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Abstract

High-fidelity, high-resolution simulation enables nuclear reactor margin exploration. High-Power-Density
Pressurized Water Reactors (PWRs) increase power density compared to conventional PWRs, potentially lead-
ing to bubbly or even slug flow in the core. The increased non-uniformity of power and thermal-hydraulic
parameter distributions poses challenges to core lifetime design. In this paper, a neutronics-thermal-hydraulic-
burnup coupling tool is developed based on RMC and Fluent, with an improved power mapping method, and
is subsequently applied to the multi-field coupling analysis of fuel assemblies under various power levels. Re-
sults show that the proposed power mapping algorithm can accommodate both rod-type and plate-type com-
putational requirements, exhibiting good mesh and geometric compatibility. The coupled neutronics/thermal-
hydraulic/burnup code is validated against a single-pin cell, yielding relative deviations for *>*U and ?*'Pu den-
sity of less than 1%. The Fluent two-phase flow model is also validated against the Martin experiment. From
the coupling results for assemblies at different power levels, the trends of key parameters such as keff, power
peaking factor, concentrations of important nuclides (e.g., *°U), fuel temperature, and coolant temperature
are consistent. However, the introduction of two-phase flow leads to a significant increase in the power peak-
ing factor and a larger variation in the maximum fuel temperature over the fuel lifetime, while also increasing
the computational time by approximately 1.7 times.

Keywords

Monte Carlo; CFD; High power density PWR; neutronics/thermal-hydraulics/burnup coupling

Author: i, {f] (BHEKEE)

Co-authors: Mr EIff, 41 (A%, Mr R, 8 (HOEA) Mr i, B (HEAE) Mr BBIE, % (1
Ky Ms %8, B (RAERE), M B, 2 (HEA)

Presenter: i, 1] (EHEKT)
Session Classification: BERIF 5 T



Track Classification: [13LIR&E: #BERIYES T8



