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A Study on the Development of a High Efficiency Vacuum
System for a Large Steam Turbine( I1)
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Abstract

The pollution of atmospheric environment becomes serious problem according to the growth
of usage of fossil fuel like the coal and the petroleum oil. The demand of clean energy, like the
liquefied natural gas(LNG), increases suddenly because it generates few polluting substances
when it is burned and it generates relatively less CO, gas than the other energy sources. LNG
transportation method of our country is marine transportation by ships because the LNG
producing place is so far away from our country. All LNG ship use the steam turbine as a main
engine, and the vacuum system of steam turbine is a important system for a thermal efficiency
of the steam turbine. In this study, a high efficiency vacuum system of steam turbine is

developed and accomplished the performance test of this system.
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Table 1 Dissolved Oxygen Rate in Water

0T | 20C | 40C | 60T | 80¢ | 100C
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Fig.2 Air Leakage Rate in Vacuum Chamber

Table 2 Output Data of Air Leakage Rate into Vacu-

um Vessel
200.00 m*
System Volume m
7062.96 ft?
0.00 H,
Absolute pressure 5 mmee
B 1.97 inchHg
24.60 kg/h
Air Leakage Rate 4 !
54.25 Ib/ft
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Fig.3 Flow Chart for the Design of Steam Ejector
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Table 3 Input Design Data(1st Stage)

Total

suction
Input Data rate
e 140.8
Driving steam pressure (kg/cm? abs.) 15 Ckgrhe)
Driving steam consumption  (kg/hr) 220 1223
& 1.00¢1.02 "]
Suction pressure (mmHg) 38 103.8——— [1.07¢1.35
Suction steam rate (kg/hr) 56 85.2 I
Suction air rate (kg/hr) 25.5 6.7 SRl Bz
Discharge pressure (kg/cm?) 0.245
Shape determination degree 48 i e ama ams . Hse 287
Diffuser length (nm)
Reference factor -2
Bell inlargement 18 Fig.5 Variation of Possible Suction Rate along
the Diffuser Length (1st Stage)
suction
rate
131.4
(kg hr)
~
109.1
6.9 \
64.6
726.7 215.7 715.3
! 42.4
1661.6
20.1
68.0 56.0 44.0 32.0 20.0 8.

Suction pressure (mmHg)

Fig4  Designed Main Dimensions of Steam Fig.6 Variation of Total Suction Rate to the Suction
Ejector by CAD Program (1st stage) Pressure(1st Stage)
Table 4 Specification of Steam Ejector by CAD Program(1st Stage)
Design Driving steam pressure 15.000 kg/cm?
Condition Driving steam consumption 220.000 kg/hr
Suction pressure 38.000 mmHg
Total suction rate 81.500 kg/hr
(1) steam rate 56.000 kg/hr
(2) air rate 25.500 kg/hr
Discharge pressure 0.245 ata
Reference facter -2.000 mm
Shape determination degree 54.635 degree
Suction start distance 37.967 mm
Nozzle — Inlet distance 90.035 mm
Bell center position 3.288 mm
Efficiency 11.996 %
Nozzle Throat diameter 6.150 mm
Computed Outlet diameter 36.769 mm
Outlet length (174.992 mm)
Results Bell rad. 97.488 mm
Inlet diameter 104.667 mm
Inlet length 726.658 mm
Diffuser Throat diameter 53.900 mm
Throat length 215.664 mm
Outlet diameter 141.887 mm
Outlet length 719.284 mm
Outlet velocity 34.144 m/sec.
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Fig.8 One Dimensional Heat Flow in a Circu-
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