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The dynamics of the cavitation bubble collapse is a fundamental issue for the bubble collapse application and pre-
vention. In the present work, the modified forcing scheme for the pseudopotential multi-relaxation-time lattice Boltzmann
model developed by Li Q et al. [ Li Q, Luo K H and Li X J 2013 Phys. Rev. E 87 053301] is adopted to develop a cavitation
bubble collapse model. In the respects of coexistence curves and Laplace law verification, the improved pseudopotential
multi-relaxation-time lattice Boltzmann model is investigated. It is found that the thermodynamic consistency and surface
tension are independent of kinematic viscosity. By homogeneous and heterogeneous cavitation simulation, the ability of
the present model to describe the cavitation bubble development as well as the cavitation inception is verified. The bubble
collapse between two parallel walls is simulated. The dynamic process of a collapsing bubble is consistent with the results
from experiments and simulations by other numerical methods. It is demonstrated that the present pseudopotential multi-
relaxation-time lattice Boltzmann model is applicable and efficient, and the lattice Boltzmann method is an alternative tool
for collapsing bubble modeling.
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1. Introduction

Cavitation is a unique phenomenon in liquid, and has
made extensive research efforts in science and engineering.
Due to the various dynamic effects during the cavitation gen-
eration and cavitation bubble collapse, such as bubble wall os-
cillation and the formations of shockwave and micro-jet, the
potential applications of cavitation have been explored and are
being extensively studied in the fields of medicine, biology,
lab on chip, sewage treatment, and material surface clean-
ing treatment.[1–5] However, as too many phenomena are in-
volved, a theoretical model of cavitation bubble collapse is
difficult to be established, and for particular boundary con-
ditions, the analytical solution is even impossible. Therefore,
the numerical simulation becomes a powerful way to gain a
better understanding. The conventional numerical simulation
methods of cavitation bubble mainly include the finite volume
method (FVM),[6–8] the finite element method (FEM),[9] and
the boundary element method (BEM).[10] In these partial dif-
ferential equation based numerical simulations, the methods
to track or capture the interfaces (such as the volume of fluid
(VOF)[11] or level set method (LSM)[12]) are required, which
are often demanding computationally. In addition, the Poisson
equation needs to be solved to satisfy the continuity equation,
which drastically reduces the computational efficiency.[13]

In recent years, the lattice Boltzmann method (LBM),
which is a mesoscopic approach based on the kinetic Boltz-
mann equation, has emerged as a powerful tool for simulat-
ing multiphase flow problems.[14–18] As an alternative tool
for the numerical simulations and investigations of multiphase
flows, the LBM provides many advantages including clear
physical pictures, easy implementation of boundary condi-
tions, and fully parallel algorithms.[19] Generally, the existing
LBM multiphase models can be mostly classified as being in
four categories: the color-gradient method,[20] the pseudopo-
tential method (or Shan-Chen model),[21,22] the free-energy
method,[23,24] and the phase-field method.[25] The pseudopo-
tential method is widely and successfully used in the LBM
multiphase community due to its conceptual simplicity and
computation efficiency. In the pseudopotential method, the
fluid interactions are mimicked by an interparticle potential,
from which a non-monotomic equation of state (EOS) can be
obtained. As a result, the separation of fluid phases or com-
ponents can be achieved automatically in this method, and the
methods to track or capture the interfaces are not required yet.
Moreover, the pressure can be calculated from EOS efficiently
instead of the Poisson equation.

Recently, the pseudopotential LBM was firstly introduced
into the issue of cavitation by Sukop and Or.[26] In the fol-
lowing several years, research efforts have been made to in-
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vestigate the mechanism of cavitation. Chen et al.[27] simu-
lated the cavitating bubble growth by using the modified pseu-
dopotential LB model with the EDM force scheme. The re-
sults in quiescent flows agree fairly well with the solution of
the Rayleigh–Plesset equation. Mishra et al.[28] introduced a
model of cavitation based on the pseudopotential LB model
that allows for coupling between the hydrodynamics of a col-
lapsing cavity and supported solute chemical species. Using a
pseudopotential LB model, Daemi et al.[29] modeled the bub-
ble cluster in an acoustic field, and verified that the deforma-
tion and coalescence phenomena in bubble cluster dynamics
can be simulated by LBM. However, the above-mentioned re-
search on cavitation did not include the cavitation bubble col-
lapse process, which is essential for the study of the cavitation
phenomenon, and the density ratio between liquid phase and
gas phase was limited below 100.

For the pseudopotential LB model, the density ratio is
a synthetic problem relating to the lattice model, forcing
scheme, thermodynamic consistency, numerical stability etc.,
and great efforts have been devoted to this issue.[30–35] In the
present work, the modified forcing scheme for pseudopotential
Multi-Relaxation-Time (MRT) LB developed by Li Q et al.[33]

is adopted to develop a cavitation bubble collapse model. Es-
sentially, Li et al.’s scheme is an approximate approach to ther-
modynamic consistency by adjusting forcing scheme. This ap-
proach retains the concise and high efficiency of the original
LBM, and achieves the stable LB multiphase model with a
large density ratio.

The rest of the present paper is organized as follows.
Section 2 will briefly introduce the pseudopotential MRT-LB
model and the forcing scheme modified by Li et al. The
numerical analysis of the modified pseudopotential MRT-LB
model for a bubble will be given in Section 3. In Section 4,
the validity and feasibility of the method for cavitation and
bubble collapse will be verified. Finally, a brief conclusion
will be made in Section 5.

2. Modified pseudopotential MRT-LB model
2.1. Pseudopotential MRT-LB model

The pseudopotential LB model, also known as the Shan–
Chen model, was developed by Shan and Chen in 1993.[21]

In the pseudopotential method, the fluid interactions are mim-
icked by an interparticle potential, which is now widely called
peseudopotential. In the original pseudopotential LB model,
the single-relaxation-time (SRT) collision operator was em-
ployed. In recent years, the MRT collision operator has been
verified, showing that it is superior to the SRT operator in
terms of numerical stability. The MRT-LB evolution equation
can be given as follows:[33]

fα (𝑥+𝑒α δt , t +δt)

= fα (𝑥, t)−
(
𝑀−1𝛬M

)
αβ

(
fβ − f eq

β

)
+δtF ′α , (1)

where fα is the density distribution function, f eq
β

is its equi-
librium distribution, t is the time, 𝑥 is the spatial position, 𝑒α

is the discrete velocity along the α-th direction, δt is the time
step, F ′α is the forcing term in the velocity space, 𝑀 is an or-
thogonal transformation matrix, 𝛬 a diagonal matrix, and for
D2Q9 lattice, 𝛬 is given by

𝛬= diag(τ−1
ρ ,τ−1

e ,τ−1
ζ

,τ−1
j ,τ−1

q ,τ−1
j ,τ−1

q ,τ−1
υ ,τ−1

υ ). (2)

Through the transformation matrix 𝑀 , 𝑓 , and 𝑓 eq can be
projected onto the moment space via 𝑚 = 𝑀𝑓 and 𝑚eq =

𝑀𝑓 eq, and the collision step of the MRT-LB equation (1) can
be rewritten as[33]

𝑚= m−Λ (𝑚−m𝑒q)+δt

(
𝐼− 𝛬

2

)
𝑆, (3)

where 𝐼 is the unit tensor, and 𝑆 is the forcing term in the
moment space with (𝐼−0.5𝛬)𝑆 =𝑀𝐹 ′. For D2Q9 lattice,
𝑚eq can be given by

𝑚eq = ρ(1,−2+3 |𝑣|2 ,1−3 |𝑣|2 ,vx,−vx,vy,

−vy,v2
x− v2

y ,vxvy)
T, (4)

where ρ = ∑
α

fα is the macroscopic density, 𝑣 is the macro-

scopic velocity and |𝑣|2 = v2
x + v2

y . Then the streaming step of
the MRT-LB equation can be formulated as

fα (𝑥+𝑒α δt , t +δt) = f ∗α (𝑥, t) , (5)

where 𝑓∗ =𝑀−1𝑚∗. The macroscopic velocity in Eq. (4) is
calculated by

𝑣 =

(
∑
α

𝑒α fα +
δt

2
𝐹

)/
ρ, (6)

where 𝐹 = (Fx,Fy) for two-dimensional (2D) space is the
force acting on the system.

For the pseudopotential LB model, the 𝐹 in Eq. (6) is
given by[36]

𝐹 =−Gψ (𝑥)
N

∑
α=1

wα ψ (𝑥+𝑒α)𝑒α , (7)

where ψ (𝑥) is the interparticle potential, G is the interaction
strength, and w1−4 = 1/3 and w5−8 = 1/12 are the weights, 𝐹
is incorporated via 𝑆 with a specific forcing scheme. For the
MRT-LB method, the usual forcing scheme for D2Q9 lattice
can be given by

𝑆 =



0
6(vxFx + vyFy)
−6(vxFx + vyFy)

Fx
−Fx
Fy
−Fy

2(vxFx− vyFy)
(vxFy + vyFx)


. (8)
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2.2. Li et al.’s forcing scheme for pseudopotential MRT-LB
model

For the pseudopotential multiphase LB model, the vapor
density ρg, liquid density ρl and the pressure p0 in an equilib-
rium coexistence fluid, should satisfy the mechanical stability
condition expressed as[33,36]

∫
ρl

ρg
(p0− pEOS−PL)

ψ ′

ψ1+ε
dρ = 0, (9)

where ψ ′= dψ/ρ , ε is a parameter related with the interaction
range.[36] pEOS−PL in Eq. (9) is the pressure from the non-ideal
EOS of the pseudopotential LB model, which is given by

pEOS−PL = ρc2
s +

Gc2

2
ψ

2, (10)

where cs is the lattice sound speed. Using Eqs. (9) and (10),
the coexistence curve of the pseudopotential LB model can be
obtained by numerical integration. From the thermodynamic
theory view, the equilibrium coexistence fluid should also sat-
isfy the Maxwell equal-area rule which determines the ther-
modynamic coexistence and is expressed as:∫

ρl

ρg
(p0− pEOS−TD)

1
ρ2 dρ = 0. (11)

Here, pEOS−TD is the EOS in the thermodynamic theory. With-
out special treatment, the mechanical stability condition de-
termined by Eq. (9) will deviate from the solution given by
the Maxwell construction of Eq. (10). That is usually called
the thermodynamic inconsistency in the pseudopotential LB
model.

To address the thermodynamic inconsistency, the inte-
grands in Eqs. (9) and (11) should be equal or approximate
to each other. Each integrand is naturally divided into two
parts, i.e., the bracketed part which relates directly to EOS
and the outside part which relates directly to ρ . So, two dif-
ferent strategies have been developed to solve the thermody-
namic inconsistency. The first strategy is to guarantee that the
outside parts in Eqs. (9) and (11) are equal to each other,[37]

i.e., ψ ′/ψ1+ε = 1/ρ2. In this strategy framework, the specific
form of ψ is proposed as follows:[37]

ψ (ρ) =


exp(−1/ρ) , ε = 0,(

ρ

ε +ρ

)1/ε

, ε 6= 0.
(12)

However, it is difficult for the first strategy to make pEOS−PL =

pEOS−TD. In addition, the form EOS given by Eq. (10) is fixed.
So, the adoption of different EOS is impossible.

The second strategy is to guarantee that the bracketed
parts in Eqs. (9) and (10) are equal to each other at first[38]

(i.e., pEOS−PL = pEOS−TD = pEOS), then to reduce the devia-
tion between ψ ′/ψ1+ε and 1/ρ2. As a result, ψ can be given

by

ψ (ρ) =

√
2(pEOS−ρc2

s )

Gc2 . (13)

Here, G is used to ensure that the whole term inside the square
root is positive.[38] The second strategy allows different EOS
to be involved, and is widely used in pseudopotential LB
models.[15]

In the second strategy framework, Li et al.[33] proposed
an MRT version forcing scheme to achieve thermodynamic
consistency. For the D2Q9 lattice, Li et al.’s forcing scheme
can be given by

𝑆 =



0

6(vxFx + vyFy)+
0.75ε |𝐹 |2

ψ2δt (τe−0.5)

−6(vxFx + vyFy)−
0.75ε |𝐹 |2

ψ2δt
(
τς −0.5

)
Fx

−Fx

Fy

−Fy

2(vxFx− vyFy)

(vxFy + vyFx)



. (14)

Compared with Eq. (8), S1 and S2, the components of S, are
modified with a term which can be tuned by ε . Through the-
oretical analysis, Li et al. found that there exists a suitable
ε which can make the mechanical stability solution approxi-
mately identical to the solution given by the thermodynamic
consistency requirement in a wide range of temperature.[32,33]

Li et al.’s forcing scheme has the following advantages: (i)
maintaining a uniform layout with a general form of the LB
forcing scheme; (ii) achieving thermodynamic consistency
only by tuning one constant parameter; and (c) fully retaining
the LBM’s advantages of being simple and efficient.

3. Numerical simulations and analyses
In this section, numerical investigations for the bubble

will be conducted with Li et al.’s improved pseudopotential
LB model. Firstly, the improved model will be investigated
for bubble simulations from three aspects: the optimal ε for
bubble simulations, the effect on coexistence curves from re-
laxation time τυ , and the validation of the Laplace law. Then,
the homogeneous and heterogeneous cavitation will be simu-
lated to investigate the feasibility of the presented LB model
for the cavitation phenomenon.

3.1. Investigation of improved model

Three numerical simulations of bubbles are considered
to investigate Li et al.’s improved pseudopotential MRT-LB
model. The first one is to simulate the stationary bubble, which
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can be used to obtain a numerical coexistence curve approx-
imate to that given by the Maxwell construction by tuning ε .
The second numerical simulation is to investigate the effect of
relaxation time. The last simulation is conducted to validate
the law of Laplace. In the present work, the Carnahan–Starling
(CS) EOS is adopted, which can be given by[38]

pEOS = ρRT
1+bρ/4+(bρ/4)2− (bρ/4)3

(1−bρ/4)3 −aρ
2, (15)

where a = 0.4963R2T 2
c /pc and b = 0.18727RTc/pc with Tc

and pc being the critical temperature and pressure, respec-
tively. In our simulations, we set a = 0.5, b = 1, R = 1, and
δt = 1. A 201×201 lattice is adopted in the simulations of this
section. A bubble with radius r0 = 70 is initially placed in the
center of the domain. The density field is initialized as[31]

ρ (x,y) =
ρl +ρg

2
+

ρl−ρg

2

× tanh

[
2(
√
(x− x0)

2 +(y− y0)
2− r0)

W

]
, (16)

where (x0,y0) is the center of the domain, W is the pre-
scribed width of the phase interface and it is set to be 5 in
the present work, ‘tanh’ is the hyperbolic tangent function and
tanh(x) =

(
e2x−1

)
/
(

e2x +1
)
. The periodical boundary con-

ditions are applied to the x and y directions. Due to the use of
CS EOS, ψ adopts the form in Eq. (13), and G = −1 is used.
The relaxation times are chosen as follows: τ−1

ρ = τ
−1
j = 1.0,

τ−1
e = τ

−1
ζ

= 1.1, and τ−1
q = 1.1.

Li et al. have estimated that the optimal value of ε should
be between 1 and 2.[32] For the stationary liquid droplet with
radius r0 = 50, they considered that ε = 1.76 is an optimal
value. With this value, the coexistence curves obtained from
LBM simulations are in good agreement with those given by
the Maxwell equal-area construction. For a stationary vapor
bubble, the coexistence curves of the case τυ = 0.6 with dif-
ferent ε values are shown in Fig. 1. From the figure we can see
that when ε = 1.0 the vapor branch of the coexistence curve
significantly deviates from the solution of the Maxwell equal-
area construction and the achievable lowest reduced tempera-
ture is around 0.7Tc. For ε = 2.0, the LB model works well
at 0.5Tc, but there are still obvious deviations for the coexis-
tence curves. In contrast, the coexistence curve at ε = 1.86
agrees quite well with the solution of the Maxwell equal-area
construction in a wide range of temperature. The maximum
density ratio is beyond 700, which is close to the density ratio
between water and vapor in nature. Figure 1 demonstrates that
for a vapor bubble, the improved MRT pseduopotential LB
model is capable of achieving thermodynamic consistency, a
large density ratio and stability by tuning ε . In addition, it
should be noted that the optimal value of ε for the bubble case
is larger than that for the droplet case. This may be associated

with the effect of surface tension and the difference in com-
pressibility between vapor phase and liquid phase.
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T
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Fig. 1. (color online) Comparison of the numerical coexistence curves
by LBM with different ε values (τυ = 0.6).

Furthermore, the effect of relaxation time τυ , which is
associated with kinematic viscosity, is investigated. The coex-
istence curves of the cases τυ = 0.51, τυ = 0.6, and τυ = 0.8
as ε = 1.86 are shown in Fig. 2. We can see that their good
agreement can also be achieved. It demonstrates that thermo-
dynamic consistency is independent of kinematic viscosity for
Li et al.’s improved MRT pseduopotential LB model.
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Fig. 2. (color online) Numerical coexistence curves by LBM with dif-
ferent τυ values (ε = 1.86).

Satisfying the Laplace law is an important benchmark test
for multiphase flows. The surface tension force, meanwhile,
can be calculated when the Laplace law is verified. For the
bubble case, the Laplace law can be given as

∆p = pout− pin =
σ

r
, (17)

where pout and pin are the fluid pressures outside and inside
the bubble, respectively, σ is the surface tension, and r is the
radius of the bubble. The results at different reduced tempera-
tures are shown in Fig. 3 for the cases τυ = 0.6 and τυ = 0.8.
From Fig. 3, the linear relationship between ∆p and 1/r can
be clearly observed. The values of line slope (σ) are almost
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the same for the cases of τυ = 0.6 and τυ = 0.8, and decrease
with temperature increasing. It indicates that the improved
MRT pseduopotential LB model satisfies the Laplace law, and
the independence between σ and τυ makes it more convenient
to investigate the physical mechanism of the multiphase flows.
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Fig. 3. (color online) Numerical coexistence curves by LBM with dif-
ferent τυ values (ε = 1.86).

3.2. Cavitation inception and development

The inception of a cavitation bubble is essentially a phase
transition from liquid to vapor. It happens when the pure liq-
uid is exposed to such a high negative pressure that makes the
density of liquid in the range of coexistence density.

In the present work, the cavitation inception phenomenon
is investigated by the proposed MRT pseduopotential LB
model. A (lx, ly) = (201,201) lattice is adopted. The whole
density field is initialized as ρinit = 0.2609 which is between
the critical density ρc = 0.1305 and the liquid density ρl =

0.4541 at 0.5Tc with τυ = 0.6 and ε = 1.86. Then a density
perturbation of ρinit/108 is set at (ly−1)/2. The periodical
boundary conditions are applied to x and y directions. The den-
sities at ((lx−1)/2, ly−1) and ((lx−1)/2,(ly−1)/2) are
detected. The density evolutions with time are shown in
Fig. 4. In our simulation, the cavitation occurs as a lin-
ear band because the initial density perturbation is linear and
the boundary conditions are periodical. At the first stage,
the liquid phase and the vapor phase are not separated ap-
parently. At about 180 time steps, the vapor phase is firstly
separated at (ly−1)/2. After severe density fluctuations, the
density at ((lx−1)/2,(ly−1)/2) is stable near the density of
vapor phase ρg = 6.269× 10−4. In contrast, the density at
((lx−1)/2, ly−1) is fluctuated for much more time before

approaching to the density of the liquid phase. Finally, a stable
fluid system including liquid phase and vapor phase is formed.
These simulation results demonstrate that the proposed MRT
pseduopotential LB model is applicable to describing the pro-
cess of cavitation inception essentially.
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Fig. 4. (color online) Density evolution in the process of cavitation in-
ception, simulated by LBM.
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Fig. 5. (color online) Effect of the cavitation nucleus critical radius,
verified by LBM.

If there is a cavitation nucleus in the static fluid, the later
development of the cavitation bubble is determined by the
critical radius of cavitation nucleus, which can be given as
follows:[39]

r∗ =− σ

∆P
, (18)

where r∗ is the critical radius of the cavitation bubble, σ is
the surface tension and ∆P is the pressure difference between
vapor and liquid phases relative to the flat interface. σ can be
obtained from the Laplace law verification in Subsection 3.1,
and the surface tension at 0.5Tc is used here, i.e., σ = 0.01051.
Specific ∆P can be achieved by pressure boundaries[26] or by
setting the density of liquid domain artificially. The second
approach is used here. By tuning the liquid phase, a critical ra-
dius of 11.3 is achieved finally. In this simulation, a 401×401
lattice is adopted and the periodical boundary conditions are
applied to x and y directions. For verifying the effect of cav-
itation nuclei critical radius, the cavitation bubbles with radii
greater and smaller than critical radius are initialized in the
center of the simulation domain, respectively. The evolutions
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of the bubbles are shown in Fig. 5. We can see that a bubble
with radius just below the critical value cannot overcome the
energy barrier and eventually condenses, while a bubble with
a radius just above the critical value expands gradually and
reaches a new equilibrium eventually. It demonstrates that the
proposed MRT pseduopotential LB model is valid to simulate
the cavitation bubble development as well as the cavitation in-
ception.

4. Bubble collapse between two parallel solid
walls
A set of investigations for the proposed MRT pseduopo-

tential LB model demonstrates that the LB model can establish
cavitation numerical models in line with the law of physics.
And with the stability including such a high density ratio close
to that between water and vapor in reality, the LB model is
promising to establish an efficient cavitation numerical model.
In this section, we will establish a numerical model to investi-
gate the mechanism of the bubble collapse between two paral-
lel solid walls.

The dynamics of cavitation bubble near a solid wall is
an important issue for understanding the mechanism of sur-
face damages in fluid machinery. It has been widely studied
and most of these studies are based on the semi-infinite fluid
domain.[40–42] However, in the case of the bubble between two
parallel solid walls, the collapse of the bubble will be signifi-
cantly different from in the semi-infinite assumption.[3,43] Al-
though several investigations have been conducted based on
macroscopic methods, the LB modeling of cavitation bubble
collapse between two solid walls is still in its infancy. In this
section, using the proposed MRT pseduopotential LB model
with high density ratio, we make an attempt to simulate bub-
ble collapse between two parallel solid walls in the 2D case.

4.1. Computational domain

The computational domain for the bubble collapse be-
tween two parallel solid walls is shown in Fig. 6. In the present
simulation, a 1801×301 lattice is adopted. Using Eq. (16), a
spherical bubble with radius R0 is initialized in a stationary
fluid between two parallel walls. H is the distance between
upper and lower walls, i.e., H = 301. And d is the distance
between the bubble center and the lower wall. Pv and P∞ rep-
resent the pressure of vapor inside the bubble and the ambient
pressure outside the bubble, respectively.

For describing the initial simulation states quantitatively,
two dimensionless parameters are introduced as follows:

λ =
R0

d
, (19)

κ =
d
H
, (20)

where λ is defined as the stand-off distance between the bub-
ble center and the lower wall; κ is defined as the relative lo-
cation of the bubble to the channel between two walls. In this
simulation, κ is set to be 0.5, i.e., the bubble center is located
on the horizontal centerline of the channel; λ is set to be 0.92
according to Ref. [44]. So the parameters of computational
domain can be assigned, i.e., d = 150 and R0 = 138.

Pv

no slip wall

y

x

R
0

H

d

no slip wall

P∞

Fig. 6. (color online) Schematic diagram of the computational domain.

In order to simulate the bubble collapse process, a posi-
tive pressure difference ∆P=P∞−Pv is achieved by artificially
tuning the initial liquid density based on the equilibrium state.
The periodical boundary condition is applied to the x direction,
and a no-slip bounce-back boundary condition is implemented
in the y direction. The parameters of the LB model are set to
be T/Tc = 0.5, τυ = 0.51 and ε = 1.86.

4.2. Simulation results

The simulation results of bubble collapse between two
parallel walls by the proposed MRT pseduopotential LB model
are shown in Fig. 7, where the experimental results[44] and the
VOF simulations[43] are also presented for comparison. In the
whole collapse process, the longitudinal length of the bubble
is almost fixed due to the retarding effect of two parallel walls.
In contrast, the bubble laterally shrinks step by step, present-
ing a dumbbell type, and then splits into two bubbles after the
collapse. Finally, the jets towards upper and lower walls are
formed. This dynamic process is consistent with the experi-
mental result and VOF simulation result.

To investigate the dynamic characteristics in more de-
tails when the bubble collapses and the jet forms, the pres-
sure distribution, the regional density and velocity distribu-
tions at these two key moments are shown in Figs. 8 and 9.
The dumbbell-type bubble splits into two sub-bubbles at the
moment of collapse. From Fig. 8, we can find that the im-
petus of collapse comes from the horizontal liquid flowing
to the bubble neck. A colliding interface can be found ob-
viously at the tips of the two cone-shaped sub-bubbles. As
a result, a higher pressure/density region forms at the bubble
neck. This higher pressure/density region becomes the leading
source power forming the jets.
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(c)

(a)

(b)

Fig. 7. (color online) Comparison of results among (a) experiments, (b) LBM simulations, (c) VOF simulations.

P
.

.

.

.

.

↩.

↩.

.

.

.

.

.

.



ρ

Fig. 8. (color online) Pressure distribution (left) and the regional density and velocity distributions (right) as bubble collapses.

Due to the regional higher pressure at the tips of sub-bubbles, the tips are flatted and then sag. Accordingly, there emerges
the high flow velocity towards the insides of two sub-bubbles, respectively. Then the jets of the collapsing bubble form, as shown
in Fig. 9. The high velocity jet is considered to be the leading factor in wall damage. The detailed investigations of the interaction
mechanisms between the high velocity jet of the collapsing bubble and the parallel walls will be developed by the present LBM
model in our future work.
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Fig. 9. (color online) Pressure distribution (left) and the regional density and velocity distributions (right) as a jet forms.

5. Conclusions

For the modeling of a collapsing bubble, an improved

MRT pseduopotential LB model is investigated in some re-

spects such as thermodynamic consistency, Laplace law, ho-

mogeneous and heterogeneous cavitation. Then the bubble
collapse between two parallel walls is simulated. The dynamic
process of the collapsing bubble is consistent with the results
from experiments and simulations obtained by other numerical
methods.
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The improved forcing scheme developed by Li et al. pro-
vides a convenient and efficient approach to achieving ther-
modynamic consistency. Adopting Li et al.’s forcing scheme,
we find that the thermodynamic consistency and surface ten-
sion are independent of kinematic viscosity, which makes it
superior to investigate the physical mechanism of multiphase
flows. Even at 0.5Tc with τυ = 0.51, the improved MRT pse-
duopotential LB model also has enough stability to describe
the collapsing bubble with a high density ratio beyond 700.
It is demonstrated that the present MRT pseduopotential LB
model is applicable and efficient, and the LBM is an alterna-
tive tool for collapsing bubble modeling.
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