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Abstract This paper focuses on the design of a 12-kW small-scale supercritical CO; test loop. A
theoretical study, stabilization, and optimization of carbon dioxide were carried out with the application
of a solar heat source based on solar thermal data in Pohang. The thermodynamic cycle of the test
facility is a Rankine cycle (transcritical cycle), which contains liquid, gas, and supercritical CO,. The
system is designed to achieve 6.98% efficiency at a maximum pressure of 12 MPa and a maximum
temperature of 70°C. In addition, the optimum turbine inlet temperature and pressure were calculated
to increase the cycle efficiency, and the application of an internal heat exchanger (IHX) was simulated.
It was found that the maximum efficiency increases to 18.75%. The simulation confirmed that the
efficiency of the cycle is 6.7% in May and 6.26% in June.
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Fig. 1. Conceptual diagram of small-scale s-CO; test loop
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Fig. 2. Small-scale s-CO; test facility in Handong
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Fig. 3. T-S diagram of small-scale s-CO, Rankine cycle

Table 1. Point conditions of small-scale s-CO;

Rankine cycle
Temperature [‘C]| Pressure [Mpal | Density [kg/m’]
1 11.81 5.101 854.08
2 19.2 12.101 883.98
3 70 12.101 351.39
4 16.14 5.101 157.51
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Table 2. Point conditions table of CO, (T4=70 C)

Temperature[ C] | Pressure[Mpal Densitylkg/m"]
1 11.81 5.10 854.08
2 19.20 12.10 883.98
3 25.14 12.10 845.72
4 70.00 12.10 351.39
5 16.14 5.10 157.51
Bl YFE=(TYE A 70 TEH #2100 T2

A7ggtthd B4l 725 33.89 Colth Table 39
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Table 3. Point conditions table of CO, (T4=100 C)

Temperature [C] | Pressure [Mpal | Density [kg/m’]

1 11.81 5.10 854.08

2 19.20 12.10 883.98

3 25.14 12.10 845.72

4 100.00 12.10 244.94

5 33.89 5.10 122.98

6 20.39 5.10 145.30
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Table 4. Variables that change when solar heat is
applied in May and June without THX

Variables May June
1 I, [kWim?] 0.756 0.674
2 Tax [C] 178412 173.045
3 B, . Mpal 8.961 8.766
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