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Abstract

High-temperature gas-cooled reactor (HTR) is one of the advanced fourth-generation nuclear power reactor
types. Using the high-temperature helium generated from HTR to produce hydrogen through thermochem-
ical cycles is considered to be the next research direction that can fully utilize the advantages of the charac-
teristics of high-temperature gas-cooled reactors. The iodine-sulfur (IS) cycle is considered to be one of the
advanced processes that can realize industrial large-scale hydrogen production. The traditional method or
program for solving the high-temperature reactor hydrogen production coupled system often adopts Picard
iteration, decoupling each subsystem or sub-physical field and solving them separately, and then transferring
the boundary conditions for coupling, which has only linear convergence rate and poor stability. Using the
Newton-Krylov (NK) method to directly solve such nonlinear coupled systems has the advantages of compu-
tational efficiency and stability. In this study, a simplified IS cycle hydrogen loop system based on the INET
hydrogen production process at Tsinghua University is solved by the NK method. The composition distribu-
tion of the system in the steady state and the dynamic response of the hydrogen loop due to the change of
the helium parameter at the core outlet are obtained, as well as its effect on the temperature of the core. The
numerical results of the calculations are of great significance for the further study of the fully coupled solution
of the hydrogen-electricity-heat supply system of high-temperature gas-cooled reactor.
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