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Table 1  Physical parameters of the particles and fluids

case material D, /mm E /Pa v P, /(kg'm™)  p;/(kg-m™) wi/(N-s/m?) S
1 steel 3 2.4x10" 0.3 7 800 965 0.1 6
2 steel 6 2.4x10" 0.3 7 800 965 0.1 27
3 steel 3 2.4x10" 0.3 7 800 953 0.02 60
4 steel 4 2.4x10" 0.3 7 800 953 0.02 100
5 steel 3 2.4x10" 0.3 7 800 935 0.01 152
6 steel 6 2.4x10" 0.3 7 800 953 0.02 193
7 steel 5 2.4x10" 0.3 7 800 920 0.005 742
8 steel 3 2.4x10" 0.3 7 800 998 0.001 2413
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Fig. 4 Coefficients of restitution for different Stokes numbers
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Table 2 Comparison of dry and wet contact forces in the 1st 3 collisions in case 5

parameter of collision 1st 2nd 3rd
velocity u /(m/s) 0.574 0.298 0.172
dry force Fy,, /N 0.373 0.196 0.113
wet force F,, /N 0.120 0.066 0.039

Fy,/F 3.11 2.97 2.90
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(a) The stress contour of the particle in silicon oil RV10 (b) The stress contour of the particle in vacuum
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(¢) The stress contour of the bottom wall in silicon oil RV10 (d) The stress contour of the bottom wall in vacuum
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Fig. 7 The stress contours of the particle and the glass plate in case 5
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Table 3 Physical parameters of the particles and fluids

material D, /mm €y My pp/(kg'm_3) p/(kgem™) i /(N-s/m?)
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Numerical Simulation of Fluid-Solid Coupling
Collision Based on the Finite Element
Immersed Boundary Method

YANG Ming, LIU Jubao, YUE Qianbei, DING Yuqi, YAO Liming
( College of Mechanical Science and Engineering, Northeast Petroleum University,
Daqing, Heilongjiang 163318, P.R.China)

Abstract: A direct numerical simulation method was developed for solid-solid collision in fluid.
The sharp interface immersed boundary method was used to simulate the dynamic boundary
problems in fluids, which avoids the negative volume error in the body-conforming mesh meth-
od. The finite element method based on the penalty function was used to simulate the motion
and collision of the solids. The coupling solution of the fluid domain and the solid domain was
realized in the partitioned coupling approach. Comparison of the experimental data of normal
collision and oblique collision between spherical particles and the wall verifies the validity of the
numerical simulation method. The variation of the flow field before and after the collision was
obtained. The contact force and stress in the solid domain were also got with the numerical sim-
ulation method. This model is applicable to fluid-flow environments such as the abrasion of sol-
id particles on pipes, the fluid-induced collision between ocean risers, the impact of falling ob-

jects on submarine pipelines and so on.

Key words: immersed boundary method; finite element method; partitioned fluid-solid cou-
pling; collision
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