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PREFACE
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SECTION I

INTRODUCTION

This report presents the results of an experimental
evaluation of the single stage supersonic axial compressor
described in Reference 1. This compressor was designed for an
over-all stage total pressure ratio of 3 to 1 at an isentropic
efficiency of 82 percent. Design tip speed was 1600 ft/sec at
standard conditions and the inlet hub/tip radius ratio was 0.75.
There were no inlet guide vanes.

The compressor tested was designed for diffusion levels
beyond the range of past experience in both rotor and stator.
This choice was deliberate in order to provide a suitable test
bed for the evaluation of boundary layer control devices
applicable to a compressor and to obtain data at values of
Diffusion Factor above 0.5. As initially tested, no boundary
layer control devices were installed in the compressor. It was
not anticipated that design goals would be met with the initial
configuration, and indeed they were not.

The second section of this report describes the test
facility flow path, the compressor test vehicle, and the
complete instrumentation system. Section III describes the
procedures used in taking data and subsequently in reducing the
data. The results of the test are presented in Section IV.
Section V, the last section, summarizes the conclusions drawn
from the data and indicates the choice made for the first
configuration modification.

(I
)1



SECTION II

APPARATUS

1. FACILITY FLOW PATH

The test facility used is of the open-loop variety. It is
schematically shown in Figure 1. Air enters the facility
through a filter designed to remove five micron particles with
a 99.5 percent efficiency. The air then passes through a 30-inch
duct to a Dall Flow Tube located about six pipe diameters
downstream. About two pipe diameters further downstream, the
air is turned 90 degrees with the aid of turning vanes and then
passes through a perforated plate designed to reduce inlet
pressure approximately three psi at 24 lb/sec flow at standard
atmospheric conditions. Following this, the air passes through
a tube bundle and subsequently enters a 48-inch diameter settling
chamber. The settling chamber contains a perforated conical flow
spreader and two screens patterned after the model investigation
reported in Reference 2. From the settling chamber, air enters
the compressor through a direct-coupled bellmouth. Air leaving
the compressor is deflected radially outward to a peripheral
throttle. The throttle consists of one stationary and one
rotating cylindrical ring, each with 16 cireumferentially
distributed matching holes. Throttling takes place at a diameter
of approximately 47 inches. Downstream of the throttle, the
flow enters a collector, from which it is passed through a 24-inch
duct tc a silencer, and back to the atmosphere. A fast-acting
poppet type valve, bypassing the throttle valve, is also
available to relieve surge conditions. A cutaway irawing of
the complete test facility is shown in Figure 2.

2. COMPRESSOR TEST VEHICLE

A cross section of the research compressor is shown in
Figure 3. The design employs a cantilevered rotor supported by
four 0.5-inch tnick bearing support struts with leading edges
located about two stator chord lengths downstream of the stator
trailing edge plane. The rotor tip diameter at the leading edge
is nominally 18 inches. Oil seals are controlled gap carbon
seals with an air barrier. No oil leakage into the flow path
has ever been experienced. Cold rotor radial tip clearance
with the rotor at rest is .037 to .039 inch. Hot clearance at
design speed is predicted to be approximately .020 inch or
about 0.6 percent of the mean rotor chord. The rotor shaft is
mounted on ball bearings. Radial runout does not exceed .0005
inch. The bulletnose and inlet hub flow path are supported by
six b.-convex struts in the inlet. The flow area contraction
ratio between the trailing edge plane of tte struts and the
leading edge plane of the rotor is 2.72 to 1. Surface finish
on all surfaces adjacent to the flow upstream of the bearing

2
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support struts is 32 microinches or better. An abradable
coating has been employed in the casing adjacent to the rotor
tip. However, no rubs have been experienced, even in stall. The
rotor is of integral construction, the blades and disc being
machined from a single forging of 6A1-4V titanium. The stator
blades are individually inserted but are machined integrally
with platforms at hub and tip. The gap between adjacent platforms
lies in the range of 0 to .002 inch. A photograph of the rotor
is shown in Figure 4. Photographs of stator blades are shown
in Figure 5.

3. COMPRESSOR INSTRUMENTATION

Aerodynamic instrumentation in the compressor consists of
measuring points in stator leading edges for total pressure and
temperature, rakes downstream of the stators for total pressure
and tempe.ature, a large number of static pressure taps
distributed on the inner and outer flow path and on the surface
of one pair of stator blades, and dynamic wall pressure
measurements made over the rotor tip. Measurements of inlet
tota: pressure and temperature, mass flow, relative humidity, and

rotor speed are accomplished outside of the compressor and are
discussed in paragraph 4 of Section II. The Supersonic
Compressor research vehicle has a total of 133 sensors
measuring aerodynamic parameters at various points throughout
the stage. Refer to Figure 3 and Table I for specific
locations. Some of the static pressures are sensed at more
than one point and are manifolded to become, in each case,
a single measurement. Figure 6 shows the vehicle instrumentation
bulizhead.

a. Temperature Measurements

(1) Location

A total of thirty-nine Chromel-Alumel thermocouples
are used to sense temperature. Four are mounted in the plenum,
ten are mounted in the vane leading edges and twenty-five are
located in the five discharge plane rakes. The vane leading
edge and the rake mounted thermocouples are of the slot vented
probe type (Figures 7, 10.a., and 1)). A detailed analysis of
the features of the slot vented design, along with recovery
factor characteristics, may be found In Reference 3. The rakes
were designed with the sensors dividing the discharge annulus
into equal radial increments while circumferential spacing is on
divisions equal to 2.2 times the distance between vane trailing
elges. The single exception is one temperature rake which is
misplaced three degrees circumferentially.

The ten stator leaaing edge thermocouple probes
are mounted on four vanes with tu,? vanes having two thermocouples
and two vanes having three thermocouples. As with the discharge

3



rakes, these probes are also spaced to radially divide the
stator annulus into five equal incremerts; however, in this case
with two sensors per radius.

(2) Calibration

All thermocouples were iabricated from individually
insulated, single rolls of Chromel and Alumel wire. Samples
were taken periodically along the rolls as the thermocouples
were made for vehicle installation. These sample thermocouples
were calibrated against a model 162 platinum resistance b*.,lb
primary standard manufactured by Rosemount Engineering Company.
A constant temperatu.e oil bath, made by Lauda Division of
Brinkman Instruments, Inc. was used as the heat medium. The
bath was set at four different temperatures within the range of
interest. The results, indicated in Table 2, show a worst
case error of plus or minus 0.50F at the highest temperature.

With thermocouples calibrp.ed -,.s indicated, the
entire electronic system employed to record temperature data was
Elxamine1. The results are shown in Table 3. Taking the worst
case error, at the highest temperature, for both the thermocouples
and readout system y-elds a maximum error of plus or minus 0.9 0 F.
The more realistic RSS error goes from 0.23°F at 150 degrees to
0.65 0 F at 350 degrees. Finally, when recovery factor variation
is added, the RSS error at 350°F becomes p.Kus or minus 1.0 0 F.
Figure 8 depicts the equipment used in the calibrations.

b. Pressure Measurements

(1) Location

Thirty-five static (PS) and thirty-five total (PT)
pressures are measu-ed in the vehicle flowpath. Twenty-five
of the static taps are distributed at various points on the
compressor flowpath liners. In particular, ten of these are
located over the rotor blade tip, starting at t'.25 inch axially
forwaard of the leading edge and following at 0.25 "nch axial
intervals extending downstream. A further ten statics are
located approximately mid-chord radially on two vanes with
seven suction side taps on one vane and three pressure side
taps on the other.

The ten vane mounted total pressure probes are
of the Kiel stagnation tube design (Figure 9) and are mounted
with two sensors OIL each of two vanes and three on each of two
other vanes. All are radially located to divide the annulus
into five equal parts, with two measurements per radius. The
other twenty-five are impact tubes mounted as five radial rakes
of five sen:;or each, dividing the discharge annulus into equal
increments and circumferentiallv soaced in a manner similar L,
that of the temperature rakes. An impact pressure rake is shown
in Figure 10.b.



Located for use in conjunction with the static
taps placed over the rotor blade tips are eight Kistler Model
Number 603A pressure transducers and a Bentley Model 316
proximity detector. Because of problems observed at high speed
with the Kistler dynamic pressure data, no further mention will
be made of this system.

(2) Calibration

Four Statham strain gage type transducers are used
to convert the various pressures into electrical signals for
processing through readout and recording. One transducer is
located in each of four, forty-eight port Scanivalve sequential
pressure switching devices. The pressures to be sampled are
connected to odd nambered ports while moderate vacuum is applied
to all even (Roughing) ports to minimize hysteresis effects.

Three calibration pressuresare sensed by all four
Scanivalves on every scan. These are barometric, 15 PSIG and
30 PSIG. The 15 and 30 PSIG standards are supplied by Ametek
Model PK-30 self-regulating, primary deadweight type, pressure
standards referenced to atmosphere. The computer software used
for data reduction corrects these two gauge values against
variation in local barometric pressure and creates a new
transducer calibration curve for every scan. Two absolute
calibration pressures have been added to this system for use
in future tests and the barometric caltbraticn pressure has been
eliminated.

c. Readout Electronics

Data is collected and recorded through use of a Hewlett
Packaid 12B Data Acquisition System (DAS). This system is
comprised oi a 2911 guarded crossbar scanner, 2547A coupler,
2402A integiatz-o rivi - ,o.Ltmeter, 5050B digital recorder
and a Kennedy 1506 incremental tape recorder.

As previously stated, pressure measurements are routed
through four Scanivalve units using Statham transducers for
conversion into electronic signals. A "Scanivalve" offers the
advantage of using the same transducer to measure many pressures
and lends itself to on-.:ine calibration as descr.tbed above. An
interface unit was built t. program the Scanivalves, along
with other parameters, into the HP DAS in a manner which
minimizes scanning time withou :ompromising transducer settling
time. instead of sampling the same port on all valves
sequertially before stepping to the next port, the digital
interface causes each valve to move through its ne;ft roughing
port to its next data point immediately after being interrogated.
Each transducer then has an opportunity to settle out at its
next test pressure while two others are sequentially interrogated.
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This sequence is repeated until all ports are sampled.
Approximately six seconds lapse for the entire procedure.

Thermocouple outputs are routed through a Kaye
Instruments' Model K170 electronic ice point reference into
the interface unit and then to the HP DAS.

4. TEST FACILITY INSTRUMENTATION

a. Rotor Speed

A Bentley Model 306 transducer senses six grooves
i.achlneu into the gearbox/rotor driveshaft coupling. The
output is fed into a Model 3115 proximitor for signal
conditioning. The proximitor signal is a train of pulses having
a repetition rate corresponding to rotor RPM/10. This
repetition rate is directly recorded by the HP DAS. A Bentley
Model 5030 digital tachcmeter provides a visual indication of
rotor speed accurate to ten RPM. The tachometer also includesan adjustable speed limiting switch as a safety feature.

b Mass Flow

Inlet pressure is metered through a product series
122 Dall tube venturi manufactured by B.I.F. Industries with
a 12.687-inch throat. Metering accuracy has been calibrated to
plus or minus one-half percent by the manufacturer. Static
pressure taps are located both in the throat and in the inlet
cavity.

c. Inlet (Plenum) Total Pressure and Temperature

Compressor inlet total pressure is assumed equal to
plenum static pressure just downstream of the last screen.
Four static taps are manifolded into one pressure and recorded
on two separate Scanivalves. The maximum error associated with
this assumption is 0.06 percent. Temperature is sensed by
four bare Junction the-mocouples located in the same axial plane
as the pressure taps, and supported on two crossed cables.

d. Analog Compressor Mapping

An on-line plot of stage pressure ratio vs pseudo mass
flow was effected through use of a Mosely Model 2FRA X-Y plotter.
Teledyne pressure tranducers were used to sense stage inlet
P01, stage exit Pu3 Prom a mid-radius stagnation tube and hub
P1 (measured 0.25 inch upstream of the rotor). Operational
amplifiers were used to ratio exit P03 to inlet P01 and also
to ratio hub P1 to inlet P01. Stage pressure ratio was used to
excite the Y-axis while 1 - (P1/P0l) was sent to the X-axis. The
approximate compressor map so obtained was used to select a
reasoiable distribution of throttle settings at which to record
deat'l ed data.
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e. Relative Humidity

A Fcxboro Dewcel Model 2711TG-K222 was mounted in the
inlet stack to monitor humidity. This device continuously
measures the moisture content of the air by sensing the
temperature at which the partial pressure of its water vapor is
equal to the water vapor pressure of a saturated salt solution.
The humidity information is acquired by the DAS as a thermocouple
reading on every test run and subsequently treated in the Phase I
data reduction program.



SECTION III

TEST PROCEDURE AND DATA REDUCTION

1. TEST PROCEDURE

Test data was taken in order of increasing speed, each
speed-line being entirely probei before any data at higher speed
was acquired. The on-line analog x-y plot capability discussed
in paragraph 4.d. of Section I! was usea to select the test
points, since on-line data reduction was not available.

For each speedline, test data was first acquired at a
partially-closed exhaust throttle setting, after which the
compressor was gradually throttled to induce stall. After
recovery, data was taken at several points as the throttle was
opened from near-stall to wide-open. Stall was indicated by
two sources: the dynamic pressures across the rotor tip, which
were displayed on oscilloscopes on the test operator's console,
and a microphone in the plenum. Sudden oscillations of the
above-mentioned x-y plotter were further indicators that stall
had occurred.

Data was acquired at the rate of about one speedline per
hour. On dates when elevated speed lines were investigated, a
single test point at each of several lower speeds was taken to
assure data integrity by comparison to previously-acquired data
at these lower speeds.

Prior to each test, an atmospheric pressure reading was
obtained from a mercury barometer at the test site. The rig
was initially brought up to speed and then monitored for about
ten minutes, when it was assumed equilibrium had been reached.
A five-minute dwell at each throttle setting was observed prior
to data acquisition. One data scan per test point was acquired
for speeds below 90 percent, wich two scans per point at 90 and
100 percent design speed.

A 12-character test identification number was manually
assigned to each test point and acquired by the DAS as the first
item of information during data acquisition at that point
(character 1: last digit of year; characters 2-3: numerical
month; cbaracters 4-5: numerical day of month; characters 6-7:
test point number on that particular date; characters 8-10:
numerical throttle setting; characters 11-12: last two digits
of the nominal percent-speed (e.g., 82% = 82; 100% = 00)).
V:ihere two scans were taken at a particular test-point automatically,
each scan bears the same test identification number.



A spike in the facility vibration signature corresponded
to 80 percent corrected design speed on the date this data was
to be acquired. This required an increase to 82 percent of
design speed before vibrations were judged adequate for continuous
running and data acquisition purposes.

Finally, a listing of all raw experimental data which was
acquired during testing of this stage is provided in Appendix D
and all computer input data used for Phases I and II of the data
reduction is provided in Appendix B.

2. DATA REDUCTION - PHASE I

Phase I reduction of the test data was accomplished using
a slightly modified version of' the computer program described
in Reference 4. One of the equations of that reference, and
the associated computer coding, is in error; hence several
input and output data changes were made.

The erroneous equation is Equation 18, which is used to
correct une measured mass flow for standard inlet conditions.
The correct relationship iL

Wc = W Pstd Tol
PoI Tstd

This requires a modifi'eation to card CALC 266, which
should read

WCORR (I) = WACT (I)/FAC2 * SQRT(FAC1)

The experimental data was acquired on magnetic tape, but in
different format from that described in Reference 4. The twelve
characters of each data item were recorded in two ten-character
computer "words," the first consisting of seven leading zeroes
(or blanks) and the firkt three data characters, the second
consisting of a leading blank and the final nine data characters.
A specia.. subroutine (TPRED) was written to accommodate this
data configuration and allow for high-speed data transmittal

* from tape to computer. A call to this subroutine replaces
cards MAIN 52-53 in the main program, ard also appears in
subroutine INPUT, a current listing of which appears in

• Appendix C, as does a listing of Subroutine TPRED.

Other changes in Subroutine INPUT (Program INPUT, in this
use, since the overlayed version of REDUC was used) reflect
changes in the instrumentation configuration from the time the
program was published until the vehicle was tested. These
changes are briefly discussed below.
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Three additional types of pressure data were available at
the time the vehicle was tested, which required extensions of
data items "Ll" and "ITPR" of Program REDUC, as follows:

L1

L1 = 14 Flowpath static pressure between blade rows

Li = 15 Flowpath static pressure Just upstream of rotor

L1 = 16 Atmospheric pressure

ITPR

Data Type (See Li) Sequence of Channel Codes in Array ITPR

LI = 14 Similar to Ll = 7

Ll = 15 Similar to Li = 7

Li = 16 Any sequence

The pressure calibration system (described in Section
II.3.b.(2)) required a modification to the program of Reference 4
also. A new input item, IATGG, was added Just prior to item PSI,
the array of calibration pressure magnitudes, to indicate
whether each such pressure was an absolute or gauge (relative to
atmospheric) measurement (IATGG = 0, absolute; IATGG = 1, gauge).

The magnitude of rotor wheel speed was provided as RPM
divided by ten, rather than in cycles per second as anticipated
in Reference 4. This required a slight change in the relevant
computer coding in Subroutine INPUT.

Only minor modifications to othe- routines were required

in program REDUC. The number of dat- acquisition channels is
now required on the first data card as well as in the "Instru-
mentation Data Deck." This is to allow the program user to
select the data-skip option if he so desires.

Minor additions and changes to the format of the output data
were also made. The version of Subroutine OUT used in the
presentation of this data is listed in Appendix C.

3. DATA REDUCTION - PHASE II

Phase II reduction of the test data was accomplished using
a modified version of the computer program described in
Reference 5. The important elements of the modifications are
described in this section.
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Two erroneous FORTRAN statements were detected during the
data reduction, necessitating revision of cards U2 1849 andU2 1862. Pespectively, these cards should read

IF (NCALC(I+1).LE.l.OR.ICl.GT.2) GO To 600

IF (X2.EQ.e.) GO TO 584

It was found necessary to strictly control the manner in
which extrapolations were made from the experimental date
toward each flowpath bouindary. This control was achieved
through use of a new input item NEX (NEX = 0, the radial
gradient between the last two data points nearest a wall is
extrapolated linearly to the wall; NEX = 1, the data value Pi;
the outer casing is assumed to have a value midway between the
value it would have with NEX = 0 and the value of tha data point
nearest the wall; NEX = 2, the data at both hub and case is
extrapolated as with NEX = 1). The coding associated with the
implemen tion of this option is presented in Appendix C, where
Program C2 as modified is presented.

In many cases, it was also found necessary to change the
manner in which deviation angle is specified within the blade
in order to obtain converged through-the-blade solutions.
Rather than specifying rotor deviation chordwise as a percent
of trailing edge deviation, as suggested in Reference 5, the
program was modified to treat data item RDEV as an absolute angle,
in degrees. This required a modification to card U2 1961,
which becomes

TANR(J) = TAN(ATAN(TANA(J)) + XX3(J)/Cl)

Another change in the computational scheme involves the
limiting of the range of allowable blockage estimates when
analyzing data by iterating on casing static pressure measurements.
Without such restraints, the program may increase or decrease
blockage to unrealistic levels in an attempt to compute static
pressures which match the measured casing static pressures.
The boundary layer and wake blockage was constrained between
0. and 30 percent by two cards,

IF(BLCKGE(I).LT.O.0) BLCKGE(I)=O.O

1F(BLCKGE(I).GT.0.3) BLCKGE(I)=0.3

Inserted between cards U2 2130 and U2 2131.
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A similar change involved the establishment of a minimum
allowable level of computed static temperature. This required
modification of two subroutines:

E2

Q = FFl(TIN)/1.25 U2 1982A

IF (XZ.GE.Q) GO TO 228 U2 1985A
XZ = Q U2 1985B

228 CONTINUE U2 1985C

12

X2 = FFI(TIN)/3.0 U2 2126A
IF(Xl.LT.X2) Xl = X2 U2 2126B

A jump statement was required in Program C2 because the
corrections to the measured thermocouple data in the stage
discharge plane are made during the Phase I data reduction.
This statement, inserted between cards U2 1569 and U2 1570,
is illustrated in the listing of Program C2 (Appendix C).

A jump statement was also used in Program B2X to skip the
read-in of flow angle data in the stage discharge plane, since
no such test data is available. This statement, and related
roding changes, are presented in the listing of Program B2X
(Appendix C) in the vicinity of card U2 1425.

The static pressure at the stator trailing edge was defined
as equal to the static pressure at the downstream instrumentation
plane in the --jgram in order to obtain more realistic computed
static pressures across the stator. The related coding appears
near cards U2 1441 and U2 1452 (Program B2X).

Also presented in the listing of Program B2X is the deck
re-ordering which was utilized in the multiple-data-set
reductions whereby the final streamline pattern of the previous
data set may be used as a first guess of the streamline pattern
.'or the subsequent set. This option (new input item NSAVE = 1)
resulted in significant savings of computer time in multiple-
set reductions.

Several new convergence and diagnostic aides have been
incorporated into Program D2. Among the more significant of
these changes is one which involves a skip of the continuity
surio until the momentum equation sums have nearly converged.
Other changes are presented without comment in the listing of
Program D2, which appears in Appendix C.
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Three other program modifications were made, one essential
and two merely convenient. In several instances, it was found

K'
necessary to change the damping factor 7 in the "streamline

relaxation factor" (Reference 5) in order to obtain converged
solutions within a reasonable number of iterations. A new
input data item DAMPF was devised whereby,,-if DAMPF is other

K' K'
than zero, becomes DAMPF" The associated computer coding
is illustrated in Program D2 (Appendix C) in the vicinity of

card U2 1897.

T,,e "ccnvenient" changes referred to in the above paragraph
are in regard to producing on-line plots of the Phase II data
reduction. Data input items PLOWER and PSCALE were added to
allow the program user to set the vertical axis minimum and
scale, respectively, of the axial static pressure plot.
Furthermore, the plot of stator incidence was constrained to
have a maximum spread of twenty-eight degrees. Thus the plots
of stator incidence referred to in the "Results" section of
this report must be considered appropriately.

The new data items PLOWER, PSCALE, DAMPF, NSAVE, and NEX
described above are read in the main program (UD0200) and
transferred to routines B2X, C2, D2, and F2 via a labeled
COMMON statement.
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SECTION IV

RESULTS

1. OVER-ALL PERFORMANCE

The mass-averaged performance of the roto-' and of the
complete compressor stage is tabulated in Table 4 and plotted
in Figure 12. As shown on the compressor map, the performance
of this machine in terms of flow, pressure ratio, and efficiency
deteriorated rapidly with increasing speed. At 100 percent
design corrected speed, corrected flow was approximately 30
percent low, rotor efficiency was 14 points low, stage efficiency
was 21 points low, rotor total pressure ratio was 2.63 versus
approximately 3.3, and stage total pressure ratio was 2.25
versus 3.0. The compressor was throttled to stall at each
corrected speed shown on the map. The data point nearest stall
in each case was taken at a throttle opening approximately 0.5
percent further open than the setting which precipitated stall.
This change in throttle area is equivalent to about 0.9 percent
of the annulus area at the rotor inlet.

2. BLADE-ELEMENT PERFORMANCE (ACROSS BLADE)

The radial distributions of relative inlet Mach number,
incidence angle, loss coefficient, deviation angle, and
diffusion factor for both rotor and stator are presented in
Figures 13 through 82, using Tables 5-11, for each data point
shown on the compressor map. One set of these five radial
distributions is presented for each blade row at each corrected
speed. In each of these sets, the distributions for all throttle
settings are superimposed on each respective plot. As
described earlier in Section III, this data was reduced
using the full radial equilibrium equation with the equations
of momentum, continuity, etc. satisfied at each computing
station for each streamline. This data, also used for the
compressor map, was reduced with computing stations only at
blade-row edges and in free spaces; there were no computing
stations internal to blade rows.

3. BLADE-ELEMENT PERFORMANCE (WITHIN BLADE)

The data point nearest maximum stage efficiency for each
operating speed was selected for more detailed analysis. The
more detailed analysis involved the introduction of four
additional computing stations within the rotor. The data
reduction was then accomplished in the same manner as before,
with blockages and deviation angles internal to the rotor
adjusted so that calculated and measured static pressures along
the casing adjacent to the rotor tip were as nearly coincident
as possible. The results of these analyses include plots of the
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radial distribution of the same five parameters for rotor and
stator described in the preceding paragraph (Figures 83 through
152), plots of the experimental and calculated axial distribution
of static pressure at hub, mean, and case (Figures 153 through
159), and a complete aerodynamic description at each computing
station - streamline intersection (Appendix A). Tables giving
the stator suction- and pressure-surface static pressures
for these test points have been included in Appendix B.

4. ROTOR TIP DYNAMIC PRESSURE MEASUREMENTS

The dynamic distribution of static pressure over the rotor
tips was measured during operation. This data was primarily of
interest for determining shock patterns in the rotor tip region.
Signals obtained at low speeds were clean and consistent.
However, at high speeds where measurements were recorded, it
was found that extreme unsteadiness resulting from high rotor
incidence angles made the data unuseable. Consequently, none
of this data is presented. The principal value of these measure-
ments proved to be a means of qualitatively assessing flow
stability during the test.
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SECTION V

CONCLUSIONS

The performance of this compressor stage was so far below
its design point in all respects - flow, pressure ratio, and
efficiency - that it seemed pointless to pursue the boundary-
layer-control investigations originally planned at this time.
No form of boundary layer control practical to install in a gas
turbine engine was thought capable of producing a useful
improvemen* on this stage. Such forms of control as massive
suction were not considered to be of practical interest for
this application.

Principal attention at this point was devoted to an attempt
to understand why this stage performed as it did and in turn to
determine what kind of configuration change might allow it to
perform more closely to its design objectives. Low rotor total
pressure ratio and low flow logically occur together in a stage
of this general type because the stator operates choked over a
significant portion of the speed range. In this instance, the
stator first choked at about seventy percent corrected design
speed. An examination of the radial distributions of rctor
deviation angle from forty through seventy percent corrected
speed shows that, except for a steep increase very close to the
tip, the experimental distributions were relatively near the
design distribution. The design distribution shown in
Reference 1 is reproduced in Figure 160 in this report. However,
between seventy and eighty-two percent corrteted speed, deviation
increased nearly fifty percent and remained high up to design
speed. To see what relationship rotor deviation might have to
rotor incidence, the mid-radius values of these parameters were
cross plotted for the data sets presented in Appendix A. This
cross plot is shown in Figure 161. The interesting result is
that rotor deviation is seen to be a steep and linear function
of incidence. from forty to eighty-two percent corrected design
speed. Deviation increases approximately three degrees for
every degree increase in incidence angle. Deviation peaked
at ninety percent speed and declined slightly at design speed.
Whether this apparent peaking and decline is meaningful or is
simply a result of the arbitrary mid-radius location selected
to make this plot was not investigated.

The main conclusion drawn from the collective body of data
is that ziie behavior of the rotor deviation angle as a function
of incidence was such that, as the rotor was forced to operate
at high incidence angles at part speed, the relative turning
angle across the rotor was reduced too rapidly for the compressor
to recover as design speed was approached. If the compressor
were operated above design speed, the pressure ratio might
increase sufficiently rapidly to allow roto, incidence to drop
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significantly. 'qowever, the slope of peak rotcr efficiency
versus flow on the compressor map indicates that a relatively
large overspeed might be required and increasing shock losses
would probably make a significant reduction of incidence
unrealizable. An increase in stator throat area would allow the
rotor to operate more efficiently and at a higher pressure ratio.
However, it appears unlikely that this alone would be sufficient
to cause the rotor to operate reasonably near its design point,
and part-speed performance might still pose a problem.

The solution to this problem appears to lie in achieving
better control of rotor deviation angle. Better control, in
this instance, means both a reduction in the absolute value of
deviation angle at high back pressures and a reduction in
the variation of deviation with incidence angle to improve part-
speed operation. The obvious method of achieving both of these
goals is an increase in rotor solidity. However, since the
solidity of the tested rotor was already approximately 2.0, an
increase in solidity sufficient to control the deviation angle
would lead to higher diffusion losses, probably also to higher
shock losses due to increased incidence resulting from higher
blade blockage, and would naturally result in greater weight.
So little camber exists in the front part of the blade between
the leading edge and the shock impingement point that higher
solidity in this region becomes a distinct disadvantage,
particularly in view of the high local blade angle,which
magnifies the blockagc effect of additional blades. On the other
hand, near the trailing edge of the blade, the radius of
curvature of the camberline is approximately equal to the blade
spacing and the local blade angle is much lower. Increased
solidity in this region should greatly improve flow guidance
and the blockage effect should be minor. These considerations
led to a decision to incorporate partial blades or "splitter
vanes" in the aft portion of the rotor such as shown in Figure
162. Details of this redesign and its performance will be
published in future reports.

Because this compressor operated so far from its design
point at design speed, no serious attempt was made to draw
additional conclusions from the data. At the time of writing
this report, the above described rotor modification had already
been tested and was largely successful. The discussion of other
performance factors will be expanded in the next test report.
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TABLE I

INSTRUMENTATION LIST

ITEM TYPE LOCATION
NUMBER SENSOR AXIAL RADIAL CIRCUMF&=RNTIAL REMARKS___,,_

057 T/C 6.181 7.800 ,4028 ,, as No. 095,
058 TIC _ wm__di,'tv
059 T/C (N_ _ ___Use _
060 T/C 45_ _Pleu_
061 T/C 13.50° __ __um _,

062 T/C __ I., lum
063 T/C 415__ _ _ _ _um

064 T/C LE 8.371 Vane 22 oading Edge
065 T/C LE 8.371 Vane 42 _lno Edoe
066 T C LE 8.251 Vane 24 [eading Wae
067 T/C LE 8.251 Vane 44 gaano Edge
068 7/C LE 8.121 Vane 22 ..eding Edge
069 T/C LE 8.121 Vane 42 dine Ed
070 T/C LE 8.001 Vane 24 eadina .. e
071 T/C LE 8.001 Vane 44 .ina Edoe
072 T/C LE 7.871 Vane 22 ,eAdino Edge
073 T/C LE 7.871 Vane 42 eading Edge
074 T/C 6.181 8.440 40281 isch. Rake Element
075 T/C 6.181 8.440 36048' isch. Rake Element
076 T/C 6.181 8.440 69' 71 isch. Rake Element
077 T/C 6.181 8,440 2088' Dh. Rake R1 ,np..n
078 T/C 6,181 8.440 24358' "h. Rake R1 n t
079 T/C 6.181 8.280 4028' sch. Rake Rl .lt
080 T/C 6.181 8.280 36048. i. Rake P-1m.n
081 TIC 6.181 8.280 690 7' isch. Rake Rl~mi*
082 T/C 6.181 8.280 2080381 isch. Rake El6 t
083 T/C 6.181 8.280 2430581 iat. Rake Elment
084 T/C 6.181 8.120 40281 Dsc- Rake MM+,n*
085 T/C 6.181 8.120 36048. itch. Rake Mo~ment
086 T/C 6.181 8.120 69* 71 sch. Rake Momet
087 T/C 6.181 8.120 208*38' isch. Rake Elmt
088 T/C 6.181 8.1'0 243°58 - isch. Rake Element

F089 7C 6.181 7.960 4028f isch. Rake Element
090 T/C 6.181 7.960 643' )tsch. Rake Element
091 T/Z 6.181 7.960 696 7' isch., Rake Elemgat
092 T/C 6.181 7.960 208*3b I  lsch. Rake Elem t

S T/C 6.181 7.960 243058' )uch I
094 T/C 6.181 7.800 4"281 )isch. Rake Element
095 T/C 6.181 7.800 36*48' lacl'. Rake element
096 T/C 6.181 7.800 69' 71 isch. Rake Element
097 T/C 6.181 7.800 208"38' isch, Rake Element
098 T/C 6.181 7.800 243581 sch. Rake Element
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TABLE I (crntinu-d)

ITEM TYPE " LOCATION ____RMARK

NUMBER SENSOR AXIAL RADIAL CIRCUMWERNTIAL, REMARKS
101 Atmos _B__m_ .ric Pressur
103 PS ...... _ _ Venturi Throat
105 PS .......... _Venturi Cavity
107 PT Plenum
109 PS -0.25 ID 3150 .sing(Same as 751)
111 PS -0.25 0D 3150 sing
.3 PS O.00 O D 306* sina

115 PS 0.25 OD 2940 sing
117 PS 0.50 OD 1800 sing
119 PS 0.75 OD 1900 sing
121 PS 1.00 OD 310* sing
123 PS 1.25 OD 1700 sing
125 PS 1.50 OD 290* sing
127 PS 1.75 OD 30V sin

129 PS 2.00 OD 160" sing
131 PS 3.227 8.163 Vane 16 uction Side Vane
133 PS 3.39_ 8.175. Vane 16 uction Side Vane
135 s 3.3611 8.184 Vane 16 uction Side Vane
137 PS 3837! A.190 Vane 16 uction Side Vane139 PS 4.115T 8.191 Vane 6Suction Side Vane
141 Ref . ' ot Used"
143 'Ref . Atmos.

145 Ref. 15 PSIG Reference
147 Ref. " ._ ... .. 30 PSIG Refrence

201 Atmos Barometric Pr essure
203 PS Same as 103
205 PS ,__..... Same as 105
207 PT Same as 107 and 752
209 PS 4.281 8.192 Vane 16 Suction Side Vane
211 PS 4.559 8.194 Vane 16 uction Side Vane
213 PS -2.00 ID 450 & 1350 o Manifolded Taps
215 PS -2.00 ID 2250 & 3150 o Manifolded Taps
217 PS -2.00 OD 45* & 1350 o Manifolded Taps

219 PS -2.00 OD 225* & 315 -o Manifolded Tap5
221 PS 2.25 OD Vanes 18,22, Four Manif, Tapp

1 ~40 & 44
223 PS 2.25 ID 113,50.156.50 Four Manif. Ta2s

_ _290950&234.50

225 PS 6.181 OD 600 sing
2 2 7 P S 6 .1 8 1 O D 1 2 0 0 .._in_" 

_

229 PS 6.181 OD 2520 _a sing
231 PS 6.181 OD 3000 sing
233 t PS 6.181 ID, 600 .snq
235 PS 6.181 ID 1200 nano
237 PS 6.181 ID 252 sing
239 PS j 6.1" ID 3000 _a __n_
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TABLE I (continued)

ITEM4 TYPE LOCATION

SENSOR AXIAL RADIAL CIRCUMFEg IAL REMARKS
__241 Ref. ,_,_o_ Used-

_243 Ref. At ,mos._.
245 Ref. 5 PSIG Ref erence
247 Ref. 0 PSIG Reference-

301 ... Nt Used
303 Not Used .

305 PS "3.393 8.175 Vane 17 res. Side of Vane
307 PS 3.837 8.189 Vane 17 res. Side of Vanel
309. . PS 4.281 8.191 Vane 17 res. Side of Vane
311 PT LE 8.371 Vane 20 eading EdAe
313 PT LE 8.371 Vane 40 _eding Edge
315 PT LE 8.251 Vane 18 eading Edge_

317 PT hE 825i Vane "47 'Leading Edge ',
_317 PT LE 8.251 Vane 47 _ea__n__Edge __

321 PT LE 8.121 Vane 40 eading Edge
321 PT LE 8.001 Vane 18 lding Edge

325 PT LE 8.001 Vane 47 Omding Edge
327 PT LE 7.871 Vane 20 _eadingEdge

329 PT LE 7,871 Vane 40 dina Edae
331 PT 6.181 7.800 20047'  sch. Rake Element
333 PT 6.181 7.800 52057f isch. Rake Element
335 PT 6.181 7.800 195029? isch. Rake Element
337 PT 6.181 7.800 227049? isch. Rake Element
339 PT 6.181 7.800 260* 8' isch. Rake Element
341 Ref. ,.__.__t Used
343 Ref. Atmos.
345 Ref. .._'"_L5 PSIG Reference
347 Ref. 30 PSIG Reference

401 PT 6.181 7.960 20947' isch. Rake Element
403 PT 6.181 7.760 52°57' isch. Rake Element
405 PT 6.181 7.960 1950291 isch. Rake Element
407 PT 6.181 7.960 227u491 iscb. Rake Element
409 PT 6.181 7.960 2600 8' isch. Rake Element
411 PT 6.181 8.120 20047? Dsch. Rake Element
413 PT 6.181 8.120 52071? isch. Rake Element
415 PT 6.181 8.120 19529' isch. Rake Element
417 PT 6.181 8.120 227049. isch. Rake Element
419 PT 6.181 8.120 2600 8' isch. Rake Element
421 PT 6.181 8.280 20w47' sch. Rake Element
423 PT 6.11 8.280 52057' isch. Rake Element
425 PT 6.131 8.280 195629' isoh. Rake Element
427 PT 6.181 8.280 227*49' isab. Rake Element
429 PT 6.181 8.280 2600 8 Disch. Rake Element
431 1 PT 6.181 8440 200471 isch. Rake Element
433 PI 6.181 8.440 . 52057?,  isab. Rake Elamet
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TABLE I (concluded)

ITEM TYPE LOC TION REMARKS
NUMBER I RADIAL CTRCMt F 'RT AL.
435 PT 6.181 8.440 19529' Discb. Rake Element
437 PT 6.181 8.440 227049' Disch. Rake Element
439 PT 6.181 8.440 2609 8' isch. Rake Element
441 Ref. OAot Used
443 Ref. _ __Mos.

445 Ref. 15 PSIG Reference
447 Ref. 0O PSG Reference

700 XPT -0.25 OD 67016t lush MD. Kistler
701 XPT 0.00 OD 75028' lush MTD. Kistler

: 702 XPT 0.25 OD 600 lush MTD. Kistler703 XPT 0.50 OD 68049' lush MID. Kistler
704 XPT 0.75 OD 53051 lush MTD. Kistler

705 XPr 1.00 OD 63016' lush MTD. Kistler
706 XPIT 1.25 OD 490 8' limh MTD, Kistler

011 XPT 150 OD 59023 t  1lsh MTD. Kistler7 08
709

710 Prox. 1.25 OD 390 entley Transducer
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TABLE II

CALIBRATION OF SAMPLE THERMOCOUPLES

BATH SET T AVG. OF 9 SAMPLES MAX. SPREAD
0C 0 F 0 F.

65 148.1 148.) 0.1

100 212.4 210.9 0.1

150 300.8 301.4 0.4

175 346.5 346.4 0.5

A Oil Bath Set Pt.
B Mueller bridge readout converted to temperature.

TABLE III

CALIBRATION OF TEMPERATURE READOUT ELECTRONICS

SET PT. PRINTER OUTPUT MAX. SPREAD
Avg+ OF Avg* IF ± OF

148.2 148.3 0.2

210.7 210.7 0.2

301.7 301.7 0.3
345.4 345.5 0.4

+ Average of two calibrated T/C's.
* Average of eight channels.
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TABLE IV

MASS-AVERAGED COMPRESSOR PERFORMANCE

ROTOR STAGE
TEST I.D. SPEED PR PR n MASS FLOW

208180106840 40% 1.209 .99 1.161 .772 ,!.54
0315240 1.23 .927 1.215 .871 9.63
0415840 1.23 .901 1.215 .844 8.91
0514040 * 1.224 .957 1.204 .879 10.34
0612740 1.218 .966 1.192 .859 10.88
0711240 1.214 .981 1.179 .829 11.21
0806840 1.21 .988 1.16 .768 11.59
0901340 1.208 .989 1.151 .729 11.60

208220215850 50% 1.377 .899 1.35 .841 11.48
0315550 1.376 .915 1.35 .857 11.93
0415050 * 1.368 .925 1.341 .866 12.48
0514450 1.366 .944 1.331 .861 12.86
0613650 1.363 .958 1.31 .83 13.38
0712550 1.361 .966 1.292 .80 13.49
0810950 1.362 .968 1.266 .732 13.63
0907550 1.36 .969 1.237 .661 13.66
1215860 60% 1.58 .903 1.529 .834 14.15
1315560 1.577 .913 1.525 .841 14.67
1315260 * 1.573 .92 1.515 .840 14.88
1514860 1.57 .924 1.498 .823 15.26
1614460 1.573 .93 1.475 .791 15.25
1713660 1.57 .927 1.438 .737 15.23
1812760 1.57 .927 1.414 .701 15.19
1911060 1.57 .925 1.38 .648 15.23

208240215670 70%* 1.828 .889 1.724 .795 16.92
0315570 1.827 .889 1.717 .79 16.90
0415370 1.83 .893 1.697 .773 16.91
0515070 1.829 .897 1.668 .750 17.08
0614270 1.828 .892 1.616 .698 16.99
1115882 82%* 2.057 .810 1.883 .702 18.12
1215782 2.065 .815 1.876 .698 18.18
1315682 2.07 .814 1.868 .688 18.21
1415582 2.076 .818 1.861 .684 18.20
1515382 2.079 .819 1.838 .67 18.31

208300215890 90% 2.262 .764 2.035 .655 19.04
0315990 * 2.28 .773 2.049 .662 19.25
0415890 2.292 .778 2.041 .658 19.33
0515690 2.296 .779 2.013 .643 19.60
0615090 2.299 .784 1.944 .611 19.56
0915800 100%* 2.594 .733 2.247 .609 20.76
1015700 2.616 .741 2.24 .607 21.10
1115500 2.624 .743 2.226 .601 21.15
1215100 2.635 .746 2.173 .581 21.21

* To be further considered in within-blade data reduction.
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TABLE V

IDENTIFICATION OF SYMBOLS
FOR 40%-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION SYMBOL

208180901340 Z

208180806840

208180711240

208180612740

208180514040

208180415840 +

208180315240 A

208180106840 Ci
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TABLE VI

IDENTIFICATION OF SYMBOLS
FOR 50%-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION SYMBOL

208220907550 Z

208220810950

208220712550 ±

208220613650 Q

208220514450 x

208220415050

208220315550

208220215850
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TABLE VII

IDENTIFICATIC' OF SYMBOLS
FOR 60%-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION SYMOL

208221911060 Z

208221812760 X

208221713660 +

208221614460

208221514860 X

208221315260

208221315560

208221215360 0
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Table VIII

IDENTIFICATION OF SYMBOLS
FOR 70%-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION SYMBOL

208240614270 V

208240515070 x

208240415370 +

208240315570 1
208240215670 0
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TABLE IX

IDENTIFICATION OF SYMBOLS
FOR 82%-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION SYMBOL

208241515382

208241415582 X

208241315682 4-

208241215782

208241115882
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TABLE X

IDENTIFICATION OF SYMBOLS
FOR 90%-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION SYMBOL

208300615090

208300515690 X

208300415890 m

208300315990

208300215890
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TABLE XI

IDENTIFICATION OF SYMBOLS
FOR 100%-SPEED ACROSS-BLADE FIGURES

STEST IDENTIFICATION SYMBOL

208301215100

208301115500 +

208301015700 4

208300915800 2)
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Fig. L*Rotor Blades on Wheel

Fig. 5. Stator Blades
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WIRE
INSULATION

N .30

SAUEREISEN
CEMENT N 0

0.093 DIAM.,
0.014 WALL

TEFLON 0LT.58
30 GAGE 0_0__ 0.062
TIC WIRE 0.013

Fig. 7. Slot Vented Temperature Probe Designi
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Fig. 9. Kiel Stagnation Tubp Design
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Fig. 11. Vane-Mounted Instrumentation
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Fig, 12. Compressor Performance Map
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Symbols: Table V

Cr

wo

U-1

C

ST9 1N L E T R A U 1

Fig. 13, 1ot. Roltor e acdeNumb vs Inlet Radius
(40% Speed)
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c,y,ibols: Table v

IL

C,

CD

C)
7.2. 7. .3..

ROTOR OUTLET RRDIU$

Fig. 15. Rotor Loss Coefficient vs Outlet Radius(40% Speed)
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C' Symbols: Table V

C).

Cs,

- Cfir3
I-..-UTET.,D~c

Fi.16 otrDvitonv utelRdu
(4% ped
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Syrnbols: Table

0

CrFL
LL

0C7

0 20 7.5 6. "J 0,~ 3. (

R~OTOR OUTLET RRDTUcS
Fig. 17. Rotor Diffusion Factor vs Outlet Radius

Symbols: Table V

F--

i0

c* T PT 0 !NL?T RRDTUS
Fig. 1. Stator Mach Nlumber vs Inlet R~adius

(40% Speed)
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A L
0

Symbols: Table V

02

0-

wA

Z ii

0

8'

8

STATOR INLET RADIUS

Fig. 19. Stator Incidence vs Inlet Radius
(40% Speed)
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Symbols: Table V

Cr

P, 40* 3.i 9. -7(

cTRTOR . OUTL.ET RRDIU,

Fig. 20. Stator Loss Coefficient vs Outlet Radius 4(40% Speed)

C3 Symbols: Table V

I-.

-.

•T. T OR OUT L. T RROUS

Fig. 21. Stator Deviation vs Outlet Radius
(40% Speed)
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0Symbols : Table Vr
CD

L-
L4-Vr
cr 0 °I

C,

C)
' - I I

STRTOR OUTL -U,
Fig. 22.- Stator Di f- 7ac v Outlet Radius

(40%Speed)
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-Z Symbols: Table VIz c; -

--

4

C?

79_~r t3 ee 9

ROTOR INLET RRD IUS
Pig. 23. Rotor Relative Mach Number vs Inlet Radi us

(50% Speed)

I Symbols: Table VI

z

S0

ROTOR 1NLET RP1D JUS5 ~

Fig. 24. Rotor Incidence vs Inlet Radius
(50% Speed)
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Symbols: Table VI

L-3

)

U-

i•

7720 5. j ,.R.OTQR O, ,TL. RgiOI.,DT ,1 u P%1- T D D. 1 ,C

Fig. 25. Rotor Loss Coefficient vs Outlet Radius
(50% Speed)

t
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Symbols: Table VI

o l I
0

C

C'

C'

U ,

cc.

OR., OUTIET DU
Fig. 26. Rotor Deviation vs Outlet Radius

(50% Speed)
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rr

,f,

Fi. 2t a

-

-ig,2 . ot r Di f s o Facto s Oule Radi-

(50% Speed)
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- Symbols: Table VI

z
:rr

CD

I-.

F- C1

Q . . r -r.. < 9

,THTOR INLET RHORU

Fig. 28. Stator Mach Number vs Inlet Radius
(50% Speed)
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ell

C

[,,

C

Synbols: Table VI
0
C,

LJ C,,

• ., t
Z

C)Q'-
0-

I

C3

0

!rTTOR !NLET RqOIUS

Fig. 29. Stator Incidence vs inlet Radius
(50% Speed)
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Cr. Symbols: Table VI

L47-

LU

U.

CD

O '

0 G C3 09.C92

)

ci

-

C)-

7.6 • .,., •,., 9.20

,TPTOR OUTLET RRDIUS

Fig. 30. Stator Loss Coefficient vs Outlet Radius
(50% Speed)

C56

Symbols: Table VI

CC-

>

C7

$STRTOR OUTLET RROIUIS
Fig. 31. Stator Deviation vs Outlet Radius

(50% Speed)
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Symbols: Table VI

UC

CD

Z:F f;c . r
9 ()1

I-R- RO.

T Tt

Fig. 32. Stator Diffusion Factor vs Outlet Radius

(50% Speed)
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Symbols: Table VII

C)

f.. 9 - G

RCTOR INLET RHDIUS

Fig. 33. Rotor Relative Mach Number vs Inlet Radius
(60% Speed)

Symbols: Table VII

z

C)

T .1

ROr '  TNL r R ' "

Fig. 314. Rotor.n idence vs Inlet Radius
(605 Speed)
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Symbols: Table VII

C-D

. 9.
- OULE1 1[ i

9 TnR rL-.T!E'-T R [U5LI

Fig. 35. Rotor Loss Coefficient vs Outlet Radius
(60% Speed)
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g

6- Symbols: Table VII

4-

C-3

z 
'

Cf

C)

C)
C',

0

C')

C)

II I ,

.7 SO C" 3. 4.0
ROTOR OUTLET RHDIU,

Fig. 36. Rotor Deviation vs Outlet Radius
(60% Speed)
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C7..

Symbols: Table VII
*-!

eY..

C,Cr

01 
00v

7.2
ROTOR.-,nT1 T RmD I US

Fig. 37. Rotor Diffusion Factor vs Outlet Radius
(60% Speed)

I'D- Symbols: Table VII

1- 9

0.2

WNROJ INLET RRDIUS

Fig. 38. Stator Mach Number vs Inlet RAdius
(60% Speed)
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0
0

°N

0

Symbols: Table VII

C"7

U

Zc,
C-4

., -/

''
I-

., T TR 1NL-l RqDIUIS
Fig. 39. Stator Incidence vs Inlet Radius

(60% Speed)
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Symbols: Table VII

...

-U

Fig. 40. Stator Loss Coefficient vs Outlet Radius
(60 Speed)

.-

-. Symbo."s: Table VII -

Fig. 41. Stator Deviation .3 Outlet Radius
(60% Speed)
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Symbols: Table VII

F-.

F, -I *A. L,'

Fig. 42. Stator Diffusion Factor vs Outlet Radius
(60% Speed)
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i7

.-1 Symbols: Table VIII

z

L)~

F-;
C-3cr

I I I

6.4 -2 0 -. r 3 r0
ROTR INLET RRD[IJU1,5

Fig. 43. Rotor Relative Mach Number vs Inlet Radius

(70% Speed)

' Symbols: Table VIII
.Aj

1--,

zC)-

* .C~ C-;-I •
7.270 -. L.j 

5

RfOTOR INLET RRDJUS

Fig. 44. Rotor Incidence vs Inlet Radius
(70% Speed)
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C)"

Symbols: Table VIII

C)

CD

rJr

.OTOR OUTI.ET RRODIUS

Fig. 45. Rotor Loss Coefficient vs Outlet Radius(70% Speed)
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Symbols: Table VIII

• ,: I-

." ., T C,

Fig. 46. Rotor Deviation vs Outlet Radius
(70% Speed)
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Symbols: Table VIII

/A

L_)cp

LT3

:, 0 T,%0 PT- d T F T R DTU5

Fig. 47. Rotor Diffusion Factor vs Outlet Radius
(70% Speed)

k Symbols: Table VIII

z

CI

T , I T |," , , , . .. ..3 . ., %.9.

CTf],) TN!_FT Ot;['JI";

Fig. 48. Stator Mach Number vs Inlet Radius
(70% Speed)
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C.'%

Symbols: Table VI

i. 4. SttrIcdnesIltRdu

t'.',

- I

5.. I

----- I0

4$ (70% S*peed)
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U_ Symbols: Table VIII

.-

RR D I U

CD"

,STA OR O dTLFT RADIUO"

Fig. 50. Stator Loss Coefficient vs Outlet Radius

(70% Speed)

C7 Symbols: Table VIII

I-.

I=-.,

C 3-9

5 T:::TO.:UTLE T RIR D U

Fig. 51. Stator Deviation vs Outlet Radius
(70% Speed)
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r-; Symbols: Table VIII
C)

C

I.c:7.6;2 j .cr

STT~ OUTLIFT RH D U5
Fig. 52. Stator Diffusion Factor vs Outlet Radius

(70% Speed)
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- Symbols: Table IX

CD

Zg

c: -'

UD

-7

t-I

CD

C
0:::

C^3

6.40 7.0 8.00 9.,0 9. 5.

ROTOR INLET RADJUS

Fig. 53. Rotor Relative Mach Numbers vs Inlet Radius
(82% Speed)

oI
Symbols: Table IX

7.

LiJ

Z
I"-. (

CD

Co V

0 7.20 8.00 9.50 9.60

ROTOR INLET RADJUS

Fig. 54. Rotor Incidence vs Inlet Radius
(82% Speed)
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.,- Symbols: Table IX

IzI

c1

LO ) . k

C)

ROTnR OUTLFIT RADIUS

Fig. 55. Rotor Loss Coefficient vs Outlet Radius
(82% Speed)

Symbols: Table IX

0 L
d--t

o 

C,

7.20 7.50 . '0 9. 40 8.9r,
ROTfOR OUTLET RADIUS

Fig. 56. Rotor Deviation vs Outlet Radius
(82% Speed)
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Symbols: Table IX

CE

LL-

CD

CD

C)

7.2 7.50 9.00 9.43 39
ROTOR OUTLET ROIUS

Fig. 57. Rotor Diffusion Factor vs Outlet Radius

(82% Speed)

Symbols: Table IX

CD

17

9) 9 I

"TRTOR INLET RRDIU5

Fig. 58. Stator Mach Number vs Inlet Radius A
(82% Speed)
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C.)

Symbols: Table IX

.)

C)

C0

C.,

C.)

(-o

CD)

ID

n

"7. ,5G 9. G O . 4L0 9. 'r' 9. 20,

STHiTOR INLET RRDIU.S
Fig. 59. Stator Inc2idence vs Inlet Radius

(82% .Speed)
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Symbols: Table IX

LJj

CD

-)

CU) r-

La~
'" "I I I I

8 ,0 8.8J 9.20

STHTCOR OUTLET RPDJUG

Fig. 60. Stator Loss Coefficient vs Outlet Radius
(82% Speed)

Symbols: Table IX

I-*

13TiTOR OUTLET RAlDIUS

Fig. 61. Stator Deviation vs Outlet Radius
(82% Speed)
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Symbols: Table IX
0

Cr.

Li.

LL

c:)

FC

7.50C 13.S GG .40 S. 80 9.20
STRTOR OUTLET RRDIUS

Fig. 62. Stator Diffusion Factor vs Outlet Radius
(82% Speed)
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Symbols: Table X

CD

7-.

g/

Fig. 63. Rotor Relative Mach Number vs Inlet Radius

z
C

-ii I

ROTOR !NLET R-DIU5

Fig. 6. Rotor IvcidecNce vs Inlet Radius
(90% Speed)

78

C-1)~ Symol: abe

,,., ~-,- -- --



Symbols: Table X

.0

LL-

U

U)p

CD

CD)I--

Elf

1.19S 3 C" . .I I I,

ROTOR OUTLET RHDIU S

Fig. 65. Rotor Loss Coefficient vs Outlet Radius
(90% Speed)

Symbols: Table X

CD
3

C',

rno

..J.'.' -

ROT3R 9'TL.E" RqD.U5

Fig. 66. Rotor Deviation vs Outlet Radius
(90% Speed)
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oSS
0 Symbols: Table X

CD
ckJc

C-)

Ui.- C

U- w

0,

RO0T %,R O'UTT R PD I US
Fig. 67. Rotor Diffusion Factor vs Outlet Radius

(90% Speed)

". Symbols: Table X

C --

Cr.

,) rr:
I I I

g0 "' . i O j . .,. 9.20

•TFTOR INLET RPWDU5

Fig. 68. Stator Mach Number vs Inlet Radius
(90% Speed)
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Fv-D-
Symbols: Table X

D-

-I

CD

0

LU

z.

C'4

C:)

CD

STHTOR INLET RROIUI
Fig. 69. Stator Incidence vs Inlet Radius(90% Speed) 5.
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Symbols: Table X

U-

UL).

CD
-

C)
H-%

STHTOR OUTLET RRDTUS
Fig. 70. Stator Loss Coefficient vs Outlet Radius

(90% Speed)

CISymbols : Table X

)

'7.60 .,0 8.40 £350Y.

SIRTOR OUTL.ET RRDJUS
Fig. 7. Stator Loseiin v Outlet Radius

(90% Speed)

Sybls2 abe



rt

CD -Symbols: Table X
I--- 0

. - -

-I c.ICD

Li L. 7.i 9. *c 40 S.SI .140
STRTOR OUTLET RRDIUS

Fig. 72. Stator Diffusion Factor vs Outlet R, lus
(90% Speed)
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Symbols: Table XI

C

LU
C:7

CD

6.40 7.20 5.00 8.50 9.60

ROTOR INLET RADIUS

Fig. 73. Rotor Relative Mach Number vs Inlet Radius
(100% Speed)

Symbols: Table X1

LU

z
D
-o

v-8

6.4 "7.20 5. O0 5. 50 9.60
ROTOR INLET RADIUS

Fig. 71I. Rotor Incidence vs Inlet Radius
(100% Speed)
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o Symbols: Table XI

iU - -

U-o

LJ5

C7

F-

"" I I

7.20 7.60 8.00 B.40 6.80
ROTOR OUTL.ET RRDJUS

Fig. 75. Rotor Loss Coefficient vs Outlet Radius
(100% Speed)
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Symbols: Table XI
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Fig. 77. Rotor Diffusion Factor vs Outlet Radius
(100% Speed)
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Fig. 79. Stator Incidence vs Inlet Radius
(100% Speed)
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Fig. 80. Stator Loss Coefficient vs Outlet Radius
(100% Speed)
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Fig. 81. Stator Deviation vs Outlet Radius
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Fig. 83. Rotor Relative Mach Number vs Inlet Radius
(Within-Blade Analysis, 40% Speed)
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Fig. 84. Rotor Incidence vs Inlet Radius
(Within-Blade Analysis, 40% Speed)
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Fig. 87. Rotor Diffusion Factor vs Outlet Radius
(Within-Blade Analysis, 40% Speed)
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Fig. 91. Stator Deviation vs Outlet Radius
(Within-Blade Analysis, 40% Speed)
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Fig. 92. Stator Diffus:i 1actor vs Outlet Radius
(Within-Blade Analysis, 40% Speed)
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Fig. 93. Rotor Relative Mach Number vs Inlet Radius
(Within-Blade Analysis, 50% Speed)
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Fig. 95. Rotor Loss Coefficient vs Outlet Radius
(Within-Blade Analysis, 50% Speed)

F0

Fg .r 96 oo.eitonv ultRdu

C) ,-- "K

-.- )

.0 7 50 ,8 !irJ ..4gB
ROTOR OUTLET RRDIUS

Fig. 96. Rotor Deviation vs Outlet Radius

(Within-Blade Analysis, 50% Speed)
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Fig. 97. Rotor Diffusion Factor vs Outlet Radius

(Within-Blade Analysis, 50% Speed)
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Fig. 98. Stator Mach Number vs Inlet Radius
(Within-Blade Analysis, 50% Speed)
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Fig. 99. Stator Incidence vs Inlet Radius
(Within-Blade Analysis, 50% Speed)
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Fig. 100. Stator Loss Coeflicient vs Outlc Radius
~(Within-Blade Analysis, 50% Speed)
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Fig. 101. Stator Deviation v Outlet Radius
(Within-Blade Analysis, 50% Speed)
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Fig. 102. Stator Diffusion Factor vs Outlet Radius
(Within-Blade Analysis, 50% Speed)
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Fig. 103. Rotor Relative Mach Number vs Inlet Radius
(Within-Blade Analysis, 60% Speed)

'I

L)

z

Cr_
A.-,

' 6 . A 7.20 .30 .83

ROTOR INLET RADIUS

Fig. 104. Rotor Incidence vs Inlet Radius
(Within-Blade Analysis, 60% Speed)

102



~~IN-

U.U

U

00

_Jo
CD

7.20 7.60 S. 00 S. AO 5. Sr

ROTOR OUTLET RRDIUS

Fig. 105. Rotor Loss Coefficient vs Outlet Radius
(Within-Blade Analysis, 60% Speed)
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Fig. 106. Rotor Deviation vs Outlet Radius
(Within-Blade Analysis, 60% Speed)
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Fig. 107. Rotor Diffusion Factor vs Outlet Radius.
(Within-Blade Analysis, 60% Speed)
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Fig. 108. Stator Mach Number vs Inlet Radiust
(Within-Blade Analysis, 60% Speed)
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Fig. 109. Stator Incidence vs Inlet Radius
.(Within-Blade Analysis, 60% Speed)
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Fig. 110. Stator Loss Coefficient vs Outlet Radius
(Within-Blade Analysis, 60% Speed)
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Fig. Ill.. Stator Deviation vs Outlet Radius
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Fig. 112. Stator Diffusion Factor vs Outlet Radius
(Within-Blade Analysis, 60% Speed)

106



CE
z

LU

0 :

7-0

6. 7.20 8.00 8.80 9.60
ROTOR INLET RPDIUS

Fig. 113. Rotor Relative Mach Number vs Inlet Radius
(Within-Blade Analysis, 70% Speed)
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Fig. 114. Rotor Incidence vs Inlet Radius
(Within-Blade Analysis, 70% Speed)
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Fig. 115. Rotor Loss Coefficient vs Outlet Radius
(Wittnit-Blade Analysis, 70% Speed)
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Fig. 116. Rotor Deviation vs Outlet Radius
(Within-Blade Analysis, 70% Speed)
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* Fig. 117. Rotor Diffusion Factor vs Outlet Radius

(Within-Blade Analysis, 70% Speed)
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Fig. 119. Stator Incidence vs Inlet Radius
(Within-Blade Analysis, 7/0% Speed)
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Fig. 120. Stator Loss Coefficient vs Outlet Radius~(Within-Blade Analysis, 70% Speed)
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Fig. 121. Stator Deviation vs Outlet Radius
(Within-Blade Analysis, 70% Speed)
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Fig. 122. Stator Diffusion Factor vs Outlet Radius
(Within-Blade Analysis, 70% Speed)
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Fig. 123. Rotor Relative Mach Niunber vs Inlet Radius

(Within-Blade Analysis, 82% Speed)

LUj
U
z
LU

C \!

5.40 7.20 3. 00 . 13 9. 60
ROTOR INLET RRDIUS

Fig. 124. Rotor Incidence vs Inlet Radius
(Within-Blade Analysis, 82% Speed)
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Fig. 125. Rotor Loss Coefficient vs Outlet Radius

(Within-Blade Analysis, 82% Speed)
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Fig. 126. Rotor Deviation vs Outlet Radius
(Withln-Blade Analysis, 82% Speed)
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Fig. 127. Rotor Diffusion Factor vs Outlet Radius
(Within-Blade Analysis, 82% Speed)
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Fig. 128. Stator Mach Number vs Inlet Radius
(Within-Blade Analysis, 82% Speed)
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Fig. 130. Stator Loss Coefficient vs Outlet Radius
(Within-Blade Analysis, 82% Speed)
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Fig. 131. Stator Deviation vs Outlet Radius
(Within-Blade Analysis, 82% Speed)
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Fig. 133. Rotor Relative Mach Number vs Inlpt Radius
(Within-Blade Analysis, 90% Speed)
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Fig. 1314. Rotor Incidence vs Inlet Radius
(Within-Blade Analysis, 90% Speed)
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Fig. 135. Rotor Loss coefficient vs outlet Radius(Within-Blade Analysis, 90% Speed)
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Fig. 137. Rotcr Diffusion Factor vs Outlet Radius
(Within-Blade Analysis, 90% Speed)
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Fig. 138. Stator Mach Number vs Inlet Radius
(Within-Blade Analysis, 90% Speed)
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Fig. 139. Stator Incidence vs Inlet Radius
(Within-Blade Analysis, 90% Speed)
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Fig. 140. Stator Loss Coefficient vs Outlet Radius
(Within-Blade Analysis, 90% Speed)
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Fig. 142. Stator Diffusion Factor vs Outlet Radius
(Within-Blade Analysis, 90% Speed)
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Fig. 1413. Rotor Relative Mach Number vs Inlet Radius
(Within-Blade Analysis, 100% Speed)
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Fig. 144. Rotor Incidence vs Inlet Radius

(Within-Blade Analysis, 100% Speed)
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Fig. 145. Rotor Loss Coefficient vs Outlet Radius
(Within-Blade Analysis, 100% Speed)
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Fig. 146. Rotor Deviation vs Outlet Radius
(Within-Blade Analysis, 100% Speed)
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Fig. 150. Stator Loss Coefficient vs Outlet Radius
(Wi.thin-Blade Analysis, 100% Speed)
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Fig. 151. Stator Deviation vs Outlet Radius
(Within-Blade Analysis, 100% Speed)
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Fig. 162. Rotor with Splitter Vanes
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APPENDIX A

PHASE II WITHIN-BLADE ANALYSES (COMPUTER PRINTOUTS)

This appendix presents the aerodynamic results (in the
form of computer printouts) of the Phase II within-blade
analyses for the seven test points selected for that analysis.
The printout of input data which precedes the material presented
herein has been removed in order to keep the number of pages

* to a minimum. The input data used in each of these analyses
is presented in Appendix C.
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APPENDIX B

COMPUTER INPUT DATA FOR DATA REDUCTION

Presented in this appendix is the computer input data used
in conjunction with the programs of References 4 and 5 (as
modified) to perform Phase I and II reduction of the experimental
test data. Sections 1 through 4 of this appendix are listings
of decks and subdecks which were relatively standard. The cards
which were subject to change from test point to test point
are indicated by an "*" in each section, and the changes to
these cards are presented in Section 5 of this appendix as
"exceptions" to the "common" or "standard" decks of Sections 1-4.
Section 5 also presents a key for interpreting the information
presented for each test point.
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APPENDIX B

5. INDIVIDUAL TEST INPUT DATA

a. Key

TEST IDENTIFICATION

(1) Exceptions to Common Phase I Data (Appendix B.1
cards indicated by "*").

(2) Exceptions to Common Phase II Fixed (LOG1) Data,
Across-Blade (Appendix B.2, cards indicated by "*").

(3) Exceptions to Common Phase II LOG4 - Part 1 Data,
Across-blade (Appendix B.3, cards indicated by "*").

(4) Other LOG4 Data Required, Phase II Across-Blade

FOR TESTS CONSIDERED WITH WITHIN-BLADE ANALYSIS

(5) Exceptions to Common Phase II, Fixed (1 .OG1) Data,
Within-Blade (Appendix B.4, cards indicated by "'*").

(6) LOG4 Data Required, Phase II Within-Blade

(7) Stator Surface Static Pressures, obtained from
Phase I Reduction.
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b. Test Points

Test 208180514040

1. N one
2. None
3. None
4. STATICK ELCCKAGE CISTR18LTICN FACTCR

200O0COP 100000

4 00ca 10eCcoo

8WITHI 3BL 0D1*ONLY

STAIC 1;; 2JGR E)567 9I

I-CUORJ LU3S 1,J,-FF/TOTtAL LJSS COEFF

OUTL-T KAOIUS 1 +3

.2000 -1,4700
04109-2,1 100
9bOO0-2*9'.J0
08COO -5o07 09

M-COORU DEVIATION A4GZ.E 0EGREES)

.2000 -la2700
9400u -1.7300
96000 -2.5400
.8000 -4.3800
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O3UTL--:T r AJIUS 7.913U1

1-CGO OR) D2-VIATION~ AN,: DE--GRE-ES)

.2000 -i.1400

IC~JfJ3 -2.28U0I i -3.9409
OUTLET -*,JIUS 3.1291

I- CUOR.. jE-4rAION ANGLE (jTEGkEE:zS)

*2901) -1.1400
00ooa -1.5600

60000 -2o2600i
.5000 390

OUTLZT t A.JIUS .3.

1-COoUJ )VII ANGLE ()E-GR--:E)

.2003 -1.3300

.4+000 -1.6200

.C6000 -'2o3700
o. oo -4610

OUTLE-T -,AOIUS 6'.3 9

1-C c ORJ JU-IATriON At4G,.' UE-GREES)

,2U00 -1.9ia0
.- toog-?s7000

a.oJOJ 3 3.9o

STAT')i SEA.IALIS-.) P-tFO MANOr- LO033 2 POINTS DEVIATION4 POINTS

I- COOR') LO ;3 CO:FF/TOTIL L03S COEFr

0.0003 0.3030)
1.udog i.0000

JLJTL--T PAJIU.j i =

M1- G3ORJ :-V1 ATO101 A' 1,'i2 F :RL ES

j3 U0). .1000
.2UOJ .1190

.6000 * ?209)

1.0301 1.0000
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. ... ..- . .. . .- - - -- - - * -r . . ..-'..vw ' . -n-. -

MB,-4 -F T .ST POINTS TO 3E ANALYSE

PSCALE .50 P .0W.A .0 [)APpF= 5.000 NSAV-: I NFX= 2

STATION 3L UCKAG -)IST IlUTION FACT3R

1 ,.0 od u
2 0. 90000 1.0gon
3 0.9 U00 1.0000
4t 0 . OU 1,0 1.n03

•- 0500 .,000
6 .03001) .5000
?.u5.'3 .200
8 .5+ 00.003

10 .0;490 1.000
i 1 .1 0 t.0000
12 .0910 1030JO
13 .0920o 1,00091

.0930U 1.000
U0000 O 1. 000

15 .0r000 1.0000
17 o0054+3 0 1 GOa

SOLUTlON TYP.- IN01 A fJ-

STATION 1 2 3 + I / 3 9 10 11 12 13 1. 15 16 17
NMACH 0 0 -0 -j -J -U -0 -0 -0 -0 -0 -0 L, -0 -0 -0 -0

ss
7. .. J~ t O U. F(PSI A)

I !'.184
12. .347

+ 13.S79
~14. 325

.7 1 - 4.

Ps
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Test 208180106840

1. None
2. None
3. None
4. STATICN ELCCKAGE DOSTAIELTICh FAC1CR

1 C.O O00 1.0000
2 G60C00 1.0000

S C.OCO00 1.0000

5 a.CIO E 0 C.OCG
6 .02500 C.OMO
7 905000 160000
6 9 .1 0 EGOis000
9 905400 1 C0 c00

SULbTION TYFE INCICATCRS

STATICN 1 2 3 4 5 E 7 8 9 IC
KMACH 0 0 -0 -C -0 -0 -0 -0 -0 -C

Test 208180315240

1. None
2. None
3. None
4. STATION OLOCKAGE DITSTRIBLTION FACTCA

I 0200o 140000

2 e.00O{O0 I. * a aO

3 0.00000 1.0000
4 C.1]0O10000;oc
5 00O 9:OG 01O0000
E .02500 a * aOOO
7 .05C00 1.00000

8 .14300 1.1000
9 o05400 1.0000

10 .05'.0O 1o.O]O

SOLUTION TYFE INDICATORS

STATION 1 2 3 4 5 E 7 8 9 1C
KMACH 0 0 -0 -C -0 -0 -0 -0 -0 -0
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1: Test 208180415840

1. None
2. None
3. None
4. STATICN BLCCKAGE DISTFIBLTICA FACICR

I C 0 00 00 1.00
2 G 000 0 ltoo&

5 .02500 1.0000
7000000 l c 0Oc0

SCLUTION lYPFE INOICATCRS

STATIclN 1. 2 3 4 5 E 7 e 9 I
NPACH a a -a -C -0 -C -0 -0 -0 -c

Test 2081806840

1 . None
2. None
3. None
4. STATICN 6LCCKAGE DISTR]8LTICIh FACTrCR

1 0000000 1 ic 0o0a
2~~1 cooo.0000

a 0 U C~ 1.0000Coc
5 00250 0 Of0.0a
6 0 2 r0 1 c~e cc
7 005000 Is.000
8 92COOG IeCOQO

.00400 IsOCCO
ic #0540~ J1.0coc

SCLUTICK TYFE INCICATCRS

STA'rICN 1 2 3 '4 5 6 7 a 9 IC
NPAH 0 -0 -C -0 -C, -G -C -0 -E
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Test 208180612740

1. None
2, None
3. None
4. STATICN BLOCKAGE DISTFIBUTION FACTCR

1 ,G00O0 1.0000
2 J.00c cO 14.0000
3 0.00000 1.0000
4 09O00O0 looooo
5 .02500 040000
6 .02500 ",COc
7 .05000 1.000
8 .18500 1.0000
9 a0 5040 1,0000

10 e05400 10o UOD

SOLUTION TYFE INDICATORS

STATICN 1 2 3 4 5 E 7 8 9 It
NP. ACH 0 0 -0 -C -0 -c -0 -0 -0 -c

Test 208180711240

1. None
2. None
3. None
4. STATION 8LOCKAGE OISTRIBLTION FACTCA

1 CO0000 110000
2 6OCOcO0 1.o00O
3 0,OOCO0 1.0000
4 O.0oco0 l.00cc
5 .O50O0 C.0000
E 902500 COMO
7 ,C5000 1*0000
8 eIECO0 1.0000
9 .05400 1.0000

IC o05CO I* 0a Go

SOLUTION TYFE INDICATORS

STATICK 1 2 3 4 5 E 7 8 9 IC
MhACII 0 0 -0 -c -0 -0 -0 -0 -0 -c
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Test 208180901340

1. None
2.. None
3. None
4. STATION BLCCKAGE OISTRIBLTION FACTCA

1 06J000 1.0010
2 C.OCCLOO 1. c 0a
3 0.0C000 1.0000
4 000000 1.0000
5 .02500 0. 0000
6 .25a0 c.CO00
7 05 CO 1., * 000
8 .iEOD t.0001

.0 400 1.000
1; o05 400 1.0000

SCLUTICh TYFE INGICATCRS

STATICN 1 2 3 4 5 E 7 8 9 IC
hACH C 0 -0 -C -0 -0 -C -j. 0 -0
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Test 208220415050

1. 14.0916 15.0 30.0
2. None
3. None
4. STATICN BLCCKAGE DISTRIBUTICN FACTOR

± 0.u.,00i0 1.0000

2 O.oC00a 1.0000
3 0.OGOGO 1.0000
4 Goo o CIOv -.- 0.0
5 0.0250 0 0" 00"00
6 .0c500 0o0000
7 .CE000 160000
8 .15300 1.0000
9 .05-400 loO0O0

10 •.115 0 1.0000

SCLUTICN TYFE INDICATORS

STATICN 1 2 3 4 5 6 7 8 9 0"
NFACH a 0 -0 -0 -0 -0 -0 -0 -0 -0

WITHIN-BLADE ONLY

5. None

6. ROTOI GcW-4RALS.O. PERFOMANCE LOSS 2 POINTS DBeVIATION -4 POINTS

i4-COORD LOSS COEFF/TOTAL LOSS COEFF

0°O000 3°O000

L60000 1.0000

OUTLZT PAJIUS = 7°5499

fi-COO RO UE/IATION ANGLE (.-GREES)

.2000 -1.4700
•4000 -2.0000
,6000 -2.9400
#000 -5.0700

OUTLET RADIUS : .7-54

'I-COOR3 UEVIATION ANGLE (1.7-GREES)

.2000 -192700
,4J00 -1.7300
.6000 -2.5400
°8000 -. 3800
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OUTLET RAJIUS 7.9~130

I-COO~j DEVJIATION ANGLE ()EGREES)

92000 -101400
s4000 -1*5600
665000 -2.2800
0 b 0a -399400

OUTLE-:T tRAJIUS 3*1291

;l-COO~l) 'JLVIATION ANG-LC (.EGREES)

.200U -1s1400
o4000 -105600
06000 -2s?800

OUTLET RADIU.. be3-=

91-CJOOD IJEVIATION ANGLE (3EGREES)

.2000 -1.3300

.4i300 -1*8200
05000 -2.6700
.8000 -4.6100

OUTLET PAOIUS j.et699

.-CUM~ IYVIATION ANG.LEz ()EGREES)

.2000 - t 98 00
.4000 -2s7000
et000 -309fi00

STATOR~ GL.';&RALIS. PEFO-ANCI. LO0SS 2 POIr4TS OEVIATION 5 POINTS

I'-COORIJ LOS 33 %JEFF/lOTAL LJ3JS COEFx

0.0000 0.0000
1.0000 1.0000

OUTLET PAIJIUS 0 UO0JO0

I- COONU O VIATION ANGLE7 (3=GRELS)

0:6000 :1000

S-tUoo 0.1500
sbOOO o2200
.8000 .3800

160000 1.0000
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NUMBER OF TEST POINTS TO BE ANALYSED

PSCALE= s50 P.OWR= 14.00 DAMPF= 5.000 NSAVE= I NEX= Z

STATION BLOCIKAGE OISTRIBUTION FACTOR

1 0:00000 1:0000
O, 00000 1, 0OO'O

3 0.0O0000 1.0000
4 0.00000 10000a
5 005000 .5000
6 .05000 .5000
7 .05400 .3500
8 .05400 040000
9 s05400 i,0000

10 .05400 1.0000
11 .09000 1. 0000
12 009100 1.0000
13 s09200 1.0000
14 .09300 1.0000
15 ,06000 1*0000
lb ,08000 1,0000
1? .05400 1. 0000

SOLUTION TYPE INDICATORS

STATION 1 2 3 4 5 o 7 8 9 10 11 12 13 14 15 16 17
NMAC4 0 0 -0 -0 -0 -0 -0 -0 -0-0 -c0 0 -0 -0 -0 -0

SS
7. POSITION NO, PRESSURE(PSIA)

1 12,798
2 12o662
3 13*725
4 14.o52
5 16,J69
6 16,1G
7 169J87

PS
£ lb,716
2 17,384
3 17.o005
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Test 208220215850

1. 14.0916 15. 30.
2. None
3. None

4. SIATICi 3LCCKAGL DISTRIOLTION FACTOR

2ITC 1oco 1.0000 78 1
NfAC 0 L -O-OG - O- 0- -

1 1401 15.00 30.0

5 00000 1.000000
2 .0056 1G00600
3 0OG56OC 1.00000
6 ei.200 iSMC0

9 0 u54'0 1.00000
0* 514G0 1.0000

SCIUTION TYIFE IiNGICA1ORS

*STATICh 1 2 3 4 5 6 7 8 9 10
NVACH 0 6 -0 -0 -0 -0 -C -0 -0 -0

Test 082201282



test 208220514450

1. 14.0916 15. 30.
2. None
3. None

'A 4. STAT1CN 3LCCI(AGE IJISTRIBLTICN FACTOR

i 0.00000 100000
2 0.06000 10600
3 0.UCOGO 1.0000
4 0.a0O00 G1.a0*000
5 000600 0 000000
6 *05200 060000
7 0cGCOC 100000
8 .1630C 1.0000
9 *015400 160000

10 *Cv.40C 10000C

SCIUTICh TYFE INP~CATOPS

STATICh 1 2 3 '. 5 6 7 8 9 10

NPACI1 0 0 -0 -0 -0 -0 -6 -0 -0 -0

Test 208220613650

1. 14.0916 15. 30.
2. None
3. None
4. STATICN BjLCCKAGE DISTR10LTICN FACTOR

I 0.00000 100000
2 0.0c.000 1.000
3 0.00000 140000
4 0 .D00 a0 .1 auD
5 oCZ500 000000
6 *02500 0100,00
7 0000 1.0000
8 01850u 1.00000
9 .65.40C 140000
£0 90&,4GO 16TUDD

SCLUTION TYFE INDICAMORS

STATICN 1 2 3 4 5 6 7 8 9 10

NMACH a 0-0 -0 -0 -0-0-0-0 -0
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Test 208220712550

1. 14.0916 15. 30.
2. None
3. None
4. STATICN LCCKAGE DISTRIBUTICN FACTOR

2 U0GO06 1.0000
3 0cac(000 10000
4 aOOOOOO i0ooo0
5 .32500 000000

8 .1 0C a100001
9 .005L.G 100000

90 .3 00 100000

SCLUTICN TYFE INCIICARS

STATICN 1 2 3 4 5 6 7 8 9 10

Nt'ACH 0 0 -, -0 -0 -0 -L. -0 -0 -0

Test 208220810950

1. 14.0916 15. 30.
2. None
3. None
4. STATICN :3LCCKAGE UISTRIBLJTION FACTOR

1 0.00000 100000
2 0.*Cleo00 1' 0000
3 G 66c000 1.:o0a00
4 093C000 I-;Do00
5 e02500 000006
6 @ C253 C 000000
7 ODEO00 100000
8 .2G000 1.0000
9 .C5400 100000

10 eC5400 1.0000

SCLUTICN TYFE INCICATCRS

STATICtN 1 23 4 56 78 910

N P ACH 0 0 - 0 - 0 -0 -0 -0 -0 -0 -0
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Test 208220907550

1. 14.0916 15. 30.
2. None
3. None
4. STATION BLOCKAGE DISTRIBUTION FACTOR

1 0,00000 1*0000
2 0.00000 1,0000
3 0.0CO00 1.0000
4 0900000 1.o00a0
5 ,02500 C000
b .02500 0.0000
7 .05000 1,0000
8 01EO00 1,9C00
9 .05400 1.0000

1o ,F400 1.0000

SCLUTIO TYFE INDICATORS

STATION 1 2 3 It 5 6 7 8 9 10
NPACH 0 0 -0 -0 -0 -0 -0 -0 -0 -0
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Test 208221315260

1. 14.0916 15.0 30.0
2.- None
3. None
4. STATICN aLCCKAGE DISTRIBUTION FAC7OR

1 0406030 10000C
2 0 O~O Co 1.00000
3 O*OCOOC 1.00000
4 13.OCOOD 1.a00a0a0

5 d25 u ( 010000
6 .02506 O.0000
7 aOo'c 1*000C

8 .15300 i80600
9 .05'.JO 1.00000

10 .0540 a 1.00000

SCLUTICN TYFE IN~CICA7CRS

STATICh t. 2 3 4 5 6 7 8 9 10
NMtACH a -0 -0 -0 -O -6 -0 -0 -0

WITHIN-BLADE ONLY

5. None
6. JiTOk GtN-z;ALi5E-U FkMN L)Si 2 PUI14TS D,-.VlTION 4 P0ITS

U1t~~ LJ)33 fFfO LXS COEFF:

OUTLZT ,.A)IUS z7.5

11-COR O;JIMT-ION A14ILZt. (GES

e2600 -1947/00
* .000 * -20090a

sOLtiG -2.C40-3
.6000 -5,0700

OUTL--i r.A)IUS F77?,'

A0,00 -. 543~00
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OUTLET RAJIUS 7.91.60

4- coO ir-vi5riON ANG.-C (J'YEGREES)

.2000 -i.1400

00 9-2o26300

Ojai ~ -3. 9 0 0

OUTL-17T JAJIUS )*1291

92000 -101..i0

o~AJ00 -102800

.bI00O -3*9430

OUTLET -AJIUS 8 ~3ia2

I1OYR 3 0':VTION ANGt.2- (37GRP-:S)

420013 -1*33t00
.4001 -Is821)3
0601J -2.2700
.8000 qE1'

OUTLi-T ' AJIUS *.0Y9

1-C0GO J"UVIATION AN4GLE ('JEGREES)

.2uUO -1.3060
.4000 -2.7030
.b0G0 -309b00
.d3uoo -6.8403

iTAD)R rENERALIS;&) PE- FOJ<MANCE LOS> 2 POINTS DE V!AT ION~ 6 POINTS

r1-COURD LOSS LOLFF/TOTAL LOSS COEFF

0.0000040000
1.0000 1.0000

OUlLET *,AJIUS 0 0 9 0 0

I- CnOOR DEVIATION ANGLE (3EGREES)

000000 .000

94000 o1503
.6000 .2200
.OOOj .38O3

1.o0000o id,00
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N'JB-8:r< OF TrcST POINTS TO i,- NLYE

'3SGALE: 1.00 14.Ou 0AIPF: 5s.000 tJSAV~z 1 NEX= 2

1 o 0 0 0j i.o uoa
2 O.OuUou 1.a0 0a
3 0 d0 3 6 1.0 00 0
4 u .0000 1 0 0 00

5 0000 .00

7 - 0~.4d 0 . 3609
*05;400 *0000

to o0743) 10 90013

13 .iJC)30 1.0 0 3
1'+ t.07000 leJOIJ

14 .0d,0U0 10*000)

17 oj 4-30 10 900 1

jOLUTIO, fY P : I N13A TOr,,3

STATIo-4 1 2 3 7 10 t 11 12 13 14 15 16 17
14 AC1 0 -0 oJ- - 0 -D.0 0.0 0  0 -0 -0-0 -0

ss
7.POSILTION NO. PRESSURE(PSIA)

2 1 J, 826
13 13ea43
4 i~o552
5 15.689
6 16*617
7 16,785

PS
1 17*152

a ~18o.319
3 19.132
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Test 208221215860

1. 14.0916 15. 30.
2. None
3. None
4. STATICN SLCCkAGE D.ISTRIBUTION FACTOR

1 OOG00 10000
2 040000G 1.0000
3 0.00000 1.0000
4 0.00000 100000
5 .02500 0.0000
6 ,0250C 0.000
7 005000 1.0000
8 .13600 1.0000
9 *0.4G0 1.0000

10 .05400 1.0000

SOLUTION TYFE INDICATORS

STATICh 1 2 3 4 5 6 7 8 9 10
NNACH 0 0 -0 -0 -0 -0 -c -0 -0 -0

Test 208221315560

1. 14.0916 15. 30.
2. None
3. None
4. STATICN !3LCCKAGE DISTRIBUTION FACTOR

I 0,iCO00 1,0000
2 0oO O 1 0 0 0
3 0.00000 1.0000

4 0000J 1o0000
5 .t2SOG 0,0000
6 ,025Co 0,0000
7 .00 1.0000

8 o14300 1.0000
9 ,.4CC 1.0000

10 ,05400 1. a000

SCLUTION TYFE INUICATORS

STATICN 1 2 3 4 5 6 7 b 9 10
N?,ACH 0 0 -0 -0 -0 -0 -0 -0 -0 -0
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Test 208221514860

1. 14.0916 15. 30.
2. None
3. None

4. STATIC.4 BLCCKAGE DISTRIBUTION FACTOR

090ooo 1.0000
2 0.0o000 1.0000
3 0OUCOor) 1.0000
4 O0qo00 1.0000
5 a.oCc Oa 00000
b .05200 0.0000
7 G.00C0 1.0000
8 .163oC 1.00009 .G54 O 1. 0000
Ic .U5400 1.0000

SCLUTION TYPE INOICATCRS

STATION 1 2 3 4 5 6 7 8 9 20
NMACH 0 b -a -0 -c -0 -G -0 -0 -0

Test 208221614460

1. 14.0916 15. 30.
2. None
3. None
4. STATICN 8LCCkAG& DISTRISUTION FACIOR

1 0063030 1.3000
2 0.0i000 1.0000
3 t .3CC3 1.00004 .cuCaJc 1.0000
5 .025Gb 600000
6 .0250L C,300
7 .OSOCO 1.0600
8 .185,0'j 1.000
9 -Zr-40 1.0000

to 0u05400 1.0000

SCLUTION TYFE INCICATORS

STATICN 1 2 3 4 5 6 7 a 9 Ij
NIACH 1 0 -6 -3 -0 -0 -C -0 -0 -0
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Test 208221713660

1. 14.0916 15. 30.
2. None
3. None
4. STATION iLCCKAGE DISTRIBUTION FAC70R

I 0.03000 1.0002
2 0O.U000 1.0000
3 0.00000 1.0000
S 0.O4O00 1.0000

5 *0. 5(0 0 0 000
6 .02500 0.0000
7 .005000 1.0000
8 . 10000 100009
9 .054O0 1.0000

10 .05400 1.0000

SCLUTION TYFE INOICATORS

STATION 1 2 3 4 5 6 7 8 9 10
NMACH 3 G -0 -0 -0 -0 - -0 -0 -0

Test 208221812760
1. 14.0916 15. 30.
2. None
3. None

I 0666 O0b 1900002 0660000 
10 0003 0 .00 000 1 .00600

:4 
0 .00000 1 .000005 .39,513 0 00 G006 025 00 0 000007 *05030 

1 000008 o00 0 0 1 * 3 00 09 .0400 
1 0000010 O.400 1 00000

SCLUTIIG TYFE INDICATORS
TATIGN 1 2? 3 4 5 6 7 8 9 10NPACH 1 0 -0 -0 -0 -0 -0 -0 -0 -0
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Test 208221911060

1. 14.0916 15. 30.
2. None
3. None
4. STATICN BLCCKAGE DISTRIBUTION FAC7OR

1 0.00000 1.0000
2 OOC00 1.0000
3 0.00000 1.0000
4 0.00GO00 1.0000
5 .02500 0,0000
6 .02500 0.0000
7 .05000 1.0000
8 .160C0 1,0000
9 ,05400 1.0000

10 #05400 1.0000

SCLUTION TYFE INDICATORS

STATION 1 2 3 4 5 6 7 8 9 10
NMACh a 0 -0 -0 -0 -0 -0 -0 -0 -0
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Test 208240215670

1. 14.1586 15.0 30.0
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. None
4. STATICN 3LCCKAGE OISTRIBUTICN FACTOR

1 0.0000 1.0000
2 O. OOOOG 1.0000
3 0.OOOu 1.0000
4 0.O00 1.0000
5 .,,250C 0.0003
6 .. 32506 i.0G00
7 .5000Q 1.9006
8 *12200 1.0000
9 .354CU 1.0300

1U . uS'. 0 1. 000

--- SCLUTIOh TYPE INCICATORS - --

STATICN 1 2 3 4 5 6 7 8 9 10
NMACH j C -L -G -0 -0 -0 -0 -0 -1

WITHIN-BLADE ONLY

5. 2 11 0
2 11 0
2 11 0
2 11 0
4 11 0

6. ROTOR GENERALISED PERFORMANCE LOSS 2 POINTS OEVIATION 4 POINTS

M-COOD LOSS COEFF/TOTAL L3SS COEF =

0.0000 0.0000
LO0000 1.0000

OUTLET RADIUS 7@5499

M-COOD DEVIATION ANGLE (WEGREES)

92000 -6.0000
.4000 -6.0000
.6000 -6.5000
.8000 -9.5000
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OUTLET RADIUS ?,9180
't-COORD DEVIATION ANGLE (EGREES)

o2000 -6.0000
94000 -6.0000
.6000 -6.5000
.8000 -8.5000

OUTLET RADIUS 8.6699

M-CO0 O DEVIATION ANGLE (3EGREES)

.2000 -6.0000
o4000 -6.0000
.6000 -6.7000S8000 -:t1.8000

STATOR GENERALISED PERFORMANCE LOSS 2 POINTS &EVATION 6 POINTS-COO.,O LOSS COEFF/TOTAL L0SS COEFF

0.0000 0.0000

1*0000 .,0000

OUTLET RADIUS 0,0000

H-COORD DEVIATION ANGLE (DEGREES)
0.0000 

.1000
.2000 .1100
c4000 ,1500
°6000 92200
.8000 .3800

1o0000 i0000
NUMBER OF TEST POINTS TO BE ANALYSED I
PSCALE= 1.50 P.OWER- 1'.00 OAMPF= 5-000 NSAVE= 1 -
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STATION BLOCKAGE DISTRIBUTION FACTOR

1 0.00000 1,0002 000000 :i,0000
3 0000000 1.0000

00000 1.0000
5 601000 100000
6 *01s00 .5000
7 ,02000 05000
8 .02500 03500
9 .02500 02000

10 005500 140000
11 .03000 1.0000
12 .05000 10000
13 .07000 100000
14 009000 1.0000
15 .06000 1.0000
16 008000 1.0000
17 .05400 1.0000

SOLUTION TYPE INDICATORS

STATION 1 2 3 4 5 6 7 8 9 10 11 12 1314 15 16 17
NMA;H 0 0 -0 -0 -0 -0 -0 -0 -0 -0 -G -0 0 -0 "0 -0 -0

ss
7. PJSITION NO. Pe.ESSUR.(PSIA)

I 11.o677
"2 9*.53
3 149253
4 16.372
5 17.782
o 18,243
7 18.148

PS
:L 19.:5:5

2 21.,434
21 *47..
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Test 2082403,15570

1. 14.1586 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. None
4. STATICN PLCCKAG'. OIST;IeLTICN FACTOR

1 O.GGCO 1.0000
2 U. CC. e i.050
3 i.G L0O 14 a *UccOl 1000005 .o 2 50bj O.UOOU

5 4.O00
6 , 25.0 u 0 ,600

7 o ,0
8 .13C0 .0 00
9 .G4 G4ia.30

10 .i54 00 1.000H

SOLUTION- TYFE INDICATCRS

STATICK 1 2 3 4 5 6 7 8 9 10
N ACH - -0 -a --"o

Test 208240415370

1. 14.1586 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. None
4. STATION JLCCKAGC OISTRIeUTION FACTOR

1 (.'COOC 1,0000
4 O.uL'.0 I .0O00

7 .. 0 1.3000
6 .1533c0 1,0000
9u " ""i r 3 .0000

SOLUTION TYFE INDICATORS

STATION 1. 2 3 4 5 6 7 8 * 10
NPACH 0 0 -0 -0 -0 -uJ -b -0 -0 -D
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Test 208240515070

1. 14.1586 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. None
4. STATION. JLLCKAG; DISTRIBUTICN FACTOR

1 0 .0 C 1.0000

3 0,.;.OOO 1.0000

4 0.O 00U 100000
, 25C . 0 ,000
6 u250 0 OOO

7 u u2 1, uOOU
6 ,le3uQ 1.0000

9 456 L 1.0000

SOLUTION TYFE INDICATORS

STATIC 1 a 3 4 5 6 7 8 9 ld
NVACH J - -. 3 -J - -O -0 ""

Test 208240614270

1. 14.1586 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. None
4. STATICN :ALCCKAGE DISTRIBUTION FACTOAr

6 (, uG cl 1*a000
2 be.OuclO 1.0000
3 0 0 C 1,300)
4 0 * 0-3O C. On30 0"a

5 .3250C 0.0003
u c.0.0000

7 . 0 1.00)0
8 ,180u0 1,0000
9 .&,4,0 1.0,GOiO

iu ,J '4C" i. 1000",

SCLUTIcN TYFE INOICATCRS

STATICN 1. 2 3 4 5 6 7 8 9 10
NMACH -u -' " ") "J "G "0 "3 "0
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Test 208241-115882

1. 14.13e6 15.0 30.0
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2 14 5 1 2
4. STATICN JLCCXAG. CISTRIEUTION FAC70R

I I ~~J *• 'U C, IJO

2 .OC 1 a a c

,27 , 0 i00
S .;276 6 Go O[oD

6
7 .C!00C ,00

,49 1 J.JO0 0

SCLUTION TYFL INCICATORS

I' STATICK 1 2 3 4 78 9 1

NfACF I -0 -0 -, -, -0 -,. - -v

WITHIN-BLADE ONLY

S. 2 11 0
2 II 0
2 II 0
2 II 0
4 11 06. ROTOt GENERALISEO PERFORIANCE L3SS 2 POINTS OEVIATION 4 POIlTS

M-COOMO LOSS COEFF/TOTAL LDSS COEFF

0,0000 0.0000
£00000 1,0000

OUTLET RADIUS 7.5499

4-COO0O OEVIATION ANGLE (OEGREES)

.2000 -8.4000
o4000 -83000
*6000 -10.5000
.8000 14.4000

298



OUTLET R14OIUS =7.9180

M-COQRD DEV.IATION ANGLE (DEGREES)

o2U00 -8.13000
.4000 -8.4000
e6000 -1t093000
.8000 -13.7000

OUTLET RA9IUS i3.6699

I-COOM DEVIATION ANGL.E (DEGREES)

92000 -8.3000
s4000 -3.4000
otboou 11..0000
.8000 -14*0000

STATIOR GENERALISL.D P'-R0+N% L 3SS 2 POINTS DEVIATION 6 POINTS

H-COCRt) LOSS' 4WOE-FF/ TOTAL L3SS COEF-
0.*0000 000000

*ouo 100 0 00 00

OUTLET RADIUS = *.00

I-COURO UEVIATION ANGLE (3J:GRE-ES)

0000 .000 oo
o2000 .1100
.4000 .1500
.6000 0?200
.8000 o3 8U0

1.$0000 10 0 000

~4U4IBER OF TEST POIN4TS TO B3E ANALYSED 1

PSCALE-= 1*50 P-OW--= t4@00 OAMPF: 5*000 NSAVE= i NEX= 2
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STATION BLOCKAGE DISTRIBUTION FACTO4

1 0:00000 1.0000
2 0,000000 10000
3 0,00000 1 O000a
4 ,0100 0 1. 0000
5 s0100 0 1.0000
6 .01500 ,5000
7 .02000 5000
a a02500 .2000

9 #02000 0000
10 .05500 1.0000
1. .03000 1,3800
12 .05000 O.000
13 ,0T000 100000
14 .09000 1.,0000
15 ,0600 0 1.0000
16 .0800 0 1.0000
17 e05400 10000

SOLUTION TYPE LNOICATORS

STATION, 1 2 3 4 5 6 7 8 9 ±0 1i 12 13 14 15 16' 17
NMACH 0 0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 -0

ss
7. POSITION NO. PRESSURE(PSIA)

1 11.393
2 10.824
i16,394
4 . 811
5 19a,655-
6 19o418
7 19.804

PS
,1 21.610
2 23.187
3 23*597
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Test 208241215782

1. 14.1 586 15. 30. oducdfropy
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2
4. S7ATICK JLCCKAG; OISCTRI8LIICN FAC7TOR

~~. L..L'. -o] t r

27 ou1.JCOO

7 .J% . 1. ")G",I.
6 ,1 2 C
9 , ~ i. OGO

1C .C- 1 J

SCLUTICN TYFE INCIGA7ORS

SIVTTICh K ' 2 3 4 5 6 7 8 9 13
NI'ACh ) 1 - -0 3 -9 -G - 0 - -0

Test 208241315682

1. 14.1586 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2
4. STATICK 3LCCKAGE u ITRIBUTION FACTOR

2 , .pcOL Is .IUC
3 . l c z it-.J de

4L

.7CL tU.ODO0

7 .' , 0 .7 ,j a T? .'.,,OG J1. OGK O,
a .143" 1,0 u
9 4 ClO 1, ZOUC
iL 16 .m 1.3J0c

SCLUTICN TYFE INDICATCRS

STATIGN 1. 2 3 4 6 7 6 9 1'
14AOH -. -G -u - -L -G -t -0
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Test 208241415582

1. 14.1586 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 03. 2. 14. 5.0 1 24. STATICN ')LCCRAG- 'IST4ILUTIjij FACTOR

2

4

27A3003
7 i. 

7

4,~ . C I 0 0
SCLUTION rYFi. INEICATCRS

S 7AT IrI N. 1 3 4~ i b 7 8 9 13
NPAGCI 

0~- i-

Test 208241515382

1. 14.1586 15. 30.
2. 4 11 0

0 0 0
1 10 03 10 03. 2. 14. 5.0 1 24. STATICK 'L CCkA G C ISTRII'UTIGN FAC10OR

2 u,. C :, c.V c

2 u., ;,.7,J'7 ) c:

7 .- " &.'s 
-A L

6L

SCLUTICI TYFL INuTCATGkS

STAILCN 4 310 -t 7 8 913
IV ACH • t - • -H.
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Test 2083Q031599Q

1. 14.2770 15.0 30.0
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2 14 5.0 1 2
4. STATICN BLCCKAGE DISTRIBUTION FACTOR

1 0000000 1*00
2 O0000O 10000
3 0,00000 1.0000
4 0000000 1.0000
5 ,07700 $$Soo
6 908000 ,8500

7 10000 1.0000
a 012700 1,00000
9 ,0O/400 1,0000

10 ,05400 1.00000

SOLUTION TYFE INDICATORS

STATION 1 2 3 4 5 6 7 8 9 10
NII ACH 0 0 "0 -0 "0 "0 "0 -0 -0 "0

WITHIN-BLADE ONLY

5. 2 11 0
2 11 0
2 11 0
2 11 0
4 11 0

6. ROT-OR "tNEA t-D-'F O t N -- Oi---POT-S---e#it-HtM4N----PO'T S

- t-CO O L-0OS3-'OE FFTLLi"' "-COFF- - - ----

.... 0 010Y a.. . .. " 0

1.0000 1.0000

OUTLET RADIUS =79499

H-COO0O DEVIATION ANGLE )-EGREES)

o2000 -9o2700

o6000 -14*3000
0 8-000- -- 9-50""0-
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OUTLET RADIUS= 7"-0918-0

"-MCOOR'D -'-V I ATONflRE3 .

i2000 .. .... 97-0-
,4000 -96500

- " '.6000 .... 3Z-O'0

e8000 -17*0000

SOUTLET RADOIUS'-- 'S8"6 -9 9

'M- COORDG' 'DEVI AT! ON ES3 E ) ....................... ..

I ~~~'200O0 .. -9;-700 . .. . ..
e4000 "1001530

*8000 "t7#0000

!STATOR GENERALISEO P :kF0,,lM ANC GE LOS3 2 POIITS JT-VIATIO4 5 POINTS

,-COOED LOSS COEFF/TOTAL LJSS COEFF

0.0000 0.0000
1 0000 1.0000

OUTLET RAOIUS" = 0,0090 ........

Mr-COO1D DEVIATION ANGL "-)EGREES' ............

0.,0 000J .. . ... . i" 0 . . ..... ........ . . .. . . . .

.2000 .i0
,94000 *;T5O0 .. . .. . . .... . . ... .. . ... . ..

.6000 .2200
• 8' 00 -3800 ................ .. . .

1.0000 1.0000

NUMBER OF TEST POLNTS TO 3t= ANALYSEO i

PSCALE= 1.50 P.ONER= 1.#00 JAMPF= 5, 300 NSAV:= i 4EX= 2
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STATION 3LOCKAGE OIST.RISJTI1i FADOTJR

1 0.00000 14000)
2 0000000 to919T
3 0.00000 1.0 a0u0
4 .0 M00 1.0000
5 *0±000 1.00011
6 .0±50 0 .5000
7 .02000 0 500d
8 .0230 0 .Z2l0O
9 .00 0 0.O00J0

10 .05000 01300~1
±1 .07000 1.00000
12 .08500 to 00Ol

STATION 1 2 3 4 53 6 7 6 9 to it 12 13 14. 15 lb 17

7.POSITICIh 14o PR6SSUR=E(PSIA)
11.172

2 1l.*332

7 2 .08 8

Ps
1 2.276

T 2595~41

305



Test 208300215890

1. 14.277 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2
4. STATICN SLCCKAGE DISTRIEUTION FACTOR

I 0.00000 1.0000
2 0,00800 1,000u
3 0.00000 1.0000
4 0,05400 1.0000
5 00?O00 98500
6 907000. 08500
7 .1000L- 1,000s
8 ,1 e80 0 1,0000
9 90540C- 100000
10 *05400 100

SOLUTION TYFE INCICA7ORS

STATION 1 *2 3 4 5 6 7 8 9 JO
NMACH 0 0 -0 -0 -0 -0 -c -0 -0 ",

Test 208300415890

1. 14.277 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2
4. STATICh BLCCKAGE DISTRIBUTION FACTOR

1 0.00000 1,000G
2 0,00000 1.0000
3 OuCOGU 1.0000
4 000000 160000
5 .075GU .8500
b .07500 .8000
7 .10000 1.0000
8 *l44C 1.0000
9 .05400 1.0000

10 .05400 1.0000

SOLUTION TYFE INDICATORS

STATION 1 2 3 4 5 6 7 8 9 10
NMACH 0 G -0 -0 -0 -0 -0 -0 -0 -0
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Test 208300515690

1. 14.277 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2
4. STATICN BLCCKAGE DISTRIBUTION FACTOR

1 0.00000 1,0000
3 0O0 0 O0 0L1 0 a0a00

4 000GOO 100000
5 ,jeoo 07:O000
6 .06000 07 000
7 l*.Ooo 1.0000
8 si6000 100000
9 *Or-40C- 1.0000

10 .01 4 0b 100000

SCLUTION TYFE INOICATORS

STATION 1 2 3 4 5 6 7 8 9 10
NMACh 0 0 -0 -3 -0 -0-0 -0 -0 -0

Test 208300615090

1. 14.277 15. 30.

2. 4 11 0
0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2

4. SATICK 13LCCKAGE DISTRIBUTION FACIOR

1 0 *c000 10000
2 0,00000 1*0000

4 0,0O000 1,0000
5 .TO0 .6000
6 o07200 06500
7. 103000 i00o
8 ,lC400 1.00006
9 o 054 U^0 100300

10 054.0 100000

SCLUTIGC TYFE INGICATORS

STATION 1 2 3 , 5 6 7 8 9 10
NPAGH 0 0 -0 -0 -0 -0 -0 -0 -0 -0
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- _ __ _ __ _

Test 208300915800

1. 14.2770 15.0 30.0
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2 14 5.0 1 2
4. STATICN !3LCCK(AGL DISTRIEUTION FACTOR

2 0OOGCL 100
3 06~001.00
4 ~ J0 b1.030
5 .3ELJuC 100

7 ob~75UO .00
8 .a750C 100000

WITHIN-BLADE ONLY

6. RTO< GENERALIS,-Xi Pc.<F0. ,NANCE L-03S 2 POINTS 0.-'VIAT ION 4POIN"TS

100000- 160003

OUTL-iT KAIU 7 ;=

M-COO~J uLJEVIATION ANIGLE )-GE"S

02000J -9.6000

.000 1ib.07J0

16000 -19. 0000
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OUT LET RA JIUS.--_7 9498Q--.-.- 0

- -.--- 4-GQ~Oi4Af4Q-.A~&-4 EGRE-E-S).

**4*.000 --------. 9-soo.------
_,6030. -12.400.--

06.000 -19s.0000

-- OUTLET .RADIUS--=. .. - .-

M-COO-RO - 4k,:VIATIn-ANGLE .4WE4REES)

*40OU-12*7000
.6000 - -15.00000 -.

aooGo -1900000

STATOR 6EHERALIStO PE,FOiANCE LOSS 2 POIWS JEVIATION 6 POINTS

A-CO 1 t LO3S COEFF/TOTAL L3SS COEFF

0.40 000u 0.00000
1.0000 .- -- 1.00

OUTLZT ~~. .~

.;i-COoM UE4IATION ANGLEL' {EGREES)

0.000 -.000 io
.2000 *1100

obaoa *2200
.8000 93800-- --

i.0000 1.0000

NUMB;Ei OF TEST POINTS TO 3E ANALYSED 1

PSCALr.: 2.00- P0OWER= 1'..0 DAMPF= 5o 000 NSAVE= 1 NEXz 2
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STATION 3L OCKAG[ E I3TRI-3UTION F.TXJ.

1 0.00000 1. 0000

3 0.00000 1a0000
4 qulO00 1*3000
5 .01000 1.00006 .0J. 00 .5000
7 .02000 .5000
8 .0200C -. - -. .200. -.
9 .019ou 0.0000

10 .0 0 0 .5000
11 •07d00 1. GOuO
12 ,0900 1.0000
13 .11800 1.OOOO14 • 1F.Ou0.. .,t--° 4. 0000 .. ...... .
15 .OuoOt 1.0000
10 .000 u 1°0000
17 O0 .0 6 1,0000

SOLUTION TYP- 1I*4IItATOJS

STATION 1 2 3 4 7 8 9 10 11 12 13 14 15 16 17NIACH a 0 -3 -u 1 -a -0 -iu -0 -a -u -0 0 -0 -0 -0 -0

ss*7. PJUiiur lw. PRzSUR.(PSIA)

- 13.39L
': 170516

4 I8.125

19.)31
b 19.9267 2 , 359

PS
2 26*149
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Test 208300015700

1. 14.277 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2
4. STATICN OLCCKAGE DISTRIBUTION FACTOR

2 0.00000 1.0000
2 O.Oa0cc 1.0000
3 O00O000 10000

5 .C1600 1,0000
6 .0500 1.5000
7 . iSO0O 10000
8 a18.400 1.0000
9 .05400 1.0000

10 0540 0 1.0000

SCLUTION TYFE INDICATORS

STATICN 1 2 3 4 5 6 7 8 9 10
NHACH 3 G -4 -& -0 -0 -0 -0 -3 -0

Test 208301115500

1. 14.277 15. 30.
2. 4 11 0

0 0 0
1 10 0
3 10 0

3. 2. 14. 5.0 1 2
4. SiATICN SLCCKAGE DISTRIBUTION FACTOR

I 0.00000 1.0000
2 OqouOO 1.0000
3 OOLcOC 1.0000
4 0.OOO 1.0oOO
5 0.c000 i.0000
6 .02100 20000
7 .05000 160000
8 o19700 1.0000
9 .05400 1.0000
10 .05400 1.0000

SCLUTIO TYFE INDICATCRS

.STATION 1 2 3 4 5 6 7 8 9 10
NHACH 0 0-0-0 -0 -0-0 -0 -0 -0
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Test 208301215100

1. 14.277 15. 30.
2. 4 11 00 1) 0

1 10 0
3 10 0.

3. 2., 14. 5.0 I 24. STATION iLCCKAGE DISTRIBUTION FACTOR

3 .G0 1,000004 Oi;OOiG 1ii0000

5 0o6000C 1°000
6 -, 0 0 ;. 30000
7 O c5(10C.0000
8 *22800 1.0000
9 .05400 10000

10 .05400 1.0000

SCLUTION TYFE INDICATCRS

STATICN 1 2 3 4 5 6 7 8 9 IQ
NftACH 3 a -0 - G -0-0-0-0-0
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I

APPENDIX C

MODIFIED PROGRAM LISTINGS

This appendix presents listings of new and modified
computer routines used in conjunction with ;he programs of
References 4 and 5 to reduce the experimental test data.
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APPENDIX D

RAW EXPERIMENTAL DATA

This appendix presents a listing of the experimental data
after being dumped from magnetic tape onto computer cards. The
first two ten-character "words" of each test contain the test
identification number.
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