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Abstract: In the system realizing waste heat utilization through thermal cycle, there is a mutual restriction
relationship between the cycle thermal efficiency and the utilization rate of heat source, solving this problem is the
key to build an efficient waste heat utilization system. Taking supercritical carbon dioxide cycle as an example,
this paper constructs a new cycle, namely the partial expansion cycle, to broaden the waste heat absorption
temperature range, so as to enhance the waste heat utilization rate. After coupling gas turbine exhaust, the waste
heat utilization system’s power generation efficiency reaches 28.62%, the cycle thermal efficiency reaches
34.03%, and the heat source utilization rate reaches 84.11%. Moreover, to demonstrate the advantages of the
partial expansion cycle, a waste heat utilization system is constructed based on the single regenerative Brayton
cycle and the recompressed Brayton cycle. Furthermore, the three cycles are compared. Through calculation using
the first and second law of thermodynamics, it is found that the power generation efficiency of the partial
expansion cycle is higher than that of the other two classical cycles. Via analyzing the circulation process, it is
found that the reason for the high efficiency of the partial expansion cycle is that the partial expansion structure
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broadens the endotherm temperature zone, makes the heat source utilization rate increase greatly, and thus

improves the power generation efficiency.

Key words: waste heat utilization; supercritical carbon dioxide cycle; partial expansion; heat source utilization rate
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Tab.1 Main design parameters of the waste heat utilization
system applying S-CO; partial expansion cycle
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Tab.2 Parameters of the exhaust from a typical F-class
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Tab.3 Parameters of each state point of the single

gas turbine regenerative Brayton cycle
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Fig.1 Flow chart and T-s diagram of the single regenerative
Brayton cycle
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Tab.4 Exergic loss equation of each component in the single
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Fig.2 Flow chart and T-s diagram of the partial
expansion cycle
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Tab.5 Parameters of each state point of the partial
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s wmwe B Vg mwe R
1 32.00 8.00 9 48.50 15.20
2 63.12 24.30 10 192.16 15.10
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5 517.60 24.00 13 73.12 8.10
6 394.24 8.30 14 629.00 0.11
7 202.16 8.20 15 394.24 0.11
8 73.12 8.10 16 126.01 0.11

16,1=34.03%, 71¢=84.11%, 76=28.62%, W,=86.43 kW, m(C0O,)=913.10 ks,
x1=0.287, X3=0.599, x,=0.194
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Fig.3 The split chart of the partial expansion cycle
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Fig.4 Variable parameter analysis for the partial
expansion cycle
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Tab.6 Parameters of each state point of the recompression
Brayton cycle

WS BEC JES/MPa | RFEE IEREIC J£ 71/MPa
1 32,00 8.00 7 199.56 8.20
2 62.97 24.30 8 72.97 8.10
3 189.56 24.20 9 629.00 0.11
4 382.95 24.10 10 392.95 0.11
5 517.60 24.00 1 211.94 0.11
6 392.95 8.30

ntn,1=40.04%, ne=57.92%, 7:=23.19%, W,=70.02 KW, x1=0.142,
%2=0.224, m(CO2)=736.41 kg/s
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Fig.6 Calculation results of the first law of thermodynamics for the three cycles
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Fig.7 Calculation results of the second law of thermodynamics for the three cycles
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