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Abstract

The complex porous geometry of randomly packed pebble beds poses significant challenges for thermal-
hydraulic analysis in industrial applications. In particular, the presence of inter-particle contact points often
hinders the generation of high-quality computational grids for computational fluid dynamics (CFD) simula-
tions. To address this issue, this paper presents a grid-based, all-hexahedral meshing algorithm designed
specifically for randomly packed pebble beds. The method begins with a Cartesian base mesh, which is subse-
quently projected and conformed to the geometric boundaries. Automated contact treatments are integrated
into the meshing process and refinements to the algorithm include insertion of a buffer layer and mesh opti-
mization. Two representative cases for the pebble bed geometry demonstrates the advantage of the hexahedral
mesh and the robustness of the algorithm. Furthermore, the algorithm shows a better computational efficiency
compared to commercial software Fluent Meshing. Results show that the proposed hexahedral meshing algo-
rithm is capable to handle the complex, porous geometries of randomly packed pebble beds, which establishes
a foundation for high-fidelity CFD simulations in complex porous media.
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