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ABSTRACT

A criteria for determining the most energy efficient horsepower
break-point for using electric motors or steam turbines is develoned and
applied to the prime movers in the Ralph M. Parsons Co. 0i1/Gas Complex.
No significant amount of energy can be saved, since the electric motor
turbine break-point established by Ralph M. Parsons Co. coincides with

the ¢riteria developed in this study.
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INTRODUCTION

In accordance with the commercial concept design of the 0il/Gas
complex as described in Reference 1,524,000 HP of shaft work is pro-
vided by prime movers. These prime movers are either turbines or
motors, The turbines utilize steam directly. The motors are supplied
with electricity from a turbine-dirven generator. Reference 2 indicates

that the drivers correspond to the following HP ranges:

Range Driver
0 - 10,000 upP Motor
10,000 - 15,000 Variable

> 15,000 Turbine

This report will determine whether energy can be saved by replacing a

motor with a turbine or vice-versa,

METHOD OF APPROACH

The first task was to determine the efficiency of the two 110.0 MW
turbine drivers used in the power generation unit of Reference 1. The
efficiency of either of these multi-stage extraction turbines is 86%
(Appendix A).

Reference 3 indicates a 110.0 MW generator efficiency of 97%.

The motor efficiencies {References 4 and 5) range from 80% @ 1 HP
to 96.4% @ 10,000 HP,

The overall system efficiency 1s desribed by the following equation:

539D< n system = n turbine x n generator x n motor




where the turbine and generator efficiencies are fixed for the 110 mw
turbine-generator sets, and the motor efficiency varies with HP (see Ap-
pendix B for sample calculation). The curve constructed from this equation
is saen in Figure 1. Also present are the efficiency curves of muiti-
stage condensing turbines and single stage turbines.

Figure 2 allows for accurate resolution of the "Average Efficiency of
Multi-Stage Condensing Turbine" curves of Figure 1. It is imperative to note
the high sensitivity of the turbine efficiency curves to the superheat and
vacuum correction factors.

To demonstrate the sensitivity of the turbine efficiency to these
correction factors, consider a 10,000 HP turbine utilizing 900 psi steam.
From Figure 1., the average efficiency is 76%. If the incoming steam is
superheated by 300°F, however, and exits to a 26 in. Hg. vacuum, the
neorrected” efficiency is 79.4%. (1.035 x 1.01 x 76% = 79.4%).

Although the turbine-generator-motor curve of Figure 1 is slightly
‘abave the average multi-stage condensing turbines, it is by an insignificant
amount when the effect of correction factors and the precision of information

concerning the various efficiencies is properly evaluvated.

CONCLUSION
Figure 1 indicates that below 10,000 Hp, an electric motor driver is
the more efficient choice, between 10,000 Hp and 15,000 Hp depending on
superheat temperature and condenser vacuum, either motor or turbine driver
could be used, and for drivers above 15,000 Hp, turbines would De more af-
ficient. With respect to Reference 2, no significant amount of energy can

be saved by replacing a motor with a turbine, or a turbine with a motor.
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APPENDIX A

It is of interest to find the external turbine efficiency of the
induction turbine operating under the c¢onstraints shown:
982,850 Lbm/hr

144,551 HP
e

62,860 Lbm/hr
615 PSIA  78B°F

105,317 lbm/hr
315 PSIA 6iI9°F

120,118 lbm/hr
165 PSIA  492°F

564!555 1bm/hr
.5% Hg 108.

To do so, the inlet and exit states are examined:

Btu

ST @ 1215 PSIA 950°F; S7 = State at point 1; by = 71469.7 Tbm
Btu Btu
S2 @ 615 PSIA 768°F; .h, = 1377 Tbm: a.h,_ = 92.7 Tbm
172s gty | @S Bty
$3 @ 315 PSIA 619°F; _h. = 1297 Tbm; a.h,_ = 172.7 Tbm
1 35 Bty i 3s Btu
<4 @ 165 PSIA 492°F: .h, = 1234 Tbm; ah = 235.7 Tbm
174s Btu 14s i
$5 @ 2.5" Hg 108.7°F; jhg o = 907 Tbm; a1h55 = 562.7 Tbm

where h refers to the enthalpy at the specified inlet state and ThnS refers
to the isentropic enthalpy drop from that state to the outlet conditions
found from Mollier diagrams.

A standard method for calculating the efficiency was employed?’?First,
the Rankine cycle steam rate (RCSR), described by:

1om 2544 Btu/HP-hr
RCSR (HP-Ar) s Thy = 1hp J Btu/Tom

was found by using a "weighted average"” of the available energy described

by the isentropic enthalpy drop. This result in:
2544 Btu/HP-hr =
RCSR = D.08B (G2.7) + 0.711 (172.7) + 0.126 (235.7) + 0.897 (862.7;

5.

T bm

——

689 HP-h

S3o<
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This is compared to the actual steam rate (ASR) of:

1,905,700 1bm/hr 1bm
ASR = "{209.2 MM ) {  HP ) = 6.592 HP-hr
( ) (70.000746 "W ) _

This means the external efficiency is:

RGSR = 5.688  x 100% = 86.3%
b.592

536<
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APPENDIX B

The overall system efficiency is described by the following equation:

n system = n turbine x n generator x n motor

Thus, the system efficiency at 10,000 HP, for example, was found to be:

n system = 0.863 x 0.97 x 0,964 = 0.807

537<



