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Free Surface and Air Entrainment Analyses in Flow Past
Surface-Piercing Circular Cylinder

ZHANG Wenbin, ZHAO Weiwen, WAN Decheng”
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Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract

This paper employs computational fluid dynamics (CFD) methods, utilizing the volume of fluid (VOF)
method to capture free surfaces and the embedded boundary method (EBM) to simulate curved solid
boundaries. Based on the adaptive mesh framework Basilisk, numerical simulations and flow field
characteristic analyses of flow around a finite-length cylinder with a free surface are realized. The wave
elevation around the cylinder obtained from the calculations is compared with experimental results and
numerical results computed using the self-developed solver naoe-FOAM-SJTU. The flow field characteristics
around the cylinder under varying Froude numbers are analyzed, and the characteristics of wave breaking and
cavity entrainment are studied, exploring the intrinsic connection between the airflow and the generation of
vortex structures in the cylinder wake. The study demonstrates that the Basilisk solver can efficiently and
accurately capture the complex flow field characteristics of multiphase flows with curved solid boundaries.
Meanwhile, the presence of a free surface and cavity entrainment at high Froude numbers significantly alter

the flow characteristics around the cylinder.

Key words: adaptive mesh refinement; embedded boundary method; free-surface cylinder; air-mixed flow;

vortex structure; air entrainment
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