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PREFACE

This program was authorized under Contract DAAK 70-80-C-0129. The
purpose of the program was to establish the present WR34 engine
compressor rig test performance as the first step towards both
understanding its performance in the engine and to identifying
areas in which engine component performance improvements can be
made. The applicable DA Project is for future ground power units.

The authors wish to acknowledge contributions made to this program
by the following Williams Research Corporation employees:

J. Colyer, for compressor data reduction and analysis.

S. Herridge and F. Kittredge,

for directing the compressor
test.

I. King, H. Meloy, and D. McCauley, for instrumenting, assem-
bling, and operating the test rig.

D. Dorer and B. Everett, for engine cycle analysis.
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SUMMARY

This test was conducted to establish the performance level of the
present Williams Research Corporation WR34 engine single-stage
centrifugal compressor. Specific objectives were to:

e Define the compressor performance map from 40 through 115
percent of the design corrected speed

e Determine the performance of each of the compressor
components so that potential improvements could be
identified

® Ascertain if the compressor would enable the engine to
satisfy a requirement of 27.7 horsepower at an inlet
temperature of 107°F at an altitude of 5000 feet.

Compressor rig testing demonstrated a compressor design point stage
performance of 74 percent efficiency and 4.25:1 pressure ratio at
0.538 1bm/sec corrected airflow. Test data indicated that the
relatively thick impeller blades, which were designed with a state-
of-the-art castable thickness distribution, result in higher than
anticipated levels of impeller loss and restrict flow range. Cycle
analysis using the tested compressor performance showed that the
WR34 engine can meet the goal of 27.7 horsepower on a 107°F day at
an altitude of 5000 feet.
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SECTION 1

INTRODUCTION

This report summarizes the rig testing of the single stage centri-
fugal compressor that is incorporated in the Williams Research
Corporation WR34 Engine. The primary purpose of the compressor
rig test was to define the performance of the new Williams designed
backswept centrifugal compressor; this design being an improvement
over the current WR34 engine radial compressor. This establishes
a baseline from which compressor performance improvements can be
identified and engine cycle analysis can be conducted. The test
rig utilized engine compressor hardware which was representative
of production quality to ensure that an accurate assessment of
engine compressor performance was made.

The compressor rig test program was conducted in the existing
small compressor test cell at WRC. Thorough instrumentation was
used to gather data required to establish overall compressor
performance and identify the performance of each of the compressor
components.

The compressor performance data was used in the WR34 engine
simulation computer model. This was done to ascertain whether
the engine c¢ould satisfy a contractural requirement of 27.7
horsepower on a 107°F day at an altitude of 5000 feet.

1/2
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SECTION 2

INVESTIGATION

The primary program objective was to conduct a compressor rig test
to establish the baseline performance of the present WR34 engine
single-stage centrifugal compressor. In addition, it was required
that the WR34 engine cycle be evaluated using the compressor rig
test data. The program consisted of investigating the areas discus-
sed in Sections 2.1 through 2.4.

2.1 COMPRESSCR DESIGN

The design of the WR34 single-~stage centrifugal compressor was done
by WRC prior to the inception of this contract. The compressor was
designed to be a minimal risk configuration both structurally and
aerodynamically. The conservative design approach was taken due to
a necessity to minimize development effort. The compressor design
was oriented toward low-cost producibility, reliability, and rugged-
ness as well as towards good performance. This was in keeping with
the applications envisioned for the WR34 engine. Figure 1 presents
a cross-section of the WR34 engine.

The impeller was designed to be accurately cast consistently using
proven state-of-the~art casting techniques. This resulted in
relatively thick impeller blades which enhance its ruggedness. The
impeller is shown in Figure 2.

The rugged, low-cost theme is also present in the radial diffuser.
The vane design is similar to ones that have proven to be easily
machined and relatively insensitive to leading edge erosion damage
and its effect on engine performance. The diffuser was designed to
accept bolts through the wvanes that are used for engine assembly.
The diffuser is portrayed in Figure 3.

In addition to the structural conservatism, the aerodynamic design
also reflected a low risk approach. Impeller splitter blades were
not considered. Only proven aerodynamic design parameters were
incorporated in the design of the inle., impeller, and radial
vane-island diffuser. Aerodynamic and geometric parameters of note
are presented in Table I.

2.2 COMPRESSOR TEST RIG DESIGN

This task resulted in the test rig design shown in Figure 4. The
test rig utilized the main housing, impeller, and diffuser from the
WR34 engine to form the bulk of the compressor flowpath. Figure 5
portrays the compressor flowpath hardware from the engine. The
WR34 engine thrust bearing and a shaft modified to mate with an
existing high-speed gearbox were the other engine components incor-

3/4
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Figure 4. Layout of Test Rig
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TABLE 1. WR34 COMPRESSOR DESIGN PARAMETERS

Stage Pressure Ratio (inlet total to
stage exit total)

Stage Pressure Ratio (inlet total to
stage exit static)

Stage Efficiency (total-to-total)

Stage Efficiency (total-to-static)

Stage Temperature Rise (AT/T)

Corrected Flow (lbm/sec)

Corrected Speed (rpm)

Number of Impeller Blades

Inducer Hub Radius (inches)

Inducer Edge of Blade Radius (1inches)

Inducer Hub Normal Thickness (inches)

Inducer Edge of Blade Normal Thickness (inches)
Impeller Exit Radius (1inches)

Impeller Exit Blade Width (inches)

Impeller Exit Hub Normal Thickness (inches)
Impeller Exit Shroud Normal Thickness (inches)
Impeller Exit Angle (degrees)

Impeller Rake Angle (degrees)

Number of Diffuser Vanes

Vaned Diffuser Leading Edge Radius (1inches)
Vaned Diffuser Leading Edge Thickness (1inches)
Vaned Diffuser Passage Height (inches)

vaned Diffuser Trailing Edge Radius (1inches)
vVaned Diffuser Trailing Edge Thickness (1inches)

Compressor Exit Outer Radius (1nches)

Compressor Exit Inner Radius (inches)

3.862-4.25

3.757-4.15

0.74%-0.740

0.730-0.721

0.625
0.538
99,050
14
0.479
1.056
0.051
0.020
1.921
0.147
0.081
0.020
37.97
30.0
19
2.017

0.015
0.150

3.510
0.378
3.721

3.571
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m Williame Research Corporation WRC0129~TR-81-1

porated into the test rig. This enables the test rig to readily
accept and test engine compressor hardware if engine diagnostic
testing is required.

An impeller thrust analysis utilizing the WRC centrifugal compres-
sor thrust analysis computer program, which has been correlated
against available data including the WRC F107 cruise missile {
turbofan engine, was used to calculate thrust bearing loads. The j
thrust bearing was judged to be satisfactory for the projected
compressor test duty cycle.

Stress and vibration analysis of both the impeller and diffuser,
which were conducted during the design of the compressor, and
thus prior to this contract, indicated compressor test rig opera-
tion would be satisfactory at all desired speeds. As the analyses
were rtun to satisfy more rigorous conditions than would occur
dur:i.y the compressor rig test, the compressor operation in the
rig was considered safe.

2.3 [IEST RIG FABRICATION AND ASSEMBLY

2.2.> Test Rig Fabrication

The test rig was fabricated in accordance with test rig drawings.

2.3.2 Impeller Fabrication

The impeller, though designed to be cast, was fabricated using
WRC's in-house impeller machining facility to shorten the hardware
schedule. The impeller was machined out of 15-5 Ph stainless
steel. The blades were cut on a pantograph machine with the
other finish machine work done in the experimental machine shop.

Careful finished machining of the impeller produced a nearly
nominal part. This was verified by thorough inspection of the
impeller blades on a ten to one optical comparator. The worst
blade discrepancy found was 0.001 inches on the suction surface
of the blades in the region of the impeller transition from axial
to radial.

2.3.3 Impeller Stationery Shroud Fabrication

A WR34 engine main housing casting was machined to form the
shroud side inlet contour into the impeller, the impeller station-
ary shroud, the sealing wall for the vaned diffuser, and the
outer wall of the bend downstream of the diffuser vanes. The
machining utilized existing WR34 engine detail drawings and
tooling. All machining was done at Williams Research. An inspec-
tion of the contours on a ten to one optical comparator showed
the worst discrepancy to be 0.002 inches which occurred in the
inlet.

13
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2.3.4 Vaned Diffuser Fabrication

The vane-island diffuser vanes were cut out of 17-4 PH stainless
steel using WRC's pantograph machining facility. All other machin-
ing was done in the corporation's experimental shop. No noticeable
discrepancies between the vanes and the nominal ten times size vane
template were observed during inspection.

2.3.5 Test Rig Static Pressure Tap Machining

All static pressure taps used in the compressor testing were located
analytically by WRC's compressor personnel. They were subsequently
accurately milled into the WR34 engine main housing. This insured
accurate location of all static pressures.

2.3.6 Test Rig Pressure and Temperature Rake Fabrication

All pressure and temperature rakes incorporated into the test rig
were designed and built by WRC. Sketches of the inlet total pres-
sure and temperature rakes are shown in Figures 6 and 7 respec-
tively. Exit total pressure and temperature rake sketches are
shown in Figures 8 and 9 respectively.

2.3.7 Test Rig Assembly

Instrumentation was first installed in the individual test rig
parts. The test rig was then assembled according to the build
instructions. The impeller and shaft were dynamically balanced.
All critical build dimensions were recorded. The test rig, after
assembly, was installed in the test cell.

2.4 COMPRESSOR TESTING

2.4.1 Compressor Test Cell Description

The test was run in the existing WRC centrifugal compressor test
cell. A sketch of the test set-up is shown in Figure 10. Ambient
air is drawn through a roof top mounted air filter into a plenum
directly below. The air then enters an ASME bellmouth where inlet
total temperature and pressure and static pressure at the nozzle
throat are measured. The flow then passes through an uninsulated
9-inch diameter cylindrical duct followed by a right-angle bend of
circular cross section. Air exits from the bend through a short
section of 8-inch diameter duct to the inlet plenum. Total pressure
and temperature are measured at this location. The air then enters
the test section, is compressed, and enters a large insulated
discharge plenum, where total temperature and pressure and static
pressure are measured. The air leaves the discharge plenum through

two insulated opposed discharge plenum headers. The flow then
merges into one larger duct which guides it to the discharge throt-
tling valves. There are two electrically operated throttling

valves--a main valve and a vernier valve. The vernier valve permits

14
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. TOTALPRESSURE AT STAGE INLET P
(3 RAKES REQUIRED) ' !

T

~14IN.

T
0.300IN.—»] - f-—o.soo IN.

¥

o O T

¥

ALL TUBING PREFERABLY 0.040 INCH 0.0. BUT MAKE NO BIGGER
THAN 0.062 INCH 0.D.

MAKE THE TUBE LENGTH 4 FEET OR MORE.

RAKE IMMERSION DEPTH DOWN TO MOUNTING PAD SHOULD BE SUCH THAT

! RAKES ARE EQUALLY SPACED ACROSS THE PASSAGE WITH RAKES SEPARATED
: BY 120 DEGREES FROM EACH OTHER. RAKES SHOULD BE MOUNTED ON
GEARBOX HOUSING USING EXISTING SCREWS.

OO OF

A-18462

Figure 6. Sketch of Inlet Total Pressure Rake
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il. TOTAL TEMPERATURE AT STAGE INLET
(3 RAKES REQUIRED)

A
~14IN,
0.620 IN.
| U+
6.300 IN. l-— 0.300 IN.
¥ i
@ D

ALL TUBING SHOULD BE 0.062 INCH 0.D. USING CHROMEL/ALUMEL
THERMOCOUPLE MATERIAL IN AN ASPIRATED CONFIGURATION.

MAKE THE TUBE LENGTH 4 FEET OR MORE.

RAKE {MMERSION DEPTH DOWN TGO MOUNTING PAD SHOULD BE
SUCH THAT RAKES ARE EQUALLY SPACED ACROSS THE PASSAGE
WITH RAKES SEPARATED BY 120 DEGREES FROM EACH OTHER.
RAKES SHOULD BE MOUNTED ON GEARBOX HOUSING USING
EXISTING SCREWS.

OO O3

A-18463

Figure 7. Sketch at Inlet Temperature Rake
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I, TOTAL PRESSURE AT STAGE EXIT
(4 RAKES REQUIRED)

~14IN.

0.620 IN.

4

0.250 m._—l -"__ ‘-— 0.250 IN.

o O ¢

L

T

+
S:

ALL TUBING PREFERABLY 0.040 INCH 0.D. BUT MAKE NO BIGGER
THAN 0.062 INCH 0.0.

MAKE THE TUBING LENGTH 4 FEET OR MORE.

RAKE IMMERSION RADIUS OF 3.647 INCHES IS FROM THE TEST RIG
CENTERLINE TO ELEMENT CENTERLINE. THE RADIUS TOLERANCE
IS +0.005 INCH. NOTE THAT THE RAKE HAS TO BE SET AT 560.557
DEGREES FROM THE RIG CENTERLINE TO MATCH THE PREDICTED
FLOW ANGLE.
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Figure 8. Sketch of Exit Total Pressure Rake
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IV. TOTAL TEMPERATURE AT STAGE EXIT
{5 RAKES REQUIRED)

~14IN.

0.620 IN.

0.250 IN. - "'_, [- 0.250 IN.

> O ¢

~

T

+

NOTES:
(1) ALLTUBING SHOULD BE 0.062 INCH 0.D. USING CHROMEL/ALUMEL

3

THERMOCOUPLE MATERIAL IN AN ASPIRATED CONFIGURATION.
MAKE THE TUBE LENGTH 4 FEET OR MORE.

RAKE IMMERSION RADIUS OF 3.647 INCHES IS FROM THE TEST RIG
CENTERLINE TO ELEMENT CENTERLINE. THE RADIUS TOLERANCE

IS +0.005 INCH. NOTE THAT THE RAKE HAS TQ BE SET AT 50.557

DEGREES FROM THE RIG CENTERLINE TO MATCH THE PREDICTED
FLOW ANGLE.

A-18465

Figure 9. Sketch of Exit Temperature Rake
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the fine adjustments necessary when operating near the compressor
surge line. From this point, the flow discharges to the atmosphere.

Compressor drive power 1s provided by two coupled 413 cubic inch
Chrysler industrial engines developing a total of 340 horsepower
working through hydraulic clutches and a speed-increasing gearbox.
A pressurized labyrinth seal in the gearbox prevents lubricating
0il from entering the test section.

2.4.2 Compressor Test Equipment

The equipment used in the compressor rig test is presented in Table
II.

2.4.3 Test Data Parameters Recorded

The compressor was instrumented to obtain an overall performance
map . In addition, sufficient instrumentation was installed to
identify the impeller and vaned diffuser performance characteris-
tics. Compressor performance instrumentation that was installed in
the test rig is presented in Table III and portrayed in Figure 11.
Bearing temperatures, compressor rotational speed, and other mechan-
ical data, along with the ASME bellmouth temperature and pressure
data, were recorded manually. All other performance parameters
were recorded on the digital automatic data acquisition system
(ADAS).

The ADAS system assigns each parameter a unique channel number and
the data is recorded using that identification. The channel number
assignments are recognized by the WRC centrifugal compressor data
reduction nrogram, which then converts this data into a usable
form. A r.:al time display of selected pressure and temperature
data was used during the testing which enabled the analyst to
quickly check compressor performance.

2.4.4 Test Procedure

After the test rig was partially instrumented, assembled, and
installed in the test cell, a mechanical check of the test rig was
made (Build 1). Speeds run were at 40, 50, 60, 70, 80, 90 and 100
percent of design corrected speed (99,050). Initially, Regal 20W
o0il was used in the gearbox lubrication system. Considerable oil
foaming occurred preventing proper oil scavenging, resulting in a
rapid increase in bearing temperatures and vibrations. The Regal
20w o0il was drained and replaced with Texamatic A oil. Also,
another oil scavenge pump was connected into the lubrication system.
Proper oil circulation throughout the gearbox and compressor test
rig resulted. However, a large amount of o0il was lost through the
discharge plenum chamber and also collected around the inlet to the
compressor rotor inside the inlet plenum chamber. Heat transfer
from the gearbox and discharge plenum chamber to the compressor
main housing was rather high. After approximately 100 minutes

20
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TABLE II.

MERADCOM WR34 CENTRIFUGAL COMPRESSOR RIG TEST
EQUIPMENT REQUIRED

Inlet ASME Bellmouth

® 4-inch diameter

Plumbing Between the Inlet Bellmouth and Inlet
Plenum I

Inlet Plenum |

Centrifugal Compressor Test Rig Assembly

1
° Main Housing i
° Steel 38° backward curved impeller £
° Aluminum impeller stationary shroud *
° Steel vane island diffuser ;

Discharge Plenum

Discharge Plumbing and Valving
Compressor Drive System !
® Two Chrysler 413 cubic inch engines
L] Speed-increasing gearbox

Test Rig Vibration Meter

Howell Automatic Data Acquisition System (ADAS)

[ Digital data acquisition
° 100 pressures available on four scanivalves
° 50 temperatures available

21
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TABLE II1. MERADCOM WR34 CENTRIFUGAL COMPRESSOR RIG TEST
SUMMARY OF INSTRUMENTATION

INSTRUMENTATION LOCATION/TYPE UANTITY

ASME BELLMOUTH

Delta Pressure 1
Total Temperature 3

INLET PLENUM

Total Pressure 4
Total Temperature 4

COMPRESSOR INLET

Total Pressure Rakes, 3-element 3

Total Temperature Rakes, 3-element 3

Static Pressure, Shroud 4
IMPELLER STATIONARY SHROUD

Static Pressure 12

Static Pressure, Impeller Exit 6
VANED DIFFUSER

Static Pressure 18
COMPRESSOR EXIT

Total Pressure Rakes, 3-element 4

Total Temperature Rakes, 3~element 5
DISCHARGE PLENUM

Static Pressure 3

22
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WR34 UPRATED CENTRIFUGAL COMPRESSOR DESIGN

640 I ;
Ly
540 1
| 18 STATIC PRESSURE TAPS |
(DIFFUSER) ‘
5 3- ELEMENT TOTAL ,
TEMPERATURE RAKES ~ X
440 . |
w 4 3- ELEMENT TOTAL A :
= PRESSURE RAKES 4
z | § STATIC PRESSURE TAPS
& 140l_y3 — 3 - ELEMENT TOTAL _(IMPELLER EXIT) "
g™ TEMPERATURE RAKES T ]
| B
2 3 3-ELEMENT TOTAL VIEW A-A i
3 PRESSURE RAKES (NO SCALE)
[- 4
4
240 4 STATIC PRESSURE
TAPS (INLET SHROUD) }
> |
A I
140 7 ‘
12 STATIC PRESSURE TAPS
h——(IMPELLER STATIONARY SHROUD)
040 |
-2.00 ~1.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00

AXIAL COORDINATE A-16488A

Figure 11. Meradcom WR34 Centrifugal Compressor Instrumentation
Locations
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running time, the front rig bearing temperature and vibration
increased rapidly. Immediate shutdown of the compressor test rig
was necessary.

No damage was done to the compressor test rig. The front ball :
bearing separater had fractured, causing the bearing failure. D
Compressor rotor front face clearance was determined by measuring
the rub tabs installed on the impeller stationery shroud which
equalled 0.011 to 0.013 inches.

Prior to Build 2, several alterations were made to the test rig. :
Provisions were made on the o0il seals includirg a collar separating j
the diffuser from the rear rig bearing to prevent the oil leakage.
The improved oil seals and a supply of 4 to 6 psi guard air pressure
to the collar were adequate to prevent the o0il leakage. Also, a
heat shield was placed on the discharge plenum chamber to prevent
heat transfer to the compressor main housing. H

All instrumentation was completed for the performance run (Build
2) and installed at the compressor inlet, compressor shroud, and
diffuser exit. Also, 0.006 inches was removed from the shim on
the compressor rotor stack-up assembly to obtain the required
0.005 to 0.007 inch front face running clearance. A new front rig
ball bearing was included on assembly. The compressor test rig
was assembled, Build 2, and installed in Cell A-1. Figures 12 and
13 show the test rig installed in the test cell.

on December 19, 1980 the compressor test rig was run at 40, 60 and
80 percent of design corrected speed (99,050 rpm). Wide open,
choke, surge, and three points between wide open and surge were
recorded. Operation of the compressor test rig was good with no
apparent o0il leakage or mechanical problens.

on December 20, 1980 the compressor test rig was run beginning at
50 percent of design corrected speed (99,050 rpm). Data points at
wide open, choke, surge, and three points in between wide open and
surge were recorded. Guard air pressure was maintained at 4 to 6
psi to prevent any major oil leakage. Operation of the compressor
test rig continued successfully. The compressor test rig was then
accelerated to speeds of 60, 70, 80, 90, 95 and 100 percent of
design corrected speed (99,050 rpm). Data for wide open, choke,
surge, and three points in between wide open and surge were obtained
at all speed lines.

As the compressor test rig was accelerated to 105,000 rpm (105
percent corrected speecd), mechanical problems began with the front
rig ball bearing. Data at wide open and choke were recorded.

Vibrations began to increase, with an wunusual rumbling noise
coming from the compressor rig. Therefore, the compressor test
rig was immediately shut down.

24
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Vibration pick up #3 had come loose from the gearbox and was re-
mounted. The compressor test rig rotated freely and was allowed to
cool for 15 minutes, then restarted. All vibrations were checked
at various speed lines as the compressor rig was accelerated to
105,000 rpm (105 percent corrected speed).

Data points at wide open and choke were recorded. As surge was
attempted the vibrations increased along with a rapid increase in
the front rig bearing temperature. Also, a loud whine was audible.
Again, the compressor rig was immediately shut down. The run down
appeared normal with no unusual sounds or physical problems.

On disassembly of the compressor test rig, it was found that the
compressor rotor had slightly rubbed the main housing front face.
One of the three rub tabs were lost. Through measuring the other
two rub tabs, the final front face clearance was equal to 0.005 -
0.006 inches (design intent).

Examining the front rig ball bearing indicated that the steel ball
separater had fractured, almost leading to a complete bearing
failure. Other compressor rig hardware including instrumentation
was not damaged.

The original intent was to collect data at 105, 110, and 115 percent
of design corrected speed in addition to the data that was collect-
ed. However, due to funding limitations, the mechanical problem on
Build 2 terminated the testing.

27/28
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SECTION 3

DISCUSSION OF TEST RESULTS

3.1 COMPRESSOR TEST RESULTS AND DISCUSSION

The raw data was reduced using the WRC centrifugal compressor data
reduction computer program. Appendix A contains the test 1log
pages, manually recorded data sheets, data reduction program output
at the design point, and a summary sheet from the data reduction
program presenting compressor parameters of note for all significant
data gathered during rig testing. .

The overall stage performance, consisting of total pressure ratio,
total-to-total efficiency, and temperature rise, is shown in Figures
14, 15 and 16 respectively. The design point goals are shown on
each plot as a point of reference. Stage performance was calculated
based on total temperature and pressure at the inlet and total
temperature and pressure at the bend exit prior to dumping into the
discharge plenum. As the inlet measuring station was upstream of
the start of the radial inflow inlet, all inlet loss is charged to
the compressor. In the same vein, the stage exit measuring station
accounted for all losses in the compressor including those in the
exit bend. All efficiencies were calculated using enthalpy tables
which ensured that an accurate assessment of compressor performance
was made.

Table IV presents a comparison of selected compressor parameters at
the design point between the projected values and the test data.
As 1is shown in Table IV, impeller axial and radial clearances at
the design point for the test data were in agreement with the
design intent. Therefore, clearance was not a factor in the differ-
ences between projected and tested parameter values.

As 1is readily observable from Table IV, the compressor pressure
ratio and temperature rise are noticeably different than the design
intent. Compressor temperature rise is 10 percent higher than the
design intent. Compressor pressure ratio (total-to-total) is 9.6
percent above the design intent. The net result of this unexpect-
edly high energy addition is a 0.9 point lower efficiency than
projected. The reason(s) for the larger than expected energy
addition are unclear from the data gathered to date. Basically, two
temperature anomalies were observed when the data was reduced.

The primary anomaly, the 10 percent high temperature rise, 1is not
explainable at this time. Figure 17 presents the impeller slip
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TABLE IV. MERADCOM WR34 COMPRESSOR DESIGN POINT COMPARISON
OF PREDICTED VERSUS RIG TEST DATA

Corrected Airflow (lbm/sec)
Corrected Speed (rpm)

Pressure Ratio (inlet total to
stage exit total)

Efficiency (inlet total to stage
exit total), percent

Pressure Ratio (inlet total to
stage exit static)

Efficiency (inlet total to stage
exit static), percent

Temperature Rise (AT/T)
Stage Exit Mach Number

Axial Running Clearance (inches)

Radial Running Clearance (inches)

PROGRAM GOAL

0.538
99, 050

3.862

74.9

3.757

DATA
0.538
98,999

4.252

74.0

4.119

72.0

0.688
0.215
0.0055

0.007
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factor calculated at all test data points. Note the substantially

higher values then would be expected from correlations. Several
possible hypotheses could explain the higher than expected slip
factor. One explanation 1is that compressor discharge air was

getting past a carbon seal and 1leaking 1into the impeller back
cavity, thus inserting previously compressed air at the impeller
exit. An alternate explanation is that low momentum fluid at the
impeller exit was recircv” .ting back into the impeller, thus in-
creasing its temperature lcvel.

The secondary temperature anomaly was also of concern. From the
data presented in Appendix A at the compressor design point, it
was observed that a temperature spread of 14.29°F exists on the
compressor exit thermocouples. It would be expected that they
would read much more uniformly. Possibly the close proximity of
the main housing, which was aluminum and therefore conducted heat
readily from the gearbox, to the thermocouples at the compressor
exit caused the temperature spread. The close proximity of the
thermocouples to the main housing was caused by the very small
passage height at the stage exit. Although the temperature
problems are unexplained at this time, some very positive results {
did come from the testing.

Both the impeller and diffuser performance were only slightly
short of their performance goal at the design point. As this was
the first rig test of the compressor, the results are very encour-
aging and portend improved compressor performance with further
compressor development. The impeller performance was synthesized
from measured airflow, measured speed, measured stage inlet and
exit temperatures, measured impeller exit static pressures, and
an effective area at the impeller exit. Diffuser static pressure
recovery was then calculated based on the synthesized impeller
performance and the measured stage exit static pressure. Impeller
performance, which is presented in Figures 18 and 19. The impeller
design point measured static pressure distribution along the
stationery shroud, shown in Figure 20, compares reasonably well
with the prediction. Diffuser recovery also compares closely to
the prediction.

The diffuser static pressure recovery, calculated from the test
data at the compressor design point, is 68.7 percent. Figure 21
presents the diffuser static pressure recovery for all valid test
data points.

Figure 22 presents the calculated impeller exit absolute flow
angle variation with corrected airflow and speed for all valid

test data points. It is an output of the impeller calculation.
Note the relatively constant value of swirl angle at compressor
choke (minimum value of angle along each speed 1line). This,

coupled with the absence of a sharp compressor temperature rise
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reduction at compressor choke from Figure 16, indicates the
diffuser controlled choke at corrected speeds above 80 percent of
design corrected speed. However, the varying swirl angle at
surge (maximum value of angle along each speedline) indicates
that the impeller may control surge. A possible explanation for
this phenomena is that, at the surge value of impeller incidence,
the relatively thick impeller blades form a shock structure that
triggers impeller surge. Further testing is required to verify
which component, the impeller or diffuser, controls surge.

3.2 CYCLE ANALYSIS RESULTS

The true test of the adequacy of the tested WR34 compressor
performance was whether it properly matched with the remainder of
the engine. Therefore, the unaltered WR34 test data was input to
the WR34 engine computer simulation. The engine achieved the
desired output of 35 horsepower with a turbine inlet temperature
of 1868°F and a specific fuel consumption of 1.14. In addition,
the contract requirement of 27.7 horsepower on a 107°F day at an
altitude of 5000 feet was also satisfactorily demonstrated.
However, it should be noted that if the horsepower requirement
were reduced to approximately 20.1 (approximately 15 KVA), with
the same temperature and altitude conditions, turbine life should
increase by more than 1,000 hours. Although higher compressor
efficiency is desirable, the tested compressor 1is more than
adequate to operate the WR34 engine. Table V presents a summary
of the engine cycle.
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TABLE V. ENGINE PERFORMANCE CYCLE WR34-8
ENGINE ENGINE
(WR348) (WR34.8)

Tamg - °F 58 107
Pamp - PSIA 14.696 1222
HPguT 5.0 2R
SFC - LB/(HP-HR) 1.097 1135
TIT - OF 1mo 1868
N - RPM 100000 100000
Wy, - LB/SEC 0.550 0.407
E (APIPT)INLET o.n 0.010
z AT'NLET 10 10
W0/ ~ LB/SEC 0.555 0.5157
o | NivO - RPM 99050. 94838.
§ Py 3.921 3.531
o 3533 353.4
1 0.710 0.717
(WAL Pp) |y 0.2835 0.2794
w | 0.030 0.030
€\ th 0.0138 0.0217
1| 0.995 0.935
FH.V. - BTU/LB 18400 18400
(WPl 0.4674 0.4657
g PR an 3454
= | MoTALSTATIC a.7e8 0.79
INVTTIN 2146 2072
% | (OPPSTATIC. AMB. 001 0.010
| BEARING FRI-HP 1.05 1.05

: WM
) 0.7 0.97
= % LEAKAGE 1.00 10

A-155048
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SECTION 4

CONCLUSIONS

The WR34 compressor, which was designed to withstand army ground
power engine operating environment, has shown to perform adequately
in combination with the other existing engine components based on
the compressor rig test data. The compressor features a relatively
thick bladed impeller design that enables it to be reliably cast
using state~of-the-art techniques. The diffuser uses the proven
vane-island design machined from 304 stainless steel which is
inexpensive to fabricate and resistant to erosion effects on the
diffuser performance. The goal of this compressor and diffuser
design choice was to keep the WR34 engine fabrication inexpensive
without compromises to performance and engine life.

From the data obtained during the initial rig test of the WR34
compressor it is apparent that, while further testing could result
in a more detailed understanding of the compressor, the existing
results are more than aedquate for the WR34 engine.

Cycle analysis using the compressor rig test data, has verified
that the engine can meet the contract specification of 27.7 horse-
power on a 107°F day at an altitude of 5,000 feet. As previously
noted the reduction of the horsepower to 20.1 will add over 1,000
hours to the life of the turbine. The combined rugged design and
excellent performance demonstrated during compressor rig tests
indicates the next logical step would be the operating evaluation.
Thus, keeping to the WR34 Performance Improvement Program Schedule,
Proposal 8125L.
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SECTION 5

RECOMMENDAT IONS

To verify that the tested compressor performance 1s consistent with
its operation in the engine, and to ensure that the engine computer
simulation is a correct representation of engine performance, 1t 1is
recommended that a WR34 engine be thoroughly instrumented and
tested. Instrumentation on the compressor would be a representative
sample of what was used during rig testing to allow a direct compar-
ison between engine and rig performance. This testing would be
conducted using existing WR34 engine testing facilities at Williams
Research. Test data to verify the predicted performance of all the
engine components would be obtained and would provide insight into
any possible differences between test rig and engine compressor
performance.

Rig and engine data on the compressor would then be compared to
determine if any change to the compressor is needed t¢ better
satisfy engine operation. At this point, the WR34 compressor could
be rig tested again and a determination of why it was 10 percent
high on temperature rise made. This would be done by running the
impeller without the diffuser being present (vaneless space only
test) to establish the impeller flow range and temperature rise.
1f the impeller surges where the stage test did at compressor
design speed, a flow stability problem in the impeller would exist
and a recontour of the present impeller in the exit region (material
off the impeller shroud side) to reduce impeller internal velocity
diffusion would be conducted. The main housing would then be metal
sprayed and recountoured to match the impeller. The recontoured
impeller would then be tested in the vaneless space test configura-
tion. Based on the results of this rig testing, further modifica-
tions to the impeller would be identified. Assuming that the impel-
ler operates properly, a new vaned diffuser design and fabrication
would be undertaken and a full compressor stage rig test would be
conducted. This recommended course of action would result in an
effective compressor development program.

Based on the results of the engine testing, modifications to compo-
nents other than the compressor would also be identified. Improve-
ments could then confidently be made to the WR34 engine.
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APPENDIX A

COMPRESSOR RIG TEST DATA




r

.ll Williams Research Corporation WRC0129-TR-81-1
EVENTS ALl COLMENT S (continuation) re/
< oo wE3e T dee & Hecodpe
e wD mﬁxﬂcfgm.__ - G
N . A
.- v:u -.‘m. DATE 12 -,_‘_':‘9- v ) v\ FH apPNU. AL

RIS ST R —- mg‘_h"u.(.l/_r (‘O(A -,(l-r\__
Cnmfrf.uon CTest. (/g

1215'1 o .(‘t‘nr{ C _K -j:—_—_[é 4o nzz-e/e.(a fg
wo te Al .?C QQQ R Mechencecal
/[All ~fun J IA/_.._ 1’// _rerer . ’{f‘uh
readocts it @ #smE “22!;..__6.1.:41..—#&_,2_(_3.
Shu4 A’m dowig VY )
%—Ia_ﬁj@_ E. M40 o F 5
f———-\—____KWQ.e.flt_“.ﬁ 22 .__é,_z.a____ﬁ
b 4 _—_ﬂg_f‘_ﬁ Y6 _»* 2 ,__SPI'SLt/yz/ ‘o '1
LSt  SiccC tcodnds = 41 = 40 coo _ptm
.__.4...42_.44‘14-»,«/ frab/t’ﬂs continee L:d_un;_____
', - -_,_J_k_‘tlﬁl.d'_lu { aLaa chec ;‘ lmaJ
DP2__giix | N = 4050 Rfm___rececd dita
F._;M A A A ,,4.«,4¢pﬂe__m_,_____ !
DrEL B/6 NZ  Soxe #Pel  recocd date 1
__LM‘A«zt/ f"‘én; (pn"‘r;ruf L Fememg
" dcctlbuale & N gaf K
Q&bl___@_ﬂ ' N = oéeovoo ReEm . _r((o‘z‘{%
[ .PJ:/ _Se enpe Fem s & Leont J ‘ear 'l K' 4 '
ir__~ ;‘(q_c__ M:;‘)ff/ /;oo’F r /se’ € g - )

_W % 7"/('/ 72—

'D [,m__{ B28 NV =70 ,Rf)i?‘,;;_[n‘a:;la ’
' Rig o er Coyr  alghd | cacncmsa ‘
——l_ta___._(q,c»d /e ¥ /YS’F‘ e

Tl i & sedw '




Il. Wilhams Research Corporation WRC0129-TR-81-1
——
“ EVENTS AND COI'MINTS (continuation) i 2
4090 (6 78 e
[ jjlvjr J4%& . - N.»u___;‘_mm____

LD KO ME At

LmARGL NU

Nt o TOR
CaR CING AT ( hondl - Sl ENCINLER APPROV AL

| T Y ﬂ15£4ﬂ(0m ,,,_m,ffﬁl_ﬁ.ﬂ(““ / C:Agzz Z;;;

; [am‘lfuu__ . Test . _ﬁ’_ .

bPl¥s B34 1/ = & 7/ /S
a_':j S,_‘,e,lo‘ D——t"”fé" o -{,o,, = / F - feev -?eolF
2b. . v, n -

| Mntfr "Lﬁ::bgz:u—&( ; &__
4“‘4—&—&“-“'
nAMu—u- - - - -

L dAl. _Af_-_'{/__—f QfaoQ _K_P;ﬂ_ yZa
»———-4—-4-4&3——4 .41—44—-“-«;; Mie"‘ —caef

8141 __.&/f-/l/‘ﬁ‘\ 661—\”‘) B o - -M—#W
S//LA{ feakeg e {:_/!::!_“L_';ﬂ_:) veuxt &/ R

__._.__é.ilﬂ’fﬁ,__‘ylL ‘#Z Sensctivi 1Ly__ R ET A2
e _LONVERT ASME NOZZLE . MAMMEIER _TO
S0 LV TVUBE . witf TEE O
- Rem e = 37 primichia

”’f’_ boat trewsf{er from cle. = ﬂ43 ‘A“Lf Plosvwm

llﬂal} ‘I’l _g;{’['(_fl}-.; ‘X . Lear L_‘,L_L_‘u_f__,__,___

_7_5“_____ 5/m Pg pracdetdy
Y S V= Eooeo fPM1 apeal PJ‘L_:*

L“._;.A/_/.!__ﬂ #/ be[/n:- y G woo. &0 --;f_‘\.-‘!_m._. —_
_£41 _ off  aa N cAcreases .. - Tfle — <@l

~_..,___Z’.l_c?_ea R pm M(J P - VS -

S

ij[—naezzuvi fe KA ot




r—

- e ——— . eSS
l . Williams Research Corporation WRC0129-TR-81~1
o
EVERTS A MDD COMMENTS (contmuation) f)ﬁ 3
T T AR 3 T s e T T T T N Sere _Hergdge
L e e __MERROCOM .
: e Ay - -
e s Py 7S
e Mechaacal . Check Mon .
e Cempressc. Tect o Kg
I j — TVt AND UM v:—
gt
!

4 36 DB P #HE N=_Borwoc L] W/L&____

242 pn f H7 N = 70350 RPM ucoddl;
L__ : ¥ b H, = 43 Lo .

e el tenB W

2 42D ff_z;u___._-_ loc. 17 007
, _‘_-.%J_ﬁgz__ - S 2.8 0

0 S w/ o b Sl

kl49l}___p < .-17/ b s ..44—71/*\ to ﬁé—w
: _J-ﬂ/i'j _-470,&«4/ . /2;5!«'-( prsravar G .,M{ Aot
e Lo Enf— : «£~7’L
_ ‘M__, _ M b /“rrrr-* 6.5 > £ € >
t‘ — - _-_ﬁ,___,a.__,_RM_:u > 4.5 €&'s
25 Diegne  AEL ™ b
E .:W ot ol el Lot e e W
;‘_ _][ ﬂlrmh = 26

;_ _{._,44{/___&(__,_
ro:03 25 g W ;.‘.*"@E
iu.p_x,/l/ ‘__g 0/__ e foad

: ‘OA&_M ..,Fﬂ’m “’P’F ; Rﬁ"&_ /fo__




Wilhams Research Corporation

WRC0129-TR-81-1

EVENTS AND CCMMEMNTS (continuation) P2 4

......

ETevan 1/ 5 Y B s/ AR T L S e
P MRM?M.-.__ AL EY . DL T

. _J-b-fo_ . » -
vews v o _MEchgneal _ heck Pen . &ru.'aLf_s.mr_Is_ﬁg —

T illen T pz o0 0ce Rerl a2

2 A-M__Léi__& _,4,‘1_ . _4¢ 7‘4.(_ _ﬂx}%

l— u,t_,B_c#.-—-__;_;a,F ——e
r._. _V_._‘{'L‘___# / = 4 <_:i <n &%
Vib 2 = 30 > I1sgls gebhot @ 2¢5

_‘/o 0S > (0:13 1 men .Zf_.. ‘

— /]& ”q(;., ~_£.un...'£ua_.q__4A
__.,_/a 16 —® (e 20 ¢ mim

““T 2w o
; I‘ﬂ ~heged M,,J o M%

7-17(am¢‘[/( - - ——

LA . o S

_@,_ AN = 34000 _@mv
A= e Qe LRpas




.'. Williams Research Corporation WRC0129-TR-81~1
-——
EVENTS AND COMMENITS (continuation) f; <
{670}
it MOBELL e LNGINCER
riay NLU COMPLETION DATL
L NG M HANITC
, WAaMGE NO o aNsELT T OR
l s DA . LNWINEFE APPROVAL
1 (538 3 ~
' ———
b e -

t . - f - _‘_: - O 2
Lj[__aﬁzl‘. ‘Z M.—U{‘_.__Wm‘f Z
r__..__./.o_aoo

,~.-m€x . locowa BAL

3B VP 7~ W2 po0or0 RPH wacd K
| ¥b ¥ 35 S ac S/ S
K—W ad.._ M._)z:« oﬁﬁa.q_-é W/ _6.1&&__ _
%3U7—F‘2-0 i _-ﬂ - /0049.20 Rpﬂiw&

,.___a«a“o\i—nm . b W 25 =D o &5

(3 3< _JQM ; #&L.ﬁz_@e&z&,‘
._,...Au-a —a Marel OL&%M_,

:.-___?______.r&&., _.-.ﬂw _M

: o _é&:L_M_,__ILAf_ _ﬁ/eu o _Clenmber

S Ex.c&s__A_“__ buz/d __Afﬂ.__tpra/ _ﬂt_x_céz%,_ﬁzaum__.._
— _..__.S_LJ':L_.(_ [mg bolom'ed et _on -spRliimer. drve_ . __
— Q-afu_“., ] 5/% - 5/}‘( reftafos
- Front Ia 5/,¢ @o.// fe,nm - _Cere a _apnadt

— m\g_ reno Ww wpacerg . of Bally

.___..t.._..—.._ - C— e —
. 4.,1-_5.‘&71_._%.-_& ot W R
- .-ﬁL_.Mu;__j/;f, - /u{_f&/m»a-y-v e
E.__‘_M‘&AL_CL-K_W = ooy —> 0.citin
o Tutal Ren Time = 4yt mmetes
T Tt Sdaets . = 2 T
A=6




... Williams Research Corporation
——

WRC0129-TR-81-1

TEST No. 47¢

TITLE: MERADCOM _Bld#/ PAGE_2 OF _ 3
COMMENTS:  C ompressor Test DATA SHEET__ [} A
o Hand 1 Heo k - U DATE_6 12 20
q\;‘ e p‘ Q f —D,\-Y- T’{':\ - A
™~ A-1
Soom Pos
/ & 3 & T T ¢
4 ry ‘_#g UngPol Seize  c3%e (p4ee | Pofse B0 70
e C N LY
ALJ‘_Lzm.L__édzifma/ 22 1up O spésolbonpliolon Do [FO o
(farl Time o ' 9706
ﬁg‘ Tine !'ﬁ
Tatesl Runn Tine 23 mis
—--r-—-—-
Ges. | Vib #1 w7 Az 2 | o¥ Lo/ Lo |
G Ve #2" o‘ig Fl o4 | p.c | N~ 2.2 4
G's Pl a3 FIl 0.0 o.D 0 0| 0.2 | g/ (o0
. i
CE LT frant Kiy B, g PV 2ed 2L (op | (0o _L[L_J';_—_m_o-___‘pﬂ
\.{t‘ﬂmj T it Pro Koy W [ Io4 "I [(pe.xli25e 13z.a BV JX)
T - “~__—~—-__“- 3 ———t - N
QLA T o Ly Koy Theed @7 7o A 5 37C [0
x [GIFEIT T T T T =1
e e el
LY U v A O _Jl_ﬂl*i-—tﬂ.a—.__{_?_t____ f— e = -~ —
CE 7] NS -3 TS FlLlgre | paz | P67 e
< T AE Ak Kd 939 | #hs | 450 452 dcs 145/
cg T-g T Tnlel Lps e | JaY] <4 3.7 s9.0 |ste 187/
< [ELIT ZTale¥ P AR . S TN ABI WS PYHRE TS B TH;
I 1
i i
N B B
" Hoof P ASAIE Aiezle | wWACU | s.85r ' 5.5 | QIn g is.g 158
pii] o7 fs 4o AN HJ 42 FEBERCE W X S
Cemp 14"! j[
L
C =
N
;;( Tadiel Face CLL 12020 j—-
nal fFace <LE "”’T"il! -
x ADAS N
a-7




—

ll. Williams Research Corporation
——

ADAS resd-ovt

WRC0129-TR-81-1
- - 1meg one, 48
. I} — e .
' TITL__ MERANCIM Lid 2/ PWGE L OF X
! COMILNTS:  Compreszor Test LATA SHTFT_7 8
i /I‘c nd ,0 qu Hf( k- Up DrTL ;2 Lo
) ! EEY TIY “YR.
(. l A-1
. _ Boom Pes > -y 174 1O _
K 7 T T _
1 — - L=l ;
’:_,_ATIJILPU']‘:;NA%L{MJ’ ¥/ 20 9/0 /0300 /oo670 /008D
. : L - \ _ PR
1A JL/*‘Q!ZT voemifl ¥2 lyogiolio0d Q0020 [ieoseg
’ 1Starl Tove [2: 30
+Sf¢£ Tne ?2:52 [{2:3S5 ]
dutel KRin Zne Rb6 myn_ s
G\ ¥ib &7 4 {4z .5 1< S
. !
G [ Vb #2 2 [ ¥ K AR 4B WK1 WS
Gy (Y4 23 3 0.2 L2 | p.S | p.5
- do ]
&I Frant Ky Koy P31 71e0_ [ 7406
o LE T frnd By Kog— I BRI AVISTRVIZ S
[ a o A
fcilfi T cver Lig "E# 25 280 | 3oe
o Tr[TT el dgl o od bug
' ]
g [0 \T fe bgh Sod L)
£& 7 el R > Loy | % 177271751 [1003
L o
<c I*:" T ABSME Luzale 4 463 ] 4
€ [FIIT Taled Zpz ¢ 420 | 420 [ Jc s
s [EI 1T ol Tope S 1 Zi 01 927 [£5.7
|
A i E ek UEke | B g 1252 o7
; - e
'"_v‘“;_ f r / f/.-;c +e .-11 q‘f‘[ u__vl%.__—l_ﬁ_f
! Cermy Ve !
! o v
" SR S !
C e e e - U S O U SN I
R - JTate] Foes Ll L_ —_ S
——— — s - e a - — e - [ —_— ————
Bl 77 7Rl S S s S St S
. [P B I . - - —— = e
! — __._i.-_ -1 - - - [P S




.Il Williams Research Corporation WRC0129-TR-81-1
[ ]
- TEST NO._ 49/
—\ TITLE: MERRLC oM &d #/ PAGE_2 OF _3 _
| comryTs: Compressor Test DATA SHEET 24
4a HMHoolh-U, DATE & 12 &
Q s Hand bata Heck-4p SR S IE.
" Boom Pes
-} 2 E 7 1T %
N S}(!'i‘ Tiwne r
Sfr'p Tiing
Zetal Keit Time
L% T
- °F ]
- N s
Sa N7 e
A 0/ Press
o Tt Temy TEI L 2 1124 | o0 [ TaP [ IgF [ 2 176 ]
e —Gen dags = g L7280 R 2
Cil 1ress C7 8 WP | ¥ | 5o T
:'\.‘
VR b Tewep 2.0 M0 .
Y 1swvarrerrser: o5 J U BTV A R S
VL Ll et ] ____”‘T"“ T
A-9




... Wilhams Research Corporation WRC0129-TR-81-1
_— TEST NO._ 49/
TITLE:_ MERALCOM Bid # 1 PAGE_Z OF 3
CONMENTS:  Compressor Test DATA SHEET_2 g
. . Hond Data ”oo‘-ll’ DATE {'2. %
- Boom Pe,s

s ) | 7 g 1 17

S{(. t i.nf
‘\_igf Tisre

7;{_1/ “H' Lo

e, L&d((lem:-l‘;i
3 /
G Hi ps
!-&:. r
Ol Fress
o z‘F 1
A
3z _Een bLmpi
WX Ol fregs
o
e
. 'H l Lod T o
| Fas :
. I KRepgmedew

7 _Pel He nvk/if;.




}‘ “—l Williams Research Corporation WRC0129-TR-81-1
| EVENTS AND COMMENTS (continuation) 21
“ 4090 (0-79}
C'—‘ sworns mooxs  LIERAPCAp  ~  esr evoineem S 6 ROF. M. X E
g SEMIAL NO. commieTion oave L2 R0 - 20
sUILD NO 2 R /J & 2 MECHANIC
wramming onve 1A= = FD" A —
TEST OBIECTIVE Cmr‘ttxrah Tes f
®
:::; EVENTS AND COMMENTS
.00 STARY EU/GINE ~ WARM UP
16 0|
: ACCEL To 4p K 2.PM,
4 PAR PT. %1
5 SET 76 CHOKE
: TATA 3T, T2 j
MR SAET T b SuR6EE
) DArA Pr. 3 %
Y SETr Yo | ’
e PrTA Ty 2
o les SET To St2 ;
b D) 2ATA Iy
pald SEY o )
i PATA H6
: AcCcrl Tp 6o K
9 2414 PT 7 W Oa
wan SET _TO CHEKE
' PARIA_PT, &

SET _ 7106 SURGE
DPAIA _pr,. ¥q
SET FO S+ \

..ki .

res) DPATA 7T, ® (0O .
e 3 SEY TO  S42 i
bié- _para PI. {f '
14:57 SET TO0 S >
L. 2 PATA -Pr. ¥ 2
¢: 44 ACCEL Ts JIo KX

S RTAC - DAIR PL * 3
[l SET To6 _CHoXE
¢ 46 PhiR pr. ¥ 1y
649 SHUT Doy fun 4ime ® 7§ min !




.l. Williams Research Corporation WRC0129-TR-81-1
L ]
EVENTS AND COMMENTS (continuation) rZ 2
/ |
4099 (8-79)
ENGINE MODEL mﬂ__ — TEST EncineEr 75 —_
SEMIAL NO COMPLETION DATE — —
SUILD NO z MECHANIC
CHARGE NO INSPECTOR
«TanTING DaTE L~ - £O ENGINEER APPROVAL o

COMP. TEST

TEST OBJECTIVE

. A,t;,;w (oD 4
PR /5 (2200 asala t
L“‘?""\- - 1

LT - P

“oe o pPem

2P #(2 (o O, M:i4s

B 22 LKL WE 48fce LPm Li'

I3 & 49730 RPm .
b [2:9C0 s?g &P = o AN E 8 Boo £ Pm i

. d( L.pd S42 ap = 3g N = {8 b0 RIM 4
rad i
WedR2 4006 g AP = 1f N = f86co R

decelowade & croneo Rem | 58 Soc gon  pechari

L X123 2:eg "ﬂL 8P = 2-¢ 2 s pProo L LM

= A/ =

LAY (4 habe AP = 2 ¢ NE Spseo gtm

PAIS 1237 Surge AP = 2. S NZE Sgior LPM

' 12115 S+l &Pz $. % NZE Speop RPM

V2% 222 <42 AP = £ s NEZ S1se0 Rrm
A’P£24 2 22 313 Ap = 4.4 N Z 53200 L Py

'/4[11[. ‘/n L oopo RPN ¢ é8dce Rem mu Kanainl
. 12; 22 Ww.o, AP =/0.72 AN =43400 RAA
D 1. 36 = & =

13 4¢ Surge al= 6p N=Grooo pIM

Pl 4248 Suge +! AL = 6 8 AN=LE>00 Pem
X §.r 33 2:5¢ Syrge 14 AP = é-8 NN = Lozen RPM
DA 34 368 Sucg® 42 AP =¥ & A= bffoo pPm

P34 (2-58 Surg+3 8P = 25 Nz ¢gsoc RfM

¥ mels . wianre & wad Ay 43¢ ps,




l'l Willams Research Corporstion WRC0129-TR-81-1
VI oo "l TN VR L N Pz 3
2
.::_‘ L4 2 e e -
{ Nl A ____7“5[&&(!_"1“ ! LS. AL L ¥ S
— AL N e e e Lot wna f = -2
(’ ‘ Caad M 2 M1 HANT .
i * “;A tiNG NnaTYTy B- " - ‘ Q LI:\:;V:EVLV:HAPPﬂC\VAL
'l Le O TONE Cemptetiec z“"
..I’M l EVENIS AND (OMIAENITS
S '
’_M L fecoc &' _ . 72300 MM puchesical
E-’i—‘”" 13: o4 W-o. AP = IS4 M E 27500 [P
0P BD 32007  Anda AP = /53 M2 Doheo Bem
b#I _13:/6  Suge  aP T 38 = NZ 2risc ptm
#3) _(33% Sergtt P =104 N= 23500 Rém
ppeb  13:09 Svrg t2 AP = 43 NE 77500 #RPaq
YL 332 s+ 3 _ AP = 127 M= 22000 RPH
- ALCE L 0 8000 @ pp LoBo0  mpedavioy
[}
L BMHE _xar  wo AP =3 NV = 6 r00 trm
. 43 (2:42 Lohe AL =2 L I = 86 640 fra
444 432479 audge AL = I4.2 A= BE tec RPm
Drufs _ (3:S1 e+ bdp = yt6.0 N = Rés40 £Pm
headt 437 St Surgtd Lo =423 N = 84 200 2
Suege?3 bp = 1.3 NV =36 S50 Rem_

0044713 52
o

b decilriali > 55000 RPm

. 7___8/2.0__&”_'1_&:&..}41
i.;#iﬂ.,_u;o_l W _hp = 24 A = Fdeo fPx
T L. /Y S L I - —_Af = 4.2 AN = F1édo prm
DPASQ_ (4.1 Syrqe . _ . AP = |24 N T 931470 RPm
prdsl _1es06  quegerl AP = Ll ( _ _N.= WuSP_
PP HSRZ 14:)2 . Surge 12 ap =20y N = 7/5¢0 Rim
P’”}i#f.z&“.. Svqpe 3 4pr = 2/3. N_=276%0 kPm
pruse 1f:at Surpe t4 ap =252 N =270 Rim
A S - . - _ .
R —- e

A-13




." Williams Research Corporation WRC0129-TR-81-1
———
CVYENTS APD CCRUADNTS (contauaiion
. ) Pz 4
¢
o o o~ oL MELApCCOMm e CGt 5-”(111‘.{;-0 o
3 ‘ Prdel M TR CE TIOe ha T [2 Iga-a‘o
<'~‘. : e NG 1 PMECHANT
I ;‘:::‘1.:~:3'J4A7( _Jl:lm_ ::::::C:T:HAnwuovAL
% L LR TV - ‘ em ﬂ.z_g‘iﬂ.tl ‘_.__Ze_s._{
F_ 4561& az: é /Coo® O 96 Soc R M"c’l
!’ 55' H: 30 &L o Y _Ap =2éS N =56¢30 gpm
2Se 44:32  _ _Aoke  ___aAp =263 N =54 500 prm
B YINL ALY, *_.S_y.gca._._,_,-_ AP =2 A = 24400 RPM
b7 AWE SN & NI TR X AP =23p . N = Gfhec £P
/s [/t 45  __ Sept tz . AP Zbo _Az_.__zuoa efm
Péoits¢7 _ Sumets | 4P S 25e = 2 Soo £fm
Pl 14:59 _ L Serp td QP T2 N, = %6500 KoM
PR L __W e S a . __s0 /200 RPM mech.
A5 {—P 11 5¢ . oL = zzz, . MZ=lel/doc £Pm.
g M.a_ P AP = _N=/l0/36c epam
L- _+MM;.J_L22 _Ansbn_é.&__

qsedecod Rl 4 J[L& 43
___wm dg L
L___‘ﬂﬂ._.tl._é%__h.ly_%_w_—_
3tk #2 L’Cﬁ'ﬁf.—_ﬁ

|L_
| S—

;»p.'_’zﬂ#‘_l_ g,,zd'_&:zd‘ e o
4 ”+—[_‘1;; &W CZ«éA M m
f :—____JL__.M_%Q{ Mtpo A el —_i,_

4

¥




4 D h

... Wilhams Research Corporation WRC0129-TR-81-1

T Tméernpcom S A!zra.én -

. _— - - . - - ‘I—J‘-‘.
{, o 2 .

n i :ﬂfm::_—ﬁb_" D
L S P ,_,. ﬂ!uf" Z(I“

EVLTE AND . GMMENTS
. oaL

PLt| 14 (O bLp bP = 27.7 N =toloS° fPm
pPéS| 1019 Al Al =22 S A =/el2%0 REM
[

— e YIS Y W R, |
Lol urhine | V£ 1 Gacand & SK & ]

SO S
R e
. i

L__“___v__,“ e |

S ) o

e B e —_— _— —

B — S - - .
_.,_t,.___.__,__ S - — -

Spe— s — — - e e

;;,;
ﬁ.
|
!

|

|




... Will-ams Research Corporation
——

WRC0129-TR~-81~1

TEST NO. 496

TITLE: _MERADCOM Bid a2 PrGE_J of 2
{ COMMENTS: Compressor Test DATA SHEET &
o Hand Data Hook - U, T - L2
Y 80142 2 4 Data 24.
W lem] el BT SET T S B
/ higd cpend a0 | 3P¢ 4 ) L7%
mal CTA NI ] % (V¥ o 1270
Starf Time /45 I 1
dfgp Time I
Pl Tone INFCT AN/« i L2y [l ] 13
Tatal Len lime
- €% (Vi 81 Teznt £ oy o | 2| #.61 0C | 2.6 | 8.0
N T Yib ¥2 Qeac Lig Brg 0.5 A NJ4WD <« . 2:&
6's |Vig? §IR svrface 2.0 L] o | L7 | L8 14§
Ve LBl T frant eig beg T LTT] 100 (of | g9 | /a9 | 70p | €4
+ (o« PETIT rear zig beg o o | T | €& | Q¢ = ac
o PEINT eilvetern mrig | 3 | Lo Prel 77 | 20.8] 7@.3] o7
i PEIT feout cig brg 4 g2.0 22 [ a4l ¢ F7 1 34y
}/“EEJI T ASME WNezle kS -3 1 g 1 23T (] Juy | Iy P
PEI\T AsmE Neazle £ 42 L 9.2 fd4 | /2. 132
v e [°F] p el 2 2z 130 | 1300 1% | 73 | 130
~leg el £y Teorp cear| & RN AN/ TR I VREE N AWPEF N W) 1 Ue
» el Hozsle |oerr [ A9 | 33 [ 71 [ /7.8 22 134
YIS A T PPy L . " S L S
Lomp gl —
— +
o/ Face iR
Fingl Face LLP

A-16




B8 Witams Research Corporation WRC0129-TR-81-1

WU OT S
hd . ,‘1 Al - - -
B P g LR 42
2 LU INTS e 7. LITi Ginre
oo ! Ta (/ Li _12 ég

. PR OB NO 7__ _V‘Ai | _‘; . I /0 [’ JI

' W 0. [ Se/
__~._.ﬂ 4LL_L_Zu7_-_~FuJ__,_ _,ﬂtii_ ) 7>"1 77 Y& &7
R 7 e B e e )

— - |

T 1 1
|

}

—

7 T 2 [‘A___ L i
S ST R 0 P L E S AT L TR ST
_ ' ] - H }

A ! 4 —

A
T Y Y Z, /L"\_+ __w_a_-L JJ_.IQI

: !
o [ 6/ i, tree | . é - X A ded 2.1

——— ———d

£ ' St ooy b NGaA Y Y < WE TR iT R ) Rk e |
T T e oy ke AN 1)/ R AT W‘m—cj
T el = % T efgl B[ Fgy G QI QLT
BT S R+ = i 4@7&%/@4

R vy merere :1‘:7@:;;; ¢l Ty
e |

RSN Y S 7Py A L2 gl 130 iWifp 128 10,0,

S T | 1S TR L% e [ Ty

‘_[_‘f_"mcag P T _imﬁmjﬁm fg

I
| +
. RS S [Sliin: BSOS SOGPS S ‘
T 7 4‘1_:;-,54;_5_L_J_-.r:,m_r_ 3r,!?.,_1,ft"¢—+:fm
ZOTT TR T T e ud D Uy UGTTTOETT Y
— o wmg - : e - P, -
oI A
— e el e e e
s ——— p—— S e S
S Y SRS Wl S s pututn St oot gy

i al Face T [ "——t_'::% —

n-17




... Wilhams Research Corporation WRC0129-TR=-81-1

TLST ONO. 4%’
TTUL AL oM s0l e . -

PAGr_ OF g2 ;
3 COMMENTS s Comppesser Togt DATA SHEET__ A i
; , ‘ ; DATE 9 42 8, ‘
' FAund {)“)ju /fl’va U,v D‘;:;'l/ 10, %
; .
¢ . L /:1 4.
SIS S 0 R 1V BB 000320 R
-M '_,___I_@__Jﬁg
—— ™ 1 1760 1 . —
—— .’._‘_r R ¥/ B _ _..‘,_ i e —— — i
. - *-—-—_1— - —— - - - - —-i e e ‘ﬂ—wv——-——-—t—-_—" i
T T T I R ‘ | ;
___';_ e ema ;_—W . _?r‘;- A U !
N _ S SO [ e S !
e e 1) L S e e s ;
- —_ 1 I S S S
—_— _La.___--_ﬂ—_AL. -1 —_— — _L-, ﬁdl.-,-_ — E :
I — — e _-_-§__,A,,_ ot i : -
b ar e ] a1 o, 17 ST ! 1
_ A
RN /7 ¥ SNV /8 J,a.b —
—— L
e _....Llji N/ & J L LT 7N,
l T’ 2
] N
4 “t’-'[JI_:J(n‘ L1y ey AT KD | 2 ~ "i
ol I K Eall v‘ b
.‘l'f 17 redae rig  bry " 4s G0 | '—

;e T +

-4 PPN L by

727.3] [0y J L 51

TS K S o e
+

e L A Ak Nepzle

__‘*_L_A_ [ A g tiidr
7

Ll

, +— &—
Ll cileetecn weig 3 L 4.1 @Gl
4
S
6
2
g




.'l Wilhiams Research Corporation WRC0129~TR-81-1

rLst v, 4767
1'AGE i VOI' fz
Ce mpcesser Test DATA SHLCET ﬂ
nm_go so
VR . « e - ,/ —_—
Haound [af ek - Up 5 :70 Dl\x Mf T
TATA 77.,/‘ Pt P

___4.,. MT”JA’ 9 176 129

__,_____,fgf_h? L ChopE | 5 S+l | se2 543
.:D}Tf il see ] 4P epo] uBF5q| v P R0 | 48 20 (4R 7] |44500
”*'Tj FRSPY R 4@NY4n| 49 5% | 48Eey | 1P B30 (W28 B0 | TR CE |

a- gp’“ﬂ"u C SILRALCOM Sl w2

7 COMPIITsS

- @ " —— b ——— J—

—_ ’ L Jrane ‘r_lli_z_;._.. .
T T T R — 1 |

i
L Za T v:;,.;ﬁ_*‘_ T u.ril( Sor: 5“?71£o.o_TD;c_a_ RS
, 1 RO, —

1

| j— ———. S
Qu s [y e.5 1 0,3 0.3 | 0.3 [ 6.3 [p 3 |
PR TV /A — 6 0 o_ 1o O D |

-

NV SN 2 LA FER S vl 1o 1 ing e & | ias | 165 [ /05 ]
‘ i: 1 feer L 1";' ““v:“, llo 112 [ J(O j.o 1,0

UET el cefern mpig = 1292 13521 299 | p99q9 | 255 | 959

[a——

102,51 104Y.) (o036 | 103.¢C
0.5 | 29,1 L5 326 3).0 | _29.f8 |
Y6.0| 36| 3271 yi ¢

':-v" g ; L Lo F £ o 3le

LT ECpiE Ac2ile

E
+
>
Al B
>
N
N
5
¥

S
3
N
o

s

PP AL U 7 AR EY Y & = teod!

1§85 1(59.8 1534 (53 6] [ 539! /537

ey —— e

2
NS SR (VR | TR 4 13,7 V2] 409§ JYCR! (90 P | (9
o« %] T ASME WoZp(€ 9 | 3B.§| 3..0] 3.0 360 JeR | 37D |

S [

SR A SRS SN -'-'r__’__+_5.~‘f_,__,5.3T_L-.~ _3.0_- N = :
S S S B C AR T M I L R ,

e e e b= - - C o= -y S :
e i em e e——— e —————— e e PO . - B e e UV RSSO
L B AU S D
— s S o il st
U e S S SN IO S

- e —— - — - ! P,
e —— . —- - b

rf;r,
i
RSN




l' williams Research Corporation
]

YL AL RO

»

— e e ——— e

cM_ L

_,.:-_._.______._.__J:-_' _‘_4:1.42},,, l2q

WRC0129-TR-81-1

CELT ,;7Zf;’.-
e LRI RS NS N

i M S 7 srafer NG ro SRS A

(0% 2'0'2‘ g2
T E——————

MO CHSKE. _,';‘.9__ St s+2  S¢3
2629 ’_.z)—_;

!

[ R AV ___ganojb?afo ;ﬂza.r&ma_rmm_m_ﬂu

L TR 5808 0k 85T A ST S8 NT |SEHCT (ST |

- T T T [ = ==
LTI —

S AN L V. 12203 [i2it] [RE TiRTig 128322y

R T i i -

T et I g pia 0.2 (0.2 1 o3 1 5.3 0.5

S S P 7N 0.3 oS |03 103 [ 03 0.3 |
RTINS 0o 1 & 0,1 0.0 [ [s]

Q " ]

I TE A A T Tl ige 1i@6 (y23 |25 2g 1.17_1‘
R T G ASOPTSUVS T A b N N U B K E R0 Y X i ST B VLB |

. + "
_L/' Jj P RR S WIS s LG

v _ 1 320 | 94 " 4.8 ] 32 | 9140 << |
T 1

SRR .

L_puiyozé umo'_qﬁfi’ ~LJ iy

s AN E fie gv i

£ 1287 T 4] IR TR s_a;o_#_.zﬁ S o

e e

T Lsans Acggle

e T

7 X) 440 | Yo | 36 2140__:“4.“

i
P Ie Ly Tepn g vl
— - L5y

2 164D 70.6 . ._LJE_L.‘__DJ__E_‘-J!HL DA

- T ~ -

= .r, -~n\ «ras

55 | Uséb |

L L. "-

73597 el o7,

uj@)_I AS uz__fmzusd__i' 26 | 3570 35DV L T mes O

A_ L to By n€ _Lgepal,

T 2% ] 1.6 .S _4__1:1.__5;.‘1_1 6o

—— -t

e P

PAPRN ST ST TS BT R N s_L,“:_ Pl .

W _— S SR e p—
- . -- 7 :~—~ '—~—-—f—T-‘_;- - e e b —y
[ . — SRR ) U (S e e o
. — N R —_— e »+_._ PR ——
S NSO SO S S U S SR
— e e - ; SR S .

- - - L -t A \

. —_— —— - _— | I P
T3 e 7 4 )
et S B A Bes S
!

p— _..,...._,‘._.,..J




.'l Williams Research Corporation WRC0129-TR-81-1

Vet Bl RPN iy )
P A . A

AV T a0 12 Fo

,;-_.._ I w.0 cm«g\}——/,_sr_' s*b sYd

: — T 1A% ) 3e 3 72 . 33 74

' ,Lt.’ Cie ) TTiesie0 65 soo ‘e& 750, Fege ;62 0 &3 39

e LR .L. ‘..w $90 |68 790 168 310 ‘AaLSJL 532:04@ Yoo

v ¢ T‘nL_ A e
- o e e I ——_———— —— 4T

SYPPRSSE S S— 'f

e e V7T
- e e e — o o

AN Y S SUTX S

N I

e d ot f ..,,.__1..;__!___-____

! Ly
7 )
!
—— u“__' A L
s e e e p

SR DI - S5 OV < T 2 -_uf aoT_z.w__ (40 T
A SRR A SRS L 1- 2R VK 73 AL 12885 | 0S5 1200
- 2K TRIT398

AT L T T 3 TR T e
RPN 4 Uk TRE T3S o 1 1216
T PRI PPN S S 102 WY X A 1 & e VA L -
_:‘7_.'.';!.._—1__."_'-1.11.‘1_‘31.‘.‘.4:;_..._w.é__._-..ﬂ'f:ﬂ:.—:j?-—b—. 5T w82 236
S l-_L fp T ) TSN 927 19 e | 2003198 2 T IT0 ;
P SR ;____‘]__«a J- e 1 e sne T2 [ 182 L' 1825 |
e fog) g Auu:-_wzuq Q_1 ‘sar"L‘szf1 33&1 3. _23§1 3.2 |
<. EP ASME Mozzle | 7_{10.7 110,86, 60 ' b¥ 4ul 8.4

-- s s t LS }'i/s—"*'-‘/;f'i oS :

P oil press

Lo . I S
.- p— —_— - - P - ._l e - l_‘-__ _.1_ . - o —— i — e o e
A _.1- S U B S S
| i - ._->—-_ — ,_‘ -
S T A [ . T
- —_— e _ ] ' ! ! e~
— e - _ i v o I
SR ST £ - - . . _
. - | ! o1 :
‘ 73 £ ! ! b




lll Williams Research Corporation
-—

N

Tttt/ T - )
o Tl
e |
2. % A
- — e o —— '
- f__ ) L N -
- - -—— .____4.'_;._____.‘_ _——
- —_—— e o o =

i HLJ\;": I 'r.] .

WRC0129-TR-81-1

i 7 /;
/2 &

, ) 20
707 ,.%

S+ 3 w.0 CMsLE  seese St S+
35 | 36 37 3£ 37  4¢

| 47500 | 7ND0 77650 77400, 7] N0 77 4SO
vw‘m/ 7777(775% 17520 m,yo ‘776490

e -j S L s S——

- PR P

O v 43 1130d NS5 Ty 3% 9

= e e b

e e e e | e ._JL_-__~. B

Lol 56 |0 0 ato. .

LIV R P AR A i w L

I
I N Linma L 4
¥
- —
RN A SRR AN T

BN IS S S, PR S
! !

o - 2156 }"D:_I_'__o_f{f_ 0.
|

T LA T T Ee T e T L T T 150 [ Lo s

i

e I L S el o
‘ 3 L_I.O_LE[_JD-Z,_J.DJ.-L_{.ML_Q. it BTN
\TEE s s

1r7.00, 1303 1%.§

R SR A S S S S b
LTI TEATSE esl | Sy | REITE.0 D2r

AN W r Ol W LR - TN IR TR R ET R TR )

Ty 2T T IR zq.qji“:s.r
T (Tm.} 6T T L2038

(92230 Duo |7 I RN 322
R LA i TEmy 7 16.%. Rl

4 | yel 4b . H

- f—— ——— _— -

St Hbtetos sttt
| jr’;:t_*“ .

— i ——— =~ - -

de—-




l.. Williams Research Corporation
——

-

0T,

Vs 1L RIT
TS UH S i } Y]

T ) '774« .?Gaoo 86610 8600 86(.70 BLE80

WRC0129-TR-81-1

4 ,’\7‘ . it A

RO 12

8
90 7o ‘

—_—
CHKE Sieee 51! Sv2
4y 44 Y5 w6

Wo
Y2

5+

|

’

Ll TR T "nmo 13’6 Toa geeﬂoa«?é 30 wﬁao 26500
SRRV S B el o Rty P _; S
ST KOS /7 Gt SR s R S
T ITTTi T 1033 7R WES AV CEA L AN oul 2
S St /Pt Shuluuin AR Aot Sl W S

- - N

IR VR TN VI NN R - XN N R B < R~ S-S |

e T T e e e iors (1o ¥ N3 !
t el R i ‘130'7 T2 s f 39 o';”xu' 13rc f.f
L TlL T s e jeee | dey a2 ase an
I v rvaus Ao e o o YU -3 0938 B PR SR S-S L T eI
. ':_f"i_;jf;:ﬁéiiﬁﬁ“ﬁ?ﬂf SLET 2455, w2
.T, 7 e

'; 170—‘_{1
lato |

el

160
2By réO

150 . \:Tﬁ'o
X170 210

203.2 12206 | 22151 223, (| #3222 209

X (r) ‘E’_A L&L_Ntu.u

2L {220

T2RY | AT 53 2k

_‘ ( ‘— _"..---

A

[P . -
L 3 T A LR Te 117

L,-',"".“1!5. 1Ye - “96 NI fiw 7 :
- ’ i~ - t

—_—) —— ——— ———— s e

S —T“ _ — o {:::L_'.‘:'_ : __—_T »’-'
= e -‘—Ti = |

23




ll. Wilhiams Research Corporation
——

v AL ]

PSS SR SO

(¢, KE
4q

—_— - —
. T
- ety FURL) LY L
‘ -
—_— ‘i VA

IS SV AP J2 7 £ A I

- ~-1-: - e e —— —'L—..—~ - —1—--—‘ -

— e e e

- — -

' ) Z;.'__'_Z;..-_‘ TR S [_

Ll e —J—.—.’ & 1_';__1,__5___.$ _‘1_4_

R SN |
g e T sl Al esce N 6| _2.73-_;:2 IR

At'i- 0 2] 12057

G5%

WRC0129~TR-81-1

4 2
oA
¥C /2 Eo

5, S sa2

7 S
, tsé cm! 7/610 Qi 560 /%0 q/'wc» 9/610
ATV o S R Uéu: QleMp ;91840191 700_ ‘Luo 31:20

IH-Q Y < ;/!f /C,

- - —_———— ———— e —

—— e e -

B AN

32,9 }_du (‘1._ 5.

PRELN "-_' b J

-

t o, - P
it 2 iy s 0

_[243.1125 ]

'1'1_"0’7.,?5-“1‘ 0.¢

(7} }-’b. o
i 073 175 s
:>o.s’ ';0{ - 208
11&3_* T3 114y

452 mw' 19?3

-_.——-»A__ me—e s

G tia0e _zJA_,_..ng. 20 %
TS T 208 20,8

FIPRAFLIY ST IR

.L_,I_.

e cm—wﬁu} L

I I T L3

-_“ S S
SRS S
eI _T}" 'L,~

i
'
%
——— i
e [_

‘-}P‘
' I

Hfi‘/?

B

5] {3334 [ A3:51 3500 [ 335 £ 005
26 [ 207 31T anl_[_EI'lfi?_'J q
Lave| 243 | a7l 20

l"‘f«f 4f 4e

| —_—-—

". —_—— C e A

SRS e

.

- o e




BBE Witams Research Corporation WRC0129-TR~-81-1 i
—— ;
! ' v /2
”
20 /2 o

75’% \—""? 106 70
S*3 S5t4Y we. e 3 5}(
S35yl 55 se ‘57

-‘J__*—].‘Q_- | II?
Lelllerl Todlel e

I A

o | 50 Viée T 160 L 10 s

1300 306 |320 320 . PYp 40

ST s i s Ak e azees [ 725, 2B 1242
[ S

SRR PRI R S SN o*_;usil%ﬁ-uesm 19%e 1So¢

TN L s T2 Y] 2k ] ZDLFLLE_,L_JJLL 70]
R ATy -&’—rﬁ?:.jr_é_.:?i:;_ﬂ.l‘iy R0.F 209 0.6 A2H
1 O PR PEEE [N M F TN W11 7Y -T2 R .L%m.a 26T P

3 ';-‘..:.,‘_ PR (P SEYT . g -_2.)@-.2354&4&7.15 6 MJJ 243.3 _9‘19 ¢

u(f) ‘r asua_ B2kl A _"2L.el .2 20 w:q’l”_zon 20

Y O ':.'"‘ 2 >\ 23,2 | 3¢ S RET .’LQ_L-L 231
SRR 2 ST BELEREEL ST RET AN
l f " | - (“
R ST
- ' ; oL
- I T
A-25




..l Williams Research Corporation WRC0129-TR-81-1
———

Vo Ml rl ) RAN * /} /2
'( v N : v, rog IR I / ." ' i
. . 0 . 2 ° /2 ge
e 5 100 70 ‘ 10.5 %

U S+ St 3 Sf ‘I WO  CponE €
Lo |f L 59 - 6o 6 }( &>
DERVEE AR S 96MI0 (96310 96450 10159 /0

le TE T aeved 1963w 96390 1 01500

SIS — | —  — L —
- m e — = K ! -

e e et Ll B s L T
L '_’.".;"_":;‘_“.3-_ CUIpige v <o | iy (R

P U - - ~! | -

e __;L..._.-I_,.A i

A-TA- R A1 -2 3 L_L_g |

.- . :.—2...._’_:;‘.JA,._L;4, e o

- - R L -
A N S BN B, X 200 MY YO0 Y- . 2 -
SR L AR TN _ 1 WV

b g —_— — o ——— g

S S N I S

41 . !
SOV S A SN SIS SR NN N -39 NS S -~ 1 N D& 0.3 Loy ).
= L l Q-

- o - —— = —-—.—L

|
B T L -

I I B e [ s T b0 EPTSE
Y TAT T T | EasT e as | sup: RY

[ -

Q
: _ I PR S S A R =4
SRRSO B T WET X dlmz, 1_2>-0 . 13_1‘5:]» A 4y

LSO LT ST S + |

L A T '5"'{'“20‘? ‘fale._

. 1,_4;. PRSI VU RS - T

Il Jf?i?‘;ﬁfiﬂf :
. x R A
:"‘.‘:-.J- SRR U N R 8

Q((r) T ASHE rmuf] 1122




u—&w v

l'l Williams Research Corporation WRC0129-TR-81~1

2 . . o | ) . / /2 12

g\ | . 10.5"70 20 2 So
L i LE
181350 104 s»

s %) 300 0332, R :
' oot bes | n ‘ U S

I s i 16 4:] Tl

» —1__ -Ju;u_ u m } I

o I T .____.,4.__ v ~
. -

ey - II’AL/'« I.".‘ J.L_‘ )

N HaT A P S N

L ,'._T._.f—_._‘__...__..;_._ N lI.J N 4 T el i
S I R S
e b T T el R L T
L LT — - AT - 8 IR '
3 R B i ‘ -
. S e BT C TR & B
- — - — . l J - -

3
U 4.:..’; Ty e . R
5 ;au b dees e T

e (r}' T asu rmz,,ql Lf'“o;o‘]”:i'_i' "5_‘.“:;".:(““—Y'-’J_*}

a1

oo T e N S —— _._'.I
T e - Sttt Rttt Set R Rt S sl

LTIz b
e — = - - | ]
U ST o P
] T T 1 i l
. e V4 ] .

a-27




B88 wiiems Research Corporation WRC0129-TR-81-1

TEST NO. 49€

TITLE: _AERADCOM gid * 2 PAGE_/ OF _2Q

Test DATA SHEET 8
DATE
& & %

S

COMMENTS : [om’I(JK oy
”aﬁd 00*“ #p.‘ - Uf

Meet  PPH £ P47 pray3 fop - smig P bR
) el WEND £.e o. L% O X
L

B, C°N pa 2
Aad 4 dogee [570¢20 |gp@0 | N r &SDlerioc
i P - Y i -
17, Jizm] 6K tecac) PPYPYRIRL TV, ] sfrso}z,377 ]

Start Ta 1S 20

.({AYA 7:..&
Total Lun Lene

Llatec Temp ["F] 1183 1/54 ¢« 1141 O Lig2 ®

* btn  Anp 2 F3 5 3
L 3
W Ol Fregs A2 45 so Se
-
[~ ] [ Be $so | — oy
ol
L Lol Hamid?,

TN




.
L1

l l Williams Research Corporation
——

WRC0129-TR-81-1

—_— TEST NO. 4%6
TitLe: _AEK AP OM Lid # 2 PAGEZ of 2
COMMENTS: (' ,ppressor Test DATA SHEET _ 8
. Y DATE 20 &0
o Faod Dota bk - U DAY “Md.  YR.
¢
- 6r 36 0.p.92 pP 4t WSS 0P 62 pp g
| FRoBe NO OCLO. W e w.e. | gge
- \T: J— g -4 —_
o lem] gh sy . - 137500 .1 ?/e209 iésez__/_w%‘m&a
- L .. - -
4/ !e:af ,(.’¢ e, . < VU 25001 5800 |yp) £20 . 4y 3O
—— L
rJ;z-‘L Tixon
!
] ({ 'A___ .r“-nﬂ
cutal Evn Tieme
“atec Temp [7F] 6/- 85 121 ¢ 1762 3 li20.~x 14201 lteg o
Loon Wm'm X - 2 2 R >
Ol  Fegs - 2] Lo L) S = 2 <.
’—,—r flh n Tﬂnm'ﬂ
Ny Lavem. for
Dol Semid s !
7
- I
H T
+ ,
L
=
]
N R T
- ] “,— ————— -
L -
_—- _— o
- ) I A A ]
I S —_ !
Z S SV SO R
S }
' i
—
1
< i
N, 1
411; T
1
n-29




wuesteu” = Ad o8N Ui d431IVM 4L SIN O] wuet o dboafLL
— DJLLOYLLU = AaNdaaw 1 455¢ Wviddiw 40 S3vIND wiAs ulSdaANG
f ULU9Lio7 L = I5d 01 Aaldddw 40 SIHINT wubs NUISE3IALC S
- 07¢i 28 s INVISNOD TWNGILIVIIAYGY
@© 0$98°8s = INVISNDD $w9
U 006670 = (1N3d)8dd) INILII4430) viyvy 3AT1123444 HINOWI idy
mm seLute = 431 iwv]l G HINONT T 3y
1 Qublu™y = dULIY s NOLSa3IANUI iNN0) 03349S
o 0°0%0U60 = G33aS 031318803 NYISIJ c0SSIBdw0)
N
—
Q SBLLIVE NOISHIAKUD UNY L 1nVISND)
0
m 0006°0= Cith3ludd) VIHY 3AL1133 393 101X3 a0SSidaw0)
Q006 0= (IN3Ja3g) wiav 3A1134443 39d3 YUnillval 3INVA TalRS3Q
0006°03 (iN3J¥3a) wiby JALID3393 3903 ONIOVID IHvA INIAS 30
0006° 0= (iIN3I83d) v3I¥yY IALLI3443 11x3 83SN41Q GINwA
0096°0= (iN3Dv3d) vIBY 3AT133443 LvO¥ki ¥3SNa91Q Q3hvwa
Uu96°0= (1hddadd) visv 3JAT1D3443 ONTUVIT 83504410 Q3nvA
00ué° 0= (1N3383d) viav IATL 03333 11x3 a3V V3gnw]
0086° 0= (tN3)83d) v3gy SATLII3443 B3INUN] ¥3130ml
U0¥6 0= CiNII¥Id) VWIdvy 3ATLII343 1IIND 90SS38dNG)
SU3iAmvEYd I IWYNAAQEIY 50US5S J8dN0D (o]
™
|
6l «3903 ONFivot ¥93SR441G QINVA 1w SINVA 10 dIuwiN «C
6t = 3903 9N1Av¥3T ¥3SNJ4410 QINVA Ly SINVA 40 a38mNN
fL6° Lk ITONY IYNLIVAEND QEVANIVY 83113ddl
© A3 L 1ixX3 ¥43INTM3owl 3IHL 1v S3AYIE 410 YIQWNN
74 = 3903 INIOVII ¥3V7134W] 3HL v S3AVIH 30 43GwON
Otes°es LIX3 39v1iS 1v SNIuvy 3QISNI
0leeces LIx3 39viS Lv SAluva 3418100
‘0= 3903 ONITVIvyl 3INVA THIAS 30 v SNIave 3AISNI
“0= 3943 ONITIv¥L INVA THIMS3IQ LY SRIQvy 34IS1N0
‘0= 3903 ONIOV3IY INVA T¥IMS 30 v SN1dAvd 3QISNT
‘0= 3903 ONIQv3T INVA IHIANSIO Lv SNIavy 3318100
uosSL 0= 1H913H 39vSSvd LIXx3 ¥3SN4310 QINVA
00t e » SNIGwd 1IX3 ¥35N43110 G3InvA
00§1°0= LHOT 3H 39vSS¥Yd ivOuNt ¥3ISNI41Q Q3INVA
£702%0= HIGIM LVYO¥HLI ¥3ISNsITQ G3INWA
00¢1°0s= IH9 130 3I9vSSvd 3903 ONIAv3IT ¥3SNJIJI1IQ A3INVA
0210°¢= SNIavy 3903 ONIQY3I) ¥ISNs41Q AINVA
0951°0s LIHOT3IH 39¥SSvd 11k3 ¥31V3an!
$026° 1= SNigve 11x3 ¥3V13aml
094%0°La SNIgvye 30vIQ 340 3903 ¥3INQNI
06LY°0= SNIAvy 8NH 33INGNI

SIHONT NI SuIlIWvdVd DIni13WGIY H0LS 3uand)d

SINVISNO) Q3J¥0LS ONVY S3INTyA [NeNT SNIQNIINI wv¥908d IHL 3QISNT Q3ISN SINVISNOD

5062°St ¢ NNy 3IWIL i oN 1SS! [+1] 22 21 31ve 1S5

18761720 ¢ NNY 31vO viva 804 21070=(070)) 3IINVHVY3IT) IviXv Iv NNY dulrl ¥OSSIBAWOD 25 8M &3 )0VYIw

NOT1INQIY¥ viva STy 1531 ¥0SSIddwd) TvONIIWINIY NOILVEOJNO) HDUVISIY SWYITjMmes

... Wilhams Research Corporation




1ﬂ [ WEN YA Ju8VHIS Ty dOSSIdUN)) dHL NI Sdvi 38553 ao 200vi. su divaiit
— 0 s L1X3 49v1S ML 1Y Sdvi 34NSS3da Dlivid 40 g38miin
fo's) Six £1Xx3 39vES IHL 0¥ SINIWIDI IaNLvdIdW3L VIO 30 BIBWNN
] 2i= LEX3 39¥1S 3HL IV SINIW3ITE 3IuNSS 3I¥d IvIOL 40 ¥IBwNN
o Q = 4903 ONLIIVYL INVA IBIMSIy dHML LY SdYL J¥NSSI8d DlLwis 40 838wNN
(=] U = 3V63 ONIOGY3T INVA THIMSIA IHL LY SdYL 3INSS3IBd Jliwis du HIHWON
| 0 = 83SN1413 Q3INVA JHL 40 WYIHISNMOG GNJd 3IHL NI Sdvi 38NSS3¥8d J11vis 40 436whN
(o2} gle 1A0AYY sNVYA 4HL NO G31107d 38 01 S380SS3Iud IILVLS w3SNd 116 UINVA 40 d38uiIN
~N § = LIX3 ¥4SNJI41Q J3INVA 3IH] |v SdyL 38NSSIdd dllves
— [ 1VYOQuHL ¥3ISNIJ1Q GINVYA 3IM) Jv Sdvl 38NSST 80 dllvwis
MW [ 1vQuHL ¥ISNIITA GINYA 3IHL UY SINIWITII 34NSS 3¥d vi0l
9 =z 3943 ONIOVY3I ¥ISNII1G UINVA IHL 1Y Sdvi 339NSS3ad JHIiyls
W 0= 83SNJ310 ANV 83IVT13dWI 3HL NI3IM1IIB 3IvdS SSIVINvA IHL NI Sdvl 34NSS3 83 DIliwys
O = SINIWINI 3BNLVE3IdAIL Tvi0L ALEAY) 2IVE 83VV3gwl
\ = AQNOUHS 83V13dWl 3HL NO SNOITLVYIIY 38NSS3d0 IIIVLS d¥L 3VdiliNk
Pie QNO¥HS 837173dWl 3HL NO SNOI.LVIOT JuNSS3Ind JIILveS avi JTINIS
0= 3903 ONIAVYIT H3IINON] ¥IVNV13IdW! 3HML BYIN ¥0 LIV YIvAM 3JQISNT 3IHL NO S3IuNSS3ud d1ivis
L= 3903 ONIOV3Y &32AANI 33373dwl 3L 4y % L2 Ly VIVA 3GI1SiN0 IHL NO S3I¥NSSIdg JIiviS 40 30WNHN
0= 4963 ONITAYIT Y¥IINANT ¥ITVIdWI dHL HYIN 80 iv SiNIW3ITI 34NIvEIdWIL IViOL JU S3ERON
Q= 3903 ONIQV¥3D ¥3INANI ¥337133dWl IHL B8Y3IN 60 LV SININW3IT3 38NSS 38d IVE0L S0 83IEwWIIN
0= 13IN] 80SS3IWAWO0) 3HL 40 LY¥VLS IHL AVIN MO L1V 1lwA JQISNE IHL NO S38NSS3ud JIiviS 30 6I8WNN
” = L13IN[ 805534dwW0) FHLI 40 18V¥LS 3IHL dYIN ¥0 LY VIVA 3Q1S1N0 IHL NO SIUNSSINI J11viS 30 ¥33IBWNN
6= 13INE 80SS34dW0) 3HL 40 LuYIS 3IHL 8V3IN 80 Lv SIN3W3III ISNLI¥NISNIL Ivi0L 30 #3I8wnN —
6 = 13TIN]1 HOSS3IWdWO0) 3HL 40 L8VIS 3JHL dAvIN 40 Lv SINIWITNI I¥NSS I¥E TViI0L JO ¥3GwWNN JJ
? =2 SIN3WiT3 J8NiveIdmILl Tv10) XNVY H0 3dld LIINI 30 83IOWnN <
y = SINIW3II3 A¥NSS3Iud T1vi0L ANVL 80 Jald L3IN] 30 H3IGWNN
£ = SINIWITI JaNIV¥IdNIL HINOWI IIE 43IK] JO HIGWAN
S¥313Wvavd 3¥NSSIUd ONY IuNIVEIdwILl LNINT 40 B3UNNN 30 ABYWRNS
ON = 1531 AINO ¥010¥
S3A = “ON SQGIONA3Y 3034 G31233880) 3INVWNOLUIG
- ON = ALIGIWAH HO4 G31I33803 3INVWHOI#3d
ON = INGNT ST d0Ldwy XBOM
$34 = AdIVHINI NO Q3SvE AINIID1 443
Sis = NOLLVYIN}IY) 41X3 39V¥WLS
ON = NOIL¥YIN)¥) 3nNvA TaInsia
m ON = NOTLVIN) V) ON3G
-] 534 NOIE¥INI WD y3SAI11Q CINVA
W ON = NOTLIVYINI Iv) 3)vdS SS3VINVA
5 $34 = NOTLIVIN)IIV) L1X3 OGNV ONOHHS ¥31V3idwi R
o §34 = AINCG 1NdN] 831N0Sa ¥3INON]
F oN = INdNT vivd FTONV 332NANI
5 ON = viva 38Nive3daw3l V101 43INAN)
M S3A = NOLIVYIADIVYY 3903 ONIQY3I ¥3IINEN]
H S3A = NOLLYINIIND 137N1 30SS3I8dW0D
-4
an
m Q32173310 SHI 10 myanQod
2 S0S2°SL T NNy 3wly L 9N 1531 : 08 02 21 +ivY 433y
18/1720 ¢ wng 3ivo ViV0 804 210°0=(0703) 3INVEVYII) IvixXY Qv NNd GolH; H0SSINomO) Yion wi lwniw
-
] seNOTLIN034 VIVG 914 1S31 ¥OSSIddW0) TVOG4TuIN3) NOLLIVBOAMO0) HIBV3ISIE SWYIITlnAes s
-




WRC0129-TR-81-1

Withams Research Corporation

5082781
18/51/20

nhe 3wl
NNa 3194

U1 wilnwy

[FEUERF I

30 36 1A 391S11 631413345 LON SI SNOIIvIN)v) NI Q3ISN 3y 01 isNivaidddl TviUL LExa"T T TUNINGER

veid du 111M N3IASe Q3T3PI3ds LUN ST SNUIIvINIIVY N1 U3Sn 48 01 danuSidd D1ivis 1Ixa™ """ 9nlhyvn

041 Qit1INv33a 38 I11A 391814 “G314173dS 1ON ST SNOIIVINDI¥) NI G3SN 38 Ol JaltsSd8d Tvidl 1Ixa® " ONINEVA

(INTL1) SNULlLY

(INIid)

915d=
9iSd=
9lSaz
91Sds
91S8d=
91Sds
9lSd=
91Sd=
91Sd=
91Sd=
9iSd>
915d=
91Sds=
91Sd=
PARY-L
91Sa9=
9iSds=
91Sd=
91Sds
9iSde
91Sa=

WidIv) NI J8Nive3ddwidl Ivi01 L3IND 4HL S¥ a3sn 38 11IA JuNL va3dwil IVI0L 1ITVNT HULSIngwu) T T ILI0N

SNOL21¥1AIT¥) NI 3uNnssIye Ivyi01 13INI IH1 Sy 43SN 38 111M 3EnSSiud Ivi0L 137N] H0SS 18aW0 " T T IUUN

INIWIENSYIW 38NSSTud IIIvLES WNANITd 39 4vHISI ¥USS38AW0)

INIWIHASY3IN FUNSS3INE DIpvieS L1x3 39veS

INIWIANSYIW 4¥NSS3IHd IVIOL L1x3 39VLS

INIWIBHSY 3w 3d01SS Jud JEAVLS 3903 9N1 vyl 3NVA 141mS 30 :
INIWINNSYIW 38N5S3yd dlLvis 3943 ONIGV3IT 3NVA TeInMS3IC
INIWIBNSYIW 3dNSS3IBa DIlLvwisS ¥3SN441Q Q3INVA 3O WV3IBLISHMOQU ON3b
INIWINNSYIW 0311000 J8Y L¥HL $34NSS3Idd DIt ves ¥3ISN3IIIQ Q3INVA
INIWIENSY 3w 381SSIud dPavLS L Ex3 #3SN441Q0 Q3INVA
INIW3ISNSYIN 34NSS3¥d JILVIS LvOaHI ¥3SNI41Q G3NVA
INJWISNSYIW JsNSSI¥d Tvi0Ll L1vO¥HL B33ISN4310 Q3NVA
INIWIBNSYIw 38155 3da 31iVLS 3903 9NIGVID ¥3SN3310 Q3INVA
INIAJENSYIN IJBNSSIad D14 vIS 3IV¥dS SSIVINVA
INIRIBNSYIN NOLLYIOY avl J1AVLS 3141 LNW ONONKS 4317 3dwl
IN3IWINSy 3N NOlLYDIOY dvl DdELviS FI9NIS GNOMHS %3173dw!
INIWIBNSVIW 39G3 ONIQv3D ¥3IXNAKT #3713dwl 1¥ J¥NSS3Isd II1viS 1M 301Snw1
INIW3YNSY 3w 39G3 INTQVID 83INANT 831713dwl v 3I8NSSIud I LLvisS NIvm 4015110
IN3IWIBNSYIW LITINT 83INGNT LY 38NSSIad 1vi0t
INIWN3BNSY W 13ITNT H0SSIHdWOd 1Y 3UNSS38d JILiviS TIvM IQISNI
ININIANSYIW 1IINT HOSS3udwO) iV 3IFNSS3¥d I 11VIS Tivm 3G1S100
IN3IWIYNSYIW LIINDT HOSSIUdMO)D

INIWINNSYIA XNNVL ¥0 3dld 13INJ

A-32

Su31IWVYYdD IBNSSIYd ¥OI 433N GINTy 9ONTdNSVIm

3 oN 1832 - N ue e ¢t 31vq 1S31
«»(axo.u'o.ounaJOUVwuz<x<w4ua<_n<b<z:xoz_=h aovww;u10u4~azzoug-aur

eeNQOTi)NO3Y8 wivd 918 1531 ¥0SS3¥dWO) IvON3I1ulN3) NOILVBOJYOD ~IdVIS3YH SWYI 11IFse




e - i e AC [t iyigationiiig - o

—
] '
-
3 ©
!
[+ 4
=
1
[o)]
. ~N
~
o
g
gy ££8 ] 248 407 959 Yoy L2 ys
‘0
‘0
‘0
‘0
*0
0 -
0 o ;
— ty - - 1
‘0 e
671°8L8
Se9°BLS
986°228
928°LLE *0 ‘0 "0
- 22828t *e - - ‘0 *0
‘0 °0 ‘0 °0
899°%¢8 Y 187°6% “0
79L°6L% ‘0 226°9¢ °0
821°s¢2¢€ "0 §$26°5¢ ]
‘0 691"€L¢ ‘0 ‘0 *0 ]
*0 0g2t02¢ ] 8¢0°Sy "0 °0
‘0 276%°69¢% ‘0 £87° %y §77°9¢ "0
"0 929°69¢ “0 0e8°2% 0§2°s¢ QuLTge
*0 261°69% *0 94§°24 *0 vo9°0e
Y 1€9°69¢ ‘0 992°2¢ £0s°8¢ [T ¥4
(xIv611) (391811) (aNT1L1) (WL (ANVL4) (11381)
ALIAY) xdve 11x3 3903 9NIOV3D 13IN1 3dId 13N} 37220N
CERREXTT 39v1S ¥3INANI 305 538dw0) 40 ANvL Jusy

INIANYY $338930 N1 SIOVEIAY wiIIA LTINNIBYY S238930 KI 1NINT SV S3I8Niveidwil

S0$2°SL  : NNW 3wl ‘ ON 1531 08 02 24 31ve 1S31 ;S LIN1Dd4 vive
18761720 ¢ NO8 31va viva 404 £10°0=(370)) 3IINVEVYIII IVIXY iv NN AB1HL ¥0S5SI¥2a0) 9:4M 4230vaiw

*oNOT1JNA4a vivd 910 155F 80SS3Iudw0) TvONF1ULINID NOLLIVYUOABO) HIYviISI g Swyvlillfmee

' l Williams Research Corporation




WRC0129-TR-81-1

ll' Williams Research Corporation

“0 ‘U
(N3IdSdd) (39155dy8)
1viS N3INg 1VviES alx3
39av¥HIS IO I9vLS

2L8° LS *0

"0 ‘0

‘0 *0

‘0 *0

280°¢Y °0
£92°2y °0
282 ‘0
(N3VdSd) (3915S4d)
INiviS JLivis
WONI Y 11%3
I958YHIS 1A Jovis
*0 ‘0
{SINASIY) (1NuSd¥)
Jlivas dvy “11Nw
SSITINVA QNOYHS
‘0
*0
QO -
°0
‘e
°0
‘0 ‘0
*0 ‘0
0 ‘0
*0 "0
‘0 ‘0
‘0 ‘0
(SINASY) (NSd)
dlivis JI4vLS
IIV4S dvi 14w d¥
SSITINVA GNOUNS

S0s2%°St & MNAw ML
1874720 ¢ una 3ive

‘u

‘4

‘)

(39151dl) (1IASU>JB) L] IMSUS DY)

lui 11x3 Jlivis

19v1S

622°¢S

‘0
L7€°9SY
L4878y
66%° 79
886° 9y
Sig°gy
61297
XS R A]
2588° 97
2878y
A NAS
218°5y

(391S814d)
vioL
11x3
39v1s

20492
(2298 1)
Ll
££8°61L
678781
"§$°¢5e
(WSd)
31ivis
[ ¥ IsT ]
ONOYNS

viSd NI S3I9vy3AY HLIA O1Sd ANV ABNYu34

31 Jilvis 31
q41m$ 30 quIns3c
‘U *0
"0 *0
‘0 Y
"0 "0
Y ‘0
*0 ‘0
*0 ‘0
(3IINSASd) (IINSASd)
J11vas Jiivis
®3°1 INYA °3°7 3INVA
YIRS 39 I¥IAS3G
*0
(INSSdd)-
dvi 3TINIS
dNOYHS
°0 291°6
"0 $6%°9
*0 gLe’y
*0 968°1
"0 28iL"0
°0 9¢L0°2-
*0 809° 2~
‘0 $96°2-
08st 21 662°¢-
180°S1 718~
£2ET 71 £80°2~
292° 21 6e2ve~
(88d) ($Sd)
JlivLs J31ivis
dvi 3IV9INIS dvi 3IONIES
anou4 s INQUHS

ON 183¢
viva ¥04 21070=(G70)

(ANIQ1Sdy)

u
(IN3adSea, (1 13054d8)

IvlS Uh3se  1vis Ll
w3sSNadiv 638743140
‘0
"0
°0
Y]
‘U
‘v
*0
‘o
‘0
°0
"0
*0
i ‘0
Y "0
°0 °0
°0 °0
*0 "u
‘0 Y
(GN3uSa) (114405d)
JlLvis Jiivis
GN3d L1IX3 @3110%4
83IsNiila 43SN4410
*0 ]

JI1vLS Q1 J1ivisS Q0

¥3)NAnNg ¥3)NANT
*0 458710 L
‘0 *0
°0 ‘0
‘0 ‘o
*0 ‘0
°0 °0
"0 $96° 2~

(ONIQISd) (ONIQOSd)

I14VLS Q1 D1iviS Q0

OWlJ
43INANI

.UIJ
a3INQNI

(GN1G0Sdd)

LLst ey
CATRS
007" ¢
Bey 2V
9697°27
183° 27
LL9T L
SUd°0v
¥evt 8
[ X198 %1
1gg gt
LUTT LS
$w8°9¢
6L éc¢
£02°¢¢
(Y-YRF¥4
y28°22
Sis 6l
(11d40Sd)
ILivis

9311079
¥38N4414

‘o
(ON]1cy)
Iviod
¥33NANI

‘0
(GN11d)
Iviod
31
53)NAN]

“01NTg 62 wWylbuiw

3INVEV3I) vIXy ¥

C113G>u0)
1v1sS sk
3357341y

[4. 2

Li6°2y
29181 °¢
00%°§v
(3136Sd)
Jlivis
11x3
¥3sSN4410

w

iy 3dSaa) (g dvica)
Lan}
a3sng414Q
2340583849

1v1s lang
LEMIFER §Y]

11 3%

§28°¢%
188° ¢y
§02°¢.
(H14QSd)
Jiivis
LyQuHL
43sniila

"0

u
(INIGiSce) (INIGOSTY)

Jlivys al
137IN1

%)

.

.
cCcocc

‘U
(NIQISd)
JIevis
ol
1£3IN]

Jitvi$ Q0

13IN]

958711

"0
°0
662°%-
LAY N
f¥0"2-
6¢2te-
(INIGOSd)
Jitvis
a0
137N

‘galvn S0 SIHINL NI

oe Ge 21

J1va 1

eeNOL1)DNA3N VIVE 918 1S3l ¥OSSINANOD TWONIIMINID NOIIVEOJEOD HINWIS3 s SWYIITInmes

10

]

(Hi4d19)

Ivi0l
IR 171D

d43snidta

*u

(INfLce)

Avios
1381

o

(3Vius a8
IR NS N

¥43$Ns4lu

IIN3wisdy

719t

U

TR AN
$78°92
6Ly 22
Slatol
(3144%4)
Jitvls

*3*1
43Sn3410

O
{(XNvica)
ANV

80 3o0ld

$34NSS3dd IINFA3II

626741

0

‘v

0
65 U~
€660~
165 °u-
£65°0~
£6$°0-
£65°0-
765°0-
76$° U~
26$°J-
(INTLd
Wvi0i
13IN?
“dwU)

UL LE

$31 8

6Tl

£6970-
£6$°C-
£65°0-
08$° 0~
(ANVLd)
dole
JERLE
¥0 2NV

sv SIUNSSIdd

1N10d vivae
NN QuIHL BOSS38dw0) 25 uM w0JAVY 1w

3

A-34




T —— T e - —— T e e R R g T TR T wse s L e e eyt om e — PR — e

- - . -~ - e e —— *-.I.tf- RS [ S U s SRS -7 - LT
r
LTty 76§2°0 LR TR 0Lcke™y Lee89°0
b3bwin AINITIN433 AIN31IL1 343 8031 dv4 CINT LY
— HIYw Ivi0t Tv1018 »a0m JINDLE=-3915280)
qr ilx3 /I¥101 /d1ivis l AR TR FI
mu 66727 SOLL"Y ¢u8l°"0 18296°0 4258670 LSt o 660 oL°66686
o (IN1§a/391S1d) (INILd/NITASH)  (IIS/WET) vilie [ ZELTY (23S/wWe) 6334d$ (wdd)
[ Olive 38NSS38d Olivy 3JuNSSIvd LIAF] nots Lu0s LX&F! G3133380) 0334S
1 IVLOL/IWLO0L AVIIL/ITLVLS 1381 © LI'RF] 031334800 NOIS3Q INIDHElg G3133880)
[o)]
(]
- 40 363870 ¢J 329870
o AVO QuVvONViS viva 1831
O NO Q3Sve NO  Q3sve
“ ¥30WAN $CI0NAIY HIEWON SUTONAIY

(ONTLi GONY ONILd) 39503 ONIAV31 ¥3INONI 3IHL 1V IANIvVEIINIL ONV 3UNSSIud 39VE3IAV 3HL NO 035vE SI g36WNN SGIONAIY wiva 1S31°°°"° 310N

¥3IGMNN SGIONAIY 04 G31038502 IINVWB04830 1IVE3A0 3I9vsS

"
-
$912°0 865.°0 0022°0 0e¢setU L2489°0 1
. . . 9AGAON  AINITIEASD AINIIDE443 ¥012v3 (Wi <
HIVW w01 1v101 X80M FINTEL-394822)
11x3 71v101 EITO 2 L7 1 w113g
225279 5811y 298270 18276%0  £4506°0 1255°0 6766 61766686
(INI14/391S1d) (INILA/NITdSd) (IIS/WET)  vi13d vi3nt (33578 0334$ (W)
. Olsvy JNASSING OLAVE NNSSIUS 8014 POy 1405 A0 031338803 a334s
W101/1W100  IN10L/3TLVLS 13N ® A0 @3153880)  N9IS3IQ N3IBI  A31)3440)
JINVWH0I83d VIVEIAD 39vLS GI¥NSVIN
m 00%00996 = SINNO) wWdY
W 6% 1°¢ = (2 ¢ S3IHINI) v3k¥Y 3II720N
po2t22= (02H *NI) 372208 4 v1130
] 000°9¢= (A13HNIYUVI) JoNivaidwil AINIIGWY
o 225°91s (VISd) JUNSSIud INITGWMY @313u¥0)
] 069762 (9 °NI) 83.3W0s¥E8 G31)38N0INA
, 3 .
M sayiva@ LNDLINO AINVN YO Y IAde
:
] 3 §052°6t ! wAw 3wil : v on 183t - - = 08 02 20 31vQ 1€31 IS ANIOd viva
18761720 © wNY 31va ViVO ¥04 210°0=(0703) 3INVEVIID IVIXv Iv NAU OBIHL WOSS3Iudaw0) ySum WOIGVEIN
““ CeNOE1INGIM VAVG 1N 1S31 MOSSIEAWO) IWON3141N3) NOLLYNOSHOD HIHVISIE SWYIVIIAes
[




-
[}
~t
[os]
1
[+4
B . . . .
) 2%99%°0 2§0° 4068 SS0¥°0 $clT L K
o ?7%$°0 §80°¢¢$ 7218°0 EER RN £
N 250%°0 9875ty ¥268°0 trv° ¢ 2
— $922°0 92148y 1288 °0 H-Yary ‘
o YIUWNAN HIv W $238/7439) A113073A 34055 3dd IVLIOL (viSd) saNsS3ug d3annh
@) IYNOIQId34 IYNOIQT Y 3w /39NSS3I¥a 21liwisS Jltwss PR Y NEN
W JYNLIvaIdw3l V101 0I8NSYIW ANV “35NSS3¥a IVLIOL GIYNSYIw “3uNSSIdd DELVLS GIWNSYIN WO BI B3dwh HIVYN ONY IREDIEELER R IT RPET
yuLe"0 [ - R NY
(ANU33S /4 1439
b 3ONAN HIVW TYNDJ QI H3w ALIIUTIA IUNCIO] Y g

086°0m 80L43V4 39viI018 IIWYNAQOYIY INANI ONISN NOTLINMS A0S WOMS ¥ IUWON HIVYW QMY A1 iD0T3A TUNOICTudw SwWe

CELT55Y £86°0- visTat $rs - Vo) ]
877°%6 6970~ Gfo"x 1 69/ °0- ™
SLLT26 200°t- 826 %, LIVIA S ]
CINTUNVE $338930) (SIHIND) (v1S4) (S 3IHINTD) <L
34NivyIdWIl vl H J¥NSS Iy Tviua N
NOISHIWml Tvixy HIVI 1V G3IOWHIAY ¥ivd LN3wils 3ave
200°*t-= (SIHINT) 3ILwNIQEUOD IvIXy Y1vM (HAK) EINNT
LGo07°L = (SIHINT) SNIOVs 11¥M (hin) ashN]
£$9°0-= (SIWINI) (Z)ILVNIUHO00D Ivlxv F1wM (Qludns ) 83110
Jurti = (SIHIND) SOTgva 1lym (QhUsws) E3i0Q ]
f = SIxvd I¥Nivy3dwis IVIUL 40 ¥IERNN
£ = S3IXvy FuNSSIda IviO0L 30 adewnN

NOTIYINIAIV)Y 13IN] 40SSIouwW0) 3IHL 803 Sosllwvdwg LEani
CINTLL) NOTLVWLES £3INT 40SSIHAWOD 3IML wO¥4 Si NOLLYINDI¥D 3HL NI G 3SN J8NIve3daw3l IVI0L 3YvodAv ****3iun

CINTLd) NOILIVLIS L13IINI ¥0SS3IudWO) 3IHL WOus S1 NOILYIN)II¥) 3Ini NI G3ISN 3aNSSI¥d Tvi0d ERAEEF Y Bl D § 11

NOTIYINIIY) 1:IND 90SS3dawi)

$0%2°si Ny 3wl { oN 1831 - o 02 ¢4 31¥e 1$31 ¢S 1%i09 vave
18/$4/20 ¢ nis 3iva YIVA 803 L1070=(000)) 3INVEYIT) Twixv Iy NOY celsl 80SSdnsal; 748 A v 8w

*oNUGTLIINGIY wiva STY 1531 8OSSIudWGD IvONslaitdy HClLvH0dY0) HIOVIS3Y SaviTiiFes

l.. Wilhams Research Corporation




WRC0129-TR-81-~1

lll Wilhams Research Corporation

- S VLT e T T T T T T e —
‘0 0 ] *v s0%%°t 1886°0 L50uT8S £99°6v01 e$te¢ 0 Sitouy th¢ioe
SWy 04 ¥IGWNN  (S3389340) (23s/13d) SWY 04 438ANN  ($3349230) ()3s714) 4384NN (S3J¥330) (3397140
0liva *13A HIVN 319NY dlv  ALIDJ073A Olivyd “13A HIVW 319Nv dlvy  ALIDOY3A HIWW 319 dlv a1l lulia
TYNOIGI¥3W FATLIVIIN  3AIIVIIN  3ALLvIIN IYNOIGT 3w 3A1LVI3Y  JATLVIIN  3ALLVYIIN AATAIvI3a 3Allvidd sAlawide
IIvm BINNI MvM 43100 Sad

3903 9NIGVIY H3DNANT 8371713dW] 3HE Av SY3ILIwvavae Q3LVIN) Y.

95250 621°95S §628°0 255° 11 3
¥IBWNN HIvU €23S/13) ALIDO3A 34NSSI¥d Wvi01 (¥15d) 3ansSsiaa EETTIIEY
IVNOI1Gluda IYNOIGI YW /3¥NSS3¥d IILVWLS Jiivis Jliwis

JUNIVE3IANIL IVIO01 3YVY3IAY OGNV “3UNSS3¥d WVLIO0L 3I9vdaIAv “J¥NSS3ud IILVLS nwuszwt WO 84 836WAN HIVWN ANV A11JduI3A Iym 23100

: 0888°0 711" 982
' (GNDJ4S /7 13d3d4)
Y3dwNN HIVA TUNOT UTHIW ALIJ0YAA TwNOIdIG A

086 *U= ¥04Iv4 49v3I0TNE IIWYNAOGONIY LNINI ONISH NOILINNY MOTS WOHY YIGWNN HIVW QNY ALTIJ013A TuNOIQladw Swd

6L7°0 = (SAHINE)Y Slave 1Ivm (afin) ¥INND
9¢3° 1L = ($3nINL) SNiava TvM (ANO0BHS) 431N0
0 s SITINV slv LN3NT 40 wIBWIN
u s Siavd IYNivysun3s Tvi0L1 40 ¥IWUWNN
0 = $3IAvYY JunSSiad Tviul 30 bdIwWNN

NOTLIYIN) IV 3903 ONIJv3I1 ¥3DINANT 43V Tddwl IHiL add Sadidavavy iddhd
(INILL) NOTLIVYLS 13INI H0SSIUAWO)D 3HL wO8JI SI NOKAVINIIVI 3Ini NI G3ISN JaNivaadwidl ivi0i 3IvasdAv®"°°°4luN

(INTid) NOTEYLS §3INT ¥0SS38awW0) 3IHL WOds ST NOTLYIN)Iw) 3JHL N1 G3SN 3305534d Tvios 3Ywy3IAYT°°°°3uN

NOB 2w ¥IND1¥> 4v4dd ONIQuvsl 23IDVNE ~31VdoA)

NNy Wit i ON 1853t 0% J¢ 2y vl 11 S INIDe vV

SUSe St
NGa 31vq viIV0 803 210°u=(aI10)) 3INVEYIII AvIBY Uv Wb valed roviacau) TeIY il dovnie

LV8/SL7¢0

SeNCILINGAY wivu 918 1531 8055 Iyow0) 1wINJITarted) K livbUda0) HIIVss3 o Swylii]res

37

S TS AL I g A e Mt A e et 535 S




r-

WRC0129-TR-81-1

'l. Williams Research Corporation

B - e *’!(r} — - i S Sl [ERptin g emaiiniuCinniuty
stsete 4 Y-T A [ X481 et In
(X3adwlSd-XxIdWILd) /(XIanW]lLd-391S1d) (XIuwISd-XIdWlld)/(xidwiSa-faslusa) (S330946G, vaidatde,
4¥b vYIWO (d))A¥3IA0I Iy 34NSS3aa GOlLwlr oy ITINVE WSy
835N3410 gNv JIiviS vdsnidla 35Ny aivw
3d¥as S$S3VINVA ONY 3)vaS SS3ITINVA iftielse
$659°0 865 ey $15°608 L 056 °0¢t og6°u 2881 “S¢ [ TYIAR] 2128°0 22L88°Y yous Ty
(GOONIM/x d0mIM) (235713) (238/713) (235713 ¥013v3 (5333930 YIBWNN AN DES4s (INIig/ndanlia, (Wli3/xi0alsal
Oliva 41120134 AL1J03A A113073A d11¢ Ividva wdds HIVYW Iv 101 Glive Ulivs
ALTJ0NIA IAliviis 3inlosav v idvy 379NV dlv 3iNnl0S8y /v 01 38N5S3ad 46185 103
Iativ3d 31N 1083y Ivi0L Jliwls

JdN1va3dwal GIYNSYIW LIX3 39VvES ONISH IINVYWHOIBIG 1EXI ¥3T113gm!

"9 Y e ‘0 *J vi [P 7Y U Y

"0 "0 92 oLs°e 000" 1 9601 9¢2°0 8

‘v ‘0 se 6L¢%2 996°0 91 768°0 82170 A

*0 “0 L2 seL2 - lg6tp - St - $68°0 690°0 9

] "0 €2 120°2 298°0 71 0§£8°0 *0 s

"0 ‘0 22 226”1 £64°0 £l 9Cc8°0 ¥90°0- 5

Y *0 ¥ 102t %2¢" 24 wi8°0 6l - x

] "9 Q2 608" 1 $$9°3 [¥0 €68°Q 6y Q- F4

i "0 61 18§°1 288 °0 gt 28870 £62°0- t
/3435534d JINVISIGC 438WNN /3d0SS3ud ERLL NS AR 339wNN 738N SS3yd IINvLSIQ EELEIL
AviCL 13IND WWNOIQT¥3IW NOILYIOY IVI0L 13INI TWNOIJIg 3w NOlLvIOD IvidL 13761 ATvNGIAT¥dn wNuTLwdeN

7IL1vLS IN3)¥3d /ilivas IN3JY3d 131 1vLsS 163d8 30

JINVLISIQ TYNOIQIY3W 1N3J¥3d SNSHIA Olave FUNSTI¥G IvLGL / Dlivis CLueNS 8317idal

CINTLd) SNOTLYINIT¥) NI 3uNSS3¥d TviOL L13IND 341 Sv 03SN 3d TIIM 38055384 Tvids L3TND 8.3Ssadau3® """ 01 0

S¥313wvave L1X3 dNw QN0eMS B3I VVJow]

$0S2°SL 3 NNY 3wl i oM 1531 oR €2 2V 31¥e 1831 % INITd vive
18761720 ¢ Nno 3iva YivE 404 210°9=(J370D) 3INwAVII) Awlxv ¥ NG uvelW] 305538340l %:.8% S3)uvbia

seHO1 12134y wivd 91y 51531 bOSSIMAROL IWONILaiNs) NOIIVEOLUO0) HIBY3S38 Swyllllmes

A-38




QLE"C 6990 £2412°0
870°%1L 227°0- 020¢°2
690°1 Si9°0- £¢0¢°)
. — 066°0 692°0- 919270
] 992°C £29°0 (1670
— L7270 69970 9049°J
s o} 992°0 £69°0 ¢2918°0
] 2$2°0 16970 ¢128°0
o 92.°0 $51°0 §29¢°0
= 480°1L 29770~ £092°0
] SLE°0 128°0 0Eu8°0
[o)) ¢92°0 €49°0 2928°0
N L$2°0 £89°0 6228°0
— 692°0 269°0 80£8°D
o 122°0 289°0 ¢0€R°D
(&) 644°0 89¢°0 120870
621y 02$°0- ¢008°0
W YLE°0 124S°0 80£9°0
§92°0 $99°0 29¢8°0
9¢2°0 989°0 965870
692°0 089°0 1688°0
609°0 ¢12°0 (©928°0
96L°L 695°0- £828°0
0$£°0 $25$°0 9¢%9°0
$92°0 £59°0 869870
1$2°0 189°0 88Y8°0
48270 €99°0 9298°0
712°0 98070 419870
922°1L 2¢9°0- 2078°Q
84£°0 880 24590°0
D82°0 $19°0 945870
092°0 £49°0 9099°0
£92°0 2¢9°0 1098°0
1220 189°0 79¢8°0
294°0 910°0- 669870
482° 1 229°0~ 2089°0
00$°0 1££°0 0§98°0
26Z°0 919°0 9998°0
26270 199°0 ££98°0
192°0 002°0 189870
”Y0°1 220°0- §9S9°0
09 4 Y40~ 2£99°0
£89°0 801°0 22¢8°0
4€9°0 §£9°0 @s¢8°0
$€92°0 2¢9°0 6998°0
962°C 120 s2¢8°0
H L2171 §99°0- 15$8°0
s 09274 099°0- 19$8°0
[ 260°L $0£°0- 182¢2°0
2 8$5°0 €€5°0 6482°0
5 $6£°0 965°0 €56.°0
(3] $$€°0 ¥$9°0 $008°0
£ SRO° L T9€°0- $64¢°0
e €29°\ 95070~ G6¥L°0
° WS Be¢) 1017101
' % v93M0 “241€¢ °I1443
; < *44te [TANE PN
X )
: E
; =
‘ z €0SZ°SL § wAw WIL
2 L8/51720 ¢ wna 3ive
]
]

8¢t
9wl ¢

8Lt
122
k2204
$£9°2
Y2
o1$°2
6122
gL2°2
622°2
$82°2
21872
I X494
188°2
821°2
LLLt?
9012
6512
9912
96t*2
se0°e
§4C°2
2984
888y
0068°1L
826°1
58° ¢
288°1
oL
259",
£99°
199
899°
809°1
1311
28771
(3520
290y
75"t
41%°y
8Ly
£22°)
£82°1
962°)
9621
92
92°
9L
[ 2 1%
LI TR}
9L
SEL*L
(31943
/18$384
1vi8/7102
93771 34m1

7%y
67¢°n

$¢2°7
202°
007" %
s09°»
I4X a4 ]
AL A
§2i°Y
991y
666°%
[ XY ]
222"
£82°%
o687
t06°¢
906°¢
£i9°¢
669°¢
008°¢
£86°¢
625°¢
§78°¢
6782
220°¢
$40°¢
681°¢
788°2
988°2
20y °2
££9°2
[ 1A NN
s9y°2
Qis*e
L0g"2
60g°2
806”1t
$96° 1L
826°1
966° 1L
£28°1
698°1L
6551
$es°t
$09°1t
029°14
215° 4
St
2Lt
({9}
esE°t
#8g°1L
60K 1L’
92¢° 1
NA1E1T]
1027101
¥3¥13dM1

818570
82¢1°0

691 L°0
§2%2°0
49¢9°0
2634°0
9L L0
002¢°0
$159°0
2024°0
8499°0
921270
L1220
6222°0
2§2¢°0
8239°C
2220
8239°0
Ly14°0
[ WAL)
¢822°0
$8:$°0
26110
69.9°0
122270
L9€2°0
Liséc0
8059°0
g0L L0
2499°0
91270
129270
86£2°0
$882°0
20570
968470
0£J9°0
6122°0
L5920
9%2L°0
9282°0
yoLL"0
£e59°0
£919°0
9882°0
01%2°0
2072°0
02Yi*o
$122°0
25L5°0
2639°0
1€59°0
y132°0
£€40°0

tvi187101

*If143
IvaS

20290
$£25°0

§22¢°0
£40%°0
280¢L°0
08$2°0
99§¢°0
g6%2°0
601570
98¢0
S80L°0
95924°0
699470
2970
66€2°0
979$°0
2558 °0
9220
2$9¢4°0
92$L°0
0e9¢°0
9609°0
0295°0
27240
$¢62°0
6092°0
y0$2°0
6925°0
£07§°0
96120
928470
659270
Lv92°0
69$2°0
909$°0
L22¢°0
02¢49°0
8282°0
1692°0
867270
265270
4892°0
9985°0
0e89°0
*"€92°0
€S20
2L65°0
Qe2e°0
2¢8£°0
46$¢°0
20£9°0
2699°0
822570
2264°0
1047104
“31243
IVLS

vi

€88V
694¢°0

9¢82°0
286270
6%62°0
1994°0
et e
2282°0
$££2°0
29970
999:°0
9$84°0
§042°0
6%¢L"0
656270
02%¢°0
01970
147L°0
£9¢.°0
29¢L°0
696¢°0
6§82°0
$9¢2°0
£99¢°0
$§9¢°0
v64L°0
6908°0
10§2°0
90£2°0
1eve°0
0£9¢2°0
2i8L°0
298L°0
8208°0
9612°0
§iv2L°0
89£2°0
6284°0
t€Le°0
9108°0
2604°0
60270
281270
%622°0
gL92°0
9¢82°0
126970
9669°0
2924°0
$652°0
*9i18°0
224870
y22¢°0
1489°0

H
39v1e

904 L10°08(0703) 3JINVEVIT) VIRV v NAE QUINL B30SSDB4n0) YSBR wOIGVEIM

¢t
L8110

toLe*o
F199°0
J097°0
6047°0
$i89°0
282°0
80s$9°0
¥2$9°0
(965°0
Y665 °0
L9t o
9¢EL2°0
$629°0
10658°0
915570
9L86°0
6098 °0
80$$°0
2895°0
182670
§$25°C
1927°0
L957°0
999%°0
t68v°0
681770
20220
18°0
99¢£°0
DLyE°0
119870
2068 °0
891£°0
L2L8°0
9782°0
2192°0
6892°0
029$2°0
0622°0
06220
$851°0
8191°0
2291°0
£521°0
255L°0
89SL°0
1901°0
8801°0
1514°0
g221°0
d201°0
[X1Y9"]
I
/4 vi130
Ivi1S

9¢r°§
LAS Rt

6284
£eL°L
$99°¢
if6°f
90"
[ XY
[ 92 24
087t
6§2°¢
Le8°€
919°¢
£99°¢
2rL°s
f£12°2
82”1
962
671°¢
£92°¢
228° ¢
16872
8g2° L
fe9°2
829°2
00e°2
y9L°2
X4

$10°¢

292°4
oL
20°4
$00° 1L

/788334
49187401

39v4S

8.9
¢80

$d0
I
768
$80
Set
(414
$¢
390
[S2]
99
27
SiLd
L8
£99
5§56
oft
982
188
LA
(%2
(8¢
69¢
2L
08¢
Ix4}
81
865
3Ny
402
952
£52
282
7L
¢0Y
049
108
ge
768
00%
602
98¢
%Y
29
331
11 %4
9L
22
o0ge
| 724
$0¢
(¥4
{40

°f
X

»

.
CAMMIIIN AN N N

¢ s e e
"o A

“2
"1
*e
*2
*2
*2
M4
1
"2
K4
~2
*e
"2
M
1
4
4
M
M
"l
1
1
3
*t
L
L
i3
1
1
*
"L
1
i

158384
1017104 Q31I3980) Q3LIDNNO)

39v 18

'} ]

ANYNNNS NOI1)0Q3¥ vwivd 910 1531 ¥0SSIUIWOD TVONITHINID

*eNOTLVYBOdUO0) HIBVISIy SHYITTLAee

06570 0 bg92C
L1390 AR 3
109°0 f£wisy.
785°0 0°000s¢
2¢%°0 $° 2880
0980 6°8r8u0
475°0 0°69066
88150 260686
9v85°C L6166
88s°U 0720856
69670 6° (g8
928°C 0°966506
60$°0 1769070
86%°0 17656806
"0 £°010%8
L9s°u 992198
79$°9g $T¢itre
667°0 LT 26088

87°0 8°2¢ 158
£$7°0 $°L58E8

9290 $°%0068
1260 L' 9¢06%
£26°0 782158
1290 [ARY1)Y]
£65°0 9716962

295°0 069962
7°€€°0 $°2985¢
29%°0 6°2¢486¢
£27°0 7°8760¢
274270 0°0220¢
925°0 6°S1C0L
962°0 9°15959
£62°0 179€569
$42°0 $°65959
¢9¢°0 v°§5659
L9¢°0 2°9v:69
$82°0 799988
£92°0 2°6996$
$g2°0 9706265
602°0 6°$9906%
60¢°0 9°9886¢
608°0 0760009
$£2°0 279656
$12°0 0°2£96Y
0L°0 0°€9¢e8
L0 L°2998
2$2°0 0°¢698
682°0 9°2290Y
9610 8°5¢8e¢
L7 %] 9°1v86¢
8YL°0 8°1£56¢
$LL°0 6°6056%
661°0 6° 82961
1Y) LA YITR]
AQ4 A3)es

02 24 31ve 133y

1y
3

'

Ly
e33e8
190034

430unNNn 1831

$e
29

14

vive

A-39/n-40




