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Numerical Simulation of Nuclear Accident Radioactive Materials

Dispersion Characteristics Based on Eulerian Two-Phase Flow Model
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(1. School of Nuclear Science and Technology, Xi’ an Jiaotong University, Xi’an 710049, Shaanxi;
2. China Nuclear Power Technology Research Institute Co., Ltd., Shenzhen 518000, Guangdong)

ABSTRACT: To finely characterize the spatiotemporal dynamic features of the radioactive ma-
terials dispersion following a nuclear power plant accident, a numerical simulation method based
on the Eulerian two—phase flow model was proposed. First, the interphase interaction and turbu-
lence models suitable for describing the buoyancy—driven and ambient wind-affected rise and dis-
persion processes were selected as basic models. Furthermore, a multi-layer nested hexahedral
grid partitioning method was combined with a high—precision, computationally efficient numerical
discretization method to achieve rapid and accurate numerical simulations of radioactive materials
dispersion over large spaces. Results of computation verified that the error caused by the Green—

Gauss gradient term discretization scheme based on the grid centroid can be reduced using the

WA 2024-01-27
E—EE. Bk (1999—), L, Wi+wisd, FENFERNHER T KI5, E-mail: chennuo2436@stu.xjtu.edu.cn

SIAMR: Bk, BUSYE, TRr, A BT WCRL- WAL PR AL AR OB P ) B SR MR U] KR 2 DR Rl
2024, 38 (5): 17-24.



K TR

nested hexahedral grid. Thereby, the four stages of the radioactive materials dispersion process
rapid vertical rise, vortex ring displacement, dispersive ascent, and trailing edge separation and
sedientation were dynamically analyzed. Accordingly, general laws of radioactive materials disper—
sion under the influence of ambient wind fields were elucidated. Results demonstrated that in the
initial stage of rise, buoyancy plays an absolutely dominant role, resulting in a relatively high ris—
ing velocity. Simultaneously, a vertical temperature stratification appears on the outer surface of
vortex rings and the influence of ambient wind on vortex rings can be neglected. As the radioactive
materials rise, the high—altitude ambient wind makes the radioactive materials disperse in the dow-
nwind direction, leading to a rapid temperature drop and less distinct structures of vortex rings.

KEYWORDS: nuclear accident; radioactive materials dispersion; Eulerian model; numerical
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Fig. 1 Schematic diagram of stepwise amplification grid
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