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Abstract

High-fidelity neutronics—thermal-hydraulics coupled analysis is an essential approach for investigating the
complex physical behavior of nuclear reactors. To establish an independently developed and fully controllable
coupled analysis framework, this study presents the RMC/RTH-SC coupled system, which is built upon the
in-house Monte Carlo neutron transport code RMC and the thermal-hydraulic subchannel code RTH-SC, with
Python scripts serving as the coupling driver.

The scope of this work encompasses two primary aspects: first, the development and implementation of
full-core pin-by-pin analysis capability within the RTH-SC code; and second, the design and construction of
the coupled computational platform. To address the complexity inherent in full-core pin-by-pin modeling
of commercial pressurized water reactors (PWRs), a preprocessing tool, SC-Pre, was developed to enable
automated construction of the full-core geometric model. On this basis, a coupled computational framework
based on Picard iteration was established, along with the implementation of mesh mapping between the
neutronics and thermal-hydraulic domains.

To verify the computational accuracy of the coupled system, a full-core simulation was performed for the
VERA Benchmark Problem 7 reactor, and the results were compared against those obtained from the RMC/CTF
coupled solution. The comparison shows that the relative deviation in the effective multiplication factor is
7.1 pcm, the mean deviation in assembly-wise power distribution is approximately 1.4%, the mean deviation
in moderator temperature is 0.74 °C, and the mean deviation in moderator density is 0.83x107 g-cm™. These
results demonstrate that the developed RMC/RTH-SC coupled system possesses satisfactory computational
accuracy and can serve as an effective tool for high-fidelity neutronics—thermal-hydraulics coupled analysis

of PWRs.
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