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Numerical simulation investigation on water-entry cavity of high-speed spinning sphere

XIA Weixue, WANG Cong, WEI Yingjie, ZHANG Xiaoshi

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Water-entry cavities of high-speed spinning sphere ( HSS) were investigated numerically based on the
volume of fluid ( VOF) multiphase flow model, the k-w model and dynamic grid technique. After analyzed and
compared the published papers about the water entry, the optimum numerical models were selected, and a
numerical simulation system was established suitable for HSS. The evolutionary process of cavities induced by water-
entry HSS with different velocity and specific weight was discussed. The reverse lift offset phenomenon was detected
during water-entry process within the depth of 0.25d. The trajectories of water-entry HSS with identical specific
weight but different velocities are similar in the initial stages of entry. And the curvature of trajectories of those with
larger specific weight but identical velocity gets smaller. The twice-closure phenomenon, vertical-closure and
transverse-closure, was discovered during the water entry process. The closure depth, the maximum diameter and
the diameter of tail-cavity increase dramatically with larger velocity, and are also affected by the specific weight.
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Fig.3 Comparison of the cavity shape between simulation and
experiment
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Fig.7 Side cavity at the initial stage of water entry
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