0.0 0.0 0.0 0.0 0.0 0,0 0.0
lo8 . 4 1.010 0.3685 1.0005 1.0030 0.9920 0.0 0.0 0.0 0.0 0.0 .0.0 0.0
118. 5 1.009 0.3685 1.000° 11,0034 0.9912 0.0 0.0 0.0 V.0 0.0 0.0 0.0
128. L3 1,609 £.3685 1.6006 1.003F 0.99%05 6.0 0.0 0.6 0.0 0.0 C.0 0.0
138. 7 1.009 OC.3686 1.0006 1.0032 0.9301 0.0 8.0 0.0 0.0 0.0 0.0 0.0
148, ] 1,010 0.,368° 1.0004 1.003n O0.99 0.0 0.0 0.0 0.0 6.0 0.0 0.0
158 . 9 1.007 0.3681 1.0001 1.0024 0.9892 0.0 0.0 00 0.0 0.0 0.0 0.0
168. 10 1,007 ©0.3680 0.9998 1.0021 O0,.5886 0.0 0.0 0.0 0.0 0.0 0.0 [ 2% ]
178. 11 1.007 0.2683 3,G000 ).0Gz4 O.%0E1 0.0 ¢.0 e.o t.0 c.0 c.0 C.0
168. 12 1,007 0.28E82 0.99%2 1.0016 0.$870 0.0 c.0 ¢.0 (94 Cd Co0 Lol
198. 13 1.004 0.2474 0.99%3 1.0013 0.5863 C.0 t.0 0.0 C.C CU GO Gl
206. 14 1.000 0.2458 1.0003 1.0015 0.%862 8.0 ¢.0 0.0 0.0 0.0 0.0 0.0
2i&. 15 Co¥95 €o3640 1.00U08 1.GOLY O0.9875 6.0 0.0 6.0 0.0 0.0 0.0 0.0
248. )& 0,995 0.3646 0.%9%0 0,996 0.98% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
238. 17 6.$90 0.3607 1.0003 O©0.999 0.9936 6.0 0.0 0.0 0.0 0.0 0.0 0.0
248. )6 0.990 ©06.3600 0.9991 0.9974 0.9977 0.0 0.0 0.0 0.0 6.0 0.0 C.0
258. 19 0.959 0.3590 1.0002 0.9961 1.001& 0.0 0.0 0.0 0.0 0.0 6&.,0 6.0
268. 20 0.989 0.3583 1.0007 0.9982 1.005%0 0.0 0.0 0.0 0.0 6.0 0.0 0.0
278. 21 0.990 G.3584 0G.9991 0.9966 1.0087 0.0 0.0 0.0 0.0 0.0 0.0 0.0
288, 22 0.988 0.3577 1.0004 0.9976 1.0084 0.0 0.0 0.0 0.0 0.0 0.0 6.0
298, 23 0.989 0.3578 0.9992 0.99865> 1.0091 0.0 0.0 0.0 0.0 0.0 0.0 0.0
308. 24 0.988 0.3573 1.0001 O0.9970 1.06100 6.0 0.0 6.0 0.0 0.6 0.0 0.0
318. 25 D.98% 0.3576 0.9993 0.9964 1.0104 0.0 0.0 0.0 0.0 G.0 0.0 0.0
328. 26 0.990 0.3576 0.9998 0.9969% 1.0110 0.0 0.0 0.0 0.0 0.6 0.0 0.0
338. 27 0.990 0.3579 1.0003 0.9975 1.0114 0.0 0.0 0.0 0.0 0.0 0.0 0.0
348. 28 0.992 0.3563 1.0004 0.9978 1.0118 0.0 0.0 0.0 0.0 0.0 0.0 9.0
ase. 29 ©0.993 0.3587 1.0001 O©.9978 1.0122 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8. 30 0.99% 0.3592 1.0006 0.9985 1.0128 0.0 6.0 6.0 0.0 0.0 0.0 6.0

18, 31 0.998 0.3605 G.9998 0.9983 1.0131 0.0 0.0 8.0 0.0 0.0 0.0 0.0
28. 32 1.001 023616 1.0001 0.9992 1.0130 0.6 0.0 0.0 0.0 0.0 0.0 0.0
. 33 1.006 0.3635 0.9999 0.999% 1.0)19% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
48, 4 1.610 0.365¢ 6.9990 1.000C 1.00%3 0.0 0.0 C.0 0.0 c.6 0.0 0.0
36. 35 1012 0.3667 0.9996 1.0014 1.00%9 0.0 6.0 6.0 0.0 6.0 0.0 6.0
8. 36 1.012 ©.3677 1.0001 1.0022 1.0020 0.0 0.0 ¢.0 V.0 0.0 0.0 0.0
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