$52% 459 #HE R Vol.52  No.9
2023 4F 9 H THERMAL POWER GENERATION Sep. 2023

DOI:10.19666/j.r1fd.202304050

BNk Allam 53 £ & 4 4.
A F oM

XZEFL, BRI ? FEKAS, EHFE2, FIULIE?
(LB® Y RERAARANS, 6% 100101;
2.7 GBRFRREHH TSR, G H%  710049;
JERARLITERAMRFT4ELS], L% 100010)

i Bl ATHEIREFREH KA R EHK, RSFFTREBEARANE, R —MHB5FETHERY
Allam B AL R %, E2T 24T E2RE0RAPEA ) @i 545F R Lot b @#
FBE RGN RB BRI, HB LRSI R RS R A Hrhbudl. T H
SR E . AR AE 89 FiE BOR T AR AR & Allam 18 3R @ 3 2% 09 e R-FHT R AR, KR IR
IHm#B e meyR g, MRS AANR, ARAHEB T, FEMREBERAGMLE
A 54.07%, LA F A 455 401 AL BERAAME AN ERINAERE T 0 IREN
A BEik, MEFEFRRBEARENEI, BERARMBEDERIEE M, WK
F A Z G EAK FFIARE T AN KR K o RARE SR L A28 13,

[X % i8] Allam #a30; FERR; BEER; RAOFHHWH; 2SN

[BIAAXER] 2 ET, meic, TEL, ¥ BEFFHARG Allam 73R KL 7 LM Fo4[0]. #H K&, 2023, 52(9):
87-93.  Liu Yining, Yan Xiaojiang, Wang Guozhong, et al. Thermodynamic Analysis of a power generation system consisting of
Allam cycle and clean heat source[J]. Thermal Power Generation, 2023, 52(9): 87-93.

Thermodynamic analysis of a power generation system consisting of
Allam cycle and clean heat source

LIU Yining!, YAN Xiaojiang?, WANG Guozhong?®, WANG Keke?, WANG Jiangfeng?
(1.GD Power Development Co., Ltd., Beijing 100101, China;
2.School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
3. CHN ENERGY Investment Group Co., Ltd., Beijing 100010, China)

Abstract: In order to explore the low-carbon and environmentally friendly thermal power generation technology
and improve the utilization efficiency of clean energy, a power generation system consisting of Allam cycle and
clean heat sources is proposed. The thermodynamic models of the main equipment in the system are established,
the advantages and principles of the coupled system are explained by comparing with the reference system, and the
influence of the design parameters on the system performance is studied through parametric analysis. The
calculation results show that the low-grade clean heat source can effectively solve the heat imbalance problem of
the Allam regenerator, thereby heating the recycling stream to a higher temperature. Under typical design
parameters, the exergy efficiency of the coupled system can reach 54.07%, which is 4.01% higher than that of the
reference system. The output power and exergy efficiency of the coupling system first increase and then decrease
with the increment of the turbine inlet temperature. With the increase of the temperature and the mass flow rate of
the clean heat source, the output power of the coupled system increases, while the exergy efficiency first increases
and then decreases. The research results of this paper can provide data support and theoretical support for low-
carbon power generation technology.
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Fig.1 The schematic diagram of the Allam cycle coupled
with clean heat source
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Fig.2 The schematic diagram of CO2 Brayton cycle in the
reference system
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Fig.3 The calculation model of the cooling turbine
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Fig.4 The calculation flow chart of the proposed system
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Tab.1 Model validation of the classical Allam cycle
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Tab.2 Design parameters of the proposed system
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Fig.5 The effects of turbine inlet parameters on the system
performance
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Fig.6 The effects of heat source temperature on the system
performance
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system performance
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