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ABSTRACT

The steady-state performance of a SNAP-8 turbine-altermator was
evaluated as part of an investigation of system startup characteristics.
The turbine-alternator accumulated 157 hours and was subjected to 135
startups and shutdowns. During the test series, alternator power was
varied from U9 to 66 kilowatts at system design mercury flow rate of
12,300 lbm/hr. The minimum alternator power obtained at system self-
sustaining mercury flow of 6600 lbm/hr was 21 kilowatts. The large
number of startups and shutdowns of the turbine alternator did not
result in degradation in performance or operating characteristics.
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EXPERIMENTAL EVALUATION OF A

SNAP-8 TURBINE-ALTERNATOR

By Fred Boecker

LLewis Research Center

SUMMARY

An extensive system test program was conducted on a test version
of the SNAP-8 space power system. The tests were mainly directed towards
evaluating system startup-shutdown procedures. However, considerable
information was obtained on the operating characteristics and steady-
state performance of system components including the turbine-alternator.
Alternator power was varied from U9 to 66 kilowatts of system design
mercury flow rate of 12,300 lbm/hr. The minimum alternator power obtained
at system self-sustaining mercury flow of 6600 lbm/hr was 21 kilowatts.
The large number of startups and shutdowns of the turbine-altermator
did not result in degradation in performance or operating characteristics.

INTRODUCTION

SNAP-8 is a reactor powered mercury Rankine power system being
developed for space flight applications. The system is designed to
develop a minimum of 35 kilowatts of useful electric power for at least
10,000 hours. Heat from the reactor is transferred to the wercury boiler
by pump-circulated NaK (eutectic mixture of sodium and potassium).
Mercury vapor drives the turbine-alternator assembly in the power loop.
Waste heat is transferred from the mercury condenser to a space radiator
by the pump-driven NaK heat-rejection loop. A polyphenyl-ether mixture
(4P3E) cools and lubricates the turbine-alternator and mercury-pump
motor bearings. Centrifugal pumps driven by electric-induction motors
are used to circulate the fluids. _The pump motor power is normally
supplied by the turbine-alternator assembly.

A test program was conducted in the SNAP-8 test facility at the
Lewis Research Center to evaluate SNAP-8 system startup and shutdown
procedures (refs. 1 through 7). Although the test program was mainly
concerned with evaluating system operating characteristics, considerable
turbine-alternator performance data were obtained. The turboalternator
was operated for 157 hours at mercury flow rates of 6100 to 12,400 lbm/hr.
A significant data point in the reliability and performance of the turbine-
alternator was the 135 startups and shutdowns of the unit. This report



presents and discusses the steady-state informatiom obtained on the turbo-
alternator during the system startup-shutdown test program. The perfor-
mance of other SNAP-8 turbine-alternators is presented in references 8

and 9.

DESCRIPTION OF SNAP-8 TEST SYSTEM AND INSTRUMENTATION
Test System

The SNAP-8 test system utilized all of the major SNAP-8 components
with the exception of the reactor and radiator. An analog-computer-con-
trolled electric heater in the primary loop simulated the reactor (ref.
10) , and air-cooled heat exchangers were used to simulate the waste-heat
space radiator (ref. 11).

A four-loop system (fig. 1) was used in the test: two NaK loops,
one mercury loop and an oil loop. The four-loop SNAP-8 test system is
described in reference 1.

Turbine-alternator. - A cutaway view of the SNAP-8 turbine-alter-
nator is shown in figure 2. Two separate assemblies make up the turbine-
alternator: the turbine assembly and the alternator assembly. The tur-
bine and alternator shafts are connected with a splined quill shaft
(fig. 2). The figure does not show the oil lines required for the lubri-
cant and coolant (L/C) fluid to and from the bearings and heat exchangers.
Intermixing of the L/C fluid and mercury is winimized by means of a low
leakage space seal located between the turbine and its support bearing.
Details of the space seal are shown in figure 3.

The seal consists of visco and molecular pumps on the mercury side
of the shaft and a series slinger and molecular pump on the oil side.
A L/C fluid heat exchanger surrounds the mercury visco pump and provides
a mercury liquid-vapor interface by condensing mercury vapor in this
area of the seal. Any mercury or oil vapor is returned to the liquid
interface by the molecular pump. Molecules that escape the molecular
pump are vented to space, or a vacuum system during ground testing.
References 12 and 13 present details of the space seal design. Carbon
face seals (fig. 3) are used in the turboalternator startup and shut-
down phases of operation. These are required since the normal shaft
seals are less effective when the shaft is rotating at less than design
speed. Pressurized bellows lift the face seals off the shaft after the
turbine-alternator reaches a minimum speed of 8500 rpm.

Turbine Assembly. - The components that make up the turbine assembly
are shown in figure 4. The four-stage impulse turbine is designed with
partial admission (38 percent) in the first and second stage stators
and full admission in the third and fourth stages. Two angular contact
ball bearings support the overhung turbine assembly. The ball bearings




are spring loaded in a back-to-back arrangement and lubricated by jet
injection of the L/C fluid. Nonflooded bearing operation is maintained
by slinger pumps located on both sides of each bearing. A balance piston
located at the overhung position of the turbine counteracts the thrust
load on the shaft, thereby, reducing bearing axial loads. Figure 2

shows the piping that supplies turbine exhaust pressure to the thrust
balance piston.

Alternator Assembly. - A cutaway view of the alternator assembly
is shown in figure 2. The altermator is a three-phase-homopolar inductor
type machine rated at 80 kilovolt-ampere, 120/208 volt, U400 hertz service,
at a rotating speed of 12,000 rpm, It incorporates a brushless solid
rotor straddle mounted on two spring loaded angular contact ball bearings.
Bearing lubrication is the same as for the turbine assembly. L/C fluid
passed through a heat exchanger that surrounds the stator cools the
alternator. The hermetically sealed power terminals, splined quill
shaft, and alternator heat exchanger are shown in figure 2. The alter-
nator rotor-stator cavity was vented to the facility vacuum system.

Electrical System. - A schematic diagram of the SNAP-8 electrical
system is shown in figure 5. The static exciter is comnected to the
alternator output and provides the necessary field excitation. The
voltage regulator maintains a constant alternator voltage by regulating
the power transfer between the static exciter and alternator field
(ref. 14). Alternator electrical output is divided among three loads,
the parasitic load resistor of the speed control, the vehicle load and
the pump load. 1In the test program, an auxiliary load bank was used
in place of the SNAP-8 parasitic load resistor.

The auxiliary load bank, together with the saturable reactor and
speed-control module functioned as the turbine speed regulator. By
parasitically loading the alternator to match the power developed by
the turbine, constant speed operation was attained. The speed-control
module detects changes in alternator line frequency, which is directly
proportional to turbine speed, and supplies a control signal to the
saturable reactor, which controls the electric power to the parasitic
load (ref. 15). Tor example, in the case of an increase in turbine
speed, the speed control senses an increase in alternator line frequency
and allows more current to pass through the saturable reactor. The
resulting increase in parasitic load power puts an additional load on
the the alternator and increases the turbine shaft torgue reguired. A
reverse process occurs for a decrease in turbine speed.

The vehicle load was simulated by a fully adjustable 125 kilovolt-
ampere, 0.75 power-factor (pf) lagging load bank.

The pump load consisted of the four prototype system pumps (fig. 5)
needed to maintain loop operation. A 400 hertz, 120/208 volt motor-
generator set was used as an auxiliary power source for the pumps during
system startup. The pump loads were transferred to the altermator and
back to the auxiliary power source as reguired by the test program.



Instrumentation

Static pressures in the turbine were measured by slack-diaphragm,
capillary-tube absolute pressure transducers. The transducers were
calibrated against a Bourdon-tube reference gage (% percent accuracy).

The mercury weight flow was measured at the boiler inlet and out-
let with calibrated venturi flowmeters utilizing differential pressure
transducers of the slack-diaphragm type with capillary tubes.

The oil flow to the turbine-alternator was measured with turbine
flowmeters. O0il temperatures were measured with ISA standard calibration
J (iron-constantan) thermocouples. Complete information on the oil-loop
instrumentation is found in reference 16.

The alternator output, parasitic and vehicle load electrical power
measurements were made with true rms thermoelement-type wattmeters.
True rms thermoelement-type voltmeters were used for both voltage and
current readings. Current measurements were made by measuring the
voltage across a precision shunt placed in the current transformer
secondary circuit. All power instrumentation provided direct-current
analog outputs. 1In general, the instrumentation used for pressure,
flow, temperature, speed and power measurements was accurate to + 1
percent.

The turbine-alternator speed was measured by an electromagnetic
reluctance probe which sensed the movement of a multiple tooth gear on
the rotating shaft. The output of the reluctance probe was fed into
a frequency dc converter. NaK and mercury temperatures were measured
by Instrument Society of American (ISA) standard K (Chromel-Alumel)
thermocouples,

A computerized digital data system (ref. 17) was used to record
data presented in this report, along with strip chart recorders, digital
counters and panel meters. The digital data system had a capacity of
400 data points and recorded a cycle of data every 1l1.U3 seconds.

A complete description of the instrumentation employed in the SNAP-8
test facility is given in reference 18.

PROCEDURE

During the test program, turbine-alternator startups were performed
both manually and automatically. Manual starts required operator manipu-
lation of valves and switches, while the automatic starts were accomplished-
with an electronic start programer (ref. 14).initiating and controlling
the startup. Of the 135 turbine-alternator starts, the first 108 were
manual and the last 27 were automatic. The sequence of events were the
same for both the manual and automatic starts.



A typical turbine-alternator start was accomplished as follows:
Prior to each start, all mercury lines between the boiler inlet and con-
denser outlet were filled with liquid mercury (fig. 1). All of the pumps
were running on auxiliary power. The turboalternator was started by
flowing mercury through the preheated 1300° F boiler. Mercury was in-
jected at a predetermined ramp rate into the loop by manipulating valve
V-230 and manually pressurizing the standpipe (fig. 1). As the mercury
flow increased toward system "self sustaining™ flow rate of 6600 lbm/hr,
the turboalternator began to accelerate., System "self-sustaining"” flow
is defined as the mercury flow rate that provides safe margin of alter-
nator power over that required by all pumps and electrical controls when
the turboalternator and pumps are at rated speed. As the alternator
accelerated through pump transfer frequency, the pumps were transferred
to alternator electrical power. At the termination of the first phase
of system startup, the mercury flow was 6600 lbm/hr, the turboaltermator
was at its rated speed of 12,000 rpm and the pumps rumning on alternator
power.

The second phase of system startup involves ramping the mercury flow
from 6600 to 12,300 lbm/hr. This was done by opening valve V-230 at a
rate that results in the required ramp rate in flow. Alternator power mnot
needed for pump operation during the ramp was dissipated in the parasitic
load bank and vehicle load bank. This general startup procedure was
followed for all 135 turbine-alternator starts.

RESULTS AND DISCUSSION

The steady-state data system design mercury flow of 12,300 lbm/hr
are presented in figures 6 through 11 and table I. Included is a comn-
tinuous run of over five hours following start number 122 (figs. 9, 10,
and 11). This run maps the turbine performance through a range of turbine
back pressures of 6.9 to 27.5 psia. In figures 6, 7, and 8, the data
presented are plotted against the turboalternator start number. In
general, each data point was taken after system flow rates, temperatures
and pressures reached steady-state conditions. All mercury flow rates
presented were measured at a liquid flow station.

The turbine inlet data are shown-in figures 6 and 9. The mercury
vapor quality associated with these data ranged between 93 and 97 per-
cent based on heat balance calculations (ref. 19). Since the small amount
of liguid leaving the boiler tends to evaporate prior to reaching the
turbine, the mercury vapor flow into the turbine is considered equal
to the liquid mercury flow into the boiler. The mercury weight flow
varied from 11,938 to 12,382 lbm/hr. The turbine inlet pressure follows
the small variations in mercury flow. The inlet pressure to the fourth
stage turbine wheel was not obtainable since the turboaltermator tested
was not instrumented for this measurement. The table below presents



the design, adjusted design, and actual pressure ratios for the first
two stages obtained early and late in the test program.

Design Adjusted Design Pressure Ratio Pressure Ratio
Stage Pressure Ratio Pressure Ratio at Start No. 8 at Start No. 134

1 1.84 1.985 2.075 2.055

2 1.91 1.885 2.112 2.125

Both stages are operating at pressure ratios greater than the design
or adjusted design values. The difference between the design and
adjusted design pressure ratios is the result of changes that occurred
after the turbine design was completed (ref. 9). The major changes
were an increase in mercury vapor flow from 11,600 to 11,800 1lb/hr

and an increase in thrust and interstage seal clearances. The first
stage appears to be working close to its adjusted pressure ratio. The
second stage measured value is about 12 percent greater than the adjusted
design value. The increase in the measured pressure ratio could be
the result of the increase in thrust and seal clearances, turbine fab-
rication tolerances or the accumulation of mass transfer products in
the nozzle passages. Due to the relatively small changes in pressure
ratios noted between start numbers 8 and 134, the accumnulation of mass
transfer products in the nozzle passages can probably be eliminated as
a cause for the pressure ratio differences. A definitive evaluation
of the design-to-experimental data descrepancies reguires dissassembly
and inspection of the turbine unit which has not been accomplished at
this writing.

The turbine inlet temperatures (1237 to 1263° F) followed the
reactor simulator controller deadband of 1280 to 1320° F at the simulator
outlet.

The turboalternator losses, speed, efficiency and alternator output
power are presented in figures 7 and 10. The alternator output power
ranged from 49.2 to 66.2 kilowatts (0.79 to 0.93 power factor (pf)).

The power fluctuation was the result of turbine back pressure variations
and changes in mercury flow rate above and below the system design flow.
The design power output for the alternator was 57.9 kKW at 1.0 pf. The
turbine overall efficiency

Turbine Shaft Power Flow Ratio Quality
Ideal Enthalphy Heat Balance Quality

varied from 52.7 to 59.4 percent. The 52.7 percent efficiency occurred
during off-design turbine operation with a back pressure of 6.9 psia.

The remaining turbine efficiencies were equal to or greater than the design
minimum value of 56 percent.



Turboalternator overall efficiency

Alternator Output Power
Enthalpy Change

was in the range of U3.5 to 47.6 percent. As in the case of the turbine
efficiency, off-design turbine operation resulted in the low turboalter-
nator efficiency. The design efficiency was U7.9 percent. The turbo-
alternator speed varied from 11,964 to 12,041 rpm. This was well within
the speed control design limits of 11,800 to 12,120 rpm (*+ 1 percent,
ref. 12). The plots of turbine bearing, turbine and alternator space
seal heat exchangers thermal power losses illustrate effects of changes
in alternator power and operating conditions.

Alternator electrical data are presented in figures 8 and 11. The
alternator line frequency deviation was from 398.8 to U40l.4 hertz and
was within the design limits of 396 to 404 hertz (+ 1 percent). Fluctua-
tions of alternator terminal voltage, line current and power factor are
attributed to changes in alternator load and turbine operating conditioms.

The effect of turbine back pressure on alternator output power is
illustrated in figure 12. Data are presented for SNAP-8 system design
flow (12,300 lbm/hr) and system self-sustaining (6600 lbm/hr) mercury
flow rates. Superimposed on the two curves are the data of a similar
turbine-alternator tested at Aerojet General Corporation in Azusa,
California. The performance correlation for the two turboalternators
was good,

Figures 13 through 18 and table II present the steady-state data
for mercury flows close to the system self-sustaining liquid mercury
flow rate of 6600 lbm/hr. Included is data for a one hour and 20 minute
continuous run following start number 93. The turbine back pressure
for this run was varied from 5.07 to 16.14 psia (figs. 16, 17, and 18).
The quality of mercury vapor from the boiler was 85 to 95 percent based
on heat balance calculations (ref. 19).

The significant result of the nominal 6600 lbm/hr mercury flow
operation was that adegquate alternator power output was available to
power the system pumps and controls despite significant variations in
turbine input variables. The power requirements for system "self-
sustaining™ operation were 1U4.5 KW for the pumps and 2.5 kW for the
electrical controls., TFigures 13 through 18 show the alternator power
levels ranged from 20.8 to 33.3 KW with mercury flow rates of 6100 to
6961 lbm/hr with turbine back pressures of 3 to 15 psia. The 20.8 kW
level occurred with a mercury flow rate of 6617 lbm/hr and a turbine
back pressure of 14.5 psia. The high alternator power output level of
33.3 kW was obtained with a flow rate of 6961 lbm/hr and a back pressure
of 3.23 psia. The 6100 lbm/hr mercury flow rate with a turbine back
pressure of 10.86 psia produced an alternator power output of 22.5 kW.



CONCLUDING REMARKS

The evaluation of data obtained during the operation of the SNAP-§
turbine-alternator yield the following conclusions.

(1) The turboalternator was subjected to 135 startups and shutdowns
in 157 hours of operation with no significant change in performance.
The turbine pressure ratios for the first two stages showed virtually
no change from the start to the conclusion of testing at 12,300 lbm/hr
mercury flow.

(2) The turbine-alternator gross electrical power output at rated
liguid mercury flow of 12,300 lbm/hr exceeded the design requirement of
57.9 KW at 14 psia turbine back pressure. The turboalternator tested
produced 61 kKW with a mercury flow of 12,266 lbm/hr and 13.78 psia back
pressure.

(3) The turbine-alternator gross electrical power output at sys-
tem self-sustaining mercury flow of 6600 lbm/hr (nominal) was more than
adequate to power the system pumps and control requirements of 17 kW,
The lowest power output recorded was 20.8 kW with a wmercury flow of
6617 1bm/hr and turbine back pressure of 14.5 psia.

(4) The speed controller maintained a steady turboalternator
speed of 11,964 to 12,041 rpm, well within the design of 12,0600 +
120 rpm.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio Jumne 19, 1970
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3-4L - 1224] | 244,94 1200/SS.B. 2345 1 \250 - SB.7|47T | S22 | 12028 |{4.13 341 ;2.89 | 4009 \aau‘“aq!o.eu-
3-s4 2L | 244,00 1193556, 2136 | 1250 | S8 (472 | 537 | 12038 |43 3.4 1 3.0 | 4oL leBa9  119.8] 0,889
4-9 2182 . 245,33 m.e/se.n. 24671 1269, 5931473 | 51.3 | 2oz |47 338 | 298| 4007 | 16170 119,7]0.878
R4-20 12050 ¢ 24577 [1204/55,8) 18,49 | 1251 5B2]473 | S6B | 12033 |45 309 1348 401 | 17458 1197|0903
$4-20 12267 | 24587 h202/5571 1898 | 1252 | 95| 470 | 00 | 12031 |470 | 2,98 | 3.34| 4010 | 181k 120 |oAr'S
434 | 12279 ¢ 245'.83zno~1/55.3§ 1287 1249 | Sbdo |463 | 612 1 1203 |46 ) 294 | 3.27 | 401.0 | 18403 120.1 | 09U
4-371 12228 A577M9,9/55.8 | 1096 | 1250 | 557455 | 627 | 12031 [ 4.98 ] .89 | 3.43 | 401.0 | 188.11{ 1202| 0.920
4-40 | 12289 | WSHL1207/55.8 | 8.8 | 1250 | S5 |452 | 5.2 | 2033 | 473 2.8! | 348 | 4ol | 19,09 126 | 093]
4-43 | 122067 | 245,47 1200/557 | 8% 1 1251 | SL7 435 | 6b.2 | 12034 |45 )| 274 | 3,56 | 40l | 19644 1100 028
S-17 | 12232] 245.52)1202/55,6| 20,05 | 1240 | SO4 1476 | 5S4 | 1200 | 4468 | 327 | 3.02| 401.0 | 1LBo%| 119.9) 0,907
184 | &f27 | 12267 | 24257|189/58.0 | 15,062 | 1237 SB[ 465 | SB.L| 12027471 | 845 [ 248 | 400 | 17393] 120.8) 0920
TABLE 1. — CONTINUED




eaRT[ oaTE [ Ha Lip | TuRBIN PRessues [weewe fTan [ELEcT| o [TieeL AR LaS. || ALTERNATOR
NO. -rmsi FLOW | INLET [anD/3eD!OUTLET um;’m EFF | DOwER TUBB|TURB | ALT |FRER |PA | VOLT | POWER
MIN | LBn/HR | PoiA [STRGE IN.| Doia [TEMPl ol % | Kw | RPM | B8R |SRSBL W.E | WBTZ [CURR, | V. | FACTOR
1969 | PsiA oF | Ww | Kw | Mw AMPS
4 3/ | 6100 | \204S [534/25.Y 1086 (1223 s'iju.# 22,8 [11982 (357 |256 |1719|399.4109.10/ 12056 | 0602,
9 4/10 G741 | 13380 &oi/28,11 7.49 |1228 |S45 43,2 | 287 | 12010 13,352,222 |7 | 4003 | 115, 2{121,22| 072
15 422 | 696l | 13520 b2.8/288! 3,23 (1207484 29,6 | 38.3 12002 [3.384 |2.14 |2.31] 4000 | 150y 12T | 0,613
39 5/9 &855 | 13570 ©27/2871 16717 (1292 517|484 | 270 120012 13,58|2.6L |2:1k| 4004 | 108,80/12093|0.688
5o | 522 ' 6617 | 12630 [578/27 150 'Nes|ssf4cz | 208 | 0946 (37225233 3982 115,29 12140] 0,497
57 | ef4 T2 | 193.40[S27/27.8) 110 [1248/584 42,8 | 25.9 | 11994 [3.SB!2.4b [2:/3] 999,8 | 134,60 12140| 0/529
B 6fS | 748 | 131,30 [L02/228 1155 (1247 42.6 | 25,2 [ 12010 |559|2.65 |[1.76] 40013 | 10D 12130] 0,658
Y o7 ' 669 | 128.00 SB/27.0| 1107 jrorisad 432 | 25,3 | 12007 |3.63] 2.0 [2.28] 4002 | 108,19 120,40 0,654
e4 o/8 | BOT 1300 W«’?/Z&t 12,20 [Ve0B|5tAH 82,3 | 24.4 12008 [3s2|2.13]1855| 4003 | (0S.kd 122.10] 01640
23 2 ' @743 | 136,30 |57:3/284| 14.88 |106 |sS 418 22.4 12008 [8.4L|2.85| 1674003 101,62 120,60 0613
5 @179 | 131.05K08/219 1034 (1198/527 43S | 267 | 12067 [3.51 | 2,63 | 181 | 4002 | 169.00] 121.24] 0673
e | 6849 | zsz.mun‘fo/zs-s. 13,97 1208 42,9 | 24,| | ‘2009 |3.55|2.84 ||18] 4003 10549 (0I5 6,650
il 23 6157 ' lso.ea-i“-ﬂ?'?.7§ 8.7 iw‘.'o':& 435 1 1200% 14,53 2,38 | 2.0l 400D [ 109.68] [11:02] 6. T0}
| ar ¢72% 1 1293 ‘59.8/274. 825 1204 (544 42.7 275 | 12018 {358 2,43 1197 400.5{ 112,469 12130]0.686
13 o851 | 12190 608/268.(" 8.03 |1202/564 48.4 | 28.1 | 12010 | 347 2.26 | 2,20 400:3 [ 1i3.02] 121 24| 6700
54 4825 | 131,24:609/276 S.07 |1208i533 420 | 31,3 | 12010 |34 230 |2,01[400:3 | 116,47 | (2412 0742
§se LB827 \30-5355005/2705; S.48 |2oSISSE 426 | 30.6 | (LooD | 5.48] 128 |2,02] 400\ | 118,33 | 12099} 6:739
o &0 12670 601/27,3 8,52 (1204|572 43.0 | 277 | 12007|2.48] 2.45(2.03 4002|1404 | 12411 | 6:687
LT 6778 i (30.90/682/2177 0SB |1203i504 427 | 24,4 | 12010 | 3,47] 2,60 | 2.03 4023 | 105,74| 120.85) 0.654
1w ems 131,09 /602/28.1 14,97 [1208{574 4.5 | 22.8 | \20\D | 3.63| 2.40 |2,27] 40013 | 102.70] 12061 | 0162
Lo, L7600 . 136.49)60:/282) (i.(4 |12044509 42.0 | 21,8 | 12009 345 2,73 |88 |400:3 | 48,32 120,63 0,617
97  ofit G747  13o.s/ [b06/284! (5,47 |1209is54 417 | 22.0 | 12005(8.52| 20K 1S [4002 | 10047 12145] Oubl |
107 Y1z 649 125.001576/26.7 .82 [1241 42,9 | 22.6 | 12000|349| 2.88 |1.58 | 400:0 | 103.8d4 120°10| 0,643
3 | e/23 GRIl 130,20 b 2f28.1} 14,40 [1210[55.d 42.8 | 23,5 | 12021 [3.60|2.89 [2,00 |400.7 | (03.99| 120:5/0,638
129 | 6/% | o836 133,40 162./28.3 9,26 |117(556 42.8 | 298 | 12006 3.86|2 7 [2.068 4002|3784 21.30|0.550
135 | /17 | S25 i 125.80{584/26.5] 11,85 |1207 43.2 ) 23.8 | V992 | 8,432,719 |93 39,7 | 12245 (2.1 |05
TABLE 2, — TURBOALTERNATOR OPERATING PRRAMETERS AT 6600 LBnm/HR LIQUID MERCLRY FlLow
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