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Abstract Supercritical carbon dioxide (sCO3) power cycle has a more compact structure and
higher efficiency. However, dramatic variations in thermophysical properties of working fluid and
the coupling of multiple nonlinear physical processes such as fluid transport process and energy trans-
fer process make conventional modelling and solving methods more difficult to simulate the cycle
accurately and efficiently. This study constructs the heat current model of the sCOs power cycle and
proposes an efficient solution algorithm based on the generalized Benders decomposition. The pro-
posed algorithm categorizes system governing equations according to their linear or (explicit/implicit)
nonlinear mathematical properties,and variables’ gradient information is used to update unknown
variables iteratively. Compared to conventional algorithms, the new solution method owns better
robustness and has a 48% larger convergence range regarding the deviation of initial values. Besides,

the proposed algorithm is more efficient when the initial value deviation is small.
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Fig. 1 Structural diagram of a sCO2 recompression Brayton

cycle
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Fig. 2 Schematic diagram of a concentric heat exchanger
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Fig. 4 Heat current model of the sCO2 recompression cycle
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Table 1 Comparison between the present simulation results and reference values

WA m/kg-s~} T/K Teer/K T M52 /% p/MPa Pret/MPa p ABX /%
1 715 313.3 313.2 0.03 7.80 7.80 0
2 715 400.5 400.0 0.13 24.90 24.85 0.24
3 715 554.9 553.6 0.23 24.65 24.61 0.16
4 95.3 549.1 548.1 0.18 24.65 24.61 0.16
5 23.8 532.4 531.7 0.13 24.65 24.61 0.16
6 95.3 7775 775.6 0.24 24.41 24.36 0.20
7 95.3 956.3 953.2 0.32 24.16 24.12 0.17
8 95.3 808.5 807.1 0.17 8.04 8.04 0
9 95.3 561.9 561.0 0.16 7.96 7.96 0
10 95.3 408.9 408.1 0.20 7.88 7.88 0
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