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Numerical investigation on the flow structures
during vertical water—entry of a sphere

GUO Zhi—pu', HUANG Biao-%, WU Qin'-2, LI Da—qin®, LIU Tao—tao"?
(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Chongqing Innovation Center, Beijing Institute of Technology, Chongqing 401120, China;
3. The System Design Institute of Mechanical-Electrical Engineering, Beijing 100854, China)

Abstract: Based on the boundary data immersion method (BDIM) and the fluid—structure coupling algorithm
for rigid body motions, a numerical program for the vertical water—entry of a sphere was developed. The accu-
racy and effectiveness of the numerical method were verified by comparison with the experimental results.
Based on the analysis of the numerical calculation results, the cavity development and corresponding flow
structures with different impact velocities during vertical water entry, as well as the development of the splash
were obtained. Different vortex identification criteria were adopted to investigate the development of vortex
structures. The results show that the impact velocity of the sphere has a significant effect on the closure of the
splash, the cavity shape and the evolution of the flow structures inside the cavity. The () criterion can identify
the complex vortex structure more accurately, and the entry velocity of the sphere will affect the vortex inten-
sity inside the cavity.
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Fig.9 Unsteady evolution process of water—entry cavity for different Froude numbers
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Fig.11 Evolution of the vortex structure of water—entry cavity under different Froude numbers
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Fig.12 Change process of the pressure field of water—entry cavity (left) and the vortex structure &

velocity vector (right) under different Froude numbers

29.5ms 51.0ms 64.0ms 68.0ms 18.5ms 39.0ms 49.0ms 61.0ms
(a) m'=1.14,Fr=4.4 (b) m'=1.14,Fr=6.6

0 0.05

29.5ms 51.0ms 60.0ms 76.0ms
(¢) m*=1.14,Fr=8.6

B3 AR AR 2 R I 37 e e
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Fig.14 Schematic diagram of splash force analysis during water entry
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