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Abstract: [Introduction] In order to adapt to the periodic output characteristics of CFETR fusion reactors, the fusion power plant adopts
a helium-molten salt energy storage-water (steam) power cycle three-circuit system. The parameters and thermal scheme of the three-
circuit steam cycle have a significant impact on the investment and power generation benefit of the power generation island. High
parameters and complex thermal schemes can improve cycle efficiency but increase initial investment; low parameters and simple
thermal schemes have lower cycle efficiency but significantly reduce initial investment. Therefore, the selection of steam parameters and
thermal schemes for the three-circuit system should comprehensively consider power generation efficiency and initial investment and
should be selected based on the principle of optimal comprehensive economy. [Method] Based on the simulation software Ebsilon,
modeling and simulation were carried out in this study to examine the performance of the thermal cycle under different regeneration
schemes and different main steam and reheat parameters. By calculating different thermal schemes and parameter combinations, the total
efficiency and output power under each operating condition were obtained, and the investment in the main equipment of the three-circuit
system and its variation with parameters were analyzed. [Result] Taking into account the total investment and returns of the energy
storage island and the conventional island, it is recommended to adopt a thermal scheme with 9-stage regeneration, and main steam
parameters of 12.4 MPa, and 540 °C. [Conclusion] The three-circuit steam parameters and thermal scheme proposed in the study have

reference value for subsequent research on fusion power generation technology and engineering design.
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xS1 7 REIRMMFSE
Tab. S1 Parameters of 7-stage regenerative heater
28 wn 2 f=in3 7 f&&ims fihne {9l
IR/ kg ) 3198.6 3069.6 34223 3229.5 3021.9 2794.8 2584.8
BB % 3 3 3 5 5 5 5
H{<E S/ MPa 4543 2.710 1.575 0.868 0.327 0.106 0.027
L3 ZE/C —17 0.0 0.0 — 2.8 2.8 2.8
TU2E/C 5.6 5.6 — 5.6 5.6 5.6 5.6
HEKIREE/ C 2283 200.6 173.8 133.7 98.4 63.9 34.0
HER LRI kg ™) 984.9 860.4 743.1 563.3 414.0 269.1 144.3
HKIRLEE/C 259.7 228.3 200.6 173.8 133.7 98.4 63.9
K s (kI kg ) 11325 984.9 860.4 736.0 563.3 414.0 269.1
B KL/ °C 233.9 206.2 173.8 — 104.0 69.5 39.6
Bi/K /(T kg ) 1008.7 880.9 736.4 — 436.3 291.0 165.9
#* S2 8 ZEIIMMIMEESE
Tab. S2 Parameters of 8-stage regenerative heater
2R Yt w2 3 B fi&ims fiime fim7 fi&ims
AR /(KT kg ) 32025 3106.3 3408.4 3218.1 3054.9 2879.1 2703.8 2528.6
BT % 3 3 3 5 5 5 5 5
£ S/ MPa 4289 2.865 1.651 0.896 0.428 0.185 0.069 0.020
i ZE/C —17 0.0 0.0 — 28 2.8 2.8 2.8
T2/ C 5.6 5.6 - 5.6 5.6 5.6 5.6 5.6
HEARREZ/C 231.3 202.9 175.2 143.3 115.0 86.8 57.3 34.0
HEK RS /(KT kg ) 998.8 870.5 748.9 604.3 483.7 364.8 241.4 1443
KRB/ C 256.2 2313 202.9 175.2 1433 115.0 86.8 57.3
K s (kg ) 1115.7 998.8 870.5 741.9 604.3 483.7 364.8 241.4
B KR EE/ °C 236.9 208.5 175.2 — 120.6 92.4 62.9 39.6
BiK k& /(KT kg ) 1023.0 891.2 742.3 — 506.3 387.0 263.2 165.9
% S3 9 HEIMMMIBFSE
Tab. S3 Parameters of 9-stage regenerative heater
28 i w2 w3 B fihms fiime &7 fi&ims ihno
IS/ (T ke ) 3243.6 3137.1 3410.6 32389 31052 2947.6 27863 2596.5 2487.1
EIEER% 3 3 3 5 5 5 5 5 5
H175% 77/ MPa 5.134 3.350 1.951 1.136 0.610 0.305 0.134 0.054 0.018
22/ —1.7 0.0 0.0 — 2.8 2.8 2.8 2.8 2.8
22/ 5.6 5.6 — 5.6 5.6 5.6 5.6 5.6 5.6
HEIKIRLEE/ C 240.1 211.1 185.5 156.7 131.3 105.2 80.4 55.0 34.0
K HAG /(KT kg ) 1039.2 907.2 793.9 662.0 553.1 442.4 338.4 231.9 144.3
KR/ C 267.3 240.1 211.1 185.5 156.7 131.3 105.2 80.4 55.0
K AR (kT kg ™) 1169.5 1039.2 907.2 2799.0 662.0 553.1 442.4 338.4 231.9
B KR EE/ °C 245.7 216.7 185.5 - 136.9 110.8 86.0 60.6 39.6
BiK HA5/(kT kg ) 1064.7 928.9 787.9 - 576.0 464.9 360.4 253.7 165.9
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*® S4 8 REPMARKERTERITSH
Tab. S4 Main design parameters of steam generator of 8-stage

1%
®S6 9 FORFRREREERITSH

Tab. S6 Main design parameters of steam generator of 9-stage

regeneration regeneration
28 TMCR 28 TMCR
FHIHESI/MPa 12.4 FFIKE T/ MPa 12.4
FAETRIRSE/C 542 TR/ C 542
FHFH (R 1 400.930 T R/(th ) 1452.488
F# % 77/ MPa 2.439 TFAE F1/MPa 3.108
FERIRLEE/C 542 PR/ C 542
AR R/(RT) 1213.246 G R/(hT) 1261
257Kk F e J1/MPa 14.5 25K 0k J1/MPa 14.5
L7k I RLEE/ °C 260.0 K TR EE/ C 267.6
Skt /() 1400.930 oK R/ (R 1452488

% S5 8 ZEMMMRESE

Tab. S5 Parameters of 8-stage regenerative heater

%* S7 7 HEREBEBHERSWANBHINE
Tab. S7 Total efficiency and input and output power of 7-stage
regenerative circuit

24 TMCR
= [0 R A/MW 1066
= I /MW 474.0
KRR % 44.46

% S8 8 HEMEEMRSWMANFHINE
Tab. S8 Total efficiency and input and output power of 8-stage
regenerative circuit

240 TMCR
FZEVRE T/ MPa 12.4
FZEIRIRSE/C 542
TR/ 1 405.448
FiFUE 7/ MPa 2.658
TR/ C 542
AR/t 1236.279
#5 7Kk 1 J1/MPa 14.5
2Kk R/ C 256.5
oKt /() 1 405.448

e TMCR
= [n] i A/MW 1066
=1 ER MW 474.7
BB % 44.52

FS9 9 REMAEMDHERSHNEHINE

Tab. S9 Total efficiency and input and output power of 9-stage

regenerative circuit

2R TMCR
= [0 ER A /MW 1066
= I G /MW 478.1
R R/ % 44.80

(FRH)



	0 引言
	1 输入条件
	2 软件介绍
	3 系统模型搭建及仿真
	4 参数选取
	4.1 抽汽焓值选择
	4.2 各项损失确定
	4.3 再热压力和温度确定
	4.4 其他设备确定

	5 各工况输出结果及对比分析
	6 成本分析与对比
	6.1 基准工况
	6.2 三回路主要设备成本及其随参数的变化
	6.3 储能岛主要设备成本及其随参数的变化
	6.4 经济性分析结果

	7 结论
	附录
	参考文献

