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Fig. 1. Verification of Laplace’s law.
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density.

3.3 Rayleigh-Plesset 75 f2IG1E
B9k Rayleigh-Plesset J7 5% 25 i 5) 17
2P TR, 2O R T O A AR AR A
HIBIAT R, 4 & IE Rayleigh-Plesset (R-P) J7
FEGIT 290;
1- (R/Rbound)2 52

In(Ryouna/R) (R? + RR) — fR
1 20 . o
= Pvaor_Poun_iR_* ) 23
Pliquid < P bound R R) ( )

L, RAFMAER, Roound ATHEIURT, Papor
SEEWINIET], Poowa NAFET], o HRTEKT].
BEE N 201 lux201 lu, #7440 ZI7E 7 3% 35,
D E — SRR S, B R (22) X

1.0 ° — R-PH
o LBM#EL
0.8}
06}
2
~
~
0.4}
0.2t

0
0 0.1 02 0.3 04 05 0.6 0.7 0.8 0.9 1.0
t/tmax

B 3 RS R-P XL

Fig. 3. Simulation results and R-P equation results.
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Fig. 4. Near-wall bubble collapse model.
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Fig. 5. Comparison of numerical simulation results and experimental results on the evolution of near-wall bubble collapse shape:

(a) Numerical simulation results, A = 1.6, ro = 80 ; (b) experimental results, A = 1.6, ro = 1.45 x 1073 m.
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(g) t =931 ts; (h) t = 950 ts; (i) £ = 1050 ts; (j) ¢ = 1150 ts; (k) £ = 1175 ts; (1) £ = 1180 ts
Fig. 6. Density evolution of near-wall bubble: (a) ¢t = 1 ts; (b) ¢t = 300 ts; (c) ¢ = 500 ts; (d) ¢t = 600 ts; (e) ¢ = 700 ts; (f) t =
850 ts; (g) t = 931 ts; (h) ¢ = 950 ts; (i) t = 1050 ts; (j) ¢ = 1150 ts; (k) ¢t = 1175 ts; (1) ¢ = 1180 ts.
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B 7 TBEZSWB KR 1Ak B (a) ¢ = 600 ts; (b) ¢t = 700 ts; (c) t = 850 ts; (d) ¢ = 931 ts; (e) t = 950 ts; (f) t = 1050 ts;

(g) t = 1150 ts; (h) t = 1175 ts; (i) £ = 1180 ts

Fig. 7. Pressure evolution of near-wall bubble: (a) ¢ = 600 ts; (b) ¢ = 700 ts; (c) ¢ = 850 ts; (d) ¢ = 931 ts; (e) ¢ = 950 ts; (f) t =

1050 ts; (g) ¢ = 1150 ts; (h) ¢ = 1175 ts; (i) ¢ = 1180 ts.
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Fig. 8. Velocity evolution of near-wall bubble: (a) ¢ = 600 ts; (b) ¢ = 850 ts; (c) t = 950 ts; (d) t = 1050 ts; (e) ¢ = 1150 ts; (f) ¢ =

1180 ts.
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Fig. 9. Pressure distribution on the wall at each time step.
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Fig. 10. Velocity distribution on the wall at each time step.
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Simulation of near-wall bubble collapse and research on load
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Abstract

To reveal the load mechanism of wall damage induced by bubble collapse, the near-wall cavitation bubble
collapse evolution is numerically simulated using an improved multi-relaxation-time lattice Boltzmann method
(MRT-LBM), and the dynamic behavior of near-wall cavitation bubble is systematically analyzed. First, the
improved multi-relaxation pseudopotential model with a modified force scheme is introduced and validated
through the Laplace law and thermodynamic consistency. Subsequently, the near-wall bubble collapse evolution
is simulated using the improved model, and the process of the bubble collapse evolution is obtained. The
accuracy of the numerical simulation results is confirmed by comparing with previous experimental results.
Based on the obtained flow field information, including velocity and pressure distributions, the dynamic
behaviors during the bubble collapse are thoroughly analyzed. The results show that the micro-jets released
during the near-wall bubble collapse primarily originate from the first collapse, while the shock waves are
generated during both the first and the second collapse. Notably, the intensity of the shock waves produced
during the second collapse is significantly higher than that during the first collapse. Furthermore, the
distribution characteristics of pressure and velocity on the wall during the near-wall bubble collapse are
analyzed, revealing the load mechanism of wall damage caused by bubble collapse. The results show that the
wall is subjected to the combined effects of shock waves and micro-jets: shock waves cause large-area surface
damage due to their extensive propagation range, whereas micro-jets lead to concentrated point damage with
their localized high-velocity impact. In summary, this study elucidates the evolution of near-wall bubble collapse
and the load mechanism of wall damage induced by bubble collapse, which provides theoretical support for

further utilizing the cavitation effects and mitigation of cavitation-induced damage.

Keywords: multi-relaxation-time lattice Boltzmann method, pseudopotential model, collapse of near-wall

bubble, cavitation erosion
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