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Abstract: This paper studies a self-developed transient analysis code SCTRAN/CO, to ensure the
safe and economical operation of supercritical CO, directly-cooled nuclear energy system based on
the recompression Brayton cycle under variable load conditions. Steady-state and transient recu-
perator experiments are modeled to prove the feasibility of the code in predicting the characteris-
tics of the Brayton cycle. The code is used as an analysis tool to study the open-loop dynamic
characteristics of the supercritical CO, nuclear energy system based on the recompression Brayton
cycle under two typical transient conditions: reactor reactivity disturbance and secondary loop
cooling water mass flow disturbance. A load operation strategy is developed based on constant

main compressor inlet temperature, constant core outlet temperature and varying inventory of
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working fluid. A study is conducted on the transient response of the system under variable load

conditions of 100%—50%—100%. The results show that the inventory control strategy can

track the load at a rate of 5% of full power per minute and ensure the safe and economical opera-

tion of the system. During this process, the core pressure fluctuated by 0. 6 MPa and the core

outlet temperature fluctuated by no more than 5 °C. The transient analysis tool, open-loop dy-

namic characteristics and control strategies presented in this paper provide a reference for the de-

velopment of load operation strategies for such nuclear power systems.

Keywords: supercritical carbon dioxide directly cooled reactor; recompression Brayton cycle;

dynamic characteristics; load operation strategy
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Fig. 1 Schematic of overall experimental system
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Fig. 2 Schematic of recuperator node
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Fig. 6 Parameters changes of reactivity introduction
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Table 3 System parameters under different reactivity intro-

duction
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cooling water flow
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