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Feasibility Analysis and Optimization for Turbo-Generator Rushing
with Non-Nuclear Steam in Fuqing Nuclear Power Plant

Xiao Bo, He Liu

Fuging Nuclear Power Co., Ltd., Fuqing, FulJian, 350318, China

Abstract: Compared with the rushing with nuclear steam, the turbo-generator rushing with
non-nuclear steam can be used to verify the design, manufacture and installation quality of the
turbo-generator, and shortens the timescale of the system commissioning of the nuclear power plant
to create huge economic benefits. By establishing the thermal equilibrium calculation equation
based on the first law of thermodynamics, this paper calculates the time of turbo-generator holding
at 1500rpm, the consumed energy of the rushing, the replenishment of loop 1 and loop 2.The
theoretical calculation is further checked according to the actual process of Unit 1 in Fuqing No.1
non-nuclear steam rushing. It is proved that the theoretical calculation method agrees well with the
actual process of the system. In the process of non-nuclear rushing of Unit 3 in Fuqing Nuclear
Power Plant, the non-nuclear rushing step is optimized to reduce the fluctuation of the key
parameters of loop 1 and loop 2 during the rushing process for reducing the risk of unit control and
extend the non-nuclear rushing time for further verifying the quality of the steam turbine . After the
non-nuclear rushing of Unit 3 in Fuqing Nuclear Power Plant, the optimization measures were
proved to be effective by comparing the non-nuclear rushing parameters between Unit 1 and Unit 3.

Key words: Fuqing Nuclear Power Plant, Non-nuclear steam rushing of turbo-generator,
Thermal equilibrium calculation, Feasibility analysis and optimization
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Fig. 1 Schematic Diagram of Loop 1
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Fig.2 Consume of Steam in Every Speed Steps

2763 kl/kg
0,=(21595+122040 x /60)x2763 2

GCT-a
3
18642 kW 20.24 t/h
20.24 t/h
502 r-min”"
502 r-min’! 502
rmin”!
1500 r-min’’
502 r-min’! 1500 r-min’!

0= 19900+122040x/60 %2763 3
19900

502 r-min’! 1500
rmin”' kg
1.3
1500 r-min”"
2 -4.63 m
21% -3.94m
11.9 MPa SG -1.8 m,
29% -0.76
m
11 MPa 15.5

MPa

4.3 MPa
255
1
1
Table 1 Parameters of Loop 1 in Beginning and Finishing
/m 0.96 -3.94
/MPa 15.5 15.3
/ 291.4 255
/Jkg™! 1291 1110
/m? 302 284
/kgm™ 743.8 804.4
/kg 224627 228336
3709 kg
Oa
Ou= M _ggyyas * Mg — Mk 1 -mpks
=3.65x10" kJ 4
2
2330 kg
O

Ov= Mgy X Mgy — Mgk X M mkes
=3.77x10" kJ 5
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Table 2 Parameters of Loop 2 in Beginning and Finishing Table 4 Parameters of Filling Water to SG

/m 0.18 -0.76 /kg 2330
/MPa 7.6 43 /kg 19900+122040x/60

/ 291.4 255 /kIkg™! 439

/kI-kg! 1298 1110
Jm® 257 233 1.6
/kgm™ 7262 791.6
/kg 186633 184303
GCT-a
0. +0y=05—-04=7.42x10" kJ 6 5
1.4
0Os
0Os=(1440+5734%3)%(19.96+x)x60 9
5
Table 5 Parameters of Main Pump and Electric Heater
kW 1440
kW 5734%3
0o=05t06-0> 3
09=(240-1291)x13600%(19.96+x)/60+3709%240 1.7
7
19.96+x 0 05-0s4
min
3 Ost06-0> Qo
Table 3 Parameters of Filling and Draining Water 0,
Os
kg 3709
/kgh™! 13600 0= 3-0s +0ot071+0s 10
/kIkg! 1291 x=11.8
Kkikg' 240 1500 r-min”’ 11.8 min
6
1.5
APD
1500 r'min”
11.8 min

4
0

07=(19900+122040x/60-2330)x439

8
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6
Table 6 Result of Thermal Equilibrium Calculation
1500 r-min”" /min 11.8
Mi/kg 43901.2
O/kJ 1.21x10°
Mi/kg 10907.9
My/kg 41571.2
2
21 1
2013 12 20 1
7
7 1

Table 7 Parameters of Beginning and Finishing in
Unit NO.1 Rushing

/MPa 154 13
/ 291.4 255
/m 1.1 -1.59
/MPa 7.6 43
/ 291.4 255
/m 0.252 0.18
2.2
1
1500 rmin”" 8 min
10 9.99x10’
kJ 9.69x107 kJ
3.02x10° kJ
3%

3%

1
3
3.1
1
1500 r-min”" & min
NS/SG
3d
RRA NS/SG
1h
0o Os5t06—0»
Ost0s Oy
0,
2
3709 kg 240 kJ/kg
05=05+0=8.9%10° kJ
120 546 kl/kg
07=(19900+122040x/60-2330)x546
10 x=15.3 min
1500 r'min’! 15.3 min
1500 r-min”" 3.5 min
30%
3.2 3
2016 1 16 3
1 104 120
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Table 8 Parameters of Beginning and Finishing in
Unit NO.3 Rushing

/MPa 154 15.05
/ 294.3 261.2
/m 2.06 -2.32
/MPa 7.6 4.8
/ 291.4 261.2
/m 0.78 0.75
1 1
1500 r'min”’ 8 min 3
1500 rrmin”’ 11 min 1
255 3
261.2 3 1500
r-min”’ 1 3 min 3
1
3 1
6.2 3
1
2

1
3
. 650 MW .
2005, 47(2): 142-146.
. .
2014, 5(1):107.
, . [M].
2016.
. AP1000
. 2014, 34(11):

915-920.



