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Heat transfer characteristics of subcritical and supercritical CO,
flow in vertically heated circular tubes
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(1. College of Energy, Xiamen University, Xiamen 361102, China; 2. Beijing Institute of Spacecraft System Engineering,
Beijing 100094, China; 3. Fujian Research Center for Nuclear Engineering, Xiamen 361105, China)

Abstract : [Objective] Compared to other thermodynamic cycles, the supercritical CO, (S-CQO;) recompression Brayton cycle exhibits
a relatively high thermal efficiency, while maintaining a relatively simple cycle arrangement. It demonstrates significant efficiency in
the temperature range of 400 — 700 “C. The CO, Brayton cycle system has broad application prospects in the field of power cycle
electricity generation, It has garnered widespread attention in applications such as solar energy carbon capture and storage in coal-
fired power plants,waste heat utilization,and Generation [V nuclear power systems. Furthermore, the CO, Brayton cycle frequently
operates under both subcritical and supercritical conditions in industrial applications. Therefore, it is crucial to have a thorough
understanding of the flow and heat transfer characteristics of CO, under subcritical and supercritical pressures for the safe operation
of the system. However, current research predominantly focuses on the heat transfer characteristics of CO. under supercritical
pressure and low heat flux. In this study, the heat transfer characteristics of subcritical and supercritical CO, in a vertical circular

tube are investigated to address the data gap under high heat flux conditions and provide guidance for practical engineering
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applications. [ Methods] Based on the experience of domestic and international scholars in building supercritical fluid test benches.,
appropriate instruments and equipment have been selected to construct an CQO, forced circulation bench at the School of Energy,
Xiamen University. The entire test bench has a rectangular structure with a height of 2. 6 m and a length of 8. 6 m. The outer wall
temperature was measured by welding armored thermocouples onto the outer surface of the test section. The main circuit consists of
uniform 3161 stainless steel pipes with @ 10 mm>X 1. 5 mm, while the test section was made of Incoloy800H pipes with @ 14 mm X
2 mm. These pipes have undergone bright annealing treatment. The test section was heated by a 75 kW DC power supply and insulated
with a 60 mm thick aluminum silicate ceramic fiber insulation blanket and 100 mm thick rock wool insulation pipe. [ Results] The
results indicate that at low heat flux, the heat transfer capacity of CO. under subcritical pressure was greater than that under
supercritical pressure. At a heat flux about 155 kW/m’, heat transfer deterioration occurred in CO; at 4. 8§ MPa, while no such
deterioration was observed in CO, at supercritical pressure (8.8 MPa). Following heat transfer deterioration, the heat transfer
capacity of CO, under subcritical pressure conditions decreased sharply, with the heat transfer coefficient approaching that observed
under supercritical pressure conditions, CO; at pressures of 4, 8 and 6. 2 MPa exhibited similar heat transfer characteristics under
subcritical conditions,although subtle differences in heat transfer deterioration were observed. CO; at a pressure of 9. 5 MPa was in a
supercritical state in the test section,and its heat transfer characteristics at low heat flux were consistent with those at 8. 8 MPa, while heat
transfer deterioration occurred at higher heat flux. The heat transfer deterioration of CO, at 7. 1 and 9. 5 MPa pressure conditions was
similar, occurring at 0. 15 m in the test section, followed by recovery of heat transfer after deterioration. [ Conclusion] As the pressure
approaches the pseudo critical zone, the flow and heat transfer characteristics of CO, become similar to those of S-CO; ,and it’s worth
mentioning that CO; exhibits a phenomenon where heat transfer deterioration is followed by heat transfer recovery and then a return
to normal heat transfer. As the heat flux increases, heat transfer deterioration occurs under both subcritical and supercritical pressure
conditions. However, heat transfer deterioration occurs at a lower heat flux under subcritical conditions compared to supercritical
conditions and is more dangerous under subcritical conditions. This pattern implies that the subcritical pressure condition poses a
greater threat to thermal equipment than supercritical pressure conditions.

Keywords: supercritical CO; ; heat transfer deterioration; high-temperature condition; high heat flux
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Fig. 1 Schematic diagram of the experimental system
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experimental section (unit: mm)
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